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Povzetek

V diplomskem delu je predstavljena izdelava ohiSja nizkotonskega zvocnika,
katerega funkcionalnost je razSirjena s sistemom za svetlobne efekte in
vizualizacije, ki se ujemajo s predvajano glasbo. Za ta namen je bilo na ohisje
nizkotonskega zvocnika postavljenih ve¢ razlicnih sklopov svetilnih elementov
sestavljenih iz diod LED (Light Emitting Diode). Za krmiljenje svetilnih
elementov je bil napisan namenski program, ki teCe na razvojni ploséici
STM32F4-Discovery z jedrom ARM Cortex-M4, uporabljeno pa je bilo tudi
dodatno izdelano vezje. Naloga programa je vzorcenje zvoka in analiza prisotnih
frekvenénih spektrov ter generiranje svetlobnih efektov, Ki ustrezajo obdelanim
podatkom. Pri nacrtovanju programa je bila arhitektura nacrtna tako, da omogoca
preprosto dodajanje novih animacij.

Kljucne besede

STM32F4-Discovery, nizkotonski zvoc¢nik, svetlobni efekti, mikrokrmilnik,
vgrajen sistem, Diskretna Fouriereva Transformacija, vizualizacije.






Abstract

This thesis contains a description of a construction of subwoofer case that has an
extra functionality of being able to produce special visual effects and display
visualizations that match the currently playing sound. For this reason, multiple
lighting elements made out of LED (Light Emitting Diode) diodes were installed
onto the subwoofer case. The lighting elements are controlled by dedicated
software that was also developed. The software runs on STM32F4-Discovery
evaluation board inside a microcontroller that has an ARM Cortex-M4 core. For
the purposes of powering the lighting system, an external circuit board was also
designed. The software on the microcontroller is programmed to sample the audio
signal and perform the spectral analysis and then use the results of this analysis to
generate visual effects and visualizations. Special care was taken while designing
the software architecture so that new visualizations are easy to develop.

Key Words

STM32F4-Discovery, subwoofer, visual effects, microcontroller, embedded
system, Discrete Fourier Transformation, visualizations






Poglavje 1

1 Uvod

V diplomskem delu, ki ga berete, je predstavljena izdelava avtomobilskega
nizkotonskega zvocnika, Katerega funkcionalnost je razSirjena s sistemom za
svetlobne efekte in vizualizacije, ki se ujemajo s predvajano glasbo.

Za ta namen so bili na prednjo stran nizkotonskega zvoénika postavljeni razli¢ni
sklopi svetilnih elementov, sestavljenih iz razlicnih diod LED (Light Emitting
Diode). Glede na vrsto svetlobnih efektov, ki jih posamezni sklop proizvaja, lahko
razlikujemo tri nacine osvetljevanja: mocno osvetljevanje celotne prednje strani v
spreminjajo¢ih barvah, osvetljevanje z matriko diod LED na prednji strani
nizkotonskega zvo¢nika z 240 diodami LED ter osvetljevanje z zelo mo¢no LED
bliskavico v zra¢niku nizkotonskega zvo¢nika. Za potrebe krmiljenja diod LED je
bilo izdelano tudi dodatno vezje, na katerem najdemo tranzistorska stikala za
krmiljenje posameznih zmogljivejsih diod LED ter polje pomikalnih registrov, ki
skrbijo za prikaz pravilne slike na matriki diod LED na sprednjem delu

nizkotonskega zvocnika.

Za obdelavo podatkov o trenutno predvajani glasbi in ustvarjanju svetlobnih
efektov ter vizualizacij je poskrbljeno v notranjosti nizkotonskega zvocnika. Tja
je vgrajena razvojna plos¢ica STM32F4-Discovery s procesorjem ARM Cortex
M4 [1]. Na njej teCe namensko razvit program, ki ga bomo podrobno opisali v
drugi polovici moje diplomske naloge.

Program na razvojni plos¢ici STM32F4-Discovery ima tako vec nalog. Njegova
prva naloga je zajemanje zvoka, ki do razvojne plos¢ice pride v analogni obliki.
Naloga razvojne plos€ice je vzoréenje in digitalizacija, kar pomeni, da odc¢itava
vrednost signala in ga pretvarja v digitalno obliko, pri ¢emer sodeluje vgrajen
analogno-digitalni pretvornik (Analog-to-digital Converter). Program zbere 1024
vzorcev, ki jih po plastoviti arhitekturi programa poslje v obdelavo. To zaporedje
vzorcev nato obdela s pomocjo algoritma za izvajanje hitre Fouriereve



transformacije. Rezultat obdelave je spektralna sestava zvoka v danem trenutku.
Program te podatke uporabi pri svoji drugi nalogi, ki se izvaja v drugem
neodvisnem modulu programa — generiranju svetlobnih efektov in animacij.

Program je bil zasnovan v veéplastni arhitekturi, ki naloge programa lo¢i na Stiri
plasti: abstrakcijo strojne opreme, Zivljenjske funkcije programa, vzorcenje in
analizo zvoka in aplikacijsko plast. Vse plasti skupaj tvorijo ogrodje, ki ponuja
orodja in strukturo za preprosto pisanje vizualizacijskih aplikacij. Vizualizacijska
aplikacija je v resnici razred, v katerem je na visokem nivoju definiran nacin,
kako se program odzove na dane podatke o glashi, oziroma kaksna bo
vizualizacija zvoka. Struktura programa omogoca pisanje in dodajanje ve¢ med
sabo povsem razli¢nih nadinov vizualiziranja glasbe na preprost nafin v zelo
kratkem c¢asu. Ogrodje pa s pomocjo vgrajenih gumbov na nizkotonskem
zvocniku celo dovoljuje izbiranje vizualizacijske aplikacije kar med delovanjem.



Poglavje 2

2 lzdelava nizkotonskega zvo€nika

Ideja o izdelavi kompleksnega vizualizatorja zvoka je prisla ob nakupu nove
avtomobilske avdio opreme. Zato bomo v tem poglavju na kratko predstavili
uporabljeno avdio opremo in namenili nekaj besed tudi samemu ohisju
nizkotonskega zvocnika. V nadaljevanju poglavja pa bomo pojasnili zamisli o
tipih osvetljevanja nizkotonskega zvocnika, ki bi se jih dalo z ustreznim
kontroliranjem spremeniti v vizualizacije.

2.1 Uporabljene avdio komponente
V nizkotonskem zvoc¢niku sta uporabljeni naslednji avdio komponenti:
nizkotonski zvo¢nik RE Audio SX-10 D2 [2]:

e deklarirana mo¢ pod stalno obremenitvijo: 1000W (Thermal power
handling)

e dve navitji z impedanco 4 Ohm, ki omogocata vzporedno vezavo za
priklop z skupno impedanco 2 Ohm;

in ojacevalec Ground Zero GZTA 1.1200DX [3], ki je enokanalni ojacevalec, ki
premore ojacati sinusni signal do skupne mo¢i 1750W* ob priklopu bremena z
impedanco 2 Ohm.

2.2 Ohisje nizkotonskega zvocénika

Nizkotonski zvo¢nik brez ohi§ja zveni zelo slabo, poleg tega pa se hitro pokvari
zaradi nekontroliranega gibanja. Ohi§je mu namre¢ zagotavlja resonanco (ojacitev
zvoka) v predvidenem obmocju delovanja, ter kontrolo (zrak, ki ga izpodriva

skozi zraénik? ohisja, deluje kot zraéna vzmet). Zato je zelo pomembno, da so

! Specifikacija mo&i 1750W velja ob doseganju maksimalno 10% skupnega harmoni¢nega
popacenja (Total Harmonic Distortion) [30].

2 Zranik ohiSja bi lahko poimenovali tudi bass reflex cev. Angleski izraz za zra¢nik pa je
subwoofer port ali subwoofer vent.



volumen ohisja, dolzina in prostornina zra¢nika pravilno dimenzionirani in v
pravih razmerjih med seboj.

Ohisje nizkotonskega zvoc¢nika je bilo v osnovi narejeno iz plos¢e MDF (Medium-
density fiberboard) [4] v debelini 19 mm. Material odlikuje visoka trdnost in
togost, ki sta potrebni lastnosti za tovrstno ohisje, saj ne zelimo, da bi ohisje
proizvajalo kakSne dodatne vibracijske zvoke. Ohisje je bilo na koncu Se prekrito
s tapisonom, ki se je najbolje ujemal s tistim, ki je prvotno uporabljen za

tapeciranje avtomobilskega prtljaznega prostora.

2.3 lzbiraizgleda in tipa svetlobnih efektov

Avtomobil ima za lastne potrebe lasten vir napajanja. Vsi dodatni porabniki
elektri¢ne energije v avtomobilu si tako delijo kapaciteto akumulatorja oziroma
generatorja, odvisno od tega, ¢e je motor avtomobila zagnan, zato so za svetlobne
efekte zelo primerna svetila, ki imajo zelo dobro razmerje med svetilnostjo in
porabo elektri¢ne energije. Zaradi tipa elektriénega vira, ki zmore zagotavljati 12
V napetost (akumulator) oziroma 14,4 V (alternator) napetost in enosmeren tok,
so najboljsa izbira za osvetljevanje diode LED (Light Emitting Diode) [5].

Za zagotovitev vseh moznih svetlobnih efektov so bili izbrani trije povsem
razli¢ni nacini osvetljevanja. Vsak od teh nac¢inov uporablja tudi povsem drugacne
diode LED. Tudi sama oblika ohi§ja nizkotonskega zvocnika je bila prirejena

vsem trem nac¢inom osvetljevanja.

Slika 1: Trije razlicni tipi diod LED za tri razlicne tipe osvetljevanja.

Na slicici a) vidimo diodo LED z visoko mocjo (kar 10W).

Na slicici b) vidimo obicajne enobarvne diode LED (v Stirih razlicnih barvah) z odrezanim vrhom glavice za
¢im vecjo razprsitev svetlobe.

Na slicici €) pa so vidne diode LED z visoko mocjo, ki imajo tri barvne komponente za mesanje barv (RGB).



K obliki ohisja je bil dodan nekaksen predprostor globine nekaj centimetrov. Ta
predprostor sluzi kot zas¢ita zvocniku pred predmeti v prtljazniku in je precej
stalna praksa pri izdelovalcih tovrstnih ohisij. V predprostor bo names$¢en prvi tip
osvetljevanja.

2.3.1 Vecbarvno osvetljevanje predprostora

Namen tega prvega naCina osvetljevanja je mocna osvetlitev celotnega
nizkotonskega zvocnika po celotni visini v vseh mogocih barvah. Za ta namen
bodo uporabljene diode RGB LED z visoko mocjo. Pod le¢o diode RGB LED se v
resnici nahajajo tri diode LED: rdeca, zelena in modra. Od tod oznaka RGB (Red
Green Blue). Vsaka od treh diod LED je dioda LED z visoko mo¢jo in zmore
priblizno 1W moci. Mo¢ vseh treh diod LED skupaj oziroma ene enote RGB LED
je tako deklarirana kot 3W. S kombinacijo rdece, zelene in modre diode LED in
reguliranja svetilnosti vsake izmed njih je mozno prikazati prakti¢no vse barve
(razen ¢rne, ki je v tem primeru ugasnjena dioda) — podobno, kot to po¢no zasloni
in televizije. Na sliki 2 je s Stevilko 1 oznafeno mesto, kjer osvetljevanje
predprostora od strani postane vidno. Diode RGB LED z visoko moc¢jo so namre¢
namescéene za rob. Diode RGB LED so vidne tudi na sliki 1.c.

2.3.2 LED matrika 12x20

Drug nacin osvetljevanja pa je matrika obic¢ajnih diod LED. Razporejene so v 10
vrstic po 24 diod LED. Natanéneje jih sestavljajo Stirje kvadranti v dimenzijah
5x12, pri ¢emer je vsak kvadrant drugacne barve. Barve vsakega kvadranta so
sicer fiksne in enobarvne. LED matrika je zelo primerna za prikazovanje drseCega
besedila ter drugih vzorcev. Nahaja se nad zvo¢nikom in pod zraénikom
nizkotonskega zvocnika, kot je razvidno na sliki 2, oznafeno s Stevilko 2.
Uporabljene diode LED so vidne na sliki 1.b.



Slika 2: Oblika in tipi osvetljevanja ohisja nizkotonskega zvocnika.

2.3.3 Moc¢éna bliskavica LED

Kot zadnji nacin osvetljevanja pa je dodana zelo mo¢na bliskavica LED. Ob
vklopu odda 1400 lumnov slepece bele svetlobe, za kar poskrbi 10W dioda LED z
visoko mocjo. Primerna je za kratke pulze svetlobe in zagotavlja vidnost od dalec.
Ker je neposreden pogled v vklopljeno diodo zelo neprijeten je nameS¢ena v
zraCnik nizkotonskega zvocnika, kakor je razvidno pod Stevilko tri na sliki 2.
Izgled same diode pa je razviden na sliki 1.a.



Poglavje 3

3 Priprava elektronskih elementov

V tem poglavju je opisana izdelava, priprava in/ali vgradnja posameznih
zakljuCenih elektronskih enot oziroma naprav, kot so, na primer: razvojna
ploscica, celotna matrika diod LED, vezje za krmiljenje te matrike, razvojna
procesorska plos¢ica itd. Na koncu pa bomo vse naprave povezali v en sistem.

3.1 Razvojna plos¢ica STM32F4-Discovery

Razvojna plosc¢ica STM32F4-Discovery [1] je zelo priljubljena razvojna ploscica,
predvsem zaradi nizke cene za ponujeno zmogljivost in obilico perifernih naprav

na sami ploscici.

Na razvojni plos¢ici STM32F4-Discovery se nahaja  mikrokrmilnik
STM32F407VGT6 [6] z 32-bitnim jedrom ARM Cortex-M4F, 1 MB trajnega
pomnilnika flash in 192 KB pomnilnika RAM (Random Access Memory).
Mikrokrmilnik  ima tudi enoto FPU (Floating Point Unit) za raCunanje s
plavajoo vejico. Na sami razvojni ploS€ici je vgrajen tudi programator in
razhro$Cevalnik za mikrokontroler - ST-LINK/V2 [7], ki omogoéa preprosto
programiranje in razhro$¢evanje preko vgrajenega mini-USB (Universal Serial
Bus) vhoda. Ce je plos¢ica priklopljena preko povezave USB, potem dodatno
napajanje ni potrebno (v kolikor v sistem nimamo povezanih dodatnih
porabnikov). V nasprotnem primeru pa moramo zagotoviti 3V ali 5V vir
napajanja. Med drugim pa so na voljo Se naslednje naprave: 3-o0sni merilec
pospeskov (accelerometer), avdio izhod s sintetizatorjem zvoka, mikrofon, dve
tipki, 8 informativnih diod LED ter micro-USB vhod. Na razvojni plos¢ici
najdemo tudi 100 prikljuénih pinov, ki ustrezajo 100 nozicam mikrokrmilnika.
Oblika mikrokrmilmika imata zato posebno ime LQFP100 (Low profile Quad
Flat Package 100 pins).

Za razvojno ploS¢ico je na uradni strani na voljo kvalitetna dokumentacija ter
precej demonstrativnih projektov s primeri uporabe razlicnih naprav in



mehanizmov. Na voljo je tudi celotna knjiznica funkcij, ki zagotovijo abstrakcijo
strojne opreme - STM32F4-Discovery Firmware Library (STSW-STM32068) [8].

Slika 3: Razvojna ploscica STM32F4-Discovery z mikrokrmilnikom ki ima jedro ARM Cortex M4F [1].

3.2 Vezje za krmiljenje LED matrike

Ob priklopu diod LED z visoko moc¢jo je bil za krmiljenje uporabljen pristop, pri
katerem ena nogica na razvojni plos¢ici krmili eno diodo LED z visoko mocjo. Pri
matriki diod LED 12x20 (opisani v poglavju 2.3.2) pa je zaradi velikega Stevila
diod LED, to znasa 240, ta pristop neprimeren. Za krmiljenje celotne matrike vseh
240 diod LED je bilo izdelano dodatno zunanje vezje, po vecini sestavljeno iz



polja pomikalnih registrov. Vezje se tako krmili serijsko in ne zasede veliko nozic
razvojne ploi¢ice STM32F4-Discovery. Stevilo potrebnih pomikalnih registrov pa

je bilo tudi zmanjSano za polovico z uporabo tehnike multipleksiranja.

Multipleksiranje po definiciji pomeni zmanjSanje Stevila prenosnih kanalov za

kontroliranje vecjega Stevila signalov [9].

data(0.8)  LEDO
Zunanje vezje

LED(0,1) % \\: LED(0,2) ¥ §

LED(1,1) LED(1,2)
2 2 -

—1 clk LED1

LED2
| latch H

+5V GND

5V
MPX0 MPX1

STM32F4-Discovery

Slika 4: Shematski prikaz multipleksiranja. Z zunanjim vezjem izbiramo stolpec v matriki diod LED, z
izmenicno vklopljenima tranzistorskima stikaloma pa vrstico. Shema je narisana z brezplacnim orodjem
Circuitlab [10].

V nasem primeru se $tevilo prenosnih kanalov med zunanjim vezjem in matriko
diod LED zmanjsa za 2. To dosezemo tako, da krmilimo po dve vrstici diod LED
naenkrat, oziroma ju krmilimo izmeni¢no. Podatki o tem, katera dioda LED mora
biti v danem trenutku vklopljena, prihajajo iz vezja s pomikalnimi registri. Vezje
na svoje izhode izmeni¢no nastavlja podatke o prizganih diodah LED v lihi in v
sodi vrstici. I1zhod iz vezja je zvezan na anode (+ nogice) obeh vrstic diod LED.
To pomeni, da so anode posameznih parov diod LED v sodi in lihi wvrstici
povezane skupaj. Tako podatek iz vezja s pomikalnimi registri skusa prizgati

doloCene diode LED tako v sodi kot v lihi vrstici naenkrat. Ker pa Zelimo



kontrolirati vsako diodo LED v vsaki vrstici posebej, pa s pomocjo katod (- nogic)
nadziramo, katera vrstica diod LED ima mozZnost za sklenjen elektri¢ni krog. To
dosezemo tako, da uporabimo dve tranzistorski stikali: eno za sode vrstice in eno
za lihe vrstice, ki ju vedno vklapljamo izmeni¢no, in nikoli obe hkrati. Vklapljanje
tranzistorskih stikal je sinhronizirano s podatki, ki jih vezje s pomikalnimi registri
da na svoje izhode. Tako se tranzistorsko stikalo za vklop sode vrstice vkljuci
takrat, ko vezje s pomikalnimi registri na svoje izhode pripravi podatke za
vklopljene diode LED iz sode vrstice ter seveda obratno za lihe vrstice. Da lahko s
tranzistorskim stikalom kontroliramo celotno vrstico diod LED, so vse anode v
vrstici povezane skupaj s tranzistorskim stikalom. Mehanizem si lahko
predstavljamo tudi kot mehanizem za izbiranje prizgane diode LED, kjer najpre;j
izberemo vrstico, kjer zelimo prizgati diodo LED, in nato izberemo Se stolpec.
Multipleksiranje za 3 diode LED na vrstico je narisano na sliki 4. Izmeni¢no
kontroliranje sode in lihe vrstice diod LED v matriki se seveda izvaja tako hitro,
da ¢lovesko oko ne zazna utripanja in ustvari iluzijo, da so vse diode LED
kontrolirane istocasno. Namesto faktorja 2 bi lahko uporabili tudi ve¢ji faktor, na
primer 4 ali 8, in tako zmanjsali potrebo po tolikih pomikalnih registrih. VVendar bi
to storili na racun svetilnosti diod LED, saj bi pri multipleksiranju s faktorjem 8§ to

pomenilo, da bi bila vsaka dioda LED v resnici priZgana le 1/8 ¢asa.

3.2.1 Uporabljeni elementi

Poleg preprostih analognih elementov, kot so uporniki, kondenzatorji itd., so v
vezju uporabljeni predvsem digitalni elementi. Najbolj kompleksen med njimi je
16-bitni serijsko-paralelni pomikalni register BD7851FP-E2 proizvajalca ROHM
[11]. BD7851FP-E2 ima serijski vhod in 16 paralelnih izhodov. Deluje tako, da
vsako urino periodo na serijskem vhodu, na podatkovni (data) nogici, sprejema
vrednost enega od izhodov. Vendar pa se stanje izhoda ne spremeni Se takoj. Za
spremembo stanja je potrebno za nekaj ¢asa dvigniti signal latch v visoko stanje,
takrat pa se zgodi prepis vseh 16 stanj izhodov. Nato se zopet lahko zacne
zbiranje vrednosti izhodov za vsako posamezno od 16 nogic. Delovanje lahko

preucimo tudi na proizvajalcevi shemi za ta element na sliki 5.
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Slika 5: Proizvajalceva shema delovanja BD7851FP-E2 [11].

V naSem vezju upravljamo tudi z urinim signalom. Ta namre¢ ni fiksen, ampak ga
dvigamo in spuScamo le takrat, ko poSiljamo podatek o izhodu po podatkovni

nogici. Tako celoten postopek izgleda takole:

1. Signal ure v nizko stanje.

2. Zavsako nogico:
a. Zeljeni izhod na vhodno podatkovno nogico.
b. Signal ure v visoko stanje.
c. Signal ure v nizko stanje.

3. Duvigni signal latch v visoko stanje.

4. Spusti signal latch v nizko stanje.

Naslednja dva uporabljena elementa sta tranzistorja tipa MOSFET [12] (Metal-
Oxide—semiconductor Field-effect Transistor). Tranzistor je polprevodniski
elektronski element, ki deluje kot nastavljiv ventil. Znacilno zanj je, da ima tri
prikljucke: vrata (gate), izvir (source) in ponor (drain). Odvisno od tipa
tranzistorja lahko s pomocjo napetosti na vratih nadziramo pretok elektrinega
toka med izvirom in ponorom [13].

Prvi je tranzistor IRFML8244TRPBF [14] proizvajalca International Rectifier.
Vrsta tranzistorja je MOSFET tipa N-kanal. Tip N-kanal pomeni, da se z viSanjem
napetosti na vratih tranzistorja visa tok med izvorom in ponorom. Uporabljeni so

za nadzor pretoka elektri¢nega toka za posamezne diode RGB LED z visoko
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mocjo, ki so uporabljene za osvetljevanje predprostora. Dodatni tehni¢ni podatki
so vidni v tabeli Tabela 3.1.

Deklariran maksimalni tok 58A
Maksimalna  napetost na 25V

ponoru

Napetost na izvoru 1,7V-20V
Stevilo nozic 3

Obmocje delovanja -55°C - 150°C

Tabela 3.1:Tehnicni podatki za manj zmogljivi tranzistor [14].

Drugi uporabljen tranzistor pa je PSMNO9R0-25MLC [15] proizvajalca NXP.
Tudi ta tranzistor je tipa MOSFET N-kanal. Bistvena razlika pa je v tem, da je
tokovno bolj zmogljiv. Zato je uporabljen pri multipleksiranju matrike diod LED,
kjer skoz njega naenkrat lahko tece tok za napajanje 120 diod LED, ter za
kontrolo mo¢ne LED bliskavice. Tehni¢ni podatki so vidni v tabeli Tabela 3.2.

Deklariran maksimalni tok 55 A

Maksimalna  napetost na 25V

ponoru
Napetost na izvoru 15V-20V
Stevilo nozic 4

Obmocje delovanja -55°C —175°C

Tabela 3.2:Tehnicni podatki za bolj zmogljivi tranzistor [15].

3.2.2 Naértovanje vezja
Naloge, povezane s krmiljenjem LED matrike 12x20, ki jih zelimo zaupati

zunanjemu vezju, so:

1. Krmiljenje celotne 12x20 LED matrike s pomocjo serijskega prenosa
podatkov med razvojno ploséico STM32F4-Discovery in zunanjim
vezjem.

12



2. Tokovno krmiljenje diod LED v matriki in multipleksiranje s faktorjem 2.

Poleg tega pa bomo na vezje dodali tudi tranzistorska stikala za krmiljenje diod
RGB LED z visoko mocjo in za krmiljenje mo¢ne LED bliskavice:

3. Napajanje in krmiljenje vseh diod RGB LED z visoko mocjo, pri ¢emer
naj se krmili vsaka barva posebej. Tukaj ni multipleksiranja.

4. Napajanje in krmiljenje mocne bliskavice LED. Ta za napajanje potrebuje
12V.

Za potrebe prve in druge naloge, krmiljenja in napajanja 12x20 LED matrike,
Prva in druga naloga, krmiljenje in napajanje 12x20 LED matrike, imamo na
voljo 8 serijsko paralelnih 16-bitnih pomikalnih registrov BD7851FP-E2.Vsak tak
¢ip ima 16 izhodov, kar znese zmoznost krmiljenja 128 diod LED. Kapaciteto
krmiljenja diod LED pa $e pove¢amo z uporabo tehnike, ki smo jo ze opisali na
zacetku poglavja, multipleksiranjem. To pomeni, da lahko z vsemi osmimi 16-
bitnimi pomikalnimi registri BD7851FP-E2 s stopnjo multipleksiranja 2 krmilimo
256 diod LED. Za zagotavljanje ustreznega tokovnega krmiljenja so v vezje
dodani referen¢ni upori, ki jih zahteva 16-bitni serijsko-paralelni pomikalni
register BD7851FP-E2, saj s tem nadzorujemo, s kolik§nim tokom naj poganja
diode LED.

Slika 6: S programom Altium Designer [16] generirano vezje. V sredinskem delu vezja so vidni 16-bitni
serijsko-paralelni registri za krmiljenje LED matrike. Na vrhu pa so v skupinah po 3 zbrani tranzistorji za
krmiljenje RGB diod LED.
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Tretja naloga je krmiljenje in napajanje diode RGB LED z visoko mocjo. Vsaka
barva pri vsaki od Sestih diod RGB LED je vedno vezana na napetost. Vsak
priklop za maso pa je speljan preko lastnega tranzistorja MOSFET. Odprtost
vsakega tranzistorja nadzorujemo z lastnim signalom, ki je direktno povezan na
razvojno plosc¢ico STM32F4-Discovery. Vezje je narejeno tako, da je tranzistor
lahko do konca odprt ves ¢as, saj je za tokovno krmiljenje poskrbljeno z
dodatnimi uporniki. Podrobnosti o uporabljenih upornikih bomo spoznali v
poglavju 3.4.

Cetrta naloga, krmiljenje in napajanje mo¢ne bliskavice LED je podobno kot
krmiljenje diod RGB LED, le da je v tem primeru uporabljen zmogljivejsi
tranzistor MOSFET. Vezje pa je nacrtano tako, da je tranzistor vkljucen v locen
elektriéni krog na zunanjem vezju, Ki ima napetost 12V, ki je potrebna za
napajanje moc¢ne bliskavice LED. Napetost na ostalih komponentah v vezju je
sicer 5V.

Shema izdelanega vezja se nahaja v dodatnem poglavju.

3.2.3 lzdelava vezja

Fizi¢na izdelava vezja je precej zahteven postopek, posebej za zacetnika na tem
podro¢ju, saj potrebuje veliko mero natancnosti zaradi majhnih povezav, pa tudi
previdnosti, saj se v procesu uporabljajo tudi nekatere precej nevarne snovi.

Osnova za izdelavo vezja je prazna ploS€a iz ognjevarnega materiala, ki je
prevlecena s plastjo bakra. Proizvajalci veckrat uporabljajo ime Pertinax, vendar
gre v resnici za plo$¢ico na papirni osnovi, ki je spojena z umetno smolo [17].
Plos¢ico je pred postopkom potrebno ustrezno pripraviti. Prvi korak je fino
bruSenje bakrene plasti pod vodo. PloS¢ico posuSimo. Sedaj bakreno plast
prelakiramo s foto lakom. Uporabljen je bil lak Positiv 20, ki se mora na zraku

susiti 24 ur.

Naslednji sklop se imenuje priprava filma vezja. S programom Altium Designer
[16], kjer je bilo vezje nacértano, generiramo sliko vseh povezav v vezju, ki jo
moramo nato zrcalno natisniti na prosojnico. Priporo€ljiva je uporaba laserskega
tiskalnika.

14



Sledi izpostavljanje ploscice UV svetlobi. Med UV lucko in bakreno ploscico,
premazano s foto lakom, vstavimo film vezja. Svetloba reagira s foto lakom,
vendar se mesta, kjer so povezave v vezju, nikoli ne osvetlijo.

Vezje moramo sedaj razviti. To storimo tako, da celotno vezje potopimo v
raztopino natrijeve baze (NaOH). Vezje lahko v raztopini malce premikamo, da
pohitrimo postopek. Foto lak se na mestih, kjer je bil obsevan z UV svetlobo,
odstrani.

Zadnji korak pa je jedkanje. To je kemijsko vzpodbujen proces odstranjevanja
bakra na mestih, kjer na bakreni plos¢i ni foto laka. Za jedkanje previdno
pripravimo raztopino 50% vode, 35% klorovodikove kisline (HCI) in 15%
vodikovega peroksida (H202). Vezje moramo zelo previdno potopiti v
pripravljeno raztopino, saj je reakcija precej burna. Raztopina se takoj zac¢ne
peniti. Ko se penjenje konca, je proces jedkanja koncan. Vezje vzamemo iz
raztopine za jedkanje in ga speremo pod vodo. Ves bakren premaz, ki ni bil
zasCiten s foto lakom, bi moral biti odstranjen. Preostali foto lak na koncu

odstranimo z razredc¢ilom.

Sedaj so vse povezave v vezju koncane. Potrebno pa je Se zvrtati luknje na mestih,
kjer dodajamo povezave, ter prispajkati vse elemente.

Slika 7 prikazuje povsem konc¢an izdelek.
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Slika 7: Dokoncano vezje za krmiljenje diod LED..

3.3 LED matrika 12x20

LED matriko sestavlja 240 diod LED v 4 razliénih barvnih kvadrantih. Vsak
kvadrant vsebuje 60 diod LED enake barve. Kvadrant ima tako dimenzije 5x12.
Uporabljene diode LED, narocene iz Kitajske, v pakiranju po 100, so visoko

svetlece z ravno odrezano kapico za ¢imbolj razprSen curek svetlobe.

Prva faza pri izdelovanju LED matrike je bila priprava podlage, na katero bo
matrika pritrjena. Na podlagi je jasno oznaceno, katere diode LED so povezane
skupaj ter na katerega od 16-bitnih serijsko-paralelnih pomikalnih registrov se
izvede priklop. Kot smo zapisali v poglavju 3.2.2, je bilo potrebno skleniti katode
vseh diod LED v vrstici ter skleniti anodi po dveh vertikalnih sosedov naenkrat.
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Slika 8: Napol dokoncano povezovanje diod LED na podlagi za matriko.

Ko so bile diode LED pritrjene na podlago in ustrezno povezane, je sledilo
prispajkovanje vseh 120 povezav. Za povezovanje so bili zaradi cenovne
dostopnosti in prijetnega rokovanja z njimi uporabljeni UTP (Unshielded Twisted
Pair) kabli. Najprej so bile povezave prispajkane na vezje. Tako povezani UTP
kabli so bili porinjeni skozi prednjo stran ohi$ja nizkotonskega zvoc¢nika, kjer so
bili prispajkani Se na pare diod LED na matriki. Anode diod LED, povezane v
sode in lihe vrstice, pa so bile — lihe posebej in sode posebej - povezane na
pripravljena tranzistorja MOSFET na vezju, s katerima bo izvedeno
multipleksiranje.

3.4 RGB osvetlitev predprostora

Pri diodah LED z visoko mocjo je dodaten problem, ki ga je potrebno resiti pri
vgrajevanju, odvajanje toplote. S tem namenom je bil na prednjo stran
nizkotonskega zvocnika v predprostor po celi dolzini na obeh straneh namescen
trak iz bakra, na katerega so bile potem pritrjene diode. Velik kos bakra zagotavlja
hitro odvajanje toplote. Anode diod LED so bile povezane na +5 V napajanje.
Katode pa so bile posami¢no povezane na ponor ustreznega tranzistorja MOSFET
na pripravljenem zunanjem vezju. Za potrebe tokovnega krmiljenja so bili v
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elektricne kroge dodani ustrezni uporniki. Upornost upornika za tokovno
krmiljenje posamezne barvne diode LED celotne enote RGB LED je za vsako
posamezno barvo drugacna, saj se nazivne napetosti in moc¢i posameznih barvnih
diod LED razlikujejo med sabo. Uporniki so vidni na sliki 10. Uporabljeni so
uporniki zmogljivosti 2W, njihove upornosti pa so prikazane v tabeli Tabela 3.3.

Barva diode LED Nazivna napetost  Nazivni tok Uporabljen
upornik
Rdeca 22(19-31)V 385 mA 8,2Q
Zelena 35(28-4,0)V 350 mA 4,7 Q
Modra 35(28-4,0)V 350 mA 4,7 Q

Tabela 3.3: Izracunana upornost potrebnega upornika za tokovno regulacijo posameznih diod LED glede na
barvo. Za racunanje je bil uporabljen kalkulator [18].

Slika 9: Dioda RGB LED z visoko mocjo, namescena na bakren hladilnik.
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Slika 10: Uporniki za tokovno krmiljenje diod RGB LED zmogljivosti 2W.

3.5 Moc¢na LED bliskavica

Tudi moc¢na bliskavica LED je dioda LED z visoko mo¢jo, v tem primeru 10W,
torej tudi zanjo velja problem odvajanja toplote. Podobno kot diode RGB LED, je
bila tudi ta povezana na ustrezen ponor tranzistorja MOSFET na zunanjem vezju.
Za moc¢no bliskavico LED je bil na vezju pripravljen elektrini krog z napetostjo
12V, saj je 12V nazivna napetost uporabljene diode LED. Za tokovno krmiljenje
je bil v krog dodan tudi kerami¢ni 2 Q upornik z zmogljivostjo 5W, viden na sliki
10 v zgornjem levem kotu.

Slika 11: Bliskavica LED, ki je dioda LED z visoko mocjo, kar 10W, skrita pod pleksi steklom, ki je zadnja
stena zracnika v nizkotonskem zvocniku.
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Skupaj z aluminijastim hladilnikom je bila bliskavica vgrajena na zadnjo stranico
zratnika nizkotonskega zvoc¢nika ter prekrita s pleksi steklom v izogib

proizvajanju hrupa v zra¢niku ob delovanju zvoc¢nika.

3.6 Gumbi

Na prednjo stran ohi§ja so bili namesceni tudi Stirje preprosti gumbi - tipke.
Njihov priklop je bil na razvojno plos¢ico STM32F4-Discovery izveden s
pomocjo kroga z zunanjim pull-up uporom z upornostjo 20.000 Q, kot je razvidno
iz sheme na sliki 12. Tako ob spros¢enem gumbu vhod na razvojni ploscici
STM32F4-Discovery zaznava vrednost 1, ob pritisnjenem gumbu pa zaznava 0,
saj se napetost iz pull-up upora zaradi kratkega stika z maso iznici.

R1
20 kQ

+3V

PD6
STM32F4-Discovery

SW1\
T GND  +5V

5V

Slika 12: Shema priklopa tipke na razvojno ploscico STM32F4-Discovery z uporabo pull-up upora.

3.7 Napajanje

Sistem je napajan iz avtomobilskega akumulatorja, ki ima 12 V izhodno napetost
pri ugasnjenem motorju in 14,4 V izhodno napetost pri prizganem. Ker pa skoraj
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vse komponente potrebujejo 5 V napetost ali manj, pa je bil vgrajen tudi kupljen
50 W step-down pretvornik iz 12 V na 5 V. Model pretvornika je Car Power
Technology 50W DC-DC Converter [19].

3.8 Povezovanje celega sistema

V posameznih podpoglavjih 3. poglavja smo se seznanili s pripravo posameznih
komponent. Vse svetilne komponente smo Ze povezali z vezjem. Preostane nam le
Se pritrditev vezja na notranjo stran ohi§ja nizkotonskega zvocnika, pritrditev
razvojne plos€ice na notranjo stran nizkotonskega zvocnika in povezave med
njima ter povezave med napajanjem. Omeniti velja, da je bil v razvojno plos¢ico
STM32F4-Discovery prikljucen podaljSek USB kabla, katerega drugi konec je bil
speljan iz ohiSja nizkotonskega zvocnika. Tako bo programiranje mogoce tudi
brez razdiranja ohi$ja nizkotonskega zvocnika. To poglavje je nekaksen zakljucek
priprave strojne opreme za sistem, saj je sedaj Cas za programiranje razvojne
plos¢ice STM32F4-Discovery. Na sliki 13 je razvidna pritrditev razvojne plos¢ice
STM32F4-Discovery in zunanjega vezja v notranjost ohi§ja nizkotonskega

zvocnika.

Slika 13: Vezje in razvojna ploscica STM32F4-Discovery z vsemi povezavami pric¢vrsceni na notranji strani
prednje stranice ohisja nizkotonskega zvocnika.

21



22



Poglavje 4

4 Arhitektura programa

Pri dolocCanju arhitekture programa sem na prvo mesto postavil zahtevo po
preprostem programiranju novih animacij na ¢im bolj visokem nivoju®. Zato se je
arhitektura programa v osnovi loc¢ila na ogrodje in na vizualizacijske aplikacije.

Vizualizacijska aplikacija je v resnici preprost razred, kateri ogrodje ponuja veliko
orodij za hitro kreiranje novih animacij. Gre za animacijske vrste ter pomoc¢nike
animiranja za vse vrste svetlobnih u€inkov na vseh tipih osvetlitev. Ogrodje
vizualizacijski aplikaciji vsiljuje tudi strukturo s pomo¢jo vmesnika, ki ga mora
vizualizacijska aplikacija implementirati. V tem vmesniku so ze definirani privzeti
odzivi na vse dogodke, ki se lahko zgodijo (npr. prejem novih podatkov iz plasti
za analizo zvoka ali pa odziv na pritisnjen gumb ali pa odziv na enega od
casovnikov). Prav tako je ze instanciranih nekaj osnovnih animacijskih
komponent (npr. vrste za risanje na matriko). Ogrodje v programski zanki tudi
nadzoruje zivljenjski cikel vizualizacijske aplikacije. Odlo¢i se, kdaj jo bo
instancirala, zagnala, jo ustavila, izbrisala instanco in instancirala novo. Ogrodje
omogoca reset aplikacije in sprehajanje med aplikacijami.

Analiza vseh funkcij, ki jih bo imelo ogrodje, je pokazala, da bo program imel
veliko razli¢nih nalog, ki jih lahko zdruzimo v zaokrozene celote, kot na primer
vzoréenje in obdelava zvoka, krmiljenje strojne opreme ter generiranje
vizualizacij. Marsikatere od teh nalog bo moral opravljati povsem neodvisno od
drugih, a vendar socCasno z drugimi. Tipi¢en primer sta obdelava zvoka na eni
strani ter animirane vizualizacije na drugi, ¢eprav sta to dve nalogi, ki si sicer
enosmerno izmenjujeta podatke. Vendar je pomembno, da obe teCeta
neprekinjeno ena ob drugi.

Deloma zaradi potrebe po neodvisnosti, deloma pa zaradi zelo dobrih izku$enj z
bolj striktno strukturiranim na¢inom programiranja, sem se odlocil, da ogrodje

razdelim na $tiri plasti:

3V tem primeru je z visokim nivojem misljeno, da se pri programiranju ukvarjamo s problemi
animiranja grafi¢nih objektov. Probleme na nizji ravni, kot so nadzorovanje posamezne diode LED
ali pa krmiljenje le- teh, pa prepustimo ogrodju.
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Plast za abstrakcijo strojne opreme poskrbi, da je upravljanje s strojno
opremo preprosto. Za upravljanje ji moramo posredovati le najbolj nujne
podatke, za vse ostale podrobnosti pa poskrbi sama.

Plast za izvajanje zivljenjskih funkcij programa skrbi za kljucne
procese, ki so star$i vseh ostalih procesov. Reprezentativna primera sta
programska zanka v metodi main() ter odziv na prozenje sistemskega
Casovnika.

Plast za vzorcenje in obdelavo zvoka skrbi za zajemanje vzorcev zvoka
in njihovo obdelavo, na primer spektralno analizo in zaznavanje tempa.
Aplikacijska plast definira pravila in nacine uporabe nizjih plasti.
Vsebuje kopico animacijskih modulov, ki so na voljo za preprosto
uporabo.

Celotna struktura je vidna tudi na sliki 14. Podrobnejse funkcije vsake plasti bom

posebej razlozil v lastnem podpoglavju.

Za realizacijo tako razbite in plastovite arhitekture sem se programiranja lotil
objektno v jeziku C++. Objektno programiranje pri vgrajenih sistemih obicajno ni

najbolj tipi¢na izbira, predvsem zaradi vecje porabe pomnilnika in slabSe

zmogljivosti.
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VIZUALIZACIJSKE APLIKACIJE

Pozdravna | |Vizualizator| | Menu Beat
aplikacija | | zvoka aplikacij snake

APLIKACIJSKA PLAST

Slika 14: Plastovita arhitektura programa. Na vrhu vseh plasti, ki tvorijo ogrodje, domujejo vizualizacijske
aplikacije.
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4.1 Plast za abstrakcijo strojne opreme

Plast za abstrakcijo strojne opreme se nahaja na samem dnu programa, saj jo vi§je
plasti uporabljajo za interakcijo s strojno opremo. Direktne interakcije s strojno
opremo v vi§jih plasteh praviloma ni. V napisanih modulih smo se posvetili
predvsem abstrakciji svetilnih naprav, ki smo jih zeleli uporabljati kot zunanje
naprave, in ovijanju, konfiguraciji ter poenostavitvi uporabe strojne opreme.
Razvita plast za abstrakcijo strojne opreme pa s strojno opremo ne komunicira
direktno, temve¢ za komunikacijo uporablja uradno knjiznico STM32F4-
Discovery Firmware Library (STSW-STM32068) [8]. Naloge te plasti so
naslednje:

1. Doseganje ¢im vecje neodvisnosti od uporabljene strojne opreme. Ob
zamenjavi uporabljene razvojne ploséice bi bilo v programu potrebno
prirediti to plast in uporabljeno uradno STM32F4-Discovery Firmware
knjiznico. Ostale plasti pa bi ostale nedotaknjene. Manj ekstremen primer
pa je recimo premik prikljucka iz ene vhodno-izhodne nogice na drugo. V
tem primeru pa zadostuje le manjsa sprememba v navedeni konfiguraciji,
Ki je tudi del te plasti.

2. Poenostavljena interakcija s strojno opremo. Plast za abstrakcijo strojne
opreme poskrbi za vse potankosti krmiljenja s strojno opremo ter vi§jim
plastem ponudi kar se da preprosto upravljanje s strojno opremo.

3. Logi¢no modeliranje naprav, ki jih krmilimo preko univerzalnih vhodno-
izhodnih nozic. Plast za abstrakcijo nam denimo ponuja LED matriko kot
eno izmed strojnih enot.

4.1.1 Abstrakcija strojnih enot

Abstrakcija strojnih enot je namenjena modeliranju zunanjih naprav oziroma
svetilnih elementov, s katerimi manipuliramo preko izhodnih nozic razvojne
plos¢ice STM32F4-Discovery. Te naprave zelimo abstrahirati in za njih izdelati
objekte, ki se navzven predstavljajo s funkcijami, ki se zdijo intuitivne za
modeliran objekt (npr. dolocanje stanja in intenzitete ali pa barve diode LED), v
ozadju pa same poskrbijo za primerno komunikacijo z napravo in tvorjenjem
signalov za izvedbo Zeljene funkcije.

Abstrakcija se zaéne pri razredih DataPin in DataPort, ki modelirata podatkovne
nozice in podatkovna vrata na ARM plosc¢ici. DataPin objekt predstavlja eno
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nozico na plos¢ici. Dolo¢imo lahko tip (vhodni, izhodni, analogni), mu
nastavljamo vrednost izhoda ali pa beremo. Nozica (DataPin) ve, katerim vratom
(DataPort) pripada, saj drzi referenco na vrata. Ve¢ o tem, zakaj je to pomembno,
pa v poglavju o ¢arovnikih za inicializacijo 4.1.2.

Instanca razreda LED predstavlja en primerek diode LED. Stopnja abstrakcije je
tukaj najvisja, saj ni pomembno, kaksnega tipa je dioda LED. Ima stanje (aktivno,
neaktivno) ter intenziteto.

Razred, ki povezuje instanci obeh zgoraj omenjenih razredov, pa je razred
LEDOut, ki vsebuje instanco razreda LED, poleg tega pa vsebuje tudi referenco na
DataPin objekt, torej na nogico, preko katere se (preko tranzistorja MOSFET)
dioda LED krmili. Ta razred vsebuje tudi metodo sendOut(), katera prozi , da se
stanje objekta LED prenese na nogico. Metoda sendOut() naj bi se klicala zelo
pogosto iz ene od prekinitev ¢asovnika. V razredu LEDOut je razreSena tudi
problematika intenzitete, saj razred namre¢ shranjuje tudi zaporedno Stevilko
osvezitve. Razred tudi poskrbi, da bi bilo osvetljevanje ¢imbolj enakomerno in bi
bilo utripanje ¢im manj opazno tudi pri nizkih intenzitetah in pocasnejSem
osvezevanju®. Ta razred se uporablja za moéno bliskavico LED.

LEDOut DataPin
LED -
5 DataPin
LED t fp—— —
RgbLED u —
DataPin
LEDOut
LED

Slika 15: Gnezdenje objektov v objekt RgbLED.

4 Intenziteta, ki je $tevilo med 0 in 100 se primerja s Stevilko osveZitve, ki je ostanek pri deljenju s
100. Za ¢imbolj enakomerno osvezevanje se Stevilki osvezitve, pred deljenjem pristeje Stevilu 50
najblizje prastevilo — 47. Ta zagotovi, da se pri npr. 50% intenziteti diode LED priblizno
enakomerno vklaplja in izklaplja. Saj bi bila v nasprotnem primeru dioda LED prvih 50 osveZitev
ugasnjena, naslednjih 50 pa prizgana, kar bi ¢lovesko oko lahko zaznalo kot utripanje.
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Razred, ki ovija Kkar tri instance razreda LEDOut, pa je razred RgbLED. Ta
predstavlja nart za objekt, ki ustreza eni diodi RGB LED za osvetljevanje
predprostora. Vsaka instanca vsebuje 3 instance LEDOut objektov, saj je tudi
fizi¢no dioda RGB LED sestavljena iz treh diod LED. Za lazjo predstavo je v
pomo¢ slika 15, ki prikazuje, kateri objekti so ugnezdeni v instanco razreda
RgbLED. Dodatna zmoznost razreda RgbLED pa je seveda nastavljanje barve ene
enote RGB LED. Barvo podamo kot parameter metodi setColor(), ki sprejme
celostevilski parameter, ki predstavlja barvo. Zadnji dve mesti cifre ustrezata
procentu modre barve, 3. in 4. mesto procentu zelene, ter 5. in 6. mesto procentu
rdecCe barve. Intenziteta vsake barve je tako lahko regulirana na obmocju od 1-
100, kar skupaj pomeni zmoZznost generiranja milijon razlicnih oziroma razli¢no
intenzivnih barv. Takoj ko metoda razpozna posamezne barve iz podanega
parametra, jih pretvori v intenzitete, ki jih nastavi vsem trem ugnezdenim
instancam razreda LEDOut. Tudi ta razred vsebuje metodo sendOut(), ki pa sicer
le pokli¢e sendOut() na vseh treh ugnezdenih LEDOut objektih.

Razred LEDPanel pa je najbolj kompleksen razred v celotni plasti abstrakcije
strojne opreme. Njegova naloga je krmiljenje 16-bitnih serijsko-paralelnih
pomikalnih registrov in prikaz stanja notranjega polja objektov LED na matriki
diod LED. Vsebuje reference na DataPin objekte za nozice, ki komunicirajo z
zunanjim vezjem za krmiljenje LED matrike. To so podatkovne nozice za dovod
podatkov v 16-bitne pomikalne registre, nozica za urin signal in signal za
zamenjavo vrednosti (latch) ter signala za multipleksiranje.

Poleg referenc na nozice za tvorjenje signalov pa ta razred vsebuje tudi tri
matrike:

1. Matrika LED objektov velikosti 12x20. Ta matrika je edina vidna navzven
in je razkrita za uporabo na vi§jih plasteh. S pomocjo manipulacije te
matrike programer doloca stanje fizi¢nih diod LED v matriki.

2. Matrika boolean vrednosti enake velikosti, ki doloca aktivne diode LED
pri naslednjem ciklu osveZevanja. Ta matrika se re-kreira ob vsaki (drugi)
osvezitvi. V njej je s podobno tehniko kot v objektu LEDOut poskrbljeno
za ustrezno odrazanje intenzitete diod LED skozi ve¢ ciklov osveZevanja.

3. Matrika boolean vrednosti polovi¢ne velikosti, dimenzij 8x16. Ta matrika
pa drzi podatke za posamezne diode LED, ki so priklopljene na vsakega
od osmih 16-bitnih serijsko-paralelnih pomikalnih registrov. Ta matrika je

28



direktno pripravljena za preslikovanje stanja na zunanje vezje. Za
generiranje te matrike je potrebno ustrezno permutiranje.

Kot je razvidno iz slike 16, se zadnji dve matriki kreirata tik pred osvezevanjem.

Razred sicer omogoca tudi nekaj dodatnih funkcionalnosti, kot je na primer

ugasanje vseh LED diod.

/* Send the bianry matrix data to shift registers */
/* Create binary matrix should be called before it (at least every other call) %/
void LEDPanel::sendOut() {

if (this->oddLine)
this->createBinaryMatrix();

LEDPanelPermutations: :permutationMap(this->outputMatrix, this->binaryMatrix, this-=>oddLine);

this-=>pinClk->clear();
this-=pinLatch->clear();

//16x times send one bit to all 8 registers and cycle clock inbetween
for (int i = @; i < 16; i++) {

for (int j = 0; j < 8; j++) {
if (this-»outputMatrix[j][i] = @)
this->pinDatal[j]-=set();
else
this->pinDatal[j]->clear();

}

this—->pinClk->set();
this->signalCycleDelay();
this—->pinClk->clear();

}

this-=pinMpx[@]-=>clear();
this->pinMpx[1]->clear();

//Latch!
this-=pinLatch->set();
this->signalCycleDelay();
this-=pinLatch->clear();

//Multiplexing

if (this->oddLine)
this->pinMpx[8]->clear();

else
this->pinMpx[1]->clear();

this->oddLine = !this->oddLine;

Slika 16: Programska koda metode sendOut(), ki stanje notranjega polja objektov LED preslika v enako
stanje na fizicni LED matriki
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4.1.2 Inicializatorji strojne opreme

Inicializatorji strojne opreme so preprosti razredi, ki na podlagi nekaj parametrov
inicializirajo strojno opremo.

AudioSamplinglnitialization — vsebuje metodo za inicializiranje DMA
(Direct Memory Access) krmilnika, za inicializiranje ADC (Analog-to-
digital converter) pretvarjalnika, za vzpostavitev povezave med njima ter
za konfiguriranje prekinitev ob kon¢anem prenosu bloka. Vsebuje pa tudi
metodo za priCetek pretvarjanja analognega signala v digitalno obliko in za
pricetek DMA prenosa.

ButtonlInitializations — vsebuje metode za inicializacijo vsakega od $tirih
gumbov vkljuéno s konfiguracijo EXTI (External Interrupt) prekinitvenih
kanalov, ki samodejno zaznajo pritisk gumba in prozijo prekinitev.
Timerlnitializations — vsebuje metode za inicializacijo sistemske ure
(sysTick) ter treh uporabljenih ¢asovnikov TIM (Timer) in konfiguracijo
prekinitev, ki jih prozijo.

DataPortlInit — inicializacija podatkovnih vrat in nozic (ki se v resnici
inicializirajo v sklopu vrat). Razred prebere podatke o vseh uporabljenih
nozicah iz konfiguracije. Vsaka nozica nosi podatek o pripadnosti vratom
ter podatek o tipu (vhodna, izhodna, analogna). S pomocjo teh podatkov se
sestavijo maske za inicializiranje vhodnih, izhodnih ter analognih nozic na
vsakih vratih posebej. Nato se zgodi inicializacija. Ob menjavanju

uporabljenih nozic nam torej ni potrebno skrbeti za inicializacijo.

4.1.3 Konfiguracija strojne opreme

Konfiguracija, ki je sicer manjS$a mnoZica stati¢nih razredov, predstavlja nekakSen

popis priklopov. V njej so definirane v prvi vrsti vse uporabljene nozice in

podatkovna vrata. V drugi vrsti pa vse prikljuene svetilne naprave in vsi signali

ter podatki o tem, katera izhodna nozica je uporabljena zanje.

Dodatno so v dodatnem razredu opisane permutacije LED matrike, kar pomen,i da
je opisano, katera dioda LED je prikljucena na katero nozico katerega 16-bitnega
serijsko paralelnega pomikalnega registra.
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4.2 Plast za izvajanje zivljenjskih funkcij
programa

Ta plast drzi v rokah vse vajeti programa. Ce v neki to¢ki program v nadinu za
razhro$¢evanje ustavimo in pregledamo klice zbrane na skladu, bomo v vsakem
primeru videli, da je klic ¢isto na vrhu priSel iz te plasti. V tej plasti so zbrane vse
vstopne tocke v program. To je poleg zaletne tocke v metodi main() tudi vstop iz
vseh prekinitev. Poleg tega pa ta plast povsem nadzoruje delovanje vizualizacijske
aplikacije, Ki jo instancira in poZene.

4.2.1 Programska zanka

Programska zanka je zanka, v kateri se program zadrzuje med tem ko ¢aka na
dogodke. KroZenje v programski zanki preprecuje, da bi se program izvrsil do
konca in koncal izvajanje. V nasem primeru je programska zanka realizirana na
dveh stopnjah; v metodi main() in tudi kot del vsake vizualizacijske aplikacije.

Programska zanka v metodi main() ponavlja naslednji cikel:

1. Instanciraj vizualizacijsko aplikacijo.

2. Zazeni jo in ji predaj kontrolo.

3. 'V primeru, da se kontrola vrne, podisti trenutno vizualizacijsko aplikacijo.
4

PozZeni aplikacijo za izbiro naslednje vizualizacijske aplikacije.

V koraku 2 se vizualizacijski aplikaciji preda kontrola. To pomeni, da se poklice
metoda start(), iz katere se program ne vrne, vse dokler izvajanje vizualizacijske
aplikacije ni zakljuceno. Vizualizacijska aplikacija se med tem ¢asom ohranja pri
zivljenju tako, da se vrti v lastni programski zanki. Najbolj obifajen nacin
uporabe je, da to programsko zanko prekine le pritisk na enega od gumbov, ki mu
je dodeljena funkcija zapiranja aplikacije.

4.2.2 Razpecevalec prekinitev

Ko se zgodi prekinitev, prekinitveni vektor prekinitev takoj usmeri v razpecevalca
prekinitev. Razpecevalec prekinitev je programski modul, ki smo ga razvili z
namenom, da sprejema vse prekinitve od vseh naprav, ki so konfigurirane da jih

prozijo.
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Obicajen odziv je, da razpecevalec poskrbi za prekinitev do te mere, da ponastavi
bit za ¢akajoco prekinitev in nastavi prekinitev, da se znova sprozi, ¢e tip naprave
to zahteva (npr. Casovniki). Sicer pa zahtevo po prekinitvi le poda naprej v
aplikacijsko plast.

Razlog za tako strukturo lezi v razdelitvi programa na ogrodje in vizualizacijske
aplikacije. V resnici so vizualizacijske aplikacije tiste, ki morajo izvesti pravi
odziv na prekinitev. Vendar se te lahko zamenjujejo ali pa se lahko celo zgodi, da
v dolo¢enem casu ni instancirana nobena vizualizacijska aplikacija. Zato se vse
prekinitve zberejo na ogrodju, v razpeCevalcu prekinitev, nakar se ustrezno

posredujejo trenutno aktivni vizualizacijski aplikaciji.
Prekinitve, za katere poskrbi razpecevalec:

e Iztekla se je ¢akalna doba sistemske ure (sysTick).

e Iztekla se je Cakalna doba enega od 12 konfiguriranih ¢asovnikov (na treh
napravah TIM2, TIM3 in TIM4).

e Vzorec glasbe je bil zajet in je pripravljen za obdelavo.

e Vzorec glasbe je bil obdelan.

e Pritisnjen je bil eden od gumbov.

4.3 Plast za vzoréenje in analizo zvoka

Naloga te plasti je, da vzor¢i zvoc¢ni signal, ki je prikljuen na nozico razvojne
plos¢ice STM32F4-Discovery, vzorce obdela — izvede spektralno analizo — ter
oskrbi in opozori aplikacijsko plast, da so novi podatki o0 prisotnosti zvo¢nih
spektrov na voljo.

4.3.1 Vzorcenje zvoka

Vzorcenje zvoka je nacCin pretvarjanja zvoka ali analognega elektricnega signala
zvoka v digitalni signal. To storimo tako, da v dolocenih ¢asovnih intervalih
odc¢itavamo vrednost signala. Pri tem pa je pomembno, kako pogosto signal

odcitavamo in kako natan¢no ga od¢itavamo [20].

Pogostost odcitavanja signala ima direkten vpliv na razpon frekvenc, ki jih s
takim vzor¢enjem Se lahko zajamemo. Nyquist-Shannonov teorem [21] pravi, da
je za zajem valovanja potrebno signal vzorciti vsaj z dvakratno frekvenco
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osnovnega signala. Ob upostevanju, da c¢lovesko uho zaznava frekvence do
priblizno 20 kHz [22], to pomeni, da vzorCenje hitrejSe od 40.000 vzorcev na
sekundo ni preve¢ smiselno, ¢¢ imamo v mislih reprodukcijo zvoka, kjer bo ciljni

poslusalec ¢lovek.

Natancnost odc¢itavanja signala pa pomeni, s kolikimi biti bomo zapisali od¢itane
vzorce. Pokazano je bilo, da za ¢lovesko uho zadostuje zapis signala s 16-bitnim
Stevilom. To pomeni, da lahko vzorce opisemo z 65.536 razlicnimi vrednostmi.
Kot studijska kvaliteta pa sicer velja 24-bitni zapis [23].

Za vzoréenje signala za potrebe vizualizacije zvoka je bil prvotni cilj, da se
pokrije celoten ¢loveski slisni spekter. To mi je tudi skoraj povsem uspelo.

Razvojna plos¢ica STM32F4-Discovery s pomocjo konfiguriranega ADC —
analogno-digitalnega pretvornika vzoréi zvocni signal. Zmogljivost analogno-
digitalnega konverterja je 12 bitov. Ce bi Zeleli reproducirati tako vzoréen zvok,
bi ¢lovesko uho verjetno zaznalo, da reprodukcija ni povsem cista. Vendar za
potrebe vizualiziranja zvoka to zadostuje. ADC je konfiguriran tako, da ob
vsakem zajetem vzorcu, ki ga zapiSe v svoj register, poslie DMA krmilniku
signal, da ima pripravljen nov podatek. DMA krmilnik je krmilnik, ki omogoca
direkten dostop do pomnilnika. Omogoca, da naprave dostopajo (berejo in pisejo)
v glavni pomnilnik brez sodelovanja procesorja [24]. V nasem primeru DMA
krmilnik zapisuje vzorce, ki jih generira ADC v vnaprej pripravljen podatkovni
blok v pomnilniku, ki predstavlja polje vzorcev (12 bitnih celih $tevil). To se
dogaja povsem asinhrono. Med tem ¢&asom procesor obdeluje podatke iz
prejsnjega okna vzoréenja. Sele ko se blok zapolni do konca, DMA krmilnik prozi

prekinitev, ki v programu sproZzi obdelavo pravkar zajetih podatkov.

Okno vzorcenja je Stevilo vseh vzorcev, ki jih naberemo, preden se odlo¢imo, da
jih bomo obdelali. V naSem primeru je okno vzorcenja velikosti 1024. Velikost
rezerviranega pomnilniskega bloka pa je sicer 2x vecja, saj je program sestavljen

tako, da izmeni¢no nabira in obdeluje podatke iz nasprotnih polovic bloka.

Z oknom vzorcenja dolzine 1024 se je zgornja meja za odzivno delovanje izkazala
kot priblizno 35 vzorcenih in obdelanih oken na sekundo. To pomeni vzorcenje s
frekvenco priblizno 35,8 kHz, kar ob upostevanju Nyquist-Shannonovega teorema
pomeni, da smo uspesno vzor€ili frekvence do skoraj 18 kHz, kar povsem

zadostuje, saj ¢lovek zelo hitro glusi za frekvence pri koncu sliSnega obmocja.
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4.3.2 Hitra Fouriereva Transformacija (FFT)

Hitra Fouriereva transformacija (Fast Fourier Transformation) [25] je algoritem,
ki zelo hitro izvede diskretno Fourierevo transformacijo in njeno inverzno
transformacijo.

Diskretna Fouriereva transformacija je transformacija, ki signal, vzorfen v
Casovnem prostoru (zapis signala z amplitudo v trenutkih vzorc¢enja), pretvori v
signal, zapisan v frekvenénem prostoru (signal je zapisan kot mnozica amplitud
posameznih frekvenc).

Transformacija velja za diskretno, saj Stevilo vhodnih podatkov v transformacijo
ustreza Stevilu izhodnih podatkov. Izhodni podatki iz diskretne Fouriereve
transformacije pa so frekven¢ni spektri (Frequency bins). Po Nyquist-
Shannonovem teoremu znaSa najvi§ja frekvenca, ki jo Se zaznamo z vzorcenjem,
ravno polovico hitrosti vzorCenja. Tako se frekvencni spektri enakomerno
razporedijo na intervalu med ni¢ in polovi¢no frekvenco vzorCenja. Vsak
frekvenéni spekter ima tako podatek o povpre¢ni amplitudi zelo ozkega obmodja

frekvenc.

To pomeni, da je v primeru, da se transformacija izvaja nad podatki, zajetimi v
enem oknu vzorcenja, $tevilo frekvenénih spektrov oziroma ozkost frekven¢nega

spektra pri dolo¢anju povprecne amplitude odvisna od dolzine okna.

4.3.3 Okenske funkcije

Ena od tezav pri uporabi DFT (Discrete Fourier Transformation) je tudi ta, da je
Fouriereva transformacija namenjena obdelavi neskon¢nih signalov. Ker pa
zelimo pognati transformacijo na zelo kratkem intervalu, pa lahko pride do
posebnega pojava frekven¢nega puséanja (frequency leakage). Pojav je ilustriran
na sliki 17. Ce pojav na hitro razlozimo na primeru, to pomeni, da so tudi pri
izvajanju transformacije nad Cistim sinusnim signalom z eno samo doloc¢eno
frekvenco v rezultatu poleg ustreznega frekvencnega spektra, deloma prisotni tudi

sosednji frekvencni spekiri.
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“Leakage” from a sinusoid (rectangular window)
O T T
‘ H o

i Sidelobe level

PRI | | E R -

-30

decibels

-40

S sisssssamsssssssss

50

60

-4 -3 2 A u] 1 2 3 4 5 B 7
DFT bins

Slika 17:V frekvencnem spektru z oznako 0 je prikazana amplituda sinusoide za katero je bila narejena
transformacija. Amplitude v ostalih spektrih pa predstavljajo frekvencno puscanje, saj v izvornem signalu te
frekvence niso bile prisotne [26].

Eden od naéinov, kako se lahko spopademo s to tezavo, je ta, da nad oknom
vzorcev pred transformacijo poZzenemo okensko funkcijo. Okenska funkcija je
funkcija, ki signal popravi tako, kot da bi se zacel ¢isto potihoma (z majhnimi
amplitudami) in tako tudi konc¢al. Za okensko funkcijo velja, da je njena vrednost
izven obmocja okna enaka ni¢. Ena izmed bolj primernih je Hanningova okenska
funkcija [26]. Kakor vidimo v enacbi 18, se vsak vzorec pomnoZi z ustreznim

kosinusom, ki se racuna kar nad razmerjem zaporedne Stevilke vzorca in Stevilom

vseh vzorcev.
m =05 (1 -cos (577))
win) =u, — COS N _1

Slika 18:Enacha funkcije Hanningovega okna [26]..

Rezultat Hanningove funkcije je tako signal, ki na zacetku in na koncu pojema.
Na sliki 19 tako lahko vidimo zmanjsan vpliv frekvenénega puscanja
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Hann window Fourier transform
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Slika 19: Graf Hanningovega okna in graf zmanjSanega vpliva frekvencnega puscanja okrog vodilne
frekvence [26].

4.3.4 Analiza frekvenénih spektrov

Vzor€enju zvoka sledi analiza frekvencnih spektrov. Vhodni podatki predstavljajo
zajeto okno vzorcev avdio signala. Ta proces poteka v naslednjih korakih:

Umik podatkov iz pomnilniskega bloka, ki ga uporablja DMA krmilnik.
Priprava podatkov z okensko funkcijo. Uporabi se Hanningovo okno.
Priprava podatkovnih struktur, ki jih algoritem potrebuje za izvedbo hitre
Fouriereve transformacije.

4. lzvedba realne hitre Fouriereve transformacije. Rezultat ima obliko parov
realne (amplituda) in imaginarne (fazni zamik) komponente. Za racunanje
se uporabi na prosto dostopna knjiznica, ki velja za zelo optimizirano.
Njen avtor je Takuya Ooura iz Raziskovalnega instituta za matemati¢ne
vede Kjotske univerze [27].

5. Velikost amplitude je izracunana s pomoc¢jo korenjenja sestetih kvadratov
obeh komponent.

6. Amplitude so razvr$éene v 20 spektralnih obmocij, za vsako obmocje je
izradunano povpregje. Stevilo vkljuéenih amplitud oziroma spektrov v

vsako obmocje eksponentno naras¢a. Tako sta prvi dve obmog¢ji obmocji
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od priblizno 70-105 Hz in 105-175 Hz, medtem ko je zadnje obmocje
precej $irse, saj se razpenja od 17 do 18.6 kHz.®

Nad spektralnimi obmocji je izveden logaritem, ki gibanje vrednosti
pogladi in prepreci preve¢ izrazito nihanje, saj se v praksi izkaze, da so v
glasbi v ve¢ji meri ves Cas prisotni skoraj vsi frekvencni spektri.

Za prikaz samo razlik in nihanj v posameznih amplitudnih skupinah je od
vseh skupin odSteto 80% drsecega povprecja. Drsece povprecje se pocasi
prilagaja, saj se ob vsakem zajemu podatkov malce prilagodi povprecju.
Tak sistem ne zadusi prikaza energijskih sunkov glasbe, obenem pa je
sistem prilagodljiv za jakost glasbe. Ob spremembi jakosti se tako sistem
v nekaj sekundah povsem samodejno prilagodi.

Kot dodatek k 8. toc¢ki je bil izdelan Se dodaten nadin ucenja, ki je aktiviran ob

zagonu ali sprozen na enega od gumbov. V tem nacinu se drsece povprecje

spreminja v velikih korakih kar omogo¢i takoj$njo prilagoditev na glasnost. Tako

se hitro vzpostavi relevantna zacetna vrednost glasnosti, nacin u€enja pa se po 10s

zakljuci.

Ko so vsi podatki pripravljeni, se preko razpeCevalca prekinitev v plasti za

zivljenjske funkcije programa poklice prekinitev, da so glasbeni podatki
pripravljeni za prikaz. Ogrodje to posreduje vizualizacijski aplikaciji, ta pa se
sama odlo¢i, kaj bo storila s podatki.

> To ustreza porazdelitvi, ki jo najdemo pri ve¢ino avdio izenagevalnikih v priljubljenih
predvajalnikih glasbe. Razlog za tako porazdelitev pa je v tem, da smo ljudje manj obcutljivi za
zelo visoke tone, saj jih slabse slisimo in teZje razlo¢imo. Medtem ko zelo dobro razlikujemo med
zelo nizkimi in dobro med srednjimi toni.
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4.4 Aplikacijska plast

Aplikacijska plast poskrbi za dvig nivoja programiranja animacij, Saj

vizualizacijskim aplikacijam nudi orodja za lazjo kreacijo in izvajanje animacij.
Poleg dviga nivoja programiranja pa vizualizacijskim aplikacijam tudi vsili
strukturo s pripravljenim vmesnikom.

4.4.1 Vmesnik za vizualizacijske aplikacije

Razred Application v resnici ni Cisto pravi vmesnik, saj vmesnikov, takih kot so

na primer v Javi, C++ ne pozna. Gre torej le za razred z virtualnimi metodami, ki

je implicitno namenjen temu, da ga vizualizacijska aplikacija razsiri.

Definicija razreda Application je vidna na sliki 20, njegova vsebina je naslednja:

Konstruktor in destruktor. Vsaka vizualizacijska aplikacija mora za seboj
pocistiti vse podatke iz kopice (heap).

Metoda start(). V tej metodi mora virtualizacijska aplikacija imeti
implementirano aplikacijsko zanko. V primeru da ne vsebuje re-definicije
te metode pa se uporabi generi¢na.

Metodi quit() in stop(). Metodi prekineta programsko zanko in unicita
objekt.

Metode casovnika. Vsaka aplikacija ima moznost implementirati
katerokoli od metod ¢asovnika. Na voljo je 8 metod, ki se prozijo na zelo
razli¢ne ¢asovne intervale vse od 1/64 sekunde pa do 5 sekund.

Metode za odzive na gumbe. Na voljo so tudi 4 metode za odzive na
gumbe. Vizualizacijska aplikacija lahko implementira katero koli od njih,
vendar se priporo¢a, da se gumbu s funkcijo quit prepusti njegova
generi¢na funkcionalnost.

Metodi za prejem novih podatkov iz modula za analizo zvoka.
Razpecevalec prekinitev preko ogrodja opozori virtualizacijsko aplikacijo
vsaki¢, ko so bili zajeti novi podatki in tudi vsaki¢, ko so bili podatki
obdelani in so na voljo podatki o trenutno prisotnih spektrih.

Razsirjena oblika razreda Appication poimenovan AnimatedApplication pa

poleg vsega nastetega vsebuje Se:
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Instanci sinhronizatorja za LED matriko in animatorja za animiranje RGB
osvetlitve v predprostoru. Vsaka animirana vizualizacijska aplikacija jih
namrec¢ potrebuje.

Razred v programski zanki ne c¢aka, ampak obdeluje podatke o
analiziranih spektrih. Izvaja tudi analizo tempa.

Razred dodaja Se en dodaten dogodek, ki ga sprozi interno. To je dogodek
newBeat(), ki oznacuje dogodek udarca. Vizualizacijska aplikacija pa se
lahko odzove nanj.

class Application {

};

public:

Application();
virtual ~Application();

virtual void start();
virtual void stop();

virtual void r64second();
virtual void r32second();
virtual void rl6second();
virtual void r8second();

virtual void quarterSecond();
virtual void halfSecond();
virtual void oneSecond();
virtual void fiveSeconds();

virtual void buttonLeft();
virtual void buttonQuit();
virtual void buttonRight();
virtual void buttonConfirm();

virtual void newSpectrumDatal(doublex spectra, int spectraCount);
virtual void newSampledSoundData();

virtual void quit();
protected:

bool quitApplication;

Slika 20: Glava definicije razreda Application, ki sluzi kot vmesnik za vsako instanco vizualizacijske
aplikacije
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4.4.2 lzvrSevalci animacij

Animiranje svetlobnih efektov na LED matriki in na RGB osvetlitvi predprostora
je poenostavljeno z izvrSevalcema animacij; razredoma ki proces animiranja

poenostavita in izboljSata.

Za animiranje LED matrike 12x20 je realiziran sinhronizator sprememb, to je
razred PanelChangesSynchronizer. Omogoc¢a, da se mu doda objekt vrste tipa
PanelChangesQueue, kateri lahko nastavimo hitrost izvajanja animacije. Tako
lahko kopico sprememb, ki jih zahteva nasa animacija, dodamo v obliki objekta
PanelChangesSet v vrsto in spremembe se bodo ob primernem c¢asu izvrsSile.
Bistvena prednost tega sinhronizatorja je torej to, da lahko v vrsto v hipu vnesemo
celotno animacijo, ¢etudi se bo ta prikazovala $e npr. naslednji 2 sekundi.

Za animiranje RGB osvetlitve predprostora je na voljo animator. Animiranje
predprostora z diodami RGB LED je precej druga¢na naloga. Diod je precej manj,
vendar omogocajo prav toliko moznosti za animiranje, saj jim je mogoce
spreminjati barvo. Razred RGBAnimator, ki je nekak$na izvrSevalna vrsta za
animiranje diod RGB LED; nanjo lahko pripnemo veéje Stevilo objektov tipa
RGBEffect. Efekti se odzivajo na dva dogodka, dogodek za posodobitev stanja
(npr. sprememba barve ob udarcu) ter dogodek za izris stanja (za potrebe

primerno hitrega osvezevanja).

4.4.3 Animacijski efekti

Aplikacijska plast ponuja nekaj razredov, ki uporabljajo zgoraj opisane
izvrSevalce animacij, ter ponujajo pomocniska orodja za hitro izdelavo animacij
ali pa kar animacije same.

Za animiranje LED matrike 12x20 sta na voljo pomo¢nik za generiranje
tekstovnega napisa in pomocniski razred za ustvarjanje pametnega animiranega
objekta.

PanelTextWriter je pomo¢niski razred, ki kot vhodni podatek sprejme niz in ga
zna drseCe prikazati na LED matriki 12x20. Mozno je tudi nastaviti hitrost
animacije. Razred pa niz ¢rko po ¢rko preko transformacijskega polja, pretvori v
nize sprememb na LED matriki in jih preda sinhronizatorju za izris.

SmartPanelObject je pomocniski razred, na katerem temelji vecino preprostejsih

animacij. S pomocjo tega razreda je mozno hitro izdelati animacije z narisanimi
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objekti, ki lahko zavzamejo koncno Stevilo stanj (npr. stolpec, ki ponazori
intenziteto spektra). Objekt animiramo podobno kot GIF (Graphics Interchange
Format) sliko. Na zacetku, ko objekt ustvarimo, mu dolo¢imo vsa moZna stanja,
ki jih lahko zavzame. Stanja mu podamo v obliki matrik, ki imajo enako velikost,
kot je velikost animiranega objekta — risbe. Uporaba takega pametnega objekta pa
je zelo preprosta. S pomocjo ostevil¢enih stanj menjamo izgled objekta. Na voljo
je tudi funkcionalnost, ki med objektoma preklopi z animiranjem tako, da izriSe
tudi vsa vmesna stanja (v kolikor stanji nista sosednji).

Za animiranje RGB predprostora nizkotonskega zvo¢nika imamo na voljo nekaj
razredov z efekti. Vsem je skupno to, da so zmozni komunikacije z animatorjem
(RGBAnimator) in da jim je ob zacetku, ko objekte ustvarimo, potrebno dolociti,
katere barve naj uporabijo za animiranje.

RGBSemaphor je razred za generiranje efektov, ki premore ve¢ razli¢nih efektov.
Vsi efekti zamenjajo svoje stanje ob klicu funkcije update(), ki sprozi posodobitev
stanja. Glede na to, kak$no spremembo povzroé¢i ta funkcija, lahko omenimo
nekaj bolj zanimivih efektov:

e Predprostor osvetljujejo razliéne barve, ki glede na posodobitev stanja
krozijo v smeri urinega kazalca.

e Predprostor osvetljuje ena barva, ki se zamenja ob posodobitvi.

e Predprostor osvetljuje ena barva, ki se zamenja ob posodobitvi. Vsako
drugo stanje pa je povsem ugashjena osvetlitev.

e Efekt Stetja. Ob posodobitvah se najprej prizge levo krilo, nato samo
desno, nato zopet levo in nato oba.

RGBWaterfall je razred, ki predstavlja slap barv. Razredu podamo dve ali veé
barv, ta pa barve pocasi prelije od prve barve k drugi ter potem k tretji itd. V
vmesnih stanjih zna sam od sebe generirati vmesne barve. Barve se osveZzijo ob
klicu funkcije za posodobitev.
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4.5 Vizualizacijske aplikacije

V zadnjih poglavjih so bile podrobno predstavljene vse plasti programa, ki skupaj
tvorijo ogrodje. Uporabniki ogrodja pa so vizualizacijske aplikacije, ki delujejo
kot preproste aplikacije ali programcki v svojem zaprtem notranjem okolju.

Za kreacijo nove vizualizacijske aplikacije je vse, kar moramo narediti to, da
napisemo nov razred, ki razsirja bodisi Application ali pa AnimatedApplication
razred ter aplikacijo dodamo na izbiro v izbiralca aplikacij, tako da obstaja nacin,

da jo pozenemo.

4.5.1 Pozdravna aplikacija

Pozdravna vizualizacijska aplikacija je zelo preprosta aplikacija. Njen namen je,
da predstavi sistem in pozdravi poslusalce. S tem namenom izpiSe (z uporabo
pomocnika za kreacijo animiranega teksta) pozdravno besedilo na LED matriko

12 x 20. Ko se besedilo izpise, se aplikacija zapre.

Slika 21: Stolpicni vizualizator zvoka v delovanju.
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4.5.2 Stolpcéni vizualizator zvoka

To je vizualizacijska aplikacija, ki vizualizira spektralno sestavo glasbe in
glasbene udarce.

Spektralno sestavo vizualizira na najbolj klasiCen nain s pomocjo stolpénega
spektrografa. Gre za azurni prikaz intenzitete vsake od spektralnih skupin, pri
Cemer je intenziteta vsake skupine ponazorjena z 12 stopenjskim stolpcem.
Gledalec tako lahko opazuje sestavo zvoka in jo v mislih poveze s tistim, kar slisi.
Za programiranje stolpcev so bili uporabljeni pametni matri¢ni objekti
(SmartPanelObject), za katere je bilo izdelanih vseh 13. stanj.

Glasbene udarce pa animira RGB osvetlitev predprostora. Sprogramirana je tako,
da ob udarcu spremeni barvo osvetlitve predprostora ter jakost postavi na 100%.
Takoj zatem hiter ¢asovnik jakost pocasi niza do stopnje 30%, kar povzroci
nihanje intenzitete v ritmu glasbe. Kombinacija obojega poslusalcu da obc¢utek
intenzitete udarcev.

Stolp¢ni vizualizator zvoka je viden na sliki 21.

4.5.3 Vizualizator z udrihajo¢imi pus¢€icami

To je vizualizacijska aplikacija, ki se odziva na $tiri skupine glasbenih spektrov
ter na glasbene udarce. Prikazuje pa tudi nekaj animacij, ki so nepovezane z
glasbo.

Skupine spektrov so zdruzene v Stiri skupine, pri Cemer vsaka skupina animira

ey e

ey e

animacijo so ob straneh dodani tudi trikotniki, ki potujejo v obratne smeri in
dajejo obcutek dinamicnosti. Za kreiranje vseh teh objektov je bil uporabljen
pametni matri¢ni objekt (SmartPanelObject).

Glasbene udarce pa tudi v tem primeru animira RGB osvetlitev predprostora

enako kot pri stolpénem vizualizatorju zvoka.

Delovanje vizualizatorja je vidno na sliki 22.
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Slika 22: Vizualizator z vec¢ raznovrstnimi animiranimi objekti.

4.5.4 Izbiralec aplikacij

Ta vizualizacijska aplikacija ni namenjena vizualiziranju. Ima posebno nalogo.
Ogrodje jo namre¢ poklice takrat ko se aktivna aplikacija zapre. Takrat imamo

moznost, da izberemo naslednjo aplikacijo.

Aplikacija na matriko izpiSe ime vizualizacijske aplikacije, ki je na voljo.
Uporabnik s tipko, ki ima funkcijo potrditve izbere aplikacijo ali pa uporabi tipki
levo in desno da se sprehodi med ostalimi vizualizacijskimi aplikacijami, ki so na
voljo. Ob potrditvi se instancira izbrana aplikacija, vendar se le ta pozene $ele, ko
se aplikacija izbiralec aplikacij zakljuci.
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Poglavje 5

5 Sklepne ugotovitve

Diplomsko delo nas je popeljalo skozi postopek izdelave nizkotonskega ohisja s
svetlobnimi efekti. Priceli smo z izdelavo samega ohi§ja in takoj nadaljevali s
pripravo vsake od posameznih svetilnih komponent in vgradnje le-teh v samo
ohi§je. Spoznali smo razlicne naline za vgradnjo razlicnih diod LED. Za
krmiljenje sedaj ze vgrajenih komponent smo potrebovali dodatno vezje, ki smo
ga od zacetka do konca nacrtali in izdelali tudi fizi¢no ter se tako seznanili s
celotnim postopkom. Ob tem pa smo spoznali tudi nekaj naprednejs$ih nainov
krmiljenja diod LED, na primer multipleksiranje. Vezje smo nato povezali z
razvojno plos¢ico STM32F4-Discovery. Preden smo se lotili pisanja kode, smo
dodobra premislili, kako zastaviti arhitekturo programa. Program smo spisali po
plasteh od spodaj navzgor. Podrobno so bili opisani vsi problemi, na katere smo
naleteli med programiranjem. Med zanimivejS§imi se lahko spomnimo
razreSevanja krmiljenja dodatnega vezja ali pa implementacije vzorcenja in
obdelave zvoka. Ta del, prakticno uporabo Fouriereve transformacije za potrebe
analize spektrov avdio signala, smo tudi teoreticno najbolj podprli in tudi najbolj
na Siroko opisali. Na koncu smo zakljucili s programiranjem ogrodja in napisali Se
nekaj animacijskih aplikacij in s tem pokazali hitro razsirljivost, ki jo omogoca
zastavljena arhitektura.

Namen izdelka, ki je kon¢ni rezultat tega uspesno izpeljanega projekta, je zabava
poslusalcev in ustvarjanje spros¢ene atmosfere. Po njihovem mnenju sta bila cilja
dosezen. Razsirljivost sistema, ki omogoc¢a hiter razvoj novih animacij, pa
zagotavlja, da zanimanje za izdelek ne upade.

Ceprav je bil glavni cilj razsirljivosti doseZen, pa vseeno obstaja nekaj odprtih
vprasanj v zvezi z arhitekturo programa. Za programiranje je bil uporabljen
objektni programski jezik C++ z izrazito plastovito strukturo. Uporaba objektno
orientiranega programiranja ima za posledico nekoliko ve¢jo porabo pomnilnika,
saj je potrebno v pomnilniku hraniti Se nekaj dodatnih podatkov, kot so definicije
konstruktorjev in destruktorjev. Tudi samo izvajanje je nekoliko pocasnejSe, Saj
nekatere naprednejSe funkcionalnosti, kot je polimorfizem ali pa dedovanje, od

ve¢ razredov zahtevajo ve¢ re-alokacij pomnilnika v ¢asu izvajanja [28]. Osebno

45



pa vidim prednost pri uporabi objektno orientiranega programiranja v hitrejSem
programiranju in lazjem vzdrzevanju programa. Kljub temu bi bila uporaba C++
vgrajenih sistemov z zelo malo pomnilnika. Uporabljena razvojna plos¢ica
STM32F4-Discovery pa premore 192kB pomnilnika. Med programiranjem in
testiranjem sem veckrat naletel na zasi¢enje pomnilnika, kar je povzrocilo, da se
je izvajanje programa koncalo, Vendar mi je vsaki¢ uspelo program dovolj

optimizirati, da sem zasic¢enje preprecil.

Alternativno pa bi lahko program realiziral kot skupek opravil, niti in semaforjev
v realno-casovnem operacijskem sistemu FreeRTOS [29]. FreeRTOS je
operacijski sistem, ki je na voljo tudi za uporabljeno razvojno plos¢ico STM32F4-
Discovery. Deluje kot cCasovni razvrsCevalnik, ki s preklapljanjem omogoca
hkratno izvajanje vecih opravil v realnem ¢asu (odvisno od nastavljenih prioritet
niti). Z uporabo FreeRTOS bi se do neke mere znebil potrebe po plastovitem
sistemu, saj bi za porazdelitev nalog skrbel FreeRTOS. S tem bi sistem tudi malce
pohitril. V kolikor bi za programiranje opravil in niti uporabil programski jezik C,
bi sistem Se malo pohitril in zmanjSal porabo pomnilnika. Verjetno pa bi nekaj
izgubil na preglednosti programske kode.
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Viz/_Config/Constants.cpp

#include <stdio.h>

#include <stdlib.h>

#include "stm32f4xx_conf.h"

#include "STM32F4xx.h"

#include "DataPin.h"

#include "DataPins.h"

#include "Constants.h"



/******************************************************

** Constants class header

*******************************************************

** Razred za konstante in nastavitve

******************************************************/





int Constants::REFRESH_RATE = 1000;

int Constants::RGB_MAX_INTENSITY = 70;










Viz/_Config/Constants.h

#include <stdio.h>

#include <stdlib.h>

#include "stm32f4xx_conf.h"

#include "STM32F4xx.h"

#include "DataPin.h"



/******************************************************

** Constants class header

*******************************************************

** Razred za konstante in nastavitve

******************************************************/



#ifndef CONSTANTS_H

#define CONSTANTS_H



class Constants {

	

	public:

		

	 static int REFRESH_RATE;

	 static int RGB_MAX_INTENSITY;

	

};



#endif










Viz/_Config/DataPins.cpp

#include <stdio.h>

#include <stdlib.h>

#include "stm32f4xx_conf.h"

#include "STM32F4xx.h"

#include "DataPin.h"

#include "DataPins.h"



/******************************************************

** DataPins class

*******************************************************

** To je v bistvu staticen map vseh pinov, ki se

** uporabljajo v programu.

******************************************************/



DataPin* DataPins::internalLEDs[4]; // 0- zelena, 1- oranžna, 2- rdeča, 3- modra

DataPin* DataPins::LEDArrayPorts[8];

DataPin* DataPins::LEDArrayMPX[2];

DataPin* DataPins::LEDArrayLatch;

DataPin* DataPins::LEDArrayClock;

DataPin* DataPins::rgbLEDs[6][3];

DataPin* DataPins::buttons[4];

DataPin* DataPins::flashLED;

DataPin* DataPins::uvLED;

DataPin* DataPins::audio;

int 		 DataPins::pinCount = 41;

DataPin* DataPins::pins[41];





void DataPins::initialize() {

		

		//Debug ledice

		DataPins::internalLEDs[0] = new DataPin('D', GPIO_Pin_12, DataPin::PinType_OUT);

		DataPins::pins[0] = DataPins::internalLEDs[0];

		DataPins::internalLEDs[1] = new DataPin('D', GPIO_Pin_13, DataPin::PinType_OUT);

		DataPins::pins[1] = DataPins::internalLEDs[1];

		DataPins::internalLEDs[2] = new DataPin('D', GPIO_Pin_14, DataPin::PinType_OUT);

		DataPins::pins[2] = DataPins::internalLEDs[2];

		DataPins::internalLEDs[3] = new DataPin('D', GPIO_Pin_15, DataPin::PinType_OUT);

		DataPins::pins[3] = DataPins::internalLEDs[3];

		

		//Porti za komuniciranje s shift registri

		DataPins::LEDArrayLatch = new DataPin('B', GPIO_Pin_14, DataPin::PinType_OUT);

		DataPins::pins[4] = DataPins::LEDArrayLatch;

		DataPins::LEDArrayClock = new DataPin('B', GPIO_Pin_12, DataPin::PinType_OUT);

		DataPins::pins[5] = DataPins::LEDArrayClock;

		DataPins::LEDArrayMPX[0] = new DataPin('D', GPIO_Pin_8, DataPin::PinType_OUT);

		DataPins::pins[6] = DataPins::LEDArrayMPX[0];

		DataPins::LEDArrayMPX[1] = new DataPin('D', GPIO_Pin_9, DataPin::PinType_OUT);

		DataPins::pins[7] = DataPins::LEDArrayMPX[1];

	

		DataPins::LEDArrayPorts[4] = new DataPin('E', GPIO_Pin_7, DataPin::PinType_OUT);		

		DataPins::LEDArrayPorts[3] = new DataPin('E', GPIO_Pin_8, DataPin::PinType_OUT);		

		DataPins::LEDArrayPorts[5] = new DataPin('E', GPIO_Pin_9, DataPin::PinType_OUT);		

		DataPins::LEDArrayPorts[2] = new DataPin('E', GPIO_Pin_10, DataPin::PinType_OUT);		

		DataPins::LEDArrayPorts[6] = new DataPin('E', GPIO_Pin_11, DataPin::PinType_OUT);		

		DataPins::LEDArrayPorts[1] = new DataPin('E', GPIO_Pin_12, DataPin::PinType_OUT);		

		DataPins::LEDArrayPorts[7] = new DataPin('E', GPIO_Pin_13, DataPin::PinType_OUT);		

		DataPins::LEDArrayPorts[0] = new DataPin('E', GPIO_Pin_14, DataPin::PinType_OUT);

		

		DataPins::pins[8] = DataPins::LEDArrayPorts[0];

		DataPins::pins[9] = DataPins::LEDArrayPorts[1];

		DataPins::pins[10] = DataPins::LEDArrayPorts[2];

		DataPins::pins[11] = DataPins::LEDArrayPorts[3];

		DataPins::pins[12] = DataPins::LEDArrayPorts[4];

		DataPins::pins[13] = DataPins::LEDArrayPorts[5];

		DataPins::pins[14] = DataPins::LEDArrayPorts[6];

		DataPins::pins[15] = DataPins::LEDArrayPorts[7];

		

		

		//Porti za priziganje RGB LEDic

		DataPins::rgbLEDs[0][0] = new DataPin('C', GPIO_Pin_11, DataPin::PinType_OUT);

		DataPins::pins[16] = DataPins::rgbLEDs[0][0];

		DataPins::rgbLEDs[0][1] = new DataPin('C', GPIO_Pin_12, DataPin::PinType_OUT);

		DataPins::pins[17] = DataPins::rgbLEDs[0][1];

		DataPins::rgbLEDs[0][2] = new DataPin('D', GPIO_Pin_0, DataPin::PinType_OUT);

		DataPins::pins[18] = DataPins::rgbLEDs[0][2];

		

		DataPins::rgbLEDs[1][0] = new DataPin('D', GPIO_Pin_1, DataPin::PinType_OUT); // ne dela 

		DataPins::pins[19] = DataPins::rgbLEDs[1][0];

		DataPins::rgbLEDs[1][1] = new DataPin('D', GPIO_Pin_3, DataPin::PinType_OUT);

		DataPins::pins[20] = DataPins::rgbLEDs[1][1];

		DataPins::rgbLEDs[1][2] = new DataPin('D', GPIO_Pin_2, DataPin::PinType_OUT);

		DataPins::pins[21] = DataPins::rgbLEDs[1][2];

		

		DataPins::rgbLEDs[2][0] = new DataPin('E', GPIO_Pin_5, DataPin::PinType_OUT);

		DataPins::pins[22] = DataPins::rgbLEDs[2][0];

		DataPins::rgbLEDs[2][1] = new DataPin('E', GPIO_Pin_4, DataPin::PinType_OUT);

		DataPins::pins[23] = DataPins::rgbLEDs[2][1];

		DataPins::rgbLEDs[2][2] = new DataPin('E', GPIO_Pin_3, DataPin::PinType_OUT);

		DataPins::pins[24] = DataPins::rgbLEDs[2][2];

		

		DataPins::rgbLEDs[3][0] = new DataPin('B', GPIO_Pin_5, DataPin::PinType_OUT);

		DataPins::pins[25] = DataPins::rgbLEDs[3][0];

		DataPins::rgbLEDs[3][1] = new DataPin('B', GPIO_Pin_6, DataPin::PinType_OUT);

		DataPins::pins[26] = DataPins::rgbLEDs[3][1];

		DataPins::rgbLEDs[3][2] = new DataPin('B', GPIO_Pin_7, DataPin::PinType_OUT);

		DataPins::pins[27] = DataPins::rgbLEDs[3][2];

		

		DataPins::rgbLEDs[4][0] = new DataPin('D', GPIO_Pin_5, DataPin::PinType_OUT);

		DataPins::pins[28] = DataPins::rgbLEDs[4][0];

		DataPins::rgbLEDs[4][1] = new DataPin('D', GPIO_Pin_4, DataPin::PinType_OUT);

		DataPins::pins[29] = DataPins::rgbLEDs[4][1];

		DataPins::rgbLEDs[4][2] = new DataPin('D', GPIO_Pin_6, DataPin::PinType_OUT);

		DataPins::pins[30] = DataPins::rgbLEDs[4][2];

		

		DataPins::rgbLEDs[5][0] = new DataPin('D', GPIO_Pin_7, DataPin::PinType_OUT);

		DataPins::pins[31] = DataPins::rgbLEDs[5][0];

		DataPins::rgbLEDs[5][1] = new DataPin('B', GPIO_Pin_3, DataPin::PinType_OUT);

		DataPins::pins[32] = DataPins::rgbLEDs[5][1];

		DataPins::rgbLEDs[5][2] = new DataPin('B', GPIO_Pin_4, DataPin::PinType_OUT);

		DataPins::pins[33] = DataPins::rgbLEDs[5][2];





		//Porta za flash in uv led

		DataPins::flashLED = new DataPin('B', GPIO_Pin_11, DataPin::PinType_OUT, 1);

		DataPins::pins[34] = DataPins::flashLED;

		DataPins::uvLED = new DataPin('E', GPIO_Pin_2, DataPin::PinType_OUT);

		DataPins::pins[35] = DataPins::uvLED;

		

		//Porti za gumbe

		DataPins::buttons[0] = new DataPin('C', GPIO_Pin_15, DataPin::PinType_IN); 

		DataPins::pins[36] = DataPins::buttons[0];

		DataPins::buttons[1] = new DataPin('C', GPIO_Pin_14, DataPin::PinType_IN); 

		DataPins::pins[37] = DataPins::buttons[1];

		DataPins::buttons[2] = new DataPin('C', GPIO_Pin_13, DataPin::PinType_IN); 

		DataPins::pins[38] = DataPins::buttons[2];

		DataPins::buttons[3] = new DataPin('E', GPIO_Pin_6, DataPin::PinType_IN); 

		DataPins::pins[39] = DataPins::buttons[3];

		

		//Porti za Audio in / ADC // ADC123_IN11

		DataPins::audio = new DataPin('C', GPIO_Pin_1, DataPin::PinType_AN);

		DataPins::pins[40] = DataPins::audio;

		

	}

	












Viz/_Config/DataPins.h

#include <stdio.h>

#include <stdlib.h>

#include "stm32f4xx_conf.h"

#include "STM32F4xx.h"

#include "DataPin.h"



/******************************************************

** DataPins class header

*******************************************************

** To je v bistvu staticen map vseh pinov, ki se

** uporabljajo v programu.

******************************************************/



#ifndef DATAPINS_H

#define DATAPINS_H



class DataPins {

	

	public:

		

	 static DataPin* internalLEDs[4];

	 static DataPin* LEDArrayPorts[8];

	 static DataPin* LEDArrayMPX[2];

	 static DataPin* LEDArrayLatch;

	 static DataPin* LEDArrayClock;

	 static DataPin* rgbLEDs[6][3];

	 static DataPin* buttons[4];

	 static DataPin* flashLED;

	 static DataPin* uvLED;

	 static DataPin* audio;

	

	static int pinCount; 

	static DataPin* pins[];

	 

	

	

		

   static void initialize();

	

	

};



#endif










Viz/_Config/DataPorts.cpp

#include <stdio.h>

#include <stdlib.h>

#include "stm32f4xx_conf.h"

#include "STM32F4xx.h"

#include "DataPort.h"

#include "DataPorts.h"



/******************************************************

** DataPorts class

*******************************************************

** To je v bistvu staticen map vseh portov, ki se

** uporabljajo v programu.

******************************************************/



DataPort* DataPorts::portA;

DataPort* DataPorts::portB;

DataPort* DataPorts::portC;

DataPort* DataPorts::portD;

DataPort* DataPorts::portE;



int DataPorts::portCount = 5;

DataPort* DataPorts::ports[5];



void DataPorts::initialize() {

		

		DataPorts::portA = new DataPort('A', RCC_AHB1Periph_GPIOA, GPIOA);

		DataPorts::ports[0] = DataPorts::portA;

		

		DataPorts::portB = new DataPort('B', RCC_AHB1Periph_GPIOB, GPIOB);

		DataPorts::ports[1] = DataPorts::portB;

		

		DataPorts::portC = new DataPort('C', RCC_AHB1Periph_GPIOC, GPIOC);

		DataPorts::ports[2] = DataPorts::portC;

		

		DataPorts::portD = new DataPort('D', RCC_AHB1Periph_GPIOD, GPIOD);

		DataPorts::ports[3] = DataPorts::portD;

		

		DataPorts::portE = new DataPort('E', RCC_AHB1Periph_GPIOE, GPIOE);

		DataPorts::ports[4] = DataPorts::portE;

		

		

	}

	














Viz/_Config/DataPorts.h

#include <stdio.h>

#include <stdlib.h>

#include "stm32f4xx_conf.h"

#include "STM32F4xx.h"

#include "DataPort.h"



/******************************************************

** DataPorts

*******************************************************

** To je v bistvu staticen map vseh portov, ki se

** uporabljajo v programu.

******************************************************/



#ifndef DATAPORTS_H

#define DATAPORTS_H



class DataPorts {



	 public: 

	 static DataPort* portA;

	 static DataPort* portB;

	 static DataPort* portC;

	 static DataPort* portD;

	 static DataPort* portE;

	 

	 static int portCount;

	 static DataPort* ports[];

	

	static void initialize();

	

	

};



#endif










Viz/_Config/LEDPanelPermutations.cpp

#include <stdio.h>

#include <stdlib.h>

#include "stm32f4xx_conf.h"

#include "STM32F4xx.h"

#include "DataPin.h"

#include "DataPins.h"

#include "LEDPanelPermutations.h"



/******************************************************

** LED Panel Permutations class

*******************************************************

** Permutacije za LED Panel

** Dobi matriko 12x20 in vrne matriko 8x16

**

** Vhodna matrika je binaryMatrix, ki vsebuje 1

** kjer je LED-ica prizgana in 0 kjer ni.

** Velikost binaryMatrix je 12x20. Ima obliko koncnega

** pannela na wooferju (12 vrstic po 20 LED-ic.

** 

** Izhodna matrika je outputMatrix, je velikosti

**	8 x 16, kar ustreza stevilu shift registrov x

** stevilu izhodov. Tudi tu so vrednosti le 1 in 0.

** Dodan je tudi parameter oddLine, ki pove ali zelimo 

** v matriki outputMatrix samo vrednosti za lihe vrstice

** ali samo vrednosti za sode vrstice.

**

******************************************************/



void LEDPanelPermutations::permutationMap(int outputMatrix[][16], int binaryMatrix[][20], bool oddLine) {

	

	

	// outputMatrix[0] = A

	// outputMatrix[1] = B

	// outputMatrix[2] = C

	// outputMatrix[3] = D

	// outputMatrix[4] = E

	// outputMatrix[5] = F

	// outputMatrix[6] = G

	// outputMatrix[7] = H

	

	/*

				AAAAAAAAGG

				BBBBBBBBGG

				CCCCCCCCGG

				DDDDDDDDGG

				EEEEEEEEHH

				FFFFFFFFHH

	

	*/

	

	/*

			Privzeta permutacija pinov

			

			   LED  	|  Zvezana na izhodni

				dioda		|  pin Shift Registra

		--------------------------------------

					1			|				2

					2			|				4

					3			|				6

					4			|				8

					5			|				10

					6			|				12

					7			|				14

					8			|				16

					9			|				1

					10		|				3

					11		|				5

					12		|				7

					13		|				9

					14		|				11

					15		|				13

					16		|				15





	*/

	

		/*

			Privzeta permutacija pinov - ZERO INDEX

			

			   LED  	|  Zvezana na izhodni

				dioda		|  pin Shift Registra

		--------------------------------------

					0			|				1

					1			|				3

					2			|				5

					3			|				7

					4			|				9

					5			|				11

					6			|				13

					7			|				15

					8			|				0

					9			|				2

					10		|				4

					11		|				6

					12		|				8

					13		|				10

					14		|				12

					15		|				14





	*/

	

	

	/* VRSTICA 1 */

	

	//Najprej A

	

/*

	if (!oddLine) {

			outputMatrix[7][6] 	=	binaryMatrix[0][0];

		outputMatrix[7][4] 	= binaryMatrix[0][1];

			outputMatrix[7][2] 	= binaryMatrix[0][2];

			outputMatrix[7][0] 	= binaryMatrix[0][3];

		outputMatrix[6][6] 	= binaryMatrix[0][4];

			outputMatrix[6][4]	= binaryMatrix[0][5];

			outputMatrix[6][2]	= binaryMatrix[0][6];

		outputMatrix[6][0]	= binaryMatrix[0][7];



	}

*/	

	

	

	if (!oddLine) {

		outputMatrix[0][0] 	=	binaryMatrix[0][0];

		outputMatrix[0][2] 	= binaryMatrix[0][1];

		outputMatrix[0][4] 	= binaryMatrix[0][2];

		outputMatrix[0][6] 	= binaryMatrix[0][3];

		outputMatrix[0][8] 	= binaryMatrix[0][4];

		outputMatrix[0][10]	= binaryMatrix[0][5];

		outputMatrix[0][12]	= binaryMatrix[0][6];

		outputMatrix[0][14]	= binaryMatrix[0][7];

		outputMatrix[0][1] 	= binaryMatrix[0][8];

		outputMatrix[0][3] 	= binaryMatrix[0][9];

		outputMatrix[0][5] 	= binaryMatrix[0][10];

		outputMatrix[0][7] 	= binaryMatrix[0][11];

		outputMatrix[0][9] 	= binaryMatrix[0][12];

		outputMatrix[0][11]	= binaryMatrix[0][13];

		outputMatrix[0][13]	= binaryMatrix[0][14];

		outputMatrix[0][15]	= binaryMatrix[0][15];

	}

	

	// G

	if (!oddLine)

		outputMatrix[6][15] = binaryMatrix[0][16];

	else

		outputMatrix[6][15] = binaryMatrix[0][17];

	

	if (!oddLine)

		outputMatrix[7][13] = binaryMatrix[0][18];

	else

		outputMatrix[7][13] = binaryMatrix[0][19];

	

	

	

	/* VRSTICA 2 */

	

	//Najprej A

	if (oddLine) {

		outputMatrix[0][0] 	=	binaryMatrix[1][0];

		outputMatrix[0][2] 	= binaryMatrix[1][1];

		outputMatrix[0][4] 	= binaryMatrix[1][2];

		outputMatrix[0][6] 	= binaryMatrix[1][3];

		outputMatrix[0][8] 	= binaryMatrix[1][4];

		outputMatrix[0][10]	= binaryMatrix[1][5];

		outputMatrix[0][12]	= binaryMatrix[1][6];

		outputMatrix[0][14]	= binaryMatrix[1][7];

		outputMatrix[0][1] 	= binaryMatrix[1][8];

		outputMatrix[0][3] 	= binaryMatrix[1][9];

		outputMatrix[0][5] 	= binaryMatrix[1][10];

		outputMatrix[0][7] 	= binaryMatrix[1][11];

		outputMatrix[0][9] 	= binaryMatrix[1][12];

		outputMatrix[0][11]	= binaryMatrix[1][13];

		outputMatrix[0][13]	= binaryMatrix[1][14];

		outputMatrix[0][15]	= binaryMatrix[1][15];

	}

	

	

	// G

	if (!oddLine)

		outputMatrix[6][13] = binaryMatrix[1][16];

	else

		outputMatrix[6][13] = binaryMatrix[1][17];

	

	if (!oddLine)

		outputMatrix[7][15] = binaryMatrix[1][18];

	else

		outputMatrix[7][15] = binaryMatrix[1][19];

	

	

	/* VRSTICA 3 */

	

	//Najprej B

	if (!oddLine) {

		outputMatrix[1][0] 	=	binaryMatrix[2][0];

		outputMatrix[1][2] 	= binaryMatrix[2][1];

		outputMatrix[1][4] 	= binaryMatrix[2][2];

		outputMatrix[1][6] 	= binaryMatrix[2][3];

		outputMatrix[1][8] 	= binaryMatrix[2][4];

		outputMatrix[1][10]	= binaryMatrix[2][5];

		outputMatrix[1][12]	= binaryMatrix[2][6];

		outputMatrix[1][14]	= binaryMatrix[2][7];

		outputMatrix[1][1] 	= binaryMatrix[2][8];

		outputMatrix[1][3] 	= binaryMatrix[2][9];

		outputMatrix[1][5] 	= binaryMatrix[2][10];

		outputMatrix[1][7] 	= binaryMatrix[2][11];

		outputMatrix[1][9] 	= binaryMatrix[2][12];

		outputMatrix[1][11]	= binaryMatrix[2][13];

		outputMatrix[1][13]	= binaryMatrix[2][14];

		outputMatrix[1][15]	= binaryMatrix[2][15];

	}

	

	// G

	if (!oddLine)

		outputMatrix[6][11] = binaryMatrix[2][16];

	else

		outputMatrix[6][11] = binaryMatrix[2][17];

	

	if (!oddLine)

		outputMatrix[7][11] = binaryMatrix[2][18];

	else

		outputMatrix[7][11] = binaryMatrix[2][19];

	



	/* VRSTICA 4 */

	

	//Najprej B

	if (oddLine) {

		outputMatrix[1][0] 	=	binaryMatrix[3][0];

		outputMatrix[1][2] 	= binaryMatrix[3][1];

		outputMatrix[1][4] 	= binaryMatrix[3][2];

		outputMatrix[1][6] 	= binaryMatrix[3][3];

		outputMatrix[1][8] 	= binaryMatrix[3][4];

		outputMatrix[1][10]	= binaryMatrix[3][5];

		outputMatrix[1][12]	= binaryMatrix[3][6];

		outputMatrix[1][14]	= binaryMatrix[3][7];

		outputMatrix[1][1] 	= binaryMatrix[3][8];

		outputMatrix[1][3] 	= binaryMatrix[3][9];

		outputMatrix[1][5] 	= binaryMatrix[3][10];

		outputMatrix[1][7] 	= binaryMatrix[3][11];

		outputMatrix[1][9] 	= binaryMatrix[3][12];

		outputMatrix[1][11]	= binaryMatrix[3][13];

		outputMatrix[1][13]	= binaryMatrix[3][14];

		outputMatrix[1][15]	= binaryMatrix[3][15];

	}

	

	// G

	if (!oddLine)

		outputMatrix[6][9] = binaryMatrix[3][16];

	else

		outputMatrix[6][9] = binaryMatrix[3][17];

	

	if (!oddLine)

		outputMatrix[7][9] = binaryMatrix[3][18];

	else

		outputMatrix[7][9] = binaryMatrix[3][19];

	

	

		/* VRSTICA 5 */

	

	//Najprej C

	if (!oddLine) {

		outputMatrix[2][4] 	=	binaryMatrix[4][0];

		outputMatrix[2][6] 	= binaryMatrix[4][1];

		outputMatrix[2][0] 	= binaryMatrix[4][2];

		outputMatrix[2][2] 	= binaryMatrix[4][3];

		outputMatrix[2][8] 	= binaryMatrix[4][4];

		outputMatrix[2][10]	= binaryMatrix[4][5];

		outputMatrix[2][12]	= binaryMatrix[4][6];

		outputMatrix[2][14]	= binaryMatrix[4][7];

		//outputMatrix[2][1] 	= binaryMatrix[4][8];

		outputMatrix[6][6] 	= binaryMatrix[4][8];

		outputMatrix[2][3] 	= binaryMatrix[4][9];

		outputMatrix[2][5] 	= binaryMatrix[4][10];

		outputMatrix[2][7] 	= binaryMatrix[4][11];

		outputMatrix[2][9] 	= binaryMatrix[4][12];

		outputMatrix[2][11]	= binaryMatrix[4][13];

		outputMatrix[2][13]	= binaryMatrix[4][14];

		outputMatrix[2][15]	= binaryMatrix[4][15];

	}

	

	// G

	if (!oddLine)

		outputMatrix[6][7] = binaryMatrix[4][16];

	else

		outputMatrix[6][7] = binaryMatrix[4][17];

	

	if (!oddLine)

		outputMatrix[7][7] = binaryMatrix[4][18];

	else

		outputMatrix[7][7] = binaryMatrix[4][19];

	

	

	

	

	/* VRSTICA 6 */

	

	//Najprej C

	if (oddLine) {

		outputMatrix[2][4] 	=	binaryMatrix[5][0];

		outputMatrix[2][6] 	= binaryMatrix[5][1];

		outputMatrix[2][0] 	= binaryMatrix[5][2];

		outputMatrix[2][2] 	= binaryMatrix[5][3];

		outputMatrix[2][8] 	= binaryMatrix[5][4];

		outputMatrix[2][10]	= binaryMatrix[5][5];

		outputMatrix[2][12]	= binaryMatrix[5][6];

		outputMatrix[2][14]	= binaryMatrix[5][7];

		//outputMatrix[2][1] 	= binaryMatrix[5][8];

		outputMatrix[6][6]  = binaryMatrix[5][8];

		outputMatrix[2][3] 	= binaryMatrix[5][9];

		outputMatrix[2][5] 	= binaryMatrix[5][10];

		outputMatrix[2][7] 	= binaryMatrix[5][11];

		outputMatrix[2][9] 	= binaryMatrix[5][12];

		outputMatrix[2][11]	= binaryMatrix[5][13];

		outputMatrix[2][13]	= binaryMatrix[5][14];

		outputMatrix[2][15]	= binaryMatrix[5][15];

	}

	

	// G

	if (!oddLine)

		outputMatrix[6][5] = binaryMatrix[5][16];

	else

		outputMatrix[6][5] = binaryMatrix[5][17];

	

	if (!oddLine)

		outputMatrix[7][5] = binaryMatrix[5][18];

	else

		outputMatrix[7][5] = binaryMatrix[5][19];

	

	

	

	/* VRSTICA 7 */

	

	//Najprej D

	if (!oddLine) {

		outputMatrix[3][0] 	=	binaryMatrix[6][0];

		outputMatrix[3][2] 	= binaryMatrix[6][1];

		outputMatrix[3][4] 	= binaryMatrix[6][2];

		outputMatrix[3][6] 	= binaryMatrix[6][3];

		outputMatrix[3][8] 	= binaryMatrix[6][4];

		outputMatrix[3][10]	= binaryMatrix[6][5];

		outputMatrix[3][12]	= binaryMatrix[6][6];

		//outputMatrix[3][14]	= binaryMatrix[6][7];

		outputMatrix[6][2]	= binaryMatrix[6][7];

		outputMatrix[3][1] 	= binaryMatrix[6][8];

		outputMatrix[3][3] 	= binaryMatrix[6][9];

		outputMatrix[3][5] 	= binaryMatrix[6][10];

		outputMatrix[3][7] 	= binaryMatrix[6][11];

		//outputMatrix[3][9] 	= binaryMatrix[6][12];

		outputMatrix[7][0] 	= binaryMatrix[6][12];

		outputMatrix[3][11]	= binaryMatrix[6][13];

		outputMatrix[3][13]	= binaryMatrix[6][14];

		//outputMatrix[3][15]	= binaryMatrix[6][15];

		outputMatrix[7][2] = binaryMatrix[6][15];

	}

	

	// G

	if (!oddLine)

		outputMatrix[6][3] = binaryMatrix[6][16];

	else

		outputMatrix[6][3] = binaryMatrix[6][17];

	

	if (!oddLine)

		outputMatrix[7][3] = binaryMatrix[6][18];

	else

		outputMatrix[7][3] = binaryMatrix[6][19];

	

		

	/* VRSTICA 8 */

	

	//Najprej D

	if (oddLine) {

		outputMatrix[3][0] 	=	binaryMatrix[7][0];

		outputMatrix[3][2] 	= binaryMatrix[7][1];

		outputMatrix[3][4] 	= binaryMatrix[7][2];

		outputMatrix[3][6] 	= binaryMatrix[7][3];

		outputMatrix[3][8] 	= binaryMatrix[7][4];

		outputMatrix[3][10]	= binaryMatrix[7][5];

		outputMatrix[3][12]	= binaryMatrix[7][6];

		//outputMatrix[3][14]	= binaryMatrix[7][7];

		outputMatrix[6][2]	= binaryMatrix[7][7];

		outputMatrix[3][1] 	= binaryMatrix[7][8];

		outputMatrix[3][3] 	= binaryMatrix[7][9];

		outputMatrix[3][5] 	= binaryMatrix[7][10];

		outputMatrix[3][7] 	= binaryMatrix[7][11];

		//outputMatrix[3][9] 	= binaryMatrix[7][12];

		outputMatrix[7][0] 	= binaryMatrix[7][12];

		outputMatrix[3][11]	= binaryMatrix[7][13];

		outputMatrix[3][13]	= binaryMatrix[7][14];

		//outputMatrix[3][15]	= binaryMatrix[7][15];

		outputMatrix[7][2] 	= binaryMatrix[7][15];

	}

	

	// G

	if (!oddLine)

		outputMatrix[6][1] = binaryMatrix[7][16];

	else

		outputMatrix[6][1] = binaryMatrix[7][17];

	

	if (!oddLine)

		outputMatrix[7][1] = binaryMatrix[7][18];

	else

		outputMatrix[7][1] = binaryMatrix[7][19];

	

	

	

	/* VRSTICA 9 */

	

	//Najprej E

	if (!oddLine) {

		outputMatrix[4][0] 	=	binaryMatrix[8][0];

		outputMatrix[4][2] 	= binaryMatrix[8][1];

		outputMatrix[4][4] 	= binaryMatrix[8][2];

		outputMatrix[4][6] 	= binaryMatrix[8][3];

		outputMatrix[4][8] 	= binaryMatrix[8][4];

		outputMatrix[4][10]	= binaryMatrix[8][5];

		outputMatrix[4][12]	= binaryMatrix[8][6];

		outputMatrix[4][14]	= binaryMatrix[8][7];

		outputMatrix[4][1] 	= binaryMatrix[8][8];

		outputMatrix[4][3] 	= binaryMatrix[8][9];

		outputMatrix[4][5] 	= binaryMatrix[8][10];

		outputMatrix[4][7] 	= binaryMatrix[8][11];

		outputMatrix[4][9] 	= binaryMatrix[8][12];

		outputMatrix[4][11]	= binaryMatrix[8][13];

		outputMatrix[4][13]	= binaryMatrix[8][14];

		outputMatrix[4][15]	= binaryMatrix[8][15];

	}

	

	// H

	if (!oddLine)

		outputMatrix[6][14] = binaryMatrix[8][16];

	else

		outputMatrix[6][14] = binaryMatrix[8][17];

	

	if (!oddLine)

		outputMatrix[7][14] = binaryMatrix[8][18];

	else

		outputMatrix[7][14] = binaryMatrix[8][19];	

	

	

	

	/* VRSTICA 10 */

	

	//Najprej E

	if (oddLine) {

		outputMatrix[4][0] 	=	binaryMatrix[9][0];

		outputMatrix[4][2] 	= binaryMatrix[9][1];

		outputMatrix[4][4] 	= binaryMatrix[9][2];

		outputMatrix[4][6] 	= binaryMatrix[9][3];

		outputMatrix[4][8] 	= binaryMatrix[9][4];

		outputMatrix[4][10]	= binaryMatrix[9][5];

		outputMatrix[4][12]	= binaryMatrix[9][6];

		outputMatrix[4][14]	= binaryMatrix[9][7];

		outputMatrix[4][1] 	= binaryMatrix[9][8];

		outputMatrix[4][3] 	= binaryMatrix[9][9];

		outputMatrix[4][5] 	= binaryMatrix[9][10];

		outputMatrix[4][7] 	= binaryMatrix[9][11];

		outputMatrix[4][9] 	= binaryMatrix[9][12];

		outputMatrix[4][11]	= binaryMatrix[9][13];

		outputMatrix[4][13]	= binaryMatrix[9][14];

		outputMatrix[4][15]	= binaryMatrix[9][15];

	}

	

	// H

	if (!oddLine)

		outputMatrix[6][12] = binaryMatrix[9][16];

	else

		outputMatrix[6][12] = binaryMatrix[9][17];

	

	if (!oddLine)

		outputMatrix[7][12] = binaryMatrix[9][18];

	else

		outputMatrix[7][12] = binaryMatrix[9][19];	

	

	

		

	/* VRSTICA 11 */

	

	//Najprej F

	if (!oddLine) {

		outputMatrix[5][0] 	=	binaryMatrix[10][0];

		outputMatrix[5][2] 	= binaryMatrix[10][1];

		outputMatrix[5][4] 	= binaryMatrix[10][2];

		outputMatrix[5][6] 	= binaryMatrix[10][3];

		outputMatrix[5][10] 	= binaryMatrix[10][4];

		outputMatrix[5][8]	= binaryMatrix[10][5];

		outputMatrix[5][12]	= binaryMatrix[10][6];

		outputMatrix[5][14]	= binaryMatrix[10][7];

		outputMatrix[5][1] 	= binaryMatrix[10][8];

		outputMatrix[5][3] 	= binaryMatrix[10][9];

		outputMatrix[5][5] 	= binaryMatrix[10][10];

		outputMatrix[5][7] 	= binaryMatrix[10][11];

		outputMatrix[5][9] 	= binaryMatrix[10][12];

		outputMatrix[5][11]	= binaryMatrix[10][13];

		outputMatrix[5][13]	= binaryMatrix[10][14];

		outputMatrix[5][15]	= binaryMatrix[10][15];

	}

	

	// H

	if (!oddLine)

		outputMatrix[6][10] = binaryMatrix[10][16];

	else

		outputMatrix[6][10] = binaryMatrix[10][17];

	

	/*

	if (!oddLine)

		outputMatrix[7][10] = binaryMatrix[10][18];

	else

		outputMatrix[7][10] = binaryMatrix[10][19];	

	*/

	

	if (!oddLine)

		outputMatrix[7][6] = binaryMatrix[10][18];

	else

		outputMatrix[7][6] = binaryMatrix[10][19];	

	

	

	

	/* VRSTICA 12 */

	

	//Najprej F

	if (oddLine) {

		outputMatrix[5][0] 	=	binaryMatrix[11][0];

		outputMatrix[5][2] 	= binaryMatrix[11][1];

		outputMatrix[5][4] 	= binaryMatrix[11][2];

		outputMatrix[5][6] 	= binaryMatrix[11][3];

		outputMatrix[5][10] 	= binaryMatrix[11][4];

		outputMatrix[5][8]	= binaryMatrix[11][5];

		outputMatrix[5][12]	= binaryMatrix[11][6];

		outputMatrix[5][14]	= binaryMatrix[11][7];

		outputMatrix[5][1] 	= binaryMatrix[11][8];

		outputMatrix[5][3] 	= binaryMatrix[11][9];

		outputMatrix[5][5] 	= binaryMatrix[11][10];

		outputMatrix[5][7] 	= binaryMatrix[11][11];

		outputMatrix[5][9] 	= binaryMatrix[11][12];

		outputMatrix[5][11]	= binaryMatrix[11][13];

		outputMatrix[5][13]	= binaryMatrix[11][14];

		outputMatrix[5][15]	= binaryMatrix[11][15];

	}

	

	// H

	if (!oddLine)

		outputMatrix[6][8] = binaryMatrix[11][16];

	else

		outputMatrix[6][8] = binaryMatrix[11][17];

	

	if (!oddLine)

		outputMatrix[7][8] = binaryMatrix[11][18];

	else

		outputMatrix[7][8] = binaryMatrix[11][19];	

	

	

	

	

}














Viz/_Config/LEDPanelPermutations.h

#include <stdio.h>

#include <stdlib.h>

#include "stm32f4xx_conf.h"

#include "STM32F4xx.h"

#include "DataPin.h"



/******************************************************

** LED Panel Permutations class header

*******************************************************

** Permutacije za LED Panel

** Dobi matriko 12x20 in vrne matriko 8x16

******************************************************/



#ifndef LEDPANELPERMUTATIONS_H

#define LEDPANELPERMUTATIONS_H



class LEDPanelPermutations {

	

	public:

		

		static void permutationMap(int [][16], int [][20], bool);

	

};



#endif










Viz/_Config/Leds.cpp

#include <stdio.h>

#include <stdlib.h>

#include "stm32f4xx_conf.h"

#include "STM32F4xx.h"

#include "DataPort.h"

#include "DataPorts.h"

#include "DataPin.h"

#include "DataPins.h"

#include "LEDPanel.h"

#include "RgbLED.h"

#include "LEDOut.h"

#include "LED.h"

#include "Leds.h"



/******************************************************

** Leds razred

*******************************************************

** Razred, ki drzi reference do instanc vseh razredov,

** ki se uporabljajo v zvezi z LED diodami.

******************************************************/



LEDPanel* Leds::panel;

RgbLED* Leds::rgbLEDs[3][2];

LEDOut* Leds::UV;

LEDOut* Leds::strobe;



void Leds::initializePanel(DataPin** pinData, DataPin* pinClk, DataPin* pinLatch, DataPin** pinMpx) {

	Leds::panel = new LEDPanel(pinData, pinClk, pinLatch, pinMpx);

}



void Leds::initializeRgbLEDs(DataPin* dataPins[][3]) {

	Leds::rgbLEDs[0][0] = new RgbLED(dataPins[0]);

	Leds::rgbLEDs[0][1] = new RgbLED(dataPins[1]);

	Leds::rgbLEDs[1][0] = new RgbLED(dataPins[2]);

	Leds::rgbLEDs[1][1] = new RgbLED(dataPins[3]);

	Leds::rgbLEDs[2][0] = new RgbLED(dataPins[4]);

	Leds::rgbLEDs[2][1] = new RgbLED(dataPins[5]);	

}



void Leds::initializeUV(DataPin* dataPin) {

	Leds::UV = new LEDOut(dataPin);

}



void Leds::initializeStrobe(DataPin* dataPin) {

	Leds::strobe = new LEDOut(dataPin);

}








Viz/_Config/Leds.h

#include <stdio.h>

#include <stdlib.h>

#include "stm32f4xx_conf.h"

#include "STM32F4xx.h"

#include "DataPin.h"

#include "LEDPanel.h"

#include "RgbLED.h"

#include "LEDOut.h"

#include "LED.h"





/******************************************************

** Leds razred

*******************************************************

** Razred, ki drzi reference do instanc vseh razredov,

** ki se uporabljajo v zvezi z LED diodami.

******************************************************/





#ifndef LEDS_H

#define LEDS_H



class Leds {

	

	public:

		

	static LEDPanel* panel;

	static RgbLED* rgbLEDs[3][2];

	static LEDOut* UV;

	static LEDOut* strobe;

	

	static void initializePanel(DataPin**, DataPin*, DataPin*, DataPin**);

	static void initializeRgbLEDs(DataPin* [][3]);

	static void initializeUV(DataPin*);

	static void initializeStrobe(DataPin*);

	

	

};



#endif










Viz/_Config/Retarget.c

/*----------------------------------------------------------------------------

 * Name:    Retarget.c

 * Purpose: 'Retarget' layer for target-dependent low level functions

 * Note(s):

 *----------------------------------------------------------------------------

 * This file is part of the uVision/ARM development tools.

 * This software may only be used under the terms of a valid, current,

 * end user licence from KEIL for a compatible version of KEIL software

 * development tools. Nothing else gives you the right to use this software.

 *

 * This software is supplied "AS IS" without warranties of any kind.

 *

 * Copyright (c) 2012 Keil - An ARM Company. All rights reserved.

 *----------------------------------------------------------------------------*/



#include <stdio.h>

#include <rt_misc.h>

#include "stm32f4xx_conf.h"

#include "stm32f4xx_conf.h"



#pragma import(__use_no_semihosting_swi)





struct __FILE { int handle; /* Add whatever you need here */ };

FILE __stdout;

FILE __stdin;

FILE __stderr;





int fputc(int c, FILE *f) {

 //if (c == '\n')  {

    //SER_PutChar('\r');

  //}

 // return (SER_PutChar(c));

	return 0;

}





int fgetc(FILE *f) {

  //return (SER_GetChar());

	return 0;

}





int fclose(FILE* f) {

  return (0);

}





int fseek (FILE *f, long nPos, int nMode)  {

  return (0);

}





int fflush (FILE *f)  {

  return (0);

}



int ferror(FILE *f) {

  /* Your implementation of ferror */

  return (EOF);

}





void _ttywrch(int c) {

  //SER_PutChar(c);

}





void _sys_exit(int return_code) {

	GPIO_SetBits(GPIOD, GPIO_Pin_14);

label:  goto label;  /* endless loop */

}








Viz/_Config/startup_stm32f4xx.lst
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    1 00000000         ;******************** (C) COPYRIGHT 2011 STMicroelectron

                       ics ********************

    2 00000000         ;* File Name          : startup_stm32f4xx.s

    3 00000000         ;* Author             : MCD Application Team

    4 00000000         ;* Version            : V1.0.0

    5 00000000         ;* Date               : 30-September-2011

    6 00000000         ;* Description        : STM32F4xx devices vector table f

                       or MDK-ARM toolchain. 

    7 00000000         ;*                      This module performs:

    8 00000000         ;*                      - Set the initial SP

    9 00000000         ;*                      - Set the initial PC == Reset_Ha

                       ndler

   10 00000000         ;*                      - Set the vector table entries w

                       ith the exceptions ISR address

   11 00000000         ;*                      - Configure the system clock and

                        the external SRAM mounted on 

   12 00000000         ;*                        STM324xG-EVAL board to be used

                        as data memory (optional, 

   13 00000000         ;*                        to be enabled by user)

   14 00000000         ;*                      - Branches to __main in the C li

                       brary (which eventually

   15 00000000         ;*                        calls main()).

   16 00000000         ;*                      After Reset the CortexM4 process

                       or is in Thread mode,

   17 00000000         ;*                      priority is Privileged, and the 

                       Stack is set to Main.

   18 00000000         ;* <<< Use Configuration Wizard in Context Menu >>>   

   19 00000000         ;*******************************************************

                       ************************

   20 00000000         ; THE PRESENT FIRMWARE WHICH IS FOR GUIDANCE ONLY AIMS A

                       T PROVIDING CUSTOMERS

   21 00000000         ; WITH CODING INFORMATION REGARDING THEIR PRODUCTS IN OR

                       DER FOR THEM TO SAVE TIME.

   22 00000000         ; AS A RESULT, STMICROELECTRONICS SHALL NOT BE HELD LIAB

                       LE FOR ANY DIRECT,

   23 00000000         ; INDIRECT OR CONSEQUENTIAL DAMAGES WITH RESPECT TO ANY 

                       CLAIMS ARISING FROM THE

   24 00000000         ; CONTENT OF SUCH FIRMWARE AND/OR THE USE MADE BY CUSTOM

                       ERS OF THE CODING

   25 00000000         ; INFORMATION CONTAINED HEREIN IN CONNECTION WITH THEIR 

                       PRODUCTS.

   26 00000000         ;*******************************************************

                       ************************

   27 00000000         

   28 00000000         ; Amount of memory (in bytes) allocated for Stack

   29 00000000         ; Tailor this value to your application needs

   30 00000000         ; <h> Stack Configuration

   31 00000000         ;   <o> Stack Size (in Bytes) <0x0-0xFFFFFFFF:8>

   32 00000000         ; </h>

   33 00000000         

   34 00000000 00000400 

                       Stack_Size

                               EQU              0x00000400

   35 00000000         

   36 00000000                 AREA             STACK, NOINIT, READWRITE, ALIGN

=3

   37 00000000         Stack_Mem

                               SPACE            Stack_Size

   38 00000400         __initial_sp
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   39 00000400         

   40 00000400         

   41 00000400         ; <h> Heap Configuration

   42 00000400         ;   <o>  Heap Size (in Bytes) <0x0-0xFFFFFFFF:8>

   43 00000400         ; </h>

   44 00000400         

   45 00000400 00000200 

                       Heap_Size

                               EQU              0x00000200

   46 00000400         

   47 00000400                 AREA             HEAP, NOINIT, READWRITE, ALIGN=

3

   48 00000000         __heap_base

   49 00000000         Heap_Mem

                               SPACE            Heap_Size

   50 00000200         __heap_limit

   51 00000200         

   52 00000200                 PRESERVE8

   53 00000200                 THUMB

   54 00000200         

   55 00000200         

   56 00000200         ; Vector Table Mapped to Address 0 at Reset

   57 00000200                 AREA             RESET, DATA, READONLY

   58 00000000                 EXPORT           __Vectors

   59 00000000                 EXPORT           __Vectors_End

   60 00000000                 EXPORT           __Vectors_Size

   61 00000000         

   62 00000000 00000000 

                       __Vectors

                               DCD              __initial_sp ; Top of Stack

   63 00000004 00000000        DCD              Reset_Handler ; Reset Handler

   64 00000008 00000000        DCD              NMI_Handler ; NMI Handler

   65 0000000C 00000000        DCD              HardFault_Handler ; Hard Fault 

                                                            Handler

   66 00000010 00000000        DCD              MemManage_Handler 

                                                            ; MPU Fault Handler

                                                            

   67 00000014 00000000        DCD              BusFault_Handler 

                                                            ; Bus Fault Handler

                                                            

   68 00000018 00000000        DCD              UsageFault_Handler ; Usage Faul

                                                            t Handler

   69 0000001C 00000000        DCD              0           ; Reserved

   70 00000020 00000000        DCD              0           ; Reserved

   71 00000024 00000000        DCD              0           ; Reserved

   72 00000028 00000000        DCD              0           ; Reserved

   73 0000002C 00000000        DCD              SVC_Handler ; SVCall Handler

   74 00000030 00000000        DCD              DebugMon_Handler ; Debug Monito

                                                            r Handler

   75 00000034 00000000        DCD              0           ; Reserved

   76 00000038 00000000        DCD              PendSV_Handler ; PendSV Handler

                                                            

   77 0000003C 00000000        DCD              SysTick_Handler 

                                                            ; SysTick Handler

   78 00000040         

   79 00000040         ; External Interrupts

   80 00000040 00000000        DCD              WWDG_IRQHandler ; Window WatchD

                                                            og                 
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   81 00000044 00000000        DCD              PVD_IRQHandler ; PVD through EX

                                                            TI Line detection  

                                                                               

                                                               

   82 00000048 00000000        DCD              TAMP_STAMP_IRQHandler ; Tamper 

                                                            and TimeStamps thro

                                                            ugh the EXTI line  

                                                                      

   83 0000004C 00000000        DCD              RTC_WKUP_IRQHandler ; RTC Wakeu

                                                            p through the EXTI 

                                                            line               

                                                                    

   84 00000050 00000000        DCD              FLASH_IRQHandler ; FLASH       

                                                                               

                                                                             

   85 00000054 00000000        DCD              RCC_IRQHandler ; RCC           

                                                                               

                                                                           

   86 00000058 00000000        DCD              EXTI0_IRQHandler ; EXTI Line0  

                                                                               

                                                                               

                                                                 

   87 0000005C 00000000        DCD              EXTI1_IRQHandler ; EXTI Line1  

                                                                               

                                                                               

                                                                 

   88 00000060 00000000        DCD              EXTI2_IRQHandler ; EXTI Line2  

                                                                               

                                                                               

                                                                 

   89 00000064 00000000        DCD              EXTI3_IRQHandler ; EXTI Line3  

                                                                               

                                                                               

                                                                 

   90 00000068 00000000        DCD              EXTI4_IRQHandler ; EXTI Line4  

                                                                               

                                                                               

                                                                 

   91 0000006C 00000000        DCD              DMA1_Stream0_IRQHandler ; DMA1 

                                                            Stream 0           

                                                                               

                                                                 

   92 00000070 00000000        DCD              DMA1_Stream1_IRQHandler ; DMA1 

                                                            Stream 1           

                                                                               

                                                                 

   93 00000074 00000000        DCD              DMA1_Stream2_IRQHandler ; DMA1 

                                                            Stream 2           

                                                                               

                                                                 

   94 00000078 00000000        DCD              DMA1_Stream3_IRQHandler ; DMA1 

                                                            Stream 3           

                                                                               

                                                                 

   95 0000007C 00000000        DCD              DMA1_Stream4_IRQHandler ; DMA1 

                                                            Stream 4           
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   96 00000080 00000000        DCD              DMA1_Stream5_IRQHandler ; DMA1 

                                                            Stream 5           

                                                                               

                                                                 

   97 00000084 00000000        DCD              DMA1_Stream6_IRQHandler ; DMA1 

                                                            Stream 6           

                                                                               

                                                                 

   98 00000088 00000000        DCD              ADC_IRQHandler ; ADC1, ADC2 and

                                                             ADC3s             

                                                                           

   99 0000008C 00000000        DCD              CAN1_TX_IRQHandler ; CAN1 TX   

                                                                               

                                                                               

                                                                   

  100 00000090 00000000        DCD              CAN1_RX0_IRQHandler ; CAN1 RX0 

                                                                               

                                                                               

                                                                    

  101 00000094 00000000        DCD              CAN1_RX1_IRQHandler ; CAN1 RX1 

                                                                               

                                                                               

                                                                    

  102 00000098 00000000        DCD              CAN1_SCE_IRQHandler ; CAN1 SCE 

                                                                               

                                                                               

                                                                    

  103 0000009C 00000000        DCD              EXTI9_5_IRQHandler ; External L

                                                            ine[9:5]s          

                                                                               

                                                                   

  104 000000A0 00000000        DCD              TIM1_BRK_TIM9_IRQHandler ; TIM1

                                                             Break and TIM9    

                                                                           

  105 000000A4 00000000        DCD              TIM1_UP_TIM10_IRQHandler ; TIM1

                                                             Update and TIM10  

                                                                           

  106 000000A8 00000000        DCD              TIM1_TRG_COM_TIM11_IRQHandler ;

                                                             TIM1 Trigger and C

                                                            ommutation and TIM1

                                                            1

  107 000000AC 00000000        DCD              TIM1_CC_IRQHandler ; TIM1 Captu

                                                            re Compare         

                                                                               

                                                                   

  108 000000B0 00000000        DCD              TIM2_IRQHandler ; TIM2         

                                                                               

                                                                            

  109 000000B4 00000000        DCD              TIM3_IRQHandler ; TIM3         

                                                                               

                                                                            

  110 000000B8 00000000        DCD              TIM4_IRQHandler ; TIM4         

                                                                               

                                                                            

  111 000000BC 00000000        DCD              I2C1_EV_IRQHandler ; I2C1 Event

                                                                               

                                                                               

                                                                   

  112 000000C0 00000000        DCD              I2C1_ER_IRQHandler ; I2C1 Error
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  113 000000C4 00000000        DCD              I2C2_EV_IRQHandler ; I2C2 Event

                                                                               

                                                                               

                                                                   

  114 000000C8 00000000        DCD              I2C2_ER_IRQHandler ; I2C2 Error

                                                                               

                                                                               

                                                                     

  115 000000CC 00000000        DCD              SPI1_IRQHandler ; SPI1         

                                                                               

                                                                            

  116 000000D0 00000000        DCD              SPI2_IRQHandler ; SPI2         

                                                                               

                                                                            

  117 000000D4 00000000        DCD              USART1_IRQHandler ; USART1     

                                                                               

                                                                              

  118 000000D8 00000000        DCD              USART2_IRQHandler ; USART2     

                                                                               

                                                                              

  119 000000DC 00000000        DCD              USART3_IRQHandler ; USART3     

                                                                               

                                                                              

  120 000000E0 00000000        DCD              EXTI15_10_IRQHandler ; External

                                                             Line[15:10]s      

                                                                               

                                                                     

  121 000000E4 00000000        DCD              RTC_Alarm_IRQHandler ; RTC Alar

                                                            m (A and B) through

                                                             EXTI Line         

                                                                     

  122 000000E8 00000000        DCD              OTG_FS_WKUP_IRQHandler ; USB OT

                                                            G FS Wakeup through

                                                             EXTI line         

                                                                           

  123 000000EC 00000000        DCD              TIM8_BRK_TIM12_IRQHandler ; TIM

                                                            8 Break and TIM12  

                                                                            

  124 000000F0 00000000        DCD              TIM8_UP_TIM13_IRQHandler ; TIM8

                                                             Update and TIM13  

                                                                           

  125 000000F4 00000000        DCD              TIM8_TRG_COM_TIM14_IRQHandler ;

                                                             TIM8 Trigger and C

                                                            ommutation and TIM1

                                                            4

  126 000000F8 00000000        DCD              TIM8_CC_IRQHandler ; TIM8 Captu

                                                            re Compare         

                                                                               

                                                                   

  127 000000FC 00000000        DCD              DMA1_Stream7_IRQHandler ; DMA1 

                                                            Stream7            

                                                                               

                                                                        

  128 00000100 00000000        DCD              FSMC_IRQHandler ; FSMC         
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  129 00000104 00000000        DCD              SDIO_IRQHandler ; SDIO         

                                                                               

                                                                            

  130 00000108 00000000        DCD              TIM5_IRQHandler ; TIM5         

                                                                               

                                                                            

  131 0000010C 00000000        DCD              SPI3_IRQHandler ; SPI3         

                                                                               

                                                                            

  132 00000110 00000000        DCD              UART4_IRQHandler ; UART4       

                                                                               

                                                                             

  133 00000114 00000000        DCD              UART5_IRQHandler ; UART5       

                                                                               

                                                                             

  134 00000118 00000000        DCD              TIM6_DAC_IRQHandler ; TIM6 and 

                                                            DAC1&2 underrun err

                                                            ors                

                                                               

  135 0000011C 00000000        DCD              TIM7_IRQHandler ; TIM7         

                                                                      

  136 00000120 00000000        DCD              DMA2_Stream0_IRQHandler ; DMA2 

                                                            Stream 0           

                                                                               

                                                                 

  137 00000124 00000000        DCD              DMA2_Stream1_IRQHandler ; DMA2 

                                                            Stream 1           

                                                                               

                                                                 

  138 00000128 00000000        DCD              DMA2_Stream2_IRQHandler ; DMA2 

                                                            Stream 2           

                                                                               

                                                                 

  139 0000012C 00000000        DCD              DMA2_Stream3_IRQHandler ; DMA2 

                                                            Stream 3           

                                                                               

                                                                 

  140 00000130 00000000        DCD              DMA2_Stream4_IRQHandler ; DMA2 

                                                            Stream 4           

                                                                               

                                                                 

  141 00000134 00000000        DCD              ETH_IRQHandler ; Ethernet      

                                                                               

                                                                           

  142 00000138 00000000        DCD              ETH_WKUP_IRQHandler ; Ethernet 

                                                            Wakeup through EXTI

                                                             line              

                                                                    

  143 0000013C 00000000        DCD              CAN2_TX_IRQHandler ; CAN2 TX   

                                                                               

                                                                               

                                                                   

  144 00000140 00000000        DCD              CAN2_RX0_IRQHandler ; CAN2 RX0 

                                                                               

                                                                               

                                                                    

  145 00000144 00000000        DCD              CAN2_RX1_IRQHandler ; CAN2 RX1 
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  146 00000148 00000000        DCD              CAN2_SCE_IRQHandler ; CAN2 SCE 

                                                                               

                                                                               

                                                                    

  147 0000014C 00000000        DCD              OTG_FS_IRQHandler ; USB OTG FS 

                                                                               

                                                                              

  148 00000150 00000000        DCD              DMA2_Stream5_IRQHandler ; DMA2 

                                                            Stream 5           

                                                                               

                                                                 

  149 00000154 00000000        DCD              DMA2_Stream6_IRQHandler ; DMA2 

                                                            Stream 6           

                                                                               

                                                                 

  150 00000158 00000000        DCD              DMA2_Stream7_IRQHandler ; DMA2 

                                                            Stream 7           

                                                                               

                                                                 

  151 0000015C 00000000        DCD              USART6_IRQHandler ; USART6     

                                                                               

                                                                               

                                                            

  152 00000160 00000000        DCD              I2C3_EV_IRQHandler ; I2C3 event

                                                                               

                                                                               

                                                                   

  153 00000164 00000000        DCD              I2C3_ER_IRQHandler ; I2C3 error

                                                                               

                                                                               

                                                                   

  154 00000168 00000000        DCD              OTG_HS_EP1_OUT_IRQHandler ; USB

                                                             OTG HS End Point 1

                                                             Out               

                                                                   

  155 0000016C 00000000        DCD              OTG_HS_EP1_IN_IRQHandler ; USB 

                                                            OTG HS End Point 1 

                                                            In                 

                                                                  

  156 00000170 00000000        DCD              OTG_HS_WKUP_IRQHandler ; USB OT

                                                            G HS Wakeup through

                                                             EXTI              

                                                                       

  157 00000174 00000000        DCD              OTG_HS_IRQHandler ; USB OTG HS 

                                                                               

                                                                              

  158 00000178 00000000        DCD              DCMI_IRQHandler ; DCMI         

                                                                               

                                                                            

  159 0000017C 00000000        DCD              CRYP_IRQHandler ; CRYP crypto  

                                                                               

                                                                            

  160 00000180 00000000        DCD              HASH_RNG_IRQHandler 

                                                            ; Hash and Rng

  161 00000184 00000000        DCD              FPU_IRQHandler ; FPU

  162 00000188         

  163 00000188         __Vectors_End

  164 00000188         
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  165 00000188 00000188 

                       __Vectors_Size

                               EQU              __Vectors_End - __Vectors

  166 00000188         

  167 00000188                 AREA             |.text|, CODE, READONLY

  168 00000000         

  169 00000000         ; Reset handler

  170 00000000         Reset_Handler

                               PROC

  171 00000000                 EXPORT           Reset_Handler             [WEAK

]

  172 00000000                 IMPORT           SystemInit

  173 00000000                 IMPORT           __main

  174 00000000         

  175 00000000 4809            LDR              R0, =SystemInit

  176 00000002 4780            BLX              R0

  177 00000004 4809            LDR              R0, =__main

  178 00000006 4700            BX               R0

  179 00000008                 ENDP

  180 00000008         

  181 00000008         ; Dummy Exception Handlers (infinite loops which can be 

                       modified)

  182 00000008         

  183 00000008         NMI_Handler

                               PROC

  184 00000008                 EXPORT           NMI_Handler                [WEA

K]

  185 00000008 E7FE            B                .

  186 0000000A                 ENDP

  188 0000000A         HardFault_Handler

                               PROC

  189 0000000A                 EXPORT           HardFault_Handler          [WEA

K]

  190 0000000A E7FE            B                .

  191 0000000C                 ENDP

  193 0000000C         MemManage_Handler

                               PROC

  194 0000000C                 EXPORT           MemManage_Handler          [WEA

K]

  195 0000000C E7FE            B                .

  196 0000000E                 ENDP

  198 0000000E         BusFault_Handler

                               PROC

  199 0000000E                 EXPORT           BusFault_Handler           [WEA

K]

  200 0000000E E7FE            B                .

  201 00000010                 ENDP

  203 00000010         UsageFault_Handler

                               PROC

  204 00000010                 EXPORT           UsageFault_Handler         [WEA

K]

  205 00000010 E7FE            B                .

  206 00000012                 ENDP

  207 00000012         SVC_Handler

                               PROC

  208 00000012                 EXPORT           SVC_Handler                [WEA

K]

  209 00000012 E7FE            B                .

  210 00000014                 ENDP
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  212 00000014         DebugMon_Handler

                               PROC

  213 00000014                 EXPORT           DebugMon_Handler           [WEA

K]

  214 00000014 E7FE            B                .

  215 00000016                 ENDP

  216 00000016         PendSV_Handler

                               PROC

  217 00000016                 EXPORT           PendSV_Handler             [WEA

K]

  218 00000016 E7FE            B                .

  219 00000018                 ENDP

  220 00000018         SysTick_Handler

                               PROC

  221 00000018                 EXPORT           SysTick_Handler            [WEA

K]

  222 00000018 E7FE            B                .

  223 0000001A                 ENDP

  224 0000001A         

  225 0000001A         Default_Handler

                               PROC

  226 0000001A         

  227 0000001A                 EXPORT           WWDG_IRQHandler                

   [WEAK]

  228 0000001A                 EXPORT           PVD_IRQHandler                 

   [WEAK]

  229 0000001A                 EXPORT           TAMP_STAMP_IRQHandler          

   [WEAK]

  230 0000001A                 EXPORT           RTC_WKUP_IRQHandler            

   [WEAK]

  231 0000001A                 EXPORT           FLASH_IRQHandler               

   [WEAK]

  232 0000001A                 EXPORT           RCC_IRQHandler                 

   [WEAK]

  233 0000001A                 EXPORT           EXTI0_IRQHandler               

   [WEAK]

  234 0000001A                 EXPORT           EXTI1_IRQHandler               

   [WEAK]

  235 0000001A                 EXPORT           EXTI2_IRQHandler               

   [WEAK]

  236 0000001A                 EXPORT           EXTI3_IRQHandler               

   [WEAK]

  237 0000001A                 EXPORT           EXTI4_IRQHandler               

   [WEAK]

  238 0000001A                 EXPORT           DMA1_Stream0_IRQHandler        

   [WEAK]

  239 0000001A                 EXPORT           DMA1_Stream1_IRQHandler        

   [WEAK]

  240 0000001A                 EXPORT           DMA1_Stream2_IRQHandler        

   [WEAK]

  241 0000001A                 EXPORT           DMA1_Stream3_IRQHandler        

   [WEAK]

  242 0000001A                 EXPORT           DMA1_Stream4_IRQHandler        

   [WEAK]

  243 0000001A                 EXPORT           DMA1_Stream5_IRQHandler        

   [WEAK]

  244 0000001A                 EXPORT           DMA1_Stream6_IRQHandler        

   [WEAK]

  245 0000001A                 EXPORT           ADC_IRQHandler                 
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   [WEAK]

  246 0000001A                 EXPORT           CAN1_TX_IRQHandler             

   [WEAK]

  247 0000001A                 EXPORT           CAN1_RX0_IRQHandler            

   [WEAK]

  248 0000001A                 EXPORT           CAN1_RX1_IRQHandler            

   [WEAK]

  249 0000001A                 EXPORT           CAN1_SCE_IRQHandler            

   [WEAK]

  250 0000001A                 EXPORT           EXTI9_5_IRQHandler             

   [WEAK]

  251 0000001A                 EXPORT           TIM1_BRK_TIM9_IRQHandler       

   [WEAK]

  252 0000001A                 EXPORT           TIM1_UP_TIM10_IRQHandler       

   [WEAK]

  253 0000001A                 EXPORT           TIM1_TRG_COM_TIM11_IRQHandler  

   [WEAK]

  254 0000001A                 EXPORT           TIM1_CC_IRQHandler             

   [WEAK]

  255 0000001A                 EXPORT           TIM2_IRQHandler                

   [WEAK]

  256 0000001A                 EXPORT           TIM3_IRQHandler                

   [WEAK]

  257 0000001A                 EXPORT           TIM4_IRQHandler                

   [WEAK]

  258 0000001A                 EXPORT           I2C1_EV_IRQHandler             

   [WEAK]

  259 0000001A                 EXPORT           I2C1_ER_IRQHandler             

   [WEAK]

  260 0000001A                 EXPORT           I2C2_EV_IRQHandler             

   [WEAK]

  261 0000001A                 EXPORT           I2C2_ER_IRQHandler             

   [WEAK]

  262 0000001A                 EXPORT           SPI1_IRQHandler                

   [WEAK]

  263 0000001A                 EXPORT           SPI2_IRQHandler                

   [WEAK]

  264 0000001A                 EXPORT           USART1_IRQHandler              

   [WEAK]

  265 0000001A                 EXPORT           USART2_IRQHandler              

   [WEAK]

  266 0000001A                 EXPORT           USART3_IRQHandler              

   [WEAK]

  267 0000001A                 EXPORT           EXTI15_10_IRQHandler           

   [WEAK]

  268 0000001A                 EXPORT           RTC_Alarm_IRQHandler           

   [WEAK]

  269 0000001A                 EXPORT           OTG_FS_WKUP_IRQHandler         

   [WEAK]

  270 0000001A                 EXPORT           TIM8_BRK_TIM12_IRQHandler      

   [WEAK]

  271 0000001A                 EXPORT           TIM8_UP_TIM13_IRQHandler       

   [WEAK]

  272 0000001A                 EXPORT           TIM8_TRG_COM_TIM14_IRQHandler  

   [WEAK]

  273 0000001A                 EXPORT           TIM8_CC_IRQHandler             

   [WEAK]

  274 0000001A                 EXPORT           DMA1_Stream7_IRQHandler        

   [WEAK]
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  275 0000001A                 EXPORT           FSMC_IRQHandler                

   [WEAK]

  276 0000001A                 EXPORT           SDIO_IRQHandler                

   [WEAK]

  277 0000001A                 EXPORT           TIM5_IRQHandler                

   [WEAK]

  278 0000001A                 EXPORT           SPI3_IRQHandler                

   [WEAK]

  279 0000001A                 EXPORT           UART4_IRQHandler               

   [WEAK]

  280 0000001A                 EXPORT           UART5_IRQHandler               

   [WEAK]

  281 0000001A                 EXPORT           TIM6_DAC_IRQHandler            

   [WEAK]

  282 0000001A                 EXPORT           TIM7_IRQHandler                

   [WEAK]

  283 0000001A                 EXPORT           DMA2_Stream0_IRQHandler        

   [WEAK]

  284 0000001A                 EXPORT           DMA2_Stream1_IRQHandler        

   [WEAK]

  285 0000001A                 EXPORT           DMA2_Stream2_IRQHandler        

   [WEAK]

  286 0000001A                 EXPORT           DMA2_Stream3_IRQHandler        

   [WEAK]

  287 0000001A                 EXPORT           DMA2_Stream4_IRQHandler        

   [WEAK]

  288 0000001A                 EXPORT           ETH_IRQHandler                 

   [WEAK]

  289 0000001A                 EXPORT           ETH_WKUP_IRQHandler            

   [WEAK]

  290 0000001A                 EXPORT           CAN2_TX_IRQHandler             

   [WEAK]

  291 0000001A                 EXPORT           CAN2_RX0_IRQHandler            

   [WEAK]

  292 0000001A                 EXPORT           CAN2_RX1_IRQHandler            

   [WEAK]

  293 0000001A                 EXPORT           CAN2_SCE_IRQHandler            

   [WEAK]

  294 0000001A                 EXPORT           OTG_FS_IRQHandler              

   [WEAK]

  295 0000001A                 EXPORT           DMA2_Stream5_IRQHandler        

   [WEAK]

  296 0000001A                 EXPORT           DMA2_Stream6_IRQHandler        

   [WEAK]

  297 0000001A                 EXPORT           DMA2_Stream7_IRQHandler        

   [WEAK]

  298 0000001A                 EXPORT           USART6_IRQHandler              

   [WEAK]

  299 0000001A                 EXPORT           I2C3_EV_IRQHandler             

   [WEAK]

  300 0000001A                 EXPORT           I2C3_ER_IRQHandler             

   [WEAK]

  301 0000001A                 EXPORT           OTG_HS_EP1_OUT_IRQHandler      

   [WEAK]

  302 0000001A                 EXPORT           OTG_HS_EP1_IN_IRQHandler       

   [WEAK]

  303 0000001A                 EXPORT           OTG_HS_WKUP_IRQHandler         

   [WEAK]

  304 0000001A                 EXPORT           OTG_HS_IRQHandler              
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   [WEAK]

  305 0000001A                 EXPORT           DCMI_IRQHandler                

   [WEAK]

  306 0000001A                 EXPORT           CRYP_IRQHandler                

   [WEAK]

  307 0000001A                 EXPORT           HASH_RNG_IRQHandler            

   [WEAK]

  308 0000001A                 EXPORT           FPU_IRQHandler                 

   [WEAK]

  309 0000001A         

  310 0000001A         WWDG_IRQHandler

  311 0000001A         PVD_IRQHandler

  312 0000001A         TAMP_STAMP_IRQHandler

  313 0000001A         RTC_WKUP_IRQHandler

  314 0000001A         FLASH_IRQHandler

  315 0000001A         RCC_IRQHandler

  316 0000001A         EXTI0_IRQHandler

  317 0000001A         EXTI1_IRQHandler

  318 0000001A         EXTI2_IRQHandler

  319 0000001A         EXTI3_IRQHandler

  320 0000001A         EXTI4_IRQHandler

  321 0000001A         DMA1_Stream0_IRQHandler

  322 0000001A         DMA1_Stream1_IRQHandler

  323 0000001A         DMA1_Stream2_IRQHandler

  324 0000001A         DMA1_Stream3_IRQHandler

  325 0000001A         DMA1_Stream4_IRQHandler

  326 0000001A         DMA1_Stream5_IRQHandler

  327 0000001A         DMA1_Stream6_IRQHandler

  328 0000001A         ADC_IRQHandler

  329 0000001A         CAN1_TX_IRQHandler

  330 0000001A         CAN1_RX0_IRQHandler

  331 0000001A         CAN1_RX1_IRQHandler

  332 0000001A         CAN1_SCE_IRQHandler

  333 0000001A         EXTI9_5_IRQHandler

  334 0000001A         TIM1_BRK_TIM9_IRQHandler

  335 0000001A         TIM1_UP_TIM10_IRQHandler

  336 0000001A         TIM1_TRG_COM_TIM11_IRQHandler

  337 0000001A         TIM1_CC_IRQHandler

  338 0000001A         TIM2_IRQHandler

  339 0000001A         TIM3_IRQHandler

  340 0000001A         TIM4_IRQHandler

  341 0000001A         I2C1_EV_IRQHandler

  342 0000001A         I2C1_ER_IRQHandler

  343 0000001A         I2C2_EV_IRQHandler

  344 0000001A         I2C2_ER_IRQHandler

  345 0000001A         SPI1_IRQHandler

  346 0000001A         SPI2_IRQHandler

  347 0000001A         USART1_IRQHandler

  348 0000001A         USART2_IRQHandler

  349 0000001A         USART3_IRQHandler

  350 0000001A         EXTI15_10_IRQHandler

  351 0000001A         RTC_Alarm_IRQHandler

  352 0000001A         OTG_FS_WKUP_IRQHandler

  353 0000001A         TIM8_BRK_TIM12_IRQHandler

  354 0000001A         TIM8_UP_TIM13_IRQHandler

  355 0000001A         TIM8_TRG_COM_TIM14_IRQHandler

  356 0000001A         TIM8_CC_IRQHandler

  357 0000001A         DMA1_Stream7_IRQHandler

  358 0000001A         FSMC_IRQHandler
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  359 0000001A         SDIO_IRQHandler

  360 0000001A         TIM5_IRQHandler

  361 0000001A         SPI3_IRQHandler

  362 0000001A         UART4_IRQHandler

  363 0000001A         UART5_IRQHandler

  364 0000001A         TIM6_DAC_IRQHandler

  365 0000001A         TIM7_IRQHandler

  366 0000001A         DMA2_Stream0_IRQHandler

  367 0000001A         DMA2_Stream1_IRQHandler

  368 0000001A         DMA2_Stream2_IRQHandler

  369 0000001A         DMA2_Stream3_IRQHandler

  370 0000001A         DMA2_Stream4_IRQHandler

  371 0000001A         ETH_IRQHandler

  372 0000001A         ETH_WKUP_IRQHandler

  373 0000001A         CAN2_TX_IRQHandler

  374 0000001A         CAN2_RX0_IRQHandler

  375 0000001A         CAN2_RX1_IRQHandler

  376 0000001A         CAN2_SCE_IRQHandler

  377 0000001A         OTG_FS_IRQHandler

  378 0000001A         DMA2_Stream5_IRQHandler

  379 0000001A         DMA2_Stream6_IRQHandler

  380 0000001A         DMA2_Stream7_IRQHandler

  381 0000001A         USART6_IRQHandler

  382 0000001A         I2C3_EV_IRQHandler

  383 0000001A         I2C3_ER_IRQHandler

  384 0000001A         OTG_HS_EP1_OUT_IRQHandler

  385 0000001A         OTG_HS_EP1_IN_IRQHandler

  386 0000001A         OTG_HS_WKUP_IRQHandler

  387 0000001A         OTG_HS_IRQHandler

  388 0000001A         DCMI_IRQHandler

  389 0000001A         CRYP_IRQHandler

  390 0000001A         HASH_RNG_IRQHandler

  391 0000001A         FPU_IRQHandler

  392 0000001A         

  393 0000001A E7FE            B                .

  394 0000001C         

  395 0000001C                 ENDP

  396 0000001C         

  397 0000001C                 ALIGN

  398 0000001C         

  399 0000001C         ;*******************************************************

                       ************************

  400 0000001C         ; User Stack and Heap initialization

  401 0000001C         ;*******************************************************

                       ************************

  402 0000001C                 IF               :DEF:__MICROLIB

  409 0000001C         

  410 0000001C                 IMPORT           __use_two_region_memory

  411 0000001C                 EXPORT           __user_initial_stackheap

  412 0000001C         

  413 0000001C         __user_initial_stackheap

  414 0000001C         

  415 0000001C 4804            LDR              R0, =  Heap_Mem

  416 0000001E 4905            LDR              R1, =(Stack_Mem + Stack_Size)

  417 00000020 4A05            LDR              R2, = (Heap_Mem +  Heap_Size)

  418 00000022 4B06            LDR              R3, = Stack_Mem

  419 00000024 4770            BX               LR

  420 00000026         

  421 00000026 00 00           ALIGN
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  422 00000028         

  423 00000028                 ENDIF

  424 00000028         

  425 00000028                 END

              00000000 

              00000000 

              00000000 

              00000400 

              00000200 

              00000000 

Command Line: --debug --xref --cpu=Cortex-M4.fp --apcs=interwork --depend=start

up_stm32f4xx.d -ostartup_stm32f4xx.o -IC:\Keil\ARM\RV31\INC -IC:\Keil\ARM\CMSIS

\Include -IC:\Keil\ARM\Inc\ST\STM32F4xx --list=startup_stm32f4xx.lst startup_st

m32f4xx.s
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Relocatable symbols



STACK 00000000



Symbol: STACK

   Definitions

      At line 36 in file startup_stm32f4xx.s

   Uses

      None

Comment: STACK unused

Stack_Mem 00000000



Symbol: Stack_Mem

   Definitions

      At line 37 in file startup_stm32f4xx.s

   Uses

      At line 416 in file startup_stm32f4xx.s

      At line 418 in file startup_stm32f4xx.s



__initial_sp 00000400



Symbol: __initial_sp

   Definitions

      At line 38 in file startup_stm32f4xx.s

   Uses

      At line 62 in file startup_stm32f4xx.s

Comment: __initial_sp used once

3 symbols
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Relocatable symbols



HEAP 00000000



Symbol: HEAP

   Definitions

      At line 47 in file startup_stm32f4xx.s

   Uses

      None

Comment: HEAP unused

Heap_Mem 00000000



Symbol: Heap_Mem

   Definitions

      At line 49 in file startup_stm32f4xx.s

   Uses

      At line 415 in file startup_stm32f4xx.s

      At line 417 in file startup_stm32f4xx.s



__heap_base 00000000



Symbol: __heap_base

   Definitions

      At line 48 in file startup_stm32f4xx.s

   Uses

      None

Comment: __heap_base unused

__heap_limit 00000200



Symbol: __heap_limit

   Definitions

      At line 50 in file startup_stm32f4xx.s

   Uses

      None

Comment: __heap_limit unused

4 symbols
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RESET 00000000



Symbol: RESET

   Definitions

      At line 57 in file startup_stm32f4xx.s

   Uses

      None

Comment: RESET unused

__Vectors 00000000



Symbol: __Vectors

   Definitions

      At line 62 in file startup_stm32f4xx.s

   Uses

      At line 58 in file startup_stm32f4xx.s

      At line 165 in file startup_stm32f4xx.s



__Vectors_End 00000188



Symbol: __Vectors_End

   Definitions

      At line 163 in file startup_stm32f4xx.s

   Uses

      At line 59 in file startup_stm32f4xx.s

      At line 165 in file startup_stm32f4xx.s



3 symbols
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.text 00000000



Symbol: .text

   Definitions

      At line 167 in file startup_stm32f4xx.s

   Uses

      None

Comment: .text unused

ADC_IRQHandler 0000001A



Symbol: ADC_IRQHandler

   Definitions

      At line 328 in file startup_stm32f4xx.s

   Uses

      At line 98 in file startup_stm32f4xx.s

      At line 245 in file startup_stm32f4xx.s



BusFault_Handler 0000000E



Symbol: BusFault_Handler

   Definitions

      At line 198 in file startup_stm32f4xx.s

   Uses

      At line 67 in file startup_stm32f4xx.s

      At line 199 in file startup_stm32f4xx.s



CAN1_RX0_IRQHandler 0000001A



Symbol: CAN1_RX0_IRQHandler

   Definitions

      At line 330 in file startup_stm32f4xx.s

   Uses

      At line 100 in file startup_stm32f4xx.s

      At line 247 in file startup_stm32f4xx.s



CAN1_RX1_IRQHandler 0000001A



Symbol: CAN1_RX1_IRQHandler

   Definitions

      At line 331 in file startup_stm32f4xx.s

   Uses

      At line 101 in file startup_stm32f4xx.s

      At line 248 in file startup_stm32f4xx.s



CAN1_SCE_IRQHandler 0000001A



Symbol: CAN1_SCE_IRQHandler

   Definitions

      At line 332 in file startup_stm32f4xx.s

   Uses

      At line 102 in file startup_stm32f4xx.s

      At line 249 in file startup_stm32f4xx.s



CAN1_TX_IRQHandler 0000001A



Symbol: CAN1_TX_IRQHandler

   Definitions

      At line 329 in file startup_stm32f4xx.s

   Uses
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      At line 99 in file startup_stm32f4xx.s

      At line 246 in file startup_stm32f4xx.s



CAN2_RX0_IRQHandler 0000001A



Symbol: CAN2_RX0_IRQHandler

   Definitions

      At line 374 in file startup_stm32f4xx.s

   Uses

      At line 144 in file startup_stm32f4xx.s

      At line 291 in file startup_stm32f4xx.s



CAN2_RX1_IRQHandler 0000001A



Symbol: CAN2_RX1_IRQHandler

   Definitions

      At line 375 in file startup_stm32f4xx.s

   Uses

      At line 145 in file startup_stm32f4xx.s

      At line 292 in file startup_stm32f4xx.s



CAN2_SCE_IRQHandler 0000001A



Symbol: CAN2_SCE_IRQHandler

   Definitions

      At line 376 in file startup_stm32f4xx.s

   Uses

      At line 146 in file startup_stm32f4xx.s

      At line 293 in file startup_stm32f4xx.s



CAN2_TX_IRQHandler 0000001A



Symbol: CAN2_TX_IRQHandler

   Definitions

      At line 373 in file startup_stm32f4xx.s

   Uses

      At line 143 in file startup_stm32f4xx.s

      At line 290 in file startup_stm32f4xx.s



CRYP_IRQHandler 0000001A



Symbol: CRYP_IRQHandler

   Definitions

      At line 389 in file startup_stm32f4xx.s

   Uses

      At line 159 in file startup_stm32f4xx.s

      At line 306 in file startup_stm32f4xx.s



DCMI_IRQHandler 0000001A



Symbol: DCMI_IRQHandler

   Definitions

      At line 388 in file startup_stm32f4xx.s

   Uses

      At line 158 in file startup_stm32f4xx.s

      At line 305 in file startup_stm32f4xx.s



DMA1_Stream0_IRQHandler 0000001A
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Symbol: DMA1_Stream0_IRQHandler

   Definitions

      At line 321 in file startup_stm32f4xx.s

   Uses

      At line 91 in file startup_stm32f4xx.s

      At line 238 in file startup_stm32f4xx.s



DMA1_Stream1_IRQHandler 0000001A



Symbol: DMA1_Stream1_IRQHandler

   Definitions

      At line 322 in file startup_stm32f4xx.s

   Uses

      At line 92 in file startup_stm32f4xx.s

      At line 239 in file startup_stm32f4xx.s



DMA1_Stream2_IRQHandler 0000001A



Symbol: DMA1_Stream2_IRQHandler

   Definitions

      At line 323 in file startup_stm32f4xx.s

   Uses

      At line 93 in file startup_stm32f4xx.s

      At line 240 in file startup_stm32f4xx.s



DMA1_Stream3_IRQHandler 0000001A



Symbol: DMA1_Stream3_IRQHandler

   Definitions

      At line 324 in file startup_stm32f4xx.s

   Uses

      At line 94 in file startup_stm32f4xx.s

      At line 241 in file startup_stm32f4xx.s



DMA1_Stream4_IRQHandler 0000001A



Symbol: DMA1_Stream4_IRQHandler

   Definitions

      At line 325 in file startup_stm32f4xx.s

   Uses

      At line 95 in file startup_stm32f4xx.s

      At line 242 in file startup_stm32f4xx.s



DMA1_Stream5_IRQHandler 0000001A



Symbol: DMA1_Stream5_IRQHandler

   Definitions

      At line 326 in file startup_stm32f4xx.s

   Uses

      At line 96 in file startup_stm32f4xx.s

      At line 243 in file startup_stm32f4xx.s



DMA1_Stream6_IRQHandler 0000001A



Symbol: DMA1_Stream6_IRQHandler

   Definitions

      At line 327 in file startup_stm32f4xx.s

   Uses

      At line 97 in file startup_stm32f4xx.s
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      At line 244 in file startup_stm32f4xx.s



DMA1_Stream7_IRQHandler 0000001A



Symbol: DMA1_Stream7_IRQHandler

   Definitions

      At line 357 in file startup_stm32f4xx.s

   Uses

      At line 127 in file startup_stm32f4xx.s

      At line 274 in file startup_stm32f4xx.s



DMA2_Stream0_IRQHandler 0000001A



Symbol: DMA2_Stream0_IRQHandler

   Definitions

      At line 366 in file startup_stm32f4xx.s

   Uses

      At line 136 in file startup_stm32f4xx.s

      At line 283 in file startup_stm32f4xx.s



DMA2_Stream1_IRQHandler 0000001A



Symbol: DMA2_Stream1_IRQHandler

   Definitions

      At line 367 in file startup_stm32f4xx.s

   Uses

      At line 137 in file startup_stm32f4xx.s

      At line 284 in file startup_stm32f4xx.s



DMA2_Stream2_IRQHandler 0000001A



Symbol: DMA2_Stream2_IRQHandler

   Definitions

      At line 368 in file startup_stm32f4xx.s

   Uses

      At line 138 in file startup_stm32f4xx.s

      At line 285 in file startup_stm32f4xx.s



DMA2_Stream3_IRQHandler 0000001A



Symbol: DMA2_Stream3_IRQHandler

   Definitions

      At line 369 in file startup_stm32f4xx.s

   Uses

      At line 139 in file startup_stm32f4xx.s

      At line 286 in file startup_stm32f4xx.s



DMA2_Stream4_IRQHandler 0000001A



Symbol: DMA2_Stream4_IRQHandler

   Definitions

      At line 370 in file startup_stm32f4xx.s

   Uses

      At line 140 in file startup_stm32f4xx.s

      At line 287 in file startup_stm32f4xx.s



DMA2_Stream5_IRQHandler 0000001A



Symbol: DMA2_Stream5_IRQHandler
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   Definitions

      At line 378 in file startup_stm32f4xx.s

   Uses

      At line 148 in file startup_stm32f4xx.s

      At line 295 in file startup_stm32f4xx.s



DMA2_Stream6_IRQHandler 0000001A



Symbol: DMA2_Stream6_IRQHandler

   Definitions

      At line 379 in file startup_stm32f4xx.s

   Uses

      At line 149 in file startup_stm32f4xx.s

      At line 296 in file startup_stm32f4xx.s



DMA2_Stream7_IRQHandler 0000001A



Symbol: DMA2_Stream7_IRQHandler

   Definitions

      At line 380 in file startup_stm32f4xx.s

   Uses

      At line 150 in file startup_stm32f4xx.s

      At line 297 in file startup_stm32f4xx.s



DebugMon_Handler 00000014



Symbol: DebugMon_Handler

   Definitions

      At line 212 in file startup_stm32f4xx.s

   Uses

      At line 74 in file startup_stm32f4xx.s

      At line 213 in file startup_stm32f4xx.s



Default_Handler 0000001A



Symbol: Default_Handler

   Definitions

      At line 225 in file startup_stm32f4xx.s

   Uses

      None

Comment: Default_Handler unused

ETH_IRQHandler 0000001A



Symbol: ETH_IRQHandler

   Definitions

      At line 371 in file startup_stm32f4xx.s

   Uses

      At line 141 in file startup_stm32f4xx.s

      At line 288 in file startup_stm32f4xx.s



ETH_WKUP_IRQHandler 0000001A



Symbol: ETH_WKUP_IRQHandler

   Definitions

      At line 372 in file startup_stm32f4xx.s

   Uses

      At line 142 in file startup_stm32f4xx.s

      At line 289 in file startup_stm32f4xx.s
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EXTI0_IRQHandler 0000001A



Symbol: EXTI0_IRQHandler

   Definitions

      At line 316 in file startup_stm32f4xx.s

   Uses

      At line 86 in file startup_stm32f4xx.s

      At line 233 in file startup_stm32f4xx.s



EXTI15_10_IRQHandler 0000001A



Symbol: EXTI15_10_IRQHandler

   Definitions

      At line 350 in file startup_stm32f4xx.s

   Uses

      At line 120 in file startup_stm32f4xx.s

      At line 267 in file startup_stm32f4xx.s



EXTI1_IRQHandler 0000001A



Symbol: EXTI1_IRQHandler

   Definitions

      At line 317 in file startup_stm32f4xx.s

   Uses

      At line 87 in file startup_stm32f4xx.s

      At line 234 in file startup_stm32f4xx.s



EXTI2_IRQHandler 0000001A



Symbol: EXTI2_IRQHandler

   Definitions

      At line 318 in file startup_stm32f4xx.s

   Uses

      At line 88 in file startup_stm32f4xx.s

      At line 235 in file startup_stm32f4xx.s



EXTI3_IRQHandler 0000001A



Symbol: EXTI3_IRQHandler

   Definitions

      At line 319 in file startup_stm32f4xx.s

   Uses

      At line 89 in file startup_stm32f4xx.s

      At line 236 in file startup_stm32f4xx.s



EXTI4_IRQHandler 0000001A



Symbol: EXTI4_IRQHandler

   Definitions

      At line 320 in file startup_stm32f4xx.s

   Uses

      At line 90 in file startup_stm32f4xx.s

      At line 237 in file startup_stm32f4xx.s



EXTI9_5_IRQHandler 0000001A



Symbol: EXTI9_5_IRQHandler

   Definitions

      At line 333 in file startup_stm32f4xx.s
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   Uses

      At line 103 in file startup_stm32f4xx.s

      At line 250 in file startup_stm32f4xx.s



FLASH_IRQHandler 0000001A



Symbol: FLASH_IRQHandler

   Definitions

      At line 314 in file startup_stm32f4xx.s

   Uses

      At line 84 in file startup_stm32f4xx.s

      At line 231 in file startup_stm32f4xx.s



FPU_IRQHandler 0000001A



Symbol: FPU_IRQHandler

   Definitions

      At line 391 in file startup_stm32f4xx.s

   Uses

      At line 161 in file startup_stm32f4xx.s

      At line 308 in file startup_stm32f4xx.s



FSMC_IRQHandler 0000001A



Symbol: FSMC_IRQHandler

   Definitions

      At line 358 in file startup_stm32f4xx.s

   Uses

      At line 128 in file startup_stm32f4xx.s

      At line 275 in file startup_stm32f4xx.s



HASH_RNG_IRQHandler 0000001A



Symbol: HASH_RNG_IRQHandler

   Definitions

      At line 390 in file startup_stm32f4xx.s

   Uses

      At line 160 in file startup_stm32f4xx.s

      At line 307 in file startup_stm32f4xx.s



HardFault_Handler 0000000A



Symbol: HardFault_Handler

   Definitions

      At line 188 in file startup_stm32f4xx.s

   Uses

      At line 65 in file startup_stm32f4xx.s

      At line 189 in file startup_stm32f4xx.s



I2C1_ER_IRQHandler 0000001A



Symbol: I2C1_ER_IRQHandler

   Definitions

      At line 342 in file startup_stm32f4xx.s

   Uses

      At line 112 in file startup_stm32f4xx.s

      At line 259 in file startup_stm32f4xx.s



I2C1_EV_IRQHandler 0000001A
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Symbol: I2C1_EV_IRQHandler

   Definitions

      At line 341 in file startup_stm32f4xx.s

   Uses

      At line 111 in file startup_stm32f4xx.s

      At line 258 in file startup_stm32f4xx.s



I2C2_ER_IRQHandler 0000001A



Symbol: I2C2_ER_IRQHandler

   Definitions

      At line 344 in file startup_stm32f4xx.s

   Uses

      At line 114 in file startup_stm32f4xx.s

      At line 261 in file startup_stm32f4xx.s



I2C2_EV_IRQHandler 0000001A



Symbol: I2C2_EV_IRQHandler

   Definitions

      At line 343 in file startup_stm32f4xx.s

   Uses

      At line 113 in file startup_stm32f4xx.s

      At line 260 in file startup_stm32f4xx.s



I2C3_ER_IRQHandler 0000001A



Symbol: I2C3_ER_IRQHandler

   Definitions

      At line 383 in file startup_stm32f4xx.s

   Uses

      At line 153 in file startup_stm32f4xx.s

      At line 300 in file startup_stm32f4xx.s



I2C3_EV_IRQHandler 0000001A



Symbol: I2C3_EV_IRQHandler

   Definitions

      At line 382 in file startup_stm32f4xx.s

   Uses

      At line 152 in file startup_stm32f4xx.s

      At line 299 in file startup_stm32f4xx.s



MemManage_Handler 0000000C



Symbol: MemManage_Handler

   Definitions

      At line 193 in file startup_stm32f4xx.s

   Uses

      At line 66 in file startup_stm32f4xx.s

      At line 194 in file startup_stm32f4xx.s



NMI_Handler 00000008



Symbol: NMI_Handler

   Definitions

      At line 183 in file startup_stm32f4xx.s

   Uses
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      At line 64 in file startup_stm32f4xx.s

      At line 184 in file startup_stm32f4xx.s



OTG_FS_IRQHandler 0000001A



Symbol: OTG_FS_IRQHandler

   Definitions

      At line 377 in file startup_stm32f4xx.s

   Uses

      At line 147 in file startup_stm32f4xx.s

      At line 294 in file startup_stm32f4xx.s



OTG_FS_WKUP_IRQHandler 0000001A



Symbol: OTG_FS_WKUP_IRQHandler

   Definitions

      At line 352 in file startup_stm32f4xx.s

   Uses

      At line 122 in file startup_stm32f4xx.s

      At line 269 in file startup_stm32f4xx.s



OTG_HS_EP1_IN_IRQHandler 0000001A



Symbol: OTG_HS_EP1_IN_IRQHandler

   Definitions

      At line 385 in file startup_stm32f4xx.s

   Uses

      At line 155 in file startup_stm32f4xx.s

      At line 302 in file startup_stm32f4xx.s



OTG_HS_EP1_OUT_IRQHandler 0000001A



Symbol: OTG_HS_EP1_OUT_IRQHandler

   Definitions

      At line 384 in file startup_stm32f4xx.s

   Uses

      At line 154 in file startup_stm32f4xx.s

      At line 301 in file startup_stm32f4xx.s



OTG_HS_IRQHandler 0000001A



Symbol: OTG_HS_IRQHandler

   Definitions

      At line 387 in file startup_stm32f4xx.s

   Uses

      At line 157 in file startup_stm32f4xx.s

      At line 304 in file startup_stm32f4xx.s



OTG_HS_WKUP_IRQHandler 0000001A



Symbol: OTG_HS_WKUP_IRQHandler

   Definitions

      At line 386 in file startup_stm32f4xx.s

   Uses

      At line 156 in file startup_stm32f4xx.s

      At line 303 in file startup_stm32f4xx.s



PVD_IRQHandler 0000001A
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Symbol: PVD_IRQHandler

   Definitions

      At line 311 in file startup_stm32f4xx.s

   Uses

      At line 81 in file startup_stm32f4xx.s

      At line 228 in file startup_stm32f4xx.s



PendSV_Handler 00000016



Symbol: PendSV_Handler

   Definitions

      At line 216 in file startup_stm32f4xx.s

   Uses

      At line 76 in file startup_stm32f4xx.s

      At line 217 in file startup_stm32f4xx.s



RCC_IRQHandler 0000001A



Symbol: RCC_IRQHandler

   Definitions

      At line 315 in file startup_stm32f4xx.s

   Uses

      At line 85 in file startup_stm32f4xx.s

      At line 232 in file startup_stm32f4xx.s



RTC_Alarm_IRQHandler 0000001A



Symbol: RTC_Alarm_IRQHandler

   Definitions

      At line 351 in file startup_stm32f4xx.s

   Uses

      At line 121 in file startup_stm32f4xx.s

      At line 268 in file startup_stm32f4xx.s



RTC_WKUP_IRQHandler 0000001A



Symbol: RTC_WKUP_IRQHandler

   Definitions

      At line 313 in file startup_stm32f4xx.s

   Uses

      At line 83 in file startup_stm32f4xx.s

      At line 230 in file startup_stm32f4xx.s



Reset_Handler 00000000



Symbol: Reset_Handler

   Definitions

      At line 170 in file startup_stm32f4xx.s

   Uses

      At line 63 in file startup_stm32f4xx.s

      At line 171 in file startup_stm32f4xx.s



SDIO_IRQHandler 0000001A



Symbol: SDIO_IRQHandler

   Definitions

      At line 359 in file startup_stm32f4xx.s

   Uses

      At line 129 in file startup_stm32f4xx.s
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      At line 276 in file startup_stm32f4xx.s



SPI1_IRQHandler 0000001A



Symbol: SPI1_IRQHandler

   Definitions

      At line 345 in file startup_stm32f4xx.s

   Uses

      At line 115 in file startup_stm32f4xx.s

      At line 262 in file startup_stm32f4xx.s



SPI2_IRQHandler 0000001A



Symbol: SPI2_IRQHandler

   Definitions

      At line 346 in file startup_stm32f4xx.s

   Uses

      At line 116 in file startup_stm32f4xx.s

      At line 263 in file startup_stm32f4xx.s



SPI3_IRQHandler 0000001A



Symbol: SPI3_IRQHandler

   Definitions

      At line 361 in file startup_stm32f4xx.s

   Uses

      At line 131 in file startup_stm32f4xx.s

      At line 278 in file startup_stm32f4xx.s



SVC_Handler 00000012



Symbol: SVC_Handler

   Definitions

      At line 207 in file startup_stm32f4xx.s

   Uses

      At line 73 in file startup_stm32f4xx.s

      At line 208 in file startup_stm32f4xx.s



SysTick_Handler 00000018



Symbol: SysTick_Handler

   Definitions

      At line 220 in file startup_stm32f4xx.s

   Uses

      At line 77 in file startup_stm32f4xx.s

      At line 221 in file startup_stm32f4xx.s



TAMP_STAMP_IRQHandler 0000001A



Symbol: TAMP_STAMP_IRQHandler

   Definitions

      At line 312 in file startup_stm32f4xx.s

   Uses

      At line 82 in file startup_stm32f4xx.s

      At line 229 in file startup_stm32f4xx.s



TIM1_BRK_TIM9_IRQHandler 0000001A



Symbol: TIM1_BRK_TIM9_IRQHandler
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   Definitions

      At line 334 in file startup_stm32f4xx.s

   Uses

      At line 104 in file startup_stm32f4xx.s

      At line 251 in file startup_stm32f4xx.s



TIM1_CC_IRQHandler 0000001A



Symbol: TIM1_CC_IRQHandler

   Definitions

      At line 337 in file startup_stm32f4xx.s

   Uses

      At line 107 in file startup_stm32f4xx.s

      At line 254 in file startup_stm32f4xx.s



TIM1_TRG_COM_TIM11_IRQHandler 0000001A



Symbol: TIM1_TRG_COM_TIM11_IRQHandler

   Definitions

      At line 336 in file startup_stm32f4xx.s

   Uses

      At line 106 in file startup_stm32f4xx.s

      At line 253 in file startup_stm32f4xx.s



TIM1_UP_TIM10_IRQHandler 0000001A



Symbol: TIM1_UP_TIM10_IRQHandler

   Definitions

      At line 335 in file startup_stm32f4xx.s

   Uses

      At line 105 in file startup_stm32f4xx.s

      At line 252 in file startup_stm32f4xx.s



TIM2_IRQHandler 0000001A



Symbol: TIM2_IRQHandler

   Definitions

      At line 338 in file startup_stm32f4xx.s

   Uses

      At line 108 in file startup_stm32f4xx.s

      At line 255 in file startup_stm32f4xx.s



TIM3_IRQHandler 0000001A



Symbol: TIM3_IRQHandler

   Definitions

      At line 339 in file startup_stm32f4xx.s

   Uses

      At line 109 in file startup_stm32f4xx.s

      At line 256 in file startup_stm32f4xx.s



TIM4_IRQHandler 0000001A



Symbol: TIM4_IRQHandler

   Definitions

      At line 340 in file startup_stm32f4xx.s

   Uses

      At line 110 in file startup_stm32f4xx.s

      At line 257 in file startup_stm32f4xx.s
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TIM5_IRQHandler 0000001A



Symbol: TIM5_IRQHandler

   Definitions

      At line 360 in file startup_stm32f4xx.s

   Uses

      At line 130 in file startup_stm32f4xx.s

      At line 277 in file startup_stm32f4xx.s



TIM6_DAC_IRQHandler 0000001A



Symbol: TIM6_DAC_IRQHandler

   Definitions

      At line 364 in file startup_stm32f4xx.s

   Uses

      At line 134 in file startup_stm32f4xx.s

      At line 281 in file startup_stm32f4xx.s



TIM7_IRQHandler 0000001A



Symbol: TIM7_IRQHandler

   Definitions

      At line 365 in file startup_stm32f4xx.s

   Uses

      At line 135 in file startup_stm32f4xx.s

      At line 282 in file startup_stm32f4xx.s



TIM8_BRK_TIM12_IRQHandler 0000001A



Symbol: TIM8_BRK_TIM12_IRQHandler

   Definitions

      At line 353 in file startup_stm32f4xx.s

   Uses

      At line 123 in file startup_stm32f4xx.s

      At line 270 in file startup_stm32f4xx.s



TIM8_CC_IRQHandler 0000001A



Symbol: TIM8_CC_IRQHandler

   Definitions

      At line 356 in file startup_stm32f4xx.s

   Uses

      At line 126 in file startup_stm32f4xx.s

      At line 273 in file startup_stm32f4xx.s



TIM8_TRG_COM_TIM14_IRQHandler 0000001A



Symbol: TIM8_TRG_COM_TIM14_IRQHandler

   Definitions

      At line 355 in file startup_stm32f4xx.s

   Uses

      At line 125 in file startup_stm32f4xx.s

      At line 272 in file startup_stm32f4xx.s



TIM8_UP_TIM13_IRQHandler 0000001A



Symbol: TIM8_UP_TIM13_IRQHandler

   Definitions
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      At line 354 in file startup_stm32f4xx.s

   Uses

      At line 124 in file startup_stm32f4xx.s

      At line 271 in file startup_stm32f4xx.s



UART4_IRQHandler 0000001A



Symbol: UART4_IRQHandler

   Definitions

      At line 362 in file startup_stm32f4xx.s

   Uses

      At line 132 in file startup_stm32f4xx.s

      At line 279 in file startup_stm32f4xx.s



UART5_IRQHandler 0000001A



Symbol: UART5_IRQHandler

   Definitions

      At line 363 in file startup_stm32f4xx.s

   Uses

      At line 133 in file startup_stm32f4xx.s

      At line 280 in file startup_stm32f4xx.s



USART1_IRQHandler 0000001A



Symbol: USART1_IRQHandler

   Definitions

      At line 347 in file startup_stm32f4xx.s

   Uses

      At line 117 in file startup_stm32f4xx.s

      At line 264 in file startup_stm32f4xx.s



USART2_IRQHandler 0000001A



Symbol: USART2_IRQHandler

   Definitions

      At line 348 in file startup_stm32f4xx.s

   Uses

      At line 118 in file startup_stm32f4xx.s

      At line 265 in file startup_stm32f4xx.s



USART3_IRQHandler 0000001A



Symbol: USART3_IRQHandler

   Definitions

      At line 349 in file startup_stm32f4xx.s

   Uses

      At line 119 in file startup_stm32f4xx.s

      At line 266 in file startup_stm32f4xx.s



USART6_IRQHandler 0000001A



Symbol: USART6_IRQHandler

   Definitions

      At line 381 in file startup_stm32f4xx.s

   Uses

      At line 151 in file startup_stm32f4xx.s

      At line 298 in file startup_stm32f4xx.s









ARM Macro Assembler    Page 15 Alphabetic symbol ordering

Relocatable symbols



UsageFault_Handler 00000010



Symbol: UsageFault_Handler

   Definitions

      At line 203 in file startup_stm32f4xx.s

   Uses

      At line 68 in file startup_stm32f4xx.s

      At line 204 in file startup_stm32f4xx.s



WWDG_IRQHandler 0000001A



Symbol: WWDG_IRQHandler

   Definitions

      At line 310 in file startup_stm32f4xx.s

   Uses

      At line 80 in file startup_stm32f4xx.s

      At line 227 in file startup_stm32f4xx.s



__user_initial_stackheap 0000001C



Symbol: __user_initial_stackheap

   Definitions

      At line 413 in file startup_stm32f4xx.s

   Uses

      At line 411 in file startup_stm32f4xx.s

Comment: __user_initial_stackheap used once

95 symbols
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Absolute symbols



Heap_Size 00000200



Symbol: Heap_Size

   Definitions

      At line 45 in file startup_stm32f4xx.s

   Uses

      At line 49 in file startup_stm32f4xx.s

      At line 417 in file startup_stm32f4xx.s



Stack_Size 00000400



Symbol: Stack_Size

   Definitions

      At line 34 in file startup_stm32f4xx.s

   Uses

      At line 37 in file startup_stm32f4xx.s

      At line 416 in file startup_stm32f4xx.s



__Vectors_Size 00000188



Symbol: __Vectors_Size

   Definitions

      At line 165 in file startup_stm32f4xx.s

   Uses

      At line 60 in file startup_stm32f4xx.s

Comment: __Vectors_Size used once

3 symbols
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External symbols



SystemInit 00000000



Symbol: SystemInit

   Definitions

      At line 172 in file startup_stm32f4xx.s

   Uses

      At line 175 in file startup_stm32f4xx.s

Comment: SystemInit used once

__main 00000000



Symbol: __main

   Definitions

      At line 173 in file startup_stm32f4xx.s

   Uses

      At line 177 in file startup_stm32f4xx.s

Comment: __main used once

__use_two_region_memory 00000000



Symbol: __use_two_region_memory

   Definitions

      At line 410 in file startup_stm32f4xx.s

   Uses

      None

Comment: __use_two_region_memory unused

3 symbols

446 symbols in table








Viz/_Config/startup_stm32f4xx.s

;******************** (C) COPYRIGHT 2011 STMicroelectronics ********************

;* File Name          : startup_stm32f4xx.s

;* Author             : MCD Application Team

;* Version            : V1.0.0

;* Date               : 30-September-2011

;* Description        : STM32F4xx devices vector table for MDK-ARM toolchain. 

;*                      This module performs:

;*                      - Set the initial SP

;*                      - Set the initial PC == Reset_Handler

;*                      - Set the vector table entries with the exceptions ISR address

;*                      - Configure the system clock and the external SRAM mounted on 

;*                        STM324xG-EVAL board to be used as data memory (optional, 

;*                        to be enabled by user)

;*                      - Branches to __main in the C library (which eventually

;*                        calls main()).

;*                      After Reset the CortexM4 processor is in Thread mode,

;*                      priority is Privileged, and the Stack is set to Main.

;* <<< Use Configuration Wizard in Context Menu >>>   

;*******************************************************************************

; THE PRESENT FIRMWARE WHICH IS FOR GUIDANCE ONLY AIMS AT PROVIDING CUSTOMERS

; WITH CODING INFORMATION REGARDING THEIR PRODUCTS IN ORDER FOR THEM TO SAVE TIME.

; AS A RESULT, STMICROELECTRONICS SHALL NOT BE HELD LIABLE FOR ANY DIRECT,

; INDIRECT OR CONSEQUENTIAL DAMAGES WITH RESPECT TO ANY CLAIMS ARISING FROM THE

; CONTENT OF SUCH FIRMWARE AND/OR THE USE MADE BY CUSTOMERS OF THE CODING

; INFORMATION CONTAINED HEREIN IN CONNECTION WITH THEIR PRODUCTS.

;*******************************************************************************



; Amount of memory (in bytes) allocated for Stack

; Tailor this value to your application needs

; <h> Stack Configuration

;   <o> Stack Size (in Bytes) <0x0-0xFFFFFFFF:8>

; </h>



Stack_Size      EQU     0x00000700



                AREA    STACK, NOINIT, READWRITE, ALIGN=3

Stack_Mem       SPACE   Stack_Size

__initial_sp





; <h> Heap Configuration

;   <o>  Heap Size (in Bytes) <0x0-0xFFFFFFFF:8>

; </h>



Heap_Size       EQU     0x00019000



                AREA    HEAP, NOINIT, READWRITE, ALIGN=3

__heap_base

Heap_Mem        SPACE   Heap_Size

__heap_limit



                PRESERVE8

                THUMB





; Vector Table Mapped to Address 0 at Reset

                AREA    RESET, DATA, READONLY

                EXPORT  __Vectors

                EXPORT  __Vectors_End

                EXPORT  __Vectors_Size



__Vectors       DCD     __initial_sp               ; Top of Stack

                DCD     Reset_Handler              ; Reset Handler

                DCD     NMI_Handler                ; NMI Handler

                DCD     HardFault_Handler          ; Hard Fault Handler

                DCD     MemManage_Handler          ; MPU Fault Handler

                DCD     BusFault_Handler           ; Bus Fault Handler

                DCD     UsageFault_Handler         ; Usage Fault Handler

                DCD     0                          ; Reserved

                DCD     0                          ; Reserved

                DCD     0                          ; Reserved

                DCD     0                          ; Reserved

                DCD     SVC_Handler                ; SVCall Handler

                DCD     DebugMon_Handler           ; Debug Monitor Handler

                DCD     0                          ; Reserved

                DCD     PendSV_Handler             ; PendSV Handler

                DCD     SysTick_Handler            ; SysTick Handler



                ; External Interrupts

                DCD     WWDG_IRQHandler                   ; Window WatchDog                                        

                DCD     PVD_IRQHandler                    ; PVD through EXTI Line detection                        

                DCD     TAMP_STAMP_IRQHandler             ; Tamper and TimeStamps through the EXTI line            

                DCD     RTC_WKUP_IRQHandler               ; RTC Wakeup through the EXTI line                       

                DCD     FLASH_IRQHandler                  ; FLASH                                           

                DCD     RCC_IRQHandler                    ; RCC                                             

                DCD     EXTI0_IRQHandler                  ; EXTI Line0                                             

                DCD     EXTI1_IRQHandler                  ; EXTI Line1                                             

                DCD     EXTI2_IRQHandler                  ; EXTI Line2                                             

                DCD     EXTI3_IRQHandler                  ; EXTI Line3                                             

                DCD     EXTI4_IRQHandler                  ; EXTI Line4                                             

                DCD     DMA1_Stream0_IRQHandler           ; DMA1 Stream 0                                   

                DCD     DMA1_Stream1_IRQHandler           ; DMA1 Stream 1                                   

                DCD     DMA1_Stream2_IRQHandler           ; DMA1 Stream 2                                   

                DCD     DMA1_Stream3_IRQHandler           ; DMA1 Stream 3                                   

                DCD     DMA1_Stream4_IRQHandler           ; DMA1 Stream 4                                   

                DCD     DMA1_Stream5_IRQHandler           ; DMA1 Stream 5                                   

                DCD     DMA1_Stream6_IRQHandler           ; DMA1 Stream 6                                   

                DCD     ADC_IRQHandler                    ; ADC1, ADC2 and ADC3s                            

                DCD     CAN1_TX_IRQHandler                ; CAN1 TX                                                

                DCD     CAN1_RX0_IRQHandler               ; CAN1 RX0                                               

                DCD     CAN1_RX1_IRQHandler               ; CAN1 RX1                                               

                DCD     CAN1_SCE_IRQHandler               ; CAN1 SCE                                               

                DCD     EXTI9_5_IRQHandler                ; External Line[9:5]s                                    

                DCD     TIM1_BRK_TIM9_IRQHandler          ; TIM1 Break and TIM9                   

                DCD     TIM1_UP_TIM10_IRQHandler          ; TIM1 Update and TIM10                 

                DCD     TIM1_TRG_COM_TIM11_IRQHandler     ; TIM1 Trigger and Commutation and TIM11

                DCD     TIM1_CC_IRQHandler                ; TIM1 Capture Compare                                   

                DCD     TIM2_IRQHandler                   ; TIM2                                            

                DCD     TIM3_IRQHandler                   ; TIM3                                            

                DCD     TIM4_IRQHandler                   ; TIM4                                            

                DCD     I2C1_EV_IRQHandler                ; I2C1 Event                                             

                DCD     I2C1_ER_IRQHandler                ; I2C1 Error                                             

                DCD     I2C2_EV_IRQHandler                ; I2C2 Event                                             

                DCD     I2C2_ER_IRQHandler                ; I2C2 Error                                               

                DCD     SPI1_IRQHandler                   ; SPI1                                            

                DCD     SPI2_IRQHandler                   ; SPI2                                            

                DCD     USART1_IRQHandler                 ; USART1                                          

                DCD     USART2_IRQHandler                 ; USART2                                          

                DCD     USART3_IRQHandler                 ; USART3                                          

                DCD     EXTI15_10_IRQHandler              ; External Line[15:10]s                                  

                DCD     RTC_Alarm_IRQHandler              ; RTC Alarm (A and B) through EXTI Line                  

                DCD     OTG_FS_WKUP_IRQHandler            ; USB OTG FS Wakeup through EXTI line                        

                DCD     TIM8_BRK_TIM12_IRQHandler         ; TIM8 Break and TIM12                  

                DCD     TIM8_UP_TIM13_IRQHandler          ; TIM8 Update and TIM13                 

                DCD     TIM8_TRG_COM_TIM14_IRQHandler     ; TIM8 Trigger and Commutation and TIM14

                DCD     TIM8_CC_IRQHandler                ; TIM8 Capture Compare                                   

                DCD     DMA1_Stream7_IRQHandler           ; DMA1 Stream7                                           

                DCD     FSMC_IRQHandler                   ; FSMC                                            

                DCD     SDIO_IRQHandler                   ; SDIO                                            

                DCD     TIM5_IRQHandler                   ; TIM5                                            

                DCD     SPI3_IRQHandler                   ; SPI3                                            

                DCD     UART4_IRQHandler                  ; UART4                                           

                DCD     UART5_IRQHandler                  ; UART5                                           

                DCD     TIM6_DAC_IRQHandler               ; TIM6 and DAC1&2 underrun errors                   

                DCD     TIM7_IRQHandler                   ; TIM7                   

                DCD     DMA2_Stream0_IRQHandler           ; DMA2 Stream 0                                   

                DCD     DMA2_Stream1_IRQHandler           ; DMA2 Stream 1                                   

                DCD     DMA2_Stream2_IRQHandler           ; DMA2 Stream 2                                   

                DCD     DMA2_Stream3_IRQHandler           ; DMA2 Stream 3                                   

                DCD     DMA2_Stream4_IRQHandler           ; DMA2 Stream 4                                   

                DCD     ETH_IRQHandler                    ; Ethernet                                        

                DCD     ETH_WKUP_IRQHandler               ; Ethernet Wakeup through EXTI line                      

                DCD     CAN2_TX_IRQHandler                ; CAN2 TX                                                

                DCD     CAN2_RX0_IRQHandler               ; CAN2 RX0                                               

                DCD     CAN2_RX1_IRQHandler               ; CAN2 RX1                                               

                DCD     CAN2_SCE_IRQHandler               ; CAN2 SCE                                               

                DCD     OTG_FS_IRQHandler                 ; USB OTG FS                                      

                DCD     DMA2_Stream5_IRQHandler           ; DMA2 Stream 5                                   

                DCD     DMA2_Stream6_IRQHandler           ; DMA2 Stream 6                                   

                DCD     DMA2_Stream7_IRQHandler           ; DMA2 Stream 7                                   

                DCD     USART6_IRQHandler                 ; USART6                                           

                DCD     I2C3_EV_IRQHandler                ; I2C3 event                                             

                DCD     I2C3_ER_IRQHandler                ; I2C3 error                                             

                DCD     OTG_HS_EP1_OUT_IRQHandler         ; USB OTG HS End Point 1 Out                      

                DCD     OTG_HS_EP1_IN_IRQHandler          ; USB OTG HS End Point 1 In                       

                DCD     OTG_HS_WKUP_IRQHandler            ; USB OTG HS Wakeup through EXTI                         

                DCD     OTG_HS_IRQHandler                 ; USB OTG HS                                      

                DCD     DCMI_IRQHandler                   ; DCMI                                            

                DCD     CRYP_IRQHandler                   ; CRYP crypto                                     

                DCD     HASH_RNG_IRQHandler               ; Hash and Rng

                DCD     FPU_IRQHandler                    ; FPU

                         

__Vectors_End



__Vectors_Size  EQU  __Vectors_End - __Vectors



                AREA    |.text|, CODE, READONLY



; Reset handler

Reset_Handler    PROC

                 EXPORT  Reset_Handler             [WEAK]

        IMPORT  SystemInit

        IMPORT  __main



                 LDR     R0, =SystemInit

                 BLX     R0

                 LDR     R0, =__main

                 BX      R0

                 ENDP



; Dummy Exception Handlers (infinite loops which can be modified)



NMI_Handler     PROC

                EXPORT  NMI_Handler                [WEAK]

                B       .

                ENDP

HardFault_Handler\

                PROC

                EXPORT  HardFault_Handler          [WEAK]

                B       .

                ENDP

MemManage_Handler\

                PROC

                EXPORT  MemManage_Handler          [WEAK]

                B       .

                ENDP

BusFault_Handler\

                PROC

                EXPORT  BusFault_Handler           [WEAK]

                B       .

                ENDP

UsageFault_Handler\

                PROC

                EXPORT  UsageFault_Handler         [WEAK]

                B       .

                ENDP

SVC_Handler     PROC

                EXPORT  SVC_Handler                [WEAK]

                B       .

                ENDP

DebugMon_Handler\

                PROC

                EXPORT  DebugMon_Handler           [WEAK]

                B       .

                ENDP

PendSV_Handler  PROC

                EXPORT  PendSV_Handler             [WEAK]

                B       .

                ENDP

SysTick_Handler PROC

                EXPORT  SysTick_Handler            [WEAK]

                B       .

                ENDP



Default_Handler PROC



                EXPORT  WWDG_IRQHandler                   [WEAK]                                        

                EXPORT  PVD_IRQHandler                    [WEAK]                      

                EXPORT  TAMP_STAMP_IRQHandler             [WEAK]         

                EXPORT  RTC_WKUP_IRQHandler               [WEAK]                     

                EXPORT  FLASH_IRQHandler                  [WEAK]                                         

                EXPORT  RCC_IRQHandler                    [WEAK]                                            

                EXPORT  EXTI0_IRQHandler                  [WEAK]                                            

                EXPORT  EXTI1_IRQHandler                  [WEAK]                                             

                EXPORT  EXTI2_IRQHandler                  [WEAK]                                            

                EXPORT  EXTI3_IRQHandler                  [WEAK]                                           

                EXPORT  EXTI4_IRQHandler                  [WEAK]                                            

                EXPORT  DMA1_Stream0_IRQHandler           [WEAK]                                

                EXPORT  DMA1_Stream1_IRQHandler           [WEAK]                                   

                EXPORT  DMA1_Stream2_IRQHandler           [WEAK]                                   

                EXPORT  DMA1_Stream3_IRQHandler           [WEAK]                                   

                EXPORT  DMA1_Stream4_IRQHandler           [WEAK]                                   

                EXPORT  DMA1_Stream5_IRQHandler           [WEAK]                                   

                EXPORT  DMA1_Stream6_IRQHandler           [WEAK]                                   

                EXPORT  ADC_IRQHandler                    [WEAK]                         

                EXPORT  CAN1_TX_IRQHandler                [WEAK]                                                

                EXPORT  CAN1_RX0_IRQHandler               [WEAK]                                               

                EXPORT  CAN1_RX1_IRQHandler               [WEAK]                                                

                EXPORT  CAN1_SCE_IRQHandler               [WEAK]                                                

                EXPORT  EXTI9_5_IRQHandler                [WEAK]                                    

                EXPORT  TIM1_BRK_TIM9_IRQHandler          [WEAK]                  

                EXPORT  TIM1_UP_TIM10_IRQHandler          [WEAK]                

                EXPORT  TIM1_TRG_COM_TIM11_IRQHandler     [WEAK] 

                EXPORT  TIM1_CC_IRQHandler                [WEAK]                                   

                EXPORT  TIM2_IRQHandler                   [WEAK]                                            

                EXPORT  TIM3_IRQHandler                   [WEAK]                                            

                EXPORT  TIM4_IRQHandler                   [WEAK]                                            

                EXPORT  I2C1_EV_IRQHandler                [WEAK]                                             

                EXPORT  I2C1_ER_IRQHandler                [WEAK]                                             

                EXPORT  I2C2_EV_IRQHandler                [WEAK]                                            

                EXPORT  I2C2_ER_IRQHandler                [WEAK]                                               

                EXPORT  SPI1_IRQHandler                   [WEAK]                                           

                EXPORT  SPI2_IRQHandler                   [WEAK]                                            

                EXPORT  USART1_IRQHandler                 [WEAK]                                          

                EXPORT  USART2_IRQHandler                 [WEAK]                                          

                EXPORT  USART3_IRQHandler                 [WEAK]                                         

                EXPORT  EXTI15_10_IRQHandler              [WEAK]                                  

                EXPORT  RTC_Alarm_IRQHandler              [WEAK]                  

                EXPORT  OTG_FS_WKUP_IRQHandler            [WEAK]                        

                EXPORT  TIM8_BRK_TIM12_IRQHandler         [WEAK]                 

                EXPORT  TIM8_UP_TIM13_IRQHandler          [WEAK]                 

                EXPORT  TIM8_TRG_COM_TIM14_IRQHandler     [WEAK] 

                EXPORT  TIM8_CC_IRQHandler                [WEAK]                                   

                EXPORT  DMA1_Stream7_IRQHandler           [WEAK]                                          

                EXPORT  FSMC_IRQHandler                   [WEAK]                                             

                EXPORT  SDIO_IRQHandler                   [WEAK]                                             

                EXPORT  TIM5_IRQHandler                   [WEAK]                                             

                EXPORT  SPI3_IRQHandler                   [WEAK]                                             

                EXPORT  UART4_IRQHandler                  [WEAK]                                            

                EXPORT  UART5_IRQHandler                  [WEAK]                                            

                EXPORT  TIM6_DAC_IRQHandler               [WEAK]                   

                EXPORT  TIM7_IRQHandler                   [WEAK]                    

                EXPORT  DMA2_Stream0_IRQHandler           [WEAK]                                  

                EXPORT  DMA2_Stream1_IRQHandler           [WEAK]                                   

                EXPORT  DMA2_Stream2_IRQHandler           [WEAK]                                    

                EXPORT  DMA2_Stream3_IRQHandler           [WEAK]                                    

                EXPORT  DMA2_Stream4_IRQHandler           [WEAK]                                 

                EXPORT  ETH_IRQHandler                    [WEAK]                                         

                EXPORT  ETH_WKUP_IRQHandler               [WEAK]                     

                EXPORT  CAN2_TX_IRQHandler                [WEAK]                                               

                EXPORT  CAN2_RX0_IRQHandler               [WEAK]                                               

                EXPORT  CAN2_RX1_IRQHandler               [WEAK]                                               

                EXPORT  CAN2_SCE_IRQHandler               [WEAK]                                               

                EXPORT  OTG_FS_IRQHandler                 [WEAK]                                       

                EXPORT  DMA2_Stream5_IRQHandler           [WEAK]                                   

                EXPORT  DMA2_Stream6_IRQHandler           [WEAK]                                   

                EXPORT  DMA2_Stream7_IRQHandler           [WEAK]                                   

                EXPORT  USART6_IRQHandler                 [WEAK]                                           

                EXPORT  I2C3_EV_IRQHandler                [WEAK]                                              

                EXPORT  I2C3_ER_IRQHandler                [WEAK]                                              

                EXPORT  OTG_HS_EP1_OUT_IRQHandler         [WEAK]                      

                EXPORT  OTG_HS_EP1_IN_IRQHandler          [WEAK]                      

                EXPORT  OTG_HS_WKUP_IRQHandler            [WEAK]                        

                EXPORT  OTG_HS_IRQHandler                 [WEAK]                                      

                EXPORT  DCMI_IRQHandler                   [WEAK]                                             

                EXPORT  CRYP_IRQHandler                   [WEAK]                                     

                EXPORT  HASH_RNG_IRQHandler               [WEAK]

                EXPORT  FPU_IRQHandler                    [WEAK]                



WWDG_IRQHandler                                                       

PVD_IRQHandler                                      

TAMP_STAMP_IRQHandler                  

RTC_WKUP_IRQHandler                                

FLASH_IRQHandler                                                       

RCC_IRQHandler                                                            

EXTI0_IRQHandler                                                          

EXTI1_IRQHandler                                                           

EXTI2_IRQHandler                                                          

EXTI3_IRQHandler                                                         

EXTI4_IRQHandler                                                          

DMA1_Stream0_IRQHandler                                       

DMA1_Stream1_IRQHandler                                          

DMA1_Stream2_IRQHandler                                          

DMA1_Stream3_IRQHandler                                          

DMA1_Stream4_IRQHandler                                          

DMA1_Stream5_IRQHandler                                          

DMA1_Stream6_IRQHandler                                          

ADC_IRQHandler                                         

CAN1_TX_IRQHandler                                                            

CAN1_RX0_IRQHandler                                                          

CAN1_RX1_IRQHandler                                                           

CAN1_SCE_IRQHandler                                                           

EXTI9_5_IRQHandler                                                

TIM1_BRK_TIM9_IRQHandler                        

TIM1_UP_TIM10_IRQHandler                      

TIM1_TRG_COM_TIM11_IRQHandler  

TIM1_CC_IRQHandler                                               

TIM2_IRQHandler                                                           

TIM3_IRQHandler                                                           

TIM4_IRQHandler                                                           

I2C1_EV_IRQHandler                                                         

I2C1_ER_IRQHandler                                                         

I2C2_EV_IRQHandler                                                        

I2C2_ER_IRQHandler                                                           

SPI1_IRQHandler                                                          

SPI2_IRQHandler                                                           

USART1_IRQHandler                                                       

USART2_IRQHandler                                                       

USART3_IRQHandler                                                      

EXTI15_10_IRQHandler                                            

RTC_Alarm_IRQHandler                            

OTG_FS_WKUP_IRQHandler                                

TIM8_BRK_TIM12_IRQHandler                      

TIM8_UP_TIM13_IRQHandler                       

TIM8_TRG_COM_TIM14_IRQHandler  

TIM8_CC_IRQHandler                                               

DMA1_Stream7_IRQHandler                                                 

FSMC_IRQHandler                                                            

SDIO_IRQHandler                                                            

TIM5_IRQHandler                                                            

SPI3_IRQHandler                                                            

UART4_IRQHandler                                                          

UART5_IRQHandler                                                          

TIM6_DAC_IRQHandler                            

TIM7_IRQHandler                              

DMA2_Stream0_IRQHandler                                         

DMA2_Stream1_IRQHandler                                          

DMA2_Stream2_IRQHandler                                           

DMA2_Stream3_IRQHandler                                           

DMA2_Stream4_IRQHandler                                        

ETH_IRQHandler                                                         

ETH_WKUP_IRQHandler                                

CAN2_TX_IRQHandler                                                           

CAN2_RX0_IRQHandler                                                          

CAN2_RX1_IRQHandler                                                          

CAN2_SCE_IRQHandler                                                          

OTG_FS_IRQHandler                                                    

DMA2_Stream5_IRQHandler                                          

DMA2_Stream6_IRQHandler                                          

DMA2_Stream7_IRQHandler                                          

USART6_IRQHandler                                                        

I2C3_EV_IRQHandler                                                          

I2C3_ER_IRQHandler                                                          

OTG_HS_EP1_OUT_IRQHandler                           

OTG_HS_EP1_IN_IRQHandler                            

OTG_HS_WKUP_IRQHandler                                

OTG_HS_IRQHandler                                                   

DCMI_IRQHandler                                                            

CRYP_IRQHandler                                                    

HASH_RNG_IRQHandler

FPU_IRQHandler                                                 



                B       .



                ENDP



                ALIGN



;*******************************************************************************

; User Stack and Heap initialization

;*******************************************************************************

                 IF      :DEF:__MICROLIB

                

                 EXPORT  __initial_sp

                 EXPORT  __heap_base

                 EXPORT  __heap_limit

                

                 ELSE

                

                 IMPORT  __use_two_region_memory

                 EXPORT  __user_initial_stackheap

                 

__user_initial_stackheap



                 LDR     R0, =  Heap_Mem

                 LDR     R1, =(Stack_Mem + Stack_Size)

                 LDR     R2, = (Heap_Mem +  Heap_Size)

                 LDR     R3, = Stack_Mem

                 BX      LR



                 ALIGN



                 ENDIF



                 END



;******************* (C) COPYRIGHT 2011 STMicroelectronics *****END OF FILE*****








Viz/_Config/stm32f4xx_conf.h

/**

  ******************************************************************************

  * @file    DAC_SignalsGeneration/stm32f4xx_conf.h  

  * @author  MCD Application Team

  * @version V1.0.0

  * @date    19-September-2011

  * @brief   Library configuration file.

  ******************************************************************************

  * @attention

  *

  * THE PRESENT FIRMWARE WHICH IS FOR GUIDANCE ONLY AIMS AT PROVIDING CUSTOMERS

  * WITH CODING INFORMATION REGARDING THEIR PRODUCTS IN ORDER FOR THEM TO SAVE

  * TIME. AS A RESULT, STMICROELECTRONICS SHALL NOT BE HELD LIABLE FOR ANY

  * DIRECT, INDIRECT OR CONSEQUENTIAL DAMAGES WITH RESPECT TO ANY CLAIMS ARISING

  * FROM THE CONTENT OF SUCH FIRMWARE AND/OR THE USE MADE BY CUSTOMERS OF THE

  * CODING INFORMATION CONTAINED HEREIN IN CONNECTION WITH THEIR PRODUCTS.

  *

  * <h2><center>&copy; COPYRIGHT 2011 STMicroelectronics</center></h2>

  ******************************************************************************

  */ 



/* Define to prevent recursive inclusion -------------------------------------*/

#ifndef __STM32F4xx_CONF_H

#define __STM32F4xx_CONF_H



#if defined  (HSE_VALUE)

/* Redefine the HSE value; it's equal to 8 MHz on the STM32F4-DISCOVERY Kit */

 #undef HSE_VALUE

 #define HSE_VALUE    ((uint32_t)8000000) 

#endif /* HSE_VALUE */



/* Includes ------------------------------------------------------------------*/

/* Uncomment the line below to enable peripheral header file inclusion */

#include "stm32f4xx_adc.h"

//#include "stm32f4xx_can.h"

//#include "stm32f4xx_crc.h"

//#include "stm32f4xx_cryp.h"

//#include "stm32f4xx_dac.h"

//#include "stm32f4xx_dbgmcu.h"

//#include "stm32f4xx_dcmi.h"

#include "stm32f4xx_dma.h"

#include "stm32f4xx_exti.h"

//#include "stm32f4xx_flash.h"

//#include "stm32f4xx_fsmc.h"

//#include "stm32f4xx_hash.h"

#include "stm32f4xx_gpio.h"

//#include "stm32f4xx_i2c.h"

//#include "stm32f4xx_iwdg.h"

//#include "stm32f4xx_pwr.h"

#include "stm32f4xx_rcc.h"

//#include "stm32f4xx_rng.h"

#include "stm32f4xx_rtc.h"

//#include "stm32f4xx_sdio.h"

#include "stm32f4xx_spi.h"

#include "stm32f4xx_syscfg.h"

#include "stm32f4xx_tim.h"

//#include "stm32f4xx_usart.h"

//#include "stm32f4xx_wwdg.h"

#include "misc.h" /* High level functions for NVIC and SysTick (add-on to CMSIS functions) */



/* Exported types ------------------------------------------------------------*/

/* Exported constants --------------------------------------------------------*/



/* If an external clock source is used, then the value of the following define 

   should be set to the value of the external clock source, else, if no external 

   clock is used, keep this define commented */

/*#define I2S_EXTERNAL_CLOCK_VAL   12288000 */ /* Value of the external clock in Hz */





/* Uncomment the line below to expanse the "assert_param" macro in the 

   Standard Peripheral Library drivers code */

/* #define USE_FULL_ASSERT    1 */



/* Exported macro ------------------------------------------------------------*/

#ifdef  USE_FULL_ASSERT



/**

  * @brief  The assert_param macro is used for function's parameters check.

  * @param  expr: If expr is false, it calls assert_failed function

  *   which reports the name of the source file and the source

  *   line number of the call that failed. 

  *   If expr is true, it returns no value.

  * @retval None

  */

  #define assert_param(expr) ((expr) ? (void)0 : assert_failed((uint8_t *)__FILE__, __LINE__))

/* Exported functions ------------------------------------------------------- */

  void assert_failed(uint8_t* file, uint32_t line);

#else

  #define assert_param(expr) ((void)0)

#endif /* USE_FULL_ASSERT */



#endif /* __STM32F4xx_CONF_H */



/******************* (C) COPYRIGHT 2011 STMicroelectronics *****END OF FILE****/








Viz/_Config/system_stm32f4xx.c

/**

  ******************************************************************************

  * @file    system_stm32f4xx.c

  * @author  MCD Application Team

  * @version V1.0.0

  * @date    30-September-2011

  * @brief   CMSIS Cortex-M4 Device Peripheral Access Layer System Source File.

  *          This file contains the system clock configuration for STM32F4xx devices,

  *          and is generated by the clock configuration tool

  *          stm32f4xx_Clock_Configuration_V1.0.0.xls

  *             

  * 1.  This file provides two functions and one global variable to be called from 

  *     user application:

  *      - SystemInit(): Setups the system clock (System clock source, PLL Multiplier

  *                      and Divider factors, AHB/APBx prescalers and Flash settings),

  *                      depending on the configuration made in the clock xls tool. 

  *                      This function is called at startup just after reset and 

  *                      before branch to main program. This call is made inside

  *                      the "startup_stm32f4xx.s" file.

  *

  *      - SystemCoreClock variable: Contains the core clock (HCLK), it can be used

  *                                  by the user application to setup the SysTick 

  *                                  timer or configure other parameters.

  *                                     

  *      - SystemCoreClockUpdate(): Updates the variable SystemCoreClock and must

  *                                 be called whenever the core clock is changed

  *                                 during program execution.

  *

  * 2. After each device reset the HSI (16 MHz) is used as system clock source.

  *    Then SystemInit() function is called, in "startup_stm32f4xx.s" file, to

  *    configure the system clock before to branch to main program.

  *

  * 3. If the system clock source selected by user fails to startup, the SystemInit()

  *    function will do nothing and HSI still used as system clock source. User can 

  *    add some code to deal with this issue inside the SetSysClock() function.

  *

  * 4. The default value of HSE crystal is set to 25MHz, refer to "HSE_VALUE" define

  *    in "stm32f4xx.h" file. When HSE is used as system clock source, directly or

  *    through PLL, and you are using different crystal you have to adapt the HSE

  *    value to your own configuration.

  *

  * 5. This file configures the system clock as follows:

  *=============================================================================

  *=============================================================================

  *        Supported STM32F4xx device revision    | Rev A

  *-----------------------------------------------------------------------------

  *        System Clock source                    | PLL (HSE)

  *-----------------------------------------------------------------------------

  *        SYSCLK(Hz)                             | 168000000

  *-----------------------------------------------------------------------------

  *        HCLK(Hz)                               | 168000000

  *-----------------------------------------------------------------------------

  *        AHB Prescaler                          | 1

  *-----------------------------------------------------------------------------

  *        APB1 Prescaler                         | 4

  *-----------------------------------------------------------------------------

  *        APB2 Prescaler                         | 2

  *-----------------------------------------------------------------------------

  *        HSE Frequency(Hz)                      | 8000000

  *-----------------------------------------------------------------------------

  *        PLL_M                                  | 8

  *-----------------------------------------------------------------------------

  *        PLL_N                                  | 336

  *-----------------------------------------------------------------------------

  *        PLL_P                                  | 2

  *-----------------------------------------------------------------------------

  *        PLL_Q                                  | 7

  *-----------------------------------------------------------------------------

  *        PLLI2S_N                               | NA

  *-----------------------------------------------------------------------------

  *        PLLI2S_R                               | NA

  *-----------------------------------------------------------------------------

  *        I2S input clock                        | NA

  *-----------------------------------------------------------------------------

  *        VDD(V)                                 | 3.3

  *-----------------------------------------------------------------------------

  *        Main regulator output voltage          | Scale1 mode

  *-----------------------------------------------------------------------------

  *        Flash Latency(WS)                      | 5

  *-----------------------------------------------------------------------------

  *        Prefetch Buffer                        | OFF

  *-----------------------------------------------------------------------------

  *        Instruction cache                      | ON

  *-----------------------------------------------------------------------------

  *        Data cache                             | ON

  *-----------------------------------------------------------------------------

  *        Require 48MHz for USB OTG FS,          | Enabled

  *        SDIO and RNG clock                     |

  *-----------------------------------------------------------------------------

  *=============================================================================

  ****************************************************************************** 

  * @attention

  *

  * THE PRESENT FIRMWARE WHICH IS FOR GUIDANCE ONLY AIMS AT PROVIDING CUSTOMERS

  * WITH CODING INFORMATION REGARDING THEIR PRODUCTS IN ORDER FOR THEM TO SAVE

  * TIME. AS A RESULT, STMICROELECTRONICS SHALL NOT BE HELD LIABLE FOR ANY

  * DIRECT, INDIRECT OR CONSEQUENTIAL DAMAGES WITH RESPECT TO ANY CLAIMS ARISING

  * FROM THE CONTENT OF SUCH FIRMWARE AND/OR THE USE MADE BY CUSTOMERS OF THE

  * CODING INFORMATION CONTAINED HEREIN IN CONNECTION WITH THEIR PRODUCTS.

  *

  * <h2><center>&copy; COPYRIGHT 2011 STMicroelectronics</center></h2>

  ******************************************************************************

  */



/** @addtogroup CMSIS

  * @{

  */



/** @addtogroup stm32f4xx_system

  * @{

  */  

  

/** @addtogroup STM32F4xx_System_Private_Includes

  * @{

  */



#include "stm32f4xx.h"



/**

  * @}

  */



/** @addtogroup STM32F4xx_System_Private_TypesDefinitions

  * @{

  */



/**

  * @}

  */



/** @addtogroup STM32F4xx_System_Private_Defines

  * @{

  */



/************************* Miscellaneous Configuration ************************/

/*!< Uncomment the following line if you need to use external SRAM mounted

     on STM324xG_EVAL board as data memory  */

/* #define DATA_IN_ExtSRAM */



/*!< Uncomment the following line if you need to relocate your vector Table in

     Internal SRAM. */

/* #define VECT_TAB_SRAM */

#define VECT_TAB_OFFSET  0x00 /*!< Vector Table base offset field. 

                                   This value must be a multiple of 0x200. */

/******************************************************************************/



/************************* PLL Parameters *************************************/

/* PLL_VCO = (HSE_VALUE or HSI_VALUE / PLL_M) * PLL_N */

#define PLL_M      8

#define PLL_N      336



/* SYSCLK = PLL_VCO / PLL_P */

#define PLL_P      2



/* USB OTG FS, SDIO and RNG Clock =  PLL_VCO / PLLQ */

#define PLL_Q      7



/******************************************************************************/



/**

  * @}

  */



/** @addtogroup STM32F4xx_System_Private_Macros

  * @{

  */



/**

  * @}

  */



/** @addtogroup STM32F4xx_System_Private_Variables

  * @{

  */



  uint32_t SystemCoreClock = 168000000;



  __I uint8_t AHBPrescTable[16] = {0, 0, 0, 0, 0, 0, 0, 0, 1, 2, 3, 4, 6, 7, 8, 9};



/**

  * @}

  */



/** @addtogroup STM32F4xx_System_Private_FunctionPrototypes

  * @{

  */



static void SetSysClock(void);

#ifdef DATA_IN_ExtSRAM

  static void SystemInit_ExtMemCtl(void); 

#endif /* DATA_IN_ExtSRAM */



/**

  * @}

  */



/** @addtogroup STM32F4xx_System_Private_Functions

  * @{

  */



/**

  * @brief  Setup the microcontroller system

  *         Initialize the Embedded Flash Interface, the PLL and update the 

  *         SystemFrequency variable.

  * @param  None

  * @retval None

  */

void SystemInit(void)

{

  /* FPU settings ------------------------------------------------------------*/

  #if (__FPU_PRESENT == 1) && (__FPU_USED == 1)

    SCB->CPACR |= ((3UL << 10*2)|(3UL << 11*2));  /* set CP10 and CP11 Full Access */

  #endif



  /* Reset the RCC clock configuration to the default reset state ------------*/

  /* Set HSION bit */

  RCC->CR |= (uint32_t)0x00000001;



  /* Reset CFGR register */

  RCC->CFGR = 0x00000000;



  /* Reset HSEON, CSSON and PLLON bits */

  RCC->CR &= (uint32_t)0xFEF6FFFF;



  /* Reset PLLCFGR register */

  RCC->PLLCFGR = 0x24003010;



  /* Reset HSEBYP bit */

  RCC->CR &= (uint32_t)0xFFFBFFFF;



  /* Disable all interrupts */

  RCC->CIR = 0x00000000;



#ifdef DATA_IN_ExtSRAM

  SystemInit_ExtMemCtl(); 

#endif /* DATA_IN_ExtSRAM */

         

  /* Configure the System clock source, PLL Multiplier and Divider factors, 

     AHB/APBx prescalers and Flash settings ----------------------------------*/

  SetSysClock();



  /* Configure the Vector Table location add offset address ------------------*/

#ifdef VECT_TAB_SRAM

  SCB->VTOR = SRAM_BASE | VECT_TAB_OFFSET; /* Vector Table Relocation in Internal SRAM */

#else

  SCB->VTOR = FLASH_BASE | VECT_TAB_OFFSET; /* Vector Table Relocation in Internal FLASH */

#endif

}



/**

   * @brief  Update SystemCoreClock variable according to Clock Register Values.

  *         The SystemCoreClock variable contains the core clock (HCLK), it can

  *         be used by the user application to setup the SysTick timer or configure

  *         other parameters.

  *           

  * @note   Each time the core clock (HCLK) changes, this function must be called

  *         to update SystemCoreClock variable value. Otherwise, any configuration

  *         based on this variable will be incorrect.         

  *     

  * @note   - The system frequency computed by this function is not the real 

  *           frequency in the chip. It is calculated based on the predefined 

  *           constant and the selected clock source:

  *             

  *           - If SYSCLK source is HSI, SystemCoreClock will contain the HSI_VALUE(*)

  *                                              

  *           - If SYSCLK source is HSE, SystemCoreClock will contain the HSE_VALUE(**)

  *                          

  *           - If SYSCLK source is PLL, SystemCoreClock will contain the HSE_VALUE(**) 

  *             or HSI_VALUE(*) multiplied/divided by the PLL factors.

  *         

  *         (*) HSI_VALUE is a constant defined in stm32f4xx.h file (default value

  *             16 MHz) but the real value may vary depending on the variations

  *             in voltage and temperature.   

  *    

  *         (**) HSE_VALUE is a constant defined in stm32f4xx.h file (default value

  *              25 MHz), user has to ensure that HSE_VALUE is same as the real

  *              frequency of the crystal used. Otherwise, this function may

  *              have wrong result.

  *                

  *         - The result of this function could be not correct when using fractional

  *           value for HSE crystal.

  *     

  * @param  None

  * @retval None

  */

void SystemCoreClockUpdate(void)

{

  uint32_t tmp = 0, pllvco = 0, pllp = 2, pllsource = 0, pllm = 2;

  

  /* Get SYSCLK source -------------------------------------------------------*/

  tmp = RCC->CFGR & RCC_CFGR_SWS;



  switch (tmp)

  {

    case 0x00:  /* HSI used as system clock source */

      SystemCoreClock = HSI_VALUE;

      break;

    case 0x04:  /* HSE used as system clock source */

      SystemCoreClock = HSE_VALUE;

      break;

    case 0x08:  /* PLL used as system clock source */



      /* PLL_VCO = (HSE_VALUE or HSI_VALUE / PLL_M) * PLL_N

         SYSCLK = PLL_VCO / PLL_P

         */    

      pllsource = (RCC->PLLCFGR & RCC_PLLCFGR_PLLSRC) >> 22;

      pllm = RCC->PLLCFGR & RCC_PLLCFGR_PLLM;

      

      if (pllsource != 0)

      {

        /* HSE used as PLL clock source */

        pllvco = (HSE_VALUE / pllm) * ((RCC->PLLCFGR & RCC_PLLCFGR_PLLN) >> 6);

      }

      else

      {

        /* HSI used as PLL clock source */

        pllvco = (HSI_VALUE / pllm) * ((RCC->PLLCFGR & RCC_PLLCFGR_PLLN) >> 6);      

      }



      pllp = (((RCC->PLLCFGR & RCC_PLLCFGR_PLLP) >>16) + 1 ) *2;

      SystemCoreClock = pllvco/pllp;

      break;

    default:

      SystemCoreClock = HSI_VALUE;

      break;

  }

  /* Compute HCLK frequency --------------------------------------------------*/

  /* Get HCLK prescaler */

  tmp = AHBPrescTable[((RCC->CFGR & RCC_CFGR_HPRE) >> 4)];

  /* HCLK frequency */

  SystemCoreClock >>= tmp;

}



/**

  * @brief  Configures the System clock source, PLL Multiplier and Divider factors, 

  *         AHB/APBx prescalers and Flash settings

  * @Note   This function should be called only once the RCC clock configuration  

  *         is reset to the default reset state (done in SystemInit() function).   

  * @param  None

  * @retval None

  */

static void SetSysClock(void)

{

/******************************************************************************/

/*            PLL (clocked by HSE) used as System clock source                */

/******************************************************************************/

  __IO uint32_t StartUpCounter = 0, HSEStatus = 0;

  

  /* Enable HSE */

  RCC->CR |= ((uint32_t)RCC_CR_HSEON);

 

  /* Wait till HSE is ready and if Time out is reached exit */

  do

  {

    HSEStatus = RCC->CR & RCC_CR_HSERDY;

    StartUpCounter++;

  } while((HSEStatus == 0) && (StartUpCounter != HSE_STARTUP_TIMEOUT));



  if ((RCC->CR & RCC_CR_HSERDY) != RESET)

  {

    HSEStatus = (uint32_t)0x01;

  }

  else

  {

    HSEStatus = (uint32_t)0x00;

  }



  if (HSEStatus == (uint32_t)0x01)

  {

    /* Select regulator voltage output Scale 1 mode, System frequency up to 168 MHz */

    RCC->APB1ENR |= RCC_APB1ENR_PWREN;

    PWR->CR |= PWR_CR_VOS;



    /* HCLK = SYSCLK / 1*/

    RCC->CFGR |= RCC_CFGR_HPRE_DIV1;

      

    /* PCLK2 = HCLK / 2*/

    RCC->CFGR |= RCC_CFGR_PPRE2_DIV2;

    

    /* PCLK1 = HCLK / 4*/

    RCC->CFGR |= RCC_CFGR_PPRE1_DIV4;



    /* Configure the main PLL */

    RCC->PLLCFGR = PLL_M | (PLL_N << 6) | (((PLL_P >> 1) -1) << 16) |

                   (RCC_PLLCFGR_PLLSRC_HSE) | (PLL_Q << 24);



    /* Enable the main PLL */

    RCC->CR |= RCC_CR_PLLON;



    /* Wait till the main PLL is ready */

    while((RCC->CR & RCC_CR_PLLRDY) == 0)

    {

    }

   

    /* Configure Flash prefetch, Instruction cache, Data cache and wait state */

    FLASH->ACR = FLASH_ACR_ICEN |FLASH_ACR_DCEN |FLASH_ACR_LATENCY_5WS;



    /* Select the main PLL as system clock source */

    RCC->CFGR &= (uint32_t)((uint32_t)~(RCC_CFGR_SW));

    RCC->CFGR |= RCC_CFGR_SW_PLL;



    /* Wait till the main PLL is used as system clock source */

    while ((RCC->CFGR & (uint32_t)RCC_CFGR_SWS ) != RCC_CFGR_SWS_PLL);

    {

    }

  }

  else

  { /* If HSE fails to start-up, the application will have wrong clock

         configuration. User can add here some code to deal with this error */

  }



}



/**

  * @brief  Setup the external memory controller. Called in startup_stm32f4xx.s 

  *          before jump to __main

  * @param  None

  * @retval None

  */ 

#ifdef DATA_IN_ExtSRAM

/**

  * @brief  Setup the external memory controller.

  *         Called in startup_stm32f4xx.s before jump to main.

  *         This function configures the external SRAM mounted on STM324xG_EVAL board

  *         This SRAM will be used as program data memory (including heap and stack).

  * @param  None

  * @retval None

  */

void SystemInit_ExtMemCtl(void)

{

/*-- GPIOs Configuration -----------------------------------------------------*/

/*

 +-------------------+--------------------+------------------+------------------+

 +                       SRAM pins assignment                                   +

 +-------------------+--------------------+------------------+------------------+

 | PD0  <-> FSMC_D2  | PE0  <-> FSMC_NBL0 | PF0  <-> FSMC_A0 | PG0 <-> FSMC_A10 | 

 | PD1  <-> FSMC_D3  | PE1  <-> FSMC_NBL1 | PF1  <-> FSMC_A1 | PG1 <-> FSMC_A11 | 

 | PD4  <-> FSMC_NOE | PE3  <-> FSMC_A19  | PF2  <-> FSMC_A2 | PG2 <-> FSMC_A12 | 

 | PD5  <-> FSMC_NWE | PE4  <-> FSMC_A20  | PF3  <-> FSMC_A3 | PG3 <-> FSMC_A13 | 

 | PD8  <-> FSMC_D13 | PE7  <-> FSMC_D4   | PF4  <-> FSMC_A4 | PG4 <-> FSMC_A14 | 

 | PD9  <-> FSMC_D14 | PE8  <-> FSMC_D5   | PF5  <-> FSMC_A5 | PG5 <-> FSMC_A15 | 

 | PD10 <-> FSMC_D15 | PE9  <-> FSMC_D6   | PF12 <-> FSMC_A6 | PG9 <-> FSMC_NE2 | 

 | PD11 <-> FSMC_A16 | PE10 <-> FSMC_D7   | PF13 <-> FSMC_A7 |------------------+

 | PD12 <-> FSMC_A17 | PE11 <-> FSMC_D8   | PF14 <-> FSMC_A8 | 

 | PD13 <-> FSMC_A18 | PE12 <-> FSMC_D9   | PF15 <-> FSMC_A9 | 

 | PD14 <-> FSMC_D0  | PE13 <-> FSMC_D10  |------------------+

 | PD15 <-> FSMC_D1  | PE14 <-> FSMC_D11  |

 |                   | PE15 <-> FSMC_D12  |

 +-------------------+--------------------+

*/

   /* Enable GPIOD, GPIOE, GPIOF and GPIOG interface clock */

  RCC->AHB1ENR   = 0x00000078;

  

  /* Connect PDx pins to FSMC Alternate function */

  GPIOD->AFR[0]  = 0x00cc00cc;

  GPIOD->AFR[1]  = 0xcc0ccccc;

  /* Configure PDx pins in Alternate function mode */  

  GPIOD->MODER   = 0xaaaa0a0a;

  /* Configure PDx pins speed to 100 MHz */  

  GPIOD->OSPEEDR = 0xffff0f0f;

  /* Configure PDx pins Output type to push-pull */  

  GPIOD->OTYPER  = 0x00000000;

  /* No pull-up, pull-down for PDx pins */ 

  GPIOD->PUPDR   = 0x00000000;



  /* Connect PEx pins to FSMC Alternate function */

  GPIOE->AFR[0]  = 0xc00cc0cc;

  GPIOE->AFR[1]  = 0xcccccccc;

  /* Configure PEx pins in Alternate function mode */ 

  GPIOE->MODER   = 0xaaaa828a;

  /* Configure PEx pins speed to 100 MHz */ 

  GPIOE->OSPEEDR = 0xffffc3cf;

  /* Configure PEx pins Output type to push-pull */  

  GPIOE->OTYPER  = 0x00000000;

  /* No pull-up, pull-down for PEx pins */ 

  GPIOE->PUPDR   = 0x00000000;



  /* Connect PFx pins to FSMC Alternate function */

  GPIOF->AFR[0]  = 0x00cccccc;

  GPIOF->AFR[1]  = 0xcccc0000;

  /* Configure PFx pins in Alternate function mode */   

  GPIOF->MODER   = 0xaa000aaa;

  /* Configure PFx pins speed to 100 MHz */ 

  GPIOF->OSPEEDR = 0xff000fff;

  /* Configure PFx pins Output type to push-pull */  

  GPIOF->OTYPER  = 0x00000000;

  /* No pull-up, pull-down for PFx pins */ 

  GPIOF->PUPDR   = 0x00000000;



  /* Connect PGx pins to FSMC Alternate function */

  GPIOG->AFR[0]  = 0x00cccccc;

  GPIOG->AFR[1]  = 0x000000c0;

  /* Configure PGx pins in Alternate function mode */ 

  GPIOG->MODER   = 0x00080aaa;

  /* Configure PGx pins speed to 100 MHz */ 

  GPIOG->OSPEEDR = 0x000c0fff;

  /* Configure PGx pins Output type to push-pull */  

  GPIOG->OTYPER  = 0x00000000;

  /* No pull-up, pull-down for PGx pins */ 

  GPIOG->PUPDR   = 0x00000000;

  

/*-- FSMC Configuration ------------------------------------------------------*/

  /* Enable the FSMC interface clock */

  RCC->AHB3ENR         = 0x00000001;



  /* Configure and enable Bank1_SRAM2 */

  FSMC_Bank1->BTCR[2]  = 0x00001015;

  FSMC_Bank1->BTCR[3]  = 0x00010603;

  FSMC_Bank1E->BWTR[2] = 0x0fffffff;

/*

  Bank1_SRAM2 is configured as follow:



  p.FSMC_AddressSetupTime = 3;

  p.FSMC_AddressHoldTime = 0;

  p.FSMC_DataSetupTime = 6;

  p.FSMC_BusTurnAroundDuration = 1;

  p.FSMC_CLKDivision = 0;

  p.FSMC_DataLatency = 0;

  p.FSMC_AccessMode = FSMC_AccessMode_A;



  FSMC_NORSRAMInitStructure.FSMC_Bank = FSMC_Bank1_NORSRAM2;

  FSMC_NORSRAMInitStructure.FSMC_DataAddressMux = FSMC_DataAddressMux_Disable;

  FSMC_NORSRAMInitStructure.FSMC_MemoryType = FSMC_MemoryType_PSRAM;

  FSMC_NORSRAMInitStructure.FSMC_MemoryDataWidth = FSMC_MemoryDataWidth_16b;

  FSMC_NORSRAMInitStructure.FSMC_BurstAccessMode = FSMC_BurstAccessMode_Disable;

  FSMC_NORSRAMInitStructure.FSMC_AsynchronousWait = FSMC_AsynchronousWait_Disable;  

  FSMC_NORSRAMInitStructure.FSMC_WaitSignalPolarity = FSMC_WaitSignalPolarity_Low;

  FSMC_NORSRAMInitStructure.FSMC_WrapMode = FSMC_WrapMode_Disable;

  FSMC_NORSRAMInitStructure.FSMC_WaitSignalActive = FSMC_WaitSignalActive_BeforeWaitState;

  FSMC_NORSRAMInitStructure.FSMC_WriteOperation = FSMC_WriteOperation_Enable;

  FSMC_NORSRAMInitStructure.FSMC_WaitSignal = FSMC_WaitSignal_Disable;

  FSMC_NORSRAMInitStructure.FSMC_ExtendedMode = FSMC_ExtendedMode_Disable;

  FSMC_NORSRAMInitStructure.FSMC_WriteBurst = FSMC_WriteBurst_Disable;

  FSMC_NORSRAMInitStructure.FSMC_ReadWriteTimingStruct = &p;

  FSMC_NORSRAMInitStructure.FSMC_WriteTimingStruct = &p;

*/

  

}

#endif /* DATA_IN_ExtSRAM */





/**

  * @}

  */



/**

  * @}

  */

  

/**

  * @}

  */    

/******************* (C) COPYRIGHT 2011 STMicroelectronics *****END OF FILE****/








Viz/AnimatedApplication/AnimatedApplication.cpp

#include <stdio.h>

#include <stdlib.h>

#include "stm32f4xx_conf.h"

#include "STM32F4xx.h"

#include "AnimatedApplication.h"

#include "Leds.h"

#include "PanelChangesSynchronizer.h"

#include "AudioProcessing.h"

#include "AudioSamplingJunction.h"





/********************************************************

** Animated Application razred / Interface

*********************************************************

** Razred, ki spoštuje pravila aplikacije, njeno

** funkcionalnost pa razširja z orodji za animiranje.

*********************************************************

** Pri kreiranju instance upoštevaj:

**

** 		- pokliči AnimatedApplication konstruktor

**

** 		- v enega od (čim hitrejših) interruptov postavi:

**					this->changesSynchronizer->draw()

**

**		- v enega od (čim hitrejših) interruptov postavi:

**					this->animatorRGB->draw()

**

**		-v enega od (počasnejših) interruptov postavi:

**					this->animatorRGB->update()

**

**		- za zvočno aktiviran razred naredi aplikacijsko

**			zanko takole:

**					while(this->processSampledSoundData());

**					this->stop();

**

********************************************************/





/* Default constructor */

AnimatedApplication::AnimatedApplication() : Application() {

	this->changesSynchronizer = new PanelChangesSynchronizer(Leds::panel);

	this->animatorRGB = new RGBAnimator(Leds::rgbLEDs);

	this->sampledSoundDataReady = false;

	this->DISPLAY_EVERY_SECOND_DATA = true;

	this->displayEverySecondDataToggle = true;

}



/* Default destructor */

AnimatedApplication::~AnimatedApplication() {

	delete this->changesSynchronizer;

	delete this->animatorRGB;

}





/* When new frame of sound is sampled, set flag that will allow further processing */

void AnimatedApplication::newSampledSoundData() {

	this->sampledSoundDataReady = true;

}



/* Default handler for new beat */

void AnimatedApplication::newBeat() {

}





/* Process the sampled sound data -> acquire spectrum data - this will be called all the time in application loop */

bool AnimatedApplication::processSampledSoundData() {

	if (this->sampledSoundDataReady) {

		AudioSamplingJunction::stopSampling();

		this->sampledSoundDataReady = false;

		AudioProcessing::processAudio();

		AudioSamplingJunction::restartSampling();

		

		if (AudioProcessing::beatDetection())

			this->newBeat();

		

		if (!this->DISPLAY_EVERY_SECOND_DATA || this->displayEverySecondDataToggle)

			this->newSpectrumData(AudioProcessing::spectra, AudioProcessing::spectraCount);

		this->displayEverySecondDataToggle = !this->displayEverySecondDataToggle;

		

		

	}

	return !this->quitApplication;

}








Viz/AnimatedApplication/AnimatedApplication.h

#include <stdio.h>

#include <stdlib.h>

#include "stm32f4xx_conf.h"

#include "STM32F4xx.h"

#include "Application.h"

#include "PanelChangesSynchronizer.h"

#include "RGBAnimator.h"



/********************************************************

** Animated Application razred / Interface

*********************************************************

** Razred, ki spoštuje pravila aplikacije, njeno

** funkcionalnost pa razširja z orodji za animiranje.

*********************************************************

** Pri kreiranju instance upoštevaj:

**

** 		- pokliči AnimatedApplication konstruktor

**

** 		- v enega od (čim hitrejših) interruptov postavi:

**					this->changesSynchronizer->draw()

**

**		- v enega od (čim hitrejših) interruptov postavi:

**					this->animatorRGB->draw()

**

**		-v enega od (počasnejših) interruptov postavi:

**					this->animatorRGB->update()

**

**		- za zvočno aktiviran razred naredi aplikacijsko

**			zanko takole:

**					while(this->processSampledSoundData());

**					this->stop();

**

********************************************************/



#ifndef ANIMATEDAPPLICATION_H

#define ANIMATEDAPPLICATION_H



class AnimatedApplication : public Application {

	

	public:

		AnimatedApplication();

		virtual ~AnimatedApplication();

		virtual void newSampledSoundData();

	  virtual void newBeat();

	

	

	protected:

		PanelChangesSynchronizer* changesSynchronizer;

		RGBAnimator* animatorRGB;

		bool sampledSoundDataReady;

	  bool DISPLAY_EVERY_SECOND_DATA;

		bool displayEverySecondDataToggle;

		

		virtual bool processSampledSoundData();

		

		

	

	

};





#endif










Viz/AnimatedApplication/PanelChangeSet.cpp

#include <stdio.h>

#include <stdlib.h>

#include "stm32f4xx_conf.h"

#include "STM32F4xx.h"

#include "PanelChangeSet.h"





/********************************************************

** PanelChangeSet razred

*********************************************************

** Razred, katerega objekt predstavlja set sprememb na 

** panelu. Te se izrvšujejo skozi vrsto - 

** PanelChangeQueue.

** Vsaka sprememba je tipa PanelChange.

********************************************************/



/* Konstruktor */

PanelChangeSet::PanelChangeSet() {

	this->duration = 1;

	this->changes = new vector<int>;

}



/* Konstruktor z določenim trajanjem */

PanelChangeSet::PanelChangeSet(int duration) {

	this->duration = duration;

	this->changes = new vector<int>;

}



/* Destruktor */

PanelChangeSet::~PanelChangeSet() {

	 //for (vector<int>::iterator i = this->changes->begin(); i != this->changes->end(); i++) {

     //   delete (*i);

    //}

		delete this->changes;

}





/* Dodaj PanelChange */

//void PanelChangeSet::add(PanelChange* pc) {

	//int size = this->changes->size();

	//int capacity = this->changes->capacity();

	//int maxSize = this->changes->max_size();

	

	//this->changes->push_back(pc);

//}



/* Dodaj PanelChange */

void PanelChangeSet::add(int line, int column, int intensity) {

		int i = intensity + 1000* column + 100000* line;

	int size = this->changes->size();

	int capacity = this->changes->capacity();

	int maxSize = this->changes->max_size();

		this->changes->push_back(i);

}










Viz/AnimatedApplication/PanelChangeSet.h

#include <stdio.h>

#include <stdlib.h>

#include <vector>

#include "stm32f4xx_conf.h"

#include "STM32F4xx.h"

//#include "PanelChange.h"



using namespace std;



/********************************************************

** PanelChangeSet razred

*********************************************************

** Razred, katerega objekt predstavlja set sprememb na 

** panelu. Te se izrvšujejo skozi vrsto - 

** PanelChangeQueue.

** Vsaka sprememba je tipa PanelChange.

********************************************************/



#ifndef PANELCHANGESET_H

#define PANELCHANGESET_H



class PanelChangeSet {

	

	public:



		int duration;

		vector<int> *changes;

	

		PanelChangeSet();

		PanelChangeSet(int);

		~PanelChangeSet();

		void add(int line, int column, int intensity);

	

	protected:

	

		

	

	

};





#endif










Viz/AnimatedApplication/PanelChangesQueue.cpp

#include <stdio.h>

#include <stdlib.h>

#include <vector>

#include "stm32f4xx_conf.h"

#include "STM32F4xx.h"

#include "PanelChangesQueue.h"

#include "DataPins.h"

#include "PanelChangeSet.h"



using namespace std;



/********************************************************

** Panel Changes Queue razred

*********************************************************

** Razred, ki predstavlja vrsto za izvrševanje animacij

** v korakih.

** V vsaki vrsti čakajo objekti tipa PanelChange.

** Vsak objekt naredi nekaj sprememb na LED panelu.

********************************************************/



/* Constructor */

PanelChangesQueue::PanelChangesQueue() {

	this->changeSets = new vector<PanelChangeSet*>;

}



/* Destructor */

PanelChangesQueue::~PanelChangesQueue() {

	for (vector<PanelChangeSet*>::iterator i = this->changeSets->begin(); i != this->changeSets->end(); i++) {

        delete (*i);

    }

	delete this->changeSets;

}



/* Add to queue */

void PanelChangesQueue::add(PanelChangeSet* ps) {

	this->changeSets->push_back(ps);

	

}












Viz/AnimatedApplication/PanelChangesQueue.h

#include <stdio.h>

#include <vector>

#include <stdlib.h>

#include "stm32f4xx_conf.h"

#include "STM32F4xx.h"

#include "PanelChangeSet.h"

#include "LEDPanel.h"



using namespace std;



/********************************************************

** Panel Change Queue razred

*********************************************************

** Razred, ki predstavlja vrsto za izvrševanje animacij

** v korakih.

** Vsebuje več paralelnih vrst.

** V vsaki vrsti čakajo objekti tipa PanelChange.

** Vsak objekt naredi nekaj sprememb na LED panelu.

********************************************************/



#ifndef PANELCHANGEQUEUE_H

#define PANELCHANGEQUEUE_H



class PanelChangesQueue {

	

	public:

	

		vector<PanelChangeSet*> *changeSets;

		

	

		PanelChangesQueue();

		~PanelChangesQueue();

		void add(PanelChangeSet*);

		

	protected:	

		

	

	

};





#endif










Viz/AnimatedApplication/PanelChangesSynchronizer.cpp

#include <stdio.h>

#include <stdlib.h>

#include <vector>

#include <algorithm>

#include "stm32f4xx_conf.h"

#include "STM32F4xx.h"

#include "PanelChangesQueue.h"

#include "PanelChangesSynchronizer.h"

#include "DataPins.h"



using namespace std;



/********************************************************

** Panel Change (Queue) Synchronizer razred

*********************************************************

** Razred, ki predstavlja sinhronizator vrste za 

** izvrševanje animacij (izris) v korakih.

** Vsebuje več paralelnih vrst - PanelChangeQueue.

** V vsaki vrsti čakajo objekti tipa PanelChange.

** Vsak objekt naredi nekaj sprememb na LED panelu.

********************************************************/



/* Constructor */

PanelChangesSynchronizer::PanelChangesSynchronizer(LEDPanel* panel) {

	this->panel = panel;

	this->queues = new vector<PanelChangesQueue*>;

}



/* Destructor */

PanelChangesSynchronizer::~PanelChangesSynchronizer() {

	for (vector<PanelChangesQueue*>::iterator i = this->queues->begin(); i != this->queues->end(); i++) {

        delete (*i);

    }

	delete this->queues;

}





/* Create new queue and add it to list */

PanelChangesQueue* PanelChangesSynchronizer::addQueue() {

	PanelChangesQueue* pcq = new PanelChangesQueue();

	this->queues->push_back(pcq);

	return pcq;	

}





/* Add queue to list */

void PanelChangesSynchronizer::add(PanelChangesQueue* pcq) {

	this->queues->push_back(pcq);

}






/* Remove queue from list */

void PanelChangesSynchronizer::removeQueue(PanelChangesQueue* pcq) {

	vector<PanelChangesQueue*>::iterator f = find(this->queues->begin(), this->queues->end(), pcq);

	if( f != this->queues->end() )	{

		delete (*f);

		this->queues->erase(f);

	}

}





/* Draw from queue */

void PanelChangesSynchronizer::draw() {

	

	PanelChangesQueue* pcq;

	PanelChangeSet* pcs;

	

	for (vector<PanelChangesQueue*>::iterator i = this->queues->begin(); i != this->queues->end(); i++) {

        pcq = (*i);

				

				//Pop latest changeSet

				if (pcq->changeSets->size() > 0) {

					

					pcs = pcq->changeSets->front();

					

					for (vector<int>::iterator j = pcs->changes->begin(); j != pcs->changes->end(); j++) {

						int code = (*j);

						int intensity = (int) code % 1000;

						int column = (int) (code/1000) % 100;

						int line = (int) (code/100000) % 100;

						this->panel->ledArray[line][column]->setIntensity(intensity);

					}

					

					if (pcs->duration > 1) {

						pcs->duration--;

					} else {

						pcq->changeSets->erase(pcq->changeSets->begin());

						delete pcs;

					}

				}

		

  }

	

}














Viz/AnimatedApplication/PanelChangesSynchronizer.h

#include <stdio.h>

#include <vector>

#include <stdlib.h>

#include "stm32f4xx_conf.h"

#include "STM32F4xx.h"

#include "PanelChangeSet.h"

#include "PanelChangesQueue.h"

#include "LEDPanel.h"



using namespace std;



/********************************************************

** Panel Change (Queue) Synchronizer razred

*********************************************************

** Razred, ki predstavlja sinhronizator vrste za 

** izvrševanje animacij (izris) v korakih.

** Vsebuje več paralelnih vrst - PanelChangeQueue.

** V vsaki vrsti čakajo objekti tipa PanelChange.

** Vsak objekt naredi nekaj sprememb na LED panelu.

********************************************************/



#ifndef PANELCHANGESYNCHRONIZER_H

#define PANELCHANGESYNCHRONIZER_H



class PanelChangesSynchronizer {

	

	public:

	

		vector<PanelChangesQueue*> *queues;

		

	

		PanelChangesSynchronizer(LEDPanel*);

		~PanelChangesSynchronizer();

		void draw();

		PanelChangesQueue* addQueue();

		void add(PanelChangesQueue*);

		void removeQueue(PanelChangesQueue*);

	

	protected:

	

		LEDPanel* panel;

	

		

	

	

};





#endif










Viz/AnimatedApplication/PanelTextWriter.cpp

#include <stdio.h>

#include <stdlib.h>

#include <string>

#include "stm32f4xx_conf.h"

#include "STM32F4xx.h"

#include "PanelTextWriter.h"

#include "PanelChangesSynchronizer.h"

#include "PanelChangesQueue.h"

#include "PanelChangeSet.h"





/********************************************************

** Panel Text Writer razred

*********************************************************

** Razred, ki sintetizira animacijo premikajočih se črk

** glede na podan tekst.

** Binda se ga na ustrezen PanelChangesQueue objekt,

** kjer doda tekst v vrsto za izpis.

********************************************************/









/* Konstruktor, ustvari si novo vrsto */

PanelTextWriter::PanelTextWriter(PanelChangesSynchronizer* pcs) {

	this->pcs = pcs;

	this->changesQueue = pcs->addQueue();

	this->position = 2;

	this->charWidth = 5;

	this->charHeight = 8;

	this->maxWidth = 20;

}



/* Destruktor, izbriše vrsto */

PanelTextWriter::~PanelTextWriter() {

	this->pcs->removeQueue(this->changesQueue);

}



/* Takojšen izpis sporočila (v vrsto) */

void PanelTextWriter::write(string message, int framesPerChange) {

	

	//Create a dot matrix for all text in dots

	int messageLength = (this->charWidth+1)*message.size() -1;

	if (messageLength < this->maxWidth)

		messageLength = maxWidth;

	bool** dotText = new bool*[this->charHeight];

	for (int i = 0; i < this->charHeight; i++)

		dotText[i] = new bool[messageLength];

	

	//Fill this matrix

	int offset = 0;

	for (int c = 0; c < message.size(); c++) {

		

		char letter = message[c];

		this->characterToDots(letter);



		for (int i = 0; i < this->charHeight; i++) 

			for (int j = 0; j < this->charWidth; j++) 

					dotText[i][j+offset] = characterTransport[i][j];

		

		offset += this->charWidth + 1;

		

	}

	

	//Now create animated frames

	offset = 0;	

	

	//First frame (extended duration for the exit time of first char)

	PanelChangeSet* pcs = new PanelChangeSet(framesPerChange*this->charWidth);

	PanelChangeSet* pcsOff = new PanelChangeSet(framesPerChange*this->charWidth);

	for (int i = 0; i < this->charHeight; i++) {

			for (int j = 0; j < this->maxWidth; j++) {

				if (dotText[i][j]) {

					pcs->add(i+this->position, j, 100);

					pcsOff->add(i+this->position, j, 0);

				}

			}

	}

	this->changesQueue->add(pcs);

	

	

	//Al other frames

	while (messageLength > this->maxWidth + offset) {

		offset++;

		pcs = new PanelChangeSet(framesPerChange);

		for (int i = 0; i < this->charHeight; i++) {

				for (int j = 0; j < this->maxWidth; j++) {

					//diff

					if (dotText[i][j+offset-1] && !dotText[i][j+offset])

						pcs->add(i+this->position, j, 0);

					if (!dotText[i][j+offset-1] && dotText[i][j+offset])

						pcs->add(i+this->position, j, 100);

				}

		}

		this->changesQueue->add(pcs);

	}



	//Free memory from dot matrix

	for (int i = 0; i < this->charHeight; i++)

		delete[] dotText[i];

	delete[] dotText;

	dotText = NULL;

	delete pcsOff;

}



/* Spremeni črko v matriko iz pik */

void PanelTextWriter::characterToDots(char c) {



	//Get all ints

	const unsigned char* dots = PanelTextWriter::Font8x5[(int)c];

	

	for (int i = 0; i < 5; i++) {

		

		for (int j = 0;  j < 8;  ++j)

			this->characterTransport[j][i] =  0 != (dots[i+1] & (1 << j));

		

	}



		

}





const unsigned char PanelTextWriter::Font8x5[][6] = {

{0x00,0x00,0x00,0x00,0x00,0x00},   // 0 0

{0x00,0x64,0x18,0x04,0x64,0x18},   //0x 1 1

{0x00,0x3c,0x40,0x40,0x20,0x7c},   // 0x 2 2

{0x00,0x0c,0x30,0x40,0x30,0x0c},   //0x 3 3

{0x00,0x3c,0x40,0x30,0x40,0x3c},   //0x 4 4

{0x00,0x00,0x3e,0x1c,0x08,0x00},   //0x 5 5

{0x00,0x04,0x1e,0x1f,0x1e,0x04},   //0x 6 6

{0x00,0x10,0x3c,0x7c,0x3c,0x10},   //0x 7 7

{0x00,0x20,0x40,0x3e,0x01,0x02},   //0x 8 8

{0x00,0x22,0x14,0x08,0x14,0x22},   // 0x 9 9

{0x00,0x00,0x38,0x28,0x38,0x00},   // 0x a 10

{0x00,0x00,0x10,0x38,0x10,0x00},   //0x b 11

{0x00,0x00,0x00,0x10,0x00,0x00},   //0x c 12

{0x00,0x08,0x78,0x08,0x00,0x00},   // 0x d 13

{0x00,0x00,0x15,0x15,0x0a,0x00},   //0x e 14

{0x00,0x7f,0x7f,0x09,0x09,0x01},   // 0x f 15

{0x00,0x10,0x20,0x7f,0x01,0x01},   //0x10 16

{0x00,0x04,0x04,0x00,0x01,0x1f},   // 0x11 17

{0x00,0x00,0x19,0x15,0x12,0x00},   // 0x12 18

{0x00,0x40,0x60,0x50,0x48,0x44},   // 0x13 19

{0x00,0x06,0x09,0x09,0x06,0x00},   // 0x14 20

{0x00,0x0f,0x02,0x01,0x01,0x00},   //0x15 21

{0x00,0x00,0x01,0x1f,0x01,0x00},   // 0x16 22

{0x00,0x44,0x44,0x4a,0x4a,0x51},   // 0x17 23

{0x00,0x14,0x74,0x1c,0x17,0x14},   // 0x18 24

{0x00,0x51,0x4a,0x4a,0x44,0x44},   // x19 25

{0x00,0x00,0x00,0x04,0x04,0x04},   // 0x1a 26

{0x00,0x00,0x7c,0x54,0x54,0x44},   //0x1b 27

{0x00,0x08,0x08,0x2a,0x1c,0x08},   // 0x1c 28

{0x00,0x7c,0x00,0x7c,0x44,0x7c},   // 0x1d 29

{0x00,0x04,0x02,0x7f,0x02,0x04},   // 0x1e 30

{0x00,0x10,0x20,0x7f,0x20,0x10},   // 0x1f 31

{0x00,0x00,0x00,0x00,0x00,0x00},   // 0x20 32

{0x00,0x00,0x00,0x6f,0x00,0x00},   // ! 0x21 33

{0x00,0x00,0x07,0x00,0x07,0x00},   // " 0x22 34

{0x00,0x14,0x7f,0x14,0x7f,0x14},   // # 0x23 35

{0x00,0x00,0x07,0x04,0x1e,0x00},   // $ 0x24 36

{0x00,0x23,0x13,0x08,0x64,0x62},   // % 0x25 37

{0x00,0x36,0x49,0x56,0x20,0x50},   // & 0x26 38

{0x00,0x00,0x00,0x07,0x00,0x00},   // ' 0x27 39

{0x00,0x00,0x1c,0x22,0x41,0x00},   // ( 0x28 40

{0x00,0x00,0x41,0x22,0x1c,0x00},   // ) 0x29 41

{0x00,0x14,0x08,0x3e,0x08,0x14},   // * 0x2a 42

{0x00,0x08,0x08,0x3e,0x08,0x08},   // + 0x2b 43

{0x00,0x00,0x50,0x30,0x00,0x00},   // , 0x2c 44

{0x00,0x08,0x08,0x08,0x08,0x08},   // - 0x2d 45

{0x00,0x00,0x60,0x60,0x00,0x00},   // . 0x2e 46

{0x00,0x20,0x10,0x08,0x04,0x02},   // / 0x2f 47

{0x00,0x3e,0x51,0x49,0x45,0x3e},   // 0 0x30 48

{0x00,0x00,0x42,0x7f,0x40,0x00},   // 1 0x31 49

{0x00,0x42,0x61,0x51,0x49,0x46},   // 2 0x32 50

{0x00,0x21,0x41,0x45,0x4b,0x31},   // 3 0x33 51

{0x00,0x18,0x14,0x12,0x7f,0x10},   // 4 0x34 52

{0x00,0x27,0x45,0x45,0x45,0x39},   // 5 0x35 53

{0x00,0x3c,0x4a,0x49,0x49,0x30},   // 6 0x36 54

{0x00,0x01,0x71,0x09,0x05,0x03},   // 7 0x37 55

{0x00,0x36,0x49,0x49,0x49,0x36},   // 8 0x38 56

{0x00,0x06,0x49,0x49,0x29,0x1e},   // 9 0x39 57

{0x00,0x00,0x36,0x36,0x00,0x00},   // : 0x3a 58

{0x00,0x00,0x56,0x36,0x00,0x00},   // ; 0x3b 59

{0x00,0x08,0x14,0x22,0x41,0x00},   // < 0x3c 60

{0x00,0x14,0x14,0x14,0x14,0x14},   // = 0x3d 61

{0x00,0x00,0x41,0x22,0x14,0x08},   // > 0x3e 62

{0x00,0x02,0x01,0x51,0x09,0x06},   // ? 0x3f 63

{0x00,0x3e,0x41,0x5d,0x49,0x4e},   // @ 0x40 64

{0x00,0x7e,0x09,0x09,0x09,0x7e},   // A 0x41 65

{0x00,0x7f,0x49,0x49,0x49,0x36},   // B 0x42 66

{0x00,0x3e,0x41,0x41,0x41,0x22},   // C 0x43 67

{0x00,0x7f,0x41,0x41,0x41,0x3e},   // D 0x44 68

{0x00,0x7f,0x49,0x49,0x49,0x41},   // E 0x45 69

{0x00,0x7f,0x09,0x09,0x09,0x01},   // F 0x46 70

{0x00,0x3e,0x41,0x49,0x49,0x7a},   // G 0x47 71

{0x00,0x7f,0x08,0x08,0x08,0x7f},   // H 0x48 72

{0x00,0x00,0x41,0x7f,0x41,0x00},   // I 0x49 73

{0x00,0x20,0x40,0x41,0x3f,0x01},   // J 0x4a 74

{0x00,0x7f,0x08,0x14,0x22,0x41},   // K 0x4b 75

{0x00,0x7f,0x40,0x40,0x40,0x40},   // L 0x4c 76

{0x00,0x7f,0x02,0x0c,0x02,0x7f},   // M 0x4d 77

{0x00,0x7f,0x04,0x08,0x10,0x7f},   // N 0x4e 78

{0x00,0x3e,0x41,0x41,0x41,0x3e},   // O 0x4f 79

{0x00,0x7f,0x09,0x09,0x09,0x06},   // P 0x50 80

{0x00,0x3e,0x41,0x51,0x21,0x5e},   // Q 0x51 81

{0x00,0x7f,0x09,0x19,0x29,0x46},   // R 0x52 82

{0x00,0x46,0x49,0x49,0x49,0x31},   // S 0x53 83

{0x00,0x01,0x01,0x7f,0x01,0x01},   // T 0x54 84

{0x00,0x3f,0x40,0x40,0x40,0x3f},   // U 0x55 85

{0x00,0x0f,0x30,0x40,0x30,0x0f},   // V 0x56 86

{0x00,0x3f,0x40,0x30,0x40,0x3f},   // W 0x57 87

{0x00,0x63,0x14,0x08,0x14,0x63},   // X 0x58 88

{0x00,0x07,0x08,0x70,0x08,0x07},   // Y 0x59 89

{0x00,0x61,0x51,0x49,0x45,0x43},   // Z 0x5a 90

{0x00,0x3c,0x4a,0x49,0x29,0x1e},   // [ 0x5b 91

{0x00,0x02,0x04,0x08,0x10,0x20},   // \ 0x5c 92

{0x00,0x00,0x41,0x7f,0x00,0x00},   // ] 0x5d 93

{0x00,0x04,0x02,0x01,0x02,0x04},   // ^ 0x5e 94

{0x00,0x40,0x40,0x40,0x40,0x40},   // _ 0x5f 95

{0x00,0x00,0x00,0x03,0x04,0x00},   // ` 0x60 96

{0x00,0x20,0x54,0x54,0x54,0x78},   // a 0x61 97

{0x00,0x7f,0x48,0x44,0x44,0x38},   // b 0x62 98

{0x00,0x38,0x44,0x44,0x44,0x20},   // c 0x63 99

{0x00,0x38,0x44,0x44,0x48,0x7f},   // d 0x64 100

{0x00,0x38,0x54,0x54,0x54,0x18},   // e 0x65 101

{0x00,0x08,0x7e,0x09,0x01,0x02},   // f 0x66 102

{0x00,0x0c,0x52,0x52,0x52,0x3e},   // g 0x67 103

{0x00,0x7f,0x08,0x04,0x04,0x78},   // h 0x68 104

{0x00,0x00,0x44,0x7d,0x40,0x00},   // i 0x69 105

{0x00,0x20,0x40,0x44,0x3d,0x00},   // j 0x6a 106

{0x00,0x00,0x7f,0x10,0x28,0x44},   // k 0x6b 107

{0x00,0x00,0x41,0x7f,0x40,0x00},   // l 0x6c 108

{0x00,0x7c,0x04,0x18,0x04,0x78},   // m 0x6d 109

{0x00,0x7c,0x08,0x04,0x04,0x78},   // n 0x6e 110

{0x00,0x38,0x44,0x44,0x44,0x38},   // o 0x6f 111

{0x00,0x7c,0x14,0x14,0x14,0x08},   // p 0x70 112

{0x00,0x08,0x14,0x14,0x18,0x7c},   // q 0x71 113

{0x00,0x7c,0x08,0x04,0x04,0x08},   // r 0x72 114

{0x00,0x48,0x54,0x54,0x54,0x20},   // s 0x73 115

{0x00,0x04,0x3f,0x44,0x40,0x20},   // t 0x74 116

{0x00,0x3c,0x40,0x40,0x20,0x7c},   // u 0x75 117

{0x00,0x1c,0x20,0x40,0x20,0x1c},   // v 0x76 118

{0x00,0x3c,0x40,0x30,0x40,0x3c},   // w 0x77 119

{0x00,0x44,0x28,0x10,0x28,0x44},   // x 0x78 120

{0x00,0x0c,0x50,0x50,0x50,0x3c},   // y 0x79 121

{0x00,0x44,0x64,0x54,0x4c,0x44},   // z 0x7a 122

{0x00,0x00,0x08,0x36,0x41,0x41},   // { 0x7b 123

{0x00,0x00,0x00,0x7f,0x00,0x00},   // | 0x7c 124

{0x00,0x41,0x41,0x36,0x08,0x00},   // } 0x7d 125

{0x00,0x04,0x02,0x04,0x08,0x04},   // ~ 0x7e 126

{0x00,0x7f,0x6b,0x6b,0x6b,0x7f},   //  0x7f 127

{0x00,0x00,0x7c,0x44,0x7c,0x00},   // ¬ 0x80 128

{0x00,0x00,0x08,0x7c,0x00,0x00},   // � 0x81 129

{0x00,0x00,0x64,0x54,0x48,0x00},   // ‚ 0x82 130

{0x00,0x00,0x44,0x54,0x28,0x00},   // ƒ 0x83 131

{0x00,0x00,0x1c,0x10,0x78,0x00},   // „ 0x84 132

{0x00,0x00,0x5c,0x54,0x24,0x00},   // … 0x85 133

{0x00,0x00,0x78,0x54,0x74,0x00},   // † 0x86 134

{0x00,0x00,0x64,0x14,0x0c,0x00},   // ‡ 0x87 135

{0x00,0x00,0x7c,0x54,0x7c,0x00},   // ˆ 0x88 136

{0x00,0x00,0x5c,0x54,0x3c,0x00},   // ‰ 0x89 137

{0x00,0x78,0x24,0x26,0x25,0x78},   // Š 0x8a 138

{0x00,0x78,0x25,0x26,0x24,0x78},   // ‹ 0x8b 139

{0x00,0x70,0x2a,0x29,0x2a,0x70},   // Œ 0x8c 140

{0x00,0x78,0x25,0x24,0x25,0x78},   // � 0x8d 141

{0x00,0x20,0x54,0x56,0x55,0x78},   // } 0x8e 142

{0x00,0x20,0x55,0x56,0x54,0x78},   // � 0x8f 143

{0x00,0x20,0x56,0x55,0x56,0x78},   // � 0x90 144

{0x00,0x20,0x55,0x54,0x55,0x78},   // ‘ 0x91 145

{0x00,0x7c,0x54,0x56,0x55,0x44},   // ’ 0x92 146

{0x00,0x7c,0x55,0x56,0x54,0x44},   // “ 0x93 147

{0x00,0x7c,0x56,0x55,0x56,0x44},   // ” 0x94 148

{0x00,0x7c,0x55,0x54,0x55,0x44},   // • 0x95 149

{0x00,0x38,0x54,0x56,0x55,0x18},   // – 0x96 150

{0x00,0x38,0x55,0x56,0x54,0x18},   // — 0x97 151

{0x00,0x38,0x56,0x55,0x56,0x18},   // ˜ 0x98 152

{0x00,0x38,0x55,0x54,0x55,0x18},   // ™ 0x99 153

{0x00,0x00,0x44,0x7e,0x45,0x00},   // š 0x9a 154

{0x00,0x00,0x45,0x7e,0x44,0x00},   // › 0x9b 155

{0x00,0x00,0x46,0x7d,0x46,0x00},   // œ 0x9c 156

{0x00,0x00,0x45,0x7c,0x45,0x00},   // � 0x9d 157

{0x00,0x00,0x48,0x7a,0x41,0x00},   // ~ 0x9e 158

{0x00,0x00,0x49,0x7a,0x40,0x00},   // Ÿ 0x9f 159

{0x00,0x00,0x4a,0x79,0x42,0x00},   //   0xa0 160

{0x00,0x00,0x49,0x78,0x41,0x00},   // ¡ 0xa1 161

{0x00,0x38,0x44,0x46,0x45,0x38},   // ¢ 0xa2 162

{0x00,0x38,0x45,0x46,0x44,0x38},   // £ 0xa3 163

{0x00,0x38,0x46,0x45,0x46,0x38},   // ¤ 0xa4 164

{0x00,0x38,0x45,0x44,0x45,0x38},   // ¥ 0xa5 165

{0x00,0x30,0x48,0x4a,0x49,0x30},   // ¦ 0xa6 166

{0x00,0x30,0x49,0x4a,0x48,0x30},   // § 0xa7 167

{0x00,0x30,0x4a,0x49,0x4a,0x30},   // ¨ 0xa8 168

{0x00,0x30,0x49,0x48,0x49,0x30},   // © 0xa9 169

{0x00,0x3c,0x40,0x42,0x41,0x3c},   // ª 0xaa 170

{0x00,0x3c,0x41,0x42,0x40,0x3c},   // « 0xab 171

{0x00,0x3c,0x42,0x41,0x42,0x3c},   // ¬ 0xac 172

{0x00,0x3c,0x41,0x40,0x41,0x3c},   // ­ 0xad 173

{0x00,0x3c,0x40,0x42,0x21,0x7c},   // ® 0xae 174

{0x00,0x3c,0x41,0x42,0x20,0x7c},   // ¯ 0xaf 175

{0x00,0x38,0x42,0x41,0x22,0x78},   // ° 0xb0 176

{0x00,0x3c,0x41,0x40,0x21,0x7c},   // ± 0xb1 177

{0x00,0x4e,0x51,0x71,0x11,0x0a},   // ² 0xb2 178

{0x00,0x58,0x64,0x64,0x24,0x10},   // ³ 0xb3 179

{0x00,0x7c,0x0a,0x11,0x22,0x7d},   // ´ 0xb4 180

{0x00,0x78,0x12,0x09,0x0a,0x71},   // µ 0xb5 181

{0x00,0x00,0x00,0x04,0x02,0x01},   // ¶ 0xb6 182

{0x00,0x01,0x02,0x04,0x00,0x00},   // · 0xb7 183

{0x00,0x00,0x02,0x00,0x02,0x00},   // ¸ 0xb8 184

{0x00,0x30,0x48,0x45,0x40,0x20},   // ¹ 0xb9 185

{0x00,0x00,0x00,0x7b,0x00,0x00},   // º 0xba 186

{0x00,0x38,0x44,0x44,0x38,0x44},   // » 0xbb 187

{0x00,0x40,0x3e,0x49,0x49,0x36},   // ¼ 0xbc 188

{0x00,0x08,0x04,0x08,0x70,0x0c},   // ½ 0xbd 189

{0x00,0x60,0x50,0x48,0x50,0x60},   // ¾ 0xbe 190

{0x00,0x20,0x52,0x55,0x59,0x30},   // ¿ 0xbf 191

{0x00,0x38,0x54,0x54,0x54,0x00},   // À 0xc0 192

{0x00,0x00,0x00,0x7f,0x41,0x00},   // Á 0xc1 193

{0x00,0x40,0x22,0x14,0x18,0x60},   // Â 0xc2 194

{0x00,0x7c,0x20,0x20,0x1c,0x20},   // Ã 0xc3 195

{0x00,0x44,0x3c,0x04,0x7c,0x44},   // Ä 0xc4 196

{0x00,0x40,0x3c,0x12,0x12,0x0c},   // Å 0xc5 197

{0x00,0x41,0x63,0x55,0x49,0x41},   // Æ 0xc6 198

{0x00,0x38,0x44,0x44,0x3c,0x04},   // Ç 0xc7 199

{0x00,0x08,0x04,0x3c,0x44,0x24},   // È 0xc8 200

{0x00,0x08,0x14,0x7f,0x14,0x08},   // É 0xc9 201

{0x00,0x4e,0x71,0x01,0x71,0x4e},   // Ê 0xca 202

{0x00,0x45,0x29,0x11,0x29,0x45},   // Ë 0xcb 203

{0x00,0x0d,0x51,0x51,0x51,0x3d},   // Ì 0xcc 204

{0x00,0x00,0x00,0x05,0x02,0x05},   // Í 0xcd 205

{0x00,0x40,0x00,0x40,0x00,0x40},   // Î 0xce 206

{0x00,0x00,0x08,0x1c,0x3e,0x00},   // Ï 0xcf 207

{0x00,0x1c,0x1c,0x1c,0x00,0x00},   // Ð 0xd0 208

{0x00,0x00,0x70,0x08,0x07,0x00},   // Ñ 0xd1 209

{0x00,0x00,0x08,0x08,0x08,0x00},   // Ò 0xd2 210

{0x00,0x00,0x1d,0x15,0x17,0x00},   // Ó 0xd3 211

{0x00,0x00,0x07,0x05,0x07,0x00},   // Ô 0xd4 212

{0x00,0x00,0x11,0x15,0x0a,0x00},   // Õ 0xd5 213

{0x00,0x00,0x00,0x00,0x00,0x00},   // Ö 0xd6 214

{0x00,0x04,0x3c,0x41,0x20,0x00},   // × 0xd7 215

{0x00,0x7c,0x16,0x15,0x16,0x08},   // Ø 0xd8 216

{0x00,0x21,0x16,0x08,0x34,0x42},   // Ù 0xd9 217

{0x00,0x7f,0x09,0x1d,0x01,0x03},   // Ú 0xda 218

{0x00,0x38,0x54,0x54,0x14,0x08},   // Û 0xdb 219

{0x00,0x00,0x00,0x7c,0x40,0x40},   // Ü 0xdc 220

{0x00,0x7f,0x0e,0x1c,0x38,0x7f},   // Ý 0xdd 221

{0x00,0x41,0x22,0x5d,0x22,0x1c},   // Þ 0xde 222

{0x00,0x1c,0x3e,0x1c,0x08,0x00},   // ß 0xdf 223

{0x00,0x7f,0x7f,0x7f,0x7f,0x7f},   // à 0xe0 224

{0x00,0x77,0x7b,0x01,0x7b,0x77},   // á 0xe1 225

{0x00,0x7f,0x43,0x75,0x43,0x7f},   // â 0xe2 226

{0x00,0x7f,0x6f,0x55,0x43,0x7f},   // ã 0xe3 227

{0x00,0x40,0x40,0x40,0x40,0x40},   // ä 0xe4 228

{0x00,0x44,0x42,0x5f,0x42,0x44},   // å 0xe5 229

{0x00,0x40,0x5e,0x45,0x5e,0x40},   // æ 0xe6 230

{0x00,0x40,0x48,0x55,0x5e,0x40},   // ç 0xe7 231

{0x00,0x00,0x04,0x08,0x10,0x20},   // è 0xe8 232

{0x00,0x03,0x07,0x0e,0x1c,0x38},   // é 0xe9 233

{0x00,0x01,0x03,0x07,0x0f,0x1f},   // ê 0xea 234

{0x00,0x7c,0x78,0x70,0x60,0x40},   // ë 0xeb 235

{0x00,0x08,0x08,0x1c,0x22,0x1c},   // ì 0xec 236

{0x00,0x00,0x1c,0x22,0x1c,0x00},   // í 0xed 237

{0x00,0x02,0x00,0x08,0x00,0x20},   // î 0xee 238

{0x00,0x04,0x3e,0x3f,0x3e,0x04},   // ï 0xef 239

{0x00,0x10,0x3e,0x7e,0x3e,0x10},   // ð 0xf0 240

{0x00,0x55,0x2a,0x55,0x2a,0x55},   // ñ 0xf1 241

{0x00,0x24,0x2a,0x7f,0x2a,0x12},   // ò 0xf2 242

{0x00,0x04,0x1e,0x1f,0x1e,0x04},   // ó 0xf3 243

{0x00,0x00,0x00,0x00,0x00,0x00},   // ô 0xf4 244

{0x00,0x00,0x00,0x00,0x00,0x00},   // õ 0xf5 245

{0x00,0x00,0x00,0x00,0x00,0x00},   // ö 0xf6 246

{0x00,0x00,0x00,0x00,0x00,0x00},   // ÷ 0xf7 247

{0x00,0x00,0x00,0x00,0x00,0x00},   // ø 0xf8 248

{0x00,0x00,0x00,0x00,0x00,0x00},   // ù 0xf9 249

{0x00,0x00,0x00,0x00,0x00,0x00},   // ú 0xfa 250

{0x00,0x00,0x00,0x00,0x00,0x00},   // û 0xfb 251

{0x00,0x00,0x00,0x00,0x00,0x00},   // ü 0xfc 252

{0x00,0x00,0x00,0x00,0x00,0x00},   // ý 0xfd 253

{0x00,0x00,0x00,0x00,0x00,0x00},   // þ 0xfe 254

{0x00,0x00,0x00,0x00,0x00,0x00}    // ÿ 0xff 255

};












Viz/AnimatedApplication/PanelTextWriter.h

#include <stdio.h>

#include <stdlib.h>

#include <string>

#include "stm32f4xx_conf.h"

#include "STM32F4xx.h"

#include "PanelChangesSynchronizer.h"

#include "PanelChangesQueue.h"

#include "PanelChangeSet.h"





/********************************************************

** Panel Text Writer razred

*********************************************************

** Razred, ki sintetizira animacijo premikajočih se črk

** glede na podan tekst.

** Binda se ga na ustrezen PanelChangesQueue objekt,

** kjer doda tekst v vrsto za izpis.

********************************************************/



#ifndef PANELTEXTWRITER_H

#define PANELTEXTWRITER_H



class PanelTextWriter {

	

	public:

		

		

	

		PanelTextWriter(PanelChangesSynchronizer*);

		~PanelTextWriter();

		void write(string message, int framesPerChange);

	

	protected:

		

		void characterToDots(char c);

		

		PanelChangesQueue* changesQueue;

		int position;

		string message;

		int framesPerChange;

		bool characterTransport[8][6];

		int charWidth;

		int charHeight;

		int maxWidth;

		PanelChangesSynchronizer* pcs;

	

		static const unsigned char Font8x5[][6];

	

};





#endif










Viz/AnimatedApplication/SmartPanelObject.cpp

#include <stdio.h>

#include <stdlib.h>

#include <list>

#include "stm32f4xx_conf.h"

#include "STM32F4xx.h"

#include "SmartPanelObject.h"





/********************************************************

** Smart Panel Object razred

*********************************************************

** Je objekt na LED matriki, zanj velja

** 		- ločen od ostalih objektov do točke izrisa

** 		- poljubna velikost

** 		- spremenljiva pozicija

**		- določen s poljubnim številom frame-ov

**		- animiranje tako da se spreminja frame

**		- tudi mehko animiranje (prikaz umesnih frameov)

**		- super mehko animiranje z interpolacijo sosednjih f.

**

** Objekt je narisan v obliki INT matrike z intenzivnostmi.

** Podpira pa tudi transparentnost (intenzivnost -1)

**

** Binda se na PanelChangesQueue, kjer generira spremembe.

********************************************************/



/* Konstruktor, pripravi izpisno vrsto, tabele.... */

SmartPanelObject::SmartPanelObject(PanelChangesSynchronizer* pcs, int line, int column, int width, int height) {

	this->changesQueue = pcs->addQueue();

	this->line = line;

	this->column = column;

	this->width = width;

	this->height = height;

	

	this->states = new vector<int**>; 

	//this->transparentBits = new bool*[this->height];

	//for (int j = 0; j < this->height; j++)

	//	this->transparentBits[j] = new bool[this->width];

	

	this->currentState = -1;

}



/* Uniči kar je pripravil konstruktor */

SmartPanelObject::~SmartPanelObject() {

	

	delete this->changesQueue;

	

	for (vector<int**>::iterator i = this->states->begin(); i != this->states->end(); i++) {

				for (int j = 0; j < this->height; j++)

					delete[] (*i)[j];

			delete[] (*i);

    }

	

	delete this->states;

	

//for (int j = 0; j < this->height; j++)

	///delete[] this->transparentBits[j];

	//delete[] this->transparentBits;

	

	

}

		

		

/* Število stanj, ki jih podpira SmartPanel objekt */

int SmartPanelObject::statesCount() {

	return this->states->size();	

}

		

/* Dodaj stanje v zbirko stanj */

void SmartPanelObject::addState(int** inputState) {



	int** newState = new int*[this->height];

	for (int j = 0; j < this->height; j++)

		newState[j] = new int[this->width];

	

	for (int i = 0; i < this->height; i++)

		for (int j = 0; j < this->width; j++)

			newState[i][j] = inputState[i][j];

	

	this->states->push_back(newState);	

}

		

/* Zamenjaj stanje ter ga izriši */

void SmartPanelObject::toState(int finalState) {

	PanelChangeSet* pcs = new PanelChangeSet();

	

	if (this->currentState == -1) {

		

		this->clear();

		for (int i = 0; i < this->height; i++) {

			for (int j = 0; j < this->width; j++) {

				int vectorSize = this->states->size();

				if (vectorSize > finalState) {

					pcs->add(this->line+i, this->column+j, this->states->at(finalState)[i][j]);

				}

			}

		}

		

	} else {

		

		for (int i = 0; i < this->height; i++) {

			for (int j = 0; j < this->width; j++) {

				int vectorSize = this->states->size();

				if (vectorSize > finalState && this->states->at(finalState)[i][j] != this->states->at(this->currentState)[i][j]) {

					pcs->add(this->line+i, this->column+j, this->states->at(finalState)[i][j]);

				}

			}

		}

		

	}	

	

	this->changesQueue->add(pcs);

	this->currentState = finalState;

}

		

/* Zamenjaj stanje tako da izrišeš tudi vsa umesna stanja */

void SmartPanelObject::toStateSmoothly(int finalState) {

	int initialState = this->currentState;

	if (initialState < finalState) {

		for (int i = initialState; i < finalState; i++)

			this->toState(i+1);

	}

	else if (initialState > finalState) {

		for (int i = initialState; i > finalState; i--)

			this->toState(i-1);

	}

}

	

		

/* Zamenjaj stanje na naslednje */

void SmartPanelObject::nextState() {

	this->toState((this->currentState + 1) % this->statesCount() );

}



/* Pobriši vse razen prosojnih bitov */

void SmartPanelObject::clear() {

	PanelChangeSet* pcs = new PanelChangeSet();

	for (int i = 0; i < this->height; i++) {

		for (int j = 0; j < this->width; j++) {

			pcs->add(this->line+i, this->column+j, 0);

		}

	}

	this->changesQueue->add(pcs);

}

		

/* Nastavi prosojni bit */

//void SmartPanelObject::setTransparentBits(int line, int column) {

//	this->transparentBits[line][column] = true;	

//}
















Viz/AnimatedApplication/SmartPanelObject.h

#include <stdio.h>

#include <stdlib.h>

#include "stm32f4xx_conf.h"

#include "STM32F4xx.h"

#include "PanelChangesSynchronizer.h"

#include "PanelChangesQueue.h"





/********************************************************

** Smart Panel Object razred

*********************************************************

** Je objekt na LED matriki, zanj velja

** 		- ločen od ostalih objektov do točke izrisa

** 		- poljubna velikost

** 		- spremenljiva pozicija

**		- določen s poljubnim številom frame-ov

**		- animiranje tako da se spreminja frame

**		- tudi mehko animiranje (prikaz umesnih frameov)

**		- super mehko animiranje z interpolacijo sosednjih f.

**

** Objekt je narisan v obliki INT matrike z intenzivnostmi.

** Podpira pa tudi transparentnost (intenzivnost -1)

**

** Binda se na PanelChangesQueue, kjer generira spremembe.

********************************************************/



#ifndef SMARTPANELOBJECT_H

#define SMARTPANELOBJECT_H



class SmartPanelObject {

	

	public:

		int width;

		int height;

		int currentState;

		int line;

		int column;

		

		

		SmartPanelObject(PanelChangesSynchronizer* pcs, int line, int column, int width, int height);

	  ~SmartPanelObject();

		

		int statesCount();

		void addState(int**);

		void toState(int);

		void toStateSmoothly(int);

		void nextState();

		void clear();

	//	void setTransparentBits(int line, int column);

	

	

	protected:

		PanelChangesQueue* changesQueue;

		vector<int**>* states;

		//bool** transparentBits;

		

	

	

};





#endif










Viz/Animations/RGBAnimator.cpp

#include <stdio.h>

#include <stdlib.h>

#include <vector>

#include "stm32f4xx_conf.h"

#include "STM32F4xx.h"

#include "RGBAnimator.h"

#include "RgbLED.h"

#include "RGBEffect.h"



using namespace std;



/********************************************************

** RGB Animator razred

*********************************************************

** Je razred, ki animira RGB ledice in omogoča

** upravljanje z njimi kot z eno enoto.

********************************************************/



/* Konstruktor */

RGBAnimator::RGBAnimator(RgbLED* leds[][2]) {

	this->leds[0][0] = leds[0][0];

	this->leds[0][1] = leds[0][1];

	this->leds[1][0] = leds[1][0];

	this->leds[1][1] = leds[1][1];

	this->leds[2][0] = leds[2][0];

	this->leds[2][1] = leds[2][1];	

	

	this->effects = new vector<RGBEffect*>;

	

	this->intensity = 100;

}



/* Destruktor */

RGBAnimator::~RGBAnimator() {

	for (vector<RGBEffect*>::iterator i = this->effects->begin(); i != this->effects->end(); i++)

     delete (*i);

	delete this->effects;

}



/* Funkcija za izris */

void RGBAnimator::addEffect(RGBEffect* effect) {

	this->effects->push_back(effect);

}



/* Funkcija za izris */

void RGBAnimator::draw() {

	RGBEffect* rgbe;

	int** effectColors;

	bool firstEffect = true;

	for (vector<RGBEffect*>::iterator i = this->effects->begin(); i != this->effects->end(); i++) {

      rgbe = (*i);

			if (rgbe->enabled) {

				if (firstEffect) {

					effectColors = rgbe->draw();

					for (int a = 0; a < 3; a++)

						for (int b = 0; b < 2; b++)

							this->colors[a][b] = effectColors[a][b];

					firstEffect=false;

				} else {

					effectColors = rgbe->draw(effectColors);

					for (int a = 0; a < 3; a++)

						for (int b = 0; b < 2; b++)

							this->colors[a][b] = effectColors[a][b];

				}

			}

	}

	

	//Draw

	for (int a = 0; a < 3; a++) {

		for (int b = 0; b < 2; b++) {

			int code = this->colors[a][b];

			code = ((int) ((code % 100)* this->intensity)/100) +

							((int) (((code/100) % 100) * this->intensity)/100)*100 +

								((int) (((code/10000) % 100) * this->intensity)/100)*10000;

			this->leds[a][b]->setColor(code);

		}

	}

	

}



/* Funkcija za update */

void RGBAnimator::update() {

	RGBEffect* rgbe;

	for (vector<RGBEffect*>::iterator i = this->effects->begin(); i != this->effects->end(); i++) {

      rgbe = (*i);

			if (rgbe->enabled) 

				rgbe->update();

	}

}



/* Funkcija za izris */

void RGBAnimator::setAll(int color) {

	for (int a = 0; a < 3; a++)

		for (int b = 0; b < 2; b++)

			this->colors[a][b] = color;	

}	



/* Funkcija za izris */

void RGBAnimator::clearAll() {

	for (int a = 0; a < 3; a++)

		for (int b = 0; b < 2; b++)

			this->colors[a][b] = 0;	

}	



/* Funkcija za izris */

void RGBAnimator::setIntensity(int intensity) {

	this->intensity = intensity;

}	


















Viz/Animations/RGBAnimator.h

#include <stdio.h>

#include <stdlib.h>

#include <vector>

#include "stm32f4xx_conf.h"

#include "STM32F4xx.h"

#include "RgbLED.h"

#include "RGBEffect.h"



using namespace std;



/********************************************************

** RGB Animator razred

*********************************************************

** Je razred, ki animira RGB ledice in omogoča

** upravljanje z njimi kot z eno enoto.

********************************************************/



#ifndef RGBANIMATOR_H

#define RGBANIMATOR_H



class RGBAnimator {

	

	public:

		

		RGBAnimator(RgbLED* leds[][2]);

	  ~RGBAnimator();

		

		void draw();

		void update();

		void setAll(int color);

		void clearAll();

		void setIntensity(int intensity);

		void addEffect(RGBEffect*);

		

	

	protected:

		RgbLED* leds[3][2];

		int	colors[3][2];

		vector<RGBEffect*> *effects;

		int intensity;

		

	

	

};





#endif










Viz/Animations/RGBEffect.cpp

#include <stdio.h>

#include <stdlib.h>

#include <list>

#include "stm32f4xx_conf.h"

#include "STM32F4xx.h"

#include "RGBEffect.h"

#include "RGBAnimator.h"



/********************************************************

** RGB Effect razred

*********************************************************

** Je generični razred, ki predpisuje obliko razreda

** za vse efekt objekte.

********************************************************/





/* Konstruktor */

RGBEffect::RGBEffect() {

	this->outputColors = new int*[3];

	this->outputColors[0] = new int[2];

	this->outputColors[1] = new int[2];

	this->outputColors[2] = new int[2];

	this->enabled = true;

}



/* Destruktor */

RGBEffect::~RGBEffect() {

	delete this->outputColors[0];

	delete this->outputColors[1];

	delete this->outputColors[2];

	delete this->outputColors;

}



/* Osveži animacijo za 1 korak */

void RGBEffect::update() {

	

}



/* Izriši naslednji korak */

int** RGBEffect::draw() {

	return this->outputColors;

}



/* Izriši naslednji korak, upoštevaj pa prejšnje barve od prejšnjega efekta */

int** RGBEffect::draw(int** existingColors) {

	return this->draw();

}
















Viz/Animations/RGBEffect.h

#include <stdio.h>

#include <stdlib.h>

#include "stm32f4xx_conf.h"

#include "STM32F4xx.h"





/********************************************************

** RGB Effect razred

*********************************************************

** Je generični razred, ki predpisuje obliko razreda

** za vse efekt objekte.

********************************************************/



#ifndef RGBEFFECT_H

#define RGBEFFECT_H



class RGBEffect {

	

	public:		

		bool enabled;

		

		RGBEffect();

	  virtual ~RGBEffect();



		virtual void update();

		virtual int** draw();

		virtual int** draw(int**);

		

	

	protected:

		int** outputColors;

		

	

	

};





#endif










Viz/Animations/RGBPulse.cpp

#include <stdio.h>

#include <stdlib.h>

#include <list>

#include "stm32f4xx_conf.h"

#include "STM32F4xx.h"

#include "RGBAnimator.h"

#include "RGBPulse.h"





/********************************************************

** RGB Pulse (:RGB Effect)

*********************************************************

** Je razred, ki izvede pulse effect nad RGB Ledicami.

********************************************************/



/* Konstruktor */

RGBPulse::RGBPulse() : RGBEffect() {



}



/* Destruktor */

RGBPulse::~RGBPulse() {

	

	

	

}

		

	












Viz/Animations/RGBPulse.h

#include <stdio.h>

#include <stdlib.h>

#include "stm32f4xx_conf.h"

#include "STM32F4xx.h"

#include "RGBEffect.h"





/********************************************************

** RGB Pulse (:RGB Effect)

*********************************************************

** Je razred, ki izvede pulse effect nad RGB Ledicami.

********************************************************/



#ifndef RGBPULSE_H

#define RGBPULSE_H



class RGBPulse : public RGBEffect {

	

	public:	

		

		RGBPulse();

	  virtual ~RGBPulse();



	

	

	protected:



		

	

	

};





#endif










Viz/Animations/RGBSemaphor.cpp

#include <stdio.h>

#include <stdlib.h>

#include <vector>

#include "stm32f4xx_conf.h"

#include "STM32F4xx.h"

#include "RGBAnimator.h"

#include "RGBSemaphor.h"



using namespace std;



/********************************************************

** RGB Semaphor (:RGB Effect)

*********************************************************

** Je razred, ki izvedesemafor efekt nad RGB Ledicami.

** Možni so naslednji efekti:

**	-	Semafor (tri barve, ki se vklaplajo zaporedno)

**	- Waterfall (barve padajo ob kliku)

**	- Clock (barve se menjajo v smeri urinega kazalca)

**	-	Random (barve se menjajo naključno)

********************************************************/



/* Konstruktor */

RGBSemaphor::RGBSemaphor(Effect effectType) : RGBEffect() {

	this->effectType = effectType;

	this->colors = new vector<int>;

	this->currentColor = 0;

	this->currentLight = 0;

	this->currentEffect = effectType;

	this->ignoreEverySecond = false;

}



/* Destruktor */

RGBSemaphor::~RGBSemaphor() {

	delete this->colors;

}



/* Naslednji efekt */

void RGBSemaphor::nextEffect() {

	this->currentEffect = (this->currentEffect + 1) % RGBSemaphor::EFFECT_COUNT;

	this->effectType = Effect(this->currentEffect);

}



/* Dodaj barvo */

void RGBSemaphor::addColor(int color) {

	this->colors->push_back(color);

}





/* Osveži animacijo za 1 korak */

void RGBSemaphor::update() {

	if (this->colors->size() < 1)

		return;

	

	this->ignore = !this->ignore;

	

	if (this->ignore && this->ignoreEverySecond)

		return;

	

	switch (this->effectType) {

		

		case RGBSemaphor::Semaphor:

			this->effectSemaphor();

		break;

		

		

		case RGBSemaphor::Waterfall:

			this->effectWaterfall();

		break;

		

		

		case RGBSemaphor::Clock:

			this->effectClock();

		break;

		

		case RGBSemaphor::Random:

			this->effectRandom();

		break;

		

		case RGBSemaphor::Pair:

			this->effectPair();

		break;

		

		case RGBSemaphor::TogglePair:

			this->effectTogglePair();

		break;

				

		case RGBSemaphor::ToggleRandom:

			this->effectToggleRandom();

		break;

		

	}

}



		

/* Osveži animacijo Semaphor za 1 korak */

void RGBSemaphor::effectSemaphor() {

	int colorCount = this->colors->size();

	this->currentColor = (this->currentColor + 1) % colorCount;

	

	for (int a = 0; a < 3; a++) {

		for (int b = 0; b < 2; b++) {

			if (a == this->currentLight)

				this->outputColors[a][b] = this->colors->at((this->currentColor + a) % colorCount);

			else 

				this->outputColors[a][b] = 0;

		}

	}

	

	this->currentLight = (this->currentLight + 1 ) % 3;

}





/* Osveži animacijo Waterfall za 1 korak */

void RGBSemaphor::effectWaterfall() {

	int colorCount = this->colors->size();

	this->currentColor = (this->currentColor + 1) % colorCount;

	

	for (int a = 0; a < 3; a++) {

		for (int b = 0; b < 2; b++) {

			this->outputColors[a][b] = this->colors->at((this->currentColor + a) % colorCount);

		}

	}

	

}





/* Osveži animacijo Clock za 1 korak */

void RGBSemaphor::effectClock() {

	

	int colorCount = this->colors->size();

	

	this->currentColor = (this->currentColor + 1) % colorCount;

	

	this->outputColors[0][1] = this->colors->at((this->currentColor + 0) % colorCount);

	this->outputColors[1][1] = this->colors->at((this->currentColor + 1) % colorCount);

	this->outputColors[2][1] = this->colors->at((this->currentColor + 2) % colorCount);

	this->outputColors[2][0] = this->colors->at((this->currentColor + 3) % colorCount);

	this->outputColors[1][0] = this->colors->at((this->currentColor + 4) % colorCount);

	this->outputColors[0][0] = this->colors->at((this->currentColor + 5) % colorCount);



	

	

}





/* Osveži animacijo Random za 1 korak */

void RGBSemaphor::effectRandom() {

	int colorCount = this->colors->size();

	int colorIndex = (int) ((rand()%100)*colorCount/100);

	for (int a = 0; a < 3; a++) {

		for (int b = 0; b < 2; b++) {

			this->outputColors[a][b] = this->colors->at(colorIndex);

		}

	}

	

}





/* Osveži animacijo Pair za 1 korak */

void RGBSemaphor::effectPair() {

	int colorCount = this->colors->size();

	this->currentColor = (this->currentColor + 2) % colorCount;

	

	for (int a = 0; a < 3; a++) {

		for (int b = 0; b < 2; b++) {

			this->outputColors[a][b] = this->colors->at((this->currentColor + b) % colorCount);

		}

	}

	

}





/* Osveži animacijo Pair za 1 korak */

void RGBSemaphor::effectTogglePair() {

	int colorCount = this->colors->size();

	

	

	for (int a = 0; a < 3; a++) {

		for (int b = 0; b < 2; b++) {

			if (this->currentLight == 1 && b == 1 || 

					this->currentLight == 2 && b == 0 || 

					this->currentLight == 3 && b == b ||

					this->currentLight == 4 && b == 1)

				this->outputColors[a][b] = this->colors->at((this->currentColor + b) % colorCount);

			else 

				this->outputColors[a][b] = 0;

		}

	}

	

	this->currentLight++;

	if (this->currentLight > 4) {

		this->currentLight = 0;

		this->currentColor = (this->currentColor + 1) % colorCount;

	}

}



/* Osveži animacijo Random za 1 korak */

void RGBSemaphor::effectToggleRandom() {

	int colorCount = this->colors->size();

	int colorIndex = (int) ((rand()%100)*colorCount/100);

	for (int a = 0; a < 3; a++) {

		for (int b = 0; b < 2; b++) {

			if (this->toggle)

				this->outputColors[a][b] = this->colors->at(colorIndex);

			else

				this->outputColors[a][b]  = 0;

		}

	}

	

	this->toggle = ! this->toggle;

}












Viz/Animations/RGBSemaphor.h

#include <stdio.h>

#include <stdlib.h>

#include <vector>

#include "stm32f4xx_conf.h"

#include "STM32F4xx.h"

#include "RGBEffect.h"



using namespace std;



/********************************************************

** RGB Semaphor (:RGB Effect)

*********************************************************

** Je razred, ki izvedesemafor efekt nad RGB Ledicami.

** Možni so naslednji efekti:

**	-	Semafor (tri barve, ki se vklaplajo zaporedno)

**	- Waterfall (barve padajo ob kliku)

**	- Clock (barve se menjajo v smeri urinega kazalca)

**	-	Random (barve se menjajo naključno)

********************************************************/



#ifndef RGBSEMAPHOR_H

#define RGBSEMAPHOR_H



class RGBSemaphor : public RGBEffect {

	

	public:	

		enum Effect { Semaphor, Waterfall, Clock, Random, Pair, TogglePair, ToggleRandom };

		static int const EFFECT_COUNT = 7;



		RGBSemaphor(Effect effectType);

	  virtual ~RGBSemaphor();

	

		virtual void update();

		void addColor(int);

		void nextEffect();

		bool ignoreEverySecond;

	

	protected:

		Effect effectType;

		vector<int>* colors;

		int currentColor;

		int currentLight;

		int currentEffect;

		bool toggle;

		bool ignore;

	

		void effectSemaphor();

		void effectWaterfall();

		void effectClock();

		void effectRandom();

		void effectPair();

		void effectTogglePair();

		void effectToggleRandom();

	

		

	

};





#endif










Viz/Animations/RGBWaterfall.cpp

#include <stdio.h>

#include <stdlib.h>

#include <list>

#include "stm32f4xx_conf.h"

#include "STM32F4xx.h"

#include "RGBAnimator.h"

#include "RGBWaterfall.h"





/********************************************************

** RGB Waterfall (:RGB Effect)

*********************************************************

** Je razred, ki izvede waterfall effekt nad RGB 

**	Ledicami.

** Definirane barve se počasi prelijejo ena v drugo.

********************************************************/



/* Konstruktor */

RGBWaterfall::RGBWaterfall() : RGBEffect() {



}



/* Destruktor */

RGBWaterfall::~RGBWaterfall() {

	

	

	

}

		

	












Viz/Animations/RGBWaterfall.h

#include <stdio.h>

#include <stdlib.h>

#include "stm32f4xx_conf.h"

#include "STM32F4xx.h"

#include "RGBEffect.h"





/********************************************************

** RGB Waterfall (:RGB Effect)

*********************************************************

** Je razred, ki izvede waterfall effekt nad RGB 

**	Ledicami.

** Definirane barve se počasi prelijejo ena v drugo.

********************************************************/



#ifndef RGBWATERFALL_H

#define RGBWATERFALL_H



class RGBWaterfall : public RGBEffect {

	

	public:	

		

		RGBWaterfall();

	  virtual ~RGBWaterfall();



	

	

	protected:



		

	

	

};





#endif










Viz/Application/Application.cpp

#include <stdio.h>

#include <stdlib.h>

#include "stm32f4xx_conf.h"

#include "STM32F4xx.h"

#include "Application.h"

#include "DataPins.h"

#include "ApplicationHandler.h"



/********************************************************

** Application razred / Interface

*********************************************************

** Razred, ki doloca pravila, ki jih mora spostovati

** vsaka aplikacija, da je lahko aplikacija / interface.

********************************************************/





/* Default timer functions are empty */

void Application::r64second() {}

void Application::r32second() {}

void Application::r16second() {}

void Application::r8second() {}

void Application::quarterSecond() {}

void Application::halfSecond() {}

void Application::oneSecond() {}

void Application::fiveSeconds() {}



/* Default constructor */

Application::Application() {

	this->quitApplication = false;

}



/* Default destructor */

Application::~Application() {



}



/* Default application loop */	

void Application::start() {

	while(!this->quitApplication);

	this->stop();

}



/* End of application */	

void Application::stop() {

	ApplicationHandler::applicationInstantized = false;

	delete this;

}



/* Quit application interrupt */

void Application::quit() {

	this->quitApplication = true;

}



/* Default Quit button action functions are empty */

void Application::buttonQuit(){

	this->quit();

}



/* Default button functions are empty */

void Application::buttonLeft() {}

void Application::buttonRight() {}

void Application::buttonConfirm() {}

	

/* Default reaction to new spectrum (processed) data */

void Application::newSpectrumData(double* spectra, int spectraCount) {}

	

/* Default reaction to new sound (unprocessed) data - in application handler, there is no reponse */

void Application::newSampledSoundData() {}

	










Viz/Application/Application.h

#include <stdio.h>

#include <stdlib.h>

#include "stm32f4xx_conf.h"

#include "STM32F4xx.h"





/********************************************************

** Application razred / Interface

*********************************************************

** Razred, ki doloca pravila, ki jih mora spostovati

** vsaka aplikacija, da je lahko aplikacija / interface.

********************************************************/



#ifndef APPLICATION_H

#define APPLICATION_H



class Application {

	

	public:

	

	Application();

	virtual ~Application();

	

	virtual void start();

	virtual void stop();

	

	virtual void r64second();

	virtual void r32second();

	virtual void r16second();

	virtual void r8second();

	

	virtual void quarterSecond();

	virtual void halfSecond();

	virtual void oneSecond();

	virtual void fiveSeconds();

	

	virtual void buttonLeft();

	virtual void buttonQuit();

	virtual void buttonRight();

	virtual void buttonConfirm();

	

	virtual void newSpectrumData(double* spectra, int spectraCount);

	virtual void newSampledSoundData();

	

	virtual void quit();

	

	protected:

	

	bool quitApplication;

	

		

	

	

};





#endif










Viz/Application/ApplicationHandler.cpp

#include <stdio.h>

#include <stdlib.h>

#include "stm32f4xx_conf.h"

#include "STM32F4xx.h"

#include "ApplicationHandler.h"

#include "DataPins.h"





/******************************************************

** ApplicationHandler razred

*******************************************************

** Statični razred, ki predstavlja menu za izbiro

** različnih aplikacij. Drži tudi instanco trenutno

** odprte aplikacije.

******************************************************/





Application* ApplicationHandler::application;

bool ApplicationHandler::applicationInstantized = false;

int ApplicationHandler::chosen = 0;
















Viz/Application/ApplicationHandler.h

#include <stdio.h>

#include <stdlib.h>

#include "stm32f4xx_conf.h"

#include "STM32F4xx.h"

#include "Application.h"





/******************************************************

** ApplicationHandler razred

*******************************************************

** Statični razred, ki predstavlja menu za izbiro

** različnih aplikacij. Drži tudi instanco trenutno

** odprte aplikacije.

******************************************************/



#ifndef APPLICATIONHANDLER_H

#define APPLICATIONHANDLER_H



class ApplicationHandler {

	

	public:

	

		static Application* application;

		static bool applicationInstantized;

		static int chosen;

	

		

	

	

};





#endif










Viz/Applications/ApplicationChooser.cpp

#include <stdio.h>

#include <stdlib.h>

#include "stm32f4xx_conf.h"

#include "STM32F4xx.h"

#include "ApplicationChooser.h"

#include "DataPins.h"

#include "Leds.h"

#include "PanelTextWriter.h"

#include "ApplicationHandler.h"





/******************************************************

** ApplicationChooser razred ( : AnimatedApplication)

*******************************************************

** Razred za izbiro aplikacije.

******************************************************/





/* Konstruktor */

ApplicationChooser::ApplicationChooser() : AnimatedApplication() {

	this->currentChoice = 0;

	this->choicesCount = 5;

}



/* Destruktor */

ApplicationChooser::~ApplicationChooser() {



}





/* Start */

void ApplicationChooser::start() {

	

	this->ptw = new PanelTextWriter(this->changesSynchronizer);

	this->ready = false;

	this->choose();

	this->displayText();

	

	while(!this->quitApplication);

	Leds::panel->clearAll();

	delete this->ptw;

	this->stop();

}



/* Display text */

void ApplicationChooser::displayText() {

	delete this->ptw;

	this->ptw = new PanelTextWriter(this->changesSynchronizer);

	Leds::panel->clearAll();

	int speed = 2;

	switch (this->currentChoice) {

		case 0:

			this->ptw->write("Spectrograph", speed);

		break;

		

		case 1:

			this->ptw->write("Banging Arrows", speed);

		break;



		case 2:

			this->ptw->write("Startup Toast", speed);

		break;

		

		case 3:

			this->ptw->write("Demo", speed);

		break;

		case 4:

			this->ptw->write("LED Chaser", speed);

		break;

		

	}

	

	

}



/* Choose */

void ApplicationChooser::choose() {

	ApplicationHandler::chosen = this->currentChoice;

}





/* 5 seconds */

void ApplicationChooser::fiveSeconds() {

	this->counter++;

	if (this->counter > 2) {

		this->ready = false;

		this->displayText();

		this->counter = 0;

	}

	

}



/* 5 seconds */

void ApplicationChooser::oneSecond() {

	this->ready = true;

	

}



/* Na 1/32 sekunde */

void ApplicationChooser::r32second() {

	if (!this->quitApplication)

		this->changesSynchronizer->draw();

	

}



/* Levo */

void ApplicationChooser::buttonLeft() {

	if (this->ready) {

		this->ready = false;

		if (this->currentChoice == 0)

			this->currentChoice = this->choicesCount;

		this->currentChoice--;

		this->choose();

		this->displayText();

	}

}







/* Desno */

void ApplicationChooser::buttonRight() {

	if (this->ready) {

		this->ready = false;

		this->currentChoice = (this->currentChoice+1)%this->choicesCount;

		this->choose();

		this->displayText();

	}

}



/* Potrditev */

void ApplicationChooser::buttonConfirm() {

	this->quit();

}














Viz/Applications/ApplicationChooser.h

#include <stdio.h>

#include <stdlib.h>

#include "stm32f4xx_conf.h"

#include "STM32F4xx.h"

#include "AnimatedApplication.h"

#include "PanelTextWriter.h"





/******************************************************

** ApplicationChooser razred ( : AnimatedApplication)

*******************************************************

** Razred za izbiro aplikacije.

******************************************************/





#ifndef APPLICATIONCHOOSER_H

#define APPLICATIONCHOOSER_H



class ApplicationChooser : public AnimatedApplication {

	

	public:

		ApplicationChooser();

		virtual ~ApplicationChooser();

		virtual void start();

		virtual void r32second();

		virtual void fiveSeconds();

		virtual void oneSecond();

		virtual void buttonLeft();

		virtual void buttonRight();

		virtual void buttonConfirm();

		



	protected:	

		int counter;

		int currentChoice;

		int choicesCount;

		void displayText();

		void choose();

		PanelTextWriter *ptw;

		bool ready;

		

	

};





#endif










Viz/Applications/BangingArrows.cpp

#include <stdio.h>

#include <stdlib.h>

#include "stm32f4xx_conf.h"

#include "STM32F4xx.h"

#include "BangingArrows.h"

#include "DataPins.h"

#include "Leds.h"

#include "SmartPanelObject.h"

#include "RGBSemaphor.h"

#include "AudioSamplingJunction.h"

#include "AudioProcessing.h"





/******************************************************

** Banging Arrows razred ( : AnimatedApplication)

*******************************************************

** Razred, ki predstavlja zvočno aktivirano aplikacijo,

** ki zvok grafično prikazuje v obliki 4 puščic ki se

** trkajo.

******************************************************/



/* Konstruktor */

void BangingArrows::addMirrored(int **arrIn, bool b) {

	int** tmpArr = new int*[6];

	for (int i = 0; i < 6; i++)

		tmpArr[i] = new int[6];

	

	if (!b)

	this->arrows[0]->addState(arrIn);

	

	if (b) {

	for (int i = 0; i<6; i++)

		for (int j= 0; j < 6; j++)

			tmpArr[i][j] = arrIn[i][5-j];

	

	this->arrows[1]->addState(tmpArr);

	}

	

	if (b) {

	for (int i = 0; i<6; i++)

		for (int j= 0; j < 6; j++)

			tmpArr[i][j] = arrIn[5-i][j];

	

	

	this->arrows[2]->addState(tmpArr);

	}

	

	if (!b) {

	for (int i = 0; i<6; i++)

		for (int j= 0; j < 6; j++)

			tmpArr[i][j] = arrIn[5-i][5-j];

	

	

	this->arrows[3]->addState(tmpArr);

	}

}





/* Konstruktor */

BangingArrows::BangingArrows() : AnimatedApplication() {

	

	this->DISPLAY_EVERY_SECOND_DATA = true;

	

	this->intensity = 50;

	this->arrows = new SmartPanelObject*[4];

	this->dots = new SmartPanelObject*[2];

	this->dataLeft = 0;

	

	for (int i = 0; i < 4; i++)

		this->states[i] = 0;

	

	//Transfer array 

	int** tmpArr = new int*[6];

	for (int i = 0; i < 6; i++)

		tmpArr[i] = new int[6];

	

	/**** PIKE *****/

	this->dots[0] = new SmartPanelObject(this->changesSynchronizer, 0, 0, 2, 12);

	this->dots[1] = new SmartPanelObject(this->changesSynchronizer, 0, 18, 2, 12);

	

	int** tmpArr2 = new int*[12];

	for (int i = 0; i < 12; i++)

		tmpArr2[i] = new int[2];

	

	

	//Set to zero

	for (int i = 0; i<12; i++) {

			tmpArr2[i][0] = 0;

			tmpArr2[i][1] = 0;

	}

	

	for (int n = 0; n < 12; n++) {

		tmpArr2[n][0] = 100;

		tmpArr2[(n+1)%12][1] = 100;

		tmpArr2[(n+2)%12][0] = 100;

		this->dots[0]->addState(tmpArr2);

		tmpArr2[n][0] = 0;

		tmpArr2[(n+1)%12][1] = 0;

		tmpArr2[(n+2)%12][0] = 0;

		

		tmpArr2[11-n][1] = 100;

		tmpArr2[11-(n+1)%12][0] = 100;

		tmpArr2[11-(n+2)%12][1] = 100;

		this->dots[1]->addState(tmpArr2);

		tmpArr2[11-n][1] = 0;

		tmpArr2[11-(n+1)%12][0] = 0;

		tmpArr2[11-(n+2)%12][1] = 0;

		

	}

	

	

	

	/*** PRVA PUŠČICA ****/

	this->arrows[3] = new SmartPanelObject(this->changesSynchronizer, 6, 10, 6, 6);

	this->arrows[2] = new SmartPanelObject(this->changesSynchronizer, 6, 4, 6, 6);

	this->arrows[1] = new SmartPanelObject(this->changesSynchronizer, 0, 10, 6, 6);

	this->arrows[0] = new SmartPanelObject(this->changesSynchronizer, 0, 4, 6, 6);

	

	

	//Set to zero

	for (int i = 0; i<6; i++)

		for (int j= 0; j < 6; j++)

			tmpArr[i][j] = 0;

	

	

	//1. stanje

	this->addMirrored(tmpArr, true);

	



	

	//3. stanje

	tmpArr[5][4] = 100;

	tmpArr[4][4] = 100;

	tmpArr[4][5] = 100;

	this->addMirrored(tmpArr, true);



	//2. stanje

	tmpArr[5][5] = 100;

	this->addMirrored(tmpArr, true);

	

	//5. stanje

	tmpArr[4][2] = 100;

	tmpArr[3][2] = 100;

	tmpArr[2][2] = 100;

	tmpArr[2][3] = 100;

	tmpArr[2][4] = 100;

	this->addMirrored(tmpArr, true);

	

	

	//4. stanje

	tmpArr[3][3] = 100;

	this->addMirrored(tmpArr, true);

	

	//7. stanje

	tmpArr[3][0] = 100;

	tmpArr[3][0] = 100;

	tmpArr[2][0] = 100;

	tmpArr[1][0] = 100;

	tmpArr[0][0] = 100;

	tmpArr[0][1] = 100;

	tmpArr[0][2] = 100;

	tmpArr[0][3] = 100;

	this->addMirrored(tmpArr, true);

	

	//6. stanje

	tmpArr[1][1] = 100;

	this->addMirrored(tmpArr, true);

	

	//8. stanje

	this->addMirrored(tmpArr, true);

	

	

	//Set to zero

	for (int i = 0; i<6; i++)

		for (int j= 0; j < 6; j++)

			tmpArr[i][j] = 0;

	

	//1. stanje

	this->addMirrored(tmpArr, false);

	tmpArr[3][3] = 100;

	

	//2. stanje

	//tmpArr[0][0] = 100;

	tmpArr[1][1] = 100;

	tmpArr[2][2] = 100;

	tmpArr[3][3] = 100;

	//tmpArr[4][4] = 100;

	//tmpArr[0][4] = 100;

	tmpArr[1][3] = 100;

	tmpArr[3][1] = 100;

	//tmpArr[4][0] = 100;

	



	this->addMirrored(tmpArr, false);

	this->addMirrored(tmpArr, false);

	this->addMirrored(tmpArr, false);

	

	

	//2. stanje

	//tmpArr[0][0] = 0;

	tmpArr[1][1] = 0;

	tmpArr[3][3] = 0;

//	tmpArr[4][4] = 0;

//	tmpArr[0][4] = 0;

	tmpArr[1][3] = 0;

	tmpArr[3][1] = 0;

//	tmpArr[4][0] = 0;

//	tmpArr[0][2] = 100;

	tmpArr[1][2] = 100;

	tmpArr[2][2] = 100;

	tmpArr[3][2] = 100;

//	tmpArr[4][2] = 100;

//	tmpArr[2][0] = 100;

	tmpArr[2][1] = 100;

	tmpArr[2][2] = 100;

	tmpArr[2][3] = 100;

//	tmpArr[2][4] = 100;

	this->addMirrored(tmpArr, false);

	this->addMirrored(tmpArr, false);

	this->addMirrored(tmpArr, false);

	this->addMirrored(tmpArr, false);

	

	



	//Destroy transfer arary

	for (int i = 0; i < 6; i++)

		delete [] tmpArr[i];

	delete tmpArr;

	

	//Destroy transfer arary

	for (int i = 0; i < 12; i++)

		delete [] tmpArr2[i];

	delete tmpArr2;

	

	//Initialize RGB semaphor

	this->semaphor = new RGBSemaphor(RGBSemaphor::ToggleRandom);

	

	/*

	this->semaphor->addColor(808080);

	this->semaphor->addColor(8080);

	this->semaphor->addColor(80);

	this->semaphor->addColor(8000);

	this->semaphor->addColor(800000);

	this->semaphor->addColor(800080);

	*/

	

	/*

	

	Rdeča

	ff0000

	990000



	Oranžna

	ff9000

	995600



	Rumena

	fff000

	999000



	Zelena

	00ff06

	009905



	Cyan

	00ffea

	009990



	Modra

	0018ff

	001299



	Vijolična

	8a00ff

	500099



	Mangenta

	ff0066

	990045

	*/

	

	

	this->semaphor->addColor(990000);

	this->semaphor->addColor(995600);

	this->semaphor->addColor(999999);

	//this->semaphor->addColor(999000);

	//this->semaphor->addColor(9905);

	//this->semaphor->addColor(9990);

	this->semaphor->addColor(1299);

	this->semaphor->addColor(500099);

	//this->semaphor->addColor(990045);

	this->semaphor->addColor(999999);

	

	this->animatorRGB->addEffect(this->semaphor);

	this->strobe = false;

}



/* Destruktor */

BangingArrows::~BangingArrows() {

	delete this->arrows;

}





/* Start */

void BangingArrows::start() {

	

	Leds::panel->clearAll();

	this->dots[0]->toState(0);

	this->dots[0]->toState(0);

	

	for (int b = 0; b < 4; b++)

		this->arrows[b]->toState(this->arrows[b]->statesCount()-1);

	

	while(this->processSampledSoundData());

	this->stop();

}





/* Na 1/64 sekunde */

void BangingArrows::r64second() {

		this->animatorRGB->setIntensity(this->intensity);

		if (this->intensity > 20)

			this->intensity--;

	

		this->changesSynchronizer->draw();

		

		if (this->dataLeft > 0) {

			for (int s = (this->dataLeft-1)*2; s < this->dataLeft*2; s++)

				if (s < 4)

					this->arrows[s]->toState(this->states[s]);

			this->dataLeft--;

		}

		

	  this->animatorRGB->draw();

		Leds::strobe->led->zeroBrightness();

}





/* Na 1/32 sekunde */

void BangingArrows::r32second() {



		

}



/* Na 1/4 sekunde */



void BangingArrows::r16second() {



		this->dots[0]->toState((this->dots[0]->currentState+1) %this->dots[0]->statesCount());

		this->dots[1]->toState((this->dots[1]->currentState+1) %this->dots[1]->statesCount());



}









/* Ob prihodu novih podatkov o spektrumih */

void BangingArrows::newSpectrumData(double* spectra, int spectraCount) {



			

			int arrowStates = this->arrows[0]->statesCount();

			int spectrasIn = 0;

			double state = 0;

			int currentArrow = 0;

	

			for (int s = 0; s < 20; s++) {

				spectrasIn++;

				state += spectra[s]*arrowStates;

				

				if (spectrasIn == 5) {

					int stateInt = (int) state / spectrasIn;

					stateInt = max(stateInt, 0);

					stateInt = min(stateInt, arrowStates-1);

					this->states[currentArrow] = stateInt;

					spectrasIn = 0;

					currentArrow++;

					state = 0;

				}

				

				

			} 



		this->dataLeft = 2;

}



/* Gumb Levo - zmanjšaj občutlivost */

void BangingArrows::buttonLeft() {

		this->strobe = !this->strobe;

}



/* Gumb Desno - povečaj občutlivost */

void BangingArrows::buttonRight() {

		this->semaphor->nextEffect();

}







/* Gumb Confirm - ponovno se začni učiti o glasbi */

void BangingArrows::buttonConfirm() {

	AudioProcessing::learningMode();

}





/* Gumb Desno - povečaj občutlivost */

void BangingArrows::newBeat() {



	if (this->strobe)

		Leds::strobe->led->fullBrightness();

	this->animatorRGB->update();

	this->intensity = 100;

	this->animatorRGB->setIntensity(this->intensity);	

}
















Viz/Applications/BangingArrows.h

#include <stdio.h>

#include <stdlib.h>

#include "stm32f4xx_conf.h"

#include "STM32F4xx.h"

#include "AnimatedApplication.h"

#include "SmartPanelObject.h"

#include "RGBSemaphor.h"





/******************************************************

** Banging Arrows razred ( : AnimatedApplication)

*******************************************************

** Razred, ki predstavlja zvočno aktivirano aplikacijo,

** ki zvok grafično prikazuje v obliki 4 puščic ki se

** trkajo.

******************************************************/





#ifndef BANGINGARROWS_H

#define BANGINGARROWS_H



class BangingArrows : public AnimatedApplication {

	

	public:

		BangingArrows();

		virtual ~BangingArrows();

		virtual void start();

		virtual void r64second();

		virtual void r32second();

		virtual void r16second();

		virtual void newSpectrumData(double* spectra, int spectraCount);

		virtual void buttonLeft();

		virtual void buttonRight();

		virtual void buttonConfirm();

		virtual void newBeat();



	protected:	

		SmartPanelObject** arrows;

		SmartPanelObject** dots;

		int dataLeft;

	  int states[4];

		RGBSemaphor* semaphor;

		bool strobe;

		int intensity;

	

		void addMirrored(int**, bool);

	

};





#endif










Viz/Applications/Demo.cpp

#include <stdio.h>

#include <stdlib.h>

#include "stm32f4xx_conf.h"

#include "STM32F4xx.h"

#include "Demo.h"

#include "DataPins.h"

#include "Leds.h"

#include "SmartPanelObject.h"

#include "RGBSemaphor.h"







/******************************************************

** Demo razred ( : AnimatedApplication)

*******************************************************

** Razred, preprosta aplikacija, ki prikaže, česa je 

** zmožen Gepek Party.

******************************************************/





/* Konstruktor */

Demo::Demo() : AnimatedApplication() {

	this->shape = new SmartPanelObject(this->changesSynchronizer, 2, 6, 8, 8);

	

	

	int state1[][8] = {

			{	0,	0,	0,	0,	0,	0,	0,	0} ,

			{	0,	0,	0,	0,	0,	0,	0,	0} ,

			{	0,	0,	0,	0,	0,	0,	0,	0} ,

			{	0,	0,	0,100,100,	0,	0,	0} ,

			{	0,	0,	0,100,100,	0,	0,	0} ,

			{	0,	0,	0,	0,	0,	0,	0,	0} ,

			{	0,	0,	0,	0,	0,	0,	0,	0} ,

			{	0,	0,	0,	0,	0,	0,	0,	0} ,

	};

	

		int state2[][8] = {

			{	0,	0,	0,	0,	0,	0,	0,	0} ,

			{	0,	0,	0,	0,	0,	0,	0,	0} ,

			{	0,	0,	0,100,100,	0,	0,	0} ,

			{	0,	0,100,100,100,100,	0,	0} ,

			{	0,	0,100,100,100,100,	0,	0} ,

			{	0,	0,	0,100,100,	0,	0,	0} ,

			{	0,	0,	0,	0,	0,	0,	0,	0} ,

			{	0,	0,	0,	0,	0,	0,	0,	0} ,

	};

	

		int state3[][8] = {

			{	0,	0,	0,	0,	0,	0,	0,	0} ,

			{	0,	0,	0,100,100,	0,	0,	0} ,

			{	0,	0,100,	0,	0,100,	0,	0} ,

			{	0,100,	0,100,100,	0,100,	0} ,

			{	0,100,	0,100,100,	0,100,	0} ,

			{	0,	0,100,	0,	0,100,	0,	0} ,

			{	0,	0,	0,100,100,	0,	0,	0} ,

			{	0,	0,	0,	0,	0,	0,	0,	0} ,

	};

	

		int state4[][8] = {

			{	0,	0,	0,100,100,	0,	0,	0} ,

			{	0,	0,100,	0,	0,100,	0,	0} ,

			{	0,100,	0,	0,	0,	0,100,	0} ,

			{100,	0,	0,100,100,	0,	0,100} ,

			{100,	0,	0,100,100,	0,	0,100} ,

			{	0,100,	0,	0,	0,	0,100,	0} ,

			{	0,	0,100,	0,	0,100,	0,	0} ,

			{	0,	0,	0,100,100,	0,	0,	0} ,

	};

	

		int state5[][8] = {

			{	0,	0,	0,100,100,	0,	0,	0} ,

			{	0,	0,100,	0,	0,100,	0,	0} ,

			{	0,100,	0, 20, 20,	0,100,	0} ,

			{100,	0, 20,100,100, 20,	0,100} ,

			{100,	0, 20,100,100, 20,	0,100} ,

			{	0,100,	0, 20, 20,	0,100,	0} ,

			{	0,	0,100,	0,	0,100,	0,	0} ,

			{	0,	0,	0,100,100,	0,	0,	0} ,

	};

	

		int state6[][8] = {

			{	0,	0,	0,100,100,	0,	0,	0} ,

			{	0,	0,100, 20, 20,100,	0,	0} ,

			{	0,100, 20, 20, 20, 20,100,	0} ,

			{100, 20, 20,100,100, 20, 20,100} ,

			{100, 20, 20,100,100, 20, 20,100} ,

			{	0,100, 20, 20, 20, 20,100,	0} ,

			{	0,	0,100, 20, 20,100,	0,	0} ,

			{	0,	0,	0,100,100,	0,	0,	0} ,

	};

	

	

	//Initialize

	int** tmpArr = new int*[8];

	for (int i = 0; i < 8; i++)

		tmpArr[i] = new int[8];

	

	for (int i = 0; i < 8; i++)

		for (int j = 0; j < 8; j++)

			tmpArr[i][j] = state1[i][j];

	this->shape->addState(tmpArr);

	

	for (int i = 0; i < 8; i++)

		for (int j = 0; j < 8; j++)

			tmpArr[i][j] = state2[i][j];

	this->shape->addState(tmpArr);

	

	for (int i = 0; i < 8; i++)

		for (int j = 0; j < 8; j++)

			tmpArr[i][j] = state3[i][j];

	this->shape->addState(tmpArr);

	

	for (int i = 0; i < 8; i++)

		for (int j = 0; j < 8; j++)

			tmpArr[i][j] = state4[i][j];

	this->shape->addState(tmpArr);

	

	for (int i = 0; i < 8; i++)

		for (int j = 0; j < 8; j++)

			tmpArr[i][j] = state5[i][j];

	this->shape->addState(tmpArr);

	

	for (int i = 0; i < 8; i++)

		for (int j = 0; j < 8; j++)

			tmpArr[i][j] = state6[i][j];

	this->shape->addState(tmpArr);

	this->shape->addState(tmpArr);

	this->shape->addState(tmpArr);

	

	//Destroy

	for (int i = 0; i < 8; i++)

		delete [] tmpArr[i];

	delete tmpArr;

	

	

	this->semaphor = new RGBSemaphor(RGBSemaphor::Random);

	this->semaphor->addColor(808080);

	this->semaphor->addColor(8080);

	this->semaphor->addColor(80);

	this->semaphor->addColor(8000);

	this->semaphor->addColor(800000);

	this->semaphor->addColor(800080);

	

	this->animatorRGB->addEffect(this->semaphor);

}



/* Destruktor */

Demo::~Demo() {

	delete this->shape;

	//this->semaphor //cleaned through animatorRGB

}





/* Start */

void Demo::start() {

	

	this->shape->toState(1);

	

	while(!this->quitApplication);

	this->stop();

}





/* Na 1/32 sekunde */

void Demo::r32second() {

		this->changesSynchronizer->draw();

		this->animatorRGB->draw();

	

}



/* Na pol sekunde */

void Demo::r8second() {

		this->shape->nextState();

}





/* Na pol sekunde */

void Demo::oneSecond() {

		this->animatorRGB->update();

}



/* Gumb confirm */

void Demo::buttonConfirm() {

		this->animatorRGB->update();

		ADC_DMACmd(ADC3, ENABLE);

		ADC_SoftwareStartConv(ADC3);

}



/* Ko pride nova analiza spektrov */

void Demo::newSoundData(double* spectra, int spectraCount) {

		

}








Viz/Applications/Demo.h

#include <stdio.h>

#include <stdlib.h>

#include "stm32f4xx_conf.h"

#include "STM32F4xx.h"

#include "AnimatedApplication.h"

#include "SmartPanelObject.h"

#include "RGBSemaphor.h"





/******************************************************

** Demo razred ( : AnimatedApplication)

*******************************************************

** Razred, preprosta aplikacija, ki prikaže, česa je 

** zmožen Gepek Party.

******************************************************/





#ifndef DEMO_H

#define DEMO_H



class Demo : public AnimatedApplication {

	

	public:

		Demo();

		virtual ~Demo();

		virtual void start();

		virtual void r32second();

		virtual void r8second();

		virtual void oneSecond();

		virtual void newSoundData(double* spectra, int spectraCount);

		virtual void buttonConfirm();



	protected:	

		

		SmartPanelObject* shape;

		RGBSemaphor* semaphor;

	

};





#endif










Viz/Applications/LEDChaser.cpp

#include <stdio.h>

#include <stdlib.h>

#include "stm32f4xx_conf.h"

#include "STM32F4xx.h"

#include "LEDChaser.h"

#include "DataPins.h"

#include "Leds.h"





/******************************************************

** LEDChaser razred ( : Application)

*******************************************************

** Razred, preprosta aplikacija, ki se sprehodi po

** vseh LEDicah.

******************************************************/





/* Konstruktor */

LEDChaser::LEDChaser() : Application() {

	this->i = Leds::panel->height-1;

	this->j = Leds::panel->width-1;

}



/* Start */

void LEDChaser::start() {

	

	

	

	while(!this->quitApplication);

	this->~LEDChaser();	

}





/* Na vsake 3/4 sekunde... */

void LEDChaser::r8second() {

		

	// Resetiraj prejšnjo ledico

	Leds::panel->ledArray[this->i][this->j]->zeroBrightness();

	

	// Povečaj stolpec za 1

	this->j++;

		

	// Če je preveč, ga resetiraj in povečaj vrstico za 1

	if (this->j == Leds::panel->width) {

		this->i++;

		this->j = 0;

	}

		

	// Če je preveč, jo resetiraj

	if (this->i == Leds::panel->height) {

		this->i = 0;

	}	

		

	// Prižgi novo ledico

	Leds::panel->ledArray[this->i][this->j]->fullBrightness();	

	

}












Viz/Applications/LEDChaser.h

#include <stdio.h>

#include <stdlib.h>

#include "stm32f4xx_conf.h"

#include "STM32F4xx.h"

#include "Application.h"





/******************************************************

** LEDChaser razred ( : Application)

*******************************************************

** Razred, preprosta aplikacija, ki se sprehodi po

** vseh LEDicah.

******************************************************/



#ifndef LEDCHASER_H

#define LEDCHASER_H



class LEDChaser : public Application {

	

	public:

		LEDChaser();

		virtual void start();

		virtual void r8second();



	protected:	

		

		int i;

		int j;

	

		

	

};





#endif










Viz/Applications/SpectrumBars.cpp

#include <stdio.h>

#include <stdlib.h>

#include "stm32f4xx_conf.h"

#include "STM32F4xx.h"

#include "SpectrumBars.h"

#include "DataPins.h"

#include "Leds.h"

#include "SmartPanelObject.h"

#include "RGBSemaphor.h"

#include "AudioSamplingJunction.h"

#include "AudioProcessing.h"



/******************************************************

** Spectrum Bars razred ( : AnimatedApplication)

*******************************************************

** Razred, ki predstavlja zvočno aktivirano aplikacijo,

** ki zvok grafično prikazuje v obliki 20 grafičnih

** stolpcev

******************************************************/





/* Konstruktor */

SpectrumBars::SpectrumBars() : AnimatedApplication() {

	

	this->DISPLAY_EVERY_SECOND_DATA = true;

	

	this->intensity = 50;

	this->bars = new SmartPanelObject*[20];

	this->dataLeft = 0;

	

	//Transfer array 

	int** tmpArr = new int*[12];

	for (int i = 0; i < 12; i++)

		tmpArr[i] = new int[1];

	

	for (int b = 0; b < 20; b++) {

		this->bars[b] = new SmartPanelObject(this->changesSynchronizer, 0, b, 1, 12);

		//21 itarations of adding a state

		for (int i = 0; i < 21; i++) {

			for (int j = 0; j < 12; j++) {

				if (i>j) 

					tmpArr[12-1-j][0] = 100;

				else

					tmpArr[12-1-j][0] = 0;

			}		

			this->bars[b]->addState(tmpArr);

		}

		

	}

	



	//Destroy transfer arary

	for (int i = 0; i < 12; i++)

		delete [] tmpArr[i];

	delete tmpArr;

	

	//Initialize RGB semaphor

	this->semaphor = new RGBSemaphor(RGBSemaphor::TogglePair);

	

	/*

	this->semaphor->addColor(808080);

	this->semaphor->addColor(8080);

	this->semaphor->addColor(80);

	this->semaphor->addColor(8000);

	this->semaphor->addColor(800000);

	this->semaphor->addColor(800080);

	*/

	

	/*

	

	Rdeča

	ff0000

	990000



	Oranžna

	ff9000

	995600



	Rumena

	fff000

	999000



	Zelena

	00ff06

	009905



	Cyan

	00ffea

	009990



	Modra

	0018ff

	001299



	Vijolična

	8a00ff

	500099



	Mangenta

	ff0066

	990045

	*/

	

	

	this->semaphor->addColor(990000);

	this->semaphor->addColor(995600);

	this->semaphor->addColor(999000);

	this->semaphor->addColor(9905);

	this->semaphor->addColor(9990);

	this->semaphor->addColor(1299);

	this->semaphor->addColor(500099);

	this->semaphor->addColor(990045);

	

	this->animatorRGB->addEffect(this->semaphor);

	this->strobe = false;

}



/* Destruktor */

SpectrumBars::~SpectrumBars() {

	delete this->bars;

}





/* Start */

void SpectrumBars::start() {

	

	Leds::panel->clearAll();

	

	for (int b = 0; b < 20; b++)

		this->bars[b]->toState(1);

	

	while(this->processSampledSoundData());

	this->stop();

}





/* Na 1/64 sekunde */

void SpectrumBars::r64second() {

		this->animatorRGB->setIntensity(this->intensity);

		if (this->intensity > 20)

			this->intensity--;

	

		this->changesSynchronizer->draw();

		

		if (this->dataLeft > 0) {

			for (int s = (this->dataLeft-1)*7; s < this->dataLeft*7; s++)

				if (s < 20)

					this->bars[s]->toState(this->states[s]);

			this->dataLeft--;

		}

		

	  this->animatorRGB->draw();

}





/* Na 1/32 sekunde */

void SpectrumBars::r32second() {



		Leds::strobe->led->zeroBrightness();

}







/* Na vsako sekundo */

int seconds = 0;

void SpectrumBars::oneSecond() {

		seconds++;

}







int frames = 0;

/* Ob prihodu novih podatkov o spektrumih */

void SpectrumBars::newSpectrumData(double* spectra, int spectraCount) {

		frames++;	

		

			for (int s = 0; s < 20; s++) {

				int state = spectra[s]*12;

				state = max(state, 0);

				state = min(state, 11);

				//this->bars[s]->toState(state);

				this->states[s] = state;

			} 



		this->dataLeft = 3;

}



/* Gumb Levo - zmanjšaj občutlivost */

void SpectrumBars::buttonLeft() {

		this->strobe = !this->strobe;

}



/* Gumb Desno - povečaj občutlivost */

void SpectrumBars::buttonRight() {

		this->semaphor->nextEffect();

}







/* Gumb Confirm - ponovno se začni učiti o glasbi */

void SpectrumBars::buttonConfirm() {

	AudioProcessing::learningMode();

}





/* Gumb Desno - povečaj občutlivost */

void SpectrumBars::newBeat() {



	if (this->strobe)

		Leds::strobe->led->fullBrightness();

	this->animatorRGB->update();

	this->intensity = 100;

	this->animatorRGB->setIntensity(this->intensity);	

}
















Viz/Applications/SpectrumBars.h

#include <stdio.h>

#include <stdlib.h>

#include "stm32f4xx_conf.h"

#include "STM32F4xx.h"

#include "AnimatedApplication.h"

#include "SmartPanelObject.h"

#include "RGBSemaphor.h"





/******************************************************

** Spectrum Bars razred ( : AnimatedApplication)

*******************************************************

** Razred, ki predstavlja zvočno aktivirano aplikacijo,

** ki zvok grafično prikazuje v obliki 20 grafičnih

** stolpcev

******************************************************/





#ifndef SPECTRUMBARS_H

#define SPECTRUMBARS_H



class SpectrumBars : public AnimatedApplication {

	

	public:

		SpectrumBars();

		virtual ~SpectrumBars();

		virtual void start();

		virtual void r64second();

		virtual void r32second();

		virtual void oneSecond();

		virtual void newSpectrumData(double* spectra, int spectraCount);

		virtual void buttonLeft();

		virtual void buttonRight();

		virtual void buttonConfirm();

		virtual void newBeat();



	protected:	

		SmartPanelObject** bars;

		int dataLeft;

	  int states[20];

		RGBSemaphor* semaphor;

		bool strobe;

		int intensity;

	

};





#endif










Viz/Applications/StartupToast.cpp

#include <stdio.h>

#include <stdlib.h>

#include "stm32f4xx_conf.h"

#include "STM32F4xx.h"

#include "StartupToast.h"

#include "DataPins.h"

#include "Leds.h"

#include "PanelTextWriter.h"





/******************************************************

** StartupToast razred ( : AnimatedApplication)

*******************************************************

** Razred, preprosta aplikacija, ki pise text.

******************************************************/





/* Konstruktor */

StartupToast::StartupToast() : AnimatedApplication() {



}



/* Destruktor */

StartupToast::~StartupToast() {



}





/* Start */

void StartupToast::start() {

	

	Leds::panel->clearAll();

	

	PanelTextWriter *ptw = new PanelTextWriter(this->changesSynchronizer);

	ptw->write("Gepek party =)", 2);

	

	while(!this->quitApplication);

	delete ptw;

	this->stop();

}





/* Na 1/32 sekunde */

void StartupToast::r32second() {

	if (!this->quitApplication)

		this->changesSynchronizer->draw();

	

}



/* Na 1 sekundo */

void StartupToast::oneSecond() {

	this->counter++;

	if (this->counter > 4)

		this->quit();

		

	

}












Viz/Applications/StartupToast.h

#include <stdio.h>

#include <stdlib.h>

#include "stm32f4xx_conf.h"

#include "STM32F4xx.h"

#include "AnimatedApplication.h"





/******************************************************

** StartupToast razred ( : AnimatedApplication)

*******************************************************

** Razred, preprosta aplikacija, ki izpiše pozdravni

** tekst.

******************************************************/





#ifndef TEXT_H

#define TEXT_H



class StartupToast : public AnimatedApplication {

	

	public:

		StartupToast();

		virtual ~StartupToast();

		virtual void start();

		virtual void r32second();

		virtual void oneSecond();



	protected:	

		int counter;

		

	

};





#endif










Viz/arm-gcc-link.ld

OUTPUT_FORMAT ("elf32-littlearm", "elf32-bigarm", "elf32-littlearm")

/* Internal Memory Map*/
MEMORY

{

	rom (rx)  : ORIGIN = 0x08000000, LENGTH = 0x00100000

	ram (rwx) : ORIGIN = 0x20000000, LENGTH = 0x00020000

	ram1 (rwx) : ORIGIN = 0x10000000, LENGTH = 0x00010000

}



_eram = 0x20000000 + 0x00020000;

/* Section Definitions */ 

SECTIONS 

{ 

    .text : 

    { 

        KEEP(*(.isr_vector .isr_vector.*)) 

        *(.text .text.* .gnu.linkonce.t.*) 	      

        *(.glue_7t) *(.glue_7)		                

        *(.rodata .rodata* .gnu.linkonce.r.*)		    	                  

    } > rom

    

    .ARM.extab : 

    {

        *(.ARM.extab* .gnu.linkonce.armextab.*)

    } > rom

    

    __exidx_start = .;

    .ARM.exidx :

    {

        *(.ARM.exidx* .gnu.linkonce.armexidx.*)

    } > rom

    __exidx_end = .;

    

    . = ALIGN(4); 

    _etext = .;

    _sidata = .; 

    		

    .data : AT (_etext) 

    { 

        _sdata = .; 

        *(.data .data.*) 

        . = ALIGN(4); 

        _edata = . ;

    } > ram



    /* .bss section which is used for uninitialized data */ 

    .bss (NOLOAD) : 

    { 

        _sbss = . ; 

        *(.bss .bss.*) 

        *(COMMON) 

        . = ALIGN(4); 

        _ebss = . ; 

    } > ram

    

     /* heap section */

    .co_heap (NOLOAD):

    {

      __cs3_heap_start = . ; 

        . = ALIGN(8);

        *(.co_heap .co_heap.*)

     __cs3_heap_end = . ; 

    } > ram



    /* stack section */

    .co_stack (NOLOAD):

    {

        . = ALIGN(8);

        *(.co_stack .co_stack.*)

    } > ram

       

    . = ALIGN(4); 

    _end = . ; 





    .text :

    {

    KEEP(*(.isr_vector .isr_vector.*))

    *(.text .text.* .gnu.linkonce.t.*)

    *(.glue_7t) *(.glue_7)

    *(.rodata .rodata* .gnu.linkonce.r.*)



    /* C++ Static constructors/destructors (eabi) */

    . = ALIGN(4);

    KEEP(*(.init))



    . = ALIGN(4);

    __preinit_array_start = .;

    KEEP (*(.preinit_array))

    __preinit_array_end = .;



    . = ALIGN(4);

    __init_array_start = .;

    KEEP (*(SORT(.init_array.*)))

    KEEP (*(.init_array))

    __init_array_end = .;



    . = ALIGN(4);

    KEEP(*(.fini))



    . = ALIGN(4);

    __fini_array_start = .;

    KEEP (*(.fini_array))

    KEEP (*(SORT(.fini_array.*)))

    __fini_array_end = .;



    /* C++ Static constructors/destructors (elf) */

    . = ALIGN(4);

    _ctor_start = .;

    KEEP (*crtbegin.o(.ctors))

    KEEP (*(EXCLUDE_FILE (*crtend.o) .ctors))

    KEEP (*(SORT(.ctors.*)))

    KEEP (*crtend.o(.ctors))

    _ctor_end = .;



    . = ALIGN(4);

    KEEP (*crtbegin.o(.dtors))

    KEEP (*(EXCLUDE_FILE (*crtend.o) .dtors))

    KEEP (*(SORT(.dtors.*)))

    KEEP (*crtend.o(.dtors))

    } > rom

} 







Viz/AudioProcessing/AudioProcessing.cpp

#include <stdio.h>

#include <stdlib.h>

#include <math.h>

#include "stm32f4xx_conf.h"

#include "STM32F4xx.h"

#include "AudioProcessing.h"

#include "FourierTransform.h"

#include "ApplicationHandler.h"

#include "Windowing.h"

#include "SpectrumAnalysis.h"

#define PI 3.141592



/********************************************************

** Audio Processing razred

*********************************************************

** Statični razred, ki deluje v tesni navezi z ADC/DMA

** hrani in prejema podatke od njega, ter izmenično

** izvaja FFT za analizo spektrov.

********************************************************/





/* Alociraj ta polja v času kompajlanja da kasneje ne zmanka prostora ;) */

__IO uint16_t AudioProcessing::dataADC[AudioProcessing::dataADCLength*2];

double AudioProcessing::analyzedData[AudioProcessing::dataADCLength];

double AudioProcessing::window[AudioProcessing::dataADCLength];

double AudioProcessing::dataW[AudioProcessing::dataADCLength /2];

double AudioProcessing::spectra[AudioProcessing::spectraCount];

int AudioProcessing::dataIp[AudioProcessing::dataADCLengthSQRT +2];



bool AudioProcessing::beatDetectionInstantized = false;

BeatDetection* AudioProcessing::bd = NULL;





/* Analiziraj spektre */

void AudioProcessing::processAudio() {

	

	AudioProcessing::storeData();



	if (!Windowing::windowInitialized) {

		Windowing::blackmanWindow();	

		Windowing::windowInitialized = true;

		AudioProcessing::learningMode();

	}

	

	Windowing::applyWindow();

	FourierTransform::realFFT();

	SpectrumAnalysis::to20Spectra();

	

}



/* Skopiraj okno ter ga ob enem pretvori še v double format */

void AudioProcessing::storeData() {

	for (int i = 0; i < AudioProcessing::dataADCLength; i++) {

		AudioProcessing::analyzedData[i] = (double)AudioProcessing::dataADC[i+AudioProcessing::dataADCLength];

		// Only take second half of data

	}

}





/* Ugotovi ali je bil v trenutnem frejmu beat */

bool AudioProcessing::beatDetection() {



	if (!AudioProcessing::beatDetectionInstantized) {

		AudioProcessing::bd = new BeatDetection();

		AudioProcessing::beatDetectionInstantized = true;

	}

	

	return AudioProcessing::bd->beat(AudioProcessing::spectra, AudioProcessing::spectraCount);

}





/* Postavi razbijanje na 20 spektrov in detekcijo beatov v način učenja */

void AudioProcessing::learningMode() {

	SpectrumAnalysis::learningModeFrames = SpectrumAnalysis::LEARNING_MODE_FRAMES;

	SpectrumAnalysis::learningMax = 0.0;

	SpectrumAnalysis::learningAverage = 0.0;

	

	if (AudioProcessing::beatDetectionInstantized)

		AudioProcessing::bd->learningMode();

}








Viz/AudioProcessing/AudioProcessing.h

#include <stdio.h>

#include <stdlib.h>

#include "stm32f4xx_conf.h"

#include "STM32F4xx.h"

#include "BeatDetection.h"





/********************************************************

** Audio Processing razred

*********************************************************

** Statični razred, ki deluje v tesni navezi z ADC/DMA

** hrani in prejema podatke od njega, ter izmenično

** izvaja FFT za analizo spektrov.

********************************************************/



#ifndef SPECTRUMANALYZER_H

#define SPECTRUMANALYZER_H



class AudioProcessing {

	

	public:		

		

		static const int dataADCLength = 1024;

		static const int dataADCLengthSQRT = 32;

		static const int spectraCount = 20;

		

		static __IO uint16_t 	dataADC[	AudioProcessing::dataADCLength*2	];

		static double 				analyzedData[	AudioProcessing::dataADCLength	];

		static double 				window[	AudioProcessing::dataADCLength	];

		static double 				dataW[	AudioProcessing::dataADCLength /2	];

		static int 						dataIp[	AudioProcessing::dataADCLengthSQRT + 2];

		static double 				spectra[	AudioProcessing::spectraCount	];

		

		static bool beatDetectionInstantized;

	  static BeatDetection* bd;

	

		static void processAudio();

		static void storeData();

		static bool beatDetection();

		static void learningMode();

	

	

};





#endif










Viz/AudioProcessing/BeatDetection.cpp



    
    
    Viz/AudioProcessing/BeatDetection.cpp
    
    


Viz/AudioProcessing/BeatDetection.cpp#include <stdio.h>
#include <stdlib.h>
#include <math.h>
#include <algorithm>
#include "stm32f4xx_conf.h"
#include "STM32F4xx.h"
#include "BeatDetection.h"
#include "SpectrumAnalysis.h"
#define PI 3.141592

using namespace std;


/********************************************************
** Beat detection razred
*********************************************************
** Razred, ki posluša glasbo in določi kdaj se v pesmi
** zgodi beat.
** PEAK_SEARCH_AREA - število samplov pred in po beatu,
**                                          ki pridejo v poštev za vrhunec
** SAMPLES_PER_SECOND - število samplov ki pridejo na
**                                              sekundo
** BK_RATIO_FIX_STEP - korak (v %), popravljanja razmerja
**                                          med bass in kick beatom
** TRESHOLD_FIX_STEP - korak (v %) popravljanja meje
**                                              zaznavanja
** ADJUSTMENT_INTERVAL - dolžina intervala po katerem
**                                              se upoštevajo boljše nastavitve
** PRE_TRIGGER - pomeni koliko frame-ov prezgodaj naj se
**                              proži beat
** intervalLength - dolžina (v št. samplov) med dvema 
**                                      vrhuncema
** bass, kick, totalEnergy - energije spektrov in seštevek
** bassKickRatio - razmerje (%bass) ki se uporabi za izračun
** tresshold - (%) max energije, ki mora biti dosežen
** peakSearch - tabela ki hrani podatke okrog vrha
**                          tako je možno najti pravi vrh
** error - število samplov med vrhom in pravim vrhom
********************************************************/

/* Konstruktor */
BeatDetection::BeatDetection() {
    this->bassKickRatio = 0.5;
    this->bassKickRatio2 = 0.5;
    this->intervalCounter = 0;
    this->intervalCounter2 = 0;
    this->error = 0;
    this->error2 = 0;
    this->adjustmentIntervalCounter = BeatDetection::ADJUSTMENT_INTERVAL_CYCLES;
    this->equalizeIntervalCounter = BeatDetection::EQUALIZE_INTERVAL_CYCLES;
    this->learningModeEnabled = true;
    this->gracePeriodCounter = BeatDetection::LEARNING_MODE_GRACE_CYCLES;
    this->floatingLongtermAverage = 0;
    this->floatingShorttermAverage = 0;
    this->floatingLongtermMax = 0;
    this->floatingShorttermMax = 0;
    this->audioRecordingCounter = 0;
    this->intervalOffset = 0;
    this->computationStep = BeatDetection::COMPUTATION_STEPS;
    this->silence = false;
}


/* Destruktor */
BeatDetection::~BeatDetection() {
}


/* Put the BeatDetection in learning mode (promiscuous) */
void BeatDetection::learningMode() {
    this->error = 0;
    this->error2 = 0;
    this->adjustmentIntervalCounter = this->ADJUSTMENT_INTERVAL_CYCLES;
    this->equalizeIntervalCounter = this->EQUALIZE_INTERVAL_CYCLES;
    this->learningModeEnabled = true;
    this->gracePeriodCounter = BeatDetection::LEARNING_MODE_GRACE_CYCLES;
}


/* Is this sequence a beat? */
bool BeatDetection::beat(double* spectra, int spectraCount) {
    bool beat = false;
    
    this->adjustmentIntervalCounter--;
    this->equalizeIntervalCounter--;
    
    this->bass = spectra[0];
    this->kick = (spectra[11]+spectra[12]+spectra[13]+spectra[14]+spectra[15]+spectra[16]+spectra[17]+spectra[18])/8.0;
    
    this->detectionVolume += this->bass*this->bassKickRatio + this->kick*(1-this->bassKickRatio);
    this->detectionMax = max(this->detectionMax, this->bass*this->bassKickRatio + this->kick*(1-this->bassKickRatio));
    
    if (this->adjustmentIntervalCounter < 1)
        this->adjustmentInterval();
    
    if (this->equalizeIntervalCounter < 1)
        this->equalizeInterval();
    
    if (this->learningModeEnabled) {
        this->learningModeAnalysis();       
    } else {
        beat = this->primaryAnalysis();
        this->secondaryAnalysis();
    }
    
    
    
    return beat;    
}



/* Adjustment interval */
void BeatDetection::adjustmentInterval() {
    
    this->adjustmentIntervalCounter = this->ADJUSTMENT_INTERVAL_CYCLES;
    this->audioRecordingCounter = 0;
    this->computationStep = BeatDetection::COMPUTATION_STEPS;
    
    
    //TODO: naredi zamenjavo samo če so odstopanja manjša
    this->intervalLength = this->intervalLength2;
    this->intervalCounter = this->intervalCounter2;
    this->bassKickRatio = this->bassKickRatio2;
    this->tempoBPM = this->tempoBPM2;
    // Resetiraj napake
    
    
    //Po koncu learning mode, prepiši testne podatke v realne
    if (this->learningModeEnabled) {
        this->learningModeEnabled = false;
        this->floatingLongtermAverage = this->detectionVolume/this->ADJUSTMENT_INTERVAL_CYCLES;
        this->floatingShorttermAverage = this->detectionVolume/this->ADJUSTMENT_INTERVAL_CYCLES;
        this->floatingLongtermMax = this->detectionMax;
        this->floatingShorttermMax = this->detectionMax;
        this->detectionVolume = 0;
        this->detectionMax = 0;
        this->silence = false;
    }
    
}



/* Equalize interval */
void BeatDetection::equalizeInterval() {    
    this->equalizeIntervalCounter = this->EQUALIZE_INTERVAL_CYCLES;
    this->silence = false;
    
    if (!this->learningModeEnabled) {
        double ltRatio = (double)BeatDetection::LONG_TERM_RATIO / 100.0;
        double stRatio = (double)BeatDetection::SHORT_TERM_RATIO / 100.0;
        
        this->learningModeEnabled = false;
        this->floatingLongtermAverage = (1.0-ltRatio)*this->floatingLongtermAverage + ltRatio*(this->detectionVolume/this->EQUALIZE_INTERVAL_CYCLES);
        this->floatingShorttermAverage = (1.0-stRatio)*this->floatingShorttermAverage + stRatio*(this->detectionVolume/this->EQUALIZE_INTERVAL_CYCLES);
        this->floatingLongtermMax = (1.0-ltRatio)*this->floatingLongtermMax + ltRatio*this->detectionMax;
        this->floatingShorttermMax = (1.0-stRatio)*this->floatingShorttermMax + stRatio*this->detectionMax;
        
        int limit1 = (this->detectionVolume/this->EQUALIZE_INTERVAL_CYCLES)*100/this->floatingLongtermAverage;
        int limit2 = (this->detectionMax)*100/this->floatingLongtermMax;
        if (limit1 < BeatDetection::SILENCE_TRESSHOLD_IMMEDIATE && limit2 < BeatDetection::SILENCE_TRESSHOLD_IMMEDIATE)
            this->silence = true;
            
        int limit3 = this->floatingShorttermAverage*100/this->floatingLongtermAverage;
        int limit4 = this->floatingShorttermMax*100/this->floatingLongtermMax;
        if (limit3 < BeatDetection::SILENCE_TRESSHOLD_AVERAGE && limit4 < BeatDetection::SILENCE_TRESSHOLD_AVERAGE)
            this->silence = true;
        
        this->detectionVolume = 0;
        this->detectionMax = 0;
    }
}



/* Primary analysis */
bool BeatDetection::primaryAnalysis() {
    
    this->intervalCounter--;
    double intervalCounterRounded = floor((double)this->intervalCounter + 0.5);
    
    if (intervalCounterRounded < 1) {
        this->intervalCounter += this->intervalLength;
    } 
    
    if (intervalCounterRounded >= BeatDetection::PRE_TRIGGER && intervalCounterRounded < 1 + BeatDetection::PRE_TRIGGER) {
        if (!this->silence)
            return true;
    }
    
    return false;
}



/* Secondary analysis */
void BeatDetection::secondaryAnalysis() {
    
    
    //Snemaj zvok, ko končaš pa poženi analizo
        if (this->audioRecordingCounter < this->AUDIO_RECORDING_LENGTH) {
            this->bassSamples[this->audioRecordingCounter] = this->bass;
            this->kickSamples[this->audioRecordingCounter] = this->kick;
            this->audioRecordingCounter++;
        } 
        
        //Izračunaj tempo
        else if (this->computationStep > 0) {
                this->computationStep--;
                if (this->computationStep > 0) {
                    this->intervalLength2 = this->findBeatInterval(this->computationStep);
                } else {
                    this->tempoBPM2 = BeatDetection::SAMPLES_PER_SECOND / this->intervalLength * 60;
                    this->intervalOffset = this->findOffset();
                }
        }
        
        //Računaj napako od vrha
        //Zamakni beat do offseta
        else {
            if (this->intervalOffset > 0) {
                this->intervalCounter = this->intervalLength;
                this->intervalOffset--;
            }

        }           
    
}



/* Learning mode analysis */
void BeatDetection::learningModeAnalysis() {
    
    if (this->gracePeriodCounter > 0) {
        this->gracePeriodCounter--;
        this->adjustmentIntervalCounter = this->ADJUSTMENT_INTERVAL_CYCLES;
        this->detectionVolume = 0;
        this->detectionMax = 0;
    }

    else {
        
        //Snemaj zvok, ko končaš pa poženi analizo
        if (this->audioRecordingCounter < this->AUDIO_RECORDING_LENGTH) {
            this->bassSamples[this->audioRecordingCounter] = this->bass;
            this->kickSamples[this->audioRecordingCounter] = this->kick;
            this->audioRecordingCounter++;
        } 
        
        //Izračunaj tempo
        else if (this->computationStep > 0) {
                this->computationStep--;
                if (this->computationStep > 0) {
                    this->intervalLength = this->findBeatInterval(this->computationStep);
                } else {
                    this->tempoBPM = BeatDetection::SAMPLES_PER_SECOND / this->intervalLength * 60;
                    this->intervalOffset = this->findOffset();
                }
        }
        
        //Računaj napako od vrha
        else {
            

        }       
        
    }

}

/* Find beat offset (distance from beginning to spike) */
int BeatDetection::findOffset() {
    
    int pos = 0;
    double max = this->bassSamples[0] + this->kickSamples[0];
    
    for (int i = 0; i < this->intervalLength; i++) {
        if (this->bassSamples[i] + this->kickSamples[i] > max) {
            max = this->bassSamples[i] + this->kickSamples[i];
            pos = i;            
        }       
    }

    return pos;

}


/* Find beat interval from a recording */
float BeatDetection::findBeatInterval(int step) {
    
    int intervalResolution = BeatDetection::INTERVAL_RESOLUTION;
    int possibleIntervalsCount = (BeatDetection::INTERVAL_LOWER_LIMIT - BeatDetection::INTERVAL_UPPER_LIMIT) * intervalResolution;
    int pos = 0;
    
    switch (step) {
        
        case 4:
            for (int i = 0; i < possibleIntervalsCount; i++) {
                this->bassIntervalErrors[i] = 0;
                this->kickIntervalErrors[i] = 0;
            }
        break;
        
        case 3:
            //Izračunaj podobnost signala za vsak BPM (izraženo v dolžini intervala)
            for (int i = 0; i < possibleIntervalsCount; i++) {
                float interval = ((float)i/(float)intervalResolution) + BeatDetection::INTERVAL_UPPER_LIMIT;
                
                int repetitions = (BeatDetection::AUDIO_RECORDING_LENGTH / ceil(interval)) - 1;
                
                //Zamikaj od 0 do celega intervala
                for (int r = 0; r < repetitions; r++) {
                    for (int s = 0; s < interval; s++) {
                        int index = floor((double)interval*(s+(r+1)) + 0.5);
                        this->bassIntervalErrors[i] += (this->bassSamples[s] - this->bassSamples[index]) * (this->bassSamples[s] - this->bassSamples[index]);
                    }           
                }
                this->bassIntervalErrors[i] = this->bassIntervalErrors[i] / repetitions;
                
            }
        break;
            
        case 2:
            //Izračunaj podobnost signala za vsak BPM (izraženo v dolžini intervala)
            for (int i = 0; i < possibleIntervalsCount; i++) {
                float interval = ((float)i/(float)intervalResolution) + BeatDetection::INTERVAL_UPPER_LIMIT;
                
                int repetitions = (BeatDetection::AUDIO_RECORDING_LENGTH / ceil(interval)) - 1;
                
                //Zamikaj od 0 do celega intervala
                for (int r = 0; r < repetitions; r++) {
                    for (int s = 0; s < interval; s++) {
                        int index = floor((double)interval*(s+(r+1)) + 0.5);
                        this->kickIntervalErrors[i] += (this->kickSamples[s] - this->kickSamples[index]) * (this->kickSamples[s] - this->kickSamples[index]);
                    }           
                }
                this->kickIntervalErrors[i] = this->kickIntervalErrors[i] / repetitions;
                
            }
        break;
        
        case 1:
            double ratios[] = { 0.5, 0.6};
            //Find min
            for (int r = 0; r < 3; r++) {
                float min = this->bassIntervalErrors[0] + this->kickIntervalErrors[0];
                for (int i = 0; i < possibleIntervalsCount; i++) {
                    double newValue = ratios[r]*this->bassIntervalErrors[i] + (1-ratios[r])*this->kickIntervalErrors[i];
                    if (newValue < min) {
                        min = newValue;
                        pos = i;
                        this->bassKickRatio2 = ratios[r];
                    }
                }
            }
            
        break;
    
    }
    
    return (float)pos/intervalResolution + BeatDetection::INTERVAL_UPPER_LIMIT;
    
}






Viz/AudioProcessing/BeatDetection.h

#include <stdio.h>

#include <stdlib.h>

#include "stm32f4xx_conf.h"

#include "STM32F4xx.h"





/********************************************************

** Beat detection razred

*********************************************************

** Razred, ki posluša glasbo in določi kdaj se v pesmi

** zgodi beat.

** PEAK_SEARCH_AREA - število samplov pred in po beatu,

**											ki pridejo v poštev za vrhunec

** SAMPLES_PER_SECOND - število samplov ki pridejo na

**												sekundo

** BK_RATIO_FIX_STEP - korak (v %), popravljanja razmerja

**											med bass in kick beatom

** TRESHOLD_FIX_STEP - korak (v %) popravljanja meje

**												zaznavanja

** ADJUSTMENT_INTERVAL - dolžina intervala po katerem

**												se upoštevajo boljše nastavitve

** PRE_TRIGGER - pomeni koliko frame-ov prezgodaj naj se

**								proži beat

** intervalLength -	dolžina (v št. samplov) med dvema 

**										vrhuncema

** bass, kick, totalEnergy - energije spektrov in seštevek

** bassKickRatio - razmerje (%bass) ki se uporabi za izračun

** tresshold - (%) max energije, ki mora biti dosežen

** peakSearch - tabela ki hrani podatke okrog vrha

**							tako je možno najti pravi vrh

** error - število samplov med vrhom in pravim vrhom

********************************************************/



#ifndef BEATDETECTION_H

#define BEATDETECTION_H



class BeatDetection {

	

	public:	

		BeatDetection();

		~BeatDetection();

		bool beat(double* spectra, int spectraCount);

		void learningMode();

		



	private:

		static int const SAMPLES_PER_SECOND = 33;

		static int const AUDIO_RECORDING_LENGTH = SAMPLES_PER_SECOND * 4;

		static int const PEAK_SEARCH_AREA = 4;

		static int const BK_RATIO_FIX_STEP = 2;

		static int const TRESHOLD_FIX_STEP = 2;

		static int const ADJUSTMENT_INTERVAL = 8;

		static int const ADJUSTMENT_INTERVAL_CYCLES = ADJUSTMENT_INTERVAL * SAMPLES_PER_SECOND;

		static int const EQUALIZE_INTERVAL = 1;

		static int const EQUALIZE_INTERVAL_CYCLES = EQUALIZE_INTERVAL * SAMPLES_PER_SECOND;

		static int const SILENCE_TRESSHOLD_AVERAGE = 70;

		static int const SILENCE_TRESSHOLD_IMMEDIATE = 50;

		static int const LONG_TERM_RATIO = 2;

		static int const SHORT_TERM_RATIO = 45;

		static int const INTERVAL_LOWER_LIMIT_BPM = 60;

		static int const INTERVAL_LOWER_LIMIT = SAMPLES_PER_SECOND *60 / INTERVAL_LOWER_LIMIT_BPM;

		static int const INTERVAL_UPPER_LIMIT_BPM = 200;

		static int const INTERVAL_UPPER_LIMIT = SAMPLES_PER_SECOND * 60 / INTERVAL_UPPER_LIMIT_BPM;

		static int const INTERVAL_RESOLUTION = 3;

		static int const PRE_TRIGGER = 3;

		static int const LEARNING_MODE_GRACE_PERIOD = 4;

		static int const LEARNING_MODE_GRACE_CYCLES = LEARNING_MODE_GRACE_PERIOD * SAMPLES_PER_SECOND;

		static int const COMPUTATION_STEPS = 5;

		

		int adjustmentIntervalCounter;

		int equalizeIntervalCounter;

		int gracePeriodCounter;

		double floatingLongtermAverage;

		double floatingShorttermAverage;

		double floatingLongtermMax;

		double floatingShorttermMax;

		double detectionMax;

		double detectionVolume;

		bool learningModeEnabled;

		bool silence;

		

		//primarno

		float intervalLength;

		float intervalCounter;

		int tempoBPM;

	

		double bassKickRatio;

	

		double bass;

		double kick;

		double totalEnergy;

	

		double peakSearch[PEAK_SEARCH_AREA*2 +1];

		int peakSearchCounter;

		

		int error;

		

	

		//sekundarno

		double bassSamples[AUDIO_RECORDING_LENGTH];

		double kickSamples[AUDIO_RECORDING_LENGTH];

		int audioRecordingCounter;

		float bassIntervalErrors[(INTERVAL_LOWER_LIMIT - INTERVAL_UPPER_LIMIT) * INTERVAL_RESOLUTION];

		float kickIntervalErrors[(INTERVAL_LOWER_LIMIT - INTERVAL_UPPER_LIMIT) * INTERVAL_RESOLUTION];

		int computationStep;

		

		float intervalLength2;

		int intervalCounter2;

		int tempoBPM2;

		double bassKickRatio2;

		int intervalOffset;

	

	

		double totalEnergy2;



	

		double peakSearch2[PEAK_SEARCH_AREA*2 +1];

		int peakSearchCounter2;

		

		int error2;

		

	

	

	

		void adjustmentInterval();

		void equalizeInterval();

		bool primaryAnalysis();

		void secondaryAnalysis();

		void learningModeAnalysis();

		float findBeatInterval(int);

		int findOffset();

		

};





#endif










Viz/AudioProcessing/FourierTransform.cpp

#include <stdio.h>

#include <stdlib.h>

#include <math.h>

#include "stm32f4xx_conf.h"

#include "STM32F4xx.h"

#include "AudioProcessing.h"

#include "fft4g.c"

#include "FourierTransform.h"

#define PI 3.141592





/********************************************************

** Fourier Transform razred

*********************************************************

** Statični razred, ki vsebuje funkcije za izvajanje

** fourierjeve transformacije nad podatki.

********************************************************/





/* Nad zajetimi podatki izvede realni FFT */

void FourierTransform::realFFT() {

	/*-------- Real DFT / Inverse of Real DFT --------

			[definition]

					<case1> RDFT

							R[k] = sum_j=0^n-1 a[j]*cos(2*pi*j*k/n), 0<=k<=n/2

							I[k] = sum_j=0^n-1 a[j]*sin(2*pi*j*k/n), 0<k<n/2

					<case2> IRDFT (excluding scale)

			[usage]

					<case1>

							ip[0] = 0; // first time only

							rdft(n, 1, a, ip, w);

			[parameters]

					n              :data length (int)

													n >= 2, n = power of 2

					a[0...n-1]     :input/output data (double *)

													<case1>

															output data

																	a[2*k] = R[k], 0<=k<n/2

																	a[2*k+1] = I[k], 0<k<n/2

																	a[1] = R[n/2]

					ip[0...*]      :work area for bit reversal (int *)

													length of ip >= 2+sqrt(n/2)

													strictly, 

													length of ip >= 

															2+(1<<(int)(log(n/2+0.5)/log(2))/2).

													ip[0],ip[1] are pointers of the cos/sin table.

					w[0...n/2-1]   :cos/sin table (double *)

													w[],ip[] are initialized if ip[0] == 0.

			[remark]

					Inverse of 

							rdft(n, 1, a, ip, w);

					is 

							rdft(n, -1, a, ip, w);

							for (j = 0; j <= n - 1; j++) {

									a[j] *= 2.0 / n;

							}

					.

	**************************************************************/



	

	//Klic Realnega FFT iz knjižnice

	AudioProcessing::dataIp[0] = 0;

	cdft(	 AudioProcessing::dataADCLength

			 , 1

			 , AudioProcessing::analyzedData

			 , AudioProcessing::dataIp

			 , AudioProcessing::dataW

			);

}










Viz/AudioProcessing/FourierTransform.h

#include <stdio.h>

#include <stdlib.h>

#include "stm32f4xx_conf.h"

#include "STM32F4xx.h"





/********************************************************

** Fourier Transform razred

*********************************************************

** Statični razred, ki vsebuje funkcije za izvajanje

** fourierjeve transformacije nad podatki.

********************************************************/



#ifndef FOURIERTRANSFORM_H

#define FOURIERTRANSFORM_H



class FourierTransform {

	

	public:		

	

		static void realFFT();



	

	

};





#endif










Viz/AudioProcessing/SpectrumAnalysis.cpp

#include <stdio.h>

#include <stdlib.h>

#include <math.h>

#include <algorithm>

#include "stm32f4xx_conf.h"

#include "STM32F4xx.h"

#include "AudioProcessing.h"

#include "SpectrumAnalysis.h"

#include "BeatDetection.h"

#define PI 3.141592



using namespace std;



/********************************************************

** Spectrum Analysis razred

*********************************************************

** Statični razred, ki iz obdela podatke o spekterskih 

** koših (output iz FFT).

** Spektre grupira

** , jih poravna

** , določi dinamiko (glasnost)

** , analizira beat-e

********************************************************/



double SpectrumAnalysis::AVERAGE_CUTOUT = 0.80;

double SpectrumAnalysis::ADJUSTMENT_RATIO = 0.2;



double SpectrumAnalysis::learningMax = 0.0;

double SpectrumAnalysis::learningAverage = 0.0;

double SpectrumAnalysis::floatingMax = 0.0;

double SpectrumAnalysis::floatingAverage = 0.0;









int SpectrumAnalysis::frameCount = SpectrumAnalysis::ADJUSTMENT_FRAMES;

int SpectrumAnalysis::learningModeFrames = SpectrumAnalysis::LEARNING_MODE_FRAMES;



/* Razdeli vse spektre na 20 rezin po logaritemski lestvici */

void SpectrumAnalysis::to20Spectra() {

	

	

	/*********************************************************************

	 *	Grupiranje na 20 spektrov in računanje velikosti komponente

	 *  Velikost ostane kvadrat

	 *  Nato se izvrši še logaritem

	**********************************************************************/

	

	//Prvih 6 podatkov je neveljavnih.

	//int spectralDispositions[] = {2, 3, 5, 6, 9, 11, 12, 15, 19, 21, 24, 27, 31, 35, 38, 42, 47, 51, 53, 55};

	int spectralDispositions[] = {1, 2, 3, 4, 5, 7, 9, 12, 15, 29, 23, 27, 31, 34, 37, 41, 45, 45, 45, 45};

	int currentSpectrum = 6;

		

	for (int s = 0; s < 20; s++) {

		AudioProcessing::spectra[s] = 0;

		for (int i = 0; i < spectralDispositions[s]; i++) {

			AudioProcessing::spectra[s] += (		AudioProcessing::analyzedData[currentSpectrum] *

																						AudioProcessing::analyzedData[currentSpectrum] 	

																																+ 

																						AudioProcessing::analyzedData[currentSpectrum+1] *

																						AudioProcessing::analyzedData[currentSpectrum+1]

																						);

			currentSpectrum+=2;

		}

		AudioProcessing::spectra[s] = log( AudioProcessing::spectra[s] / (double)spectralDispositions[s] );		

	}

	

	

	

	/*********************************************************************

	 *	Poravnanje krivulje, zaradi večje intenzivnosti v nižjih koših

	**********************************************************************/

	

	int spectralCorrections[] = {16, 16, 16, 16, 15, 15, 15, 15, 14, 14, 13, 12, 12, 11, 11, 11, 10, 10, 11, 13}; //avg = 13

	for (int s = 0; s < 20; s++) 

		AudioProcessing::spectra[s] = 13.0/(double)spectralCorrections[s] * AudioProcessing::spectra[s];

	

	

		

		

	/*********************************************************************

	 *	Povečanje dinamičnosti z odštevanjem spodnjega dela (večine povprečja)

	 *  Prilagajanje na spreminjanje glasnosti

	 *	Pretvorba glasnosti v odstotek

	**********************************************************************/

	

	SpectrumAnalysis::frameCount--;

	SpectrumAnalysis::learningModeFrames--;

		

	

	//Določi max

	double elements[20];

	for (int s = 0; s < 20; s++) 

		elements[s]= AudioProcessing::spectra[s];

	std::sort(elements, elements+20);

	SpectrumAnalysis::learningMax = max(elements[19-SpectrumAnalysis::OVERBOARD_COLUMNS], SpectrumAnalysis::learningMax);

	

	

	//Določi seštevek

	for (int s = 0; s < 20; s++) 

		SpectrumAnalysis::learningAverage += AudioProcessing::spectra[s];

		

		

	//V učnem načinu so spreembe vidne takoj, sicer pa imajo manjši vpliv

	if (SpectrumAnalysis::learningModeFrames > 0) {

		

		SpectrumAnalysis::floatingMax = SpectrumAnalysis::learningMax;

		SpectrumAnalysis::floatingAverage = SpectrumAnalysis::learningAverage/20/(SpectrumAnalysis::LEARNING_MODE_FRAMES - SpectrumAnalysis::learningModeFrames);

		

		

	} else {

		

		

		if (SpectrumAnalysis::frameCount <= 0) {	

			SpectrumAnalysis::floatingMax = (1 - SpectrumAnalysis::ADJUSTMENT_RATIO) * SpectrumAnalysis::floatingMax + SpectrumAnalysis::ADJUSTMENT_RATIO * SpectrumAnalysis::learningMax;

			SpectrumAnalysis::floatingAverage = (1 - SpectrumAnalysis::ADJUSTMENT_RATIO) * SpectrumAnalysis::floatingAverage + SpectrumAnalysis::ADJUSTMENT_RATIO *SpectrumAnalysis::learningAverage/20/(SpectrumAnalysis::ADJUSTMENT_FRAMES);

			SpectrumAnalysis::frameCount = SpectrumAnalysis::ADJUSTMENT_FRAMES;

			SpectrumAnalysis::learningMax = 0.0;

			SpectrumAnalysis::learningAverage = 0.0;

		}

		

	}	



	

	// Pomnoži vse stolpce

	for (int s = 0; s < 20; s++) 

		AudioProcessing::spectra[s] = AudioProcessing::spectra[s] / SpectrumAnalysis::floatingMax * 100.0;

	

	// Odreži večinski del

	double cutout = SpectrumAnalysis::AVERAGE_CUTOUT * (SpectrumAnalysis::floatingAverage / SpectrumAnalysis::floatingMax * 100.0);

	for (int s = 0; s < 20; s++) 

		AudioProcessing::spectra[s] = AudioProcessing::spectra[s] - cutout;

	

	// Spremeni v procent < 1

	for (int s = 0; s < 20; s++) 

		AudioProcessing::spectra[s] = max( min(0.9999999999, AudioProcessing::spectra[s]	 / (100.0 - cutout) ), 0.0 );

	

}
























Viz/AudioProcessing/SpectrumAnalysis.h

#include <stdio.h>

#include <stdlib.h>

#include "stm32f4xx_conf.h"

#include "STM32F4xx.h"

#include "BeatDetection.h"





/********************************************************

** Spectrum Analysis razred

*********************************************************

** Statični razred, ki iz obdela podatke o spekterskih 

** koših (output iz FFT).

** Spektre grupira

** , jih poravna

** , določi dinamiko (glasnost)

** , analizira beat-e

********************************************************/



#ifndef SPECTRUMANALYSIS_H

#define SPECTRUMANALYSIS_H



class SpectrumAnalysis {

	

	public:	

		static int const LEARNING_MODE_FRAMES = 5*33;

		static int const ADJUSTMENT_FRAMES = 8*33;

		static double ADJUSTMENT_RATIO;

		static double AVERAGE_CUTOUT;

		static int const OVERBOARD_COLUMNS = 2;

		

		static double learningMax;

		static double learningAverage;

		static double floatingAverage;

		static double floatingMax;

	  static int frameCount;

	  static int learningModeFrames;

	



		static void to20Spectra();

		

	  

	

	

};





#endif










Viz/AudioProcessing/Windowing.cpp

#include <stdio.h>

#include <stdlib.h>

#include <math.h>

#include "stm32f4xx_conf.h"

#include "STM32F4xx.h"

#include "AudioProcessing.h"

#include "Windowing.h"

#define PI 3.141592



/********************************************************

** Windowing razred

*********************************************************

** Statični razred, ki vsebuje funkcije za obdelavo

** okna. Okenska fukcija se požene nad zajetimi sampli

** preden gre v obdelavo z DFT.

********************************************************/



bool Windowing::windowInitialized = false;







/* Nad zajetimi sampli izvede windowing funkcijo */

void Windowing::applyWindow() {

	for (int n = 0; n < AudioProcessing::dataADCLength; n++)

			AudioProcessing::analyzedData[n] = AudioProcessing::analyzedData[n] * AudioProcessing::window[n];

}



/* Inicializira blackmanovo okno */

void Windowing::blackmanWindow() {

	double a0 = 7938.0/18608;

	double a1 = 9240.0/18608;

	double a2 = 1430.0/18608;

	for (int n = 0; n < AudioProcessing::dataADCLength; n++)

			AudioProcessing::window[n] =  a0 - a1*cos(2.0*PI*n/(AudioProcessing::dataADCLength-1)) + a2*cos(4.0*PI*n/(AudioProcessing::dataADCLength-1));

}





/* Inicializira blackmanovo-harrisovo okno */

void Windowing::blackmanHarrisWindow() {

	double a0 = 0.355768;

	double a1 = 0.487396;

	double a2 = 0.144232;

	double a3 = 0.012604;

	

	for (int n = 0; n < AudioProcessing::dataADCLength; n++)

			AudioProcessing::window[n] =  a0 - a1*cos(2.0*PI*n/(AudioProcessing::dataADCLength-1)) + a2*cos(4.0*PI*n/(AudioProcessing::dataADCLength-1)) - a3*cos(6.0*PI*n/(AudioProcessing::dataADCLength-1));

}



/* Inicializira Hanningovo okno */

void Windowing::hanningWindow() {

	for (int n = 0; n < AudioProcessing::dataADCLength; n++) 

			AudioProcessing::window[n] =  1.0 - cos(2.0*PI*n/(AudioProcessing::dataADCLength-1)) / 2.0;

}










Viz/AudioProcessing/Windowing.h

#include <stdio.h>

#include <stdlib.h>

#include "stm32f4xx_conf.h"

#include "STM32F4xx.h"





/********************************************************

** Windowing razred

*********************************************************

** Statični razred, ki vsebuje funkcije za obdelavo

** okna. Okenska fukcija se požene nad zajetimi sampli

** preden gre v obdelavo z DFT.

********************************************************/



#ifndef WINDOWING_H

#define WINDOWING_H



class Windowing {

	

	public:		

		static void applyWindow();

		static void hanningWindow();

		static void blackmanWindow();

		static void blackmanHarrisWindow();

		



		static bool windowInitialized;



		

	

	

};





#endif










Viz/cmsis/core_cm4.h

/**************************************************************************//**

 * @file     core_cm4.h

 * @brief    CMSIS Cortex-M4 Core Peripheral Access Layer Header File

 * @version  V2.10

 * @date     19. July 2011

 *

 * @note

 * Copyright (C) 2009-2011 ARM Limited. All rights reserved.

 *

 * @par

 * ARM Limited (ARM) is supplying this software for use with Cortex-M

 * processor based microcontrollers.  This file can be freely distributed

 * within development tools that are supporting such ARM based processors.

 *

 * @par

 * THIS SOFTWARE IS PROVIDED "AS IS".  NO WARRANTIES, WHETHER EXPRESS, IMPLIED

 * OR STATUTORY, INCLUDING, BUT NOT LIMITED TO, IMPLIED WARRANTIES OF

 * MERCHANTABILITY AND FITNESS FOR A PARTICULAR PURPOSE APPLY TO THIS SOFTWARE.

 * ARM SHALL NOT, IN ANY CIRCUMSTANCES, BE LIABLE FOR SPECIAL, INCIDENTAL, OR

 * CONSEQUENTIAL DAMAGES, FOR ANY REASON WHATSOEVER.

 *

 ******************************************************************************/

#if defined ( __ICCARM__ )

 #pragma system_include  /* treat file as system include file for MISRA check */

#endif



#ifdef __cplusplus

 extern "C" {

#endif



#ifndef __CORE_CM4_H_GENERIC

#define __CORE_CM4_H_GENERIC





/** \mainpage CMSIS Cortex-M4



  This documentation describes the CMSIS Cortex-M Core Peripheral Access Layer.

  It consists of:



     - Cortex-M Core Register Definitions

     - Cortex-M functions

     - Cortex-M instructions

     - Cortex-M SIMD instructions



  The CMSIS Cortex-M4 Core Peripheral Access Layer contains C and assembly functions that ease

  access to the Cortex-M Core

 */



/** \defgroup CMSIS_MISRA_Exceptions  CMSIS MISRA-C:2004 Compliance Exceptions

  CMSIS violates following MISRA-C2004 Rules:

  

   - Violates MISRA 2004 Required Rule 8.5, object/function definition in header file.<br>

     Function definitions in header files are used to allow 'inlining'. 



   - Violates MISRA 2004 Required Rule 18.4, declaration of union type or object of union type: '{...}'.<br>

     Unions are used for effective representation of core registers.

   

   - Violates MISRA 2004 Advisory Rule 19.7, Function-like macro defined.<br>

     Function-like macros are used to allow more efficient code. 



 */





/*******************************************************************************

 *                 CMSIS definitions

 ******************************************************************************/

/** \defgroup CMSIS_core_definitions CMSIS Core Definitions

  This file defines all structures and symbols for CMSIS core:

   - CMSIS version number

   - Cortex-M core

   - Cortex-M core Revision Number

  @{

 */



/*  CMSIS CM4 definitions */

#define __CM4_CMSIS_VERSION_MAIN  (0x02)                                                       /*!< [31:16] CMSIS HAL main version */

#define __CM4_CMSIS_VERSION_SUB   (0x10)                                                       /*!< [15:0]  CMSIS HAL sub version  */

#define __CM4_CMSIS_VERSION       ((__CM4_CMSIS_VERSION_MAIN << 16) | __CM4_CMSIS_VERSION_SUB) /*!< CMSIS HAL version number       */



#define __CORTEX_M                (0x04)                                                       /*!< Cortex core                    */





#if   defined ( __CC_ARM )

  #define __ASM            __asm                                      /*!< asm keyword for ARM Compiler          */

  #define __INLINE         __inline                                   /*!< inline keyword for ARM Compiler       */



#elif defined ( __ICCARM__ )

  #define __ASM           __asm                                       /*!< asm keyword for IAR Compiler          */

  #define __INLINE        inline                                      /*!< inline keyword for IAR Compiler. Only available in High optimization mode! */



#elif defined ( __GNUC__ )

  #define __ASM            __asm                                      /*!< asm keyword for GNU Compiler          */

  #define __INLINE         inline                                     /*!< inline keyword for GNU Compiler       */



#elif defined ( __TASKING__ )

  #define __ASM            __asm                                      /*!< asm keyword for TASKING Compiler      */

  #define __INLINE         inline                                     /*!< inline keyword for TASKING Compiler   */



#endif



/*!< __FPU_USED to be checked prior to making use of FPU specific registers and functions */

#if defined ( __CC_ARM )

  #if defined __TARGET_FPU_VFP

    #if (__FPU_PRESENT == 1)

      #define __FPU_USED       1

    #else

      #warning "Compiler generates FPU instructions for a device without an FPU (check __FPU_PRESENT)"

      #define __FPU_USED       0

    #endif

  #else

    #define __FPU_USED         0

  #endif



#elif defined ( __ICCARM__ )

  #if defined __ARMVFP__

    #if (__FPU_PRESENT == 1)

      #define __FPU_USED       1

    #else

      #warning "Compiler generates FPU instructions for a device without an FPU (check __FPU_PRESENT)"

      #define __FPU_USED       0

    #endif

  #else

    #define __FPU_USED         0

  #endif



#elif defined ( __GNUC__ )

  #if defined (__VFP_FP__) && !defined(__SOFTFP__)

    #if (__FPU_PRESENT == 1)

      #define __FPU_USED       1

    #else

      #warning "Compiler generates FPU instructions for a device without an FPU (check __FPU_PRESENT)"

      #define __FPU_USED       0

    #endif

  #else

    #define __FPU_USED         0

  #endif



#elif defined ( __TASKING__ )

    /* add preprocessor checks to define __FPU_USED */

    #define __FPU_USED         0

#endif



#include <stdint.h>                      /*!< standard types definitions                      */

#include <core_cmInstr.h>                /*!< Core Instruction Access                         */

#include <core_cmFunc.h>                 /*!< Core Function Access                            */

#include <core_cm4_simd.h>               /*!< Compiler specific SIMD Intrinsics               */



#endif /* __CORE_CM4_H_GENERIC */



#ifndef __CMSIS_GENERIC



#ifndef __CORE_CM4_H_DEPENDANT

#define __CORE_CM4_H_DEPENDANT



/* check device defines and use defaults */

#if defined __CHECK_DEVICE_DEFINES

  #ifndef __CM4_REV

    #define __CM4_REV               0x0000

    #warning "__CM4_REV not defined in device header file; using default!"

  #endif



  #ifndef __FPU_PRESENT

    #define __FPU_PRESENT             0

    #warning "__FPU_PRESENT not defined in device header file; using default!"

  #endif



  #ifndef __MPU_PRESENT

    #define __MPU_PRESENT             0

    #warning "__MPU_PRESENT not defined in device header file; using default!"

  #endif



  #ifndef __NVIC_PRIO_BITS

    #define __NVIC_PRIO_BITS          4

    #warning "__NVIC_PRIO_BITS not defined in device header file; using default!"

  #endif



  #ifndef __Vendor_SysTickConfig

    #define __Vendor_SysTickConfig    0

    #warning "__Vendor_SysTickConfig not defined in device header file; using default!"

  #endif

#endif



/* IO definitions (access restrictions to peripheral registers) */

#ifdef __cplusplus

  #define   __I     volatile             /*!< defines 'read only' permissions                 */

#else

  #define   __I     volatile const       /*!< defines 'read only' permissions                 */

#endif

#define     __O     volatile             /*!< defines 'write only' permissions                */

#define     __IO    volatile             /*!< defines 'read / write' permissions              */



/*@} end of group CMSIS_core_definitions */







/*******************************************************************************

 *                 Register Abstraction

 ******************************************************************************/

/** \defgroup CMSIS_core_register CMSIS Core Register

  Core Register contain:

  - Core Register

  - Core NVIC Register

  - Core SCB Register

  - Core SysTick Register

  - Core Debug Register

  - Core MPU Register

  - Core FPU Register

*/



/** \ingroup  CMSIS_core_register

    \defgroup CMSIS_CORE CMSIS Core

  Type definitions for the Cortex-M Core Registers

  @{

 */



/** \brief  Union type to access the Application Program Status Register (APSR).

 */

typedef union

{

  struct

  {

#if (__CORTEX_M != 0x04)

    uint32_t _reserved0:27;              /*!< bit:  0..26  Reserved                           */

#else

    uint32_t _reserved0:16;              /*!< bit:  0..15  Reserved                           */

    uint32_t GE:4;                       /*!< bit: 16..19  Greater than or Equal flags        */

    uint32_t _reserved1:7;               /*!< bit: 20..26  Reserved                           */

#endif

    uint32_t Q:1;                        /*!< bit:     27  Saturation condition flag          */

    uint32_t V:1;                        /*!< bit:     28  Overflow condition code flag       */

    uint32_t C:1;                        /*!< bit:     29  Carry condition code flag          */

    uint32_t Z:1;                        /*!< bit:     30  Zero condition code flag           */

    uint32_t N:1;                        /*!< bit:     31  Negative condition code flag       */

  } b;                                   /*!< Structure used for bit  access                  */

  uint32_t w;                            /*!< Type      used for word access                  */

} APSR_Type;





/** \brief  Union type to access the Interrupt Program Status Register (IPSR).

 */

typedef union

{

  struct

  {

    uint32_t ISR:9;                      /*!< bit:  0.. 8  Exception number                   */

    uint32_t _reserved0:23;              /*!< bit:  9..31  Reserved                           */

  } b;                                   /*!< Structure used for bit  access                  */

  uint32_t w;                            /*!< Type      used for word access                  */

} IPSR_Type;





/** \brief  Union type to access the Special-Purpose Program Status Registers (xPSR).

 */

typedef union

{

  struct

  {

    uint32_t ISR:9;                      /*!< bit:  0.. 8  Exception number                   */

#if (__CORTEX_M != 0x04)

    uint32_t _reserved0:15;              /*!< bit:  9..23  Reserved                           */

#else

    uint32_t _reserved0:7;               /*!< bit:  9..15  Reserved                           */

    uint32_t GE:4;                       /*!< bit: 16..19  Greater than or Equal flags        */

    uint32_t _reserved1:4;               /*!< bit: 20..23  Reserved                           */

#endif

    uint32_t T:1;                        /*!< bit:     24  Thumb bit        (read 0)          */

    uint32_t IT:2;                       /*!< bit: 25..26  saved IT state   (read 0)          */

    uint32_t Q:1;                        /*!< bit:     27  Saturation condition flag          */

    uint32_t V:1;                        /*!< bit:     28  Overflow condition code flag       */

    uint32_t C:1;                        /*!< bit:     29  Carry condition code flag          */

    uint32_t Z:1;                        /*!< bit:     30  Zero condition code flag           */

    uint32_t N:1;                        /*!< bit:     31  Negative condition code flag       */

  } b;                                   /*!< Structure used for bit  access                  */

  uint32_t w;                            /*!< Type      used for word access                  */

} xPSR_Type;





/** \brief  Union type to access the Control Registers (CONTROL).

 */

typedef union

{

  struct

  {

    uint32_t nPRIV:1;                    /*!< bit:      0  Execution privilege in Thread mode */

    uint32_t SPSEL:1;                    /*!< bit:      1  Stack to be used                   */

    uint32_t FPCA:1;                     /*!< bit:      2  FP extension active flag           */

    uint32_t _reserved0:29;              /*!< bit:  3..31  Reserved                           */

  } b;                                   /*!< Structure used for bit  access                  */

  uint32_t w;                            /*!< Type      used for word access                  */

} CONTROL_Type;



/*@} end of group CMSIS_CORE */





/** \ingroup  CMSIS_core_register

    \defgroup CMSIS_NVIC CMSIS NVIC

  Type definitions for the Cortex-M NVIC Registers

  @{

 */



/** \brief  Structure type to access the Nested Vectored Interrupt Controller (NVIC).

 */

typedef struct

{

  __IO uint32_t ISER[8];                 /*!< Offset: 0x000 (R/W)  Interrupt Set Enable Register           */

       uint32_t RESERVED0[24];

  __IO uint32_t ICER[8];                 /*!< Offset: 0x080 (R/W)  Interrupt Clear Enable Register         */

       uint32_t RSERVED1[24];

  __IO uint32_t ISPR[8];                 /*!< Offset: 0x100 (R/W)  Interrupt Set Pending Register          */

       uint32_t RESERVED2[24];

  __IO uint32_t ICPR[8];                 /*!< Offset: 0x180 (R/W)  Interrupt Clear Pending Register        */

       uint32_t RESERVED3[24];

  __IO uint32_t IABR[8];                 /*!< Offset: 0x200 (R/W)  Interrupt Active bit Register           */

       uint32_t RESERVED4[56];

  __IO uint8_t  IP[240];                 /*!< Offset: 0x300 (R/W)  Interrupt Priority Register (8Bit wide) */

       uint32_t RESERVED5[644];

  __O  uint32_t STIR;                    /*!< Offset: 0xE00 ( /W)  Software Trigger Interrupt Register     */

}  NVIC_Type;



/* Software Triggered Interrupt Register Definitions */

#define NVIC_STIR_INTID_Pos                 0                                          /*!< STIR: INTLINESNUM Position */

#define NVIC_STIR_INTID_Msk                (0x1FFUL << NVIC_STIR_INTID_Pos)            /*!< STIR: INTLINESNUM Mask */



/*@} end of group CMSIS_NVIC */





/** \ingroup  CMSIS_core_register

    \defgroup CMSIS_SCB CMSIS SCB

  Type definitions for the Cortex-M System Control Block Registers

  @{

 */



/** \brief  Structure type to access the System Control Block (SCB).

 */

typedef struct

{

  __I  uint32_t CPUID;                   /*!< Offset: 0x000 (R/ )  CPUID Base Register                                   */

  __IO uint32_t ICSR;                    /*!< Offset: 0x004 (R/W)  Interrupt Control and State Register                  */

  __IO uint32_t VTOR;                    /*!< Offset: 0x008 (R/W)  Vector Table Offset Register                          */

  __IO uint32_t AIRCR;                   /*!< Offset: 0x00C (R/W)  Application Interrupt and Reset Control Register      */

  __IO uint32_t SCR;                     /*!< Offset: 0x010 (R/W)  System Control Register                               */

  __IO uint32_t CCR;                     /*!< Offset: 0x014 (R/W)  Configuration Control Register                        */

  __IO uint8_t  SHP[12];                 /*!< Offset: 0x018 (R/W)  System Handlers Priority Registers (4-7, 8-11, 12-15) */

  __IO uint32_t SHCSR;                   /*!< Offset: 0x024 (R/W)  System Handler Control and State Register             */

  __IO uint32_t CFSR;                    /*!< Offset: 0x028 (R/W)  Configurable Fault Status Register                    */

  __IO uint32_t HFSR;                    /*!< Offset: 0x02C (R/W)  HardFault Status Register                             */

  __IO uint32_t DFSR;                    /*!< Offset: 0x030 (R/W)  Debug Fault Status Register                           */

  __IO uint32_t MMFAR;                   /*!< Offset: 0x034 (R/W)  MemManage Fault Address Register                      */

  __IO uint32_t BFAR;                    /*!< Offset: 0x038 (R/W)  BusFault Address Register                             */

  __IO uint32_t AFSR;                    /*!< Offset: 0x03C (R/W)  Auxiliary Fault Status Register                       */

  __I  uint32_t PFR[2];                  /*!< Offset: 0x040 (R/ )  Processor Feature Register                            */

  __I  uint32_t DFR;                     /*!< Offset: 0x048 (R/ )  Debug Feature Register                                */

  __I  uint32_t ADR;                     /*!< Offset: 0x04C (R/ )  Auxiliary Feature Register                            */

  __I  uint32_t MMFR[4];                 /*!< Offset: 0x050 (R/ )  Memory Model Feature Register                         */

  __I  uint32_t ISAR[5];                 /*!< Offset: 0x060 (R/ )  Instruction Set Attributes Register                   */

       uint32_t RESERVED0[5];

  __IO uint32_t CPACR;                   /*!< Offset: 0x088 (R/W)  Coprocessor Access Control Register                   */

} SCB_Type;



/* SCB CPUID Register Definitions */

#define SCB_CPUID_IMPLEMENTER_Pos          24                                             /*!< SCB CPUID: IMPLEMENTER Position */

#define SCB_CPUID_IMPLEMENTER_Msk          (0xFFUL << SCB_CPUID_IMPLEMENTER_Pos)          /*!< SCB CPUID: IMPLEMENTER Mask */



#define SCB_CPUID_VARIANT_Pos              20                                             /*!< SCB CPUID: VARIANT Position */

#define SCB_CPUID_VARIANT_Msk              (0xFUL << SCB_CPUID_VARIANT_Pos)               /*!< SCB CPUID: VARIANT Mask */



#define SCB_CPUID_ARCHITECTURE_Pos         16                                             /*!< SCB CPUID: ARCHITECTURE Position */

#define SCB_CPUID_ARCHITECTURE_Msk         (0xFUL << SCB_CPUID_ARCHITECTURE_Pos)          /*!< SCB CPUID: ARCHITECTURE Mask */



#define SCB_CPUID_PARTNO_Pos                4                                             /*!< SCB CPUID: PARTNO Position */

#define SCB_CPUID_PARTNO_Msk               (0xFFFUL << SCB_CPUID_PARTNO_Pos)              /*!< SCB CPUID: PARTNO Mask */



#define SCB_CPUID_REVISION_Pos              0                                             /*!< SCB CPUID: REVISION Position */

#define SCB_CPUID_REVISION_Msk             (0xFUL << SCB_CPUID_REVISION_Pos)              /*!< SCB CPUID: REVISION Mask */



/* SCB Interrupt Control State Register Definitions */

#define SCB_ICSR_NMIPENDSET_Pos            31                                             /*!< SCB ICSR: NMIPENDSET Position */

#define SCB_ICSR_NMIPENDSET_Msk            (1UL << SCB_ICSR_NMIPENDSET_Pos)               /*!< SCB ICSR: NMIPENDSET Mask */



#define SCB_ICSR_PENDSVSET_Pos             28                                             /*!< SCB ICSR: PENDSVSET Position */

#define SCB_ICSR_PENDSVSET_Msk             (1UL << SCB_ICSR_PENDSVSET_Pos)                /*!< SCB ICSR: PENDSVSET Mask */



#define SCB_ICSR_PENDSVCLR_Pos             27                                             /*!< SCB ICSR: PENDSVCLR Position */

#define SCB_ICSR_PENDSVCLR_Msk             (1UL << SCB_ICSR_PENDSVCLR_Pos)                /*!< SCB ICSR: PENDSVCLR Mask */



#define SCB_ICSR_PENDSTSET_Pos             26                                             /*!< SCB ICSR: PENDSTSET Position */

#define SCB_ICSR_PENDSTSET_Msk             (1UL << SCB_ICSR_PENDSTSET_Pos)                /*!< SCB ICSR: PENDSTSET Mask */



#define SCB_ICSR_PENDSTCLR_Pos             25                                             /*!< SCB ICSR: PENDSTCLR Position */

#define SCB_ICSR_PENDSTCLR_Msk             (1UL << SCB_ICSR_PENDSTCLR_Pos)                /*!< SCB ICSR: PENDSTCLR Mask */



#define SCB_ICSR_ISRPREEMPT_Pos            23                                             /*!< SCB ICSR: ISRPREEMPT Position */

#define SCB_ICSR_ISRPREEMPT_Msk            (1UL << SCB_ICSR_ISRPREEMPT_Pos)               /*!< SCB ICSR: ISRPREEMPT Mask */



#define SCB_ICSR_ISRPENDING_Pos            22                                             /*!< SCB ICSR: ISRPENDING Position */

#define SCB_ICSR_ISRPENDING_Msk            (1UL << SCB_ICSR_ISRPENDING_Pos)               /*!< SCB ICSR: ISRPENDING Mask */



#define SCB_ICSR_VECTPENDING_Pos           12                                             /*!< SCB ICSR: VECTPENDING Position */

#define SCB_ICSR_VECTPENDING_Msk           (0x1FFUL << SCB_ICSR_VECTPENDING_Pos)          /*!< SCB ICSR: VECTPENDING Mask */



#define SCB_ICSR_RETTOBASE_Pos             11                                             /*!< SCB ICSR: RETTOBASE Position */

#define SCB_ICSR_RETTOBASE_Msk             (1UL << SCB_ICSR_RETTOBASE_Pos)                /*!< SCB ICSR: RETTOBASE Mask */



#define SCB_ICSR_VECTACTIVE_Pos             0                                             /*!< SCB ICSR: VECTACTIVE Position */

#define SCB_ICSR_VECTACTIVE_Msk            (0x1FFUL << SCB_ICSR_VECTACTIVE_Pos)           /*!< SCB ICSR: VECTACTIVE Mask */



/* SCB Vector Table Offset Register Definitions */

#define SCB_VTOR_TBLOFF_Pos                 7                                             /*!< SCB VTOR: TBLOFF Position */

#define SCB_VTOR_TBLOFF_Msk                (0x1FFFFFFUL << SCB_VTOR_TBLOFF_Pos)           /*!< SCB VTOR: TBLOFF Mask */



/* SCB Application Interrupt and Reset Control Register Definitions */

#define SCB_AIRCR_VECTKEY_Pos              16                                             /*!< SCB AIRCR: VECTKEY Position */

#define SCB_AIRCR_VECTKEY_Msk              (0xFFFFUL << SCB_AIRCR_VECTKEY_Pos)            /*!< SCB AIRCR: VECTKEY Mask */



#define SCB_AIRCR_VECTKEYSTAT_Pos          16                                             /*!< SCB AIRCR: VECTKEYSTAT Position */

#define SCB_AIRCR_VECTKEYSTAT_Msk          (0xFFFFUL << SCB_AIRCR_VECTKEYSTAT_Pos)        /*!< SCB AIRCR: VECTKEYSTAT Mask */



#define SCB_AIRCR_ENDIANESS_Pos            15                                             /*!< SCB AIRCR: ENDIANESS Position */

#define SCB_AIRCR_ENDIANESS_Msk            (1UL << SCB_AIRCR_ENDIANESS_Pos)               /*!< SCB AIRCR: ENDIANESS Mask */



#define SCB_AIRCR_PRIGROUP_Pos              8                                             /*!< SCB AIRCR: PRIGROUP Position */

#define SCB_AIRCR_PRIGROUP_Msk             (7UL << SCB_AIRCR_PRIGROUP_Pos)                /*!< SCB AIRCR: PRIGROUP Mask */



#define SCB_AIRCR_SYSRESETREQ_Pos           2                                             /*!< SCB AIRCR: SYSRESETREQ Position */

#define SCB_AIRCR_SYSRESETREQ_Msk          (1UL << SCB_AIRCR_SYSRESETREQ_Pos)             /*!< SCB AIRCR: SYSRESETREQ Mask */



#define SCB_AIRCR_VECTCLRACTIVE_Pos         1                                             /*!< SCB AIRCR: VECTCLRACTIVE Position */

#define SCB_AIRCR_VECTCLRACTIVE_Msk        (1UL << SCB_AIRCR_VECTCLRACTIVE_Pos)           /*!< SCB AIRCR: VECTCLRACTIVE Mask */



#define SCB_AIRCR_VECTRESET_Pos             0                                             /*!< SCB AIRCR: VECTRESET Position */

#define SCB_AIRCR_VECTRESET_Msk            (1UL << SCB_AIRCR_VECTRESET_Pos)               /*!< SCB AIRCR: VECTRESET Mask */



/* SCB System Control Register Definitions */

#define SCB_SCR_SEVONPEND_Pos               4                                             /*!< SCB SCR: SEVONPEND Position */

#define SCB_SCR_SEVONPEND_Msk              (1UL << SCB_SCR_SEVONPEND_Pos)                 /*!< SCB SCR: SEVONPEND Mask */



#define SCB_SCR_SLEEPDEEP_Pos               2                                             /*!< SCB SCR: SLEEPDEEP Position */

#define SCB_SCR_SLEEPDEEP_Msk              (1UL << SCB_SCR_SLEEPDEEP_Pos)                 /*!< SCB SCR: SLEEPDEEP Mask */



#define SCB_SCR_SLEEPONEXIT_Pos             1                                             /*!< SCB SCR: SLEEPONEXIT Position */

#define SCB_SCR_SLEEPONEXIT_Msk            (1UL << SCB_SCR_SLEEPONEXIT_Pos)               /*!< SCB SCR: SLEEPONEXIT Mask */



/* SCB Configuration Control Register Definitions */

#define SCB_CCR_STKALIGN_Pos                9                                             /*!< SCB CCR: STKALIGN Position */

#define SCB_CCR_STKALIGN_Msk               (1UL << SCB_CCR_STKALIGN_Pos)                  /*!< SCB CCR: STKALIGN Mask */



#define SCB_CCR_BFHFNMIGN_Pos               8                                             /*!< SCB CCR: BFHFNMIGN Position */

#define SCB_CCR_BFHFNMIGN_Msk              (1UL << SCB_CCR_BFHFNMIGN_Pos)                 /*!< SCB CCR: BFHFNMIGN Mask */



#define SCB_CCR_DIV_0_TRP_Pos               4                                             /*!< SCB CCR: DIV_0_TRP Position */

#define SCB_CCR_DIV_0_TRP_Msk              (1UL << SCB_CCR_DIV_0_TRP_Pos)                 /*!< SCB CCR: DIV_0_TRP Mask */



#define SCB_CCR_UNALIGN_TRP_Pos             3                                             /*!< SCB CCR: UNALIGN_TRP Position */

#define SCB_CCR_UNALIGN_TRP_Msk            (1UL << SCB_CCR_UNALIGN_TRP_Pos)               /*!< SCB CCR: UNALIGN_TRP Mask */



#define SCB_CCR_USERSETMPEND_Pos            1                                             /*!< SCB CCR: USERSETMPEND Position */

#define SCB_CCR_USERSETMPEND_Msk           (1UL << SCB_CCR_USERSETMPEND_Pos)              /*!< SCB CCR: USERSETMPEND Mask */



#define SCB_CCR_NONBASETHRDENA_Pos          0                                             /*!< SCB CCR: NONBASETHRDENA Position */

#define SCB_CCR_NONBASETHRDENA_Msk         (1UL << SCB_CCR_NONBASETHRDENA_Pos)            /*!< SCB CCR: NONBASETHRDENA Mask */



/* SCB System Handler Control and State Register Definitions */

#define SCB_SHCSR_USGFAULTENA_Pos          18                                             /*!< SCB SHCSR: USGFAULTENA Position */

#define SCB_SHCSR_USGFAULTENA_Msk          (1UL << SCB_SHCSR_USGFAULTENA_Pos)             /*!< SCB SHCSR: USGFAULTENA Mask */



#define SCB_SHCSR_BUSFAULTENA_Pos          17                                             /*!< SCB SHCSR: BUSFAULTENA Position */

#define SCB_SHCSR_BUSFAULTENA_Msk          (1UL << SCB_SHCSR_BUSFAULTENA_Pos)             /*!< SCB SHCSR: BUSFAULTENA Mask */



#define SCB_SHCSR_MEMFAULTENA_Pos          16                                             /*!< SCB SHCSR: MEMFAULTENA Position */

#define SCB_SHCSR_MEMFAULTENA_Msk          (1UL << SCB_SHCSR_MEMFAULTENA_Pos)             /*!< SCB SHCSR: MEMFAULTENA Mask */



#define SCB_SHCSR_SVCALLPENDED_Pos         15                                             /*!< SCB SHCSR: SVCALLPENDED Position */

#define SCB_SHCSR_SVCALLPENDED_Msk         (1UL << SCB_SHCSR_SVCALLPENDED_Pos)            /*!< SCB SHCSR: SVCALLPENDED Mask */



#define SCB_SHCSR_BUSFAULTPENDED_Pos       14                                             /*!< SCB SHCSR: BUSFAULTPENDED Position */

#define SCB_SHCSR_BUSFAULTPENDED_Msk       (1UL << SCB_SHCSR_BUSFAULTPENDED_Pos)          /*!< SCB SHCSR: BUSFAULTPENDED Mask */



#define SCB_SHCSR_MEMFAULTPENDED_Pos       13                                             /*!< SCB SHCSR: MEMFAULTPENDED Position */

#define SCB_SHCSR_MEMFAULTPENDED_Msk       (1UL << SCB_SHCSR_MEMFAULTPENDED_Pos)          /*!< SCB SHCSR: MEMFAULTPENDED Mask */



#define SCB_SHCSR_USGFAULTPENDED_Pos       12                                             /*!< SCB SHCSR: USGFAULTPENDED Position */

#define SCB_SHCSR_USGFAULTPENDED_Msk       (1UL << SCB_SHCSR_USGFAULTPENDED_Pos)          /*!< SCB SHCSR: USGFAULTPENDED Mask */



#define SCB_SHCSR_SYSTICKACT_Pos           11                                             /*!< SCB SHCSR: SYSTICKACT Position */

#define SCB_SHCSR_SYSTICKACT_Msk           (1UL << SCB_SHCSR_SYSTICKACT_Pos)              /*!< SCB SHCSR: SYSTICKACT Mask */



#define SCB_SHCSR_PENDSVACT_Pos            10                                             /*!< SCB SHCSR: PENDSVACT Position */

#define SCB_SHCSR_PENDSVACT_Msk            (1UL << SCB_SHCSR_PENDSVACT_Pos)               /*!< SCB SHCSR: PENDSVACT Mask */



#define SCB_SHCSR_MONITORACT_Pos            8                                             /*!< SCB SHCSR: MONITORACT Position */

#define SCB_SHCSR_MONITORACT_Msk           (1UL << SCB_SHCSR_MONITORACT_Pos)              /*!< SCB SHCSR: MONITORACT Mask */



#define SCB_SHCSR_SVCALLACT_Pos             7                                             /*!< SCB SHCSR: SVCALLACT Position */

#define SCB_SHCSR_SVCALLACT_Msk            (1UL << SCB_SHCSR_SVCALLACT_Pos)               /*!< SCB SHCSR: SVCALLACT Mask */



#define SCB_SHCSR_USGFAULTACT_Pos           3                                             /*!< SCB SHCSR: USGFAULTACT Position */

#define SCB_SHCSR_USGFAULTACT_Msk          (1UL << SCB_SHCSR_USGFAULTACT_Pos)             /*!< SCB SHCSR: USGFAULTACT Mask */



#define SCB_SHCSR_BUSFAULTACT_Pos           1                                             /*!< SCB SHCSR: BUSFAULTACT Position */

#define SCB_SHCSR_BUSFAULTACT_Msk          (1UL << SCB_SHCSR_BUSFAULTACT_Pos)             /*!< SCB SHCSR: BUSFAULTACT Mask */



#define SCB_SHCSR_MEMFAULTACT_Pos           0                                             /*!< SCB SHCSR: MEMFAULTACT Position */

#define SCB_SHCSR_MEMFAULTACT_Msk          (1UL << SCB_SHCSR_MEMFAULTACT_Pos)             /*!< SCB SHCSR: MEMFAULTACT Mask */



/* SCB Configurable Fault Status Registers Definitions */

#define SCB_CFSR_USGFAULTSR_Pos            16                                             /*!< SCB CFSR: Usage Fault Status Register Position */

#define SCB_CFSR_USGFAULTSR_Msk            (0xFFFFUL << SCB_CFSR_USGFAULTSR_Pos)          /*!< SCB CFSR: Usage Fault Status Register Mask */



#define SCB_CFSR_BUSFAULTSR_Pos             8                                             /*!< SCB CFSR: Bus Fault Status Register Position */

#define SCB_CFSR_BUSFAULTSR_Msk            (0xFFUL << SCB_CFSR_BUSFAULTSR_Pos)            /*!< SCB CFSR: Bus Fault Status Register Mask */



#define SCB_CFSR_MEMFAULTSR_Pos             0                                             /*!< SCB CFSR: Memory Manage Fault Status Register Position */

#define SCB_CFSR_MEMFAULTSR_Msk            (0xFFUL << SCB_CFSR_MEMFAULTSR_Pos)            /*!< SCB CFSR: Memory Manage Fault Status Register Mask */



/* SCB Hard Fault Status Registers Definitions */

#define SCB_HFSR_DEBUGEVT_Pos              31                                             /*!< SCB HFSR: DEBUGEVT Position */

#define SCB_HFSR_DEBUGEVT_Msk              (1UL << SCB_HFSR_DEBUGEVT_Pos)                 /*!< SCB HFSR: DEBUGEVT Mask */



#define SCB_HFSR_FORCED_Pos                30                                             /*!< SCB HFSR: FORCED Position */

#define SCB_HFSR_FORCED_Msk                (1UL << SCB_HFSR_FORCED_Pos)                   /*!< SCB HFSR: FORCED Mask */



#define SCB_HFSR_VECTTBL_Pos                1                                             /*!< SCB HFSR: VECTTBL Position */

#define SCB_HFSR_VECTTBL_Msk               (1UL << SCB_HFSR_VECTTBL_Pos)                  /*!< SCB HFSR: VECTTBL Mask */



/* SCB Debug Fault Status Register Definitions */

#define SCB_DFSR_EXTERNAL_Pos               4                                             /*!< SCB DFSR: EXTERNAL Position */

#define SCB_DFSR_EXTERNAL_Msk              (1UL << SCB_DFSR_EXTERNAL_Pos)                 /*!< SCB DFSR: EXTERNAL Mask */



#define SCB_DFSR_VCATCH_Pos                 3                                             /*!< SCB DFSR: VCATCH Position */

#define SCB_DFSR_VCATCH_Msk                (1UL << SCB_DFSR_VCATCH_Pos)                   /*!< SCB DFSR: VCATCH Mask */



#define SCB_DFSR_DWTTRAP_Pos                2                                             /*!< SCB DFSR: DWTTRAP Position */

#define SCB_DFSR_DWTTRAP_Msk               (1UL << SCB_DFSR_DWTTRAP_Pos)                  /*!< SCB DFSR: DWTTRAP Mask */



#define SCB_DFSR_BKPT_Pos                   1                                             /*!< SCB DFSR: BKPT Position */

#define SCB_DFSR_BKPT_Msk                  (1UL << SCB_DFSR_BKPT_Pos)                     /*!< SCB DFSR: BKPT Mask */



#define SCB_DFSR_HALTED_Pos                 0                                             /*!< SCB DFSR: HALTED Position */

#define SCB_DFSR_HALTED_Msk                (1UL << SCB_DFSR_HALTED_Pos)                   /*!< SCB DFSR: HALTED Mask */



/*@} end of group CMSIS_SCB */





/** \ingroup  CMSIS_core_register

    \defgroup CMSIS_SCnSCB CMSIS System Control and ID Register not in the SCB

  Type definitions for the Cortex-M System Control and ID Register not in the SCB

  @{

 */



/** \brief  Structure type to access the System Control and ID Register not in the SCB.

 */

typedef struct

{

       uint32_t RESERVED0[1];

  __I  uint32_t ICTR;                    /*!< Offset: 0x004 (R/ )  Interrupt Controller Type Register      */

  __IO uint32_t ACTLR;                   /*!< Offset: 0x008 (R/W)  Auxiliary Control Register              */

} SCnSCB_Type;



/* Interrupt Controller Type Register Definitions */

#define SCnSCB_ICTR_INTLINESNUM_Pos         0                                          /*!< ICTR: INTLINESNUM Position */

#define SCnSCB_ICTR_INTLINESNUM_Msk        (0xFUL << SCnSCB_ICTR_INTLINESNUM_Pos)      /*!< ICTR: INTLINESNUM Mask */



/* Auxiliary Control Register Definitions */

#define SCnSCB_ACTLR_DISOOFP_Pos            9                                          /*!< ACTLR: DISOOFP Position */

#define SCnSCB_ACTLR_DISOOFP_Msk           (1UL << SCnSCB_ACTLR_DISOOFP_Pos)           /*!< ACTLR: DISOOFP Mask */



#define SCnSCB_ACTLR_DISFPCA_Pos            8                                          /*!< ACTLR: DISFPCA Position */

#define SCnSCB_ACTLR_DISFPCA_Msk           (1UL << SCnSCB_ACTLR_DISFPCA_Pos)           /*!< ACTLR: DISFPCA Mask */



#define SCnSCB_ACTLR_DISFOLD_Pos            2                                          /*!< ACTLR: DISFOLD Position */

#define SCnSCB_ACTLR_DISFOLD_Msk           (1UL << SCnSCB_ACTLR_DISFOLD_Pos)           /*!< ACTLR: DISFOLD Mask */



#define SCnSCB_ACTLR_DISDEFWBUF_Pos         1                                          /*!< ACTLR: DISDEFWBUF Position */

#define SCnSCB_ACTLR_DISDEFWBUF_Msk        (1UL << SCnSCB_ACTLR_DISDEFWBUF_Pos)        /*!< ACTLR: DISDEFWBUF Mask */



#define SCnSCB_ACTLR_DISMCYCINT_Pos         0                                          /*!< ACTLR: DISMCYCINT Position */

#define SCnSCB_ACTLR_DISMCYCINT_Msk        (1UL << SCnSCB_ACTLR_DISMCYCINT_Pos)        /*!< ACTLR: DISMCYCINT Mask */



/*@} end of group CMSIS_SCnotSCB */





/** \ingroup  CMSIS_core_register

    \defgroup CMSIS_SysTick CMSIS SysTick

  Type definitions for the Cortex-M System Timer Registers

  @{

 */



/** \brief  Structure type to access the System Timer (SysTick).

 */

typedef struct

{

  __IO uint32_t CTRL;                    /*!< Offset: 0x000 (R/W)  SysTick Control and Status Register */

  __IO uint32_t LOAD;                    /*!< Offset: 0x004 (R/W)  SysTick Reload Value Register       */

  __IO uint32_t VAL;                     /*!< Offset: 0x008 (R/W)  SysTick Current Value Register      */

  __I  uint32_t CALIB;                   /*!< Offset: 0x00C (R/ )  SysTick Calibration Register        */

} SysTick_Type;



/* SysTick Control / Status Register Definitions */

#define SysTick_CTRL_COUNTFLAG_Pos         16                                             /*!< SysTick CTRL: COUNTFLAG Position */

#define SysTick_CTRL_COUNTFLAG_Msk         (1UL << SysTick_CTRL_COUNTFLAG_Pos)            /*!< SysTick CTRL: COUNTFLAG Mask */



#define SysTick_CTRL_CLKSOURCE_Pos          2                                             /*!< SysTick CTRL: CLKSOURCE Position */

#define SysTick_CTRL_CLKSOURCE_Msk         (1UL << SysTick_CTRL_CLKSOURCE_Pos)            /*!< SysTick CTRL: CLKSOURCE Mask */



#define SysTick_CTRL_TICKINT_Pos            1                                             /*!< SysTick CTRL: TICKINT Position */

#define SysTick_CTRL_TICKINT_Msk           (1UL << SysTick_CTRL_TICKINT_Pos)              /*!< SysTick CTRL: TICKINT Mask */



#define SysTick_CTRL_ENABLE_Pos             0                                             /*!< SysTick CTRL: ENABLE Position */

#define SysTick_CTRL_ENABLE_Msk            (1UL << SysTick_CTRL_ENABLE_Pos)               /*!< SysTick CTRL: ENABLE Mask */



/* SysTick Reload Register Definitions */

#define SysTick_LOAD_RELOAD_Pos             0                                             /*!< SysTick LOAD: RELOAD Position */

#define SysTick_LOAD_RELOAD_Msk            (0xFFFFFFUL << SysTick_LOAD_RELOAD_Pos)        /*!< SysTick LOAD: RELOAD Mask */



/* SysTick Current Register Definitions */

#define SysTick_VAL_CURRENT_Pos             0                                             /*!< SysTick VAL: CURRENT Position */

#define SysTick_VAL_CURRENT_Msk            (0xFFFFFFUL << SysTick_VAL_CURRENT_Pos)        /*!< SysTick VAL: CURRENT Mask */



/* SysTick Calibration Register Definitions */

#define SysTick_CALIB_NOREF_Pos            31                                             /*!< SysTick CALIB: NOREF Position */

#define SysTick_CALIB_NOREF_Msk            (1UL << SysTick_CALIB_NOREF_Pos)               /*!< SysTick CALIB: NOREF Mask */



#define SysTick_CALIB_SKEW_Pos             30                                             /*!< SysTick CALIB: SKEW Position */

#define SysTick_CALIB_SKEW_Msk             (1UL << SysTick_CALIB_SKEW_Pos)                /*!< SysTick CALIB: SKEW Mask */



#define SysTick_CALIB_TENMS_Pos             0                                             /*!< SysTick CALIB: TENMS Position */

#define SysTick_CALIB_TENMS_Msk            (0xFFFFFFUL << SysTick_VAL_CURRENT_Pos)        /*!< SysTick CALIB: TENMS Mask */



/*@} end of group CMSIS_SysTick */





/** \ingroup  CMSIS_core_register

    \defgroup CMSIS_ITM CMSIS ITM

  Type definitions for the Cortex-M Instrumentation Trace Macrocell (ITM)

  @{

 */



/** \brief  Structure type to access the Instrumentation Trace Macrocell Register (ITM).

 */

typedef struct

{

  __O  union

  {

    __O  uint8_t    u8;                  /*!< Offset: 0x000 ( /W)  ITM Stimulus Port 8-bit                   */

    __O  uint16_t   u16;                 /*!< Offset: 0x000 ( /W)  ITM Stimulus Port 16-bit                  */

    __O  uint32_t   u32;                 /*!< Offset: 0x000 ( /W)  ITM Stimulus Port 32-bit                  */

  }  PORT [32];                          /*!< Offset: 0x000 ( /W)  ITM Stimulus Port Registers               */

       uint32_t RESERVED0[864];

  __IO uint32_t TER;                     /*!< Offset: 0xE00 (R/W)  ITM Trace Enable Register                 */

       uint32_t RESERVED1[15];

  __IO uint32_t TPR;                     /*!< Offset: 0xE40 (R/W)  ITM Trace Privilege Register              */

       uint32_t RESERVED2[15];

  __IO uint32_t TCR;                     /*!< Offset: 0xE80 (R/W)  ITM Trace Control Register                */

} ITM_Type;



/* ITM Trace Privilege Register Definitions */

#define ITM_TPR_PRIVMASK_Pos                0                                          /*!< ITM TPR: PRIVMASK Position */

#define ITM_TPR_PRIVMASK_Msk               (0xFUL << ITM_TPR_PRIVMASK_Pos)             /*!< ITM TPR: PRIVMASK Mask */



/* ITM Trace Control Register Definitions */

#define ITM_TCR_BUSY_Pos                   23                                          /*!< ITM TCR: BUSY Position */

#define ITM_TCR_BUSY_Msk                   (1UL << ITM_TCR_BUSY_Pos)                   /*!< ITM TCR: BUSY Mask */



#define ITM_TCR_TraceBusID_Pos             16                                          /*!< ITM TCR: ATBID Position */

#define ITM_TCR_TraceBusID_Msk             (0x7FUL << ITM_TCR_TraceBusID_Pos)          /*!< ITM TCR: ATBID Mask */



#define ITM_TCR_GTSFREQ_Pos                10                                          /*!< ITM TCR: Global timestamp frequency Position */

#define ITM_TCR_GTSFREQ_Msk                (3UL << ITM_TCR_GTSFREQ_Pos)                /*!< ITM TCR: Global timestamp frequency Mask */



#define ITM_TCR_TSPrescale_Pos              8                                          /*!< ITM TCR: TSPrescale Position */

#define ITM_TCR_TSPrescale_Msk             (3UL << ITM_TCR_TSPrescale_Pos)             /*!< ITM TCR: TSPrescale Mask */



#define ITM_TCR_SWOENA_Pos                  4                                          /*!< ITM TCR: SWOENA Position */

#define ITM_TCR_SWOENA_Msk                 (1UL << ITM_TCR_SWOENA_Pos)                 /*!< ITM TCR: SWOENA Mask */



#define ITM_TCR_TXENA_Pos                   3                                          /*!< ITM TCR: TXENA Position */

#define ITM_TCR_TXENA_Msk                  (1UL << ITM_TCR_TXENA_Pos)                  /*!< ITM TCR: TXENA Mask */



#define ITM_TCR_SYNCENA_Pos                 2                                          /*!< ITM TCR: SYNCENA Position */

#define ITM_TCR_SYNCENA_Msk                (1UL << ITM_TCR_SYNCENA_Pos)                /*!< ITM TCR: SYNCENA Mask */



#define ITM_TCR_TSENA_Pos                   1                                          /*!< ITM TCR: TSENA Position */

#define ITM_TCR_TSENA_Msk                  (1UL << ITM_TCR_TSENA_Pos)                  /*!< ITM TCR: TSENA Mask */



#define ITM_TCR_ITMENA_Pos                  0                                          /*!< ITM TCR: ITM Enable bit Position */

#define ITM_TCR_ITMENA_Msk                 (1UL << ITM_TCR_ITMENA_Pos)                 /*!< ITM TCR: ITM Enable bit Mask */



/*@}*/ /* end of group CMSIS_ITM */





#if (__MPU_PRESENT == 1)

/** \ingroup  CMSIS_core_register

    \defgroup CMSIS_MPU CMSIS MPU

  Type definitions for the Cortex-M Memory Protection Unit (MPU)

  @{

 */



/** \brief  Structure type to access the Memory Protection Unit (MPU).

 */

typedef struct

{

  __I  uint32_t TYPE;                    /*!< Offset: 0x000 (R/ )  MPU Type Register                              */

  __IO uint32_t CTRL;                    /*!< Offset: 0x004 (R/W)  MPU Control Register                           */

  __IO uint32_t RNR;                     /*!< Offset: 0x008 (R/W)  MPU Region RNRber Register                     */

  __IO uint32_t RBAR;                    /*!< Offset: 0x00C (R/W)  MPU Region Base Address Register               */

  __IO uint32_t RASR;                    /*!< Offset: 0x010 (R/W)  MPU Region Attribute and Size Register         */

  __IO uint32_t RBAR_A1;                 /*!< Offset: 0x014 (R/W)  MPU Alias 1 Region Base Address Register       */

  __IO uint32_t RASR_A1;                 /*!< Offset: 0x018 (R/W)  MPU Alias 1 Region Attribute and Size Register */

  __IO uint32_t RBAR_A2;                 /*!< Offset: 0x01C (R/W)  MPU Alias 2 Region Base Address Register       */

  __IO uint32_t RASR_A2;                 /*!< Offset: 0x020 (R/W)  MPU Alias 2 Region Attribute and Size Register */

  __IO uint32_t RBAR_A3;                 /*!< Offset: 0x024 (R/W)  MPU Alias 3 Region Base Address Register       */

  __IO uint32_t RASR_A3;                 /*!< Offset: 0x028 (R/W)  MPU Alias 3 Region Attribute and Size Register */

} MPU_Type;



/* MPU Type Register */

#define MPU_TYPE_IREGION_Pos               16                                             /*!< MPU TYPE: IREGION Position */

#define MPU_TYPE_IREGION_Msk               (0xFFUL << MPU_TYPE_IREGION_Pos)               /*!< MPU TYPE: IREGION Mask */



#define MPU_TYPE_DREGION_Pos                8                                             /*!< MPU TYPE: DREGION Position */

#define MPU_TYPE_DREGION_Msk               (0xFFUL << MPU_TYPE_DREGION_Pos)               /*!< MPU TYPE: DREGION Mask */



#define MPU_TYPE_SEPARATE_Pos               0                                             /*!< MPU TYPE: SEPARATE Position */

#define MPU_TYPE_SEPARATE_Msk              (1UL << MPU_TYPE_SEPARATE_Pos)                 /*!< MPU TYPE: SEPARATE Mask */



/* MPU Control Register */

#define MPU_CTRL_PRIVDEFENA_Pos             2                                             /*!< MPU CTRL: PRIVDEFENA Position */

#define MPU_CTRL_PRIVDEFENA_Msk            (1UL << MPU_CTRL_PRIVDEFENA_Pos)               /*!< MPU CTRL: PRIVDEFENA Mask */



#define MPU_CTRL_HFNMIENA_Pos               1                                             /*!< MPU CTRL: HFNMIENA Position */

#define MPU_CTRL_HFNMIENA_Msk              (1UL << MPU_CTRL_HFNMIENA_Pos)                 /*!< MPU CTRL: HFNMIENA Mask */



#define MPU_CTRL_ENABLE_Pos                 0                                             /*!< MPU CTRL: ENABLE Position */

#define MPU_CTRL_ENABLE_Msk                (1UL << MPU_CTRL_ENABLE_Pos)                   /*!< MPU CTRL: ENABLE Mask */



/* MPU Region Number Register */

#define MPU_RNR_REGION_Pos                  0                                             /*!< MPU RNR: REGION Position */

#define MPU_RNR_REGION_Msk                 (0xFFUL << MPU_RNR_REGION_Pos)                 /*!< MPU RNR: REGION Mask */



/* MPU Region Base Address Register */

#define MPU_RBAR_ADDR_Pos                   5                                             /*!< MPU RBAR: ADDR Position */

#define MPU_RBAR_ADDR_Msk                  (0x7FFFFFFUL << MPU_RBAR_ADDR_Pos)             /*!< MPU RBAR: ADDR Mask */



#define MPU_RBAR_VALID_Pos                  4                                             /*!< MPU RBAR: VALID Position */

#define MPU_RBAR_VALID_Msk                 (1UL << MPU_RBAR_VALID_Pos)                    /*!< MPU RBAR: VALID Mask */



#define MPU_RBAR_REGION_Pos                 0                                             /*!< MPU RBAR: REGION Position */

#define MPU_RBAR_REGION_Msk                (0xFUL << MPU_RBAR_REGION_Pos)                 /*!< MPU RBAR: REGION Mask */



/* MPU Region Attribute and Size Register */

#define MPU_RASR_ATTRS_Pos                 16                                             /*!< MPU RASR: MPU Region Attribute field Position */

#define MPU_RASR_ATTRS_Msk                 (0xFFFFUL << MPU_RASR_ATTRS_Pos)               /*!< MPU RASR: MPU Region Attribute field Mask */



#define MPU_RASR_SRD_Pos                    8                                             /*!< MPU RASR: Sub-Region Disable Position */

#define MPU_RASR_SRD_Msk                   (0xFFUL << MPU_RASR_SRD_Pos)                   /*!< MPU RASR: Sub-Region Disable Mask */



#define MPU_RASR_SIZE_Pos                   1                                             /*!< MPU RASR: Region Size Field Position */

#define MPU_RASR_SIZE_Msk                  (0x1FUL << MPU_RASR_SIZE_Pos)                  /*!< MPU RASR: Region Size Field Mask */



#define MPU_RASR_ENABLE_Pos                 0                                             /*!< MPU RASR: Region enable bit Position */

#define MPU_RASR_ENABLE_Msk                (1UL << MPU_RASR_ENABLE_Pos)                   /*!< MPU RASR: Region enable bit Disable Mask */



/*@} end of group CMSIS_MPU */

#endif





#if (__FPU_PRESENT == 1)

/** \ingroup  CMSIS_core_register

    \defgroup CMSIS_FPU CMSIS FPU

  Type definitions for the Cortex-M Floating Point Unit (FPU)

  @{

 */



/** \brief  Structure type to access the Floating Point Unit (FPU).

 */

typedef struct

{

       uint32_t RESERVED0[1];

  __IO uint32_t FPCCR;                   /*!< Offset: 0x004 (R/W)  Floating-Point Context Control Register               */

  __IO uint32_t FPCAR;                   /*!< Offset: 0x008 (R/W)  Floating-Point Context Address Register               */

  __IO uint32_t FPDSCR;                  /*!< Offset: 0x00C (R/W)  Floating-Point Default Status Control Register        */

  __I  uint32_t MVFR0;                   /*!< Offset: 0x010 (R/ )  Media and FP Feature Register 0                       */

  __I  uint32_t MVFR1;                   /*!< Offset: 0x014 (R/ )  Media and FP Feature Register 1                       */

} FPU_Type;



/* Floating-Point Context Control Register */

#define FPU_FPCCR_ASPEN_Pos                31                                             /*!< FPCCR: ASPEN bit Position */

#define FPU_FPCCR_ASPEN_Msk                (1UL << FPU_FPCCR_ASPEN_Pos)                   /*!< FPCCR: ASPEN bit Mask */



#define FPU_FPCCR_LSPEN_Pos                30                                             /*!< FPCCR: LSPEN Position */

#define FPU_FPCCR_LSPEN_Msk                (1UL << FPU_FPCCR_LSPEN_Pos)                   /*!< FPCCR: LSPEN bit Mask */



#define FPU_FPCCR_MONRDY_Pos                8                                             /*!< FPCCR: MONRDY Position */

#define FPU_FPCCR_MONRDY_Msk               (1UL << FPU_FPCCR_MONRDY_Pos)                  /*!< FPCCR: MONRDY bit Mask */



#define FPU_FPCCR_BFRDY_Pos                 6                                             /*!< FPCCR: BFRDY Position */

#define FPU_FPCCR_BFRDY_Msk                (1UL << FPU_FPCCR_BFRDY_Pos)                   /*!< FPCCR: BFRDY bit Mask */



#define FPU_FPCCR_MMRDY_Pos                 5                                             /*!< FPCCR: MMRDY Position */

#define FPU_FPCCR_MMRDY_Msk                (1UL << FPU_FPCCR_MMRDY_Pos)                   /*!< FPCCR: MMRDY bit Mask */



#define FPU_FPCCR_HFRDY_Pos                 4                                             /*!< FPCCR: HFRDY Position */

#define FPU_FPCCR_HFRDY_Msk                (1UL << FPU_FPCCR_HFRDY_Pos)                   /*!< FPCCR: HFRDY bit Mask */



#define FPU_FPCCR_THREAD_Pos                3                                             /*!< FPCCR: processor mode bit Position */

#define FPU_FPCCR_THREAD_Msk               (1UL << FPU_FPCCR_THREAD_Pos)                  /*!< FPCCR: processor mode active bit Mask */



#define FPU_FPCCR_USER_Pos                  1                                             /*!< FPCCR: privilege level bit Position */

#define FPU_FPCCR_USER_Msk                 (1UL << FPU_FPCCR_USER_Pos)                    /*!< FPCCR: privilege level bit Mask */



#define FPU_FPCCR_LSPACT_Pos                0                                             /*!< FPCCR: Lazy state preservation active bit Position */

#define FPU_FPCCR_LSPACT_Msk               (1UL << FPU_FPCCR_LSPACT_Pos)                  /*!< FPCCR: Lazy state preservation active bit Mask */



/* Floating-Point Context Address Register */

#define FPU_FPCAR_ADDRESS_Pos               3                                             /*!< FPCAR: ADDRESS bit Position */

#define FPU_FPCAR_ADDRESS_Msk              (0x1FFFFFFFUL << FPU_FPCAR_ADDRESS_Pos)        /*!< FPCAR: ADDRESS bit Mask */



/* Floating-Point Default Status Control Register */

#define FPU_FPDSCR_AHP_Pos                 26                                             /*!< FPDSCR: AHP bit Position */

#define FPU_FPDSCR_AHP_Msk                 (1UL << FPU_FPDSCR_AHP_Pos)                    /*!< FPDSCR: AHP bit Mask */



#define FPU_FPDSCR_DN_Pos                  25                                             /*!< FPDSCR: DN bit Position */

#define FPU_FPDSCR_DN_Msk                  (1UL << FPU_FPDSCR_DN_Pos)                     /*!< FPDSCR: DN bit Mask */



#define FPU_FPDSCR_FZ_Pos                  24                                             /*!< FPDSCR: FZ bit Position */

#define FPU_FPDSCR_FZ_Msk                  (1UL << FPU_FPDSCR_FZ_Pos)                     /*!< FPDSCR: FZ bit Mask */



#define FPU_FPDSCR_RMode_Pos               22                                             /*!< FPDSCR: RMode bit Position */

#define FPU_FPDSCR_RMode_Msk               (3UL << FPU_FPDSCR_RMode_Pos)                  /*!< FPDSCR: RMode bit Mask */



/* Media and FP Feature Register 0 */

#define FPU_MVFR0_FP_rounding_modes_Pos    28                                             /*!< MVFR0: FP rounding modes bits Position */

#define FPU_MVFR0_FP_rounding_modes_Msk    (0xFUL << FPU_MVFR0_FP_rounding_modes_Pos)     /*!< MVFR0: FP rounding modes bits Mask */



#define FPU_MVFR0_Short_vectors_Pos        24                                             /*!< MVFR0: Short vectors bits Position */

#define FPU_MVFR0_Short_vectors_Msk        (0xFUL << FPU_MVFR0_Short_vectors_Pos)         /*!< MVFR0: Short vectors bits Mask */



#define FPU_MVFR0_Square_root_Pos          20                                             /*!< MVFR0: Square root bits Position */

#define FPU_MVFR0_Square_root_Msk          (0xFUL << FPU_MVFR0_Square_root_Pos)           /*!< MVFR0: Square root bits Mask */



#define FPU_MVFR0_Divide_Pos               16                                             /*!< MVFR0: Divide bits Position */

#define FPU_MVFR0_Divide_Msk               (0xFUL << FPU_MVFR0_Divide_Pos)                /*!< MVFR0: Divide bits Mask */



#define FPU_MVFR0_FP_excep_trapping_Pos    12                                             /*!< MVFR0: FP exception trapping bits Position */

#define FPU_MVFR0_FP_excep_trapping_Msk    (0xFUL << FPU_MVFR0_FP_excep_trapping_Pos)     /*!< MVFR0: FP exception trapping bits Mask */



#define FPU_MVFR0_Double_precision_Pos      8                                             /*!< MVFR0: Double-precision bits Position */

#define FPU_MVFR0_Double_precision_Msk     (0xFUL << FPU_MVFR0_Double_precision_Pos)      /*!< MVFR0: Double-precision bits Mask */



#define FPU_MVFR0_Single_precision_Pos      4                                             /*!< MVFR0: Single-precision bits Position */

#define FPU_MVFR0_Single_precision_Msk     (0xFUL << FPU_MVFR0_Single_precision_Pos)      /*!< MVFR0: Single-precision bits Mask */



#define FPU_MVFR0_A_SIMD_registers_Pos      0                                             /*!< MVFR0: A_SIMD registers bits Position */

#define FPU_MVFR0_A_SIMD_registers_Msk     (0xFUL << FPU_MVFR0_A_SIMD_registers_Pos)      /*!< MVFR0: A_SIMD registers bits Mask */



/* Media and FP Feature Register 1 */

#define FPU_MVFR1_FP_fused_MAC_Pos         28                                             /*!< MVFR1: FP fused MAC bits Position */

#define FPU_MVFR1_FP_fused_MAC_Msk         (0xFUL << FPU_MVFR1_FP_fused_MAC_Pos)          /*!< MVFR1: FP fused MAC bits Mask */



#define FPU_MVFR1_FP_HPFP_Pos              24                                             /*!< MVFR1: FP HPFP bits Position */

#define FPU_MVFR1_FP_HPFP_Msk              (0xFUL << FPU_MVFR1_FP_HPFP_Pos)               /*!< MVFR1: FP HPFP bits Mask */



#define FPU_MVFR1_D_NaN_mode_Pos            4                                             /*!< MVFR1: D_NaN mode bits Position */

#define FPU_MVFR1_D_NaN_mode_Msk           (0xFUL << FPU_MVFR1_D_NaN_mode_Pos)            /*!< MVFR1: D_NaN mode bits Mask */



#define FPU_MVFR1_FtZ_mode_Pos              0                                             /*!< MVFR1: FtZ mode bits Position */

#define FPU_MVFR1_FtZ_mode_Msk             (0xFUL << FPU_MVFR1_FtZ_mode_Pos)              /*!< MVFR1: FtZ mode bits Mask */



/*@} end of group CMSIS_FPU */

#endif





/** \ingroup  CMSIS_core_register

    \defgroup CMSIS_CoreDebug CMSIS Core Debug

  Type definitions for the Cortex-M Core Debug Registers

  @{

 */



/** \brief  Structure type to access the Core Debug Register (CoreDebug).

 */

typedef struct

{

  __IO uint32_t DHCSR;                   /*!< Offset: 0x000 (R/W)  Debug Halting Control and Status Register    */

  __O  uint32_t DCRSR;                   /*!< Offset: 0x004 ( /W)  Debug Core Register Selector Register        */

  __IO uint32_t DCRDR;                   /*!< Offset: 0x008 (R/W)  Debug Core Register Data Register            */

  __IO uint32_t DEMCR;                   /*!< Offset: 0x00C (R/W)  Debug Exception and Monitor Control Register */

} CoreDebug_Type;



/* Debug Halting Control and Status Register */

#define CoreDebug_DHCSR_DBGKEY_Pos         16                                             /*!< CoreDebug DHCSR: DBGKEY Position */

#define CoreDebug_DHCSR_DBGKEY_Msk         (0xFFFFUL << CoreDebug_DHCSR_DBGKEY_Pos)       /*!< CoreDebug DHCSR: DBGKEY Mask */



#define CoreDebug_DHCSR_S_RESET_ST_Pos     25                                             /*!< CoreDebug DHCSR: S_RESET_ST Position */

#define CoreDebug_DHCSR_S_RESET_ST_Msk     (1UL << CoreDebug_DHCSR_S_RESET_ST_Pos)        /*!< CoreDebug DHCSR: S_RESET_ST Mask */



#define CoreDebug_DHCSR_S_RETIRE_ST_Pos    24                                             /*!< CoreDebug DHCSR: S_RETIRE_ST Position */

#define CoreDebug_DHCSR_S_RETIRE_ST_Msk    (1UL << CoreDebug_DHCSR_S_RETIRE_ST_Pos)       /*!< CoreDebug DHCSR: S_RETIRE_ST Mask */



#define CoreDebug_DHCSR_S_LOCKUP_Pos       19                                             /*!< CoreDebug DHCSR: S_LOCKUP Position */

#define CoreDebug_DHCSR_S_LOCKUP_Msk       (1UL << CoreDebug_DHCSR_S_LOCKUP_Pos)          /*!< CoreDebug DHCSR: S_LOCKUP Mask */



#define CoreDebug_DHCSR_S_SLEEP_Pos        18                                             /*!< CoreDebug DHCSR: S_SLEEP Position */

#define CoreDebug_DHCSR_S_SLEEP_Msk        (1UL << CoreDebug_DHCSR_S_SLEEP_Pos)           /*!< CoreDebug DHCSR: S_SLEEP Mask */



#define CoreDebug_DHCSR_S_HALT_Pos         17                                             /*!< CoreDebug DHCSR: S_HALT Position */

#define CoreDebug_DHCSR_S_HALT_Msk         (1UL << CoreDebug_DHCSR_S_HALT_Pos)            /*!< CoreDebug DHCSR: S_HALT Mask */



#define CoreDebug_DHCSR_S_REGRDY_Pos       16                                             /*!< CoreDebug DHCSR: S_REGRDY Position */

#define CoreDebug_DHCSR_S_REGRDY_Msk       (1UL << CoreDebug_DHCSR_S_REGRDY_Pos)          /*!< CoreDebug DHCSR: S_REGRDY Mask */



#define CoreDebug_DHCSR_C_SNAPSTALL_Pos     5                                             /*!< CoreDebug DHCSR: C_SNAPSTALL Position */

#define CoreDebug_DHCSR_C_SNAPSTALL_Msk    (1UL << CoreDebug_DHCSR_C_SNAPSTALL_Pos)       /*!< CoreDebug DHCSR: C_SNAPSTALL Mask */



#define CoreDebug_DHCSR_C_MASKINTS_Pos      3                                             /*!< CoreDebug DHCSR: C_MASKINTS Position */

#define CoreDebug_DHCSR_C_MASKINTS_Msk     (1UL << CoreDebug_DHCSR_C_MASKINTS_Pos)        /*!< CoreDebug DHCSR: C_MASKINTS Mask */



#define CoreDebug_DHCSR_C_STEP_Pos          2                                             /*!< CoreDebug DHCSR: C_STEP Position */

#define CoreDebug_DHCSR_C_STEP_Msk         (1UL << CoreDebug_DHCSR_C_STEP_Pos)            /*!< CoreDebug DHCSR: C_STEP Mask */



#define CoreDebug_DHCSR_C_HALT_Pos          1                                             /*!< CoreDebug DHCSR: C_HALT Position */

#define CoreDebug_DHCSR_C_HALT_Msk         (1UL << CoreDebug_DHCSR_C_HALT_Pos)            /*!< CoreDebug DHCSR: C_HALT Mask */



#define CoreDebug_DHCSR_C_DEBUGEN_Pos       0                                             /*!< CoreDebug DHCSR: C_DEBUGEN Position */

#define CoreDebug_DHCSR_C_DEBUGEN_Msk      (1UL << CoreDebug_DHCSR_C_DEBUGEN_Pos)         /*!< CoreDebug DHCSR: C_DEBUGEN Mask */



/* Debug Core Register Selector Register */

#define CoreDebug_DCRSR_REGWnR_Pos         16                                             /*!< CoreDebug DCRSR: REGWnR Position */

#define CoreDebug_DCRSR_REGWnR_Msk         (1UL << CoreDebug_DCRSR_REGWnR_Pos)            /*!< CoreDebug DCRSR: REGWnR Mask */



#define CoreDebug_DCRSR_REGSEL_Pos          0                                             /*!< CoreDebug DCRSR: REGSEL Position */

#define CoreDebug_DCRSR_REGSEL_Msk         (0x1FUL << CoreDebug_DCRSR_REGSEL_Pos)         /*!< CoreDebug DCRSR: REGSEL Mask */



/* Debug Exception and Monitor Control Register */

#define CoreDebug_DEMCR_TRCENA_Pos         24                                             /*!< CoreDebug DEMCR: TRCENA Position */

#define CoreDebug_DEMCR_TRCENA_Msk         (1UL << CoreDebug_DEMCR_TRCENA_Pos)            /*!< CoreDebug DEMCR: TRCENA Mask */



#define CoreDebug_DEMCR_MON_REQ_Pos        19                                             /*!< CoreDebug DEMCR: MON_REQ Position */

#define CoreDebug_DEMCR_MON_REQ_Msk        (1UL << CoreDebug_DEMCR_MON_REQ_Pos)           /*!< CoreDebug DEMCR: MON_REQ Mask */



#define CoreDebug_DEMCR_MON_STEP_Pos       18                                             /*!< CoreDebug DEMCR: MON_STEP Position */

#define CoreDebug_DEMCR_MON_STEP_Msk       (1UL << CoreDebug_DEMCR_MON_STEP_Pos)          /*!< CoreDebug DEMCR: MON_STEP Mask */



#define CoreDebug_DEMCR_MON_PEND_Pos       17                                             /*!< CoreDebug DEMCR: MON_PEND Position */

#define CoreDebug_DEMCR_MON_PEND_Msk       (1UL << CoreDebug_DEMCR_MON_PEND_Pos)          /*!< CoreDebug DEMCR: MON_PEND Mask */



#define CoreDebug_DEMCR_MON_EN_Pos         16                                             /*!< CoreDebug DEMCR: MON_EN Position */

#define CoreDebug_DEMCR_MON_EN_Msk         (1UL << CoreDebug_DEMCR_MON_EN_Pos)            /*!< CoreDebug DEMCR: MON_EN Mask */



#define CoreDebug_DEMCR_VC_HARDERR_Pos     10                                             /*!< CoreDebug DEMCR: VC_HARDERR Position */

#define CoreDebug_DEMCR_VC_HARDERR_Msk     (1UL << CoreDebug_DEMCR_VC_HARDERR_Pos)        /*!< CoreDebug DEMCR: VC_HARDERR Mask */



#define CoreDebug_DEMCR_VC_INTERR_Pos       9                                             /*!< CoreDebug DEMCR: VC_INTERR Position */

#define CoreDebug_DEMCR_VC_INTERR_Msk      (1UL << CoreDebug_DEMCR_VC_INTERR_Pos)         /*!< CoreDebug DEMCR: VC_INTERR Mask */



#define CoreDebug_DEMCR_VC_BUSERR_Pos       8                                             /*!< CoreDebug DEMCR: VC_BUSERR Position */

#define CoreDebug_DEMCR_VC_BUSERR_Msk      (1UL << CoreDebug_DEMCR_VC_BUSERR_Pos)         /*!< CoreDebug DEMCR: VC_BUSERR Mask */



#define CoreDebug_DEMCR_VC_STATERR_Pos      7                                             /*!< CoreDebug DEMCR: VC_STATERR Position */

#define CoreDebug_DEMCR_VC_STATERR_Msk     (1UL << CoreDebug_DEMCR_VC_STATERR_Pos)        /*!< CoreDebug DEMCR: VC_STATERR Mask */



#define CoreDebug_DEMCR_VC_CHKERR_Pos       6                                             /*!< CoreDebug DEMCR: VC_CHKERR Position */

#define CoreDebug_DEMCR_VC_CHKERR_Msk      (1UL << CoreDebug_DEMCR_VC_CHKERR_Pos)         /*!< CoreDebug DEMCR: VC_CHKERR Mask */



#define CoreDebug_DEMCR_VC_NOCPERR_Pos      5                                             /*!< CoreDebug DEMCR: VC_NOCPERR Position */

#define CoreDebug_DEMCR_VC_NOCPERR_Msk     (1UL << CoreDebug_DEMCR_VC_NOCPERR_Pos)        /*!< CoreDebug DEMCR: VC_NOCPERR Mask */



#define CoreDebug_DEMCR_VC_MMERR_Pos        4                                             /*!< CoreDebug DEMCR: VC_MMERR Position */

#define CoreDebug_DEMCR_VC_MMERR_Msk       (1UL << CoreDebug_DEMCR_VC_MMERR_Pos)          /*!< CoreDebug DEMCR: VC_MMERR Mask */



#define CoreDebug_DEMCR_VC_CORERESET_Pos    0                                             /*!< CoreDebug DEMCR: VC_CORERESET Position */

#define CoreDebug_DEMCR_VC_CORERESET_Msk   (1UL << CoreDebug_DEMCR_VC_CORERESET_Pos)      /*!< CoreDebug DEMCR: VC_CORERESET Mask */



/*@} end of group CMSIS_CoreDebug */





/** \ingroup  CMSIS_core_register

  @{

 */



/* Memory mapping of Cortex-M4 Hardware */

#define SCS_BASE            (0xE000E000UL)                            /*!< System Control Space Base Address  */

#define ITM_BASE            (0xE0000000UL)                            /*!< ITM Base Address                   */

#define CoreDebug_BASE      (0xE000EDF0UL)                            /*!< Core Debug Base Address            */

#define SysTick_BASE        (SCS_BASE +  0x0010UL)                    /*!< SysTick Base Address               */

#define NVIC_BASE           (SCS_BASE +  0x0100UL)                    /*!< NVIC Base Address                  */

#define SCB_BASE            (SCS_BASE +  0x0D00UL)                    /*!< System Control Block Base Address  */



#define SCnSCB              ((SCnSCB_Type    *)     SCS_BASE      )   /*!< System control Register not in SCB */

#define SCB                 ((SCB_Type       *)     SCB_BASE      )   /*!< SCB configuration struct           */

#define SysTick             ((SysTick_Type   *)     SysTick_BASE  )   /*!< SysTick configuration struct       */

#define NVIC                ((NVIC_Type      *)     NVIC_BASE     )   /*!< NVIC configuration struct          */

#define ITM                 ((ITM_Type       *)     ITM_BASE      )   /*!< ITM configuration struct           */

#define CoreDebug           ((CoreDebug_Type *)     CoreDebug_BASE)   /*!< Core Debug configuration struct    */



#if (__MPU_PRESENT == 1)

  #define MPU_BASE          (SCS_BASE +  0x0D90UL)                    /*!< Memory Protection Unit             */

  #define MPU               ((MPU_Type       *)     MPU_BASE      )   /*!< Memory Protection Unit             */

#endif



#if (__FPU_PRESENT == 1)

  #define FPU_BASE          (SCS_BASE +  0x0F30UL)                    /*!< Floating Point Unit                */

  #define FPU               ((FPU_Type       *)     FPU_BASE      )   /*!< Floating Point Unit                */

#endif



/*@} */







/*******************************************************************************

 *                Hardware Abstraction Layer

 ******************************************************************************/

/** \defgroup CMSIS_Core_FunctionInterface CMSIS Core Function Interface

  Core Function Interface contains:

  - Core NVIC Functions

  - Core SysTick Functions

  - Core Debug Functions

  - Core Register Access Functions

*/







/* ##########################   NVIC functions  #################################### */

/** \ingroup  CMSIS_Core_FunctionInterface

    \defgroup CMSIS_Core_NVICFunctions CMSIS Core NVIC Functions

  @{

 */



/** \brief  Set Priority Grouping



  This function sets the priority grouping field using the required unlock sequence.

  The parameter PriorityGroup is assigned to the field SCB->AIRCR [10:8] PRIGROUP field.

  Only values from 0..7 are used.

  In case of a conflict between priority grouping and available

  priority bits (__NVIC_PRIO_BITS) the smallest possible priority group is set.



    \param [in]      PriorityGroup  Priority grouping field

 */

static __INLINE void NVIC_SetPriorityGrouping(uint32_t PriorityGroup)

{

  uint32_t reg_value;

  uint32_t PriorityGroupTmp = (PriorityGroup & (uint32_t)0x07);               /* only values 0..7 are used          */



  reg_value  =  SCB->AIRCR;                                                   /* read old register configuration    */

  reg_value &= ~(SCB_AIRCR_VECTKEY_Msk | SCB_AIRCR_PRIGROUP_Msk);             /* clear bits to change               */

  reg_value  =  (reg_value                                 |

                ((uint32_t)0x5FA << SCB_AIRCR_VECTKEY_Pos) |

                (PriorityGroupTmp << 8));                                     /* Insert write key and priorty group */

  SCB->AIRCR =  reg_value;

}





/** \brief  Get Priority Grouping



  This function gets the priority grouping from NVIC Interrupt Controller.

  Priority grouping is SCB->AIRCR [10:8] PRIGROUP field.



    \return                Priority grouping field

 */

static __INLINE uint32_t NVIC_GetPriorityGrouping(void)

{

  return ((SCB->AIRCR & SCB_AIRCR_PRIGROUP_Msk) >> SCB_AIRCR_PRIGROUP_Pos);   /* read priority grouping field */

}





/** \brief  Enable External Interrupt



    This function enables a device specific interrupt in the NVIC interrupt controller.

    The interrupt number cannot be a negative value.



    \param [in]      IRQn  Number of the external interrupt to enable

 */

static __INLINE void NVIC_EnableIRQ(IRQn_Type IRQn)

{

/*  NVIC->ISER[((uint32_t)(IRQn) >> 5)] = (1 << ((uint32_t)(IRQn) & 0x1F));  enable interrupt */

  NVIC->ISER[(uint32_t)((int32_t)IRQn) >> 5] = (uint32_t)(1 << ((uint32_t)((int32_t)IRQn) & (uint32_t)0x1F)); /* enable interrupt */

}





/** \brief  Disable External Interrupt



    This function disables a device specific interrupt in the NVIC interrupt controller.

    The interrupt number cannot be a negative value.



    \param [in]      IRQn  Number of the external interrupt to disable

 */

static __INLINE void NVIC_DisableIRQ(IRQn_Type IRQn)

{

  NVIC->ICER[((uint32_t)(IRQn) >> 5)] = (1 << ((uint32_t)(IRQn) & 0x1F)); /* disable interrupt */

}





/** \brief  Get Pending Interrupt



    This function reads the pending register in the NVIC and returns the pending bit

    for the specified interrupt.



    \param [in]      IRQn  Number of the interrupt for get pending

    \return             0  Interrupt status is not pending

    \return             1  Interrupt status is pending

 */

static __INLINE uint32_t NVIC_GetPendingIRQ(IRQn_Type IRQn)

{

  return((uint32_t) ((NVIC->ISPR[(uint32_t)(IRQn) >> 5] & (1 << ((uint32_t)(IRQn) & 0x1F)))?1:0)); /* Return 1 if pending else 0 */

}





/** \brief  Set Pending Interrupt



    This function sets the pending bit for the specified interrupt.

    The interrupt number cannot be a negative value.



    \param [in]      IRQn  Number of the interrupt for set pending

 */

static __INLINE void NVIC_SetPendingIRQ(IRQn_Type IRQn)

{

  NVIC->ISPR[((uint32_t)(IRQn) >> 5)] = (1 << ((uint32_t)(IRQn) & 0x1F)); /* set interrupt pending */

}





/** \brief  Clear Pending Interrupt



    This function clears the pending bit for the specified interrupt.

    The interrupt number cannot be a negative value.



    \param [in]      IRQn  Number of the interrupt for clear pending

 */

static __INLINE void NVIC_ClearPendingIRQ(IRQn_Type IRQn)

{

  NVIC->ICPR[((uint32_t)(IRQn) >> 5)] = (1 << ((uint32_t)(IRQn) & 0x1F)); /* Clear pending interrupt */

}





/** \brief  Get Active Interrupt



    This function reads the active register in NVIC and returns the active bit.

    \param [in]      IRQn  Number of the interrupt for get active

    \return             0  Interrupt status is not active

    \return             1  Interrupt status is active

 */

static __INLINE uint32_t NVIC_GetActive(IRQn_Type IRQn)

{

  return((uint32_t)((NVIC->IABR[(uint32_t)(IRQn) >> 5] & (1 << ((uint32_t)(IRQn) & 0x1F)))?1:0)); /* Return 1 if active else 0 */

}





/** \brief  Set Interrupt Priority



    This function sets the priority for the specified interrupt. The interrupt

    number can be positive to specify an external (device specific)

    interrupt, or negative to specify an internal (core) interrupt.



    Note: The priority cannot be set for every core interrupt.



    \param [in]      IRQn  Number of the interrupt for set priority

    \param [in]  priority  Priority to set

 */

static __INLINE void NVIC_SetPriority(IRQn_Type IRQn, uint32_t priority)

{

  if(IRQn < 0) {

    SCB->SHP[((uint32_t)(IRQn) & 0xF)-4] = ((priority << (8 - __NVIC_PRIO_BITS)) & 0xff); } /* set Priority for Cortex-M  System Interrupts */

  else {

    NVIC->IP[(uint32_t)(IRQn)] = ((priority << (8 - __NVIC_PRIO_BITS)) & 0xff);    }        /* set Priority for device specific Interrupts  */

}





/** \brief  Get Interrupt Priority



    This function reads the priority for the specified interrupt. The interrupt

    number can be positive to specify an external (device specific)

    interrupt, or negative to specify an internal (core) interrupt.



    The returned priority value is automatically aligned to the implemented

    priority bits of the microcontroller.



    \param [in]   IRQn  Number of the interrupt for get priority

    \return             Interrupt Priority

 */

static __INLINE uint32_t NVIC_GetPriority(IRQn_Type IRQn)

{



  if(IRQn < 0) {

    return((uint32_t)(SCB->SHP[((uint32_t)(IRQn) & 0xF)-4] >> (8 - __NVIC_PRIO_BITS)));  } /* get priority for Cortex-M  system interrupts */

  else {

    return((uint32_t)(NVIC->IP[(uint32_t)(IRQn)]           >> (8 - __NVIC_PRIO_BITS)));  } /* get priority for device specific interrupts  */

}





/** \brief  Encode Priority



    This function encodes the priority for an interrupt with the given priority group,

    preemptive priority value and sub priority value.

    In case of a conflict between priority grouping and available

    priority bits (__NVIC_PRIO_BITS) the samllest possible priority group is set.



    The returned priority value can be used for NVIC_SetPriority(...) function



    \param [in]     PriorityGroup  Used priority group

    \param [in]   PreemptPriority  Preemptive priority value (starting from 0)

    \param [in]       SubPriority  Sub priority value (starting from 0)

    \return                        Encoded priority for the interrupt

 */

static __INLINE uint32_t NVIC_EncodePriority (uint32_t PriorityGroup, uint32_t PreemptPriority, uint32_t SubPriority)

{

  uint32_t PriorityGroupTmp = (PriorityGroup & 0x07);          /* only values 0..7 are used          */

  uint32_t PreemptPriorityBits;

  uint32_t SubPriorityBits;



  PreemptPriorityBits = ((7 - PriorityGroupTmp) > __NVIC_PRIO_BITS) ? __NVIC_PRIO_BITS : 7 - PriorityGroupTmp;

  SubPriorityBits     = ((PriorityGroupTmp + __NVIC_PRIO_BITS) < 7) ? 0 : PriorityGroupTmp - 7 + __NVIC_PRIO_BITS;



  return (

           ((PreemptPriority & ((1 << (PreemptPriorityBits)) - 1)) << SubPriorityBits) |

           ((SubPriority     & ((1 << (SubPriorityBits    )) - 1)))

         );

}





/** \brief  Decode Priority



    This function decodes an interrupt priority value with the given priority group to

    preemptive priority value and sub priority value.

    In case of a conflict between priority grouping and available

    priority bits (__NVIC_PRIO_BITS) the samllest possible priority group is set.



    The priority value can be retrieved with NVIC_GetPriority(...) function



    \param [in]         Priority   Priority value

    \param [in]     PriorityGroup  Used priority group

    \param [out] pPreemptPriority  Preemptive priority value (starting from 0)

    \param [out]     pSubPriority  Sub priority value (starting from 0)

 */

static __INLINE void NVIC_DecodePriority (uint32_t Priority, uint32_t PriorityGroup, uint32_t* pPreemptPriority, uint32_t* pSubPriority)

{

  uint32_t PriorityGroupTmp = (PriorityGroup & 0x07);          /* only values 0..7 are used          */

  uint32_t PreemptPriorityBits;

  uint32_t SubPriorityBits;



  PreemptPriorityBits = ((7 - PriorityGroupTmp) > __NVIC_PRIO_BITS) ? __NVIC_PRIO_BITS : 7 - PriorityGroupTmp;

  SubPriorityBits     = ((PriorityGroupTmp + __NVIC_PRIO_BITS) < 7) ? 0 : PriorityGroupTmp - 7 + __NVIC_PRIO_BITS;



  *pPreemptPriority = (Priority >> SubPriorityBits) & ((1 << (PreemptPriorityBits)) - 1);

  *pSubPriority     = (Priority                   ) & ((1 << (SubPriorityBits    )) - 1);

}





/** \brief  System Reset



    This function initiate a system reset request to reset the MCU.

 */

static __INLINE void NVIC_SystemReset(void)

{

  __DSB();                                                     /* Ensure all outstanding memory accesses included

                                                                  buffered write are completed before reset */

  SCB->AIRCR  = ((0x5FA << SCB_AIRCR_VECTKEY_Pos)      |

                 (SCB->AIRCR & SCB_AIRCR_PRIGROUP_Msk) |

                 SCB_AIRCR_SYSRESETREQ_Msk);                   /* Keep priority group unchanged */

  __DSB();                                                     /* Ensure completion of memory access */

  while(1);                                                    /* wait until reset */

}



/*@} end of CMSIS_Core_NVICFunctions */







/* ##################################    SysTick function  ############################################ */

/** \ingroup  CMSIS_Core_FunctionInterface

    \defgroup CMSIS_Core_SysTickFunctions CMSIS Core SysTick Functions

  @{

 */



#if (__Vendor_SysTickConfig == 0)



/** \brief  System Tick Configuration



    This function initialises the system tick timer and its interrupt and start the system tick timer.

    Counter is in free running mode to generate periodical interrupts.



    \param [in]  ticks  Number of ticks between two interrupts

    \return          0  Function succeeded

    \return          1  Function failed

 */

static __INLINE uint32_t SysTick_Config(uint32_t ticks)

{

  if (ticks > SysTick_LOAD_RELOAD_Msk)  return (1);            /* Reload value impossible */



  SysTick->LOAD  = (ticks & SysTick_LOAD_RELOAD_Msk) - 1;      /* set reload register */

  NVIC_SetPriority (SysTick_IRQn, (1<<__NVIC_PRIO_BITS) - 1);  /* set Priority for Cortex-M0 System Interrupts */

  SysTick->VAL   = 0;                                          /* Load the SysTick Counter Value */

  SysTick->CTRL  = SysTick_CTRL_CLKSOURCE_Msk |

                   SysTick_CTRL_TICKINT_Msk   |

                   SysTick_CTRL_ENABLE_Msk;                    /* Enable SysTick IRQ and SysTick Timer */

  return (0);                                                  /* Function successful */

}



#endif



/*@} end of CMSIS_Core_SysTickFunctions */







/* ##################################### Debug In/Output function ########################################### */

/** \ingroup  CMSIS_Core_FunctionInterface

    \defgroup CMSIS_core_DebugFunctions CMSIS Core Debug Functions

  @{

 */



extern volatile int32_t ITM_RxBuffer;                    /*!< external variable to receive characters                    */

#define                 ITM_RXBUFFER_EMPTY    0x5AA55AA5 /*!< value identifying ITM_RxBuffer is ready for next character */





/** \brief  ITM Send Character



    This function transmits a character via the ITM channel 0.

    It just returns when no debugger is connected that has booked the output.

    It is blocking when a debugger is connected, but the previous character send is not transmitted.



    \param [in]     ch  Character to transmit

    \return             Character to transmit

 */

static __INLINE uint32_t ITM_SendChar (uint32_t ch)

{

  if ((CoreDebug->DEMCR & CoreDebug_DEMCR_TRCENA_Msk)  &&      /* Trace enabled */

      (ITM->TCR & ITM_TCR_ITMENA_Msk)                  &&      /* ITM enabled */

      (ITM->TER & (1UL << 0)        )                    )     /* ITM Port #0 enabled */

  {

    while (ITM->PORT[0].u32 == 0);

    ITM->PORT[0].u8 = (uint8_t) ch;

  }

  return (ch);

}





/** \brief  ITM Receive Character



    This function inputs a character via external variable ITM_RxBuffer.

    It just returns when no debugger is connected that has booked the output.

    It is blocking when a debugger is connected, but the previous character send is not transmitted.



    \return             Received character

    \return         -1  No character received

 */

static __INLINE int32_t ITM_ReceiveChar (void) {

  int32_t ch = -1;                           /* no character available */



  if (ITM_RxBuffer != ITM_RXBUFFER_EMPTY) {

    ch = ITM_RxBuffer;

    ITM_RxBuffer = ITM_RXBUFFER_EMPTY;       /* ready for next character */

  }



  return (ch);

}





/** \brief  ITM Check Character



    This function checks external variable ITM_RxBuffer whether a character is available or not.

    It returns '1' if a character is available and '0' if no character is available.



    \return          0  No character available

    \return          1  Character available

 */

static __INLINE int32_t ITM_CheckChar (void) {



  if (ITM_RxBuffer == ITM_RXBUFFER_EMPTY) {

    return (0);                                 /* no character available */

  } else {

    return (1);                                 /*    character available */

  }

}



/*@} end of CMSIS_core_DebugFunctions */



#endif /* __CORE_CM4_H_DEPENDANT */



#endif /* __CMSIS_GENERIC */



#ifdef __cplusplus

}

#endif








Viz/cmsis/core_cm4_simd.h

/**************************************************************************//**

 * @file     core_cm4_simd.h

 * @brief    CMSIS Cortex-M4 SIMD Header File

 * @version  V2.10

 * @date     19. July 2011

 *

 * @note

 * Copyright (C) 2010-2011 ARM Limited. All rights reserved.

 *

 * @par

 * ARM Limited (ARM) is supplying this software for use with Cortex-M 

 * processor based microcontrollers.  This file can be freely distributed 

 * within development tools that are supporting such ARM based processors. 

 *

 * @par

 * THIS SOFTWARE IS PROVIDED "AS IS".  NO WARRANTIES, WHETHER EXPRESS, IMPLIED

 * OR STATUTORY, INCLUDING, BUT NOT LIMITED TO, IMPLIED WARRANTIES OF

 * MERCHANTABILITY AND FITNESS FOR A PARTICULAR PURPOSE APPLY TO THIS SOFTWARE.

 * ARM SHALL NOT, IN ANY CIRCUMSTANCES, BE LIABLE FOR SPECIAL, INCIDENTAL, OR

 * CONSEQUENTIAL DAMAGES, FOR ANY REASON WHATSOEVER.

 *

 ******************************************************************************/



#ifdef __cplusplus

 extern "C" {

#endif 



#ifndef __CORE_CM4_SIMD_H

#define __CORE_CM4_SIMD_H





/*******************************************************************************

 *                Hardware Abstraction Layer

 ******************************************************************************/





/* ###################  Compiler specific Intrinsics  ########################### */

/** \defgroup CMSIS_SIMD_intrinsics CMSIS SIMD Intrinsics

  Access to dedicated SIMD instructions

  @{

*/



#if   defined ( __CC_ARM ) /*------------------RealView Compiler -----------------*/

/* ARM armcc specific functions */



/*------ CM4 SOMD Intrinsics -----------------------------------------------------*/

#define __SADD8                           __sadd8

#define __QADD8                           __qadd8

#define __SHADD8                          __shadd8

#define __UADD8                           __uadd8

#define __UQADD8                          __uqadd8

#define __UHADD8                          __uhadd8

#define __SSUB8                           __ssub8

#define __QSUB8                           __qsub8

#define __SHSUB8                          __shsub8

#define __USUB8                           __usub8

#define __UQSUB8                          __uqsub8

#define __UHSUB8                          __uhsub8

#define __SADD16                          __sadd16

#define __QADD16                          __qadd16

#define __SHADD16                         __shadd16

#define __UADD16                          __uadd16

#define __UQADD16                         __uqadd16

#define __UHADD16                         __uhadd16

#define __SSUB16                          __ssub16

#define __QSUB16                          __qsub16

#define __SHSUB16                         __shsub16

#define __USUB16                          __usub16

#define __UQSUB16                         __uqsub16

#define __UHSUB16                         __uhsub16

#define __SASX                            __sasx

#define __QASX                            __qasx

#define __SHASX                           __shasx

#define __UASX                            __uasx

#define __UQASX                           __uqasx

#define __UHASX                           __uhasx

#define __SSAX                            __ssax

#define __QSAX                            __qsax

#define __SHSAX                           __shsax

#define __USAX                            __usax

#define __UQSAX                           __uqsax

#define __UHSAX                           __uhsax

#define __USAD8                           __usad8

#define __USADA8                          __usada8

#define __SSAT16                          __ssat16

#define __USAT16                          __usat16

#define __UXTB16                          __uxtb16

#define __UXTAB16                         __uxtab16

#define __SXTB16                          __sxtb16

#define __SXTAB16                         __sxtab16

#define __SMUAD                           __smuad

#define __SMUADX                          __smuadx

#define __SMLAD                           __smlad

#define __SMLADX                          __smladx

#define __SMLALD                          __smlald

#define __SMLALDX                         __smlaldx

#define __SMUSD                           __smusd

#define __SMUSDX                          __smusdx

#define __SMLSD                           __smlsd

#define __SMLSDX                          __smlsdx

#define __SMLSLD                          __smlsld

#define __SMLSLDX                         __smlsldx

#define __SEL                             __sel

#define __QADD                            __qadd

#define __QSUB                            __qsub



#define __PKHBT(ARG1,ARG2,ARG3)          ( ((((uint32_t)(ARG1))          ) & 0x0000FFFFUL) |  \

                                           ((((uint32_t)(ARG2)) << (ARG3)) & 0xFFFF0000UL)  )



#define __PKHTB(ARG1,ARG2,ARG3)          ( ((((uint32_t)(ARG1))          ) & 0xFFFF0000UL) |  \

                                           ((((uint32_t)(ARG2)) >> (ARG3)) & 0x0000FFFFUL)  )





/*-- End CM4 SIMD Intrinsics -----------------------------------------------------*/







#elif defined ( __ICCARM__ ) /*------------------ ICC Compiler -------------------*/

/* IAR iccarm specific functions */



#include <cmsis_iar.h>



/*------ CM4 SIMDDSP Intrinsics -----------------------------------------------------*/

/* intrinsic __SADD8      see intrinsics.h */

/* intrinsic __QADD8      see intrinsics.h */

/* intrinsic __SHADD8     see intrinsics.h */

/* intrinsic __UADD8      see intrinsics.h */

/* intrinsic __UQADD8     see intrinsics.h */

/* intrinsic __UHADD8     see intrinsics.h */

/* intrinsic __SSUB8      see intrinsics.h */

/* intrinsic __QSUB8      see intrinsics.h */

/* intrinsic __SHSUB8     see intrinsics.h */

/* intrinsic __USUB8      see intrinsics.h */

/* intrinsic __UQSUB8     see intrinsics.h */

/* intrinsic __UHSUB8     see intrinsics.h */

/* intrinsic __SADD16     see intrinsics.h */

/* intrinsic __QADD16     see intrinsics.h */

/* intrinsic __SHADD16    see intrinsics.h */

/* intrinsic __UADD16     see intrinsics.h */

/* intrinsic __UQADD16    see intrinsics.h */

/* intrinsic __UHADD16    see intrinsics.h */

/* intrinsic __SSUB16     see intrinsics.h */

/* intrinsic __QSUB16     see intrinsics.h */

/* intrinsic __SHSUB16    see intrinsics.h */

/* intrinsic __USUB16     see intrinsics.h */

/* intrinsic __UQSUB16    see intrinsics.h */

/* intrinsic __UHSUB16    see intrinsics.h */

/* intrinsic __SASX       see intrinsics.h */

/* intrinsic __QASX       see intrinsics.h */

/* intrinsic __SHASX      see intrinsics.h */

/* intrinsic __UASX       see intrinsics.h */

/* intrinsic __UQASX      see intrinsics.h */

/* intrinsic __UHASX      see intrinsics.h */

/* intrinsic __SSAX       see intrinsics.h */

/* intrinsic __QSAX       see intrinsics.h */

/* intrinsic __SHSAX      see intrinsics.h */

/* intrinsic __USAX       see intrinsics.h */

/* intrinsic __UQSAX      see intrinsics.h */

/* intrinsic __UHSAX      see intrinsics.h */

/* intrinsic __USAD8      see intrinsics.h */

/* intrinsic __USADA8     see intrinsics.h */

/* intrinsic __SSAT16     see intrinsics.h */

/* intrinsic __USAT16     see intrinsics.h */

/* intrinsic __UXTB16     see intrinsics.h */

/* intrinsic __SXTB16     see intrinsics.h */

/* intrinsic __UXTAB16    see intrinsics.h */

/* intrinsic __SXTAB16    see intrinsics.h */

/* intrinsic __SMUAD      see intrinsics.h */

/* intrinsic __SMUADX     see intrinsics.h */

/* intrinsic __SMLAD      see intrinsics.h */

/* intrinsic __SMLADX     see intrinsics.h */

/* intrinsic __SMLALD     see intrinsics.h */

/* intrinsic __SMLALDX    see intrinsics.h */

/* intrinsic __SMUSD      see intrinsics.h */

/* intrinsic __SMUSDX     see intrinsics.h */

/* intrinsic __SMLSD      see intrinsics.h */

/* intrinsic __SMLSDX     see intrinsics.h */

/* intrinsic __SMLSLD     see intrinsics.h */

/* intrinsic __SMLSLDX    see intrinsics.h */

/* intrinsic __SEL        see intrinsics.h */

/* intrinsic __QADD       see intrinsics.h */

/* intrinsic __QSUB       see intrinsics.h */

/* intrinsic __PKHBT      see intrinsics.h */

/* intrinsic __PKHTB      see intrinsics.h */



/*-- End CM4 SIMD Intrinsics -----------------------------------------------------*/







#elif defined ( __GNUC__ ) /*------------------ GNU Compiler ---------------------*/

/* GNU gcc specific functions */



/*------ CM4 SIMD Intrinsics -----------------------------------------------------*/

__attribute__( ( always_inline ) ) static __INLINE uint32_t __SADD8(uint32_t op1, uint32_t op2)

{

  uint32_t result;

  

  __ASM volatile ("sadd8 %0, %1, %2" : "=r" (result) : "r" (op1), "r" (op2) );

  return(result);

}



__attribute__( ( always_inline ) ) static __INLINE uint32_t __QADD8(uint32_t op1, uint32_t op2)

{

  uint32_t result;

  

  __ASM volatile ("qadd8 %0, %1, %2" : "=r" (result) : "r" (op1), "r" (op2) );

  return(result);

}



__attribute__( ( always_inline ) ) static __INLINE uint32_t __SHADD8(uint32_t op1, uint32_t op2)

{

  uint32_t result;

  

  __ASM volatile ("shadd8 %0, %1, %2" : "=r" (result) : "r" (op1), "r" (op2) );

  return(result);

}



__attribute__( ( always_inline ) ) static __INLINE uint32_t __UADD8(uint32_t op1, uint32_t op2)

{

  uint32_t result;

  

  __ASM volatile ("uadd8 %0, %1, %2" : "=r" (result) : "r" (op1), "r" (op2) );

  return(result);

}



__attribute__( ( always_inline ) ) static __INLINE uint32_t __UQADD8(uint32_t op1, uint32_t op2)

{

  uint32_t result;

  

  __ASM volatile ("uqadd8 %0, %1, %2" : "=r" (result) : "r" (op1), "r" (op2) );

  return(result);

}



__attribute__( ( always_inline ) ) static __INLINE uint32_t __UHADD8(uint32_t op1, uint32_t op2)

{

  uint32_t result;

  

  __ASM volatile ("uhadd8 %0, %1, %2" : "=r" (result) : "r" (op1), "r" (op2) );

  return(result);

}





__attribute__( ( always_inline ) ) static __INLINE uint32_t __SSUB8(uint32_t op1, uint32_t op2)

{

  uint32_t result;

  

  __ASM volatile ("ssub8 %0, %1, %2" : "=r" (result) : "r" (op1), "r" (op2) );

  return(result);

}



__attribute__( ( always_inline ) ) static __INLINE uint32_t __QSUB8(uint32_t op1, uint32_t op2)

{

  uint32_t result;

  

  __ASM volatile ("qsub8 %0, %1, %2" : "=r" (result) : "r" (op1), "r" (op2) );

  return(result);

}



__attribute__( ( always_inline ) ) static __INLINE uint32_t __SHSUB8(uint32_t op1, uint32_t op2)

{

  uint32_t result;

  

  __ASM volatile ("shsub8 %0, %1, %2" : "=r" (result) : "r" (op1), "r" (op2) );

  return(result);

}



__attribute__( ( always_inline ) ) static __INLINE uint32_t __USUB8(uint32_t op1, uint32_t op2)

{

  uint32_t result;

  

  __ASM volatile ("usub8 %0, %1, %2" : "=r" (result) : "r" (op1), "r" (op2) );

  return(result);

}



__attribute__( ( always_inline ) ) static __INLINE uint32_t __UQSUB8(uint32_t op1, uint32_t op2)

{

  uint32_t result;

  

  __ASM volatile ("uqsub8 %0, %1, %2" : "=r" (result) : "r" (op1), "r" (op2) );

  return(result);

}



__attribute__( ( always_inline ) ) static __INLINE uint32_t __UHSUB8(uint32_t op1, uint32_t op2)

{

  uint32_t result;

  

  __ASM volatile ("uhsub8 %0, %1, %2" : "=r" (result) : "r" (op1), "r" (op2) );

  return(result);

}





__attribute__( ( always_inline ) ) static __INLINE uint32_t __SADD16(uint32_t op1, uint32_t op2)

{

  uint32_t result;

  

  __ASM volatile ("sadd16 %0, %1, %2" : "=r" (result) : "r" (op1), "r" (op2) );

  return(result);

}



__attribute__( ( always_inline ) ) static __INLINE uint32_t __QADD16(uint32_t op1, uint32_t op2)

{

  uint32_t result;

  

  __ASM volatile ("qadd16 %0, %1, %2" : "=r" (result) : "r" (op1), "r" (op2) );

  return(result);

}



__attribute__( ( always_inline ) ) static __INLINE uint32_t __SHADD16(uint32_t op1, uint32_t op2)

{

  uint32_t result;

  

  __ASM volatile ("shadd16 %0, %1, %2" : "=r" (result) : "r" (op1), "r" (op2) );

  return(result);

}



__attribute__( ( always_inline ) ) static __INLINE uint32_t __UADD16(uint32_t op1, uint32_t op2)

{

  uint32_t result;

  

  __ASM volatile ("uadd16 %0, %1, %2" : "=r" (result) : "r" (op1), "r" (op2) );

  return(result);

}



__attribute__( ( always_inline ) ) static __INLINE uint32_t __UQADD16(uint32_t op1, uint32_t op2)

{

  uint32_t result;

  

  __ASM volatile ("uqadd16 %0, %1, %2" : "=r" (result) : "r" (op1), "r" (op2) );

  return(result);

}



__attribute__( ( always_inline ) ) static __INLINE uint32_t __UHADD16(uint32_t op1, uint32_t op2)

{

  uint32_t result;

  

  __ASM volatile ("uhadd16 %0, %1, %2" : "=r" (result) : "r" (op1), "r" (op2) );

  return(result);

}



__attribute__( ( always_inline ) ) static __INLINE uint32_t __SSUB16(uint32_t op1, uint32_t op2)

{

  uint32_t result;

  

  __ASM volatile ("ssub16 %0, %1, %2" : "=r" (result) : "r" (op1), "r" (op2) );

  return(result);

}



__attribute__( ( always_inline ) ) static __INLINE uint32_t __QSUB16(uint32_t op1, uint32_t op2)

{

  uint32_t result;

  

  __ASM volatile ("qsub16 %0, %1, %2" : "=r" (result) : "r" (op1), "r" (op2) );

  return(result);

}



__attribute__( ( always_inline ) ) static __INLINE uint32_t __SHSUB16(uint32_t op1, uint32_t op2)

{

  uint32_t result;

  

  __ASM volatile ("shsub16 %0, %1, %2" : "=r" (result) : "r" (op1), "r" (op2) );

  return(result);

}



__attribute__( ( always_inline ) ) static __INLINE uint32_t __USUB16(uint32_t op1, uint32_t op2)

{

  uint32_t result;

  

  __ASM volatile ("usub16 %0, %1, %2" : "=r" (result) : "r" (op1), "r" (op2) );

  return(result);

}



__attribute__( ( always_inline ) ) static __INLINE uint32_t __UQSUB16(uint32_t op1, uint32_t op2)

{

  uint32_t result;

  

  __ASM volatile ("uqsub16 %0, %1, %2" : "=r" (result) : "r" (op1), "r" (op2) );

  return(result);

}



__attribute__( ( always_inline ) ) static __INLINE uint32_t __UHSUB16(uint32_t op1, uint32_t op2)

{

  uint32_t result;

  

  __ASM volatile ("uhsub16 %0, %1, %2" : "=r" (result) : "r" (op1), "r" (op2) );

  return(result);

}



__attribute__( ( always_inline ) ) static __INLINE uint32_t __SASX(uint32_t op1, uint32_t op2)

{

  uint32_t result;

  

  __ASM volatile ("sasx %0, %1, %2" : "=r" (result) : "r" (op1), "r" (op2) );

  return(result);

}



__attribute__( ( always_inline ) ) static __INLINE uint32_t __QASX(uint32_t op1, uint32_t op2)

{

  uint32_t result;

  

  __ASM volatile ("qasx %0, %1, %2" : "=r" (result) : "r" (op1), "r" (op2) );

  return(result);

}



__attribute__( ( always_inline ) ) static __INLINE uint32_t __SHASX(uint32_t op1, uint32_t op2)

{

  uint32_t result;

  

  __ASM volatile ("shasx %0, %1, %2" : "=r" (result) : "r" (op1), "r" (op2) );

  return(result);

}



__attribute__( ( always_inline ) ) static __INLINE uint32_t __UASX(uint32_t op1, uint32_t op2)

{

  uint32_t result;

  

  __ASM volatile ("uasx %0, %1, %2" : "=r" (result) : "r" (op1), "r" (op2) );

  return(result);

}



__attribute__( ( always_inline ) ) static __INLINE uint32_t __UQASX(uint32_t op1, uint32_t op2)

{

  uint32_t result;

  

  __ASM volatile ("uqasx %0, %1, %2" : "=r" (result) : "r" (op1), "r" (op2) );

  return(result);

}



__attribute__( ( always_inline ) ) static __INLINE uint32_t __UHASX(uint32_t op1, uint32_t op2)

{

  uint32_t result;

  

  __ASM volatile ("uhasx %0, %1, %2" : "=r" (result) : "r" (op1), "r" (op2) );

  return(result);

}



__attribute__( ( always_inline ) ) static __INLINE uint32_t __SSAX(uint32_t op1, uint32_t op2)

{

  uint32_t result;

  

  __ASM volatile ("ssax %0, %1, %2" : "=r" (result) : "r" (op1), "r" (op2) );

  return(result);

}



__attribute__( ( always_inline ) ) static __INLINE uint32_t __QSAX(uint32_t op1, uint32_t op2)

{

  uint32_t result;

  

  __ASM volatile ("qsax %0, %1, %2" : "=r" (result) : "r" (op1), "r" (op2) );

  return(result);

}



__attribute__( ( always_inline ) ) static __INLINE uint32_t __SHSAX(uint32_t op1, uint32_t op2)

{

  uint32_t result;

  

  __ASM volatile ("shsax %0, %1, %2" : "=r" (result) : "r" (op1), "r" (op2) );

  return(result);

}



__attribute__( ( always_inline ) ) static __INLINE uint32_t __USAX(uint32_t op1, uint32_t op2)

{

  uint32_t result;

  

  __ASM volatile ("usax %0, %1, %2" : "=r" (result) : "r" (op1), "r" (op2) );

  return(result);

}



__attribute__( ( always_inline ) ) static __INLINE uint32_t __UQSAX(uint32_t op1, uint32_t op2)

{

  uint32_t result;

  

  __ASM volatile ("uqsax %0, %1, %2" : "=r" (result) : "r" (op1), "r" (op2) );

  return(result);

}



__attribute__( ( always_inline ) ) static __INLINE uint32_t __UHSAX(uint32_t op1, uint32_t op2)

{

  uint32_t result;

  

  __ASM volatile ("uhsax %0, %1, %2" : "=r" (result) : "r" (op1), "r" (op2) );

  return(result);

}



__attribute__( ( always_inline ) ) static __INLINE uint32_t __USAD8(uint32_t op1, uint32_t op2)

{

  uint32_t result;

  

  __ASM volatile ("usad8 %0, %1, %2" : "=r" (result) : "r" (op1), "r" (op2) );

  return(result);

}



__attribute__( ( always_inline ) ) static __INLINE uint32_t __USADA8(uint32_t op1, uint32_t op2, uint32_t op3)

{

  uint32_t result;

  

  __ASM volatile ("usada8 %0, %1, %2, %3" : "=r" (result) : "r" (op1), "r" (op2), "r" (op3) );

  return(result);

}



#define __SSAT16(ARG1,ARG2) \

({                          \

  uint32_t __RES, __ARG1 = (ARG1); \

  __ASM ("ssat16 %0, %1, %2" : "=r" (__RES) :  "I" (ARG2), "r" (__ARG1) ); \

  __RES; \

 })

  

#define __USAT16(ARG1,ARG2) \

({                          \

  uint32_t __RES, __ARG1 = (ARG1); \

  __ASM ("usat16 %0, %1, %2" : "=r" (__RES) :  "I" (ARG2), "r" (__ARG1) ); \

  __RES; \

 })



__attribute__( ( always_inline ) ) static __INLINE uint32_t __UXTB16(uint32_t op1)

{

  uint32_t result;

  

  __ASM volatile ("uxtb16 %0, %1" : "=r" (result) : "r" (op1));

  return(result);

}



__attribute__( ( always_inline ) ) static __INLINE uint32_t __UXTAB16(uint32_t op1, uint32_t op2)

{

  uint32_t result;

  

  __ASM volatile ("uxtab16 %0, %1, %2" : "=r" (result) : "r" (op1), "r" (op2) );

  return(result);

}



__attribute__( ( always_inline ) ) static __INLINE uint32_t __SXTB16(uint32_t op1)

{

  uint32_t result;

  

  __ASM volatile ("sxtb16 %0, %1" : "=r" (result) : "r" (op1));

  return(result);

}



__attribute__( ( always_inline ) ) static __INLINE uint32_t __SXTAB16(uint32_t op1, uint32_t op2)

{

  uint32_t result;

  

  __ASM volatile ("sxtab16 %0, %1, %2" : "=r" (result) : "r" (op1), "r" (op2) );

  return(result);

}



__attribute__( ( always_inline ) ) static __INLINE uint32_t __SMUAD  (uint32_t op1, uint32_t op2)

{

  uint32_t result;

  

  __ASM volatile ("smuad %0, %1, %2" : "=r" (result) : "r" (op1), "r" (op2) );

  return(result);

}



__attribute__( ( always_inline ) ) static __INLINE uint32_t __SMUADX (uint32_t op1, uint32_t op2)

{

  uint32_t result;

  

  __ASM volatile ("smuadx %0, %1, %2" : "=r" (result) : "r" (op1), "r" (op2) );

  return(result);

}



__attribute__( ( always_inline ) ) static __INLINE uint32_t __SMLAD (uint32_t op1, uint32_t op2, uint32_t op3)

{

  uint32_t result;

  

  __ASM volatile ("smlad %0, %1, %2, %3" : "=r" (result) : "r" (op1), "r" (op2), "r" (op3) );

  return(result);

}



__attribute__( ( always_inline ) ) static __INLINE uint32_t __SMLADX (uint32_t op1, uint32_t op2, uint32_t op3)

{

  uint32_t result;

  

  __ASM volatile ("smladx %0, %1, %2, %3" : "=r" (result) : "r" (op1), "r" (op2), "r" (op3) );

  return(result);

}



#define __SMLALD(ARG1,ARG2,ARG3) \

({ \

  uint32_t __ARG1 = (ARG1), __ARG2 = (ARG2), __ARG3_H = (uint32_t)((uint64_t)(ARG3) >> 32), __ARG3_L = (uint32_t)((uint64_t)(ARG3) & 0xFFFFFFFFUL); \

  __ASM volatile ("smlald %0, %1, %2, %3" : "=r" (__ARG3_L), "=r" (__ARG3_H) : "r" (__ARG1), "r" (__ARG2), "0" (__ARG3_L), "1" (__ARG3_H) ); \

  (uint64_t)(((uint64_t)__ARG3_H << 32) | __ARG3_L); \

 })



#define __SMLALDX(ARG1,ARG2,ARG3) \

({ \

  uint32_t __ARG1 = (ARG1), __ARG2 = (ARG2), __ARG3_H = (uint32_t)((uint64_t)(ARG3) >> 32), __ARG3_L = (uint32_t)((uint64_t)(ARG3) & 0xFFFFFFFFUL); \

  __ASM volatile ("smlaldx %0, %1, %2, %3" : "=r" (__ARG3_L), "=r" (__ARG3_H) : "r" (__ARG1), "r" (__ARG2), "0" (__ARG3_L), "1" (__ARG3_H) ); \

  (uint64_t)(((uint64_t)__ARG3_H << 32) | __ARG3_L); \

 })



__attribute__( ( always_inline ) ) static __INLINE uint32_t __SMUSD  (uint32_t op1, uint32_t op2)

{

  uint32_t result;

  

  __ASM volatile ("smusd %0, %1, %2" : "=r" (result) : "r" (op1), "r" (op2) );

  return(result);

}



__attribute__( ( always_inline ) ) static __INLINE uint32_t __SMUSDX (uint32_t op1, uint32_t op2)

{

  uint32_t result;

  

  __ASM volatile ("smusdx %0, %1, %2" : "=r" (result) : "r" (op1), "r" (op2) );

  return(result);

}



__attribute__( ( always_inline ) ) static __INLINE uint32_t __SMLSD (uint32_t op1, uint32_t op2, uint32_t op3)

{

  uint32_t result;

  

  __ASM volatile ("smlsd %0, %1, %2, %3" : "=r" (result) : "r" (op1), "r" (op2), "r" (op3) );

  return(result);

}



__attribute__( ( always_inline ) ) static __INLINE uint32_t __SMLSDX (uint32_t op1, uint32_t op2, uint32_t op3)

{

  uint32_t result;

  

  __ASM volatile ("smlsdx %0, %1, %2, %3" : "=r" (result) : "r" (op1), "r" (op2), "r" (op3) );

  return(result);

}



#define __SMLSLD(ARG1,ARG2,ARG3) \

({ \

  uint32_t __ARG1 = (ARG1), __ARG2 = (ARG2), __ARG3_H = (uint32_t)((ARG3) >> 32), __ARG3_L = (uint32_t)((ARG3) & 0xFFFFFFFFUL); \

  __ASM volatile ("smlsld %0, %1, %2, %3" : "=r" (__ARG3_L), "=r" (__ARG3_H) : "r" (__ARG1), "r" (__ARG2), "0" (__ARG3_L), "1" (__ARG3_H) ); \

  (uint64_t)(((uint64_t)__ARG3_H << 32) | __ARG3_L); \

 })



#define __SMLSLDX(ARG1,ARG2,ARG3) \

({ \

  uint32_t __ARG1 = (ARG1), __ARG2 = (ARG2), __ARG3_H = (uint32_t)((ARG3) >> 32), __ARG3_L = (uint32_t)((ARG3) & 0xFFFFFFFFUL); \

  __ASM volatile ("smlsldx %0, %1, %2, %3" : "=r" (__ARG3_L), "=r" (__ARG3_H) : "r" (__ARG1), "r" (__ARG2), "0" (__ARG3_L), "1" (__ARG3_H) ); \

  (uint64_t)(((uint64_t)__ARG3_H << 32) | __ARG3_L); \

 })



__attribute__( ( always_inline ) ) static __INLINE uint32_t __SEL  (uint32_t op1, uint32_t op2)

{

  uint32_t result;

  

  __ASM volatile ("sel %0, %1, %2" : "=r" (result) : "r" (op1), "r" (op2) );

  return(result);

}



__attribute__( ( always_inline ) ) static __INLINE uint32_t __QADD(uint32_t op1, uint32_t op2)

{

  uint32_t result;



  __ASM volatile ("qadd %0, %1, %2" : "=r" (result) : "r" (op1), "r" (op2) );

  return(result);

}



__attribute__( ( always_inline ) ) static __INLINE uint32_t __QSUB(uint32_t op1, uint32_t op2)

{

  uint32_t result;

  

  __ASM volatile ("qsub %0, %1, %2" : "=r" (result) : "r" (op1), "r" (op2) );

  return(result);

}



#define __PKHBT(ARG1,ARG2,ARG3) \

({                          \

  uint32_t __RES, __ARG1 = (ARG1), __ARG2 = (ARG2); \

  __ASM ("pkhbt %0, %1, %2, lsl %3" : "=r" (__RES) :  "r" (__ARG1), "r" (__ARG2), "I" (ARG3)  ); \

  __RES; \

 })



#define __PKHTB(ARG1,ARG2,ARG3) \

({                          \

  uint32_t __RES, __ARG1 = (ARG1), __ARG2 = (ARG2); \

  if (ARG3 == 0) \

    __ASM ("pkhtb %0, %1, %2" : "=r" (__RES) :  "r" (__ARG1), "r" (__ARG2)  ); \

  else	\

    __ASM ("pkhtb %0, %1, %2, asr %3" : "=r" (__RES) :  "r" (__ARG1), "r" (__ARG2), "I" (ARG3)  ); \

  __RES; \

 })



/*-- End CM4 SIMD Intrinsics -----------------------------------------------------*/







#elif defined ( __TASKING__ ) /*------------------ TASKING Compiler --------------*/

/* TASKING carm specific functions */





/*------ CM4 SIMD Intrinsics -----------------------------------------------------*/

/* not yet supported */

/*-- End CM4 SIMD Intrinsics -----------------------------------------------------*/





#endif



/*@} end of group CMSIS_SIMD_intrinsics */





#endif /* __CORE_CM4_SIMD_H */



#ifdef __cplusplus

}

#endif








Viz/cmsis/core_cmFunc.h

/**************************************************************************//**

 * @file     core_cmFunc.h

 * @brief    CMSIS Cortex-M Core Function Access Header File

 * @version  V2.10

 * @date     26. July 2011

 *

 * @note

 * Copyright (C) 2009-2011 ARM Limited. All rights reserved.

 *

 * @par

 * ARM Limited (ARM) is supplying this software for use with Cortex-M 

 * processor based microcontrollers.  This file can be freely distributed 

 * within development tools that are supporting such ARM based processors. 

 *

 * @par

 * THIS SOFTWARE IS PROVIDED "AS IS".  NO WARRANTIES, WHETHER EXPRESS, IMPLIED

 * OR STATUTORY, INCLUDING, BUT NOT LIMITED TO, IMPLIED WARRANTIES OF

 * MERCHANTABILITY AND FITNESS FOR A PARTICULAR PURPOSE APPLY TO THIS SOFTWARE.

 * ARM SHALL NOT, IN ANY CIRCUMSTANCES, BE LIABLE FOR SPECIAL, INCIDENTAL, OR

 * CONSEQUENTIAL DAMAGES, FOR ANY REASON WHATSOEVER.

 *

 ******************************************************************************/



#ifndef __CORE_CMFUNC_H

#define __CORE_CMFUNC_H





/* ###########################  Core Function Access  ########################### */

/** \ingroup  CMSIS_Core_FunctionInterface   

    \defgroup CMSIS_Core_RegAccFunctions CMSIS Core Register Access Functions

  @{

 */



#if   defined ( __CC_ARM ) /*------------------RealView Compiler -----------------*/

/* ARM armcc specific functions */



#if (__ARMCC_VERSION < 400677)

  #error "Please use ARM Compiler Toolchain V4.0.677 or later!"

#endif



/* intrinsic void __enable_irq();     */

/* intrinsic void __disable_irq();    */



/** \brief  Get Control Register



    This function returns the content of the Control Register.



    \return               Control Register value

 */

static __INLINE uint32_t __get_CONTROL(void)

{

  register uint32_t __regControl         __ASM("control");

  return(__regControl);

}





/** \brief  Set Control Register



    This function writes the given value to the Control Register.



    \param [in]    control  Control Register value to set

 */

static __INLINE void __set_CONTROL(uint32_t control)

{

  register uint32_t __regControl         __ASM("control");

  __regControl = control;

}





/** \brief  Get ISPR Register



    This function returns the content of the ISPR Register.



    \return               ISPR Register value

 */

static __INLINE uint32_t __get_IPSR(void)

{

  register uint32_t __regIPSR          __ASM("ipsr");

  return(__regIPSR);

}





/** \brief  Get APSR Register



    This function returns the content of the APSR Register.



    \return               APSR Register value

 */

static __INLINE uint32_t __get_APSR(void)

{

  register uint32_t __regAPSR          __ASM("apsr");

  return(__regAPSR);

}





/** \brief  Get xPSR Register



    This function returns the content of the xPSR Register.



    \return               xPSR Register value

 */

static __INLINE uint32_t __get_xPSR(void)

{

  register uint32_t __regXPSR          __ASM("xpsr");

  return(__regXPSR);

}





/** \brief  Get Process Stack Pointer



    This function returns the current value of the Process Stack Pointer (PSP).



    \return               PSP Register value

 */

static __INLINE uint32_t __get_PSP(void)

{

  register uint32_t __regProcessStackPointer  __ASM("psp");

  return(__regProcessStackPointer);

}





/** \brief  Set Process Stack Pointer



    This function assigns the given value to the Process Stack Pointer (PSP).



    \param [in]    topOfProcStack  Process Stack Pointer value to set

 */

static __INLINE void __set_PSP(uint32_t topOfProcStack)

{

  register uint32_t __regProcessStackPointer  __ASM("psp");

  __regProcessStackPointer = topOfProcStack;

}





/** \brief  Get Main Stack Pointer



    This function returns the current value of the Main Stack Pointer (MSP).



    \return               MSP Register value

 */

static __INLINE uint32_t __get_MSP(void)

{

  register uint32_t __regMainStackPointer     __ASM("msp");

  return(__regMainStackPointer);

}





/** \brief  Set Main Stack Pointer



    This function assigns the given value to the Main Stack Pointer (MSP).



    \param [in]    topOfMainStack  Main Stack Pointer value to set

 */

static __INLINE void __set_MSP(uint32_t topOfMainStack)

{

  register uint32_t __regMainStackPointer     __ASM("msp");

  __regMainStackPointer = topOfMainStack;

}





/** \brief  Get Priority Mask



    This function returns the current state of the priority mask bit from the Priority Mask Register.



    \return               Priority Mask value

 */

static __INLINE uint32_t __get_PRIMASK(void)

{

  register uint32_t __regPriMask         __ASM("primask");

  return(__regPriMask);

}





/** \brief  Set Priority Mask



    This function assigns the given value to the Priority Mask Register.



    \param [in]    priMask  Priority Mask

 */

static __INLINE void __set_PRIMASK(uint32_t priMask)

{

  register uint32_t __regPriMask         __ASM("primask");

  __regPriMask = (priMask);

}

 



#if       (__CORTEX_M >= 0x03)



/** \brief  Enable FIQ



    This function enables FIQ interrupts by clearing the F-bit in the CPSR.

    Can only be executed in Privileged modes.

 */

#define __enable_fault_irq                __enable_fiq





/** \brief  Disable FIQ



    This function disables FIQ interrupts by setting the F-bit in the CPSR.

    Can only be executed in Privileged modes.

 */

#define __disable_fault_irq               __disable_fiq





/** \brief  Get Base Priority



    This function returns the current value of the Base Priority register.



    \return               Base Priority register value

 */

static __INLINE uint32_t  __get_BASEPRI(void)

{

  register uint32_t __regBasePri         __ASM("basepri");

  return(__regBasePri);

}





/** \brief  Set Base Priority



    This function assigns the given value to the Base Priority register.



    \param [in]    basePri  Base Priority value to set

 */

static __INLINE void __set_BASEPRI(uint32_t basePri)

{

  register uint32_t __regBasePri         __ASM("basepri");

  __regBasePri = (basePri & 0xff);

}

 



/** \brief  Get Fault Mask



    This function returns the current value of the Fault Mask register.



    \return               Fault Mask register value

 */

static __INLINE uint32_t __get_FAULTMASK(void)

{

  register uint32_t __regFaultMask       __ASM("faultmask");

  return(__regFaultMask);

}





/** \brief  Set Fault Mask



    This function assigns the given value to the Fault Mask register.



    \param [in]    faultMask  Fault Mask value to set

 */

static __INLINE void __set_FAULTMASK(uint32_t faultMask)

{

  register uint32_t __regFaultMask       __ASM("faultmask");

  __regFaultMask = (faultMask & (uint32_t)1);

}



#endif /* (__CORTEX_M >= 0x03) */





#if       (__CORTEX_M == 0x04)



/** \brief  Get FPSCR



    This function returns the current value of the Floating Point Status/Control register.



    \return               Floating Point Status/Control register value

 */

static __INLINE uint32_t __get_FPSCR(void)

{

#if (__FPU_PRESENT == 1) && (__FPU_USED == 1)

  register uint32_t __regfpscr         __ASM("fpscr");

  return(__regfpscr);

#else

   return(0);

#endif

}





/** \brief  Set FPSCR



    This function assigns the given value to the Floating Point Status/Control register.



    \param [in]    fpscr  Floating Point Status/Control value to set

 */

static __INLINE void __set_FPSCR(uint32_t fpscr)

{

#if (__FPU_PRESENT == 1) && (__FPU_USED == 1)

  register uint32_t __regfpscr         __ASM("fpscr");

  __regfpscr = (fpscr);

#endif

}



#endif /* (__CORTEX_M == 0x04) */





#elif defined ( __ICCARM__ ) /*------------------ ICC Compiler -------------------*/

/* IAR iccarm specific functions */



#include <cmsis_iar.h>



#elif defined ( __GNUC__ ) /*------------------ GNU Compiler ---------------------*/

/* GNU gcc specific functions */



/** \brief  Enable IRQ Interrupts



  This function enables IRQ interrupts by clearing the I-bit in the CPSR.

  Can only be executed in Privileged modes.

 */

__attribute__( ( always_inline ) ) static __INLINE void __enable_irq(void)

{

  __ASM volatile ("cpsie i");

}





/** \brief  Disable IRQ Interrupts



  This function disables IRQ interrupts by setting the I-bit in the CPSR.

  Can only be executed in Privileged modes.

 */

__attribute__( ( always_inline ) ) static __INLINE void __disable_irq(void)

{

  __ASM volatile ("cpsid i");

}





/** \brief  Get Control Register



    This function returns the content of the Control Register.



    \return               Control Register value

 */

__attribute__( ( always_inline ) ) static __INLINE uint32_t __get_CONTROL(void)

{

  uint32_t result;



  __ASM volatile ("MRS %0, control" : "=r" (result) );

  return(result);

}





/** \brief  Set Control Register



    This function writes the given value to the Control Register.



    \param [in]    control  Control Register value to set

 */

__attribute__( ( always_inline ) ) static __INLINE void __set_CONTROL(uint32_t control)

{

  __ASM volatile ("MSR control, %0" : : "r" (control) );

}





/** \brief  Get ISPR Register



    This function returns the content of the ISPR Register.



    \return               ISPR Register value

 */

__attribute__( ( always_inline ) ) static __INLINE uint32_t __get_IPSR(void)

{

  uint32_t result;



  __ASM volatile ("MRS %0, ipsr" : "=r" (result) );

  return(result);

}





/** \brief  Get APSR Register



    This function returns the content of the APSR Register.



    \return               APSR Register value

 */

__attribute__( ( always_inline ) ) static __INLINE uint32_t __get_APSR(void)

{

  uint32_t result;



  __ASM volatile ("MRS %0, apsr" : "=r" (result) );

  return(result);

}





/** \brief  Get xPSR Register



    This function returns the content of the xPSR Register.



    \return               xPSR Register value

 */

__attribute__( ( always_inline ) ) static __INLINE uint32_t __get_xPSR(void)

{

  uint32_t result;



  __ASM volatile ("MRS %0, xpsr" : "=r" (result) );

  return(result);

}





/** \brief  Get Process Stack Pointer



    This function returns the current value of the Process Stack Pointer (PSP).



    \return               PSP Register value

 */

__attribute__( ( always_inline ) ) static __INLINE uint32_t __get_PSP(void)

{

  register uint32_t result;



  __ASM volatile ("MRS %0, psp\n"  : "=r" (result) );

  return(result);

}

 



/** \brief  Set Process Stack Pointer



    This function assigns the given value to the Process Stack Pointer (PSP).



    \param [in]    topOfProcStack  Process Stack Pointer value to set

 */

__attribute__( ( always_inline ) ) static __INLINE void __set_PSP(uint32_t topOfProcStack)

{

  __ASM volatile ("MSR psp, %0\n" : : "r" (topOfProcStack) );

}





/** \brief  Get Main Stack Pointer



    This function returns the current value of the Main Stack Pointer (MSP).



    \return               MSP Register value

 */

__attribute__( ( always_inline ) ) static __INLINE uint32_t __get_MSP(void)

{

  register uint32_t result;



  __ASM volatile ("MRS %0, msp\n" : "=r" (result) );

  return(result);

}

 



/** \brief  Set Main Stack Pointer



    This function assigns the given value to the Main Stack Pointer (MSP).



    \param [in]    topOfMainStack  Main Stack Pointer value to set

 */

__attribute__( ( always_inline ) ) static __INLINE void __set_MSP(uint32_t topOfMainStack)

{

  __ASM volatile ("MSR msp, %0\n" : : "r" (topOfMainStack) );

}





/** \brief  Get Priority Mask



    This function returns the current state of the priority mask bit from the Priority Mask Register.



    \return               Priority Mask value

 */

__attribute__( ( always_inline ) ) static __INLINE uint32_t __get_PRIMASK(void)

{

  uint32_t result;



  __ASM volatile ("MRS %0, primask" : "=r" (result) );

  return(result);

}





/** \brief  Set Priority Mask



    This function assigns the given value to the Priority Mask Register.



    \param [in]    priMask  Priority Mask

 */

__attribute__( ( always_inline ) ) static __INLINE void __set_PRIMASK(uint32_t priMask)

{

  __ASM volatile ("MSR primask, %0" : : "r" (priMask) );

}

 



#if       (__CORTEX_M >= 0x03)



/** \brief  Enable FIQ



    This function enables FIQ interrupts by clearing the F-bit in the CPSR.

    Can only be executed in Privileged modes.

 */

__attribute__( ( always_inline ) ) static __INLINE void __enable_fault_irq(void)

{

  __ASM volatile ("cpsie f");

}





/** \brief  Disable FIQ



    This function disables FIQ interrupts by setting the F-bit in the CPSR.

    Can only be executed in Privileged modes.

 */

__attribute__( ( always_inline ) ) static __INLINE void __disable_fault_irq(void)

{

  __ASM volatile ("cpsid f");

}





/** \brief  Get Base Priority



    This function returns the current value of the Base Priority register.



    \return               Base Priority register value

 */

__attribute__( ( always_inline ) ) static __INLINE uint32_t __get_BASEPRI(void)

{

  uint32_t result;

  

  __ASM volatile ("MRS %0, basepri_max" : "=r" (result) );

  return(result);

}





/** \brief  Set Base Priority



    This function assigns the given value to the Base Priority register.



    \param [in]    basePri  Base Priority value to set

 */

__attribute__( ( always_inline ) ) static __INLINE void __set_BASEPRI(uint32_t value)

{

  __ASM volatile ("MSR basepri, %0" : : "r" (value) );

}





/** \brief  Get Fault Mask



    This function returns the current value of the Fault Mask register.



    \return               Fault Mask register value

 */

__attribute__( ( always_inline ) ) static __INLINE uint32_t __get_FAULTMASK(void)

{

  uint32_t result;

  

  __ASM volatile ("MRS %0, faultmask" : "=r" (result) );

  return(result);

}





/** \brief  Set Fault Mask



    This function assigns the given value to the Fault Mask register.



    \param [in]    faultMask  Fault Mask value to set

 */

__attribute__( ( always_inline ) ) static __INLINE void __set_FAULTMASK(uint32_t faultMask)

{

  __ASM volatile ("MSR faultmask, %0" : : "r" (faultMask) );

}



#endif /* (__CORTEX_M >= 0x03) */





#if       (__CORTEX_M == 0x04)



/** \brief  Get FPSCR



    This function returns the current value of the Floating Point Status/Control register.



    \return               Floating Point Status/Control register value

 */

__attribute__( ( always_inline ) ) static __INLINE uint32_t __get_FPSCR(void)

{

#if (__FPU_PRESENT == 1) && (__FPU_USED == 1)

  uint32_t result;



  __ASM volatile ("VMRS %0, fpscr" : "=r" (result) );

  return(result);

#else

   return(0);

#endif

}





/** \brief  Set FPSCR



    This function assigns the given value to the Floating Point Status/Control register.



    \param [in]    fpscr  Floating Point Status/Control value to set

 */

__attribute__( ( always_inline ) ) static __INLINE void __set_FPSCR(uint32_t fpscr)

{

#if (__FPU_PRESENT == 1) && (__FPU_USED == 1)

  __ASM volatile ("VMSR fpscr, %0" : : "r" (fpscr) );

#endif

}



#endif /* (__CORTEX_M == 0x04) */





#elif defined ( __TASKING__ ) /*------------------ TASKING Compiler --------------*/

/* TASKING carm specific functions */



/*

 * The CMSIS functions have been implemented as intrinsics in the compiler.

 * Please use "carm -?i" to get an up to date list of all instrinsics,

 * Including the CMSIS ones.

 */



#endif



/*@} end of CMSIS_Core_RegAccFunctions */





#endif /* __CORE_CMFUNC_H */








Viz/cmsis/core_cmInstr.h

/**************************************************************************//**

 * @file     core_cmInstr.h

 * @brief    CMSIS Cortex-M Core Instruction Access Header File

 * @version  V2.10

 * @date     19. July 2011

 *

 * @note

 * Copyright (C) 2009-2011 ARM Limited. All rights reserved.

 *

 * @par

 * ARM Limited (ARM) is supplying this software for use with Cortex-M 

 * processor based microcontrollers.  This file can be freely distributed 

 * within development tools that are supporting such ARM based processors. 

 *

 * @par

 * THIS SOFTWARE IS PROVIDED "AS IS".  NO WARRANTIES, WHETHER EXPRESS, IMPLIED

 * OR STATUTORY, INCLUDING, BUT NOT LIMITED TO, IMPLIED WARRANTIES OF

 * MERCHANTABILITY AND FITNESS FOR A PARTICULAR PURPOSE APPLY TO THIS SOFTWARE.

 * ARM SHALL NOT, IN ANY CIRCUMSTANCES, BE LIABLE FOR SPECIAL, INCIDENTAL, OR

 * CONSEQUENTIAL DAMAGES, FOR ANY REASON WHATSOEVER.

 *

 ******************************************************************************/



#ifndef __CORE_CMINSTR_H

#define __CORE_CMINSTR_H





/* ##########################  Core Instruction Access  ######################### */

/** \defgroup CMSIS_Core_InstructionInterface CMSIS Core Instruction Interface

  Access to dedicated instructions

  @{

*/



#if   defined ( __CC_ARM ) /*------------------RealView Compiler -----------------*/

/* ARM armcc specific functions */



#if (__ARMCC_VERSION < 400677)

  #error "Please use ARM Compiler Toolchain V4.0.677 or later!"

#endif





/** \brief  No Operation



    No Operation does nothing. This instruction can be used for code alignment purposes.

 */

#define __NOP                             __nop





/** \brief  Wait For Interrupt



    Wait For Interrupt is a hint instruction that suspends execution

    until one of a number of events occurs.

 */

#define __WFI                             __wfi





/** \brief  Wait For Event



    Wait For Event is a hint instruction that permits the processor to enter

    a low-power state until one of a number of events occurs.

 */

#define __WFE                             __wfe





/** \brief  Send Event



    Send Event is a hint instruction. It causes an event to be signaled to the CPU.

 */

#define __SEV                             __sev





/** \brief  Instruction Synchronization Barrier



    Instruction Synchronization Barrier flushes the pipeline in the processor, 

    so that all instructions following the ISB are fetched from cache or 

    memory, after the instruction has been completed.

 */

#define __ISB()                           __isb(0xF)





/** \brief  Data Synchronization Barrier



    This function acts as a special kind of Data Memory Barrier. 

    It completes when all explicit memory accesses before this instruction complete.

 */

#define __DSB()                           __dsb(0xF)





/** \brief  Data Memory Barrier



    This function ensures the apparent order of the explicit memory operations before 

    and after the instruction, without ensuring their completion.

 */

#define __DMB()                           __dmb(0xF)





/** \brief  Reverse byte order (32 bit)



    This function reverses the byte order in integer value.



    \param [in]    value  Value to reverse

    \return               Reversed value

 */

#define __REV                             __rev





/** \brief  Reverse byte order (16 bit)



    This function reverses the byte order in two unsigned short values.



    \param [in]    value  Value to reverse

    \return               Reversed value

 */

static __INLINE __ASM uint32_t __REV16(uint32_t value)

{

  rev16 r0, r0

  bx lr

}





/** \brief  Reverse byte order in signed short value



    This function reverses the byte order in a signed short value with sign extension to integer.



    \param [in]    value  Value to reverse

    \return               Reversed value

 */

static __INLINE __ASM int32_t __REVSH(int32_t value)

{

  revsh r0, r0

  bx lr

}





#if       (__CORTEX_M >= 0x03)



/** \brief  Reverse bit order of value



    This function reverses the bit order of the given value.



    \param [in]    value  Value to reverse

    \return               Reversed value

 */

#define __RBIT                            __rbit





/** \brief  LDR Exclusive (8 bit)



    This function performs a exclusive LDR command for 8 bit value.



    \param [in]    ptr  Pointer to data

    \return             value of type uint8_t at (*ptr)

 */

#define __LDREXB(ptr)                     ((uint8_t ) __ldrex(ptr))





/** \brief  LDR Exclusive (16 bit)



    This function performs a exclusive LDR command for 16 bit values.



    \param [in]    ptr  Pointer to data

    \return        value of type uint16_t at (*ptr)

 */

#define __LDREXH(ptr)                     ((uint16_t) __ldrex(ptr))





/** \brief  LDR Exclusive (32 bit)



    This function performs a exclusive LDR command for 32 bit values.



    \param [in]    ptr  Pointer to data

    \return        value of type uint32_t at (*ptr)

 */

#define __LDREXW(ptr)                     ((uint32_t ) __ldrex(ptr))





/** \brief  STR Exclusive (8 bit)



    This function performs a exclusive STR command for 8 bit values.



    \param [in]  value  Value to store

    \param [in]    ptr  Pointer to location

    \return          0  Function succeeded

    \return          1  Function failed

 */

#define __STREXB(value, ptr)              __strex(value, ptr)





/** \brief  STR Exclusive (16 bit)



    This function performs a exclusive STR command for 16 bit values.



    \param [in]  value  Value to store

    \param [in]    ptr  Pointer to location

    \return          0  Function succeeded

    \return          1  Function failed

 */

#define __STREXH(value, ptr)              __strex(value, ptr)





/** \brief  STR Exclusive (32 bit)



    This function performs a exclusive STR command for 32 bit values.



    \param [in]  value  Value to store

    \param [in]    ptr  Pointer to location

    \return          0  Function succeeded

    \return          1  Function failed

 */

#define __STREXW(value, ptr)              __strex(value, ptr)





/** \brief  Remove the exclusive lock



    This function removes the exclusive lock which is created by LDREX.



 */

#define __CLREX                           __clrex





/** \brief  Signed Saturate



    This function saturates a signed value.



    \param [in]  value  Value to be saturated

    \param [in]    sat  Bit position to saturate to (1..32)

    \return             Saturated value

 */

#define __SSAT                            __ssat





/** \brief  Unsigned Saturate



    This function saturates an unsigned value.



    \param [in]  value  Value to be saturated

    \param [in]    sat  Bit position to saturate to (0..31)

    \return             Saturated value

 */

#define __USAT                            __usat





/** \brief  Count leading zeros



    This function counts the number of leading zeros of a data value.



    \param [in]  value  Value to count the leading zeros

    \return             number of leading zeros in value

 */

#define __CLZ                             __clz 



#endif /* (__CORTEX_M >= 0x03) */







#elif defined ( __ICCARM__ ) /*------------------ ICC Compiler -------------------*/

/* IAR iccarm specific functions */



#include <cmsis_iar.h>





#elif defined ( __GNUC__ ) /*------------------ GNU Compiler ---------------------*/

/* GNU gcc specific functions */



/** \brief  No Operation



    No Operation does nothing. This instruction can be used for code alignment purposes.

 */

__attribute__( ( always_inline ) ) static __INLINE void __NOP(void)

{

  __ASM volatile ("nop");

}





/** \brief  Wait For Interrupt



    Wait For Interrupt is a hint instruction that suspends execution

    until one of a number of events occurs.

 */

__attribute__( ( always_inline ) ) static __INLINE void __WFI(void)

{

  __ASM volatile ("wfi");

}





/** \brief  Wait For Event



    Wait For Event is a hint instruction that permits the processor to enter

    a low-power state until one of a number of events occurs.

 */

__attribute__( ( always_inline ) ) static __INLINE void __WFE(void)

{

  __ASM volatile ("wfe");

}





/** \brief  Send Event



    Send Event is a hint instruction. It causes an event to be signaled to the CPU.

 */

__attribute__( ( always_inline ) ) static __INLINE void __SEV(void)

{

  __ASM volatile ("sev");

}





/** \brief  Instruction Synchronization Barrier



    Instruction Synchronization Barrier flushes the pipeline in the processor, 

    so that all instructions following the ISB are fetched from cache or 

    memory, after the instruction has been completed.

 */

__attribute__( ( always_inline ) ) static __INLINE void __ISB(void)

{

  __ASM volatile ("isb");

}





/** \brief  Data Synchronization Barrier



    This function acts as a special kind of Data Memory Barrier. 

    It completes when all explicit memory accesses before this instruction complete.

 */

__attribute__( ( always_inline ) ) static __INLINE void __DSB(void)

{

  __ASM volatile ("dsb");

}





/** \brief  Data Memory Barrier



    This function ensures the apparent order of the explicit memory operations before 

    and after the instruction, without ensuring their completion.

 */

__attribute__( ( always_inline ) ) static __INLINE void __DMB(void)

{

  __ASM volatile ("dmb");

}





/** \brief  Reverse byte order (32 bit)



    This function reverses the byte order in integer value.



    \param [in]    value  Value to reverse

    \return               Reversed value

 */

__attribute__( ( always_inline ) ) static __INLINE uint32_t __REV(uint32_t value)

{

  uint32_t result;

  

  __ASM volatile ("rev %0, %1" : "=r" (result) : "r" (value) );

  return(result);

}





/** \brief  Reverse byte order (16 bit)



    This function reverses the byte order in two unsigned short values.



    \param [in]    value  Value to reverse

    \return               Reversed value

 */

__attribute__( ( always_inline ) ) static __INLINE uint32_t __REV16(uint32_t value)

{

  uint32_t result;

  

  __ASM volatile ("rev16 %0, %1" : "=r" (result) : "r" (value) );

  return(result);

}





/** \brief  Reverse byte order in signed short value



    This function reverses the byte order in a signed short value with sign extension to integer.



    \param [in]    value  Value to reverse

    \return               Reversed value

 */

__attribute__( ( always_inline ) ) static __INLINE int32_t __REVSH(int32_t value)

{

  uint32_t result;

  

  __ASM volatile ("revsh %0, %1" : "=r" (result) : "r" (value) );

  return(result);

}





#if       (__CORTEX_M >= 0x03)



/** \brief  Reverse bit order of value



    This function reverses the bit order of the given value.



    \param [in]    value  Value to reverse

    \return               Reversed value

 */

__attribute__( ( always_inline ) ) static __INLINE uint32_t __RBIT(uint32_t value)

{

  uint32_t result;

  

   __ASM volatile ("rbit %0, %1" : "=r" (result) : "r" (value) );

   return(result);

}





/** \brief  LDR Exclusive (8 bit)



    This function performs a exclusive LDR command for 8 bit value.



    \param [in]    ptr  Pointer to data

    \return             value of type uint8_t at (*ptr)

 */

__attribute__( ( always_inline ) ) static __INLINE uint8_t __LDREXB(volatile uint8_t *addr)

{

    uint8_t result;

  

   __ASM volatile ("ldrexb %0, [%1]" : "=r" (result) : "r" (addr) );

   return(result);

}





/** \brief  LDR Exclusive (16 bit)



    This function performs a exclusive LDR command for 16 bit values.



    \param [in]    ptr  Pointer to data

    \return        value of type uint16_t at (*ptr)

 */

__attribute__( ( always_inline ) ) static __INLINE uint16_t __LDREXH(volatile uint16_t *addr)

{

    uint16_t result;

  

   __ASM volatile ("ldrexh %0, [%1]" : "=r" (result) : "r" (addr) );

   return(result);

}





/** \brief  LDR Exclusive (32 bit)



    This function performs a exclusive LDR command for 32 bit values.



    \param [in]    ptr  Pointer to data

    \return        value of type uint32_t at (*ptr)

 */

__attribute__( ( always_inline ) ) static __INLINE uint32_t __LDREXW(volatile uint32_t *addr)

{

    uint32_t result;

  

   __ASM volatile ("ldrex %0, [%1]" : "=r" (result) : "r" (addr) );

   return(result);

}





/** \brief  STR Exclusive (8 bit)



    This function performs a exclusive STR command for 8 bit values.



    \param [in]  value  Value to store

    \param [in]    ptr  Pointer to location

    \return          0  Function succeeded

    \return          1  Function failed

 */

__attribute__( ( always_inline ) ) static __INLINE uint32_t __STREXB(uint8_t value, volatile uint8_t *addr)

{

   uint32_t result;

  

   __ASM volatile ("strexb %0, %2, [%1]" : "=r" (result) : "r" (addr), "r" (value) );

   return(result);

}





/** \brief  STR Exclusive (16 bit)



    This function performs a exclusive STR command for 16 bit values.



    \param [in]  value  Value to store

    \param [in]    ptr  Pointer to location

    \return          0  Function succeeded

    \return          1  Function failed

 */

__attribute__( ( always_inline ) ) static __INLINE uint32_t __STREXH(uint16_t value, volatile uint16_t *addr)

{

   uint32_t result;

  

   __ASM volatile ("strexh %0, %2, [%1]" : "=r" (result) : "r" (addr), "r" (value) );

   return(result);

}





/** \brief  STR Exclusive (32 bit)



    This function performs a exclusive STR command for 32 bit values.



    \param [in]  value  Value to store

    \param [in]    ptr  Pointer to location

    \return          0  Function succeeded

    \return          1  Function failed

 */

__attribute__( ( always_inline ) ) static __INLINE uint32_t __STREXW(uint32_t value, volatile uint32_t *addr)

{

   uint32_t result;

  

   __ASM volatile ("strex %0, %2, [%1]" : "=r" (result) : "r" (addr), "r" (value) );

   return(result);

}





/** \brief  Remove the exclusive lock



    This function removes the exclusive lock which is created by LDREX.



 */

__attribute__( ( always_inline ) ) static __INLINE void __CLREX(void)

{

  __ASM volatile ("clrex");

}





/** \brief  Signed Saturate



    This function saturates a signed value.



    \param [in]  value  Value to be saturated

    \param [in]    sat  Bit position to saturate to (1..32)

    \return             Saturated value

 */

#define __SSAT(ARG1,ARG2) \

({                          \

  uint32_t __RES, __ARG1 = (ARG1); \

  __ASM ("ssat %0, %1, %2" : "=r" (__RES) :  "I" (ARG2), "r" (__ARG1) ); \

  __RES; \

 })





/** \brief  Unsigned Saturate



    This function saturates an unsigned value.



    \param [in]  value  Value to be saturated

    \param [in]    sat  Bit position to saturate to (0..31)

    \return             Saturated value

 */

#define __USAT(ARG1,ARG2) \

({                          \

  uint32_t __RES, __ARG1 = (ARG1); \

  __ASM ("usat %0, %1, %2" : "=r" (__RES) :  "I" (ARG2), "r" (__ARG1) ); \

  __RES; \

 })





/** \brief  Count leading zeros



    This function counts the number of leading zeros of a data value.



    \param [in]  value  Value to count the leading zeros

    \return             number of leading zeros in value

 */

__attribute__( ( always_inline ) ) static __INLINE uint8_t __CLZ(uint32_t value)

{

  uint8_t result;

  

  __ASM volatile ("clz %0, %1" : "=r" (result) : "r" (value) );

  return(result);

}



#endif /* (__CORTEX_M >= 0x03) */









#elif defined ( __TASKING__ ) /*------------------ TASKING Compiler --------------*/

/* TASKING carm specific functions */



/*

 * The CMSIS functions have been implemented as intrinsics in the compiler.

 * Please use "carm -?i" to get an up to date list of all intrinsics,

 * Including the CMSIS ones.

 */



#endif



/*@}*/ /* end of group CMSIS_Core_InstructionInterface */



#endif /* __CORE_CMINSTR_H */








Viz/cmsis_boot/startup/startup_stm32f4xx.c

/**

  ******************************************************************************

  * @file      startup_stm32f4xx.s

  * @author    Coocox

  * @version   V1.0

  * @date      03/05/2012

  * @brief     STM32F4xx Devices vector table for RIDE7 toolchain. 

  *            This module performs:

  *                - Set the initial SP

  *                - Set the initial PC == Reset_Handler,

  *                - Set the vector table entries with the exceptions ISR address

  *                - Configure the clock system and the external SRAM mounted on 

  *                  STM324xG-EVAL board to be used as data memory (optional, 

  *                  to be enabled by user)

  *                - Branches to main in the C library (which eventually

  *                  calls main()).

  *            After Reset the Cortex-M4 processor is in Thread mode,

  *            priority is Privileged, and the Stack is set to Main.

  ******************************************************************************

  */

    



/*----------Stack Configuration-----------------------------------------------*/

#define STACK_SIZE       0x00000700      /*!< The Stack size suggest using even number    */

__attribute__ ((section(".co_stack")))

unsigned long pulStack[STACK_SIZE];





#define HEAP_SIZE       0x00001900

__attribute__ ((section(".co_heap")))

unsigned long pulHeap[HEAP_SIZE];

extern unsigned long __cs3_heap_start;

extern unsigned long __cs3_heap_end;







/*----------Macro definition--------------------------------------------------*/

#define WEAK __attribute__ ((weak))







/*----------Declaration of the default fault handlers-------------------------*/

/* System exception vector handler */

__attribute__ ((used))

void WEAK  Reset_Handler(void);

void WEAK  NMI_Handler(void);

void WEAK  HardFault_Handler(void);

void WEAK  MemManage_Handler(void);

void WEAK  BusFault_Handler(void);

void WEAK  UsageFault_Handler(void);

void WEAK  SVC_Handler(void);

void WEAK  DebugMon_Handler(void);

void WEAK  PendSV_Handler(void);

void WEAK  SysTick_Handler(void);



void WEAK  WWDG_IRQHandler(void);

void WEAK  PVD_IRQHandler(void);

void WEAK  TAMP_STAMP_IRQHandler(void);

void WEAK  RTC_WKUP_IRQHandler(void);

void WEAK  FLASH_IRQHandler(void);

void WEAK  RCC_IRQHandler(void);

void WEAK  EXTI0_IRQHandler(void);

void WEAK  EXTI1_IRQHandler(void);

void WEAK  EXTI2_IRQHandler(void);

void WEAK  EXTI3_IRQHandler(void);

void WEAK  EXTI4_IRQHandler(void);

void WEAK  DMA1_Stream0_IRQHandler(void);

void WEAK  DMA1_Stream1_IRQHandler(void);

void WEAK  DMA1_Stream2_IRQHandler(void);

void WEAK  DMA1_Stream3_IRQHandler(void);

void WEAK  DMA1_Stream4_IRQHandler(void);

void WEAK  DMA1_Stream5_IRQHandler(void);

void WEAK  DMA1_Stream6_IRQHandler(void);

void WEAK  ADC_IRQHandler(void);

void WEAK  CAN1_TX_IRQHandler(void);

void WEAK  CAN1_RX0_IRQHandler(void);

void WEAK  CAN1_RX1_IRQHandler(void);

void WEAK  CAN1_SCE_IRQHandler(void);

void WEAK  EXTI9_5_IRQHandler(void);

void WEAK  TIM1_BRK_TIM9_IRQHandler(void);

void WEAK  TIM1_UP_TIM10_IRQHandler(void);

void WEAK  TIM1_TRG_COM_TIM11_IRQHandler(void);

void WEAK  TIM1_CC_IRQHandler(void);

void WEAK  TIM2_IRQHandler(void);

void WEAK  TIM3_IRQHandler(void);

void WEAK  TIM4_IRQHandler(void);

void WEAK  I2C1_EV_IRQHandler(void);

void WEAK  I2C1_ER_IRQHandler(void);

void WEAK  I2C2_EV_IRQHandler(void);

void WEAK  I2C2_ER_IRQHandler(void);

void WEAK  SPI1_IRQHandler(void);

void WEAK  SPI2_IRQHandler(void);

void WEAK  USART1_IRQHandler(void);

void WEAK  USART2_IRQHandler(void);

void WEAK  USART3_IRQHandler(void);

void WEAK  EXTI15_10_IRQHandler(void);

void WEAK  RTC_Alarm_IRQHandler(void);

void WEAK  OTG_FS_WKUP_IRQHandler(void);

void WEAK  TIM8_BRK_TIM12_IRQHandler(void);

void WEAK  TIM8_UP_TIM13_IRQHandler(void);

void WEAK  TIM8_TRG_COM_TIM14_IRQHandler(void);

void WEAK  TIM8_CC_IRQHandler(void);

void WEAK  DMA1_Stream7_IRQHandler(void);

void WEAK  FSMC_IRQHandler(void);

void WEAK  SDIO_IRQHandler(void);

void WEAK  TIM5_IRQHandler(void);

void WEAK  SPI3_IRQHandler(void);

void WEAK  UART4_IRQHandler(void);

void WEAK  UART5_IRQHandler(void);

void WEAK  TIM6_DAC_IRQHandler(void);

void WEAK  TIM7_IRQHandler(void);

void WEAK  DMA2_Stream0_IRQHandler(void);

void WEAK  DMA2_Stream1_IRQHandler(void);

void WEAK  DMA2_Stream2_IRQHandler(void);

void WEAK  DMA2_Stream3_IRQHandler(void);

void WEAK  DMA2_Stream4_IRQHandler(void);

void WEAK  ETH_IRQHandler(void);

void WEAK  ETH_WKUP_IRQHandler(void);

void WEAK  CAN2_TX_IRQHandler(void);

void WEAK  CAN2_RX0_IRQHandler(void);

void WEAK  CAN2_RX1_IRQHandler(void);

void WEAK  CAN2_SCE_IRQHandler(void);

void WEAK  OTG_FS_IRQHandler(void);

void WEAK  DMA2_Stream5_IRQHandler(void);

void WEAK  DMA2_Stream6_IRQHandler(void);

void WEAK  DMA2_Stream7_IRQHandler(void);

void WEAK  USART6_IRQHandler(void);

void WEAK  I2C3_EV_IRQHandler(void);

void WEAK  I2C3_ER_IRQHandler(void);

void WEAK  OTG_HS_EP1_OUT_IRQHandler(void);

void WEAK  OTG_HS_EP1_IN_IRQHandler(void);

void WEAK  OTG_HS_WKUP_IRQHandler(void);

void WEAK  OTG_HS_IRQHandler(void);

void WEAK  DCMI_IRQHandler(void);

void WEAK  CRYP_IRQHandler(void);

void WEAK  HASH_RNG_IRQHandler(void);

void WEAK  FPU_IRQHandler(void);



/*----------Symbols defined in linker script----------------------------------*/

extern unsigned long _sidata;    /*!< Start address for the initialization

                                      values of the .data section.            */

extern unsigned long _sdata;     /*!< Start address for the .data section     */

extern unsigned long _edata;     /*!< End address for the .data section       */

extern unsigned long _sbss;      /*!< Start address for the .bss section      */

extern unsigned long _ebss;      /*!< End address for the .bss section        */

extern void _eram;               /*!< End address for ram                     */





/*----------Function prototypes-----------------------------------------------*/

extern int main(void);           /*!< The entry point for the application.    */

//extern void SystemInit(void);    /*!< Setup the microcontroller system(CMSIS) */

void Default_Reset_Handler(void);   /*!< Default reset handler                */

static void Default_Handler(void);  /*!< Default exception handler            */





extern unsigned long __preinit_array_start;

extern unsigned long __preinit_array_end;

extern unsigned long __init_array_start;

extern unsigned long __init_array_end;

extern unsigned long _ctor_start;

extern unsigned long _ctor_end;

static void call_constructors(unsigned long *start, unsigned long *end) __attribute__((noinline));

static void call_constructors(unsigned long *start, unsigned long *end)

{

  unsigned long *i;

  void (*funcptr)();

  for ( i = start; i < end; i++)

  {

    funcptr=(void (*)())(*i);

    funcptr();

  }

}





/**

  *@brief The minimal vector table for a Cortex M3.  Note that the proper constructs

  *       must be placed on this to ensure that it ends up at physical address

  *       0x00000000.

  */

__attribute__ ((used,section(".isr_vector")))

void (* const g_pfnVectors[])(void) =

{

  /*----------Core Exceptions------------------------------------------------ */

  (void *)&pulStack[STACK_SIZE],     /*!< The initial stack pointer         */

  Reset_Handler,             /*!< Reset Handler                               */

  NMI_Handler,               /*!< NMI Handler                                 */

  HardFault_Handler,         /*!< Hard Fault Handler                          */

  MemManage_Handler,         /*!< MPU Fault Handler                           */

  BusFault_Handler,          /*!< Bus Fault Handler                           */

  UsageFault_Handler,        /*!< Usage Fault Handler                         */

  0,0,0,0,                   /*!< Reserved                                    */

  SVC_Handler,               /*!< SVCall Handler                              */

  DebugMon_Handler,          /*!< Debug Monitor Handler                       */

  0,                         /*!< Reserved                                    */

  PendSV_Handler,            /*!< PendSV Handler                              */

  SysTick_Handler,           /*!< SysTick Handler                             */

  

  /*----------External Exceptions---------------------------------------------*/

  WWDG_IRQHandler,           /*!<  0: Window WatchDog                         */

  PVD_IRQHandler,            /*!<  1: PVD through EXTI Line detection         */

  TAMP_STAMP_IRQHandler,     /*!<  2: Tamper and TimeStamps through the EXTI line*/

  RTC_WKUP_IRQHandler,       /*!<  3: RTC Wakeup through the EXTI line        */

  FLASH_IRQHandler,          /*!<  4: FLASH                                   */

  RCC_IRQHandler  ,          /*!<  5: RCC                                     */

  EXTI0_IRQHandler,          /*!<  6: EXTI Line0                              */

  EXTI1_IRQHandler,          /*!<  7: EXTI Line1                              */

  EXTI2_IRQHandler,          /*!<  8: EXTI Line2                              */

  EXTI3_IRQHandler,          /*!<  9: EXTI Line3                              */

  EXTI4_IRQHandler,          /*!< 10: EXTI Line4                              */

  DMA1_Stream0_IRQHandler,   /*!< 11: DMA1 Stream 0                           */

  DMA1_Stream1_IRQHandler,   /*!< 12: DMA1 Stream 1                           */

  DMA1_Stream2_IRQHandler,   /*!< 13: DMA1 Stream 2                           */

  DMA1_Stream3_IRQHandler,   /*!< 14: DMA1 Stream 3                           */

  DMA1_Stream4_IRQHandler,   /*!< 15: DMA1 Stream 4                           */

  DMA1_Stream5_IRQHandler,   /*!< 16: DMA1 Stream 5                           */

  DMA1_Stream6_IRQHandler,   /*!< 17: DMA1 Stream 6                           */

  ADC_IRQHandler,            /*!< 18: ADC1, ADC2 and ADC3s                    */

  CAN1_TX_IRQHandler,        /*!< 19: CAN1 TX                                 */

  CAN1_RX0_IRQHandler,       /*!< 20: CAN1 RX0                                */

  CAN1_RX1_IRQHandler,       /*!< 21: CAN1 RX1                                */

  CAN1_SCE_IRQHandler,       /*!< 22: CAN1 SCE                                */

  EXTI9_5_IRQHandler,        /*!< 23: External Line[9:5]s                     */

  TIM1_BRK_TIM9_IRQHandler,  /*!< 24: TIM1 Break and TIM9                     */

  TIM1_UP_TIM10_IRQHandler,  /*!< 25: TIM1 Update and TIM10                   */

  TIM1_TRG_COM_TIM11_IRQHandler,/*!< 26: TIM1 Trigger and Commutation and TIM11*/

  TIM1_CC_IRQHandler,        /*!< 27: TIM1 Capture Compare                    */

  TIM2_IRQHandler,           /*!< 28: TIM2                                    */

  TIM3_IRQHandler,           /*!< 29: TIM3                                    */

  TIM4_IRQHandler,           /*!< 30: TIM4                                    */

  I2C1_EV_IRQHandler,        /*!< 31: I2C1 Event                              */

  I2C1_ER_IRQHandler,        /*!< 32: I2C1 Error                              */

  I2C2_EV_IRQHandler,        /*!< 33: I2C2 Event                              */

  I2C2_ER_IRQHandler,        /*!< 34: I2C2 Error                              */

  SPI1_IRQHandler,           /*!< 35: SPI1                                    */

  SPI2_IRQHandler,           /*!< 36: SPI2                                    */

  USART1_IRQHandler,         /*!< 37: USART1                                  */

  USART2_IRQHandler,         /*!< 38: USART2                                  */

  USART3_IRQHandler,         /*!< 39: USART3                                  */

  EXTI15_10_IRQHandler,      /*!< 40: External Line[15:10]s                   */

  RTC_Alarm_IRQHandler,      /*!< 41: RTC Alarm (A and B) through EXTI Line   */

  OTG_FS_WKUP_IRQHandler,    /*!< 42: USB OTG FS Wakeup through EXTI line     */

  TIM8_BRK_TIM12_IRQHandler, /*!< 43: TIM8 Break and TIM12                    */

  TIM8_UP_TIM13_IRQHandler,  /*!< 44: TIM8 Update and TIM13                   */

  TIM8_TRG_COM_TIM14_IRQHandler,/*!< 45:TIM8 Trigger and Commutation and TIM14*/

  TIM8_CC_IRQHandler,        /*!< 46: TIM8 Capture Compare                    */

  DMA1_Stream7_IRQHandler,   /*!< 47: DMA1 Stream7                            */

  FSMC_IRQHandler,           /*!< 48: FSMC                                    */

  SDIO_IRQHandler,           /*!< 49: SDIO                                    */

  TIM5_IRQHandler,           /*!< 50: TIM5                                    */

  SPI3_IRQHandler,           /*!< 51: SPI3                                    */

  UART4_IRQHandler,          /*!< 52: UART4                                   */

  UART5_IRQHandler,          /*!< 53: UART5                                   */

  TIM6_DAC_IRQHandler,       /*!< 54: TIM6 and DAC1&2 underrun errors         */

  TIM7_IRQHandler,           /*!< 55: TIM7                                    */

  DMA2_Stream0_IRQHandler,   /*!< 56: DMA2 Stream 0                           */

  DMA2_Stream1_IRQHandler,   /*!< 57: DMA2 Stream 1                           */

  DMA2_Stream2_IRQHandler,   /*!< 58: DMA2 Stream 2                           */

  DMA2_Stream3_IRQHandler,   /*!< 59: DMA2 Stream 3                           */

  DMA2_Stream4_IRQHandler,   /*!< 60: DMA2 Stream 4                           */

  ETH_IRQHandler,            /*!< 61: Ethernet                                */

  ETH_WKUP_IRQHandler,       /*!< 62: Ethernet Wakeup through EXTI line       */

  CAN2_TX_IRQHandler,        /*!< 63: CAN2 TX                                 */

  CAN2_RX0_IRQHandler,       /*!< 64: CAN2 RX0                                */

  CAN2_RX1_IRQHandler,       /*!< 65: CAN2 RX1                                */

  CAN2_SCE_IRQHandler,       /*!< 66: CAN2 SCE                                */

  OTG_FS_IRQHandler,         /*!< 67: USB OTG FS                              */

  DMA2_Stream5_IRQHandler,   /*!< 68: DMA2 Stream 5                           */

  DMA2_Stream6_IRQHandler,   /*!< 69: DMA2 Stream 6                           */

  DMA2_Stream7_IRQHandler,   /*!< 70: DMA2 Stream 7                           */

  USART6_IRQHandler,         /*!< 71: USART6                                  */

  I2C3_EV_IRQHandler,        /*!< 72: I2C3 event                              */

  I2C3_ER_IRQHandler,        /*!< 73: I2C3 error                              */

  OTG_HS_EP1_OUT_IRQHandler, /*!< 74: USB OTG HS End Point 1 Out              */

  OTG_HS_EP1_IN_IRQHandler,  /*!< 75: USB OTG HS End Point 1 In               */

  OTG_HS_WKUP_IRQHandler,    /*!< 76: USB OTG HS Wakeup through EXTI          */

  OTG_HS_IRQHandler,         /*!< 77: USB OTG HS                              */

  DCMI_IRQHandler,           /*!< 53: DCMI                                    */

  CRYP_IRQHandler,           /*!< 53: CRYP crypto                             */

  HASH_RNG_IRQHandler,       /*!< 53: Hash and Rng                            */

  FPU_IRQHandler             /*!< 53: FPU                                     */

  

};





/**

  * @brief  This is the code that gets called when the processor first

  *         starts execution following a reset event. Only the absolutely

  *         necessary set is performed, after which the application

  *         supplied main() routine is called.

  * @param  None

  * @retval None

  */

void Default_Reset_Handler(void)

{



 pulHeap[          0] = 0.1;

 pulHeap[HEAP_SIZE-1] = 0.2;



	/* Initialize data and bss */

  unsigned long *pulSrc, *pulDest;



  /* Copy the data segment initializers from flash to SRAM */

  pulSrc = &_sidata;



  for(pulDest = &_sdata; pulDest < &_edata; )

  {

    *(pulDest++) = *(pulSrc++);

  }

  

  /* Zero fill the bss segment.  This is done with inline assembly since this

     will clear the value of pulDest if it is not kept in a register. */

  __asm("  ldr     r0, =_sbss\n"

        "  ldr     r1, =_ebss\n"

        "  mov     r2, #0\n"

        "  .thumb_func\n"

        "zero_loop:\n"

        "    cmp     r0, r1\n"

        "    it      lt\n"

        "    strlt   r2, [r0], #4\n"

        "    blt     zero_loop");

#ifdef __FPU_USED

  /* Enable FPU.*/ 

  __asm("  LDR.W R0, =0xE000ED88\n"

        "  LDR R1, [R0]\n"

        "  ORR R1, R1, #(0xF << 20)\n"

        "  STR R1, [R0]");

#endif	



  call_constructors(&__preinit_array_start, &__preinit_array_end);

  call_constructors(&__init_array_start, &__init_array_end);

  call_constructors(&_ctor_start, &_ctor_end);	



  /* Call the application's entry point.*/

  main();

}





/**

  *@brief Provide weak aliases for each Exception handler to the Default_Handler.

  *       As they are weak aliases, any function with the same name will override

  *       this definition.

  */

#pragma weak Reset_Handler = Default_Reset_Handler

#pragma weak NMI_Handler = Default_Handler

#pragma weak HardFault_Handler = Default_Handler

#pragma weak MemManage_Handler = Default_Handler

#pragma weak BusFault_Handler = Default_Handler

#pragma weak UsageFault_Handler = Default_Handler

#pragma weak SVC_Handler = Default_Handler

#pragma weak DebugMon_Handler = Default_Handler

#pragma weak PendSV_Handler = Default_Handler

#pragma weak SysTick_Handler = Default_Handler



#pragma weak WWDG_IRQHandler = Default_Handler

#pragma weak PVD_IRQHandler = Default_Handler

#pragma weak TAMP_STAMP_IRQHandler = Default_Handler

#pragma weak RTC_WKUP_IRQHandler = Default_Handler

#pragma weak FLASH_IRQHandler = Default_Handler

#pragma weak RCC_IRQHandler = Default_Handler

#pragma weak EXTI0_IRQHandler = Default_Handler

#pragma weak EXTI1_IRQHandler = Default_Handler

#pragma weak EXTI2_IRQHandler = Default_Handler

#pragma weak EXTI3_IRQHandler = Default_Handler

#pragma weak EXTI4_IRQHandler = Default_Handler

#pragma weak DMA1_Stream0_IRQHandler = Default_Handler

#pragma weak DMA1_Stream1_IRQHandler = Default_Handler

#pragma weak DMA1_Stream2_IRQHandler = Default_Handler

#pragma weak DMA1_Stream3_IRQHandler = Default_Handler

#pragma weak DMA1_Stream4_IRQHandler = Default_Handler

#pragma weak DMA1_Stream5_IRQHandler = Default_Handler

#pragma weak DMA1_Stream6_IRQHandler = Default_Handler

#pragma weak ADC_IRQHandler = Default_Handler

#pragma weak CAN1_TX_IRQHandler = Default_Handler

#pragma weak CAN1_RX0_IRQHandler = Default_Handler

#pragma weak CAN1_RX1_IRQHandler = Default_Handler

#pragma weak CAN1_SCE_IRQHandler = Default_Handler

#pragma weak EXTI9_5_IRQHandler = Default_Handler

#pragma weak TIM1_BRK_TIM9_IRQHandler = Default_Handler

#pragma weak TIM1_UP_TIM10_IRQHandler = Default_Handler

#pragma weak TIM1_TRG_COM_TIM11_IRQHandler = Default_Handler

#pragma weak TIM1_CC_IRQHandler = Default_Handler

#pragma weak TIM2_IRQHandler = Default_Handler

#pragma weak TIM3_IRQHandler = Default_Handler

#pragma weak TIM4_IRQHandler = Default_Handler

#pragma weak I2C1_EV_IRQHandler = Default_Handler

#pragma weak I2C1_ER_IRQHandler = Default_Handler

#pragma weak I2C2_EV_IRQHandler = Default_Handler

#pragma weak I2C2_ER_IRQHandler = Default_Handler

#pragma weak SPI1_IRQHandler = Default_Handler

#pragma weak SPI2_IRQHandler = Default_Handler

#pragma weak USART1_IRQHandler = Default_Handler

#pragma weak USART2_IRQHandler = Default_Handler

#pragma weak USART3_IRQHandler = Default_Handler

#pragma weak EXTI15_10_IRQHandler = Default_Handler

#pragma weak RTC_Alarm_IRQHandler = Default_Handler

#pragma weak OTG_FS_WKUP_IRQHandler = Default_Handler

#pragma weak TIM8_BRK_TIM12_IRQHandler = Default_Handler

#pragma weak TIM8_UP_TIM13_IRQHandler = Default_Handler

#pragma weak TIM8_TRG_COM_TIM14_IRQHandler = Default_Handler

#pragma weak TIM8_CC_IRQHandler = Default_Handler

#pragma weak DMA1_Stream7_IRQHandler = Default_Handler

#pragma weak FSMC_IRQHandler = Default_Handler

#pragma weak SDIO_IRQHandler = Default_Handler

#pragma weak TIM5_IRQHandler = Default_Handler

#pragma weak SPI3_IRQHandler = Default_Handler

#pragma weak UART4_IRQHandler = Default_Handler

#pragma weak UART5_IRQHandler = Default_Handler

#pragma weak TIM6_DAC_IRQHandler = Default_Handler

#pragma weak TIM7_IRQHandler = Default_Handler

#pragma weak DMA2_Stream0_IRQHandler = Default_Handler

#pragma weak DMA2_Stream1_IRQHandler = Default_Handler

#pragma weak DMA2_Stream2_IRQHandler = Default_Handler

#pragma weak DMA2_Stream3_IRQHandler = Default_Handler

#pragma weak DMA2_Stream4_IRQHandler = Default_Handler

#pragma weak ETH_IRQHandler = Default_Handler

#pragma weak ETH_WKUP_IRQHandler = Default_Handler

#pragma weak CAN2_TX_IRQHandler = Default_Handler

#pragma weak CAN2_RX0_IRQHandler = Default_Handler

#pragma weak CAN2_RX1_IRQHandler = Default_Handler

#pragma weak CAN2_SCE_IRQHandler = Default_Handler

#pragma weak OTG_FS_IRQHandler = Default_Handler

#pragma weak DMA2_Stream5_IRQHandler = Default_Handler

#pragma weak DMA2_Stream6_IRQHandler = Default_Handler

#pragma weak DMA2_Stream7_IRQHandler = Default_Handler

#pragma weak USART6_IRQHandler = Default_Handler

#pragma weak I2C3_EV_IRQHandler = Default_Handler

#pragma weak I2C3_ER_IRQHandler = Default_Handler

#pragma weak OTG_HS_EP1_OUT_IRQHandler = Default_Handler

#pragma weak OTG_HS_EP1_IN_IRQHandler = Default_Handler

#pragma weak OTG_HS_WKUP_IRQHandler = Default_Handler

#pragma weak OTG_HS_IRQHandler = Default_Handler

#pragma weak DCMI_IRQHandler = Default_Handler

#pragma weak CRYP_IRQHandler = Default_Handler

#pragma weak HASH_RNG_IRQHandler = Default_Handler

#pragma weak FPU_IRQHandler = Default_Handler



/**

  * @brief  This is the code that gets called when the processor receives an

  *         unexpected interrupt.  This simply enters an infinite loop,

  *         preserving the system state for examination by a debugger.

  * @param  None

  * @retval None

  */

static void Default_Handler(void)

{

	/* Go into an infinite loop. */

	while (1)

	{

	}

}



/*********************** (C) COPYRIGHT 2009 Coocox ************END OF FILE*****/








Viz/cmsis_boot/stm32f4xx.h

/**

  ******************************************************************************

  * @file    stm32f4xx.h

  * @author  MCD Application Team

  * @version V1.0.0

  * @date    30-September-2011

  * @brief   CMSIS Cortex-M4 Device Peripheral Access Layer Header File. 

  *          This file contains all the peripheral register's definitions, bits 

  *          definitions and memory mapping for STM32F4xx devices.

  *            

  *          The file is the unique include file that the application programmer

  *          is using in the C source code, usually in main.c. This file contains:

  *           - Configuration section that allows to select:

  *              - The device used in the target application

  *              - To use or not the peripheral’s drivers in application code(i.e. 

  *                code will be based on direct access to peripheral’s registers 

  *                rather than drivers API), this option is controlled by 

  *                "#define USE_STDPERIPH_DRIVER"

  *              - To change few application-specific parameters such as the HSE 

  *                crystal frequency

  *           - Data structures and the address mapping for all peripherals

  *           - Peripheral's registers declarations and bits definition

  *           - Macros to access peripheral’s registers hardware

  *  

  ******************************************************************************

  * @attention

  *

  * THE PRESENT FIRMWARE WHICH IS FOR GUIDANCE ONLY AIMS AT PROVIDING CUSTOMERS

  * WITH CODING INFORMATION REGARDING THEIR PRODUCTS IN ORDER FOR THEM TO SAVE

  * TIME. AS A RESULT, STMICROELECTRONICS SHALL NOT BE HELD LIABLE FOR ANY

  * DIRECT, INDIRECT OR CONSEQUENTIAL DAMAGES WITH RESPECT TO ANY CLAIMS ARISING

  * FROM THE CONTENT OF SUCH FIRMWARE AND/OR THE USE MADE BY CUSTOMERS OF THE

  * CODING INFORMATION CONTAINED HEREIN IN CONNECTION WITH THEIR PRODUCTS.

  *

  * <h2><center>&copy; COPYRIGHT 2011 STMicroelectronics</center></h2>

  ******************************************************************************  

  */ 



/** @addtogroup CMSIS

  * @{

  */



/** @addtogroup stm32f4xx

  * @{

  */

    

#ifndef __STM32F4xx_H

#define __STM32F4xx_H



#ifdef __cplusplus

 extern "C" {

#endif /* __cplusplus */

  

/** @addtogroup Library_configuration_section

  * @{

  */

  

/* Uncomment the line below according to the target STM32 device used in your

   application 

  */



#if !defined (STM32F4XX) 

  #define STM32F4XX

#endif



/*  Tip: To avoid modifying this file each time you need to switch between these

        devices, you can define the device in your toolchain compiler preprocessor.

  */



#if !defined (STM32F4XX)

 #error "Please select first the target STM32F4XX device used in your application (in stm32f4xx.h file)"

#endif



#if !defined  (USE_STDPERIPH_DRIVER)

/**

 * @brief Comment the line below if you will not use the peripherals drivers.

   In this case, these drivers will not be included and the application code will 

   be based on direct access to peripherals registers 

   */

  /*#define USE_STDPERIPH_DRIVER*/

#endif /* USE_STDPERIPH_DRIVER */



/**

 * @brief In the following line adjust the value of External High Speed oscillator (HSE)

   used in your application 

   

   Tip: To avoid modifying this file each time you need to use different HSE, you

        can define the HSE value in your toolchain compiler preprocessor.

  */           



#if !defined  (HSE_VALUE) 

  #define HSE_VALUE    ((uint32_t)25000000) /*!< Value of the External oscillator in Hz */

#endif /* HSE_VALUE */



/**

 * @brief In the following line adjust the External High Speed oscillator (HSE) Startup 

   Timeout value 

   */

#if !defined  (HSE_STARTUP_TIMEOUT) 

  #define HSE_STARTUP_TIMEOUT    ((uint16_t)0x0500)   /*!< Time out for HSE start up */

#endif /* HSE_STARTUP_TIMEOUT */   



#if !defined  (HSI_VALUE)   

  #define HSI_VALUE    ((uint32_t)16000000) /*!< Value of the Internal oscillator in Hz*/

#endif /* HSI_VALUE */   



/**

 * @brief STM32F4XX Standard Peripherals Library version number V1.0.0

   */

#define __STM32F4XX_STDPERIPH_VERSION_MAIN   (0x01) /*!< [31:24] main version */                                  

#define __STM32F4XX_STDPERIPH_VERSION_SUB1   (0x00) /*!< [23:16] sub1 version */

#define __STM32F4XX_STDPERIPH_VERSION_SUB2   (0x00) /*!< [15:8]  sub2 version */

#define __STM32F4XX_STDPERIPH_VERSION_RC     (0x00) /*!< [7:0]  release candidate */ 

#define __STM32F4XX_STDPERIPH_VERSION        ((__STM32F4XX_STDPERIPH_VERSION_MAIN << 24)\

                                             |(__STM32F4XX_STDPERIPH_VERSION_SUB1 << 16)\

                                             |(__STM32F4XX_STDPERIPH_VERSION_SUB2 << 8)\

                                             |(__STM32F4XX_STDPERIPH_VERSION_RC))

                                             

/**

  * @}

  */



/** @addtogroup Configuration_section_for_CMSIS

  * @{

  */



/**

 * @brief Configuration of the Cortex-M4 Processor and Core Peripherals 

 */

#define __CM4_REV                 0x0001  /*!< Core revision r0p1                            */

#define __MPU_PRESENT             1       /*!< STM32F4XX provides an MPU                     */

#define __NVIC_PRIO_BITS          4       /*!< STM32F4XX uses 4 Bits for the Priority Levels */

#define __Vendor_SysTickConfig    0       /*!< Set to 1 if different SysTick Config is used  */

#define __FPU_PRESENT             1       /*!< FPU present                                   */



/**

 * @brief STM32F4XX Interrupt Number Definition, according to the selected device 

 *        in @ref Library_configuration_section 

 */

typedef enum IRQn

{

/******  Cortex-M4 Processor Exceptions Numbers ****************************************************************/

  NonMaskableInt_IRQn         = -14,    /*!< 2 Non Maskable Interrupt                                          */

  MemoryManagement_IRQn       = -12,    /*!< 4 Cortex-M4 Memory Management Interrupt                           */

  BusFault_IRQn               = -11,    /*!< 5 Cortex-M4 Bus Fault Interrupt                                   */

  UsageFault_IRQn             = -10,    /*!< 6 Cortex-M4 Usage Fault Interrupt                                 */

  SVCall_IRQn                 = -5,     /*!< 11 Cortex-M4 SV Call Interrupt                                    */

  DebugMonitor_IRQn           = -4,     /*!< 12 Cortex-M4 Debug Monitor Interrupt                              */

  PendSV_IRQn                 = -2,     /*!< 14 Cortex-M4 Pend SV Interrupt                                    */

  SysTick_IRQn                = -1,     /*!< 15 Cortex-M4 System Tick Interrupt                                */

/******  STM32 specific Interrupt Numbers **********************************************************************/

  WWDG_IRQn                   = 0,      /*!< Window WatchDog Interrupt                                         */

  PVD_IRQn                    = 1,      /*!< PVD through EXTI Line detection Interrupt                         */

  TAMP_STAMP_IRQn             = 2,      /*!< Tamper and TimeStamp interrupts through the EXTI line             */

  RTC_WKUP_IRQn               = 3,      /*!< RTC Wakeup interrupt through the EXTI line                        */

  FLASH_IRQn                  = 4,      /*!< FLASH global Interrupt                                            */

  RCC_IRQn                    = 5,      /*!< RCC global Interrupt                                              */

  EXTI0_IRQn                  = 6,      /*!< EXTI Line0 Interrupt                                              */

  EXTI1_IRQn                  = 7,      /*!< EXTI Line1 Interrupt                                              */

  EXTI2_IRQn                  = 8,      /*!< EXTI Line2 Interrupt                                              */

  EXTI3_IRQn                  = 9,      /*!< EXTI Line3 Interrupt                                              */

  EXTI4_IRQn                  = 10,     /*!< EXTI Line4 Interrupt                                              */

  DMA1_Stream0_IRQn           = 11,     /*!< DMA1 Stream 0 global Interrupt                                    */

  DMA1_Stream1_IRQn           = 12,     /*!< DMA1 Stream 1 global Interrupt                                    */

  DMA1_Stream2_IRQn           = 13,     /*!< DMA1 Stream 2 global Interrupt                                    */

  DMA1_Stream3_IRQn           = 14,     /*!< DMA1 Stream 3 global Interrupt                                    */

  DMA1_Stream4_IRQn           = 15,     /*!< DMA1 Stream 4 global Interrupt                                    */

  DMA1_Stream5_IRQn           = 16,     /*!< DMA1 Stream 5 global Interrupt                                    */

  DMA1_Stream6_IRQn           = 17,     /*!< DMA1 Stream 6 global Interrupt                                    */

  ADC_IRQn                    = 18,     /*!< ADC1, ADC2 and ADC3 global Interrupts                             */

  CAN1_TX_IRQn                = 19,     /*!< CAN1 TX Interrupt                                                 */

  CAN1_RX0_IRQn               = 20,     /*!< CAN1 RX0 Interrupt                                                */

  CAN1_RX1_IRQn               = 21,     /*!< CAN1 RX1 Interrupt                                                */

  CAN1_SCE_IRQn               = 22,     /*!< CAN1 SCE Interrupt                                                */

  EXTI9_5_IRQn                = 23,     /*!< External Line[9:5] Interrupts                                     */

  TIM1_BRK_TIM9_IRQn          = 24,     /*!< TIM1 Break interrupt and TIM9 global interrupt                    */

  TIM1_UP_TIM10_IRQn          = 25,     /*!< TIM1 Update Interrupt and TIM10 global interrupt                  */

  TIM1_TRG_COM_TIM11_IRQn     = 26,     /*!< TIM1 Trigger and Commutation Interrupt and TIM11 global interrupt */

  TIM1_CC_IRQn                = 27,     /*!< TIM1 Capture Compare Interrupt                                    */

  TIM2_IRQn                   = 28,     /*!< TIM2 global Interrupt                                             */

  TIM3_IRQn                   = 29,     /*!< TIM3 global Interrupt                                             */

  TIM4_IRQn                   = 30,     /*!< TIM4 global Interrupt                                             */

  I2C1_EV_IRQn                = 31,     /*!< I2C1 Event Interrupt                                              */

  I2C1_ER_IRQn                = 32,     /*!< I2C1 Error Interrupt                                              */

  I2C2_EV_IRQn                = 33,     /*!< I2C2 Event Interrupt                                              */

  I2C2_ER_IRQn                = 34,     /*!< I2C2 Error Interrupt                                              */  

  SPI1_IRQn                   = 35,     /*!< SPI1 global Interrupt                                             */

  SPI2_IRQn                   = 36,     /*!< SPI2 global Interrupt                                             */

  USART1_IRQn                 = 37,     /*!< USART1 global Interrupt                                           */

  USART2_IRQn                 = 38,     /*!< USART2 global Interrupt                                           */

  USART3_IRQn                 = 39,     /*!< USART3 global Interrupt                                           */

  EXTI15_10_IRQn              = 40,     /*!< External Line[15:10] Interrupts                                   */

  RTC_Alarm_IRQn              = 41,     /*!< RTC Alarm (A and B) through EXTI Line Interrupt                   */

  OTG_FS_WKUP_IRQn            = 42,     /*!< USB OTG FS Wakeup through EXTI line interrupt                     */    

  TIM8_BRK_TIM12_IRQn         = 43,     /*!< TIM8 Break Interrupt and TIM12 global interrupt                   */

  TIM8_UP_TIM13_IRQn          = 44,     /*!< TIM8 Update Interrupt and TIM13 global interrupt                  */

  TIM8_TRG_COM_TIM14_IRQn     = 45,     /*!< TIM8 Trigger and Commutation Interrupt and TIM14 global interrupt */

  TIM8_CC_IRQn                = 46,     /*!< TIM8 Capture Compare Interrupt                                    */

  DMA1_Stream7_IRQn           = 47,     /*!< DMA1 Stream7 Interrupt                                            */

  FSMC_IRQn                   = 48,     /*!< FSMC global Interrupt                                             */

  SDIO_IRQn                   = 49,     /*!< SDIO global Interrupt                                             */

  TIM5_IRQn                   = 50,     /*!< TIM5 global Interrupt                                             */

  SPI3_IRQn                   = 51,     /*!< SPI3 global Interrupt                                             */

  UART4_IRQn                  = 52,     /*!< UART4 global Interrupt                                            */

  UART5_IRQn                  = 53,     /*!< UART5 global Interrupt                                            */

  TIM6_DAC_IRQn               = 54,     /*!< TIM6 global and DAC1&2 underrun error  interrupts                 */

  TIM7_IRQn                   = 55,     /*!< TIM7 global interrupt                                             */

  DMA2_Stream0_IRQn           = 56,     /*!< DMA2 Stream 0 global Interrupt                                    */

  DMA2_Stream1_IRQn           = 57,     /*!< DMA2 Stream 1 global Interrupt                                    */

  DMA2_Stream2_IRQn           = 58,     /*!< DMA2 Stream 2 global Interrupt                                    */

  DMA2_Stream3_IRQn           = 59,     /*!< DMA2 Stream 3 global Interrupt                                    */

  DMA2_Stream4_IRQn           = 60,     /*!< DMA2 Stream 4 global Interrupt                                    */

  ETH_IRQn                    = 61,     /*!< Ethernet global Interrupt                                         */

  ETH_WKUP_IRQn               = 62,     /*!< Ethernet Wakeup through EXTI line Interrupt                       */

  CAN2_TX_IRQn                = 63,     /*!< CAN2 TX Interrupt                                                 */

  CAN2_RX0_IRQn               = 64,     /*!< CAN2 RX0 Interrupt                                                */

  CAN2_RX1_IRQn               = 65,     /*!< CAN2 RX1 Interrupt                                                */

  CAN2_SCE_IRQn               = 66,     /*!< CAN2 SCE Interrupt                                                */

  OTG_FS_IRQn                 = 67,     /*!< USB OTG FS global Interrupt                                       */

  DMA2_Stream5_IRQn           = 68,     /*!< DMA2 Stream 5 global interrupt                                    */

  DMA2_Stream6_IRQn           = 69,     /*!< DMA2 Stream 6 global interrupt                                    */

  DMA2_Stream7_IRQn           = 70,     /*!< DMA2 Stream 7 global interrupt                                    */

  USART6_IRQn                 = 71,     /*!< USART6 global interrupt                                           */ 

  I2C3_EV_IRQn                = 72,     /*!< I2C3 event interrupt                                              */

  I2C3_ER_IRQn                = 73,     /*!< I2C3 error interrupt                                              */

  OTG_HS_EP1_OUT_IRQn         = 74,     /*!< USB OTG HS End Point 1 Out global interrupt                       */

  OTG_HS_EP1_IN_IRQn          = 75,     /*!< USB OTG HS End Point 1 In global interrupt                        */

  OTG_HS_WKUP_IRQn            = 76,     /*!< USB OTG HS Wakeup through EXTI interrupt                          */

  OTG_HS_IRQn                 = 77,     /*!< USB OTG HS global interrupt                                       */

  DCMI_IRQn                   = 78,     /*!< DCMI global interrupt                                             */

  CRYP_IRQn                   = 79,     /*!< CRYP crypto global interrupt                                      */

  HASH_RNG_IRQn               = 80,      /*!< Hash and Rng global interrupt                                     */

  FPU_IRQn                    = 81      /*!< FPU global interrupt                                              */

} IRQn_Type;



/**

  * @}

  */



#include "core_cm4.h"             /* Cortex-M4 processor and core peripherals */

#include "system_stm32f4xx.h"

#include <stdint.h>



/** @addtogroup Exported_types

  * @{

  */  

/*!< STM32F10x Standard Peripheral Library old types (maintained for legacy purpose) */

typedef int32_t  s32;

typedef int16_t s16;

typedef int8_t  s8;



typedef const int32_t sc32;  /*!< Read Only */

typedef const int16_t sc16;  /*!< Read Only */

typedef const int8_t sc8;   /*!< Read Only */



typedef __IO int32_t  vs32;

typedef __IO int16_t  vs16;

typedef __IO int8_t   vs8;



typedef __I int32_t vsc32;  /*!< Read Only */

typedef __I int16_t vsc16;  /*!< Read Only */

typedef __I int8_t vsc8;   /*!< Read Only */



typedef uint32_t  u32;

typedef uint16_t u16;

typedef uint8_t  u8;



typedef const uint32_t uc32;  /*!< Read Only */

typedef const uint16_t uc16;  /*!< Read Only */

typedef const uint8_t uc8;   /*!< Read Only */



typedef __IO uint32_t  vu32;

typedef __IO uint16_t vu16;

typedef __IO uint8_t  vu8;



typedef __I uint32_t vuc32;  /*!< Read Only */

typedef __I uint16_t vuc16;  /*!< Read Only */

typedef __I uint8_t vuc8;   /*!< Read Only */



typedef enum {RESET = 0, SET = !RESET} FlagStatus, ITStatus;



typedef enum {DISABLE = 0, ENABLE = !DISABLE} FunctionalState;

#define IS_FUNCTIONAL_STATE(STATE) (((STATE) == DISABLE) || ((STATE) == ENABLE))



typedef enum {ERROR = 0, SUCCESS = !ERROR} ErrorStatus;



/**

  * @}

  */



/** @addtogroup Peripheral_registers_structures

  * @{

  */   



/** 

  * @brief Analog to Digital Converter  

  */



typedef struct

{

  __IO uint32_t SR;     /*!< ADC status register,                         Address offset: 0x00 */

  __IO uint32_t CR1;    /*!< ADC control register 1,                      Address offset: 0x04 */      

  __IO uint32_t CR2;    /*!< ADC control register 2,                      Address offset: 0x08 */

  __IO uint32_t SMPR1;  /*!< ADC sample time register 1,                  Address offset: 0x0C */

  __IO uint32_t SMPR2;  /*!< ADC sample time register 2,                  Address offset: 0x10 */

  __IO uint32_t JOFR1;  /*!< ADC injected channel data offset register 1, Address offset: 0x14 */

  __IO uint32_t JOFR2;  /*!< ADC injected channel data offset register 2, Address offset: 0x18 */

  __IO uint32_t JOFR3;  /*!< ADC injected channel data offset register 3, Address offset: 0x1C */

  __IO uint32_t JOFR4;  /*!< ADC injected channel data offset register 4, Address offset: 0x20 */

  __IO uint32_t HTR;    /*!< ADC watchdog higher threshold register,      Address offset: 0x24 */

  __IO uint32_t LTR;    /*!< ADC watchdog lower threshold register,       Address offset: 0x28 */

  __IO uint32_t SQR1;   /*!< ADC regular sequence register 1,             Address offset: 0x2C */

  __IO uint32_t SQR2;   /*!< ADC regular sequence register 2,             Address offset: 0x30 */

  __IO uint32_t SQR3;   /*!< ADC regular sequence register 3,             Address offset: 0x34 */

  __IO uint32_t JSQR;   /*!< ADC injected sequence register,              Address offset: 0x38*/

  __IO uint32_t JDR1;   /*!< ADC injected data register 1,                Address offset: 0x3C */

  __IO uint32_t JDR2;   /*!< ADC injected data register 2,                Address offset: 0x40 */

  __IO uint32_t JDR3;   /*!< ADC injected data register 3,                Address offset: 0x44 */

  __IO uint32_t JDR4;   /*!< ADC injected data register 4,                Address offset: 0x48 */

  __IO uint32_t DR;     /*!< ADC regular data register,                   Address offset: 0x4C */

} ADC_TypeDef;



typedef struct

{

  __IO uint32_t CSR;    /*!< ADC Common status register,                  Address offset: ADC1 base address + 0x300 */

  __IO uint32_t CCR;    /*!< ADC common control register,                 Address offset: ADC1 base address + 0x304 */

  __IO uint32_t CDR;    /*!< ADC common regular data register for dual

                             AND triple modes,                            Address offset: ADC1 base address + 0x308 */

} ADC_Common_TypeDef;





/** 

  * @brief Controller Area Network TxMailBox 

  */



typedef struct

{

  __IO uint32_t TIR;  /*!< CAN TX mailbox identifier register */

  __IO uint32_t TDTR; /*!< CAN mailbox data length control and time stamp register */

  __IO uint32_t TDLR; /*!< CAN mailbox data low register */

  __IO uint32_t TDHR; /*!< CAN mailbox data high register */

} CAN_TxMailBox_TypeDef;



/** 

  * @brief Controller Area Network FIFOMailBox 

  */

  

typedef struct

{

  __IO uint32_t RIR;  /*!< CAN receive FIFO mailbox identifier register */

  __IO uint32_t RDTR; /*!< CAN receive FIFO mailbox data length control and time stamp register */

  __IO uint32_t RDLR; /*!< CAN receive FIFO mailbox data low register */

  __IO uint32_t RDHR; /*!< CAN receive FIFO mailbox data high register */

} CAN_FIFOMailBox_TypeDef;



/** 

  * @brief Controller Area Network FilterRegister 

  */

  

typedef struct

{

  __IO uint32_t FR1; /*!< CAN Filter bank register 1 */

  __IO uint32_t FR2; /*!< CAN Filter bank register 1 */

} CAN_FilterRegister_TypeDef;



/** 

  * @brief Controller Area Network 

  */

  

typedef struct

{

  __IO uint32_t              MCR;                 /*!< CAN master control register,         Address offset: 0x00          */

  __IO uint32_t              MSR;                 /*!< CAN master status register,          Address offset: 0x04          */

  __IO uint32_t              TSR;                 /*!< CAN transmit status register,        Address offset: 0x08          */

  __IO uint32_t              RF0R;                /*!< CAN receive FIFO 0 register,         Address offset: 0x0C          */

  __IO uint32_t              RF1R;                /*!< CAN receive FIFO 1 register,         Address offset: 0x10          */

  __IO uint32_t              IER;                 /*!< CAN interrupt enable register,       Address offset: 0x14          */

  __IO uint32_t              ESR;                 /*!< CAN error status register,           Address offset: 0x18          */

  __IO uint32_t              BTR;                 /*!< CAN bit timing register,             Address offset: 0x1C          */

  uint32_t                   RESERVED0[88];       /*!< Reserved, 0x020 - 0x17F                                            */

  CAN_TxMailBox_TypeDef      sTxMailBox[3];       /*!< CAN Tx MailBox,                      Address offset: 0x180 - 0x1AC */

  CAN_FIFOMailBox_TypeDef    sFIFOMailBox[2];     /*!< CAN FIFO MailBox,                    Address offset: 0x1B0 - 0x1CC */

  uint32_t                   RESERVED1[12];       /*!< Reserved, 0x1D0 - 0x1FF                                            */

  __IO uint32_t              FMR;                 /*!< CAN filter master register,          Address offset: 0x200         */

  __IO uint32_t              FM1R;                /*!< CAN filter mode register,            Address offset: 0x204         */

  uint32_t                   RESERVED2;           /*!< Reserved, 0x208                                                    */

  __IO uint32_t              FS1R;                /*!< CAN filter scale register,           Address offset: 0x20C         */

  uint32_t                   RESERVED3;           /*!< Reserved, 0x210                                                    */

  __IO uint32_t              FFA1R;               /*!< CAN filter FIFO assignment register, Address offset: 0x214         */

  uint32_t                   RESERVED4;           /*!< Reserved, 0x218                                                    */

  __IO uint32_t              FA1R;                /*!< CAN filter activation register,      Address offset: 0x21C         */

  uint32_t                   RESERVED5[8];        /*!< Reserved, 0x220-0x23F                                              */ 

  CAN_FilterRegister_TypeDef sFilterRegister[28]; /*!< CAN Filter Register,                 Address offset: 0x240-0x31C   */

} CAN_TypeDef;



/** 

  * @brief CRC calculation unit 

  */



typedef struct

{

  __IO uint32_t DR;         /*!< CRC Data register,             Address offset: 0x00 */

  __IO uint8_t  IDR;        /*!< CRC Independent data register, Address offset: 0x04 */

  uint8_t       RESERVED0;  /*!< Reserved, 0x05                                      */

  uint16_t      RESERVED1;  /*!< Reserved, 0x06                                      */

  __IO uint32_t CR;         /*!< CRC Control register,          Address offset: 0x08 */

} CRC_TypeDef;



/** 

  * @brief Digital to Analog Converter

  */



typedef struct

{

  __IO uint32_t CR;       /*!< DAC control register,                                    Address offset: 0x00 */

  __IO uint32_t SWTRIGR;  /*!< DAC software trigger register,                           Address offset: 0x04 */

  __IO uint32_t DHR12R1;  /*!< DAC channel1 12-bit right-aligned data holding register, Address offset: 0x08 */

  __IO uint32_t DHR12L1;  /*!< DAC channel1 12-bit left aligned data holding register,  Address offset: 0x0C */

  __IO uint32_t DHR8R1;   /*!< DAC channel1 8-bit right aligned data holding register,  Address offset: 0x10 */

  __IO uint32_t DHR12R2;  /*!< DAC channel2 12-bit right aligned data holding register, Address offset: 0x14 */

  __IO uint32_t DHR12L2;  /*!< DAC channel2 12-bit left aligned data holding register,  Address offset: 0x18 */

  __IO uint32_t DHR8R2;   /*!< DAC channel2 8-bit right-aligned data holding register,  Address offset: 0x1C */

  __IO uint32_t DHR12RD;  /*!< Dual DAC 12-bit right-aligned data holding register,     Address offset: 0x20 */

  __IO uint32_t DHR12LD;  /*!< DUAL DAC 12-bit left aligned data holding register,      Address offset: 0x24 */

  __IO uint32_t DHR8RD;   /*!< DUAL DAC 8-bit right aligned data holding register,      Address offset: 0x28 */

  __IO uint32_t DOR1;     /*!< DAC channel1 data output register,                       Address offset: 0x2C */

  __IO uint32_t DOR2;     /*!< DAC channel2 data output register,                       Address offset: 0x30 */

  __IO uint32_t SR;       /*!< DAC status register,                                     Address offset: 0x34 */

} DAC_TypeDef;



/** 

  * @brief Debug MCU

  */



typedef struct

{

  __IO uint32_t IDCODE;  /*!< MCU device ID code,               Address offset: 0x00 */

  __IO uint32_t CR;      /*!< Debug MCU configuration register, Address offset: 0x04 */

  __IO uint32_t APB1FZ;  /*!< Debug MCU APB1 freeze register,   Address offset: 0x08 */

  __IO uint32_t APB2FZ;  /*!< Debug MCU APB2 freeze register,   Address offset: 0x0C */

}DBGMCU_TypeDef;



/** 

  * @brief DCMI

  */



typedef struct

{

  __IO uint32_t CR;       /*!< DCMI control register 1,                       Address offset: 0x00 */

  __IO uint32_t SR;       /*!< DCMI status register,                          Address offset: 0x04 */

  __IO uint32_t RISR;     /*!< DCMI raw interrupt status register,            Address offset: 0x08 */

  __IO uint32_t IER;      /*!< DCMI interrupt enable register,                Address offset: 0x0C */

  __IO uint32_t MISR;     /*!< DCMI masked interrupt status register,         Address offset: 0x10 */

  __IO uint32_t ICR;      /*!< DCMI interrupt clear register,                 Address offset: 0x14 */

  __IO uint32_t ESCR;     /*!< DCMI embedded synchronization code register,   Address offset: 0x18 */

  __IO uint32_t ESUR;     /*!< DCMI embedded synchronization unmask register, Address offset: 0x1C */

  __IO uint32_t CWSTRTR;  /*!< DCMI crop window start,                        Address offset: 0x20 */

  __IO uint32_t CWSIZER;  /*!< DCMI crop window size,                         Address offset: 0x24 */

  __IO uint32_t DR;       /*!< DCMI data register,                            Address offset: 0x28 */

} DCMI_TypeDef;



/** 

  * @brief DMA Controller

  */



typedef struct

{

  __IO uint32_t CR;     /*!< DMA stream x configuration register      */

  __IO uint32_t NDTR;   /*!< DMA stream x number of data register     */

  __IO uint32_t PAR;    /*!< DMA stream x peripheral address register */

  __IO uint32_t M0AR;   /*!< DMA stream x memory 0 address register   */

  __IO uint32_t M1AR;   /*!< DMA stream x memory 1 address register   */

  __IO uint32_t FCR;    /*!< DMA stream x FIFO control register       */

} DMA_Stream_TypeDef;



typedef struct

{

  __IO uint32_t LISR;   /*!< DMA low interrupt status register,      Address offset: 0x00 */

  __IO uint32_t HISR;   /*!< DMA high interrupt status register,     Address offset: 0x04 */

  __IO uint32_t LIFCR;  /*!< DMA low interrupt flag clear register,  Address offset: 0x08 */

  __IO uint32_t HIFCR;  /*!< DMA high interrupt flag clear register, Address offset: 0x0C */

} DMA_TypeDef;



/** 

  * @brief Ethernet MAC

  */



typedef struct

{

  __IO uint32_t MACCR;

  __IO uint32_t MACFFR;

  __IO uint32_t MACHTHR;

  __IO uint32_t MACHTLR;

  __IO uint32_t MACMIIAR;

  __IO uint32_t MACMIIDR;

  __IO uint32_t MACFCR;

  __IO uint32_t MACVLANTR;             /*    8 */

  uint32_t      RESERVED0[2];

  __IO uint32_t MACRWUFFR;             /*   11 */

  __IO uint32_t MACPMTCSR;

  uint32_t      RESERVED1[2];

  __IO uint32_t MACSR;                 /*   15 */

  __IO uint32_t MACIMR;

  __IO uint32_t MACA0HR;

  __IO uint32_t MACA0LR;

  __IO uint32_t MACA1HR;

  __IO uint32_t MACA1LR;

  __IO uint32_t MACA2HR;

  __IO uint32_t MACA2LR;

  __IO uint32_t MACA3HR;

  __IO uint32_t MACA3LR;               /*   24 */

  uint32_t      RESERVED2[40];

  __IO uint32_t MMCCR;                 /*   65 */

  __IO uint32_t MMCRIR;

  __IO uint32_t MMCTIR;

  __IO uint32_t MMCRIMR;

  __IO uint32_t MMCTIMR;               /*   69 */

  uint32_t      RESERVED3[14];

  __IO uint32_t MMCTGFSCCR;            /*   84 */

  __IO uint32_t MMCTGFMSCCR;

  uint32_t      RESERVED4[5];

  __IO uint32_t MMCTGFCR;

  uint32_t      RESERVED5[10];

  __IO uint32_t MMCRFCECR;

  __IO uint32_t MMCRFAECR;

  uint32_t      RESERVED6[10];

  __IO uint32_t MMCRGUFCR;

  uint32_t      RESERVED7[334];

  __IO uint32_t PTPTSCR;

  __IO uint32_t PTPSSIR;

  __IO uint32_t PTPTSHR;

  __IO uint32_t PTPTSLR;

  __IO uint32_t PTPTSHUR;

  __IO uint32_t PTPTSLUR;

  __IO uint32_t PTPTSAR;

  __IO uint32_t PTPTTHR;

  __IO uint32_t PTPTTLR;

  __IO uint32_t RESERVED8;

  __IO uint32_t PTPTSSR;

  uint32_t      RESERVED9[565];

  __IO uint32_t DMABMR;

  __IO uint32_t DMATPDR;

  __IO uint32_t DMARPDR;

  __IO uint32_t DMARDLAR;

  __IO uint32_t DMATDLAR;

  __IO uint32_t DMASR;

  __IO uint32_t DMAOMR;

  __IO uint32_t DMAIER;

  __IO uint32_t DMAMFBOCR;

  __IO uint32_t DMARSWTR;

  uint32_t      RESERVED10[8];

  __IO uint32_t DMACHTDR;

  __IO uint32_t DMACHRDR;

  __IO uint32_t DMACHTBAR;

  __IO uint32_t DMACHRBAR;

} ETH_TypeDef;



/** 

  * @brief External Interrupt/Event Controller

  */



typedef struct

{

  __IO uint32_t IMR;    /*!< EXTI Interrupt mask register,            Address offset: 0x00 */

  __IO uint32_t EMR;    /*!< EXTI Event mask register,                Address offset: 0x04 */

  __IO uint32_t RTSR;   /*!< EXTI Rising trigger selection register,  Address offset: 0x08 */

  __IO uint32_t FTSR;   /*!< EXTI Falling trigger selection register, Address offset: 0x0C */

  __IO uint32_t SWIER;  /*!< EXTI Software interrupt event register,  Address offset: 0x10 */

  __IO uint32_t PR;     /*!< EXTI Pending register,                   Address offset: 0x14 */

} EXTI_TypeDef;



/** 

  * @brief FLASH Registers

  */



typedef struct

{

  __IO uint32_t ACR;      /*!< FLASH access control register, Address offset: 0x00 */

  __IO uint32_t KEYR;     /*!< FLASH key register,            Address offset: 0x04 */

  __IO uint32_t OPTKEYR;  /*!< FLASH option key register,     Address offset: 0x08 */

  __IO uint32_t SR;       /*!< FLASH status register,         Address offset: 0x0C */

  __IO uint32_t CR;       /*!< FLASH control register,        Address offset: 0x10 */

  __IO uint32_t OPTCR;    /*!< FLASH option control register, Address offset: 0x14 */

} FLASH_TypeDef;



/** 

  * @brief Flexible Static Memory Controller

  */



typedef struct

{

  __IO uint32_t BTCR[8];    /*!< NOR/PSRAM chip-select control register(BCR) and chip-select timing register(BTR), Address offset: 0x00-1C */   

} FSMC_Bank1_TypeDef; 



/** 

  * @brief Flexible Static Memory Controller Bank1E

  */

  

typedef struct

{

  __IO uint32_t BWTR[7];    /*!< NOR/PSRAM write timing registers, Address offset: 0x104-0x11C */

} FSMC_Bank1E_TypeDef;



/** 

  * @brief Flexible Static Memory Controller Bank2

  */

  

typedef struct

{

  __IO uint32_t PCR2;       /*!< NAND Flash control register 2,                       Address offset: 0x60 */

  __IO uint32_t SR2;        /*!< NAND Flash FIFO status and interrupt register 2,     Address offset: 0x64 */

  __IO uint32_t PMEM2;      /*!< NAND Flash Common memory space timing register 2,    Address offset: 0x68 */

  __IO uint32_t PATT2;      /*!< NAND Flash Attribute memory space timing register 2, Address offset: 0x6C */

  uint32_t      RESERVED0;  /*!< Reserved, 0x70                                                            */

  __IO uint32_t ECCR2;      /*!< NAND Flash ECC result registers 2,                   Address offset: 0x74 */

} FSMC_Bank2_TypeDef;



/** 

  * @brief Flexible Static Memory Controller Bank3

  */

  

typedef struct

{

  __IO uint32_t PCR3;       /*!< NAND Flash control register 3,                       Address offset: 0x80 */

  __IO uint32_t SR3;        /*!< NAND Flash FIFO status and interrupt register 3,     Address offset: 0x84 */

  __IO uint32_t PMEM3;      /*!< NAND Flash Common memory space timing register 3,    Address offset: 0x88 */

  __IO uint32_t PATT3;      /*!< NAND Flash Attribute memory space timing register 3, Address offset: 0x8C */

  uint32_t      RESERVED0;  /*!< Reserved, 0x90                                                            */

  __IO uint32_t ECCR3;      /*!< NAND Flash ECC result registers 3,                   Address offset: 0x94 */

} FSMC_Bank3_TypeDef;



/** 

  * @brief Flexible Static Memory Controller Bank4

  */

  

typedef struct

{

  __IO uint32_t PCR4;       /*!< PC Card  control register 4,                       Address offset: 0xA0 */

  __IO uint32_t SR4;        /*!< PC Card  FIFO status and interrupt register 4,     Address offset: 0xA4 */

  __IO uint32_t PMEM4;      /*!< PC Card  Common memory space timing register 4,    Address offset: 0xA8 */

  __IO uint32_t PATT4;      /*!< PC Card  Attribute memory space timing register 4, Address offset: 0xAC */

  __IO uint32_t PIO4;       /*!< PC Card  I/O space timing register 4,              Address offset: 0xB0 */

} FSMC_Bank4_TypeDef; 



/** 

  * @brief General Purpose I/O

  */



typedef struct

{

  __IO uint32_t MODER;    /*!< GPIO port mode register,               Address offset: 0x00      */

  __IO uint32_t OTYPER;   /*!< GPIO port output type register,        Address offset: 0x04      */

  __IO uint32_t OSPEEDR;  /*!< GPIO port output speed register,       Address offset: 0x08      */

  __IO uint32_t PUPDR;    /*!< GPIO port pull-up/pull-down register,  Address offset: 0x0C      */

  __IO uint32_t IDR;      /*!< GPIO port input data register,         Address offset: 0x10      */

  __IO uint32_t ODR;      /*!< GPIO port output data register,        Address offset: 0x14      */

  __IO uint16_t BSRRL;    /*!< GPIO port bit set/reset low register,  Address offset: 0x18      */

  __IO uint16_t BSRRH;    /*!< GPIO port bit set/reset high register, Address offset: 0x1A      */

  __IO uint32_t LCKR;     /*!< GPIO port configuration lock register, Address offset: 0x1C      */

  __IO uint32_t AFR[2];   /*!< GPIO alternate function registers,     Address offset: 0x20-0x24 */

} GPIO_TypeDef;



/** 

  * @brief System configuration controller

  */

  

typedef struct

{

  __IO uint32_t MEMRMP;       /*!< SYSCFG memory remap register,                      Address offset: 0x00      */

  __IO uint32_t PMC;          /*!< SYSCFG peripheral mode configuration register,     Address offset: 0x04      */

  __IO uint32_t EXTICR[4];    /*!< SYSCFG external interrupt configuration registers, Address offset: 0x08-0x14 */

  uint32_t      RESERVED[2];  /*!< Reserved, 0x18-0x1C                                                          */ 

  __IO uint32_t CMPCR;        /*!< SYSCFG Compensation cell control register,         Address offset: 0x20      */

} SYSCFG_TypeDef;



/** 

  * @brief Inter-integrated Circuit Interface

  */



typedef struct

{

  __IO uint16_t CR1;        /*!< I2C Control register 1,     Address offset: 0x00 */

  uint16_t      RESERVED0;  /*!< Reserved, 0x02                                   */

  __IO uint16_t CR2;        /*!< I2C Control register 2,     Address offset: 0x04 */

  uint16_t      RESERVED1;  /*!< Reserved, 0x06                                   */

  __IO uint16_t OAR1;       /*!< I2C Own address register 1, Address offset: 0x08 */

  uint16_t      RESERVED2;  /*!< Reserved, 0x0A                                   */

  __IO uint16_t OAR2;       /*!< I2C Own address register 2, Address offset: 0x0C */

  uint16_t      RESERVED3;  /*!< Reserved, 0x0E                                   */

  __IO uint16_t DR;         /*!< I2C Data register,          Address offset: 0x10 */

  uint16_t      RESERVED4;  /*!< Reserved, 0x12                                   */

  __IO uint16_t SR1;        /*!< I2C Status register 1,      Address offset: 0x14 */

  uint16_t      RESERVED5;  /*!< Reserved, 0x16                                   */

  __IO uint16_t SR2;        /*!< I2C Status register 2,      Address offset: 0x18 */

  uint16_t      RESERVED6;  /*!< Reserved, 0x1A                                   */

  __IO uint16_t CCR;        /*!< I2C Clock control register, Address offset: 0x1C */

  uint16_t      RESERVED7;  /*!< Reserved, 0x1E                                   */

  __IO uint16_t TRISE;      /*!< I2C TRISE register,         Address offset: 0x20 */

  uint16_t      RESERVED8;  /*!< Reserved, 0x22                                   */

} I2C_TypeDef;



/** 

  * @brief Independent WATCHDOG

  */



typedef struct

{

  __IO uint32_t KR;   /*!< IWDG Key register,       Address offset: 0x00 */

  __IO uint32_t PR;   /*!< IWDG Prescaler register, Address offset: 0x04 */

  __IO uint32_t RLR;  /*!< IWDG Reload register,    Address offset: 0x08 */

  __IO uint32_t SR;   /*!< IWDG Status register,    Address offset: 0x0C */

} IWDG_TypeDef;



/** 

  * @brief Power Control

  */



typedef struct

{

  __IO uint32_t CR;   /*!< PWR power control register,        Address offset: 0x00 */

  __IO uint32_t CSR;  /*!< PWR power control/status register, Address offset: 0x04 */

} PWR_TypeDef;



/** 

  * @brief Reset and Clock Control

  */



typedef struct

{

  __IO uint32_t CR;            /*!< RCC clock control register,                                  Address offset: 0x00 */

  __IO uint32_t PLLCFGR;       /*!< RCC PLL configuration register,                              Address offset: 0x04 */

  __IO uint32_t CFGR;          /*!< RCC clock configuration register,                            Address offset: 0x08 */

  __IO uint32_t CIR;           /*!< RCC clock interrupt register,                                Address offset: 0x0C */

  __IO uint32_t AHB1RSTR;      /*!< RCC AHB1 peripheral reset register,                          Address offset: 0x10 */

  __IO uint32_t AHB2RSTR;      /*!< RCC AHB2 peripheral reset register,                          Address offset: 0x14 */

  __IO uint32_t AHB3RSTR;      /*!< RCC AHB3 peripheral reset register,                          Address offset: 0x18 */

  uint32_t      RESERVED0;     /*!< Reserved, 0x1C                                                                    */

  __IO uint32_t APB1RSTR;      /*!< RCC APB1 peripheral reset register,                          Address offset: 0x20 */

  __IO uint32_t APB2RSTR;      /*!< RCC APB2 peripheral reset register,                          Address offset: 0x24 */

  uint32_t      RESERVED1[2];  /*!< Reserved, 0x28-0x2C                                                               */

  __IO uint32_t AHB1ENR;       /*!< RCC AHB1 peripheral clock register,                          Address offset: 0x30 */

  __IO uint32_t AHB2ENR;       /*!< RCC AHB2 peripheral clock register,                          Address offset: 0x34 */

  __IO uint32_t AHB3ENR;       /*!< RCC AHB3 peripheral clock register,                          Address offset: 0x38 */

  uint32_t      RESERVED2;     /*!< Reserved, 0x3C                                                                    */

  __IO uint32_t APB1ENR;       /*!< RCC APB1 peripheral clock enable register,                   Address offset: 0x40 */

  __IO uint32_t APB2ENR;       /*!< RCC APB2 peripheral clock enable register,                   Address offset: 0x44 */

  uint32_t      RESERVED3[2];  /*!< Reserved, 0x48-0x4C                                                               */

  __IO uint32_t AHB1LPENR;     /*!< RCC AHB1 peripheral clock enable in low power mode register, Address offset: 0x50 */

  __IO uint32_t AHB2LPENR;     /*!< RCC AHB2 peripheral clock enable in low power mode register, Address offset: 0x54 */

  __IO uint32_t AHB3LPENR;     /*!< RCC AHB3 peripheral clock enable in low power mode register, Address offset: 0x58 */

  uint32_t      RESERVED4;     /*!< Reserved, 0x5C                                                                    */

  __IO uint32_t APB1LPENR;     /*!< RCC APB1 peripheral clock enable in low power mode register, Address offset: 0x60 */

  __IO uint32_t APB2LPENR;     /*!< RCC APB2 peripheral clock enable in low power mode register, Address offset: 0x64 */

  uint32_t      RESERVED5[2];  /*!< Reserved, 0x68-0x6C                                                               */

  __IO uint32_t BDCR;          /*!< RCC Backup domain control register,                          Address offset: 0x70 */

  __IO uint32_t CSR;           /*!< RCC clock control & status register,                         Address offset: 0x74 */

  uint32_t      RESERVED6[2];  /*!< Reserved, 0x78-0x7C                                                               */

  __IO uint32_t SSCGR;         /*!< RCC spread spectrum clock generation register,               Address offset: 0x80 */

  __IO uint32_t PLLI2SCFGR;    /*!< RCC PLLI2S configuration register,                           Address offset: 0x84 */

} RCC_TypeDef;



/** 

  * @brief Real-Time Clock

  */



typedef struct

{

  __IO uint32_t TR;      /*!< RTC time register,                                        Address offset: 0x00 */

  __IO uint32_t DR;      /*!< RTC date register,                                        Address offset: 0x04 */

  __IO uint32_t CR;      /*!< RTC control register,                                     Address offset: 0x08 */

  __IO uint32_t ISR;     /*!< RTC initialization and status register,                   Address offset: 0x0C */

  __IO uint32_t PRER;    /*!< RTC prescaler register,                                   Address offset: 0x10 */

  __IO uint32_t WUTR;    /*!< RTC wakeup timer register,                                Address offset: 0x14 */

  __IO uint32_t CALIBR;  /*!< RTC calibration register,                                 Address offset: 0x18 */

  __IO uint32_t ALRMAR;  /*!< RTC alarm A register,                                     Address offset: 0x1C */

  __IO uint32_t ALRMBR;  /*!< RTC alarm B register,                                     Address offset: 0x20 */

  __IO uint32_t WPR;     /*!< RTC write protection register,                            Address offset: 0x24 */

  __IO uint32_t SSR;     /*!< RTC sub second register,                                  Address offset: 0x28 */

  __IO uint32_t SHIFTR;  /*!< RTC shift control register,                               Address offset: 0x2C */

  __IO uint32_t TSTR;    /*!< RTC time stamp time register,                             Address offset: 0x30 */

  __IO uint32_t TSDR;    /*!< RTC time stamp date register,                             Address offset: 0x34 */

  __IO uint32_t TSSSR;   /*!< RTC time-stamp sub second register,                       Address offset: 0x38 */

  __IO uint32_t CALR;    /*!< RTC calibration register,                                 Address offset: 0x3C */

  __IO uint32_t TAFCR;   /*!< RTC tamper and alternate function configuration register, Address offset: 0x40 */

  __IO uint32_t ALRMASSR;/*!< RTC alarm A sub second register,                          Address offset: 0x44 */

  __IO uint32_t ALRMBSSR;/*!< RTC alarm B sub second register,                          Address offset: 0x48 */

  uint32_t RESERVED7;    /*!< Reserved, 0x4C                                                                 */

  __IO uint32_t BKP0R;   /*!< RTC backup register 1,                                    Address offset: 0x50 */

  __IO uint32_t BKP1R;   /*!< RTC backup register 1,                                    Address offset: 0x54 */

  __IO uint32_t BKP2R;   /*!< RTC backup register 2,                                    Address offset: 0x58 */

  __IO uint32_t BKP3R;   /*!< RTC backup register 3,                                    Address offset: 0x5C */

  __IO uint32_t BKP4R;   /*!< RTC backup register 4,                                    Address offset: 0x60 */

  __IO uint32_t BKP5R;   /*!< RTC backup register 5,                                    Address offset: 0x64 */

  __IO uint32_t BKP6R;   /*!< RTC backup register 6,                                    Address offset: 0x68 */

  __IO uint32_t BKP7R;   /*!< RTC backup register 7,                                    Address offset: 0x6C */

  __IO uint32_t BKP8R;   /*!< RTC backup register 8,                                    Address offset: 0x70 */

  __IO uint32_t BKP9R;   /*!< RTC backup register 9,                                    Address offset: 0x74 */

  __IO uint32_t BKP10R;  /*!< RTC backup register 10,                                   Address offset: 0x78 */

  __IO uint32_t BKP11R;  /*!< RTC backup register 11,                                   Address offset: 0x7C */

  __IO uint32_t BKP12R;  /*!< RTC backup register 12,                                   Address offset: 0x80 */

  __IO uint32_t BKP13R;  /*!< RTC backup register 13,                                   Address offset: 0x84 */

  __IO uint32_t BKP14R;  /*!< RTC backup register 14,                                   Address offset: 0x88 */

  __IO uint32_t BKP15R;  /*!< RTC backup register 15,                                   Address offset: 0x8C */

  __IO uint32_t BKP16R;  /*!< RTC backup register 16,                                   Address offset: 0x90 */

  __IO uint32_t BKP17R;  /*!< RTC backup register 17,                                   Address offset: 0x94 */

  __IO uint32_t BKP18R;  /*!< RTC backup register 18,                                   Address offset: 0x98 */

  __IO uint32_t BKP19R;  /*!< RTC backup register 19,                                   Address offset: 0x9C */

} RTC_TypeDef;



/** 

  * @brief SD host Interface

  */



typedef struct

{

  __IO uint32_t POWER;          /*!< SDIO power control register,    Address offset: 0x00 */

  __IO uint32_t CLKCR;          /*!< SDI clock control register,     Address offset: 0x04 */

  __IO uint32_t ARG;            /*!< SDIO argument register,         Address offset: 0x08 */

  __IO uint32_t CMD;            /*!< SDIO command register,          Address offset: 0x0C */

  __I uint32_t  RESPCMD;        /*!< SDIO command response register, Address offset: 0x10 */

  __I uint32_t  RESP1;          /*!< SDIO response 1 register,       Address offset: 0x14 */

  __I uint32_t  RESP2;          /*!< SDIO response 2 register,       Address offset: 0x18 */

  __I uint32_t  RESP3;          /*!< SDIO response 3 register,       Address offset: 0x1C */

  __I uint32_t  RESP4;          /*!< SDIO response 4 register,       Address offset: 0x20 */

  __IO uint32_t DTIMER;         /*!< SDIO data timer register,       Address offset: 0x24 */

  __IO uint32_t DLEN;           /*!< SDIO data length register,      Address offset: 0x28 */

  __IO uint32_t DCTRL;          /*!< SDIO data control register,     Address offset: 0x2C */

  __I uint32_t  DCOUNT;         /*!< SDIO data counter register,     Address offset: 0x30 */

  __I uint32_t  STA;            /*!< SDIO status register,           Address offset: 0x34 */

  __IO uint32_t ICR;            /*!< SDIO interrupt clear register,  Address offset: 0x38 */

  __IO uint32_t MASK;           /*!< SDIO mask register,             Address offset: 0x3C */

  uint32_t      RESERVED0[2];   /*!< Reserved, 0x40-0x44                                  */

  __I uint32_t  FIFOCNT;        /*!< SDIO FIFO counter register,     Address offset: 0x48 */

  uint32_t      RESERVED1[13];  /*!< Reserved, 0x4C-0x7C                                  */

  __IO uint32_t FIFO;           /*!< SDIO data FIFO register,        Address offset: 0x80 */

} SDIO_TypeDef;



/** 

  * @brief Serial Peripheral Interface

  */



typedef struct

{

  __IO uint16_t CR1;        /*!< SPI control register 1 (not used in I2S mode),      Address offset: 0x00 */

  uint16_t      RESERVED0;  /*!< Reserved, 0x02                                                           */

  __IO uint16_t CR2;        /*!< SPI control register 2,                             Address offset: 0x04 */

  uint16_t      RESERVED1;  /*!< Reserved, 0x06                                                           */

  __IO uint16_t SR;         /*!< SPI status register,                                Address offset: 0x08 */

  uint16_t      RESERVED2;  /*!< Reserved, 0x0A                                                           */

  __IO uint16_t DR;         /*!< SPI data register,                                  Address offset: 0x0C */

  uint16_t      RESERVED3;  /*!< Reserved, 0x0E                                                           */

  __IO uint16_t CRCPR;      /*!< SPI CRC polynomial register (not used in I2S mode), Address offset: 0x10 */

  uint16_t      RESERVED4;  /*!< Reserved, 0x12                                                           */

  __IO uint16_t RXCRCR;     /*!< SPI RX CRC register (not used in I2S mode),         Address offset: 0x14 */

  uint16_t      RESERVED5;  /*!< Reserved, 0x16                                                           */

  __IO uint16_t TXCRCR;     /*!< SPI TX CRC register (not used in I2S mode),         Address offset: 0x18 */

  uint16_t      RESERVED6;  /*!< Reserved, 0x1A                                                           */

  __IO uint16_t I2SCFGR;    /*!< SPI_I2S configuration register,                     Address offset: 0x1C */

  uint16_t      RESERVED7;  /*!< Reserved, 0x1E                                                           */

  __IO uint16_t I2SPR;      /*!< SPI_I2S prescaler register,                         Address offset: 0x20 */

  uint16_t      RESERVED8;  /*!< Reserved, 0x22                                                           */

} SPI_TypeDef;



/** 

  * @brief TIM

  */



typedef struct

{

  __IO uint16_t CR1;         /*!< TIM control register 1,              Address offset: 0x00 */

  uint16_t      RESERVED0;   /*!< Reserved, 0x02                                            */

  __IO uint16_t CR2;         /*!< TIM control register 2,              Address offset: 0x04 */

  uint16_t      RESERVED1;   /*!< Reserved, 0x06                                            */

  __IO uint16_t SMCR;        /*!< TIM slave mode control register,     Address offset: 0x08 */

  uint16_t      RESERVED2;   /*!< Reserved, 0x0A                                            */

  __IO uint16_t DIER;        /*!< TIM DMA/interrupt enable register,   Address offset: 0x0C */

  uint16_t      RESERVED3;   /*!< Reserved, 0x0E                                            */

  __IO uint16_t SR;          /*!< TIM status register,                 Address offset: 0x10 */

  uint16_t      RESERVED4;   /*!< Reserved, 0x12                                            */

  __IO uint16_t EGR;         /*!< TIM event generation register,       Address offset: 0x14 */

  uint16_t      RESERVED5;   /*!< Reserved, 0x16                                            */

  __IO uint16_t CCMR1;       /*!< TIM capture/compare mode register 1, Address offset: 0x18 */

  uint16_t      RESERVED6;   /*!< Reserved, 0x1A                                            */

  __IO uint16_t CCMR2;       /*!< TIM capture/compare mode register 2, Address offset: 0x1C */

  uint16_t      RESERVED7;   /*!< Reserved, 0x1E                                            */

  __IO uint16_t CCER;        /*!< TIM capture/compare enable register, Address offset: 0x20 */

  uint16_t      RESERVED8;   /*!< Reserved, 0x22                                            */

  __IO uint32_t CNT;         /*!< TIM counter register,                Address offset: 0x24 */

  __IO uint16_t PSC;         /*!< TIM prescaler,                       Address offset: 0x28 */

  uint16_t      RESERVED9;   /*!< Reserved, 0x2A                                            */

  __IO uint32_t ARR;         /*!< TIM auto-reload register,            Address offset: 0x2C */

  __IO uint16_t RCR;         /*!< TIM repetition counter register,     Address offset: 0x30 */

  uint16_t      RESERVED10;  /*!< Reserved, 0x32                                            */

  __IO uint32_t CCR1;        /*!< TIM capture/compare register 1,      Address offset: 0x34 */

  __IO uint32_t CCR2;        /*!< TIM capture/compare register 2,      Address offset: 0x38 */

  __IO uint32_t CCR3;        /*!< TIM capture/compare register 3,      Address offset: 0x3C */

  __IO uint32_t CCR4;        /*!< TIM capture/compare register 4,      Address offset: 0x40 */

  __IO uint16_t BDTR;        /*!< TIM break and dead-time register,    Address offset: 0x44 */

  uint16_t      RESERVED11;  /*!< Reserved, 0x46                                            */

  __IO uint16_t DCR;         /*!< TIM DMA control register,            Address offset: 0x48 */

  uint16_t      RESERVED12;  /*!< Reserved, 0x4A                                            */

  __IO uint16_t DMAR;        /*!< TIM DMA address for full transfer,   Address offset: 0x4C */

  uint16_t      RESERVED13;  /*!< Reserved, 0x4E                                            */

  __IO uint16_t OR;          /*!< TIM option register,                 Address offset: 0x50 */

  uint16_t      RESERVED14;  /*!< Reserved, 0x52                                            */

} TIM_TypeDef;



/** 

  * @brief Universal Synchronous Asynchronous Receiver Transmitter

  */

 

typedef struct

{

  __IO uint16_t SR;         /*!< USART Status register,                   Address offset: 0x00 */

  uint16_t      RESERVED0;  /*!< Reserved, 0x02                                                */

  __IO uint16_t DR;         /*!< USART Data register,                     Address offset: 0x04 */

  uint16_t      RESERVED1;  /*!< Reserved, 0x06                                                */

  __IO uint16_t BRR;        /*!< USART Baud rate register,                Address offset: 0x08 */

  uint16_t      RESERVED2;  /*!< Reserved, 0x0A                                                */

  __IO uint16_t CR1;        /*!< USART Control register 1,                Address offset: 0x0C */

  uint16_t      RESERVED3;  /*!< Reserved, 0x0E                                                */

  __IO uint16_t CR2;        /*!< USART Control register 2,                Address offset: 0x10 */

  uint16_t      RESERVED4;  /*!< Reserved, 0x12                                                */

  __IO uint16_t CR3;        /*!< USART Control register 3,                Address offset: 0x14 */

  uint16_t      RESERVED5;  /*!< Reserved, 0x16                                                */

  __IO uint16_t GTPR;       /*!< USART Guard time and prescaler register, Address offset: 0x18 */

  uint16_t      RESERVED6;  /*!< Reserved, 0x1A                                                */

} USART_TypeDef;



/** 

  * @brief Window WATCHDOG

  */



typedef struct

{

  __IO uint32_t CR;   /*!< WWDG Control register,       Address offset: 0x00 */

  __IO uint32_t CFR;  /*!< WWDG Configuration register, Address offset: 0x04 */

  __IO uint32_t SR;   /*!< WWDG Status register,        Address offset: 0x08 */

} WWDG_TypeDef;



/** 

  * @brief Crypto Processor

  */



typedef struct

{

  __IO uint32_t CR;     /*!< CRYP control register,                            Address offset: 0x00 */

  __IO uint32_t SR;     /*!< CRYP status register,                             Address offset: 0x04 */

  __IO uint32_t DR;     /*!< CRYP data input register,                         Address offset: 0x08 */

  __IO uint32_t DOUT;   /*!< CRYP data output register,                        Address offset: 0x0C */

  __IO uint32_t DMACR;  /*!< CRYP DMA control register,                        Address offset: 0x10 */

  __IO uint32_t IMSCR;  /*!< CRYP interrupt mask set/clear register,           Address offset: 0x14 */

  __IO uint32_t RISR;   /*!< CRYP raw interrupt status register,               Address offset: 0x18 */

  __IO uint32_t MISR;   /*!< CRYP masked interrupt status register,            Address offset: 0x1C */

  __IO uint32_t K0LR;   /*!< CRYP key left  register 0,                        Address offset: 0x20 */

  __IO uint32_t K0RR;   /*!< CRYP key right register 0,                        Address offset: 0x24 */

  __IO uint32_t K1LR;   /*!< CRYP key left  register 1,                        Address offset: 0x28 */

  __IO uint32_t K1RR;   /*!< CRYP key right register 1,                        Address offset: 0x2C */

  __IO uint32_t K2LR;   /*!< CRYP key left  register 2,                        Address offset: 0x30 */

  __IO uint32_t K2RR;   /*!< CRYP key right register 2,                        Address offset: 0x34 */

  __IO uint32_t K3LR;   /*!< CRYP key left  register 3,                        Address offset: 0x38 */

  __IO uint32_t K3RR;   /*!< CRYP key right register 3,                        Address offset: 0x3C */

  __IO uint32_t IV0LR;  /*!< CRYP initialization vector left-word  register 0, Address offset: 0x40 */

  __IO uint32_t IV0RR;  /*!< CRYP initialization vector right-word register 0, Address offset: 0x44 */

  __IO uint32_t IV1LR;  /*!< CRYP initialization vector left-word  register 1, Address offset: 0x48 */

  __IO uint32_t IV1RR;  /*!< CRYP initialization vector right-word register 1, Address offset: 0x4C */

} CRYP_TypeDef;



/** 

  * @brief HASH

  */

  

typedef struct 

{

  __IO uint32_t CR;        /*!< HASH control register,          Address offset: 0x00        */

  __IO uint32_t DIN;       /*!< HASH data input register,       Address offset: 0x04        */

  __IO uint32_t STR;       /*!< HASH start register,            Address offset: 0x08        */

  __IO uint32_t HR[5];     /*!< HASH digest registers,          Address offset: 0x0C-0x1C   */

  __IO uint32_t IMR;       /*!< HASH interrupt enable register, Address offset: 0x20        */

  __IO uint32_t SR;        /*!< HASH status register,           Address offset: 0x24        */

  uint32_t  RESERVED[52];  /*!< Reserved, 0x28-0xF4                                         */

  __IO uint32_t CSR[51];   /*!< HASH context swap registers,    Address offset: 0x0F8-0x1C0 */  

} HASH_TypeDef;



/** 

  * @brief HASH

  */

  

typedef struct 

{

  __IO uint32_t CR;  /*!< RNG control register, Address offset: 0x00 */

  __IO uint32_t SR;  /*!< RNG status register,  Address offset: 0x04 */

  __IO uint32_t DR;  /*!< RNG data register,    Address offset: 0x08 */

} RNG_TypeDef;



/**

  * @}

  */

  

/** @addtogroup Peripheral_memory_map

  * @{

  */

#define FLASH_BASE            ((uint32_t)0x08000000) /*!< FLASH(up to 1 MB) base address in the alias region                         */

#define CCMDATARAM_BASE       ((uint32_t)0x10000000) /*!< CCM(core coupled memory) data RAM(64 KB) base address in the alias region  */

#define SRAM1_BASE            ((uint32_t)0x20000000) /*!< SRAM1(112 KB) base address in the alias region                             */

#define SRAM2_BASE            ((uint32_t)0x2001C000) /*!< SRAM2(16 KB) base address in the alias region                              */

#define PERIPH_BASE           ((uint32_t)0x40000000) /*!< Peripheral base address in the alias region                                */

#define BKPSRAM_BASE          ((uint32_t)0x40024000) /*!< Backup SRAM(4 KB) base address in the alias region                         */

#define FSMC_R_BASE           ((uint32_t)0xA0000000) /*!< FSMC registers base address                                                */



#define CCMDATARAM_BB_BASE    ((uint32_t)0x12000000) /*!< CCM(core coupled memory) data RAM(64 KB) base address in the bit-band region  */

#define SRAM1_BB_BASE         ((uint32_t)0x22000000) /*!< SRAM1(112 KB) base address in the bit-band region                             */

#define SRAM2_BB_BASE         ((uint32_t)0x2201C000) /*!< SRAM2(16 KB) base address in the bit-band region                              */

#define PERIPH_BB_BASE        ((uint32_t)0x42000000) /*!< Peripheral base address in the bit-band region                                */

#define BKPSRAM_BB_BASE       ((uint32_t)0x42024000) /*!< Backup SRAM(4 KB) base address in the bit-band region                         */



/* Legacy defines */

#define SRAM_BASE             SRAM1_BASE

#define SRAM_BB_BASE          SRAM1_BB_BASE





/*!< Peripheral memory map */

#define APB1PERIPH_BASE       PERIPH_BASE

#define APB2PERIPH_BASE       (PERIPH_BASE + 0x00010000)

#define AHB1PERIPH_BASE       (PERIPH_BASE + 0x00020000)

#define AHB2PERIPH_BASE       (PERIPH_BASE + 0x10000000)



/*!< APB1 peripherals */

#define TIM2_BASE             (APB1PERIPH_BASE + 0x0000)

#define TIM3_BASE             (APB1PERIPH_BASE + 0x0400)

#define TIM4_BASE             (APB1PERIPH_BASE + 0x0800)

#define TIM5_BASE             (APB1PERIPH_BASE + 0x0C00)

#define TIM6_BASE             (APB1PERIPH_BASE + 0x1000)

#define TIM7_BASE             (APB1PERIPH_BASE + 0x1400)

#define TIM12_BASE            (APB1PERIPH_BASE + 0x1800)

#define TIM13_BASE            (APB1PERIPH_BASE + 0x1C00)

#define TIM14_BASE            (APB1PERIPH_BASE + 0x2000)

#define RTC_BASE              (APB1PERIPH_BASE + 0x2800)

#define WWDG_BASE             (APB1PERIPH_BASE + 0x2C00)

#define IWDG_BASE             (APB1PERIPH_BASE + 0x3000)

#define I2S2ext_BASE          (APB1PERIPH_BASE + 0x3400)

#define SPI2_BASE             (APB1PERIPH_BASE + 0x3800)

#define SPI3_BASE             (APB1PERIPH_BASE + 0x3C00)

#define I2S3ext_BASE          (APB1PERIPH_BASE + 0x4000)

#define USART2_BASE           (APB1PERIPH_BASE + 0x4400)

#define USART3_BASE           (APB1PERIPH_BASE + 0x4800)

#define UART4_BASE            (APB1PERIPH_BASE + 0x4C00)

#define UART5_BASE            (APB1PERIPH_BASE + 0x5000)

#define I2C1_BASE             (APB1PERIPH_BASE + 0x5400)

#define I2C2_BASE             (APB1PERIPH_BASE + 0x5800)

#define I2C3_BASE             (APB1PERIPH_BASE + 0x5C00)

#define CAN1_BASE             (APB1PERIPH_BASE + 0x6400)

#define CAN2_BASE             (APB1PERIPH_BASE + 0x6800)

#define PWR_BASE              (APB1PERIPH_BASE + 0x7000)

#define DAC_BASE              (APB1PERIPH_BASE + 0x7400)



/*!< APB2 peripherals */

#define TIM1_BASE             (APB2PERIPH_BASE + 0x0000)

#define TIM8_BASE             (APB2PERIPH_BASE + 0x0400)

#define USART1_BASE           (APB2PERIPH_BASE + 0x1000)

#define USART6_BASE           (APB2PERIPH_BASE + 0x1400)

#define ADC1_BASE             (APB2PERIPH_BASE + 0x2000)

#define ADC2_BASE             (APB2PERIPH_BASE + 0x2100)

#define ADC3_BASE             (APB2PERIPH_BASE + 0x2200)

#define ADC_BASE              (APB2PERIPH_BASE + 0x2300)

#define SDIO_BASE             (APB2PERIPH_BASE + 0x2C00)

#define SPI1_BASE             (APB2PERIPH_BASE + 0x3000)

#define SYSCFG_BASE           (APB2PERIPH_BASE + 0x3800)

#define EXTI_BASE             (APB2PERIPH_BASE + 0x3C00)

#define TIM9_BASE             (APB2PERIPH_BASE + 0x4000)

#define TIM10_BASE            (APB2PERIPH_BASE + 0x4400)

#define TIM11_BASE            (APB2PERIPH_BASE + 0x4800)



/*!< AHB1 peripherals */

#define GPIOA_BASE            (AHB1PERIPH_BASE + 0x0000)

#define GPIOB_BASE            (AHB1PERIPH_BASE + 0x0400)

#define GPIOC_BASE            (AHB1PERIPH_BASE + 0x0800)

#define GPIOD_BASE            (AHB1PERIPH_BASE + 0x0C00)

#define GPIOE_BASE            (AHB1PERIPH_BASE + 0x1000)

#define GPIOF_BASE            (AHB1PERIPH_BASE + 0x1400)

#define GPIOG_BASE            (AHB1PERIPH_BASE + 0x1800)

#define GPIOH_BASE            (AHB1PERIPH_BASE + 0x1C00)

#define GPIOI_BASE            (AHB1PERIPH_BASE + 0x2000)

#define CRC_BASE              (AHB1PERIPH_BASE + 0x3000)

#define RCC_BASE              (AHB1PERIPH_BASE + 0x3800)

#define FLASH_R_BASE          (AHB1PERIPH_BASE + 0x3C00)

#define DMA1_BASE             (AHB1PERIPH_BASE + 0x6000)

#define DMA1_Stream0_BASE     (DMA1_BASE + 0x010)

#define DMA1_Stream1_BASE     (DMA1_BASE + 0x028)

#define DMA1_Stream2_BASE     (DMA1_BASE + 0x040)

#define DMA1_Stream3_BASE     (DMA1_BASE + 0x058)

#define DMA1_Stream4_BASE     (DMA1_BASE + 0x070)

#define DMA1_Stream5_BASE     (DMA1_BASE + 0x088)

#define DMA1_Stream6_BASE     (DMA1_BASE + 0x0A0)

#define DMA1_Stream7_BASE     (DMA1_BASE + 0x0B8)

#define DMA2_BASE             (AHB1PERIPH_BASE + 0x6400)

#define DMA2_Stream0_BASE     (DMA2_BASE + 0x010)

#define DMA2_Stream1_BASE     (DMA2_BASE + 0x028)

#define DMA2_Stream2_BASE     (DMA2_BASE + 0x040)

#define DMA2_Stream3_BASE     (DMA2_BASE + 0x058)

#define DMA2_Stream4_BASE     (DMA2_BASE + 0x070)

#define DMA2_Stream5_BASE     (DMA2_BASE + 0x088)

#define DMA2_Stream6_BASE     (DMA2_BASE + 0x0A0)

#define DMA2_Stream7_BASE     (DMA2_BASE + 0x0B8)

#define ETH_BASE              (AHB1PERIPH_BASE + 0x8000)

#define ETH_MAC_BASE          (ETH_BASE)

#define ETH_MMC_BASE          (ETH_BASE + 0x0100)

#define ETH_PTP_BASE          (ETH_BASE + 0x0700)

#define ETH_DMA_BASE          (ETH_BASE + 0x1000)



/*!< AHB2 peripherals */

#define DCMI_BASE             (AHB2PERIPH_BASE + 0x50000)

#define CRYP_BASE             (AHB2PERIPH_BASE + 0x60000)

#define HASH_BASE             (AHB2PERIPH_BASE + 0x60400)

#define RNG_BASE              (AHB2PERIPH_BASE + 0x60800)



/*!< FSMC Bankx registers base address */

#define FSMC_Bank1_R_BASE     (FSMC_R_BASE + 0x0000)

#define FSMC_Bank1E_R_BASE    (FSMC_R_BASE + 0x0104)

#define FSMC_Bank2_R_BASE     (FSMC_R_BASE + 0x0060)

#define FSMC_Bank3_R_BASE     (FSMC_R_BASE + 0x0080)

#define FSMC_Bank4_R_BASE     (FSMC_R_BASE + 0x00A0)



/* Debug MCU registers base address */

#define DBGMCU_BASE           ((uint32_t )0xE0042000)



/**

  * @}

  */

  

/** @addtogroup Peripheral_declaration

  * @{

  */  

#define TIM2                ((TIM_TypeDef *) TIM2_BASE)

#define TIM3                ((TIM_TypeDef *) TIM3_BASE)

#define TIM4                ((TIM_TypeDef *) TIM4_BASE)

#define TIM5                ((TIM_TypeDef *) TIM5_BASE)

#define TIM6                ((TIM_TypeDef *) TIM6_BASE)

#define TIM7                ((TIM_TypeDef *) TIM7_BASE)

#define TIM12               ((TIM_TypeDef *) TIM12_BASE)

#define TIM13               ((TIM_TypeDef *) TIM13_BASE)

#define TIM14               ((TIM_TypeDef *) TIM14_BASE)

#define RTC                 ((RTC_TypeDef *) RTC_BASE)

#define WWDG                ((WWDG_TypeDef *) WWDG_BASE)

#define IWDG                ((IWDG_TypeDef *) IWDG_BASE)

#define I2S2ext             ((SPI_TypeDef *) I2S2ext_BASE)

#define SPI2                ((SPI_TypeDef *) SPI2_BASE)

#define SPI3                ((SPI_TypeDef *) SPI3_BASE)

#define I2S3ext             ((SPI_TypeDef *) I2S3ext_BASE)

#define USART2              ((USART_TypeDef *) USART2_BASE)

#define USART3              ((USART_TypeDef *) USART3_BASE)

#define UART4               ((USART_TypeDef *) UART4_BASE)

#define UART5               ((USART_TypeDef *) UART5_BASE)

#define I2C1                ((I2C_TypeDef *) I2C1_BASE)

#define I2C2                ((I2C_TypeDef *) I2C2_BASE)

#define I2C3                ((I2C_TypeDef *) I2C3_BASE)

#define CAN1                ((CAN_TypeDef *) CAN1_BASE)

#define CAN2                ((CAN_TypeDef *) CAN2_BASE)

#define PWR                 ((PWR_TypeDef *) PWR_BASE)

#define DAC                 ((DAC_TypeDef *) DAC_BASE)

#define TIM1                ((TIM_TypeDef *) TIM1_BASE)

#define TIM8                ((TIM_TypeDef *) TIM8_BASE)

#define USART1              ((USART_TypeDef *) USART1_BASE)

#define USART6              ((USART_TypeDef *) USART6_BASE)

#define ADC                 ((ADC_Common_TypeDef *) ADC_BASE)

#define ADC1                ((ADC_TypeDef *) ADC1_BASE)

#define ADC2                ((ADC_TypeDef *) ADC2_BASE)

#define ADC3                ((ADC_TypeDef *) ADC3_BASE)

#define SDIO                ((SDIO_TypeDef *) SDIO_BASE)

#define SPI1                ((SPI_TypeDef *) SPI1_BASE)

#define SYSCFG              ((SYSCFG_TypeDef *) SYSCFG_BASE)

#define EXTI                ((EXTI_TypeDef *) EXTI_BASE)

#define TIM9                ((TIM_TypeDef *) TIM9_BASE)

#define TIM10               ((TIM_TypeDef *) TIM10_BASE)

#define TIM11               ((TIM_TypeDef *) TIM11_BASE)

#define GPIOA               ((GPIO_TypeDef *) GPIOA_BASE)

#define GPIOB               ((GPIO_TypeDef *) GPIOB_BASE)

#define GPIOC               ((GPIO_TypeDef *) GPIOC_BASE)

#define GPIOD               ((GPIO_TypeDef *) GPIOD_BASE)

#define GPIOE               ((GPIO_TypeDef *) GPIOE_BASE)

#define GPIOF               ((GPIO_TypeDef *) GPIOF_BASE)

#define GPIOG               ((GPIO_TypeDef *) GPIOG_BASE)

#define GPIOH               ((GPIO_TypeDef *) GPIOH_BASE)

#define GPIOI               ((GPIO_TypeDef *) GPIOI_BASE)

#define CRC                 ((CRC_TypeDef *) CRC_BASE)

#define RCC                 ((RCC_TypeDef *) RCC_BASE)

#define FLASH               ((FLASH_TypeDef *) FLASH_R_BASE)

#define DMA1                ((DMA_TypeDef *) DMA1_BASE)

#define DMA1_Stream0        ((DMA_Stream_TypeDef *) DMA1_Stream0_BASE)

#define DMA1_Stream1        ((DMA_Stream_TypeDef *) DMA1_Stream1_BASE)

#define DMA1_Stream2        ((DMA_Stream_TypeDef *) DMA1_Stream2_BASE)

#define DMA1_Stream3        ((DMA_Stream_TypeDef *) DMA1_Stream3_BASE)

#define DMA1_Stream4        ((DMA_Stream_TypeDef *) DMA1_Stream4_BASE)

#define DMA1_Stream5        ((DMA_Stream_TypeDef *) DMA1_Stream5_BASE)

#define DMA1_Stream6        ((DMA_Stream_TypeDef *) DMA1_Stream6_BASE)

#define DMA1_Stream7        ((DMA_Stream_TypeDef *) DMA1_Stream7_BASE)

#define DMA2                ((DMA_TypeDef *) DMA2_BASE)

#define DMA2_Stream0        ((DMA_Stream_TypeDef *) DMA2_Stream0_BASE)

#define DMA2_Stream1        ((DMA_Stream_TypeDef *) DMA2_Stream1_BASE)

#define DMA2_Stream2        ((DMA_Stream_TypeDef *) DMA2_Stream2_BASE)

#define DMA2_Stream3        ((DMA_Stream_TypeDef *) DMA2_Stream3_BASE)

#define DMA2_Stream4        ((DMA_Stream_TypeDef *) DMA2_Stream4_BASE)

#define DMA2_Stream5        ((DMA_Stream_TypeDef *) DMA2_Stream5_BASE)

#define DMA2_Stream6        ((DMA_Stream_TypeDef *) DMA2_Stream6_BASE)

#define DMA2_Stream7        ((DMA_Stream_TypeDef *) DMA2_Stream7_BASE)

#define ETH                 ((ETH_TypeDef *) ETH_BASE)  

#define DCMI                ((DCMI_TypeDef *) DCMI_BASE)

#define CRYP                ((CRYP_TypeDef *) CRYP_BASE)

#define HASH                ((HASH_TypeDef *) HASH_BASE)

#define RNG                 ((RNG_TypeDef *) RNG_BASE)

#define FSMC_Bank1          ((FSMC_Bank1_TypeDef *) FSMC_Bank1_R_BASE)

#define FSMC_Bank1E         ((FSMC_Bank1E_TypeDef *) FSMC_Bank1E_R_BASE)

#define FSMC_Bank2          ((FSMC_Bank2_TypeDef *) FSMC_Bank2_R_BASE)

#define FSMC_Bank3          ((FSMC_Bank3_TypeDef *) FSMC_Bank3_R_BASE)

#define FSMC_Bank4          ((FSMC_Bank4_TypeDef *) FSMC_Bank4_R_BASE)

#define DBGMCU              ((DBGMCU_TypeDef *) DBGMCU_BASE)



/**

  * @}

  */



/** @addtogroup Exported_constants

  * @{

  */

  

  /** @addtogroup Peripheral_Registers_Bits_Definition

  * @{

  */

    

/******************************************************************************/

/*                         Peripheral Registers_Bits_Definition               */

/******************************************************************************/



/******************************************************************************/

/*                                                                            */

/*                        Analog to Digital Converter                         */

/*                                                                            */

/******************************************************************************/

/********************  Bit definition for ADC_SR register  ********************/

#define  ADC_SR_AWD                          ((uint8_t)0x01)               /*!<Analog watchdog flag */

#define  ADC_SR_EOC                          ((uint8_t)0x02)               /*!<End of conversion */

#define  ADC_SR_JEOC                         ((uint8_t)0x04)               /*!<Injected channel end of conversion */

#define  ADC_SR_JSTRT                        ((uint8_t)0x08)               /*!<Injected channel Start flag */

#define  ADC_SR_STRT                         ((uint8_t)0x10)               /*!<Regular channel Start flag */

#define  ADC_SR_OVR                          ((uint8_t)0x20)               /*!<Overrun flag */



/*******************  Bit definition for ADC_CR1 register  ********************/

#define  ADC_CR1_AWDCH                       ((uint32_t)0x0000001F)        /*!<AWDCH[4:0] bits (Analog watchdog channel select bits) */

#define  ADC_CR1_AWDCH_0                     ((uint32_t)0x00000001)        /*!<Bit 0 */

#define  ADC_CR1_AWDCH_1                     ((uint32_t)0x00000002)        /*!<Bit 1 */

#define  ADC_CR1_AWDCH_2                     ((uint32_t)0x00000004)        /*!<Bit 2 */

#define  ADC_CR1_AWDCH_3                     ((uint32_t)0x00000008)        /*!<Bit 3 */

#define  ADC_CR1_AWDCH_4                     ((uint32_t)0x00000010)        /*!<Bit 4 */

#define  ADC_CR1_EOCIE                       ((uint32_t)0x00000020)        /*!<Interrupt enable for EOC */

#define  ADC_CR1_AWDIE                       ((uint32_t)0x00000040)        /*!<AAnalog Watchdog interrupt enable */

#define  ADC_CR1_JEOCIE                      ((uint32_t)0x00000080)        /*!<Interrupt enable for injected channels */

#define  ADC_CR1_SCAN                        ((uint32_t)0x00000100)        /*!<Scan mode */

#define  ADC_CR1_AWDSGL                      ((uint32_t)0x00000200)        /*!<Enable the watchdog on a single channel in scan mode */

#define  ADC_CR1_JAUTO                       ((uint32_t)0x00000400)        /*!<Automatic injected group conversion */

#define  ADC_CR1_DISCEN                      ((uint32_t)0x00000800)        /*!<Discontinuous mode on regular channels */

#define  ADC_CR1_JDISCEN                     ((uint32_t)0x00001000)        /*!<Discontinuous mode on injected channels */

#define  ADC_CR1_DISCNUM                     ((uint32_t)0x0000E000)        /*!<DISCNUM[2:0] bits (Discontinuous mode channel count) */

#define  ADC_CR1_DISCNUM_0                   ((uint32_t)0x00002000)        /*!<Bit 0 */

#define  ADC_CR1_DISCNUM_1                   ((uint32_t)0x00004000)        /*!<Bit 1 */

#define  ADC_CR1_DISCNUM_2                   ((uint32_t)0x00008000)        /*!<Bit 2 */

#define  ADC_CR1_JAWDEN                      ((uint32_t)0x00400000)        /*!<Analog watchdog enable on injected channels */

#define  ADC_CR1_AWDEN                       ((uint32_t)0x00800000)        /*!<Analog watchdog enable on regular channels */

#define  ADC_CR1_RES                         ((uint32_t)0x03000000)        /*!<RES[2:0] bits (Resolution) */

#define  ADC_CR1_RES_0                       ((uint32_t)0x01000000)        /*!<Bit 0 */

#define  ADC_CR1_RES_1                       ((uint32_t)0x02000000)        /*!<Bit 1 */

#define  ADC_CR1_OVRIE                       ((uint32_t)0x04000000)         /*!<overrun interrupt enable */

  

/*******************  Bit definition for ADC_CR2 register  ********************/

#define  ADC_CR2_ADON                        ((uint32_t)0x00000001)        /*!<A/D Converter ON / OFF */

#define  ADC_CR2_CONT                        ((uint32_t)0x00000002)        /*!<Continuous Conversion */

#define  ADC_CR2_DMA                         ((uint32_t)0x00000100)        /*!<Direct Memory access mode */

#define  ADC_CR2_DDS                         ((uint32_t)0x00000200)        /*!<DMA disable selection (Single ADC) */

#define  ADC_CR2_EOCS                        ((uint32_t)0x00000400)        /*!<End of conversion selection */

#define  ADC_CR2_ALIGN                       ((uint32_t)0x00000800)        /*!<Data Alignment */

#define  ADC_CR2_JEXTSEL                     ((uint32_t)0x000F0000)        /*!<JEXTSEL[3:0] bits (External event select for injected group) */

#define  ADC_CR2_JEXTSEL_0                   ((uint32_t)0x00010000)        /*!<Bit 0 */

#define  ADC_CR2_JEXTSEL_1                   ((uint32_t)0x00020000)        /*!<Bit 1 */

#define  ADC_CR2_JEXTSEL_2                   ((uint32_t)0x00040000)        /*!<Bit 2 */

#define  ADC_CR2_JEXTSEL_3                   ((uint32_t)0x00080000)        /*!<Bit 3 */

#define  ADC_CR2_JEXTEN                      ((uint32_t)0x00300000)        /*!<JEXTEN[1:0] bits (External Trigger Conversion mode for injected channelsp) */

#define  ADC_CR2_JEXTEN_0                    ((uint32_t)0x00100000)        /*!<Bit 0 */

#define  ADC_CR2_JEXTEN_1                    ((uint32_t)0x00200000)        /*!<Bit 1 */

#define  ADC_CR2_JSWSTART                    ((uint32_t)0x00400000)        /*!<Start Conversion of injected channels */

#define  ADC_CR2_EXTSEL                      ((uint32_t)0x0F000000)        /*!<EXTSEL[3:0] bits (External Event Select for regular group) */

#define  ADC_CR2_EXTSEL_0                    ((uint32_t)0x01000000)        /*!<Bit 0 */

#define  ADC_CR2_EXTSEL_1                    ((uint32_t)0x02000000)        /*!<Bit 1 */

#define  ADC_CR2_EXTSEL_2                    ((uint32_t)0x04000000)        /*!<Bit 2 */

#define  ADC_CR2_EXTSEL_3                    ((uint32_t)0x08000000)        /*!<Bit 3 */

#define  ADC_CR2_EXTEN                       ((uint32_t)0x30000000)        /*!<EXTEN[1:0] bits (External Trigger Conversion mode for regular channelsp) */

#define  ADC_CR2_EXTEN_0                     ((uint32_t)0x10000000)        /*!<Bit 0 */

#define  ADC_CR2_EXTEN_1                     ((uint32_t)0x20000000)        /*!<Bit 1 */

#define  ADC_CR2_SWSTART                     ((uint32_t)0x40000000)        /*!<Start Conversion of regular channels */



/******************  Bit definition for ADC_SMPR1 register  *******************/

#define  ADC_SMPR1_SMP10                     ((uint32_t)0x00000007)        /*!<SMP10[2:0] bits (Channel 10 Sample time selection) */

#define  ADC_SMPR1_SMP10_0                   ((uint32_t)0x00000001)        /*!<Bit 0 */

#define  ADC_SMPR1_SMP10_1                   ((uint32_t)0x00000002)        /*!<Bit 1 */

#define  ADC_SMPR1_SMP10_2                   ((uint32_t)0x00000004)        /*!<Bit 2 */

#define  ADC_SMPR1_SMP11                     ((uint32_t)0x00000038)        /*!<SMP11[2:0] bits (Channel 11 Sample time selection) */

#define  ADC_SMPR1_SMP11_0                   ((uint32_t)0x00000008)        /*!<Bit 0 */

#define  ADC_SMPR1_SMP11_1                   ((uint32_t)0x00000010)        /*!<Bit 1 */

#define  ADC_SMPR1_SMP11_2                   ((uint32_t)0x00000020)        /*!<Bit 2 */

#define  ADC_SMPR1_SMP12                     ((uint32_t)0x000001C0)        /*!<SMP12[2:0] bits (Channel 12 Sample time selection) */

#define  ADC_SMPR1_SMP12_0                   ((uint32_t)0x00000040)        /*!<Bit 0 */

#define  ADC_SMPR1_SMP12_1                   ((uint32_t)0x00000080)        /*!<Bit 1 */

#define  ADC_SMPR1_SMP12_2                   ((uint32_t)0x00000100)        /*!<Bit 2 */

#define  ADC_SMPR1_SMP13                     ((uint32_t)0x00000E00)        /*!<SMP13[2:0] bits (Channel 13 Sample time selection) */

#define  ADC_SMPR1_SMP13_0                   ((uint32_t)0x00000200)        /*!<Bit 0 */

#define  ADC_SMPR1_SMP13_1                   ((uint32_t)0x00000400)        /*!<Bit 1 */

#define  ADC_SMPR1_SMP13_2                   ((uint32_t)0x00000800)        /*!<Bit 2 */

#define  ADC_SMPR1_SMP14                     ((uint32_t)0x00007000)        /*!<SMP14[2:0] bits (Channel 14 Sample time selection) */

#define  ADC_SMPR1_SMP14_0                   ((uint32_t)0x00001000)        /*!<Bit 0 */

#define  ADC_SMPR1_SMP14_1                   ((uint32_t)0x00002000)        /*!<Bit 1 */

#define  ADC_SMPR1_SMP14_2                   ((uint32_t)0x00004000)        /*!<Bit 2 */

#define  ADC_SMPR1_SMP15                     ((uint32_t)0x00038000)        /*!<SMP15[2:0] bits (Channel 15 Sample time selection) */

#define  ADC_SMPR1_SMP15_0                   ((uint32_t)0x00008000)        /*!<Bit 0 */

#define  ADC_SMPR1_SMP15_1                   ((uint32_t)0x00010000)        /*!<Bit 1 */

#define  ADC_SMPR1_SMP15_2                   ((uint32_t)0x00020000)        /*!<Bit 2 */

#define  ADC_SMPR1_SMP16                     ((uint32_t)0x001C0000)        /*!<SMP16[2:0] bits (Channel 16 Sample time selection) */

#define  ADC_SMPR1_SMP16_0                   ((uint32_t)0x00040000)        /*!<Bit 0 */

#define  ADC_SMPR1_SMP16_1                   ((uint32_t)0x00080000)        /*!<Bit 1 */

#define  ADC_SMPR1_SMP16_2                   ((uint32_t)0x00100000)        /*!<Bit 2 */

#define  ADC_SMPR1_SMP17                     ((uint32_t)0x00E00000)        /*!<SMP17[2:0] bits (Channel 17 Sample time selection) */

#define  ADC_SMPR1_SMP17_0                   ((uint32_t)0x00200000)        /*!<Bit 0 */

#define  ADC_SMPR1_SMP17_1                   ((uint32_t)0x00400000)        /*!<Bit 1 */

#define  ADC_SMPR1_SMP17_2                   ((uint32_t)0x00800000)        /*!<Bit 2 */

#define  ADC_SMPR1_SMP18                     ((uint32_t)0x07000000)        /*!<SMP18[2:0] bits (Channel 18 Sample time selection) */

#define  ADC_SMPR1_SMP18_0                   ((uint32_t)0x01000000)        /*!<Bit 0 */

#define  ADC_SMPR1_SMP18_1                   ((uint32_t)0x02000000)        /*!<Bit 1 */

#define  ADC_SMPR1_SMP18_2                   ((uint32_t)0x04000000)        /*!<Bit 2 */



/******************  Bit definition for ADC_SMPR2 register  *******************/

#define  ADC_SMPR2_SMP0                      ((uint32_t)0x00000007)        /*!<SMP0[2:0] bits (Channel 0 Sample time selection) */

#define  ADC_SMPR2_SMP0_0                    ((uint32_t)0x00000001)        /*!<Bit 0 */

#define  ADC_SMPR2_SMP0_1                    ((uint32_t)0x00000002)        /*!<Bit 1 */

#define  ADC_SMPR2_SMP0_2                    ((uint32_t)0x00000004)        /*!<Bit 2 */

#define  ADC_SMPR2_SMP1                      ((uint32_t)0x00000038)        /*!<SMP1[2:0] bits (Channel 1 Sample time selection) */

#define  ADC_SMPR2_SMP1_0                    ((uint32_t)0x00000008)        /*!<Bit 0 */

#define  ADC_SMPR2_SMP1_1                    ((uint32_t)0x00000010)        /*!<Bit 1 */

#define  ADC_SMPR2_SMP1_2                    ((uint32_t)0x00000020)        /*!<Bit 2 */

#define  ADC_SMPR2_SMP2                      ((uint32_t)0x000001C0)        /*!<SMP2[2:0] bits (Channel 2 Sample time selection) */

#define  ADC_SMPR2_SMP2_0                    ((uint32_t)0x00000040)        /*!<Bit 0 */

#define  ADC_SMPR2_SMP2_1                    ((uint32_t)0x00000080)        /*!<Bit 1 */

#define  ADC_SMPR2_SMP2_2                    ((uint32_t)0x00000100)        /*!<Bit 2 */

#define  ADC_SMPR2_SMP3                      ((uint32_t)0x00000E00)        /*!<SMP3[2:0] bits (Channel 3 Sample time selection) */

#define  ADC_SMPR2_SMP3_0                    ((uint32_t)0x00000200)        /*!<Bit 0 */

#define  ADC_SMPR2_SMP3_1                    ((uint32_t)0x00000400)        /*!<Bit 1 */

#define  ADC_SMPR2_SMP3_2                    ((uint32_t)0x00000800)        /*!<Bit 2 */

#define  ADC_SMPR2_SMP4                      ((uint32_t)0x00007000)        /*!<SMP4[2:0] bits (Channel 4 Sample time selection) */

#define  ADC_SMPR2_SMP4_0                    ((uint32_t)0x00001000)        /*!<Bit 0 */

#define  ADC_SMPR2_SMP4_1                    ((uint32_t)0x00002000)        /*!<Bit 1 */

#define  ADC_SMPR2_SMP4_2                    ((uint32_t)0x00004000)        /*!<Bit 2 */

#define  ADC_SMPR2_SMP5                      ((uint32_t)0x00038000)        /*!<SMP5[2:0] bits (Channel 5 Sample time selection) */

#define  ADC_SMPR2_SMP5_0                    ((uint32_t)0x00008000)        /*!<Bit 0 */

#define  ADC_SMPR2_SMP5_1                    ((uint32_t)0x00010000)        /*!<Bit 1 */

#define  ADC_SMPR2_SMP5_2                    ((uint32_t)0x00020000)        /*!<Bit 2 */

#define  ADC_SMPR2_SMP6                      ((uint32_t)0x001C0000)        /*!<SMP6[2:0] bits (Channel 6 Sample time selection) */

#define  ADC_SMPR2_SMP6_0                    ((uint32_t)0x00040000)        /*!<Bit 0 */

#define  ADC_SMPR2_SMP6_1                    ((uint32_t)0x00080000)        /*!<Bit 1 */

#define  ADC_SMPR2_SMP6_2                    ((uint32_t)0x00100000)        /*!<Bit 2 */

#define  ADC_SMPR2_SMP7                      ((uint32_t)0x00E00000)        /*!<SMP7[2:0] bits (Channel 7 Sample time selection) */

#define  ADC_SMPR2_SMP7_0                    ((uint32_t)0x00200000)        /*!<Bit 0 */

#define  ADC_SMPR2_SMP7_1                    ((uint32_t)0x00400000)        /*!<Bit 1 */

#define  ADC_SMPR2_SMP7_2                    ((uint32_t)0x00800000)        /*!<Bit 2 */

#define  ADC_SMPR2_SMP8                      ((uint32_t)0x07000000)        /*!<SMP8[2:0] bits (Channel 8 Sample time selection) */

#define  ADC_SMPR2_SMP8_0                    ((uint32_t)0x01000000)        /*!<Bit 0 */

#define  ADC_SMPR2_SMP8_1                    ((uint32_t)0x02000000)        /*!<Bit 1 */

#define  ADC_SMPR2_SMP8_2                    ((uint32_t)0x04000000)        /*!<Bit 2 */

#define  ADC_SMPR2_SMP9                      ((uint32_t)0x38000000)        /*!<SMP9[2:0] bits (Channel 9 Sample time selection) */

#define  ADC_SMPR2_SMP9_0                    ((uint32_t)0x08000000)        /*!<Bit 0 */

#define  ADC_SMPR2_SMP9_1                    ((uint32_t)0x10000000)        /*!<Bit 1 */

#define  ADC_SMPR2_SMP9_2                    ((uint32_t)0x20000000)        /*!<Bit 2 */



/******************  Bit definition for ADC_JOFR1 register  *******************/

#define  ADC_JOFR1_JOFFSET1                  ((uint16_t)0x0FFF)            /*!<Data offset for injected channel 1 */



/******************  Bit definition for ADC_JOFR2 register  *******************/

#define  ADC_JOFR2_JOFFSET2                  ((uint16_t)0x0FFF)            /*!<Data offset for injected channel 2 */



/******************  Bit definition for ADC_JOFR3 register  *******************/

#define  ADC_JOFR3_JOFFSET3                  ((uint16_t)0x0FFF)            /*!<Data offset for injected channel 3 */



/******************  Bit definition for ADC_JOFR4 register  *******************/

#define  ADC_JOFR4_JOFFSET4                  ((uint16_t)0x0FFF)            /*!<Data offset for injected channel 4 */



/*******************  Bit definition for ADC_HTR register  ********************/

#define  ADC_HTR_HT                          ((uint16_t)0x0FFF)            /*!<Analog watchdog high threshold */



/*******************  Bit definition for ADC_LTR register  ********************/

#define  ADC_LTR_LT                          ((uint16_t)0x0FFF)            /*!<Analog watchdog low threshold */



/*******************  Bit definition for ADC_SQR1 register  *******************/

#define  ADC_SQR1_SQ13                       ((uint32_t)0x0000001F)        /*!<SQ13[4:0] bits (13th conversion in regular sequence) */

#define  ADC_SQR1_SQ13_0                     ((uint32_t)0x00000001)        /*!<Bit 0 */

#define  ADC_SQR1_SQ13_1                     ((uint32_t)0x00000002)        /*!<Bit 1 */

#define  ADC_SQR1_SQ13_2                     ((uint32_t)0x00000004)        /*!<Bit 2 */

#define  ADC_SQR1_SQ13_3                     ((uint32_t)0x00000008)        /*!<Bit 3 */

#define  ADC_SQR1_SQ13_4                     ((uint32_t)0x00000010)        /*!<Bit 4 */

#define  ADC_SQR1_SQ14                       ((uint32_t)0x000003E0)        /*!<SQ14[4:0] bits (14th conversion in regular sequence) */

#define  ADC_SQR1_SQ14_0                     ((uint32_t)0x00000020)        /*!<Bit 0 */

#define  ADC_SQR1_SQ14_1                     ((uint32_t)0x00000040)        /*!<Bit 1 */

#define  ADC_SQR1_SQ14_2                     ((uint32_t)0x00000080)        /*!<Bit 2 */

#define  ADC_SQR1_SQ14_3                     ((uint32_t)0x00000100)        /*!<Bit 3 */

#define  ADC_SQR1_SQ14_4                     ((uint32_t)0x00000200)        /*!<Bit 4 */

#define  ADC_SQR1_SQ15                       ((uint32_t)0x00007C00)        /*!<SQ15[4:0] bits (15th conversion in regular sequence) */

#define  ADC_SQR1_SQ15_0                     ((uint32_t)0x00000400)        /*!<Bit 0 */

#define  ADC_SQR1_SQ15_1                     ((uint32_t)0x00000800)        /*!<Bit 1 */

#define  ADC_SQR1_SQ15_2                     ((uint32_t)0x00001000)        /*!<Bit 2 */

#define  ADC_SQR1_SQ15_3                     ((uint32_t)0x00002000)        /*!<Bit 3 */

#define  ADC_SQR1_SQ15_4                     ((uint32_t)0x00004000)        /*!<Bit 4 */

#define  ADC_SQR1_SQ16                       ((uint32_t)0x000F8000)        /*!<SQ16[4:0] bits (16th conversion in regular sequence) */

#define  ADC_SQR1_SQ16_0                     ((uint32_t)0x00008000)        /*!<Bit 0 */

#define  ADC_SQR1_SQ16_1                     ((uint32_t)0x00010000)        /*!<Bit 1 */

#define  ADC_SQR1_SQ16_2                     ((uint32_t)0x00020000)        /*!<Bit 2 */

#define  ADC_SQR1_SQ16_3                     ((uint32_t)0x00040000)        /*!<Bit 3 */

#define  ADC_SQR1_SQ16_4                     ((uint32_t)0x00080000)        /*!<Bit 4 */

#define  ADC_SQR1_L                          ((uint32_t)0x00F00000)        /*!<L[3:0] bits (Regular channel sequence length) */

#define  ADC_SQR1_L_0                        ((uint32_t)0x00100000)        /*!<Bit 0 */

#define  ADC_SQR1_L_1                        ((uint32_t)0x00200000)        /*!<Bit 1 */

#define  ADC_SQR1_L_2                        ((uint32_t)0x00400000)        /*!<Bit 2 */

#define  ADC_SQR1_L_3                        ((uint32_t)0x00800000)        /*!<Bit 3 */



/*******************  Bit definition for ADC_SQR2 register  *******************/

#define  ADC_SQR2_SQ7                        ((uint32_t)0x0000001F)        /*!<SQ7[4:0] bits (7th conversion in regular sequence) */

#define  ADC_SQR2_SQ7_0                      ((uint32_t)0x00000001)        /*!<Bit 0 */

#define  ADC_SQR2_SQ7_1                      ((uint32_t)0x00000002)        /*!<Bit 1 */

#define  ADC_SQR2_SQ7_2                      ((uint32_t)0x00000004)        /*!<Bit 2 */

#define  ADC_SQR2_SQ7_3                      ((uint32_t)0x00000008)        /*!<Bit 3 */

#define  ADC_SQR2_SQ7_4                      ((uint32_t)0x00000010)        /*!<Bit 4 */

#define  ADC_SQR2_SQ8                        ((uint32_t)0x000003E0)        /*!<SQ8[4:0] bits (8th conversion in regular sequence) */

#define  ADC_SQR2_SQ8_0                      ((uint32_t)0x00000020)        /*!<Bit 0 */

#define  ADC_SQR2_SQ8_1                      ((uint32_t)0x00000040)        /*!<Bit 1 */

#define  ADC_SQR2_SQ8_2                      ((uint32_t)0x00000080)        /*!<Bit 2 */

#define  ADC_SQR2_SQ8_3                      ((uint32_t)0x00000100)        /*!<Bit 3 */

#define  ADC_SQR2_SQ8_4                      ((uint32_t)0x00000200)        /*!<Bit 4 */

#define  ADC_SQR2_SQ9                        ((uint32_t)0x00007C00)        /*!<SQ9[4:0] bits (9th conversion in regular sequence) */

#define  ADC_SQR2_SQ9_0                      ((uint32_t)0x00000400)        /*!<Bit 0 */

#define  ADC_SQR2_SQ9_1                      ((uint32_t)0x00000800)        /*!<Bit 1 */

#define  ADC_SQR2_SQ9_2                      ((uint32_t)0x00001000)        /*!<Bit 2 */

#define  ADC_SQR2_SQ9_3                      ((uint32_t)0x00002000)        /*!<Bit 3 */

#define  ADC_SQR2_SQ9_4                      ((uint32_t)0x00004000)        /*!<Bit 4 */

#define  ADC_SQR2_SQ10                       ((uint32_t)0x000F8000)        /*!<SQ10[4:0] bits (10th conversion in regular sequence) */

#define  ADC_SQR2_SQ10_0                     ((uint32_t)0x00008000)        /*!<Bit 0 */

#define  ADC_SQR2_SQ10_1                     ((uint32_t)0x00010000)        /*!<Bit 1 */

#define  ADC_SQR2_SQ10_2                     ((uint32_t)0x00020000)        /*!<Bit 2 */

#define  ADC_SQR2_SQ10_3                     ((uint32_t)0x00040000)        /*!<Bit 3 */

#define  ADC_SQR2_SQ10_4                     ((uint32_t)0x00080000)        /*!<Bit 4 */

#define  ADC_SQR2_SQ11                       ((uint32_t)0x01F00000)        /*!<SQ11[4:0] bits (11th conversion in regular sequence) */

#define  ADC_SQR2_SQ11_0                     ((uint32_t)0x00100000)        /*!<Bit 0 */

#define  ADC_SQR2_SQ11_1                     ((uint32_t)0x00200000)        /*!<Bit 1 */

#define  ADC_SQR2_SQ11_2                     ((uint32_t)0x00400000)        /*!<Bit 2 */

#define  ADC_SQR2_SQ11_3                     ((uint32_t)0x00800000)        /*!<Bit 3 */

#define  ADC_SQR2_SQ11_4                     ((uint32_t)0x01000000)        /*!<Bit 4 */

#define  ADC_SQR2_SQ12                       ((uint32_t)0x3E000000)        /*!<SQ12[4:0] bits (12th conversion in regular sequence) */

#define  ADC_SQR2_SQ12_0                     ((uint32_t)0x02000000)        /*!<Bit 0 */

#define  ADC_SQR2_SQ12_1                     ((uint32_t)0x04000000)        /*!<Bit 1 */

#define  ADC_SQR2_SQ12_2                     ((uint32_t)0x08000000)        /*!<Bit 2 */

#define  ADC_SQR2_SQ12_3                     ((uint32_t)0x10000000)        /*!<Bit 3 */

#define  ADC_SQR2_SQ12_4                     ((uint32_t)0x20000000)        /*!<Bit 4 */



/*******************  Bit definition for ADC_SQR3 register  *******************/

#define  ADC_SQR3_SQ1                        ((uint32_t)0x0000001F)        /*!<SQ1[4:0] bits (1st conversion in regular sequence) */

#define  ADC_SQR3_SQ1_0                      ((uint32_t)0x00000001)        /*!<Bit 0 */

#define  ADC_SQR3_SQ1_1                      ((uint32_t)0x00000002)        /*!<Bit 1 */

#define  ADC_SQR3_SQ1_2                      ((uint32_t)0x00000004)        /*!<Bit 2 */

#define  ADC_SQR3_SQ1_3                      ((uint32_t)0x00000008)        /*!<Bit 3 */

#define  ADC_SQR3_SQ1_4                      ((uint32_t)0x00000010)        /*!<Bit 4 */

#define  ADC_SQR3_SQ2                        ((uint32_t)0x000003E0)        /*!<SQ2[4:0] bits (2nd conversion in regular sequence) */

#define  ADC_SQR3_SQ2_0                      ((uint32_t)0x00000020)        /*!<Bit 0 */

#define  ADC_SQR3_SQ2_1                      ((uint32_t)0x00000040)        /*!<Bit 1 */

#define  ADC_SQR3_SQ2_2                      ((uint32_t)0x00000080)        /*!<Bit 2 */

#define  ADC_SQR3_SQ2_3                      ((uint32_t)0x00000100)        /*!<Bit 3 */

#define  ADC_SQR3_SQ2_4                      ((uint32_t)0x00000200)        /*!<Bit 4 */

#define  ADC_SQR3_SQ3                        ((uint32_t)0x00007C00)        /*!<SQ3[4:0] bits (3rd conversion in regular sequence) */

#define  ADC_SQR3_SQ3_0                      ((uint32_t)0x00000400)        /*!<Bit 0 */

#define  ADC_SQR3_SQ3_1                      ((uint32_t)0x00000800)        /*!<Bit 1 */

#define  ADC_SQR3_SQ3_2                      ((uint32_t)0x00001000)        /*!<Bit 2 */

#define  ADC_SQR3_SQ3_3                      ((uint32_t)0x00002000)        /*!<Bit 3 */

#define  ADC_SQR3_SQ3_4                      ((uint32_t)0x00004000)        /*!<Bit 4 */

#define  ADC_SQR3_SQ4                        ((uint32_t)0x000F8000)        /*!<SQ4[4:0] bits (4th conversion in regular sequence) */

#define  ADC_SQR3_SQ4_0                      ((uint32_t)0x00008000)        /*!<Bit 0 */

#define  ADC_SQR3_SQ4_1                      ((uint32_t)0x00010000)        /*!<Bit 1 */

#define  ADC_SQR3_SQ4_2                      ((uint32_t)0x00020000)        /*!<Bit 2 */

#define  ADC_SQR3_SQ4_3                      ((uint32_t)0x00040000)        /*!<Bit 3 */

#define  ADC_SQR3_SQ4_4                      ((uint32_t)0x00080000)        /*!<Bit 4 */

#define  ADC_SQR3_SQ5                        ((uint32_t)0x01F00000)        /*!<SQ5[4:0] bits (5th conversion in regular sequence) */

#define  ADC_SQR3_SQ5_0                      ((uint32_t)0x00100000)        /*!<Bit 0 */

#define  ADC_SQR3_SQ5_1                      ((uint32_t)0x00200000)        /*!<Bit 1 */

#define  ADC_SQR3_SQ5_2                      ((uint32_t)0x00400000)        /*!<Bit 2 */

#define  ADC_SQR3_SQ5_3                      ((uint32_t)0x00800000)        /*!<Bit 3 */

#define  ADC_SQR3_SQ5_4                      ((uint32_t)0x01000000)        /*!<Bit 4 */

#define  ADC_SQR3_SQ6                        ((uint32_t)0x3E000000)        /*!<SQ6[4:0] bits (6th conversion in regular sequence) */

#define  ADC_SQR3_SQ6_0                      ((uint32_t)0x02000000)        /*!<Bit 0 */

#define  ADC_SQR3_SQ6_1                      ((uint32_t)0x04000000)        /*!<Bit 1 */

#define  ADC_SQR3_SQ6_2                      ((uint32_t)0x08000000)        /*!<Bit 2 */

#define  ADC_SQR3_SQ6_3                      ((uint32_t)0x10000000)        /*!<Bit 3 */

#define  ADC_SQR3_SQ6_4                      ((uint32_t)0x20000000)        /*!<Bit 4 */



/*******************  Bit definition for ADC_JSQR register  *******************/

#define  ADC_JSQR_JSQ1                       ((uint32_t)0x0000001F)        /*!<JSQ1[4:0] bits (1st conversion in injected sequence) */  

#define  ADC_JSQR_JSQ1_0                     ((uint32_t)0x00000001)        /*!<Bit 0 */

#define  ADC_JSQR_JSQ1_1                     ((uint32_t)0x00000002)        /*!<Bit 1 */

#define  ADC_JSQR_JSQ1_2                     ((uint32_t)0x00000004)        /*!<Bit 2 */

#define  ADC_JSQR_JSQ1_3                     ((uint32_t)0x00000008)        /*!<Bit 3 */

#define  ADC_JSQR_JSQ1_4                     ((uint32_t)0x00000010)        /*!<Bit 4 */

#define  ADC_JSQR_JSQ2                       ((uint32_t)0x000003E0)        /*!<JSQ2[4:0] bits (2nd conversion in injected sequence) */

#define  ADC_JSQR_JSQ2_0                     ((uint32_t)0x00000020)        /*!<Bit 0 */

#define  ADC_JSQR_JSQ2_1                     ((uint32_t)0x00000040)        /*!<Bit 1 */

#define  ADC_JSQR_JSQ2_2                     ((uint32_t)0x00000080)        /*!<Bit 2 */

#define  ADC_JSQR_JSQ2_3                     ((uint32_t)0x00000100)        /*!<Bit 3 */

#define  ADC_JSQR_JSQ2_4                     ((uint32_t)0x00000200)        /*!<Bit 4 */

#define  ADC_JSQR_JSQ3                       ((uint32_t)0x00007C00)        /*!<JSQ3[4:0] bits (3rd conversion in injected sequence) */

#define  ADC_JSQR_JSQ3_0                     ((uint32_t)0x00000400)        /*!<Bit 0 */

#define  ADC_JSQR_JSQ3_1                     ((uint32_t)0x00000800)        /*!<Bit 1 */

#define  ADC_JSQR_JSQ3_2                     ((uint32_t)0x00001000)        /*!<Bit 2 */

#define  ADC_JSQR_JSQ3_3                     ((uint32_t)0x00002000)        /*!<Bit 3 */

#define  ADC_JSQR_JSQ3_4                     ((uint32_t)0x00004000)        /*!<Bit 4 */

#define  ADC_JSQR_JSQ4                       ((uint32_t)0x000F8000)        /*!<JSQ4[4:0] bits (4th conversion in injected sequence) */

#define  ADC_JSQR_JSQ4_0                     ((uint32_t)0x00008000)        /*!<Bit 0 */

#define  ADC_JSQR_JSQ4_1                     ((uint32_t)0x00010000)        /*!<Bit 1 */

#define  ADC_JSQR_JSQ4_2                     ((uint32_t)0x00020000)        /*!<Bit 2 */

#define  ADC_JSQR_JSQ4_3                     ((uint32_t)0x00040000)        /*!<Bit 3 */

#define  ADC_JSQR_JSQ4_4                     ((uint32_t)0x00080000)        /*!<Bit 4 */

#define  ADC_JSQR_JL                         ((uint32_t)0x00300000)        /*!<JL[1:0] bits (Injected Sequence length) */

#define  ADC_JSQR_JL_0                       ((uint32_t)0x00100000)        /*!<Bit 0 */

#define  ADC_JSQR_JL_1                       ((uint32_t)0x00200000)        /*!<Bit 1 */



/*******************  Bit definition for ADC_JDR1 register  *******************/

#define  ADC_JDR1_JDATA                      ((uint16_t)0xFFFF)            /*!<Injected data */



/*******************  Bit definition for ADC_JDR2 register  *******************/

#define  ADC_JDR2_JDATA                      ((uint16_t)0xFFFF)            /*!<Injected data */



/*******************  Bit definition for ADC_JDR3 register  *******************/

#define  ADC_JDR3_JDATA                      ((uint16_t)0xFFFF)            /*!<Injected data */



/*******************  Bit definition for ADC_JDR4 register  *******************/

#define  ADC_JDR4_JDATA                      ((uint16_t)0xFFFF)            /*!<Injected data */



/********************  Bit definition for ADC_DR register  ********************/

#define  ADC_DR_DATA                         ((uint32_t)0x0000FFFF)        /*!<Regular data */

#define  ADC_DR_ADC2DATA                     ((uint32_t)0xFFFF0000)        /*!<ADC2 data */



/*******************  Bit definition for ADC_CSR register  ********************/

#define  ADC_CSR_AWD1                        ((uint32_t)0x00000001)        /*!<ADC1 Analog watchdog flag */

#define  ADC_CSR_EOC1                        ((uint32_t)0x00000002)        /*!<ADC1 End of conversion */

#define  ADC_CSR_JEOC1                       ((uint32_t)0x00000004)        /*!<ADC1 Injected channel end of conversion */

#define  ADC_CSR_JSTRT1                      ((uint32_t)0x00000008)        /*!<ADC1 Injected channel Start flag */

#define  ADC_CSR_STRT1                       ((uint32_t)0x00000010)        /*!<ADC1 Regular channel Start flag */

#define  ADC_CSR_DOVR1                       ((uint32_t)0x00000020)        /*!<ADC1 DMA overrun  flag */

#define  ADC_CSR_AWD2                        ((uint32_t)0x00000100)        /*!<ADC2 Analog watchdog flag */

#define  ADC_CSR_EOC2                        ((uint32_t)0x00000200)        /*!<ADC2 End of conversion */

#define  ADC_CSR_JEOC2                       ((uint32_t)0x00000400)        /*!<ADC2 Injected channel end of conversion */

#define  ADC_CSR_JSTRT2                      ((uint32_t)0x00000800)        /*!<ADC2 Injected channel Start flag */

#define  ADC_CSR_STRT2                       ((uint32_t)0x00001000)        /*!<ADC2 Regular channel Start flag */

#define  ADC_CSR_DOVR2                       ((uint32_t)0x00002000)        /*!<ADC2 DMA overrun  flag */

#define  ADC_CSR_AWD3                        ((uint32_t)0x00010000)        /*!<ADC3 Analog watchdog flag */

#define  ADC_CSR_EOC3                        ((uint32_t)0x00020000)        /*!<ADC3 End of conversion */

#define  ADC_CSR_JEOC3                       ((uint32_t)0x00040000)        /*!<ADC3 Injected channel end of conversion */

#define  ADC_CSR_JSTRT3                      ((uint32_t)0x00080000)        /*!<ADC3 Injected channel Start flag */

#define  ADC_CSR_STRT3                       ((uint32_t)0x00100000)        /*!<ADC3 Regular channel Start flag */

#define  ADC_CSR_DOVR3                       ((uint32_t)0x00200000)        /*!<ADC3 DMA overrun  flag */



/*******************  Bit definition for ADC_CCR register  ********************/

#define  ADC_CCR_MULTI                       ((uint32_t)0x0000001F)        /*!<MULTI[4:0] bits (Multi-ADC mode selection) */  

#define  ADC_CCR_MULTI_0                     ((uint32_t)0x00000001)        /*!<Bit 0 */

#define  ADC_CCR_MULTI_1                     ((uint32_t)0x00000002)        /*!<Bit 1 */

#define  ADC_CCR_MULTI_2                     ((uint32_t)0x00000004)        /*!<Bit 2 */

#define  ADC_CCR_MULTI_3                     ((uint32_t)0x00000008)        /*!<Bit 3 */

#define  ADC_CCR_MULTI_4                     ((uint32_t)0x00000010)        /*!<Bit 4 */

#define  ADC_CCR_DELAY                       ((uint32_t)0x00000F00)        /*!<DELAY[3:0] bits (Delay between 2 sampling phases) */  

#define  ADC_CCR_DELAY_0                     ((uint32_t)0x00000100)        /*!<Bit 0 */

#define  ADC_CCR_DELAY_1                     ((uint32_t)0x00000200)        /*!<Bit 1 */

#define  ADC_CCR_DELAY_2                     ((uint32_t)0x00000400)        /*!<Bit 2 */

#define  ADC_CCR_DELAY_3                     ((uint32_t)0x00000800)        /*!<Bit 3 */

#define  ADC_CCR_DDS                         ((uint32_t)0x00002000)        /*!<DMA disable selection (Multi-ADC mode) */

#define  ADC_CCR_DMA                         ((uint32_t)0x0000C000)        /*!<DMA[1:0] bits (Direct Memory Access mode for multimode) */  

#define  ADC_CCR_DMA_0                       ((uint32_t)0x00004000)        /*!<Bit 0 */

#define  ADC_CCR_DMA_1                       ((uint32_t)0x00008000)        /*!<Bit 1 */

#define  ADC_CCR_ADCPRE                      ((uint32_t)0x00030000)        /*!<ADCPRE[1:0] bits (ADC prescaler) */  

#define  ADC_CCR_ADCPRE_0                    ((uint32_t)0x00010000)        /*!<Bit 0 */

#define  ADC_CCR_ADCPRE_1                    ((uint32_t)0x00020000)        /*!<Bit 1 */

#define  ADC_CCR_VBATE                       ((uint32_t)0x00400000)        /*!<VBAT Enable */

#define  ADC_CCR_TSVREFE                     ((uint32_t)0x00800000)        /*!<Temperature Sensor and VREFINT Enable */



/*******************  Bit definition for ADC_CDR register  ********************/

#define  ADC_CDR_DATA1                      ((uint32_t)0x0000FFFF)         /*!<1st data of a pair of regular conversions */

#define  ADC_CDR_DATA2                      ((uint32_t)0xFFFF0000)         /*!<2nd data of a pair of regular conversions */



/******************************************************************************/

/*                                                                            */

/*                         Controller Area Network                            */

/*                                                                            */

/******************************************************************************/

/*!<CAN control and status registers */

/*******************  Bit definition for CAN_MCR register  ********************/

#define  CAN_MCR_INRQ                        ((uint16_t)0x0001)            /*!<Initialization Request */

#define  CAN_MCR_SLEEP                       ((uint16_t)0x0002)            /*!<Sleep Mode Request */

#define  CAN_MCR_TXFP                        ((uint16_t)0x0004)            /*!<Transmit FIFO Priority */

#define  CAN_MCR_RFLM                        ((uint16_t)0x0008)            /*!<Receive FIFO Locked Mode */

#define  CAN_MCR_NART                        ((uint16_t)0x0010)            /*!<No Automatic Retransmission */

#define  CAN_MCR_AWUM                        ((uint16_t)0x0020)            /*!<Automatic Wakeup Mode */

#define  CAN_MCR_ABOM                        ((uint16_t)0x0040)            /*!<Automatic Bus-Off Management */

#define  CAN_MCR_TTCM                        ((uint16_t)0x0080)            /*!<Time Triggered Communication Mode */

#define  CAN_MCR_RESET                       ((uint16_t)0x8000)            /*!<bxCAN software master reset */



/*******************  Bit definition for CAN_MSR register  ********************/

#define  CAN_MSR_INAK                        ((uint16_t)0x0001)            /*!<Initialization Acknowledge */

#define  CAN_MSR_SLAK                        ((uint16_t)0x0002)            /*!<Sleep Acknowledge */

#define  CAN_MSR_ERRI                        ((uint16_t)0x0004)            /*!<Error Interrupt */

#define  CAN_MSR_WKUI                        ((uint16_t)0x0008)            /*!<Wakeup Interrupt */

#define  CAN_MSR_SLAKI                       ((uint16_t)0x0010)            /*!<Sleep Acknowledge Interrupt */

#define  CAN_MSR_TXM                         ((uint16_t)0x0100)            /*!<Transmit Mode */

#define  CAN_MSR_RXM                         ((uint16_t)0x0200)            /*!<Receive Mode */

#define  CAN_MSR_SAMP                        ((uint16_t)0x0400)            /*!<Last Sample Point */

#define  CAN_MSR_RX                          ((uint16_t)0x0800)            /*!<CAN Rx Signal */



/*******************  Bit definition for CAN_TSR register  ********************/

#define  CAN_TSR_RQCP0                       ((uint32_t)0x00000001)        /*!<Request Completed Mailbox0 */

#define  CAN_TSR_TXOK0                       ((uint32_t)0x00000002)        /*!<Transmission OK of Mailbox0 */

#define  CAN_TSR_ALST0                       ((uint32_t)0x00000004)        /*!<Arbitration Lost for Mailbox0 */

#define  CAN_TSR_TERR0                       ((uint32_t)0x00000008)        /*!<Transmission Error of Mailbox0 */

#define  CAN_TSR_ABRQ0                       ((uint32_t)0x00000080)        /*!<Abort Request for Mailbox0 */

#define  CAN_TSR_RQCP1                       ((uint32_t)0x00000100)        /*!<Request Completed Mailbox1 */

#define  CAN_TSR_TXOK1                       ((uint32_t)0x00000200)        /*!<Transmission OK of Mailbox1 */

#define  CAN_TSR_ALST1                       ((uint32_t)0x00000400)        /*!<Arbitration Lost for Mailbox1 */

#define  CAN_TSR_TERR1                       ((uint32_t)0x00000800)        /*!<Transmission Error of Mailbox1 */

#define  CAN_TSR_ABRQ1                       ((uint32_t)0x00008000)        /*!<Abort Request for Mailbox 1 */

#define  CAN_TSR_RQCP2                       ((uint32_t)0x00010000)        /*!<Request Completed Mailbox2 */

#define  CAN_TSR_TXOK2                       ((uint32_t)0x00020000)        /*!<Transmission OK of Mailbox 2 */

#define  CAN_TSR_ALST2                       ((uint32_t)0x00040000)        /*!<Arbitration Lost for mailbox 2 */

#define  CAN_TSR_TERR2                       ((uint32_t)0x00080000)        /*!<Transmission Error of Mailbox 2 */

#define  CAN_TSR_ABRQ2                       ((uint32_t)0x00800000)        /*!<Abort Request for Mailbox 2 */

#define  CAN_TSR_CODE                        ((uint32_t)0x03000000)        /*!<Mailbox Code */



#define  CAN_TSR_TME                         ((uint32_t)0x1C000000)        /*!<TME[2:0] bits */

#define  CAN_TSR_TME0                        ((uint32_t)0x04000000)        /*!<Transmit Mailbox 0 Empty */

#define  CAN_TSR_TME1                        ((uint32_t)0x08000000)        /*!<Transmit Mailbox 1 Empty */

#define  CAN_TSR_TME2                        ((uint32_t)0x10000000)        /*!<Transmit Mailbox 2 Empty */



#define  CAN_TSR_LOW                         ((uint32_t)0xE0000000)        /*!<LOW[2:0] bits */

#define  CAN_TSR_LOW0                        ((uint32_t)0x20000000)        /*!<Lowest Priority Flag for Mailbox 0 */

#define  CAN_TSR_LOW1                        ((uint32_t)0x40000000)        /*!<Lowest Priority Flag for Mailbox 1 */

#define  CAN_TSR_LOW2                        ((uint32_t)0x80000000)        /*!<Lowest Priority Flag for Mailbox 2 */



/*******************  Bit definition for CAN_RF0R register  *******************/

#define  CAN_RF0R_FMP0                       ((uint8_t)0x03)               /*!<FIFO 0 Message Pending */

#define  CAN_RF0R_FULL0                      ((uint8_t)0x08)               /*!<FIFO 0 Full */

#define  CAN_RF0R_FOVR0                      ((uint8_t)0x10)               /*!<FIFO 0 Overrun */

#define  CAN_RF0R_RFOM0                      ((uint8_t)0x20)               /*!<Release FIFO 0 Output Mailbox */



/*******************  Bit definition for CAN_RF1R register  *******************/

#define  CAN_RF1R_FMP1                       ((uint8_t)0x03)               /*!<FIFO 1 Message Pending */

#define  CAN_RF1R_FULL1                      ((uint8_t)0x08)               /*!<FIFO 1 Full */

#define  CAN_RF1R_FOVR1                      ((uint8_t)0x10)               /*!<FIFO 1 Overrun */

#define  CAN_RF1R_RFOM1                      ((uint8_t)0x20)               /*!<Release FIFO 1 Output Mailbox */



/********************  Bit definition for CAN_IER register  *******************/

#define  CAN_IER_TMEIE                       ((uint32_t)0x00000001)        /*!<Transmit Mailbox Empty Interrupt Enable */

#define  CAN_IER_FMPIE0                      ((uint32_t)0x00000002)        /*!<FIFO Message Pending Interrupt Enable */

#define  CAN_IER_FFIE0                       ((uint32_t)0x00000004)        /*!<FIFO Full Interrupt Enable */

#define  CAN_IER_FOVIE0                      ((uint32_t)0x00000008)        /*!<FIFO Overrun Interrupt Enable */

#define  CAN_IER_FMPIE1                      ((uint32_t)0x00000010)        /*!<FIFO Message Pending Interrupt Enable */

#define  CAN_IER_FFIE1                       ((uint32_t)0x00000020)        /*!<FIFO Full Interrupt Enable */

#define  CAN_IER_FOVIE1                      ((uint32_t)0x00000040)        /*!<FIFO Overrun Interrupt Enable */

#define  CAN_IER_EWGIE                       ((uint32_t)0x00000100)        /*!<Error Warning Interrupt Enable */

#define  CAN_IER_EPVIE                       ((uint32_t)0x00000200)        /*!<Error Passive Interrupt Enable */

#define  CAN_IER_BOFIE                       ((uint32_t)0x00000400)        /*!<Bus-Off Interrupt Enable */

#define  CAN_IER_LECIE                       ((uint32_t)0x00000800)        /*!<Last Error Code Interrupt Enable */

#define  CAN_IER_ERRIE                       ((uint32_t)0x00008000)        /*!<Error Interrupt Enable */

#define  CAN_IER_WKUIE                       ((uint32_t)0x00010000)        /*!<Wakeup Interrupt Enable */

#define  CAN_IER_SLKIE                       ((uint32_t)0x00020000)        /*!<Sleep Interrupt Enable */



/********************  Bit definition for CAN_ESR register  *******************/

#define  CAN_ESR_EWGF                        ((uint32_t)0x00000001)        /*!<Error Warning Flag */

#define  CAN_ESR_EPVF                        ((uint32_t)0x00000002)        /*!<Error Passive Flag */

#define  CAN_ESR_BOFF                        ((uint32_t)0x00000004)        /*!<Bus-Off Flag */



#define  CAN_ESR_LEC                         ((uint32_t)0x00000070)        /*!<LEC[2:0] bits (Last Error Code) */

#define  CAN_ESR_LEC_0                       ((uint32_t)0x00000010)        /*!<Bit 0 */

#define  CAN_ESR_LEC_1                       ((uint32_t)0x00000020)        /*!<Bit 1 */

#define  CAN_ESR_LEC_2                       ((uint32_t)0x00000040)        /*!<Bit 2 */



#define  CAN_ESR_TEC                         ((uint32_t)0x00FF0000)        /*!<Least significant byte of the 9-bit Transmit Error Counter */

#define  CAN_ESR_REC                         ((uint32_t)0xFF000000)        /*!<Receive Error Counter */



/*******************  Bit definition for CAN_BTR register  ********************/

#define  CAN_BTR_BRP                         ((uint32_t)0x000003FF)        /*!<Baud Rate Prescaler */

#define  CAN_BTR_TS1                         ((uint32_t)0x000F0000)        /*!<Time Segment 1 */

#define  CAN_BTR_TS2                         ((uint32_t)0x00700000)        /*!<Time Segment 2 */

#define  CAN_BTR_SJW                         ((uint32_t)0x03000000)        /*!<Resynchronization Jump Width */

#define  CAN_BTR_LBKM                        ((uint32_t)0x40000000)        /*!<Loop Back Mode (Debug) */

#define  CAN_BTR_SILM                        ((uint32_t)0x80000000)        /*!<Silent Mode */



/*!<Mailbox registers */

/******************  Bit definition for CAN_TI0R register  ********************/

#define  CAN_TI0R_TXRQ                       ((uint32_t)0x00000001)        /*!<Transmit Mailbox Request */

#define  CAN_TI0R_RTR                        ((uint32_t)0x00000002)        /*!<Remote Transmission Request */

#define  CAN_TI0R_IDE                        ((uint32_t)0x00000004)        /*!<Identifier Extension */

#define  CAN_TI0R_EXID                       ((uint32_t)0x001FFFF8)        /*!<Extended Identifier */

#define  CAN_TI0R_STID                       ((uint32_t)0xFFE00000)        /*!<Standard Identifier or Extended Identifier */



/******************  Bit definition for CAN_TDT0R register  *******************/

#define  CAN_TDT0R_DLC                       ((uint32_t)0x0000000F)        /*!<Data Length Code */

#define  CAN_TDT0R_TGT                       ((uint32_t)0x00000100)        /*!<Transmit Global Time */

#define  CAN_TDT0R_TIME                      ((uint32_t)0xFFFF0000)        /*!<Message Time Stamp */



/******************  Bit definition for CAN_TDL0R register  *******************/

#define  CAN_TDL0R_DATA0                     ((uint32_t)0x000000FF)        /*!<Data byte 0 */

#define  CAN_TDL0R_DATA1                     ((uint32_t)0x0000FF00)        /*!<Data byte 1 */

#define  CAN_TDL0R_DATA2                     ((uint32_t)0x00FF0000)        /*!<Data byte 2 */

#define  CAN_TDL0R_DATA3                     ((uint32_t)0xFF000000)        /*!<Data byte 3 */



/******************  Bit definition for CAN_TDH0R register  *******************/

#define  CAN_TDH0R_DATA4                     ((uint32_t)0x000000FF)        /*!<Data byte 4 */

#define  CAN_TDH0R_DATA5                     ((uint32_t)0x0000FF00)        /*!<Data byte 5 */

#define  CAN_TDH0R_DATA6                     ((uint32_t)0x00FF0000)        /*!<Data byte 6 */

#define  CAN_TDH0R_DATA7                     ((uint32_t)0xFF000000)        /*!<Data byte 7 */



/*******************  Bit definition for CAN_TI1R register  *******************/

#define  CAN_TI1R_TXRQ                       ((uint32_t)0x00000001)        /*!<Transmit Mailbox Request */

#define  CAN_TI1R_RTR                        ((uint32_t)0x00000002)        /*!<Remote Transmission Request */

#define  CAN_TI1R_IDE                        ((uint32_t)0x00000004)        /*!<Identifier Extension */

#define  CAN_TI1R_EXID                       ((uint32_t)0x001FFFF8)        /*!<Extended Identifier */

#define  CAN_TI1R_STID                       ((uint32_t)0xFFE00000)        /*!<Standard Identifier or Extended Identifier */



/*******************  Bit definition for CAN_TDT1R register  ******************/

#define  CAN_TDT1R_DLC                       ((uint32_t)0x0000000F)        /*!<Data Length Code */

#define  CAN_TDT1R_TGT                       ((uint32_t)0x00000100)        /*!<Transmit Global Time */

#define  CAN_TDT1R_TIME                      ((uint32_t)0xFFFF0000)        /*!<Message Time Stamp */



/*******************  Bit definition for CAN_TDL1R register  ******************/

#define  CAN_TDL1R_DATA0                     ((uint32_t)0x000000FF)        /*!<Data byte 0 */

#define  CAN_TDL1R_DATA1                     ((uint32_t)0x0000FF00)        /*!<Data byte 1 */

#define  CAN_TDL1R_DATA2                     ((uint32_t)0x00FF0000)        /*!<Data byte 2 */

#define  CAN_TDL1R_DATA3                     ((uint32_t)0xFF000000)        /*!<Data byte 3 */



/*******************  Bit definition for CAN_TDH1R register  ******************/

#define  CAN_TDH1R_DATA4                     ((uint32_t)0x000000FF)        /*!<Data byte 4 */

#define  CAN_TDH1R_DATA5                     ((uint32_t)0x0000FF00)        /*!<Data byte 5 */

#define  CAN_TDH1R_DATA6                     ((uint32_t)0x00FF0000)        /*!<Data byte 6 */

#define  CAN_TDH1R_DATA7                     ((uint32_t)0xFF000000)        /*!<Data byte 7 */



/*******************  Bit definition for CAN_TI2R register  *******************/

#define  CAN_TI2R_TXRQ                       ((uint32_t)0x00000001)        /*!<Transmit Mailbox Request */

#define  CAN_TI2R_RTR                        ((uint32_t)0x00000002)        /*!<Remote Transmission Request */

#define  CAN_TI2R_IDE                        ((uint32_t)0x00000004)        /*!<Identifier Extension */

#define  CAN_TI2R_EXID                       ((uint32_t)0x001FFFF8)        /*!<Extended identifier */

#define  CAN_TI2R_STID                       ((uint32_t)0xFFE00000)        /*!<Standard Identifier or Extended Identifier */



/*******************  Bit definition for CAN_TDT2R register  ******************/  

#define  CAN_TDT2R_DLC                       ((uint32_t)0x0000000F)        /*!<Data Length Code */

#define  CAN_TDT2R_TGT                       ((uint32_t)0x00000100)        /*!<Transmit Global Time */

#define  CAN_TDT2R_TIME                      ((uint32_t)0xFFFF0000)        /*!<Message Time Stamp */



/*******************  Bit definition for CAN_TDL2R register  ******************/

#define  CAN_TDL2R_DATA0                     ((uint32_t)0x000000FF)        /*!<Data byte 0 */

#define  CAN_TDL2R_DATA1                     ((uint32_t)0x0000FF00)        /*!<Data byte 1 */

#define  CAN_TDL2R_DATA2                     ((uint32_t)0x00FF0000)        /*!<Data byte 2 */

#define  CAN_TDL2R_DATA3                     ((uint32_t)0xFF000000)        /*!<Data byte 3 */



/*******************  Bit definition for CAN_TDH2R register  ******************/

#define  CAN_TDH2R_DATA4                     ((uint32_t)0x000000FF)        /*!<Data byte 4 */

#define  CAN_TDH2R_DATA5                     ((uint32_t)0x0000FF00)        /*!<Data byte 5 */

#define  CAN_TDH2R_DATA6                     ((uint32_t)0x00FF0000)        /*!<Data byte 6 */

#define  CAN_TDH2R_DATA7                     ((uint32_t)0xFF000000)        /*!<Data byte 7 */



/*******************  Bit definition for CAN_RI0R register  *******************/

#define  CAN_RI0R_RTR                        ((uint32_t)0x00000002)        /*!<Remote Transmission Request */

#define  CAN_RI0R_IDE                        ((uint32_t)0x00000004)        /*!<Identifier Extension */

#define  CAN_RI0R_EXID                       ((uint32_t)0x001FFFF8)        /*!<Extended Identifier */

#define  CAN_RI0R_STID                       ((uint32_t)0xFFE00000)        /*!<Standard Identifier or Extended Identifier */



/*******************  Bit definition for CAN_RDT0R register  ******************/

#define  CAN_RDT0R_DLC                       ((uint32_t)0x0000000F)        /*!<Data Length Code */

#define  CAN_RDT0R_FMI                       ((uint32_t)0x0000FF00)        /*!<Filter Match Index */

#define  CAN_RDT0R_TIME                      ((uint32_t)0xFFFF0000)        /*!<Message Time Stamp */



/*******************  Bit definition for CAN_RDL0R register  ******************/

#define  CAN_RDL0R_DATA0                     ((uint32_t)0x000000FF)        /*!<Data byte 0 */

#define  CAN_RDL0R_DATA1                     ((uint32_t)0x0000FF00)        /*!<Data byte 1 */

#define  CAN_RDL0R_DATA2                     ((uint32_t)0x00FF0000)        /*!<Data byte 2 */

#define  CAN_RDL0R_DATA3                     ((uint32_t)0xFF000000)        /*!<Data byte 3 */



/*******************  Bit definition for CAN_RDH0R register  ******************/

#define  CAN_RDH0R_DATA4                     ((uint32_t)0x000000FF)        /*!<Data byte 4 */

#define  CAN_RDH0R_DATA5                     ((uint32_t)0x0000FF00)        /*!<Data byte 5 */

#define  CAN_RDH0R_DATA6                     ((uint32_t)0x00FF0000)        /*!<Data byte 6 */

#define  CAN_RDH0R_DATA7                     ((uint32_t)0xFF000000)        /*!<Data byte 7 */



/*******************  Bit definition for CAN_RI1R register  *******************/

#define  CAN_RI1R_RTR                        ((uint32_t)0x00000002)        /*!<Remote Transmission Request */

#define  CAN_RI1R_IDE                        ((uint32_t)0x00000004)        /*!<Identifier Extension */

#define  CAN_RI1R_EXID                       ((uint32_t)0x001FFFF8)        /*!<Extended identifier */

#define  CAN_RI1R_STID                       ((uint32_t)0xFFE00000)        /*!<Standard Identifier or Extended Identifier */



/*******************  Bit definition for CAN_RDT1R register  ******************/

#define  CAN_RDT1R_DLC                       ((uint32_t)0x0000000F)        /*!<Data Length Code */

#define  CAN_RDT1R_FMI                       ((uint32_t)0x0000FF00)        /*!<Filter Match Index */

#define  CAN_RDT1R_TIME                      ((uint32_t)0xFFFF0000)        /*!<Message Time Stamp */



/*******************  Bit definition for CAN_RDL1R register  ******************/

#define  CAN_RDL1R_DATA0                     ((uint32_t)0x000000FF)        /*!<Data byte 0 */

#define  CAN_RDL1R_DATA1                     ((uint32_t)0x0000FF00)        /*!<Data byte 1 */

#define  CAN_RDL1R_DATA2                     ((uint32_t)0x00FF0000)        /*!<Data byte 2 */

#define  CAN_RDL1R_DATA3                     ((uint32_t)0xFF000000)        /*!<Data byte 3 */



/*******************  Bit definition for CAN_RDH1R register  ******************/

#define  CAN_RDH1R_DATA4                     ((uint32_t)0x000000FF)        /*!<Data byte 4 */

#define  CAN_RDH1R_DATA5                     ((uint32_t)0x0000FF00)        /*!<Data byte 5 */

#define  CAN_RDH1R_DATA6                     ((uint32_t)0x00FF0000)        /*!<Data byte 6 */

#define  CAN_RDH1R_DATA7                     ((uint32_t)0xFF000000)        /*!<Data byte 7 */



/*!<CAN filter registers */

/*******************  Bit definition for CAN_FMR register  ********************/

#define  CAN_FMR_FINIT                       ((uint8_t)0x01)               /*!<Filter Init Mode */



/*******************  Bit definition for CAN_FM1R register  *******************/

#define  CAN_FM1R_FBM                        ((uint16_t)0x3FFF)            /*!<Filter Mode */

#define  CAN_FM1R_FBM0                       ((uint16_t)0x0001)            /*!<Filter Init Mode bit 0 */

#define  CAN_FM1R_FBM1                       ((uint16_t)0x0002)            /*!<Filter Init Mode bit 1 */

#define  CAN_FM1R_FBM2                       ((uint16_t)0x0004)            /*!<Filter Init Mode bit 2 */

#define  CAN_FM1R_FBM3                       ((uint16_t)0x0008)            /*!<Filter Init Mode bit 3 */

#define  CAN_FM1R_FBM4                       ((uint16_t)0x0010)            /*!<Filter Init Mode bit 4 */

#define  CAN_FM1R_FBM5                       ((uint16_t)0x0020)            /*!<Filter Init Mode bit 5 */

#define  CAN_FM1R_FBM6                       ((uint16_t)0x0040)            /*!<Filter Init Mode bit 6 */

#define  CAN_FM1R_FBM7                       ((uint16_t)0x0080)            /*!<Filter Init Mode bit 7 */

#define  CAN_FM1R_FBM8                       ((uint16_t)0x0100)            /*!<Filter Init Mode bit 8 */

#define  CAN_FM1R_FBM9                       ((uint16_t)0x0200)            /*!<Filter Init Mode bit 9 */

#define  CAN_FM1R_FBM10                      ((uint16_t)0x0400)            /*!<Filter Init Mode bit 10 */

#define  CAN_FM1R_FBM11                      ((uint16_t)0x0800)            /*!<Filter Init Mode bit 11 */

#define  CAN_FM1R_FBM12                      ((uint16_t)0x1000)            /*!<Filter Init Mode bit 12 */

#define  CAN_FM1R_FBM13                      ((uint16_t)0x2000)            /*!<Filter Init Mode bit 13 */



/*******************  Bit definition for CAN_FS1R register  *******************/

#define  CAN_FS1R_FSC                        ((uint16_t)0x3FFF)            /*!<Filter Scale Configuration */

#define  CAN_FS1R_FSC0                       ((uint16_t)0x0001)            /*!<Filter Scale Configuration bit 0 */

#define  CAN_FS1R_FSC1                       ((uint16_t)0x0002)            /*!<Filter Scale Configuration bit 1 */

#define  CAN_FS1R_FSC2                       ((uint16_t)0x0004)            /*!<Filter Scale Configuration bit 2 */

#define  CAN_FS1R_FSC3                       ((uint16_t)0x0008)            /*!<Filter Scale Configuration bit 3 */

#define  CAN_FS1R_FSC4                       ((uint16_t)0x0010)            /*!<Filter Scale Configuration bit 4 */

#define  CAN_FS1R_FSC5                       ((uint16_t)0x0020)            /*!<Filter Scale Configuration bit 5 */

#define  CAN_FS1R_FSC6                       ((uint16_t)0x0040)            /*!<Filter Scale Configuration bit 6 */

#define  CAN_FS1R_FSC7                       ((uint16_t)0x0080)            /*!<Filter Scale Configuration bit 7 */

#define  CAN_FS1R_FSC8                       ((uint16_t)0x0100)            /*!<Filter Scale Configuration bit 8 */

#define  CAN_FS1R_FSC9                       ((uint16_t)0x0200)            /*!<Filter Scale Configuration bit 9 */

#define  CAN_FS1R_FSC10                      ((uint16_t)0x0400)            /*!<Filter Scale Configuration bit 10 */

#define  CAN_FS1R_FSC11                      ((uint16_t)0x0800)            /*!<Filter Scale Configuration bit 11 */

#define  CAN_FS1R_FSC12                      ((uint16_t)0x1000)            /*!<Filter Scale Configuration bit 12 */

#define  CAN_FS1R_FSC13                      ((uint16_t)0x2000)            /*!<Filter Scale Configuration bit 13 */



/******************  Bit definition for CAN_FFA1R register  *******************/

#define  CAN_FFA1R_FFA                       ((uint16_t)0x3FFF)            /*!<Filter FIFO Assignment */

#define  CAN_FFA1R_FFA0                      ((uint16_t)0x0001)            /*!<Filter FIFO Assignment for Filter 0 */

#define  CAN_FFA1R_FFA1                      ((uint16_t)0x0002)            /*!<Filter FIFO Assignment for Filter 1 */

#define  CAN_FFA1R_FFA2                      ((uint16_t)0x0004)            /*!<Filter FIFO Assignment for Filter 2 */

#define  CAN_FFA1R_FFA3                      ((uint16_t)0x0008)            /*!<Filter FIFO Assignment for Filter 3 */

#define  CAN_FFA1R_FFA4                      ((uint16_t)0x0010)            /*!<Filter FIFO Assignment for Filter 4 */

#define  CAN_FFA1R_FFA5                      ((uint16_t)0x0020)            /*!<Filter FIFO Assignment for Filter 5 */

#define  CAN_FFA1R_FFA6                      ((uint16_t)0x0040)            /*!<Filter FIFO Assignment for Filter 6 */

#define  CAN_FFA1R_FFA7                      ((uint16_t)0x0080)            /*!<Filter FIFO Assignment for Filter 7 */

#define  CAN_FFA1R_FFA8                      ((uint16_t)0x0100)            /*!<Filter FIFO Assignment for Filter 8 */

#define  CAN_FFA1R_FFA9                      ((uint16_t)0x0200)            /*!<Filter FIFO Assignment for Filter 9 */

#define  CAN_FFA1R_FFA10                     ((uint16_t)0x0400)            /*!<Filter FIFO Assignment for Filter 10 */

#define  CAN_FFA1R_FFA11                     ((uint16_t)0x0800)            /*!<Filter FIFO Assignment for Filter 11 */

#define  CAN_FFA1R_FFA12                     ((uint16_t)0x1000)            /*!<Filter FIFO Assignment for Filter 12 */

#define  CAN_FFA1R_FFA13                     ((uint16_t)0x2000)            /*!<Filter FIFO Assignment for Filter 13 */



/*******************  Bit definition for CAN_FA1R register  *******************/

#define  CAN_FA1R_FACT                       ((uint16_t)0x3FFF)            /*!<Filter Active */

#define  CAN_FA1R_FACT0                      ((uint16_t)0x0001)            /*!<Filter 0 Active */

#define  CAN_FA1R_FACT1                      ((uint16_t)0x0002)            /*!<Filter 1 Active */

#define  CAN_FA1R_FACT2                      ((uint16_t)0x0004)            /*!<Filter 2 Active */

#define  CAN_FA1R_FACT3                      ((uint16_t)0x0008)            /*!<Filter 3 Active */

#define  CAN_FA1R_FACT4                      ((uint16_t)0x0010)            /*!<Filter 4 Active */

#define  CAN_FA1R_FACT5                      ((uint16_t)0x0020)            /*!<Filter 5 Active */

#define  CAN_FA1R_FACT6                      ((uint16_t)0x0040)            /*!<Filter 6 Active */

#define  CAN_FA1R_FACT7                      ((uint16_t)0x0080)            /*!<Filter 7 Active */

#define  CAN_FA1R_FACT8                      ((uint16_t)0x0100)            /*!<Filter 8 Active */

#define  CAN_FA1R_FACT9                      ((uint16_t)0x0200)            /*!<Filter 9 Active */

#define  CAN_FA1R_FACT10                     ((uint16_t)0x0400)            /*!<Filter 10 Active */

#define  CAN_FA1R_FACT11                     ((uint16_t)0x0800)            /*!<Filter 11 Active */

#define  CAN_FA1R_FACT12                     ((uint16_t)0x1000)            /*!<Filter 12 Active */

#define  CAN_FA1R_FACT13                     ((uint16_t)0x2000)            /*!<Filter 13 Active */



/*******************  Bit definition for CAN_F0R1 register  *******************/

#define  CAN_F0R1_FB0                        ((uint32_t)0x00000001)        /*!<Filter bit 0 */

#define  CAN_F0R1_FB1                        ((uint32_t)0x00000002)        /*!<Filter bit 1 */

#define  CAN_F0R1_FB2                        ((uint32_t)0x00000004)        /*!<Filter bit 2 */

#define  CAN_F0R1_FB3                        ((uint32_t)0x00000008)        /*!<Filter bit 3 */

#define  CAN_F0R1_FB4                        ((uint32_t)0x00000010)        /*!<Filter bit 4 */

#define  CAN_F0R1_FB5                        ((uint32_t)0x00000020)        /*!<Filter bit 5 */

#define  CAN_F0R1_FB6                        ((uint32_t)0x00000040)        /*!<Filter bit 6 */

#define  CAN_F0R1_FB7                        ((uint32_t)0x00000080)        /*!<Filter bit 7 */

#define  CAN_F0R1_FB8                        ((uint32_t)0x00000100)        /*!<Filter bit 8 */

#define  CAN_F0R1_FB9                        ((uint32_t)0x00000200)        /*!<Filter bit 9 */

#define  CAN_F0R1_FB10                       ((uint32_t)0x00000400)        /*!<Filter bit 10 */

#define  CAN_F0R1_FB11                       ((uint32_t)0x00000800)        /*!<Filter bit 11 */

#define  CAN_F0R1_FB12                       ((uint32_t)0x00001000)        /*!<Filter bit 12 */

#define  CAN_F0R1_FB13                       ((uint32_t)0x00002000)        /*!<Filter bit 13 */

#define  CAN_F0R1_FB14                       ((uint32_t)0x00004000)        /*!<Filter bit 14 */

#define  CAN_F0R1_FB15                       ((uint32_t)0x00008000)        /*!<Filter bit 15 */

#define  CAN_F0R1_FB16                       ((uint32_t)0x00010000)        /*!<Filter bit 16 */

#define  CAN_F0R1_FB17                       ((uint32_t)0x00020000)        /*!<Filter bit 17 */

#define  CAN_F0R1_FB18                       ((uint32_t)0x00040000)        /*!<Filter bit 18 */

#define  CAN_F0R1_FB19                       ((uint32_t)0x00080000)        /*!<Filter bit 19 */

#define  CAN_F0R1_FB20                       ((uint32_t)0x00100000)        /*!<Filter bit 20 */

#define  CAN_F0R1_FB21                       ((uint32_t)0x00200000)        /*!<Filter bit 21 */

#define  CAN_F0R1_FB22                       ((uint32_t)0x00400000)        /*!<Filter bit 22 */

#define  CAN_F0R1_FB23                       ((uint32_t)0x00800000)        /*!<Filter bit 23 */

#define  CAN_F0R1_FB24                       ((uint32_t)0x01000000)        /*!<Filter bit 24 */

#define  CAN_F0R1_FB25                       ((uint32_t)0x02000000)        /*!<Filter bit 25 */

#define  CAN_F0R1_FB26                       ((uint32_t)0x04000000)        /*!<Filter bit 26 */

#define  CAN_F0R1_FB27                       ((uint32_t)0x08000000)        /*!<Filter bit 27 */

#define  CAN_F0R1_FB28                       ((uint32_t)0x10000000)        /*!<Filter bit 28 */

#define  CAN_F0R1_FB29                       ((uint32_t)0x20000000)        /*!<Filter bit 29 */

#define  CAN_F0R1_FB30                       ((uint32_t)0x40000000)        /*!<Filter bit 30 */

#define  CAN_F0R1_FB31                       ((uint32_t)0x80000000)        /*!<Filter bit 31 */



/*******************  Bit definition for CAN_F1R1 register  *******************/

#define  CAN_F1R1_FB0                        ((uint32_t)0x00000001)        /*!<Filter bit 0 */

#define  CAN_F1R1_FB1                        ((uint32_t)0x00000002)        /*!<Filter bit 1 */

#define  CAN_F1R1_FB2                        ((uint32_t)0x00000004)        /*!<Filter bit 2 */

#define  CAN_F1R1_FB3                        ((uint32_t)0x00000008)        /*!<Filter bit 3 */

#define  CAN_F1R1_FB4                        ((uint32_t)0x00000010)        /*!<Filter bit 4 */

#define  CAN_F1R1_FB5                        ((uint32_t)0x00000020)        /*!<Filter bit 5 */

#define  CAN_F1R1_FB6                        ((uint32_t)0x00000040)        /*!<Filter bit 6 */

#define  CAN_F1R1_FB7                        ((uint32_t)0x00000080)        /*!<Filter bit 7 */

#define  CAN_F1R1_FB8                        ((uint32_t)0x00000100)        /*!<Filter bit 8 */

#define  CAN_F1R1_FB9                        ((uint32_t)0x00000200)        /*!<Filter bit 9 */

#define  CAN_F1R1_FB10                       ((uint32_t)0x00000400)        /*!<Filter bit 10 */

#define  CAN_F1R1_FB11                       ((uint32_t)0x00000800)        /*!<Filter bit 11 */

#define  CAN_F1R1_FB12                       ((uint32_t)0x00001000)        /*!<Filter bit 12 */

#define  CAN_F1R1_FB13                       ((uint32_t)0x00002000)        /*!<Filter bit 13 */

#define  CAN_F1R1_FB14                       ((uint32_t)0x00004000)        /*!<Filter bit 14 */

#define  CAN_F1R1_FB15                       ((uint32_t)0x00008000)        /*!<Filter bit 15 */

#define  CAN_F1R1_FB16                       ((uint32_t)0x00010000)        /*!<Filter bit 16 */

#define  CAN_F1R1_FB17                       ((uint32_t)0x00020000)        /*!<Filter bit 17 */

#define  CAN_F1R1_FB18                       ((uint32_t)0x00040000)        /*!<Filter bit 18 */

#define  CAN_F1R1_FB19                       ((uint32_t)0x00080000)        /*!<Filter bit 19 */

#define  CAN_F1R1_FB20                       ((uint32_t)0x00100000)        /*!<Filter bit 20 */

#define  CAN_F1R1_FB21                       ((uint32_t)0x00200000)        /*!<Filter bit 21 */

#define  CAN_F1R1_FB22                       ((uint32_t)0x00400000)        /*!<Filter bit 22 */

#define  CAN_F1R1_FB23                       ((uint32_t)0x00800000)        /*!<Filter bit 23 */

#define  CAN_F1R1_FB24                       ((uint32_t)0x01000000)        /*!<Filter bit 24 */

#define  CAN_F1R1_FB25                       ((uint32_t)0x02000000)        /*!<Filter bit 25 */

#define  CAN_F1R1_FB26                       ((uint32_t)0x04000000)        /*!<Filter bit 26 */

#define  CAN_F1R1_FB27                       ((uint32_t)0x08000000)        /*!<Filter bit 27 */

#define  CAN_F1R1_FB28                       ((uint32_t)0x10000000)        /*!<Filter bit 28 */

#define  CAN_F1R1_FB29                       ((uint32_t)0x20000000)        /*!<Filter bit 29 */

#define  CAN_F1R1_FB30                       ((uint32_t)0x40000000)        /*!<Filter bit 30 */

#define  CAN_F1R1_FB31                       ((uint32_t)0x80000000)        /*!<Filter bit 31 */



/*******************  Bit definition for CAN_F2R1 register  *******************/

#define  CAN_F2R1_FB0                        ((uint32_t)0x00000001)        /*!<Filter bit 0 */

#define  CAN_F2R1_FB1                        ((uint32_t)0x00000002)        /*!<Filter bit 1 */

#define  CAN_F2R1_FB2                        ((uint32_t)0x00000004)        /*!<Filter bit 2 */

#define  CAN_F2R1_FB3                        ((uint32_t)0x00000008)        /*!<Filter bit 3 */

#define  CAN_F2R1_FB4                        ((uint32_t)0x00000010)        /*!<Filter bit 4 */

#define  CAN_F2R1_FB5                        ((uint32_t)0x00000020)        /*!<Filter bit 5 */

#define  CAN_F2R1_FB6                        ((uint32_t)0x00000040)        /*!<Filter bit 6 */

#define  CAN_F2R1_FB7                        ((uint32_t)0x00000080)        /*!<Filter bit 7 */

#define  CAN_F2R1_FB8                        ((uint32_t)0x00000100)        /*!<Filter bit 8 */

#define  CAN_F2R1_FB9                        ((uint32_t)0x00000200)        /*!<Filter bit 9 */

#define  CAN_F2R1_FB10                       ((uint32_t)0x00000400)        /*!<Filter bit 10 */

#define  CAN_F2R1_FB11                       ((uint32_t)0x00000800)        /*!<Filter bit 11 */

#define  CAN_F2R1_FB12                       ((uint32_t)0x00001000)        /*!<Filter bit 12 */

#define  CAN_F2R1_FB13                       ((uint32_t)0x00002000)        /*!<Filter bit 13 */

#define  CAN_F2R1_FB14                       ((uint32_t)0x00004000)        /*!<Filter bit 14 */

#define  CAN_F2R1_FB15                       ((uint32_t)0x00008000)        /*!<Filter bit 15 */

#define  CAN_F2R1_FB16                       ((uint32_t)0x00010000)        /*!<Filter bit 16 */

#define  CAN_F2R1_FB17                       ((uint32_t)0x00020000)        /*!<Filter bit 17 */

#define  CAN_F2R1_FB18                       ((uint32_t)0x00040000)        /*!<Filter bit 18 */

#define  CAN_F2R1_FB19                       ((uint32_t)0x00080000)        /*!<Filter bit 19 */

#define  CAN_F2R1_FB20                       ((uint32_t)0x00100000)        /*!<Filter bit 20 */

#define  CAN_F2R1_FB21                       ((uint32_t)0x00200000)        /*!<Filter bit 21 */

#define  CAN_F2R1_FB22                       ((uint32_t)0x00400000)        /*!<Filter bit 22 */

#define  CAN_F2R1_FB23                       ((uint32_t)0x00800000)        /*!<Filter bit 23 */

#define  CAN_F2R1_FB24                       ((uint32_t)0x01000000)        /*!<Filter bit 24 */

#define  CAN_F2R1_FB25                       ((uint32_t)0x02000000)        /*!<Filter bit 25 */

#define  CAN_F2R1_FB26                       ((uint32_t)0x04000000)        /*!<Filter bit 26 */

#define  CAN_F2R1_FB27                       ((uint32_t)0x08000000)        /*!<Filter bit 27 */

#define  CAN_F2R1_FB28                       ((uint32_t)0x10000000)        /*!<Filter bit 28 */

#define  CAN_F2R1_FB29                       ((uint32_t)0x20000000)        /*!<Filter bit 29 */

#define  CAN_F2R1_FB30                       ((uint32_t)0x40000000)        /*!<Filter bit 30 */

#define  CAN_F2R1_FB31                       ((uint32_t)0x80000000)        /*!<Filter bit 31 */



/*******************  Bit definition for CAN_F3R1 register  *******************/

#define  CAN_F3R1_FB0                        ((uint32_t)0x00000001)        /*!<Filter bit 0 */

#define  CAN_F3R1_FB1                        ((uint32_t)0x00000002)        /*!<Filter bit 1 */

#define  CAN_F3R1_FB2                        ((uint32_t)0x00000004)        /*!<Filter bit 2 */

#define  CAN_F3R1_FB3                        ((uint32_t)0x00000008)        /*!<Filter bit 3 */

#define  CAN_F3R1_FB4                        ((uint32_t)0x00000010)        /*!<Filter bit 4 */

#define  CAN_F3R1_FB5                        ((uint32_t)0x00000020)        /*!<Filter bit 5 */

#define  CAN_F3R1_FB6                        ((uint32_t)0x00000040)        /*!<Filter bit 6 */

#define  CAN_F3R1_FB7                        ((uint32_t)0x00000080)        /*!<Filter bit 7 */

#define  CAN_F3R1_FB8                        ((uint32_t)0x00000100)        /*!<Filter bit 8 */

#define  CAN_F3R1_FB9                        ((uint32_t)0x00000200)        /*!<Filter bit 9 */

#define  CAN_F3R1_FB10                       ((uint32_t)0x00000400)        /*!<Filter bit 10 */

#define  CAN_F3R1_FB11                       ((uint32_t)0x00000800)        /*!<Filter bit 11 */

#define  CAN_F3R1_FB12                       ((uint32_t)0x00001000)        /*!<Filter bit 12 */

#define  CAN_F3R1_FB13                       ((uint32_t)0x00002000)        /*!<Filter bit 13 */

#define  CAN_F3R1_FB14                       ((uint32_t)0x00004000)        /*!<Filter bit 14 */

#define  CAN_F3R1_FB15                       ((uint32_t)0x00008000)        /*!<Filter bit 15 */

#define  CAN_F3R1_FB16                       ((uint32_t)0x00010000)        /*!<Filter bit 16 */

#define  CAN_F3R1_FB17                       ((uint32_t)0x00020000)        /*!<Filter bit 17 */

#define  CAN_F3R1_FB18                       ((uint32_t)0x00040000)        /*!<Filter bit 18 */

#define  CAN_F3R1_FB19                       ((uint32_t)0x00080000)        /*!<Filter bit 19 */

#define  CAN_F3R1_FB20                       ((uint32_t)0x00100000)        /*!<Filter bit 20 */

#define  CAN_F3R1_FB21                       ((uint32_t)0x00200000)        /*!<Filter bit 21 */

#define  CAN_F3R1_FB22                       ((uint32_t)0x00400000)        /*!<Filter bit 22 */

#define  CAN_F3R1_FB23                       ((uint32_t)0x00800000)        /*!<Filter bit 23 */

#define  CAN_F3R1_FB24                       ((uint32_t)0x01000000)        /*!<Filter bit 24 */

#define  CAN_F3R1_FB25                       ((uint32_t)0x02000000)        /*!<Filter bit 25 */

#define  CAN_F3R1_FB26                       ((uint32_t)0x04000000)        /*!<Filter bit 26 */

#define  CAN_F3R1_FB27                       ((uint32_t)0x08000000)        /*!<Filter bit 27 */

#define  CAN_F3R1_FB28                       ((uint32_t)0x10000000)        /*!<Filter bit 28 */

#define  CAN_F3R1_FB29                       ((uint32_t)0x20000000)        /*!<Filter bit 29 */

#define  CAN_F3R1_FB30                       ((uint32_t)0x40000000)        /*!<Filter bit 30 */

#define  CAN_F3R1_FB31                       ((uint32_t)0x80000000)        /*!<Filter bit 31 */



/*******************  Bit definition for CAN_F4R1 register  *******************/

#define  CAN_F4R1_FB0                        ((uint32_t)0x00000001)        /*!<Filter bit 0 */

#define  CAN_F4R1_FB1                        ((uint32_t)0x00000002)        /*!<Filter bit 1 */

#define  CAN_F4R1_FB2                        ((uint32_t)0x00000004)        /*!<Filter bit 2 */

#define  CAN_F4R1_FB3                        ((uint32_t)0x00000008)        /*!<Filter bit 3 */

#define  CAN_F4R1_FB4                        ((uint32_t)0x00000010)        /*!<Filter bit 4 */

#define  CAN_F4R1_FB5                        ((uint32_t)0x00000020)        /*!<Filter bit 5 */

#define  CAN_F4R1_FB6                        ((uint32_t)0x00000040)        /*!<Filter bit 6 */

#define  CAN_F4R1_FB7                        ((uint32_t)0x00000080)        /*!<Filter bit 7 */

#define  CAN_F4R1_FB8                        ((uint32_t)0x00000100)        /*!<Filter bit 8 */

#define  CAN_F4R1_FB9                        ((uint32_t)0x00000200)        /*!<Filter bit 9 */

#define  CAN_F4R1_FB10                       ((uint32_t)0x00000400)        /*!<Filter bit 10 */

#define  CAN_F4R1_FB11                       ((uint32_t)0x00000800)        /*!<Filter bit 11 */

#define  CAN_F4R1_FB12                       ((uint32_t)0x00001000)        /*!<Filter bit 12 */

#define  CAN_F4R1_FB13                       ((uint32_t)0x00002000)        /*!<Filter bit 13 */

#define  CAN_F4R1_FB14                       ((uint32_t)0x00004000)        /*!<Filter bit 14 */

#define  CAN_F4R1_FB15                       ((uint32_t)0x00008000)        /*!<Filter bit 15 */

#define  CAN_F4R1_FB16                       ((uint32_t)0x00010000)        /*!<Filter bit 16 */

#define  CAN_F4R1_FB17                       ((uint32_t)0x00020000)        /*!<Filter bit 17 */

#define  CAN_F4R1_FB18                       ((uint32_t)0x00040000)        /*!<Filter bit 18 */

#define  CAN_F4R1_FB19                       ((uint32_t)0x00080000)        /*!<Filter bit 19 */

#define  CAN_F4R1_FB20                       ((uint32_t)0x00100000)        /*!<Filter bit 20 */

#define  CAN_F4R1_FB21                       ((uint32_t)0x00200000)        /*!<Filter bit 21 */

#define  CAN_F4R1_FB22                       ((uint32_t)0x00400000)        /*!<Filter bit 22 */

#define  CAN_F4R1_FB23                       ((uint32_t)0x00800000)        /*!<Filter bit 23 */

#define  CAN_F4R1_FB24                       ((uint32_t)0x01000000)        /*!<Filter bit 24 */

#define  CAN_F4R1_FB25                       ((uint32_t)0x02000000)        /*!<Filter bit 25 */

#define  CAN_F4R1_FB26                       ((uint32_t)0x04000000)        /*!<Filter bit 26 */

#define  CAN_F4R1_FB27                       ((uint32_t)0x08000000)        /*!<Filter bit 27 */

#define  CAN_F4R1_FB28                       ((uint32_t)0x10000000)        /*!<Filter bit 28 */

#define  CAN_F4R1_FB29                       ((uint32_t)0x20000000)        /*!<Filter bit 29 */

#define  CAN_F4R1_FB30                       ((uint32_t)0x40000000)        /*!<Filter bit 30 */

#define  CAN_F4R1_FB31                       ((uint32_t)0x80000000)        /*!<Filter bit 31 */



/*******************  Bit definition for CAN_F5R1 register  *******************/

#define  CAN_F5R1_FB0                        ((uint32_t)0x00000001)        /*!<Filter bit 0 */

#define  CAN_F5R1_FB1                        ((uint32_t)0x00000002)        /*!<Filter bit 1 */

#define  CAN_F5R1_FB2                        ((uint32_t)0x00000004)        /*!<Filter bit 2 */

#define  CAN_F5R1_FB3                        ((uint32_t)0x00000008)        /*!<Filter bit 3 */

#define  CAN_F5R1_FB4                        ((uint32_t)0x00000010)        /*!<Filter bit 4 */

#define  CAN_F5R1_FB5                        ((uint32_t)0x00000020)        /*!<Filter bit 5 */

#define  CAN_F5R1_FB6                        ((uint32_t)0x00000040)        /*!<Filter bit 6 */

#define  CAN_F5R1_FB7                        ((uint32_t)0x00000080)        /*!<Filter bit 7 */

#define  CAN_F5R1_FB8                        ((uint32_t)0x00000100)        /*!<Filter bit 8 */

#define  CAN_F5R1_FB9                        ((uint32_t)0x00000200)        /*!<Filter bit 9 */

#define  CAN_F5R1_FB10                       ((uint32_t)0x00000400)        /*!<Filter bit 10 */

#define  CAN_F5R1_FB11                       ((uint32_t)0x00000800)        /*!<Filter bit 11 */

#define  CAN_F5R1_FB12                       ((uint32_t)0x00001000)        /*!<Filter bit 12 */

#define  CAN_F5R1_FB13                       ((uint32_t)0x00002000)        /*!<Filter bit 13 */

#define  CAN_F5R1_FB14                       ((uint32_t)0x00004000)        /*!<Filter bit 14 */

#define  CAN_F5R1_FB15                       ((uint32_t)0x00008000)        /*!<Filter bit 15 */

#define  CAN_F5R1_FB16                       ((uint32_t)0x00010000)        /*!<Filter bit 16 */

#define  CAN_F5R1_FB17                       ((uint32_t)0x00020000)        /*!<Filter bit 17 */

#define  CAN_F5R1_FB18                       ((uint32_t)0x00040000)        /*!<Filter bit 18 */

#define  CAN_F5R1_FB19                       ((uint32_t)0x00080000)        /*!<Filter bit 19 */

#define  CAN_F5R1_FB20                       ((uint32_t)0x00100000)        /*!<Filter bit 20 */

#define  CAN_F5R1_FB21                       ((uint32_t)0x00200000)        /*!<Filter bit 21 */

#define  CAN_F5R1_FB22                       ((uint32_t)0x00400000)        /*!<Filter bit 22 */

#define  CAN_F5R1_FB23                       ((uint32_t)0x00800000)        /*!<Filter bit 23 */

#define  CAN_F5R1_FB24                       ((uint32_t)0x01000000)        /*!<Filter bit 24 */

#define  CAN_F5R1_FB25                       ((uint32_t)0x02000000)        /*!<Filter bit 25 */

#define  CAN_F5R1_FB26                       ((uint32_t)0x04000000)        /*!<Filter bit 26 */

#define  CAN_F5R1_FB27                       ((uint32_t)0x08000000)        /*!<Filter bit 27 */

#define  CAN_F5R1_FB28                       ((uint32_t)0x10000000)        /*!<Filter bit 28 */

#define  CAN_F5R1_FB29                       ((uint32_t)0x20000000)        /*!<Filter bit 29 */

#define  CAN_F5R1_FB30                       ((uint32_t)0x40000000)        /*!<Filter bit 30 */

#define  CAN_F5R1_FB31                       ((uint32_t)0x80000000)        /*!<Filter bit 31 */



/*******************  Bit definition for CAN_F6R1 register  *******************/

#define  CAN_F6R1_FB0                        ((uint32_t)0x00000001)        /*!<Filter bit 0 */

#define  CAN_F6R1_FB1                        ((uint32_t)0x00000002)        /*!<Filter bit 1 */

#define  CAN_F6R1_FB2                        ((uint32_t)0x00000004)        /*!<Filter bit 2 */

#define  CAN_F6R1_FB3                        ((uint32_t)0x00000008)        /*!<Filter bit 3 */

#define  CAN_F6R1_FB4                        ((uint32_t)0x00000010)        /*!<Filter bit 4 */

#define  CAN_F6R1_FB5                        ((uint32_t)0x00000020)        /*!<Filter bit 5 */

#define  CAN_F6R1_FB6                        ((uint32_t)0x00000040)        /*!<Filter bit 6 */

#define  CAN_F6R1_FB7                        ((uint32_t)0x00000080)        /*!<Filter bit 7 */

#define  CAN_F6R1_FB8                        ((uint32_t)0x00000100)        /*!<Filter bit 8 */

#define  CAN_F6R1_FB9                        ((uint32_t)0x00000200)        /*!<Filter bit 9 */

#define  CAN_F6R1_FB10                       ((uint32_t)0x00000400)        /*!<Filter bit 10 */

#define  CAN_F6R1_FB11                       ((uint32_t)0x00000800)        /*!<Filter bit 11 */

#define  CAN_F6R1_FB12                       ((uint32_t)0x00001000)        /*!<Filter bit 12 */

#define  CAN_F6R1_FB13                       ((uint32_t)0x00002000)        /*!<Filter bit 13 */

#define  CAN_F6R1_FB14                       ((uint32_t)0x00004000)        /*!<Filter bit 14 */

#define  CAN_F6R1_FB15                       ((uint32_t)0x00008000)        /*!<Filter bit 15 */

#define  CAN_F6R1_FB16                       ((uint32_t)0x00010000)        /*!<Filter bit 16 */

#define  CAN_F6R1_FB17                       ((uint32_t)0x00020000)        /*!<Filter bit 17 */

#define  CAN_F6R1_FB18                       ((uint32_t)0x00040000)        /*!<Filter bit 18 */

#define  CAN_F6R1_FB19                       ((uint32_t)0x00080000)        /*!<Filter bit 19 */

#define  CAN_F6R1_FB20                       ((uint32_t)0x00100000)        /*!<Filter bit 20 */

#define  CAN_F6R1_FB21                       ((uint32_t)0x00200000)        /*!<Filter bit 21 */

#define  CAN_F6R1_FB22                       ((uint32_t)0x00400000)        /*!<Filter bit 22 */

#define  CAN_F6R1_FB23                       ((uint32_t)0x00800000)        /*!<Filter bit 23 */

#define  CAN_F6R1_FB24                       ((uint32_t)0x01000000)        /*!<Filter bit 24 */

#define  CAN_F6R1_FB25                       ((uint32_t)0x02000000)        /*!<Filter bit 25 */

#define  CAN_F6R1_FB26                       ((uint32_t)0x04000000)        /*!<Filter bit 26 */

#define  CAN_F6R1_FB27                       ((uint32_t)0x08000000)        /*!<Filter bit 27 */

#define  CAN_F6R1_FB28                       ((uint32_t)0x10000000)        /*!<Filter bit 28 */

#define  CAN_F6R1_FB29                       ((uint32_t)0x20000000)        /*!<Filter bit 29 */

#define  CAN_F6R1_FB30                       ((uint32_t)0x40000000)        /*!<Filter bit 30 */

#define  CAN_F6R1_FB31                       ((uint32_t)0x80000000)        /*!<Filter bit 31 */



/*******************  Bit definition for CAN_F7R1 register  *******************/

#define  CAN_F7R1_FB0                        ((uint32_t)0x00000001)        /*!<Filter bit 0 */

#define  CAN_F7R1_FB1                        ((uint32_t)0x00000002)        /*!<Filter bit 1 */

#define  CAN_F7R1_FB2                        ((uint32_t)0x00000004)        /*!<Filter bit 2 */

#define  CAN_F7R1_FB3                        ((uint32_t)0x00000008)        /*!<Filter bit 3 */

#define  CAN_F7R1_FB4                        ((uint32_t)0x00000010)        /*!<Filter bit 4 */

#define  CAN_F7R1_FB5                        ((uint32_t)0x00000020)        /*!<Filter bit 5 */

#define  CAN_F7R1_FB6                        ((uint32_t)0x00000040)        /*!<Filter bit 6 */

#define  CAN_F7R1_FB7                        ((uint32_t)0x00000080)        /*!<Filter bit 7 */

#define  CAN_F7R1_FB8                        ((uint32_t)0x00000100)        /*!<Filter bit 8 */

#define  CAN_F7R1_FB9                        ((uint32_t)0x00000200)        /*!<Filter bit 9 */

#define  CAN_F7R1_FB10                       ((uint32_t)0x00000400)        /*!<Filter bit 10 */

#define  CAN_F7R1_FB11                       ((uint32_t)0x00000800)        /*!<Filter bit 11 */

#define  CAN_F7R1_FB12                       ((uint32_t)0x00001000)        /*!<Filter bit 12 */

#define  CAN_F7R1_FB13                       ((uint32_t)0x00002000)        /*!<Filter bit 13 */

#define  CAN_F7R1_FB14                       ((uint32_t)0x00004000)        /*!<Filter bit 14 */

#define  CAN_F7R1_FB15                       ((uint32_t)0x00008000)        /*!<Filter bit 15 */

#define  CAN_F7R1_FB16                       ((uint32_t)0x00010000)        /*!<Filter bit 16 */

#define  CAN_F7R1_FB17                       ((uint32_t)0x00020000)        /*!<Filter bit 17 */

#define  CAN_F7R1_FB18                       ((uint32_t)0x00040000)        /*!<Filter bit 18 */

#define  CAN_F7R1_FB19                       ((uint32_t)0x00080000)        /*!<Filter bit 19 */

#define  CAN_F7R1_FB20                       ((uint32_t)0x00100000)        /*!<Filter bit 20 */

#define  CAN_F7R1_FB21                       ((uint32_t)0x00200000)        /*!<Filter bit 21 */

#define  CAN_F7R1_FB22                       ((uint32_t)0x00400000)        /*!<Filter bit 22 */

#define  CAN_F7R1_FB23                       ((uint32_t)0x00800000)        /*!<Filter bit 23 */

#define  CAN_F7R1_FB24                       ((uint32_t)0x01000000)        /*!<Filter bit 24 */

#define  CAN_F7R1_FB25                       ((uint32_t)0x02000000)        /*!<Filter bit 25 */

#define  CAN_F7R1_FB26                       ((uint32_t)0x04000000)        /*!<Filter bit 26 */

#define  CAN_F7R1_FB27                       ((uint32_t)0x08000000)        /*!<Filter bit 27 */

#define  CAN_F7R1_FB28                       ((uint32_t)0x10000000)        /*!<Filter bit 28 */

#define  CAN_F7R1_FB29                       ((uint32_t)0x20000000)        /*!<Filter bit 29 */

#define  CAN_F7R1_FB30                       ((uint32_t)0x40000000)        /*!<Filter bit 30 */

#define  CAN_F7R1_FB31                       ((uint32_t)0x80000000)        /*!<Filter bit 31 */



/*******************  Bit definition for CAN_F8R1 register  *******************/

#define  CAN_F8R1_FB0                        ((uint32_t)0x00000001)        /*!<Filter bit 0 */

#define  CAN_F8R1_FB1                        ((uint32_t)0x00000002)        /*!<Filter bit 1 */

#define  CAN_F8R1_FB2                        ((uint32_t)0x00000004)        /*!<Filter bit 2 */

#define  CAN_F8R1_FB3                        ((uint32_t)0x00000008)        /*!<Filter bit 3 */

#define  CAN_F8R1_FB4                        ((uint32_t)0x00000010)        /*!<Filter bit 4 */

#define  CAN_F8R1_FB5                        ((uint32_t)0x00000020)        /*!<Filter bit 5 */

#define  CAN_F8R1_FB6                        ((uint32_t)0x00000040)        /*!<Filter bit 6 */

#define  CAN_F8R1_FB7                        ((uint32_t)0x00000080)        /*!<Filter bit 7 */

#define  CAN_F8R1_FB8                        ((uint32_t)0x00000100)        /*!<Filter bit 8 */

#define  CAN_F8R1_FB9                        ((uint32_t)0x00000200)        /*!<Filter bit 9 */

#define  CAN_F8R1_FB10                       ((uint32_t)0x00000400)        /*!<Filter bit 10 */

#define  CAN_F8R1_FB11                       ((uint32_t)0x00000800)        /*!<Filter bit 11 */

#define  CAN_F8R1_FB12                       ((uint32_t)0x00001000)        /*!<Filter bit 12 */

#define  CAN_F8R1_FB13                       ((uint32_t)0x00002000)        /*!<Filter bit 13 */

#define  CAN_F8R1_FB14                       ((uint32_t)0x00004000)        /*!<Filter bit 14 */

#define  CAN_F8R1_FB15                       ((uint32_t)0x00008000)        /*!<Filter bit 15 */

#define  CAN_F8R1_FB16                       ((uint32_t)0x00010000)        /*!<Filter bit 16 */

#define  CAN_F8R1_FB17                       ((uint32_t)0x00020000)        /*!<Filter bit 17 */

#define  CAN_F8R1_FB18                       ((uint32_t)0x00040000)        /*!<Filter bit 18 */

#define  CAN_F8R1_FB19                       ((uint32_t)0x00080000)        /*!<Filter bit 19 */

#define  CAN_F8R1_FB20                       ((uint32_t)0x00100000)        /*!<Filter bit 20 */

#define  CAN_F8R1_FB21                       ((uint32_t)0x00200000)        /*!<Filter bit 21 */

#define  CAN_F8R1_FB22                       ((uint32_t)0x00400000)        /*!<Filter bit 22 */

#define  CAN_F8R1_FB23                       ((uint32_t)0x00800000)        /*!<Filter bit 23 */

#define  CAN_F8R1_FB24                       ((uint32_t)0x01000000)        /*!<Filter bit 24 */

#define  CAN_F8R1_FB25                       ((uint32_t)0x02000000)        /*!<Filter bit 25 */

#define  CAN_F8R1_FB26                       ((uint32_t)0x04000000)        /*!<Filter bit 26 */

#define  CAN_F8R1_FB27                       ((uint32_t)0x08000000)        /*!<Filter bit 27 */

#define  CAN_F8R1_FB28                       ((uint32_t)0x10000000)        /*!<Filter bit 28 */

#define  CAN_F8R1_FB29                       ((uint32_t)0x20000000)        /*!<Filter bit 29 */

#define  CAN_F8R1_FB30                       ((uint32_t)0x40000000)        /*!<Filter bit 30 */

#define  CAN_F8R1_FB31                       ((uint32_t)0x80000000)        /*!<Filter bit 31 */



/*******************  Bit definition for CAN_F9R1 register  *******************/

#define  CAN_F9R1_FB0                        ((uint32_t)0x00000001)        /*!<Filter bit 0 */

#define  CAN_F9R1_FB1                        ((uint32_t)0x00000002)        /*!<Filter bit 1 */

#define  CAN_F9R1_FB2                        ((uint32_t)0x00000004)        /*!<Filter bit 2 */

#define  CAN_F9R1_FB3                        ((uint32_t)0x00000008)        /*!<Filter bit 3 */

#define  CAN_F9R1_FB4                        ((uint32_t)0x00000010)        /*!<Filter bit 4 */

#define  CAN_F9R1_FB5                        ((uint32_t)0x00000020)        /*!<Filter bit 5 */

#define  CAN_F9R1_FB6                        ((uint32_t)0x00000040)        /*!<Filter bit 6 */

#define  CAN_F9R1_FB7                        ((uint32_t)0x00000080)        /*!<Filter bit 7 */

#define  CAN_F9R1_FB8                        ((uint32_t)0x00000100)        /*!<Filter bit 8 */

#define  CAN_F9R1_FB9                        ((uint32_t)0x00000200)        /*!<Filter bit 9 */

#define  CAN_F9R1_FB10                       ((uint32_t)0x00000400)        /*!<Filter bit 10 */

#define  CAN_F9R1_FB11                       ((uint32_t)0x00000800)        /*!<Filter bit 11 */

#define  CAN_F9R1_FB12                       ((uint32_t)0x00001000)        /*!<Filter bit 12 */

#define  CAN_F9R1_FB13                       ((uint32_t)0x00002000)        /*!<Filter bit 13 */

#define  CAN_F9R1_FB14                       ((uint32_t)0x00004000)        /*!<Filter bit 14 */

#define  CAN_F9R1_FB15                       ((uint32_t)0x00008000)        /*!<Filter bit 15 */

#define  CAN_F9R1_FB16                       ((uint32_t)0x00010000)        /*!<Filter bit 16 */

#define  CAN_F9R1_FB17                       ((uint32_t)0x00020000)        /*!<Filter bit 17 */

#define  CAN_F9R1_FB18                       ((uint32_t)0x00040000)        /*!<Filter bit 18 */

#define  CAN_F9R1_FB19                       ((uint32_t)0x00080000)        /*!<Filter bit 19 */

#define  CAN_F9R1_FB20                       ((uint32_t)0x00100000)        /*!<Filter bit 20 */

#define  CAN_F9R1_FB21                       ((uint32_t)0x00200000)        /*!<Filter bit 21 */

#define  CAN_F9R1_FB22                       ((uint32_t)0x00400000)        /*!<Filter bit 22 */

#define  CAN_F9R1_FB23                       ((uint32_t)0x00800000)        /*!<Filter bit 23 */

#define  CAN_F9R1_FB24                       ((uint32_t)0x01000000)        /*!<Filter bit 24 */

#define  CAN_F9R1_FB25                       ((uint32_t)0x02000000)        /*!<Filter bit 25 */

#define  CAN_F9R1_FB26                       ((uint32_t)0x04000000)        /*!<Filter bit 26 */

#define  CAN_F9R1_FB27                       ((uint32_t)0x08000000)        /*!<Filter bit 27 */

#define  CAN_F9R1_FB28                       ((uint32_t)0x10000000)        /*!<Filter bit 28 */

#define  CAN_F9R1_FB29                       ((uint32_t)0x20000000)        /*!<Filter bit 29 */

#define  CAN_F9R1_FB30                       ((uint32_t)0x40000000)        /*!<Filter bit 30 */

#define  CAN_F9R1_FB31                       ((uint32_t)0x80000000)        /*!<Filter bit 31 */



/*******************  Bit definition for CAN_F10R1 register  ******************/

#define  CAN_F10R1_FB0                       ((uint32_t)0x00000001)        /*!<Filter bit 0 */

#define  CAN_F10R1_FB1                       ((uint32_t)0x00000002)        /*!<Filter bit 1 */

#define  CAN_F10R1_FB2                       ((uint32_t)0x00000004)        /*!<Filter bit 2 */

#define  CAN_F10R1_FB3                       ((uint32_t)0x00000008)        /*!<Filter bit 3 */

#define  CAN_F10R1_FB4                       ((uint32_t)0x00000010)        /*!<Filter bit 4 */

#define  CAN_F10R1_FB5                       ((uint32_t)0x00000020)        /*!<Filter bit 5 */

#define  CAN_F10R1_FB6                       ((uint32_t)0x00000040)        /*!<Filter bit 6 */

#define  CAN_F10R1_FB7                       ((uint32_t)0x00000080)        /*!<Filter bit 7 */

#define  CAN_F10R1_FB8                       ((uint32_t)0x00000100)        /*!<Filter bit 8 */

#define  CAN_F10R1_FB9                       ((uint32_t)0x00000200)        /*!<Filter bit 9 */

#define  CAN_F10R1_FB10                      ((uint32_t)0x00000400)        /*!<Filter bit 10 */

#define  CAN_F10R1_FB11                      ((uint32_t)0x00000800)        /*!<Filter bit 11 */

#define  CAN_F10R1_FB12                      ((uint32_t)0x00001000)        /*!<Filter bit 12 */

#define  CAN_F10R1_FB13                      ((uint32_t)0x00002000)        /*!<Filter bit 13 */

#define  CAN_F10R1_FB14                      ((uint32_t)0x00004000)        /*!<Filter bit 14 */

#define  CAN_F10R1_FB15                      ((uint32_t)0x00008000)        /*!<Filter bit 15 */

#define  CAN_F10R1_FB16                      ((uint32_t)0x00010000)        /*!<Filter bit 16 */

#define  CAN_F10R1_FB17                      ((uint32_t)0x00020000)        /*!<Filter bit 17 */

#define  CAN_F10R1_FB18                      ((uint32_t)0x00040000)        /*!<Filter bit 18 */

#define  CAN_F10R1_FB19                      ((uint32_t)0x00080000)        /*!<Filter bit 19 */

#define  CAN_F10R1_FB20                      ((uint32_t)0x00100000)        /*!<Filter bit 20 */

#define  CAN_F10R1_FB21                      ((uint32_t)0x00200000)        /*!<Filter bit 21 */

#define  CAN_F10R1_FB22                      ((uint32_t)0x00400000)        /*!<Filter bit 22 */

#define  CAN_F10R1_FB23                      ((uint32_t)0x00800000)        /*!<Filter bit 23 */

#define  CAN_F10R1_FB24                      ((uint32_t)0x01000000)        /*!<Filter bit 24 */

#define  CAN_F10R1_FB25                      ((uint32_t)0x02000000)        /*!<Filter bit 25 */

#define  CAN_F10R1_FB26                      ((uint32_t)0x04000000)        /*!<Filter bit 26 */

#define  CAN_F10R1_FB27                      ((uint32_t)0x08000000)        /*!<Filter bit 27 */

#define  CAN_F10R1_FB28                      ((uint32_t)0x10000000)        /*!<Filter bit 28 */

#define  CAN_F10R1_FB29                      ((uint32_t)0x20000000)        /*!<Filter bit 29 */

#define  CAN_F10R1_FB30                      ((uint32_t)0x40000000)        /*!<Filter bit 30 */

#define  CAN_F10R1_FB31                      ((uint32_t)0x80000000)        /*!<Filter bit 31 */



/*******************  Bit definition for CAN_F11R1 register  ******************/

#define  CAN_F11R1_FB0                       ((uint32_t)0x00000001)        /*!<Filter bit 0 */

#define  CAN_F11R1_FB1                       ((uint32_t)0x00000002)        /*!<Filter bit 1 */

#define  CAN_F11R1_FB2                       ((uint32_t)0x00000004)        /*!<Filter bit 2 */

#define  CAN_F11R1_FB3                       ((uint32_t)0x00000008)        /*!<Filter bit 3 */

#define  CAN_F11R1_FB4                       ((uint32_t)0x00000010)        /*!<Filter bit 4 */

#define  CAN_F11R1_FB5                       ((uint32_t)0x00000020)        /*!<Filter bit 5 */

#define  CAN_F11R1_FB6                       ((uint32_t)0x00000040)        /*!<Filter bit 6 */

#define  CAN_F11R1_FB7                       ((uint32_t)0x00000080)        /*!<Filter bit 7 */

#define  CAN_F11R1_FB8                       ((uint32_t)0x00000100)        /*!<Filter bit 8 */

#define  CAN_F11R1_FB9                       ((uint32_t)0x00000200)        /*!<Filter bit 9 */

#define  CAN_F11R1_FB10                      ((uint32_t)0x00000400)        /*!<Filter bit 10 */

#define  CAN_F11R1_FB11                      ((uint32_t)0x00000800)        /*!<Filter bit 11 */

#define  CAN_F11R1_FB12                      ((uint32_t)0x00001000)        /*!<Filter bit 12 */

#define  CAN_F11R1_FB13                      ((uint32_t)0x00002000)        /*!<Filter bit 13 */

#define  CAN_F11R1_FB14                      ((uint32_t)0x00004000)        /*!<Filter bit 14 */

#define  CAN_F11R1_FB15                      ((uint32_t)0x00008000)        /*!<Filter bit 15 */

#define  CAN_F11R1_FB16                      ((uint32_t)0x00010000)        /*!<Filter bit 16 */

#define  CAN_F11R1_FB17                      ((uint32_t)0x00020000)        /*!<Filter bit 17 */

#define  CAN_F11R1_FB18                      ((uint32_t)0x00040000)        /*!<Filter bit 18 */

#define  CAN_F11R1_FB19                      ((uint32_t)0x00080000)        /*!<Filter bit 19 */

#define  CAN_F11R1_FB20                      ((uint32_t)0x00100000)        /*!<Filter bit 20 */

#define  CAN_F11R1_FB21                      ((uint32_t)0x00200000)        /*!<Filter bit 21 */

#define  CAN_F11R1_FB22                      ((uint32_t)0x00400000)        /*!<Filter bit 22 */

#define  CAN_F11R1_FB23                      ((uint32_t)0x00800000)        /*!<Filter bit 23 */

#define  CAN_F11R1_FB24                      ((uint32_t)0x01000000)        /*!<Filter bit 24 */

#define  CAN_F11R1_FB25                      ((uint32_t)0x02000000)        /*!<Filter bit 25 */

#define  CAN_F11R1_FB26                      ((uint32_t)0x04000000)        /*!<Filter bit 26 */

#define  CAN_F11R1_FB27                      ((uint32_t)0x08000000)        /*!<Filter bit 27 */

#define  CAN_F11R1_FB28                      ((uint32_t)0x10000000)        /*!<Filter bit 28 */

#define  CAN_F11R1_FB29                      ((uint32_t)0x20000000)        /*!<Filter bit 29 */

#define  CAN_F11R1_FB30                      ((uint32_t)0x40000000)        /*!<Filter bit 30 */

#define  CAN_F11R1_FB31                      ((uint32_t)0x80000000)        /*!<Filter bit 31 */



/*******************  Bit definition for CAN_F12R1 register  ******************/

#define  CAN_F12R1_FB0                       ((uint32_t)0x00000001)        /*!<Filter bit 0 */

#define  CAN_F12R1_FB1                       ((uint32_t)0x00000002)        /*!<Filter bit 1 */

#define  CAN_F12R1_FB2                       ((uint32_t)0x00000004)        /*!<Filter bit 2 */

#define  CAN_F12R1_FB3                       ((uint32_t)0x00000008)        /*!<Filter bit 3 */

#define  CAN_F12R1_FB4                       ((uint32_t)0x00000010)        /*!<Filter bit 4 */

#define  CAN_F12R1_FB5                       ((uint32_t)0x00000020)        /*!<Filter bit 5 */

#define  CAN_F12R1_FB6                       ((uint32_t)0x00000040)        /*!<Filter bit 6 */

#define  CAN_F12R1_FB7                       ((uint32_t)0x00000080)        /*!<Filter bit 7 */

#define  CAN_F12R1_FB8                       ((uint32_t)0x00000100)        /*!<Filter bit 8 */

#define  CAN_F12R1_FB9                       ((uint32_t)0x00000200)        /*!<Filter bit 9 */

#define  CAN_F12R1_FB10                      ((uint32_t)0x00000400)        /*!<Filter bit 10 */

#define  CAN_F12R1_FB11                      ((uint32_t)0x00000800)        /*!<Filter bit 11 */

#define  CAN_F12R1_FB12                      ((uint32_t)0x00001000)        /*!<Filter bit 12 */

#define  CAN_F12R1_FB13                      ((uint32_t)0x00002000)        /*!<Filter bit 13 */

#define  CAN_F12R1_FB14                      ((uint32_t)0x00004000)        /*!<Filter bit 14 */

#define  CAN_F12R1_FB15                      ((uint32_t)0x00008000)        /*!<Filter bit 15 */

#define  CAN_F12R1_FB16                      ((uint32_t)0x00010000)        /*!<Filter bit 16 */

#define  CAN_F12R1_FB17                      ((uint32_t)0x00020000)        /*!<Filter bit 17 */

#define  CAN_F12R1_FB18                      ((uint32_t)0x00040000)        /*!<Filter bit 18 */

#define  CAN_F12R1_FB19                      ((uint32_t)0x00080000)        /*!<Filter bit 19 */

#define  CAN_F12R1_FB20                      ((uint32_t)0x00100000)        /*!<Filter bit 20 */

#define  CAN_F12R1_FB21                      ((uint32_t)0x00200000)        /*!<Filter bit 21 */

#define  CAN_F12R1_FB22                      ((uint32_t)0x00400000)        /*!<Filter bit 22 */

#define  CAN_F12R1_FB23                      ((uint32_t)0x00800000)        /*!<Filter bit 23 */

#define  CAN_F12R1_FB24                      ((uint32_t)0x01000000)        /*!<Filter bit 24 */

#define  CAN_F12R1_FB25                      ((uint32_t)0x02000000)        /*!<Filter bit 25 */

#define  CAN_F12R1_FB26                      ((uint32_t)0x04000000)        /*!<Filter bit 26 */

#define  CAN_F12R1_FB27                      ((uint32_t)0x08000000)        /*!<Filter bit 27 */

#define  CAN_F12R1_FB28                      ((uint32_t)0x10000000)        /*!<Filter bit 28 */

#define  CAN_F12R1_FB29                      ((uint32_t)0x20000000)        /*!<Filter bit 29 */

#define  CAN_F12R1_FB30                      ((uint32_t)0x40000000)        /*!<Filter bit 30 */

#define  CAN_F12R1_FB31                      ((uint32_t)0x80000000)        /*!<Filter bit 31 */



/*******************  Bit definition for CAN_F13R1 register  ******************/

#define  CAN_F13R1_FB0                       ((uint32_t)0x00000001)        /*!<Filter bit 0 */

#define  CAN_F13R1_FB1                       ((uint32_t)0x00000002)        /*!<Filter bit 1 */

#define  CAN_F13R1_FB2                       ((uint32_t)0x00000004)        /*!<Filter bit 2 */

#define  CAN_F13R1_FB3                       ((uint32_t)0x00000008)        /*!<Filter bit 3 */

#define  CAN_F13R1_FB4                       ((uint32_t)0x00000010)        /*!<Filter bit 4 */

#define  CAN_F13R1_FB5                       ((uint32_t)0x00000020)        /*!<Filter bit 5 */

#define  CAN_F13R1_FB6                       ((uint32_t)0x00000040)        /*!<Filter bit 6 */

#define  CAN_F13R1_FB7                       ((uint32_t)0x00000080)        /*!<Filter bit 7 */

#define  CAN_F13R1_FB8                       ((uint32_t)0x00000100)        /*!<Filter bit 8 */

#define  CAN_F13R1_FB9                       ((uint32_t)0x00000200)        /*!<Filter bit 9 */

#define  CAN_F13R1_FB10                      ((uint32_t)0x00000400)        /*!<Filter bit 10 */

#define  CAN_F13R1_FB11                      ((uint32_t)0x00000800)        /*!<Filter bit 11 */

#define  CAN_F13R1_FB12                      ((uint32_t)0x00001000)        /*!<Filter bit 12 */

#define  CAN_F13R1_FB13                      ((uint32_t)0x00002000)        /*!<Filter bit 13 */

#define  CAN_F13R1_FB14                      ((uint32_t)0x00004000)        /*!<Filter bit 14 */

#define  CAN_F13R1_FB15                      ((uint32_t)0x00008000)        /*!<Filter bit 15 */

#define  CAN_F13R1_FB16                      ((uint32_t)0x00010000)        /*!<Filter bit 16 */

#define  CAN_F13R1_FB17                      ((uint32_t)0x00020000)        /*!<Filter bit 17 */

#define  CAN_F13R1_FB18                      ((uint32_t)0x00040000)        /*!<Filter bit 18 */

#define  CAN_F13R1_FB19                      ((uint32_t)0x00080000)        /*!<Filter bit 19 */

#define  CAN_F13R1_FB20                      ((uint32_t)0x00100000)        /*!<Filter bit 20 */

#define  CAN_F13R1_FB21                      ((uint32_t)0x00200000)        /*!<Filter bit 21 */

#define  CAN_F13R1_FB22                      ((uint32_t)0x00400000)        /*!<Filter bit 22 */

#define  CAN_F13R1_FB23                      ((uint32_t)0x00800000)        /*!<Filter bit 23 */

#define  CAN_F13R1_FB24                      ((uint32_t)0x01000000)        /*!<Filter bit 24 */

#define  CAN_F13R1_FB25                      ((uint32_t)0x02000000)        /*!<Filter bit 25 */

#define  CAN_F13R1_FB26                      ((uint32_t)0x04000000)        /*!<Filter bit 26 */

#define  CAN_F13R1_FB27                      ((uint32_t)0x08000000)        /*!<Filter bit 27 */

#define  CAN_F13R1_FB28                      ((uint32_t)0x10000000)        /*!<Filter bit 28 */

#define  CAN_F13R1_FB29                      ((uint32_t)0x20000000)        /*!<Filter bit 29 */

#define  CAN_F13R1_FB30                      ((uint32_t)0x40000000)        /*!<Filter bit 30 */

#define  CAN_F13R1_FB31                      ((uint32_t)0x80000000)        /*!<Filter bit 31 */



/*******************  Bit definition for CAN_F0R2 register  *******************/

#define  CAN_F0R2_FB0                        ((uint32_t)0x00000001)        /*!<Filter bit 0 */

#define  CAN_F0R2_FB1                        ((uint32_t)0x00000002)        /*!<Filter bit 1 */

#define  CAN_F0R2_FB2                        ((uint32_t)0x00000004)        /*!<Filter bit 2 */

#define  CAN_F0R2_FB3                        ((uint32_t)0x00000008)        /*!<Filter bit 3 */

#define  CAN_F0R2_FB4                        ((uint32_t)0x00000010)        /*!<Filter bit 4 */

#define  CAN_F0R2_FB5                        ((uint32_t)0x00000020)        /*!<Filter bit 5 */

#define  CAN_F0R2_FB6                        ((uint32_t)0x00000040)        /*!<Filter bit 6 */

#define  CAN_F0R2_FB7                        ((uint32_t)0x00000080)        /*!<Filter bit 7 */

#define  CAN_F0R2_FB8                        ((uint32_t)0x00000100)        /*!<Filter bit 8 */

#define  CAN_F0R2_FB9                        ((uint32_t)0x00000200)        /*!<Filter bit 9 */

#define  CAN_F0R2_FB10                       ((uint32_t)0x00000400)        /*!<Filter bit 10 */

#define  CAN_F0R2_FB11                       ((uint32_t)0x00000800)        /*!<Filter bit 11 */

#define  CAN_F0R2_FB12                       ((uint32_t)0x00001000)        /*!<Filter bit 12 */

#define  CAN_F0R2_FB13                       ((uint32_t)0x00002000)        /*!<Filter bit 13 */

#define  CAN_F0R2_FB14                       ((uint32_t)0x00004000)        /*!<Filter bit 14 */

#define  CAN_F0R2_FB15                       ((uint32_t)0x00008000)        /*!<Filter bit 15 */

#define  CAN_F0R2_FB16                       ((uint32_t)0x00010000)        /*!<Filter bit 16 */

#define  CAN_F0R2_FB17                       ((uint32_t)0x00020000)        /*!<Filter bit 17 */

#define  CAN_F0R2_FB18                       ((uint32_t)0x00040000)        /*!<Filter bit 18 */

#define  CAN_F0R2_FB19                       ((uint32_t)0x00080000)        /*!<Filter bit 19 */

#define  CAN_F0R2_FB20                       ((uint32_t)0x00100000)        /*!<Filter bit 20 */

#define  CAN_F0R2_FB21                       ((uint32_t)0x00200000)        /*!<Filter bit 21 */

#define  CAN_F0R2_FB22                       ((uint32_t)0x00400000)        /*!<Filter bit 22 */

#define  CAN_F0R2_FB23                       ((uint32_t)0x00800000)        /*!<Filter bit 23 */

#define  CAN_F0R2_FB24                       ((uint32_t)0x01000000)        /*!<Filter bit 24 */

#define  CAN_F0R2_FB25                       ((uint32_t)0x02000000)        /*!<Filter bit 25 */

#define  CAN_F0R2_FB26                       ((uint32_t)0x04000000)        /*!<Filter bit 26 */

#define  CAN_F0R2_FB27                       ((uint32_t)0x08000000)        /*!<Filter bit 27 */

#define  CAN_F0R2_FB28                       ((uint32_t)0x10000000)        /*!<Filter bit 28 */

#define  CAN_F0R2_FB29                       ((uint32_t)0x20000000)        /*!<Filter bit 29 */

#define  CAN_F0R2_FB30                       ((uint32_t)0x40000000)        /*!<Filter bit 30 */

#define  CAN_F0R2_FB31                       ((uint32_t)0x80000000)        /*!<Filter bit 31 */



/*******************  Bit definition for CAN_F1R2 register  *******************/

#define  CAN_F1R2_FB0                        ((uint32_t)0x00000001)        /*!<Filter bit 0 */

#define  CAN_F1R2_FB1                        ((uint32_t)0x00000002)        /*!<Filter bit 1 */

#define  CAN_F1R2_FB2                        ((uint32_t)0x00000004)        /*!<Filter bit 2 */

#define  CAN_F1R2_FB3                        ((uint32_t)0x00000008)        /*!<Filter bit 3 */

#define  CAN_F1R2_FB4                        ((uint32_t)0x00000010)        /*!<Filter bit 4 */

#define  CAN_F1R2_FB5                        ((uint32_t)0x00000020)        /*!<Filter bit 5 */

#define  CAN_F1R2_FB6                        ((uint32_t)0x00000040)        /*!<Filter bit 6 */

#define  CAN_F1R2_FB7                        ((uint32_t)0x00000080)        /*!<Filter bit 7 */

#define  CAN_F1R2_FB8                        ((uint32_t)0x00000100)        /*!<Filter bit 8 */

#define  CAN_F1R2_FB9                        ((uint32_t)0x00000200)        /*!<Filter bit 9 */

#define  CAN_F1R2_FB10                       ((uint32_t)0x00000400)        /*!<Filter bit 10 */

#define  CAN_F1R2_FB11                       ((uint32_t)0x00000800)        /*!<Filter bit 11 */

#define  CAN_F1R2_FB12                       ((uint32_t)0x00001000)        /*!<Filter bit 12 */

#define  CAN_F1R2_FB13                       ((uint32_t)0x00002000)        /*!<Filter bit 13 */

#define  CAN_F1R2_FB14                       ((uint32_t)0x00004000)        /*!<Filter bit 14 */

#define  CAN_F1R2_FB15                       ((uint32_t)0x00008000)        /*!<Filter bit 15 */

#define  CAN_F1R2_FB16                       ((uint32_t)0x00010000)        /*!<Filter bit 16 */

#define  CAN_F1R2_FB17                       ((uint32_t)0x00020000)        /*!<Filter bit 17 */

#define  CAN_F1R2_FB18                       ((uint32_t)0x00040000)        /*!<Filter bit 18 */

#define  CAN_F1R2_FB19                       ((uint32_t)0x00080000)        /*!<Filter bit 19 */

#define  CAN_F1R2_FB20                       ((uint32_t)0x00100000)        /*!<Filter bit 20 */

#define  CAN_F1R2_FB21                       ((uint32_t)0x00200000)        /*!<Filter bit 21 */

#define  CAN_F1R2_FB22                       ((uint32_t)0x00400000)        /*!<Filter bit 22 */

#define  CAN_F1R2_FB23                       ((uint32_t)0x00800000)        /*!<Filter bit 23 */

#define  CAN_F1R2_FB24                       ((uint32_t)0x01000000)        /*!<Filter bit 24 */

#define  CAN_F1R2_FB25                       ((uint32_t)0x02000000)        /*!<Filter bit 25 */

#define  CAN_F1R2_FB26                       ((uint32_t)0x04000000)        /*!<Filter bit 26 */

#define  CAN_F1R2_FB27                       ((uint32_t)0x08000000)        /*!<Filter bit 27 */

#define  CAN_F1R2_FB28                       ((uint32_t)0x10000000)        /*!<Filter bit 28 */

#define  CAN_F1R2_FB29                       ((uint32_t)0x20000000)        /*!<Filter bit 29 */

#define  CAN_F1R2_FB30                       ((uint32_t)0x40000000)        /*!<Filter bit 30 */

#define  CAN_F1R2_FB31                       ((uint32_t)0x80000000)        /*!<Filter bit 31 */



/*******************  Bit definition for CAN_F2R2 register  *******************/

#define  CAN_F2R2_FB0                        ((uint32_t)0x00000001)        /*!<Filter bit 0 */

#define  CAN_F2R2_FB1                        ((uint32_t)0x00000002)        /*!<Filter bit 1 */

#define  CAN_F2R2_FB2                        ((uint32_t)0x00000004)        /*!<Filter bit 2 */

#define  CAN_F2R2_FB3                        ((uint32_t)0x00000008)        /*!<Filter bit 3 */

#define  CAN_F2R2_FB4                        ((uint32_t)0x00000010)        /*!<Filter bit 4 */

#define  CAN_F2R2_FB5                        ((uint32_t)0x00000020)        /*!<Filter bit 5 */

#define  CAN_F2R2_FB6                        ((uint32_t)0x00000040)        /*!<Filter bit 6 */

#define  CAN_F2R2_FB7                        ((uint32_t)0x00000080)        /*!<Filter bit 7 */

#define  CAN_F2R2_FB8                        ((uint32_t)0x00000100)        /*!<Filter bit 8 */

#define  CAN_F2R2_FB9                        ((uint32_t)0x00000200)        /*!<Filter bit 9 */

#define  CAN_F2R2_FB10                       ((uint32_t)0x00000400)        /*!<Filter bit 10 */

#define  CAN_F2R2_FB11                       ((uint32_t)0x00000800)        /*!<Filter bit 11 */

#define  CAN_F2R2_FB12                       ((uint32_t)0x00001000)        /*!<Filter bit 12 */

#define  CAN_F2R2_FB13                       ((uint32_t)0x00002000)        /*!<Filter bit 13 */

#define  CAN_F2R2_FB14                       ((uint32_t)0x00004000)        /*!<Filter bit 14 */

#define  CAN_F2R2_FB15                       ((uint32_t)0x00008000)        /*!<Filter bit 15 */

#define  CAN_F2R2_FB16                       ((uint32_t)0x00010000)        /*!<Filter bit 16 */

#define  CAN_F2R2_FB17                       ((uint32_t)0x00020000)        /*!<Filter bit 17 */

#define  CAN_F2R2_FB18                       ((uint32_t)0x00040000)        /*!<Filter bit 18 */

#define  CAN_F2R2_FB19                       ((uint32_t)0x00080000)        /*!<Filter bit 19 */

#define  CAN_F2R2_FB20                       ((uint32_t)0x00100000)        /*!<Filter bit 20 */

#define  CAN_F2R2_FB21                       ((uint32_t)0x00200000)        /*!<Filter bit 21 */

#define  CAN_F2R2_FB22                       ((uint32_t)0x00400000)        /*!<Filter bit 22 */

#define  CAN_F2R2_FB23                       ((uint32_t)0x00800000)        /*!<Filter bit 23 */

#define  CAN_F2R2_FB24                       ((uint32_t)0x01000000)        /*!<Filter bit 24 */

#define  CAN_F2R2_FB25                       ((uint32_t)0x02000000)        /*!<Filter bit 25 */

#define  CAN_F2R2_FB26                       ((uint32_t)0x04000000)        /*!<Filter bit 26 */

#define  CAN_F2R2_FB27                       ((uint32_t)0x08000000)        /*!<Filter bit 27 */

#define  CAN_F2R2_FB28                       ((uint32_t)0x10000000)        /*!<Filter bit 28 */

#define  CAN_F2R2_FB29                       ((uint32_t)0x20000000)        /*!<Filter bit 29 */

#define  CAN_F2R2_FB30                       ((uint32_t)0x40000000)        /*!<Filter bit 30 */

#define  CAN_F2R2_FB31                       ((uint32_t)0x80000000)        /*!<Filter bit 31 */



/*******************  Bit definition for CAN_F3R2 register  *******************/

#define  CAN_F3R2_FB0                        ((uint32_t)0x00000001)        /*!<Filter bit 0 */

#define  CAN_F3R2_FB1                        ((uint32_t)0x00000002)        /*!<Filter bit 1 */

#define  CAN_F3R2_FB2                        ((uint32_t)0x00000004)        /*!<Filter bit 2 */

#define  CAN_F3R2_FB3                        ((uint32_t)0x00000008)        /*!<Filter bit 3 */

#define  CAN_F3R2_FB4                        ((uint32_t)0x00000010)        /*!<Filter bit 4 */

#define  CAN_F3R2_FB5                        ((uint32_t)0x00000020)        /*!<Filter bit 5 */

#define  CAN_F3R2_FB6                        ((uint32_t)0x00000040)        /*!<Filter bit 6 */

#define  CAN_F3R2_FB7                        ((uint32_t)0x00000080)        /*!<Filter bit 7 */

#define  CAN_F3R2_FB8                        ((uint32_t)0x00000100)        /*!<Filter bit 8 */

#define  CAN_F3R2_FB9                        ((uint32_t)0x00000200)        /*!<Filter bit 9 */

#define  CAN_F3R2_FB10                       ((uint32_t)0x00000400)        /*!<Filter bit 10 */

#define  CAN_F3R2_FB11                       ((uint32_t)0x00000800)        /*!<Filter bit 11 */

#define  CAN_F3R2_FB12                       ((uint32_t)0x00001000)        /*!<Filter bit 12 */

#define  CAN_F3R2_FB13                       ((uint32_t)0x00002000)        /*!<Filter bit 13 */

#define  CAN_F3R2_FB14                       ((uint32_t)0x00004000)        /*!<Filter bit 14 */

#define  CAN_F3R2_FB15                       ((uint32_t)0x00008000)        /*!<Filter bit 15 */

#define  CAN_F3R2_FB16                       ((uint32_t)0x00010000)        /*!<Filter bit 16 */

#define  CAN_F3R2_FB17                       ((uint32_t)0x00020000)        /*!<Filter bit 17 */

#define  CAN_F3R2_FB18                       ((uint32_t)0x00040000)        /*!<Filter bit 18 */

#define  CAN_F3R2_FB19                       ((uint32_t)0x00080000)        /*!<Filter bit 19 */

#define  CAN_F3R2_FB20                       ((uint32_t)0x00100000)        /*!<Filter bit 20 */

#define  CAN_F3R2_FB21                       ((uint32_t)0x00200000)        /*!<Filter bit 21 */

#define  CAN_F3R2_FB22                       ((uint32_t)0x00400000)        /*!<Filter bit 22 */

#define  CAN_F3R2_FB23                       ((uint32_t)0x00800000)        /*!<Filter bit 23 */

#define  CAN_F3R2_FB24                       ((uint32_t)0x01000000)        /*!<Filter bit 24 */

#define  CAN_F3R2_FB25                       ((uint32_t)0x02000000)        /*!<Filter bit 25 */

#define  CAN_F3R2_FB26                       ((uint32_t)0x04000000)        /*!<Filter bit 26 */

#define  CAN_F3R2_FB27                       ((uint32_t)0x08000000)        /*!<Filter bit 27 */

#define  CAN_F3R2_FB28                       ((uint32_t)0x10000000)        /*!<Filter bit 28 */

#define  CAN_F3R2_FB29                       ((uint32_t)0x20000000)        /*!<Filter bit 29 */

#define  CAN_F3R2_FB30                       ((uint32_t)0x40000000)        /*!<Filter bit 30 */

#define  CAN_F3R2_FB31                       ((uint32_t)0x80000000)        /*!<Filter bit 31 */



/*******************  Bit definition for CAN_F4R2 register  *******************/

#define  CAN_F4R2_FB0                        ((uint32_t)0x00000001)        /*!<Filter bit 0 */

#define  CAN_F4R2_FB1                        ((uint32_t)0x00000002)        /*!<Filter bit 1 */

#define  CAN_F4R2_FB2                        ((uint32_t)0x00000004)        /*!<Filter bit 2 */

#define  CAN_F4R2_FB3                        ((uint32_t)0x00000008)        /*!<Filter bit 3 */

#define  CAN_F4R2_FB4                        ((uint32_t)0x00000010)        /*!<Filter bit 4 */

#define  CAN_F4R2_FB5                        ((uint32_t)0x00000020)        /*!<Filter bit 5 */

#define  CAN_F4R2_FB6                        ((uint32_t)0x00000040)        /*!<Filter bit 6 */

#define  CAN_F4R2_FB7                        ((uint32_t)0x00000080)        /*!<Filter bit 7 */

#define  CAN_F4R2_FB8                        ((uint32_t)0x00000100)        /*!<Filter bit 8 */

#define  CAN_F4R2_FB9                        ((uint32_t)0x00000200)        /*!<Filter bit 9 */

#define  CAN_F4R2_FB10                       ((uint32_t)0x00000400)        /*!<Filter bit 10 */

#define  CAN_F4R2_FB11                       ((uint32_t)0x00000800)        /*!<Filter bit 11 */

#define  CAN_F4R2_FB12                       ((uint32_t)0x00001000)        /*!<Filter bit 12 */

#define  CAN_F4R2_FB13                       ((uint32_t)0x00002000)        /*!<Filter bit 13 */

#define  CAN_F4R2_FB14                       ((uint32_t)0x00004000)        /*!<Filter bit 14 */

#define  CAN_F4R2_FB15                       ((uint32_t)0x00008000)        /*!<Filter bit 15 */

#define  CAN_F4R2_FB16                       ((uint32_t)0x00010000)        /*!<Filter bit 16 */

#define  CAN_F4R2_FB17                       ((uint32_t)0x00020000)        /*!<Filter bit 17 */

#define  CAN_F4R2_FB18                       ((uint32_t)0x00040000)        /*!<Filter bit 18 */

#define  CAN_F4R2_FB19                       ((uint32_t)0x00080000)        /*!<Filter bit 19 */

#define  CAN_F4R2_FB20                       ((uint32_t)0x00100000)        /*!<Filter bit 20 */

#define  CAN_F4R2_FB21                       ((uint32_t)0x00200000)        /*!<Filter bit 21 */

#define  CAN_F4R2_FB22                       ((uint32_t)0x00400000)        /*!<Filter bit 22 */

#define  CAN_F4R2_FB23                       ((uint32_t)0x00800000)        /*!<Filter bit 23 */

#define  CAN_F4R2_FB24                       ((uint32_t)0x01000000)        /*!<Filter bit 24 */

#define  CAN_F4R2_FB25                       ((uint32_t)0x02000000)        /*!<Filter bit 25 */

#define  CAN_F4R2_FB26                       ((uint32_t)0x04000000)        /*!<Filter bit 26 */

#define  CAN_F4R2_FB27                       ((uint32_t)0x08000000)        /*!<Filter bit 27 */

#define  CAN_F4R2_FB28                       ((uint32_t)0x10000000)        /*!<Filter bit 28 */

#define  CAN_F4R2_FB29                       ((uint32_t)0x20000000)        /*!<Filter bit 29 */

#define  CAN_F4R2_FB30                       ((uint32_t)0x40000000)        /*!<Filter bit 30 */

#define  CAN_F4R2_FB31                       ((uint32_t)0x80000000)        /*!<Filter bit 31 */



/*******************  Bit definition for CAN_F5R2 register  *******************/

#define  CAN_F5R2_FB0                        ((uint32_t)0x00000001)        /*!<Filter bit 0 */

#define  CAN_F5R2_FB1                        ((uint32_t)0x00000002)        /*!<Filter bit 1 */

#define  CAN_F5R2_FB2                        ((uint32_t)0x00000004)        /*!<Filter bit 2 */

#define  CAN_F5R2_FB3                        ((uint32_t)0x00000008)        /*!<Filter bit 3 */

#define  CAN_F5R2_FB4                        ((uint32_t)0x00000010)        /*!<Filter bit 4 */

#define  CAN_F5R2_FB5                        ((uint32_t)0x00000020)        /*!<Filter bit 5 */

#define  CAN_F5R2_FB6                        ((uint32_t)0x00000040)        /*!<Filter bit 6 */

#define  CAN_F5R2_FB7                        ((uint32_t)0x00000080)        /*!<Filter bit 7 */

#define  CAN_F5R2_FB8                        ((uint32_t)0x00000100)        /*!<Filter bit 8 */

#define  CAN_F5R2_FB9                        ((uint32_t)0x00000200)        /*!<Filter bit 9 */

#define  CAN_F5R2_FB10                       ((uint32_t)0x00000400)        /*!<Filter bit 10 */

#define  CAN_F5R2_FB11                       ((uint32_t)0x00000800)        /*!<Filter bit 11 */

#define  CAN_F5R2_FB12                       ((uint32_t)0x00001000)        /*!<Filter bit 12 */

#define  CAN_F5R2_FB13                       ((uint32_t)0x00002000)        /*!<Filter bit 13 */

#define  CAN_F5R2_FB14                       ((uint32_t)0x00004000)        /*!<Filter bit 14 */

#define  CAN_F5R2_FB15                       ((uint32_t)0x00008000)        /*!<Filter bit 15 */

#define  CAN_F5R2_FB16                       ((uint32_t)0x00010000)        /*!<Filter bit 16 */

#define  CAN_F5R2_FB17                       ((uint32_t)0x00020000)        /*!<Filter bit 17 */

#define  CAN_F5R2_FB18                       ((uint32_t)0x00040000)        /*!<Filter bit 18 */

#define  CAN_F5R2_FB19                       ((uint32_t)0x00080000)        /*!<Filter bit 19 */

#define  CAN_F5R2_FB20                       ((uint32_t)0x00100000)        /*!<Filter bit 20 */

#define  CAN_F5R2_FB21                       ((uint32_t)0x00200000)        /*!<Filter bit 21 */

#define  CAN_F5R2_FB22                       ((uint32_t)0x00400000)        /*!<Filter bit 22 */

#define  CAN_F5R2_FB23                       ((uint32_t)0x00800000)        /*!<Filter bit 23 */

#define  CAN_F5R2_FB24                       ((uint32_t)0x01000000)        /*!<Filter bit 24 */

#define  CAN_F5R2_FB25                       ((uint32_t)0x02000000)        /*!<Filter bit 25 */

#define  CAN_F5R2_FB26                       ((uint32_t)0x04000000)        /*!<Filter bit 26 */

#define  CAN_F5R2_FB27                       ((uint32_t)0x08000000)        /*!<Filter bit 27 */

#define  CAN_F5R2_FB28                       ((uint32_t)0x10000000)        /*!<Filter bit 28 */

#define  CAN_F5R2_FB29                       ((uint32_t)0x20000000)        /*!<Filter bit 29 */

#define  CAN_F5R2_FB30                       ((uint32_t)0x40000000)        /*!<Filter bit 30 */

#define  CAN_F5R2_FB31                       ((uint32_t)0x80000000)        /*!<Filter bit 31 */



/*******************  Bit definition for CAN_F6R2 register  *******************/

#define  CAN_F6R2_FB0                        ((uint32_t)0x00000001)        /*!<Filter bit 0 */

#define  CAN_F6R2_FB1                        ((uint32_t)0x00000002)        /*!<Filter bit 1 */

#define  CAN_F6R2_FB2                        ((uint32_t)0x00000004)        /*!<Filter bit 2 */

#define  CAN_F6R2_FB3                        ((uint32_t)0x00000008)        /*!<Filter bit 3 */

#define  CAN_F6R2_FB4                        ((uint32_t)0x00000010)        /*!<Filter bit 4 */

#define  CAN_F6R2_FB5                        ((uint32_t)0x00000020)        /*!<Filter bit 5 */

#define  CAN_F6R2_FB6                        ((uint32_t)0x00000040)        /*!<Filter bit 6 */

#define  CAN_F6R2_FB7                        ((uint32_t)0x00000080)        /*!<Filter bit 7 */

#define  CAN_F6R2_FB8                        ((uint32_t)0x00000100)        /*!<Filter bit 8 */

#define  CAN_F6R2_FB9                        ((uint32_t)0x00000200)        /*!<Filter bit 9 */

#define  CAN_F6R2_FB10                       ((uint32_t)0x00000400)        /*!<Filter bit 10 */

#define  CAN_F6R2_FB11                       ((uint32_t)0x00000800)        /*!<Filter bit 11 */

#define  CAN_F6R2_FB12                       ((uint32_t)0x00001000)        /*!<Filter bit 12 */

#define  CAN_F6R2_FB13                       ((uint32_t)0x00002000)        /*!<Filter bit 13 */

#define  CAN_F6R2_FB14                       ((uint32_t)0x00004000)        /*!<Filter bit 14 */

#define  CAN_F6R2_FB15                       ((uint32_t)0x00008000)        /*!<Filter bit 15 */

#define  CAN_F6R2_FB16                       ((uint32_t)0x00010000)        /*!<Filter bit 16 */

#define  CAN_F6R2_FB17                       ((uint32_t)0x00020000)        /*!<Filter bit 17 */

#define  CAN_F6R2_FB18                       ((uint32_t)0x00040000)        /*!<Filter bit 18 */

#define  CAN_F6R2_FB19                       ((uint32_t)0x00080000)        /*!<Filter bit 19 */

#define  CAN_F6R2_FB20                       ((uint32_t)0x00100000)        /*!<Filter bit 20 */

#define  CAN_F6R2_FB21                       ((uint32_t)0x00200000)        /*!<Filter bit 21 */

#define  CAN_F6R2_FB22                       ((uint32_t)0x00400000)        /*!<Filter bit 22 */

#define  CAN_F6R2_FB23                       ((uint32_t)0x00800000)        /*!<Filter bit 23 */

#define  CAN_F6R2_FB24                       ((uint32_t)0x01000000)        /*!<Filter bit 24 */

#define  CAN_F6R2_FB25                       ((uint32_t)0x02000000)        /*!<Filter bit 25 */

#define  CAN_F6R2_FB26                       ((uint32_t)0x04000000)        /*!<Filter bit 26 */

#define  CAN_F6R2_FB27                       ((uint32_t)0x08000000)        /*!<Filter bit 27 */

#define  CAN_F6R2_FB28                       ((uint32_t)0x10000000)        /*!<Filter bit 28 */

#define  CAN_F6R2_FB29                       ((uint32_t)0x20000000)        /*!<Filter bit 29 */

#define  CAN_F6R2_FB30                       ((uint32_t)0x40000000)        /*!<Filter bit 30 */

#define  CAN_F6R2_FB31                       ((uint32_t)0x80000000)        /*!<Filter bit 31 */



/*******************  Bit definition for CAN_F7R2 register  *******************/

#define  CAN_F7R2_FB0                        ((uint32_t)0x00000001)        /*!<Filter bit 0 */

#define  CAN_F7R2_FB1                        ((uint32_t)0x00000002)        /*!<Filter bit 1 */

#define  CAN_F7R2_FB2                        ((uint32_t)0x00000004)        /*!<Filter bit 2 */

#define  CAN_F7R2_FB3                        ((uint32_t)0x00000008)        /*!<Filter bit 3 */

#define  CAN_F7R2_FB4                        ((uint32_t)0x00000010)        /*!<Filter bit 4 */

#define  CAN_F7R2_FB5                        ((uint32_t)0x00000020)        /*!<Filter bit 5 */

#define  CAN_F7R2_FB6                        ((uint32_t)0x00000040)        /*!<Filter bit 6 */

#define  CAN_F7R2_FB7                        ((uint32_t)0x00000080)        /*!<Filter bit 7 */

#define  CAN_F7R2_FB8                        ((uint32_t)0x00000100)        /*!<Filter bit 8 */

#define  CAN_F7R2_FB9                        ((uint32_t)0x00000200)        /*!<Filter bit 9 */

#define  CAN_F7R2_FB10                       ((uint32_t)0x00000400)        /*!<Filter bit 10 */

#define  CAN_F7R2_FB11                       ((uint32_t)0x00000800)        /*!<Filter bit 11 */

#define  CAN_F7R2_FB12                       ((uint32_t)0x00001000)        /*!<Filter bit 12 */

#define  CAN_F7R2_FB13                       ((uint32_t)0x00002000)        /*!<Filter bit 13 */

#define  CAN_F7R2_FB14                       ((uint32_t)0x00004000)        /*!<Filter bit 14 */

#define  CAN_F7R2_FB15                       ((uint32_t)0x00008000)        /*!<Filter bit 15 */

#define  CAN_F7R2_FB16                       ((uint32_t)0x00010000)        /*!<Filter bit 16 */

#define  CAN_F7R2_FB17                       ((uint32_t)0x00020000)        /*!<Filter bit 17 */

#define  CAN_F7R2_FB18                       ((uint32_t)0x00040000)        /*!<Filter bit 18 */

#define  CAN_F7R2_FB19                       ((uint32_t)0x00080000)        /*!<Filter bit 19 */

#define  CAN_F7R2_FB20                       ((uint32_t)0x00100000)        /*!<Filter bit 20 */

#define  CAN_F7R2_FB21                       ((uint32_t)0x00200000)        /*!<Filter bit 21 */

#define  CAN_F7R2_FB22                       ((uint32_t)0x00400000)        /*!<Filter bit 22 */

#define  CAN_F7R2_FB23                       ((uint32_t)0x00800000)        /*!<Filter bit 23 */

#define  CAN_F7R2_FB24                       ((uint32_t)0x01000000)        /*!<Filter bit 24 */

#define  CAN_F7R2_FB25                       ((uint32_t)0x02000000)        /*!<Filter bit 25 */

#define  CAN_F7R2_FB26                       ((uint32_t)0x04000000)        /*!<Filter bit 26 */

#define  CAN_F7R2_FB27                       ((uint32_t)0x08000000)        /*!<Filter bit 27 */

#define  CAN_F7R2_FB28                       ((uint32_t)0x10000000)        /*!<Filter bit 28 */

#define  CAN_F7R2_FB29                       ((uint32_t)0x20000000)        /*!<Filter bit 29 */

#define  CAN_F7R2_FB30                       ((uint32_t)0x40000000)        /*!<Filter bit 30 */

#define  CAN_F7R2_FB31                       ((uint32_t)0x80000000)        /*!<Filter bit 31 */



/*******************  Bit definition for CAN_F8R2 register  *******************/

#define  CAN_F8R2_FB0                        ((uint32_t)0x00000001)        /*!<Filter bit 0 */

#define  CAN_F8R2_FB1                        ((uint32_t)0x00000002)        /*!<Filter bit 1 */

#define  CAN_F8R2_FB2                        ((uint32_t)0x00000004)        /*!<Filter bit 2 */

#define  CAN_F8R2_FB3                        ((uint32_t)0x00000008)        /*!<Filter bit 3 */

#define  CAN_F8R2_FB4                        ((uint32_t)0x00000010)        /*!<Filter bit 4 */

#define  CAN_F8R2_FB5                        ((uint32_t)0x00000020)        /*!<Filter bit 5 */

#define  CAN_F8R2_FB6                        ((uint32_t)0x00000040)        /*!<Filter bit 6 */

#define  CAN_F8R2_FB7                        ((uint32_t)0x00000080)        /*!<Filter bit 7 */

#define  CAN_F8R2_FB8                        ((uint32_t)0x00000100)        /*!<Filter bit 8 */

#define  CAN_F8R2_FB9                        ((uint32_t)0x00000200)        /*!<Filter bit 9 */

#define  CAN_F8R2_FB10                       ((uint32_t)0x00000400)        /*!<Filter bit 10 */

#define  CAN_F8R2_FB11                       ((uint32_t)0x00000800)        /*!<Filter bit 11 */

#define  CAN_F8R2_FB12                       ((uint32_t)0x00001000)        /*!<Filter bit 12 */

#define  CAN_F8R2_FB13                       ((uint32_t)0x00002000)        /*!<Filter bit 13 */

#define  CAN_F8R2_FB14                       ((uint32_t)0x00004000)        /*!<Filter bit 14 */

#define  CAN_F8R2_FB15                       ((uint32_t)0x00008000)        /*!<Filter bit 15 */

#define  CAN_F8R2_FB16                       ((uint32_t)0x00010000)        /*!<Filter bit 16 */

#define  CAN_F8R2_FB17                       ((uint32_t)0x00020000)        /*!<Filter bit 17 */

#define  CAN_F8R2_FB18                       ((uint32_t)0x00040000)        /*!<Filter bit 18 */

#define  CAN_F8R2_FB19                       ((uint32_t)0x00080000)        /*!<Filter bit 19 */

#define  CAN_F8R2_FB20                       ((uint32_t)0x00100000)        /*!<Filter bit 20 */

#define  CAN_F8R2_FB21                       ((uint32_t)0x00200000)        /*!<Filter bit 21 */

#define  CAN_F8R2_FB22                       ((uint32_t)0x00400000)        /*!<Filter bit 22 */

#define  CAN_F8R2_FB23                       ((uint32_t)0x00800000)        /*!<Filter bit 23 */

#define  CAN_F8R2_FB24                       ((uint32_t)0x01000000)        /*!<Filter bit 24 */

#define  CAN_F8R2_FB25                       ((uint32_t)0x02000000)        /*!<Filter bit 25 */

#define  CAN_F8R2_FB26                       ((uint32_t)0x04000000)        /*!<Filter bit 26 */

#define  CAN_F8R2_FB27                       ((uint32_t)0x08000000)        /*!<Filter bit 27 */

#define  CAN_F8R2_FB28                       ((uint32_t)0x10000000)        /*!<Filter bit 28 */

#define  CAN_F8R2_FB29                       ((uint32_t)0x20000000)        /*!<Filter bit 29 */

#define  CAN_F8R2_FB30                       ((uint32_t)0x40000000)        /*!<Filter bit 30 */

#define  CAN_F8R2_FB31                       ((uint32_t)0x80000000)        /*!<Filter bit 31 */



/*******************  Bit definition for CAN_F9R2 register  *******************/

#define  CAN_F9R2_FB0                        ((uint32_t)0x00000001)        /*!<Filter bit 0 */

#define  CAN_F9R2_FB1                        ((uint32_t)0x00000002)        /*!<Filter bit 1 */

#define  CAN_F9R2_FB2                        ((uint32_t)0x00000004)        /*!<Filter bit 2 */

#define  CAN_F9R2_FB3                        ((uint32_t)0x00000008)        /*!<Filter bit 3 */

#define  CAN_F9R2_FB4                        ((uint32_t)0x00000010)        /*!<Filter bit 4 */

#define  CAN_F9R2_FB5                        ((uint32_t)0x00000020)        /*!<Filter bit 5 */

#define  CAN_F9R2_FB6                        ((uint32_t)0x00000040)        /*!<Filter bit 6 */

#define  CAN_F9R2_FB7                        ((uint32_t)0x00000080)        /*!<Filter bit 7 */

#define  CAN_F9R2_FB8                        ((uint32_t)0x00000100)        /*!<Filter bit 8 */

#define  CAN_F9R2_FB9                        ((uint32_t)0x00000200)        /*!<Filter bit 9 */

#define  CAN_F9R2_FB10                       ((uint32_t)0x00000400)        /*!<Filter bit 10 */

#define  CAN_F9R2_FB11                       ((uint32_t)0x00000800)        /*!<Filter bit 11 */

#define  CAN_F9R2_FB12                       ((uint32_t)0x00001000)        /*!<Filter bit 12 */

#define  CAN_F9R2_FB13                       ((uint32_t)0x00002000)        /*!<Filter bit 13 */

#define  CAN_F9R2_FB14                       ((uint32_t)0x00004000)        /*!<Filter bit 14 */

#define  CAN_F9R2_FB15                       ((uint32_t)0x00008000)        /*!<Filter bit 15 */

#define  CAN_F9R2_FB16                       ((uint32_t)0x00010000)        /*!<Filter bit 16 */

#define  CAN_F9R2_FB17                       ((uint32_t)0x00020000)        /*!<Filter bit 17 */

#define  CAN_F9R2_FB18                       ((uint32_t)0x00040000)        /*!<Filter bit 18 */

#define  CAN_F9R2_FB19                       ((uint32_t)0x00080000)        /*!<Filter bit 19 */

#define  CAN_F9R2_FB20                       ((uint32_t)0x00100000)        /*!<Filter bit 20 */

#define  CAN_F9R2_FB21                       ((uint32_t)0x00200000)        /*!<Filter bit 21 */

#define  CAN_F9R2_FB22                       ((uint32_t)0x00400000)        /*!<Filter bit 22 */

#define  CAN_F9R2_FB23                       ((uint32_t)0x00800000)        /*!<Filter bit 23 */

#define  CAN_F9R2_FB24                       ((uint32_t)0x01000000)        /*!<Filter bit 24 */

#define  CAN_F9R2_FB25                       ((uint32_t)0x02000000)        /*!<Filter bit 25 */

#define  CAN_F9R2_FB26                       ((uint32_t)0x04000000)        /*!<Filter bit 26 */

#define  CAN_F9R2_FB27                       ((uint32_t)0x08000000)        /*!<Filter bit 27 */

#define  CAN_F9R2_FB28                       ((uint32_t)0x10000000)        /*!<Filter bit 28 */

#define  CAN_F9R2_FB29                       ((uint32_t)0x20000000)        /*!<Filter bit 29 */

#define  CAN_F9R2_FB30                       ((uint32_t)0x40000000)        /*!<Filter bit 30 */

#define  CAN_F9R2_FB31                       ((uint32_t)0x80000000)        /*!<Filter bit 31 */



/*******************  Bit definition for CAN_F10R2 register  ******************/

#define  CAN_F10R2_FB0                       ((uint32_t)0x00000001)        /*!<Filter bit 0 */

#define  CAN_F10R2_FB1                       ((uint32_t)0x00000002)        /*!<Filter bit 1 */

#define  CAN_F10R2_FB2                       ((uint32_t)0x00000004)        /*!<Filter bit 2 */

#define  CAN_F10R2_FB3                       ((uint32_t)0x00000008)        /*!<Filter bit 3 */

#define  CAN_F10R2_FB4                       ((uint32_t)0x00000010)        /*!<Filter bit 4 */

#define  CAN_F10R2_FB5                       ((uint32_t)0x00000020)        /*!<Filter bit 5 */

#define  CAN_F10R2_FB6                       ((uint32_t)0x00000040)        /*!<Filter bit 6 */

#define  CAN_F10R2_FB7                       ((uint32_t)0x00000080)        /*!<Filter bit 7 */

#define  CAN_F10R2_FB8                       ((uint32_t)0x00000100)        /*!<Filter bit 8 */

#define  CAN_F10R2_FB9                       ((uint32_t)0x00000200)        /*!<Filter bit 9 */

#define  CAN_F10R2_FB10                      ((uint32_t)0x00000400)        /*!<Filter bit 10 */

#define  CAN_F10R2_FB11                      ((uint32_t)0x00000800)        /*!<Filter bit 11 */

#define  CAN_F10R2_FB12                      ((uint32_t)0x00001000)        /*!<Filter bit 12 */

#define  CAN_F10R2_FB13                      ((uint32_t)0x00002000)        /*!<Filter bit 13 */

#define  CAN_F10R2_FB14                      ((uint32_t)0x00004000)        /*!<Filter bit 14 */

#define  CAN_F10R2_FB15                      ((uint32_t)0x00008000)        /*!<Filter bit 15 */

#define  CAN_F10R2_FB16                      ((uint32_t)0x00010000)        /*!<Filter bit 16 */

#define  CAN_F10R2_FB17                      ((uint32_t)0x00020000)        /*!<Filter bit 17 */

#define  CAN_F10R2_FB18                      ((uint32_t)0x00040000)        /*!<Filter bit 18 */

#define  CAN_F10R2_FB19                      ((uint32_t)0x00080000)        /*!<Filter bit 19 */

#define  CAN_F10R2_FB20                      ((uint32_t)0x00100000)        /*!<Filter bit 20 */

#define  CAN_F10R2_FB21                      ((uint32_t)0x00200000)        /*!<Filter bit 21 */

#define  CAN_F10R2_FB22                      ((uint32_t)0x00400000)        /*!<Filter bit 22 */

#define  CAN_F10R2_FB23                      ((uint32_t)0x00800000)        /*!<Filter bit 23 */

#define  CAN_F10R2_FB24                      ((uint32_t)0x01000000)        /*!<Filter bit 24 */

#define  CAN_F10R2_FB25                      ((uint32_t)0x02000000)        /*!<Filter bit 25 */

#define  CAN_F10R2_FB26                      ((uint32_t)0x04000000)        /*!<Filter bit 26 */

#define  CAN_F10R2_FB27                      ((uint32_t)0x08000000)        /*!<Filter bit 27 */

#define  CAN_F10R2_FB28                      ((uint32_t)0x10000000)        /*!<Filter bit 28 */

#define  CAN_F10R2_FB29                      ((uint32_t)0x20000000)        /*!<Filter bit 29 */

#define  CAN_F10R2_FB30                      ((uint32_t)0x40000000)        /*!<Filter bit 30 */

#define  CAN_F10R2_FB31                      ((uint32_t)0x80000000)        /*!<Filter bit 31 */



/*******************  Bit definition for CAN_F11R2 register  ******************/

#define  CAN_F11R2_FB0                       ((uint32_t)0x00000001)        /*!<Filter bit 0 */

#define  CAN_F11R2_FB1                       ((uint32_t)0x00000002)        /*!<Filter bit 1 */

#define  CAN_F11R2_FB2                       ((uint32_t)0x00000004)        /*!<Filter bit 2 */

#define  CAN_F11R2_FB3                       ((uint32_t)0x00000008)        /*!<Filter bit 3 */

#define  CAN_F11R2_FB4                       ((uint32_t)0x00000010)        /*!<Filter bit 4 */

#define  CAN_F11R2_FB5                       ((uint32_t)0x00000020)        /*!<Filter bit 5 */

#define  CAN_F11R2_FB6                       ((uint32_t)0x00000040)        /*!<Filter bit 6 */

#define  CAN_F11R2_FB7                       ((uint32_t)0x00000080)        /*!<Filter bit 7 */

#define  CAN_F11R2_FB8                       ((uint32_t)0x00000100)        /*!<Filter bit 8 */

#define  CAN_F11R2_FB9                       ((uint32_t)0x00000200)        /*!<Filter bit 9 */

#define  CAN_F11R2_FB10                      ((uint32_t)0x00000400)        /*!<Filter bit 10 */

#define  CAN_F11R2_FB11                      ((uint32_t)0x00000800)        /*!<Filter bit 11 */

#define  CAN_F11R2_FB12                      ((uint32_t)0x00001000)        /*!<Filter bit 12 */

#define  CAN_F11R2_FB13                      ((uint32_t)0x00002000)        /*!<Filter bit 13 */

#define  CAN_F11R2_FB14                      ((uint32_t)0x00004000)        /*!<Filter bit 14 */

#define  CAN_F11R2_FB15                      ((uint32_t)0x00008000)        /*!<Filter bit 15 */

#define  CAN_F11R2_FB16                      ((uint32_t)0x00010000)        /*!<Filter bit 16 */

#define  CAN_F11R2_FB17                      ((uint32_t)0x00020000)        /*!<Filter bit 17 */

#define  CAN_F11R2_FB18                      ((uint32_t)0x00040000)        /*!<Filter bit 18 */

#define  CAN_F11R2_FB19                      ((uint32_t)0x00080000)        /*!<Filter bit 19 */

#define  CAN_F11R2_FB20                      ((uint32_t)0x00100000)        /*!<Filter bit 20 */

#define  CAN_F11R2_FB21                      ((uint32_t)0x00200000)        /*!<Filter bit 21 */

#define  CAN_F11R2_FB22                      ((uint32_t)0x00400000)        /*!<Filter bit 22 */

#define  CAN_F11R2_FB23                      ((uint32_t)0x00800000)        /*!<Filter bit 23 */

#define  CAN_F11R2_FB24                      ((uint32_t)0x01000000)        /*!<Filter bit 24 */

#define  CAN_F11R2_FB25                      ((uint32_t)0x02000000)        /*!<Filter bit 25 */

#define  CAN_F11R2_FB26                      ((uint32_t)0x04000000)        /*!<Filter bit 26 */

#define  CAN_F11R2_FB27                      ((uint32_t)0x08000000)        /*!<Filter bit 27 */

#define  CAN_F11R2_FB28                      ((uint32_t)0x10000000)        /*!<Filter bit 28 */

#define  CAN_F11R2_FB29                      ((uint32_t)0x20000000)        /*!<Filter bit 29 */

#define  CAN_F11R2_FB30                      ((uint32_t)0x40000000)        /*!<Filter bit 30 */

#define  CAN_F11R2_FB31                      ((uint32_t)0x80000000)        /*!<Filter bit 31 */



/*******************  Bit definition for CAN_F12R2 register  ******************/

#define  CAN_F12R2_FB0                       ((uint32_t)0x00000001)        /*!<Filter bit 0 */

#define  CAN_F12R2_FB1                       ((uint32_t)0x00000002)        /*!<Filter bit 1 */

#define  CAN_F12R2_FB2                       ((uint32_t)0x00000004)        /*!<Filter bit 2 */

#define  CAN_F12R2_FB3                       ((uint32_t)0x00000008)        /*!<Filter bit 3 */

#define  CAN_F12R2_FB4                       ((uint32_t)0x00000010)        /*!<Filter bit 4 */

#define  CAN_F12R2_FB5                       ((uint32_t)0x00000020)        /*!<Filter bit 5 */

#define  CAN_F12R2_FB6                       ((uint32_t)0x00000040)        /*!<Filter bit 6 */

#define  CAN_F12R2_FB7                       ((uint32_t)0x00000080)        /*!<Filter bit 7 */

#define  CAN_F12R2_FB8                       ((uint32_t)0x00000100)        /*!<Filter bit 8 */

#define  CAN_F12R2_FB9                       ((uint32_t)0x00000200)        /*!<Filter bit 9 */

#define  CAN_F12R2_FB10                      ((uint32_t)0x00000400)        /*!<Filter bit 10 */

#define  CAN_F12R2_FB11                      ((uint32_t)0x00000800)        /*!<Filter bit 11 */

#define  CAN_F12R2_FB12                      ((uint32_t)0x00001000)        /*!<Filter bit 12 */

#define  CAN_F12R2_FB13                      ((uint32_t)0x00002000)        /*!<Filter bit 13 */

#define  CAN_F12R2_FB14                      ((uint32_t)0x00004000)        /*!<Filter bit 14 */

#define  CAN_F12R2_FB15                      ((uint32_t)0x00008000)        /*!<Filter bit 15 */

#define  CAN_F12R2_FB16                      ((uint32_t)0x00010000)        /*!<Filter bit 16 */

#define  CAN_F12R2_FB17                      ((uint32_t)0x00020000)        /*!<Filter bit 17 */

#define  CAN_F12R2_FB18                      ((uint32_t)0x00040000)        /*!<Filter bit 18 */

#define  CAN_F12R2_FB19                      ((uint32_t)0x00080000)        /*!<Filter bit 19 */

#define  CAN_F12R2_FB20                      ((uint32_t)0x00100000)        /*!<Filter bit 20 */

#define  CAN_F12R2_FB21                      ((uint32_t)0x00200000)        /*!<Filter bit 21 */

#define  CAN_F12R2_FB22                      ((uint32_t)0x00400000)        /*!<Filter bit 22 */

#define  CAN_F12R2_FB23                      ((uint32_t)0x00800000)        /*!<Filter bit 23 */

#define  CAN_F12R2_FB24                      ((uint32_t)0x01000000)        /*!<Filter bit 24 */

#define  CAN_F12R2_FB25                      ((uint32_t)0x02000000)        /*!<Filter bit 25 */

#define  CAN_F12R2_FB26                      ((uint32_t)0x04000000)        /*!<Filter bit 26 */

#define  CAN_F12R2_FB27                      ((uint32_t)0x08000000)        /*!<Filter bit 27 */

#define  CAN_F12R2_FB28                      ((uint32_t)0x10000000)        /*!<Filter bit 28 */

#define  CAN_F12R2_FB29                      ((uint32_t)0x20000000)        /*!<Filter bit 29 */

#define  CAN_F12R2_FB30                      ((uint32_t)0x40000000)        /*!<Filter bit 30 */

#define  CAN_F12R2_FB31                      ((uint32_t)0x80000000)        /*!<Filter bit 31 */



/*******************  Bit definition for CAN_F13R2 register  ******************/

#define  CAN_F13R2_FB0                       ((uint32_t)0x00000001)        /*!<Filter bit 0 */

#define  CAN_F13R2_FB1                       ((uint32_t)0x00000002)        /*!<Filter bit 1 */

#define  CAN_F13R2_FB2                       ((uint32_t)0x00000004)        /*!<Filter bit 2 */

#define  CAN_F13R2_FB3                       ((uint32_t)0x00000008)        /*!<Filter bit 3 */

#define  CAN_F13R2_FB4                       ((uint32_t)0x00000010)        /*!<Filter bit 4 */

#define  CAN_F13R2_FB5                       ((uint32_t)0x00000020)        /*!<Filter bit 5 */

#define  CAN_F13R2_FB6                       ((uint32_t)0x00000040)        /*!<Filter bit 6 */

#define  CAN_F13R2_FB7                       ((uint32_t)0x00000080)        /*!<Filter bit 7 */

#define  CAN_F13R2_FB8                       ((uint32_t)0x00000100)        /*!<Filter bit 8 */

#define  CAN_F13R2_FB9                       ((uint32_t)0x00000200)        /*!<Filter bit 9 */

#define  CAN_F13R2_FB10                      ((uint32_t)0x00000400)        /*!<Filter bit 10 */

#define  CAN_F13R2_FB11                      ((uint32_t)0x00000800)        /*!<Filter bit 11 */

#define  CAN_F13R2_FB12                      ((uint32_t)0x00001000)        /*!<Filter bit 12 */

#define  CAN_F13R2_FB13                      ((uint32_t)0x00002000)        /*!<Filter bit 13 */

#define  CAN_F13R2_FB14                      ((uint32_t)0x00004000)        /*!<Filter bit 14 */

#define  CAN_F13R2_FB15                      ((uint32_t)0x00008000)        /*!<Filter bit 15 */

#define  CAN_F13R2_FB16                      ((uint32_t)0x00010000)        /*!<Filter bit 16 */

#define  CAN_F13R2_FB17                      ((uint32_t)0x00020000)        /*!<Filter bit 17 */

#define  CAN_F13R2_FB18                      ((uint32_t)0x00040000)        /*!<Filter bit 18 */

#define  CAN_F13R2_FB19                      ((uint32_t)0x00080000)        /*!<Filter bit 19 */

#define  CAN_F13R2_FB20                      ((uint32_t)0x00100000)        /*!<Filter bit 20 */

#define  CAN_F13R2_FB21                      ((uint32_t)0x00200000)        /*!<Filter bit 21 */

#define  CAN_F13R2_FB22                      ((uint32_t)0x00400000)        /*!<Filter bit 22 */

#define  CAN_F13R2_FB23                      ((uint32_t)0x00800000)        /*!<Filter bit 23 */

#define  CAN_F13R2_FB24                      ((uint32_t)0x01000000)        /*!<Filter bit 24 */

#define  CAN_F13R2_FB25                      ((uint32_t)0x02000000)        /*!<Filter bit 25 */

#define  CAN_F13R2_FB26                      ((uint32_t)0x04000000)        /*!<Filter bit 26 */

#define  CAN_F13R2_FB27                      ((uint32_t)0x08000000)        /*!<Filter bit 27 */

#define  CAN_F13R2_FB28                      ((uint32_t)0x10000000)        /*!<Filter bit 28 */

#define  CAN_F13R2_FB29                      ((uint32_t)0x20000000)        /*!<Filter bit 29 */

#define  CAN_F13R2_FB30                      ((uint32_t)0x40000000)        /*!<Filter bit 30 */

#define  CAN_F13R2_FB31                      ((uint32_t)0x80000000)        /*!<Filter bit 31 */



/******************************************************************************/

/*                                                                            */

/*                          CRC calculation unit                              */

/*                                                                            */

/******************************************************************************/

/*******************  Bit definition for CRC_DR register  *********************/

#define  CRC_DR_DR                           ((uint32_t)0xFFFFFFFF) /*!< Data register bits */





/*******************  Bit definition for CRC_IDR register  ********************/

#define  CRC_IDR_IDR                         ((uint8_t)0xFF)        /*!< General-purpose 8-bit data register bits */





/********************  Bit definition for CRC_CR register  ********************/

#define  CRC_CR_RESET                        ((uint8_t)0x01)        /*!< RESET bit */



/******************************************************************************/

/*                                                                            */

/*                            Crypto Processor                                */

/*                                                                            */

/******************************************************************************/

/******************* Bits definition for CRYP_CR register  ********************/

#define CRYP_CR_ALGODIR                      ((uint32_t)0x00000004)



#define CRYP_CR_ALGOMODE                     ((uint32_t)0x00000038)

#define CRYP_CR_ALGOMODE_0                   ((uint32_t)0x00000008)

#define CRYP_CR_ALGOMODE_1                   ((uint32_t)0x00000010)

#define CRYP_CR_ALGOMODE_2                   ((uint32_t)0x00000020)

#define CRYP_CR_ALGOMODE_TDES_ECB            ((uint32_t)0x00000000)

#define CRYP_CR_ALGOMODE_TDES_CBC            ((uint32_t)0x00000008)

#define CRYP_CR_ALGOMODE_DES_ECB             ((uint32_t)0x00000010)

#define CRYP_CR_ALGOMODE_DES_CBC             ((uint32_t)0x00000018)

#define CRYP_CR_ALGOMODE_AES_ECB             ((uint32_t)0x00000020)

#define CRYP_CR_ALGOMODE_AES_CBC             ((uint32_t)0x00000028)

#define CRYP_CR_ALGOMODE_AES_CTR             ((uint32_t)0x00000030)

#define CRYP_CR_ALGOMODE_AES_KEY             ((uint32_t)0x00000038)



#define CRYP_CR_DATATYPE                     ((uint32_t)0x000000C0)

#define CRYP_CR_DATATYPE_0                   ((uint32_t)0x00000040)

#define CRYP_CR_DATATYPE_1                   ((uint32_t)0x00000080)

#define CRYP_CR_KEYSIZE                      ((uint32_t)0x00000300)

#define CRYP_CR_KEYSIZE_0                    ((uint32_t)0x00000100)

#define CRYP_CR_KEYSIZE_1                    ((uint32_t)0x00000200)

#define CRYP_CR_FFLUSH                       ((uint32_t)0x00004000)

#define CRYP_CR_CRYPEN                       ((uint32_t)0x00008000)

/****************** Bits definition for CRYP_SR register  *********************/

#define CRYP_SR_IFEM                         ((uint32_t)0x00000001)

#define CRYP_SR_IFNF                         ((uint32_t)0x00000002)

#define CRYP_SR_OFNE                         ((uint32_t)0x00000004)

#define CRYP_SR_OFFU                         ((uint32_t)0x00000008)

#define CRYP_SR_BUSY                         ((uint32_t)0x00000010)

/****************** Bits definition for CRYP_DMACR register  ******************/

#define CRYP_DMACR_DIEN                      ((uint32_t)0x00000001)

#define CRYP_DMACR_DOEN                      ((uint32_t)0x00000002)

/*****************  Bits definition for CRYP_IMSCR register  ******************/

#define CRYP_IMSCR_INIM                      ((uint32_t)0x00000001)

#define CRYP_IMSCR_OUTIM                     ((uint32_t)0x00000002)

/****************** Bits definition for CRYP_RISR register  *******************/

#define CRYP_RISR_OUTRIS                     ((uint32_t)0x00000001)

#define CRYP_RISR_INRIS                      ((uint32_t)0x00000002)

/****************** Bits definition for CRYP_MISR register  *******************/

#define CRYP_MISR_INMIS                      ((uint32_t)0x00000001)

#define CRYP_MISR_OUTMIS                     ((uint32_t)0x00000002)



/******************************************************************************/

/*                                                                            */

/*                      Digital to Analog Converter                           */

/*                                                                            */

/******************************************************************************/

/********************  Bit definition for DAC_CR register  ********************/

#define  DAC_CR_EN1                          ((uint32_t)0x00000001)        /*!<DAC channel1 enable */

#define  DAC_CR_BOFF1                        ((uint32_t)0x00000002)        /*!<DAC channel1 output buffer disable */

#define  DAC_CR_TEN1                         ((uint32_t)0x00000004)        /*!<DAC channel1 Trigger enable */



#define  DAC_CR_TSEL1                        ((uint32_t)0x00000038)        /*!<TSEL1[2:0] (DAC channel1 Trigger selection) */

#define  DAC_CR_TSEL1_0                      ((uint32_t)0x00000008)        /*!<Bit 0 */

#define  DAC_CR_TSEL1_1                      ((uint32_t)0x00000010)        /*!<Bit 1 */

#define  DAC_CR_TSEL1_2                      ((uint32_t)0x00000020)        /*!<Bit 2 */



#define  DAC_CR_WAVE1                        ((uint32_t)0x000000C0)        /*!<WAVE1[1:0] (DAC channel1 noise/triangle wave generation enable) */

#define  DAC_CR_WAVE1_0                      ((uint32_t)0x00000040)        /*!<Bit 0 */

#define  DAC_CR_WAVE1_1                      ((uint32_t)0x00000080)        /*!<Bit 1 */



#define  DAC_CR_MAMP1                        ((uint32_t)0x00000F00)        /*!<MAMP1[3:0] (DAC channel1 Mask/Amplitude selector) */

#define  DAC_CR_MAMP1_0                      ((uint32_t)0x00000100)        /*!<Bit 0 */

#define  DAC_CR_MAMP1_1                      ((uint32_t)0x00000200)        /*!<Bit 1 */

#define  DAC_CR_MAMP1_2                      ((uint32_t)0x00000400)        /*!<Bit 2 */

#define  DAC_CR_MAMP1_3                      ((uint32_t)0x00000800)        /*!<Bit 3 */



#define  DAC_CR_DMAEN1                       ((uint32_t)0x00001000)        /*!<DAC channel1 DMA enable */

#define  DAC_CR_EN2                          ((uint32_t)0x00010000)        /*!<DAC channel2 enable */

#define  DAC_CR_BOFF2                        ((uint32_t)0x00020000)        /*!<DAC channel2 output buffer disable */

#define  DAC_CR_TEN2                         ((uint32_t)0x00040000)        /*!<DAC channel2 Trigger enable */



#define  DAC_CR_TSEL2                        ((uint32_t)0x00380000)        /*!<TSEL2[2:0] (DAC channel2 Trigger selection) */

#define  DAC_CR_TSEL2_0                      ((uint32_t)0x00080000)        /*!<Bit 0 */

#define  DAC_CR_TSEL2_1                      ((uint32_t)0x00100000)        /*!<Bit 1 */

#define  DAC_CR_TSEL2_2                      ((uint32_t)0x00200000)        /*!<Bit 2 */



#define  DAC_CR_WAVE2                        ((uint32_t)0x00C00000)        /*!<WAVE2[1:0] (DAC channel2 noise/triangle wave generation enable) */

#define  DAC_CR_WAVE2_0                      ((uint32_t)0x00400000)        /*!<Bit 0 */

#define  DAC_CR_WAVE2_1                      ((uint32_t)0x00800000)        /*!<Bit 1 */



#define  DAC_CR_MAMP2                        ((uint32_t)0x0F000000)        /*!<MAMP2[3:0] (DAC channel2 Mask/Amplitude selector) */

#define  DAC_CR_MAMP2_0                      ((uint32_t)0x01000000)        /*!<Bit 0 */

#define  DAC_CR_MAMP2_1                      ((uint32_t)0x02000000)        /*!<Bit 1 */

#define  DAC_CR_MAMP2_2                      ((uint32_t)0x04000000)        /*!<Bit 2 */

#define  DAC_CR_MAMP2_3                      ((uint32_t)0x08000000)        /*!<Bit 3 */



#define  DAC_CR_DMAEN2                       ((uint32_t)0x10000000)        /*!<DAC channel2 DMA enabled */



/*****************  Bit definition for DAC_SWTRIGR register  ******************/

#define  DAC_SWTRIGR_SWTRIG1                 ((uint8_t)0x01)               /*!<DAC channel1 software trigger */

#define  DAC_SWTRIGR_SWTRIG2                 ((uint8_t)0x02)               /*!<DAC channel2 software trigger */



/*****************  Bit definition for DAC_DHR12R1 register  ******************/

#define  DAC_DHR12R1_DACC1DHR                ((uint16_t)0x0FFF)            /*!<DAC channel1 12-bit Right aligned data */



/*****************  Bit definition for DAC_DHR12L1 register  ******************/

#define  DAC_DHR12L1_DACC1DHR                ((uint16_t)0xFFF0)            /*!<DAC channel1 12-bit Left aligned data */



/******************  Bit definition for DAC_DHR8R1 register  ******************/

#define  DAC_DHR8R1_DACC1DHR                 ((uint8_t)0xFF)               /*!<DAC channel1 8-bit Right aligned data */



/*****************  Bit definition for DAC_DHR12R2 register  ******************/

#define  DAC_DHR12R2_DACC2DHR                ((uint16_t)0x0FFF)            /*!<DAC channel2 12-bit Right aligned data */



/*****************  Bit definition for DAC_DHR12L2 register  ******************/

#define  DAC_DHR12L2_DACC2DHR                ((uint16_t)0xFFF0)            /*!<DAC channel2 12-bit Left aligned data */



/******************  Bit definition for DAC_DHR8R2 register  ******************/

#define  DAC_DHR8R2_DACC2DHR                 ((uint8_t)0xFF)               /*!<DAC channel2 8-bit Right aligned data */



/*****************  Bit definition for DAC_DHR12RD register  ******************/

#define  DAC_DHR12RD_DACC1DHR                ((uint32_t)0x00000FFF)        /*!<DAC channel1 12-bit Right aligned data */

#define  DAC_DHR12RD_DACC2DHR                ((uint32_t)0x0FFF0000)        /*!<DAC channel2 12-bit Right aligned data */



/*****************  Bit definition for DAC_DHR12LD register  ******************/

#define  DAC_DHR12LD_DACC1DHR                ((uint32_t)0x0000FFF0)        /*!<DAC channel1 12-bit Left aligned data */

#define  DAC_DHR12LD_DACC2DHR                ((uint32_t)0xFFF00000)        /*!<DAC channel2 12-bit Left aligned data */



/******************  Bit definition for DAC_DHR8RD register  ******************/

#define  DAC_DHR8RD_DACC1DHR                 ((uint16_t)0x00FF)            /*!<DAC channel1 8-bit Right aligned data */

#define  DAC_DHR8RD_DACC2DHR                 ((uint16_t)0xFF00)            /*!<DAC channel2 8-bit Right aligned data */



/*******************  Bit definition for DAC_DOR1 register  *******************/

#define  DAC_DOR1_DACC1DOR                   ((uint16_t)0x0FFF)            /*!<DAC channel1 data output */



/*******************  Bit definition for DAC_DOR2 register  *******************/

#define  DAC_DOR2_DACC2DOR                   ((uint16_t)0x0FFF)            /*!<DAC channel2 data output */



/********************  Bit definition for DAC_SR register  ********************/

#define  DAC_SR_DMAUDR1                      ((uint32_t)0x00002000)        /*!<DAC channel1 DMA underrun flag */

#define  DAC_SR_DMAUDR2                      ((uint32_t)0x20000000)        /*!<DAC channel2 DMA underrun flag */



/******************************************************************************/

/*                                                                            */

/*                                 Debug MCU                                  */

/*                                                                            */

/******************************************************************************/



/******************************************************************************/

/*                                                                            */

/*                                    DCMI                                    */

/*                                                                            */

/******************************************************************************/

/********************  Bits definition for DCMI_CR register  ******************/

#define DCMI_CR_CAPTURE                      ((uint32_t)0x00000001)

#define DCMI_CR_CM                           ((uint32_t)0x00000002)

#define DCMI_CR_CROP                         ((uint32_t)0x00000004)

#define DCMI_CR_JPEG                         ((uint32_t)0x00000008)

#define DCMI_CR_ESS                          ((uint32_t)0x00000010)

#define DCMI_CR_PCKPOL                       ((uint32_t)0x00000020)

#define DCMI_CR_HSPOL                        ((uint32_t)0x00000040)

#define DCMI_CR_VSPOL                        ((uint32_t)0x00000080)

#define DCMI_CR_FCRC_0                       ((uint32_t)0x00000100)

#define DCMI_CR_FCRC_1                       ((uint32_t)0x00000200)

#define DCMI_CR_EDM_0                        ((uint32_t)0x00000400)

#define DCMI_CR_EDM_1                        ((uint32_t)0x00000800)

#define DCMI_CR_CRE                          ((uint32_t)0x00001000)

#define DCMI_CR_ENABLE                       ((uint32_t)0x00004000)



/********************  Bits definition for DCMI_SR register  ******************/

#define DCMI_SR_HSYNC                        ((uint32_t)0x00000001)

#define DCMI_SR_VSYNC                        ((uint32_t)0x00000002)

#define DCMI_SR_FNE                          ((uint32_t)0x00000004)



/********************  Bits definition for DCMI_RISR register  ****************/

#define DCMI_RISR_FRAME_RIS                  ((uint32_t)0x00000001)

#define DCMI_RISR_OVF_RIS                    ((uint32_t)0x00000002)

#define DCMI_RISR_ERR_RIS                    ((uint32_t)0x00000004)

#define DCMI_RISR_VSYNC_RIS                  ((uint32_t)0x00000008)

#define DCMI_RISR_LINE_RIS                   ((uint32_t)0x00000010)



/********************  Bits definition for DCMI_IER register  *****************/

#define DCMI_IER_FRAME_IE                    ((uint32_t)0x00000001)

#define DCMI_IER_OVF_IE                      ((uint32_t)0x00000002)

#define DCMI_IER_ERR_IE                      ((uint32_t)0x00000004)

#define DCMI_IER_VSYNC_IE                    ((uint32_t)0x00000008)

#define DCMI_IER_LINE_IE                     ((uint32_t)0x00000010)



/********************  Bits definition for DCMI_MISR register  ****************/

#define DCMI_MISR_FRAME_MIS                  ((uint32_t)0x00000001)

#define DCMI_MISR_OVF_MIS                    ((uint32_t)0x00000002)

#define DCMI_MISR_ERR_MIS                    ((uint32_t)0x00000004)

#define DCMI_MISR_VSYNC_MIS                  ((uint32_t)0x00000008)

#define DCMI_MISR_LINE_MIS                   ((uint32_t)0x00000010)



/********************  Bits definition for DCMI_ICR register  *****************/

#define DCMI_ICR_FRAME_ISC                   ((uint32_t)0x00000001)

#define DCMI_ICR_OVF_ISC                     ((uint32_t)0x00000002)

#define DCMI_ICR_ERR_ISC                     ((uint32_t)0x00000004)

#define DCMI_ICR_VSYNC_ISC                   ((uint32_t)0x00000008)

#define DCMI_ICR_LINE_ISC                    ((uint32_t)0x00000010)



/******************************************************************************/

/*                                                                            */

/*                             DMA Controller                                 */

/*                                                                            */

/******************************************************************************/

/********************  Bits definition for DMA_SxCR register  *****************/ 

#define DMA_SxCR_CHSEL                       ((uint32_t)0x0E000000)

#define DMA_SxCR_CHSEL_0                     ((uint32_t)0x02000000)

#define DMA_SxCR_CHSEL_1                     ((uint32_t)0x04000000)

#define DMA_SxCR_CHSEL_2                     ((uint32_t)0x08000000) 

#define DMA_SxCR_MBURST                      ((uint32_t)0x01800000)

#define DMA_SxCR_MBURST_0                    ((uint32_t)0x00800000)

#define DMA_SxCR_MBURST_1                    ((uint32_t)0x01000000)

#define DMA_SxCR_PBURST                      ((uint32_t)0x00600000)

#define DMA_SxCR_PBURST_0                    ((uint32_t)0x00200000)

#define DMA_SxCR_PBURST_1                    ((uint32_t)0x00400000)

#define DMA_SxCR_ACK                         ((uint32_t)0x00100000)

#define DMA_SxCR_CT                          ((uint32_t)0x00080000)  

#define DMA_SxCR_DBM                         ((uint32_t)0x00040000)

#define DMA_SxCR_PL                          ((uint32_t)0x00030000)

#define DMA_SxCR_PL_0                        ((uint32_t)0x00010000)

#define DMA_SxCR_PL_1                        ((uint32_t)0x00020000)

#define DMA_SxCR_PINCOS                      ((uint32_t)0x00008000)

#define DMA_SxCR_MSIZE                       ((uint32_t)0x00006000)

#define DMA_SxCR_MSIZE_0                     ((uint32_t)0x00002000)

#define DMA_SxCR_MSIZE_1                     ((uint32_t)0x00004000)

#define DMA_SxCR_PSIZE                       ((uint32_t)0x00001800)

#define DMA_SxCR_PSIZE_0                     ((uint32_t)0x00000800)

#define DMA_SxCR_PSIZE_1                     ((uint32_t)0x00001000)

#define DMA_SxCR_MINC                        ((uint32_t)0x00000400)

#define DMA_SxCR_PINC                        ((uint32_t)0x00000200)

#define DMA_SxCR_CIRC                        ((uint32_t)0x00000100)

#define DMA_SxCR_DIR                         ((uint32_t)0x000000C0)

#define DMA_SxCR_DIR_0                       ((uint32_t)0x00000040)

#define DMA_SxCR_DIR_1                       ((uint32_t)0x00000080)

#define DMA_SxCR_PFCTRL                      ((uint32_t)0x00000020)

#define DMA_SxCR_TCIE                        ((uint32_t)0x00000010)

#define DMA_SxCR_HTIE                        ((uint32_t)0x00000008)

#define DMA_SxCR_TEIE                        ((uint32_t)0x00000004)

#define DMA_SxCR_DMEIE                       ((uint32_t)0x00000002)

#define DMA_SxCR_EN                          ((uint32_t)0x00000001)



/********************  Bits definition for DMA_SxCNDTR register  **************/

#define DMA_SxNDT                            ((uint32_t)0x0000FFFF)

#define DMA_SxNDT_0                          ((uint32_t)0x00000001)

#define DMA_SxNDT_1                          ((uint32_t)0x00000002)

#define DMA_SxNDT_2                          ((uint32_t)0x00000004)

#define DMA_SxNDT_3                          ((uint32_t)0x00000008)

#define DMA_SxNDT_4                          ((uint32_t)0x00000010)

#define DMA_SxNDT_5                          ((uint32_t)0x00000020)

#define DMA_SxNDT_6                          ((uint32_t)0x00000040)

#define DMA_SxNDT_7                          ((uint32_t)0x00000080)

#define DMA_SxNDT_8                          ((uint32_t)0x00000100)

#define DMA_SxNDT_9                          ((uint32_t)0x00000200)

#define DMA_SxNDT_10                         ((uint32_t)0x00000400)

#define DMA_SxNDT_11                         ((uint32_t)0x00000800)

#define DMA_SxNDT_12                         ((uint32_t)0x00001000)

#define DMA_SxNDT_13                         ((uint32_t)0x00002000)

#define DMA_SxNDT_14                         ((uint32_t)0x00004000)

#define DMA_SxNDT_15                         ((uint32_t)0x00008000)



/********************  Bits definition for DMA_SxFCR register  ****************/ 

#define DMA_SxFCR_FEIE                       ((uint32_t)0x00000080)

#define DMA_SxFCR_FS                         ((uint32_t)0x00000038)

#define DMA_SxFCR_FS_0                       ((uint32_t)0x00000008)

#define DMA_SxFCR_FS_1                       ((uint32_t)0x00000010)

#define DMA_SxFCR_FS_2                       ((uint32_t)0x00000020)

#define DMA_SxFCR_DMDIS                      ((uint32_t)0x00000004)

#define DMA_SxFCR_FTH                        ((uint32_t)0x00000003)

#define DMA_SxFCR_FTH_0                      ((uint32_t)0x00000001)

#define DMA_SxFCR_FTH_1                      ((uint32_t)0x00000002)



/********************  Bits definition for DMA_LISR register  *****************/ 

#define DMA_LISR_TCIF3                       ((uint32_t)0x08000000)

#define DMA_LISR_HTIF3                       ((uint32_t)0x04000000)

#define DMA_LISR_TEIF3                       ((uint32_t)0x02000000)

#define DMA_LISR_DMEIF3                      ((uint32_t)0x01000000)

#define DMA_LISR_FEIF3                       ((uint32_t)0x00400000)

#define DMA_LISR_TCIF2                       ((uint32_t)0x00200000)

#define DMA_LISR_HTIF2                       ((uint32_t)0x00100000)

#define DMA_LISR_TEIF2                       ((uint32_t)0x00080000)

#define DMA_LISR_DMEIF2                      ((uint32_t)0x00040000)

#define DMA_LISR_FEIF2                       ((uint32_t)0x00010000)

#define DMA_LISR_TCIF1                       ((uint32_t)0x00000800)

#define DMA_LISR_HTIF1                       ((uint32_t)0x00000400)

#define DMA_LISR_TEIF1                       ((uint32_t)0x00000200)

#define DMA_LISR_DMEIF1                      ((uint32_t)0x00000100)

#define DMA_LISR_FEIF1                       ((uint32_t)0x00000040)

#define DMA_LISR_TCIF0                       ((uint32_t)0x00000020)

#define DMA_LISR_HTIF0                       ((uint32_t)0x00000010)

#define DMA_LISR_TEIF0                       ((uint32_t)0x00000008)

#define DMA_LISR_DMEIF0                      ((uint32_t)0x00000004)

#define DMA_LISR_FEIF0                       ((uint32_t)0x00000001)



/********************  Bits definition for DMA_HISR register  *****************/ 

#define DMA_HISR_TCIF7                       ((uint32_t)0x08000000)

#define DMA_HISR_HTIF7                       ((uint32_t)0x04000000)

#define DMA_HISR_TEIF7                       ((uint32_t)0x02000000)

#define DMA_HISR_DMEIF7                      ((uint32_t)0x01000000)

#define DMA_HISR_FEIF7                       ((uint32_t)0x00400000)

#define DMA_HISR_TCIF6                       ((uint32_t)0x00200000)

#define DMA_HISR_HTIF6                       ((uint32_t)0x00100000)

#define DMA_HISR_TEIF6                       ((uint32_t)0x00080000)

#define DMA_HISR_DMEIF6                      ((uint32_t)0x00040000)

#define DMA_HISR_FEIF6                       ((uint32_t)0x00010000)

#define DMA_HISR_TCIF5                       ((uint32_t)0x00000800)

#define DMA_HISR_HTIF5                       ((uint32_t)0x00000400)

#define DMA_HISR_TEIF5                       ((uint32_t)0x00000200)

#define DMA_HISR_DMEIF5                      ((uint32_t)0x00000100)

#define DMA_HISR_FEIF5                       ((uint32_t)0x00000040)

#define DMA_HISR_TCIF4                       ((uint32_t)0x00000020)

#define DMA_HISR_HTIF4                       ((uint32_t)0x00000010)

#define DMA_HISR_TEIF4                       ((uint32_t)0x00000008)

#define DMA_HISR_DMEIF4                      ((uint32_t)0x00000004)

#define DMA_HISR_FEIF4                       ((uint32_t)0x00000001)



/********************  Bits definition for DMA_LIFCR register  ****************/ 

#define DMA_LIFCR_CTCIF3                     ((uint32_t)0x08000000)

#define DMA_LIFCR_CHTIF3                     ((uint32_t)0x04000000)

#define DMA_LIFCR_CTEIF3                     ((uint32_t)0x02000000)

#define DMA_LIFCR_CDMEIF3                    ((uint32_t)0x01000000)

#define DMA_LIFCR_CFEIF3                     ((uint32_t)0x00400000)

#define DMA_LIFCR_CTCIF2                     ((uint32_t)0x00200000)

#define DMA_LIFCR_CHTIF2                     ((uint32_t)0x00100000)

#define DMA_LIFCR_CTEIF2                     ((uint32_t)0x00080000)

#define DMA_LIFCR_CDMEIF2                    ((uint32_t)0x00040000)

#define DMA_LIFCR_CFEIF2                     ((uint32_t)0x00010000)

#define DMA_LIFCR_CTCIF1                     ((uint32_t)0x00000800)

#define DMA_LIFCR_CHTIF1                     ((uint32_t)0x00000400)

#define DMA_LIFCR_CTEIF1                     ((uint32_t)0x00000200)

#define DMA_LIFCR_CDMEIF1                    ((uint32_t)0x00000100)

#define DMA_LIFCR_CFEIF1                     ((uint32_t)0x00000040)

#define DMA_LIFCR_CTCIF0                     ((uint32_t)0x00000020)

#define DMA_LIFCR_CHTIF0                     ((uint32_t)0x00000010)

#define DMA_LIFCR_CTEIF0                     ((uint32_t)0x00000008)

#define DMA_LIFCR_CDMEIF0                    ((uint32_t)0x00000004)

#define DMA_LIFCR_CFEIF0                     ((uint32_t)0x00000001)



/********************  Bits definition for DMA_HIFCR  register  ****************/ 

#define DMA_HIFCR_CTCIF7                     ((uint32_t)0x08000000)

#define DMA_HIFCR_CHTIF7                     ((uint32_t)0x04000000)

#define DMA_HIFCR_CTEIF7                     ((uint32_t)0x02000000)

#define DMA_HIFCR_CDMEIF7                    ((uint32_t)0x01000000)

#define DMA_HIFCR_CFEIF7                     ((uint32_t)0x00400000)

#define DMA_HIFCR_CTCIF6                     ((uint32_t)0x00200000)

#define DMA_HIFCR_CHTIF6                     ((uint32_t)0x00100000)

#define DMA_HIFCR_CTEIF6                     ((uint32_t)0x00080000)

#define DMA_HIFCR_CDMEIF6                    ((uint32_t)0x00040000)

#define DMA_HIFCR_CFEIF6                     ((uint32_t)0x00010000)

#define DMA_HIFCR_CTCIF5                     ((uint32_t)0x00000800)

#define DMA_HIFCR_CHTIF5                     ((uint32_t)0x00000400)

#define DMA_HIFCR_CTEIF5                     ((uint32_t)0x00000200)

#define DMA_HIFCR_CDMEIF5                    ((uint32_t)0x00000100)

#define DMA_HIFCR_CFEIF5                     ((uint32_t)0x00000040)

#define DMA_HIFCR_CTCIF4                     ((uint32_t)0x00000020)

#define DMA_HIFCR_CHTIF4                     ((uint32_t)0x00000010)

#define DMA_HIFCR_CTEIF4                     ((uint32_t)0x00000008)

#define DMA_HIFCR_CDMEIF4                    ((uint32_t)0x00000004)

#define DMA_HIFCR_CFEIF4                     ((uint32_t)0x00000001)



/******************************************************************************/

/*                                                                            */

/*                    External Interrupt/Event Controller                     */

/*                                                                            */

/******************************************************************************/

/*******************  Bit definition for EXTI_IMR register  *******************/

#define  EXTI_IMR_MR0                        ((uint32_t)0x00000001)        /*!< Interrupt Mask on line 0 */

#define  EXTI_IMR_MR1                        ((uint32_t)0x00000002)        /*!< Interrupt Mask on line 1 */

#define  EXTI_IMR_MR2                        ((uint32_t)0x00000004)        /*!< Interrupt Mask on line 2 */

#define  EXTI_IMR_MR3                        ((uint32_t)0x00000008)        /*!< Interrupt Mask on line 3 */

#define  EXTI_IMR_MR4                        ((uint32_t)0x00000010)        /*!< Interrupt Mask on line 4 */

#define  EXTI_IMR_MR5                        ((uint32_t)0x00000020)        /*!< Interrupt Mask on line 5 */

#define  EXTI_IMR_MR6                        ((uint32_t)0x00000040)        /*!< Interrupt Mask on line 6 */

#define  EXTI_IMR_MR7                        ((uint32_t)0x00000080)        /*!< Interrupt Mask on line 7 */

#define  EXTI_IMR_MR8                        ((uint32_t)0x00000100)        /*!< Interrupt Mask on line 8 */

#define  EXTI_IMR_MR9                        ((uint32_t)0x00000200)        /*!< Interrupt Mask on line 9 */

#define  EXTI_IMR_MR10                       ((uint32_t)0x00000400)        /*!< Interrupt Mask on line 10 */

#define  EXTI_IMR_MR11                       ((uint32_t)0x00000800)        /*!< Interrupt Mask on line 11 */

#define  EXTI_IMR_MR12                       ((uint32_t)0x00001000)        /*!< Interrupt Mask on line 12 */

#define  EXTI_IMR_MR13                       ((uint32_t)0x00002000)        /*!< Interrupt Mask on line 13 */

#define  EXTI_IMR_MR14                       ((uint32_t)0x00004000)        /*!< Interrupt Mask on line 14 */

#define  EXTI_IMR_MR15                       ((uint32_t)0x00008000)        /*!< Interrupt Mask on line 15 */

#define  EXTI_IMR_MR16                       ((uint32_t)0x00010000)        /*!< Interrupt Mask on line 16 */

#define  EXTI_IMR_MR17                       ((uint32_t)0x00020000)        /*!< Interrupt Mask on line 17 */

#define  EXTI_IMR_MR18                       ((uint32_t)0x00040000)        /*!< Interrupt Mask on line 18 */

#define  EXTI_IMR_MR19                       ((uint32_t)0x00080000)        /*!< Interrupt Mask on line 19 */



/*******************  Bit definition for EXTI_EMR register  *******************/

#define  EXTI_EMR_MR0                        ((uint32_t)0x00000001)        /*!< Event Mask on line 0 */

#define  EXTI_EMR_MR1                        ((uint32_t)0x00000002)        /*!< Event Mask on line 1 */

#define  EXTI_EMR_MR2                        ((uint32_t)0x00000004)        /*!< Event Mask on line 2 */

#define  EXTI_EMR_MR3                        ((uint32_t)0x00000008)        /*!< Event Mask on line 3 */

#define  EXTI_EMR_MR4                        ((uint32_t)0x00000010)        /*!< Event Mask on line 4 */

#define  EXTI_EMR_MR5                        ((uint32_t)0x00000020)        /*!< Event Mask on line 5 */

#define  EXTI_EMR_MR6                        ((uint32_t)0x00000040)        /*!< Event Mask on line 6 */

#define  EXTI_EMR_MR7                        ((uint32_t)0x00000080)        /*!< Event Mask on line 7 */

#define  EXTI_EMR_MR8                        ((uint32_t)0x00000100)        /*!< Event Mask on line 8 */

#define  EXTI_EMR_MR9                        ((uint32_t)0x00000200)        /*!< Event Mask on line 9 */

#define  EXTI_EMR_MR10                       ((uint32_t)0x00000400)        /*!< Event Mask on line 10 */

#define  EXTI_EMR_MR11                       ((uint32_t)0x00000800)        /*!< Event Mask on line 11 */

#define  EXTI_EMR_MR12                       ((uint32_t)0x00001000)        /*!< Event Mask on line 12 */

#define  EXTI_EMR_MR13                       ((uint32_t)0x00002000)        /*!< Event Mask on line 13 */

#define  EXTI_EMR_MR14                       ((uint32_t)0x00004000)        /*!< Event Mask on line 14 */

#define  EXTI_EMR_MR15                       ((uint32_t)0x00008000)        /*!< Event Mask on line 15 */

#define  EXTI_EMR_MR16                       ((uint32_t)0x00010000)        /*!< Event Mask on line 16 */

#define  EXTI_EMR_MR17                       ((uint32_t)0x00020000)        /*!< Event Mask on line 17 */

#define  EXTI_EMR_MR18                       ((uint32_t)0x00040000)        /*!< Event Mask on line 18 */

#define  EXTI_EMR_MR19                       ((uint32_t)0x00080000)        /*!< Event Mask on line 19 */



/******************  Bit definition for EXTI_RTSR register  *******************/

#define  EXTI_RTSR_TR0                       ((uint32_t)0x00000001)        /*!< Rising trigger event configuration bit of line 0 */

#define  EXTI_RTSR_TR1                       ((uint32_t)0x00000002)        /*!< Rising trigger event configuration bit of line 1 */

#define  EXTI_RTSR_TR2                       ((uint32_t)0x00000004)        /*!< Rising trigger event configuration bit of line 2 */

#define  EXTI_RTSR_TR3                       ((uint32_t)0x00000008)        /*!< Rising trigger event configuration bit of line 3 */

#define  EXTI_RTSR_TR4                       ((uint32_t)0x00000010)        /*!< Rising trigger event configuration bit of line 4 */

#define  EXTI_RTSR_TR5                       ((uint32_t)0x00000020)        /*!< Rising trigger event configuration bit of line 5 */

#define  EXTI_RTSR_TR6                       ((uint32_t)0x00000040)        /*!< Rising trigger event configuration bit of line 6 */

#define  EXTI_RTSR_TR7                       ((uint32_t)0x00000080)        /*!< Rising trigger event configuration bit of line 7 */

#define  EXTI_RTSR_TR8                       ((uint32_t)0x00000100)        /*!< Rising trigger event configuration bit of line 8 */

#define  EXTI_RTSR_TR9                       ((uint32_t)0x00000200)        /*!< Rising trigger event configuration bit of line 9 */

#define  EXTI_RTSR_TR10                      ((uint32_t)0x00000400)        /*!< Rising trigger event configuration bit of line 10 */

#define  EXTI_RTSR_TR11                      ((uint32_t)0x00000800)        /*!< Rising trigger event configuration bit of line 11 */

#define  EXTI_RTSR_TR12                      ((uint32_t)0x00001000)        /*!< Rising trigger event configuration bit of line 12 */

#define  EXTI_RTSR_TR13                      ((uint32_t)0x00002000)        /*!< Rising trigger event configuration bit of line 13 */

#define  EXTI_RTSR_TR14                      ((uint32_t)0x00004000)        /*!< Rising trigger event configuration bit of line 14 */

#define  EXTI_RTSR_TR15                      ((uint32_t)0x00008000)        /*!< Rising trigger event configuration bit of line 15 */

#define  EXTI_RTSR_TR16                      ((uint32_t)0x00010000)        /*!< Rising trigger event configuration bit of line 16 */

#define  EXTI_RTSR_TR17                      ((uint32_t)0x00020000)        /*!< Rising trigger event configuration bit of line 17 */

#define  EXTI_RTSR_TR18                      ((uint32_t)0x00040000)        /*!< Rising trigger event configuration bit of line 18 */

#define  EXTI_RTSR_TR19                      ((uint32_t)0x00080000)        /*!< Rising trigger event configuration bit of line 19 */



/******************  Bit definition for EXTI_FTSR register  *******************/

#define  EXTI_FTSR_TR0                       ((uint32_t)0x00000001)        /*!< Falling trigger event configuration bit of line 0 */

#define  EXTI_FTSR_TR1                       ((uint32_t)0x00000002)        /*!< Falling trigger event configuration bit of line 1 */

#define  EXTI_FTSR_TR2                       ((uint32_t)0x00000004)        /*!< Falling trigger event configuration bit of line 2 */

#define  EXTI_FTSR_TR3                       ((uint32_t)0x00000008)        /*!< Falling trigger event configuration bit of line 3 */

#define  EXTI_FTSR_TR4                       ((uint32_t)0x00000010)        /*!< Falling trigger event configuration bit of line 4 */

#define  EXTI_FTSR_TR5                       ((uint32_t)0x00000020)        /*!< Falling trigger event configuration bit of line 5 */

#define  EXTI_FTSR_TR6                       ((uint32_t)0x00000040)        /*!< Falling trigger event configuration bit of line 6 */

#define  EXTI_FTSR_TR7                       ((uint32_t)0x00000080)        /*!< Falling trigger event configuration bit of line 7 */

#define  EXTI_FTSR_TR8                       ((uint32_t)0x00000100)        /*!< Falling trigger event configuration bit of line 8 */

#define  EXTI_FTSR_TR9                       ((uint32_t)0x00000200)        /*!< Falling trigger event configuration bit of line 9 */

#define  EXTI_FTSR_TR10                      ((uint32_t)0x00000400)        /*!< Falling trigger event configuration bit of line 10 */

#define  EXTI_FTSR_TR11                      ((uint32_t)0x00000800)        /*!< Falling trigger event configuration bit of line 11 */

#define  EXTI_FTSR_TR12                      ((uint32_t)0x00001000)        /*!< Falling trigger event configuration bit of line 12 */

#define  EXTI_FTSR_TR13                      ((uint32_t)0x00002000)        /*!< Falling trigger event configuration bit of line 13 */

#define  EXTI_FTSR_TR14                      ((uint32_t)0x00004000)        /*!< Falling trigger event configuration bit of line 14 */

#define  EXTI_FTSR_TR15                      ((uint32_t)0x00008000)        /*!< Falling trigger event configuration bit of line 15 */

#define  EXTI_FTSR_TR16                      ((uint32_t)0x00010000)        /*!< Falling trigger event configuration bit of line 16 */

#define  EXTI_FTSR_TR17                      ((uint32_t)0x00020000)        /*!< Falling trigger event configuration bit of line 17 */

#define  EXTI_FTSR_TR18                      ((uint32_t)0x00040000)        /*!< Falling trigger event configuration bit of line 18 */

#define  EXTI_FTSR_TR19                      ((uint32_t)0x00080000)        /*!< Falling trigger event configuration bit of line 19 */



/******************  Bit definition for EXTI_SWIER register  ******************/

#define  EXTI_SWIER_SWIER0                   ((uint32_t)0x00000001)        /*!< Software Interrupt on line 0 */

#define  EXTI_SWIER_SWIER1                   ((uint32_t)0x00000002)        /*!< Software Interrupt on line 1 */

#define  EXTI_SWIER_SWIER2                   ((uint32_t)0x00000004)        /*!< Software Interrupt on line 2 */

#define  EXTI_SWIER_SWIER3                   ((uint32_t)0x00000008)        /*!< Software Interrupt on line 3 */

#define  EXTI_SWIER_SWIER4                   ((uint32_t)0x00000010)        /*!< Software Interrupt on line 4 */

#define  EXTI_SWIER_SWIER5                   ((uint32_t)0x00000020)        /*!< Software Interrupt on line 5 */

#define  EXTI_SWIER_SWIER6                   ((uint32_t)0x00000040)        /*!< Software Interrupt on line 6 */

#define  EXTI_SWIER_SWIER7                   ((uint32_t)0x00000080)        /*!< Software Interrupt on line 7 */

#define  EXTI_SWIER_SWIER8                   ((uint32_t)0x00000100)        /*!< Software Interrupt on line 8 */

#define  EXTI_SWIER_SWIER9                   ((uint32_t)0x00000200)        /*!< Software Interrupt on line 9 */

#define  EXTI_SWIER_SWIER10                  ((uint32_t)0x00000400)        /*!< Software Interrupt on line 10 */

#define  EXTI_SWIER_SWIER11                  ((uint32_t)0x00000800)        /*!< Software Interrupt on line 11 */

#define  EXTI_SWIER_SWIER12                  ((uint32_t)0x00001000)        /*!< Software Interrupt on line 12 */

#define  EXTI_SWIER_SWIER13                  ((uint32_t)0x00002000)        /*!< Software Interrupt on line 13 */

#define  EXTI_SWIER_SWIER14                  ((uint32_t)0x00004000)        /*!< Software Interrupt on line 14 */

#define  EXTI_SWIER_SWIER15                  ((uint32_t)0x00008000)        /*!< Software Interrupt on line 15 */

#define  EXTI_SWIER_SWIER16                  ((uint32_t)0x00010000)        /*!< Software Interrupt on line 16 */

#define  EXTI_SWIER_SWIER17                  ((uint32_t)0x00020000)        /*!< Software Interrupt on line 17 */

#define  EXTI_SWIER_SWIER18                  ((uint32_t)0x00040000)        /*!< Software Interrupt on line 18 */

#define  EXTI_SWIER_SWIER19                  ((uint32_t)0x00080000)        /*!< Software Interrupt on line 19 */



/*******************  Bit definition for EXTI_PR register  ********************/

#define  EXTI_PR_PR0                         ((uint32_t)0x00000001)        /*!< Pending bit for line 0 */

#define  EXTI_PR_PR1                         ((uint32_t)0x00000002)        /*!< Pending bit for line 1 */

#define  EXTI_PR_PR2                         ((uint32_t)0x00000004)        /*!< Pending bit for line 2 */

#define  EXTI_PR_PR3                         ((uint32_t)0x00000008)        /*!< Pending bit for line 3 */

#define  EXTI_PR_PR4                         ((uint32_t)0x00000010)        /*!< Pending bit for line 4 */

#define  EXTI_PR_PR5                         ((uint32_t)0x00000020)        /*!< Pending bit for line 5 */

#define  EXTI_PR_PR6                         ((uint32_t)0x00000040)        /*!< Pending bit for line 6 */

#define  EXTI_PR_PR7                         ((uint32_t)0x00000080)        /*!< Pending bit for line 7 */

#define  EXTI_PR_PR8                         ((uint32_t)0x00000100)        /*!< Pending bit for line 8 */

#define  EXTI_PR_PR9                         ((uint32_t)0x00000200)        /*!< Pending bit for line 9 */

#define  EXTI_PR_PR10                        ((uint32_t)0x00000400)        /*!< Pending bit for line 10 */

#define  EXTI_PR_PR11                        ((uint32_t)0x00000800)        /*!< Pending bit for line 11 */

#define  EXTI_PR_PR12                        ((uint32_t)0x00001000)        /*!< Pending bit for line 12 */

#define  EXTI_PR_PR13                        ((uint32_t)0x00002000)        /*!< Pending bit for line 13 */

#define  EXTI_PR_PR14                        ((uint32_t)0x00004000)        /*!< Pending bit for line 14 */

#define  EXTI_PR_PR15                        ((uint32_t)0x00008000)        /*!< Pending bit for line 15 */

#define  EXTI_PR_PR16                        ((uint32_t)0x00010000)        /*!< Pending bit for line 16 */

#define  EXTI_PR_PR17                        ((uint32_t)0x00020000)        /*!< Pending bit for line 17 */

#define  EXTI_PR_PR18                        ((uint32_t)0x00040000)        /*!< Pending bit for line 18 */

#define  EXTI_PR_PR19                        ((uint32_t)0x00080000)        /*!< Pending bit for line 19 */



/******************************************************************************/

/*                                                                            */

/*                                    FLASH                                   */

/*                                                                            */

/******************************************************************************/

/*******************  Bits definition for FLASH_ACR register  *****************/

#define FLASH_ACR_LATENCY                    ((uint32_t)0x00000007)

#define FLASH_ACR_LATENCY_0WS                ((uint32_t)0x00000000)

#define FLASH_ACR_LATENCY_1WS                ((uint32_t)0x00000001)

#define FLASH_ACR_LATENCY_2WS                ((uint32_t)0x00000002)

#define FLASH_ACR_LATENCY_3WS                ((uint32_t)0x00000003)

#define FLASH_ACR_LATENCY_4WS                ((uint32_t)0x00000004)

#define FLASH_ACR_LATENCY_5WS                ((uint32_t)0x00000005)

#define FLASH_ACR_LATENCY_6WS                ((uint32_t)0x00000006)

#define FLASH_ACR_LATENCY_7WS                ((uint32_t)0x00000007)



#define FLASH_ACR_PRFTEN                     ((uint32_t)0x00000100)

#define FLASH_ACR_ICEN                       ((uint32_t)0x00000200)

#define FLASH_ACR_DCEN                       ((uint32_t)0x00000400)

#define FLASH_ACR_ICRST                      ((uint32_t)0x00000800)

#define FLASH_ACR_DCRST                      ((uint32_t)0x00001000)

#define FLASH_ACR_BYTE0_ADDRESS              ((uint32_t)0x40023C00)

#define FLASH_ACR_BYTE2_ADDRESS              ((uint32_t)0x40023C03)



/*******************  Bits definition for FLASH_SR register  ******************/

#define FLASH_SR_EOP                         ((uint32_t)0x00000001)

#define FLASH_SR_SOP                         ((uint32_t)0x00000002)

#define FLASH_SR_WRPERR                      ((uint32_t)0x00000010)

#define FLASH_SR_PGAERR                      ((uint32_t)0x00000020)

#define FLASH_SR_PGPERR                      ((uint32_t)0x00000040)

#define FLASH_SR_PGSERR                      ((uint32_t)0x00000080)

#define FLASH_SR_BSY                         ((uint32_t)0x00010000)



/*******************  Bits definition for FLASH_CR register  ******************/

#define FLASH_CR_PG                          ((uint32_t)0x00000001)

#define FLASH_CR_SER                         ((uint32_t)0x00000002)

#define FLASH_CR_MER                         ((uint32_t)0x00000004)

#define FLASH_CR_SNB_0                       ((uint32_t)0x00000008)

#define FLASH_CR_SNB_1                       ((uint32_t)0x00000010)

#define FLASH_CR_SNB_2                       ((uint32_t)0x00000020)

#define FLASH_CR_SNB_3                       ((uint32_t)0x00000040)

#define FLASH_CR_PSIZE_0                     ((uint32_t)0x00000100)

#define FLASH_CR_PSIZE_1                     ((uint32_t)0x00000200)

#define FLASH_CR_STRT                        ((uint32_t)0x00010000)

#define FLASH_CR_EOPIE                       ((uint32_t)0x01000000)

#define FLASH_CR_LOCK                        ((uint32_t)0x80000000)



/*******************  Bits definition for FLASH_OPTCR register  ***************/

#define FLASH_OPTCR_OPTLOCK                  ((uint32_t)0x00000001)

#define FLASH_OPTCR_OPTSTRT                  ((uint32_t)0x00000002)

#define FLASH_OPTCR_BOR_LEV_0                ((uint32_t)0x00000004)

#define FLASH_OPTCR_BOR_LEV_1                ((uint32_t)0x00000008)

#define FLASH_OPTCR_BOR_LEV                  ((uint32_t)0x0000000C)

#define FLASH_OPTCR_WDG_SW                   ((uint32_t)0x00000020)

#define FLASH_OPTCR_nRST_STOP                ((uint32_t)0x00000040)

#define FLASH_OPTCR_nRST_STDBY               ((uint32_t)0x00000080)

#define FLASH_OPTCR_RDP_0                    ((uint32_t)0x00000100)

#define FLASH_OPTCR_RDP_1                    ((uint32_t)0x00000200)

#define FLASH_OPTCR_RDP_2                    ((uint32_t)0x00000400)

#define FLASH_OPTCR_RDP_3                    ((uint32_t)0x00000800)

#define FLASH_OPTCR_RDP_4                    ((uint32_t)0x00001000)

#define FLASH_OPTCR_RDP_5                    ((uint32_t)0x00002000)

#define FLASH_OPTCR_RDP_6                    ((uint32_t)0x00004000)

#define FLASH_OPTCR_RDP_7                    ((uint32_t)0x00008000)

#define FLASH_OPTCR_nWRP_0                   ((uint32_t)0x00010000)

#define FLASH_OPTCR_nWRP_1                   ((uint32_t)0x00020000)

#define FLASH_OPTCR_nWRP_2                   ((uint32_t)0x00040000)

#define FLASH_OPTCR_nWRP_3                   ((uint32_t)0x00080000)

#define FLASH_OPTCR_nWRP_4                   ((uint32_t)0x00100000)

#define FLASH_OPTCR_nWRP_5                   ((uint32_t)0x00200000)

#define FLASH_OPTCR_nWRP_6                   ((uint32_t)0x00400000)

#define FLASH_OPTCR_nWRP_7                   ((uint32_t)0x00800000)

#define FLASH_OPTCR_nWRP_8                   ((uint32_t)0x01000000)

#define FLASH_OPTCR_nWRP_9                   ((uint32_t)0x02000000)

#define FLASH_OPTCR_nWRP_10                  ((uint32_t)0x04000000)

#define FLASH_OPTCR_nWRP_11                  ((uint32_t)0x08000000)



/******************************************************************************/

/*                                                                            */

/*                       Flexible Static Memory Controller                    */

/*                                                                            */

/******************************************************************************/

/******************  Bit definition for FSMC_BCR1 register  *******************/

#define  FSMC_BCR1_MBKEN                     ((uint32_t)0x00000001)        /*!<Memory bank enable bit */

#define  FSMC_BCR1_MUXEN                     ((uint32_t)0x00000002)        /*!<Address/data multiplexing enable bit */



#define  FSMC_BCR1_MTYP                      ((uint32_t)0x0000000C)        /*!<MTYP[1:0] bits (Memory type) */

#define  FSMC_BCR1_MTYP_0                    ((uint32_t)0x00000004)        /*!<Bit 0 */

#define  FSMC_BCR1_MTYP_1                    ((uint32_t)0x00000008)        /*!<Bit 1 */



#define  FSMC_BCR1_MWID                      ((uint32_t)0x00000030)        /*!<MWID[1:0] bits (Memory data bus width) */

#define  FSMC_BCR1_MWID_0                    ((uint32_t)0x00000010)        /*!<Bit 0 */

#define  FSMC_BCR1_MWID_1                    ((uint32_t)0x00000020)        /*!<Bit 1 */



#define  FSMC_BCR1_FACCEN                    ((uint32_t)0x00000040)        /*!<Flash access enable */

#define  FSMC_BCR1_BURSTEN                   ((uint32_t)0x00000100)        /*!<Burst enable bit */

#define  FSMC_BCR1_WAITPOL                   ((uint32_t)0x00000200)        /*!<Wait signal polarity bit */

#define  FSMC_BCR1_WRAPMOD                   ((uint32_t)0x00000400)        /*!<Wrapped burst mode support */

#define  FSMC_BCR1_WAITCFG                   ((uint32_t)0x00000800)        /*!<Wait timing configuration */

#define  FSMC_BCR1_WREN                      ((uint32_t)0x00001000)        /*!<Write enable bit */

#define  FSMC_BCR1_WAITEN                    ((uint32_t)0x00002000)        /*!<Wait enable bit */

#define  FSMC_BCR1_EXTMOD                    ((uint32_t)0x00004000)        /*!<Extended mode enable */

#define  FSMC_BCR1_ASYNCWAIT                 ((uint32_t)0x00008000)        /*!<Asynchronous wait */

#define  FSMC_BCR1_CBURSTRW                  ((uint32_t)0x00080000)        /*!<Write burst enable */



/******************  Bit definition for FSMC_BCR2 register  *******************/

#define  FSMC_BCR2_MBKEN                     ((uint32_t)0x00000001)        /*!<Memory bank enable bit */

#define  FSMC_BCR2_MUXEN                     ((uint32_t)0x00000002)        /*!<Address/data multiplexing enable bit */



#define  FSMC_BCR2_MTYP                      ((uint32_t)0x0000000C)        /*!<MTYP[1:0] bits (Memory type) */

#define  FSMC_BCR2_MTYP_0                    ((uint32_t)0x00000004)        /*!<Bit 0 */

#define  FSMC_BCR2_MTYP_1                    ((uint32_t)0x00000008)        /*!<Bit 1 */



#define  FSMC_BCR2_MWID                      ((uint32_t)0x00000030)        /*!<MWID[1:0] bits (Memory data bus width) */

#define  FSMC_BCR2_MWID_0                    ((uint32_t)0x00000010)        /*!<Bit 0 */

#define  FSMC_BCR2_MWID_1                    ((uint32_t)0x00000020)        /*!<Bit 1 */



#define  FSMC_BCR2_FACCEN                    ((uint32_t)0x00000040)        /*!<Flash access enable */

#define  FSMC_BCR2_BURSTEN                   ((uint32_t)0x00000100)        /*!<Burst enable bit */

#define  FSMC_BCR2_WAITPOL                   ((uint32_t)0x00000200)        /*!<Wait signal polarity bit */

#define  FSMC_BCR2_WRAPMOD                   ((uint32_t)0x00000400)        /*!<Wrapped burst mode support */

#define  FSMC_BCR2_WAITCFG                   ((uint32_t)0x00000800)        /*!<Wait timing configuration */

#define  FSMC_BCR2_WREN                      ((uint32_t)0x00001000)        /*!<Write enable bit */

#define  FSMC_BCR2_WAITEN                    ((uint32_t)0x00002000)        /*!<Wait enable bit */

#define  FSMC_BCR2_EXTMOD                    ((uint32_t)0x00004000)        /*!<Extended mode enable */

#define  FSMC_BCR2_ASYNCWAIT                 ((uint32_t)0x00008000)        /*!<Asynchronous wait */

#define  FSMC_BCR2_CBURSTRW                  ((uint32_t)0x00080000)        /*!<Write burst enable */



/******************  Bit definition for FSMC_BCR3 register  *******************/

#define  FSMC_BCR3_MBKEN                     ((uint32_t)0x00000001)        /*!<Memory bank enable bit */

#define  FSMC_BCR3_MUXEN                     ((uint32_t)0x00000002)        /*!<Address/data multiplexing enable bit */



#define  FSMC_BCR3_MTYP                      ((uint32_t)0x0000000C)        /*!<MTYP[1:0] bits (Memory type) */

#define  FSMC_BCR3_MTYP_0                    ((uint32_t)0x00000004)        /*!<Bit 0 */

#define  FSMC_BCR3_MTYP_1                    ((uint32_t)0x00000008)        /*!<Bit 1 */



#define  FSMC_BCR3_MWID                      ((uint32_t)0x00000030)        /*!<MWID[1:0] bits (Memory data bus width) */

#define  FSMC_BCR3_MWID_0                    ((uint32_t)0x00000010)        /*!<Bit 0 */

#define  FSMC_BCR3_MWID_1                    ((uint32_t)0x00000020)        /*!<Bit 1 */



#define  FSMC_BCR3_FACCEN                    ((uint32_t)0x00000040)        /*!<Flash access enable */

#define  FSMC_BCR3_BURSTEN                   ((uint32_t)0x00000100)        /*!<Burst enable bit */

#define  FSMC_BCR3_WAITPOL                   ((uint32_t)0x00000200)        /*!<Wait signal polarity bit. */

#define  FSMC_BCR3_WRAPMOD                   ((uint32_t)0x00000400)        /*!<Wrapped burst mode support */

#define  FSMC_BCR3_WAITCFG                   ((uint32_t)0x00000800)        /*!<Wait timing configuration */

#define  FSMC_BCR3_WREN                      ((uint32_t)0x00001000)        /*!<Write enable bit */

#define  FSMC_BCR3_WAITEN                    ((uint32_t)0x00002000)        /*!<Wait enable bit */

#define  FSMC_BCR3_EXTMOD                    ((uint32_t)0x00004000)        /*!<Extended mode enable */

#define  FSMC_BCR3_ASYNCWAIT                 ((uint32_t)0x00008000)        /*!<Asynchronous wait */

#define  FSMC_BCR3_CBURSTRW                  ((uint32_t)0x00080000)        /*!<Write burst enable */



/******************  Bit definition for FSMC_BCR4 register  *******************/

#define  FSMC_BCR4_MBKEN                     ((uint32_t)0x00000001)        /*!<Memory bank enable bit */

#define  FSMC_BCR4_MUXEN                     ((uint32_t)0x00000002)        /*!<Address/data multiplexing enable bit */



#define  FSMC_BCR4_MTYP                      ((uint32_t)0x0000000C)        /*!<MTYP[1:0] bits (Memory type) */

#define  FSMC_BCR4_MTYP_0                    ((uint32_t)0x00000004)        /*!<Bit 0 */

#define  FSMC_BCR4_MTYP_1                    ((uint32_t)0x00000008)        /*!<Bit 1 */



#define  FSMC_BCR4_MWID                      ((uint32_t)0x00000030)        /*!<MWID[1:0] bits (Memory data bus width) */

#define  FSMC_BCR4_MWID_0                    ((uint32_t)0x00000010)        /*!<Bit 0 */

#define  FSMC_BCR4_MWID_1                    ((uint32_t)0x00000020)        /*!<Bit 1 */



#define  FSMC_BCR4_FACCEN                    ((uint32_t)0x00000040)        /*!<Flash access enable */

#define  FSMC_BCR4_BURSTEN                   ((uint32_t)0x00000100)        /*!<Burst enable bit */

#define  FSMC_BCR4_WAITPOL                   ((uint32_t)0x00000200)        /*!<Wait signal polarity bit */

#define  FSMC_BCR4_WRAPMOD                   ((uint32_t)0x00000400)        /*!<Wrapped burst mode support */

#define  FSMC_BCR4_WAITCFG                   ((uint32_t)0x00000800)        /*!<Wait timing configuration */

#define  FSMC_BCR4_WREN                      ((uint32_t)0x00001000)        /*!<Write enable bit */

#define  FSMC_BCR4_WAITEN                    ((uint32_t)0x00002000)        /*!<Wait enable bit */

#define  FSMC_BCR4_EXTMOD                    ((uint32_t)0x00004000)        /*!<Extended mode enable */

#define  FSMC_BCR4_ASYNCWAIT                 ((uint32_t)0x00008000)        /*!<Asynchronous wait */

#define  FSMC_BCR4_CBURSTRW                  ((uint32_t)0x00080000)        /*!<Write burst enable */



/******************  Bit definition for FSMC_BTR1 register  ******************/

#define  FSMC_BTR1_ADDSET                    ((uint32_t)0x0000000F)        /*!<ADDSET[3:0] bits (Address setup phase duration) */

#define  FSMC_BTR1_ADDSET_0                  ((uint32_t)0x00000001)        /*!<Bit 0 */

#define  FSMC_BTR1_ADDSET_1                  ((uint32_t)0x00000002)        /*!<Bit 1 */

#define  FSMC_BTR1_ADDSET_2                  ((uint32_t)0x00000004)        /*!<Bit 2 */

#define  FSMC_BTR1_ADDSET_3                  ((uint32_t)0x00000008)        /*!<Bit 3 */



#define  FSMC_BTR1_ADDHLD                    ((uint32_t)0x000000F0)        /*!<ADDHLD[3:0] bits (Address-hold phase duration) */

#define  FSMC_BTR1_ADDHLD_0                  ((uint32_t)0x00000010)        /*!<Bit 0 */

#define  FSMC_BTR1_ADDHLD_1                  ((uint32_t)0x00000020)        /*!<Bit 1 */

#define  FSMC_BTR1_ADDHLD_2                  ((uint32_t)0x00000040)        /*!<Bit 2 */

#define  FSMC_BTR1_ADDHLD_3                  ((uint32_t)0x00000080)        /*!<Bit 3 */



#define  FSMC_BTR1_DATAST                    ((uint32_t)0x0000FF00)        /*!<DATAST [3:0] bits (Data-phase duration) */

#define  FSMC_BTR1_DATAST_0                  ((uint32_t)0x00000100)        /*!<Bit 0 */

#define  FSMC_BTR1_DATAST_1                  ((uint32_t)0x00000200)        /*!<Bit 1 */

#define  FSMC_BTR1_DATAST_2                  ((uint32_t)0x00000400)        /*!<Bit 2 */

#define  FSMC_BTR1_DATAST_3                  ((uint32_t)0x00000800)        /*!<Bit 3 */



#define  FSMC_BTR1_BUSTURN                   ((uint32_t)0x000F0000)        /*!<BUSTURN[3:0] bits (Bus turnaround phase duration) */

#define  FSMC_BTR1_BUSTURN_0                 ((uint32_t)0x00010000)        /*!<Bit 0 */

#define  FSMC_BTR1_BUSTURN_1                 ((uint32_t)0x00020000)        /*!<Bit 1 */

#define  FSMC_BTR1_BUSTURN_2                 ((uint32_t)0x00040000)        /*!<Bit 2 */

#define  FSMC_BTR1_BUSTURN_3                 ((uint32_t)0x00080000)        /*!<Bit 3 */



#define  FSMC_BTR1_CLKDIV                    ((uint32_t)0x00F00000)        /*!<CLKDIV[3:0] bits (Clock divide ratio) */

#define  FSMC_BTR1_CLKDIV_0                  ((uint32_t)0x00100000)        /*!<Bit 0 */

#define  FSMC_BTR1_CLKDIV_1                  ((uint32_t)0x00200000)        /*!<Bit 1 */

#define  FSMC_BTR1_CLKDIV_2                  ((uint32_t)0x00400000)        /*!<Bit 2 */

#define  FSMC_BTR1_CLKDIV_3                  ((uint32_t)0x00800000)        /*!<Bit 3 */



#define  FSMC_BTR1_DATLAT                    ((uint32_t)0x0F000000)        /*!<DATLA[3:0] bits (Data latency) */

#define  FSMC_BTR1_DATLAT_0                  ((uint32_t)0x01000000)        /*!<Bit 0 */

#define  FSMC_BTR1_DATLAT_1                  ((uint32_t)0x02000000)        /*!<Bit 1 */

#define  FSMC_BTR1_DATLAT_2                  ((uint32_t)0x04000000)        /*!<Bit 2 */

#define  FSMC_BTR1_DATLAT_3                  ((uint32_t)0x08000000)        /*!<Bit 3 */



#define  FSMC_BTR1_ACCMOD                    ((uint32_t)0x30000000)        /*!<ACCMOD[1:0] bits (Access mode) */

#define  FSMC_BTR1_ACCMOD_0                  ((uint32_t)0x10000000)        /*!<Bit 0 */

#define  FSMC_BTR1_ACCMOD_1                  ((uint32_t)0x20000000)        /*!<Bit 1 */



/******************  Bit definition for FSMC_BTR2 register  *******************/

#define  FSMC_BTR2_ADDSET                    ((uint32_t)0x0000000F)        /*!<ADDSET[3:0] bits (Address setup phase duration) */

#define  FSMC_BTR2_ADDSET_0                  ((uint32_t)0x00000001)        /*!<Bit 0 */

#define  FSMC_BTR2_ADDSET_1                  ((uint32_t)0x00000002)        /*!<Bit 1 */

#define  FSMC_BTR2_ADDSET_2                  ((uint32_t)0x00000004)        /*!<Bit 2 */

#define  FSMC_BTR2_ADDSET_3                  ((uint32_t)0x00000008)        /*!<Bit 3 */



#define  FSMC_BTR2_ADDHLD                    ((uint32_t)0x000000F0)        /*!<ADDHLD[3:0] bits (Address-hold phase duration) */

#define  FSMC_BTR2_ADDHLD_0                  ((uint32_t)0x00000010)        /*!<Bit 0 */

#define  FSMC_BTR2_ADDHLD_1                  ((uint32_t)0x00000020)        /*!<Bit 1 */

#define  FSMC_BTR2_ADDHLD_2                  ((uint32_t)0x00000040)        /*!<Bit 2 */

#define  FSMC_BTR2_ADDHLD_3                  ((uint32_t)0x00000080)        /*!<Bit 3 */



#define  FSMC_BTR2_DATAST                    ((uint32_t)0x0000FF00)        /*!<DATAST [3:0] bits (Data-phase duration) */

#define  FSMC_BTR2_DATAST_0                  ((uint32_t)0x00000100)        /*!<Bit 0 */

#define  FSMC_BTR2_DATAST_1                  ((uint32_t)0x00000200)        /*!<Bit 1 */

#define  FSMC_BTR2_DATAST_2                  ((uint32_t)0x00000400)        /*!<Bit 2 */

#define  FSMC_BTR2_DATAST_3                  ((uint32_t)0x00000800)        /*!<Bit 3 */



#define  FSMC_BTR2_BUSTURN                   ((uint32_t)0x000F0000)        /*!<BUSTURN[3:0] bits (Bus turnaround phase duration) */

#define  FSMC_BTR2_BUSTURN_0                 ((uint32_t)0x00010000)        /*!<Bit 0 */

#define  FSMC_BTR2_BUSTURN_1                 ((uint32_t)0x00020000)        /*!<Bit 1 */

#define  FSMC_BTR2_BUSTURN_2                 ((uint32_t)0x00040000)        /*!<Bit 2 */

#define  FSMC_BTR2_BUSTURN_3                 ((uint32_t)0x00080000)        /*!<Bit 3 */



#define  FSMC_BTR2_CLKDIV                    ((uint32_t)0x00F00000)        /*!<CLKDIV[3:0] bits (Clock divide ratio) */

#define  FSMC_BTR2_CLKDIV_0                  ((uint32_t)0x00100000)        /*!<Bit 0 */

#define  FSMC_BTR2_CLKDIV_1                  ((uint32_t)0x00200000)        /*!<Bit 1 */

#define  FSMC_BTR2_CLKDIV_2                  ((uint32_t)0x00400000)        /*!<Bit 2 */

#define  FSMC_BTR2_CLKDIV_3                  ((uint32_t)0x00800000)        /*!<Bit 3 */



#define  FSMC_BTR2_DATLAT                    ((uint32_t)0x0F000000)        /*!<DATLA[3:0] bits (Data latency) */

#define  FSMC_BTR2_DATLAT_0                  ((uint32_t)0x01000000)        /*!<Bit 0 */

#define  FSMC_BTR2_DATLAT_1                  ((uint32_t)0x02000000)        /*!<Bit 1 */

#define  FSMC_BTR2_DATLAT_2                  ((uint32_t)0x04000000)        /*!<Bit 2 */

#define  FSMC_BTR2_DATLAT_3                  ((uint32_t)0x08000000)        /*!<Bit 3 */



#define  FSMC_BTR2_ACCMOD                    ((uint32_t)0x30000000)        /*!<ACCMOD[1:0] bits (Access mode) */

#define  FSMC_BTR2_ACCMOD_0                  ((uint32_t)0x10000000)        /*!<Bit 0 */

#define  FSMC_BTR2_ACCMOD_1                  ((uint32_t)0x20000000)        /*!<Bit 1 */



/*******************  Bit definition for FSMC_BTR3 register  *******************/

#define  FSMC_BTR3_ADDSET                    ((uint32_t)0x0000000F)        /*!<ADDSET[3:0] bits (Address setup phase duration) */

#define  FSMC_BTR3_ADDSET_0                  ((uint32_t)0x00000001)        /*!<Bit 0 */

#define  FSMC_BTR3_ADDSET_1                  ((uint32_t)0x00000002)        /*!<Bit 1 */

#define  FSMC_BTR3_ADDSET_2                  ((uint32_t)0x00000004)        /*!<Bit 2 */

#define  FSMC_BTR3_ADDSET_3                  ((uint32_t)0x00000008)        /*!<Bit 3 */



#define  FSMC_BTR3_ADDHLD                    ((uint32_t)0x000000F0)        /*!<ADDHLD[3:0] bits (Address-hold phase duration) */

#define  FSMC_BTR3_ADDHLD_0                  ((uint32_t)0x00000010)        /*!<Bit 0 */

#define  FSMC_BTR3_ADDHLD_1                  ((uint32_t)0x00000020)        /*!<Bit 1 */

#define  FSMC_BTR3_ADDHLD_2                  ((uint32_t)0x00000040)        /*!<Bit 2 */

#define  FSMC_BTR3_ADDHLD_3                  ((uint32_t)0x00000080)        /*!<Bit 3 */



#define  FSMC_BTR3_DATAST                    ((uint32_t)0x0000FF00)        /*!<DATAST [3:0] bits (Data-phase duration) */

#define  FSMC_BTR3_DATAST_0                  ((uint32_t)0x00000100)        /*!<Bit 0 */

#define  FSMC_BTR3_DATAST_1                  ((uint32_t)0x00000200)        /*!<Bit 1 */

#define  FSMC_BTR3_DATAST_2                  ((uint32_t)0x00000400)        /*!<Bit 2 */

#define  FSMC_BTR3_DATAST_3                  ((uint32_t)0x00000800)        /*!<Bit 3 */



#define  FSMC_BTR3_BUSTURN                   ((uint32_t)0x000F0000)        /*!<BUSTURN[3:0] bits (Bus turnaround phase duration) */

#define  FSMC_BTR3_BUSTURN_0                 ((uint32_t)0x00010000)        /*!<Bit 0 */

#define  FSMC_BTR3_BUSTURN_1                 ((uint32_t)0x00020000)        /*!<Bit 1 */

#define  FSMC_BTR3_BUSTURN_2                 ((uint32_t)0x00040000)        /*!<Bit 2 */

#define  FSMC_BTR3_BUSTURN_3                 ((uint32_t)0x00080000)        /*!<Bit 3 */



#define  FSMC_BTR3_CLKDIV                    ((uint32_t)0x00F00000)        /*!<CLKDIV[3:0] bits (Clock divide ratio) */

#define  FSMC_BTR3_CLKDIV_0                  ((uint32_t)0x00100000)        /*!<Bit 0 */

#define  FSMC_BTR3_CLKDIV_1                  ((uint32_t)0x00200000)        /*!<Bit 1 */

#define  FSMC_BTR3_CLKDIV_2                  ((uint32_t)0x00400000)        /*!<Bit 2 */

#define  FSMC_BTR3_CLKDIV_3                  ((uint32_t)0x00800000)        /*!<Bit 3 */



#define  FSMC_BTR3_DATLAT                    ((uint32_t)0x0F000000)        /*!<DATLA[3:0] bits (Data latency) */

#define  FSMC_BTR3_DATLAT_0                  ((uint32_t)0x01000000)        /*!<Bit 0 */

#define  FSMC_BTR3_DATLAT_1                  ((uint32_t)0x02000000)        /*!<Bit 1 */

#define  FSMC_BTR3_DATLAT_2                  ((uint32_t)0x04000000)        /*!<Bit 2 */

#define  FSMC_BTR3_DATLAT_3                  ((uint32_t)0x08000000)        /*!<Bit 3 */



#define  FSMC_BTR3_ACCMOD                    ((uint32_t)0x30000000)        /*!<ACCMOD[1:0] bits (Access mode) */

#define  FSMC_BTR3_ACCMOD_0                  ((uint32_t)0x10000000)        /*!<Bit 0 */

#define  FSMC_BTR3_ACCMOD_1                  ((uint32_t)0x20000000)        /*!<Bit 1 */



/******************  Bit definition for FSMC_BTR4 register  *******************/

#define  FSMC_BTR4_ADDSET                    ((uint32_t)0x0000000F)        /*!<ADDSET[3:0] bits (Address setup phase duration) */

#define  FSMC_BTR4_ADDSET_0                  ((uint32_t)0x00000001)        /*!<Bit 0 */

#define  FSMC_BTR4_ADDSET_1                  ((uint32_t)0x00000002)        /*!<Bit 1 */

#define  FSMC_BTR4_ADDSET_2                  ((uint32_t)0x00000004)        /*!<Bit 2 */

#define  FSMC_BTR4_ADDSET_3                  ((uint32_t)0x00000008)        /*!<Bit 3 */



#define  FSMC_BTR4_ADDHLD                    ((uint32_t)0x000000F0)        /*!<ADDHLD[3:0] bits (Address-hold phase duration) */

#define  FSMC_BTR4_ADDHLD_0                  ((uint32_t)0x00000010)        /*!<Bit 0 */

#define  FSMC_BTR4_ADDHLD_1                  ((uint32_t)0x00000020)        /*!<Bit 1 */

#define  FSMC_BTR4_ADDHLD_2                  ((uint32_t)0x00000040)        /*!<Bit 2 */

#define  FSMC_BTR4_ADDHLD_3                  ((uint32_t)0x00000080)        /*!<Bit 3 */



#define  FSMC_BTR4_DATAST                    ((uint32_t)0x0000FF00)        /*!<DATAST [3:0] bits (Data-phase duration) */

#define  FSMC_BTR4_DATAST_0                  ((uint32_t)0x00000100)        /*!<Bit 0 */

#define  FSMC_BTR4_DATAST_1                  ((uint32_t)0x00000200)        /*!<Bit 1 */

#define  FSMC_BTR4_DATAST_2                  ((uint32_t)0x00000400)        /*!<Bit 2 */

#define  FSMC_BTR4_DATAST_3                  ((uint32_t)0x00000800)        /*!<Bit 3 */



#define  FSMC_BTR4_BUSTURN                   ((uint32_t)0x000F0000)        /*!<BUSTURN[3:0] bits (Bus turnaround phase duration) */

#define  FSMC_BTR4_BUSTURN_0                 ((uint32_t)0x00010000)        /*!<Bit 0 */

#define  FSMC_BTR4_BUSTURN_1                 ((uint32_t)0x00020000)        /*!<Bit 1 */

#define  FSMC_BTR4_BUSTURN_2                 ((uint32_t)0x00040000)        /*!<Bit 2 */

#define  FSMC_BTR4_BUSTURN_3                 ((uint32_t)0x00080000)        /*!<Bit 3 */



#define  FSMC_BTR4_CLKDIV                    ((uint32_t)0x00F00000)        /*!<CLKDIV[3:0] bits (Clock divide ratio) */

#define  FSMC_BTR4_CLKDIV_0                  ((uint32_t)0x00100000)        /*!<Bit 0 */

#define  FSMC_BTR4_CLKDIV_1                  ((uint32_t)0x00200000)        /*!<Bit 1 */

#define  FSMC_BTR4_CLKDIV_2                  ((uint32_t)0x00400000)        /*!<Bit 2 */

#define  FSMC_BTR4_CLKDIV_3                  ((uint32_t)0x00800000)        /*!<Bit 3 */



#define  FSMC_BTR4_DATLAT                    ((uint32_t)0x0F000000)        /*!<DATLA[3:0] bits (Data latency) */

#define  FSMC_BTR4_DATLAT_0                  ((uint32_t)0x01000000)        /*!<Bit 0 */

#define  FSMC_BTR4_DATLAT_1                  ((uint32_t)0x02000000)        /*!<Bit 1 */

#define  FSMC_BTR4_DATLAT_2                  ((uint32_t)0x04000000)        /*!<Bit 2 */

#define  FSMC_BTR4_DATLAT_3                  ((uint32_t)0x08000000)        /*!<Bit 3 */



#define  FSMC_BTR4_ACCMOD                    ((uint32_t)0x30000000)        /*!<ACCMOD[1:0] bits (Access mode) */

#define  FSMC_BTR4_ACCMOD_0                  ((uint32_t)0x10000000)        /*!<Bit 0 */

#define  FSMC_BTR4_ACCMOD_1                  ((uint32_t)0x20000000)        /*!<Bit 1 */



/******************  Bit definition for FSMC_BWTR1 register  ******************/

#define  FSMC_BWTR1_ADDSET                   ((uint32_t)0x0000000F)        /*!<ADDSET[3:0] bits (Address setup phase duration) */

#define  FSMC_BWTR1_ADDSET_0                 ((uint32_t)0x00000001)        /*!<Bit 0 */

#define  FSMC_BWTR1_ADDSET_1                 ((uint32_t)0x00000002)        /*!<Bit 1 */

#define  FSMC_BWTR1_ADDSET_2                 ((uint32_t)0x00000004)        /*!<Bit 2 */

#define  FSMC_BWTR1_ADDSET_3                 ((uint32_t)0x00000008)        /*!<Bit 3 */



#define  FSMC_BWTR1_ADDHLD                   ((uint32_t)0x000000F0)        /*!<ADDHLD[3:0] bits (Address-hold phase duration) */

#define  FSMC_BWTR1_ADDHLD_0                 ((uint32_t)0x00000010)        /*!<Bit 0 */

#define  FSMC_BWTR1_ADDHLD_1                 ((uint32_t)0x00000020)        /*!<Bit 1 */

#define  FSMC_BWTR1_ADDHLD_2                 ((uint32_t)0x00000040)        /*!<Bit 2 */

#define  FSMC_BWTR1_ADDHLD_3                 ((uint32_t)0x00000080)        /*!<Bit 3 */



#define  FSMC_BWTR1_DATAST                   ((uint32_t)0x0000FF00)        /*!<DATAST [3:0] bits (Data-phase duration) */

#define  FSMC_BWTR1_DATAST_0                 ((uint32_t)0x00000100)        /*!<Bit 0 */

#define  FSMC_BWTR1_DATAST_1                 ((uint32_t)0x00000200)        /*!<Bit 1 */

#define  FSMC_BWTR1_DATAST_2                 ((uint32_t)0x00000400)        /*!<Bit 2 */

#define  FSMC_BWTR1_DATAST_3                 ((uint32_t)0x00000800)        /*!<Bit 3 */



#define  FSMC_BWTR1_CLKDIV                   ((uint32_t)0x00F00000)        /*!<CLKDIV[3:0] bits (Clock divide ratio) */

#define  FSMC_BWTR1_CLKDIV_0                 ((uint32_t)0x00100000)        /*!<Bit 0 */

#define  FSMC_BWTR1_CLKDIV_1                 ((uint32_t)0x00200000)        /*!<Bit 1 */

#define  FSMC_BWTR1_CLKDIV_2                 ((uint32_t)0x00400000)        /*!<Bit 2 */

#define  FSMC_BWTR1_CLKDIV_3                 ((uint32_t)0x00800000)        /*!<Bit 3 */



#define  FSMC_BWTR1_DATLAT                   ((uint32_t)0x0F000000)        /*!<DATLA[3:0] bits (Data latency) */

#define  FSMC_BWTR1_DATLAT_0                 ((uint32_t)0x01000000)        /*!<Bit 0 */

#define  FSMC_BWTR1_DATLAT_1                 ((uint32_t)0x02000000)        /*!<Bit 1 */

#define  FSMC_BWTR1_DATLAT_2                 ((uint32_t)0x04000000)        /*!<Bit 2 */

#define  FSMC_BWTR1_DATLAT_3                 ((uint32_t)0x08000000)        /*!<Bit 3 */



#define  FSMC_BWTR1_ACCMOD                   ((uint32_t)0x30000000)        /*!<ACCMOD[1:0] bits (Access mode) */

#define  FSMC_BWTR1_ACCMOD_0                 ((uint32_t)0x10000000)        /*!<Bit 0 */

#define  FSMC_BWTR1_ACCMOD_1                 ((uint32_t)0x20000000)        /*!<Bit 1 */



/******************  Bit definition for FSMC_BWTR2 register  ******************/

#define  FSMC_BWTR2_ADDSET                   ((uint32_t)0x0000000F)        /*!<ADDSET[3:0] bits (Address setup phase duration) */

#define  FSMC_BWTR2_ADDSET_0                 ((uint32_t)0x00000001)        /*!<Bit 0 */

#define  FSMC_BWTR2_ADDSET_1                 ((uint32_t)0x00000002)        /*!<Bit 1 */

#define  FSMC_BWTR2_ADDSET_2                 ((uint32_t)0x00000004)        /*!<Bit 2 */

#define  FSMC_BWTR2_ADDSET_3                 ((uint32_t)0x00000008)        /*!<Bit 3 */



#define  FSMC_BWTR2_ADDHLD                   ((uint32_t)0x000000F0)        /*!<ADDHLD[3:0] bits (Address-hold phase duration) */

#define  FSMC_BWTR2_ADDHLD_0                 ((uint32_t)0x00000010)        /*!<Bit 0 */

#define  FSMC_BWTR2_ADDHLD_1                 ((uint32_t)0x00000020)        /*!<Bit 1 */

#define  FSMC_BWTR2_ADDHLD_2                 ((uint32_t)0x00000040)        /*!<Bit 2 */

#define  FSMC_BWTR2_ADDHLD_3                 ((uint32_t)0x00000080)        /*!<Bit 3 */



#define  FSMC_BWTR2_DATAST                   ((uint32_t)0x0000FF00)        /*!<DATAST [3:0] bits (Data-phase duration) */

#define  FSMC_BWTR2_DATAST_0                 ((uint32_t)0x00000100)        /*!<Bit 0 */

#define  FSMC_BWTR2_DATAST_1                 ((uint32_t)0x00000200)        /*!<Bit 1 */

#define  FSMC_BWTR2_DATAST_2                 ((uint32_t)0x00000400)        /*!<Bit 2 */

#define  FSMC_BWTR2_DATAST_3                 ((uint32_t)0x00000800)        /*!<Bit 3 */



#define  FSMC_BWTR2_CLKDIV                   ((uint32_t)0x00F00000)        /*!<CLKDIV[3:0] bits (Clock divide ratio) */

#define  FSMC_BWTR2_CLKDIV_0                 ((uint32_t)0x00100000)        /*!<Bit 0 */

#define  FSMC_BWTR2_CLKDIV_1                 ((uint32_t)0x00200000)        /*!<Bit 1*/

#define  FSMC_BWTR2_CLKDIV_2                 ((uint32_t)0x00400000)        /*!<Bit 2 */

#define  FSMC_BWTR2_CLKDIV_3                 ((uint32_t)0x00800000)        /*!<Bit 3 */



#define  FSMC_BWTR2_DATLAT                   ((uint32_t)0x0F000000)        /*!<DATLA[3:0] bits (Data latency) */

#define  FSMC_BWTR2_DATLAT_0                 ((uint32_t)0x01000000)        /*!<Bit 0 */

#define  FSMC_BWTR2_DATLAT_1                 ((uint32_t)0x02000000)        /*!<Bit 1 */

#define  FSMC_BWTR2_DATLAT_2                 ((uint32_t)0x04000000)        /*!<Bit 2 */

#define  FSMC_BWTR2_DATLAT_3                 ((uint32_t)0x08000000)        /*!<Bit 3 */



#define  FSMC_BWTR2_ACCMOD                   ((uint32_t)0x30000000)        /*!<ACCMOD[1:0] bits (Access mode) */

#define  FSMC_BWTR2_ACCMOD_0                 ((uint32_t)0x10000000)        /*!<Bit 0 */

#define  FSMC_BWTR2_ACCMOD_1                 ((uint32_t)0x20000000)        /*!<Bit 1 */



/******************  Bit definition for FSMC_BWTR3 register  ******************/

#define  FSMC_BWTR3_ADDSET                   ((uint32_t)0x0000000F)        /*!<ADDSET[3:0] bits (Address setup phase duration) */

#define  FSMC_BWTR3_ADDSET_0                 ((uint32_t)0x00000001)        /*!<Bit 0 */

#define  FSMC_BWTR3_ADDSET_1                 ((uint32_t)0x00000002)        /*!<Bit 1 */

#define  FSMC_BWTR3_ADDSET_2                 ((uint32_t)0x00000004)        /*!<Bit 2 */

#define  FSMC_BWTR3_ADDSET_3                 ((uint32_t)0x00000008)        /*!<Bit 3 */



#define  FSMC_BWTR3_ADDHLD                   ((uint32_t)0x000000F0)        /*!<ADDHLD[3:0] bits (Address-hold phase duration) */

#define  FSMC_BWTR3_ADDHLD_0                 ((uint32_t)0x00000010)        /*!<Bit 0 */

#define  FSMC_BWTR3_ADDHLD_1                 ((uint32_t)0x00000020)        /*!<Bit 1 */

#define  FSMC_BWTR3_ADDHLD_2                 ((uint32_t)0x00000040)        /*!<Bit 2 */

#define  FSMC_BWTR3_ADDHLD_3                 ((uint32_t)0x00000080)        /*!<Bit 3 */



#define  FSMC_BWTR3_DATAST                   ((uint32_t)0x0000FF00)        /*!<DATAST [3:0] bits (Data-phase duration) */

#define  FSMC_BWTR3_DATAST_0                 ((uint32_t)0x00000100)        /*!<Bit 0 */

#define  FSMC_BWTR3_DATAST_1                 ((uint32_t)0x00000200)        /*!<Bit 1 */

#define  FSMC_BWTR3_DATAST_2                 ((uint32_t)0x00000400)        /*!<Bit 2 */

#define  FSMC_BWTR3_DATAST_3                 ((uint32_t)0x00000800)        /*!<Bit 3 */



#define  FSMC_BWTR3_CLKDIV                   ((uint32_t)0x00F00000)        /*!<CLKDIV[3:0] bits (Clock divide ratio) */

#define  FSMC_BWTR3_CLKDIV_0                 ((uint32_t)0x00100000)        /*!<Bit 0 */

#define  FSMC_BWTR3_CLKDIV_1                 ((uint32_t)0x00200000)        /*!<Bit 1 */

#define  FSMC_BWTR3_CLKDIV_2                 ((uint32_t)0x00400000)        /*!<Bit 2 */

#define  FSMC_BWTR3_CLKDIV_3                 ((uint32_t)0x00800000)        /*!<Bit 3 */



#define  FSMC_BWTR3_DATLAT                   ((uint32_t)0x0F000000)        /*!<DATLA[3:0] bits (Data latency) */

#define  FSMC_BWTR3_DATLAT_0                 ((uint32_t)0x01000000)        /*!<Bit 0 */

#define  FSMC_BWTR3_DATLAT_1                 ((uint32_t)0x02000000)        /*!<Bit 1 */

#define  FSMC_BWTR3_DATLAT_2                 ((uint32_t)0x04000000)        /*!<Bit 2 */

#define  FSMC_BWTR3_DATLAT_3                 ((uint32_t)0x08000000)        /*!<Bit 3 */



#define  FSMC_BWTR3_ACCMOD                   ((uint32_t)0x30000000)        /*!<ACCMOD[1:0] bits (Access mode) */

#define  FSMC_BWTR3_ACCMOD_0                 ((uint32_t)0x10000000)        /*!<Bit 0 */

#define  FSMC_BWTR3_ACCMOD_1                 ((uint32_t)0x20000000)        /*!<Bit 1 */



/******************  Bit definition for FSMC_BWTR4 register  ******************/

#define  FSMC_BWTR4_ADDSET                   ((uint32_t)0x0000000F)        /*!<ADDSET[3:0] bits (Address setup phase duration) */

#define  FSMC_BWTR4_ADDSET_0                 ((uint32_t)0x00000001)        /*!<Bit 0 */

#define  FSMC_BWTR4_ADDSET_1                 ((uint32_t)0x00000002)        /*!<Bit 1 */

#define  FSMC_BWTR4_ADDSET_2                 ((uint32_t)0x00000004)        /*!<Bit 2 */

#define  FSMC_BWTR4_ADDSET_3                 ((uint32_t)0x00000008)        /*!<Bit 3 */



#define  FSMC_BWTR4_ADDHLD                   ((uint32_t)0x000000F0)        /*!<ADDHLD[3:0] bits (Address-hold phase duration) */

#define  FSMC_BWTR4_ADDHLD_0                 ((uint32_t)0x00000010)        /*!<Bit 0 */

#define  FSMC_BWTR4_ADDHLD_1                 ((uint32_t)0x00000020)        /*!<Bit 1 */

#define  FSMC_BWTR4_ADDHLD_2                 ((uint32_t)0x00000040)        /*!<Bit 2 */

#define  FSMC_BWTR4_ADDHLD_3                 ((uint32_t)0x00000080)        /*!<Bit 3 */



#define  FSMC_BWTR4_DATAST                   ((uint32_t)0x0000FF00)        /*!<DATAST [3:0] bits (Data-phase duration) */

#define  FSMC_BWTR4_DATAST_0                 ((uint32_t)0x00000100)        /*!<Bit 0 */

#define  FSMC_BWTR4_DATAST_1                 ((uint32_t)0x00000200)        /*!<Bit 1 */

#define  FSMC_BWTR4_DATAST_2                 ((uint32_t)0x00000400)        /*!<Bit 2 */

#define  FSMC_BWTR4_DATAST_3                 ((uint32_t)0x00000800)        /*!<Bit 3 */



#define  FSMC_BWTR4_CLKDIV                   ((uint32_t)0x00F00000)        /*!<CLKDIV[3:0] bits (Clock divide ratio) */

#define  FSMC_BWTR4_CLKDIV_0                 ((uint32_t)0x00100000)        /*!<Bit 0 */

#define  FSMC_BWTR4_CLKDIV_1                 ((uint32_t)0x00200000)        /*!<Bit 1 */

#define  FSMC_BWTR4_CLKDIV_2                 ((uint32_t)0x00400000)        /*!<Bit 2 */

#define  FSMC_BWTR4_CLKDIV_3                 ((uint32_t)0x00800000)        /*!<Bit 3 */



#define  FSMC_BWTR4_DATLAT                   ((uint32_t)0x0F000000)        /*!<DATLA[3:0] bits (Data latency) */

#define  FSMC_BWTR4_DATLAT_0                 ((uint32_t)0x01000000)        /*!<Bit 0 */

#define  FSMC_BWTR4_DATLAT_1                 ((uint32_t)0x02000000)        /*!<Bit 1 */

#define  FSMC_BWTR4_DATLAT_2                 ((uint32_t)0x04000000)        /*!<Bit 2 */

#define  FSMC_BWTR4_DATLAT_3                 ((uint32_t)0x08000000)        /*!<Bit 3 */



#define  FSMC_BWTR4_ACCMOD                   ((uint32_t)0x30000000)        /*!<ACCMOD[1:0] bits (Access mode) */

#define  FSMC_BWTR4_ACCMOD_0                 ((uint32_t)0x10000000)        /*!<Bit 0 */

#define  FSMC_BWTR4_ACCMOD_1                 ((uint32_t)0x20000000)        /*!<Bit 1 */



/******************  Bit definition for FSMC_PCR2 register  *******************/

#define  FSMC_PCR2_PWAITEN                   ((uint32_t)0x00000002)        /*!<Wait feature enable bit */

#define  FSMC_PCR2_PBKEN                     ((uint32_t)0x00000004)        /*!<PC Card/NAND Flash memory bank enable bit */

#define  FSMC_PCR2_PTYP                      ((uint32_t)0x00000008)        /*!<Memory type */



#define  FSMC_PCR2_PWID                      ((uint32_t)0x00000030)        /*!<PWID[1:0] bits (NAND Flash databus width) */

#define  FSMC_PCR2_PWID_0                    ((uint32_t)0x00000010)        /*!<Bit 0 */

#define  FSMC_PCR2_PWID_1                    ((uint32_t)0x00000020)        /*!<Bit 1 */



#define  FSMC_PCR2_ECCEN                     ((uint32_t)0x00000040)        /*!<ECC computation logic enable bit */



#define  FSMC_PCR2_TCLR                      ((uint32_t)0x00001E00)        /*!<TCLR[3:0] bits (CLE to RE delay) */

#define  FSMC_PCR2_TCLR_0                    ((uint32_t)0x00000200)        /*!<Bit 0 */

#define  FSMC_PCR2_TCLR_1                    ((uint32_t)0x00000400)        /*!<Bit 1 */

#define  FSMC_PCR2_TCLR_2                    ((uint32_t)0x00000800)        /*!<Bit 2 */

#define  FSMC_PCR2_TCLR_3                    ((uint32_t)0x00001000)        /*!<Bit 3 */



#define  FSMC_PCR2_TAR                       ((uint32_t)0x0001E000)        /*!<TAR[3:0] bits (ALE to RE delay) */

#define  FSMC_PCR2_TAR_0                     ((uint32_t)0x00002000)        /*!<Bit 0 */

#define  FSMC_PCR2_TAR_1                     ((uint32_t)0x00004000)        /*!<Bit 1 */

#define  FSMC_PCR2_TAR_2                     ((uint32_t)0x00008000)        /*!<Bit 2 */

#define  FSMC_PCR2_TAR_3                     ((uint32_t)0x00010000)        /*!<Bit 3 */



#define  FSMC_PCR2_ECCPS                     ((uint32_t)0x000E0000)        /*!<ECCPS[1:0] bits (ECC page size) */

#define  FSMC_PCR2_ECCPS_0                   ((uint32_t)0x00020000)        /*!<Bit 0 */

#define  FSMC_PCR2_ECCPS_1                   ((uint32_t)0x00040000)        /*!<Bit 1 */

#define  FSMC_PCR2_ECCPS_2                   ((uint32_t)0x00080000)        /*!<Bit 2 */



/******************  Bit definition for FSMC_PCR3 register  *******************/

#define  FSMC_PCR3_PWAITEN                   ((uint32_t)0x00000002)        /*!<Wait feature enable bit */

#define  FSMC_PCR3_PBKEN                     ((uint32_t)0x00000004)        /*!<PC Card/NAND Flash memory bank enable bit */

#define  FSMC_PCR3_PTYP                      ((uint32_t)0x00000008)        /*!<Memory type */



#define  FSMC_PCR3_PWID                      ((uint32_t)0x00000030)        /*!<PWID[1:0] bits (NAND Flash databus width) */

#define  FSMC_PCR3_PWID_0                    ((uint32_t)0x00000010)        /*!<Bit 0 */

#define  FSMC_PCR3_PWID_1                    ((uint32_t)0x00000020)        /*!<Bit 1 */



#define  FSMC_PCR3_ECCEN                     ((uint32_t)0x00000040)        /*!<ECC computation logic enable bit */



#define  FSMC_PCR3_TCLR                      ((uint32_t)0x00001E00)        /*!<TCLR[3:0] bits (CLE to RE delay) */

#define  FSMC_PCR3_TCLR_0                    ((uint32_t)0x00000200)        /*!<Bit 0 */

#define  FSMC_PCR3_TCLR_1                    ((uint32_t)0x00000400)        /*!<Bit 1 */

#define  FSMC_PCR3_TCLR_2                    ((uint32_t)0x00000800)        /*!<Bit 2 */

#define  FSMC_PCR3_TCLR_3                    ((uint32_t)0x00001000)        /*!<Bit 3 */



#define  FSMC_PCR3_TAR                       ((uint32_t)0x0001E000)        /*!<TAR[3:0] bits (ALE to RE delay) */

#define  FSMC_PCR3_TAR_0                     ((uint32_t)0x00002000)        /*!<Bit 0 */

#define  FSMC_PCR3_TAR_1                     ((uint32_t)0x00004000)        /*!<Bit 1 */

#define  FSMC_PCR3_TAR_2                     ((uint32_t)0x00008000)        /*!<Bit 2 */

#define  FSMC_PCR3_TAR_3                     ((uint32_t)0x00010000)        /*!<Bit 3 */



#define  FSMC_PCR3_ECCPS                     ((uint32_t)0x000E0000)        /*!<ECCPS[2:0] bits (ECC page size) */

#define  FSMC_PCR3_ECCPS_0                   ((uint32_t)0x00020000)        /*!<Bit 0 */

#define  FSMC_PCR3_ECCPS_1                   ((uint32_t)0x00040000)        /*!<Bit 1 */

#define  FSMC_PCR3_ECCPS_2                   ((uint32_t)0x00080000)        /*!<Bit 2 */



/******************  Bit definition for FSMC_PCR4 register  *******************/

#define  FSMC_PCR4_PWAITEN                   ((uint32_t)0x00000002)        /*!<Wait feature enable bit */

#define  FSMC_PCR4_PBKEN                     ((uint32_t)0x00000004)        /*!<PC Card/NAND Flash memory bank enable bit */

#define  FSMC_PCR4_PTYP                      ((uint32_t)0x00000008)        /*!<Memory type */



#define  FSMC_PCR4_PWID                      ((uint32_t)0x00000030)        /*!<PWID[1:0] bits (NAND Flash databus width) */

#define  FSMC_PCR4_PWID_0                    ((uint32_t)0x00000010)        /*!<Bit 0 */

#define  FSMC_PCR4_PWID_1                    ((uint32_t)0x00000020)        /*!<Bit 1 */



#define  FSMC_PCR4_ECCEN                     ((uint32_t)0x00000040)        /*!<ECC computation logic enable bit */



#define  FSMC_PCR4_TCLR                      ((uint32_t)0x00001E00)        /*!<TCLR[3:0] bits (CLE to RE delay) */

#define  FSMC_PCR4_TCLR_0                    ((uint32_t)0x00000200)        /*!<Bit 0 */

#define  FSMC_PCR4_TCLR_1                    ((uint32_t)0x00000400)        /*!<Bit 1 */

#define  FSMC_PCR4_TCLR_2                    ((uint32_t)0x00000800)        /*!<Bit 2 */

#define  FSMC_PCR4_TCLR_3                    ((uint32_t)0x00001000)        /*!<Bit 3 */



#define  FSMC_PCR4_TAR                       ((uint32_t)0x0001E000)        /*!<TAR[3:0] bits (ALE to RE delay) */

#define  FSMC_PCR4_TAR_0                     ((uint32_t)0x00002000)        /*!<Bit 0 */

#define  FSMC_PCR4_TAR_1                     ((uint32_t)0x00004000)        /*!<Bit 1 */

#define  FSMC_PCR4_TAR_2                     ((uint32_t)0x00008000)        /*!<Bit 2 */

#define  FSMC_PCR4_TAR_3                     ((uint32_t)0x00010000)        /*!<Bit 3 */



#define  FSMC_PCR4_ECCPS                     ((uint32_t)0x000E0000)        /*!<ECCPS[2:0] bits (ECC page size) */

#define  FSMC_PCR4_ECCPS_0                   ((uint32_t)0x00020000)        /*!<Bit 0 */

#define  FSMC_PCR4_ECCPS_1                   ((uint32_t)0x00040000)        /*!<Bit 1 */

#define  FSMC_PCR4_ECCPS_2                   ((uint32_t)0x00080000)        /*!<Bit 2 */



/*******************  Bit definition for FSMC_SR2 register  *******************/

#define  FSMC_SR2_IRS                        ((uint8_t)0x01)               /*!<Interrupt Rising Edge status */

#define  FSMC_SR2_ILS                        ((uint8_t)0x02)               /*!<Interrupt Level status */

#define  FSMC_SR2_IFS                        ((uint8_t)0x04)               /*!<Interrupt Falling Edge status */

#define  FSMC_SR2_IREN                       ((uint8_t)0x08)               /*!<Interrupt Rising Edge detection Enable bit */

#define  FSMC_SR2_ILEN                       ((uint8_t)0x10)               /*!<Interrupt Level detection Enable bit */

#define  FSMC_SR2_IFEN                       ((uint8_t)0x20)               /*!<Interrupt Falling Edge detection Enable bit */

#define  FSMC_SR2_FEMPT                      ((uint8_t)0x40)               /*!<FIFO empty */



/*******************  Bit definition for FSMC_SR3 register  *******************/

#define  FSMC_SR3_IRS                        ((uint8_t)0x01)               /*!<Interrupt Rising Edge status */

#define  FSMC_SR3_ILS                        ((uint8_t)0x02)               /*!<Interrupt Level status */

#define  FSMC_SR3_IFS                        ((uint8_t)0x04)               /*!<Interrupt Falling Edge status */

#define  FSMC_SR3_IREN                       ((uint8_t)0x08)               /*!<Interrupt Rising Edge detection Enable bit */

#define  FSMC_SR3_ILEN                       ((uint8_t)0x10)               /*!<Interrupt Level detection Enable bit */

#define  FSMC_SR3_IFEN                       ((uint8_t)0x20)               /*!<Interrupt Falling Edge detection Enable bit */

#define  FSMC_SR3_FEMPT                      ((uint8_t)0x40)               /*!<FIFO empty */



/*******************  Bit definition for FSMC_SR4 register  *******************/

#define  FSMC_SR4_IRS                        ((uint8_t)0x01)               /*!<Interrupt Rising Edge status */

#define  FSMC_SR4_ILS                        ((uint8_t)0x02)               /*!<Interrupt Level status */

#define  FSMC_SR4_IFS                        ((uint8_t)0x04)               /*!<Interrupt Falling Edge status */

#define  FSMC_SR4_IREN                       ((uint8_t)0x08)               /*!<Interrupt Rising Edge detection Enable bit */

#define  FSMC_SR4_ILEN                       ((uint8_t)0x10)               /*!<Interrupt Level detection Enable bit */

#define  FSMC_SR4_IFEN                       ((uint8_t)0x20)               /*!<Interrupt Falling Edge detection Enable bit */

#define  FSMC_SR4_FEMPT                      ((uint8_t)0x40)               /*!<FIFO empty */



/******************  Bit definition for FSMC_PMEM2 register  ******************/

#define  FSMC_PMEM2_MEMSET2                  ((uint32_t)0x000000FF)        /*!<MEMSET2[7:0] bits (Common memory 2 setup time) */

#define  FSMC_PMEM2_MEMSET2_0                ((uint32_t)0x00000001)        /*!<Bit 0 */

#define  FSMC_PMEM2_MEMSET2_1                ((uint32_t)0x00000002)        /*!<Bit 1 */

#define  FSMC_PMEM2_MEMSET2_2                ((uint32_t)0x00000004)        /*!<Bit 2 */

#define  FSMC_PMEM2_MEMSET2_3                ((uint32_t)0x00000008)        /*!<Bit 3 */

#define  FSMC_PMEM2_MEMSET2_4                ((uint32_t)0x00000010)        /*!<Bit 4 */

#define  FSMC_PMEM2_MEMSET2_5                ((uint32_t)0x00000020)        /*!<Bit 5 */

#define  FSMC_PMEM2_MEMSET2_6                ((uint32_t)0x00000040)        /*!<Bit 6 */

#define  FSMC_PMEM2_MEMSET2_7                ((uint32_t)0x00000080)        /*!<Bit 7 */



#define  FSMC_PMEM2_MEMWAIT2                 ((uint32_t)0x0000FF00)        /*!<MEMWAIT2[7:0] bits (Common memory 2 wait time) */

#define  FSMC_PMEM2_MEMWAIT2_0               ((uint32_t)0x00000100)        /*!<Bit 0 */

#define  FSMC_PMEM2_MEMWAIT2_1               ((uint32_t)0x00000200)        /*!<Bit 1 */

#define  FSMC_PMEM2_MEMWAIT2_2               ((uint32_t)0x00000400)        /*!<Bit 2 */

#define  FSMC_PMEM2_MEMWAIT2_3               ((uint32_t)0x00000800)        /*!<Bit 3 */

#define  FSMC_PMEM2_MEMWAIT2_4               ((uint32_t)0x00001000)        /*!<Bit 4 */

#define  FSMC_PMEM2_MEMWAIT2_5               ((uint32_t)0x00002000)        /*!<Bit 5 */

#define  FSMC_PMEM2_MEMWAIT2_6               ((uint32_t)0x00004000)        /*!<Bit 6 */

#define  FSMC_PMEM2_MEMWAIT2_7               ((uint32_t)0x00008000)        /*!<Bit 7 */



#define  FSMC_PMEM2_MEMHOLD2                 ((uint32_t)0x00FF0000)        /*!<MEMHOLD2[7:0] bits (Common memory 2 hold time) */

#define  FSMC_PMEM2_MEMHOLD2_0               ((uint32_t)0x00010000)        /*!<Bit 0 */

#define  FSMC_PMEM2_MEMHOLD2_1               ((uint32_t)0x00020000)        /*!<Bit 1 */

#define  FSMC_PMEM2_MEMHOLD2_2               ((uint32_t)0x00040000)        /*!<Bit 2 */

#define  FSMC_PMEM2_MEMHOLD2_3               ((uint32_t)0x00080000)        /*!<Bit 3 */

#define  FSMC_PMEM2_MEMHOLD2_4               ((uint32_t)0x00100000)        /*!<Bit 4 */

#define  FSMC_PMEM2_MEMHOLD2_5               ((uint32_t)0x00200000)        /*!<Bit 5 */

#define  FSMC_PMEM2_MEMHOLD2_6               ((uint32_t)0x00400000)        /*!<Bit 6 */

#define  FSMC_PMEM2_MEMHOLD2_7               ((uint32_t)0x00800000)        /*!<Bit 7 */



#define  FSMC_PMEM2_MEMHIZ2                  ((uint32_t)0xFF000000)        /*!<MEMHIZ2[7:0] bits (Common memory 2 databus HiZ time) */

#define  FSMC_PMEM2_MEMHIZ2_0                ((uint32_t)0x01000000)        /*!<Bit 0 */

#define  FSMC_PMEM2_MEMHIZ2_1                ((uint32_t)0x02000000)        /*!<Bit 1 */

#define  FSMC_PMEM2_MEMHIZ2_2                ((uint32_t)0x04000000)        /*!<Bit 2 */

#define  FSMC_PMEM2_MEMHIZ2_3                ((uint32_t)0x08000000)        /*!<Bit 3 */

#define  FSMC_PMEM2_MEMHIZ2_4                ((uint32_t)0x10000000)        /*!<Bit 4 */

#define  FSMC_PMEM2_MEMHIZ2_5                ((uint32_t)0x20000000)        /*!<Bit 5 */

#define  FSMC_PMEM2_MEMHIZ2_6                ((uint32_t)0x40000000)        /*!<Bit 6 */

#define  FSMC_PMEM2_MEMHIZ2_7                ((uint32_t)0x80000000)        /*!<Bit 7 */



/******************  Bit definition for FSMC_PMEM3 register  ******************/

#define  FSMC_PMEM3_MEMSET3                  ((uint32_t)0x000000FF)        /*!<MEMSET3[7:0] bits (Common memory 3 setup time) */

#define  FSMC_PMEM3_MEMSET3_0                ((uint32_t)0x00000001)        /*!<Bit 0 */

#define  FSMC_PMEM3_MEMSET3_1                ((uint32_t)0x00000002)        /*!<Bit 1 */

#define  FSMC_PMEM3_MEMSET3_2                ((uint32_t)0x00000004)        /*!<Bit 2 */

#define  FSMC_PMEM3_MEMSET3_3                ((uint32_t)0x00000008)        /*!<Bit 3 */

#define  FSMC_PMEM3_MEMSET3_4                ((uint32_t)0x00000010)        /*!<Bit 4 */

#define  FSMC_PMEM3_MEMSET3_5                ((uint32_t)0x00000020)        /*!<Bit 5 */

#define  FSMC_PMEM3_MEMSET3_6                ((uint32_t)0x00000040)        /*!<Bit 6 */

#define  FSMC_PMEM3_MEMSET3_7                ((uint32_t)0x00000080)        /*!<Bit 7 */



#define  FSMC_PMEM3_MEMWAIT3                 ((uint32_t)0x0000FF00)        /*!<MEMWAIT3[7:0] bits (Common memory 3 wait time) */

#define  FSMC_PMEM3_MEMWAIT3_0               ((uint32_t)0x00000100)        /*!<Bit 0 */

#define  FSMC_PMEM3_MEMWAIT3_1               ((uint32_t)0x00000200)        /*!<Bit 1 */

#define  FSMC_PMEM3_MEMWAIT3_2               ((uint32_t)0x00000400)        /*!<Bit 2 */

#define  FSMC_PMEM3_MEMWAIT3_3               ((uint32_t)0x00000800)        /*!<Bit 3 */

#define  FSMC_PMEM3_MEMWAIT3_4               ((uint32_t)0x00001000)        /*!<Bit 4 */

#define  FSMC_PMEM3_MEMWAIT3_5               ((uint32_t)0x00002000)        /*!<Bit 5 */

#define  FSMC_PMEM3_MEMWAIT3_6               ((uint32_t)0x00004000)        /*!<Bit 6 */

#define  FSMC_PMEM3_MEMWAIT3_7               ((uint32_t)0x00008000)        /*!<Bit 7 */



#define  FSMC_PMEM3_MEMHOLD3                 ((uint32_t)0x00FF0000)        /*!<MEMHOLD3[7:0] bits (Common memory 3 hold time) */

#define  FSMC_PMEM3_MEMHOLD3_0               ((uint32_t)0x00010000)        /*!<Bit 0 */

#define  FSMC_PMEM3_MEMHOLD3_1               ((uint32_t)0x00020000)        /*!<Bit 1 */

#define  FSMC_PMEM3_MEMHOLD3_2               ((uint32_t)0x00040000)        /*!<Bit 2 */

#define  FSMC_PMEM3_MEMHOLD3_3               ((uint32_t)0x00080000)        /*!<Bit 3 */

#define  FSMC_PMEM3_MEMHOLD3_4               ((uint32_t)0x00100000)        /*!<Bit 4 */

#define  FSMC_PMEM3_MEMHOLD3_5               ((uint32_t)0x00200000)        /*!<Bit 5 */

#define  FSMC_PMEM3_MEMHOLD3_6               ((uint32_t)0x00400000)        /*!<Bit 6 */

#define  FSMC_PMEM3_MEMHOLD3_7               ((uint32_t)0x00800000)        /*!<Bit 7 */



#define  FSMC_PMEM3_MEMHIZ3                  ((uint32_t)0xFF000000)        /*!<MEMHIZ3[7:0] bits (Common memory 3 databus HiZ time) */

#define  FSMC_PMEM3_MEMHIZ3_0                ((uint32_t)0x01000000)        /*!<Bit 0 */

#define  FSMC_PMEM3_MEMHIZ3_1                ((uint32_t)0x02000000)        /*!<Bit 1 */

#define  FSMC_PMEM3_MEMHIZ3_2                ((uint32_t)0x04000000)        /*!<Bit 2 */

#define  FSMC_PMEM3_MEMHIZ3_3                ((uint32_t)0x08000000)        /*!<Bit 3 */

#define  FSMC_PMEM3_MEMHIZ3_4                ((uint32_t)0x10000000)        /*!<Bit 4 */

#define  FSMC_PMEM3_MEMHIZ3_5                ((uint32_t)0x20000000)        /*!<Bit 5 */

#define  FSMC_PMEM3_MEMHIZ3_6                ((uint32_t)0x40000000)        /*!<Bit 6 */

#define  FSMC_PMEM3_MEMHIZ3_7                ((uint32_t)0x80000000)        /*!<Bit 7 */



/******************  Bit definition for FSMC_PMEM4 register  ******************/

#define  FSMC_PMEM4_MEMSET4                  ((uint32_t)0x000000FF)        /*!<MEMSET4[7:0] bits (Common memory 4 setup time) */

#define  FSMC_PMEM4_MEMSET4_0                ((uint32_t)0x00000001)        /*!<Bit 0 */

#define  FSMC_PMEM4_MEMSET4_1                ((uint32_t)0x00000002)        /*!<Bit 1 */

#define  FSMC_PMEM4_MEMSET4_2                ((uint32_t)0x00000004)        /*!<Bit 2 */

#define  FSMC_PMEM4_MEMSET4_3                ((uint32_t)0x00000008)        /*!<Bit 3 */

#define  FSMC_PMEM4_MEMSET4_4                ((uint32_t)0x00000010)        /*!<Bit 4 */

#define  FSMC_PMEM4_MEMSET4_5                ((uint32_t)0x00000020)        /*!<Bit 5 */

#define  FSMC_PMEM4_MEMSET4_6                ((uint32_t)0x00000040)        /*!<Bit 6 */

#define  FSMC_PMEM4_MEMSET4_7                ((uint32_t)0x00000080)        /*!<Bit 7 */



#define  FSMC_PMEM4_MEMWAIT4                 ((uint32_t)0x0000FF00)        /*!<MEMWAIT4[7:0] bits (Common memory 4 wait time) */

#define  FSMC_PMEM4_MEMWAIT4_0               ((uint32_t)0x00000100)        /*!<Bit 0 */

#define  FSMC_PMEM4_MEMWAIT4_1               ((uint32_t)0x00000200)        /*!<Bit 1 */

#define  FSMC_PMEM4_MEMWAIT4_2               ((uint32_t)0x00000400)        /*!<Bit 2 */

#define  FSMC_PMEM4_MEMWAIT4_3               ((uint32_t)0x00000800)        /*!<Bit 3 */

#define  FSMC_PMEM4_MEMWAIT4_4               ((uint32_t)0x00001000)        /*!<Bit 4 */

#define  FSMC_PMEM4_MEMWAIT4_5               ((uint32_t)0x00002000)        /*!<Bit 5 */

#define  FSMC_PMEM4_MEMWAIT4_6               ((uint32_t)0x00004000)        /*!<Bit 6 */

#define  FSMC_PMEM4_MEMWAIT4_7               ((uint32_t)0x00008000)        /*!<Bit 7 */



#define  FSMC_PMEM4_MEMHOLD4                 ((uint32_t)0x00FF0000)        /*!<MEMHOLD4[7:0] bits (Common memory 4 hold time) */

#define  FSMC_PMEM4_MEMHOLD4_0               ((uint32_t)0x00010000)        /*!<Bit 0 */

#define  FSMC_PMEM4_MEMHOLD4_1               ((uint32_t)0x00020000)        /*!<Bit 1 */

#define  FSMC_PMEM4_MEMHOLD4_2               ((uint32_t)0x00040000)        /*!<Bit 2 */

#define  FSMC_PMEM4_MEMHOLD4_3               ((uint32_t)0x00080000)        /*!<Bit 3 */

#define  FSMC_PMEM4_MEMHOLD4_4               ((uint32_t)0x00100000)        /*!<Bit 4 */

#define  FSMC_PMEM4_MEMHOLD4_5               ((uint32_t)0x00200000)        /*!<Bit 5 */

#define  FSMC_PMEM4_MEMHOLD4_6               ((uint32_t)0x00400000)        /*!<Bit 6 */

#define  FSMC_PMEM4_MEMHOLD4_7               ((uint32_t)0x00800000)        /*!<Bit 7 */



#define  FSMC_PMEM4_MEMHIZ4                  ((uint32_t)0xFF000000)        /*!<MEMHIZ4[7:0] bits (Common memory 4 databus HiZ time) */

#define  FSMC_PMEM4_MEMHIZ4_0                ((uint32_t)0x01000000)        /*!<Bit 0 */

#define  FSMC_PMEM4_MEMHIZ4_1                ((uint32_t)0x02000000)        /*!<Bit 1 */

#define  FSMC_PMEM4_MEMHIZ4_2                ((uint32_t)0x04000000)        /*!<Bit 2 */

#define  FSMC_PMEM4_MEMHIZ4_3                ((uint32_t)0x08000000)        /*!<Bit 3 */

#define  FSMC_PMEM4_MEMHIZ4_4                ((uint32_t)0x10000000)        /*!<Bit 4 */

#define  FSMC_PMEM4_MEMHIZ4_5                ((uint32_t)0x20000000)        /*!<Bit 5 */

#define  FSMC_PMEM4_MEMHIZ4_6                ((uint32_t)0x40000000)        /*!<Bit 6 */

#define  FSMC_PMEM4_MEMHIZ4_7                ((uint32_t)0x80000000)        /*!<Bit 7 */



/******************  Bit definition for FSMC_PATT2 register  ******************/

#define  FSMC_PATT2_ATTSET2                  ((uint32_t)0x000000FF)        /*!<ATTSET2[7:0] bits (Attribute memory 2 setup time) */

#define  FSMC_PATT2_ATTSET2_0                ((uint32_t)0x00000001)        /*!<Bit 0 */

#define  FSMC_PATT2_ATTSET2_1                ((uint32_t)0x00000002)        /*!<Bit 1 */

#define  FSMC_PATT2_ATTSET2_2                ((uint32_t)0x00000004)        /*!<Bit 2 */

#define  FSMC_PATT2_ATTSET2_3                ((uint32_t)0x00000008)        /*!<Bit 3 */

#define  FSMC_PATT2_ATTSET2_4                ((uint32_t)0x00000010)        /*!<Bit 4 */

#define  FSMC_PATT2_ATTSET2_5                ((uint32_t)0x00000020)        /*!<Bit 5 */

#define  FSMC_PATT2_ATTSET2_6                ((uint32_t)0x00000040)        /*!<Bit 6 */

#define  FSMC_PATT2_ATTSET2_7                ((uint32_t)0x00000080)        /*!<Bit 7 */



#define  FSMC_PATT2_ATTWAIT2                 ((uint32_t)0x0000FF00)        /*!<ATTWAIT2[7:0] bits (Attribute memory 2 wait time) */

#define  FSMC_PATT2_ATTWAIT2_0               ((uint32_t)0x00000100)        /*!<Bit 0 */

#define  FSMC_PATT2_ATTWAIT2_1               ((uint32_t)0x00000200)        /*!<Bit 1 */

#define  FSMC_PATT2_ATTWAIT2_2               ((uint32_t)0x00000400)        /*!<Bit 2 */

#define  FSMC_PATT2_ATTWAIT2_3               ((uint32_t)0x00000800)        /*!<Bit 3 */

#define  FSMC_PATT2_ATTWAIT2_4               ((uint32_t)0x00001000)        /*!<Bit 4 */

#define  FSMC_PATT2_ATTWAIT2_5               ((uint32_t)0x00002000)        /*!<Bit 5 */

#define  FSMC_PATT2_ATTWAIT2_6               ((uint32_t)0x00004000)        /*!<Bit 6 */

#define  FSMC_PATT2_ATTWAIT2_7               ((uint32_t)0x00008000)        /*!<Bit 7 */



#define  FSMC_PATT2_ATTHOLD2                 ((uint32_t)0x00FF0000)        /*!<ATTHOLD2[7:0] bits (Attribute memory 2 hold time) */

#define  FSMC_PATT2_ATTHOLD2_0               ((uint32_t)0x00010000)        /*!<Bit 0 */

#define  FSMC_PATT2_ATTHOLD2_1               ((uint32_t)0x00020000)        /*!<Bit 1 */

#define  FSMC_PATT2_ATTHOLD2_2               ((uint32_t)0x00040000)        /*!<Bit 2 */

#define  FSMC_PATT2_ATTHOLD2_3               ((uint32_t)0x00080000)        /*!<Bit 3 */

#define  FSMC_PATT2_ATTHOLD2_4               ((uint32_t)0x00100000)        /*!<Bit 4 */

#define  FSMC_PATT2_ATTHOLD2_5               ((uint32_t)0x00200000)        /*!<Bit 5 */

#define  FSMC_PATT2_ATTHOLD2_6               ((uint32_t)0x00400000)        /*!<Bit 6 */

#define  FSMC_PATT2_ATTHOLD2_7               ((uint32_t)0x00800000)        /*!<Bit 7 */



#define  FSMC_PATT2_ATTHIZ2                  ((uint32_t)0xFF000000)        /*!<ATTHIZ2[7:0] bits (Attribute memory 2 databus HiZ time) */

#define  FSMC_PATT2_ATTHIZ2_0                ((uint32_t)0x01000000)        /*!<Bit 0 */

#define  FSMC_PATT2_ATTHIZ2_1                ((uint32_t)0x02000000)        /*!<Bit 1 */

#define  FSMC_PATT2_ATTHIZ2_2                ((uint32_t)0x04000000)        /*!<Bit 2 */

#define  FSMC_PATT2_ATTHIZ2_3                ((uint32_t)0x08000000)        /*!<Bit 3 */

#define  FSMC_PATT2_ATTHIZ2_4                ((uint32_t)0x10000000)        /*!<Bit 4 */

#define  FSMC_PATT2_ATTHIZ2_5                ((uint32_t)0x20000000)        /*!<Bit 5 */

#define  FSMC_PATT2_ATTHIZ2_6                ((uint32_t)0x40000000)        /*!<Bit 6 */

#define  FSMC_PATT2_ATTHIZ2_7                ((uint32_t)0x80000000)        /*!<Bit 7 */



/******************  Bit definition for FSMC_PATT3 register  ******************/

#define  FSMC_PATT3_ATTSET3                  ((uint32_t)0x000000FF)        /*!<ATTSET3[7:0] bits (Attribute memory 3 setup time) */

#define  FSMC_PATT3_ATTSET3_0                ((uint32_t)0x00000001)        /*!<Bit 0 */

#define  FSMC_PATT3_ATTSET3_1                ((uint32_t)0x00000002)        /*!<Bit 1 */

#define  FSMC_PATT3_ATTSET3_2                ((uint32_t)0x00000004)        /*!<Bit 2 */

#define  FSMC_PATT3_ATTSET3_3                ((uint32_t)0x00000008)        /*!<Bit 3 */

#define  FSMC_PATT3_ATTSET3_4                ((uint32_t)0x00000010)        /*!<Bit 4 */

#define  FSMC_PATT3_ATTSET3_5                ((uint32_t)0x00000020)        /*!<Bit 5 */

#define  FSMC_PATT3_ATTSET3_6                ((uint32_t)0x00000040)        /*!<Bit 6 */

#define  FSMC_PATT3_ATTSET3_7                ((uint32_t)0x00000080)        /*!<Bit 7 */



#define  FSMC_PATT3_ATTWAIT3                 ((uint32_t)0x0000FF00)        /*!<ATTWAIT3[7:0] bits (Attribute memory 3 wait time) */

#define  FSMC_PATT3_ATTWAIT3_0               ((uint32_t)0x00000100)        /*!<Bit 0 */

#define  FSMC_PATT3_ATTWAIT3_1               ((uint32_t)0x00000200)        /*!<Bit 1 */

#define  FSMC_PATT3_ATTWAIT3_2               ((uint32_t)0x00000400)        /*!<Bit 2 */

#define  FSMC_PATT3_ATTWAIT3_3               ((uint32_t)0x00000800)        /*!<Bit 3 */

#define  FSMC_PATT3_ATTWAIT3_4               ((uint32_t)0x00001000)        /*!<Bit 4 */

#define  FSMC_PATT3_ATTWAIT3_5               ((uint32_t)0x00002000)        /*!<Bit 5 */

#define  FSMC_PATT3_ATTWAIT3_6               ((uint32_t)0x00004000)        /*!<Bit 6 */

#define  FSMC_PATT3_ATTWAIT3_7               ((uint32_t)0x00008000)        /*!<Bit 7 */



#define  FSMC_PATT3_ATTHOLD3                 ((uint32_t)0x00FF0000)        /*!<ATTHOLD3[7:0] bits (Attribute memory 3 hold time) */

#define  FSMC_PATT3_ATTHOLD3_0               ((uint32_t)0x00010000)        /*!<Bit 0 */

#define  FSMC_PATT3_ATTHOLD3_1               ((uint32_t)0x00020000)        /*!<Bit 1 */

#define  FSMC_PATT3_ATTHOLD3_2               ((uint32_t)0x00040000)        /*!<Bit 2 */

#define  FSMC_PATT3_ATTHOLD3_3               ((uint32_t)0x00080000)        /*!<Bit 3 */

#define  FSMC_PATT3_ATTHOLD3_4               ((uint32_t)0x00100000)        /*!<Bit 4 */

#define  FSMC_PATT3_ATTHOLD3_5               ((uint32_t)0x00200000)        /*!<Bit 5 */

#define  FSMC_PATT3_ATTHOLD3_6               ((uint32_t)0x00400000)        /*!<Bit 6 */

#define  FSMC_PATT3_ATTHOLD3_7               ((uint32_t)0x00800000)        /*!<Bit 7 */



#define  FSMC_PATT3_ATTHIZ3                  ((uint32_t)0xFF000000)        /*!<ATTHIZ3[7:0] bits (Attribute memory 3 databus HiZ time) */

#define  FSMC_PATT3_ATTHIZ3_0                ((uint32_t)0x01000000)        /*!<Bit 0 */

#define  FSMC_PATT3_ATTHIZ3_1                ((uint32_t)0x02000000)        /*!<Bit 1 */

#define  FSMC_PATT3_ATTHIZ3_2                ((uint32_t)0x04000000)        /*!<Bit 2 */

#define  FSMC_PATT3_ATTHIZ3_3                ((uint32_t)0x08000000)        /*!<Bit 3 */

#define  FSMC_PATT3_ATTHIZ3_4                ((uint32_t)0x10000000)        /*!<Bit 4 */

#define  FSMC_PATT3_ATTHIZ3_5                ((uint32_t)0x20000000)        /*!<Bit 5 */

#define  FSMC_PATT3_ATTHIZ3_6                ((uint32_t)0x40000000)        /*!<Bit 6 */

#define  FSMC_PATT3_ATTHIZ3_7                ((uint32_t)0x80000000)        /*!<Bit 7 */



/******************  Bit definition for FSMC_PATT4 register  ******************/

#define  FSMC_PATT4_ATTSET4                  ((uint32_t)0x000000FF)        /*!<ATTSET4[7:0] bits (Attribute memory 4 setup time) */

#define  FSMC_PATT4_ATTSET4_0                ((uint32_t)0x00000001)        /*!<Bit 0 */

#define  FSMC_PATT4_ATTSET4_1                ((uint32_t)0x00000002)        /*!<Bit 1 */

#define  FSMC_PATT4_ATTSET4_2                ((uint32_t)0x00000004)        /*!<Bit 2 */

#define  FSMC_PATT4_ATTSET4_3                ((uint32_t)0x00000008)        /*!<Bit 3 */

#define  FSMC_PATT4_ATTSET4_4                ((uint32_t)0x00000010)        /*!<Bit 4 */

#define  FSMC_PATT4_ATTSET4_5                ((uint32_t)0x00000020)        /*!<Bit 5 */

#define  FSMC_PATT4_ATTSET4_6                ((uint32_t)0x00000040)        /*!<Bit 6 */

#define  FSMC_PATT4_ATTSET4_7                ((uint32_t)0x00000080)        /*!<Bit 7 */



#define  FSMC_PATT4_ATTWAIT4                 ((uint32_t)0x0000FF00)        /*!<ATTWAIT4[7:0] bits (Attribute memory 4 wait time) */

#define  FSMC_PATT4_ATTWAIT4_0               ((uint32_t)0x00000100)        /*!<Bit 0 */

#define  FSMC_PATT4_ATTWAIT4_1               ((uint32_t)0x00000200)        /*!<Bit 1 */

#define  FSMC_PATT4_ATTWAIT4_2               ((uint32_t)0x00000400)        /*!<Bit 2 */

#define  FSMC_PATT4_ATTWAIT4_3               ((uint32_t)0x00000800)        /*!<Bit 3 */

#define  FSMC_PATT4_ATTWAIT4_4               ((uint32_t)0x00001000)        /*!<Bit 4 */

#define  FSMC_PATT4_ATTWAIT4_5               ((uint32_t)0x00002000)        /*!<Bit 5 */

#define  FSMC_PATT4_ATTWAIT4_6               ((uint32_t)0x00004000)        /*!<Bit 6 */

#define  FSMC_PATT4_ATTWAIT4_7               ((uint32_t)0x00008000)        /*!<Bit 7 */



#define  FSMC_PATT4_ATTHOLD4                 ((uint32_t)0x00FF0000)        /*!<ATTHOLD4[7:0] bits (Attribute memory 4 hold time) */

#define  FSMC_PATT4_ATTHOLD4_0               ((uint32_t)0x00010000)        /*!<Bit 0 */

#define  FSMC_PATT4_ATTHOLD4_1               ((uint32_t)0x00020000)        /*!<Bit 1 */

#define  FSMC_PATT4_ATTHOLD4_2               ((uint32_t)0x00040000)        /*!<Bit 2 */

#define  FSMC_PATT4_ATTHOLD4_3               ((uint32_t)0x00080000)        /*!<Bit 3 */

#define  FSMC_PATT4_ATTHOLD4_4               ((uint32_t)0x00100000)        /*!<Bit 4 */

#define  FSMC_PATT4_ATTHOLD4_5               ((uint32_t)0x00200000)        /*!<Bit 5 */

#define  FSMC_PATT4_ATTHOLD4_6               ((uint32_t)0x00400000)        /*!<Bit 6 */

#define  FSMC_PATT4_ATTHOLD4_7               ((uint32_t)0x00800000)        /*!<Bit 7 */



#define  FSMC_PATT4_ATTHIZ4                  ((uint32_t)0xFF000000)        /*!<ATTHIZ4[7:0] bits (Attribute memory 4 databus HiZ time) */

#define  FSMC_PATT4_ATTHIZ4_0                ((uint32_t)0x01000000)        /*!<Bit 0 */

#define  FSMC_PATT4_ATTHIZ4_1                ((uint32_t)0x02000000)        /*!<Bit 1 */

#define  FSMC_PATT4_ATTHIZ4_2                ((uint32_t)0x04000000)        /*!<Bit 2 */

#define  FSMC_PATT4_ATTHIZ4_3                ((uint32_t)0x08000000)        /*!<Bit 3 */

#define  FSMC_PATT4_ATTHIZ4_4                ((uint32_t)0x10000000)        /*!<Bit 4 */

#define  FSMC_PATT4_ATTHIZ4_5                ((uint32_t)0x20000000)        /*!<Bit 5 */

#define  FSMC_PATT4_ATTHIZ4_6                ((uint32_t)0x40000000)        /*!<Bit 6 */

#define  FSMC_PATT4_ATTHIZ4_7                ((uint32_t)0x80000000)        /*!<Bit 7 */



/******************  Bit definition for FSMC_PIO4 register  *******************/

#define  FSMC_PIO4_IOSET4                    ((uint32_t)0x000000FF)        /*!<IOSET4[7:0] bits (I/O 4 setup time) */

#define  FSMC_PIO4_IOSET4_0                  ((uint32_t)0x00000001)        /*!<Bit 0 */

#define  FSMC_PIO4_IOSET4_1                  ((uint32_t)0x00000002)        /*!<Bit 1 */

#define  FSMC_PIO4_IOSET4_2                  ((uint32_t)0x00000004)        /*!<Bit 2 */

#define  FSMC_PIO4_IOSET4_3                  ((uint32_t)0x00000008)        /*!<Bit 3 */

#define  FSMC_PIO4_IOSET4_4                  ((uint32_t)0x00000010)        /*!<Bit 4 */

#define  FSMC_PIO4_IOSET4_5                  ((uint32_t)0x00000020)        /*!<Bit 5 */

#define  FSMC_PIO4_IOSET4_6                  ((uint32_t)0x00000040)        /*!<Bit 6 */

#define  FSMC_PIO4_IOSET4_7                  ((uint32_t)0x00000080)        /*!<Bit 7 */



#define  FSMC_PIO4_IOWAIT4                   ((uint32_t)0x0000FF00)        /*!<IOWAIT4[7:0] bits (I/O 4 wait time) */

#define  FSMC_PIO4_IOWAIT4_0                 ((uint32_t)0x00000100)        /*!<Bit 0 */

#define  FSMC_PIO4_IOWAIT4_1                 ((uint32_t)0x00000200)        /*!<Bit 1 */

#define  FSMC_PIO4_IOWAIT4_2                 ((uint32_t)0x00000400)        /*!<Bit 2 */

#define  FSMC_PIO4_IOWAIT4_3                 ((uint32_t)0x00000800)        /*!<Bit 3 */

#define  FSMC_PIO4_IOWAIT4_4                 ((uint32_t)0x00001000)        /*!<Bit 4 */

#define  FSMC_PIO4_IOWAIT4_5                 ((uint32_t)0x00002000)        /*!<Bit 5 */

#define  FSMC_PIO4_IOWAIT4_6                 ((uint32_t)0x00004000)        /*!<Bit 6 */

#define  FSMC_PIO4_IOWAIT4_7                 ((uint32_t)0x00008000)        /*!<Bit 7 */



#define  FSMC_PIO4_IOHOLD4                   ((uint32_t)0x00FF0000)        /*!<IOHOLD4[7:0] bits (I/O 4 hold time) */

#define  FSMC_PIO4_IOHOLD4_0                 ((uint32_t)0x00010000)        /*!<Bit 0 */

#define  FSMC_PIO4_IOHOLD4_1                 ((uint32_t)0x00020000)        /*!<Bit 1 */

#define  FSMC_PIO4_IOHOLD4_2                 ((uint32_t)0x00040000)        /*!<Bit 2 */

#define  FSMC_PIO4_IOHOLD4_3                 ((uint32_t)0x00080000)        /*!<Bit 3 */

#define  FSMC_PIO4_IOHOLD4_4                 ((uint32_t)0x00100000)        /*!<Bit 4 */

#define  FSMC_PIO4_IOHOLD4_5                 ((uint32_t)0x00200000)        /*!<Bit 5 */

#define  FSMC_PIO4_IOHOLD4_6                 ((uint32_t)0x00400000)        /*!<Bit 6 */

#define  FSMC_PIO4_IOHOLD4_7                 ((uint32_t)0x00800000)        /*!<Bit 7 */



#define  FSMC_PIO4_IOHIZ4                    ((uint32_t)0xFF000000)        /*!<IOHIZ4[7:0] bits (I/O 4 databus HiZ time) */

#define  FSMC_PIO4_IOHIZ4_0                  ((uint32_t)0x01000000)        /*!<Bit 0 */

#define  FSMC_PIO4_IOHIZ4_1                  ((uint32_t)0x02000000)        /*!<Bit 1 */

#define  FSMC_PIO4_IOHIZ4_2                  ((uint32_t)0x04000000)        /*!<Bit 2 */

#define  FSMC_PIO4_IOHIZ4_3                  ((uint32_t)0x08000000)        /*!<Bit 3 */

#define  FSMC_PIO4_IOHIZ4_4                  ((uint32_t)0x10000000)        /*!<Bit 4 */

#define  FSMC_PIO4_IOHIZ4_5                  ((uint32_t)0x20000000)        /*!<Bit 5 */

#define  FSMC_PIO4_IOHIZ4_6                  ((uint32_t)0x40000000)        /*!<Bit 6 */

#define  FSMC_PIO4_IOHIZ4_7                  ((uint32_t)0x80000000)        /*!<Bit 7 */



/******************  Bit definition for FSMC_ECCR2 register  ******************/

#define  FSMC_ECCR2_ECC2                     ((uint32_t)0xFFFFFFFF)        /*!<ECC result */



/******************  Bit definition for FSMC_ECCR3 register  ******************/

#define  FSMC_ECCR3_ECC3                     ((uint32_t)0xFFFFFFFF)        /*!<ECC result */



/******************************************************************************/

/*                                                                            */

/*                            General Purpose I/O                             */

/*                                                                            */

/******************************************************************************/

/******************  Bits definition for GPIO_MODER register  *****************/

#define GPIO_MODER_MODER0                    ((uint32_t)0x00000003)

#define GPIO_MODER_MODER0_0                  ((uint32_t)0x00000001)

#define GPIO_MODER_MODER0_1                  ((uint32_t)0x00000002)



#define GPIO_MODER_MODER1                    ((uint32_t)0x0000000C)

#define GPIO_MODER_MODER1_0                  ((uint32_t)0x00000004)

#define GPIO_MODER_MODER1_1                  ((uint32_t)0x00000008)



#define GPIO_MODER_MODER2                    ((uint32_t)0x00000030)

#define GPIO_MODER_MODER2_0                  ((uint32_t)0x00000010)

#define GPIO_MODER_MODER2_1                  ((uint32_t)0x00000020)



#define GPIO_MODER_MODER3                    ((uint32_t)0x000000C0)

#define GPIO_MODER_MODER3_0                  ((uint32_t)0x00000040)

#define GPIO_MODER_MODER3_1                  ((uint32_t)0x00000080)



#define GPIO_MODER_MODER4                    ((uint32_t)0x00000300)

#define GPIO_MODER_MODER4_0                  ((uint32_t)0x00000100)

#define GPIO_MODER_MODER4_1                  ((uint32_t)0x00000200)



#define GPIO_MODER_MODER5                    ((uint32_t)0x00000C00)

#define GPIO_MODER_MODER5_0                  ((uint32_t)0x00000400)

#define GPIO_MODER_MODER5_1                  ((uint32_t)0x00000800)



#define GPIO_MODER_MODER6                    ((uint32_t)0x00003000)

#define GPIO_MODER_MODER6_0                  ((uint32_t)0x00001000)

#define GPIO_MODER_MODER6_1                  ((uint32_t)0x00002000)



#define GPIO_MODER_MODER7                    ((uint32_t)0x0000C000)

#define GPIO_MODER_MODER7_0                  ((uint32_t)0x00004000)

#define GPIO_MODER_MODER7_1                  ((uint32_t)0x00008000)



#define GPIO_MODER_MODER8                    ((uint32_t)0x00030000)

#define GPIO_MODER_MODER8_0                  ((uint32_t)0x00010000)

#define GPIO_MODER_MODER8_1                  ((uint32_t)0x00020000)



#define GPIO_MODER_MODER9                    ((uint32_t)0x000C0000)

#define GPIO_MODER_MODER9_0                  ((uint32_t)0x00040000)

#define GPIO_MODER_MODER9_1                  ((uint32_t)0x00080000)



#define GPIO_MODER_MODER10                   ((uint32_t)0x00300000)

#define GPIO_MODER_MODER10_0                 ((uint32_t)0x00100000)

#define GPIO_MODER_MODER10_1                 ((uint32_t)0x00200000)



#define GPIO_MODER_MODER11                   ((uint32_t)0x00C00000)

#define GPIO_MODER_MODER11_0                 ((uint32_t)0x00400000)

#define GPIO_MODER_MODER11_1                 ((uint32_t)0x00800000)



#define GPIO_MODER_MODER12                   ((uint32_t)0x03000000)

#define GPIO_MODER_MODER12_0                 ((uint32_t)0x01000000)

#define GPIO_MODER_MODER12_1                 ((uint32_t)0x02000000)



#define GPIO_MODER_MODER13                   ((uint32_t)0x0C000000)

#define GPIO_MODER_MODER13_0                 ((uint32_t)0x04000000)

#define GPIO_MODER_MODER13_1                 ((uint32_t)0x08000000)



#define GPIO_MODER_MODER14                   ((uint32_t)0x30000000)

#define GPIO_MODER_MODER14_0                 ((uint32_t)0x10000000)

#define GPIO_MODER_MODER14_1                 ((uint32_t)0x20000000)



#define GPIO_MODER_MODER15                   ((uint32_t)0xC0000000)

#define GPIO_MODER_MODER15_0                 ((uint32_t)0x40000000)

#define GPIO_MODER_MODER15_1                 ((uint32_t)0x80000000)



/******************  Bits definition for GPIO_OTYPER register  ****************/

#define GPIO_OTYPER_OT_0                     ((uint32_t)0x00000001)

#define GPIO_OTYPER_OT_1                     ((uint32_t)0x00000002)

#define GPIO_OTYPER_OT_2                     ((uint32_t)0x00000004)

#define GPIO_OTYPER_OT_3                     ((uint32_t)0x00000008)

#define GPIO_OTYPER_OT_4                     ((uint32_t)0x00000010)

#define GPIO_OTYPER_OT_5                     ((uint32_t)0x00000020)

#define GPIO_OTYPER_OT_6                     ((uint32_t)0x00000040)

#define GPIO_OTYPER_OT_7                     ((uint32_t)0x00000080)

#define GPIO_OTYPER_OT_8                     ((uint32_t)0x00000100)

#define GPIO_OTYPER_OT_9                     ((uint32_t)0x00000200)

#define GPIO_OTYPER_OT_10                    ((uint32_t)0x00000400)

#define GPIO_OTYPER_OT_11                    ((uint32_t)0x00000800)

#define GPIO_OTYPER_OT_12                    ((uint32_t)0x00001000)

#define GPIO_OTYPER_OT_13                    ((uint32_t)0x00002000)

#define GPIO_OTYPER_OT_14                    ((uint32_t)0x00004000)

#define GPIO_OTYPER_OT_15                    ((uint32_t)0x00008000)



/******************  Bits definition for GPIO_OSPEEDR register  ***************/

#define GPIO_OSPEEDER_OSPEEDR0               ((uint32_t)0x00000003)

#define GPIO_OSPEEDER_OSPEEDR0_0             ((uint32_t)0x00000001)

#define GPIO_OSPEEDER_OSPEEDR0_1             ((uint32_t)0x00000002)



#define GPIO_OSPEEDER_OSPEEDR1               ((uint32_t)0x0000000C)

#define GPIO_OSPEEDER_OSPEEDR1_0             ((uint32_t)0x00000004)

#define GPIO_OSPEEDER_OSPEEDR1_1             ((uint32_t)0x00000008)



#define GPIO_OSPEEDER_OSPEEDR2               ((uint32_t)0x00000030)

#define GPIO_OSPEEDER_OSPEEDR2_0             ((uint32_t)0x00000010)

#define GPIO_OSPEEDER_OSPEEDR2_1             ((uint32_t)0x00000020)



#define GPIO_OSPEEDER_OSPEEDR3               ((uint32_t)0x000000C0)

#define GPIO_OSPEEDER_OSPEEDR3_0             ((uint32_t)0x00000040)

#define GPIO_OSPEEDER_OSPEEDR3_1             ((uint32_t)0x00000080)



#define GPIO_OSPEEDER_OSPEEDR4               ((uint32_t)0x00000300)

#define GPIO_OSPEEDER_OSPEEDR4_0             ((uint32_t)0x00000100)

#define GPIO_OSPEEDER_OSPEEDR4_1             ((uint32_t)0x00000200)



#define GPIO_OSPEEDER_OSPEEDR5               ((uint32_t)0x00000C00)

#define GPIO_OSPEEDER_OSPEEDR5_0             ((uint32_t)0x00000400)

#define GPIO_OSPEEDER_OSPEEDR5_1             ((uint32_t)0x00000800)



#define GPIO_OSPEEDER_OSPEEDR6               ((uint32_t)0x00003000)

#define GPIO_OSPEEDER_OSPEEDR6_0             ((uint32_t)0x00001000)

#define GPIO_OSPEEDER_OSPEEDR6_1             ((uint32_t)0x00002000)



#define GPIO_OSPEEDER_OSPEEDR7               ((uint32_t)0x0000C000)

#define GPIO_OSPEEDER_OSPEEDR7_0             ((uint32_t)0x00004000)

#define GPIO_OSPEEDER_OSPEEDR7_1             ((uint32_t)0x00008000)



#define GPIO_OSPEEDER_OSPEEDR8               ((uint32_t)0x00030000)

#define GPIO_OSPEEDER_OSPEEDR8_0             ((uint32_t)0x00010000)

#define GPIO_OSPEEDER_OSPEEDR8_1             ((uint32_t)0x00020000)



#define GPIO_OSPEEDER_OSPEEDR9               ((uint32_t)0x000C0000)

#define GPIO_OSPEEDER_OSPEEDR9_0             ((uint32_t)0x00040000)

#define GPIO_OSPEEDER_OSPEEDR9_1             ((uint32_t)0x00080000)



#define GPIO_OSPEEDER_OSPEEDR10              ((uint32_t)0x00300000)

#define GPIO_OSPEEDER_OSPEEDR10_0            ((uint32_t)0x00100000)

#define GPIO_OSPEEDER_OSPEEDR10_1            ((uint32_t)0x00200000)



#define GPIO_OSPEEDER_OSPEEDR11              ((uint32_t)0x00C00000)

#define GPIO_OSPEEDER_OSPEEDR11_0            ((uint32_t)0x00400000)

#define GPIO_OSPEEDER_OSPEEDR11_1            ((uint32_t)0x00800000)



#define GPIO_OSPEEDER_OSPEEDR12              ((uint32_t)0x03000000)

#define GPIO_OSPEEDER_OSPEEDR12_0            ((uint32_t)0x01000000)

#define GPIO_OSPEEDER_OSPEEDR12_1            ((uint32_t)0x02000000)



#define GPIO_OSPEEDER_OSPEEDR13              ((uint32_t)0x0C000000)

#define GPIO_OSPEEDER_OSPEEDR13_0            ((uint32_t)0x04000000)

#define GPIO_OSPEEDER_OSPEEDR13_1            ((uint32_t)0x08000000)



#define GPIO_OSPEEDER_OSPEEDR14              ((uint32_t)0x30000000)

#define GPIO_OSPEEDER_OSPEEDR14_0            ((uint32_t)0x10000000)

#define GPIO_OSPEEDER_OSPEEDR14_1            ((uint32_t)0x20000000)



#define GPIO_OSPEEDER_OSPEEDR15              ((uint32_t)0xC0000000)

#define GPIO_OSPEEDER_OSPEEDR15_0            ((uint32_t)0x40000000)

#define GPIO_OSPEEDER_OSPEEDR15_1            ((uint32_t)0x80000000)



/******************  Bits definition for GPIO_PUPDR register  *****************/

#define GPIO_PUPDR_PUPDR0                    ((uint32_t)0x00000003)

#define GPIO_PUPDR_PUPDR0_0                  ((uint32_t)0x00000001)

#define GPIO_PUPDR_PUPDR0_1                  ((uint32_t)0x00000002)



#define GPIO_PUPDR_PUPDR1                    ((uint32_t)0x0000000C)

#define GPIO_PUPDR_PUPDR1_0                  ((uint32_t)0x00000004)

#define GPIO_PUPDR_PUPDR1_1                  ((uint32_t)0x00000008)



#define GPIO_PUPDR_PUPDR2                    ((uint32_t)0x00000030)

#define GPIO_PUPDR_PUPDR2_0                  ((uint32_t)0x00000010)

#define GPIO_PUPDR_PUPDR2_1                  ((uint32_t)0x00000020)



#define GPIO_PUPDR_PUPDR3                    ((uint32_t)0x000000C0)

#define GPIO_PUPDR_PUPDR3_0                  ((uint32_t)0x00000040)

#define GPIO_PUPDR_PUPDR3_1                  ((uint32_t)0x00000080)



#define GPIO_PUPDR_PUPDR4                    ((uint32_t)0x00000300)

#define GPIO_PUPDR_PUPDR4_0                  ((uint32_t)0x00000100)

#define GPIO_PUPDR_PUPDR4_1                  ((uint32_t)0x00000200)



#define GPIO_PUPDR_PUPDR5                    ((uint32_t)0x00000C00)

#define GPIO_PUPDR_PUPDR5_0                  ((uint32_t)0x00000400)

#define GPIO_PUPDR_PUPDR5_1                  ((uint32_t)0x00000800)



#define GPIO_PUPDR_PUPDR6                    ((uint32_t)0x00003000)

#define GPIO_PUPDR_PUPDR6_0                  ((uint32_t)0x00001000)

#define GPIO_PUPDR_PUPDR6_1                  ((uint32_t)0x00002000)



#define GPIO_PUPDR_PUPDR7                    ((uint32_t)0x0000C000)

#define GPIO_PUPDR_PUPDR7_0                  ((uint32_t)0x00004000)

#define GPIO_PUPDR_PUPDR7_1                  ((uint32_t)0x00008000)



#define GPIO_PUPDR_PUPDR8                    ((uint32_t)0x00030000)

#define GPIO_PUPDR_PUPDR8_0                  ((uint32_t)0x00010000)

#define GPIO_PUPDR_PUPDR8_1                  ((uint32_t)0x00020000)



#define GPIO_PUPDR_PUPDR9                    ((uint32_t)0x000C0000)

#define GPIO_PUPDR_PUPDR9_0                  ((uint32_t)0x00040000)

#define GPIO_PUPDR_PUPDR9_1                  ((uint32_t)0x00080000)



#define GPIO_PUPDR_PUPDR10                   ((uint32_t)0x00300000)

#define GPIO_PUPDR_PUPDR10_0                 ((uint32_t)0x00100000)

#define GPIO_PUPDR_PUPDR10_1                 ((uint32_t)0x00200000)



#define GPIO_PUPDR_PUPDR11                   ((uint32_t)0x00C00000)

#define GPIO_PUPDR_PUPDR11_0                 ((uint32_t)0x00400000)

#define GPIO_PUPDR_PUPDR11_1                 ((uint32_t)0x00800000)



#define GPIO_PUPDR_PUPDR12                   ((uint32_t)0x03000000)

#define GPIO_PUPDR_PUPDR12_0                 ((uint32_t)0x01000000)

#define GPIO_PUPDR_PUPDR12_1                 ((uint32_t)0x02000000)



#define GPIO_PUPDR_PUPDR13                   ((uint32_t)0x0C000000)

#define GPIO_PUPDR_PUPDR13_0                 ((uint32_t)0x04000000)

#define GPIO_PUPDR_PUPDR13_1                 ((uint32_t)0x08000000)



#define GPIO_PUPDR_PUPDR14                   ((uint32_t)0x30000000)

#define GPIO_PUPDR_PUPDR14_0                 ((uint32_t)0x10000000)

#define GPIO_PUPDR_PUPDR14_1                 ((uint32_t)0x20000000)



#define GPIO_PUPDR_PUPDR15                   ((uint32_t)0xC0000000)

#define GPIO_PUPDR_PUPDR15_0                 ((uint32_t)0x40000000)

#define GPIO_PUPDR_PUPDR15_1                 ((uint32_t)0x80000000)



/******************  Bits definition for GPIO_IDR register  *******************/

#define GPIO_IDR_IDR_0                       ((uint32_t)0x00000001)

#define GPIO_IDR_IDR_1                       ((uint32_t)0x00000002)

#define GPIO_IDR_IDR_2                       ((uint32_t)0x00000004)

#define GPIO_IDR_IDR_3                       ((uint32_t)0x00000008)

#define GPIO_IDR_IDR_4                       ((uint32_t)0x00000010)

#define GPIO_IDR_IDR_5                       ((uint32_t)0x00000020)

#define GPIO_IDR_IDR_6                       ((uint32_t)0x00000040)

#define GPIO_IDR_IDR_7                       ((uint32_t)0x00000080)

#define GPIO_IDR_IDR_8                       ((uint32_t)0x00000100)

#define GPIO_IDR_IDR_9                       ((uint32_t)0x00000200)

#define GPIO_IDR_IDR_10                      ((uint32_t)0x00000400)

#define GPIO_IDR_IDR_11                      ((uint32_t)0x00000800)

#define GPIO_IDR_IDR_12                      ((uint32_t)0x00001000)

#define GPIO_IDR_IDR_13                      ((uint32_t)0x00002000)

#define GPIO_IDR_IDR_14                      ((uint32_t)0x00004000)

#define GPIO_IDR_IDR_15                      ((uint32_t)0x00008000)

/* Old GPIO_IDR register bits definition, maintained for legacy purpose */

#define GPIO_OTYPER_IDR_0                    GPIO_IDR_IDR_0

#define GPIO_OTYPER_IDR_1                    GPIO_IDR_IDR_1

#define GPIO_OTYPER_IDR_2                    GPIO_IDR_IDR_2

#define GPIO_OTYPER_IDR_3                    GPIO_IDR_IDR_3

#define GPIO_OTYPER_IDR_4                    GPIO_IDR_IDR_4

#define GPIO_OTYPER_IDR_5                    GPIO_IDR_IDR_5

#define GPIO_OTYPER_IDR_6                    GPIO_IDR_IDR_6

#define GPIO_OTYPER_IDR_7                    GPIO_IDR_IDR_7

#define GPIO_OTYPER_IDR_8                    GPIO_IDR_IDR_8

#define GPIO_OTYPER_IDR_9                    GPIO_IDR_IDR_9

#define GPIO_OTYPER_IDR_10                   GPIO_IDR_IDR_10

#define GPIO_OTYPER_IDR_11                   GPIO_IDR_IDR_11

#define GPIO_OTYPER_IDR_12                   GPIO_IDR_IDR_12

#define GPIO_OTYPER_IDR_13                   GPIO_IDR_IDR_13

#define GPIO_OTYPER_IDR_14                   GPIO_IDR_IDR_14

#define GPIO_OTYPER_IDR_15                   GPIO_IDR_IDR_15



/******************  Bits definition for GPIO_ODR register  *******************/

#define GPIO_ODR_ODR_0                       ((uint32_t)0x00000001)

#define GPIO_ODR_ODR_1                       ((uint32_t)0x00000002)

#define GPIO_ODR_ODR_2                       ((uint32_t)0x00000004)

#define GPIO_ODR_ODR_3                       ((uint32_t)0x00000008)

#define GPIO_ODR_ODR_4                       ((uint32_t)0x00000010)

#define GPIO_ODR_ODR_5                       ((uint32_t)0x00000020)

#define GPIO_ODR_ODR_6                       ((uint32_t)0x00000040)

#define GPIO_ODR_ODR_7                       ((uint32_t)0x00000080)

#define GPIO_ODR_ODR_8                       ((uint32_t)0x00000100)

#define GPIO_ODR_ODR_9                       ((uint32_t)0x00000200)

#define GPIO_ODR_ODR_10                      ((uint32_t)0x00000400)

#define GPIO_ODR_ODR_11                      ((uint32_t)0x00000800)

#define GPIO_ODR_ODR_12                      ((uint32_t)0x00001000)

#define GPIO_ODR_ODR_13                      ((uint32_t)0x00002000)

#define GPIO_ODR_ODR_14                      ((uint32_t)0x00004000)

#define GPIO_ODR_ODR_15                      ((uint32_t)0x00008000)

/* Old GPIO_ODR register bits definition, maintained for legacy purpose */

#define GPIO_OTYPER_ODR_0                    GPIO_ODR_ODR_0

#define GPIO_OTYPER_ODR_1                    GPIO_ODR_ODR_1

#define GPIO_OTYPER_ODR_2                    GPIO_ODR_ODR_2

#define GPIO_OTYPER_ODR_3                    GPIO_ODR_ODR_3

#define GPIO_OTYPER_ODR_4                    GPIO_ODR_ODR_4

#define GPIO_OTYPER_ODR_5                    GPIO_ODR_ODR_5

#define GPIO_OTYPER_ODR_6                    GPIO_ODR_ODR_6

#define GPIO_OTYPER_ODR_7                    GPIO_ODR_ODR_7

#define GPIO_OTYPER_ODR_8                    GPIO_ODR_ODR_8

#define GPIO_OTYPER_ODR_9                    GPIO_ODR_ODR_9

#define GPIO_OTYPER_ODR_10                   GPIO_ODR_ODR_10

#define GPIO_OTYPER_ODR_11                   GPIO_ODR_ODR_11

#define GPIO_OTYPER_ODR_12                   GPIO_ODR_ODR_12

#define GPIO_OTYPER_ODR_13                   GPIO_ODR_ODR_13

#define GPIO_OTYPER_ODR_14                   GPIO_ODR_ODR_14

#define GPIO_OTYPER_ODR_15                   GPIO_ODR_ODR_15



/******************  Bits definition for GPIO_BSRR register  ******************/

#define GPIO_BSRR_BS_0                       ((uint32_t)0x00000001)

#define GPIO_BSRR_BS_1                       ((uint32_t)0x00000002)

#define GPIO_BSRR_BS_2                       ((uint32_t)0x00000004)

#define GPIO_BSRR_BS_3                       ((uint32_t)0x00000008)

#define GPIO_BSRR_BS_4                       ((uint32_t)0x00000010)

#define GPIO_BSRR_BS_5                       ((uint32_t)0x00000020)

#define GPIO_BSRR_BS_6                       ((uint32_t)0x00000040)

#define GPIO_BSRR_BS_7                       ((uint32_t)0x00000080)

#define GPIO_BSRR_BS_8                       ((uint32_t)0x00000100)

#define GPIO_BSRR_BS_9                       ((uint32_t)0x00000200)

#define GPIO_BSRR_BS_10                      ((uint32_t)0x00000400)

#define GPIO_BSRR_BS_11                      ((uint32_t)0x00000800)

#define GPIO_BSRR_BS_12                      ((uint32_t)0x00001000)

#define GPIO_BSRR_BS_13                      ((uint32_t)0x00002000)

#define GPIO_BSRR_BS_14                      ((uint32_t)0x00004000)

#define GPIO_BSRR_BS_15                      ((uint32_t)0x00008000)

#define GPIO_BSRR_BR_0                       ((uint32_t)0x00010000)

#define GPIO_BSRR_BR_1                       ((uint32_t)0x00020000)

#define GPIO_BSRR_BR_2                       ((uint32_t)0x00040000)

#define GPIO_BSRR_BR_3                       ((uint32_t)0x00080000)

#define GPIO_BSRR_BR_4                       ((uint32_t)0x00100000)

#define GPIO_BSRR_BR_5                       ((uint32_t)0x00200000)

#define GPIO_BSRR_BR_6                       ((uint32_t)0x00400000)

#define GPIO_BSRR_BR_7                       ((uint32_t)0x00800000)

#define GPIO_BSRR_BR_8                       ((uint32_t)0x01000000)

#define GPIO_BSRR_BR_9                       ((uint32_t)0x02000000)

#define GPIO_BSRR_BR_10                      ((uint32_t)0x04000000)

#define GPIO_BSRR_BR_11                      ((uint32_t)0x08000000)

#define GPIO_BSRR_BR_12                      ((uint32_t)0x10000000)

#define GPIO_BSRR_BR_13                      ((uint32_t)0x20000000)

#define GPIO_BSRR_BR_14                      ((uint32_t)0x40000000)

#define GPIO_BSRR_BR_15                      ((uint32_t)0x80000000)



/******************************************************************************/

/*                                                                            */

/*                                    HASH                                    */

/*                                                                            */

/******************************************************************************/

/******************  Bits definition for HASH_CR register  ********************/

#define HASH_CR_INIT                         ((uint32_t)0x00000004)

#define HASH_CR_DMAE                         ((uint32_t)0x00000008)

#define HASH_CR_DATATYPE                     ((uint32_t)0x00000030)

#define HASH_CR_DATATYPE_0                   ((uint32_t)0x00000010)

#define HASH_CR_DATATYPE_1                   ((uint32_t)0x00000020)

#define HASH_CR_MODE                         ((uint32_t)0x00000040)

#define HASH_CR_ALGO                         ((uint32_t)0x00000080)

#define HASH_CR_NBW                          ((uint32_t)0x00000F00)

#define HASH_CR_NBW_0                        ((uint32_t)0x00000100)

#define HASH_CR_NBW_1                        ((uint32_t)0x00000200)

#define HASH_CR_NBW_2                        ((uint32_t)0x00000400)

#define HASH_CR_NBW_3                        ((uint32_t)0x00000800)

#define HASH_CR_DINNE                        ((uint32_t)0x00001000)

#define HASH_CR_LKEY                         ((uint32_t)0x00010000)



/******************  Bits definition for HASH_STR register  *******************/

#define HASH_STR_NBW                         ((uint32_t)0x0000001F)

#define HASH_STR_NBW_0                       ((uint32_t)0x00000001)

#define HASH_STR_NBW_1                       ((uint32_t)0x00000002)

#define HASH_STR_NBW_2                       ((uint32_t)0x00000004)

#define HASH_STR_NBW_3                       ((uint32_t)0x00000008)

#define HASH_STR_NBW_4                       ((uint32_t)0x00000010)

#define HASH_STR_DCAL                        ((uint32_t)0x00000100)



/******************  Bits definition for HASH_IMR register  *******************/

#define HASH_IMR_DINIM                       ((uint32_t)0x00000001)

#define HASH_IMR_DCIM                        ((uint32_t)0x00000002)



/******************  Bits definition for HASH_SR register  ********************/

#define HASH_SR_DINIS                        ((uint32_t)0x00000001)

#define HASH_SR_DCIS                         ((uint32_t)0x00000002)

#define HASH_SR_DMAS                         ((uint32_t)0x00000004)

#define HASH_SR_BUSY                         ((uint32_t)0x00000008)



/******************************************************************************/

/*                                                                            */

/*                      Inter-integrated Circuit Interface                    */

/*                                                                            */

/******************************************************************************/

/*******************  Bit definition for I2C_CR1 register  ********************/

#define  I2C_CR1_PE                          ((uint16_t)0x0001)            /*!<Peripheral Enable */

#define  I2C_CR1_SMBUS                       ((uint16_t)0x0002)            /*!<SMBus Mode */

#define  I2C_CR1_SMBTYPE                     ((uint16_t)0x0008)            /*!<SMBus Type */

#define  I2C_CR1_ENARP                       ((uint16_t)0x0010)            /*!<ARP Enable */

#define  I2C_CR1_ENPEC                       ((uint16_t)0x0020)            /*!<PEC Enable */

#define  I2C_CR1_ENGC                        ((uint16_t)0x0040)            /*!<General Call Enable */

#define  I2C_CR1_NOSTRETCH                   ((uint16_t)0x0080)            /*!<Clock Stretching Disable (Slave mode) */

#define  I2C_CR1_START                       ((uint16_t)0x0100)            /*!<Start Generation */

#define  I2C_CR1_STOP                        ((uint16_t)0x0200)            /*!<Stop Generation */

#define  I2C_CR1_ACK                         ((uint16_t)0x0400)            /*!<Acknowledge Enable */

#define  I2C_CR1_POS                         ((uint16_t)0x0800)            /*!<Acknowledge/PEC Position (for data reception) */

#define  I2C_CR1_PEC                         ((uint16_t)0x1000)            /*!<Packet Error Checking */

#define  I2C_CR1_ALERT                       ((uint16_t)0x2000)            /*!<SMBus Alert */

#define  I2C_CR1_SWRST                       ((uint16_t)0x8000)            /*!<Software Reset */



/*******************  Bit definition for I2C_CR2 register  ********************/

#define  I2C_CR2_FREQ                        ((uint16_t)0x003F)            /*!<FREQ[5:0] bits (Peripheral Clock Frequency) */

#define  I2C_CR2_FREQ_0                      ((uint16_t)0x0001)            /*!<Bit 0 */

#define  I2C_CR2_FREQ_1                      ((uint16_t)0x0002)            /*!<Bit 1 */

#define  I2C_CR2_FREQ_2                      ((uint16_t)0x0004)            /*!<Bit 2 */

#define  I2C_CR2_FREQ_3                      ((uint16_t)0x0008)            /*!<Bit 3 */

#define  I2C_CR2_FREQ_4                      ((uint16_t)0x0010)            /*!<Bit 4 */

#define  I2C_CR2_FREQ_5                      ((uint16_t)0x0020)            /*!<Bit 5 */



#define  I2C_CR2_ITERREN                     ((uint16_t)0x0100)            /*!<Error Interrupt Enable */

#define  I2C_CR2_ITEVTEN                     ((uint16_t)0x0200)            /*!<Event Interrupt Enable */

#define  I2C_CR2_ITBUFEN                     ((uint16_t)0x0400)            /*!<Buffer Interrupt Enable */

#define  I2C_CR2_DMAEN                       ((uint16_t)0x0800)            /*!<DMA Requests Enable */

#define  I2C_CR2_LAST                        ((uint16_t)0x1000)            /*!<DMA Last Transfer */



/*******************  Bit definition for I2C_OAR1 register  *******************/

#define  I2C_OAR1_ADD1_7                     ((uint16_t)0x00FE)            /*!<Interface Address */

#define  I2C_OAR1_ADD8_9                     ((uint16_t)0x0300)            /*!<Interface Address */



#define  I2C_OAR1_ADD0                       ((uint16_t)0x0001)            /*!<Bit 0 */

#define  I2C_OAR1_ADD1                       ((uint16_t)0x0002)            /*!<Bit 1 */

#define  I2C_OAR1_ADD2                       ((uint16_t)0x0004)            /*!<Bit 2 */

#define  I2C_OAR1_ADD3                       ((uint16_t)0x0008)            /*!<Bit 3 */

#define  I2C_OAR1_ADD4                       ((uint16_t)0x0010)            /*!<Bit 4 */

#define  I2C_OAR1_ADD5                       ((uint16_t)0x0020)            /*!<Bit 5 */

#define  I2C_OAR1_ADD6                       ((uint16_t)0x0040)            /*!<Bit 6 */

#define  I2C_OAR1_ADD7                       ((uint16_t)0x0080)            /*!<Bit 7 */

#define  I2C_OAR1_ADD8                       ((uint16_t)0x0100)            /*!<Bit 8 */

#define  I2C_OAR1_ADD9                       ((uint16_t)0x0200)            /*!<Bit 9 */



#define  I2C_OAR1_ADDMODE                    ((uint16_t)0x8000)            /*!<Addressing Mode (Slave mode) */



/*******************  Bit definition for I2C_OAR2 register  *******************/

#define  I2C_OAR2_ENDUAL                     ((uint8_t)0x01)               /*!<Dual addressing mode enable */

#define  I2C_OAR2_ADD2                       ((uint8_t)0xFE)               /*!<Interface address */



/********************  Bit definition for I2C_DR register  ********************/

#define  I2C_DR_DR                           ((uint8_t)0xFF)               /*!<8-bit Data Register */



/*******************  Bit definition for I2C_SR1 register  ********************/

#define  I2C_SR1_SB                          ((uint16_t)0x0001)            /*!<Start Bit (Master mode) */

#define  I2C_SR1_ADDR                        ((uint16_t)0x0002)            /*!<Address sent (master mode)/matched (slave mode) */

#define  I2C_SR1_BTF                         ((uint16_t)0x0004)            /*!<Byte Transfer Finished */

#define  I2C_SR1_ADD10                       ((uint16_t)0x0008)            /*!<10-bit header sent (Master mode) */

#define  I2C_SR1_STOPF                       ((uint16_t)0x0010)            /*!<Stop detection (Slave mode) */

#define  I2C_SR1_RXNE                        ((uint16_t)0x0040)            /*!<Data Register not Empty (receivers) */

#define  I2C_SR1_TXE                         ((uint16_t)0x0080)            /*!<Data Register Empty (transmitters) */

#define  I2C_SR1_BERR                        ((uint16_t)0x0100)            /*!<Bus Error */

#define  I2C_SR1_ARLO                        ((uint16_t)0x0200)            /*!<Arbitration Lost (master mode) */

#define  I2C_SR1_AF                          ((uint16_t)0x0400)            /*!<Acknowledge Failure */

#define  I2C_SR1_OVR                         ((uint16_t)0x0800)            /*!<Overrun/Underrun */

#define  I2C_SR1_PECERR                      ((uint16_t)0x1000)            /*!<PEC Error in reception */

#define  I2C_SR1_TIMEOUT                     ((uint16_t)0x4000)            /*!<Timeout or Tlow Error */

#define  I2C_SR1_SMBALERT                    ((uint16_t)0x8000)            /*!<SMBus Alert */



/*******************  Bit definition for I2C_SR2 register  ********************/

#define  I2C_SR2_MSL                         ((uint16_t)0x0001)            /*!<Master/Slave */

#define  I2C_SR2_BUSY                        ((uint16_t)0x0002)            /*!<Bus Busy */

#define  I2C_SR2_TRA                         ((uint16_t)0x0004)            /*!<Transmitter/Receiver */

#define  I2C_SR2_GENCALL                     ((uint16_t)0x0010)            /*!<General Call Address (Slave mode) */

#define  I2C_SR2_SMBDEFAULT                  ((uint16_t)0x0020)            /*!<SMBus Device Default Address (Slave mode) */

#define  I2C_SR2_SMBHOST                     ((uint16_t)0x0040)            /*!<SMBus Host Header (Slave mode) */

#define  I2C_SR2_DUALF                       ((uint16_t)0x0080)            /*!<Dual Flag (Slave mode) */

#define  I2C_SR2_PEC                         ((uint16_t)0xFF00)            /*!<Packet Error Checking Register */



/*******************  Bit definition for I2C_CCR register  ********************/

#define  I2C_CCR_CCR                         ((uint16_t)0x0FFF)            /*!<Clock Control Register in Fast/Standard mode (Master mode) */

#define  I2C_CCR_DUTY                        ((uint16_t)0x4000)            /*!<Fast Mode Duty Cycle */

#define  I2C_CCR_FS                          ((uint16_t)0x8000)            /*!<I2C Master Mode Selection */



/******************  Bit definition for I2C_TRISE register  *******************/

#define  I2C_TRISE_TRISE                     ((uint8_t)0x3F)               /*!<Maximum Rise Time in Fast/Standard mode (Master mode) */



/******************************************************************************/

/*                                                                            */

/*                           Independent WATCHDOG                             */

/*                                                                            */

/******************************************************************************/

/*******************  Bit definition for IWDG_KR register  ********************/

#define  IWDG_KR_KEY                         ((uint16_t)0xFFFF)            /*!<Key value (write only, read 0000h) */



/*******************  Bit definition for IWDG_PR register  ********************/

#define  IWDG_PR_PR                          ((uint8_t)0x07)               /*!<PR[2:0] (Prescaler divider) */

#define  IWDG_PR_PR_0                        ((uint8_t)0x01)               /*!<Bit 0 */

#define  IWDG_PR_PR_1                        ((uint8_t)0x02)               /*!<Bit 1 */

#define  IWDG_PR_PR_2                        ((uint8_t)0x04)               /*!<Bit 2 */



/*******************  Bit definition for IWDG_RLR register  *******************/

#define  IWDG_RLR_RL                         ((uint16_t)0x0FFF)            /*!<Watchdog counter reload value */



/*******************  Bit definition for IWDG_SR register  ********************/

#define  IWDG_SR_PVU                         ((uint8_t)0x01)               /*!<Watchdog prescaler value update */

#define  IWDG_SR_RVU                         ((uint8_t)0x02)               /*!<Watchdog counter reload value update */



/******************************************************************************/

/*                                                                            */

/*                             Power Control                                  */

/*                                                                            */

/******************************************************************************/

/********************  Bit definition for PWR_CR register  ********************/

#define  PWR_CR_LPDS                         ((uint16_t)0x0001)     /*!< Low-Power Deepsleep */

#define  PWR_CR_PDDS                         ((uint16_t)0x0002)     /*!< Power Down Deepsleep */

#define  PWR_CR_CWUF                         ((uint16_t)0x0004)     /*!< Clear Wakeup Flag */

#define  PWR_CR_CSBF                         ((uint16_t)0x0008)     /*!< Clear Standby Flag */

#define  PWR_CR_PVDE                         ((uint16_t)0x0010)     /*!< Power Voltage Detector Enable */



#define  PWR_CR_PLS                          ((uint16_t)0x00E0)     /*!< PLS[2:0] bits (PVD Level Selection) */

#define  PWR_CR_PLS_0                        ((uint16_t)0x0020)     /*!< Bit 0 */

#define  PWR_CR_PLS_1                        ((uint16_t)0x0040)     /*!< Bit 1 */

#define  PWR_CR_PLS_2                        ((uint16_t)0x0080)     /*!< Bit 2 */





/*!< PVD level configuration */

#define  PWR_CR_PLS_LEV0                     ((uint16_t)0x0000)     /*!< PVD level 0 */

#define  PWR_CR_PLS_LEV1                     ((uint16_t)0x0020)     /*!< PVD level 1 */

#define  PWR_CR_PLS_LEV2                     ((uint16_t)0x0040)     /*!< PVD level 2 */

#define  PWR_CR_PLS_LEV3                     ((uint16_t)0x0060)     /*!< PVD level 3 */

#define  PWR_CR_PLS_LEV4                     ((uint16_t)0x0080)     /*!< PVD level 4 */

#define  PWR_CR_PLS_LEV5                     ((uint16_t)0x00A0)     /*!< PVD level 5 */

#define  PWR_CR_PLS_LEV6                     ((uint16_t)0x00C0)     /*!< PVD level 6 */

#define  PWR_CR_PLS_LEV7                     ((uint16_t)0x00E0)     /*!< PVD level 7 */



#define  PWR_CR_DBP                          ((uint16_t)0x0100)     /*!< Disable Backup Domain write protection */

#define  PWR_CR_FPDS                         ((uint16_t)0x0200)     /*!< Flash power down in Stop mode */

#define  PWR_CR_VOS                          ((uint16_t)0x4000)     /*!< Regulator voltage scaling output selection */

/* Legacy define */

#define  PWR_CR_PMODE                        PWR_CR_VOS



/*******************  Bit definition for PWR_CSR register  ********************/

#define  PWR_CSR_WUF                         ((uint16_t)0x0001)     /*!< Wakeup Flag */

#define  PWR_CSR_SBF                         ((uint16_t)0x0002)     /*!< Standby Flag */

#define  PWR_CSR_PVDO                        ((uint16_t)0x0004)     /*!< PVD Output */

#define  PWR_CSR_BRR                         ((uint16_t)0x0008)     /*!< Backup regulator ready */

#define  PWR_CSR_EWUP                        ((uint16_t)0x0100)     /*!< Enable WKUP pin */

#define  PWR_CSR_BRE                         ((uint16_t)0x0200)     /*!< Backup regulator enable */

#define  PWR_CSR_VOSRDY                      ((uint16_t)0x4000)     /*!< Regulator voltage scaling output selection ready */

/* Legacy define */

#define  PWR_CSR_REGRDY                      PWR_CSR_VOSRDY



/******************************************************************************/

/*                                                                            */

/*                         Reset and Clock Control                            */

/*                                                                            */

/******************************************************************************/

/********************  Bit definition for RCC_CR register  ********************/

#define  RCC_CR_HSION                        ((uint32_t)0x00000001)

#define  RCC_CR_HSIRDY                       ((uint32_t)0x00000002)



#define  RCC_CR_HSITRIM                      ((uint32_t)0x000000F8)

#define  RCC_CR_HSITRIM_0                    ((uint32_t)0x00000008)/*!<Bit 0 */

#define  RCC_CR_HSITRIM_1                    ((uint32_t)0x00000010)/*!<Bit 1 */

#define  RCC_CR_HSITRIM_2                    ((uint32_t)0x00000020)/*!<Bit 2 */

#define  RCC_CR_HSITRIM_3                    ((uint32_t)0x00000040)/*!<Bit 3 */

#define  RCC_CR_HSITRIM_4                    ((uint32_t)0x00000080)/*!<Bit 4 */



#define  RCC_CR_HSICAL                       ((uint32_t)0x0000FF00)

#define  RCC_CR_HSICAL_0                     ((uint32_t)0x00000100)/*!<Bit 0 */

#define  RCC_CR_HSICAL_1                     ((uint32_t)0x00000200)/*!<Bit 1 */

#define  RCC_CR_HSICAL_2                     ((uint32_t)0x00000400)/*!<Bit 2 */

#define  RCC_CR_HSICAL_3                     ((uint32_t)0x00000800)/*!<Bit 3 */

#define  RCC_CR_HSICAL_4                     ((uint32_t)0x00001000)/*!<Bit 4 */

#define  RCC_CR_HSICAL_5                     ((uint32_t)0x00002000)/*!<Bit 5 */

#define  RCC_CR_HSICAL_6                     ((uint32_t)0x00004000)/*!<Bit 6 */

#define  RCC_CR_HSICAL_7                     ((uint32_t)0x00008000)/*!<Bit 7 */



#define  RCC_CR_HSEON                        ((uint32_t)0x00010000)

#define  RCC_CR_HSERDY                       ((uint32_t)0x00020000)

#define  RCC_CR_HSEBYP                       ((uint32_t)0x00040000)

#define  RCC_CR_CSSON                        ((uint32_t)0x00080000)

#define  RCC_CR_PLLON                        ((uint32_t)0x01000000)

#define  RCC_CR_PLLRDY                       ((uint32_t)0x02000000)

#define  RCC_CR_PLLI2SON                     ((uint32_t)0x04000000)

#define  RCC_CR_PLLI2SRDY                    ((uint32_t)0x08000000)



/********************  Bit definition for RCC_PLLCFGR register  ***************/

#define  RCC_PLLCFGR_PLLM                    ((uint32_t)0x0000003F)

#define  RCC_PLLCFGR_PLLM_0                  ((uint32_t)0x00000001)

#define  RCC_PLLCFGR_PLLM_1                  ((uint32_t)0x00000002)

#define  RCC_PLLCFGR_PLLM_2                  ((uint32_t)0x00000004)

#define  RCC_PLLCFGR_PLLM_3                  ((uint32_t)0x00000008)

#define  RCC_PLLCFGR_PLLM_4                  ((uint32_t)0x00000010)

#define  RCC_PLLCFGR_PLLM_5                  ((uint32_t)0x00000020)



#define  RCC_PLLCFGR_PLLN                     ((uint32_t)0x00007FC0)

#define  RCC_PLLCFGR_PLLN_0                   ((uint32_t)0x00000040)

#define  RCC_PLLCFGR_PLLN_1                   ((uint32_t)0x00000080)

#define  RCC_PLLCFGR_PLLN_2                   ((uint32_t)0x00000100)

#define  RCC_PLLCFGR_PLLN_3                   ((uint32_t)0x00000200)

#define  RCC_PLLCFGR_PLLN_4                   ((uint32_t)0x00000400)

#define  RCC_PLLCFGR_PLLN_5                   ((uint32_t)0x00000800)

#define  RCC_PLLCFGR_PLLN_6                   ((uint32_t)0x00001000)

#define  RCC_PLLCFGR_PLLN_7                   ((uint32_t)0x00002000)

#define  RCC_PLLCFGR_PLLN_8                   ((uint32_t)0x00004000)



#define  RCC_PLLCFGR_PLLP                    ((uint32_t)0x00030000)

#define  RCC_PLLCFGR_PLLP_0                  ((uint32_t)0x00010000)

#define  RCC_PLLCFGR_PLLP_1                  ((uint32_t)0x00020000)



#define  RCC_PLLCFGR_PLLSRC                  ((uint32_t)0x00400000)

#define  RCC_PLLCFGR_PLLSRC_HSE              ((uint32_t)0x00400000)

#define  RCC_PLLCFGR_PLLSRC_HSI              ((uint32_t)0x00000000)



#define  RCC_PLLCFGR_PLLQ                    ((uint32_t)0x0F000000)

#define  RCC_PLLCFGR_PLLQ_0                  ((uint32_t)0x01000000)

#define  RCC_PLLCFGR_PLLQ_1                  ((uint32_t)0x02000000)

#define  RCC_PLLCFGR_PLLQ_2                  ((uint32_t)0x04000000)

#define  RCC_PLLCFGR_PLLQ_3                  ((uint32_t)0x08000000)



/********************  Bit definition for RCC_CFGR register  ******************/

/*!< SW configuration */

#define  RCC_CFGR_SW                         ((uint32_t)0x00000003)        /*!< SW[1:0] bits (System clock Switch) */

#define  RCC_CFGR_SW_0                       ((uint32_t)0x00000001)        /*!< Bit 0 */

#define  RCC_CFGR_SW_1                       ((uint32_t)0x00000002)        /*!< Bit 1 */



#define  RCC_CFGR_SW_HSI                     ((uint32_t)0x00000000)        /*!< HSI selected as system clock */

#define  RCC_CFGR_SW_HSE                     ((uint32_t)0x00000001)        /*!< HSE selected as system clock */

#define  RCC_CFGR_SW_PLL                     ((uint32_t)0x00000002)        /*!< PLL selected as system clock */



/*!< SWS configuration */

#define  RCC_CFGR_SWS                        ((uint32_t)0x0000000C)        /*!< SWS[1:0] bits (System Clock Switch Status) */

#define  RCC_CFGR_SWS_0                      ((uint32_t)0x00000004)        /*!< Bit 0 */

#define  RCC_CFGR_SWS_1                      ((uint32_t)0x00000008)        /*!< Bit 1 */



#define  RCC_CFGR_SWS_HSI                    ((uint32_t)0x00000000)        /*!< HSI oscillator used as system clock */

#define  RCC_CFGR_SWS_HSE                    ((uint32_t)0x00000004)        /*!< HSE oscillator used as system clock */

#define  RCC_CFGR_SWS_PLL                    ((uint32_t)0x00000008)        /*!< PLL used as system clock */



/*!< HPRE configuration */

#define  RCC_CFGR_HPRE                       ((uint32_t)0x000000F0)        /*!< HPRE[3:0] bits (AHB prescaler) */

#define  RCC_CFGR_HPRE_0                     ((uint32_t)0x00000010)        /*!< Bit 0 */

#define  RCC_CFGR_HPRE_1                     ((uint32_t)0x00000020)        /*!< Bit 1 */

#define  RCC_CFGR_HPRE_2                     ((uint32_t)0x00000040)        /*!< Bit 2 */

#define  RCC_CFGR_HPRE_3                     ((uint32_t)0x00000080)        /*!< Bit 3 */



#define  RCC_CFGR_HPRE_DIV1                  ((uint32_t)0x00000000)        /*!< SYSCLK not divided */

#define  RCC_CFGR_HPRE_DIV2                  ((uint32_t)0x00000080)        /*!< SYSCLK divided by 2 */

#define  RCC_CFGR_HPRE_DIV4                  ((uint32_t)0x00000090)        /*!< SYSCLK divided by 4 */

#define  RCC_CFGR_HPRE_DIV8                  ((uint32_t)0x000000A0)        /*!< SYSCLK divided by 8 */

#define  RCC_CFGR_HPRE_DIV16                 ((uint32_t)0x000000B0)        /*!< SYSCLK divided by 16 */

#define  RCC_CFGR_HPRE_DIV64                 ((uint32_t)0x000000C0)        /*!< SYSCLK divided by 64 */

#define  RCC_CFGR_HPRE_DIV128                ((uint32_t)0x000000D0)        /*!< SYSCLK divided by 128 */

#define  RCC_CFGR_HPRE_DIV256                ((uint32_t)0x000000E0)        /*!< SYSCLK divided by 256 */

#define  RCC_CFGR_HPRE_DIV512                ((uint32_t)0x000000F0)        /*!< SYSCLK divided by 512 */



/*!< PPRE1 configuration */

#define  RCC_CFGR_PPRE1                      ((uint32_t)0x00001C00)        /*!< PRE1[2:0] bits (APB1 prescaler) */

#define  RCC_CFGR_PPRE1_0                    ((uint32_t)0x00000400)        /*!< Bit 0 */

#define  RCC_CFGR_PPRE1_1                    ((uint32_t)0x00000800)        /*!< Bit 1 */

#define  RCC_CFGR_PPRE1_2                    ((uint32_t)0x00001000)        /*!< Bit 2 */



#define  RCC_CFGR_PPRE1_DIV1                 ((uint32_t)0x00000000)        /*!< HCLK not divided */

#define  RCC_CFGR_PPRE1_DIV2                 ((uint32_t)0x00001000)        /*!< HCLK divided by 2 */

#define  RCC_CFGR_PPRE1_DIV4                 ((uint32_t)0x00001400)        /*!< HCLK divided by 4 */

#define  RCC_CFGR_PPRE1_DIV8                 ((uint32_t)0x00001800)        /*!< HCLK divided by 8 */

#define  RCC_CFGR_PPRE1_DIV16                ((uint32_t)0x00001C00)        /*!< HCLK divided by 16 */



/*!< PPRE2 configuration */

#define  RCC_CFGR_PPRE2                      ((uint32_t)0x0000E000)        /*!< PRE2[2:0] bits (APB2 prescaler) */

#define  RCC_CFGR_PPRE2_0                    ((uint32_t)0x00002000)        /*!< Bit 0 */

#define  RCC_CFGR_PPRE2_1                    ((uint32_t)0x00004000)        /*!< Bit 1 */

#define  RCC_CFGR_PPRE2_2                    ((uint32_t)0x00008000)        /*!< Bit 2 */



#define  RCC_CFGR_PPRE2_DIV1                 ((uint32_t)0x00000000)        /*!< HCLK not divided */

#define  RCC_CFGR_PPRE2_DIV2                 ((uint32_t)0x00008000)        /*!< HCLK divided by 2 */

#define  RCC_CFGR_PPRE2_DIV4                 ((uint32_t)0x0000A000)        /*!< HCLK divided by 4 */

#define  RCC_CFGR_PPRE2_DIV8                 ((uint32_t)0x0000C000)        /*!< HCLK divided by 8 */

#define  RCC_CFGR_PPRE2_DIV16                ((uint32_t)0x0000E000)        /*!< HCLK divided by 16 */



/*!< RTCPRE configuration */

#define  RCC_CFGR_RTCPRE                     ((uint32_t)0x001F0000)

#define  RCC_CFGR_RTCPRE_0                   ((uint32_t)0x00010000)

#define  RCC_CFGR_RTCPRE_1                   ((uint32_t)0x00020000)

#define  RCC_CFGR_RTCPRE_2                   ((uint32_t)0x00040000)

#define  RCC_CFGR_RTCPRE_3                   ((uint32_t)0x00080000)

#define  RCC_CFGR_RTCPRE_4                   ((uint32_t)0x00100000)



/*!< MCO1 configuration */

#define  RCC_CFGR_MCO1                       ((uint32_t)0x00600000)

#define  RCC_CFGR_MCO1_0                     ((uint32_t)0x00200000)

#define  RCC_CFGR_MCO1_1                     ((uint32_t)0x00400000)



#define  RCC_CFGR_I2SSRC                     ((uint32_t)0x00800000)



#define  RCC_CFGR_MCO1PRE                    ((uint32_t)0x07000000)

#define  RCC_CFGR_MCO1PRE_0                  ((uint32_t)0x01000000)

#define  RCC_CFGR_MCO1PRE_1                  ((uint32_t)0x02000000)

#define  RCC_CFGR_MCO1PRE_2                  ((uint32_t)0x04000000)



#define  RCC_CFGR_MCO2PRE                    ((uint32_t)0x38000000)

#define  RCC_CFGR_MCO2PRE_0                  ((uint32_t)0x08000000)

#define  RCC_CFGR_MCO2PRE_1                  ((uint32_t)0x10000000)

#define  RCC_CFGR_MCO2PRE_2                  ((uint32_t)0x20000000)



#define  RCC_CFGR_MCO2                       ((uint32_t)0xC0000000)

#define  RCC_CFGR_MCO2_0                     ((uint32_t)0x40000000)

#define  RCC_CFGR_MCO2_1                     ((uint32_t)0x80000000)



/********************  Bit definition for RCC_CIR register  *******************/

#define  RCC_CIR_LSIRDYF                     ((uint32_t)0x00000001)

#define  RCC_CIR_LSERDYF                     ((uint32_t)0x00000002)

#define  RCC_CIR_HSIRDYF                     ((uint32_t)0x00000004)

#define  RCC_CIR_HSERDYF                     ((uint32_t)0x00000008)

#define  RCC_CIR_PLLRDYF                     ((uint32_t)0x00000010)

#define  RCC_CIR_PLLI2SRDYF                  ((uint32_t)0x00000020)

#define  RCC_CIR_CSSF                        ((uint32_t)0x00000080)

#define  RCC_CIR_LSIRDYIE                    ((uint32_t)0x00000100)

#define  RCC_CIR_LSERDYIE                    ((uint32_t)0x00000200)

#define  RCC_CIR_HSIRDYIE                    ((uint32_t)0x00000400)

#define  RCC_CIR_HSERDYIE                    ((uint32_t)0x00000800)

#define  RCC_CIR_PLLRDYIE                    ((uint32_t)0x00001000)

#define  RCC_CIR_PLLI2SRDYIE                 ((uint32_t)0x00002000)

#define  RCC_CIR_LSIRDYC                     ((uint32_t)0x00010000)

#define  RCC_CIR_LSERDYC                     ((uint32_t)0x00020000)

#define  RCC_CIR_HSIRDYC                     ((uint32_t)0x00040000)

#define  RCC_CIR_HSERDYC                     ((uint32_t)0x00080000)

#define  RCC_CIR_PLLRDYC                     ((uint32_t)0x00100000)

#define  RCC_CIR_PLLI2SRDYC                  ((uint32_t)0x00200000)

#define  RCC_CIR_CSSC                        ((uint32_t)0x00800000)



/********************  Bit definition for RCC_AHB1RSTR register  **************/

#define  RCC_AHB1RSTR_GPIOARST               ((uint32_t)0x00000001)

#define  RCC_AHB1RSTR_GPIOBRST               ((uint32_t)0x00000002)

#define  RCC_AHB1RSTR_GPIOCRST               ((uint32_t)0x00000004)

#define  RCC_AHB1RSTR_GPIODRST               ((uint32_t)0x00000008)

#define  RCC_AHB1RSTR_GPIOERST               ((uint32_t)0x00000010)

#define  RCC_AHB1RSTR_GPIOFRST               ((uint32_t)0x00000020)

#define  RCC_AHB1RSTR_GPIOGRST               ((uint32_t)0x00000040)

#define  RCC_AHB1RSTR_GPIOHRST               ((uint32_t)0x00000080)

#define  RCC_AHB1RSTR_GPIOIRST               ((uint32_t)0x00000100)

#define  RCC_AHB1RSTR_CRCRST                 ((uint32_t)0x00001000)

#define  RCC_AHB1RSTR_DMA1RST                ((uint32_t)0x00200000)

#define  RCC_AHB1RSTR_DMA2RST                ((uint32_t)0x00400000)

#define  RCC_AHB1RSTR_ETHMACRST              ((uint32_t)0x02000000)

#define  RCC_AHB1RSTR_OTGHRST                ((uint32_t)0x10000000)



/********************  Bit definition for RCC_AHB2RSTR register  **************/

#define  RCC_AHB2RSTR_DCMIRST                ((uint32_t)0x00000001)

#define  RCC_AHB2RSTR_CRYPRST                ((uint32_t)0x00000010)

#define  RCC_AHB2RSTR_HSAHRST                ((uint32_t)0x00000020)

#define  RCC_AHB2RSTR_RNGRST                 ((uint32_t)0x00000040)

#define  RCC_AHB2RSTR_OTGFSRST               ((uint32_t)0x00000080)



/********************  Bit definition for RCC_AHB3RSTR register  **************/

#define  RCC_AHB3RSTR_FSMCRST                ((uint32_t)0x00000001)



/********************  Bit definition for RCC_APB1RSTR register  **************/

#define  RCC_APB1RSTR_TIM2RST                ((uint32_t)0x00000001)

#define  RCC_APB1RSTR_TIM3RST                ((uint32_t)0x00000002)

#define  RCC_APB1RSTR_TIM4RST                ((uint32_t)0x00000004)

#define  RCC_APB1RSTR_TIM5RST                ((uint32_t)0x00000008)

#define  RCC_APB1RSTR_TIM6RST                ((uint32_t)0x00000010)

#define  RCC_APB1RSTR_TIM7RST                ((uint32_t)0x00000020)

#define  RCC_APB1RSTR_TIM12RST               ((uint32_t)0x00000040)

#define  RCC_APB1RSTR_TIM13RST               ((uint32_t)0x00000080)

#define  RCC_APB1RSTR_TIM14RST               ((uint32_t)0x00000100)

#define  RCC_APB1RSTR_WWDGEN                 ((uint32_t)0x00000800)

#define  RCC_APB1RSTR_SPI2RST                ((uint32_t)0x00008000)

#define  RCC_APB1RSTR_SPI3RST                ((uint32_t)0x00010000)

#define  RCC_APB1RSTR_USART2RST              ((uint32_t)0x00020000)

#define  RCC_APB1RSTR_USART3RST              ((uint32_t)0x00040000)

#define  RCC_APB1RSTR_UART4RST               ((uint32_t)0x00080000)

#define  RCC_APB1RSTR_UART5RST               ((uint32_t)0x00100000)

#define  RCC_APB1RSTR_I2C1RST                ((uint32_t)0x00200000)

#define  RCC_APB1RSTR_I2C2RST                ((uint32_t)0x00400000)

#define  RCC_APB1RSTR_I2C3RST                ((uint32_t)0x00800000)

#define  RCC_APB1RSTR_CAN1RST                ((uint32_t)0x02000000)

#define  RCC_APB1RSTR_CAN2RST                ((uint32_t)0x04000000)

#define  RCC_APB1RSTR_PWRRST                 ((uint32_t)0x10000000)

#define  RCC_APB1RSTR_DACRST                 ((uint32_t)0x20000000)



/********************  Bit definition for RCC_APB2RSTR register  **************/

#define  RCC_APB2RSTR_TIM1RST                ((uint32_t)0x00000001)

#define  RCC_APB2RSTR_TIM8RST                ((uint32_t)0x00000002)

#define  RCC_APB2RSTR_USART1RST              ((uint32_t)0x00000010)

#define  RCC_APB2RSTR_USART6RST              ((uint32_t)0x00000020)

#define  RCC_APB2RSTR_ADCRST                 ((uint32_t)0x00000100)

#define  RCC_APB2RSTR_SDIORST                ((uint32_t)0x00000800)

#define  RCC_APB2RSTR_SPI1RST                ((uint32_t)0x00001000)

#define  RCC_APB2RSTR_SYSCFGRST              ((uint32_t)0x00004000)

#define  RCC_APB2RSTR_TIM9RST                ((uint32_t)0x00010000)

#define  RCC_APB2RSTR_TIM10RST               ((uint32_t)0x00020000)

#define  RCC_APB2RSTR_TIM11RST               ((uint32_t)0x00040000)

/* Old SPI1RST bit definition, maintained for legacy purpose */

#define  RCC_APB2RSTR_SPI1                   RCC_APB2RSTR_SPI1RST



/********************  Bit definition for RCC_AHB1ENR register  ***************/

#define  RCC_AHB1ENR_GPIOAEN                 ((uint32_t)0x00000001)

#define  RCC_AHB1ENR_GPIOBEN                 ((uint32_t)0x00000002)

#define  RCC_AHB1ENR_GPIOCEN                 ((uint32_t)0x00000004)

#define  RCC_AHB1ENR_GPIODEN                 ((uint32_t)0x00000008)

#define  RCC_AHB1ENR_GPIOEEN                 ((uint32_t)0x00000010)

#define  RCC_AHB1ENR_GPIOFEN                 ((uint32_t)0x00000020)

#define  RCC_AHB1ENR_GPIOGEN                 ((uint32_t)0x00000040)

#define  RCC_AHB1ENR_GPIOHEN                 ((uint32_t)0x00000080)

#define  RCC_AHB1ENR_GPIOIEN                 ((uint32_t)0x00000100)

#define  RCC_AHB1ENR_CRCEN                   ((uint32_t)0x00001000)

#define  RCC_AHB1ENR_BKPSRAMEN               ((uint32_t)0x00040000)

#define  RCC_AHB1ENR_CCMDATARAMEN            ((uint32_t)0x00100000)

#define  RCC_AHB1ENR_DMA1EN                  ((uint32_t)0x00200000)

#define  RCC_AHB1ENR_DMA2EN                  ((uint32_t)0x00400000)

#define  RCC_AHB1ENR_ETHMACEN                ((uint32_t)0x02000000)

#define  RCC_AHB1ENR_ETHMACTXEN              ((uint32_t)0x04000000)

#define  RCC_AHB1ENR_ETHMACRXEN              ((uint32_t)0x08000000)

#define  RCC_AHB1ENR_ETHMACPTPEN             ((uint32_t)0x10000000)

#define  RCC_AHB1ENR_OTGHSEN                 ((uint32_t)0x20000000)

#define  RCC_AHB1ENR_OTGHSULPIEN             ((uint32_t)0x40000000)



/********************  Bit definition for RCC_AHB2ENR register  ***************/

#define  RCC_AHB2ENR_DCMIEN                  ((uint32_t)0x00000001)

#define  RCC_AHB2ENR_CRYPEN                  ((uint32_t)0x00000010)

#define  RCC_AHB2ENR_HASHEN                  ((uint32_t)0x00000020)

#define  RCC_AHB2ENR_RNGEN                   ((uint32_t)0x00000040)

#define  RCC_AHB2ENR_OTGFSEN                 ((uint32_t)0x00000080)



/********************  Bit definition for RCC_AHB3ENR register  ***************/

#define  RCC_AHB3ENR_FSMCEN                  ((uint32_t)0x00000001)



/********************  Bit definition for RCC_APB1ENR register  ***************/

#define  RCC_APB1ENR_TIM2EN                  ((uint32_t)0x00000001)

#define  RCC_APB1ENR_TIM3EN                  ((uint32_t)0x00000002)

#define  RCC_APB1ENR_TIM4EN                  ((uint32_t)0x00000004)

#define  RCC_APB1ENR_TIM5EN                  ((uint32_t)0x00000008)

#define  RCC_APB1ENR_TIM6EN                  ((uint32_t)0x00000010)

#define  RCC_APB1ENR_TIM7EN                  ((uint32_t)0x00000020)

#define  RCC_APB1ENR_TIM12EN                 ((uint32_t)0x00000040)

#define  RCC_APB1ENR_TIM13EN                 ((uint32_t)0x00000080)

#define  RCC_APB1ENR_TIM14EN                 ((uint32_t)0x00000100)

#define  RCC_APB1ENR_WWDGEN                  ((uint32_t)0x00000800)

#define  RCC_APB1ENR_SPI2EN                  ((uint32_t)0x00004000)

#define  RCC_APB1ENR_SPI3EN                  ((uint32_t)0x00008000)

#define  RCC_APB1ENR_USART2EN                ((uint32_t)0x00020000)

#define  RCC_APB1ENR_USART3EN                ((uint32_t)0x00040000)

#define  RCC_APB1ENR_UART4EN                 ((uint32_t)0x00080000)

#define  RCC_APB1ENR_UART5EN                 ((uint32_t)0x00100000)

#define  RCC_APB1ENR_I2C1EN                  ((uint32_t)0x00200000)

#define  RCC_APB1ENR_I2C2EN                  ((uint32_t)0x00400000)

#define  RCC_APB1ENR_I2C3EN                  ((uint32_t)0x00800000)

#define  RCC_APB1ENR_CAN1EN                  ((uint32_t)0x02000000)

#define  RCC_APB1ENR_CAN2EN                  ((uint32_t)0x04000000)

#define  RCC_APB1ENR_PWREN                   ((uint32_t)0x10000000)

#define  RCC_APB1ENR_DACEN                   ((uint32_t)0x20000000)



/********************  Bit definition for RCC_APB2ENR register  ***************/

#define  RCC_APB2ENR_TIM1EN                  ((uint32_t)0x00000001)

#define  RCC_APB2ENR_TIM8EN                  ((uint32_t)0x00000002)

#define  RCC_APB2ENR_USART1EN                ((uint32_t)0x00000010)

#define  RCC_APB2ENR_USART6EN                ((uint32_t)0x00000020)

#define  RCC_APB2ENR_ADC1EN                  ((uint32_t)0x00000100)

#define  RCC_APB2ENR_ADC2EN                  ((uint32_t)0x00000200)

#define  RCC_APB2ENR_ADC3EN                  ((uint32_t)0x00000400)

#define  RCC_APB2ENR_SDIOEN                  ((uint32_t)0x00000800)

#define  RCC_APB2ENR_SPI1EN                  ((uint32_t)0x00001000)

#define  RCC_APB2ENR_SYSCFGEN                ((uint32_t)0x00004000)

#define  RCC_APB2ENR_TIM11EN                 ((uint32_t)0x00040000)

#define  RCC_APB2ENR_TIM10EN                 ((uint32_t)0x00020000)

#define  RCC_APB2ENR_TIM9EN                  ((uint32_t)0x00010000)



/********************  Bit definition for RCC_AHB1LPENR register  *************/

#define  RCC_AHB1LPENR_GPIOALPEN             ((uint32_t)0x00000001)

#define  RCC_AHB1LPENR_GPIOBLPEN             ((uint32_t)0x00000002)

#define  RCC_AHB1LPENR_GPIOCLPEN             ((uint32_t)0x00000004)

#define  RCC_AHB1LPENR_GPIODLPEN             ((uint32_t)0x00000008)

#define  RCC_AHB1LPENR_GPIOELPEN             ((uint32_t)0x00000010)

#define  RCC_AHB1LPENR_GPIOFLPEN             ((uint32_t)0x00000020)

#define  RCC_AHB1LPENR_GPIOGLPEN             ((uint32_t)0x00000040)

#define  RCC_AHB1LPENR_GPIOHLPEN             ((uint32_t)0x00000080)

#define  RCC_AHB1LPENR_GPIOILPEN             ((uint32_t)0x00000100)

#define  RCC_AHB1LPENR_CRCLPEN               ((uint32_t)0x00001000)

#define  RCC_AHB1LPENR_FLITFLPEN             ((uint32_t)0x00008000)

#define  RCC_AHB1LPENR_SRAM1LPEN             ((uint32_t)0x00010000)

#define  RCC_AHB1LPENR_SRAM2LPEN             ((uint32_t)0x00020000)

#define  RCC_AHB1LPENR_BKPSRAMLPEN           ((uint32_t)0x00040000)

#define  RCC_AHB1LPENR_DMA1LPEN              ((uint32_t)0x00200000)

#define  RCC_AHB1LPENR_DMA2LPEN              ((uint32_t)0x00400000)

#define  RCC_AHB1LPENR_ETHMACLPEN            ((uint32_t)0x02000000)

#define  RCC_AHB1LPENR_ETHMACTXLPEN          ((uint32_t)0x04000000)

#define  RCC_AHB1LPENR_ETHMACRXLPEN          ((uint32_t)0x08000000)

#define  RCC_AHB1LPENR_ETHMACPTPLPEN         ((uint32_t)0x10000000)

#define  RCC_AHB1LPENR_OTGHSLPEN             ((uint32_t)0x20000000)

#define  RCC_AHB1LPENR_OTGHSULPILPEN         ((uint32_t)0x40000000)



/********************  Bit definition for RCC_AHB2LPENR register  *************/

#define  RCC_AHB2LPENR_DCMILPEN              ((uint32_t)0x00000001)

#define  RCC_AHB2LPENR_CRYPLPEN              ((uint32_t)0x00000010)

#define  RCC_AHB2LPENR_HASHLPEN              ((uint32_t)0x00000020)

#define  RCC_AHB2LPENR_RNGLPEN               ((uint32_t)0x00000040)

#define  RCC_AHB2LPENR_OTGFSLPEN             ((uint32_t)0x00000080)



/********************  Bit definition for RCC_AHB3LPENR register  *************/

#define  RCC_AHB3LPENR_FSMCLPEN              ((uint32_t)0x00000001)



/********************  Bit definition for RCC_APB1LPENR register  *************/

#define  RCC_APB1LPENR_TIM2LPEN              ((uint32_t)0x00000001)

#define  RCC_APB1LPENR_TIM3LPEN              ((uint32_t)0x00000002)

#define  RCC_APB1LPENR_TIM4LPEN              ((uint32_t)0x00000004)

#define  RCC_APB1LPENR_TIM5LPEN              ((uint32_t)0x00000008)

#define  RCC_APB1LPENR_TIM6LPEN              ((uint32_t)0x00000010)

#define  RCC_APB1LPENR_TIM7LPEN              ((uint32_t)0x00000020)

#define  RCC_APB1LPENR_TIM12LPEN             ((uint32_t)0x00000040)

#define  RCC_APB1LPENR_TIM13LPEN             ((uint32_t)0x00000080)

#define  RCC_APB1LPENR_TIM14LPEN             ((uint32_t)0x00000100)

#define  RCC_APB1LPENR_WWDGLPEN              ((uint32_t)0x00000800)

#define  RCC_APB1LPENR_SPI2LPEN              ((uint32_t)0x00004000)

#define  RCC_APB1LPENR_SPI3LPEN              ((uint32_t)0x00008000)

#define  RCC_APB1LPENR_USART2LPEN            ((uint32_t)0x00020000)

#define  RCC_APB1LPENR_USART3LPEN            ((uint32_t)0x00040000)

#define  RCC_APB1LPENR_UART4LPEN             ((uint32_t)0x00080000)

#define  RCC_APB1LPENR_UART5LPEN             ((uint32_t)0x00100000)

#define  RCC_APB1LPENR_I2C1LPEN              ((uint32_t)0x00200000)

#define  RCC_APB1LPENR_I2C2LPEN              ((uint32_t)0x00400000)

#define  RCC_APB1LPENR_I2C3LPEN              ((uint32_t)0x00800000)

#define  RCC_APB1LPENR_CAN1LPEN              ((uint32_t)0x02000000)

#define  RCC_APB1LPENR_CAN2LPEN              ((uint32_t)0x04000000)

#define  RCC_APB1LPENR_PWRLPEN               ((uint32_t)0x10000000)

#define  RCC_APB1LPENR_DACLPEN               ((uint32_t)0x20000000)



/********************  Bit definition for RCC_APB2LPENR register  *************/

#define  RCC_APB2LPENR_TIM1LPEN              ((uint32_t)0x00000001)

#define  RCC_APB2LPENR_TIM8LPEN              ((uint32_t)0x00000002)

#define  RCC_APB2LPENR_USART1LPEN            ((uint32_t)0x00000010)

#define  RCC_APB2LPENR_USART6LPEN            ((uint32_t)0x00000020)

#define  RCC_APB2LPENR_ADC1LPEN              ((uint32_t)0x00000100)

#define  RCC_APB2LPENR_ADC2PEN               ((uint32_t)0x00000200)

#define  RCC_APB2LPENR_ADC3LPEN              ((uint32_t)0x00000400)

#define  RCC_APB2LPENR_SDIOLPEN              ((uint32_t)0x00000800)

#define  RCC_APB2LPENR_SPI1LPEN              ((uint32_t)0x00001000)

#define  RCC_APB2LPENR_SYSCFGLPEN            ((uint32_t)0x00004000)

#define  RCC_APB2LPENR_TIM9LPEN              ((uint32_t)0x00010000)

#define  RCC_APB2LPENR_TIM10LPEN             ((uint32_t)0x00020000)

#define  RCC_APB2LPENR_TIM11LPEN             ((uint32_t)0x00040000)



/********************  Bit definition for RCC_BDCR register  ******************/

#define  RCC_BDCR_LSEON                      ((uint32_t)0x00000001)

#define  RCC_BDCR_LSERDY                     ((uint32_t)0x00000002)

#define  RCC_BDCR_LSEBYP                     ((uint32_t)0x00000004)



#define  RCC_BDCR_RTCSEL                    ((uint32_t)0x00000300)

#define  RCC_BDCR_RTCSEL_0                  ((uint32_t)0x00000100)

#define  RCC_BDCR_RTCSEL_1                  ((uint32_t)0x00000200)



#define  RCC_BDCR_RTCEN                      ((uint32_t)0x00008000)

#define  RCC_BDCR_BDRST                      ((uint32_t)0x00010000)



/********************  Bit definition for RCC_CSR register  *******************/

#define  RCC_CSR_LSION                       ((uint32_t)0x00000001)

#define  RCC_CSR_LSIRDY                      ((uint32_t)0x00000002)

#define  RCC_CSR_RMVF                        ((uint32_t)0x01000000)

#define  RCC_CSR_BORRSTF                     ((uint32_t)0x02000000)

#define  RCC_CSR_PADRSTF                     ((uint32_t)0x04000000)

#define  RCC_CSR_PORRSTF                     ((uint32_t)0x08000000)

#define  RCC_CSR_SFTRSTF                     ((uint32_t)0x10000000)

#define  RCC_CSR_WDGRSTF                     ((uint32_t)0x20000000)

#define  RCC_CSR_WWDGRSTF                    ((uint32_t)0x40000000)

#define  RCC_CSR_LPWRRSTF                    ((uint32_t)0x80000000)



/********************  Bit definition for RCC_SSCGR register  *****************/

#define  RCC_SSCGR_MODPER                    ((uint32_t)0x00001FFF)

#define  RCC_SSCGR_INCSTEP                   ((uint32_t)0x0FFFE000)

#define  RCC_SSCGR_SPREADSEL                 ((uint32_t)0x40000000)

#define  RCC_SSCGR_SSCGEN                    ((uint32_t)0x80000000)



/********************  Bit definition for RCC_PLLI2SCFGR register  ************/

#define  RCC_PLLI2SCFGR_PLLI2SN              ((uint32_t)0x00007FC0)

#define  RCC_PLLI2SCFGR_PLLI2SR              ((uint32_t)0x70000000)



/******************************************************************************/

/*                                                                            */

/*                                    RNG                                     */

/*                                                                            */

/******************************************************************************/

/********************  Bits definition for RNG_CR register  *******************/

#define RNG_CR_RNGEN                         ((uint32_t)0x00000004)

#define RNG_CR_IE                            ((uint32_t)0x00000008)



/********************  Bits definition for RNG_SR register  *******************/

#define RNG_SR_DRDY                          ((uint32_t)0x00000001)

#define RNG_SR_CECS                          ((uint32_t)0x00000002)

#define RNG_SR_SECS                          ((uint32_t)0x00000004)

#define RNG_SR_CEIS                          ((uint32_t)0x00000020)

#define RNG_SR_SEIS                          ((uint32_t)0x00000040)



/******************************************************************************/

/*                                                                            */

/*                           Real-Time Clock (RTC)                            */

/*                                                                            */

/******************************************************************************/

/********************  Bits definition for RTC_TR register  *******************/

#define RTC_TR_PM                            ((uint32_t)0x00400000)

#define RTC_TR_HT                            ((uint32_t)0x00300000)

#define RTC_TR_HT_0                          ((uint32_t)0x00100000)

#define RTC_TR_HT_1                          ((uint32_t)0x00200000)

#define RTC_TR_HU                            ((uint32_t)0x000F0000)

#define RTC_TR_HU_0                          ((uint32_t)0x00010000)

#define RTC_TR_HU_1                          ((uint32_t)0x00020000)

#define RTC_TR_HU_2                          ((uint32_t)0x00040000)

#define RTC_TR_HU_3                          ((uint32_t)0x00080000)

#define RTC_TR_MNT                           ((uint32_t)0x00007000)

#define RTC_TR_MNT_0                         ((uint32_t)0x00001000)

#define RTC_TR_MNT_1                         ((uint32_t)0x00002000)

#define RTC_TR_MNT_2                         ((uint32_t)0x00004000)

#define RTC_TR_MNU                           ((uint32_t)0x00000F00)

#define RTC_TR_MNU_0                         ((uint32_t)0x00000100)

#define RTC_TR_MNU_1                         ((uint32_t)0x00000200)

#define RTC_TR_MNU_2                         ((uint32_t)0x00000400)

#define RTC_TR_MNU_3                         ((uint32_t)0x00000800)

#define RTC_TR_ST                            ((uint32_t)0x00000070)

#define RTC_TR_ST_0                          ((uint32_t)0x00000010)

#define RTC_TR_ST_1                          ((uint32_t)0x00000020)

#define RTC_TR_ST_2                          ((uint32_t)0x00000040)

#define RTC_TR_SU                            ((uint32_t)0x0000000F)

#define RTC_TR_SU_0                          ((uint32_t)0x00000001)

#define RTC_TR_SU_1                          ((uint32_t)0x00000002)

#define RTC_TR_SU_2                          ((uint32_t)0x00000004)

#define RTC_TR_SU_3                          ((uint32_t)0x00000008)



/********************  Bits definition for RTC_DR register  *******************/

#define RTC_DR_YT                            ((uint32_t)0x00F00000)

#define RTC_DR_YT_0                          ((uint32_t)0x00100000)

#define RTC_DR_YT_1                          ((uint32_t)0x00200000)

#define RTC_DR_YT_2                          ((uint32_t)0x00400000)

#define RTC_DR_YT_3                          ((uint32_t)0x00800000)

#define RTC_DR_YU                            ((uint32_t)0x000F0000)

#define RTC_DR_YU_0                          ((uint32_t)0x00010000)

#define RTC_DR_YU_1                          ((uint32_t)0x00020000)

#define RTC_DR_YU_2                          ((uint32_t)0x00040000)

#define RTC_DR_YU_3                          ((uint32_t)0x00080000)

#define RTC_DR_WDU                           ((uint32_t)0x0000E000)

#define RTC_DR_WDU_0                         ((uint32_t)0x00002000)

#define RTC_DR_WDU_1                         ((uint32_t)0x00004000)

#define RTC_DR_WDU_2                         ((uint32_t)0x00008000)

#define RTC_DR_MT                            ((uint32_t)0x00001000)

#define RTC_DR_MU                            ((uint32_t)0x00000F00)

#define RTC_DR_MU_0                          ((uint32_t)0x00000100)

#define RTC_DR_MU_1                          ((uint32_t)0x00000200)

#define RTC_DR_MU_2                          ((uint32_t)0x00000400)

#define RTC_DR_MU_3                          ((uint32_t)0x00000800)

#define RTC_DR_DT                            ((uint32_t)0x00000030)

#define RTC_DR_DT_0                          ((uint32_t)0x00000010)

#define RTC_DR_DT_1                          ((uint32_t)0x00000020)

#define RTC_DR_DU                            ((uint32_t)0x0000000F)

#define RTC_DR_DU_0                          ((uint32_t)0x00000001)

#define RTC_DR_DU_1                          ((uint32_t)0x00000002)

#define RTC_DR_DU_2                          ((uint32_t)0x00000004)

#define RTC_DR_DU_3                          ((uint32_t)0x00000008)



/********************  Bits definition for RTC_CR register  *******************/

#define RTC_CR_COE                           ((uint32_t)0x00800000)

#define RTC_CR_OSEL                          ((uint32_t)0x00600000)

#define RTC_CR_OSEL_0                        ((uint32_t)0x00200000)

#define RTC_CR_OSEL_1                        ((uint32_t)0x00400000)

#define RTC_CR_POL                           ((uint32_t)0x00100000)

#define RTC_CR_COSEL                         ((uint32_t)0x00080000)

#define RTC_CR_BCK                           ((uint32_t)0x00040000)

#define RTC_CR_SUB1H                         ((uint32_t)0x00020000)

#define RTC_CR_ADD1H                         ((uint32_t)0x00010000)

#define RTC_CR_TSIE                          ((uint32_t)0x00008000)

#define RTC_CR_WUTIE                         ((uint32_t)0x00004000)

#define RTC_CR_ALRBIE                        ((uint32_t)0x00002000)

#define RTC_CR_ALRAIE                        ((uint32_t)0x00001000)

#define RTC_CR_TSE                           ((uint32_t)0x00000800)

#define RTC_CR_WUTE                          ((uint32_t)0x00000400)

#define RTC_CR_ALRBE                         ((uint32_t)0x00000200)

#define RTC_CR_ALRAE                         ((uint32_t)0x00000100)

#define RTC_CR_DCE                           ((uint32_t)0x00000080)

#define RTC_CR_FMT                           ((uint32_t)0x00000040)

#define RTC_CR_BYPSHAD                       ((uint32_t)0x00000020)

#define RTC_CR_REFCKON                       ((uint32_t)0x00000010)

#define RTC_CR_TSEDGE                        ((uint32_t)0x00000008)

#define RTC_CR_WUCKSEL                       ((uint32_t)0x00000007)

#define RTC_CR_WUCKSEL_0                     ((uint32_t)0x00000001)

#define RTC_CR_WUCKSEL_1                     ((uint32_t)0x00000002)

#define RTC_CR_WUCKSEL_2                     ((uint32_t)0x00000004)



/********************  Bits definition for RTC_ISR register  ******************/

#define RTC_ISR_RECALPF                      ((uint32_t)0x00010000)

#define RTC_ISR_TAMP1F                       ((uint32_t)0x00002000)

#define RTC_ISR_TSOVF                        ((uint32_t)0x00001000)

#define RTC_ISR_TSF                          ((uint32_t)0x00000800)

#define RTC_ISR_WUTF                         ((uint32_t)0x00000400)

#define RTC_ISR_ALRBF                        ((uint32_t)0x00000200)

#define RTC_ISR_ALRAF                        ((uint32_t)0x00000100)

#define RTC_ISR_INIT                         ((uint32_t)0x00000080)

#define RTC_ISR_INITF                        ((uint32_t)0x00000040)

#define RTC_ISR_RSF                          ((uint32_t)0x00000020)

#define RTC_ISR_INITS                        ((uint32_t)0x00000010)

#define RTC_ISR_SHPF                         ((uint32_t)0x00000008)

#define RTC_ISR_WUTWF                        ((uint32_t)0x00000004)

#define RTC_ISR_ALRBWF                       ((uint32_t)0x00000002)

#define RTC_ISR_ALRAWF                       ((uint32_t)0x00000001)



/********************  Bits definition for RTC_PRER register  *****************/

#define RTC_PRER_PREDIV_A                    ((uint32_t)0x007F0000)

#define RTC_PRER_PREDIV_S                    ((uint32_t)0x00001FFF)



/********************  Bits definition for RTC_WUTR register  *****************/

#define RTC_WUTR_WUT                         ((uint32_t)0x0000FFFF)



/********************  Bits definition for RTC_CALIBR register  ***************/

#define RTC_CALIBR_DCS                       ((uint32_t)0x00000080)

#define RTC_CALIBR_DC                        ((uint32_t)0x0000001F)



/********************  Bits definition for RTC_ALRMAR register  ***************/

#define RTC_ALRMAR_MSK4                      ((uint32_t)0x80000000)

#define RTC_ALRMAR_WDSEL                     ((uint32_t)0x40000000)

#define RTC_ALRMAR_DT                        ((uint32_t)0x30000000)

#define RTC_ALRMAR_DT_0                      ((uint32_t)0x10000000)

#define RTC_ALRMAR_DT_1                      ((uint32_t)0x20000000)

#define RTC_ALRMAR_DU                        ((uint32_t)0x0F000000)

#define RTC_ALRMAR_DU_0                      ((uint32_t)0x01000000)

#define RTC_ALRMAR_DU_1                      ((uint32_t)0x02000000)

#define RTC_ALRMAR_DU_2                      ((uint32_t)0x04000000)

#define RTC_ALRMAR_DU_3                      ((uint32_t)0x08000000)

#define RTC_ALRMAR_MSK3                      ((uint32_t)0x00800000)

#define RTC_ALRMAR_PM                        ((uint32_t)0x00400000)

#define RTC_ALRMAR_HT                        ((uint32_t)0x00300000)

#define RTC_ALRMAR_HT_0                      ((uint32_t)0x00100000)

#define RTC_ALRMAR_HT_1                      ((uint32_t)0x00200000)

#define RTC_ALRMAR_HU                        ((uint32_t)0x000F0000)

#define RTC_ALRMAR_HU_0                      ((uint32_t)0x00010000)

#define RTC_ALRMAR_HU_1                      ((uint32_t)0x00020000)

#define RTC_ALRMAR_HU_2                      ((uint32_t)0x00040000)

#define RTC_ALRMAR_HU_3                      ((uint32_t)0x00080000)

#define RTC_ALRMAR_MSK2                      ((uint32_t)0x00008000)

#define RTC_ALRMAR_MNT                       ((uint32_t)0x00007000)

#define RTC_ALRMAR_MNT_0                     ((uint32_t)0x00001000)

#define RTC_ALRMAR_MNT_1                     ((uint32_t)0x00002000)

#define RTC_ALRMAR_MNT_2                     ((uint32_t)0x00004000)

#define RTC_ALRMAR_MNU                       ((uint32_t)0x00000F00)

#define RTC_ALRMAR_MNU_0                     ((uint32_t)0x00000100)

#define RTC_ALRMAR_MNU_1                     ((uint32_t)0x00000200)

#define RTC_ALRMAR_MNU_2                     ((uint32_t)0x00000400)

#define RTC_ALRMAR_MNU_3                     ((uint32_t)0x00000800)

#define RTC_ALRMAR_MSK1                      ((uint32_t)0x00000080)

#define RTC_ALRMAR_ST                        ((uint32_t)0x00000070)

#define RTC_ALRMAR_ST_0                      ((uint32_t)0x00000010)

#define RTC_ALRMAR_ST_1                      ((uint32_t)0x00000020)

#define RTC_ALRMAR_ST_2                      ((uint32_t)0x00000040)

#define RTC_ALRMAR_SU                        ((uint32_t)0x0000000F)

#define RTC_ALRMAR_SU_0                      ((uint32_t)0x00000001)

#define RTC_ALRMAR_SU_1                      ((uint32_t)0x00000002)

#define RTC_ALRMAR_SU_2                      ((uint32_t)0x00000004)

#define RTC_ALRMAR_SU_3                      ((uint32_t)0x00000008)



/********************  Bits definition for RTC_ALRMBR register  ***************/

#define RTC_ALRMBR_MSK4                      ((uint32_t)0x80000000)

#define RTC_ALRMBR_WDSEL                     ((uint32_t)0x40000000)

#define RTC_ALRMBR_DT                        ((uint32_t)0x30000000)

#define RTC_ALRMBR_DT_0                      ((uint32_t)0x10000000)

#define RTC_ALRMBR_DT_1                      ((uint32_t)0x20000000)

#define RTC_ALRMBR_DU                        ((uint32_t)0x0F000000)

#define RTC_ALRMBR_DU_0                      ((uint32_t)0x01000000)

#define RTC_ALRMBR_DU_1                      ((uint32_t)0x02000000)

#define RTC_ALRMBR_DU_2                      ((uint32_t)0x04000000)

#define RTC_ALRMBR_DU_3                      ((uint32_t)0x08000000)

#define RTC_ALRMBR_MSK3                      ((uint32_t)0x00800000)

#define RTC_ALRMBR_PM                        ((uint32_t)0x00400000)

#define RTC_ALRMBR_HT                        ((uint32_t)0x00300000)

#define RTC_ALRMBR_HT_0                      ((uint32_t)0x00100000)

#define RTC_ALRMBR_HT_1                      ((uint32_t)0x00200000)

#define RTC_ALRMBR_HU                        ((uint32_t)0x000F0000)

#define RTC_ALRMBR_HU_0                      ((uint32_t)0x00010000)

#define RTC_ALRMBR_HU_1                      ((uint32_t)0x00020000)

#define RTC_ALRMBR_HU_2                      ((uint32_t)0x00040000)

#define RTC_ALRMBR_HU_3                      ((uint32_t)0x00080000)

#define RTC_ALRMBR_MSK2                      ((uint32_t)0x00008000)

#define RTC_ALRMBR_MNT                       ((uint32_t)0x00007000)

#define RTC_ALRMBR_MNT_0                     ((uint32_t)0x00001000)

#define RTC_ALRMBR_MNT_1                     ((uint32_t)0x00002000)

#define RTC_ALRMBR_MNT_2                     ((uint32_t)0x00004000)

#define RTC_ALRMBR_MNU                       ((uint32_t)0x00000F00)

#define RTC_ALRMBR_MNU_0                     ((uint32_t)0x00000100)

#define RTC_ALRMBR_MNU_1                     ((uint32_t)0x00000200)

#define RTC_ALRMBR_MNU_2                     ((uint32_t)0x00000400)

#define RTC_ALRMBR_MNU_3                     ((uint32_t)0x00000800)

#define RTC_ALRMBR_MSK1                      ((uint32_t)0x00000080)

#define RTC_ALRMBR_ST                        ((uint32_t)0x00000070)

#define RTC_ALRMBR_ST_0                      ((uint32_t)0x00000010)

#define RTC_ALRMBR_ST_1                      ((uint32_t)0x00000020)

#define RTC_ALRMBR_ST_2                      ((uint32_t)0x00000040)

#define RTC_ALRMBR_SU                        ((uint32_t)0x0000000F)

#define RTC_ALRMBR_SU_0                      ((uint32_t)0x00000001)

#define RTC_ALRMBR_SU_1                      ((uint32_t)0x00000002)

#define RTC_ALRMBR_SU_2                      ((uint32_t)0x00000004)

#define RTC_ALRMBR_SU_3                      ((uint32_t)0x00000008)



/********************  Bits definition for RTC_WPR register  ******************/

#define RTC_WPR_KEY                          ((uint32_t)0x000000FF)



/********************  Bits definition for RTC_SSR register  ******************/

#define RTC_SSR_SS                           ((uint32_t)0x0000FFFF)



/********************  Bits definition for RTC_SHIFTR register  ***************/

#define RTC_SHIFTR_SUBFS                     ((uint32_t)0x00007FFF)

#define RTC_SHIFTR_ADD1S                     ((uint32_t)0x80000000)



/********************  Bits definition for RTC_TSTR register  *****************/

#define RTC_TSTR_PM                          ((uint32_t)0x00400000)

#define RTC_TSTR_HT                          ((uint32_t)0x00300000)

#define RTC_TSTR_HT_0                        ((uint32_t)0x00100000)

#define RTC_TSTR_HT_1                        ((uint32_t)0x00200000)

#define RTC_TSTR_HU                          ((uint32_t)0x000F0000)

#define RTC_TSTR_HU_0                        ((uint32_t)0x00010000)

#define RTC_TSTR_HU_1                        ((uint32_t)0x00020000)

#define RTC_TSTR_HU_2                        ((uint32_t)0x00040000)

#define RTC_TSTR_HU_3                        ((uint32_t)0x00080000)

#define RTC_TSTR_MNT                         ((uint32_t)0x00007000)

#define RTC_TSTR_MNT_0                       ((uint32_t)0x00001000)

#define RTC_TSTR_MNT_1                       ((uint32_t)0x00002000)

#define RTC_TSTR_MNT_2                       ((uint32_t)0x00004000)

#define RTC_TSTR_MNU                         ((uint32_t)0x00000F00)

#define RTC_TSTR_MNU_0                       ((uint32_t)0x00000100)

#define RTC_TSTR_MNU_1                       ((uint32_t)0x00000200)

#define RTC_TSTR_MNU_2                       ((uint32_t)0x00000400)

#define RTC_TSTR_MNU_3                       ((uint32_t)0x00000800)

#define RTC_TSTR_ST                          ((uint32_t)0x00000070)

#define RTC_TSTR_ST_0                        ((uint32_t)0x00000010)

#define RTC_TSTR_ST_1                        ((uint32_t)0x00000020)

#define RTC_TSTR_ST_2                        ((uint32_t)0x00000040)

#define RTC_TSTR_SU                          ((uint32_t)0x0000000F)

#define RTC_TSTR_SU_0                        ((uint32_t)0x00000001)

#define RTC_TSTR_SU_1                        ((uint32_t)0x00000002)

#define RTC_TSTR_SU_2                        ((uint32_t)0x00000004)

#define RTC_TSTR_SU_3                        ((uint32_t)0x00000008)



/********************  Bits definition for RTC_TSDR register  *****************/

#define RTC_TSDR_WDU                         ((uint32_t)0x0000E000)

#define RTC_TSDR_WDU_0                       ((uint32_t)0x00002000)

#define RTC_TSDR_WDU_1                       ((uint32_t)0x00004000)

#define RTC_TSDR_WDU_2                       ((uint32_t)0x00008000)

#define RTC_TSDR_MT                          ((uint32_t)0x00001000)

#define RTC_TSDR_MU                          ((uint32_t)0x00000F00)

#define RTC_TSDR_MU_0                        ((uint32_t)0x00000100)

#define RTC_TSDR_MU_1                        ((uint32_t)0x00000200)

#define RTC_TSDR_MU_2                        ((uint32_t)0x00000400)

#define RTC_TSDR_MU_3                        ((uint32_t)0x00000800)

#define RTC_TSDR_DT                          ((uint32_t)0x00000030)

#define RTC_TSDR_DT_0                        ((uint32_t)0x00000010)

#define RTC_TSDR_DT_1                        ((uint32_t)0x00000020)

#define RTC_TSDR_DU                          ((uint32_t)0x0000000F)

#define RTC_TSDR_DU_0                        ((uint32_t)0x00000001)

#define RTC_TSDR_DU_1                        ((uint32_t)0x00000002)

#define RTC_TSDR_DU_2                        ((uint32_t)0x00000004)

#define RTC_TSDR_DU_3                        ((uint32_t)0x00000008)



/********************  Bits definition for RTC_TSSSR register  ****************/

#define RTC_TSSSR_SS                         ((uint32_t)0x0000FFFF)



/********************  Bits definition for RTC_CAL register  *****************/

#define RTC_CALR_CALP                        ((uint32_t)0x00008000)

#define RTC_CALR_CALW8                       ((uint32_t)0x00004000)

#define RTC_CALR_CALW16                      ((uint32_t)0x00002000)

#define RTC_CALR_CALM                        ((uint32_t)0x000001FF)

#define RTC_CALR_CALM_0                      ((uint32_t)0x00000001)

#define RTC_CALR_CALM_1                      ((uint32_t)0x00000002)

#define RTC_CALR_CALM_2                      ((uint32_t)0x00000004)

#define RTC_CALR_CALM_3                      ((uint32_t)0x00000008)

#define RTC_CALR_CALM_4                      ((uint32_t)0x00000010)

#define RTC_CALR_CALM_5                      ((uint32_t)0x00000020)

#define RTC_CALR_CALM_6                      ((uint32_t)0x00000040)

#define RTC_CALR_CALM_7                      ((uint32_t)0x00000080)

#define RTC_CALR_CALM_8                      ((uint32_t)0x00000100)



/********************  Bits definition for RTC_TAFCR register  ****************/

#define RTC_TAFCR_ALARMOUTTYPE               ((uint32_t)0x00040000)

#define RTC_TAFCR_TSINSEL                    ((uint32_t)0x00020000)

#define RTC_TAFCR_TAMPINSEL                  ((uint32_t)0x00010000)

#define RTC_TAFCR_TAMPPUDIS                  ((uint32_t)0x00008000)

#define RTC_TAFCR_TAMPPRCH                   ((uint32_t)0x00006000)

#define RTC_TAFCR_TAMPPRCH_0                 ((uint32_t)0x00002000)

#define RTC_TAFCR_TAMPPRCH_1                 ((uint32_t)0x00004000)

#define RTC_TAFCR_TAMPFLT                    ((uint32_t)0x00001800)

#define RTC_TAFCR_TAMPFLT_0                  ((uint32_t)0x00000800)

#define RTC_TAFCR_TAMPFLT_1                  ((uint32_t)0x00001000)

#define RTC_TAFCR_TAMPFREQ                   ((uint32_t)0x00000700)

#define RTC_TAFCR_TAMPFREQ_0                 ((uint32_t)0x00000100)

#define RTC_TAFCR_TAMPFREQ_1                 ((uint32_t)0x00000200)

#define RTC_TAFCR_TAMPFREQ_2                 ((uint32_t)0x00000400)

#define RTC_TAFCR_TAMPTS                     ((uint32_t)0x00000080)

#define RTC_TAFCR_TAMPIE                     ((uint32_t)0x00000004)

#define RTC_TAFCR_TAMP1TRG                   ((uint32_t)0x00000002)

#define RTC_TAFCR_TAMP1E                     ((uint32_t)0x00000001)



/********************  Bits definition for RTC_ALRMASSR register  *************/

#define RTC_ALRMASSR_MASKSS                  ((uint32_t)0x0F000000)

#define RTC_ALRMASSR_MASKSS_0                ((uint32_t)0x01000000)

#define RTC_ALRMASSR_MASKSS_1                ((uint32_t)0x02000000)

#define RTC_ALRMASSR_MASKSS_2                ((uint32_t)0x04000000)

#define RTC_ALRMASSR_MASKSS_3                ((uint32_t)0x08000000)

#define RTC_ALRMASSR_SS                      ((uint32_t)0x00007FFF)



/********************  Bits definition for RTC_ALRMBSSR register  *************/

#define RTC_ALRMBSSR_MASKSS                  ((uint32_t)0x0F000000)

#define RTC_ALRMBSSR_MASKSS_0                ((uint32_t)0x01000000)

#define RTC_ALRMBSSR_MASKSS_1                ((uint32_t)0x02000000)

#define RTC_ALRMBSSR_MASKSS_2                ((uint32_t)0x04000000)

#define RTC_ALRMBSSR_MASKSS_3                ((uint32_t)0x08000000)

#define RTC_ALRMBSSR_SS                      ((uint32_t)0x00007FFF)



/********************  Bits definition for RTC_BKP0R register  ****************/

#define RTC_BKP0R                            ((uint32_t)0xFFFFFFFF)



/********************  Bits definition for RTC_BKP1R register  ****************/

#define RTC_BKP1R                            ((uint32_t)0xFFFFFFFF)



/********************  Bits definition for RTC_BKP2R register  ****************/

#define RTC_BKP2R                            ((uint32_t)0xFFFFFFFF)



/********************  Bits definition for RTC_BKP3R register  ****************/

#define RTC_BKP3R                            ((uint32_t)0xFFFFFFFF)



/********************  Bits definition for RTC_BKP4R register  ****************/

#define RTC_BKP4R                            ((uint32_t)0xFFFFFFFF)



/********************  Bits definition for RTC_BKP5R register  ****************/

#define RTC_BKP5R                            ((uint32_t)0xFFFFFFFF)



/********************  Bits definition for RTC_BKP6R register  ****************/

#define RTC_BKP6R                            ((uint32_t)0xFFFFFFFF)



/********************  Bits definition for RTC_BKP7R register  ****************/

#define RTC_BKP7R                            ((uint32_t)0xFFFFFFFF)



/********************  Bits definition for RTC_BKP8R register  ****************/

#define RTC_BKP8R                            ((uint32_t)0xFFFFFFFF)



/********************  Bits definition for RTC_BKP9R register  ****************/

#define RTC_BKP9R                            ((uint32_t)0xFFFFFFFF)



/********************  Bits definition for RTC_BKP10R register  ***************/

#define RTC_BKP10R                           ((uint32_t)0xFFFFFFFF)



/********************  Bits definition for RTC_BKP11R register  ***************/

#define RTC_BKP11R                           ((uint32_t)0xFFFFFFFF)



/********************  Bits definition for RTC_BKP12R register  ***************/

#define RTC_BKP12R                           ((uint32_t)0xFFFFFFFF)



/********************  Bits definition for RTC_BKP13R register  ***************/

#define RTC_BKP13R                           ((uint32_t)0xFFFFFFFF)



/********************  Bits definition for RTC_BKP14R register  ***************/

#define RTC_BKP14R                           ((uint32_t)0xFFFFFFFF)



/********************  Bits definition for RTC_BKP15R register  ***************/

#define RTC_BKP15R                           ((uint32_t)0xFFFFFFFF)



/********************  Bits definition for RTC_BKP16R register  ***************/

#define RTC_BKP16R                           ((uint32_t)0xFFFFFFFF)



/********************  Bits definition for RTC_BKP17R register  ***************/

#define RTC_BKP17R                           ((uint32_t)0xFFFFFFFF)



/********************  Bits definition for RTC_BKP18R register  ***************/

#define RTC_BKP18R                           ((uint32_t)0xFFFFFFFF)



/********************  Bits definition for RTC_BKP19R register  ***************/

#define RTC_BKP19R                           ((uint32_t)0xFFFFFFFF)



/******************************************************************************/

/*                                                                            */

/*                          SD host Interface                                 */

/*                                                                            */

/******************************************************************************/

/******************  Bit definition for SDIO_POWER register  ******************/

#define  SDIO_POWER_PWRCTRL                  ((uint8_t)0x03)               /*!<PWRCTRL[1:0] bits (Power supply control bits) */

#define  SDIO_POWER_PWRCTRL_0                ((uint8_t)0x01)               /*!<Bit 0 */

#define  SDIO_POWER_PWRCTRL_1                ((uint8_t)0x02)               /*!<Bit 1 */



/******************  Bit definition for SDIO_CLKCR register  ******************/

#define  SDIO_CLKCR_CLKDIV                   ((uint16_t)0x00FF)            /*!<Clock divide factor */

#define  SDIO_CLKCR_CLKEN                    ((uint16_t)0x0100)            /*!<Clock enable bit */

#define  SDIO_CLKCR_PWRSAV                   ((uint16_t)0x0200)            /*!<Power saving configuration bit */

#define  SDIO_CLKCR_BYPASS                   ((uint16_t)0x0400)            /*!<Clock divider bypass enable bit */



#define  SDIO_CLKCR_WIDBUS                   ((uint16_t)0x1800)            /*!<WIDBUS[1:0] bits (Wide bus mode enable bit) */

#define  SDIO_CLKCR_WIDBUS_0                 ((uint16_t)0x0800)            /*!<Bit 0 */

#define  SDIO_CLKCR_WIDBUS_1                 ((uint16_t)0x1000)            /*!<Bit 1 */



#define  SDIO_CLKCR_NEGEDGE                  ((uint16_t)0x2000)            /*!<SDIO_CK dephasing selection bit */

#define  SDIO_CLKCR_HWFC_EN                  ((uint16_t)0x4000)            /*!<HW Flow Control enable */



/*******************  Bit definition for SDIO_ARG register  *******************/

#define  SDIO_ARG_CMDARG                     ((uint32_t)0xFFFFFFFF)            /*!<Command argument */



/*******************  Bit definition for SDIO_CMD register  *******************/

#define  SDIO_CMD_CMDINDEX                   ((uint16_t)0x003F)            /*!<Command Index */



#define  SDIO_CMD_WAITRESP                   ((uint16_t)0x00C0)            /*!<WAITRESP[1:0] bits (Wait for response bits) */

#define  SDIO_CMD_WAITRESP_0                 ((uint16_t)0x0040)            /*!< Bit 0 */

#define  SDIO_CMD_WAITRESP_1                 ((uint16_t)0x0080)            /*!< Bit 1 */



#define  SDIO_CMD_WAITINT                    ((uint16_t)0x0100)            /*!<CPSM Waits for Interrupt Request */

#define  SDIO_CMD_WAITPEND                   ((uint16_t)0x0200)            /*!<CPSM Waits for ends of data transfer (CmdPend internal signal) */

#define  SDIO_CMD_CPSMEN                     ((uint16_t)0x0400)            /*!<Command path state machine (CPSM) Enable bit */

#define  SDIO_CMD_SDIOSUSPEND                ((uint16_t)0x0800)            /*!<SD I/O suspend command */

#define  SDIO_CMD_ENCMDCOMPL                 ((uint16_t)0x1000)            /*!<Enable CMD completion */

#define  SDIO_CMD_NIEN                       ((uint16_t)0x2000)            /*!<Not Interrupt Enable */

#define  SDIO_CMD_CEATACMD                   ((uint16_t)0x4000)            /*!<CE-ATA command */



/*****************  Bit definition for SDIO_RESPCMD register  *****************/

#define  SDIO_RESPCMD_RESPCMD                ((uint8_t)0x3F)               /*!<Response command index */



/******************  Bit definition for SDIO_RESP0 register  ******************/

#define  SDIO_RESP0_CARDSTATUS0              ((uint32_t)0xFFFFFFFF)        /*!<Card Status */



/******************  Bit definition for SDIO_RESP1 register  ******************/

#define  SDIO_RESP1_CARDSTATUS1              ((uint32_t)0xFFFFFFFF)        /*!<Card Status */



/******************  Bit definition for SDIO_RESP2 register  ******************/

#define  SDIO_RESP2_CARDSTATUS2              ((uint32_t)0xFFFFFFFF)        /*!<Card Status */



/******************  Bit definition for SDIO_RESP3 register  ******************/

#define  SDIO_RESP3_CARDSTATUS3              ((uint32_t)0xFFFFFFFF)        /*!<Card Status */



/******************  Bit definition for SDIO_RESP4 register  ******************/

#define  SDIO_RESP4_CARDSTATUS4              ((uint32_t)0xFFFFFFFF)        /*!<Card Status */



/******************  Bit definition for SDIO_DTIMER register  *****************/

#define  SDIO_DTIMER_DATATIME                ((uint32_t)0xFFFFFFFF)        /*!<Data timeout period. */



/******************  Bit definition for SDIO_DLEN register  *******************/

#define  SDIO_DLEN_DATALENGTH                ((uint32_t)0x01FFFFFF)        /*!<Data length value */



/******************  Bit definition for SDIO_DCTRL register  ******************/

#define  SDIO_DCTRL_DTEN                     ((uint16_t)0x0001)            /*!<Data transfer enabled bit */

#define  SDIO_DCTRL_DTDIR                    ((uint16_t)0x0002)            /*!<Data transfer direction selection */

#define  SDIO_DCTRL_DTMODE                   ((uint16_t)0x0004)            /*!<Data transfer mode selection */

#define  SDIO_DCTRL_DMAEN                    ((uint16_t)0x0008)            /*!<DMA enabled bit */



#define  SDIO_DCTRL_DBLOCKSIZE               ((uint16_t)0x00F0)            /*!<DBLOCKSIZE[3:0] bits (Data block size) */

#define  SDIO_DCTRL_DBLOCKSIZE_0             ((uint16_t)0x0010)            /*!<Bit 0 */

#define  SDIO_DCTRL_DBLOCKSIZE_1             ((uint16_t)0x0020)            /*!<Bit 1 */

#define  SDIO_DCTRL_DBLOCKSIZE_2             ((uint16_t)0x0040)            /*!<Bit 2 */

#define  SDIO_DCTRL_DBLOCKSIZE_3             ((uint16_t)0x0080)            /*!<Bit 3 */



#define  SDIO_DCTRL_RWSTART                  ((uint16_t)0x0100)            /*!<Read wait start */

#define  SDIO_DCTRL_RWSTOP                   ((uint16_t)0x0200)            /*!<Read wait stop */

#define  SDIO_DCTRL_RWMOD                    ((uint16_t)0x0400)            /*!<Read wait mode */

#define  SDIO_DCTRL_SDIOEN                   ((uint16_t)0x0800)            /*!<SD I/O enable functions */



/******************  Bit definition for SDIO_DCOUNT register  *****************/

#define  SDIO_DCOUNT_DATACOUNT               ((uint32_t)0x01FFFFFF)        /*!<Data count value */



/******************  Bit definition for SDIO_STA register  ********************/

#define  SDIO_STA_CCRCFAIL                   ((uint32_t)0x00000001)        /*!<Command response received (CRC check failed) */

#define  SDIO_STA_DCRCFAIL                   ((uint32_t)0x00000002)        /*!<Data block sent/received (CRC check failed) */

#define  SDIO_STA_CTIMEOUT                   ((uint32_t)0x00000004)        /*!<Command response timeout */

#define  SDIO_STA_DTIMEOUT                   ((uint32_t)0x00000008)        /*!<Data timeout */

#define  SDIO_STA_TXUNDERR                   ((uint32_t)0x00000010)        /*!<Transmit FIFO underrun error */

#define  SDIO_STA_RXOVERR                    ((uint32_t)0x00000020)        /*!<Received FIFO overrun error */

#define  SDIO_STA_CMDREND                    ((uint32_t)0x00000040)        /*!<Command response received (CRC check passed) */

#define  SDIO_STA_CMDSENT                    ((uint32_t)0x00000080)        /*!<Command sent (no response required) */

#define  SDIO_STA_DATAEND                    ((uint32_t)0x00000100)        /*!<Data end (data counter, SDIDCOUNT, is zero) */

#define  SDIO_STA_STBITERR                   ((uint32_t)0x00000200)        /*!<Start bit not detected on all data signals in wide bus mode */

#define  SDIO_STA_DBCKEND                    ((uint32_t)0x00000400)        /*!<Data block sent/received (CRC check passed) */

#define  SDIO_STA_CMDACT                     ((uint32_t)0x00000800)        /*!<Command transfer in progress */

#define  SDIO_STA_TXACT                      ((uint32_t)0x00001000)        /*!<Data transmit in progress */

#define  SDIO_STA_RXACT                      ((uint32_t)0x00002000)        /*!<Data receive in progress */

#define  SDIO_STA_TXFIFOHE                   ((uint32_t)0x00004000)        /*!<Transmit FIFO Half Empty: at least 8 words can be written into the FIFO */

#define  SDIO_STA_RXFIFOHF                   ((uint32_t)0x00008000)        /*!<Receive FIFO Half Full: there are at least 8 words in the FIFO */

#define  SDIO_STA_TXFIFOF                    ((uint32_t)0x00010000)        /*!<Transmit FIFO full */

#define  SDIO_STA_RXFIFOF                    ((uint32_t)0x00020000)        /*!<Receive FIFO full */

#define  SDIO_STA_TXFIFOE                    ((uint32_t)0x00040000)        /*!<Transmit FIFO empty */

#define  SDIO_STA_RXFIFOE                    ((uint32_t)0x00080000)        /*!<Receive FIFO empty */

#define  SDIO_STA_TXDAVL                     ((uint32_t)0x00100000)        /*!<Data available in transmit FIFO */

#define  SDIO_STA_RXDAVL                     ((uint32_t)0x00200000)        /*!<Data available in receive FIFO */

#define  SDIO_STA_SDIOIT                     ((uint32_t)0x00400000)        /*!<SDIO interrupt received */

#define  SDIO_STA_CEATAEND                   ((uint32_t)0x00800000)        /*!<CE-ATA command completion signal received for CMD61 */



/*******************  Bit definition for SDIO_ICR register  *******************/

#define  SDIO_ICR_CCRCFAILC                  ((uint32_t)0x00000001)        /*!<CCRCFAIL flag clear bit */

#define  SDIO_ICR_DCRCFAILC                  ((uint32_t)0x00000002)        /*!<DCRCFAIL flag clear bit */

#define  SDIO_ICR_CTIMEOUTC                  ((uint32_t)0x00000004)        /*!<CTIMEOUT flag clear bit */

#define  SDIO_ICR_DTIMEOUTC                  ((uint32_t)0x00000008)        /*!<DTIMEOUT flag clear bit */

#define  SDIO_ICR_TXUNDERRC                  ((uint32_t)0x00000010)        /*!<TXUNDERR flag clear bit */

#define  SDIO_ICR_RXOVERRC                   ((uint32_t)0x00000020)        /*!<RXOVERR flag clear bit */

#define  SDIO_ICR_CMDRENDC                   ((uint32_t)0x00000040)        /*!<CMDREND flag clear bit */

#define  SDIO_ICR_CMDSENTC                   ((uint32_t)0x00000080)        /*!<CMDSENT flag clear bit */

#define  SDIO_ICR_DATAENDC                   ((uint32_t)0x00000100)        /*!<DATAEND flag clear bit */

#define  SDIO_ICR_STBITERRC                  ((uint32_t)0x00000200)        /*!<STBITERR flag clear bit */

#define  SDIO_ICR_DBCKENDC                   ((uint32_t)0x00000400)        /*!<DBCKEND flag clear bit */

#define  SDIO_ICR_SDIOITC                    ((uint32_t)0x00400000)        /*!<SDIOIT flag clear bit */

#define  SDIO_ICR_CEATAENDC                  ((uint32_t)0x00800000)        /*!<CEATAEND flag clear bit */



/******************  Bit definition for SDIO_MASK register  *******************/

#define  SDIO_MASK_CCRCFAILIE                ((uint32_t)0x00000001)        /*!<Command CRC Fail Interrupt Enable */

#define  SDIO_MASK_DCRCFAILIE                ((uint32_t)0x00000002)        /*!<Data CRC Fail Interrupt Enable */

#define  SDIO_MASK_CTIMEOUTIE                ((uint32_t)0x00000004)        /*!<Command TimeOut Interrupt Enable */

#define  SDIO_MASK_DTIMEOUTIE                ((uint32_t)0x00000008)        /*!<Data TimeOut Interrupt Enable */

#define  SDIO_MASK_TXUNDERRIE                ((uint32_t)0x00000010)        /*!<Tx FIFO UnderRun Error Interrupt Enable */

#define  SDIO_MASK_RXOVERRIE                 ((uint32_t)0x00000020)        /*!<Rx FIFO OverRun Error Interrupt Enable */

#define  SDIO_MASK_CMDRENDIE                 ((uint32_t)0x00000040)        /*!<Command Response Received Interrupt Enable */

#define  SDIO_MASK_CMDSENTIE                 ((uint32_t)0x00000080)        /*!<Command Sent Interrupt Enable */

#define  SDIO_MASK_DATAENDIE                 ((uint32_t)0x00000100)        /*!<Data End Interrupt Enable */

#define  SDIO_MASK_STBITERRIE                ((uint32_t)0x00000200)        /*!<Start Bit Error Interrupt Enable */

#define  SDIO_MASK_DBCKENDIE                 ((uint32_t)0x00000400)        /*!<Data Block End Interrupt Enable */

#define  SDIO_MASK_CMDACTIE                  ((uint32_t)0x00000800)        /*!<CCommand Acting Interrupt Enable */

#define  SDIO_MASK_TXACTIE                   ((uint32_t)0x00001000)        /*!<Data Transmit Acting Interrupt Enable */

#define  SDIO_MASK_RXACTIE                   ((uint32_t)0x00002000)        /*!<Data receive acting interrupt enabled */

#define  SDIO_MASK_TXFIFOHEIE                ((uint32_t)0x00004000)        /*!<Tx FIFO Half Empty interrupt Enable */

#define  SDIO_MASK_RXFIFOHFIE                ((uint32_t)0x00008000)        /*!<Rx FIFO Half Full interrupt Enable */

#define  SDIO_MASK_TXFIFOFIE                 ((uint32_t)0x00010000)        /*!<Tx FIFO Full interrupt Enable */

#define  SDIO_MASK_RXFIFOFIE                 ((uint32_t)0x00020000)        /*!<Rx FIFO Full interrupt Enable */

#define  SDIO_MASK_TXFIFOEIE                 ((uint32_t)0x00040000)        /*!<Tx FIFO Empty interrupt Enable */

#define  SDIO_MASK_RXFIFOEIE                 ((uint32_t)0x00080000)        /*!<Rx FIFO Empty interrupt Enable */

#define  SDIO_MASK_TXDAVLIE                  ((uint32_t)0x00100000)        /*!<Data available in Tx FIFO interrupt Enable */

#define  SDIO_MASK_RXDAVLIE                  ((uint32_t)0x00200000)        /*!<Data available in Rx FIFO interrupt Enable */

#define  SDIO_MASK_SDIOITIE                  ((uint32_t)0x00400000)        /*!<SDIO Mode Interrupt Received interrupt Enable */

#define  SDIO_MASK_CEATAENDIE                ((uint32_t)0x00800000)        /*!<CE-ATA command completion signal received Interrupt Enable */



/*****************  Bit definition for SDIO_FIFOCNT register  *****************/

#define  SDIO_FIFOCNT_FIFOCOUNT              ((uint32_t)0x00FFFFFF)        /*!<Remaining number of words to be written to or read from the FIFO */



/******************  Bit definition for SDIO_FIFO register  *******************/

#define  SDIO_FIFO_FIFODATA                  ((uint32_t)0xFFFFFFFF)        /*!<Receive and transmit FIFO data */



/******************************************************************************/

/*                                                                            */

/*                        Serial Peripheral Interface                         */

/*                                                                            */

/******************************************************************************/

/*******************  Bit definition for SPI_CR1 register  ********************/

#define  SPI_CR1_CPHA                        ((uint16_t)0x0001)            /*!<Clock Phase */

#define  SPI_CR1_CPOL                        ((uint16_t)0x0002)            /*!<Clock Polarity */

#define  SPI_CR1_MSTR                        ((uint16_t)0x0004)            /*!<Master Selection */



#define  SPI_CR1_BR                          ((uint16_t)0x0038)            /*!<BR[2:0] bits (Baud Rate Control) */

#define  SPI_CR1_BR_0                        ((uint16_t)0x0008)            /*!<Bit 0 */

#define  SPI_CR1_BR_1                        ((uint16_t)0x0010)            /*!<Bit 1 */

#define  SPI_CR1_BR_2                        ((uint16_t)0x0020)            /*!<Bit 2 */



#define  SPI_CR1_SPE                         ((uint16_t)0x0040)            /*!<SPI Enable */

#define  SPI_CR1_LSBFIRST                    ((uint16_t)0x0080)            /*!<Frame Format */

#define  SPI_CR1_SSI                         ((uint16_t)0x0100)            /*!<Internal slave select */

#define  SPI_CR1_SSM                         ((uint16_t)0x0200)            /*!<Software slave management */

#define  SPI_CR1_RXONLY                      ((uint16_t)0x0400)            /*!<Receive only */

#define  SPI_CR1_DFF                         ((uint16_t)0x0800)            /*!<Data Frame Format */

#define  SPI_CR1_CRCNEXT                     ((uint16_t)0x1000)            /*!<Transmit CRC next */

#define  SPI_CR1_CRCEN                       ((uint16_t)0x2000)            /*!<Hardware CRC calculation enable */

#define  SPI_CR1_BIDIOE                      ((uint16_t)0x4000)            /*!<Output enable in bidirectional mode */

#define  SPI_CR1_BIDIMODE                    ((uint16_t)0x8000)            /*!<Bidirectional data mode enable */



/*******************  Bit definition for SPI_CR2 register  ********************/

#define  SPI_CR2_RXDMAEN                     ((uint8_t)0x01)               /*!<Rx Buffer DMA Enable */

#define  SPI_CR2_TXDMAEN                     ((uint8_t)0x02)               /*!<Tx Buffer DMA Enable */

#define  SPI_CR2_SSOE                        ((uint8_t)0x04)               /*!<SS Output Enable */

#define  SPI_CR2_ERRIE                       ((uint8_t)0x20)               /*!<Error Interrupt Enable */

#define  SPI_CR2_RXNEIE                      ((uint8_t)0x40)               /*!<RX buffer Not Empty Interrupt Enable */

#define  SPI_CR2_TXEIE                       ((uint8_t)0x80)               /*!<Tx buffer Empty Interrupt Enable */



/********************  Bit definition for SPI_SR register  ********************/

#define  SPI_SR_RXNE                         ((uint8_t)0x01)               /*!<Receive buffer Not Empty */

#define  SPI_SR_TXE                          ((uint8_t)0x02)               /*!<Transmit buffer Empty */

#define  SPI_SR_CHSIDE                       ((uint8_t)0x04)               /*!<Channel side */

#define  SPI_SR_UDR                          ((uint8_t)0x08)               /*!<Underrun flag */

#define  SPI_SR_CRCERR                       ((uint8_t)0x10)               /*!<CRC Error flag */

#define  SPI_SR_MODF                         ((uint8_t)0x20)               /*!<Mode fault */

#define  SPI_SR_OVR                          ((uint8_t)0x40)               /*!<Overrun flag */

#define  SPI_SR_BSY                          ((uint8_t)0x80)               /*!<Busy flag */



/********************  Bit definition for SPI_DR register  ********************/

#define  SPI_DR_DR                           ((uint16_t)0xFFFF)            /*!<Data Register */



/*******************  Bit definition for SPI_CRCPR register  ******************/

#define  SPI_CRCPR_CRCPOLY                   ((uint16_t)0xFFFF)            /*!<CRC polynomial register */



/******************  Bit definition for SPI_RXCRCR register  ******************/

#define  SPI_RXCRCR_RXCRC                    ((uint16_t)0xFFFF)            /*!<Rx CRC Register */



/******************  Bit definition for SPI_TXCRCR register  ******************/

#define  SPI_TXCRCR_TXCRC                    ((uint16_t)0xFFFF)            /*!<Tx CRC Register */



/******************  Bit definition for SPI_I2SCFGR register  *****************/

#define  SPI_I2SCFGR_CHLEN                   ((uint16_t)0x0001)            /*!<Channel length (number of bits per audio channel) */



#define  SPI_I2SCFGR_DATLEN                  ((uint16_t)0x0006)            /*!<DATLEN[1:0] bits (Data length to be transferred) */

#define  SPI_I2SCFGR_DATLEN_0                ((uint16_t)0x0002)            /*!<Bit 0 */

#define  SPI_I2SCFGR_DATLEN_1                ((uint16_t)0x0004)            /*!<Bit 1 */



#define  SPI_I2SCFGR_CKPOL                   ((uint16_t)0x0008)            /*!<steady state clock polarity */



#define  SPI_I2SCFGR_I2SSTD                  ((uint16_t)0x0030)            /*!<I2SSTD[1:0] bits (I2S standard selection) */

#define  SPI_I2SCFGR_I2SSTD_0                ((uint16_t)0x0010)            /*!<Bit 0 */

#define  SPI_I2SCFGR_I2SSTD_1                ((uint16_t)0x0020)            /*!<Bit 1 */



#define  SPI_I2SCFGR_PCMSYNC                 ((uint16_t)0x0080)            /*!<PCM frame synchronization */



#define  SPI_I2SCFGR_I2SCFG                  ((uint16_t)0x0300)            /*!<I2SCFG[1:0] bits (I2S configuration mode) */

#define  SPI_I2SCFGR_I2SCFG_0                ((uint16_t)0x0100)            /*!<Bit 0 */

#define  SPI_I2SCFGR_I2SCFG_1                ((uint16_t)0x0200)            /*!<Bit 1 */



#define  SPI_I2SCFGR_I2SE                    ((uint16_t)0x0400)            /*!<I2S Enable */

#define  SPI_I2SCFGR_I2SMOD                  ((uint16_t)0x0800)            /*!<I2S mode selection */



/******************  Bit definition for SPI_I2SPR register  *******************/

#define  SPI_I2SPR_I2SDIV                    ((uint16_t)0x00FF)            /*!<I2S Linear prescaler */

#define  SPI_I2SPR_ODD                       ((uint16_t)0x0100)            /*!<Odd factor for the prescaler */

#define  SPI_I2SPR_MCKOE                     ((uint16_t)0x0200)            /*!<Master Clock Output Enable */



/******************************************************************************/

/*                                                                            */

/*                                 SYSCFG                                     */

/*                                                                            */

/******************************************************************************/

/******************  Bit definition for SYSCFG_MEMRMP register  ***************/  

#define SYSCFG_MEMRMP_MEM_MODE          ((uint32_t)0x00000003) /*!<SYSCFG_Memory Remap Config */

#define SYSCFG_MEMRMP_MEM_MODE_0        ((uint32_t)0x00000001)

#define SYSCFG_MEMRMP_MEM_MODE_1        ((uint32_t)0x00000002)



/******************  Bit definition for SYSCFG_PMC register  ******************/

#define SYSCFG_PMC_MII_RMII_SEL         ((uint32_t)0x00800000) /*!<Ethernet PHY interface selection */

/* Old MII_RMII_SEL bit definition, maintained for legacy purpose */

#define SYSCFG_PMC_MII_RMII             SYSCFG_PMC_MII_RMII_SEL



/*****************  Bit definition for SYSCFG_EXTICR1 register  ***************/

#define SYSCFG_EXTICR1_EXTI0            ((uint16_t)0x000F) /*!<EXTI 0 configuration */

#define SYSCFG_EXTICR1_EXTI1            ((uint16_t)0x00F0) /*!<EXTI 1 configuration */

#define SYSCFG_EXTICR1_EXTI2            ((uint16_t)0x0F00) /*!<EXTI 2 configuration */

#define SYSCFG_EXTICR1_EXTI3            ((uint16_t)0xF000) /*!<EXTI 3 configuration */

/** 

  * @brief   EXTI0 configuration  

  */ 

#define SYSCFG_EXTICR1_EXTI0_PA         ((uint16_t)0x0000) /*!<PA[0] pin */

#define SYSCFG_EXTICR1_EXTI0_PB         ((uint16_t)0x0001) /*!<PB[0] pin */

#define SYSCFG_EXTICR1_EXTI0_PC         ((uint16_t)0x0002) /*!<PC[0] pin */

#define SYSCFG_EXTICR1_EXTI0_PD         ((uint16_t)0x0003) /*!<PD[0] pin */

#define SYSCFG_EXTICR1_EXTI0_PE         ((uint16_t)0x0004) /*!<PE[0] pin */

#define SYSCFG_EXTICR1_EXTI0_PF         ((uint16_t)0x0005) /*!<PF[0] pin */

#define SYSCFG_EXTICR1_EXTI0_PG         ((uint16_t)0x0006) /*!<PG[0] pin */

#define SYSCFG_EXTICR1_EXTI0_PH         ((uint16_t)0x0007) /*!<PH[0] pin */

#define SYSCFG_EXTICR1_EXTI0_PI         ((uint16_t)0x0008) /*!<PI[0] pin */

/** 

  * @brief   EXTI1 configuration  

  */ 

#define SYSCFG_EXTICR1_EXTI1_PA         ((uint16_t)0x0000) /*!<PA[1] pin */

#define SYSCFG_EXTICR1_EXTI1_PB         ((uint16_t)0x0010) /*!<PB[1] pin */

#define SYSCFG_EXTICR1_EXTI1_PC         ((uint16_t)0x0020) /*!<PC[1] pin */

#define SYSCFG_EXTICR1_EXTI1_PD         ((uint16_t)0x0030) /*!<PD[1] pin */

#define SYSCFG_EXTICR1_EXTI1_PE         ((uint16_t)0x0040) /*!<PE[1] pin */

#define SYSCFG_EXTICR1_EXTI1_PF         ((uint16_t)0x0050) /*!<PF[1] pin */

#define SYSCFG_EXTICR1_EXTI1_PG         ((uint16_t)0x0060) /*!<PG[1] pin */

#define SYSCFG_EXTICR1_EXTI1_PH         ((uint16_t)0x0070) /*!<PH[1] pin */

#define SYSCFG_EXTICR1_EXTI1_PI         ((uint16_t)0x0080) /*!<PI[1] pin */

/** 

  * @brief   EXTI2 configuration  

  */ 

#define SYSCFG_EXTICR1_EXTI2_PA         ((uint16_t)0x0000) /*!<PA[2] pin */

#define SYSCFG_EXTICR1_EXTI2_PB         ((uint16_t)0x0100) /*!<PB[2] pin */

#define SYSCFG_EXTICR1_EXTI2_PC         ((uint16_t)0x0200) /*!<PC[2] pin */

#define SYSCFG_EXTICR1_EXTI2_PD         ((uint16_t)0x0300) /*!<PD[2] pin */

#define SYSCFG_EXTICR1_EXTI2_PE         ((uint16_t)0x0400) /*!<PE[2] pin */

#define SYSCFG_EXTICR1_EXTI2_PF         ((uint16_t)0x0500) /*!<PF[2] pin */

#define SYSCFG_EXTICR1_EXTI2_PG         ((uint16_t)0x0600) /*!<PG[2] pin */

#define SYSCFG_EXTICR1_EXTI2_PH         ((uint16_t)0x0700) /*!<PH[2] pin */

#define SYSCFG_EXTICR1_EXTI2_PI         ((uint16_t)0x0800) /*!<PI[2] pin */

/** 

  * @brief   EXTI3 configuration  

  */ 

#define SYSCFG_EXTICR1_EXTI3_PA         ((uint16_t)0x0000) /*!<PA[3] pin */

#define SYSCFG_EXTICR1_EXTI3_PB         ((uint16_t)0x1000) /*!<PB[3] pin */

#define SYSCFG_EXTICR1_EXTI3_PC         ((uint16_t)0x2000) /*!<PC[3] pin */

#define SYSCFG_EXTICR1_EXTI3_PD         ((uint16_t)0x3000) /*!<PD[3] pin */

#define SYSCFG_EXTICR1_EXTI3_PE         ((uint16_t)0x4000) /*!<PE[3] pin */

#define SYSCFG_EXTICR1_EXTI3_PF         ((uint16_t)0x5000) /*!<PF[3] pin */

#define SYSCFG_EXTICR1_EXTI3_PG         ((uint16_t)0x6000) /*!<PG[3] pin */

#define SYSCFG_EXTICR1_EXTI3_PH         ((uint16_t)0x7000) /*!<PH[3] pin */

#define SYSCFG_EXTICR1_EXTI3_PI         ((uint16_t)0x8000) /*!<PI[3] pin */



/*****************  Bit definition for SYSCFG_EXTICR2 register  ***************/

#define SYSCFG_EXTICR2_EXTI4            ((uint16_t)0x000F) /*!<EXTI 4 configuration */

#define SYSCFG_EXTICR2_EXTI5            ((uint16_t)0x00F0) /*!<EXTI 5 configuration */

#define SYSCFG_EXTICR2_EXTI6            ((uint16_t)0x0F00) /*!<EXTI 6 configuration */

#define SYSCFG_EXTICR2_EXTI7            ((uint16_t)0xF000) /*!<EXTI 7 configuration */

/** 

  * @brief   EXTI4 configuration  

  */ 

#define SYSCFG_EXTICR2_EXTI4_PA         ((uint16_t)0x0000) /*!<PA[4] pin */

#define SYSCFG_EXTICR2_EXTI4_PB         ((uint16_t)0x0001) /*!<PB[4] pin */

#define SYSCFG_EXTICR2_EXTI4_PC         ((uint16_t)0x0002) /*!<PC[4] pin */

#define SYSCFG_EXTICR2_EXTI4_PD         ((uint16_t)0x0003) /*!<PD[4] pin */

#define SYSCFG_EXTICR2_EXTI4_PE         ((uint16_t)0x0004) /*!<PE[4] pin */

#define SYSCFG_EXTICR2_EXTI4_PF         ((uint16_t)0x0005) /*!<PF[4] pin */

#define SYSCFG_EXTICR2_EXTI4_PG         ((uint16_t)0x0006) /*!<PG[4] pin */

#define SYSCFG_EXTICR2_EXTI4_PH         ((uint16_t)0x0007) /*!<PH[4] pin */

#define SYSCFG_EXTICR2_EXTI4_PI         ((uint16_t)0x0008) /*!<PI[4] pin */

/** 

  * @brief   EXTI5 configuration  

  */ 

#define SYSCFG_EXTICR2_EXTI5_PA         ((uint16_t)0x0000) /*!<PA[5] pin */

#define SYSCFG_EXTICR2_EXTI5_PB         ((uint16_t)0x0010) /*!<PB[5] pin */

#define SYSCFG_EXTICR2_EXTI5_PC         ((uint16_t)0x0020) /*!<PC[5] pin */

#define SYSCFG_EXTICR2_EXTI5_PD         ((uint16_t)0x0030) /*!<PD[5] pin */

#define SYSCFG_EXTICR2_EXTI5_PE         ((uint16_t)0x0040) /*!<PE[5] pin */

#define SYSCFG_EXTICR2_EXTI5_PF         ((uint16_t)0x0050) /*!<PF[5] pin */

#define SYSCFG_EXTICR2_EXTI5_PG         ((uint16_t)0x0060) /*!<PG[5] pin */

#define SYSCFG_EXTICR2_EXTI5_PH         ((uint16_t)0x0070) /*!<PH[5] pin */

#define SYSCFG_EXTICR2_EXTI5_PI         ((uint16_t)0x0080) /*!<PI[5] pin */

/** 

  * @brief   EXTI6 configuration  

  */ 

#define SYSCFG_EXTICR2_EXTI6_PA         ((uint16_t)0x0000) /*!<PA[6] pin */

#define SYSCFG_EXTICR2_EXTI6_PB         ((uint16_t)0x0100) /*!<PB[6] pin */

#define SYSCFG_EXTICR2_EXTI6_PC         ((uint16_t)0x0200) /*!<PC[6] pin */

#define SYSCFG_EXTICR2_EXTI6_PD         ((uint16_t)0x0300) /*!<PD[6] pin */

#define SYSCFG_EXTICR2_EXTI6_PE         ((uint16_t)0x0400) /*!<PE[6] pin */

#define SYSCFG_EXTICR2_EXTI6_PF         ((uint16_t)0x0500) /*!<PF[6] pin */

#define SYSCFG_EXTICR2_EXTI6_PG         ((uint16_t)0x0600) /*!<PG[6] pin */

#define SYSCFG_EXTICR2_EXTI6_PH         ((uint16_t)0x0700) /*!<PH[6] pin */

#define SYSCFG_EXTICR2_EXTI6_PI         ((uint16_t)0x0800) /*!<PI[6] pin */

/** 

  * @brief   EXTI7 configuration  

  */ 

#define SYSCFG_EXTICR2_EXTI7_PA         ((uint16_t)0x0000) /*!<PA[7] pin */

#define SYSCFG_EXTICR2_EXTI7_PB         ((uint16_t)0x1000) /*!<PB[7] pin */

#define SYSCFG_EXTICR2_EXTI7_PC         ((uint16_t)0x2000) /*!<PC[7] pin */

#define SYSCFG_EXTICR2_EXTI7_PD         ((uint16_t)0x3000) /*!<PD[7] pin */

#define SYSCFG_EXTICR2_EXTI7_PE         ((uint16_t)0x4000) /*!<PE[7] pin */

#define SYSCFG_EXTICR2_EXTI7_PF         ((uint16_t)0x5000) /*!<PF[7] pin */

#define SYSCFG_EXTICR2_EXTI7_PG         ((uint16_t)0x6000) /*!<PG[7] pin */

#define SYSCFG_EXTICR2_EXTI7_PH         ((uint16_t)0x7000) /*!<PH[7] pin */

#define SYSCFG_EXTICR2_EXTI7_PI         ((uint16_t)0x8000) /*!<PI[7] pin */



/*****************  Bit definition for SYSCFG_EXTICR3 register  ***************/

#define SYSCFG_EXTICR3_EXTI8            ((uint16_t)0x000F) /*!<EXTI 8 configuration */

#define SYSCFG_EXTICR3_EXTI9            ((uint16_t)0x00F0) /*!<EXTI 9 configuration */

#define SYSCFG_EXTICR3_EXTI10           ((uint16_t)0x0F00) /*!<EXTI 10 configuration */

#define SYSCFG_EXTICR3_EXTI11           ((uint16_t)0xF000) /*!<EXTI 11 configuration */

           

/** 

  * @brief   EXTI8 configuration  

  */ 

#define SYSCFG_EXTICR3_EXTI8_PA         ((uint16_t)0x0000) /*!<PA[8] pin */

#define SYSCFG_EXTICR3_EXTI8_PB         ((uint16_t)0x0001) /*!<PB[8] pin */

#define SYSCFG_EXTICR3_EXTI8_PC         ((uint16_t)0x0002) /*!<PC[8] pin */

#define SYSCFG_EXTICR3_EXTI8_PD         ((uint16_t)0x0003) /*!<PD[8] pin */

#define SYSCFG_EXTICR3_EXTI8_PE         ((uint16_t)0x0004) /*!<PE[8] pin */

#define SYSCFG_EXTICR3_EXTI8_PF         ((uint16_t)0x0005) /*!<PF[8] pin */

#define SYSCFG_EXTICR3_EXTI8_PG         ((uint16_t)0x0006) /*!<PG[8] pin */

#define SYSCFG_EXTICR3_EXTI8_PH         ((uint16_t)0x0007) /*!<PH[8] pin */

#define SYSCFG_EXTICR3_EXTI8_PI         ((uint16_t)0x0008) /*!<PI[8] pin */

/** 

  * @brief   EXTI9 configuration  

  */ 

#define SYSCFG_EXTICR3_EXTI9_PA         ((uint16_t)0x0000) /*!<PA[9] pin */

#define SYSCFG_EXTICR3_EXTI9_PB         ((uint16_t)0x0010) /*!<PB[9] pin */

#define SYSCFG_EXTICR3_EXTI9_PC         ((uint16_t)0x0020) /*!<PC[9] pin */

#define SYSCFG_EXTICR3_EXTI9_PD         ((uint16_t)0x0030) /*!<PD[9] pin */

#define SYSCFG_EXTICR3_EXTI9_PE         ((uint16_t)0x0040) /*!<PE[9] pin */

#define SYSCFG_EXTICR3_EXTI9_PF         ((uint16_t)0x0050) /*!<PF[9] pin */

#define SYSCFG_EXTICR3_EXTI9_PG         ((uint16_t)0x0060) /*!<PG[9] pin */

#define SYSCFG_EXTICR3_EXTI9_PH         ((uint16_t)0x0070) /*!<PH[9] pin */

#define SYSCFG_EXTICR3_EXTI9_PI         ((uint16_t)0x0080) /*!<PI[9] pin */

/** 

  * @brief   EXTI10 configuration  

  */ 

#define SYSCFG_EXTICR3_EXTI10_PA        ((uint16_t)0x0000) /*!<PA[10] pin */

#define SYSCFG_EXTICR3_EXTI10_PB        ((uint16_t)0x0100) /*!<PB[10] pin */

#define SYSCFG_EXTICR3_EXTI10_PC        ((uint16_t)0x0200) /*!<PC[10] pin */

#define SYSCFG_EXTICR3_EXTI10_PD        ((uint16_t)0x0300) /*!<PD[10] pin */

#define SYSCFG_EXTICR3_EXTI10_PE        ((uint16_t)0x0400) /*!<PE[10] pin */

#define SYSCFG_EXTICR3_EXTI10_PF        ((uint16_t)0x0500) /*!<PF[10] pin */

#define SYSCFG_EXTICR3_EXTI10_PG        ((uint16_t)0x0600) /*!<PG[10] pin */

#define SYSCFG_EXTICR3_EXTI10_PH        ((uint16_t)0x0700) /*!<PH[10] pin */

#define SYSCFG_EXTICR3_EXTI10_PI        ((uint16_t)0x0800) /*!<PI[10] pin */

/** 

  * @brief   EXTI11 configuration  

  */ 

#define SYSCFG_EXTICR3_EXTI11_PA        ((uint16_t)0x0000) /*!<PA[11] pin */

#define SYSCFG_EXTICR3_EXTI11_PB        ((uint16_t)0x1000) /*!<PB[11] pin */

#define SYSCFG_EXTICR3_EXTI11_PC        ((uint16_t)0x2000) /*!<PC[11] pin */

#define SYSCFG_EXTICR3_EXTI11_PD        ((uint16_t)0x3000) /*!<PD[11] pin */

#define SYSCFG_EXTICR3_EXTI11_PE        ((uint16_t)0x4000) /*!<PE[11] pin */

#define SYSCFG_EXTICR3_EXTI11_PF        ((uint16_t)0x5000) /*!<PF[11] pin */

#define SYSCFG_EXTICR3_EXTI11_PG        ((uint16_t)0x6000) /*!<PG[11] pin */

#define SYSCFG_EXTICR3_EXTI11_PH        ((uint16_t)0x7000) /*!<PH[11] pin */

#define SYSCFG_EXTICR3_EXTI11_PI        ((uint16_t)0x8000) /*!<PI[11] pin */



/*****************  Bit definition for SYSCFG_EXTICR4 register  ***************/

#define SYSCFG_EXTICR4_EXTI12           ((uint16_t)0x000F) /*!<EXTI 12 configuration */

#define SYSCFG_EXTICR4_EXTI13           ((uint16_t)0x00F0) /*!<EXTI 13 configuration */

#define SYSCFG_EXTICR4_EXTI14           ((uint16_t)0x0F00) /*!<EXTI 14 configuration */

#define SYSCFG_EXTICR4_EXTI15           ((uint16_t)0xF000) /*!<EXTI 15 configuration */

/** 

  * @brief   EXTI12 configuration  

  */ 

#define SYSCFG_EXTICR4_EXTI12_PA        ((uint16_t)0x0000) /*!<PA[12] pin */

#define SYSCFG_EXTICR4_EXTI12_PB        ((uint16_t)0x0001) /*!<PB[12] pin */

#define SYSCFG_EXTICR4_EXTI12_PC        ((uint16_t)0x0002) /*!<PC[12] pin */

#define SYSCFG_EXTICR4_EXTI12_PD        ((uint16_t)0x0003) /*!<PD[12] pin */

#define SYSCFG_EXTICR4_EXTI12_PE        ((uint16_t)0x0004) /*!<PE[12] pin */

#define SYSCFG_EXTICR4_EXTI12_PF        ((uint16_t)0x0005) /*!<PF[12] pin */

#define SYSCFG_EXTICR4_EXTI12_PG        ((uint16_t)0x0006) /*!<PG[12] pin */

#define SYSCFG_EXTICR3_EXTI12_PH        ((uint16_t)0x0007) /*!<PH[12] pin */

/** 

  * @brief   EXTI13 configuration  

  */ 

#define SYSCFG_EXTICR4_EXTI13_PA        ((uint16_t)0x0000) /*!<PA[13] pin */

#define SYSCFG_EXTICR4_EXTI13_PB        ((uint16_t)0x0010) /*!<PB[13] pin */

#define SYSCFG_EXTICR4_EXTI13_PC        ((uint16_t)0x0020) /*!<PC[13] pin */

#define SYSCFG_EXTICR4_EXTI13_PD        ((uint16_t)0x0030) /*!<PD[13] pin */

#define SYSCFG_EXTICR4_EXTI13_PE        ((uint16_t)0x0040) /*!<PE[13] pin */

#define SYSCFG_EXTICR4_EXTI13_PF        ((uint16_t)0x0050) /*!<PF[13] pin */

#define SYSCFG_EXTICR4_EXTI13_PG        ((uint16_t)0x0060) /*!<PG[13] pin */

#define SYSCFG_EXTICR3_EXTI13_PH        ((uint16_t)0x0070) /*!<PH[13] pin */

/** 

  * @brief   EXTI14 configuration  

  */ 

#define SYSCFG_EXTICR4_EXTI14_PA        ((uint16_t)0x0000) /*!<PA[14] pin */

#define SYSCFG_EXTICR4_EXTI14_PB        ((uint16_t)0x0100) /*!<PB[14] pin */

#define SYSCFG_EXTICR4_EXTI14_PC        ((uint16_t)0x0200) /*!<PC[14] pin */

#define SYSCFG_EXTICR4_EXTI14_PD        ((uint16_t)0x0300) /*!<PD[14] pin */

#define SYSCFG_EXTICR4_EXTI14_PE        ((uint16_t)0x0400) /*!<PE[14] pin */

#define SYSCFG_EXTICR4_EXTI14_PF        ((uint16_t)0x0500) /*!<PF[14] pin */

#define SYSCFG_EXTICR4_EXTI14_PG        ((uint16_t)0x0600) /*!<PG[14] pin */

#define SYSCFG_EXTICR3_EXTI14_PH        ((uint16_t)0x0700) /*!<PH[14] pin */

/** 

  * @brief   EXTI15 configuration  

  */ 

#define SYSCFG_EXTICR4_EXTI15_PA        ((uint16_t)0x0000) /*!<PA[15] pin */

#define SYSCFG_EXTICR4_EXTI15_PB        ((uint16_t)0x1000) /*!<PB[15] pin */

#define SYSCFG_EXTICR4_EXTI15_PC        ((uint16_t)0x2000) /*!<PC[15] pin */

#define SYSCFG_EXTICR4_EXTI15_PD        ((uint16_t)0x3000) /*!<PD[15] pin */

#define SYSCFG_EXTICR4_EXTI15_PE        ((uint16_t)0x4000) /*!<PE[15] pin */

#define SYSCFG_EXTICR4_EXTI15_PF        ((uint16_t)0x5000) /*!<PF[15] pin */

#define SYSCFG_EXTICR4_EXTI15_PG        ((uint16_t)0x6000) /*!<PG[15] pin */

#define SYSCFG_EXTICR3_EXTI15_PH        ((uint16_t)0x7000) /*!<PH[15] pin */



/******************  Bit definition for SYSCFG_CMPCR register  ****************/  

#define SYSCFG_CMPCR_CMP_PD             ((uint32_t)0x00000001) /*!<Compensation cell ready flag */

#define SYSCFG_CMPCR_READY              ((uint32_t)0x00000100) /*!<Compensation cell power-down */



/******************************************************************************/

/*                                                                            */

/*                                    TIM                                     */

/*                                                                            */

/******************************************************************************/

/*******************  Bit definition for TIM_CR1 register  ********************/

#define  TIM_CR1_CEN                         ((uint16_t)0x0001)            /*!<Counter enable */

#define  TIM_CR1_UDIS                        ((uint16_t)0x0002)            /*!<Update disable */

#define  TIM_CR1_URS                         ((uint16_t)0x0004)            /*!<Update request source */

#define  TIM_CR1_OPM                         ((uint16_t)0x0008)            /*!<One pulse mode */

#define  TIM_CR1_DIR                         ((uint16_t)0x0010)            /*!<Direction */



#define  TIM_CR1_CMS                         ((uint16_t)0x0060)            /*!<CMS[1:0] bits (Center-aligned mode selection) */

#define  TIM_CR1_CMS_0                       ((uint16_t)0x0020)            /*!<Bit 0 */

#define  TIM_CR1_CMS_1                       ((uint16_t)0x0040)            /*!<Bit 1 */



#define  TIM_CR1_ARPE                        ((uint16_t)0x0080)            /*!<Auto-reload preload enable */



#define  TIM_CR1_CKD                         ((uint16_t)0x0300)            /*!<CKD[1:0] bits (clock division) */

#define  TIM_CR1_CKD_0                       ((uint16_t)0x0100)            /*!<Bit 0 */

#define  TIM_CR1_CKD_1                       ((uint16_t)0x0200)            /*!<Bit 1 */



/*******************  Bit definition for TIM_CR2 register  ********************/

#define  TIM_CR2_CCPC                        ((uint16_t)0x0001)            /*!<Capture/Compare Preloaded Control */

#define  TIM_CR2_CCUS                        ((uint16_t)0x0004)            /*!<Capture/Compare Control Update Selection */

#define  TIM_CR2_CCDS                        ((uint16_t)0x0008)            /*!<Capture/Compare DMA Selection */



#define  TIM_CR2_MMS                         ((uint16_t)0x0070)            /*!<MMS[2:0] bits (Master Mode Selection) */

#define  TIM_CR2_MMS_0                       ((uint16_t)0x0010)            /*!<Bit 0 */

#define  TIM_CR2_MMS_1                       ((uint16_t)0x0020)            /*!<Bit 1 */

#define  TIM_CR2_MMS_2                       ((uint16_t)0x0040)            /*!<Bit 2 */



#define  TIM_CR2_TI1S                        ((uint16_t)0x0080)            /*!<TI1 Selection */

#define  TIM_CR2_OIS1                        ((uint16_t)0x0100)            /*!<Output Idle state 1 (OC1 output) */

#define  TIM_CR2_OIS1N                       ((uint16_t)0x0200)            /*!<Output Idle state 1 (OC1N output) */

#define  TIM_CR2_OIS2                        ((uint16_t)0x0400)            /*!<Output Idle state 2 (OC2 output) */

#define  TIM_CR2_OIS2N                       ((uint16_t)0x0800)            /*!<Output Idle state 2 (OC2N output) */

#define  TIM_CR2_OIS3                        ((uint16_t)0x1000)            /*!<Output Idle state 3 (OC3 output) */

#define  TIM_CR2_OIS3N                       ((uint16_t)0x2000)            /*!<Output Idle state 3 (OC3N output) */

#define  TIM_CR2_OIS4                        ((uint16_t)0x4000)            /*!<Output Idle state 4 (OC4 output) */



/*******************  Bit definition for TIM_SMCR register  *******************/

#define  TIM_SMCR_SMS                        ((uint16_t)0x0007)            /*!<SMS[2:0] bits (Slave mode selection) */

#define  TIM_SMCR_SMS_0                      ((uint16_t)0x0001)            /*!<Bit 0 */

#define  TIM_SMCR_SMS_1                      ((uint16_t)0x0002)            /*!<Bit 1 */

#define  TIM_SMCR_SMS_2                      ((uint16_t)0x0004)            /*!<Bit 2 */



#define  TIM_SMCR_TS                         ((uint16_t)0x0070)            /*!<TS[2:0] bits (Trigger selection) */

#define  TIM_SMCR_TS_0                       ((uint16_t)0x0010)            /*!<Bit 0 */

#define  TIM_SMCR_TS_1                       ((uint16_t)0x0020)            /*!<Bit 1 */

#define  TIM_SMCR_TS_2                       ((uint16_t)0x0040)            /*!<Bit 2 */



#define  TIM_SMCR_MSM                        ((uint16_t)0x0080)            /*!<Master/slave mode */



#define  TIM_SMCR_ETF                        ((uint16_t)0x0F00)            /*!<ETF[3:0] bits (External trigger filter) */

#define  TIM_SMCR_ETF_0                      ((uint16_t)0x0100)            /*!<Bit 0 */

#define  TIM_SMCR_ETF_1                      ((uint16_t)0x0200)            /*!<Bit 1 */

#define  TIM_SMCR_ETF_2                      ((uint16_t)0x0400)            /*!<Bit 2 */

#define  TIM_SMCR_ETF_3                      ((uint16_t)0x0800)            /*!<Bit 3 */



#define  TIM_SMCR_ETPS                       ((uint16_t)0x3000)            /*!<ETPS[1:0] bits (External trigger prescaler) */

#define  TIM_SMCR_ETPS_0                     ((uint16_t)0x1000)            /*!<Bit 0 */

#define  TIM_SMCR_ETPS_1                     ((uint16_t)0x2000)            /*!<Bit 1 */



#define  TIM_SMCR_ECE                        ((uint16_t)0x4000)            /*!<External clock enable */

#define  TIM_SMCR_ETP                        ((uint16_t)0x8000)            /*!<External trigger polarity */



/*******************  Bit definition for TIM_DIER register  *******************/

#define  TIM_DIER_UIE                        ((uint16_t)0x0001)            /*!<Update interrupt enable */

#define  TIM_DIER_CC1IE                      ((uint16_t)0x0002)            /*!<Capture/Compare 1 interrupt enable */

#define  TIM_DIER_CC2IE                      ((uint16_t)0x0004)            /*!<Capture/Compare 2 interrupt enable */

#define  TIM_DIER_CC3IE                      ((uint16_t)0x0008)            /*!<Capture/Compare 3 interrupt enable */

#define  TIM_DIER_CC4IE                      ((uint16_t)0x0010)            /*!<Capture/Compare 4 interrupt enable */

#define  TIM_DIER_COMIE                      ((uint16_t)0x0020)            /*!<COM interrupt enable */

#define  TIM_DIER_TIE                        ((uint16_t)0x0040)            /*!<Trigger interrupt enable */

#define  TIM_DIER_BIE                        ((uint16_t)0x0080)            /*!<Break interrupt enable */

#define  TIM_DIER_UDE                        ((uint16_t)0x0100)            /*!<Update DMA request enable */

#define  TIM_DIER_CC1DE                      ((uint16_t)0x0200)            /*!<Capture/Compare 1 DMA request enable */

#define  TIM_DIER_CC2DE                      ((uint16_t)0x0400)            /*!<Capture/Compare 2 DMA request enable */

#define  TIM_DIER_CC3DE                      ((uint16_t)0x0800)            /*!<Capture/Compare 3 DMA request enable */

#define  TIM_DIER_CC4DE                      ((uint16_t)0x1000)            /*!<Capture/Compare 4 DMA request enable */

#define  TIM_DIER_COMDE                      ((uint16_t)0x2000)            /*!<COM DMA request enable */

#define  TIM_DIER_TDE                        ((uint16_t)0x4000)            /*!<Trigger DMA request enable */



/********************  Bit definition for TIM_SR register  ********************/

#define  TIM_SR_UIF                          ((uint16_t)0x0001)            /*!<Update interrupt Flag */

#define  TIM_SR_CC1IF                        ((uint16_t)0x0002)            /*!<Capture/Compare 1 interrupt Flag */

#define  TIM_SR_CC2IF                        ((uint16_t)0x0004)            /*!<Capture/Compare 2 interrupt Flag */

#define  TIM_SR_CC3IF                        ((uint16_t)0x0008)            /*!<Capture/Compare 3 interrupt Flag */

#define  TIM_SR_CC4IF                        ((uint16_t)0x0010)            /*!<Capture/Compare 4 interrupt Flag */

#define  TIM_SR_COMIF                        ((uint16_t)0x0020)            /*!<COM interrupt Flag */

#define  TIM_SR_TIF                          ((uint16_t)0x0040)            /*!<Trigger interrupt Flag */

#define  TIM_SR_BIF                          ((uint16_t)0x0080)            /*!<Break interrupt Flag */

#define  TIM_SR_CC1OF                        ((uint16_t)0x0200)            /*!<Capture/Compare 1 Overcapture Flag */

#define  TIM_SR_CC2OF                        ((uint16_t)0x0400)            /*!<Capture/Compare 2 Overcapture Flag */

#define  TIM_SR_CC3OF                        ((uint16_t)0x0800)            /*!<Capture/Compare 3 Overcapture Flag */

#define  TIM_SR_CC4OF                        ((uint16_t)0x1000)            /*!<Capture/Compare 4 Overcapture Flag */



/*******************  Bit definition for TIM_EGR register  ********************/

#define  TIM_EGR_UG                          ((uint8_t)0x01)               /*!<Update Generation */

#define  TIM_EGR_CC1G                        ((uint8_t)0x02)               /*!<Capture/Compare 1 Generation */

#define  TIM_EGR_CC2G                        ((uint8_t)0x04)               /*!<Capture/Compare 2 Generation */

#define  TIM_EGR_CC3G                        ((uint8_t)0x08)               /*!<Capture/Compare 3 Generation */

#define  TIM_EGR_CC4G                        ((uint8_t)0x10)               /*!<Capture/Compare 4 Generation */

#define  TIM_EGR_COMG                        ((uint8_t)0x20)               /*!<Capture/Compare Control Update Generation */

#define  TIM_EGR_TG                          ((uint8_t)0x40)               /*!<Trigger Generation */

#define  TIM_EGR_BG                          ((uint8_t)0x80)               /*!<Break Generation */



/******************  Bit definition for TIM_CCMR1 register  *******************/

#define  TIM_CCMR1_CC1S                      ((uint16_t)0x0003)            /*!<CC1S[1:0] bits (Capture/Compare 1 Selection) */

#define  TIM_CCMR1_CC1S_0                    ((uint16_t)0x0001)            /*!<Bit 0 */

#define  TIM_CCMR1_CC1S_1                    ((uint16_t)0x0002)            /*!<Bit 1 */



#define  TIM_CCMR1_OC1FE                     ((uint16_t)0x0004)            /*!<Output Compare 1 Fast enable */

#define  TIM_CCMR1_OC1PE                     ((uint16_t)0x0008)            /*!<Output Compare 1 Preload enable */



#define  TIM_CCMR1_OC1M                      ((uint16_t)0x0070)            /*!<OC1M[2:0] bits (Output Compare 1 Mode) */

#define  TIM_CCMR1_OC1M_0                    ((uint16_t)0x0010)            /*!<Bit 0 */

#define  TIM_CCMR1_OC1M_1                    ((uint16_t)0x0020)            /*!<Bit 1 */

#define  TIM_CCMR1_OC1M_2                    ((uint16_t)0x0040)            /*!<Bit 2 */



#define  TIM_CCMR1_OC1CE                     ((uint16_t)0x0080)            /*!<Output Compare 1Clear Enable */



#define  TIM_CCMR1_CC2S                      ((uint16_t)0x0300)            /*!<CC2S[1:0] bits (Capture/Compare 2 Selection) */

#define  TIM_CCMR1_CC2S_0                    ((uint16_t)0x0100)            /*!<Bit 0 */

#define  TIM_CCMR1_CC2S_1                    ((uint16_t)0x0200)            /*!<Bit 1 */



#define  TIM_CCMR1_OC2FE                     ((uint16_t)0x0400)            /*!<Output Compare 2 Fast enable */

#define  TIM_CCMR1_OC2PE                     ((uint16_t)0x0800)            /*!<Output Compare 2 Preload enable */



#define  TIM_CCMR1_OC2M                      ((uint16_t)0x7000)            /*!<OC2M[2:0] bits (Output Compare 2 Mode) */

#define  TIM_CCMR1_OC2M_0                    ((uint16_t)0x1000)            /*!<Bit 0 */

#define  TIM_CCMR1_OC2M_1                    ((uint16_t)0x2000)            /*!<Bit 1 */

#define  TIM_CCMR1_OC2M_2                    ((uint16_t)0x4000)            /*!<Bit 2 */



#define  TIM_CCMR1_OC2CE                     ((uint16_t)0x8000)            /*!<Output Compare 2 Clear Enable */



/*----------------------------------------------------------------------------*/



#define  TIM_CCMR1_IC1PSC                    ((uint16_t)0x000C)            /*!<IC1PSC[1:0] bits (Input Capture 1 Prescaler) */

#define  TIM_CCMR1_IC1PSC_0                  ((uint16_t)0x0004)            /*!<Bit 0 */

#define  TIM_CCMR1_IC1PSC_1                  ((uint16_t)0x0008)            /*!<Bit 1 */



#define  TIM_CCMR1_IC1F                      ((uint16_t)0x00F0)            /*!<IC1F[3:0] bits (Input Capture 1 Filter) */

#define  TIM_CCMR1_IC1F_0                    ((uint16_t)0x0010)            /*!<Bit 0 */

#define  TIM_CCMR1_IC1F_1                    ((uint16_t)0x0020)            /*!<Bit 1 */

#define  TIM_CCMR1_IC1F_2                    ((uint16_t)0x0040)            /*!<Bit 2 */

#define  TIM_CCMR1_IC1F_3                    ((uint16_t)0x0080)            /*!<Bit 3 */



#define  TIM_CCMR1_IC2PSC                    ((uint16_t)0x0C00)            /*!<IC2PSC[1:0] bits (Input Capture 2 Prescaler) */

#define  TIM_CCMR1_IC2PSC_0                  ((uint16_t)0x0400)            /*!<Bit 0 */

#define  TIM_CCMR1_IC2PSC_1                  ((uint16_t)0x0800)            /*!<Bit 1 */



#define  TIM_CCMR1_IC2F                      ((uint16_t)0xF000)            /*!<IC2F[3:0] bits (Input Capture 2 Filter) */

#define  TIM_CCMR1_IC2F_0                    ((uint16_t)0x1000)            /*!<Bit 0 */

#define  TIM_CCMR1_IC2F_1                    ((uint16_t)0x2000)            /*!<Bit 1 */

#define  TIM_CCMR1_IC2F_2                    ((uint16_t)0x4000)            /*!<Bit 2 */

#define  TIM_CCMR1_IC2F_3                    ((uint16_t)0x8000)            /*!<Bit 3 */



/******************  Bit definition for TIM_CCMR2 register  *******************/

#define  TIM_CCMR2_CC3S                      ((uint16_t)0x0003)            /*!<CC3S[1:0] bits (Capture/Compare 3 Selection) */

#define  TIM_CCMR2_CC3S_0                    ((uint16_t)0x0001)            /*!<Bit 0 */

#define  TIM_CCMR2_CC3S_1                    ((uint16_t)0x0002)            /*!<Bit 1 */



#define  TIM_CCMR2_OC3FE                     ((uint16_t)0x0004)            /*!<Output Compare 3 Fast enable */

#define  TIM_CCMR2_OC3PE                     ((uint16_t)0x0008)            /*!<Output Compare 3 Preload enable */



#define  TIM_CCMR2_OC3M                      ((uint16_t)0x0070)            /*!<OC3M[2:0] bits (Output Compare 3 Mode) */

#define  TIM_CCMR2_OC3M_0                    ((uint16_t)0x0010)            /*!<Bit 0 */

#define  TIM_CCMR2_OC3M_1                    ((uint16_t)0x0020)            /*!<Bit 1 */

#define  TIM_CCMR2_OC3M_2                    ((uint16_t)0x0040)            /*!<Bit 2 */



#define  TIM_CCMR2_OC3CE                     ((uint16_t)0x0080)            /*!<Output Compare 3 Clear Enable */



#define  TIM_CCMR2_CC4S                      ((uint16_t)0x0300)            /*!<CC4S[1:0] bits (Capture/Compare 4 Selection) */

#define  TIM_CCMR2_CC4S_0                    ((uint16_t)0x0100)            /*!<Bit 0 */

#define  TIM_CCMR2_CC4S_1                    ((uint16_t)0x0200)            /*!<Bit 1 */



#define  TIM_CCMR2_OC4FE                     ((uint16_t)0x0400)            /*!<Output Compare 4 Fast enable */

#define  TIM_CCMR2_OC4PE                     ((uint16_t)0x0800)            /*!<Output Compare 4 Preload enable */



#define  TIM_CCMR2_OC4M                      ((uint16_t)0x7000)            /*!<OC4M[2:0] bits (Output Compare 4 Mode) */

#define  TIM_CCMR2_OC4M_0                    ((uint16_t)0x1000)            /*!<Bit 0 */

#define  TIM_CCMR2_OC4M_1                    ((uint16_t)0x2000)            /*!<Bit 1 */

#define  TIM_CCMR2_OC4M_2                    ((uint16_t)0x4000)            /*!<Bit 2 */



#define  TIM_CCMR2_OC4CE                     ((uint16_t)0x8000)            /*!<Output Compare 4 Clear Enable */



/*----------------------------------------------------------------------------*/



#define  TIM_CCMR2_IC3PSC                    ((uint16_t)0x000C)            /*!<IC3PSC[1:0] bits (Input Capture 3 Prescaler) */

#define  TIM_CCMR2_IC3PSC_0                  ((uint16_t)0x0004)            /*!<Bit 0 */

#define  TIM_CCMR2_IC3PSC_1                  ((uint16_t)0x0008)            /*!<Bit 1 */



#define  TIM_CCMR2_IC3F                      ((uint16_t)0x00F0)            /*!<IC3F[3:0] bits (Input Capture 3 Filter) */

#define  TIM_CCMR2_IC3F_0                    ((uint16_t)0x0010)            /*!<Bit 0 */

#define  TIM_CCMR2_IC3F_1                    ((uint16_t)0x0020)            /*!<Bit 1 */

#define  TIM_CCMR2_IC3F_2                    ((uint16_t)0x0040)            /*!<Bit 2 */

#define  TIM_CCMR2_IC3F_3                    ((uint16_t)0x0080)            /*!<Bit 3 */



#define  TIM_CCMR2_IC4PSC                    ((uint16_t)0x0C00)            /*!<IC4PSC[1:0] bits (Input Capture 4 Prescaler) */

#define  TIM_CCMR2_IC4PSC_0                  ((uint16_t)0x0400)            /*!<Bit 0 */

#define  TIM_CCMR2_IC4PSC_1                  ((uint16_t)0x0800)            /*!<Bit 1 */



#define  TIM_CCMR2_IC4F                      ((uint16_t)0xF000)            /*!<IC4F[3:0] bits (Input Capture 4 Filter) */

#define  TIM_CCMR2_IC4F_0                    ((uint16_t)0x1000)            /*!<Bit 0 */

#define  TIM_CCMR2_IC4F_1                    ((uint16_t)0x2000)            /*!<Bit 1 */

#define  TIM_CCMR2_IC4F_2                    ((uint16_t)0x4000)            /*!<Bit 2 */

#define  TIM_CCMR2_IC4F_3                    ((uint16_t)0x8000)            /*!<Bit 3 */



/*******************  Bit definition for TIM_CCER register  *******************/

#define  TIM_CCER_CC1E                       ((uint16_t)0x0001)            /*!<Capture/Compare 1 output enable */

#define  TIM_CCER_CC1P                       ((uint16_t)0x0002)            /*!<Capture/Compare 1 output Polarity */

#define  TIM_CCER_CC1NE                      ((uint16_t)0x0004)            /*!<Capture/Compare 1 Complementary output enable */

#define  TIM_CCER_CC1NP                      ((uint16_t)0x0008)            /*!<Capture/Compare 1 Complementary output Polarity */

#define  TIM_CCER_CC2E                       ((uint16_t)0x0010)            /*!<Capture/Compare 2 output enable */

#define  TIM_CCER_CC2P                       ((uint16_t)0x0020)            /*!<Capture/Compare 2 output Polarity */

#define  TIM_CCER_CC2NE                      ((uint16_t)0x0040)            /*!<Capture/Compare 2 Complementary output enable */

#define  TIM_CCER_CC2NP                      ((uint16_t)0x0080)            /*!<Capture/Compare 2 Complementary output Polarity */

#define  TIM_CCER_CC3E                       ((uint16_t)0x0100)            /*!<Capture/Compare 3 output enable */

#define  TIM_CCER_CC3P                       ((uint16_t)0x0200)            /*!<Capture/Compare 3 output Polarity */

#define  TIM_CCER_CC3NE                      ((uint16_t)0x0400)            /*!<Capture/Compare 3 Complementary output enable */

#define  TIM_CCER_CC3NP                      ((uint16_t)0x0800)            /*!<Capture/Compare 3 Complementary output Polarity */

#define  TIM_CCER_CC4E                       ((uint16_t)0x1000)            /*!<Capture/Compare 4 output enable */

#define  TIM_CCER_CC4P                       ((uint16_t)0x2000)            /*!<Capture/Compare 4 output Polarity */

#define  TIM_CCER_CC4NP                      ((uint16_t)0x8000)            /*!<Capture/Compare 4 Complementary output Polarity */



/*******************  Bit definition for TIM_CNT register  ********************/

#define  TIM_CNT_CNT                         ((uint16_t)0xFFFF)            /*!<Counter Value */



/*******************  Bit definition for TIM_PSC register  ********************/

#define  TIM_PSC_PSC                         ((uint16_t)0xFFFF)            /*!<Prescaler Value */



/*******************  Bit definition for TIM_ARR register  ********************/

#define  TIM_ARR_ARR                         ((uint16_t)0xFFFF)            /*!<actual auto-reload Value */



/*******************  Bit definition for TIM_RCR register  ********************/

#define  TIM_RCR_REP                         ((uint8_t)0xFF)               /*!<Repetition Counter Value */



/*******************  Bit definition for TIM_CCR1 register  *******************/

#define  TIM_CCR1_CCR1                       ((uint16_t)0xFFFF)            /*!<Capture/Compare 1 Value */



/*******************  Bit definition for TIM_CCR2 register  *******************/

#define  TIM_CCR2_CCR2                       ((uint16_t)0xFFFF)            /*!<Capture/Compare 2 Value */



/*******************  Bit definition for TIM_CCR3 register  *******************/

#define  TIM_CCR3_CCR3                       ((uint16_t)0xFFFF)            /*!<Capture/Compare 3 Value */



/*******************  Bit definition for TIM_CCR4 register  *******************/

#define  TIM_CCR4_CCR4                       ((uint16_t)0xFFFF)            /*!<Capture/Compare 4 Value */



/*******************  Bit definition for TIM_BDTR register  *******************/

#define  TIM_BDTR_DTG                        ((uint16_t)0x00FF)            /*!<DTG[0:7] bits (Dead-Time Generator set-up) */

#define  TIM_BDTR_DTG_0                      ((uint16_t)0x0001)            /*!<Bit 0 */

#define  TIM_BDTR_DTG_1                      ((uint16_t)0x0002)            /*!<Bit 1 */

#define  TIM_BDTR_DTG_2                      ((uint16_t)0x0004)            /*!<Bit 2 */

#define  TIM_BDTR_DTG_3                      ((uint16_t)0x0008)            /*!<Bit 3 */

#define  TIM_BDTR_DTG_4                      ((uint16_t)0x0010)            /*!<Bit 4 */

#define  TIM_BDTR_DTG_5                      ((uint16_t)0x0020)            /*!<Bit 5 */

#define  TIM_BDTR_DTG_6                      ((uint16_t)0x0040)            /*!<Bit 6 */

#define  TIM_BDTR_DTG_7                      ((uint16_t)0x0080)            /*!<Bit 7 */



#define  TIM_BDTR_LOCK                       ((uint16_t)0x0300)            /*!<LOCK[1:0] bits (Lock Configuration) */

#define  TIM_BDTR_LOCK_0                     ((uint16_t)0x0100)            /*!<Bit 0 */

#define  TIM_BDTR_LOCK_1                     ((uint16_t)0x0200)            /*!<Bit 1 */



#define  TIM_BDTR_OSSI                       ((uint16_t)0x0400)            /*!<Off-State Selection for Idle mode */

#define  TIM_BDTR_OSSR                       ((uint16_t)0x0800)            /*!<Off-State Selection for Run mode */

#define  TIM_BDTR_BKE                        ((uint16_t)0x1000)            /*!<Break enable */

#define  TIM_BDTR_BKP                        ((uint16_t)0x2000)            /*!<Break Polarity */

#define  TIM_BDTR_AOE                        ((uint16_t)0x4000)            /*!<Automatic Output enable */

#define  TIM_BDTR_MOE                        ((uint16_t)0x8000)            /*!<Main Output enable */



/*******************  Bit definition for TIM_DCR register  ********************/

#define  TIM_DCR_DBA                         ((uint16_t)0x001F)            /*!<DBA[4:0] bits (DMA Base Address) */

#define  TIM_DCR_DBA_0                       ((uint16_t)0x0001)            /*!<Bit 0 */

#define  TIM_DCR_DBA_1                       ((uint16_t)0x0002)            /*!<Bit 1 */

#define  TIM_DCR_DBA_2                       ((uint16_t)0x0004)            /*!<Bit 2 */

#define  TIM_DCR_DBA_3                       ((uint16_t)0x0008)            /*!<Bit 3 */

#define  TIM_DCR_DBA_4                       ((uint16_t)0x0010)            /*!<Bit 4 */



#define  TIM_DCR_DBL                         ((uint16_t)0x1F00)            /*!<DBL[4:0] bits (DMA Burst Length) */

#define  TIM_DCR_DBL_0                       ((uint16_t)0x0100)            /*!<Bit 0 */

#define  TIM_DCR_DBL_1                       ((uint16_t)0x0200)            /*!<Bit 1 */

#define  TIM_DCR_DBL_2                       ((uint16_t)0x0400)            /*!<Bit 2 */

#define  TIM_DCR_DBL_3                       ((uint16_t)0x0800)            /*!<Bit 3 */

#define  TIM_DCR_DBL_4                       ((uint16_t)0x1000)            /*!<Bit 4 */



/*******************  Bit definition for TIM_DMAR register  *******************/

#define  TIM_DMAR_DMAB                       ((uint16_t)0xFFFF)            /*!<DMA register for burst accesses */



/*******************  Bit definition for TIM_OR register  *********************/

#define TIM_OR_TI4_RMP                       ((uint16_t)0x00C0)            /*!<TI4_RMP[1:0] bits (TIM5 Input 4 remap) */

#define TIM_OR_TI4_RMP_0                     ((uint16_t)0x0040)            /*!<Bit 0 */

#define TIM_OR_TI4_RMP_1                     ((uint16_t)0x0080)            /*!<Bit 1 */

#define TIM_OR_ITR1_RMP                      ((uint16_t)0x0C00)            /*!<ITR1_RMP[1:0] bits (TIM2 Internal trigger 1 remap) */

#define TIM_OR_ITR1_RMP_0                    ((uint16_t)0x0400)            /*!<Bit 0 */

#define TIM_OR_ITR1_RMP_1                    ((uint16_t)0x0800)            /*!<Bit 1 */





/******************************************************************************/

/*                                                                            */

/*         Universal Synchronous Asynchronous Receiver Transmitter            */

/*                                                                            */

/******************************************************************************/

/*******************  Bit definition for USART_SR register  *******************/

#define  USART_SR_PE                         ((uint16_t)0x0001)            /*!<Parity Error */

#define  USART_SR_FE                         ((uint16_t)0x0002)            /*!<Framing Error */

#define  USART_SR_NE                         ((uint16_t)0x0004)            /*!<Noise Error Flag */

#define  USART_SR_ORE                        ((uint16_t)0x0008)            /*!<OverRun Error */

#define  USART_SR_IDLE                       ((uint16_t)0x0010)            /*!<IDLE line detected */

#define  USART_SR_RXNE                       ((uint16_t)0x0020)            /*!<Read Data Register Not Empty */

#define  USART_SR_TC                         ((uint16_t)0x0040)            /*!<Transmission Complete */

#define  USART_SR_TXE                        ((uint16_t)0x0080)            /*!<Transmit Data Register Empty */

#define  USART_SR_LBD                        ((uint16_t)0x0100)            /*!<LIN Break Detection Flag */

#define  USART_SR_CTS                        ((uint16_t)0x0200)            /*!<CTS Flag */



/*******************  Bit definition for USART_DR register  *******************/

#define  USART_DR_DR                         ((uint16_t)0x01FF)            /*!<Data value */



/******************  Bit definition for USART_BRR register  *******************/

#define  USART_BRR_DIV_Fraction              ((uint16_t)0x000F)            /*!<Fraction of USARTDIV */

#define  USART_BRR_DIV_Mantissa              ((uint16_t)0xFFF0)            /*!<Mantissa of USARTDIV */



/******************  Bit definition for USART_CR1 register  *******************/

#define  USART_CR1_SBK                       ((uint16_t)0x0001)            /*!<Send Break */

#define  USART_CR1_RWU                       ((uint16_t)0x0002)            /*!<Receiver wakeup */

#define  USART_CR1_RE                        ((uint16_t)0x0004)            /*!<Receiver Enable */

#define  USART_CR1_TE                        ((uint16_t)0x0008)            /*!<Transmitter Enable */

#define  USART_CR1_IDLEIE                    ((uint16_t)0x0010)            /*!<IDLE Interrupt Enable */

#define  USART_CR1_RXNEIE                    ((uint16_t)0x0020)            /*!<RXNE Interrupt Enable */

#define  USART_CR1_TCIE                      ((uint16_t)0x0040)            /*!<Transmission Complete Interrupt Enable */

#define  USART_CR1_TXEIE                     ((uint16_t)0x0080)            /*!<PE Interrupt Enable */

#define  USART_CR1_PEIE                      ((uint16_t)0x0100)            /*!<PE Interrupt Enable */

#define  USART_CR1_PS                        ((uint16_t)0x0200)            /*!<Parity Selection */

#define  USART_CR1_PCE                       ((uint16_t)0x0400)            /*!<Parity Control Enable */

#define  USART_CR1_WAKE                      ((uint16_t)0x0800)            /*!<Wakeup method */

#define  USART_CR1_M                         ((uint16_t)0x1000)            /*!<Word length */

#define  USART_CR1_UE                        ((uint16_t)0x2000)            /*!<USART Enable */

#define  USART_CR1_OVER8                     ((uint16_t)0x8000)            /*!<USART Oversampling by 8 enable */



/******************  Bit definition for USART_CR2 register  *******************/

#define  USART_CR2_ADD                       ((uint16_t)0x000F)            /*!<Address of the USART node */

#define  USART_CR2_LBDL                      ((uint16_t)0x0020)            /*!<LIN Break Detection Length */

#define  USART_CR2_LBDIE                     ((uint16_t)0x0040)            /*!<LIN Break Detection Interrupt Enable */

#define  USART_CR2_LBCL                      ((uint16_t)0x0100)            /*!<Last Bit Clock pulse */

#define  USART_CR2_CPHA                      ((uint16_t)0x0200)            /*!<Clock Phase */

#define  USART_CR2_CPOL                      ((uint16_t)0x0400)            /*!<Clock Polarity */

#define  USART_CR2_CLKEN                     ((uint16_t)0x0800)            /*!<Clock Enable */



#define  USART_CR2_STOP                      ((uint16_t)0x3000)            /*!<STOP[1:0] bits (STOP bits) */

#define  USART_CR2_STOP_0                    ((uint16_t)0x1000)            /*!<Bit 0 */

#define  USART_CR2_STOP_1                    ((uint16_t)0x2000)            /*!<Bit 1 */



#define  USART_CR2_LINEN                     ((uint16_t)0x4000)            /*!<LIN mode enable */



/******************  Bit definition for USART_CR3 register  *******************/

#define  USART_CR3_EIE                       ((uint16_t)0x0001)            /*!<Error Interrupt Enable */

#define  USART_CR3_IREN                      ((uint16_t)0x0002)            /*!<IrDA mode Enable */

#define  USART_CR3_IRLP                      ((uint16_t)0x0004)            /*!<IrDA Low-Power */

#define  USART_CR3_HDSEL                     ((uint16_t)0x0008)            /*!<Half-Duplex Selection */

#define  USART_CR3_NACK                      ((uint16_t)0x0010)            /*!<Smartcard NACK enable */

#define  USART_CR3_SCEN                      ((uint16_t)0x0020)            /*!<Smartcard mode enable */

#define  USART_CR3_DMAR                      ((uint16_t)0x0040)            /*!<DMA Enable Receiver */

#define  USART_CR3_DMAT                      ((uint16_t)0x0080)            /*!<DMA Enable Transmitter */

#define  USART_CR3_RTSE                      ((uint16_t)0x0100)            /*!<RTS Enable */

#define  USART_CR3_CTSE                      ((uint16_t)0x0200)            /*!<CTS Enable */

#define  USART_CR3_CTSIE                     ((uint16_t)0x0400)            /*!<CTS Interrupt Enable */

#define  USART_CR3_ONEBIT                    ((uint16_t)0x0800)            /*!<USART One bit method enable */



/******************  Bit definition for USART_GTPR register  ******************/

#define  USART_GTPR_PSC                      ((uint16_t)0x00FF)            /*!<PSC[7:0] bits (Prescaler value) */

#define  USART_GTPR_PSC_0                    ((uint16_t)0x0001)            /*!<Bit 0 */

#define  USART_GTPR_PSC_1                    ((uint16_t)0x0002)            /*!<Bit 1 */

#define  USART_GTPR_PSC_2                    ((uint16_t)0x0004)            /*!<Bit 2 */

#define  USART_GTPR_PSC_3                    ((uint16_t)0x0008)            /*!<Bit 3 */

#define  USART_GTPR_PSC_4                    ((uint16_t)0x0010)            /*!<Bit 4 */

#define  USART_GTPR_PSC_5                    ((uint16_t)0x0020)            /*!<Bit 5 */

#define  USART_GTPR_PSC_6                    ((uint16_t)0x0040)            /*!<Bit 6 */

#define  USART_GTPR_PSC_7                    ((uint16_t)0x0080)            /*!<Bit 7 */



#define  USART_GTPR_GT                       ((uint16_t)0xFF00)            /*!<Guard time value */



/******************************************************************************/

/*                                                                            */

/*                            Window WATCHDOG                                 */

/*                                                                            */

/******************************************************************************/

/*******************  Bit definition for WWDG_CR register  ********************/

#define  WWDG_CR_T                           ((uint8_t)0x7F)               /*!<T[6:0] bits (7-Bit counter (MSB to LSB)) */

#define  WWDG_CR_T0                          ((uint8_t)0x01)               /*!<Bit 0 */

#define  WWDG_CR_T1                          ((uint8_t)0x02)               /*!<Bit 1 */

#define  WWDG_CR_T2                          ((uint8_t)0x04)               /*!<Bit 2 */

#define  WWDG_CR_T3                          ((uint8_t)0x08)               /*!<Bit 3 */

#define  WWDG_CR_T4                          ((uint8_t)0x10)               /*!<Bit 4 */

#define  WWDG_CR_T5                          ((uint8_t)0x20)               /*!<Bit 5 */

#define  WWDG_CR_T6                          ((uint8_t)0x40)               /*!<Bit 6 */



#define  WWDG_CR_WDGA                        ((uint8_t)0x80)               /*!<Activation bit */



/*******************  Bit definition for WWDG_CFR register  *******************/

#define  WWDG_CFR_W                          ((uint16_t)0x007F)            /*!<W[6:0] bits (7-bit window value) */

#define  WWDG_CFR_W0                         ((uint16_t)0x0001)            /*!<Bit 0 */

#define  WWDG_CFR_W1                         ((uint16_t)0x0002)            /*!<Bit 1 */

#define  WWDG_CFR_W2                         ((uint16_t)0x0004)            /*!<Bit 2 */

#define  WWDG_CFR_W3                         ((uint16_t)0x0008)            /*!<Bit 3 */

#define  WWDG_CFR_W4                         ((uint16_t)0x0010)            /*!<Bit 4 */

#define  WWDG_CFR_W5                         ((uint16_t)0x0020)            /*!<Bit 5 */

#define  WWDG_CFR_W6                         ((uint16_t)0x0040)            /*!<Bit 6 */



#define  WWDG_CFR_WDGTB                      ((uint16_t)0x0180)            /*!<WDGTB[1:0] bits (Timer Base) */

#define  WWDG_CFR_WDGTB0                     ((uint16_t)0x0080)            /*!<Bit 0 */

#define  WWDG_CFR_WDGTB1                     ((uint16_t)0x0100)            /*!<Bit 1 */



#define  WWDG_CFR_EWI                        ((uint16_t)0x0200)            /*!<Early Wakeup Interrupt */



/*******************  Bit definition for WWDG_SR register  ********************/

#define  WWDG_SR_EWIF                        ((uint8_t)0x01)               /*!<Early Wakeup Interrupt Flag */





/******************************************************************************/

/*                                                                            */

/*                                DBG                                         */

/*                                                                            */

/******************************************************************************/

/********************  Bit definition for DBGMCU_IDCODE register  *************/

#define  DBGMCU_IDCODE_DEV_ID                ((uint32_t)0x00000FFF)

#define  DBGMCU_IDCODE_REV_ID                ((uint32_t)0xFFFF0000)



/********************  Bit definition for DBGMCU_CR register  *****************/

#define  DBGMCU_CR_DBG_SLEEP                 ((uint32_t)0x00000001)

#define  DBGMCU_CR_DBG_STOP                  ((uint32_t)0x00000002)

#define  DBGMCU_CR_DBG_STANDBY               ((uint32_t)0x00000004)

#define  DBGMCU_CR_TRACE_IOEN                ((uint32_t)0x00000020)



#define  DBGMCU_CR_TRACE_MODE                ((uint32_t)0x000000C0)

#define  DBGMCU_CR_TRACE_MODE_0              ((uint32_t)0x00000040)/*!<Bit 0 */

#define  DBGMCU_CR_TRACE_MODE_1              ((uint32_t)0x00000080)/*!<Bit 1 */



/********************  Bit definition for DBGMCU_APB1_FZ register  ************/

#define  DBGMCU_APB1_FZ_DBG_TIM2_STOP            ((uint32_t)0x00000001)

#define  DBGMCU_APB1_FZ_DBG_TIM3_STOP            ((uint32_t)0x00000002)

#define  DBGMCU_APB1_FZ_DBG_TIM4_STOP            ((uint32_t)0x00000004)

#define  DBGMCU_APB1_FZ_DBG_TIM5_STOP            ((uint32_t)0x00000008)

#define  DBGMCU_APB1_FZ_DBG_TIM6_STOP            ((uint32_t)0x00000010)

#define  DBGMCU_APB1_FZ_DBG_TIM7_STOP            ((uint32_t)0x00000020)

#define  DBGMCU_APB1_FZ_DBG_TIM12_STOP           ((uint32_t)0x00000040)

#define  DBGMCU_APB1_FZ_DBG_TIM13_STOP           ((uint32_t)0x00000080)

#define  DBGMCU_APB1_FZ_DBG_TIM14_STOP           ((uint32_t)0x00000100)

#define  DBGMCU_APB1_FZ_DBG_RTC_STOP             ((uint32_t)0x00000400)

#define  DBGMCU_APB1_FZ_DBG_WWDG_STOP            ((uint32_t)0x00000800)

#define  DBGMCU_APB1_FZ_DBG_IWDG_STOP            ((uint32_t)0x00001000)

#define  DBGMCU_APB1_FZ_DBG_I2C1_SMBUS_TIMEOUT   ((uint32_t)0x00200000)

#define  DBGMCU_APB1_FZ_DBG_I2C2_SMBUS_TIMEOUT   ((uint32_t)0x00400000)

#define  DBGMCU_APB1_FZ_DBG_I2C3_SMBUS_TIMEOUT   ((uint32_t)0x00800000)

#define  DBGMCU_APB1_FZ_DBG_CAN1_STOP            ((uint32_t)0x02000000)

#define  DBGMCU_APB1_FZ_DBG_CAN2_STOP            ((uint32_t)0x04000000)

/* Old IWDGSTOP bit definition, maintained for legacy purpose */

#define  DBGMCU_APB1_FZ_DBG_IWDEG_STOP           DBGMCU_APB1_FZ_DBG_IWDG_STOP



/********************  Bit definition for DBGMCU_APB2_FZ register  ************/

#define  DBGMCU_APB1_FZ_DBG_TIM1_STOP        ((uint32_t)0x00000001)

#define  DBGMCU_APB1_FZ_DBG_TIM8_STOP        ((uint32_t)0x00000002)

#define  DBGMCU_APB1_FZ_DBG_TIM9_STOP        ((uint32_t)0x00010000)

#define  DBGMCU_APB1_FZ_DBG_TIM10_STOP       ((uint32_t)0x00020000)

#define  DBGMCU_APB1_FZ_DBG_TIM11_STOP       ((uint32_t)0x00040000)



/******************************************************************************/

/*                                                                            */

/*                Ethernet MAC Registers bits definitions                     */

/*                                                                            */

/******************************************************************************/

/* Bit definition for Ethernet MAC Control Register register */

#define ETH_MACCR_WD      ((uint32_t)0x00800000)  /* Watchdog disable */

#define ETH_MACCR_JD      ((uint32_t)0x00400000)  /* Jabber disable */

#define ETH_MACCR_IFG     ((uint32_t)0x000E0000)  /* Inter-frame gap */

#define ETH_MACCR_IFG_96Bit     ((uint32_t)0x00000000)  /* Minimum IFG between frames during transmission is 96Bit */

  #define ETH_MACCR_IFG_88Bit     ((uint32_t)0x00020000)  /* Minimum IFG between frames during transmission is 88Bit */

  #define ETH_MACCR_IFG_80Bit     ((uint32_t)0x00040000)  /* Minimum IFG between frames during transmission is 80Bit */

  #define ETH_MACCR_IFG_72Bit     ((uint32_t)0x00060000)  /* Minimum IFG between frames during transmission is 72Bit */

  #define ETH_MACCR_IFG_64Bit     ((uint32_t)0x00080000)  /* Minimum IFG between frames during transmission is 64Bit */        

  #define ETH_MACCR_IFG_56Bit     ((uint32_t)0x000A0000)  /* Minimum IFG between frames during transmission is 56Bit */

  #define ETH_MACCR_IFG_48Bit     ((uint32_t)0x000C0000)  /* Minimum IFG between frames during transmission is 48Bit */

  #define ETH_MACCR_IFG_40Bit     ((uint32_t)0x000E0000)  /* Minimum IFG between frames during transmission is 40Bit */              

#define ETH_MACCR_CSD     ((uint32_t)0x00010000)  /* Carrier sense disable (during transmission) */

#define ETH_MACCR_FES     ((uint32_t)0x00004000)  /* Fast ethernet speed */

#define ETH_MACCR_ROD     ((uint32_t)0x00002000)  /* Receive own disable */

#define ETH_MACCR_LM      ((uint32_t)0x00001000)  /* loopback mode */

#define ETH_MACCR_DM      ((uint32_t)0x00000800)  /* Duplex mode */

#define ETH_MACCR_IPCO    ((uint32_t)0x00000400)  /* IP Checksum offload */

#define ETH_MACCR_RD      ((uint32_t)0x00000200)  /* Retry disable */

#define ETH_MACCR_APCS    ((uint32_t)0x00000080)  /* Automatic Pad/CRC stripping */

#define ETH_MACCR_BL      ((uint32_t)0x00000060)  /* Back-off limit: random integer number (r) of slot time delays before rescheduling

                                                       a transmission attempt during retries after a collision: 0 =< r <2^k */

  #define ETH_MACCR_BL_10    ((uint32_t)0x00000000)  /* k = min (n, 10) */

  #define ETH_MACCR_BL_8     ((uint32_t)0x00000020)  /* k = min (n, 8) */

  #define ETH_MACCR_BL_4     ((uint32_t)0x00000040)  /* k = min (n, 4) */

  #define ETH_MACCR_BL_1     ((uint32_t)0x00000060)  /* k = min (n, 1) */ 

#define ETH_MACCR_DC      ((uint32_t)0x00000010)  /* Defferal check */

#define ETH_MACCR_TE      ((uint32_t)0x00000008)  /* Transmitter enable */

#define ETH_MACCR_RE      ((uint32_t)0x00000004)  /* Receiver enable */



/* Bit definition for Ethernet MAC Frame Filter Register */

#define ETH_MACFFR_RA     ((uint32_t)0x80000000)  /* Receive all */ 

#define ETH_MACFFR_HPF    ((uint32_t)0x00000400)  /* Hash or perfect filter */ 

#define ETH_MACFFR_SAF    ((uint32_t)0x00000200)  /* Source address filter enable */ 

#define ETH_MACFFR_SAIF   ((uint32_t)0x00000100)  /* SA inverse filtering */ 

#define ETH_MACFFR_PCF    ((uint32_t)0x000000C0)  /* Pass control frames: 3 cases */

  #define ETH_MACFFR_PCF_BlockAll                ((uint32_t)0x00000040)  /* MAC filters all control frames from reaching the application */

  #define ETH_MACFFR_PCF_ForwardAll              ((uint32_t)0x00000080)  /* MAC forwards all control frames to application even if they fail the Address Filter */

  #define ETH_MACFFR_PCF_ForwardPassedAddrFilter ((uint32_t)0x000000C0)  /* MAC forwards control frames that pass the Address Filter. */ 

#define ETH_MACFFR_BFD    ((uint32_t)0x00000020)  /* Broadcast frame disable */ 

#define ETH_MACFFR_PAM    ((uint32_t)0x00000010)  /* Pass all mutlicast */ 

#define ETH_MACFFR_DAIF   ((uint32_t)0x00000008)  /* DA Inverse filtering */ 

#define ETH_MACFFR_HM     ((uint32_t)0x00000004)  /* Hash multicast */ 

#define ETH_MACFFR_HU     ((uint32_t)0x00000002)  /* Hash unicast */

#define ETH_MACFFR_PM     ((uint32_t)0x00000001)  /* Promiscuous mode */



/* Bit definition for Ethernet MAC Hash Table High Register */

#define ETH_MACHTHR_HTH   ((uint32_t)0xFFFFFFFF)  /* Hash table high */



/* Bit definition for Ethernet MAC Hash Table Low Register */

#define ETH_MACHTLR_HTL   ((uint32_t)0xFFFFFFFF)  /* Hash table low */



/* Bit definition for Ethernet MAC MII Address Register */

#define ETH_MACMIIAR_PA   ((uint32_t)0x0000F800)  /* Physical layer address */ 

#define ETH_MACMIIAR_MR   ((uint32_t)0x000007C0)  /* MII register in the selected PHY */ 

#define ETH_MACMIIAR_CR   ((uint32_t)0x0000001C)  /* CR clock range: 6 cases */ 

  #define ETH_MACMIIAR_CR_Div42   ((uint32_t)0x00000000)  /* HCLK:60-100 MHz; MDC clock= HCLK/42 */

  #define ETH_MACMIIAR_CR_Div62   ((uint32_t)0x00000004)  /* HCLK:100-150 MHz; MDC clock= HCLK/62 */

  #define ETH_MACMIIAR_CR_Div16   ((uint32_t)0x00000008)  /* HCLK:20-35 MHz; MDC clock= HCLK/16 */

  #define ETH_MACMIIAR_CR_Div26   ((uint32_t)0x0000000C)  /* HCLK:35-60 MHz; MDC clock= HCLK/26 */

  #define ETH_MACMIIAR_CR_Div102  ((uint32_t)0x00000010)  /* HCLK:150-168 MHz; MDC clock= HCLK/102 */  

#define ETH_MACMIIAR_MW   ((uint32_t)0x00000002)  /* MII write */ 

#define ETH_MACMIIAR_MB   ((uint32_t)0x00000001)  /* MII busy */ 

  

/* Bit definition for Ethernet MAC MII Data Register */

#define ETH_MACMIIDR_MD   ((uint32_t)0x0000FFFF)  /* MII data: read/write data from/to PHY */



/* Bit definition for Ethernet MAC Flow Control Register */

#define ETH_MACFCR_PT     ((uint32_t)0xFFFF0000)  /* Pause time */

#define ETH_MACFCR_ZQPD   ((uint32_t)0x00000080)  /* Zero-quanta pause disable */

#define ETH_MACFCR_PLT    ((uint32_t)0x00000030)  /* Pause low threshold: 4 cases */

  #define ETH_MACFCR_PLT_Minus4   ((uint32_t)0x00000000)  /* Pause time minus 4 slot times */

  #define ETH_MACFCR_PLT_Minus28  ((uint32_t)0x00000010)  /* Pause time minus 28 slot times */

  #define ETH_MACFCR_PLT_Minus144 ((uint32_t)0x00000020)  /* Pause time minus 144 slot times */

  #define ETH_MACFCR_PLT_Minus256 ((uint32_t)0x00000030)  /* Pause time minus 256 slot times */      

#define ETH_MACFCR_UPFD   ((uint32_t)0x00000008)  /* Unicast pause frame detect */

#define ETH_MACFCR_RFCE   ((uint32_t)0x00000004)  /* Receive flow control enable */

#define ETH_MACFCR_TFCE   ((uint32_t)0x00000002)  /* Transmit flow control enable */

#define ETH_MACFCR_FCBBPA ((uint32_t)0x00000001)  /* Flow control busy/backpressure activate */



/* Bit definition for Ethernet MAC VLAN Tag Register */

#define ETH_MACVLANTR_VLANTC ((uint32_t)0x00010000)  /* 12-bit VLAN tag comparison */

#define ETH_MACVLANTR_VLANTI ((uint32_t)0x0000FFFF)  /* VLAN tag identifier (for receive frames) */



/* Bit definition for Ethernet MAC Remote Wake-UpFrame Filter Register */ 

#define ETH_MACRWUFFR_D   ((uint32_t)0xFFFFFFFF)  /* Wake-up frame filter register data */

/* Eight sequential Writes to this address (offset 0x28) will write all Wake-UpFrame Filter Registers.

   Eight sequential Reads from this address (offset 0x28) will read all Wake-UpFrame Filter Registers. */

/* Wake-UpFrame Filter Reg0 : Filter 0 Byte Mask

   Wake-UpFrame Filter Reg1 : Filter 1 Byte Mask

   Wake-UpFrame Filter Reg2 : Filter 2 Byte Mask

   Wake-UpFrame Filter Reg3 : Filter 3 Byte Mask

   Wake-UpFrame Filter Reg4 : RSVD - Filter3 Command - RSVD - Filter2 Command - 

                              RSVD - Filter1 Command - RSVD - Filter0 Command

   Wake-UpFrame Filter Re5 : Filter3 Offset - Filter2 Offset - Filter1 Offset - Filter0 Offset

   Wake-UpFrame Filter Re6 : Filter1 CRC16 - Filter0 CRC16

   Wake-UpFrame Filter Re7 : Filter3 CRC16 - Filter2 CRC16 */



/* Bit definition for Ethernet MAC PMT Control and Status Register */ 

#define ETH_MACPMTCSR_WFFRPR ((uint32_t)0x80000000)  /* Wake-Up Frame Filter Register Pointer Reset */

#define ETH_MACPMTCSR_GU     ((uint32_t)0x00000200)  /* Global Unicast */

#define ETH_MACPMTCSR_WFR    ((uint32_t)0x00000040)  /* Wake-Up Frame Received */

#define ETH_MACPMTCSR_MPR    ((uint32_t)0x00000020)  /* Magic Packet Received */

#define ETH_MACPMTCSR_WFE    ((uint32_t)0x00000004)  /* Wake-Up Frame Enable */

#define ETH_MACPMTCSR_MPE    ((uint32_t)0x00000002)  /* Magic Packet Enable */

#define ETH_MACPMTCSR_PD     ((uint32_t)0x00000001)  /* Power Down */



/* Bit definition for Ethernet MAC Status Register */

#define ETH_MACSR_TSTS      ((uint32_t)0x00000200)  /* Time stamp trigger status */

#define ETH_MACSR_MMCTS     ((uint32_t)0x00000040)  /* MMC transmit status */

#define ETH_MACSR_MMMCRS    ((uint32_t)0x00000020)  /* MMC receive status */

#define ETH_MACSR_MMCS      ((uint32_t)0x00000010)  /* MMC status */

#define ETH_MACSR_PMTS      ((uint32_t)0x00000008)  /* PMT status */



/* Bit definition for Ethernet MAC Interrupt Mask Register */

#define ETH_MACIMR_TSTIM     ((uint32_t)0x00000200)  /* Time stamp trigger interrupt mask */

#define ETH_MACIMR_PMTIM     ((uint32_t)0x00000008)  /* PMT interrupt mask */



/* Bit definition for Ethernet MAC Address0 High Register */

#define ETH_MACA0HR_MACA0H   ((uint32_t)0x0000FFFF)  /* MAC address0 high */



/* Bit definition for Ethernet MAC Address0 Low Register */

#define ETH_MACA0LR_MACA0L   ((uint32_t)0xFFFFFFFF)  /* MAC address0 low */



/* Bit definition for Ethernet MAC Address1 High Register */

#define ETH_MACA1HR_AE       ((uint32_t)0x80000000)  /* Address enable */

#define ETH_MACA1HR_SA       ((uint32_t)0x40000000)  /* Source address */

#define ETH_MACA1HR_MBC      ((uint32_t)0x3F000000)  /* Mask byte control: bits to mask for comparison of the MAC Address bytes */

  #define ETH_MACA1HR_MBC_HBits15_8    ((uint32_t)0x20000000)  /* Mask MAC Address high reg bits [15:8] */

  #define ETH_MACA1HR_MBC_HBits7_0     ((uint32_t)0x10000000)  /* Mask MAC Address high reg bits [7:0] */

  #define ETH_MACA1HR_MBC_LBits31_24   ((uint32_t)0x08000000)  /* Mask MAC Address low reg bits [31:24] */

  #define ETH_MACA1HR_MBC_LBits23_16   ((uint32_t)0x04000000)  /* Mask MAC Address low reg bits [23:16] */

  #define ETH_MACA1HR_MBC_LBits15_8    ((uint32_t)0x02000000)  /* Mask MAC Address low reg bits [15:8] */

  #define ETH_MACA1HR_MBC_LBits7_0     ((uint32_t)0x01000000)  /* Mask MAC Address low reg bits [7:0] */ 

#define ETH_MACA1HR_MACA1H   ((uint32_t)0x0000FFFF)  /* MAC address1 high */



/* Bit definition for Ethernet MAC Address1 Low Register */

#define ETH_MACA1LR_MACA1L   ((uint32_t)0xFFFFFFFF)  /* MAC address1 low */



/* Bit definition for Ethernet MAC Address2 High Register */

#define ETH_MACA2HR_AE       ((uint32_t)0x80000000)  /* Address enable */

#define ETH_MACA2HR_SA       ((uint32_t)0x40000000)  /* Source address */

#define ETH_MACA2HR_MBC      ((uint32_t)0x3F000000)  /* Mask byte control */

  #define ETH_MACA2HR_MBC_HBits15_8    ((uint32_t)0x20000000)  /* Mask MAC Address high reg bits [15:8] */

  #define ETH_MACA2HR_MBC_HBits7_0     ((uint32_t)0x10000000)  /* Mask MAC Address high reg bits [7:0] */

  #define ETH_MACA2HR_MBC_LBits31_24   ((uint32_t)0x08000000)  /* Mask MAC Address low reg bits [31:24] */

  #define ETH_MACA2HR_MBC_LBits23_16   ((uint32_t)0x04000000)  /* Mask MAC Address low reg bits [23:16] */

  #define ETH_MACA2HR_MBC_LBits15_8    ((uint32_t)0x02000000)  /* Mask MAC Address low reg bits [15:8] */

  #define ETH_MACA2HR_MBC_LBits7_0     ((uint32_t)0x01000000)  /* Mask MAC Address low reg bits [70] */

#define ETH_MACA2HR_MACA2H   ((uint32_t)0x0000FFFF)  /* MAC address1 high */



/* Bit definition for Ethernet MAC Address2 Low Register */

#define ETH_MACA2LR_MACA2L   ((uint32_t)0xFFFFFFFF)  /* MAC address2 low */



/* Bit definition for Ethernet MAC Address3 High Register */

#define ETH_MACA3HR_AE       ((uint32_t)0x80000000)  /* Address enable */

#define ETH_MACA3HR_SA       ((uint32_t)0x40000000)  /* Source address */

#define ETH_MACA3HR_MBC      ((uint32_t)0x3F000000)  /* Mask byte control */

  #define ETH_MACA3HR_MBC_HBits15_8    ((uint32_t)0x20000000)  /* Mask MAC Address high reg bits [15:8] */

  #define ETH_MACA3HR_MBC_HBits7_0     ((uint32_t)0x10000000)  /* Mask MAC Address high reg bits [7:0] */

  #define ETH_MACA3HR_MBC_LBits31_24   ((uint32_t)0x08000000)  /* Mask MAC Address low reg bits [31:24] */

  #define ETH_MACA3HR_MBC_LBits23_16   ((uint32_t)0x04000000)  /* Mask MAC Address low reg bits [23:16] */

  #define ETH_MACA3HR_MBC_LBits15_8    ((uint32_t)0x02000000)  /* Mask MAC Address low reg bits [15:8] */

  #define ETH_MACA3HR_MBC_LBits7_0     ((uint32_t)0x01000000)  /* Mask MAC Address low reg bits [70] */

#define ETH_MACA3HR_MACA3H   ((uint32_t)0x0000FFFF)  /* MAC address3 high */



/* Bit definition for Ethernet MAC Address3 Low Register */

#define ETH_MACA3LR_MACA3L   ((uint32_t)0xFFFFFFFF)  /* MAC address3 low */



/******************************************************************************/

/*                Ethernet MMC Registers bits definition                      */

/******************************************************************************/



/* Bit definition for Ethernet MMC Contol Register */

#define ETH_MMCCR_MCFHP      ((uint32_t)0x00000020)  /* MMC counter Full-Half preset */

#define ETH_MMCCR_MCP        ((uint32_t)0x00000010)  /* MMC counter preset */

#define ETH_MMCCR_MCF        ((uint32_t)0x00000008)  /* MMC Counter Freeze */

#define ETH_MMCCR_ROR        ((uint32_t)0x00000004)  /* Reset on Read */

#define ETH_MMCCR_CSR        ((uint32_t)0x00000002)  /* Counter Stop Rollover */

#define ETH_MMCCR_CR         ((uint32_t)0x00000001)  /* Counters Reset */



/* Bit definition for Ethernet MMC Receive Interrupt Register */

#define ETH_MMCRIR_RGUFS     ((uint32_t)0x00020000)  /* Set when Rx good unicast frames counter reaches half the maximum value */

#define ETH_MMCRIR_RFAES     ((uint32_t)0x00000040)  /* Set when Rx alignment error counter reaches half the maximum value */

#define ETH_MMCRIR_RFCES     ((uint32_t)0x00000020)  /* Set when Rx crc error counter reaches half the maximum value */



/* Bit definition for Ethernet MMC Transmit Interrupt Register */

#define ETH_MMCTIR_TGFS      ((uint32_t)0x00200000)  /* Set when Tx good frame count counter reaches half the maximum value */

#define ETH_MMCTIR_TGFMSCS   ((uint32_t)0x00008000)  /* Set when Tx good multi col counter reaches half the maximum value */

#define ETH_MMCTIR_TGFSCS    ((uint32_t)0x00004000)  /* Set when Tx good single col counter reaches half the maximum value */



/* Bit definition for Ethernet MMC Receive Interrupt Mask Register */

#define ETH_MMCRIMR_RGUFM    ((uint32_t)0x00020000)  /* Mask the interrupt when Rx good unicast frames counter reaches half the maximum value */

#define ETH_MMCRIMR_RFAEM    ((uint32_t)0x00000040)  /* Mask the interrupt when when Rx alignment error counter reaches half the maximum value */

#define ETH_MMCRIMR_RFCEM    ((uint32_t)0x00000020)  /* Mask the interrupt when Rx crc error counter reaches half the maximum value */



/* Bit definition for Ethernet MMC Transmit Interrupt Mask Register */

#define ETH_MMCTIMR_TGFM     ((uint32_t)0x00200000)  /* Mask the interrupt when Tx good frame count counter reaches half the maximum value */

#define ETH_MMCTIMR_TGFMSCM  ((uint32_t)0x00008000)  /* Mask the interrupt when Tx good multi col counter reaches half the maximum value */

#define ETH_MMCTIMR_TGFSCM   ((uint32_t)0x00004000)  /* Mask the interrupt when Tx good single col counter reaches half the maximum value */



/* Bit definition for Ethernet MMC Transmitted Good Frames after Single Collision Counter Register */

#define ETH_MMCTGFSCCR_TGFSCC     ((uint32_t)0xFFFFFFFF)  /* Number of successfully transmitted frames after a single collision in Half-duplex mode. */



/* Bit definition for Ethernet MMC Transmitted Good Frames after More than a Single Collision Counter Register */

#define ETH_MMCTGFMSCCR_TGFMSCC   ((uint32_t)0xFFFFFFFF)  /* Number of successfully transmitted frames after more than a single collision in Half-duplex mode. */



/* Bit definition for Ethernet MMC Transmitted Good Frames Counter Register */

#define ETH_MMCTGFCR_TGFC    ((uint32_t)0xFFFFFFFF)  /* Number of good frames transmitted. */



/* Bit definition for Ethernet MMC Received Frames with CRC Error Counter Register */

#define ETH_MMCRFCECR_RFCEC  ((uint32_t)0xFFFFFFFF)  /* Number of frames received with CRC error. */



/* Bit definition for Ethernet MMC Received Frames with Alignement Error Counter Register */

#define ETH_MMCRFAECR_RFAEC  ((uint32_t)0xFFFFFFFF)  /* Number of frames received with alignment (dribble) error */



/* Bit definition for Ethernet MMC Received Good Unicast Frames Counter Register */

#define ETH_MMCRGUFCR_RGUFC  ((uint32_t)0xFFFFFFFF)  /* Number of good unicast frames received. */



/******************************************************************************/

/*               Ethernet PTP Registers bits definition                       */

/******************************************************************************/



/* Bit definition for Ethernet PTP Time Stamp Contol Register */

#define ETH_PTPTSCR_TSCNT       ((uint32_t)0x00030000)  /* Time stamp clock node type */

#define ETH_PTPTSSR_TSSMRME     ((uint32_t)0x00008000)  /* Time stamp snapshot for message relevant to master enable */

#define ETH_PTPTSSR_TSSEME      ((uint32_t)0x00004000)  /* Time stamp snapshot for event message enable */

#define ETH_PTPTSSR_TSSIPV4FE   ((uint32_t)0x00002000)  /* Time stamp snapshot for IPv4 frames enable */

#define ETH_PTPTSSR_TSSIPV6FE   ((uint32_t)0x00001000)  /* Time stamp snapshot for IPv6 frames enable */

#define ETH_PTPTSSR_TSSPTPOEFE  ((uint32_t)0x00000800)  /* Time stamp snapshot for PTP over ethernet frames enable */

#define ETH_PTPTSSR_TSPTPPSV2E  ((uint32_t)0x00000400)  /* Time stamp PTP packet snooping for version2 format enable */

#define ETH_PTPTSSR_TSSSR       ((uint32_t)0x00000200)  /* Time stamp Sub-seconds rollover */

#define ETH_PTPTSSR_TSSARFE     ((uint32_t)0x00000100)  /* Time stamp snapshot for all received frames enable */



#define ETH_PTPTSCR_TSARU    ((uint32_t)0x00000020)  /* Addend register update */

#define ETH_PTPTSCR_TSITE    ((uint32_t)0x00000010)  /* Time stamp interrupt trigger enable */

#define ETH_PTPTSCR_TSSTU    ((uint32_t)0x00000008)  /* Time stamp update */

#define ETH_PTPTSCR_TSSTI    ((uint32_t)0x00000004)  /* Time stamp initialize */

#define ETH_PTPTSCR_TSFCU    ((uint32_t)0x00000002)  /* Time stamp fine or coarse update */

#define ETH_PTPTSCR_TSE      ((uint32_t)0x00000001)  /* Time stamp enable */



/* Bit definition for Ethernet PTP Sub-Second Increment Register */

#define ETH_PTPSSIR_STSSI    ((uint32_t)0x000000FF)  /* System time Sub-second increment value */



/* Bit definition for Ethernet PTP Time Stamp High Register */

#define ETH_PTPTSHR_STS      ((uint32_t)0xFFFFFFFF)  /* System Time second */



/* Bit definition for Ethernet PTP Time Stamp Low Register */

#define ETH_PTPTSLR_STPNS    ((uint32_t)0x80000000)  /* System Time Positive or negative time */

#define ETH_PTPTSLR_STSS     ((uint32_t)0x7FFFFFFF)  /* System Time sub-seconds */



/* Bit definition for Ethernet PTP Time Stamp High Update Register */

#define ETH_PTPTSHUR_TSUS    ((uint32_t)0xFFFFFFFF)  /* Time stamp update seconds */



/* Bit definition for Ethernet PTP Time Stamp Low Update Register */

#define ETH_PTPTSLUR_TSUPNS  ((uint32_t)0x80000000)  /* Time stamp update Positive or negative time */

#define ETH_PTPTSLUR_TSUSS   ((uint32_t)0x7FFFFFFF)  /* Time stamp update sub-seconds */



/* Bit definition for Ethernet PTP Time Stamp Addend Register */

#define ETH_PTPTSAR_TSA      ((uint32_t)0xFFFFFFFF)  /* Time stamp addend */



/* Bit definition for Ethernet PTP Target Time High Register */

#define ETH_PTPTTHR_TTSH     ((uint32_t)0xFFFFFFFF)  /* Target time stamp high */



/* Bit definition for Ethernet PTP Target Time Low Register */

#define ETH_PTPTTLR_TTSL     ((uint32_t)0xFFFFFFFF)  /* Target time stamp low */



/* Bit definition for Ethernet PTP Time Stamp Status Register */

#define ETH_PTPTSSR_TSTTR    ((uint32_t)0x00000020)  /* Time stamp target time reached */

#define ETH_PTPTSSR_TSSO     ((uint32_t)0x00000010)  /* Time stamp seconds overflow */



/******************************************************************************/

/*                 Ethernet DMA Registers bits definition                     */

/******************************************************************************/



/* Bit definition for Ethernet DMA Bus Mode Register */

#define ETH_DMABMR_AAB       ((uint32_t)0x02000000)  /* Address-Aligned beats */

#define ETH_DMABMR_FPM        ((uint32_t)0x01000000)  /* 4xPBL mode */

#define ETH_DMABMR_USP       ((uint32_t)0x00800000)  /* Use separate PBL */

#define ETH_DMABMR_RDP       ((uint32_t)0x007E0000)  /* RxDMA PBL */

  #define ETH_DMABMR_RDP_1Beat    ((uint32_t)0x00020000)  /* maximum number of beats to be transferred in one RxDMA transaction is 1 */

  #define ETH_DMABMR_RDP_2Beat    ((uint32_t)0x00040000)  /* maximum number of beats to be transferred in one RxDMA transaction is 2 */

  #define ETH_DMABMR_RDP_4Beat    ((uint32_t)0x00080000)  /* maximum number of beats to be transferred in one RxDMA transaction is 4 */

  #define ETH_DMABMR_RDP_8Beat    ((uint32_t)0x00100000)  /* maximum number of beats to be transferred in one RxDMA transaction is 8 */

  #define ETH_DMABMR_RDP_16Beat   ((uint32_t)0x00200000)  /* maximum number of beats to be transferred in one RxDMA transaction is 16 */

  #define ETH_DMABMR_RDP_32Beat   ((uint32_t)0x00400000)  /* maximum number of beats to be transferred in one RxDMA transaction is 32 */                

  #define ETH_DMABMR_RDP_4xPBL_4Beat   ((uint32_t)0x01020000)  /* maximum number of beats to be transferred in one RxDMA transaction is 4 */

  #define ETH_DMABMR_RDP_4xPBL_8Beat   ((uint32_t)0x01040000)  /* maximum number of beats to be transferred in one RxDMA transaction is 8 */

  #define ETH_DMABMR_RDP_4xPBL_16Beat  ((uint32_t)0x01080000)  /* maximum number of beats to be transferred in one RxDMA transaction is 16 */

  #define ETH_DMABMR_RDP_4xPBL_32Beat  ((uint32_t)0x01100000)  /* maximum number of beats to be transferred in one RxDMA transaction is 32 */

  #define ETH_DMABMR_RDP_4xPBL_64Beat  ((uint32_t)0x01200000)  /* maximum number of beats to be transferred in one RxDMA transaction is 64 */

  #define ETH_DMABMR_RDP_4xPBL_128Beat ((uint32_t)0x01400000)  /* maximum number of beats to be transferred in one RxDMA transaction is 128 */  

#define ETH_DMABMR_FB        ((uint32_t)0x00010000)  /* Fixed Burst */

#define ETH_DMABMR_RTPR      ((uint32_t)0x0000C000)  /* Rx Tx priority ratio */

  #define ETH_DMABMR_RTPR_1_1     ((uint32_t)0x00000000)  /* Rx Tx priority ratio */

  #define ETH_DMABMR_RTPR_2_1     ((uint32_t)0x00004000)  /* Rx Tx priority ratio */

  #define ETH_DMABMR_RTPR_3_1     ((uint32_t)0x00008000)  /* Rx Tx priority ratio */

  #define ETH_DMABMR_RTPR_4_1     ((uint32_t)0x0000C000)  /* Rx Tx priority ratio */  

#define ETH_DMABMR_PBL    ((uint32_t)0x00003F00)  /* Programmable burst length */

  #define ETH_DMABMR_PBL_1Beat    ((uint32_t)0x00000100)  /* maximum number of beats to be transferred in one TxDMA (or both) transaction is 1 */

  #define ETH_DMABMR_PBL_2Beat    ((uint32_t)0x00000200)  /* maximum number of beats to be transferred in one TxDMA (or both) transaction is 2 */

  #define ETH_DMABMR_PBL_4Beat    ((uint32_t)0x00000400)  /* maximum number of beats to be transferred in one TxDMA (or both) transaction is 4 */

  #define ETH_DMABMR_PBL_8Beat    ((uint32_t)0x00000800)  /* maximum number of beats to be transferred in one TxDMA (or both) transaction is 8 */

  #define ETH_DMABMR_PBL_16Beat   ((uint32_t)0x00001000)  /* maximum number of beats to be transferred in one TxDMA (or both) transaction is 16 */

  #define ETH_DMABMR_PBL_32Beat   ((uint32_t)0x00002000)  /* maximum number of beats to be transferred in one TxDMA (or both) transaction is 32 */                

  #define ETH_DMABMR_PBL_4xPBL_4Beat   ((uint32_t)0x01000100)  /* maximum number of beats to be transferred in one TxDMA (or both) transaction is 4 */

  #define ETH_DMABMR_PBL_4xPBL_8Beat   ((uint32_t)0x01000200)  /* maximum number of beats to be transferred in one TxDMA (or both) transaction is 8 */

  #define ETH_DMABMR_PBL_4xPBL_16Beat  ((uint32_t)0x01000400)  /* maximum number of beats to be transferred in one TxDMA (or both) transaction is 16 */

  #define ETH_DMABMR_PBL_4xPBL_32Beat  ((uint32_t)0x01000800)  /* maximum number of beats to be transferred in one TxDMA (or both) transaction is 32 */

  #define ETH_DMABMR_PBL_4xPBL_64Beat  ((uint32_t)0x01001000)  /* maximum number of beats to be transferred in one TxDMA (or both) transaction is 64 */

  #define ETH_DMABMR_PBL_4xPBL_128Beat ((uint32_t)0x01002000)  /* maximum number of beats to be transferred in one TxDMA (or both) transaction is 128 */

#define ETH_DMABMR_EDE       ((uint32_t)0x00000080)  /* Enhanced Descriptor Enable */

#define ETH_DMABMR_DSL       ((uint32_t)0x0000007C)  /* Descriptor Skip Length */

#define ETH_DMABMR_DA        ((uint32_t)0x00000002)  /* DMA arbitration scheme */

#define ETH_DMABMR_SR        ((uint32_t)0x00000001)  /* Software reset */



/* Bit definition for Ethernet DMA Transmit Poll Demand Register */

#define ETH_DMATPDR_TPD      ((uint32_t)0xFFFFFFFF)  /* Transmit poll demand */



/* Bit definition for Ethernet DMA Receive Poll Demand Register */

#define ETH_DMARPDR_RPD      ((uint32_t)0xFFFFFFFF)  /* Receive poll demand  */



/* Bit definition for Ethernet DMA Receive Descriptor List Address Register */

#define ETH_DMARDLAR_SRL     ((uint32_t)0xFFFFFFFF)  /* Start of receive list */



/* Bit definition for Ethernet DMA Transmit Descriptor List Address Register */

#define ETH_DMATDLAR_STL     ((uint32_t)0xFFFFFFFF)  /* Start of transmit list */



/* Bit definition for Ethernet DMA Status Register */

#define ETH_DMASR_TSTS       ((uint32_t)0x20000000)  /* Time-stamp trigger status */

#define ETH_DMASR_PMTS       ((uint32_t)0x10000000)  /* PMT status */

#define ETH_DMASR_MMCS       ((uint32_t)0x08000000)  /* MMC status */

#define ETH_DMASR_EBS        ((uint32_t)0x03800000)  /* Error bits status */

  /* combination with EBS[2:0] for GetFlagStatus function */

  #define ETH_DMASR_EBS_DescAccess      ((uint32_t)0x02000000)  /* Error bits 0-data buffer, 1-desc. access */

  #define ETH_DMASR_EBS_ReadTransf      ((uint32_t)0x01000000)  /* Error bits 0-write trnsf, 1-read transfr */

  #define ETH_DMASR_EBS_DataTransfTx    ((uint32_t)0x00800000)  /* Error bits 0-Rx DMA, 1-Tx DMA */

#define ETH_DMASR_TPS         ((uint32_t)0x00700000)  /* Transmit process state */

  #define ETH_DMASR_TPS_Stopped         ((uint32_t)0x00000000)  /* Stopped - Reset or Stop Tx Command issued  */

  #define ETH_DMASR_TPS_Fetching        ((uint32_t)0x00100000)  /* Running - fetching the Tx descriptor */

  #define ETH_DMASR_TPS_Waiting         ((uint32_t)0x00200000)  /* Running - waiting for status */

  #define ETH_DMASR_TPS_Reading         ((uint32_t)0x00300000)  /* Running - reading the data from host memory */

  #define ETH_DMASR_TPS_Suspended       ((uint32_t)0x00600000)  /* Suspended - Tx Descriptor unavailabe */

  #define ETH_DMASR_TPS_Closing         ((uint32_t)0x00700000)  /* Running - closing Rx descriptor */

#define ETH_DMASR_RPS         ((uint32_t)0x000E0000)  /* Receive process state */

  #define ETH_DMASR_RPS_Stopped         ((uint32_t)0x00000000)  /* Stopped - Reset or Stop Rx Command issued */

  #define ETH_DMASR_RPS_Fetching        ((uint32_t)0x00020000)  /* Running - fetching the Rx descriptor */

  #define ETH_DMASR_RPS_Waiting         ((uint32_t)0x00060000)  /* Running - waiting for packet */

  #define ETH_DMASR_RPS_Suspended       ((uint32_t)0x00080000)  /* Suspended - Rx Descriptor unavailable */

  #define ETH_DMASR_RPS_Closing         ((uint32_t)0x000A0000)  /* Running - closing descriptor */

  #define ETH_DMASR_RPS_Queuing         ((uint32_t)0x000E0000)  /* Running - queuing the recieve frame into host memory */

#define ETH_DMASR_NIS        ((uint32_t)0x00010000)  /* Normal interrupt summary */

#define ETH_DMASR_AIS        ((uint32_t)0x00008000)  /* Abnormal interrupt summary */

#define ETH_DMASR_ERS        ((uint32_t)0x00004000)  /* Early receive status */

#define ETH_DMASR_FBES       ((uint32_t)0x00002000)  /* Fatal bus error status */

#define ETH_DMASR_ETS        ((uint32_t)0x00000400)  /* Early transmit status */

#define ETH_DMASR_RWTS       ((uint32_t)0x00000200)  /* Receive watchdog timeout status */

#define ETH_DMASR_RPSS       ((uint32_t)0x00000100)  /* Receive process stopped status */

#define ETH_DMASR_RBUS       ((uint32_t)0x00000080)  /* Receive buffer unavailable status */

#define ETH_DMASR_RS         ((uint32_t)0x00000040)  /* Receive status */

#define ETH_DMASR_TUS        ((uint32_t)0x00000020)  /* Transmit underflow status */

#define ETH_DMASR_ROS        ((uint32_t)0x00000010)  /* Receive overflow status */

#define ETH_DMASR_TJTS       ((uint32_t)0x00000008)  /* Transmit jabber timeout status */

#define ETH_DMASR_TBUS       ((uint32_t)0x00000004)  /* Transmit buffer unavailable status */

#define ETH_DMASR_TPSS       ((uint32_t)0x00000002)  /* Transmit process stopped status */

#define ETH_DMASR_TS         ((uint32_t)0x00000001)  /* Transmit status */



/* Bit definition for Ethernet DMA Operation Mode Register */

#define ETH_DMAOMR_DTCEFD    ((uint32_t)0x04000000)  /* Disable Dropping of TCP/IP checksum error frames */

#define ETH_DMAOMR_RSF       ((uint32_t)0x02000000)  /* Receive store and forward */

#define ETH_DMAOMR_DFRF      ((uint32_t)0x01000000)  /* Disable flushing of received frames */

#define ETH_DMAOMR_TSF       ((uint32_t)0x00200000)  /* Transmit store and forward */

#define ETH_DMAOMR_FTF       ((uint32_t)0x00100000)  /* Flush transmit FIFO */

#define ETH_DMAOMR_TTC       ((uint32_t)0x0001C000)  /* Transmit threshold control */

  #define ETH_DMAOMR_TTC_64Bytes       ((uint32_t)0x00000000)  /* threshold level of the MTL Transmit FIFO is 64 Bytes */

  #define ETH_DMAOMR_TTC_128Bytes      ((uint32_t)0x00004000)  /* threshold level of the MTL Transmit FIFO is 128 Bytes */

  #define ETH_DMAOMR_TTC_192Bytes      ((uint32_t)0x00008000)  /* threshold level of the MTL Transmit FIFO is 192 Bytes */

  #define ETH_DMAOMR_TTC_256Bytes      ((uint32_t)0x0000C000)  /* threshold level of the MTL Transmit FIFO is 256 Bytes */

  #define ETH_DMAOMR_TTC_40Bytes       ((uint32_t)0x00010000)  /* threshold level of the MTL Transmit FIFO is 40 Bytes */

  #define ETH_DMAOMR_TTC_32Bytes       ((uint32_t)0x00014000)  /* threshold level of the MTL Transmit FIFO is 32 Bytes */

  #define ETH_DMAOMR_TTC_24Bytes       ((uint32_t)0x00018000)  /* threshold level of the MTL Transmit FIFO is 24 Bytes */

  #define ETH_DMAOMR_TTC_16Bytes       ((uint32_t)0x0001C000)  /* threshold level of the MTL Transmit FIFO is 16 Bytes */

#define ETH_DMAOMR_ST        ((uint32_t)0x00002000)  /* Start/stop transmission command */

#define ETH_DMAOMR_FEF       ((uint32_t)0x00000080)  /* Forward error frames */

#define ETH_DMAOMR_FUGF      ((uint32_t)0x00000040)  /* Forward undersized good frames */

#define ETH_DMAOMR_RTC       ((uint32_t)0x00000018)  /* receive threshold control */

  #define ETH_DMAOMR_RTC_64Bytes       ((uint32_t)0x00000000)  /* threshold level of the MTL Receive FIFO is 64 Bytes */

  #define ETH_DMAOMR_RTC_32Bytes       ((uint32_t)0x00000008)  /* threshold level of the MTL Receive FIFO is 32 Bytes */

  #define ETH_DMAOMR_RTC_96Bytes       ((uint32_t)0x00000010)  /* threshold level of the MTL Receive FIFO is 96 Bytes */

  #define ETH_DMAOMR_RTC_128Bytes      ((uint32_t)0x00000018)  /* threshold level of the MTL Receive FIFO is 128 Bytes */

#define ETH_DMAOMR_OSF       ((uint32_t)0x00000004)  /* operate on second frame */

#define ETH_DMAOMR_SR        ((uint32_t)0x00000002)  /* Start/stop receive */



/* Bit definition for Ethernet DMA Interrupt Enable Register */

#define ETH_DMAIER_NISE      ((uint32_t)0x00010000)  /* Normal interrupt summary enable */

#define ETH_DMAIER_AISE      ((uint32_t)0x00008000)  /* Abnormal interrupt summary enable */

#define ETH_DMAIER_ERIE      ((uint32_t)0x00004000)  /* Early receive interrupt enable */

#define ETH_DMAIER_FBEIE     ((uint32_t)0x00002000)  /* Fatal bus error interrupt enable */

#define ETH_DMAIER_ETIE      ((uint32_t)0x00000400)  /* Early transmit interrupt enable */

#define ETH_DMAIER_RWTIE     ((uint32_t)0x00000200)  /* Receive watchdog timeout interrupt enable */

#define ETH_DMAIER_RPSIE     ((uint32_t)0x00000100)  /* Receive process stopped interrupt enable */

#define ETH_DMAIER_RBUIE     ((uint32_t)0x00000080)  /* Receive buffer unavailable interrupt enable */

#define ETH_DMAIER_RIE       ((uint32_t)0x00000040)  /* Receive interrupt enable */

#define ETH_DMAIER_TUIE      ((uint32_t)0x00000020)  /* Transmit Underflow interrupt enable */

#define ETH_DMAIER_ROIE      ((uint32_t)0x00000010)  /* Receive Overflow interrupt enable */

#define ETH_DMAIER_TJTIE     ((uint32_t)0x00000008)  /* Transmit jabber timeout interrupt enable */

#define ETH_DMAIER_TBUIE     ((uint32_t)0x00000004)  /* Transmit buffer unavailable interrupt enable */

#define ETH_DMAIER_TPSIE     ((uint32_t)0x00000002)  /* Transmit process stopped interrupt enable */

#define ETH_DMAIER_TIE       ((uint32_t)0x00000001)  /* Transmit interrupt enable */



/* Bit definition for Ethernet DMA Missed Frame and Buffer Overflow Counter Register */

#define ETH_DMAMFBOCR_OFOC   ((uint32_t)0x10000000)  /* Overflow bit for FIFO overflow counter */

#define ETH_DMAMFBOCR_MFA    ((uint32_t)0x0FFE0000)  /* Number of frames missed by the application */

#define ETH_DMAMFBOCR_OMFC   ((uint32_t)0x00010000)  /* Overflow bit for missed frame counter */

#define ETH_DMAMFBOCR_MFC    ((uint32_t)0x0000FFFF)  /* Number of frames missed by the controller */



/* Bit definition for Ethernet DMA Current Host Transmit Descriptor Register */

#define ETH_DMACHTDR_HTDAP   ((uint32_t)0xFFFFFFFF)  /* Host transmit descriptor address pointer */



/* Bit definition for Ethernet DMA Current Host Receive Descriptor Register */

#define ETH_DMACHRDR_HRDAP   ((uint32_t)0xFFFFFFFF)  /* Host receive descriptor address pointer */



/* Bit definition for Ethernet DMA Current Host Transmit Buffer Address Register */

#define ETH_DMACHTBAR_HTBAP  ((uint32_t)0xFFFFFFFF)  /* Host transmit buffer address pointer */



/* Bit definition for Ethernet DMA Current Host Receive Buffer Address Register */

#define ETH_DMACHRBAR_HRBAP  ((uint32_t)0xFFFFFFFF)  /* Host receive buffer address pointer */



/**

  * @}

  */



 /**

  * @}

  */ 



#ifdef USE_STDPERIPH_DRIVER

  #include "stm32f4xx_conf.h"

#endif /* USE_STDPERIPH_DRIVER */



/** @addtogroup Exported_macro

  * @{

  */



#define SET_BIT(REG, BIT)     ((REG) |= (BIT))



#define CLEAR_BIT(REG, BIT)   ((REG) &= ~(BIT))



#define READ_BIT(REG, BIT)    ((REG) & (BIT))



#define CLEAR_REG(REG)        ((REG) = (0x0))



#define WRITE_REG(REG, VAL)   ((REG) = (VAL))



#define READ_REG(REG)         ((REG))



#define MODIFY_REG(REG, CLEARMASK, SETMASK)  WRITE_REG((REG), (((READ_REG(REG)) & (~(CLEARMASK))) | (SETMASK)))



/**

  * @}

  */



#ifdef __cplusplus

}

#endif /* __cplusplus */



#endif /* __STM32F4xx_H */



/**

  * @}

  */



  /**

  * @}

  */



/******************* (C) COPYRIGHT 2011 STMicroelectronics *****END OF FILE****/








Viz/cmsis_boot/stm32f4xx_conf.h

/**

  ******************************************************************************

  * @file    Project/STM32F4xx_StdPeriph_Templates/stm32f4xx_conf.h  

  * @author  MCD Application Team

  * @version V1.0.0

  * @date    30-September-2011

  * @brief   Library configuration file.

  ******************************************************************************

  * @attention

  *

  * THE PRESENT FIRMWARE WHICH IS FOR GUIDANCE ONLY AIMS AT PROVIDING CUSTOMERS

  * WITH CODING INFORMATION REGARDING THEIR PRODUCTS IN ORDER FOR THEM TO SAVE

  * TIME. AS A RESULT, STMICROELECTRONICS SHALL NOT BE HELD LIABLE FOR ANY

  * DIRECT, INDIRECT OR CONSEQUENTIAL DAMAGES WITH RESPECT TO ANY CLAIMS ARISING

  * FROM THE CONTENT OF SUCH FIRMWARE AND/OR THE USE MADE BY CUSTOMERS OF THE

  * CODING INFORMATION CONTAINED HEREIN IN CONNECTION WITH THEIR PRODUCTS.

  *

  * <h2><center>&copy; COPYRIGHT 2011 STMicroelectronics</center></h2>

  ******************************************************************************

  */ 



/* Define to prevent recursive inclusion -------------------------------------*/

#ifndef __STM32F4xx_CONF_H

#define __STM32F4xx_CONF_H



/* Includes ------------------------------------------------------------------*/

/* Uncomment the line below to enable peripheral header file inclusion */

/*#include "stm32f4xx_adc.h"

#include "stm32f4xx_can.h"

#include "stm32f4xx_crc.h"

#include "stm32f4xx_cryp.h"

#include "stm32f4xx_dac.h"

#include "stm32f4xx_dbgmcu.h"

#include "stm32f4xx_dcmi.h"

#include "stm32f4xx_dma.h"

#include "stm32f4xx_exti.h"

#include "stm32f4xx_flash.h"

#include "stm32f4xx_fsmc.h"

#include "stm32f4xx_hash.h"

#include "stm32f4xx_gpio.h"

#include "stm32f4xx_i2c.h"

#include "stm32f4xx_iwdg.h"

#include "stm32f4xx_pwr.h"

#include "stm32f4xx_rcc.h"

#include "stm32f4xx_rng.h"

#include "stm32f4xx_rtc.h"

#include "stm32f4xx_sdio.h"

#include "stm32f4xx_spi.h"

#include "stm32f4xx_syscfg.h"

#include "stm32f4xx_tim.h"

#include "stm32f4xx_usart.h"

#include "stm32f4xx_wwdg.h"

#include "misc.h"*/

/* High level functions for NVIC and SysTick (add-on to CMSIS functions) */



/* Exported types ------------------------------------------------------------*/

/* Exported constants --------------------------------------------------------*/



/* If an external clock source is used, then the value of the following define 

   should be set to the value of the external clock source, else, if no external 

   clock is used, keep this define commented */

/*#define I2S_EXTERNAL_CLOCK_VAL   12288000 */ /* Value of the external clock in Hz */





/* Uncomment the line below to expanse the "assert_param" macro in the 

   Standard Peripheral Library drivers code */

/* #define USE_FULL_ASSERT    1 */



/* Exported macro ------------------------------------------------------------*/

#ifdef  USE_FULL_ASSERT



/**

  * @brief  The assert_param macro is used for function's parameters check.

  * @param  expr: If expr is false, it calls assert_failed function

  *   which reports the name of the source file and the source

  *   line number of the call that failed. 

  *   If expr is true, it returns no value.

  * @retval None

  */

  #define assert_param(expr) ((expr) ? (void)0 : assert_failed((uint8_t *)__FILE__, __LINE__))

/* Exported functions ------------------------------------------------------- */

  void assert_failed(uint8_t* file, uint32_t line);

#else

  #define assert_param(expr) ((void)0)

#endif /* USE_FULL_ASSERT */



#endif /* __STM32F4xx_CONF_H */



/******************* (C) COPYRIGHT 2011 STMicroelectronics *****END OF FILE****/








Viz/cmsis_boot/system_stm32f4xx.c

/**

  ******************************************************************************

  * @file    system_stm32f4xx.c

  * @author  MCD Application Team

  * @version V1.0.0

  * @date    30-September-2011

  * @brief   CMSIS Cortex-M4 Device Peripheral Access Layer System Source File.

  *          This file contains the system clock configuration for STM32F4xx devices,

  *          and is generated by the clock configuration tool

  *          stm32f4xx_Clock_Configuration_V1.0.0.xls

  *             

  * 1.  This file provides two functions and one global variable to be called from 

  *     user application:

  *      - SystemInit(): Setups the system clock (System clock source, PLL Multiplier

  *                      and Divider factors, AHB/APBx prescalers and Flash settings),

  *                      depending on the configuration made in the clock xls tool. 

  *                      This function is called at startup just after reset and 

  *                      before branch to main program. This call is made inside

  *                      the "startup_stm32f4xx.s" file.

  *

  *      - SystemCoreClock variable: Contains the core clock (HCLK), it can be used

  *                                  by the user application to setup the SysTick 

  *                                  timer or configure other parameters.

  *                                     

  *      - SystemCoreClockUpdate(): Updates the variable SystemCoreClock and must

  *                                 be called whenever the core clock is changed

  *                                 during program execution.

  *

  * 2. After each device reset the HSI (16 MHz) is used as system clock source.

  *    Then SystemInit() function is called, in "startup_stm32f4xx.s" file, to

  *    configure the system clock before to branch to main program.

  *

  * 3. If the system clock source selected by user fails to startup, the SystemInit()

  *    function will do nothing and HSI still used as system clock source. User can 

  *    add some code to deal with this issue inside the SetSysClock() function.

  *

  * 4. The default value of HSE crystal is set to 25MHz, refer to "HSE_VALUE" define

  *    in "stm32f4xx.h" file. When HSE is used as system clock source, directly or

  *    through PLL, and you are using different crystal you have to adapt the HSE

  *    value to your own configuration.

  *

  * 5. This file configures the system clock as follows:

  *=============================================================================

  *=============================================================================

  *        Supported STM32F4xx device revision    | Rev A

  *-----------------------------------------------------------------------------

  *        System Clock source                    | PLL (HSE)

  *-----------------------------------------------------------------------------

  *        SYSCLK(Hz)                             | 168000000

  *-----------------------------------------------------------------------------

  *        HCLK(Hz)                               | 168000000

  *-----------------------------------------------------------------------------

  *        AHB Prescaler                          | 1

  *-----------------------------------------------------------------------------

  *        APB1 Prescaler                         | 4

  *-----------------------------------------------------------------------------

  *        APB2 Prescaler                         | 2

  *-----------------------------------------------------------------------------

  *        HSE Frequency(Hz)                      | 25000000

  *-----------------------------------------------------------------------------

  *        PLL_M                                  | 25

  *-----------------------------------------------------------------------------

  *        PLL_N                                  | 336

  *-----------------------------------------------------------------------------

  *        PLL_P                                  | 2

  *-----------------------------------------------------------------------------

  *        PLL_Q                                  | 7

  *-----------------------------------------------------------------------------

  *        PLLI2S_N                               | NA

  *-----------------------------------------------------------------------------

  *        PLLI2S_R                               | NA

  *-----------------------------------------------------------------------------

  *        I2S input clock                        | NA

  *-----------------------------------------------------------------------------

  *        VDD(V)                                 | 3.3

  *-----------------------------------------------------------------------------

  *        Main regulator output voltage          | Scale1 mode

  *-----------------------------------------------------------------------------

  *        Flash Latency(WS)                      | 5

  *-----------------------------------------------------------------------------

  *        Prefetch Buffer                        | OFF

  *-----------------------------------------------------------------------------

  *        Instruction cache                      | ON

  *-----------------------------------------------------------------------------

  *        Data cache                             | ON

  *-----------------------------------------------------------------------------

  *        Require 48MHz for USB OTG FS,          | Enabled

  *        SDIO and RNG clock                     |

  *-----------------------------------------------------------------------------

  *=============================================================================

  ****************************************************************************** 

  * @attention

  *

  * THE PRESENT FIRMWARE WHICH IS FOR GUIDANCE ONLY AIMS AT PROVIDING CUSTOMERS

  * WITH CODING INFORMATION REGARDING THEIR PRODUCTS IN ORDER FOR THEM TO SAVE

  * TIME. AS A RESULT, STMICROELECTRONICS SHALL NOT BE HELD LIABLE FOR ANY

  * DIRECT, INDIRECT OR CONSEQUENTIAL DAMAGES WITH RESPECT TO ANY CLAIMS ARISING

  * FROM THE CONTENT OF SUCH FIRMWARE AND/OR THE USE MADE BY CUSTOMERS OF THE

  * CODING INFORMATION CONTAINED HEREIN IN CONNECTION WITH THEIR PRODUCTS.

  *

  * <h2><center>&copy; COPYRIGHT 2011 STMicroelectronics</center></h2>

  ******************************************************************************

  */



/** @addtogroup CMSIS

  * @{

  */



/** @addtogroup stm32f4xx_system

  * @{

  */  

  

/** @addtogroup STM32F4xx_System_Private_Includes

  * @{

  */



#include "stm32f4xx.h"



/**

  * @}

  */



/** @addtogroup STM32F4xx_System_Private_TypesDefinitions

  * @{

  */



/**

  * @}

  */



/** @addtogroup STM32F4xx_System_Private_Defines

  * @{

  */



/************************* Miscellaneous Configuration ************************/

/*!< Uncomment the following line if you need to use external SRAM mounted

     on STM324xG_EVAL board as data memory  */

/* #define DATA_IN_ExtSRAM */



/*!< Uncomment the following line if you need to relocate your vector Table in

     Internal SRAM. */

/* #define VECT_TAB_SRAM */

#define VECT_TAB_OFFSET  0x00 /*!< Vector Table base offset field. 

                                   This value must be a multiple of 0x200. */

/******************************************************************************/



/************************* PLL Parameters *************************************/

/* PLL_VCO = (HSE_VALUE or HSI_VALUE / PLL_M) * PLL_N */

#define PLL_M      25

#define PLL_N      336



/* SYSCLK = PLL_VCO / PLL_P */

#define PLL_P      2



/* USB OTG FS, SDIO and RNG Clock =  PLL_VCO / PLLQ */

#define PLL_Q      7



/******************************************************************************/



/**

  * @}

  */



/** @addtogroup STM32F4xx_System_Private_Macros

  * @{

  */



/**

  * @}

  */



/** @addtogroup STM32F4xx_System_Private_Variables

  * @{

  */



  uint32_t SystemCoreClock = 168000000;



  __I uint8_t AHBPrescTable[16] = {0, 0, 0, 0, 0, 0, 0, 0, 1, 2, 3, 4, 6, 7, 8, 9};



/**

  * @}

  */



/** @addtogroup STM32F4xx_System_Private_FunctionPrototypes

  * @{

  */



static void SetSysClock(void);

#ifdef DATA_IN_ExtSRAM

  static void SystemInit_ExtMemCtl(void); 

#endif /* DATA_IN_ExtSRAM */



/**

  * @}

  */



/** @addtogroup STM32F4xx_System_Private_Functions

  * @{

  */



/**

  * @brief  Setup the microcontroller system

  *         Initialize the Embedded Flash Interface, the PLL and update the 

  *         SystemFrequency variable.

  * @param  None

  * @retval None

  */

void SystemInit(void)

{

  /* FPU settings ------------------------------------------------------------*/

  #if (__FPU_PRESENT == 1) && (__FPU_USED == 1)

    SCB->CPACR |= ((3UL << 10*2)|(3UL << 11*2));  /* set CP10 and CP11 Full Access */

  #endif



  /* Reset the RCC clock configuration to the default reset state ------------*/

  /* Set HSION bit */

  RCC->CR |= (uint32_t)0x00000001;



  /* Reset CFGR register */

  RCC->CFGR = 0x00000000;



  /* Reset HSEON, CSSON and PLLON bits */

  RCC->CR &= (uint32_t)0xFEF6FFFF;



  /* Reset PLLCFGR register */

  RCC->PLLCFGR = 0x24003010;



  /* Reset HSEBYP bit */

  RCC->CR &= (uint32_t)0xFFFBFFFF;



  /* Disable all interrupts */

  RCC->CIR = 0x00000000;



#ifdef DATA_IN_ExtSRAM

  SystemInit_ExtMemCtl(); 

#endif /* DATA_IN_ExtSRAM */

         

  /* Configure the System clock source, PLL Multiplier and Divider factors, 

     AHB/APBx prescalers and Flash settings ----------------------------------*/

  SetSysClock();



  /* Configure the Vector Table location add offset address ------------------*/

#ifdef VECT_TAB_SRAM

  SCB->VTOR = SRAM_BASE | VECT_TAB_OFFSET; /* Vector Table Relocation in Internal SRAM */

#else

  SCB->VTOR = FLASH_BASE | VECT_TAB_OFFSET; /* Vector Table Relocation in Internal FLASH */

#endif

}



/**

   * @brief  Update SystemCoreClock variable according to Clock Register Values.

  *         The SystemCoreClock variable contains the core clock (HCLK), it can

  *         be used by the user application to setup the SysTick timer or configure

  *         other parameters.

  *           

  * @note   Each time the core clock (HCLK) changes, this function must be called

  *         to update SystemCoreClock variable value. Otherwise, any configuration

  *         based on this variable will be incorrect.         

  *     

  * @note   - The system frequency computed by this function is not the real 

  *           frequency in the chip. It is calculated based on the predefined 

  *           constant and the selected clock source:

  *             

  *           - If SYSCLK source is HSI, SystemCoreClock will contain the HSI_VALUE(*)

  *                                              

  *           - If SYSCLK source is HSE, SystemCoreClock will contain the HSE_VALUE(**)

  *                          

  *           - If SYSCLK source is PLL, SystemCoreClock will contain the HSE_VALUE(**) 

  *             or HSI_VALUE(*) multiplied/divided by the PLL factors.

  *         

  *         (*) HSI_VALUE is a constant defined in stm32f4xx.h file (default value

  *             16 MHz) but the real value may vary depending on the variations

  *             in voltage and temperature.   

  *    

  *         (**) HSE_VALUE is a constant defined in stm32f4xx.h file (default value

  *              25 MHz), user has to ensure that HSE_VALUE is same as the real

  *              frequency of the crystal used. Otherwise, this function may

  *              have wrong result.

  *                

  *         - The result of this function could be not correct when using fractional

  *           value for HSE crystal.

  *     

  * @param  None

  * @retval None

  */

void SystemCoreClockUpdate(void)

{

  uint32_t tmp = 0, pllvco = 0, pllp = 2, pllsource = 0, pllm = 2;

  

  /* Get SYSCLK source -------------------------------------------------------*/

  tmp = RCC->CFGR & RCC_CFGR_SWS;



  switch (tmp)

  {

    case 0x00:  /* HSI used as system clock source */

      SystemCoreClock = HSI_VALUE;

      break;

    case 0x04:  /* HSE used as system clock source */

      SystemCoreClock = HSE_VALUE;

      break;

    case 0x08:  /* PLL used as system clock source */



      /* PLL_VCO = (HSE_VALUE or HSI_VALUE / PLL_M) * PLL_N

         SYSCLK = PLL_VCO / PLL_P

         */    

      pllsource = (RCC->PLLCFGR & RCC_PLLCFGR_PLLSRC) >> 22;

      pllm = RCC->PLLCFGR & RCC_PLLCFGR_PLLM;

      

      if (pllsource != 0)

      {

        /* HSE used as PLL clock source */

        pllvco = (HSE_VALUE / pllm) * ((RCC->PLLCFGR & RCC_PLLCFGR_PLLN) >> 6);

      }

      else

      {

        /* HSI used as PLL clock source */

        pllvco = (HSI_VALUE / pllm) * ((RCC->PLLCFGR & RCC_PLLCFGR_PLLN) >> 6);      

      }



      pllp = (((RCC->PLLCFGR & RCC_PLLCFGR_PLLP) >>16) + 1 ) *2;

      SystemCoreClock = pllvco/pllp;

      break;

    default:

      SystemCoreClock = HSI_VALUE;

      break;

  }

  /* Compute HCLK frequency --------------------------------------------------*/

  /* Get HCLK prescaler */

  tmp = AHBPrescTable[((RCC->CFGR & RCC_CFGR_HPRE) >> 4)];

  /* HCLK frequency */

  SystemCoreClock >>= tmp;

}



/**

  * @brief  Configures the System clock source, PLL Multiplier and Divider factors, 

  *         AHB/APBx prescalers and Flash settings

  * @Note   This function should be called only once the RCC clock configuration  

  *         is reset to the default reset state (done in SystemInit() function).   

  * @param  None

  * @retval None

  */

static void SetSysClock(void)

{

/******************************************************************************/

/*            PLL (clocked by HSE) used as System clock source                */

/******************************************************************************/

  __IO uint32_t StartUpCounter = 0, HSEStatus = 0;

  

  /* Enable HSE */

  RCC->CR |= ((uint32_t)RCC_CR_HSEON);

 

  /* Wait till HSE is ready and if Time out is reached exit */

  do

  {

    HSEStatus = RCC->CR & RCC_CR_HSERDY;

    StartUpCounter++;

  } while((HSEStatus == 0) && (StartUpCounter != HSE_STARTUP_TIMEOUT));



  if ((RCC->CR & RCC_CR_HSERDY) != RESET)

  {

    HSEStatus = (uint32_t)0x01;

  }

  else

  {

    HSEStatus = (uint32_t)0x00;

  }



  if (HSEStatus == (uint32_t)0x01)

  {

    /* Select regulator voltage output Scale 1 mode, System frequency up to 168 MHz */

    RCC->APB1ENR |= RCC_APB1ENR_PWREN;

    PWR->CR |= PWR_CR_VOS;



    /* HCLK = SYSCLK / 1*/

    RCC->CFGR |= RCC_CFGR_HPRE_DIV1;

      

    /* PCLK2 = HCLK / 2*/

    RCC->CFGR |= RCC_CFGR_PPRE2_DIV2;

    

    /* PCLK1 = HCLK / 4*/

    RCC->CFGR |= RCC_CFGR_PPRE1_DIV4;



    /* Configure the main PLL */

    RCC->PLLCFGR = PLL_M | (PLL_N << 6) | (((PLL_P >> 1) -1) << 16) |

                   (RCC_PLLCFGR_PLLSRC_HSE) | (PLL_Q << 24);



    /* Enable the main PLL */

    RCC->CR |= RCC_CR_PLLON;



    /* Wait till the main PLL is ready */

    while((RCC->CR & RCC_CR_PLLRDY) == 0)

    {

    }

   

    /* Configure Flash prefetch, Instruction cache, Data cache and wait state */

    FLASH->ACR = FLASH_ACR_ICEN |FLASH_ACR_DCEN |FLASH_ACR_LATENCY_5WS;



    /* Select the main PLL as system clock source */

    RCC->CFGR &= (uint32_t)((uint32_t)~(RCC_CFGR_SW));

    RCC->CFGR |= RCC_CFGR_SW_PLL;



    /* Wait till the main PLL is used as system clock source */

    while ((RCC->CFGR & (uint32_t)RCC_CFGR_SWS ) != RCC_CFGR_SWS_PLL);

    {

    }

  }

  else

  { /* If HSE fails to start-up, the application will have wrong clock

         configuration. User can add here some code to deal with this error */

  }



}



/**

  * @brief  Setup the external memory controller. Called in startup_stm32f4xx.s 

  *          before jump to __main

  * @param  None

  * @retval None

  */ 

#ifdef DATA_IN_ExtSRAM

/**

  * @brief  Setup the external memory controller.

  *         Called in startup_stm32f4xx.s before jump to main.

  *         This function configures the external SRAM mounted on STM324xG_EVAL board

  *         This SRAM will be used as program data memory (including heap and stack).

  * @param  None

  * @retval None

  */

void SystemInit_ExtMemCtl(void)

{

/*-- GPIOs Configuration -----------------------------------------------------*/

/*

 +-------------------+--------------------+------------------+------------------+

 +                       SRAM pins assignment                                   +

 +-------------------+--------------------+------------------+------------------+

 | PD0  <-> FSMC_D2  | PE0  <-> FSMC_NBL0 | PF0  <-> FSMC_A0 | PG0 <-> FSMC_A10 | 

 | PD1  <-> FSMC_D3  | PE1  <-> FSMC_NBL1 | PF1  <-> FSMC_A1 | PG1 <-> FSMC_A11 | 

 | PD4  <-> FSMC_NOE | PE3  <-> FSMC_A19  | PF2  <-> FSMC_A2 | PG2 <-> FSMC_A12 | 

 | PD5  <-> FSMC_NWE | PE4  <-> FSMC_A20  | PF3  <-> FSMC_A3 | PG3 <-> FSMC_A13 | 

 | PD8  <-> FSMC_D13 | PE7  <-> FSMC_D4   | PF4  <-> FSMC_A4 | PG4 <-> FSMC_A14 | 

 | PD9  <-> FSMC_D14 | PE8  <-> FSMC_D5   | PF5  <-> FSMC_A5 | PG5 <-> FSMC_A15 | 

 | PD10 <-> FSMC_D15 | PE9  <-> FSMC_D6   | PF12 <-> FSMC_A6 | PG9 <-> FSMC_NE2 | 

 | PD11 <-> FSMC_A16 | PE10 <-> FSMC_D7   | PF13 <-> FSMC_A7 |------------------+

 | PD12 <-> FSMC_A17 | PE11 <-> FSMC_D8   | PF14 <-> FSMC_A8 | 

 | PD13 <-> FSMC_A18 | PE12 <-> FSMC_D9   | PF15 <-> FSMC_A9 | 

 | PD14 <-> FSMC_D0  | PE13 <-> FSMC_D10  |------------------+

 | PD15 <-> FSMC_D1  | PE14 <-> FSMC_D11  |

 |                   | PE15 <-> FSMC_D12  |

 +-------------------+--------------------+

*/

   /* Enable GPIOD, GPIOE, GPIOF and GPIOG interface clock */

  RCC->AHB1ENR   = 0x00000078;

  

  /* Connect PDx pins to FSMC Alternate function */

  GPIOD->AFR[0]  = 0x00cc00cc;

  GPIOD->AFR[1]  = 0xcc0ccccc;

  /* Configure PDx pins in Alternate function mode */  

  GPIOD->MODER   = 0xaaaa0a0a;

  /* Configure PDx pins speed to 100 MHz */  

  GPIOD->OSPEEDR = 0xffff0f0f;

  /* Configure PDx pins Output type to push-pull */  

  GPIOD->OTYPER  = 0x00000000;

  /* No pull-up, pull-down for PDx pins */ 

  GPIOD->PUPDR   = 0x00000000;



  /* Connect PEx pins to FSMC Alternate function */

  GPIOE->AFR[0]  = 0xc00cc0cc;

  GPIOE->AFR[1]  = 0xcccccccc;

  /* Configure PEx pins in Alternate function mode */ 

  GPIOE->MODER   = 0xaaaa828a;

  /* Configure PEx pins speed to 100 MHz */ 

  GPIOE->OSPEEDR = 0xffffc3cf;

  /* Configure PEx pins Output type to push-pull */  

  GPIOE->OTYPER  = 0x00000000;

  /* No pull-up, pull-down for PEx pins */ 

  GPIOE->PUPDR   = 0x00000000;



  /* Connect PFx pins to FSMC Alternate function */

  GPIOF->AFR[0]  = 0x00cccccc;

  GPIOF->AFR[1]  = 0xcccc0000;

  /* Configure PFx pins in Alternate function mode */   

  GPIOF->MODER   = 0xaa000aaa;

  /* Configure PFx pins speed to 100 MHz */ 

  GPIOF->OSPEEDR = 0xff000fff;

  /* Configure PFx pins Output type to push-pull */  

  GPIOF->OTYPER  = 0x00000000;

  /* No pull-up, pull-down for PFx pins */ 

  GPIOF->PUPDR   = 0x00000000;



  /* Connect PGx pins to FSMC Alternate function */

  GPIOG->AFR[0]  = 0x00cccccc;

  GPIOG->AFR[1]  = 0x000000c0;

  /* Configure PGx pins in Alternate function mode */ 

  GPIOG->MODER   = 0x00080aaa;

  /* Configure PGx pins speed to 100 MHz */ 

  GPIOG->OSPEEDR = 0x000c0fff;

  /* Configure PGx pins Output type to push-pull */  

  GPIOG->OTYPER  = 0x00000000;

  /* No pull-up, pull-down for PGx pins */ 

  GPIOG->PUPDR   = 0x00000000;

  

/*-- FSMC Configuration ------------------------------------------------------*/

  /* Enable the FSMC interface clock */

  RCC->AHB3ENR         = 0x00000001;



  /* Configure and enable Bank1_SRAM2 */

  FSMC_Bank1->BTCR[2]  = 0x00001015;

  FSMC_Bank1->BTCR[3]  = 0x00010603;

  FSMC_Bank1E->BWTR[2] = 0x0fffffff;

/*

  Bank1_SRAM2 is configured as follow:



  p.FSMC_AddressSetupTime = 3;

  p.FSMC_AddressHoldTime = 0;

  p.FSMC_DataSetupTime = 6;

  p.FSMC_BusTurnAroundDuration = 1;

  p.FSMC_CLKDivision = 0;

  p.FSMC_DataLatency = 0;

  p.FSMC_AccessMode = FSMC_AccessMode_A;



  FSMC_NORSRAMInitStructure.FSMC_Bank = FSMC_Bank1_NORSRAM2;

  FSMC_NORSRAMInitStructure.FSMC_DataAddressMux = FSMC_DataAddressMux_Disable;

  FSMC_NORSRAMInitStructure.FSMC_MemoryType = FSMC_MemoryType_PSRAM;

  FSMC_NORSRAMInitStructure.FSMC_MemoryDataWidth = FSMC_MemoryDataWidth_16b;

  FSMC_NORSRAMInitStructure.FSMC_BurstAccessMode = FSMC_BurstAccessMode_Disable;

  FSMC_NORSRAMInitStructure.FSMC_AsynchronousWait = FSMC_AsynchronousWait_Disable;  

  FSMC_NORSRAMInitStructure.FSMC_WaitSignalPolarity = FSMC_WaitSignalPolarity_Low;

  FSMC_NORSRAMInitStructure.FSMC_WrapMode = FSMC_WrapMode_Disable;

  FSMC_NORSRAMInitStructure.FSMC_WaitSignalActive = FSMC_WaitSignalActive_BeforeWaitState;

  FSMC_NORSRAMInitStructure.FSMC_WriteOperation = FSMC_WriteOperation_Enable;

  FSMC_NORSRAMInitStructure.FSMC_WaitSignal = FSMC_WaitSignal_Disable;

  FSMC_NORSRAMInitStructure.FSMC_ExtendedMode = FSMC_ExtendedMode_Disable;

  FSMC_NORSRAMInitStructure.FSMC_WriteBurst = FSMC_WriteBurst_Disable;

  FSMC_NORSRAMInitStructure.FSMC_ReadWriteTimingStruct = &p;

  FSMC_NORSRAMInitStructure.FSMC_WriteTimingStruct = &p;

*/

  

}

#endif /* DATA_IN_ExtSRAM */





/**

  * @}

  */



/**

  * @}

  */

  

/**

  * @}

  */    

/******************* (C) COPYRIGHT 2011 STMicroelectronics *****END OF FILE****/








Viz/cmsis_boot/system_stm32f4xx.h

/**

  ******************************************************************************

  * @file    system_stm32f4xx.h

  * @author  MCD Application Team

  * @version V1.0.0

  * @date    30-September-2011

  * @brief   CMSIS Cortex-M4 Device System Source File for STM32F4xx devices.  

  ******************************************************************************  

  * @attention

  *

  * THE PRESENT FIRMWARE WHICH IS FOR GUIDANCE ONLY AIMS AT PROVIDING CUSTOMERS

  * WITH CODING INFORMATION REGARDING THEIR PRODUCTS IN ORDER FOR THEM TO SAVE

  * TIME. AS A RESULT, STMICROELECTRONICS SHALL NOT BE HELD LIABLE FOR ANY

  * DIRECT, INDIRECT OR CONSEQUENTIAL DAMAGES WITH RESPECT TO ANY CLAIMS ARISING

  * FROM THE CONTENT OF SUCH FIRMWARE AND/OR THE USE MADE BY CUSTOMERS OF THE

  * CODING INFORMATION CONTAINED HEREIN IN CONNECTION WITH THEIR PRODUCTS.

  *

  * <h2><center>&copy; COPYRIGHT 2011 STMicroelectronics</center></h2>

  ******************************************************************************  

  */ 



/** @addtogroup CMSIS

  * @{

  */



/** @addtogroup stm32f4xx_system

  * @{

  */  

  

/**

  * @brief Define to prevent recursive inclusion

  */

#ifndef __SYSTEM_STM32F4XX_H

#define __SYSTEM_STM32F4XX_H



#ifdef __cplusplus

 extern "C" {

#endif 



/** @addtogroup STM32F4xx_System_Includes

  * @{

  */



/**

  * @}

  */





/** @addtogroup STM32F4xx_System_Exported_types

  * @{

  */



extern uint32_t SystemCoreClock;          /*!< System Clock Frequency (Core Clock) */





/**

  * @}

  */



/** @addtogroup STM32F4xx_System_Exported_Constants

  * @{

  */



/**

  * @}

  */



/** @addtogroup STM32F4xx_System_Exported_Macros

  * @{

  */



/**

  * @}

  */



/** @addtogroup STM32F4xx_System_Exported_Functions

  * @{

  */

  

extern void SystemInit(void);

extern void SystemCoreClockUpdate(void);

/**

  * @}

  */



#ifdef __cplusplus

}

#endif



#endif /*__SYSTEM_STM32F4XX_H */



/**

  * @}

  */

  

/**

  * @}

  */  

/******************* (C) COPYRIGHT 2011 STMicroelectronics *****END OF FILE****/








Viz/cmsis_lib/include/misc.h

/**

  ******************************************************************************

  * @file    misc.h

  * @author  MCD Application Team

  * @version V1.0.0

  * @date    30-September-2011

  * @brief   This file contains all the functions prototypes for the miscellaneous

  *          firmware library functions (add-on to CMSIS functions).

  ******************************************************************************

  * @attention

  *

  * THE PRESENT FIRMWARE WHICH IS FOR GUIDANCE ONLY AIMS AT PROVIDING CUSTOMERS

  * WITH CODING INFORMATION REGARDING THEIR PRODUCTS IN ORDER FOR THEM TO SAVE

  * TIME. AS A RESULT, STMICROELECTRONICS SHALL NOT BE HELD LIABLE FOR ANY

  * DIRECT, INDIRECT OR CONSEQUENTIAL DAMAGES WITH RESPECT TO ANY CLAIMS ARISING

  * FROM THE CONTENT OF SUCH FIRMWARE AND/OR THE USE MADE BY CUSTOMERS OF THE

  * CODING INFORMATION CONTAINED HEREIN IN CONNECTION WITH THEIR PRODUCTS.

  *

  * <h2><center>&copy; COPYRIGHT 2011 STMicroelectronics</center></h2>

  ******************************************************************************

  */



/* Define to prevent recursive inclusion -------------------------------------*/

#ifndef __MISC_H

#define __MISC_H



#ifdef __cplusplus

 extern "C" {

#endif



/* Includes ------------------------------------------------------------------*/

#include "stm32f4xx.h"



/** @addtogroup STM32F4xx_StdPeriph_Driver

  * @{

  */



/** @addtogroup MISC

  * @{

  */



/* Exported types ------------------------------------------------------------*/



/** 

  * @brief  NVIC Init Structure definition  

  */



typedef struct

{

  uint8_t NVIC_IRQChannel;                    /*!< Specifies the IRQ channel to be enabled or disabled.

                                                   This parameter can be an enumerator of @ref IRQn_Type 

                                                   enumeration (For the complete STM32 Devices IRQ Channels

                                                   list, please refer to stm32f4xx.h file) */



  uint8_t NVIC_IRQChannelPreemptionPriority;  /*!< Specifies the pre-emption priority for the IRQ channel

                                                   specified in NVIC_IRQChannel. This parameter can be a value

                                                   between 0 and 15 as described in the table @ref MISC_NVIC_Priority_Table

                                                   A lower priority value indicates a higher priority */



  uint8_t NVIC_IRQChannelSubPriority;         /*!< Specifies the subpriority level for the IRQ channel specified

                                                   in NVIC_IRQChannel. This parameter can be a value

                                                   between 0 and 15 as described in the table @ref MISC_NVIC_Priority_Table

                                                   A lower priority value indicates a higher priority */



  FunctionalState NVIC_IRQChannelCmd;         /*!< Specifies whether the IRQ channel defined in NVIC_IRQChannel

                                                   will be enabled or disabled. 

                                                   This parameter can be set either to ENABLE or DISABLE */   

} NVIC_InitTypeDef;

 

/* Exported constants --------------------------------------------------------*/



/** @defgroup MISC_Exported_Constants

  * @{

  */



/** @defgroup MISC_Vector_Table_Base 

  * @{

  */



#define NVIC_VectTab_RAM             ((uint32_t)0x20000000)

#define NVIC_VectTab_FLASH           ((uint32_t)0x08000000)

#define IS_NVIC_VECTTAB(VECTTAB) (((VECTTAB) == NVIC_VectTab_RAM) || \

                                  ((VECTTAB) == NVIC_VectTab_FLASH))

/**

  * @}

  */



/** @defgroup MISC_System_Low_Power 

  * @{

  */



#define NVIC_LP_SEVONPEND            ((uint8_t)0x10)

#define NVIC_LP_SLEEPDEEP            ((uint8_t)0x04)

#define NVIC_LP_SLEEPONEXIT          ((uint8_t)0x02)

#define IS_NVIC_LP(LP) (((LP) == NVIC_LP_SEVONPEND) || \

                        ((LP) == NVIC_LP_SLEEPDEEP) || \

                        ((LP) == NVIC_LP_SLEEPONEXIT))

/**

  * @}

  */



/** @defgroup MISC_Preemption_Priority_Group 

  * @{

  */



#define NVIC_PriorityGroup_0         ((uint32_t)0x700) /*!< 0 bits for pre-emption priority

                                                            4 bits for subpriority */

#define NVIC_PriorityGroup_1         ((uint32_t)0x600) /*!< 1 bits for pre-emption priority

                                                            3 bits for subpriority */

#define NVIC_PriorityGroup_2         ((uint32_t)0x500) /*!< 2 bits for pre-emption priority

                                                            2 bits for subpriority */

#define NVIC_PriorityGroup_3         ((uint32_t)0x400) /*!< 3 bits for pre-emption priority

                                                            1 bits for subpriority */

#define NVIC_PriorityGroup_4         ((uint32_t)0x300) /*!< 4 bits for pre-emption priority

                                                            0 bits for subpriority */



#define IS_NVIC_PRIORITY_GROUP(GROUP) (((GROUP) == NVIC_PriorityGroup_0) || \

                                       ((GROUP) == NVIC_PriorityGroup_1) || \

                                       ((GROUP) == NVIC_PriorityGroup_2) || \

                                       ((GROUP) == NVIC_PriorityGroup_3) || \

                                       ((GROUP) == NVIC_PriorityGroup_4))



#define IS_NVIC_PREEMPTION_PRIORITY(PRIORITY)  ((PRIORITY) < 0x10)



#define IS_NVIC_SUB_PRIORITY(PRIORITY)  ((PRIORITY) < 0x10)



#define IS_NVIC_OFFSET(OFFSET)  ((OFFSET) < 0x000FFFFF)



/**

  * @}

  */



/** @defgroup MISC_SysTick_clock_source 

  * @{

  */



#define SysTick_CLKSource_HCLK_Div8    ((uint32_t)0xFFFFFFFB)

#define SysTick_CLKSource_HCLK         ((uint32_t)0x00000004)

#define IS_SYSTICK_CLK_SOURCE(SOURCE) (((SOURCE) == SysTick_CLKSource_HCLK) || \

                                       ((SOURCE) == SysTick_CLKSource_HCLK_Div8))

/**

  * @}

  */



/**

  * @}

  */



/* Exported macro ------------------------------------------------------------*/

/* Exported functions --------------------------------------------------------*/



void NVIC_PriorityGroupConfig(uint32_t NVIC_PriorityGroup);

void NVIC_Init(NVIC_InitTypeDef* NVIC_InitStruct);

void NVIC_SetVectorTable(uint32_t NVIC_VectTab, uint32_t Offset);

void NVIC_SystemLPConfig(uint8_t LowPowerMode, FunctionalState NewState);

void SysTick_CLKSourceConfig(uint32_t SysTick_CLKSource);



#ifdef __cplusplus

}

#endif



#endif /* __MISC_H */



/**

  * @}

  */



/**

  * @}

  */



/******************* (C) COPYRIGHT 2011 STMicroelectronics *****END OF FILE****/








Viz/cmsis_lib/include/stm32f4xx_adc.h

/**

  ******************************************************************************

  * @file    stm32f4xx_adc.h

  * @author  MCD Application Team

  * @version V1.0.0

  * @date    30-September-2011

  * @brief   This file contains all the functions prototypes for the ADC firmware 

  *          library.

  ******************************************************************************

  * @attention

  *

  * THE PRESENT FIRMWARE WHICH IS FOR GUIDANCE ONLY AIMS AT PROVIDING CUSTOMERS

  * WITH CODING INFORMATION REGARDING THEIR PRODUCTS IN ORDER FOR THEM TO SAVE

  * TIME. AS A RESULT, STMICROELECTRONICS SHALL NOT BE HELD LIABLE FOR ANY

  * DIRECT, INDIRECT OR CONSEQUENTIAL DAMAGES WITH RESPECT TO ANY CLAIMS ARISING

  * FROM THE CONTENT OF SUCH FIRMWARE AND/OR THE USE MADE BY CUSTOMERS OF THE

  * CODING INFORMATION CONTAINED HEREIN IN CONNECTION WITH THEIR PRODUCTS.

  *

  * <h2><center>&copy; COPYRIGHT 2011 STMicroelectronics</center></h2>

  ******************************************************************************

  */



/* Define to prevent recursive inclusion -------------------------------------*/

#ifndef __STM32F4xx_ADC_H

#define __STM32F4xx_ADC_H



#ifdef __cplusplus

 extern "C" {

#endif



/* Includes ------------------------------------------------------------------*/

#include "stm32f4xx.h"



/** @addtogroup STM32F4xx_StdPeriph_Driver

  * @{

  */



/** @addtogroup ADC

  * @{

  */ 



/* Exported types ------------------------------------------------------------*/



/** 

  * @brief   ADC Init structure definition  

  */ 

typedef struct

{

  uint32_t ADC_Resolution;                /*!< Configures the ADC resolution dual mode. 

                                               This parameter can be a value of @ref ADC_resolution */                                   

  FunctionalState ADC_ScanConvMode;       /*!< Specifies whether the conversion 

                                               is performed in Scan (multichannels) 

                                               or Single (one channel) mode.

                                               This parameter can be set to ENABLE or DISABLE */ 

  FunctionalState ADC_ContinuousConvMode; /*!< Specifies whether the conversion 

                                               is performed in Continuous or Single mode.

                                               This parameter can be set to ENABLE or DISABLE. */

  uint32_t ADC_ExternalTrigConvEdge;      /*!< Select the external trigger edge and

                                               enable the trigger of a regular group. 

                                               This parameter can be a value of 

                                               @ref ADC_external_trigger_edge_for_regular_channels_conversion */

  uint32_t ADC_ExternalTrigConv;          /*!< Select the external event used to trigger 

                                               the start of conversion of a regular group.

                                               This parameter can be a value of 

                                               @ref ADC_extrenal_trigger_sources_for_regular_channels_conversion */

  uint32_t ADC_DataAlign;                 /*!< Specifies whether the ADC data  alignment

                                               is left or right. This parameter can be 

                                               a value of @ref ADC_data_align */

  uint8_t  ADC_NbrOfConversion;           /*!< Specifies the number of ADC conversions

                                               that will be done using the sequencer for

                                               regular channel group.

                                               This parameter must range from 1 to 16. */

}ADC_InitTypeDef;

  

/** 

  * @brief   ADC Common Init structure definition  

  */ 

typedef struct 

{

  uint32_t ADC_Mode;                      /*!< Configures the ADC to operate in 

                                               independent or multi mode. 

                                               This parameter can be a value of @ref ADC_Common_mode */                                              

  uint32_t ADC_Prescaler;                 /*!< Select the frequency of the clock 

                                               to the ADC. The clock is common for all the ADCs.

                                               This parameter can be a value of @ref ADC_Prescaler */

  uint32_t ADC_DMAAccessMode;             /*!< Configures the Direct memory access 

                                              mode for multi ADC mode.

                                               This parameter can be a value of 

                                               @ref ADC_Direct_memory_access_mode_for_multi_mode */

  uint32_t ADC_TwoSamplingDelay;          /*!< Configures the Delay between 2 sampling phases.

                                               This parameter can be a value of 

                                               @ref ADC_delay_between_2_sampling_phases */

  

}ADC_CommonInitTypeDef;





/* Exported constants --------------------------------------------------------*/



/** @defgroup ADC_Exported_Constants

  * @{

  */ 

#define IS_ADC_ALL_PERIPH(PERIPH) (((PERIPH) == ADC1) || \

                                   ((PERIPH) == ADC2) || \

                                   ((PERIPH) == ADC3))  



/** @defgroup ADC_Common_mode 

  * @{

  */ 

#define ADC_Mode_Independent                       ((uint32_t)0x00000000)       

#define ADC_DualMode_RegSimult_InjecSimult         ((uint32_t)0x00000001)

#define ADC_DualMode_RegSimult_AlterTrig           ((uint32_t)0x00000002)

#define ADC_DualMode_InjecSimult                   ((uint32_t)0x00000005)

#define ADC_DualMode_RegSimult                     ((uint32_t)0x00000006)

#define ADC_DualMode_Interl                        ((uint32_t)0x00000007)

#define ADC_DualMode_AlterTrig                     ((uint32_t)0x00000009)

#define ADC_TripleMode_RegSimult_InjecSimult       ((uint32_t)0x00000011)

#define ADC_TripleMode_RegSimult_AlterTrig         ((uint32_t)0x00000012)

#define ADC_TripleMode_InjecSimult                 ((uint32_t)0x00000015)

#define ADC_TripleMode_RegSimult                   ((uint32_t)0x00000016)

#define ADC_TripleMode_Interl                      ((uint32_t)0x00000017)

#define ADC_TripleMode_AlterTrig                   ((uint32_t)0x00000019)

#define IS_ADC_MODE(MODE) (((MODE) == ADC_Mode_Independent) || \

                           ((MODE) == ADC_DualMode_RegSimult_InjecSimult) || \

                           ((MODE) == ADC_DualMode_RegSimult_AlterTrig) || \

                           ((MODE) == ADC_DualMode_InjecSimult) || \

                           ((MODE) == ADC_DualMode_RegSimult) || \

                           ((MODE) == ADC_DualMode_Interl) || \

                           ((MODE) == ADC_DualMode_AlterTrig) || \

                           ((MODE) == ADC_TripleMode_RegSimult_InjecSimult) || \

                           ((MODE) == ADC_TripleMode_RegSimult_AlterTrig) || \

                           ((MODE) == ADC_TripleMode_InjecSimult) || \

                           ((MODE) == ADC_TripleMode_RegSimult) || \

                           ((MODE) == ADC_TripleMode_Interl) || \

                           ((MODE) == ADC_TripleMode_AlterTrig))

/**

  * @}

  */ 





/** @defgroup ADC_Prescaler 

  * @{

  */ 

#define ADC_Prescaler_Div2                         ((uint32_t)0x00000000)

#define ADC_Prescaler_Div4                         ((uint32_t)0x00010000)

#define ADC_Prescaler_Div6                         ((uint32_t)0x00020000)

#define ADC_Prescaler_Div8                         ((uint32_t)0x00030000)

#define IS_ADC_PRESCALER(PRESCALER) (((PRESCALER) == ADC_Prescaler_Div2) || \

                                     ((PRESCALER) == ADC_Prescaler_Div4) || \

                                     ((PRESCALER) == ADC_Prescaler_Div6) || \

                                     ((PRESCALER) == ADC_Prescaler_Div8))

/**

  * @}

  */ 





/** @defgroup ADC_Direct_memory_access_mode_for_multi_mode 

  * @{

  */ 

#define ADC_DMAAccessMode_Disabled      ((uint32_t)0x00000000)     /* DMA mode disabled */

#define ADC_DMAAccessMode_1             ((uint32_t)0x00004000)     /* DMA mode 1 enabled (2 / 3 half-words one by one - 1 then 2 then 3)*/

#define ADC_DMAAccessMode_2             ((uint32_t)0x00008000)     /* DMA mode 2 enabled (2 / 3 half-words by pairs - 2&1 then 1&3 then 3&2)*/

#define ADC_DMAAccessMode_3             ((uint32_t)0x0000C000)     /* DMA mode 3 enabled (2 / 3 bytes by pairs - 2&1 then 1&3 then 3&2) */

#define IS_ADC_DMA_ACCESS_MODE(MODE) (((MODE) == ADC_DMAAccessMode_Disabled) || \

                                      ((MODE) == ADC_DMAAccessMode_1) || \

                                      ((MODE) == ADC_DMAAccessMode_2) || \

                                      ((MODE) == ADC_DMAAccessMode_3))

                                     

/**

  * @}

  */ 





/** @defgroup ADC_delay_between_2_sampling_phases 

  * @{

  */ 

#define ADC_TwoSamplingDelay_5Cycles               ((uint32_t)0x00000000)

#define ADC_TwoSamplingDelay_6Cycles               ((uint32_t)0x00000100)

#define ADC_TwoSamplingDelay_7Cycles               ((uint32_t)0x00000200)

#define ADC_TwoSamplingDelay_8Cycles               ((uint32_t)0x00000300)

#define ADC_TwoSamplingDelay_9Cycles               ((uint32_t)0x00000400)

#define ADC_TwoSamplingDelay_10Cycles              ((uint32_t)0x00000500)

#define ADC_TwoSamplingDelay_11Cycles              ((uint32_t)0x00000600)

#define ADC_TwoSamplingDelay_12Cycles              ((uint32_t)0x00000700)

#define ADC_TwoSamplingDelay_13Cycles              ((uint32_t)0x00000800)

#define ADC_TwoSamplingDelay_14Cycles              ((uint32_t)0x00000900)

#define ADC_TwoSamplingDelay_15Cycles              ((uint32_t)0x00000A00)

#define ADC_TwoSamplingDelay_16Cycles              ((uint32_t)0x00000B00)

#define ADC_TwoSamplingDelay_17Cycles              ((uint32_t)0x00000C00)

#define ADC_TwoSamplingDelay_18Cycles              ((uint32_t)0x00000D00)

#define ADC_TwoSamplingDelay_19Cycles              ((uint32_t)0x00000E00)

#define ADC_TwoSamplingDelay_20Cycles              ((uint32_t)0x00000F00)

#define IS_ADC_SAMPLING_DELAY(DELAY) (((DELAY) == ADC_TwoSamplingDelay_5Cycles) || \

                                      ((DELAY) == ADC_TwoSamplingDelay_6Cycles) || \

                                      ((DELAY) == ADC_TwoSamplingDelay_7Cycles) || \

                                      ((DELAY) == ADC_TwoSamplingDelay_8Cycles) || \

                                      ((DELAY) == ADC_TwoSamplingDelay_9Cycles) || \

                                      ((DELAY) == ADC_TwoSamplingDelay_10Cycles) || \

                                      ((DELAY) == ADC_TwoSamplingDelay_11Cycles) || \

                                      ((DELAY) == ADC_TwoSamplingDelay_12Cycles) || \

                                      ((DELAY) == ADC_TwoSamplingDelay_13Cycles) || \

                                      ((DELAY) == ADC_TwoSamplingDelay_14Cycles) || \

                                      ((DELAY) == ADC_TwoSamplingDelay_15Cycles) || \

                                      ((DELAY) == ADC_TwoSamplingDelay_16Cycles) || \

                                      ((DELAY) == ADC_TwoSamplingDelay_17Cycles) || \

                                      ((DELAY) == ADC_TwoSamplingDelay_18Cycles) || \

                                      ((DELAY) == ADC_TwoSamplingDelay_19Cycles) || \

                                      ((DELAY) == ADC_TwoSamplingDelay_20Cycles))

                                     

/**

  * @}

  */ 





/** @defgroup ADC_resolution 

  * @{

  */ 

#define ADC_Resolution_12b                         ((uint32_t)0x00000000)

#define ADC_Resolution_10b                         ((uint32_t)0x01000000)

#define ADC_Resolution_8b                          ((uint32_t)0x02000000)

#define ADC_Resolution_6b                          ((uint32_t)0x03000000)

#define IS_ADC_RESOLUTION(RESOLUTION) (((RESOLUTION) == ADC_Resolution_12b) || \

                                       ((RESOLUTION) == ADC_Resolution_10b) || \

                                       ((RESOLUTION) == ADC_Resolution_8b) || \

                                       ((RESOLUTION) == ADC_Resolution_6b))

                                      

/**

  * @}

  */ 





/** @defgroup ADC_external_trigger_edge_for_regular_channels_conversion 

  * @{

  */ 

#define ADC_ExternalTrigConvEdge_None          ((uint32_t)0x00000000)

#define ADC_ExternalTrigConvEdge_Rising        ((uint32_t)0x10000000)

#define ADC_ExternalTrigConvEdge_Falling       ((uint32_t)0x20000000)

#define ADC_ExternalTrigConvEdge_RisingFalling ((uint32_t)0x30000000)

#define IS_ADC_EXT_TRIG_EDGE(EDGE) (((EDGE) == ADC_ExternalTrigConvEdge_None) || \

                             ((EDGE) == ADC_ExternalTrigConvEdge_Rising) || \

                             ((EDGE) == ADC_ExternalTrigConvEdge_Falling) || \

                             ((EDGE) == ADC_ExternalTrigConvEdge_RisingFalling))

/**

  * @}

  */ 





/** @defgroup ADC_extrenal_trigger_sources_for_regular_channels_conversion 

  * @{

  */ 

#define ADC_ExternalTrigConv_T1_CC1                ((uint32_t)0x00000000)

#define ADC_ExternalTrigConv_T1_CC2                ((uint32_t)0x01000000)

#define ADC_ExternalTrigConv_T1_CC3                ((uint32_t)0x02000000)

#define ADC_ExternalTrigConv_T2_CC2                ((uint32_t)0x03000000)

#define ADC_ExternalTrigConv_T2_CC3                ((uint32_t)0x04000000)

#define ADC_ExternalTrigConv_T2_CC4                ((uint32_t)0x05000000)

#define ADC_ExternalTrigConv_T2_TRGO               ((uint32_t)0x06000000)

#define ADC_ExternalTrigConv_T3_CC1                ((uint32_t)0x07000000)

#define ADC_ExternalTrigConv_T3_TRGO               ((uint32_t)0x08000000)

#define ADC_ExternalTrigConv_T4_CC4                ((uint32_t)0x09000000)

#define ADC_ExternalTrigConv_T5_CC1                ((uint32_t)0x0A000000)

#define ADC_ExternalTrigConv_T5_CC2                ((uint32_t)0x0B000000)

#define ADC_ExternalTrigConv_T5_CC3                ((uint32_t)0x0C000000)

#define ADC_ExternalTrigConv_T8_CC1                ((uint32_t)0x0D000000)

#define ADC_ExternalTrigConv_T8_TRGO               ((uint32_t)0x0E000000)

#define ADC_ExternalTrigConv_Ext_IT11              ((uint32_t)0x0F000000)

#define IS_ADC_EXT_TRIG(REGTRIG) (((REGTRIG) == ADC_ExternalTrigConv_T1_CC1) || \

                                  ((REGTRIG) == ADC_ExternalTrigConv_T1_CC2) || \

                                  ((REGTRIG) == ADC_ExternalTrigConv_T1_CC3) || \

                                  ((REGTRIG) == ADC_ExternalTrigConv_T2_CC2) || \

                                  ((REGTRIG) == ADC_ExternalTrigConv_T2_CC3) || \

                                  ((REGTRIG) == ADC_ExternalTrigConv_T2_CC4) || \

                                  ((REGTRIG) == ADC_ExternalTrigConv_T2_TRGO) || \

                                  ((REGTRIG) == ADC_ExternalTrigConv_T3_CC1) || \

                                  ((REGTRIG) == ADC_ExternalTrigConv_T3_TRGO) || \

                                  ((REGTRIG) == ADC_ExternalTrigConv_T4_CC4) || \

                                  ((REGTRIG) == ADC_ExternalTrigConv_T5_CC1) || \

                                  ((REGTRIG) == ADC_ExternalTrigConv_T5_CC2) || \

                                  ((REGTRIG) == ADC_ExternalTrigConv_T5_CC3) || \

                                  ((REGTRIG) == ADC_ExternalTrigConv_T8_CC1) || \

                                  ((REGTRIG) == ADC_ExternalTrigConv_T8_TRGO) || \

                                  ((REGTRIG) == ADC_ExternalTrigConv_Ext_IT11))

/**

  * @}

  */ 





/** @defgroup ADC_data_align 

  * @{

  */ 

#define ADC_DataAlign_Right                        ((uint32_t)0x00000000)

#define ADC_DataAlign_Left                         ((uint32_t)0x00000800)

#define IS_ADC_DATA_ALIGN(ALIGN) (((ALIGN) == ADC_DataAlign_Right) || \

                                  ((ALIGN) == ADC_DataAlign_Left))

/**

  * @}

  */ 





/** @defgroup ADC_channels 

  * @{

  */ 

#define ADC_Channel_0                               ((uint8_t)0x00)

#define ADC_Channel_1                               ((uint8_t)0x01)

#define ADC_Channel_2                               ((uint8_t)0x02)

#define ADC_Channel_3                               ((uint8_t)0x03)

#define ADC_Channel_4                               ((uint8_t)0x04)

#define ADC_Channel_5                               ((uint8_t)0x05)

#define ADC_Channel_6                               ((uint8_t)0x06)

#define ADC_Channel_7                               ((uint8_t)0x07)

#define ADC_Channel_8                               ((uint8_t)0x08)

#define ADC_Channel_9                               ((uint8_t)0x09)

#define ADC_Channel_10                              ((uint8_t)0x0A)

#define ADC_Channel_11                              ((uint8_t)0x0B)

#define ADC_Channel_12                              ((uint8_t)0x0C)

#define ADC_Channel_13                              ((uint8_t)0x0D)

#define ADC_Channel_14                              ((uint8_t)0x0E)

#define ADC_Channel_15                              ((uint8_t)0x0F)

#define ADC_Channel_16                              ((uint8_t)0x10)

#define ADC_Channel_17                              ((uint8_t)0x11)

#define ADC_Channel_18                              ((uint8_t)0x12)



#define ADC_Channel_TempSensor                      ((uint8_t)ADC_Channel_16)

#define ADC_Channel_Vrefint                         ((uint8_t)ADC_Channel_17)

#define ADC_Channel_Vbat                            ((uint8_t)ADC_Channel_18)



#define IS_ADC_CHANNEL(CHANNEL) (((CHANNEL) == ADC_Channel_0) || \

                                 ((CHANNEL) == ADC_Channel_1) || \

                                 ((CHANNEL) == ADC_Channel_2) || \

                                 ((CHANNEL) == ADC_Channel_3) || \

                                 ((CHANNEL) == ADC_Channel_4) || \

                                 ((CHANNEL) == ADC_Channel_5) || \

                                 ((CHANNEL) == ADC_Channel_6) || \

                                 ((CHANNEL) == ADC_Channel_7) || \

                                 ((CHANNEL) == ADC_Channel_8) || \

                                 ((CHANNEL) == ADC_Channel_9) || \

                                 ((CHANNEL) == ADC_Channel_10) || \

                                 ((CHANNEL) == ADC_Channel_11) || \

                                 ((CHANNEL) == ADC_Channel_12) || \

                                 ((CHANNEL) == ADC_Channel_13) || \

                                 ((CHANNEL) == ADC_Channel_14) || \

                                 ((CHANNEL) == ADC_Channel_15) || \

                                 ((CHANNEL) == ADC_Channel_16) || \

                                 ((CHANNEL) == ADC_Channel_17) || \

                                 ((CHANNEL) == ADC_Channel_18))

/**

  * @}

  */ 





/** @defgroup ADC_sampling_times 

  * @{

  */ 

#define ADC_SampleTime_3Cycles                    ((uint8_t)0x00)

#define ADC_SampleTime_15Cycles                   ((uint8_t)0x01)

#define ADC_SampleTime_28Cycles                   ((uint8_t)0x02)

#define ADC_SampleTime_56Cycles                   ((uint8_t)0x03)

#define ADC_SampleTime_84Cycles                   ((uint8_t)0x04)

#define ADC_SampleTime_112Cycles                  ((uint8_t)0x05)

#define ADC_SampleTime_144Cycles                  ((uint8_t)0x06)

#define ADC_SampleTime_480Cycles                  ((uint8_t)0x07)

#define IS_ADC_SAMPLE_TIME(TIME) (((TIME) == ADC_SampleTime_3Cycles) || \

                                  ((TIME) == ADC_SampleTime_15Cycles) || \

                                  ((TIME) == ADC_SampleTime_28Cycles) || \

                                  ((TIME) == ADC_SampleTime_56Cycles) || \

                                  ((TIME) == ADC_SampleTime_84Cycles) || \

                                  ((TIME) == ADC_SampleTime_112Cycles) || \

                                  ((TIME) == ADC_SampleTime_144Cycles) || \

                                  ((TIME) == ADC_SampleTime_480Cycles))

/**

  * @}

  */ 





/** @defgroup ADC_external_trigger_edge_for_injected_channels_conversion 

  * @{

  */ 

#define ADC_ExternalTrigInjecConvEdge_None          ((uint32_t)0x00000000)

#define ADC_ExternalTrigInjecConvEdge_Rising        ((uint32_t)0x00100000)

#define ADC_ExternalTrigInjecConvEdge_Falling       ((uint32_t)0x00200000)

#define ADC_ExternalTrigInjecConvEdge_RisingFalling ((uint32_t)0x00300000)

#define IS_ADC_EXT_INJEC_TRIG_EDGE(EDGE) (((EDGE) == ADC_ExternalTrigInjecConvEdge_None) || \

                                          ((EDGE) == ADC_ExternalTrigInjecConvEdge_Rising) || \

                                          ((EDGE) == ADC_ExternalTrigInjecConvEdge_Falling) || \

                                          ((EDGE) == ADC_ExternalTrigInjecConvEdge_RisingFalling))

                                            

/**

  * @}

  */ 





/** @defgroup ADC_extrenal_trigger_sources_for_injected_channels_conversion 

  * @{

  */ 

#define ADC_ExternalTrigInjecConv_T1_CC4            ((uint32_t)0x00000000)

#define ADC_ExternalTrigInjecConv_T1_TRGO           ((uint32_t)0x00010000)

#define ADC_ExternalTrigInjecConv_T2_CC1            ((uint32_t)0x00020000)

#define ADC_ExternalTrigInjecConv_T2_TRGO           ((uint32_t)0x00030000)

#define ADC_ExternalTrigInjecConv_T3_CC2            ((uint32_t)0x00040000)

#define ADC_ExternalTrigInjecConv_T3_CC4            ((uint32_t)0x00050000)

#define ADC_ExternalTrigInjecConv_T4_CC1            ((uint32_t)0x00060000)

#define ADC_ExternalTrigInjecConv_T4_CC2            ((uint32_t)0x00070000)

#define ADC_ExternalTrigInjecConv_T4_CC3            ((uint32_t)0x00080000)

#define ADC_ExternalTrigInjecConv_T4_TRGO           ((uint32_t)0x00090000)

#define ADC_ExternalTrigInjecConv_T5_CC4            ((uint32_t)0x000A0000)

#define ADC_ExternalTrigInjecConv_T5_TRGO           ((uint32_t)0x000B0000)

#define ADC_ExternalTrigInjecConv_T8_CC2            ((uint32_t)0x000C0000)

#define ADC_ExternalTrigInjecConv_T8_CC3            ((uint32_t)0x000D0000)

#define ADC_ExternalTrigInjecConv_T8_CC4            ((uint32_t)0x000E0000)

#define ADC_ExternalTrigInjecConv_Ext_IT15          ((uint32_t)0x000F0000)

#define IS_ADC_EXT_INJEC_TRIG(INJTRIG) (((INJTRIG) == ADC_ExternalTrigInjecConv_T1_CC4) || \

                                        ((INJTRIG) == ADC_ExternalTrigInjecConv_T1_TRGO) || \

                                        ((INJTRIG) == ADC_ExternalTrigInjecConv_T2_CC1) || \

                                        ((INJTRIG) == ADC_ExternalTrigInjecConv_T2_TRGO) || \

                                        ((INJTRIG) == ADC_ExternalTrigInjecConv_T3_CC2) || \

                                        ((INJTRIG) == ADC_ExternalTrigInjecConv_T3_CC4) || \

                                        ((INJTRIG) == ADC_ExternalTrigInjecConv_T4_CC1) || \

                                        ((INJTRIG) == ADC_ExternalTrigInjecConv_T4_CC2) || \

                                        ((INJTRIG) == ADC_ExternalTrigInjecConv_T4_CC3) || \

                                        ((INJTRIG) == ADC_ExternalTrigInjecConv_T4_TRGO) || \

                                        ((INJTRIG) == ADC_ExternalTrigInjecConv_T5_CC4) || \

                                        ((INJTRIG) == ADC_ExternalTrigInjecConv_T5_TRGO) || \

                                        ((INJTRIG) == ADC_ExternalTrigInjecConv_T8_CC2) || \

                                        ((INJTRIG) == ADC_ExternalTrigInjecConv_T8_CC3) || \

                                        ((INJTRIG) == ADC_ExternalTrigInjecConv_T8_CC4) || \

                                        ((INJTRIG) == ADC_ExternalTrigInjecConv_Ext_IT15))

/**

  * @}

  */ 





/** @defgroup ADC_injected_channel_selection 

  * @{

  */ 

#define ADC_InjectedChannel_1                       ((uint8_t)0x14)

#define ADC_InjectedChannel_2                       ((uint8_t)0x18)

#define ADC_InjectedChannel_3                       ((uint8_t)0x1C)

#define ADC_InjectedChannel_4                       ((uint8_t)0x20)

#define IS_ADC_INJECTED_CHANNEL(CHANNEL) (((CHANNEL) == ADC_InjectedChannel_1) || \

                                          ((CHANNEL) == ADC_InjectedChannel_2) || \

                                          ((CHANNEL) == ADC_InjectedChannel_3) || \

                                          ((CHANNEL) == ADC_InjectedChannel_4))

/**

  * @}

  */ 





/** @defgroup ADC_analog_watchdog_selection 

  * @{

  */ 

#define ADC_AnalogWatchdog_SingleRegEnable         ((uint32_t)0x00800200)

#define ADC_AnalogWatchdog_SingleInjecEnable       ((uint32_t)0x00400200)

#define ADC_AnalogWatchdog_SingleRegOrInjecEnable  ((uint32_t)0x00C00200)

#define ADC_AnalogWatchdog_AllRegEnable            ((uint32_t)0x00800000)

#define ADC_AnalogWatchdog_AllInjecEnable          ((uint32_t)0x00400000)

#define ADC_AnalogWatchdog_AllRegAllInjecEnable    ((uint32_t)0x00C00000)

#define ADC_AnalogWatchdog_None                    ((uint32_t)0x00000000)

#define IS_ADC_ANALOG_WATCHDOG(WATCHDOG) (((WATCHDOG) == ADC_AnalogWatchdog_SingleRegEnable) || \

                                          ((WATCHDOG) == ADC_AnalogWatchdog_SingleInjecEnable) || \

                                          ((WATCHDOG) == ADC_AnalogWatchdog_SingleRegOrInjecEnable) || \

                                          ((WATCHDOG) == ADC_AnalogWatchdog_AllRegEnable) || \

                                          ((WATCHDOG) == ADC_AnalogWatchdog_AllInjecEnable) || \

                                          ((WATCHDOG) == ADC_AnalogWatchdog_AllRegAllInjecEnable) || \

                                          ((WATCHDOG) == ADC_AnalogWatchdog_None))

/**

  * @}

  */ 





/** @defgroup ADC_interrupts_definition 

  * @{

  */ 

#define ADC_IT_EOC                                 ((uint16_t)0x0205)  

#define ADC_IT_AWD                                 ((uint16_t)0x0106)  

#define ADC_IT_JEOC                                ((uint16_t)0x0407)  

#define ADC_IT_OVR                                 ((uint16_t)0x201A)  

#define IS_ADC_IT(IT) (((IT) == ADC_IT_EOC) || ((IT) == ADC_IT_AWD) || \

                       ((IT) == ADC_IT_JEOC)|| ((IT) == ADC_IT_OVR)) 

/**

  * @}

  */ 





/** @defgroup ADC_flags_definition 

  * @{

  */ 

#define ADC_FLAG_AWD                               ((uint8_t)0x01)

#define ADC_FLAG_EOC                               ((uint8_t)0x02)

#define ADC_FLAG_JEOC                              ((uint8_t)0x04)

#define ADC_FLAG_JSTRT                             ((uint8_t)0x08)

#define ADC_FLAG_STRT                              ((uint8_t)0x10)

#define ADC_FLAG_OVR                               ((uint8_t)0x20)   

  

#define IS_ADC_CLEAR_FLAG(FLAG) ((((FLAG) & (uint8_t)0xC0) == 0x00) && ((FLAG) != 0x00))   

#define IS_ADC_GET_FLAG(FLAG) (((FLAG) == ADC_FLAG_AWD) || \

                               ((FLAG) == ADC_FLAG_EOC) || \

                               ((FLAG) == ADC_FLAG_JEOC) || \

                               ((FLAG)== ADC_FLAG_JSTRT) || \

                               ((FLAG) == ADC_FLAG_STRT) || \

                               ((FLAG)== ADC_FLAG_OVR))     

/**

  * @}

  */ 





/** @defgroup ADC_thresholds 

  * @{

  */ 

#define IS_ADC_THRESHOLD(THRESHOLD) ((THRESHOLD) <= 0xFFF)

/**

  * @}

  */ 





/** @defgroup ADC_injected_offset 

  * @{

  */ 

#define IS_ADC_OFFSET(OFFSET) ((OFFSET) <= 0xFFF)

/**

  * @}

  */ 





/** @defgroup ADC_injected_length 

  * @{

  */ 

#define IS_ADC_INJECTED_LENGTH(LENGTH) (((LENGTH) >= 0x1) && ((LENGTH) <= 0x4))

/**

  * @}

  */ 





/** @defgroup ADC_injected_rank 

  * @{

  */ 

#define IS_ADC_INJECTED_RANK(RANK) (((RANK) >= 0x1) && ((RANK) <= 0x4))

/**

  * @}

  */ 





/** @defgroup ADC_regular_length 

  * @{

  */ 

#define IS_ADC_REGULAR_LENGTH(LENGTH) (((LENGTH) >= 0x1) && ((LENGTH) <= 0x10))

/**

  * @}

  */ 





/** @defgroup ADC_regular_rank 

  * @{

  */ 

#define IS_ADC_REGULAR_RANK(RANK) (((RANK) >= 0x1) && ((RANK) <= 0x10))

/**

  * @}

  */ 





/** @defgroup ADC_regular_discontinuous_mode_number 

  * @{

  */ 

#define IS_ADC_REGULAR_DISC_NUMBER(NUMBER) (((NUMBER) >= 0x1) && ((NUMBER) <= 0x8))

/**

  * @}

  */ 





/**

  * @}

  */ 



/* Exported macro ------------------------------------------------------------*/

/* Exported functions --------------------------------------------------------*/  



/*  Function used to set the ADC configuration to the default reset state *****/  

void ADC_DeInit(void);



/* Initialization and Configuration functions *********************************/

void ADC_Init(ADC_TypeDef* ADCx, ADC_InitTypeDef* ADC_InitStruct);

void ADC_StructInit(ADC_InitTypeDef* ADC_InitStruct);

void ADC_CommonInit(ADC_CommonInitTypeDef* ADC_CommonInitStruct);

void ADC_CommonStructInit(ADC_CommonInitTypeDef* ADC_CommonInitStruct);

void ADC_Cmd(ADC_TypeDef* ADCx, FunctionalState NewState);



/* Analog Watchdog configuration functions ************************************/

void ADC_AnalogWatchdogCmd(ADC_TypeDef* ADCx, uint32_t ADC_AnalogWatchdog);

void ADC_AnalogWatchdogThresholdsConfig(ADC_TypeDef* ADCx, uint16_t HighThreshold,uint16_t LowThreshold);

void ADC_AnalogWatchdogSingleChannelConfig(ADC_TypeDef* ADCx, uint8_t ADC_Channel);



/* Temperature Sensor, Vrefint and VBAT management functions ******************/

void ADC_TempSensorVrefintCmd(FunctionalState NewState);

void ADC_VBATCmd(FunctionalState NewState);



/* Regular Channels Configuration functions ***********************************/

void ADC_RegularChannelConfig(ADC_TypeDef* ADCx, uint8_t ADC_Channel, uint8_t Rank, uint8_t ADC_SampleTime);

void ADC_SoftwareStartConv(ADC_TypeDef* ADCx);

FlagStatus ADC_GetSoftwareStartConvStatus(ADC_TypeDef* ADCx);

void ADC_EOCOnEachRegularChannelCmd(ADC_TypeDef* ADCx, FunctionalState NewState);

void ADC_ContinuousModeCmd(ADC_TypeDef* ADCx, FunctionalState NewState);

void ADC_DiscModeChannelCountConfig(ADC_TypeDef* ADCx, uint8_t Number);

void ADC_DiscModeCmd(ADC_TypeDef* ADCx, FunctionalState NewState);

uint16_t ADC_GetConversionValue(ADC_TypeDef* ADCx);

uint32_t ADC_GetMultiModeConversionValue(void);



/* Regular Channels DMA Configuration functions *******************************/

void ADC_DMACmd(ADC_TypeDef* ADCx, FunctionalState NewState);

void ADC_DMARequestAfterLastTransferCmd(ADC_TypeDef* ADCx, FunctionalState NewState);

void ADC_MultiModeDMARequestAfterLastTransferCmd(FunctionalState NewState);



/* Injected channels Configuration functions **********************************/

void ADC_InjectedChannelConfig(ADC_TypeDef* ADCx, uint8_t ADC_Channel, uint8_t Rank, uint8_t ADC_SampleTime);

void ADC_InjectedSequencerLengthConfig(ADC_TypeDef* ADCx, uint8_t Length);

void ADC_SetInjectedOffset(ADC_TypeDef* ADCx, uint8_t ADC_InjectedChannel, uint16_t Offset);

void ADC_ExternalTrigInjectedConvConfig(ADC_TypeDef* ADCx, uint32_t ADC_ExternalTrigInjecConv);

void ADC_ExternalTrigInjectedConvEdgeConfig(ADC_TypeDef* ADCx, uint32_t ADC_ExternalTrigInjecConvEdge);

void ADC_SoftwareStartInjectedConv(ADC_TypeDef* ADCx);

FlagStatus ADC_GetSoftwareStartInjectedConvCmdStatus(ADC_TypeDef* ADCx);

void ADC_AutoInjectedConvCmd(ADC_TypeDef* ADCx, FunctionalState NewState);

void ADC_InjectedDiscModeCmd(ADC_TypeDef* ADCx, FunctionalState NewState);

uint16_t ADC_GetInjectedConversionValue(ADC_TypeDef* ADCx, uint8_t ADC_InjectedChannel);



/* Interrupts and flags management functions **********************************/

void ADC_ITConfig(ADC_TypeDef* ADCx, uint16_t ADC_IT, FunctionalState NewState);

FlagStatus ADC_GetFlagStatus(ADC_TypeDef* ADCx, uint8_t ADC_FLAG);

void ADC_ClearFlag(ADC_TypeDef* ADCx, uint8_t ADC_FLAG);

ITStatus ADC_GetITStatus(ADC_TypeDef* ADCx, uint16_t ADC_IT);

void ADC_ClearITPendingBit(ADC_TypeDef* ADCx, uint16_t ADC_IT);



#ifdef __cplusplus

}

#endif



#endif /*__STM32F4xx_ADC_H */



/**

  * @}

  */ 



/**

  * @}

  */ 



/******************* (C) COPYRIGHT 2011 STMicroelectronics *****END OF FILE****/








Viz/cmsis_lib/include/stm32f4xx_dac.h

/**

  ******************************************************************************

  * @file    stm32f4xx_dac.h

  * @author  MCD Application Team

  * @version V1.0.0

  * @date    30-September-2011

  * @brief   This file contains all the functions prototypes for the DAC firmware 

  *          library.

  ******************************************************************************

  * @attention

  *

  * THE PRESENT FIRMWARE WHICH IS FOR GUIDANCE ONLY AIMS AT PROVIDING CUSTOMERS

  * WITH CODING INFORMATION REGARDING THEIR PRODUCTS IN ORDER FOR THEM TO SAVE

  * TIME. AS A RESULT, STMICROELECTRONICS SHALL NOT BE HELD LIABLE FOR ANY

  * DIRECT, INDIRECT OR CONSEQUENTIAL DAMAGES WITH RESPECT TO ANY CLAIMS ARISING

  * FROM THE CONTENT OF SUCH FIRMWARE AND/OR THE USE MADE BY CUSTOMERS OF THE

  * CODING INFORMATION CONTAINED HEREIN IN CONNECTION WITH THEIR PRODUCTS.

  *

  * <h2><center>&copy; COPYRIGHT 2011 STMicroelectronics</center></h2>

  ******************************************************************************

  */



/* Define to prevent recursive inclusion -------------------------------------*/

#ifndef __STM32F4xx_DAC_H

#define __STM32F4xx_DAC_H



#ifdef __cplusplus

 extern "C" {

#endif



/* Includes ------------------------------------------------------------------*/

#include "stm32f4xx.h"



/** @addtogroup STM32F4xx_StdPeriph_Driver

  * @{

  */



/** @addtogroup DAC

  * @{

  */



/* Exported types ------------------------------------------------------------*/



/** 

  * @brief  DAC Init structure definition

  */



typedef struct

{

  uint32_t DAC_Trigger;                      /*!< Specifies the external trigger for the selected DAC channel.

                                                  This parameter can be a value of @ref DAC_trigger_selection */



  uint32_t DAC_WaveGeneration;               /*!< Specifies whether DAC channel noise waves or triangle waves

                                                  are generated, or whether no wave is generated.

                                                  This parameter can be a value of @ref DAC_wave_generation */



  uint32_t DAC_LFSRUnmask_TriangleAmplitude; /*!< Specifies the LFSR mask for noise wave generation or

                                                  the maximum amplitude triangle generation for the DAC channel. 

                                                  This parameter can be a value of @ref DAC_lfsrunmask_triangleamplitude */



  uint32_t DAC_OutputBuffer;                 /*!< Specifies whether the DAC channel output buffer is enabled or disabled.

                                                  This parameter can be a value of @ref DAC_output_buffer */

}DAC_InitTypeDef;



/* Exported constants --------------------------------------------------------*/



/** @defgroup DAC_Exported_Constants

  * @{

  */



/** @defgroup DAC_trigger_selection 

  * @{

  */



#define DAC_Trigger_None                   ((uint32_t)0x00000000) /*!< Conversion is automatic once the DAC1_DHRxxxx register 

                                                                       has been loaded, and not by external trigger */

#define DAC_Trigger_T2_TRGO                ((uint32_t)0x00000024) /*!< TIM2 TRGO selected as external conversion trigger for DAC channel */

#define DAC_Trigger_T4_TRGO                ((uint32_t)0x0000002C) /*!< TIM4 TRGO selected as external conversion trigger for DAC channel */

#define DAC_Trigger_T5_TRGO                ((uint32_t)0x0000001C) /*!< TIM5 TRGO selected as external conversion trigger for DAC channel */

#define DAC_Trigger_T6_TRGO                ((uint32_t)0x00000004) /*!< TIM6 TRGO selected as external conversion trigger for DAC channel */

#define DAC_Trigger_T7_TRGO                ((uint32_t)0x00000014) /*!< TIM7 TRGO selected as external conversion trigger for DAC channel */

#define DAC_Trigger_T8_TRGO                ((uint32_t)0x0000000C) /*!< TIM8 TRGO selected as external conversion trigger for DAC channel */                                                                       



#define DAC_Trigger_Ext_IT9                ((uint32_t)0x00000034) /*!< EXTI Line9 event selected as external conversion trigger for DAC channel */

#define DAC_Trigger_Software               ((uint32_t)0x0000003C) /*!< Conversion started by software trigger for DAC channel */



#define IS_DAC_TRIGGER(TRIGGER) (((TRIGGER) == DAC_Trigger_None) || \

                                 ((TRIGGER) == DAC_Trigger_T6_TRGO) || \

                                 ((TRIGGER) == DAC_Trigger_T8_TRGO) || \

                                 ((TRIGGER) == DAC_Trigger_T7_TRGO) || \

                                 ((TRIGGER) == DAC_Trigger_T5_TRGO) || \

                                 ((TRIGGER) == DAC_Trigger_T2_TRGO) || \

                                 ((TRIGGER) == DAC_Trigger_T4_TRGO) || \

                                 ((TRIGGER) == DAC_Trigger_Ext_IT9) || \

                                 ((TRIGGER) == DAC_Trigger_Software))



/**

  * @}

  */



/** @defgroup DAC_wave_generation 

  * @{

  */



#define DAC_WaveGeneration_None            ((uint32_t)0x00000000)

#define DAC_WaveGeneration_Noise           ((uint32_t)0x00000040)

#define DAC_WaveGeneration_Triangle        ((uint32_t)0x00000080)

#define IS_DAC_GENERATE_WAVE(WAVE) (((WAVE) == DAC_WaveGeneration_None) || \

                                    ((WAVE) == DAC_WaveGeneration_Noise) || \

                                    ((WAVE) == DAC_WaveGeneration_Triangle))

/**

  * @}

  */



/** @defgroup DAC_lfsrunmask_triangleamplitude

  * @{

  */



#define DAC_LFSRUnmask_Bit0                ((uint32_t)0x00000000) /*!< Unmask DAC channel LFSR bit0 for noise wave generation */

#define DAC_LFSRUnmask_Bits1_0             ((uint32_t)0x00000100) /*!< Unmask DAC channel LFSR bit[1:0] for noise wave generation */

#define DAC_LFSRUnmask_Bits2_0             ((uint32_t)0x00000200) /*!< Unmask DAC channel LFSR bit[2:0] for noise wave generation */

#define DAC_LFSRUnmask_Bits3_0             ((uint32_t)0x00000300) /*!< Unmask DAC channel LFSR bit[3:0] for noise wave generation */

#define DAC_LFSRUnmask_Bits4_0             ((uint32_t)0x00000400) /*!< Unmask DAC channel LFSR bit[4:0] for noise wave generation */

#define DAC_LFSRUnmask_Bits5_0             ((uint32_t)0x00000500) /*!< Unmask DAC channel LFSR bit[5:0] for noise wave generation */

#define DAC_LFSRUnmask_Bits6_0             ((uint32_t)0x00000600) /*!< Unmask DAC channel LFSR bit[6:0] for noise wave generation */

#define DAC_LFSRUnmask_Bits7_0             ((uint32_t)0x00000700) /*!< Unmask DAC channel LFSR bit[7:0] for noise wave generation */

#define DAC_LFSRUnmask_Bits8_0             ((uint32_t)0x00000800) /*!< Unmask DAC channel LFSR bit[8:0] for noise wave generation */

#define DAC_LFSRUnmask_Bits9_0             ((uint32_t)0x00000900) /*!< Unmask DAC channel LFSR bit[9:0] for noise wave generation */

#define DAC_LFSRUnmask_Bits10_0            ((uint32_t)0x00000A00) /*!< Unmask DAC channel LFSR bit[10:0] for noise wave generation */

#define DAC_LFSRUnmask_Bits11_0            ((uint32_t)0x00000B00) /*!< Unmask DAC channel LFSR bit[11:0] for noise wave generation */

#define DAC_TriangleAmplitude_1            ((uint32_t)0x00000000) /*!< Select max triangle amplitude of 1 */

#define DAC_TriangleAmplitude_3            ((uint32_t)0x00000100) /*!< Select max triangle amplitude of 3 */

#define DAC_TriangleAmplitude_7            ((uint32_t)0x00000200) /*!< Select max triangle amplitude of 7 */

#define DAC_TriangleAmplitude_15           ((uint32_t)0x00000300) /*!< Select max triangle amplitude of 15 */

#define DAC_TriangleAmplitude_31           ((uint32_t)0x00000400) /*!< Select max triangle amplitude of 31 */

#define DAC_TriangleAmplitude_63           ((uint32_t)0x00000500) /*!< Select max triangle amplitude of 63 */

#define DAC_TriangleAmplitude_127          ((uint32_t)0x00000600) /*!< Select max triangle amplitude of 127 */

#define DAC_TriangleAmplitude_255          ((uint32_t)0x00000700) /*!< Select max triangle amplitude of 255 */

#define DAC_TriangleAmplitude_511          ((uint32_t)0x00000800) /*!< Select max triangle amplitude of 511 */

#define DAC_TriangleAmplitude_1023         ((uint32_t)0x00000900) /*!< Select max triangle amplitude of 1023 */

#define DAC_TriangleAmplitude_2047         ((uint32_t)0x00000A00) /*!< Select max triangle amplitude of 2047 */

#define DAC_TriangleAmplitude_4095         ((uint32_t)0x00000B00) /*!< Select max triangle amplitude of 4095 */



#define IS_DAC_LFSR_UNMASK_TRIANGLE_AMPLITUDE(VALUE) (((VALUE) == DAC_LFSRUnmask_Bit0) || \

                                                      ((VALUE) == DAC_LFSRUnmask_Bits1_0) || \

                                                      ((VALUE) == DAC_LFSRUnmask_Bits2_0) || \

                                                      ((VALUE) == DAC_LFSRUnmask_Bits3_0) || \

                                                      ((VALUE) == DAC_LFSRUnmask_Bits4_0) || \

                                                      ((VALUE) == DAC_LFSRUnmask_Bits5_0) || \

                                                      ((VALUE) == DAC_LFSRUnmask_Bits6_0) || \

                                                      ((VALUE) == DAC_LFSRUnmask_Bits7_0) || \

                                                      ((VALUE) == DAC_LFSRUnmask_Bits8_0) || \

                                                      ((VALUE) == DAC_LFSRUnmask_Bits9_0) || \

                                                      ((VALUE) == DAC_LFSRUnmask_Bits10_0) || \

                                                      ((VALUE) == DAC_LFSRUnmask_Bits11_0) || \

                                                      ((VALUE) == DAC_TriangleAmplitude_1) || \

                                                      ((VALUE) == DAC_TriangleAmplitude_3) || \

                                                      ((VALUE) == DAC_TriangleAmplitude_7) || \

                                                      ((VALUE) == DAC_TriangleAmplitude_15) || \

                                                      ((VALUE) == DAC_TriangleAmplitude_31) || \

                                                      ((VALUE) == DAC_TriangleAmplitude_63) || \

                                                      ((VALUE) == DAC_TriangleAmplitude_127) || \

                                                      ((VALUE) == DAC_TriangleAmplitude_255) || \

                                                      ((VALUE) == DAC_TriangleAmplitude_511) || \

                                                      ((VALUE) == DAC_TriangleAmplitude_1023) || \

                                                      ((VALUE) == DAC_TriangleAmplitude_2047) || \

                                                      ((VALUE) == DAC_TriangleAmplitude_4095))

/**

  * @}

  */



/** @defgroup DAC_output_buffer 

  * @{

  */



#define DAC_OutputBuffer_Enable            ((uint32_t)0x00000000)

#define DAC_OutputBuffer_Disable           ((uint32_t)0x00000002)

#define IS_DAC_OUTPUT_BUFFER_STATE(STATE) (((STATE) == DAC_OutputBuffer_Enable) || \

                                           ((STATE) == DAC_OutputBuffer_Disable))

/**

  * @}

  */



/** @defgroup DAC_Channel_selection 

  * @{

  */



#define DAC_Channel_1                      ((uint32_t)0x00000000)

#define DAC_Channel_2                      ((uint32_t)0x00000010)

#define IS_DAC_CHANNEL(CHANNEL) (((CHANNEL) == DAC_Channel_1) || \

                                 ((CHANNEL) == DAC_Channel_2))

/**

  * @}

  */



/** @defgroup DAC_data_alignement 

  * @{

  */



#define DAC_Align_12b_R                    ((uint32_t)0x00000000)

#define DAC_Align_12b_L                    ((uint32_t)0x00000004)

#define DAC_Align_8b_R                     ((uint32_t)0x00000008)

#define IS_DAC_ALIGN(ALIGN) (((ALIGN) == DAC_Align_12b_R) || \

                             ((ALIGN) == DAC_Align_12b_L) || \

                             ((ALIGN) == DAC_Align_8b_R))

/**

  * @}

  */



/** @defgroup DAC_wave_generation 

  * @{

  */



#define DAC_Wave_Noise                     ((uint32_t)0x00000040)

#define DAC_Wave_Triangle                  ((uint32_t)0x00000080)

#define IS_DAC_WAVE(WAVE) (((WAVE) == DAC_Wave_Noise) || \

                           ((WAVE) == DAC_Wave_Triangle))

/**

  * @}

  */



/** @defgroup DAC_data 

  * @{

  */



#define IS_DAC_DATA(DATA) ((DATA) <= 0xFFF0) 

/**

  * @}

  */

  

/** @defgroup DAC_interrupts_definition 

  * @{

  */   

#define DAC_IT_DMAUDR                      ((uint32_t)0x00002000)  

#define IS_DAC_IT(IT) (((IT) == DAC_IT_DMAUDR)) 



/**

  * @}

  */ 



/** @defgroup DAC_flags_definition 

  * @{

  */ 

  

#define DAC_FLAG_DMAUDR                    ((uint32_t)0x00002000)  

#define IS_DAC_FLAG(FLAG) (((FLAG) == DAC_FLAG_DMAUDR))  



/**

  * @}

  */



/**

  * @}

  */



/* Exported macro ------------------------------------------------------------*/

/* Exported functions --------------------------------------------------------*/  



/*  Function used to set the DAC configuration to the default reset state *****/  

void DAC_DeInit(void);



/*  DAC channels configuration: trigger, output buffer, data format functions */

void DAC_Init(uint32_t DAC_Channel, DAC_InitTypeDef* DAC_InitStruct);

void DAC_StructInit(DAC_InitTypeDef* DAC_InitStruct);

void DAC_Cmd(uint32_t DAC_Channel, FunctionalState NewState);

void DAC_SoftwareTriggerCmd(uint32_t DAC_Channel, FunctionalState NewState);

void DAC_DualSoftwareTriggerCmd(FunctionalState NewState);

void DAC_WaveGenerationCmd(uint32_t DAC_Channel, uint32_t DAC_Wave, FunctionalState NewState);

void DAC_SetChannel1Data(uint32_t DAC_Align, uint16_t Data);

void DAC_SetChannel2Data(uint32_t DAC_Align, uint16_t Data);

void DAC_SetDualChannelData(uint32_t DAC_Align, uint16_t Data2, uint16_t Data1);

uint16_t DAC_GetDataOutputValue(uint32_t DAC_Channel);



/* DMA management functions ***************************************************/

void DAC_DMACmd(uint32_t DAC_Channel, FunctionalState NewState);



/* Interrupts and flags management functions **********************************/

void DAC_ITConfig(uint32_t DAC_Channel, uint32_t DAC_IT, FunctionalState NewState);

FlagStatus DAC_GetFlagStatus(uint32_t DAC_Channel, uint32_t DAC_FLAG);

void DAC_ClearFlag(uint32_t DAC_Channel, uint32_t DAC_FLAG);

ITStatus DAC_GetITStatus(uint32_t DAC_Channel, uint32_t DAC_IT);

void DAC_ClearITPendingBit(uint32_t DAC_Channel, uint32_t DAC_IT);



#ifdef __cplusplus

}

#endif



#endif /*__STM32F4xx_DAC_H */



/**

  * @}

  */



/**

  * @}

  */



/******************* (C) COPYRIGHT 2011 STMicroelectronics *****END OF FILE****/








Viz/cmsis_lib/include/stm32f4xx_dma.h

/**

  ******************************************************************************

  * @file    stm32f4xx_dma.h

  * @author  MCD Application Team

  * @version V1.0.0

  * @date    30-September-2011

  * @brief   This file contains all the functions prototypes for the DMA firmware 

  *          library.

  ******************************************************************************

  * @attention

  *

  * THE PRESENT FIRMWARE WHICH IS FOR GUIDANCE ONLY AIMS AT PROVIDING CUSTOMERS

  * WITH CODING INFORMATION REGARDING THEIR PRODUCTS IN ORDER FOR THEM TO SAVE

  * TIME. AS A RESULT, STMICROELECTRONICS SHALL NOT BE HELD LIABLE FOR ANY

  * DIRECT, INDIRECT OR CONSEQUENTIAL DAMAGES WITH RESPECT TO ANY CLAIMS ARISING

  * FROM THE CONTENT OF SUCH FIRMWARE AND/OR THE USE MADE BY CUSTOMERS OF THE

  * CODING INFORMATION CONTAINED HEREIN IN CONNECTION WITH THEIR PRODUCTS.

  *

  * <h2><center>&copy; COPYRIGHT 2011 STMicroelectronics</center></h2>

  ******************************************************************************  

  */ 



/* Define to prevent recursive inclusion -------------------------------------*/

#ifndef __STM32F4xx_DMA_H

#define __STM32F4xx_DMA_H



#ifdef __cplusplus

 extern "C" {

#endif



/* Includes ------------------------------------------------------------------*/

#include "stm32f4xx.h"



/** @addtogroup STM32F4xx_StdPeriph_Driver

  * @{

  */



/** @addtogroup DMA

  * @{

  */



/* Exported types ------------------------------------------------------------*/



/** 

  * @brief  DMA Init structure definition

  */



typedef struct

{

  uint32_t DMA_Channel;            /*!< Specifies the channel used for the specified stream. 

                                        This parameter can be a value of @ref DMA_channel */

 

  uint32_t DMA_PeripheralBaseAddr; /*!< Specifies the peripheral base address for DMAy Streamx. */



  uint32_t DMA_Memory0BaseAddr;    /*!< Specifies the memory 0 base address for DMAy Streamx. 

                                        This memory is the default memory used when double buffer mode is

                                        not enabled. */



  uint32_t DMA_DIR;                /*!< Specifies if the data will be transferred from memory to peripheral, 

                                        from memory to memory or from peripheral to memory.

                                        This parameter can be a value of @ref DMA_data_transfer_direction */



  uint32_t DMA_BufferSize;         /*!< Specifies the buffer size, in data unit, of the specified Stream. 

                                        The data unit is equal to the configuration set in DMA_PeripheralDataSize

                                        or DMA_MemoryDataSize members depending in the transfer direction. */



  uint32_t DMA_PeripheralInc;      /*!< Specifies whether the Peripheral address register should be incremented or not.

                                        This parameter can be a value of @ref DMA_peripheral_incremented_mode */



  uint32_t DMA_MemoryInc;          /*!< Specifies whether the memory address register should be incremented or not.

                                        This parameter can be a value of @ref DMA_memory_incremented_mode */



  uint32_t DMA_PeripheralDataSize; /*!< Specifies the Peripheral data width.

                                        This parameter can be a value of @ref DMA_peripheral_data_size */



  uint32_t DMA_MemoryDataSize;     /*!< Specifies the Memory data width.

                                        This parameter can be a value of @ref DMA_memory_data_size */



  uint32_t DMA_Mode;               /*!< Specifies the operation mode of the DMAy Streamx.

                                        This parameter can be a value of @ref DMA_circular_normal_mode

                                        @note The circular buffer mode cannot be used if the memory-to-memory

                                              data transfer is configured on the selected Stream */



  uint32_t DMA_Priority;           /*!< Specifies the software priority for the DMAy Streamx.

                                        This parameter can be a value of @ref DMA_priority_level */



  uint32_t DMA_FIFOMode;          /*!< Specifies if the FIFO mode or Direct mode will be used for the specified Stream.

                                        This parameter can be a value of @ref DMA_fifo_direct_mode

                                        @note The Direct mode (FIFO mode disabled) cannot be used if the 

                                               memory-to-memory data transfer is configured on the selected Stream */



  uint32_t DMA_FIFOThreshold;      /*!< Specifies the FIFO threshold level.

                                        This parameter can be a value of @ref DMA_fifo_threshold_level */



  uint32_t DMA_MemoryBurst;        /*!< Specifies the Burst transfer configuration for the memory transfers. 

                                        It specifies the amount of data to be transferred in a single non interruptable 

                                        transaction. This parameter can be a value of @ref DMA_memory_burst 

                                        @note The burst mode is possible only if the address Increment mode is enabled. */



  uint32_t DMA_PeripheralBurst;    /*!< Specifies the Burst transfer configuration for the peripheral transfers. 

                                        It specifies the amount of data to be transferred in a single non interruptable 

                                        transaction. This parameter can be a value of @ref DMA_peripheral_burst

                                        @note The burst mode is possible only if the address Increment mode is enabled. */  

}DMA_InitTypeDef;



/* Exported constants --------------------------------------------------------*/



/** @defgroup DMA_Exported_Constants

  * @{

  */



#define IS_DMA_ALL_PERIPH(PERIPH) (((PERIPH) == DMA1_Stream0) || \

                                   ((PERIPH) == DMA1_Stream1) || \

                                   ((PERIPH) == DMA1_Stream2) || \

                                   ((PERIPH) == DMA1_Stream3) || \

                                   ((PERIPH) == DMA1_Stream4) || \

                                   ((PERIPH) == DMA1_Stream5) || \

                                   ((PERIPH) == DMA1_Stream6) || \

                                   ((PERIPH) == DMA1_Stream7) || \

                                   ((PERIPH) == DMA2_Stream0) || \

                                   ((PERIPH) == DMA2_Stream1) || \

                                   ((PERIPH) == DMA2_Stream2) || \

                                   ((PERIPH) == DMA2_Stream3) || \

                                   ((PERIPH) == DMA2_Stream4) || \

                                   ((PERIPH) == DMA2_Stream5) || \

                                   ((PERIPH) == DMA2_Stream6) || \

                                   ((PERIPH) == DMA2_Stream7))



#define IS_DMA_ALL_CONTROLLER(CONTROLLER) (((CONTROLLER) == DMA1) || \

                                           ((CONTROLLER) == DMA2))



/** @defgroup DMA_channel 

  * @{

  */ 

#define DMA_Channel_0                     ((uint32_t)0x00000000)

#define DMA_Channel_1                     ((uint32_t)0x02000000)

#define DMA_Channel_2                     ((uint32_t)0x04000000)

#define DMA_Channel_3                     ((uint32_t)0x06000000)

#define DMA_Channel_4                     ((uint32_t)0x08000000)

#define DMA_Channel_5                     ((uint32_t)0x0A000000)

#define DMA_Channel_6                     ((uint32_t)0x0C000000)

#define DMA_Channel_7                     ((uint32_t)0x0E000000)



#define IS_DMA_CHANNEL(CHANNEL) (((CHANNEL) == DMA_Channel_0) || \

                                 ((CHANNEL) == DMA_Channel_1) || \

                                 ((CHANNEL) == DMA_Channel_2) || \

                                 ((CHANNEL) == DMA_Channel_3) || \

                                 ((CHANNEL) == DMA_Channel_4) || \

                                 ((CHANNEL) == DMA_Channel_5) || \

                                 ((CHANNEL) == DMA_Channel_6) || \

                                 ((CHANNEL) == DMA_Channel_7))

/**

  * @}

  */ 





/** @defgroup DMA_data_transfer_direction 

  * @{

  */ 

#define DMA_DIR_PeripheralToMemory        ((uint32_t)0x00000000)

#define DMA_DIR_MemoryToPeripheral        ((uint32_t)0x00000040) 

#define DMA_DIR_MemoryToMemory            ((uint32_t)0x00000080)



#define IS_DMA_DIRECTION(DIRECTION) (((DIRECTION) == DMA_DIR_PeripheralToMemory ) || \

                                     ((DIRECTION) == DMA_DIR_MemoryToPeripheral)  || \

                                     ((DIRECTION) == DMA_DIR_MemoryToMemory)) 

/**

  * @}

  */ 





/** @defgroup DMA_data_buffer_size 

  * @{

  */ 

#define IS_DMA_BUFFER_SIZE(SIZE) (((SIZE) >= 0x1) && ((SIZE) < 0x10000))

/**

  * @}

  */ 





/** @defgroup DMA_peripheral_incremented_mode 

  * @{

  */ 

#define DMA_PeripheralInc_Enable          ((uint32_t)0x00000200)

#define DMA_PeripheralInc_Disable         ((uint32_t)0x00000000)



#define IS_DMA_PERIPHERAL_INC_STATE(STATE) (((STATE) == DMA_PeripheralInc_Enable) || \

                                            ((STATE) == DMA_PeripheralInc_Disable))

/**

  * @}

  */ 





/** @defgroup DMA_memory_incremented_mode 

  * @{

  */ 

#define DMA_MemoryInc_Enable              ((uint32_t)0x00000400)

#define DMA_MemoryInc_Disable             ((uint32_t)0x00000000)



#define IS_DMA_MEMORY_INC_STATE(STATE) (((STATE) == DMA_MemoryInc_Enable) || \

                                        ((STATE) == DMA_MemoryInc_Disable))

/**

  * @}

  */ 





/** @defgroup DMA_peripheral_data_size 

  * @{

  */ 

#define DMA_PeripheralDataSize_Byte       ((uint32_t)0x00000000) 

#define DMA_PeripheralDataSize_HalfWord   ((uint32_t)0x00000800) 

#define DMA_PeripheralDataSize_Word       ((uint32_t)0x00001000)



#define IS_DMA_PERIPHERAL_DATA_SIZE(SIZE) (((SIZE) == DMA_PeripheralDataSize_Byte)  || \

                                           ((SIZE) == DMA_PeripheralDataSize_HalfWord) || \

                                           ((SIZE) == DMA_PeripheralDataSize_Word))

/**

  * @}

  */ 





/** @defgroup DMA_memory_data_size 

  * @{

  */ 

#define DMA_MemoryDataSize_Byte           ((uint32_t)0x00000000) 

#define DMA_MemoryDataSize_HalfWord       ((uint32_t)0x00002000) 

#define DMA_MemoryDataSize_Word           ((uint32_t)0x00004000)



#define IS_DMA_MEMORY_DATA_SIZE(SIZE) (((SIZE) == DMA_MemoryDataSize_Byte)  || \

                                       ((SIZE) == DMA_MemoryDataSize_HalfWord) || \

                                       ((SIZE) == DMA_MemoryDataSize_Word ))

/**

  * @}

  */ 





/** @defgroup DMA_circular_normal_mode 

  * @{

  */ 

#define DMA_Mode_Normal                   ((uint32_t)0x00000000) 

#define DMA_Mode_Circular                 ((uint32_t)0x00000100)



#define IS_DMA_MODE(MODE) (((MODE) == DMA_Mode_Normal ) || \

                           ((MODE) == DMA_Mode_Circular)) 

/**

  * @}

  */ 





/** @defgroup DMA_priority_level 

  * @{

  */ 

#define DMA_Priority_Low                  ((uint32_t)0x00000000)

#define DMA_Priority_Medium               ((uint32_t)0x00010000) 

#define DMA_Priority_High                 ((uint32_t)0x00020000)

#define DMA_Priority_VeryHigh             ((uint32_t)0x00030000)



#define IS_DMA_PRIORITY(PRIORITY) (((PRIORITY) == DMA_Priority_Low )   || \

                                   ((PRIORITY) == DMA_Priority_Medium) || \

                                   ((PRIORITY) == DMA_Priority_High)   || \

                                   ((PRIORITY) == DMA_Priority_VeryHigh)) 

/**

  * @}

  */ 





/** @defgroup DMA_fifo_direct_mode 

  * @{

  */ 

#define DMA_FIFOMode_Disable              ((uint32_t)0x00000000) 

#define DMA_FIFOMode_Enable               ((uint32_t)0x00000004)



#define IS_DMA_FIFO_MODE_STATE(STATE) (((STATE) == DMA_FIFOMode_Disable ) || \

                                       ((STATE) == DMA_FIFOMode_Enable)) 

/**

  * @}

  */ 





/** @defgroup DMA_fifo_threshold_level 

  * @{

  */ 

#define DMA_FIFOThreshold_1QuarterFull    ((uint32_t)0x00000000)

#define DMA_FIFOThreshold_HalfFull        ((uint32_t)0x00000001) 

#define DMA_FIFOThreshold_3QuartersFull   ((uint32_t)0x00000002)

#define DMA_FIFOThreshold_Full            ((uint32_t)0x00000003)



#define IS_DMA_FIFO_THRESHOLD(THRESHOLD) (((THRESHOLD) == DMA_FIFOThreshold_1QuarterFull ) || \

                                          ((THRESHOLD) == DMA_FIFOThreshold_HalfFull)      || \

                                          ((THRESHOLD) == DMA_FIFOThreshold_3QuartersFull) || \

                                          ((THRESHOLD) == DMA_FIFOThreshold_Full)) 

/**

  * @}

  */ 





/** @defgroup DMA_memory_burst 

  * @{

  */ 

#define DMA_MemoryBurst_Single            ((uint32_t)0x00000000)

#define DMA_MemoryBurst_INC4              ((uint32_t)0x00800000)  

#define DMA_MemoryBurst_INC8              ((uint32_t)0x01000000)

#define DMA_MemoryBurst_INC16             ((uint32_t)0x01800000)



#define IS_DMA_MEMORY_BURST(BURST) (((BURST) == DMA_MemoryBurst_Single) || \

                                    ((BURST) == DMA_MemoryBurst_INC4)  || \

                                    ((BURST) == DMA_MemoryBurst_INC8)  || \

                                    ((BURST) == DMA_MemoryBurst_INC16))

/**

  * @}

  */ 





/** @defgroup DMA_peripheral_burst 

  * @{

  */ 

#define DMA_PeripheralBurst_Single        ((uint32_t)0x00000000)

#define DMA_PeripheralBurst_INC4          ((uint32_t)0x00200000)  

#define DMA_PeripheralBurst_INC8          ((uint32_t)0x00400000)

#define DMA_PeripheralBurst_INC16         ((uint32_t)0x00600000)



#define IS_DMA_PERIPHERAL_BURST(BURST) (((BURST) == DMA_PeripheralBurst_Single) || \

                                        ((BURST) == DMA_PeripheralBurst_INC4)  || \

                                        ((BURST) == DMA_PeripheralBurst_INC8)  || \

                                        ((BURST) == DMA_PeripheralBurst_INC16))

/**

  * @}

  */ 





/** @defgroup DMA_fifo_status_level 

  * @{

  */

#define DMA_FIFOStatus_Less1QuarterFull   ((uint32_t)0x00000000 << 3)

#define DMA_FIFOStatus_1QuarterFull       ((uint32_t)0x00000001 << 3)

#define DMA_FIFOStatus_HalfFull           ((uint32_t)0x00000002 << 3) 

#define DMA_FIFOStatus_3QuartersFull      ((uint32_t)0x00000003 << 3)

#define DMA_FIFOStatus_Empty              ((uint32_t)0x00000004 << 3)

#define DMA_FIFOStatus_Full               ((uint32_t)0x00000005 << 3)



#define IS_DMA_FIFO_STATUS(STATUS) (((STATUS) == DMA_FIFOStatus_Less1QuarterFull ) || \

                                    ((STATUS) == DMA_FIFOStatus_HalfFull)          || \

                                    ((STATUS) == DMA_FIFOStatus_1QuarterFull)      || \

                                    ((STATUS) == DMA_FIFOStatus_3QuartersFull)     || \

                                    ((STATUS) == DMA_FIFOStatus_Full)              || \

                                    ((STATUS) == DMA_FIFOStatus_Empty)) 

/**

  * @}

  */ 



/** @defgroup DMA_flags_definition 

  * @{

  */

#define DMA_FLAG_FEIF0                    ((uint32_t)0x10800001)

#define DMA_FLAG_DMEIF0                   ((uint32_t)0x10800004)

#define DMA_FLAG_TEIF0                    ((uint32_t)0x10000008)

#define DMA_FLAG_HTIF0                    ((uint32_t)0x10000010)

#define DMA_FLAG_TCIF0                    ((uint32_t)0x10000020)

#define DMA_FLAG_FEIF1                    ((uint32_t)0x10000040)

#define DMA_FLAG_DMEIF1                   ((uint32_t)0x10000100)

#define DMA_FLAG_TEIF1                    ((uint32_t)0x10000200)

#define DMA_FLAG_HTIF1                    ((uint32_t)0x10000400)

#define DMA_FLAG_TCIF1                    ((uint32_t)0x10000800)

#define DMA_FLAG_FEIF2                    ((uint32_t)0x10010000)

#define DMA_FLAG_DMEIF2                   ((uint32_t)0x10040000)

#define DMA_FLAG_TEIF2                    ((uint32_t)0x10080000)

#define DMA_FLAG_HTIF2                    ((uint32_t)0x10100000)

#define DMA_FLAG_TCIF2                    ((uint32_t)0x10200000)

#define DMA_FLAG_FEIF3                    ((uint32_t)0x10400000)

#define DMA_FLAG_DMEIF3                   ((uint32_t)0x11000000)

#define DMA_FLAG_TEIF3                    ((uint32_t)0x12000000)

#define DMA_FLAG_HTIF3                    ((uint32_t)0x14000000)

#define DMA_FLAG_TCIF3                    ((uint32_t)0x18000000)

#define DMA_FLAG_FEIF4                    ((uint32_t)0x20000001)

#define DMA_FLAG_DMEIF4                   ((uint32_t)0x20000004)

#define DMA_FLAG_TEIF4                    ((uint32_t)0x20000008)

#define DMA_FLAG_HTIF4                    ((uint32_t)0x20000010)

#define DMA_FLAG_TCIF4                    ((uint32_t)0x20000020)

#define DMA_FLAG_FEIF5                    ((uint32_t)0x20000040)

#define DMA_FLAG_DMEIF5                   ((uint32_t)0x20000100)

#define DMA_FLAG_TEIF5                    ((uint32_t)0x20000200)

#define DMA_FLAG_HTIF5                    ((uint32_t)0x20000400)

#define DMA_FLAG_TCIF5                    ((uint32_t)0x20000800)

#define DMA_FLAG_FEIF6                    ((uint32_t)0x20010000)

#define DMA_FLAG_DMEIF6                   ((uint32_t)0x20040000)

#define DMA_FLAG_TEIF6                    ((uint32_t)0x20080000)

#define DMA_FLAG_HTIF6                    ((uint32_t)0x20100000)

#define DMA_FLAG_TCIF6                    ((uint32_t)0x20200000)

#define DMA_FLAG_FEIF7                    ((uint32_t)0x20400000)

#define DMA_FLAG_DMEIF7                   ((uint32_t)0x21000000)

#define DMA_FLAG_TEIF7                    ((uint32_t)0x22000000)

#define DMA_FLAG_HTIF7                    ((uint32_t)0x24000000)

#define DMA_FLAG_TCIF7                    ((uint32_t)0x28000000)



#define IS_DMA_CLEAR_FLAG(FLAG) ((((FLAG) & 0x30000000) != 0x30000000) && (((FLAG) & 0x30000000) != 0) && \

                                 (((FLAG) & 0xC082F082) == 0x00) && ((FLAG) != 0x00))



#define IS_DMA_GET_FLAG(FLAG) (((FLAG) == DMA_FLAG_TCIF0)  || ((FLAG) == DMA_FLAG_HTIF0)  || \

                               ((FLAG) == DMA_FLAG_TEIF0)  || ((FLAG) == DMA_FLAG_DMEIF0) || \

                               ((FLAG) == DMA_FLAG_FEIF0)  || ((FLAG) == DMA_FLAG_TCIF1)  || \

                               ((FLAG) == DMA_FLAG_HTIF1)  || ((FLAG) == DMA_FLAG_TEIF1)  || \

                               ((FLAG) == DMA_FLAG_DMEIF1) || ((FLAG) == DMA_FLAG_FEIF1)  || \

                               ((FLAG) == DMA_FLAG_TCIF2)  || ((FLAG) == DMA_FLAG_HTIF2)  || \

                               ((FLAG) == DMA_FLAG_TEIF2)  || ((FLAG) == DMA_FLAG_DMEIF2) || \

                               ((FLAG) == DMA_FLAG_FEIF2)  || ((FLAG) == DMA_FLAG_TCIF3)  || \

                               ((FLAG) == DMA_FLAG_HTIF3)  || ((FLAG) == DMA_FLAG_TEIF3)  || \

                               ((FLAG) == DMA_FLAG_DMEIF3) || ((FLAG) == DMA_FLAG_FEIF3)  || \

                               ((FLAG) == DMA_FLAG_TCIF4)  || ((FLAG) == DMA_FLAG_HTIF4)  || \

                               ((FLAG) == DMA_FLAG_TEIF4)  || ((FLAG) == DMA_FLAG_DMEIF4) || \

                               ((FLAG) == DMA_FLAG_FEIF4)  || ((FLAG) == DMA_FLAG_TCIF5)  || \

                               ((FLAG) == DMA_FLAG_HTIF5)  || ((FLAG) == DMA_FLAG_TEIF5)  || \

                               ((FLAG) == DMA_FLAG_DMEIF5) || ((FLAG) == DMA_FLAG_FEIF5)  || \

                               ((FLAG) == DMA_FLAG_TCIF6)  || ((FLAG) == DMA_FLAG_HTIF6)  || \

                               ((FLAG) == DMA_FLAG_TEIF6)  || ((FLAG) == DMA_FLAG_DMEIF6) || \

                               ((FLAG) == DMA_FLAG_FEIF6)  || ((FLAG) == DMA_FLAG_TCIF7)  || \

                               ((FLAG) == DMA_FLAG_HTIF7)  || ((FLAG) == DMA_FLAG_TEIF7)  || \

                               ((FLAG) == DMA_FLAG_DMEIF7) || ((FLAG) == DMA_FLAG_FEIF7))

/**

  * @}

  */ 





/** @defgroup DMA_interrupt_enable_definitions 

  * @{

  */ 

#define DMA_IT_TC                         ((uint32_t)0x00000010)

#define DMA_IT_HT                         ((uint32_t)0x00000008)

#define DMA_IT_TE                         ((uint32_t)0x00000004)

#define DMA_IT_DME                        ((uint32_t)0x00000002)

#define DMA_IT_FE                         ((uint32_t)0x00000080)



#define IS_DMA_CONFIG_IT(IT) ((((IT) & 0xFFFFFF61) == 0x00) && ((IT) != 0x00))

/**

  * @}

  */ 





/** @defgroup DMA_interrupts_definitions 

  * @{

  */ 

#define DMA_IT_FEIF0                      ((uint32_t)0x90000001)

#define DMA_IT_DMEIF0                     ((uint32_t)0x10001004)

#define DMA_IT_TEIF0                      ((uint32_t)0x10002008)

#define DMA_IT_HTIF0                      ((uint32_t)0x10004010)

#define DMA_IT_TCIF0                      ((uint32_t)0x10008020)

#define DMA_IT_FEIF1                      ((uint32_t)0x90000040)

#define DMA_IT_DMEIF1                     ((uint32_t)0x10001100)

#define DMA_IT_TEIF1                      ((uint32_t)0x10002200)

#define DMA_IT_HTIF1                      ((uint32_t)0x10004400)

#define DMA_IT_TCIF1                      ((uint32_t)0x10008800)

#define DMA_IT_FEIF2                      ((uint32_t)0x90010000)

#define DMA_IT_DMEIF2                     ((uint32_t)0x10041000)

#define DMA_IT_TEIF2                      ((uint32_t)0x10082000)

#define DMA_IT_HTIF2                      ((uint32_t)0x10104000)

#define DMA_IT_TCIF2                      ((uint32_t)0x10208000)

#define DMA_IT_FEIF3                      ((uint32_t)0x90400000)

#define DMA_IT_DMEIF3                     ((uint32_t)0x11001000)

#define DMA_IT_TEIF3                      ((uint32_t)0x12002000)

#define DMA_IT_HTIF3                      ((uint32_t)0x14004000)

#define DMA_IT_TCIF3                      ((uint32_t)0x18008000)

#define DMA_IT_FEIF4                      ((uint32_t)0xA0000001)

#define DMA_IT_DMEIF4                     ((uint32_t)0x20001004)

#define DMA_IT_TEIF4                      ((uint32_t)0x20002008)

#define DMA_IT_HTIF4                      ((uint32_t)0x20004010)

#define DMA_IT_TCIF4                      ((uint32_t)0x20008020)

#define DMA_IT_FEIF5                      ((uint32_t)0xA0000040)

#define DMA_IT_DMEIF5                     ((uint32_t)0x20001100)

#define DMA_IT_TEIF5                      ((uint32_t)0x20002200)

#define DMA_IT_HTIF5                      ((uint32_t)0x20004400)

#define DMA_IT_TCIF5                      ((uint32_t)0x20008800)

#define DMA_IT_FEIF6                      ((uint32_t)0xA0010000)

#define DMA_IT_DMEIF6                     ((uint32_t)0x20041000)

#define DMA_IT_TEIF6                      ((uint32_t)0x20082000)

#define DMA_IT_HTIF6                      ((uint32_t)0x20104000)

#define DMA_IT_TCIF6                      ((uint32_t)0x20208000)

#define DMA_IT_FEIF7                      ((uint32_t)0xA0400000)

#define DMA_IT_DMEIF7                     ((uint32_t)0x21001000)

#define DMA_IT_TEIF7                      ((uint32_t)0x22002000)

#define DMA_IT_HTIF7                      ((uint32_t)0x24004000)

#define DMA_IT_TCIF7                      ((uint32_t)0x28008000)



#define IS_DMA_CLEAR_IT(IT) ((((IT) & 0x30000000) != 0x30000000) && \

                             (((IT) & 0x30000000) != 0) && ((IT) != 0x00) && \

                             (((IT) & 0x40820082) == 0x00))



#define IS_DMA_GET_IT(IT) (((IT) == DMA_IT_TCIF0) || ((IT) == DMA_IT_HTIF0)  || \

                           ((IT) == DMA_IT_TEIF0) || ((IT) == DMA_IT_DMEIF0) || \

                           ((IT) == DMA_IT_FEIF0) || ((IT) == DMA_IT_TCIF1)  || \

                           ((IT) == DMA_IT_HTIF1) || ((IT) == DMA_IT_TEIF1)  || \

                           ((IT) == DMA_IT_DMEIF1)|| ((IT) == DMA_IT_FEIF1)  || \

                           ((IT) == DMA_IT_TCIF2) || ((IT) == DMA_IT_HTIF2)  || \

                           ((IT) == DMA_IT_TEIF2) || ((IT) == DMA_IT_DMEIF2) || \

                           ((IT) == DMA_IT_FEIF2) || ((IT) == DMA_IT_TCIF3)  || \

                           ((IT) == DMA_IT_HTIF3) || ((IT) == DMA_IT_TEIF3)  || \

                           ((IT) == DMA_IT_DMEIF3)|| ((IT) == DMA_IT_FEIF3)  || \

                           ((IT) == DMA_IT_TCIF4) || ((IT) == DMA_IT_HTIF4)  || \

                           ((IT) == DMA_IT_TEIF4) || ((IT) == DMA_IT_DMEIF4) || \

                           ((IT) == DMA_IT_FEIF4) || ((IT) == DMA_IT_TCIF5)  || \

                           ((IT) == DMA_IT_HTIF5) || ((IT) == DMA_IT_TEIF5)  || \

                           ((IT) == DMA_IT_DMEIF5)|| ((IT) == DMA_IT_FEIF5)  || \

                           ((IT) == DMA_IT_TCIF6) || ((IT) == DMA_IT_HTIF6)  || \

                           ((IT) == DMA_IT_TEIF6) || ((IT) == DMA_IT_DMEIF6) || \

                           ((IT) == DMA_IT_FEIF6) || ((IT) == DMA_IT_TCIF7)  || \

                           ((IT) == DMA_IT_HTIF7) || ((IT) == DMA_IT_TEIF7)  || \

                           ((IT) == DMA_IT_DMEIF7)|| ((IT) == DMA_IT_FEIF7))

/**

  * @}

  */ 





/** @defgroup DMA_peripheral_increment_offset 

  * @{

  */ 

#define DMA_PINCOS_Psize                  ((uint32_t)0x00000000)

#define DMA_PINCOS_WordAligned            ((uint32_t)0x00008000)



#define IS_DMA_PINCOS_SIZE(SIZE) (((SIZE) == DMA_PINCOS_Psize) || \

                                  ((SIZE) == DMA_PINCOS_WordAligned))

/**

  * @}

  */ 





/** @defgroup DMA_flow_controller_definitions 

  * @{

  */ 

#define DMA_FlowCtrl_Memory               ((uint32_t)0x00000000)

#define DMA_FlowCtrl_Peripheral           ((uint32_t)0x00000020)



#define IS_DMA_FLOW_CTRL(CTRL) (((CTRL) == DMA_FlowCtrl_Memory) || \

                                ((CTRL) == DMA_FlowCtrl_Peripheral))

/**

  * @}

  */ 





/** @defgroup DMA_memory_targets_definitions 

  * @{

  */ 

#define DMA_Memory_0                      ((uint32_t)0x00000000)

#define DMA_Memory_1                      ((uint32_t)0x00080000)



#define IS_DMA_CURRENT_MEM(MEM) (((MEM) == DMA_Memory_0) || ((MEM) == DMA_Memory_1))

/**

  * @}

  */ 



/**

  * @}

  */ 



/* Exported macro ------------------------------------------------------------*/

/* Exported functions --------------------------------------------------------*/ 



/*  Function used to set the DMA configuration to the default reset state *****/ 

void DMA_DeInit(DMA_Stream_TypeDef* DMAy_Streamx);



/* Initialization and Configuration functions *********************************/

void DMA_Init(DMA_Stream_TypeDef* DMAy_Streamx, DMA_InitTypeDef* DMA_InitStruct);

void DMA_StructInit(DMA_InitTypeDef* DMA_InitStruct);

void DMA_Cmd(DMA_Stream_TypeDef* DMAy_Streamx, FunctionalState NewState);



/* Optional Configuration functions *******************************************/

void DMA_PeriphIncOffsetSizeConfig(DMA_Stream_TypeDef* DMAy_Streamx, uint32_t DMA_Pincos);

void DMA_FlowControllerConfig(DMA_Stream_TypeDef* DMAy_Streamx, uint32_t DMA_FlowCtrl);



/* Data Counter functions *****************************************************/

void DMA_SetCurrDataCounter(DMA_Stream_TypeDef* DMAy_Streamx, uint16_t Counter);

uint16_t DMA_GetCurrDataCounter(DMA_Stream_TypeDef* DMAy_Streamx);



/* Double Buffer mode functions ***********************************************/

void DMA_DoubleBufferModeConfig(DMA_Stream_TypeDef* DMAy_Streamx, uint32_t Memory1BaseAddr,

                                uint32_t DMA_CurrentMemory);

void DMA_DoubleBufferModeCmd(DMA_Stream_TypeDef* DMAy_Streamx, FunctionalState NewState);

void DMA_MemoryTargetConfig(DMA_Stream_TypeDef* DMAy_Streamx, uint32_t MemoryBaseAddr,

                            uint32_t DMA_MemoryTarget);

uint32_t DMA_GetCurrentMemoryTarget(DMA_Stream_TypeDef* DMAy_Streamx);



/* Interrupts and flags management functions **********************************/

FunctionalState DMA_GetCmdStatus(DMA_Stream_TypeDef* DMAy_Streamx);

uint32_t DMA_GetFIFOStatus(DMA_Stream_TypeDef* DMAy_Streamx);

FlagStatus DMA_GetFlagStatus(DMA_Stream_TypeDef* DMAy_Streamx, uint32_t DMA_FLAG);

void DMA_ClearFlag(DMA_Stream_TypeDef* DMAy_Streamx, uint32_t DMA_FLAG);

void DMA_ITConfig(DMA_Stream_TypeDef* DMAy_Streamx, uint32_t DMA_IT, FunctionalState NewState);

ITStatus DMA_GetITStatus(DMA_Stream_TypeDef* DMAy_Streamx, uint32_t DMA_IT);

void DMA_ClearITPendingBit(DMA_Stream_TypeDef* DMAy_Streamx, uint32_t DMA_IT);



#ifdef __cplusplus

}

#endif



#endif /*__STM32F4xx_DMA_H */



/**

  * @}

  */



/**

  * @}

  */





/******************* (C) COPYRIGHT 2011 STMicroelectronics *****END OF FILE****/








Viz/cmsis_lib/include/stm32f4xx_exti.h

/**

  ******************************************************************************

  * @file    stm32f4xx_exti.h

  * @author  MCD Application Team

  * @version V1.0.0

  * @date    30-September-2011

  * @brief   This file contains all the functions prototypes for the EXTI firmware

  *          library.

  ******************************************************************************

  * @attention

  *

  * THE PRESENT FIRMWARE WHICH IS FOR GUIDANCE ONLY AIMS AT PROVIDING CUSTOMERS

  * WITH CODING INFORMATION REGARDING THEIR PRODUCTS IN ORDER FOR THEM TO SAVE

  * TIME. AS A RESULT, STMICROELECTRONICS SHALL NOT BE HELD LIABLE FOR ANY

  * DIRECT, INDIRECT OR CONSEQUENTIAL DAMAGES WITH RESPECT TO ANY CLAIMS ARISING

  * FROM THE CONTENT OF SUCH FIRMWARE AND/OR THE USE MADE BY CUSTOMERS OF THE

  * CODING INFORMATION CONTAINED HEREIN IN CONNECTION WITH THEIR PRODUCTS.

  *

  * <h2><center>&copy; COPYRIGHT 2011 STMicroelectronics</center></h2>

  ******************************************************************************

  */



/* Define to prevent recursive inclusion -------------------------------------*/

#ifndef __STM32F4xx_EXTI_H

#define __STM32F4xx_EXTI_H



#ifdef __cplusplus

 extern "C" {

#endif



/* Includes ------------------------------------------------------------------*/

#include "stm32f4xx.h"



/** @addtogroup STM32F4xx_StdPeriph_Driver

  * @{

  */



/** @addtogroup EXTI

  * @{

  */



/* Exported types ------------------------------------------------------------*/



/** 

  * @brief  EXTI mode enumeration  

  */



typedef enum

{

  EXTI_Mode_Interrupt = 0x00,

  EXTI_Mode_Event = 0x04

}EXTIMode_TypeDef;



#define IS_EXTI_MODE(MODE) (((MODE) == EXTI_Mode_Interrupt) || ((MODE) == EXTI_Mode_Event))



/** 

  * @brief  EXTI Trigger enumeration  

  */



typedef enum

{

  EXTI_Trigger_Rising = 0x08,

  EXTI_Trigger_Falling = 0x0C,  

  EXTI_Trigger_Rising_Falling = 0x10

}EXTITrigger_TypeDef;



#define IS_EXTI_TRIGGER(TRIGGER) (((TRIGGER) == EXTI_Trigger_Rising) || \

                                  ((TRIGGER) == EXTI_Trigger_Falling) || \

                                  ((TRIGGER) == EXTI_Trigger_Rising_Falling))

/** 

  * @brief  EXTI Init Structure definition  

  */



typedef struct

{

  uint32_t EXTI_Line;               /*!< Specifies the EXTI lines to be enabled or disabled.

                                         This parameter can be any combination value of @ref EXTI_Lines */

   

  EXTIMode_TypeDef EXTI_Mode;       /*!< Specifies the mode for the EXTI lines.

                                         This parameter can be a value of @ref EXTIMode_TypeDef */



  EXTITrigger_TypeDef EXTI_Trigger; /*!< Specifies the trigger signal active edge for the EXTI lines.

                                         This parameter can be a value of @ref EXTITrigger_TypeDef */



  FunctionalState EXTI_LineCmd;     /*!< Specifies the new state of the selected EXTI lines.

                                         This parameter can be set either to ENABLE or DISABLE */ 

}EXTI_InitTypeDef;



/* Exported constants --------------------------------------------------------*/



/** @defgroup EXTI_Exported_Constants

  * @{

  */



/** @defgroup EXTI_Lines 

  * @{

  */



#define EXTI_Line0       ((uint32_t)0x00001)     /*!< External interrupt line 0 */

#define EXTI_Line1       ((uint32_t)0x00002)     /*!< External interrupt line 1 */

#define EXTI_Line2       ((uint32_t)0x00004)     /*!< External interrupt line 2 */

#define EXTI_Line3       ((uint32_t)0x00008)     /*!< External interrupt line 3 */

#define EXTI_Line4       ((uint32_t)0x00010)     /*!< External interrupt line 4 */

#define EXTI_Line5       ((uint32_t)0x00020)     /*!< External interrupt line 5 */

#define EXTI_Line6       ((uint32_t)0x00040)     /*!< External interrupt line 6 */

#define EXTI_Line7       ((uint32_t)0x00080)     /*!< External interrupt line 7 */

#define EXTI_Line8       ((uint32_t)0x00100)     /*!< External interrupt line 8 */

#define EXTI_Line9       ((uint32_t)0x00200)     /*!< External interrupt line 9 */

#define EXTI_Line10      ((uint32_t)0x00400)     /*!< External interrupt line 10 */

#define EXTI_Line11      ((uint32_t)0x00800)     /*!< External interrupt line 11 */

#define EXTI_Line12      ((uint32_t)0x01000)     /*!< External interrupt line 12 */

#define EXTI_Line13      ((uint32_t)0x02000)     /*!< External interrupt line 13 */

#define EXTI_Line14      ((uint32_t)0x04000)     /*!< External interrupt line 14 */

#define EXTI_Line15      ((uint32_t)0x08000)     /*!< External interrupt line 15 */

#define EXTI_Line16      ((uint32_t)0x10000)     /*!< External interrupt line 16 Connected to the PVD Output */

#define EXTI_Line17      ((uint32_t)0x20000)     /*!< External interrupt line 17 Connected to the RTC Alarm event */

#define EXTI_Line18      ((uint32_t)0x40000)     /*!< External interrupt line 18 Connected to the USB OTG FS Wakeup from suspend event */                                    

#define EXTI_Line19      ((uint32_t)0x80000)     /*!< External interrupt line 19 Connected to the Ethernet Wakeup event */

#define EXTI_Line20      ((uint32_t)0x00100000)  /*!< External interrupt line 20 Connected to the USB OTG HS (configured in FS) Wakeup event  */

#define EXTI_Line21      ((uint32_t)0x00200000)  /*!< External interrupt line 21 Connected to the RTC Tamper and Time Stamp events */                                               

#define EXTI_Line22      ((uint32_t)0x00400000)  /*!< External interrupt line 22 Connected to the RTC Wakeup event */                                               

                                          

#define IS_EXTI_LINE(LINE) ((((LINE) & (uint32_t)0xFF800000) == 0x00) && ((LINE) != (uint16_t)0x00))



#define IS_GET_EXTI_LINE(LINE) (((LINE) == EXTI_Line0) || ((LINE) == EXTI_Line1) || \

                                ((LINE) == EXTI_Line2) || ((LINE) == EXTI_Line3) || \

                                ((LINE) == EXTI_Line4) || ((LINE) == EXTI_Line5) || \

                                ((LINE) == EXTI_Line6) || ((LINE) == EXTI_Line7) || \

                                ((LINE) == EXTI_Line8) || ((LINE) == EXTI_Line9) || \

                                ((LINE) == EXTI_Line10) || ((LINE) == EXTI_Line11) || \

                                ((LINE) == EXTI_Line12) || ((LINE) == EXTI_Line13) || \

                                ((LINE) == EXTI_Line14) || ((LINE) == EXTI_Line15) || \

                                ((LINE) == EXTI_Line16) || ((LINE) == EXTI_Line17) || \

                                ((LINE) == EXTI_Line18) || ((LINE) == EXTI_Line19) || \

                                ((LINE) == EXTI_Line20) || ((LINE) == EXTI_Line21) ||\

                                ((LINE) == EXTI_Line22))

                    

/**

  * @}

  */



/**

  * @}

  */



/* Exported macro ------------------------------------------------------------*/

/* Exported functions --------------------------------------------------------*/



/*  Function used to set the EXTI configuration to the default reset state *****/

void EXTI_DeInit(void);



/* Initialization and Configuration functions *********************************/

void EXTI_Init(EXTI_InitTypeDef* EXTI_InitStruct);

void EXTI_StructInit(EXTI_InitTypeDef* EXTI_InitStruct);

void EXTI_GenerateSWInterrupt(uint32_t EXTI_Line);



/* Interrupts and flags management functions **********************************/

FlagStatus EXTI_GetFlagStatus(uint32_t EXTI_Line);

void EXTI_ClearFlag(uint32_t EXTI_Line);

ITStatus EXTI_GetITStatus(uint32_t EXTI_Line);

void EXTI_ClearITPendingBit(uint32_t EXTI_Line);



#ifdef __cplusplus

}

#endif



#endif /* __STM32F4xx_EXTI_H */



/**

  * @}

  */



/**

  * @}

  */



/******************* (C) COPYRIGHT 2011 STMicroelectronics *****END OF FILE****/








Viz/cmsis_lib/include/stm32f4xx_gpio.h

/**

  ******************************************************************************

  * @file    stm32f4xx_gpio.h

  * @author  MCD Application Team

  * @version V1.0.0

  * @date    30-September-2011

  * @brief   This file contains all the functions prototypes for the GPIO firmware

  *          library.

  ******************************************************************************

  * @attention

  *

  * THE PRESENT FIRMWARE WHICH IS FOR GUIDANCE ONLY AIMS AT PROVIDING CUSTOMERS

  * WITH CODING INFORMATION REGARDING THEIR PRODUCTS IN ORDER FOR THEM TO SAVE

  * TIME. AS A RESULT, STMICROELECTRONICS SHALL NOT BE HELD LIABLE FOR ANY

  * DIRECT, INDIRECT OR CONSEQUENTIAL DAMAGES WITH RESPECT TO ANY CLAIMS ARISING

  * FROM THE CONTENT OF SUCH FIRMWARE AND/OR THE USE MADE BY CUSTOMERS OF THE

  * CODING INFORMATION CONTAINED HEREIN IN CONNECTION WITH THEIR PRODUCTS.

  *

  * <h2><center>&copy; COPYRIGHT 2011 STMicroelectronics</center></h2>

  ******************************************************************************

  */



/* Define to prevent recursive inclusion -------------------------------------*/

#ifndef __STM32F4xx_GPIO_H

#define __STM32F4xx_GPIO_H



#ifdef __cplusplus

 extern "C" {

#endif



/* Includes ------------------------------------------------------------------*/

#include "stm32f4xx.h"



/** @addtogroup STM32F4xx_StdPeriph_Driver

  * @{

  */



/** @addtogroup GPIO

  * @{

  */ 



/* Exported types ------------------------------------------------------------*/



#define IS_GPIO_ALL_PERIPH(PERIPH) (((PERIPH) == GPIOA) || \

                                    ((PERIPH) == GPIOB) || \

                                    ((PERIPH) == GPIOC) || \

                                    ((PERIPH) == GPIOD) || \

                                    ((PERIPH) == GPIOE) || \

                                    ((PERIPH) == GPIOF) || \

                                    ((PERIPH) == GPIOG) || \

                                    ((PERIPH) == GPIOH) || \

                                    ((PERIPH) == GPIOI))

                                                                

/** 

  * @brief  GPIO Configuration Mode enumeration 

  */   

typedef enum

{ 

  GPIO_Mode_IN   = 0x00, /*!< GPIO Input Mode */

  GPIO_Mode_OUT  = 0x01, /*!< GPIO Output Mode */

  GPIO_Mode_AF   = 0x02, /*!< GPIO Alternate function Mode */

  GPIO_Mode_AN   = 0x03  /*!< GPIO Analog Mode */

}GPIOMode_TypeDef;

#define IS_GPIO_MODE(MODE) (((MODE) == GPIO_Mode_IN)  || ((MODE) == GPIO_Mode_OUT) || \

                            ((MODE) == GPIO_Mode_AF)|| ((MODE) == GPIO_Mode_AN))



/** 

  * @brief  GPIO Output type enumeration 

  */  

typedef enum

{ 

  GPIO_OType_PP = 0x00,

  GPIO_OType_OD = 0x01

}GPIOOType_TypeDef;

#define IS_GPIO_OTYPE(OTYPE) (((OTYPE) == GPIO_OType_PP) || ((OTYPE) == GPIO_OType_OD))





/** 

  * @brief  GPIO Output Maximum frequency enumeration 

  */  

typedef enum

{ 

  GPIO_Speed_2MHz   = 0x00, /*!< Low speed */

  GPIO_Speed_25MHz  = 0x01, /*!< Medium speed */

  GPIO_Speed_50MHz  = 0x02, /*!< Fast speed */

  GPIO_Speed_100MHz = 0x03  /*!< High speed on 30 pF (80 MHz Output max speed on 15 pF) */

}GPIOSpeed_TypeDef;

#define IS_GPIO_SPEED(SPEED) (((SPEED) == GPIO_Speed_2MHz) || ((SPEED) == GPIO_Speed_25MHz) || \

                              ((SPEED) == GPIO_Speed_50MHz)||  ((SPEED) == GPIO_Speed_100MHz)) 



/** 

  * @brief  GPIO Configuration PullUp PullDown enumeration 

  */ 

typedef enum

{ 

  GPIO_PuPd_NOPULL = 0x00,

  GPIO_PuPd_UP     = 0x01,

  GPIO_PuPd_DOWN   = 0x02

}GPIOPuPd_TypeDef;

#define IS_GPIO_PUPD(PUPD) (((PUPD) == GPIO_PuPd_NOPULL) || ((PUPD) == GPIO_PuPd_UP) || \

                            ((PUPD) == GPIO_PuPd_DOWN))



/** 

  * @brief  GPIO Bit SET and Bit RESET enumeration 

  */ 

typedef enum

{ 

  Bit_RESET = 0,

  Bit_SET

}BitAction;

#define IS_GPIO_BIT_ACTION(ACTION) (((ACTION) == Bit_RESET) || ((ACTION) == Bit_SET))





/** 

  * @brief   GPIO Init structure definition  

  */ 

typedef struct

{

  uint32_t GPIO_Pin;              /*!< Specifies the GPIO pins to be configured.

                                       This parameter can be any value of @ref GPIO_pins_define */



  GPIOMode_TypeDef GPIO_Mode;     /*!< Specifies the operating mode for the selected pins.

                                       This parameter can be a value of @ref GPIOMode_TypeDef */



  GPIOSpeed_TypeDef GPIO_Speed;   /*!< Specifies the speed for the selected pins.

                                       This parameter can be a value of @ref GPIOSpeed_TypeDef */



  GPIOOType_TypeDef GPIO_OType;   /*!< Specifies the operating output type for the selected pins.

                                       This parameter can be a value of @ref GPIOOType_TypeDef */



  GPIOPuPd_TypeDef GPIO_PuPd;     /*!< Specifies the operating Pull-up/Pull down for the selected pins.

                                       This parameter can be a value of @ref GPIOPuPd_TypeDef */

}GPIO_InitTypeDef;



/* Exported constants --------------------------------------------------------*/



/** @defgroup GPIO_Exported_Constants

  * @{

  */ 



/** @defgroup GPIO_pins_define 

  * @{

  */ 

#define GPIO_Pin_0                 ((uint16_t)0x0001)  /* Pin 0 selected */

#define GPIO_Pin_1                 ((uint16_t)0x0002)  /* Pin 1 selected */

#define GPIO_Pin_2                 ((uint16_t)0x0004)  /* Pin 2 selected */

#define GPIO_Pin_3                 ((uint16_t)0x0008)  /* Pin 3 selected */

#define GPIO_Pin_4                 ((uint16_t)0x0010)  /* Pin 4 selected */

#define GPIO_Pin_5                 ((uint16_t)0x0020)  /* Pin 5 selected */

#define GPIO_Pin_6                 ((uint16_t)0x0040)  /* Pin 6 selected */

#define GPIO_Pin_7                 ((uint16_t)0x0080)  /* Pin 7 selected */

#define GPIO_Pin_8                 ((uint16_t)0x0100)  /* Pin 8 selected */

#define GPIO_Pin_9                 ((uint16_t)0x0200)  /* Pin 9 selected */

#define GPIO_Pin_10                ((uint16_t)0x0400)  /* Pin 10 selected */

#define GPIO_Pin_11                ((uint16_t)0x0800)  /* Pin 11 selected */

#define GPIO_Pin_12                ((uint16_t)0x1000)  /* Pin 12 selected */

#define GPIO_Pin_13                ((uint16_t)0x2000)  /* Pin 13 selected */

#define GPIO_Pin_14                ((uint16_t)0x4000)  /* Pin 14 selected */

#define GPIO_Pin_15                ((uint16_t)0x8000)  /* Pin 15 selected */

#define GPIO_Pin_All               ((uint16_t)0xFFFF)  /* All pins selected */



#define IS_GPIO_PIN(PIN) ((((PIN) & (uint16_t)0x00) == 0x00) && ((PIN) != (uint16_t)0x00))

#define IS_GET_GPIO_PIN(PIN) (((PIN) == GPIO_Pin_0) || \

                              ((PIN) == GPIO_Pin_1) || \

                              ((PIN) == GPIO_Pin_2) || \

                              ((PIN) == GPIO_Pin_3) || \

                              ((PIN) == GPIO_Pin_4) || \

                              ((PIN) == GPIO_Pin_5) || \

                              ((PIN) == GPIO_Pin_6) || \

                              ((PIN) == GPIO_Pin_7) || \

                              ((PIN) == GPIO_Pin_8) || \

                              ((PIN) == GPIO_Pin_9) || \

                              ((PIN) == GPIO_Pin_10) || \

                              ((PIN) == GPIO_Pin_11) || \

                              ((PIN) == GPIO_Pin_12) || \

                              ((PIN) == GPIO_Pin_13) || \

                              ((PIN) == GPIO_Pin_14) || \

                              ((PIN) == GPIO_Pin_15))

/**

  * @}

  */ 





/** @defgroup GPIO_Pin_sources 

  * @{

  */ 

#define GPIO_PinSource0            ((uint8_t)0x00)

#define GPIO_PinSource1            ((uint8_t)0x01)

#define GPIO_PinSource2            ((uint8_t)0x02)

#define GPIO_PinSource3            ((uint8_t)0x03)

#define GPIO_PinSource4            ((uint8_t)0x04)

#define GPIO_PinSource5            ((uint8_t)0x05)

#define GPIO_PinSource6            ((uint8_t)0x06)

#define GPIO_PinSource7            ((uint8_t)0x07)

#define GPIO_PinSource8            ((uint8_t)0x08)

#define GPIO_PinSource9            ((uint8_t)0x09)

#define GPIO_PinSource10           ((uint8_t)0x0A)

#define GPIO_PinSource11           ((uint8_t)0x0B)

#define GPIO_PinSource12           ((uint8_t)0x0C)

#define GPIO_PinSource13           ((uint8_t)0x0D)

#define GPIO_PinSource14           ((uint8_t)0x0E)

#define GPIO_PinSource15           ((uint8_t)0x0F)



#define IS_GPIO_PIN_SOURCE(PINSOURCE) (((PINSOURCE) == GPIO_PinSource0) || \

                                       ((PINSOURCE) == GPIO_PinSource1) || \

                                       ((PINSOURCE) == GPIO_PinSource2) || \

                                       ((PINSOURCE) == GPIO_PinSource3) || \

                                       ((PINSOURCE) == GPIO_PinSource4) || \

                                       ((PINSOURCE) == GPIO_PinSource5) || \

                                       ((PINSOURCE) == GPIO_PinSource6) || \

                                       ((PINSOURCE) == GPIO_PinSource7) || \

                                       ((PINSOURCE) == GPIO_PinSource8) || \

                                       ((PINSOURCE) == GPIO_PinSource9) || \

                                       ((PINSOURCE) == GPIO_PinSource10) || \

                                       ((PINSOURCE) == GPIO_PinSource11) || \

                                       ((PINSOURCE) == GPIO_PinSource12) || \

                                       ((PINSOURCE) == GPIO_PinSource13) || \

                                       ((PINSOURCE) == GPIO_PinSource14) || \

                                       ((PINSOURCE) == GPIO_PinSource15))

/**

  * @}

  */ 



/** @defgroup GPIO_Alternat_function_selection_define 

  * @{

  */ 

/** 

  * @brief   AF 0 selection  

  */ 

#define GPIO_AF_RTC_50Hz      ((uint8_t)0x00)  /* RTC_50Hz Alternate Function mapping */

#define GPIO_AF_MCO           ((uint8_t)0x00)  /* MCO (MCO1 and MCO2) Alternate Function mapping */

#define GPIO_AF_TAMPER        ((uint8_t)0x00)  /* TAMPER (TAMPER_1 and TAMPER_2) Alternate Function mapping */

#define GPIO_AF_SWJ           ((uint8_t)0x00)  /* SWJ (SWD and JTAG) Alternate Function mapping */

#define GPIO_AF_TRACE         ((uint8_t)0x00)  /* TRACE Alternate Function mapping */



/** 

  * @brief   AF 1 selection  

  */ 

#define GPIO_AF_TIM1          ((uint8_t)0x01)  /* TIM1 Alternate Function mapping */

#define GPIO_AF_TIM2          ((uint8_t)0x01)  /* TIM2 Alternate Function mapping */



/** 

  * @brief   AF 2 selection  

  */ 

#define GPIO_AF_TIM3          ((uint8_t)0x02)  /* TIM3 Alternate Function mapping */

#define GPIO_AF_TIM4          ((uint8_t)0x02)  /* TIM4 Alternate Function mapping */

#define GPIO_AF_TIM5          ((uint8_t)0x02)  /* TIM5 Alternate Function mapping */



/** 

  * @brief   AF 3 selection  

  */ 

#define GPIO_AF_TIM8          ((uint8_t)0x03)  /* TIM8 Alternate Function mapping */

#define GPIO_AF_TIM9          ((uint8_t)0x03)  /* TIM9 Alternate Function mapping */

#define GPIO_AF_TIM10         ((uint8_t)0x03)  /* TIM10 Alternate Function mapping */

#define GPIO_AF_TIM11         ((uint8_t)0x03)  /* TIM11 Alternate Function mapping */



/** 

  * @brief   AF 4 selection  

  */ 

#define GPIO_AF_I2C1          ((uint8_t)0x04)  /* I2C1 Alternate Function mapping */

#define GPIO_AF_I2C2          ((uint8_t)0x04)  /* I2C2 Alternate Function mapping */

#define GPIO_AF_I2C3          ((uint8_t)0x04)  /* I2C3 Alternate Function mapping */



/** 

  * @brief   AF 5 selection  

  */ 

#define GPIO_AF_SPI1          ((uint8_t)0x05)  /* SPI1 Alternate Function mapping */

#define GPIO_AF_SPI2          ((uint8_t)0x05)  /* SPI2/I2S2 Alternate Function mapping */



/** 

  * @brief   AF 6 selection  

  */ 

#define GPIO_AF_SPI3          ((uint8_t)0x06)  /* SPI3/I2S3 Alternate Function mapping */



/** 

  * @brief   AF 7 selection  

  */ 

#define GPIO_AF_USART1        ((uint8_t)0x07)  /* USART1 Alternate Function mapping */

#define GPIO_AF_USART2        ((uint8_t)0x07)  /* USART2 Alternate Function mapping */

#define GPIO_AF_USART3        ((uint8_t)0x07)  /* USART3 Alternate Function mapping */

#define GPIO_AF_I2S3ext       ((uint8_t)0x07)  /* I2S3ext Alternate Function mapping */



/** 

  * @brief   AF 8 selection  

  */ 

#define GPIO_AF_UART4         ((uint8_t)0x08)  /* UART4 Alternate Function mapping */

#define GPIO_AF_UART5         ((uint8_t)0x08)  /* UART5 Alternate Function mapping */

#define GPIO_AF_USART6        ((uint8_t)0x08)  /* USART6 Alternate Function mapping */



/** 

  * @brief   AF 9 selection 

  */ 

#define GPIO_AF_CAN1          ((uint8_t)0x09)  /* CAN1 Alternate Function mapping */

#define GPIO_AF_CAN2          ((uint8_t)0x09)  /* CAN2 Alternate Function mapping */

#define GPIO_AF_TIM12         ((uint8_t)0x09)  /* TIM12 Alternate Function mapping */

#define GPIO_AF_TIM13         ((uint8_t)0x09)  /* TIM13 Alternate Function mapping */

#define GPIO_AF_TIM14         ((uint8_t)0x09)  /* TIM14 Alternate Function mapping */



/** 

  * @brief   AF 10 selection  

  */ 

#define GPIO_AF_OTG_FS         ((uint8_t)0xA)  /* OTG_FS Alternate Function mapping */

#define GPIO_AF_OTG_HS         ((uint8_t)0xA)  /* OTG_HS Alternate Function mapping */



/** 

  * @brief   AF 11 selection  

  */ 

#define GPIO_AF_ETH             ((uint8_t)0x0B)  /* ETHERNET Alternate Function mapping */



/** 

  * @brief   AF 12 selection  

  */ 

#define GPIO_AF_FSMC            ((uint8_t)0xC)  /* FSMC Alternate Function mapping */

#define GPIO_AF_OTG_HS_FS       ((uint8_t)0xC)  /* OTG HS configured in FS, Alternate Function mapping */

#define GPIO_AF_SDIO            ((uint8_t)0xC)  /* SDIO Alternate Function mapping */



/** 

  * @brief   AF 13 selection  

  */ 

#define GPIO_AF_DCMI          ((uint8_t)0x0D)  /* DCMI Alternate Function mapping */



/** 

  * @brief   AF 15 selection  

  */ 

#define GPIO_AF_EVENTOUT      ((uint8_t)0x0F)  /* EVENTOUT Alternate Function mapping */



#define IS_GPIO_AF(AF)   (((AF) == GPIO_AF_RTC_50Hz)  || ((AF) == GPIO_AF_TIM14)  || \

                          ((AF) == GPIO_AF_MCO)       || ((AF) == GPIO_AF_TAMPER) || \

                          ((AF) == GPIO_AF_SWJ)       || ((AF) == GPIO_AF_TRACE)  || \

                          ((AF) == GPIO_AF_TIM1)      || ((AF) == GPIO_AF_TIM2)   || \

                          ((AF) == GPIO_AF_TIM3)      || ((AF) == GPIO_AF_TIM4)   || \

                          ((AF) == GPIO_AF_TIM5)      || ((AF) == GPIO_AF_TIM8)   || \

                          ((AF) == GPIO_AF_I2C1)      || ((AF) == GPIO_AF_I2C2)   || \

                          ((AF) == GPIO_AF_I2C3)      || ((AF) == GPIO_AF_SPI1)   || \

                          ((AF) == GPIO_AF_SPI2)      || ((AF) == GPIO_AF_TIM13)  || \

                          ((AF) == GPIO_AF_SPI3)      || ((AF) == GPIO_AF_TIM14)  || \

                          ((AF) == GPIO_AF_USART1)    || ((AF) == GPIO_AF_USART2) || \

                          ((AF) == GPIO_AF_USART3)    || ((AF) == GPIO_AF_UART4)  || \

                          ((AF) == GPIO_AF_UART5)     || ((AF) == GPIO_AF_USART6) || \

                          ((AF) == GPIO_AF_CAN1)      || ((AF) == GPIO_AF_CAN2)   || \

                          ((AF) == GPIO_AF_OTG_FS)    || ((AF) == GPIO_AF_OTG_HS) || \

                          ((AF) == GPIO_AF_ETH)       || ((AF) == GPIO_AF_FSMC)   || \

                          ((AF) == GPIO_AF_OTG_HS_FS) || ((AF) == GPIO_AF_SDIO)   || \

                          ((AF) == GPIO_AF_DCMI)      || ((AF) == GPIO_AF_EVENTOUT))

/**

  * @}

  */ 



/** @defgroup GPIO_Legacy 

  * @{

  */

    

#define GPIO_Mode_AIN           GPIO_Mode_AN



#define GPIO_AF_OTG1_FS         GPIO_AF_OTG_FS

#define GPIO_AF_OTG2_HS         GPIO_AF_OTG_HS

#define GPIO_AF_OTG2_FS         GPIO_AF_OTG_HS_FS



/**

  * @}

  */



/**

  * @}

  */



/* Exported macro ------------------------------------------------------------*/

/* Exported functions --------------------------------------------------------*/ 



/*  Function used to set the GPIO configuration to the default reset state ****/

void GPIO_DeInit(GPIO_TypeDef* GPIOx);



/* Initialization and Configuration functions *********************************/

void GPIO_Init(GPIO_TypeDef* GPIOx, GPIO_InitTypeDef* GPIO_InitStruct);

void GPIO_StructInit(GPIO_InitTypeDef* GPIO_InitStruct);

void GPIO_PinLockConfig(GPIO_TypeDef* GPIOx, uint16_t GPIO_Pin);



/* GPIO Read and Write functions **********************************************/

uint8_t GPIO_ReadInputDataBit(GPIO_TypeDef* GPIOx, uint16_t GPIO_Pin);

uint16_t GPIO_ReadInputData(GPIO_TypeDef* GPIOx);

uint8_t GPIO_ReadOutputDataBit(GPIO_TypeDef* GPIOx, uint16_t GPIO_Pin);

uint16_t GPIO_ReadOutputData(GPIO_TypeDef* GPIOx);

void GPIO_SetBits(GPIO_TypeDef* GPIOx, uint16_t GPIO_Pin);

void GPIO_ResetBits(GPIO_TypeDef* GPIOx, uint16_t GPIO_Pin);

void GPIO_WriteBit(GPIO_TypeDef* GPIOx, uint16_t GPIO_Pin, BitAction BitVal);

void GPIO_Write(GPIO_TypeDef* GPIOx, uint16_t PortVal);

void GPIO_ToggleBits(GPIO_TypeDef* GPIOx, uint16_t GPIO_Pin);



/* GPIO Alternate functions configuration function ****************************/

void GPIO_PinAFConfig(GPIO_TypeDef* GPIOx, uint16_t GPIO_PinSource, uint8_t GPIO_AF);



#ifdef __cplusplus

}

#endif



#endif /*__STM32F4xx_GPIO_H */



/**

  * @}

  */ 



/**

  * @}

  */ 



/******************* (C) COPYRIGHT 2011 STMicroelectronics *****END OF FILE****/








Viz/cmsis_lib/include/stm32f4xx_i2c.h

/**

  ******************************************************************************

  * @file    stm32f4xx_i2c.h

  * @author  MCD Application Team

  * @version V1.0.0

  * @date    30-September-2011

  * @brief   This file contains all the functions prototypes for the I2C firmware 

  *          library.

  ******************************************************************************

  * @attention

  *

  * THE PRESENT FIRMWARE WHICH IS FOR GUIDANCE ONLY AIMS AT PROVIDING CUSTOMERS

  * WITH CODING INFORMATION REGARDING THEIR PRODUCTS IN ORDER FOR THEM TO SAVE

  * TIME. AS A RESULT, STMICROELECTRONICS SHALL NOT BE HELD LIABLE FOR ANY

  * DIRECT, INDIRECT OR CONSEQUENTIAL DAMAGES WITH RESPECT TO ANY CLAIMS ARISING

  * FROM THE CONTENT OF SUCH FIRMWARE AND/OR THE USE MADE BY CUSTOMERS OF THE

  * CODING INFORMATION CONTAINED HEREIN IN CONNECTION WITH THEIR PRODUCTS.

  *

  * <h2><center>&copy; COPYRIGHT 2011 STMicroelectronics</center></h2>

  ******************************************************************************  

  */ 



/* Define to prevent recursive inclusion -------------------------------------*/

#ifndef __STM32F4xx_I2C_H

#define __STM32F4xx_I2C_H



#ifdef __cplusplus

 extern "C" {

#endif



/* Includes ------------------------------------------------------------------*/

#include "stm32f4xx.h"



/** @addtogroup STM32F4xx_StdPeriph_Driver

  * @{

  */



/** @addtogroup I2C

  * @{

  */



/* Exported types ------------------------------------------------------------*/



/** 

  * @brief  I2C Init structure definition  

  */



typedef struct

{

  uint32_t I2C_ClockSpeed;          /*!< Specifies the clock frequency.

                                         This parameter must be set to a value lower than 400kHz */



  uint16_t I2C_Mode;                /*!< Specifies the I2C mode.

                                         This parameter can be a value of @ref I2C_mode */



  uint16_t I2C_DutyCycle;           /*!< Specifies the I2C fast mode duty cycle.

                                         This parameter can be a value of @ref I2C_duty_cycle_in_fast_mode */



  uint16_t I2C_OwnAddress1;         /*!< Specifies the first device own address.

                                         This parameter can be a 7-bit or 10-bit address. */



  uint16_t I2C_Ack;                 /*!< Enables or disables the acknowledgement.

                                         This parameter can be a value of @ref I2C_acknowledgement */



  uint16_t I2C_AcknowledgedAddress; /*!< Specifies if 7-bit or 10-bit address is acknowledged.

                                         This parameter can be a value of @ref I2C_acknowledged_address */

}I2C_InitTypeDef;



/* Exported constants --------------------------------------------------------*/





/** @defgroup I2C_Exported_Constants

  * @{

  */



#define IS_I2C_ALL_PERIPH(PERIPH) (((PERIPH) == I2C1) || \

                                   ((PERIPH) == I2C2) || \

                                   ((PERIPH) == I2C3))

/** @defgroup I2C_mode 

  * @{

  */



#define I2C_Mode_I2C                    ((uint16_t)0x0000)

#define I2C_Mode_SMBusDevice            ((uint16_t)0x0002)  

#define I2C_Mode_SMBusHost              ((uint16_t)0x000A)

#define IS_I2C_MODE(MODE) (((MODE) == I2C_Mode_I2C) || \

                           ((MODE) == I2C_Mode_SMBusDevice) || \

                           ((MODE) == I2C_Mode_SMBusHost))

/**

  * @}

  */



/** @defgroup I2C_duty_cycle_in_fast_mode 

  * @{

  */



#define I2C_DutyCycle_16_9              ((uint16_t)0x4000) /*!< I2C fast mode Tlow/Thigh = 16/9 */

#define I2C_DutyCycle_2                 ((uint16_t)0xBFFF) /*!< I2C fast mode Tlow/Thigh = 2 */

#define IS_I2C_DUTY_CYCLE(CYCLE) (((CYCLE) == I2C_DutyCycle_16_9) || \

                                  ((CYCLE) == I2C_DutyCycle_2))

/**

  * @}

  */ 



/** @defgroup I2C_acknowledgement

  * @{

  */



#define I2C_Ack_Enable                  ((uint16_t)0x0400)

#define I2C_Ack_Disable                 ((uint16_t)0x0000)

#define IS_I2C_ACK_STATE(STATE) (((STATE) == I2C_Ack_Enable) || \

                                 ((STATE) == I2C_Ack_Disable))

/**

  * @}

  */



/** @defgroup I2C_transfer_direction 

  * @{

  */



#define  I2C_Direction_Transmitter      ((uint8_t)0x00)

#define  I2C_Direction_Receiver         ((uint8_t)0x01)

#define IS_I2C_DIRECTION(DIRECTION) (((DIRECTION) == I2C_Direction_Transmitter) || \

                                     ((DIRECTION) == I2C_Direction_Receiver))

/**

  * @}

  */



/** @defgroup I2C_acknowledged_address 

  * @{

  */



#define I2C_AcknowledgedAddress_7bit    ((uint16_t)0x4000)

#define I2C_AcknowledgedAddress_10bit   ((uint16_t)0xC000)

#define IS_I2C_ACKNOWLEDGE_ADDRESS(ADDRESS) (((ADDRESS) == I2C_AcknowledgedAddress_7bit) || \

                                             ((ADDRESS) == I2C_AcknowledgedAddress_10bit))

/**

  * @}

  */ 



/** @defgroup I2C_registers 

  * @{

  */



#define I2C_Register_CR1                ((uint8_t)0x00)

#define I2C_Register_CR2                ((uint8_t)0x04)

#define I2C_Register_OAR1               ((uint8_t)0x08)

#define I2C_Register_OAR2               ((uint8_t)0x0C)

#define I2C_Register_DR                 ((uint8_t)0x10)

#define I2C_Register_SR1                ((uint8_t)0x14)

#define I2C_Register_SR2                ((uint8_t)0x18)

#define I2C_Register_CCR                ((uint8_t)0x1C)

#define I2C_Register_TRISE              ((uint8_t)0x20)

#define IS_I2C_REGISTER(REGISTER) (((REGISTER) == I2C_Register_CR1) || \

                                   ((REGISTER) == I2C_Register_CR2) || \

                                   ((REGISTER) == I2C_Register_OAR1) || \

                                   ((REGISTER) == I2C_Register_OAR2) || \

                                   ((REGISTER) == I2C_Register_DR) || \

                                   ((REGISTER) == I2C_Register_SR1) || \

                                   ((REGISTER) == I2C_Register_SR2) || \

                                   ((REGISTER) == I2C_Register_CCR) || \

                                   ((REGISTER) == I2C_Register_TRISE))

/**

  * @}

  */



/** @defgroup I2C_NACK_position 

  * @{

  */



#define I2C_NACKPosition_Next           ((uint16_t)0x0800)

#define I2C_NACKPosition_Current        ((uint16_t)0xF7FF)

#define IS_I2C_NACK_POSITION(POSITION)  (((POSITION) == I2C_NACKPosition_Next) || \

                                         ((POSITION) == I2C_NACKPosition_Current))

/**

  * @}

  */ 



/** @defgroup I2C_SMBus_alert_pin_level 

  * @{

  */



#define I2C_SMBusAlert_Low              ((uint16_t)0x2000)

#define I2C_SMBusAlert_High             ((uint16_t)0xDFFF)

#define IS_I2C_SMBUS_ALERT(ALERT) (((ALERT) == I2C_SMBusAlert_Low) || \

                                   ((ALERT) == I2C_SMBusAlert_High))

/**

  * @}

  */



/** @defgroup I2C_PEC_position 

  * @{

  */



#define I2C_PECPosition_Next            ((uint16_t)0x0800)

#define I2C_PECPosition_Current         ((uint16_t)0xF7FF)

#define IS_I2C_PEC_POSITION(POSITION) (((POSITION) == I2C_PECPosition_Next) || \

                                       ((POSITION) == I2C_PECPosition_Current))

/**

  * @}

  */ 



/** @defgroup I2C_interrupts_definition 

  * @{

  */



#define I2C_IT_BUF                      ((uint16_t)0x0400)

#define I2C_IT_EVT                      ((uint16_t)0x0200)

#define I2C_IT_ERR                      ((uint16_t)0x0100)

#define IS_I2C_CONFIG_IT(IT) ((((IT) & (uint16_t)0xF8FF) == 0x00) && ((IT) != 0x00))

/**

  * @}

  */ 



/** @defgroup I2C_interrupts_definition 

  * @{

  */



#define I2C_IT_SMBALERT                 ((uint32_t)0x01008000)

#define I2C_IT_TIMEOUT                  ((uint32_t)0x01004000)

#define I2C_IT_PECERR                   ((uint32_t)0x01001000)

#define I2C_IT_OVR                      ((uint32_t)0x01000800)

#define I2C_IT_AF                       ((uint32_t)0x01000400)

#define I2C_IT_ARLO                     ((uint32_t)0x01000200)

#define I2C_IT_BERR                     ((uint32_t)0x01000100)

#define I2C_IT_TXE                      ((uint32_t)0x06000080)

#define I2C_IT_RXNE                     ((uint32_t)0x06000040)

#define I2C_IT_STOPF                    ((uint32_t)0x02000010)

#define I2C_IT_ADD10                    ((uint32_t)0x02000008)

#define I2C_IT_BTF                      ((uint32_t)0x02000004)

#define I2C_IT_ADDR                     ((uint32_t)0x02000002)

#define I2C_IT_SB                       ((uint32_t)0x02000001)



#define IS_I2C_CLEAR_IT(IT) ((((IT) & (uint16_t)0x20FF) == 0x00) && ((IT) != (uint16_t)0x00))



#define IS_I2C_GET_IT(IT) (((IT) == I2C_IT_SMBALERT) || ((IT) == I2C_IT_TIMEOUT) || \

                           ((IT) == I2C_IT_PECERR) || ((IT) == I2C_IT_OVR) || \

                           ((IT) == I2C_IT_AF) || ((IT) == I2C_IT_ARLO) || \

                           ((IT) == I2C_IT_BERR) || ((IT) == I2C_IT_TXE) || \

                           ((IT) == I2C_IT_RXNE) || ((IT) == I2C_IT_STOPF) || \

                           ((IT) == I2C_IT_ADD10) || ((IT) == I2C_IT_BTF) || \

                           ((IT) == I2C_IT_ADDR) || ((IT) == I2C_IT_SB))

/**

  * @}

  */



/** @defgroup I2C_flags_definition 

  * @{

  */



/** 

  * @brief  SR2 register flags  

  */



#define I2C_FLAG_DUALF                  ((uint32_t)0x00800000)

#define I2C_FLAG_SMBHOST                ((uint32_t)0x00400000)

#define I2C_FLAG_SMBDEFAULT             ((uint32_t)0x00200000)

#define I2C_FLAG_GENCALL                ((uint32_t)0x00100000)

#define I2C_FLAG_TRA                    ((uint32_t)0x00040000)

#define I2C_FLAG_BUSY                   ((uint32_t)0x00020000)

#define I2C_FLAG_MSL                    ((uint32_t)0x00010000)



/** 

  * @brief  SR1 register flags  

  */



#define I2C_FLAG_SMBALERT               ((uint32_t)0x10008000)

#define I2C_FLAG_TIMEOUT                ((uint32_t)0x10004000)

#define I2C_FLAG_PECERR                 ((uint32_t)0x10001000)

#define I2C_FLAG_OVR                    ((uint32_t)0x10000800)

#define I2C_FLAG_AF                     ((uint32_t)0x10000400)

#define I2C_FLAG_ARLO                   ((uint32_t)0x10000200)

#define I2C_FLAG_BERR                   ((uint32_t)0x10000100)

#define I2C_FLAG_TXE                    ((uint32_t)0x10000080)

#define I2C_FLAG_RXNE                   ((uint32_t)0x10000040)

#define I2C_FLAG_STOPF                  ((uint32_t)0x10000010)

#define I2C_FLAG_ADD10                  ((uint32_t)0x10000008)

#define I2C_FLAG_BTF                    ((uint32_t)0x10000004)

#define I2C_FLAG_ADDR                   ((uint32_t)0x10000002)

#define I2C_FLAG_SB                     ((uint32_t)0x10000001)



#define IS_I2C_CLEAR_FLAG(FLAG) ((((FLAG) & (uint16_t)0x20FF) == 0x00) && ((FLAG) != (uint16_t)0x00))



#define IS_I2C_GET_FLAG(FLAG) (((FLAG) == I2C_FLAG_DUALF) || ((FLAG) == I2C_FLAG_SMBHOST) || \

                               ((FLAG) == I2C_FLAG_SMBDEFAULT) || ((FLAG) == I2C_FLAG_GENCALL) || \

                               ((FLAG) == I2C_FLAG_TRA) || ((FLAG) == I2C_FLAG_BUSY) || \

                               ((FLAG) == I2C_FLAG_MSL) || ((FLAG) == I2C_FLAG_SMBALERT) || \

                               ((FLAG) == I2C_FLAG_TIMEOUT) || ((FLAG) == I2C_FLAG_PECERR) || \

                               ((FLAG) == I2C_FLAG_OVR) || ((FLAG) == I2C_FLAG_AF) || \

                               ((FLAG) == I2C_FLAG_ARLO) || ((FLAG) == I2C_FLAG_BERR) || \

                               ((FLAG) == I2C_FLAG_TXE) || ((FLAG) == I2C_FLAG_RXNE) || \

                               ((FLAG) == I2C_FLAG_STOPF) || ((FLAG) == I2C_FLAG_ADD10) || \

                               ((FLAG) == I2C_FLAG_BTF) || ((FLAG) == I2C_FLAG_ADDR) || \

                               ((FLAG) == I2C_FLAG_SB))

/**

  * @}

  */



/** @defgroup I2C_Events 

  * @{

  */



/**

 ===============================================================================

               I2C Master Events (Events grouped in order of communication)

 ===============================================================================

 */



/** 

  * @brief  Communication start

  * 

  * After sending the START condition (I2C_GenerateSTART() function) the master 

  * has to wait for this event. It means that the Start condition has been correctly 

  * released on the I2C bus (the bus is free, no other devices is communicating).

  * 

  */

/* --EV5 */

#define  I2C_EVENT_MASTER_MODE_SELECT                      ((uint32_t)0x00030001)  /* BUSY, MSL and SB flag */



/** 

  * @brief  Address Acknowledge

  * 

  * After checking on EV5 (start condition correctly released on the bus), the 

  * master sends the address of the slave(s) with which it will communicate 

  * (I2C_Send7bitAddress() function, it also determines the direction of the communication: 

  * Master transmitter or Receiver). Then the master has to wait that a slave acknowledges 

  * his address. If an acknowledge is sent on the bus, one of the following events will 

  * be set:

  * 

  *  1) In case of Master Receiver (7-bit addressing): the I2C_EVENT_MASTER_RECEIVER_MODE_SELECTED 

  *     event is set.

  *  

  *  2) In case of Master Transmitter (7-bit addressing): the I2C_EVENT_MASTER_TRANSMITTER_MODE_SELECTED 

  *     is set

  *  

  *  3) In case of 10-Bit addressing mode, the master (just after generating the START 

  *  and checking on EV5) has to send the header of 10-bit addressing mode (I2C_SendData() 

  *  function). Then master should wait on EV9. It means that the 10-bit addressing 

  *  header has been correctly sent on the bus. Then master should send the second part of 

  *  the 10-bit address (LSB) using the function I2C_Send7bitAddress(). Then master 

  *  should wait for event EV6. 

  *     

  */



/* --EV6 */

#define  I2C_EVENT_MASTER_TRANSMITTER_MODE_SELECTED        ((uint32_t)0x00070082)  /* BUSY, MSL, ADDR, TXE and TRA flags */

#define  I2C_EVENT_MASTER_RECEIVER_MODE_SELECTED           ((uint32_t)0x00030002)  /* BUSY, MSL and ADDR flags */

/* --EV9 */

#define  I2C_EVENT_MASTER_MODE_ADDRESS10                   ((uint32_t)0x00030008)  /* BUSY, MSL and ADD10 flags */



/** 

  * @brief Communication events

  * 

  * If a communication is established (START condition generated and slave address 

  * acknowledged) then the master has to check on one of the following events for 

  * communication procedures:

  *  

  * 1) Master Receiver mode: The master has to wait on the event EV7 then to read 

  *    the data received from the slave (I2C_ReceiveData() function).

  * 

  * 2) Master Transmitter mode: The master has to send data (I2C_SendData() 

  *    function) then to wait on event EV8 or EV8_2.

  *    These two events are similar: 

  *     - EV8 means that the data has been written in the data register and is 

  *       being shifted out.

  *     - EV8_2 means that the data has been physically shifted out and output 

  *       on the bus.

  *     In most cases, using EV8 is sufficient for the application.

  *     Using EV8_2 leads to a slower communication but ensure more reliable test.

  *     EV8_2 is also more suitable than EV8 for testing on the last data transmission 

  *     (before Stop condition generation).

  *     

  *  @note In case the  user software does not guarantee that this event EV7 is 

  *        managed before the current byte end of transfer, then user may check on EV7 

  *        and BTF flag at the same time (ie. (I2C_EVENT_MASTER_BYTE_RECEIVED | I2C_FLAG_BTF)).

  *        In this case the communication may be slower.

  * 

  */



/* Master RECEIVER mode -----------------------------*/ 

/* --EV7 */

#define  I2C_EVENT_MASTER_BYTE_RECEIVED                    ((uint32_t)0x00030040)  /* BUSY, MSL and RXNE flags */



/* Master TRANSMITTER mode --------------------------*/

/* --EV8 */

#define I2C_EVENT_MASTER_BYTE_TRANSMITTING                 ((uint32_t)0x00070080) /* TRA, BUSY, MSL, TXE flags */

/* --EV8_2 */

#define  I2C_EVENT_MASTER_BYTE_TRANSMITTED                 ((uint32_t)0x00070084)  /* TRA, BUSY, MSL, TXE and BTF flags */





/**

 ===============================================================================

               I2C Slave Events (Events grouped in order of communication)

 ===============================================================================

 */





/** 

  * @brief  Communication start events

  * 

  * Wait on one of these events at the start of the communication. It means that 

  * the I2C peripheral detected a Start condition on the bus (generated by master 

  * device) followed by the peripheral address. The peripheral generates an ACK 

  * condition on the bus (if the acknowledge feature is enabled through function 

  * I2C_AcknowledgeConfig()) and the events listed above are set :

  *  

  * 1) In normal case (only one address managed by the slave), when the address 

  *   sent by the master matches the own address of the peripheral (configured by 

  *   I2C_OwnAddress1 field) the I2C_EVENT_SLAVE_XXX_ADDRESS_MATCHED event is set 

  *   (where XXX could be TRANSMITTER or RECEIVER).

  *    

  * 2) In case the address sent by the master matches the second address of the 

  *   peripheral (configured by the function I2C_OwnAddress2Config() and enabled 

  *   by the function I2C_DualAddressCmd()) the events I2C_EVENT_SLAVE_XXX_SECONDADDRESS_MATCHED 

  *   (where XXX could be TRANSMITTER or RECEIVER) are set.

  *   

  * 3) In case the address sent by the master is General Call (address 0x00) and 

  *   if the General Call is enabled for the peripheral (using function I2C_GeneralCallCmd()) 

  *   the following event is set I2C_EVENT_SLAVE_GENERALCALLADDRESS_MATCHED.   

  * 

  */



/* --EV1  (all the events below are variants of EV1) */   

/* 1) Case of One Single Address managed by the slave */

#define  I2C_EVENT_SLAVE_RECEIVER_ADDRESS_MATCHED          ((uint32_t)0x00020002) /* BUSY and ADDR flags */

#define  I2C_EVENT_SLAVE_TRANSMITTER_ADDRESS_MATCHED       ((uint32_t)0x00060082) /* TRA, BUSY, TXE and ADDR flags */



/* 2) Case of Dual address managed by the slave */

#define  I2C_EVENT_SLAVE_RECEIVER_SECONDADDRESS_MATCHED    ((uint32_t)0x00820000)  /* DUALF and BUSY flags */

#define  I2C_EVENT_SLAVE_TRANSMITTER_SECONDADDRESS_MATCHED ((uint32_t)0x00860080)  /* DUALF, TRA, BUSY and TXE flags */



/* 3) Case of General Call enabled for the slave */

#define  I2C_EVENT_SLAVE_GENERALCALLADDRESS_MATCHED        ((uint32_t)0x00120000)  /* GENCALL and BUSY flags */



/** 

  * @brief  Communication events

  * 

  * Wait on one of these events when EV1 has already been checked and: 

  * 

  * - Slave RECEIVER mode:

  *     - EV2: When the application is expecting a data byte to be received. 

  *     - EV4: When the application is expecting the end of the communication: master 

  *       sends a stop condition and data transmission is stopped.

  *    

  * - Slave Transmitter mode:

  *    - EV3: When a byte has been transmitted by the slave and the application is expecting 

  *      the end of the byte transmission. The two events I2C_EVENT_SLAVE_BYTE_TRANSMITTED and

  *      I2C_EVENT_SLAVE_BYTE_TRANSMITTING are similar. The second one can optionally be 

  *      used when the user software doesn't guarantee the EV3 is managed before the

  *      current byte end of transfer.

  *    - EV3_2: When the master sends a NACK in order to tell slave that data transmission 

  *      shall end (before sending the STOP condition). In this case slave has to stop sending 

  *      data bytes and expect a Stop condition on the bus.

  *      

  *  @note In case the  user software does not guarantee that the event EV2 is 

  *        managed before the current byte end of transfer, then user may check on EV2 

  *        and BTF flag at the same time (ie. (I2C_EVENT_SLAVE_BYTE_RECEIVED | I2C_FLAG_BTF)).

  *        In this case the communication may be slower.

  *

  */



/* Slave RECEIVER mode --------------------------*/ 

/* --EV2 */

#define  I2C_EVENT_SLAVE_BYTE_RECEIVED                     ((uint32_t)0x00020040)  /* BUSY and RXNE flags */

/* --EV4  */

#define  I2C_EVENT_SLAVE_STOP_DETECTED                     ((uint32_t)0x00000010)  /* STOPF flag */



/* Slave TRANSMITTER mode -----------------------*/

/* --EV3 */

#define  I2C_EVENT_SLAVE_BYTE_TRANSMITTED                  ((uint32_t)0x00060084)  /* TRA, BUSY, TXE and BTF flags */

#define  I2C_EVENT_SLAVE_BYTE_TRANSMITTING                 ((uint32_t)0x00060080)  /* TRA, BUSY and TXE flags */

/* --EV3_2 */

#define  I2C_EVENT_SLAVE_ACK_FAILURE                       ((uint32_t)0x00000400)  /* AF flag */



/*

 ===============================================================================

                          End of Events Description

 ===============================================================================

 */



#define IS_I2C_EVENT(EVENT) (((EVENT) == I2C_EVENT_SLAVE_TRANSMITTER_ADDRESS_MATCHED) || \

                             ((EVENT) == I2C_EVENT_SLAVE_RECEIVER_ADDRESS_MATCHED) || \

                             ((EVENT) == I2C_EVENT_SLAVE_TRANSMITTER_SECONDADDRESS_MATCHED) || \

                             ((EVENT) == I2C_EVENT_SLAVE_RECEIVER_SECONDADDRESS_MATCHED) || \

                             ((EVENT) == I2C_EVENT_SLAVE_GENERALCALLADDRESS_MATCHED) || \

                             ((EVENT) == I2C_EVENT_SLAVE_BYTE_RECEIVED) || \

                             ((EVENT) == (I2C_EVENT_SLAVE_BYTE_RECEIVED | I2C_FLAG_DUALF)) || \

                             ((EVENT) == (I2C_EVENT_SLAVE_BYTE_RECEIVED | I2C_FLAG_GENCALL)) || \

                             ((EVENT) == I2C_EVENT_SLAVE_BYTE_TRANSMITTED) || \

                             ((EVENT) == (I2C_EVENT_SLAVE_BYTE_TRANSMITTED | I2C_FLAG_DUALF)) || \

                             ((EVENT) == (I2C_EVENT_SLAVE_BYTE_TRANSMITTED | I2C_FLAG_GENCALL)) || \

                             ((EVENT) == I2C_EVENT_SLAVE_STOP_DETECTED) || \

                             ((EVENT) == I2C_EVENT_MASTER_MODE_SELECT) || \

                             ((EVENT) == I2C_EVENT_MASTER_TRANSMITTER_MODE_SELECTED) || \

                             ((EVENT) == I2C_EVENT_MASTER_RECEIVER_MODE_SELECTED) || \

                             ((EVENT) == I2C_EVENT_MASTER_BYTE_RECEIVED) || \

                             ((EVENT) == I2C_EVENT_MASTER_BYTE_TRANSMITTED) || \

                             ((EVENT) == I2C_EVENT_MASTER_BYTE_TRANSMITTING) || \

                             ((EVENT) == I2C_EVENT_MASTER_MODE_ADDRESS10) || \

                             ((EVENT) == I2C_EVENT_SLAVE_ACK_FAILURE))

/**

  * @}

  */



/** @defgroup I2C_own_address1 

  * @{

  */



#define IS_I2C_OWN_ADDRESS1(ADDRESS1) ((ADDRESS1) <= 0x3FF)

/**

  * @}

  */



/** @defgroup I2C_clock_speed 

  * @{

  */



#define IS_I2C_CLOCK_SPEED(SPEED) (((SPEED) >= 0x1) && ((SPEED) <= 400000))

/**

  * @}

  */



/**

  * @}

  */



/* Exported macro ------------------------------------------------------------*/

/* Exported functions --------------------------------------------------------*/ 



/*  Function used to set the I2C configuration to the default reset state *****/

void I2C_DeInit(I2C_TypeDef* I2Cx);



/* Initialization and Configuration functions *********************************/

void I2C_Init(I2C_TypeDef* I2Cx, I2C_InitTypeDef* I2C_InitStruct);

void I2C_StructInit(I2C_InitTypeDef* I2C_InitStruct);

void I2C_Cmd(I2C_TypeDef* I2Cx, FunctionalState NewState);

void I2C_GenerateSTART(I2C_TypeDef* I2Cx, FunctionalState NewState);

void I2C_GenerateSTOP(I2C_TypeDef* I2Cx, FunctionalState NewState);

void I2C_Send7bitAddress(I2C_TypeDef* I2Cx, uint8_t Address, uint8_t I2C_Direction);

void I2C_AcknowledgeConfig(I2C_TypeDef* I2Cx, FunctionalState NewState);

void I2C_OwnAddress2Config(I2C_TypeDef* I2Cx, uint8_t Address);

void I2C_DualAddressCmd(I2C_TypeDef* I2Cx, FunctionalState NewState);

void I2C_GeneralCallCmd(I2C_TypeDef* I2Cx, FunctionalState NewState);

void I2C_SoftwareResetCmd(I2C_TypeDef* I2Cx, FunctionalState NewState);

void I2C_StretchClockCmd(I2C_TypeDef* I2Cx, FunctionalState NewState);

void I2C_FastModeDutyCycleConfig(I2C_TypeDef* I2Cx, uint16_t I2C_DutyCycle);

void I2C_NACKPositionConfig(I2C_TypeDef* I2Cx, uint16_t I2C_NACKPosition);

void I2C_SMBusAlertConfig(I2C_TypeDef* I2Cx, uint16_t I2C_SMBusAlert);

void I2C_ARPCmd(I2C_TypeDef* I2Cx, FunctionalState NewState);



/* Data transfers functions ***************************************************/ 

void I2C_SendData(I2C_TypeDef* I2Cx, uint8_t Data);

uint8_t I2C_ReceiveData(I2C_TypeDef* I2Cx);



/* PEC management functions ***************************************************/ 

void I2C_TransmitPEC(I2C_TypeDef* I2Cx, FunctionalState NewState);

void I2C_PECPositionConfig(I2C_TypeDef* I2Cx, uint16_t I2C_PECPosition);

void I2C_CalculatePEC(I2C_TypeDef* I2Cx, FunctionalState NewState);

uint8_t I2C_GetPEC(I2C_TypeDef* I2Cx);



/* DMA transfers management functions *****************************************/

void I2C_DMACmd(I2C_TypeDef* I2Cx, FunctionalState NewState);

void I2C_DMALastTransferCmd(I2C_TypeDef* I2Cx, FunctionalState NewState);



/* Interrupts, events and flags management functions **************************/

uint16_t I2C_ReadRegister(I2C_TypeDef* I2Cx, uint8_t I2C_Register);

void I2C_ITConfig(I2C_TypeDef* I2Cx, uint16_t I2C_IT, FunctionalState NewState);



/* 

 ===============================================================================

                          I2C State Monitoring Functions

 ===============================================================================

  This I2C driver provides three different ways for I2C state monitoring

  depending on the application requirements and constraints:

         

   

     1. Basic state monitoring (Using I2C_CheckEvent() function)

     -----------------------------------------------------------

        It compares the status registers (SR1 and SR2) content to a given event

        (can be the combination of one or more flags).

        It returns SUCCESS if the current status includes the given flags 

        and returns ERROR if one or more flags are missing in the current status.



          - When to use

             - This function is suitable for most applications as well as for startup 

               activity since the events are fully described in the product reference 

               manual (RM0090).

             - It is also suitable for users who need to define their own events.



          - Limitations

             - If an error occurs (ie. error flags are set besides to the monitored 

               flags), the I2C_CheckEvent() function may return SUCCESS despite 

               the communication hold or corrupted real state. 

               In this case, it is advised to use error interrupts to monitor 

               the error events and handle them in the interrupt IRQ handler.

         

     Note 

         For error management, it is advised to use the following functions:

           - I2C_ITConfig() to configure and enable the error interrupts (I2C_IT_ERR).

           - I2Cx_ER_IRQHandler() which is called when the error interrupt occurs.

             Where x is the peripheral instance (I2C1, I2C2 ...)

           - I2C_GetFlagStatus() or I2C_GetITStatus()  to be called into the 

             I2Cx_ER_IRQHandler() function in order to determine which error occurred.

           - I2C_ClearFlag() or I2C_ClearITPendingBit() and/or I2C_SoftwareResetCmd() 

             and/or I2C_GenerateStop() in order to clear the error flag and source 

             and return to correct  communication status.

             

 

     2. Advanced state monitoring (Using the function I2C_GetLastEvent())

     -------------------------------------------------------------------- 

        Using the function I2C_GetLastEvent() which returns the image of both status 

        registers in a single word (uint32_t) (Status Register 2 value is shifted left 

        by 16 bits and concatenated to Status Register 1).



          - When to use

             - This function is suitable for the same applications above but it 

               allows to overcome the mentioned limitation of I2C_GetFlagStatus() 

               function.

             - The returned value could be compared to events already defined in 

               this file or to custom values defined by user.

               This function is suitable when multiple flags are monitored at the 

               same time.

             - At the opposite of I2C_CheckEvent() function, this function allows 

               user to choose when an event is accepted (when all events flags are 

               set and no other flags are set or just when the needed flags are set 

               like I2C_CheckEvent() function.



          - Limitations

             - User may need to define his own events.

             - Same remark concerning the error management is applicable for this 

               function if user decides to check only regular communication flags 

               (and ignores error flags).

      

 

     3. Flag-based state monitoring (Using the function I2C_GetFlagStatus())

     -----------------------------------------------------------------------

     

      Using the function I2C_GetFlagStatus() which simply returns the status of 

      one single flag (ie. I2C_FLAG_RXNE ...). 



          - When to use

             - This function could be used for specific applications or in debug 

               phase.

             - It is suitable when only one flag checking is needed (most I2C 

               events are monitored through multiple flags).

          - Limitations: 

             - When calling this function, the Status register is accessed. 

               Some flags are cleared when the status register is accessed. 

               So checking the status of one Flag, may clear other ones.

             - Function may need to be called twice or more in order to monitor 

               one single event.           

 */



/*

 ===============================================================================

                          1. Basic state monitoring

 ===============================================================================

 */

ErrorStatus I2C_CheckEvent(I2C_TypeDef* I2Cx, uint32_t I2C_EVENT);

/*

 ===============================================================================

                          2. Advanced state monitoring

 ===============================================================================

 */

uint32_t I2C_GetLastEvent(I2C_TypeDef* I2Cx);

/*

 ===============================================================================

                          3. Flag-based state monitoring

 ===============================================================================

 */

FlagStatus I2C_GetFlagStatus(I2C_TypeDef* I2Cx, uint32_t I2C_FLAG);





void I2C_ClearFlag(I2C_TypeDef* I2Cx, uint32_t I2C_FLAG);

ITStatus I2C_GetITStatus(I2C_TypeDef* I2Cx, uint32_t I2C_IT);

void I2C_ClearITPendingBit(I2C_TypeDef* I2Cx, uint32_t I2C_IT);



#ifdef __cplusplus

}

#endif



#endif /*__STM32F4xx_I2C_H */



/**

  * @}

  */ 



/**

  * @}

  */ 



/******************* (C) COPYRIGHT 2011 STMicroelectronics *****END OF FILE****/








Viz/cmsis_lib/include/stm32f4xx_rcc.h

/**

  ******************************************************************************

  * @file    stm32f4xx_rcc.h

  * @author  MCD Application Team

  * @version V1.0.0

  * @date    30-September-2011

  * @brief   This file contains all the functions prototypes for the RCC firmware library.

  ******************************************************************************

  * @attention

  *

  * THE PRESENT FIRMWARE WHICH IS FOR GUIDANCE ONLY AIMS AT PROVIDING CUSTOMERS

  * WITH CODING INFORMATION REGARDING THEIR PRODUCTS IN ORDER FOR THEM TO SAVE

  * TIME. AS A RESULT, STMICROELECTRONICS SHALL NOT BE HELD LIABLE FOR ANY

  * DIRECT, INDIRECT OR CONSEQUENTIAL DAMAGES WITH RESPECT TO ANY CLAIMS ARISING

  * FROM THE CONTENT OF SUCH FIRMWARE AND/OR THE USE MADE BY CUSTOMERS OF THE

  * CODING INFORMATION CONTAINED HEREIN IN CONNECTION WITH THEIR PRODUCTS.

  *

  * <h2><center>&copy; COPYRIGHT 2011 STMicroelectronics</center></h2>

  ******************************************************************************

  */



/* Define to prevent recursive inclusion -------------------------------------*/

#ifndef __STM32F4xx_RCC_H

#define __STM32F4xx_RCC_H



#ifdef __cplusplus

 extern "C" {

#endif



/* Includes ------------------------------------------------------------------*/

#include "stm32f4xx.h"



/** @addtogroup STM32F4xx_StdPeriph_Driver

  * @{

  */



/** @addtogroup RCC

  * @{

  */ 



/* Exported types ------------------------------------------------------------*/

typedef struct

{

  uint32_t SYSCLK_Frequency; /*!<  SYSCLK clock frequency expressed in Hz */

  uint32_t HCLK_Frequency;   /*!<  HCLK clock frequency expressed in Hz */

  uint32_t PCLK1_Frequency;  /*!<  PCLK1 clock frequency expressed in Hz */

  uint32_t PCLK2_Frequency;  /*!<  PCLK2 clock frequency expressed in Hz */

}RCC_ClocksTypeDef;



/* Exported constants --------------------------------------------------------*/



/** @defgroup RCC_Exported_Constants

  * @{

  */

  

/** @defgroup RCC_HSE_configuration 

  * @{

  */

#define RCC_HSE_OFF                      ((uint8_t)0x00)

#define RCC_HSE_ON                       ((uint8_t)0x01)

#define RCC_HSE_Bypass                   ((uint8_t)0x05)

#define IS_RCC_HSE(HSE) (((HSE) == RCC_HSE_OFF) || ((HSE) == RCC_HSE_ON) || \

                         ((HSE) == RCC_HSE_Bypass))

/**

  * @}

  */ 

  

/** @defgroup RCC_PLL_Clock_Source 

  * @{

  */

#define RCC_PLLSource_HSI                ((uint32_t)0x00000000)

#define RCC_PLLSource_HSE                ((uint32_t)0x00400000)

#define IS_RCC_PLL_SOURCE(SOURCE) (((SOURCE) == RCC_PLLSource_HSI) || \

                                   ((SOURCE) == RCC_PLLSource_HSE))

#define IS_RCC_PLLM_VALUE(VALUE) ((VALUE) <= 63)

#define IS_RCC_PLLN_VALUE(VALUE) ((192 <= (VALUE)) && ((VALUE) <= 432))

#define IS_RCC_PLLP_VALUE(VALUE) (((VALUE) == 2) || ((VALUE) == 4) || ((VALUE) == 6) || ((VALUE) == 8))

#define IS_RCC_PLLQ_VALUE(VALUE) ((4 <= (VALUE)) && ((VALUE) <= 15))

 

#define IS_RCC_PLLI2SN_VALUE(VALUE) ((192 <= (VALUE)) && ((VALUE) <= 432))

#define IS_RCC_PLLI2SR_VALUE(VALUE) ((2 <= (VALUE)) && ((VALUE) <= 7))   

/**

  * @}

  */ 

  

/** @defgroup RCC_System_Clock_Source 

  * @{

  */

#define RCC_SYSCLKSource_HSI             ((uint32_t)0x00000000)

#define RCC_SYSCLKSource_HSE             ((uint32_t)0x00000001)

#define RCC_SYSCLKSource_PLLCLK          ((uint32_t)0x00000002)

#define IS_RCC_SYSCLK_SOURCE(SOURCE) (((SOURCE) == RCC_SYSCLKSource_HSI) || \

                                      ((SOURCE) == RCC_SYSCLKSource_HSE) || \

                                      ((SOURCE) == RCC_SYSCLKSource_PLLCLK))

/**

  * @}

  */ 

  

/** @defgroup RCC_AHB_Clock_Source

  * @{

  */

#define RCC_SYSCLK_Div1                  ((uint32_t)0x00000000)

#define RCC_SYSCLK_Div2                  ((uint32_t)0x00000080)

#define RCC_SYSCLK_Div4                  ((uint32_t)0x00000090)

#define RCC_SYSCLK_Div8                  ((uint32_t)0x000000A0)

#define RCC_SYSCLK_Div16                 ((uint32_t)0x000000B0)

#define RCC_SYSCLK_Div64                 ((uint32_t)0x000000C0)

#define RCC_SYSCLK_Div128                ((uint32_t)0x000000D0)

#define RCC_SYSCLK_Div256                ((uint32_t)0x000000E0)

#define RCC_SYSCLK_Div512                ((uint32_t)0x000000F0)

#define IS_RCC_HCLK(HCLK) (((HCLK) == RCC_SYSCLK_Div1) || ((HCLK) == RCC_SYSCLK_Div2) || \

                           ((HCLK) == RCC_SYSCLK_Div4) || ((HCLK) == RCC_SYSCLK_Div8) || \

                           ((HCLK) == RCC_SYSCLK_Div16) || ((HCLK) == RCC_SYSCLK_Div64) || \

                           ((HCLK) == RCC_SYSCLK_Div128) || ((HCLK) == RCC_SYSCLK_Div256) || \

                           ((HCLK) == RCC_SYSCLK_Div512))

/**

  * @}

  */ 

  

/** @defgroup RCC_APB1_APB2_Clock_Source

  * @{

  */

#define RCC_HCLK_Div1                    ((uint32_t)0x00000000)

#define RCC_HCLK_Div2                    ((uint32_t)0x00001000)

#define RCC_HCLK_Div4                    ((uint32_t)0x00001400)

#define RCC_HCLK_Div8                    ((uint32_t)0x00001800)

#define RCC_HCLK_Div16                   ((uint32_t)0x00001C00)

#define IS_RCC_PCLK(PCLK) (((PCLK) == RCC_HCLK_Div1) || ((PCLK) == RCC_HCLK_Div2) || \

                           ((PCLK) == RCC_HCLK_Div4) || ((PCLK) == RCC_HCLK_Div8) || \

                           ((PCLK) == RCC_HCLK_Div16))

/**

  * @}

  */ 

  

/** @defgroup RCC_Interrupt_Source 

  * @{

  */

#define RCC_IT_LSIRDY                    ((uint8_t)0x01)

#define RCC_IT_LSERDY                    ((uint8_t)0x02)

#define RCC_IT_HSIRDY                    ((uint8_t)0x04)

#define RCC_IT_HSERDY                    ((uint8_t)0x08)

#define RCC_IT_PLLRDY                    ((uint8_t)0x10)

#define RCC_IT_PLLI2SRDY                 ((uint8_t)0x20)

#define RCC_IT_CSS                       ((uint8_t)0x80)

#define IS_RCC_IT(IT) ((((IT) & (uint8_t)0xC0) == 0x00) && ((IT) != 0x00))

#define IS_RCC_GET_IT(IT) (((IT) == RCC_IT_LSIRDY) || ((IT) == RCC_IT_LSERDY) || \

                           ((IT) == RCC_IT_HSIRDY) || ((IT) == RCC_IT_HSERDY) || \

                           ((IT) == RCC_IT_PLLRDY) || ((IT) == RCC_IT_CSS) || \

                           ((IT) == RCC_IT_PLLI2SRDY))

#define IS_RCC_CLEAR_IT(IT) ((((IT) & (uint8_t)0x40) == 0x00) && ((IT) != 0x00))

/**

  * @}

  */ 

  

/** @defgroup RCC_LSE_Configuration 

  * @{

  */

#define RCC_LSE_OFF                      ((uint8_t)0x00)

#define RCC_LSE_ON                       ((uint8_t)0x01)

#define RCC_LSE_Bypass                   ((uint8_t)0x04)

#define IS_RCC_LSE(LSE) (((LSE) == RCC_LSE_OFF) || ((LSE) == RCC_LSE_ON) || \

                         ((LSE) == RCC_LSE_Bypass))

/**

  * @}

  */ 

  

/** @defgroup RCC_RTC_Clock_Source

  * @{

  */

#define RCC_RTCCLKSource_LSE             ((uint32_t)0x00000100)

#define RCC_RTCCLKSource_LSI             ((uint32_t)0x00000200)

#define RCC_RTCCLKSource_HSE_Div2        ((uint32_t)0x00020300)

#define RCC_RTCCLKSource_HSE_Div3        ((uint32_t)0x00030300)

#define RCC_RTCCLKSource_HSE_Div4        ((uint32_t)0x00040300)

#define RCC_RTCCLKSource_HSE_Div5        ((uint32_t)0x00050300)

#define RCC_RTCCLKSource_HSE_Div6        ((uint32_t)0x00060300)

#define RCC_RTCCLKSource_HSE_Div7        ((uint32_t)0x00070300)

#define RCC_RTCCLKSource_HSE_Div8        ((uint32_t)0x00080300)

#define RCC_RTCCLKSource_HSE_Div9        ((uint32_t)0x00090300)

#define RCC_RTCCLKSource_HSE_Div10       ((uint32_t)0x000A0300)

#define RCC_RTCCLKSource_HSE_Div11       ((uint32_t)0x000B0300)

#define RCC_RTCCLKSource_HSE_Div12       ((uint32_t)0x000C0300)

#define RCC_RTCCLKSource_HSE_Div13       ((uint32_t)0x000D0300)

#define RCC_RTCCLKSource_HSE_Div14       ((uint32_t)0x000E0300)

#define RCC_RTCCLKSource_HSE_Div15       ((uint32_t)0x000F0300)

#define RCC_RTCCLKSource_HSE_Div16       ((uint32_t)0x00100300)

#define RCC_RTCCLKSource_HSE_Div17       ((uint32_t)0x00110300)

#define RCC_RTCCLKSource_HSE_Div18       ((uint32_t)0x00120300)

#define RCC_RTCCLKSource_HSE_Div19       ((uint32_t)0x00130300)

#define RCC_RTCCLKSource_HSE_Div20       ((uint32_t)0x00140300)

#define RCC_RTCCLKSource_HSE_Div21       ((uint32_t)0x00150300)

#define RCC_RTCCLKSource_HSE_Div22       ((uint32_t)0x00160300)

#define RCC_RTCCLKSource_HSE_Div23       ((uint32_t)0x00170300)

#define RCC_RTCCLKSource_HSE_Div24       ((uint32_t)0x00180300)

#define RCC_RTCCLKSource_HSE_Div25       ((uint32_t)0x00190300)

#define RCC_RTCCLKSource_HSE_Div26       ((uint32_t)0x001A0300)

#define RCC_RTCCLKSource_HSE_Div27       ((uint32_t)0x001B0300)

#define RCC_RTCCLKSource_HSE_Div28       ((uint32_t)0x001C0300)

#define RCC_RTCCLKSource_HSE_Div29       ((uint32_t)0x001D0300)

#define RCC_RTCCLKSource_HSE_Div30       ((uint32_t)0x001E0300)

#define RCC_RTCCLKSource_HSE_Div31       ((uint32_t)0x001F0300)

#define IS_RCC_RTCCLK_SOURCE(SOURCE) (((SOURCE) == RCC_RTCCLKSource_LSE) || \

                                      ((SOURCE) == RCC_RTCCLKSource_LSI) || \

                                      ((SOURCE) == RCC_RTCCLKSource_HSE_Div2) || \

                                      ((SOURCE) == RCC_RTCCLKSource_HSE_Div3) || \

                                      ((SOURCE) == RCC_RTCCLKSource_HSE_Div4) || \

                                      ((SOURCE) == RCC_RTCCLKSource_HSE_Div5) || \

                                      ((SOURCE) == RCC_RTCCLKSource_HSE_Div6) || \

                                      ((SOURCE) == RCC_RTCCLKSource_HSE_Div7) || \

                                      ((SOURCE) == RCC_RTCCLKSource_HSE_Div8) || \

                                      ((SOURCE) == RCC_RTCCLKSource_HSE_Div9) || \

                                      ((SOURCE) == RCC_RTCCLKSource_HSE_Div10) || \

                                      ((SOURCE) == RCC_RTCCLKSource_HSE_Div11) || \

                                      ((SOURCE) == RCC_RTCCLKSource_HSE_Div12) || \

                                      ((SOURCE) == RCC_RTCCLKSource_HSE_Div13) || \

                                      ((SOURCE) == RCC_RTCCLKSource_HSE_Div14) || \

                                      ((SOURCE) == RCC_RTCCLKSource_HSE_Div15) || \

                                      ((SOURCE) == RCC_RTCCLKSource_HSE_Div16) || \

                                      ((SOURCE) == RCC_RTCCLKSource_HSE_Div17) || \

                                      ((SOURCE) == RCC_RTCCLKSource_HSE_Div18) || \

                                      ((SOURCE) == RCC_RTCCLKSource_HSE_Div19) || \

                                      ((SOURCE) == RCC_RTCCLKSource_HSE_Div20) || \

                                      ((SOURCE) == RCC_RTCCLKSource_HSE_Div21) || \

                                      ((SOURCE) == RCC_RTCCLKSource_HSE_Div22) || \

                                      ((SOURCE) == RCC_RTCCLKSource_HSE_Div23) || \

                                      ((SOURCE) == RCC_RTCCLKSource_HSE_Div24) || \

                                      ((SOURCE) == RCC_RTCCLKSource_HSE_Div25) || \

                                      ((SOURCE) == RCC_RTCCLKSource_HSE_Div26) || \

                                      ((SOURCE) == RCC_RTCCLKSource_HSE_Div27) || \

                                      ((SOURCE) == RCC_RTCCLKSource_HSE_Div28) || \

                                      ((SOURCE) == RCC_RTCCLKSource_HSE_Div29) || \

                                      ((SOURCE) == RCC_RTCCLKSource_HSE_Div30) || \

                                      ((SOURCE) == RCC_RTCCLKSource_HSE_Div31))

/**

  * @}

  */ 

  

/** @defgroup RCC_I2S_Clock_Source

  * @{

  */

#define RCC_I2S2CLKSource_PLLI2S             ((uint8_t)0x00)

#define RCC_I2S2CLKSource_Ext                ((uint8_t)0x01)



#define IS_RCC_I2SCLK_SOURCE(SOURCE) (((SOURCE) == RCC_I2S2CLKSource_PLLI2S) || ((SOURCE) == RCC_I2S2CLKSource_Ext))                                

/**

  * @}

  */ 

  

/** @defgroup RCC_AHB1_Peripherals 

  * @{

  */ 

#define RCC_AHB1Periph_GPIOA             ((uint32_t)0x00000001)

#define RCC_AHB1Periph_GPIOB             ((uint32_t)0x00000002)

#define RCC_AHB1Periph_GPIOC             ((uint32_t)0x00000004)

#define RCC_AHB1Periph_GPIOD             ((uint32_t)0x00000008)

#define RCC_AHB1Periph_GPIOE             ((uint32_t)0x00000010)

#define RCC_AHB1Periph_GPIOF             ((uint32_t)0x00000020)

#define RCC_AHB1Periph_GPIOG             ((uint32_t)0x00000040)

#define RCC_AHB1Periph_GPIOH             ((uint32_t)0x00000080)

#define RCC_AHB1Periph_GPIOI             ((uint32_t)0x00000100)

#define RCC_AHB1Periph_CRC               ((uint32_t)0x00001000)

#define RCC_AHB1Periph_FLITF             ((uint32_t)0x00008000)

#define RCC_AHB1Periph_SRAM1             ((uint32_t)0x00010000)

#define RCC_AHB1Periph_SRAM2             ((uint32_t)0x00020000)

#define RCC_AHB1Periph_BKPSRAM           ((uint32_t)0x00040000)

#define RCC_AHB1Periph_CCMDATARAMEN      ((uint32_t)0x00100000)

#define RCC_AHB1Periph_DMA1              ((uint32_t)0x00200000)

#define RCC_AHB1Periph_DMA2              ((uint32_t)0x00400000)

#define RCC_AHB1Periph_ETH_MAC           ((uint32_t)0x02000000)

#define RCC_AHB1Periph_ETH_MAC_Tx        ((uint32_t)0x04000000)

#define RCC_AHB1Periph_ETH_MAC_Rx        ((uint32_t)0x08000000)

#define RCC_AHB1Periph_ETH_MAC_PTP       ((uint32_t)0x10000000)

#define RCC_AHB1Periph_OTG_HS            ((uint32_t)0x20000000)

#define RCC_AHB1Periph_OTG_HS_ULPI       ((uint32_t)0x40000000)

#define IS_RCC_AHB1_CLOCK_PERIPH(PERIPH) ((((PERIPH) & 0x818BEE00) == 0x00) && ((PERIPH) != 0x00))

#define IS_RCC_AHB1_RESET_PERIPH(PERIPH) ((((PERIPH) & 0xDD9FEE00) == 0x00) && ((PERIPH) != 0x00))

#define IS_RCC_AHB1_LPMODE_PERIPH(PERIPH) ((((PERIPH) & 0x81986E00) == 0x00) && ((PERIPH) != 0x00))

/**

  * @}

  */ 

  

/** @defgroup RCC_AHB2_Peripherals 

  * @{

  */  

#define RCC_AHB2Periph_DCMI              ((uint32_t)0x00000001)

#define RCC_AHB2Periph_CRYP              ((uint32_t)0x00000010)

#define RCC_AHB2Periph_HASH              ((uint32_t)0x00000020)

#define RCC_AHB2Periph_RNG               ((uint32_t)0x00000040)

#define RCC_AHB2Periph_OTG_FS            ((uint32_t)0x00000080)

#define IS_RCC_AHB2_PERIPH(PERIPH) ((((PERIPH) & 0xFFFFFF0E) == 0x00) && ((PERIPH) != 0x00))

/**

  * @}

  */ 

  

/** @defgroup RCC_AHB3_Peripherals 

  * @{

  */ 

#define RCC_AHB3Periph_FSMC               ((uint32_t)0x00000001)

#define IS_RCC_AHB3_PERIPH(PERIPH) ((((PERIPH) & 0xFFFFFFFE) == 0x00) && ((PERIPH) != 0x00))

/**

  * @}

  */ 

  

/** @defgroup RCC_APB1_Peripherals 

  * @{

  */ 

#define RCC_APB1Periph_TIM2              ((uint32_t)0x00000001)

#define RCC_APB1Periph_TIM3              ((uint32_t)0x00000002)

#define RCC_APB1Periph_TIM4              ((uint32_t)0x00000004)

#define RCC_APB1Periph_TIM5              ((uint32_t)0x00000008)

#define RCC_APB1Periph_TIM6              ((uint32_t)0x00000010)

#define RCC_APB1Periph_TIM7              ((uint32_t)0x00000020)

#define RCC_APB1Periph_TIM12             ((uint32_t)0x00000040)

#define RCC_APB1Periph_TIM13             ((uint32_t)0x00000080)

#define RCC_APB1Periph_TIM14             ((uint32_t)0x00000100)

#define RCC_APB1Periph_WWDG              ((uint32_t)0x00000800)

#define RCC_APB1Periph_SPI2              ((uint32_t)0x00004000)

#define RCC_APB1Periph_SPI3              ((uint32_t)0x00008000)

#define RCC_APB1Periph_USART2            ((uint32_t)0x00020000)

#define RCC_APB1Periph_USART3            ((uint32_t)0x00040000)

#define RCC_APB1Periph_UART4             ((uint32_t)0x00080000)

#define RCC_APB1Periph_UART5             ((uint32_t)0x00100000)

#define RCC_APB1Periph_I2C1              ((uint32_t)0x00200000)

#define RCC_APB1Periph_I2C2              ((uint32_t)0x00400000)

#define RCC_APB1Periph_I2C3              ((uint32_t)0x00800000)

#define RCC_APB1Periph_CAN1              ((uint32_t)0x02000000)

#define RCC_APB1Periph_CAN2              ((uint32_t)0x04000000)

#define RCC_APB1Periph_PWR               ((uint32_t)0x10000000)

#define RCC_APB1Periph_DAC               ((uint32_t)0x20000000)

#define IS_RCC_APB1_PERIPH(PERIPH) ((((PERIPH) & 0xC9013600) == 0x00) && ((PERIPH) != 0x00))

/**

  * @}

  */ 

  

/** @defgroup RCC_APB2_Peripherals 

  * @{

  */ 

#define RCC_APB2Periph_TIM1              ((uint32_t)0x00000001)

#define RCC_APB2Periph_TIM8              ((uint32_t)0x00000002)

#define RCC_APB2Periph_USART1            ((uint32_t)0x00000010)

#define RCC_APB2Periph_USART6            ((uint32_t)0x00000020)

#define RCC_APB2Periph_ADC               ((uint32_t)0x00000100)

#define RCC_APB2Periph_ADC1              ((uint32_t)0x00000100)

#define RCC_APB2Periph_ADC2              ((uint32_t)0x00000200)

#define RCC_APB2Periph_ADC3              ((uint32_t)0x00000400)

#define RCC_APB2Periph_SDIO              ((uint32_t)0x00000800)

#define RCC_APB2Periph_SPI1              ((uint32_t)0x00001000)

#define RCC_APB2Periph_SYSCFG            ((uint32_t)0x00004000)

#define RCC_APB2Periph_TIM9              ((uint32_t)0x00010000)

#define RCC_APB2Periph_TIM10             ((uint32_t)0x00020000)

#define RCC_APB2Periph_TIM11             ((uint32_t)0x00040000)

#define IS_RCC_APB2_PERIPH(PERIPH) ((((PERIPH) & 0xFFF8A0CC) == 0x00) && ((PERIPH) != 0x00))

#define IS_RCC_APB2_RESET_PERIPH(PERIPH) ((((PERIPH) & 0xFFF8A6CC) == 0x00) && ((PERIPH) != 0x00))

/**

  * @}

  */ 

  

/** @defgroup RCC_MCO1_Clock_Source_Prescaler

  * @{

  */

#define RCC_MCO1Source_HSI               ((uint32_t)0x00000000)

#define RCC_MCO1Source_LSE               ((uint32_t)0x00200000)

#define RCC_MCO1Source_HSE               ((uint32_t)0x00400000)

#define RCC_MCO1Source_PLLCLK            ((uint32_t)0x00600000)

#define RCC_MCO1Div_1                    ((uint32_t)0x00000000)

#define RCC_MCO1Div_2                    ((uint32_t)0x04000000)

#define RCC_MCO1Div_3                    ((uint32_t)0x05000000)

#define RCC_MCO1Div_4                    ((uint32_t)0x06000000)

#define RCC_MCO1Div_5                    ((uint32_t)0x07000000)

#define IS_RCC_MCO1SOURCE(SOURCE) (((SOURCE) == RCC_MCO1Source_HSI) || ((SOURCE) == RCC_MCO1Source_LSE) || \

                                   ((SOURCE) == RCC_MCO1Source_HSE) || ((SOURCE) == RCC_MCO1Source_PLLCLK))

                                   

#define IS_RCC_MCO1DIV(DIV) (((DIV) == RCC_MCO1Div_1) || ((DIV) == RCC_MCO1Div_2) || \

                             ((DIV) == RCC_MCO1Div_3) || ((DIV) == RCC_MCO1Div_4) || \

                             ((DIV) == RCC_MCO1Div_5)) 

/**

  * @}

  */ 

  

/** @defgroup RCC_MCO2_Clock_Source_Prescaler

  * @{

  */

#define RCC_MCO2Source_SYSCLK            ((uint32_t)0x00000000)

#define RCC_MCO2Source_PLLI2SCLK         ((uint32_t)0x40000000)

#define RCC_MCO2Source_HSE               ((uint32_t)0x80000000)

#define RCC_MCO2Source_PLLCLK            ((uint32_t)0xC0000000)

#define RCC_MCO2Div_1                    ((uint32_t)0x00000000)

#define RCC_MCO2Div_2                    ((uint32_t)0x20000000)

#define RCC_MCO2Div_3                    ((uint32_t)0x28000000)

#define RCC_MCO2Div_4                    ((uint32_t)0x30000000)

#define RCC_MCO2Div_5                    ((uint32_t)0x38000000)

#define IS_RCC_MCO2SOURCE(SOURCE) (((SOURCE) == RCC_MCO2Source_SYSCLK) || ((SOURCE) == RCC_MCO2Source_PLLI2SCLK)|| \

                                   ((SOURCE) == RCC_MCO2Source_HSE) || ((SOURCE) == RCC_MCO2Source_PLLCLK))

                                   

#define IS_RCC_MCO2DIV(DIV) (((DIV) == RCC_MCO2Div_1) || ((DIV) == RCC_MCO2Div_2) || \

                             ((DIV) == RCC_MCO2Div_3) || ((DIV) == RCC_MCO2Div_4) || \

                             ((DIV) == RCC_MCO2Div_5))                             

/**

  * @}

  */ 

  

/** @defgroup RCC_Flag 

  * @{

  */

#define RCC_FLAG_HSIRDY                  ((uint8_t)0x21)

#define RCC_FLAG_HSERDY                  ((uint8_t)0x31)

#define RCC_FLAG_PLLRDY                  ((uint8_t)0x39)

#define RCC_FLAG_PLLI2SRDY               ((uint8_t)0x3B)

#define RCC_FLAG_LSERDY                  ((uint8_t)0x41)

#define RCC_FLAG_LSIRDY                  ((uint8_t)0x61)

#define RCC_FLAG_BORRST                  ((uint8_t)0x79)

#define RCC_FLAG_PINRST                  ((uint8_t)0x7A)

#define RCC_FLAG_PORRST                  ((uint8_t)0x7B)

#define RCC_FLAG_SFTRST                  ((uint8_t)0x7C)

#define RCC_FLAG_IWDGRST                 ((uint8_t)0x7D)

#define RCC_FLAG_WWDGRST                 ((uint8_t)0x7E)

#define RCC_FLAG_LPWRRST                 ((uint8_t)0x7F)

#define IS_RCC_FLAG(FLAG) (((FLAG) == RCC_FLAG_HSIRDY) || ((FLAG) == RCC_FLAG_HSERDY) || \

                           ((FLAG) == RCC_FLAG_PLLRDY) || ((FLAG) == RCC_FLAG_LSERDY) || \

                           ((FLAG) == RCC_FLAG_LSIRDY) || ((FLAG) == RCC_FLAG_BORRST) || \

                           ((FLAG) == RCC_FLAG_PINRST) || ((FLAG) == RCC_FLAG_PORRST) || \

                           ((FLAG) == RCC_FLAG_SFTRST) || ((FLAG) == RCC_FLAG_IWDGRST)|| \

                           ((FLAG) == RCC_FLAG_WWDGRST)|| ((FLAG) == RCC_FLAG_LPWRRST)|| \

                           ((FLAG) == RCC_FLAG_PLLI2SRDY))

#define IS_RCC_CALIBRATION_VALUE(VALUE) ((VALUE) <= 0x1F)

/**

  * @}

  */ 



/**

  * @}

  */ 



/* Exported macro ------------------------------------------------------------*/

/* Exported functions --------------------------------------------------------*/ 



/* Function used to set the RCC clock configuration to the default reset state */

void RCC_DeInit(void);



/* Internal/external clocks, PLL, CSS and MCO configuration functions *********/

void RCC_HSEConfig(uint8_t RCC_HSE);

ErrorStatus RCC_WaitForHSEStartUp(void);

void RCC_AdjustHSICalibrationValue(uint8_t HSICalibrationValue);

void RCC_HSICmd(FunctionalState NewState);

void RCC_LSEConfig(uint8_t RCC_LSE);

void RCC_LSICmd(FunctionalState NewState);



void RCC_PLLConfig(uint32_t RCC_PLLSource, uint32_t PLLM, uint32_t PLLN, uint32_t PLLP, uint32_t PLLQ);

void RCC_PLLCmd(FunctionalState NewState);

void RCC_PLLI2SConfig(uint32_t PLLI2SN, uint32_t PLLI2SR);

void RCC_PLLI2SCmd(FunctionalState NewState);



void RCC_ClockSecuritySystemCmd(FunctionalState NewState);

void RCC_MCO1Config(uint32_t RCC_MCO1Source, uint32_t RCC_MCO1Div);

void RCC_MCO2Config(uint32_t RCC_MCO2Source, uint32_t RCC_MCO2Div);



/* System, AHB and APB busses clocks configuration functions ******************/

void RCC_SYSCLKConfig(uint32_t RCC_SYSCLKSource);

uint8_t RCC_GetSYSCLKSource(void);

void RCC_HCLKConfig(uint32_t RCC_SYSCLK);

void RCC_PCLK1Config(uint32_t RCC_HCLK);

void RCC_PCLK2Config(uint32_t RCC_HCLK);

void RCC_GetClocksFreq(RCC_ClocksTypeDef* RCC_Clocks);



/* Peripheral clocks configuration functions **********************************/

void RCC_RTCCLKConfig(uint32_t RCC_RTCCLKSource);

void RCC_RTCCLKCmd(FunctionalState NewState);

void RCC_BackupResetCmd(FunctionalState NewState);

void RCC_I2SCLKConfig(uint32_t RCC_I2SCLKSource); 



void RCC_AHB1PeriphClockCmd(uint32_t RCC_AHB1Periph, FunctionalState NewState);

void RCC_AHB2PeriphClockCmd(uint32_t RCC_AHB2Periph, FunctionalState NewState);

void RCC_AHB3PeriphClockCmd(uint32_t RCC_AHB3Periph, FunctionalState NewState);

void RCC_APB1PeriphClockCmd(uint32_t RCC_APB1Periph, FunctionalState NewState);

void RCC_APB2PeriphClockCmd(uint32_t RCC_APB2Periph, FunctionalState NewState);



void RCC_AHB1PeriphResetCmd(uint32_t RCC_AHB1Periph, FunctionalState NewState);

void RCC_AHB2PeriphResetCmd(uint32_t RCC_AHB2Periph, FunctionalState NewState);

void RCC_AHB3PeriphResetCmd(uint32_t RCC_AHB3Periph, FunctionalState NewState);

void RCC_APB1PeriphResetCmd(uint32_t RCC_APB1Periph, FunctionalState NewState);

void RCC_APB2PeriphResetCmd(uint32_t RCC_APB2Periph, FunctionalState NewState);



void RCC_AHB1PeriphClockLPModeCmd(uint32_t RCC_AHB1Periph, FunctionalState NewState);

void RCC_AHB2PeriphClockLPModeCmd(uint32_t RCC_AHB2Periph, FunctionalState NewState);

void RCC_AHB3PeriphClockLPModeCmd(uint32_t RCC_AHB3Periph, FunctionalState NewState);

void RCC_APB1PeriphClockLPModeCmd(uint32_t RCC_APB1Periph, FunctionalState NewState);

void RCC_APB2PeriphClockLPModeCmd(uint32_t RCC_APB2Periph, FunctionalState NewState);



/* Interrupts and flags management functions **********************************/

void RCC_ITConfig(uint8_t RCC_IT, FunctionalState NewState);

FlagStatus RCC_GetFlagStatus(uint8_t RCC_FLAG);

void RCC_ClearFlag(void);

ITStatus RCC_GetITStatus(uint8_t RCC_IT);

void RCC_ClearITPendingBit(uint8_t RCC_IT);



#ifdef __cplusplus

}

#endif



#endif /* __STM32F4xx_RCC_H */



/**

  * @}

  */ 



/**

  * @}

  */ 



/******************* (C) COPYRIGHT 2011 STMicroelectronics *****END OF FILE****/








Viz/cmsis_lib/include/stm32f4xx_rtc.h

/**

  ******************************************************************************

  * @file    stm32f4xx_rtc.h

  * @author  MCD Application Team

  * @version V1.0.0

  * @date    30-September-2011

  * @brief   This file contains all the functions prototypes for the RTC firmware

  *          library.

  ******************************************************************************

  * @attention

  *

  * THE PRESENT FIRMWARE WHICH IS FOR GUIDANCE ONLY AIMS AT PROVIDING CUSTOMERS

  * WITH CODING INFORMATION REGARDING THEIR PRODUCTS IN ORDER FOR THEM TO SAVE

  * TIME. AS A RESULT, STMICROELECTRONICS SHALL NOT BE HELD LIABLE FOR ANY

  * DIRECT, INDIRECT OR CONSEQUENTIAL DAMAGES WITH RESPECT TO ANY CLAIMS ARISING

  * FROM THE CONTENT OF SUCH FIRMWARE AND/OR THE USE MADE BY CUSTOMERS OF THE

  * CODING INFORMATION CONTAINED HEREIN IN CONNECTION WITH THEIR PRODUCTS.

  *

  * <h2><center>&copy; COPYRIGHT 2011 STMicroelectronics</center></h2>

  ****************************************************************************** 

  */



/* Define to prevent recursive inclusion -------------------------------------*/

#ifndef __STM32F4xx_RTC_H

#define __STM32F4xx_RTC_H



#ifdef __cplusplus

 extern "C" {

#endif



/* Includes ------------------------------------------------------------------*/

#include "stm32f4xx.h"



/** @addtogroup STM32F4xx_StdPeriph_Driver

  * @{

  */



/** @addtogroup RTC

  * @{

  */ 



/* Exported types ------------------------------------------------------------*/



/** 

  * @brief  RTC Init structures definition  

  */ 

typedef struct

{

  uint32_t RTC_HourFormat;   /*!< Specifies the RTC Hour Format.

                             This parameter can be a value of @ref RTC_Hour_Formats */

  

  uint32_t RTC_AsynchPrediv; /*!< Specifies the RTC Asynchronous Predivider value.

                             This parameter must be set to a value lower than 0x7F */

  

  uint32_t RTC_SynchPrediv;  /*!< Specifies the RTC Synchronous Predivider value.

                             This parameter must be set to a value lower than 0x7FFF */

}RTC_InitTypeDef;



/** 

  * @brief  RTC Time structure definition  

  */

typedef struct

{

  uint8_t RTC_Hours;    /*!< Specifies the RTC Time Hour.

                        This parameter must be set to a value in the 0-12 range

                        if the RTC_HourFormat_12 is selected or 0-23 range if

                        the RTC_HourFormat_24 is selected. */



  uint8_t RTC_Minutes;  /*!< Specifies the RTC Time Minutes.

                        This parameter must be set to a value in the 0-59 range. */

  

  uint8_t RTC_Seconds;  /*!< Specifies the RTC Time Seconds.

                        This parameter must be set to a value in the 0-59 range. */



  uint8_t RTC_H12;      /*!< Specifies the RTC AM/PM Time.

                        This parameter can be a value of @ref RTC_AM_PM_Definitions */

}RTC_TimeTypeDef; 



/** 

  * @brief  RTC Date structure definition  

  */

typedef struct

{

  uint8_t RTC_WeekDay; /*!< Specifies the RTC Date WeekDay.

                        This parameter can be a value of @ref RTC_WeekDay_Definitions */

  

  uint8_t RTC_Month;   /*!< Specifies the RTC Date Month (in BCD format).

                        This parameter can be a value of @ref RTC_Month_Date_Definitions */



  uint8_t RTC_Date;     /*!< Specifies the RTC Date.

                        This parameter must be set to a value in the 1-31 range. */

  

  uint8_t RTC_Year;     /*!< Specifies the RTC Date Year.

                        This parameter must be set to a value in the 0-99 range. */

}RTC_DateTypeDef;



/** 

  * @brief  RTC Alarm structure definition  

  */

typedef struct

{

  RTC_TimeTypeDef RTC_AlarmTime;     /*!< Specifies the RTC Alarm Time members. */



  uint32_t RTC_AlarmMask;            /*!< Specifies the RTC Alarm Masks.

                                     This parameter can be a value of @ref RTC_AlarmMask_Definitions */



  uint32_t RTC_AlarmDateWeekDaySel;  /*!< Specifies the RTC Alarm is on Date or WeekDay.

                                     This parameter can be a value of @ref RTC_AlarmDateWeekDay_Definitions */

  

  uint8_t RTC_AlarmDateWeekDay;      /*!< Specifies the RTC Alarm Date/WeekDay.

                                     If the Alarm Date is selected, this parameter

                                     must be set to a value in the 1-31 range.

                                     If the Alarm WeekDay is selected, this 

                                     parameter can be a value of @ref RTC_WeekDay_Definitions */

}RTC_AlarmTypeDef;



/* Exported constants --------------------------------------------------------*/



/** @defgroup RTC_Exported_Constants

  * @{

  */ 





/** @defgroup RTC_Hour_Formats 

  * @{

  */ 

#define RTC_HourFormat_24              ((uint32_t)0x00000000)

#define RTC_HourFormat_12              ((uint32_t)0x00000040)

#define IS_RTC_HOUR_FORMAT(FORMAT)     (((FORMAT) == RTC_HourFormat_12) || \

                                        ((FORMAT) == RTC_HourFormat_24))

/**

  * @}

  */ 



/** @defgroup RTC_Asynchronous_Predivider 

  * @{

  */ 

#define IS_RTC_ASYNCH_PREDIV(PREDIV)   ((PREDIV) <= 0x7F)

 

/**

  * @}

  */ 





/** @defgroup RTC_Synchronous_Predivider 

  * @{

  */ 

#define IS_RTC_SYNCH_PREDIV(PREDIV)    ((PREDIV) <= 0x7FFF)



/**

  * @}

  */ 



/** @defgroup RTC_Time_Definitions 

  * @{

  */ 

#define IS_RTC_HOUR12(HOUR)            (((HOUR) > 0) && ((HOUR) <= 12))

#define IS_RTC_HOUR24(HOUR)            ((HOUR) <= 23)

#define IS_RTC_MINUTES(MINUTES)        ((MINUTES) <= 59)

#define IS_RTC_SECONDS(SECONDS)        ((SECONDS) <= 59)



/**

  * @}

  */ 



/** @defgroup RTC_AM_PM_Definitions 

  * @{

  */ 

#define RTC_H12_AM                     ((uint8_t)0x00)

#define RTC_H12_PM                     ((uint8_t)0x40)

#define IS_RTC_H12(PM) (((PM) == RTC_H12_AM) || ((PM) == RTC_H12_PM))



/**

  * @}

  */ 



/** @defgroup RTC_Year_Date_Definitions 

  * @{

  */ 

#define IS_RTC_YEAR(YEAR)              ((YEAR) <= 99)



/**

  * @}

  */ 



/** @defgroup RTC_Month_Date_Definitions 

  * @{

  */ 



/* Coded in BCD format */

#define RTC_Month_January              ((uint8_t)0x01)

#define RTC_Month_February             ((uint8_t)0x02)

#define RTC_Month_March                ((uint8_t)0x03)

#define RTC_Month_April                ((uint8_t)0x04)

#define RTC_Month_May                  ((uint8_t)0x05)

#define RTC_Month_June                 ((uint8_t)0x06)

#define RTC_Month_July                 ((uint8_t)0x07)

#define RTC_Month_August               ((uint8_t)0x08)

#define RTC_Month_September            ((uint8_t)0x09)

#define RTC_Month_October              ((uint8_t)0x10)

#define RTC_Month_November             ((uint8_t)0x11)

#define RTC_Month_December             ((uint8_t)0x12)

#define IS_RTC_MONTH(MONTH)            (((MONTH) >= 1) && ((MONTH) <= 12))

#define IS_RTC_DATE(DATE)              (((DATE) >= 1) && ((DATE) <= 31))



/**

  * @}

  */ 



/** @defgroup RTC_WeekDay_Definitions 

  * @{

  */ 

  

#define RTC_Weekday_Monday             ((uint8_t)0x01)

#define RTC_Weekday_Tuesday            ((uint8_t)0x02)

#define RTC_Weekday_Wednesday          ((uint8_t)0x03)

#define RTC_Weekday_Thursday           ((uint8_t)0x04)

#define RTC_Weekday_Friday             ((uint8_t)0x05)

#define RTC_Weekday_Saturday           ((uint8_t)0x06)

#define RTC_Weekday_Sunday             ((uint8_t)0x07)

#define IS_RTC_WEEKDAY(WEEKDAY) (((WEEKDAY) == RTC_Weekday_Monday) || \

                                 ((WEEKDAY) == RTC_Weekday_Tuesday) || \

                                 ((WEEKDAY) == RTC_Weekday_Wednesday) || \

                                 ((WEEKDAY) == RTC_Weekday_Thursday) || \

                                 ((WEEKDAY) == RTC_Weekday_Friday) || \

                                 ((WEEKDAY) == RTC_Weekday_Saturday) || \

                                 ((WEEKDAY) == RTC_Weekday_Sunday))

/**

  * @}

  */ 





/** @defgroup RTC_Alarm_Definitions

  * @{

  */ 

#define IS_RTC_ALARM_DATE_WEEKDAY_DATE(DATE) (((DATE) > 0) && ((DATE) <= 31))

#define IS_RTC_ALARM_DATE_WEEKDAY_WEEKDAY(WEEKDAY) (((WEEKDAY) == RTC_Weekday_Monday) || \

                                                    ((WEEKDAY) == RTC_Weekday_Tuesday) || \

                                                    ((WEEKDAY) == RTC_Weekday_Wednesday) || \

                                                    ((WEEKDAY) == RTC_Weekday_Thursday) || \

                                                    ((WEEKDAY) == RTC_Weekday_Friday) || \

                                                    ((WEEKDAY) == RTC_Weekday_Saturday) || \

                                                    ((WEEKDAY) == RTC_Weekday_Sunday))



/**

  * @}

  */ 





/** @defgroup RTC_AlarmDateWeekDay_Definitions 

  * @{

  */ 

#define RTC_AlarmDateWeekDaySel_Date      ((uint32_t)0x00000000)

#define RTC_AlarmDateWeekDaySel_WeekDay   ((uint32_t)0x40000000)



#define IS_RTC_ALARM_DATE_WEEKDAY_SEL(SEL) (((SEL) == RTC_AlarmDateWeekDaySel_Date) || \

                                            ((SEL) == RTC_AlarmDateWeekDaySel_WeekDay))



/**

  * @}

  */ 





/** @defgroup RTC_AlarmMask_Definitions 

  * @{

  */ 

#define RTC_AlarmMask_None                ((uint32_t)0x00000000)

#define RTC_AlarmMask_DateWeekDay         ((uint32_t)0x80000000)

#define RTC_AlarmMask_Hours               ((uint32_t)0x00800000)

#define RTC_AlarmMask_Minutes             ((uint32_t)0x00008000)

#define RTC_AlarmMask_Seconds             ((uint32_t)0x00000080)

#define RTC_AlarmMask_All                 ((uint32_t)0x80808080)

#define IS_ALARM_MASK(MASK)  (((MASK) & 0x7F7F7F7F) == (uint32_t)RESET)



/**

  * @}

  */ 



/** @defgroup RTC_Alarms_Definitions 

  * @{

  */ 

#define RTC_Alarm_A                       ((uint32_t)0x00000100)

#define RTC_Alarm_B                       ((uint32_t)0x00000200)

#define IS_RTC_ALARM(ALARM)     (((ALARM) == RTC_Alarm_A) || ((ALARM) == RTC_Alarm_B))

#define IS_RTC_CMD_ALARM(ALARM) (((ALARM) & (RTC_Alarm_A | RTC_Alarm_B)) != (uint32_t)RESET)



/**

  * @}

  */ 



  /** @defgroup RTC_Alarm_Sub_Seconds_Masks_Definitions

  * @{

  */ 

#define RTC_AlarmSubSecondMask_All         ((uint32_t)0x00000000) /*!< All Alarm SS fields are masked. 

                                                                       There is no comparison on sub seconds 

                                                                       for Alarm */

#define RTC_AlarmSubSecondMask_SS14_1      ((uint32_t)0x01000000) /*!< SS[14:1] are don't care in Alarm 

                                                                       comparison. Only SS[0] is compared. */

#define RTC_AlarmSubSecondMask_SS14_2      ((uint32_t)0x02000000) /*!< SS[14:2] are don't care in Alarm 

                                                                       comparison. Only SS[1:0] are compared */

#define RTC_AlarmSubSecondMask_SS14_3      ((uint32_t)0x03000000) /*!< SS[14:3] are don't care in Alarm 

                                                                       comparison. Only SS[2:0] are compared */

#define RTC_AlarmSubSecondMask_SS14_4      ((uint32_t)0x04000000) /*!< SS[14:4] are don't care in Alarm 

                                                                       comparison. Only SS[3:0] are compared */

#define RTC_AlarmSubSecondMask_SS14_5      ((uint32_t)0x05000000) /*!< SS[14:5] are don't care in Alarm 

                                                                       comparison. Only SS[4:0] are compared */

#define RTC_AlarmSubSecondMask_SS14_6      ((uint32_t)0x06000000) /*!< SS[14:6] are don't care in Alarm 

                                                                       comparison. Only SS[5:0] are compared */

#define RTC_AlarmSubSecondMask_SS14_7      ((uint32_t)0x07000000) /*!< SS[14:7] are don't care in Alarm 

                                                                       comparison. Only SS[6:0] are compared */

#define RTC_AlarmSubSecondMask_SS14_8      ((uint32_t)0x08000000) /*!< SS[14:8] are don't care in Alarm 

                                                                       comparison. Only SS[7:0] are compared */

#define RTC_AlarmSubSecondMask_SS14_9      ((uint32_t)0x09000000) /*!< SS[14:9] are don't care in Alarm 

                                                                       comparison. Only SS[8:0] are compared */

#define RTC_AlarmSubSecondMask_SS14_10     ((uint32_t)0x0A000000) /*!< SS[14:10] are don't care in Alarm 

                                                                       comparison. Only SS[9:0] are compared */

#define RTC_AlarmSubSecondMask_SS14_11     ((uint32_t)0x0B000000) /*!< SS[14:11] are don't care in Alarm 

                                                                       comparison. Only SS[10:0] are compared */

#define RTC_AlarmSubSecondMask_SS14_12     ((uint32_t)0x0C000000) /*!< SS[14:12] are don't care in Alarm 

                                                                       comparison.Only SS[11:0] are compared */

#define RTC_AlarmSubSecondMask_SS14_13     ((uint32_t)0x0D000000) /*!< SS[14:13] are don't care in Alarm 

                                                                       comparison. Only SS[12:0] are compared */

#define RTC_AlarmSubSecondMask_SS14        ((uint32_t)0x0E000000) /*!< SS[14] is don't care in Alarm 

                                                                       comparison.Only SS[13:0] are compared */

#define RTC_AlarmSubSecondMask_None        ((uint32_t)0x0F000000) /*!< SS[14:0] are compared and must match 

                                                                       to activate alarm. */

#define IS_RTC_ALARM_SUB_SECOND_MASK(MASK)   (((MASK) == RTC_AlarmSubSecondMask_All) || \

                                              ((MASK) == RTC_AlarmSubSecondMask_SS14_1) || \

                                              ((MASK) == RTC_AlarmSubSecondMask_SS14_2) || \

                                              ((MASK) == RTC_AlarmSubSecondMask_SS14_3) || \

                                              ((MASK) == RTC_AlarmSubSecondMask_SS14_4) || \

                                              ((MASK) == RTC_AlarmSubSecondMask_SS14_5) || \

                                              ((MASK) == RTC_AlarmSubSecondMask_SS14_6) || \

                                              ((MASK) == RTC_AlarmSubSecondMask_SS14_7) || \

                                              ((MASK) == RTC_AlarmSubSecondMask_SS14_8) || \

                                              ((MASK) == RTC_AlarmSubSecondMask_SS14_9) || \

                                              ((MASK) == RTC_AlarmSubSecondMask_SS14_10) || \

                                              ((MASK) == RTC_AlarmSubSecondMask_SS14_11) || \

                                              ((MASK) == RTC_AlarmSubSecondMask_SS14_12) || \

                                              ((MASK) == RTC_AlarmSubSecondMask_SS14_13) || \

                                              ((MASK) == RTC_AlarmSubSecondMask_SS14) || \

                                              ((MASK) == RTC_AlarmSubSecondMask_None))

/**

  * @}

  */ 



/** @defgroup RTC_Alarm_Sub_Seconds_Value

  * @{

  */ 



#define IS_RTC_ALARM_SUB_SECOND_VALUE(VALUE) ((VALUE) <= 0x00007FFF)



/**

  * @}

  */ 



/** @defgroup RTC_Wakeup_Timer_Definitions 

  * @{

  */ 

#define RTC_WakeUpClock_RTCCLK_Div16        ((uint32_t)0x00000000)

#define RTC_WakeUpClock_RTCCLK_Div8         ((uint32_t)0x00000001)

#define RTC_WakeUpClock_RTCCLK_Div4         ((uint32_t)0x00000002)

#define RTC_WakeUpClock_RTCCLK_Div2         ((uint32_t)0x00000003)

#define RTC_WakeUpClock_CK_SPRE_16bits      ((uint32_t)0x00000004)

#define RTC_WakeUpClock_CK_SPRE_17bits      ((uint32_t)0x00000006)

#define IS_RTC_WAKEUP_CLOCK(CLOCK) (((CLOCK) == RTC_WakeUpClock_RTCCLK_Div16) || \

                                    ((CLOCK) == RTC_WakeUpClock_RTCCLK_Div8) || \

                                    ((CLOCK) == RTC_WakeUpClock_RTCCLK_Div4) || \

                                    ((CLOCK) == RTC_WakeUpClock_RTCCLK_Div2) || \

                                    ((CLOCK) == RTC_WakeUpClock_CK_SPRE_16bits) || \

                                    ((CLOCK) == RTC_WakeUpClock_CK_SPRE_17bits))

#define IS_RTC_WAKEUP_COUNTER(COUNTER)  ((COUNTER) <= 0xFFFF)

/**

  * @}

  */ 



/** @defgroup RTC_Time_Stamp_Edges_definitions 

  * @{

  */ 

#define RTC_TimeStampEdge_Rising          ((uint32_t)0x00000000)

#define RTC_TimeStampEdge_Falling         ((uint32_t)0x00000008)

#define IS_RTC_TIMESTAMP_EDGE(EDGE) (((EDGE) == RTC_TimeStampEdge_Rising) || \

                                     ((EDGE) == RTC_TimeStampEdge_Falling))

/**

  * @}

  */ 



/** @defgroup RTC_Output_selection_Definitions 

  * @{

  */ 

#define RTC_Output_Disable             ((uint32_t)0x00000000)

#define RTC_Output_AlarmA              ((uint32_t)0x00200000)

#define RTC_Output_AlarmB              ((uint32_t)0x00400000)

#define RTC_Output_WakeUp              ((uint32_t)0x00600000)

 

#define IS_RTC_OUTPUT(OUTPUT) (((OUTPUT) == RTC_Output_Disable) || \

                               ((OUTPUT) == RTC_Output_AlarmA) || \

                               ((OUTPUT) == RTC_Output_AlarmB) || \

                               ((OUTPUT) == RTC_Output_WakeUp))



/**

  * @}

  */ 



/** @defgroup RTC_Output_Polarity_Definitions 

  * @{

  */ 

#define RTC_OutputPolarity_High           ((uint32_t)0x00000000)

#define RTC_OutputPolarity_Low            ((uint32_t)0x00100000)

#define IS_RTC_OUTPUT_POL(POL) (((POL) == RTC_OutputPolarity_High) || \

                                ((POL) == RTC_OutputPolarity_Low))

/**

  * @}

  */ 





/** @defgroup RTC_Digital_Calibration_Definitions 

  * @{

  */ 

#define RTC_CalibSign_Positive            ((uint32_t)0x00000000) 

#define RTC_CalibSign_Negative            ((uint32_t)0x00000080)

#define IS_RTC_CALIB_SIGN(SIGN) (((SIGN) == RTC_CalibSign_Positive) || \

                                 ((SIGN) == RTC_CalibSign_Negative))

#define IS_RTC_CALIB_VALUE(VALUE) ((VALUE) < 0x20)



/**

  * @}

  */ 



 /** @defgroup RTC_Calib_Output_selection_Definitions 

  * @{

  */ 

#define RTC_CalibOutput_512Hz            ((uint32_t)0x00000000) 

#define RTC_CalibOutput_1Hz              ((uint32_t)0x00080000)

#define IS_RTC_CALIB_OUTPUT(OUTPUT)  (((OUTPUT) == RTC_CalibOutput_512Hz) || \

                                      ((OUTPUT) == RTC_CalibOutput_1Hz))

/**

  * @}

  */ 



/** @defgroup RTC_Smooth_calib_period_Definitions 

  * @{

  */ 

#define RTC_SmoothCalibPeriod_32sec   ((uint32_t)0x00000000) /*!<  if RTCCLK = 32768 Hz, Smooth calibation

                                                             period is 32s,  else 2exp20 RTCCLK seconds */

#define RTC_SmoothCalibPeriod_16sec   ((uint32_t)0x00002000) /*!<  if RTCCLK = 32768 Hz, Smooth calibation 

                                                             period is 16s, else 2exp19 RTCCLK seconds */

#define RTC_SmoothCalibPeriod_8sec    ((uint32_t)0x00004000) /*!<  if RTCCLK = 32768 Hz, Smooth calibation 

                                                             period is 8s, else 2exp18 RTCCLK seconds */

#define IS_RTC_SMOOTH_CALIB_PERIOD(PERIOD) (((PERIOD) == RTC_SmoothCalibPeriod_32sec) || \

                                             ((PERIOD) == RTC_SmoothCalibPeriod_16sec) || \

                                             ((PERIOD) == RTC_SmoothCalibPeriod_8sec))

                                          

/**

  * @}

  */ 



/** @defgroup RTC_Smooth_calib_Plus_pulses_Definitions 

  * @{

  */ 

#define RTC_SmoothCalibPlusPulses_Set    ((uint32_t)0x00008000) /*!<  The number of RTCCLK pulses added  

                                                                during a X -second window = Y - CALM[8:0]. 

                                                                 with Y = 512, 256, 128 when X = 32, 16, 8 */

#define RTC_SmoothCalibPlusPulses_Reset  ((uint32_t)0x00000000) /*!<  The number of RTCCLK pulses subbstited

                                                                 during a 32-second window =   CALM[8:0]. */

#define IS_RTC_SMOOTH_CALIB_PLUS(PLUS) (((PLUS) == RTC_SmoothCalibPlusPulses_Set) || \

                                         ((PLUS) == RTC_SmoothCalibPlusPulses_Reset))



/**

  * @}

  */ 



/** @defgroup RTC_Smooth_calib_Minus_pulses_Definitions 

  * @{

  */ 

#define  IS_RTC_SMOOTH_CALIB_MINUS(VALUE) ((VALUE) <= 0x000001FF)



/**

  * @}

  */



/** @defgroup RTC_DayLightSaving_Definitions 

  * @{

  */ 

#define RTC_DayLightSaving_SUB1H   ((uint32_t)0x00020000)

#define RTC_DayLightSaving_ADD1H   ((uint32_t)0x00010000)

#define IS_RTC_DAYLIGHT_SAVING(SAVE) (((SAVE) == RTC_DayLightSaving_SUB1H) || \

                                      ((SAVE) == RTC_DayLightSaving_ADD1H))



#define RTC_StoreOperation_Reset        ((uint32_t)0x00000000)

#define RTC_StoreOperation_Set          ((uint32_t)0x00040000)

#define IS_RTC_STORE_OPERATION(OPERATION) (((OPERATION) == RTC_StoreOperation_Reset) || \

                                           ((OPERATION) == RTC_StoreOperation_Set))

/**

  * @}

  */ 



/** @defgroup RTC_Tamper_Trigger_Definitions 

  * @{

  */ 

#define RTC_TamperTrigger_RisingEdge            ((uint32_t)0x00000000)

#define RTC_TamperTrigger_FallingEdge           ((uint32_t)0x00000001)

#define RTC_TamperTrigger_LowLevel              ((uint32_t)0x00000000)

#define RTC_TamperTrigger_HighLevel             ((uint32_t)0x00000001)

#define IS_RTC_TAMPER_TRIGGER(TRIGGER) (((TRIGGER) == RTC_TamperTrigger_RisingEdge) || \

                                        ((TRIGGER) == RTC_TamperTrigger_FallingEdge) || \

                                        ((TRIGGER) == RTC_TamperTrigger_LowLevel) || \

                                        ((TRIGGER) == RTC_TamperTrigger_HighLevel)) 



/**

  * @}

  */ 



/** @defgroup RTC_Tamper_Filter_Definitions 

  * @{

  */ 

#define RTC_TamperFilter_Disable   ((uint32_t)0x00000000) /*!< Tamper filter is disabled */



#define RTC_TamperFilter_2Sample   ((uint32_t)0x00000800) /*!< Tamper is activated after 2 

                                                          consecutive samples at the active level */

#define RTC_TamperFilter_4Sample   ((uint32_t)0x00001000) /*!< Tamper is activated after 4 

                                                          consecutive samples at the active level */

#define RTC_TamperFilter_8Sample   ((uint32_t)0x00001800) /*!< Tamper is activated after 8 

                                                          consecutive samples at the active leve. */

#define IS_RTC_TAMPER_FILTER(FILTER) (((FILTER) == RTC_TamperFilter_Disable) || \

                                      ((FILTER) == RTC_TamperFilter_2Sample) || \

                                      ((FILTER) == RTC_TamperFilter_4Sample) || \

                                      ((FILTER) == RTC_TamperFilter_8Sample))

/**

  * @}

  */ 



/** @defgroup RTC_Tamper_Sampling_Frequencies_Definitions 

  * @{

  */ 

#define RTC_TamperSamplingFreq_RTCCLK_Div32768  ((uint32_t)0x00000000) /*!< Each of the tamper inputs are sampled

                                                                           with a frequency =  RTCCLK / 32768 */

#define RTC_TamperSamplingFreq_RTCCLK_Div16384  ((uint32_t)0x000000100) /*!< Each of the tamper inputs are sampled

                                                                            with a frequency =  RTCCLK / 16384 */

#define RTC_TamperSamplingFreq_RTCCLK_Div8192   ((uint32_t)0x00000200) /*!< Each of the tamper inputs are sampled

                                                                           with a frequency =  RTCCLK / 8192  */

#define RTC_TamperSamplingFreq_RTCCLK_Div4096   ((uint32_t)0x00000300) /*!< Each of the tamper inputs are sampled

                                                                           with a frequency =  RTCCLK / 4096  */

#define RTC_TamperSamplingFreq_RTCCLK_Div2048   ((uint32_t)0x00000400) /*!< Each of the tamper inputs are sampled

                                                                           with a frequency =  RTCCLK / 2048  */

#define RTC_TamperSamplingFreq_RTCCLK_Div1024   ((uint32_t)0x00000500) /*!< Each of the tamper inputs are sampled

                                                                           with a frequency =  RTCCLK / 1024  */

#define RTC_TamperSamplingFreq_RTCCLK_Div512    ((uint32_t)0x00000600) /*!< Each of the tamper inputs are sampled

                                                                           with a frequency =  RTCCLK / 512   */

#define RTC_TamperSamplingFreq_RTCCLK_Div256    ((uint32_t)0x00000700) /*!< Each of the tamper inputs are sampled

                                                                           with a frequency =  RTCCLK / 256   */

#define IS_RTC_TAMPER_SAMPLING_FREQ(FREQ) (((FREQ) ==RTC_TamperSamplingFreq_RTCCLK_Div32768) || \

                                           ((FREQ) ==RTC_TamperSamplingFreq_RTCCLK_Div16384) || \

                                           ((FREQ) ==RTC_TamperSamplingFreq_RTCCLK_Div8192) || \

                                           ((FREQ) ==RTC_TamperSamplingFreq_RTCCLK_Div4096) || \

                                           ((FREQ) ==RTC_TamperSamplingFreq_RTCCLK_Div2048) || \

                                           ((FREQ) ==RTC_TamperSamplingFreq_RTCCLK_Div1024) || \

                                           ((FREQ) ==RTC_TamperSamplingFreq_RTCCLK_Div512) || \

                                           ((FREQ) ==RTC_TamperSamplingFreq_RTCCLK_Div256))



/**

  * @}

  */



  /** @defgroup RTC_Tamper_Pin_Precharge_Duration_Definitions 

  * @{

  */ 

#define RTC_TamperPrechargeDuration_1RTCCLK ((uint32_t)0x00000000)  /*!< Tamper pins are pre-charged before 

                                                                         sampling during 1 RTCCLK cycle */

#define RTC_TamperPrechargeDuration_2RTCCLK ((uint32_t)0x00002000)  /*!< Tamper pins are pre-charged before 

                                                                         sampling during 2 RTCCLK cycles */

#define RTC_TamperPrechargeDuration_4RTCCLK ((uint32_t)0x00004000)  /*!< Tamper pins are pre-charged before 

                                                                         sampling during 4 RTCCLK cycles */

#define RTC_TamperPrechargeDuration_8RTCCLK ((uint32_t)0x00006000)  /*!< Tamper pins are pre-charged before 

                                                                         sampling during 8 RTCCLK cycles */



#define IS_RTC_TAMPER_PRECHARGE_DURATION(DURATION) (((DURATION) == RTC_TamperPrechargeDuration_1RTCCLK) || \

                                                    ((DURATION) == RTC_TamperPrechargeDuration_2RTCCLK) || \

                                                    ((DURATION) == RTC_TamperPrechargeDuration_4RTCCLK) || \

                                                    ((DURATION) == RTC_TamperPrechargeDuration_8RTCCLK))

/**

  * @}

  */



/** @defgroup RTC_Tamper_Pins_Definitions 

  * @{

  */ 

#define RTC_Tamper_1                    RTC_TAFCR_TAMP1E

#define IS_RTC_TAMPER(TAMPER) (((TAMPER) == RTC_Tamper_1))



/**

  * @}

  */



/** @defgroup RTC_Tamper_Pin_Selection 

  * @{

  */ 

#define RTC_TamperPin_PC13                 ((uint32_t)0x00000000)

#define RTC_TamperPin_PI8                  ((uint32_t)0x00010000)

#define IS_RTC_TAMPER_PIN(PIN) (((PIN) == RTC_TamperPin_PC13) || \

                                ((PIN) == RTC_TamperPin_PI8))

/**

  * @}

  */ 



/** @defgroup RTC_TimeStamp_Pin_Selection 

  * @{

  */ 

#define RTC_TimeStampPin_PC13              ((uint32_t)0x00000000)

#define RTC_TimeStampPin_PI8               ((uint32_t)0x00020000)

#define IS_RTC_TIMESTAMP_PIN(PIN) (((PIN) == RTC_TimeStampPin_PC13) || \

                                   ((PIN) == RTC_TimeStampPin_PI8))

/**

  * @}

  */ 



/** @defgroup RTC_Output_Type_ALARM_OUT 

  * @{

  */ 

#define RTC_OutputType_OpenDrain           ((uint32_t)0x00000000)

#define RTC_OutputType_PushPull            ((uint32_t)0x00040000)

#define IS_RTC_OUTPUT_TYPE(TYPE) (((TYPE) == RTC_OutputType_OpenDrain) || \

                                  ((TYPE) == RTC_OutputType_PushPull))



/**

  * @}

  */ 



/** @defgroup RTC_Add_1_Second_Parameter_Definitions

  * @{

  */ 

#define RTC_ShiftAdd1S_Reset      ((uint32_t)0x00000000)

#define RTC_ShiftAdd1S_Set        ((uint32_t)0x80000000)

#define IS_RTC_SHIFT_ADD1S(SEL) (((SEL) == RTC_ShiftAdd1S_Reset) || \

                                 ((SEL) == RTC_ShiftAdd1S_Set))

/**

  * @}

  */ 



/** @defgroup RTC_Substract_Fraction_Of_Second_Value

  * @{

  */ 

#define IS_RTC_SHIFT_SUBFS(FS) ((FS) <= 0x00007FFF)



/**

  * @}

  */



/** @defgroup RTC_Backup_Registers_Definitions 

  * @{

  */



#define RTC_BKP_DR0                       ((uint32_t)0x00000000)

#define RTC_BKP_DR1                       ((uint32_t)0x00000001)

#define RTC_BKP_DR2                       ((uint32_t)0x00000002)

#define RTC_BKP_DR3                       ((uint32_t)0x00000003)

#define RTC_BKP_DR4                       ((uint32_t)0x00000004)

#define RTC_BKP_DR5                       ((uint32_t)0x00000005)

#define RTC_BKP_DR6                       ((uint32_t)0x00000006)

#define RTC_BKP_DR7                       ((uint32_t)0x00000007)

#define RTC_BKP_DR8                       ((uint32_t)0x00000008)

#define RTC_BKP_DR9                       ((uint32_t)0x00000009)

#define RTC_BKP_DR10                      ((uint32_t)0x0000000A)

#define RTC_BKP_DR11                      ((uint32_t)0x0000000B)

#define RTC_BKP_DR12                      ((uint32_t)0x0000000C)

#define RTC_BKP_DR13                      ((uint32_t)0x0000000D)

#define RTC_BKP_DR14                      ((uint32_t)0x0000000E)

#define RTC_BKP_DR15                      ((uint32_t)0x0000000F)

#define RTC_BKP_DR16                      ((uint32_t)0x00000010)

#define RTC_BKP_DR17                      ((uint32_t)0x00000011)

#define RTC_BKP_DR18                      ((uint32_t)0x00000012)

#define RTC_BKP_DR19                      ((uint32_t)0x00000013)

#define IS_RTC_BKP(BKP)                   (((BKP) == RTC_BKP_DR0) || \

                                           ((BKP) == RTC_BKP_DR1) || \

                                           ((BKP) == RTC_BKP_DR2) || \

                                           ((BKP) == RTC_BKP_DR3) || \

                                           ((BKP) == RTC_BKP_DR4) || \

                                           ((BKP) == RTC_BKP_DR5) || \

                                           ((BKP) == RTC_BKP_DR6) || \

                                           ((BKP) == RTC_BKP_DR7) || \

                                           ((BKP) == RTC_BKP_DR8) || \

                                           ((BKP) == RTC_BKP_DR9) || \

                                           ((BKP) == RTC_BKP_DR10) || \

                                           ((BKP) == RTC_BKP_DR11) || \

                                           ((BKP) == RTC_BKP_DR12) || \

                                           ((BKP) == RTC_BKP_DR13) || \

                                           ((BKP) == RTC_BKP_DR14) || \

                                           ((BKP) == RTC_BKP_DR15) || \

                                           ((BKP) == RTC_BKP_DR16) || \

                                           ((BKP) == RTC_BKP_DR17) || \

                                           ((BKP) == RTC_BKP_DR18) || \

                                           ((BKP) == RTC_BKP_DR19))

/**

  * @}

  */ 



/** @defgroup RTC_Input_parameter_format_definitions 

  * @{

  */ 

#define RTC_Format_BIN                    ((uint32_t)0x000000000)

#define RTC_Format_BCD                    ((uint32_t)0x000000001)

#define IS_RTC_FORMAT(FORMAT) (((FORMAT) == RTC_Format_BIN) || ((FORMAT) == RTC_Format_BCD))



/**

  * @}

  */ 



/** @defgroup RTC_Flags_Definitions 

  * @{

  */ 

#define RTC_FLAG_RECALPF                  ((uint32_t)0x00010000)

#define RTC_FLAG_TAMP1F                   ((uint32_t)0x00002000)

#define RTC_FLAG_TSOVF                    ((uint32_t)0x00001000)

#define RTC_FLAG_TSF                      ((uint32_t)0x00000800)

#define RTC_FLAG_WUTF                     ((uint32_t)0x00000400)

#define RTC_FLAG_ALRBF                    ((uint32_t)0x00000200)

#define RTC_FLAG_ALRAF                    ((uint32_t)0x00000100)

#define RTC_FLAG_INITF                    ((uint32_t)0x00000040)

#define RTC_FLAG_RSF                      ((uint32_t)0x00000020)

#define RTC_FLAG_INITS                    ((uint32_t)0x00000010)

#define RTC_FLAG_SHPF                     ((uint32_t)0x00000008)

#define RTC_FLAG_WUTWF                    ((uint32_t)0x00000004)

#define RTC_FLAG_ALRBWF                   ((uint32_t)0x00000002)

#define RTC_FLAG_ALRAWF                   ((uint32_t)0x00000001)

#define IS_RTC_GET_FLAG(FLAG) (((FLAG) == RTC_FLAG_TSOVF) || ((FLAG) == RTC_FLAG_TSF) || \

                               ((FLAG) == RTC_FLAG_WUTF) || ((FLAG) == RTC_FLAG_ALRBF) || \

                               ((FLAG) == RTC_FLAG_ALRAF) || ((FLAG) == RTC_FLAG_INITF) || \

                               ((FLAG) == RTC_FLAG_RSF) || ((FLAG) == RTC_FLAG_WUTWF) || \

                               ((FLAG) == RTC_FLAG_ALRBWF) || ((FLAG) == RTC_FLAG_ALRAWF) || \

                               ((FLAG) == RTC_FLAG_TAMP1F) || ((FLAG) == RTC_FLAG_RECALPF) || \

                                ((FLAG) == RTC_FLAG_SHPF))

#define IS_RTC_CLEAR_FLAG(FLAG) (((FLAG) != (uint32_t)RESET) && (((FLAG) & 0xFFFF00DF) == (uint32_t)RESET))

/**

  * @}

  */ 



/** @defgroup RTC_Interrupts_Definitions 

  * @{

  */ 

#define RTC_IT_TS                         ((uint32_t)0x00008000)

#define RTC_IT_WUT                        ((uint32_t)0x00004000)

#define RTC_IT_ALRB                       ((uint32_t)0x00002000)

#define RTC_IT_ALRA                       ((uint32_t)0x00001000)

#define RTC_IT_TAMP                       ((uint32_t)0x00000004) /* Used only to Enable the Tamper Interrupt */

#define RTC_IT_TAMP1                      ((uint32_t)0x00020000)



#define IS_RTC_CONFIG_IT(IT) (((IT) != (uint32_t)RESET) && (((IT) & 0xFFFF0FFB) == (uint32_t)RESET))

#define IS_RTC_GET_IT(IT) (((IT) == RTC_IT_TS) || ((IT) == RTC_IT_WUT) || \

                           ((IT) == RTC_IT_ALRB) || ((IT) == RTC_IT_ALRA) || \

                           ((IT) == RTC_IT_TAMP1))

#define IS_RTC_CLEAR_IT(IT) (((IT) != (uint32_t)RESET) && (((IT) & 0xFFFD0FFF) == (uint32_t)RESET))



/**

  * @}

  */ 



/** @defgroup RTC_Legacy 

  * @{

  */ 

#define RTC_DigitalCalibConfig  RTC_CoarseCalibConfig

#define RTC_DigitalCalibCmd     RTC_CoarseCalibCmd



/**

  * @}

  */ 



/**

  * @}

  */ 



/* Exported macro ------------------------------------------------------------*/

/* Exported functions --------------------------------------------------------*/ 



/*  Function used to set the RTC configuration to the default reset state *****/

ErrorStatus RTC_DeInit(void);



/* Initialization and Configuration functions *********************************/

ErrorStatus RTC_Init(RTC_InitTypeDef* RTC_InitStruct);

void RTC_StructInit(RTC_InitTypeDef* RTC_InitStruct);

void RTC_WriteProtectionCmd(FunctionalState NewState);

ErrorStatus RTC_EnterInitMode(void);

void RTC_ExitInitMode(void);

ErrorStatus RTC_WaitForSynchro(void);

ErrorStatus RTC_RefClockCmd(FunctionalState NewState);

void RTC_BypassShadowCmd(FunctionalState NewState);



/* Time and Date configuration functions **************************************/

ErrorStatus RTC_SetTime(uint32_t RTC_Format, RTC_TimeTypeDef* RTC_TimeStruct);

void RTC_TimeStructInit(RTC_TimeTypeDef* RTC_TimeStruct);

void RTC_GetTime(uint32_t RTC_Format, RTC_TimeTypeDef* RTC_TimeStruct);

uint32_t RTC_GetSubSecond(void);

ErrorStatus RTC_SetDate(uint32_t RTC_Format, RTC_DateTypeDef* RTC_DateStruct);

void RTC_DateStructInit(RTC_DateTypeDef* RTC_DateStruct);

void RTC_GetDate(uint32_t RTC_Format, RTC_DateTypeDef* RTC_DateStruct);



/* Alarms (Alarm A and Alarm B) configuration functions  **********************/

void RTC_SetAlarm(uint32_t RTC_Format, uint32_t RTC_Alarm, RTC_AlarmTypeDef* RTC_AlarmStruct);

void RTC_AlarmStructInit(RTC_AlarmTypeDef* RTC_AlarmStruct);

void RTC_GetAlarm(uint32_t RTC_Format, uint32_t RTC_Alarm, RTC_AlarmTypeDef* RTC_AlarmStruct);

ErrorStatus RTC_AlarmCmd(uint32_t RTC_Alarm, FunctionalState NewState);

void RTC_AlarmSubSecondConfig(uint32_t RTC_Alarm, uint32_t RTC_AlarmSubSecondValue, uint32_t RTC_AlarmSubSecondMask);

uint32_t RTC_GetAlarmSubSecond(uint32_t RTC_Alarm);



/* WakeUp Timer configuration functions ***************************************/

void RTC_WakeUpClockConfig(uint32_t RTC_WakeUpClock);

void RTC_SetWakeUpCounter(uint32_t RTC_WakeUpCounter);

uint32_t RTC_GetWakeUpCounter(void);

ErrorStatus RTC_WakeUpCmd(FunctionalState NewState);



/* Daylight Saving configuration functions ************************************/

void RTC_DayLightSavingConfig(uint32_t RTC_DayLightSaving, uint32_t RTC_StoreOperation);

uint32_t RTC_GetStoreOperation(void);



/* Output pin Configuration function ******************************************/

void RTC_OutputConfig(uint32_t RTC_Output, uint32_t RTC_OutputPolarity);



/* Digital Calibration configuration functions *********************************/

ErrorStatus RTC_CoarseCalibConfig(uint32_t RTC_CalibSign, uint32_t Value);

ErrorStatus RTC_CoarseCalibCmd(FunctionalState NewState);

void RTC_CalibOutputCmd(FunctionalState NewState);

void RTC_CalibOutputConfig(uint32_t RTC_CalibOutput);

ErrorStatus RTC_SmoothCalibConfig(uint32_t RTC_SmoothCalibPeriod, 

                                  uint32_t RTC_SmoothCalibPlusPulses,

                                  uint32_t RTC_SmouthCalibMinusPulsesValue);



/* TimeStamp configuration functions ******************************************/

void RTC_TimeStampCmd(uint32_t RTC_TimeStampEdge, FunctionalState NewState);

void RTC_GetTimeStamp(uint32_t RTC_Format, RTC_TimeTypeDef* RTC_StampTimeStruct,

                                      RTC_DateTypeDef* RTC_StampDateStruct);

uint32_t RTC_GetTimeStampSubSecond(void);



/* Tampers configuration functions ********************************************/

void RTC_TamperTriggerConfig(uint32_t RTC_Tamper, uint32_t RTC_TamperTrigger);

void RTC_TamperCmd(uint32_t RTC_Tamper, FunctionalState NewState);

void RTC_TamperFilterConfig(uint32_t RTC_TamperFilter);

void RTC_TamperSamplingFreqConfig(uint32_t RTC_TamperSamplingFreq);

void RTC_TamperPinsPrechargeDuration(uint32_t RTC_TamperPrechargeDuration);

void RTC_TimeStampOnTamperDetectionCmd(FunctionalState NewState);

void RTC_TamperPullUpCmd(FunctionalState NewState);



/* Backup Data Registers configuration functions ******************************/

void RTC_WriteBackupRegister(uint32_t RTC_BKP_DR, uint32_t Data);

uint32_t RTC_ReadBackupRegister(uint32_t RTC_BKP_DR);



/* RTC Tamper and TimeStamp Pins Selection and Output Type Config configuration

   functions ******************************************************************/

void RTC_TamperPinSelection(uint32_t RTC_TamperPin);

void RTC_TimeStampPinSelection(uint32_t RTC_TimeStampPin);

void RTC_OutputTypeConfig(uint32_t RTC_OutputType);



/* RTC_Shift_control_synchonisation_functions *********************************/

ErrorStatus RTC_SynchroShiftConfig(uint32_t RTC_ShiftAdd1S, uint32_t RTC_ShiftSubFS);



/* Interrupts and flags management functions **********************************/

void RTC_ITConfig(uint32_t RTC_IT, FunctionalState NewState);

FlagStatus RTC_GetFlagStatus(uint32_t RTC_FLAG);

void RTC_ClearFlag(uint32_t RTC_FLAG);

ITStatus RTC_GetITStatus(uint32_t RTC_IT);

void RTC_ClearITPendingBit(uint32_t RTC_IT);



#ifdef __cplusplus

}

#endif



#endif /*__STM32F4xx_RTC_H */



/**

  * @}

  */ 



/**

  * @}

  */ 



/******************* (C) COPYRIGHT 2011 STMicroelectronics *****END OF FILE****/








Viz/cmsis_lib/include/stm32f4xx_spi.h

/**

  ******************************************************************************

  * @file    stm32f4xx_spi.h

  * @author  MCD Application Team

  * @version V1.0.0

  * @date    30-September-2011

  * @brief   This file contains all the functions prototypes for the SPI 

  *          firmware library.

  ******************************************************************************

  * @attention

  *

  * THE PRESENT FIRMWARE WHICH IS FOR GUIDANCE ONLY AIMS AT PROVIDING CUSTOMERS

  * WITH CODING INFORMATION REGARDING THEIR PRODUCTS IN ORDER FOR THEM TO SAVE

  * TIME. AS A RESULT, STMICROELECTRONICS SHALL NOT BE HELD LIABLE FOR ANY

  * DIRECT, INDIRECT OR CONSEQUENTIAL DAMAGES WITH RESPECT TO ANY CLAIMS ARISING

  * FROM THE CONTENT OF SUCH FIRMWARE AND/OR THE USE MADE BY CUSTOMERS OF THE

  * CODING INFORMATION CONTAINED HEREIN IN CONNECTION WITH THEIR PRODUCTS.

  *

  * <h2><center>&copy; COPYRIGHT 2011 STMicroelectronics</center></h2>

  ******************************************************************************  

  */ 



/* Define to prevent recursive inclusion -------------------------------------*/

#ifndef __STM32F4xx_SPI_H

#define __STM32F4xx_SPI_H



#ifdef __cplusplus

 extern "C" {

#endif



/* Includes ------------------------------------------------------------------*/

#include "stm32f4xx.h"



/** @addtogroup STM32F4xx_StdPeriph_Driver

  * @{

  */



/** @addtogroup SPI

  * @{

  */ 



/* Exported types ------------------------------------------------------------*/



/** 

  * @brief  SPI Init structure definition  

  */



typedef struct

{

  uint16_t SPI_Direction;           /*!< Specifies the SPI unidirectional or bidirectional data mode.

                                         This parameter can be a value of @ref SPI_data_direction */



  uint16_t SPI_Mode;                /*!< Specifies the SPI operating mode.

                                         This parameter can be a value of @ref SPI_mode */



  uint16_t SPI_DataSize;            /*!< Specifies the SPI data size.

                                         This parameter can be a value of @ref SPI_data_size */



  uint16_t SPI_CPOL;                /*!< Specifies the serial clock steady state.

                                         This parameter can be a value of @ref SPI_Clock_Polarity */



  uint16_t SPI_CPHA;                /*!< Specifies the clock active edge for the bit capture.

                                         This parameter can be a value of @ref SPI_Clock_Phase */



  uint16_t SPI_NSS;                 /*!< Specifies whether the NSS signal is managed by

                                         hardware (NSS pin) or by software using the SSI bit.

                                         This parameter can be a value of @ref SPI_Slave_Select_management */

 

  uint16_t SPI_BaudRatePrescaler;   /*!< Specifies the Baud Rate prescaler value which will be

                                         used to configure the transmit and receive SCK clock.

                                         This parameter can be a value of @ref SPI_BaudRate_Prescaler

                                         @note The communication clock is derived from the master

                                               clock. The slave clock does not need to be set. */



  uint16_t SPI_FirstBit;            /*!< Specifies whether data transfers start from MSB or LSB bit.

                                         This parameter can be a value of @ref SPI_MSB_LSB_transmission */



  uint16_t SPI_CRCPolynomial;       /*!< Specifies the polynomial used for the CRC calculation. */

}SPI_InitTypeDef;



/** 

  * @brief  I2S Init structure definition  

  */



typedef struct

{



  uint16_t I2S_Mode;         /*!< Specifies the I2S operating mode.

                                  This parameter can be a value of @ref I2S_Mode */



  uint16_t I2S_Standard;     /*!< Specifies the standard used for the I2S communication.

                                  This parameter can be a value of @ref I2S_Standard */



  uint16_t I2S_DataFormat;   /*!< Specifies the data format for the I2S communication.

                                  This parameter can be a value of @ref I2S_Data_Format */



  uint16_t I2S_MCLKOutput;   /*!< Specifies whether the I2S MCLK output is enabled or not.

                                  This parameter can be a value of @ref I2S_MCLK_Output */



  uint32_t I2S_AudioFreq;    /*!< Specifies the frequency selected for the I2S communication.

                                  This parameter can be a value of @ref I2S_Audio_Frequency */



  uint16_t I2S_CPOL;         /*!< Specifies the idle state of the I2S clock.

                                  This parameter can be a value of @ref I2S_Clock_Polarity */

}I2S_InitTypeDef;



/* Exported constants --------------------------------------------------------*/



/** @defgroup SPI_Exported_Constants

  * @{

  */



#define IS_SPI_ALL_PERIPH(PERIPH) (((PERIPH) == SPI1) || \

                                   ((PERIPH) == SPI2) || \

                                   ((PERIPH) == SPI3))



#define IS_SPI_ALL_PERIPH_EXT(PERIPH) (((PERIPH) == SPI1) || \

                                       ((PERIPH) == SPI2) || \

                                       ((PERIPH) == SPI3) || \

                                       ((PERIPH) == I2S2ext) || \

                                       ((PERIPH) == I2S3ext))



#define IS_SPI_23_PERIPH(PERIPH)  (((PERIPH) == SPI2) || \

                                   ((PERIPH) == SPI3))



#define IS_SPI_23_PERIPH_EXT(PERIPH)  (((PERIPH) == SPI2) || \

                                       ((PERIPH) == SPI3) || \

                                       ((PERIPH) == I2S2ext) || \

                                       ((PERIPH) == I2S3ext))



#define IS_I2S_EXT_PERIPH(PERIPH)  (((PERIPH) == I2S2ext) || \

                                    ((PERIPH) == I2S3ext))





/** @defgroup SPI_data_direction 

  * @{

  */

  

#define SPI_Direction_2Lines_FullDuplex ((uint16_t)0x0000)

#define SPI_Direction_2Lines_RxOnly     ((uint16_t)0x0400)

#define SPI_Direction_1Line_Rx          ((uint16_t)0x8000)

#define SPI_Direction_1Line_Tx          ((uint16_t)0xC000)

#define IS_SPI_DIRECTION_MODE(MODE) (((MODE) == SPI_Direction_2Lines_FullDuplex) || \

                                     ((MODE) == SPI_Direction_2Lines_RxOnly) || \

                                     ((MODE) == SPI_Direction_1Line_Rx) || \

                                     ((MODE) == SPI_Direction_1Line_Tx))

/**

  * @}

  */



/** @defgroup SPI_mode 

  * @{

  */



#define SPI_Mode_Master                 ((uint16_t)0x0104)

#define SPI_Mode_Slave                  ((uint16_t)0x0000)

#define IS_SPI_MODE(MODE) (((MODE) == SPI_Mode_Master) || \

                           ((MODE) == SPI_Mode_Slave))

/**

  * @}

  */



/** @defgroup SPI_data_size 

  * @{

  */



#define SPI_DataSize_16b                ((uint16_t)0x0800)

#define SPI_DataSize_8b                 ((uint16_t)0x0000)

#define IS_SPI_DATASIZE(DATASIZE) (((DATASIZE) == SPI_DataSize_16b) || \

                                   ((DATASIZE) == SPI_DataSize_8b))

/**

  * @}

  */ 



/** @defgroup SPI_Clock_Polarity 

  * @{

  */



#define SPI_CPOL_Low                    ((uint16_t)0x0000)

#define SPI_CPOL_High                   ((uint16_t)0x0002)

#define IS_SPI_CPOL(CPOL) (((CPOL) == SPI_CPOL_Low) || \

                           ((CPOL) == SPI_CPOL_High))

/**

  * @}

  */



/** @defgroup SPI_Clock_Phase 

  * @{

  */



#define SPI_CPHA_1Edge                  ((uint16_t)0x0000)

#define SPI_CPHA_2Edge                  ((uint16_t)0x0001)

#define IS_SPI_CPHA(CPHA) (((CPHA) == SPI_CPHA_1Edge) || \

                           ((CPHA) == SPI_CPHA_2Edge))

/**

  * @}

  */



/** @defgroup SPI_Slave_Select_management 

  * @{

  */



#define SPI_NSS_Soft                    ((uint16_t)0x0200)

#define SPI_NSS_Hard                    ((uint16_t)0x0000)

#define IS_SPI_NSS(NSS) (((NSS) == SPI_NSS_Soft) || \

                         ((NSS) == SPI_NSS_Hard))

/**

  * @}

  */ 



/** @defgroup SPI_BaudRate_Prescaler 

  * @{

  */



#define SPI_BaudRatePrescaler_2         ((uint16_t)0x0000)

#define SPI_BaudRatePrescaler_4         ((uint16_t)0x0008)

#define SPI_BaudRatePrescaler_8         ((uint16_t)0x0010)

#define SPI_BaudRatePrescaler_16        ((uint16_t)0x0018)

#define SPI_BaudRatePrescaler_32        ((uint16_t)0x0020)

#define SPI_BaudRatePrescaler_64        ((uint16_t)0x0028)

#define SPI_BaudRatePrescaler_128       ((uint16_t)0x0030)

#define SPI_BaudRatePrescaler_256       ((uint16_t)0x0038)

#define IS_SPI_BAUDRATE_PRESCALER(PRESCALER) (((PRESCALER) == SPI_BaudRatePrescaler_2) || \

                                              ((PRESCALER) == SPI_BaudRatePrescaler_4) || \

                                              ((PRESCALER) == SPI_BaudRatePrescaler_8) || \

                                              ((PRESCALER) == SPI_BaudRatePrescaler_16) || \

                                              ((PRESCALER) == SPI_BaudRatePrescaler_32) || \

                                              ((PRESCALER) == SPI_BaudRatePrescaler_64) || \

                                              ((PRESCALER) == SPI_BaudRatePrescaler_128) || \

                                              ((PRESCALER) == SPI_BaudRatePrescaler_256))

/**

  * @}

  */ 



/** @defgroup SPI_MSB_LSB_transmission 

  * @{

  */



#define SPI_FirstBit_MSB                ((uint16_t)0x0000)

#define SPI_FirstBit_LSB                ((uint16_t)0x0080)

#define IS_SPI_FIRST_BIT(BIT) (((BIT) == SPI_FirstBit_MSB) || \

                               ((BIT) == SPI_FirstBit_LSB))

/**

  * @}

  */



/** @defgroup SPI_I2S_Mode 

  * @{

  */



#define I2S_Mode_SlaveTx                ((uint16_t)0x0000)

#define I2S_Mode_SlaveRx                ((uint16_t)0x0100)

#define I2S_Mode_MasterTx               ((uint16_t)0x0200)

#define I2S_Mode_MasterRx               ((uint16_t)0x0300)

#define IS_I2S_MODE(MODE) (((MODE) == I2S_Mode_SlaveTx) || \

                           ((MODE) == I2S_Mode_SlaveRx) || \

                           ((MODE) == I2S_Mode_MasterTx)|| \

                           ((MODE) == I2S_Mode_MasterRx))

/**

  * @}

  */

  



/** @defgroup SPI_I2S_Standard 

  * @{

  */



#define I2S_Standard_Phillips           ((uint16_t)0x0000)

#define I2S_Standard_MSB                ((uint16_t)0x0010)

#define I2S_Standard_LSB                ((uint16_t)0x0020)

#define I2S_Standard_PCMShort           ((uint16_t)0x0030)

#define I2S_Standard_PCMLong            ((uint16_t)0x00B0)

#define IS_I2S_STANDARD(STANDARD) (((STANDARD) == I2S_Standard_Phillips) || \

                                   ((STANDARD) == I2S_Standard_MSB) || \

                                   ((STANDARD) == I2S_Standard_LSB) || \

                                   ((STANDARD) == I2S_Standard_PCMShort) || \

                                   ((STANDARD) == I2S_Standard_PCMLong))

/**

  * @}

  */

  

/** @defgroup SPI_I2S_Data_Format 

  * @{

  */



#define I2S_DataFormat_16b              ((uint16_t)0x0000)

#define I2S_DataFormat_16bextended      ((uint16_t)0x0001)

#define I2S_DataFormat_24b              ((uint16_t)0x0003)

#define I2S_DataFormat_32b              ((uint16_t)0x0005)

#define IS_I2S_DATA_FORMAT(FORMAT) (((FORMAT) == I2S_DataFormat_16b) || \

                                    ((FORMAT) == I2S_DataFormat_16bextended) || \

                                    ((FORMAT) == I2S_DataFormat_24b) || \

                                    ((FORMAT) == I2S_DataFormat_32b))

/**

  * @}

  */



/** @defgroup SPI_I2S_MCLK_Output 

  * @{

  */



#define I2S_MCLKOutput_Enable           ((uint16_t)0x0200)

#define I2S_MCLKOutput_Disable          ((uint16_t)0x0000)

#define IS_I2S_MCLK_OUTPUT(OUTPUT) (((OUTPUT) == I2S_MCLKOutput_Enable) || \

                                    ((OUTPUT) == I2S_MCLKOutput_Disable))

/**

  * @}

  */



/** @defgroup SPI_I2S_Audio_Frequency 

  * @{

  */



#define I2S_AudioFreq_192k               ((uint32_t)192000)

#define I2S_AudioFreq_96k                ((uint32_t)96000)

#define I2S_AudioFreq_48k                ((uint32_t)48000)

#define I2S_AudioFreq_44k                ((uint32_t)44100)

#define I2S_AudioFreq_32k                ((uint32_t)32000)

#define I2S_AudioFreq_22k                ((uint32_t)22050)

#define I2S_AudioFreq_16k                ((uint32_t)16000)

#define I2S_AudioFreq_11k                ((uint32_t)11025)

#define I2S_AudioFreq_8k                 ((uint32_t)8000)

#define I2S_AudioFreq_Default            ((uint32_t)2)



#define IS_I2S_AUDIO_FREQ(FREQ) ((((FREQ) >= I2S_AudioFreq_8k) && \

                                 ((FREQ) <= I2S_AudioFreq_192k)) || \

                                 ((FREQ) == I2S_AudioFreq_Default))

/**

  * @}

  */

            

/** @defgroup SPI_I2S_Clock_Polarity 

  * @{

  */



#define I2S_CPOL_Low                    ((uint16_t)0x0000)

#define I2S_CPOL_High                   ((uint16_t)0x0008)

#define IS_I2S_CPOL(CPOL) (((CPOL) == I2S_CPOL_Low) || \

                           ((CPOL) == I2S_CPOL_High))

/**

  * @}

  */



/** @defgroup SPI_I2S_DMA_transfer_requests 

  * @{

  */



#define SPI_I2S_DMAReq_Tx               ((uint16_t)0x0002)

#define SPI_I2S_DMAReq_Rx               ((uint16_t)0x0001)

#define IS_SPI_I2S_DMAREQ(DMAREQ) ((((DMAREQ) & (uint16_t)0xFFFC) == 0x00) && ((DMAREQ) != 0x00))

/**

  * @}

  */



/** @defgroup SPI_NSS_internal_software_management 

  * @{

  */



#define SPI_NSSInternalSoft_Set         ((uint16_t)0x0100)

#define SPI_NSSInternalSoft_Reset       ((uint16_t)0xFEFF)

#define IS_SPI_NSS_INTERNAL(INTERNAL) (((INTERNAL) == SPI_NSSInternalSoft_Set) || \

                                       ((INTERNAL) == SPI_NSSInternalSoft_Reset))

/**

  * @}

  */



/** @defgroup SPI_CRC_Transmit_Receive 

  * @{

  */



#define SPI_CRC_Tx                      ((uint8_t)0x00)

#define SPI_CRC_Rx                      ((uint8_t)0x01)

#define IS_SPI_CRC(CRC) (((CRC) == SPI_CRC_Tx) || ((CRC) == SPI_CRC_Rx))

/**

  * @}

  */



/** @defgroup SPI_direction_transmit_receive 

  * @{

  */



#define SPI_Direction_Rx                ((uint16_t)0xBFFF)

#define SPI_Direction_Tx                ((uint16_t)0x4000)

#define IS_SPI_DIRECTION(DIRECTION) (((DIRECTION) == SPI_Direction_Rx) || \

                                     ((DIRECTION) == SPI_Direction_Tx))

/**

  * @}

  */



/** @defgroup SPI_I2S_interrupts_definition 

  * @{

  */



#define SPI_I2S_IT_TXE                  ((uint8_t)0x71)

#define SPI_I2S_IT_RXNE                 ((uint8_t)0x60)

#define SPI_I2S_IT_ERR                  ((uint8_t)0x50)

#define I2S_IT_UDR                      ((uint8_t)0x53)

#define SPI_I2S_IT_TIFRFE               ((uint8_t)0x58)



#define IS_SPI_I2S_CONFIG_IT(IT) (((IT) == SPI_I2S_IT_TXE) || \

                                  ((IT) == SPI_I2S_IT_RXNE) || \

                                  ((IT) == SPI_I2S_IT_ERR))



#define SPI_I2S_IT_OVR                  ((uint8_t)0x56)

#define SPI_IT_MODF                     ((uint8_t)0x55)

#define SPI_IT_CRCERR                   ((uint8_t)0x54)



#define IS_SPI_I2S_CLEAR_IT(IT) (((IT) == SPI_IT_CRCERR))



#define IS_SPI_I2S_GET_IT(IT) (((IT) == SPI_I2S_IT_RXNE)|| ((IT) == SPI_I2S_IT_TXE) || \

                               ((IT) == SPI_IT_CRCERR)  || ((IT) == SPI_IT_MODF) || \

                               ((IT) == SPI_I2S_IT_OVR) || ((IT) == I2S_IT_UDR) ||\

                               ((IT) == SPI_I2S_IT_TIFRFE))

/**

  * @}

  */



/** @defgroup SPI_I2S_flags_definition 

  * @{

  */



#define SPI_I2S_FLAG_RXNE               ((uint16_t)0x0001)

#define SPI_I2S_FLAG_TXE                ((uint16_t)0x0002)

#define I2S_FLAG_CHSIDE                 ((uint16_t)0x0004)

#define I2S_FLAG_UDR                    ((uint16_t)0x0008)

#define SPI_FLAG_CRCERR                 ((uint16_t)0x0010)

#define SPI_FLAG_MODF                   ((uint16_t)0x0020)

#define SPI_I2S_FLAG_OVR                ((uint16_t)0x0040)

#define SPI_I2S_FLAG_BSY                ((uint16_t)0x0080)

#define SPI_I2S_FLAG_TIFRFE             ((uint16_t)0x0100)



#define IS_SPI_I2S_CLEAR_FLAG(FLAG) (((FLAG) == SPI_FLAG_CRCERR))

#define IS_SPI_I2S_GET_FLAG(FLAG) (((FLAG) == SPI_I2S_FLAG_BSY) || ((FLAG) == SPI_I2S_FLAG_OVR) || \

                                   ((FLAG) == SPI_FLAG_MODF) || ((FLAG) == SPI_FLAG_CRCERR) || \

                                   ((FLAG) == I2S_FLAG_UDR) || ((FLAG) == I2S_FLAG_CHSIDE) || \

                                   ((FLAG) == SPI_I2S_FLAG_TXE) || ((FLAG) == SPI_I2S_FLAG_RXNE)|| \

                                   ((FLAG) == SPI_I2S_FLAG_TIFRFE))

/**

  * @}

  */



/** @defgroup SPI_CRC_polynomial 

  * @{

  */



#define IS_SPI_CRC_POLYNOMIAL(POLYNOMIAL) ((POLYNOMIAL) >= 0x1)

/**

  * @}

  */



/** @defgroup SPI_I2S_Legacy 

  * @{

  */



#define SPI_DMAReq_Tx                SPI_I2S_DMAReq_Tx

#define SPI_DMAReq_Rx                SPI_I2S_DMAReq_Rx

#define SPI_IT_TXE                   SPI_I2S_IT_TXE

#define SPI_IT_RXNE                  SPI_I2S_IT_RXNE

#define SPI_IT_ERR                   SPI_I2S_IT_ERR

#define SPI_IT_OVR                   SPI_I2S_IT_OVR

#define SPI_FLAG_RXNE                SPI_I2S_FLAG_RXNE

#define SPI_FLAG_TXE                 SPI_I2S_FLAG_TXE

#define SPI_FLAG_OVR                 SPI_I2S_FLAG_OVR

#define SPI_FLAG_BSY                 SPI_I2S_FLAG_BSY

#define SPI_DeInit                   SPI_I2S_DeInit

#define SPI_ITConfig                 SPI_I2S_ITConfig

#define SPI_DMACmd                   SPI_I2S_DMACmd

#define SPI_SendData                 SPI_I2S_SendData

#define SPI_ReceiveData              SPI_I2S_ReceiveData

#define SPI_GetFlagStatus            SPI_I2S_GetFlagStatus

#define SPI_ClearFlag                SPI_I2S_ClearFlag

#define SPI_GetITStatus              SPI_I2S_GetITStatus

#define SPI_ClearITPendingBit        SPI_I2S_ClearITPendingBit

/**

  * @}

  */

  

/**

  * @}

  */



/* Exported macro ------------------------------------------------------------*/

/* Exported functions --------------------------------------------------------*/ 



/*  Function used to set the SPI configuration to the default reset state *****/ 

void SPI_I2S_DeInit(SPI_TypeDef* SPIx);



/* Initialization and Configuration functions *********************************/

void SPI_Init(SPI_TypeDef* SPIx, SPI_InitTypeDef* SPI_InitStruct);

void I2S_Init(SPI_TypeDef* SPIx, I2S_InitTypeDef* I2S_InitStruct);

void SPI_StructInit(SPI_InitTypeDef* SPI_InitStruct);

void I2S_StructInit(I2S_InitTypeDef* I2S_InitStruct);

void SPI_Cmd(SPI_TypeDef* SPIx, FunctionalState NewState);

void I2S_Cmd(SPI_TypeDef* SPIx, FunctionalState NewState);

void SPI_DataSizeConfig(SPI_TypeDef* SPIx, uint16_t SPI_DataSize);

void SPI_BiDirectionalLineConfig(SPI_TypeDef* SPIx, uint16_t SPI_Direction);

void SPI_NSSInternalSoftwareConfig(SPI_TypeDef* SPIx, uint16_t SPI_NSSInternalSoft);

void SPI_SSOutputCmd(SPI_TypeDef* SPIx, FunctionalState NewState);

void SPI_TIModeCmd(SPI_TypeDef* SPIx, FunctionalState NewState);



void I2S_FullDuplexConfig(SPI_TypeDef* I2Sxext, I2S_InitTypeDef* I2S_InitStruct);



/* Data transfers functions ***************************************************/ 

void SPI_I2S_SendData(SPI_TypeDef* SPIx, uint16_t Data);

uint16_t SPI_I2S_ReceiveData(SPI_TypeDef* SPIx);



/* Hardware CRC Calculation functions *****************************************/

void SPI_CalculateCRC(SPI_TypeDef* SPIx, FunctionalState NewState);

void SPI_TransmitCRC(SPI_TypeDef* SPIx);

uint16_t SPI_GetCRC(SPI_TypeDef* SPIx, uint8_t SPI_CRC);

uint16_t SPI_GetCRCPolynomial(SPI_TypeDef* SPIx);



/* DMA transfers management functions *****************************************/

void SPI_I2S_DMACmd(SPI_TypeDef* SPIx, uint16_t SPI_I2S_DMAReq, FunctionalState NewState);



/* Interrupts and flags management functions **********************************/

void SPI_I2S_ITConfig(SPI_TypeDef* SPIx, uint8_t SPI_I2S_IT, FunctionalState NewState);

FlagStatus SPI_I2S_GetFlagStatus(SPI_TypeDef* SPIx, uint16_t SPI_I2S_FLAG);

void SPI_I2S_ClearFlag(SPI_TypeDef* SPIx, uint16_t SPI_I2S_FLAG);

ITStatus SPI_I2S_GetITStatus(SPI_TypeDef* SPIx, uint8_t SPI_I2S_IT);

void SPI_I2S_ClearITPendingBit(SPI_TypeDef* SPIx, uint8_t SPI_I2S_IT);



#ifdef __cplusplus

}

#endif



#endif /*__STM32F4xx_SPI_H */



/**

  * @}

  */



/**

  * @}

  */



/******************* (C) COPYRIGHT 2011 STMicroelectronics *****END OF FILE****/








Viz/cmsis_lib/include/stm32f4xx_syscfg.h

/**

  ******************************************************************************

  * @file    stm32f4xx_syscfg.h

  * @author  MCD Application Team

  * @version V1.0.0

  * @date    30-September-2011

  * @brief   This file contains all the functions prototypes for the SYSCFG firmware

  *          library.

  ******************************************************************************

  * @attention

  *

  * THE PRESENT FIRMWARE WHICH IS FOR GUIDANCE ONLY AIMS AT PROVIDING CUSTOMERS

  * WITH CODING INFORMATION REGARDING THEIR PRODUCTS IN ORDER FOR THEM TO SAVE

  * TIME. AS A RESULT, STMICROELECTRONICS SHALL NOT BE HELD LIABLE FOR ANY

  * DIRECT, INDIRECT OR CONSEQUENTIAL DAMAGES WITH RESPECT TO ANY CLAIMS ARISING

  * FROM THE CONTENT OF SUCH FIRMWARE AND/OR THE USE MADE BY CUSTOMERS OF THE

  * CODING INFORMATION CONTAINED HEREIN IN CONNECTION WITH THEIR PRODUCTS.

  *

  * <h2><center>&copy; COPYRIGHT 2011 STMicroelectronics</center></h2>

  ******************************************************************************

  */



/* Define to prevent recursive inclusion -------------------------------------*/

#ifndef __STM32F4xx_SYSCFG_H

#define __STM32F4xx_SYSCFG_H



#ifdef __cplusplus

 extern "C" {

#endif



/* Includes ------------------------------------------------------------------*/

#include "stm32f4xx.h"



/** @addtogroup STM32F4xx_StdPeriph_Driver

  * @{

  */



/** @addtogroup SYSCFG

  * @{

  */ 



/* Exported types ------------------------------------------------------------*/

/* Exported constants --------------------------------------------------------*/

  

/** @defgroup SYSCFG_Exported_Constants 

  * @{

  */ 



/** @defgroup SYSCFG_EXTI_Port_Sources 

  * @{

  */ 

#define EXTI_PortSourceGPIOA       ((uint8_t)0x00)

#define EXTI_PortSourceGPIOB       ((uint8_t)0x01)

#define EXTI_PortSourceGPIOC       ((uint8_t)0x02)

#define EXTI_PortSourceGPIOD       ((uint8_t)0x03)

#define EXTI_PortSourceGPIOE       ((uint8_t)0x04)

#define EXTI_PortSourceGPIOF       ((uint8_t)0x05)

#define EXTI_PortSourceGPIOG       ((uint8_t)0x06)

#define EXTI_PortSourceGPIOH       ((uint8_t)0x07)

#define EXTI_PortSourceGPIOI       ((uint8_t)0x08)

                                      

#define IS_EXTI_PORT_SOURCE(PORTSOURCE) (((PORTSOURCE) == EXTI_PortSourceGPIOA) || \

                                        ((PORTSOURCE) == EXTI_PortSourceGPIOB) || \

                                        ((PORTSOURCE) == EXTI_PortSourceGPIOC) || \

                                        ((PORTSOURCE) == EXTI_PortSourceGPIOD) || \

                                        ((PORTSOURCE) == EXTI_PortSourceGPIOE) || \

                                        ((PORTSOURCE) == EXTI_PortSourceGPIOF) || \

                                        ((PORTSOURCE) == EXTI_PortSourceGPIOG) || \

                                        ((PORTSOURCE) == EXTI_PortSourceGPIOH) || \

                                        ((PORTSOURCE) == EXTI_PortSourceGPIOI)) 

/**

  * @}

  */ 





/** @defgroup SYSCFG_EXTI_Pin_Sources 

  * @{

  */ 

#define EXTI_PinSource0            ((uint8_t)0x00)

#define EXTI_PinSource1            ((uint8_t)0x01)

#define EXTI_PinSource2            ((uint8_t)0x02)

#define EXTI_PinSource3            ((uint8_t)0x03)

#define EXTI_PinSource4            ((uint8_t)0x04)

#define EXTI_PinSource5            ((uint8_t)0x05)

#define EXTI_PinSource6            ((uint8_t)0x06)

#define EXTI_PinSource7            ((uint8_t)0x07)

#define EXTI_PinSource8            ((uint8_t)0x08)

#define EXTI_PinSource9            ((uint8_t)0x09)

#define EXTI_PinSource10           ((uint8_t)0x0A)

#define EXTI_PinSource11           ((uint8_t)0x0B)

#define EXTI_PinSource12           ((uint8_t)0x0C)

#define EXTI_PinSource13           ((uint8_t)0x0D)

#define EXTI_PinSource14           ((uint8_t)0x0E)

#define EXTI_PinSource15           ((uint8_t)0x0F)

#define IS_EXTI_PIN_SOURCE(PINSOURCE) (((PINSOURCE) == EXTI_PinSource0) || \

                                       ((PINSOURCE) == EXTI_PinSource1) || \

                                       ((PINSOURCE) == EXTI_PinSource2) || \

                                       ((PINSOURCE) == EXTI_PinSource3) || \

                                       ((PINSOURCE) == EXTI_PinSource4) || \

                                       ((PINSOURCE) == EXTI_PinSource5) || \

                                       ((PINSOURCE) == EXTI_PinSource6) || \

                                       ((PINSOURCE) == EXTI_PinSource7) || \

                                       ((PINSOURCE) == EXTI_PinSource8) || \

                                       ((PINSOURCE) == EXTI_PinSource9) || \

                                       ((PINSOURCE) == EXTI_PinSource10) || \

                                       ((PINSOURCE) == EXTI_PinSource11) || \

                                       ((PINSOURCE) == EXTI_PinSource12) || \

                                       ((PINSOURCE) == EXTI_PinSource13) || \

                                       ((PINSOURCE) == EXTI_PinSource14) || \

                                       ((PINSOURCE) == EXTI_PinSource15))

/**

  * @}

  */ 





/** @defgroup SYSCFG_Memory_Remap_Config 

  * @{

  */ 

#define SYSCFG_MemoryRemap_Flash       ((uint8_t)0x00)

#define SYSCFG_MemoryRemap_SystemFlash ((uint8_t)0x01)

#define SYSCFG_MemoryRemap_FSMC        ((uint8_t)0x02)

#define SYSCFG_MemoryRemap_SRAM        ((uint8_t)0x03)

   

#define IS_SYSCFG_MEMORY_REMAP_CONFING(REMAP) (((REMAP) == SYSCFG_MemoryRemap_Flash) || \

                                                     ((REMAP) == SYSCFG_MemoryRemap_SystemFlash) || \

                                                     ((REMAP) == SYSCFG_MemoryRemap_SRAM) || \

                                                     ((REMAP) == SYSCFG_MemoryRemap_FSMC))

/**

  * @}

  */ 





/** @defgroup SYSCFG_ETHERNET_Media_Interface 

  * @{

  */ 

#define SYSCFG_ETH_MediaInterface_MII    ((uint32_t)0x00000000) 

#define SYSCFG_ETH_MediaInterface_RMII   ((uint32_t)0x00000001)                                       



#define IS_SYSCFG_ETH_MEDIA_INTERFACE(INTERFACE) (((INTERFACE) == SYSCFG_ETH_MediaInterface_MII) || \

                                                ((INTERFACE) == SYSCFG_ETH_MediaInterface_RMII))

/**

  * @}

  */ 



/**

  * @}

  */ 



/* Exported macro ------------------------------------------------------------*/

/* Exported functions --------------------------------------------------------*/ 

 

void SYSCFG_DeInit(void);

void SYSCFG_MemoryRemapConfig(uint8_t SYSCFG_MemoryRemap);

void SYSCFG_EXTILineConfig(uint8_t EXTI_PortSourceGPIOx, uint8_t EXTI_PinSourcex);

void SYSCFG_ETH_MediaInterfaceConfig(uint32_t SYSCFG_ETH_MediaInterface); 

void SYSCFG_CompensationCellCmd(FunctionalState NewState); 

FlagStatus SYSCFG_GetCompensationCellStatus(void);



#ifdef __cplusplus

}

#endif



#endif /*__STM32F4xx_SYSCFG_H */



/**

  * @}

  */ 



/**

  * @}

  */ 



/******************* (C) COPYRIGHT 2011 STMicroelectronics *****END OF FILE****/








Viz/cmsis_lib/include/stm32f4xx_tim.h

/**

  ******************************************************************************

  * @file    stm32f4xx_tim.h

  * @author  MCD Application Team

  * @version V1.0.0

  * @date    30-September-2011

  * @brief   This file contains all the functions prototypes for the TIM firmware 

  *          library.

  ******************************************************************************

  * @attention

  *

  * THE PRESENT FIRMWARE WHICH IS FOR GUIDANCE ONLY AIMS AT PROVIDING CUSTOMERS

  * WITH CODING INFORMATION REGARDING THEIR PRODUCTS IN ORDER FOR THEM TO SAVE

  * TIME. AS A RESULT, STMICROELECTRONICS SHALL NOT BE HELD LIABLE FOR ANY

  * DIRECT, INDIRECT OR CONSEQUENTIAL DAMAGES WITH RESPECT TO ANY CLAIMS ARISING

  * FROM THE CONTENT OF SUCH FIRMWARE AND/OR THE USE MADE BY CUSTOMERS OF THE

  * CODING INFORMATION CONTAINED HEREIN IN CONNECTION WITH THEIR PRODUCTS.

  *

  * <h2><center>&copy; COPYRIGHT 2011 STMicroelectronics</center></h2>

  ******************************************************************************

  */



/* Define to prevent recursive inclusion -------------------------------------*/

#ifndef __STM32F4xx_TIM_H

#define __STM32F4xx_TIM_H



#ifdef __cplusplus

 extern "C" {

#endif



/* Includes ------------------------------------------------------------------*/

#include "stm32f4xx.h"



/** @addtogroup STM32F4xx_StdPeriph_Driver

  * @{

  */



/** @addtogroup TIM

  * @{

  */ 



/* Exported types ------------------------------------------------------------*/



/** 

  * @brief  TIM Time Base Init structure definition  

  * @note   This structure is used with all TIMx except for TIM6 and TIM7.  

  */



typedef struct

{

  uint16_t TIM_Prescaler;         /*!< Specifies the prescaler value used to divide the TIM clock.

                                       This parameter can be a number between 0x0000 and 0xFFFF */



  uint16_t TIM_CounterMode;       /*!< Specifies the counter mode.

                                       This parameter can be a value of @ref TIM_Counter_Mode */



  uint32_t TIM_Period;            /*!< Specifies the period value to be loaded into the active

                                       Auto-Reload Register at the next update event.

                                       This parameter must be a number between 0x0000 and 0xFFFF.  */ 



  uint16_t TIM_ClockDivision;     /*!< Specifies the clock division.

                                      This parameter can be a value of @ref TIM_Clock_Division_CKD */



  uint8_t TIM_RepetitionCounter;  /*!< Specifies the repetition counter value. Each time the RCR downcounter

                                       reaches zero, an update event is generated and counting restarts

                                       from the RCR value (N).

                                       This means in PWM mode that (N+1) corresponds to:

                                          - the number of PWM periods in edge-aligned mode

                                          - the number of half PWM period in center-aligned mode

                                       This parameter must be a number between 0x00 and 0xFF. 

                                       @note This parameter is valid only for TIM1 and TIM8. */

} TIM_TimeBaseInitTypeDef; 



/** 

  * @brief  TIM Output Compare Init structure definition  

  */



typedef struct

{

  uint16_t TIM_OCMode;        /*!< Specifies the TIM mode.

                                   This parameter can be a value of @ref TIM_Output_Compare_and_PWM_modes */



  uint16_t TIM_OutputState;   /*!< Specifies the TIM Output Compare state.

                                   This parameter can be a value of @ref TIM_Output_Compare_State */



  uint16_t TIM_OutputNState;  /*!< Specifies the TIM complementary Output Compare state.

                                   This parameter can be a value of @ref TIM_Output_Compare_N_State

                                   @note This parameter is valid only for TIM1 and TIM8. */



  uint32_t TIM_Pulse;         /*!< Specifies the pulse value to be loaded into the Capture Compare Register. 

                                   This parameter can be a number between 0x0000 and 0xFFFF */



  uint16_t TIM_OCPolarity;    /*!< Specifies the output polarity.

                                   This parameter can be a value of @ref TIM_Output_Compare_Polarity */



  uint16_t TIM_OCNPolarity;   /*!< Specifies the complementary output polarity.

                                   This parameter can be a value of @ref TIM_Output_Compare_N_Polarity

                                   @note This parameter is valid only for TIM1 and TIM8. */



  uint16_t TIM_OCIdleState;   /*!< Specifies the TIM Output Compare pin state during Idle state.

                                   This parameter can be a value of @ref TIM_Output_Compare_Idle_State

                                   @note This parameter is valid only for TIM1 and TIM8. */



  uint16_t TIM_OCNIdleState;  /*!< Specifies the TIM Output Compare pin state during Idle state.

                                   This parameter can be a value of @ref TIM_Output_Compare_N_Idle_State

                                   @note This parameter is valid only for TIM1 and TIM8. */

} TIM_OCInitTypeDef;



/** 

  * @brief  TIM Input Capture Init structure definition  

  */



typedef struct

{



  uint16_t TIM_Channel;      /*!< Specifies the TIM channel.

                                  This parameter can be a value of @ref TIM_Channel */



  uint16_t TIM_ICPolarity;   /*!< Specifies the active edge of the input signal.

                                  This parameter can be a value of @ref TIM_Input_Capture_Polarity */



  uint16_t TIM_ICSelection;  /*!< Specifies the input.

                                  This parameter can be a value of @ref TIM_Input_Capture_Selection */



  uint16_t TIM_ICPrescaler;  /*!< Specifies the Input Capture Prescaler.

                                  This parameter can be a value of @ref TIM_Input_Capture_Prescaler */



  uint16_t TIM_ICFilter;     /*!< Specifies the input capture filter.

                                  This parameter can be a number between 0x0 and 0xF */

} TIM_ICInitTypeDef;



/** 

  * @brief  BDTR structure definition 

  * @note   This structure is used only with TIM1 and TIM8.    

  */



typedef struct

{



  uint16_t TIM_OSSRState;        /*!< Specifies the Off-State selection used in Run mode.

                                      This parameter can be a value of @ref TIM_OSSR_Off_State_Selection_for_Run_mode_state */



  uint16_t TIM_OSSIState;        /*!< Specifies the Off-State used in Idle state.

                                      This parameter can be a value of @ref TIM_OSSI_Off_State_Selection_for_Idle_mode_state */



  uint16_t TIM_LOCKLevel;        /*!< Specifies the LOCK level parameters.

                                      This parameter can be a value of @ref TIM_Lock_level */ 



  uint16_t TIM_DeadTime;         /*!< Specifies the delay time between the switching-off and the

                                      switching-on of the outputs.

                                      This parameter can be a number between 0x00 and 0xFF  */



  uint16_t TIM_Break;            /*!< Specifies whether the TIM Break input is enabled or not. 

                                      This parameter can be a value of @ref TIM_Break_Input_enable_disable */



  uint16_t TIM_BreakPolarity;    /*!< Specifies the TIM Break Input pin polarity.

                                      This parameter can be a value of @ref TIM_Break_Polarity */



  uint16_t TIM_AutomaticOutput;  /*!< Specifies whether the TIM Automatic Output feature is enabled or not. 

                                      This parameter can be a value of @ref TIM_AOE_Bit_Set_Reset */

} TIM_BDTRInitTypeDef;



/* Exported constants --------------------------------------------------------*/



/** @defgroup TIM_Exported_constants 

  * @{

  */



#define IS_TIM_ALL_PERIPH(PERIPH) (((PERIPH) == TIM1) || \

                                   ((PERIPH) == TIM2) || \

                                   ((PERIPH) == TIM3) || \

                                   ((PERIPH) == TIM4) || \

                                   ((PERIPH) == TIM5) || \

                                   ((PERIPH) == TIM6) || \

                                   ((PERIPH) == TIM7) || \

                                   ((PERIPH) == TIM8) || \

                                   ((PERIPH) == TIM9) || \

                                   ((PERIPH) == TIM10) || \

                                   ((PERIPH) == TIM11) || \

                                   ((PERIPH) == TIM12) || \

                                   (((PERIPH) == TIM13) || \

                                   ((PERIPH) == TIM14)))

/* LIST1: TIM1, TIM2, TIM3, TIM4, TIM5, TIM8, TIM9, TIM10, TIM11, TIM12, TIM13 and TIM14 */                                         

#define IS_TIM_LIST1_PERIPH(PERIPH) (((PERIPH) == TIM1) || \

                                     ((PERIPH) == TIM2) || \

                                     ((PERIPH) == TIM3) || \

                                     ((PERIPH) == TIM4) || \

                                     ((PERIPH) == TIM5) || \

                                     ((PERIPH) == TIM8) || \

                                     ((PERIPH) == TIM9) || \

                                     ((PERIPH) == TIM10) || \

                                     ((PERIPH) == TIM11) || \

                                     ((PERIPH) == TIM12) || \

                                     ((PERIPH) == TIM13) || \

                                     ((PERIPH) == TIM14))

                                     

/* LIST2: TIM1, TIM2, TIM3, TIM4, TIM5, TIM8, TIM9 and TIM12 */

#define IS_TIM_LIST2_PERIPH(PERIPH) (((PERIPH) == TIM1) || \

                                     ((PERIPH) == TIM2) || \

                                     ((PERIPH) == TIM3) || \

                                     ((PERIPH) == TIM4) || \

                                     ((PERIPH) == TIM5) || \

                                     ((PERIPH) == TIM8) || \

                                     ((PERIPH) == TIM9) || \

                                     ((PERIPH) == TIM12))

/* LIST3: TIM1, TIM2, TIM3, TIM4, TIM5 and TIM8 */

#define IS_TIM_LIST3_PERIPH(PERIPH) (((PERIPH) == TIM1) || \

                                     ((PERIPH) == TIM2) || \

                                     ((PERIPH) == TIM3) || \

                                     ((PERIPH) == TIM4) || \

                                     ((PERIPH) == TIM5) || \

                                     ((PERIPH) == TIM8))

/* LIST4: TIM1 and TIM8 */

#define IS_TIM_LIST4_PERIPH(PERIPH) (((PERIPH) == TIM1) || \

                                     ((PERIPH) == TIM8))

/* LIST5: TIM1, TIM2, TIM3, TIM4, TIM5, TIM6, TIM7 and TIM8 */

#define IS_TIM_LIST5_PERIPH(PERIPH) (((PERIPH) == TIM1) || \

                                     ((PERIPH) == TIM2) || \

                                     ((PERIPH) == TIM3) || \

                                     ((PERIPH) == TIM4) || \

                                     ((PERIPH) == TIM5) || \

                                     ((PERIPH) == TIM6) || \

                                     ((PERIPH) == TIM7) || \

                                     ((PERIPH) == TIM8))

/* LIST6: TIM2, TIM5 and TIM11 */                               

#define IS_TIM_LIST6_PERIPH(TIMx)(((TIMx) == TIM2) || \

                                 ((TIMx) == TIM5) || \

                                 ((TIMx) == TIM11))



/** @defgroup TIM_Output_Compare_and_PWM_modes 

  * @{

  */



#define TIM_OCMode_Timing                  ((uint16_t)0x0000)

#define TIM_OCMode_Active                  ((uint16_t)0x0010)

#define TIM_OCMode_Inactive                ((uint16_t)0x0020)

#define TIM_OCMode_Toggle                  ((uint16_t)0x0030)

#define TIM_OCMode_PWM1                    ((uint16_t)0x0060)

#define TIM_OCMode_PWM2                    ((uint16_t)0x0070)

#define IS_TIM_OC_MODE(MODE) (((MODE) == TIM_OCMode_Timing) || \

                              ((MODE) == TIM_OCMode_Active) || \

                              ((MODE) == TIM_OCMode_Inactive) || \

                              ((MODE) == TIM_OCMode_Toggle)|| \

                              ((MODE) == TIM_OCMode_PWM1) || \

                              ((MODE) == TIM_OCMode_PWM2))

#define IS_TIM_OCM(MODE) (((MODE) == TIM_OCMode_Timing) || \

                          ((MODE) == TIM_OCMode_Active) || \

                          ((MODE) == TIM_OCMode_Inactive) || \

                          ((MODE) == TIM_OCMode_Toggle)|| \

                          ((MODE) == TIM_OCMode_PWM1) || \

                          ((MODE) == TIM_OCMode_PWM2) ||	\

                          ((MODE) == TIM_ForcedAction_Active) || \

                          ((MODE) == TIM_ForcedAction_InActive))

/**

  * @}

  */



/** @defgroup TIM_One_Pulse_Mode 

  * @{

  */



#define TIM_OPMode_Single                  ((uint16_t)0x0008)

#define TIM_OPMode_Repetitive              ((uint16_t)0x0000)

#define IS_TIM_OPM_MODE(MODE) (((MODE) == TIM_OPMode_Single) || \

                               ((MODE) == TIM_OPMode_Repetitive))

/**

  * @}

  */ 



/** @defgroup TIM_Channel 

  * @{

  */



#define TIM_Channel_1                      ((uint16_t)0x0000)

#define TIM_Channel_2                      ((uint16_t)0x0004)

#define TIM_Channel_3                      ((uint16_t)0x0008)

#define TIM_Channel_4                      ((uint16_t)0x000C)

                                 

#define IS_TIM_CHANNEL(CHANNEL) (((CHANNEL) == TIM_Channel_1) || \

                                 ((CHANNEL) == TIM_Channel_2) || \

                                 ((CHANNEL) == TIM_Channel_3) || \

                                 ((CHANNEL) == TIM_Channel_4))

                                 

#define IS_TIM_PWMI_CHANNEL(CHANNEL) (((CHANNEL) == TIM_Channel_1) || \

                                      ((CHANNEL) == TIM_Channel_2))

#define IS_TIM_COMPLEMENTARY_CHANNEL(CHANNEL) (((CHANNEL) == TIM_Channel_1) || \

                                               ((CHANNEL) == TIM_Channel_2) || \

                                               ((CHANNEL) == TIM_Channel_3))

/**

  * @}

  */ 



/** @defgroup TIM_Clock_Division_CKD 

  * @{

  */



#define TIM_CKD_DIV1                       ((uint16_t)0x0000)

#define TIM_CKD_DIV2                       ((uint16_t)0x0100)

#define TIM_CKD_DIV4                       ((uint16_t)0x0200)

#define IS_TIM_CKD_DIV(DIV) (((DIV) == TIM_CKD_DIV1) || \

                             ((DIV) == TIM_CKD_DIV2) || \

                             ((DIV) == TIM_CKD_DIV4))

/**

  * @}

  */



/** @defgroup TIM_Counter_Mode 

  * @{

  */



#define TIM_CounterMode_Up                 ((uint16_t)0x0000)

#define TIM_CounterMode_Down               ((uint16_t)0x0010)

#define TIM_CounterMode_CenterAligned1     ((uint16_t)0x0020)

#define TIM_CounterMode_CenterAligned2     ((uint16_t)0x0040)

#define TIM_CounterMode_CenterAligned3     ((uint16_t)0x0060)

#define IS_TIM_COUNTER_MODE(MODE) (((MODE) == TIM_CounterMode_Up) ||  \

                                   ((MODE) == TIM_CounterMode_Down) || \

                                   ((MODE) == TIM_CounterMode_CenterAligned1) || \

                                   ((MODE) == TIM_CounterMode_CenterAligned2) || \

                                   ((MODE) == TIM_CounterMode_CenterAligned3))

/**

  * @}

  */ 



/** @defgroup TIM_Output_Compare_Polarity 

  * @{

  */



#define TIM_OCPolarity_High                ((uint16_t)0x0000)

#define TIM_OCPolarity_Low                 ((uint16_t)0x0002)

#define IS_TIM_OC_POLARITY(POLARITY) (((POLARITY) == TIM_OCPolarity_High) || \

                                      ((POLARITY) == TIM_OCPolarity_Low))

/**

  * @}

  */



/** @defgroup TIM_Output_Compare_N_Polarity 

  * @{

  */

  

#define TIM_OCNPolarity_High               ((uint16_t)0x0000)

#define TIM_OCNPolarity_Low                ((uint16_t)0x0008)

#define IS_TIM_OCN_POLARITY(POLARITY) (((POLARITY) == TIM_OCNPolarity_High) || \

                                       ((POLARITY) == TIM_OCNPolarity_Low))

/**

  * @}

  */



/** @defgroup TIM_Output_Compare_State 

  * @{

  */



#define TIM_OutputState_Disable            ((uint16_t)0x0000)

#define TIM_OutputState_Enable             ((uint16_t)0x0001)

#define IS_TIM_OUTPUT_STATE(STATE) (((STATE) == TIM_OutputState_Disable) || \

                                    ((STATE) == TIM_OutputState_Enable))

/**

  * @}

  */ 



/** @defgroup TIM_Output_Compare_N_State

  * @{

  */



#define TIM_OutputNState_Disable           ((uint16_t)0x0000)

#define TIM_OutputNState_Enable            ((uint16_t)0x0004)

#define IS_TIM_OUTPUTN_STATE(STATE) (((STATE) == TIM_OutputNState_Disable) || \

                                     ((STATE) == TIM_OutputNState_Enable))

/**

  * @}

  */ 



/** @defgroup TIM_Capture_Compare_State

  * @{

  */



#define TIM_CCx_Enable                      ((uint16_t)0x0001)

#define TIM_CCx_Disable                     ((uint16_t)0x0000)

#define IS_TIM_CCX(CCX) (((CCX) == TIM_CCx_Enable) || \

                         ((CCX) == TIM_CCx_Disable))

/**

  * @}

  */ 



/** @defgroup TIM_Capture_Compare_N_State

  * @{

  */



#define TIM_CCxN_Enable                     ((uint16_t)0x0004)

#define TIM_CCxN_Disable                    ((uint16_t)0x0000)

#define IS_TIM_CCXN(CCXN) (((CCXN) == TIM_CCxN_Enable) || \

                           ((CCXN) == TIM_CCxN_Disable))

/**

  * @}

  */ 



/** @defgroup TIM_Break_Input_enable_disable 

  * @{

  */



#define TIM_Break_Enable                   ((uint16_t)0x1000)

#define TIM_Break_Disable                  ((uint16_t)0x0000)

#define IS_TIM_BREAK_STATE(STATE) (((STATE) == TIM_Break_Enable) || \

                                   ((STATE) == TIM_Break_Disable))

/**

  * @}

  */ 



/** @defgroup TIM_Break_Polarity 

  * @{

  */



#define TIM_BreakPolarity_Low              ((uint16_t)0x0000)

#define TIM_BreakPolarity_High             ((uint16_t)0x2000)

#define IS_TIM_BREAK_POLARITY(POLARITY) (((POLARITY) == TIM_BreakPolarity_Low) || \

                                         ((POLARITY) == TIM_BreakPolarity_High))

/**

  * @}

  */ 



/** @defgroup TIM_AOE_Bit_Set_Reset 

  * @{

  */



#define TIM_AutomaticOutput_Enable         ((uint16_t)0x4000)

#define TIM_AutomaticOutput_Disable        ((uint16_t)0x0000)

#define IS_TIM_AUTOMATIC_OUTPUT_STATE(STATE) (((STATE) == TIM_AutomaticOutput_Enable) || \

                                              ((STATE) == TIM_AutomaticOutput_Disable))

/**

  * @}

  */ 



/** @defgroup TIM_Lock_level

  * @{

  */



#define TIM_LOCKLevel_OFF                  ((uint16_t)0x0000)

#define TIM_LOCKLevel_1                    ((uint16_t)0x0100)

#define TIM_LOCKLevel_2                    ((uint16_t)0x0200)

#define TIM_LOCKLevel_3                    ((uint16_t)0x0300)

#define IS_TIM_LOCK_LEVEL(LEVEL) (((LEVEL) == TIM_LOCKLevel_OFF) || \

                                  ((LEVEL) == TIM_LOCKLevel_1) || \

                                  ((LEVEL) == TIM_LOCKLevel_2) || \

                                  ((LEVEL) == TIM_LOCKLevel_3))

/**

  * @}

  */ 



/** @defgroup TIM_OSSI_Off_State_Selection_for_Idle_mode_state 

  * @{

  */



#define TIM_OSSIState_Enable               ((uint16_t)0x0400)

#define TIM_OSSIState_Disable              ((uint16_t)0x0000)

#define IS_TIM_OSSI_STATE(STATE) (((STATE) == TIM_OSSIState_Enable) || \

                                  ((STATE) == TIM_OSSIState_Disable))

/**

  * @}

  */



/** @defgroup TIM_OSSR_Off_State_Selection_for_Run_mode_state

  * @{

  */



#define TIM_OSSRState_Enable               ((uint16_t)0x0800)

#define TIM_OSSRState_Disable              ((uint16_t)0x0000)

#define IS_TIM_OSSR_STATE(STATE) (((STATE) == TIM_OSSRState_Enable) || \

                                  ((STATE) == TIM_OSSRState_Disable))

/**

  * @}

  */ 



/** @defgroup TIM_Output_Compare_Idle_State 

  * @{

  */



#define TIM_OCIdleState_Set                ((uint16_t)0x0100)

#define TIM_OCIdleState_Reset              ((uint16_t)0x0000)

#define IS_TIM_OCIDLE_STATE(STATE) (((STATE) == TIM_OCIdleState_Set) || \

                                    ((STATE) == TIM_OCIdleState_Reset))

/**

  * @}

  */ 



/** @defgroup TIM_Output_Compare_N_Idle_State 

  * @{

  */



#define TIM_OCNIdleState_Set               ((uint16_t)0x0200)

#define TIM_OCNIdleState_Reset             ((uint16_t)0x0000)

#define IS_TIM_OCNIDLE_STATE(STATE) (((STATE) == TIM_OCNIdleState_Set) || \

                                     ((STATE) == TIM_OCNIdleState_Reset))

/**

  * @}

  */ 



/** @defgroup TIM_Input_Capture_Polarity 

  * @{

  */



#define  TIM_ICPolarity_Rising             ((uint16_t)0x0000)

#define  TIM_ICPolarity_Falling            ((uint16_t)0x0002)

#define  TIM_ICPolarity_BothEdge           ((uint16_t)0x000A)

#define IS_TIM_IC_POLARITY(POLARITY) (((POLARITY) == TIM_ICPolarity_Rising) || \

                                      ((POLARITY) == TIM_ICPolarity_Falling)|| \

                                      ((POLARITY) == TIM_ICPolarity_BothEdge))

/**

  * @}

  */ 



/** @defgroup TIM_Input_Capture_Selection 

  * @{

  */



#define TIM_ICSelection_DirectTI           ((uint16_t)0x0001) /*!< TIM Input 1, 2, 3 or 4 is selected to be 

                                                                   connected to IC1, IC2, IC3 or IC4, respectively */

#define TIM_ICSelection_IndirectTI         ((uint16_t)0x0002) /*!< TIM Input 1, 2, 3 or 4 is selected to be

                                                                   connected to IC2, IC1, IC4 or IC3, respectively. */

#define TIM_ICSelection_TRC                ((uint16_t)0x0003) /*!< TIM Input 1, 2, 3 or 4 is selected to be connected to TRC. */

#define IS_TIM_IC_SELECTION(SELECTION) (((SELECTION) == TIM_ICSelection_DirectTI) || \

                                        ((SELECTION) == TIM_ICSelection_IndirectTI) || \

                                        ((SELECTION) == TIM_ICSelection_TRC))

/**

  * @}

  */ 



/** @defgroup TIM_Input_Capture_Prescaler 

  * @{

  */



#define TIM_ICPSC_DIV1                     ((uint16_t)0x0000) /*!< Capture performed each time an edge is detected on the capture input. */

#define TIM_ICPSC_DIV2                     ((uint16_t)0x0004) /*!< Capture performed once every 2 events. */

#define TIM_ICPSC_DIV4                     ((uint16_t)0x0008) /*!< Capture performed once every 4 events. */

#define TIM_ICPSC_DIV8                     ((uint16_t)0x000C) /*!< Capture performed once every 8 events. */

#define IS_TIM_IC_PRESCALER(PRESCALER) (((PRESCALER) == TIM_ICPSC_DIV1) || \

                                        ((PRESCALER) == TIM_ICPSC_DIV2) || \

                                        ((PRESCALER) == TIM_ICPSC_DIV4) || \

                                        ((PRESCALER) == TIM_ICPSC_DIV8))

/**

  * @}

  */ 



/** @defgroup TIM_interrupt_sources 

  * @{

  */



#define TIM_IT_Update                      ((uint16_t)0x0001)

#define TIM_IT_CC1                         ((uint16_t)0x0002)

#define TIM_IT_CC2                         ((uint16_t)0x0004)

#define TIM_IT_CC3                         ((uint16_t)0x0008)

#define TIM_IT_CC4                         ((uint16_t)0x0010)

#define TIM_IT_COM                         ((uint16_t)0x0020)

#define TIM_IT_Trigger                     ((uint16_t)0x0040)

#define TIM_IT_Break                       ((uint16_t)0x0080)

#define IS_TIM_IT(IT) ((((IT) & (uint16_t)0xFF00) == 0x0000) && ((IT) != 0x0000))



#define IS_TIM_GET_IT(IT) (((IT) == TIM_IT_Update) || \

                           ((IT) == TIM_IT_CC1) || \

                           ((IT) == TIM_IT_CC2) || \

                           ((IT) == TIM_IT_CC3) || \

                           ((IT) == TIM_IT_CC4) || \

                           ((IT) == TIM_IT_COM) || \

                           ((IT) == TIM_IT_Trigger) || \

                           ((IT) == TIM_IT_Break))

/**

  * @}

  */ 



/** @defgroup TIM_DMA_Base_address 

  * @{

  */



#define TIM_DMABase_CR1                    ((uint16_t)0x0000)

#define TIM_DMABase_CR2                    ((uint16_t)0x0001)

#define TIM_DMABase_SMCR                   ((uint16_t)0x0002)

#define TIM_DMABase_DIER                   ((uint16_t)0x0003)

#define TIM_DMABase_SR                     ((uint16_t)0x0004)

#define TIM_DMABase_EGR                    ((uint16_t)0x0005)

#define TIM_DMABase_CCMR1                  ((uint16_t)0x0006)

#define TIM_DMABase_CCMR2                  ((uint16_t)0x0007)

#define TIM_DMABase_CCER                   ((uint16_t)0x0008)

#define TIM_DMABase_CNT                    ((uint16_t)0x0009)

#define TIM_DMABase_PSC                    ((uint16_t)0x000A)

#define TIM_DMABase_ARR                    ((uint16_t)0x000B)

#define TIM_DMABase_RCR                    ((uint16_t)0x000C)

#define TIM_DMABase_CCR1                   ((uint16_t)0x000D)

#define TIM_DMABase_CCR2                   ((uint16_t)0x000E)

#define TIM_DMABase_CCR3                   ((uint16_t)0x000F)

#define TIM_DMABase_CCR4                   ((uint16_t)0x0010)

#define TIM_DMABase_BDTR                   ((uint16_t)0x0011)

#define TIM_DMABase_DCR                    ((uint16_t)0x0012)

#define TIM_DMABase_OR                     ((uint16_t)0x0013)

#define IS_TIM_DMA_BASE(BASE) (((BASE) == TIM_DMABase_CR1) || \

                               ((BASE) == TIM_DMABase_CR2) || \

                               ((BASE) == TIM_DMABase_SMCR) || \

                               ((BASE) == TIM_DMABase_DIER) || \

                               ((BASE) == TIM_DMABase_SR) || \

                               ((BASE) == TIM_DMABase_EGR) || \

                               ((BASE) == TIM_DMABase_CCMR1) || \

                               ((BASE) == TIM_DMABase_CCMR2) || \

                               ((BASE) == TIM_DMABase_CCER) || \

                               ((BASE) == TIM_DMABase_CNT) || \

                               ((BASE) == TIM_DMABase_PSC) || \

                               ((BASE) == TIM_DMABase_ARR) || \

                               ((BASE) == TIM_DMABase_RCR) || \

                               ((BASE) == TIM_DMABase_CCR1) || \

                               ((BASE) == TIM_DMABase_CCR2) || \

                               ((BASE) == TIM_DMABase_CCR3) || \

                               ((BASE) == TIM_DMABase_CCR4) || \

                               ((BASE) == TIM_DMABase_BDTR) || \

                               ((BASE) == TIM_DMABase_DCR) || \

                               ((BASE) == TIM_DMABase_OR))                     

/**

  * @}

  */ 



/** @defgroup TIM_DMA_Burst_Length 

  * @{

  */



#define TIM_DMABurstLength_1Transfer           ((uint16_t)0x0000)

#define TIM_DMABurstLength_2Transfers          ((uint16_t)0x0100)

#define TIM_DMABurstLength_3Transfers          ((uint16_t)0x0200)

#define TIM_DMABurstLength_4Transfers          ((uint16_t)0x0300)

#define TIM_DMABurstLength_5Transfers          ((uint16_t)0x0400)

#define TIM_DMABurstLength_6Transfers          ((uint16_t)0x0500)

#define TIM_DMABurstLength_7Transfers          ((uint16_t)0x0600)

#define TIM_DMABurstLength_8Transfers          ((uint16_t)0x0700)

#define TIM_DMABurstLength_9Transfers          ((uint16_t)0x0800)

#define TIM_DMABurstLength_10Transfers         ((uint16_t)0x0900)

#define TIM_DMABurstLength_11Transfers         ((uint16_t)0x0A00)

#define TIM_DMABurstLength_12Transfers         ((uint16_t)0x0B00)

#define TIM_DMABurstLength_13Transfers         ((uint16_t)0x0C00)

#define TIM_DMABurstLength_14Transfers         ((uint16_t)0x0D00)

#define TIM_DMABurstLength_15Transfers         ((uint16_t)0x0E00)

#define TIM_DMABurstLength_16Transfers         ((uint16_t)0x0F00)

#define TIM_DMABurstLength_17Transfers         ((uint16_t)0x1000)

#define TIM_DMABurstLength_18Transfers         ((uint16_t)0x1100)

#define IS_TIM_DMA_LENGTH(LENGTH) (((LENGTH) == TIM_DMABurstLength_1Transfer) || \

                                   ((LENGTH) == TIM_DMABurstLength_2Transfers) || \

                                   ((LENGTH) == TIM_DMABurstLength_3Transfers) || \

                                   ((LENGTH) == TIM_DMABurstLength_4Transfers) || \

                                   ((LENGTH) == TIM_DMABurstLength_5Transfers) || \

                                   ((LENGTH) == TIM_DMABurstLength_6Transfers) || \

                                   ((LENGTH) == TIM_DMABurstLength_7Transfers) || \

                                   ((LENGTH) == TIM_DMABurstLength_8Transfers) || \

                                   ((LENGTH) == TIM_DMABurstLength_9Transfers) || \

                                   ((LENGTH) == TIM_DMABurstLength_10Transfers) || \

                                   ((LENGTH) == TIM_DMABurstLength_11Transfers) || \

                                   ((LENGTH) == TIM_DMABurstLength_12Transfers) || \

                                   ((LENGTH) == TIM_DMABurstLength_13Transfers) || \

                                   ((LENGTH) == TIM_DMABurstLength_14Transfers) || \

                                   ((LENGTH) == TIM_DMABurstLength_15Transfers) || \

                                   ((LENGTH) == TIM_DMABurstLength_16Transfers) || \

                                   ((LENGTH) == TIM_DMABurstLength_17Transfers) || \

                                   ((LENGTH) == TIM_DMABurstLength_18Transfers))

/**

  * @}

  */ 



/** @defgroup TIM_DMA_sources 

  * @{

  */



#define TIM_DMA_Update                     ((uint16_t)0x0100)

#define TIM_DMA_CC1                        ((uint16_t)0x0200)

#define TIM_DMA_CC2                        ((uint16_t)0x0400)

#define TIM_DMA_CC3                        ((uint16_t)0x0800)

#define TIM_DMA_CC4                        ((uint16_t)0x1000)

#define TIM_DMA_COM                        ((uint16_t)0x2000)

#define TIM_DMA_Trigger                    ((uint16_t)0x4000)

#define IS_TIM_DMA_SOURCE(SOURCE) ((((SOURCE) & (uint16_t)0x80FF) == 0x0000) && ((SOURCE) != 0x0000))



/**

  * @}

  */ 



/** @defgroup TIM_External_Trigger_Prescaler 

  * @{

  */



#define TIM_ExtTRGPSC_OFF                  ((uint16_t)0x0000)

#define TIM_ExtTRGPSC_DIV2                 ((uint16_t)0x1000)

#define TIM_ExtTRGPSC_DIV4                 ((uint16_t)0x2000)

#define TIM_ExtTRGPSC_DIV8                 ((uint16_t)0x3000)

#define IS_TIM_EXT_PRESCALER(PRESCALER) (((PRESCALER) == TIM_ExtTRGPSC_OFF) || \

                                         ((PRESCALER) == TIM_ExtTRGPSC_DIV2) || \

                                         ((PRESCALER) == TIM_ExtTRGPSC_DIV4) || \

                                         ((PRESCALER) == TIM_ExtTRGPSC_DIV8))

/**

  * @}

  */ 



/** @defgroup TIM_Internal_Trigger_Selection 

  * @{

  */



#define TIM_TS_ITR0                        ((uint16_t)0x0000)

#define TIM_TS_ITR1                        ((uint16_t)0x0010)

#define TIM_TS_ITR2                        ((uint16_t)0x0020)

#define TIM_TS_ITR3                        ((uint16_t)0x0030)

#define TIM_TS_TI1F_ED                     ((uint16_t)0x0040)

#define TIM_TS_TI1FP1                      ((uint16_t)0x0050)

#define TIM_TS_TI2FP2                      ((uint16_t)0x0060)

#define TIM_TS_ETRF                        ((uint16_t)0x0070)

#define IS_TIM_TRIGGER_SELECTION(SELECTION) (((SELECTION) == TIM_TS_ITR0) || \

                                             ((SELECTION) == TIM_TS_ITR1) || \

                                             ((SELECTION) == TIM_TS_ITR2) || \

                                             ((SELECTION) == TIM_TS_ITR3) || \

                                             ((SELECTION) == TIM_TS_TI1F_ED) || \

                                             ((SELECTION) == TIM_TS_TI1FP1) || \

                                             ((SELECTION) == TIM_TS_TI2FP2) || \

                                             ((SELECTION) == TIM_TS_ETRF))

#define IS_TIM_INTERNAL_TRIGGER_SELECTION(SELECTION) (((SELECTION) == TIM_TS_ITR0) || \

                                                      ((SELECTION) == TIM_TS_ITR1) || \

                                                      ((SELECTION) == TIM_TS_ITR2) || \

                                                      ((SELECTION) == TIM_TS_ITR3))

/**

  * @}

  */ 



/** @defgroup TIM_TIx_External_Clock_Source 

  * @{

  */



#define TIM_TIxExternalCLK1Source_TI1      ((uint16_t)0x0050)

#define TIM_TIxExternalCLK1Source_TI2      ((uint16_t)0x0060)

#define TIM_TIxExternalCLK1Source_TI1ED    ((uint16_t)0x0040)



/**

  * @}

  */ 



/** @defgroup TIM_External_Trigger_Polarity 

  * @{

  */ 

#define TIM_ExtTRGPolarity_Inverted        ((uint16_t)0x8000)

#define TIM_ExtTRGPolarity_NonInverted     ((uint16_t)0x0000)

#define IS_TIM_EXT_POLARITY(POLARITY) (((POLARITY) == TIM_ExtTRGPolarity_Inverted) || \

                                       ((POLARITY) == TIM_ExtTRGPolarity_NonInverted))

/**

  * @}

  */



/** @defgroup TIM_Prescaler_Reload_Mode 

  * @{

  */



#define TIM_PSCReloadMode_Update           ((uint16_t)0x0000)

#define TIM_PSCReloadMode_Immediate        ((uint16_t)0x0001)

#define IS_TIM_PRESCALER_RELOAD(RELOAD) (((RELOAD) == TIM_PSCReloadMode_Update) || \

                                         ((RELOAD) == TIM_PSCReloadMode_Immediate))

/**

  * @}

  */ 



/** @defgroup TIM_Forced_Action 

  * @{

  */



#define TIM_ForcedAction_Active            ((uint16_t)0x0050)

#define TIM_ForcedAction_InActive          ((uint16_t)0x0040)

#define IS_TIM_FORCED_ACTION(ACTION) (((ACTION) == TIM_ForcedAction_Active) || \

                                      ((ACTION) == TIM_ForcedAction_InActive))

/**

  * @}

  */ 



/** @defgroup TIM_Encoder_Mode 

  * @{

  */



#define TIM_EncoderMode_TI1                ((uint16_t)0x0001)

#define TIM_EncoderMode_TI2                ((uint16_t)0x0002)

#define TIM_EncoderMode_TI12               ((uint16_t)0x0003)

#define IS_TIM_ENCODER_MODE(MODE) (((MODE) == TIM_EncoderMode_TI1) || \

                                   ((MODE) == TIM_EncoderMode_TI2) || \

                                   ((MODE) == TIM_EncoderMode_TI12))

/**

  * @}

  */ 





/** @defgroup TIM_Event_Source 

  * @{

  */



#define TIM_EventSource_Update             ((uint16_t)0x0001)

#define TIM_EventSource_CC1                ((uint16_t)0x0002)

#define TIM_EventSource_CC2                ((uint16_t)0x0004)

#define TIM_EventSource_CC3                ((uint16_t)0x0008)

#define TIM_EventSource_CC4                ((uint16_t)0x0010)

#define TIM_EventSource_COM                ((uint16_t)0x0020)

#define TIM_EventSource_Trigger            ((uint16_t)0x0040)

#define TIM_EventSource_Break              ((uint16_t)0x0080)

#define IS_TIM_EVENT_SOURCE(SOURCE) ((((SOURCE) & (uint16_t)0xFF00) == 0x0000) && ((SOURCE) != 0x0000))                                          

  

/**

  * @}

  */ 



/** @defgroup TIM_Update_Source 

  * @{

  */



#define TIM_UpdateSource_Global            ((uint16_t)0x0000) /*!< Source of update is the counter overflow/underflow

                                                                   or the setting of UG bit, or an update generation

                                                                   through the slave mode controller. */

#define TIM_UpdateSource_Regular           ((uint16_t)0x0001) /*!< Source of update is counter overflow/underflow. */

#define IS_TIM_UPDATE_SOURCE(SOURCE) (((SOURCE) == TIM_UpdateSource_Global) || \

                                      ((SOURCE) == TIM_UpdateSource_Regular))

/**

  * @}

  */ 



/** @defgroup TIM_Output_Compare_Preload_State 

  * @{

  */



#define TIM_OCPreload_Enable               ((uint16_t)0x0008)

#define TIM_OCPreload_Disable              ((uint16_t)0x0000)

#define IS_TIM_OCPRELOAD_STATE(STATE) (((STATE) == TIM_OCPreload_Enable) || \

                                       ((STATE) == TIM_OCPreload_Disable))

/**

  * @}

  */ 



/** @defgroup TIM_Output_Compare_Fast_State 

  * @{

  */



#define TIM_OCFast_Enable                  ((uint16_t)0x0004)

#define TIM_OCFast_Disable                 ((uint16_t)0x0000)

#define IS_TIM_OCFAST_STATE(STATE) (((STATE) == TIM_OCFast_Enable) || \

                                    ((STATE) == TIM_OCFast_Disable))

                                     

/**

  * @}

  */ 



/** @defgroup TIM_Output_Compare_Clear_State 

  * @{

  */



#define TIM_OCClear_Enable                 ((uint16_t)0x0080)

#define TIM_OCClear_Disable                ((uint16_t)0x0000)

#define IS_TIM_OCCLEAR_STATE(STATE) (((STATE) == TIM_OCClear_Enable) || \

                                     ((STATE) == TIM_OCClear_Disable))

/**

  * @}

  */ 



/** @defgroup TIM_Trigger_Output_Source 

  * @{

  */



#define TIM_TRGOSource_Reset               ((uint16_t)0x0000)

#define TIM_TRGOSource_Enable              ((uint16_t)0x0010)

#define TIM_TRGOSource_Update              ((uint16_t)0x0020)

#define TIM_TRGOSource_OC1                 ((uint16_t)0x0030)

#define TIM_TRGOSource_OC1Ref              ((uint16_t)0x0040)

#define TIM_TRGOSource_OC2Ref              ((uint16_t)0x0050)

#define TIM_TRGOSource_OC3Ref              ((uint16_t)0x0060)

#define TIM_TRGOSource_OC4Ref              ((uint16_t)0x0070)

#define IS_TIM_TRGO_SOURCE(SOURCE) (((SOURCE) == TIM_TRGOSource_Reset) || \

                                    ((SOURCE) == TIM_TRGOSource_Enable) || \

                                    ((SOURCE) == TIM_TRGOSource_Update) || \

                                    ((SOURCE) == TIM_TRGOSource_OC1) || \

                                    ((SOURCE) == TIM_TRGOSource_OC1Ref) || \

                                    ((SOURCE) == TIM_TRGOSource_OC2Ref) || \

                                    ((SOURCE) == TIM_TRGOSource_OC3Ref) || \

                                    ((SOURCE) == TIM_TRGOSource_OC4Ref))

/**

  * @}

  */ 



/** @defgroup TIM_Slave_Mode 

  * @{

  */



#define TIM_SlaveMode_Reset                ((uint16_t)0x0004)

#define TIM_SlaveMode_Gated                ((uint16_t)0x0005)

#define TIM_SlaveMode_Trigger              ((uint16_t)0x0006)

#define TIM_SlaveMode_External1            ((uint16_t)0x0007)

#define IS_TIM_SLAVE_MODE(MODE) (((MODE) == TIM_SlaveMode_Reset) || \

                                 ((MODE) == TIM_SlaveMode_Gated) || \

                                 ((MODE) == TIM_SlaveMode_Trigger) || \

                                 ((MODE) == TIM_SlaveMode_External1))

/**

  * @}

  */ 



/** @defgroup TIM_Master_Slave_Mode 

  * @{

  */



#define TIM_MasterSlaveMode_Enable         ((uint16_t)0x0080)

#define TIM_MasterSlaveMode_Disable        ((uint16_t)0x0000)

#define IS_TIM_MSM_STATE(STATE) (((STATE) == TIM_MasterSlaveMode_Enable) || \

                                 ((STATE) == TIM_MasterSlaveMode_Disable))

/**

  * @}

  */ 

/** @defgroup TIM_Remap 

  * @{

  */



#define TIM2_TIM8_TRGO                     ((uint16_t)0x0000)

#define TIM2_ETH_PTP                       ((uint16_t)0x0400)

#define TIM2_USBFS_SOF                     ((uint16_t)0x0800)

#define TIM2_USBHS_SOF                     ((uint16_t)0x0C00)



#define TIM5_GPIO                          ((uint16_t)0x0000)

#define TIM5_LSI                           ((uint16_t)0x0040)

#define TIM5_LSE                           ((uint16_t)0x0080)

#define TIM5_RTC                           ((uint16_t)0x00C0)



#define TIM11_GPIO                         ((uint16_t)0x0000)

#define TIM11_HSE                          ((uint16_t)0x0002)



#define IS_TIM_REMAP(TIM_REMAP)	 (((TIM_REMAP) == TIM2_TIM8_TRGO)||\

                                  ((TIM_REMAP) == TIM2_ETH_PTP)||\

                                  ((TIM_REMAP) == TIM2_USBFS_SOF)||\

                                  ((TIM_REMAP) == TIM2_USBHS_SOF)||\

                                  ((TIM_REMAP) == TIM5_GPIO)||\

                                  ((TIM_REMAP) == TIM5_LSI)||\

                                  ((TIM_REMAP) == TIM5_LSE)||\

                                  ((TIM_REMAP) == TIM5_RTC)||\

                                  ((TIM_REMAP) == TIM11_GPIO)||\

                                  ((TIM_REMAP) == TIM11_HSE))



/**

  * @}

  */ 

/** @defgroup TIM_Flags 

  * @{

  */



#define TIM_FLAG_Update                    ((uint16_t)0x0001)

#define TIM_FLAG_CC1                       ((uint16_t)0x0002)

#define TIM_FLAG_CC2                       ((uint16_t)0x0004)

#define TIM_FLAG_CC3                       ((uint16_t)0x0008)

#define TIM_FLAG_CC4                       ((uint16_t)0x0010)

#define TIM_FLAG_COM                       ((uint16_t)0x0020)

#define TIM_FLAG_Trigger                   ((uint16_t)0x0040)

#define TIM_FLAG_Break                     ((uint16_t)0x0080)

#define TIM_FLAG_CC1OF                     ((uint16_t)0x0200)

#define TIM_FLAG_CC2OF                     ((uint16_t)0x0400)

#define TIM_FLAG_CC3OF                     ((uint16_t)0x0800)

#define TIM_FLAG_CC4OF                     ((uint16_t)0x1000)

#define IS_TIM_GET_FLAG(FLAG) (((FLAG) == TIM_FLAG_Update) || \

                               ((FLAG) == TIM_FLAG_CC1) || \

                               ((FLAG) == TIM_FLAG_CC2) || \

                               ((FLAG) == TIM_FLAG_CC3) || \

                               ((FLAG) == TIM_FLAG_CC4) || \

                               ((FLAG) == TIM_FLAG_COM) || \

                               ((FLAG) == TIM_FLAG_Trigger) || \

                               ((FLAG) == TIM_FLAG_Break) || \

                               ((FLAG) == TIM_FLAG_CC1OF) || \

                               ((FLAG) == TIM_FLAG_CC2OF) || \

                               ((FLAG) == TIM_FLAG_CC3OF) || \

                               ((FLAG) == TIM_FLAG_CC4OF))



/**

  * @}

  */ 



/** @defgroup TIM_Input_Capture_Filer_Value 

  * @{

  */



#define IS_TIM_IC_FILTER(ICFILTER) ((ICFILTER) <= 0xF) 

/**

  * @}

  */ 



/** @defgroup TIM_External_Trigger_Filter 

  * @{

  */



#define IS_TIM_EXT_FILTER(EXTFILTER) ((EXTFILTER) <= 0xF)

/**

  * @}

  */ 



/** @defgroup TIM_Legacy 

  * @{

  */



#define TIM_DMABurstLength_1Byte           TIM_DMABurstLength_1Transfer

#define TIM_DMABurstLength_2Bytes          TIM_DMABurstLength_2Transfers

#define TIM_DMABurstLength_3Bytes          TIM_DMABurstLength_3Transfers

#define TIM_DMABurstLength_4Bytes          TIM_DMABurstLength_4Transfers

#define TIM_DMABurstLength_5Bytes          TIM_DMABurstLength_5Transfers

#define TIM_DMABurstLength_6Bytes          TIM_DMABurstLength_6Transfers

#define TIM_DMABurstLength_7Bytes          TIM_DMABurstLength_7Transfers

#define TIM_DMABurstLength_8Bytes          TIM_DMABurstLength_8Transfers

#define TIM_DMABurstLength_9Bytes          TIM_DMABurstLength_9Transfers

#define TIM_DMABurstLength_10Bytes         TIM_DMABurstLength_10Transfers

#define TIM_DMABurstLength_11Bytes         TIM_DMABurstLength_11Transfers

#define TIM_DMABurstLength_12Bytes         TIM_DMABurstLength_12Transfers

#define TIM_DMABurstLength_13Bytes         TIM_DMABurstLength_13Transfers

#define TIM_DMABurstLength_14Bytes         TIM_DMABurstLength_14Transfers

#define TIM_DMABurstLength_15Bytes         TIM_DMABurstLength_15Transfers

#define TIM_DMABurstLength_16Bytes         TIM_DMABurstLength_16Transfers

#define TIM_DMABurstLength_17Bytes         TIM_DMABurstLength_17Transfers

#define TIM_DMABurstLength_18Bytes         TIM_DMABurstLength_18Transfers

/**

  * @}

  */



/**

  * @}

  */



/* Exported macro ------------------------------------------------------------*/

/* Exported functions --------------------------------------------------------*/ 



/* TimeBase management ********************************************************/

void TIM_DeInit(TIM_TypeDef* TIMx);

void TIM_TimeBaseInit(TIM_TypeDef* TIMx, TIM_TimeBaseInitTypeDef* TIM_TimeBaseInitStruct);

void TIM_TimeBaseStructInit(TIM_TimeBaseInitTypeDef* TIM_TimeBaseInitStruct);

void TIM_PrescalerConfig(TIM_TypeDef* TIMx, uint16_t Prescaler, uint16_t TIM_PSCReloadMode);

void TIM_CounterModeConfig(TIM_TypeDef* TIMx, uint16_t TIM_CounterMode);

void TIM_SetCounter(TIM_TypeDef* TIMx, uint32_t Counter);

void TIM_SetAutoreload(TIM_TypeDef* TIMx, uint32_t Autoreload);

uint32_t TIM_GetCounter(TIM_TypeDef* TIMx);

uint16_t TIM_GetPrescaler(TIM_TypeDef* TIMx);

void TIM_UpdateDisableConfig(TIM_TypeDef* TIMx, FunctionalState NewState);

void TIM_UpdateRequestConfig(TIM_TypeDef* TIMx, uint16_t TIM_UpdateSource);

void TIM_ARRPreloadConfig(TIM_TypeDef* TIMx, FunctionalState NewState);

void TIM_SelectOnePulseMode(TIM_TypeDef* TIMx, uint16_t TIM_OPMode);

void TIM_SetClockDivision(TIM_TypeDef* TIMx, uint16_t TIM_CKD);

void TIM_Cmd(TIM_TypeDef* TIMx, FunctionalState NewState);



/* Output Compare management **************************************************/

void TIM_OC1Init(TIM_TypeDef* TIMx, TIM_OCInitTypeDef* TIM_OCInitStruct);

void TIM_OC2Init(TIM_TypeDef* TIMx, TIM_OCInitTypeDef* TIM_OCInitStruct);

void TIM_OC3Init(TIM_TypeDef* TIMx, TIM_OCInitTypeDef* TIM_OCInitStruct);

void TIM_OC4Init(TIM_TypeDef* TIMx, TIM_OCInitTypeDef* TIM_OCInitStruct);

void TIM_OCStructInit(TIM_OCInitTypeDef* TIM_OCInitStruct);

void TIM_SelectOCxM(TIM_TypeDef* TIMx, uint16_t TIM_Channel, uint16_t TIM_OCMode);

void TIM_SetCompare1(TIM_TypeDef* TIMx, uint32_t Compare1);

void TIM_SetCompare2(TIM_TypeDef* TIMx, uint32_t Compare2);

void TIM_SetCompare3(TIM_TypeDef* TIMx, uint32_t Compare3);

void TIM_SetCompare4(TIM_TypeDef* TIMx, uint32_t Compare4);

void TIM_ForcedOC1Config(TIM_TypeDef* TIMx, uint16_t TIM_ForcedAction);

void TIM_ForcedOC2Config(TIM_TypeDef* TIMx, uint16_t TIM_ForcedAction);

void TIM_ForcedOC3Config(TIM_TypeDef* TIMx, uint16_t TIM_ForcedAction);

void TIM_ForcedOC4Config(TIM_TypeDef* TIMx, uint16_t TIM_ForcedAction);

void TIM_OC1PreloadConfig(TIM_TypeDef* TIMx, uint16_t TIM_OCPreload);

void TIM_OC2PreloadConfig(TIM_TypeDef* TIMx, uint16_t TIM_OCPreload);

void TIM_OC3PreloadConfig(TIM_TypeDef* TIMx, uint16_t TIM_OCPreload);

void TIM_OC4PreloadConfig(TIM_TypeDef* TIMx, uint16_t TIM_OCPreload);

void TIM_OC1FastConfig(TIM_TypeDef* TIMx, uint16_t TIM_OCFast);

void TIM_OC2FastConfig(TIM_TypeDef* TIMx, uint16_t TIM_OCFast);

void TIM_OC3FastConfig(TIM_TypeDef* TIMx, uint16_t TIM_OCFast);

void TIM_OC4FastConfig(TIM_TypeDef* TIMx, uint16_t TIM_OCFast);

void TIM_ClearOC1Ref(TIM_TypeDef* TIMx, uint16_t TIM_OCClear);

void TIM_ClearOC2Ref(TIM_TypeDef* TIMx, uint16_t TIM_OCClear);

void TIM_ClearOC3Ref(TIM_TypeDef* TIMx, uint16_t TIM_OCClear);

void TIM_ClearOC4Ref(TIM_TypeDef* TIMx, uint16_t TIM_OCClear);

void TIM_OC1PolarityConfig(TIM_TypeDef* TIMx, uint16_t TIM_OCPolarity);

void TIM_OC1NPolarityConfig(TIM_TypeDef* TIMx, uint16_t TIM_OCNPolarity);

void TIM_OC2PolarityConfig(TIM_TypeDef* TIMx, uint16_t TIM_OCPolarity);

void TIM_OC2NPolarityConfig(TIM_TypeDef* TIMx, uint16_t TIM_OCNPolarity);

void TIM_OC3PolarityConfig(TIM_TypeDef* TIMx, uint16_t TIM_OCPolarity);

void TIM_OC3NPolarityConfig(TIM_TypeDef* TIMx, uint16_t TIM_OCNPolarity);

void TIM_OC4PolarityConfig(TIM_TypeDef* TIMx, uint16_t TIM_OCPolarity);

void TIM_CCxCmd(TIM_TypeDef* TIMx, uint16_t TIM_Channel, uint16_t TIM_CCx);

void TIM_CCxNCmd(TIM_TypeDef* TIMx, uint16_t TIM_Channel, uint16_t TIM_CCxN);



/* Input Capture management ***************************************************/

void TIM_ICInit(TIM_TypeDef* TIMx, TIM_ICInitTypeDef* TIM_ICInitStruct);

void TIM_ICStructInit(TIM_ICInitTypeDef* TIM_ICInitStruct);

void TIM_PWMIConfig(TIM_TypeDef* TIMx, TIM_ICInitTypeDef* TIM_ICInitStruct);

uint32_t TIM_GetCapture1(TIM_TypeDef* TIMx);

uint32_t TIM_GetCapture2(TIM_TypeDef* TIMx);

uint32_t TIM_GetCapture3(TIM_TypeDef* TIMx);

uint32_t TIM_GetCapture4(TIM_TypeDef* TIMx);

void TIM_SetIC1Prescaler(TIM_TypeDef* TIMx, uint16_t TIM_ICPSC);

void TIM_SetIC2Prescaler(TIM_TypeDef* TIMx, uint16_t TIM_ICPSC);

void TIM_SetIC3Prescaler(TIM_TypeDef* TIMx, uint16_t TIM_ICPSC);

void TIM_SetIC4Prescaler(TIM_TypeDef* TIMx, uint16_t TIM_ICPSC);



/* Advanced-control timers (TIM1 and TIM8) specific features ******************/

void TIM_BDTRConfig(TIM_TypeDef* TIMx, TIM_BDTRInitTypeDef *TIM_BDTRInitStruct);

void TIM_BDTRStructInit(TIM_BDTRInitTypeDef* TIM_BDTRInitStruct);

void TIM_CtrlPWMOutputs(TIM_TypeDef* TIMx, FunctionalState NewState);

void TIM_SelectCOM(TIM_TypeDef* TIMx, FunctionalState NewState);

void TIM_CCPreloadControl(TIM_TypeDef* TIMx, FunctionalState NewState);



/* Interrupts, DMA and flags management ***************************************/

void TIM_ITConfig(TIM_TypeDef* TIMx, uint16_t TIM_IT, FunctionalState NewState);

void TIM_GenerateEvent(TIM_TypeDef* TIMx, uint16_t TIM_EventSource);

FlagStatus TIM_GetFlagStatus(TIM_TypeDef* TIMx, uint16_t TIM_FLAG);

void TIM_ClearFlag(TIM_TypeDef* TIMx, uint16_t TIM_FLAG);

ITStatus TIM_GetITStatus(TIM_TypeDef* TIMx, uint16_t TIM_IT);

void TIM_ClearITPendingBit(TIM_TypeDef* TIMx, uint16_t TIM_IT);

void TIM_DMAConfig(TIM_TypeDef* TIMx, uint16_t TIM_DMABase, uint16_t TIM_DMABurstLength);

void TIM_DMACmd(TIM_TypeDef* TIMx, uint16_t TIM_DMASource, FunctionalState NewState);

void TIM_SelectCCDMA(TIM_TypeDef* TIMx, FunctionalState NewState);



/* Clocks management **********************************************************/

void TIM_InternalClockConfig(TIM_TypeDef* TIMx);

void TIM_ITRxExternalClockConfig(TIM_TypeDef* TIMx, uint16_t TIM_InputTriggerSource);

void TIM_TIxExternalClockConfig(TIM_TypeDef* TIMx, uint16_t TIM_TIxExternalCLKSource,

                                uint16_t TIM_ICPolarity, uint16_t ICFilter);

void TIM_ETRClockMode1Config(TIM_TypeDef* TIMx, uint16_t TIM_ExtTRGPrescaler, uint16_t TIM_ExtTRGPolarity,

                             uint16_t ExtTRGFilter);

void TIM_ETRClockMode2Config(TIM_TypeDef* TIMx, uint16_t TIM_ExtTRGPrescaler, 

                             uint16_t TIM_ExtTRGPolarity, uint16_t ExtTRGFilter);



/* Synchronization management *************************************************/

void TIM_SelectInputTrigger(TIM_TypeDef* TIMx, uint16_t TIM_InputTriggerSource);

void TIM_SelectOutputTrigger(TIM_TypeDef* TIMx, uint16_t TIM_TRGOSource);

void TIM_SelectSlaveMode(TIM_TypeDef* TIMx, uint16_t TIM_SlaveMode);

void TIM_SelectMasterSlaveMode(TIM_TypeDef* TIMx, uint16_t TIM_MasterSlaveMode);

void TIM_ETRConfig(TIM_TypeDef* TIMx, uint16_t TIM_ExtTRGPrescaler, uint16_t TIM_ExtTRGPolarity,

                   uint16_t ExtTRGFilter);



/* Specific interface management **********************************************/   

void TIM_EncoderInterfaceConfig(TIM_TypeDef* TIMx, uint16_t TIM_EncoderMode,

                                uint16_t TIM_IC1Polarity, uint16_t TIM_IC2Polarity);

void TIM_SelectHallSensor(TIM_TypeDef* TIMx, FunctionalState NewState);



/* Specific remapping management **********************************************/

void TIM_RemapConfig(TIM_TypeDef* TIMx, uint16_t TIM_Remap);



#ifdef __cplusplus

}

#endif



#endif /*__STM32F4xx_TIM_H */



/**

  * @}

  */ 



/**

  * @}

  */



/******************* (C) COPYRIGHT 2011 STMicroelectronics *****END OF FILE****/








Viz/cmsis_lib/source/misc.c

/**

  ******************************************************************************

  * @file    misc.c

  * @author  MCD Application Team

  * @version V1.0.0

  * @date    30-September-2011

  * @brief   This file provides all the miscellaneous firmware functions (add-on

  *          to CMSIS functions).

  *          

  *  @verbatim   

  *                               

  *          ===================================================================      

  *                        How to configure Interrupts using driver 

  *          ===================================================================      

  * 

  *            This section provide functions allowing to configure the NVIC interrupts (IRQ).

  *            The Cortex-M4 exceptions are managed by CMSIS functions.

  *

  *            1. Configure the NVIC Priority Grouping using NVIC_PriorityGroupConfig()

  *                function according to the following table.

 

  *  The table below gives the allowed values of the pre-emption priority and subpriority according

  *  to the Priority Grouping configuration performed by NVIC_PriorityGroupConfig function

  *    ==========================================================================================================================

  *      NVIC_PriorityGroup   | NVIC_IRQChannelPreemptionPriority | NVIC_IRQChannelSubPriority  |       Description

  *    ==========================================================================================================================

  *     NVIC_PriorityGroup_0  |                0                  |            0-15             | 0 bits for pre-emption priority

  *                           |                                   |                             | 4 bits for subpriority

  *    --------------------------------------------------------------------------------------------------------------------------

  *     NVIC_PriorityGroup_1  |                0-1                |            0-7              | 1 bits for pre-emption priority

  *                           |                                   |                             | 3 bits for subpriority

  *    --------------------------------------------------------------------------------------------------------------------------    

  *     NVIC_PriorityGroup_2  |                0-3                |            0-3              | 2 bits for pre-emption priority

  *                           |                                   |                             | 2 bits for subpriority

  *    --------------------------------------------------------------------------------------------------------------------------    

  *     NVIC_PriorityGroup_3  |                0-7                |            0-1              | 3 bits for pre-emption priority

  *                           |                                   |                             | 1 bits for subpriority

  *    --------------------------------------------------------------------------------------------------------------------------    

  *     NVIC_PriorityGroup_4  |                0-15               |            0                | 4 bits for pre-emption priority

  *                           |                                   |                             | 0 bits for subpriority                       

  *    ==========================================================================================================================     

  *

  *            2. Enable and Configure the priority of the selected IRQ Channels using NVIC_Init()  

  *

  * @note  When the NVIC_PriorityGroup_0 is selected, IRQ pre-emption is no more possible. 

  *        The pending IRQ priority will be managed only by the subpriority.

  *

  * @note  IRQ priority order (sorted by highest to lowest priority):

  *         - Lowest pre-emption priority

  *         - Lowest subpriority

  *         - Lowest hardware priority (IRQ number)

  *

  *  @endverbatim

  *

  ******************************************************************************

  * @attention

  *

  * THE PRESENT FIRMWARE WHICH IS FOR GUIDANCE ONLY AIMS AT PROVIDING CUSTOMERS

  * WITH CODING INFORMATION REGARDING THEIR PRODUCTS IN ORDER FOR THEM TO SAVE

  * TIME. AS A RESULT, STMICROELECTRONICS SHALL NOT BE HELD LIABLE FOR ANY

  * DIRECT, INDIRECT OR CONSEQUENTIAL DAMAGES WITH RESPECT TO ANY CLAIMS ARISING

  * FROM THE CONTENT OF SUCH FIRMWARE AND/OR THE USE MADE BY CUSTOMERS OF THE

  * CODING INFORMATION CONTAINED HEREIN IN CONNECTION WITH THEIR PRODUCTS.

  *

  * <h2><center>&copy; COPYRIGHT 2011 STMicroelectronics</center></h2>

  ******************************************************************************

  */



/* Includes ------------------------------------------------------------------*/

#include "misc.h"



/** @addtogroup STM32F4xx_StdPeriph_Driver

  * @{

  */



/** @defgroup MISC 

  * @brief MISC driver modules

  * @{

  */



/* Private typedef -----------------------------------------------------------*/

/* Private define ------------------------------------------------------------*/

#define AIRCR_VECTKEY_MASK    ((uint32_t)0x05FA0000)



/* Private macro -------------------------------------------------------------*/

/* Private variables ---------------------------------------------------------*/

/* Private function prototypes -----------------------------------------------*/

/* Private functions ---------------------------------------------------------*/



/** @defgroup MISC_Private_Functions

  * @{

  */



/**

  * @brief  Configures the priority grouping: pre-emption priority and subpriority.

  * @param  NVIC_PriorityGroup: specifies the priority grouping bits length. 

  *   This parameter can be one of the following values:

  *     @arg NVIC_PriorityGroup_0: 0 bits for pre-emption priority

  *                                4 bits for subpriority

  *     @arg NVIC_PriorityGroup_1: 1 bits for pre-emption priority

  *                                3 bits for subpriority

  *     @arg NVIC_PriorityGroup_2: 2 bits for pre-emption priority

  *                                2 bits for subpriority

  *     @arg NVIC_PriorityGroup_3: 3 bits for pre-emption priority

  *                                1 bits for subpriority

  *     @arg NVIC_PriorityGroup_4: 4 bits for pre-emption priority

  *                                0 bits for subpriority

  * @note   When the NVIC_PriorityGroup_0 is selected, IRQ pre-emption is no more possible. 

  *         The pending IRQ priority will be managed only by the subpriority. 

  * @retval None

  */

void NVIC_PriorityGroupConfig(uint32_t NVIC_PriorityGroup)

{

  /* Check the parameters */

  assert_param(IS_NVIC_PRIORITY_GROUP(NVIC_PriorityGroup));

  

  /* Set the PRIGROUP[10:8] bits according to NVIC_PriorityGroup value */

  SCB->AIRCR = AIRCR_VECTKEY_MASK | NVIC_PriorityGroup;

}



/**

  * @brief  Initializes the NVIC peripheral according to the specified

  *         parameters in the NVIC_InitStruct.

  * @note   To configure interrupts priority correctly, the NVIC_PriorityGroupConfig()

  *         function should be called before. 

  * @param  NVIC_InitStruct: pointer to a NVIC_InitTypeDef structure that contains

  *         the configuration information for the specified NVIC peripheral.

  * @retval None

  */

void NVIC_Init(NVIC_InitTypeDef* NVIC_InitStruct)

{

  uint8_t tmppriority = 0x00, tmppre = 0x00, tmpsub = 0x0F;

  

  /* Check the parameters */

  assert_param(IS_FUNCTIONAL_STATE(NVIC_InitStruct->NVIC_IRQChannelCmd));

  assert_param(IS_NVIC_PREEMPTION_PRIORITY(NVIC_InitStruct->NVIC_IRQChannelPreemptionPriority));  

  assert_param(IS_NVIC_SUB_PRIORITY(NVIC_InitStruct->NVIC_IRQChannelSubPriority));

    

  if (NVIC_InitStruct->NVIC_IRQChannelCmd != DISABLE)

  {

    /* Compute the Corresponding IRQ Priority --------------------------------*/    

    tmppriority = (0x700 - ((SCB->AIRCR) & (uint32_t)0x700))>> 0x08;

    tmppre = (0x4 - tmppriority);

    tmpsub = tmpsub >> tmppriority;



    tmppriority = NVIC_InitStruct->NVIC_IRQChannelPreemptionPriority << tmppre;

    tmppriority |=  (uint8_t)(NVIC_InitStruct->NVIC_IRQChannelSubPriority & tmpsub);

        

    tmppriority = tmppriority << 0x04;

        

    NVIC->IP[NVIC_InitStruct->NVIC_IRQChannel] = tmppriority;

    

    /* Enable the Selected IRQ Channels --------------------------------------*/

    NVIC->ISER[NVIC_InitStruct->NVIC_IRQChannel >> 0x05] =

      (uint32_t)0x01 << (NVIC_InitStruct->NVIC_IRQChannel & (uint8_t)0x1F);

  }

  else

  {

    /* Disable the Selected IRQ Channels -------------------------------------*/

    NVIC->ICER[NVIC_InitStruct->NVIC_IRQChannel >> 0x05] =

      (uint32_t)0x01 << (NVIC_InitStruct->NVIC_IRQChannel & (uint8_t)0x1F);

  }

}



/**

  * @brief  Sets the vector table location and Offset.

  * @param  NVIC_VectTab: specifies if the vector table is in RAM or FLASH memory.

  *   This parameter can be one of the following values:

  *     @arg NVIC_VectTab_RAM: Vector Table in internal SRAM.

  *     @arg NVIC_VectTab_FLASH: Vector Table in internal FLASH.

  * @param  Offset: Vector Table base offset field. This value must be a multiple of 0x200.

  * @retval None

  */

void NVIC_SetVectorTable(uint32_t NVIC_VectTab, uint32_t Offset)

{ 

  /* Check the parameters */

  assert_param(IS_NVIC_VECTTAB(NVIC_VectTab));

  assert_param(IS_NVIC_OFFSET(Offset));  

   

  SCB->VTOR = NVIC_VectTab | (Offset & (uint32_t)0x1FFFFF80);

}



/**

  * @brief  Selects the condition for the system to enter low power mode.

  * @param  LowPowerMode: Specifies the new mode for the system to enter low power mode.

  *   This parameter can be one of the following values:

  *     @arg NVIC_LP_SEVONPEND: Low Power SEV on Pend.

  *     @arg NVIC_LP_SLEEPDEEP: Low Power DEEPSLEEP request.

  *     @arg NVIC_LP_SLEEPONEXIT: Low Power Sleep on Exit.

  * @param  NewState: new state of LP condition. This parameter can be: ENABLE or DISABLE.

  * @retval None

  */

void NVIC_SystemLPConfig(uint8_t LowPowerMode, FunctionalState NewState)

{

  /* Check the parameters */

  assert_param(IS_NVIC_LP(LowPowerMode));

  assert_param(IS_FUNCTIONAL_STATE(NewState));  

  

  if (NewState != DISABLE)

  {

    SCB->SCR |= LowPowerMode;

  }

  else

  {

    SCB->SCR &= (uint32_t)(~(uint32_t)LowPowerMode);

  }

}



/**

  * @brief  Configures the SysTick clock source.

  * @param  SysTick_CLKSource: specifies the SysTick clock source.

  *   This parameter can be one of the following values:

  *     @arg SysTick_CLKSource_HCLK_Div8: AHB clock divided by 8 selected as SysTick clock source.

  *     @arg SysTick_CLKSource_HCLK: AHB clock selected as SysTick clock source.

  * @retval None

  */

void SysTick_CLKSourceConfig(uint32_t SysTick_CLKSource)

{

  /* Check the parameters */

  assert_param(IS_SYSTICK_CLK_SOURCE(SysTick_CLKSource));

  if (SysTick_CLKSource == SysTick_CLKSource_HCLK)

  {

    SysTick->CTRL |= SysTick_CLKSource_HCLK;

  }

  else

  {

    SysTick->CTRL &= SysTick_CLKSource_HCLK_Div8;

  }

}



/**

  * @}

  */



/**

  * @}

  */



/**

  * @}

  */



/******************* (C) COPYRIGHT 2011 STMicroelectronics *****END OF FILE****/








Viz/cmsis_lib/source/stm32f4xx_adc.c

/**

  ******************************************************************************

  * @file    stm32f4xx_adc.c

  * @author  MCD Application Team

  * @version V1.0.0

  * @date    30-September-2011

  * @brief   This file provides firmware functions to manage the following 

  *          functionalities of the Analog to Digital Convertor (ADC) peripheral:

  *           - Initialization and Configuration (in addition to ADC multi mode 

  *             selection)

  *           - Analog Watchdog configuration

  *           - Temperature Sensor & Vrefint (Voltage Reference internal) & VBAT

  *             management 

  *           - Regular Channels Configuration

  *           - Regular Channels DMA Configuration

  *           - Injected channels Configuration

  *           - Interrupts and flags management

  *         

  *  @verbatim

  *

  *          ===================================================================

  *                                   How to use this driver

  *          ===================================================================



  *          1.  Enable the ADC interface clock using 

  *                  RCC_APB2PeriphClockCmd(RCC_APB2Periph_ADCx, ENABLE); 

  *     

  *          2. ADC pins configuration

  *               - Enable the clock for the ADC GPIOs using the following function:

  *                   RCC_AHB1PeriphClockCmd(RCC_AHB1Periph_GPIOx, ENABLE);   

  *                - Configure these ADC pins in analog mode using GPIO_Init();  

  *

  *          3. Configure the ADC Prescaler, conversion resolution and data 

  *              alignment using the ADC_Init() function.

  *          4. Activate the ADC peripheral using ADC_Cmd() function.

  *

  *          Regular channels group configuration

  *          ====================================    

  *            - To configure the ADC regular channels group features, use 

  *              ADC_Init() and ADC_RegularChannelConfig() functions.

  *            - To activate the continuous mode, use the ADC_continuousModeCmd()

  *              function.

  *            - To configurate and activate the Discontinuous mode, use the 

  *              ADC_DiscModeChannelCountConfig() and ADC_DiscModeCmd() functions.

  *            - To read the ADC converted values, use the ADC_GetConversionValue()

  *              function.

  *

  *          Multi mode ADCs Regular channels configuration

  *          ===============================================

  *            - Refer to "Regular channels group configuration" description to

  *              configure the ADC1, ADC2 and ADC3 regular channels.        

  *            - Select the Multi mode ADC regular channels features (dual or 

  *              triple mode) using ADC_CommonInit() function and configure 

  *              the DMA mode using ADC_MultiModeDMARequestAfterLastTransferCmd() 

  *              functions.        

  *            - Read the ADCs converted values using the 

  *              ADC_GetMultiModeConversionValue() function.

  *

  *          DMA for Regular channels group features configuration

  *          ====================================================== 

  *           - To enable the DMA mode for regular channels group, use the 

  *             ADC_DMACmd() function.

  *           - To enable the generation of DMA requests continuously at the end

  *             of the last DMA transfer, use the ADC_DMARequestAfterLastTransferCmd() 

  *             function.

  *

  *          Injected channels group configuration

  *          =====================================    

  *            - To configure the ADC Injected channels group features, use 

  *              ADC_InjectedChannelConfig() and  ADC_InjectedSequencerLengthConfig()

  *              functions.

  *            - To activate the continuous mode, use the ADC_continuousModeCmd()

  *              function.

  *            - To activate the Injected Discontinuous mode, use the 

  *              ADC_InjectedDiscModeCmd() function.  

  *            - To activate the AutoInjected mode, use the ADC_AutoInjectedConvCmd() 

  *              function.        

  *            - To read the ADC converted values, use the ADC_GetInjectedConversionValue() 

  *              function.

  *

  *  @endverbatim

  *

  ******************************************************************************

  * @attention

  *

  * THE PRESENT FIRMWARE WHICH IS FOR GUIDANCE ONLY AIMS AT PROVIDING CUSTOMERS

  * WITH CODING INFORMATION REGARDING THEIR PRODUCTS IN ORDER FOR THEM TO SAVE

  * TIME. AS A RESULT, STMICROELECTRONICS SHALL NOT BE HELD LIABLE FOR ANY

  * DIRECT, INDIRECT OR CONSEQUENTIAL DAMAGES WITH RESPECT TO ANY CLAIMS ARISING

  * FROM THE CONTENT OF SUCH FIRMWARE AND/OR THE USE MADE BY CUSTOMERS OF THE

  * CODING INFORMATION CONTAINED HEREIN IN CONNECTION WITH THEIR PRODUCTS.

  *

  * <h2><center>&copy; COPYRIGHT 2011 STMicroelectronics</center></h2>

  ******************************************************************************  

  */ 



/* Includes ------------------------------------------------------------------*/

#include "stm32f4xx_adc.h"

#include "stm32f4xx_rcc.h"



/** @addtogroup STM32F4xx_StdPeriph_Driver

  * @{

  */



/** @defgroup ADC 

  * @brief ADC driver modules

  * @{

  */ 



/* Private typedef -----------------------------------------------------------*/

/* Private define ------------------------------------------------------------*/ 



/* ADC DISCNUM mask */

#define CR1_DISCNUM_RESET         ((uint32_t)0xFFFF1FFF)



/* ADC AWDCH mask */

#define CR1_AWDCH_RESET           ((uint32_t)0xFFFFFFE0)   



/* ADC Analog watchdog enable mode mask */

#define CR1_AWDMode_RESET         ((uint32_t)0xFF3FFDFF)   



/* CR1 register Mask */

#define CR1_CLEAR_MASK            ((uint32_t)0xFCFFFEFF)



/* ADC EXTEN mask */

#define CR2_EXTEN_RESET           ((uint32_t)0xCFFFFFFF)  



/* ADC JEXTEN mask */

#define CR2_JEXTEN_RESET          ((uint32_t)0xFFCFFFFF)  



/* ADC JEXTSEL mask */

#define CR2_JEXTSEL_RESET         ((uint32_t)0xFFF0FFFF)  



/* CR2 register Mask */

#define CR2_CLEAR_MASK            ((uint32_t)0xC0FFF7FD)



/* ADC SQx mask */

#define SQR3_SQ_SET               ((uint32_t)0x0000001F)  

#define SQR2_SQ_SET               ((uint32_t)0x0000001F)  

#define SQR1_SQ_SET               ((uint32_t)0x0000001F)  



/* ADC L Mask */

#define SQR1_L_RESET              ((uint32_t)0xFF0FFFFF) 



/* ADC JSQx mask */

#define JSQR_JSQ_SET              ((uint32_t)0x0000001F) 



/* ADC JL mask */

#define JSQR_JL_SET               ((uint32_t)0x00300000) 

#define JSQR_JL_RESET             ((uint32_t)0xFFCFFFFF) 



/* ADC SMPx mask */

#define SMPR1_SMP_SET             ((uint32_t)0x00000007)  

#define SMPR2_SMP_SET             ((uint32_t)0x00000007) 



/* ADC JDRx registers offset */

#define JDR_OFFSET                ((uint8_t)0x28) 



/* ADC CDR register base address */

#define CDR_ADDRESS               ((uint32_t)0x40012308)   



/* ADC CCR register Mask */

#define CR_CLEAR_MASK             ((uint32_t)0xFFFC30E0)  



/* Private macro -------------------------------------------------------------*/

/* Private variables ---------------------------------------------------------*/

/* Private function prototypes -----------------------------------------------*/

/* Private functions ---------------------------------------------------------*/



/** @defgroup ADC_Private_Functions

  * @{

  */ 



/** @defgroup ADC_Group1 Initialization and Configuration functions

 *  @brief    Initialization and Configuration functions 

 *

@verbatim    

 ===============================================================================

                      Initialization and Configuration functions

 ===============================================================================  

  This section provides functions allowing to:

   - Initialize and configure the ADC Prescaler

   - ADC Conversion Resolution (12bit..6bit)

   - Scan Conversion Mode (multichannels or one channel) for regular group

   - ADC Continuous Conversion Mode (Continuous or Single conversion) for 

     regular group

   - External trigger Edge and source of regular group, 

   - Converted data alignment (left or right)

   - The number of ADC conversions that will be done using the sequencer for 

     regular channel group

   - Multi ADC mode selection

   - Direct memory access mode selection for multi ADC mode  

   - Delay between 2 sampling phases (used in dual or triple interleaved modes)

   - Enable or disable the ADC peripheral

   

@endverbatim

  * @{

  */



/**

  * @brief  Deinitializes all ADCs peripherals registers to their default reset 

  *         values.

  * @param  None

  * @retval None

  */

void ADC_DeInit(void)

{

  /* Enable all ADCs reset state */

  RCC_APB2PeriphResetCmd(RCC_APB2Periph_ADC, ENABLE);

  

  /* Release all ADCs from reset state */

  RCC_APB2PeriphResetCmd(RCC_APB2Periph_ADC, DISABLE);

}



/**

  * @brief  Initializes the ADCx peripheral according to the specified parameters 

  *         in the ADC_InitStruct.

  * @note   This function is used to configure the global features of the ADC ( 

  *         Resolution and Data Alignment), however, the rest of the configuration

  *         parameters are specific to the regular channels group (scan mode 

  *         activation, continuous mode activation, External trigger source and 

  *         edge, number of conversion in the regular channels group sequencer).  

  * @param  ADCx: where x can be 1, 2 or 3 to select the ADC peripheral.

  * @param  ADC_InitStruct: pointer to an ADC_InitTypeDef structure that contains

  *         the configuration information for the specified ADC peripheral.

  * @retval None

  */

void ADC_Init(ADC_TypeDef* ADCx, ADC_InitTypeDef* ADC_InitStruct)

{

  uint32_t tmpreg1 = 0;

  uint8_t tmpreg2 = 0;

  /* Check the parameters */

  assert_param(IS_ADC_ALL_PERIPH(ADCx));

  assert_param(IS_ADC_RESOLUTION(ADC_InitStruct->ADC_Resolution)); 

  assert_param(IS_FUNCTIONAL_STATE(ADC_InitStruct->ADC_ScanConvMode));

  assert_param(IS_FUNCTIONAL_STATE(ADC_InitStruct->ADC_ContinuousConvMode)); 

  assert_param(IS_ADC_EXT_TRIG_EDGE(ADC_InitStruct->ADC_ExternalTrigConvEdge)); 

  assert_param(IS_ADC_EXT_TRIG(ADC_InitStruct->ADC_ExternalTrigConv));    

  assert_param(IS_ADC_DATA_ALIGN(ADC_InitStruct->ADC_DataAlign)); 

  assert_param(IS_ADC_REGULAR_LENGTH(ADC_InitStruct->ADC_NbrOfConversion));

  

  /*---------------------------- ADCx CR1 Configuration -----------------*/

  /* Get the ADCx CR1 value */

  tmpreg1 = ADCx->CR1;

  

  /* Clear RES and SCAN bits */

  tmpreg1 &= CR1_CLEAR_MASK;

  

  /* Configure ADCx: scan conversion mode and resolution */

  /* Set SCAN bit according to ADC_ScanConvMode value */

  /* Set RES bit according to ADC_Resolution value */ 

  tmpreg1 |= (uint32_t)(((uint32_t)ADC_InitStruct->ADC_ScanConvMode << 8) | \

                                   ADC_InitStruct->ADC_Resolution);

  /* Write to ADCx CR1 */

  ADCx->CR1 = tmpreg1;

  /*---------------------------- ADCx CR2 Configuration -----------------*/

  /* Get the ADCx CR2 value */

  tmpreg1 = ADCx->CR2;

  

  /* Clear CONT, ALIGN, EXTEN and EXTSEL bits */

  tmpreg1 &= CR2_CLEAR_MASK;

  

  /* Configure ADCx: external trigger event and edge, data alignment and 

     continuous conversion mode */

  /* Set ALIGN bit according to ADC_DataAlign value */

  /* Set EXTEN bits according to ADC_ExternalTrigConvEdge value */ 

  /* Set EXTSEL bits according to ADC_ExternalTrigConv value */

  /* Set CONT bit according to ADC_ContinuousConvMode value */

  tmpreg1 |= (uint32_t)(ADC_InitStruct->ADC_DataAlign | \

                        ADC_InitStruct->ADC_ExternalTrigConv | 

                        ADC_InitStruct->ADC_ExternalTrigConvEdge | \

                        ((uint32_t)ADC_InitStruct->ADC_ContinuousConvMode << 1));

                        

  /* Write to ADCx CR2 */

  ADCx->CR2 = tmpreg1;

  /*---------------------------- ADCx SQR1 Configuration -----------------*/

  /* Get the ADCx SQR1 value */

  tmpreg1 = ADCx->SQR1;

  

  /* Clear L bits */

  tmpreg1 &= SQR1_L_RESET;

  

  /* Configure ADCx: regular channel sequence length */

  /* Set L bits according to ADC_NbrOfConversion value */

  tmpreg2 |= (uint8_t)(ADC_InitStruct->ADC_NbrOfConversion - (uint8_t)1);

  tmpreg1 |= ((uint32_t)tmpreg2 << 20);

  

  /* Write to ADCx SQR1 */

  ADCx->SQR1 = tmpreg1;

}



/**

  * @brief  Fills each ADC_InitStruct member with its default value.

  * @note   This function is used to initialize the global features of the ADC ( 

  *         Resolution and Data Alignment), however, the rest of the configuration

  *         parameters are specific to the regular channels group (scan mode 

  *         activation, continuous mode activation, External trigger source and 

  *         edge, number of conversion in the regular channels group sequencer).  

  * @param  ADC_InitStruct: pointer to an ADC_InitTypeDef structure which will 

  *         be initialized.

  * @retval None

  */

void ADC_StructInit(ADC_InitTypeDef* ADC_InitStruct)

{

  /* Initialize the ADC_Mode member */

  ADC_InitStruct->ADC_Resolution = ADC_Resolution_12b;



  /* initialize the ADC_ScanConvMode member */

  ADC_InitStruct->ADC_ScanConvMode = DISABLE;



  /* Initialize the ADC_ContinuousConvMode member */

  ADC_InitStruct->ADC_ContinuousConvMode = DISABLE;



  /* Initialize the ADC_ExternalTrigConvEdge member */

  ADC_InitStruct->ADC_ExternalTrigConvEdge = ADC_ExternalTrigConvEdge_None;



  /* Initialize the ADC_ExternalTrigConv member */

  ADC_InitStruct->ADC_ExternalTrigConv = ADC_ExternalTrigConv_T1_CC1;



  /* Initialize the ADC_DataAlign member */

  ADC_InitStruct->ADC_DataAlign = ADC_DataAlign_Right;



  /* Initialize the ADC_NbrOfConversion member */

  ADC_InitStruct->ADC_NbrOfConversion = 1;

}



/**

  * @brief  Initializes the ADCs peripherals according to the specified parameters 

  *         in the ADC_CommonInitStruct.

  * @param  ADC_CommonInitStruct: pointer to an ADC_CommonInitTypeDef structure 

  *         that contains the configuration information for  All ADCs peripherals.

  * @retval None

  */

void ADC_CommonInit(ADC_CommonInitTypeDef* ADC_CommonInitStruct)

{

  uint32_t tmpreg1 = 0;

  /* Check the parameters */

  assert_param(IS_ADC_MODE(ADC_CommonInitStruct->ADC_Mode));

  assert_param(IS_ADC_PRESCALER(ADC_CommonInitStruct->ADC_Prescaler));

  assert_param(IS_ADC_DMA_ACCESS_MODE(ADC_CommonInitStruct->ADC_DMAAccessMode));

  assert_param(IS_ADC_SAMPLING_DELAY(ADC_CommonInitStruct->ADC_TwoSamplingDelay));

  /*---------------------------- ADC CCR Configuration -----------------*/

  /* Get the ADC CCR value */

  tmpreg1 = ADC->CCR;

  

  /* Clear MULTI, DELAY, DMA and ADCPRE bits */

  tmpreg1 &= CR_CLEAR_MASK;

  

  /* Configure ADCx: Multi mode, Delay between two sampling time, ADC prescaler,

     and DMA access mode for multimode */

  /* Set MULTI bits according to ADC_Mode value */

  /* Set ADCPRE bits according to ADC_Prescaler value */

  /* Set DMA bits according to ADC_DMAAccessMode value */

  /* Set DELAY bits according to ADC_TwoSamplingDelay value */    

  tmpreg1 |= (uint32_t)(ADC_CommonInitStruct->ADC_Mode | 

                        ADC_CommonInitStruct->ADC_Prescaler | 

                        ADC_CommonInitStruct->ADC_DMAAccessMode | 

                        ADC_CommonInitStruct->ADC_TwoSamplingDelay);

                        

  /* Write to ADC CCR */

  ADC->CCR = tmpreg1;

}



/**

  * @brief  Fills each ADC_CommonInitStruct member with its default value.

  * @param  ADC_CommonInitStruct: pointer to an ADC_CommonInitTypeDef structure

  *         which will be initialized.

  * @retval None

  */

void ADC_CommonStructInit(ADC_CommonInitTypeDef* ADC_CommonInitStruct)

{

  /* Initialize the ADC_Mode member */

  ADC_CommonInitStruct->ADC_Mode = ADC_Mode_Independent;



  /* initialize the ADC_Prescaler member */

  ADC_CommonInitStruct->ADC_Prescaler = ADC_Prescaler_Div2;



  /* Initialize the ADC_DMAAccessMode member */

  ADC_CommonInitStruct->ADC_DMAAccessMode = ADC_DMAAccessMode_Disabled;



  /* Initialize the ADC_TwoSamplingDelay member */

  ADC_CommonInitStruct->ADC_TwoSamplingDelay = ADC_TwoSamplingDelay_5Cycles;

}



/**

  * @brief  Enables or disables the specified ADC peripheral.

  * @param  ADCx: where x can be 1, 2 or 3 to select the ADC peripheral.

  * @param  NewState: new state of the ADCx peripheral. 

  *          This parameter can be: ENABLE or DISABLE.

  * @retval None

  */

void ADC_Cmd(ADC_TypeDef* ADCx, FunctionalState NewState)

{

  /* Check the parameters */

  assert_param(IS_ADC_ALL_PERIPH(ADCx));

  assert_param(IS_FUNCTIONAL_STATE(NewState));

  if (NewState != DISABLE)

  {

    /* Set the ADON bit to wake up the ADC from power down mode */

    ADCx->CR2 |= (uint32_t)ADC_CR2_ADON;

  }

  else

  {

    /* Disable the selected ADC peripheral */

    ADCx->CR2 &= (uint32_t)(~ADC_CR2_ADON);

  }

}

/**

  * @}

  */



/** @defgroup ADC_Group2 Analog Watchdog configuration functions

 *  @brief    Analog Watchdog configuration functions 

 *

@verbatim   

 ===============================================================================

                    Analog Watchdog configuration functions

 ===============================================================================  



  This section provides functions allowing to configure the Analog Watchdog

  (AWD) feature in the ADC.

  

  A typical configuration Analog Watchdog is done following these steps :

   1. the ADC guarded channel(s) is (are) selected using the 

      ADC_AnalogWatchdogSingleChannelConfig() function.

   2. The Analog watchdog lower and higher threshold are configured using the  

     ADC_AnalogWatchdogThresholdsConfig() function.

   3. The Analog watchdog is enabled and configured to enable the check, on one

      or more channels, using the  ADC_AnalogWatchdogCmd() function.



@endverbatim

  * @{

  */

  

/**

  * @brief  Enables or disables the analog watchdog on single/all regular or 

  *         injected channels

  * @param  ADCx: where x can be 1, 2 or 3 to select the ADC peripheral.

  * @param  ADC_AnalogWatchdog: the ADC analog watchdog configuration.

  *         This parameter can be one of the following values:

  *            @arg ADC_AnalogWatchdog_SingleRegEnable: Analog watchdog on a single regular channel

  *            @arg ADC_AnalogWatchdog_SingleInjecEnable: Analog watchdog on a single injected channel

  *            @arg ADC_AnalogWatchdog_SingleRegOrInjecEnable: Analog watchdog on a single regular or injected channel

  *            @arg ADC_AnalogWatchdog_AllRegEnable: Analog watchdog on all regular channel

  *            @arg ADC_AnalogWatchdog_AllInjecEnable: Analog watchdog on all injected channel

  *            @arg ADC_AnalogWatchdog_AllRegAllInjecEnable: Analog watchdog on all regular and injected channels

  *            @arg ADC_AnalogWatchdog_None: No channel guarded by the analog watchdog

  * @retval None	  

  */

void ADC_AnalogWatchdogCmd(ADC_TypeDef* ADCx, uint32_t ADC_AnalogWatchdog)

{

  uint32_t tmpreg = 0;

  /* Check the parameters */

  assert_param(IS_ADC_ALL_PERIPH(ADCx));

  assert_param(IS_ADC_ANALOG_WATCHDOG(ADC_AnalogWatchdog));

  

  /* Get the old register value */

  tmpreg = ADCx->CR1;

  

  /* Clear AWDEN, JAWDEN and AWDSGL bits */

  tmpreg &= CR1_AWDMode_RESET;

  

  /* Set the analog watchdog enable mode */

  tmpreg |= ADC_AnalogWatchdog;

  

  /* Store the new register value */

  ADCx->CR1 = tmpreg;

}



/**

  * @brief  Configures the high and low thresholds of the analog watchdog.

  * @param  ADCx: where x can be 1, 2 or 3 to select the ADC peripheral.

  * @param  HighThreshold: the ADC analog watchdog High threshold value.

  *          This parameter must be a 12-bit value.

  * @param  LowThreshold:  the ADC analog watchdog Low threshold value.

  *          This parameter must be a 12-bit value.

  * @retval None

  */

void ADC_AnalogWatchdogThresholdsConfig(ADC_TypeDef* ADCx, uint16_t HighThreshold,

                                        uint16_t LowThreshold)

{

  /* Check the parameters */

  assert_param(IS_ADC_ALL_PERIPH(ADCx));

  assert_param(IS_ADC_THRESHOLD(HighThreshold));

  assert_param(IS_ADC_THRESHOLD(LowThreshold));

  

  /* Set the ADCx high threshold */

  ADCx->HTR = HighThreshold;

  

  /* Set the ADCx low threshold */

  ADCx->LTR = LowThreshold;

}



/**

  * @brief  Configures the analog watchdog guarded single channel

  * @param  ADCx: where x can be 1, 2 or 3 to select the ADC peripheral.

  * @param  ADC_Channel: the ADC channel to configure for the analog watchdog. 

  *          This parameter can be one of the following values:

  *            @arg ADC_Channel_0: ADC Channel0 selected

  *            @arg ADC_Channel_1: ADC Channel1 selected

  *            @arg ADC_Channel_2: ADC Channel2 selected

  *            @arg ADC_Channel_3: ADC Channel3 selected

  *            @arg ADC_Channel_4: ADC Channel4 selected

  *            @arg ADC_Channel_5: ADC Channel5 selected

  *            @arg ADC_Channel_6: ADC Channel6 selected

  *            @arg ADC_Channel_7: ADC Channel7 selected

  *            @arg ADC_Channel_8: ADC Channel8 selected

  *            @arg ADC_Channel_9: ADC Channel9 selected

  *            @arg ADC_Channel_10: ADC Channel10 selected

  *            @arg ADC_Channel_11: ADC Channel11 selected

  *            @arg ADC_Channel_12: ADC Channel12 selected

  *            @arg ADC_Channel_13: ADC Channel13 selected

  *            @arg ADC_Channel_14: ADC Channel14 selected

  *            @arg ADC_Channel_15: ADC Channel15 selected

  *            @arg ADC_Channel_16: ADC Channel16 selected

  *            @arg ADC_Channel_17: ADC Channel17 selected

  *            @arg ADC_Channel_18: ADC Channel18 selected

  * @retval None

  */

void ADC_AnalogWatchdogSingleChannelConfig(ADC_TypeDef* ADCx, uint8_t ADC_Channel)

{

  uint32_t tmpreg = 0;

  /* Check the parameters */

  assert_param(IS_ADC_ALL_PERIPH(ADCx));

  assert_param(IS_ADC_CHANNEL(ADC_Channel));

  

  /* Get the old register value */

  tmpreg = ADCx->CR1;

  

  /* Clear the Analog watchdog channel select bits */

  tmpreg &= CR1_AWDCH_RESET;

  

  /* Set the Analog watchdog channel */

  tmpreg |= ADC_Channel;

  

  /* Store the new register value */

  ADCx->CR1 = tmpreg;

}

/**

  * @}

  */



/** @defgroup ADC_Group3 Temperature Sensor, Vrefint (Voltage Reference internal) 

 *            and VBAT (Voltage BATtery) management functions

 *  @brief   Temperature Sensor, Vrefint and VBAT management functions 

 *

@verbatim   

 ===============================================================================

               Temperature Sensor, Vrefint and VBAT management functions

 ===============================================================================  



  This section provides functions allowing to enable/ disable the internal 

  connections between the ADC and the Temperature Sensor, the Vrefint and the

  Vbat sources.

     

  A typical configuration to get the Temperature sensor and Vrefint channels 

  voltages is done following these steps :

   1. Enable the internal connection of Temperature sensor and Vrefint sources 

      with the ADC channels using ADC_TempSensorVrefintCmd() function. 

   2. Select the ADC_Channel_TempSensor and/or ADC_Channel_Vrefint using 

      ADC_RegularChannelConfig() or  ADC_InjectedChannelConfig() functions 

   3. Get the voltage values, using ADC_GetConversionValue() or  

      ADC_GetInjectedConversionValue().



  A typical configuration to get the VBAT channel voltage is done following 

  these steps :

   1. Enable the internal connection of VBAT source with the ADC channel using 

      ADC_VBATCmd() function. 

   2. Select the ADC_Channel_Vbat using ADC_RegularChannelConfig() or  

      ADC_InjectedChannelConfig() functions 

   3. Get the voltage value, using ADC_GetConversionValue() or  

      ADC_GetInjectedConversionValue().

 

@endverbatim

  * @{

  */

  

  

/**

  * @brief  Enables or disables the temperature sensor and Vrefint channels.

  * @param  NewState: new state of the temperature sensor and Vrefint channels.

  *          This parameter can be: ENABLE or DISABLE.

  * @retval None

  */

void ADC_TempSensorVrefintCmd(FunctionalState NewState)                

{

  /* Check the parameters */

  assert_param(IS_FUNCTIONAL_STATE(NewState));

  if (NewState != DISABLE)

  {

    /* Enable the temperature sensor and Vrefint channel*/

    ADC->CCR |= (uint32_t)ADC_CCR_TSVREFE;

  }

  else

  {

    /* Disable the temperature sensor and Vrefint channel*/

    ADC->CCR &= (uint32_t)(~ADC_CCR_TSVREFE);

  }

}



/**

  * @brief  Enables or disables the VBAT (Voltage Battery) channel.

  * @param  NewState: new state of the VBAT channel.

  *          This parameter can be: ENABLE or DISABLE.

  * @retval None

  */

void ADC_VBATCmd(FunctionalState NewState)                             

{

  /* Check the parameters */

  assert_param(IS_FUNCTIONAL_STATE(NewState));

  if (NewState != DISABLE)

  {

    /* Enable the VBAT channel*/

    ADC->CCR |= (uint32_t)ADC_CCR_VBATE;

  }

  else

  {

    /* Disable the VBAT channel*/

    ADC->CCR &= (uint32_t)(~ADC_CCR_VBATE);

  }

}



/**

  * @}

  */



/** @defgroup ADC_Group4 Regular Channels Configuration functions

 *  @brief   Regular Channels Configuration functions 

 *

@verbatim   

 ===============================================================================

                  Regular Channels Configuration functions

 ===============================================================================  



  This section provides functions allowing to manage the ADC's regular channels,

  it is composed of 2 sub sections : 

  

  1. Configuration and management functions for regular channels: This subsection 

     provides functions allowing to configure the ADC regular channels :    

          - Configure the rank in the regular group sequencer for each channel

          - Configure the sampling time for each channel

          - select the conversion Trigger for regular channels

          - select the desired EOC event behavior configuration

          - Activate the continuous Mode  (*)

          - Activate the Discontinuous Mode 

     Please Note that the following features for regular channels are configurated

     using the ADC_Init() function : 

          - scan mode activation 

          - continuous mode activation (**) 

          - External trigger source  

          - External trigger edge 

          - number of conversion in the regular channels group sequencer.

     

     @note (*) and (**) are performing the same configuration

     

  2. Get the conversion data: This subsection provides an important function in 

     the ADC peripheral since it returns the converted data of the current 

     regular channel. When the Conversion value is read, the EOC Flag is 

     automatically cleared.

     

     @note For multi ADC mode, the last ADC1, ADC2 and ADC3 regular conversions 

           results data (in the selected multi mode) can be returned in the same 

           time using ADC_GetMultiModeConversionValue() function. 

       

  

@endverbatim

  * @{

  */

/**

  * @brief  Configures for the selected ADC regular channel its corresponding

  *         rank in the sequencer and its sample time.

  * @param  ADCx: where x can be 1, 2 or 3 to select the ADC peripheral.

  * @param  ADC_Channel: the ADC channel to configure. 

  *          This parameter can be one of the following values:

  *            @arg ADC_Channel_0: ADC Channel0 selected

  *            @arg ADC_Channel_1: ADC Channel1 selected

  *            @arg ADC_Channel_2: ADC Channel2 selected

  *            @arg ADC_Channel_3: ADC Channel3 selected

  *            @arg ADC_Channel_4: ADC Channel4 selected

  *            @arg ADC_Channel_5: ADC Channel5 selected

  *            @arg ADC_Channel_6: ADC Channel6 selected

  *            @arg ADC_Channel_7: ADC Channel7 selected

  *            @arg ADC_Channel_8: ADC Channel8 selected

  *            @arg ADC_Channel_9: ADC Channel9 selected

  *            @arg ADC_Channel_10: ADC Channel10 selected

  *            @arg ADC_Channel_11: ADC Channel11 selected

  *            @arg ADC_Channel_12: ADC Channel12 selected

  *            @arg ADC_Channel_13: ADC Channel13 selected

  *            @arg ADC_Channel_14: ADC Channel14 selected

  *            @arg ADC_Channel_15: ADC Channel15 selected

  *            @arg ADC_Channel_16: ADC Channel16 selected

  *            @arg ADC_Channel_17: ADC Channel17 selected

  *            @arg ADC_Channel_18: ADC Channel18 selected                       

  * @param  Rank: The rank in the regular group sequencer.

  *          This parameter must be between 1 to 16.

  * @param  ADC_SampleTime: The sample time value to be set for the selected channel. 

  *          This parameter can be one of the following values:

  *            @arg ADC_SampleTime_3Cycles: Sample time equal to 3 cycles

  *            @arg ADC_SampleTime_15Cycles: Sample time equal to 15 cycles

  *            @arg ADC_SampleTime_28Cycles: Sample time equal to 28 cycles

  *            @arg ADC_SampleTime_56Cycles: Sample time equal to 56 cycles	

  *            @arg ADC_SampleTime_84Cycles: Sample time equal to 84 cycles	

  *            @arg ADC_SampleTime_112Cycles: Sample time equal to 112 cycles	

  *            @arg ADC_SampleTime_144Cycles: Sample time equal to 144 cycles	

  *            @arg ADC_SampleTime_480Cycles: Sample time equal to 480 cycles	

  * @retval None

  */

void ADC_RegularChannelConfig(ADC_TypeDef* ADCx, uint8_t ADC_Channel, uint8_t Rank, uint8_t ADC_SampleTime)

{

  uint32_t tmpreg1 = 0, tmpreg2 = 0;

  /* Check the parameters */

  assert_param(IS_ADC_ALL_PERIPH(ADCx));

  assert_param(IS_ADC_CHANNEL(ADC_Channel));

  assert_param(IS_ADC_REGULAR_RANK(Rank));

  assert_param(IS_ADC_SAMPLE_TIME(ADC_SampleTime));

  

  /* if ADC_Channel_10 ... ADC_Channel_18 is selected */

  if (ADC_Channel > ADC_Channel_9)

  {

    /* Get the old register value */

    tmpreg1 = ADCx->SMPR1;

    

    /* Calculate the mask to clear */

    tmpreg2 = SMPR1_SMP_SET << (3 * (ADC_Channel - 10));

    

    /* Clear the old sample time */

    tmpreg1 &= ~tmpreg2;

    

    /* Calculate the mask to set */

    tmpreg2 = (uint32_t)ADC_SampleTime << (3 * (ADC_Channel - 10));

    

    /* Set the new sample time */

    tmpreg1 |= tmpreg2;

    

    /* Store the new register value */

    ADCx->SMPR1 = tmpreg1;

  }

  else /* ADC_Channel include in ADC_Channel_[0..9] */

  {

    /* Get the old register value */

    tmpreg1 = ADCx->SMPR2;

    

    /* Calculate the mask to clear */

    tmpreg2 = SMPR2_SMP_SET << (3 * ADC_Channel);

    

    /* Clear the old sample time */

    tmpreg1 &= ~tmpreg2;

    

    /* Calculate the mask to set */

    tmpreg2 = (uint32_t)ADC_SampleTime << (3 * ADC_Channel);

    

    /* Set the new sample time */

    tmpreg1 |= tmpreg2;

    

    /* Store the new register value */

    ADCx->SMPR2 = tmpreg1;

  }

  /* For Rank 1 to 6 */

  if (Rank < 7)

  {

    /* Get the old register value */

    tmpreg1 = ADCx->SQR3;

    

    /* Calculate the mask to clear */

    tmpreg2 = SQR3_SQ_SET << (5 * (Rank - 1));

    

    /* Clear the old SQx bits for the selected rank */

    tmpreg1 &= ~tmpreg2;

    

    /* Calculate the mask to set */

    tmpreg2 = (uint32_t)ADC_Channel << (5 * (Rank - 1));

    

    /* Set the SQx bits for the selected rank */

    tmpreg1 |= tmpreg2;

    

    /* Store the new register value */

    ADCx->SQR3 = tmpreg1;

  }

  /* For Rank 7 to 12 */

  else if (Rank < 13)

  {

    /* Get the old register value */

    tmpreg1 = ADCx->SQR2;

    

    /* Calculate the mask to clear */

    tmpreg2 = SQR2_SQ_SET << (5 * (Rank - 7));

    

    /* Clear the old SQx bits for the selected rank */

    tmpreg1 &= ~tmpreg2;

    

    /* Calculate the mask to set */

    tmpreg2 = (uint32_t)ADC_Channel << (5 * (Rank - 7));

    

    /* Set the SQx bits for the selected rank */

    tmpreg1 |= tmpreg2;

    

    /* Store the new register value */

    ADCx->SQR2 = tmpreg1;

  }

  /* For Rank 13 to 16 */

  else

  {

    /* Get the old register value */

    tmpreg1 = ADCx->SQR1;

    

    /* Calculate the mask to clear */

    tmpreg2 = SQR1_SQ_SET << (5 * (Rank - 13));

    

    /* Clear the old SQx bits for the selected rank */

    tmpreg1 &= ~tmpreg2;

    

    /* Calculate the mask to set */

    tmpreg2 = (uint32_t)ADC_Channel << (5 * (Rank - 13));

    

    /* Set the SQx bits for the selected rank */

    tmpreg1 |= tmpreg2;

    

    /* Store the new register value */

    ADCx->SQR1 = tmpreg1;

  }

}



/**

  * @brief  Enables the selected ADC software start conversion of the regular channels.

  * @param  ADCx: where x can be 1, 2 or 3 to select the ADC peripheral.

  * @retval None

  */

void ADC_SoftwareStartConv(ADC_TypeDef* ADCx)

{

  /* Check the parameters */

  assert_param(IS_ADC_ALL_PERIPH(ADCx));

  

  /* Enable the selected ADC conversion for regular group */

  ADCx->CR2 |= (uint32_t)ADC_CR2_SWSTART;

}



/**

  * @brief  Gets the selected ADC Software start regular conversion Status.

  * @param  ADCx: where x can be 1, 2 or 3 to select the ADC peripheral.

  * @retval The new state of ADC software start conversion (SET or RESET).

  */

FlagStatus ADC_GetSoftwareStartConvStatus(ADC_TypeDef* ADCx)

{

  FlagStatus bitstatus = RESET;

  /* Check the parameters */

  assert_param(IS_ADC_ALL_PERIPH(ADCx));

  

  /* Check the status of SWSTART bit */

  if ((ADCx->CR2 & ADC_CR2_JSWSTART) != (uint32_t)RESET)

  {

    /* SWSTART bit is set */

    bitstatus = SET;

  }

  else

  {

    /* SWSTART bit is reset */

    bitstatus = RESET;

  }

  

  /* Return the SWSTART bit status */

  return  bitstatus;

}





/**

  * @brief  Enables or disables the EOC on each regular channel conversion

  * @param  ADCx: where x can be 1, 2 or 3 to select the ADC peripheral.

  * @param  NewState: new state of the selected ADC EOC flag rising

  *          This parameter can be: ENABLE or DISABLE.

  * @retval None

  */

void ADC_EOCOnEachRegularChannelCmd(ADC_TypeDef* ADCx, FunctionalState NewState)

{

  /* Check the parameters */

  assert_param(IS_ADC_ALL_PERIPH(ADCx));

  assert_param(IS_FUNCTIONAL_STATE(NewState));

  

  if (NewState != DISABLE)

  {

    /* Enable the selected ADC EOC rising on each regular channel conversion */

    ADCx->CR2 |= (uint32_t)ADC_CR2_EOCS;

  }

  else

  {

    /* Disable the selected ADC EOC rising on each regular channel conversion */

    ADCx->CR2 &= (uint32_t)(~ADC_CR2_EOCS);

  }

}



/**

  * @brief  Enables or disables the ADC continuous conversion mode 

  * @param  ADCx: where x can be 1, 2 or 3 to select the ADC peripheral.

  * @param  NewState: new state of the selected ADC continuous conversion mode

  *          This parameter can be: ENABLE or DISABLE.

  * @retval None

  */

void ADC_ContinuousModeCmd(ADC_TypeDef* ADCx, FunctionalState NewState)

{

  /* Check the parameters */

  assert_param(IS_ADC_ALL_PERIPH(ADCx));

  assert_param(IS_FUNCTIONAL_STATE(NewState));

  

  if (NewState != DISABLE)

  {

    /* Enable the selected ADC continuous conversion mode */

    ADCx->CR2 |= (uint32_t)ADC_CR2_CONT;

  }

  else

  {

    /* Disable the selected ADC continuous conversion mode */

    ADCx->CR2 &= (uint32_t)(~ADC_CR2_CONT);

  }

}



/**

  * @brief  Configures the discontinuous mode for the selected ADC regular group 

  *         channel.

  * @param  ADCx: where x can be 1, 2 or 3 to select the ADC peripheral.

  * @param  Number: specifies the discontinuous mode regular channel count value.

  *          This number must be between 1 and 8.

  * @retval None

  */

void ADC_DiscModeChannelCountConfig(ADC_TypeDef* ADCx, uint8_t Number)

{

  uint32_t tmpreg1 = 0;

  uint32_t tmpreg2 = 0;

  

  /* Check the parameters */

  assert_param(IS_ADC_ALL_PERIPH(ADCx));

  assert_param(IS_ADC_REGULAR_DISC_NUMBER(Number));

  

  /* Get the old register value */

  tmpreg1 = ADCx->CR1;

  

  /* Clear the old discontinuous mode channel count */

  tmpreg1 &= CR1_DISCNUM_RESET;

  

  /* Set the discontinuous mode channel count */

  tmpreg2 = Number - 1;

  tmpreg1 |= tmpreg2 << 13;

  

  /* Store the new register value */

  ADCx->CR1 = tmpreg1;

}



/**

  * @brief  Enables or disables the discontinuous mode on regular group channel 

  *         for the specified ADC

  * @param  ADCx: where x can be 1, 2 or 3 to select the ADC peripheral.

  * @param  NewState: new state of the selected ADC discontinuous mode on 

  *         regular group channel.

  *          This parameter can be: ENABLE or DISABLE.

  * @retval None

  */

void ADC_DiscModeCmd(ADC_TypeDef* ADCx, FunctionalState NewState)

{

  /* Check the parameters */

  assert_param(IS_ADC_ALL_PERIPH(ADCx));

  assert_param(IS_FUNCTIONAL_STATE(NewState));

  

  if (NewState != DISABLE)

  {

    /* Enable the selected ADC regular discontinuous mode */

    ADCx->CR1 |= (uint32_t)ADC_CR1_DISCEN;

  }

  else

  {

    /* Disable the selected ADC regular discontinuous mode */

    ADCx->CR1 &= (uint32_t)(~ADC_CR1_DISCEN);

  }

}



/**

  * @brief  Returns the last ADCx conversion result data for regular channel.

  * @param  ADCx: where x can be 1, 2 or 3 to select the ADC peripheral.

  * @retval The Data conversion value.

  */

uint16_t ADC_GetConversionValue(ADC_TypeDef* ADCx)

{

  /* Check the parameters */

  assert_param(IS_ADC_ALL_PERIPH(ADCx));

  

  /* Return the selected ADC conversion value */

  return (uint16_t) ADCx->DR;

}



/**

  * @brief  Returns the last ADC1, ADC2 and ADC3 regular conversions results 

  *         data in the selected multi mode.

  * @param  None  

  * @retval The Data conversion value.

  * @note   In dual mode, the value returned by this function is as following

  *           Data[15:0] : these bits contain the regular data of ADC1.

  *           Data[31:16]: these bits contain the regular data of ADC2.

  * @note   In triple mode, the value returned by this function is as following

  *           Data[15:0] : these bits contain alternatively the regular data of ADC1, ADC3 and ADC2.

  *           Data[31:16]: these bits contain alternatively the regular data of ADC2, ADC1 and ADC3.           

  */

uint32_t ADC_GetMultiModeConversionValue(void)

{

  /* Return the multi mode conversion value */

  return (*(__IO uint32_t *) CDR_ADDRESS);

}

/**

  * @}

  */



/** @defgroup ADC_Group5 Regular Channels DMA Configuration functions

 *  @brief   Regular Channels DMA Configuration functions 

 *

@verbatim   

 ===============================================================================

                   Regular Channels DMA Configuration functions

 ===============================================================================  



  This section provides functions allowing to configure the DMA for ADC regular 

  channels.

  Since converted regular channel values are stored into a unique data register, 

  it is useful to use DMA for conversion of more than one regular channel. This 

  avoids the loss of the data already stored in the ADC Data register. 

  

  When the DMA mode is enabled (using the ADC_DMACmd() function), after each

  conversion of a regular channel, a DMA request is generated.

  

  Depending on the "DMA disable selection for Independent ADC mode" 

  configuration (using the ADC_DMARequestAfterLastTransferCmd() function), 

  at the end of the last DMA transfer, two possibilities are allowed:

  - No new DMA request is issued to the DMA controller (feature DISABLED) 

  - Requests can continue to be generated (feature ENABLED).

  

  Depending on the "DMA disable selection for multi ADC mode" configuration 

  (using the void ADC_MultiModeDMARequestAfterLastTransferCmd() function), 

  at the end of the last DMA transfer, two possibilities are allowed:

  - No new DMA request is issued to the DMA controller (feature DISABLED) 

  - Requests can continue to be generated (feature ENABLED).



@endverbatim

  * @{

  */

  

 /**

  * @brief  Enables or disables the specified ADC DMA request.

  * @param  ADCx: where x can be 1, 2 or 3 to select the ADC peripheral.

  * @param  NewState: new state of the selected ADC DMA transfer.

  *          This parameter can be: ENABLE or DISABLE.

  * @retval None

  */

void ADC_DMACmd(ADC_TypeDef* ADCx, FunctionalState NewState)

{

  /* Check the parameters */

  assert_param(IS_ADC_ALL_PERIPH(ADCx));

  assert_param(IS_FUNCTIONAL_STATE(NewState));

  if (NewState != DISABLE)

  {

    /* Enable the selected ADC DMA request */

    ADCx->CR2 |= (uint32_t)ADC_CR2_DMA;

  }

  else

  {

    /* Disable the selected ADC DMA request */

    ADCx->CR2 &= (uint32_t)(~ADC_CR2_DMA);

  }

}



/**

  * @brief  Enables or disables the ADC DMA request after last transfer (Single-ADC mode)  

  * @param  ADCx: where x can be 1, 2 or 3 to select the ADC peripheral.

  * @param  NewState: new state of the selected ADC DMA request after last transfer.

  *          This parameter can be: ENABLE or DISABLE.

  * @retval None

  */

void ADC_DMARequestAfterLastTransferCmd(ADC_TypeDef* ADCx, FunctionalState NewState)

{

  /* Check the parameters */

  assert_param(IS_ADC_ALL_PERIPH(ADCx));

  assert_param(IS_FUNCTIONAL_STATE(NewState));

  if (NewState != DISABLE)

  {

    /* Enable the selected ADC DMA request after last transfer */

    ADCx->CR2 |= (uint32_t)ADC_CR2_DDS;

  }

  else

  {

    /* Disable the selected ADC DMA request after last transfer */

    ADCx->CR2 &= (uint32_t)(~ADC_CR2_DDS);

  }

}



/**

  * @brief  Enables or disables the ADC DMA request after last transfer in multi ADC mode       

  * @param  NewState: new state of the selected ADC DMA request after last transfer.

  *          This parameter can be: ENABLE or DISABLE.

  * @note   if Enabled, DMA requests are issued as long as data are converted and 

  *         DMA mode for multi ADC mode (selected using ADC_CommonInit() function 

  *         by ADC_CommonInitStruct.ADC_DMAAccessMode structure member) is 

  *          ADC_DMAAccessMode_1, ADC_DMAAccessMode_2 or ADC_DMAAccessMode_3.     

  * @retval None

  */

void ADC_MultiModeDMARequestAfterLastTransferCmd(FunctionalState NewState)

{

  /* Check the parameters */

  assert_param(IS_FUNCTIONAL_STATE(NewState));

  if (NewState != DISABLE)

  {

    /* Enable the selected ADC DMA request after last transfer */

    ADC->CCR |= (uint32_t)ADC_CCR_DDS;

  }

  else

  {

    /* Disable the selected ADC DMA request after last transfer */

    ADC->CCR &= (uint32_t)(~ADC_CCR_DDS);

  }

}

/**

  * @}

  */



/** @defgroup ADC_Group6 Injected channels Configuration functions

 *  @brief   Injected channels Configuration functions 

 *

@verbatim   

 ===============================================================================

                     Injected channels Configuration functions

 ===============================================================================  



  This section provide functions allowing to configure the ADC Injected channels,

  it is composed of 2 sub sections : 

    

  1. Configuration functions for Injected channels: This subsection provides 

     functions allowing to configure the ADC injected channels :    

    - Configure the rank in the injected group sequencer for each channel

    - Configure the sampling time for each channel    

    - Activate the Auto injected Mode  

    - Activate the Discontinuous Mode 

    - scan mode activation  

    - External/software trigger source   

    - External trigger edge 

    - injected channels sequencer.

    

   2. Get the Specified Injected channel conversion data: This subsection 

      provides an important function in the ADC peripheral since it returns the 

      converted data of the specific injected channel.



@endverbatim

  * @{

  */ 

/**

  * @brief  Configures for the selected ADC injected channel its corresponding

  *         rank in the sequencer and its sample time.

  * @param  ADCx: where x can be 1, 2 or 3 to select the ADC peripheral.

  * @param  ADC_Channel: the ADC channel to configure. 

  *          This parameter can be one of the following values:

  *            @arg ADC_Channel_0: ADC Channel0 selected

  *            @arg ADC_Channel_1: ADC Channel1 selected

  *            @arg ADC_Channel_2: ADC Channel2 selected

  *            @arg ADC_Channel_3: ADC Channel3 selected

  *            @arg ADC_Channel_4: ADC Channel4 selected

  *            @arg ADC_Channel_5: ADC Channel5 selected

  *            @arg ADC_Channel_6: ADC Channel6 selected

  *            @arg ADC_Channel_7: ADC Channel7 selected

  *            @arg ADC_Channel_8: ADC Channel8 selected

  *            @arg ADC_Channel_9: ADC Channel9 selected

  *            @arg ADC_Channel_10: ADC Channel10 selected

  *            @arg ADC_Channel_11: ADC Channel11 selected

  *            @arg ADC_Channel_12: ADC Channel12 selected

  *            @arg ADC_Channel_13: ADC Channel13 selected

  *            @arg ADC_Channel_14: ADC Channel14 selected

  *            @arg ADC_Channel_15: ADC Channel15 selected

  *            @arg ADC_Channel_16: ADC Channel16 selected

  *            @arg ADC_Channel_17: ADC Channel17 selected

  *            @arg ADC_Channel_18: ADC Channel18 selected                       

  * @param  Rank: The rank in the injected group sequencer. 

  *          This parameter must be between 1 to 4.

  * @param  ADC_SampleTime: The sample time value to be set for the selected channel. 

  *          This parameter can be one of the following values:

  *            @arg ADC_SampleTime_3Cycles: Sample time equal to 3 cycles

  *            @arg ADC_SampleTime_15Cycles: Sample time equal to 15 cycles

  *            @arg ADC_SampleTime_28Cycles: Sample time equal to 28 cycles

  *            @arg ADC_SampleTime_56Cycles: Sample time equal to 56 cycles	

  *            @arg ADC_SampleTime_84Cycles: Sample time equal to 84 cycles	

  *            @arg ADC_SampleTime_112Cycles: Sample time equal to 112 cycles	

  *            @arg ADC_SampleTime_144Cycles: Sample time equal to 144 cycles	

  *            @arg ADC_SampleTime_480Cycles: Sample time equal to 480 cycles	

  * @retval None

  */

void ADC_InjectedChannelConfig(ADC_TypeDef* ADCx, uint8_t ADC_Channel, uint8_t Rank, uint8_t ADC_SampleTime)

{

  uint32_t tmpreg1 = 0, tmpreg2 = 0, tmpreg3 = 0;

  /* Check the parameters */

  assert_param(IS_ADC_ALL_PERIPH(ADCx));

  assert_param(IS_ADC_CHANNEL(ADC_Channel));

  assert_param(IS_ADC_INJECTED_RANK(Rank));

  assert_param(IS_ADC_SAMPLE_TIME(ADC_SampleTime));

  /* if ADC_Channel_10 ... ADC_Channel_18 is selected */

  if (ADC_Channel > ADC_Channel_9)

  {

    /* Get the old register value */

    tmpreg1 = ADCx->SMPR1;

    /* Calculate the mask to clear */

    tmpreg2 = SMPR1_SMP_SET << (3*(ADC_Channel - 10));

    /* Clear the old sample time */

    tmpreg1 &= ~tmpreg2;

    /* Calculate the mask to set */

    tmpreg2 = (uint32_t)ADC_SampleTime << (3*(ADC_Channel - 10));

    /* Set the new sample time */

    tmpreg1 |= tmpreg2;

    /* Store the new register value */

    ADCx->SMPR1 = tmpreg1;

  }

  else /* ADC_Channel include in ADC_Channel_[0..9] */

  {

    /* Get the old register value */

    tmpreg1 = ADCx->SMPR2;

    /* Calculate the mask to clear */

    tmpreg2 = SMPR2_SMP_SET << (3 * ADC_Channel);

    /* Clear the old sample time */

    tmpreg1 &= ~tmpreg2;

    /* Calculate the mask to set */

    tmpreg2 = (uint32_t)ADC_SampleTime << (3 * ADC_Channel);

    /* Set the new sample time */

    tmpreg1 |= tmpreg2;

    /* Store the new register value */

    ADCx->SMPR2 = tmpreg1;

  }

  /* Rank configuration */

  /* Get the old register value */

  tmpreg1 = ADCx->JSQR;

  /* Get JL value: Number = JL+1 */

  tmpreg3 =  (tmpreg1 & JSQR_JL_SET)>> 20;

  /* Calculate the mask to clear: ((Rank-1)+(4-JL-1)) */

  tmpreg2 = JSQR_JSQ_SET << (5 * (uint8_t)((Rank + 3) - (tmpreg3 + 1)));

  /* Clear the old JSQx bits for the selected rank */

  tmpreg1 &= ~tmpreg2;

  /* Calculate the mask to set: ((Rank-1)+(4-JL-1)) */

  tmpreg2 = (uint32_t)ADC_Channel << (5 * (uint8_t)((Rank + 3) - (tmpreg3 + 1)));

  /* Set the JSQx bits for the selected rank */

  tmpreg1 |= tmpreg2;

  /* Store the new register value */

  ADCx->JSQR = tmpreg1;

}



/**

  * @brief  Configures the sequencer length for injected channels

  * @param  ADCx: where x can be 1, 2 or 3 to select the ADC peripheral.

  * @param  Length: The sequencer length. 

  *          This parameter must be a number between 1 to 4.

  * @retval None

  */

void ADC_InjectedSequencerLengthConfig(ADC_TypeDef* ADCx, uint8_t Length)

{

  uint32_t tmpreg1 = 0;

  uint32_t tmpreg2 = 0;

  /* Check the parameters */

  assert_param(IS_ADC_ALL_PERIPH(ADCx));

  assert_param(IS_ADC_INJECTED_LENGTH(Length));

  

  /* Get the old register value */

  tmpreg1 = ADCx->JSQR;

  

  /* Clear the old injected sequence length JL bits */

  tmpreg1 &= JSQR_JL_RESET;

  

  /* Set the injected sequence length JL bits */

  tmpreg2 = Length - 1; 

  tmpreg1 |= tmpreg2 << 20;

  

  /* Store the new register value */

  ADCx->JSQR = tmpreg1;

}



/**

  * @brief  Set the injected channels conversion value offset

  * @param  ADCx: where x can be 1, 2 or 3 to select the ADC peripheral.

  * @param  ADC_InjectedChannel: the ADC injected channel to set its offset. 

  *          This parameter can be one of the following values:

  *            @arg ADC_InjectedChannel_1: Injected Channel1 selected

  *            @arg ADC_InjectedChannel_2: Injected Channel2 selected

  *            @arg ADC_InjectedChannel_3: Injected Channel3 selected

  *            @arg ADC_InjectedChannel_4: Injected Channel4 selected

  * @param  Offset: the offset value for the selected ADC injected channel

  *          This parameter must be a 12bit value.

  * @retval None

  */

void ADC_SetInjectedOffset(ADC_TypeDef* ADCx, uint8_t ADC_InjectedChannel, uint16_t Offset)

{

    __IO uint32_t tmp = 0;

  /* Check the parameters */

  assert_param(IS_ADC_ALL_PERIPH(ADCx));

  assert_param(IS_ADC_INJECTED_CHANNEL(ADC_InjectedChannel));

  assert_param(IS_ADC_OFFSET(Offset));

  

  tmp = (uint32_t)ADCx;

  tmp += ADC_InjectedChannel;

  

  /* Set the selected injected channel data offset */

 *(__IO uint32_t *) tmp = (uint32_t)Offset;

}



 /**

  * @brief  Configures the ADCx external trigger for injected channels conversion.

  * @param  ADCx: where x can be 1, 2 or 3 to select the ADC peripheral.

  * @param  ADC_ExternalTrigInjecConv: specifies the ADC trigger to start injected conversion.

  *          This parameter can be one of the following values:                    

  *            @arg ADC_ExternalTrigInjecConv_T1_CC4: Timer1 capture compare4 selected 

  *            @arg ADC_ExternalTrigInjecConv_T1_TRGO: Timer1 TRGO event selected 

  *            @arg ADC_ExternalTrigInjecConv_T2_CC1: Timer2 capture compare1 selected 

  *            @arg ADC_ExternalTrigInjecConv_T2_TRGO: Timer2 TRGO event selected 

  *            @arg ADC_ExternalTrigInjecConv_T3_CC2: Timer3 capture compare2 selected 

  *            @arg ADC_ExternalTrigInjecConv_T3_CC4: Timer3 capture compare4 selected 

  *            @arg ADC_ExternalTrigInjecConv_T4_CC1: Timer4 capture compare1 selected                       

  *            @arg ADC_ExternalTrigInjecConv_T4_CC2: Timer4 capture compare2 selected 

  *            @arg ADC_ExternalTrigInjecConv_T4_CC3: Timer4 capture compare3 selected                        

  *            @arg ADC_ExternalTrigInjecConv_T4_TRGO: Timer4 TRGO event selected 

  *            @arg ADC_ExternalTrigInjecConv_T5_CC4: Timer5 capture compare4 selected                        

  *            @arg ADC_ExternalTrigInjecConv_T5_TRGO: Timer5 TRGO event selected                        

  *            @arg ADC_ExternalTrigInjecConv_T8_CC2: Timer8 capture compare2 selected

  *            @arg ADC_ExternalTrigInjecConv_T8_CC3: Timer8 capture compare3 selected                        

  *            @arg ADC_ExternalTrigInjecConv_T8_CC4: Timer8 capture compare4 selected 

  *            @arg ADC_ExternalTrigInjecConv_Ext_IT15: External interrupt line 15 event selected                          

  * @retval None

  */

void ADC_ExternalTrigInjectedConvConfig(ADC_TypeDef* ADCx, uint32_t ADC_ExternalTrigInjecConv)

{

  uint32_t tmpreg = 0;

  /* Check the parameters */

  assert_param(IS_ADC_ALL_PERIPH(ADCx));

  assert_param(IS_ADC_EXT_INJEC_TRIG(ADC_ExternalTrigInjecConv));

  

  /* Get the old register value */

  tmpreg = ADCx->CR2;

  

  /* Clear the old external event selection for injected group */

  tmpreg &= CR2_JEXTSEL_RESET;

  

  /* Set the external event selection for injected group */

  tmpreg |= ADC_ExternalTrigInjecConv;

  

  /* Store the new register value */

  ADCx->CR2 = tmpreg;

}



/**

  * @brief  Configures the ADCx external trigger edge for injected channels conversion.

  * @param  ADCx: where x can be 1, 2 or 3 to select the ADC peripheral.

  * @param  ADC_ExternalTrigInjecConvEdge: specifies the ADC external trigger edge

  *         to start injected conversion. 

  *          This parameter can be one of the following values:

  *            @arg ADC_ExternalTrigInjecConvEdge_None: external trigger disabled for 

  *                                                     injected conversion

  *            @arg ADC_ExternalTrigInjecConvEdge_Rising: detection on rising edge

  *            @arg ADC_ExternalTrigInjecConvEdge_Falling: detection on falling edge

  *            @arg ADC_ExternalTrigInjecConvEdge_RisingFalling: detection on both rising 

  *                                                               and falling edge

  * @retval None

  */

void ADC_ExternalTrigInjectedConvEdgeConfig(ADC_TypeDef* ADCx, uint32_t ADC_ExternalTrigInjecConvEdge)

{

  uint32_t tmpreg = 0;

  /* Check the parameters */

  assert_param(IS_ADC_ALL_PERIPH(ADCx));

  assert_param(IS_ADC_EXT_INJEC_TRIG_EDGE(ADC_ExternalTrigInjecConvEdge));

  /* Get the old register value */

  tmpreg = ADCx->CR2;

  /* Clear the old external trigger edge for injected group */

  tmpreg &= CR2_JEXTEN_RESET;

  /* Set the new external trigger edge for injected group */

  tmpreg |= ADC_ExternalTrigInjecConvEdge;

  /* Store the new register value */

  ADCx->CR2 = tmpreg;

}



/**

  * @brief  Enables the selected ADC software start conversion of the injected channels.

  * @param  ADCx: where x can be 1, 2 or 3 to select the ADC peripheral.

  * @retval None

  */

void ADC_SoftwareStartInjectedConv(ADC_TypeDef* ADCx)

{

  /* Check the parameters */

  assert_param(IS_ADC_ALL_PERIPH(ADCx));

  /* Enable the selected ADC conversion for injected group */

  ADCx->CR2 |= (uint32_t)ADC_CR2_JSWSTART;

}



/**

  * @brief  Gets the selected ADC Software start injected conversion Status.

  * @param  ADCx: where x can be 1, 2 or 3 to select the ADC peripheral.

  * @retval The new state of ADC software start injected conversion (SET or RESET).

  */

FlagStatus ADC_GetSoftwareStartInjectedConvCmdStatus(ADC_TypeDef* ADCx)

{

  FlagStatus bitstatus = RESET;

  /* Check the parameters */

  assert_param(IS_ADC_ALL_PERIPH(ADCx));

  

  /* Check the status of JSWSTART bit */

  if ((ADCx->CR2 & ADC_CR2_JSWSTART) != (uint32_t)RESET)

  {

    /* JSWSTART bit is set */

    bitstatus = SET;

  }

  else

  {

    /* JSWSTART bit is reset */

    bitstatus = RESET;

  }

  /* Return the JSWSTART bit status */

  return  bitstatus;

}



/**

  * @brief  Enables or disables the selected ADC automatic injected group 

  *         conversion after regular one.

  * @param  ADCx: where x can be 1, 2 or 3 to select the ADC peripheral.

  * @param  NewState: new state of the selected ADC auto injected conversion

  *          This parameter can be: ENABLE or DISABLE.

  * @retval None

  */

void ADC_AutoInjectedConvCmd(ADC_TypeDef* ADCx, FunctionalState NewState)

{

  /* Check the parameters */

  assert_param(IS_ADC_ALL_PERIPH(ADCx));

  assert_param(IS_FUNCTIONAL_STATE(NewState));

  if (NewState != DISABLE)

  {

    /* Enable the selected ADC automatic injected group conversion */

    ADCx->CR1 |= (uint32_t)ADC_CR1_JAUTO;

  }

  else

  {

    /* Disable the selected ADC automatic injected group conversion */

    ADCx->CR1 &= (uint32_t)(~ADC_CR1_JAUTO);

  }

}



/**

  * @brief  Enables or disables the discontinuous mode for injected group 

  *         channel for the specified ADC

  * @param  ADCx: where x can be 1, 2 or 3 to select the ADC peripheral.

  * @param  NewState: new state of the selected ADC discontinuous mode on injected

  *         group channel.

  *          This parameter can be: ENABLE or DISABLE.

  * @retval None

  */

void ADC_InjectedDiscModeCmd(ADC_TypeDef* ADCx, FunctionalState NewState)

{

  /* Check the parameters */

  assert_param(IS_ADC_ALL_PERIPH(ADCx));

  assert_param(IS_FUNCTIONAL_STATE(NewState));

  if (NewState != DISABLE)

  {

    /* Enable the selected ADC injected discontinuous mode */

    ADCx->CR1 |= (uint32_t)ADC_CR1_JDISCEN;

  }

  else

  {

    /* Disable the selected ADC injected discontinuous mode */

    ADCx->CR1 &= (uint32_t)(~ADC_CR1_JDISCEN);

  }

}



/**

  * @brief  Returns the ADC injected channel conversion result

  * @param  ADCx: where x can be 1, 2 or 3 to select the ADC peripheral.

  * @param  ADC_InjectedChannel: the converted ADC injected channel.

  *          This parameter can be one of the following values:

  *            @arg ADC_InjectedChannel_1: Injected Channel1 selected

  *            @arg ADC_InjectedChannel_2: Injected Channel2 selected

  *            @arg ADC_InjectedChannel_3: Injected Channel3 selected

  *            @arg ADC_InjectedChannel_4: Injected Channel4 selected

  * @retval The Data conversion value.

  */

uint16_t ADC_GetInjectedConversionValue(ADC_TypeDef* ADCx, uint8_t ADC_InjectedChannel)

{

  __IO uint32_t tmp = 0;

  

  /* Check the parameters */

  assert_param(IS_ADC_ALL_PERIPH(ADCx));

  assert_param(IS_ADC_INJECTED_CHANNEL(ADC_InjectedChannel));



  tmp = (uint32_t)ADCx;

  tmp += ADC_InjectedChannel + JDR_OFFSET;

  

  /* Returns the selected injected channel conversion data value */

  return (uint16_t) (*(__IO uint32_t*)  tmp); 

}

/**

  * @}

  */



/** @defgroup ADC_Group7 Interrupts and flags management functions

 *  @brief   Interrupts and flags management functions

 *

@verbatim   

 ===============================================================================

                   Interrupts and flags management functions

 ===============================================================================  



  This section provides functions allowing to configure the ADC Interrupts and 

  to get the status and clear flags and Interrupts pending bits.

  

  Each ADC provides 4 Interrupts sources and 6 Flags which can be divided into 

  3 groups:

  

  I. Flags and Interrupts for ADC regular channels

  =================================================

  Flags :

  ---------- 

     1. ADC_FLAG_OVR : Overrun detection when regular converted data are lost



     2. ADC_FLAG_EOC : Regular channel end of conversion ==> to indicate (depending 

              on EOCS bit, managed by ADC_EOCOnEachRegularChannelCmd() ) the end of:

               ==> a regular CHANNEL conversion 

               ==> sequence of regular GROUP conversions .



     3. ADC_FLAG_STRT: Regular channel start ==> to indicate when regular CHANNEL 

              conversion starts.



  Interrupts :

  ------------

     1. ADC_IT_OVR : specifies the interrupt source for Overrun detection event.  

     2. ADC_IT_EOC : specifies the interrupt source for Regular channel end of 

                     conversion event.

  

  

  II. Flags and Interrupts for ADC Injected channels

  =================================================

  Flags :

  ---------- 

     1. ADC_FLAG_JEOC : Injected channel end of conversion ==> to indicate at 

               the end of injected GROUP conversion  

              

     2. ADC_FLAG_JSTRT: Injected channel start ==> to indicate hardware when 

               injected GROUP conversion starts.



  Interrupts :

  ------------

     1. ADC_IT_JEOC : specifies the interrupt source for Injected channel end of 

                      conversion event.     



  III. General Flags and Interrupts for the ADC

  ================================================= 

  Flags :

  ---------- 

     1. ADC_FLAG_AWD: Analog watchdog ==> to indicate if the converted voltage 

              crosses the programmed thresholds values.

              

  Interrupts :

  ------------

     1. ADC_IT_AWD : specifies the interrupt source for Analog watchdog event. 



  

  The user should identify which mode will be used in his application to manage 

  the ADC controller events: Polling mode or Interrupt mode.

  

  In the Polling Mode it is advised to use the following functions:

      - ADC_GetFlagStatus() : to check if flags events occur. 

      - ADC_ClearFlag()     : to clear the flags events.

      

  In the Interrupt Mode it is advised to use the following functions:

     - ADC_ITConfig()          : to enable or disable the interrupt source.

     - ADC_GetITStatus()       : to check if Interrupt occurs.

     - ADC_ClearITPendingBit() : to clear the Interrupt pending Bit 

                                 (corresponding Flag). 

@endverbatim

  * @{

  */ 

/**

  * @brief  Enables or disables the specified ADC interrupts.

  * @param  ADCx: where x can be 1, 2 or 3 to select the ADC peripheral.

  * @param  ADC_IT: specifies the ADC interrupt sources to be enabled or disabled. 

  *          This parameter can be one of the following values:

  *            @arg ADC_IT_EOC: End of conversion interrupt mask

  *            @arg ADC_IT_AWD: Analog watchdog interrupt mask

  *            @arg ADC_IT_JEOC: End of injected conversion interrupt mask

  *            @arg ADC_IT_OVR: Overrun interrupt enable                       

  * @param  NewState: new state of the specified ADC interrupts.

  *          This parameter can be: ENABLE or DISABLE.

  * @retval None

  */

void ADC_ITConfig(ADC_TypeDef* ADCx, uint16_t ADC_IT, FunctionalState NewState)  

{

  uint32_t itmask = 0;

  /* Check the parameters */

  assert_param(IS_ADC_ALL_PERIPH(ADCx));

  assert_param(IS_FUNCTIONAL_STATE(NewState));

  assert_param(IS_ADC_IT(ADC_IT)); 



  /* Get the ADC IT index */

  itmask = (uint8_t)ADC_IT;

  itmask = (uint32_t)0x01 << itmask;    



  if (NewState != DISABLE)

  {

    /* Enable the selected ADC interrupts */

    ADCx->CR1 |= itmask;

  }

  else

  {

    /* Disable the selected ADC interrupts */

    ADCx->CR1 &= (~(uint32_t)itmask);

  }

}



/**

  * @brief  Checks whether the specified ADC flag is set or not.

  * @param  ADCx: where x can be 1, 2 or 3 to select the ADC peripheral.

  * @param  ADC_FLAG: specifies the flag to check. 

  *          This parameter can be one of the following values:

  *            @arg ADC_FLAG_AWD: Analog watchdog flag

  *            @arg ADC_FLAG_EOC: End of conversion flag

  *            @arg ADC_FLAG_JEOC: End of injected group conversion flag

  *            @arg ADC_FLAG_JSTRT: Start of injected group conversion flag

  *            @arg ADC_FLAG_STRT: Start of regular group conversion flag

  *            @arg ADC_FLAG_OVR: Overrun flag                                                 

  * @retval The new state of ADC_FLAG (SET or RESET).

  */

FlagStatus ADC_GetFlagStatus(ADC_TypeDef* ADCx, uint8_t ADC_FLAG)

{

  FlagStatus bitstatus = RESET;

  /* Check the parameters */

  assert_param(IS_ADC_ALL_PERIPH(ADCx));

  assert_param(IS_ADC_GET_FLAG(ADC_FLAG));



  /* Check the status of the specified ADC flag */

  if ((ADCx->SR & ADC_FLAG) != (uint8_t)RESET)

  {

    /* ADC_FLAG is set */

    bitstatus = SET;

  }

  else

  {

    /* ADC_FLAG is reset */

    bitstatus = RESET;

  }

  /* Return the ADC_FLAG status */

  return  bitstatus;

}



/**

  * @brief  Clears the ADCx's pending flags.

  * @param  ADCx: where x can be 1, 2 or 3 to select the ADC peripheral.

  * @param  ADC_FLAG: specifies the flag to clear. 

  *          This parameter can be any combination of the following values:

  *            @arg ADC_FLAG_AWD: Analog watchdog flag

  *            @arg ADC_FLAG_EOC: End of conversion flag

  *            @arg ADC_FLAG_JEOC: End of injected group conversion flag

  *            @arg ADC_FLAG_JSTRT: Start of injected group conversion flag

  *            @arg ADC_FLAG_STRT: Start of regular group conversion flag

  *            @arg ADC_FLAG_OVR: Overrun flag                          

  * @retval None

  */

void ADC_ClearFlag(ADC_TypeDef* ADCx, uint8_t ADC_FLAG)

{

  /* Check the parameters */

  assert_param(IS_ADC_ALL_PERIPH(ADCx));

  assert_param(IS_ADC_CLEAR_FLAG(ADC_FLAG));



  /* Clear the selected ADC flags */

  ADCx->SR = ~(uint32_t)ADC_FLAG;

}



/**

  * @brief  Checks whether the specified ADC interrupt has occurred or not.

  * @param  ADCx:   where x can be 1, 2 or 3 to select the ADC peripheral.

  * @param  ADC_IT: specifies the ADC interrupt source to check. 

  *          This parameter can be one of the following values:

  *            @arg ADC_IT_EOC: End of conversion interrupt mask

  *            @arg ADC_IT_AWD: Analog watchdog interrupt mask

  *            @arg ADC_IT_JEOC: End of injected conversion interrupt mask

  *            @arg ADC_IT_OVR: Overrun interrupt mask                        

  * @retval The new state of ADC_IT (SET or RESET).

  */

ITStatus ADC_GetITStatus(ADC_TypeDef* ADCx, uint16_t ADC_IT)

{

  ITStatus bitstatus = RESET;

  uint32_t itmask = 0, enablestatus = 0;



  /* Check the parameters */

  assert_param(IS_ADC_ALL_PERIPH(ADCx));

  assert_param(IS_ADC_IT(ADC_IT));



  /* Get the ADC IT index */

  itmask = ADC_IT >> 8;



  /* Get the ADC_IT enable bit status */

  enablestatus = (ADCx->CR1 & ((uint32_t)0x01 << (uint8_t)ADC_IT)) ;



  /* Check the status of the specified ADC interrupt */

  if (((ADCx->SR & itmask) != (uint32_t)RESET) && enablestatus)

  {

    /* ADC_IT is set */

    bitstatus = SET;

  }

  else

  {

    /* ADC_IT is reset */

    bitstatus = RESET;

  }

  /* Return the ADC_IT status */

  return  bitstatus;

}



/**

  * @brief  Clears the ADCx's interrupt pending bits.

  * @param  ADCx: where x can be 1, 2 or 3 to select the ADC peripheral.

  * @param  ADC_IT: specifies the ADC interrupt pending bit to clear.

  *          This parameter can be one of the following values:

  *            @arg ADC_IT_EOC: End of conversion interrupt mask

  *            @arg ADC_IT_AWD: Analog watchdog interrupt mask

  *            @arg ADC_IT_JEOC: End of injected conversion interrupt mask

  *            @arg ADC_IT_OVR: Overrun interrupt mask                         

  * @retval None

  */

void ADC_ClearITPendingBit(ADC_TypeDef* ADCx, uint16_t ADC_IT)

{

  uint8_t itmask = 0;

  /* Check the parameters */

  assert_param(IS_ADC_ALL_PERIPH(ADCx));

  assert_param(IS_ADC_IT(ADC_IT)); 

  /* Get the ADC IT index */

  itmask = (uint8_t)(ADC_IT >> 8);

  /* Clear the selected ADC interrupt pending bits */

  ADCx->SR = ~(uint32_t)itmask;

}                    

/**

  * @}

  */ 



/**

  * @}

  */



/**

  * @}

  */ 



/**

  * @}

  */ 



/******************* (C) COPYRIGHT 2011 STMicroelectronics *****END OF FILE****/








Viz/cmsis_lib/source/stm32f4xx_dac.c

/**

  ******************************************************************************

  * @file    stm32f4xx_dac.c

  * @author  MCD Application Team

  * @version V1.0.0

  * @date    30-September-2011

   * @brief   This file provides firmware functions to manage the following 

  *          functionalities of the Digital-to-Analog Converter (DAC) peripheral: 

  *           - DAC channels configuration: trigger, output buffer, data format

  *           - DMA management      

  *           - Interrupts and flags management

  *

  *  @verbatim

  *    

  *          ===================================================================

  *                             DAC Peripheral features

  *          ===================================================================

  *          

  *          DAC Channels

  *          =============  

  *          The device integrates two 12-bit Digital Analog Converters that can 

  *          be used independently or simultaneously (dual mode):

  *            1- DAC channel1 with DAC_OUT1 (PA4) as output

  *            1- DAC channel2 with DAC_OUT2 (PA5) as output

  *

  *          DAC Triggers

  *          =============

  *          Digital to Analog conversion can be non-triggered using DAC_Trigger_None

  *          and DAC_OUT1/DAC_OUT2 is available once writing to DHRx register 

  *          using DAC_SetChannel1Data() / DAC_SetChannel2Data() functions.

  *   

  *         Digital to Analog conversion can be triggered by:

  *             1- External event: EXTI Line 9 (any GPIOx_Pin9) using DAC_Trigger_Ext_IT9.

  *                The used pin (GPIOx_Pin9) must be configured in input mode.

  *

  *             2- Timers TRGO: TIM2, TIM4, TIM5, TIM6, TIM7 and TIM8 

  *                (DAC_Trigger_T2_TRGO, DAC_Trigger_T4_TRGO...)

  *                The timer TRGO event should be selected using TIM_SelectOutputTrigger()

  *

  *             3- Software using DAC_Trigger_Software

  *

  *          DAC Buffer mode feature

  *          ========================  

  *          Each DAC channel integrates an output buffer that can be used to 

  *          reduce the output impedance, and to drive external loads directly

  *          without having to add an external operational amplifier.

  *          To enable, the output buffer use  

  *              DAC_InitStructure.DAC_OutputBuffer = DAC_OutputBuffer_Enable;

  *          

  *          Refer to the device datasheet for more details about output 

  *          impedance value with and without output buffer.

  *          

  *          DAC wave generation feature

  *          =============================      

  *          Both DAC channels can be used to generate

  *             1- Noise wave using DAC_WaveGeneration_Noise

  *             2- Triangle wave using DAC_WaveGeneration_Triangle

  *        

  *          Wave generation can be disabled using DAC_WaveGeneration_None

  *

  *          DAC data format

  *          ================   

  *          The DAC data format can be:

  *             1- 8-bit right alignment using DAC_Align_8b_R

  *             2- 12-bit left alignment using DAC_Align_12b_L

  *             3- 12-bit right alignment using DAC_Align_12b_R

  *

  *          DAC data value to voltage correspondence  

  *          ========================================  

  *          The analog output voltage on each DAC channel pin is determined

  *          by the following equation: 

  *          DAC_OUTx = VREF+ * DOR / 4095

  *          with  DOR is the Data Output Register

  *                VEF+ is the input voltage reference (refer to the device datasheet)

  *          e.g. To set DAC_OUT1 to 0.7V, use

  *            DAC_SetChannel1Data(DAC_Align_12b_R, 868);

  *          Assuming that VREF+ = 3.3V, DAC_OUT1 = (3.3 * 868) / 4095 = 0.7V

  *

  *          DMA requests 

  *          =============    

  *          A DMA1 request can be generated when an external trigger (but not

  *          a software trigger) occurs if DMA1 requests are enabled using

  *          DAC_DMACmd()

  *          DMA1 requests are mapped as following:

  *             1- DAC channel1 : mapped on DMA1 Stream5 channel7 which must be 

  *                               already configured

  *             2- DAC channel2 : mapped on DMA1 Stream6 channel7 which must be 

  *                               already configured

  *

  *          ===================================================================      

  *                              How to use this driver 

  *          ===================================================================          

  *            - DAC APB clock must be enabled to get write access to DAC

  *              registers using

  *              RCC_APB1PeriphClockCmd(RCC_APB1Periph_DAC, ENABLE)

  *            - Configure DAC_OUTx (DAC_OUT1: PA4, DAC_OUT2: PA5) in analog mode.

  *            - Configure the DAC channel using DAC_Init() function

  *            - Enable the DAC channel using DAC_Cmd() function

  * 

  *  @endverbatim

  *    

  ******************************************************************************

  * @attention

  *

  * THE PRESENT FIRMWARE WHICH IS FOR GUIDANCE ONLY AIMS AT PROVIDING CUSTOMERS

  * WITH CODING INFORMATION REGARDING THEIR PRODUCTS IN ORDER FOR THEM TO SAVE

  * TIME. AS A RESULT, STMICROELECTRONICS SHALL NOT BE HELD LIABLE FOR ANY

  * DIRECT, INDIRECT OR CONSEQUENTIAL DAMAGES WITH RESPECT TO ANY CLAIMS ARISING

  * FROM THE CONTENT OF SUCH FIRMWARE AND/OR THE USE MADE BY CUSTOMERS OF THE

  * CODING INFORMATION CONTAINED HEREIN IN CONNECTION WITH THEIR PRODUCTS.

  *

  * <h2><center>&copy; COPYRIGHT 2011 STMicroelectronics</center></h2>

  ******************************************************************************  

  */ 





/* Includes ------------------------------------------------------------------*/

#include "stm32f4xx_dac.h"

#include "stm32f4xx_rcc.h"



/** @addtogroup STM32F4xx_StdPeriph_Driver

  * @{

  */



/** @defgroup DAC 

  * @brief DAC driver modules

  * @{

  */ 



/* Private typedef -----------------------------------------------------------*/

/* Private define ------------------------------------------------------------*/



/* CR register Mask */

#define CR_CLEAR_MASK              ((uint32_t)0x00000FFE)



/* DAC Dual Channels SWTRIG masks */

#define DUAL_SWTRIG_SET            ((uint32_t)0x00000003)

#define DUAL_SWTRIG_RESET          ((uint32_t)0xFFFFFFFC)



/* DHR registers offsets */

#define DHR12R1_OFFSET             ((uint32_t)0x00000008)

#define DHR12R2_OFFSET             ((uint32_t)0x00000014)

#define DHR12RD_OFFSET             ((uint32_t)0x00000020)



/* DOR register offset */

#define DOR_OFFSET                 ((uint32_t)0x0000002C)



/* Private macro -------------------------------------------------------------*/

/* Private variables ---------------------------------------------------------*/

/* Private function prototypes -----------------------------------------------*/

/* Private functions ---------------------------------------------------------*/



/** @defgroup DAC_Private_Functions

  * @{

  */



/** @defgroup DAC_Group1 DAC channels configuration

 *  @brief   DAC channels configuration: trigger, output buffer, data format 

 *

@verbatim   

 ===============================================================================

          DAC channels configuration: trigger, output buffer, data format

 ===============================================================================  



@endverbatim

  * @{

  */



/**

  * @brief  Deinitializes the DAC peripheral registers to their default reset values.

  * @param  None

  * @retval None

  */

void DAC_DeInit(void)

{

  /* Enable DAC reset state */

  RCC_APB1PeriphResetCmd(RCC_APB1Periph_DAC, ENABLE);

  /* Release DAC from reset state */

  RCC_APB1PeriphResetCmd(RCC_APB1Periph_DAC, DISABLE);

}



/**

  * @brief  Initializes the DAC peripheral according to the specified parameters

  *         in the DAC_InitStruct.

  * @param  DAC_Channel: the selected DAC channel. 

  *          This parameter can be one of the following values:

  *            @arg DAC_Channel_1: DAC Channel1 selected

  *            @arg DAC_Channel_2: DAC Channel2 selected

  * @param  DAC_InitStruct: pointer to a DAC_InitTypeDef structure that contains

  *         the configuration information for the  specified DAC channel.

  * @retval None

  */

void DAC_Init(uint32_t DAC_Channel, DAC_InitTypeDef* DAC_InitStruct)

{

  uint32_t tmpreg1 = 0, tmpreg2 = 0;



  /* Check the DAC parameters */

  assert_param(IS_DAC_TRIGGER(DAC_InitStruct->DAC_Trigger));

  assert_param(IS_DAC_GENERATE_WAVE(DAC_InitStruct->DAC_WaveGeneration));

  assert_param(IS_DAC_LFSR_UNMASK_TRIANGLE_AMPLITUDE(DAC_InitStruct->DAC_LFSRUnmask_TriangleAmplitude));

  assert_param(IS_DAC_OUTPUT_BUFFER_STATE(DAC_InitStruct->DAC_OutputBuffer));



/*---------------------------- DAC CR Configuration --------------------------*/

  /* Get the DAC CR value */

  tmpreg1 = DAC->CR;

  /* Clear BOFFx, TENx, TSELx, WAVEx and MAMPx bits */

  tmpreg1 &= ~(CR_CLEAR_MASK << DAC_Channel);

  /* Configure for the selected DAC channel: buffer output, trigger, 

     wave generation, mask/amplitude for wave generation */

  /* Set TSELx and TENx bits according to DAC_Trigger value */

  /* Set WAVEx bits according to DAC_WaveGeneration value */

  /* Set MAMPx bits according to DAC_LFSRUnmask_TriangleAmplitude value */ 

  /* Set BOFFx bit according to DAC_OutputBuffer value */   

  tmpreg2 = (DAC_InitStruct->DAC_Trigger | DAC_InitStruct->DAC_WaveGeneration |

             DAC_InitStruct->DAC_LFSRUnmask_TriangleAmplitude | \

             DAC_InitStruct->DAC_OutputBuffer);

  /* Calculate CR register value depending on DAC_Channel */

  tmpreg1 |= tmpreg2 << DAC_Channel;

  /* Write to DAC CR */

  DAC->CR = tmpreg1;

}



/**

  * @brief  Fills each DAC_InitStruct member with its default value.

  * @param  DAC_InitStruct: pointer to a DAC_InitTypeDef structure which will 

  *         be initialized.

  * @retval None

  */

void DAC_StructInit(DAC_InitTypeDef* DAC_InitStruct)

{

/*--------------- Reset DAC init structure parameters values -----------------*/

  /* Initialize the DAC_Trigger member */

  DAC_InitStruct->DAC_Trigger = DAC_Trigger_None;

  /* Initialize the DAC_WaveGeneration member */

  DAC_InitStruct->DAC_WaveGeneration = DAC_WaveGeneration_None;

  /* Initialize the DAC_LFSRUnmask_TriangleAmplitude member */

  DAC_InitStruct->DAC_LFSRUnmask_TriangleAmplitude = DAC_LFSRUnmask_Bit0;

  /* Initialize the DAC_OutputBuffer member */

  DAC_InitStruct->DAC_OutputBuffer = DAC_OutputBuffer_Enable;

}



/**

  * @brief  Enables or disables the specified DAC channel.

  * @param  DAC_Channel: The selected DAC channel. 

  *          This parameter can be one of the following values:

  *            @arg DAC_Channel_1: DAC Channel1 selected

  *            @arg DAC_Channel_2: DAC Channel2 selected

  * @param  NewState: new state of the DAC channel. 

  *          This parameter can be: ENABLE or DISABLE.

  * @note   When the DAC channel is enabled the trigger source can no more be modified.

  * @retval None

  */

void DAC_Cmd(uint32_t DAC_Channel, FunctionalState NewState)

{

  /* Check the parameters */

  assert_param(IS_DAC_CHANNEL(DAC_Channel));

  assert_param(IS_FUNCTIONAL_STATE(NewState));



  if (NewState != DISABLE)

  {

    /* Enable the selected DAC channel */

    DAC->CR |= (DAC_CR_EN1 << DAC_Channel);

  }

  else

  {

    /* Disable the selected DAC channel */

    DAC->CR &= (~(DAC_CR_EN1 << DAC_Channel));

  }

}



/**

  * @brief  Enables or disables the selected DAC channel software trigger.

  * @param  DAC_Channel: The selected DAC channel. 

  *          This parameter can be one of the following values:

  *            @arg DAC_Channel_1: DAC Channel1 selected

  *            @arg DAC_Channel_2: DAC Channel2 selected

  * @param  NewState: new state of the selected DAC channel software trigger.

  *          This parameter can be: ENABLE or DISABLE.

  * @retval None

  */

void DAC_SoftwareTriggerCmd(uint32_t DAC_Channel, FunctionalState NewState)

{

  /* Check the parameters */

  assert_param(IS_DAC_CHANNEL(DAC_Channel));

  assert_param(IS_FUNCTIONAL_STATE(NewState));



  if (NewState != DISABLE)

  {

    /* Enable software trigger for the selected DAC channel */

    DAC->SWTRIGR |= (uint32_t)DAC_SWTRIGR_SWTRIG1 << (DAC_Channel >> 4);

  }

  else

  {

    /* Disable software trigger for the selected DAC channel */

    DAC->SWTRIGR &= ~((uint32_t)DAC_SWTRIGR_SWTRIG1 << (DAC_Channel >> 4));

  }

}



/**

  * @brief  Enables or disables simultaneously the two DAC channels software triggers.

  * @param  NewState: new state of the DAC channels software triggers.

  *          This parameter can be: ENABLE or DISABLE.

  * @retval None

  */

void DAC_DualSoftwareTriggerCmd(FunctionalState NewState)

{

  /* Check the parameters */

  assert_param(IS_FUNCTIONAL_STATE(NewState));



  if (NewState != DISABLE)

  {

    /* Enable software trigger for both DAC channels */

    DAC->SWTRIGR |= DUAL_SWTRIG_SET;

  }

  else

  {

    /* Disable software trigger for both DAC channels */

    DAC->SWTRIGR &= DUAL_SWTRIG_RESET;

  }

}



/**

  * @brief  Enables or disables the selected DAC channel wave generation.

  * @param  DAC_Channel: The selected DAC channel. 

  *          This parameter can be one of the following values:

  *            @arg DAC_Channel_1: DAC Channel1 selected

  *            @arg DAC_Channel_2: DAC Channel2 selected

  * @param  DAC_Wave: specifies the wave type to enable or disable.

  *          This parameter can be one of the following values:

  *            @arg DAC_Wave_Noise: noise wave generation

  *            @arg DAC_Wave_Triangle: triangle wave generation

  * @param  NewState: new state of the selected DAC channel wave generation.

  *          This parameter can be: ENABLE or DISABLE.  

  * @retval None

  */

void DAC_WaveGenerationCmd(uint32_t DAC_Channel, uint32_t DAC_Wave, FunctionalState NewState)

{

  /* Check the parameters */

  assert_param(IS_DAC_CHANNEL(DAC_Channel));

  assert_param(IS_DAC_WAVE(DAC_Wave)); 

  assert_param(IS_FUNCTIONAL_STATE(NewState));



  if (NewState != DISABLE)

  {

    /* Enable the selected wave generation for the selected DAC channel */

    DAC->CR |= DAC_Wave << DAC_Channel;

  }

  else

  {

    /* Disable the selected wave generation for the selected DAC channel */

    DAC->CR &= ~(DAC_Wave << DAC_Channel);

  }

}



/**

  * @brief  Set the specified data holding register value for DAC channel1.

  * @param  DAC_Align: Specifies the data alignment for DAC channel1.

  *          This parameter can be one of the following values:

  *            @arg DAC_Align_8b_R: 8bit right data alignment selected

  *            @arg DAC_Align_12b_L: 12bit left data alignment selected

  *            @arg DAC_Align_12b_R: 12bit right data alignment selected

  * @param  Data: Data to be loaded in the selected data holding register.

  * @retval None

  */

void DAC_SetChannel1Data(uint32_t DAC_Align, uint16_t Data)

{  

  __IO uint32_t tmp = 0;

  

  /* Check the parameters */

  assert_param(IS_DAC_ALIGN(DAC_Align));

  assert_param(IS_DAC_DATA(Data));

  

  tmp = (uint32_t)DAC_BASE; 

  tmp += DHR12R1_OFFSET + DAC_Align;



  /* Set the DAC channel1 selected data holding register */

  *(__IO uint32_t *) tmp = Data;

}



/**

  * @brief  Set the specified data holding register value for DAC channel2.

  * @param  DAC_Align: Specifies the data alignment for DAC channel2.

  *          This parameter can be one of the following values:

  *            @arg DAC_Align_8b_R: 8bit right data alignment selected

  *            @arg DAC_Align_12b_L: 12bit left data alignment selected

  *            @arg DAC_Align_12b_R: 12bit right data alignment selected

  * @param  Data: Data to be loaded in the selected data holding register.

  * @retval None

  */

void DAC_SetChannel2Data(uint32_t DAC_Align, uint16_t Data)

{

  __IO uint32_t tmp = 0;



  /* Check the parameters */

  assert_param(IS_DAC_ALIGN(DAC_Align));

  assert_param(IS_DAC_DATA(Data));

  

  tmp = (uint32_t)DAC_BASE;

  tmp += DHR12R2_OFFSET + DAC_Align;



  /* Set the DAC channel2 selected data holding register */

  *(__IO uint32_t *)tmp = Data;

}



/**

  * @brief  Set the specified data holding register value for dual channel DAC.

  * @param  DAC_Align: Specifies the data alignment for dual channel DAC.

  *          This parameter can be one of the following values:

  *            @arg DAC_Align_8b_R: 8bit right data alignment selected

  *            @arg DAC_Align_12b_L: 12bit left data alignment selected

  *            @arg DAC_Align_12b_R: 12bit right data alignment selected

  * @param  Data2: Data for DAC Channel2 to be loaded in the selected data holding register.

  * @param  Data1: Data for DAC Channel1 to be loaded in the selected data  holding register.

  * @note   In dual mode, a unique register access is required to write in both

  *          DAC channels at the same time.

  * @retval None

  */

void DAC_SetDualChannelData(uint32_t DAC_Align, uint16_t Data2, uint16_t Data1)

{

  uint32_t data = 0, tmp = 0;

  

  /* Check the parameters */

  assert_param(IS_DAC_ALIGN(DAC_Align));

  assert_param(IS_DAC_DATA(Data1));

  assert_param(IS_DAC_DATA(Data2));

  

  /* Calculate and set dual DAC data holding register value */

  if (DAC_Align == DAC_Align_8b_R)

  {

    data = ((uint32_t)Data2 << 8) | Data1; 

  }

  else

  {

    data = ((uint32_t)Data2 << 16) | Data1;

  }

  

  tmp = (uint32_t)DAC_BASE;

  tmp += DHR12RD_OFFSET + DAC_Align;



  /* Set the dual DAC selected data holding register */

  *(__IO uint32_t *)tmp = data;

}



/**

  * @brief  Returns the last data output value of the selected DAC channel.

  * @param  DAC_Channel: The selected DAC channel. 

  *          This parameter can be one of the following values:

  *            @arg DAC_Channel_1: DAC Channel1 selected

  *            @arg DAC_Channel_2: DAC Channel2 selected

  * @retval The selected DAC channel data output value.

  */

uint16_t DAC_GetDataOutputValue(uint32_t DAC_Channel)

{

  __IO uint32_t tmp = 0;

  

  /* Check the parameters */

  assert_param(IS_DAC_CHANNEL(DAC_Channel));

  

  tmp = (uint32_t) DAC_BASE ;

  tmp += DOR_OFFSET + ((uint32_t)DAC_Channel >> 2);

  

  /* Returns the DAC channel data output register value */

  return (uint16_t) (*(__IO uint32_t*) tmp);

}

/**

  * @}

  */



/** @defgroup DAC_Group2 DMA management functions

 *  @brief   DMA management functions

 *

@verbatim   

 ===============================================================================

                          DMA management functions

 ===============================================================================  



@endverbatim

  * @{

  */



/**

  * @brief  Enables or disables the specified DAC channel DMA request.

  * @note   When enabled DMA1 is generated when an external trigger (EXTI Line9,

  *         TIM2, TIM4, TIM5, TIM6, TIM7 or TIM8  but not a software trigger) occurs.

  * @param  DAC_Channel: The selected DAC channel. 

  *          This parameter can be one of the following values:

  *            @arg DAC_Channel_1: DAC Channel1 selected

  *            @arg DAC_Channel_2: DAC Channel2 selected

  * @param  NewState: new state of the selected DAC channel DMA request.

  *          This parameter can be: ENABLE or DISABLE.

  * @note   The DAC channel1 is mapped on DMA1 Stream 5 channel7 which must be

  *          already configured.

  * @note   The DAC channel2 is mapped on DMA1 Stream 6 channel7 which must be

  *          already configured.    

  * @retval None

  */

void DAC_DMACmd(uint32_t DAC_Channel, FunctionalState NewState)

{

  /* Check the parameters */

  assert_param(IS_DAC_CHANNEL(DAC_Channel));

  assert_param(IS_FUNCTIONAL_STATE(NewState));



  if (NewState != DISABLE)

  {

    /* Enable the selected DAC channel DMA request */

    DAC->CR |= (DAC_CR_DMAEN1 << DAC_Channel);

  }

  else

  {

    /* Disable the selected DAC channel DMA request */

    DAC->CR &= (~(DAC_CR_DMAEN1 << DAC_Channel));

  }

}

/**

  * @}

  */



/** @defgroup DAC_Group3 Interrupts and flags management functions

 *  @brief   Interrupts and flags management functions

 *

@verbatim   

 ===============================================================================

                   Interrupts and flags management functions

 ===============================================================================  



@endverbatim

  * @{

  */



/**

  * @brief  Enables or disables the specified DAC interrupts.

  * @param  DAC_Channel: The selected DAC channel. 

  *          This parameter can be one of the following values:

  *            @arg DAC_Channel_1: DAC Channel1 selected

  *            @arg DAC_Channel_2: DAC Channel2 selected

  * @param  DAC_IT: specifies the DAC interrupt sources to be enabled or disabled. 

  *          This parameter can be the following values:

  *            @arg DAC_IT_DMAUDR: DMA underrun interrupt mask

  * @note   The DMA underrun occurs when a second external trigger arrives before the 

  *         acknowledgement for the first external trigger is received (first request).

  * @param  NewState: new state of the specified DAC interrupts.

  *          This parameter can be: ENABLE or DISABLE.

  * @retval None

  */ 

void DAC_ITConfig(uint32_t DAC_Channel, uint32_t DAC_IT, FunctionalState NewState)  

{

  /* Check the parameters */

  assert_param(IS_DAC_CHANNEL(DAC_Channel));

  assert_param(IS_FUNCTIONAL_STATE(NewState));

  assert_param(IS_DAC_IT(DAC_IT)); 



  if (NewState != DISABLE)

  {

    /* Enable the selected DAC interrupts */

    DAC->CR |=  (DAC_IT << DAC_Channel);

  }

  else

  {

    /* Disable the selected DAC interrupts */

    DAC->CR &= (~(uint32_t)(DAC_IT << DAC_Channel));

  }

}



/**

  * @brief  Checks whether the specified DAC flag is set or not.

  * @param  DAC_Channel: The selected DAC channel. 

  *          This parameter can be one of the following values:

  *            @arg DAC_Channel_1: DAC Channel1 selected

  *            @arg DAC_Channel_2: DAC Channel2 selected

  * @param  DAC_FLAG: specifies the flag to check. 

  *          This parameter can be only of the following value:

  *            @arg DAC_FLAG_DMAUDR: DMA underrun flag

  * @note   The DMA underrun occurs when a second external trigger arrives before the 

  *         acknowledgement for the first external trigger is received (first request).

  * @retval The new state of DAC_FLAG (SET or RESET).

  */

FlagStatus DAC_GetFlagStatus(uint32_t DAC_Channel, uint32_t DAC_FLAG)

{

  FlagStatus bitstatus = RESET;

  /* Check the parameters */

  assert_param(IS_DAC_CHANNEL(DAC_Channel));

  assert_param(IS_DAC_FLAG(DAC_FLAG));



  /* Check the status of the specified DAC flag */

  if ((DAC->SR & (DAC_FLAG << DAC_Channel)) != (uint8_t)RESET)

  {

    /* DAC_FLAG is set */

    bitstatus = SET;

  }

  else

  {

    /* DAC_FLAG is reset */

    bitstatus = RESET;

  }

  /* Return the DAC_FLAG status */

  return  bitstatus;

}



/**

  * @brief  Clears the DAC channel's pending flags.

  * @param  DAC_Channel: The selected DAC channel. 

  *          This parameter can be one of the following values:

  *            @arg DAC_Channel_1: DAC Channel1 selected

  *            @arg DAC_Channel_2: DAC Channel2 selected

  * @param  DAC_FLAG: specifies the flag to clear. 

  *          This parameter can be of the following value:

  *            @arg DAC_FLAG_DMAUDR: DMA underrun flag 

  * @note   The DMA underrun occurs when a second external trigger arrives before the 

  *         acknowledgement for the first external trigger is received (first request).                           

  * @retval None

  */

void DAC_ClearFlag(uint32_t DAC_Channel, uint32_t DAC_FLAG)

{

  /* Check the parameters */

  assert_param(IS_DAC_CHANNEL(DAC_Channel));

  assert_param(IS_DAC_FLAG(DAC_FLAG));



  /* Clear the selected DAC flags */

  DAC->SR = (DAC_FLAG << DAC_Channel);

}



/**

  * @brief  Checks whether the specified DAC interrupt has occurred or not.

  * @param  DAC_Channel: The selected DAC channel. 

  *          This parameter can be one of the following values:

  *            @arg DAC_Channel_1: DAC Channel1 selected

  *            @arg DAC_Channel_2: DAC Channel2 selected

  * @param  DAC_IT: specifies the DAC interrupt source to check. 

  *          This parameter can be the following values:

  *            @arg DAC_IT_DMAUDR: DMA underrun interrupt mask

  * @note   The DMA underrun occurs when a second external trigger arrives before the 

  *         acknowledgement for the first external trigger is received (first request).

  * @retval The new state of DAC_IT (SET or RESET).

  */

ITStatus DAC_GetITStatus(uint32_t DAC_Channel, uint32_t DAC_IT)

{

  ITStatus bitstatus = RESET;

  uint32_t enablestatus = 0;

  

  /* Check the parameters */

  assert_param(IS_DAC_CHANNEL(DAC_Channel));

  assert_param(IS_DAC_IT(DAC_IT));



  /* Get the DAC_IT enable bit status */

  enablestatus = (DAC->CR & (DAC_IT << DAC_Channel)) ;

  

  /* Check the status of the specified DAC interrupt */

  if (((DAC->SR & (DAC_IT << DAC_Channel)) != (uint32_t)RESET) && enablestatus)

  {

    /* DAC_IT is set */

    bitstatus = SET;

  }

  else

  {

    /* DAC_IT is reset */

    bitstatus = RESET;

  }

  /* Return the DAC_IT status */

  return  bitstatus;

}



/**

  * @brief  Clears the DAC channel's interrupt pending bits.

  * @param  DAC_Channel: The selected DAC channel. 

  *          This parameter can be one of the following values:

  *            @arg DAC_Channel_1: DAC Channel1 selected

  *            @arg DAC_Channel_2: DAC Channel2 selected

  * @param  DAC_IT: specifies the DAC interrupt pending bit to clear.

  *          This parameter can be the following values:

  *            @arg DAC_IT_DMAUDR: DMA underrun interrupt mask                         

  * @note   The DMA underrun occurs when a second external trigger arrives before the 

  *         acknowledgement for the first external trigger is received (first request).                           

  * @retval None

  */

void DAC_ClearITPendingBit(uint32_t DAC_Channel, uint32_t DAC_IT)

{

  /* Check the parameters */

  assert_param(IS_DAC_CHANNEL(DAC_Channel));

  assert_param(IS_DAC_IT(DAC_IT)); 



  /* Clear the selected DAC interrupt pending bits */

  DAC->SR = (DAC_IT << DAC_Channel);

}



/**

  * @}

  */



/**

  * @}

  */



/**

  * @}

  */



/**

  * @}

  */



/******************* (C) COPYRIGHT 2011 STMicroelectronics *****END OF FILE****/








Viz/cmsis_lib/source/stm32f4xx_dma.c

/**

  ******************************************************************************

  * @file    stm32f4xx_dma.c

  * @author  MCD Application Team

  * @version V1.0.0

  * @date    30-September-2011

  * @brief   This file provides firmware functions to manage the following 

  *          functionalities of the Direct Memory Access controller (DMA):           

  *           - Initialization and Configuration

  *           - Data Counter

  *           - Double Buffer mode configuration and command  

  *           - Interrupts and flags management

  *           

  *  @verbatim

  *      

  *          ===================================================================      

  *                                 How to use this driver

  *          =================================================================== 

  *          1. Enable The DMA controller clock using RCC_AHB1PeriphResetCmd(RCC_AHB1Periph_DMA1, ENABLE)

  *             function for DMA1 or using RCC_AHB1PeriphResetCmd(RCC_AHB1Periph_DMA2, ENABLE)

  *             function for DMA2.

  *

  *          2. Enable and configure the peripheral to be connected to the DMA Stream

  *             (except for internal SRAM / FLASH memories: no initialization is 

  *             necessary). 

  *        

  *          3. For a given Stream, program the required configuration through following parameters:   

  *             Source and Destination addresses, Transfer Direction, Transfer size, Source and Destination 

  *             data formats, Circular or Normal mode, Stream Priority level, Source and Destination 

  *             Incrementation mode, FIFO mode and its Threshold (if needed), Burst mode for Source and/or 

  *             Destination (if needed) using the DMA_Init() function.

  *             To avoid filling un-nesecessary fields, you can call DMA_StructInit() function

  *             to initialize a given structure with default values (reset values), the modify

  *             only necessary fields (ie. Source and Destination addresses, Transfer size and Data Formats).

  *

  *          4. Enable the NVIC and the corresponding interrupt(s) using the function 

  *             DMA_ITConfig() if you need to use DMA interrupts. 

  *

  *          5. Optionally, if the Circular mode is enabled, you can use the Double buffer mode by configuring 

  *             the second Memory address and the first Memory to be used through the function 

  *             DMA_DoubleBufferModeConfig(). Then enable the Double buffer mode through the function

  *             DMA_DoubleBufferModeCmd(). These operations must be done before step 6.

  *    

  *          6. Enable the DMA stream using the DMA_Cmd() function. 

  *                

  *          7. Activate the needed Stream Request using PPP_DMACmd() function for

  *             any PPP peripheral except internal SRAM and FLASH (ie. SPI, USART ...)

  *             The function allowing this operation is provided in each PPP peripheral

  *             driver (ie. SPI_DMACmd for SPI peripheral).

  *             Once the Stream is enabled, it is not possible to modify its configuration

  *             unless the stream is stopped and disabled.

  *             After enabling the Stream, it is advised to monitor the EN bit status using

  *             the function DMA_GetCmdStatus(). In case of configuration errors or bus errors

  *             this bit will remain reset and all transfers on this Stream will remain on hold.      

  *

  *          8. Optionally, you can configure the number of data to be transferred

  *             when the Stream is disabled (ie. after each Transfer Complete event

  *             or when a Transfer Error occurs) using the function DMA_SetCurrDataCounter().

  *             And you can get the number of remaining data to be transferred using 

  *             the function DMA_GetCurrDataCounter() at run time (when the DMA Stream is

  *             enabled and running).  

  *                   

  *          9. To control DMA events you can use one of the following 

  *              two methods:

  *               a- Check on DMA Stream flags using the function DMA_GetFlagStatus().  

  *               b- Use DMA interrupts through the function DMA_ITConfig() at initialization

  *                  phase and DMA_GetITStatus() function into interrupt routines in

  *                  communication phase.  

  *              After checking on a flag you should clear it using DMA_ClearFlag()

  *              function. And after checking on an interrupt event you should 

  *              clear it using DMA_ClearITPendingBit() function.    

  *              

  *          10. Optionally, if Circular mode and Double Buffer mode are enabled, you can modify

  *              the Memory Addresses using the function DMA_MemoryTargetConfig(). Make sure that

  *              the Memory Address to be modified is not the one currently in use by DMA Stream.

  *              This condition can be monitored using the function DMA_GetCurrentMemoryTarget().

  *              

  *          11. Optionally, Pause-Resume operations may be performed:

  *              The DMA_Cmd() function may be used to perform Pause-Resume operation. When a 

  *              transfer is ongoing, calling this function to disable the Stream will cause the 

  *              transfer to be paused. All configuration registers and the number of remaining 

  *              data will be preserved. When calling again this function to re-enable the Stream, 

  *              the transfer will be resumed from the point where it was paused.          

  *                 

  * @note   Memory-to-Memory transfer is possible by setting the address of the memory into

  *         the Peripheral registers. In this mode, Circular mode and Double Buffer mode

  *         are not allowed.

  *  

  * @note   The FIFO is used mainly to reduce bus usage and to allow data packing/unpacking: it is

  *         possible to set different Data Sizes for the Peripheral and the Memory (ie. you can set

  *         Half-Word data size for the peripheral to access its data register and set Word data size

  *         for the Memory to gain in access time. Each two Half-words will be packed and written in

  *         a single access to a Word in the Memory).

  *    

  * @note  When FIFO is disabled, it is not allowed to configure different Data Sizes for Source

  *        and Destination. In this case the Peripheral Data Size will be applied to both Source

  *        and Destination.               

  *

  *  @endverbatim

  *                                  

  ******************************************************************************

  * @attention

  *

  * THE PRESENT FIRMWARE WHICH IS FOR GUIDANCE ONLY AIMS AT PROVIDING CUSTOMERS

  * WITH CODING INFORMATION REGARDING THEIR PRODUCTS IN ORDER FOR THEM TO SAVE

  * TIME. AS A RESULT, STMICROELECTRONICS SHALL NOT BE HELD LIABLE FOR ANY

  * DIRECT, INDIRECT OR CONSEQUENTIAL DAMAGES WITH RESPECT TO ANY CLAIMS ARISING

  * FROM THE CONTENT OF SUCH FIRMWARE AND/OR THE USE MADE BY CUSTOMERS OF THE

  * CODING INFORMATION CONTAINED HEREIN IN CONNECTION WITH THEIR PRODUCTS.

  *

  * <h2><center>&copy; COPYRIGHT 2011 STMicroelectronics</center></h2>

  ******************************************************************************  

  */ 



/* Includes ------------------------------------------------------------------*/

#include "stm32f4xx_dma.h"

#include "stm32f4xx_rcc.h"



/** @addtogroup STM32F4xx_StdPeriph_Driver

  * @{

  */



/** @defgroup DMA 

  * @brief DMA driver modules

  * @{

  */ 



/* Private typedef -----------------------------------------------------------*/

/* Private define ------------------------------------------------------------*/



/* Masks Definition */

#define TRANSFER_IT_ENABLE_MASK (uint32_t)(DMA_SxCR_TCIE | DMA_SxCR_HTIE | \

                                           DMA_SxCR_TEIE | DMA_SxCR_DMEIE)



#define DMA_Stream0_IT_MASK     (uint32_t)(DMA_LISR_FEIF0 | DMA_LISR_DMEIF0 | \

                                           DMA_LISR_TEIF0 | DMA_LISR_HTIF0 | \

                                           DMA_LISR_TCIF0)



#define DMA_Stream1_IT_MASK     (uint32_t)(DMA_Stream0_IT_MASK << 6)

#define DMA_Stream2_IT_MASK     (uint32_t)(DMA_Stream0_IT_MASK << 16)

#define DMA_Stream3_IT_MASK     (uint32_t)(DMA_Stream0_IT_MASK << 22)

#define DMA_Stream4_IT_MASK     (uint32_t)(DMA_Stream0_IT_MASK | (uint32_t)0x20000000)

#define DMA_Stream5_IT_MASK     (uint32_t)(DMA_Stream1_IT_MASK | (uint32_t)0x20000000)

#define DMA_Stream6_IT_MASK     (uint32_t)(DMA_Stream2_IT_MASK | (uint32_t)0x20000000)

#define DMA_Stream7_IT_MASK     (uint32_t)(DMA_Stream3_IT_MASK | (uint32_t)0x20000000)

#define TRANSFER_IT_MASK        (uint32_t)0x0F3C0F3C

#define HIGH_ISR_MASK           (uint32_t)0x20000000

#define RESERVED_MASK           (uint32_t)0x0F7D0F7D  



/* Private macro -------------------------------------------------------------*/

/* Private variables ---------------------------------------------------------*/

/* Private function prototypes -----------------------------------------------*/

/* Private functions ---------------------------------------------------------*/





/** @defgroup DMA_Private_Functions

  * @{

  */



/** @defgroup DMA_Group1 Initialization and Configuration functions

 *  @brief   Initialization and Configuration functions

 *

@verbatim   

 ===============================================================================

                 Initialization and Configuration functions

 ===============================================================================  



  This subsection provides functions allowing to initialize the DMA Stream source

  and destination addresses, incrementation and data sizes, transfer direction, 

  buffer size, circular/normal mode selection, memory-to-memory mode selection 

  and Stream priority value.

  

  The DMA_Init() function follows the DMA configuration procedures as described in

  reference manual (RM0090) except the first point: waiting on EN bit to be reset.

  This condition should be checked by user application using the function DMA_GetCmdStatus()

  before calling the DMA_Init() function.



@endverbatim

  * @{

  */



/**

  * @brief  Deinitialize the DMAy Streamx registers to their default reset values.

  * @param  DMAy_Streamx: where y can be 1 or 2 to select the DMA and x can be 0

  *         to 7 to select the DMA Stream.

  * @retval None

  */

void DMA_DeInit(DMA_Stream_TypeDef* DMAy_Streamx)

{

  /* Check the parameters */

  assert_param(IS_DMA_ALL_PERIPH(DMAy_Streamx));



  /* Disable the selected DMAy Streamx */

  DMAy_Streamx->CR &= ~((uint32_t)DMA_SxCR_EN);



  /* Reset DMAy Streamx control register */

  DMAy_Streamx->CR  = 0;

  

  /* Reset DMAy Streamx Number of Data to Transfer register */

  DMAy_Streamx->NDTR = 0;

  

  /* Reset DMAy Streamx peripheral address register */

  DMAy_Streamx->PAR  = 0;

  

  /* Reset DMAy Streamx memory 0 address register */

  DMAy_Streamx->M0AR = 0;



  /* Reset DMAy Streamx memory 1 address register */

  DMAy_Streamx->M1AR = 0;



  /* Reset DMAy Streamx FIFO control register */

  DMAy_Streamx->FCR = (uint32_t)0x00000021; 



  /* Reset interrupt pending bits for the selected stream */

  if (DMAy_Streamx == DMA1_Stream0)

  {

    /* Reset interrupt pending bits for DMA1 Stream0 */

    DMA1->LIFCR = DMA_Stream0_IT_MASK;

  }

  else if (DMAy_Streamx == DMA1_Stream1)

  {

    /* Reset interrupt pending bits for DMA1 Stream1 */

    DMA1->LIFCR = DMA_Stream1_IT_MASK;

  }

  else if (DMAy_Streamx == DMA1_Stream2)

  {

    /* Reset interrupt pending bits for DMA1 Stream2 */

    DMA1->LIFCR = DMA_Stream2_IT_MASK;

  }

  else if (DMAy_Streamx == DMA1_Stream3)

  {

    /* Reset interrupt pending bits for DMA1 Stream3 */

    DMA1->LIFCR = DMA_Stream3_IT_MASK;

  }

  else if (DMAy_Streamx == DMA1_Stream4)

  {

    /* Reset interrupt pending bits for DMA1 Stream4 */

    DMA1->HIFCR = DMA_Stream4_IT_MASK;

  }

  else if (DMAy_Streamx == DMA1_Stream5)

  {

    /* Reset interrupt pending bits for DMA1 Stream5 */

    DMA1->HIFCR = DMA_Stream5_IT_MASK;

  }

  else if (DMAy_Streamx == DMA1_Stream6)

  {

    /* Reset interrupt pending bits for DMA1 Stream6 */

    DMA1->HIFCR = (uint32_t)DMA_Stream6_IT_MASK;

  }

  else if (DMAy_Streamx == DMA1_Stream7)

  {

    /* Reset interrupt pending bits for DMA1 Stream7 */

    DMA1->HIFCR = DMA_Stream7_IT_MASK;

  }

  else if (DMAy_Streamx == DMA2_Stream0)

  {

    /* Reset interrupt pending bits for DMA2 Stream0 */

    DMA2->LIFCR = DMA_Stream0_IT_MASK;

  }

  else if (DMAy_Streamx == DMA2_Stream1)

  {

    /* Reset interrupt pending bits for DMA2 Stream1 */

    DMA2->LIFCR = DMA_Stream1_IT_MASK;

  }

  else if (DMAy_Streamx == DMA2_Stream2)

  {

    /* Reset interrupt pending bits for DMA2 Stream2 */

    DMA2->LIFCR = DMA_Stream2_IT_MASK;

  }

  else if (DMAy_Streamx == DMA2_Stream3)

  {

    /* Reset interrupt pending bits for DMA2 Stream3 */

    DMA2->LIFCR = DMA_Stream3_IT_MASK;

  }

  else if (DMAy_Streamx == DMA2_Stream4)

  {

    /* Reset interrupt pending bits for DMA2 Stream4 */

    DMA2->HIFCR = DMA_Stream4_IT_MASK;

  }

  else if (DMAy_Streamx == DMA2_Stream5)

  {

    /* Reset interrupt pending bits for DMA2 Stream5 */

    DMA2->HIFCR = DMA_Stream5_IT_MASK;

  }

  else if (DMAy_Streamx == DMA2_Stream6)

  {

    /* Reset interrupt pending bits for DMA2 Stream6 */

    DMA2->HIFCR = DMA_Stream6_IT_MASK;

  }

  else 

  {

    if (DMAy_Streamx == DMA2_Stream7)

    {

      /* Reset interrupt pending bits for DMA2 Stream7 */

      DMA2->HIFCR = DMA_Stream7_IT_MASK;

    }

  }

}



/**

  * @brief  Initializes the DMAy Streamx according to the specified parameters in 

  *         the DMA_InitStruct structure.

  * @note   Before calling this function, it is recommended to check that the Stream 

  *         is actually disabled using the function DMA_GetCmdStatus().  

  * @param  DMAy_Streamx: where y can be 1 or 2 to select the DMA and x can be 0

  *         to 7 to select the DMA Stream.

  * @param  DMA_InitStruct: pointer to a DMA_InitTypeDef structure that contains

  *         the configuration information for the specified DMA Stream.  

  * @retval None

  */

void DMA_Init(DMA_Stream_TypeDef* DMAy_Streamx, DMA_InitTypeDef* DMA_InitStruct)

{

  uint32_t tmpreg = 0;



  /* Check the parameters */

  assert_param(IS_DMA_ALL_PERIPH(DMAy_Streamx));

  assert_param(IS_DMA_CHANNEL(DMA_InitStruct->DMA_Channel));

  assert_param(IS_DMA_DIRECTION(DMA_InitStruct->DMA_DIR));

  assert_param(IS_DMA_BUFFER_SIZE(DMA_InitStruct->DMA_BufferSize));

  assert_param(IS_DMA_PERIPHERAL_INC_STATE(DMA_InitStruct->DMA_PeripheralInc));

  assert_param(IS_DMA_MEMORY_INC_STATE(DMA_InitStruct->DMA_MemoryInc));

  assert_param(IS_DMA_PERIPHERAL_DATA_SIZE(DMA_InitStruct->DMA_PeripheralDataSize));

  assert_param(IS_DMA_MEMORY_DATA_SIZE(DMA_InitStruct->DMA_MemoryDataSize));

  assert_param(IS_DMA_MODE(DMA_InitStruct->DMA_Mode));

  assert_param(IS_DMA_PRIORITY(DMA_InitStruct->DMA_Priority));

  assert_param(IS_DMA_FIFO_MODE_STATE(DMA_InitStruct->DMA_FIFOMode));

  assert_param(IS_DMA_FIFO_THRESHOLD(DMA_InitStruct->DMA_FIFOThreshold));

  assert_param(IS_DMA_MEMORY_BURST(DMA_InitStruct->DMA_MemoryBurst));

  assert_param(IS_DMA_PERIPHERAL_BURST(DMA_InitStruct->DMA_PeripheralBurst));



  /*------------------------- DMAy Streamx CR Configuration ------------------*/

  /* Get the DMAy_Streamx CR value */

  tmpreg = DMAy_Streamx->CR;



  /* Clear CHSEL, MBURST, PBURST, PL, MSIZE, PSIZE, MINC, PINC, CIRC and DIR bits */

  tmpreg &= ((uint32_t)~(DMA_SxCR_CHSEL | DMA_SxCR_MBURST | DMA_SxCR_PBURST | \

                         DMA_SxCR_PL | DMA_SxCR_MSIZE | DMA_SxCR_PSIZE | \

                         DMA_SxCR_MINC | DMA_SxCR_PINC | DMA_SxCR_CIRC | \

                         DMA_SxCR_DIR));



  /* Configure DMAy Streamx: */

  /* Set CHSEL bits according to DMA_CHSEL value */

  /* Set DIR bits according to DMA_DIR value */

  /* Set PINC bit according to DMA_PeripheralInc value */

  /* Set MINC bit according to DMA_MemoryInc value */

  /* Set PSIZE bits according to DMA_PeripheralDataSize value */

  /* Set MSIZE bits according to DMA_MemoryDataSize value */

  /* Set CIRC bit according to DMA_Mode value */

  /* Set PL bits according to DMA_Priority value */

  /* Set MBURST bits according to DMA_MemoryBurst value */

  /* Set PBURST bits according to DMA_PeripheralBurst value */

  tmpreg |= DMA_InitStruct->DMA_Channel | DMA_InitStruct->DMA_DIR |

            DMA_InitStruct->DMA_PeripheralInc | DMA_InitStruct->DMA_MemoryInc |

            DMA_InitStruct->DMA_PeripheralDataSize | DMA_InitStruct->DMA_MemoryDataSize |

            DMA_InitStruct->DMA_Mode | DMA_InitStruct->DMA_Priority |

            DMA_InitStruct->DMA_MemoryBurst | DMA_InitStruct->DMA_PeripheralBurst;



  /* Write to DMAy Streamx CR register */

  DMAy_Streamx->CR = tmpreg;



  /*------------------------- DMAy Streamx FCR Configuration -----------------*/

  /* Get the DMAy_Streamx FCR value */

  tmpreg = DMAy_Streamx->FCR;



  /* Clear DMDIS and FTH bits */

  tmpreg &= (uint32_t)~(DMA_SxFCR_DMDIS | DMA_SxFCR_FTH);



  /* Configure DMAy Streamx FIFO: 

    Set DMDIS bits according to DMA_FIFOMode value 

    Set FTH bits according to DMA_FIFOThreshold value */

  tmpreg |= DMA_InitStruct->DMA_FIFOMode | DMA_InitStruct->DMA_FIFOThreshold;



  /* Write to DMAy Streamx CR */

  DMAy_Streamx->FCR = tmpreg;



  /*------------------------- DMAy Streamx NDTR Configuration ----------------*/

  /* Write to DMAy Streamx NDTR register */

  DMAy_Streamx->NDTR = DMA_InitStruct->DMA_BufferSize;



  /*------------------------- DMAy Streamx PAR Configuration -----------------*/

  /* Write to DMAy Streamx PAR */

  DMAy_Streamx->PAR = DMA_InitStruct->DMA_PeripheralBaseAddr;



  /*------------------------- DMAy Streamx M0AR Configuration ----------------*/

  /* Write to DMAy Streamx M0AR */

  DMAy_Streamx->M0AR = DMA_InitStruct->DMA_Memory0BaseAddr;

}



/**

  * @brief  Fills each DMA_InitStruct member with its default value.

  * @param  DMA_InitStruct : pointer to a DMA_InitTypeDef structure which will 

  *         be initialized.

  * @retval None

  */

void DMA_StructInit(DMA_InitTypeDef* DMA_InitStruct)

{

  /*-------------- Reset DMA init structure parameters values ----------------*/

  /* Initialize the DMA_Channel member */

  DMA_InitStruct->DMA_Channel = 0;



  /* Initialize the DMA_PeripheralBaseAddr member */

  DMA_InitStruct->DMA_PeripheralBaseAddr = 0;



  /* Initialize the DMA_Memory0BaseAddr member */

  DMA_InitStruct->DMA_Memory0BaseAddr = 0;



  /* Initialize the DMA_DIR member */

  DMA_InitStruct->DMA_DIR = DMA_DIR_PeripheralToMemory;



  /* Initialize the DMA_BufferSize member */

  DMA_InitStruct->DMA_BufferSize = 0;



  /* Initialize the DMA_PeripheralInc member */

  DMA_InitStruct->DMA_PeripheralInc = DMA_PeripheralInc_Disable;



  /* Initialize the DMA_MemoryInc member */

  DMA_InitStruct->DMA_MemoryInc = DMA_MemoryInc_Disable;



  /* Initialize the DMA_PeripheralDataSize member */

  DMA_InitStruct->DMA_PeripheralDataSize = DMA_PeripheralDataSize_Byte;



  /* Initialize the DMA_MemoryDataSize member */

  DMA_InitStruct->DMA_MemoryDataSize = DMA_MemoryDataSize_Byte;



  /* Initialize the DMA_Mode member */

  DMA_InitStruct->DMA_Mode = DMA_Mode_Normal;



  /* Initialize the DMA_Priority member */

  DMA_InitStruct->DMA_Priority = DMA_Priority_Low;



  /* Initialize the DMA_FIFOMode member */

  DMA_InitStruct->DMA_FIFOMode = DMA_FIFOMode_Disable;



  /* Initialize the DMA_FIFOThreshold member */

  DMA_InitStruct->DMA_FIFOThreshold = DMA_FIFOThreshold_1QuarterFull;



  /* Initialize the DMA_MemoryBurst member */

  DMA_InitStruct->DMA_MemoryBurst = DMA_MemoryBurst_Single;



  /* Initialize the DMA_PeripheralBurst member */

  DMA_InitStruct->DMA_PeripheralBurst = DMA_PeripheralBurst_Single;

}



/**

  * @brief  Enables or disables the specified DMAy Streamx.

  * @param  DMAy_Streamx: where y can be 1 or 2 to select the DMA and x can be 0

  *         to 7 to select the DMA Stream.

  * @param  NewState: new state of the DMAy Streamx. 

  *          This parameter can be: ENABLE or DISABLE.

  *

  * @note  This function may be used to perform Pause-Resume operation. When a

  *        transfer is ongoing, calling this function to disable the Stream will

  *        cause the transfer to be paused. All configuration registers and the

  *        number of remaining data will be preserved. When calling again this

  *        function to re-enable the Stream, the transfer will be resumed from

  *        the point where it was paused.          

  *    

  * @note  After configuring the DMA Stream (DMA_Init() function) and enabling the

  *        stream, it is recommended to check (or wait until) the DMA Stream is

  *        effectively enabled. A Stream may remain disabled if a configuration 

  *        parameter is wrong.

  *        After disabling a DMA Stream, it is also recommended to check (or wait

  *        until) the DMA Stream is effectively disabled. If a Stream is disabled 

  *        while a data transfer is ongoing, the current data will be transferred

  *        and the Stream will be effectively disabled only after the transfer of

  *        this single data is finished.            

  *    

  * @retval None

  */

void DMA_Cmd(DMA_Stream_TypeDef* DMAy_Streamx, FunctionalState NewState)

{

  /* Check the parameters */

  assert_param(IS_DMA_ALL_PERIPH(DMAy_Streamx));

  assert_param(IS_FUNCTIONAL_STATE(NewState));



  if (NewState != DISABLE)

  {

    /* Enable the selected DMAy Streamx by setting EN bit */

    DMAy_Streamx->CR |= (uint32_t)DMA_SxCR_EN;

  }

  else

  {

    /* Disable the selected DMAy Streamx by clearing EN bit */

    DMAy_Streamx->CR &= ~(uint32_t)DMA_SxCR_EN;

  }

}



/**

  * @brief  Configures, when the PINC (Peripheral Increment address mode) bit is

  *         set, if the peripheral address should be incremented with the data 

  *         size (configured with PSIZE bits) or by a fixed offset equal to 4

  *         (32-bit aligned addresses).

  *   

  * @note   This function has no effect if the Peripheral Increment mode is disabled.

  *     

  * @param  DMAy_Streamx: where y can be 1 or 2 to select the DMA and x can be 0

  *          to 7 to select the DMA Stream.

  * @param  DMA_Pincos: specifies the Peripheral increment offset size.

  *          This parameter can be one of the following values:

  *            @arg DMA_PINCOS_Psize: Peripheral address increment is done  

  *                                   accordingly to PSIZE parameter.

  *            @arg DMA_PINCOS_WordAligned: Peripheral address increment offset is 

  *                                         fixed to 4 (32-bit aligned addresses). 

  * @retval None

  */

void DMA_PeriphIncOffsetSizeConfig(DMA_Stream_TypeDef* DMAy_Streamx, uint32_t DMA_Pincos)

{

  /* Check the parameters */

  assert_param(IS_DMA_ALL_PERIPH(DMAy_Streamx));

  assert_param(IS_DMA_PINCOS_SIZE(DMA_Pincos));



  /* Check the needed Peripheral increment offset */

  if(DMA_Pincos != DMA_PINCOS_Psize)

  {

    /* Configure DMA_SxCR_PINCOS bit with the input parameter */

    DMAy_Streamx->CR |= (uint32_t)DMA_SxCR_PINCOS;     

  }

  else

  {

    /* Clear the PINCOS bit: Peripheral address incremented according to PSIZE */

    DMAy_Streamx->CR &= ~(uint32_t)DMA_SxCR_PINCOS;    

  }

}



/**

  * @brief  Configures, when the DMAy Streamx is disabled, the flow controller for

  *         the next transactions (Peripheral or Memory).

  *       

  * @note   Before enabling this feature, check if the used peripheral supports 

  *         the Flow Controller mode or not.    

  *  

  * @param  DMAy_Streamx: where y can be 1 or 2 to select the DMA and x can be 0

  *          to 7 to select the DMA Stream.

  * @param  DMA_FlowCtrl: specifies the DMA flow controller.

  *          This parameter can be one of the following values:

  *            @arg DMA_FlowCtrl_Memory: DMAy_Streamx transactions flow controller is 

  *                                      the DMA controller.

  *            @arg DMA_FlowCtrl_Peripheral: DMAy_Streamx transactions flow controller 

  *                                          is the peripheral.    

  * @retval None

  */

void DMA_FlowControllerConfig(DMA_Stream_TypeDef* DMAy_Streamx, uint32_t DMA_FlowCtrl)

{

  /* Check the parameters */

  assert_param(IS_DMA_ALL_PERIPH(DMAy_Streamx));

  assert_param(IS_DMA_FLOW_CTRL(DMA_FlowCtrl));



  /* Check the needed flow controller  */

  if(DMA_FlowCtrl != DMA_FlowCtrl_Memory)

  {

    /* Configure DMA_SxCR_PFCTRL bit with the input parameter */

    DMAy_Streamx->CR |= (uint32_t)DMA_SxCR_PFCTRL;   

  }

  else

  {

    /* Clear the PFCTRL bit: Memory is the flow controller */

    DMAy_Streamx->CR &= ~(uint32_t)DMA_SxCR_PFCTRL;    

  }

}

/**

  * @}

  */



/** @defgroup DMA_Group2 Data Counter functions

 *  @brief   Data Counter functions 

 *

@verbatim   

 ===============================================================================

                           Data Counter functions

 ===============================================================================  



  This subsection provides function allowing to configure and read the buffer size

  (number of data to be transferred). 



  The DMA data counter can be written only when the DMA Stream is disabled 

  (ie. after transfer complete event).



  The following function can be used to write the Stream data counter value:

    - void DMA_SetCurrDataCounter(DMA_Stream_TypeDef* DMAy_Streamx, uint16_t Counter);



@note It is advised to use this function rather than DMA_Init() in situations where

      only the Data buffer needs to be reloaded.



@note If the Source and Destination Data Sizes are different, then the value written in

      data counter, expressing the number of transfers, is relative to the number of 

      transfers from the Peripheral point of view.

      ie. If Memory data size is Word, Peripheral data size is Half-Words, then the value

      to be configured in the data counter is the number of Half-Words to be transferred

      from/to the peripheral.



  The DMA data counter can be read to indicate the number of remaining transfers for

  the relative DMA Stream. This counter is decremented at the end of each data 

  transfer and when the transfer is complete: 

   - If Normal mode is selected: the counter is set to 0.

   - If Circular mode is selected: the counter is reloaded with the initial value

     (configured before enabling the DMA Stream)

   

  The following function can be used to read the Stream data counter value:

     - uint16_t DMA_GetCurrDataCounter(DMA_Stream_TypeDef* DMAy_Streamx);



@endverbatim

  * @{

  */



/**

  * @brief  Writes the number of data units to be transferred on the DMAy Streamx.

  * @param  DMAy_Streamx: where y can be 1 or 2 to select the DMA and x can be 0

  *          to 7 to select the DMA Stream.

  * @param  Counter: Number of data units to be transferred (from 0 to 65535) 

  *          Number of data items depends only on the Peripheral data format.

  *            

  * @note   If Peripheral data format is Bytes: number of data units is equal 

  *         to total number of bytes to be transferred.

  *           

  * @note   If Peripheral data format is Half-Word: number of data units is  

  *         equal to total number of bytes to be transferred / 2.

  *           

  * @note   If Peripheral data format is Word: number of data units is equal 

  *         to total  number of bytes to be transferred / 4.

  *      

  * @note   In Memory-to-Memory transfer mode, the memory buffer pointed by 

  *         DMAy_SxPAR register is considered as Peripheral.

  *      

  * @retval The number of remaining data units in the current DMAy Streamx transfer.

  */

void DMA_SetCurrDataCounter(DMA_Stream_TypeDef* DMAy_Streamx, uint16_t Counter)

{

  /* Check the parameters */

  assert_param(IS_DMA_ALL_PERIPH(DMAy_Streamx));



  /* Write the number of data units to be transferred */

  DMAy_Streamx->NDTR = (uint16_t)Counter;

}



/**

  * @brief  Returns the number of remaining data units in the current DMAy Streamx transfer.

  * @param  DMAy_Streamx: where y can be 1 or 2 to select the DMA and x can be 0

  *          to 7 to select the DMA Stream.

  * @retval The number of remaining data units in the current DMAy Streamx transfer.

  */

uint16_t DMA_GetCurrDataCounter(DMA_Stream_TypeDef* DMAy_Streamx)

{

  /* Check the parameters */

  assert_param(IS_DMA_ALL_PERIPH(DMAy_Streamx));



  /* Return the number of remaining data units for DMAy Streamx */

  return ((uint16_t)(DMAy_Streamx->NDTR));

}

/**

  * @}

  */



/** @defgroup DMA_Group3 Double Buffer mode functions

 *  @brief   Double Buffer mode functions 

 *

@verbatim   

 ===============================================================================

                         Double Buffer mode functions

 ===============================================================================  



  This subsection provides function allowing to configure and control the double 

  buffer mode parameters.

  

  The Double Buffer mode can be used only when Circular mode is enabled.

  The Double Buffer mode cannot be used when transferring data from Memory to Memory.

  

  The Double Buffer mode allows to set two different Memory addresses from/to which

  the DMA controller will access alternatively (after completing transfer to/from target

  memory 0, it will start transfer to/from target memory 1).

  This allows to reduce software overhead for double buffering and reduce the CPU

  access time.



  Two functions must be called before calling the DMA_Init() function:

   - void DMA_DoubleBufferModeConfig(DMA_Stream_TypeDef* DMAy_Streamx, uint32_t Memory1BaseAddr,

                                uint32_t DMA_CurrentMemory);

   - void DMA_DoubleBufferModeCmd(DMA_Stream_TypeDef* DMAy_Streamx, FunctionalState NewState);

   

  DMA_DoubleBufferModeConfig() is called to configure the Memory 1 base address and the first

  Memory target from/to which the transfer will start after enabling the DMA Stream.

  Then DMA_DoubleBufferModeCmd() must be called to enable the Double Buffer mode (or disable 

  it when it should not be used).

  

   

  Two functions can be called dynamically when the transfer is ongoing (or when the DMA Stream is 

  stopped) to modify on of the target Memories addresses or to check wich Memory target is currently

   used:

    - void DMA_MemoryTargetConfig(DMA_Stream_TypeDef* DMAy_Streamx, uint32_t MemoryBaseAddr,

                            uint32_t DMA_MemoryTarget);

    - uint32_t DMA_GetCurrentMemoryTarget(DMA_Stream_TypeDef* DMAy_Streamx);



  DMA_MemoryTargetConfig() can be called to modify the base address of one of the two target Memories.

  The Memory of which the base address will be modified must not be currently be used by the DMA Stream

  (ie. if the DMA Stream is currently transferring from Memory 1 then you can only modify base address

  of target Memory 0 and vice versa).

  To check this condition, it is recommended to use the function DMA_GetCurrentMemoryTarget() which

  returns the index of the Memory target currently in use by the DMA Stream.



@endverbatim

  * @{

  */

  

/**

  * @brief  Configures, when the DMAy Streamx is disabled, the double buffer mode 

  *         and the current memory target.

  * @param  DMAy_Streamx: where y can be 1 or 2 to select the DMA and x can be 0

  *          to 7 to select the DMA Stream.

  * @param  Memory1BaseAddr: the base address of the second buffer (Memory 1)  

  * @param  DMA_CurrentMemory: specifies which memory will be first buffer for

  *         the transactions when the Stream will be enabled. 

  *          This parameter can be one of the following values:

  *            @arg DMA_Memory_0: Memory 0 is the current buffer.

  *            @arg DMA_Memory_1: Memory 1 is the current buffer.  

  *       

  * @note   Memory0BaseAddr is set by the DMA structure configuration in DMA_Init().

  *   

  * @retval None

  */

void DMA_DoubleBufferModeConfig(DMA_Stream_TypeDef* DMAy_Streamx, uint32_t Memory1BaseAddr,

                                uint32_t DMA_CurrentMemory)

{  

  /* Check the parameters */

  assert_param(IS_DMA_ALL_PERIPH(DMAy_Streamx));

  assert_param(IS_DMA_CURRENT_MEM(DMA_CurrentMemory));



  if (DMA_CurrentMemory != DMA_Memory_0)

  {

    /* Set Memory 1 as current memory address */

    DMAy_Streamx->CR |= (uint32_t)(DMA_SxCR_CT);    

  }

  else

  {

    /* Set Memory 0 as current memory address */

    DMAy_Streamx->CR &= ~(uint32_t)(DMA_SxCR_CT);    

  }



  /* Write to DMAy Streamx M1AR */

  DMAy_Streamx->M1AR = Memory1BaseAddr;

}



/**

  * @brief  Enables or disables the double buffer mode for the selected DMA stream.

  * @note   This function can be called only when the DMA Stream is disabled.  

  * @param  DMAy_Streamx: where y can be 1 or 2 to select the DMA and x can be 0

  *          to 7 to select the DMA Stream.

  * @param  NewState: new state of the DMAy Streamx double buffer mode. 

  *          This parameter can be: ENABLE or DISABLE.

  * @retval None

  */

void DMA_DoubleBufferModeCmd(DMA_Stream_TypeDef* DMAy_Streamx, FunctionalState NewState)

{  

  /* Check the parameters */

  assert_param(IS_DMA_ALL_PERIPH(DMAy_Streamx));

  assert_param(IS_FUNCTIONAL_STATE(NewState));



  /* Configure the Double Buffer mode */

  if (NewState != DISABLE)

  {

    /* Enable the Double buffer mode */

    DMAy_Streamx->CR |= (uint32_t)DMA_SxCR_DBM;

  }

  else

  {

    /* Disable the Double buffer mode */

    DMAy_Streamx->CR &= ~(uint32_t)DMA_SxCR_DBM;

  }

}



/**

  * @brief  Configures the Memory address for the next buffer transfer in double

  *         buffer mode (for dynamic use). This function can be called when the

  *         DMA Stream is enabled and when the transfer is ongoing.  

  * @param  DMAy_Streamx: where y can be 1 or 2 to select the DMA and x can be 0

  *          to 7 to select the DMA Stream.

  * @param  MemoryBaseAddr: The base address of the target memory buffer

  * @param  DMA_MemoryTarget: Next memory target to be used. 

  *         This parameter can be one of the following values:

  *            @arg DMA_Memory_0: To use the memory address 0

  *            @arg DMA_Memory_1: To use the memory address 1

  * 

  * @note    It is not allowed to modify the Base Address of a target Memory when

  *          this target is involved in the current transfer. ie. If the DMA Stream

  *          is currently transferring to/from Memory 1, then it not possible to

  *          modify Base address of Memory 1, but it is possible to modify Base

  *          address of Memory 0.

  *          To know which Memory is currently used, you can use the function

  *          DMA_GetCurrentMemoryTarget().             

  *  

  * @retval None

  */

void DMA_MemoryTargetConfig(DMA_Stream_TypeDef* DMAy_Streamx, uint32_t MemoryBaseAddr,

                           uint32_t DMA_MemoryTarget)

{

  /* Check the parameters */

  assert_param(IS_DMA_ALL_PERIPH(DMAy_Streamx));

  assert_param(IS_DMA_CURRENT_MEM(DMA_MemoryTarget));

    

  /* Check the Memory target to be configured */

  if (DMA_MemoryTarget != DMA_Memory_0)

  {

    /* Write to DMAy Streamx M1AR */

    DMAy_Streamx->M1AR = MemoryBaseAddr;    

  }  

  else

  {

    /* Write to DMAy Streamx M0AR */

    DMAy_Streamx->M0AR = MemoryBaseAddr;  

  }

}



/**

  * @brief  Returns the current memory target used by double buffer transfer.

  * @param  DMAy_Streamx: where y can be 1 or 2 to select the DMA and x can be 0

  *          to 7 to select the DMA Stream.

  * @retval The memory target number: 0 for Memory0 or 1 for Memory1. 

  */

uint32_t DMA_GetCurrentMemoryTarget(DMA_Stream_TypeDef* DMAy_Streamx)

{

  uint32_t tmp = 0;

  

  /* Check the parameters */

  assert_param(IS_DMA_ALL_PERIPH(DMAy_Streamx));



  /* Get the current memory target */

  if ((DMAy_Streamx->CR & DMA_SxCR_CT) != 0)

  {

    /* Current memory buffer used is Memory 1 */

    tmp = 1;

  }  

  else

  {

    /* Current memory buffer used is Memory 0 */

    tmp = 0;    

  }

  return tmp;

}

/**

  * @}

  */



/** @defgroup DMA_Group4 Interrupts and flags management functions

 *  @brief   Interrupts and flags management functions 

 *

@verbatim   

 ===============================================================================

                  Interrupts and flags management functions

 ===============================================================================  



  This subsection provides functions allowing to

   - Check the DMA enable status

   - Check the FIFO status 

   - Configure the DMA Interrupts sources and check or clear the flags or pending bits status.   

   

 1. DMA Enable status:

   After configuring the DMA Stream (DMA_Init() function) and enabling the stream,

   it is recommended to check (or wait until) the DMA Stream is effectively enabled.

   A Stream may remain disabled if a configuration parameter is wrong.

   After disabling a DMA Stream, it is also recommended to check (or wait until) the DMA

   Stream is effectively disabled. If a Stream is disabled while a data transfer is ongoing, 

   the current data will be transferred and the Stream will be effectively disabled only after

   this data transfer completion.

   To monitor this state it is possible to use the following function:

     - FunctionalState DMA_GetCmdStatus(DMA_Stream_TypeDef* DMAy_Streamx); 

 

 2. FIFO Status:

   It is possible to monitor the FIFO status when a transfer is ongoing using the following 

   function:

     - uint32_t DMA_GetFIFOStatus(DMA_Stream_TypeDef* DMAy_Streamx); 

 

 3. DMA Interrupts and Flags:

  The user should identify which mode will be used in his application to manage the

  DMA controller events: Polling mode or Interrupt mode. 

    

  Polling Mode

  =============

    Each DMA stream can be managed through 4 event Flags:

    (x : DMA Stream number )

       1. DMA_FLAG_FEIFx  : to indicate that a FIFO Mode Transfer Error event occurred.

       2. DMA_FLAG_DMEIFx : to indicate that a Direct Mode Transfer Error event occurred.

       3. DMA_FLAG_TEIFx  : to indicate that a Transfer Error event occurred.

       4. DMA_FLAG_HTIFx  : to indicate that a Half-Transfer Complete event occurred.

       5. DMA_FLAG_TCIFx  : to indicate that a Transfer Complete event occurred .       



   In this Mode it is advised to use the following functions:

      - FlagStatus DMA_GetFlagStatus(DMA_Stream_TypeDef* DMAy_Streamx, uint32_t DMA_FLAG);

      - void DMA_ClearFlag(DMA_Stream_TypeDef* DMAy_Streamx, uint32_t DMA_FLAG);



  Interrupt Mode

  ===============

    Each DMA Stream can be managed through 4 Interrupts:



    Interrupt Source

    ----------------

       1. DMA_IT_FEIFx  : specifies the interrupt source for the  FIFO Mode Transfer Error event.

       2. DMA_IT_DMEIFx : specifies the interrupt source for the Direct Mode Transfer Error event.

       3. DMA_IT_TEIFx  : specifies the interrupt source for the Transfer Error event.

       4. DMA_IT_HTIFx  : specifies the interrupt source for the Half-Transfer Complete event.

       5. DMA_IT_TCIFx  : specifies the interrupt source for the a Transfer Complete event. 

     

  In this Mode it is advised to use the following functions:

     - void DMA_ITConfig(DMA_Stream_TypeDef* DMAy_Streamx, uint32_t DMA_IT, FunctionalState NewState);

     - ITStatus DMA_GetITStatus(DMA_Stream_TypeDef* DMAy_Streamx, uint32_t DMA_IT);

     - void DMA_ClearITPendingBit(DMA_Stream_TypeDef* DMAy_Streamx, uint32_t DMA_IT);



@endverbatim

  * @{

  */



/**

  * @brief  Returns the status of EN bit for the specified DMAy Streamx.

  * @param  DMAy_Streamx: where y can be 1 or 2 to select the DMA and x can be 0

  *          to 7 to select the DMA Stream.

  *   

  * @note    After configuring the DMA Stream (DMA_Init() function) and enabling

  *          the stream, it is recommended to check (or wait until) the DMA Stream

  *          is effectively enabled. A Stream may remain disabled if a configuration

  *          parameter is wrong.

  *          After disabling a DMA Stream, it is also recommended to check (or wait 

  *          until) the DMA Stream is effectively disabled. If a Stream is disabled

  *          while a data transfer is ongoing, the current data will be transferred

  *          and the Stream will be effectively disabled only after the transfer

  *          of this single data is finished.  

  *      

  * @retval Current state of the DMAy Streamx (ENABLE or DISABLE).

  */

FunctionalState DMA_GetCmdStatus(DMA_Stream_TypeDef* DMAy_Streamx)

{

  FunctionalState state = DISABLE;



  /* Check the parameters */

  assert_param(IS_DMA_ALL_PERIPH(DMAy_Streamx));



  if ((DMAy_Streamx->CR & (uint32_t)DMA_SxCR_EN) != 0)

  {

    /* The selected DMAy Streamx EN bit is set (DMA is still transferring) */

    state = ENABLE;

  }

  else

  {

    /* The selected DMAy Streamx EN bit is cleared (DMA is disabled and 

        all transfers are complete) */

    state = DISABLE;

  }

  return state;

}



/**

  * @brief  Returns the current DMAy Streamx FIFO filled level.

  * @param  DMAy_Streamx: where y can be 1 or 2 to select the DMA and x can be 0 

  *         to 7 to select the DMA Stream.

  * @retval The FIFO filling state.

  *           - DMA_FIFOStatus_Less1QuarterFull: when FIFO is less than 1 quarter-full 

  *                                               and not empty.

  *           - DMA_FIFOStatus_1QuarterFull: if more than 1 quarter-full.

  *           - DMA_FIFOStatus_HalfFull: if more than 1 half-full.

  *           - DMA_FIFOStatus_3QuartersFull: if more than 3 quarters-full.

  *           - DMA_FIFOStatus_Empty: when FIFO is empty

  *           - DMA_FIFOStatus_Full: when FIFO is full

  */

uint32_t DMA_GetFIFOStatus(DMA_Stream_TypeDef* DMAy_Streamx)

{

  uint32_t tmpreg = 0;

 

  /* Check the parameters */

  assert_param(IS_DMA_ALL_PERIPH(DMAy_Streamx));

  

  /* Get the FIFO level bits */

  tmpreg = (uint32_t)((DMAy_Streamx->FCR & DMA_SxFCR_FS));

  

  return tmpreg;

}



/**

  * @brief  Checks whether the specified DMAy Streamx flag is set or not.

  * @param  DMAy_Streamx: where y can be 1 or 2 to select the DMA and x can be 0

  *          to 7 to select the DMA Stream.

  * @param  DMA_FLAG: specifies the flag to check.

  *          This parameter can be one of the following values:

  *            @arg DMA_FLAG_TCIFx:  Streamx transfer complete flag

  *            @arg DMA_FLAG_HTIFx:  Streamx half transfer complete flag

  *            @arg DMA_FLAG_TEIFx:  Streamx transfer error flag

  *            @arg DMA_FLAG_DMEIFx: Streamx direct mode error flag

  *            @arg DMA_FLAG_FEIFx:  Streamx FIFO error flag

  *         Where x can be 0 to 7 to select the DMA Stream.

  * @retval The new state of DMA_FLAG (SET or RESET).

  */

FlagStatus DMA_GetFlagStatus(DMA_Stream_TypeDef* DMAy_Streamx, uint32_t DMA_FLAG)

{

  FlagStatus bitstatus = RESET;

  DMA_TypeDef* DMAy;

  uint32_t tmpreg = 0;



  /* Check the parameters */

  assert_param(IS_DMA_ALL_PERIPH(DMAy_Streamx));

  assert_param(IS_DMA_GET_FLAG(DMA_FLAG));



  /* Determine the DMA to which belongs the stream */

  if (DMAy_Streamx < DMA2_Stream0)

  {

    /* DMAy_Streamx belongs to DMA1 */

    DMAy = DMA1; 

  } 

  else 

  {

    /* DMAy_Streamx belongs to DMA2 */

    DMAy = DMA2; 

  }



  /* Check if the flag is in HISR or LISR */

  if ((DMA_FLAG & HIGH_ISR_MASK) != (uint32_t)RESET)

  {

    /* Get DMAy HISR register value */

    tmpreg = DMAy->HISR;

  }

  else

  {

    /* Get DMAy LISR register value */

    tmpreg = DMAy->LISR;

  }   

 

  /* Mask the reserved bits */

  tmpreg &= (uint32_t)RESERVED_MASK;



  /* Check the status of the specified DMA flag */

  if ((tmpreg & DMA_FLAG) != (uint32_t)RESET)

  {

    /* DMA_FLAG is set */

    bitstatus = SET;

  }

  else

  {

    /* DMA_FLAG is reset */

    bitstatus = RESET;

  }



  /* Return the DMA_FLAG status */

  return  bitstatus;

}



/**

  * @brief  Clears the DMAy Streamx's pending flags.

  * @param  DMAy_Streamx: where y can be 1 or 2 to select the DMA and x can be 0

  *          to 7 to select the DMA Stream.

  * @param  DMA_FLAG: specifies the flag to clear.

  *          This parameter can be any combination of the following values:

  *            @arg DMA_FLAG_TCIFx:  Streamx transfer complete flag

  *            @arg DMA_FLAG_HTIFx:  Streamx half transfer complete flag

  *            @arg DMA_FLAG_TEIFx:  Streamx transfer error flag

  *            @arg DMA_FLAG_DMEIFx: Streamx direct mode error flag

  *            @arg DMA_FLAG_FEIFx:  Streamx FIFO error flag

  *         Where x can be 0 to 7 to select the DMA Stream.   

  * @retval None

  */

void DMA_ClearFlag(DMA_Stream_TypeDef* DMAy_Streamx, uint32_t DMA_FLAG)

{

  DMA_TypeDef* DMAy;



  /* Check the parameters */

  assert_param(IS_DMA_ALL_PERIPH(DMAy_Streamx));

  assert_param(IS_DMA_CLEAR_FLAG(DMA_FLAG));



  /* Determine the DMA to which belongs the stream */

  if (DMAy_Streamx < DMA2_Stream0)

  {

    /* DMAy_Streamx belongs to DMA1 */

    DMAy = DMA1; 

  } 

  else 

  {

    /* DMAy_Streamx belongs to DMA2 */

    DMAy = DMA2; 

  }



  /* Check if LIFCR or HIFCR register is targeted */

  if ((DMA_FLAG & HIGH_ISR_MASK) != (uint32_t)RESET)

  {

    /* Set DMAy HIFCR register clear flag bits */

    DMAy->HIFCR = (uint32_t)(DMA_FLAG & RESERVED_MASK);

  }

  else 

  {

    /* Set DMAy LIFCR register clear flag bits */

    DMAy->LIFCR = (uint32_t)(DMA_FLAG & RESERVED_MASK);

  }    

}



/**

  * @brief  Enables or disables the specified DMAy Streamx interrupts.

  * @param  DMAy_Streamx: where y can be 1 or 2 to select the DMA and x can be 0

  *          to 7 to select the DMA Stream.

  * @param DMA_IT: specifies the DMA interrupt sources to be enabled or disabled. 

  *          This parameter can be any combination of the following values:

  *            @arg DMA_IT_TC:  Transfer complete interrupt mask

  *            @arg DMA_IT_HT:  Half transfer complete interrupt mask

  *            @arg DMA_IT_TE:  Transfer error interrupt mask

  *            @arg DMA_IT_FE:  FIFO error interrupt mask

  * @param  NewState: new state of the specified DMA interrupts.

  *          This parameter can be: ENABLE or DISABLE.

  * @retval None

  */

void DMA_ITConfig(DMA_Stream_TypeDef* DMAy_Streamx, uint32_t DMA_IT, FunctionalState NewState)

{

  /* Check the parameters */

  assert_param(IS_DMA_ALL_PERIPH(DMAy_Streamx));

  assert_param(IS_DMA_CONFIG_IT(DMA_IT));

  assert_param(IS_FUNCTIONAL_STATE(NewState));



  /* Check if the DMA_IT parameter contains a FIFO interrupt */

  if ((DMA_IT & DMA_IT_FE) != 0)

  {

    if (NewState != DISABLE)

    {

      /* Enable the selected DMA FIFO interrupts */

      DMAy_Streamx->FCR |= (uint32_t)DMA_IT_FE;

    }    

    else 

    {

      /* Disable the selected DMA FIFO interrupts */

      DMAy_Streamx->FCR &= ~(uint32_t)DMA_IT_FE;  

    }

  }



  /* Check if the DMA_IT parameter contains a Transfer interrupt */

  if (DMA_IT != DMA_IT_FE)

  {

    if (NewState != DISABLE)

    {

      /* Enable the selected DMA transfer interrupts */

      DMAy_Streamx->CR |= (uint32_t)(DMA_IT  & TRANSFER_IT_ENABLE_MASK);

    }

    else

    {

      /* Disable the selected DMA transfer interrupts */

      DMAy_Streamx->CR &= ~(uint32_t)(DMA_IT & TRANSFER_IT_ENABLE_MASK);

    }    

  }

}



/**

  * @brief  Checks whether the specified DMAy Streamx interrupt has occurred or not.

  * @param  DMAy_Streamx: where y can be 1 or 2 to select the DMA and x can be 0

  *          to 7 to select the DMA Stream.

  * @param  DMA_IT: specifies the DMA interrupt source to check.

  *          This parameter can be one of the following values:

  *            @arg DMA_IT_TCIFx:  Streamx transfer complete interrupt

  *            @arg DMA_IT_HTIFx:  Streamx half transfer complete interrupt

  *            @arg DMA_IT_TEIFx:  Streamx transfer error interrupt

  *            @arg DMA_IT_DMEIFx: Streamx direct mode error interrupt

  *            @arg DMA_IT_FEIFx:  Streamx FIFO error interrupt

  *         Where x can be 0 to 7 to select the DMA Stream.

  * @retval The new state of DMA_IT (SET or RESET).

  */

ITStatus DMA_GetITStatus(DMA_Stream_TypeDef* DMAy_Streamx, uint32_t DMA_IT)

{

  ITStatus bitstatus = RESET;

  DMA_TypeDef* DMAy;

  uint32_t tmpreg = 0, enablestatus = 0;



  /* Check the parameters */

  assert_param(IS_DMA_ALL_PERIPH(DMAy_Streamx));

  assert_param(IS_DMA_GET_IT(DMA_IT));

 

  /* Determine the DMA to which belongs the stream */

  if (DMAy_Streamx < DMA2_Stream0)

  {

    /* DMAy_Streamx belongs to DMA1 */

    DMAy = DMA1; 

  } 

  else 

  {

    /* DMAy_Streamx belongs to DMA2 */

    DMAy = DMA2; 

  }



  /* Check if the interrupt enable bit is in the CR or FCR register */

  if ((DMA_IT & TRANSFER_IT_MASK) != (uint32_t)RESET)

  {

    /* Get the interrupt enable position mask in CR register */

    tmpreg = (uint32_t)((DMA_IT >> 11) & TRANSFER_IT_ENABLE_MASK);   

    

    /* Check the enable bit in CR register */

    enablestatus = (uint32_t)(DMAy_Streamx->CR & tmpreg);

  }

  else 

  {

    /* Check the enable bit in FCR register */

    enablestatus = (uint32_t)(DMAy_Streamx->FCR & DMA_IT_FE); 

  }

 

  /* Check if the interrupt pending flag is in LISR or HISR */

  if ((DMA_IT & HIGH_ISR_MASK) != (uint32_t)RESET)

  {

    /* Get DMAy HISR register value */

    tmpreg = DMAy->HISR ;

  }

  else

  {

    /* Get DMAy LISR register value */

    tmpreg = DMAy->LISR ;

  } 



  /* mask all reserved bits */

  tmpreg &= (uint32_t)RESERVED_MASK;



  /* Check the status of the specified DMA interrupt */

  if (((tmpreg & DMA_IT) != (uint32_t)RESET) && (enablestatus != (uint32_t)RESET))

  {

    /* DMA_IT is set */

    bitstatus = SET;

  }

  else

  {

    /* DMA_IT is reset */

    bitstatus = RESET;

  }



  /* Return the DMA_IT status */

  return  bitstatus;

}



/**

  * @brief  Clears the DMAy Streamx's interrupt pending bits.

  * @param  DMAy_Streamx: where y can be 1 or 2 to select the DMA and x can be 0

  *          to 7 to select the DMA Stream.

  * @param  DMA_IT: specifies the DMA interrupt pending bit to clear.

  *          This parameter can be any combination of the following values:

  *            @arg DMA_IT_TCIFx:  Streamx transfer complete interrupt

  *            @arg DMA_IT_HTIFx:  Streamx half transfer complete interrupt

  *            @arg DMA_IT_TEIFx:  Streamx transfer error interrupt

  *            @arg DMA_IT_DMEIFx: Streamx direct mode error interrupt

  *            @arg DMA_IT_FEIFx:  Streamx FIFO error interrupt

  *         Where x can be 0 to 7 to select the DMA Stream.

  * @retval None

  */

void DMA_ClearITPendingBit(DMA_Stream_TypeDef* DMAy_Streamx, uint32_t DMA_IT)

{

  DMA_TypeDef* DMAy;



  /* Check the parameters */

  assert_param(IS_DMA_ALL_PERIPH(DMAy_Streamx));

  assert_param(IS_DMA_CLEAR_IT(DMA_IT));



  /* Determine the DMA to which belongs the stream */

  if (DMAy_Streamx < DMA2_Stream0)

  {

    /* DMAy_Streamx belongs to DMA1 */

    DMAy = DMA1; 

  } 

  else 

  {

    /* DMAy_Streamx belongs to DMA2 */

    DMAy = DMA2; 

  }



  /* Check if LIFCR or HIFCR register is targeted */

  if ((DMA_IT & HIGH_ISR_MASK) != (uint32_t)RESET)

  {

    /* Set DMAy HIFCR register clear interrupt bits */

    DMAy->HIFCR = (uint32_t)(DMA_IT & RESERVED_MASK);

  }

  else 

  {

    /* Set DMAy LIFCR register clear interrupt bits */

    DMAy->LIFCR = (uint32_t)(DMA_IT & RESERVED_MASK);

  }   

}



/**

  * @}

  */



/**

  * @}

  */



/**

  * @}

  */



/**

  * @}

  */



/******************* (C) COPYRIGHT 2011 STMicroelectronics *****END OF FILE****/








Viz/cmsis_lib/source/stm32f4xx_exti.c

/**

  ******************************************************************************

  * @file    stm32f4xx_exti.c

  * @author  MCD Application Team

  * @version V1.0.0

  * @date    30-September-2011

  * @brief   This file provides firmware functions to manage the following 

  *          functionalities of the EXTI peripheral:           

  *           - Initialization and Configuration

  *           - Interrupts and flags management

  *

  *  @verbatim  

  *  

  *          ===================================================================

  *                                     EXTI features

  *          ===================================================================

  *    

  *          External interrupt/event lines are mapped as following:

  *            1- All available GPIO pins are connected to the 16 external 

  *               interrupt/event lines from EXTI0 to EXTI15.

  *            2- EXTI line 16 is connected to the PVD Output

  *            3- EXTI line 17 is connected to the RTC Alarm event

  *            4- EXTI line 18 is connected to the USB OTG FS Wakeup from suspend event                                    

  *            5- EXTI line 19 is connected to the Ethernet Wakeup event

  *            6- EXTI line 20 is connected to the USB OTG HS (configured in FS) Wakeup event 

  *            7- EXTI line 21 is connected to the RTC Tamper and Time Stamp events                                               

  *            8- EXTI line 22 is connected to the RTC Wakeup event

  *        

  *          ===================================================================

  *                                 How to use this driver

  *          ===================================================================  

  *              

  *          In order to use an I/O pin as an external interrupt source, follow

  *          steps below:

  *            1- Configure the I/O in input mode using GPIO_Init()

  *            2- Select the input source pin for the EXTI line using SYSCFG_EXTILineConfig()

  *            3- Select the mode(interrupt, event) and configure the trigger 

  *               selection (Rising, falling or both) using EXTI_Init()

  *            4- Configure NVIC IRQ channel mapped to the EXTI line using NVIC_Init()

  *   

  *  @note  SYSCFG APB clock must be enabled to get write access to SYSCFG_EXTICRx

  *         registers using RCC_APB2PeriphClockCmd(RCC_APB2Periph_SYSCFG, ENABLE);

  *          

  *  @endverbatim                  

  *

  ******************************************************************************

  * @attention

  *

  * THE PRESENT FIRMWARE WHICH IS FOR GUIDANCE ONLY AIMS AT PROVIDING CUSTOMERS

  * WITH CODING INFORMATION REGARDING THEIR PRODUCTS IN ORDER FOR THEM TO SAVE

  * TIME. AS A RESULT, STMICROELECTRONICS SHALL NOT BE HELD LIABLE FOR ANY

  * DIRECT, INDIRECT OR CONSEQUENTIAL DAMAGES WITH RESPECT TO ANY CLAIMS ARISING

  * FROM THE CONTENT OF SUCH FIRMWARE AND/OR THE USE MADE BY CUSTOMERS OF THE

  * CODING INFORMATION CONTAINED HEREIN IN CONNECTION WITH THEIR PRODUCTS.

  *

  * <h2><center>&copy; COPYRIGHT 2011 STMicroelectronics</center></h2>

  ******************************************************************************

  */



/* Includes ------------------------------------------------------------------*/

#include "stm32f4xx_exti.h"



/** @addtogroup STM32F4xx_StdPeriph_Driver

  * @{

  */



/** @defgroup EXTI 

  * @brief EXTI driver modules

  * @{

  */



/* Private typedef -----------------------------------------------------------*/

/* Private define ------------------------------------------------------------*/



#define EXTI_LINENONE    ((uint32_t)0x00000)  /* No interrupt selected */



/* Private macro -------------------------------------------------------------*/

/* Private variables ---------------------------------------------------------*/

/* Private function prototypes -----------------------------------------------*/

/* Private functions ---------------------------------------------------------*/



/** @defgroup EXTI_Private_Functions

  * @{

  */



/** @defgroup EXTI_Group1 Initialization and Configuration functions

 *  @brief   Initialization and Configuration functions 

 *

@verbatim   

 ===============================================================================

                  Initialization and Configuration functions

 ===============================================================================  



@endverbatim

  * @{

  */



/**

  * @brief  Deinitializes the EXTI peripheral registers to their default reset values.

  * @param  None

  * @retval None

  */

void EXTI_DeInit(void)

{

  EXTI->IMR = 0x00000000;

  EXTI->EMR = 0x00000000;

  EXTI->RTSR = 0x00000000;

  EXTI->FTSR = 0x00000000;

  EXTI->PR = 0x007FFFFF;

}



/**

  * @brief  Initializes the EXTI peripheral according to the specified

  *         parameters in the EXTI_InitStruct.

  * @param  EXTI_InitStruct: pointer to a EXTI_InitTypeDef structure

  *         that contains the configuration information for the EXTI peripheral.

  * @retval None

  */

void EXTI_Init(EXTI_InitTypeDef* EXTI_InitStruct)

{

  uint32_t tmp = 0;



  /* Check the parameters */

  assert_param(IS_EXTI_MODE(EXTI_InitStruct->EXTI_Mode));

  assert_param(IS_EXTI_TRIGGER(EXTI_InitStruct->EXTI_Trigger));

  assert_param(IS_EXTI_LINE(EXTI_InitStruct->EXTI_Line));  

  assert_param(IS_FUNCTIONAL_STATE(EXTI_InitStruct->EXTI_LineCmd));



  tmp = (uint32_t)EXTI_BASE;

     

  if (EXTI_InitStruct->EXTI_LineCmd != DISABLE)

  {

    /* Clear EXTI line configuration */

    EXTI->IMR &= ~EXTI_InitStruct->EXTI_Line;

    EXTI->EMR &= ~EXTI_InitStruct->EXTI_Line;

    

    tmp += EXTI_InitStruct->EXTI_Mode;



    *(__IO uint32_t *) tmp |= EXTI_InitStruct->EXTI_Line;



    /* Clear Rising Falling edge configuration */

    EXTI->RTSR &= ~EXTI_InitStruct->EXTI_Line;

    EXTI->FTSR &= ~EXTI_InitStruct->EXTI_Line;

    

    /* Select the trigger for the selected external interrupts */

    if (EXTI_InitStruct->EXTI_Trigger == EXTI_Trigger_Rising_Falling)

    {

      /* Rising Falling edge */

      EXTI->RTSR |= EXTI_InitStruct->EXTI_Line;

      EXTI->FTSR |= EXTI_InitStruct->EXTI_Line;

    }

    else

    {

      tmp = (uint32_t)EXTI_BASE;

      tmp += EXTI_InitStruct->EXTI_Trigger;



      *(__IO uint32_t *) tmp |= EXTI_InitStruct->EXTI_Line;

    }

  }

  else

  {

    tmp += EXTI_InitStruct->EXTI_Mode;



    /* Disable the selected external lines */

    *(__IO uint32_t *) tmp &= ~EXTI_InitStruct->EXTI_Line;

  }

}



/**

  * @brief  Fills each EXTI_InitStruct member with its reset value.

  * @param  EXTI_InitStruct: pointer to a EXTI_InitTypeDef structure which will

  *         be initialized.

  * @retval None

  */

void EXTI_StructInit(EXTI_InitTypeDef* EXTI_InitStruct)

{

  EXTI_InitStruct->EXTI_Line = EXTI_LINENONE;

  EXTI_InitStruct->EXTI_Mode = EXTI_Mode_Interrupt;

  EXTI_InitStruct->EXTI_Trigger = EXTI_Trigger_Falling;

  EXTI_InitStruct->EXTI_LineCmd = DISABLE;

}



/**

  * @brief  Generates a Software interrupt on selected EXTI line.

  * @param  EXTI_Line: specifies the EXTI line on which the software interrupt

  *         will be generated.

  *         This parameter can be any combination of EXTI_Linex where x can be (0..22)

  * @retval None

  */

void EXTI_GenerateSWInterrupt(uint32_t EXTI_Line)

{

  /* Check the parameters */

  assert_param(IS_EXTI_LINE(EXTI_Line));

  

  EXTI->SWIER |= EXTI_Line;

}



/**

  * @}

  */



/** @defgroup EXTI_Group2 Interrupts and flags management functions

 *  @brief   Interrupts and flags management functions 

 *

@verbatim   

 ===============================================================================

                  Interrupts and flags management functions

 ===============================================================================  



@endverbatim

  * @{

  */



/**

  * @brief  Checks whether the specified EXTI line flag is set or not.

  * @param  EXTI_Line: specifies the EXTI line flag to check.

  *          This parameter can be EXTI_Linex where x can be(0..22)

  * @retval The new state of EXTI_Line (SET or RESET).

  */

FlagStatus EXTI_GetFlagStatus(uint32_t EXTI_Line)

{

  FlagStatus bitstatus = RESET;

  /* Check the parameters */

  assert_param(IS_GET_EXTI_LINE(EXTI_Line));

  

  if ((EXTI->PR & EXTI_Line) != (uint32_t)RESET)

  {

    bitstatus = SET;

  }

  else

  {

    bitstatus = RESET;

  }

  return bitstatus;

}



/**

  * @brief  Clears the EXTI's line pending flags.

  * @param  EXTI_Line: specifies the EXTI lines flags to clear.

  *          This parameter can be any combination of EXTI_Linex where x can be (0..22)

  * @retval None

  */

void EXTI_ClearFlag(uint32_t EXTI_Line)

{

  /* Check the parameters */

  assert_param(IS_EXTI_LINE(EXTI_Line));

  

  EXTI->PR = EXTI_Line;

}



/**

  * @brief  Checks whether the specified EXTI line is asserted or not.

  * @param  EXTI_Line: specifies the EXTI line to check.

  *          This parameter can be EXTI_Linex where x can be(0..22)

  * @retval The new state of EXTI_Line (SET or RESET).

  */

ITStatus EXTI_GetITStatus(uint32_t EXTI_Line)

{

  ITStatus bitstatus = RESET;

  uint32_t enablestatus = 0;

  /* Check the parameters */

  assert_param(IS_GET_EXTI_LINE(EXTI_Line));

  

  enablestatus =  EXTI->IMR & EXTI_Line;

  if (((EXTI->PR & EXTI_Line) != (uint32_t)RESET) && (enablestatus != (uint32_t)RESET))

  {

    bitstatus = SET;

  }

  else

  {

    bitstatus = RESET;

  }

  return bitstatus;

}



/**

  * @brief  Clears the EXTI's line pending bits.

  * @param  EXTI_Line: specifies the EXTI lines to clear.

  *          This parameter can be any combination of EXTI_Linex where x can be (0..22)

  * @retval None

  */

void EXTI_ClearITPendingBit(uint32_t EXTI_Line)

{

  /* Check the parameters */

  assert_param(IS_EXTI_LINE(EXTI_Line));

  

  EXTI->PR = EXTI_Line;

}



/**

  * @}

  */



/**

  * @}

  */



/**

  * @}

  */



/**

  * @}

  */



/******************* (C) COPYRIGHT 2011 STMicroelectronics *****END OF FILE****/








Viz/cmsis_lib/source/stm32f4xx_gpio.c

/**

  ******************************************************************************

  * @file    stm32f4xx_gpio.c

  * @author  MCD Application Team

  * @version V1.0.0

  * @date    30-September-2011

  * @brief   This file provides firmware functions to manage the following 

  *          functionalities of the GPIO peripheral:           

  *           - Initialization and Configuration

  *           - GPIO Read and Write

  *           - GPIO Alternate functions configuration

  * 

  *  @verbatim

  *

  *          ===================================================================

  *                                 How to use this driver

  *          ===================================================================       

  *           1. Enable the GPIO AHB clock using the following function

  *                RCC_AHB1PeriphClockCmd(RCC_AHB1Periph_GPIOx, ENABLE);

  *             

  *           2. Configure the GPIO pin(s) using GPIO_Init()

  *              Four possible configuration are available for each pin:

  *                - Input: Floating, Pull-up, Pull-down.

  *                - Output: Push-Pull (Pull-up, Pull-down or no Pull)

  *                          Open Drain (Pull-up, Pull-down or no Pull).

  *                  In output mode, the speed is configurable: 2 MHz, 25 MHz,

  *                  50 MHz or 100 MHz.

  *                - Alternate Function: Push-Pull (Pull-up, Pull-down or no Pull)

  *                                      Open Drain (Pull-up, Pull-down or no Pull).

  *                - Analog: required mode when a pin is to be used as ADC channel

  *                          or DAC output.

  * 

  *          3- Peripherals alternate function:

  *              - For ADC and DAC, configure the desired pin in analog mode using 

  *                  GPIO_InitStruct->GPIO_Mode = GPIO_Mode_AN;

  *              - For other peripherals (TIM, USART...):

  *                 - Connect the pin to the desired peripherals' Alternate 

  *                   Function (AF) using GPIO_PinAFConfig() function

  *                 - Configure the desired pin in alternate function mode using

  *                   GPIO_InitStruct->GPIO_Mode = GPIO_Mode_AF

  *                 - Select the type, pull-up/pull-down and output speed via 

  *                   GPIO_PuPd, GPIO_OType and GPIO_Speed members

  *                 - Call GPIO_Init() function

  *        

  *          4. To get the level of a pin configured in input mode use GPIO_ReadInputDataBit()

  *          

  *          5. To set/reset the level of a pin configured in output mode use

  *             GPIO_SetBits()/GPIO_ResetBits()

  *               

  *          6. During and just after reset, the alternate functions are not 

  *             active and the GPIO pins are configured in input floating mode

  *             (except JTAG pins).

  *

  *          7. The LSE oscillator pins OSC32_IN and OSC32_OUT can be used as 

  *             general-purpose (PC14 and PC15, respectively) when the LSE

  *             oscillator is off. The LSE has priority over the GPIO function.

  *

  *          8. The HSE oscillator pins OSC_IN/OSC_OUT can be used as 

  *             general-purpose PH0 and PH1, respectively, when the HSE 

  *             oscillator is off. The HSE has priority over the GPIO function.

  *             

  *  @endverbatim        

  *

  ******************************************************************************

  * @attention

  *

  * THE PRESENT FIRMWARE WHICH IS FOR GUIDANCE ONLY AIMS AT PROVIDING CUSTOMERS

  * WITH CODING INFORMATION REGARDING THEIR PRODUCTS IN ORDER FOR THEM TO SAVE

  * TIME. AS A RESULT, STMICROELECTRONICS SHALL NOT BE HELD LIABLE FOR ANY

  * DIRECT, INDIRECT OR CONSEQUENTIAL DAMAGES WITH RESPECT TO ANY CLAIMS ARISING

  * FROM THE CONTENT OF SUCH FIRMWARE AND/OR THE USE MADE BY CUSTOMERS OF THE

  * CODING INFORMATION CONTAINED HEREIN IN CONNECTION WITH THEIR PRODUCTS.

  *

  * <h2><center>&copy; COPYRIGHT 2011 STMicroelectronics</center></h2>

  ******************************************************************************

  */



/* Includes ------------------------------------------------------------------*/

#include "stm32f4xx_gpio.h"

#include "stm32f4xx_rcc.h"



/** @addtogroup STM32F4xx_StdPeriph_Driver

  * @{

  */



/** @defgroup GPIO 

  * @brief GPIO driver modules

  * @{

  */ 



/* Private typedef -----------------------------------------------------------*/

/* Private define ------------------------------------------------------------*/

/* Private macro -------------------------------------------------------------*/

/* Private variables ---------------------------------------------------------*/

/* Private function prototypes -----------------------------------------------*/

/* Private functions ---------------------------------------------------------*/



/** @defgroup GPIO_Private_Functions

  * @{

  */ 



/** @defgroup GPIO_Group1 Initialization and Configuration

 *  @brief   Initialization and Configuration

 *

@verbatim   

 ===============================================================================

                        Initialization and Configuration

 ===============================================================================  



@endverbatim

  * @{

  */



/**

  * @brief  Deinitializes the GPIOx peripheral registers to their default reset values.

  * @note   By default, The GPIO pins are configured in input floating mode (except JTAG pins).

  * @param  GPIOx: where x can be (A..I) to select the GPIO peripheral.

  * @retval None

  */

void GPIO_DeInit(GPIO_TypeDef* GPIOx)

{

  /* Check the parameters */

  assert_param(IS_GPIO_ALL_PERIPH(GPIOx));



  if (GPIOx == GPIOA)

  {

    RCC_AHB1PeriphResetCmd(RCC_AHB1Periph_GPIOA, ENABLE);

    RCC_AHB1PeriphResetCmd(RCC_AHB1Periph_GPIOA, DISABLE);

  }

  else if (GPIOx == GPIOB)

  {

    RCC_AHB1PeriphResetCmd(RCC_AHB1Periph_GPIOB, ENABLE);

    RCC_AHB1PeriphResetCmd(RCC_AHB1Periph_GPIOB, DISABLE);

  }

  else if (GPIOx == GPIOC)

  {

    RCC_AHB1PeriphResetCmd(RCC_AHB1Periph_GPIOC, ENABLE);

    RCC_AHB1PeriphResetCmd(RCC_AHB1Periph_GPIOC, DISABLE);

  }

  else if (GPIOx == GPIOD)

  {

    RCC_AHB1PeriphResetCmd(RCC_AHB1Periph_GPIOD, ENABLE);

    RCC_AHB1PeriphResetCmd(RCC_AHB1Periph_GPIOD, DISABLE);

  }

  else if (GPIOx == GPIOE)

  {

    RCC_AHB1PeriphResetCmd(RCC_AHB1Periph_GPIOE, ENABLE);

    RCC_AHB1PeriphResetCmd(RCC_AHB1Periph_GPIOE, DISABLE);

  }

  else if (GPIOx == GPIOF)

  {

    RCC_AHB1PeriphResetCmd(RCC_AHB1Periph_GPIOF, ENABLE);

    RCC_AHB1PeriphResetCmd(RCC_AHB1Periph_GPIOF, DISABLE);

  }

  else if (GPIOx == GPIOG)

  {

    RCC_AHB1PeriphResetCmd(RCC_AHB1Periph_GPIOG, ENABLE);

    RCC_AHB1PeriphResetCmd(RCC_AHB1Periph_GPIOG, DISABLE);

  }

  else if (GPIOx == GPIOH)

  {

    RCC_AHB1PeriphResetCmd(RCC_AHB1Periph_GPIOH, ENABLE);

    RCC_AHB1PeriphResetCmd(RCC_AHB1Periph_GPIOH, DISABLE);

  }

  else

  {

    if (GPIOx == GPIOI)

    {

      RCC_AHB1PeriphResetCmd(RCC_AHB1Periph_GPIOI, ENABLE);

      RCC_AHB1PeriphResetCmd(RCC_AHB1Periph_GPIOI, DISABLE);

    }

  }

}



/**

  * @brief  Initializes the GPIOx peripheral according to the specified parameters in the GPIO_InitStruct.

  * @param  GPIOx: where x can be (A..I) to select the GPIO peripheral.

  * @param  GPIO_InitStruct: pointer to a GPIO_InitTypeDef structure that contains

  *         the configuration information for the specified GPIO peripheral.

  * @retval None

  */

void GPIO_Init(GPIO_TypeDef* GPIOx, GPIO_InitTypeDef* GPIO_InitStruct)

{

  uint32_t pinpos = 0x00, pos = 0x00 , currentpin = 0x00;



  /* Check the parameters */

  assert_param(IS_GPIO_ALL_PERIPH(GPIOx));

  assert_param(IS_GPIO_PIN(GPIO_InitStruct->GPIO_Pin));

  assert_param(IS_GPIO_MODE(GPIO_InitStruct->GPIO_Mode));

  assert_param(IS_GPIO_PUPD(GPIO_InitStruct->GPIO_PuPd));



  /* -------------------------Configure the port pins---------------- */

  /*-- GPIO Mode Configuration --*/

  for (pinpos = 0x00; pinpos < 0x10; pinpos++)

  {

    pos = ((uint32_t)0x01) << pinpos;

    /* Get the port pins position */

    currentpin = (GPIO_InitStruct->GPIO_Pin) & pos;



    if (currentpin == pos)

    {

      GPIOx->MODER  &= ~(GPIO_MODER_MODER0 << (pinpos * 2));

      GPIOx->MODER |= (((uint32_t)GPIO_InitStruct->GPIO_Mode) << (pinpos * 2));



      if ((GPIO_InitStruct->GPIO_Mode == GPIO_Mode_OUT) || (GPIO_InitStruct->GPIO_Mode == GPIO_Mode_AF))

      {

        /* Check Speed mode parameters */

        assert_param(IS_GPIO_SPEED(GPIO_InitStruct->GPIO_Speed));



        /* Speed mode configuration */

        GPIOx->OSPEEDR &= ~(GPIO_OSPEEDER_OSPEEDR0 << (pinpos * 2));

        GPIOx->OSPEEDR |= ((uint32_t)(GPIO_InitStruct->GPIO_Speed) << (pinpos * 2));



        /* Check Output mode parameters */

        assert_param(IS_GPIO_OTYPE(GPIO_InitStruct->GPIO_OType));



        /* Output mode configuration*/

        GPIOx->OTYPER  &= ~((GPIO_OTYPER_OT_0) << ((uint16_t)pinpos)) ;

        GPIOx->OTYPER |= (uint16_t)(((uint16_t)GPIO_InitStruct->GPIO_OType) << ((uint16_t)pinpos));

      }



      /* Pull-up Pull down resistor configuration*/

      GPIOx->PUPDR &= ~(GPIO_PUPDR_PUPDR0 << ((uint16_t)pinpos * 2));

      GPIOx->PUPDR |= (((uint32_t)GPIO_InitStruct->GPIO_PuPd) << (pinpos * 2));

    }

  }

}



/**

  * @brief  Fills each GPIO_InitStruct member with its default value.

  * @param  GPIO_InitStruct : pointer to a GPIO_InitTypeDef structure which will be initialized.

  * @retval None

  */

void GPIO_StructInit(GPIO_InitTypeDef* GPIO_InitStruct)

{

  /* Reset GPIO init structure parameters values */

  GPIO_InitStruct->GPIO_Pin  = GPIO_Pin_All;

  GPIO_InitStruct->GPIO_Mode = GPIO_Mode_IN;

  GPIO_InitStruct->GPIO_Speed = GPIO_Speed_2MHz;

  GPIO_InitStruct->GPIO_OType = GPIO_OType_PP;

  GPIO_InitStruct->GPIO_PuPd = GPIO_PuPd_NOPULL;

}



/**

  * @brief  Locks GPIO Pins configuration registers.

  * @note   The locked registers are GPIOx_MODER, GPIOx_OTYPER, GPIOx_OSPEEDR,

  *         GPIOx_PUPDR, GPIOx_AFRL and GPIOx_AFRH.

  * @note   The configuration of the locked GPIO pins can no longer be modified

  *         until the next reset.

  * @param  GPIOx: where x can be (A..I) to select the GPIO peripheral.

  * @param  GPIO_Pin: specifies the port bit to be locked.

  *          This parameter can be any combination of GPIO_Pin_x where x can be (0..15).

  * @retval None

  */

void GPIO_PinLockConfig(GPIO_TypeDef* GPIOx, uint16_t GPIO_Pin)

{

  __IO uint32_t tmp = 0x00010000;



  /* Check the parameters */

  assert_param(IS_GPIO_ALL_PERIPH(GPIOx));

  assert_param(IS_GPIO_PIN(GPIO_Pin));



  tmp |= GPIO_Pin;

  /* Set LCKK bit */

  GPIOx->LCKR = tmp;

  /* Reset LCKK bit */

  GPIOx->LCKR =  GPIO_Pin;

  /* Set LCKK bit */

  GPIOx->LCKR = tmp;

  /* Read LCKK bit*/

  tmp = GPIOx->LCKR;

  /* Read LCKK bit*/

  tmp = GPIOx->LCKR;

}



/**

  * @}

  */



/** @defgroup GPIO_Group2 GPIO Read and Write

 *  @brief   GPIO Read and Write

 *

@verbatim   

 ===============================================================================

                              GPIO Read and Write

 ===============================================================================  



@endverbatim

  * @{

  */



/**

  * @brief  Reads the specified input port pin.

  * @param  GPIOx: where x can be (A..I) to select the GPIO peripheral.

  * @param  GPIO_Pin: specifies the port bit to read.

  *         This parameter can be GPIO_Pin_x where x can be (0..15).

  * @retval The input port pin value.

  */

uint8_t GPIO_ReadInputDataBit(GPIO_TypeDef* GPIOx, uint16_t GPIO_Pin)

{

  uint8_t bitstatus = 0x00;



  /* Check the parameters */

  assert_param(IS_GPIO_ALL_PERIPH(GPIOx));

  assert_param(IS_GET_GPIO_PIN(GPIO_Pin));



  if ((GPIOx->IDR & GPIO_Pin) != (uint32_t)Bit_RESET)

  {

    bitstatus = (uint8_t)Bit_SET;

  }

  else

  {

    bitstatus = (uint8_t)Bit_RESET;

  }

  return bitstatus;

}



/**

  * @brief  Reads the specified GPIO input data port.

  * @param  GPIOx: where x can be (A..I) to select the GPIO peripheral.

  * @retval GPIO input data port value.

  */

uint16_t GPIO_ReadInputData(GPIO_TypeDef* GPIOx)

{

  /* Check the parameters */

  assert_param(IS_GPIO_ALL_PERIPH(GPIOx));



  return ((uint16_t)GPIOx->IDR);

}



/**

  * @brief  Reads the specified output data port bit.

  * @param  GPIOx: where x can be (A..I) to select the GPIO peripheral.

  * @param  GPIO_Pin: specifies the port bit to read.

  *          This parameter can be GPIO_Pin_x where x can be (0..15).

  * @retval The output port pin value.

  */

uint8_t GPIO_ReadOutputDataBit(GPIO_TypeDef* GPIOx, uint16_t GPIO_Pin)

{

  uint8_t bitstatus = 0x00;



  /* Check the parameters */

  assert_param(IS_GPIO_ALL_PERIPH(GPIOx));

  assert_param(IS_GET_GPIO_PIN(GPIO_Pin));



  if ((GPIOx->ODR & GPIO_Pin) != (uint32_t)Bit_RESET)

  {

    bitstatus = (uint8_t)Bit_SET;

  }

  else

  {

    bitstatus = (uint8_t)Bit_RESET;

  }

  return bitstatus;

}



/**

  * @brief  Reads the specified GPIO output data port.

  * @param  GPIOx: where x can be (A..I) to select the GPIO peripheral.

  * @retval GPIO output data port value.

  */

uint16_t GPIO_ReadOutputData(GPIO_TypeDef* GPIOx)

{

  /* Check the parameters */

  assert_param(IS_GPIO_ALL_PERIPH(GPIOx));



  return ((uint16_t)GPIOx->ODR);

}



/**

  * @brief  Sets the selected data port bits.

  * @note   This functions uses GPIOx_BSRR register to allow atomic read/modify 

  *         accesses. In this way, there is no risk of an IRQ occurring between

  *         the read and the modify access.

  * @param  GPIOx: where x can be (A..I) to select the GPIO peripheral.

  * @param  GPIO_Pin: specifies the port bits to be written.

  *          This parameter can be any combination of GPIO_Pin_x where x can be (0..15).

  * @retval None

  */

void GPIO_SetBits(GPIO_TypeDef* GPIOx, uint16_t GPIO_Pin)

{

  /* Check the parameters */

  assert_param(IS_GPIO_ALL_PERIPH(GPIOx));

  assert_param(IS_GPIO_PIN(GPIO_Pin));



  GPIOx->BSRRL = GPIO_Pin;

}



/**

  * @brief  Clears the selected data port bits.

  * @note   This functions uses GPIOx_BSRR register to allow atomic read/modify 

  *         accesses. In this way, there is no risk of an IRQ occurring between

  *         the read and the modify access.

  * @param  GPIOx: where x can be (A..I) to select the GPIO peripheral.

  * @param  GPIO_Pin: specifies the port bits to be written.

  *          This parameter can be any combination of GPIO_Pin_x where x can be (0..15).

  * @retval None

  */

void GPIO_ResetBits(GPIO_TypeDef* GPIOx, uint16_t GPIO_Pin)

{

  /* Check the parameters */

  assert_param(IS_GPIO_ALL_PERIPH(GPIOx));

  assert_param(IS_GPIO_PIN(GPIO_Pin));



  GPIOx->BSRRH = GPIO_Pin;

}



/**

  * @brief  Sets or clears the selected data port bit.

  * @param  GPIOx: where x can be (A..I) to select the GPIO peripheral.

  * @param  GPIO_Pin: specifies the port bit to be written.

  *          This parameter can be one of GPIO_Pin_x where x can be (0..15).

  * @param  BitVal: specifies the value to be written to the selected bit.

  *          This parameter can be one of the BitAction enum values:

  *            @arg Bit_RESET: to clear the port pin

  *            @arg Bit_SET: to set the port pin

  * @retval None

  */

void GPIO_WriteBit(GPIO_TypeDef* GPIOx, uint16_t GPIO_Pin, BitAction BitVal)

{

  /* Check the parameters */

  assert_param(IS_GPIO_ALL_PERIPH(GPIOx));

  assert_param(IS_GET_GPIO_PIN(GPIO_Pin));

  assert_param(IS_GPIO_BIT_ACTION(BitVal));



  if (BitVal != Bit_RESET)

  {

    GPIOx->BSRRL = GPIO_Pin;

  }

  else

  {

    GPIOx->BSRRH = GPIO_Pin ;

  }

}



/**

  * @brief  Writes data to the specified GPIO data port.

  * @param  GPIOx: where x can be (A..I) to select the GPIO peripheral.

  * @param  PortVal: specifies the value to be written to the port output data register.

  * @retval None

  */

void GPIO_Write(GPIO_TypeDef* GPIOx, uint16_t PortVal)

{

  /* Check the parameters */

  assert_param(IS_GPIO_ALL_PERIPH(GPIOx));



  GPIOx->ODR = PortVal;

}



/**

  * @brief  Toggles the specified GPIO pins..

  * @param  GPIOx: where x can be (A..I) to select the GPIO peripheral.

  * @param  GPIO_Pin: Specifies the pins to be toggled.

  * @retval None

  */

void GPIO_ToggleBits(GPIO_TypeDef* GPIOx, uint16_t GPIO_Pin)

{

  /* Check the parameters */

  assert_param(IS_GPIO_ALL_PERIPH(GPIOx));



  GPIOx->ODR ^= GPIO_Pin;

}



/**

  * @}

  */



/** @defgroup GPIO_Group3 GPIO Alternate functions configuration function

 *  @brief   GPIO Alternate functions configuration function

 *

@verbatim   

 ===============================================================================

               GPIO Alternate functions configuration function

 ===============================================================================  



@endverbatim

  * @{

  */



/**

  * @brief  Changes the mapping of the specified pin.

  * @param  GPIOx: where x can be (A..I) to select the GPIO peripheral.

  * @param  GPIO_PinSource: specifies the pin for the Alternate function.

  *         This parameter can be GPIO_PinSourcex where x can be (0..15).

  * @param  GPIO_AFSelection: selects the pin to used as Alternate function.

  *          This parameter can be one of the following values:

  *            @arg GPIO_AF_RTC_50Hz: Connect RTC_50Hz pin to AF0 (default after reset) 

  *            @arg GPIO_AF_MCO: Connect MCO pin (MCO1 and MCO2) to AF0 (default after reset) 

  *            @arg GPIO_AF_TAMPER: Connect TAMPER pins (TAMPER_1 and TAMPER_2) to AF0 (default after reset) 

  *            @arg GPIO_AF_SWJ: Connect SWJ pins (SWD and JTAG)to AF0 (default after reset) 

  *            @arg GPIO_AF_TRACE: Connect TRACE pins to AF0 (default after reset)

  *            @arg GPIO_AF_TIM1: Connect TIM1 pins to AF1

  *            @arg GPIO_AF_TIM2: Connect TIM2 pins to AF1

  *            @arg GPIO_AF_TIM3: Connect TIM3 pins to AF2

  *            @arg GPIO_AF_TIM4: Connect TIM4 pins to AF2

  *            @arg GPIO_AF_TIM5: Connect TIM5 pins to AF2

  *            @arg GPIO_AF_TIM8: Connect TIM8 pins to AF3

  *            @arg GPIO_AF_TIM9: Connect TIM9 pins to AF3

  *            @arg GPIO_AF_TIM10: Connect TIM10 pins to AF3

  *            @arg GPIO_AF_TIM11: Connect TIM11 pins to AF3

  *            @arg GPIO_AF_I2C1: Connect I2C1 pins to AF4

  *            @arg GPIO_AF_I2C2: Connect I2C2 pins to AF4

  *            @arg GPIO_AF_I2C3: Connect I2C3 pins to AF4

  *            @arg GPIO_AF_SPI1: Connect SPI1 pins to AF5

  *            @arg GPIO_AF_SPI2: Connect SPI2/I2S2 pins to AF5

  *            @arg GPIO_AF_SPI3: Connect SPI3/I2S3 pins to AF6

  *            @arg GPIO_AF_I2S3ext: Connect I2S3ext pins to AF7

  *            @arg GPIO_AF_USART1: Connect USART1 pins to AF7

  *            @arg GPIO_AF_USART2: Connect USART2 pins to AF7

  *            @arg GPIO_AF_USART3: Connect USART3 pins to AF7

  *            @arg GPIO_AF_UART4: Connect UART4 pins to AF8

  *            @arg GPIO_AF_UART5: Connect UART5 pins to AF8

  *            @arg GPIO_AF_USART6: Connect USART6 pins to AF8

  *            @arg GPIO_AF_CAN1: Connect CAN1 pins to AF9

  *            @arg GPIO_AF_CAN2: Connect CAN2 pins to AF9

  *            @arg GPIO_AF_TIM12: Connect TIM12 pins to AF9

  *            @arg GPIO_AF_TIM13: Connect TIM13 pins to AF9

  *            @arg GPIO_AF_TIM14: Connect TIM14 pins to AF9

  *            @arg GPIO_AF_OTG_FS: Connect OTG_FS pins to AF10

  *            @arg GPIO_AF_OTG_HS: Connect OTG_HS pins to AF10

  *            @arg GPIO_AF_ETH: Connect ETHERNET pins to AF11

  *            @arg GPIO_AF_FSMC: Connect FSMC pins to AF12

  *            @arg GPIO_AF_OTG_HS_FS: Connect OTG HS (configured in FS) pins to AF12

  *            @arg GPIO_AF_SDIO: Connect SDIO pins to AF12

  *            @arg GPIO_AF_DCMI: Connect DCMI pins to AF13

  *            @arg GPIO_AF_EVENTOUT: Connect EVENTOUT pins to AF15

  * @retval None

  */

void GPIO_PinAFConfig(GPIO_TypeDef* GPIOx, uint16_t GPIO_PinSource, uint8_t GPIO_AF)

{

  uint32_t temp = 0x00;

  uint32_t temp_2 = 0x00;

  

  /* Check the parameters */

  assert_param(IS_GPIO_ALL_PERIPH(GPIOx));

  assert_param(IS_GPIO_PIN_SOURCE(GPIO_PinSource));

  assert_param(IS_GPIO_AF(GPIO_AF));

  

  temp = ((uint32_t)(GPIO_AF) << ((uint32_t)((uint32_t)GPIO_PinSource & (uint32_t)0x07) * 4)) ;

  GPIOx->AFR[GPIO_PinSource >> 0x03] &= ~((uint32_t)0xF << ((uint32_t)((uint32_t)GPIO_PinSource & (uint32_t)0x07) * 4)) ;

  temp_2 = GPIOx->AFR[GPIO_PinSource >> 0x03] | temp;

  GPIOx->AFR[GPIO_PinSource >> 0x03] = temp_2;

}



/**

  * @}

  */ 



/**

  * @}

  */



/**

  * @}

  */ 



/**

  * @}

  */ 



/******************* (C) COPYRIGHT 2011 STMicroelectronics *****END OF FILE****/








Viz/cmsis_lib/source/stm32f4xx_i2c.c

/**

  ******************************************************************************

  * @file    stm32f4xx_i2c.c

  * @author  MCD Application Team

  * @version V1.0.0

  * @date    30-September-2011

  * @brief   This file provides firmware functions to manage the following 

  *          functionalities of the Inter-integrated circuit (I2C)

  *           - Initialization and Configuration

  *           - Data transfers

  *           - PEC management

  *           - DMA transfers management

  *           - Interrupts, events and flags management 

  *           

  *  @verbatim

  *    

  *          ===================================================================

  *                                 How to use this driver

  *          ===================================================================

  *          1. Enable peripheral clock using RCC_APB1PeriphClockCmd(RCC_APB1Periph_I2Cx, ENABLE)

  *             function for I2C1, I2C2 or I2C3.

  *

  *          2. Enable SDA, SCL  and SMBA (when used) GPIO clocks using 

  *             RCC_AHBPeriphClockCmd() function. 

  *

  *          3. Peripherals alternate function: 

  *                 - Connect the pin to the desired peripherals' Alternate 

  *                   Function (AF) using GPIO_PinAFConfig() function

  *                 - Configure the desired pin in alternate function by:

  *                   GPIO_InitStruct->GPIO_Mode = GPIO_Mode_AF

  *                 - Select the type, pull-up/pull-down and output speed via 

  *                   GPIO_PuPd, GPIO_OType and GPIO_Speed members

  *                 - Call GPIO_Init() function

  *                 Recommended configuration is Push-Pull, Pull-up, Open-Drain.

  *                 Add an external pull up if necessary (typically 4.7 KOhm).      

  *        

  *          4. Program the Mode, duty cycle , Own address, Ack, Speed and Acknowledged

  *             Address using the I2C_Init() function.

  *

  *          5. Optionally you can enable/configure the following parameters without

  *             re-initialization (i.e there is no need to call again I2C_Init() function):

  *              - Enable the acknowledge feature using I2C_AcknowledgeConfig() function

  *              - Enable the dual addressing mode using I2C_DualAddressCmd() function

  *              - Enable the general call using the I2C_GeneralCallCmd() function

  *              - Enable the clock stretching using I2C_StretchClockCmd() function

  *              - Enable the fast mode duty cycle using the I2C_FastModeDutyCycleConfig()

  *                function.

  *              - Configure the NACK position for Master Receiver mode in case of 

  *                2 bytes reception using the function I2C_NACKPositionConfig().  

  *              - Enable the PEC Calculation using I2C_CalculatePEC() function

  *              - For SMBus Mode: 

  *                   - Enable the Address Resolution Protocol (ARP) using I2C_ARPCmd() function

  *                   - Configure the SMBusAlert pin using I2C_SMBusAlertConfig() function

  *

  *          6. Enable the NVIC and the corresponding interrupt using the function 

  *             I2C_ITConfig() if you need to use interrupt mode. 

  *

  *          7. When using the DMA mode 

  *                   - Configure the DMA using DMA_Init() function

  *                   - Active the needed channel Request using I2C_DMACmd() or

  *                     I2C_DMALastTransferCmd() function.

  *              @note When using DMA mode, I2C interrupts may be used at the same time to

  *                    control the communication flow (Start/Stop/Ack... events and errors).

  * 

  *          8. Enable the I2C using the I2C_Cmd() function.

  * 

  *          9. Enable the DMA using the DMA_Cmd() function when using DMA mode in the 

  *             transfers. 

  *

  *  @endverbatim

  *  

  ******************************************************************************

  * @attention

  *

  * THE PRESENT FIRMWARE WHICH IS FOR GUIDANCE ONLY AIMS AT PROVIDING CUSTOMERS

  * WITH CODING INFORMATION REGARDING THEIR PRODUCTS IN ORDER FOR THEM TO SAVE

  * TIME. AS A RESULT, STMICROELECTRONICS SHALL NOT BE HELD LIABLE FOR ANY

  * DIRECT, INDIRECT OR CONSEQUENTIAL DAMAGES WITH RESPECT TO ANY CLAIMS ARISING

  * FROM THE CONTENT OF SUCH FIRMWARE AND/OR THE USE MADE BY CUSTOMERS OF THE

  * CODING INFORMATION CONTAINED HEREIN IN CONNECTION WITH THEIR PRODUCTS.

  *

  * <h2><center>&copy; COPYRIGHT 2011 STMicroelectronics</center></h2>

  ******************************************************************************  

  */ 



/* Includes ------------------------------------------------------------------*/

#include "stm32f4xx_i2c.h"

#include "stm32f4xx_rcc.h"



/** @addtogroup STM32F4xx_StdPeriph_Driver

  * @{

  */



/** @defgroup I2C 

  * @brief I2C driver modules

  * @{

  */ 



/* Private typedef -----------------------------------------------------------*/

/* Private define ------------------------------------------------------------*/



#define CR1_CLEAR_MASK    ((uint16_t)0xFBF5)      /*<! I2C registers Masks */

#define FLAG_MASK         ((uint32_t)0x00FFFFFF)  /*<! I2C FLAG mask */

#define ITEN_MASK         ((uint32_t)0x07000000)  /*<! I2C Interrupt Enable mask */



/* Private macro -------------------------------------------------------------*/

/* Private variables ---------------------------------------------------------*/

/* Private function prototypes -----------------------------------------------*/

/* Private functions ---------------------------------------------------------*/



/** @defgroup I2C_Private_Functions

  * @{

  */



/** @defgroup I2C_Group1 Initialization and Configuration functions

 *  @brief   Initialization and Configuration functions 

 *

@verbatim   

 ===============================================================================

                   Initialization and Configuration functions

 ===============================================================================  



@endverbatim

  * @{

  */



/**

  * @brief  Deinitialize the I2Cx peripheral registers to their default reset values.

  * @param  I2Cx: where x can be 1, 2 or 3 to select the I2C peripheral.

  * @retval None

  */

void I2C_DeInit(I2C_TypeDef* I2Cx)

{

  /* Check the parameters */

  assert_param(IS_I2C_ALL_PERIPH(I2Cx));



  if (I2Cx == I2C1)

  {

    /* Enable I2C1 reset state */

    RCC_APB1PeriphResetCmd(RCC_APB1Periph_I2C1, ENABLE);

    /* Release I2C1 from reset state */

    RCC_APB1PeriphResetCmd(RCC_APB1Periph_I2C1, DISABLE);    

  }

  else if (I2Cx == I2C2)

  {

    /* Enable I2C2 reset state */

    RCC_APB1PeriphResetCmd(RCC_APB1Periph_I2C2, ENABLE);

    /* Release I2C2 from reset state */

    RCC_APB1PeriphResetCmd(RCC_APB1Periph_I2C2, DISABLE);      

  }

  else 

  {

    if (I2Cx == I2C3)

    {

      /* Enable I2C3 reset state */

      RCC_APB1PeriphResetCmd(RCC_APB1Periph_I2C3, ENABLE);

      /* Release I2C3 from reset state */

      RCC_APB1PeriphResetCmd(RCC_APB1Periph_I2C3, DISABLE);     

    }

  }

}



/**

  * @brief  Initializes the I2Cx peripheral according to the specified 

  *         parameters in the I2C_InitStruct.

  *           

  * @note   To use the I2C at 400 KHz (in fast mode), the PCLK1 frequency 

  *         (I2C peripheral input clock) must be a multiple of 10 MHz.  

  *           

  * @param  I2Cx: where x can be 1, 2 or 3 to select the I2C peripheral.

  * @param  I2C_InitStruct: pointer to a I2C_InitTypeDef structure that contains 

  *         the configuration information for the specified I2C peripheral.

  * @retval None

  */

void I2C_Init(I2C_TypeDef* I2Cx, I2C_InitTypeDef* I2C_InitStruct)

{

  uint16_t tmpreg = 0, freqrange = 0;

  uint16_t result = 0x04;

  uint32_t pclk1 = 8000000;

  RCC_ClocksTypeDef  rcc_clocks;

  /* Check the parameters */

  assert_param(IS_I2C_ALL_PERIPH(I2Cx));

  assert_param(IS_I2C_CLOCK_SPEED(I2C_InitStruct->I2C_ClockSpeed));

  assert_param(IS_I2C_MODE(I2C_InitStruct->I2C_Mode));

  assert_param(IS_I2C_DUTY_CYCLE(I2C_InitStruct->I2C_DutyCycle));

  assert_param(IS_I2C_OWN_ADDRESS1(I2C_InitStruct->I2C_OwnAddress1));

  assert_param(IS_I2C_ACK_STATE(I2C_InitStruct->I2C_Ack));

  assert_param(IS_I2C_ACKNOWLEDGE_ADDRESS(I2C_InitStruct->I2C_AcknowledgedAddress));



/*---------------------------- I2Cx CR2 Configuration ------------------------*/

  /* Get the I2Cx CR2 value */

  tmpreg = I2Cx->CR2;

  /* Clear frequency FREQ[5:0] bits */

  tmpreg &= (uint16_t)~((uint16_t)I2C_CR2_FREQ);

  /* Get pclk1 frequency value */

  RCC_GetClocksFreq(&rcc_clocks);

  pclk1 = rcc_clocks.PCLK1_Frequency;

  /* Set frequency bits depending on pclk1 value */

  freqrange = (uint16_t)(pclk1 / 1000000);

  tmpreg |= freqrange;

  /* Write to I2Cx CR2 */

  I2Cx->CR2 = tmpreg;



/*---------------------------- I2Cx CCR Configuration ------------------------*/

  /* Disable the selected I2C peripheral to configure TRISE */

  I2Cx->CR1 &= (uint16_t)~((uint16_t)I2C_CR1_PE);

  /* Reset tmpreg value */

  /* Clear F/S, DUTY and CCR[11:0] bits */

  tmpreg = 0;



  /* Configure speed in standard mode */

  if (I2C_InitStruct->I2C_ClockSpeed <= 100000)

  {

    /* Standard mode speed calculate */

    result = (uint16_t)(pclk1 / (I2C_InitStruct->I2C_ClockSpeed << 1));

    /* Test if CCR value is under 0x4*/

    if (result < 0x04)

    {

      /* Set minimum allowed value */

      result = 0x04;  

    }

    /* Set speed value for standard mode */

    tmpreg |= result;	  

    /* Set Maximum Rise Time for standard mode */

    I2Cx->TRISE = freqrange + 1; 

  }

  /* Configure speed in fast mode */

  /* To use the I2C at 400 KHz (in fast mode), the PCLK1 frequency (I2C peripheral

     input clock) must be a multiple of 10 MHz */

  else /*(I2C_InitStruct->I2C_ClockSpeed <= 400000)*/

  {

    if (I2C_InitStruct->I2C_DutyCycle == I2C_DutyCycle_2)

    {

      /* Fast mode speed calculate: Tlow/Thigh = 2 */

      result = (uint16_t)(pclk1 / (I2C_InitStruct->I2C_ClockSpeed * 3));

    }

    else /*I2C_InitStruct->I2C_DutyCycle == I2C_DutyCycle_16_9*/

    {

      /* Fast mode speed calculate: Tlow/Thigh = 16/9 */

      result = (uint16_t)(pclk1 / (I2C_InitStruct->I2C_ClockSpeed * 25));

      /* Set DUTY bit */

      result |= I2C_DutyCycle_16_9;

    }



    /* Test if CCR value is under 0x1*/

    if ((result & I2C_CCR_CCR) == 0)

    {

      /* Set minimum allowed value */

      result |= (uint16_t)0x0001;  

    }

    /* Set speed value and set F/S bit for fast mode */

    tmpreg |= (uint16_t)(result | I2C_CCR_FS);

    /* Set Maximum Rise Time for fast mode */

    I2Cx->TRISE = (uint16_t)(((freqrange * (uint16_t)300) / (uint16_t)1000) + (uint16_t)1);  

  }



  /* Write to I2Cx CCR */

  I2Cx->CCR = tmpreg;

  /* Enable the selected I2C peripheral */

  I2Cx->CR1 |= I2C_CR1_PE;



/*---------------------------- I2Cx CR1 Configuration ------------------------*/

  /* Get the I2Cx CR1 value */

  tmpreg = I2Cx->CR1;

  /* Clear ACK, SMBTYPE and  SMBUS bits */

  tmpreg &= CR1_CLEAR_MASK;

  /* Configure I2Cx: mode and acknowledgement */

  /* Set SMBTYPE and SMBUS bits according to I2C_Mode value */

  /* Set ACK bit according to I2C_Ack value */

  tmpreg |= (uint16_t)((uint32_t)I2C_InitStruct->I2C_Mode | I2C_InitStruct->I2C_Ack);

  /* Write to I2Cx CR1 */

  I2Cx->CR1 = tmpreg;



/*---------------------------- I2Cx OAR1 Configuration -----------------------*/

  /* Set I2Cx Own Address1 and acknowledged address */

  I2Cx->OAR1 = (I2C_InitStruct->I2C_AcknowledgedAddress | I2C_InitStruct->I2C_OwnAddress1);

}



/**

  * @brief  Fills each I2C_InitStruct member with its default value.

  * @param  I2C_InitStruct: pointer to an I2C_InitTypeDef structure which will be initialized.

  * @retval None

  */

void I2C_StructInit(I2C_InitTypeDef* I2C_InitStruct)

{

/*---------------- Reset I2C init structure parameters values ----------------*/

  /* initialize the I2C_ClockSpeed member */

  I2C_InitStruct->I2C_ClockSpeed = 5000;

  /* Initialize the I2C_Mode member */

  I2C_InitStruct->I2C_Mode = I2C_Mode_I2C;

  /* Initialize the I2C_DutyCycle member */

  I2C_InitStruct->I2C_DutyCycle = I2C_DutyCycle_2;

  /* Initialize the I2C_OwnAddress1 member */

  I2C_InitStruct->I2C_OwnAddress1 = 0;

  /* Initialize the I2C_Ack member */

  I2C_InitStruct->I2C_Ack = I2C_Ack_Disable;

  /* Initialize the I2C_AcknowledgedAddress member */

  I2C_InitStruct->I2C_AcknowledgedAddress = I2C_AcknowledgedAddress_7bit;

}



/**

  * @brief  Enables or disables the specified I2C peripheral.

  * @param  I2Cx: where x can be 1, 2 or 3 to select the I2C peripheral.

  * @param  NewState: new state of the I2Cx peripheral. 

  *          This parameter can be: ENABLE or DISABLE.

  * @retval None

  */

void I2C_Cmd(I2C_TypeDef* I2Cx, FunctionalState NewState)

{

  /* Check the parameters */

  assert_param(IS_I2C_ALL_PERIPH(I2Cx));

  assert_param(IS_FUNCTIONAL_STATE(NewState));

  if (NewState != DISABLE)

  {

    /* Enable the selected I2C peripheral */

    I2Cx->CR1 |= I2C_CR1_PE;

  }

  else

  {

    /* Disable the selected I2C peripheral */

    I2Cx->CR1 &= (uint16_t)~((uint16_t)I2C_CR1_PE);

  }

}



/**

  * @brief  Generates I2Cx communication START condition.

  * @param  I2Cx: where x can be 1, 2 or 3 to select the I2C peripheral.

  * @param  NewState: new state of the I2C START condition generation.

  *          This parameter can be: ENABLE or DISABLE.

  * @retval None.

  */

void I2C_GenerateSTART(I2C_TypeDef* I2Cx, FunctionalState NewState)

{

  /* Check the parameters */

  assert_param(IS_I2C_ALL_PERIPH(I2Cx));

  assert_param(IS_FUNCTIONAL_STATE(NewState));

  if (NewState != DISABLE)

  {

    /* Generate a START condition */

    I2Cx->CR1 |= I2C_CR1_START;

  }

  else

  {

    /* Disable the START condition generation */

    I2Cx->CR1 &= (uint16_t)~((uint16_t)I2C_CR1_START);

  }

}



/**

  * @brief  Generates I2Cx communication STOP condition.

  * @param  I2Cx: where x can be 1, 2 or 3 to select the I2C peripheral.

  * @param  NewState: new state of the I2C STOP condition generation.

  *          This parameter can be: ENABLE or DISABLE.

  * @retval None.

  */

void I2C_GenerateSTOP(I2C_TypeDef* I2Cx, FunctionalState NewState)

{

  /* Check the parameters */

  assert_param(IS_I2C_ALL_PERIPH(I2Cx));

  assert_param(IS_FUNCTIONAL_STATE(NewState));

  if (NewState != DISABLE)

  {

    /* Generate a STOP condition */

    I2Cx->CR1 |= I2C_CR1_STOP;

  }

  else

  {

    /* Disable the STOP condition generation */

    I2Cx->CR1 &= (uint16_t)~((uint16_t)I2C_CR1_STOP);

  }

}



/**

  * @brief  Transmits the address byte to select the slave device.

  * @param  I2Cx: where x can be 1, 2 or 3 to select the I2C peripheral.

  * @param  Address: specifies the slave address which will be transmitted

  * @param  I2C_Direction: specifies whether the I2C device will be a Transmitter

  *         or a Receiver. 

  *          This parameter can be one of the following values

  *            @arg I2C_Direction_Transmitter: Transmitter mode

  *            @arg I2C_Direction_Receiver: Receiver mode

  * @retval None.

  */

void I2C_Send7bitAddress(I2C_TypeDef* I2Cx, uint8_t Address, uint8_t I2C_Direction)

{

  /* Check the parameters */

  assert_param(IS_I2C_ALL_PERIPH(I2Cx));

  assert_param(IS_I2C_DIRECTION(I2C_Direction));

  /* Test on the direction to set/reset the read/write bit */

  if (I2C_Direction != I2C_Direction_Transmitter)

  {

    /* Set the address bit0 for read */

    Address |= I2C_OAR1_ADD0;

  }

  else

  {

    /* Reset the address bit0 for write */

    Address &= (uint8_t)~((uint8_t)I2C_OAR1_ADD0);

  }

  /* Send the address */

  I2Cx->DR = Address;

}



/**

  * @brief  Enables or disables the specified I2C acknowledge feature.

  * @param  I2Cx: where x can be 1, 2 or 3 to select the I2C peripheral.

  * @param  NewState: new state of the I2C Acknowledgement.

  *          This parameter can be: ENABLE or DISABLE.

  * @retval None.

  */

void I2C_AcknowledgeConfig(I2C_TypeDef* I2Cx, FunctionalState NewState)

{

  /* Check the parameters */

  assert_param(IS_I2C_ALL_PERIPH(I2Cx));

  assert_param(IS_FUNCTIONAL_STATE(NewState));

  if (NewState != DISABLE)

  {

    /* Enable the acknowledgement */

    I2Cx->CR1 |= I2C_CR1_ACK;

  }

  else

  {

    /* Disable the acknowledgement */

    I2Cx->CR1 &= (uint16_t)~((uint16_t)I2C_CR1_ACK);

  }

}



/**

  * @brief  Configures the specified I2C own address2.

  * @param  I2Cx: where x can be 1, 2 or 3 to select the I2C peripheral.

  * @param  Address: specifies the 7bit I2C own address2.

  * @retval None.

  */

void I2C_OwnAddress2Config(I2C_TypeDef* I2Cx, uint8_t Address)

{

  uint16_t tmpreg = 0;



  /* Check the parameters */

  assert_param(IS_I2C_ALL_PERIPH(I2Cx));



  /* Get the old register value */

  tmpreg = I2Cx->OAR2;



  /* Reset I2Cx Own address2 bit [7:1] */

  tmpreg &= (uint16_t)~((uint16_t)I2C_OAR2_ADD2);



  /* Set I2Cx Own address2 */

  tmpreg |= (uint16_t)((uint16_t)Address & (uint16_t)0x00FE);



  /* Store the new register value */

  I2Cx->OAR2 = tmpreg;

}



/**

  * @brief  Enables or disables the specified I2C dual addressing mode.

  * @param  I2Cx: where x can be 1, 2 or 3 to select the I2C peripheral.

  * @param  NewState: new state of the I2C dual addressing mode.

  *          This parameter can be: ENABLE or DISABLE.

  * @retval None

  */

void I2C_DualAddressCmd(I2C_TypeDef* I2Cx, FunctionalState NewState)

{

  /* Check the parameters */

  assert_param(IS_I2C_ALL_PERIPH(I2Cx));

  assert_param(IS_FUNCTIONAL_STATE(NewState));

  if (NewState != DISABLE)

  {

    /* Enable dual addressing mode */

    I2Cx->OAR2 |= I2C_OAR2_ENDUAL;

  }

  else

  {

    /* Disable dual addressing mode */

    I2Cx->OAR2 &= (uint16_t)~((uint16_t)I2C_OAR2_ENDUAL);

  }

}



/**

  * @brief  Enables or disables the specified I2C general call feature.

  * @param  I2Cx: where x can be 1, 2 or 3 to select the I2C peripheral.

  * @param  NewState: new state of the I2C General call.

  *          This parameter can be: ENABLE or DISABLE.

  * @retval None

  */

void I2C_GeneralCallCmd(I2C_TypeDef* I2Cx, FunctionalState NewState)

{

  /* Check the parameters */

  assert_param(IS_I2C_ALL_PERIPH(I2Cx));

  assert_param(IS_FUNCTIONAL_STATE(NewState));

  if (NewState != DISABLE)

  {

    /* Enable generall call */

    I2Cx->CR1 |= I2C_CR1_ENGC;

  }

  else

  {

    /* Disable generall call */

    I2Cx->CR1 &= (uint16_t)~((uint16_t)I2C_CR1_ENGC);

  }

}



/**

  * @brief  Enables or disables the specified I2C software reset.

  * @note   When software reset is enabled, the I2C IOs are released (this can

  *         be useful to recover from bus errors).  

  * @param  I2Cx: where x can be 1, 2 or 3 to select the I2C peripheral.

  * @param  NewState: new state of the I2C software reset.

  *          This parameter can be: ENABLE or DISABLE.

  * @retval None

  */

void I2C_SoftwareResetCmd(I2C_TypeDef* I2Cx, FunctionalState NewState)

{

  /* Check the parameters */

  assert_param(IS_I2C_ALL_PERIPH(I2Cx));

  assert_param(IS_FUNCTIONAL_STATE(NewState));

  if (NewState != DISABLE)

  {

    /* Peripheral under reset */

    I2Cx->CR1 |= I2C_CR1_SWRST;

  }

  else

  {

    /* Peripheral not under reset */

    I2Cx->CR1 &= (uint16_t)~((uint16_t)I2C_CR1_SWRST);

  }

}



/**

  * @brief  Enables or disables the specified I2C Clock stretching.

  * @param  I2Cx: where x can be 1, 2 or 3 to select the I2C peripheral.

  * @param  NewState: new state of the I2Cx Clock stretching.

  *          This parameter can be: ENABLE or DISABLE.

  * @retval None

  */

void I2C_StretchClockCmd(I2C_TypeDef* I2Cx, FunctionalState NewState)

{

  /* Check the parameters */

  assert_param(IS_I2C_ALL_PERIPH(I2Cx));

  assert_param(IS_FUNCTIONAL_STATE(NewState));

  if (NewState == DISABLE)

  {

    /* Enable the selected I2C Clock stretching */

    I2Cx->CR1 |= I2C_CR1_NOSTRETCH;

  }

  else

  {

    /* Disable the selected I2C Clock stretching */

    I2Cx->CR1 &= (uint16_t)~((uint16_t)I2C_CR1_NOSTRETCH);

  }

}



/**

  * @brief  Selects the specified I2C fast mode duty cycle.

  * @param  I2Cx: where x can be 1, 2 or 3 to select the I2C peripheral.

  * @param  I2C_DutyCycle: specifies the fast mode duty cycle.

  *          This parameter can be one of the following values:

  *            @arg I2C_DutyCycle_2: I2C fast mode Tlow/Thigh = 2

  *            @arg I2C_DutyCycle_16_9: I2C fast mode Tlow/Thigh = 16/9

  * @retval None

  */

void I2C_FastModeDutyCycleConfig(I2C_TypeDef* I2Cx, uint16_t I2C_DutyCycle)

{

  /* Check the parameters */

  assert_param(IS_I2C_ALL_PERIPH(I2Cx));

  assert_param(IS_I2C_DUTY_CYCLE(I2C_DutyCycle));

  if (I2C_DutyCycle != I2C_DutyCycle_16_9)

  {

    /* I2C fast mode Tlow/Thigh=2 */

    I2Cx->CCR &= I2C_DutyCycle_2;

  }

  else

  {

    /* I2C fast mode Tlow/Thigh=16/9 */

    I2Cx->CCR |= I2C_DutyCycle_16_9;

  }

}



/**

  * @brief  Selects the specified I2C NACK position in master receiver mode.

  * @note   This function is useful in I2C Master Receiver mode when the number

  *         of data to be received is equal to 2. In this case, this function 

  *         should be called (with parameter I2C_NACKPosition_Next) before data 

  *         reception starts,as described in the 2-byte reception procedure 

  *         recommended in Reference Manual in Section: Master receiver.                

  * @param  I2Cx: where x can be 1, 2 or 3 to select the I2C peripheral.

  * @param  I2C_NACKPosition: specifies the NACK position. 

  *          This parameter can be one of the following values:

  *            @arg I2C_NACKPosition_Next: indicates that the next byte will be the last

  *                                        received byte.  

  *            @arg I2C_NACKPosition_Current: indicates that current byte is the last 

  *                                           received byte.

  *            

  * @note    This function configures the same bit (POS) as I2C_PECPositionConfig() 

  *          but is intended to be used in I2C mode while I2C_PECPositionConfig() 

  *          is intended to used in SMBUS mode. 

  *            

  * @retval None

  */

void I2C_NACKPositionConfig(I2C_TypeDef* I2Cx, uint16_t I2C_NACKPosition)

{

  /* Check the parameters */

  assert_param(IS_I2C_ALL_PERIPH(I2Cx));

  assert_param(IS_I2C_NACK_POSITION(I2C_NACKPosition));

  

  /* Check the input parameter */

  if (I2C_NACKPosition == I2C_NACKPosition_Next)

  {

    /* Next byte in shift register is the last received byte */

    I2Cx->CR1 |= I2C_NACKPosition_Next;

  }

  else

  {

    /* Current byte in shift register is the last received byte */

    I2Cx->CR1 &= I2C_NACKPosition_Current;

  }

}



/**

  * @brief  Drives the SMBusAlert pin high or low for the specified I2C.

  * @param  I2Cx: where x can be 1, 2 or 3 to select the I2C peripheral.

  * @param  I2C_SMBusAlert: specifies SMBAlert pin level. 

  *          This parameter can be one of the following values:

  *            @arg I2C_SMBusAlert_Low: SMBAlert pin driven low

  *            @arg I2C_SMBusAlert_High: SMBAlert pin driven high

  * @retval None

  */

void I2C_SMBusAlertConfig(I2C_TypeDef* I2Cx, uint16_t I2C_SMBusAlert)

{

  /* Check the parameters */

  assert_param(IS_I2C_ALL_PERIPH(I2Cx));

  assert_param(IS_I2C_SMBUS_ALERT(I2C_SMBusAlert));

  if (I2C_SMBusAlert == I2C_SMBusAlert_Low)

  {

    /* Drive the SMBusAlert pin Low */

    I2Cx->CR1 |= I2C_SMBusAlert_Low;

  }

  else

  {

    /* Drive the SMBusAlert pin High  */

    I2Cx->CR1 &= I2C_SMBusAlert_High;

  }

}



/**

  * @brief  Enables or disables the specified I2C ARP.

  * @param  I2Cx: where x can be 1, 2 or 3 to select the I2C peripheral.

  * @param  NewState: new state of the I2Cx ARP. 

  *          This parameter can be: ENABLE or DISABLE.

  * @retval None

  */

void I2C_ARPCmd(I2C_TypeDef* I2Cx, FunctionalState NewState)

{

  /* Check the parameters */

  assert_param(IS_I2C_ALL_PERIPH(I2Cx));

  assert_param(IS_FUNCTIONAL_STATE(NewState));

  if (NewState != DISABLE)

  {

    /* Enable the selected I2C ARP */

    I2Cx->CR1 |= I2C_CR1_ENARP;

  }

  else

  {

    /* Disable the selected I2C ARP */

    I2Cx->CR1 &= (uint16_t)~((uint16_t)I2C_CR1_ENARP);

  }

}

/**

  * @}

  */



/** @defgroup I2C_Group2 Data transfers functions

 *  @brief   Data transfers functions 

 *

@verbatim   

 ===============================================================================

                        Data transfers functions

 ===============================================================================  



@endverbatim

  * @{

  */



/**

  * @brief  Sends a data byte through the I2Cx peripheral.

  * @param  I2Cx: where x can be 1, 2 or 3 to select the I2C peripheral.

  * @param  Data: Byte to be transmitted..

  * @retval None

  */

void I2C_SendData(I2C_TypeDef* I2Cx, uint8_t Data)

{

  /* Check the parameters */

  assert_param(IS_I2C_ALL_PERIPH(I2Cx));

  /* Write in the DR register the data to be sent */

  I2Cx->DR = Data;

}



/**

  * @brief  Returns the most recent received data by the I2Cx peripheral.

  * @param  I2Cx: where x can be 1, 2 or 3 to select the I2C peripheral.

  * @retval The value of the received data.

  */

uint8_t I2C_ReceiveData(I2C_TypeDef* I2Cx)

{

  /* Check the parameters */

  assert_param(IS_I2C_ALL_PERIPH(I2Cx));

  /* Return the data in the DR register */

  return (uint8_t)I2Cx->DR;

}



/**

  * @}

  */



/** @defgroup I2C_Group3 PEC management functions

 *  @brief   PEC management functions 

 *

@verbatim   

 ===============================================================================

                         PEC management functions

 ===============================================================================  



@endverbatim

  * @{

  */



/**

  * @brief  Enables or disables the specified I2C PEC transfer.

  * @param  I2Cx: where x can be 1, 2 or 3 to select the I2C peripheral.

  * @param  NewState: new state of the I2C PEC transmission.

  *          This parameter can be: ENABLE or DISABLE.

  * @retval None

  */

void I2C_TransmitPEC(I2C_TypeDef* I2Cx, FunctionalState NewState)

{

  /* Check the parameters */

  assert_param(IS_I2C_ALL_PERIPH(I2Cx));

  assert_param(IS_FUNCTIONAL_STATE(NewState));

  if (NewState != DISABLE)

  {

    /* Enable the selected I2C PEC transmission */

    I2Cx->CR1 |= I2C_CR1_PEC;

  }

  else

  {

    /* Disable the selected I2C PEC transmission */

    I2Cx->CR1 &= (uint16_t)~((uint16_t)I2C_CR1_PEC);

  }

}



/**

  * @brief  Selects the specified I2C PEC position.

  * @param  I2Cx: where x can be 1, 2 or 3 to select the I2C peripheral.

  * @param  I2C_PECPosition: specifies the PEC position. 

  *          This parameter can be one of the following values:

  *            @arg I2C_PECPosition_Next: indicates that the next byte is PEC

  *            @arg I2C_PECPosition_Current: indicates that current byte is PEC

  *       

  * @note    This function configures the same bit (POS) as I2C_NACKPositionConfig()

  *          but is intended to be used in SMBUS mode while I2C_NACKPositionConfig() 

  *          is intended to used in I2C mode.

  *                

  * @retval None

  */

void I2C_PECPositionConfig(I2C_TypeDef* I2Cx, uint16_t I2C_PECPosition)

{

  /* Check the parameters */

  assert_param(IS_I2C_ALL_PERIPH(I2Cx));

  assert_param(IS_I2C_PEC_POSITION(I2C_PECPosition));

  if (I2C_PECPosition == I2C_PECPosition_Next)

  {

    /* Next byte in shift register is PEC */

    I2Cx->CR1 |= I2C_PECPosition_Next;

  }

  else

  {

    /* Current byte in shift register is PEC */

    I2Cx->CR1 &= I2C_PECPosition_Current;

  }

}



/**

  * @brief  Enables or disables the PEC value calculation of the transferred bytes.

  * @param  I2Cx: where x can be 1, 2 or 3 to select the I2C peripheral.

  * @param  NewState: new state of the I2Cx PEC value calculation.

  *          This parameter can be: ENABLE or DISABLE.

  * @retval None

  */

void I2C_CalculatePEC(I2C_TypeDef* I2Cx, FunctionalState NewState)

{

  /* Check the parameters */

  assert_param(IS_I2C_ALL_PERIPH(I2Cx));

  assert_param(IS_FUNCTIONAL_STATE(NewState));

  if (NewState != DISABLE)

  {

    /* Enable the selected I2C PEC calculation */

    I2Cx->CR1 |= I2C_CR1_ENPEC;

  }

  else

  {

    /* Disable the selected I2C PEC calculation */

    I2Cx->CR1 &= (uint16_t)~((uint16_t)I2C_CR1_ENPEC);

  }

}



/**

  * @brief  Returns the PEC value for the specified I2C.

  * @param  I2Cx: where x can be 1, 2 or 3 to select the I2C peripheral.

  * @retval The PEC value.

  */

uint8_t I2C_GetPEC(I2C_TypeDef* I2Cx)

{

  /* Check the parameters */

  assert_param(IS_I2C_ALL_PERIPH(I2Cx));

  /* Return the selected I2C PEC value */

  return ((I2Cx->SR2) >> 8);

}



/**

  * @}

  */



/** @defgroup I2C_Group4 DMA transfers management functions

 *  @brief   DMA transfers management functions 

 *

@verbatim   

 ===============================================================================

                         DMA transfers management functions

 ===============================================================================  

  This section provides functions allowing to configure the I2C DMA channels 

  requests.

  

@endverbatim

  * @{

  */



/**

  * @brief  Enables or disables the specified I2C DMA requests.

  * @param  I2Cx: where x can be 1, 2 or 3 to select the I2C peripheral.

  * @param  NewState: new state of the I2C DMA transfer.

  *          This parameter can be: ENABLE or DISABLE.

  * @retval None

  */

void I2C_DMACmd(I2C_TypeDef* I2Cx, FunctionalState NewState)

{

  /* Check the parameters */

  assert_param(IS_I2C_ALL_PERIPH(I2Cx));

  assert_param(IS_FUNCTIONAL_STATE(NewState));

  if (NewState != DISABLE)

  {

    /* Enable the selected I2C DMA requests */

    I2Cx->CR2 |= I2C_CR2_DMAEN;

  }

  else

  {

    /* Disable the selected I2C DMA requests */

    I2Cx->CR2 &= (uint16_t)~((uint16_t)I2C_CR2_DMAEN);

  }

}



/**

  * @brief  Specifies that the next DMA transfer is the last one.

  * @param  I2Cx: where x can be 1, 2 or 3 to select the I2C peripheral.

  * @param  NewState: new state of the I2C DMA last transfer.

  *          This parameter can be: ENABLE or DISABLE.

  * @retval None

  */

void I2C_DMALastTransferCmd(I2C_TypeDef* I2Cx, FunctionalState NewState)

{

  /* Check the parameters */

  assert_param(IS_I2C_ALL_PERIPH(I2Cx));

  assert_param(IS_FUNCTIONAL_STATE(NewState));

  if (NewState != DISABLE)

  {

    /* Next DMA transfer is the last transfer */

    I2Cx->CR2 |= I2C_CR2_LAST;

  }

  else

  {

    /* Next DMA transfer is not the last transfer */

    I2Cx->CR2 &= (uint16_t)~((uint16_t)I2C_CR2_LAST);

  }

}



/**

  * @}

  */



/** @defgroup I2C_Group5 Interrupts events and flags management functions

 *  @brief   Interrupts, events and flags management functions

 *

@verbatim   

 ===============================================================================

                Interrupts, events and flags management functions

 ===============================================================================  

  This section provides functions allowing to configure the I2C Interrupts 

  sources and check or clear the flags or pending bits status.

  The user should identify which mode will be used in his application to manage 

  the communication: Polling mode, Interrupt mode or DMA mode. 



 ===============================================================================

                          I2C State Monitoring Functions                    

 ===============================================================================   

  This I2C driver provides three different ways for I2C state monitoring

  depending on the application requirements and constraints:

         

   

     1. Basic state monitoring (Using I2C_CheckEvent() function)

     -----------------------------------------------------------

        It compares the status registers (SR1 and SR2) content to a given event

        (can be the combination of one or more flags).

        It returns SUCCESS if the current status includes the given flags 

        and returns ERROR if one or more flags are missing in the current status.



          - When to use

             - This function is suitable for most applications as well as for startup 

               activity since the events are fully described in the product reference 

               manual (RM0090).

             - It is also suitable for users who need to define their own events.



          - Limitations

             - If an error occurs (ie. error flags are set besides to the monitored 

               flags), the I2C_CheckEvent() function may return SUCCESS despite 

               the communication hold or corrupted real state. 

               In this case, it is advised to use error interrupts to monitor 

               the error events and handle them in the interrupt IRQ handler.

         

     @note 

         For error management, it is advised to use the following functions:

           - I2C_ITConfig() to configure and enable the error interrupts (I2C_IT_ERR).

           - I2Cx_ER_IRQHandler() which is called when the error interrupt occurs.

             Where x is the peripheral instance (I2C1, I2C2 ...)

           - I2C_GetFlagStatus() or I2C_GetITStatus()  to be called into the 

             I2Cx_ER_IRQHandler() function in order to determine which error occurred.

           - I2C_ClearFlag() or I2C_ClearITPendingBit() and/or I2C_SoftwareResetCmd() 

             and/or I2C_GenerateStop() in order to clear the error flag and source 

             and return to correct  communication status.

             

 

     2. Advanced state monitoring (Using the function I2C_GetLastEvent())

     -------------------------------------------------------------------- 

        Using the function I2C_GetLastEvent() which returns the image of both status 

        registers in a single word (uint32_t) (Status Register 2 value is shifted left 

        by 16 bits and concatenated to Status Register 1).



          - When to use

             - This function is suitable for the same applications above but it 

               allows to overcome the mentioned limitation of I2C_GetFlagStatus() 

               function.

             - The returned value could be compared to events already defined in 

               the library (stm32f4xx_i2c.h) or to custom values defined by user.

               This function is suitable when multiple flags are monitored at the 

               same time.

             - At the opposite of I2C_CheckEvent() function, this function allows 

               user to choose when an event is accepted (when all events flags are 

               set and no other flags are set or just when the needed flags are set 

               like I2C_CheckEvent() function.



          - Limitations

             - User may need to define his own events.

             - Same remark concerning the error management is applicable for this 

               function if user decides to check only regular communication flags 

               (and ignores error flags).

      

 

     3. Flag-based state monitoring (Using the function I2C_GetFlagStatus())

     -----------------------------------------------------------------------

     

      Using the function I2C_GetFlagStatus() which simply returns the status of 

      one single flag (ie. I2C_FLAG_RXNE ...). 



          - When to use

             - This function could be used for specific applications or in debug 

               phase.

             - It is suitable when only one flag checking is needed (most I2C 

               events are monitored through multiple flags).

          - Limitations: 

             - When calling this function, the Status register is accessed. 

               Some flags are cleared when the status register is accessed. 

               So checking the status of one Flag, may clear other ones.

             - Function may need to be called twice or more in order to monitor 

               one single event.

 

   For detailed description of Events, please refer to section I2C_Events in 

   stm32f4xx_i2c.h file.

       

@endverbatim

  * @{

  */

   

/**

  * @brief  Reads the specified I2C register and returns its value.

  * @param  I2C_Register: specifies the register to read.

  *          This parameter can be one of the following values:

  *            @arg I2C_Register_CR1:  CR1 register.

  *            @arg I2C_Register_CR2:   CR2 register.

  *            @arg I2C_Register_OAR1:  OAR1 register.

  *            @arg I2C_Register_OAR2:  OAR2 register.

  *            @arg I2C_Register_DR:    DR register.

  *            @arg I2C_Register_SR1:   SR1 register.

  *            @arg I2C_Register_SR2:   SR2 register.

  *            @arg I2C_Register_CCR:   CCR register.

  *            @arg I2C_Register_TRISE: TRISE register.

  * @retval The value of the read register.

  */

uint16_t I2C_ReadRegister(I2C_TypeDef* I2Cx, uint8_t I2C_Register)

{

  __IO uint32_t tmp = 0;



  /* Check the parameters */

  assert_param(IS_I2C_ALL_PERIPH(I2Cx));

  assert_param(IS_I2C_REGISTER(I2C_Register));



  tmp = (uint32_t) I2Cx;

  tmp += I2C_Register;



  /* Return the selected register value */

  return (*(__IO uint16_t *) tmp);

}



/**

  * @brief  Enables or disables the specified I2C interrupts.

  * @param  I2Cx: where x can be 1, 2 or 3 to select the I2C peripheral.

  * @param  I2C_IT: specifies the I2C interrupts sources to be enabled or disabled. 

  *          This parameter can be any combination of the following values:

  *            @arg I2C_IT_BUF: Buffer interrupt mask

  *            @arg I2C_IT_EVT: Event interrupt mask

  *            @arg I2C_IT_ERR: Error interrupt mask

  * @param  NewState: new state of the specified I2C interrupts.

  *          This parameter can be: ENABLE or DISABLE.

  * @retval None

  */

void I2C_ITConfig(I2C_TypeDef* I2Cx, uint16_t I2C_IT, FunctionalState NewState)

{

  /* Check the parameters */

  assert_param(IS_I2C_ALL_PERIPH(I2Cx));

  assert_param(IS_FUNCTIONAL_STATE(NewState));

  assert_param(IS_I2C_CONFIG_IT(I2C_IT));

  

  if (NewState != DISABLE)

  {

    /* Enable the selected I2C interrupts */

    I2Cx->CR2 |= I2C_IT;

  }

  else

  {

    /* Disable the selected I2C interrupts */

    I2Cx->CR2 &= (uint16_t)~I2C_IT;

  }

}



/*

 ===============================================================================

                          1. Basic state monitoring                    

 ===============================================================================  

 */



/**

  * @brief  Checks whether the last I2Cx Event is equal to the one passed

  *         as parameter.

  * @param  I2Cx: where x can be 1, 2 or 3 to select the I2C peripheral.

  * @param  I2C_EVENT: specifies the event to be checked. 

  *          This parameter can be one of the following values:

  *            @arg I2C_EVENT_SLAVE_TRANSMITTER_ADDRESS_MATCHED: EV1

  *            @arg I2C_EVENT_SLAVE_RECEIVER_ADDRESS_MATCHED: EV1

  *            @arg I2C_EVENT_SLAVE_TRANSMITTER_SECONDADDRESS_MATCHED: EV1

  *            @arg I2C_EVENT_SLAVE_RECEIVER_SECONDADDRESS_MATCHED: EV1

  *            @arg I2C_EVENT_SLAVE_GENERALCALLADDRESS_MATCHED: EV1

  *            @arg I2C_EVENT_SLAVE_BYTE_RECEIVED: EV2

  *            @arg (I2C_EVENT_SLAVE_BYTE_RECEIVED | I2C_FLAG_DUALF): EV2

  *            @arg (I2C_EVENT_SLAVE_BYTE_RECEIVED | I2C_FLAG_GENCALL): EV2

  *            @arg I2C_EVENT_SLAVE_BYTE_TRANSMITTED: EV3

  *            @arg (I2C_EVENT_SLAVE_BYTE_TRANSMITTED | I2C_FLAG_DUALF): EV3

  *            @arg (I2C_EVENT_SLAVE_BYTE_TRANSMITTED | I2C_FLAG_GENCALL): EV3

  *            @arg I2C_EVENT_SLAVE_ACK_FAILURE: EV3_2

  *            @arg I2C_EVENT_SLAVE_STOP_DETECTED: EV4

  *            @arg I2C_EVENT_MASTER_MODE_SELECT: EV5

  *            @arg I2C_EVENT_MASTER_TRANSMITTER_MODE_SELECTED: EV6     

  *            @arg I2C_EVENT_MASTER_RECEIVER_MODE_SELECTED: EV6

  *            @arg I2C_EVENT_MASTER_BYTE_RECEIVED: EV7

  *            @arg I2C_EVENT_MASTER_BYTE_TRANSMITTING: EV8

  *            @arg I2C_EVENT_MASTER_BYTE_TRANSMITTED: EV8_2

  *            @arg I2C_EVENT_MASTER_MODE_ADDRESS10: EV9

  *     

  * @note   For detailed description of Events, please refer to section I2C_Events

  *         in stm32f4xx_i2c.h file.

  *    

  * @retval An ErrorStatus enumeration value:

  *           - SUCCESS: Last event is equal to the I2C_EVENT

  *           - ERROR: Last event is different from the I2C_EVENT

  */

ErrorStatus I2C_CheckEvent(I2C_TypeDef* I2Cx, uint32_t I2C_EVENT)

{

  uint32_t lastevent = 0;

  uint32_t flag1 = 0, flag2 = 0;

  ErrorStatus status = ERROR;



  /* Check the parameters */

  assert_param(IS_I2C_ALL_PERIPH(I2Cx));

  assert_param(IS_I2C_EVENT(I2C_EVENT));



  /* Read the I2Cx status register */

  flag1 = I2Cx->SR1;

  flag2 = I2Cx->SR2;

  flag2 = flag2 << 16;



  /* Get the last event value from I2C status register */

  lastevent = (flag1 | flag2) & FLAG_MASK;



  /* Check whether the last event contains the I2C_EVENT */

  if ((lastevent & I2C_EVENT) == I2C_EVENT)

  {

    /* SUCCESS: last event is equal to I2C_EVENT */

    status = SUCCESS;

  }

  else

  {

    /* ERROR: last event is different from I2C_EVENT */

    status = ERROR;

  }

  /* Return status */

  return status;

}



/*

 ===============================================================================

                          2. Advanced state monitoring                   

 ===============================================================================  

 */



/**

  * @brief  Returns the last I2Cx Event.

  * @param  I2Cx: where x can be 1, 2 or 3 to select the I2C peripheral.

  *     

  * @note   For detailed description of Events, please refer to section I2C_Events

  *         in stm32f4xx_i2c.h file.

  *    

  * @retval The last event

  */

uint32_t I2C_GetLastEvent(I2C_TypeDef* I2Cx)

{

  uint32_t lastevent = 0;

  uint32_t flag1 = 0, flag2 = 0;



  /* Check the parameters */

  assert_param(IS_I2C_ALL_PERIPH(I2Cx));



  /* Read the I2Cx status register */

  flag1 = I2Cx->SR1;

  flag2 = I2Cx->SR2;

  flag2 = flag2 << 16;



  /* Get the last event value from I2C status register */

  lastevent = (flag1 | flag2) & FLAG_MASK;



  /* Return status */

  return lastevent;

}



/*

 ===============================================================================

                          3. Flag-based state monitoring                   

 ===============================================================================  

 */



/**

  * @brief  Checks whether the specified I2C flag is set or not.

  * @param  I2Cx: where x can be 1, 2 or 3 to select the I2C peripheral.

  * @param  I2C_FLAG: specifies the flag to check. 

  *          This parameter can be one of the following values:

  *            @arg I2C_FLAG_DUALF: Dual flag (Slave mode)

  *            @arg I2C_FLAG_SMBHOST: SMBus host header (Slave mode)

  *            @arg I2C_FLAG_SMBDEFAULT: SMBus default header (Slave mode)

  *            @arg I2C_FLAG_GENCALL: General call header flag (Slave mode)

  *            @arg I2C_FLAG_TRA: Transmitter/Receiver flag

  *            @arg I2C_FLAG_BUSY: Bus busy flag

  *            @arg I2C_FLAG_MSL: Master/Slave flag

  *            @arg I2C_FLAG_SMBALERT: SMBus Alert flag

  *            @arg I2C_FLAG_TIMEOUT: Timeout or Tlow error flag

  *            @arg I2C_FLAG_PECERR: PEC error in reception flag

  *            @arg I2C_FLAG_OVR: Overrun/Underrun flag (Slave mode)

  *            @arg I2C_FLAG_AF: Acknowledge failure flag

  *            @arg I2C_FLAG_ARLO: Arbitration lost flag (Master mode)

  *            @arg I2C_FLAG_BERR: Bus error flag

  *            @arg I2C_FLAG_TXE: Data register empty flag (Transmitter)

  *            @arg I2C_FLAG_RXNE: Data register not empty (Receiver) flag

  *            @arg I2C_FLAG_STOPF: Stop detection flag (Slave mode)

  *            @arg I2C_FLAG_ADD10: 10-bit header sent flag (Master mode)

  *            @arg I2C_FLAG_BTF: Byte transfer finished flag

  *            @arg I2C_FLAG_ADDR: Address sent flag (Master mode) "ADSL"

  *                                Address matched flag (Slave mode)"ENDAD"

  *            @arg I2C_FLAG_SB: Start bit flag (Master mode)

  * @retval The new state of I2C_FLAG (SET or RESET).

  */

FlagStatus I2C_GetFlagStatus(I2C_TypeDef* I2Cx, uint32_t I2C_FLAG)

{

  FlagStatus bitstatus = RESET;

  __IO uint32_t i2creg = 0, i2cxbase = 0;



  /* Check the parameters */

  assert_param(IS_I2C_ALL_PERIPH(I2Cx));

  assert_param(IS_I2C_GET_FLAG(I2C_FLAG));



  /* Get the I2Cx peripheral base address */

  i2cxbase = (uint32_t)I2Cx;

  

  /* Read flag register index */

  i2creg = I2C_FLAG >> 28;

  

  /* Get bit[23:0] of the flag */

  I2C_FLAG &= FLAG_MASK;

  

  if(i2creg != 0)

  {

    /* Get the I2Cx SR1 register address */

    i2cxbase += 0x14;

  }

  else

  {

    /* Flag in I2Cx SR2 Register */

    I2C_FLAG = (uint32_t)(I2C_FLAG >> 16);

    /* Get the I2Cx SR2 register address */

    i2cxbase += 0x18;

  }

  

  if(((*(__IO uint32_t *)i2cxbase) & I2C_FLAG) != (uint32_t)RESET)

  {

    /* I2C_FLAG is set */

    bitstatus = SET;

  }

  else

  {

    /* I2C_FLAG is reset */

    bitstatus = RESET;

  }

  

  /* Return the I2C_FLAG status */

  return  bitstatus;

}



/**

  * @brief  Clears the I2Cx's pending flags.

  * @param  I2Cx: where x can be 1, 2 or 3 to select the I2C peripheral.

  * @param  I2C_FLAG: specifies the flag to clear. 

  *          This parameter can be any combination of the following values:

  *            @arg I2C_FLAG_SMBALERT: SMBus Alert flag

  *            @arg I2C_FLAG_TIMEOUT: Timeout or Tlow error flag

  *            @arg I2C_FLAG_PECERR: PEC error in reception flag

  *            @arg I2C_FLAG_OVR: Overrun/Underrun flag (Slave mode)

  *            @arg I2C_FLAG_AF: Acknowledge failure flag

  *            @arg I2C_FLAG_ARLO: Arbitration lost flag (Master mode)

  *            @arg I2C_FLAG_BERR: Bus error flag

  *   

  * @note   STOPF (STOP detection) is cleared by software sequence: a read operation 

  *          to I2C_SR1 register (I2C_GetFlagStatus()) followed by a write operation 

  *          to I2C_CR1 register (I2C_Cmd() to re-enable the I2C peripheral).

  * @note   ADD10 (10-bit header sent) is cleared by software sequence: a read 

  *          operation to I2C_SR1 (I2C_GetFlagStatus()) followed by writing the 

  *          second byte of the address in DR register.

  * @note   BTF (Byte Transfer Finished) is cleared by software sequence: a read 

  *          operation to I2C_SR1 register (I2C_GetFlagStatus()) followed by a 

  *          read/write to I2C_DR register (I2C_SendData()).

  * @note   ADDR (Address sent) is cleared by software sequence: a read operation to 

  *          I2C_SR1 register (I2C_GetFlagStatus()) followed by a read operation to 

  *          I2C_SR2 register ((void)(I2Cx->SR2)).

  * @note   SB (Start Bit) is cleared software sequence: a read operation to I2C_SR1

  *          register (I2C_GetFlagStatus()) followed by a write operation to I2C_DR

  *          register (I2C_SendData()).

  *  

  * @retval None

  */

void I2C_ClearFlag(I2C_TypeDef* I2Cx, uint32_t I2C_FLAG)

{

  uint32_t flagpos = 0;

  /* Check the parameters */

  assert_param(IS_I2C_ALL_PERIPH(I2Cx));

  assert_param(IS_I2C_CLEAR_FLAG(I2C_FLAG));

  /* Get the I2C flag position */

  flagpos = I2C_FLAG & FLAG_MASK;

  /* Clear the selected I2C flag */

  I2Cx->SR1 = (uint16_t)~flagpos;

}



/**

  * @brief  Checks whether the specified I2C interrupt has occurred or not.

  * @param  I2Cx: where x can be 1, 2 or 3 to select the I2C peripheral.

  * @param  I2C_IT: specifies the interrupt source to check. 

  *          This parameter can be one of the following values:

  *            @arg I2C_IT_SMBALERT: SMBus Alert flag

  *            @arg I2C_IT_TIMEOUT: Timeout or Tlow error flag

  *            @arg I2C_IT_PECERR: PEC error in reception flag

  *            @arg I2C_IT_OVR: Overrun/Underrun flag (Slave mode)

  *            @arg I2C_IT_AF: Acknowledge failure flag

  *            @arg I2C_IT_ARLO: Arbitration lost flag (Master mode)

  *            @arg I2C_IT_BERR: Bus error flag

  *            @arg I2C_IT_TXE: Data register empty flag (Transmitter)

  *            @arg I2C_IT_RXNE: Data register not empty (Receiver) flag

  *            @arg I2C_IT_STOPF: Stop detection flag (Slave mode)

  *            @arg I2C_IT_ADD10: 10-bit header sent flag (Master mode)

  *            @arg I2C_IT_BTF: Byte transfer finished flag

  *            @arg I2C_IT_ADDR: Address sent flag (Master mode) "ADSL"

  *                              Address matched flag (Slave mode)"ENDAD"

  *            @arg I2C_IT_SB: Start bit flag (Master mode)

  * @retval The new state of I2C_IT (SET or RESET).

  */

ITStatus I2C_GetITStatus(I2C_TypeDef* I2Cx, uint32_t I2C_IT)

{

  ITStatus bitstatus = RESET;

  uint32_t enablestatus = 0;



  /* Check the parameters */

  assert_param(IS_I2C_ALL_PERIPH(I2Cx));

  assert_param(IS_I2C_GET_IT(I2C_IT));



  /* Check if the interrupt source is enabled or not */

  enablestatus = (uint32_t)(((I2C_IT & ITEN_MASK) >> 16) & (I2Cx->CR2)) ;

  

  /* Get bit[23:0] of the flag */

  I2C_IT &= FLAG_MASK;



  /* Check the status of the specified I2C flag */

  if (((I2Cx->SR1 & I2C_IT) != (uint32_t)RESET) && enablestatus)

  {

    /* I2C_IT is set */

    bitstatus = SET;

  }

  else

  {

    /* I2C_IT is reset */

    bitstatus = RESET;

  }

  /* Return the I2C_IT status */

  return  bitstatus;

}



/**

  * @brief  Clears the I2Cx's interrupt pending bits.

  * @param  I2Cx: where x can be 1, 2 or 3 to select the I2C peripheral.

  * @param  I2C_IT: specifies the interrupt pending bit to clear. 

  *          This parameter can be any combination of the following values:

  *            @arg I2C_IT_SMBALERT: SMBus Alert interrupt

  *            @arg I2C_IT_TIMEOUT: Timeout or Tlow error interrupt

  *            @arg I2C_IT_PECERR: PEC error in reception  interrupt

  *            @arg I2C_IT_OVR: Overrun/Underrun interrupt (Slave mode)

  *            @arg I2C_IT_AF: Acknowledge failure interrupt

  *            @arg I2C_IT_ARLO: Arbitration lost interrupt (Master mode)

  *            @arg I2C_IT_BERR: Bus error interrupt

  * 

  * @note   STOPF (STOP detection) is cleared by software sequence: a read operation 

  *          to I2C_SR1 register (I2C_GetITStatus()) followed by a write operation to 

  *          I2C_CR1 register (I2C_Cmd() to re-enable the I2C peripheral).

  * @note   ADD10 (10-bit header sent) is cleared by software sequence: a read 

  *          operation to I2C_SR1 (I2C_GetITStatus()) followed by writing the second 

  *          byte of the address in I2C_DR register.

  * @note   BTF (Byte Transfer Finished) is cleared by software sequence: a read 

  *          operation to I2C_SR1 register (I2C_GetITStatus()) followed by a 

  *          read/write to I2C_DR register (I2C_SendData()).

  * @note   ADDR (Address sent) is cleared by software sequence: a read operation to 

  *          I2C_SR1 register (I2C_GetITStatus()) followed by a read operation to 

  *          I2C_SR2 register ((void)(I2Cx->SR2)).

  * @note   SB (Start Bit) is cleared by software sequence: a read operation to 

  *          I2C_SR1 register (I2C_GetITStatus()) followed by a write operation to 

  *          I2C_DR register (I2C_SendData()).

  * @retval None

  */

void I2C_ClearITPendingBit(I2C_TypeDef* I2Cx, uint32_t I2C_IT)

{

  uint32_t flagpos = 0;

  /* Check the parameters */

  assert_param(IS_I2C_ALL_PERIPH(I2Cx));

  assert_param(IS_I2C_CLEAR_IT(I2C_IT));



  /* Get the I2C flag position */

  flagpos = I2C_IT & FLAG_MASK;



  /* Clear the selected I2C flag */

  I2Cx->SR1 = (uint16_t)~flagpos;

}



/**

  * @}

  */



/**

  * @}

  */ 



/**

  * @}

  */ 



/**

  * @}

  */ 



/******************* (C) COPYRIGHT 2011 STMicroelectronics *****END OF FILE****/








Viz/cmsis_lib/source/stm32f4xx_rcc.c

/**

  ******************************************************************************

  * @file    stm32f4xx_rcc.c

  * @author  MCD Application Team

  * @version V1.0.0

  * @date    30-September-2011

  * @brief   This file provides firmware functions to manage the following 

  *          functionalities of the Reset and clock control (RCC) peripheral:

  *           - Internal/external clocks, PLL, CSS and MCO configuration

  *           - System, AHB and APB busses clocks configuration

  *           - Peripheral clocks configuration

  *           - Interrupts and flags management

  *

  *  @verbatim

  *               

  *          ===================================================================

  *                               RCC specific features

  *          ===================================================================

  *    

  *          After reset the device is running from Internal High Speed oscillator 

  *          (HSI 16MHz) with Flash 0 wait state, Flash prefetch buffer, D-Cache 

  *          and I-Cache are disabled, and all peripherals are off except internal

  *          SRAM, Flash and JTAG.

  *           - There is no prescaler on High speed (AHB) and Low speed (APB) busses;

  *             all peripherals mapped on these busses are running at HSI speed.

  *       	  - The clock for all peripherals is switched off, except the SRAM and FLASH.

  *           - All GPIOs are in input floating state, except the JTAG pins which

  *             are assigned to be used for debug purpose.

  *        

  *          Once the device started from reset, the user application has to:        

  *           - Configure the clock source to be used to drive the System clock

  *             (if the application needs higher frequency/performance)

  *           - Configure the System clock frequency and Flash settings  

  *           - Configure the AHB and APB busses prescalers

  *           - Enable the clock for the peripheral(s) to be used

  *           - Configure the clock source(s) for peripherals which clocks are not

  *             derived from the System clock (I2S, RTC, ADC, USB OTG FS/SDIO/RNG)      

  *                        

  *  @endverbatim

  *    

  ******************************************************************************

  * @attention

  *

  * THE PRESENT FIRMWARE WHICH IS FOR GUIDANCE ONLY AIMS AT PROVIDING CUSTOMERS

  * WITH CODING INFORMATION REGARDING THEIR PRODUCTS IN ORDER FOR THEM TO SAVE

  * TIME. AS A RESULT, STMICROELECTRONICS SHALL NOT BE HELD LIABLE FOR ANY

  * DIRECT, INDIRECT OR CONSEQUENTIAL DAMAGES WITH RESPECT TO ANY CLAIMS ARISING

  * FROM THE CONTENT OF SUCH FIRMWARE AND/OR THE USE MADE BY CUSTOMERS OF THE

  * CODING INFORMATION CONTAINED HEREIN IN CONNECTION WITH THEIR PRODUCTS.

  *

  * <h2><center>&copy; COPYRIGHT 2011 STMicroelectronics</center></h2>

  ******************************************************************************

  */



/* Includes ------------------------------------------------------------------*/

#include "stm32f4xx_rcc.h"



/** @addtogroup STM32F4xx_StdPeriph_Driver

  * @{

  */



/** @defgroup RCC 

  * @brief RCC driver modules

  * @{

  */ 



/* Private typedef -----------------------------------------------------------*/

/* Private define ------------------------------------------------------------*/

/* ------------ RCC registers bit address in the alias region ----------- */

#define RCC_OFFSET                (RCC_BASE - PERIPH_BASE)

/* --- CR Register ---*/

/* Alias word address of HSION bit */

#define CR_OFFSET                 (RCC_OFFSET + 0x00)

#define HSION_BitNumber           0x00

#define CR_HSION_BB               (PERIPH_BB_BASE + (CR_OFFSET * 32) + (HSION_BitNumber * 4))

/* Alias word address of CSSON bit */

#define CSSON_BitNumber           0x13

#define CR_CSSON_BB               (PERIPH_BB_BASE + (CR_OFFSET * 32) + (CSSON_BitNumber * 4))

/* Alias word address of PLLON bit */

#define PLLON_BitNumber           0x18

#define CR_PLLON_BB               (PERIPH_BB_BASE + (CR_OFFSET * 32) + (PLLON_BitNumber * 4))

/* Alias word address of PLLI2SON bit */

#define PLLI2SON_BitNumber        0x1A

#define CR_PLLI2SON_BB            (PERIPH_BB_BASE + (CR_OFFSET * 32) + (PLLI2SON_BitNumber * 4))



/* --- CFGR Register ---*/

/* Alias word address of I2SSRC bit */

#define CFGR_OFFSET               (RCC_OFFSET + 0x08)

#define I2SSRC_BitNumber          0x17

#define CFGR_I2SSRC_BB            (PERIPH_BB_BASE + (CFGR_OFFSET * 32) + (I2SSRC_BitNumber * 4))



/* --- BDCR Register ---*/

/* Alias word address of RTCEN bit */

#define BDCR_OFFSET               (RCC_OFFSET + 0x70)

#define RTCEN_BitNumber           0x0F

#define BDCR_RTCEN_BB             (PERIPH_BB_BASE + (BDCR_OFFSET * 32) + (RTCEN_BitNumber * 4))

/* Alias word address of BDRST bit */

#define BDRST_BitNumber           0x10

#define BDCR_BDRST_BB             (PERIPH_BB_BASE + (BDCR_OFFSET * 32) + (BDRST_BitNumber * 4))

/* --- CSR Register ---*/

/* Alias word address of LSION bit */

#define CSR_OFFSET                (RCC_OFFSET + 0x74)

#define LSION_BitNumber           0x00

#define CSR_LSION_BB              (PERIPH_BB_BASE + (CSR_OFFSET * 32) + (LSION_BitNumber * 4))

/* ---------------------- RCC registers bit mask ------------------------ */

/* CFGR register bit mask */

#define CFGR_MCO2_RESET_MASK      ((uint32_t)0x07FFFFFF)

#define CFGR_MCO1_RESET_MASK      ((uint32_t)0xF89FFFFF)



/* RCC Flag Mask */

#define FLAG_MASK                 ((uint8_t)0x1F)



/* CR register byte 3 (Bits[23:16]) base address */

#define CR_BYTE3_ADDRESS          ((uint32_t)0x40023802)



/* CIR register byte 2 (Bits[15:8]) base address */

#define CIR_BYTE2_ADDRESS         ((uint32_t)(RCC_BASE + 0x0C + 0x01))



/* CIR register byte 3 (Bits[23:16]) base address */

#define CIR_BYTE3_ADDRESS         ((uint32_t)(RCC_BASE + 0x0C + 0x02))



/* BDCR register base address */

#define BDCR_ADDRESS              (PERIPH_BASE + BDCR_OFFSET)



/* Private macro -------------------------------------------------------------*/

/* Private variables ---------------------------------------------------------*/

static __I uint8_t APBAHBPrescTable[16] = {0, 0, 0, 0, 1, 2, 3, 4, 1, 2, 3, 4, 6, 7, 8, 9};



/* Private function prototypes -----------------------------------------------*/

/* Private functions ---------------------------------------------------------*/



/** @defgroup RCC_Private_Functions

  * @{

  */ 



/** @defgroup RCC_Group1 Internal and external clocks, PLL, CSS and MCO configuration functions

 *  @brief   Internal and external clocks, PLL, CSS and MCO configuration functions 

 *

@verbatim   

 ===============================================================================

      Internal/external clocks, PLL, CSS and MCO configuration functions

 ===============================================================================  



  This section provide functions allowing to configure the internal/external clocks,

  PLLs, CSS and MCO pins.

  

  1. HSI (high-speed internal), 16 MHz factory-trimmed RC used directly or through

     the PLL as System clock source.



  2. LSI (low-speed internal), 32 KHz low consumption RC used as IWDG and/or RTC

     clock source.



  3. HSE (high-speed external), 4 to 26 MHz crystal oscillator used directly or

     through the PLL as System clock source. Can be used also as RTC clock source.



  4. LSE (low-speed external), 32 KHz oscillator used as RTC clock source.   



  5. PLL (clocked by HSI or HSE), featuring two different output clocks:

      - The first output is used to generate the high speed system clock (up to 168 MHz)

      - The second output is used to generate the clock for the USB OTG FS (48 MHz),

        the random analog generator (<=48 MHz) and the SDIO (<= 48 MHz).



  6. PLLI2S (clocked by HSI or HSE), used to generate an accurate clock to achieve 

     high-quality audio performance on the I2S interface.

  

  7. CSS (Clock security system), once enable and if a HSE clock failure occurs 

     (HSE used directly or through PLL as System clock source), the System clock

     is automatically switched to HSI and an interrupt is generated if enabled. 

     The interrupt is linked to the Cortex-M4 NMI (Non-Maskable Interrupt) 

     exception vector.   



  8. MCO1 (microcontroller clock output), used to output HSI, LSE, HSE or PLL

     clock (through a configurable prescaler) on PA8 pin.



  9. MCO2 (microcontroller clock output), used to output HSE, PLL, SYSCLK or PLLI2S

     clock (through a configurable prescaler) on PC9 pin.



@endverbatim

  * @{

  */



/**

  * @brief  Resets the RCC clock configuration to the default reset state.

  * @note   The default reset state of the clock configuration is given below:

  *            - HSI ON and used as system clock source

  *            - HSE, PLL and PLLI2S OFF

  *            - AHB, APB1 and APB2 prescaler set to 1.

  *            - CSS, MCO1 and MCO2 OFF

  *            - All interrupts disabled

  * @note   This function doesn't modify the configuration of the

  *            - Peripheral clocks

  *            - LSI, LSE and RTC clocks 

  * @param  None

  * @retval None

  */

void RCC_DeInit(void)

{

  /* Set HSION bit */

  RCC->CR |= (uint32_t)0x00000001;



  /* Reset CFGR register */

  RCC->CFGR = 0x00000000;



  /* Reset HSEON, CSSON and PLLON bits */

  RCC->CR &= (uint32_t)0xFEF6FFFF;



  /* Reset PLLCFGR register */

  RCC->PLLCFGR = 0x24003010;



  /* Reset HSEBYP bit */

  RCC->CR &= (uint32_t)0xFFFBFFFF;



  /* Disable all interrupts */

  RCC->CIR = 0x00000000;

}



/**

  * @brief  Configures the External High Speed oscillator (HSE).

  * @note   After enabling the HSE (RCC_HSE_ON or RCC_HSE_Bypass), the application

  *         software should wait on HSERDY flag to be set indicating that HSE clock

  *         is stable and can be used to clock the PLL and/or system clock.

  * @note   HSE state can not be changed if it is used directly or through the

  *         PLL as system clock. In this case, you have to select another source

  *         of the system clock then change the HSE state (ex. disable it).

  * @note   The HSE is stopped by hardware when entering STOP and STANDBY modes.  

  * @note   This function reset the CSSON bit, so if the Clock security system(CSS)

  *         was previously enabled you have to enable it again after calling this

  *         function.    

  * @param  RCC_HSE: specifies the new state of the HSE.

  *          This parameter can be one of the following values:

  *            @arg RCC_HSE_OFF: turn OFF the HSE oscillator, HSERDY flag goes low after

  *                              6 HSE oscillator clock cycles.

  *            @arg RCC_HSE_ON: turn ON the HSE oscillator

  *            @arg RCC_HSE_Bypass: HSE oscillator bypassed with external clock

  * @retval None

  */

void RCC_HSEConfig(uint8_t RCC_HSE)

{

  /* Check the parameters */

  assert_param(IS_RCC_HSE(RCC_HSE));



  /* Reset HSEON and HSEBYP bits before configuring the HSE ------------------*/

  *(__IO uint8_t *) CR_BYTE3_ADDRESS = RCC_HSE_OFF;



  /* Set the new HSE configuration -------------------------------------------*/

  *(__IO uint8_t *) CR_BYTE3_ADDRESS = RCC_HSE;

}



/**

  * @brief  Waits for HSE start-up.

  * @note   This functions waits on HSERDY flag to be set and return SUCCESS if 

  *         this flag is set, otherwise returns ERROR if the timeout is reached 

  *         and this flag is not set. The timeout value is defined by the constant

  *         HSE_STARTUP_TIMEOUT in stm32f4xx.h file. You can tailor it depending

  *         on the HSE crystal used in your application. 

  * @param  None

  * @retval An ErrorStatus enumeration value:

  *          - SUCCESS: HSE oscillator is stable and ready to use

  *          - ERROR: HSE oscillator not yet ready

  */

ErrorStatus RCC_WaitForHSEStartUp(void)

{

  __IO uint32_t startupcounter = 0;

  ErrorStatus status = ERROR;

  FlagStatus hsestatus = RESET;

  /* Wait till HSE is ready and if Time out is reached exit */

  do

  {

    hsestatus = RCC_GetFlagStatus(RCC_FLAG_HSERDY);

    startupcounter++;

  } while((startupcounter != HSE_STARTUP_TIMEOUT) && (hsestatus == RESET));



  if (RCC_GetFlagStatus(RCC_FLAG_HSERDY) != RESET)

  {

    status = SUCCESS;

  }

  else

  {

    status = ERROR;

  }

  return (status);

}



/**

  * @brief  Adjusts the Internal High Speed oscillator (HSI) calibration value.

  * @note   The calibration is used to compensate for the variations in voltage

  *         and temperature that influence the frequency of the internal HSI RC.

  * @param  HSICalibrationValue: specifies the calibration trimming value.

  *         This parameter must be a number between 0 and 0x1F.

  * @retval None

  */

void RCC_AdjustHSICalibrationValue(uint8_t HSICalibrationValue)

{

  uint32_t tmpreg = 0;

  /* Check the parameters */

  assert_param(IS_RCC_CALIBRATION_VALUE(HSICalibrationValue));



  tmpreg = RCC->CR;



  /* Clear HSITRIM[4:0] bits */

  tmpreg &= ~RCC_CR_HSITRIM;



  /* Set the HSITRIM[4:0] bits according to HSICalibrationValue value */

  tmpreg |= (uint32_t)HSICalibrationValue << 3;



  /* Store the new value */

  RCC->CR = tmpreg;

}



/**

  * @brief  Enables or disables the Internal High Speed oscillator (HSI).

  * @note   The HSI is stopped by hardware when entering STOP and STANDBY modes.

  *         It is used (enabled by hardware) as system clock source after startup

  *         from Reset, wakeup from STOP and STANDBY mode, or in case of failure

  *         of the HSE used directly or indirectly as system clock (if the Clock

  *         Security System CSS is enabled).             

  * @note   HSI can not be stopped if it is used as system clock source. In this case,

  *         you have to select another source of the system clock then stop the HSI.  

  * @note   After enabling the HSI, the application software should wait on HSIRDY

  *         flag to be set indicating that HSI clock is stable and can be used as

  *         system clock source.  

  * @param  NewState: new state of the HSI.

  *          This parameter can be: ENABLE or DISABLE.

  * @note   When the HSI is stopped, HSIRDY flag goes low after 6 HSI oscillator

  *         clock cycles.  

  * @retval None

  */

void RCC_HSICmd(FunctionalState NewState)

{

  /* Check the parameters */

  assert_param(IS_FUNCTIONAL_STATE(NewState));



  *(__IO uint32_t *) CR_HSION_BB = (uint32_t)NewState;

}



/**

  * @brief  Configures the External Low Speed oscillator (LSE).

  * @note   As the LSE is in the Backup domain and write access is denied to

  *         this domain after reset, you have to enable write access using 

  *         PWR_BackupAccessCmd(ENABLE) function before to configure the LSE

  *         (to be done once after reset).  

  * @note   After enabling the LSE (RCC_LSE_ON or RCC_LSE_Bypass), the application

  *         software should wait on LSERDY flag to be set indicating that LSE clock

  *         is stable and can be used to clock the RTC.

  * @param  RCC_LSE: specifies the new state of the LSE.

  *          This parameter can be one of the following values:

  *            @arg RCC_LSE_OFF: turn OFF the LSE oscillator, LSERDY flag goes low after

  *                              6 LSE oscillator clock cycles.

  *            @arg RCC_LSE_ON: turn ON the LSE oscillator

  *            @arg RCC_LSE_Bypass: LSE oscillator bypassed with external clock

  * @retval None

  */

void RCC_LSEConfig(uint8_t RCC_LSE)

{

  /* Check the parameters */

  assert_param(IS_RCC_LSE(RCC_LSE));



  /* Reset LSEON and LSEBYP bits before configuring the LSE ------------------*/

  /* Reset LSEON bit */

  *(__IO uint8_t *) BDCR_ADDRESS = RCC_LSE_OFF;



  /* Reset LSEBYP bit */

  *(__IO uint8_t *) BDCR_ADDRESS = RCC_LSE_OFF;



  /* Configure LSE (RCC_LSE_OFF is already covered by the code section above) */

  switch (RCC_LSE)

  {

    case RCC_LSE_ON:

      /* Set LSEON bit */

      *(__IO uint8_t *) BDCR_ADDRESS = RCC_LSE_ON;

      break;

    case RCC_LSE_Bypass:

      /* Set LSEBYP and LSEON bits */

      *(__IO uint8_t *) BDCR_ADDRESS = RCC_LSE_Bypass | RCC_LSE_ON;

      break;

    default:

      break;

  }

}



/**

  * @brief  Enables or disables the Internal Low Speed oscillator (LSI).

  * @note   After enabling the LSI, the application software should wait on 

  *         LSIRDY flag to be set indicating that LSI clock is stable and can

  *         be used to clock the IWDG and/or the RTC.

  * @note   LSI can not be disabled if the IWDG is running.  

  * @param  NewState: new state of the LSI.

  *          This parameter can be: ENABLE or DISABLE.

  * @note   When the LSI is stopped, LSIRDY flag goes low after 6 LSI oscillator

  *         clock cycles. 

  * @retval None

  */

void RCC_LSICmd(FunctionalState NewState)

{

  /* Check the parameters */

  assert_param(IS_FUNCTIONAL_STATE(NewState));



  *(__IO uint32_t *) CSR_LSION_BB = (uint32_t)NewState;

}



/**

  * @brief  Configures the main PLL clock source, multiplication and division factors.

  * @note   This function must be used only when the main PLL is disabled.

  *  

  * @param  RCC_PLLSource: specifies the PLL entry clock source.

  *          This parameter can be one of the following values:

  *            @arg RCC_PLLSource_HSI: HSI oscillator clock selected as PLL clock entry

  *            @arg RCC_PLLSource_HSE: HSE oscillator clock selected as PLL clock entry

  * @note   This clock source (RCC_PLLSource) is common for the main PLL and PLLI2S.  

  *  

  * @param  PLLM: specifies the division factor for PLL VCO input clock

  *          This parameter must be a number between 0 and 63.

  * @note   You have to set the PLLM parameter correctly to ensure that the VCO input

  *         frequency ranges from 1 to 2 MHz. It is recommended to select a frequency

  *         of 2 MHz to limit PLL jitter.

  *  

  * @param  PLLN: specifies the multiplication factor for PLL VCO output clock

  *          This parameter must be a number between 192 and 432.

  * @note   You have to set the PLLN parameter correctly to ensure that the VCO

  *         output frequency is between 192 and 432 MHz.

  *   

  * @param  PLLP: specifies the division factor for main system clock (SYSCLK)

  *          This parameter must be a number in the range {2, 4, 6, or 8}.

  * @note   You have to set the PLLP parameter correctly to not exceed 168 MHz on

  *         the System clock frequency.

  *  

  * @param  PLLQ: specifies the division factor for OTG FS, SDIO and RNG clocks

  *          This parameter must be a number between 4 and 15.

  * @note   If the USB OTG FS is used in your application, you have to set the

  *         PLLQ parameter correctly to have 48 MHz clock for the USB. However,

  *         the SDIO and RNG need a frequency lower than or equal to 48 MHz to work

  *         correctly.

  *   

  * @retval None

  */

void RCC_PLLConfig(uint32_t RCC_PLLSource, uint32_t PLLM, uint32_t PLLN, uint32_t PLLP, uint32_t PLLQ)

{

  /* Check the parameters */

  assert_param(IS_RCC_PLL_SOURCE(RCC_PLLSource));

  assert_param(IS_RCC_PLLM_VALUE(PLLM));

  assert_param(IS_RCC_PLLN_VALUE(PLLN));

  assert_param(IS_RCC_PLLP_VALUE(PLLP));

  assert_param(IS_RCC_PLLQ_VALUE(PLLQ));



  RCC->PLLCFGR = PLLM | (PLLN << 6) | (((PLLP >> 1) -1) << 16) | (RCC_PLLSource) |

                 (PLLQ << 24);

}



/**

  * @brief  Enables or disables the main PLL.

  * @note   After enabling the main PLL, the application software should wait on 

  *         PLLRDY flag to be set indicating that PLL clock is stable and can

  *         be used as system clock source.

  * @note   The main PLL can not be disabled if it is used as system clock source

  * @note   The main PLL is disabled by hardware when entering STOP and STANDBY modes.

  * @param  NewState: new state of the main PLL. This parameter can be: ENABLE or DISABLE.

  * @retval None

  */

void RCC_PLLCmd(FunctionalState NewState)

{

  /* Check the parameters */

  assert_param(IS_FUNCTIONAL_STATE(NewState));

  *(__IO uint32_t *) CR_PLLON_BB = (uint32_t)NewState;

}



/**

  * @brief  Configures the PLLI2S clock multiplication and division factors.

  *  

  * @note   This function must be used only when the PLLI2S is disabled.

  * @note   PLLI2S clock source is common with the main PLL (configured in 

  *         RCC_PLLConfig function )  

  *             

  * @param  PLLI2SN: specifies the multiplication factor for PLLI2S VCO output clock

  *          This parameter must be a number between 192 and 432.

  * @note   You have to set the PLLI2SN parameter correctly to ensure that the VCO 

  *         output frequency is between 192 and 432 MHz.

  *    

  * @param  PLLI2SR: specifies the division factor for I2S clock

  *          This parameter must be a number between 2 and 7.

  * @note   You have to set the PLLI2SR parameter correctly to not exceed 192 MHz

  *         on the I2S clock frequency.

  *   

  * @retval None

  */

void RCC_PLLI2SConfig(uint32_t PLLI2SN, uint32_t PLLI2SR)

{

  /* Check the parameters */

  assert_param(IS_RCC_PLLI2SN_VALUE(PLLI2SN));

  assert_param(IS_RCC_PLLI2SR_VALUE(PLLI2SR));



  RCC->PLLI2SCFGR = (PLLI2SN << 6) | (PLLI2SR << 28);

}



/**

  * @brief  Enables or disables the PLLI2S. 

  * @note   The PLLI2S is disabled by hardware when entering STOP and STANDBY modes.  

  * @param  NewState: new state of the PLLI2S. This parameter can be: ENABLE or DISABLE.

  * @retval None

  */

void RCC_PLLI2SCmd(FunctionalState NewState)

{

  /* Check the parameters */

  assert_param(IS_FUNCTIONAL_STATE(NewState));

  *(__IO uint32_t *) CR_PLLI2SON_BB = (uint32_t)NewState;

}



/**

  * @brief  Enables or disables the Clock Security System.

  * @note   If a failure is detected on the HSE oscillator clock, this oscillator

  *         is automatically disabled and an interrupt is generated to inform the

  *         software about the failure (Clock Security System Interrupt, CSSI),

  *         allowing the MCU to perform rescue operations. The CSSI is linked to 

  *         the Cortex-M4 NMI (Non-Maskable Interrupt) exception vector.  

  * @param  NewState: new state of the Clock Security System.

  *         This parameter can be: ENABLE or DISABLE.

  * @retval None

  */

void RCC_ClockSecuritySystemCmd(FunctionalState NewState)

{

  /* Check the parameters */

  assert_param(IS_FUNCTIONAL_STATE(NewState));

  *(__IO uint32_t *) CR_CSSON_BB = (uint32_t)NewState;

}



/**

  * @brief  Selects the clock source to output on MCO1 pin(PA8).

  * @note   PA8 should be configured in alternate function mode.

  * @param  RCC_MCO1Source: specifies the clock source to output.

  *          This parameter can be one of the following values:

  *            @arg RCC_MCO1Source_HSI: HSI clock selected as MCO1 source

  *            @arg RCC_MCO1Source_LSE: LSE clock selected as MCO1 source

  *            @arg RCC_MCO1Source_HSE: HSE clock selected as MCO1 source

  *            @arg RCC_MCO1Source_PLLCLK: main PLL clock selected as MCO1 source

  * @param  RCC_MCO1Div: specifies the MCO1 prescaler.

  *          This parameter can be one of the following values:

  *            @arg RCC_MCO1Div_1: no division applied to MCO1 clock

  *            @arg RCC_MCO1Div_2: division by 2 applied to MCO1 clock

  *            @arg RCC_MCO1Div_3: division by 3 applied to MCO1 clock

  *            @arg RCC_MCO1Div_4: division by 4 applied to MCO1 clock

  *            @arg RCC_MCO1Div_5: division by 5 applied to MCO1 clock

  * @retval None

  */

void RCC_MCO1Config(uint32_t RCC_MCO1Source, uint32_t RCC_MCO1Div)

{

  uint32_t tmpreg = 0;

  

  /* Check the parameters */

  assert_param(IS_RCC_MCO1SOURCE(RCC_MCO1Source));

  assert_param(IS_RCC_MCO1DIV(RCC_MCO1Div));  



  tmpreg = RCC->CFGR;



  /* Clear MCO1[1:0] and MCO1PRE[2:0] bits */

  tmpreg &= CFGR_MCO1_RESET_MASK;



  /* Select MCO1 clock source and prescaler */

  tmpreg |= RCC_MCO1Source | RCC_MCO1Div;



  /* Store the new value */

  RCC->CFGR = tmpreg;  

}



/**

  * @brief  Selects the clock source to output on MCO2 pin(PC9).

  * @note   PC9 should be configured in alternate function mode.

  * @param  RCC_MCO2Source: specifies the clock source to output.

  *          This parameter can be one of the following values:

  *            @arg RCC_MCO2Source_SYSCLK: System clock (SYSCLK) selected as MCO2 source

  *            @arg RCC_MCO2Source_PLLI2SCLK: PLLI2S clock selected as MCO2 source

  *            @arg RCC_MCO2Source_HSE: HSE clock selected as MCO2 source

  *            @arg RCC_MCO2Source_PLLCLK: main PLL clock selected as MCO2 source

  * @param  RCC_MCO2Div: specifies the MCO2 prescaler.

  *          This parameter can be one of the following values:

  *            @arg RCC_MCO2Div_1: no division applied to MCO2 clock

  *            @arg RCC_MCO2Div_2: division by 2 applied to MCO2 clock

  *            @arg RCC_MCO2Div_3: division by 3 applied to MCO2 clock

  *            @arg RCC_MCO2Div_4: division by 4 applied to MCO2 clock

  *            @arg RCC_MCO2Div_5: division by 5 applied to MCO2 clock

  * @retval None

  */

void RCC_MCO2Config(uint32_t RCC_MCO2Source, uint32_t RCC_MCO2Div)

{

  uint32_t tmpreg = 0;

  

  /* Check the parameters */

  assert_param(IS_RCC_MCO2SOURCE(RCC_MCO2Source));

  assert_param(IS_RCC_MCO2DIV(RCC_MCO2Div));

  

  tmpreg = RCC->CFGR;

  

  /* Clear MCO2 and MCO2PRE[2:0] bits */

  tmpreg &= CFGR_MCO2_RESET_MASK;



  /* Select MCO2 clock source and prescaler */

  tmpreg |= RCC_MCO2Source | RCC_MCO2Div;



  /* Store the new value */

  RCC->CFGR = tmpreg;  

}



/**

  * @}

  */



/** @defgroup RCC_Group2 System AHB and APB busses clocks configuration functions

 *  @brief   System, AHB and APB busses clocks configuration functions

 *

@verbatim   

 ===============================================================================

             System, AHB and APB busses clocks configuration functions

 ===============================================================================  



  This section provide functions allowing to configure the System, AHB, APB1 and 

  APB2 busses clocks.

  

  1. Several clock sources can be used to drive the System clock (SYSCLK): HSI,

     HSE and PLL.

     The AHB clock (HCLK) is derived from System clock through configurable prescaler

     and used to clock the CPU, memory and peripherals mapped on AHB bus (DMA, GPIO...).

     APB1 (PCLK1) and APB2 (PCLK2) clocks are derived from AHB clock through 

     configurable prescalers and used to clock the peripherals mapped on these busses.

     You can use "RCC_GetClocksFreq()" function to retrieve the frequencies of these clocks.  



@note All the peripheral clocks are derived from the System clock (SYSCLK) except:

       - I2S: the I2S clock can be derived either from a specific PLL (PLLI2S) or

          from an external clock mapped on the I2S_CKIN pin. 

          You have to use RCC_I2SCLKConfig() function to configure this clock. 

       - RTC: the RTC clock can be derived either from the LSI, LSE or HSE clock

          divided by 2 to 31. You have to use RCC_RTCCLKConfig() and RCC_RTCCLKCmd()

          functions to configure this clock. 

       - USB OTG FS, SDIO and RTC: USB OTG FS require a frequency equal to 48 MHz

          to work correctly, while the SDIO require a frequency equal or lower than

          to 48. This clock is derived of the main PLL through PLLQ divider.

       - IWDG clock which is always the LSI clock.

       

  2. The maximum frequency of the SYSCLK and HCLK is 168 MHz, PCLK2 82 MHz and PCLK1 42 MHz.

     Depending on the device voltage range, the maximum frequency should be 

     adapted accordingly:

 +-------------------------------------------------------------------------------------+     

 | Latency       |                HCLK clock frequency (MHz)                           |

 |               |---------------------------------------------------------------------|     

 |               | voltage range  | voltage range  | voltage range   | voltage range   |

 |               | 2.7 V - 3.6 V  | 2.4 V - 2.7 V  | 2.1 V - 2.4 V   | 1.8 V - 2.1 V   |

 |---------------|----------------|----------------|-----------------|-----------------|              

 |0WS(1CPU cycle)|0 < HCLK <= 30  |0 < HCLK <= 24  |0 < HCLK <= 18   |0 < HCLK <= 16   |

 |---------------|----------------|----------------|-----------------|-----------------|   

 |1WS(2CPU cycle)|30 < HCLK <= 60 |24 < HCLK <= 48 |18 < HCLK <= 36  |16 < HCLK <= 32  | 

 |---------------|----------------|----------------|-----------------|-----------------|   

 |2WS(3CPU cycle)|60 < HCLK <= 90 |48 < HCLK <= 72 |36 < HCLK <= 54  |32 < HCLK <= 48  |

 |---------------|----------------|----------------|-----------------|-----------------| 

 |3WS(4CPU cycle)|90 < HCLK <= 120|72 < HCLK <= 96 |54 < HCLK <= 72  |48 < HCLK <= 64  |

 |---------------|----------------|----------------|-----------------|-----------------| 

 |4WS(5CPU cycle)|120< HCLK <= 150|96 < HCLK <= 120|72 < HCLK <= 90  |64 < HCLK <= 80  |

 |---------------|----------------|----------------|-----------------|-----------------| 

 |5WS(6CPU cycle)|120< HCLK <= 168|120< HCLK <= 144|90 < HCLK <= 108 |80 < HCLK <= 96  | 

 |---------------|----------------|----------------|-----------------|-----------------| 

 |6WS(7CPU cycle)|      NA        |144< HCLK <= 168|108 < HCLK <= 120|96 < HCLK <= 112 | 

 |---------------|----------------|----------------|-----------------|-----------------| 

 |7WS(8CPU cycle)|      NA        |      NA        |120 < HCLK <= 138|112 < HCLK <= 120| 

 +-------------------------------------------------------------------------------------+    

   @note When VOS bit (in PWR_CR register) is reset to '0’, the maximum value of HCLK is 144 MHz.

         You can use PWR_MainRegulatorModeConfig() function to set or reset this bit.



@endverbatim

  * @{

  */



/**

  * @brief  Configures the system clock (SYSCLK).

  * @note   The HSI is used (enabled by hardware) as system clock source after

  *         startup from Reset, wake-up from STOP and STANDBY mode, or in case

  *         of failure of the HSE used directly or indirectly as system clock

  *         (if the Clock Security System CSS is enabled).

  * @note   A switch from one clock source to another occurs only if the target

  *         clock source is ready (clock stable after startup delay or PLL locked). 

  *         If a clock source which is not yet ready is selected, the switch will

  *         occur when the clock source will be ready. 

  *         You can use RCC_GetSYSCLKSource() function to know which clock is

  *         currently used as system clock source. 

  * @param  RCC_SYSCLKSource: specifies the clock source used as system clock.

  *          This parameter can be one of the following values:

  *            @arg RCC_SYSCLKSource_HSI:    HSI selected as system clock source

  *            @arg RCC_SYSCLKSource_HSE:    HSE selected as system clock source

  *            @arg RCC_SYSCLKSource_PLLCLK: PLL selected as system clock source

  * @retval None

  */

void RCC_SYSCLKConfig(uint32_t RCC_SYSCLKSource)

{

  uint32_t tmpreg = 0;



  /* Check the parameters */

  assert_param(IS_RCC_SYSCLK_SOURCE(RCC_SYSCLKSource));



  tmpreg = RCC->CFGR;



  /* Clear SW[1:0] bits */

  tmpreg &= ~RCC_CFGR_SW;



  /* Set SW[1:0] bits according to RCC_SYSCLKSource value */

  tmpreg |= RCC_SYSCLKSource;



  /* Store the new value */

  RCC->CFGR = tmpreg;

}



/**

  * @brief  Returns the clock source used as system clock.

  * @param  None

  * @retval The clock source used as system clock. The returned value can be one

  *         of the following:

  *              - 0x00: HSI used as system clock

  *              - 0x04: HSE used as system clock

  *              - 0x08: PLL used as system clock

  */

uint8_t RCC_GetSYSCLKSource(void)

{

  return ((uint8_t)(RCC->CFGR & RCC_CFGR_SWS));

}



/**

  * @brief  Configures the AHB clock (HCLK).

  * @note   Depending on the device voltage range, the software has to set correctly

  *         these bits to ensure that HCLK not exceed the maximum allowed frequency

  *         (for more details refer to section above

  *           "CPU, AHB and APB busses clocks configuration functions")

  * @param  RCC_SYSCLK: defines the AHB clock divider. This clock is derived from 

  *         the system clock (SYSCLK).

  *          This parameter can be one of the following values:

  *            @arg RCC_SYSCLK_Div1: AHB clock = SYSCLK

  *            @arg RCC_SYSCLK_Div2: AHB clock = SYSCLK/2

  *            @arg RCC_SYSCLK_Div4: AHB clock = SYSCLK/4

  *            @arg RCC_SYSCLK_Div8: AHB clock = SYSCLK/8

  *            @arg RCC_SYSCLK_Div16: AHB clock = SYSCLK/16

  *            @arg RCC_SYSCLK_Div64: AHB clock = SYSCLK/64

  *            @arg RCC_SYSCLK_Div128: AHB clock = SYSCLK/128

  *            @arg RCC_SYSCLK_Div256: AHB clock = SYSCLK/256

  *            @arg RCC_SYSCLK_Div512: AHB clock = SYSCLK/512

  * @retval None

  */

void RCC_HCLKConfig(uint32_t RCC_SYSCLK)

{

  uint32_t tmpreg = 0;

  

  /* Check the parameters */

  assert_param(IS_RCC_HCLK(RCC_SYSCLK));



  tmpreg = RCC->CFGR;



  /* Clear HPRE[3:0] bits */

  tmpreg &= ~RCC_CFGR_HPRE;



  /* Set HPRE[3:0] bits according to RCC_SYSCLK value */

  tmpreg |= RCC_SYSCLK;



  /* Store the new value */

  RCC->CFGR = tmpreg;

}





/**

  * @brief  Configures the Low Speed APB clock (PCLK1).

  * @param  RCC_HCLK: defines the APB1 clock divider. This clock is derived from 

  *         the AHB clock (HCLK).

  *          This parameter can be one of the following values:

  *            @arg RCC_HCLK_Div1:  APB1 clock = HCLK

  *            @arg RCC_HCLK_Div2:  APB1 clock = HCLK/2

  *            @arg RCC_HCLK_Div4:  APB1 clock = HCLK/4

  *            @arg RCC_HCLK_Div8:  APB1 clock = HCLK/8

  *            @arg RCC_HCLK_Div16: APB1 clock = HCLK/16

  * @retval None

  */

void RCC_PCLK1Config(uint32_t RCC_HCLK)

{

  uint32_t tmpreg = 0;



  /* Check the parameters */

  assert_param(IS_RCC_PCLK(RCC_HCLK));



  tmpreg = RCC->CFGR;



  /* Clear PPRE1[2:0] bits */

  tmpreg &= ~RCC_CFGR_PPRE1;



  /* Set PPRE1[2:0] bits according to RCC_HCLK value */

  tmpreg |= RCC_HCLK;



  /* Store the new value */

  RCC->CFGR = tmpreg;

}



/**

  * @brief  Configures the High Speed APB clock (PCLK2).

  * @param  RCC_HCLK: defines the APB2 clock divider. This clock is derived from 

  *         the AHB clock (HCLK).

  *          This parameter can be one of the following values:

  *            @arg RCC_HCLK_Div1:  APB2 clock = HCLK

  *            @arg RCC_HCLK_Div2:  APB2 clock = HCLK/2

  *            @arg RCC_HCLK_Div4:  APB2 clock = HCLK/4

  *            @arg RCC_HCLK_Div8:  APB2 clock = HCLK/8

  *            @arg RCC_HCLK_Div16: APB2 clock = HCLK/16

  * @retval None

  */

void RCC_PCLK2Config(uint32_t RCC_HCLK)

{

  uint32_t tmpreg = 0;



  /* Check the parameters */

  assert_param(IS_RCC_PCLK(RCC_HCLK));



  tmpreg = RCC->CFGR;



  /* Clear PPRE2[2:0] bits */

  tmpreg &= ~RCC_CFGR_PPRE2;



  /* Set PPRE2[2:0] bits according to RCC_HCLK value */

  tmpreg |= RCC_HCLK << 3;



  /* Store the new value */

  RCC->CFGR = tmpreg;

}



/**

  * @brief  Returns the frequencies of different on chip clocks; SYSCLK, HCLK, 

  *         PCLK1 and PCLK2.       

  * 

  * @note   The system frequency computed by this function is not the real 

  *         frequency in the chip. It is calculated based on the predefined 

  *         constant and the selected clock source:

  * @note     If SYSCLK source is HSI, function returns values based on HSI_VALUE(*)

  * @note     If SYSCLK source is HSE, function returns values based on HSE_VALUE(**)

  * @note     If SYSCLK source is PLL, function returns values based on HSE_VALUE(**) 

  *           or HSI_VALUE(*) multiplied/divided by the PLL factors.         

  * @note     (*) HSI_VALUE is a constant defined in stm32f4xx.h file (default value

  *               16 MHz) but the real value may vary depending on the variations

  *               in voltage and temperature.

  * @note     (**) HSE_VALUE is a constant defined in stm32f4xx.h file (default value

  *                25 MHz), user has to ensure that HSE_VALUE is same as the real

  *                frequency of the crystal used. Otherwise, this function may

  *                have wrong result.

  *                

  * @note   The result of this function could be not correct when using fractional

  *         value for HSE crystal.

  *   

  * @param  RCC_Clocks: pointer to a RCC_ClocksTypeDef structure which will hold

  *          the clocks frequencies.

  *     

  * @note   This function can be used by the user application to compute the 

  *         baudrate for the communication peripherals or configure other parameters.

  * @note   Each time SYSCLK, HCLK, PCLK1 and/or PCLK2 clock changes, this function

  *         must be called to update the structure's field. Otherwise, any

  *         configuration based on this function will be incorrect.

  *    

  * @retval None

  */

void RCC_GetClocksFreq(RCC_ClocksTypeDef* RCC_Clocks)

{

  uint32_t tmp = 0, presc = 0, pllvco = 0, pllp = 2, pllsource = 0, pllm = 2;



  /* Get SYSCLK source -------------------------------------------------------*/

  tmp = RCC->CFGR & RCC_CFGR_SWS;



  switch (tmp)

  {

    case 0x00:  /* HSI used as system clock source */

      RCC_Clocks->SYSCLK_Frequency = HSI_VALUE;

      break;

    case 0x04:  /* HSE used as system clock  source */

      RCC_Clocks->SYSCLK_Frequency = HSE_VALUE;

      break;

    case 0x08:  /* PLL used as system clock  source */



      /* PLL_VCO = (HSE_VALUE or HSI_VALUE / PLLM) * PLLN

         SYSCLK = PLL_VCO / PLLP

         */    

      pllsource = (RCC->PLLCFGR & RCC_PLLCFGR_PLLSRC) >> 22;

      pllm = RCC->PLLCFGR & RCC_PLLCFGR_PLLM;

      

      if (pllsource != 0)

      {

        /* HSE used as PLL clock source */

        pllvco = (HSE_VALUE / pllm) * ((RCC->PLLCFGR & RCC_PLLCFGR_PLLN) >> 6);

      }

      else

      {

        /* HSI used as PLL clock source */

        pllvco = (HSI_VALUE / pllm) * ((RCC->PLLCFGR & RCC_PLLCFGR_PLLN) >> 6);      

      }



      pllp = (((RCC->PLLCFGR & RCC_PLLCFGR_PLLP) >>16) + 1 ) *2;

      RCC_Clocks->SYSCLK_Frequency = pllvco/pllp;

      break;

    default:

      RCC_Clocks->SYSCLK_Frequency = HSI_VALUE;

      break;

  }

  /* Compute HCLK, PCLK1 and PCLK2 clocks frequencies ------------------------*/



  /* Get HCLK prescaler */

  tmp = RCC->CFGR & RCC_CFGR_HPRE;

  tmp = tmp >> 4;

  presc = APBAHBPrescTable[tmp];

  /* HCLK clock frequency */

  RCC_Clocks->HCLK_Frequency = RCC_Clocks->SYSCLK_Frequency >> presc;



  /* Get PCLK1 prescaler */

  tmp = RCC->CFGR & RCC_CFGR_PPRE1;

  tmp = tmp >> 10;

  presc = APBAHBPrescTable[tmp];

  /* PCLK1 clock frequency */

  RCC_Clocks->PCLK1_Frequency = RCC_Clocks->HCLK_Frequency >> presc;



  /* Get PCLK2 prescaler */

  tmp = RCC->CFGR & RCC_CFGR_PPRE2;

  tmp = tmp >> 13;

  presc = APBAHBPrescTable[tmp];

  /* PCLK2 clock frequency */

  RCC_Clocks->PCLK2_Frequency = RCC_Clocks->HCLK_Frequency >> presc;

}



/**

  * @}

  */



/** @defgroup RCC_Group3 Peripheral clocks configuration functions

 *  @brief   Peripheral clocks configuration functions 

 *

@verbatim   

 ===============================================================================

                   Peripheral clocks configuration functions

 ===============================================================================  



  This section provide functions allowing to configure the Peripheral clocks. 

  

  1. The RTC clock which is derived from the LSI, LSE or HSE clock divided by 2 to 31.

     

  2. After restart from Reset or wakeup from STANDBY, all peripherals are off

     except internal SRAM, Flash and JTAG. Before to start using a peripheral you

     have to enable its interface clock. You can do this using RCC_AHBPeriphClockCmd()

     , RCC_APB2PeriphClockCmd() and RCC_APB1PeriphClockCmd() functions.



  3. To reset the peripherals configuration (to the default state after device reset)

     you can use RCC_AHBPeriphResetCmd(), RCC_APB2PeriphResetCmd() and 

     RCC_APB1PeriphResetCmd() functions.

     

  4. To further reduce power consumption in SLEEP mode the peripheral clocks can

     be disabled prior to executing the WFI or WFE instructions. You can do this

     using RCC_AHBPeriphClockLPModeCmd(), RCC_APB2PeriphClockLPModeCmd() and

     RCC_APB1PeriphClockLPModeCmd() functions.  



@endverbatim

  * @{

  */



/**

  * @brief  Configures the RTC clock (RTCCLK).

  * @note   As the RTC clock configuration bits are in the Backup domain and write

  *         access is denied to this domain after reset, you have to enable write

  *         access using PWR_BackupAccessCmd(ENABLE) function before to configure

  *         the RTC clock source (to be done once after reset).    

  * @note   Once the RTC clock is configured it can't be changed unless the  

  *         Backup domain is reset using RCC_BackupResetCmd() function, or by

  *         a Power On Reset (POR).

  *    

  * @param  RCC_RTCCLKSource: specifies the RTC clock source.

  *          This parameter can be one of the following values:

  *            @arg RCC_RTCCLKSource_LSE: LSE selected as RTC clock

  *            @arg RCC_RTCCLKSource_LSI: LSI selected as RTC clock

  *            @arg RCC_RTCCLKSource_HSE_Divx: HSE clock divided by x selected

  *                                            as RTC clock, where x:[2,31]

  *  

  * @note   If the LSE or LSI is used as RTC clock source, the RTC continues to

  *         work in STOP and STANDBY modes, and can be used as wakeup source.

  *         However, when the HSE clock is used as RTC clock source, the RTC

  *         cannot be used in STOP and STANDBY modes.    

  * @note   The maximum input clock frequency for RTC is 1MHz (when using HSE as

  *         RTC clock source).

  *  

  * @retval None

  */

void RCC_RTCCLKConfig(uint32_t RCC_RTCCLKSource)

{

  uint32_t tmpreg = 0;



  /* Check the parameters */

  assert_param(IS_RCC_RTCCLK_SOURCE(RCC_RTCCLKSource));



  if ((RCC_RTCCLKSource & 0x00000300) == 0x00000300)

  { /* If HSE is selected as RTC clock source, configure HSE division factor for RTC clock */

    tmpreg = RCC->CFGR;



    /* Clear RTCPRE[4:0] bits */

    tmpreg &= ~RCC_CFGR_RTCPRE;



    /* Configure HSE division factor for RTC clock */

    tmpreg |= (RCC_RTCCLKSource & 0xFFFFCFF);



    /* Store the new value */

    RCC->CFGR = tmpreg;

  }

    

  /* Select the RTC clock source */

  RCC->BDCR |= (RCC_RTCCLKSource & 0x00000FFF);

}



/**

  * @brief  Enables or disables the RTC clock.

  * @note   This function must be used only after the RTC clock source was selected

  *         using the RCC_RTCCLKConfig function.

  * @param  NewState: new state of the RTC clock. This parameter can be: ENABLE or DISABLE.

  * @retval None

  */

void RCC_RTCCLKCmd(FunctionalState NewState)

{

  /* Check the parameters */

  assert_param(IS_FUNCTIONAL_STATE(NewState));



  *(__IO uint32_t *) BDCR_RTCEN_BB = (uint32_t)NewState;

}



/**

  * @brief  Forces or releases the Backup domain reset.

  * @note   This function resets the RTC peripheral (including the backup registers)

  *         and the RTC clock source selection in RCC_CSR register.

  * @note   The BKPSRAM is not affected by this reset.    

  * @param  NewState: new state of the Backup domain reset.

  *          This parameter can be: ENABLE or DISABLE.

  * @retval None

  */

void RCC_BackupResetCmd(FunctionalState NewState)

{

  /* Check the parameters */

  assert_param(IS_FUNCTIONAL_STATE(NewState));

  *(__IO uint32_t *) BDCR_BDRST_BB = (uint32_t)NewState;

}



/**

  * @brief  Configures the I2S clock source (I2SCLK).

  * @note   This function must be called before enabling the I2S APB clock.

  * @param  RCC_I2SCLKSource: specifies the I2S clock source.

  *          This parameter can be one of the following values:

  *            @arg RCC_I2S2CLKSource_PLLI2S: PLLI2S clock used as I2S clock source

  *            @arg RCC_I2S2CLKSource_Ext: External clock mapped on the I2S_CKIN pin

  *                                        used as I2S clock source

  * @retval None

  */

void RCC_I2SCLKConfig(uint32_t RCC_I2SCLKSource)

{

  /* Check the parameters */

  assert_param(IS_RCC_I2SCLK_SOURCE(RCC_I2SCLKSource));



  *(__IO uint32_t *) CFGR_I2SSRC_BB = RCC_I2SCLKSource;

}



/**

  * @brief  Enables or disables the AHB1 peripheral clock.

  * @note   After reset, the peripheral clock (used for registers read/write access)

  *         is disabled and the application software has to enable this clock before 

  *         using it.   

  * @param  RCC_AHBPeriph: specifies the AHB1 peripheral to gates its clock.

  *          This parameter can be any combination of the following values:

  *            @arg RCC_AHB1Periph_GPIOA:       GPIOA clock

  *            @arg RCC_AHB1Periph_GPIOB:       GPIOB clock 

  *            @arg RCC_AHB1Periph_GPIOC:       GPIOC clock

  *            @arg RCC_AHB1Periph_GPIOD:       GPIOD clock

  *            @arg RCC_AHB1Periph_GPIOE:       GPIOE clock

  *            @arg RCC_AHB1Periph_GPIOF:       GPIOF clock

  *            @arg RCC_AHB1Periph_GPIOG:       GPIOG clock

  *            @arg RCC_AHB1Periph_GPIOG:       GPIOG clock

  *            @arg RCC_AHB1Periph_GPIOI:       GPIOI clock

  *            @arg RCC_AHB1Periph_CRC:         CRC clock

  *            @arg RCC_AHB1Periph_BKPSRAM:     BKPSRAM interface clock

  *            @arg RCC_AHB1Periph_CCMDATARAMEN CCM data RAM interface clock

  *            @arg RCC_AHB1Periph_DMA1:        DMA1 clock

  *            @arg RCC_AHB1Periph_DMA2:        DMA2 clock

  *            @arg RCC_AHB1Periph_ETH_MAC:     Ethernet MAC clock

  *            @arg RCC_AHB1Periph_ETH_MAC_Tx:  Ethernet Transmission clock

  *            @arg RCC_AHB1Periph_ETH_MAC_Rx:  Ethernet Reception clock

  *            @arg RCC_AHB1Periph_ETH_MAC_PTP: Ethernet PTP clock

  *            @arg RCC_AHB1Periph_OTG_HS:      USB OTG HS clock

  *            @arg RCC_AHB1Periph_OTG_HS_ULPI: USB OTG HS ULPI clock

  * @param  NewState: new state of the specified peripheral clock.

  *          This parameter can be: ENABLE or DISABLE.

  * @retval None

  */

void RCC_AHB1PeriphClockCmd(uint32_t RCC_AHB1Periph, FunctionalState NewState)

{

  /* Check the parameters */

  assert_param(IS_RCC_AHB1_CLOCK_PERIPH(RCC_AHB1Periph));



  assert_param(IS_FUNCTIONAL_STATE(NewState));

  if (NewState != DISABLE)

  {

    RCC->AHB1ENR |= RCC_AHB1Periph;

  }

  else

  {

    RCC->AHB1ENR &= ~RCC_AHB1Periph;

  }

}



/**

  * @brief  Enables or disables the AHB2 peripheral clock.

  * @note   After reset, the peripheral clock (used for registers read/write access)

  *         is disabled and the application software has to enable this clock before 

  *         using it. 

  * @param  RCC_AHBPeriph: specifies the AHB2 peripheral to gates its clock.

  *          This parameter can be any combination of the following values:

  *            @arg RCC_AHB2Periph_DCMI:   DCMI clock

  *            @arg RCC_AHB2Periph_CRYP:   CRYP clock

  *            @arg RCC_AHB2Periph_HASH:   HASH clock

  *            @arg RCC_AHB2Periph_RNG:    RNG clock

  *            @arg RCC_AHB2Periph_OTG_FS: USB OTG FS clock

  * @param  NewState: new state of the specified peripheral clock.

  *          This parameter can be: ENABLE or DISABLE.

  * @retval None

  */

void RCC_AHB2PeriphClockCmd(uint32_t RCC_AHB2Periph, FunctionalState NewState)

{

  /* Check the parameters */

  assert_param(IS_RCC_AHB2_PERIPH(RCC_AHB2Periph));

  assert_param(IS_FUNCTIONAL_STATE(NewState));



  if (NewState != DISABLE)

  {

    RCC->AHB2ENR |= RCC_AHB2Periph;

  }

  else

  {

    RCC->AHB2ENR &= ~RCC_AHB2Periph;

  }

}



/**

  * @brief  Enables or disables the AHB3 peripheral clock.

  * @note   After reset, the peripheral clock (used for registers read/write access)

  *         is disabled and the application software has to enable this clock before 

  *         using it. 

  * @param  RCC_AHBPeriph: specifies the AHB3 peripheral to gates its clock.

  *          This parameter must be: RCC_AHB3Periph_FSMC

  * @param  NewState: new state of the specified peripheral clock.

  *          This parameter can be: ENABLE or DISABLE.

  * @retval None

  */

void RCC_AHB3PeriphClockCmd(uint32_t RCC_AHB3Periph, FunctionalState NewState)

{

  /* Check the parameters */

  assert_param(IS_RCC_AHB3_PERIPH(RCC_AHB3Periph));  

  assert_param(IS_FUNCTIONAL_STATE(NewState));



  if (NewState != DISABLE)

  {

    RCC->AHB3ENR |= RCC_AHB3Periph;

  }

  else

  {

    RCC->AHB3ENR &= ~RCC_AHB3Periph;

  }

}



/**

  * @brief  Enables or disables the Low Speed APB (APB1) peripheral clock.

  * @note   After reset, the peripheral clock (used for registers read/write access)

  *         is disabled and the application software has to enable this clock before 

  *         using it. 

  * @param  RCC_APB1Periph: specifies the APB1 peripheral to gates its clock.

  *          This parameter can be any combination of the following values:

  *            @arg RCC_APB1Periph_TIM2:   TIM2 clock

  *            @arg RCC_APB1Periph_TIM3:   TIM3 clock

  *            @arg RCC_APB1Periph_TIM4:   TIM4 clock

  *            @arg RCC_APB1Periph_TIM5:   TIM5 clock

  *            @arg RCC_APB1Periph_TIM6:   TIM6 clock

  *            @arg RCC_APB1Periph_TIM7:   TIM7 clock

  *            @arg RCC_APB1Periph_TIM12:  TIM12 clock

  *            @arg RCC_APB1Periph_TIM13:  TIM13 clock

  *            @arg RCC_APB1Periph_TIM14:  TIM14 clock

  *            @arg RCC_APB1Periph_WWDG:   WWDG clock

  *            @arg RCC_APB1Periph_SPI2:   SPI2 clock

  *            @arg RCC_APB1Periph_SPI3:   SPI3 clock

  *            @arg RCC_APB1Periph_USART2: USART2 clock

  *            @arg RCC_APB1Periph_USART3: USART3 clock

  *            @arg RCC_APB1Periph_UART4:  UART4 clock

  *            @arg RCC_APB1Periph_UART5:  UART5 clock

  *            @arg RCC_APB1Periph_I2C1:   I2C1 clock

  *            @arg RCC_APB1Periph_I2C2:   I2C2 clock

  *            @arg RCC_APB1Periph_I2C3:   I2C3 clock

  *            @arg RCC_APB1Periph_CAN1:   CAN1 clock

  *            @arg RCC_APB1Periph_CAN2:   CAN2 clock

  *            @arg RCC_APB1Periph_PWR:    PWR clock

  *            @arg RCC_APB1Periph_DAC:    DAC clock

  * @param  NewState: new state of the specified peripheral clock.

  *          This parameter can be: ENABLE or DISABLE.

  * @retval None

  */

void RCC_APB1PeriphClockCmd(uint32_t RCC_APB1Periph, FunctionalState NewState)

{

  /* Check the parameters */

  assert_param(IS_RCC_APB1_PERIPH(RCC_APB1Periph));  

  assert_param(IS_FUNCTIONAL_STATE(NewState));



  if (NewState != DISABLE)

  {

    RCC->APB1ENR |= RCC_APB1Periph;

  }

  else

  {

    RCC->APB1ENR &= ~RCC_APB1Periph;

  }

}



/**

  * @brief  Enables or disables the High Speed APB (APB2) peripheral clock.

  * @note   After reset, the peripheral clock (used for registers read/write access)

  *         is disabled and the application software has to enable this clock before 

  *         using it.

  * @param  RCC_APB2Periph: specifies the APB2 peripheral to gates its clock.

  *          This parameter can be any combination of the following values:

  *            @arg RCC_APB2Periph_TIM1:   TIM1 clock

  *            @arg RCC_APB2Periph_TIM8:   TIM8 clock

  *            @arg RCC_APB2Periph_USART1: USART1 clock

  *            @arg RCC_APB2Periph_USART6: USART6 clock

  *            @arg RCC_APB2Periph_ADC1:   ADC1 clock

  *            @arg RCC_APB2Periph_ADC2:   ADC2 clock

  *            @arg RCC_APB2Periph_ADC3:   ADC3 clock

  *            @arg RCC_APB2Periph_SDIO:   SDIO clock

  *            @arg RCC_APB2Periph_SPI1:   SPI1 clock

  *            @arg RCC_APB2Periph_SYSCFG: SYSCFG clock

  *            @arg RCC_APB2Periph_TIM9:   TIM9 clock

  *            @arg RCC_APB2Periph_TIM10:  TIM10 clock

  *            @arg RCC_APB2Periph_TIM11:  TIM11 clock

  * @param  NewState: new state of the specified peripheral clock.

  *          This parameter can be: ENABLE or DISABLE.

  * @retval None

  */

void RCC_APB2PeriphClockCmd(uint32_t RCC_APB2Periph, FunctionalState NewState)

{

  /* Check the parameters */

  assert_param(IS_RCC_APB2_PERIPH(RCC_APB2Periph));

  assert_param(IS_FUNCTIONAL_STATE(NewState));



  if (NewState != DISABLE)

  {

    RCC->APB2ENR |= RCC_APB2Periph;

  }

  else

  {

    RCC->APB2ENR &= ~RCC_APB2Periph;

  }

}



/**

  * @brief  Forces or releases AHB1 peripheral reset.

  * @param  RCC_AHB1Periph: specifies the AHB1 peripheral to reset.

  *          This parameter can be any combination of the following values:

  *            @arg RCC_AHB1Periph_GPIOA:   GPIOA clock

  *            @arg RCC_AHB1Periph_GPIOB:   GPIOB clock 

  *            @arg RCC_AHB1Periph_GPIOC:   GPIOC clock

  *            @arg RCC_AHB1Periph_GPIOD:   GPIOD clock

  *            @arg RCC_AHB1Periph_GPIOE:   GPIOE clock

  *            @arg RCC_AHB1Periph_GPIOF:   GPIOF clock

  *            @arg RCC_AHB1Periph_GPIOG:   GPIOG clock

  *            @arg RCC_AHB1Periph_GPIOG:   GPIOG clock

  *            @arg RCC_AHB1Periph_GPIOI:   GPIOI clock

  *            @arg RCC_AHB1Periph_CRC:     CRC clock

  *            @arg RCC_AHB1Periph_DMA1:    DMA1 clock

  *            @arg RCC_AHB1Periph_DMA2:    DMA2 clock

  *            @arg RCC_AHB1Periph_ETH_MAC: Ethernet MAC clock

  *            @arg RCC_AHB1Periph_OTG_HS:  USB OTG HS clock

  *                  

  * @param  NewState: new state of the specified peripheral reset.

  *          This parameter can be: ENABLE or DISABLE.

  * @retval None

  */

void RCC_AHB1PeriphResetCmd(uint32_t RCC_AHB1Periph, FunctionalState NewState)

{

  /* Check the parameters */

  assert_param(IS_RCC_AHB1_RESET_PERIPH(RCC_AHB1Periph));

  assert_param(IS_FUNCTIONAL_STATE(NewState));



  if (NewState != DISABLE)

  {

    RCC->AHB1RSTR |= RCC_AHB1Periph;

  }

  else

  {

    RCC->AHB1RSTR &= ~RCC_AHB1Periph;

  }

}



/**

  * @brief  Forces or releases AHB2 peripheral reset.

  * @param  RCC_AHB2Periph: specifies the AHB2 peripheral to reset.

  *          This parameter can be any combination of the following values:

  *            @arg RCC_AHB2Periph_DCMI:   DCMI clock

  *            @arg RCC_AHB2Periph_CRYP:   CRYP clock

  *            @arg RCC_AHB2Periph_HASH:   HASH clock

  *            @arg RCC_AHB2Periph_RNG:    RNG clock

  *            @arg RCC_AHB2Periph_OTG_FS: USB OTG FS clock

  * @param  NewState: new state of the specified peripheral reset.

  *          This parameter can be: ENABLE or DISABLE.

  * @retval None

  */

void RCC_AHB2PeriphResetCmd(uint32_t RCC_AHB2Periph, FunctionalState NewState)

{

  /* Check the parameters */

  assert_param(IS_RCC_AHB2_PERIPH(RCC_AHB2Periph));

  assert_param(IS_FUNCTIONAL_STATE(NewState));



  if (NewState != DISABLE)

  {

    RCC->AHB2RSTR |= RCC_AHB2Periph;

  }

  else

  {

    RCC->AHB2RSTR &= ~RCC_AHB2Periph;

  }

}



/**

  * @brief  Forces or releases AHB3 peripheral reset.

  * @param  RCC_AHB3Periph: specifies the AHB3 peripheral to reset.

  *          This parameter must be: RCC_AHB3Periph_FSMC

  * @param  NewState: new state of the specified peripheral reset.

  *          This parameter can be: ENABLE or DISABLE.

  * @retval None

  */

void RCC_AHB3PeriphResetCmd(uint32_t RCC_AHB3Periph, FunctionalState NewState)

{

  /* Check the parameters */

  assert_param(IS_RCC_AHB3_PERIPH(RCC_AHB3Periph));

  assert_param(IS_FUNCTIONAL_STATE(NewState));



  if (NewState != DISABLE)

  {

    RCC->AHB3RSTR |= RCC_AHB3Periph;

  }

  else

  {

    RCC->AHB3RSTR &= ~RCC_AHB3Periph;

  }

}



/**

  * @brief  Forces or releases Low Speed APB (APB1) peripheral reset.

  * @param  RCC_APB1Periph: specifies the APB1 peripheral to reset.

  *          This parameter can be any combination of the following values:

  *            @arg RCC_APB1Periph_TIM2:   TIM2 clock

  *            @arg RCC_APB1Periph_TIM3:   TIM3 clock

  *            @arg RCC_APB1Periph_TIM4:   TIM4 clock

  *            @arg RCC_APB1Periph_TIM5:   TIM5 clock

  *            @arg RCC_APB1Periph_TIM6:   TIM6 clock

  *            @arg RCC_APB1Periph_TIM7:   TIM7 clock

  *            @arg RCC_APB1Periph_TIM12:  TIM12 clock

  *            @arg RCC_APB1Periph_TIM13:  TIM13 clock

  *            @arg RCC_APB1Periph_TIM14:  TIM14 clock

  *            @arg RCC_APB1Periph_WWDG:   WWDG clock

  *            @arg RCC_APB1Periph_SPI2:   SPI2 clock

  *            @arg RCC_APB1Periph_SPI3:   SPI3 clock

  *            @arg RCC_APB1Periph_USART2: USART2 clock

  *            @arg RCC_APB1Periph_USART3: USART3 clock

  *            @arg RCC_APB1Periph_UART4:  UART4 clock

  *            @arg RCC_APB1Periph_UART5:  UART5 clock

  *            @arg RCC_APB1Periph_I2C1:   I2C1 clock

  *            @arg RCC_APB1Periph_I2C2:   I2C2 clock

  *            @arg RCC_APB1Periph_I2C3:   I2C3 clock

  *            @arg RCC_APB1Periph_CAN1:   CAN1 clock

  *            @arg RCC_APB1Periph_CAN2:   CAN2 clock

  *            @arg RCC_APB1Periph_PWR:    PWR clock

  *            @arg RCC_APB1Periph_DAC:    DAC clock

  * @param  NewState: new state of the specified peripheral reset.

  *          This parameter can be: ENABLE or DISABLE.

  * @retval None

  */

void RCC_APB1PeriphResetCmd(uint32_t RCC_APB1Periph, FunctionalState NewState)

{

  /* Check the parameters */

  assert_param(IS_RCC_APB1_PERIPH(RCC_APB1Periph));

  assert_param(IS_FUNCTIONAL_STATE(NewState));

  if (NewState != DISABLE)

  {

    RCC->APB1RSTR |= RCC_APB1Periph;

  }

  else

  {

    RCC->APB1RSTR &= ~RCC_APB1Periph;

  }

}



/**

  * @brief  Forces or releases High Speed APB (APB2) peripheral reset.

  * @param  RCC_APB2Periph: specifies the APB2 peripheral to reset.

  *          This parameter can be any combination of the following values:

  *            @arg RCC_APB2Periph_TIM1:   TIM1 clock

  *            @arg RCC_APB2Periph_TIM8:   TIM8 clock

  *            @arg RCC_APB2Periph_USART1: USART1 clock

  *            @arg RCC_APB2Periph_USART6: USART6 clock

  *            @arg RCC_APB2Periph_ADC1:   ADC1 clock

  *            @arg RCC_APB2Periph_ADC2:   ADC2 clock

  *            @arg RCC_APB2Periph_ADC3:   ADC3 clock

  *            @arg RCC_APB2Periph_SDIO:   SDIO clock

  *            @arg RCC_APB2Periph_SPI1:   SPI1 clock

  *            @arg RCC_APB2Periph_SYSCFG: SYSCFG clock

  *            @arg RCC_APB2Periph_TIM9:   TIM9 clock

  *            @arg RCC_APB2Periph_TIM10:  TIM10 clock

  *            @arg RCC_APB2Periph_TIM11:  TIM11 clock

  * @param  NewState: new state of the specified peripheral reset.

  *          This parameter can be: ENABLE or DISABLE.

  * @retval None

  */

void RCC_APB2PeriphResetCmd(uint32_t RCC_APB2Periph, FunctionalState NewState)

{

  /* Check the parameters */

  assert_param(IS_RCC_APB2_RESET_PERIPH(RCC_APB2Periph));

  assert_param(IS_FUNCTIONAL_STATE(NewState));

  if (NewState != DISABLE)

  {

    RCC->APB2RSTR |= RCC_APB2Periph;

  }

  else

  {

    RCC->APB2RSTR &= ~RCC_APB2Periph;

  }

}



/**

  * @brief  Enables or disables the AHB1 peripheral clock during Low Power (Sleep) mode.

  * @note   Peripheral clock gating in SLEEP mode can be used to further reduce

  *         power consumption.

  * @note   After wakeup from SLEEP mode, the peripheral clock is enabled again.

  * @note   By default, all peripheral clocks are enabled during SLEEP mode.

  * @param  RCC_AHBPeriph: specifies the AHB1 peripheral to gates its clock.

  *          This parameter can be any combination of the following values:

  *            @arg RCC_AHB1Periph_GPIOA:       GPIOA clock

  *            @arg RCC_AHB1Periph_GPIOB:       GPIOB clock 

  *            @arg RCC_AHB1Periph_GPIOC:       GPIOC clock

  *            @arg RCC_AHB1Periph_GPIOD:       GPIOD clock

  *            @arg RCC_AHB1Periph_GPIOE:       GPIOE clock

  *            @arg RCC_AHB1Periph_GPIOF:       GPIOF clock

  *            @arg RCC_AHB1Periph_GPIOG:       GPIOG clock

  *            @arg RCC_AHB1Periph_GPIOG:       GPIOG clock

  *            @arg RCC_AHB1Periph_GPIOI:       GPIOI clock

  *            @arg RCC_AHB1Periph_CRC:         CRC clock

  *            @arg RCC_AHB1Periph_BKPSRAM:     BKPSRAM interface clock

  *            @arg RCC_AHB1Periph_DMA1:        DMA1 clock

  *            @arg RCC_AHB1Periph_DMA2:        DMA2 clock

  *            @arg RCC_AHB1Periph_ETH_MAC:     Ethernet MAC clock

  *            @arg RCC_AHB1Periph_ETH_MAC_Tx:  Ethernet Transmission clock

  *            @arg RCC_AHB1Periph_ETH_MAC_Rx:  Ethernet Reception clock

  *            @arg RCC_AHB1Periph_ETH_MAC_PTP: Ethernet PTP clock

  *            @arg RCC_AHB1Periph_OTG_HS:      USB OTG HS clock

  *            @arg RCC_AHB1Periph_OTG_HS_ULPI: USB OTG HS ULPI clock

  * @param  NewState: new state of the specified peripheral clock.

  *          This parameter can be: ENABLE or DISABLE.

  * @retval None

  */

void RCC_AHB1PeriphClockLPModeCmd(uint32_t RCC_AHB1Periph, FunctionalState NewState)

{

  /* Check the parameters */

  assert_param(IS_RCC_AHB1_LPMODE_PERIPH(RCC_AHB1Periph));

  assert_param(IS_FUNCTIONAL_STATE(NewState));

  if (NewState != DISABLE)

  {

    RCC->AHB1LPENR |= RCC_AHB1Periph;

  }

  else

  {

    RCC->AHB1LPENR &= ~RCC_AHB1Periph;

  }

}



/**

  * @brief  Enables or disables the AHB2 peripheral clock during Low Power (Sleep) mode.

  * @note   Peripheral clock gating in SLEEP mode can be used to further reduce

  *           power consumption.

  * @note   After wakeup from SLEEP mode, the peripheral clock is enabled again.

  * @note   By default, all peripheral clocks are enabled during SLEEP mode.

  * @param  RCC_AHBPeriph: specifies the AHB2 peripheral to gates its clock.

  *          This parameter can be any combination of the following values:

  *            @arg RCC_AHB2Periph_DCMI:   DCMI clock

  *            @arg RCC_AHB2Periph_CRYP:   CRYP clock

  *            @arg RCC_AHB2Periph_HASH:   HASH clock

  *            @arg RCC_AHB2Periph_RNG:    RNG clock

  *            @arg RCC_AHB2Periph_OTG_FS: USB OTG FS clock  

  * @param  NewState: new state of the specified peripheral clock.

  *          This parameter can be: ENABLE or DISABLE.

  * @retval None

  */

void RCC_AHB2PeriphClockLPModeCmd(uint32_t RCC_AHB2Periph, FunctionalState NewState)

{

  /* Check the parameters */

  assert_param(IS_RCC_AHB2_PERIPH(RCC_AHB2Periph));

  assert_param(IS_FUNCTIONAL_STATE(NewState));

  if (NewState != DISABLE)

  {

    RCC->AHB2LPENR |= RCC_AHB2Periph;

  }

  else

  {

    RCC->AHB2LPENR &= ~RCC_AHB2Periph;

  }

}



/**

  * @brief  Enables or disables the AHB3 peripheral clock during Low Power (Sleep) mode.

  * @note   Peripheral clock gating in SLEEP mode can be used to further reduce

  *         power consumption.

  * @note   After wakeup from SLEEP mode, the peripheral clock is enabled again.

  * @note   By default, all peripheral clocks are enabled during SLEEP mode.

  * @param  RCC_AHBPeriph: specifies the AHB3 peripheral to gates its clock.

  *          This parameter must be: RCC_AHB3Periph_FSMC

  * @param  NewState: new state of the specified peripheral clock.

  *          This parameter can be: ENABLE or DISABLE.

  * @retval None

  */

void RCC_AHB3PeriphClockLPModeCmd(uint32_t RCC_AHB3Periph, FunctionalState NewState)

{

  /* Check the parameters */

  assert_param(IS_RCC_AHB3_PERIPH(RCC_AHB3Periph));

  assert_param(IS_FUNCTIONAL_STATE(NewState));

  if (NewState != DISABLE)

  {

    RCC->AHB3LPENR |= RCC_AHB3Periph;

  }

  else

  {

    RCC->AHB3LPENR &= ~RCC_AHB3Periph;

  }

}



/**

  * @brief  Enables or disables the APB1 peripheral clock during Low Power (Sleep) mode.

  * @note   Peripheral clock gating in SLEEP mode can be used to further reduce

  *         power consumption.

  * @note   After wakeup from SLEEP mode, the peripheral clock is enabled again.

  * @note   By default, all peripheral clocks are enabled during SLEEP mode.

  * @param  RCC_APB1Periph: specifies the APB1 peripheral to gates its clock.

  *          This parameter can be any combination of the following values:

  *            @arg RCC_APB1Periph_TIM2:   TIM2 clock

  *            @arg RCC_APB1Periph_TIM3:   TIM3 clock

  *            @arg RCC_APB1Periph_TIM4:   TIM4 clock

  *            @arg RCC_APB1Periph_TIM5:   TIM5 clock

  *            @arg RCC_APB1Periph_TIM6:   TIM6 clock

  *            @arg RCC_APB1Periph_TIM7:   TIM7 clock

  *            @arg RCC_APB1Periph_TIM12:  TIM12 clock

  *            @arg RCC_APB1Periph_TIM13:  TIM13 clock

  *            @arg RCC_APB1Periph_TIM14:  TIM14 clock

  *            @arg RCC_APB1Periph_WWDG:   WWDG clock

  *            @arg RCC_APB1Periph_SPI2:   SPI2 clock

  *            @arg RCC_APB1Periph_SPI3:   SPI3 clock

  *            @arg RCC_APB1Periph_USART2: USART2 clock

  *            @arg RCC_APB1Periph_USART3: USART3 clock

  *            @arg RCC_APB1Periph_UART4:  UART4 clock

  *            @arg RCC_APB1Periph_UART5:  UART5 clock

  *            @arg RCC_APB1Periph_I2C1:   I2C1 clock

  *            @arg RCC_APB1Periph_I2C2:   I2C2 clock

  *            @arg RCC_APB1Periph_I2C3:   I2C3 clock

  *            @arg RCC_APB1Periph_CAN1:   CAN1 clock

  *            @arg RCC_APB1Periph_CAN2:   CAN2 clock

  *            @arg RCC_APB1Periph_PWR:    PWR clock

  *            @arg RCC_APB1Periph_DAC:    DAC clock

  * @param  NewState: new state of the specified peripheral clock.

  *          This parameter can be: ENABLE or DISABLE.

  * @retval None

  */

void RCC_APB1PeriphClockLPModeCmd(uint32_t RCC_APB1Periph, FunctionalState NewState)

{

  /* Check the parameters */

  assert_param(IS_RCC_APB1_PERIPH(RCC_APB1Periph));

  assert_param(IS_FUNCTIONAL_STATE(NewState));

  if (NewState != DISABLE)

  {

    RCC->APB1LPENR |= RCC_APB1Periph;

  }

  else

  {

    RCC->APB1LPENR &= ~RCC_APB1Periph;

  }

}



/**

  * @brief  Enables or disables the APB2 peripheral clock during Low Power (Sleep) mode.

  * @note   Peripheral clock gating in SLEEP mode can be used to further reduce

  *         power consumption.

  * @note   After wakeup from SLEEP mode, the peripheral clock is enabled again.

  * @note   By default, all peripheral clocks are enabled during SLEEP mode.

  * @param  RCC_APB2Periph: specifies the APB2 peripheral to gates its clock.

  *          This parameter can be any combination of the following values:

  *            @arg RCC_APB2Periph_TIM1:   TIM1 clock

  *            @arg RCC_APB2Periph_TIM8:   TIM8 clock

  *            @arg RCC_APB2Periph_USART1: USART1 clock

  *            @arg RCC_APB2Periph_USART6: USART6 clock

  *            @arg RCC_APB2Periph_ADC1:   ADC1 clock

  *            @arg RCC_APB2Periph_ADC2:   ADC2 clock

  *            @arg RCC_APB2Periph_ADC3:   ADC3 clock

  *            @arg RCC_APB2Periph_SDIO:   SDIO clock

  *            @arg RCC_APB2Periph_SPI1:   SPI1 clock

  *            @arg RCC_APB2Periph_SYSCFG: SYSCFG clock

  *            @arg RCC_APB2Periph_TIM9:   TIM9 clock

  *            @arg RCC_APB2Periph_TIM10:  TIM10 clock

  *            @arg RCC_APB2Periph_TIM11:  TIM11 clock

  * @param  NewState: new state of the specified peripheral clock.

  *          This parameter can be: ENABLE or DISABLE.

  * @retval None

  */

void RCC_APB2PeriphClockLPModeCmd(uint32_t RCC_APB2Periph, FunctionalState NewState)

{

  /* Check the parameters */

  assert_param(IS_RCC_APB2_PERIPH(RCC_APB2Periph));

  assert_param(IS_FUNCTIONAL_STATE(NewState));

  if (NewState != DISABLE)

  {

    RCC->APB2LPENR |= RCC_APB2Periph;

  }

  else

  {

    RCC->APB2LPENR &= ~RCC_APB2Periph;

  }

}



/**

  * @}

  */



/** @defgroup RCC_Group4 Interrupts and flags management functions

 *  @brief   Interrupts and flags management functions 

 *

@verbatim   

 ===============================================================================

                   Interrupts and flags management functions

 ===============================================================================  



@endverbatim

  * @{

  */



/**

  * @brief  Enables or disables the specified RCC interrupts.

  * @param  RCC_IT: specifies the RCC interrupt sources to be enabled or disabled.

  *          This parameter can be any combination of the following values:

  *            @arg RCC_IT_LSIRDY: LSI ready interrupt

  *            @arg RCC_IT_LSERDY: LSE ready interrupt

  *            @arg RCC_IT_HSIRDY: HSI ready interrupt

  *            @arg RCC_IT_HSERDY: HSE ready interrupt

  *            @arg RCC_IT_PLLRDY: main PLL ready interrupt

  *            @arg RCC_IT_PLLI2SRDY: PLLI2S ready interrupt  

  * @param  NewState: new state of the specified RCC interrupts.

  *          This parameter can be: ENABLE or DISABLE.

  * @retval None

  */

void RCC_ITConfig(uint8_t RCC_IT, FunctionalState NewState)

{

  /* Check the parameters */

  assert_param(IS_RCC_IT(RCC_IT));

  assert_param(IS_FUNCTIONAL_STATE(NewState));

  if (NewState != DISABLE)

  {

    /* Perform Byte access to RCC_CIR[14:8] bits to enable the selected interrupts */

    *(__IO uint8_t *) CIR_BYTE2_ADDRESS |= RCC_IT;

  }

  else

  {

    /* Perform Byte access to RCC_CIR[14:8] bits to disable the selected interrupts */

    *(__IO uint8_t *) CIR_BYTE2_ADDRESS &= (uint8_t)~RCC_IT;

  }

}



/**

  * @brief  Checks whether the specified RCC flag is set or not.

  * @param  RCC_FLAG: specifies the flag to check.

  *          This parameter can be one of the following values:

  *            @arg RCC_FLAG_HSIRDY: HSI oscillator clock ready

  *            @arg RCC_FLAG_HSERDY: HSE oscillator clock ready

  *            @arg RCC_FLAG_PLLRDY: main PLL clock ready

  *            @arg RCC_FLAG_PLLI2SRDY: PLLI2S clock ready

  *            @arg RCC_FLAG_LSERDY: LSE oscillator clock ready

  *            @arg RCC_FLAG_LSIRDY: LSI oscillator clock ready

  *            @arg RCC_FLAG_BORRST: POR/PDR or BOR reset

  *            @arg RCC_FLAG_PINRST: Pin reset

  *            @arg RCC_FLAG_PORRST: POR/PDR reset

  *            @arg RCC_FLAG_SFTRST: Software reset

  *            @arg RCC_FLAG_IWDGRST: Independent Watchdog reset

  *            @arg RCC_FLAG_WWDGRST: Window Watchdog reset

  *            @arg RCC_FLAG_LPWRRST: Low Power reset

  * @retval The new state of RCC_FLAG (SET or RESET).

  */

FlagStatus RCC_GetFlagStatus(uint8_t RCC_FLAG)

{

  uint32_t tmp = 0;

  uint32_t statusreg = 0;

  FlagStatus bitstatus = RESET;



  /* Check the parameters */

  assert_param(IS_RCC_FLAG(RCC_FLAG));



  /* Get the RCC register index */

  tmp = RCC_FLAG >> 5;

  if (tmp == 1)               /* The flag to check is in CR register */

  {

    statusreg = RCC->CR;

  }

  else if (tmp == 2)          /* The flag to check is in BDCR register */

  {

    statusreg = RCC->BDCR;

  }

  else                       /* The flag to check is in CSR register */

  {

    statusreg = RCC->CSR;

  }



  /* Get the flag position */

  tmp = RCC_FLAG & FLAG_MASK;

  if ((statusreg & ((uint32_t)1 << tmp)) != (uint32_t)RESET)

  {

    bitstatus = SET;

  }

  else

  {

    bitstatus = RESET;

  }

  /* Return the flag status */

  return bitstatus;

}



/**

  * @brief  Clears the RCC reset flags.

  *         The reset flags are: RCC_FLAG_PINRST, RCC_FLAG_PORRST,  RCC_FLAG_SFTRST,

  *         RCC_FLAG_IWDGRST, RCC_FLAG_WWDGRST, RCC_FLAG_LPWRRST

  * @param  None

  * @retval None

  */

void RCC_ClearFlag(void)

{

  /* Set RMVF bit to clear the reset flags */

  RCC->CSR |= RCC_CSR_RMVF;

}



/**

  * @brief  Checks whether the specified RCC interrupt has occurred or not.

  * @param  RCC_IT: specifies the RCC interrupt source to check.

  *          This parameter can be one of the following values:

  *            @arg RCC_IT_LSIRDY: LSI ready interrupt

  *            @arg RCC_IT_LSERDY: LSE ready interrupt

  *            @arg RCC_IT_HSIRDY: HSI ready interrupt

  *            @arg RCC_IT_HSERDY: HSE ready interrupt

  *            @arg RCC_IT_PLLRDY: main PLL ready interrupt

  *            @arg RCC_IT_PLLI2SRDY: PLLI2S ready interrupt  

  *            @arg RCC_IT_CSS: Clock Security System interrupt

  * @retval The new state of RCC_IT (SET or RESET).

  */

ITStatus RCC_GetITStatus(uint8_t RCC_IT)

{

  ITStatus bitstatus = RESET;



  /* Check the parameters */

  assert_param(IS_RCC_GET_IT(RCC_IT));



  /* Check the status of the specified RCC interrupt */

  if ((RCC->CIR & RCC_IT) != (uint32_t)RESET)

  {

    bitstatus = SET;

  }

  else

  {

    bitstatus = RESET;

  }

  /* Return the RCC_IT status */

  return  bitstatus;

}



/**

  * @brief  Clears the RCC's interrupt pending bits.

  * @param  RCC_IT: specifies the interrupt pending bit to clear.

  *          This parameter can be any combination of the following values:

  *            @arg RCC_IT_LSIRDY: LSI ready interrupt

  *            @arg RCC_IT_LSERDY: LSE ready interrupt

  *            @arg RCC_IT_HSIRDY: HSI ready interrupt

  *            @arg RCC_IT_HSERDY: HSE ready interrupt

  *            @arg RCC_IT_PLLRDY: main PLL ready interrupt

  *            @arg RCC_IT_PLLI2SRDY: PLLI2S ready interrupt  

  *            @arg RCC_IT_CSS: Clock Security System interrupt

  * @retval None

  */

void RCC_ClearITPendingBit(uint8_t RCC_IT)

{

  /* Check the parameters */

  assert_param(IS_RCC_CLEAR_IT(RCC_IT));



  /* Perform Byte access to RCC_CIR[23:16] bits to clear the selected interrupt

     pending bits */

  *(__IO uint8_t *) CIR_BYTE3_ADDRESS = RCC_IT;

}



/**

  * @}

  */ 



/**

  * @}

  */ 



/**

  * @}

  */ 



/**

  * @}

  */ 



/******************* (C) COPYRIGHT 2011 STMicroelectronics *****END OF FILE****/








Viz/cmsis_lib/source/stm32f4xx_rtc.c

/**

  ******************************************************************************

  * @file    stm32f4xx_rtc.c

  * @author  MCD Application Team

  * @version V1.0.0

  * @date    30-September-2011

  * @brief   This file provides firmware functions to manage the following 

  *          functionalities of the Real-Time Clock (RTC) peripheral:

  *           - Initialization

  *           - Calendar (Time and Date) configuration

  *           - Alarms (Alarm A and Alarm B) configuration

  *           - WakeUp Timer configuration

  *           - Daylight Saving configuration

  *           - Output pin Configuration

  *           - Coarse digital Calibration configuration

  *           - Smooth digital Calibration configuration

  *           - TimeStamp configuration

  *           - Tampers configuration

  *           - Backup Data Registers configuration

  *           - Shift control synchronisation    

  *           - RTC Tamper and TimeStamp Pins Selection and Output Type Config configuration

  *           - Interrupts and flags management

  *

  *  @verbatim

  *

  *          ===================================================================

  *                               Backup Domain Operating Condition

  *          ===================================================================

  *          The real-time clock (RTC), the RTC backup registers, and the backup 

  *          SRAM (BKP SRAM) can be powered from the VBAT voltage when the main 

  *          VDD supply is powered off.

  *          To retain the content of the RTC backup registers, backup SRAM, 

  *          and supply the RTC when VDD is turned off, VBAT pin can be connected 

  *          to an optional standby voltage supplied by a battery or by another 

  *          source.

  *

  *          To allow the RTC to operate even when the main digital supply (VDD) 

  *          is turned off, the VBAT pin powers the following blocks:

  *            1 - The RTC

  *            2 - The LSE oscillator

  *            3 - The backup SRAM when the low power backup regulator is enabled

  *            4 - PC13 to PC15 I/Os, plus PI8 I/O (when available)

  *

  *          When the backup domain is supplied by VDD (analog switch connected 

  *          to VDD), the following functions are available:

  *            1 - PC14 and PC15 can be used as either GPIO or LSE pins

  *            2 - PC13 can be used as a GPIO or as the RTC_AF1 pin

  *            3 - PI8 can be used as a GPIO or as the RTC_AF2 pin

  *

  *          When the backup domain is supplied by VBAT (analog switch connected 

  *          to VBAT because VDD is not present), the following functions are available:

  *            1 - PC14 and PC15 can be used as LSE pins only

  *            2 - PC13 can be used as the RTC_AF1 pin 

  *            3 - PI8 can be used as the RTC_AF2 pin

  *

  *          ===================================================================

  *                                    Backup Domain Reset

  *          ===================================================================

  *          The backup domain reset sets all RTC registers and the RCC_BDCR 

  *          register to their reset values. The BKPSRAM is not affected by this

  *          reset. The only way of resetting the BKPSRAM is through the Flash 

  *          interface by requesting a protection level change from 1 to 0.

  *          A backup domain reset is generated when one of the following events

  *          occurs:

  *            1 - Software reset, triggered by setting the BDRST bit in the 

  *                RCC Backup domain control register (RCC_BDCR). You can use the

  *                RCC_BackupResetCmd().

  *            2 - VDD or VBAT power on, if both supplies have previously been

  *                powered off.

  *

  *          ===================================================================

  *                                   Backup Domain Access

  *          ===================================================================

  *          After reset, the backup domain (RTC registers, RTC backup data 

  *          registers and backup SRAM) is protected against possible unwanted 

  *          write accesses. 

  *          To enable access to the RTC Domain and RTC registers, proceed as follows:

  *            - Enable the Power Controller (PWR) APB1 interface clock using the

  *              RCC_APB1PeriphClockCmd() function.

  *            - Enable access to RTC domain using the PWR_BackupAccessCmd() function.

  *            - Select the RTC clock source using the RCC_RTCCLKConfig() function.

  *            - Enable RTC Clock using the RCC_RTCCLKCmd() function.

  *

  *          ===================================================================

  *                                   RTC Driver: how to use it

  *          ===================================================================

  *            - Enable the RTC domain access (see description in the section above)

  *            - Configure the RTC Prescaler (Asynchronous and Synchronous) and

  *              RTC hour format using the RTC_Init() function.

  *

  *          Time and Date configuration

  *          ===========================

  *            - To configure the RTC Calendar (Time and Date) use the RTC_SetTime()

  *              and RTC_SetDate() functions.

  *            - To read the RTC Calendar, use the RTC_GetTime() and RTC_GetDate()

  *              functions.

  *            - Use the RTC_DayLightSavingConfig() function to add or sub one

  *              hour to the RTC Calendar.    

  *

  *          Alarm configuration

  *          ===================

  *            - To configure the RTC Alarm use the RTC_SetAlarm() function.

  *            - Enable the selected RTC Alarm using the RTC_AlarmCmd() function

  *            - To read the RTC Alarm, use the RTC_GetAlarm() function.

  *            - To read the RTC alarm SubSecond, use the RTC_GetAlarmSubSecond() function.

  *

  *          RTC Wakeup configuration

  *          ========================

  *            - Configure the RTC Wakeup Clock source use the RTC_WakeUpClockConfig()

  *              function.

  *            - Configure the RTC WakeUp Counter using the RTC_SetWakeUpCounter() 

  *              function  

  *            - Enable the RTC WakeUp using the RTC_WakeUpCmd() function  

  *            - To read the RTC WakeUp Counter register, use the RTC_GetWakeUpCounter() 

  *              function.

  *

  *          Outputs configuration

  *          =====================

  *          The RTC has 2 different outputs:

  *            - AFO_ALARM: this output is used to manage the RTC Alarm A, Alarm B

  *              and WaKeUp signals.          

  *              To output the selected RTC signal on RTC_AF1 pin, use the 

  *              RTC_OutputConfig() function.                

  *            - AFO_CALIB: this output is 512Hz signal or 1Hz .  

  *              To output the RTC Clock on RTC_AF1 pin, use the RTC_CalibOutputCmd()

  *              function.

  *

  *          Smooth digital Calibration configuration

  *          =================================    

  *            - Configure the RTC Original Digital Calibration Value and the corresponding

  *              calibration cycle period (32s,16s and 8s) using the RTC_SmoothCalibConfig() 

  *              function.

  *

  *          Coarse digital Calibration configuration

  *          =================================

  *            - Configure the RTC Coarse Calibration Value and the corresponding

  *              sign using the RTC_CoarseCalibConfig() function.

  *            - Enable the RTC Coarse Calibration using the RTC_CoarseCalibCmd() 

  *              function  

  *

  *          TimeStamp configuration

  *          =======================

  *            - Configure the RTC_AF1 trigger and enables the RTC TimeStamp 

  *              using the RTC_TimeStampCmd() function.

  *            - To read the RTC TimeStamp Time and Date register, use the 

  *              RTC_GetTimeStamp() function.

  *            - To read the RTC TimeStamp SubSecond register, use the 

  *              RTC_GetTimeStampSubSecond() function.

  *            - The TAMPER1 alternate function can be mapped either to RTC_AF1(PC13)

  *              or RTC_AF2 (PI8) depending on the value of TAMP1INSEL bit in 

  *              RTC_TAFCR register. You can use the  RTC_TamperPinSelection()

  *              function to select the corresponding pin.     

  *

  *          Tamper configuration

  *          ====================

  *            - Enable the RTC Tamper using the RTC_TamperCmd() function.

  *             - Configure the Tamper filter count using RTC_TamperFilterConfig()

  *              function. 

  *            - Configure the RTC Tamper trigger Edge or Level according to the Tamper 

  *              filter (if equal to 0 Edge else Level) value using the RTC_TamperConfig() function.

  *            - Configure the Tamper sampling frequency using RTC_TamperSamplingFreqConfig()

  *              function.

  *            - Configure the Tamper precharge or discharge duration using 

  *              RTC_TamperPinsPrechargeDuration() function.

  *            - Enable the Tamper Pull-UP using RTC_TamperPullUpDisableCmd() function.

  *            - Enable the Time stamp on Tamper detection event using  

  *              RTC_TSOnTamperDetecCmd() function.

  *            - The TIMESTAMP alternate function can be mapped to either RTC_AF1 

  *              or RTC_AF2 depending on the value of the TSINSEL bit in the 

  *              RTC_TAFCR register. You can use the  RTC_TimeStampPinSelection()

  *              function to select the corresponding pin. 

  *

  *          Backup Data Registers configuration

  *          ===================================

  *            - To write to the RTC Backup Data registers, use the RTC_WriteBackupRegister()

  *              function.  

  *            - To read the RTC Backup Data registers, use the RTC_ReadBackupRegister()

  *              function.

  * 

  *          ===================================================================

  *                                  RTC and low power modes

  *          ===================================================================

  *           The MCU can be woken up from a low power mode by an RTC alternate 

  *           function.

  *           The RTC alternate functions are the RTC alarms (Alarm A and Alarm B), 

  *           RTC wakeup, RTC tamper event detection and RTC time stamp event detection.

  *           These RTC alternate functions can wake up the system from the Stop 

  *           and Standby lowpower modes.

  *           The system can also wake up from low power modes without depending 

  *           on an external interrupt (Auto-wakeup mode), by using the RTC alarm 

  *           or the RTC wakeup events.

  *           The RTC provides a programmable time base for waking up from the 

  *           Stop or Standby mode at regular intervals.

  *           Wakeup from STOP and Standby modes is possible only when the RTC 

  *           clock source is LSE or LSI.

  *

  *          ===================================================================

  *                            Selection of RTC_AF1 alternate functions

  *          ===================================================================

  *          The RTC_AF1 pin (PC13) can be used for the following purposes:

  *            - AFO_ALARM output

  *            - AFO_CALIB output

  *            - AFI_TAMPER

  *            - AFI_TIMESTAMP

  *

  * +-------------------------------------------------------------------------------------------------------------+

  * |     Pin         |AFO_ALARM |AFO_CALIB |AFI_TAMPER |AFI_TIMESTAMP | TAMP1INSEL |   TSINSEL    |ALARMOUTTYPE  |

  * |  configuration  | ENABLED  | ENABLED  |  ENABLED  |   ENABLED    |TAMPER1 pin |TIMESTAMP pin |  AFO_ALARM   |

  * |  and function   |          |          |           |              | selection  |  selection   |Configuration |

  * |-----------------|----------|----------|-----------|--------------|------------|--------------|--------------|

  * |   Alarm out     |          |          |           |              |    Don't   |     Don't    |              |

  * |   output OD     |     1    |Don't care|Don't care | Don't care   |    care    |     care     |      0       |

  * |-----------------|----------|----------|-----------|--------------|------------|--------------|--------------|

  * |   Alarm out     |          |          |           |              |    Don't   |     Don't    |              |

  * |   output PP     |     1    |Don't care|Don't care | Don't care   |    care    |     care     |      1       |

  * |-----------------|----------|----------|-----------|--------------|------------|--------------|--------------|

  * | Calibration out |          |          |           |              |    Don't   |     Don't    |              |

  * |   output PP     |     0    |    1     |Don't care | Don't care   |    care    |     care     |  Don't care  |

  * |-----------------|----------|----------|-----------|--------------|------------|--------------|--------------|

  * |  TAMPER input   |          |          |           |              |            |     Don't    |              |

  * |   floating      |     0    |    0     |     1     |      0       |      0     |     care     |  Don't care  |

  * |-----------------|----------|----------|-----------|--------------|------------|--------------|--------------|

  * |  TIMESTAMP and  |          |          |           |              |            |              |              |

  * |  TAMPER input   |     0    |    0     |     1     |      1       |      0     |      0       |  Don't care  |

  * |   floating      |          |          |           |              |            |              |              |

  * |-----------------|----------|----------|-----------|--------------|------------|--------------|--------------|

  * | TIMESTAMP input |          |          |           |              |    Don't   |              |              |

  * |    floating     |     0    |    0     |     0     |      1       |    care    |      0       |  Don't care  |

  * |-----------------|----------|----------|-----------|--------------|------------|--------------|--------------|

  * |  Standard GPIO  |     0    |    0     |     0     |      0       | Don't care |  Don't care  |  Don't care  |

  * +-------------------------------------------------------------------------------------------------------------+

  *

  *

  *          ===================================================================

  *                            Selection of RTC_AF2 alternate functions

  *          ===================================================================

  *          The RTC_AF2 pin (PI8) can be used for the following purposes:

  *            - AFI_TAMPER

  *            - AFI_TIMESTAMP

  *

  * +---------------------------------------------------------------------------------------+

  * |     Pin         |AFI_TAMPER |AFI_TIMESTAMP | TAMP1INSEL |   TSINSEL    |ALARMOUTTYPE  |

  * |  configuration  |  ENABLED  |   ENABLED    |TAMPER1 pin |TIMESTAMP pin |  AFO_ALARM   |

  * |  and function   |           |              | selection  |  selection   |Configuration |

  * |-----------------|-----------|--------------|------------|--------------|--------------|

  * |  TAMPER input   |           |              |            |     Don't    |              |

  * |   floating      |     1     |      0       |      1     |     care     |  Don't care  |

  * |-----------------|-----------|--------------|------------|--------------|--------------|

  * |  TIMESTAMP and  |           |              |            |              |              |

  * |  TAMPER input   |     1     |      1       |      1     |      1       |  Don't care  |

  * |   floating      |           |              |            |              |              |

  * |-----------------|-----------|--------------|------------|--------------|--------------|

  * | TIMESTAMP input |           |              |    Don't   |              |              |

  * |    floating     |     0     |      1       |    care    |      1       |  Don't care  |

  * |-----------------|-----------|--------------|------------|--------------|--------------|

  * |  Standard GPIO  |     0     |      0       | Don't care |  Don't care  |  Don't care  |

  * +---------------------------------------------------------------------------------------+

  * 

  *

  *  @endverbatim

  *

  ******************************************************************************

  * @attention

  *

  * THE PRESENT FIRMWARE WHICH IS FOR GUIDANCE ONLY AIMS AT PROVIDING CUSTOMERS

  * WITH CODING INFORMATION REGARDING THEIR PRODUCTS IN ORDER FOR THEM TO SAVE

  * TIME. AS A RESULT, STMICROELECTRONICS SHALL NOT BE HELD LIABLE FOR ANY

  * DIRECT, INDIRECT OR CONSEQUENTIAL DAMAGES WITH RESPECT TO ANY CLAIMS ARISING

  * FROM THE CONTENT OF SUCH FIRMWARE AND/OR THE USE MADE BY CUSTOMERS OF THE

  * CODING INFORMATION CONTAINED HEREIN IN CONNECTION WITH THEIR PRODUCTS.

  *

  * <h2><center>&copy; COPYRIGHT 2011 STMicroelectronics</center></h2>

  ******************************************************************************

  */ 



/* Includes ------------------------------------------------------------------*/

#include "stm32f4xx_rtc.h"

#include "stm32f4xx_rcc.h"



/** @addtogroup STM32F4xx_StdPeriph_Driver

  * @{

  */



/** @defgroup RTC 

  * @brief RTC driver modules

  * @{

  */



/* Private typedef -----------------------------------------------------------*/

/* Private define ------------------------------------------------------------*/



/* Masks Definition */

#define RTC_TR_RESERVED_MASK    ((uint32_t)0x007F7F7F)

#define RTC_DR_RESERVED_MASK    ((uint32_t)0x00FFFF3F) 

#define RTC_INIT_MASK           ((uint32_t)0xFFFFFFFF)  

#define RTC_RSF_MASK            ((uint32_t)0xFFFFFF5F)

#define RTC_FLAGS_MASK          ((uint32_t)(RTC_FLAG_TSOVF | RTC_FLAG_TSF | RTC_FLAG_WUTF | \

                                            RTC_FLAG_ALRBF | RTC_FLAG_ALRAF | RTC_FLAG_INITF | \

                                            RTC_FLAG_RSF | RTC_FLAG_INITS | RTC_FLAG_WUTWF | \

                                            RTC_FLAG_ALRBWF | RTC_FLAG_ALRAWF | RTC_FLAG_TAMP1F ))



#define INITMODE_TIMEOUT         ((uint32_t) 0x00010000)

#define SYNCHRO_TIMEOUT          ((uint32_t) 0x00020000)

#define RECALPF_TIMEOUT          ((uint32_t) 0x00020000)

#define SHPF_TIMEOUT             ((uint32_t) 0x00001000)



/* Private macro -------------------------------------------------------------*/

/* Private variables ---------------------------------------------------------*/

/* Private function prototypes -----------------------------------------------*/

static uint8_t RTC_ByteToBcd2(uint8_t Value);

static uint8_t RTC_Bcd2ToByte(uint8_t Value);



/* Private functions ---------------------------------------------------------*/



/** @defgroup RTC_Private_Functions

  * @{

  */ 



/** @defgroup RTC_Group1 Initialization and Configuration functions

 *  @brief   Initialization and Configuration functions 

 *

@verbatim   

 ===============================================================================

                 Initialization and Configuration functions

 ===============================================================================



  This section provide functions allowing to initialize and configure the RTC

  Prescaler (Synchronous and Asynchronous), RTC Hour format, disable RTC registers

  Write protection, enter and exit the RTC initialization mode, RTC registers

  synchronization check and reference clock detection enable.

  

  1. The RTC Prescaler is programmed to generate the RTC 1Hz time base. It is

     split into 2 programmable prescalers to minimize power consumption.

     - A 7-bit asynchronous prescaler and A 13-bit synchronous prescaler.

     - When both prescalers are used, it is recommended to configure the asynchronous

       prescaler to a high value to minimize consumption.



  2. All RTC registers are Write protected. Writing to the RTC registers

     is enabled by writing a key into the Write Protection register, RTC_WPR.



  3. To Configure the RTC Calendar, user application should enter initialization

     mode. In this mode, the calendar counter is stopped and its value can be 

     updated. When the initialization sequence is complete, the calendar restarts 

     counting after 4 RTCCLK cycles.



  4. To read the calendar through the shadow registers after Calendar initialization,

     calendar update or after wakeup from low power modes the software must first 

     clear the RSF flag. The software must then wait until it is set again before 

     reading the calendar, which means that the calendar registers have been 

     correctly copied into the RTC_TR and RTC_DR shadow registers.

     The RTC_WaitForSynchro() function implements the above software sequence 

     (RSF clear and RSF check).



@endverbatim

  * @{

  */



/**

  * @brief  Deinitializes the RTC registers to their default reset values.

  * @note   This function doesn't reset the RTC Clock source and RTC Backup Data

  *         registers.       

  * @param  None

  * @retval An ErrorStatus enumeration value:

  *          - SUCCESS: RTC registers are deinitialized

  *          - ERROR: RTC registers are not deinitialized

  */

ErrorStatus RTC_DeInit(void)

{

  __IO uint32_t wutcounter = 0x00;

  uint32_t wutwfstatus = 0x00;

  ErrorStatus status = ERROR;

  

  /* Disable the write protection for RTC registers */

  RTC->WPR = 0xCA;

  RTC->WPR = 0x53;



  /* Set Initialization mode */

  if (RTC_EnterInitMode() == ERROR)

  {

    status = ERROR;

  }  

  else

  {

    /* Reset TR, DR and CR registers */

    RTC->TR = (uint32_t)0x00000000;

    RTC->DR = (uint32_t)0x00002101;

    /* Reset All CR bits except CR[2:0] */

    RTC->CR &= (uint32_t)0x00000007;

  

    /* Wait till RTC WUTWF flag is set and if Time out is reached exit */

    do

    {

      wutwfstatus = RTC->ISR & RTC_ISR_WUTWF;

      wutcounter++;  

    } while((wutcounter != INITMODE_TIMEOUT) && (wutwfstatus == 0x00));

    

    if ((RTC->ISR & RTC_ISR_WUTWF) == RESET)

    {

      status = ERROR;

    }

    else

    {

      /* Reset all RTC CR register bits */

      RTC->CR &= (uint32_t)0x00000000;

      RTC->WUTR = (uint32_t)0x0000FFFF;

      RTC->PRER = (uint32_t)0x007F00FF;

      RTC->CALIBR = (uint32_t)0x00000000;

      RTC->ALRMAR = (uint32_t)0x00000000;        

      RTC->ALRMBR = (uint32_t)0x00000000;

      

      /* Reset ISR register and exit initialization mode */

      RTC->ISR = (uint32_t)0x00000000;

      

      /* Reset Tamper and alternate functions configuration register */

      RTC->TAFCR = 0x00000000;

  

      if(RTC_WaitForSynchro() == ERROR)

      {

        status = ERROR;

      }

      else

      {

        status = SUCCESS;      

      }

    }

  }

  

  /* Enable the write protection for RTC registers */

  RTC->WPR = 0xFF;  

  

  return status;

}



/**

  * @brief  Initializes the RTC registers according to the specified parameters 

  *         in RTC_InitStruct.

  * @param  RTC_InitStruct: pointer to a RTC_InitTypeDef structure that contains 

  *         the configuration information for the RTC peripheral.

  * @note   The RTC Prescaler register is write protected and can be written in 

  *         initialization mode only.  

  * @retval An ErrorStatus enumeration value:

  *          - SUCCESS: RTC registers are initialized

  *          - ERROR: RTC registers are not initialized  

  */

ErrorStatus RTC_Init(RTC_InitTypeDef* RTC_InitStruct)

{

  ErrorStatus status = ERROR;

  

  /* Check the parameters */

  assert_param(IS_RTC_HOUR_FORMAT(RTC_InitStruct->RTC_HourFormat));

  assert_param(IS_RTC_ASYNCH_PREDIV(RTC_InitStruct->RTC_AsynchPrediv));

  assert_param(IS_RTC_SYNCH_PREDIV(RTC_InitStruct->RTC_SynchPrediv));



  /* Disable the write protection for RTC registers */

  RTC->WPR = 0xCA;

  RTC->WPR = 0x53;



  /* Set Initialization mode */

  if (RTC_EnterInitMode() == ERROR)

  {

    status = ERROR;

  } 

  else

  {

    /* Clear RTC CR FMT Bit */

    RTC->CR &= ((uint32_t)~(RTC_CR_FMT));

    /* Set RTC_CR register */

    RTC->CR |=  ((uint32_t)(RTC_InitStruct->RTC_HourFormat));

  

    /* Configure the RTC PRER */

    RTC->PRER = (uint32_t)(RTC_InitStruct->RTC_SynchPrediv);

    RTC->PRER |= (uint32_t)(RTC_InitStruct->RTC_AsynchPrediv << 16);



    /* Exit Initialization mode */

    RTC_ExitInitMode();



    status = SUCCESS;    

  }

  /* Enable the write protection for RTC registers */

  RTC->WPR = 0xFF; 

  

  return status;

}



/**

  * @brief  Fills each RTC_InitStruct member with its default value.

  * @param  RTC_InitStruct: pointer to a RTC_InitTypeDef structure which will be 

  *         initialized.

  * @retval None

  */

void RTC_StructInit(RTC_InitTypeDef* RTC_InitStruct)

{

  /* Initialize the RTC_HourFormat member */

  RTC_InitStruct->RTC_HourFormat = RTC_HourFormat_24;

    

  /* Initialize the RTC_AsynchPrediv member */

  RTC_InitStruct->RTC_AsynchPrediv = (uint32_t)0x7F;



  /* Initialize the RTC_SynchPrediv member */

  RTC_InitStruct->RTC_SynchPrediv = (uint32_t)0xFF; 

}



/**

  * @brief  Enables or disables the RTC registers write protection.

  * @note   All the RTC registers are write protected except for RTC_ISR[13:8], 

  *         RTC_TAFCR and RTC_BKPxR.

  * @note   Writing a wrong key reactivates the write protection.

  * @note   The protection mechanism is not affected by system reset.  

  * @param  NewState: new state of the write protection.

  *          This parameter can be: ENABLE or DISABLE.

  * @retval None

  */

void RTC_WriteProtectionCmd(FunctionalState NewState)

{

  /* Check the parameters */

  assert_param(IS_FUNCTIONAL_STATE(NewState));

    

  if (NewState != DISABLE)

  {

    /* Enable the write protection for RTC registers */

    RTC->WPR = 0xFF;   

  }

  else

  {

    /* Disable the write protection for RTC registers */

    RTC->WPR = 0xCA;

    RTC->WPR = 0x53;    

  }

}



/**

  * @brief  Enters the RTC Initialization mode.

  * @note   The RTC Initialization mode is write protected, use the 

  *         RTC_WriteProtectionCmd(DISABLE) before calling this function.    

  * @param  None

  * @retval An ErrorStatus enumeration value:

  *          - SUCCESS: RTC is in Init mode

  *          - ERROR: RTC is not in Init mode  

  */

ErrorStatus RTC_EnterInitMode(void)

{

  __IO uint32_t initcounter = 0x00;

  ErrorStatus status = ERROR;

  uint32_t initstatus = 0x00;

     

  /* Check if the Initialization mode is set */

  if ((RTC->ISR & RTC_ISR_INITF) == (uint32_t)RESET)

  {

    /* Set the Initialization mode */

    RTC->ISR = (uint32_t)RTC_INIT_MASK;

    

    /* Wait till RTC is in INIT state and if Time out is reached exit */

    do

    {

      initstatus = RTC->ISR & RTC_ISR_INITF;

      initcounter++;  

    } while((initcounter != INITMODE_TIMEOUT) && (initstatus == 0x00));

    

    if ((RTC->ISR & RTC_ISR_INITF) != RESET)

    {

      status = SUCCESS;

    }

    else

    {

      status = ERROR;

    }        

  }

  else

  {

    status = SUCCESS;  

  } 

    

  return (status);  

}



/**

  * @brief  Exits the RTC Initialization mode.

  * @note   When the initialization sequence is complete, the calendar restarts 

  *         counting after 4 RTCCLK cycles.  

  * @note   The RTC Initialization mode is write protected, use the 

  *         RTC_WriteProtectionCmd(DISABLE) before calling this function.      

  * @param  None

  * @retval None

  */

void RTC_ExitInitMode(void)

{ 

  /* Exit Initialization mode */

  RTC->ISR &= (uint32_t)~RTC_ISR_INIT;  

}



/**

  * @brief  Waits until the RTC Time and Date registers (RTC_TR and RTC_DR) are 

  *         synchronized with RTC APB clock.

  * @note   The RTC Resynchronization mode is write protected, use the 

  *         RTC_WriteProtectionCmd(DISABLE) before calling this function. 

  * @note   To read the calendar through the shadow registers after Calendar 

  *         initialization, calendar update or after wakeup from low power modes 

  *         the software must first clear the RSF flag. 

  *         The software must then wait until it is set again before reading 

  *         the calendar, which means that the calendar registers have been 

  *         correctly copied into the RTC_TR and RTC_DR shadow registers.   

  * @param  None

  * @retval An ErrorStatus enumeration value:

  *          - SUCCESS: RTC registers are synchronised

  *          - ERROR: RTC registers are not synchronised

  */

ErrorStatus RTC_WaitForSynchro(void)

{

  __IO uint32_t synchrocounter = 0;

  ErrorStatus status = ERROR;

  uint32_t synchrostatus = 0x00;



  /* Disable the write protection for RTC registers */

  RTC->WPR = 0xCA;

  RTC->WPR = 0x53;

    

  /* Clear RSF flag */

  RTC->ISR &= (uint32_t)RTC_RSF_MASK;

    

  /* Wait the registers to be synchronised */

  do

  {

    synchrostatus = RTC->ISR & RTC_ISR_RSF;

    synchrocounter++;  

  } while((synchrocounter != SYNCHRO_TIMEOUT) && (synchrostatus == 0x00));

    

  if ((RTC->ISR & RTC_ISR_RSF) != RESET)

  {

    status = SUCCESS;

  }

  else

  {

    status = ERROR;

  }        



  /* Enable the write protection for RTC registers */

  RTC->WPR = 0xFF; 

    

  return (status); 

}



/**

  * @brief  Enables or disables the RTC reference clock detection.

  * @param  NewState: new state of the RTC reference clock.

  *          This parameter can be: ENABLE or DISABLE.

  * @retval An ErrorStatus enumeration value:

  *          - SUCCESS: RTC reference clock detection is enabled

  *          - ERROR: RTC reference clock detection is disabled  

  */

ErrorStatus RTC_RefClockCmd(FunctionalState NewState)

{ 

  ErrorStatus status = ERROR;

  

  /* Check the parameters */

  assert_param(IS_FUNCTIONAL_STATE(NewState));

  

  /* Disable the write protection for RTC registers */

  RTC->WPR = 0xCA;

  RTC->WPR = 0x53;

    

  /* Set Initialization mode */

  if (RTC_EnterInitMode() == ERROR)

  {

    status = ERROR;

  } 

  else

  {  

    if (NewState != DISABLE)

    {

      /* Enable the RTC reference clock detection */

      RTC->CR |= RTC_CR_REFCKON;   

    }

    else

    {

      /* Disable the RTC reference clock detection */

      RTC->CR &= ~RTC_CR_REFCKON;    

    }

    /* Exit Initialization mode */

    RTC_ExitInitMode();

    

    status = SUCCESS;

  }

  

  /* Enable the write protection for RTC registers */

  RTC->WPR = 0xFF;  

  

  return status; 

}



/**

  * @brief  Enables or Disables the Bypass Shadow feature.

  * @note   When the Bypass Shadow is enabled the calendar value are taken 

  *         directly from the Calendar counter.

  * @param  NewState: new state of the Bypass Shadow feature.

  *         This parameter can be: ENABLE or DISABLE.

  * @retval None

*/

void RTC_BypassShadowCmd(FunctionalState NewState)

{

  /* Check the parameters */

  assert_param(IS_FUNCTIONAL_STATE(NewState));



  /* Disable the write protection for RTC registers */

  RTC->WPR = 0xCA;

  RTC->WPR = 0x53;

  

  if (NewState != DISABLE)

  {

    /* Set the BYPSHAD bit */

    RTC->CR |= (uint8_t)RTC_CR_BYPSHAD;

  }

  else

  {

    /* Reset the BYPSHAD bit */

    RTC->CR &= (uint8_t)~RTC_CR_BYPSHAD;

  }



  /* Enable the write protection for RTC registers */

  RTC->WPR = 0xFF;

}



/**

  * @}

  */



/** @defgroup RTC_Group2 Time and Date configuration functions

 *  @brief   Time and Date configuration functions 

 *

@verbatim   

 ===============================================================================

                   Time and Date configuration functions

 ===============================================================================  



  This section provide functions allowing to program and read the RTC Calendar

  (Time and Date).



@endverbatim

  * @{

  */



/**

  * @brief  Set the RTC current time.

  * @param  RTC_Format: specifies the format of the entered parameters.

  *          This parameter can be  one of the following values:

  *            @arg RTC_Format_BIN:  Binary data format 

  *            @arg RTC_Format_BCD:  BCD data format

  * @param  RTC_TimeStruct: pointer to a RTC_TimeTypeDef structure that contains 

  *                        the time configuration information for the RTC.     

  * @retval An ErrorStatus enumeration value:

  *          - SUCCESS: RTC Time register is configured

  *          - ERROR: RTC Time register is not configured

  */

ErrorStatus RTC_SetTime(uint32_t RTC_Format, RTC_TimeTypeDef* RTC_TimeStruct)

{

  uint32_t tmpreg = 0;

  ErrorStatus status = ERROR;

    

  /* Check the parameters */

  assert_param(IS_RTC_FORMAT(RTC_Format));

  

  if (RTC_Format == RTC_Format_BIN)

  {

    if ((RTC->CR & RTC_CR_FMT) != (uint32_t)RESET)

    {

      assert_param(IS_RTC_HOUR12(RTC_TimeStruct->RTC_Hours));

      assert_param(IS_RTC_H12(RTC_TimeStruct->RTC_H12));

    } 

    else

    {

      RTC_TimeStruct->RTC_H12 = 0x00;

      assert_param(IS_RTC_HOUR24(RTC_TimeStruct->RTC_Hours));

    }

    assert_param(IS_RTC_MINUTES(RTC_TimeStruct->RTC_Minutes));

    assert_param(IS_RTC_SECONDS(RTC_TimeStruct->RTC_Seconds));

  }

  else

  {

    if ((RTC->CR & RTC_CR_FMT) != (uint32_t)RESET)

    {

      tmpreg = RTC_Bcd2ToByte(RTC_TimeStruct->RTC_Hours);

      assert_param(IS_RTC_HOUR12(tmpreg));

      assert_param(IS_RTC_H12(RTC_TimeStruct->RTC_H12)); 

    } 

    else

    {

      RTC_TimeStruct->RTC_H12 = 0x00;

      assert_param(IS_RTC_HOUR24(RTC_Bcd2ToByte(RTC_TimeStruct->RTC_Hours)));

    }

    assert_param(IS_RTC_MINUTES(RTC_Bcd2ToByte(RTC_TimeStruct->RTC_Minutes)));

    assert_param(IS_RTC_SECONDS(RTC_Bcd2ToByte(RTC_TimeStruct->RTC_Seconds)));

  }

  

  /* Check the input parameters format */

  if (RTC_Format != RTC_Format_BIN)

  {

    tmpreg = (((uint32_t)(RTC_TimeStruct->RTC_Hours) << 16) | \

             ((uint32_t)(RTC_TimeStruct->RTC_Minutes) << 8) | \

             ((uint32_t)RTC_TimeStruct->RTC_Seconds) | \

             ((uint32_t)(RTC_TimeStruct->RTC_H12) << 16)); 

  }  

  else

  {

    tmpreg = (uint32_t)(((uint32_t)RTC_ByteToBcd2(RTC_TimeStruct->RTC_Hours) << 16) | \

                   ((uint32_t)RTC_ByteToBcd2(RTC_TimeStruct->RTC_Minutes) << 8) | \

                   ((uint32_t)RTC_ByteToBcd2(RTC_TimeStruct->RTC_Seconds)) | \

                   (((uint32_t)RTC_TimeStruct->RTC_H12) << 16));

  }  



  /* Disable the write protection for RTC registers */

  RTC->WPR = 0xCA;

  RTC->WPR = 0x53;



  /* Set Initialization mode */

  if (RTC_EnterInitMode() == ERROR)

  {

    status = ERROR;

  } 

  else

  {

    /* Set the RTC_TR register */

    RTC->TR = (uint32_t)(tmpreg & RTC_TR_RESERVED_MASK);



    /* Exit Initialization mode */

    RTC_ExitInitMode(); 



    if(RTC_WaitForSynchro() == ERROR)

    {

      status = ERROR;

    }

    else

    {

      status = SUCCESS;

    }

  

  }

  /* Enable the write protection for RTC registers */

  RTC->WPR = 0xFF; 

    

  return status;

}



/**

  * @brief  Fills each RTC_TimeStruct member with its default value

  *         (Time = 00h:00min:00sec).

  * @param  RTC_TimeStruct: pointer to a RTC_TimeTypeDef structure which will be 

  *         initialized.

  * @retval None

  */

void RTC_TimeStructInit(RTC_TimeTypeDef* RTC_TimeStruct)

{

  /* Time = 00h:00min:00sec */

  RTC_TimeStruct->RTC_H12 = RTC_H12_AM;

  RTC_TimeStruct->RTC_Hours = 0;

  RTC_TimeStruct->RTC_Minutes = 0;

  RTC_TimeStruct->RTC_Seconds = 0; 

}



/**

  * @brief  Get the RTC current Time.

  * @param  RTC_Format: specifies the format of the returned parameters.

  *          This parameter can be  one of the following values:

  *            @arg RTC_Format_BIN:  Binary data format 

  *            @arg RTC_Format_BCD:  BCD data format

  * @param  RTC_TimeStruct: pointer to a RTC_TimeTypeDef structure that will 

  *                        contain the returned current time configuration.     

  * @retval None

  */

void RTC_GetTime(uint32_t RTC_Format, RTC_TimeTypeDef* RTC_TimeStruct)

{

  uint32_t tmpreg = 0;



  /* Check the parameters */

  assert_param(IS_RTC_FORMAT(RTC_Format));



  /* Get the RTC_TR register */

  tmpreg = (uint32_t)(RTC->TR & RTC_TR_RESERVED_MASK); 

  

  /* Fill the structure fields with the read parameters */

  RTC_TimeStruct->RTC_Hours = (uint8_t)((tmpreg & (RTC_TR_HT | RTC_TR_HU)) >> 16);

  RTC_TimeStruct->RTC_Minutes = (uint8_t)((tmpreg & (RTC_TR_MNT | RTC_TR_MNU)) >>8);

  RTC_TimeStruct->RTC_Seconds = (uint8_t)(tmpreg & (RTC_TR_ST | RTC_TR_SU));

  RTC_TimeStruct->RTC_H12 = (uint8_t)((tmpreg & (RTC_TR_PM)) >> 16);  



  /* Check the input parameters format */

  if (RTC_Format == RTC_Format_BIN)

  {

    /* Convert the structure parameters to Binary format */

    RTC_TimeStruct->RTC_Hours = (uint8_t)RTC_Bcd2ToByte(RTC_TimeStruct->RTC_Hours);

    RTC_TimeStruct->RTC_Minutes = (uint8_t)RTC_Bcd2ToByte(RTC_TimeStruct->RTC_Minutes);

    RTC_TimeStruct->RTC_Seconds = (uint8_t)RTC_Bcd2ToByte(RTC_TimeStruct->RTC_Seconds);   

  }

}



/**

  * @brief  Gets the RTC current Calendar Subseconds value.

  * @note   This function freeze the Time and Date registers after reading the 

  *         SSR register.

  * @param  None

  * @retval RTC current Calendar Subseconds value.

  */

uint32_t RTC_GetSubSecond(void)

{

  uint32_t tmpreg = 0;

  

  /* Get subseconds values from the correspondent registers*/

  tmpreg = (uint32_t)(RTC->SSR);

  

  /* Read DR register to unfroze calendar registers */

  (void) (RTC->DR);

  

  return (tmpreg);

}



/**

  * @brief  Set the RTC current date.

  * @param  RTC_Format: specifies the format of the entered parameters.

  *          This parameter can be  one of the following values:

  *            @arg RTC_Format_BIN:  Binary data format 

  *            @arg RTC_Format_BCD:  BCD data format

  * @param  RTC_DateStruct: pointer to a RTC_DateTypeDef structure that contains 

  *                         the date configuration information for the RTC.

  * @retval An ErrorStatus enumeration value:

  *          - SUCCESS: RTC Date register is configured

  *          - ERROR: RTC Date register is not configured

  */

ErrorStatus RTC_SetDate(uint32_t RTC_Format, RTC_DateTypeDef* RTC_DateStruct)

{

  uint32_t tmpreg = 0;

  ErrorStatus status = ERROR;

  

  /* Check the parameters */

  assert_param(IS_RTC_FORMAT(RTC_Format));



  if ((RTC_Format == RTC_Format_BIN) && ((RTC_DateStruct->RTC_Month & 0x10) == 0x10))

  {

    RTC_DateStruct->RTC_Month = (RTC_DateStruct->RTC_Month & (uint32_t)~(0x10)) + 0x0A;

  }  

  if (RTC_Format == RTC_Format_BIN)

  {

    assert_param(IS_RTC_YEAR(RTC_DateStruct->RTC_Year));

    assert_param(IS_RTC_MONTH(RTC_DateStruct->RTC_Month));

    assert_param(IS_RTC_DATE(RTC_DateStruct->RTC_Date));

  }

  else

  {

    assert_param(IS_RTC_YEAR(RTC_Bcd2ToByte(RTC_DateStruct->RTC_Year)));

    tmpreg = RTC_Bcd2ToByte(RTC_DateStruct->RTC_Month);

    assert_param(IS_RTC_MONTH(tmpreg));

    tmpreg = RTC_Bcd2ToByte(RTC_DateStruct->RTC_Date);

    assert_param(IS_RTC_DATE(tmpreg));

  }

  assert_param(IS_RTC_WEEKDAY(RTC_DateStruct->RTC_WeekDay));



  /* Check the input parameters format */

  if (RTC_Format != RTC_Format_BIN)

  {

    tmpreg = ((((uint32_t)RTC_DateStruct->RTC_Year) << 16) | \

              (((uint32_t)RTC_DateStruct->RTC_Month) << 8) | \

              ((uint32_t)RTC_DateStruct->RTC_Date) | \

              (((uint32_t)RTC_DateStruct->RTC_WeekDay) << 13)); 

  }  

  else

  {

    tmpreg = (((uint32_t)RTC_ByteToBcd2(RTC_DateStruct->RTC_Year) << 16) | \

              ((uint32_t)RTC_ByteToBcd2(RTC_DateStruct->RTC_Month) << 8) | \

              ((uint32_t)RTC_ByteToBcd2(RTC_DateStruct->RTC_Date)) | \

              ((uint32_t)RTC_DateStruct->RTC_WeekDay << 13));

  }



  /* Disable the write protection for RTC registers */

  RTC->WPR = 0xCA;

  RTC->WPR = 0x53;



  /* Set Initialization mode */

  if (RTC_EnterInitMode() == ERROR)

  {

    status = ERROR;

  } 

  else

  {

    /* Set the RTC_DR register */

    RTC->DR = (uint32_t)(tmpreg & RTC_DR_RESERVED_MASK);



    /* Exit Initialization mode */

    RTC_ExitInitMode(); 



    if(RTC_WaitForSynchro() == ERROR)

    {

      status = ERROR;

    }

    else

    {

      status = SUCCESS;

    }

  }

  /* Enable the write protection for RTC registers */

  RTC->WPR = 0xFF;   

  

  return status;

}



/**

  * @brief  Fills each RTC_DateStruct member with its default value

  *         (Monday, January 01 xx00).

  * @param  RTC_DateStruct: pointer to a RTC_DateTypeDef structure which will be 

  *         initialized.

  * @retval None

  */

void RTC_DateStructInit(RTC_DateTypeDef* RTC_DateStruct)

{

  /* Monday, January 01 xx00 */

  RTC_DateStruct->RTC_WeekDay = RTC_Weekday_Monday;

  RTC_DateStruct->RTC_Date = 1;

  RTC_DateStruct->RTC_Month = RTC_Month_January;

  RTC_DateStruct->RTC_Year = 0;

}



/**

  * @brief  Get the RTC current date. 

  * @param  RTC_Format: specifies the format of the returned parameters.

  *          This parameter can be one of the following values:

  *            @arg RTC_Format_BIN: Binary data format 

  *            @arg RTC_Format_BCD: BCD data format

  * @param RTC_DateStruct: pointer to a RTC_DateTypeDef structure that will 

  *                        contain the returned current date configuration.     

  * @retval None

  */

void RTC_GetDate(uint32_t RTC_Format, RTC_DateTypeDef* RTC_DateStruct)

{

  uint32_t tmpreg = 0;



  /* Check the parameters */

  assert_param(IS_RTC_FORMAT(RTC_Format));

  

  /* Get the RTC_TR register */

  tmpreg = (uint32_t)(RTC->DR & RTC_DR_RESERVED_MASK); 



  /* Fill the structure fields with the read parameters */

  RTC_DateStruct->RTC_Year = (uint8_t)((tmpreg & (RTC_DR_YT | RTC_DR_YU)) >> 16);

  RTC_DateStruct->RTC_Month = (uint8_t)((tmpreg & (RTC_DR_MT | RTC_DR_MU)) >> 8);

  RTC_DateStruct->RTC_Date = (uint8_t)(tmpreg & (RTC_DR_DT | RTC_DR_DU));

  RTC_DateStruct->RTC_WeekDay = (uint8_t)((tmpreg & (RTC_DR_WDU)) >> 13);



  /* Check the input parameters format */

  if (RTC_Format == RTC_Format_BIN)

  {

    /* Convert the structure parameters to Binary format */

    RTC_DateStruct->RTC_Year = (uint8_t)RTC_Bcd2ToByte(RTC_DateStruct->RTC_Year);

    RTC_DateStruct->RTC_Month = (uint8_t)RTC_Bcd2ToByte(RTC_DateStruct->RTC_Month);

    RTC_DateStruct->RTC_Date = (uint8_t)RTC_Bcd2ToByte(RTC_DateStruct->RTC_Date);

  }

}



/**

  * @}

  */



/** @defgroup RTC_Group3 Alarms configuration functions

 *  @brief   Alarms (Alarm A and Alarm B) configuration functions 

 *

@verbatim   

 ===============================================================================

              Alarms (Alarm A and Alarm B) configuration functions

 ===============================================================================  



  This section provide functions allowing to program and read the RTC Alarms.



@endverbatim

  * @{

  */



/**

  * @brief  Set the specified RTC Alarm.

  * @note   The Alarm register can only be written when the corresponding Alarm

  *         is disabled (Use the RTC_AlarmCmd(DISABLE)).    

  * @param  RTC_Format: specifies the format of the returned parameters.

  *          This parameter can be one of the following values:

  *            @arg RTC_Format_BIN: Binary data format 

  *            @arg RTC_Format_BCD: BCD data format

  * @param  RTC_Alarm: specifies the alarm to be configured.

  *          This parameter can be one of the following values:

  *            @arg RTC_Alarm_A: to select Alarm A

  *            @arg RTC_Alarm_B: to select Alarm B  

  * @param  RTC_AlarmStruct: pointer to a RTC_AlarmTypeDef structure that 

  *                          contains the alarm configuration parameters.     

  * @retval None

  */

void RTC_SetAlarm(uint32_t RTC_Format, uint32_t RTC_Alarm, RTC_AlarmTypeDef* RTC_AlarmStruct)

{

  uint32_t tmpreg = 0;

  

  /* Check the parameters */

  assert_param(IS_RTC_FORMAT(RTC_Format));

  assert_param(IS_RTC_ALARM(RTC_Alarm));

  assert_param(IS_ALARM_MASK(RTC_AlarmStruct->RTC_AlarmMask));

  assert_param(IS_RTC_ALARM_DATE_WEEKDAY_SEL(RTC_AlarmStruct->RTC_AlarmDateWeekDaySel));



  if (RTC_Format == RTC_Format_BIN)

  {

    if ((RTC->CR & RTC_CR_FMT) != (uint32_t)RESET)

    {

      assert_param(IS_RTC_HOUR12(RTC_AlarmStruct->RTC_AlarmTime.RTC_Hours));

      assert_param(IS_RTC_H12(RTC_AlarmStruct->RTC_AlarmTime.RTC_H12));

    } 

    else

    {

      RTC_AlarmStruct->RTC_AlarmTime.RTC_H12 = 0x00;

      assert_param(IS_RTC_HOUR24(RTC_AlarmStruct->RTC_AlarmTime.RTC_Hours));

    }

    assert_param(IS_RTC_MINUTES(RTC_AlarmStruct->RTC_AlarmTime.RTC_Minutes));

    assert_param(IS_RTC_SECONDS(RTC_AlarmStruct->RTC_AlarmTime.RTC_Seconds));

    

    if(RTC_AlarmStruct->RTC_AlarmDateWeekDaySel == RTC_AlarmDateWeekDaySel_Date)

    {

      assert_param(IS_RTC_ALARM_DATE_WEEKDAY_DATE(RTC_AlarmStruct->RTC_AlarmDateWeekDay));

    }

    else

    {

      assert_param(IS_RTC_ALARM_DATE_WEEKDAY_WEEKDAY(RTC_AlarmStruct->RTC_AlarmDateWeekDay));

    }

  }

  else

  {

    if ((RTC->CR & RTC_CR_FMT) != (uint32_t)RESET)

    {

      tmpreg = RTC_Bcd2ToByte(RTC_AlarmStruct->RTC_AlarmTime.RTC_Hours);

      assert_param(IS_RTC_HOUR12(tmpreg));

      assert_param(IS_RTC_H12(RTC_AlarmStruct->RTC_AlarmTime.RTC_H12));

    } 

    else

    {

      RTC_AlarmStruct->RTC_AlarmTime.RTC_H12 = 0x00;

      assert_param(IS_RTC_HOUR24(RTC_Bcd2ToByte(RTC_AlarmStruct->RTC_AlarmTime.RTC_Hours)));

    }

    

    assert_param(IS_RTC_MINUTES(RTC_Bcd2ToByte(RTC_AlarmStruct->RTC_AlarmTime.RTC_Minutes)));

    assert_param(IS_RTC_SECONDS(RTC_Bcd2ToByte(RTC_AlarmStruct->RTC_AlarmTime.RTC_Seconds)));

    

    if(RTC_AlarmStruct->RTC_AlarmDateWeekDaySel == RTC_AlarmDateWeekDaySel_Date)

    {

      tmpreg = RTC_Bcd2ToByte(RTC_AlarmStruct->RTC_AlarmDateWeekDay);

      assert_param(IS_RTC_ALARM_DATE_WEEKDAY_DATE(tmpreg));    

    }

    else

    {

      tmpreg = RTC_Bcd2ToByte(RTC_AlarmStruct->RTC_AlarmDateWeekDay);

      assert_param(IS_RTC_ALARM_DATE_WEEKDAY_WEEKDAY(tmpreg));      

    }    

  }



  /* Check the input parameters format */

  if (RTC_Format != RTC_Format_BIN)

  {

    tmpreg = (((uint32_t)(RTC_AlarmStruct->RTC_AlarmTime.RTC_Hours) << 16) | \

              ((uint32_t)(RTC_AlarmStruct->RTC_AlarmTime.RTC_Minutes) << 8) | \

              ((uint32_t)RTC_AlarmStruct->RTC_AlarmTime.RTC_Seconds) | \

              ((uint32_t)(RTC_AlarmStruct->RTC_AlarmTime.RTC_H12) << 16) | \

              ((uint32_t)(RTC_AlarmStruct->RTC_AlarmDateWeekDay) << 24) | \

              ((uint32_t)RTC_AlarmStruct->RTC_AlarmDateWeekDaySel) | \

              ((uint32_t)RTC_AlarmStruct->RTC_AlarmMask)); 

  }  

  else

  {

    tmpreg = (((uint32_t)RTC_ByteToBcd2(RTC_AlarmStruct->RTC_AlarmTime.RTC_Hours) << 16) | \

              ((uint32_t)RTC_ByteToBcd2(RTC_AlarmStruct->RTC_AlarmTime.RTC_Minutes) << 8) | \

              ((uint32_t)RTC_ByteToBcd2(RTC_AlarmStruct->RTC_AlarmTime.RTC_Seconds)) | \

              ((uint32_t)(RTC_AlarmStruct->RTC_AlarmTime.RTC_H12) << 16) | \

              ((uint32_t)RTC_ByteToBcd2(RTC_AlarmStruct->RTC_AlarmDateWeekDay) << 24) | \

              ((uint32_t)RTC_AlarmStruct->RTC_AlarmDateWeekDaySel) | \

              ((uint32_t)RTC_AlarmStruct->RTC_AlarmMask)); 

  } 



  /* Disable the write protection for RTC registers */

  RTC->WPR = 0xCA;

  RTC->WPR = 0x53;



  /* Configure the Alarm register */

  if (RTC_Alarm == RTC_Alarm_A)

  {

    RTC->ALRMAR = (uint32_t)tmpreg;

  }

  else

  {

    RTC->ALRMBR = (uint32_t)tmpreg;

  }



  /* Enable the write protection for RTC registers */

  RTC->WPR = 0xFF;   

}



/**

  * @brief  Fills each RTC_AlarmStruct member with its default value

  *         (Time = 00h:00mn:00sec / Date = 1st day of the month/Mask =

  *         all fields are masked).

  * @param  RTC_AlarmStruct: pointer to a @ref RTC_AlarmTypeDef structure which

  *         will be initialized.

  * @retval None

  */

void RTC_AlarmStructInit(RTC_AlarmTypeDef* RTC_AlarmStruct)

{

  /* Alarm Time Settings : Time = 00h:00mn:00sec */

  RTC_AlarmStruct->RTC_AlarmTime.RTC_H12 = RTC_H12_AM;

  RTC_AlarmStruct->RTC_AlarmTime.RTC_Hours = 0;

  RTC_AlarmStruct->RTC_AlarmTime.RTC_Minutes = 0;

  RTC_AlarmStruct->RTC_AlarmTime.RTC_Seconds = 0;



  /* Alarm Date Settings : Date = 1st day of the month */

  RTC_AlarmStruct->RTC_AlarmDateWeekDaySel = RTC_AlarmDateWeekDaySel_Date;

  RTC_AlarmStruct->RTC_AlarmDateWeekDay = 1;



  /* Alarm Masks Settings : Mask =  all fields are not masked */

  RTC_AlarmStruct->RTC_AlarmMask = RTC_AlarmMask_None;

}



/**

  * @brief  Get the RTC Alarm value and masks.

  * @param  RTC_Format: specifies the format of the output parameters.

  *          This parameter can be one of the following values:

  *            @arg RTC_Format_BIN: Binary data format 

  *            @arg RTC_Format_BCD: BCD data format

  * @param  RTC_Alarm: specifies the alarm to be read.

  *          This parameter can be one of the following values:

  *            @arg RTC_Alarm_A: to select Alarm A

  *            @arg RTC_Alarm_B: to select Alarm B  

  * @param  RTC_AlarmStruct: pointer to a RTC_AlarmTypeDef structure that will 

  *                          contains the output alarm configuration values.     

  * @retval None

  */

void RTC_GetAlarm(uint32_t RTC_Format, uint32_t RTC_Alarm, RTC_AlarmTypeDef* RTC_AlarmStruct)

{

  uint32_t tmpreg = 0;



  /* Check the parameters */

  assert_param(IS_RTC_FORMAT(RTC_Format));

  assert_param(IS_RTC_ALARM(RTC_Alarm)); 



  /* Get the RTC_ALRMxR register */

  if (RTC_Alarm == RTC_Alarm_A)

  {

    tmpreg = (uint32_t)(RTC->ALRMAR);

  }

  else

  {

    tmpreg = (uint32_t)(RTC->ALRMBR);

  }



  /* Fill the structure with the read parameters */

  RTC_AlarmStruct->RTC_AlarmTime.RTC_Hours = (uint32_t)((tmpreg & (RTC_ALRMAR_HT | \

                                                     RTC_ALRMAR_HU)) >> 16);

  RTC_AlarmStruct->RTC_AlarmTime.RTC_Minutes = (uint32_t)((tmpreg & (RTC_ALRMAR_MNT | \

                                                     RTC_ALRMAR_MNU)) >> 8);

  RTC_AlarmStruct->RTC_AlarmTime.RTC_Seconds = (uint32_t)(tmpreg & (RTC_ALRMAR_ST | \

                                                     RTC_ALRMAR_SU));

  RTC_AlarmStruct->RTC_AlarmTime.RTC_H12 = (uint32_t)((tmpreg & RTC_ALRMAR_PM) >> 16);

  RTC_AlarmStruct->RTC_AlarmDateWeekDay = (uint32_t)((tmpreg & (RTC_ALRMAR_DT | RTC_ALRMAR_DU)) >> 24);

  RTC_AlarmStruct->RTC_AlarmDateWeekDaySel = (uint32_t)(tmpreg & RTC_ALRMAR_WDSEL);

  RTC_AlarmStruct->RTC_AlarmMask = (uint32_t)(tmpreg & RTC_AlarmMask_All);



  if (RTC_Format == RTC_Format_BIN)

  {

    RTC_AlarmStruct->RTC_AlarmTime.RTC_Hours = RTC_Bcd2ToByte(RTC_AlarmStruct-> \

                                                        RTC_AlarmTime.RTC_Hours);

    RTC_AlarmStruct->RTC_AlarmTime.RTC_Minutes = RTC_Bcd2ToByte(RTC_AlarmStruct-> \

                                                        RTC_AlarmTime.RTC_Minutes);

    RTC_AlarmStruct->RTC_AlarmTime.RTC_Seconds = RTC_Bcd2ToByte(RTC_AlarmStruct-> \

                                                        RTC_AlarmTime.RTC_Seconds);

    RTC_AlarmStruct->RTC_AlarmDateWeekDay = RTC_Bcd2ToByte(RTC_AlarmStruct->RTC_AlarmDateWeekDay);

  }  

}



/**

  * @brief  Enables or disables the specified RTC Alarm.

  * @param  RTC_Alarm: specifies the alarm to be configured.

  *          This parameter can be any combination of the following values:

  *            @arg RTC_Alarm_A: to select Alarm A

  *            @arg RTC_Alarm_B: to select Alarm B  

  * @param  NewState: new state of the specified alarm.

  *          This parameter can be: ENABLE or DISABLE.

  * @retval An ErrorStatus enumeration value:

  *          - SUCCESS: RTC Alarm is enabled/disabled

  *          - ERROR: RTC Alarm is not enabled/disabled  

  */

ErrorStatus RTC_AlarmCmd(uint32_t RTC_Alarm, FunctionalState NewState)

{

  __IO uint32_t alarmcounter = 0x00;

  uint32_t alarmstatus = 0x00;

  ErrorStatus status = ERROR;

    

  /* Check the parameters */

  assert_param(IS_RTC_CMD_ALARM(RTC_Alarm));

  assert_param(IS_FUNCTIONAL_STATE(NewState));



  /* Disable the write protection for RTC registers */

  RTC->WPR = 0xCA;

  RTC->WPR = 0x53;



  /* Configure the Alarm state */

  if (NewState != DISABLE)

  {

    RTC->CR |= (uint32_t)RTC_Alarm;



    status = SUCCESS;    

  }

  else

  { 

    /* Disable the Alarm in RTC_CR register */

    RTC->CR &= (uint32_t)~RTC_Alarm;

   

    /* Wait till RTC ALRxWF flag is set and if Time out is reached exit */

    do

    {

      alarmstatus = RTC->ISR & (RTC_Alarm >> 8);

      alarmcounter++;  

    } while((alarmcounter != INITMODE_TIMEOUT) && (alarmstatus == 0x00));

    

    if ((RTC->ISR & (RTC_Alarm >> 8)) == RESET)

    {

      status = ERROR;

    } 

    else

    {

      status = SUCCESS;

    }        

  } 



  /* Enable the write protection for RTC registers */

  RTC->WPR = 0xFF; 

  

  return status;

}



/**

  * @brief  Configure the RTC AlarmA/B Subseconds value and mask.*

  * @note   This function is performed only when the Alarm is disabled. 

  * @param  RTC_Alarm: specifies the alarm to be configured.

  *   This parameter can be one of the following values:

  *     @arg RTC_Alarm_A: to select Alarm A

  *     @arg RTC_Alarm_B: to select Alarm B

  * @param  RTC_AlarmSubSecondValue: specifies the Subseconds value.

  *   This parameter can be a value from 0 to 0x00007FFF.

  * @param  RTC_AlarmSubSecondMask:  specifies the Subseconds Mask.

  *   This parameter can be any combination of the following values:

  *     @arg RTC_AlarmSubSecondMask_All    : All Alarm SS fields are masked.

  *                                          There is no comparison on sub seconds for Alarm.

  *     @arg RTC_AlarmSubSecondMask_SS14_1 : SS[14:1] are don't care in Alarm comparison.

  *                                          Only SS[0] is compared

  *     @arg RTC_AlarmSubSecondMask_SS14_2 : SS[14:2] are don't care in Alarm comparison.

  *                                          Only SS[1:0] are compared

  *     @arg RTC_AlarmSubSecondMask_SS14_3 : SS[14:3] are don't care in Alarm comparison.

  *                                          Only SS[2:0] are compared

  *     @arg RTC_AlarmSubSecondMask_SS14_4 : SS[14:4] are don't care in Alarm comparison.

  *                                          Only SS[3:0] are compared

  *     @arg RTC_AlarmSubSecondMask_SS14_5 : SS[14:5] are don't care in Alarm comparison.

  *                                          Only SS[4:0] are compared

  *     @arg RTC_AlarmSubSecondMask_SS14_6 : SS[14:6] are don't care in Alarm comparison.

  *                                          Only SS[5:0] are compared

  *     @arg RTC_AlarmSubSecondMask_SS14_7 : SS[14:7] are don't care in Alarm comparison.

  *                                          Only SS[6:0] are compared

  *     @arg RTC_AlarmSubSecondMask_SS14_8 : SS[14:8] are don't care in Alarm comparison.

  *                                          Only SS[7:0] are compared

  *     @arg RTC_AlarmSubSecondMask_SS14_9 : SS[14:9] are don't care in Alarm comparison.

  *                                          Only SS[8:0] are compared

  *     @arg RTC_AlarmSubSecondMask_SS14_10: SS[14:10] are don't care in Alarm comparison.

  *                                          Only SS[9:0] are compared

  *     @arg RTC_AlarmSubSecondMask_SS14_11: SS[14:11] are don't care in Alarm comparison.

  *                                          Only SS[10:0] are compared

  *     @arg RTC_AlarmSubSecondMask_SS14_12: SS[14:12] are don't care in Alarm comparison.

  *                                          Only SS[11:0] are compared

  *     @arg RTC_AlarmSubSecondMask_SS14_13: SS[14:13] are don't care in Alarm comparison.

  *                                          Only SS[12:0] are compared

  *     @arg RTC_AlarmSubSecondMask_SS14   : SS[14] is don't care in Alarm comparison.

  *                                          Only SS[13:0] are compared

  *     @arg RTC_AlarmSubSecondMask_None   : SS[14:0] are compared and must match

  *                                          to activate alarm

  * @retval None

  */

void RTC_AlarmSubSecondConfig(uint32_t RTC_Alarm, uint32_t RTC_AlarmSubSecondValue, uint32_t RTC_AlarmSubSecondMask)

{

  uint32_t tmpreg = 0;



  /* Check the parameters */

  assert_param(IS_RTC_ALARM(RTC_Alarm));

  assert_param(IS_RTC_ALARM_SUB_SECOND_VALUE(RTC_AlarmSubSecondValue));

  assert_param(IS_RTC_ALARM_SUB_SECOND_MASK(RTC_AlarmSubSecondMask));

  

  /* Disable the write protection for RTC registers */

  RTC->WPR = 0xCA;

  RTC->WPR = 0x53;

  

  /* Configure the Alarm A or Alarm B SubSecond registers */

  tmpreg = (uint32_t) (uint32_t)(RTC_AlarmSubSecondValue) | (uint32_t)(RTC_AlarmSubSecondMask);

  

  if (RTC_Alarm == RTC_Alarm_A)

  {

    /* Configure the AlarmA SubSecond register */

    RTC->ALRMASSR = tmpreg;

  }

  else

  {

    /* Configure the Alarm B SubSecond register */

    RTC->ALRMBSSR = tmpreg;

  }



  /* Enable the write protection for RTC registers */

  RTC->WPR = 0xFF;



}



/**

  * @brief  Gets the RTC Alarm Subseconds value.

  * @param  RTC_Alarm: specifies the alarm to be read.

  *   This parameter can be one of the following values:

  *     @arg RTC_Alarm_A: to select Alarm A

  *     @arg RTC_Alarm_B: to select Alarm B

  * @param  None

  * @retval RTC Alarm Subseconds value.

  */

uint32_t RTC_GetAlarmSubSecond(uint32_t RTC_Alarm)

{

  uint32_t tmpreg = 0;

  

  /* Get the RTC_ALRMxR register */

  if (RTC_Alarm == RTC_Alarm_A)

  {

    tmpreg = (uint32_t)((RTC->ALRMASSR) & RTC_ALRMASSR_SS);

  }

  else

  {

    tmpreg = (uint32_t)((RTC->ALRMBSSR) & RTC_ALRMBSSR_SS);

  } 

  

  return (tmpreg);

}



/**

  * @}

  */



/** @defgroup RTC_Group4 WakeUp Timer configuration functions

 *  @brief   WakeUp Timer configuration functions 

 *

@verbatim   

 ===============================================================================

                     WakeUp Timer configuration functions

 ===============================================================================  



  This section provide functions allowing to program and read the RTC WakeUp.



@endverbatim

  * @{

  */



/**

  * @brief  Configures the RTC Wakeup clock source.

  * @note   The WakeUp Clock source can only be changed when the RTC WakeUp

  *         is disabled (Use the RTC_WakeUpCmd(DISABLE)).      

  * @param  RTC_WakeUpClock: Wakeup Clock source.

  *          This parameter can be one of the following values:

  *            @arg RTC_WakeUpClock_RTCCLK_Div16: RTC Wakeup Counter Clock = RTCCLK/16

  *            @arg RTC_WakeUpClock_RTCCLK_Div8: RTC Wakeup Counter Clock = RTCCLK/8

  *            @arg RTC_WakeUpClock_RTCCLK_Div4: RTC Wakeup Counter Clock = RTCCLK/4

  *            @arg RTC_WakeUpClock_RTCCLK_Div2: RTC Wakeup Counter Clock = RTCCLK/2

  *            @arg RTC_WakeUpClock_CK_SPRE_16bits: RTC Wakeup Counter Clock = CK_SPRE

  *            @arg RTC_WakeUpClock_CK_SPRE_17bits: RTC Wakeup Counter Clock = CK_SPRE

  * @retval None

  */

void RTC_WakeUpClockConfig(uint32_t RTC_WakeUpClock)

{

  /* Check the parameters */

  assert_param(IS_RTC_WAKEUP_CLOCK(RTC_WakeUpClock));



  /* Disable the write protection for RTC registers */

  RTC->WPR = 0xCA;

  RTC->WPR = 0x53;



  /* Clear the Wakeup Timer clock source bits in CR register */

  RTC->CR &= (uint32_t)~RTC_CR_WUCKSEL;



  /* Configure the clock source */

  RTC->CR |= (uint32_t)RTC_WakeUpClock;

  

  /* Enable the write protection for RTC registers */

  RTC->WPR = 0xFF; 

}



/**

  * @brief  Configures the RTC Wakeup counter.

  * @note   The RTC WakeUp counter can only be written when the RTC WakeUp

  *         is disabled (Use the RTC_WakeUpCmd(DISABLE)).        

  * @param  RTC_WakeUpCounter: specifies the WakeUp counter.

  *          This parameter can be a value from 0x0000 to 0xFFFF. 

  * @retval None

  */

void RTC_SetWakeUpCounter(uint32_t RTC_WakeUpCounter)

{

  /* Check the parameters */

  assert_param(IS_RTC_WAKEUP_COUNTER(RTC_WakeUpCounter));

  

  /* Disable the write protection for RTC registers */

  RTC->WPR = 0xCA;

  RTC->WPR = 0x53;

  

  /* Configure the Wakeup Timer counter */

  RTC->WUTR = (uint32_t)RTC_WakeUpCounter;

  

  /* Enable the write protection for RTC registers */

  RTC->WPR = 0xFF; 

}



/**

  * @brief  Returns the RTC WakeUp timer counter value.

  * @param  None

  * @retval The RTC WakeUp Counter value.

  */

uint32_t RTC_GetWakeUpCounter(void)

{

  /* Get the counter value */

  return ((uint32_t)(RTC->WUTR & RTC_WUTR_WUT));

}



/**

  * @brief  Enables or Disables the RTC WakeUp timer.

  * @param  NewState: new state of the WakeUp timer.

  *          This parameter can be: ENABLE or DISABLE.

  * @retval None

  */

ErrorStatus RTC_WakeUpCmd(FunctionalState NewState)

{

  __IO uint32_t wutcounter = 0x00;

  uint32_t wutwfstatus = 0x00;

  ErrorStatus status = ERROR;

  

  /* Check the parameters */

  assert_param(IS_FUNCTIONAL_STATE(NewState));



  /* Disable the write protection for RTC registers */

  RTC->WPR = 0xCA;

  RTC->WPR = 0x53;



  if (NewState != DISABLE)

  {

    /* Enable the Wakeup Timer */

    RTC->CR |= (uint32_t)RTC_CR_WUTE;

    status = SUCCESS;    

  }

  else

  {

    /* Disable the Wakeup Timer */

    RTC->CR &= (uint32_t)~RTC_CR_WUTE;

    /* Wait till RTC WUTWF flag is set and if Time out is reached exit */

    do

    {

      wutwfstatus = RTC->ISR & RTC_ISR_WUTWF;

      wutcounter++;  

    } while((wutcounter != INITMODE_TIMEOUT) && (wutwfstatus == 0x00));

    

    if ((RTC->ISR & RTC_ISR_WUTWF) == RESET)

    {

      status = ERROR;

    }

    else

    {

      status = SUCCESS;

    }    

  }



  /* Enable the write protection for RTC registers */

  RTC->WPR = 0xFF; 

  

  return status;

}



/**

  * @}

  */



/** @defgroup RTC_Group5 Daylight Saving configuration functions

 *  @brief   Daylight Saving configuration functions 

 *

@verbatim   

 ===============================================================================

                    Daylight Saving configuration functions

 ===============================================================================  



  This section provide functions allowing to configure the RTC DayLight Saving.



@endverbatim

  * @{

  */



/**

  * @brief  Adds or substract one hour from the current time.

  * @param  RTC_DayLightSaveOperation: the value of hour adjustment. 

  *          This parameter can be one of the following values:

  *            @arg RTC_DayLightSaving_SUB1H: Substract one hour (winter time)

  *            @arg RTC_DayLightSaving_ADD1H: Add one hour (summer time)

  * @param  RTC_StoreOperation: Specifies the value to be written in the BCK bit 

  *                            in CR register to store the operation.

  *          This parameter can be one of the following values:

  *            @arg RTC_StoreOperation_Reset: BCK Bit Reset

  *            @arg RTC_StoreOperation_Set: BCK Bit Set

  * @retval None

  */

void RTC_DayLightSavingConfig(uint32_t RTC_DayLightSaving, uint32_t RTC_StoreOperation)

{

  /* Check the parameters */

  assert_param(IS_RTC_DAYLIGHT_SAVING(RTC_DayLightSaving));

  assert_param(IS_RTC_STORE_OPERATION(RTC_StoreOperation));



  /* Disable the write protection for RTC registers */

  RTC->WPR = 0xCA;

  RTC->WPR = 0x53;



  /* Clear the bits to be configured */

  RTC->CR &= (uint32_t)~(RTC_CR_BCK);



  /* Configure the RTC_CR register */

  RTC->CR |= (uint32_t)(RTC_DayLightSaving | RTC_StoreOperation);



  /* Enable the write protection for RTC registers */

  RTC->WPR = 0xFF; 

}



/**

  * @brief  Returns the RTC Day Light Saving stored operation.

  * @param  None

  * @retval RTC Day Light Saving stored operation.

  *          - RTC_StoreOperation_Reset

  *          - RTC_StoreOperation_Set       

  */

uint32_t RTC_GetStoreOperation(void)

{

  return (RTC->CR & RTC_CR_BCK);

}



/**

  * @}

  */



/** @defgroup RTC_Group6 Output pin Configuration function

 *  @brief   Output pin Configuration function 

 *

@verbatim   

 ===============================================================================

                         Output pin Configuration function

 ===============================================================================  



  This section provide functions allowing to configure the RTC Output source.



@endverbatim

  * @{

  */



/**

  * @brief  Configures the RTC output source (AFO_ALARM).

  * @param  RTC_Output: Specifies which signal will be routed to the RTC output. 

  *          This parameter can be one of the following values:

  *            @arg RTC_Output_Disable: No output selected

  *            @arg RTC_Output_AlarmA: signal of AlarmA mapped to output

  *            @arg RTC_Output_AlarmB: signal of AlarmB mapped to output

  *            @arg RTC_Output_WakeUp: signal of WakeUp mapped to output

  * @param  RTC_OutputPolarity: Specifies the polarity of the output signal. 

  *          This parameter can be one of the following:

  *            @arg RTC_OutputPolarity_High: The output pin is high when the 

  *                                 ALRAF/ALRBF/WUTF is high (depending on OSEL)

  *            @arg RTC_OutputPolarity_Low: The output pin is low when the 

  *                                 ALRAF/ALRBF/WUTF is high (depending on OSEL)

  * @retval None

  */

void RTC_OutputConfig(uint32_t RTC_Output, uint32_t RTC_OutputPolarity)

{

  /* Check the parameters */

  assert_param(IS_RTC_OUTPUT(RTC_Output));

  assert_param(IS_RTC_OUTPUT_POL(RTC_OutputPolarity));



  /* Disable the write protection for RTC registers */

  RTC->WPR = 0xCA;

  RTC->WPR = 0x53;



  /* Clear the bits to be configured */

  RTC->CR &= (uint32_t)~(RTC_CR_OSEL | RTC_CR_POL);



  /* Configure the output selection and polarity */

  RTC->CR |= (uint32_t)(RTC_Output | RTC_OutputPolarity);



  /* Enable the write protection for RTC registers */

  RTC->WPR = 0xFF; 

}



/**

  * @}

  */



/** @defgroup RTC_Group7 Digital Calibration configuration functions

 *  @brief   Coarse Calibration configuration functions 

 *

@verbatim   

 ===============================================================================

                  Digital Calibration configuration functions

 ===============================================================================  



@endverbatim

  * @{

  */



/**

  * @brief  Configures the Coarse calibration parameters.

  * @param  RTC_CalibSign: specifies the sign of the coarse calibration value.

  *          This parameter can be  one of the following values:

  *            @arg RTC_CalibSign_Positive: The value sign is positive 

  *            @arg RTC_CalibSign_Negative: The value sign is negative

  * @param  Value: value of coarse calibration expressed in ppm (coded on 5 bits).

  *    

  * @note   This Calibration value should be between 0 and 63 when using negative

  *         sign with a 2-ppm step.

  *           

  * @note   This Calibration value should be between 0 and 126 when using positive

  *         sign with a 4-ppm step.

  *           

  * @retval An ErrorStatus enumeration value:

  *          - SUCCESS: RTC Coarse calibration are initialized

  *          - ERROR: RTC Coarse calibration are not initialized     

  */

ErrorStatus RTC_CoarseCalibConfig(uint32_t RTC_CalibSign, uint32_t Value)

{

  ErrorStatus status = ERROR;

   

  /* Check the parameters */

  assert_param(IS_RTC_CALIB_SIGN(RTC_CalibSign));

  assert_param(IS_RTC_CALIB_VALUE(Value)); 



  /* Disable the write protection for RTC registers */

  RTC->WPR = 0xCA;

  RTC->WPR = 0x53;



  /* Set Initialization mode */

  if (RTC_EnterInitMode() == ERROR)

  {

    status = ERROR;

  } 

  else

  {

    /* Set the coarse calibration value */

    RTC->CALIBR = (uint32_t)(RTC_CalibSign | Value);

    /* Exit Initialization mode */

    RTC_ExitInitMode();

    

    status = SUCCESS;

  } 



  /* Enable the write protection for RTC registers */

  RTC->WPR = 0xFF; 

  

  return status;

}



/**

  * @brief  Enables or disables the Coarse calibration process.

  * @param  NewState: new state of the Coarse calibration.

  *          This parameter can be: ENABLE or DISABLE.

  * @retval An ErrorStatus enumeration value:

  *          - SUCCESS: RTC Coarse calibration are enabled/disabled

  *          - ERROR: RTC Coarse calibration are not enabled/disabled    

  */

ErrorStatus RTC_CoarseCalibCmd(FunctionalState NewState)

{

  ErrorStatus status = ERROR;

  

  /* Check the parameters */

  assert_param(IS_FUNCTIONAL_STATE(NewState));



  /* Disable the write protection for RTC registers */

  RTC->WPR = 0xCA;

  RTC->WPR = 0x53;

  

  /* Set Initialization mode */

  if (RTC_EnterInitMode() == ERROR)

  {

    status =  ERROR;

  }

  else

  {

    if (NewState != DISABLE)

    {

      /* Enable the Coarse Calibration */

      RTC->CR |= (uint32_t)RTC_CR_DCE;

    }

    else

    { 

      /* Disable the Coarse Calibration */

      RTC->CR &= (uint32_t)~RTC_CR_DCE;

    }

    /* Exit Initialization mode */

    RTC_ExitInitMode();

    

    status = SUCCESS;

  } 

  

  /* Enable the write protection for RTC registers */

  RTC->WPR = 0xFF; 

  

  return status;

}



/**

  * @brief  Enables or disables the RTC clock to be output through the relative pin.

  * @param  NewState: new state of the digital calibration Output.

  *          This parameter can be: ENABLE or DISABLE.

  * @retval None

  */

void RTC_CalibOutputCmd(FunctionalState NewState)

{

  /* Check the parameters */

  assert_param(IS_FUNCTIONAL_STATE(NewState));

  

  /* Disable the write protection for RTC registers */

  RTC->WPR = 0xCA;

  RTC->WPR = 0x53;

  

  if (NewState != DISABLE)

  {

    /* Enable the RTC clock output */

    RTC->CR |= (uint32_t)RTC_CR_COE;

  }

  else

  { 

    /* Disable the RTC clock output */

    RTC->CR &= (uint32_t)~RTC_CR_COE;

  }

  

  /* Enable the write protection for RTC registers */

  RTC->WPR = 0xFF; 

}



/**

  * @brief  Configure the Calibration Pinout (RTC_CALIB) Selection (1Hz or 512Hz).

  * @param  RTC_CalibOutput : Select the Calibration output Selection .

  *   This parameter can be one of the following values:

  *     @arg RTC_CalibOutput_512Hz: A signal has a regular waveform at 512Hz. 

  *     @arg RTC_CalibOutput_1Hz  : A signal has a regular waveform at 1Hz.

  * @retval None

*/

void RTC_CalibOutputConfig(uint32_t RTC_CalibOutput)

{

  /* Check the parameters */

  assert_param(IS_RTC_CALIB_OUTPUT(RTC_CalibOutput));



  /* Disable the write protection for RTC registers */

  RTC->WPR = 0xCA;

  RTC->WPR = 0x53;

  

  /*clear flags before config*/

  RTC->CR &= (uint32_t)~(RTC_CR_COSEL);



  /* Configure the RTC_CR register */

  RTC->CR |= (uint32_t)RTC_CalibOutput;



  /* Enable the write protection for RTC registers */

  RTC->WPR = 0xFF;

}



/**

  * @brief  Configures the Smooth Calibration Settings.

  * @param  RTC_SmoothCalibPeriod : Select the Smooth Calibration Period.

  *   This parameter can be can be one of the following values:

  *     @arg RTC_SmoothCalibPeriod_32sec : The smooth calibration periode is 32s.

  *     @arg RTC_SmoothCalibPeriod_16sec : The smooth calibration periode is 16s.

  *     @arg RTC_SmoothCalibPeriod_8sec  : The smooth calibartion periode is 8s.

  * @param  RTC_SmoothCalibPlusPulses : Select to Set or reset the CALP bit.

  *   This parameter can be one of the following values:

  *     @arg RTC_SmoothCalibPlusPulses_Set  : Add one RTCCLK puls every 2**11 pulses.

  *     @arg RTC_SmoothCalibPlusPulses_Reset: No RTCCLK pulses are added.

  * @param  RTC_SmouthCalibMinusPulsesValue: Select the value of CALM[8:0] bits.

  *   This parameter can be one any value from 0 to 0x000001FF.

  * @retval An ErrorStatus enumeration value:

  *          - SUCCESS: RTC Calib registers are configured

  *          - ERROR: RTC Calib registers are not configured

*/

ErrorStatus RTC_SmoothCalibConfig(uint32_t RTC_SmoothCalibPeriod,

                                  uint32_t RTC_SmoothCalibPlusPulses,

                                  uint32_t RTC_SmouthCalibMinusPulsesValue)

{

  ErrorStatus status = ERROR;

  uint32_t recalpfcount = 0;



  /* Check the parameters */

  assert_param(IS_RTC_SMOOTH_CALIB_PERIOD(RTC_SmoothCalibPeriod));

  assert_param(IS_RTC_SMOOTH_CALIB_PLUS(RTC_SmoothCalibPlusPulses));

  assert_param(IS_RTC_SMOOTH_CALIB_MINUS(RTC_SmouthCalibMinusPulsesValue));



  /* Disable the write protection for RTC registers */

  RTC->WPR = 0xCA;

  RTC->WPR = 0x53;

  

  /* check if a calibration is pending*/

  if ((RTC->ISR & RTC_ISR_RECALPF) != RESET)

  {

    /* wait until the Calibration is completed*/

    while (((RTC->ISR & RTC_ISR_RECALPF) != RESET) && (recalpfcount != RECALPF_TIMEOUT))

    {

      recalpfcount++;

    }

  }



  /* check if the calibration pending is completed or if there is no calibration operation at all*/

  if ((RTC->ISR & RTC_ISR_RECALPF) == RESET)

  {

    /* Configure the Smooth calibration settings */

    RTC->CALR = (uint32_t)((uint32_t)RTC_SmoothCalibPeriod | (uint32_t)RTC_SmoothCalibPlusPulses | (uint32_t)RTC_SmouthCalibMinusPulsesValue);



    status = SUCCESS;

  }

  else

  {

    status = ERROR;

  }



  /* Enable the write protection for RTC registers */

  RTC->WPR = 0xFF;

  

  return (ErrorStatus)(status);

}



/**

  * @}

  */





/** @defgroup RTC_Group8 TimeStamp configuration functions

 *  @brief   TimeStamp configuration functions 

 *

@verbatim   

 ===============================================================================

                       TimeStamp configuration functions

 ===============================================================================  



@endverbatim

  * @{

  */



/**

  * @brief  Enables or Disables the RTC TimeStamp functionality with the 

  *         specified time stamp pin stimulating edge.

  * @param  RTC_TimeStampEdge: Specifies the pin edge on which the TimeStamp is 

  *         activated.

  *          This parameter can be one of the following:

  *            @arg RTC_TimeStampEdge_Rising: the Time stamp event occurs on the rising 

  *                                    edge of the related pin.

  *            @arg RTC_TimeStampEdge_Falling: the Time stamp event occurs on the 

  *                                     falling edge of the related pin.

  * @param  NewState: new state of the TimeStamp.

  *          This parameter can be: ENABLE or DISABLE.

  * @retval None

  */

void RTC_TimeStampCmd(uint32_t RTC_TimeStampEdge, FunctionalState NewState)

{

  uint32_t tmpreg = 0;



  /* Check the parameters */

  assert_param(IS_RTC_TIMESTAMP_EDGE(RTC_TimeStampEdge));

  assert_param(IS_FUNCTIONAL_STATE(NewState));



  /* Get the RTC_CR register and clear the bits to be configured */

  tmpreg = (uint32_t)(RTC->CR & (uint32_t)~(RTC_CR_TSEDGE | RTC_CR_TSE));



  /* Get the new configuration */

  if (NewState != DISABLE)

  {

    tmpreg |= (uint32_t)(RTC_TimeStampEdge | RTC_CR_TSE);

  }

  else

  {

    tmpreg |= (uint32_t)(RTC_TimeStampEdge);

  }



  /* Disable the write protection for RTC registers */

  RTC->WPR = 0xCA;

  RTC->WPR = 0x53;



  /* Configure the Time Stamp TSEDGE and Enable bits */

  RTC->CR = (uint32_t)tmpreg;



  /* Enable the write protection for RTC registers */

  RTC->WPR = 0xFF; 

}



/**

  * @brief  Get the RTC TimeStamp value and masks.

  * @param  RTC_Format: specifies the format of the output parameters.

  *          This parameter can be one of the following values:

  *            @arg RTC_Format_BIN: Binary data format 

  *            @arg RTC_Format_BCD: BCD data format

  * @param RTC_StampTimeStruct: pointer to a RTC_TimeTypeDef structure that will 

  *                             contains the TimeStamp time values. 

  * @param RTC_StampDateStruct: pointer to a RTC_DateTypeDef structure that will 

  *                             contains the TimeStamp date values.     

  * @retval None

  */

void RTC_GetTimeStamp(uint32_t RTC_Format, RTC_TimeTypeDef* RTC_StampTimeStruct, 

                                      RTC_DateTypeDef* RTC_StampDateStruct)

{

  uint32_t tmptime = 0, tmpdate = 0;



  /* Check the parameters */

  assert_param(IS_RTC_FORMAT(RTC_Format));



  /* Get the TimeStamp time and date registers values */

  tmptime = (uint32_t)(RTC->TSTR & RTC_TR_RESERVED_MASK);

  tmpdate = (uint32_t)(RTC->TSDR & RTC_DR_RESERVED_MASK);



  /* Fill the Time structure fields with the read parameters */

  RTC_StampTimeStruct->RTC_Hours = (uint8_t)((tmptime & (RTC_TR_HT | RTC_TR_HU)) >> 16);

  RTC_StampTimeStruct->RTC_Minutes = (uint8_t)((tmptime & (RTC_TR_MNT | RTC_TR_MNU)) >> 8);

  RTC_StampTimeStruct->RTC_Seconds = (uint8_t)(tmptime & (RTC_TR_ST | RTC_TR_SU));

  RTC_StampTimeStruct->RTC_H12 = (uint8_t)((tmptime & (RTC_TR_PM)) >> 16);  



  /* Fill the Date structure fields with the read parameters */

  RTC_StampDateStruct->RTC_Year = 0;

  RTC_StampDateStruct->RTC_Month = (uint8_t)((tmpdate & (RTC_DR_MT | RTC_DR_MU)) >> 8);

  RTC_StampDateStruct->RTC_Date = (uint8_t)(tmpdate & (RTC_DR_DT | RTC_DR_DU));

  RTC_StampDateStruct->RTC_WeekDay = (uint8_t)((tmpdate & (RTC_DR_WDU)) >> 13);



  /* Check the input parameters format */

  if (RTC_Format == RTC_Format_BIN)

  {

    /* Convert the Time structure parameters to Binary format */

    RTC_StampTimeStruct->RTC_Hours = (uint8_t)RTC_Bcd2ToByte(RTC_StampTimeStruct->RTC_Hours);

    RTC_StampTimeStruct->RTC_Minutes = (uint8_t)RTC_Bcd2ToByte(RTC_StampTimeStruct->RTC_Minutes);

    RTC_StampTimeStruct->RTC_Seconds = (uint8_t)RTC_Bcd2ToByte(RTC_StampTimeStruct->RTC_Seconds);



    /* Convert the Date structure parameters to Binary format */

    RTC_StampDateStruct->RTC_Month = (uint8_t)RTC_Bcd2ToByte(RTC_StampDateStruct->RTC_Month);

    RTC_StampDateStruct->RTC_Date = (uint8_t)RTC_Bcd2ToByte(RTC_StampDateStruct->RTC_Date);

    RTC_StampDateStruct->RTC_WeekDay = (uint8_t)RTC_Bcd2ToByte(RTC_StampDateStruct->RTC_WeekDay);

  }

}



/**

  * @brief  Get the RTC timestamp Subseconds value.

  * @param  None

  * @retval RTC current timestamp Subseconds value.

  */

uint32_t RTC_GetTimeStampSubSecond(void)

{

  /* Get timestamp subseconds values from the correspondent registers */

  return (uint32_t)(RTC->TSSSR);

}



/**

  * @}

  */



/** @defgroup RTC_Group9 Tampers configuration functions

 *  @brief   Tampers configuration functions 

 *

@verbatim   

 ===============================================================================

                       Tampers configuration functions

 ===============================================================================  



@endverbatim

  * @{

  */



/**

  * @brief  Configures the select Tamper pin edge.

  * @param  RTC_Tamper: Selected tamper pin.

  *          This parameter can be RTC_Tamper_1.

  * @param  RTC_TamperTrigger: Specifies the trigger on the tamper pin that 

  *         stimulates tamper event. 

  *   This parameter can be one of the following values:

  *     @arg RTC_TamperTrigger_RisingEdge: Rising Edge of the tamper pin causes tamper event.

  *     @arg RTC_TamperTrigger_FallingEdge: Falling Edge of the tamper pin causes tamper event.

  *     @arg RTC_TamperTrigger_LowLevel: Low Level of the tamper pin causes tamper event.

  *     @arg RTC_TamperTrigger_HighLevel: High Level of the tamper pin causes tamper event.

  * @retval None

  */

void RTC_TamperTriggerConfig(uint32_t RTC_Tamper, uint32_t RTC_TamperTrigger)

{

  /* Check the parameters */

  assert_param(IS_RTC_TAMPER(RTC_Tamper)); 

  assert_param(IS_RTC_TAMPER_TRIGGER(RTC_TamperTrigger));

 

  if (RTC_TamperTrigger == RTC_TamperTrigger_RisingEdge)

  {  

    /* Configure the RTC_TAFCR register */

    RTC->TAFCR &= (uint32_t)((uint32_t)~(RTC_Tamper << 1));	

  }

  else

  { 

    /* Configure the RTC_TAFCR register */

    RTC->TAFCR |= (uint32_t)(RTC_Tamper << 1);  

  }  

}



/**

  * @brief  Enables or Disables the Tamper detection.

  * @param  RTC_Tamper: Selected tamper pin.

  *          This parameter can be RTC_Tamper_1.

  * @param  NewState: new state of the tamper pin.

  *          This parameter can be: ENABLE or DISABLE.                   

  * @retval None

  */

void RTC_TamperCmd(uint32_t RTC_Tamper, FunctionalState NewState)

{

  /* Check the parameters */

  assert_param(IS_RTC_TAMPER(RTC_Tamper));  

  assert_param(IS_FUNCTIONAL_STATE(NewState));

  

  if (NewState != DISABLE)

  {

    /* Enable the selected Tamper pin */

    RTC->TAFCR |= (uint32_t)RTC_Tamper;

  }

  else

  {

    /* Disable the selected Tamper pin */

    RTC->TAFCR &= (uint32_t)~RTC_Tamper;    

  }  

}



/**

  * @brief  Configures the Tampers Filter.

  * @param  RTC_TamperFilter: Specifies the tampers filter.

  *   This parameter can be one of the following values:

  *     @arg RTC_TamperFilter_Disable: Tamper filter is disabled.

  *     @arg RTC_TamperFilter_2Sample: Tamper is activated after 2 consecutive 

  *                                    samples at the active level 

  *     @arg RTC_TamperFilter_4Sample: Tamper is activated after 4 consecutive 

  *                                    samples at the active level

  *     @arg RTC_TamperFilter_8Sample: Tamper is activated after 8 consecutive 

  *                                    samples at the active level 

  * @retval None

  */

void RTC_TamperFilterConfig(uint32_t RTC_TamperFilter)

{

  /* Check the parameters */

  assert_param(IS_RTC_TAMPER_FILTER(RTC_TamperFilter));

   

  /* Clear TAMPFLT[1:0] bits in the RTC_TAFCR register */

  RTC->TAFCR &= (uint32_t)~(RTC_TAFCR_TAMPFLT);



  /* Configure the RTC_TAFCR register */

  RTC->TAFCR |= (uint32_t)RTC_TamperFilter;

}



/**

  * @brief  Configures the Tampers Sampling Frequency.

  * @param  RTC_TamperSamplingFreq: Specifies the tampers Sampling Frequency.

  *   This parameter can be one of the following values:

  *     @arg RTC_TamperSamplingFreq_RTCCLK_Div32768: Each of the tamper inputs are sampled

  *                                           with a frequency =  RTCCLK / 32768

  *     @arg RTC_TamperSamplingFreq_RTCCLK_Div16384: Each of the tamper inputs are sampled

  *                                           with a frequency =  RTCCLK / 16384

  *     @arg RTC_TamperSamplingFreq_RTCCLK_Div8192: Each of the tamper inputs are sampled

  *                                           with a frequency =  RTCCLK / 8192

  *     @arg RTC_TamperSamplingFreq_RTCCLK_Div4096: Each of the tamper inputs are sampled

  *                                           with a frequency =  RTCCLK / 4096

  *     @arg RTC_TamperSamplingFreq_RTCCLK_Div2048: Each of the tamper inputs are sampled

  *                                           with a frequency =  RTCCLK / 2048

  *     @arg RTC_TamperSamplingFreq_RTCCLK_Div1024: Each of the tamper inputs are sampled

  *                                           with a frequency =  RTCCLK / 1024

  *     @arg RTC_TamperSamplingFreq_RTCCLK_Div512: Each of the tamper inputs are sampled

  *                                           with a frequency =  RTCCLK / 512  

  *     @arg RTC_TamperSamplingFreq_RTCCLK_Div256: Each of the tamper inputs are sampled

  *                                           with a frequency =  RTCCLK / 256  

  * @retval None

  */

void RTC_TamperSamplingFreqConfig(uint32_t RTC_TamperSamplingFreq)

{

  /* Check the parameters */

  assert_param(IS_RTC_TAMPER_SAMPLING_FREQ(RTC_TamperSamplingFreq));

 

  /* Clear TAMPFREQ[2:0] bits in the RTC_TAFCR register */

  RTC->TAFCR &= (uint32_t)~(RTC_TAFCR_TAMPFREQ);



  /* Configure the RTC_TAFCR register */

  RTC->TAFCR |= (uint32_t)RTC_TamperSamplingFreq;

}



/**

  * @brief  Configures the Tampers Pins input Precharge Duration.

  * @param  RTC_TamperPrechargeDuration: Specifies the Tampers Pins input

  *         Precharge Duration.

  *   This parameter can be one of the following values:

  *     @arg RTC_TamperPrechargeDuration_1RTCCLK: Tamper pins are pre-charged before sampling during 1 RTCCLK cycle

  *     @arg RTC_TamperPrechargeDuration_2RTCCLK: Tamper pins are pre-charged before sampling during 2 RTCCLK cycle

  *     @arg RTC_TamperPrechargeDuration_4RTCCLK: Tamper pins are pre-charged before sampling during 4 RTCCLK cycle    

  *     @arg RTC_TamperPrechargeDuration_8RTCCLK: Tamper pins are pre-charged before sampling during 8 RTCCLK cycle

  * @retval None

  */

void RTC_TamperPinsPrechargeDuration(uint32_t RTC_TamperPrechargeDuration)

{

  /* Check the parameters */

  assert_param(IS_RTC_TAMPER_PRECHARGE_DURATION(RTC_TamperPrechargeDuration));

   

  /* Clear TAMPPRCH[1:0] bits in the RTC_TAFCR register */

  RTC->TAFCR &= (uint32_t)~(RTC_TAFCR_TAMPPRCH);



  /* Configure the RTC_TAFCR register */

  RTC->TAFCR |= (uint32_t)RTC_TamperPrechargeDuration;

}



/**

  * @brief  Enables or Disables the TimeStamp on Tamper Detection Event.

  * @note   The timestamp is valid even the TSE bit in tamper control register 

  *         is reset.   

  * @param  NewState: new state of the timestamp on tamper event.

  *         This parameter can be: ENABLE or DISABLE.

  * @retval None

  */

void RTC_TimeStampOnTamperDetectionCmd(FunctionalState NewState)

{

  /* Check the parameters */

  assert_param(IS_FUNCTIONAL_STATE(NewState));

   

  if (NewState != DISABLE)

  {

    /* Save timestamp on tamper detection event */

    RTC->TAFCR |= (uint32_t)RTC_TAFCR_TAMPTS;

  }

  else

  {

    /* Tamper detection does not cause a timestamp to be saved */

    RTC->TAFCR &= (uint32_t)~RTC_TAFCR_TAMPTS;    

  }

}



/**

  * @brief  Enables or Disables the Precharge of Tamper pin.

  * @param  NewState: new state of tamper pull up.

  *   This parameter can be: ENABLE or DISABLE.                   

  * @retval None

  */

void RTC_TamperPullUpCmd(FunctionalState NewState)

{

  /* Check the parameters */

  assert_param(IS_FUNCTIONAL_STATE(NewState));

  

 if (NewState != DISABLE)

  {

    /* Enable precharge of the selected Tamper pin */

    RTC->TAFCR &= (uint32_t)~RTC_TAFCR_TAMPPUDIS; 

  }

  else

  {

    /* Disable precharge of the selected Tamper pin */

    RTC->TAFCR |= (uint32_t)RTC_TAFCR_TAMPPUDIS;    

  } 

}



/**

  * @}

  */



/** @defgroup RTC_Group10 Backup Data Registers configuration functions

 *  @brief   Backup Data Registers configuration functions  

 *

@verbatim   

 ===============================================================================

                       Backup Data Registers configuration functions 

 ===============================================================================  



@endverbatim

  * @{

  */



/**

  * @brief  Writes a data in a specified RTC Backup data register.

  * @param  RTC_BKP_DR: RTC Backup data Register number.

  *          This parameter can be: RTC_BKP_DRx where x can be from 0 to 19 to 

  *                          specify the register.

  * @param  Data: Data to be written in the specified RTC Backup data register.                     

  * @retval None

  */

void RTC_WriteBackupRegister(uint32_t RTC_BKP_DR, uint32_t Data)

{

  __IO uint32_t tmp = 0;

  

  /* Check the parameters */

  assert_param(IS_RTC_BKP(RTC_BKP_DR));



  tmp = RTC_BASE + 0x50;

  tmp += (RTC_BKP_DR * 4);



  /* Write the specified register */

  *(__IO uint32_t *)tmp = (uint32_t)Data;

}



/**

  * @brief  Reads data from the specified RTC Backup data Register.

  * @param  RTC_BKP_DR: RTC Backup data Register number.

  *          This parameter can be: RTC_BKP_DRx where x can be from 0 to 19 to 

  *                          specify the register.                   

  * @retval None

  */

uint32_t RTC_ReadBackupRegister(uint32_t RTC_BKP_DR)

{

  __IO uint32_t tmp = 0;

  

  /* Check the parameters */

  assert_param(IS_RTC_BKP(RTC_BKP_DR));



  tmp = RTC_BASE + 0x50;

  tmp += (RTC_BKP_DR * 4);

  

  /* Read the specified register */

  return (*(__IO uint32_t *)tmp);

}



/**

  * @}

  */



/** @defgroup RTC_Group11 RTC Tamper and TimeStamp Pins Selection and Output Type Config configuration functions

 *  @brief   RTC Tamper and TimeStamp Pins Selection and Output Type Config 

 *           configuration functions  

 *

@verbatim   

 ===============================================================================

  RTC Tamper and TimeStamp Pins Selection and Output Type Config configuration 

  functions 

 ===============================================================================  



@endverbatim

  * @{

  */



/**

  * @brief  Selects the RTC Tamper Pin.

  * @param  RTC_TamperPin: specifies the RTC Tamper Pin.

  *          This parameter can be one of the following values:

  *            @arg RTC_TamperPin_PC13: PC13 is selected as RTC Tamper Pin.

  *            @arg RTC_TamperPin_PI8: PI8 is selected as RTC Tamper Pin.    

  * @retval None

  */

void RTC_TamperPinSelection(uint32_t RTC_TamperPin)

{

  /* Check the parameters */

  assert_param(IS_RTC_TAMPER_PIN(RTC_TamperPin));

  

  RTC->TAFCR &= (uint32_t)~(RTC_TAFCR_TAMPINSEL);

  RTC->TAFCR |= (uint32_t)(RTC_TamperPin);  

}



/**

  * @brief  Selects the RTC TimeStamp Pin.

  * @param  RTC_TimeStampPin: specifies the RTC TimeStamp Pin.

  *          This parameter can be one of the following values:

  *            @arg RTC_TimeStampPin_PC13: PC13 is selected as RTC TimeStamp Pin.

  *            @arg RTC_TimeStampPin_PI8: PI8 is selected as RTC TimeStamp Pin.    

  * @retval None

  */

void RTC_TimeStampPinSelection(uint32_t RTC_TimeStampPin)

{

  /* Check the parameters */

  assert_param(IS_RTC_TIMESTAMP_PIN(RTC_TimeStampPin));

  

  RTC->TAFCR &= (uint32_t)~(RTC_TAFCR_TSINSEL);

  RTC->TAFCR |= (uint32_t)(RTC_TimeStampPin);  

}



/**

  * @brief  Configures the RTC Output Pin mode. 

  * @param  RTC_OutputType: specifies the RTC Output (PC13) pin mode.

  *          This parameter can be one of the following values:

  *            @arg RTC_OutputType_OpenDrain: RTC Output (PC13) is configured in 

  *                                    Open Drain mode.

  *            @arg RTC_OutputType_PushPull:  RTC Output (PC13) is configured in 

  *                                    Push Pull mode.    

  * @retval None

  */

void RTC_OutputTypeConfig(uint32_t RTC_OutputType)

{

  /* Check the parameters */

  assert_param(IS_RTC_OUTPUT_TYPE(RTC_OutputType));

  

  RTC->TAFCR &= (uint32_t)~(RTC_TAFCR_ALARMOUTTYPE);

  RTC->TAFCR |= (uint32_t)(RTC_OutputType);  

}



/**

  * @}

  */



/** @defgroup RTC_Group12 Shift control synchronisation functions

 *  @brief   Shift control synchronisation functions 

 *

@verbatim   

 ===============================================================================

                   Shift control synchronisation functions

 ===============================================================================  



@endverbatim

  * @{

  */



/**

  * @brief  Configures the Synchronization Shift Control Settings.

  * @note   When REFCKON is set, firmware must not write to Shift control register 

  * @param  RTC_ShiftAdd1S : Select to add or not 1 second to the time Calendar.

  *   This parameter can be one of the following values :

  *     @arg RTC_ShiftAdd1S_Set  : Add one second to the clock calendar. 

  *     @arg RTC_ShiftAdd1S_Reset: No effect.

  * @param  RTC_ShiftSubFS: Select the number of Second Fractions to Substitute.

  *         This parameter can be one any value from 0 to 0x7FFF.

  * @retval An ErrorStatus enumeration value:

  *          - SUCCESS: RTC Shift registers are configured

  *          - ERROR: RTC Shift registers are not configured

*/

ErrorStatus RTC_SynchroShiftConfig(uint32_t RTC_ShiftAdd1S, uint32_t RTC_ShiftSubFS)

{

  ErrorStatus status = ERROR;

  uint32_t shpfcount = 0;



  /* Check the parameters */

  assert_param(IS_RTC_SHIFT_ADD1S(RTC_ShiftAdd1S));

  assert_param(IS_RTC_SHIFT_SUBFS(RTC_ShiftSubFS));



  /* Disable the write protection for RTC registers */

  RTC->WPR = 0xCA;

  RTC->WPR = 0x53;

  

  /* Check if a Shift is pending*/

  if ((RTC->ISR & RTC_ISR_SHPF) != RESET)

  {

    /* Wait until the shift is completed*/

    while (((RTC->ISR & RTC_ISR_SHPF) != RESET) && (shpfcount != SHPF_TIMEOUT))

    {

      shpfcount++;

    }

  }



  /* Check if the Shift pending is completed or if there is no Shift operation at all*/

  if ((RTC->ISR & RTC_ISR_SHPF) == RESET)

  {

    /* check if the reference clock detection is disabled */

    if((RTC->CR & RTC_CR_REFCKON) == RESET)

    {

      /* Configure the Shift settings */

      RTC->SHIFTR = (uint32_t)(uint32_t)(RTC_ShiftSubFS) | (uint32_t)(RTC_ShiftAdd1S);

    

      if(RTC_WaitForSynchro() == ERROR)

      {

        status = ERROR;

      }

      else

      {

        status = SUCCESS;

      }

    }

    else

    {

      status = ERROR;

    }

  }

  else

  {

    status = ERROR;

  }



  /* Enable the write protection for RTC registers */

  RTC->WPR = 0xFF;

  

  return (ErrorStatus)(status);

}



/**

  * @}

  */



/** @defgroup RTC_Group13 Interrupts and flags management functions

 *  @brief   Interrupts and flags management functions  

 *

@verbatim   

 ===============================================================================

                       Interrupts and flags management functions

 ===============================================================================  

 All RTC interrupts are connected to the EXTI controller.

 

 - To enable the RTC Alarm interrupt, the following sequence is required:

   - Configure and enable the EXTI Line 17 in interrupt mode and select the rising 

     edge sensitivity using the EXTI_Init() function.

   - Configure and enable the RTC_Alarm IRQ channel in the NVIC using the NVIC_Init()

     function.

   - Configure the RTC to generate RTC alarms (Alarm A and/or Alarm B) using

     the RTC_SetAlarm() and RTC_AlarmCmd() functions.



 - To enable the RTC Wakeup interrupt, the following sequence is required:

   - Configure and enable the EXTI Line 22 in interrupt mode and select the rising 

     edge sensitivity using the EXTI_Init() function.

   - Configure and enable the RTC_WKUP IRQ channel in the NVIC using the NVIC_Init()

     function.

   - Configure the RTC to generate the RTC wakeup timer event using the 

     RTC_WakeUpClockConfig(), RTC_SetWakeUpCounter() and RTC_WakeUpCmd() functions.



 - To enable the RTC Tamper interrupt, the following sequence is required:

   - Configure and enable the EXTI Line 21 in interrupt mode and select the rising 

     edge sensitivity using the EXTI_Init() function.

   - Configure and enable the TAMP_STAMP IRQ channel in the NVIC using the NVIC_Init()

     function.

   - Configure the RTC to detect the RTC tamper event using the 

     RTC_TamperTriggerConfig() and RTC_TamperCmd() functions.



 - To enable the RTC TimeStamp interrupt, the following sequence is required:

   - Configure and enable the EXTI Line 21 in interrupt mode and select the rising 

     edge sensitivity using the EXTI_Init() function.

   - Configure and enable the TAMP_STAMP IRQ channel in the NVIC using the NVIC_Init()

     function.

   - Configure the RTC to detect the RTC time-stamp event using the 

     RTC_TimeStampCmd() functions.



@endverbatim

  * @{

  */



/**

  * @brief  Enables or disables the specified RTC interrupts.

  * @param  RTC_IT: specifies the RTC interrupt sources to be enabled or disabled. 

  *          This parameter can be any combination of the following values:

  *            @arg RTC_IT_TS:  Time Stamp interrupt mask

  *            @arg RTC_IT_WUT:  WakeUp Timer interrupt mask

  *            @arg RTC_IT_ALRB:  Alarm B interrupt mask

  *            @arg RTC_IT_ALRA:  Alarm A interrupt mask

  *            @arg RTC_IT_TAMP: Tamper event interrupt mask

  * @param  NewState: new state of the specified RTC interrupts.

  *          This parameter can be: ENABLE or DISABLE.

  * @retval None

  */

void RTC_ITConfig(uint32_t RTC_IT, FunctionalState NewState)

{

  /* Check the parameters */

  assert_param(IS_RTC_CONFIG_IT(RTC_IT));

  assert_param(IS_FUNCTIONAL_STATE(NewState));



  /* Disable the write protection for RTC registers */

  RTC->WPR = 0xCA;

  RTC->WPR = 0x53;



  if (NewState != DISABLE)

  {

    /* Configure the Interrupts in the RTC_CR register */

    RTC->CR |= (uint32_t)(RTC_IT & ~RTC_TAFCR_TAMPIE);

    /* Configure the Tamper Interrupt in the RTC_TAFCR */

    RTC->TAFCR |= (uint32_t)(RTC_IT & RTC_TAFCR_TAMPIE);

  }

  else

  {

    /* Configure the Interrupts in the RTC_CR register */

    RTC->CR &= (uint32_t)~(RTC_IT & (uint32_t)~RTC_TAFCR_TAMPIE);

    /* Configure the Tamper Interrupt in the RTC_TAFCR */

    RTC->TAFCR &= (uint32_t)~(RTC_IT & RTC_TAFCR_TAMPIE);

  }

  /* Enable the write protection for RTC registers */

  RTC->WPR = 0xFF; 

}



/**

  * @brief  Checks whether the specified RTC flag is set or not.

  * @param  RTC_FLAG: specifies the flag to check.

  *          This parameter can be one of the following values:

  *            @arg RTC_FLAG_TAMP1F: Tamper 1 event flag

  *            @arg RTC_FLAG_TSOVF: Time Stamp OverFlow flag

  *            @arg RTC_FLAG_TSF: Time Stamp event flag

  *            @arg RTC_FLAG_WUTF: WakeUp Timer flag

  *            @arg RTC_FLAG_ALRBF: Alarm B flag

  *            @arg RTC_FLAG_ALRAF: Alarm A flag

  *            @arg RTC_FLAG_INITF: Initialization mode flag

  *            @arg RTC_FLAG_RSF: Registers Synchronized flag

  *            @arg RTC_FLAG_INITS: Registers Configured flag

  *            @arg RTC_FLAG_WUTWF: WakeUp Timer Write flag

  *            @arg RTC_FLAG_ALRBWF: Alarm B Write flag

  *            @arg RTC_FLAG_ALRAWF: Alarm A write flag

  * @retval The new state of RTC_FLAG (SET or RESET).

  */

FlagStatus RTC_GetFlagStatus(uint32_t RTC_FLAG)

{

  FlagStatus bitstatus = RESET;

  uint32_t tmpreg = 0;

  

  /* Check the parameters */

  assert_param(IS_RTC_GET_FLAG(RTC_FLAG));

  

  /* Get all the flags */

  tmpreg = (uint32_t)(RTC->ISR & RTC_FLAGS_MASK);

  

  /* Return the status of the flag */

  if ((tmpreg & RTC_FLAG) != (uint32_t)RESET)

  {

    bitstatus = SET;

  }

  else

  {

    bitstatus = RESET;

  }

  return bitstatus;

}



/**

  * @brief  Clears the RTC's pending flags.

  * @param  RTC_FLAG: specifies the RTC flag to clear.

  *          This parameter can be any combination of the following values:

  *            @arg RTC_FLAG_TAMP1F: Tamper 1 event flag

  *            @arg RTC_FLAG_TSOVF: Time Stamp Overflow flag 

  *            @arg RTC_FLAG_TSF: Time Stamp event flag

  *            @arg RTC_FLAG_WUTF: WakeUp Timer flag

  *            @arg RTC_FLAG_ALRBF: Alarm B flag

  *            @arg RTC_FLAG_ALRAF: Alarm A flag

  *            @arg RTC_FLAG_RSF: Registers Synchronized flag

  * @retval None

  */

void RTC_ClearFlag(uint32_t RTC_FLAG)

{

  /* Check the parameters */

  assert_param(IS_RTC_CLEAR_FLAG(RTC_FLAG));



  /* Clear the Flags in the RTC_ISR register */

  RTC->ISR = (uint32_t)((uint32_t)(~((RTC_FLAG | RTC_ISR_INIT)& 0x0000FFFF) | (uint32_t)(RTC->ISR & RTC_ISR_INIT)));  

}



/**

  * @brief  Checks whether the specified RTC interrupt has occurred or not.

  * @param  RTC_IT: specifies the RTC interrupt source to check.

  *          This parameter can be one of the following values:

  *            @arg RTC_IT_TS: Time Stamp interrupt 

  *            @arg RTC_IT_WUT: WakeUp Timer interrupt 

  *            @arg RTC_IT_ALRB: Alarm B interrupt 

  *            @arg RTC_IT_ALRA: Alarm A interrupt 

  *            @arg RTC_IT_TAMP1: Tamper 1 event interrupt 

  * @retval The new state of RTC_IT (SET or RESET).

  */

ITStatus RTC_GetITStatus(uint32_t RTC_IT)

{

  ITStatus bitstatus = RESET;

  uint32_t tmpreg = 0, enablestatus = 0;

 

  /* Check the parameters */

  assert_param(IS_RTC_GET_IT(RTC_IT));

  

  /* Get the TAMPER Interrupt enable bit and pending bit */

  tmpreg = (uint32_t)(RTC->TAFCR & (RTC_TAFCR_TAMPIE));

 

  /* Get the Interrupt enable Status */

  enablestatus = (uint32_t)((RTC->CR & RTC_IT) | (tmpreg & (RTC_IT >> 15)));

  

  /* Get the Interrupt pending bit */

  tmpreg = (uint32_t)((RTC->ISR & (uint32_t)(RTC_IT >> 4)));

  

  /* Get the status of the Interrupt */

  if ((enablestatus != (uint32_t)RESET) && ((tmpreg & 0x0000FFFF) != (uint32_t)RESET))

  {

    bitstatus = SET;

  }

  else

  {

    bitstatus = RESET;

  }

  return bitstatus;

}



/**

  * @brief  Clears the RTC's interrupt pending bits.

  * @param  RTC_IT: specifies the RTC interrupt pending bit to clear.

  *          This parameter can be any combination of the following values:

  *            @arg RTC_IT_TS: Time Stamp interrupt 

  *            @arg RTC_IT_WUT: WakeUp Timer interrupt 

  *            @arg RTC_IT_ALRB: Alarm B interrupt 

  *            @arg RTC_IT_ALRA: Alarm A interrupt 

  *            @arg RTC_IT_TAMP1: Tamper 1 event interrupt 

  * @retval None

  */

void RTC_ClearITPendingBit(uint32_t RTC_IT)

{

  uint32_t tmpreg = 0;



  /* Check the parameters */

  assert_param(IS_RTC_CLEAR_IT(RTC_IT));



  /* Get the RTC_ISR Interrupt pending bits mask */

  tmpreg = (uint32_t)(RTC_IT >> 4);



  /* Clear the interrupt pending bits in the RTC_ISR register */

  RTC->ISR = (uint32_t)((uint32_t)(~((tmpreg | RTC_ISR_INIT)& 0x0000FFFF) | (uint32_t)(RTC->ISR & RTC_ISR_INIT))); 

}



/**

  * @}

  */



/**

  * @brief  Converts a 2 digit decimal to BCD format.

  * @param  Value: Byte to be converted.

  * @retval Converted byte

  */

static uint8_t RTC_ByteToBcd2(uint8_t Value)

{

  uint8_t bcdhigh = 0;

  

  while (Value >= 10)

  {

    bcdhigh++;

    Value -= 10;

  }

  

  return  ((uint8_t)(bcdhigh << 4) | Value);

}



/**

  * @brief  Convert from 2 digit BCD to Binary.

  * @param  Value: BCD value to be converted.

  * @retval Converted word

  */

static uint8_t RTC_Bcd2ToByte(uint8_t Value)

{

  uint8_t tmp = 0;

  tmp = ((uint8_t)(Value & (uint8_t)0xF0) >> (uint8_t)0x4) * 10;

  return (tmp + (Value & (uint8_t)0x0F));

}



/**

  * @}

  */ 



/**

  * @}

  */ 



/**

  * @}

  */ 



/******************* (C) COPYRIGHT 2011 STMicroelectronics *****END OF FILE****/








Viz/cmsis_lib/source/stm32f4xx_spi.c

/**

  ******************************************************************************

  * @file    stm32f4xx_spi.c

  * @author  MCD Application Team

  * @version V1.0.0

  * @date    30-September-2011

  * @brief   This file provides firmware functions to manage the following 

  *          functionalities of the Serial peripheral interface (SPI):

  *           - Initialization and Configuration

  *           - Data transfers functions

  *           - Hardware CRC Calculation

  *           - DMA transfers management

  *           - Interrupts and flags management 

  *           

  *  @verbatim

  *          

  *                    

  *          ===================================================================

  *                                 How to use this driver

  *          ===================================================================

  *    

  *          1. Enable peripheral clock using the following functions 

  *             RCC_APB2PeriphClockCmd(RCC_APB2Periph_SPI1, ENABLE) for SPI1

  *             RCC_APB1PeriphClockCmd(RCC_APB1Periph_SPI2, ENABLE) for SPI2

  *             RCC_APB1PeriphResetCmd(RCC_APB1Periph_SPI3, ENABLE) for SPI3.

  *

  *          2. Enable SCK, MOSI, MISO and NSS GPIO clocks using RCC_AHB1PeriphClockCmd()

  *             function.

  *             In I2S mode, if an external clock source is used then the I2S CKIN pin GPIO

  *             clock should also be enabled.

  *

  *          3. Peripherals alternate function: 

  *                 - Connect the pin to the desired peripherals' Alternate 

  *                   Function (AF) using GPIO_PinAFConfig() function

  *                 - Configure the desired pin in alternate function by:

  *                   GPIO_InitStruct->GPIO_Mode = GPIO_Mode_AF

  *                 - Select the type, pull-up/pull-down and output speed via 

  *                   GPIO_PuPd, GPIO_OType and GPIO_Speed members

  *                 - Call GPIO_Init() function

  *              In I2S mode, if an external clock source is used then the I2S CKIN pin

  *              should be also configured in Alternate function Push-pull pull-up mode. 

  *        

  *          4. Program the Polarity, Phase, First Data, Baud Rate Prescaler, Slave 

  *             Management, Peripheral Mode and CRC Polynomial values using the SPI_Init()

  *             function.

  *             In I2S mode, program the Mode, Standard, Data Format, MCLK Output, Audio 

  *             frequency and Polarity using I2S_Init() function.

  *             For I2S mode, make sure that either:

  *              - I2S PLL is configured using the functions RCC_I2SCLKConfig(RCC_I2S2CLKSource_PLLI2S), 

  *                RCC_PLLI2SCmd(ENABLE) and RCC_GetFlagStatus(RCC_FLAG_PLLI2SRDY).

  *              or 

  *              - External clock source is configured using the function 

  *                RCC_I2SCLKConfig(RCC_I2S2CLKSource_Ext) and after setting correctly the define constant

  *                I2S_EXTERNAL_CLOCK_VAL in the stm32f4xx_conf.h file. 

  *

  *          5. Enable the NVIC and the corresponding interrupt using the function 

  *             SPI_ITConfig() if you need to use interrupt mode. 

  *

  *          6. When using the DMA mode 

  *                   - Configure the DMA using DMA_Init() function

  *                   - Active the needed channel Request using SPI_I2S_DMACmd() function

  * 

  *          7. Enable the SPI using the SPI_Cmd() function or enable the I2S using

  *             I2S_Cmd().

  * 

  *          8. Enable the DMA using the DMA_Cmd() function when using DMA mode. 

  *

  *          9. Optionally, you can enable/configure the following parameters without

  *             re-initialization (i.e there is no need to call again SPI_Init() function):

  *              - When bidirectional mode (SPI_Direction_1Line_Rx or SPI_Direction_1Line_Tx)

  *                is programmed as Data direction parameter using the SPI_Init() function

  *                it can be possible to switch between SPI_Direction_Tx or SPI_Direction_Rx

  *                using the SPI_BiDirectionalLineConfig() function.

  *              - When SPI_NSS_Soft is selected as Slave Select Management parameter 

  *                using the SPI_Init() function it can be possible to manage the 

  *                NSS internal signal using the SPI_NSSInternalSoftwareConfig() function.

  *              - Reconfigure the data size using the SPI_DataSizeConfig() function  

  *              - Enable or disable the SS output using the SPI_SSOutputCmd() function  

  *          

  *          10. To use the CRC Hardware calculation feature refer to the Peripheral 

  *              CRC hardware Calculation subsection.

  *   

  *

  *          It is possible to use SPI in I2S full duplex mode, in this case, each SPI 

  *          peripheral is able to manage sending and receiving data simultaneously

  *          using two data lines. Each SPI peripheral has an extended block called I2Sxext

  *          (ie. I2S2ext for SPI2 and I2S3ext for SPI3).

  *          The extension block is not a full SPI IP, it is used only as I2S slave to

  *          implement full duplex mode. The extension block uses the same clock sources

  *          as its master.          

  *          To configure I2S full duplex you have to:

  *            

  *          1. Configure SPIx in I2S mode (I2S_Init() function) as described above. 

  *           

  *          2. Call the I2S_FullDuplexConfig() function using the same strucutre passed to  

  *             I2S_Init() function.

  *            

  *          3. Call I2S_Cmd() for SPIx then for its extended block.

  *          

  *          4. To configure interrupts or DMA requests and to get/clear flag status, 

  *             use I2Sxext instance for the extension block.

  *             

  *          Functions that can be called with I2Sxext instances are:

  *          I2S_Cmd(), I2S_FullDuplexConfig(), SPI_I2S_ReceiveData(), SPI_I2S_SendData(), 

  *          SPI_I2S_DMACmd(), SPI_I2S_ITConfig(), SPI_I2S_GetFlagStatus(), SPI_I2S_ClearFlag(),

  *          SPI_I2S_GetITStatus() and SPI_I2S_ClearITPendingBit().

  *                 

  *          Example: To use SPI3 in Full duplex mode (SPI3 is Master Tx, I2S3ext is Slave Rx):

  *            

  *          RCC_APB1PeriphClockCmd(RCC_APB1Periph_SPI3, ENABLE);   

  *          I2S_StructInit(&I2SInitStruct);

  *          I2SInitStruct.Mode = I2S_Mode_MasterTx;     

  *          I2S_Init(SPI3, &I2SInitStruct);

  *          I2S_FullDuplexConfig(SPI3ext, &I2SInitStruct)

  *          I2S_Cmd(SPI3, ENABLE);

  *          I2S_Cmd(SPI3ext, ENABLE);

  *          ...

  *          while (SPI_I2S_GetFlagStatus(SPI2, SPI_FLAG_TXE) == RESET)

  *          {}

  *          SPI_I2S_SendData(SPI3, txdata[i]);

  *          ...  

  *          while (SPI_I2S_GetFlagStatus(I2S3ext, SPI_FLAG_RXNE) == RESET)

  *          {}

  *          rxdata[i] = SPI_I2S_ReceiveData(I2S3ext);

  *          ...          

  *              

  *     

  * @note    In I2S mode: if an external clock is used as source clock for the I2S,  

  *          then the define I2S_EXTERNAL_CLOCK_VAL in file stm32f4xx_conf.h should 

  *          be enabled and set to the value of the source clock frequency (in Hz).

  * 

  * @note    In SPI mode: To use the SPI TI mode, call the function SPI_TIModeCmd() 

  *          just after calling the function SPI_Init().

  *

  *  @endverbatim  

  *                                  

  ******************************************************************************

  * @attention

  *

  * THE PRESENT FIRMWARE WHICH IS FOR GUIDANCE ONLY AIMS AT PROVIDING CUSTOMERS

  * WITH CODING INFORMATION REGARDING THEIR PRODUCTS IN ORDER FOR THEM TO SAVE

  * TIME. AS A RESULT, STMICROELECTRONICS SHALL NOT BE HELD LIABLE FOR ANY

  * DIRECT, INDIRECT OR CONSEQUENTIAL DAMAGES WITH RESPECT TO ANY CLAIMS ARISING

  * FROM THE CONTENT OF SUCH FIRMWARE AND/OR THE USE MADE BY CUSTOMERS OF THE

  * CODING INFORMATION CONTAINED HEREIN IN CONNECTION WITH THEIR PRODUCTS.

  *

  * <h2><center>&copy; COPYRIGHT 2011 STMicroelectronics</center></h2>

  ******************************************************************************  

  */ 



/* Includes ------------------------------------------------------------------*/

#include "stm32f4xx_spi.h"

#include "stm32f4xx_rcc.h"



/** @addtogroup STM32F4xx_StdPeriph_Driver

  * @{

  */



/** @defgroup SPI 

  * @brief SPI driver modules

  * @{

  */ 



/* Private typedef -----------------------------------------------------------*/

/* Private define ------------------------------------------------------------*/



/* SPI registers Masks */

#define CR1_CLEAR_MASK            ((uint16_t)0x3040)

#define I2SCFGR_CLEAR_MASK        ((uint16_t)0xF040)



/* RCC PLLs masks */

#define PLLCFGR_PPLR_MASK         ((uint32_t)0x70000000)

#define PLLCFGR_PPLN_MASK         ((uint32_t)0x00007FC0)



#define SPI_CR2_FRF               ((uint16_t)0x0010)

#define SPI_SR_TIFRFE             ((uint16_t)0x0100)



/* Private macro -------------------------------------------------------------*/

/* Private variables ---------------------------------------------------------*/

/* Private function prototypes -----------------------------------------------*/

/* Private functions ---------------------------------------------------------*/



/** @defgroup SPI_Private_Functions

  * @{

  */



/** @defgroup SPI_Group1 Initialization and Configuration functions

 *  @brief   Initialization and Configuration functions 

 *

@verbatim   

 ===============================================================================

                  Initialization and Configuration functions

 ===============================================================================  



  This section provides a set of functions allowing to initialize the SPI Direction,

  SPI Mode, SPI Data Size, SPI Polarity, SPI Phase, SPI NSS Management, SPI Baud

  Rate Prescaler, SPI First Bit and SPI CRC Polynomial.

  

  The SPI_Init() function follows the SPI configuration procedures for Master mode

  and Slave mode (details for these procedures are available in reference manual

  (RM0090)).

  

@endverbatim

  * @{

  */



/**

  * @brief  Deinitialize the SPIx peripheral registers to their default reset values.

  * @param  SPIx: To select the SPIx/I2Sx peripheral, where x can be: 1, 2 or 3 

  *         in SPI mode or 2 or 3 in I2S mode.   

  *         

  * @note   The extended I2S blocks (ie. I2S2ext and I2S3ext blocks) are deinitialized

  *         when the relative I2S peripheral is deinitialized (the extended block's clock

  *         is managed by the I2S peripheral clock).

  *             

  * @retval None

  */

void SPI_I2S_DeInit(SPI_TypeDef* SPIx)

{

  /* Check the parameters */

  assert_param(IS_SPI_ALL_PERIPH(SPIx));



  if (SPIx == SPI1)

  {

    /* Enable SPI1 reset state */

    RCC_APB2PeriphResetCmd(RCC_APB2Periph_SPI1, ENABLE);

    /* Release SPI1 from reset state */

    RCC_APB2PeriphResetCmd(RCC_APB2Periph_SPI1, DISABLE);

  }

  else if (SPIx == SPI2)

  {

    /* Enable SPI2 reset state */

    RCC_APB1PeriphResetCmd(RCC_APB1Periph_SPI2, ENABLE);

    /* Release SPI2 from reset state */

    RCC_APB1PeriphResetCmd(RCC_APB1Periph_SPI2, DISABLE);

    }

  else

  {

    if (SPIx == SPI3)

    {

      /* Enable SPI3 reset state */

      RCC_APB1PeriphResetCmd(RCC_APB1Periph_SPI3, ENABLE);

      /* Release SPI3 from reset state */

      RCC_APB1PeriphResetCmd(RCC_APB1Periph_SPI3, DISABLE);

    }

  }

}



/**

  * @brief  Initializes the SPIx peripheral according to the specified 

  *         parameters in the SPI_InitStruct.

  * @param  SPIx: where x can be 1, 2 or 3 to select the SPI peripheral.

  * @param  SPI_InitStruct: pointer to a SPI_InitTypeDef structure that

  *         contains the configuration information for the specified SPI peripheral.

  * @retval None

  */

void SPI_Init(SPI_TypeDef* SPIx, SPI_InitTypeDef* SPI_InitStruct)

{

  uint16_t tmpreg = 0;

  

  /* check the parameters */

  assert_param(IS_SPI_ALL_PERIPH(SPIx));

  

  /* Check the SPI parameters */

  assert_param(IS_SPI_DIRECTION_MODE(SPI_InitStruct->SPI_Direction));

  assert_param(IS_SPI_MODE(SPI_InitStruct->SPI_Mode));

  assert_param(IS_SPI_DATASIZE(SPI_InitStruct->SPI_DataSize));

  assert_param(IS_SPI_CPOL(SPI_InitStruct->SPI_CPOL));

  assert_param(IS_SPI_CPHA(SPI_InitStruct->SPI_CPHA));

  assert_param(IS_SPI_NSS(SPI_InitStruct->SPI_NSS));

  assert_param(IS_SPI_BAUDRATE_PRESCALER(SPI_InitStruct->SPI_BaudRatePrescaler));

  assert_param(IS_SPI_FIRST_BIT(SPI_InitStruct->SPI_FirstBit));

  assert_param(IS_SPI_CRC_POLYNOMIAL(SPI_InitStruct->SPI_CRCPolynomial));



/*---------------------------- SPIx CR1 Configuration ------------------------*/

  /* Get the SPIx CR1 value */

  tmpreg = SPIx->CR1;

  /* Clear BIDIMode, BIDIOE, RxONLY, SSM, SSI, LSBFirst, BR, MSTR, CPOL and CPHA bits */

  tmpreg &= CR1_CLEAR_MASK;

  /* Configure SPIx: direction, NSS management, first transmitted bit, BaudRate prescaler

     master/salve mode, CPOL and CPHA */

  /* Set BIDImode, BIDIOE and RxONLY bits according to SPI_Direction value */

  /* Set SSM, SSI and MSTR bits according to SPI_Mode and SPI_NSS values */

  /* Set LSBFirst bit according to SPI_FirstBit value */

  /* Set BR bits according to SPI_BaudRatePrescaler value */

  /* Set CPOL bit according to SPI_CPOL value */

  /* Set CPHA bit according to SPI_CPHA value */

  tmpreg |= (uint16_t)((uint32_t)SPI_InitStruct->SPI_Direction | SPI_InitStruct->SPI_Mode |

                  SPI_InitStruct->SPI_DataSize | SPI_InitStruct->SPI_CPOL |  

                  SPI_InitStruct->SPI_CPHA | SPI_InitStruct->SPI_NSS |  

                  SPI_InitStruct->SPI_BaudRatePrescaler | SPI_InitStruct->SPI_FirstBit);

  /* Write to SPIx CR1 */

  SPIx->CR1 = tmpreg;



  /* Activate the SPI mode (Reset I2SMOD bit in I2SCFGR register) */

  SPIx->I2SCFGR &= (uint16_t)~((uint16_t)SPI_I2SCFGR_I2SMOD);

/*---------------------------- SPIx CRCPOLY Configuration --------------------*/

  /* Write to SPIx CRCPOLY */

  SPIx->CRCPR = SPI_InitStruct->SPI_CRCPolynomial;

}



/**

  * @brief  Initializes the SPIx peripheral according to the specified 

  *         parameters in the I2S_InitStruct.

  * @param  SPIx: where x can be  2 or 3 to select the SPI peripheral (configured in I2S mode).

  * @param  I2S_InitStruct: pointer to an I2S_InitTypeDef structure that

  *         contains the configuration information for the specified SPI peripheral

  *         configured in I2S mode.

  *           

  * @note   The function calculates the optimal prescaler needed to obtain the most 

  *         accurate audio frequency (depending on the I2S clock source, the PLL values 

  *         and the product configuration). But in case the prescaler value is greater 

  *         than 511, the default value (0x02) will be configured instead.    

  * 

  * @note   if an external clock is used as source clock for the I2S, then the define

  *         I2S_EXTERNAL_CLOCK_VAL in file stm32f4xx_conf.h should be enabled and set

  *         to the value of the the source clock frequency (in Hz).

  *  

  * @retval None

  */

void I2S_Init(SPI_TypeDef* SPIx, I2S_InitTypeDef* I2S_InitStruct)

{

  uint16_t tmpreg = 0, i2sdiv = 2, i2sodd = 0, packetlength = 1;

  uint32_t tmp = 0, i2sclk = 0;

#ifndef I2S_EXTERNAL_CLOCK_VAL

  uint32_t pllm = 0, plln = 0, pllr = 0;

#endif /* I2S_EXTERNAL_CLOCK_VAL */

  

  /* Check the I2S parameters */

  assert_param(IS_SPI_23_PERIPH(SPIx));

  assert_param(IS_I2S_MODE(I2S_InitStruct->I2S_Mode));

  assert_param(IS_I2S_STANDARD(I2S_InitStruct->I2S_Standard));

  assert_param(IS_I2S_DATA_FORMAT(I2S_InitStruct->I2S_DataFormat));

  assert_param(IS_I2S_MCLK_OUTPUT(I2S_InitStruct->I2S_MCLKOutput));

  assert_param(IS_I2S_AUDIO_FREQ(I2S_InitStruct->I2S_AudioFreq));

  assert_param(IS_I2S_CPOL(I2S_InitStruct->I2S_CPOL));  



/*----------------------- SPIx I2SCFGR & I2SPR Configuration -----------------*/

  /* Clear I2SMOD, I2SE, I2SCFG, PCMSYNC, I2SSTD, CKPOL, DATLEN and CHLEN bits */

  SPIx->I2SCFGR &= I2SCFGR_CLEAR_MASK; 

  SPIx->I2SPR = 0x0002;

  

  /* Get the I2SCFGR register value */

  tmpreg = SPIx->I2SCFGR;

  

  /* If the default value has to be written, reinitialize i2sdiv and i2sodd*/

  if(I2S_InitStruct->I2S_AudioFreq == I2S_AudioFreq_Default)

  {

    i2sodd = (uint16_t)0;

    i2sdiv = (uint16_t)2;   

  }

  /* If the requested audio frequency is not the default, compute the prescaler */

  else

  {

    /* Check the frame length (For the Prescaler computing) *******************/

    if(I2S_InitStruct->I2S_DataFormat == I2S_DataFormat_16b)

    {

      /* Packet length is 16 bits */

      packetlength = 1;

    }

    else

    {

      /* Packet length is 32 bits */

      packetlength = 2;

    }



    /* Get I2S source Clock frequency  ****************************************/

      

    /* If an external I2S clock has to be used, this define should be set  

       in the project configuration or in the stm32f4xx_conf.h file */

  #ifdef I2S_EXTERNAL_CLOCK_VAL     

    /* Set external clock as I2S clock source */

    if ((RCC->CFGR & RCC_CFGR_I2SSRC) == 0)

    {

      RCC->CFGR |= (uint32_t)RCC_CFGR_I2SSRC;

    }

    

    /* Set the I2S clock to the external clock  value */

    i2sclk = I2S_EXTERNAL_CLOCK_VAL;



  #else /* There is no define for External I2S clock source */

    /* Set PLLI2S as I2S clock source */

    if ((RCC->CFGR & RCC_CFGR_I2SSRC) != 0)

    {

      RCC->CFGR &= ~(uint32_t)RCC_CFGR_I2SSRC;

    }    

    

    /* Get the PLLI2SN value */

    plln = (uint32_t)(((RCC->PLLI2SCFGR & RCC_PLLI2SCFGR_PLLI2SN) >> 6) & \

                      (RCC_PLLI2SCFGR_PLLI2SN >> 6));

    

    /* Get the PLLI2SR value */

    pllr = (uint32_t)(((RCC->PLLI2SCFGR & RCC_PLLI2SCFGR_PLLI2SR) >> 28) & \

                      (RCC_PLLI2SCFGR_PLLI2SR >> 28));

    

    /* Get the PLLM value */

    pllm = (uint32_t)(RCC->PLLCFGR & RCC_PLLCFGR_PLLM);      

    

    /* Get the I2S source clock value */

    i2sclk = (uint32_t)(((HSE_VALUE / pllm) * plln) / pllr);

  #endif /* I2S_EXTERNAL_CLOCK_VAL */

    

    /* Compute the Real divider depending on the MCLK output state, with a floating point */

    if(I2S_InitStruct->I2S_MCLKOutput == I2S_MCLKOutput_Enable)

    {

      /* MCLK output is enabled */

      tmp = (uint16_t)(((((i2sclk / 256) * 10) / I2S_InitStruct->I2S_AudioFreq)) + 5);

    }

    else

    {

      /* MCLK output is disabled */

      tmp = (uint16_t)(((((i2sclk / (32 * packetlength)) *10 ) / I2S_InitStruct->I2S_AudioFreq)) + 5);

    }

    

    /* Remove the flatting point */

    tmp = tmp / 10;  

      

    /* Check the parity of the divider */

    i2sodd = (uint16_t)(tmp & (uint16_t)0x0001);

   

    /* Compute the i2sdiv prescaler */

    i2sdiv = (uint16_t)((tmp - i2sodd) / 2);

   

    /* Get the Mask for the Odd bit (SPI_I2SPR[8]) register */

    i2sodd = (uint16_t) (i2sodd << 8);

  }



  /* Test if the divider is 1 or 0 or greater than 0xFF */

  if ((i2sdiv < 2) || (i2sdiv > 0xFF))

  {

    /* Set the default values */

    i2sdiv = 2;

    i2sodd = 0;

  }



  /* Write to SPIx I2SPR register the computed value */

  SPIx->I2SPR = (uint16_t)((uint16_t)i2sdiv | (uint16_t)(i2sodd | (uint16_t)I2S_InitStruct->I2S_MCLKOutput));

 

  /* Configure the I2S with the SPI_InitStruct values */

  tmpreg |= (uint16_t)((uint16_t)SPI_I2SCFGR_I2SMOD | (uint16_t)(I2S_InitStruct->I2S_Mode | \

                  (uint16_t)(I2S_InitStruct->I2S_Standard | (uint16_t)(I2S_InitStruct->I2S_DataFormat | \

                  (uint16_t)I2S_InitStruct->I2S_CPOL))));

 

  /* Write to SPIx I2SCFGR */  

  SPIx->I2SCFGR = tmpreg;

}



/**

  * @brief  Fills each SPI_InitStruct member with its default value.

  * @param  SPI_InitStruct: pointer to a SPI_InitTypeDef structure which will be initialized.

  * @retval None

  */

void SPI_StructInit(SPI_InitTypeDef* SPI_InitStruct)

{

/*--------------- Reset SPI init structure parameters values -----------------*/

  /* Initialize the SPI_Direction member */

  SPI_InitStruct->SPI_Direction = SPI_Direction_2Lines_FullDuplex;

  /* initialize the SPI_Mode member */

  SPI_InitStruct->SPI_Mode = SPI_Mode_Slave;

  /* initialize the SPI_DataSize member */

  SPI_InitStruct->SPI_DataSize = SPI_DataSize_8b;

  /* Initialize the SPI_CPOL member */

  SPI_InitStruct->SPI_CPOL = SPI_CPOL_Low;

  /* Initialize the SPI_CPHA member */

  SPI_InitStruct->SPI_CPHA = SPI_CPHA_1Edge;

  /* Initialize the SPI_NSS member */

  SPI_InitStruct->SPI_NSS = SPI_NSS_Hard;

  /* Initialize the SPI_BaudRatePrescaler member */

  SPI_InitStruct->SPI_BaudRatePrescaler = SPI_BaudRatePrescaler_2;

  /* Initialize the SPI_FirstBit member */

  SPI_InitStruct->SPI_FirstBit = SPI_FirstBit_MSB;

  /* Initialize the SPI_CRCPolynomial member */

  SPI_InitStruct->SPI_CRCPolynomial = 7;

}



/**

  * @brief  Fills each I2S_InitStruct member with its default value.

  * @param  I2S_InitStruct: pointer to a I2S_InitTypeDef structure which will be initialized.

  * @retval None

  */

void I2S_StructInit(I2S_InitTypeDef* I2S_InitStruct)

{

/*--------------- Reset I2S init structure parameters values -----------------*/

  /* Initialize the I2S_Mode member */

  I2S_InitStruct->I2S_Mode = I2S_Mode_SlaveTx;

  

  /* Initialize the I2S_Standard member */

  I2S_InitStruct->I2S_Standard = I2S_Standard_Phillips;

  

  /* Initialize the I2S_DataFormat member */

  I2S_InitStruct->I2S_DataFormat = I2S_DataFormat_16b;

  

  /* Initialize the I2S_MCLKOutput member */

  I2S_InitStruct->I2S_MCLKOutput = I2S_MCLKOutput_Disable;

  

  /* Initialize the I2S_AudioFreq member */

  I2S_InitStruct->I2S_AudioFreq = I2S_AudioFreq_Default;

  

  /* Initialize the I2S_CPOL member */

  I2S_InitStruct->I2S_CPOL = I2S_CPOL_Low;

}



/**

  * @brief  Enables or disables the specified SPI peripheral.

  * @param  SPIx: where x can be 1, 2 or 3 to select the SPI peripheral.

  * @param  NewState: new state of the SPIx peripheral. 

  *          This parameter can be: ENABLE or DISABLE.

  * @retval None

  */

void SPI_Cmd(SPI_TypeDef* SPIx, FunctionalState NewState)

{

  /* Check the parameters */

  assert_param(IS_SPI_ALL_PERIPH(SPIx));

  assert_param(IS_FUNCTIONAL_STATE(NewState));

  if (NewState != DISABLE)

  {

    /* Enable the selected SPI peripheral */

    SPIx->CR1 |= SPI_CR1_SPE;

  }

  else

  {

    /* Disable the selected SPI peripheral */

    SPIx->CR1 &= (uint16_t)~((uint16_t)SPI_CR1_SPE);

  }

}



/**

  * @brief  Enables or disables the specified SPI peripheral (in I2S mode).

  * @param  SPIx: where x can be 2 or 3 to select the SPI peripheral (or I2Sxext 

  *         for full duplex mode).

  * @param  NewState: new state of the SPIx peripheral. 

  *         This parameter can be: ENABLE or DISABLE.

  * @retval None

  */

void I2S_Cmd(SPI_TypeDef* SPIx, FunctionalState NewState)

{

  /* Check the parameters */

  assert_param(IS_SPI_23_PERIPH_EXT(SPIx));

  assert_param(IS_FUNCTIONAL_STATE(NewState));

  

  if (NewState != DISABLE)

  {

    /* Enable the selected SPI peripheral (in I2S mode) */

    SPIx->I2SCFGR |= SPI_I2SCFGR_I2SE;

  }

  else

  {

    /* Disable the selected SPI peripheral in I2S mode */

    SPIx->I2SCFGR &= (uint16_t)~((uint16_t)SPI_I2SCFGR_I2SE);

  }

}



/**

  * @brief  Configures the data size for the selected SPI.

  * @param  SPIx: where x can be 1, 2 or 3 to select the SPI peripheral.

  * @param  SPI_DataSize: specifies the SPI data size.

  *          This parameter can be one of the following values:

  *            @arg SPI_DataSize_16b: Set data frame format to 16bit

  *            @arg SPI_DataSize_8b: Set data frame format to 8bit

  * @retval None

  */

void SPI_DataSizeConfig(SPI_TypeDef* SPIx, uint16_t SPI_DataSize)

{

  /* Check the parameters */

  assert_param(IS_SPI_ALL_PERIPH(SPIx));

  assert_param(IS_SPI_DATASIZE(SPI_DataSize));

  /* Clear DFF bit */

  SPIx->CR1 &= (uint16_t)~SPI_DataSize_16b;

  /* Set new DFF bit value */

  SPIx->CR1 |= SPI_DataSize;

}



/**

  * @brief  Selects the data transfer direction in bidirectional mode for the specified SPI.

  * @param  SPIx: where x can be 1, 2 or 3 to select the SPI peripheral.

  * @param  SPI_Direction: specifies the data transfer direction in bidirectional mode. 

  *          This parameter can be one of the following values:

  *            @arg SPI_Direction_Tx: Selects Tx transmission direction

  *            @arg SPI_Direction_Rx: Selects Rx receive direction

  * @retval None

  */

void SPI_BiDirectionalLineConfig(SPI_TypeDef* SPIx, uint16_t SPI_Direction)

{

  /* Check the parameters */

  assert_param(IS_SPI_ALL_PERIPH(SPIx));

  assert_param(IS_SPI_DIRECTION(SPI_Direction));

  if (SPI_Direction == SPI_Direction_Tx)

  {

    /* Set the Tx only mode */

    SPIx->CR1 |= SPI_Direction_Tx;

  }

  else

  {

    /* Set the Rx only mode */

    SPIx->CR1 &= SPI_Direction_Rx;

  }

}



/**

  * @brief  Configures internally by software the NSS pin for the selected SPI.

  * @param  SPIx: where x can be 1, 2 or 3 to select the SPI peripheral.

  * @param  SPI_NSSInternalSoft: specifies the SPI NSS internal state.

  *          This parameter can be one of the following values:

  *            @arg SPI_NSSInternalSoft_Set: Set NSS pin internally

  *            @arg SPI_NSSInternalSoft_Reset: Reset NSS pin internally

  * @retval None

  */

void SPI_NSSInternalSoftwareConfig(SPI_TypeDef* SPIx, uint16_t SPI_NSSInternalSoft)

{

  /* Check the parameters */

  assert_param(IS_SPI_ALL_PERIPH(SPIx));

  assert_param(IS_SPI_NSS_INTERNAL(SPI_NSSInternalSoft));

  if (SPI_NSSInternalSoft != SPI_NSSInternalSoft_Reset)

  {

    /* Set NSS pin internally by software */

    SPIx->CR1 |= SPI_NSSInternalSoft_Set;

  }

  else

  {

    /* Reset NSS pin internally by software */

    SPIx->CR1 &= SPI_NSSInternalSoft_Reset;

  }

}



/**

  * @brief  Enables or disables the SS output for the selected SPI.

  * @param  SPIx: where x can be 1, 2 or 3 to select the SPI peripheral.

  * @param  NewState: new state of the SPIx SS output. 

  *          This parameter can be: ENABLE or DISABLE.

  * @retval None

  */

void SPI_SSOutputCmd(SPI_TypeDef* SPIx, FunctionalState NewState)

{

  /* Check the parameters */

  assert_param(IS_SPI_ALL_PERIPH(SPIx));

  assert_param(IS_FUNCTIONAL_STATE(NewState));

  if (NewState != DISABLE)

  {

    /* Enable the selected SPI SS output */

    SPIx->CR2 |= (uint16_t)SPI_CR2_SSOE;

  }

  else

  {

    /* Disable the selected SPI SS output */

    SPIx->CR2 &= (uint16_t)~((uint16_t)SPI_CR2_SSOE);

  }

}



/**

  * @brief  Enables or disables the SPIx/I2Sx DMA interface.

  *   

  * @note   This function can be called only after the SPI_Init() function has 

  *         been called. 

  * @note   When TI mode is selected, the control bits SSM, SSI, CPOL and CPHA 

  *         are not taken into consideration and are configured by hardware

  *         respectively to the TI mode requirements.  

  * 

  * @param  SPIx: where x can be 1, 2 or 3 

  * @param  NewState: new state of the selected SPI TI communication mode.

  *          This parameter can be: ENABLE or DISABLE.

  * @retval None

  */

void SPI_TIModeCmd(SPI_TypeDef* SPIx, FunctionalState NewState)

{

  /* Check the parameters */

  assert_param(IS_SPI_ALL_PERIPH(SPIx));

  assert_param(IS_FUNCTIONAL_STATE(NewState));



  if (NewState != DISABLE)

  {

    /* Enable the TI mode for the selected SPI peripheral */

    SPIx->CR2 |= SPI_CR2_FRF;

  }

  else

  {

    /* Disable the TI mode for the selected SPI peripheral */

    SPIx->CR2 &= (uint16_t)~SPI_CR2_FRF;

  }

}



/**

  * @brief  Configures the full duplex mode for the I2Sx peripheral using its

  *         extension I2Sxext according to the specified parameters in the 

  *         I2S_InitStruct.

  * @param  I2Sxext: where x can be  2 or 3 to select the I2S peripheral extension block.

  * @param  I2S_InitStruct: pointer to an I2S_InitTypeDef structure that

  *         contains the configuration information for the specified I2S peripheral

  *         extension.

  * 

  * @note   The structure pointed by I2S_InitStruct parameter should be the same

  *         used for the master I2S peripheral. In this case, if the master is 

  *         configured as transmitter, the slave will be receiver and vice versa.

  *         Or you can force a different mode by modifying the field I2S_Mode to the

  *         value I2S_SlaveRx or I2S_SlaveTx indepedently of the master configuration.    

  *         

  * @note   The I2S full duplex extension can be configured in slave mode only.    

  *  

  * @retval None

  */

void I2S_FullDuplexConfig(SPI_TypeDef* I2Sxext, I2S_InitTypeDef* I2S_InitStruct)

{

  uint16_t tmpreg = 0, tmp = 0;

  

  /* Check the I2S parameters */

  assert_param(IS_I2S_EXT_PERIPH(I2Sxext));

  assert_param(IS_I2S_MODE(I2S_InitStruct->I2S_Mode));

  assert_param(IS_I2S_STANDARD(I2S_InitStruct->I2S_Standard));

  assert_param(IS_I2S_DATA_FORMAT(I2S_InitStruct->I2S_DataFormat));

  assert_param(IS_I2S_CPOL(I2S_InitStruct->I2S_CPOL));  



/*----------------------- SPIx I2SCFGR & I2SPR Configuration -----------------*/

  /* Clear I2SMOD, I2SE, I2SCFG, PCMSYNC, I2SSTD, CKPOL, DATLEN and CHLEN bits */

  I2Sxext->I2SCFGR &= I2SCFGR_CLEAR_MASK; 

  I2Sxext->I2SPR = 0x0002;

  

  /* Get the I2SCFGR register value */

  tmpreg = I2Sxext->I2SCFGR;

  

  /* Get the mode to be configured for the extended I2S */

  if ((I2S_InitStruct->I2S_Mode == I2S_Mode_MasterTx) || (I2S_InitStruct->I2S_Mode == I2S_Mode_SlaveTx))

  {

    tmp = I2S_Mode_SlaveRx;

  }

  else

  {

    if ((I2S_InitStruct->I2S_Mode == I2S_Mode_MasterRx) || (I2S_InitStruct->I2S_Mode == I2S_Mode_SlaveRx))

    {

      tmp = I2S_Mode_SlaveTx;

    }

  }



 

  /* Configure the I2S with the SPI_InitStruct values */

  tmpreg |= (uint16_t)((uint16_t)SPI_I2SCFGR_I2SMOD | (uint16_t)(tmp | \

                  (uint16_t)(I2S_InitStruct->I2S_Standard | (uint16_t)(I2S_InitStruct->I2S_DataFormat | \

                  (uint16_t)I2S_InitStruct->I2S_CPOL))));

 

  /* Write to SPIx I2SCFGR */  

  I2Sxext->I2SCFGR = tmpreg;

}



/**

  * @}

  */



/** @defgroup SPI_Group2 Data transfers functions

 *  @brief   Data transfers functions

 *

@verbatim   

 ===============================================================================

                         Data transfers functions

 ===============================================================================  



  This section provides a set of functions allowing to manage the SPI data transfers

  

  In reception, data are received and then stored into an internal Rx buffer while 

  In transmission, data are first stored into an internal Tx buffer before being 

  transmitted.



  The read access of the SPI_DR register can be done using the SPI_I2S_ReceiveData()

  function and returns the Rx buffered value. Whereas a write access to the SPI_DR 

  can be done using SPI_I2S_SendData() function and stores the written data into 

  Tx buffer.



@endverbatim

  * @{

  */



/**

  * @brief  Returns the most recent received data by the SPIx/I2Sx peripheral. 

  * @param  SPIx: To select the SPIx/I2Sx peripheral, where x can be: 1, 2 or 3 

  *         in SPI mode or 2 or 3 in I2S mode or I2Sxext for I2S full duplex mode. 

  * @retval The value of the received data.

  */

uint16_t SPI_I2S_ReceiveData(SPI_TypeDef* SPIx)

{

  /* Check the parameters */

  assert_param(IS_SPI_ALL_PERIPH_EXT(SPIx));

  

  /* Return the data in the DR register */

  return SPIx->DR;

}



/**

  * @brief  Transmits a Data through the SPIx/I2Sx peripheral.

  * @param  SPIx: To select the SPIx/I2Sx peripheral, where x can be: 1, 2 or 3 

  *         in SPI mode or 2 or 3 in I2S mode or I2Sxext for I2S full duplex mode.     

  * @param  Data: Data to be transmitted.

  * @retval None

  */

void SPI_I2S_SendData(SPI_TypeDef* SPIx, uint16_t Data)

{

  /* Check the parameters */

  assert_param(IS_SPI_ALL_PERIPH_EXT(SPIx));

  

  /* Write in the DR register the data to be sent */

  SPIx->DR = Data;

}



/**

  * @}

  */



/** @defgroup SPI_Group3 Hardware CRC Calculation functions

 *  @brief   Hardware CRC Calculation functions

 *

@verbatim   

 ===============================================================================

                         Hardware CRC Calculation functions

 ===============================================================================  



  This section provides a set of functions allowing to manage the SPI CRC hardware 

  calculation



  SPI communication using CRC is possible through the following procedure:

     1. Program the Data direction, Polarity, Phase, First Data, Baud Rate Prescaler, 

        Slave Management, Peripheral Mode and CRC Polynomial values using the SPI_Init()

        function.

     2. Enable the CRC calculation using the SPI_CalculateCRC() function.

     3. Enable the SPI using the SPI_Cmd() function

     4. Before writing the last data to the TX buffer, set the CRCNext bit using the 

      SPI_TransmitCRC() function to indicate that after transmission of the last 

      data, the CRC should be transmitted.

     5. After transmitting the last data, the SPI transmits the CRC. The SPI_CR1_CRCNEXT

        bit is reset. The CRC is also received and compared against the SPI_RXCRCR 

        value. 

        If the value does not match, the SPI_FLAG_CRCERR flag is set and an interrupt

        can be generated when the SPI_I2S_IT_ERR interrupt is enabled.



@note It is advised not to read the calculated CRC values during the communication.



@note When the SPI is in slave mode, be careful to enable CRC calculation only 

      when the clock is stable, that is, when the clock is in the steady state. 

      If not, a wrong CRC calculation may be done. In fact, the CRC is sensitive 

      to the SCK slave input clock as soon as CRCEN is set, and this, whatever 

      the value of the SPE bit.



@note With high bitrate frequencies, be careful when transmitting the CRC.

      As the number of used CPU cycles has to be as low as possible in the CRC 

      transfer phase, it is forbidden to call software functions in the CRC 

      transmission sequence to avoid errors in the last data and CRC reception. 

      In fact, CRCNEXT bit has to be written before the end of the transmission/reception 

      of the last data.



@note For high bit rate frequencies, it is advised to use the DMA mode to avoid the

      degradation of the SPI speed performance due to CPU accesses impacting the 

      SPI bandwidth.



@note When the STM32F4xx is configured as slave and the NSS hardware mode is 

      used, the NSS pin needs to be kept low between the data phase and the CRC 

      phase.



@note When the SPI is configured in slave mode with the CRC feature enabled, CRC

      calculation takes place even if a high level is applied on the NSS pin. 

      This may happen for example in case of a multi-slave environment where the 

      communication master addresses slaves alternately.



@note Between a slave de-selection (high level on NSS) and a new slave selection 

      (low level on NSS), the CRC value should be cleared on both master and slave

      sides in order to resynchronize the master and slave for their respective 

      CRC calculation.



@note To clear the CRC, follow the procedure below:

        1. Disable SPI using the SPI_Cmd() function

        2. Disable the CRC calculation using the SPI_CalculateCRC() function.

        3. Enable the CRC calculation using the SPI_CalculateCRC() function.

        4. Enable SPI using the SPI_Cmd() function.



@endverbatim

  * @{

  */



/**

  * @brief  Enables or disables the CRC value calculation of the transferred bytes.

  * @param  SPIx: where x can be 1, 2 or 3 to select the SPI peripheral.

  * @param  NewState: new state of the SPIx CRC value calculation.

  *          This parameter can be: ENABLE or DISABLE.

  * @retval None

  */

void SPI_CalculateCRC(SPI_TypeDef* SPIx, FunctionalState NewState)

{

  /* Check the parameters */

  assert_param(IS_SPI_ALL_PERIPH(SPIx));

  assert_param(IS_FUNCTIONAL_STATE(NewState));

  if (NewState != DISABLE)

  {

    /* Enable the selected SPI CRC calculation */

    SPIx->CR1 |= SPI_CR1_CRCEN;

  }

  else

  {

    /* Disable the selected SPI CRC calculation */

    SPIx->CR1 &= (uint16_t)~((uint16_t)SPI_CR1_CRCEN);

  }

}



/**

  * @brief  Transmit the SPIx CRC value.

  * @param  SPIx: where x can be 1, 2 or 3 to select the SPI peripheral.

  * @retval None

  */

void SPI_TransmitCRC(SPI_TypeDef* SPIx)

{

  /* Check the parameters */

  assert_param(IS_SPI_ALL_PERIPH(SPIx));

  

  /* Enable the selected SPI CRC transmission */

  SPIx->CR1 |= SPI_CR1_CRCNEXT;

}



/**

  * @brief  Returns the transmit or the receive CRC register value for the specified SPI.

  * @param  SPIx: where x can be 1, 2 or 3 to select the SPI peripheral.

  * @param  SPI_CRC: specifies the CRC register to be read.

  *          This parameter can be one of the following values:

  *            @arg SPI_CRC_Tx: Selects Tx CRC register

  *            @arg SPI_CRC_Rx: Selects Rx CRC register

  * @retval The selected CRC register value..

  */

uint16_t SPI_GetCRC(SPI_TypeDef* SPIx, uint8_t SPI_CRC)

{

  uint16_t crcreg = 0;

  /* Check the parameters */

  assert_param(IS_SPI_ALL_PERIPH(SPIx));

  assert_param(IS_SPI_CRC(SPI_CRC));

  if (SPI_CRC != SPI_CRC_Rx)

  {

    /* Get the Tx CRC register */

    crcreg = SPIx->TXCRCR;

  }

  else

  {

    /* Get the Rx CRC register */

    crcreg = SPIx->RXCRCR;

  }

  /* Return the selected CRC register */

  return crcreg;

}



/**

  * @brief  Returns the CRC Polynomial register value for the specified SPI.

  * @param  SPIx: where x can be 1, 2 or 3 to select the SPI peripheral.

  * @retval The CRC Polynomial register value.

  */

uint16_t SPI_GetCRCPolynomial(SPI_TypeDef* SPIx)

{

  /* Check the parameters */

  assert_param(IS_SPI_ALL_PERIPH(SPIx));

  

  /* Return the CRC polynomial register */

  return SPIx->CRCPR;

}



/**

  * @}

  */



/** @defgroup SPI_Group4 DMA transfers management functions

 *  @brief   DMA transfers management functions

  *

@verbatim   

 ===============================================================================

                         DMA transfers management functions

 ===============================================================================  



@endverbatim

  * @{

  */



/**

  * @brief  Enables or disables the SPIx/I2Sx DMA interface.

  * @param  SPIx: To select the SPIx/I2Sx peripheral, where x can be: 1, 2 or 3 

  *         in SPI mode or 2 or 3 in I2S mode or I2Sxext for I2S full duplex mode. 

  * @param  SPI_I2S_DMAReq: specifies the SPI DMA transfer request to be enabled or disabled. 

  *          This parameter can be any combination of the following values:

  *            @arg SPI_I2S_DMAReq_Tx: Tx buffer DMA transfer request

  *            @arg SPI_I2S_DMAReq_Rx: Rx buffer DMA transfer request

  * @param  NewState: new state of the selected SPI DMA transfer request.

  *          This parameter can be: ENABLE or DISABLE.

  * @retval None

  */

void SPI_I2S_DMACmd(SPI_TypeDef* SPIx, uint16_t SPI_I2S_DMAReq, FunctionalState NewState)

{

  /* Check the parameters */

  assert_param(IS_SPI_ALL_PERIPH_EXT(SPIx));

  assert_param(IS_FUNCTIONAL_STATE(NewState));

  assert_param(IS_SPI_I2S_DMAREQ(SPI_I2S_DMAReq));



  if (NewState != DISABLE)

  {

    /* Enable the selected SPI DMA requests */

    SPIx->CR2 |= SPI_I2S_DMAReq;

  }

  else

  {

    /* Disable the selected SPI DMA requests */

    SPIx->CR2 &= (uint16_t)~SPI_I2S_DMAReq;

  }

}



/**

  * @}

  */



/** @defgroup SPI_Group5 Interrupts and flags management functions

 *  @brief   Interrupts and flags management functions

  *

@verbatim   

 ===============================================================================

                         Interrupts and flags management functions

 ===============================================================================  



  This section provides a set of functions allowing to configure the SPI Interrupts 

  sources and check or clear the flags or pending bits status.

  The user should identify which mode will be used in his application to manage 

  the communication: Polling mode, Interrupt mode or DMA mode. 

    

  Polling Mode

  =============

  In Polling Mode, the SPI/I2S communication can be managed by 9 flags:

     1. SPI_I2S_FLAG_TXE : to indicate the status of the transmit buffer register

     2. SPI_I2S_FLAG_RXNE : to indicate the status of the receive buffer register

     3. SPI_I2S_FLAG_BSY : to indicate the state of the communication layer of the SPI.

     4. SPI_FLAG_CRCERR : to indicate if a CRC Calculation error occur              

     5. SPI_FLAG_MODF : to indicate if a Mode Fault error occur

     6. SPI_I2S_FLAG_OVR : to indicate if an Overrun error occur

     7. I2S_FLAG_TIFRFE: to indicate a Frame Format error occurs.

     8. I2S_FLAG_UDR: to indicate an Underrun error occurs.

     9. I2S_FLAG_CHSIDE: to indicate Channel Side.



@note Do not use the BSY flag to handle each data transmission or reception.  It is

      better to use the TXE and RXNE flags instead.



  In this Mode it is advised to use the following functions:

     - FlagStatus SPI_I2S_GetFlagStatus(SPI_TypeDef* SPIx, uint16_t SPI_I2S_FLAG);

     - void SPI_I2S_ClearFlag(SPI_TypeDef* SPIx, uint16_t SPI_I2S_FLAG);



  Interrupt Mode

  ===============

  In Interrupt Mode, the SPI communication can be managed by 3 interrupt sources

  and 7 pending bits: 

  Pending Bits:

  ------------- 

     1. SPI_I2S_IT_TXE : to indicate the status of the transmit buffer register

     2. SPI_I2S_IT_RXNE : to indicate the status of the receive buffer register

     3. SPI_IT_CRCERR : to indicate if a CRC Calculation error occur (available in SPI mode only)            

     4. SPI_IT_MODF : to indicate if a Mode Fault error occur (available in SPI mode only)

     5. SPI_I2S_IT_OVR : to indicate if an Overrun error occur

     6. I2S_IT_UDR : to indicate an Underrun Error occurs (available in I2S mode only).

     7. I2S_FLAG_TIFRFE : to indicate a Frame Format error occurs (available in TI mode only).



  Interrupt Source:

  -----------------

     1. SPI_I2S_IT_TXE: specifies the interrupt source for the Tx buffer empty 

                        interrupt.  

     2. SPI_I2S_IT_RXNE : specifies the interrupt source for the Rx buffer not 

                          empty interrupt.

     3. SPI_I2S_IT_ERR : specifies the interrupt source for the errors interrupt.



  In this Mode it is advised to use the following functions:

     - void SPI_I2S_ITConfig(SPI_TypeDef* SPIx, uint8_t SPI_I2S_IT, FunctionalState NewState);

     - ITStatus SPI_I2S_GetITStatus(SPI_TypeDef* SPIx, uint8_t SPI_I2S_IT);

     - void SPI_I2S_ClearITPendingBit(SPI_TypeDef* SPIx, uint8_t SPI_I2S_IT);



  DMA Mode

  ========

  In DMA Mode, the SPI communication can be managed by 2 DMA Channel requests:

     1. SPI_I2S_DMAReq_Tx: specifies the Tx buffer DMA transfer request

     2. SPI_I2S_DMAReq_Rx: specifies the Rx buffer DMA transfer request



  In this Mode it is advised to use the following function:

    - void SPI_I2S_DMACmd(SPI_TypeDef* SPIx, uint16_t SPI_I2S_DMAReq, FunctionalState NewState);



@endverbatim

  * @{

  */



/**

  * @brief  Enables or disables the specified SPI/I2S interrupts.

  * @param  SPIx: To select the SPIx/I2Sx peripheral, where x can be: 1, 2 or 3 

  *         in SPI mode or 2 or 3 in I2S mode or I2Sxext for I2S full duplex mode. 

  * @param  SPI_I2S_IT: specifies the SPI interrupt source to be enabled or disabled. 

  *          This parameter can be one of the following values:

  *            @arg SPI_I2S_IT_TXE: Tx buffer empty interrupt mask

  *            @arg SPI_I2S_IT_RXNE: Rx buffer not empty interrupt mask

  *            @arg SPI_I2S_IT_ERR: Error interrupt mask

  * @param  NewState: new state of the specified SPI interrupt.

  *          This parameter can be: ENABLE or DISABLE.

  * @retval None

  */

void SPI_I2S_ITConfig(SPI_TypeDef* SPIx, uint8_t SPI_I2S_IT, FunctionalState NewState)

{

  uint16_t itpos = 0, itmask = 0 ;

  

  /* Check the parameters */

  assert_param(IS_SPI_ALL_PERIPH_EXT(SPIx));

  assert_param(IS_FUNCTIONAL_STATE(NewState));

  assert_param(IS_SPI_I2S_CONFIG_IT(SPI_I2S_IT));



  /* Get the SPI IT index */

  itpos = SPI_I2S_IT >> 4;



  /* Set the IT mask */

  itmask = (uint16_t)1 << (uint16_t)itpos;



  if (NewState != DISABLE)

  {

    /* Enable the selected SPI interrupt */

    SPIx->CR2 |= itmask;

  }

  else

  {

    /* Disable the selected SPI interrupt */

    SPIx->CR2 &= (uint16_t)~itmask;

  }

}



/**

  * @brief  Checks whether the specified SPIx/I2Sx flag is set or not.

  * @param  SPIx: To select the SPIx/I2Sx peripheral, where x can be: 1, 2 or 3 

  *         in SPI mode or 2 or 3 in I2S mode or I2Sxext for I2S full duplex mode. 

  * @param  SPI_I2S_FLAG: specifies the SPI flag to check. 

  *          This parameter can be one of the following values:

  *            @arg SPI_I2S_FLAG_TXE: Transmit buffer empty flag.

  *            @arg SPI_I2S_FLAG_RXNE: Receive buffer not empty flag.

  *            @arg SPI_I2S_FLAG_BSY: Busy flag.

  *            @arg SPI_I2S_FLAG_OVR: Overrun flag.

  *            @arg SPI_FLAG_MODF: Mode Fault flag.

  *            @arg SPI_FLAG_CRCERR: CRC Error flag.

  *            @arg SPI_I2S_FLAG_TIFRFE: Format Error.

  *            @arg I2S_FLAG_UDR: Underrun Error flag.

  *            @arg I2S_FLAG_CHSIDE: Channel Side flag.  

  * @retval The new state of SPI_I2S_FLAG (SET or RESET).

  */

FlagStatus SPI_I2S_GetFlagStatus(SPI_TypeDef* SPIx, uint16_t SPI_I2S_FLAG)

{

  FlagStatus bitstatus = RESET;

  /* Check the parameters */

  assert_param(IS_SPI_ALL_PERIPH_EXT(SPIx));

  assert_param(IS_SPI_I2S_GET_FLAG(SPI_I2S_FLAG));

  

  /* Check the status of the specified SPI flag */

  if ((SPIx->SR & SPI_I2S_FLAG) != (uint16_t)RESET)

  {

    /* SPI_I2S_FLAG is set */

    bitstatus = SET;

  }

  else

  {

    /* SPI_I2S_FLAG is reset */

    bitstatus = RESET;

  }

  /* Return the SPI_I2S_FLAG status */

  return  bitstatus;

}



/**

  * @brief  Clears the SPIx CRC Error (CRCERR) flag.

  * @param  SPIx: To select the SPIx/I2Sx peripheral, where x can be: 1, 2 or 3 

  *         in SPI mode or 2 or 3 in I2S mode or I2Sxext for I2S full duplex mode. 

  * @param  SPI_I2S_FLAG: specifies the SPI flag to clear. 

  *          This function clears only CRCERR flag.

  *            @arg SPI_FLAG_CRCERR: CRC Error flag.  

  *  

  * @note   OVR (OverRun error) flag is cleared by software sequence: a read 

  *          operation to SPI_DR register (SPI_I2S_ReceiveData()) followed by a read 

  *          operation to SPI_SR register (SPI_I2S_GetFlagStatus()).

  * @note   UDR (UnderRun error) flag is cleared by a read operation to 

  *          SPI_SR register (SPI_I2S_GetFlagStatus()).   

  * @note   MODF (Mode Fault) flag is cleared by software sequence: a read/write 

  *          operation to SPI_SR register (SPI_I2S_GetFlagStatus()) followed by a 

  *          write operation to SPI_CR1 register (SPI_Cmd() to enable the SPI).

  *  

  * @retval None

  */

void SPI_I2S_ClearFlag(SPI_TypeDef* SPIx, uint16_t SPI_I2S_FLAG)

{

  /* Check the parameters */

  assert_param(IS_SPI_ALL_PERIPH_EXT(SPIx));

  assert_param(IS_SPI_I2S_CLEAR_FLAG(SPI_I2S_FLAG));

    

  /* Clear the selected SPI CRC Error (CRCERR) flag */

  SPIx->SR = (uint16_t)~SPI_I2S_FLAG;

}



/**

  * @brief  Checks whether the specified SPIx/I2Sx interrupt has occurred or not.

  * @param  SPIx: To select the SPIx/I2Sx peripheral, where x can be: 1, 2 or 3 

  *         in SPI mode or 2 or 3 in I2S mode or I2Sxext for I2S full duplex mode.  

  * @param  SPI_I2S_IT: specifies the SPI interrupt source to check. 

  *          This parameter can be one of the following values:

  *            @arg SPI_I2S_IT_TXE: Transmit buffer empty interrupt.

  *            @arg SPI_I2S_IT_RXNE: Receive buffer not empty interrupt.

  *            @arg SPI_I2S_IT_OVR: Overrun interrupt.

  *            @arg SPI_IT_MODF: Mode Fault interrupt.

  *            @arg SPI_IT_CRCERR: CRC Error interrupt.

  *            @arg I2S_IT_UDR: Underrun interrupt.  

  *            @arg SPI_I2S_IT_TIFRFE: Format Error interrupt.  

  * @retval The new state of SPI_I2S_IT (SET or RESET).

  */

ITStatus SPI_I2S_GetITStatus(SPI_TypeDef* SPIx, uint8_t SPI_I2S_IT)

{

  ITStatus bitstatus = RESET;

  uint16_t itpos = 0, itmask = 0, enablestatus = 0;



  /* Check the parameters */

  assert_param(IS_SPI_ALL_PERIPH_EXT(SPIx));

  assert_param(IS_SPI_I2S_GET_IT(SPI_I2S_IT));



  /* Get the SPI_I2S_IT index */

  itpos = 0x01 << (SPI_I2S_IT & 0x0F);



  /* Get the SPI_I2S_IT IT mask */

  itmask = SPI_I2S_IT >> 4;



  /* Set the IT mask */

  itmask = 0x01 << itmask;



  /* Get the SPI_I2S_IT enable bit status */

  enablestatus = (SPIx->CR2 & itmask) ;



  /* Check the status of the specified SPI interrupt */

  if (((SPIx->SR & itpos) != (uint16_t)RESET) && enablestatus)

  {

    /* SPI_I2S_IT is set */

    bitstatus = SET;

  }

  else

  {

    /* SPI_I2S_IT is reset */

    bitstatus = RESET;

  }

  /* Return the SPI_I2S_IT status */

  return bitstatus;

}



/**

  * @brief  Clears the SPIx CRC Error (CRCERR) interrupt pending bit.

  * @param  SPIx: To select the SPIx/I2Sx peripheral, where x can be: 1, 2 or 3 

  *         in SPI mode or 2 or 3 in I2S mode or I2Sxext for I2S full duplex mode.  

  * @param  SPI_I2S_IT: specifies the SPI interrupt pending bit to clear.

  *         This function clears only CRCERR interrupt pending bit.   

  *            @arg SPI_IT_CRCERR: CRC Error interrupt.

  *   

  * @note   OVR (OverRun Error) interrupt pending bit is cleared by software 

  *          sequence: a read operation to SPI_DR register (SPI_I2S_ReceiveData()) 

  *          followed by a read operation to SPI_SR register (SPI_I2S_GetITStatus()).

  * @note   UDR (UnderRun Error) interrupt pending bit is cleared by a read 

  *          operation to SPI_SR register (SPI_I2S_GetITStatus()).   

  * @note   MODF (Mode Fault) interrupt pending bit is cleared by software sequence:

  *          a read/write operation to SPI_SR register (SPI_I2S_GetITStatus()) 

  *          followed by a write operation to SPI_CR1 register (SPI_Cmd() to enable 

  *          the SPI).

  * @retval None

  */

void SPI_I2S_ClearITPendingBit(SPI_TypeDef* SPIx, uint8_t SPI_I2S_IT)

{

  uint16_t itpos = 0;

  /* Check the parameters */

  assert_param(IS_SPI_ALL_PERIPH_EXT(SPIx));

  assert_param(IS_SPI_I2S_CLEAR_IT(SPI_I2S_IT));



  /* Get the SPI_I2S IT index */

  itpos = 0x01 << (SPI_I2S_IT & 0x0F);



  /* Clear the selected SPI CRC Error (CRCERR) interrupt pending bit */

  SPIx->SR = (uint16_t)~itpos;

}



/**

  * @}

  */



/**

  * @}

  */ 



/**

  * @}

  */ 



/**

  * @}

  */ 



/******************* (C) COPYRIGHT 2011 STMicroelectronics *****END OF FILE****/








Viz/cmsis_lib/source/stm32f4xx_syscfg.c

/**

  ******************************************************************************

  * @file    stm32f4xx_syscfg.c

  * @author  MCD Application Team

  * @version V1.0.0

  * @date    30-September-2011

  * @brief   This file provides firmware functions to manage the SYSCFG peripheral.

  *

  *  @verbatim

  *  

  *          ===================================================================

  *                                 How to use this driver

  *          ===================================================================

  *                  

  *          This driver provides functions for:

  *          

  *          1. Remapping the memory accessible in the code area using SYSCFG_MemoryRemapConfig()

  *              

  *          2. Manage the EXTI lines connection to the GPIOs using SYSCFG_EXTILineConfig()

  *            

  *          3. Select the ETHERNET media interface (RMII/RII) using SYSCFG_ETH_MediaInterfaceConfig()

  *

  *  @note  SYSCFG APB clock must be enabled to get write access to SYSCFG registers,

  *         using RCC_APB2PeriphClockCmd(RCC_APB2Periph_SYSCFG, ENABLE);

  *                 

  *  @endverbatim

  *      

  ******************************************************************************

  * @attention

  *

  * THE PRESENT FIRMWARE WHICH IS FOR GUIDANCE ONLY AIMS AT PROVIDING CUSTOMERS

  * WITH CODING INFORMATION REGARDING THEIR PRODUCTS IN ORDER FOR THEM TO SAVE

  * TIME. AS A RESULT, STMICROELECTRONICS SHALL NOT BE HELD LIABLE FOR ANY

  * DIRECT, INDIRECT OR CONSEQUENTIAL DAMAGES WITH RESPECT TO ANY CLAIMS ARISING

  * FROM THE CONTENT OF SUCH FIRMWARE AND/OR THE USE MADE BY CUSTOMERS OF THE

  * CODING INFORMATION CONTAINED HEREIN IN CONNECTION WITH THEIR PRODUCTS.

  *

  * <h2><center>&copy; COPYRIGHT 2011 STMicroelectronics</center></h2>

  ******************************************************************************

  */



/* Includes ------------------------------------------------------------------*/

#include "stm32f4xx_syscfg.h"

#include "stm32f4xx_rcc.h"



/** @addtogroup STM32F4xx_StdPeriph_Driver

  * @{

  */



/** @defgroup SYSCFG 

  * @brief SYSCFG driver modules

  * @{

  */ 



/* Private typedef -----------------------------------------------------------*/

/* Private define ------------------------------------------------------------*/

/* ------------ RCC registers bit address in the alias region ----------- */

#define SYSCFG_OFFSET             (SYSCFG_BASE - PERIPH_BASE)

/* ---  PMC Register ---*/ 

/* Alias word address of MII_RMII_SEL bit */ 

#define PMC_OFFSET                (SYSCFG_OFFSET + 0x04) 

#define MII_RMII_SEL_BitNumber    ((uint8_t)0x17) 

#define PMC_MII_RMII_SEL_BB       (PERIPH_BB_BASE + (PMC_OFFSET * 32) + (MII_RMII_SEL_BitNumber * 4)) 



/* ---  CMPCR Register ---*/ 

/* Alias word address of CMP_PD bit */ 

#define CMPCR_OFFSET              (SYSCFG_OFFSET + 0x20) 

#define CMP_PD_BitNumber          ((uint8_t)0x00) 

#define CMPCR_CMP_PD_BB           (PERIPH_BB_BASE + (CMPCR_OFFSET * 32) + (CMP_PD_BitNumber * 4)) 



/* Private macro -------------------------------------------------------------*/

/* Private variables ---------------------------------------------------------*/

/* Private function prototypes -----------------------------------------------*/

/* Private functions ---------------------------------------------------------*/



/** @defgroup SYSCFG_Private_Functions

  * @{

  */ 



/**

  * @brief  Deinitializes the Alternate Functions (remap and EXTI configuration)

  *   registers to their default reset values.

  * @param  None

  * @retval None

  */

void SYSCFG_DeInit(void)

{

   RCC_APB2PeriphResetCmd(RCC_APB2Periph_SYSCFG, ENABLE);

   RCC_APB2PeriphResetCmd(RCC_APB2Periph_SYSCFG, DISABLE);

}



/**

  * @brief  Changes the mapping of the specified pin.

  * @param  SYSCFG_Memory: selects the memory remapping.

  *         This parameter can be one of the following values:

  *            @arg SYSCFG_MemoryRemap_Flash:       Main Flash memory mapped at 0x00000000  

  *            @arg SYSCFG_MemoryRemap_SystemFlash: System Flash memory mapped at 0x00000000

  *            @arg SYSCFG_MemoryRemap_FSMC:        FSMC (Bank1 (NOR/PSRAM 1 and 2) mapped at 0x00000000

  *            @arg SYSCFG_MemoryRemap_SRAM:        Embedded SRAM (112kB) mapped at 0x00000000

  * @retval None

  */

void SYSCFG_MemoryRemapConfig(uint8_t SYSCFG_MemoryRemap)

{

  /* Check the parameters */

  assert_param(IS_SYSCFG_MEMORY_REMAP_CONFING(SYSCFG_MemoryRemap));



  SYSCFG->MEMRMP = SYSCFG_MemoryRemap;

}



/**

  * @brief  Selects the GPIO pin used as EXTI Line.

  * @param  EXTI_PortSourceGPIOx : selects the GPIO port to be used as source for

  *          EXTI lines where x can be (A..I).

  * @param  EXTI_PinSourcex: specifies the EXTI line to be configured.

  *           This parameter can be EXTI_PinSourcex where x can be (0..15, except

  *           for EXTI_PortSourceGPIOI x can be (0..11).

  * @retval None

  */

void SYSCFG_EXTILineConfig(uint8_t EXTI_PortSourceGPIOx, uint8_t EXTI_PinSourcex)

{

  uint32_t tmp = 0x00;



  /* Check the parameters */

  assert_param(IS_EXTI_PORT_SOURCE(EXTI_PortSourceGPIOx));

  assert_param(IS_EXTI_PIN_SOURCE(EXTI_PinSourcex));



  tmp = ((uint32_t)0x0F) << (0x04 * (EXTI_PinSourcex & (uint8_t)0x03));

  SYSCFG->EXTICR[EXTI_PinSourcex >> 0x02] &= ~tmp;

  SYSCFG->EXTICR[EXTI_PinSourcex >> 0x02] |= (((uint32_t)EXTI_PortSourceGPIOx) << (0x04 * (EXTI_PinSourcex & (uint8_t)0x03)));

}



/**

  * @brief  Selects the ETHERNET media interface 

  * @param  SYSCFG_ETH_MediaInterface: specifies the Media Interface mode. 

  *          This parameter can be one of the following values: 

  *            @arg SYSCFG_ETH_MediaInterface_MII: MII mode selected

  *            @arg SYSCFG_ETH_MediaInterface_RMII: RMII mode selected 

  * @retval None 

  */

void SYSCFG_ETH_MediaInterfaceConfig(uint32_t SYSCFG_ETH_MediaInterface) 

{ 

  assert_param(IS_SYSCFG_ETH_MEDIA_INTERFACE(SYSCFG_ETH_MediaInterface)); 

  /* Configure MII_RMII selection bit */ 

  *(__IO uint32_t *) PMC_MII_RMII_SEL_BB = SYSCFG_ETH_MediaInterface; 

}



/**

  * @brief  Enables or disables the I/O Compensation Cell.

  * @note   The I/O compensation cell can be used only when the device supply

  *         voltage ranges from 2.4 to 3.6 V.  

  * @param  NewState: new state of the I/O Compensation Cell.

  *          This parameter can be one of the following values:

  *            @arg ENABLE: I/O compensation cell enabled  

  *            @arg DISABLE: I/O compensation cell power-down mode  

  * @retval None

  */

void SYSCFG_CompensationCellCmd(FunctionalState NewState)

{

  /* Check the parameters */

  assert_param(IS_FUNCTIONAL_STATE(NewState));



  *(__IO uint32_t *) CMPCR_CMP_PD_BB = (uint32_t)NewState;

}



/**

  * @brief  Checks whether the I/O Compensation Cell ready flag is set or not.

  * @param  None

  * @retval The new state of the I/O Compensation Cell ready flag (SET or RESET)

  */

FlagStatus SYSCFG_GetCompensationCellStatus(void)

{

  FlagStatus bitstatus = RESET;

    

  if ((SYSCFG->CMPCR & SYSCFG_CMPCR_READY ) != (uint32_t)RESET)

  {

    bitstatus = SET;

  }

  else

  {

    bitstatus = RESET;

  }

  return bitstatus;

}



/**

  * @}

  */



/**

  * @}

  */



/**

  * @}

  */



/******************* (C) COPYRIGHT 2011 STMicroelectronics *****END OF FILE****/   








Viz/cmsis_lib/source/stm32f4xx_tim.c

/**

  ******************************************************************************

  * @file    stm32f4xx_tim.c

  * @author  MCD Application Team

  * @version V1.0.0

  * @date    30-September-2011

  * @brief   This file provides firmware functions to manage the following 

  *          functionalities of the TIM peripheral:

  *            - TimeBase management

  *            - Output Compare management

  *            - Input Capture management

  *            - Advanced-control timers (TIM1 and TIM8) specific features  

  *            - Interrupts, DMA and flags management

  *            - Clocks management

  *            - Synchronization management

  *            - Specific interface management

  *            - Specific remapping management      

  *              

  *  @verbatim

  *  

  *          ===================================================================

  *                                 How to use this driver

  *          ===================================================================

  *          This driver provides functions to configure and program the TIM 

  *          of all STM32F4xx devices.

  *          These functions are split in 9 groups: 

  *   

  *          1. TIM TimeBase management: this group includes all needed functions 

  *             to configure the TM Timebase unit:

  *                   - Set/Get Prescaler

  *                   - Set/Get Autoreload  

  *                   - Counter modes configuration

  *                   - Set Clock division  

  *                   - Select the One Pulse mode

  *                   - Update Request Configuration

  *                   - Update Disable Configuration

  *                   - Auto-Preload Configuration 

  *                   - Enable/Disable the counter     

  *                 

  *          2. TIM Output Compare management: this group includes all needed 

  *             functions to configure the Capture/Compare unit used in Output 

  *             compare mode: 

  *                   - Configure each channel, independently, in Output Compare mode

  *                   - Select the output compare modes

  *                   - Select the Polarities of each channel

  *                   - Set/Get the Capture/Compare register values

  *                   - Select the Output Compare Fast mode 

  *                   - Select the Output Compare Forced mode  

  *                   - Output Compare-Preload Configuration 

  *                   - Clear Output Compare Reference

  *                   - Select the OCREF Clear signal

  *                   - Enable/Disable the Capture/Compare Channels    

  *                   

  *          3. TIM Input Capture management: this group includes all needed 

  *             functions to configure the Capture/Compare unit used in 

  *             Input Capture mode:

  *                   - Configure each channel in input capture mode

  *                   - Configure Channel1/2 in PWM Input mode

  *                   - Set the Input Capture Prescaler

  *                   - Get the Capture/Compare values      

  *                   

  *          4. Advanced-control timers (TIM1 and TIM8) specific features

  *                   - Configures the Break input, dead time, Lock level, the OSSI,

  *                      the OSSR State and the AOE(automatic output enable)

  *                   - Enable/Disable the TIM peripheral Main Outputs

  *                   - Select the Commutation event

  *                   - Set/Reset the Capture Compare Preload Control bit

  *                              

  *          5. TIM interrupts, DMA and flags management

  *                   - Enable/Disable interrupt sources

  *                   - Get flags status

  *                   - Clear flags/ Pending bits

  *                   - Enable/Disable DMA requests 

  *                   - Configure DMA burst mode

  *                   - Select CaptureCompare DMA request  

  *              

  *          6. TIM clocks management: this group includes all needed functions 

  *             to configure the clock controller unit:

  *                   - Select internal/External clock

  *                   - Select the external clock mode: ETR(Mode1/Mode2), TIx or ITRx

  *         

  *          7. TIM synchronization management: this group includes all needed 

  *             functions to configure the Synchronization unit:

  *                   - Select Input Trigger  

  *                   - Select Output Trigger  

  *                   - Select Master Slave Mode 

  *                   - ETR Configuration when used as external trigger   

  *     

  *          8. TIM specific interface management, this group includes all 

  *             needed functions to use the specific TIM interface:

  *                   - Encoder Interface Configuration

  *                   - Select Hall Sensor   

  *         

  *          9. TIM specific remapping management includes the Remapping 

  *             configuration of specific timers               

  *   

  *  @endverbatim

  *    

  ******************************************************************************

  * @attention

  *

  * THE PRESENT FIRMWARE WHICH IS FOR GUIDANCE ONLY AIMS AT PROVIDING CUSTOMERS

  * WITH CODING INFORMATION REGARDING THEIR PRODUCTS IN ORDER FOR THEM TO SAVE

  * TIME. AS A RESULT, STMICROELECTRONICS SHALL NOT BE HELD LIABLE FOR ANY

  * DIRECT, INDIRECT OR CONSEQUENTIAL DAMAGES WITH RESPECT TO ANY CLAIMS ARISING

  * FROM THE CONTENT OF SUCH FIRMWARE AND/OR THE USE MADE BY CUSTOMERS OF THE

  * CODING INFORMATION CONTAINED HEREIN IN CONNECTION WITH THEIR PRODUCTS.

  *

  * <h2><center>&copy; COPYRIGHT 2011 STMicroelectronics</center></h2>

  ******************************************************************************

  */



/* Includes ------------------------------------------------------------------*/

#include "stm32f4xx_tim.h"

#include "stm32f4xx_rcc.h"



/** @addtogroup STM32F4xx_StdPeriph_Driver

  * @{

  */



/** @defgroup TIM 

  * @brief TIM driver modules

  * @{

  */



/* Private typedef -----------------------------------------------------------*/

/* Private define ------------------------------------------------------------*/



/* ---------------------- TIM registers bit mask ------------------------ */

#define SMCR_ETR_MASK      ((uint16_t)0x00FF) 

#define CCMR_OFFSET        ((uint16_t)0x0018)

#define CCER_CCE_SET       ((uint16_t)0x0001)  

#define	CCER_CCNE_SET      ((uint16_t)0x0004) 

#define CCMR_OC13M_MASK    ((uint16_t)0xFF8F)

#define CCMR_OC24M_MASK    ((uint16_t)0x8FFF) 



/* Private macro -------------------------------------------------------------*/

/* Private variables ---------------------------------------------------------*/

/* Private function prototypes -----------------------------------------------*/

static void TI1_Config(TIM_TypeDef* TIMx, uint16_t TIM_ICPolarity, uint16_t TIM_ICSelection,

                       uint16_t TIM_ICFilter);

static void TI2_Config(TIM_TypeDef* TIMx, uint16_t TIM_ICPolarity, uint16_t TIM_ICSelection,

                       uint16_t TIM_ICFilter);

static void TI3_Config(TIM_TypeDef* TIMx, uint16_t TIM_ICPolarity, uint16_t TIM_ICSelection,

                       uint16_t TIM_ICFilter);

static void TI4_Config(TIM_TypeDef* TIMx, uint16_t TIM_ICPolarity, uint16_t TIM_ICSelection,

                       uint16_t TIM_ICFilter);



/* Private functions ---------------------------------------------------------*/



/** @defgroup TIM_Private_Functions

  * @{

  */



/** @defgroup TIM_Group1 TimeBase management functions

 *  @brief   TimeBase management functions 

 *

@verbatim   

 ===============================================================================

                       TimeBase management functions

 ===============================================================================  

  

       ===================================================================      

              TIM Driver: how to use it in Timing(Time base) Mode

       =================================================================== 

       To use the Timer in Timing(Time base) mode, the following steps are mandatory:

       

       1. Enable TIM clock using RCC_APBxPeriphClockCmd(RCC_APBxPeriph_TIMx, ENABLE) function

                    

       2. Fill the TIM_TimeBaseInitStruct with the desired parameters.

       

       3. Call TIM_TimeBaseInit(TIMx, &TIM_TimeBaseInitStruct) to configure the Time Base unit

          with the corresponding configuration

          

       4. Enable the NVIC if you need to generate the update interrupt. 

          

       5. Enable the corresponding interrupt using the function TIM_ITConfig(TIMx, TIM_IT_Update) 

       

       6. Call the TIM_Cmd(ENABLE) function to enable the TIM counter.

             

       Note1: All other functions can be used separately to modify, if needed,

          a specific feature of the Timer. 



@endverbatim

  * @{

  */

  

/**

  * @brief  Deinitializes the TIMx peripheral registers to their default reset values.

  * @param  TIMx: where x can be 1 to 14 to select the TIM peripheral.

  * @retval None



  */

void TIM_DeInit(TIM_TypeDef* TIMx)

{

  /* Check the parameters */

  assert_param(IS_TIM_ALL_PERIPH(TIMx)); 

 

  if (TIMx == TIM1)

  {

    RCC_APB2PeriphResetCmd(RCC_APB2Periph_TIM1, ENABLE);

    RCC_APB2PeriphResetCmd(RCC_APB2Periph_TIM1, DISABLE);  

  } 

  else if (TIMx == TIM2) 

  {     

    RCC_APB1PeriphResetCmd(RCC_APB1Periph_TIM2, ENABLE);

    RCC_APB1PeriphResetCmd(RCC_APB1Periph_TIM2, DISABLE);

  }  

  else if (TIMx == TIM3)

  { 

    RCC_APB1PeriphResetCmd(RCC_APB1Periph_TIM3, ENABLE);

    RCC_APB1PeriphResetCmd(RCC_APB1Periph_TIM3, DISABLE);

  }  

  else if (TIMx == TIM4)

  { 

    RCC_APB1PeriphResetCmd(RCC_APB1Periph_TIM4, ENABLE);

    RCC_APB1PeriphResetCmd(RCC_APB1Periph_TIM4, DISABLE);

  }  

  else if (TIMx == TIM5)

  {      

    RCC_APB1PeriphResetCmd(RCC_APB1Periph_TIM5, ENABLE);

    RCC_APB1PeriphResetCmd(RCC_APB1Periph_TIM5, DISABLE);

  }  

  else if (TIMx == TIM6)  

  {    

    RCC_APB1PeriphResetCmd(RCC_APB1Periph_TIM6, ENABLE);

    RCC_APB1PeriphResetCmd(RCC_APB1Periph_TIM6, DISABLE);

  }  

  else if (TIMx == TIM7)

  {      

    RCC_APB1PeriphResetCmd(RCC_APB1Periph_TIM7, ENABLE);

    RCC_APB1PeriphResetCmd(RCC_APB1Periph_TIM7, DISABLE);

  }  

  else if (TIMx == TIM8)

  {      

    RCC_APB2PeriphResetCmd(RCC_APB2Periph_TIM8, ENABLE);

    RCC_APB2PeriphResetCmd(RCC_APB2Periph_TIM8, DISABLE);  

  }  

  else if (TIMx == TIM9)

  {      

    RCC_APB2PeriphResetCmd(RCC_APB2Periph_TIM9, ENABLE);

    RCC_APB2PeriphResetCmd(RCC_APB2Periph_TIM9, DISABLE);  

   }  

  else if (TIMx == TIM10)

  {      

    RCC_APB2PeriphResetCmd(RCC_APB2Periph_TIM10, ENABLE);

    RCC_APB2PeriphResetCmd(RCC_APB2Periph_TIM10, DISABLE);  

  }  

  else if (TIMx == TIM11) 

  {     

    RCC_APB2PeriphResetCmd(RCC_APB2Periph_TIM11, ENABLE);

    RCC_APB2PeriphResetCmd(RCC_APB2Periph_TIM11, DISABLE);  

  }  

  else if (TIMx == TIM12)

  {      

    RCC_APB1PeriphResetCmd(RCC_APB1Periph_TIM12, ENABLE);

    RCC_APB1PeriphResetCmd(RCC_APB1Periph_TIM12, DISABLE);  

  }  

  else if (TIMx == TIM13) 

  {       

    RCC_APB1PeriphResetCmd(RCC_APB1Periph_TIM13, ENABLE);

    RCC_APB1PeriphResetCmd(RCC_APB1Periph_TIM13, DISABLE);  

  }  

  else

  { 

    if (TIMx == TIM14) 

    {     

      RCC_APB1PeriphResetCmd(RCC_APB1Periph_TIM14, ENABLE);

      RCC_APB1PeriphResetCmd(RCC_APB1Periph_TIM14, DISABLE); 

    }   

  }

}



/**

  * @brief  Initializes the TIMx Time Base Unit peripheral according to 

  *         the specified parameters in the TIM_TimeBaseInitStruct.

  * @param  TIMx: where x can be  1 to 14 to select the TIM peripheral.

  * @param  TIM_TimeBaseInitStruct: pointer to a TIM_TimeBaseInitTypeDef structure

  *         that contains the configuration information for the specified TIM peripheral.

  * @retval None

  */

void TIM_TimeBaseInit(TIM_TypeDef* TIMx, TIM_TimeBaseInitTypeDef* TIM_TimeBaseInitStruct)

{

  uint16_t tmpcr1 = 0;



  /* Check the parameters */

  assert_param(IS_TIM_ALL_PERIPH(TIMx)); 

  assert_param(IS_TIM_COUNTER_MODE(TIM_TimeBaseInitStruct->TIM_CounterMode));

  assert_param(IS_TIM_CKD_DIV(TIM_TimeBaseInitStruct->TIM_ClockDivision));



  tmpcr1 = TIMx->CR1;  



  if((TIMx == TIM1) || (TIMx == TIM8)||

     (TIMx == TIM2) || (TIMx == TIM3)||

     (TIMx == TIM4) || (TIMx == TIM5)) 

  {

    /* Select the Counter Mode */

    tmpcr1 &= (uint16_t)(~(TIM_CR1_DIR | TIM_CR1_CMS));

    tmpcr1 |= (uint32_t)TIM_TimeBaseInitStruct->TIM_CounterMode;

  }

 

  if((TIMx != TIM6) && (TIMx != TIM7))

  {

    /* Set the clock division */

    tmpcr1 &=  (uint16_t)(~TIM_CR1_CKD);

    tmpcr1 |= (uint32_t)TIM_TimeBaseInitStruct->TIM_ClockDivision;

  }



  TIMx->CR1 = tmpcr1;



  /* Set the Autoreload value */

  TIMx->ARR = TIM_TimeBaseInitStruct->TIM_Period ;

 

  /* Set the Prescaler value */

  TIMx->PSC = TIM_TimeBaseInitStruct->TIM_Prescaler;

    

  if ((TIMx == TIM1) || (TIMx == TIM8))  

  {

    /* Set the Repetition Counter value */

    TIMx->RCR = TIM_TimeBaseInitStruct->TIM_RepetitionCounter;

  }



  /* Generate an update event to reload the Prescaler 

     and the repetition counter(only for TIM1 and TIM8) value immediatly */

  TIMx->EGR = TIM_PSCReloadMode_Immediate;          

}



/**

  * @brief  Fills each TIM_TimeBaseInitStruct member with its default value.

  * @param  TIM_TimeBaseInitStruct : pointer to a TIM_TimeBaseInitTypeDef

  *         structure which will be initialized.

  * @retval None

  */

void TIM_TimeBaseStructInit(TIM_TimeBaseInitTypeDef* TIM_TimeBaseInitStruct)

{

  /* Set the default configuration */

  TIM_TimeBaseInitStruct->TIM_Period = 0xFFFFFFFF;

  TIM_TimeBaseInitStruct->TIM_Prescaler = 0x0000;

  TIM_TimeBaseInitStruct->TIM_ClockDivision = TIM_CKD_DIV1;

  TIM_TimeBaseInitStruct->TIM_CounterMode = TIM_CounterMode_Up;

  TIM_TimeBaseInitStruct->TIM_RepetitionCounter = 0x0000;

}



/**

  * @brief  Configures the TIMx Prescaler.

  * @param  TIMx: where x can be  1 to 14 to select the TIM peripheral.

  * @param  Prescaler: specifies the Prescaler Register value

  * @param  TIM_PSCReloadMode: specifies the TIM Prescaler Reload mode

  *          This parameter can be one of the following values:

  *            @arg TIM_PSCReloadMode_Update: The Prescaler is loaded at the update event.

  *            @arg TIM_PSCReloadMode_Immediate: The Prescaler is loaded immediatly.

  * @retval None

  */

void TIM_PrescalerConfig(TIM_TypeDef* TIMx, uint16_t Prescaler, uint16_t TIM_PSCReloadMode)

{

  /* Check the parameters */

  assert_param(IS_TIM_ALL_PERIPH(TIMx));

  assert_param(IS_TIM_PRESCALER_RELOAD(TIM_PSCReloadMode));

  /* Set the Prescaler value */

  TIMx->PSC = Prescaler;

  /* Set or reset the UG Bit */

  TIMx->EGR = TIM_PSCReloadMode;

}



/**

  * @brief  Specifies the TIMx Counter Mode to be used.

  * @param  TIMx: where x can be  1, 2, 3, 4, 5 or 8 to select the TIM peripheral.

  * @param  TIM_CounterMode: specifies the Counter Mode to be used

  *          This parameter can be one of the following values:

  *            @arg TIM_CounterMode_Up: TIM Up Counting Mode

  *            @arg TIM_CounterMode_Down: TIM Down Counting Mode

  *            @arg TIM_CounterMode_CenterAligned1: TIM Center Aligned Mode1

  *            @arg TIM_CounterMode_CenterAligned2: TIM Center Aligned Mode2

  *            @arg TIM_CounterMode_CenterAligned3: TIM Center Aligned Mode3

  * @retval None

  */

void TIM_CounterModeConfig(TIM_TypeDef* TIMx, uint16_t TIM_CounterMode)

{

  uint16_t tmpcr1 = 0;



  /* Check the parameters */

  assert_param(IS_TIM_LIST3_PERIPH(TIMx));

  assert_param(IS_TIM_COUNTER_MODE(TIM_CounterMode));



  tmpcr1 = TIMx->CR1;



  /* Reset the CMS and DIR Bits */

  tmpcr1 &= (uint16_t)~(TIM_CR1_DIR | TIM_CR1_CMS);



  /* Set the Counter Mode */

  tmpcr1 |= TIM_CounterMode;



  /* Write to TIMx CR1 register */

  TIMx->CR1 = tmpcr1;

}



/**

  * @brief  Sets the TIMx Counter Register value

  * @param  TIMx: where x can be 1 to 14 to select the TIM peripheral.

  * @param  Counter: specifies the Counter register new value.

  * @retval None

  */

void TIM_SetCounter(TIM_TypeDef* TIMx, uint32_t Counter)

{

  /* Check the parameters */

   assert_param(IS_TIM_ALL_PERIPH(TIMx));



  /* Set the Counter Register value */

  TIMx->CNT = Counter;

}



/**

  * @brief  Sets the TIMx Autoreload Register value

  * @param  TIMx: where x can be 1 to 14 to select the TIM peripheral.

  * @param  Autoreload: specifies the Autoreload register new value.

  * @retval None

  */

void TIM_SetAutoreload(TIM_TypeDef* TIMx, uint32_t Autoreload)

{

  /* Check the parameters */

  assert_param(IS_TIM_ALL_PERIPH(TIMx));

  

  /* Set the Autoreload Register value */

  TIMx->ARR = Autoreload;

}



/**

  * @brief  Gets the TIMx Counter value.

  * @param  TIMx: where x can be 1 to 14 to select the TIM peripheral.

  * @retval Counter Register value

  */

uint32_t TIM_GetCounter(TIM_TypeDef* TIMx)

{

  /* Check the parameters */

  assert_param(IS_TIM_ALL_PERIPH(TIMx));



  /* Get the Counter Register value */

  return TIMx->CNT;

}



/**

  * @brief  Gets the TIMx Prescaler value.

  * @param  TIMx: where x can be 1 to 14 to select the TIM peripheral.

  * @retval Prescaler Register value.

  */

uint16_t TIM_GetPrescaler(TIM_TypeDef* TIMx)

{

  /* Check the parameters */

  assert_param(IS_TIM_ALL_PERIPH(TIMx));



  /* Get the Prescaler Register value */

  return TIMx->PSC;

}



/**

  * @brief  Enables or Disables the TIMx Update event.

  * @param  TIMx: where x can be 1 to 14 to select the TIM peripheral.

  * @param  NewState: new state of the TIMx UDIS bit

  *          This parameter can be: ENABLE or DISABLE.

  * @retval None

  */

void TIM_UpdateDisableConfig(TIM_TypeDef* TIMx, FunctionalState NewState)

{

  /* Check the parameters */

  assert_param(IS_TIM_ALL_PERIPH(TIMx));

  assert_param(IS_FUNCTIONAL_STATE(NewState));



  if (NewState != DISABLE)

  {

    /* Set the Update Disable Bit */

    TIMx->CR1 |= TIM_CR1_UDIS;

  }

  else

  {

    /* Reset the Update Disable Bit */

    TIMx->CR1 &= (uint16_t)~TIM_CR1_UDIS;

  }

}



/**

  * @brief  Configures the TIMx Update Request Interrupt source.

  * @param  TIMx: where x can be 1 to 14 to select the TIM peripheral.

  * @param  TIM_UpdateSource: specifies the Update source.

  *          This parameter can be one of the following values:

  *            @arg TIM_UpdateSource_Global: Source of update is the counter

  *                 overflow/underflow or the setting of UG bit, or an update

  *                 generation through the slave mode controller.

  *            @arg TIM_UpdateSource_Regular: Source of update is counter overflow/underflow.

  * @retval None

  */

void TIM_UpdateRequestConfig(TIM_TypeDef* TIMx, uint16_t TIM_UpdateSource)

{

  /* Check the parameters */

  assert_param(IS_TIM_ALL_PERIPH(TIMx));

  assert_param(IS_TIM_UPDATE_SOURCE(TIM_UpdateSource));



  if (TIM_UpdateSource != TIM_UpdateSource_Global)

  {

    /* Set the URS Bit */

    TIMx->CR1 |= TIM_CR1_URS;

  }

  else

  {

    /* Reset the URS Bit */

    TIMx->CR1 &= (uint16_t)~TIM_CR1_URS;

  }

}



/**

  * @brief  Enables or disables TIMx peripheral Preload register on ARR.

  * @param  TIMx: where x can be 1 to 14 to select the TIM peripheral.

  * @param  NewState: new state of the TIMx peripheral Preload register

  *          This parameter can be: ENABLE or DISABLE.

  * @retval None

  */

void TIM_ARRPreloadConfig(TIM_TypeDef* TIMx, FunctionalState NewState)

{

  /* Check the parameters */

  assert_param(IS_TIM_ALL_PERIPH(TIMx));

  assert_param(IS_FUNCTIONAL_STATE(NewState));



  if (NewState != DISABLE)

  {

    /* Set the ARR Preload Bit */

    TIMx->CR1 |= TIM_CR1_ARPE;

  }

  else

  {

    /* Reset the ARR Preload Bit */

    TIMx->CR1 &= (uint16_t)~TIM_CR1_ARPE;

  }

}



/**

  * @brief  Selects the TIMx's One Pulse Mode.

  * @param  TIMx: where x can be 1 to 14 to select the TIM peripheral.

  * @param  TIM_OPMode: specifies the OPM Mode to be used.

  *          This parameter can be one of the following values:

  *            @arg TIM_OPMode_Single

  *            @arg TIM_OPMode_Repetitive

  * @retval None

  */

void TIM_SelectOnePulseMode(TIM_TypeDef* TIMx, uint16_t TIM_OPMode)

{

  /* Check the parameters */

  assert_param(IS_TIM_ALL_PERIPH(TIMx));

  assert_param(IS_TIM_OPM_MODE(TIM_OPMode));



  /* Reset the OPM Bit */

  TIMx->CR1 &= (uint16_t)~TIM_CR1_OPM;



  /* Configure the OPM Mode */

  TIMx->CR1 |= TIM_OPMode;

}



/**

  * @brief  Sets the TIMx Clock Division value.

  * @param  TIMx: where x can be 1 to 14 except 6 and 7, to select the TIM peripheral.

  * @param  TIM_CKD: specifies the clock division value.

  *          This parameter can be one of the following value:

  *            @arg TIM_CKD_DIV1: TDTS = Tck_tim

  *            @arg TIM_CKD_DIV2: TDTS = 2*Tck_tim

  *            @arg TIM_CKD_DIV4: TDTS = 4*Tck_tim

  * @retval None

  */

void TIM_SetClockDivision(TIM_TypeDef* TIMx, uint16_t TIM_CKD)

{

  /* Check the parameters */

  assert_param(IS_TIM_LIST1_PERIPH(TIMx));

  assert_param(IS_TIM_CKD_DIV(TIM_CKD));



  /* Reset the CKD Bits */

  TIMx->CR1 &= (uint16_t)(~TIM_CR1_CKD);



  /* Set the CKD value */

  TIMx->CR1 |= TIM_CKD;

}



/**

  * @brief  Enables or disables the specified TIM peripheral.

  * @param  TIMx: where x can be 1 to 14 to select the TIMx peripheral.

  * @param  NewState: new state of the TIMx peripheral.

  *          This parameter can be: ENABLE or DISABLE.

  * @retval None

  */

void TIM_Cmd(TIM_TypeDef* TIMx, FunctionalState NewState)

{

  /* Check the parameters */

  assert_param(IS_TIM_ALL_PERIPH(TIMx)); 

  assert_param(IS_FUNCTIONAL_STATE(NewState));

  

  if (NewState != DISABLE)

  {

    /* Enable the TIM Counter */

    TIMx->CR1 |= TIM_CR1_CEN;

  }

  else

  {

    /* Disable the TIM Counter */

    TIMx->CR1 &= (uint16_t)~TIM_CR1_CEN;

  }

}

/**

  * @}

  */



/** @defgroup TIM_Group2 Output Compare management functions

 *  @brief    Output Compare management functions 

 *

@verbatim   

 ===============================================================================

                        Output Compare management functions

 ===============================================================================  

   

       ===================================================================      

              TIM Driver: how to use it in Output Compare Mode

       =================================================================== 

       To use the Timer in Output Compare mode, the following steps are mandatory:

       

       1. Enable TIM clock using RCC_APBxPeriphClockCmd(RCC_APBxPeriph_TIMx, ENABLE) function

       

       2. Configure the TIM pins by configuring the corresponding GPIO pins

       

       2. Configure the Time base unit as described in the first part of this driver, 

          if needed, else the Timer will run with the default configuration:

          - Autoreload value = 0xFFFF

          - Prescaler value = 0x0000

          - Counter mode = Up counting

          - Clock Division = TIM_CKD_DIV1

          

       3. Fill the TIM_OCInitStruct with the desired parameters including:

          - The TIM Output Compare mode: TIM_OCMode

          - TIM Output State: TIM_OutputState

          - TIM Pulse value: TIM_Pulse

          - TIM Output Compare Polarity : TIM_OCPolarity

       

       4. Call TIM_OCxInit(TIMx, &TIM_OCInitStruct) to configure the desired channel with the 

          corresponding configuration

       

       5. Call the TIM_Cmd(ENABLE) function to enable the TIM counter.

       

       Note1: All other functions can be used separately to modify, if needed,

              a specific feature of the Timer. 

          

       Note2: In case of PWM mode, this function is mandatory:

              TIM_OCxPreloadConfig(TIMx, TIM_OCPreload_ENABLE); 

              

       Note3: If the corresponding interrupt or DMA request are needed, the user should:

                1. Enable the NVIC (or the DMA) to use the TIM interrupts (or DMA requests). 

                2. Enable the corresponding interrupt (or DMA request) using the function 

                   TIM_ITConfig(TIMx, TIM_IT_CCx) (or TIM_DMA_Cmd(TIMx, TIM_DMA_CCx))   



@endverbatim

  * @{

  */



/**

  * @brief  Initializes the TIMx Channel1 according to the specified parameters in

  *         the TIM_OCInitStruct.

  * @param  TIMx: where x can be 1 to 14 except 6 and 7, to select the TIM peripheral.

  * @param  TIM_OCInitStruct: pointer to a TIM_OCInitTypeDef structure that contains

  *         the configuration information for the specified TIM peripheral.

  * @retval None

  */

void TIM_OC1Init(TIM_TypeDef* TIMx, TIM_OCInitTypeDef* TIM_OCInitStruct)

{

  uint16_t tmpccmrx = 0, tmpccer = 0, tmpcr2 = 0;

   

  /* Check the parameters */

  assert_param(IS_TIM_LIST1_PERIPH(TIMx)); 

  assert_param(IS_TIM_OC_MODE(TIM_OCInitStruct->TIM_OCMode));

  assert_param(IS_TIM_OUTPUT_STATE(TIM_OCInitStruct->TIM_OutputState));

  assert_param(IS_TIM_OC_POLARITY(TIM_OCInitStruct->TIM_OCPolarity));   



  /* Disable the Channel 1: Reset the CC1E Bit */

  TIMx->CCER &= (uint16_t)~TIM_CCER_CC1E;

  

  /* Get the TIMx CCER register value */

  tmpccer = TIMx->CCER;

  /* Get the TIMx CR2 register value */

  tmpcr2 =  TIMx->CR2;

  

  /* Get the TIMx CCMR1 register value */

  tmpccmrx = TIMx->CCMR1;

    

  /* Reset the Output Compare Mode Bits */

  tmpccmrx &= (uint16_t)~TIM_CCMR1_OC1M;

  tmpccmrx &= (uint16_t)~TIM_CCMR1_CC1S;

  /* Select the Output Compare Mode */

  tmpccmrx |= TIM_OCInitStruct->TIM_OCMode;

  

  /* Reset the Output Polarity level */

  tmpccer &= (uint16_t)~TIM_CCER_CC1P;

  /* Set the Output Compare Polarity */

  tmpccer |= TIM_OCInitStruct->TIM_OCPolarity;

  

  /* Set the Output State */

  tmpccer |= TIM_OCInitStruct->TIM_OutputState;

    

  if((TIMx == TIM1) || (TIMx == TIM8))

  {

    assert_param(IS_TIM_OUTPUTN_STATE(TIM_OCInitStruct->TIM_OutputNState));

    assert_param(IS_TIM_OCN_POLARITY(TIM_OCInitStruct->TIM_OCNPolarity));

    assert_param(IS_TIM_OCNIDLE_STATE(TIM_OCInitStruct->TIM_OCNIdleState));

    assert_param(IS_TIM_OCIDLE_STATE(TIM_OCInitStruct->TIM_OCIdleState));

    

    /* Reset the Output N Polarity level */

    tmpccer &= (uint16_t)~TIM_CCER_CC1NP;

    /* Set the Output N Polarity */

    tmpccer |= TIM_OCInitStruct->TIM_OCNPolarity;

    /* Reset the Output N State */

    tmpccer &= (uint16_t)~TIM_CCER_CC1NE;

    

    /* Set the Output N State */

    tmpccer |= TIM_OCInitStruct->TIM_OutputNState;

    /* Reset the Output Compare and Output Compare N IDLE State */

    tmpcr2 &= (uint16_t)~TIM_CR2_OIS1;

    tmpcr2 &= (uint16_t)~TIM_CR2_OIS1N;

    /* Set the Output Idle state */

    tmpcr2 |= TIM_OCInitStruct->TIM_OCIdleState;

    /* Set the Output N Idle state */

    tmpcr2 |= TIM_OCInitStruct->TIM_OCNIdleState;

  }

  /* Write to TIMx CR2 */

  TIMx->CR2 = tmpcr2;

  

  /* Write to TIMx CCMR1 */

  TIMx->CCMR1 = tmpccmrx;

  

  /* Set the Capture Compare Register value */

  TIMx->CCR1 = TIM_OCInitStruct->TIM_Pulse;

  

  /* Write to TIMx CCER */

  TIMx->CCER = tmpccer;

}



/**

  * @brief  Initializes the TIMx Channel2 according to the specified parameters 

  *         in the TIM_OCInitStruct.

  * @param  TIMx: where x can be 1, 2, 3, 4, 5, 8, 9 or 12 to select the TIM 

  *         peripheral.

  * @param  TIM_OCInitStruct: pointer to a TIM_OCInitTypeDef structure that contains

  *         the configuration information for the specified TIM peripheral.

  * @retval None

  */

void TIM_OC2Init(TIM_TypeDef* TIMx, TIM_OCInitTypeDef* TIM_OCInitStruct)

{

  uint16_t tmpccmrx = 0, tmpccer = 0, tmpcr2 = 0;

   

  /* Check the parameters */

  assert_param(IS_TIM_LIST2_PERIPH(TIMx)); 

  assert_param(IS_TIM_OC_MODE(TIM_OCInitStruct->TIM_OCMode));

  assert_param(IS_TIM_OUTPUT_STATE(TIM_OCInitStruct->TIM_OutputState));

  assert_param(IS_TIM_OC_POLARITY(TIM_OCInitStruct->TIM_OCPolarity));   



  /* Disable the Channel 2: Reset the CC2E Bit */

  TIMx->CCER &= (uint16_t)~TIM_CCER_CC2E;

  

  /* Get the TIMx CCER register value */  

  tmpccer = TIMx->CCER;

  /* Get the TIMx CR2 register value */

  tmpcr2 =  TIMx->CR2;

  

  /* Get the TIMx CCMR1 register value */

  tmpccmrx = TIMx->CCMR1;

    

  /* Reset the Output Compare mode and Capture/Compare selection Bits */

  tmpccmrx &= (uint16_t)~TIM_CCMR1_OC2M;

  tmpccmrx &= (uint16_t)~TIM_CCMR1_CC2S;

  

  /* Select the Output Compare Mode */

  tmpccmrx |= (uint16_t)(TIM_OCInitStruct->TIM_OCMode << 8);

  

  /* Reset the Output Polarity level */

  tmpccer &= (uint16_t)~TIM_CCER_CC2P;

  /* Set the Output Compare Polarity */

  tmpccer |= (uint16_t)(TIM_OCInitStruct->TIM_OCPolarity << 4);

  

  /* Set the Output State */

  tmpccer |= (uint16_t)(TIM_OCInitStruct->TIM_OutputState << 4);

    

  if((TIMx == TIM1) || (TIMx == TIM8))

  {

    assert_param(IS_TIM_OUTPUTN_STATE(TIM_OCInitStruct->TIM_OutputNState));

    assert_param(IS_TIM_OCN_POLARITY(TIM_OCInitStruct->TIM_OCNPolarity));

    assert_param(IS_TIM_OCNIDLE_STATE(TIM_OCInitStruct->TIM_OCNIdleState));

    assert_param(IS_TIM_OCIDLE_STATE(TIM_OCInitStruct->TIM_OCIdleState));

    

    /* Reset the Output N Polarity level */

    tmpccer &= (uint16_t)~TIM_CCER_CC2NP;

    /* Set the Output N Polarity */

    tmpccer |= (uint16_t)(TIM_OCInitStruct->TIM_OCNPolarity << 4);

    /* Reset the Output N State */

    tmpccer &= (uint16_t)~TIM_CCER_CC2NE;

    

    /* Set the Output N State */

    tmpccer |= (uint16_t)(TIM_OCInitStruct->TIM_OutputNState << 4);

    /* Reset the Output Compare and Output Compare N IDLE State */

    tmpcr2 &= (uint16_t)~TIM_CR2_OIS2;

    tmpcr2 &= (uint16_t)~TIM_CR2_OIS2N;

    /* Set the Output Idle state */

    tmpcr2 |= (uint16_t)(TIM_OCInitStruct->TIM_OCIdleState << 2);

    /* Set the Output N Idle state */

    tmpcr2 |= (uint16_t)(TIM_OCInitStruct->TIM_OCNIdleState << 2);

  }

  /* Write to TIMx CR2 */

  TIMx->CR2 = tmpcr2;

  

  /* Write to TIMx CCMR1 */

  TIMx->CCMR1 = tmpccmrx;

  

  /* Set the Capture Compare Register value */

  TIMx->CCR2 = TIM_OCInitStruct->TIM_Pulse;

  

  /* Write to TIMx CCER */

  TIMx->CCER = tmpccer;

}



/**

  * @brief  Initializes the TIMx Channel3 according to the specified parameters

  *         in the TIM_OCInitStruct.

  * @param  TIMx: where x can be 1, 2, 3, 4, 5 or 8 to select the TIM peripheral.

  * @param  TIM_OCInitStruct: pointer to a TIM_OCInitTypeDef structure that contains

  *         the configuration information for the specified TIM peripheral.

  * @retval None

  */

void TIM_OC3Init(TIM_TypeDef* TIMx, TIM_OCInitTypeDef* TIM_OCInitStruct)

{

  uint16_t tmpccmrx = 0, tmpccer = 0, tmpcr2 = 0;

   

  /* Check the parameters */

  assert_param(IS_TIM_LIST3_PERIPH(TIMx)); 

  assert_param(IS_TIM_OC_MODE(TIM_OCInitStruct->TIM_OCMode));

  assert_param(IS_TIM_OUTPUT_STATE(TIM_OCInitStruct->TIM_OutputState));

  assert_param(IS_TIM_OC_POLARITY(TIM_OCInitStruct->TIM_OCPolarity));   



  /* Disable the Channel 3: Reset the CC2E Bit */

  TIMx->CCER &= (uint16_t)~TIM_CCER_CC3E;

  

  /* Get the TIMx CCER register value */

  tmpccer = TIMx->CCER;

  /* Get the TIMx CR2 register value */

  tmpcr2 =  TIMx->CR2;

  

  /* Get the TIMx CCMR2 register value */

  tmpccmrx = TIMx->CCMR2;

    

  /* Reset the Output Compare mode and Capture/Compare selection Bits */

  tmpccmrx &= (uint16_t)~TIM_CCMR2_OC3M;

  tmpccmrx &= (uint16_t)~TIM_CCMR2_CC3S;  

  /* Select the Output Compare Mode */

  tmpccmrx |= TIM_OCInitStruct->TIM_OCMode;

  

  /* Reset the Output Polarity level */

  tmpccer &= (uint16_t)~TIM_CCER_CC3P;

  /* Set the Output Compare Polarity */

  tmpccer |= (uint16_t)(TIM_OCInitStruct->TIM_OCPolarity << 8);

  

  /* Set the Output State */

  tmpccer |= (uint16_t)(TIM_OCInitStruct->TIM_OutputState << 8);

    

  if((TIMx == TIM1) || (TIMx == TIM8))

  {

    assert_param(IS_TIM_OUTPUTN_STATE(TIM_OCInitStruct->TIM_OutputNState));

    assert_param(IS_TIM_OCN_POLARITY(TIM_OCInitStruct->TIM_OCNPolarity));

    assert_param(IS_TIM_OCNIDLE_STATE(TIM_OCInitStruct->TIM_OCNIdleState));

    assert_param(IS_TIM_OCIDLE_STATE(TIM_OCInitStruct->TIM_OCIdleState));

    

    /* Reset the Output N Polarity level */

    tmpccer &= (uint16_t)~TIM_CCER_CC3NP;

    /* Set the Output N Polarity */

    tmpccer |= (uint16_t)(TIM_OCInitStruct->TIM_OCNPolarity << 8);

    /* Reset the Output N State */

    tmpccer &= (uint16_t)~TIM_CCER_CC3NE;

    

    /* Set the Output N State */

    tmpccer |= (uint16_t)(TIM_OCInitStruct->TIM_OutputNState << 8);

    /* Reset the Output Compare and Output Compare N IDLE State */

    tmpcr2 &= (uint16_t)~TIM_CR2_OIS3;

    tmpcr2 &= (uint16_t)~TIM_CR2_OIS3N;

    /* Set the Output Idle state */

    tmpcr2 |= (uint16_t)(TIM_OCInitStruct->TIM_OCIdleState << 4);

    /* Set the Output N Idle state */

    tmpcr2 |= (uint16_t)(TIM_OCInitStruct->TIM_OCNIdleState << 4);

  }

  /* Write to TIMx CR2 */

  TIMx->CR2 = tmpcr2;

  

  /* Write to TIMx CCMR2 */

  TIMx->CCMR2 = tmpccmrx;

  

  /* Set the Capture Compare Register value */

  TIMx->CCR3 = TIM_OCInitStruct->TIM_Pulse;

  

  /* Write to TIMx CCER */

  TIMx->CCER = tmpccer;

}



/**

  * @brief  Initializes the TIMx Channel4 according to the specified parameters

  *         in the TIM_OCInitStruct.

  * @param  TIMx: where x can be 1, 2, 3, 4, 5 or 8 to select the TIM peripheral.

  * @param  TIM_OCInitStruct: pointer to a TIM_OCInitTypeDef structure that contains

  *         the configuration information for the specified TIM peripheral.

  * @retval None

  */

void TIM_OC4Init(TIM_TypeDef* TIMx, TIM_OCInitTypeDef* TIM_OCInitStruct)

{

  uint16_t tmpccmrx = 0, tmpccer = 0, tmpcr2 = 0;

   

  /* Check the parameters */

  assert_param(IS_TIM_LIST3_PERIPH(TIMx)); 

  assert_param(IS_TIM_OC_MODE(TIM_OCInitStruct->TIM_OCMode));

  assert_param(IS_TIM_OUTPUT_STATE(TIM_OCInitStruct->TIM_OutputState));

  assert_param(IS_TIM_OC_POLARITY(TIM_OCInitStruct->TIM_OCPolarity));   



  /* Disable the Channel 4: Reset the CC4E Bit */

  TIMx->CCER &= (uint16_t)~TIM_CCER_CC4E;

  

  /* Get the TIMx CCER register value */

  tmpccer = TIMx->CCER;

  /* Get the TIMx CR2 register value */

  tmpcr2 =  TIMx->CR2;

  

  /* Get the TIMx CCMR2 register value */

  tmpccmrx = TIMx->CCMR2;

    

  /* Reset the Output Compare mode and Capture/Compare selection Bits */

  tmpccmrx &= (uint16_t)~TIM_CCMR2_OC4M;

  tmpccmrx &= (uint16_t)~TIM_CCMR2_CC4S;

  

  /* Select the Output Compare Mode */

  tmpccmrx |= (uint16_t)(TIM_OCInitStruct->TIM_OCMode << 8);

  

  /* Reset the Output Polarity level */

  tmpccer &= (uint16_t)~TIM_CCER_CC4P;

  /* Set the Output Compare Polarity */

  tmpccer |= (uint16_t)(TIM_OCInitStruct->TIM_OCPolarity << 12);

  

  /* Set the Output State */

  tmpccer |= (uint16_t)(TIM_OCInitStruct->TIM_OutputState << 12);

  

  if((TIMx == TIM1) || (TIMx == TIM8))

  {

    assert_param(IS_TIM_OCIDLE_STATE(TIM_OCInitStruct->TIM_OCIdleState));

    /* Reset the Output Compare IDLE State */

    tmpcr2 &=(uint16_t) ~TIM_CR2_OIS4;

    /* Set the Output Idle state */

    tmpcr2 |= (uint16_t)(TIM_OCInitStruct->TIM_OCIdleState << 6);

  }

  /* Write to TIMx CR2 */

  TIMx->CR2 = tmpcr2;

  

  /* Write to TIMx CCMR2 */  

  TIMx->CCMR2 = tmpccmrx;

    

  /* Set the Capture Compare Register value */

  TIMx->CCR4 = TIM_OCInitStruct->TIM_Pulse;

  

  /* Write to TIMx CCER */

  TIMx->CCER = tmpccer;

}



/**

  * @brief  Fills each TIM_OCInitStruct member with its default value.

  * @param  TIM_OCInitStruct: pointer to a TIM_OCInitTypeDef structure which will

  *         be initialized.

  * @retval None

  */

void TIM_OCStructInit(TIM_OCInitTypeDef* TIM_OCInitStruct)

{

  /* Set the default configuration */

  TIM_OCInitStruct->TIM_OCMode = TIM_OCMode_Timing;

  TIM_OCInitStruct->TIM_OutputState = TIM_OutputState_Disable;

  TIM_OCInitStruct->TIM_OutputNState = TIM_OutputNState_Disable;

  TIM_OCInitStruct->TIM_Pulse = 0x00000000;

  TIM_OCInitStruct->TIM_OCPolarity = TIM_OCPolarity_High;

  TIM_OCInitStruct->TIM_OCNPolarity = TIM_OCPolarity_High;

  TIM_OCInitStruct->TIM_OCIdleState = TIM_OCIdleState_Reset;

  TIM_OCInitStruct->TIM_OCNIdleState = TIM_OCNIdleState_Reset;

}



/**

  * @brief  Selects the TIM Output Compare Mode.

  * @note   This function disables the selected channel before changing the Output

  *         Compare Mode. If needed, user has to enable this channel using

  *         TIM_CCxCmd() and TIM_CCxNCmd() functions.

  * @param  TIMx: where x can be 1 to 14 except 6 and 7, to select the TIM peripheral.

  * @param  TIM_Channel: specifies the TIM Channel

  *          This parameter can be one of the following values:

  *            @arg TIM_Channel_1: TIM Channel 1

  *            @arg TIM_Channel_2: TIM Channel 2

  *            @arg TIM_Channel_3: TIM Channel 3

  *            @arg TIM_Channel_4: TIM Channel 4

  * @param  TIM_OCMode: specifies the TIM Output Compare Mode.

  *           This parameter can be one of the following values:

  *            @arg TIM_OCMode_Timing

  *            @arg TIM_OCMode_Active

  *            @arg TIM_OCMode_Toggle

  *            @arg TIM_OCMode_PWM1

  *            @arg TIM_OCMode_PWM2

  *            @arg TIM_ForcedAction_Active

  *            @arg TIM_ForcedAction_InActive

  * @retval None

  */

void TIM_SelectOCxM(TIM_TypeDef* TIMx, uint16_t TIM_Channel, uint16_t TIM_OCMode)

{

  uint32_t tmp = 0;

  uint16_t tmp1 = 0;



  /* Check the parameters */

  assert_param(IS_TIM_LIST1_PERIPH(TIMx));

  assert_param(IS_TIM_CHANNEL(TIM_Channel));

  assert_param(IS_TIM_OCM(TIM_OCMode));



  tmp = (uint32_t) TIMx;

  tmp += CCMR_OFFSET;



  tmp1 = CCER_CCE_SET << (uint16_t)TIM_Channel;



  /* Disable the Channel: Reset the CCxE Bit */

  TIMx->CCER &= (uint16_t) ~tmp1;



  if((TIM_Channel == TIM_Channel_1) ||(TIM_Channel == TIM_Channel_3))

  {

    tmp += (TIM_Channel>>1);



    /* Reset the OCxM bits in the CCMRx register */

    *(__IO uint32_t *) tmp &= CCMR_OC13M_MASK;

   

    /* Configure the OCxM bits in the CCMRx register */

    *(__IO uint32_t *) tmp |= TIM_OCMode;

  }

  else

  {

    tmp += (uint16_t)(TIM_Channel - (uint16_t)4)>> (uint16_t)1;



    /* Reset the OCxM bits in the CCMRx register */

    *(__IO uint32_t *) tmp &= CCMR_OC24M_MASK;

    

    /* Configure the OCxM bits in the CCMRx register */

    *(__IO uint32_t *) tmp |= (uint16_t)(TIM_OCMode << 8);

  }

}



/**

  * @brief  Sets the TIMx Capture Compare1 Register value

  * @param  TIMx: where x can be 1 to 14 except 6 and 7, to select the TIM peripheral.

  * @param  Compare1: specifies the Capture Compare1 register new value.

  * @retval None

  */

void TIM_SetCompare1(TIM_TypeDef* TIMx, uint32_t Compare1)

{

  /* Check the parameters */

  assert_param(IS_TIM_LIST1_PERIPH(TIMx));



  /* Set the Capture Compare1 Register value */

  TIMx->CCR1 = Compare1;

}



/**

  * @brief  Sets the TIMx Capture Compare2 Register value

  * @param  TIMx: where x can be 1, 2, 3, 4, 5, 8, 9 or 12 to select the TIM 

  *         peripheral.

  * @param  Compare2: specifies the Capture Compare2 register new value.

  * @retval None

  */

void TIM_SetCompare2(TIM_TypeDef* TIMx, uint32_t Compare2)

{

  /* Check the parameters */

  assert_param(IS_TIM_LIST2_PERIPH(TIMx));



  /* Set the Capture Compare2 Register value */

  TIMx->CCR2 = Compare2;

}



/**

  * @brief  Sets the TIMx Capture Compare3 Register value

  * @param  TIMx: where x can be 1, 2, 3, 4, 5 or 8 to select the TIM peripheral.

  * @param  Compare3: specifies the Capture Compare3 register new value.

  * @retval None

  */

void TIM_SetCompare3(TIM_TypeDef* TIMx, uint32_t Compare3)

{

  /* Check the parameters */

  assert_param(IS_TIM_LIST3_PERIPH(TIMx));



  /* Set the Capture Compare3 Register value */

  TIMx->CCR3 = Compare3;

}



/**

  * @brief  Sets the TIMx Capture Compare4 Register value

  * @param  TIMx: where x can be 1, 2, 3, 4, 5 or 8 to select the TIM peripheral.

  * @param  Compare4: specifies the Capture Compare4 register new value.

  * @retval None

  */

void TIM_SetCompare4(TIM_TypeDef* TIMx, uint32_t Compare4)

{

  /* Check the parameters */

  assert_param(IS_TIM_LIST3_PERIPH(TIMx));



  /* Set the Capture Compare4 Register value */

  TIMx->CCR4 = Compare4;

}



/**

  * @brief  Forces the TIMx output 1 waveform to active or inactive level.

  * @param  TIMx: where x can be 1 to 14 except 6 and 7, to select the TIM peripheral.

  * @param  TIM_ForcedAction: specifies the forced Action to be set to the output waveform.

  *          This parameter can be one of the following values:

  *            @arg TIM_ForcedAction_Active: Force active level on OC1REF

  *            @arg TIM_ForcedAction_InActive: Force inactive level on OC1REF.

  * @retval None

  */

void TIM_ForcedOC1Config(TIM_TypeDef* TIMx, uint16_t TIM_ForcedAction)

{

  uint16_t tmpccmr1 = 0;



  /* Check the parameters */

  assert_param(IS_TIM_LIST1_PERIPH(TIMx));

  assert_param(IS_TIM_FORCED_ACTION(TIM_ForcedAction));

  tmpccmr1 = TIMx->CCMR1;



  /* Reset the OC1M Bits */

  tmpccmr1 &= (uint16_t)~TIM_CCMR1_OC1M;



  /* Configure The Forced output Mode */

  tmpccmr1 |= TIM_ForcedAction;



  /* Write to TIMx CCMR1 register */

  TIMx->CCMR1 = tmpccmr1;

}



/**

  * @brief  Forces the TIMx output 2 waveform to active or inactive level.

  * @param  TIMx: where x can be  1, 2, 3, 4, 5, 8, 9 or 12 to select the TIM 

  *         peripheral.

  * @param  TIM_ForcedAction: specifies the forced Action to be set to the output waveform.

  *          This parameter can be one of the following values:

  *            @arg TIM_ForcedAction_Active: Force active level on OC2REF

  *            @arg TIM_ForcedAction_InActive: Force inactive level on OC2REF.

  * @retval None

  */

void TIM_ForcedOC2Config(TIM_TypeDef* TIMx, uint16_t TIM_ForcedAction)

{

  uint16_t tmpccmr1 = 0;



  /* Check the parameters */

  assert_param(IS_TIM_LIST2_PERIPH(TIMx));

  assert_param(IS_TIM_FORCED_ACTION(TIM_ForcedAction));

  tmpccmr1 = TIMx->CCMR1;



  /* Reset the OC2M Bits */

  tmpccmr1 &= (uint16_t)~TIM_CCMR1_OC2M;



  /* Configure The Forced output Mode */

  tmpccmr1 |= (uint16_t)(TIM_ForcedAction << 8);



  /* Write to TIMx CCMR1 register */

  TIMx->CCMR1 = tmpccmr1;

}



/**

  * @brief  Forces the TIMx output 3 waveform to active or inactive level.

  * @param  TIMx: where x can be  1, 2, 3, 4, 5 or 8 to select the TIM peripheral.

  * @param  TIM_ForcedAction: specifies the forced Action to be set to the output waveform.

  *          This parameter can be one of the following values:

  *            @arg TIM_ForcedAction_Active: Force active level on OC3REF

  *            @arg TIM_ForcedAction_InActive: Force inactive level on OC3REF.

  * @retval None

  */

void TIM_ForcedOC3Config(TIM_TypeDef* TIMx, uint16_t TIM_ForcedAction)

{

  uint16_t tmpccmr2 = 0;



  /* Check the parameters */

  assert_param(IS_TIM_LIST3_PERIPH(TIMx));

  assert_param(IS_TIM_FORCED_ACTION(TIM_ForcedAction));



  tmpccmr2 = TIMx->CCMR2;



  /* Reset the OC1M Bits */

  tmpccmr2 &= (uint16_t)~TIM_CCMR2_OC3M;



  /* Configure The Forced output Mode */

  tmpccmr2 |= TIM_ForcedAction;



  /* Write to TIMx CCMR2 register */

  TIMx->CCMR2 = tmpccmr2;

}



/**

  * @brief  Forces the TIMx output 4 waveform to active or inactive level.

  * @param  TIMx: where x can be  1, 2, 3, 4, 5 or 8 to select the TIM peripheral.

  * @param  TIM_ForcedAction: specifies the forced Action to be set to the output waveform.

  *          This parameter can be one of the following values:

  *            @arg TIM_ForcedAction_Active: Force active level on OC4REF

  *            @arg TIM_ForcedAction_InActive: Force inactive level on OC4REF.

  * @retval None

  */

void TIM_ForcedOC4Config(TIM_TypeDef* TIMx, uint16_t TIM_ForcedAction)

{

  uint16_t tmpccmr2 = 0;



  /* Check the parameters */

  assert_param(IS_TIM_LIST3_PERIPH(TIMx));

  assert_param(IS_TIM_FORCED_ACTION(TIM_ForcedAction));

  tmpccmr2 = TIMx->CCMR2;



  /* Reset the OC2M Bits */

  tmpccmr2 &= (uint16_t)~TIM_CCMR2_OC4M;



  /* Configure The Forced output Mode */

  tmpccmr2 |= (uint16_t)(TIM_ForcedAction << 8);



  /* Write to TIMx CCMR2 register */

  TIMx->CCMR2 = tmpccmr2;

}



/**

  * @brief  Enables or disables the TIMx peripheral Preload register on CCR1.

  * @param  TIMx: where x can be 1 to 14 except 6 and 7, to select the TIM peripheral.

  * @param  TIM_OCPreload: new state of the TIMx peripheral Preload register

  *          This parameter can be one of the following values:

  *            @arg TIM_OCPreload_Enable

  *            @arg TIM_OCPreload_Disable

  * @retval None

  */

void TIM_OC1PreloadConfig(TIM_TypeDef* TIMx, uint16_t TIM_OCPreload)

{

  uint16_t tmpccmr1 = 0;



  /* Check the parameters */

  assert_param(IS_TIM_LIST1_PERIPH(TIMx));

  assert_param(IS_TIM_OCPRELOAD_STATE(TIM_OCPreload));



  tmpccmr1 = TIMx->CCMR1;



  /* Reset the OC1PE Bit */

  tmpccmr1 &= (uint16_t)(~TIM_CCMR1_OC1PE);



  /* Enable or Disable the Output Compare Preload feature */

  tmpccmr1 |= TIM_OCPreload;



  /* Write to TIMx CCMR1 register */

  TIMx->CCMR1 = tmpccmr1;

}



/**

  * @brief  Enables or disables the TIMx peripheral Preload register on CCR2.

  * @param  TIMx: where x can be  1, 2, 3, 4, 5, 8, 9 or 12 to select the TIM 

  *         peripheral.

  * @param  TIM_OCPreload: new state of the TIMx peripheral Preload register

  *          This parameter can be one of the following values:

  *            @arg TIM_OCPreload_Enable

  *            @arg TIM_OCPreload_Disable

  * @retval None

  */

void TIM_OC2PreloadConfig(TIM_TypeDef* TIMx, uint16_t TIM_OCPreload)

{

  uint16_t tmpccmr1 = 0;



  /* Check the parameters */

  assert_param(IS_TIM_LIST2_PERIPH(TIMx));

  assert_param(IS_TIM_OCPRELOAD_STATE(TIM_OCPreload));



  tmpccmr1 = TIMx->CCMR1;



  /* Reset the OC2PE Bit */

  tmpccmr1 &= (uint16_t)(~TIM_CCMR1_OC2PE);



  /* Enable or Disable the Output Compare Preload feature */

  tmpccmr1 |= (uint16_t)(TIM_OCPreload << 8);



  /* Write to TIMx CCMR1 register */

  TIMx->CCMR1 = tmpccmr1;

}



/**

  * @brief  Enables or disables the TIMx peripheral Preload register on CCR3.

  * @param  TIMx: where x can be  1, 2, 3, 4, 5 or 8 to select the TIM peripheral.

  * @param  TIM_OCPreload: new state of the TIMx peripheral Preload register

  *          This parameter can be one of the following values:

  *            @arg TIM_OCPreload_Enable

  *            @arg TIM_OCPreload_Disable

  * @retval None

  */

void TIM_OC3PreloadConfig(TIM_TypeDef* TIMx, uint16_t TIM_OCPreload)

{

  uint16_t tmpccmr2 = 0;



  /* Check the parameters */

  assert_param(IS_TIM_LIST3_PERIPH(TIMx));

  assert_param(IS_TIM_OCPRELOAD_STATE(TIM_OCPreload));



  tmpccmr2 = TIMx->CCMR2;



  /* Reset the OC3PE Bit */

  tmpccmr2 &= (uint16_t)(~TIM_CCMR2_OC3PE);



  /* Enable or Disable the Output Compare Preload feature */

  tmpccmr2 |= TIM_OCPreload;



  /* Write to TIMx CCMR2 register */

  TIMx->CCMR2 = tmpccmr2;

}



/**

  * @brief  Enables or disables the TIMx peripheral Preload register on CCR4.

  * @param  TIMx: where x can be  1, 2, 3, 4, 5 or 8 to select the TIM peripheral.

  * @param  TIM_OCPreload: new state of the TIMx peripheral Preload register

  *          This parameter can be one of the following values:

  *            @arg TIM_OCPreload_Enable

  *            @arg TIM_OCPreload_Disable

  * @retval None

  */

void TIM_OC4PreloadConfig(TIM_TypeDef* TIMx, uint16_t TIM_OCPreload)

{

  uint16_t tmpccmr2 = 0;



  /* Check the parameters */

  assert_param(IS_TIM_LIST3_PERIPH(TIMx));

  assert_param(IS_TIM_OCPRELOAD_STATE(TIM_OCPreload));



  tmpccmr2 = TIMx->CCMR2;



  /* Reset the OC4PE Bit */

  tmpccmr2 &= (uint16_t)(~TIM_CCMR2_OC4PE);



  /* Enable or Disable the Output Compare Preload feature */

  tmpccmr2 |= (uint16_t)(TIM_OCPreload << 8);



  /* Write to TIMx CCMR2 register */

  TIMx->CCMR2 = tmpccmr2;

}



/**

  * @brief  Configures the TIMx Output Compare 1 Fast feature.

  * @param  TIMx: where x can be 1 to 14 except 6 and 7, to select the TIM peripheral.

  * @param  TIM_OCFast: new state of the Output Compare Fast Enable Bit.

  *          This parameter can be one of the following values:

  *            @arg TIM_OCFast_Enable: TIM output compare fast enable

  *            @arg TIM_OCFast_Disable: TIM output compare fast disable

  * @retval None

  */

void TIM_OC1FastConfig(TIM_TypeDef* TIMx, uint16_t TIM_OCFast)

{

  uint16_t tmpccmr1 = 0;



  /* Check the parameters */

  assert_param(IS_TIM_LIST1_PERIPH(TIMx));

  assert_param(IS_TIM_OCFAST_STATE(TIM_OCFast));



  /* Get the TIMx CCMR1 register value */

  tmpccmr1 = TIMx->CCMR1;



  /* Reset the OC1FE Bit */

  tmpccmr1 &= (uint16_t)~TIM_CCMR1_OC1FE;



  /* Enable or Disable the Output Compare Fast Bit */

  tmpccmr1 |= TIM_OCFast;



  /* Write to TIMx CCMR1 */

  TIMx->CCMR1 = tmpccmr1;

}



/**

  * @brief  Configures the TIMx Output Compare 2 Fast feature.

  * @param  TIMx: where x can be  1, 2, 3, 4, 5, 8, 9 or 12 to select the TIM 

  *         peripheral.

  * @param  TIM_OCFast: new state of the Output Compare Fast Enable Bit.

  *          This parameter can be one of the following values:

  *            @arg TIM_OCFast_Enable: TIM output compare fast enable

  *            @arg TIM_OCFast_Disable: TIM output compare fast disable

  * @retval None

  */

void TIM_OC2FastConfig(TIM_TypeDef* TIMx, uint16_t TIM_OCFast)

{

  uint16_t tmpccmr1 = 0;



  /* Check the parameters */

  assert_param(IS_TIM_LIST2_PERIPH(TIMx));

  assert_param(IS_TIM_OCFAST_STATE(TIM_OCFast));



  /* Get the TIMx CCMR1 register value */

  tmpccmr1 = TIMx->CCMR1;



  /* Reset the OC2FE Bit */

  tmpccmr1 &= (uint16_t)(~TIM_CCMR1_OC2FE);



  /* Enable or Disable the Output Compare Fast Bit */

  tmpccmr1 |= (uint16_t)(TIM_OCFast << 8);



  /* Write to TIMx CCMR1 */

  TIMx->CCMR1 = tmpccmr1;

}



/**

  * @brief  Configures the TIMx Output Compare 3 Fast feature.

  * @param  TIMx: where x can be  1, 2, 3, 4, 5 or 8 to select the TIM peripheral.

  * @param  TIM_OCFast: new state of the Output Compare Fast Enable Bit.

  *          This parameter can be one of the following values:

  *            @arg TIM_OCFast_Enable: TIM output compare fast enable

  *            @arg TIM_OCFast_Disable: TIM output compare fast disable

  * @retval None

  */

void TIM_OC3FastConfig(TIM_TypeDef* TIMx, uint16_t TIM_OCFast)

{

  uint16_t tmpccmr2 = 0;

  

  /* Check the parameters */

  assert_param(IS_TIM_LIST3_PERIPH(TIMx));

  assert_param(IS_TIM_OCFAST_STATE(TIM_OCFast));



  /* Get the TIMx CCMR2 register value */

  tmpccmr2 = TIMx->CCMR2;



  /* Reset the OC3FE Bit */

  tmpccmr2 &= (uint16_t)~TIM_CCMR2_OC3FE;



  /* Enable or Disable the Output Compare Fast Bit */

  tmpccmr2 |= TIM_OCFast;



  /* Write to TIMx CCMR2 */

  TIMx->CCMR2 = tmpccmr2;

}



/**

  * @brief  Configures the TIMx Output Compare 4 Fast feature.

  * @param  TIMx: where x can be  1, 2, 3, 4, 5 or 8 to select the TIM peripheral.

  * @param  TIM_OCFast: new state of the Output Compare Fast Enable Bit.

  *          This parameter can be one of the following values:

  *            @arg TIM_OCFast_Enable: TIM output compare fast enable

  *            @arg TIM_OCFast_Disable: TIM output compare fast disable

  * @retval None

  */

void TIM_OC4FastConfig(TIM_TypeDef* TIMx, uint16_t TIM_OCFast)

{

  uint16_t tmpccmr2 = 0;



  /* Check the parameters */

  assert_param(IS_TIM_LIST3_PERIPH(TIMx));

  assert_param(IS_TIM_OCFAST_STATE(TIM_OCFast));



  /* Get the TIMx CCMR2 register value */

  tmpccmr2 = TIMx->CCMR2;



  /* Reset the OC4FE Bit */

  tmpccmr2 &= (uint16_t)(~TIM_CCMR2_OC4FE);



  /* Enable or Disable the Output Compare Fast Bit */

  tmpccmr2 |= (uint16_t)(TIM_OCFast << 8);



  /* Write to TIMx CCMR2 */

  TIMx->CCMR2 = tmpccmr2;

}



/**

  * @brief  Clears or safeguards the OCREF1 signal on an external event

  * @param  TIMx: where x can be 1 to 14 except 6 and 7, to select the TIM peripheral.

  * @param  TIM_OCClear: new state of the Output Compare Clear Enable Bit.

  *          This parameter can be one of the following values:

  *            @arg TIM_OCClear_Enable: TIM Output clear enable

  *            @arg TIM_OCClear_Disable: TIM Output clear disable

  * @retval None

  */

void TIM_ClearOC1Ref(TIM_TypeDef* TIMx, uint16_t TIM_OCClear)

{

  uint16_t tmpccmr1 = 0;



  /* Check the parameters */

  assert_param(IS_TIM_LIST1_PERIPH(TIMx));

  assert_param(IS_TIM_OCCLEAR_STATE(TIM_OCClear));



  tmpccmr1 = TIMx->CCMR1;



  /* Reset the OC1CE Bit */

  tmpccmr1 &= (uint16_t)~TIM_CCMR1_OC1CE;



  /* Enable or Disable the Output Compare Clear Bit */

  tmpccmr1 |= TIM_OCClear;



  /* Write to TIMx CCMR1 register */

  TIMx->CCMR1 = tmpccmr1;

}



/**

  * @brief  Clears or safeguards the OCREF2 signal on an external event

  * @param  TIMx: where x can be  1, 2, 3, 4, 5, 8, 9 or 12 to select the TIM 

  *         peripheral.

  * @param  TIM_OCClear: new state of the Output Compare Clear Enable Bit.

  *          This parameter can be one of the following values:

  *            @arg TIM_OCClear_Enable: TIM Output clear enable

  *            @arg TIM_OCClear_Disable: TIM Output clear disable

  * @retval None

  */

void TIM_ClearOC2Ref(TIM_TypeDef* TIMx, uint16_t TIM_OCClear)

{

  uint16_t tmpccmr1 = 0;



  /* Check the parameters */

  assert_param(IS_TIM_LIST2_PERIPH(TIMx));

  assert_param(IS_TIM_OCCLEAR_STATE(TIM_OCClear));



  tmpccmr1 = TIMx->CCMR1;



  /* Reset the OC2CE Bit */

  tmpccmr1 &= (uint16_t)~TIM_CCMR1_OC2CE;



  /* Enable or Disable the Output Compare Clear Bit */

  tmpccmr1 |= (uint16_t)(TIM_OCClear << 8);



  /* Write to TIMx CCMR1 register */

  TIMx->CCMR1 = tmpccmr1;

}



/**

  * @brief  Clears or safeguards the OCREF3 signal on an external event

  * @param  TIMx: where x can be  1, 2, 3, 4, 5 or 8 to select the TIM peripheral.

  * @param  TIM_OCClear: new state of the Output Compare Clear Enable Bit.

  *          This parameter can be one of the following values:

  *            @arg TIM_OCClear_Enable: TIM Output clear enable

  *            @arg TIM_OCClear_Disable: TIM Output clear disable

  * @retval None

  */

void TIM_ClearOC3Ref(TIM_TypeDef* TIMx, uint16_t TIM_OCClear)

{

  uint16_t tmpccmr2 = 0;



  /* Check the parameters */

  assert_param(IS_TIM_LIST3_PERIPH(TIMx));

  assert_param(IS_TIM_OCCLEAR_STATE(TIM_OCClear));



  tmpccmr2 = TIMx->CCMR2;



  /* Reset the OC3CE Bit */

  tmpccmr2 &= (uint16_t)~TIM_CCMR2_OC3CE;



  /* Enable or Disable the Output Compare Clear Bit */

  tmpccmr2 |= TIM_OCClear;



  /* Write to TIMx CCMR2 register */

  TIMx->CCMR2 = tmpccmr2;

}



/**

  * @brief  Clears or safeguards the OCREF4 signal on an external event

  * @param  TIMx: where x can be  1, 2, 3, 4, 5 or 8 to select the TIM peripheral.

  * @param  TIM_OCClear: new state of the Output Compare Clear Enable Bit.

  *          This parameter can be one of the following values:

  *            @arg TIM_OCClear_Enable: TIM Output clear enable

  *            @arg TIM_OCClear_Disable: TIM Output clear disable

  * @retval None

  */

void TIM_ClearOC4Ref(TIM_TypeDef* TIMx, uint16_t TIM_OCClear)

{

  uint16_t tmpccmr2 = 0;



  /* Check the parameters */

  assert_param(IS_TIM_LIST3_PERIPH(TIMx));

  assert_param(IS_TIM_OCCLEAR_STATE(TIM_OCClear));



  tmpccmr2 = TIMx->CCMR2;



  /* Reset the OC4CE Bit */

  tmpccmr2 &= (uint16_t)~TIM_CCMR2_OC4CE;



  /* Enable or Disable the Output Compare Clear Bit */

  tmpccmr2 |= (uint16_t)(TIM_OCClear << 8);



  /* Write to TIMx CCMR2 register */

  TIMx->CCMR2 = tmpccmr2;

}



/**

  * @brief  Configures the TIMx channel 1 polarity.

  * @param  TIMx: where x can be 1 to 14 except 6 and 7, to select the TIM peripheral.

  * @param  TIM_OCPolarity: specifies the OC1 Polarity

  *          This parameter can be one of the following values:

  *            @arg TIM_OCPolarity_High: Output Compare active high

  *            @arg TIM_OCPolarity_Low: Output Compare active low

  * @retval None

  */

void TIM_OC1PolarityConfig(TIM_TypeDef* TIMx, uint16_t TIM_OCPolarity)

{

  uint16_t tmpccer = 0;



  /* Check the parameters */

  assert_param(IS_TIM_LIST1_PERIPH(TIMx));

  assert_param(IS_TIM_OC_POLARITY(TIM_OCPolarity));



  tmpccer = TIMx->CCER;



  /* Set or Reset the CC1P Bit */

  tmpccer &= (uint16_t)(~TIM_CCER_CC1P);

  tmpccer |= TIM_OCPolarity;



  /* Write to TIMx CCER register */

  TIMx->CCER = tmpccer;

}



/**

  * @brief  Configures the TIMx Channel 1N polarity.

  * @param  TIMx: where x can be 1 or 8 to select the TIM peripheral.

  * @param  TIM_OCNPolarity: specifies the OC1N Polarity

  *          This parameter can be one of the following values:

  *            @arg TIM_OCNPolarity_High: Output Compare active high

  *            @arg TIM_OCNPolarity_Low: Output Compare active low

  * @retval None

  */

void TIM_OC1NPolarityConfig(TIM_TypeDef* TIMx, uint16_t TIM_OCNPolarity)

{

  uint16_t tmpccer = 0;

  /* Check the parameters */

  assert_param(IS_TIM_LIST4_PERIPH(TIMx));

  assert_param(IS_TIM_OCN_POLARITY(TIM_OCNPolarity));

   

  tmpccer = TIMx->CCER;



  /* Set or Reset the CC1NP Bit */

  tmpccer &= (uint16_t)~TIM_CCER_CC1NP;

  tmpccer |= TIM_OCNPolarity;



  /* Write to TIMx CCER register */

  TIMx->CCER = tmpccer;

}



/**

  * @brief  Configures the TIMx channel 2 polarity.

  * @param  TIMx: where x can be 1, 2, 3, 4, 5, 8, 9 or 12 to select the TIM 

  *         peripheral.

  * @param  TIM_OCPolarity: specifies the OC2 Polarity

  *          This parameter can be one of the following values:

  *            @arg TIM_OCPolarity_High: Output Compare active high

  *            @arg TIM_OCPolarity_Low: Output Compare active low

  * @retval None

  */

void TIM_OC2PolarityConfig(TIM_TypeDef* TIMx, uint16_t TIM_OCPolarity)

{

  uint16_t tmpccer = 0;



  /* Check the parameters */

  assert_param(IS_TIM_LIST2_PERIPH(TIMx));

  assert_param(IS_TIM_OC_POLARITY(TIM_OCPolarity));



  tmpccer = TIMx->CCER;



  /* Set or Reset the CC2P Bit */

  tmpccer &= (uint16_t)(~TIM_CCER_CC2P);

  tmpccer |= (uint16_t)(TIM_OCPolarity << 4);



  /* Write to TIMx CCER register */

  TIMx->CCER = tmpccer;

}



/**

  * @brief  Configures the TIMx Channel 2N polarity.

  * @param  TIMx: where x can be 1 or 8 to select the TIM peripheral.

  * @param  TIM_OCNPolarity: specifies the OC2N Polarity

  *          This parameter can be one of the following values:

  *            @arg TIM_OCNPolarity_High: Output Compare active high

  *            @arg TIM_OCNPolarity_Low: Output Compare active low

  * @retval None

  */

void TIM_OC2NPolarityConfig(TIM_TypeDef* TIMx, uint16_t TIM_OCNPolarity)

{

  uint16_t tmpccer = 0;



  /* Check the parameters */

  assert_param(IS_TIM_LIST4_PERIPH(TIMx));

  assert_param(IS_TIM_OCN_POLARITY(TIM_OCNPolarity));

  

  tmpccer = TIMx->CCER;



  /* Set or Reset the CC2NP Bit */

  tmpccer &= (uint16_t)~TIM_CCER_CC2NP;

  tmpccer |= (uint16_t)(TIM_OCNPolarity << 4);



  /* Write to TIMx CCER register */

  TIMx->CCER = tmpccer;

}



/**

  * @brief  Configures the TIMx channel 3 polarity.

  * @param  TIMx: where x can be 1, 2, 3, 4, 5 or 8 to select the TIM peripheral.

  * @param  TIM_OCPolarity: specifies the OC3 Polarity

  *          This parameter can be one of the following values:

  *            @arg TIM_OCPolarity_High: Output Compare active high

  *            @arg TIM_OCPolarity_Low: Output Compare active low

  * @retval None

  */

void TIM_OC3PolarityConfig(TIM_TypeDef* TIMx, uint16_t TIM_OCPolarity)

{

  uint16_t tmpccer = 0;



  /* Check the parameters */

  assert_param(IS_TIM_LIST3_PERIPH(TIMx));

  assert_param(IS_TIM_OC_POLARITY(TIM_OCPolarity));



  tmpccer = TIMx->CCER;



  /* Set or Reset the CC3P Bit */

  tmpccer &= (uint16_t)~TIM_CCER_CC3P;

  tmpccer |= (uint16_t)(TIM_OCPolarity << 8);



  /* Write to TIMx CCER register */

  TIMx->CCER = tmpccer;

}



/**

  * @brief  Configures the TIMx Channel 3N polarity.

  * @param  TIMx: where x can be 1 or 8 to select the TIM peripheral.

  * @param  TIM_OCNPolarity: specifies the OC3N Polarity

  *          This parameter can be one of the following values:

  *            @arg TIM_OCNPolarity_High: Output Compare active high

  *            @arg TIM_OCNPolarity_Low: Output Compare active low

  * @retval None

  */

void TIM_OC3NPolarityConfig(TIM_TypeDef* TIMx, uint16_t TIM_OCNPolarity)

{

  uint16_t tmpccer = 0;

 

  /* Check the parameters */

  assert_param(IS_TIM_LIST4_PERIPH(TIMx));

  assert_param(IS_TIM_OCN_POLARITY(TIM_OCNPolarity));

    

  tmpccer = TIMx->CCER;



  /* Set or Reset the CC3NP Bit */

  tmpccer &= (uint16_t)~TIM_CCER_CC3NP;

  tmpccer |= (uint16_t)(TIM_OCNPolarity << 8);



  /* Write to TIMx CCER register */

  TIMx->CCER = tmpccer;

}



/**

  * @brief  Configures the TIMx channel 4 polarity.

  * @param  TIMx: where x can be 1, 2, 3, 4, 5 or 8 to select the TIM peripheral.

  * @param  TIM_OCPolarity: specifies the OC4 Polarity

  *          This parameter can be one of the following values:

  *            @arg TIM_OCPolarity_High: Output Compare active high

  *            @arg TIM_OCPolarity_Low: Output Compare active low

  * @retval None

  */

void TIM_OC4PolarityConfig(TIM_TypeDef* TIMx, uint16_t TIM_OCPolarity)

{

  uint16_t tmpccer = 0;



  /* Check the parameters */

  assert_param(IS_TIM_LIST3_PERIPH(TIMx));

  assert_param(IS_TIM_OC_POLARITY(TIM_OCPolarity));



  tmpccer = TIMx->CCER;



  /* Set or Reset the CC4P Bit */

  tmpccer &= (uint16_t)~TIM_CCER_CC4P;

  tmpccer |= (uint16_t)(TIM_OCPolarity << 12);



  /* Write to TIMx CCER register */

  TIMx->CCER = tmpccer;

}



/**

  * @brief  Enables or disables the TIM Capture Compare Channel x.

  * @param  TIMx: where x can be 1 to 14 except 6 and 7, to select the TIM peripheral.

  * @param  TIM_Channel: specifies the TIM Channel

  *          This parameter can be one of the following values:

  *            @arg TIM_Channel_1: TIM Channel 1

  *            @arg TIM_Channel_2: TIM Channel 2

  *            @arg TIM_Channel_3: TIM Channel 3

  *            @arg TIM_Channel_4: TIM Channel 4

  * @param  TIM_CCx: specifies the TIM Channel CCxE bit new state.

  *          This parameter can be: TIM_CCx_Enable or TIM_CCx_Disable. 

  * @retval None

  */

void TIM_CCxCmd(TIM_TypeDef* TIMx, uint16_t TIM_Channel, uint16_t TIM_CCx)

{

  uint16_t tmp = 0;



  /* Check the parameters */

  assert_param(IS_TIM_LIST1_PERIPH(TIMx)); 

  assert_param(IS_TIM_CHANNEL(TIM_Channel));

  assert_param(IS_TIM_CCX(TIM_CCx));



  tmp = CCER_CCE_SET << TIM_Channel;



  /* Reset the CCxE Bit */

  TIMx->CCER &= (uint16_t)~ tmp;



  /* Set or reset the CCxE Bit */ 

  TIMx->CCER |=  (uint16_t)(TIM_CCx << TIM_Channel);

}



/**

  * @brief  Enables or disables the TIM Capture Compare Channel xN.

  * @param  TIMx: where x can be 1 or 8 to select the TIM peripheral.

  * @param  TIM_Channel: specifies the TIM Channel

  *          This parameter can be one of the following values:

  *            @arg TIM_Channel_1: TIM Channel 1

  *            @arg TIM_Channel_2: TIM Channel 2

  *            @arg TIM_Channel_3: TIM Channel 3

  * @param  TIM_CCxN: specifies the TIM Channel CCxNE bit new state.

  *          This parameter can be: TIM_CCxN_Enable or TIM_CCxN_Disable. 

  * @retval None

  */

void TIM_CCxNCmd(TIM_TypeDef* TIMx, uint16_t TIM_Channel, uint16_t TIM_CCxN)

{

  uint16_t tmp = 0;



  /* Check the parameters */

  assert_param(IS_TIM_LIST4_PERIPH(TIMx));

  assert_param(IS_TIM_COMPLEMENTARY_CHANNEL(TIM_Channel));

  assert_param(IS_TIM_CCXN(TIM_CCxN));



  tmp = CCER_CCNE_SET << TIM_Channel;



  /* Reset the CCxNE Bit */

  TIMx->CCER &= (uint16_t) ~tmp;



  /* Set or reset the CCxNE Bit */ 

  TIMx->CCER |=  (uint16_t)(TIM_CCxN << TIM_Channel);

}

/**

  * @}

  */



/** @defgroup TIM_Group3 Input Capture management functions

 *  @brief    Input Capture management functions 

 *

@verbatim   

 ===============================================================================

                      Input Capture management functions

 ===============================================================================  

   

       ===================================================================      

              TIM Driver: how to use it in Input Capture Mode

       =================================================================== 

       To use the Timer in Input Capture mode, the following steps are mandatory:

       

       1. Enable TIM clock using RCC_APBxPeriphClockCmd(RCC_APBxPeriph_TIMx, ENABLE) function

       

       2. Configure the TIM pins by configuring the corresponding GPIO pins

       

       2. Configure the Time base unit as described in the first part of this driver,

          if needed, else the Timer will run with the default configuration:

          - Autoreload value = 0xFFFF

          - Prescaler value = 0x0000

          - Counter mode = Up counting

          - Clock Division = TIM_CKD_DIV1

          

       3. Fill the TIM_ICInitStruct with the desired parameters including:

          - TIM Channel: TIM_Channel

          - TIM Input Capture polarity: TIM_ICPolarity

          - TIM Input Capture selection: TIM_ICSelection

          - TIM Input Capture Prescaler: TIM_ICPrescaler

          - TIM Input CApture filter value: TIM_ICFilter

       

       4. Call TIM_ICInit(TIMx, &TIM_ICInitStruct) to configure the desired channel with the 

          corresponding configuration and to measure only frequency or duty cycle of the input signal,

          or,

          Call TIM_PWMIConfig(TIMx, &TIM_ICInitStruct) to configure the desired channels with the 

          corresponding configuration and to measure the frequency and the duty cycle of the input signal

          

       5. Enable the NVIC or the DMA to read the measured frequency. 

          

       6. Enable the corresponding interrupt (or DMA request) to read the Captured value,

          using the function TIM_ITConfig(TIMx, TIM_IT_CCx) (or TIM_DMA_Cmd(TIMx, TIM_DMA_CCx)) 

       

       7. Call the TIM_Cmd(ENABLE) function to enable the TIM counter.

       

       8. Use TIM_GetCapturex(TIMx); to read the captured value.

       

       Note1: All other functions can be used separately to modify, if needed,

              a specific feature of the Timer. 



@endverbatim

  * @{

  */



/**

  * @brief  Initializes the TIM peripheral according to the specified parameters

  *         in the TIM_ICInitStruct.

  * @param  TIMx: where x can be 1 to 14 except 6 and 7, to select the TIM peripheral.

  * @param  TIM_ICInitStruct: pointer to a TIM_ICInitTypeDef structure that contains

  *         the configuration information for the specified TIM peripheral.

  * @retval None

  */

void TIM_ICInit(TIM_TypeDef* TIMx, TIM_ICInitTypeDef* TIM_ICInitStruct)

{

  /* Check the parameters */

  assert_param(IS_TIM_LIST1_PERIPH(TIMx));

  assert_param(IS_TIM_IC_POLARITY(TIM_ICInitStruct->TIM_ICPolarity));

  assert_param(IS_TIM_IC_SELECTION(TIM_ICInitStruct->TIM_ICSelection));

  assert_param(IS_TIM_IC_PRESCALER(TIM_ICInitStruct->TIM_ICPrescaler));

  assert_param(IS_TIM_IC_FILTER(TIM_ICInitStruct->TIM_ICFilter));

  

  if (TIM_ICInitStruct->TIM_Channel == TIM_Channel_1)

  {

    /* TI1 Configuration */

    TI1_Config(TIMx, TIM_ICInitStruct->TIM_ICPolarity,

               TIM_ICInitStruct->TIM_ICSelection,

               TIM_ICInitStruct->TIM_ICFilter);

    /* Set the Input Capture Prescaler value */

    TIM_SetIC1Prescaler(TIMx, TIM_ICInitStruct->TIM_ICPrescaler);

  }

  else if (TIM_ICInitStruct->TIM_Channel == TIM_Channel_2)

  {

    /* TI2 Configuration */

    assert_param(IS_TIM_LIST2_PERIPH(TIMx));

    TI2_Config(TIMx, TIM_ICInitStruct->TIM_ICPolarity,

               TIM_ICInitStruct->TIM_ICSelection,

               TIM_ICInitStruct->TIM_ICFilter);

    /* Set the Input Capture Prescaler value */

    TIM_SetIC2Prescaler(TIMx, TIM_ICInitStruct->TIM_ICPrescaler);

  }

  else if (TIM_ICInitStruct->TIM_Channel == TIM_Channel_3)

  {

    /* TI3 Configuration */

    assert_param(IS_TIM_LIST3_PERIPH(TIMx));

    TI3_Config(TIMx,  TIM_ICInitStruct->TIM_ICPolarity,

               TIM_ICInitStruct->TIM_ICSelection,

               TIM_ICInitStruct->TIM_ICFilter);

    /* Set the Input Capture Prescaler value */

    TIM_SetIC3Prescaler(TIMx, TIM_ICInitStruct->TIM_ICPrescaler);

  }

  else

  {

    /* TI4 Configuration */

    assert_param(IS_TIM_LIST3_PERIPH(TIMx));

    TI4_Config(TIMx, TIM_ICInitStruct->TIM_ICPolarity,

               TIM_ICInitStruct->TIM_ICSelection,

               TIM_ICInitStruct->TIM_ICFilter);

    /* Set the Input Capture Prescaler value */

    TIM_SetIC4Prescaler(TIMx, TIM_ICInitStruct->TIM_ICPrescaler);

  }

}



/**

  * @brief  Fills each TIM_ICInitStruct member with its default value.

  * @param  TIM_ICInitStruct: pointer to a TIM_ICInitTypeDef structure which will

  *         be initialized.

  * @retval None

  */

void TIM_ICStructInit(TIM_ICInitTypeDef* TIM_ICInitStruct)

{

  /* Set the default configuration */

  TIM_ICInitStruct->TIM_Channel = TIM_Channel_1;

  TIM_ICInitStruct->TIM_ICPolarity = TIM_ICPolarity_Rising;

  TIM_ICInitStruct->TIM_ICSelection = TIM_ICSelection_DirectTI;

  TIM_ICInitStruct->TIM_ICPrescaler = TIM_ICPSC_DIV1;

  TIM_ICInitStruct->TIM_ICFilter = 0x00;

}



/**

  * @brief  Configures the TIM peripheral according to the specified parameters

  *         in the TIM_ICInitStruct to measure an external PWM signal.

  * @param  TIMx: where x can be  1, 2, 3, 4, 5,8, 9 or 12 to select the TIM 

  *         peripheral.

  * @param  TIM_ICInitStruct: pointer to a TIM_ICInitTypeDef structure that contains

  *         the configuration information for the specified TIM peripheral.

  * @retval None

  */

void TIM_PWMIConfig(TIM_TypeDef* TIMx, TIM_ICInitTypeDef* TIM_ICInitStruct)

{

  uint16_t icoppositepolarity = TIM_ICPolarity_Rising;

  uint16_t icoppositeselection = TIM_ICSelection_DirectTI;



  /* Check the parameters */

  assert_param(IS_TIM_LIST2_PERIPH(TIMx));



  /* Select the Opposite Input Polarity */

  if (TIM_ICInitStruct->TIM_ICPolarity == TIM_ICPolarity_Rising)

  {

    icoppositepolarity = TIM_ICPolarity_Falling;

  }

  else

  {

    icoppositepolarity = TIM_ICPolarity_Rising;

  }

  /* Select the Opposite Input */

  if (TIM_ICInitStruct->TIM_ICSelection == TIM_ICSelection_DirectTI)

  {

    icoppositeselection = TIM_ICSelection_IndirectTI;

  }

  else

  {

    icoppositeselection = TIM_ICSelection_DirectTI;

  }

  if (TIM_ICInitStruct->TIM_Channel == TIM_Channel_1)

  {

    /* TI1 Configuration */

    TI1_Config(TIMx, TIM_ICInitStruct->TIM_ICPolarity, TIM_ICInitStruct->TIM_ICSelection,

               TIM_ICInitStruct->TIM_ICFilter);

    /* Set the Input Capture Prescaler value */

    TIM_SetIC1Prescaler(TIMx, TIM_ICInitStruct->TIM_ICPrescaler);

    /* TI2 Configuration */

    TI2_Config(TIMx, icoppositepolarity, icoppositeselection, TIM_ICInitStruct->TIM_ICFilter);

    /* Set the Input Capture Prescaler value */

    TIM_SetIC2Prescaler(TIMx, TIM_ICInitStruct->TIM_ICPrescaler);

  }

  else

  { 

    /* TI2 Configuration */

    TI2_Config(TIMx, TIM_ICInitStruct->TIM_ICPolarity, TIM_ICInitStruct->TIM_ICSelection,

               TIM_ICInitStruct->TIM_ICFilter);

    /* Set the Input Capture Prescaler value */

    TIM_SetIC2Prescaler(TIMx, TIM_ICInitStruct->TIM_ICPrescaler);

    /* TI1 Configuration */

    TI1_Config(TIMx, icoppositepolarity, icoppositeselection, TIM_ICInitStruct->TIM_ICFilter);

    /* Set the Input Capture Prescaler value */

    TIM_SetIC1Prescaler(TIMx, TIM_ICInitStruct->TIM_ICPrescaler);

  }

}



/**

  * @brief  Gets the TIMx Input Capture 1 value.

  * @param  TIMx: where x can be 1 to 14 except 6 and 7, to select the TIM peripheral.

  * @retval Capture Compare 1 Register value.

  */

uint32_t TIM_GetCapture1(TIM_TypeDef* TIMx)

{

  /* Check the parameters */

  assert_param(IS_TIM_LIST1_PERIPH(TIMx));



  /* Get the Capture 1 Register value */

  return TIMx->CCR1;

}



/**

  * @brief  Gets the TIMx Input Capture 2 value.

  * @param  TIMx: where x can be 1, 2, 3, 4, 5, 8, 9 or 12 to select the TIM 

  *         peripheral.

  * @retval Capture Compare 2 Register value.

  */

uint32_t TIM_GetCapture2(TIM_TypeDef* TIMx)

{

  /* Check the parameters */

  assert_param(IS_TIM_LIST2_PERIPH(TIMx));



  /* Get the Capture 2 Register value */

  return TIMx->CCR2;

}



/**

  * @brief  Gets the TIMx Input Capture 3 value.

  * @param  TIMx: where x can be 1, 2, 3, 4, 5 or 8 to select the TIM peripheral.

  * @retval Capture Compare 3 Register value.

  */

uint32_t TIM_GetCapture3(TIM_TypeDef* TIMx)

{

  /* Check the parameters */

  assert_param(IS_TIM_LIST3_PERIPH(TIMx)); 



  /* Get the Capture 3 Register value */

  return TIMx->CCR3;

}



/**

  * @brief  Gets the TIMx Input Capture 4 value.

  * @param  TIMx: where x can be 1, 2, 3, 4, 5 or 8 to select the TIM peripheral.

  * @retval Capture Compare 4 Register value.

  */

uint32_t TIM_GetCapture4(TIM_TypeDef* TIMx)

{

  /* Check the parameters */

  assert_param(IS_TIM_LIST3_PERIPH(TIMx));



  /* Get the Capture 4 Register value */

  return TIMx->CCR4;

}



/**

  * @brief  Sets the TIMx Input Capture 1 prescaler.

  * @param  TIMx: where x can be 1 to 14 except 6 and 7, to select the TIM peripheral.

  * @param  TIM_ICPSC: specifies the Input Capture1 prescaler new value.

  *          This parameter can be one of the following values:

  *            @arg TIM_ICPSC_DIV1: no prescaler

  *            @arg TIM_ICPSC_DIV2: capture is done once every 2 events

  *            @arg TIM_ICPSC_DIV4: capture is done once every 4 events

  *            @arg TIM_ICPSC_DIV8: capture is done once every 8 events

  * @retval None

  */

void TIM_SetIC1Prescaler(TIM_TypeDef* TIMx, uint16_t TIM_ICPSC)

{

  /* Check the parameters */

  assert_param(IS_TIM_LIST1_PERIPH(TIMx));

  assert_param(IS_TIM_IC_PRESCALER(TIM_ICPSC));



  /* Reset the IC1PSC Bits */

  TIMx->CCMR1 &= (uint16_t)~TIM_CCMR1_IC1PSC;



  /* Set the IC1PSC value */

  TIMx->CCMR1 |= TIM_ICPSC;

}



/**

  * @brief  Sets the TIMx Input Capture 2 prescaler.

  * @param  TIMx: where x can be 1, 2, 3, 4, 5, 8, 9 or 12 to select the TIM 

  *         peripheral.

  * @param  TIM_ICPSC: specifies the Input Capture2 prescaler new value.

  *          This parameter can be one of the following values:

  *            @arg TIM_ICPSC_DIV1: no prescaler

  *            @arg TIM_ICPSC_DIV2: capture is done once every 2 events

  *            @arg TIM_ICPSC_DIV4: capture is done once every 4 events

  *            @arg TIM_ICPSC_DIV8: capture is done once every 8 events

  * @retval None

  */

void TIM_SetIC2Prescaler(TIM_TypeDef* TIMx, uint16_t TIM_ICPSC)

{

  /* Check the parameters */

  assert_param(IS_TIM_LIST2_PERIPH(TIMx));

  assert_param(IS_TIM_IC_PRESCALER(TIM_ICPSC));



  /* Reset the IC2PSC Bits */

  TIMx->CCMR1 &= (uint16_t)~TIM_CCMR1_IC2PSC;



  /* Set the IC2PSC value */

  TIMx->CCMR1 |= (uint16_t)(TIM_ICPSC << 8);

}



/**

  * @brief  Sets the TIMx Input Capture 3 prescaler.

  * @param  TIMx: where x can be 1, 2, 3, 4, 5 or 8 to select the TIM peripheral.

  * @param  TIM_ICPSC: specifies the Input Capture3 prescaler new value.

  *          This parameter can be one of the following values:

  *            @arg TIM_ICPSC_DIV1: no prescaler

  *            @arg TIM_ICPSC_DIV2: capture is done once every 2 events

  *            @arg TIM_ICPSC_DIV4: capture is done once every 4 events

  *            @arg TIM_ICPSC_DIV8: capture is done once every 8 events

  * @retval None

  */

void TIM_SetIC3Prescaler(TIM_TypeDef* TIMx, uint16_t TIM_ICPSC)

{

  /* Check the parameters */

  assert_param(IS_TIM_LIST3_PERIPH(TIMx));

  assert_param(IS_TIM_IC_PRESCALER(TIM_ICPSC));



  /* Reset the IC3PSC Bits */

  TIMx->CCMR2 &= (uint16_t)~TIM_CCMR2_IC3PSC;



  /* Set the IC3PSC value */

  TIMx->CCMR2 |= TIM_ICPSC;

}



/**

  * @brief  Sets the TIMx Input Capture 4 prescaler.

  * @param  TIMx: where x can be 1, 2, 3, 4, 5 or 8 to select the TIM peripheral.

  * @param  TIM_ICPSC: specifies the Input Capture4 prescaler new value.

  *          This parameter can be one of the following values:

  *            @arg TIM_ICPSC_DIV1: no prescaler

  *            @arg TIM_ICPSC_DIV2: capture is done once every 2 events

  *            @arg TIM_ICPSC_DIV4: capture is done once every 4 events

  *            @arg TIM_ICPSC_DIV8: capture is done once every 8 events

  * @retval None

  */

void TIM_SetIC4Prescaler(TIM_TypeDef* TIMx, uint16_t TIM_ICPSC)

{  

  /* Check the parameters */

  assert_param(IS_TIM_LIST3_PERIPH(TIMx));

  assert_param(IS_TIM_IC_PRESCALER(TIM_ICPSC));



  /* Reset the IC4PSC Bits */

  TIMx->CCMR2 &= (uint16_t)~TIM_CCMR2_IC4PSC;



  /* Set the IC4PSC value */

  TIMx->CCMR2 |= (uint16_t)(TIM_ICPSC << 8);

}

/**

  * @}

  */



/** @defgroup TIM_Group4 Advanced-control timers (TIM1 and TIM8) specific features

 *  @brief   Advanced-control timers (TIM1 and TIM8) specific features

 *

@verbatim   

 ===============================================================================

          Advanced-control timers (TIM1 and TIM8) specific features

 ===============================================================================  

  

       ===================================================================      

              TIM Driver: how to use the Break feature

       =================================================================== 

       After configuring the Timer channel(s) in the appropriate Output Compare mode: 

                         

       1. Fill the TIM_BDTRInitStruct with the desired parameters for the Timer

          Break Polarity, dead time, Lock level, the OSSI/OSSR State and the 

          AOE(automatic output enable).

               

       2. Call TIM_BDTRConfig(TIMx, &TIM_BDTRInitStruct) to configure the Timer

          

       3. Enable the Main Output using TIM_CtrlPWMOutputs(TIM1, ENABLE) 

          

       4. Once the break even occurs, the Timer's output signals are put in reset

          state or in a known state (according to the configuration made in

          TIM_BDTRConfig() function).



@endverbatim

  * @{

  */



/**

  * @brief  Configures the Break feature, dead time, Lock level, OSSI/OSSR State

  *         and the AOE(automatic output enable).

  * @param  TIMx: where x can be  1 or 8 to select the TIM 

  * @param  TIM_BDTRInitStruct: pointer to a TIM_BDTRInitTypeDef structure that

  *         contains the BDTR Register configuration  information for the TIM peripheral.

  * @retval None

  */

void TIM_BDTRConfig(TIM_TypeDef* TIMx, TIM_BDTRInitTypeDef *TIM_BDTRInitStruct)

{

  /* Check the parameters */

  assert_param(IS_TIM_LIST4_PERIPH(TIMx));

  assert_param(IS_TIM_OSSR_STATE(TIM_BDTRInitStruct->TIM_OSSRState));

  assert_param(IS_TIM_OSSI_STATE(TIM_BDTRInitStruct->TIM_OSSIState));

  assert_param(IS_TIM_LOCK_LEVEL(TIM_BDTRInitStruct->TIM_LOCKLevel));

  assert_param(IS_TIM_BREAK_STATE(TIM_BDTRInitStruct->TIM_Break));

  assert_param(IS_TIM_BREAK_POLARITY(TIM_BDTRInitStruct->TIM_BreakPolarity));

  assert_param(IS_TIM_AUTOMATIC_OUTPUT_STATE(TIM_BDTRInitStruct->TIM_AutomaticOutput));



  /* Set the Lock level, the Break enable Bit and the Polarity, the OSSR State,

     the OSSI State, the dead time value and the Automatic Output Enable Bit */

  TIMx->BDTR = (uint32_t)TIM_BDTRInitStruct->TIM_OSSRState | TIM_BDTRInitStruct->TIM_OSSIState |

             TIM_BDTRInitStruct->TIM_LOCKLevel | TIM_BDTRInitStruct->TIM_DeadTime |

             TIM_BDTRInitStruct->TIM_Break | TIM_BDTRInitStruct->TIM_BreakPolarity |

             TIM_BDTRInitStruct->TIM_AutomaticOutput;

}



/**

  * @brief  Fills each TIM_BDTRInitStruct member with its default value.

  * @param  TIM_BDTRInitStruct: pointer to a TIM_BDTRInitTypeDef structure which

  *         will be initialized.

  * @retval None

  */

void TIM_BDTRStructInit(TIM_BDTRInitTypeDef* TIM_BDTRInitStruct)

{

  /* Set the default configuration */

  TIM_BDTRInitStruct->TIM_OSSRState = TIM_OSSRState_Disable;

  TIM_BDTRInitStruct->TIM_OSSIState = TIM_OSSIState_Disable;

  TIM_BDTRInitStruct->TIM_LOCKLevel = TIM_LOCKLevel_OFF;

  TIM_BDTRInitStruct->TIM_DeadTime = 0x00;

  TIM_BDTRInitStruct->TIM_Break = TIM_Break_Disable;

  TIM_BDTRInitStruct->TIM_BreakPolarity = TIM_BreakPolarity_Low;

  TIM_BDTRInitStruct->TIM_AutomaticOutput = TIM_AutomaticOutput_Disable;

}



/**

  * @brief  Enables or disables the TIM peripheral Main Outputs.

  * @param  TIMx: where x can be 1 or 8 to select the TIMx peripheral.

  * @param  NewState: new state of the TIM peripheral Main Outputs.

  *          This parameter can be: ENABLE or DISABLE.

  * @retval None

  */

void TIM_CtrlPWMOutputs(TIM_TypeDef* TIMx, FunctionalState NewState)

{

  /* Check the parameters */

  assert_param(IS_TIM_LIST4_PERIPH(TIMx));

  assert_param(IS_FUNCTIONAL_STATE(NewState));



  if (NewState != DISABLE)

  {

    /* Enable the TIM Main Output */

    TIMx->BDTR |= TIM_BDTR_MOE;

  }

  else

  {

    /* Disable the TIM Main Output */

    TIMx->BDTR &= (uint16_t)~TIM_BDTR_MOE;

  }  

}



/**

  * @brief  Selects the TIM peripheral Commutation event.

  * @param  TIMx: where x can be  1 or 8 to select the TIMx peripheral

  * @param  NewState: new state of the Commutation event.

  *          This parameter can be: ENABLE or DISABLE.

  * @retval None

  */

void TIM_SelectCOM(TIM_TypeDef* TIMx, FunctionalState NewState)

{

  /* Check the parameters */

  assert_param(IS_TIM_LIST4_PERIPH(TIMx));

  assert_param(IS_FUNCTIONAL_STATE(NewState));



  if (NewState != DISABLE)

  {

    /* Set the COM Bit */

    TIMx->CR2 |= TIM_CR2_CCUS;

  }

  else

  {

    /* Reset the COM Bit */

    TIMx->CR2 &= (uint16_t)~TIM_CR2_CCUS;

  }

}



/**

  * @brief  Sets or Resets the TIM peripheral Capture Compare Preload Control bit.

  * @param  TIMx: where x can be  1 or 8 to select the TIMx peripheral

  * @param  NewState: new state of the Capture Compare Preload Control bit

  *          This parameter can be: ENABLE or DISABLE.

  * @retval None

  */

void TIM_CCPreloadControl(TIM_TypeDef* TIMx, FunctionalState NewState)

{ 

  /* Check the parameters */

  assert_param(IS_TIM_LIST4_PERIPH(TIMx));

  assert_param(IS_FUNCTIONAL_STATE(NewState));

  if (NewState != DISABLE)

  {

    /* Set the CCPC Bit */

    TIMx->CR2 |= TIM_CR2_CCPC;

  }

  else

  {

    /* Reset the CCPC Bit */

    TIMx->CR2 &= (uint16_t)~TIM_CR2_CCPC;

  }

}

/**

  * @}

  */



/** @defgroup TIM_Group5 Interrupts DMA and flags management functions

 *  @brief    Interrupts, DMA and flags management functions 

 *

@verbatim   

 ===============================================================================

                 Interrupts, DMA and flags management functions

 ===============================================================================  



@endverbatim

  * @{

  */



/**

  * @brief  Enables or disables the specified TIM interrupts.

  * @param  TIMx: where x can be 1 to 14 to select the TIMx peripheral.

  * @param  TIM_IT: specifies the TIM interrupts sources to be enabled or disabled.

  *          This parameter can be any combination of the following values:

  *            @arg TIM_IT_Update: TIM update Interrupt source

  *            @arg TIM_IT_CC1: TIM Capture Compare 1 Interrupt source

  *            @arg TIM_IT_CC2: TIM Capture Compare 2 Interrupt source

  *            @arg TIM_IT_CC3: TIM Capture Compare 3 Interrupt source

  *            @arg TIM_IT_CC4: TIM Capture Compare 4 Interrupt source

  *            @arg TIM_IT_COM: TIM Commutation Interrupt source

  *            @arg TIM_IT_Trigger: TIM Trigger Interrupt source

  *            @arg TIM_IT_Break: TIM Break Interrupt source

  *  

  * @note   For TIM6 and TIM7 only the parameter TIM_IT_Update can be used

  * @note   For TIM9 and TIM12 only one of the following parameters can be used: TIM_IT_Update,

  *          TIM_IT_CC1, TIM_IT_CC2 or TIM_IT_Trigger. 

  * @note   For TIM10, TIM11, TIM13 and TIM14 only one of the following parameters can

  *          be used: TIM_IT_Update or TIM_IT_CC1   

  * @note   TIM_IT_COM and TIM_IT_Break can be used only with TIM1 and TIM8 

  *        

  * @param  NewState: new state of the TIM interrupts.

  *          This parameter can be: ENABLE or DISABLE.

  * @retval None

  */

void TIM_ITConfig(TIM_TypeDef* TIMx, uint16_t TIM_IT, FunctionalState NewState)

{  

  /* Check the parameters */

  assert_param(IS_TIM_ALL_PERIPH(TIMx));

  assert_param(IS_TIM_IT(TIM_IT));

  assert_param(IS_FUNCTIONAL_STATE(NewState));

  

  if (NewState != DISABLE)

  {

    /* Enable the Interrupt sources */

    TIMx->DIER |= TIM_IT;

  }

  else

  {

    /* Disable the Interrupt sources */

    TIMx->DIER &= (uint16_t)~TIM_IT;

  }

}



/**

  * @brief  Configures the TIMx event to be generate by software.

  * @param  TIMx: where x can be 1 to 14 to select the TIM peripheral.

  * @param  TIM_EventSource: specifies the event source.

  *          This parameter can be one or more of the following values:	   

  *            @arg TIM_EventSource_Update: Timer update Event source

  *            @arg TIM_EventSource_CC1: Timer Capture Compare 1 Event source

  *            @arg TIM_EventSource_CC2: Timer Capture Compare 2 Event source

  *            @arg TIM_EventSource_CC3: Timer Capture Compare 3 Event source

  *            @arg TIM_EventSource_CC4: Timer Capture Compare 4 Event source

  *            @arg TIM_EventSource_COM: Timer COM event source  

  *            @arg TIM_EventSource_Trigger: Timer Trigger Event source

  *            @arg TIM_EventSource_Break: Timer Break event source

  * 

  * @note   TIM6 and TIM7 can only generate an update event. 

  * @note   TIM_EventSource_COM and TIM_EventSource_Break are used only with TIM1 and TIM8.

  *        

  * @retval None

  */

void TIM_GenerateEvent(TIM_TypeDef* TIMx, uint16_t TIM_EventSource)

{ 

  /* Check the parameters */

  assert_param(IS_TIM_ALL_PERIPH(TIMx));

  assert_param(IS_TIM_EVENT_SOURCE(TIM_EventSource));

 

  /* Set the event sources */

  TIMx->EGR = TIM_EventSource;

}



/**

  * @brief  Checks whether the specified TIM flag is set or not.

  * @param  TIMx: where x can be 1 to 14 to select the TIM peripheral.

  * @param  TIM_FLAG: specifies the flag to check.

  *          This parameter can be one of the following values:

  *            @arg TIM_FLAG_Update: TIM update Flag

  *            @arg TIM_FLAG_CC1: TIM Capture Compare 1 Flag

  *            @arg TIM_FLAG_CC2: TIM Capture Compare 2 Flag

  *            @arg TIM_FLAG_CC3: TIM Capture Compare 3 Flag

  *            @arg TIM_FLAG_CC4: TIM Capture Compare 4 Flag

  *            @arg TIM_FLAG_COM: TIM Commutation Flag

  *            @arg TIM_FLAG_Trigger: TIM Trigger Flag

  *            @arg TIM_FLAG_Break: TIM Break Flag

  *            @arg TIM_FLAG_CC1OF: TIM Capture Compare 1 over capture Flag

  *            @arg TIM_FLAG_CC2OF: TIM Capture Compare 2 over capture Flag

  *            @arg TIM_FLAG_CC3OF: TIM Capture Compare 3 over capture Flag

  *            @arg TIM_FLAG_CC4OF: TIM Capture Compare 4 over capture Flag

  *

  * @note   TIM6 and TIM7 can have only one update flag. 

  * @note   TIM_FLAG_COM and TIM_FLAG_Break are used only with TIM1 and TIM8.    

  *

  * @retval The new state of TIM_FLAG (SET or RESET).

  */

FlagStatus TIM_GetFlagStatus(TIM_TypeDef* TIMx, uint16_t TIM_FLAG)

{ 

  ITStatus bitstatus = RESET;  

  /* Check the parameters */

  assert_param(IS_TIM_ALL_PERIPH(TIMx));

  assert_param(IS_TIM_GET_FLAG(TIM_FLAG));



  

  if ((TIMx->SR & TIM_FLAG) != (uint16_t)RESET)

  {

    bitstatus = SET;

  }

  else

  {

    bitstatus = RESET;

  }

  return bitstatus;

}



/**

  * @brief  Clears the TIMx's pending flags.

  * @param  TIMx: where x can be 1 to 14 to select the TIM peripheral.

  * @param  TIM_FLAG: specifies the flag bit to clear.

  *          This parameter can be any combination of the following values:

  *            @arg TIM_FLAG_Update: TIM update Flag

  *            @arg TIM_FLAG_CC1: TIM Capture Compare 1 Flag

  *            @arg TIM_FLAG_CC2: TIM Capture Compare 2 Flag

  *            @arg TIM_FLAG_CC3: TIM Capture Compare 3 Flag

  *            @arg TIM_FLAG_CC4: TIM Capture Compare 4 Flag

  *            @arg TIM_FLAG_COM: TIM Commutation Flag

  *            @arg TIM_FLAG_Trigger: TIM Trigger Flag

  *            @arg TIM_FLAG_Break: TIM Break Flag

  *            @arg TIM_FLAG_CC1OF: TIM Capture Compare 1 over capture Flag

  *            @arg TIM_FLAG_CC2OF: TIM Capture Compare 2 over capture Flag

  *            @arg TIM_FLAG_CC3OF: TIM Capture Compare 3 over capture Flag

  *            @arg TIM_FLAG_CC4OF: TIM Capture Compare 4 over capture Flag

  *

  * @note   TIM6 and TIM7 can have only one update flag. 

  * @note   TIM_FLAG_COM and TIM_FLAG_Break are used only with TIM1 and TIM8.

  *    

  * @retval None

  */

void TIM_ClearFlag(TIM_TypeDef* TIMx, uint16_t TIM_FLAG)

{  

  /* Check the parameters */

  assert_param(IS_TIM_ALL_PERIPH(TIMx));

   

  /* Clear the flags */

  TIMx->SR = (uint16_t)~TIM_FLAG;

}



/**

  * @brief  Checks whether the TIM interrupt has occurred or not.

  * @param  TIMx: where x can be 1 to 14 to select the TIM peripheral.

  * @param  TIM_IT: specifies the TIM interrupt source to check.

  *          This parameter can be one of the following values:

  *            @arg TIM_IT_Update: TIM update Interrupt source

  *            @arg TIM_IT_CC1: TIM Capture Compare 1 Interrupt source

  *            @arg TIM_IT_CC2: TIM Capture Compare 2 Interrupt source

  *            @arg TIM_IT_CC3: TIM Capture Compare 3 Interrupt source

  *            @arg TIM_IT_CC4: TIM Capture Compare 4 Interrupt source

  *            @arg TIM_IT_COM: TIM Commutation Interrupt source

  *            @arg TIM_IT_Trigger: TIM Trigger Interrupt source

  *            @arg TIM_IT_Break: TIM Break Interrupt source

  *

  * @note   TIM6 and TIM7 can generate only an update interrupt.

  * @note   TIM_IT_COM and TIM_IT_Break are used only with TIM1 and TIM8.

  *     

  * @retval The new state of the TIM_IT(SET or RESET).

  */

ITStatus TIM_GetITStatus(TIM_TypeDef* TIMx, uint16_t TIM_IT)

{

  ITStatus bitstatus = RESET;  

  uint16_t itstatus = 0x0, itenable = 0x0;

  /* Check the parameters */

  assert_param(IS_TIM_ALL_PERIPH(TIMx));

  assert_param(IS_TIM_GET_IT(TIM_IT));

   

  itstatus = TIMx->SR & TIM_IT;

  

  itenable = TIMx->DIER & TIM_IT;

  if ((itstatus != (uint16_t)RESET) && (itenable != (uint16_t)RESET))

  {

    bitstatus = SET;

  }

  else

  {

    bitstatus = RESET;

  }

  return bitstatus;

}



/**

  * @brief  Clears the TIMx's interrupt pending bits.

  * @param  TIMx: where x can be 1 to 14 to select the TIM peripheral.

  * @param  TIM_IT: specifies the pending bit to clear.

  *          This parameter can be any combination of the following values:

  *            @arg TIM_IT_Update: TIM1 update Interrupt source

  *            @arg TIM_IT_CC1: TIM Capture Compare 1 Interrupt source

  *            @arg TIM_IT_CC2: TIM Capture Compare 2 Interrupt source

  *            @arg TIM_IT_CC3: TIM Capture Compare 3 Interrupt source

  *            @arg TIM_IT_CC4: TIM Capture Compare 4 Interrupt source

  *            @arg TIM_IT_COM: TIM Commutation Interrupt source

  *            @arg TIM_IT_Trigger: TIM Trigger Interrupt source

  *            @arg TIM_IT_Break: TIM Break Interrupt source

  *

  * @note   TIM6 and TIM7 can generate only an update interrupt.

  * @note   TIM_IT_COM and TIM_IT_Break are used only with TIM1 and TIM8.

  *      

  * @retval None

  */

void TIM_ClearITPendingBit(TIM_TypeDef* TIMx, uint16_t TIM_IT)

{

  /* Check the parameters */

  assert_param(IS_TIM_ALL_PERIPH(TIMx));



  /* Clear the IT pending Bit */

  TIMx->SR = (uint16_t)~TIM_IT;

}



/**

  * @brief  Configures the TIMx's DMA interface.

  * @param  TIMx: where x can be 1, 2, 3, 4, 5 or 8 to select the TIM peripheral.

  * @param  TIM_DMABase: DMA Base address.

  *          This parameter can be one of the following values:

  *            @arg TIM_DMABase_CR1  

  *            @arg TIM_DMABase_CR2

  *            @arg TIM_DMABase_SMCR

  *            @arg TIM_DMABase_DIER

  *            @arg TIM1_DMABase_SR

  *            @arg TIM_DMABase_EGR

  *            @arg TIM_DMABase_CCMR1

  *            @arg TIM_DMABase_CCMR2

  *            @arg TIM_DMABase_CCER

  *            @arg TIM_DMABase_CNT   

  *            @arg TIM_DMABase_PSC   

  *            @arg TIM_DMABase_ARR

  *            @arg TIM_DMABase_RCR

  *            @arg TIM_DMABase_CCR1

  *            @arg TIM_DMABase_CCR2

  *            @arg TIM_DMABase_CCR3  

  *            @arg TIM_DMABase_CCR4

  *            @arg TIM_DMABase_BDTR

  *            @arg TIM_DMABase_DCR

  * @param  TIM_DMABurstLength: DMA Burst length. This parameter can be one value

  *         between: TIM_DMABurstLength_1Transfer and TIM_DMABurstLength_18Transfers.

  * @retval None

  */

void TIM_DMAConfig(TIM_TypeDef* TIMx, uint16_t TIM_DMABase, uint16_t TIM_DMABurstLength)

{

  /* Check the parameters */

  assert_param(IS_TIM_LIST3_PERIPH(TIMx));

  assert_param(IS_TIM_DMA_BASE(TIM_DMABase)); 

  assert_param(IS_TIM_DMA_LENGTH(TIM_DMABurstLength));



  /* Set the DMA Base and the DMA Burst Length */

  TIMx->DCR = TIM_DMABase | TIM_DMABurstLength;

}



/**

  * @brief  Enables or disables the TIMx's DMA Requests.

  * @param  TIMx: where x can be 1, 2, 3, 4, 5, 6, 7 or 8 to select the TIM peripheral.

  * @param  TIM_DMASource: specifies the DMA Request sources.

  *          This parameter can be any combination of the following values:

  *            @arg TIM_DMA_Update: TIM update Interrupt source

  *            @arg TIM_DMA_CC1: TIM Capture Compare 1 DMA source

  *            @arg TIM_DMA_CC2: TIM Capture Compare 2 DMA source

  *            @arg TIM_DMA_CC3: TIM Capture Compare 3 DMA source

  *            @arg TIM_DMA_CC4: TIM Capture Compare 4 DMA source

  *            @arg TIM_DMA_COM: TIM Commutation DMA source

  *            @arg TIM_DMA_Trigger: TIM Trigger DMA source

  * @param  NewState: new state of the DMA Request sources.

  *          This parameter can be: ENABLE or DISABLE.

  * @retval None

  */

void TIM_DMACmd(TIM_TypeDef* TIMx, uint16_t TIM_DMASource, FunctionalState NewState)

{ 

  /* Check the parameters */

  assert_param(IS_TIM_LIST5_PERIPH(TIMx)); 

  assert_param(IS_TIM_DMA_SOURCE(TIM_DMASource));

  assert_param(IS_FUNCTIONAL_STATE(NewState));

  

  if (NewState != DISABLE)

  {

    /* Enable the DMA sources */

    TIMx->DIER |= TIM_DMASource; 

  }

  else

  {

    /* Disable the DMA sources */

    TIMx->DIER &= (uint16_t)~TIM_DMASource;

  }

}



/**

  * @brief  Selects the TIMx peripheral Capture Compare DMA source.

  * @param  TIMx: where x can be  1, 2, 3, 4, 5 or 8 to select the TIM peripheral.

  * @param  NewState: new state of the Capture Compare DMA source

  *          This parameter can be: ENABLE or DISABLE.

  * @retval None

  */

void TIM_SelectCCDMA(TIM_TypeDef* TIMx, FunctionalState NewState)

{

  /* Check the parameters */

  assert_param(IS_TIM_LIST3_PERIPH(TIMx));

  assert_param(IS_FUNCTIONAL_STATE(NewState));



  if (NewState != DISABLE)

  {

    /* Set the CCDS Bit */

    TIMx->CR2 |= TIM_CR2_CCDS;

  }

  else

  {

    /* Reset the CCDS Bit */

    TIMx->CR2 &= (uint16_t)~TIM_CR2_CCDS;

  }

}

/**

  * @}

  */



/** @defgroup TIM_Group6 Clocks management functions

 *  @brief    Clocks management functions

 *

@verbatim   

 ===============================================================================

                         Clocks management functions

 ===============================================================================  



@endverbatim

  * @{

  */



/**

  * @brief  Configures the TIMx internal Clock

  * @param  TIMx: where x can be 1, 2, 3, 4, 5, 8, 9 or 12 to select the TIM 

  *         peripheral.

  * @retval None

  */

void TIM_InternalClockConfig(TIM_TypeDef* TIMx)

{

  /* Check the parameters */

  assert_param(IS_TIM_LIST2_PERIPH(TIMx));



  /* Disable slave mode to clock the prescaler directly with the internal clock */

  TIMx->SMCR &=  (uint16_t)~TIM_SMCR_SMS;

}



/**

  * @brief  Configures the TIMx Internal Trigger as External Clock

  * @param  TIMx: where x can be 1, 2, 3, 4, 5, 8, 9 or 12 to select the TIM 

  *         peripheral.

  * @param  TIM_InputTriggerSource: Trigger source.

  *          This parameter can be one of the following values:

  *            @arg TIM_TS_ITR0: Internal Trigger 0

  *            @arg TIM_TS_ITR1: Internal Trigger 1

  *            @arg TIM_TS_ITR2: Internal Trigger 2

  *            @arg TIM_TS_ITR3: Internal Trigger 3

  * @retval None

  */

void TIM_ITRxExternalClockConfig(TIM_TypeDef* TIMx, uint16_t TIM_InputTriggerSource)

{

  /* Check the parameters */

  assert_param(IS_TIM_LIST2_PERIPH(TIMx));

  assert_param(IS_TIM_INTERNAL_TRIGGER_SELECTION(TIM_InputTriggerSource));



  /* Select the Internal Trigger */

  TIM_SelectInputTrigger(TIMx, TIM_InputTriggerSource);



  /* Select the External clock mode1 */

  TIMx->SMCR |= TIM_SlaveMode_External1;

}



/**

  * @brief  Configures the TIMx Trigger as External Clock

  * @param  TIMx: where x can be 1, 2, 3, 4, 5, 8, 9, 10, 11, 12, 13 or 14  

  *         to select the TIM peripheral.

  * @param  TIM_TIxExternalCLKSource: Trigger source.

  *          This parameter can be one of the following values:

  *            @arg TIM_TIxExternalCLK1Source_TI1ED: TI1 Edge Detector

  *            @arg TIM_TIxExternalCLK1Source_TI1: Filtered Timer Input 1

  *            @arg TIM_TIxExternalCLK1Source_TI2: Filtered Timer Input 2

  * @param  TIM_ICPolarity: specifies the TIx Polarity.

  *          This parameter can be one of the following values:

  *            @arg TIM_ICPolarity_Rising

  *            @arg TIM_ICPolarity_Falling

  * @param  ICFilter: specifies the filter value.

  *          This parameter must be a value between 0x0 and 0xF.

  * @retval None

  */

void TIM_TIxExternalClockConfig(TIM_TypeDef* TIMx, uint16_t TIM_TIxExternalCLKSource,

                                uint16_t TIM_ICPolarity, uint16_t ICFilter)

{

  /* Check the parameters */

  assert_param(IS_TIM_LIST1_PERIPH(TIMx));

  assert_param(IS_TIM_IC_POLARITY(TIM_ICPolarity));

  assert_param(IS_TIM_IC_FILTER(ICFilter));



  /* Configure the Timer Input Clock Source */

  if (TIM_TIxExternalCLKSource == TIM_TIxExternalCLK1Source_TI2)

  {

    TI2_Config(TIMx, TIM_ICPolarity, TIM_ICSelection_DirectTI, ICFilter);

  }

  else

  {

    TI1_Config(TIMx, TIM_ICPolarity, TIM_ICSelection_DirectTI, ICFilter);

  }

  /* Select the Trigger source */

  TIM_SelectInputTrigger(TIMx, TIM_TIxExternalCLKSource);

  /* Select the External clock mode1 */

  TIMx->SMCR |= TIM_SlaveMode_External1;

}



/**

  * @brief  Configures the External clock Mode1

  * @param  TIMx: where x can be  1, 2, 3, 4, 5 or 8 to select the TIM peripheral.

  * @param  TIM_ExtTRGPrescaler: The external Trigger Prescaler.

  *          This parameter can be one of the following values:

  *            @arg TIM_ExtTRGPSC_OFF: ETRP Prescaler OFF.

  *            @arg TIM_ExtTRGPSC_DIV2: ETRP frequency divided by 2.

  *            @arg TIM_ExtTRGPSC_DIV4: ETRP frequency divided by 4.

  *            @arg TIM_ExtTRGPSC_DIV8: ETRP frequency divided by 8.

  * @param  TIM_ExtTRGPolarity: The external Trigger Polarity.

  *          This parameter can be one of the following values:

  *            @arg TIM_ExtTRGPolarity_Inverted: active low or falling edge active.

  *            @arg TIM_ExtTRGPolarity_NonInverted: active high or rising edge active.

  * @param  ExtTRGFilter: External Trigger Filter.

  *          This parameter must be a value between 0x00 and 0x0F

  * @retval None

  */

void TIM_ETRClockMode1Config(TIM_TypeDef* TIMx, uint16_t TIM_ExtTRGPrescaler,

                            uint16_t TIM_ExtTRGPolarity, uint16_t ExtTRGFilter)

{

  uint16_t tmpsmcr = 0;



  /* Check the parameters */

  assert_param(IS_TIM_LIST3_PERIPH(TIMx));

  assert_param(IS_TIM_EXT_PRESCALER(TIM_ExtTRGPrescaler));

  assert_param(IS_TIM_EXT_POLARITY(TIM_ExtTRGPolarity));

  assert_param(IS_TIM_EXT_FILTER(ExtTRGFilter));

  /* Configure the ETR Clock source */

  TIM_ETRConfig(TIMx, TIM_ExtTRGPrescaler, TIM_ExtTRGPolarity, ExtTRGFilter);

  

  /* Get the TIMx SMCR register value */

  tmpsmcr = TIMx->SMCR;



  /* Reset the SMS Bits */

  tmpsmcr &= (uint16_t)~TIM_SMCR_SMS;



  /* Select the External clock mode1 */

  tmpsmcr |= TIM_SlaveMode_External1;



  /* Select the Trigger selection : ETRF */

  tmpsmcr &= (uint16_t)~TIM_SMCR_TS;

  tmpsmcr |= TIM_TS_ETRF;



  /* Write to TIMx SMCR */

  TIMx->SMCR = tmpsmcr;

}



/**

  * @brief  Configures the External clock Mode2

  * @param  TIMx: where x can be  1, 2, 3, 4, 5 or 8 to select the TIM peripheral.

  * @param  TIM_ExtTRGPrescaler: The external Trigger Prescaler.

  *          This parameter can be one of the following values:

  *            @arg TIM_ExtTRGPSC_OFF: ETRP Prescaler OFF.

  *            @arg TIM_ExtTRGPSC_DIV2: ETRP frequency divided by 2.

  *            @arg TIM_ExtTRGPSC_DIV4: ETRP frequency divided by 4.

  *            @arg TIM_ExtTRGPSC_DIV8: ETRP frequency divided by 8.

  * @param  TIM_ExtTRGPolarity: The external Trigger Polarity.

  *          This parameter can be one of the following values:

  *            @arg TIM_ExtTRGPolarity_Inverted: active low or falling edge active.

  *            @arg TIM_ExtTRGPolarity_NonInverted: active high or rising edge active.

  * @param  ExtTRGFilter: External Trigger Filter.

  *          This parameter must be a value between 0x00 and 0x0F

  * @retval None

  */

void TIM_ETRClockMode2Config(TIM_TypeDef* TIMx, uint16_t TIM_ExtTRGPrescaler, 

                             uint16_t TIM_ExtTRGPolarity, uint16_t ExtTRGFilter)

{

  /* Check the parameters */

  assert_param(IS_TIM_LIST3_PERIPH(TIMx));

  assert_param(IS_TIM_EXT_PRESCALER(TIM_ExtTRGPrescaler));

  assert_param(IS_TIM_EXT_POLARITY(TIM_ExtTRGPolarity));

  assert_param(IS_TIM_EXT_FILTER(ExtTRGFilter));



  /* Configure the ETR Clock source */

  TIM_ETRConfig(TIMx, TIM_ExtTRGPrescaler, TIM_ExtTRGPolarity, ExtTRGFilter);



  /* Enable the External clock mode2 */

  TIMx->SMCR |= TIM_SMCR_ECE;

}

/**

  * @}

  */



/** @defgroup TIM_Group7 Synchronization management functions

 *  @brief    Synchronization management functions 

 *

@verbatim   

 ===============================================================================

                       Synchronization management functions

 ===============================================================================  

                   

       ===================================================================      

              TIM Driver: how to use it in synchronization Mode

       =================================================================== 

       Case of two/several Timers

       **************************

       1. Configure the Master Timers using the following functions:

          - void TIM_SelectOutputTrigger(TIM_TypeDef* TIMx, uint16_t TIM_TRGOSource); 

          - void TIM_SelectMasterSlaveMode(TIM_TypeDef* TIMx, uint16_t TIM_MasterSlaveMode);  

       2. Configure the Slave Timers using the following functions: 

          - void TIM_SelectInputTrigger(TIM_TypeDef* TIMx, uint16_t TIM_InputTriggerSource);  

          - void TIM_SelectSlaveMode(TIM_TypeDef* TIMx, uint16_t TIM_SlaveMode); 

          

       Case of Timers and external trigger(ETR pin)

       ********************************************       

       1. Configure the External trigger using this function:

          - void TIM_ETRConfig(TIM_TypeDef* TIMx, uint16_t TIM_ExtTRGPrescaler, uint16_t TIM_ExtTRGPolarity,

                               uint16_t ExtTRGFilter);

       2. Configure the Slave Timers using the following functions: 

          - void TIM_SelectInputTrigger(TIM_TypeDef* TIMx, uint16_t TIM_InputTriggerSource);  

          - void TIM_SelectSlaveMode(TIM_TypeDef* TIMx, uint16_t TIM_SlaveMode); 



@endverbatim

  * @{

  */



/**

  * @brief  Selects the Input Trigger source

  * @param  TIMx: where x can be  1, 2, 3, 4, 5, 8, 9, 10, 11, 12, 13 or 14  

  *         to select the TIM peripheral.

  * @param  TIM_InputTriggerSource: The Input Trigger source.

  *          This parameter can be one of the following values:

  *            @arg TIM_TS_ITR0: Internal Trigger 0

  *            @arg TIM_TS_ITR1: Internal Trigger 1

  *            @arg TIM_TS_ITR2: Internal Trigger 2

  *            @arg TIM_TS_ITR3: Internal Trigger 3

  *            @arg TIM_TS_TI1F_ED: TI1 Edge Detector

  *            @arg TIM_TS_TI1FP1: Filtered Timer Input 1

  *            @arg TIM_TS_TI2FP2: Filtered Timer Input 2

  *            @arg TIM_TS_ETRF: External Trigger input

  * @retval None

  */

void TIM_SelectInputTrigger(TIM_TypeDef* TIMx, uint16_t TIM_InputTriggerSource)

{

  uint16_t tmpsmcr = 0;



  /* Check the parameters */

  assert_param(IS_TIM_LIST1_PERIPH(TIMx)); 

  assert_param(IS_TIM_TRIGGER_SELECTION(TIM_InputTriggerSource));



  /* Get the TIMx SMCR register value */

  tmpsmcr = TIMx->SMCR;



  /* Reset the TS Bits */

  tmpsmcr &= (uint16_t)~TIM_SMCR_TS;



  /* Set the Input Trigger source */

  tmpsmcr |= TIM_InputTriggerSource;



  /* Write to TIMx SMCR */

  TIMx->SMCR = tmpsmcr;

}



/**

  * @brief  Selects the TIMx Trigger Output Mode.

  * @param  TIMx: where x can be 1, 2, 3, 4, 5, 6, 7 or 8 to select the TIM peripheral.

  *     

  * @param  TIM_TRGOSource: specifies the Trigger Output source.

  *   This parameter can be one of the following values:

  *

  *  - For all TIMx

  *            @arg TIM_TRGOSource_Reset:  The UG bit in the TIM_EGR register is used as the trigger output(TRGO)

  *            @arg TIM_TRGOSource_Enable: The Counter Enable CEN is used as the trigger output(TRGO)

  *            @arg TIM_TRGOSource_Update: The update event is selected as the trigger output(TRGO)

  *

  *  - For all TIMx except TIM6 and TIM7

  *            @arg TIM_TRGOSource_OC1: The trigger output sends a positive pulse when the CC1IF flag

  *                                     is to be set, as soon as a capture or compare match occurs(TRGO)

  *            @arg TIM_TRGOSource_OC1Ref: OC1REF signal is used as the trigger output(TRGO)

  *            @arg TIM_TRGOSource_OC2Ref: OC2REF signal is used as the trigger output(TRGO)

  *            @arg TIM_TRGOSource_OC3Ref: OC3REF signal is used as the trigger output(TRGO)

  *            @arg TIM_TRGOSource_OC4Ref: OC4REF signal is used as the trigger output(TRGO)

  *

  * @retval None

  */

void TIM_SelectOutputTrigger(TIM_TypeDef* TIMx, uint16_t TIM_TRGOSource)

{

  /* Check the parameters */

  assert_param(IS_TIM_LIST5_PERIPH(TIMx));

  assert_param(IS_TIM_TRGO_SOURCE(TIM_TRGOSource));



  /* Reset the MMS Bits */

  TIMx->CR2 &= (uint16_t)~TIM_CR2_MMS;

  /* Select the TRGO source */

  TIMx->CR2 |=  TIM_TRGOSource;

}



/**

  * @brief  Selects the TIMx Slave Mode.

  * @param  TIMx: where x can be 1, 2, 3, 4, 5, 8, 9 or 12 to select the TIM peripheral.

  * @param  TIM_SlaveMode: specifies the Timer Slave Mode.

  *          This parameter can be one of the following values:

  *            @arg TIM_SlaveMode_Reset: Rising edge of the selected trigger signal(TRGI) reinitialize 

  *                                      the counter and triggers an update of the registers

  *            @arg TIM_SlaveMode_Gated:     The counter clock is enabled when the trigger signal (TRGI) is high

  *            @arg TIM_SlaveMode_Trigger:   The counter starts at a rising edge of the trigger TRGI

  *            @arg TIM_SlaveMode_External1: Rising edges of the selected trigger (TRGI) clock the counter

  * @retval None

  */

void TIM_SelectSlaveMode(TIM_TypeDef* TIMx, uint16_t TIM_SlaveMode)

{

  /* Check the parameters */

  assert_param(IS_TIM_LIST2_PERIPH(TIMx));

  assert_param(IS_TIM_SLAVE_MODE(TIM_SlaveMode));



  /* Reset the SMS Bits */

  TIMx->SMCR &= (uint16_t)~TIM_SMCR_SMS;



  /* Select the Slave Mode */

  TIMx->SMCR |= TIM_SlaveMode;

}



/**

  * @brief  Sets or Resets the TIMx Master/Slave Mode.

  * @param  TIMx: where x can be 1, 2, 3, 4, 5, 8, 9 or 12 to select the TIM peripheral.

  * @param  TIM_MasterSlaveMode: specifies the Timer Master Slave Mode.

  *          This parameter can be one of the following values:

  *            @arg TIM_MasterSlaveMode_Enable: synchronization between the current timer

  *                                             and its slaves (through TRGO)

  *            @arg TIM_MasterSlaveMode_Disable: No action

  * @retval None

  */

void TIM_SelectMasterSlaveMode(TIM_TypeDef* TIMx, uint16_t TIM_MasterSlaveMode)

{

  /* Check the parameters */

  assert_param(IS_TIM_LIST2_PERIPH(TIMx));

  assert_param(IS_TIM_MSM_STATE(TIM_MasterSlaveMode));



  /* Reset the MSM Bit */

  TIMx->SMCR &= (uint16_t)~TIM_SMCR_MSM;

  

  /* Set or Reset the MSM Bit */

  TIMx->SMCR |= TIM_MasterSlaveMode;

}



/**

  * @brief  Configures the TIMx External Trigger (ETR).

  * @param  TIMx: where x can be  1, 2, 3, 4, 5 or 8 to select the TIM peripheral.

  * @param  TIM_ExtTRGPrescaler: The external Trigger Prescaler.

  *          This parameter can be one of the following values:

  *            @arg TIM_ExtTRGPSC_OFF: ETRP Prescaler OFF.

  *            @arg TIM_ExtTRGPSC_DIV2: ETRP frequency divided by 2.

  *            @arg TIM_ExtTRGPSC_DIV4: ETRP frequency divided by 4.

  *            @arg TIM_ExtTRGPSC_DIV8: ETRP frequency divided by 8.

  * @param  TIM_ExtTRGPolarity: The external Trigger Polarity.

  *          This parameter can be one of the following values:

  *            @arg TIM_ExtTRGPolarity_Inverted: active low or falling edge active.

  *            @arg TIM_ExtTRGPolarity_NonInverted: active high or rising edge active.

  * @param  ExtTRGFilter: External Trigger Filter.

  *          This parameter must be a value between 0x00 and 0x0F

  * @retval None

  */

void TIM_ETRConfig(TIM_TypeDef* TIMx, uint16_t TIM_ExtTRGPrescaler,

                   uint16_t TIM_ExtTRGPolarity, uint16_t ExtTRGFilter)

{

  uint16_t tmpsmcr = 0;



  /* Check the parameters */

  assert_param(IS_TIM_LIST3_PERIPH(TIMx));

  assert_param(IS_TIM_EXT_PRESCALER(TIM_ExtTRGPrescaler));

  assert_param(IS_TIM_EXT_POLARITY(TIM_ExtTRGPolarity));

  assert_param(IS_TIM_EXT_FILTER(ExtTRGFilter));



  tmpsmcr = TIMx->SMCR;



  /* Reset the ETR Bits */

  tmpsmcr &= SMCR_ETR_MASK;



  /* Set the Prescaler, the Filter value and the Polarity */

  tmpsmcr |= (uint16_t)(TIM_ExtTRGPrescaler | (uint16_t)(TIM_ExtTRGPolarity | (uint16_t)(ExtTRGFilter << (uint16_t)8)));



  /* Write to TIMx SMCR */

  TIMx->SMCR = tmpsmcr;

}

/**

  * @}

  */



/** @defgroup TIM_Group8 Specific interface management functions

 *  @brief    Specific interface management functions 

 *

@verbatim   

 ===============================================================================

                    Specific interface management functions

 ===============================================================================  



@endverbatim

  * @{

  */



/**

  * @brief  Configures the TIMx Encoder Interface.

  * @param  TIMx: where x can be 1, 2, 3, 4, 5, 8, 9 or 12 to select the TIM 

  *         peripheral.

  * @param  TIM_EncoderMode: specifies the TIMx Encoder Mode.

  *          This parameter can be one of the following values:

  *            @arg TIM_EncoderMode_TI1: Counter counts on TI1FP1 edge depending on TI2FP2 level.

  *            @arg TIM_EncoderMode_TI2: Counter counts on TI2FP2 edge depending on TI1FP1 level.

  *            @arg TIM_EncoderMode_TI12: Counter counts on both TI1FP1 and TI2FP2 edges depending

  *                                       on the level of the other input.

  * @param  TIM_IC1Polarity: specifies the IC1 Polarity

  *          This parameter can be one of the following values:

  *            @arg TIM_ICPolarity_Falling: IC Falling edge.

  *            @arg TIM_ICPolarity_Rising: IC Rising edge.

  * @param  TIM_IC2Polarity: specifies the IC2 Polarity

  *          This parameter can be one of the following values:

  *            @arg TIM_ICPolarity_Falling: IC Falling edge.

  *            @arg TIM_ICPolarity_Rising: IC Rising edge.

  * @retval None

  */

void TIM_EncoderInterfaceConfig(TIM_TypeDef* TIMx, uint16_t TIM_EncoderMode,

                                uint16_t TIM_IC1Polarity, uint16_t TIM_IC2Polarity)

{

  uint16_t tmpsmcr = 0;

  uint16_t tmpccmr1 = 0;

  uint16_t tmpccer = 0;

    

  /* Check the parameters */

  assert_param(IS_TIM_LIST2_PERIPH(TIMx));

  assert_param(IS_TIM_ENCODER_MODE(TIM_EncoderMode));

  assert_param(IS_TIM_IC_POLARITY(TIM_IC1Polarity));

  assert_param(IS_TIM_IC_POLARITY(TIM_IC2Polarity));



  /* Get the TIMx SMCR register value */

  tmpsmcr = TIMx->SMCR;



  /* Get the TIMx CCMR1 register value */

  tmpccmr1 = TIMx->CCMR1;



  /* Get the TIMx CCER register value */

  tmpccer = TIMx->CCER;



  /* Set the encoder Mode */

  tmpsmcr &= (uint16_t)~TIM_SMCR_SMS;

  tmpsmcr |= TIM_EncoderMode;



  /* Select the Capture Compare 1 and the Capture Compare 2 as input */

  tmpccmr1 &= ((uint16_t)~TIM_CCMR1_CC1S) & ((uint16_t)~TIM_CCMR1_CC2S);

  tmpccmr1 |= TIM_CCMR1_CC1S_0 | TIM_CCMR1_CC2S_0;



  /* Set the TI1 and the TI2 Polarities */

  tmpccer &= ((uint16_t)~TIM_CCER_CC1P) & ((uint16_t)~TIM_CCER_CC2P);

  tmpccer |= (uint16_t)(TIM_IC1Polarity | (uint16_t)(TIM_IC2Polarity << (uint16_t)4));



  /* Write to TIMx SMCR */

  TIMx->SMCR = tmpsmcr;



  /* Write to TIMx CCMR1 */

  TIMx->CCMR1 = tmpccmr1;



  /* Write to TIMx CCER */

  TIMx->CCER = tmpccer;

}



/**

  * @brief  Enables or disables the TIMx's Hall sensor interface.

  * @param  TIMx: where x can be 1, 2, 3, 4, 5, 8, 9 or 12 to select the TIM 

  *         peripheral.

  * @param  NewState: new state of the TIMx Hall sensor interface.

  *          This parameter can be: ENABLE or DISABLE.

  * @retval None

  */

void TIM_SelectHallSensor(TIM_TypeDef* TIMx, FunctionalState NewState)

{

  /* Check the parameters */

  assert_param(IS_TIM_LIST2_PERIPH(TIMx));

  assert_param(IS_FUNCTIONAL_STATE(NewState));



  if (NewState != DISABLE)

  {

    /* Set the TI1S Bit */

    TIMx->CR2 |= TIM_CR2_TI1S;

  }

  else

  {

    /* Reset the TI1S Bit */

    TIMx->CR2 &= (uint16_t)~TIM_CR2_TI1S;

  }

}

/**

  * @}

  */



/** @defgroup TIM_Group9 Specific remapping management function

 *  @brief   Specific remapping management function

 *

@verbatim   

 ===============================================================================

                     Specific remapping management function

 ===============================================================================  



@endverbatim

  * @{

  */



/**

  * @brief  Configures the TIM2, TIM5 and TIM11 Remapping input capabilities.

  * @param  TIMx: where x can be 2, 5 or 11 to select the TIM peripheral.

  * @param  TIM_Remap: specifies the TIM input remapping source.

  *          This parameter can be one of the following values:

  *            @arg TIM2_TIM8_TRGO: TIM2 ITR1 input is connected to TIM8 Trigger output(default)

  *            @arg TIM2_ETH_PTP:   TIM2 ITR1 input is connected to ETH PTP trogger output.

  *            @arg TIM2_USBFS_SOF: TIM2 ITR1 input is connected to USB FS SOF. 

  *            @arg TIM2_USBHS_SOF: TIM2 ITR1 input is connected to USB HS SOF. 

  *            @arg TIM5_GPIO:      TIM5 CH4 input is connected to dedicated Timer pin(default)

  *            @arg TIM5_LSI:       TIM5 CH4 input is connected to LSI clock.

  *            @arg TIM5_LSE:       TIM5 CH4 input is connected to LSE clock.

  *            @arg TIM5_RTC:       TIM5 CH4 input is connected to RTC Output event.

  *            @arg TIM11_GPIO:     TIM11 CH4 input is connected to dedicated Timer pin(default) 

  *            @arg TIM11_HSE:      TIM11 CH4 input is connected to HSE_RTC clock

  *                                 (HSE divided by a programmable prescaler)  

  * @retval None

  */

void TIM_RemapConfig(TIM_TypeDef* TIMx, uint16_t TIM_Remap)

{

 /* Check the parameters */

  assert_param(IS_TIM_LIST6_PERIPH(TIMx));

  assert_param(IS_TIM_REMAP(TIM_Remap));



  /* Set the Timer remapping configuration */

  TIMx->OR =  TIM_Remap;

}

/**

  * @}

  */



/**

  * @brief  Configure the TI1 as Input.

  * @param  TIMx: where x can be 1, 2, 3, 4, 5, 8, 9, 10, 11, 12, 13 or 14 

  *         to select the TIM peripheral.

  * @param  TIM_ICPolarity : The Input Polarity.

  *          This parameter can be one of the following values:

  *            @arg TIM_ICPolarity_Rising

  *            @arg TIM_ICPolarity_Falling

  *            @arg TIM_ICPolarity_BothEdge  

  * @param  TIM_ICSelection: specifies the input to be used.

  *          This parameter can be one of the following values:

  *            @arg TIM_ICSelection_DirectTI: TIM Input 1 is selected to be connected to IC1.

  *            @arg TIM_ICSelection_IndirectTI: TIM Input 1 is selected to be connected to IC2.

  *            @arg TIM_ICSelection_TRC: TIM Input 1 is selected to be connected to TRC.

  * @param  TIM_ICFilter: Specifies the Input Capture Filter.

  *          This parameter must be a value between 0x00 and 0x0F.

  * @retval None

  */

static void TI1_Config(TIM_TypeDef* TIMx, uint16_t TIM_ICPolarity, uint16_t TIM_ICSelection,

                       uint16_t TIM_ICFilter)

{

  uint16_t tmpccmr1 = 0, tmpccer = 0;



  /* Disable the Channel 1: Reset the CC1E Bit */

  TIMx->CCER &= (uint16_t)~TIM_CCER_CC1E;

  tmpccmr1 = TIMx->CCMR1;

  tmpccer = TIMx->CCER;



  /* Select the Input and set the filter */

  tmpccmr1 &= ((uint16_t)~TIM_CCMR1_CC1S) & ((uint16_t)~TIM_CCMR1_IC1F);

  tmpccmr1 |= (uint16_t)(TIM_ICSelection | (uint16_t)(TIM_ICFilter << (uint16_t)4));



  /* Select the Polarity and set the CC1E Bit */

  tmpccer &= (uint16_t)~(TIM_CCER_CC1P | TIM_CCER_CC1NP);

  tmpccer |= (uint16_t)(TIM_ICPolarity | (uint16_t)TIM_CCER_CC1E);



  /* Write to TIMx CCMR1 and CCER registers */

  TIMx->CCMR1 = tmpccmr1;

  TIMx->CCER = tmpccer;

}



/**

  * @brief  Configure the TI2 as Input.

  * @param  TIMx: where x can be 1, 2, 3, 4, 5, 8, 9 or 12 to select the TIM 

  *         peripheral.

  * @param  TIM_ICPolarity : The Input Polarity.

  *          This parameter can be one of the following values:

  *            @arg TIM_ICPolarity_Rising

  *            @arg TIM_ICPolarity_Falling

  *            @arg TIM_ICPolarity_BothEdge   

  * @param  TIM_ICSelection: specifies the input to be used.

  *          This parameter can be one of the following values:

  *            @arg TIM_ICSelection_DirectTI: TIM Input 2 is selected to be connected to IC2.

  *            @arg TIM_ICSelection_IndirectTI: TIM Input 2 is selected to be connected to IC1.

  *            @arg TIM_ICSelection_TRC: TIM Input 2 is selected to be connected to TRC.

  * @param  TIM_ICFilter: Specifies the Input Capture Filter.

  *          This parameter must be a value between 0x00 and 0x0F.

  * @retval None

  */

static void TI2_Config(TIM_TypeDef* TIMx, uint16_t TIM_ICPolarity, uint16_t TIM_ICSelection,

                       uint16_t TIM_ICFilter)

{

  uint16_t tmpccmr1 = 0, tmpccer = 0, tmp = 0;



  /* Disable the Channel 2: Reset the CC2E Bit */

  TIMx->CCER &= (uint16_t)~TIM_CCER_CC2E;

  tmpccmr1 = TIMx->CCMR1;

  tmpccer = TIMx->CCER;

  tmp = (uint16_t)(TIM_ICPolarity << 4);



  /* Select the Input and set the filter */

  tmpccmr1 &= ((uint16_t)~TIM_CCMR1_CC2S) & ((uint16_t)~TIM_CCMR1_IC2F);

  tmpccmr1 |= (uint16_t)(TIM_ICFilter << 12);

  tmpccmr1 |= (uint16_t)(TIM_ICSelection << 8);



  /* Select the Polarity and set the CC2E Bit */

  tmpccer &= (uint16_t)~(TIM_CCER_CC2P | TIM_CCER_CC2NP);

  tmpccer |=  (uint16_t)(tmp | (uint16_t)TIM_CCER_CC2E);



  /* Write to TIMx CCMR1 and CCER registers */

  TIMx->CCMR1 = tmpccmr1 ;

  TIMx->CCER = tmpccer;

}



/**

  * @brief  Configure the TI3 as Input.

  * @param  TIMx: where x can be 1, 2, 3, 4, 5 or 8 to select the TIM peripheral.

  * @param  TIM_ICPolarity : The Input Polarity.

  *          This parameter can be one of the following values:

  *            @arg TIM_ICPolarity_Rising

  *            @arg TIM_ICPolarity_Falling

  *            @arg TIM_ICPolarity_BothEdge         

  * @param  TIM_ICSelection: specifies the input to be used.

  *          This parameter can be one of the following values:

  *            @arg TIM_ICSelection_DirectTI: TIM Input 3 is selected to be connected to IC3.

  *            @arg TIM_ICSelection_IndirectTI: TIM Input 3 is selected to be connected to IC4.

  *            @arg TIM_ICSelection_TRC: TIM Input 3 is selected to be connected to TRC.

  * @param  TIM_ICFilter: Specifies the Input Capture Filter.

  *          This parameter must be a value between 0x00 and 0x0F.

  * @retval None

  */

static void TI3_Config(TIM_TypeDef* TIMx, uint16_t TIM_ICPolarity, uint16_t TIM_ICSelection,

                       uint16_t TIM_ICFilter)

{

  uint16_t tmpccmr2 = 0, tmpccer = 0, tmp = 0;



  /* Disable the Channel 3: Reset the CC3E Bit */

  TIMx->CCER &= (uint16_t)~TIM_CCER_CC3E;

  tmpccmr2 = TIMx->CCMR2;

  tmpccer = TIMx->CCER;

  tmp = (uint16_t)(TIM_ICPolarity << 8);



  /* Select the Input and set the filter */

  tmpccmr2 &= ((uint16_t)~TIM_CCMR1_CC1S) & ((uint16_t)~TIM_CCMR2_IC3F);

  tmpccmr2 |= (uint16_t)(TIM_ICSelection | (uint16_t)(TIM_ICFilter << (uint16_t)4));



  /* Select the Polarity and set the CC3E Bit */

  tmpccer &= (uint16_t)~(TIM_CCER_CC3P | TIM_CCER_CC3NP);

  tmpccer |= (uint16_t)(tmp | (uint16_t)TIM_CCER_CC3E);



  /* Write to TIMx CCMR2 and CCER registers */

  TIMx->CCMR2 = tmpccmr2;

  TIMx->CCER = tmpccer;

}



/**

  * @brief  Configure the TI4 as Input.

  * @param  TIMx: where x can be 1, 2, 3, 4, 5 or 8 to select the TIM peripheral.

  * @param  TIM_ICPolarity : The Input Polarity.

  *          This parameter can be one of the following values:

  *            @arg TIM_ICPolarity_Rising

  *            @arg TIM_ICPolarity_Falling

  *            @arg TIM_ICPolarity_BothEdge     

  * @param  TIM_ICSelection: specifies the input to be used.

  *          This parameter can be one of the following values:

  *            @arg TIM_ICSelection_DirectTI: TIM Input 4 is selected to be connected to IC4.

  *            @arg TIM_ICSelection_IndirectTI: TIM Input 4 is selected to be connected to IC3.

  *            @arg TIM_ICSelection_TRC: TIM Input 4 is selected to be connected to TRC.

  * @param  TIM_ICFilter: Specifies the Input Capture Filter.

  *          This parameter must be a value between 0x00 and 0x0F.

  * @retval None

  */

static void TI4_Config(TIM_TypeDef* TIMx, uint16_t TIM_ICPolarity, uint16_t TIM_ICSelection,

                       uint16_t TIM_ICFilter)

{

  uint16_t tmpccmr2 = 0, tmpccer = 0, tmp = 0;



  /* Disable the Channel 4: Reset the CC4E Bit */

  TIMx->CCER &= (uint16_t)~TIM_CCER_CC4E;

  tmpccmr2 = TIMx->CCMR2;

  tmpccer = TIMx->CCER;

  tmp = (uint16_t)(TIM_ICPolarity << 12);



  /* Select the Input and set the filter */

  tmpccmr2 &= ((uint16_t)~TIM_CCMR1_CC2S) & ((uint16_t)~TIM_CCMR1_IC2F);

  tmpccmr2 |= (uint16_t)(TIM_ICSelection << 8);

  tmpccmr2 |= (uint16_t)(TIM_ICFilter << 12);



  /* Select the Polarity and set the CC4E Bit */

  tmpccer &= (uint16_t)~(TIM_CCER_CC4P | TIM_CCER_CC4NP);

  tmpccer |= (uint16_t)(tmp | (uint16_t)TIM_CCER_CC4E);



  /* Write to TIMx CCMR2 and CCER registers */

  TIMx->CCMR2 = tmpccmr2;

  TIMx->CCER = tmpccer ;

}



/**

  * @}

  */



/**

  * @}

  */



/**

  * @}

  */



/******************* (C) COPYRIGHT 2011 STMicroelectronics *****END OF FILE****/








Viz/Core/AudioSamplingJunction.cpp

#include <stdio.h>

#include <stdlib.h>

#include "stm32f4xx_conf.h"

#include "STM32F4xx.h"

#include "AudioSamplingJunction.h"

#include "AudioProcessing.h"

#include "ApplicationHandler.h"







/******************************************************

** Audio Sampling Junction razred

*******************************************************

** Razred, ki vsebujue vse vstopne točke izvajanja

** ki se prožijo na prekinitve ADC in DMA.

** Trenutna konfiguracija je sledeča:

** 		- ADC/DMA proži interrupt - ob vsakem prvem

**				doživi le restart semplanja

**		- ob vsakem drugem pa se semplanje ugasne,

**				postavi pa se dataReady flag

** 		- časovnik redno pregleduje dataReady flag

**		- če je postavljen, ga izbriše in obvesti

**				aplikacijsko plast da so bili podatki zajeti

**		- v aplikacijski plasti se postavi flag dataReady

**		- v glavni aplikacijski zanki se podatki obdelajo

**		- takoj po obdelavi se flagSprosti

**				semplanje pa se reštarta

******************************************************/



	

	

bool AudioSamplingJunction::dataReady = false;

bool AudioSamplingJunction::dataProcessed = true;

int AudioSamplingJunction::falseSafe = 0;

int AudioSamplingJunction::sampleSequence = 0;



/* Prenehaj s semplanjem - maskiraj anotiranje AniamtedApplication razreda */

void AudioSamplingJunction::stopSampling() {

	/*ADC_DMACmd(ADC3, DISABLE);

	DMA_Cmd(DMA2_Stream0, DISABLE);

	while (DMA_GetCmdStatus(DMA2_Stream0) != DISABLE);

	//ADC_Cmd(ADC3, DISABLE); //MAKES NO DIFFERENCE

	*/

	AudioSamplingJunction::dataProcessed = false;

}



/* Ponovno omogoči da se razred anotira z novimi podatki */

void AudioSamplingJunction::restartSampling() {

	//ADC_DMACmd(ADC3, DISABLE);

	//DMA_Cmd(DMA2_Stream0, DISABLE);

	//while (DMA_GetCmdStatus(DMA2_Stream0) != DISABLE);

  DMA_ClearITPendingBit(DMA2_Stream0, DMA_IT_FEIF0 || DMA_IT_DMEIF0 || DMA_IT_TEIF0 || DMA_IT_HTIF0 || DMA_IT_TCIF0);    

	/*DMA_ITConfig(DMA2_Stream0, DMA_IT_TC, ENABLE);

	DMA_Cmd(DMA2_Stream0, ENABLE);

	while (DMA_GetCmdStatus(DMA2_Stream0) != ENABLE);

	ADC_DMACmd(ADC3, ENABLE); */

	//ADC_Cmd(ADC3, ENABLE); //MAKES NO DIFFERENCE

	//ADC_SoftwareStartConv(ADC3);

	AudioSamplingJunction::dataProcessed = true;

}





/* Klic da so podatki pripravljeni za nadaljno obdelavo, klic se zgodi kadar je bil prejšnji že obdelan, narejen je tudi false safe */

void AudioSamplingJunction::analyzeData() {

	if (AudioSamplingJunction::dataProcessed || AudioSamplingJunction::falseSafe > 10) {

		if (ApplicationHandler::applicationInstantized)

				ApplicationHandler::application->newSampledSoundData();

		AudioSamplingJunction::falseSafe = 0;

	} else {

		AudioSamplingJunction::falseSafe++;

	}

}



/* Odloči se, ali boš trenutno sekvenco posemplal ali ne */

bool AudioSamplingJunction::sampleThisSequence() {

	AudioSamplingJunction::sampleSequence++;

	if (AudioSamplingJunction::sampleSequence % AudioSamplingJunction::sampleEveryXSample == 0)

		return true;

	return false;	

}














Viz/Core/AudioSamplingJunction.h

#include <stdio.h>

#include <stdlib.h>

#include "stm32f4xx_conf.h"

#include "STM32F4xx.h"





/******************************************************

** Audio Sampling Junction razred

*******************************************************

** Razred, ki vsebujue vse vstopne točke izvajanja

** ki se prožijo na prekinitve ADC in DMA.

** Trenutna konfiguracija je sledeča:

** 		- ADC/DMA proži interrupt - ob vsakem prvem

**				doživi le restart semplanja

**		- ob vsakem drugem pa se semplanje ugasne,

**				postavi pa se dataReady flag

** 		- časovnik redno pregleduje dataReady flag

**		- če je postavljen, ga izbriše in obvesti

**				aplikacijsko plast da so bili podatki zajeti

**		- v aplikacijski plasti se postavi flag dataReady

**		- v glavni aplikacijski zanki se podatki obdelajo

**		- takoj po obdelavi se flagSprosti

**				semplanje pa se reštarta

******************************************************/



#ifndef AUDIOSAMPLINGJUNCTION_H

#define AUDIOSAMPLINGJUNCTION_H



class AudioSamplingJunction {

	

	public:

	static bool sampleThisSequence();

	static void stopSampling();

	static void restartSampling();

	static void analyzeData();

	

	

	static bool dataReady;

	static bool dataProcessed;

	static int falseSafe;

	static int sampleSequence;

	

	

	static int const sampleEveryXSample = 1;

	

		

	

	

};





#endif










Viz/Core/Buttons.cpp

#include <stdio.h>

#include <stdlib.h>

#include "stm32f4xx_conf.h"

#include "STM32F4xx.h"

#include "Buttons.h"

#include "Leds.h"

#include "ApplicationHandler.h"





/******************************************************

** Buttons razred

*******************************************************

** Razred, ki vsebujue vse vstopne točke izvajanja

** ki se prožijo na prekinitve gumobv/ob pritisku.

******************************************************/



int Buttons::buttonsMasked = 0;

	

	

/* Rebounce maskiranje gumbov - naj bi se klicalo na 30ms */

void Buttons::rebounceMasks() {

	

	if (Buttons::buttonsMasked ==1)

		Buttons::buttonsMasked = 2;

	else if (Buttons::buttonsMasked == 2)

		Buttons::buttonsMasked = 0;

	

}



/* Pritisk na Quit gumb */

void Buttons::quit() {

		if (ApplicationHandler::applicationInstantized)

			ApplicationHandler::application->buttonQuit();	

}

		



/* Pritisk na Confirm gumb */

void Buttons::confirm() {

	if (ApplicationHandler::applicationInstantized)

			ApplicationHandler::application->buttonConfirm();	

}

		



/* Pritisk na Left gumb */

void Buttons::left() {

	if (ApplicationHandler::applicationInstantized)

			ApplicationHandler::application->buttonLeft();	

}

		



/* Pritisk na Right gumb */

void Buttons::right() {

	if (ApplicationHandler::applicationInstantized)

			ApplicationHandler::application->buttonRight();	



}

		

		

		










Viz/Core/Buttons.h

#include <stdio.h>

#include <stdlib.h>

#include "stm32f4xx_conf.h"

#include "STM32F4xx.h"





/******************************************************

** Buttons razred

*******************************************************

** Razred, ki vsebujue vse vstopne točke izvajanja

** ki se prožijo na prekinitve gumobv/ob pritisku.

******************************************************/



#ifndef BUTTONS_H

#define BUTTONS_H



class Buttons {

	

	public:

	

	static void quit();

	static void confirm();

	static void left();

	static void right();

	static void rebounceMasks();

	

	static int buttonsMasked;

	

		

	

	

};





#endif










Viz/Core/Interrupts.cpp

#include <stdio.h>

#include <stdlib.h>

#include "stm32f4xx_conf.h"

#include "Buttons.h"

#include "STM32F4xx.h"

#include "DataPins.h"

#include "Interrupts.h"

#include "Timers.h"

#include "AudioSamplingJunction.h"





/******************************************************

** Interrupts knjižnica

*******************************************************

** Knjižnica  Handlerjev, za vse sorte interrupte.

******************************************************/







/* Systick interrupt	*/

void SysTick_Handler(void)	{

	Timers::sysTick();

}

		



/* TIM3 interrupt */

void TIM3_IRQHandler(void)	{

	

	uint16_t capture = 0;

	__IO uint16_t CCR1_Val = 2500;

	__IO uint16_t CCR2_Val = 5000;

	__IO uint16_t CCR3_Val = 10000;

	__IO uint16_t CCR4_Val = 50000;

	

  if (TIM_GetITStatus(TIM3, TIM_IT_CC1) != RESET) {

    TIM_ClearITPendingBit(TIM3, TIM_IT_CC1);

		Timers::quarterSecond();

		capture = TIM_GetCapture1(TIM3);

    TIM_SetCompare1(TIM3, capture + CCR1_Val);

  } 

	else if (TIM_GetITStatus(TIM3, TIM_IT_CC2) != RESET) {

    TIM_ClearITPendingBit(TIM3, TIM_IT_CC2);

		Timers::halfSecond();

    capture = TIM_GetCapture2(TIM3);

    TIM_SetCompare2(TIM3, capture + CCR2_Val);

  } 

	else if (TIM_GetITStatus(TIM3, TIM_IT_CC3) != RESET)  {

    TIM_ClearITPendingBit(TIM3, TIM_IT_CC3);

		Timers::oneSecond();

		

    capture = TIM_GetCapture3(TIM3);

    TIM_SetCompare3(TIM3, capture + CCR3_Val);

  } 

	else {

    TIM_ClearITPendingBit(TIM3, TIM_IT_CC4);

		Timers::fiveSeconds();

    capture = TIM_GetCapture4(TIM3);

    TIM_SetCompare4(TIM3, capture + CCR4_Val);

  }

}





/* TIM2 interrupt */

void TIM2_IRQHandler(void)	{

	

	uint16_t capture = 0;

	__IO uint16_t CCR1_Val = 6250;

	__IO uint16_t CCR2_Val = 12500;

	__IO uint16_t CCR3_Val = 25000;

	__IO uint16_t CCR4_Val = 50000;

	

  if (TIM_GetITStatus(TIM2, TIM_IT_CC1) != RESET) {

    TIM_ClearITPendingBit(TIM2, TIM_IT_CC1);

		Timers::r64second();

		capture = TIM_GetCapture1(TIM2);

    TIM_SetCompare1(TIM2, capture + CCR1_Val);

  } 

	else if (TIM_GetITStatus(TIM2, TIM_IT_CC2) != RESET) {

    TIM_ClearITPendingBit(TIM2, TIM_IT_CC2);

		Timers::r32second();

		Buttons::rebounceMasks();

    capture = TIM_GetCapture2(TIM2);

    TIM_SetCompare2(TIM2, capture + CCR2_Val);

  } 

	else if (TIM_GetITStatus(TIM2, TIM_IT_CC3) != RESET)  {

    TIM_ClearITPendingBit(TIM2, TIM_IT_CC3);

		Timers::r16second();

    capture = TIM_GetCapture3(TIM2);

    TIM_SetCompare3(TIM2, capture + CCR3_Val);

  } 

	else {

    TIM_ClearITPendingBit(TIM2, TIM_IT_CC4);

		Timers::r8second();

		

    capture = TIM_GetCapture4(TIM2);

    TIM_SetCompare4(TIM2, capture + CCR4_Val);

  }

}



/* TIM4 interrupt */

void TIM4_IRQHandler(void)	{

	

	uint16_t capture = 0;

	__IO uint16_t CCR1_Val = 1250;

	__IO uint16_t CCR2_Val = 65000;

	__IO uint16_t CCR3_Val = 25000;

	__IO uint16_t CCR4_Val = 50000;

	

  if (TIM_GetITStatus(TIM4, TIM_IT_CC1) != RESET) {

    TIM_ClearITPendingBit(TIM4, TIM_IT_CC1);

		Timers::systemLEDBlinker();

		capture = TIM_GetCapture1(TIM4);

    TIM_SetCompare1(TIM4, capture + CCR1_Val);

  } 

	else if (TIM_GetITStatus(TIM4, TIM_IT_CC2) != RESET) {

    TIM_ClearITPendingBit(TIM4, TIM_IT_CC2);

		if (AudioSamplingJunction::dataReady) {

			AudioSamplingJunction::dataReady = false;

			AudioSamplingJunction::analyzeData();	

		}

    capture = TIM_GetCapture2(TIM4);

    TIM_SetCompare2(TIM4, capture + CCR2_Val);

  } 

	else if (TIM_GetITStatus(TIM4, TIM_IT_CC3) != RESET)  {

    TIM_ClearITPendingBit(TIM4, TIM_IT_CC3);

		

    capture = TIM_GetCapture3(TIM4);

    TIM_SetCompare3(TIM4, capture + CCR3_Val);

  } 

	else {

    TIM_ClearITPendingBit(TIM4, TIM_IT_CC4);

		

    capture = TIM_GetCapture4(TIM4);

    TIM_SetCompare4(TIM4, capture + CCR4_Val);

  }

}







		

		

		

/* EXTI 15..10 Handler */

void EXTI15_10_IRQHandler(void)	{

	

		uint8_t bit;



		bit = GPIO_ReadInputDataBit(DataPins::buttons[2]->portRef->port, DataPins::buttons[2]->pin);

		if (Buttons::buttonsMasked == 0 && bit == 0) {

			Buttons::buttonsMasked = 1;

			Buttons::right();

		}

		

		bit = GPIO_ReadInputDataBit(DataPins::buttons[1]->portRef->port, DataPins::buttons[1]->pin);

		if (Buttons::buttonsMasked == 0 && bit == 0) {

			Buttons::buttonsMasked = 1;

			Buttons::quit();

		}

		

		bit = GPIO_ReadInputDataBit(DataPins::buttons[0]->portRef->port, DataPins::buttons[0]->pin);

		if (Buttons::buttonsMasked == 0 && bit == 0) {

			Buttons::buttonsMasked = 1;

			Buttons::confirm();

		}

		

		bit = GPIO_ReadInputDataBit(DataPins::buttons[3]->portRef->port, DataPins::buttons[3]->pin);

		if (Buttons::buttonsMasked == 0 && bit == 0) {

			Buttons::buttonsMasked = 1;

			Buttons::left();

		}

	

	

    EXTI_ClearITPendingBit(EXTI_Line13);

    EXTI_ClearITPendingBit(EXTI_Line14);

    EXTI_ClearITPendingBit(EXTI_Line15);

		EXTI_ClearITPendingBit(EXTI_Line6);

 

}		





/* EXTI 9..5 Handler */

void EXTI9_5_IRQHandler(void)	{

	EXTI15_10_IRQHandler();	

}		

	



/* DMA Stream handler (za ADC) */

void DMA2_Stream0_IRQHandler(void)	{

	if(DMA_GetITStatus(DMA2_Stream0, DMA_IT_TCIF0)) {

		if (AudioSamplingJunction::sampleThisSequence()) {

			AudioSamplingJunction::dataReady = true;

		}

		else {

			//AudioSamplingJunction::restartSampling();

		}		 

		DMA_ClearITPendingBit(DMA2_Stream0, DMA_IT_TCIF0); 

  }

}		

	










Viz/Core/Interrupts.h

#include <stdio.h>

#include <stdlib.h>

#include "stm32f4xx_conf.h"

#include "STM32F4xx.h"





/******************************************************

** Interrupts knjižnica

*******************************************************

** Knjižnica  Handlerjev, za vse sorte interrupte.

******************************************************/





#ifndef INTERRUPTS_H

#define INTERRUPTS_H





/******************************************************/

/* Extern C -> vsi handlerji morajo biti vidni ostali	*/

/*						 kodi spisani v C 											*/

/******************************************************/





extern "C" {

	

	void SysTick_Handler(void);

	void TIM3_IRQHandler(void);

	void TIM2_IRQHandler(void);

	void TIM4_IRQHandler(void);

	void EXTI15_10_IRQHandler(void);

	void EXTI9_5_IRQHandler(void);

	void DMA2_Stream0_IRQHandler(void);

		

}





/******************************************************/













#endif
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Viz/Core/main.cpp//#include "Retarget.c"
#include "stm32f4xx_conf.h"
#include "STM32F4xx.h"
#include <stdio.h>
#include "DataPins.h"
#include "DataPorts.h"
#include "DataPortInit.cpp"
#include "Constants.h"
#include "Leds.h"
#include "TimerInitializations.h"
#include "Debug.h"
#include "Interrupts.h"
#include "Application.h"
#include "ApplicationHandler.h"
#include "LEDChaser.h"
#include "StartupToast.h"
#include "ButtonInitializations.h"
#include "Demo.h"
#include "AudioSamplingInitialization.h"
#include "SpectrumBars.h"
#include "BangingArrows.h"
#include "ApplicationChooser.h"

int main(void) {
    
    //Ob štartu prižgi zeleno LED
    Debug::initializeSystemLEDs();
    GPIO_SetBits(GPIOD, GPIO_Pin_12);
    
    
    /*********************************************
    * Inicializacije pinov in naprav
    **********************************************
    * DataPin objekti
    * DataPort objekti
    * Povezave med data pin in data port objekti
    * Inicializacija portov
    * Nastavitev privzetih vrednosti pinov
    **********************************************/
    DataPins::initialize();
    DataPorts::initialize();
    DataPortInit::analyzePins(DataPins::pins, DataPins::pinCount, DataPorts::ports, DataPorts::portCount);
    DataPortInit::initializePorts(DataPins::pins, DataPins::pinCount, DataPorts::ports, DataPorts::portCount);
    DataPortInit::initializePins(DataPins::pins, DataPins::pinCount);
    
    
    /**********************************************
    * Inicializacije navideznih naprav
    ***********************************************
    *   LED panel objekt
    * RGB LEDs polje objektov
    * UV LED objekt
    * Strobe LED objekt
    ***********************************************/
    Leds::initializePanel(DataPins::LEDArrayPorts, DataPins::LEDArrayClock, DataPins::LEDArrayLatch, DataPins::LEDArrayMPX);
    Leds::initializeRgbLEDs(DataPins::rgbLEDs);
    Leds::initializeUV(DataPins::uvLED);
    Leds::initializeStrobe(DataPins::flashLED);
    
        
    /**********************************************
    * Inicializacije interruptov
    ***********************************************
    *   Inicializiraj Sys_Tick na 2ms / 500Hz
    * Inicializiraj TIM3 (1, 2, 4, 10 sekund)
    * Inicializiraj TIM2 (1/8, 1/4, 1/2, 3/4 sekunde)
    ***********************************************/
    TimerInitializations::initializeSysTick(512);
    TimerInitializations::initializeTIM3();
    TimerInitializations::initializeTIM2();
    TimerInitializations::initializeTIM4();
    
    
    /**********************************************
    * Inicializacije gumbov
    ***********************************************
    *   Inicializiraj vse 4 gumbe
    * (Left, Right, Quit, Confirm)
    * Skupaj z interrupti
    ***********************************************/
    ButtonInitializations::initialize();
    
    /**********************************************
    * Inicializacije Zajemanja Audia
    ***********************************************
    *   Inicializiraj ADC konverter
    * Inicializiraj DMA
    * Poženi zajemanje
    ***********************************************/
    AudioSamplingInitialization::initializeADC_DMA();
    AudioSamplingInitialization::startADC_DMA();
    
    //Potrdi inicializacijo z vnovičnim prižigom zelene LED
    DataPins::internalLEDs[0]->set();
    Leds::UV->led->fullBrightness();
    
    
    /**********************************************
    * Inicializacije aplikacije
    ***********************************************
    *   Inicializiraj aplikacijo
    * Vklopi interrupte za aplikacijo
    * Prepusti izvajanje aplikaciji
    ***********************************************/
    ApplicationHandler::application = new StartupToast();
    ApplicationHandler::applicationInstantized = true;
    ApplicationHandler::application->start();
    //ApplicationHandler::application = new BangingArrows();
    //ApplicationHandler::applicationInstantized = true;
    //ApplicationHandler::application->start();
    while(true) {
        ApplicationHandler::application = new ApplicationChooser();
        ApplicationHandler::applicationInstantized = true;
        ApplicationHandler::application->start();
        switch (ApplicationHandler::chosen) {
            case 0:
                ApplicationHandler::application = new SpectrumBars();
            break;
            
            case 1:
                ApplicationHandler::application = new BangingArrows();
            break;
            
            case 2:
                ApplicationHandler::application = new StartupToast();
            break;
            
            case 3:
                ApplicationHandler::application = new Demo();
            break;
            
            case 4:
                ApplicationHandler::application = new LEDChaser();
            break;
        }
        ApplicationHandler::applicationInstantized = true;
        ApplicationHandler::application->start();
    }
    
    // TODO:
    // Instantiraj aplikacijski selektor vedno, ko se aplikacija zaključi (while true zanka)


}








Viz/Core/Timers.cpp

#include <stdio.h>

#include <stdlib.h>

#include "stm32f4xx_conf.h"

#include "STM32F4xx.h"

#include "DataPins.h"

#include "Timers.h"

#include "Leds.h"

#include "ApplicationHandler.h"





/******************************************************

** Timers razred

*******************************************************

** Razred, ki vsebujue vse vstopne točke izvajanja

** ki se prožijo na prekinitve timerjev.

******************************************************/





/* Systick handler	*/

void Timers::sysTick() {

	

	//Prižgi modro LED - pomeni da interrupti delajo

	DataPins::internalLEDs[3]->set();

	

	// Osveži LED pannel

	Leds::panel->sendOut();

	

	DataPins::internalLEDs[3]->clear();

	

}





/* Executes every 1/64 second */		

void Timers::r64second(){

	if (ApplicationHandler::applicationInstantized)

		ApplicationHandler::application->r64second();

	

	

}



/* Executes every 1/32 second */		

void Timers::r32second(){

	if (ApplicationHandler::applicationInstantized)

		ApplicationHandler::application->r32second();

	

	

}



/* Executes every 1/16 second */		

void Timers::r16second(){

	if (ApplicationHandler::applicationInstantized)

		ApplicationHandler::application->r16second();

	

	

}



/* Executes every 1/8 second */		

void Timers::r8second(){

	if (ApplicationHandler::applicationInstantized)

		ApplicationHandler::application->r8second();

	

	

}



/* Executes every quarter second */		

void Timers::quarterSecond() {

	if (ApplicationHandler::applicationInstantized)

		ApplicationHandler::application->quarterSecond();

	

	

}



/* Executes every half seconds */		

void Timers::halfSecond() {

	if (ApplicationHandler::applicationInstantized)

		ApplicationHandler::application->halfSecond();

	

	

}



/* Executes every 1 seconds */		

void Timers::oneSecond() {

	if (ApplicationHandler::applicationInstantized)

		ApplicationHandler::application->oneSecond();

	

	

}



/* Executes every 5 seconds */		

void Timers::fiveSeconds() {

	if (ApplicationHandler::applicationInstantized)

		ApplicationHandler::application->fiveSeconds();

	

	

}

	



/* Executes 4000 times per second, used for LED blinking */		

void Timers::systemLEDBlinker() {

	

	// Osveži RGB Ledice

	Leds::rgbLEDs[0][0]->sendOut();

	Leds::rgbLEDs[0][1]->sendOut();

	Leds::rgbLEDs[1][0]->sendOut();

	Leds::rgbLEDs[1][1]->sendOut();

	Leds::rgbLEDs[2][0]->sendOut();

	Leds::rgbLEDs[2][1]->sendOut();



	// Osveži strobe

	Leds::strobe->sendOut();

	

	// Osveži UV

	Leds::UV->sendOut();	

	

}

		

		










Viz/Core/Timers.h

#include <stdio.h>

#include <stdlib.h>

#include "stm32f4xx_conf.h"

#include "STM32F4xx.h"





/******************************************************

** Timers razred

*******************************************************

** Razred, ki vsebujue vse vstopne točke izvajanja

** ki se prožijo na prekinitve timerjev.

******************************************************/



#ifndef TIMERS_H

#define TIMERS_H



class Timers {

	

	public:

	

	static void sysTick();

	

	static void r64second();

	static void r32second();

	static void r16second();

	static void r8second();

	

	static void quarterSecond();

	static void halfSecond();

	static void oneSecond();

	static void fiveSeconds();

	

	static void systemLEDBlinker();

	

		

	

	

};





#endif










Viz/fft/fft4g.c

/*
Fast Fourier/Cosine/Sine Transform
    dimension   :one
    data length :power of 2
    decimation  :frequency
    radix       :4, 2
    data        :inplace
    table       :use
functions
    cdft: Complex Discrete Fourier Transform
    rdft: Real Discrete Fourier Transform
    ddct: Discrete Cosine Transform
    ddst: Discrete Sine Transform
    dfct: Cosine Transform of RDFT (Real Symmetric DFT)
    dfst: Sine Transform of RDFT (Real Anti-symmetric DFT)
function prototypes
    void cdft(int, int, double *, int *, double *);
    void rdft(int, int, double *, int *, double *);
    void ddct(int, int, double *, int *, double *);
    void ddst(int, int, double *, int *, double *);
    void dfct(int, double *, double *, int *, double *);
    void dfst(int, double *, double *, int *, double *);


-------- Complex DFT (Discrete Fourier Transform) --------
    [definition]
        <case1>
            X[k] = sum_j=0^n-1 x[j]*exp(2*pi*i*j*k/n), 0<=k<n
        <case2>
            X[k] = sum_j=0^n-1 x[j]*exp(-2*pi*i*j*k/n), 0<=k<n
        (notes: sum_j=0^n-1 is a summation from j=0 to n-1)
    [usage]
        <case1>
            ip[0] = 0; // first time only
            cdft(2*n, 1, a, ip, w);
        <case2>
            ip[0] = 0; // first time only
            cdft(2*n, -1, a, ip, w);
    [parameters]
        2*n            :data length (int)
                        n >= 1, n = power of 2
        a[0...2*n-1]   :input/output data (double *)
                        input data
                            a[2*j] = Re(x[j]), 
                            a[2*j+1] = Im(x[j]), 0<=j<n
                        output data
                            a[2*k] = Re(X[k]), 
                            a[2*k+1] = Im(X[k]), 0<=k<n
        ip[0...*]      :work area for bit reversal (int *)
                        length of ip >= 2+sqrt(n)
                        strictly, 
                        length of ip >= 
                            2+(1<<(int)(log(n+0.5)/log(2))/2).
                        ip[0],ip[1] are pointers of the cos/sin table.
        w[0...n/2-1]   :cos/sin table (double *)
                        w[],ip[] are initialized if ip[0] == 0.
    [remark]
        Inverse of 
            cdft(2*n, -1, a, ip, w);
        is 
            cdft(2*n, 1, a, ip, w);
            for (j = 0; j <= 2 * n - 1; j++) {
                a[j] *= 1.0 / n;
            }
        .


-------- Real DFT / Inverse of Real DFT --------
    [definition]
        <case1> RDFT
            R[k] = sum_j=0^n-1 a[j]*cos(2*pi*j*k/n), 0<=k<=n/2
            I[k] = sum_j=0^n-1 a[j]*sin(2*pi*j*k/n), 0<k<n/2
        <case2> IRDFT (excluding scale)
            a[k] = (R[0] + R[n/2]*cos(pi*k))/2 + 
                   sum_j=1^n/2-1 R[j]*cos(2*pi*j*k/n) + 
                   sum_j=1^n/2-1 I[j]*sin(2*pi*j*k/n), 0<=k<n
    [usage]
        <case1>
            ip[0] = 0; // first time only
            rdft(n, 1, a, ip, w);
        <case2>
            ip[0] = 0; // first time only
            rdft(n, -1, a, ip, w);
    [parameters]
        n              :data length (int)
                        n >= 2, n = power of 2
        a[0...n-1]     :input/output data (double *)
                        <case1>
                            output data
                                a[2*k] = R[k], 0<=k<n/2
                                a[2*k+1] = I[k], 0<k<n/2
                                a[1] = R[n/2]
                        <case2>
                            input data
                                a[2*j] = R[j], 0<=j<n/2
                                a[2*j+1] = I[j], 0<j<n/2
                                a[1] = R[n/2]
        ip[0...*]      :work area for bit reversal (int *)
                        length of ip >= 2+sqrt(n/2)
                        strictly, 
                        length of ip >= 
                            2+(1<<(int)(log(n/2+0.5)/log(2))/2).
                        ip[0],ip[1] are pointers of the cos/sin table.
        w[0...n/2-1]   :cos/sin table (double *)
                        w[],ip[] are initialized if ip[0] == 0.
    [remark]
        Inverse of 
            rdft(n, 1, a, ip, w);
        is 
            rdft(n, -1, a, ip, w);
            for (j = 0; j <= n - 1; j++) {
                a[j] *= 2.0 / n;
            }
        .


-------- DCT (Discrete Cosine Transform) / Inverse of DCT --------
    [definition]
        <case1> IDCT (excluding scale)
            C[k] = sum_j=0^n-1 a[j]*cos(pi*j*(k+1/2)/n), 0<=k<n
        <case2> DCT
            C[k] = sum_j=0^n-1 a[j]*cos(pi*(j+1/2)*k/n), 0<=k<n
    [usage]
        <case1>
            ip[0] = 0; // first time only
            ddct(n, 1, a, ip, w);
        <case2>
            ip[0] = 0; // first time only
            ddct(n, -1, a, ip, w);
    [parameters]
        n              :data length (int)
                        n >= 2, n = power of 2
        a[0...n-1]     :input/output data (double *)
                        output data
                            a[k] = C[k], 0<=k<n
        ip[0...*]      :work area for bit reversal (int *)
                        length of ip >= 2+sqrt(n/2)
                        strictly, 
                        length of ip >= 
                            2+(1<<(int)(log(n/2+0.5)/log(2))/2).
                        ip[0],ip[1] are pointers of the cos/sin table.
        w[0...n*5/4-1] :cos/sin table (double *)
                        w[],ip[] are initialized if ip[0] == 0.
    [remark]
        Inverse of 
            ddct(n, -1, a, ip, w);
        is 
            a[0] *= 0.5;
            ddct(n, 1, a, ip, w);
            for (j = 0; j <= n - 1; j++) {
                a[j] *= 2.0 / n;
            }
        .


-------- DST (Discrete Sine Transform) / Inverse of DST --------
    [definition]
        <case1> IDST (excluding scale)
            S[k] = sum_j=1^n A[j]*sin(pi*j*(k+1/2)/n), 0<=k<n
        <case2> DST
            S[k] = sum_j=0^n-1 a[j]*sin(pi*(j+1/2)*k/n), 0<k<=n
    [usage]
        <case1>
            ip[0] = 0; // first time only
            ddst(n, 1, a, ip, w);
        <case2>
            ip[0] = 0; // first time only
            ddst(n, -1, a, ip, w);
    [parameters]
        n              :data length (int)
                        n >= 2, n = power of 2
        a[0...n-1]     :input/output data (double *)
                        <case1>
                            input data
                                a[j] = A[j], 0<j<n
                                a[0] = A[n]
                            output data
                                a[k] = S[k], 0<=k<n
                        <case2>
                            output data
                                a[k] = S[k], 0<k<n
                                a[0] = S[n]
        ip[0...*]      :work area for bit reversal (int *)
                        length of ip >= 2+sqrt(n/2)
                        strictly, 
                        length of ip >= 
                            2+(1<<(int)(log(n/2+0.5)/log(2))/2).
                        ip[0],ip[1] are pointers of the cos/sin table.
        w[0...n*5/4-1] :cos/sin table (double *)
                        w[],ip[] are initialized if ip[0] == 0.
    [remark]
        Inverse of 
            ddst(n, -1, a, ip, w);
        is 
            a[0] *= 0.5;
            ddst(n, 1, a, ip, w);
            for (j = 0; j <= n - 1; j++) {
                a[j] *= 2.0 / n;
            }
        .


-------- Cosine Transform of RDFT (Real Symmetric DFT) --------
    [definition]
        C[k] = sum_j=0^n a[j]*cos(pi*j*k/n), 0<=k<=n
    [usage]
        ip[0] = 0; // first time only
        dfct(n, a, t, ip, w);
    [parameters]
        n              :data length - 1 (int)
                        n >= 2, n = power of 2
        a[0...n]       :input/output data (double *)
                        output data
                            a[k] = C[k], 0<=k<=n
        t[0...n/2]     :work area (double *)
        ip[0...*]      :work area for bit reversal (int *)
                        length of ip >= 2+sqrt(n/4)
                        strictly, 
                        length of ip >= 
                            2+(1<<(int)(log(n/4+0.5)/log(2))/2).
                        ip[0],ip[1] are pointers of the cos/sin table.
        w[0...n*5/8-1] :cos/sin table (double *)
                        w[],ip[] are initialized if ip[0] == 0.
    [remark]
        Inverse of 
            a[0] *= 0.5;
            a[n] *= 0.5;
            dfct(n, a, t, ip, w);
        is 
            a[0] *= 0.5;
            a[n] *= 0.5;
            dfct(n, a, t, ip, w);
            for (j = 0; j <= n; j++) {
                a[j] *= 2.0 / n;
            }
        .


-------- Sine Transform of RDFT (Real Anti-symmetric DFT) --------
    [definition]
        S[k] = sum_j=1^n-1 a[j]*sin(pi*j*k/n), 0<k<n
    [usage]
        ip[0] = 0; // first time only
        dfst(n, a, t, ip, w);
    [parameters]
        n              :data length + 1 (int)
                        n >= 2, n = power of 2
        a[0...n-1]     :input/output data (double *)
                        output data
                            a[k] = S[k], 0<k<n
                        (a[0] is used for work area)
        t[0...n/2-1]   :work area (double *)
        ip[0...*]      :work area for bit reversal (int *)
                        length of ip >= 2+sqrt(n/4)
                        strictly, 
                        length of ip >= 
                            2+(1<<(int)(log(n/4+0.5)/log(2))/2).
                        ip[0],ip[1] are pointers of the cos/sin table.
        w[0...n*5/8-1] :cos/sin table (double *)
                        w[],ip[] are initialized if ip[0] == 0.
    [remark]
        Inverse of 
            dfst(n, a, t, ip, w);
        is 
            dfst(n, a, t, ip, w);
            for (j = 1; j <= n - 1; j++) {
                a[j] *= 2.0 / n;
            }
        .


Appendix :
    The cos/sin table is recalculated when the larger table required.
    w[] and ip[] are compatible with all routines.
*/


void cdft(int n, int isgn, double *a, int *ip, double *w)
{
    void makewt(int nw, int *ip, double *w);
    void bitrv2(int n, int *ip, double *a);
    void bitrv2conj(int n, int *ip, double *a);
    void cftfsub(int n, double *a, double *w);
    void cftbsub(int n, double *a, double *w);
    
    if (n > (ip[0] << 2)) {
        makewt(n >> 2, ip, w);
    }
    if (n > 4) {
        if (isgn >= 0) {
            bitrv2(n, ip + 2, a);
            cftfsub(n, a, w);
        } else {
            bitrv2conj(n, ip + 2, a);
            cftbsub(n, a, w);
        }
    } else if (n == 4) {
        cftfsub(n, a, w);
    }
}


void rdft(int n, int isgn, double *a, int *ip, double *w)
{
    void makewt(int nw, int *ip, double *w);
    void makect(int nc, int *ip, double *c);
    void bitrv2(int n, int *ip, double *a);
    void cftfsub(int n, double *a, double *w);
    void cftbsub(int n, double *a, double *w);
    void rftfsub(int n, double *a, int nc, double *c);
    void rftbsub(int n, double *a, int nc, double *c);
    int nw, nc;
    double xi;
    
    nw = ip[0];
    if (n > (nw << 2)) {
        nw = n >> 2;
        makewt(nw, ip, w);
    }
    nc = ip[1];
    if (n > (nc << 2)) {
        nc = n >> 2;
        makect(nc, ip, w + nw);
    }
    if (isgn >= 0) {
        if (n > 4) {
            bitrv2(n, ip + 2, a);
            cftfsub(n, a, w);
            rftfsub(n, a, nc, w + nw);
        } else if (n == 4) {
            cftfsub(n, a, w);
        }
        xi = a[0] - a[1];
        a[0] += a[1];
        a[1] = xi;
    } else {
        a[1] = 0.5 * (a[0] - a[1]);
        a[0] -= a[1];
        if (n > 4) {
            rftbsub(n, a, nc, w + nw);
            bitrv2(n, ip + 2, a);
            cftbsub(n, a, w);
        } else if (n == 4) {
            cftfsub(n, a, w);
        }
    }
}


void ddct(int n, int isgn, double *a, int *ip, double *w)
{
    void makewt(int nw, int *ip, double *w);
    void makect(int nc, int *ip, double *c);
    void bitrv2(int n, int *ip, double *a);
    void cftfsub(int n, double *a, double *w);
    void cftbsub(int n, double *a, double *w);
    void rftfsub(int n, double *a, int nc, double *c);
    void rftbsub(int n, double *a, int nc, double *c);
    void dctsub(int n, double *a, int nc, double *c);
    int j, nw, nc;
    double xr;
    
    nw = ip[0];
    if (n > (nw << 2)) {
        nw = n >> 2;
        makewt(nw, ip, w);
    }
    nc = ip[1];
    if (n > nc) {
        nc = n;
        makect(nc, ip, w + nw);
    }
    if (isgn < 0) {
        xr = a[n - 1];
        for (j = n - 2; j >= 2; j -= 2) {
            a[j + 1] = a[j] - a[j - 1];
            a[j] += a[j - 1];
        }
        a[1] = a[0] - xr;
        a[0] += xr;
        if (n > 4) {
            rftbsub(n, a, nc, w + nw);
            bitrv2(n, ip + 2, a);
            cftbsub(n, a, w);
        } else if (n == 4) {
            cftfsub(n, a, w);
        }
    }
    dctsub(n, a, nc, w + nw);
    if (isgn >= 0) {
        if (n > 4) {
            bitrv2(n, ip + 2, a);
            cftfsub(n, a, w);
            rftfsub(n, a, nc, w + nw);
        } else if (n == 4) {
            cftfsub(n, a, w);
        }
        xr = a[0] - a[1];
        a[0] += a[1];
        for (j = 2; j < n; j += 2) {
            a[j - 1] = a[j] - a[j + 1];
            a[j] += a[j + 1];
        }
        a[n - 1] = xr;
    }
}


void ddst(int n, int isgn, double *a, int *ip, double *w)
{
    void makewt(int nw, int *ip, double *w);
    void makect(int nc, int *ip, double *c);
    void bitrv2(int n, int *ip, double *a);
    void cftfsub(int n, double *a, double *w);
    void cftbsub(int n, double *a, double *w);
    void rftfsub(int n, double *a, int nc, double *c);
    void rftbsub(int n, double *a, int nc, double *c);
    void dstsub(int n, double *a, int nc, double *c);
    int j, nw, nc;
    double xr;
    
    nw = ip[0];
    if (n > (nw << 2)) {
        nw = n >> 2;
        makewt(nw, ip, w);
    }
    nc = ip[1];
    if (n > nc) {
        nc = n;
        makect(nc, ip, w + nw);
    }
    if (isgn < 0) {
        xr = a[n - 1];
        for (j = n - 2; j >= 2; j -= 2) {
            a[j + 1] = -a[j] - a[j - 1];
            a[j] -= a[j - 1];
        }
        a[1] = a[0] + xr;
        a[0] -= xr;
        if (n > 4) {
            rftbsub(n, a, nc, w + nw);
            bitrv2(n, ip + 2, a);
            cftbsub(n, a, w);
        } else if (n == 4) {
            cftfsub(n, a, w);
        }
    }
    dstsub(n, a, nc, w + nw);
    if (isgn >= 0) {
        if (n > 4) {
            bitrv2(n, ip + 2, a);
            cftfsub(n, a, w);
            rftfsub(n, a, nc, w + nw);
        } else if (n == 4) {
            cftfsub(n, a, w);
        }
        xr = a[0] - a[1];
        a[0] += a[1];
        for (j = 2; j < n; j += 2) {
            a[j - 1] = -a[j] - a[j + 1];
            a[j] -= a[j + 1];
        }
        a[n - 1] = -xr;
    }
}


void dfct(int n, double *a, double *t, int *ip, double *w)
{
    void makewt(int nw, int *ip, double *w);
    void makect(int nc, int *ip, double *c);
    void bitrv2(int n, int *ip, double *a);
    void cftfsub(int n, double *a, double *w);
    void rftfsub(int n, double *a, int nc, double *c);
    void dctsub(int n, double *a, int nc, double *c);
    int j, k, l, m, mh, nw, nc;
    double xr, xi, yr, yi;
    
    nw = ip[0];
    if (n > (nw << 3)) {
        nw = n >> 3;
        makewt(nw, ip, w);
    }
    nc = ip[1];
    if (n > (nc << 1)) {
        nc = n >> 1;
        makect(nc, ip, w + nw);
    }
    m = n >> 1;
    yi = a[m];
    xi = a[0] + a[n];
    a[0] -= a[n];
    t[0] = xi - yi;
    t[m] = xi + yi;
    if (n > 2) {
        mh = m >> 1;
        for (j = 1; j < mh; j++) {
            k = m - j;
            xr = a[j] - a[n - j];
            xi = a[j] + a[n - j];
            yr = a[k] - a[n - k];
            yi = a[k] + a[n - k];
            a[j] = xr;
            a[k] = yr;
            t[j] = xi - yi;
            t[k] = xi + yi;
        }
        t[mh] = a[mh] + a[n - mh];
        a[mh] -= a[n - mh];
        dctsub(m, a, nc, w + nw);
        if (m > 4) {
            bitrv2(m, ip + 2, a);
            cftfsub(m, a, w);
            rftfsub(m, a, nc, w + nw);
        } else if (m == 4) {
            cftfsub(m, a, w);
        }
        a[n - 1] = a[0] - a[1];
        a[1] = a[0] + a[1];
        for (j = m - 2; j >= 2; j -= 2) {
            a[2 * j + 1] = a[j] + a[j + 1];
            a[2 * j - 1] = a[j] - a[j + 1];
        }
        l = 2;
        m = mh;
        while (m >= 2) {
            dctsub(m, t, nc, w + nw);
            if (m > 4) {
                bitrv2(m, ip + 2, t);
                cftfsub(m, t, w);
                rftfsub(m, t, nc, w + nw);
            } else if (m == 4) {
                cftfsub(m, t, w);
            }
            a[n - l] = t[0] - t[1];
            a[l] = t[0] + t[1];
            k = 0;
            for (j = 2; j < m; j += 2) {
                k += l << 2;
                a[k - l] = t[j] - t[j + 1];
                a[k + l] = t[j] + t[j + 1];
            }
            l <<= 1;
            mh = m >> 1;
            for (j = 0; j < mh; j++) {
                k = m - j;
                t[j] = t[m + k] - t[m + j];
                t[k] = t[m + k] + t[m + j];
            }
            t[mh] = t[m + mh];
            m = mh;
        }
        a[l] = t[0];
        a[n] = t[2] - t[1];
        a[0] = t[2] + t[1];
    } else {
        a[1] = a[0];
        a[2] = t[0];
        a[0] = t[1];
    }
}


void dfst(int n, double *a, double *t, int *ip, double *w)
{
    void makewt(int nw, int *ip, double *w);
    void makect(int nc, int *ip, double *c);
    void bitrv2(int n, int *ip, double *a);
    void cftfsub(int n, double *a, double *w);
    void rftfsub(int n, double *a, int nc, double *c);
    void dstsub(int n, double *a, int nc, double *c);
    int j, k, l, m, mh, nw, nc;
    double xr, xi, yr, yi;
    
    nw = ip[0];
    if (n > (nw << 3)) {
        nw = n >> 3;
        makewt(nw, ip, w);
    }
    nc = ip[1];
    if (n > (nc << 1)) {
        nc = n >> 1;
        makect(nc, ip, w + nw);
    }
    if (n > 2) {
        m = n >> 1;
        mh = m >> 1;
        for (j = 1; j < mh; j++) {
            k = m - j;
            xr = a[j] + a[n - j];
            xi = a[j] - a[n - j];
            yr = a[k] + a[n - k];
            yi = a[k] - a[n - k];
            a[j] = xr;
            a[k] = yr;
            t[j] = xi + yi;
            t[k] = xi - yi;
        }
        t[0] = a[mh] - a[n - mh];
        a[mh] += a[n - mh];
        a[0] = a[m];
        dstsub(m, a, nc, w + nw);
        if (m > 4) {
            bitrv2(m, ip + 2, a);
            cftfsub(m, a, w);
            rftfsub(m, a, nc, w + nw);
        } else if (m == 4) {
            cftfsub(m, a, w);
        }
        a[n - 1] = a[1] - a[0];
        a[1] = a[0] + a[1];
        for (j = m - 2; j >= 2; j -= 2) {
            a[2 * j + 1] = a[j] - a[j + 1];
            a[2 * j - 1] = -a[j] - a[j + 1];
        }
        l = 2;
        m = mh;
        while (m >= 2) {
            dstsub(m, t, nc, w + nw);
            if (m > 4) {
                bitrv2(m, ip + 2, t);
                cftfsub(m, t, w);
                rftfsub(m, t, nc, w + nw);
            } else if (m == 4) {
                cftfsub(m, t, w);
            }
            a[n - l] = t[1] - t[0];
            a[l] = t[0] + t[1];
            k = 0;
            for (j = 2; j < m; j += 2) {
                k += l << 2;
                a[k - l] = -t[j] - t[j + 1];
                a[k + l] = t[j] - t[j + 1];
            }
            l <<= 1;
            mh = m >> 1;
            for (j = 1; j < mh; j++) {
                k = m - j;
                t[j] = t[m + k] + t[m + j];
                t[k] = t[m + k] - t[m + j];
            }
            t[0] = t[m + mh];
            m = mh;
        }
        a[l] = t[0];
    }
    a[0] = 0;
}


/* -------- initializing routines -------- */


#include <math.h>

void makewt(int nw, int *ip, double *w)
{
    void bitrv2(int n, int *ip, double *a);
    int j, nwh;
    double delta, x, y;
    
    ip[0] = nw;
    ip[1] = 1;
    if (nw > 2) {
        nwh = nw >> 1;
        delta = atan(1.0) / nwh;
        w[0] = 1;
        w[1] = 0;
        w[nwh] = cos(delta * nwh);
        w[nwh + 1] = w[nwh];
        if (nwh > 2) {
            for (j = 2; j < nwh; j += 2) {
                x = cos(delta * j);
                y = sin(delta * j);
                w[j] = x;
                w[j + 1] = y;
                w[nw - j] = y;
                w[nw - j + 1] = x;
            }
            bitrv2(nw, ip + 2, w);
        }
    }
}


void makect(int nc, int *ip, double *c)
{
    int j, nch;
    double delta;
    
    ip[1] = nc;
    if (nc > 1) {
        nch = nc >> 1;
        delta = atan(1.0) / nch;
        c[0] = cos(delta * nch);
        c[nch] = 0.5 * c[0];
        for (j = 1; j < nch; j++) {
            c[j] = 0.5 * cos(delta * j);
            c[nc - j] = 0.5 * sin(delta * j);
        }
    }
}


/* -------- child routines -------- */


void bitrv2(int n, int *ip, double *a)
{
    int j, j1, k, k1, l, m, m2;
    double xr, xi, yr, yi;
    
    ip[0] = 0;
    l = n;
    m = 1;
    while ((m << 3) < l) {
        l >>= 1;
        for (j = 0; j < m; j++) {
            ip[m + j] = ip[j] + l;
        }
        m <<= 1;
    }
    m2 = 2 * m;
    if ((m << 3) == l) {
        for (k = 0; k < m; k++) {
            for (j = 0; j < k; j++) {
                j1 = 2 * j + ip[k];
                k1 = 2 * k + ip[j];
                xr = a[j1];
                xi = a[j1 + 1];
                yr = a[k1];
                yi = a[k1 + 1];
                a[j1] = yr;
                a[j1 + 1] = yi;
                a[k1] = xr;
                a[k1 + 1] = xi;
                j1 += m2;
                k1 += 2 * m2;
                xr = a[j1];
                xi = a[j1 + 1];
                yr = a[k1];
                yi = a[k1 + 1];
                a[j1] = yr;
                a[j1 + 1] = yi;
                a[k1] = xr;
                a[k1 + 1] = xi;
                j1 += m2;
                k1 -= m2;
                xr = a[j1];
                xi = a[j1 + 1];
                yr = a[k1];
                yi = a[k1 + 1];
                a[j1] = yr;
                a[j1 + 1] = yi;
                a[k1] = xr;
                a[k1 + 1] = xi;
                j1 += m2;
                k1 += 2 * m2;
                xr = a[j1];
                xi = a[j1 + 1];
                yr = a[k1];
                yi = a[k1 + 1];
                a[j1] = yr;
                a[j1 + 1] = yi;
                a[k1] = xr;
                a[k1 + 1] = xi;
            }
            j1 = 2 * k + m2 + ip[k];
            k1 = j1 + m2;
            xr = a[j1];
            xi = a[j1 + 1];
            yr = a[k1];
            yi = a[k1 + 1];
            a[j1] = yr;
            a[j1 + 1] = yi;
            a[k1] = xr;
            a[k1 + 1] = xi;
        }
    } else {
        for (k = 1; k < m; k++) {
            for (j = 0; j < k; j++) {
                j1 = 2 * j + ip[k];
                k1 = 2 * k + ip[j];
                xr = a[j1];
                xi = a[j1 + 1];
                yr = a[k1];
                yi = a[k1 + 1];
                a[j1] = yr;
                a[j1 + 1] = yi;
                a[k1] = xr;
                a[k1 + 1] = xi;
                j1 += m2;
                k1 += m2;
                xr = a[j1];
                xi = a[j1 + 1];
                yr = a[k1];
                yi = a[k1 + 1];
                a[j1] = yr;
                a[j1 + 1] = yi;
                a[k1] = xr;
                a[k1 + 1] = xi;
            }
        }
    }
}


void bitrv2conj(int n, int *ip, double *a)
{
    int j, j1, k, k1, l, m, m2;
    double xr, xi, yr, yi;
    
    ip[0] = 0;
    l = n;
    m = 1;
    while ((m << 3) < l) {
        l >>= 1;
        for (j = 0; j < m; j++) {
            ip[m + j] = ip[j] + l;
        }
        m <<= 1;
    }
    m2 = 2 * m;
    if ((m << 3) == l) {
        for (k = 0; k < m; k++) {
            for (j = 0; j < k; j++) {
                j1 = 2 * j + ip[k];
                k1 = 2 * k + ip[j];
                xr = a[j1];
                xi = -a[j1 + 1];
                yr = a[k1];
                yi = -a[k1 + 1];
                a[j1] = yr;
                a[j1 + 1] = yi;
                a[k1] = xr;
                a[k1 + 1] = xi;
                j1 += m2;
                k1 += 2 * m2;
                xr = a[j1];
                xi = -a[j1 + 1];
                yr = a[k1];
                yi = -a[k1 + 1];
                a[j1] = yr;
                a[j1 + 1] = yi;
                a[k1] = xr;
                a[k1 + 1] = xi;
                j1 += m2;
                k1 -= m2;
                xr = a[j1];
                xi = -a[j1 + 1];
                yr = a[k1];
                yi = -a[k1 + 1];
                a[j1] = yr;
                a[j1 + 1] = yi;
                a[k1] = xr;
                a[k1 + 1] = xi;
                j1 += m2;
                k1 += 2 * m2;
                xr = a[j1];
                xi = -a[j1 + 1];
                yr = a[k1];
                yi = -a[k1 + 1];
                a[j1] = yr;
                a[j1 + 1] = yi;
                a[k1] = xr;
                a[k1 + 1] = xi;
            }
            k1 = 2 * k + ip[k];
            a[k1 + 1] = -a[k1 + 1];
            j1 = k1 + m2;
            k1 = j1 + m2;
            xr = a[j1];
            xi = -a[j1 + 1];
            yr = a[k1];
            yi = -a[k1 + 1];
            a[j1] = yr;
            a[j1 + 1] = yi;
            a[k1] = xr;
            a[k1 + 1] = xi;
            k1 += m2;
            a[k1 + 1] = -a[k1 + 1];
        }
    } else {
        a[1] = -a[1];
        a[m2 + 1] = -a[m2 + 1];
        for (k = 1; k < m; k++) {
            for (j = 0; j < k; j++) {
                j1 = 2 * j + ip[k];
                k1 = 2 * k + ip[j];
                xr = a[j1];
                xi = -a[j1 + 1];
                yr = a[k1];
                yi = -a[k1 + 1];
                a[j1] = yr;
                a[j1 + 1] = yi;
                a[k1] = xr;
                a[k1 + 1] = xi;
                j1 += m2;
                k1 += m2;
                xr = a[j1];
                xi = -a[j1 + 1];
                yr = a[k1];
                yi = -a[k1 + 1];
                a[j1] = yr;
                a[j1 + 1] = yi;
                a[k1] = xr;
                a[k1 + 1] = xi;
            }
            k1 = 2 * k + ip[k];
            a[k1 + 1] = -a[k1 + 1];
            a[k1 + m2 + 1] = -a[k1 + m2 + 1];
        }
    }
}


void cftfsub(int n, double *a, double *w)
{
    void cft1st(int n, double *a, double *w);
    void cftmdl(int n, int l, double *a, double *w);
    int j, j1, j2, j3, l;
    double x0r, x0i, x1r, x1i, x2r, x2i, x3r, x3i;
    
    l = 2;
    if (n > 8) {
        cft1st(n, a, w);
        l = 8;
        while ((l << 2) < n) {
            cftmdl(n, l, a, w);
            l <<= 2;
        }
    }
    if ((l << 2) == n) {
        for (j = 0; j < l; j += 2) {
            j1 = j + l;
            j2 = j1 + l;
            j3 = j2 + l;
            x0r = a[j] + a[j1];
            x0i = a[j + 1] + a[j1 + 1];
            x1r = a[j] - a[j1];
            x1i = a[j + 1] - a[j1 + 1];
            x2r = a[j2] + a[j3];
            x2i = a[j2 + 1] + a[j3 + 1];
            x3r = a[j2] - a[j3];
            x3i = a[j2 + 1] - a[j3 + 1];
            a[j] = x0r + x2r;
            a[j + 1] = x0i + x2i;
            a[j2] = x0r - x2r;
            a[j2 + 1] = x0i - x2i;
            a[j1] = x1r - x3i;
            a[j1 + 1] = x1i + x3r;
            a[j3] = x1r + x3i;
            a[j3 + 1] = x1i - x3r;
        }
    } else {
        for (j = 0; j < l; j += 2) {
            j1 = j + l;
            x0r = a[j] - a[j1];
            x0i = a[j + 1] - a[j1 + 1];
            a[j] += a[j1];
            a[j + 1] += a[j1 + 1];
            a[j1] = x0r;
            a[j1 + 1] = x0i;
        }
    }
}


void cftbsub(int n, double *a, double *w)
{
    void cft1st(int n, double *a, double *w);
    void cftmdl(int n, int l, double *a, double *w);
    int j, j1, j2, j3, l;
    double x0r, x0i, x1r, x1i, x2r, x2i, x3r, x3i;
    
    l = 2;
    if (n > 8) {
        cft1st(n, a, w);
        l = 8;
        while ((l << 2) < n) {
            cftmdl(n, l, a, w);
            l <<= 2;
        }
    }
    if ((l << 2) == n) {
        for (j = 0; j < l; j += 2) {
            j1 = j + l;
            j2 = j1 + l;
            j3 = j2 + l;
            x0r = a[j] + a[j1];
            x0i = -a[j + 1] - a[j1 + 1];
            x1r = a[j] - a[j1];
            x1i = -a[j + 1] + a[j1 + 1];
            x2r = a[j2] + a[j3];
            x2i = a[j2 + 1] + a[j3 + 1];
            x3r = a[j2] - a[j3];
            x3i = a[j2 + 1] - a[j3 + 1];
            a[j] = x0r + x2r;
            a[j + 1] = x0i - x2i;
            a[j2] = x0r - x2r;
            a[j2 + 1] = x0i + x2i;
            a[j1] = x1r - x3i;
            a[j1 + 1] = x1i - x3r;
            a[j3] = x1r + x3i;
            a[j3 + 1] = x1i + x3r;
        }
    } else {
        for (j = 0; j < l; j += 2) {
            j1 = j + l;
            x0r = a[j] - a[j1];
            x0i = -a[j + 1] + a[j1 + 1];
            a[j] += a[j1];
            a[j + 1] = -a[j + 1] - a[j1 + 1];
            a[j1] = x0r;
            a[j1 + 1] = x0i;
        }
    }
}


void cft1st(int n, double *a, double *w)
{
    int j, k1, k2;
    double wk1r, wk1i, wk2r, wk2i, wk3r, wk3i;
    double x0r, x0i, x1r, x1i, x2r, x2i, x3r, x3i;
    
    x0r = a[0] + a[2];
    x0i = a[1] + a[3];
    x1r = a[0] - a[2];
    x1i = a[1] - a[3];
    x2r = a[4] + a[6];
    x2i = a[5] + a[7];
    x3r = a[4] - a[6];
    x3i = a[5] - a[7];
    a[0] = x0r + x2r;
    a[1] = x0i + x2i;
    a[4] = x0r - x2r;
    a[5] = x0i - x2i;
    a[2] = x1r - x3i;
    a[3] = x1i + x3r;
    a[6] = x1r + x3i;
    a[7] = x1i - x3r;
    wk1r = w[2];
    x0r = a[8] + a[10];
    x0i = a[9] + a[11];
    x1r = a[8] - a[10];
    x1i = a[9] - a[11];
    x2r = a[12] + a[14];
    x2i = a[13] + a[15];
    x3r = a[12] - a[14];
    x3i = a[13] - a[15];
    a[8] = x0r + x2r;
    a[9] = x0i + x2i;
    a[12] = x2i - x0i;
    a[13] = x0r - x2r;
    x0r = x1r - x3i;
    x0i = x1i + x3r;
    a[10] = wk1r * (x0r - x0i);
    a[11] = wk1r * (x0r + x0i);
    x0r = x3i + x1r;
    x0i = x3r - x1i;
    a[14] = wk1r * (x0i - x0r);
    a[15] = wk1r * (x0i + x0r);
    k1 = 0;
    for (j = 16; j < n; j += 16) {
        k1 += 2;
        k2 = 2 * k1;
        wk2r = w[k1];
        wk2i = w[k1 + 1];
        wk1r = w[k2];
        wk1i = w[k2 + 1];
        wk3r = wk1r - 2 * wk2i * wk1i;
        wk3i = 2 * wk2i * wk1r - wk1i;
        x0r = a[j] + a[j + 2];
        x0i = a[j + 1] + a[j + 3];
        x1r = a[j] - a[j + 2];
        x1i = a[j + 1] - a[j + 3];
        x2r = a[j + 4] + a[j + 6];
        x2i = a[j + 5] + a[j + 7];
        x3r = a[j + 4] - a[j + 6];
        x3i = a[j + 5] - a[j + 7];
        a[j] = x0r + x2r;
        a[j + 1] = x0i + x2i;
        x0r -= x2r;
        x0i -= x2i;
        a[j + 4] = wk2r * x0r - wk2i * x0i;
        a[j + 5] = wk2r * x0i + wk2i * x0r;
        x0r = x1r - x3i;
        x0i = x1i + x3r;
        a[j + 2] = wk1r * x0r - wk1i * x0i;
        a[j + 3] = wk1r * x0i + wk1i * x0r;
        x0r = x1r + x3i;
        x0i = x1i - x3r;
        a[j + 6] = wk3r * x0r - wk3i * x0i;
        a[j + 7] = wk3r * x0i + wk3i * x0r;
        wk1r = w[k2 + 2];
        wk1i = w[k2 + 3];
        wk3r = wk1r - 2 * wk2r * wk1i;
        wk3i = 2 * wk2r * wk1r - wk1i;
        x0r = a[j + 8] + a[j + 10];
        x0i = a[j + 9] + a[j + 11];
        x1r = a[j + 8] - a[j + 10];
        x1i = a[j + 9] - a[j + 11];
        x2r = a[j + 12] + a[j + 14];
        x2i = a[j + 13] + a[j + 15];
        x3r = a[j + 12] - a[j + 14];
        x3i = a[j + 13] - a[j + 15];
        a[j + 8] = x0r + x2r;
        a[j + 9] = x0i + x2i;
        x0r -= x2r;
        x0i -= x2i;
        a[j + 12] = -wk2i * x0r - wk2r * x0i;
        a[j + 13] = -wk2i * x0i + wk2r * x0r;
        x0r = x1r - x3i;
        x0i = x1i + x3r;
        a[j + 10] = wk1r * x0r - wk1i * x0i;
        a[j + 11] = wk1r * x0i + wk1i * x0r;
        x0r = x1r + x3i;
        x0i = x1i - x3r;
        a[j + 14] = wk3r * x0r - wk3i * x0i;
        a[j + 15] = wk3r * x0i + wk3i * x0r;
    }
}


void cftmdl(int n, int l, double *a, double *w)
{
    int j, j1, j2, j3, k, k1, k2, m, m2;
    double wk1r, wk1i, wk2r, wk2i, wk3r, wk3i;
    double x0r, x0i, x1r, x1i, x2r, x2i, x3r, x3i;
    
    m = l << 2;
    for (j = 0; j < l; j += 2) {
        j1 = j + l;
        j2 = j1 + l;
        j3 = j2 + l;
        x0r = a[j] + a[j1];
        x0i = a[j + 1] + a[j1 + 1];
        x1r = a[j] - a[j1];
        x1i = a[j + 1] - a[j1 + 1];
        x2r = a[j2] + a[j3];
        x2i = a[j2 + 1] + a[j3 + 1];
        x3r = a[j2] - a[j3];
        x3i = a[j2 + 1] - a[j3 + 1];
        a[j] = x0r + x2r;
        a[j + 1] = x0i + x2i;
        a[j2] = x0r - x2r;
        a[j2 + 1] = x0i - x2i;
        a[j1] = x1r - x3i;
        a[j1 + 1] = x1i + x3r;
        a[j3] = x1r + x3i;
        a[j3 + 1] = x1i - x3r;
    }
    wk1r = w[2];
    for (j = m; j < l + m; j += 2) {
        j1 = j + l;
        j2 = j1 + l;
        j3 = j2 + l;
        x0r = a[j] + a[j1];
        x0i = a[j + 1] + a[j1 + 1];
        x1r = a[j] - a[j1];
        x1i = a[j + 1] - a[j1 + 1];
        x2r = a[j2] + a[j3];
        x2i = a[j2 + 1] + a[j3 + 1];
        x3r = a[j2] - a[j3];
        x3i = a[j2 + 1] - a[j3 + 1];
        a[j] = x0r + x2r;
        a[j + 1] = x0i + x2i;
        a[j2] = x2i - x0i;
        a[j2 + 1] = x0r - x2r;
        x0r = x1r - x3i;
        x0i = x1i + x3r;
        a[j1] = wk1r * (x0r - x0i);
        a[j1 + 1] = wk1r * (x0r + x0i);
        x0r = x3i + x1r;
        x0i = x3r - x1i;
        a[j3] = wk1r * (x0i - x0r);
        a[j3 + 1] = wk1r * (x0i + x0r);
    }
    k1 = 0;
    m2 = 2 * m;
    for (k = m2; k < n; k += m2) {
        k1 += 2;
        k2 = 2 * k1;
        wk2r = w[k1];
        wk2i = w[k1 + 1];
        wk1r = w[k2];
        wk1i = w[k2 + 1];
        wk3r = wk1r - 2 * wk2i * wk1i;
        wk3i = 2 * wk2i * wk1r - wk1i;
        for (j = k; j < l + k; j += 2) {
            j1 = j + l;
            j2 = j1 + l;
            j3 = j2 + l;
            x0r = a[j] + a[j1];
            x0i = a[j + 1] + a[j1 + 1];
            x1r = a[j] - a[j1];
            x1i = a[j + 1] - a[j1 + 1];
            x2r = a[j2] + a[j3];
            x2i = a[j2 + 1] + a[j3 + 1];
            x3r = a[j2] - a[j3];
            x3i = a[j2 + 1] - a[j3 + 1];
            a[j] = x0r + x2r;
            a[j + 1] = x0i + x2i;
            x0r -= x2r;
            x0i -= x2i;
            a[j2] = wk2r * x0r - wk2i * x0i;
            a[j2 + 1] = wk2r * x0i + wk2i * x0r;
            x0r = x1r - x3i;
            x0i = x1i + x3r;
            a[j1] = wk1r * x0r - wk1i * x0i;
            a[j1 + 1] = wk1r * x0i + wk1i * x0r;
            x0r = x1r + x3i;
            x0i = x1i - x3r;
            a[j3] = wk3r * x0r - wk3i * x0i;
            a[j3 + 1] = wk3r * x0i + wk3i * x0r;
        }
        wk1r = w[k2 + 2];
        wk1i = w[k2 + 3];
        wk3r = wk1r - 2 * wk2r * wk1i;
        wk3i = 2 * wk2r * wk1r - wk1i;
        for (j = k + m; j < l + (k + m); j += 2) {
            j1 = j + l;
            j2 = j1 + l;
            j3 = j2 + l;
            x0r = a[j] + a[j1];
            x0i = a[j + 1] + a[j1 + 1];
            x1r = a[j] - a[j1];
            x1i = a[j + 1] - a[j1 + 1];
            x2r = a[j2] + a[j3];
            x2i = a[j2 + 1] + a[j3 + 1];
            x3r = a[j2] - a[j3];
            x3i = a[j2 + 1] - a[j3 + 1];
            a[j] = x0r + x2r;
            a[j + 1] = x0i + x2i;
            x0r -= x2r;
            x0i -= x2i;
            a[j2] = -wk2i * x0r - wk2r * x0i;
            a[j2 + 1] = -wk2i * x0i + wk2r * x0r;
            x0r = x1r - x3i;
            x0i = x1i + x3r;
            a[j1] = wk1r * x0r - wk1i * x0i;
            a[j1 + 1] = wk1r * x0i + wk1i * x0r;
            x0r = x1r + x3i;
            x0i = x1i - x3r;
            a[j3] = wk3r * x0r - wk3i * x0i;
            a[j3 + 1] = wk3r * x0i + wk3i * x0r;
        }
    }
}


void rftfsub(int n, double *a, int nc, double *c)
{
    int j, k, kk, ks, m;
    double wkr, wki, xr, xi, yr, yi;
    
    m = n >> 1;
    ks = 2 * nc / m;
    kk = 0;
    for (j = 2; j < m; j += 2) {
        k = n - j;
        kk += ks;
        wkr = 0.5 - c[nc - kk];
        wki = c[kk];
        xr = a[j] - a[k];
        xi = a[j + 1] + a[k + 1];
        yr = wkr * xr - wki * xi;
        yi = wkr * xi + wki * xr;
        a[j] -= yr;
        a[j + 1] -= yi;
        a[k] += yr;
        a[k + 1] -= yi;
    }
}


void rftbsub(int n, double *a, int nc, double *c)
{
    int j, k, kk, ks, m;
    double wkr, wki, xr, xi, yr, yi;
    
    a[1] = -a[1];
    m = n >> 1;
    ks = 2 * nc / m;
    kk = 0;
    for (j = 2; j < m; j += 2) {
        k = n - j;
        kk += ks;
        wkr = 0.5 - c[nc - kk];
        wki = c[kk];
        xr = a[j] - a[k];
        xi = a[j + 1] + a[k + 1];
        yr = wkr * xr + wki * xi;
        yi = wkr * xi - wki * xr;
        a[j] -= yr;
        a[j + 1] = yi - a[j + 1];
        a[k] += yr;
        a[k + 1] = yi - a[k + 1];
    }
    a[m + 1] = -a[m + 1];
}


void dctsub(int n, double *a, int nc, double *c)
{
    int j, k, kk, ks, m;
    double wkr, wki, xr;
    
    m = n >> 1;
    ks = nc / n;
    kk = 0;
    for (j = 1; j < m; j++) {
        k = n - j;
        kk += ks;
        wkr = c[kk] - c[nc - kk];
        wki = c[kk] + c[nc - kk];
        xr = wki * a[j] - wkr * a[k];
        a[j] = wkr * a[j] + wki * a[k];
        a[k] = xr;
    }
    a[m] *= c[0];
}


void dstsub(int n, double *a, int nc, double *c)
{
    int j, k, kk, ks, m;
    double wkr, wki, xr;
    
    m = n >> 1;
    ks = nc / n;
    kk = 0;
    for (j = 1; j < m; j++) {
        k = n - j;
        kk += ks;
        wkr = c[kk] - c[nc - kk];
        wki = c[kk] + c[nc - kk];
        xr = wki * a[k] - wkr * a[j];
        a[k] = wkr * a[k] + wki * a[j];
        a[j] = xr;
    }
    a[m] *= c[0];
}








Viz/fft/fft4g.f

! Fast Fourier/Cosine/Sine Transform
!     dimension   :one
!     data length :power of 2
!     decimation  :frequency
!     radix       :4, 2
!     data        :inplace
!     table       :use
! subroutines
!     cdft: Complex Discrete Fourier Transform
!     rdft: Real Discrete Fourier Transform
!     ddct: Discrete Cosine Transform
!     ddst: Discrete Sine Transform
!     dfct: Cosine Transform of RDFT (Real Symmetric DFT)
!     dfst: Sine Transform of RDFT (Real Anti-symmetric DFT)
!
!
! -------- Complex DFT (Discrete Fourier Transform) --------
!     [definition]
!         <case1>
!             X(k) = sum_j=0^n-1 x(j)*exp(2*pi*i*j*k/n), 0<=k<n
!         <case2>
!             X(k) = sum_j=0^n-1 x(j)*exp(-2*pi*i*j*k/n), 0<=k<n
!         (notes: sum_j=0^n-1 is a summation from j=0 to n-1)
!     [usage]
!         <case1>
!             ip(0) = 0  ! first time only
!             call cdft(2*n, 1, a, ip, w)
!         <case2>
!             ip(0) = 0  ! first time only
!             call cdft(2*n, -1, a, ip, w)
!     [parameters]
!         2*n          :data length (integer)
!                       n >= 1, n = power of 2
!         a(0:2*n-1)   :input/output data (real*8)
!                       input data
!                           a(2*j) = Re(x(j)), 
!                           a(2*j+1) = Im(x(j)), 0<=j<n
!                       output data
!                           a(2*k) = Re(X(k)), 
!                           a(2*k+1) = Im(X(k)), 0<=k<n
!         ip(0:*)      :work area for bit reversal (integer)
!                       length of ip >= 2+sqrt(n)
!                       strictly, 
!                       length of ip >= 
!                           2+2**(int(log(n+0.5)/log(2.0))/2).
!                       ip(0),ip(1) are pointers of the cos/sin table.
!         w(0:n/2-1)   :cos/sin table (real*8)
!                       w(),ip() are initialized if ip(0) = 0.
!     [remark]
!         Inverse of 
!             call cdft(2*n, -1, a, ip, w)
!         is 
!             call cdft(2*n, 1, a, ip, w)
!             do j = 0, 2 * n - 1
!                 a(j) = a(j) / n
!             end do
!         .
!
!
! -------- Real DFT / Inverse of Real DFT --------
!     [definition]
!         <case1> RDFT
!             R(k) = sum_j=0^n-1 a(j)*cos(2*pi*j*k/n), 0<=k<=n/2
!             I(k) = sum_j=0^n-1 a(j)*sin(2*pi*j*k/n), 0<k<n/2
!         <case2> IRDFT (excluding scale)
!             a(k) = (R(0) + R(n/2)*cos(pi*k))/2 + 
!                    sum_j=1^n/2-1 R(j)*cos(2*pi*j*k/n) + 
!                    sum_j=1^n/2-1 I(j)*sin(2*pi*j*k/n), 0<=k<n
!     [usage]
!         <case1>
!             ip(0) = 0  ! first time only
!             call rdft(n, 1, a, ip, w)
!         <case2>
!             ip(0) = 0  ! first time only
!             call rdft(n, -1, a, ip, w)
!     [parameters]
!         n            :data length (integer)
!                       n >= 2, n = power of 2
!         a(0:n-1)     :input/output data (real*8)
!                       <case1>
!                           output data
!                               a(2*k) = R(k), 0<=k<n/2
!                               a(2*k+1) = I(k), 0<k<n/2
!                               a(1) = R(n/2)
!                       <case2>
!                           input data
!                               a(2*j) = R(j), 0<=j<n/2
!                               a(2*j+1) = I(j), 0<j<n/2
!                               a(1) = R(n/2)
!         ip(0:*)      :work area for bit reversal (integer)
!                       length of ip >= 2+sqrt(n/2)
!                       strictly, 
!                       length of ip >= 
!                           2+2**(int(log(n/2+0.5)/log(2.0))/2).
!                       ip(0),ip(1) are pointers of the cos/sin table.
!         w(0:n/2-1)   :cos/sin table (real*8)
!                       w(),ip() are initialized if ip(0) = 0.
!     [remark]
!         Inverse of 
!             call rdft(n, 1, a, ip, w)
!         is 
!             call rdft(n, -1, a, ip, w)
!             do j = 0, n - 1
!                 a(j) = a(j) * 2 / n
!             end do
!         .
!
!
! -------- DCT (Discrete Cosine Transform) / Inverse of DCT --------
!     [definition]
!         <case1> IDCT (excluding scale)
!             C(k) = sum_j=0^n-1 a(j)*cos(pi*j*(k+1/2)/n), 0<=k<n
!         <case2> DCT
!             C(k) = sum_j=0^n-1 a(j)*cos(pi*(j+1/2)*k/n), 0<=k<n
!     [usage]
!         <case1>
!             ip(0) = 0  ! first time only
!             call ddct(n, 1, a, ip, w)
!         <case2>
!             ip(0) = 0  ! first time only
!             call ddct(n, -1, a, ip, w)
!     [parameters]
!         n            :data length (integer)
!                       n >= 2, n = power of 2
!         a(0:n-1)     :input/output data (real*8)
!                       output data
!                           a(k) = C(k), 0<=k<n
!         ip(0:*)      :work area for bit reversal (integer)
!                       length of ip >= 2+sqrt(n/2)
!                       strictly, 
!                       length of ip >= 
!                           2+2**(int(log(n/2+0.5)/log(2.0))/2).
!                       ip(0),ip(1) are pointers of the cos/sin table.
!         w(0:n*5/4-1) :cos/sin table (real*8)
!                       w(),ip() are initialized if ip(0) = 0.
!     [remark]
!         Inverse of 
!             call ddct(n, -1, a, ip, w)
!         is 
!             a(0) = a(0) / 2
!             call ddct(n, 1, a, ip, w)
!             do j = 0, n - 1
!                 a(j) = a(j) * 2 / n
!             end do
!         .
!
!
! -------- DST (Discrete Sine Transform) / Inverse of DST --------
!     [definition]
!         <case1> IDST (excluding scale)
!             S(k) = sum_j=1^n A(j)*sin(pi*j*(k+1/2)/n), 0<=k<n
!         <case2> DST
!             S(k) = sum_j=0^n-1 a(j)*sin(pi*(j+1/2)*k/n), 0<k<=n
!     [usage]
!         <case1>
!             ip(0) = 0  ! first time only
!             call ddst(n, 1, a, ip, w)
!         <case2>
!             ip(0) = 0  ! first time only
!             call ddst(n, -1, a, ip, w)
!     [parameters]
!         n            :data length (integer)
!                       n >= 2, n = power of 2
!         a(0:n-1)     :input/output data (real*8)
!                       <case1>
!                           input data
!                               a(j) = A(j), 0<j<n
!                               a(0) = A(n)
!                           output data
!                               a(k) = S(k), 0<=k<n
!                       <case2>
!                           output data
!                               a(k) = S(k), 0<k<n
!                               a(0) = S(n)
!         ip(0:*)      :work area for bit reversal (integer)
!                       length of ip >= 2+sqrt(n/2)
!                       strictly, 
!                       length of ip >= 
!                           2+2**(int(log(n/2+0.5)/log(2.0))/2).
!                       ip(0),ip(1) are pointers of the cos/sin table.
!         w(0:n*5/4-1) :cos/sin table (real*8)
!                       w(),ip() are initialized if ip(0) = 0.
!     [remark]
!         Inverse of 
!             call ddst(n, -1, a, ip, w)
!         is 
!             a(0) = a(0) / 2
!             call ddst(n, 1, a, ip, w)
!             do j = 0, n - 1
!                 a(j) = a(j) * 2 / n
!             end do
!         .
!
!
! -------- Cosine Transform of RDFT (Real Symmetric DFT) --------
!     [definition]
!         C(k) = sum_j=0^n a(j)*cos(pi*j*k/n), 0<=k<=n
!     [usage]
!         ip(0) = 0  ! first time only
!         call dfct(n, a, t, ip, w)
!     [parameters]
!         n            :data length - 1 (integer)
!                       n >= 2, n = power of 2
!         a(0:n)       :input/output data (real*8)
!                       output data
!                           a(k) = C(k), 0<=k<=n
!         t(0:n/2)     :work area (real*8)
!         ip(0:*)      :work area for bit reversal (integer)
!                       length of ip >= 2+sqrt(n/4)
!                       strictly, 
!                       length of ip >= 
!                           2+2**(int(log(n/4+0.5)/log(2.0))/2).
!                       ip(0),ip(1) are pointers of the cos/sin table.
!         w(0:n*5/8-1) :cos/sin table (real*8)
!                       w(),ip() are initialized if ip(0) = 0.
!     [remark]
!         Inverse of 
!             a(0) = a(0) / 2
!             a(n) = a(n) / 2
!             call dfct(n, a, t, ip, w)
!         is 
!             a(0) = a(0) / 2
!             a(n) = a(n) / 2
!             call dfct(n, a, t, ip, w)
!             do j = 0, n
!                 a(j) = a(j) * 2 / n
!             end do
!         .
!
!
! -------- Sine Transform of RDFT (Real Anti-symmetric DFT) --------
!     [definition]
!         S(k) = sum_j=1^n-1 a(j)*sin(pi*j*k/n), 0<k<n
!     [usage]
!         ip(0) = 0  ! first time only
!         call dfst(n, a, t, ip, w)
!     [parameters]
!         n            :data length + 1 (integer)
!                       n >= 2, n = power of 2
!         a(0:n-1)     :input/output data (real*8)
!                       output data
!                           a(k) = S(k), 0<k<n
!                       (a(0) is used for work area)
!         t(0:n/2-1)   :work area (real*8)
!         ip(0:*)      :work area for bit reversal (integer)
!                       length of ip >= 2+sqrt(n/4)
!                       strictly, 
!                       length of ip >= 
!                           2+2**(int(log(n/4+0.5)/log(2.0))/2).
!                       ip(0),ip(1) are pointers of the cos/sin table.
!         w(0:n*5/8-1) :cos/sin table (real*8)
!                       w(),ip() are initialized if ip(0) = 0.
!     [remark]
!         Inverse of 
!             call dfst(n, a, t, ip, w)
!         is 
!             call dfst(n, a, t, ip, w)
!             do j = 1, n - 1
!                 a(j) = a(j) * 2 / n
!             end do
!         .
!
!
! Appendix :
!     The cos/sin table is recalculated when the larger table required.
!     w() and ip() are compatible with all routines.
!
!
      subroutine cdft(n, isgn, a, ip, w)
      integer n, isgn, ip(0 : *)
      real*8 a(0 : n - 1), w(0 : *)
      if (n .gt. 4 * ip(0)) then
          call makewt(n / 4, ip, w)
      end if
      if (n .gt. 4) then
          if (isgn .ge. 0) then
              call bitrv2(n, ip(2), a)
              call cftfsub(n, a, w)
          else
              call bitrv2conj(n, ip(2), a)
              call cftbsub(n, a, w)
          end if
      else if (n .eq. 4) then
          call cftfsub(n, a, w)
      end if
      end
!
      subroutine rdft(n, isgn, a, ip, w)
      integer n, isgn, ip(0 : *), nw, nc
      real*8 a(0 : n - 1), w(0 : *), xi
      nw = ip(0)
      if (n .gt. 4 * nw) then
          nw = n / 4
          call makewt(nw, ip, w)
      end if
      nc = ip(1)
      if (n .gt. 4 * nc) then
          nc = n / 4
          call makect(nc, ip, w(nw))
      end if
      if (isgn .ge. 0) then
          if (n .gt. 4) then
              call bitrv2(n, ip(2), a)
              call cftfsub(n, a, w)
              call rftfsub(n, a, nc, w(nw))
          else if (n .eq. 4) then
              call cftfsub(n, a, w)
          end if
          xi = a(0) - a(1)
          a(0) = a(0) + a(1)
          a(1) = xi
      else
          a(1) = 0.5d0 * (a(0) - a(1))
          a(0) = a(0) - a(1)
          if (n .gt. 4) then
              call rftbsub(n, a, nc, w(nw))
              call bitrv2(n, ip(2), a)
              call cftbsub(n, a, w)
          else if (n .eq. 4) then
              call cftfsub(n, a, w)
          end if
      end if
      end
!
      subroutine ddct(n, isgn, a, ip, w)
      integer n, isgn, ip(0 : *), j, nw, nc
      real*8 a(0 : n - 1), w(0 : *), xr
      nw = ip(0)
      if (n .gt. 4 * nw) then
          nw = n / 4
          call makewt(nw, ip, w)
      end if
      nc = ip(1)
      if (n .gt. nc) then
          nc = n
          call makect(nc, ip, w(nw))
      end if
      if (isgn .lt. 0) then
          xr = a(n - 1)
          do j = n - 2, 2, -2
              a(j + 1) = a(j) - a(j - 1)
              a(j) = a(j) + a(j - 1)
          end do
          a(1) = a(0) - xr
          a(0) = a(0) + xr
          if (n .gt. 4) then
              call rftbsub(n, a, nc, w(nw))
              call bitrv2(n, ip(2), a)
              call cftbsub(n, a, w)
          else if (n .eq. 4) then
              call cftfsub(n, a, w)
          end if
      end if
      call dctsub(n, a, nc, w(nw))
      if (isgn .ge. 0) then
          if (n .gt. 4) then
              call bitrv2(n, ip(2), a)
              call cftfsub(n, a, w)
              call rftfsub(n, a, nc, w(nw))
          else if (n .eq. 4) then
              call cftfsub(n, a, w)
          end if
          xr = a(0) - a(1)
          a(0) = a(0) + a(1)
          do j = 2, n - 2, 2
              a(j - 1) = a(j) - a(j + 1)
              a(j) = a(j) + a(j + 1)
          end do
          a(n - 1) = xr
      end if
      end
!
      subroutine ddst(n, isgn, a, ip, w)
      integer n, isgn, ip(0 : *), j, nw, nc
      real*8 a(0 : n - 1), w(0 : *), xr
      nw = ip(0)
      if (n .gt. 4 * nw) then
          nw = n / 4
          call makewt(nw, ip, w)
      end if
      nc = ip(1)
      if (n .gt. nc) then
          nc = n
          call makect(nc, ip, w(nw))
      end if
      if (isgn .lt. 0) then
          xr = a(n - 1)
          do j = n - 2, 2, -2
              a(j + 1) = -a(j) - a(j - 1)
              a(j) = a(j) - a(j - 1)
          end do
          a(1) = a(0) + xr
          a(0) = a(0) - xr
          if (n .gt. 4) then
              call rftbsub(n, a, nc, w(nw))
              call bitrv2(n, ip(2), a)
              call cftbsub(n, a, w)
          else if (n .eq. 4) then
              call cftfsub(n, a, w)
          end if
      end if
      call dstsub(n, a, nc, w(nw))
      if (isgn .ge. 0) then
          if (n .gt. 4) then
              call bitrv2(n, ip(2), a)
              call cftfsub(n, a, w)
              call rftfsub(n, a, nc, w(nw))
          else if (n .eq. 4) then
              call cftfsub(n, a, w)
          end if
          xr = a(0) - a(1)
          a(0) = a(0) + a(1)
          do j = 2, n - 2, 2
              a(j - 1) = -a(j) - a(j + 1)
              a(j) = a(j) - a(j + 1)
          end do
          a(n - 1) = -xr
      end if
      end
!
      subroutine dfct(n, a, t, ip, w)
      integer n, ip(0 : *), j, k, l, m, mh, nw, nc
      real*8 a(0 : n), t(0 : n / 2), w(0 : *), xr, xi, yr, yi
      nw = ip(0)
      if (n .gt. 8 * nw) then
          nw = n / 8
          call makewt(nw, ip, w)
      end if
      nc = ip(1)
      if (n .gt. 2 * nc) then
          nc = n / 2
          call makect(nc, ip, w(nw))
      end if
      m = n / 2
      yi = a(m)
      xi = a(0) + a(n)
      a(0) = a(0) - a(n)
      t(0) = xi - yi
      t(m) = xi + yi
      if (n .gt. 2) then
          mh = m / 2
          do j = 1, mh - 1
              k = m - j
              xr = a(j) - a(n - j)
              xi = a(j) + a(n - j)
              yr = a(k) - a(n - k)
              yi = a(k) + a(n - k)
              a(j) = xr
              a(k) = yr
              t(j) = xi - yi
              t(k) = xi + yi
          end do
          t(mh) = a(mh) + a(n - mh)
          a(mh) = a(mh) - a(n - mh)
          call dctsub(m, a, nc, w(nw))
          if (m .gt. 4) then
              call bitrv2(m, ip(2), a)
              call cftfsub(m, a, w)
              call rftfsub(m, a, nc, w(nw))
          else if (m .eq. 4) then
              call cftfsub(m, a, w)
          end if
          a(n - 1) = a(0) - a(1)
          a(1) = a(0) + a(1)
          do j = m - 2, 2, -2
              a(2 * j + 1) = a(j) + a(j + 1)
              a(2 * j - 1) = a(j) - a(j + 1)
          end do
          l = 2
          m = mh
          do while (m .ge. 2)
              call dctsub(m, t, nc, w(nw))
              if (m .gt. 4) then
                  call bitrv2(m, ip(2), t)
                  call cftfsub(m, t, w)
                  call rftfsub(m, t, nc, w(nw))
              else if (m .eq. 4) then
                  call cftfsub(m, t, w)
              end if
              a(n - l) = t(0) - t(1)
              a(l) = t(0) + t(1)
              k = 0
              do j = 2, m - 2, 2
                  k = k + 4 * l
                  a(k - l) = t(j) - t(j + 1)
                  a(k + l) = t(j) + t(j + 1)
              end do
              l = 2 * l
              mh = m / 2
              do j = 0, mh - 1
                  k = m - j
                  t(j) = t(m + k) - t(m + j)
                  t(k) = t(m + k) + t(m + j)
              end do
              t(mh) = t(m + mh)
              m = mh
          end do
          a(l) = t(0)
          a(n) = t(2) - t(1)
          a(0) = t(2) + t(1)
      else
          a(1) = a(0)
          a(2) = t(0)
          a(0) = t(1)
      end if
      end
!
      subroutine dfst(n, a, t, ip, w)
      integer n, ip(0 : *), j, k, l, m, mh, nw, nc
      real*8 a(0 : n - 1), t(0 : n / 2 - 1), w(0 : *), xr, xi, yr, yi
      nw = ip(0)
      if (n .gt. 8 * nw) then
          nw = n / 8
          call makewt(nw, ip, w)
      end if
      nc = ip(1)
      if (n .gt. 2 * nc) then
          nc = n / 2
          call makect(nc, ip, w(nw))
      end if
      if (n .gt. 2) then
          m = n / 2
          mh = m / 2
          do j = 1, mh - 1
              k = m - j
              xr = a(j) + a(n - j)
              xi = a(j) - a(n - j)
              yr = a(k) + a(n - k)
              yi = a(k) - a(n - k)
              a(j) = xr
              a(k) = yr
              t(j) = xi + yi
              t(k) = xi - yi
          end do
          t(0) = a(mh) - a(n - mh)
          a(mh) = a(mh) + a(n - mh)
          a(0) = a(m)
          call dstsub(m, a, nc, w(nw))
          if (m .gt. 4) then
              call bitrv2(m, ip(2), a)
              call cftfsub(m, a, w)
              call rftfsub(m, a, nc, w(nw))
          else if (m .eq. 4) then
              call cftfsub(m, a, w)
          end if
          a(n - 1) = a(1) - a(0)
          a(1) = a(0) + a(1)
          do j = m - 2, 2, -2
              a(2 * j + 1) = a(j) - a(j + 1)
              a(2 * j - 1) = -a(j) - a(j + 1)
          end do
          l = 2
          m = mh
          do while (m .ge. 2)
              call dstsub(m, t, nc, w(nw))
              if (m .gt. 4) then
                  call bitrv2(m, ip(2), t)
                  call cftfsub(m, t, w)
                  call rftfsub(m, t, nc, w(nw))
              else if (m .eq. 4) then
                  call cftfsub(m, t, w)
              end if
              a(n - l) = t(1) - t(0)
              a(l) = t(0) + t(1)
              k = 0
              do j = 2, m - 2, 2
                  k = k + 4 * l
                  a(k - l) = -t(j) - t(j + 1)
                  a(k + l) = t(j) - t(j + 1)
              end do
              l = 2 * l
              mh = m / 2
              do j = 1, mh - 1
                  k = m - j
                  t(j) = t(m + k) + t(m + j)
                  t(k) = t(m + k) - t(m + j)
              end do
              t(0) = t(m + mh)
              m = mh
          end do
          a(l) = t(0)
      end if
      a(0) = 0
      end
!
! -------- initializing routines --------
!
      subroutine makewt(nw, ip, w)
      integer nw, ip(0 : *), j, nwh
      real*8 w(0 : nw - 1), delta, x, y
      ip(0) = nw
      ip(1) = 1
      if (nw .gt. 2) then
          nwh = nw / 2
          delta = atan(1.0d0) / nwh
          w(0) = 1
          w(1) = 0
          w(nwh) = cos(delta * nwh)
          w(nwh + 1) = w(nwh)
          if (nwh .gt. 2) then
              do j = 2, nwh - 2, 2
                  x = cos(delta * j)
                  y = sin(delta * j)
                  w(j) = x
                  w(j + 1) = y
                  w(nw - j) = y
                  w(nw - j + 1) = x
              end do
              call bitrv2(nw, ip(2), w)
          end if
      end if
      end
!
      subroutine makect(nc, ip, c)
      integer nc, ip(0 : *), j, nch
      real*8 c(0 : nc - 1), delta
      ip(1) = nc
      if (nc .gt. 1) then
          nch = nc / 2
          delta = atan(1.0d0) / nch
          c(0) = cos(delta * nch)
          c(nch) = 0.5d0 * c(0)
          do j = 1, nch - 1
              c(j) = 0.5d0 * cos(delta * j)
              c(nc - j) = 0.5d0 * sin(delta * j)
          end do
      end if
      end
!
! -------- child routines --------
!
      subroutine bitrv2(n, ip, a)
      integer n, ip(0 : *), j, j1, k, k1, l, m, m2
      real*8 a(0 : n - 1), xr, xi, yr, yi
      ip(0) = 0
      l = n
      m = 1
      do while (8 * m .lt. l)
          l = l / 2
          do j = 0, m - 1
              ip(m + j) = ip(j) + l
          end do
          m = m * 2
      end do
      m2 = 2 * m
      if (8 * m .eq. l) then
          do k = 0, m - 1
              do j = 0, k - 1
                  j1 = 2 * j + ip(k)
                  k1 = 2 * k + ip(j)
                  xr = a(j1)
                  xi = a(j1 + 1)
                  yr = a(k1)
                  yi = a(k1 + 1)
                  a(j1) = yr
                  a(j1 + 1) = yi
                  a(k1) = xr
                  a(k1 + 1) = xi
                  j1 = j1 + m2
                  k1 = k1 + 2 * m2
                  xr = a(j1)
                  xi = a(j1 + 1)
                  yr = a(k1)
                  yi = a(k1 + 1)
                  a(j1) = yr
                  a(j1 + 1) = yi
                  a(k1) = xr
                  a(k1 + 1) = xi
                  j1 = j1 + m2
                  k1 = k1 - m2
                  xr = a(j1)
                  xi = a(j1 + 1)
                  yr = a(k1)
                  yi = a(k1 + 1)
                  a(j1) = yr
                  a(j1 + 1) = yi
                  a(k1) = xr
                  a(k1 + 1) = xi
                  j1 = j1 + m2
                  k1 = k1 + 2 * m2
                  xr = a(j1)
                  xi = a(j1 + 1)
                  yr = a(k1)
                  yi = a(k1 + 1)
                  a(j1) = yr
                  a(j1 + 1) = yi
                  a(k1) = xr
                  a(k1 + 1) = xi
              end do
              j1 = 2 * k + m2 + ip(k)
              k1 = j1 + m2
              xr = a(j1)
              xi = a(j1 + 1)
              yr = a(k1)
              yi = a(k1 + 1)
              a(j1) = yr
              a(j1 + 1) = yi
              a(k1) = xr
              a(k1 + 1) = xi
          end do
      else
          do k = 1, m - 1
              do j = 0, k - 1
                  j1 = 2 * j + ip(k)
                  k1 = 2 * k + ip(j)
                  xr = a(j1)
                  xi = a(j1 + 1)
                  yr = a(k1)
                  yi = a(k1 + 1)
                  a(j1) = yr
                  a(j1 + 1) = yi
                  a(k1) = xr
                  a(k1 + 1) = xi
                  j1 = j1 + m2
                  k1 = k1 + m2
                  xr = a(j1)
                  xi = a(j1 + 1)
                  yr = a(k1)
                  yi = a(k1 + 1)
                  a(j1) = yr
                  a(j1 + 1) = yi
                  a(k1) = xr
                  a(k1 + 1) = xi
              end do
          end do
      end if
      end
!
      subroutine bitrv2conj(n, ip, a)
      integer n, ip(0 : *), j, j1, k, k1, l, m, m2
      real*8 a(0 : n - 1), xr, xi, yr, yi
      ip(0) = 0
      l = n
      m = 1
      do while (8 * m .lt. l)
          l = l / 2
          do j = 0, m - 1
              ip(m + j) = ip(j) + l
          end do
          m = m * 2
      end do
      m2 = 2 * m
      if (8 * m .eq. l) then
          do k = 0, m - 1
              do j = 0, k - 1
                  j1 = 2 * j + ip(k)
                  k1 = 2 * k + ip(j)
                  xr = a(j1)
                  xi = -a(j1 + 1)
                  yr = a(k1)
                  yi = -a(k1 + 1)
                  a(j1) = yr
                  a(j1 + 1) = yi
                  a(k1) = xr
                  a(k1 + 1) = xi
                  j1 = j1 + m2
                  k1 = k1 + 2 * m2
                  xr = a(j1)
                  xi = -a(j1 + 1)
                  yr = a(k1)
                  yi = -a(k1 + 1)
                  a(j1) = yr
                  a(j1 + 1) = yi
                  a(k1) = xr
                  a(k1 + 1) = xi
                  j1 = j1 + m2
                  k1 = k1 - m2
                  xr = a(j1)
                  xi = -a(j1 + 1)
                  yr = a(k1)
                  yi = -a(k1 + 1)
                  a(j1) = yr
                  a(j1 + 1) = yi
                  a(k1) = xr
                  a(k1 + 1) = xi
                  j1 = j1 + m2
                  k1 = k1 + 2 * m2
                  xr = a(j1)
                  xi = -a(j1 + 1)
                  yr = a(k1)
                  yi = -a(k1 + 1)
                  a(j1) = yr
                  a(j1 + 1) = yi
                  a(k1) = xr
                  a(k1 + 1) = xi
              end do
              k1 = 2 * k + ip(k)
              a(k1 + 1) = -a(k1 + 1)
              j1 = k1 + m2
              k1 = j1 + m2
              xr = a(j1)
              xi = -a(j1 + 1)
              yr = a(k1)
              yi = -a(k1 + 1)
              a(j1) = yr
              a(j1 + 1) = yi
              a(k1) = xr
              a(k1 + 1) = xi
              k1 = k1 + m2
              a(k1 + 1) = -a(k1 + 1)
          end do
      else
          a(1) = -a(1)
          a(m2 + 1) = -a(m2 + 1)
          do k = 1, m - 1
              do j = 0, k - 1
                  j1 = 2 * j + ip(k)
                  k1 = 2 * k + ip(j)
                  xr = a(j1)
                  xi = -a(j1 + 1)
                  yr = a(k1)
                  yi = -a(k1 + 1)
                  a(j1) = yr
                  a(j1 + 1) = yi
                  a(k1) = xr
                  a(k1 + 1) = xi
                  j1 = j1 + m2
                  k1 = k1 + m2
                  xr = a(j1)
                  xi = -a(j1 + 1)
                  yr = a(k1)
                  yi = -a(k1 + 1)
                  a(j1) = yr
                  a(j1 + 1) = yi
                  a(k1) = xr
                  a(k1 + 1) = xi
              end do
              k1 = 2 * k + ip(k)
              a(k1 + 1) = -a(k1 + 1)
              a(k1 + m2 + 1) = -a(k1 + m2 + 1)
          end do
      end if
      end
!
      subroutine cftfsub(n, a, w)
      integer n, j, j1, j2, j3, l
      real*8 a(0 : n - 1), w(0 : *)
      real*8 x0r, x0i, x1r, x1i, x2r, x2i, x3r, x3i
      l = 2
      if (n .gt. 8) then
          call cft1st(n, a, w)
          l = 8
          do while (4 * l .lt. n)
              call cftmdl(n, l, a, w)
              l = 4 * l
          end do
      end if
      if (4 * l .eq. n) then
          do j = 0, l - 2, 2
              j1 = j + l
              j2 = j1 + l
              j3 = j2 + l
              x0r = a(j) + a(j1)
              x0i = a(j + 1) + a(j1 + 1)
              x1r = a(j) - a(j1)
              x1i = a(j + 1) - a(j1 + 1)
              x2r = a(j2) + a(j3)
              x2i = a(j2 + 1) + a(j3 + 1)
              x3r = a(j2) - a(j3)
              x3i = a(j2 + 1) - a(j3 + 1)
              a(j) = x0r + x2r
              a(j + 1) = x0i + x2i
              a(j2) = x0r - x2r
              a(j2 + 1) = x0i - x2i
              a(j1) = x1r - x3i
              a(j1 + 1) = x1i + x3r
              a(j3) = x1r + x3i
              a(j3 + 1) = x1i - x3r
          end do
      else
          do j = 0, l - 2, 2
              j1 = j + l
              x0r = a(j) - a(j1)
              x0i = a(j + 1) - a(j1 + 1)
              a(j) = a(j) + a(j1)
              a(j + 1) = a(j + 1) + a(j1 + 1)
              a(j1) = x0r
              a(j1 + 1) = x0i
          end do
      end if
      end
!
      subroutine cftbsub(n, a, w)
      integer n, j, j1, j2, j3, l
      real*8 a(0 : n - 1), w(0 : *)
      real*8 x0r, x0i, x1r, x1i, x2r, x2i, x3r, x3i
      l = 2
      if (n .gt. 8) then
          call cft1st(n, a, w)
          l = 8
          do while (4 * l .lt. n)
              call cftmdl(n, l, a, w)
              l = 4 * l
          end do
      end if
      if (4 * l .eq. n) then
          do j = 0, l - 2, 2
              j1 = j + l
              j2 = j1 + l
              j3 = j2 + l
              x0r = a(j) + a(j1)
              x0i = -a(j + 1) - a(j1 + 1)
              x1r = a(j) - a(j1)
              x1i = -a(j + 1) + a(j1 + 1)
              x2r = a(j2) + a(j3)
              x2i = a(j2 + 1) + a(j3 + 1)
              x3r = a(j2) - a(j3)
              x3i = a(j2 + 1) - a(j3 + 1)
              a(j) = x0r + x2r
              a(j + 1) = x0i - x2i
              a(j2) = x0r - x2r
              a(j2 + 1) = x0i + x2i
              a(j1) = x1r - x3i
              a(j1 + 1) = x1i - x3r
              a(j3) = x1r + x3i
              a(j3 + 1) = x1i + x3r
          end do
      else
          do j = 0, l - 2, 2
              j1 = j + l
              x0r = a(j) - a(j1)
              x0i = -a(j + 1) + a(j1 + 1)
              a(j) = a(j) + a(j1)
              a(j + 1) = -a(j + 1) - a(j1 + 1)
              a(j1) = x0r
              a(j1 + 1) = x0i
          end do
      end if
      end
!
      subroutine cft1st(n, a, w)
      integer n, j, k1, k2
      real*8 a(0 : n - 1), w(0 : *)
      real*8 wk1r, wk1i, wk2r, wk2i, wk3r, wk3i
      real*8 x0r, x0i, x1r, x1i, x2r, x2i, x3r, x3i
      x0r = a(0) + a(2)
      x0i = a(1) + a(3)
      x1r = a(0) - a(2)
      x1i = a(1) - a(3)
      x2r = a(4) + a(6)
      x2i = a(5) + a(7)
      x3r = a(4) - a(6)
      x3i = a(5) - a(7)
      a(0) = x0r + x2r
      a(1) = x0i + x2i
      a(4) = x0r - x2r
      a(5) = x0i - x2i
      a(2) = x1r - x3i
      a(3) = x1i + x3r
      a(6) = x1r + x3i
      a(7) = x1i - x3r
      wk1r = w(2)
      x0r = a(8) + a(10)
      x0i = a(9) + a(11)
      x1r = a(8) - a(10)
      x1i = a(9) - a(11)
      x2r = a(12) + a(14)
      x2i = a(13) + a(15)
      x3r = a(12) - a(14)
      x3i = a(13) - a(15)
      a(8) = x0r + x2r
      a(9) = x0i + x2i
      a(12) = x2i - x0i
      a(13) = x0r - x2r
      x0r = x1r - x3i
      x0i = x1i + x3r
      a(10) = wk1r * (x0r - x0i)
      a(11) = wk1r * (x0r + x0i)
      x0r = x3i + x1r
      x0i = x3r - x1i
      a(14) = wk1r * (x0i - x0r)
      a(15) = wk1r * (x0i + x0r)
      k1 = 0
      do j = 16, n - 16, 16
          k1 = k1 + 2
          k2 = 2 * k1
          wk2r = w(k1)
          wk2i = w(k1 + 1)
          wk1r = w(k2)
          wk1i = w(k2 + 1)
          wk3r = wk1r - 2 * wk2i * wk1i
          wk3i = 2 * wk2i * wk1r - wk1i
          x0r = a(j) + a(j + 2)
          x0i = a(j + 1) + a(j + 3)
          x1r = a(j) - a(j + 2)
          x1i = a(j + 1) - a(j + 3)
          x2r = a(j + 4) + a(j + 6)
          x2i = a(j + 5) + a(j + 7)
          x3r = a(j + 4) - a(j + 6)
          x3i = a(j + 5) - a(j + 7)
          a(j) = x0r + x2r
          a(j + 1) = x0i + x2i
          x0r = x0r - x2r
          x0i = x0i - x2i
          a(j + 4) = wk2r * x0r - wk2i * x0i
          a(j + 5) = wk2r * x0i + wk2i * x0r
          x0r = x1r - x3i
          x0i = x1i + x3r
          a(j + 2) = wk1r * x0r - wk1i * x0i
          a(j + 3) = wk1r * x0i + wk1i * x0r
          x0r = x1r + x3i
          x0i = x1i - x3r
          a(j + 6) = wk3r * x0r - wk3i * x0i
          a(j + 7) = wk3r * x0i + wk3i * x0r
          wk1r = w(k2 + 2)
          wk1i = w(k2 + 3)
          wk3r = wk1r - 2 * wk2r * wk1i
          wk3i = 2 * wk2r * wk1r - wk1i
          x0r = a(j + 8) + a(j + 10)
          x0i = a(j + 9) + a(j + 11)
          x1r = a(j + 8) - a(j + 10)
          x1i = a(j + 9) - a(j + 11)
          x2r = a(j + 12) + a(j + 14)
          x2i = a(j + 13) + a(j + 15)
          x3r = a(j + 12) - a(j + 14)
          x3i = a(j + 13) - a(j + 15)
          a(j + 8) = x0r + x2r
          a(j + 9) = x0i + x2i
          x0r = x0r - x2r
          x0i = x0i - x2i
          a(j + 12) = -wk2i * x0r - wk2r * x0i
          a(j + 13) = -wk2i * x0i + wk2r * x0r
          x0r = x1r - x3i
          x0i = x1i + x3r
          a(j + 10) = wk1r * x0r - wk1i * x0i
          a(j + 11) = wk1r * x0i + wk1i * x0r
          x0r = x1r + x3i
          x0i = x1i - x3r
          a(j + 14) = wk3r * x0r - wk3i * x0i
          a(j + 15) = wk3r * x0i + wk3i * x0r
      end do
      end
!
      subroutine cftmdl(n, l, a, w)
      integer n, l, j, j1, j2, j3, k, k1, k2, m, m2
      real*8 a(0 : n - 1), w(0 : *)
      real*8 wk1r, wk1i, wk2r, wk2i, wk3r, wk3i
      real*8 x0r, x0i, x1r, x1i, x2r, x2i, x3r, x3i
      m = 4 * l
      do j = 0, l - 2, 2
          j1 = j + l
          j2 = j1 + l
          j3 = j2 + l
          x0r = a(j) + a(j1)
          x0i = a(j + 1) + a(j1 + 1)
          x1r = a(j) - a(j1)
          x1i = a(j + 1) - a(j1 + 1)
          x2r = a(j2) + a(j3)
          x2i = a(j2 + 1) + a(j3 + 1)
          x3r = a(j2) - a(j3)
          x3i = a(j2 + 1) - a(j3 + 1)
          a(j) = x0r + x2r
          a(j + 1) = x0i + x2i
          a(j2) = x0r - x2r
          a(j2 + 1) = x0i - x2i
          a(j1) = x1r - x3i
          a(j1 + 1) = x1i + x3r
          a(j3) = x1r + x3i
          a(j3 + 1) = x1i - x3r
      end do
      wk1r = w(2)
      do j = m, l + m - 2, 2
          j1 = j + l
          j2 = j1 + l
          j3 = j2 + l
          x0r = a(j) + a(j1)
          x0i = a(j + 1) + a(j1 + 1)
          x1r = a(j) - a(j1)
          x1i = a(j + 1) - a(j1 + 1)
          x2r = a(j2) + a(j3)
          x2i = a(j2 + 1) + a(j3 + 1)
          x3r = a(j2) - a(j3)
          x3i = a(j2 + 1) - a(j3 + 1)
          a(j) = x0r + x2r
          a(j + 1) = x0i + x2i
          a(j2) = x2i - x0i
          a(j2 + 1) = x0r - x2r
          x0r = x1r - x3i
          x0i = x1i + x3r
          a(j1) = wk1r * (x0r - x0i)
          a(j1 + 1) = wk1r * (x0r + x0i)
          x0r = x3i + x1r
          x0i = x3r - x1i
          a(j3) = wk1r * (x0i - x0r)
          a(j3 + 1) = wk1r * (x0i + x0r)
      end do
      k1 = 0
      m2 = 2 * m
      do k = m2, n - m2, m2
          k1 = k1 + 2
          k2 = 2 * k1
          wk2r = w(k1)
          wk2i = w(k1 + 1)
          wk1r = w(k2)
          wk1i = w(k2 + 1)
          wk3r = wk1r - 2 * wk2i * wk1i
          wk3i = 2 * wk2i * wk1r - wk1i
          do j = k, l + k - 2, 2
              j1 = j + l
              j2 = j1 + l
              j3 = j2 + l
              x0r = a(j) + a(j1)
              x0i = a(j + 1) + a(j1 + 1)
              x1r = a(j) - a(j1)
              x1i = a(j + 1) - a(j1 + 1)
              x2r = a(j2) + a(j3)
              x2i = a(j2 + 1) + a(j3 + 1)
              x3r = a(j2) - a(j3)
              x3i = a(j2 + 1) - a(j3 + 1)
              a(j) = x0r + x2r
              a(j + 1) = x0i + x2i
              x0r = x0r - x2r
              x0i = x0i - x2i
              a(j2) = wk2r * x0r - wk2i * x0i
              a(j2 + 1) = wk2r * x0i + wk2i * x0r
              x0r = x1r - x3i
              x0i = x1i + x3r
              a(j1) = wk1r * x0r - wk1i * x0i
              a(j1 + 1) = wk1r * x0i + wk1i * x0r
              x0r = x1r + x3i
              x0i = x1i - x3r
              a(j3) = wk3r * x0r - wk3i * x0i
              a(j3 + 1) = wk3r * x0i + wk3i * x0r
          end do
          wk1r = w(k2 + 2)
          wk1i = w(k2 + 3)
          wk3r = wk1r - 2 * wk2r * wk1i
          wk3i = 2 * wk2r * wk1r - wk1i
          do j = k + m, l + (k + m) - 2, 2
              j1 = j + l
              j2 = j1 + l
              j3 = j2 + l
              x0r = a(j) + a(j1)
              x0i = a(j + 1) + a(j1 + 1)
              x1r = a(j) - a(j1)
              x1i = a(j + 1) - a(j1 + 1)
              x2r = a(j2) + a(j3)
              x2i = a(j2 + 1) + a(j3 + 1)
              x3r = a(j2) - a(j3)
              x3i = a(j2 + 1) - a(j3 + 1)
              a(j) = x0r + x2r
              a(j + 1) = x0i + x2i
              x0r = x0r - x2r
              x0i = x0i - x2i
              a(j2) = -wk2i * x0r - wk2r * x0i
              a(j2 + 1) = -wk2i * x0i + wk2r * x0r
              x0r = x1r - x3i
              x0i = x1i + x3r
              a(j1) = wk1r * x0r - wk1i * x0i
              a(j1 + 1) = wk1r * x0i + wk1i * x0r
              x0r = x1r + x3i
              x0i = x1i - x3r
              a(j3) = wk3r * x0r - wk3i * x0i
              a(j3 + 1) = wk3r * x0i + wk3i * x0r
          end do
      end do
      end
!
      subroutine rftfsub(n, a, nc, c)
      integer n, nc, j, k, kk, ks, m
      real*8 a(0 : n - 1), c(0 : nc - 1), wkr, wki, xr, xi, yr, yi
      m = n / 2
      ks = 2 * nc / m
      kk = 0
      do j = 2, m - 2, 2
          k = n - j
          kk = kk + ks
          wkr = 0.5d0 - c(nc - kk)
          wki = c(kk)
          xr = a(j) - a(k)
          xi = a(j + 1) + a(k + 1)
          yr = wkr * xr - wki * xi
          yi = wkr * xi + wki * xr
          a(j) = a(j) - yr
          a(j + 1) = a(j + 1) - yi
          a(k) = a(k) + yr
          a(k + 1) = a(k + 1) - yi
      end do
      end
!
      subroutine rftbsub(n, a, nc, c)
      integer n, nc, j, k, kk, ks, m
      real*8 a(0 : n - 1), c(0 : nc - 1), wkr, wki, xr, xi, yr, yi
      a(1) = -a(1)
      m = n / 2
      ks = 2 * nc / m
      kk = 0
      do j = 2, m - 2, 2
          k = n - j
          kk = kk + ks
          wkr = 0.5d0 - c(nc - kk)
          wki = c(kk)
          xr = a(j) - a(k)
          xi = a(j + 1) + a(k + 1)
          yr = wkr * xr + wki * xi
          yi = wkr * xi - wki * xr
          a(j) = a(j) - yr
          a(j + 1) = yi - a(j + 1)
          a(k) = a(k) + yr
          a(k + 1) = yi - a(k + 1)
      end do
      a(m + 1) = -a(m + 1)
      end
!
      subroutine dctsub(n, a, nc, c)
      integer n, nc, j, k, kk, ks, m
      real*8 a(0 : n - 1), c(0 : nc - 1), wkr, wki, xr
      m = n / 2
      ks = nc / n
      kk = 0
      do j = 1, m - 1
          k = n - j
          kk = kk + ks
          wkr = c(kk) - c(nc - kk)
          wki = c(kk) + c(nc - kk)
          xr = wki * a(j) - wkr * a(k)
          a(j) = wkr * a(j) + wki * a(k)
          a(k) = xr
      end do
      a(m) = c(0) * a(m)
      end
!
      subroutine dstsub(n, a, nc, c)
      integer n, nc, j, k, kk, ks, m
      real*8 a(0 : n - 1), c(0 : nc - 1), wkr, wki, xr
      m = n / 2
      ks = nc / n
      kk = 0
      do j = 1, m - 1
          k = n - j
          kk = kk + ks
          wkr = c(kk) - c(nc - kk)
          wki = c(kk) + c(nc - kk)
          xr = wki * a(k) - wkr * a(j)
          a(k) = wkr * a(k) + wki * a(j)
          a(j) = xr
      end do
      a(m) = c(0) * a(m)
      end
!







Viz/fft/fft4g_h.c

/*
Fast Fourier/Cosine/Sine Transform
    dimension   :one
    data length :power of 2
    decimation  :frequency
    radix       :4, 2
    data        :inplace
    table       :not use
functions
    cdft: Complex Discrete Fourier Transform
    rdft: Real Discrete Fourier Transform
    ddct: Discrete Cosine Transform
    ddst: Discrete Sine Transform
    dfct: Cosine Transform of RDFT (Real Symmetric DFT)
    dfst: Sine Transform of RDFT (Real Anti-symmetric DFT)
function prototypes
    void cdft(int, int, double *);
    void rdft(int, int, double *);
    void ddct(int, int, double *);
    void ddst(int, int, double *);
    void dfct(int, double *);
    void dfst(int, double *);


-------- Complex DFT (Discrete Fourier Transform) --------
    [definition]
        <case1>
            X[k] = sum_j=0^n-1 x[j]*exp(2*pi*i*j*k/n), 0<=k<n
        <case2>
            X[k] = sum_j=0^n-1 x[j]*exp(-2*pi*i*j*k/n), 0<=k<n
        (notes: sum_j=0^n-1 is a summation from j=0 to n-1)
    [usage]
        <case1>
            cdft(2*n, 1, a);
        <case2>
            cdft(2*n, -1, a);
    [parameters]
        2*n            :data length (int)
                        n >= 1, n = power of 2
        a[0...2*n-1]   :input/output data (double *)
                        input data
                            a[2*j] = Re(x[j]), 
                            a[2*j+1] = Im(x[j]), 0<=j<n
                        output data
                            a[2*k] = Re(X[k]), 
                            a[2*k+1] = Im(X[k]), 0<=k<n
    [remark]
        Inverse of 
            cdft(2*n, -1, a);
        is 
            cdft(2*n, 1, a);
            for (j = 0; j <= 2 * n - 1; j++) {
                a[j] *= 1.0 / n;
            }
        .


-------- Real DFT / Inverse of Real DFT --------
    [definition]
        <case1> RDFT
            R[k] = sum_j=0^n-1 a[j]*cos(2*pi*j*k/n), 0<=k<=n/2
            I[k] = sum_j=0^n-1 a[j]*sin(2*pi*j*k/n), 0<k<n/2
        <case2> IRDFT (excluding scale)
            a[k] = (R[0] + R[n/2]*cos(pi*k))/2 + 
                   sum_j=1^n/2-1 R[j]*cos(2*pi*j*k/n) + 
                   sum_j=1^n/2-1 I[j]*sin(2*pi*j*k/n), 0<=k<n
    [usage]
        <case1>
            rdft(n, 1, a);
        <case2>
            rdft(n, -1, a);
    [parameters]
        n              :data length (int)
                        n >= 2, n = power of 2
        a[0...n-1]     :input/output data (double *)
                        <case1>
                            output data
                                a[2*k] = R[k], 0<=k<n/2
                                a[2*k+1] = I[k], 0<k<n/2
                                a[1] = R[n/2]
                        <case2>
                            input data
                                a[2*j] = R[j], 0<=j<n/2
                                a[2*j+1] = I[j], 0<j<n/2
                                a[1] = R[n/2]
    [remark]
        Inverse of 
            rdft(n, 1, a);
        is 
            rdft(n, -1, a);
            for (j = 0; j <= n - 1; j++) {
                a[j] *= 2.0 / n;
            }
        .


-------- DCT (Discrete Cosine Transform) / Inverse of DCT --------
    [definition]
        <case1> IDCT (excluding scale)
            C[k] = sum_j=0^n-1 a[j]*cos(pi*j*(k+1/2)/n), 0<=k<n
        <case2> DCT
            C[k] = sum_j=0^n-1 a[j]*cos(pi*(j+1/2)*k/n), 0<=k<n
    [usage]
        <case1>
            ddct(n, 1, a);
        <case2>
            ddct(n, -1, a);
    [parameters]
        n              :data length (int)
                        n >= 2, n = power of 2
        a[0...n-1]     :input/output data (double *)
                        output data
                            a[k] = C[k], 0<=k<n
    [remark]
        Inverse of 
            ddct(n, -1, a);
        is 
            a[0] *= 0.5;
            ddct(n, 1, a);
            for (j = 0; j <= n - 1; j++) {
                a[j] *= 2.0 / n;
            }
        .


-------- DST (Discrete Sine Transform) / Inverse of DST --------
    [definition]
        <case1> IDST (excluding scale)
            S[k] = sum_j=1^n A[j]*sin(pi*j*(k+1/2)/n), 0<=k<n
        <case2> DST
            S[k] = sum_j=0^n-1 a[j]*sin(pi*(j+1/2)*k/n), 0<k<=n
    [usage]
        <case1>
            ddst(n, 1, a);
        <case2>
            ddst(n, -1, a);
    [parameters]
        n              :data length (int)
                        n >= 2, n = power of 2
        a[0...n-1]     :input/output data (double *)
                        <case1>
                            input data
                                a[j] = A[j], 0<j<n
                                a[0] = A[n]
                            output data
                                a[k] = S[k], 0<=k<n
                        <case2>
                            output data
                                a[k] = S[k], 0<k<n
                                a[0] = S[n]
    [remark]
        Inverse of 
            ddst(n, -1, a);
        is 
            a[0] *= 0.5;
            ddst(n, 1, a);
            for (j = 0; j <= n - 1; j++) {
                a[j] *= 2.0 / n;
            }
        .


-------- Cosine Transform of RDFT (Real Symmetric DFT) --------
    [definition]
        C[k] = sum_j=0^n a[j]*cos(pi*j*k/n), 0<=k<=n
    [usage]
        dfct(n, a);
    [parameters]
        n              :data length - 1 (int)
                        n >= 2, n = power of 2
        a[0...n]       :input/output data (double *)
                        output data
                            a[k] = C[k], 0<=k<=n
    [remark]
        Inverse of 
            a[0] *= 0.5;
            a[n] *= 0.5;
            dfct(n, a);
        is 
            a[0] *= 0.5;
            a[n] *= 0.5;
            dfct(n, a);
            for (j = 0; j <= n; j++) {
                a[j] *= 2.0 / n;
            }
        .


-------- Sine Transform of RDFT (Real Anti-symmetric DFT) --------
    [definition]
        S[k] = sum_j=1^n-1 a[j]*sin(pi*j*k/n), 0<k<n
    [usage]
        dfst(n, a);
    [parameters]
        n              :data length + 1 (int)
                        n >= 2, n = power of 2
        a[0...n-1]     :input/output data (double *)
                        output data
                            a[k] = S[k], 0<k<n
                        (a[0] is used for work area)
    [remark]
        Inverse of 
            dfst(n, a);
        is 
            dfst(n, a);
            for (j = 1; j <= n - 1; j++) {
                a[j] *= 2.0 / n;
            }
        .
*/


void cdft(int n, int isgn, double *a)
{
    void bitrv2(int n, double *a);
    void bitrv2conj(int n, double *a);
    void cftfsub(int n, double *a);
    void cftbsub(int n, double *a);
    
    if (n > 4) {
        if (isgn >= 0) {
            bitrv2(n, a);
            cftfsub(n, a);
        } else {
            bitrv2conj(n, a);
            cftbsub(n, a);
        }
    } else if (n == 4) {
        cftfsub(n, a);
    }
}


void rdft(int n, int isgn, double *a)
{
    void bitrv2(int n, double *a);
    void cftfsub(int n, double *a);
    void cftbsub(int n, double *a);
    void rftfsub(int n, double *a);
    void rftbsub(int n, double *a);
    double xi;
    
    if (isgn >= 0) {
        if (n > 4) {
            bitrv2(n, a);
            cftfsub(n, a);
            rftfsub(n, a);
        } else if (n == 4) {
            cftfsub(n, a);
        }
        xi = a[0] - a[1];
        a[0] += a[1];
        a[1] = xi;
    } else {
        a[1] = 0.5 * (a[0] - a[1]);
        a[0] -= a[1];
        if (n > 4) {
            rftbsub(n, a);
            bitrv2(n, a);
            cftbsub(n, a);
        } else if (n == 4) {
            cftfsub(n, a);
        }
    }
}


void ddct(int n, int isgn, double *a)
{
    void bitrv2(int n, double *a);
    void cftfsub(int n, double *a);
    void cftbsub(int n, double *a);
    void rftfsub(int n, double *a);
    void rftbsub(int n, double *a);
    void dctsub(int n, double *a);
    void dctsub4(int n, double *a);
    int j;
    double xr;
    
    if (isgn < 0) {
        xr = a[n - 1];
        for (j = n - 2; j >= 2; j -= 2) {
            a[j + 1] = a[j] - a[j - 1];
            a[j] += a[j - 1];
        }
        a[1] = a[0] - xr;
        a[0] += xr;
        if (n > 4) {
            rftbsub(n, a);
            bitrv2(n, a);
            cftbsub(n, a);
        } else if (n == 4) {
            cftfsub(n, a);
        }
    }
    if (n > 4) {
        dctsub(n, a);
    } else {
        dctsub4(n, a);
    }
    if (isgn >= 0) {
        if (n > 4) {
            bitrv2(n, a);
            cftfsub(n, a);
            rftfsub(n, a);
        } else if (n == 4) {
            cftfsub(n, a);
        }
        xr = a[0] - a[1];
        a[0] += a[1];
        for (j = 2; j < n; j += 2) {
            a[j - 1] = a[j] - a[j + 1];
            a[j] += a[j + 1];
        }
        a[n - 1] = xr;
    }
}


void ddst(int n, int isgn, double *a)
{
    void bitrv2(int n, double *a);
    void cftfsub(int n, double *a);
    void cftbsub(int n, double *a);
    void rftfsub(int n, double *a);
    void rftbsub(int n, double *a);
    void dstsub(int n, double *a);
    void dstsub4(int n, double *a);
    int j;
    double xr;
    
    if (isgn < 0) {
        xr = a[n - 1];
        for (j = n - 2; j >= 2; j -= 2) {
            a[j + 1] = -a[j] - a[j - 1];
            a[j] -= a[j - 1];
        }
        a[1] = a[0] + xr;
        a[0] -= xr;
        if (n > 4) {
            rftbsub(n, a);
            bitrv2(n, a);
            cftbsub(n, a);
        } else if (n == 4) {
            cftfsub(n, a);
        }
    }
    if (n > 4) {
        dstsub(n, a);
    } else {
        dstsub4(n, a);
    }
    if (isgn >= 0) {
        if (n > 4) {
            bitrv2(n, a);
            cftfsub(n, a);
            rftfsub(n, a);
        } else if (n == 4) {
            cftfsub(n, a);
        }
        xr = a[0] - a[1];
        a[0] += a[1];
        for (j = 2; j < n; j += 2) {
            a[j - 1] = -a[j] - a[j + 1];
            a[j] -= a[j + 1];
        }
        a[n - 1] = -xr;
    }
}


void dfct(int n, double *a)
{
    void ddct(int n, int isgn, double *a);
    void bitrv1(int n, double *a);
    int j, k, m, mh;
    double xr, xi, yr, yi, an;
    
    m = n >> 1;
    for (j = 0; j < m; j++) {
        k = n - j;
        xr = a[j] + a[k];
        a[j] -= a[k];
        a[k] = xr;
    }
    an = a[n];
    while (m >= 2) {
        ddct(m, 1, a);
        bitrv1(m, a);
        mh = m >> 1;
        xi = a[m];
        a[m] = a[0];
        a[0] = an - xi;
        an += xi;
        for (j = 1; j < mh; j++) {
            k = m - j;
            xr = a[m + k];
            xi = a[m + j];
            yr = a[j];
            yi = a[k];
            a[m + j] = yr;
            a[m + k] = yi;
            a[j] = xr - xi;
            a[k] = xr + xi;
        }
        xr = a[mh];
        a[mh] = a[m + mh];
        a[m + mh] = xr;
        m = mh;
    }
    xi = a[1];
    a[1] = a[0];
    a[0] = an + xi;
    a[n] = an - xi;
    bitrv1(n, a);
}


void dfst(int n, double *a)
{
    void ddst(int n, int isgn, double *a);
    void bitrv1(int n, double *a);
    int j, k, m, mh;
    double xr, xi, yr, yi;
    
    m = n >> 1;
    for (j = 1; j < m; j++) {
        k = n - j;
        xr = a[j] - a[k];
        a[j] += a[k];
        a[k] = xr;
    }
    a[0] = a[m];
    while (m >= 2) {
        ddst(m, 1, a);
        bitrv1(m, a);
        mh = m >> 1;
        for (j = 1; j < mh; j++) {
            k = m - j;
            xr = a[m + k];
            xi = a[m + j];
            yr = a[j];
            yi = a[k];
            a[m + j] = yr;
            a[m + k] = yi;
            a[j] = xr + xi;
            a[k] = xr - xi;
        }
        a[m] = a[0];
        a[0] = a[m + mh];
        a[m + mh] = a[mh];
        m = mh;
    }
    a[1] = a[0];
    a[0] = 0;
    bitrv1(n, a);
}


/* -------- child routines -------- */


#include <math.h>
#ifndef M_PI_2
#define M_PI_2      1.570796326794896619231321691639751442098584699687
#endif
#ifndef WR5000  /* cos(M_PI_2*0.5000) */
#define WR5000      0.707106781186547524400844362104849039284835937688
#endif
#ifndef WR2500  /* cos(M_PI_2*0.2500) */
#define WR2500      0.923879532511286756128183189396788286822416625863
#endif
#ifndef WI2500  /* sin(M_PI_2*0.2500) */
#define WI2500      0.382683432365089771728459984030398866761344562485
#endif


#ifndef RDFT_LOOP_DIV  /* control of the RDFT's speed & tolerance */
#define RDFT_LOOP_DIV 64
#endif

#ifndef DCST_LOOP_DIV  /* control of the DCT,DST's speed & tolerance */
#define DCST_LOOP_DIV 64
#endif


void bitrv2(int n, double *a)
{
    int j0, k0, j1, k1, l, m, i, j, k;
    double xr, xi, yr, yi;
    
    l = n >> 2;
    m = 2;
    while (m < l) {
        l >>= 1;
        m <<= 1;
    }
    if (m == l) {
        j0 = 0;
        for (k0 = 0; k0 < m; k0 += 2) {
            k = k0;
            for (j = j0; j < j0 + k0; j += 2) {
                xr = a[j];
                xi = a[j + 1];
                yr = a[k];
                yi = a[k + 1];
                a[j] = yr;
                a[j + 1] = yi;
                a[k] = xr;
                a[k + 1] = xi;
                j1 = j + m;
                k1 = k + 2 * m;
                xr = a[j1];
                xi = a[j1 + 1];
                yr = a[k1];
                yi = a[k1 + 1];
                a[j1] = yr;
                a[j1 + 1] = yi;
                a[k1] = xr;
                a[k1 + 1] = xi;
                j1 += m;
                k1 -= m;
                xr = a[j1];
                xi = a[j1 + 1];
                yr = a[k1];
                yi = a[k1 + 1];
                a[j1] = yr;
                a[j1 + 1] = yi;
                a[k1] = xr;
                a[k1 + 1] = xi;
                j1 += m;
                k1 += 2 * m;
                xr = a[j1];
                xi = a[j1 + 1];
                yr = a[k1];
                yi = a[k1 + 1];
                a[j1] = yr;
                a[j1 + 1] = yi;
                a[k1] = xr;
                a[k1 + 1] = xi;
                for (i = n >> 1; i > (k ^= i); i >>= 1);
            }
            j1 = j0 + k0 + m;
            k1 = j1 + m;
            xr = a[j1];
            xi = a[j1 + 1];
            yr = a[k1];
            yi = a[k1 + 1];
            a[j1] = yr;
            a[j1 + 1] = yi;
            a[k1] = xr;
            a[k1 + 1] = xi;
            for (i = n >> 1; i > (j0 ^= i); i >>= 1);
        }
    } else {
        j0 = 0;
        for (k0 = 2; k0 < m; k0 += 2) {
            for (i = n >> 1; i > (j0 ^= i); i >>= 1);
            k = k0;
            for (j = j0; j < j0 + k0; j += 2) {
                xr = a[j];
                xi = a[j + 1];
                yr = a[k];
                yi = a[k + 1];
                a[j] = yr;
                a[j + 1] = yi;
                a[k] = xr;
                a[k + 1] = xi;
                j1 = j + m;
                k1 = k + m;
                xr = a[j1];
                xi = a[j1 + 1];
                yr = a[k1];
                yi = a[k1 + 1];
                a[j1] = yr;
                a[j1 + 1] = yi;
                a[k1] = xr;
                a[k1 + 1] = xi;
                for (i = n >> 1; i > (k ^= i); i >>= 1);
            }
        }
    }
}


void bitrv2conj(int n, double *a)
{
    int j0, k0, j1, k1, l, m, i, j, k;
    double xr, xi, yr, yi;
    
    l = n >> 2;
    m = 2;
    while (m < l) {
        l >>= 1;
        m <<= 1;
    }
    if (m == l) {
        j0 = 0;
        for (k0 = 0; k0 < m; k0 += 2) {
            k = k0;
            for (j = j0; j < j0 + k0; j += 2) {
                xr = a[j];
                xi = -a[j + 1];
                yr = a[k];
                yi = -a[k + 1];
                a[j] = yr;
                a[j + 1] = yi;
                a[k] = xr;
                a[k + 1] = xi;
                j1 = j + m;
                k1 = k + 2 * m;
                xr = a[j1];
                xi = -a[j1 + 1];
                yr = a[k1];
                yi = -a[k1 + 1];
                a[j1] = yr;
                a[j1 + 1] = yi;
                a[k1] = xr;
                a[k1 + 1] = xi;
                j1 += m;
                k1 -= m;
                xr = a[j1];
                xi = -a[j1 + 1];
                yr = a[k1];
                yi = -a[k1 + 1];
                a[j1] = yr;
                a[j1 + 1] = yi;
                a[k1] = xr;
                a[k1 + 1] = xi;
                j1 += m;
                k1 += 2 * m;
                xr = a[j1];
                xi = -a[j1 + 1];
                yr = a[k1];
                yi = -a[k1 + 1];
                a[j1] = yr;
                a[j1 + 1] = yi;
                a[k1] = xr;
                a[k1 + 1] = xi;
                for (i = n >> 1; i > (k ^= i); i >>= 1);
            }
            k1 = j0 + k0;
            a[k1 + 1] = -a[k1 + 1];
            j1 = k1 + m;
            k1 = j1 + m;
            xr = a[j1];
            xi = -a[j1 + 1];
            yr = a[k1];
            yi = -a[k1 + 1];
            a[j1] = yr;
            a[j1 + 1] = yi;
            a[k1] = xr;
            a[k1 + 1] = xi;
            k1 += m;
            a[k1 + 1] = -a[k1 + 1];
            for (i = n >> 1; i > (j0 ^= i); i >>= 1);
        }
    } else {
        a[1] = -a[1];
        a[m + 1] = -a[m + 1];
        j0 = 0;
        for (k0 = 2; k0 < m; k0 += 2) {
            for (i = n >> 1; i > (j0 ^= i); i >>= 1);
            k = k0;
            for (j = j0; j < j0 + k0; j += 2) {
                xr = a[j];
                xi = -a[j + 1];
                yr = a[k];
                yi = -a[k + 1];
                a[j] = yr;
                a[j + 1] = yi;
                a[k] = xr;
                a[k + 1] = xi;
                j1 = j + m;
                k1 = k + m;
                xr = a[j1];
                xi = -a[j1 + 1];
                yr = a[k1];
                yi = -a[k1 + 1];
                a[j1] = yr;
                a[j1 + 1] = yi;
                a[k1] = xr;
                a[k1 + 1] = xi;
                for (i = n >> 1; i > (k ^= i); i >>= 1);
            }
            k1 = j0 + k0;
            a[k1 + 1] = -a[k1 + 1];
            a[k1 + m + 1] = -a[k1 + m + 1];
        }
    }
}


void bitrv1(int n, double *a)
{
    int j0, k0, j1, k1, l, m, i, j, k;
    double x;
    
    l = n >> 2;
    m = 1;
    while (m < l) {
        l >>= 1;
        m <<= 1;
    }
    if (m == l) {
        j0 = 0;
        for (k0 = 0; k0 < m; k0++) {
            k = k0;
            for (j = j0; j < j0 + k0; j++) {
                x = a[j];
                a[j] = a[k];
                a[k] = x;
                j1 = j + m;
                k1 = k + 2 * m;
                x = a[j1];
                a[j1] = a[k1];
                a[k1] = x;
                j1 += m;
                k1 -= m;
                x = a[j1];
                a[j1] = a[k1];
                a[k1] = x;
                j1 += m;
                k1 += 2 * m;
                x = a[j1];
                a[j1] = a[k1];
                a[k1] = x;
                for (i = n >> 1; i > (k ^= i); i >>= 1);
            }
            j1 = j0 + k0 + m;
            k1 = j1 + m;
            x = a[j1];
            a[j1] = a[k1];
            a[k1] = x;
            for (i = n >> 1; i > (j0 ^= i); i >>= 1);
        }
    } else {
        j0 = 0;
        for (k0 = 1; k0 < m; k0++) {
            for (i = n >> 1; i > (j0 ^= i); i >>= 1);
            k = k0;
            for (j = j0; j < j0 + k0; j++) {
                x = a[j];
                a[j] = a[k];
                a[k] = x;
                j1 = j + m;
                k1 = k + m;
                x = a[j1];
                a[j1] = a[k1];
                a[k1] = x;
                for (i = n >> 1; i > (k ^= i); i >>= 1);
            }
        }
    }
}


void cftfsub(int n, double *a)
{
    void cft1st(int n, double *a);
    void cftmdl(int n, int l, double *a);
    int j, j1, j2, j3, l;
    double x0r, x0i, x1r, x1i, x2r, x2i, x3r, x3i;
    
    l = 2;
    if (n > 8) {
        cft1st(n, a);
        l = 8;
        while ((l << 2) < n) {
            cftmdl(n, l, a);
            l <<= 2;
        }
    }
    if ((l << 2) == n) {
        for (j = 0; j < l; j += 2) {
            j1 = j + l;
            j2 = j1 + l;
            j3 = j2 + l;
            x0r = a[j] + a[j1];
            x0i = a[j + 1] + a[j1 + 1];
            x1r = a[j] - a[j1];
            x1i = a[j + 1] - a[j1 + 1];
            x2r = a[j2] + a[j3];
            x2i = a[j2 + 1] + a[j3 + 1];
            x3r = a[j2] - a[j3];
            x3i = a[j2 + 1] - a[j3 + 1];
            a[j] = x0r + x2r;
            a[j + 1] = x0i + x2i;
            a[j2] = x0r - x2r;
            a[j2 + 1] = x0i - x2i;
            a[j1] = x1r - x3i;
            a[j1 + 1] = x1i + x3r;
            a[j3] = x1r + x3i;
            a[j3 + 1] = x1i - x3r;
        }
    } else {
        for (j = 0; j < l; j += 2) {
            j1 = j + l;
            x0r = a[j] - a[j1];
            x0i = a[j + 1] - a[j1 + 1];
            a[j] += a[j1];
            a[j + 1] += a[j1 + 1];
            a[j1] = x0r;
            a[j1 + 1] = x0i;
        }
    }
}


void cftbsub(int n, double *a)
{
    void cft1st(int n, double *a);
    void cftmdl(int n, int l, double *a);
    int j, j1, j2, j3, l;
    double x0r, x0i, x1r, x1i, x2r, x2i, x3r, x3i;
    
    l = 2;
    if (n > 8) {
        cft1st(n, a);
        l = 8;
        while ((l << 2) < n) {
            cftmdl(n, l, a);
            l <<= 2;
        }
    }
    if ((l << 2) == n) {
        for (j = 0; j < l; j += 2) {
            j1 = j + l;
            j2 = j1 + l;
            j3 = j2 + l;
            x0r = a[j] + a[j1];
            x0i = -a[j + 1] - a[j1 + 1];
            x1r = a[j] - a[j1];
            x1i = -a[j + 1] + a[j1 + 1];
            x2r = a[j2] + a[j3];
            x2i = a[j2 + 1] + a[j3 + 1];
            x3r = a[j2] - a[j3];
            x3i = a[j2 + 1] - a[j3 + 1];
            a[j] = x0r + x2r;
            a[j + 1] = x0i - x2i;
            a[j2] = x0r - x2r;
            a[j2 + 1] = x0i + x2i;
            a[j1] = x1r - x3i;
            a[j1 + 1] = x1i - x3r;
            a[j3] = x1r + x3i;
            a[j3 + 1] = x1i + x3r;
        }
    } else {
        for (j = 0; j < l; j += 2) {
            j1 = j + l;
            x0r = a[j] - a[j1];
            x0i = -a[j + 1] + a[j1 + 1];
            a[j] += a[j1];
            a[j + 1] = -a[j + 1] - a[j1 + 1];
            a[j1] = x0r;
            a[j1 + 1] = x0i;
        }
    }
}


void cft1st(int n, double *a)
{
    int j, kj, kr;
    double ew, wn4r, wk1r, wk1i, wk2r, wk2i, wk3r, wk3i;
    double x0r, x0i, x1r, x1i, x2r, x2i, x3r, x3i;
    
    x0r = a[0] + a[2];
    x0i = a[1] + a[3];
    x1r = a[0] - a[2];
    x1i = a[1] - a[3];
    x2r = a[4] + a[6];
    x2i = a[5] + a[7];
    x3r = a[4] - a[6];
    x3i = a[5] - a[7];
    a[0] = x0r + x2r;
    a[1] = x0i + x2i;
    a[4] = x0r - x2r;
    a[5] = x0i - x2i;
    a[2] = x1r - x3i;
    a[3] = x1i + x3r;
    a[6] = x1r + x3i;
    a[7] = x1i - x3r;
    wn4r = WR5000;
    x0r = a[8] + a[10];
    x0i = a[9] + a[11];
    x1r = a[8] - a[10];
    x1i = a[9] - a[11];
    x2r = a[12] + a[14];
    x2i = a[13] + a[15];
    x3r = a[12] - a[14];
    x3i = a[13] - a[15];
    a[8] = x0r + x2r;
    a[9] = x0i + x2i;
    a[12] = x2i - x0i;
    a[13] = x0r - x2r;
    x0r = x1r - x3i;
    x0i = x1i + x3r;
    a[10] = wn4r * (x0r - x0i);
    a[11] = wn4r * (x0r + x0i);
    x0r = x3i + x1r;
    x0i = x3r - x1i;
    a[14] = wn4r * (x0i - x0r);
    a[15] = wn4r * (x0i + x0r);
    ew = M_PI_2 / n;
    kr = 0;
    for (j = 16; j < n; j += 16) {
        for (kj = n >> 2; kj > (kr ^= kj); kj >>= 1);
        wk1r = cos(ew * kr);
        wk1i = sin(ew * kr);
        wk2r = 1 - 2 * wk1i * wk1i;
        wk2i = 2 * wk1i * wk1r;
        wk3r = wk1r - 2 * wk2i * wk1i;
        wk3i = 2 * wk2i * wk1r - wk1i;
        x0r = a[j] + a[j + 2];
        x0i = a[j + 1] + a[j + 3];
        x1r = a[j] - a[j + 2];
        x1i = a[j + 1] - a[j + 3];
        x2r = a[j + 4] + a[j + 6];
        x2i = a[j + 5] + a[j + 7];
        x3r = a[j + 4] - a[j + 6];
        x3i = a[j + 5] - a[j + 7];
        a[j] = x0r + x2r;
        a[j + 1] = x0i + x2i;
        x0r -= x2r;
        x0i -= x2i;
        a[j + 4] = wk2r * x0r - wk2i * x0i;
        a[j + 5] = wk2r * x0i + wk2i * x0r;
        x0r = x1r - x3i;
        x0i = x1i + x3r;
        a[j + 2] = wk1r * x0r - wk1i * x0i;
        a[j + 3] = wk1r * x0i + wk1i * x0r;
        x0r = x1r + x3i;
        x0i = x1i - x3r;
        a[j + 6] = wk3r * x0r - wk3i * x0i;
        a[j + 7] = wk3r * x0i + wk3i * x0r;
        x0r = wn4r * (wk1r - wk1i);
        wk1i = wn4r * (wk1r + wk1i);
        wk1r = x0r;
        wk3r = wk1r - 2 * wk2r * wk1i;
        wk3i = 2 * wk2r * wk1r - wk1i;
        x0r = a[j + 8] + a[j + 10];
        x0i = a[j + 9] + a[j + 11];
        x1r = a[j + 8] - a[j + 10];
        x1i = a[j + 9] - a[j + 11];
        x2r = a[j + 12] + a[j + 14];
        x2i = a[j + 13] + a[j + 15];
        x3r = a[j + 12] - a[j + 14];
        x3i = a[j + 13] - a[j + 15];
        a[j + 8] = x0r + x2r;
        a[j + 9] = x0i + x2i;
        x0r -= x2r;
        x0i -= x2i;
        a[j + 12] = -wk2i * x0r - wk2r * x0i;
        a[j + 13] = -wk2i * x0i + wk2r * x0r;
        x0r = x1r - x3i;
        x0i = x1i + x3r;
        a[j + 10] = wk1r * x0r - wk1i * x0i;
        a[j + 11] = wk1r * x0i + wk1i * x0r;
        x0r = x1r + x3i;
        x0i = x1i - x3r;
        a[j + 14] = wk3r * x0r - wk3i * x0i;
        a[j + 15] = wk3r * x0i + wk3i * x0r;
    }
}


void cftmdl(int n, int l, double *a)
{
    int j, j1, j2, j3, k, kj, kr, m, m2;
    double ew, wn4r, wk1r, wk1i, wk2r, wk2i, wk3r, wk3i;
    double x0r, x0i, x1r, x1i, x2r, x2i, x3r, x3i;
    
    m = l << 2;
    for (j = 0; j < l; j += 2) {
        j1 = j + l;
        j2 = j1 + l;
        j3 = j2 + l;
        x0r = a[j] + a[j1];
        x0i = a[j + 1] + a[j1 + 1];
        x1r = a[j] - a[j1];
        x1i = a[j + 1] - a[j1 + 1];
        x2r = a[j2] + a[j3];
        x2i = a[j2 + 1] + a[j3 + 1];
        x3r = a[j2] - a[j3];
        x3i = a[j2 + 1] - a[j3 + 1];
        a[j] = x0r + x2r;
        a[j + 1] = x0i + x2i;
        a[j2] = x0r - x2r;
        a[j2 + 1] = x0i - x2i;
        a[j1] = x1r - x3i;
        a[j1 + 1] = x1i + x3r;
        a[j3] = x1r + x3i;
        a[j3 + 1] = x1i - x3r;
    }
    wn4r = WR5000;
    for (j = m; j < l + m; j += 2) {
        j1 = j + l;
        j2 = j1 + l;
        j3 = j2 + l;
        x0r = a[j] + a[j1];
        x0i = a[j + 1] + a[j1 + 1];
        x1r = a[j] - a[j1];
        x1i = a[j + 1] - a[j1 + 1];
        x2r = a[j2] + a[j3];
        x2i = a[j2 + 1] + a[j3 + 1];
        x3r = a[j2] - a[j3];
        x3i = a[j2 + 1] - a[j3 + 1];
        a[j] = x0r + x2r;
        a[j + 1] = x0i + x2i;
        a[j2] = x2i - x0i;
        a[j2 + 1] = x0r - x2r;
        x0r = x1r - x3i;
        x0i = x1i + x3r;
        a[j1] = wn4r * (x0r - x0i);
        a[j1 + 1] = wn4r * (x0r + x0i);
        x0r = x3i + x1r;
        x0i = x3r - x1i;
        a[j3] = wn4r * (x0i - x0r);
        a[j3 + 1] = wn4r * (x0i + x0r);
    }
    ew = M_PI_2 / n;
    kr = 0;
    m2 = 2 * m;
    for (k = m2; k < n; k += m2) {
        for (kj = n >> 2; kj > (kr ^= kj); kj >>= 1);
        wk1r = cos(ew * kr);
        wk1i = sin(ew * kr);
        wk2r = 1 - 2 * wk1i * wk1i;
        wk2i = 2 * wk1i * wk1r;
        wk3r = wk1r - 2 * wk2i * wk1i;
        wk3i = 2 * wk2i * wk1r - wk1i;
        for (j = k; j < l + k; j += 2) {
            j1 = j + l;
            j2 = j1 + l;
            j3 = j2 + l;
            x0r = a[j] + a[j1];
            x0i = a[j + 1] + a[j1 + 1];
            x1r = a[j] - a[j1];
            x1i = a[j + 1] - a[j1 + 1];
            x2r = a[j2] + a[j3];
            x2i = a[j2 + 1] + a[j3 + 1];
            x3r = a[j2] - a[j3];
            x3i = a[j2 + 1] - a[j3 + 1];
            a[j] = x0r + x2r;
            a[j + 1] = x0i + x2i;
            x0r -= x2r;
            x0i -= x2i;
            a[j2] = wk2r * x0r - wk2i * x0i;
            a[j2 + 1] = wk2r * x0i + wk2i * x0r;
            x0r = x1r - x3i;
            x0i = x1i + x3r;
            a[j1] = wk1r * x0r - wk1i * x0i;
            a[j1 + 1] = wk1r * x0i + wk1i * x0r;
            x0r = x1r + x3i;
            x0i = x1i - x3r;
            a[j3] = wk3r * x0r - wk3i * x0i;
            a[j3 + 1] = wk3r * x0i + wk3i * x0r;
        }
        x0r = wn4r * (wk1r - wk1i);
        wk1i = wn4r * (wk1r + wk1i);
        wk1r = x0r;
        wk3r = wk1r - 2 * wk2r * wk1i;
        wk3i = 2 * wk2r * wk1r - wk1i;
        for (j = k + m; j < l + (k + m); j += 2) {
            j1 = j + l;
            j2 = j1 + l;
            j3 = j2 + l;
            x0r = a[j] + a[j1];
            x0i = a[j + 1] + a[j1 + 1];
            x1r = a[j] - a[j1];
            x1i = a[j + 1] - a[j1 + 1];
            x2r = a[j2] + a[j3];
            x2i = a[j2 + 1] + a[j3 + 1];
            x3r = a[j2] - a[j3];
            x3i = a[j2 + 1] - a[j3 + 1];
            a[j] = x0r + x2r;
            a[j + 1] = x0i + x2i;
            x0r -= x2r;
            x0i -= x2i;
            a[j2] = -wk2i * x0r - wk2r * x0i;
            a[j2 + 1] = -wk2i * x0i + wk2r * x0r;
            x0r = x1r - x3i;
            x0i = x1i + x3r;
            a[j1] = wk1r * x0r - wk1i * x0i;
            a[j1 + 1] = wk1r * x0i + wk1i * x0r;
            x0r = x1r + x3i;
            x0i = x1i - x3r;
            a[j3] = wk3r * x0r - wk3i * x0i;
            a[j3 + 1] = wk3r * x0i + wk3i * x0r;
        }
    }
}


void rftfsub(int n, double *a)
{
    int i, i0, j, k;
    double ec, w1r, w1i, wkr, wki, wdr, wdi, ss, xr, xi, yr, yi;
    
    ec = 2 * M_PI_2 / n;
    wkr = 0;
    wki = 0;
    wdi = cos(ec);
    wdr = sin(ec);
    wdi *= wdr;
    wdr *= wdr;
    w1r = 1 - 2 * wdr;
    w1i = 2 * wdi;
    ss = 2 * w1i;
    i = n >> 1;
    for (;;) {
        i0 = i - 4 * RDFT_LOOP_DIV;
        if (i0 < 4) {
            i0 = 4;
        }
        for (j = i - 4; j >= i0; j -= 4) {
            k = n - j;
            xr = a[j + 2] - a[k - 2];
            xi = a[j + 3] + a[k - 1];
            yr = wdr * xr - wdi * xi;
            yi = wdr * xi + wdi * xr;
            a[j + 2] -= yr;
            a[j + 3] -= yi;
            a[k - 2] += yr;
            a[k - 1] -= yi;
            wkr += ss * wdi;
            wki += ss * (0.5 - wdr);
            xr = a[j] - a[k];
            xi = a[j + 1] + a[k + 1];
            yr = wkr * xr - wki * xi;
            yi = wkr * xi + wki * xr;
            a[j] -= yr;
            a[j + 1] -= yi;
            a[k] += yr;
            a[k + 1] -= yi;
            wdr += ss * wki;
            wdi += ss * (0.5 - wkr);
        }
        if (i0 == 4) {
            break;
        }
        wkr = 0.5 * sin(ec * i0);
        wki = 0.5 * cos(ec * i0);
        wdr = 0.5 - (wkr * w1r - wki * w1i);
        wdi = wkr * w1i + wki * w1r;
        wkr = 0.5 - wkr;
        i = i0;
    }
    xr = a[2] - a[n - 2];
    xi = a[3] + a[n - 1];
    yr = wdr * xr - wdi * xi;
    yi = wdr * xi + wdi * xr;
    a[2] -= yr;
    a[3] -= yi;
    a[n - 2] += yr;
    a[n - 1] -= yi;
}


void rftbsub(int n, double *a)
{
    int i, i0, j, k;
    double ec, w1r, w1i, wkr, wki, wdr, wdi, ss, xr, xi, yr, yi;
    
    ec = 2 * M_PI_2 / n;
    wkr = 0;
    wki = 0;
    wdi = cos(ec);
    wdr = sin(ec);
    wdi *= wdr;
    wdr *= wdr;
    w1r = 1 - 2 * wdr;
    w1i = 2 * wdi;
    ss = 2 * w1i;
    i = n >> 1;
    a[i + 1] = -a[i + 1];
    for (;;) {
        i0 = i - 4 * RDFT_LOOP_DIV;
        if (i0 < 4) {
            i0 = 4;
        }
        for (j = i - 4; j >= i0; j -= 4) {
            k = n - j;
            xr = a[j + 2] - a[k - 2];
            xi = a[j + 3] + a[k - 1];
            yr = wdr * xr + wdi * xi;
            yi = wdr * xi - wdi * xr;
            a[j + 2] -= yr;
            a[j + 3] = yi - a[j + 3];
            a[k - 2] += yr;
            a[k - 1] = yi - a[k - 1];
            wkr += ss * wdi;
            wki += ss * (0.5 - wdr);
            xr = a[j] - a[k];
            xi = a[j + 1] + a[k + 1];
            yr = wkr * xr + wki * xi;
            yi = wkr * xi - wki * xr;
            a[j] -= yr;
            a[j + 1] = yi - a[j + 1];
            a[k] += yr;
            a[k + 1] = yi - a[k + 1];
            wdr += ss * wki;
            wdi += ss * (0.5 - wkr);
        }
        if (i0 == 4) {
            break;
        }
        wkr = 0.5 * sin(ec * i0);
        wki = 0.5 * cos(ec * i0);
        wdr = 0.5 - (wkr * w1r - wki * w1i);
        wdi = wkr * w1i + wki * w1r;
        wkr = 0.5 - wkr;
        i = i0;
    }
    xr = a[2] - a[n - 2];
    xi = a[3] + a[n - 1];
    yr = wdr * xr + wdi * xi;
    yi = wdr * xi - wdi * xr;
    a[2] -= yr;
    a[3] = yi - a[3];
    a[n - 2] += yr;
    a[n - 1] = yi - a[n - 1];
    a[1] = -a[1];
}


void dctsub(int n, double *a)
{
    int i, i0, j, k, m;
    double ec, w1r, w1i, wkr, wki, wdr, wdi, ss, xr, xi, yr, yi;
    
    ec = M_PI_2 / n;
    wkr = 0.5;
    wki = 0.5;
    w1r = cos(ec);
    w1i = sin(ec);
    wdr = 0.5 * (w1r - w1i);
    wdi = 0.5 * (w1r + w1i);
    ss = 2 * w1i;
    m = n >> 1;
    i = 0;
    for (;;) {
        i0 = i + 2 * DCST_LOOP_DIV;
        if (i0 > m - 2) {
            i0 = m - 2;
        }
        for (j = i + 2; j <= i0; j += 2) {
            k = n - j;
            xr = wdi * a[j - 1] - wdr * a[k + 1];
            xi = wdr * a[j - 1] + wdi * a[k + 1];
            wkr -= ss * wdi;
            wki += ss * wdr;
            yr = wki * a[j] - wkr * a[k];
            yi = wkr * a[j] + wki * a[k];
            wdr -= ss * wki;
            wdi += ss * wkr;
            a[k + 1] = xr;
            a[k] = yr;
            a[j - 1] = xi;
            a[j] = yi;
        }
        if (i0 == m - 2) {
            break;
        }
        wdr = cos(ec * i0);
        wdi = sin(ec * i0);
        wkr = 0.5 * (wdr - wdi);
        wki = 0.5 * (wdr + wdi);
        wdr = wkr * w1r - wki * w1i;
        wdi = wkr * w1i + wki * w1r;
        i = i0;
    }
    xr = wdi * a[m - 1] - wdr * a[m + 1];
    a[m - 1] = wdr * a[m - 1] + wdi * a[m + 1];
    a[m + 1] = xr;
    a[m] *= wki + ss * wdr;
}


void dstsub(int n, double *a)
{
    int i, i0, j, k, m;
    double ec, w1r, w1i, wkr, wki, wdr, wdi, ss, xr, xi, yr, yi;
    
    ec = M_PI_2 / n;
    wkr = 0.5;
    wki = 0.5;
    w1r = cos(ec);
    w1i = sin(ec);
    wdr = 0.5 * (w1r - w1i);
    wdi = 0.5 * (w1r + w1i);
    ss = 2 * w1i;
    m = n >> 1;
    i = 0;
    for (;;) {
        i0 = i + 2 * DCST_LOOP_DIV;
        if (i0 > m - 2) {
            i0 = m - 2;
        }
        for (j = i + 2; j <= i0; j += 2) {
            k = n - j;
            xr = wdi * a[k + 1] - wdr * a[j - 1];
            xi = wdr * a[k + 1] + wdi * a[j - 1];
            wkr -= ss * wdi;
            wki += ss * wdr;
            yr = wki * a[k] - wkr * a[j];
            yi = wkr * a[k] + wki * a[j];
            wdr -= ss * wki;
            wdi += ss * wkr;
            a[j - 1] = xr;
            a[j] = yr;
            a[k + 1] = xi;
            a[k] = yi;
        }
        if (i0 == m - 2) {
            break;
        }
        wdr = cos(ec * i0);
        wdi = sin(ec * i0);
        wkr = 0.5 * (wdr - wdi);
        wki = 0.5 * (wdr + wdi);
        wdr = wkr * w1r - wki * w1i;
        wdi = wkr * w1i + wki * w1r;
        i = i0;
    }
    xr = wdi * a[m + 1] - wdr * a[m - 1];
    a[m + 1] = wdr * a[m + 1] + wdi * a[m - 1];
    a[m - 1] = xr;
    a[m] *= wki + ss * wdr;
}


void dctsub4(int n, double *a)
{
    int m;
    double wki, wdr, wdi, xr;
    
    wki = WR5000;
    m = n >> 1;
    if (m == 2) {
        wdr = wki * WI2500;
        wdi = wki * WR2500;
        xr = wdi * a[1] - wdr * a[3];
        a[1] = wdr * a[1] + wdi * a[3];
        a[3] = xr;
    }
    a[m] *= wki;
}


void dstsub4(int n, double *a)
{
    int m;
    double wki, wdr, wdi, xr;
    
    wki = WR5000;
    m = n >> 1;
    if (m == 2) {
        wdr = wki * WI2500;
        wdi = wki * WR2500;
        xr = wdi * a[3] - wdr * a[1];
        a[3] = wdr * a[3] + wdi * a[1];
        a[1] = xr;
    }
    a[m] *= wki;
}








Viz/fft/fft8g.c

/*
Fast Fourier/Cosine/Sine Transform
    dimension   :one
    data length :power of 2
    decimation  :frequency
    radix       :8, 4, 2
    data        :inplace
    table       :use
functions
    cdft: Complex Discrete Fourier Transform
    rdft: Real Discrete Fourier Transform
    ddct: Discrete Cosine Transform
    ddst: Discrete Sine Transform
    dfct: Cosine Transform of RDFT (Real Symmetric DFT)
    dfst: Sine Transform of RDFT (Real Anti-symmetric DFT)
function prototypes
    void cdft(int, int, double *, int *, double *);
    void rdft(int, int, double *, int *, double *);
    void ddct(int, int, double *, int *, double *);
    void ddst(int, int, double *, int *, double *);
    void dfct(int, double *, double *, int *, double *);
    void dfst(int, double *, double *, int *, double *);


-------- Complex DFT (Discrete Fourier Transform) --------
    [definition]
        <case1>
            X[k] = sum_j=0^n-1 x[j]*exp(2*pi*i*j*k/n), 0<=k<n
        <case2>
            X[k] = sum_j=0^n-1 x[j]*exp(-2*pi*i*j*k/n), 0<=k<n
        (notes: sum_j=0^n-1 is a summation from j=0 to n-1)
    [usage]
        <case1>
            ip[0] = 0; // first time only
            cdft(2*n, 1, a, ip, w);
        <case2>
            ip[0] = 0; // first time only
            cdft(2*n, -1, a, ip, w);
    [parameters]
        2*n            :data length (int)
                        n >= 1, n = power of 2
        a[0...2*n-1]   :input/output data (double *)
                        input data
                            a[2*j] = Re(x[j]), 
                            a[2*j+1] = Im(x[j]), 0<=j<n
                        output data
                            a[2*k] = Re(X[k]), 
                            a[2*k+1] = Im(X[k]), 0<=k<n
        ip[0...*]      :work area for bit reversal (int *)
                        length of ip >= 2+sqrt(n)
                        strictly, 
                        length of ip >= 
                            2+(1<<(int)(log(n+0.5)/log(2))/2).
                        ip[0],ip[1] are pointers of the cos/sin table.
        w[0...n/2-1]   :cos/sin table (double *)
                        w[],ip[] are initialized if ip[0] == 0.
    [remark]
        Inverse of 
            cdft(2*n, -1, a, ip, w);
        is 
            cdft(2*n, 1, a, ip, w);
            for (j = 0; j <= 2 * n - 1; j++) {
                a[j] *= 1.0 / n;
            }
        .


-------- Real DFT / Inverse of Real DFT --------
    [definition]
        <case1> RDFT
            R[k] = sum_j=0^n-1 a[j]*cos(2*pi*j*k/n), 0<=k<=n/2
            I[k] = sum_j=0^n-1 a[j]*sin(2*pi*j*k/n), 0<k<n/2
        <case2> IRDFT (excluding scale)
            a[k] = (R[0] + R[n/2]*cos(pi*k))/2 + 
                   sum_j=1^n/2-1 R[j]*cos(2*pi*j*k/n) + 
                   sum_j=1^n/2-1 I[j]*sin(2*pi*j*k/n), 0<=k<n
    [usage]
        <case1>
            ip[0] = 0; // first time only
            rdft(n, 1, a, ip, w);
        <case2>
            ip[0] = 0; // first time only
            rdft(n, -1, a, ip, w);
    [parameters]
        n              :data length (int)
                        n >= 2, n = power of 2
        a[0...n-1]     :input/output data (double *)
                        <case1>
                            output data
                                a[2*k] = R[k], 0<=k<n/2
                                a[2*k+1] = I[k], 0<k<n/2
                                a[1] = R[n/2]
                        <case2>
                            input data
                                a[2*j] = R[j], 0<=j<n/2
                                a[2*j+1] = I[j], 0<j<n/2
                                a[1] = R[n/2]
        ip[0...*]      :work area for bit reversal (int *)
                        length of ip >= 2+sqrt(n/2)
                        strictly, 
                        length of ip >= 
                            2+(1<<(int)(log(n/2+0.5)/log(2))/2).
                        ip[0],ip[1] are pointers of the cos/sin table.
        w[0...n/2-1]   :cos/sin table (double *)
                        w[],ip[] are initialized if ip[0] == 0.
    [remark]
        Inverse of 
            rdft(n, 1, a, ip, w);
        is 
            rdft(n, -1, a, ip, w);
            for (j = 0; j <= n - 1; j++) {
                a[j] *= 2.0 / n;
            }
        .


-------- DCT (Discrete Cosine Transform) / Inverse of DCT --------
    [definition]
        <case1> IDCT (excluding scale)
            C[k] = sum_j=0^n-1 a[j]*cos(pi*j*(k+1/2)/n), 0<=k<n
        <case2> DCT
            C[k] = sum_j=0^n-1 a[j]*cos(pi*(j+1/2)*k/n), 0<=k<n
    [usage]
        <case1>
            ip[0] = 0; // first time only
            ddct(n, 1, a, ip, w);
        <case2>
            ip[0] = 0; // first time only
            ddct(n, -1, a, ip, w);
    [parameters]
        n              :data length (int)
                        n >= 2, n = power of 2
        a[0...n-1]     :input/output data (double *)
                        output data
                            a[k] = C[k], 0<=k<n
        ip[0...*]      :work area for bit reversal (int *)
                        length of ip >= 2+sqrt(n/2)
                        strictly, 
                        length of ip >= 
                            2+(1<<(int)(log(n/2+0.5)/log(2))/2).
                        ip[0],ip[1] are pointers of the cos/sin table.
        w[0...n*5/4-1] :cos/sin table (double *)
                        w[],ip[] are initialized if ip[0] == 0.
    [remark]
        Inverse of 
            ddct(n, -1, a, ip, w);
        is 
            a[0] *= 0.5;
            ddct(n, 1, a, ip, w);
            for (j = 0; j <= n - 1; j++) {
                a[j] *= 2.0 / n;
            }
        .


-------- DST (Discrete Sine Transform) / Inverse of DST --------
    [definition]
        <case1> IDST (excluding scale)
            S[k] = sum_j=1^n A[j]*sin(pi*j*(k+1/2)/n), 0<=k<n
        <case2> DST
            S[k] = sum_j=0^n-1 a[j]*sin(pi*(j+1/2)*k/n), 0<k<=n
    [usage]
        <case1>
            ip[0] = 0; // first time only
            ddst(n, 1, a, ip, w);
        <case2>
            ip[0] = 0; // first time only
            ddst(n, -1, a, ip, w);
    [parameters]
        n              :data length (int)
                        n >= 2, n = power of 2
        a[0...n-1]     :input/output data (double *)
                        <case1>
                            input data
                                a[j] = A[j], 0<j<n
                                a[0] = A[n]
                            output data
                                a[k] = S[k], 0<=k<n
                        <case2>
                            output data
                                a[k] = S[k], 0<k<n
                                a[0] = S[n]
        ip[0...*]      :work area for bit reversal (int *)
                        length of ip >= 2+sqrt(n/2)
                        strictly, 
                        length of ip >= 
                            2+(1<<(int)(log(n/2+0.5)/log(2))/2).
                        ip[0],ip[1] are pointers of the cos/sin table.
        w[0...n*5/4-1] :cos/sin table (double *)
                        w[],ip[] are initialized if ip[0] == 0.
    [remark]
        Inverse of 
            ddst(n, -1, a, ip, w);
        is 
            a[0] *= 0.5;
            ddst(n, 1, a, ip, w);
            for (j = 0; j <= n - 1; j++) {
                a[j] *= 2.0 / n;
            }
        .


-------- Cosine Transform of RDFT (Real Symmetric DFT) --------
    [definition]
        C[k] = sum_j=0^n a[j]*cos(pi*j*k/n), 0<=k<=n
    [usage]
        ip[0] = 0; // first time only
        dfct(n, a, t, ip, w);
    [parameters]
        n              :data length - 1 (int)
                        n >= 2, n = power of 2
        a[0...n]       :input/output data (double *)
                        output data
                            a[k] = C[k], 0<=k<=n
        t[0...n/2]     :work area (double *)
        ip[0...*]      :work area for bit reversal (int *)
                        length of ip >= 2+sqrt(n/4)
                        strictly, 
                        length of ip >= 
                            2+(1<<(int)(log(n/4+0.5)/log(2))/2).
                        ip[0],ip[1] are pointers of the cos/sin table.
        w[0...n*5/8-1] :cos/sin table (double *)
                        w[],ip[] are initialized if ip[0] == 0.
    [remark]
        Inverse of 
            a[0] *= 0.5;
            a[n] *= 0.5;
            dfct(n, a, t, ip, w);
        is 
            a[0] *= 0.5;
            a[n] *= 0.5;
            dfct(n, a, t, ip, w);
            for (j = 0; j <= n; j++) {
                a[j] *= 2.0 / n;
            }
        .


-------- Sine Transform of RDFT (Real Anti-symmetric DFT) --------
    [definition]
        S[k] = sum_j=1^n-1 a[j]*sin(pi*j*k/n), 0<k<n
    [usage]
        ip[0] = 0; // first time only
        dfst(n, a, t, ip, w);
    [parameters]
        n              :data length + 1 (int)
                        n >= 2, n = power of 2
        a[0...n-1]     :input/output data (double *)
                        output data
                            a[k] = S[k], 0<k<n
                        (a[0] is used for work area)
        t[0...n/2-1]   :work area (double *)
        ip[0...*]      :work area for bit reversal (int *)
                        length of ip >= 2+sqrt(n/4)
                        strictly, 
                        length of ip >= 
                            2+(1<<(int)(log(n/4+0.5)/log(2))/2).
                        ip[0],ip[1] are pointers of the cos/sin table.
        w[0...n*5/8-1] :cos/sin table (double *)
                        w[],ip[] are initialized if ip[0] == 0.
    [remark]
        Inverse of 
            dfst(n, a, t, ip, w);
        is 
            dfst(n, a, t, ip, w);
            for (j = 1; j <= n - 1; j++) {
                a[j] *= 2.0 / n;
            }
        .


Appendix :
    The cos/sin table is recalculated when the larger table required.
    w[] and ip[] are compatible with all routines.
*/


void cdft(int n, int isgn, double *a, int *ip, double *w)
{
    void makewt(int nw, int *ip, double *w);
    void bitrv2(int n, int *ip, double *a);
    void bitrv2conj(int n, int *ip, double *a);
    void cftfsub(int n, double *a, double *w);
    void cftbsub(int n, double *a, double *w);
    
    if (n > (ip[0] << 2)) {
        makewt(n >> 2, ip, w);
    }
    if (n > 4) {
        if (isgn >= 0) {
            bitrv2(n, ip + 2, a);
            cftfsub(n, a, w);
        } else {
            bitrv2conj(n, ip + 2, a);
            cftbsub(n, a, w);
        }
    } else if (n == 4) {
        cftfsub(n, a, w);
    }
}


void rdft(int n, int isgn, double *a, int *ip, double *w)
{
    void makewt(int nw, int *ip, double *w);
    void makect(int nc, int *ip, double *c);
    void bitrv2(int n, int *ip, double *a);
    void cftfsub(int n, double *a, double *w);
    void cftbsub(int n, double *a, double *w);
    void rftfsub(int n, double *a, int nc, double *c);
    void rftbsub(int n, double *a, int nc, double *c);
    int nw, nc;
    double xi;
    
    nw = ip[0];
    if (n > (nw << 2)) {
        nw = n >> 2;
        makewt(nw, ip, w);
    }
    nc = ip[1];
    if (n > (nc << 2)) {
        nc = n >> 2;
        makect(nc, ip, w + nw);
    }
    if (isgn >= 0) {
        if (n > 4) {
            bitrv2(n, ip + 2, a);
            cftfsub(n, a, w);
            rftfsub(n, a, nc, w + nw);
        } else if (n == 4) {
            cftfsub(n, a, w);
        }
        xi = a[0] - a[1];
        a[0] += a[1];
        a[1] = xi;
    } else {
        a[1] = 0.5 * (a[0] - a[1]);
        a[0] -= a[1];
        if (n > 4) {
            rftbsub(n, a, nc, w + nw);
            bitrv2(n, ip + 2, a);
            cftbsub(n, a, w);
        } else if (n == 4) {
            cftfsub(n, a, w);
        }
    }
}


void ddct(int n, int isgn, double *a, int *ip, double *w)
{
    void makewt(int nw, int *ip, double *w);
    void makect(int nc, int *ip, double *c);
    void bitrv2(int n, int *ip, double *a);
    void cftfsub(int n, double *a, double *w);
    void cftbsub(int n, double *a, double *w);
    void rftfsub(int n, double *a, int nc, double *c);
    void rftbsub(int n, double *a, int nc, double *c);
    void dctsub(int n, double *a, int nc, double *c);
    int j, nw, nc;
    double xr;
    
    nw = ip[0];
    if (n > (nw << 2)) {
        nw = n >> 2;
        makewt(nw, ip, w);
    }
    nc = ip[1];
    if (n > nc) {
        nc = n;
        makect(nc, ip, w + nw);
    }
    if (isgn < 0) {
        xr = a[n - 1];
        for (j = n - 2; j >= 2; j -= 2) {
            a[j + 1] = a[j] - a[j - 1];
            a[j] += a[j - 1];
        }
        a[1] = a[0] - xr;
        a[0] += xr;
        if (n > 4) {
            rftbsub(n, a, nc, w + nw);
            bitrv2(n, ip + 2, a);
            cftbsub(n, a, w);
        } else if (n == 4) {
            cftfsub(n, a, w);
        }
    }
    dctsub(n, a, nc, w + nw);
    if (isgn >= 0) {
        if (n > 4) {
            bitrv2(n, ip + 2, a);
            cftfsub(n, a, w);
            rftfsub(n, a, nc, w + nw);
        } else if (n == 4) {
            cftfsub(n, a, w);
        }
        xr = a[0] - a[1];
        a[0] += a[1];
        for (j = 2; j < n; j += 2) {
            a[j - 1] = a[j] - a[j + 1];
            a[j] += a[j + 1];
        }
        a[n - 1] = xr;
    }
}


void ddst(int n, int isgn, double *a, int *ip, double *w)
{
    void makewt(int nw, int *ip, double *w);
    void makect(int nc, int *ip, double *c);
    void bitrv2(int n, int *ip, double *a);
    void cftfsub(int n, double *a, double *w);
    void cftbsub(int n, double *a, double *w);
    void rftfsub(int n, double *a, int nc, double *c);
    void rftbsub(int n, double *a, int nc, double *c);
    void dstsub(int n, double *a, int nc, double *c);
    int j, nw, nc;
    double xr;
    
    nw = ip[0];
    if (n > (nw << 2)) {
        nw = n >> 2;
        makewt(nw, ip, w);
    }
    nc = ip[1];
    if (n > nc) {
        nc = n;
        makect(nc, ip, w + nw);
    }
    if (isgn < 0) {
        xr = a[n - 1];
        for (j = n - 2; j >= 2; j -= 2) {
            a[j + 1] = -a[j] - a[j - 1];
            a[j] -= a[j - 1];
        }
        a[1] = a[0] + xr;
        a[0] -= xr;
        if (n > 4) {
            rftbsub(n, a, nc, w + nw);
            bitrv2(n, ip + 2, a);
            cftbsub(n, a, w);
        } else if (n == 4) {
            cftfsub(n, a, w);
        }
    }
    dstsub(n, a, nc, w + nw);
    if (isgn >= 0) {
        if (n > 4) {
            bitrv2(n, ip + 2, a);
            cftfsub(n, a, w);
            rftfsub(n, a, nc, w + nw);
        } else if (n == 4) {
            cftfsub(n, a, w);
        }
        xr = a[0] - a[1];
        a[0] += a[1];
        for (j = 2; j < n; j += 2) {
            a[j - 1] = -a[j] - a[j + 1];
            a[j] -= a[j + 1];
        }
        a[n - 1] = -xr;
    }
}


void dfct(int n, double *a, double *t, int *ip, double *w)
{
    void makewt(int nw, int *ip, double *w);
    void makect(int nc, int *ip, double *c);
    void bitrv2(int n, int *ip, double *a);
    void cftfsub(int n, double *a, double *w);
    void rftfsub(int n, double *a, int nc, double *c);
    void dctsub(int n, double *a, int nc, double *c);
    int j, k, l, m, mh, nw, nc;
    double xr, xi, yr, yi;
    
    nw = ip[0];
    if (n > (nw << 3)) {
        nw = n >> 3;
        makewt(nw, ip, w);
    }
    nc = ip[1];
    if (n > (nc << 1)) {
        nc = n >> 1;
        makect(nc, ip, w + nw);
    }
    m = n >> 1;
    yi = a[m];
    xi = a[0] + a[n];
    a[0] -= a[n];
    t[0] = xi - yi;
    t[m] = xi + yi;
    if (n > 2) {
        mh = m >> 1;
        for (j = 1; j < mh; j++) {
            k = m - j;
            xr = a[j] - a[n - j];
            xi = a[j] + a[n - j];
            yr = a[k] - a[n - k];
            yi = a[k] + a[n - k];
            a[j] = xr;
            a[k] = yr;
            t[j] = xi - yi;
            t[k] = xi + yi;
        }
        t[mh] = a[mh] + a[n - mh];
        a[mh] -= a[n - mh];
        dctsub(m, a, nc, w + nw);
        if (m > 4) {
            bitrv2(m, ip + 2, a);
            cftfsub(m, a, w);
            rftfsub(m, a, nc, w + nw);
        } else if (m == 4) {
            cftfsub(m, a, w);
        }
        a[n - 1] = a[0] - a[1];
        a[1] = a[0] + a[1];
        for (j = m - 2; j >= 2; j -= 2) {
            a[2 * j + 1] = a[j] + a[j + 1];
            a[2 * j - 1] = a[j] - a[j + 1];
        }
        l = 2;
        m = mh;
        while (m >= 2) {
            dctsub(m, t, nc, w + nw);
            if (m > 4) {
                bitrv2(m, ip + 2, t);
                cftfsub(m, t, w);
                rftfsub(m, t, nc, w + nw);
            } else if (m == 4) {
                cftfsub(m, t, w);
            }
            a[n - l] = t[0] - t[1];
            a[l] = t[0] + t[1];
            k = 0;
            for (j = 2; j < m; j += 2) {
                k += l << 2;
                a[k - l] = t[j] - t[j + 1];
                a[k + l] = t[j] + t[j + 1];
            }
            l <<= 1;
            mh = m >> 1;
            for (j = 0; j < mh; j++) {
                k = m - j;
                t[j] = t[m + k] - t[m + j];
                t[k] = t[m + k] + t[m + j];
            }
            t[mh] = t[m + mh];
            m = mh;
        }
        a[l] = t[0];
        a[n] = t[2] - t[1];
        a[0] = t[2] + t[1];
    } else {
        a[1] = a[0];
        a[2] = t[0];
        a[0] = t[1];
    }
}


void dfst(int n, double *a, double *t, int *ip, double *w)
{
    void makewt(int nw, int *ip, double *w);
    void makect(int nc, int *ip, double *c);
    void bitrv2(int n, int *ip, double *a);
    void cftfsub(int n, double *a, double *w);
    void rftfsub(int n, double *a, int nc, double *c);
    void dstsub(int n, double *a, int nc, double *c);
    int j, k, l, m, mh, nw, nc;
    double xr, xi, yr, yi;
    
    nw = ip[0];
    if (n > (nw << 3)) {
        nw = n >> 3;
        makewt(nw, ip, w);
    }
    nc = ip[1];
    if (n > (nc << 1)) {
        nc = n >> 1;
        makect(nc, ip, w + nw);
    }
    if (n > 2) {
        m = n >> 1;
        mh = m >> 1;
        for (j = 1; j < mh; j++) {
            k = m - j;
            xr = a[j] + a[n - j];
            xi = a[j] - a[n - j];
            yr = a[k] + a[n - k];
            yi = a[k] - a[n - k];
            a[j] = xr;
            a[k] = yr;
            t[j] = xi + yi;
            t[k] = xi - yi;
        }
        t[0] = a[mh] - a[n - mh];
        a[mh] += a[n - mh];
        a[0] = a[m];
        dstsub(m, a, nc, w + nw);
        if (m > 4) {
            bitrv2(m, ip + 2, a);
            cftfsub(m, a, w);
            rftfsub(m, a, nc, w + nw);
        } else if (m == 4) {
            cftfsub(m, a, w);
        }
        a[n - 1] = a[1] - a[0];
        a[1] = a[0] + a[1];
        for (j = m - 2; j >= 2; j -= 2) {
            a[2 * j + 1] = a[j] - a[j + 1];
            a[2 * j - 1] = -a[j] - a[j + 1];
        }
        l = 2;
        m = mh;
        while (m >= 2) {
            dstsub(m, t, nc, w + nw);
            if (m > 4) {
                bitrv2(m, ip + 2, t);
                cftfsub(m, t, w);
                rftfsub(m, t, nc, w + nw);
            } else if (m == 4) {
                cftfsub(m, t, w);
            }
            a[n - l] = t[1] - t[0];
            a[l] = t[0] + t[1];
            k = 0;
            for (j = 2; j < m; j += 2) {
                k += l << 2;
                a[k - l] = -t[j] - t[j + 1];
                a[k + l] = t[j] - t[j + 1];
            }
            l <<= 1;
            mh = m >> 1;
            for (j = 1; j < mh; j++) {
                k = m - j;
                t[j] = t[m + k] + t[m + j];
                t[k] = t[m + k] - t[m + j];
            }
            t[0] = t[m + mh];
            m = mh;
        }
        a[l] = t[0];
    }
    a[0] = 0;
}


/* -------- initializing routines -------- */


#include <math.h>

void makewt(int nw, int *ip, double *w)
{
    void bitrv2(int n, int *ip, double *a);
    int j, nwh;
    double delta, x, y;
    
    ip[0] = nw;
    ip[1] = 1;
    if (nw > 2) {
        nwh = nw >> 1;
        delta = atan(1.0) / nwh;
        w[0] = 1;
        w[1] = 0;
        w[nwh] = cos(delta * nwh);
        w[nwh + 1] = w[nwh];
        if (nwh > 2) {
            for (j = 2; j < nwh; j += 2) {
                x = cos(delta * j);
                y = sin(delta * j);
                w[j] = x;
                w[j + 1] = y;
                w[nw - j] = y;
                w[nw - j + 1] = x;
            }
            for (j = nwh - 2; j >= 2; j -= 2) {
                x = w[2 * j];
                y = w[2 * j + 1];
                w[nwh + j] = x;
                w[nwh + j + 1] = y;
            }
            bitrv2(nw, ip + 2, w);
        }
    }
}


void makect(int nc, int *ip, double *c)
{
    int j, nch;
    double delta;
    
    ip[1] = nc;
    if (nc > 1) {
        nch = nc >> 1;
        delta = atan(1.0) / nch;
        c[0] = cos(delta * nch);
        c[nch] = 0.5 * c[0];
        for (j = 1; j < nch; j++) {
            c[j] = 0.5 * cos(delta * j);
            c[nc - j] = 0.5 * sin(delta * j);
        }
    }
}


/* -------- child routines -------- */


void bitrv2(int n, int *ip, double *a)
{
    int j, j1, k, k1, l, m, m2;
    double xr, xi, yr, yi;
    
    ip[0] = 0;
    l = n;
    m = 1;
    while ((m << 3) < l) {
        l >>= 1;
        for (j = 0; j < m; j++) {
            ip[m + j] = ip[j] + l;
        }
        m <<= 1;
    }
    m2 = 2 * m;
    if ((m << 3) == l) {
        for (k = 0; k < m; k++) {
            for (j = 0; j < k; j++) {
                j1 = 2 * j + ip[k];
                k1 = 2 * k + ip[j];
                xr = a[j1];
                xi = a[j1 + 1];
                yr = a[k1];
                yi = a[k1 + 1];
                a[j1] = yr;
                a[j1 + 1] = yi;
                a[k1] = xr;
                a[k1 + 1] = xi;
                j1 += m2;
                k1 += 2 * m2;
                xr = a[j1];
                xi = a[j1 + 1];
                yr = a[k1];
                yi = a[k1 + 1];
                a[j1] = yr;
                a[j1 + 1] = yi;
                a[k1] = xr;
                a[k1 + 1] = xi;
                j1 += m2;
                k1 -= m2;
                xr = a[j1];
                xi = a[j1 + 1];
                yr = a[k1];
                yi = a[k1 + 1];
                a[j1] = yr;
                a[j1 + 1] = yi;
                a[k1] = xr;
                a[k1 + 1] = xi;
                j1 += m2;
                k1 += 2 * m2;
                xr = a[j1];
                xi = a[j1 + 1];
                yr = a[k1];
                yi = a[k1 + 1];
                a[j1] = yr;
                a[j1 + 1] = yi;
                a[k1] = xr;
                a[k1 + 1] = xi;
            }
            j1 = 2 * k + m2 + ip[k];
            k1 = j1 + m2;
            xr = a[j1];
            xi = a[j1 + 1];
            yr = a[k1];
            yi = a[k1 + 1];
            a[j1] = yr;
            a[j1 + 1] = yi;
            a[k1] = xr;
            a[k1 + 1] = xi;
        }
    } else {
        for (k = 1; k < m; k++) {
            for (j = 0; j < k; j++) {
                j1 = 2 * j + ip[k];
                k1 = 2 * k + ip[j];
                xr = a[j1];
                xi = a[j1 + 1];
                yr = a[k1];
                yi = a[k1 + 1];
                a[j1] = yr;
                a[j1 + 1] = yi;
                a[k1] = xr;
                a[k1 + 1] = xi;
                j1 += m2;
                k1 += m2;
                xr = a[j1];
                xi = a[j1 + 1];
                yr = a[k1];
                yi = a[k1 + 1];
                a[j1] = yr;
                a[j1 + 1] = yi;
                a[k1] = xr;
                a[k1 + 1] = xi;
            }
        }
    }
}


void bitrv2conj(int n, int *ip, double *a)
{
    int j, j1, k, k1, l, m, m2;
    double xr, xi, yr, yi;
    
    ip[0] = 0;
    l = n;
    m = 1;
    while ((m << 3) < l) {
        l >>= 1;
        for (j = 0; j < m; j++) {
            ip[m + j] = ip[j] + l;
        }
        m <<= 1;
    }
    m2 = 2 * m;
    if ((m << 3) == l) {
        for (k = 0; k < m; k++) {
            for (j = 0; j < k; j++) {
                j1 = 2 * j + ip[k];
                k1 = 2 * k + ip[j];
                xr = a[j1];
                xi = -a[j1 + 1];
                yr = a[k1];
                yi = -a[k1 + 1];
                a[j1] = yr;
                a[j1 + 1] = yi;
                a[k1] = xr;
                a[k1 + 1] = xi;
                j1 += m2;
                k1 += 2 * m2;
                xr = a[j1];
                xi = -a[j1 + 1];
                yr = a[k1];
                yi = -a[k1 + 1];
                a[j1] = yr;
                a[j1 + 1] = yi;
                a[k1] = xr;
                a[k1 + 1] = xi;
                j1 += m2;
                k1 -= m2;
                xr = a[j1];
                xi = -a[j1 + 1];
                yr = a[k1];
                yi = -a[k1 + 1];
                a[j1] = yr;
                a[j1 + 1] = yi;
                a[k1] = xr;
                a[k1 + 1] = xi;
                j1 += m2;
                k1 += 2 * m2;
                xr = a[j1];
                xi = -a[j1 + 1];
                yr = a[k1];
                yi = -a[k1 + 1];
                a[j1] = yr;
                a[j1 + 1] = yi;
                a[k1] = xr;
                a[k1 + 1] = xi;
            }
            k1 = 2 * k + ip[k];
            a[k1 + 1] = -a[k1 + 1];
            j1 = k1 + m2;
            k1 = j1 + m2;
            xr = a[j1];
            xi = -a[j1 + 1];
            yr = a[k1];
            yi = -a[k1 + 1];
            a[j1] = yr;
            a[j1 + 1] = yi;
            a[k1] = xr;
            a[k1 + 1] = xi;
            k1 += m2;
            a[k1 + 1] = -a[k1 + 1];
        }
    } else {
        a[1] = -a[1];
        a[m2 + 1] = -a[m2 + 1];
        for (k = 1; k < m; k++) {
            for (j = 0; j < k; j++) {
                j1 = 2 * j + ip[k];
                k1 = 2 * k + ip[j];
                xr = a[j1];
                xi = -a[j1 + 1];
                yr = a[k1];
                yi = -a[k1 + 1];
                a[j1] = yr;
                a[j1 + 1] = yi;
                a[k1] = xr;
                a[k1 + 1] = xi;
                j1 += m2;
                k1 += m2;
                xr = a[j1];
                xi = -a[j1 + 1];
                yr = a[k1];
                yi = -a[k1 + 1];
                a[j1] = yr;
                a[j1 + 1] = yi;
                a[k1] = xr;
                a[k1 + 1] = xi;
            }
            k1 = 2 * k + ip[k];
            a[k1 + 1] = -a[k1 + 1];
            a[k1 + m2 + 1] = -a[k1 + m2 + 1];
        }
    }
}


void cftfsub(int n, double *a, double *w)
{
    void cft1st(int n, double *a, double *w);
    void cftmdl(int n, int l, double *a, double *w);
    int j, j1, j2, j3, l;
    double x0r, x0i, x1r, x1i, x2r, x2i, x3r, x3i;
    
    l = 2;
    if (n >= 16) {
        cft1st(n, a, w);
        l = 16;
        while ((l << 3) <= n) {
            cftmdl(n, l, a, w);
            l <<= 3;
        }
    }
    if ((l << 1) < n) {
        for (j = 0; j < l; j += 2) {
            j1 = j + l;
            j2 = j1 + l;
            j3 = j2 + l;
            x0r = a[j] + a[j1];
            x0i = a[j + 1] + a[j1 + 1];
            x1r = a[j] - a[j1];
            x1i = a[j + 1] - a[j1 + 1];
            x2r = a[j2] + a[j3];
            x2i = a[j2 + 1] + a[j3 + 1];
            x3r = a[j2] - a[j3];
            x3i = a[j2 + 1] - a[j3 + 1];
            a[j] = x0r + x2r;
            a[j + 1] = x0i + x2i;
            a[j2] = x0r - x2r;
            a[j2 + 1] = x0i - x2i;
            a[j1] = x1r - x3i;
            a[j1 + 1] = x1i + x3r;
            a[j3] = x1r + x3i;
            a[j3 + 1] = x1i - x3r;
        }
    } else if ((l << 1) == n) {
        for (j = 0; j < l; j += 2) {
            j1 = j + l;
            x0r = a[j] - a[j1];
            x0i = a[j + 1] - a[j1 + 1];
            a[j] += a[j1];
            a[j + 1] += a[j1 + 1];
            a[j1] = x0r;
            a[j1 + 1] = x0i;
        }
    }
}


void cftbsub(int n, double *a, double *w)
{
    void cft1st(int n, double *a, double *w);
    void cftmdl(int n, int l, double *a, double *w);
    int j, j1, j2, j3, j4, j5, j6, j7, l;
    double wn4r, x0r, x0i, x1r, x1i, x2r, x2i, x3r, x3i, 
        y0r, y0i, y1r, y1i, y2r, y2i, y3r, y3i, 
        y4r, y4i, y5r, y5i, y6r, y6i, y7r, y7i;
    
    l = 2;
    if (n > 16) {
        cft1st(n, a, w);
        l = 16;
        while ((l << 3) < n) {
            cftmdl(n, l, a, w);
            l <<= 3;
        }
    }
    if ((l << 2) < n) {
        wn4r = w[2];
        for (j = 0; j < l; j += 2) {
            j1 = j + l;
            j2 = j1 + l;
            j3 = j2 + l;
            j4 = j3 + l;
            j5 = j4 + l;
            j6 = j5 + l;
            j7 = j6 + l;
            x0r = a[j] + a[j1];
            x0i = -a[j + 1] - a[j1 + 1];
            x1r = a[j] - a[j1];
            x1i = -a[j + 1] + a[j1 + 1];
            x2r = a[j2] + a[j3];
            x2i = a[j2 + 1] + a[j3 + 1];
            x3r = a[j2] - a[j3];
            x3i = a[j2 + 1] - a[j3 + 1];
            y0r = x0r + x2r;
            y0i = x0i - x2i;
            y2r = x0r - x2r;
            y2i = x0i + x2i;
            y1r = x1r - x3i;
            y1i = x1i - x3r;
            y3r = x1r + x3i;
            y3i = x1i + x3r;
            x0r = a[j4] + a[j5];
            x0i = a[j4 + 1] + a[j5 + 1];
            x1r = a[j4] - a[j5];
            x1i = a[j4 + 1] - a[j5 + 1];
            x2r = a[j6] + a[j7];
            x2i = a[j6 + 1] + a[j7 + 1];
            x3r = a[j6] - a[j7];
            x3i = a[j6 + 1] - a[j7 + 1];
            y4r = x0r + x2r;
            y4i = x0i + x2i;
            y6r = x0r - x2r;
            y6i = x0i - x2i;
            x0r = x1r - x3i;
            x0i = x1i + x3r;
            x2r = x1r + x3i;
            x2i = x1i - x3r;
            y5r = wn4r * (x0r - x0i);
            y5i = wn4r * (x0r + x0i);
            y7r = wn4r * (x2r - x2i);
            y7i = wn4r * (x2r + x2i);
            a[j1] = y1r + y5r;
            a[j1 + 1] = y1i - y5i;
            a[j5] = y1r - y5r;
            a[j5 + 1] = y1i + y5i;
            a[j3] = y3r - y7i;
            a[j3 + 1] = y3i - y7r;
            a[j7] = y3r + y7i;
            a[j7 + 1] = y3i + y7r;
            a[j] = y0r + y4r;
            a[j + 1] = y0i - y4i;
            a[j4] = y0r - y4r;
            a[j4 + 1] = y0i + y4i;
            a[j2] = y2r - y6i;
            a[j2 + 1] = y2i - y6r;
            a[j6] = y2r + y6i;
            a[j6 + 1] = y2i + y6r;
        }
    } else if ((l << 2) == n) {
        for (j = 0; j < l; j += 2) {
            j1 = j + l;
            j2 = j1 + l;
            j3 = j2 + l;
            x0r = a[j] + a[j1];
            x0i = -a[j + 1] - a[j1 + 1];
            x1r = a[j] - a[j1];
            x1i = -a[j + 1] + a[j1 + 1];
            x2r = a[j2] + a[j3];
            x2i = a[j2 + 1] + a[j3 + 1];
            x3r = a[j2] - a[j3];
            x3i = a[j2 + 1] - a[j3 + 1];
            a[j] = x0r + x2r;
            a[j + 1] = x0i - x2i;
            a[j2] = x0r - x2r;
            a[j2 + 1] = x0i + x2i;
            a[j1] = x1r - x3i;
            a[j1 + 1] = x1i - x3r;
            a[j3] = x1r + x3i;
            a[j3 + 1] = x1i + x3r;
        }
    } else {
        for (j = 0; j < l; j += 2) {
            j1 = j + l;
            x0r = a[j] - a[j1];
            x0i = -a[j + 1] + a[j1 + 1];
            a[j] += a[j1];
            a[j + 1] = -a[j + 1] - a[j1 + 1];
            a[j1] = x0r;
            a[j1 + 1] = x0i;
        }
    }
}


void cft1st(int n, double *a, double *w)
{
    int j, k1;
    double wn4r, wtmp, wk1r, wk1i, wk2r, wk2i, wk3r, wk3i, 
        wk4r, wk4i, wk5r, wk5i, wk6r, wk6i, wk7r, wk7i;
    double x0r, x0i, x1r, x1i, x2r, x2i, x3r, x3i, 
        y0r, y0i, y1r, y1i, y2r, y2i, y3r, y3i, 
        y4r, y4i, y5r, y5i, y6r, y6i, y7r, y7i;
    
    wn4r = w[2];
    x0r = a[0] + a[2];
    x0i = a[1] + a[3];
    x1r = a[0] - a[2];
    x1i = a[1] - a[3];
    x2r = a[4] + a[6];
    x2i = a[5] + a[7];
    x3r = a[4] - a[6];
    x3i = a[5] - a[7];
    y0r = x0r + x2r;
    y0i = x0i + x2i;
    y2r = x0r - x2r;
    y2i = x0i - x2i;
    y1r = x1r - x3i;
    y1i = x1i + x3r;
    y3r = x1r + x3i;
    y3i = x1i - x3r;
    x0r = a[8] + a[10];
    x0i = a[9] + a[11];
    x1r = a[8] - a[10];
    x1i = a[9] - a[11];
    x2r = a[12] + a[14];
    x2i = a[13] + a[15];
    x3r = a[12] - a[14];
    x3i = a[13] - a[15];
    y4r = x0r + x2r;
    y4i = x0i + x2i;
    y6r = x0r - x2r;
    y6i = x0i - x2i;
    x0r = x1r - x3i;
    x0i = x1i + x3r;
    x2r = x1r + x3i;
    x2i = x1i - x3r;
    y5r = wn4r * (x0r - x0i);
    y5i = wn4r * (x0r + x0i);
    y7r = wn4r * (x2r - x2i);
    y7i = wn4r * (x2r + x2i);
    a[2] = y1r + y5r;
    a[3] = y1i + y5i;
    a[10] = y1r - y5r;
    a[11] = y1i - y5i;
    a[6] = y3r - y7i;
    a[7] = y3i + y7r;
    a[14] = y3r + y7i;
    a[15] = y3i - y7r;
    a[0] = y0r + y4r;
    a[1] = y0i + y4i;
    a[8] = y0r - y4r;
    a[9] = y0i - y4i;
    a[4] = y2r - y6i;
    a[5] = y2i + y6r;
    a[12] = y2r + y6i;
    a[13] = y2i - y6r;
    if (n > 16) {
        wk1r = w[4];
        wk1i = w[5];
        x0r = a[16] + a[18];
        x0i = a[17] + a[19];
        x1r = a[16] - a[18];
        x1i = a[17] - a[19];
        x2r = a[20] + a[22];
        x2i = a[21] + a[23];
        x3r = a[20] - a[22];
        x3i = a[21] - a[23];
        y0r = x0r + x2r;
        y0i = x0i + x2i;
        y2r = x0r - x2r;
        y2i = x0i - x2i;
        y1r = x1r - x3i;
        y1i = x1i + x3r;
        y3r = x1r + x3i;
        y3i = x1i - x3r;
        x0r = a[24] + a[26];
        x0i = a[25] + a[27];
        x1r = a[24] - a[26];
        x1i = a[25] - a[27];
        x2r = a[28] + a[30];
        x2i = a[29] + a[31];
        x3r = a[28] - a[30];
        x3i = a[29] - a[31];
        y4r = x0r + x2r;
        y4i = x0i + x2i;
        y6r = x0r - x2r;
        y6i = x0i - x2i;
        x0r = x1r - x3i;
        x0i = x1i + x3r;
        x2r = x1r + x3i;
        x2i = x3r - x1i;
        y5r = wk1i * x0r - wk1r * x0i;
        y5i = wk1i * x0i + wk1r * x0r;
        y7r = wk1r * x2r + wk1i * x2i;
        y7i = wk1r * x2i - wk1i * x2r;
        x0r = wk1r * y1r - wk1i * y1i;
        x0i = wk1r * y1i + wk1i * y1r;
        a[18] = x0r + y5r;
        a[19] = x0i + y5i;
        a[26] = y5i - x0i;
        a[27] = x0r - y5r;
        x0r = wk1i * y3r - wk1r * y3i;
        x0i = wk1i * y3i + wk1r * y3r;
        a[22] = x0r - y7r;
        a[23] = x0i + y7i;
        a[30] = y7i - x0i;
        a[31] = x0r + y7r;
        a[16] = y0r + y4r;
        a[17] = y0i + y4i;
        a[24] = y4i - y0i;
        a[25] = y0r - y4r;
        x0r = y2r - y6i;
        x0i = y2i + y6r;
        a[20] = wn4r * (x0r - x0i);
        a[21] = wn4r * (x0i + x0r);
        x0r = y6r - y2i;
        x0i = y2r + y6i;
        a[28] = wn4r * (x0r - x0i);
        a[29] = wn4r * (x0i + x0r);
        k1 = 4;
        for (j = 32; j < n; j += 16) {
            k1 += 4;
            wk1r = w[k1];
            wk1i = w[k1 + 1];
            wk2r = w[k1 + 2];
            wk2i = w[k1 + 3];
            wtmp = 2 * wk2i;
            wk3r = wk1r - wtmp * wk1i;
            wk3i = wtmp * wk1r - wk1i;
            wk4r = 1 - wtmp * wk2i;
            wk4i = wtmp * wk2r;
            wtmp = 2 * wk4i;
            wk5r = wk3r - wtmp * wk1i;
            wk5i = wtmp * wk1r - wk3i;
            wk6r = wk2r - wtmp * wk2i;
            wk6i = wtmp * wk2r - wk2i;
            wk7r = wk1r - wtmp * wk3i;
            wk7i = wtmp * wk3r - wk1i;
            x0r = a[j] + a[j + 2];
            x0i = a[j + 1] + a[j + 3];
            x1r = a[j] - a[j + 2];
            x1i = a[j + 1] - a[j + 3];
            x2r = a[j + 4] + a[j + 6];
            x2i = a[j + 5] + a[j + 7];
            x3r = a[j + 4] - a[j + 6];
            x3i = a[j + 5] - a[j + 7];
            y0r = x0r + x2r;
            y0i = x0i + x2i;
            y2r = x0r - x2r;
            y2i = x0i - x2i;
            y1r = x1r - x3i;
            y1i = x1i + x3r;
            y3r = x1r + x3i;
            y3i = x1i - x3r;
            x0r = a[j + 8] + a[j + 10];
            x0i = a[j + 9] + a[j + 11];
            x1r = a[j + 8] - a[j + 10];
            x1i = a[j + 9] - a[j + 11];
            x2r = a[j + 12] + a[j + 14];
            x2i = a[j + 13] + a[j + 15];
            x3r = a[j + 12] - a[j + 14];
            x3i = a[j + 13] - a[j + 15];
            y4r = x0r + x2r;
            y4i = x0i + x2i;
            y6r = x0r - x2r;
            y6i = x0i - x2i;
            x0r = x1r - x3i;
            x0i = x1i + x3r;
            x2r = x1r + x3i;
            x2i = x1i - x3r;
            y5r = wn4r * (x0r - x0i);
            y5i = wn4r * (x0r + x0i);
            y7r = wn4r * (x2r - x2i);
            y7i = wn4r * (x2r + x2i);
            x0r = y1r + y5r;
            x0i = y1i + y5i;
            a[j + 2] = wk1r * x0r - wk1i * x0i;
            a[j + 3] = wk1r * x0i + wk1i * x0r;
            x0r = y1r - y5r;
            x0i = y1i - y5i;
            a[j + 10] = wk5r * x0r - wk5i * x0i;
            a[j + 11] = wk5r * x0i + wk5i * x0r;
            x0r = y3r - y7i;
            x0i = y3i + y7r;
            a[j + 6] = wk3r * x0r - wk3i * x0i;
            a[j + 7] = wk3r * x0i + wk3i * x0r;
            x0r = y3r + y7i;
            x0i = y3i - y7r;
            a[j + 14] = wk7r * x0r - wk7i * x0i;
            a[j + 15] = wk7r * x0i + wk7i * x0r;
            a[j] = y0r + y4r;
            a[j + 1] = y0i + y4i;
            x0r = y0r - y4r;
            x0i = y0i - y4i;
            a[j + 8] = wk4r * x0r - wk4i * x0i;
            a[j + 9] = wk4r * x0i + wk4i * x0r;
            x0r = y2r - y6i;
            x0i = y2i + y6r;
            a[j + 4] = wk2r * x0r - wk2i * x0i;
            a[j + 5] = wk2r * x0i + wk2i * x0r;
            x0r = y2r + y6i;
            x0i = y2i - y6r;
            a[j + 12] = wk6r * x0r - wk6i * x0i;
            a[j + 13] = wk6r * x0i + wk6i * x0r;
        }
    }
}


void cftmdl(int n, int l, double *a, double *w)
{
    int j, j1, j2, j3, j4, j5, j6, j7, k, k1, m;
    double wn4r, wtmp, wk1r, wk1i, wk2r, wk2i, wk3r, wk3i, 
        wk4r, wk4i, wk5r, wk5i, wk6r, wk6i, wk7r, wk7i;
    double x0r, x0i, x1r, x1i, x2r, x2i, x3r, x3i, 
        y0r, y0i, y1r, y1i, y2r, y2i, y3r, y3i, 
        y4r, y4i, y5r, y5i, y6r, y6i, y7r, y7i;
    
    m = l << 3;
    wn4r = w[2];
    for (j = 0; j < l; j += 2) {
        j1 = j + l;
        j2 = j1 + l;
        j3 = j2 + l;
        j4 = j3 + l;
        j5 = j4 + l;
        j6 = j5 + l;
        j7 = j6 + l;
        x0r = a[j] + a[j1];
        x0i = a[j + 1] + a[j1 + 1];
        x1r = a[j] - a[j1];
        x1i = a[j + 1] - a[j1 + 1];
        x2r = a[j2] + a[j3];
        x2i = a[j2 + 1] + a[j3 + 1];
        x3r = a[j2] - a[j3];
        x3i = a[j2 + 1] - a[j3 + 1];
        y0r = x0r + x2r;
        y0i = x0i + x2i;
        y2r = x0r - x2r;
        y2i = x0i - x2i;
        y1r = x1r - x3i;
        y1i = x1i + x3r;
        y3r = x1r + x3i;
        y3i = x1i - x3r;
        x0r = a[j4] + a[j5];
        x0i = a[j4 + 1] + a[j5 + 1];
        x1r = a[j4] - a[j5];
        x1i = a[j4 + 1] - a[j5 + 1];
        x2r = a[j6] + a[j7];
        x2i = a[j6 + 1] + a[j7 + 1];
        x3r = a[j6] - a[j7];
        x3i = a[j6 + 1] - a[j7 + 1];
        y4r = x0r + x2r;
        y4i = x0i + x2i;
        y6r = x0r - x2r;
        y6i = x0i - x2i;
        x0r = x1r - x3i;
        x0i = x1i + x3r;
        x2r = x1r + x3i;
        x2i = x1i - x3r;
        y5r = wn4r * (x0r - x0i);
        y5i = wn4r * (x0r + x0i);
        y7r = wn4r * (x2r - x2i);
        y7i = wn4r * (x2r + x2i);
        a[j1] = y1r + y5r;
        a[j1 + 1] = y1i + y5i;
        a[j5] = y1r - y5r;
        a[j5 + 1] = y1i - y5i;
        a[j3] = y3r - y7i;
        a[j3 + 1] = y3i + y7r;
        a[j7] = y3r + y7i;
        a[j7 + 1] = y3i - y7r;
        a[j] = y0r + y4r;
        a[j + 1] = y0i + y4i;
        a[j4] = y0r - y4r;
        a[j4 + 1] = y0i - y4i;
        a[j2] = y2r - y6i;
        a[j2 + 1] = y2i + y6r;
        a[j6] = y2r + y6i;
        a[j6 + 1] = y2i - y6r;
    }
    if (m < n) {
        wk1r = w[4];
        wk1i = w[5];
        for (j = m; j < l + m; j += 2) {
            j1 = j + l;
            j2 = j1 + l;
            j3 = j2 + l;
            j4 = j3 + l;
            j5 = j4 + l;
            j6 = j5 + l;
            j7 = j6 + l;
            x0r = a[j] + a[j1];
            x0i = a[j + 1] + a[j1 + 1];
            x1r = a[j] - a[j1];
            x1i = a[j + 1] - a[j1 + 1];
            x2r = a[j2] + a[j3];
            x2i = a[j2 + 1] + a[j3 + 1];
            x3r = a[j2] - a[j3];
            x3i = a[j2 + 1] - a[j3 + 1];
            y0r = x0r + x2r;
            y0i = x0i + x2i;
            y2r = x0r - x2r;
            y2i = x0i - x2i;
            y1r = x1r - x3i;
            y1i = x1i + x3r;
            y3r = x1r + x3i;
            y3i = x1i - x3r;
            x0r = a[j4] + a[j5];
            x0i = a[j4 + 1] + a[j5 + 1];
            x1r = a[j4] - a[j5];
            x1i = a[j4 + 1] - a[j5 + 1];
            x2r = a[j6] + a[j7];
            x2i = a[j6 + 1] + a[j7 + 1];
            x3r = a[j6] - a[j7];
            x3i = a[j6 + 1] - a[j7 + 1];
            y4r = x0r + x2r;
            y4i = x0i + x2i;
            y6r = x0r - x2r;
            y6i = x0i - x2i;
            x0r = x1r - x3i;
            x0i = x1i + x3r;
            x2r = x1r + x3i;
            x2i = x3r - x1i;
            y5r = wk1i * x0r - wk1r * x0i;
            y5i = wk1i * x0i + wk1r * x0r;
            y7r = wk1r * x2r + wk1i * x2i;
            y7i = wk1r * x2i - wk1i * x2r;
            x0r = wk1r * y1r - wk1i * y1i;
            x0i = wk1r * y1i + wk1i * y1r;
            a[j1] = x0r + y5r;
            a[j1 + 1] = x0i + y5i;
            a[j5] = y5i - x0i;
            a[j5 + 1] = x0r - y5r;
            x0r = wk1i * y3r - wk1r * y3i;
            x0i = wk1i * y3i + wk1r * y3r;
            a[j3] = x0r - y7r;
            a[j3 + 1] = x0i + y7i;
            a[j7] = y7i - x0i;
            a[j7 + 1] = x0r + y7r;
            a[j] = y0r + y4r;
            a[j + 1] = y0i + y4i;
            a[j4] = y4i - y0i;
            a[j4 + 1] = y0r - y4r;
            x0r = y2r - y6i;
            x0i = y2i + y6r;
            a[j2] = wn4r * (x0r - x0i);
            a[j2 + 1] = wn4r * (x0i + x0r);
            x0r = y6r - y2i;
            x0i = y2r + y6i;
            a[j6] = wn4r * (x0r - x0i);
            a[j6 + 1] = wn4r * (x0i + x0r);
        }
        k1 = 4;
        for (k = 2 * m; k < n; k += m) {
            k1 += 4;
            wk1r = w[k1];
            wk1i = w[k1 + 1];
            wk2r = w[k1 + 2];
            wk2i = w[k1 + 3];
            wtmp = 2 * wk2i;
            wk3r = wk1r - wtmp * wk1i;
            wk3i = wtmp * wk1r - wk1i;
            wk4r = 1 - wtmp * wk2i;
            wk4i = wtmp * wk2r;
            wtmp = 2 * wk4i;
            wk5r = wk3r - wtmp * wk1i;
            wk5i = wtmp * wk1r - wk3i;
            wk6r = wk2r - wtmp * wk2i;
            wk6i = wtmp * wk2r - wk2i;
            wk7r = wk1r - wtmp * wk3i;
            wk7i = wtmp * wk3r - wk1i;
            for (j = k; j < l + k; j += 2) {
                j1 = j + l;
                j2 = j1 + l;
                j3 = j2 + l;
                j4 = j3 + l;
                j5 = j4 + l;
                j6 = j5 + l;
                j7 = j6 + l;
                x0r = a[j] + a[j1];
                x0i = a[j + 1] + a[j1 + 1];
                x1r = a[j] - a[j1];
                x1i = a[j + 1] - a[j1 + 1];
                x2r = a[j2] + a[j3];
                x2i = a[j2 + 1] + a[j3 + 1];
                x3r = a[j2] - a[j3];
                x3i = a[j2 + 1] - a[j3 + 1];
                y0r = x0r + x2r;
                y0i = x0i + x2i;
                y2r = x0r - x2r;
                y2i = x0i - x2i;
                y1r = x1r - x3i;
                y1i = x1i + x3r;
                y3r = x1r + x3i;
                y3i = x1i - x3r;
                x0r = a[j4] + a[j5];
                x0i = a[j4 + 1] + a[j5 + 1];
                x1r = a[j4] - a[j5];
                x1i = a[j4 + 1] - a[j5 + 1];
                x2r = a[j6] + a[j7];
                x2i = a[j6 + 1] + a[j7 + 1];
                x3r = a[j6] - a[j7];
                x3i = a[j6 + 1] - a[j7 + 1];
                y4r = x0r + x2r;
                y4i = x0i + x2i;
                y6r = x0r - x2r;
                y6i = x0i - x2i;
                x0r = x1r - x3i;
                x0i = x1i + x3r;
                x2r = x1r + x3i;
                x2i = x1i - x3r;
                y5r = wn4r * (x0r - x0i);
                y5i = wn4r * (x0r + x0i);
                y7r = wn4r * (x2r - x2i);
                y7i = wn4r * (x2r + x2i);
                x0r = y1r + y5r;
                x0i = y1i + y5i;
                a[j1] = wk1r * x0r - wk1i * x0i;
                a[j1 + 1] = wk1r * x0i + wk1i * x0r;
                x0r = y1r - y5r;
                x0i = y1i - y5i;
                a[j5] = wk5r * x0r - wk5i * x0i;
                a[j5 + 1] = wk5r * x0i + wk5i * x0r;
                x0r = y3r - y7i;
                x0i = y3i + y7r;
                a[j3] = wk3r * x0r - wk3i * x0i;
                a[j3 + 1] = wk3r * x0i + wk3i * x0r;
                x0r = y3r + y7i;
                x0i = y3i - y7r;
                a[j7] = wk7r * x0r - wk7i * x0i;
                a[j7 + 1] = wk7r * x0i + wk7i * x0r;
                a[j] = y0r + y4r;
                a[j + 1] = y0i + y4i;
                x0r = y0r - y4r;
                x0i = y0i - y4i;
                a[j4] = wk4r * x0r - wk4i * x0i;
                a[j4 + 1] = wk4r * x0i + wk4i * x0r;
                x0r = y2r - y6i;
                x0i = y2i + y6r;
                a[j2] = wk2r * x0r - wk2i * x0i;
                a[j2 + 1] = wk2r * x0i + wk2i * x0r;
                x0r = y2r + y6i;
                x0i = y2i - y6r;
                a[j6] = wk6r * x0r - wk6i * x0i;
                a[j6 + 1] = wk6r * x0i + wk6i * x0r;
            }
        }
    }
}


void rftfsub(int n, double *a, int nc, double *c)
{
    int j, k, kk, ks, m;
    double wkr, wki, xr, xi, yr, yi;
    
    m = n >> 1;
    ks = 2 * nc / m;
    kk = 0;
    for (j = 2; j < m; j += 2) {
        k = n - j;
        kk += ks;
        wkr = 0.5 - c[nc - kk];
        wki = c[kk];
        xr = a[j] - a[k];
        xi = a[j + 1] + a[k + 1];
        yr = wkr * xr - wki * xi;
        yi = wkr * xi + wki * xr;
        a[j] -= yr;
        a[j + 1] -= yi;
        a[k] += yr;
        a[k + 1] -= yi;
    }
}


void rftbsub(int n, double *a, int nc, double *c)
{
    int j, k, kk, ks, m;
    double wkr, wki, xr, xi, yr, yi;
    
    a[1] = -a[1];
    m = n >> 1;
    ks = 2 * nc / m;
    kk = 0;
    for (j = 2; j < m; j += 2) {
        k = n - j;
        kk += ks;
        wkr = 0.5 - c[nc - kk];
        wki = c[kk];
        xr = a[j] - a[k];
        xi = a[j + 1] + a[k + 1];
        yr = wkr * xr + wki * xi;
        yi = wkr * xi - wki * xr;
        a[j] -= yr;
        a[j + 1] = yi - a[j + 1];
        a[k] += yr;
        a[k + 1] = yi - a[k + 1];
    }
    a[m + 1] = -a[m + 1];
}


void dctsub(int n, double *a, int nc, double *c)
{
    int j, k, kk, ks, m;
    double wkr, wki, xr;
    
    m = n >> 1;
    ks = nc / n;
    kk = 0;
    for (j = 1; j < m; j++) {
        k = n - j;
        kk += ks;
        wkr = c[kk] - c[nc - kk];
        wki = c[kk] + c[nc - kk];
        xr = wki * a[j] - wkr * a[k];
        a[j] = wkr * a[j] + wki * a[k];
        a[k] = xr;
    }
    a[m] *= c[0];
}


void dstsub(int n, double *a, int nc, double *c)
{
    int j, k, kk, ks, m;
    double wkr, wki, xr;
    
    m = n >> 1;
    ks = nc / n;
    kk = 0;
    for (j = 1; j < m; j++) {
        k = n - j;
        kk += ks;
        wkr = c[kk] - c[nc - kk];
        wki = c[kk] + c[nc - kk];
        xr = wki * a[k] - wkr * a[j];
        a[k] = wkr * a[k] + wki * a[j];
        a[j] = xr;
    }
    a[m] *= c[0];
}








Viz/fft/fft8g.f

! Fast Fourier/Cosine/Sine Transform
!     dimension   :one
!     data length :power of 2
!     decimation  :frequency
!     radix       :8, 4, 2
!     data        :inplace
!     table       :use
! subroutines
!     cdft: Complex Discrete Fourier Transform
!     rdft: Real Discrete Fourier Transform
!     ddct: Discrete Cosine Transform
!     ddst: Discrete Sine Transform
!     dfct: Cosine Transform of RDFT (Real Symmetric DFT)
!     dfst: Sine Transform of RDFT (Real Anti-symmetric DFT)
!
!
! -------- Complex DFT (Discrete Fourier Transform) --------
!     [definition]
!         <case1>
!             X(k) = sum_j=0^n-1 x(j)*exp(2*pi*i*j*k/n), 0<=k<n
!         <case2>
!             X(k) = sum_j=0^n-1 x(j)*exp(-2*pi*i*j*k/n), 0<=k<n
!         (notes: sum_j=0^n-1 is a summation from j=0 to n-1)
!     [usage]
!         <case1>
!             ip(0) = 0  ! first time only
!             call cdft(2*n, 1, a, ip, w)
!         <case2>
!             ip(0) = 0  ! first time only
!             call cdft(2*n, -1, a, ip, w)
!     [parameters]
!         2*n          :data length (integer)
!                       n >= 1, n = power of 2
!         a(0:2*n-1)   :input/output data (real*8)
!                       input data
!                           a(2*j) = Re(x(j)), 
!                           a(2*j+1) = Im(x(j)), 0<=j<n
!                       output data
!                           a(2*k) = Re(X(k)), 
!                           a(2*k+1) = Im(X(k)), 0<=k<n
!         ip(0:*)      :work area for bit reversal (integer)
!                       length of ip >= 2+sqrt(n)
!                       strictly, 
!                       length of ip >= 
!                           2+2**(int(log(n+0.5)/log(2.0))/2).
!                       ip(0),ip(1) are pointers of the cos/sin table.
!         w(0:n/2-1)   :cos/sin table (real*8)
!                       w(),ip() are initialized if ip(0) = 0.
!     [remark]
!         Inverse of 
!             call cdft(2*n, -1, a, ip, w)
!         is 
!             call cdft(2*n, 1, a, ip, w)
!             do j = 0, 2 * n - 1
!                 a(j) = a(j) / n
!             end do
!         .
!
!
! -------- Real DFT / Inverse of Real DFT --------
!     [definition]
!         <case1> RDFT
!             R(k) = sum_j=0^n-1 a(j)*cos(2*pi*j*k/n), 0<=k<=n/2
!             I(k) = sum_j=0^n-1 a(j)*sin(2*pi*j*k/n), 0<k<n/2
!         <case2> IRDFT (excluding scale)
!             a(k) = (R(0) + R(n/2)*cos(pi*k))/2 + 
!                    sum_j=1^n/2-1 R(j)*cos(2*pi*j*k/n) + 
!                    sum_j=1^n/2-1 I(j)*sin(2*pi*j*k/n), 0<=k<n
!     [usage]
!         <case1>
!             ip(0) = 0  ! first time only
!             call rdft(n, 1, a, ip, w)
!         <case2>
!             ip(0) = 0  ! first time only
!             call rdft(n, -1, a, ip, w)
!     [parameters]
!         n            :data length (integer)
!                       n >= 2, n = power of 2
!         a(0:n-1)     :input/output data (real*8)
!                       <case1>
!                           output data
!                               a(2*k) = R(k), 0<=k<n/2
!                               a(2*k+1) = I(k), 0<k<n/2
!                               a(1) = R(n/2)
!                       <case2>
!                           input data
!                               a(2*j) = R(j), 0<=j<n/2
!                               a(2*j+1) = I(j), 0<j<n/2
!                               a(1) = R(n/2)
!         ip(0:*)      :work area for bit reversal (integer)
!                       length of ip >= 2+sqrt(n/2)
!                       strictly, 
!                       length of ip >= 
!                           2+2**(int(log(n/2+0.5)/log(2.0))/2).
!                       ip(0),ip(1) are pointers of the cos/sin table.
!         w(0:n/2-1)   :cos/sin table (real*8)
!                       w(),ip() are initialized if ip(0) = 0.
!     [remark]
!         Inverse of 
!             call rdft(n, 1, a, ip, w)
!         is 
!             call rdft(n, -1, a, ip, w)
!             do j = 0, n - 1
!                 a(j) = a(j) * 2 / n
!             end do
!         .
!
!
! -------- DCT (Discrete Cosine Transform) / Inverse of DCT --------
!     [definition]
!         <case1> IDCT (excluding scale)
!             C(k) = sum_j=0^n-1 a(j)*cos(pi*j*(k+1/2)/n), 0<=k<n
!         <case2> DCT
!             C(k) = sum_j=0^n-1 a(j)*cos(pi*(j+1/2)*k/n), 0<=k<n
!     [usage]
!         <case1>
!             ip(0) = 0  ! first time only
!             call ddct(n, 1, a, ip, w)
!         <case2>
!             ip(0) = 0  ! first time only
!             call ddct(n, -1, a, ip, w)
!     [parameters]
!         n            :data length (integer)
!                       n >= 2, n = power of 2
!         a(0:n-1)     :input/output data (real*8)
!                       output data
!                           a(k) = C(k), 0<=k<n
!         ip(0:*)      :work area for bit reversal (integer)
!                       length of ip >= 2+sqrt(n/2)
!                       strictly, 
!                       length of ip >= 
!                           2+2**(int(log(n/2+0.5)/log(2.0))/2).
!                       ip(0),ip(1) are pointers of the cos/sin table.
!         w(0:n*5/4-1) :cos/sin table (real*8)
!                       w(),ip() are initialized if ip(0) = 0.
!     [remark]
!         Inverse of 
!             call ddct(n, -1, a, ip, w)
!         is 
!             a(0) = a(0) / 2
!             call ddct(n, 1, a, ip, w)
!             do j = 0, n - 1
!                 a(j) = a(j) * 2 / n
!             end do
!         .
!
!
! -------- DST (Discrete Sine Transform) / Inverse of DST --------
!     [definition]
!         <case1> IDST (excluding scale)
!             S(k) = sum_j=1^n A(j)*sin(pi*j*(k+1/2)/n), 0<=k<n
!         <case2> DST
!             S(k) = sum_j=0^n-1 a(j)*sin(pi*(j+1/2)*k/n), 0<k<=n
!     [usage]
!         <case1>
!             ip(0) = 0  ! first time only
!             call ddst(n, 1, a, ip, w)
!         <case2>
!             ip(0) = 0  ! first time only
!             call ddst(n, -1, a, ip, w)
!     [parameters]
!         n            :data length (integer)
!                       n >= 2, n = power of 2
!         a(0:n-1)     :input/output data (real*8)
!                       <case1>
!                           input data
!                               a(j) = A(j), 0<j<n
!                               a(0) = A(n)
!                           output data
!                               a(k) = S(k), 0<=k<n
!                       <case2>
!                           output data
!                               a(k) = S(k), 0<k<n
!                               a(0) = S(n)
!         ip(0:*)      :work area for bit reversal (integer)
!                       length of ip >= 2+sqrt(n/2)
!                       strictly, 
!                       length of ip >= 
!                           2+2**(int(log(n/2+0.5)/log(2.0))/2).
!                       ip(0),ip(1) are pointers of the cos/sin table.
!         w(0:n*5/4-1) :cos/sin table (real*8)
!                       w(),ip() are initialized if ip(0) = 0.
!     [remark]
!         Inverse of 
!             call ddst(n, -1, a, ip, w)
!         is 
!             a(0) = a(0) / 2
!             call ddst(n, 1, a, ip, w)
!             do j = 0, n - 1
!                 a(j) = a(j) * 2 / n
!             end do
!         .
!
!
! -------- Cosine Transform of RDFT (Real Symmetric DFT) --------
!     [definition]
!         C(k) = sum_j=0^n a(j)*cos(pi*j*k/n), 0<=k<=n
!     [usage]
!         ip(0) = 0  ! first time only
!         call dfct(n, a, t, ip, w)
!     [parameters]
!         n            :data length - 1 (integer)
!                       n >= 2, n = power of 2
!         a(0:n)       :input/output data (real*8)
!                       output data
!                           a(k) = C(k), 0<=k<=n
!         t(0:n/2)     :work area (real*8)
!         ip(0:*)      :work area for bit reversal (integer)
!                       length of ip >= 2+sqrt(n/4)
!                       strictly, 
!                       length of ip >= 
!                           2+2**(int(log(n/4+0.5)/log(2.0))/2).
!                       ip(0),ip(1) are pointers of the cos/sin table.
!         w(0:n*5/8-1) :cos/sin table (real*8)
!                       w(),ip() are initialized if ip(0) = 0.
!     [remark]
!         Inverse of 
!             a(0) = a(0) / 2
!             a(n) = a(n) / 2
!             call dfct(n, a, t, ip, w)
!         is 
!             a(0) = a(0) / 2
!             a(n) = a(n) / 2
!             call dfct(n, a, t, ip, w)
!             do j = 0, n
!                 a(j) = a(j) * 2 / n
!             end do
!         .
!
!
! -------- Sine Transform of RDFT (Real Anti-symmetric DFT) --------
!     [definition]
!         S(k) = sum_j=1^n-1 a(j)*sin(pi*j*k/n), 0<k<n
!     [usage]
!         ip(0) = 0  ! first time only
!         call dfst(n, a, t, ip, w)
!     [parameters]
!         n            :data length + 1 (integer)
!                       n >= 2, n = power of 2
!         a(0:n-1)     :input/output data (real*8)
!                       output data
!                           a(k) = S(k), 0<k<n
!                       (a(0) is used for work area)
!         t(0:n/2-1)   :work area (real*8)
!         ip(0:*)      :work area for bit reversal (integer)
!                       length of ip >= 2+sqrt(n/4)
!                       strictly, 
!                       length of ip >= 
!                           2+2**(int(log(n/4+0.5)/log(2.0))/2).
!                       ip(0),ip(1) are pointers of the cos/sin table.
!         w(0:n*5/8-1) :cos/sin table (real*8)
!                       w(),ip() are initialized if ip(0) = 0.
!     [remark]
!         Inverse of 
!             call dfst(n, a, t, ip, w)
!         is 
!             call dfst(n, a, t, ip, w)
!             do j = 1, n - 1
!                 a(j) = a(j) * 2 / n
!             end do
!         .
!
!
! Appendix :
!     The cos/sin table is recalculated when the larger table required.
!     w() and ip() are compatible with all routines.
!
!
      subroutine cdft(n, isgn, a, ip, w)
      integer n, isgn, ip(0 : *)
      real*8 a(0 : n - 1), w(0 : *)
      if (n .gt. 4 * ip(0)) then
          call makewt(n / 4, ip, w)
      end if
      if (n .gt. 4) then
          if (isgn .ge. 0) then
              call bitrv2(n, ip(2), a)
              call cftfsub(n, a, w)
          else
              call bitrv2conj(n, ip(2), a)
              call cftbsub(n, a, w)
          end if
      else if (n .eq. 4) then
          call cftfsub(n, a, w)
      end if
      end
!
      subroutine rdft(n, isgn, a, ip, w)
      integer n, isgn, ip(0 : *), nw, nc
      real*8 a(0 : n - 1), w(0 : *), xi
      nw = ip(0)
      if (n .gt. 4 * nw) then
          nw = n / 4
          call makewt(nw, ip, w)
      end if
      nc = ip(1)
      if (n .gt. 4 * nc) then
          nc = n / 4
          call makect(nc, ip, w(nw))
      end if
      if (isgn .ge. 0) then
          if (n .gt. 4) then
              call bitrv2(n, ip(2), a)
              call cftfsub(n, a, w)
              call rftfsub(n, a, nc, w(nw))
          else if (n .eq. 4) then
              call cftfsub(n, a, w)
          end if
          xi = a(0) - a(1)
          a(0) = a(0) + a(1)
          a(1) = xi
      else
          a(1) = 0.5d0 * (a(0) - a(1))
          a(0) = a(0) - a(1)
          if (n .gt. 4) then
              call rftbsub(n, a, nc, w(nw))
              call bitrv2(n, ip(2), a)
              call cftbsub(n, a, w)
          else if (n .eq. 4) then
              call cftfsub(n, a, w)
          end if
      end if
      end
!
      subroutine ddct(n, isgn, a, ip, w)
      integer n, isgn, ip(0 : *), j, nw, nc
      real*8 a(0 : n - 1), w(0 : *), xr
      nw = ip(0)
      if (n .gt. 4 * nw) then
          nw = n / 4
          call makewt(nw, ip, w)
      end if
      nc = ip(1)
      if (n .gt. nc) then
          nc = n
          call makect(nc, ip, w(nw))
      end if
      if (isgn .lt. 0) then
          xr = a(n - 1)
          do j = n - 2, 2, -2
              a(j + 1) = a(j) - a(j - 1)
              a(j) = a(j) + a(j - 1)
          end do
          a(1) = a(0) - xr
          a(0) = a(0) + xr
          if (n .gt. 4) then
              call rftbsub(n, a, nc, w(nw))
              call bitrv2(n, ip(2), a)
              call cftbsub(n, a, w)
          else if (n .eq. 4) then
              call cftfsub(n, a, w)
          end if
      end if
      call dctsub(n, a, nc, w(nw))
      if (isgn .ge. 0) then
          if (n .gt. 4) then
              call bitrv2(n, ip(2), a)
              call cftfsub(n, a, w)
              call rftfsub(n, a, nc, w(nw))
          else if (n .eq. 4) then
              call cftfsub(n, a, w)
          end if
          xr = a(0) - a(1)
          a(0) = a(0) + a(1)
          do j = 2, n - 2, 2
              a(j - 1) = a(j) - a(j + 1)
              a(j) = a(j) + a(j + 1)
          end do
          a(n - 1) = xr
      end if
      end
!
      subroutine ddst(n, isgn, a, ip, w)
      integer n, isgn, ip(0 : *), j, nw, nc
      real*8 a(0 : n - 1), w(0 : *), xr
      nw = ip(0)
      if (n .gt. 4 * nw) then
          nw = n / 4
          call makewt(nw, ip, w)
      end if
      nc = ip(1)
      if (n .gt. nc) then
          nc = n
          call makect(nc, ip, w(nw))
      end if
      if (isgn .lt. 0) then
          xr = a(n - 1)
          do j = n - 2, 2, -2
              a(j + 1) = -a(j) - a(j - 1)
              a(j) = a(j) - a(j - 1)
          end do
          a(1) = a(0) + xr
          a(0) = a(0) - xr
          if (n .gt. 4) then
              call rftbsub(n, a, nc, w(nw))
              call bitrv2(n, ip(2), a)
              call cftbsub(n, a, w)
          else if (n .eq. 4) then
              call cftfsub(n, a, w)
          end if
      end if
      call dstsub(n, a, nc, w(nw))
      if (isgn .ge. 0) then
          if (n .gt. 4) then
              call bitrv2(n, ip(2), a)
              call cftfsub(n, a, w)
              call rftfsub(n, a, nc, w(nw))
          else if (n .eq. 4) then
              call cftfsub(n, a, w)
          end if
          xr = a(0) - a(1)
          a(0) = a(0) + a(1)
          do j = 2, n - 2, 2
              a(j - 1) = -a(j) - a(j + 1)
              a(j) = a(j) - a(j + 1)
          end do
          a(n - 1) = -xr
      end if
      end
!
      subroutine dfct(n, a, t, ip, w)
      integer n, ip(0 : *), j, k, l, m, mh, nw, nc
      real*8 a(0 : n), t(0 : n / 2), w(0 : *), xr, xi, yr, yi
      nw = ip(0)
      if (n .gt. 8 * nw) then
          nw = n / 8
          call makewt(nw, ip, w)
      end if
      nc = ip(1)
      if (n .gt. 2 * nc) then
          nc = n / 2
          call makect(nc, ip, w(nw))
      end if
      m = n / 2
      yi = a(m)
      xi = a(0) + a(n)
      a(0) = a(0) - a(n)
      t(0) = xi - yi
      t(m) = xi + yi
      if (n .gt. 2) then
          mh = m / 2
          do j = 1, mh - 1
              k = m - j
              xr = a(j) - a(n - j)
              xi = a(j) + a(n - j)
              yr = a(k) - a(n - k)
              yi = a(k) + a(n - k)
              a(j) = xr
              a(k) = yr
              t(j) = xi - yi
              t(k) = xi + yi
          end do
          t(mh) = a(mh) + a(n - mh)
          a(mh) = a(mh) - a(n - mh)
          call dctsub(m, a, nc, w(nw))
          if (m .gt. 4) then
              call bitrv2(m, ip(2), a)
              call cftfsub(m, a, w)
              call rftfsub(m, a, nc, w(nw))
          else if (m .eq. 4) then
              call cftfsub(m, a, w)
          end if
          a(n - 1) = a(0) - a(1)
          a(1) = a(0) + a(1)
          do j = m - 2, 2, -2
              a(2 * j + 1) = a(j) + a(j + 1)
              a(2 * j - 1) = a(j) - a(j + 1)
          end do
          l = 2
          m = mh
          do while (m .ge. 2)
              call dctsub(m, t, nc, w(nw))
              if (m .gt. 4) then
                  call bitrv2(m, ip(2), t)
                  call cftfsub(m, t, w)
                  call rftfsub(m, t, nc, w(nw))
              else if (m .eq. 4) then
                  call cftfsub(m, t, w)
              end if
              a(n - l) = t(0) - t(1)
              a(l) = t(0) + t(1)
              k = 0
              do j = 2, m - 2, 2
                  k = k + 4 * l
                  a(k - l) = t(j) - t(j + 1)
                  a(k + l) = t(j) + t(j + 1)
              end do
              l = 2 * l
              mh = m / 2
              do j = 0, mh - 1
                  k = m - j
                  t(j) = t(m + k) - t(m + j)
                  t(k) = t(m + k) + t(m + j)
              end do
              t(mh) = t(m + mh)
              m = mh
          end do
          a(l) = t(0)
          a(n) = t(2) - t(1)
          a(0) = t(2) + t(1)
      else
          a(1) = a(0)
          a(2) = t(0)
          a(0) = t(1)
      end if
      end
!
      subroutine dfst(n, a, t, ip, w)
      integer n, ip(0 : *), j, k, l, m, mh, nw, nc
      real*8 a(0 : n - 1), t(0 : n / 2 - 1), w(0 : *), xr, xi, yr, yi
      nw = ip(0)
      if (n .gt. 8 * nw) then
          nw = n / 8
          call makewt(nw, ip, w)
      end if
      nc = ip(1)
      if (n .gt. 2 * nc) then
          nc = n / 2
          call makect(nc, ip, w(nw))
      end if
      if (n .gt. 2) then
          m = n / 2
          mh = m / 2
          do j = 1, mh - 1
              k = m - j
              xr = a(j) + a(n - j)
              xi = a(j) - a(n - j)
              yr = a(k) + a(n - k)
              yi = a(k) - a(n - k)
              a(j) = xr
              a(k) = yr
              t(j) = xi + yi
              t(k) = xi - yi
          end do
          t(0) = a(mh) - a(n - mh)
          a(mh) = a(mh) + a(n - mh)
          a(0) = a(m)
          call dstsub(m, a, nc, w(nw))
          if (m .gt. 4) then
              call bitrv2(m, ip(2), a)
              call cftfsub(m, a, w)
              call rftfsub(m, a, nc, w(nw))
          else if (m .eq. 4) then
              call cftfsub(m, a, w)
          end if
          a(n - 1) = a(1) - a(0)
          a(1) = a(0) + a(1)
          do j = m - 2, 2, -2
              a(2 * j + 1) = a(j) - a(j + 1)
              a(2 * j - 1) = -a(j) - a(j + 1)
          end do
          l = 2
          m = mh
          do while (m .ge. 2)
              call dstsub(m, t, nc, w(nw))
              if (m .gt. 4) then
                  call bitrv2(m, ip(2), t)
                  call cftfsub(m, t, w)
                  call rftfsub(m, t, nc, w(nw))
              else if (m .eq. 4) then
                  call cftfsub(m, t, w)
              end if
              a(n - l) = t(1) - t(0)
              a(l) = t(0) + t(1)
              k = 0
              do j = 2, m - 2, 2
                  k = k + 4 * l
                  a(k - l) = -t(j) - t(j + 1)
                  a(k + l) = t(j) - t(j + 1)
              end do
              l = 2 * l
              mh = m / 2
              do j = 1, mh - 1
                  k = m - j
                  t(j) = t(m + k) + t(m + j)
                  t(k) = t(m + k) - t(m + j)
              end do
              t(0) = t(m + mh)
              m = mh
          end do
          a(l) = t(0)
      end if
      a(0) = 0
      end
!
! -------- initializing routines --------
!
      subroutine makewt(nw, ip, w)
      integer nw, ip(0 : *), j, nwh
      real*8 w(0 : nw - 1), delta, x, y
      ip(0) = nw
      ip(1) = 1
      if (nw .gt. 2) then
          nwh = nw / 2
          delta = atan(1.0d0) / nwh
          w(0) = 1
          w(1) = 0
          w(nwh) = cos(delta * nwh)
          w(nwh + 1) = w(nwh)
          if (nwh .gt. 2) then
              do j = 2, nwh - 2, 2
                  x = cos(delta * j)
                  y = sin(delta * j)
                  w(j) = x
                  w(j + 1) = y
                  w(nw - j) = y
                  w(nw - j + 1) = x
              end do
              do j = nwh - 2, 2, -2
                  x = w(2 * j)
                  y = w(2 * j + 1)
                  w(nwh + j) = x
                  w(nwh + j + 1) = y
              end do
              call bitrv2(nw, ip(2), w)
          end if
      end if
      end
!
      subroutine makect(nc, ip, c)
      integer nc, ip(0 : *), j, nch
      real*8 c(0 : nc - 1), delta
      ip(1) = nc
      if (nc .gt. 1) then
          nch = nc / 2
          delta = atan(1.0d0) / nch
          c(0) = cos(delta * nch)
          c(nch) = 0.5d0 * c(0)
          do j = 1, nch - 1
              c(j) = 0.5d0 * cos(delta * j)
              c(nc - j) = 0.5d0 * sin(delta * j)
          end do
      end if
      end
!
! -------- child routines --------
!
      subroutine bitrv2(n, ip, a)
      integer n, ip(0 : *), j, j1, k, k1, l, m, m2
      real*8 a(0 : n - 1), xr, xi, yr, yi
      ip(0) = 0
      l = n
      m = 1
      do while (8 * m .lt. l)
          l = l / 2
          do j = 0, m - 1
              ip(m + j) = ip(j) + l
          end do
          m = m * 2
      end do
      m2 = 2 * m
      if (8 * m .eq. l) then
          do k = 0, m - 1
              do j = 0, k - 1
                  j1 = 2 * j + ip(k)
                  k1 = 2 * k + ip(j)
                  xr = a(j1)
                  xi = a(j1 + 1)
                  yr = a(k1)
                  yi = a(k1 + 1)
                  a(j1) = yr
                  a(j1 + 1) = yi
                  a(k1) = xr
                  a(k1 + 1) = xi
                  j1 = j1 + m2
                  k1 = k1 + 2 * m2
                  xr = a(j1)
                  xi = a(j1 + 1)
                  yr = a(k1)
                  yi = a(k1 + 1)
                  a(j1) = yr
                  a(j1 + 1) = yi
                  a(k1) = xr
                  a(k1 + 1) = xi
                  j1 = j1 + m2
                  k1 = k1 - m2
                  xr = a(j1)
                  xi = a(j1 + 1)
                  yr = a(k1)
                  yi = a(k1 + 1)
                  a(j1) = yr
                  a(j1 + 1) = yi
                  a(k1) = xr
                  a(k1 + 1) = xi
                  j1 = j1 + m2
                  k1 = k1 + 2 * m2
                  xr = a(j1)
                  xi = a(j1 + 1)
                  yr = a(k1)
                  yi = a(k1 + 1)
                  a(j1) = yr
                  a(j1 + 1) = yi
                  a(k1) = xr
                  a(k1 + 1) = xi
              end do
              j1 = 2 * k + m2 + ip(k)
              k1 = j1 + m2
              xr = a(j1)
              xi = a(j1 + 1)
              yr = a(k1)
              yi = a(k1 + 1)
              a(j1) = yr
              a(j1 + 1) = yi
              a(k1) = xr
              a(k1 + 1) = xi
          end do
      else
          do k = 1, m - 1
              do j = 0, k - 1
                  j1 = 2 * j + ip(k)
                  k1 = 2 * k + ip(j)
                  xr = a(j1)
                  xi = a(j1 + 1)
                  yr = a(k1)
                  yi = a(k1 + 1)
                  a(j1) = yr
                  a(j1 + 1) = yi
                  a(k1) = xr
                  a(k1 + 1) = xi
                  j1 = j1 + m2
                  k1 = k1 + m2
                  xr = a(j1)
                  xi = a(j1 + 1)
                  yr = a(k1)
                  yi = a(k1 + 1)
                  a(j1) = yr
                  a(j1 + 1) = yi
                  a(k1) = xr
                  a(k1 + 1) = xi
              end do
          end do
      end if
      end
!
      subroutine bitrv2conj(n, ip, a)
      integer n, ip(0 : *), j, j1, k, k1, l, m, m2
      real*8 a(0 : n - 1), xr, xi, yr, yi
      ip(0) = 0
      l = n
      m = 1
      do while (8 * m .lt. l)
          l = l / 2
          do j = 0, m - 1
              ip(m + j) = ip(j) + l
          end do
          m = m * 2
      end do
      m2 = 2 * m
      if (8 * m .eq. l) then
          do k = 0, m - 1
              do j = 0, k - 1
                  j1 = 2 * j + ip(k)
                  k1 = 2 * k + ip(j)
                  xr = a(j1)
                  xi = -a(j1 + 1)
                  yr = a(k1)
                  yi = -a(k1 + 1)
                  a(j1) = yr
                  a(j1 + 1) = yi
                  a(k1) = xr
                  a(k1 + 1) = xi
                  j1 = j1 + m2
                  k1 = k1 + 2 * m2
                  xr = a(j1)
                  xi = -a(j1 + 1)
                  yr = a(k1)
                  yi = -a(k1 + 1)
                  a(j1) = yr
                  a(j1 + 1) = yi
                  a(k1) = xr
                  a(k1 + 1) = xi
                  j1 = j1 + m2
                  k1 = k1 - m2
                  xr = a(j1)
                  xi = -a(j1 + 1)
                  yr = a(k1)
                  yi = -a(k1 + 1)
                  a(j1) = yr
                  a(j1 + 1) = yi
                  a(k1) = xr
                  a(k1 + 1) = xi
                  j1 = j1 + m2
                  k1 = k1 + 2 * m2
                  xr = a(j1)
                  xi = -a(j1 + 1)
                  yr = a(k1)
                  yi = -a(k1 + 1)
                  a(j1) = yr
                  a(j1 + 1) = yi
                  a(k1) = xr
                  a(k1 + 1) = xi
              end do
              k1 = 2 * k + ip(k)
              a(k1 + 1) = -a(k1 + 1)
              j1 = k1 + m2
              k1 = j1 + m2
              xr = a(j1)
              xi = -a(j1 + 1)
              yr = a(k1)
              yi = -a(k1 + 1)
              a(j1) = yr
              a(j1 + 1) = yi
              a(k1) = xr
              a(k1 + 1) = xi
              k1 = k1 + m2
              a(k1 + 1) = -a(k1 + 1)
          end do
      else
          a(1) = -a(1)
          a(m2 + 1) = -a(m2 + 1)
          do k = 1, m - 1
              do j = 0, k - 1
                  j1 = 2 * j + ip(k)
                  k1 = 2 * k + ip(j)
                  xr = a(j1)
                  xi = -a(j1 + 1)
                  yr = a(k1)
                  yi = -a(k1 + 1)
                  a(j1) = yr
                  a(j1 + 1) = yi
                  a(k1) = xr
                  a(k1 + 1) = xi
                  j1 = j1 + m2
                  k1 = k1 + m2
                  xr = a(j1)
                  xi = -a(j1 + 1)
                  yr = a(k1)
                  yi = -a(k1 + 1)
                  a(j1) = yr
                  a(j1 + 1) = yi
                  a(k1) = xr
                  a(k1 + 1) = xi
              end do
              k1 = 2 * k + ip(k)
              a(k1 + 1) = -a(k1 + 1)
              a(k1 + m2 + 1) = -a(k1 + m2 + 1)
          end do
      end if
      end
!
      subroutine cftfsub(n, a, w)
      integer n, j, j1, j2, j3, l
      real*8 a(0 : n - 1), w(0 : *)
      real*8 x0r, x0i, x1r, x1i, x2r, x2i, x3r, x3i
      l = 2
      if (n .ge. 16) then
          call cft1st(n, a, w)
          l = 16
          do while (8 * l .le. n)
              call cftmdl(n, l, a, w)
              l = 8 * l
          end do
      end if
      if (2 * l .lt. n) then
          do j = 0, l - 2, 2
              j1 = j + l
              j2 = j1 + l
              j3 = j2 + l
              x0r = a(j) + a(j1)
              x0i = a(j + 1) + a(j1 + 1)
              x1r = a(j) - a(j1)
              x1i = a(j + 1) - a(j1 + 1)
              x2r = a(j2) + a(j3)
              x2i = a(j2 + 1) + a(j3 + 1)
              x3r = a(j2) - a(j3)
              x3i = a(j2 + 1) - a(j3 + 1)
              a(j) = x0r + x2r
              a(j + 1) = x0i + x2i
              a(j2) = x0r - x2r
              a(j2 + 1) = x0i - x2i
              a(j1) = x1r - x3i
              a(j1 + 1) = x1i + x3r
              a(j3) = x1r + x3i
              a(j3 + 1) = x1i - x3r
          end do
      else if (2 * l .eq. n) then
          do j = 0, l - 2, 2
              j1 = j + l
              x0r = a(j) - a(j1)
              x0i = a(j + 1) - a(j1 + 1)
              a(j) = a(j) + a(j1)
              a(j + 1) = a(j + 1) + a(j1 + 1)
              a(j1) = x0r
              a(j1 + 1) = x0i
          end do
      end if
      end
!
      subroutine cftbsub(n, a, w)
      integer n, j, j1, j2, j3, j4, j5, j6, j7, l
      real*8 a(0 : n - 1), w(0 : *)
      real*8 wn4r, x0r, x0i, x1r, x1i, x2r, x2i, x3r, x3i
      real*8 y0r, y0i, y1r, y1i, y2r, y2i, y3r, y3i
      real*8 y4r, y4i, y5r, y5i, y6r, y6i, y7r, y7i
      l = 2
      if (n .gt. 16) then
          call cft1st(n, a, w)
          l = 16
          do while (8 * l .lt. n)
              call cftmdl(n, l, a, w)
              l = 8 * l
          end do
      end if
      if (4 * l .lt. n) then
          wn4r = w(2)
          do j = 0, l - 2, 2
              j1 = j + l
              j2 = j1 + l
              j3 = j2 + l
              j4 = j3 + l
              j5 = j4 + l
              j6 = j5 + l
              j7 = j6 + l
              x0r = a(j) + a(j1)
              x0i = -a(j + 1) - a(j1 + 1)
              x1r = a(j) - a(j1)
              x1i = -a(j + 1) + a(j1 + 1)
              x2r = a(j2) + a(j3)
              x2i = a(j2 + 1) + a(j3 + 1)
              x3r = a(j2) - a(j3)
              x3i = a(j2 + 1) - a(j3 + 1)
              y0r = x0r + x2r
              y0i = x0i - x2i
              y2r = x0r - x2r
              y2i = x0i + x2i
              y1r = x1r - x3i
              y1i = x1i - x3r
              y3r = x1r + x3i
              y3i = x1i + x3r
              x0r = a(j4) + a(j5)
              x0i = a(j4 + 1) + a(j5 + 1)
              x1r = a(j4) - a(j5)
              x1i = a(j4 + 1) - a(j5 + 1)
              x2r = a(j6) + a(j7)
              x2i = a(j6 + 1) + a(j7 + 1)
              x3r = a(j6) - a(j7)
              x3i = a(j6 + 1) - a(j7 + 1)
              y4r = x0r + x2r
              y4i = x0i + x2i
              y6r = x0r - x2r
              y6i = x0i - x2i
              x0r = x1r - x3i
              x0i = x1i + x3r
              x2r = x1r + x3i
              x2i = x1i - x3r
              y5r = wn4r * (x0r - x0i)
              y5i = wn4r * (x0r + x0i)
              y7r = wn4r * (x2r - x2i)
              y7i = wn4r * (x2r + x2i)
              a(j1) = y1r + y5r
              a(j1 + 1) = y1i - y5i
              a(j5) = y1r - y5r
              a(j5 + 1) = y1i + y5i
              a(j3) = y3r - y7i
              a(j3 + 1) = y3i - y7r
              a(j7) = y3r + y7i
              a(j7 + 1) = y3i + y7r
              a(j) = y0r + y4r
              a(j + 1) = y0i - y4i
              a(j4) = y0r - y4r
              a(j4 + 1) = y0i + y4i
              a(j2) = y2r - y6i
              a(j2 + 1) = y2i - y6r
              a(j6) = y2r + y6i
              a(j6 + 1) = y2i + y6r
          end do
      else if (4 * l .eq. n) then
          do j = 0, l - 2, 2
              j1 = j + l
              j2 = j1 + l
              j3 = j2 + l
              x0r = a(j) + a(j1)
              x0i = -a(j + 1) - a(j1 + 1)
              x1r = a(j) - a(j1)
              x1i = -a(j + 1) + a(j1 + 1)
              x2r = a(j2) + a(j3)
              x2i = a(j2 + 1) + a(j3 + 1)
              x3r = a(j2) - a(j3)
              x3i = a(j2 + 1) - a(j3 + 1)
              a(j) = x0r + x2r
              a(j + 1) = x0i - x2i
              a(j2) = x0r - x2r
              a(j2 + 1) = x0i + x2i
              a(j1) = x1r - x3i
              a(j1 + 1) = x1i - x3r
              a(j3) = x1r + x3i
              a(j3 + 1) = x1i + x3r
          end do
      else
          do j = 0, l - 2, 2
              j1 = j + l
              x0r = a(j) - a(j1)
              x0i = -a(j + 1) + a(j1 + 1)
              a(j) = a(j) + a(j1)
              a(j + 1) = -a(j + 1) - a(j1 + 1)
              a(j1) = x0r
              a(j1 + 1) = x0i
          end do
      end if
      end
!
      subroutine cft1st(n, a, w)
      integer n, j, k1
      real*8 a(0 : n - 1), w(0 : *)
      real*8 wn4r, wtmp, wk1r, wk1i, wk2r, wk2i, wk3r, wk3i
      real*8 wk4r, wk4i, wk5r, wk5i, wk6r, wk6i, wk7r, wk7i
      real*8 x0r, x0i, x1r, x1i, x2r, x2i, x3r, x3i
      real*8 y0r, y0i, y1r, y1i, y2r, y2i, y3r, y3i
      real*8 y4r, y4i, y5r, y5i, y6r, y6i, y7r, y7i
      wn4r = w(2)
      x0r = a(0) + a(2)
      x0i = a(1) + a(3)
      x1r = a(0) - a(2)
      x1i = a(1) - a(3)
      x2r = a(4) + a(6)
      x2i = a(5) + a(7)
      x3r = a(4) - a(6)
      x3i = a(5) - a(7)
      y0r = x0r + x2r
      y0i = x0i + x2i
      y2r = x0r - x2r
      y2i = x0i - x2i
      y1r = x1r - x3i
      y1i = x1i + x3r
      y3r = x1r + x3i
      y3i = x1i - x3r
      x0r = a(8) + a(10)
      x0i = a(9) + a(11)
      x1r = a(8) - a(10)
      x1i = a(9) - a(11)
      x2r = a(12) + a(14)
      x2i = a(13) + a(15)
      x3r = a(12) - a(14)
      x3i = a(13) - a(15)
      y4r = x0r + x2r
      y4i = x0i + x2i
      y6r = x0r - x2r
      y6i = x0i - x2i
      x0r = x1r - x3i
      x0i = x1i + x3r
      x2r = x1r + x3i
      x2i = x1i - x3r
      y5r = wn4r * (x0r - x0i)
      y5i = wn4r * (x0r + x0i)
      y7r = wn4r * (x2r - x2i)
      y7i = wn4r * (x2r + x2i)
      a(2) = y1r + y5r
      a(3) = y1i + y5i
      a(10) = y1r - y5r
      a(11) = y1i - y5i
      a(6) = y3r - y7i
      a(7) = y3i + y7r
      a(14) = y3r + y7i
      a(15) = y3i - y7r
      a(0) = y0r + y4r
      a(1) = y0i + y4i
      a(8) = y0r - y4r
      a(9) = y0i - y4i
      a(4) = y2r - y6i
      a(5) = y2i + y6r
      a(12) = y2r + y6i
      a(13) = y2i - y6r
      if (n .gt. 16) then
          wk1r = w(4)
          wk1i = w(5)
          x0r = a(16) + a(18)
          x0i = a(17) + a(19)
          x1r = a(16) - a(18)
          x1i = a(17) - a(19)
          x2r = a(20) + a(22)
          x2i = a(21) + a(23)
          x3r = a(20) - a(22)
          x3i = a(21) - a(23)
          y0r = x0r + x2r
          y0i = x0i + x2i
          y2r = x0r - x2r
          y2i = x0i - x2i
          y1r = x1r - x3i
          y1i = x1i + x3r
          y3r = x1r + x3i
          y3i = x1i - x3r
          x0r = a(24) + a(26)
          x0i = a(25) + a(27)
          x1r = a(24) - a(26)
          x1i = a(25) - a(27)
          x2r = a(28) + a(30)
          x2i = a(29) + a(31)
          x3r = a(28) - a(30)
          x3i = a(29) - a(31)
          y4r = x0r + x2r
          y4i = x0i + x2i
          y6r = x0r - x2r
          y6i = x0i - x2i
          x0r = x1r - x3i
          x0i = x1i + x3r
          x2r = x1r + x3i
          x2i = x3r - x1i
          y5r = wk1i * x0r - wk1r * x0i
          y5i = wk1i * x0i + wk1r * x0r
          y7r = wk1r * x2r + wk1i * x2i
          y7i = wk1r * x2i - wk1i * x2r
          x0r = wk1r * y1r - wk1i * y1i
          x0i = wk1r * y1i + wk1i * y1r
          a(18) = x0r + y5r
          a(19) = x0i + y5i
          a(26) = y5i - x0i
          a(27) = x0r - y5r
          x0r = wk1i * y3r - wk1r * y3i
          x0i = wk1i * y3i + wk1r * y3r
          a(22) = x0r - y7r
          a(23) = x0i + y7i
          a(30) = y7i - x0i
          a(31) = x0r + y7r
          a(16) = y0r + y4r
          a(17) = y0i + y4i
          a(24) = y4i - y0i
          a(25) = y0r - y4r
          x0r = y2r - y6i
          x0i = y2i + y6r
          a(20) = wn4r * (x0r - x0i)
          a(21) = wn4r * (x0i + x0r)
          x0r = y6r - y2i
          x0i = y2r + y6i
          a(28) = wn4r * (x0r - x0i)
          a(29) = wn4r * (x0i + x0r)
          k1 = 4
          do j = 32, n - 16, 16
              k1 = k1 + 4
              wk1r = w(k1)
              wk1i = w(k1 + 1)
              wk2r = w(k1 + 2)
              wk2i = w(k1 + 3)
              wtmp = 2 * wk2i
              wk3r = wk1r - wtmp * wk1i
              wk3i = wtmp * wk1r - wk1i
              wk4r = 1 - wtmp * wk2i
              wk4i = wtmp * wk2r
              wtmp = 2 * wk4i
              wk5r = wk3r - wtmp * wk1i
              wk5i = wtmp * wk1r - wk3i
              wk6r = wk2r - wtmp * wk2i
              wk6i = wtmp * wk2r - wk2i
              wk7r = wk1r - wtmp * wk3i
              wk7i = wtmp * wk3r - wk1i
              x0r = a(j) + a(j + 2)
              x0i = a(j + 1) + a(j + 3)
              x1r = a(j) - a(j + 2)
              x1i = a(j + 1) - a(j + 3)
              x2r = a(j + 4) + a(j + 6)
              x2i = a(j + 5) + a(j + 7)
              x3r = a(j + 4) - a(j + 6)
              x3i = a(j + 5) - a(j + 7)
              y0r = x0r + x2r
              y0i = x0i + x2i
              y2r = x0r - x2r
              y2i = x0i - x2i
              y1r = x1r - x3i
              y1i = x1i + x3r
              y3r = x1r + x3i
              y3i = x1i - x3r
              x0r = a(j + 8) + a(j + 10)
              x0i = a(j + 9) + a(j + 11)
              x1r = a(j + 8) - a(j + 10)
              x1i = a(j + 9) - a(j + 11)
              x2r = a(j + 12) + a(j + 14)
              x2i = a(j + 13) + a(j + 15)
              x3r = a(j + 12) - a(j + 14)
              x3i = a(j + 13) - a(j + 15)
              y4r = x0r + x2r
              y4i = x0i + x2i
              y6r = x0r - x2r
              y6i = x0i - x2i
              x0r = x1r - x3i
              x0i = x1i + x3r
              x2r = x1r + x3i
              x2i = x1i - x3r
              y5r = wn4r * (x0r - x0i)
              y5i = wn4r * (x0r + x0i)
              y7r = wn4r * (x2r - x2i)
              y7i = wn4r * (x2r + x2i)
              x0r = y1r + y5r
              x0i = y1i + y5i
              a(j + 2) = wk1r * x0r - wk1i * x0i
              a(j + 3) = wk1r * x0i + wk1i * x0r
              x0r = y1r - y5r
              x0i = y1i - y5i
              a(j + 10) = wk5r * x0r - wk5i * x0i
              a(j + 11) = wk5r * x0i + wk5i * x0r
              x0r = y3r - y7i
              x0i = y3i + y7r
              a(j + 6) = wk3r * x0r - wk3i * x0i
              a(j + 7) = wk3r * x0i + wk3i * x0r
              x0r = y3r + y7i
              x0i = y3i - y7r
              a(j + 14) = wk7r * x0r - wk7i * x0i
              a(j + 15) = wk7r * x0i + wk7i * x0r
              a(j) = y0r + y4r
              a(j + 1) = y0i + y4i
              x0r = y0r - y4r
              x0i = y0i - y4i
              a(j + 8) = wk4r * x0r - wk4i * x0i
              a(j + 9) = wk4r * x0i + wk4i * x0r
              x0r = y2r - y6i
              x0i = y2i + y6r
              a(j + 4) = wk2r * x0r - wk2i * x0i
              a(j + 5) = wk2r * x0i + wk2i * x0r
              x0r = y2r + y6i
              x0i = y2i - y6r
              a(j + 12) = wk6r * x0r - wk6i * x0i
              a(j + 13) = wk6r * x0i + wk6i * x0r
          end do
      end if
      end
!
      subroutine cftmdl(n, l, a, w)
      integer n, l, j, j1, j2, j3, j4, j5, j6, j7, k, k1, m
      real*8 a(0 : n - 1), w(0 : *)
      real*8 wn4r, wtmp, wk1r, wk1i, wk2r, wk2i, wk3r, wk3i
      real*8 wk4r, wk4i, wk5r, wk5i, wk6r, wk6i, wk7r, wk7i
      real*8 x0r, x0i, x1r, x1i, x2r, x2i, x3r, x3i
      real*8 y0r, y0i, y1r, y1i, y2r, y2i, y3r, y3i
      real*8 y4r, y4i, y5r, y5i, y6r, y6i, y7r, y7i
      m = 8 * l
      wn4r = w(2)
      do j = 0, l - 2, 2
          j1 = j + l
          j2 = j1 + l
          j3 = j2 + l
          j4 = j3 + l
          j5 = j4 + l
          j6 = j5 + l
          j7 = j6 + l
          x0r = a(j) + a(j1)
          x0i = a(j + 1) + a(j1 + 1)
          x1r = a(j) - a(j1)
          x1i = a(j + 1) - a(j1 + 1)
          x2r = a(j2) + a(j3)
          x2i = a(j2 + 1) + a(j3 + 1)
          x3r = a(j2) - a(j3)
          x3i = a(j2 + 1) - a(j3 + 1)
          y0r = x0r + x2r
          y0i = x0i + x2i
          y2r = x0r - x2r
          y2i = x0i - x2i
          y1r = x1r - x3i
          y1i = x1i + x3r
          y3r = x1r + x3i
          y3i = x1i - x3r
          x0r = a(j4) + a(j5)
          x0i = a(j4 + 1) + a(j5 + 1)
          x1r = a(j4) - a(j5)
          x1i = a(j4 + 1) - a(j5 + 1)
          x2r = a(j6) + a(j7)
          x2i = a(j6 + 1) + a(j7 + 1)
          x3r = a(j6) - a(j7)
          x3i = a(j6 + 1) - a(j7 + 1)
          y4r = x0r + x2r
          y4i = x0i + x2i
          y6r = x0r - x2r
          y6i = x0i - x2i
          x0r = x1r - x3i
          x0i = x1i + x3r
          x2r = x1r + x3i
          x2i = x1i - x3r
          y5r = wn4r * (x0r - x0i)
          y5i = wn4r * (x0r + x0i)
          y7r = wn4r * (x2r - x2i)
          y7i = wn4r * (x2r + x2i)
          a(j1) = y1r + y5r
          a(j1 + 1) = y1i + y5i
          a(j5) = y1r - y5r
          a(j5 + 1) = y1i - y5i
          a(j3) = y3r - y7i
          a(j3 + 1) = y3i + y7r
          a(j7) = y3r + y7i
          a(j7 + 1) = y3i - y7r
          a(j) = y0r + y4r
          a(j + 1) = y0i + y4i
          a(j4) = y0r - y4r
          a(j4 + 1) = y0i - y4i
          a(j2) = y2r - y6i
          a(j2 + 1) = y2i + y6r
          a(j6) = y2r + y6i
          a(j6 + 1) = y2i - y6r
      end do
      if (m .lt. n) then
          wk1r = w(4)
          wk1i = w(5)
          do j = m, l + m - 2, 2
              j1 = j + l
              j2 = j1 + l
              j3 = j2 + l
              j4 = j3 + l
              j5 = j4 + l
              j6 = j5 + l
              j7 = j6 + l
              x0r = a(j) + a(j1)
              x0i = a(j + 1) + a(j1 + 1)
              x1r = a(j) - a(j1)
              x1i = a(j + 1) - a(j1 + 1)
              x2r = a(j2) + a(j3)
              x2i = a(j2 + 1) + a(j3 + 1)
              x3r = a(j2) - a(j3)
              x3i = a(j2 + 1) - a(j3 + 1)
              y0r = x0r + x2r
              y0i = x0i + x2i
              y2r = x0r - x2r
              y2i = x0i - x2i
              y1r = x1r - x3i
              y1i = x1i + x3r
              y3r = x1r + x3i
              y3i = x1i - x3r
              x0r = a(j4) + a(j5)
              x0i = a(j4 + 1) + a(j5 + 1)
              x1r = a(j4) - a(j5)
              x1i = a(j4 + 1) - a(j5 + 1)
              x2r = a(j6) + a(j7)
              x2i = a(j6 + 1) + a(j7 + 1)
              x3r = a(j6) - a(j7)
              x3i = a(j6 + 1) - a(j7 + 1)
              y4r = x0r + x2r
              y4i = x0i + x2i
              y6r = x0r - x2r
              y6i = x0i - x2i
              x0r = x1r - x3i
              x0i = x1i + x3r
              x2r = x1r + x3i
              x2i = x3r - x1i
              y5r = wk1i * x0r - wk1r * x0i
              y5i = wk1i * x0i + wk1r * x0r
              y7r = wk1r * x2r + wk1i * x2i
              y7i = wk1r * x2i - wk1i * x2r
              x0r = wk1r * y1r - wk1i * y1i
              x0i = wk1r * y1i + wk1i * y1r
              a(j1) = x0r + y5r
              a(j1 + 1) = x0i + y5i
              a(j5) = y5i - x0i
              a(j5 + 1) = x0r - y5r
              x0r = wk1i * y3r - wk1r * y3i
              x0i = wk1i * y3i + wk1r * y3r
              a(j3) = x0r - y7r
              a(j3 + 1) = x0i + y7i
              a(j7) = y7i - x0i
              a(j7 + 1) = x0r + y7r
              a(j) = y0r + y4r
              a(j + 1) = y0i + y4i
              a(j4) = y4i - y0i
              a(j4 + 1) = y0r - y4r
              x0r = y2r - y6i
              x0i = y2i + y6r
              a(j2) = wn4r * (x0r - x0i)
              a(j2 + 1) = wn4r * (x0i + x0r)
              x0r = y6r - y2i
              x0i = y2r + y6i
              a(j6) = wn4r * (x0r - x0i)
              a(j6 + 1) = wn4r * (x0i + x0r)
          end do
          k1 = 4
          do k = 2 * m, n - m, m
              k1 = k1 + 4
              wk1r = w(k1)
              wk1i = w(k1 + 1)
              wk2r = w(k1 + 2)
              wk2i = w(k1 + 3)
              wtmp = 2 * wk2i
              wk3r = wk1r - wtmp * wk1i
              wk3i = wtmp * wk1r - wk1i
              wk4r = 1 - wtmp * wk2i
              wk4i = wtmp * wk2r
              wtmp = 2 * wk4i
              wk5r = wk3r - wtmp * wk1i
              wk5i = wtmp * wk1r - wk3i
              wk6r = wk2r - wtmp * wk2i
              wk6i = wtmp * wk2r - wk2i
              wk7r = wk1r - wtmp * wk3i
              wk7i = wtmp * wk3r - wk1i
              do j = k, l + k - 2, 2
                  j1 = j + l
                  j2 = j1 + l
                  j3 = j2 + l
                  j4 = j3 + l
                  j5 = j4 + l
                  j6 = j5 + l
                  j7 = j6 + l
                  x0r = a(j) + a(j1)
                  x0i = a(j + 1) + a(j1 + 1)
                  x1r = a(j) - a(j1)
                  x1i = a(j + 1) - a(j1 + 1)
                  x2r = a(j2) + a(j3)
                  x2i = a(j2 + 1) + a(j3 + 1)
                  x3r = a(j2) - a(j3)
                  x3i = a(j2 + 1) - a(j3 + 1)
                  y0r = x0r + x2r
                  y0i = x0i + x2i
                  y2r = x0r - x2r
                  y2i = x0i - x2i
                  y1r = x1r - x3i
                  y1i = x1i + x3r
                  y3r = x1r + x3i
                  y3i = x1i - x3r
                  x0r = a(j4) + a(j5)
                  x0i = a(j4 + 1) + a(j5 + 1)
                  x1r = a(j4) - a(j5)
                  x1i = a(j4 + 1) - a(j5 + 1)
                  x2r = a(j6) + a(j7)
                  x2i = a(j6 + 1) + a(j7 + 1)
                  x3r = a(j6) - a(j7)
                  x3i = a(j6 + 1) - a(j7 + 1)
                  y4r = x0r + x2r
                  y4i = x0i + x2i
                  y6r = x0r - x2r
                  y6i = x0i - x2i
                  x0r = x1r - x3i
                  x0i = x1i + x3r
                  x2r = x1r + x3i
                  x2i = x1i - x3r
                  y5r = wn4r * (x0r - x0i)
                  y5i = wn4r * (x0r + x0i)
                  y7r = wn4r * (x2r - x2i)
                  y7i = wn4r * (x2r + x2i)
                  x0r = y1r + y5r
                  x0i = y1i + y5i
                  a(j1) = wk1r * x0r - wk1i * x0i
                  a(j1 + 1) = wk1r * x0i + wk1i * x0r
                  x0r = y1r - y5r
                  x0i = y1i - y5i
                  a(j5) = wk5r * x0r - wk5i * x0i
                  a(j5 + 1) = wk5r * x0i + wk5i * x0r
                  x0r = y3r - y7i
                  x0i = y3i + y7r
                  a(j3) = wk3r * x0r - wk3i * x0i
                  a(j3 + 1) = wk3r * x0i + wk3i * x0r
                  x0r = y3r + y7i
                  x0i = y3i - y7r
                  a(j7) = wk7r * x0r - wk7i * x0i
                  a(j7 + 1) = wk7r * x0i + wk7i * x0r
                  a(j) = y0r + y4r
                  a(j + 1) = y0i + y4i
                  x0r = y0r - y4r
                  x0i = y0i - y4i
                  a(j4) = wk4r * x0r - wk4i * x0i
                  a(j4 + 1) = wk4r * x0i + wk4i * x0r
                  x0r = y2r - y6i
                  x0i = y2i + y6r
                  a(j2) = wk2r * x0r - wk2i * x0i
                  a(j2 + 1) = wk2r * x0i + wk2i * x0r
                  x0r = y2r + y6i
                  x0i = y2i - y6r
                  a(j6) = wk6r * x0r - wk6i * x0i
                  a(j6 + 1) = wk6r * x0i + wk6i * x0r
              end do
          end do
      end if
      end
!
      subroutine rftfsub(n, a, nc, c)
      integer n, nc, j, k, kk, ks, m
      real*8 a(0 : n - 1), c(0 : nc - 1), wkr, wki, xr, xi, yr, yi
      m = n / 2
      ks = 2 * nc / m
      kk = 0
      do j = 2, m - 2, 2
          k = n - j
          kk = kk + ks
          wkr = 0.5d0 - c(nc - kk)
          wki = c(kk)
          xr = a(j) - a(k)
          xi = a(j + 1) + a(k + 1)
          yr = wkr * xr - wki * xi
          yi = wkr * xi + wki * xr
          a(j) = a(j) - yr
          a(j + 1) = a(j + 1) - yi
          a(k) = a(k) + yr
          a(k + 1) = a(k + 1) - yi
      end do
      end
!
      subroutine rftbsub(n, a, nc, c)
      integer n, nc, j, k, kk, ks, m
      real*8 a(0 : n - 1), c(0 : nc - 1), wkr, wki, xr, xi, yr, yi
      a(1) = -a(1)
      m = n / 2
      ks = 2 * nc / m
      kk = 0
      do j = 2, m - 2, 2
          k = n - j
          kk = kk + ks
          wkr = 0.5d0 - c(nc - kk)
          wki = c(kk)
          xr = a(j) - a(k)
          xi = a(j + 1) + a(k + 1)
          yr = wkr * xr + wki * xi
          yi = wkr * xi - wki * xr
          a(j) = a(j) - yr
          a(j + 1) = yi - a(j + 1)
          a(k) = a(k) + yr
          a(k + 1) = yi - a(k + 1)
      end do
      a(m + 1) = -a(m + 1)
      end
!
      subroutine dctsub(n, a, nc, c)
      integer n, nc, j, k, kk, ks, m
      real*8 a(0 : n - 1), c(0 : nc - 1), wkr, wki, xr
      m = n / 2
      ks = nc / n
      kk = 0
      do j = 1, m - 1
          k = n - j
          kk = kk + ks
          wkr = c(kk) - c(nc - kk)
          wki = c(kk) + c(nc - kk)
          xr = wki * a(j) - wkr * a(k)
          a(j) = wkr * a(j) + wki * a(k)
          a(k) = xr
      end do
      a(m) = c(0) * a(m)
      end
!
      subroutine dstsub(n, a, nc, c)
      integer n, nc, j, k, kk, ks, m
      real*8 a(0 : n - 1), c(0 : nc - 1), wkr, wki, xr
      m = n / 2
      ks = nc / n
      kk = 0
      do j = 1, m - 1
          k = n - j
          kk = kk + ks
          wkr = c(kk) - c(nc - kk)
          wki = c(kk) + c(nc - kk)
          xr = wki * a(k) - wkr * a(j)
          a(k) = wkr * a(k) + wki * a(j)
          a(j) = xr
      end do
      a(m) = c(0) * a(m)
      end
!







Viz/fft/fft8g_h.c

/*
Fast Fourier/Cosine/Sine Transform
    dimension   :one
    data length :power of 2
    decimation  :frequency
    radix       :8, 4, 2
    data        :inplace
    table       :not use
functions
    cdft: Complex Discrete Fourier Transform
    rdft: Real Discrete Fourier Transform
    ddct: Discrete Cosine Transform
    ddst: Discrete Sine Transform
    dfct: Cosine Transform of RDFT (Real Symmetric DFT)
    dfst: Sine Transform of RDFT (Real Anti-symmetric DFT)
function prototypes
    void cdft(int, int, double *);
    void rdft(int, int, double *);
    void ddct(int, int, double *);
    void ddst(int, int, double *);
    void dfct(int, double *);
    void dfst(int, double *);


-------- Complex DFT (Discrete Fourier Transform) --------
    [definition]
        <case1>
            X[k] = sum_j=0^n-1 x[j]*exp(2*pi*i*j*k/n), 0<=k<n
        <case2>
            X[k] = sum_j=0^n-1 x[j]*exp(-2*pi*i*j*k/n), 0<=k<n
        (notes: sum_j=0^n-1 is a summation from j=0 to n-1)
    [usage]
        <case1>
            cdft(2*n, 1, a);
        <case2>
            cdft(2*n, -1, a);
    [parameters]
        2*n            :data length (int)
                        n >= 1, n = power of 2
        a[0...2*n-1]   :input/output data (double *)
                        input data
                            a[2*j] = Re(x[j]), 
                            a[2*j+1] = Im(x[j]), 0<=j<n
                        output data
                            a[2*k] = Re(X[k]), 
                            a[2*k+1] = Im(X[k]), 0<=k<n
    [remark]
        Inverse of 
            cdft(2*n, -1, a);
        is 
            cdft(2*n, 1, a);
            for (j = 0; j <= 2 * n - 1; j++) {
                a[j] *= 1.0 / n;
            }
        .


-------- Real DFT / Inverse of Real DFT --------
    [definition]
        <case1> RDFT
            R[k] = sum_j=0^n-1 a[j]*cos(2*pi*j*k/n), 0<=k<=n/2
            I[k] = sum_j=0^n-1 a[j]*sin(2*pi*j*k/n), 0<k<n/2
        <case2> IRDFT (excluding scale)
            a[k] = (R[0] + R[n/2]*cos(pi*k))/2 + 
                   sum_j=1^n/2-1 R[j]*cos(2*pi*j*k/n) + 
                   sum_j=1^n/2-1 I[j]*sin(2*pi*j*k/n), 0<=k<n
    [usage]
        <case1>
            rdft(n, 1, a);
        <case2>
            rdft(n, -1, a);
    [parameters]
        n              :data length (int)
                        n >= 2, n = power of 2
        a[0...n-1]     :input/output data (double *)
                        <case1>
                            output data
                                a[2*k] = R[k], 0<=k<n/2
                                a[2*k+1] = I[k], 0<k<n/2
                                a[1] = R[n/2]
                        <case2>
                            input data
                                a[2*j] = R[j], 0<=j<n/2
                                a[2*j+1] = I[j], 0<j<n/2
                                a[1] = R[n/2]
    [remark]
        Inverse of 
            rdft(n, 1, a);
        is 
            rdft(n, -1, a);
            for (j = 0; j <= n - 1; j++) {
                a[j] *= 2.0 / n;
            }
        .


-------- DCT (Discrete Cosine Transform) / Inverse of DCT --------
    [definition]
        <case1> IDCT (excluding scale)
            C[k] = sum_j=0^n-1 a[j]*cos(pi*j*(k+1/2)/n), 0<=k<n
        <case2> DCT
            C[k] = sum_j=0^n-1 a[j]*cos(pi*(j+1/2)*k/n), 0<=k<n
    [usage]
        <case1>
            ddct(n, 1, a);
        <case2>
            ddct(n, -1, a);
    [parameters]
        n              :data length (int)
                        n >= 2, n = power of 2
        a[0...n-1]     :input/output data (double *)
                        output data
                            a[k] = C[k], 0<=k<n
    [remark]
        Inverse of 
            ddct(n, -1, a);
        is 
            a[0] *= 0.5;
            ddct(n, 1, a);
            for (j = 0; j <= n - 1; j++) {
                a[j] *= 2.0 / n;
            }
        .


-------- DST (Discrete Sine Transform) / Inverse of DST --------
    [definition]
        <case1> IDST (excluding scale)
            S[k] = sum_j=1^n A[j]*sin(pi*j*(k+1/2)/n), 0<=k<n
        <case2> DST
            S[k] = sum_j=0^n-1 a[j]*sin(pi*(j+1/2)*k/n), 0<k<=n
    [usage]
        <case1>
            ddst(n, 1, a);
        <case2>
            ddst(n, -1, a);
    [parameters]
        n              :data length (int)
                        n >= 2, n = power of 2
        a[0...n-1]     :input/output data (double *)
                        <case1>
                            input data
                                a[j] = A[j], 0<j<n
                                a[0] = A[n]
                            output data
                                a[k] = S[k], 0<=k<n
                        <case2>
                            output data
                                a[k] = S[k], 0<k<n
                                a[0] = S[n]
    [remark]
        Inverse of 
            ddst(n, -1, a);
        is 
            a[0] *= 0.5;
            ddst(n, 1, a);
            for (j = 0; j <= n - 1; j++) {
                a[j] *= 2.0 / n;
            }
        .


-------- Cosine Transform of RDFT (Real Symmetric DFT) --------
    [definition]
        C[k] = sum_j=0^n a[j]*cos(pi*j*k/n), 0<=k<=n
    [usage]
        dfct(n, a);
    [parameters]
        n              :data length - 1 (int)
                        n >= 2, n = power of 2
        a[0...n]       :input/output data (double *)
                        output data
                            a[k] = C[k], 0<=k<=n
    [remark]
        Inverse of 
            a[0] *= 0.5;
            a[n] *= 0.5;
            dfct(n, a);
        is 
            a[0] *= 0.5;
            a[n] *= 0.5;
            dfct(n, a);
            for (j = 0; j <= n; j++) {
                a[j] *= 2.0 / n;
            }
        .


-------- Sine Transform of RDFT (Real Anti-symmetric DFT) --------
    [definition]
        S[k] = sum_j=1^n-1 a[j]*sin(pi*j*k/n), 0<k<n
    [usage]
        dfst(n, a);
    [parameters]
        n              :data length + 1 (int)
                        n >= 2, n = power of 2
        a[0...n-1]     :input/output data (double *)
                        output data
                            a[k] = S[k], 0<k<n
                        (a[0] is used for work area)
    [remark]
        Inverse of 
            dfst(n, a);
        is 
            dfst(n, a);
            for (j = 1; j <= n - 1; j++) {
                a[j] *= 2.0 / n;
            }
        .
*/


void cdft(int n, int isgn, double *a)
{
    void bitrv2(int n, double *a);
    void bitrv2conj(int n, double *a);
    void cftfsub(int n, double *a);
    void cftbsub(int n, double *a);
    
    if (n > 4) {
        if (isgn >= 0) {
            bitrv2(n, a);
            cftfsub(n, a);
        } else {
            bitrv2conj(n, a);
            cftbsub(n, a);
        }
    } else if (n == 4) {
        cftfsub(n, a);
    }
}


void rdft(int n, int isgn, double *a)
{
    void bitrv2(int n, double *a);
    void cftfsub(int n, double *a);
    void cftbsub(int n, double *a);
    void rftfsub(int n, double *a);
    void rftbsub(int n, double *a);
    double xi;
    
    if (isgn >= 0) {
        if (n > 4) {
            bitrv2(n, a);
            cftfsub(n, a);
            rftfsub(n, a);
        } else if (n == 4) {
            cftfsub(n, a);
        }
        xi = a[0] - a[1];
        a[0] += a[1];
        a[1] = xi;
    } else {
        a[1] = 0.5 * (a[0] - a[1]);
        a[0] -= a[1];
        if (n > 4) {
            rftbsub(n, a);
            bitrv2(n, a);
            cftbsub(n, a);
        } else if (n == 4) {
            cftfsub(n, a);
        }
    }
}


void ddct(int n, int isgn, double *a)
{
    void bitrv2(int n, double *a);
    void cftfsub(int n, double *a);
    void cftbsub(int n, double *a);
    void rftfsub(int n, double *a);
    void rftbsub(int n, double *a);
    void dctsub(int n, double *a);
    void dctsub4(int n, double *a);
    int j;
    double xr;
    
    if (isgn < 0) {
        xr = a[n - 1];
        for (j = n - 2; j >= 2; j -= 2) {
            a[j + 1] = a[j] - a[j - 1];
            a[j] += a[j - 1];
        }
        a[1] = a[0] - xr;
        a[0] += xr;
        if (n > 4) {
            rftbsub(n, a);
            bitrv2(n, a);
            cftbsub(n, a);
        } else if (n == 4) {
            cftfsub(n, a);
        }
    }
    if (n > 4) {
        dctsub(n, a);
    } else {
        dctsub4(n, a);
    }
    if (isgn >= 0) {
        if (n > 4) {
            bitrv2(n, a);
            cftfsub(n, a);
            rftfsub(n, a);
        } else if (n == 4) {
            cftfsub(n, a);
        }
        xr = a[0] - a[1];
        a[0] += a[1];
        for (j = 2; j < n; j += 2) {
            a[j - 1] = a[j] - a[j + 1];
            a[j] += a[j + 1];
        }
        a[n - 1] = xr;
    }
}


void ddst(int n, int isgn, double *a)
{
    void bitrv2(int n, double *a);
    void cftfsub(int n, double *a);
    void cftbsub(int n, double *a);
    void rftfsub(int n, double *a);
    void rftbsub(int n, double *a);
    void dstsub(int n, double *a);
    void dstsub4(int n, double *a);
    int j;
    double xr;
    
    if (isgn < 0) {
        xr = a[n - 1];
        for (j = n - 2; j >= 2; j -= 2) {
            a[j + 1] = -a[j] - a[j - 1];
            a[j] -= a[j - 1];
        }
        a[1] = a[0] + xr;
        a[0] -= xr;
        if (n > 4) {
            rftbsub(n, a);
            bitrv2(n, a);
            cftbsub(n, a);
        } else if (n == 4) {
            cftfsub(n, a);
        }
    }
    if (n > 4) {
        dstsub(n, a);
    } else {
        dstsub4(n, a);
    }
    if (isgn >= 0) {
        if (n > 4) {
            bitrv2(n, a);
            cftfsub(n, a);
            rftfsub(n, a);
        } else if (n == 4) {
            cftfsub(n, a);
        }
        xr = a[0] - a[1];
        a[0] += a[1];
        for (j = 2; j < n; j += 2) {
            a[j - 1] = -a[j] - a[j + 1];
            a[j] -= a[j + 1];
        }
        a[n - 1] = -xr;
    }
}


void dfct(int n, double *a)
{
    void ddct(int n, int isgn, double *a);
    void bitrv1(int n, double *a);
    int j, k, m, mh;
    double xr, xi, yr, yi, an;
    
    m = n >> 1;
    for (j = 0; j < m; j++) {
        k = n - j;
        xr = a[j] + a[k];
        a[j] -= a[k];
        a[k] = xr;
    }
    an = a[n];
    while (m >= 2) {
        ddct(m, 1, a);
        bitrv1(m, a);
        mh = m >> 1;
        xi = a[m];
        a[m] = a[0];
        a[0] = an - xi;
        an += xi;
        for (j = 1; j < mh; j++) {
            k = m - j;
            xr = a[m + k];
            xi = a[m + j];
            yr = a[j];
            yi = a[k];
            a[m + j] = yr;
            a[m + k] = yi;
            a[j] = xr - xi;
            a[k] = xr + xi;
        }
        xr = a[mh];
        a[mh] = a[m + mh];
        a[m + mh] = xr;
        m = mh;
    }
    xi = a[1];
    a[1] = a[0];
    a[0] = an + xi;
    a[n] = an - xi;
    bitrv1(n, a);
}


void dfst(int n, double *a)
{
    void ddst(int n, int isgn, double *a);
    void bitrv1(int n, double *a);
    int j, k, m, mh;
    double xr, xi, yr, yi;
    
    m = n >> 1;
    for (j = 1; j < m; j++) {
        k = n - j;
        xr = a[j] - a[k];
        a[j] += a[k];
        a[k] = xr;
    }
    a[0] = a[m];
    while (m >= 2) {
        ddst(m, 1, a);
        bitrv1(m, a);
        mh = m >> 1;
        for (j = 1; j < mh; j++) {
            k = m - j;
            xr = a[m + k];
            xi = a[m + j];
            yr = a[j];
            yi = a[k];
            a[m + j] = yr;
            a[m + k] = yi;
            a[j] = xr + xi;
            a[k] = xr - xi;
        }
        a[m] = a[0];
        a[0] = a[m + mh];
        a[m + mh] = a[mh];
        m = mh;
    }
    a[1] = a[0];
    a[0] = 0;
    bitrv1(n, a);
}


/* -------- child routines -------- */


#include <math.h>
#ifndef M_PI_2
#define M_PI_2      1.570796326794896619231321691639751442098584699687
#endif
#ifndef WR5000  /* cos(M_PI_2*0.5000) */
#define WR5000      0.707106781186547524400844362104849039284835937688
#endif
#ifndef WR2500  /* cos(M_PI_2*0.2500) */
#define WR2500      0.923879532511286756128183189396788286822416625863
#endif
#ifndef WI2500  /* sin(M_PI_2*0.2500) */
#define WI2500      0.382683432365089771728459984030398866761344562485
#endif


#ifndef RDFT_LOOP_DIV  /* control of the RDFT's speed & tolerance */
#define RDFT_LOOP_DIV 64
#endif

#ifndef DCST_LOOP_DIV  /* control of the DCT,DST's speed & tolerance */
#define DCST_LOOP_DIV 64
#endif


void bitrv2(int n, double *a)
{
    int j0, k0, j1, k1, l, m, i, j, k;
    double xr, xi, yr, yi;
    
    l = n >> 2;
    m = 2;
    while (m < l) {
        l >>= 1;
        m <<= 1;
    }
    if (m == l) {
        j0 = 0;
        for (k0 = 0; k0 < m; k0 += 2) {
            k = k0;
            for (j = j0; j < j0 + k0; j += 2) {
                xr = a[j];
                xi = a[j + 1];
                yr = a[k];
                yi = a[k + 1];
                a[j] = yr;
                a[j + 1] = yi;
                a[k] = xr;
                a[k + 1] = xi;
                j1 = j + m;
                k1 = k + 2 * m;
                xr = a[j1];
                xi = a[j1 + 1];
                yr = a[k1];
                yi = a[k1 + 1];
                a[j1] = yr;
                a[j1 + 1] = yi;
                a[k1] = xr;
                a[k1 + 1] = xi;
                j1 += m;
                k1 -= m;
                xr = a[j1];
                xi = a[j1 + 1];
                yr = a[k1];
                yi = a[k1 + 1];
                a[j1] = yr;
                a[j1 + 1] = yi;
                a[k1] = xr;
                a[k1 + 1] = xi;
                j1 += m;
                k1 += 2 * m;
                xr = a[j1];
                xi = a[j1 + 1];
                yr = a[k1];
                yi = a[k1 + 1];
                a[j1] = yr;
                a[j1 + 1] = yi;
                a[k1] = xr;
                a[k1 + 1] = xi;
                for (i = n >> 1; i > (k ^= i); i >>= 1);
            }
            j1 = j0 + k0 + m;
            k1 = j1 + m;
            xr = a[j1];
            xi = a[j1 + 1];
            yr = a[k1];
            yi = a[k1 + 1];
            a[j1] = yr;
            a[j1 + 1] = yi;
            a[k1] = xr;
            a[k1 + 1] = xi;
            for (i = n >> 1; i > (j0 ^= i); i >>= 1);
        }
    } else {
        j0 = 0;
        for (k0 = 2; k0 < m; k0 += 2) {
            for (i = n >> 1; i > (j0 ^= i); i >>= 1);
            k = k0;
            for (j = j0; j < j0 + k0; j += 2) {
                xr = a[j];
                xi = a[j + 1];
                yr = a[k];
                yi = a[k + 1];
                a[j] = yr;
                a[j + 1] = yi;
                a[k] = xr;
                a[k + 1] = xi;
                j1 = j + m;
                k1 = k + m;
                xr = a[j1];
                xi = a[j1 + 1];
                yr = a[k1];
                yi = a[k1 + 1];
                a[j1] = yr;
                a[j1 + 1] = yi;
                a[k1] = xr;
                a[k1 + 1] = xi;
                for (i = n >> 1; i > (k ^= i); i >>= 1);
            }
        }
    }
}


void bitrv2conj(int n, double *a)
{
    int j0, k0, j1, k1, l, m, i, j, k;
    double xr, xi, yr, yi;
    
    l = n >> 2;
    m = 2;
    while (m < l) {
        l >>= 1;
        m <<= 1;
    }
    if (m == l) {
        j0 = 0;
        for (k0 = 0; k0 < m; k0 += 2) {
            k = k0;
            for (j = j0; j < j0 + k0; j += 2) {
                xr = a[j];
                xi = -a[j + 1];
                yr = a[k];
                yi = -a[k + 1];
                a[j] = yr;
                a[j + 1] = yi;
                a[k] = xr;
                a[k + 1] = xi;
                j1 = j + m;
                k1 = k + 2 * m;
                xr = a[j1];
                xi = -a[j1 + 1];
                yr = a[k1];
                yi = -a[k1 + 1];
                a[j1] = yr;
                a[j1 + 1] = yi;
                a[k1] = xr;
                a[k1 + 1] = xi;
                j1 += m;
                k1 -= m;
                xr = a[j1];
                xi = -a[j1 + 1];
                yr = a[k1];
                yi = -a[k1 + 1];
                a[j1] = yr;
                a[j1 + 1] = yi;
                a[k1] = xr;
                a[k1 + 1] = xi;
                j1 += m;
                k1 += 2 * m;
                xr = a[j1];
                xi = -a[j1 + 1];
                yr = a[k1];
                yi = -a[k1 + 1];
                a[j1] = yr;
                a[j1 + 1] = yi;
                a[k1] = xr;
                a[k1 + 1] = xi;
                for (i = n >> 1; i > (k ^= i); i >>= 1);
            }
            k1 = j0 + k0;
            a[k1 + 1] = -a[k1 + 1];
            j1 = k1 + m;
            k1 = j1 + m;
            xr = a[j1];
            xi = -a[j1 + 1];
            yr = a[k1];
            yi = -a[k1 + 1];
            a[j1] = yr;
            a[j1 + 1] = yi;
            a[k1] = xr;
            a[k1 + 1] = xi;
            k1 += m;
            a[k1 + 1] = -a[k1 + 1];
            for (i = n >> 1; i > (j0 ^= i); i >>= 1);
        }
    } else {
        a[1] = -a[1];
        a[m + 1] = -a[m + 1];
        j0 = 0;
        for (k0 = 2; k0 < m; k0 += 2) {
            for (i = n >> 1; i > (j0 ^= i); i >>= 1);
            k = k0;
            for (j = j0; j < j0 + k0; j += 2) {
                xr = a[j];
                xi = -a[j + 1];
                yr = a[k];
                yi = -a[k + 1];
                a[j] = yr;
                a[j + 1] = yi;
                a[k] = xr;
                a[k + 1] = xi;
                j1 = j + m;
                k1 = k + m;
                xr = a[j1];
                xi = -a[j1 + 1];
                yr = a[k1];
                yi = -a[k1 + 1];
                a[j1] = yr;
                a[j1 + 1] = yi;
                a[k1] = xr;
                a[k1 + 1] = xi;
                for (i = n >> 1; i > (k ^= i); i >>= 1);
            }
            k1 = j0 + k0;
            a[k1 + 1] = -a[k1 + 1];
            a[k1 + m + 1] = -a[k1 + m + 1];
        }
    }
}


void bitrv1(int n, double *a)
{
    int j0, k0, j1, k1, l, m, i, j, k;
    double x;
    
    l = n >> 2;
    m = 1;
    while (m < l) {
        l >>= 1;
        m <<= 1;
    }
    if (m == l) {
        j0 = 0;
        for (k0 = 0; k0 < m; k0++) {
            k = k0;
            for (j = j0; j < j0 + k0; j++) {
                x = a[j];
                a[j] = a[k];
                a[k] = x;
                j1 = j + m;
                k1 = k + 2 * m;
                x = a[j1];
                a[j1] = a[k1];
                a[k1] = x;
                j1 += m;
                k1 -= m;
                x = a[j1];
                a[j1] = a[k1];
                a[k1] = x;
                j1 += m;
                k1 += 2 * m;
                x = a[j1];
                a[j1] = a[k1];
                a[k1] = x;
                for (i = n >> 1; i > (k ^= i); i >>= 1);
            }
            j1 = j0 + k0 + m;
            k1 = j1 + m;
            x = a[j1];
            a[j1] = a[k1];
            a[k1] = x;
            for (i = n >> 1; i > (j0 ^= i); i >>= 1);
        }
    } else {
        j0 = 0;
        for (k0 = 1; k0 < m; k0++) {
            for (i = n >> 1; i > (j0 ^= i); i >>= 1);
            k = k0;
            for (j = j0; j < j0 + k0; j++) {
                x = a[j];
                a[j] = a[k];
                a[k] = x;
                j1 = j + m;
                k1 = k + m;
                x = a[j1];
                a[j1] = a[k1];
                a[k1] = x;
                for (i = n >> 1; i > (k ^= i); i >>= 1);
            }
        }
    }
}


void cftfsub(int n, double *a)
{
    void cft1st(int n, double *a);
    void cftmdl(int n, int l, double *a);
    int j, j1, j2, j3, l;
    double x0r, x0i, x1r, x1i, x2r, x2i, x3r, x3i;
    
    l = 2;
    if (n >= 16) {
        cft1st(n, a);
        l = 16;
        while ((l << 3) <= n) {
            cftmdl(n, l, a);
            l <<= 3;
        }
    }
    if ((l << 1) < n) {
        for (j = 0; j < l; j += 2) {
            j1 = j + l;
            j2 = j1 + l;
            j3 = j2 + l;
            x0r = a[j] + a[j1];
            x0i = a[j + 1] + a[j1 + 1];
            x1r = a[j] - a[j1];
            x1i = a[j + 1] - a[j1 + 1];
            x2r = a[j2] + a[j3];
            x2i = a[j2 + 1] + a[j3 + 1];
            x3r = a[j2] - a[j3];
            x3i = a[j2 + 1] - a[j3 + 1];
            a[j] = x0r + x2r;
            a[j + 1] = x0i + x2i;
            a[j2] = x0r - x2r;
            a[j2 + 1] = x0i - x2i;
            a[j1] = x1r - x3i;
            a[j1 + 1] = x1i + x3r;
            a[j3] = x1r + x3i;
            a[j3 + 1] = x1i - x3r;
        }
    } else if ((l << 1) == n) {
        for (j = 0; j < l; j += 2) {
            j1 = j + l;
            x0r = a[j] - a[j1];
            x0i = a[j + 1] - a[j1 + 1];
            a[j] += a[j1];
            a[j + 1] += a[j1 + 1];
            a[j1] = x0r;
            a[j1 + 1] = x0i;
        }
    }
}


void cftbsub(int n, double *a)
{
    void cft1st(int n, double *a);
    void cftmdl(int n, int l, double *a);
    int j, j1, j2, j3, j4, j5, j6, j7, l;
    double wn4r, x0r, x0i, x1r, x1i, x2r, x2i, x3r, x3i, 
        y0r, y0i, y1r, y1i, y2r, y2i, y3r, y3i, 
        y4r, y4i, y5r, y5i, y6r, y6i, y7r, y7i;
    
    l = 2;
    if (n > 16) {
        cft1st(n, a);
        l = 16;
        while ((l << 3) < n) {
            cftmdl(n, l, a);
            l <<= 3;
        }
    }
    if ((l << 2) < n) {
        wn4r = WR5000;
        for (j = 0; j < l; j += 2) {
            j1 = j + l;
            j2 = j1 + l;
            j3 = j2 + l;
            j4 = j3 + l;
            j5 = j4 + l;
            j6 = j5 + l;
            j7 = j6 + l;
            x0r = a[j] + a[j1];
            x0i = -a[j + 1] - a[j1 + 1];
            x1r = a[j] - a[j1];
            x1i = -a[j + 1] + a[j1 + 1];
            x2r = a[j2] + a[j3];
            x2i = a[j2 + 1] + a[j3 + 1];
            x3r = a[j2] - a[j3];
            x3i = a[j2 + 1] - a[j3 + 1];
            y0r = x0r + x2r;
            y0i = x0i - x2i;
            y2r = x0r - x2r;
            y2i = x0i + x2i;
            y1r = x1r - x3i;
            y1i = x1i - x3r;
            y3r = x1r + x3i;
            y3i = x1i + x3r;
            x0r = a[j4] + a[j5];
            x0i = a[j4 + 1] + a[j5 + 1];
            x1r = a[j4] - a[j5];
            x1i = a[j4 + 1] - a[j5 + 1];
            x2r = a[j6] + a[j7];
            x2i = a[j6 + 1] + a[j7 + 1];
            x3r = a[j6] - a[j7];
            x3i = a[j6 + 1] - a[j7 + 1];
            y4r = x0r + x2r;
            y4i = x0i + x2i;
            y6r = x0r - x2r;
            y6i = x0i - x2i;
            x0r = x1r - x3i;
            x0i = x1i + x3r;
            x2r = x1r + x3i;
            x2i = x1i - x3r;
            y5r = wn4r * (x0r - x0i);
            y5i = wn4r * (x0r + x0i);
            y7r = wn4r * (x2r - x2i);
            y7i = wn4r * (x2r + x2i);
            a[j1] = y1r + y5r;
            a[j1 + 1] = y1i - y5i;
            a[j5] = y1r - y5r;
            a[j5 + 1] = y1i + y5i;
            a[j3] = y3r - y7i;
            a[j3 + 1] = y3i - y7r;
            a[j7] = y3r + y7i;
            a[j7 + 1] = y3i + y7r;
            a[j] = y0r + y4r;
            a[j + 1] = y0i - y4i;
            a[j4] = y0r - y4r;
            a[j4 + 1] = y0i + y4i;
            a[j2] = y2r - y6i;
            a[j2 + 1] = y2i - y6r;
            a[j6] = y2r + y6i;
            a[j6 + 1] = y2i + y6r;
        }
    } else if ((l << 2) == n) {
        for (j = 0; j < l; j += 2) {
            j1 = j + l;
            j2 = j1 + l;
            j3 = j2 + l;
            x0r = a[j] + a[j1];
            x0i = -a[j + 1] - a[j1 + 1];
            x1r = a[j] - a[j1];
            x1i = -a[j + 1] + a[j1 + 1];
            x2r = a[j2] + a[j3];
            x2i = a[j2 + 1] + a[j3 + 1];
            x3r = a[j2] - a[j3];
            x3i = a[j2 + 1] - a[j3 + 1];
            a[j] = x0r + x2r;
            a[j + 1] = x0i - x2i;
            a[j2] = x0r - x2r;
            a[j2 + 1] = x0i + x2i;
            a[j1] = x1r - x3i;
            a[j1 + 1] = x1i - x3r;
            a[j3] = x1r + x3i;
            a[j3 + 1] = x1i + x3r;
        }
    } else {
        for (j = 0; j < l; j += 2) {
            j1 = j + l;
            x0r = a[j] - a[j1];
            x0i = -a[j + 1] + a[j1 + 1];
            a[j] += a[j1];
            a[j + 1] = -a[j + 1] - a[j1 + 1];
            a[j1] = x0r;
            a[j1 + 1] = x0i;
        }
    }
}


void cft1st(int n, double *a)
{
    int j, kj, kr;
    double ew, wn4r, wtmp, wk1r, wk1i, wk2r, wk2i, wk3r, wk3i, 
        wk4r, wk4i, wk5r, wk5i, wk6r, wk6i, wk7r, wk7i;
    double x0r, x0i, x1r, x1i, x2r, x2i, x3r, x3i, 
        y0r, y0i, y1r, y1i, y2r, y2i, y3r, y3i, 
        y4r, y4i, y5r, y5i, y6r, y6i, y7r, y7i;
    
    wn4r = WR5000;
    x0r = a[0] + a[2];
    x0i = a[1] + a[3];
    x1r = a[0] - a[2];
    x1i = a[1] - a[3];
    x2r = a[4] + a[6];
    x2i = a[5] + a[7];
    x3r = a[4] - a[6];
    x3i = a[5] - a[7];
    y0r = x0r + x2r;
    y0i = x0i + x2i;
    y2r = x0r - x2r;
    y2i = x0i - x2i;
    y1r = x1r - x3i;
    y1i = x1i + x3r;
    y3r = x1r + x3i;
    y3i = x1i - x3r;
    x0r = a[8] + a[10];
    x0i = a[9] + a[11];
    x1r = a[8] - a[10];
    x1i = a[9] - a[11];
    x2r = a[12] + a[14];
    x2i = a[13] + a[15];
    x3r = a[12] - a[14];
    x3i = a[13] - a[15];
    y4r = x0r + x2r;
    y4i = x0i + x2i;
    y6r = x0r - x2r;
    y6i = x0i - x2i;
    x0r = x1r - x3i;
    x0i = x1i + x3r;
    x2r = x1r + x3i;
    x2i = x1i - x3r;
    y5r = wn4r * (x0r - x0i);
    y5i = wn4r * (x0r + x0i);
    y7r = wn4r * (x2r - x2i);
    y7i = wn4r * (x2r + x2i);
    a[2] = y1r + y5r;
    a[3] = y1i + y5i;
    a[10] = y1r - y5r;
    a[11] = y1i - y5i;
    a[6] = y3r - y7i;
    a[7] = y3i + y7r;
    a[14] = y3r + y7i;
    a[15] = y3i - y7r;
    a[0] = y0r + y4r;
    a[1] = y0i + y4i;
    a[8] = y0r - y4r;
    a[9] = y0i - y4i;
    a[4] = y2r - y6i;
    a[5] = y2i + y6r;
    a[12] = y2r + y6i;
    a[13] = y2i - y6r;
    if (n > 16) {
        wk1r = WR2500;
        wk1i = WI2500;
        x0r = a[16] + a[18];
        x0i = a[17] + a[19];
        x1r = a[16] - a[18];
        x1i = a[17] - a[19];
        x2r = a[20] + a[22];
        x2i = a[21] + a[23];
        x3r = a[20] - a[22];
        x3i = a[21] - a[23];
        y0r = x0r + x2r;
        y0i = x0i + x2i;
        y2r = x0r - x2r;
        y2i = x0i - x2i;
        y1r = x1r - x3i;
        y1i = x1i + x3r;
        y3r = x1r + x3i;
        y3i = x1i - x3r;
        x0r = a[24] + a[26];
        x0i = a[25] + a[27];
        x1r = a[24] - a[26];
        x1i = a[25] - a[27];
        x2r = a[28] + a[30];
        x2i = a[29] + a[31];
        x3r = a[28] - a[30];
        x3i = a[29] - a[31];
        y4r = x0r + x2r;
        y4i = x0i + x2i;
        y6r = x0r - x2r;
        y6i = x0i - x2i;
        x0r = x1r - x3i;
        x0i = x1i + x3r;
        x2r = x1r + x3i;
        x2i = x3r - x1i;
        y5r = wk1i * x0r - wk1r * x0i;
        y5i = wk1i * x0i + wk1r * x0r;
        y7r = wk1r * x2r + wk1i * x2i;
        y7i = wk1r * x2i - wk1i * x2r;
        x0r = wk1r * y1r - wk1i * y1i;
        x0i = wk1r * y1i + wk1i * y1r;
        a[18] = x0r + y5r;
        a[19] = x0i + y5i;
        a[26] = y5i - x0i;
        a[27] = x0r - y5r;
        x0r = wk1i * y3r - wk1r * y3i;
        x0i = wk1i * y3i + wk1r * y3r;
        a[22] = x0r - y7r;
        a[23] = x0i + y7i;
        a[30] = y7i - x0i;
        a[31] = x0r + y7r;
        a[16] = y0r + y4r;
        a[17] = y0i + y4i;
        a[24] = y4i - y0i;
        a[25] = y0r - y4r;
        x0r = y2r - y6i;
        x0i = y2i + y6r;
        a[20] = wn4r * (x0r - x0i);
        a[21] = wn4r * (x0i + x0r);
        x0r = y6r - y2i;
        x0i = y2r + y6i;
        a[28] = wn4r * (x0r - x0i);
        a[29] = wn4r * (x0i + x0r);
        ew = M_PI_2 / n;
        kr = n >> 2;
        for (j = 32; j < n; j += 16) {
            for (kj = n >> 2; kj > (kr ^= kj); kj >>= 1);
            wk1r = cos(ew * kr);
            wk1i = sin(ew * kr);
            wk2r = 1 - 2 * wk1i * wk1i;
            wk2i = 2 * wk1i * wk1r;
            wtmp = 2 * wk2i;
            wk3r = wk1r - wtmp * wk1i;
            wk3i = wtmp * wk1r - wk1i;
            wk4r = 1 - wtmp * wk2i;
            wk4i = wtmp * wk2r;
            wtmp = 2 * wk4i;
            wk5r = wk3r - wtmp * wk1i;
            wk5i = wtmp * wk1r - wk3i;
            wk6r = wk2r - wtmp * wk2i;
            wk6i = wtmp * wk2r - wk2i;
            wk7r = wk1r - wtmp * wk3i;
            wk7i = wtmp * wk3r - wk1i;
            x0r = a[j] + a[j + 2];
            x0i = a[j + 1] + a[j + 3];
            x1r = a[j] - a[j + 2];
            x1i = a[j + 1] - a[j + 3];
            x2r = a[j + 4] + a[j + 6];
            x2i = a[j + 5] + a[j + 7];
            x3r = a[j + 4] - a[j + 6];
            x3i = a[j + 5] - a[j + 7];
            y0r = x0r + x2r;
            y0i = x0i + x2i;
            y2r = x0r - x2r;
            y2i = x0i - x2i;
            y1r = x1r - x3i;
            y1i = x1i + x3r;
            y3r = x1r + x3i;
            y3i = x1i - x3r;
            x0r = a[j + 8] + a[j + 10];
            x0i = a[j + 9] + a[j + 11];
            x1r = a[j + 8] - a[j + 10];
            x1i = a[j + 9] - a[j + 11];
            x2r = a[j + 12] + a[j + 14];
            x2i = a[j + 13] + a[j + 15];
            x3r = a[j + 12] - a[j + 14];
            x3i = a[j + 13] - a[j + 15];
            y4r = x0r + x2r;
            y4i = x0i + x2i;
            y6r = x0r - x2r;
            y6i = x0i - x2i;
            x0r = x1r - x3i;
            x0i = x1i + x3r;
            x2r = x1r + x3i;
            x2i = x1i - x3r;
            y5r = wn4r * (x0r - x0i);
            y5i = wn4r * (x0r + x0i);
            y7r = wn4r * (x2r - x2i);
            y7i = wn4r * (x2r + x2i);
            x0r = y1r + y5r;
            x0i = y1i + y5i;
            a[j + 2] = wk1r * x0r - wk1i * x0i;
            a[j + 3] = wk1r * x0i + wk1i * x0r;
            x0r = y1r - y5r;
            x0i = y1i - y5i;
            a[j + 10] = wk5r * x0r - wk5i * x0i;
            a[j + 11] = wk5r * x0i + wk5i * x0r;
            x0r = y3r - y7i;
            x0i = y3i + y7r;
            a[j + 6] = wk3r * x0r - wk3i * x0i;
            a[j + 7] = wk3r * x0i + wk3i * x0r;
            x0r = y3r + y7i;
            x0i = y3i - y7r;
            a[j + 14] = wk7r * x0r - wk7i * x0i;
            a[j + 15] = wk7r * x0i + wk7i * x0r;
            a[j] = y0r + y4r;
            a[j + 1] = y0i + y4i;
            x0r = y0r - y4r;
            x0i = y0i - y4i;
            a[j + 8] = wk4r * x0r - wk4i * x0i;
            a[j + 9] = wk4r * x0i + wk4i * x0r;
            x0r = y2r - y6i;
            x0i = y2i + y6r;
            a[j + 4] = wk2r * x0r - wk2i * x0i;
            a[j + 5] = wk2r * x0i + wk2i * x0r;
            x0r = y2r + y6i;
            x0i = y2i - y6r;
            a[j + 12] = wk6r * x0r - wk6i * x0i;
            a[j + 13] = wk6r * x0i + wk6i * x0r;
        }
    }
}


void cftmdl(int n, int l, double *a)
{
    int j, j1, j2, j3, j4, j5, j6, j7, k, kj, kr, m;
    double ew, wn4r, wtmp, wk1r, wk1i, wk2r, wk2i, wk3r, wk3i, 
        wk4r, wk4i, wk5r, wk5i, wk6r, wk6i, wk7r, wk7i;
    double x0r, x0i, x1r, x1i, x2r, x2i, x3r, x3i, 
        y0r, y0i, y1r, y1i, y2r, y2i, y3r, y3i, 
        y4r, y4i, y5r, y5i, y6r, y6i, y7r, y7i;
    
    m = l << 3;
    wn4r = WR5000;
    for (j = 0; j < l; j += 2) {
        j1 = j + l;
        j2 = j1 + l;
        j3 = j2 + l;
        j4 = j3 + l;
        j5 = j4 + l;
        j6 = j5 + l;
        j7 = j6 + l;
        x0r = a[j] + a[j1];
        x0i = a[j + 1] + a[j1 + 1];
        x1r = a[j] - a[j1];
        x1i = a[j + 1] - a[j1 + 1];
        x2r = a[j2] + a[j3];
        x2i = a[j2 + 1] + a[j3 + 1];
        x3r = a[j2] - a[j3];
        x3i = a[j2 + 1] - a[j3 + 1];
        y0r = x0r + x2r;
        y0i = x0i + x2i;
        y2r = x0r - x2r;
        y2i = x0i - x2i;
        y1r = x1r - x3i;
        y1i = x1i + x3r;
        y3r = x1r + x3i;
        y3i = x1i - x3r;
        x0r = a[j4] + a[j5];
        x0i = a[j4 + 1] + a[j5 + 1];
        x1r = a[j4] - a[j5];
        x1i = a[j4 + 1] - a[j5 + 1];
        x2r = a[j6] + a[j7];
        x2i = a[j6 + 1] + a[j7 + 1];
        x3r = a[j6] - a[j7];
        x3i = a[j6 + 1] - a[j7 + 1];
        y4r = x0r + x2r;
        y4i = x0i + x2i;
        y6r = x0r - x2r;
        y6i = x0i - x2i;
        x0r = x1r - x3i;
        x0i = x1i + x3r;
        x2r = x1r + x3i;
        x2i = x1i - x3r;
        y5r = wn4r * (x0r - x0i);
        y5i = wn4r * (x0r + x0i);
        y7r = wn4r * (x2r - x2i);
        y7i = wn4r * (x2r + x2i);
        a[j1] = y1r + y5r;
        a[j1 + 1] = y1i + y5i;
        a[j5] = y1r - y5r;
        a[j5 + 1] = y1i - y5i;
        a[j3] = y3r - y7i;
        a[j3 + 1] = y3i + y7r;
        a[j7] = y3r + y7i;
        a[j7 + 1] = y3i - y7r;
        a[j] = y0r + y4r;
        a[j + 1] = y0i + y4i;
        a[j4] = y0r - y4r;
        a[j4 + 1] = y0i - y4i;
        a[j2] = y2r - y6i;
        a[j2 + 1] = y2i + y6r;
        a[j6] = y2r + y6i;
        a[j6 + 1] = y2i - y6r;
    }
    if (m < n) {
        wk1r = WR2500;
        wk1i = WI2500;
        for (j = m; j < l + m; j += 2) {
            j1 = j + l;
            j2 = j1 + l;
            j3 = j2 + l;
            j4 = j3 + l;
            j5 = j4 + l;
            j6 = j5 + l;
            j7 = j6 + l;
            x0r = a[j] + a[j1];
            x0i = a[j + 1] + a[j1 + 1];
            x1r = a[j] - a[j1];
            x1i = a[j + 1] - a[j1 + 1];
            x2r = a[j2] + a[j3];
            x2i = a[j2 + 1] + a[j3 + 1];
            x3r = a[j2] - a[j3];
            x3i = a[j2 + 1] - a[j3 + 1];
            y0r = x0r + x2r;
            y0i = x0i + x2i;
            y2r = x0r - x2r;
            y2i = x0i - x2i;
            y1r = x1r - x3i;
            y1i = x1i + x3r;
            y3r = x1r + x3i;
            y3i = x1i - x3r;
            x0r = a[j4] + a[j5];
            x0i = a[j4 + 1] + a[j5 + 1];
            x1r = a[j4] - a[j5];
            x1i = a[j4 + 1] - a[j5 + 1];
            x2r = a[j6] + a[j7];
            x2i = a[j6 + 1] + a[j7 + 1];
            x3r = a[j6] - a[j7];
            x3i = a[j6 + 1] - a[j7 + 1];
            y4r = x0r + x2r;
            y4i = x0i + x2i;
            y6r = x0r - x2r;
            y6i = x0i - x2i;
            x0r = x1r - x3i;
            x0i = x1i + x3r;
            x2r = x1r + x3i;
            x2i = x3r - x1i;
            y5r = wk1i * x0r - wk1r * x0i;
            y5i = wk1i * x0i + wk1r * x0r;
            y7r = wk1r * x2r + wk1i * x2i;
            y7i = wk1r * x2i - wk1i * x2r;
            x0r = wk1r * y1r - wk1i * y1i;
            x0i = wk1r * y1i + wk1i * y1r;
            a[j1] = x0r + y5r;
            a[j1 + 1] = x0i + y5i;
            a[j5] = y5i - x0i;
            a[j5 + 1] = x0r - y5r;
            x0r = wk1i * y3r - wk1r * y3i;
            x0i = wk1i * y3i + wk1r * y3r;
            a[j3] = x0r - y7r;
            a[j3 + 1] = x0i + y7i;
            a[j7] = y7i - x0i;
            a[j7 + 1] = x0r + y7r;
            a[j] = y0r + y4r;
            a[j + 1] = y0i + y4i;
            a[j4] = y4i - y0i;
            a[j4 + 1] = y0r - y4r;
            x0r = y2r - y6i;
            x0i = y2i + y6r;
            a[j2] = wn4r * (x0r - x0i);
            a[j2 + 1] = wn4r * (x0i + x0r);
            x0r = y6r - y2i;
            x0i = y2r + y6i;
            a[j6] = wn4r * (x0r - x0i);
            a[j6 + 1] = wn4r * (x0i + x0r);
        }
        ew = M_PI_2 / n;
        kr = n >> 2;
        for (k = 2 * m; k < n; k += m) {
            for (kj = n >> 2; kj > (kr ^= kj); kj >>= 1);
            wk1r = cos(ew * kr);
            wk1i = sin(ew * kr);
            wk2r = 1 - 2 * wk1i * wk1i;
            wk2i = 2 * wk1i * wk1r;
            wtmp = 2 * wk2i;
            wk3r = wk1r - wtmp * wk1i;
            wk3i = wtmp * wk1r - wk1i;
            wk4r = 1 - wtmp * wk2i;
            wk4i = wtmp * wk2r;
            wtmp = 2 * wk4i;
            wk5r = wk3r - wtmp * wk1i;
            wk5i = wtmp * wk1r - wk3i;
            wk6r = wk2r - wtmp * wk2i;
            wk6i = wtmp * wk2r - wk2i;
            wk7r = wk1r - wtmp * wk3i;
            wk7i = wtmp * wk3r - wk1i;
            for (j = k; j < l + k; j += 2) {
                j1 = j + l;
                j2 = j1 + l;
                j3 = j2 + l;
                j4 = j3 + l;
                j5 = j4 + l;
                j6 = j5 + l;
                j7 = j6 + l;
                x0r = a[j] + a[j1];
                x0i = a[j + 1] + a[j1 + 1];
                x1r = a[j] - a[j1];
                x1i = a[j + 1] - a[j1 + 1];
                x2r = a[j2] + a[j3];
                x2i = a[j2 + 1] + a[j3 + 1];
                x3r = a[j2] - a[j3];
                x3i = a[j2 + 1] - a[j3 + 1];
                y0r = x0r + x2r;
                y0i = x0i + x2i;
                y2r = x0r - x2r;
                y2i = x0i - x2i;
                y1r = x1r - x3i;
                y1i = x1i + x3r;
                y3r = x1r + x3i;
                y3i = x1i - x3r;
                x0r = a[j4] + a[j5];
                x0i = a[j4 + 1] + a[j5 + 1];
                x1r = a[j4] - a[j5];
                x1i = a[j4 + 1] - a[j5 + 1];
                x2r = a[j6] + a[j7];
                x2i = a[j6 + 1] + a[j7 + 1];
                x3r = a[j6] - a[j7];
                x3i = a[j6 + 1] - a[j7 + 1];
                y4r = x0r + x2r;
                y4i = x0i + x2i;
                y6r = x0r - x2r;
                y6i = x0i - x2i;
                x0r = x1r - x3i;
                x0i = x1i + x3r;
                x2r = x1r + x3i;
                x2i = x1i - x3r;
                y5r = wn4r * (x0r - x0i);
                y5i = wn4r * (x0r + x0i);
                y7r = wn4r * (x2r - x2i);
                y7i = wn4r * (x2r + x2i);
                x0r = y1r + y5r;
                x0i = y1i + y5i;
                a[j1] = wk1r * x0r - wk1i * x0i;
                a[j1 + 1] = wk1r * x0i + wk1i * x0r;
                x0r = y1r - y5r;
                x0i = y1i - y5i;
                a[j5] = wk5r * x0r - wk5i * x0i;
                a[j5 + 1] = wk5r * x0i + wk5i * x0r;
                x0r = y3r - y7i;
                x0i = y3i + y7r;
                a[j3] = wk3r * x0r - wk3i * x0i;
                a[j3 + 1] = wk3r * x0i + wk3i * x0r;
                x0r = y3r + y7i;
                x0i = y3i - y7r;
                a[j7] = wk7r * x0r - wk7i * x0i;
                a[j7 + 1] = wk7r * x0i + wk7i * x0r;
                a[j] = y0r + y4r;
                a[j + 1] = y0i + y4i;
                x0r = y0r - y4r;
                x0i = y0i - y4i;
                a[j4] = wk4r * x0r - wk4i * x0i;
                a[j4 + 1] = wk4r * x0i + wk4i * x0r;
                x0r = y2r - y6i;
                x0i = y2i + y6r;
                a[j2] = wk2r * x0r - wk2i * x0i;
                a[j2 + 1] = wk2r * x0i + wk2i * x0r;
                x0r = y2r + y6i;
                x0i = y2i - y6r;
                a[j6] = wk6r * x0r - wk6i * x0i;
                a[j6 + 1] = wk6r * x0i + wk6i * x0r;
            }
        }
    }
}


void rftfsub(int n, double *a)
{
    int i, i0, j, k;
    double ec, w1r, w1i, wkr, wki, wdr, wdi, ss, xr, xi, yr, yi;
    
    ec = 2 * M_PI_2 / n;
    wkr = 0;
    wki = 0;
    wdi = cos(ec);
    wdr = sin(ec);
    wdi *= wdr;
    wdr *= wdr;
    w1r = 1 - 2 * wdr;
    w1i = 2 * wdi;
    ss = 2 * w1i;
    i = n >> 1;
    for (;;) {
        i0 = i - 4 * RDFT_LOOP_DIV;
        if (i0 < 4) {
            i0 = 4;
        }
        for (j = i - 4; j >= i0; j -= 4) {
            k = n - j;
            xr = a[j + 2] - a[k - 2];
            xi = a[j + 3] + a[k - 1];
            yr = wdr * xr - wdi * xi;
            yi = wdr * xi + wdi * xr;
            a[j + 2] -= yr;
            a[j + 3] -= yi;
            a[k - 2] += yr;
            a[k - 1] -= yi;
            wkr += ss * wdi;
            wki += ss * (0.5 - wdr);
            xr = a[j] - a[k];
            xi = a[j + 1] + a[k + 1];
            yr = wkr * xr - wki * xi;
            yi = wkr * xi + wki * xr;
            a[j] -= yr;
            a[j + 1] -= yi;
            a[k] += yr;
            a[k + 1] -= yi;
            wdr += ss * wki;
            wdi += ss * (0.5 - wkr);
        }
        if (i0 == 4) {
            break;
        }
        wkr = 0.5 * sin(ec * i0);
        wki = 0.5 * cos(ec * i0);
        wdr = 0.5 - (wkr * w1r - wki * w1i);
        wdi = wkr * w1i + wki * w1r;
        wkr = 0.5 - wkr;
        i = i0;
    }
    xr = a[2] - a[n - 2];
    xi = a[3] + a[n - 1];
    yr = wdr * xr - wdi * xi;
    yi = wdr * xi + wdi * xr;
    a[2] -= yr;
    a[3] -= yi;
    a[n - 2] += yr;
    a[n - 1] -= yi;
}


void rftbsub(int n, double *a)
{
    int i, i0, j, k;
    double ec, w1r, w1i, wkr, wki, wdr, wdi, ss, xr, xi, yr, yi;
    
    ec = 2 * M_PI_2 / n;
    wkr = 0;
    wki = 0;
    wdi = cos(ec);
    wdr = sin(ec);
    wdi *= wdr;
    wdr *= wdr;
    w1r = 1 - 2 * wdr;
    w1i = 2 * wdi;
    ss = 2 * w1i;
    i = n >> 1;
    a[i + 1] = -a[i + 1];
    for (;;) {
        i0 = i - 4 * RDFT_LOOP_DIV;
        if (i0 < 4) {
            i0 = 4;
        }
        for (j = i - 4; j >= i0; j -= 4) {
            k = n - j;
            xr = a[j + 2] - a[k - 2];
            xi = a[j + 3] + a[k - 1];
            yr = wdr * xr + wdi * xi;
            yi = wdr * xi - wdi * xr;
            a[j + 2] -= yr;
            a[j + 3] = yi - a[j + 3];
            a[k - 2] += yr;
            a[k - 1] = yi - a[k - 1];
            wkr += ss * wdi;
            wki += ss * (0.5 - wdr);
            xr = a[j] - a[k];
            xi = a[j + 1] + a[k + 1];
            yr = wkr * xr + wki * xi;
            yi = wkr * xi - wki * xr;
            a[j] -= yr;
            a[j + 1] = yi - a[j + 1];
            a[k] += yr;
            a[k + 1] = yi - a[k + 1];
            wdr += ss * wki;
            wdi += ss * (0.5 - wkr);
        }
        if (i0 == 4) {
            break;
        }
        wkr = 0.5 * sin(ec * i0);
        wki = 0.5 * cos(ec * i0);
        wdr = 0.5 - (wkr * w1r - wki * w1i);
        wdi = wkr * w1i + wki * w1r;
        wkr = 0.5 - wkr;
        i = i0;
    }
    xr = a[2] - a[n - 2];
    xi = a[3] + a[n - 1];
    yr = wdr * xr + wdi * xi;
    yi = wdr * xi - wdi * xr;
    a[2] -= yr;
    a[3] = yi - a[3];
    a[n - 2] += yr;
    a[n - 1] = yi - a[n - 1];
    a[1] = -a[1];
}


void dctsub(int n, double *a)
{
    int i, i0, j, k, m;
    double ec, w1r, w1i, wkr, wki, wdr, wdi, ss, xr, xi, yr, yi;
    
    ec = M_PI_2 / n;
    wkr = 0.5;
    wki = 0.5;
    w1r = cos(ec);
    w1i = sin(ec);
    wdr = 0.5 * (w1r - w1i);
    wdi = 0.5 * (w1r + w1i);
    ss = 2 * w1i;
    m = n >> 1;
    i = 0;
    for (;;) {
        i0 = i + 2 * DCST_LOOP_DIV;
        if (i0 > m - 2) {
            i0 = m - 2;
        }
        for (j = i + 2; j <= i0; j += 2) {
            k = n - j;
            xr = wdi * a[j - 1] - wdr * a[k + 1];
            xi = wdr * a[j - 1] + wdi * a[k + 1];
            wkr -= ss * wdi;
            wki += ss * wdr;
            yr = wki * a[j] - wkr * a[k];
            yi = wkr * a[j] + wki * a[k];
            wdr -= ss * wki;
            wdi += ss * wkr;
            a[k + 1] = xr;
            a[k] = yr;
            a[j - 1] = xi;
            a[j] = yi;
        }
        if (i0 == m - 2) {
            break;
        }
        wdr = cos(ec * i0);
        wdi = sin(ec * i0);
        wkr = 0.5 * (wdr - wdi);
        wki = 0.5 * (wdr + wdi);
        wdr = wkr * w1r - wki * w1i;
        wdi = wkr * w1i + wki * w1r;
        i = i0;
    }
    xr = wdi * a[m - 1] - wdr * a[m + 1];
    a[m - 1] = wdr * a[m - 1] + wdi * a[m + 1];
    a[m + 1] = xr;
    a[m] *= wki + ss * wdr;
}


void dstsub(int n, double *a)
{
    int i, i0, j, k, m;
    double ec, w1r, w1i, wkr, wki, wdr, wdi, ss, xr, xi, yr, yi;
    
    ec = M_PI_2 / n;
    wkr = 0.5;
    wki = 0.5;
    w1r = cos(ec);
    w1i = sin(ec);
    wdr = 0.5 * (w1r - w1i);
    wdi = 0.5 * (w1r + w1i);
    ss = 2 * w1i;
    m = n >> 1;
    i = 0;
    for (;;) {
        i0 = i + 2 * DCST_LOOP_DIV;
        if (i0 > m - 2) {
            i0 = m - 2;
        }
        for (j = i + 2; j <= i0; j += 2) {
            k = n - j;
            xr = wdi * a[k + 1] - wdr * a[j - 1];
            xi = wdr * a[k + 1] + wdi * a[j - 1];
            wkr -= ss * wdi;
            wki += ss * wdr;
            yr = wki * a[k] - wkr * a[j];
            yi = wkr * a[k] + wki * a[j];
            wdr -= ss * wki;
            wdi += ss * wkr;
            a[j - 1] = xr;
            a[j] = yr;
            a[k + 1] = xi;
            a[k] = yi;
        }
        if (i0 == m - 2) {
            break;
        }
        wdr = cos(ec * i0);
        wdi = sin(ec * i0);
        wkr = 0.5 * (wdr - wdi);
        wki = 0.5 * (wdr + wdi);
        wdr = wkr * w1r - wki * w1i;
        wdi = wkr * w1i + wki * w1r;
        i = i0;
    }
    xr = wdi * a[m + 1] - wdr * a[m - 1];
    a[m + 1] = wdr * a[m + 1] + wdi * a[m - 1];
    a[m - 1] = xr;
    a[m] *= wki + ss * wdr;
}


void dctsub4(int n, double *a)
{
    int m;
    double wki, wdr, wdi, xr;
    
    wki = WR5000;
    m = n >> 1;
    if (m == 2) {
        wdr = wki * WI2500;
        wdi = wki * WR2500;
        xr = wdi * a[1] - wdr * a[3];
        a[1] = wdr * a[1] + wdi * a[3];
        a[3] = xr;
    }
    a[m] *= wki;
}


void dstsub4(int n, double *a)
{
    int m;
    double wki, wdr, wdi, xr;
    
    wki = WR5000;
    m = n >> 1;
    if (m == 2) {
        wdr = wki * WI2500;
        wdi = wki * WR2500;
        xr = wdi * a[3] - wdr * a[1];
        a[3] = wdr * a[3] + wdi * a[1];
        a[1] = xr;
    }
    a[m] *= wki;
}








Viz/fft/fftsg.c

/*
Fast Fourier/Cosine/Sine Transform
    dimension   :one
    data length :power of 2
    decimation  :frequency
    radix       :split-radix
    data        :inplace
    table       :use
functions
    cdft: Complex Discrete Fourier Transform
    rdft: Real Discrete Fourier Transform
    ddct: Discrete Cosine Transform
    ddst: Discrete Sine Transform
    dfct: Cosine Transform of RDFT (Real Symmetric DFT)
    dfst: Sine Transform of RDFT (Real Anti-symmetric DFT)
function prototypes
    void cdft(int, int, double *, int *, double *);
    void rdft(int, int, double *, int *, double *);
    void ddct(int, int, double *, int *, double *);
    void ddst(int, int, double *, int *, double *);
    void dfct(int, double *, double *, int *, double *);
    void dfst(int, double *, double *, int *, double *);
macro definitions
    USE_CDFT_PTHREADS : default=not defined
        CDFT_THREADS_BEGIN_N  : must be >= 512, default=8192
        CDFT_4THREADS_BEGIN_N : must be >= 512, default=65536
    USE_CDFT_WINTHREADS : default=not defined
        CDFT_THREADS_BEGIN_N  : must be >= 512, default=32768
        CDFT_4THREADS_BEGIN_N : must be >= 512, default=524288


-------- Complex DFT (Discrete Fourier Transform) --------
    [definition]
        <case1>
            X[k] = sum_j=0^n-1 x[j]*exp(2*pi*i*j*k/n), 0<=k<n
        <case2>
            X[k] = sum_j=0^n-1 x[j]*exp(-2*pi*i*j*k/n), 0<=k<n
        (notes: sum_j=0^n-1 is a summation from j=0 to n-1)
    [usage]
        <case1>
            ip[0] = 0; // first time only
            cdft(2*n, 1, a, ip, w);
        <case2>
            ip[0] = 0; // first time only
            cdft(2*n, -1, a, ip, w);
    [parameters]
        2*n            :data length (int)
                        n >= 1, n = power of 2
        a[0...2*n-1]   :input/output data (double *)
                        input data
                            a[2*j] = Re(x[j]), 
                            a[2*j+1] = Im(x[j]), 0<=j<n
                        output data
                            a[2*k] = Re(X[k]), 
                            a[2*k+1] = Im(X[k]), 0<=k<n
        ip[0...*]      :work area for bit reversal (int *)
                        length of ip >= 2+sqrt(n)
                        strictly, 
                        length of ip >= 
                            2+(1<<(int)(log(n+0.5)/log(2))/2).
                        ip[0],ip[1] are pointers of the cos/sin table.
        w[0...n/2-1]   :cos/sin table (double *)
                        w[],ip[] are initialized if ip[0] == 0.
    [remark]
        Inverse of 
            cdft(2*n, -1, a, ip, w);
        is 
            cdft(2*n, 1, a, ip, w);
            for (j = 0; j <= 2 * n - 1; j++) {
                a[j] *= 1.0 / n;
            }
        .


-------- Real DFT / Inverse of Real DFT --------
    [definition]
        <case1> RDFT
            R[k] = sum_j=0^n-1 a[j]*cos(2*pi*j*k/n), 0<=k<=n/2
            I[k] = sum_j=0^n-1 a[j]*sin(2*pi*j*k/n), 0<k<n/2
        <case2> IRDFT (excluding scale)
            a[k] = (R[0] + R[n/2]*cos(pi*k))/2 + 
                   sum_j=1^n/2-1 R[j]*cos(2*pi*j*k/n) + 
                   sum_j=1^n/2-1 I[j]*sin(2*pi*j*k/n), 0<=k<n
    [usage]
        <case1>
            ip[0] = 0; // first time only
            rdft(n, 1, a, ip, w);
        <case2>
            ip[0] = 0; // first time only
            rdft(n, -1, a, ip, w);
    [parameters]
        n              :data length (int)
                        n >= 2, n = power of 2
        a[0...n-1]     :input/output data (double *)
                        <case1>
                            output data
                                a[2*k] = R[k], 0<=k<n/2
                                a[2*k+1] = I[k], 0<k<n/2
                                a[1] = R[n/2]
                        <case2>
                            input data
                                a[2*j] = R[j], 0<=j<n/2
                                a[2*j+1] = I[j], 0<j<n/2
                                a[1] = R[n/2]
        ip[0...*]      :work area for bit reversal (int *)
                        length of ip >= 2+sqrt(n/2)
                        strictly, 
                        length of ip >= 
                            2+(1<<(int)(log(n/2+0.5)/log(2))/2).
                        ip[0],ip[1] are pointers of the cos/sin table.
        w[0...n/2-1]   :cos/sin table (double *)
                        w[],ip[] are initialized if ip[0] == 0.
    [remark]
        Inverse of 
            rdft(n, 1, a, ip, w);
        is 
            rdft(n, -1, a, ip, w);
            for (j = 0; j <= n - 1; j++) {
                a[j] *= 2.0 / n;
            }
        .


-------- DCT (Discrete Cosine Transform) / Inverse of DCT --------
    [definition]
        <case1> IDCT (excluding scale)
            C[k] = sum_j=0^n-1 a[j]*cos(pi*j*(k+1/2)/n), 0<=k<n
        <case2> DCT
            C[k] = sum_j=0^n-1 a[j]*cos(pi*(j+1/2)*k/n), 0<=k<n
    [usage]
        <case1>
            ip[0] = 0; // first time only
            ddct(n, 1, a, ip, w);
        <case2>
            ip[0] = 0; // first time only
            ddct(n, -1, a, ip, w);
    [parameters]
        n              :data length (int)
                        n >= 2, n = power of 2
        a[0...n-1]     :input/output data (double *)
                        output data
                            a[k] = C[k], 0<=k<n
        ip[0...*]      :work area for bit reversal (int *)
                        length of ip >= 2+sqrt(n/2)
                        strictly, 
                        length of ip >= 
                            2+(1<<(int)(log(n/2+0.5)/log(2))/2).
                        ip[0],ip[1] are pointers of the cos/sin table.
        w[0...n*5/4-1] :cos/sin table (double *)
                        w[],ip[] are initialized if ip[0] == 0.
    [remark]
        Inverse of 
            ddct(n, -1, a, ip, w);
        is 
            a[0] *= 0.5;
            ddct(n, 1, a, ip, w);
            for (j = 0; j <= n - 1; j++) {
                a[j] *= 2.0 / n;
            }
        .


-------- DST (Discrete Sine Transform) / Inverse of DST --------
    [definition]
        <case1> IDST (excluding scale)
            S[k] = sum_j=1^n A[j]*sin(pi*j*(k+1/2)/n), 0<=k<n
        <case2> DST
            S[k] = sum_j=0^n-1 a[j]*sin(pi*(j+1/2)*k/n), 0<k<=n
    [usage]
        <case1>
            ip[0] = 0; // first time only
            ddst(n, 1, a, ip, w);
        <case2>
            ip[0] = 0; // first time only
            ddst(n, -1, a, ip, w);
    [parameters]
        n              :data length (int)
                        n >= 2, n = power of 2
        a[0...n-1]     :input/output data (double *)
                        <case1>
                            input data
                                a[j] = A[j], 0<j<n
                                a[0] = A[n]
                            output data
                                a[k] = S[k], 0<=k<n
                        <case2>
                            output data
                                a[k] = S[k], 0<k<n
                                a[0] = S[n]
        ip[0...*]      :work area for bit reversal (int *)
                        length of ip >= 2+sqrt(n/2)
                        strictly, 
                        length of ip >= 
                            2+(1<<(int)(log(n/2+0.5)/log(2))/2).
                        ip[0],ip[1] are pointers of the cos/sin table.
        w[0...n*5/4-1] :cos/sin table (double *)
                        w[],ip[] are initialized if ip[0] == 0.
    [remark]
        Inverse of 
            ddst(n, -1, a, ip, w);
        is 
            a[0] *= 0.5;
            ddst(n, 1, a, ip, w);
            for (j = 0; j <= n - 1; j++) {
                a[j] *= 2.0 / n;
            }
        .


-------- Cosine Transform of RDFT (Real Symmetric DFT) --------
    [definition]
        C[k] = sum_j=0^n a[j]*cos(pi*j*k/n), 0<=k<=n
    [usage]
        ip[0] = 0; // first time only
        dfct(n, a, t, ip, w);
    [parameters]
        n              :data length - 1 (int)
                        n >= 2, n = power of 2
        a[0...n]       :input/output data (double *)
                        output data
                            a[k] = C[k], 0<=k<=n
        t[0...n/2]     :work area (double *)
        ip[0...*]      :work area for bit reversal (int *)
                        length of ip >= 2+sqrt(n/4)
                        strictly, 
                        length of ip >= 
                            2+(1<<(int)(log(n/4+0.5)/log(2))/2).
                        ip[0],ip[1] are pointers of the cos/sin table.
        w[0...n*5/8-1] :cos/sin table (double *)
                        w[],ip[] are initialized if ip[0] == 0.
    [remark]
        Inverse of 
            a[0] *= 0.5;
            a[n] *= 0.5;
            dfct(n, a, t, ip, w);
        is 
            a[0] *= 0.5;
            a[n] *= 0.5;
            dfct(n, a, t, ip, w);
            for (j = 0; j <= n; j++) {
                a[j] *= 2.0 / n;
            }
        .


-------- Sine Transform of RDFT (Real Anti-symmetric DFT) --------
    [definition]
        S[k] = sum_j=1^n-1 a[j]*sin(pi*j*k/n), 0<k<n
    [usage]
        ip[0] = 0; // first time only
        dfst(n, a, t, ip, w);
    [parameters]
        n              :data length + 1 (int)
                        n >= 2, n = power of 2
        a[0...n-1]     :input/output data (double *)
                        output data
                            a[k] = S[k], 0<k<n
                        (a[0] is used for work area)
        t[0...n/2-1]   :work area (double *)
        ip[0...*]      :work area for bit reversal (int *)
                        length of ip >= 2+sqrt(n/4)
                        strictly, 
                        length of ip >= 
                            2+(1<<(int)(log(n/4+0.5)/log(2))/2).
                        ip[0],ip[1] are pointers of the cos/sin table.
        w[0...n*5/8-1] :cos/sin table (double *)
                        w[],ip[] are initialized if ip[0] == 0.
    [remark]
        Inverse of 
            dfst(n, a, t, ip, w);
        is 
            dfst(n, a, t, ip, w);
            for (j = 1; j <= n - 1; j++) {
                a[j] *= 2.0 / n;
            }
        .


Appendix :
    The cos/sin table is recalculated when the larger table required.
    w[] and ip[] are compatible with all routines.
*/


void cdft(int n, int isgn, double *a, int *ip, double *w)
{
    void makewt(int nw, int *ip, double *w);
    void cftfsub(int n, double *a, int *ip, int nw, double *w);
    void cftbsub(int n, double *a, int *ip, int nw, double *w);
    int nw;
    
    nw = ip[0];
    if (n > (nw << 2)) {
        nw = n >> 2;
        makewt(nw, ip, w);
    }
    if (isgn >= 0) {
        cftfsub(n, a, ip, nw, w);
    } else {
        cftbsub(n, a, ip, nw, w);
    }
}


void rdft(int n, int isgn, double *a, int *ip, double *w)
{
    void makewt(int nw, int *ip, double *w);
    void makect(int nc, int *ip, double *c);
    void cftfsub(int n, double *a, int *ip, int nw, double *w);
    void cftbsub(int n, double *a, int *ip, int nw, double *w);
    void rftfsub(int n, double *a, int nc, double *c);
    void rftbsub(int n, double *a, int nc, double *c);
    int nw, nc;
    double xi;
    
    nw = ip[0];
    if (n > (nw << 2)) {
        nw = n >> 2;
        makewt(nw, ip, w);
    }
    nc = ip[1];
    if (n > (nc << 2)) {
        nc = n >> 2;
        makect(nc, ip, w + nw);
    }
    if (isgn >= 0) {
        if (n > 4) {
            cftfsub(n, a, ip, nw, w);
            rftfsub(n, a, nc, w + nw);
        } else if (n == 4) {
            cftfsub(n, a, ip, nw, w);
        }
        xi = a[0] - a[1];
        a[0] += a[1];
        a[1] = xi;
    } else {
        a[1] = 0.5 * (a[0] - a[1]);
        a[0] -= a[1];
        if (n > 4) {
            rftbsub(n, a, nc, w + nw);
            cftbsub(n, a, ip, nw, w);
        } else if (n == 4) {
            cftbsub(n, a, ip, nw, w);
        }
    }
}


void ddct(int n, int isgn, double *a, int *ip, double *w)
{
    void makewt(int nw, int *ip, double *w);
    void makect(int nc, int *ip, double *c);
    void cftfsub(int n, double *a, int *ip, int nw, double *w);
    void cftbsub(int n, double *a, int *ip, int nw, double *w);
    void rftfsub(int n, double *a, int nc, double *c);
    void rftbsub(int n, double *a, int nc, double *c);
    void dctsub(int n, double *a, int nc, double *c);
    int j, nw, nc;
    double xr;
    
    nw = ip[0];
    if (n > (nw << 2)) {
        nw = n >> 2;
        makewt(nw, ip, w);
    }
    nc = ip[1];
    if (n > nc) {
        nc = n;
        makect(nc, ip, w + nw);
    }
    if (isgn < 0) {
        xr = a[n - 1];
        for (j = n - 2; j >= 2; j -= 2) {
            a[j + 1] = a[j] - a[j - 1];
            a[j] += a[j - 1];
        }
        a[1] = a[0] - xr;
        a[0] += xr;
        if (n > 4) {
            rftbsub(n, a, nc, w + nw);
            cftbsub(n, a, ip, nw, w);
        } else if (n == 4) {
            cftbsub(n, a, ip, nw, w);
        }
    }
    dctsub(n, a, nc, w + nw);
    if (isgn >= 0) {
        if (n > 4) {
            cftfsub(n, a, ip, nw, w);
            rftfsub(n, a, nc, w + nw);
        } else if (n == 4) {
            cftfsub(n, a, ip, nw, w);
        }
        xr = a[0] - a[1];
        a[0] += a[1];
        for (j = 2; j < n; j += 2) {
            a[j - 1] = a[j] - a[j + 1];
            a[j] += a[j + 1];
        }
        a[n - 1] = xr;
    }
}


void ddst(int n, int isgn, double *a, int *ip, double *w)
{
    void makewt(int nw, int *ip, double *w);
    void makect(int nc, int *ip, double *c);
    void cftfsub(int n, double *a, int *ip, int nw, double *w);
    void cftbsub(int n, double *a, int *ip, int nw, double *w);
    void rftfsub(int n, double *a, int nc, double *c);
    void rftbsub(int n, double *a, int nc, double *c);
    void dstsub(int n, double *a, int nc, double *c);
    int j, nw, nc;
    double xr;
    
    nw = ip[0];
    if (n > (nw << 2)) {
        nw = n >> 2;
        makewt(nw, ip, w);
    }
    nc = ip[1];
    if (n > nc) {
        nc = n;
        makect(nc, ip, w + nw);
    }
    if (isgn < 0) {
        xr = a[n - 1];
        for (j = n - 2; j >= 2; j -= 2) {
            a[j + 1] = -a[j] - a[j - 1];
            a[j] -= a[j - 1];
        }
        a[1] = a[0] + xr;
        a[0] -= xr;
        if (n > 4) {
            rftbsub(n, a, nc, w + nw);
            cftbsub(n, a, ip, nw, w);
        } else if (n == 4) {
            cftbsub(n, a, ip, nw, w);
        }
    }
    dstsub(n, a, nc, w + nw);
    if (isgn >= 0) {
        if (n > 4) {
            cftfsub(n, a, ip, nw, w);
            rftfsub(n, a, nc, w + nw);
        } else if (n == 4) {
            cftfsub(n, a, ip, nw, w);
        }
        xr = a[0] - a[1];
        a[0] += a[1];
        for (j = 2; j < n; j += 2) {
            a[j - 1] = -a[j] - a[j + 1];
            a[j] -= a[j + 1];
        }
        a[n - 1] = -xr;
    }
}


void dfct(int n, double *a, double *t, int *ip, double *w)
{
    void makewt(int nw, int *ip, double *w);
    void makect(int nc, int *ip, double *c);
    void cftfsub(int n, double *a, int *ip, int nw, double *w);
    void rftfsub(int n, double *a, int nc, double *c);
    void dctsub(int n, double *a, int nc, double *c);
    int j, k, l, m, mh, nw, nc;
    double xr, xi, yr, yi;
    
    nw = ip[0];
    if (n > (nw << 3)) {
        nw = n >> 3;
        makewt(nw, ip, w);
    }
    nc = ip[1];
    if (n > (nc << 1)) {
        nc = n >> 1;
        makect(nc, ip, w + nw);
    }
    m = n >> 1;
    yi = a[m];
    xi = a[0] + a[n];
    a[0] -= a[n];
    t[0] = xi - yi;
    t[m] = xi + yi;
    if (n > 2) {
        mh = m >> 1;
        for (j = 1; j < mh; j++) {
            k = m - j;
            xr = a[j] - a[n - j];
            xi = a[j] + a[n - j];
            yr = a[k] - a[n - k];
            yi = a[k] + a[n - k];
            a[j] = xr;
            a[k] = yr;
            t[j] = xi - yi;
            t[k] = xi + yi;
        }
        t[mh] = a[mh] + a[n - mh];
        a[mh] -= a[n - mh];
        dctsub(m, a, nc, w + nw);
        if (m > 4) {
            cftfsub(m, a, ip, nw, w);
            rftfsub(m, a, nc, w + nw);
        } else if (m == 4) {
            cftfsub(m, a, ip, nw, w);
        }
        a[n - 1] = a[0] - a[1];
        a[1] = a[0] + a[1];
        for (j = m - 2; j >= 2; j -= 2) {
            a[2 * j + 1] = a[j] + a[j + 1];
            a[2 * j - 1] = a[j] - a[j + 1];
        }
        l = 2;
        m = mh;
        while (m >= 2) {
            dctsub(m, t, nc, w + nw);
            if (m > 4) {
                cftfsub(m, t, ip, nw, w);
                rftfsub(m, t, nc, w + nw);
            } else if (m == 4) {
                cftfsub(m, t, ip, nw, w);
            }
            a[n - l] = t[0] - t[1];
            a[l] = t[0] + t[1];
            k = 0;
            for (j = 2; j < m; j += 2) {
                k += l << 2;
                a[k - l] = t[j] - t[j + 1];
                a[k + l] = t[j] + t[j + 1];
            }
            l <<= 1;
            mh = m >> 1;
            for (j = 0; j < mh; j++) {
                k = m - j;
                t[j] = t[m + k] - t[m + j];
                t[k] = t[m + k] + t[m + j];
            }
            t[mh] = t[m + mh];
            m = mh;
        }
        a[l] = t[0];
        a[n] = t[2] - t[1];
        a[0] = t[2] + t[1];
    } else {
        a[1] = a[0];
        a[2] = t[0];
        a[0] = t[1];
    }
}


void dfst(int n, double *a, double *t, int *ip, double *w)
{
    void makewt(int nw, int *ip, double *w);
    void makect(int nc, int *ip, double *c);
    void cftfsub(int n, double *a, int *ip, int nw, double *w);
    void rftfsub(int n, double *a, int nc, double *c);
    void dstsub(int n, double *a, int nc, double *c);
    int j, k, l, m, mh, nw, nc;
    double xr, xi, yr, yi;
    
    nw = ip[0];
    if (n > (nw << 3)) {
        nw = n >> 3;
        makewt(nw, ip, w);
    }
    nc = ip[1];
    if (n > (nc << 1)) {
        nc = n >> 1;
        makect(nc, ip, w + nw);
    }
    if (n > 2) {
        m = n >> 1;
        mh = m >> 1;
        for (j = 1; j < mh; j++) {
            k = m - j;
            xr = a[j] + a[n - j];
            xi = a[j] - a[n - j];
            yr = a[k] + a[n - k];
            yi = a[k] - a[n - k];
            a[j] = xr;
            a[k] = yr;
            t[j] = xi + yi;
            t[k] = xi - yi;
        }
        t[0] = a[mh] - a[n - mh];
        a[mh] += a[n - mh];
        a[0] = a[m];
        dstsub(m, a, nc, w + nw);
        if (m > 4) {
            cftfsub(m, a, ip, nw, w);
            rftfsub(m, a, nc, w + nw);
        } else if (m == 4) {
            cftfsub(m, a, ip, nw, w);
        }
        a[n - 1] = a[1] - a[0];
        a[1] = a[0] + a[1];
        for (j = m - 2; j >= 2; j -= 2) {
            a[2 * j + 1] = a[j] - a[j + 1];
            a[2 * j - 1] = -a[j] - a[j + 1];
        }
        l = 2;
        m = mh;
        while (m >= 2) {
            dstsub(m, t, nc, w + nw);
            if (m > 4) {
                cftfsub(m, t, ip, nw, w);
                rftfsub(m, t, nc, w + nw);
            } else if (m == 4) {
                cftfsub(m, t, ip, nw, w);
            }
            a[n - l] = t[1] - t[0];
            a[l] = t[0] + t[1];
            k = 0;
            for (j = 2; j < m; j += 2) {
                k += l << 2;
                a[k - l] = -t[j] - t[j + 1];
                a[k + l] = t[j] - t[j + 1];
            }
            l <<= 1;
            mh = m >> 1;
            for (j = 1; j < mh; j++) {
                k = m - j;
                t[j] = t[m + k] + t[m + j];
                t[k] = t[m + k] - t[m + j];
            }
            t[0] = t[m + mh];
            m = mh;
        }
        a[l] = t[0];
    }
    a[0] = 0;
}


/* -------- initializing routines -------- */


#include <math.h>

void makewt(int nw, int *ip, double *w)
{
    void makeipt(int nw, int *ip);
    int j, nwh, nw0, nw1;
    double delta, wn4r, wk1r, wk1i, wk3r, wk3i;
    
    ip[0] = nw;
    ip[1] = 1;
    if (nw > 2) {
        nwh = nw >> 1;
        delta = atan(1.0) / nwh;
        wn4r = cos(delta * nwh);
        w[0] = 1;
        w[1] = wn4r;
        if (nwh == 4) {
            w[2] = cos(delta * 2);
            w[3] = sin(delta * 2);
        } else if (nwh > 4) {
            makeipt(nw, ip);
            w[2] = 0.5 / cos(delta * 2);
            w[3] = 0.5 / cos(delta * 6);
            for (j = 4; j < nwh; j += 4) {
                w[j] = cos(delta * j);
                w[j + 1] = sin(delta * j);
                w[j + 2] = cos(3 * delta * j);
                w[j + 3] = -sin(3 * delta * j);
            }
        }
        nw0 = 0;
        while (nwh > 2) {
            nw1 = nw0 + nwh;
            nwh >>= 1;
            w[nw1] = 1;
            w[nw1 + 1] = wn4r;
            if (nwh == 4) {
                wk1r = w[nw0 + 4];
                wk1i = w[nw0 + 5];
                w[nw1 + 2] = wk1r;
                w[nw1 + 3] = wk1i;
            } else if (nwh > 4) {
                wk1r = w[nw0 + 4];
                wk3r = w[nw0 + 6];
                w[nw1 + 2] = 0.5 / wk1r;
                w[nw1 + 3] = 0.5 / wk3r;
                for (j = 4; j < nwh; j += 4) {
                    wk1r = w[nw0 + 2 * j];
                    wk1i = w[nw0 + 2 * j + 1];
                    wk3r = w[nw0 + 2 * j + 2];
                    wk3i = w[nw0 + 2 * j + 3];
                    w[nw1 + j] = wk1r;
                    w[nw1 + j + 1] = wk1i;
                    w[nw1 + j + 2] = wk3r;
                    w[nw1 + j + 3] = wk3i;
                }
            }
            nw0 = nw1;
        }
    }
}


void makeipt(int nw, int *ip)
{
    int j, l, m, m2, p, q;
    
    ip[2] = 0;
    ip[3] = 16;
    m = 2;
    for (l = nw; l > 32; l >>= 2) {
        m2 = m << 1;
        q = m2 << 3;
        for (j = m; j < m2; j++) {
            p = ip[j] << 2;
            ip[m + j] = p;
            ip[m2 + j] = p + q;
        }
        m = m2;
    }
}


void makect(int nc, int *ip, double *c)
{
    int j, nch;
    double delta;
    
    ip[1] = nc;
    if (nc > 1) {
        nch = nc >> 1;
        delta = atan(1.0) / nch;
        c[0] = cos(delta * nch);
        c[nch] = 0.5 * c[0];
        for (j = 1; j < nch; j++) {
            c[j] = 0.5 * cos(delta * j);
            c[nc - j] = 0.5 * sin(delta * j);
        }
    }
}


/* -------- child routines -------- */


#ifdef USE_CDFT_PTHREADS
#define USE_CDFT_THREADS
#ifndef CDFT_THREADS_BEGIN_N
#define CDFT_THREADS_BEGIN_N 8192
#endif
#ifndef CDFT_4THREADS_BEGIN_N
#define CDFT_4THREADS_BEGIN_N 65536
#endif
#include <pthread.h>
#include <stdio.h>
#include <stdlib.h>
#define cdft_thread_t pthread_t
#define cdft_thread_create(thp,func,argp) { \
    if (pthread_create(thp, NULL, func, (void *) argp) != 0) { \
        fprintf(stderr, "cdft thread error\n"); \
        exit(1); \
    } \
}
#define cdft_thread_wait(th) { \
    if (pthread_join(th, NULL) != 0) { \
        fprintf(stderr, "cdft thread error\n"); \
        exit(1); \
    } \
}
#endif /* USE_CDFT_PTHREADS */


#ifdef USE_CDFT_WINTHREADS
#define USE_CDFT_THREADS
#ifndef CDFT_THREADS_BEGIN_N
#define CDFT_THREADS_BEGIN_N 32768
#endif
#ifndef CDFT_4THREADS_BEGIN_N
#define CDFT_4THREADS_BEGIN_N 524288
#endif
#include <windows.h>
#include <stdio.h>
#include <stdlib.h>
#define cdft_thread_t HANDLE
#define cdft_thread_create(thp,func,argp) { \
    DWORD thid; \
    *(thp) = CreateThread(NULL, 0, (LPTHREAD_START_ROUTINE) func, (LPVOID) argp, 0, &thid); \
    if (*(thp) == 0) { \
        fprintf(stderr, "cdft thread error\n"); \
        exit(1); \
    } \
}
#define cdft_thread_wait(th) { \
    WaitForSingleObject(th, INFINITE); \
    CloseHandle(th); \
}
#endif /* USE_CDFT_WINTHREADS */


void cftfsub(int n, double *a, int *ip, int nw, double *w)
{
    void bitrv2(int n, int *ip, double *a);
    void bitrv216(double *a);
    void bitrv208(double *a);
    void cftf1st(int n, double *a, double *w);
    void cftrec4(int n, double *a, int nw, double *w);
    void cftleaf(int n, int isplt, double *a, int nw, double *w);
    void cftfx41(int n, double *a, int nw, double *w);
    void cftf161(double *a, double *w);
    void cftf081(double *a, double *w);
    void cftf040(double *a);
    void cftx020(double *a);
#ifdef USE_CDFT_THREADS
    void cftrec4_th(int n, double *a, int nw, double *w);
#endif /* USE_CDFT_THREADS */
    
    if (n > 8) {
        if (n > 32) {
            cftf1st(n, a, &w[nw - (n >> 2)]);
#ifdef USE_CDFT_THREADS
            if (n > CDFT_THREADS_BEGIN_N) {
                cftrec4_th(n, a, nw, w);
            } else 
#endif /* USE_CDFT_THREADS */
            if (n > 512) {
                cftrec4(n, a, nw, w);
            } else if (n > 128) {
                cftleaf(n, 1, a, nw, w);
            } else {
                cftfx41(n, a, nw, w);
            }
            bitrv2(n, ip, a);
        } else if (n == 32) {
            cftf161(a, &w[nw - 8]);
            bitrv216(a);
        } else {
            cftf081(a, w);
            bitrv208(a);
        }
    } else if (n == 8) {
        cftf040(a);
    } else if (n == 4) {
        cftx020(a);
    }
}


void cftbsub(int n, double *a, int *ip, int nw, double *w)
{
    void bitrv2conj(int n, int *ip, double *a);
    void bitrv216neg(double *a);
    void bitrv208neg(double *a);
    void cftb1st(int n, double *a, double *w);
    void cftrec4(int n, double *a, int nw, double *w);
    void cftleaf(int n, int isplt, double *a, int nw, double *w);
    void cftfx41(int n, double *a, int nw, double *w);
    void cftf161(double *a, double *w);
    void cftf081(double *a, double *w);
    void cftb040(double *a);
    void cftx020(double *a);
#ifdef USE_CDFT_THREADS
    void cftrec4_th(int n, double *a, int nw, double *w);
#endif /* USE_CDFT_THREADS */
    
    if (n > 8) {
        if (n > 32) {
            cftb1st(n, a, &w[nw - (n >> 2)]);
#ifdef USE_CDFT_THREADS
            if (n > CDFT_THREADS_BEGIN_N) {
                cftrec4_th(n, a, nw, w);
            } else 
#endif /* USE_CDFT_THREADS */
            if (n > 512) {
                cftrec4(n, a, nw, w);
            } else if (n > 128) {
                cftleaf(n, 1, a, nw, w);
            } else {
                cftfx41(n, a, nw, w);
            }
            bitrv2conj(n, ip, a);
        } else if (n == 32) {
            cftf161(a, &w[nw - 8]);
            bitrv216neg(a);
        } else {
            cftf081(a, w);
            bitrv208neg(a);
        }
    } else if (n == 8) {
        cftb040(a);
    } else if (n == 4) {
        cftx020(a);
    }
}


void bitrv2(int n, int *ip, double *a)
{
    int j, j1, k, k1, l, m, nh, nm;
    double xr, xi, yr, yi;
    
    m = 1;
    for (l = n >> 2; l > 8; l >>= 2) {
        m <<= 1;
    }
    nh = n >> 1;
    nm = 4 * m;
    if (l == 8) {
        for (k = 0; k < m; k++) {
            for (j = 0; j < k; j++) {
                j1 = 4 * j + 2 * ip[m + k];
                k1 = 4 * k + 2 * ip[m + j];
                xr = a[j1];
                xi = a[j1 + 1];
                yr = a[k1];
                yi = a[k1 + 1];
                a[j1] = yr;
                a[j1 + 1] = yi;
                a[k1] = xr;
                a[k1 + 1] = xi;
                j1 += nm;
                k1 += 2 * nm;
                xr = a[j1];
                xi = a[j1 + 1];
                yr = a[k1];
                yi = a[k1 + 1];
                a[j1] = yr;
                a[j1 + 1] = yi;
                a[k1] = xr;
                a[k1 + 1] = xi;
                j1 += nm;
                k1 -= nm;
                xr = a[j1];
                xi = a[j1 + 1];
                yr = a[k1];
                yi = a[k1 + 1];
                a[j1] = yr;
                a[j1 + 1] = yi;
                a[k1] = xr;
                a[k1 + 1] = xi;
                j1 += nm;
                k1 += 2 * nm;
                xr = a[j1];
                xi = a[j1 + 1];
                yr = a[k1];
                yi = a[k1 + 1];
                a[j1] = yr;
                a[j1 + 1] = yi;
                a[k1] = xr;
                a[k1 + 1] = xi;
                j1 += nh;
                k1 += 2;
                xr = a[j1];
                xi = a[j1 + 1];
                yr = a[k1];
                yi = a[k1 + 1];
                a[j1] = yr;
                a[j1 + 1] = yi;
                a[k1] = xr;
                a[k1 + 1] = xi;
                j1 -= nm;
                k1 -= 2 * nm;
                xr = a[j1];
                xi = a[j1 + 1];
                yr = a[k1];
                yi = a[k1 + 1];
                a[j1] = yr;
                a[j1 + 1] = yi;
                a[k1] = xr;
                a[k1 + 1] = xi;
                j1 -= nm;
                k1 += nm;
                xr = a[j1];
                xi = a[j1 + 1];
                yr = a[k1];
                yi = a[k1 + 1];
                a[j1] = yr;
                a[j1 + 1] = yi;
                a[k1] = xr;
                a[k1 + 1] = xi;
                j1 -= nm;
                k1 -= 2 * nm;
                xr = a[j1];
                xi = a[j1 + 1];
                yr = a[k1];
                yi = a[k1 + 1];
                a[j1] = yr;
                a[j1 + 1] = yi;
                a[k1] = xr;
                a[k1 + 1] = xi;
                j1 += 2;
                k1 += nh;
                xr = a[j1];
                xi = a[j1 + 1];
                yr = a[k1];
                yi = a[k1 + 1];
                a[j1] = yr;
                a[j1 + 1] = yi;
                a[k1] = xr;
                a[k1 + 1] = xi;
                j1 += nm;
                k1 += 2 * nm;
                xr = a[j1];
                xi = a[j1 + 1];
                yr = a[k1];
                yi = a[k1 + 1];
                a[j1] = yr;
                a[j1 + 1] = yi;
                a[k1] = xr;
                a[k1 + 1] = xi;
                j1 += nm;
                k1 -= nm;
                xr = a[j1];
                xi = a[j1 + 1];
                yr = a[k1];
                yi = a[k1 + 1];
                a[j1] = yr;
                a[j1 + 1] = yi;
                a[k1] = xr;
                a[k1 + 1] = xi;
                j1 += nm;
                k1 += 2 * nm;
                xr = a[j1];
                xi = a[j1 + 1];
                yr = a[k1];
                yi = a[k1 + 1];
                a[j1] = yr;
                a[j1 + 1] = yi;
                a[k1] = xr;
                a[k1 + 1] = xi;
                j1 -= nh;
                k1 -= 2;
                xr = a[j1];
                xi = a[j1 + 1];
                yr = a[k1];
                yi = a[k1 + 1];
                a[j1] = yr;
                a[j1 + 1] = yi;
                a[k1] = xr;
                a[k1 + 1] = xi;
                j1 -= nm;
                k1 -= 2 * nm;
                xr = a[j1];
                xi = a[j1 + 1];
                yr = a[k1];
                yi = a[k1 + 1];
                a[j1] = yr;
                a[j1 + 1] = yi;
                a[k1] = xr;
                a[k1 + 1] = xi;
                j1 -= nm;
                k1 += nm;
                xr = a[j1];
                xi = a[j1 + 1];
                yr = a[k1];
                yi = a[k1 + 1];
                a[j1] = yr;
                a[j1 + 1] = yi;
                a[k1] = xr;
                a[k1 + 1] = xi;
                j1 -= nm;
                k1 -= 2 * nm;
                xr = a[j1];
                xi = a[j1 + 1];
                yr = a[k1];
                yi = a[k1 + 1];
                a[j1] = yr;
                a[j1 + 1] = yi;
                a[k1] = xr;
                a[k1 + 1] = xi;
            }
            k1 = 4 * k + 2 * ip[m + k];
            j1 = k1 + 2;
            k1 += nh;
            xr = a[j1];
            xi = a[j1 + 1];
            yr = a[k1];
            yi = a[k1 + 1];
            a[j1] = yr;
            a[j1 + 1] = yi;
            a[k1] = xr;
            a[k1 + 1] = xi;
            j1 += nm;
            k1 += 2 * nm;
            xr = a[j1];
            xi = a[j1 + 1];
            yr = a[k1];
            yi = a[k1 + 1];
            a[j1] = yr;
            a[j1 + 1] = yi;
            a[k1] = xr;
            a[k1 + 1] = xi;
            j1 += nm;
            k1 -= nm;
            xr = a[j1];
            xi = a[j1 + 1];
            yr = a[k1];
            yi = a[k1 + 1];
            a[j1] = yr;
            a[j1 + 1] = yi;
            a[k1] = xr;
            a[k1 + 1] = xi;
            j1 -= 2;
            k1 -= nh;
            xr = a[j1];
            xi = a[j1 + 1];
            yr = a[k1];
            yi = a[k1 + 1];
            a[j1] = yr;
            a[j1 + 1] = yi;
            a[k1] = xr;
            a[k1 + 1] = xi;
            j1 += nh + 2;
            k1 += nh + 2;
            xr = a[j1];
            xi = a[j1 + 1];
            yr = a[k1];
            yi = a[k1 + 1];
            a[j1] = yr;
            a[j1 + 1] = yi;
            a[k1] = xr;
            a[k1 + 1] = xi;
            j1 -= nh - nm;
            k1 += 2 * nm - 2;
            xr = a[j1];
            xi = a[j1 + 1];
            yr = a[k1];
            yi = a[k1 + 1];
            a[j1] = yr;
            a[j1 + 1] = yi;
            a[k1] = xr;
            a[k1 + 1] = xi;
        }
    } else {
        for (k = 0; k < m; k++) {
            for (j = 0; j < k; j++) {
                j1 = 4 * j + ip[m + k];
                k1 = 4 * k + ip[m + j];
                xr = a[j1];
                xi = a[j1 + 1];
                yr = a[k1];
                yi = a[k1 + 1];
                a[j1] = yr;
                a[j1 + 1] = yi;
                a[k1] = xr;
                a[k1 + 1] = xi;
                j1 += nm;
                k1 += nm;
                xr = a[j1];
                xi = a[j1 + 1];
                yr = a[k1];
                yi = a[k1 + 1];
                a[j1] = yr;
                a[j1 + 1] = yi;
                a[k1] = xr;
                a[k1 + 1] = xi;
                j1 += nh;
                k1 += 2;
                xr = a[j1];
                xi = a[j1 + 1];
                yr = a[k1];
                yi = a[k1 + 1];
                a[j1] = yr;
                a[j1 + 1] = yi;
                a[k1] = xr;
                a[k1 + 1] = xi;
                j1 -= nm;
                k1 -= nm;
                xr = a[j1];
                xi = a[j1 + 1];
                yr = a[k1];
                yi = a[k1 + 1];
                a[j1] = yr;
                a[j1 + 1] = yi;
                a[k1] = xr;
                a[k1 + 1] = xi;
                j1 += 2;
                k1 += nh;
                xr = a[j1];
                xi = a[j1 + 1];
                yr = a[k1];
                yi = a[k1 + 1];
                a[j1] = yr;
                a[j1 + 1] = yi;
                a[k1] = xr;
                a[k1 + 1] = xi;
                j1 += nm;
                k1 += nm;
                xr = a[j1];
                xi = a[j1 + 1];
                yr = a[k1];
                yi = a[k1 + 1];
                a[j1] = yr;
                a[j1 + 1] = yi;
                a[k1] = xr;
                a[k1 + 1] = xi;
                j1 -= nh;
                k1 -= 2;
                xr = a[j1];
                xi = a[j1 + 1];
                yr = a[k1];
                yi = a[k1 + 1];
                a[j1] = yr;
                a[j1 + 1] = yi;
                a[k1] = xr;
                a[k1 + 1] = xi;
                j1 -= nm;
                k1 -= nm;
                xr = a[j1];
                xi = a[j1 + 1];
                yr = a[k1];
                yi = a[k1 + 1];
                a[j1] = yr;
                a[j1 + 1] = yi;
                a[k1] = xr;
                a[k1 + 1] = xi;
            }
            k1 = 4 * k + ip[m + k];
            j1 = k1 + 2;
            k1 += nh;
            xr = a[j1];
            xi = a[j1 + 1];
            yr = a[k1];
            yi = a[k1 + 1];
            a[j1] = yr;
            a[j1 + 1] = yi;
            a[k1] = xr;
            a[k1 + 1] = xi;
            j1 += nm;
            k1 += nm;
            xr = a[j1];
            xi = a[j1 + 1];
            yr = a[k1];
            yi = a[k1 + 1];
            a[j1] = yr;
            a[j1 + 1] = yi;
            a[k1] = xr;
            a[k1 + 1] = xi;
        }
    }
}


void bitrv2conj(int n, int *ip, double *a)
{
    int j, j1, k, k1, l, m, nh, nm;
    double xr, xi, yr, yi;
    
    m = 1;
    for (l = n >> 2; l > 8; l >>= 2) {
        m <<= 1;
    }
    nh = n >> 1;
    nm = 4 * m;
    if (l == 8) {
        for (k = 0; k < m; k++) {
            for (j = 0; j < k; j++) {
                j1 = 4 * j + 2 * ip[m + k];
                k1 = 4 * k + 2 * ip[m + j];
                xr = a[j1];
                xi = -a[j1 + 1];
                yr = a[k1];
                yi = -a[k1 + 1];
                a[j1] = yr;
                a[j1 + 1] = yi;
                a[k1] = xr;
                a[k1 + 1] = xi;
                j1 += nm;
                k1 += 2 * nm;
                xr = a[j1];
                xi = -a[j1 + 1];
                yr = a[k1];
                yi = -a[k1 + 1];
                a[j1] = yr;
                a[j1 + 1] = yi;
                a[k1] = xr;
                a[k1 + 1] = xi;
                j1 += nm;
                k1 -= nm;
                xr = a[j1];
                xi = -a[j1 + 1];
                yr = a[k1];
                yi = -a[k1 + 1];
                a[j1] = yr;
                a[j1 + 1] = yi;
                a[k1] = xr;
                a[k1 + 1] = xi;
                j1 += nm;
                k1 += 2 * nm;
                xr = a[j1];
                xi = -a[j1 + 1];
                yr = a[k1];
                yi = -a[k1 + 1];
                a[j1] = yr;
                a[j1 + 1] = yi;
                a[k1] = xr;
                a[k1 + 1] = xi;
                j1 += nh;
                k1 += 2;
                xr = a[j1];
                xi = -a[j1 + 1];
                yr = a[k1];
                yi = -a[k1 + 1];
                a[j1] = yr;
                a[j1 + 1] = yi;
                a[k1] = xr;
                a[k1 + 1] = xi;
                j1 -= nm;
                k1 -= 2 * nm;
                xr = a[j1];
                xi = -a[j1 + 1];
                yr = a[k1];
                yi = -a[k1 + 1];
                a[j1] = yr;
                a[j1 + 1] = yi;
                a[k1] = xr;
                a[k1 + 1] = xi;
                j1 -= nm;
                k1 += nm;
                xr = a[j1];
                xi = -a[j1 + 1];
                yr = a[k1];
                yi = -a[k1 + 1];
                a[j1] = yr;
                a[j1 + 1] = yi;
                a[k1] = xr;
                a[k1 + 1] = xi;
                j1 -= nm;
                k1 -= 2 * nm;
                xr = a[j1];
                xi = -a[j1 + 1];
                yr = a[k1];
                yi = -a[k1 + 1];
                a[j1] = yr;
                a[j1 + 1] = yi;
                a[k1] = xr;
                a[k1 + 1] = xi;
                j1 += 2;
                k1 += nh;
                xr = a[j1];
                xi = -a[j1 + 1];
                yr = a[k1];
                yi = -a[k1 + 1];
                a[j1] = yr;
                a[j1 + 1] = yi;
                a[k1] = xr;
                a[k1 + 1] = xi;
                j1 += nm;
                k1 += 2 * nm;
                xr = a[j1];
                xi = -a[j1 + 1];
                yr = a[k1];
                yi = -a[k1 + 1];
                a[j1] = yr;
                a[j1 + 1] = yi;
                a[k1] = xr;
                a[k1 + 1] = xi;
                j1 += nm;
                k1 -= nm;
                xr = a[j1];
                xi = -a[j1 + 1];
                yr = a[k1];
                yi = -a[k1 + 1];
                a[j1] = yr;
                a[j1 + 1] = yi;
                a[k1] = xr;
                a[k1 + 1] = xi;
                j1 += nm;
                k1 += 2 * nm;
                xr = a[j1];
                xi = -a[j1 + 1];
                yr = a[k1];
                yi = -a[k1 + 1];
                a[j1] = yr;
                a[j1 + 1] = yi;
                a[k1] = xr;
                a[k1 + 1] = xi;
                j1 -= nh;
                k1 -= 2;
                xr = a[j1];
                xi = -a[j1 + 1];
                yr = a[k1];
                yi = -a[k1 + 1];
                a[j1] = yr;
                a[j1 + 1] = yi;
                a[k1] = xr;
                a[k1 + 1] = xi;
                j1 -= nm;
                k1 -= 2 * nm;
                xr = a[j1];
                xi = -a[j1 + 1];
                yr = a[k1];
                yi = -a[k1 + 1];
                a[j1] = yr;
                a[j1 + 1] = yi;
                a[k1] = xr;
                a[k1 + 1] = xi;
                j1 -= nm;
                k1 += nm;
                xr = a[j1];
                xi = -a[j1 + 1];
                yr = a[k1];
                yi = -a[k1 + 1];
                a[j1] = yr;
                a[j1 + 1] = yi;
                a[k1] = xr;
                a[k1 + 1] = xi;
                j1 -= nm;
                k1 -= 2 * nm;
                xr = a[j1];
                xi = -a[j1 + 1];
                yr = a[k1];
                yi = -a[k1 + 1];
                a[j1] = yr;
                a[j1 + 1] = yi;
                a[k1] = xr;
                a[k1 + 1] = xi;
            }
            k1 = 4 * k + 2 * ip[m + k];
            j1 = k1 + 2;
            k1 += nh;
            a[j1 - 1] = -a[j1 - 1];
            xr = a[j1];
            xi = -a[j1 + 1];
            yr = a[k1];
            yi = -a[k1 + 1];
            a[j1] = yr;
            a[j1 + 1] = yi;
            a[k1] = xr;
            a[k1 + 1] = xi;
            a[k1 + 3] = -a[k1 + 3];
            j1 += nm;
            k1 += 2 * nm;
            xr = a[j1];
            xi = -a[j1 + 1];
            yr = a[k1];
            yi = -a[k1 + 1];
            a[j1] = yr;
            a[j1 + 1] = yi;
            a[k1] = xr;
            a[k1 + 1] = xi;
            j1 += nm;
            k1 -= nm;
            xr = a[j1];
            xi = -a[j1 + 1];
            yr = a[k1];
            yi = -a[k1 + 1];
            a[j1] = yr;
            a[j1 + 1] = yi;
            a[k1] = xr;
            a[k1 + 1] = xi;
            j1 -= 2;
            k1 -= nh;
            xr = a[j1];
            xi = -a[j1 + 1];
            yr = a[k1];
            yi = -a[k1 + 1];
            a[j1] = yr;
            a[j1 + 1] = yi;
            a[k1] = xr;
            a[k1 + 1] = xi;
            j1 += nh + 2;
            k1 += nh + 2;
            xr = a[j1];
            xi = -a[j1 + 1];
            yr = a[k1];
            yi = -a[k1 + 1];
            a[j1] = yr;
            a[j1 + 1] = yi;
            a[k1] = xr;
            a[k1 + 1] = xi;
            j1 -= nh - nm;
            k1 += 2 * nm - 2;
            a[j1 - 1] = -a[j1 - 1];
            xr = a[j1];
            xi = -a[j1 + 1];
            yr = a[k1];
            yi = -a[k1 + 1];
            a[j1] = yr;
            a[j1 + 1] = yi;
            a[k1] = xr;
            a[k1 + 1] = xi;
            a[k1 + 3] = -a[k1 + 3];
        }
    } else {
        for (k = 0; k < m; k++) {
            for (j = 0; j < k; j++) {
                j1 = 4 * j + ip[m + k];
                k1 = 4 * k + ip[m + j];
                xr = a[j1];
                xi = -a[j1 + 1];
                yr = a[k1];
                yi = -a[k1 + 1];
                a[j1] = yr;
                a[j1 + 1] = yi;
                a[k1] = xr;
                a[k1 + 1] = xi;
                j1 += nm;
                k1 += nm;
                xr = a[j1];
                xi = -a[j1 + 1];
                yr = a[k1];
                yi = -a[k1 + 1];
                a[j1] = yr;
                a[j1 + 1] = yi;
                a[k1] = xr;
                a[k1 + 1] = xi;
                j1 += nh;
                k1 += 2;
                xr = a[j1];
                xi = -a[j1 + 1];
                yr = a[k1];
                yi = -a[k1 + 1];
                a[j1] = yr;
                a[j1 + 1] = yi;
                a[k1] = xr;
                a[k1 + 1] = xi;
                j1 -= nm;
                k1 -= nm;
                xr = a[j1];
                xi = -a[j1 + 1];
                yr = a[k1];
                yi = -a[k1 + 1];
                a[j1] = yr;
                a[j1 + 1] = yi;
                a[k1] = xr;
                a[k1 + 1] = xi;
                j1 += 2;
                k1 += nh;
                xr = a[j1];
                xi = -a[j1 + 1];
                yr = a[k1];
                yi = -a[k1 + 1];
                a[j1] = yr;
                a[j1 + 1] = yi;
                a[k1] = xr;
                a[k1 + 1] = xi;
                j1 += nm;
                k1 += nm;
                xr = a[j1];
                xi = -a[j1 + 1];
                yr = a[k1];
                yi = -a[k1 + 1];
                a[j1] = yr;
                a[j1 + 1] = yi;
                a[k1] = xr;
                a[k1 + 1] = xi;
                j1 -= nh;
                k1 -= 2;
                xr = a[j1];
                xi = -a[j1 + 1];
                yr = a[k1];
                yi = -a[k1 + 1];
                a[j1] = yr;
                a[j1 + 1] = yi;
                a[k1] = xr;
                a[k1 + 1] = xi;
                j1 -= nm;
                k1 -= nm;
                xr = a[j1];
                xi = -a[j1 + 1];
                yr = a[k1];
                yi = -a[k1 + 1];
                a[j1] = yr;
                a[j1 + 1] = yi;
                a[k1] = xr;
                a[k1 + 1] = xi;
            }
            k1 = 4 * k + ip[m + k];
            j1 = k1 + 2;
            k1 += nh;
            a[j1 - 1] = -a[j1 - 1];
            xr = a[j1];
            xi = -a[j1 + 1];
            yr = a[k1];
            yi = -a[k1 + 1];
            a[j1] = yr;
            a[j1 + 1] = yi;
            a[k1] = xr;
            a[k1 + 1] = xi;
            a[k1 + 3] = -a[k1 + 3];
            j1 += nm;
            k1 += nm;
            a[j1 - 1] = -a[j1 - 1];
            xr = a[j1];
            xi = -a[j1 + 1];
            yr = a[k1];
            yi = -a[k1 + 1];
            a[j1] = yr;
            a[j1 + 1] = yi;
            a[k1] = xr;
            a[k1 + 1] = xi;
            a[k1 + 3] = -a[k1 + 3];
        }
    }
}


void bitrv216(double *a)
{
    double x1r, x1i, x2r, x2i, x3r, x3i, x4r, x4i, 
        x5r, x5i, x7r, x7i, x8r, x8i, x10r, x10i, 
        x11r, x11i, x12r, x12i, x13r, x13i, x14r, x14i;
    
    x1r = a[2];
    x1i = a[3];
    x2r = a[4];
    x2i = a[5];
    x3r = a[6];
    x3i = a[7];
    x4r = a[8];
    x4i = a[9];
    x5r = a[10];
    x5i = a[11];
    x7r = a[14];
    x7i = a[15];
    x8r = a[16];
    x8i = a[17];
    x10r = a[20];
    x10i = a[21];
    x11r = a[22];
    x11i = a[23];
    x12r = a[24];
    x12i = a[25];
    x13r = a[26];
    x13i = a[27];
    x14r = a[28];
    x14i = a[29];
    a[2] = x8r;
    a[3] = x8i;
    a[4] = x4r;
    a[5] = x4i;
    a[6] = x12r;
    a[7] = x12i;
    a[8] = x2r;
    a[9] = x2i;
    a[10] = x10r;
    a[11] = x10i;
    a[14] = x14r;
    a[15] = x14i;
    a[16] = x1r;
    a[17] = x1i;
    a[20] = x5r;
    a[21] = x5i;
    a[22] = x13r;
    a[23] = x13i;
    a[24] = x3r;
    a[25] = x3i;
    a[26] = x11r;
    a[27] = x11i;
    a[28] = x7r;
    a[29] = x7i;
}


void bitrv216neg(double *a)
{
    double x1r, x1i, x2r, x2i, x3r, x3i, x4r, x4i, 
        x5r, x5i, x6r, x6i, x7r, x7i, x8r, x8i, 
        x9r, x9i, x10r, x10i, x11r, x11i, x12r, x12i, 
        x13r, x13i, x14r, x14i, x15r, x15i;
    
    x1r = a[2];
    x1i = a[3];
    x2r = a[4];
    x2i = a[5];
    x3r = a[6];
    x3i = a[7];
    x4r = a[8];
    x4i = a[9];
    x5r = a[10];
    x5i = a[11];
    x6r = a[12];
    x6i = a[13];
    x7r = a[14];
    x7i = a[15];
    x8r = a[16];
    x8i = a[17];
    x9r = a[18];
    x9i = a[19];
    x10r = a[20];
    x10i = a[21];
    x11r = a[22];
    x11i = a[23];
    x12r = a[24];
    x12i = a[25];
    x13r = a[26];
    x13i = a[27];
    x14r = a[28];
    x14i = a[29];
    x15r = a[30];
    x15i = a[31];
    a[2] = x15r;
    a[3] = x15i;
    a[4] = x7r;
    a[5] = x7i;
    a[6] = x11r;
    a[7] = x11i;
    a[8] = x3r;
    a[9] = x3i;
    a[10] = x13r;
    a[11] = x13i;
    a[12] = x5r;
    a[13] = x5i;
    a[14] = x9r;
    a[15] = x9i;
    a[16] = x1r;
    a[17] = x1i;
    a[18] = x14r;
    a[19] = x14i;
    a[20] = x6r;
    a[21] = x6i;
    a[22] = x10r;
    a[23] = x10i;
    a[24] = x2r;
    a[25] = x2i;
    a[26] = x12r;
    a[27] = x12i;
    a[28] = x4r;
    a[29] = x4i;
    a[30] = x8r;
    a[31] = x8i;
}


void bitrv208(double *a)
{
    double x1r, x1i, x3r, x3i, x4r, x4i, x6r, x6i;
    
    x1r = a[2];
    x1i = a[3];
    x3r = a[6];
    x3i = a[7];
    x4r = a[8];
    x4i = a[9];
    x6r = a[12];
    x6i = a[13];
    a[2] = x4r;
    a[3] = x4i;
    a[6] = x6r;
    a[7] = x6i;
    a[8] = x1r;
    a[9] = x1i;
    a[12] = x3r;
    a[13] = x3i;
}


void bitrv208neg(double *a)
{
    double x1r, x1i, x2r, x2i, x3r, x3i, x4r, x4i, 
        x5r, x5i, x6r, x6i, x7r, x7i;
    
    x1r = a[2];
    x1i = a[3];
    x2r = a[4];
    x2i = a[5];
    x3r = a[6];
    x3i = a[7];
    x4r = a[8];
    x4i = a[9];
    x5r = a[10];
    x5i = a[11];
    x6r = a[12];
    x6i = a[13];
    x7r = a[14];
    x7i = a[15];
    a[2] = x7r;
    a[3] = x7i;
    a[4] = x3r;
    a[5] = x3i;
    a[6] = x5r;
    a[7] = x5i;
    a[8] = x1r;
    a[9] = x1i;
    a[10] = x6r;
    a[11] = x6i;
    a[12] = x2r;
    a[13] = x2i;
    a[14] = x4r;
    a[15] = x4i;
}


void cftf1st(int n, double *a, double *w)
{
    int j, j0, j1, j2, j3, k, m, mh;
    double wn4r, csc1, csc3, wk1r, wk1i, wk3r, wk3i, 
        wd1r, wd1i, wd3r, wd3i;
    double x0r, x0i, x1r, x1i, x2r, x2i, x3r, x3i, 
        y0r, y0i, y1r, y1i, y2r, y2i, y3r, y3i;
    
    mh = n >> 3;
    m = 2 * mh;
    j1 = m;
    j2 = j1 + m;
    j3 = j2 + m;
    x0r = a[0] + a[j2];
    x0i = a[1] + a[j2 + 1];
    x1r = a[0] - a[j2];
    x1i = a[1] - a[j2 + 1];
    x2r = a[j1] + a[j3];
    x2i = a[j1 + 1] + a[j3 + 1];
    x3r = a[j1] - a[j3];
    x3i = a[j1 + 1] - a[j3 + 1];
    a[0] = x0r + x2r;
    a[1] = x0i + x2i;
    a[j1] = x0r - x2r;
    a[j1 + 1] = x0i - x2i;
    a[j2] = x1r - x3i;
    a[j2 + 1] = x1i + x3r;
    a[j3] = x1r + x3i;
    a[j3 + 1] = x1i - x3r;
    wn4r = w[1];
    csc1 = w[2];
    csc3 = w[3];
    wd1r = 1;
    wd1i = 0;
    wd3r = 1;
    wd3i = 0;
    k = 0;
    for (j = 2; j < mh - 2; j += 4) {
        k += 4;
        wk1r = csc1 * (wd1r + w[k]);
        wk1i = csc1 * (wd1i + w[k + 1]);
        wk3r = csc3 * (wd3r + w[k + 2]);
        wk3i = csc3 * (wd3i + w[k + 3]);
        wd1r = w[k];
        wd1i = w[k + 1];
        wd3r = w[k + 2];
        wd3i = w[k + 3];
        j1 = j + m;
        j2 = j1 + m;
        j3 = j2 + m;
        x0r = a[j] + a[j2];
        x0i = a[j + 1] + a[j2 + 1];
        x1r = a[j] - a[j2];
        x1i = a[j + 1] - a[j2 + 1];
        y0r = a[j + 2] + a[j2 + 2];
        y0i = a[j + 3] + a[j2 + 3];
        y1r = a[j + 2] - a[j2 + 2];
        y1i = a[j + 3] - a[j2 + 3];
        x2r = a[j1] + a[j3];
        x2i = a[j1 + 1] + a[j3 + 1];
        x3r = a[j1] - a[j3];
        x3i = a[j1 + 1] - a[j3 + 1];
        y2r = a[j1 + 2] + a[j3 + 2];
        y2i = a[j1 + 3] + a[j3 + 3];
        y3r = a[j1 + 2] - a[j3 + 2];
        y3i = a[j1 + 3] - a[j3 + 3];
        a[j] = x0r + x2r;
        a[j + 1] = x0i + x2i;
        a[j + 2] = y0r + y2r;
        a[j + 3] = y0i + y2i;
        a[j1] = x0r - x2r;
        a[j1 + 1] = x0i - x2i;
        a[j1 + 2] = y0r - y2r;
        a[j1 + 3] = y0i - y2i;
        x0r = x1r - x3i;
        x0i = x1i + x3r;
        a[j2] = wk1r * x0r - wk1i * x0i;
        a[j2 + 1] = wk1r * x0i + wk1i * x0r;
        x0r = y1r - y3i;
        x0i = y1i + y3r;
        a[j2 + 2] = wd1r * x0r - wd1i * x0i;
        a[j2 + 3] = wd1r * x0i + wd1i * x0r;
        x0r = x1r + x3i;
        x0i = x1i - x3r;
        a[j3] = wk3r * x0r + wk3i * x0i;
        a[j3 + 1] = wk3r * x0i - wk3i * x0r;
        x0r = y1r + y3i;
        x0i = y1i - y3r;
        a[j3 + 2] = wd3r * x0r + wd3i * x0i;
        a[j3 + 3] = wd3r * x0i - wd3i * x0r;
        j0 = m - j;
        j1 = j0 + m;
        j2 = j1 + m;
        j3 = j2 + m;
        x0r = a[j0] + a[j2];
        x0i = a[j0 + 1] + a[j2 + 1];
        x1r = a[j0] - a[j2];
        x1i = a[j0 + 1] - a[j2 + 1];
        y0r = a[j0 - 2] + a[j2 - 2];
        y0i = a[j0 - 1] + a[j2 - 1];
        y1r = a[j0 - 2] - a[j2 - 2];
        y1i = a[j0 - 1] - a[j2 - 1];
        x2r = a[j1] + a[j3];
        x2i = a[j1 + 1] + a[j3 + 1];
        x3r = a[j1] - a[j3];
        x3i = a[j1 + 1] - a[j3 + 1];
        y2r = a[j1 - 2] + a[j3 - 2];
        y2i = a[j1 - 1] + a[j3 - 1];
        y3r = a[j1 - 2] - a[j3 - 2];
        y3i = a[j1 - 1] - a[j3 - 1];
        a[j0] = x0r + x2r;
        a[j0 + 1] = x0i + x2i;
        a[j0 - 2] = y0r + y2r;
        a[j0 - 1] = y0i + y2i;
        a[j1] = x0r - x2r;
        a[j1 + 1] = x0i - x2i;
        a[j1 - 2] = y0r - y2r;
        a[j1 - 1] = y0i - y2i;
        x0r = x1r - x3i;
        x0i = x1i + x3r;
        a[j2] = wk1i * x0r - wk1r * x0i;
        a[j2 + 1] = wk1i * x0i + wk1r * x0r;
        x0r = y1r - y3i;
        x0i = y1i + y3r;
        a[j2 - 2] = wd1i * x0r - wd1r * x0i;
        a[j2 - 1] = wd1i * x0i + wd1r * x0r;
        x0r = x1r + x3i;
        x0i = x1i - x3r;
        a[j3] = wk3i * x0r + wk3r * x0i;
        a[j3 + 1] = wk3i * x0i - wk3r * x0r;
        x0r = y1r + y3i;
        x0i = y1i - y3r;
        a[j3 - 2] = wd3i * x0r + wd3r * x0i;
        a[j3 - 1] = wd3i * x0i - wd3r * x0r;
    }
    wk1r = csc1 * (wd1r + wn4r);
    wk1i = csc1 * (wd1i + wn4r);
    wk3r = csc3 * (wd3r - wn4r);
    wk3i = csc3 * (wd3i - wn4r);
    j0 = mh;
    j1 = j0 + m;
    j2 = j1 + m;
    j3 = j2 + m;
    x0r = a[j0 - 2] + a[j2 - 2];
    x0i = a[j0 - 1] + a[j2 - 1];
    x1r = a[j0 - 2] - a[j2 - 2];
    x1i = a[j0 - 1] - a[j2 - 1];
    x2r = a[j1 - 2] + a[j3 - 2];
    x2i = a[j1 - 1] + a[j3 - 1];
    x3r = a[j1 - 2] - a[j3 - 2];
    x3i = a[j1 - 1] - a[j3 - 1];
    a[j0 - 2] = x0r + x2r;
    a[j0 - 1] = x0i + x2i;
    a[j1 - 2] = x0r - x2r;
    a[j1 - 1] = x0i - x2i;
    x0r = x1r - x3i;
    x0i = x1i + x3r;
    a[j2 - 2] = wk1r * x0r - wk1i * x0i;
    a[j2 - 1] = wk1r * x0i + wk1i * x0r;
    x0r = x1r + x3i;
    x0i = x1i - x3r;
    a[j3 - 2] = wk3r * x0r + wk3i * x0i;
    a[j3 - 1] = wk3r * x0i - wk3i * x0r;
    x0r = a[j0] + a[j2];
    x0i = a[j0 + 1] + a[j2 + 1];
    x1r = a[j0] - a[j2];
    x1i = a[j0 + 1] - a[j2 + 1];
    x2r = a[j1] + a[j3];
    x2i = a[j1 + 1] + a[j3 + 1];
    x3r = a[j1] - a[j3];
    x3i = a[j1 + 1] - a[j3 + 1];
    a[j0] = x0r + x2r;
    a[j0 + 1] = x0i + x2i;
    a[j1] = x0r - x2r;
    a[j1 + 1] = x0i - x2i;
    x0r = x1r - x3i;
    x0i = x1i + x3r;
    a[j2] = wn4r * (x0r - x0i);
    a[j2 + 1] = wn4r * (x0i + x0r);
    x0r = x1r + x3i;
    x0i = x1i - x3r;
    a[j3] = -wn4r * (x0r + x0i);
    a[j3 + 1] = -wn4r * (x0i - x0r);
    x0r = a[j0 + 2] + a[j2 + 2];
    x0i = a[j0 + 3] + a[j2 + 3];
    x1r = a[j0 + 2] - a[j2 + 2];
    x1i = a[j0 + 3] - a[j2 + 3];
    x2r = a[j1 + 2] + a[j3 + 2];
    x2i = a[j1 + 3] + a[j3 + 3];
    x3r = a[j1 + 2] - a[j3 + 2];
    x3i = a[j1 + 3] - a[j3 + 3];
    a[j0 + 2] = x0r + x2r;
    a[j0 + 3] = x0i + x2i;
    a[j1 + 2] = x0r - x2r;
    a[j1 + 3] = x0i - x2i;
    x0r = x1r - x3i;
    x0i = x1i + x3r;
    a[j2 + 2] = wk1i * x0r - wk1r * x0i;
    a[j2 + 3] = wk1i * x0i + wk1r * x0r;
    x0r = x1r + x3i;
    x0i = x1i - x3r;
    a[j3 + 2] = wk3i * x0r + wk3r * x0i;
    a[j3 + 3] = wk3i * x0i - wk3r * x0r;
}


void cftb1st(int n, double *a, double *w)
{
    int j, j0, j1, j2, j3, k, m, mh;
    double wn4r, csc1, csc3, wk1r, wk1i, wk3r, wk3i, 
        wd1r, wd1i, wd3r, wd3i;
    double x0r, x0i, x1r, x1i, x2r, x2i, x3r, x3i, 
        y0r, y0i, y1r, y1i, y2r, y2i, y3r, y3i;
    
    mh = n >> 3;
    m = 2 * mh;
    j1 = m;
    j2 = j1 + m;
    j3 = j2 + m;
    x0r = a[0] + a[j2];
    x0i = -a[1] - a[j2 + 1];
    x1r = a[0] - a[j2];
    x1i = -a[1] + a[j2 + 1];
    x2r = a[j1] + a[j3];
    x2i = a[j1 + 1] + a[j3 + 1];
    x3r = a[j1] - a[j3];
    x3i = a[j1 + 1] - a[j3 + 1];
    a[0] = x0r + x2r;
    a[1] = x0i - x2i;
    a[j1] = x0r - x2r;
    a[j1 + 1] = x0i + x2i;
    a[j2] = x1r + x3i;
    a[j2 + 1] = x1i + x3r;
    a[j3] = x1r - x3i;
    a[j3 + 1] = x1i - x3r;
    wn4r = w[1];
    csc1 = w[2];
    csc3 = w[3];
    wd1r = 1;
    wd1i = 0;
    wd3r = 1;
    wd3i = 0;
    k = 0;
    for (j = 2; j < mh - 2; j += 4) {
        k += 4;
        wk1r = csc1 * (wd1r + w[k]);
        wk1i = csc1 * (wd1i + w[k + 1]);
        wk3r = csc3 * (wd3r + w[k + 2]);
        wk3i = csc3 * (wd3i + w[k + 3]);
        wd1r = w[k];
        wd1i = w[k + 1];
        wd3r = w[k + 2];
        wd3i = w[k + 3];
        j1 = j + m;
        j2 = j1 + m;
        j3 = j2 + m;
        x0r = a[j] + a[j2];
        x0i = -a[j + 1] - a[j2 + 1];
        x1r = a[j] - a[j2];
        x1i = -a[j + 1] + a[j2 + 1];
        y0r = a[j + 2] + a[j2 + 2];
        y0i = -a[j + 3] - a[j2 + 3];
        y1r = a[j + 2] - a[j2 + 2];
        y1i = -a[j + 3] + a[j2 + 3];
        x2r = a[j1] + a[j3];
        x2i = a[j1 + 1] + a[j3 + 1];
        x3r = a[j1] - a[j3];
        x3i = a[j1 + 1] - a[j3 + 1];
        y2r = a[j1 + 2] + a[j3 + 2];
        y2i = a[j1 + 3] + a[j3 + 3];
        y3r = a[j1 + 2] - a[j3 + 2];
        y3i = a[j1 + 3] - a[j3 + 3];
        a[j] = x0r + x2r;
        a[j + 1] = x0i - x2i;
        a[j + 2] = y0r + y2r;
        a[j + 3] = y0i - y2i;
        a[j1] = x0r - x2r;
        a[j1 + 1] = x0i + x2i;
        a[j1 + 2] = y0r - y2r;
        a[j1 + 3] = y0i + y2i;
        x0r = x1r + x3i;
        x0i = x1i + x3r;
        a[j2] = wk1r * x0r - wk1i * x0i;
        a[j2 + 1] = wk1r * x0i + wk1i * x0r;
        x0r = y1r + y3i;
        x0i = y1i + y3r;
        a[j2 + 2] = wd1r * x0r - wd1i * x0i;
        a[j2 + 3] = wd1r * x0i + wd1i * x0r;
        x0r = x1r - x3i;
        x0i = x1i - x3r;
        a[j3] = wk3r * x0r + wk3i * x0i;
        a[j3 + 1] = wk3r * x0i - wk3i * x0r;
        x0r = y1r - y3i;
        x0i = y1i - y3r;
        a[j3 + 2] = wd3r * x0r + wd3i * x0i;
        a[j3 + 3] = wd3r * x0i - wd3i * x0r;
        j0 = m - j;
        j1 = j0 + m;
        j2 = j1 + m;
        j3 = j2 + m;
        x0r = a[j0] + a[j2];
        x0i = -a[j0 + 1] - a[j2 + 1];
        x1r = a[j0] - a[j2];
        x1i = -a[j0 + 1] + a[j2 + 1];
        y0r = a[j0 - 2] + a[j2 - 2];
        y0i = -a[j0 - 1] - a[j2 - 1];
        y1r = a[j0 - 2] - a[j2 - 2];
        y1i = -a[j0 - 1] + a[j2 - 1];
        x2r = a[j1] + a[j3];
        x2i = a[j1 + 1] + a[j3 + 1];
        x3r = a[j1] - a[j3];
        x3i = a[j1 + 1] - a[j3 + 1];
        y2r = a[j1 - 2] + a[j3 - 2];
        y2i = a[j1 - 1] + a[j3 - 1];
        y3r = a[j1 - 2] - a[j3 - 2];
        y3i = a[j1 - 1] - a[j3 - 1];
        a[j0] = x0r + x2r;
        a[j0 + 1] = x0i - x2i;
        a[j0 - 2] = y0r + y2r;
        a[j0 - 1] = y0i - y2i;
        a[j1] = x0r - x2r;
        a[j1 + 1] = x0i + x2i;
        a[j1 - 2] = y0r - y2r;
        a[j1 - 1] = y0i + y2i;
        x0r = x1r + x3i;
        x0i = x1i + x3r;
        a[j2] = wk1i * x0r - wk1r * x0i;
        a[j2 + 1] = wk1i * x0i + wk1r * x0r;
        x0r = y1r + y3i;
        x0i = y1i + y3r;
        a[j2 - 2] = wd1i * x0r - wd1r * x0i;
        a[j2 - 1] = wd1i * x0i + wd1r * x0r;
        x0r = x1r - x3i;
        x0i = x1i - x3r;
        a[j3] = wk3i * x0r + wk3r * x0i;
        a[j3 + 1] = wk3i * x0i - wk3r * x0r;
        x0r = y1r - y3i;
        x0i = y1i - y3r;
        a[j3 - 2] = wd3i * x0r + wd3r * x0i;
        a[j3 - 1] = wd3i * x0i - wd3r * x0r;
    }
    wk1r = csc1 * (wd1r + wn4r);
    wk1i = csc1 * (wd1i + wn4r);
    wk3r = csc3 * (wd3r - wn4r);
    wk3i = csc3 * (wd3i - wn4r);
    j0 = mh;
    j1 = j0 + m;
    j2 = j1 + m;
    j3 = j2 + m;
    x0r = a[j0 - 2] + a[j2 - 2];
    x0i = -a[j0 - 1] - a[j2 - 1];
    x1r = a[j0 - 2] - a[j2 - 2];
    x1i = -a[j0 - 1] + a[j2 - 1];
    x2r = a[j1 - 2] + a[j3 - 2];
    x2i = a[j1 - 1] + a[j3 - 1];
    x3r = a[j1 - 2] - a[j3 - 2];
    x3i = a[j1 - 1] - a[j3 - 1];
    a[j0 - 2] = x0r + x2r;
    a[j0 - 1] = x0i - x2i;
    a[j1 - 2] = x0r - x2r;
    a[j1 - 1] = x0i + x2i;
    x0r = x1r + x3i;
    x0i = x1i + x3r;
    a[j2 - 2] = wk1r * x0r - wk1i * x0i;
    a[j2 - 1] = wk1r * x0i + wk1i * x0r;
    x0r = x1r - x3i;
    x0i = x1i - x3r;
    a[j3 - 2] = wk3r * x0r + wk3i * x0i;
    a[j3 - 1] = wk3r * x0i - wk3i * x0r;
    x0r = a[j0] + a[j2];
    x0i = -a[j0 + 1] - a[j2 + 1];
    x1r = a[j0] - a[j2];
    x1i = -a[j0 + 1] + a[j2 + 1];
    x2r = a[j1] + a[j3];
    x2i = a[j1 + 1] + a[j3 + 1];
    x3r = a[j1] - a[j3];
    x3i = a[j1 + 1] - a[j3 + 1];
    a[j0] = x0r + x2r;
    a[j0 + 1] = x0i - x2i;
    a[j1] = x0r - x2r;
    a[j1 + 1] = x0i + x2i;
    x0r = x1r + x3i;
    x0i = x1i + x3r;
    a[j2] = wn4r * (x0r - x0i);
    a[j2 + 1] = wn4r * (x0i + x0r);
    x0r = x1r - x3i;
    x0i = x1i - x3r;
    a[j3] = -wn4r * (x0r + x0i);
    a[j3 + 1] = -wn4r * (x0i - x0r);
    x0r = a[j0 + 2] + a[j2 + 2];
    x0i = -a[j0 + 3] - a[j2 + 3];
    x1r = a[j0 + 2] - a[j2 + 2];
    x1i = -a[j0 + 3] + a[j2 + 3];
    x2r = a[j1 + 2] + a[j3 + 2];
    x2i = a[j1 + 3] + a[j3 + 3];
    x3r = a[j1 + 2] - a[j3 + 2];
    x3i = a[j1 + 3] - a[j3 + 3];
    a[j0 + 2] = x0r + x2r;
    a[j0 + 3] = x0i - x2i;
    a[j1 + 2] = x0r - x2r;
    a[j1 + 3] = x0i + x2i;
    x0r = x1r + x3i;
    x0i = x1i + x3r;
    a[j2 + 2] = wk1i * x0r - wk1r * x0i;
    a[j2 + 3] = wk1i * x0i + wk1r * x0r;
    x0r = x1r - x3i;
    x0i = x1i - x3r;
    a[j3 + 2] = wk3i * x0r + wk3r * x0i;
    a[j3 + 3] = wk3i * x0i - wk3r * x0r;
}


#ifdef USE_CDFT_THREADS
struct cdft_arg_st {
    int n0;
    int n;
    double *a;
    int nw;
    double *w;
};
typedef struct cdft_arg_st cdft_arg_t;


void cftrec4_th(int n, double *a, int nw, double *w)
{
    void *cftrec1_th(void *p);
    void *cftrec2_th(void *p);
    int i, idiv4, m, nthread;
    cdft_thread_t th[4];
    cdft_arg_t ag[4];
    
    nthread = 2;
    idiv4 = 0;
    m = n >> 1;
    if (n > CDFT_4THREADS_BEGIN_N) {
        nthread = 4;
        idiv4 = 1;
        m >>= 1;
    }
    for (i = 0; i < nthread; i++) {
        ag[i].n0 = n;
        ag[i].n = m;
        ag[i].a = &a[i * m];
        ag[i].nw = nw;
        ag[i].w = w;
        if (i != idiv4) {
            cdft_thread_create(&th[i], cftrec1_th, &ag[i]);
        } else {
            cdft_thread_create(&th[i], cftrec2_th, &ag[i]);
        }
    }
    for (i = 0; i < nthread; i++) {
        cdft_thread_wait(th[i]);
    }
}


void *cftrec1_th(void *p)
{
    int cfttree(int n, int j, int k, double *a, int nw, double *w);
    void cftleaf(int n, int isplt, double *a, int nw, double *w);
    void cftmdl1(int n, double *a, double *w);
    int isplt, j, k, m, n, n0, nw;
    double *a, *w;
    
    n0 = ((cdft_arg_t *) p)->n0;
    n = ((cdft_arg_t *) p)->n;
    a = ((cdft_arg_t *) p)->a;
    nw = ((cdft_arg_t *) p)->nw;
    w = ((cdft_arg_t *) p)->w;
    m = n0;
    while (m > 512) {
        m >>= 2;
        cftmdl1(m, &a[n - m], &w[nw - (m >> 1)]);
    }
    cftleaf(m, 1, &a[n - m], nw, w);
    k = 0;
    for (j = n - m; j > 0; j -= m) {
        k++;
        isplt = cfttree(m, j, k, a, nw, w);
        cftleaf(m, isplt, &a[j - m], nw, w);
    }
    return (void *) 0;
}


void *cftrec2_th(void *p)
{
    int cfttree(int n, int j, int k, double *a, int nw, double *w);
    void cftleaf(int n, int isplt, double *a, int nw, double *w);
    void cftmdl2(int n, double *a, double *w);
    int isplt, j, k, m, n, n0, nw;
    double *a, *w;
    
    n0 = ((cdft_arg_t *) p)->n0;
    n = ((cdft_arg_t *) p)->n;
    a = ((cdft_arg_t *) p)->a;
    nw = ((cdft_arg_t *) p)->nw;
    w = ((cdft_arg_t *) p)->w;
    k = 1;
    m = n0;
    while (m > 512) {
        m >>= 2;
        k <<= 2;
        cftmdl2(m, &a[n - m], &w[nw - m]);
    }
    cftleaf(m, 0, &a[n - m], nw, w);
    k >>= 1;
    for (j = n - m; j > 0; j -= m) {
        k++;
        isplt = cfttree(m, j, k, a, nw, w);
        cftleaf(m, isplt, &a[j - m], nw, w);
    }
    return (void *) 0;
}
#endif /* USE_CDFT_THREADS */


void cftrec4(int n, double *a, int nw, double *w)
{
    int cfttree(int n, int j, int k, double *a, int nw, double *w);
    void cftleaf(int n, int isplt, double *a, int nw, double *w);
    void cftmdl1(int n, double *a, double *w);
    int isplt, j, k, m;
    
    m = n;
    while (m > 512) {
        m >>= 2;
        cftmdl1(m, &a[n - m], &w[nw - (m >> 1)]);
    }
    cftleaf(m, 1, &a[n - m], nw, w);
    k = 0;
    for (j = n - m; j > 0; j -= m) {
        k++;
        isplt = cfttree(m, j, k, a, nw, w);
        cftleaf(m, isplt, &a[j - m], nw, w);
    }
}


int cfttree(int n, int j, int k, double *a, int nw, double *w)
{
    void cftmdl1(int n, double *a, double *w);
    void cftmdl2(int n, double *a, double *w);
    int i, isplt, m;
    
    if ((k & 3) != 0) {
        isplt = k & 1;
        if (isplt != 0) {
            cftmdl1(n, &a[j - n], &w[nw - (n >> 1)]);
        } else {
            cftmdl2(n, &a[j - n], &w[nw - n]);
        }
    } else {
        m = n;
        for (i = k; (i & 3) == 0; i >>= 2) {
            m <<= 2;
        }
        isplt = i & 1;
        if (isplt != 0) {
            while (m > 128) {
                cftmdl1(m, &a[j - m], &w[nw - (m >> 1)]);
                m >>= 2;
            }
        } else {
            while (m > 128) {
                cftmdl2(m, &a[j - m], &w[nw - m]);
                m >>= 2;
            }
        }
    }
    return isplt;
}


void cftleaf(int n, int isplt, double *a, int nw, double *w)
{
    void cftmdl1(int n, double *a, double *w);
    void cftmdl2(int n, double *a, double *w);
    void cftf161(double *a, double *w);
    void cftf162(double *a, double *w);
    void cftf081(double *a, double *w);
    void cftf082(double *a, double *w);
    
    if (n == 512) {
        cftmdl1(128, a, &w[nw - 64]);
        cftf161(a, &w[nw - 8]);
        cftf162(&a[32], &w[nw - 32]);
        cftf161(&a[64], &w[nw - 8]);
        cftf161(&a[96], &w[nw - 8]);
        cftmdl2(128, &a[128], &w[nw - 128]);
        cftf161(&a[128], &w[nw - 8]);
        cftf162(&a[160], &w[nw - 32]);
        cftf161(&a[192], &w[nw - 8]);
        cftf162(&a[224], &w[nw - 32]);
        cftmdl1(128, &a[256], &w[nw - 64]);
        cftf161(&a[256], &w[nw - 8]);
        cftf162(&a[288], &w[nw - 32]);
        cftf161(&a[320], &w[nw - 8]);
        cftf161(&a[352], &w[nw - 8]);
        if (isplt != 0) {
            cftmdl1(128, &a[384], &w[nw - 64]);
            cftf161(&a[480], &w[nw - 8]);
        } else {
            cftmdl2(128, &a[384], &w[nw - 128]);
            cftf162(&a[480], &w[nw - 32]);
        }
        cftf161(&a[384], &w[nw - 8]);
        cftf162(&a[416], &w[nw - 32]);
        cftf161(&a[448], &w[nw - 8]);
    } else {
        cftmdl1(64, a, &w[nw - 32]);
        cftf081(a, &w[nw - 8]);
        cftf082(&a[16], &w[nw - 8]);
        cftf081(&a[32], &w[nw - 8]);
        cftf081(&a[48], &w[nw - 8]);
        cftmdl2(64, &a[64], &w[nw - 64]);
        cftf081(&a[64], &w[nw - 8]);
        cftf082(&a[80], &w[nw - 8]);
        cftf081(&a[96], &w[nw - 8]);
        cftf082(&a[112], &w[nw - 8]);
        cftmdl1(64, &a[128], &w[nw - 32]);
        cftf081(&a[128], &w[nw - 8]);
        cftf082(&a[144], &w[nw - 8]);
        cftf081(&a[160], &w[nw - 8]);
        cftf081(&a[176], &w[nw - 8]);
        if (isplt != 0) {
            cftmdl1(64, &a[192], &w[nw - 32]);
            cftf081(&a[240], &w[nw - 8]);
        } else {
            cftmdl2(64, &a[192], &w[nw - 64]);
            cftf082(&a[240], &w[nw - 8]);
        }
        cftf081(&a[192], &w[nw - 8]);
        cftf082(&a[208], &w[nw - 8]);
        cftf081(&a[224], &w[nw - 8]);
    }
}


void cftmdl1(int n, double *a, double *w)
{
    int j, j0, j1, j2, j3, k, m, mh;
    double wn4r, wk1r, wk1i, wk3r, wk3i;
    double x0r, x0i, x1r, x1i, x2r, x2i, x3r, x3i;
    
    mh = n >> 3;
    m = 2 * mh;
    j1 = m;
    j2 = j1 + m;
    j3 = j2 + m;
    x0r = a[0] + a[j2];
    x0i = a[1] + a[j2 + 1];
    x1r = a[0] - a[j2];
    x1i = a[1] - a[j2 + 1];
    x2r = a[j1] + a[j3];
    x2i = a[j1 + 1] + a[j3 + 1];
    x3r = a[j1] - a[j3];
    x3i = a[j1 + 1] - a[j3 + 1];
    a[0] = x0r + x2r;
    a[1] = x0i + x2i;
    a[j1] = x0r - x2r;
    a[j1 + 1] = x0i - x2i;
    a[j2] = x1r - x3i;
    a[j2 + 1] = x1i + x3r;
    a[j3] = x1r + x3i;
    a[j3 + 1] = x1i - x3r;
    wn4r = w[1];
    k = 0;
    for (j = 2; j < mh; j += 2) {
        k += 4;
        wk1r = w[k];
        wk1i = w[k + 1];
        wk3r = w[k + 2];
        wk3i = w[k + 3];
        j1 = j + m;
        j2 = j1 + m;
        j3 = j2 + m;
        x0r = a[j] + a[j2];
        x0i = a[j + 1] + a[j2 + 1];
        x1r = a[j] - a[j2];
        x1i = a[j + 1] - a[j2 + 1];
        x2r = a[j1] + a[j3];
        x2i = a[j1 + 1] + a[j3 + 1];
        x3r = a[j1] - a[j3];
        x3i = a[j1 + 1] - a[j3 + 1];
        a[j] = x0r + x2r;
        a[j + 1] = x0i + x2i;
        a[j1] = x0r - x2r;
        a[j1 + 1] = x0i - x2i;
        x0r = x1r - x3i;
        x0i = x1i + x3r;
        a[j2] = wk1r * x0r - wk1i * x0i;
        a[j2 + 1] = wk1r * x0i + wk1i * x0r;
        x0r = x1r + x3i;
        x0i = x1i - x3r;
        a[j3] = wk3r * x0r + wk3i * x0i;
        a[j3 + 1] = wk3r * x0i - wk3i * x0r;
        j0 = m - j;
        j1 = j0 + m;
        j2 = j1 + m;
        j3 = j2 + m;
        x0r = a[j0] + a[j2];
        x0i = a[j0 + 1] + a[j2 + 1];
        x1r = a[j0] - a[j2];
        x1i = a[j0 + 1] - a[j2 + 1];
        x2r = a[j1] + a[j3];
        x2i = a[j1 + 1] + a[j3 + 1];
        x3r = a[j1] - a[j3];
        x3i = a[j1 + 1] - a[j3 + 1];
        a[j0] = x0r + x2r;
        a[j0 + 1] = x0i + x2i;
        a[j1] = x0r - x2r;
        a[j1 + 1] = x0i - x2i;
        x0r = x1r - x3i;
        x0i = x1i + x3r;
        a[j2] = wk1i * x0r - wk1r * x0i;
        a[j2 + 1] = wk1i * x0i + wk1r * x0r;
        x0r = x1r + x3i;
        x0i = x1i - x3r;
        a[j3] = wk3i * x0r + wk3r * x0i;
        a[j3 + 1] = wk3i * x0i - wk3r * x0r;
    }
    j0 = mh;
    j1 = j0 + m;
    j2 = j1 + m;
    j3 = j2 + m;
    x0r = a[j0] + a[j2];
    x0i = a[j0 + 1] + a[j2 + 1];
    x1r = a[j0] - a[j2];
    x1i = a[j0 + 1] - a[j2 + 1];
    x2r = a[j1] + a[j3];
    x2i = a[j1 + 1] + a[j3 + 1];
    x3r = a[j1] - a[j3];
    x3i = a[j1 + 1] - a[j3 + 1];
    a[j0] = x0r + x2r;
    a[j0 + 1] = x0i + x2i;
    a[j1] = x0r - x2r;
    a[j1 + 1] = x0i - x2i;
    x0r = x1r - x3i;
    x0i = x1i + x3r;
    a[j2] = wn4r * (x0r - x0i);
    a[j2 + 1] = wn4r * (x0i + x0r);
    x0r = x1r + x3i;
    x0i = x1i - x3r;
    a[j3] = -wn4r * (x0r + x0i);
    a[j3 + 1] = -wn4r * (x0i - x0r);
}


void cftmdl2(int n, double *a, double *w)
{
    int j, j0, j1, j2, j3, k, kr, m, mh;
    double wn4r, wk1r, wk1i, wk3r, wk3i, wd1r, wd1i, wd3r, wd3i;
    double x0r, x0i, x1r, x1i, x2r, x2i, x3r, x3i, y0r, y0i, y2r, y2i;
    
    mh = n >> 3;
    m = 2 * mh;
    wn4r = w[1];
    j1 = m;
    j2 = j1 + m;
    j3 = j2 + m;
    x0r = a[0] - a[j2 + 1];
    x0i = a[1] + a[j2];
    x1r = a[0] + a[j2 + 1];
    x1i = a[1] - a[j2];
    x2r = a[j1] - a[j3 + 1];
    x2i = a[j1 + 1] + a[j3];
    x3r = a[j1] + a[j3 + 1];
    x3i = a[j1 + 1] - a[j3];
    y0r = wn4r * (x2r - x2i);
    y0i = wn4r * (x2i + x2r);
    a[0] = x0r + y0r;
    a[1] = x0i + y0i;
    a[j1] = x0r - y0r;
    a[j1 + 1] = x0i - y0i;
    y0r = wn4r * (x3r - x3i);
    y0i = wn4r * (x3i + x3r);
    a[j2] = x1r - y0i;
    a[j2 + 1] = x1i + y0r;
    a[j3] = x1r + y0i;
    a[j3 + 1] = x1i - y0r;
    k = 0;
    kr = 2 * m;
    for (j = 2; j < mh; j += 2) {
        k += 4;
        wk1r = w[k];
        wk1i = w[k + 1];
        wk3r = w[k + 2];
        wk3i = w[k + 3];
        kr -= 4;
        wd1i = w[kr];
        wd1r = w[kr + 1];
        wd3i = w[kr + 2];
        wd3r = w[kr + 3];
        j1 = j + m;
        j2 = j1 + m;
        j3 = j2 + m;
        x0r = a[j] - a[j2 + 1];
        x0i = a[j + 1] + a[j2];
        x1r = a[j] + a[j2 + 1];
        x1i = a[j + 1] - a[j2];
        x2r = a[j1] - a[j3 + 1];
        x2i = a[j1 + 1] + a[j3];
        x3r = a[j1] + a[j3 + 1];
        x3i = a[j1 + 1] - a[j3];
        y0r = wk1r * x0r - wk1i * x0i;
        y0i = wk1r * x0i + wk1i * x0r;
        y2r = wd1r * x2r - wd1i * x2i;
        y2i = wd1r * x2i + wd1i * x2r;
        a[j] = y0r + y2r;
        a[j + 1] = y0i + y2i;
        a[j1] = y0r - y2r;
        a[j1 + 1] = y0i - y2i;
        y0r = wk3r * x1r + wk3i * x1i;
        y0i = wk3r * x1i - wk3i * x1r;
        y2r = wd3r * x3r + wd3i * x3i;
        y2i = wd3r * x3i - wd3i * x3r;
        a[j2] = y0r + y2r;
        a[j2 + 1] = y0i + y2i;
        a[j3] = y0r - y2r;
        a[j3 + 1] = y0i - y2i;
        j0 = m - j;
        j1 = j0 + m;
        j2 = j1 + m;
        j3 = j2 + m;
        x0r = a[j0] - a[j2 + 1];
        x0i = a[j0 + 1] + a[j2];
        x1r = a[j0] + a[j2 + 1];
        x1i = a[j0 + 1] - a[j2];
        x2r = a[j1] - a[j3 + 1];
        x2i = a[j1 + 1] + a[j3];
        x3r = a[j1] + a[j3 + 1];
        x3i = a[j1 + 1] - a[j3];
        y0r = wd1i * x0r - wd1r * x0i;
        y0i = wd1i * x0i + wd1r * x0r;
        y2r = wk1i * x2r - wk1r * x2i;
        y2i = wk1i * x2i + wk1r * x2r;
        a[j0] = y0r + y2r;
        a[j0 + 1] = y0i + y2i;
        a[j1] = y0r - y2r;
        a[j1 + 1] = y0i - y2i;
        y0r = wd3i * x1r + wd3r * x1i;
        y0i = wd3i * x1i - wd3r * x1r;
        y2r = wk3i * x3r + wk3r * x3i;
        y2i = wk3i * x3i - wk3r * x3r;
        a[j2] = y0r + y2r;
        a[j2 + 1] = y0i + y2i;
        a[j3] = y0r - y2r;
        a[j3 + 1] = y0i - y2i;
    }
    wk1r = w[m];
    wk1i = w[m + 1];
    j0 = mh;
    j1 = j0 + m;
    j2 = j1 + m;
    j3 = j2 + m;
    x0r = a[j0] - a[j2 + 1];
    x0i = a[j0 + 1] + a[j2];
    x1r = a[j0] + a[j2 + 1];
    x1i = a[j0 + 1] - a[j2];
    x2r = a[j1] - a[j3 + 1];
    x2i = a[j1 + 1] + a[j3];
    x3r = a[j1] + a[j3 + 1];
    x3i = a[j1 + 1] - a[j3];
    y0r = wk1r * x0r - wk1i * x0i;
    y0i = wk1r * x0i + wk1i * x0r;
    y2r = wk1i * x2r - wk1r * x2i;
    y2i = wk1i * x2i + wk1r * x2r;
    a[j0] = y0r + y2r;
    a[j0 + 1] = y0i + y2i;
    a[j1] = y0r - y2r;
    a[j1 + 1] = y0i - y2i;
    y0r = wk1i * x1r - wk1r * x1i;
    y0i = wk1i * x1i + wk1r * x1r;
    y2r = wk1r * x3r - wk1i * x3i;
    y2i = wk1r * x3i + wk1i * x3r;
    a[j2] = y0r - y2r;
    a[j2 + 1] = y0i - y2i;
    a[j3] = y0r + y2r;
    a[j3 + 1] = y0i + y2i;
}


void cftfx41(int n, double *a, int nw, double *w)
{
    void cftf161(double *a, double *w);
    void cftf162(double *a, double *w);
    void cftf081(double *a, double *w);
    void cftf082(double *a, double *w);
    
    if (n == 128) {
        cftf161(a, &w[nw - 8]);
        cftf162(&a[32], &w[nw - 32]);
        cftf161(&a[64], &w[nw - 8]);
        cftf161(&a[96], &w[nw - 8]);
    } else {
        cftf081(a, &w[nw - 8]);
        cftf082(&a[16], &w[nw - 8]);
        cftf081(&a[32], &w[nw - 8]);
        cftf081(&a[48], &w[nw - 8]);
    }
}


void cftf161(double *a, double *w)
{
    double wn4r, wk1r, wk1i, 
        x0r, x0i, x1r, x1i, x2r, x2i, x3r, x3i, 
        y0r, y0i, y1r, y1i, y2r, y2i, y3r, y3i, 
        y4r, y4i, y5r, y5i, y6r, y6i, y7r, y7i, 
        y8r, y8i, y9r, y9i, y10r, y10i, y11r, y11i, 
        y12r, y12i, y13r, y13i, y14r, y14i, y15r, y15i;
    
    wn4r = w[1];
    wk1r = w[2];
    wk1i = w[3];
    x0r = a[0] + a[16];
    x0i = a[1] + a[17];
    x1r = a[0] - a[16];
    x1i = a[1] - a[17];
    x2r = a[8] + a[24];
    x2i = a[9] + a[25];
    x3r = a[8] - a[24];
    x3i = a[9] - a[25];
    y0r = x0r + x2r;
    y0i = x0i + x2i;
    y4r = x0r - x2r;
    y4i = x0i - x2i;
    y8r = x1r - x3i;
    y8i = x1i + x3r;
    y12r = x1r + x3i;
    y12i = x1i - x3r;
    x0r = a[2] + a[18];
    x0i = a[3] + a[19];
    x1r = a[2] - a[18];
    x1i = a[3] - a[19];
    x2r = a[10] + a[26];
    x2i = a[11] + a[27];
    x3r = a[10] - a[26];
    x3i = a[11] - a[27];
    y1r = x0r + x2r;
    y1i = x0i + x2i;
    y5r = x0r - x2r;
    y5i = x0i - x2i;
    x0r = x1r - x3i;
    x0i = x1i + x3r;
    y9r = wk1r * x0r - wk1i * x0i;
    y9i = wk1r * x0i + wk1i * x0r;
    x0r = x1r + x3i;
    x0i = x1i - x3r;
    y13r = wk1i * x0r - wk1r * x0i;
    y13i = wk1i * x0i + wk1r * x0r;
    x0r = a[4] + a[20];
    x0i = a[5] + a[21];
    x1r = a[4] - a[20];
    x1i = a[5] - a[21];
    x2r = a[12] + a[28];
    x2i = a[13] + a[29];
    x3r = a[12] - a[28];
    x3i = a[13] - a[29];
    y2r = x0r + x2r;
    y2i = x0i + x2i;
    y6r = x0r - x2r;
    y6i = x0i - x2i;
    x0r = x1r - x3i;
    x0i = x1i + x3r;
    y10r = wn4r * (x0r - x0i);
    y10i = wn4r * (x0i + x0r);
    x0r = x1r + x3i;
    x0i = x1i - x3r;
    y14r = wn4r * (x0r + x0i);
    y14i = wn4r * (x0i - x0r);
    x0r = a[6] + a[22];
    x0i = a[7] + a[23];
    x1r = a[6] - a[22];
    x1i = a[7] - a[23];
    x2r = a[14] + a[30];
    x2i = a[15] + a[31];
    x3r = a[14] - a[30];
    x3i = a[15] - a[31];
    y3r = x0r + x2r;
    y3i = x0i + x2i;
    y7r = x0r - x2r;
    y7i = x0i - x2i;
    x0r = x1r - x3i;
    x0i = x1i + x3r;
    y11r = wk1i * x0r - wk1r * x0i;
    y11i = wk1i * x0i + wk1r * x0r;
    x0r = x1r + x3i;
    x0i = x1i - x3r;
    y15r = wk1r * x0r - wk1i * x0i;
    y15i = wk1r * x0i + wk1i * x0r;
    x0r = y12r - y14r;
    x0i = y12i - y14i;
    x1r = y12r + y14r;
    x1i = y12i + y14i;
    x2r = y13r - y15r;
    x2i = y13i - y15i;
    x3r = y13r + y15r;
    x3i = y13i + y15i;
    a[24] = x0r + x2r;
    a[25] = x0i + x2i;
    a[26] = x0r - x2r;
    a[27] = x0i - x2i;
    a[28] = x1r - x3i;
    a[29] = x1i + x3r;
    a[30] = x1r + x3i;
    a[31] = x1i - x3r;
    x0r = y8r + y10r;
    x0i = y8i + y10i;
    x1r = y8r - y10r;
    x1i = y8i - y10i;
    x2r = y9r + y11r;
    x2i = y9i + y11i;
    x3r = y9r - y11r;
    x3i = y9i - y11i;
    a[16] = x0r + x2r;
    a[17] = x0i + x2i;
    a[18] = x0r - x2r;
    a[19] = x0i - x2i;
    a[20] = x1r - x3i;
    a[21] = x1i + x3r;
    a[22] = x1r + x3i;
    a[23] = x1i - x3r;
    x0r = y5r - y7i;
    x0i = y5i + y7r;
    x2r = wn4r * (x0r - x0i);
    x2i = wn4r * (x0i + x0r);
    x0r = y5r + y7i;
    x0i = y5i - y7r;
    x3r = wn4r * (x0r - x0i);
    x3i = wn4r * (x0i + x0r);
    x0r = y4r - y6i;
    x0i = y4i + y6r;
    x1r = y4r + y6i;
    x1i = y4i - y6r;
    a[8] = x0r + x2r;
    a[9] = x0i + x2i;
    a[10] = x0r - x2r;
    a[11] = x0i - x2i;
    a[12] = x1r - x3i;
    a[13] = x1i + x3r;
    a[14] = x1r + x3i;
    a[15] = x1i - x3r;
    x0r = y0r + y2r;
    x0i = y0i + y2i;
    x1r = y0r - y2r;
    x1i = y0i - y2i;
    x2r = y1r + y3r;
    x2i = y1i + y3i;
    x3r = y1r - y3r;
    x3i = y1i - y3i;
    a[0] = x0r + x2r;
    a[1] = x0i + x2i;
    a[2] = x0r - x2r;
    a[3] = x0i - x2i;
    a[4] = x1r - x3i;
    a[5] = x1i + x3r;
    a[6] = x1r + x3i;
    a[7] = x1i - x3r;
}


void cftf162(double *a, double *w)
{
    double wn4r, wk1r, wk1i, wk2r, wk2i, wk3r, wk3i, 
        x0r, x0i, x1r, x1i, x2r, x2i, 
        y0r, y0i, y1r, y1i, y2r, y2i, y3r, y3i, 
        y4r, y4i, y5r, y5i, y6r, y6i, y7r, y7i, 
        y8r, y8i, y9r, y9i, y10r, y10i, y11r, y11i, 
        y12r, y12i, y13r, y13i, y14r, y14i, y15r, y15i;
    
    wn4r = w[1];
    wk1r = w[4];
    wk1i = w[5];
    wk3r = w[6];
    wk3i = -w[7];
    wk2r = w[8];
    wk2i = w[9];
    x1r = a[0] - a[17];
    x1i = a[1] + a[16];
    x0r = a[8] - a[25];
    x0i = a[9] + a[24];
    x2r = wn4r * (x0r - x0i);
    x2i = wn4r * (x0i + x0r);
    y0r = x1r + x2r;
    y0i = x1i + x2i;
    y4r = x1r - x2r;
    y4i = x1i - x2i;
    x1r = a[0] + a[17];
    x1i = a[1] - a[16];
    x0r = a[8] + a[25];
    x0i = a[9] - a[24];
    x2r = wn4r * (x0r - x0i);
    x2i = wn4r * (x0i + x0r);
    y8r = x1r - x2i;
    y8i = x1i + x2r;
    y12r = x1r + x2i;
    y12i = x1i - x2r;
    x0r = a[2] - a[19];
    x0i = a[3] + a[18];
    x1r = wk1r * x0r - wk1i * x0i;
    x1i = wk1r * x0i + wk1i * x0r;
    x0r = a[10] - a[27];
    x0i = a[11] + a[26];
    x2r = wk3i * x0r - wk3r * x0i;
    x2i = wk3i * x0i + wk3r * x0r;
    y1r = x1r + x2r;
    y1i = x1i + x2i;
    y5r = x1r - x2r;
    y5i = x1i - x2i;
    x0r = a[2] + a[19];
    x0i = a[3] - a[18];
    x1r = wk3r * x0r - wk3i * x0i;
    x1i = wk3r * x0i + wk3i * x0r;
    x0r = a[10] + a[27];
    x0i = a[11] - a[26];
    x2r = wk1r * x0r + wk1i * x0i;
    x2i = wk1r * x0i - wk1i * x0r;
    y9r = x1r - x2r;
    y9i = x1i - x2i;
    y13r = x1r + x2r;
    y13i = x1i + x2i;
    x0r = a[4] - a[21];
    x0i = a[5] + a[20];
    x1r = wk2r * x0r - wk2i * x0i;
    x1i = wk2r * x0i + wk2i * x0r;
    x0r = a[12] - a[29];
    x0i = a[13] + a[28];
    x2r = wk2i * x0r - wk2r * x0i;
    x2i = wk2i * x0i + wk2r * x0r;
    y2r = x1r + x2r;
    y2i = x1i + x2i;
    y6r = x1r - x2r;
    y6i = x1i - x2i;
    x0r = a[4] + a[21];
    x0i = a[5] - a[20];
    x1r = wk2i * x0r - wk2r * x0i;
    x1i = wk2i * x0i + wk2r * x0r;
    x0r = a[12] + a[29];
    x0i = a[13] - a[28];
    x2r = wk2r * x0r - wk2i * x0i;
    x2i = wk2r * x0i + wk2i * x0r;
    y10r = x1r - x2r;
    y10i = x1i - x2i;
    y14r = x1r + x2r;
    y14i = x1i + x2i;
    x0r = a[6] - a[23];
    x0i = a[7] + a[22];
    x1r = wk3r * x0r - wk3i * x0i;
    x1i = wk3r * x0i + wk3i * x0r;
    x0r = a[14] - a[31];
    x0i = a[15] + a[30];
    x2r = wk1i * x0r - wk1r * x0i;
    x2i = wk1i * x0i + wk1r * x0r;
    y3r = x1r + x2r;
    y3i = x1i + x2i;
    y7r = x1r - x2r;
    y7i = x1i - x2i;
    x0r = a[6] + a[23];
    x0i = a[7] - a[22];
    x1r = wk1i * x0r + wk1r * x0i;
    x1i = wk1i * x0i - wk1r * x0r;
    x0r = a[14] + a[31];
    x0i = a[15] - a[30];
    x2r = wk3i * x0r - wk3r * x0i;
    x2i = wk3i * x0i + wk3r * x0r;
    y11r = x1r + x2r;
    y11i = x1i + x2i;
    y15r = x1r - x2r;
    y15i = x1i - x2i;
    x1r = y0r + y2r;
    x1i = y0i + y2i;
    x2r = y1r + y3r;
    x2i = y1i + y3i;
    a[0] = x1r + x2r;
    a[1] = x1i + x2i;
    a[2] = x1r - x2r;
    a[3] = x1i - x2i;
    x1r = y0r - y2r;
    x1i = y0i - y2i;
    x2r = y1r - y3r;
    x2i = y1i - y3i;
    a[4] = x1r - x2i;
    a[5] = x1i + x2r;
    a[6] = x1r + x2i;
    a[7] = x1i - x2r;
    x1r = y4r - y6i;
    x1i = y4i + y6r;
    x0r = y5r - y7i;
    x0i = y5i + y7r;
    x2r = wn4r * (x0r - x0i);
    x2i = wn4r * (x0i + x0r);
    a[8] = x1r + x2r;
    a[9] = x1i + x2i;
    a[10] = x1r - x2r;
    a[11] = x1i - x2i;
    x1r = y4r + y6i;
    x1i = y4i - y6r;
    x0r = y5r + y7i;
    x0i = y5i - y7r;
    x2r = wn4r * (x0r - x0i);
    x2i = wn4r * (x0i + x0r);
    a[12] = x1r - x2i;
    a[13] = x1i + x2r;
    a[14] = x1r + x2i;
    a[15] = x1i - x2r;
    x1r = y8r + y10r;
    x1i = y8i + y10i;
    x2r = y9r - y11r;
    x2i = y9i - y11i;
    a[16] = x1r + x2r;
    a[17] = x1i + x2i;
    a[18] = x1r - x2r;
    a[19] = x1i - x2i;
    x1r = y8r - y10r;
    x1i = y8i - y10i;
    x2r = y9r + y11r;
    x2i = y9i + y11i;
    a[20] = x1r - x2i;
    a[21] = x1i + x2r;
    a[22] = x1r + x2i;
    a[23] = x1i - x2r;
    x1r = y12r - y14i;
    x1i = y12i + y14r;
    x0r = y13r + y15i;
    x0i = y13i - y15r;
    x2r = wn4r * (x0r - x0i);
    x2i = wn4r * (x0i + x0r);
    a[24] = x1r + x2r;
    a[25] = x1i + x2i;
    a[26] = x1r - x2r;
    a[27] = x1i - x2i;
    x1r = y12r + y14i;
    x1i = y12i - y14r;
    x0r = y13r - y15i;
    x0i = y13i + y15r;
    x2r = wn4r * (x0r - x0i);
    x2i = wn4r * (x0i + x0r);
    a[28] = x1r - x2i;
    a[29] = x1i + x2r;
    a[30] = x1r + x2i;
    a[31] = x1i - x2r;
}


void cftf081(double *a, double *w)
{
    double wn4r, x0r, x0i, x1r, x1i, x2r, x2i, x3r, x3i, 
        y0r, y0i, y1r, y1i, y2r, y2i, y3r, y3i, 
        y4r, y4i, y5r, y5i, y6r, y6i, y7r, y7i;
    
    wn4r = w[1];
    x0r = a[0] + a[8];
    x0i = a[1] + a[9];
    x1r = a[0] - a[8];
    x1i = a[1] - a[9];
    x2r = a[4] + a[12];
    x2i = a[5] + a[13];
    x3r = a[4] - a[12];
    x3i = a[5] - a[13];
    y0r = x0r + x2r;
    y0i = x0i + x2i;
    y2r = x0r - x2r;
    y2i = x0i - x2i;
    y1r = x1r - x3i;
    y1i = x1i + x3r;
    y3r = x1r + x3i;
    y3i = x1i - x3r;
    x0r = a[2] + a[10];
    x0i = a[3] + a[11];
    x1r = a[2] - a[10];
    x1i = a[3] - a[11];
    x2r = a[6] + a[14];
    x2i = a[7] + a[15];
    x3r = a[6] - a[14];
    x3i = a[7] - a[15];
    y4r = x0r + x2r;
    y4i = x0i + x2i;
    y6r = x0r - x2r;
    y6i = x0i - x2i;
    x0r = x1r - x3i;
    x0i = x1i + x3r;
    x2r = x1r + x3i;
    x2i = x1i - x3r;
    y5r = wn4r * (x0r - x0i);
    y5i = wn4r * (x0r + x0i);
    y7r = wn4r * (x2r - x2i);
    y7i = wn4r * (x2r + x2i);
    a[8] = y1r + y5r;
    a[9] = y1i + y5i;
    a[10] = y1r - y5r;
    a[11] = y1i - y5i;
    a[12] = y3r - y7i;
    a[13] = y3i + y7r;
    a[14] = y3r + y7i;
    a[15] = y3i - y7r;
    a[0] = y0r + y4r;
    a[1] = y0i + y4i;
    a[2] = y0r - y4r;
    a[3] = y0i - y4i;
    a[4] = y2r - y6i;
    a[5] = y2i + y6r;
    a[6] = y2r + y6i;
    a[7] = y2i - y6r;
}


void cftf082(double *a, double *w)
{
    double wn4r, wk1r, wk1i, x0r, x0i, x1r, x1i, 
        y0r, y0i, y1r, y1i, y2r, y2i, y3r, y3i, 
        y4r, y4i, y5r, y5i, y6r, y6i, y7r, y7i;
    
    wn4r = w[1];
    wk1r = w[2];
    wk1i = w[3];
    y0r = a[0] - a[9];
    y0i = a[1] + a[8];
    y1r = a[0] + a[9];
    y1i = a[1] - a[8];
    x0r = a[4] - a[13];
    x0i = a[5] + a[12];
    y2r = wn4r * (x0r - x0i);
    y2i = wn4r * (x0i + x0r);
    x0r = a[4] + a[13];
    x0i = a[5] - a[12];
    y3r = wn4r * (x0r - x0i);
    y3i = wn4r * (x0i + x0r);
    x0r = a[2] - a[11];
    x0i = a[3] + a[10];
    y4r = wk1r * x0r - wk1i * x0i;
    y4i = wk1r * x0i + wk1i * x0r;
    x0r = a[2] + a[11];
    x0i = a[3] - a[10];
    y5r = wk1i * x0r - wk1r * x0i;
    y5i = wk1i * x0i + wk1r * x0r;
    x0r = a[6] - a[15];
    x0i = a[7] + a[14];
    y6r = wk1i * x0r - wk1r * x0i;
    y6i = wk1i * x0i + wk1r * x0r;
    x0r = a[6] + a[15];
    x0i = a[7] - a[14];
    y7r = wk1r * x0r - wk1i * x0i;
    y7i = wk1r * x0i + wk1i * x0r;
    x0r = y0r + y2r;
    x0i = y0i + y2i;
    x1r = y4r + y6r;
    x1i = y4i + y6i;
    a[0] = x0r + x1r;
    a[1] = x0i + x1i;
    a[2] = x0r - x1r;
    a[3] = x0i - x1i;
    x0r = y0r - y2r;
    x0i = y0i - y2i;
    x1r = y4r - y6r;
    x1i = y4i - y6i;
    a[4] = x0r - x1i;
    a[5] = x0i + x1r;
    a[6] = x0r + x1i;
    a[7] = x0i - x1r;
    x0r = y1r - y3i;
    x0i = y1i + y3r;
    x1r = y5r - y7r;
    x1i = y5i - y7i;
    a[8] = x0r + x1r;
    a[9] = x0i + x1i;
    a[10] = x0r - x1r;
    a[11] = x0i - x1i;
    x0r = y1r + y3i;
    x0i = y1i - y3r;
    x1r = y5r + y7r;
    x1i = y5i + y7i;
    a[12] = x0r - x1i;
    a[13] = x0i + x1r;
    a[14] = x0r + x1i;
    a[15] = x0i - x1r;
}


void cftf040(double *a)
{
    double x0r, x0i, x1r, x1i, x2r, x2i, x3r, x3i;
    
    x0r = a[0] + a[4];
    x0i = a[1] + a[5];
    x1r = a[0] - a[4];
    x1i = a[1] - a[5];
    x2r = a[2] + a[6];
    x2i = a[3] + a[7];
    x3r = a[2] - a[6];
    x3i = a[3] - a[7];
    a[0] = x0r + x2r;
    a[1] = x0i + x2i;
    a[2] = x1r - x3i;
    a[3] = x1i + x3r;
    a[4] = x0r - x2r;
    a[5] = x0i - x2i;
    a[6] = x1r + x3i;
    a[7] = x1i - x3r;
}


void cftb040(double *a)
{
    double x0r, x0i, x1r, x1i, x2r, x2i, x3r, x3i;
    
    x0r = a[0] + a[4];
    x0i = a[1] + a[5];
    x1r = a[0] - a[4];
    x1i = a[1] - a[5];
    x2r = a[2] + a[6];
    x2i = a[3] + a[7];
    x3r = a[2] - a[6];
    x3i = a[3] - a[7];
    a[0] = x0r + x2r;
    a[1] = x0i + x2i;
    a[2] = x1r + x3i;
    a[3] = x1i - x3r;
    a[4] = x0r - x2r;
    a[5] = x0i - x2i;
    a[6] = x1r - x3i;
    a[7] = x1i + x3r;
}


void cftx020(double *a)
{
    double x0r, x0i;
    
    x0r = a[0] - a[2];
    x0i = a[1] - a[3];
    a[0] += a[2];
    a[1] += a[3];
    a[2] = x0r;
    a[3] = x0i;
}


void rftfsub(int n, double *a, int nc, double *c)
{
    int j, k, kk, ks, m;
    double wkr, wki, xr, xi, yr, yi;
    
    m = n >> 1;
    ks = 2 * nc / m;
    kk = 0;
    for (j = 2; j < m; j += 2) {
        k = n - j;
        kk += ks;
        wkr = 0.5 - c[nc - kk];
        wki = c[kk];
        xr = a[j] - a[k];
        xi = a[j + 1] + a[k + 1];
        yr = wkr * xr - wki * xi;
        yi = wkr * xi + wki * xr;
        a[j] -= yr;
        a[j + 1] -= yi;
        a[k] += yr;
        a[k + 1] -= yi;
    }
}


void rftbsub(int n, double *a, int nc, double *c)
{
    int j, k, kk, ks, m;
    double wkr, wki, xr, xi, yr, yi;
    
    m = n >> 1;
    ks = 2 * nc / m;
    kk = 0;
    for (j = 2; j < m; j += 2) {
        k = n - j;
        kk += ks;
        wkr = 0.5 - c[nc - kk];
        wki = c[kk];
        xr = a[j] - a[k];
        xi = a[j + 1] + a[k + 1];
        yr = wkr * xr + wki * xi;
        yi = wkr * xi - wki * xr;
        a[j] -= yr;
        a[j + 1] -= yi;
        a[k] += yr;
        a[k + 1] -= yi;
    }
}


void dctsub(int n, double *a, int nc, double *c)
{
    int j, k, kk, ks, m;
    double wkr, wki, xr;
    
    m = n >> 1;
    ks = nc / n;
    kk = 0;
    for (j = 1; j < m; j++) {
        k = n - j;
        kk += ks;
        wkr = c[kk] - c[nc - kk];
        wki = c[kk] + c[nc - kk];
        xr = wki * a[j] - wkr * a[k];
        a[j] = wkr * a[j] + wki * a[k];
        a[k] = xr;
    }
    a[m] *= c[0];
}


void dstsub(int n, double *a, int nc, double *c)
{
    int j, k, kk, ks, m;
    double wkr, wki, xr;
    
    m = n >> 1;
    ks = nc / n;
    kk = 0;
    for (j = 1; j < m; j++) {
        k = n - j;
        kk += ks;
        wkr = c[kk] - c[nc - kk];
        wki = c[kk] + c[nc - kk];
        xr = wki * a[k] - wkr * a[j];
        a[k] = wkr * a[k] + wki * a[j];
        a[j] = xr;
    }
    a[m] *= c[0];
}








Viz/fft/fftsg.f

! Fast Fourier/Cosine/Sine Transform
!     dimension   :one
!     data length :power of 2
!     decimation  :frequency
!     radix       :split-radix
!     data        :inplace
!     table       :use
! subroutines
!     cdft: Complex Discrete Fourier Transform
!     rdft: Real Discrete Fourier Transform
!     ddct: Discrete Cosine Transform
!     ddst: Discrete Sine Transform
!     dfct: Cosine Transform of RDFT (Real Symmetric DFT)
!     dfst: Sine Transform of RDFT (Real Anti-symmetric DFT)
!
!
! -------- Complex DFT (Discrete Fourier Transform) --------
!     [definition]
!         <case1>
!             X(k) = sum_j=0^n-1 x(j)*exp(2*pi*i*j*k/n), 0<=k<n
!         <case2>
!             X(k) = sum_j=0^n-1 x(j)*exp(-2*pi*i*j*k/n), 0<=k<n
!         (notes: sum_j=0^n-1 is a summation from j=0 to n-1)
!     [usage]
!         <case1>
!             ip(0) = 0  ! first time only
!             call cdft(2*n, 1, a, ip, w)
!         <case2>
!             ip(0) = 0  ! first time only
!             call cdft(2*n, -1, a, ip, w)
!     [parameters]
!         2*n          :data length (integer)
!                       n >= 1, n = power of 2
!         a(0:2*n-1)   :input/output data (real*8)
!                       input data
!                           a(2*j) = Re(x(j)), 
!                           a(2*j+1) = Im(x(j)), 0<=j<n
!                       output data
!                           a(2*k) = Re(X(k)), 
!                           a(2*k+1) = Im(X(k)), 0<=k<n
!         ip(0:*)      :work area for bit reversal (integer)
!                       length of ip >= 2+sqrt(n)
!                       strictly, 
!                       length of ip >= 
!                           2+2**(int(log(n+0.5)/log(2.0))/2).
!                       ip(0),ip(1) are pointers of the cos/sin table.
!         w(0:n/2-1)   :cos/sin table (real*8)
!                       w(),ip() are initialized if ip(0) = 0.
!     [remark]
!         Inverse of 
!             call cdft(2*n, -1, a, ip, w)
!         is 
!             call cdft(2*n, 1, a, ip, w)
!             do j = 0, 2 * n - 1
!                 a(j) = a(j) / n
!             end do
!         .
!
!
! -------- Real DFT / Inverse of Real DFT --------
!     [definition]
!         <case1> RDFT
!             R(k) = sum_j=0^n-1 a(j)*cos(2*pi*j*k/n), 0<=k<=n/2
!             I(k) = sum_j=0^n-1 a(j)*sin(2*pi*j*k/n), 0<k<n/2
!         <case2> IRDFT (excluding scale)
!             a(k) = (R(0) + R(n/2)*cos(pi*k))/2 + 
!                    sum_j=1^n/2-1 R(j)*cos(2*pi*j*k/n) + 
!                    sum_j=1^n/2-1 I(j)*sin(2*pi*j*k/n), 0<=k<n
!     [usage]
!         <case1>
!             ip(0) = 0  ! first time only
!             call rdft(n, 1, a, ip, w)
!         <case2>
!             ip(0) = 0  ! first time only
!             call rdft(n, -1, a, ip, w)
!     [parameters]
!         n            :data length (integer)
!                       n >= 2, n = power of 2
!         a(0:n-1)     :input/output data (real*8)
!                       <case1>
!                           output data
!                               a(2*k) = R(k), 0<=k<n/2
!                               a(2*k+1) = I(k), 0<k<n/2
!                               a(1) = R(n/2)
!                       <case2>
!                           input data
!                               a(2*j) = R(j), 0<=j<n/2
!                               a(2*j+1) = I(j), 0<j<n/2
!                               a(1) = R(n/2)
!         ip(0:*)      :work area for bit reversal (integer)
!                       length of ip >= 2+sqrt(n/2)
!                       strictly, 
!                       length of ip >= 
!                           2+2**(int(log(n/2+0.5)/log(2.0))/2).
!                       ip(0),ip(1) are pointers of the cos/sin table.
!         w(0:n/2-1)   :cos/sin table (real*8)
!                       w(),ip() are initialized if ip(0) = 0.
!     [remark]
!         Inverse of 
!             call rdft(n, 1, a, ip, w)
!         is 
!             call rdft(n, -1, a, ip, w)
!             do j = 0, n - 1
!                 a(j) = a(j) * 2 / n
!             end do
!         .
!
!
! -------- DCT (Discrete Cosine Transform) / Inverse of DCT --------
!     [definition]
!         <case1> IDCT (excluding scale)
!             C(k) = sum_j=0^n-1 a(j)*cos(pi*j*(k+1/2)/n), 0<=k<n
!         <case2> DCT
!             C(k) = sum_j=0^n-1 a(j)*cos(pi*(j+1/2)*k/n), 0<=k<n
!     [usage]
!         <case1>
!             ip(0) = 0  ! first time only
!             call ddct(n, 1, a, ip, w)
!         <case2>
!             ip(0) = 0  ! first time only
!             call ddct(n, -1, a, ip, w)
!     [parameters]
!         n            :data length (integer)
!                       n >= 2, n = power of 2
!         a(0:n-1)     :input/output data (real*8)
!                       output data
!                           a(k) = C(k), 0<=k<n
!         ip(0:*)      :work area for bit reversal (integer)
!                       length of ip >= 2+sqrt(n/2)
!                       strictly, 
!                       length of ip >= 
!                           2+2**(int(log(n/2+0.5)/log(2.0))/2).
!                       ip(0),ip(1) are pointers of the cos/sin table.
!         w(0:n*5/4-1) :cos/sin table (real*8)
!                       w(),ip() are initialized if ip(0) = 0.
!     [remark]
!         Inverse of 
!             call ddct(n, -1, a, ip, w)
!         is 
!             a(0) = a(0) / 2
!             call ddct(n, 1, a, ip, w)
!             do j = 0, n - 1
!                 a(j) = a(j) * 2 / n
!             end do
!         .
!
!
! -------- DST (Discrete Sine Transform) / Inverse of DST --------
!     [definition]
!         <case1> IDST (excluding scale)
!             S(k) = sum_j=1^n A(j)*sin(pi*j*(k+1/2)/n), 0<=k<n
!         <case2> DST
!             S(k) = sum_j=0^n-1 a(j)*sin(pi*(j+1/2)*k/n), 0<k<=n
!     [usage]
!         <case1>
!             ip(0) = 0  ! first time only
!             call ddst(n, 1, a, ip, w)
!         <case2>
!             ip(0) = 0  ! first time only
!             call ddst(n, -1, a, ip, w)
!     [parameters]
!         n            :data length (integer)
!                       n >= 2, n = power of 2
!         a(0:n-1)     :input/output data (real*8)
!                       <case1>
!                           input data
!                               a(j) = A(j), 0<j<n
!                               a(0) = A(n)
!                           output data
!                               a(k) = S(k), 0<=k<n
!                       <case2>
!                           output data
!                               a(k) = S(k), 0<k<n
!                               a(0) = S(n)
!         ip(0:*)      :work area for bit reversal (integer)
!                       length of ip >= 2+sqrt(n/2)
!                       strictly, 
!                       length of ip >= 
!                           2+2**(int(log(n/2+0.5)/log(2.0))/2).
!                       ip(0),ip(1) are pointers of the cos/sin table.
!         w(0:n*5/4-1) :cos/sin table (real*8)
!                       w(),ip() are initialized if ip(0) = 0.
!     [remark]
!         Inverse of 
!             call ddst(n, -1, a, ip, w)
!         is 
!             a(0) = a(0) / 2
!             call ddst(n, 1, a, ip, w)
!             do j = 0, n - 1
!                 a(j) = a(j) * 2 / n
!             end do
!         .
!
!
! -------- Cosine Transform of RDFT (Real Symmetric DFT) --------
!     [definition]
!         C(k) = sum_j=0^n a(j)*cos(pi*j*k/n), 0<=k<=n
!     [usage]
!         ip(0) = 0  ! first time only
!         call dfct(n, a, t, ip, w)
!     [parameters]
!         n            :data length - 1 (integer)
!                       n >= 2, n = power of 2
!         a(0:n)       :input/output data (real*8)
!                       output data
!                           a(k) = C(k), 0<=k<=n
!         t(0:n/2)     :work area (real*8)
!         ip(0:*)      :work area for bit reversal (integer)
!                       length of ip >= 2+sqrt(n/4)
!                       strictly, 
!                       length of ip >= 
!                           2+2**(int(log(n/4+0.5)/log(2.0))/2).
!                       ip(0),ip(1) are pointers of the cos/sin table.
!         w(0:n*5/8-1) :cos/sin table (real*8)
!                       w(),ip() are initialized if ip(0) = 0.
!     [remark]
!         Inverse of 
!             a(0) = a(0) / 2
!             a(n) = a(n) / 2
!             call dfct(n, a, t, ip, w)
!         is 
!             a(0) = a(0) / 2
!             a(n) = a(n) / 2
!             call dfct(n, a, t, ip, w)
!             do j = 0, n
!                 a(j) = a(j) * 2 / n
!             end do
!         .
!
!
! -------- Sine Transform of RDFT (Real Anti-symmetric DFT) --------
!     [definition]
!         S(k) = sum_j=1^n-1 a(j)*sin(pi*j*k/n), 0<k<n
!     [usage]
!         ip(0) = 0  ! first time only
!         call dfst(n, a, t, ip, w)
!     [parameters]
!         n            :data length + 1 (integer)
!                       n >= 2, n = power of 2
!         a(0:n-1)     :input/output data (real*8)
!                       output data
!                           a(k) = S(k), 0<k<n
!                       (a(0) is used for work area)
!         t(0:n/2-1)   :work area (real*8)
!         ip(0:*)      :work area for bit reversal (integer)
!                       length of ip >= 2+sqrt(n/4)
!                       strictly, 
!                       length of ip >= 
!                           2+2**(int(log(n/4+0.5)/log(2.0))/2).
!                       ip(0),ip(1) are pointers of the cos/sin table.
!         w(0:n*5/8-1) :cos/sin table (real*8)
!                       w(),ip() are initialized if ip(0) = 0.
!     [remark]
!         Inverse of 
!             call dfst(n, a, t, ip, w)
!         is 
!             call dfst(n, a, t, ip, w)
!             do j = 1, n - 1
!                 a(j) = a(j) * 2 / n
!             end do
!         .
!
!
! Appendix :
!     The cos/sin table is recalculated when the larger table required.
!     w() and ip() are compatible with all routines.
!
!
      subroutine cdft(n, isgn, a, ip, w)
      integer n, isgn, ip(0 : *), nw
      real*8 a(0 : n - 1), w(0 : *)
      nw = ip(0)
      if (n .gt. 4 * nw) then
          nw = n / 4
          call makewt(nw, ip, w)
      end if
      if (isgn .ge. 0) then
          call cftfsub(n, a, ip, nw, w)
      else
          call cftbsub(n, a, ip, nw, w)
      end if
      end
!
      subroutine rdft(n, isgn, a, ip, w)
      integer n, isgn, ip(0 : *), nw, nc
      real*8 a(0 : n - 1), w(0 : *), xi
      nw = ip(0)
      if (n .gt. 4 * nw) then
          nw = n / 4
          call makewt(nw, ip, w)
      end if
      nc = ip(1)
      if (n .gt. 4 * nc) then
          nc = n / 4
          call makect(nc, ip, w(nw))
      end if
      if (isgn .ge. 0) then
          if (n .gt. 4) then
              call cftfsub(n, a, ip, nw, w)
              call rftfsub(n, a, nc, w(nw))
          else if (n .eq. 4) then
              call cftfsub(n, a, ip, nw, w)
          end if
          xi = a(0) - a(1)
          a(0) = a(0) + a(1)
          a(1) = xi
      else
          a(1) = 0.5d0 * (a(0) - a(1))
          a(0) = a(0) - a(1)
          if (n .gt. 4) then
              call rftbsub(n, a, nc, w(nw))
              call cftbsub(n, a, ip, nw, w)
          else if (n .eq. 4) then
              call cftbsub(n, a, ip, nw, w)
          end if
      end if
      end
!
      subroutine ddct(n, isgn, a, ip, w)
      integer n, isgn, ip(0 : *), j, nw, nc
      real*8 a(0 : n - 1), w(0 : *), xr
      nw = ip(0)
      if (n .gt. 4 * nw) then
          nw = n / 4
          call makewt(nw, ip, w)
      end if
      nc = ip(1)
      if (n .gt. nc) then
          nc = n
          call makect(nc, ip, w(nw))
      end if
      if (isgn .lt. 0) then
          xr = a(n - 1)
          do j = n - 2, 2, -2
              a(j + 1) = a(j) - a(j - 1)
              a(j) = a(j) + a(j - 1)
          end do
          a(1) = a(0) - xr
          a(0) = a(0) + xr
          if (n .gt. 4) then
              call rftbsub(n, a, nc, w(nw))
              call cftbsub(n, a, ip, nw, w)
          else if (n .eq. 4) then
              call cftbsub(n, a, ip, nw, w)
          end if
      end if
      call dctsub(n, a, nc, w(nw))
      if (isgn .ge. 0) then
          if (n .gt. 4) then
              call cftfsub(n, a, ip, nw, w)
              call rftfsub(n, a, nc, w(nw))
          else if (n .eq. 4) then
              call cftfsub(n, a, ip, nw, w)
          end if
          xr = a(0) - a(1)
          a(0) = a(0) + a(1)
          do j = 2, n - 2, 2
              a(j - 1) = a(j) - a(j + 1)
              a(j) = a(j) + a(j + 1)
          end do
          a(n - 1) = xr
      end if
      end
!
      subroutine ddst(n, isgn, a, ip, w)
      integer n, isgn, ip(0 : *), j, nw, nc
      real*8 a(0 : n - 1), w(0 : *), xr
      nw = ip(0)
      if (n .gt. 4 * nw) then
          nw = n / 4
          call makewt(nw, ip, w)
      end if
      nc = ip(1)
      if (n .gt. nc) then
          nc = n
          call makect(nc, ip, w(nw))
      end if
      if (isgn .lt. 0) then
          xr = a(n - 1)
          do j = n - 2, 2, -2
              a(j + 1) = -a(j) - a(j - 1)
              a(j) = a(j) - a(j - 1)
          end do
          a(1) = a(0) + xr
          a(0) = a(0) - xr
          if (n .gt. 4) then
              call rftbsub(n, a, nc, w(nw))
              call cftbsub(n, a, ip, nw, w)
          else if (n .eq. 4) then
              call cftbsub(n, a, ip, nw, w)
          end if
      end if
      call dstsub(n, a, nc, w(nw))
      if (isgn .ge. 0) then
          if (n .gt. 4) then
              call cftfsub(n, a, ip, nw, w)
              call rftfsub(n, a, nc, w(nw))
          else if (n .eq. 4) then
              call cftfsub(n, a, ip, nw, w)
          end if
          xr = a(0) - a(1)
          a(0) = a(0) + a(1)
          do j = 2, n - 2, 2
              a(j - 1) = -a(j) - a(j + 1)
              a(j) = a(j) - a(j + 1)
          end do
          a(n - 1) = -xr
      end if
      end
!
      subroutine dfct(n, a, t, ip, w)
      integer n, ip(0 : *), j, k, l, m, mh, nw, nc
      real*8 a(0 : n), t(0 : n / 2), w(0 : *), xr, xi, yr, yi
      nw = ip(0)
      if (n .gt. 8 * nw) then
          nw = n / 8
          call makewt(nw, ip, w)
      end if
      nc = ip(1)
      if (n .gt. 2 * nc) then
          nc = n / 2
          call makect(nc, ip, w(nw))
      end if
      m = n / 2
      yi = a(m)
      xi = a(0) + a(n)
      a(0) = a(0) - a(n)
      t(0) = xi - yi
      t(m) = xi + yi
      if (n .gt. 2) then
          mh = m / 2
          do j = 1, mh - 1
              k = m - j
              xr = a(j) - a(n - j)
              xi = a(j) + a(n - j)
              yr = a(k) - a(n - k)
              yi = a(k) + a(n - k)
              a(j) = xr
              a(k) = yr
              t(j) = xi - yi
              t(k) = xi + yi
          end do
          t(mh) = a(mh) + a(n - mh)
          a(mh) = a(mh) - a(n - mh)
          call dctsub(m, a, nc, w(nw))
          if (m .gt. 4) then
              call cftfsub(m, a, ip, nw, w)
              call rftfsub(m, a, nc, w(nw))
          else if (m .eq. 4) then
              call cftfsub(m, a, ip, nw, w)
          end if
          a(n - 1) = a(0) - a(1)
          a(1) = a(0) + a(1)
          do j = m - 2, 2, -2
              a(2 * j + 1) = a(j) + a(j + 1)
              a(2 * j - 1) = a(j) - a(j + 1)
          end do
          l = 2
          m = mh
          do while (m .ge. 2)
              call dctsub(m, t, nc, w(nw))
              if (m .gt. 4) then
                  call cftfsub(m, t, ip, nw, w)
                  call rftfsub(m, t, nc, w(nw))
              else if (m .eq. 4) then
                  call cftfsub(m, t, ip, nw, w)
              end if
              a(n - l) = t(0) - t(1)
              a(l) = t(0) + t(1)
              k = 0
              do j = 2, m - 2, 2
                  k = k + 4 * l
                  a(k - l) = t(j) - t(j + 1)
                  a(k + l) = t(j) + t(j + 1)
              end do
              l = 2 * l
              mh = m / 2
              do j = 0, mh - 1
                  k = m - j
                  t(j) = t(m + k) - t(m + j)
                  t(k) = t(m + k) + t(m + j)
              end do
              t(mh) = t(m + mh)
              m = mh
          end do
          a(l) = t(0)
          a(n) = t(2) - t(1)
          a(0) = t(2) + t(1)
      else
          a(1) = a(0)
          a(2) = t(0)
          a(0) = t(1)
      end if
      end
!
      subroutine dfst(n, a, t, ip, w)
      integer n, ip(0 : *), j, k, l, m, mh, nw, nc
      real*8 a(0 : n - 1), t(0 : n / 2 - 1), w(0 : *), xr, xi, yr, yi
      nw = ip(0)
      if (n .gt. 8 * nw) then
          nw = n / 8
          call makewt(nw, ip, w)
      end if
      nc = ip(1)
      if (n .gt. 2 * nc) then
          nc = n / 2
          call makect(nc, ip, w(nw))
      end if
      if (n .gt. 2) then
          m = n / 2
          mh = m / 2
          do j = 1, mh - 1
              k = m - j
              xr = a(j) + a(n - j)
              xi = a(j) - a(n - j)
              yr = a(k) + a(n - k)
              yi = a(k) - a(n - k)
              a(j) = xr
              a(k) = yr
              t(j) = xi + yi
              t(k) = xi - yi
          end do
          t(0) = a(mh) - a(n - mh)
          a(mh) = a(mh) + a(n - mh)
          a(0) = a(m)
          call dstsub(m, a, nc, w(nw))
          if (m .gt. 4) then
              call cftfsub(m, a, ip, nw, w)
              call rftfsub(m, a, nc, w(nw))
          else if (m .eq. 4) then
              call cftfsub(m, a, ip, nw, w)
          end if
          a(n - 1) = a(1) - a(0)
          a(1) = a(0) + a(1)
          do j = m - 2, 2, -2
              a(2 * j + 1) = a(j) - a(j + 1)
              a(2 * j - 1) = -a(j) - a(j + 1)
          end do
          l = 2
          m = mh
          do while (m .ge. 2)
              call dstsub(m, t, nc, w(nw))
              if (m .gt. 4) then
                  call cftfsub(m, t, ip, nw, w)
                  call rftfsub(m, t, nc, w(nw))
              else if (m .eq. 4) then
                  call cftfsub(m, t, ip, nw, w)
              end if
              a(n - l) = t(1) - t(0)
              a(l) = t(0) + t(1)
              k = 0
              do j = 2, m - 2, 2
                  k = k + 4 * l
                  a(k - l) = -t(j) - t(j + 1)
                  a(k + l) = t(j) - t(j + 1)
              end do
              l = 2 * l
              mh = m / 2
              do j = 1, mh - 1
                  k = m - j
                  t(j) = t(m + k) + t(m + j)
                  t(k) = t(m + k) - t(m + j)
              end do
              t(0) = t(m + mh)
              m = mh
          end do
          a(l) = t(0)
      end if
      a(0) = 0
      end
!
! -------- initializing routines --------
!
      subroutine makewt(nw, ip, w)
      integer nw, ip(0 : *), j, nwh, nw0, nw1
      real*8 w(0 : nw - 1), delta, wn4r, wk1r, wk1i, wk3r, wk3i
      ip(0) = nw
      ip(1) = 1
      if (nw .gt. 2) then
          nwh = nw / 2
          delta = atan(1.0d0) / nwh
          wn4r = cos(delta * nwh)
          w(0) = 1
          w(1) = wn4r
          if (nwh .eq. 4) then
              w(2) = cos(delta * 2)
              w(3) = sin(delta * 2)
          else if (nwh .gt. 4) then
              call makeipt(nw, ip)
              w(2) = 0.5d0 / cos(delta * 2)
              w(3) = 0.5d0 / cos(delta * 6)
              do j = 4, nwh - 4, 4
                  w(j) = cos(delta * j)
                  w(j + 1) = sin(delta * j)
                  w(j + 2) = cos(3 * delta * j)
                  w(j + 3) = -sin(3 * delta * j)
              end do
          end if
          nw0 = 0
          do while (nwh .gt. 2)
              nw1 = nw0 + nwh
              nwh = nwh / 2
              w(nw1) = 1
              w(nw1 + 1) = wn4r
              if (nwh .eq. 4) then
                  wk1r = w(nw0 + 4)
                  wk1i = w(nw0 + 5)
                  w(nw1 + 2) = wk1r
                  w(nw1 + 3) = wk1i
              else if (nwh .gt. 4) then
                  wk1r = w(nw0 + 4)
                  wk3r = w(nw0 + 6)
                  w(nw1 + 2) = 0.5d0 / wk1r
                  w(nw1 + 3) = 0.5d0 / wk3r
                  do j = 4, nwh - 4, 4
                      wk1r = w(nw0 + 2 * j)
                      wk1i = w(nw0 + 2 * j + 1)
                      wk3r = w(nw0 + 2 * j + 2)
                      wk3i = w(nw0 + 2 * j + 3)
                      w(nw1 + j) = wk1r
                      w(nw1 + j + 1) = wk1i
                      w(nw1 + j + 2) = wk3r
                      w(nw1 + j + 3) = wk3i
                  end do
              end if
              nw0 = nw1
          end do
      end if
      end
!
      subroutine makeipt(nw, ip)
      integer nw, ip(0 : *), j, l, m, m2, p, q
      ip(2) = 0
      ip(3) = 16
      m = 2
      l = nw
      do while (l .gt. 32)
          m2 = 2 * m
          q = 8 * m2
          do j = m, m2 - 1
              p = 4 * ip(j)
              ip(m + j) = p
              ip(m2 + j) = p + q
          end do
          m = m2
          l = l / 4
      end do
      end
!
      subroutine makect(nc, ip, c)
      integer nc, ip(0 : *), j, nch
      real*8 c(0 : nc - 1), delta
      ip(1) = nc
      if (nc .gt. 1) then
          nch = nc / 2
          delta = atan(1.0d0) / nch
          c(0) = cos(delta * nch)
          c(nch) = 0.5d0 * c(0)
          do j = 1, nch - 1
              c(j) = 0.5d0 * cos(delta * j)
              c(nc - j) = 0.5d0 * sin(delta * j)
          end do
      end if
      end
!
! -------- child routines --------
!
      subroutine cftfsub(n, a, ip, nw, w)
      integer n, ip(0 : *), nw
      real*8 a(0 : n - 1), w(0 : nw - 1)
      if (n .gt. 8) then
          if (n .gt. 32) then
              call cftf1st(n, a, w(nw - n / 4))
              if (n .gt. 512) then
                  call cftrec4(n, a, nw, w)
              else if (n .gt. 128) then
                  call cftleaf(n, 1, a, nw, w)
              else
                  call cftfx41(n, a, nw, w)
              end if
              call bitrv2(n, ip, a)
          else if (n .eq. 32) then
              call cftf161(a, w(nw - 8))
              call bitrv216(a)
          else
              call cftf081(a, w)
              call bitrv208(a)
          end if
      else if (n .eq. 8) then
          call cftf040(a)
      else if (n .eq. 4) then
          call cftx020(a)
      end if
      end
!
      subroutine cftbsub(n, a, ip, nw, w)
      integer n, ip(0 : *), nw
      real*8 a(0 : n - 1), w(0 : nw - 1)
      if (n .gt. 8) then
          if (n .gt. 32) then
              call cftb1st(n, a, w(nw - n / 4))
              if (n .gt. 512) then
                  call cftrec4(n, a, nw, w)
              else if (n .gt. 128) then
                  call cftleaf(n, 1, a, nw, w)
              else
                  call cftfx41(n, a, nw, w)
              end if
              call bitrv2conj(n, ip, a)
          else if (n .eq. 32) then
              call cftf161(a, w(nw - 8))
              call bitrv216neg(a)
          else
              call cftf081(a, w)
              call bitrv208neg(a)
          end if
      else if (n .eq. 8) then
          call cftb040(a)
      else if (n .eq. 4) then
          call cftx020(a)
      end if
      end
!
      subroutine bitrv2(n, ip, a)
      integer n, ip(0 : *), j, j1, k, k1, l, m, nh, nm
      real*8 a(0 : n - 1), xr, xi, yr, yi
      m = 1
      l = n / 4
      do while (l .gt. 8)
          m = m * 2
          l = l / 4
      end do
      nh = n / 2
      nm = 4 * m
      if (l .eq. 8) then
          do k = 0, m - 1
              do j = 0, k - 1
                  j1 = 4 * j + 2 * ip(m + k)
                  k1 = 4 * k + 2 * ip(m + j)
                  xr = a(j1)
                  xi = a(j1 + 1)
                  yr = a(k1)
                  yi = a(k1 + 1)
                  a(j1) = yr
                  a(j1 + 1) = yi
                  a(k1) = xr
                  a(k1 + 1) = xi
                  j1 = j1 + nm
                  k1 = k1 + 2 * nm
                  xr = a(j1)
                  xi = a(j1 + 1)
                  yr = a(k1)
                  yi = a(k1 + 1)
                  a(j1) = yr
                  a(j1 + 1) = yi
                  a(k1) = xr
                  a(k1 + 1) = xi
                  j1 = j1 + nm
                  k1 = k1 - nm
                  xr = a(j1)
                  xi = a(j1 + 1)
                  yr = a(k1)
                  yi = a(k1 + 1)
                  a(j1) = yr
                  a(j1 + 1) = yi
                  a(k1) = xr
                  a(k1 + 1) = xi
                  j1 = j1 + nm
                  k1 = k1 + 2 * nm
                  xr = a(j1)
                  xi = a(j1 + 1)
                  yr = a(k1)
                  yi = a(k1 + 1)
                  a(j1) = yr
                  a(j1 + 1) = yi
                  a(k1) = xr
                  a(k1 + 1) = xi
                  j1 = j1 + nh
                  k1 = k1 + 2
                  xr = a(j1)
                  xi = a(j1 + 1)
                  yr = a(k1)
                  yi = a(k1 + 1)
                  a(j1) = yr
                  a(j1 + 1) = yi
                  a(k1) = xr
                  a(k1 + 1) = xi
                  j1 = j1 - nm
                  k1 = k1 - 2 * nm
                  xr = a(j1)
                  xi = a(j1 + 1)
                  yr = a(k1)
                  yi = a(k1 + 1)
                  a(j1) = yr
                  a(j1 + 1) = yi
                  a(k1) = xr
                  a(k1 + 1) = xi
                  j1 = j1 - nm
                  k1 = k1 + nm
                  xr = a(j1)
                  xi = a(j1 + 1)
                  yr = a(k1)
                  yi = a(k1 + 1)
                  a(j1) = yr
                  a(j1 + 1) = yi
                  a(k1) = xr
                  a(k1 + 1) = xi
                  j1 = j1 - nm
                  k1 = k1 - 2 * nm
                  xr = a(j1)
                  xi = a(j1 + 1)
                  yr = a(k1)
                  yi = a(k1 + 1)
                  a(j1) = yr
                  a(j1 + 1) = yi
                  a(k1) = xr
                  a(k1 + 1) = xi
                  j1 = j1 + 2
                  k1 = k1 + nh
                  xr = a(j1)
                  xi = a(j1 + 1)
                  yr = a(k1)
                  yi = a(k1 + 1)
                  a(j1) = yr
                  a(j1 + 1) = yi
                  a(k1) = xr
                  a(k1 + 1) = xi
                  j1 = j1 + nm
                  k1 = k1 + 2 * nm
                  xr = a(j1)
                  xi = a(j1 + 1)
                  yr = a(k1)
                  yi = a(k1 + 1)
                  a(j1) = yr
                  a(j1 + 1) = yi
                  a(k1) = xr
                  a(k1 + 1) = xi
                  j1 = j1 + nm
                  k1 = k1 - nm
                  xr = a(j1)
                  xi = a(j1 + 1)
                  yr = a(k1)
                  yi = a(k1 + 1)
                  a(j1) = yr
                  a(j1 + 1) = yi
                  a(k1) = xr
                  a(k1 + 1) = xi
                  j1 = j1 + nm
                  k1 = k1 + 2 * nm
                  xr = a(j1)
                  xi = a(j1 + 1)
                  yr = a(k1)
                  yi = a(k1 + 1)
                  a(j1) = yr
                  a(j1 + 1) = yi
                  a(k1) = xr
                  a(k1 + 1) = xi
                  j1 = j1 - nh
                  k1 = k1 - 2
                  xr = a(j1)
                  xi = a(j1 + 1)
                  yr = a(k1)
                  yi = a(k1 + 1)
                  a(j1) = yr
                  a(j1 + 1) = yi
                  a(k1) = xr
                  a(k1 + 1) = xi
                  j1 = j1 - nm
                  k1 = k1 - 2 * nm
                  xr = a(j1)
                  xi = a(j1 + 1)
                  yr = a(k1)
                  yi = a(k1 + 1)
                  a(j1) = yr
                  a(j1 + 1) = yi
                  a(k1) = xr
                  a(k1 + 1) = xi
                  j1 = j1 - nm
                  k1 = k1 + nm
                  xr = a(j1)
                  xi = a(j1 + 1)
                  yr = a(k1)
                  yi = a(k1 + 1)
                  a(j1) = yr
                  a(j1 + 1) = yi
                  a(k1) = xr
                  a(k1 + 1) = xi
                  j1 = j1 - nm
                  k1 = k1 - 2 * nm
                  xr = a(j1)
                  xi = a(j1 + 1)
                  yr = a(k1)
                  yi = a(k1 + 1)
                  a(j1) = yr
                  a(j1 + 1) = yi
                  a(k1) = xr
                  a(k1 + 1) = xi
              end do
              k1 = 4 * k + 2 * ip(m + k)
              j1 = k1 + 2
              k1 = k1 + nh
              xr = a(j1)
              xi = a(j1 + 1)
              yr = a(k1)
              yi = a(k1 + 1)
              a(j1) = yr
              a(j1 + 1) = yi
              a(k1) = xr
              a(k1 + 1) = xi
              j1 = j1 + nm
              k1 = k1 + 2 * nm
              xr = a(j1)
              xi = a(j1 + 1)
              yr = a(k1)
              yi = a(k1 + 1)
              a(j1) = yr
              a(j1 + 1) = yi
              a(k1) = xr
              a(k1 + 1) = xi
              j1 = j1 + nm
              k1 = k1 - nm
              xr = a(j1)
              xi = a(j1 + 1)
              yr = a(k1)
              yi = a(k1 + 1)
              a(j1) = yr
              a(j1 + 1) = yi
              a(k1) = xr
              a(k1 + 1) = xi
              j1 = j1 - 2
              k1 = k1 - nh
              xr = a(j1)
              xi = a(j1 + 1)
              yr = a(k1)
              yi = a(k1 + 1)
              a(j1) = yr
              a(j1 + 1) = yi
              a(k1) = xr
              a(k1 + 1) = xi
              j1 = j1 + nh + 2
              k1 = k1 + nh + 2
              xr = a(j1)
              xi = a(j1 + 1)
              yr = a(k1)
              yi = a(k1 + 1)
              a(j1) = yr
              a(j1 + 1) = yi
              a(k1) = xr
              a(k1 + 1) = xi
              j1 = j1 - nh + nm
              k1 = k1 + 2 * nm - 2
              xr = a(j1)
              xi = a(j1 + 1)
              yr = a(k1)
              yi = a(k1 + 1)
              a(j1) = yr
              a(j1 + 1) = yi
              a(k1) = xr
              a(k1 + 1) = xi
          end do
      else
          do k = 0, m - 1
              do j = 0, k - 1
                  j1 = 4 * j + ip(m + k)
                  k1 = 4 * k + ip(m + j)
                  xr = a(j1)
                  xi = a(j1 + 1)
                  yr = a(k1)
                  yi = a(k1 + 1)
                  a(j1) = yr
                  a(j1 + 1) = yi
                  a(k1) = xr
                  a(k1 + 1) = xi
                  j1 = j1 + nm
                  k1 = k1 + nm
                  xr = a(j1)
                  xi = a(j1 + 1)
                  yr = a(k1)
                  yi = a(k1 + 1)
                  a(j1) = yr
                  a(j1 + 1) = yi
                  a(k1) = xr
                  a(k1 + 1) = xi
                  j1 = j1 + nh
                  k1 = k1 + 2
                  xr = a(j1)
                  xi = a(j1 + 1)
                  yr = a(k1)
                  yi = a(k1 + 1)
                  a(j1) = yr
                  a(j1 + 1) = yi
                  a(k1) = xr
                  a(k1 + 1) = xi
                  j1 = j1 - nm
                  k1 = k1 - nm
                  xr = a(j1)
                  xi = a(j1 + 1)
                  yr = a(k1)
                  yi = a(k1 + 1)
                  a(j1) = yr
                  a(j1 + 1) = yi
                  a(k1) = xr
                  a(k1 + 1) = xi
                  j1 = j1 + 2
                  k1 = k1 + nh
                  xr = a(j1)
                  xi = a(j1 + 1)
                  yr = a(k1)
                  yi = a(k1 + 1)
                  a(j1) = yr
                  a(j1 + 1) = yi
                  a(k1) = xr
                  a(k1 + 1) = xi
                  j1 = j1 + nm
                  k1 = k1 + nm
                  xr = a(j1)
                  xi = a(j1 + 1)
                  yr = a(k1)
                  yi = a(k1 + 1)
                  a(j1) = yr
                  a(j1 + 1) = yi
                  a(k1) = xr
                  a(k1 + 1) = xi
                  j1 = j1 - nh
                  k1 = k1 - 2
                  xr = a(j1)
                  xi = a(j1 + 1)
                  yr = a(k1)
                  yi = a(k1 + 1)
                  a(j1) = yr
                  a(j1 + 1) = yi
                  a(k1) = xr
                  a(k1 + 1) = xi
                  j1 = j1 - nm
                  k1 = k1 - nm
                  xr = a(j1)
                  xi = a(j1 + 1)
                  yr = a(k1)
                  yi = a(k1 + 1)
                  a(j1) = yr
                  a(j1 + 1) = yi
                  a(k1) = xr
                  a(k1 + 1) = xi
              end do
              k1 = 4 * k + ip(m + k)
              j1 = k1 + 2
              k1 = k1 + nh
              xr = a(j1)
              xi = a(j1 + 1)
              yr = a(k1)
              yi = a(k1 + 1)
              a(j1) = yr
              a(j1 + 1) = yi
              a(k1) = xr
              a(k1 + 1) = xi
              j1 = j1 + nm
              k1 = k1 + nm
              xr = a(j1)
              xi = a(j1 + 1)
              yr = a(k1)
              yi = a(k1 + 1)
              a(j1) = yr
              a(j1 + 1) = yi
              a(k1) = xr
              a(k1 + 1) = xi
          end do
      end if
      end
!
      subroutine bitrv2conj(n, ip, a)
      integer n, ip(0 : *), j, j1, k, k1, l, m, nh, nm
      real*8 a(0 : n - 1), xr, xi, yr, yi
      m = 1
      l = n / 4
      do while (l .gt. 8)
          m = m * 2
          l = l / 4
      end do
      nh = n / 2
      nm = 4 * m
      if (l .eq. 8) then
          do k = 0, m - 1
              do j = 0, k - 1
                  j1 = 4 * j + 2 * ip(m + k)
                  k1 = 4 * k + 2 * ip(m + j)
                  xr = a(j1)
                  xi = -a(j1 + 1)
                  yr = a(k1)
                  yi = -a(k1 + 1)
                  a(j1) = yr
                  a(j1 + 1) = yi
                  a(k1) = xr
                  a(k1 + 1) = xi
                  j1 = j1 + nm
                  k1 = k1 + 2 * nm
                  xr = a(j1)
                  xi = -a(j1 + 1)
                  yr = a(k1)
                  yi = -a(k1 + 1)
                  a(j1) = yr
                  a(j1 + 1) = yi
                  a(k1) = xr
                  a(k1 + 1) = xi
                  j1 = j1 + nm
                  k1 = k1 - nm
                  xr = a(j1)
                  xi = -a(j1 + 1)
                  yr = a(k1)
                  yi = -a(k1 + 1)
                  a(j1) = yr
                  a(j1 + 1) = yi
                  a(k1) = xr
                  a(k1 + 1) = xi
                  j1 = j1 + nm
                  k1 = k1 + 2 * nm
                  xr = a(j1)
                  xi = -a(j1 + 1)
                  yr = a(k1)
                  yi = -a(k1 + 1)
                  a(j1) = yr
                  a(j1 + 1) = yi
                  a(k1) = xr
                  a(k1 + 1) = xi
                  j1 = j1 + nh
                  k1 = k1 + 2
                  xr = a(j1)
                  xi = -a(j1 + 1)
                  yr = a(k1)
                  yi = -a(k1 + 1)
                  a(j1) = yr
                  a(j1 + 1) = yi
                  a(k1) = xr
                  a(k1 + 1) = xi
                  j1 = j1 - nm
                  k1 = k1 - 2 * nm
                  xr = a(j1)
                  xi = -a(j1 + 1)
                  yr = a(k1)
                  yi = -a(k1 + 1)
                  a(j1) = yr
                  a(j1 + 1) = yi
                  a(k1) = xr
                  a(k1 + 1) = xi
                  j1 = j1 - nm
                  k1 = k1 + nm
                  xr = a(j1)
                  xi = -a(j1 + 1)
                  yr = a(k1)
                  yi = -a(k1 + 1)
                  a(j1) = yr
                  a(j1 + 1) = yi
                  a(k1) = xr
                  a(k1 + 1) = xi
                  j1 = j1 - nm
                  k1 = k1 - 2 * nm
                  xr = a(j1)
                  xi = -a(j1 + 1)
                  yr = a(k1)
                  yi = -a(k1 + 1)
                  a(j1) = yr
                  a(j1 + 1) = yi
                  a(k1) = xr
                  a(k1 + 1) = xi
                  j1 = j1 + 2
                  k1 = k1 + nh
                  xr = a(j1)
                  xi = -a(j1 + 1)
                  yr = a(k1)
                  yi = -a(k1 + 1)
                  a(j1) = yr
                  a(j1 + 1) = yi
                  a(k1) = xr
                  a(k1 + 1) = xi
                  j1 = j1 + nm
                  k1 = k1 + 2 * nm
                  xr = a(j1)
                  xi = -a(j1 + 1)
                  yr = a(k1)
                  yi = -a(k1 + 1)
                  a(j1) = yr
                  a(j1 + 1) = yi
                  a(k1) = xr
                  a(k1 + 1) = xi
                  j1 = j1 + nm
                  k1 = k1 - nm
                  xr = a(j1)
                  xi = -a(j1 + 1)
                  yr = a(k1)
                  yi = -a(k1 + 1)
                  a(j1) = yr
                  a(j1 + 1) = yi
                  a(k1) = xr
                  a(k1 + 1) = xi
                  j1 = j1 + nm
                  k1 = k1 + 2 * nm
                  xr = a(j1)
                  xi = -a(j1 + 1)
                  yr = a(k1)
                  yi = -a(k1 + 1)
                  a(j1) = yr
                  a(j1 + 1) = yi
                  a(k1) = xr
                  a(k1 + 1) = xi
                  j1 = j1 - nh
                  k1 = k1 - 2
                  xr = a(j1)
                  xi = -a(j1 + 1)
                  yr = a(k1)
                  yi = -a(k1 + 1)
                  a(j1) = yr
                  a(j1 + 1) = yi
                  a(k1) = xr
                  a(k1 + 1) = xi
                  j1 = j1 - nm
                  k1 = k1 - 2 * nm
                  xr = a(j1)
                  xi = -a(j1 + 1)
                  yr = a(k1)
                  yi = -a(k1 + 1)
                  a(j1) = yr
                  a(j1 + 1) = yi
                  a(k1) = xr
                  a(k1 + 1) = xi
                  j1 = j1 - nm
                  k1 = k1 + nm
                  xr = a(j1)
                  xi = -a(j1 + 1)
                  yr = a(k1)
                  yi = -a(k1 + 1)
                  a(j1) = yr
                  a(j1 + 1) = yi
                  a(k1) = xr
                  a(k1 + 1) = xi
                  j1 = j1 - nm
                  k1 = k1 - 2 * nm
                  xr = a(j1)
                  xi = -a(j1 + 1)
                  yr = a(k1)
                  yi = -a(k1 + 1)
                  a(j1) = yr
                  a(j1 + 1) = yi
                  a(k1) = xr
                  a(k1 + 1) = xi
              end do
              k1 = 4 * k + 2 * ip(m + k)
              j1 = k1 + 2
              k1 = k1 + nh
              a(j1 - 1) = -a(j1 - 1)
              xr = a(j1)
              xi = -a(j1 + 1)
              yr = a(k1)
              yi = -a(k1 + 1)
              a(j1) = yr
              a(j1 + 1) = yi
              a(k1) = xr
              a(k1 + 1) = xi
              a(k1 + 3) = -a(k1 + 3)
              j1 = j1 + nm
              k1 = k1 + 2 * nm
              xr = a(j1)
              xi = -a(j1 + 1)
              yr = a(k1)
              yi = -a(k1 + 1)
              a(j1) = yr
              a(j1 + 1) = yi
              a(k1) = xr
              a(k1 + 1) = xi
              j1 = j1 + nm
              k1 = k1 - nm
              xr = a(j1)
              xi = -a(j1 + 1)
              yr = a(k1)
              yi = -a(k1 + 1)
              a(j1) = yr
              a(j1 + 1) = yi
              a(k1) = xr
              a(k1 + 1) = xi
              j1 = j1 - 2
              k1 = k1 - nh
              xr = a(j1)
              xi = -a(j1 + 1)
              yr = a(k1)
              yi = -a(k1 + 1)
              a(j1) = yr
              a(j1 + 1) = yi
              a(k1) = xr
              a(k1 + 1) = xi
              j1 = j1 + nh + 2
              k1 = k1 + nh + 2
              xr = a(j1)
              xi = -a(j1 + 1)
              yr = a(k1)
              yi = -a(k1 + 1)
              a(j1) = yr
              a(j1 + 1) = yi
              a(k1) = xr
              a(k1 + 1) = xi
              j1 = j1 - nh + nm
              k1 = k1 + 2 * nm - 2
              a(j1 - 1) = -a(j1 - 1)
              xr = a(j1)
              xi = -a(j1 + 1)
              yr = a(k1)
              yi = -a(k1 + 1)
              a(j1) = yr
              a(j1 + 1) = yi
              a(k1) = xr
              a(k1 + 1) = xi
              a(k1 + 3) = -a(k1 + 3)
          end do
      else
          do k = 0, m - 1
              do j = 0, k - 1
                  j1 = 4 * j + ip(m + k)
                  k1 = 4 * k + ip(m + j)
                  xr = a(j1)
                  xi = -a(j1 + 1)
                  yr = a(k1)
                  yi = -a(k1 + 1)
                  a(j1) = yr
                  a(j1 + 1) = yi
                  a(k1) = xr
                  a(k1 + 1) = xi
                  j1 = j1 + nm
                  k1 = k1 + nm
                  xr = a(j1)
                  xi = -a(j1 + 1)
                  yr = a(k1)
                  yi = -a(k1 + 1)
                  a(j1) = yr
                  a(j1 + 1) = yi
                  a(k1) = xr
                  a(k1 + 1) = xi
                  j1 = j1 + nh
                  k1 = k1 + 2
                  xr = a(j1)
                  xi = -a(j1 + 1)
                  yr = a(k1)
                  yi = -a(k1 + 1)
                  a(j1) = yr
                  a(j1 + 1) = yi
                  a(k1) = xr
                  a(k1 + 1) = xi
                  j1 = j1 - nm
                  k1 = k1 - nm
                  xr = a(j1)
                  xi = -a(j1 + 1)
                  yr = a(k1)
                  yi = -a(k1 + 1)
                  a(j1) = yr
                  a(j1 + 1) = yi
                  a(k1) = xr
                  a(k1 + 1) = xi
                  j1 = j1 + 2
                  k1 = k1 + nh
                  xr = a(j1)
                  xi = -a(j1 + 1)
                  yr = a(k1)
                  yi = -a(k1 + 1)
                  a(j1) = yr
                  a(j1 + 1) = yi
                  a(k1) = xr
                  a(k1 + 1) = xi
                  j1 = j1 + nm
                  k1 = k1 + nm
                  xr = a(j1)
                  xi = -a(j1 + 1)
                  yr = a(k1)
                  yi = -a(k1 + 1)
                  a(j1) = yr
                  a(j1 + 1) = yi
                  a(k1) = xr
                  a(k1 + 1) = xi
                  j1 = j1 - nh
                  k1 = k1 - 2
                  xr = a(j1)
                  xi = -a(j1 + 1)
                  yr = a(k1)
                  yi = -a(k1 + 1)
                  a(j1) = yr
                  a(j1 + 1) = yi
                  a(k1) = xr
                  a(k1 + 1) = xi
                  j1 = j1 - nm
                  k1 = k1 - nm
                  xr = a(j1)
                  xi = -a(j1 + 1)
                  yr = a(k1)
                  yi = -a(k1 + 1)
                  a(j1) = yr
                  a(j1 + 1) = yi
                  a(k1) = xr
                  a(k1 + 1) = xi
              end do
              k1 = 4 * k + ip(m + k)
              j1 = k1 + 2
              k1 = k1 + nh
              a(j1 - 1) = -a(j1 - 1)
              xr = a(j1)
              xi = -a(j1 + 1)
              yr = a(k1)
              yi = -a(k1 + 1)
              a(j1) = yr
              a(j1 + 1) = yi
              a(k1) = xr
              a(k1 + 1) = xi
              a(k1 + 3) = -a(k1 + 3)
              j1 = j1 + nm
              k1 = k1 + nm
              a(j1 - 1) = -a(j1 - 1)
              xr = a(j1)
              xi = -a(j1 + 1)
              yr = a(k1)
              yi = -a(k1 + 1)
              a(j1) = yr
              a(j1 + 1) = yi
              a(k1) = xr
              a(k1 + 1) = xi
              a(k1 + 3) = -a(k1 + 3)
          end do
      end if
      end
!
      subroutine bitrv216(a)
      real*8 a(0 : 31), x1r, x1i, x2r, x2i, x3r, x3i, x4r, x4i
      real*8 x5r, x5i, x7r, x7i, x8r, x8i, x10r, x10i
      real*8 x11r, x11i, x12r, x12i, x13r, x13i, x14r, x14i
      x1r = a(2)
      x1i = a(3)
      x2r = a(4)
      x2i = a(5)
      x3r = a(6)
      x3i = a(7)
      x4r = a(8)
      x4i = a(9)
      x5r = a(10)
      x5i = a(11)
      x7r = a(14)
      x7i = a(15)
      x8r = a(16)
      x8i = a(17)
      x10r = a(20)
      x10i = a(21)
      x11r = a(22)
      x11i = a(23)
      x12r = a(24)
      x12i = a(25)
      x13r = a(26)
      x13i = a(27)
      x14r = a(28)
      x14i = a(29)
      a(2) = x8r
      a(3) = x8i
      a(4) = x4r
      a(5) = x4i
      a(6) = x12r
      a(7) = x12i
      a(8) = x2r
      a(9) = x2i
      a(10) = x10r
      a(11) = x10i
      a(14) = x14r
      a(15) = x14i
      a(16) = x1r
      a(17) = x1i
      a(20) = x5r
      a(21) = x5i
      a(22) = x13r
      a(23) = x13i
      a(24) = x3r
      a(25) = x3i
      a(26) = x11r
      a(27) = x11i
      a(28) = x7r
      a(29) = x7i
      end
!
      subroutine bitrv216neg(a)
      real*8 a(0 : 31), x1r, x1i, x2r, x2i, x3r, x3i, x4r, x4i
      real*8 x5r, x5i, x6r, x6i, x7r, x7i, x8r, x8i
      real*8 x9r, x9i, x10r, x10i, x11r, x11i, x12r, x12i
      real*8 x13r, x13i, x14r, x14i, x15r, x15i
      x1r = a(2)
      x1i = a(3)
      x2r = a(4)
      x2i = a(5)
      x3r = a(6)
      x3i = a(7)
      x4r = a(8)
      x4i = a(9)
      x5r = a(10)
      x5i = a(11)
      x6r = a(12)
      x6i = a(13)
      x7r = a(14)
      x7i = a(15)
      x8r = a(16)
      x8i = a(17)
      x9r = a(18)
      x9i = a(19)
      x10r = a(20)
      x10i = a(21)
      x11r = a(22)
      x11i = a(23)
      x12r = a(24)
      x12i = a(25)
      x13r = a(26)
      x13i = a(27)
      x14r = a(28)
      x14i = a(29)
      x15r = a(30)
      x15i = a(31)
      a(2) = x15r
      a(3) = x15i
      a(4) = x7r
      a(5) = x7i
      a(6) = x11r
      a(7) = x11i
      a(8) = x3r
      a(9) = x3i
      a(10) = x13r
      a(11) = x13i
      a(12) = x5r
      a(13) = x5i
      a(14) = x9r
      a(15) = x9i
      a(16) = x1r
      a(17) = x1i
      a(18) = x14r
      a(19) = x14i
      a(20) = x6r
      a(21) = x6i
      a(22) = x10r
      a(23) = x10i
      a(24) = x2r
      a(25) = x2i
      a(26) = x12r
      a(27) = x12i
      a(28) = x4r
      a(29) = x4i
      a(30) = x8r
      a(31) = x8i
      end
!
      subroutine bitrv208(a)
      real*8 a(0 : 15), x1r, x1i, x3r, x3i, x4r, x4i, x6r, x6i
      x1r = a(2)
      x1i = a(3)
      x3r = a(6)
      x3i = a(7)
      x4r = a(8)
      x4i = a(9)
      x6r = a(12)
      x6i = a(13)
      a(2) = x4r
      a(3) = x4i
      a(6) = x6r
      a(7) = x6i
      a(8) = x1r
      a(9) = x1i
      a(12) = x3r
      a(13) = x3i
      end
!
      subroutine bitrv208neg(a)
      real*8 a(0 : 15), x1r, x1i, x2r, x2i, x3r, x3i, x4r, x4i
      real*8 x5r, x5i, x6r, x6i, x7r, x7i
      x1r = a(2)
      x1i = a(3)
      x2r = a(4)
      x2i = a(5)
      x3r = a(6)
      x3i = a(7)
      x4r = a(8)
      x4i = a(9)
      x5r = a(10)
      x5i = a(11)
      x6r = a(12)
      x6i = a(13)
      x7r = a(14)
      x7i = a(15)
      a(2) = x7r
      a(3) = x7i
      a(4) = x3r
      a(5) = x3i
      a(6) = x5r
      a(7) = x5i
      a(8) = x1r
      a(9) = x1i
      a(10) = x6r
      a(11) = x6i
      a(12) = x2r
      a(13) = x2i
      a(14) = x4r
      a(15) = x4i
      end
!
      subroutine cftf1st(n, a, w)
      integer n, j, j0, j1, j2, j3, k, m, mh
      real*8 a(0 : n - 1), w(0 : *)
      real*8 wn4r, csc1, csc3, wk1r, wk1i, wk3r, wk3i
      real*8 wd1r, wd1i, wd3r, wd3i
      real*8 x0r, x0i, x1r, x1i, x2r, x2i, x3r, x3i
      real*8 y0r, y0i, y1r, y1i, y2r, y2i, y3r, y3i
      mh = n / 8
      m = 2 * mh
      j1 = m
      j2 = j1 + m
      j3 = j2 + m
      x0r = a(0) + a(j2)
      x0i = a(1) + a(j2 + 1)
      x1r = a(0) - a(j2)
      x1i = a(1) - a(j2 + 1)
      x2r = a(j1) + a(j3)
      x2i = a(j1 + 1) + a(j3 + 1)
      x3r = a(j1) - a(j3)
      x3i = a(j1 + 1) - a(j3 + 1)
      a(0) = x0r + x2r
      a(1) = x0i + x2i
      a(j1) = x0r - x2r
      a(j1 + 1) = x0i - x2i
      a(j2) = x1r - x3i
      a(j2 + 1) = x1i + x3r
      a(j3) = x1r + x3i
      a(j3 + 1) = x1i - x3r
      wn4r = w(1)
      csc1 = w(2)
      csc3 = w(3)
      wd1r = 1
      wd1i = 0
      wd3r = 1
      wd3i = 0
      k = 0
      do j = 2, mh - 6, 4
          k = k + 4
          wk1r = csc1 * (wd1r + w(k))
          wk1i = csc1 * (wd1i + w(k + 1))
          wk3r = csc3 * (wd3r + w(k + 2))
          wk3i = csc3 * (wd3i + w(k + 3))
          wd1r = w(k)
          wd1i = w(k + 1)
          wd3r = w(k + 2)
          wd3i = w(k + 3)
          j1 = j + m
          j2 = j1 + m
          j3 = j2 + m
          x0r = a(j) + a(j2)
          x0i = a(j + 1) + a(j2 + 1)
          x1r = a(j) - a(j2)
          x1i = a(j + 1) - a(j2 + 1)
          y0r = a(j + 2) + a(j2 + 2)
          y0i = a(j + 3) + a(j2 + 3)
          y1r = a(j + 2) - a(j2 + 2)
          y1i = a(j + 3) - a(j2 + 3)
          x2r = a(j1) + a(j3)
          x2i = a(j1 + 1) + a(j3 + 1)
          x3r = a(j1) - a(j3)
          x3i = a(j1 + 1) - a(j3 + 1)
          y2r = a(j1 + 2) + a(j3 + 2)
          y2i = a(j1 + 3) + a(j3 + 3)
          y3r = a(j1 + 2) - a(j3 + 2)
          y3i = a(j1 + 3) - a(j3 + 3)
          a(j) = x0r + x2r
          a(j + 1) = x0i + x2i
          a(j + 2) = y0r + y2r
          a(j + 3) = y0i + y2i
          a(j1) = x0r - x2r
          a(j1 + 1) = x0i - x2i
          a(j1 + 2) = y0r - y2r
          a(j1 + 3) = y0i - y2i
          x0r = x1r - x3i
          x0i = x1i + x3r
          a(j2) = wk1r * x0r - wk1i * x0i
          a(j2 + 1) = wk1r * x0i + wk1i * x0r
          x0r = y1r - y3i
          x0i = y1i + y3r
          a(j2 + 2) = wd1r * x0r - wd1i * x0i
          a(j2 + 3) = wd1r * x0i + wd1i * x0r
          x0r = x1r + x3i
          x0i = x1i - x3r
          a(j3) = wk3r * x0r + wk3i * x0i
          a(j3 + 1) = wk3r * x0i - wk3i * x0r
          x0r = y1r + y3i
          x0i = y1i - y3r
          a(j3 + 2) = wd3r * x0r + wd3i * x0i
          a(j3 + 3) = wd3r * x0i - wd3i * x0r
          j0 = m - j
          j1 = j0 + m
          j2 = j1 + m
          j3 = j2 + m
          x0r = a(j0) + a(j2)
          x0i = a(j0 + 1) + a(j2 + 1)
          x1r = a(j0) - a(j2)
          x1i = a(j0 + 1) - a(j2 + 1)
          y0r = a(j0 - 2) + a(j2 - 2)
          y0i = a(j0 - 1) + a(j2 - 1)
          y1r = a(j0 - 2) - a(j2 - 2)
          y1i = a(j0 - 1) - a(j2 - 1)
          x2r = a(j1) + a(j3)
          x2i = a(j1 + 1) + a(j3 + 1)
          x3r = a(j1) - a(j3)
          x3i = a(j1 + 1) - a(j3 + 1)
          y2r = a(j1 - 2) + a(j3 - 2)
          y2i = a(j1 - 1) + a(j3 - 1)
          y3r = a(j1 - 2) - a(j3 - 2)
          y3i = a(j1 - 1) - a(j3 - 1)
          a(j0) = x0r + x2r
          a(j0 + 1) = x0i + x2i
          a(j0 - 2) = y0r + y2r
          a(j0 - 1) = y0i + y2i
          a(j1) = x0r - x2r
          a(j1 + 1) = x0i - x2i
          a(j1 - 2) = y0r - y2r
          a(j1 - 1) = y0i - y2i
          x0r = x1r - x3i
          x0i = x1i + x3r
          a(j2) = wk1i * x0r - wk1r * x0i
          a(j2 + 1) = wk1i * x0i + wk1r * x0r
          x0r = y1r - y3i
          x0i = y1i + y3r
          a(j2 - 2) = wd1i * x0r - wd1r * x0i
          a(j2 - 1) = wd1i * x0i + wd1r * x0r
          x0r = x1r + x3i
          x0i = x1i - x3r
          a(j3) = wk3i * x0r + wk3r * x0i
          a(j3 + 1) = wk3i * x0i - wk3r * x0r
          x0r = y1r + y3i
          x0i = y1i - y3r
          a(j3 - 2) = wd3i * x0r + wd3r * x0i
          a(j3 - 1) = wd3i * x0i - wd3r * x0r
      end do
      wk1r = csc1 * (wd1r + wn4r)
      wk1i = csc1 * (wd1i + wn4r)
      wk3r = csc3 * (wd3r - wn4r)
      wk3i = csc3 * (wd3i - wn4r)
      j0 = mh
      j1 = j0 + m
      j2 = j1 + m
      j3 = j2 + m
      x0r = a(j0 - 2) + a(j2 - 2)
      x0i = a(j0 - 1) + a(j2 - 1)
      x1r = a(j0 - 2) - a(j2 - 2)
      x1i = a(j0 - 1) - a(j2 - 1)
      x2r = a(j1 - 2) + a(j3 - 2)
      x2i = a(j1 - 1) + a(j3 - 1)
      x3r = a(j1 - 2) - a(j3 - 2)
      x3i = a(j1 - 1) - a(j3 - 1)
      a(j0 - 2) = x0r + x2r
      a(j0 - 1) = x0i + x2i
      a(j1 - 2) = x0r - x2r
      a(j1 - 1) = x0i - x2i
      x0r = x1r - x3i
      x0i = x1i + x3r
      a(j2 - 2) = wk1r * x0r - wk1i * x0i
      a(j2 - 1) = wk1r * x0i + wk1i * x0r
      x0r = x1r + x3i
      x0i = x1i - x3r
      a(j3 - 2) = wk3r * x0r + wk3i * x0i
      a(j3 - 1) = wk3r * x0i - wk3i * x0r
      x0r = a(j0) + a(j2)
      x0i = a(j0 + 1) + a(j2 + 1)
      x1r = a(j0) - a(j2)
      x1i = a(j0 + 1) - a(j2 + 1)
      x2r = a(j1) + a(j3)
      x2i = a(j1 + 1) + a(j3 + 1)
      x3r = a(j1) - a(j3)
      x3i = a(j1 + 1) - a(j3 + 1)
      a(j0) = x0r + x2r
      a(j0 + 1) = x0i + x2i
      a(j1) = x0r - x2r
      a(j1 + 1) = x0i - x2i
      x0r = x1r - x3i
      x0i = x1i + x3r
      a(j2) = wn4r * (x0r - x0i)
      a(j2 + 1) = wn4r * (x0i + x0r)
      x0r = x1r + x3i
      x0i = x1i - x3r
      a(j3) = -wn4r * (x0r + x0i)
      a(j3 + 1) = -wn4r * (x0i - x0r)
      x0r = a(j0 + 2) + a(j2 + 2)
      x0i = a(j0 + 3) + a(j2 + 3)
      x1r = a(j0 + 2) - a(j2 + 2)
      x1i = a(j0 + 3) - a(j2 + 3)
      x2r = a(j1 + 2) + a(j3 + 2)
      x2i = a(j1 + 3) + a(j3 + 3)
      x3r = a(j1 + 2) - a(j3 + 2)
      x3i = a(j1 + 3) - a(j3 + 3)
      a(j0 + 2) = x0r + x2r
      a(j0 + 3) = x0i + x2i
      a(j1 + 2) = x0r - x2r
      a(j1 + 3) = x0i - x2i
      x0r = x1r - x3i
      x0i = x1i + x3r
      a(j2 + 2) = wk1i * x0r - wk1r * x0i
      a(j2 + 3) = wk1i * x0i + wk1r * x0r
      x0r = x1r + x3i
      x0i = x1i - x3r
      a(j3 + 2) = wk3i * x0r + wk3r * x0i
      a(j3 + 3) = wk3i * x0i - wk3r * x0r
      end
!
      subroutine cftb1st(n, a, w)
      integer n, j, j0, j1, j2, j3, k, m, mh
      real*8 a(0 : n - 1), w(0 : *)
      real*8 wn4r, csc1, csc3, wk1r, wk1i, wk3r, wk3i
      real*8 wd1r, wd1i, wd3r, wd3i
      real*8 x0r, x0i, x1r, x1i, x2r, x2i, x3r, x3i
      real*8 y0r, y0i, y1r, y1i, y2r, y2i, y3r, y3i
      mh = n / 8
      m = 2 * mh
      j1 = m
      j2 = j1 + m
      j3 = j2 + m
      x0r = a(0) + a(j2)
      x0i = -a(1) - a(j2 + 1)
      x1r = a(0) - a(j2)
      x1i = -a(1) + a(j2 + 1)
      x2r = a(j1) + a(j3)
      x2i = a(j1 + 1) + a(j3 + 1)
      x3r = a(j1) - a(j3)
      x3i = a(j1 + 1) - a(j3 + 1)
      a(0) = x0r + x2r
      a(1) = x0i - x2i
      a(j1) = x0r - x2r
      a(j1 + 1) = x0i + x2i
      a(j2) = x1r + x3i
      a(j2 + 1) = x1i + x3r
      a(j3) = x1r - x3i
      a(j3 + 1) = x1i - x3r
      wn4r = w(1)
      csc1 = w(2)
      csc3 = w(3)
      wd1r = 1
      wd1i = 0
      wd3r = 1
      wd3i = 0
      k = 0
      do j = 2, mh - 6, 4
          k = k + 4
          wk1r = csc1 * (wd1r + w(k))
          wk1i = csc1 * (wd1i + w(k + 1))
          wk3r = csc3 * (wd3r + w(k + 2))
          wk3i = csc3 * (wd3i + w(k + 3))
          wd1r = w(k)
          wd1i = w(k + 1)
          wd3r = w(k + 2)
          wd3i = w(k + 3)
          j1 = j + m
          j2 = j1 + m
          j3 = j2 + m
          x0r = a(j) + a(j2)
          x0i = -a(j + 1) - a(j2 + 1)
          x1r = a(j) - a(j2)
          x1i = -a(j + 1) + a(j2 + 1)
          y0r = a(j + 2) + a(j2 + 2)
          y0i = -a(j + 3) - a(j2 + 3)
          y1r = a(j + 2) - a(j2 + 2)
          y1i = -a(j + 3) + a(j2 + 3)
          x2r = a(j1) + a(j3)
          x2i = a(j1 + 1) + a(j3 + 1)
          x3r = a(j1) - a(j3)
          x3i = a(j1 + 1) - a(j3 + 1)
          y2r = a(j1 + 2) + a(j3 + 2)
          y2i = a(j1 + 3) + a(j3 + 3)
          y3r = a(j1 + 2) - a(j3 + 2)
          y3i = a(j1 + 3) - a(j3 + 3)
          a(j) = x0r + x2r
          a(j + 1) = x0i - x2i
          a(j + 2) = y0r + y2r
          a(j + 3) = y0i - y2i
          a(j1) = x0r - x2r
          a(j1 + 1) = x0i + x2i
          a(j1 + 2) = y0r - y2r
          a(j1 + 3) = y0i + y2i
          x0r = x1r + x3i
          x0i = x1i + x3r
          a(j2) = wk1r * x0r - wk1i * x0i
          a(j2 + 1) = wk1r * x0i + wk1i * x0r
          x0r = y1r + y3i
          x0i = y1i + y3r
          a(j2 + 2) = wd1r * x0r - wd1i * x0i
          a(j2 + 3) = wd1r * x0i + wd1i * x0r
          x0r = x1r - x3i
          x0i = x1i - x3r
          a(j3) = wk3r * x0r + wk3i * x0i
          a(j3 + 1) = wk3r * x0i - wk3i * x0r
          x0r = y1r - y3i
          x0i = y1i - y3r
          a(j3 + 2) = wd3r * x0r + wd3i * x0i
          a(j3 + 3) = wd3r * x0i - wd3i * x0r
          j0 = m - j
          j1 = j0 + m
          j2 = j1 + m
          j3 = j2 + m
          x0r = a(j0) + a(j2)
          x0i = -a(j0 + 1) - a(j2 + 1)
          x1r = a(j0) - a(j2)
          x1i = -a(j0 + 1) + a(j2 + 1)
          y0r = a(j0 - 2) + a(j2 - 2)
          y0i = -a(j0 - 1) - a(j2 - 1)
          y1r = a(j0 - 2) - a(j2 - 2)
          y1i = -a(j0 - 1) + a(j2 - 1)
          x2r = a(j1) + a(j3)
          x2i = a(j1 + 1) + a(j3 + 1)
          x3r = a(j1) - a(j3)
          x3i = a(j1 + 1) - a(j3 + 1)
          y2r = a(j1 - 2) + a(j3 - 2)
          y2i = a(j1 - 1) + a(j3 - 1)
          y3r = a(j1 - 2) - a(j3 - 2)
          y3i = a(j1 - 1) - a(j3 - 1)
          a(j0) = x0r + x2r
          a(j0 + 1) = x0i - x2i
          a(j0 - 2) = y0r + y2r
          a(j0 - 1) = y0i - y2i
          a(j1) = x0r - x2r
          a(j1 + 1) = x0i + x2i
          a(j1 - 2) = y0r - y2r
          a(j1 - 1) = y0i + y2i
          x0r = x1r + x3i
          x0i = x1i + x3r
          a(j2) = wk1i * x0r - wk1r * x0i
          a(j2 + 1) = wk1i * x0i + wk1r * x0r
          x0r = y1r + y3i
          x0i = y1i + y3r
          a(j2 - 2) = wd1i * x0r - wd1r * x0i
          a(j2 - 1) = wd1i * x0i + wd1r * x0r
          x0r = x1r - x3i
          x0i = x1i - x3r
          a(j3) = wk3i * x0r + wk3r * x0i
          a(j3 + 1) = wk3i * x0i - wk3r * x0r
          x0r = y1r - y3i
          x0i = y1i - y3r
          a(j3 - 2) = wd3i * x0r + wd3r * x0i
          a(j3 - 1) = wd3i * x0i - wd3r * x0r
      end do
      wk1r = csc1 * (wd1r + wn4r)
      wk1i = csc1 * (wd1i + wn4r)
      wk3r = csc3 * (wd3r - wn4r)
      wk3i = csc3 * (wd3i - wn4r)
      j0 = mh
      j1 = j0 + m
      j2 = j1 + m
      j3 = j2 + m
      x0r = a(j0 - 2) + a(j2 - 2)
      x0i = -a(j0 - 1) - a(j2 - 1)
      x1r = a(j0 - 2) - a(j2 - 2)
      x1i = -a(j0 - 1) + a(j2 - 1)
      x2r = a(j1 - 2) + a(j3 - 2)
      x2i = a(j1 - 1) + a(j3 - 1)
      x3r = a(j1 - 2) - a(j3 - 2)
      x3i = a(j1 - 1) - a(j3 - 1)
      a(j0 - 2) = x0r + x2r
      a(j0 - 1) = x0i - x2i
      a(j1 - 2) = x0r - x2r
      a(j1 - 1) = x0i + x2i
      x0r = x1r + x3i
      x0i = x1i + x3r
      a(j2 - 2) = wk1r * x0r - wk1i * x0i
      a(j2 - 1) = wk1r * x0i + wk1i * x0r
      x0r = x1r - x3i
      x0i = x1i - x3r
      a(j3 - 2) = wk3r * x0r + wk3i * x0i
      a(j3 - 1) = wk3r * x0i - wk3i * x0r
      x0r = a(j0) + a(j2)
      x0i = -a(j0 + 1) - a(j2 + 1)
      x1r = a(j0) - a(j2)
      x1i = -a(j0 + 1) + a(j2 + 1)
      x2r = a(j1) + a(j3)
      x2i = a(j1 + 1) + a(j3 + 1)
      x3r = a(j1) - a(j3)
      x3i = a(j1 + 1) - a(j3 + 1)
      a(j0) = x0r + x2r
      a(j0 + 1) = x0i - x2i
      a(j1) = x0r - x2r
      a(j1 + 1) = x0i + x2i
      x0r = x1r + x3i
      x0i = x1i + x3r
      a(j2) = wn4r * (x0r - x0i)
      a(j2 + 1) = wn4r * (x0i + x0r)
      x0r = x1r - x3i
      x0i = x1i - x3r
      a(j3) = -wn4r * (x0r + x0i)
      a(j3 + 1) = -wn4r * (x0i - x0r)
      x0r = a(j0 + 2) + a(j2 + 2)
      x0i = -a(j0 + 3) - a(j2 + 3)
      x1r = a(j0 + 2) - a(j2 + 2)
      x1i = -a(j0 + 3) + a(j2 + 3)
      x2r = a(j1 + 2) + a(j3 + 2)
      x2i = a(j1 + 3) + a(j3 + 3)
      x3r = a(j1 + 2) - a(j3 + 2)
      x3i = a(j1 + 3) - a(j3 + 3)
      a(j0 + 2) = x0r + x2r
      a(j0 + 3) = x0i - x2i
      a(j1 + 2) = x0r - x2r
      a(j1 + 3) = x0i + x2i
      x0r = x1r + x3i
      x0i = x1i + x3r
      a(j2 + 2) = wk1i * x0r - wk1r * x0i
      a(j2 + 3) = wk1i * x0i + wk1r * x0r
      x0r = x1r - x3i
      x0i = x1i - x3r
      a(j3 + 2) = wk3i * x0r + wk3r * x0i
      a(j3 + 3) = wk3i * x0i - wk3r * x0r
      end
!
      subroutine cftrec4(n, a, nw, w)
      integer n, nw, cfttree, isplt, j, k, m
      real*8 a(0 : n - 1), w(0 : nw - 1)
      m = n
      do while (m .gt. 512)
          m = m / 4
          call cftmdl1(m, a(n - m), w(nw - m / 2))
      end do
      call cftleaf(m, 1, a(n - m), nw, w)
      k = 0
      do j = n - m, m, -m
          k = k + 1
          isplt = cfttree(m, j, k, a, nw, w)
          call cftleaf(m, isplt, a(j - m), nw, w)
      end do
      end
!
      integer function cfttree(n, j, k, a, nw, w)
      integer n, j, k, nw, i, isplt, m
      real*8 a(0 : j - 1), w(0 : nw - 1)
      if (mod(k, 4) .ne. 0) then
          isplt = mod(k, 2)
          if (isplt .ne. 0) then
              call cftmdl1(n, a(j - n), w(nw - n / 2))
          else
              call cftmdl2(n, a(j - n), w(nw - n))
          end if
      else
          m = n
          i = k
          do while (mod(i, 4) .eq. 0)
              m = m * 4
              i = i / 4
          end do
          isplt = mod(i, 2)
          if (isplt .ne. 0) then
              do while (m .gt. 128)
                  call cftmdl1(m, a(j - m), w(nw - m / 2))
                  m = m / 4
              end do
          else
              do while (m .gt. 128)
                  call cftmdl2(m, a(j - m), w(nw - m))
                  m = m / 4
              end do
          end if
      end if
      cfttree = isplt
      end
!
      subroutine cftleaf(n, isplt, a, nw, w)
      integer n, isplt, nw
      real*8 a(0 : n - 1), w(0 : nw - 1)
      if (n .eq. 512) then
          call cftmdl1(128, a, w(nw - 64))
          call cftf161(a, w(nw - 8))
          call cftf162(a(32), w(nw - 32))
          call cftf161(a(64), w(nw - 8))
          call cftf161(a(96), w(nw - 8))
          call cftmdl2(128, a(128), w(nw - 128))
          call cftf161(a(128), w(nw - 8))
          call cftf162(a(160), w(nw - 32))
          call cftf161(a(192), w(nw - 8))
          call cftf162(a(224), w(nw - 32))
          call cftmdl1(128, a(256), w(nw - 64))
          call cftf161(a(256), w(nw - 8))
          call cftf162(a(288), w(nw - 32))
          call cftf161(a(320), w(nw - 8))
          call cftf161(a(352), w(nw - 8))
          if (isplt .ne. 0) then
              call cftmdl1(128, a(384), w(nw - 64))
              call cftf161(a(480), w(nw - 8))
          else
              call cftmdl2(128, a(384), w(nw - 128))
              call cftf162(a(480), w(nw - 32))
          end if
          call cftf161(a(384), w(nw - 8))
          call cftf162(a(416), w(nw - 32))
          call cftf161(a(448), w(nw - 8))
      else
          call cftmdl1(64, a, w(nw - 32))
          call cftf081(a, w(nw - 8))
          call cftf082(a(16), w(nw - 8))
          call cftf081(a(32), w(nw - 8))
          call cftf081(a(48), w(nw - 8))
          call cftmdl2(64, a(64), w(nw - 64))
          call cftf081(a(64), w(nw - 8))
          call cftf082(a(80), w(nw - 8))
          call cftf081(a(96), w(nw - 8))
          call cftf082(a(112), w(nw - 8))
          call cftmdl1(64, a(128), w(nw - 32))
          call cftf081(a(128), w(nw - 8))
          call cftf082(a(144), w(nw - 8))
          call cftf081(a(160), w(nw - 8))
          call cftf081(a(176), w(nw - 8))
          if (isplt .ne. 0) then
              call cftmdl1(64, a(192), w(nw - 32))
              call cftf081(a(240), w(nw - 8))
          else
              call cftmdl2(64, a(192), w(nw - 64))
              call cftf082(a(240), w(nw - 8))
          end if
          call cftf081(a(192), w(nw - 8))
          call cftf082(a(208), w(nw - 8))
          call cftf081(a(224), w(nw - 8))
      end if
      end
!
      subroutine cftmdl1(n, a, w)
      integer n, j, j0, j1, j2, j3, k, m, mh
      real*8 a(0 : n - 1), w(0 : *)
      real*8 wn4r, wk1r, wk1i, wk3r, wk3i
      real*8 x0r, x0i, x1r, x1i, x2r, x2i, x3r, x3i
      mh = n / 8
      m = 2 * mh
      j1 = m
      j2 = j1 + m
      j3 = j2 + m
      x0r = a(0) + a(j2)
      x0i = a(1) + a(j2 + 1)
      x1r = a(0) - a(j2)
      x1i = a(1) - a(j2 + 1)
      x2r = a(j1) + a(j3)
      x2i = a(j1 + 1) + a(j3 + 1)
      x3r = a(j1) - a(j3)
      x3i = a(j1 + 1) - a(j3 + 1)
      a(0) = x0r + x2r
      a(1) = x0i + x2i
      a(j1) = x0r - x2r
      a(j1 + 1) = x0i - x2i
      a(j2) = x1r - x3i
      a(j2 + 1) = x1i + x3r
      a(j3) = x1r + x3i
      a(j3 + 1) = x1i - x3r
      wn4r = w(1)
      k = 0
      do j = 2, mh - 2, 2
          k = k + 4
          wk1r = w(k)
          wk1i = w(k + 1)
          wk3r = w(k + 2)
          wk3i = w(k + 3)
          j1 = j + m
          j2 = j1 + m
          j3 = j2 + m
          x0r = a(j) + a(j2)
          x0i = a(j + 1) + a(j2 + 1)
          x1r = a(j) - a(j2)
          x1i = a(j + 1) - a(j2 + 1)
          x2r = a(j1) + a(j3)
          x2i = a(j1 + 1) + a(j3 + 1)
          x3r = a(j1) - a(j3)
          x3i = a(j1 + 1) - a(j3 + 1)
          a(j) = x0r + x2r
          a(j + 1) = x0i + x2i
          a(j1) = x0r - x2r
          a(j1 + 1) = x0i - x2i
          x0r = x1r - x3i
          x0i = x1i + x3r
          a(j2) = wk1r * x0r - wk1i * x0i
          a(j2 + 1) = wk1r * x0i + wk1i * x0r
          x0r = x1r + x3i
          x0i = x1i - x3r
          a(j3) = wk3r * x0r + wk3i * x0i
          a(j3 + 1) = wk3r * x0i - wk3i * x0r
          j0 = m - j
          j1 = j0 + m
          j2 = j1 + m
          j3 = j2 + m
          x0r = a(j0) + a(j2)
          x0i = a(j0 + 1) + a(j2 + 1)
          x1r = a(j0) - a(j2)
          x1i = a(j0 + 1) - a(j2 + 1)
          x2r = a(j1) + a(j3)
          x2i = a(j1 + 1) + a(j3 + 1)
          x3r = a(j1) - a(j3)
          x3i = a(j1 + 1) - a(j3 + 1)
          a(j0) = x0r + x2r
          a(j0 + 1) = x0i + x2i
          a(j1) = x0r - x2r
          a(j1 + 1) = x0i - x2i
          x0r = x1r - x3i
          x0i = x1i + x3r
          a(j2) = wk1i * x0r - wk1r * x0i
          a(j2 + 1) = wk1i * x0i + wk1r * x0r
          x0r = x1r + x3i
          x0i = x1i - x3r
          a(j3) = wk3i * x0r + wk3r * x0i
          a(j3 + 1) = wk3i * x0i - wk3r * x0r
      end do
      j0 = mh
      j1 = j0 + m
      j2 = j1 + m
      j3 = j2 + m
      x0r = a(j0) + a(j2)
      x0i = a(j0 + 1) + a(j2 + 1)
      x1r = a(j0) - a(j2)
      x1i = a(j0 + 1) - a(j2 + 1)
      x2r = a(j1) + a(j3)
      x2i = a(j1 + 1) + a(j3 + 1)
      x3r = a(j1) - a(j3)
      x3i = a(j1 + 1) - a(j3 + 1)
      a(j0) = x0r + x2r
      a(j0 + 1) = x0i + x2i
      a(j1) = x0r - x2r
      a(j1 + 1) = x0i - x2i
      x0r = x1r - x3i
      x0i = x1i + x3r
      a(j2) = wn4r * (x0r - x0i)
      a(j2 + 1) = wn4r * (x0i + x0r)
      x0r = x1r + x3i
      x0i = x1i - x3r
      a(j3) = -wn4r * (x0r + x0i)
      a(j3 + 1) = -wn4r * (x0i - x0r)
      end
!
      subroutine cftmdl2(n, a, w)
      integer n, j, j0, j1, j2, j3, k, kr, m, mh
      real*8 a(0 : n - 1), w(0 : *)
      real*8 wn4r, wk1r, wk1i, wk3r, wk3i, wd1r, wd1i, wd3r, wd3i
      real*8 x0r, x0i, x1r, x1i, x2r, x2i, x3r, x3i
      real*8 y0r, y0i, y2r, y2i
      mh = n / 8
      m = 2 * mh
      wn4r = w(1)
      j1 = m
      j2 = j1 + m
      j3 = j2 + m
      x0r = a(0) - a(j2 + 1)
      x0i = a(1) + a(j2)
      x1r = a(0) + a(j2 + 1)
      x1i = a(1) - a(j2)
      x2r = a(j1) - a(j3 + 1)
      x2i = a(j1 + 1) + a(j3)
      x3r = a(j1) + a(j3 + 1)
      x3i = a(j1 + 1) - a(j3)
      y0r = wn4r * (x2r - x2i)
      y0i = wn4r * (x2i + x2r)
      a(0) = x0r + y0r
      a(1) = x0i + y0i
      a(j1) = x0r - y0r
      a(j1 + 1) = x0i - y0i
      y0r = wn4r * (x3r - x3i)
      y0i = wn4r * (x3i + x3r)
      a(j2) = x1r - y0i
      a(j2 + 1) = x1i + y0r
      a(j3) = x1r + y0i
      a(j3 + 1) = x1i - y0r
      k = 0
      kr = 2 * m
      do j = 2, mh - 2, 2
          k = k + 4
          wk1r = w(k)
          wk1i = w(k + 1)
          wk3r = w(k + 2)
          wk3i = w(k + 3)
          kr = kr - 4
          wd1i = w(kr)
          wd1r = w(kr + 1)
          wd3i = w(kr + 2)
          wd3r = w(kr + 3)
          j1 = j + m
          j2 = j1 + m
          j3 = j2 + m
          x0r = a(j) - a(j2 + 1)
          x0i = a(j + 1) + a(j2)
          x1r = a(j) + a(j2 + 1)
          x1i = a(j + 1) - a(j2)
          x2r = a(j1) - a(j3 + 1)
          x2i = a(j1 + 1) + a(j3)
          x3r = a(j1) + a(j3 + 1)
          x3i = a(j1 + 1) - a(j3)
          y0r = wk1r * x0r - wk1i * x0i
          y0i = wk1r * x0i + wk1i * x0r
          y2r = wd1r * x2r - wd1i * x2i
          y2i = wd1r * x2i + wd1i * x2r
          a(j) = y0r + y2r
          a(j + 1) = y0i + y2i
          a(j1) = y0r - y2r
          a(j1 + 1) = y0i - y2i
          y0r = wk3r * x1r + wk3i * x1i
          y0i = wk3r * x1i - wk3i * x1r
          y2r = wd3r * x3r + wd3i * x3i
          y2i = wd3r * x3i - wd3i * x3r
          a(j2) = y0r + y2r
          a(j2 + 1) = y0i + y2i
          a(j3) = y0r - y2r
          a(j3 + 1) = y0i - y2i
          j0 = m - j
          j1 = j0 + m
          j2 = j1 + m
          j3 = j2 + m
          x0r = a(j0) - a(j2 + 1)
          x0i = a(j0 + 1) + a(j2)
          x1r = a(j0) + a(j2 + 1)
          x1i = a(j0 + 1) - a(j2)
          x2r = a(j1) - a(j3 + 1)
          x2i = a(j1 + 1) + a(j3)
          x3r = a(j1) + a(j3 + 1)
          x3i = a(j1 + 1) - a(j3)
          y0r = wd1i * x0r - wd1r * x0i
          y0i = wd1i * x0i + wd1r * x0r
          y2r = wk1i * x2r - wk1r * x2i
          y2i = wk1i * x2i + wk1r * x2r
          a(j0) = y0r + y2r
          a(j0 + 1) = y0i + y2i
          a(j1) = y0r - y2r
          a(j1 + 1) = y0i - y2i
          y0r = wd3i * x1r + wd3r * x1i
          y0i = wd3i * x1i - wd3r * x1r
          y2r = wk3i * x3r + wk3r * x3i
          y2i = wk3i * x3i - wk3r * x3r
          a(j2) = y0r + y2r
          a(j2 + 1) = y0i + y2i
          a(j3) = y0r - y2r
          a(j3 + 1) = y0i - y2i
      end do
      wk1r = w(m)
      wk1i = w(m + 1)
      j0 = mh
      j1 = j0 + m
      j2 = j1 + m
      j3 = j2 + m
      x0r = a(j0) - a(j2 + 1)
      x0i = a(j0 + 1) + a(j2)
      x1r = a(j0) + a(j2 + 1)
      x1i = a(j0 + 1) - a(j2)
      x2r = a(j1) - a(j3 + 1)
      x2i = a(j1 + 1) + a(j3)
      x3r = a(j1) + a(j3 + 1)
      x3i = a(j1 + 1) - a(j3)
      y0r = wk1r * x0r - wk1i * x0i
      y0i = wk1r * x0i + wk1i * x0r
      y2r = wk1i * x2r - wk1r * x2i
      y2i = wk1i * x2i + wk1r * x2r
      a(j0) = y0r + y2r
      a(j0 + 1) = y0i + y2i
      a(j1) = y0r - y2r
      a(j1 + 1) = y0i - y2i
      y0r = wk1i * x1r - wk1r * x1i
      y0i = wk1i * x1i + wk1r * x1r
      y2r = wk1r * x3r - wk1i * x3i
      y2i = wk1r * x3i + wk1i * x3r
      a(j2) = y0r - y2r
      a(j2 + 1) = y0i - y2i
      a(j3) = y0r + y2r
      a(j3 + 1) = y0i + y2i
      end
!
      subroutine cftfx41(n, a, nw, w)
      integer n, nw
      real*8 a(0 : n - 1), w(0 : nw - 1)
      if (n .eq. 128) then
          call cftf161(a, w(nw - 8))
          call cftf162(a(32), w(nw - 32))
          call cftf161(a(64), w(nw - 8))
          call cftf161(a(96), w(nw - 8))
      else
          call cftf081(a, w(nw - 8))
          call cftf082(a(16), w(nw - 8))
          call cftf081(a(32), w(nw - 8))
          call cftf081(a(48), w(nw - 8))
      end if
      end
!
      subroutine cftf161(a, w)
      real*8 a(0 : 31), w(0 : *), wn4r, wk1r, wk1i
      real*8 x0r, x0i, x1r, x1i, x2r, x2i, x3r, x3i
      real*8 y0r, y0i, y1r, y1i, y2r, y2i, y3r, y3i
      real*8 y4r, y4i, y5r, y5i, y6r, y6i, y7r, y7i
      real*8 y8r, y8i, y9r, y9i, y10r, y10i, y11r, y11i
      real*8 y12r, y12i, y13r, y13i, y14r, y14i, y15r, y15i
      wn4r = w(1)
      wk1r = w(2)
      wk1i = w(3)
      x0r = a(0) + a(16)
      x0i = a(1) + a(17)
      x1r = a(0) - a(16)
      x1i = a(1) - a(17)
      x2r = a(8) + a(24)
      x2i = a(9) + a(25)
      x3r = a(8) - a(24)
      x3i = a(9) - a(25)
      y0r = x0r + x2r
      y0i = x0i + x2i
      y4r = x0r - x2r
      y4i = x0i - x2i
      y8r = x1r - x3i
      y8i = x1i + x3r
      y12r = x1r + x3i
      y12i = x1i - x3r
      x0r = a(2) + a(18)
      x0i = a(3) + a(19)
      x1r = a(2) - a(18)
      x1i = a(3) - a(19)
      x2r = a(10) + a(26)
      x2i = a(11) + a(27)
      x3r = a(10) - a(26)
      x3i = a(11) - a(27)
      y1r = x0r + x2r
      y1i = x0i + x2i
      y5r = x0r - x2r
      y5i = x0i - x2i
      x0r = x1r - x3i
      x0i = x1i + x3r
      y9r = wk1r * x0r - wk1i * x0i
      y9i = wk1r * x0i + wk1i * x0r
      x0r = x1r + x3i
      x0i = x1i - x3r
      y13r = wk1i * x0r - wk1r * x0i
      y13i = wk1i * x0i + wk1r * x0r
      x0r = a(4) + a(20)
      x0i = a(5) + a(21)
      x1r = a(4) - a(20)
      x1i = a(5) - a(21)
      x2r = a(12) + a(28)
      x2i = a(13) + a(29)
      x3r = a(12) - a(28)
      x3i = a(13) - a(29)
      y2r = x0r + x2r
      y2i = x0i + x2i
      y6r = x0r - x2r
      y6i = x0i - x2i
      x0r = x1r - x3i
      x0i = x1i + x3r
      y10r = wn4r * (x0r - x0i)
      y10i = wn4r * (x0i + x0r)
      x0r = x1r + x3i
      x0i = x1i - x3r
      y14r = wn4r * (x0r + x0i)
      y14i = wn4r * (x0i - x0r)
      x0r = a(6) + a(22)
      x0i = a(7) + a(23)
      x1r = a(6) - a(22)
      x1i = a(7) - a(23)
      x2r = a(14) + a(30)
      x2i = a(15) + a(31)
      x3r = a(14) - a(30)
      x3i = a(15) - a(31)
      y3r = x0r + x2r
      y3i = x0i + x2i
      y7r = x0r - x2r
      y7i = x0i - x2i
      x0r = x1r - x3i
      x0i = x1i + x3r
      y11r = wk1i * x0r - wk1r * x0i
      y11i = wk1i * x0i + wk1r * x0r
      x0r = x1r + x3i
      x0i = x1i - x3r
      y15r = wk1r * x0r - wk1i * x0i
      y15i = wk1r * x0i + wk1i * x0r
      x0r = y12r - y14r
      x0i = y12i - y14i
      x1r = y12r + y14r
      x1i = y12i + y14i
      x2r = y13r - y15r
      x2i = y13i - y15i
      x3r = y13r + y15r
      x3i = y13i + y15i
      a(24) = x0r + x2r
      a(25) = x0i + x2i
      a(26) = x0r - x2r
      a(27) = x0i - x2i
      a(28) = x1r - x3i
      a(29) = x1i + x3r
      a(30) = x1r + x3i
      a(31) = x1i - x3r
      x0r = y8r + y10r
      x0i = y8i + y10i
      x1r = y8r - y10r
      x1i = y8i - y10i
      x2r = y9r + y11r
      x2i = y9i + y11i
      x3r = y9r - y11r
      x3i = y9i - y11i
      a(16) = x0r + x2r
      a(17) = x0i + x2i
      a(18) = x0r - x2r
      a(19) = x0i - x2i
      a(20) = x1r - x3i
      a(21) = x1i + x3r
      a(22) = x1r + x3i
      a(23) = x1i - x3r
      x0r = y5r - y7i
      x0i = y5i + y7r
      x2r = wn4r * (x0r - x0i)
      x2i = wn4r * (x0i + x0r)
      x0r = y5r + y7i
      x0i = y5i - y7r
      x3r = wn4r * (x0r - x0i)
      x3i = wn4r * (x0i + x0r)
      x0r = y4r - y6i
      x0i = y4i + y6r
      x1r = y4r + y6i
      x1i = y4i - y6r
      a(8) = x0r + x2r
      a(9) = x0i + x2i
      a(10) = x0r - x2r
      a(11) = x0i - x2i
      a(12) = x1r - x3i
      a(13) = x1i + x3r
      a(14) = x1r + x3i
      a(15) = x1i - x3r
      x0r = y0r + y2r
      x0i = y0i + y2i
      x1r = y0r - y2r
      x1i = y0i - y2i
      x2r = y1r + y3r
      x2i = y1i + y3i
      x3r = y1r - y3r
      x3i = y1i - y3i
      a(0) = x0r + x2r
      a(1) = x0i + x2i
      a(2) = x0r - x2r
      a(3) = x0i - x2i
      a(4) = x1r - x3i
      a(5) = x1i + x3r
      a(6) = x1r + x3i
      a(7) = x1i - x3r
      end
!
      subroutine cftf162(a, w)
      real*8 a(0 : 31), w(0 : *)
      real*8 wn4r, wk1r, wk1i, wk2r, wk2i, wk3r, wk3i
      real*8 x0r, x0i, x1r, x1i, x2r, x2i
      real*8 y0r, y0i, y1r, y1i, y2r, y2i, y3r, y3i
      real*8 y4r, y4i, y5r, y5i, y6r, y6i, y7r, y7i
      real*8 y8r, y8i, y9r, y9i, y10r, y10i, y11r, y11i
      real*8 y12r, y12i, y13r, y13i, y14r, y14i, y15r, y15i
      wn4r = w(1)
      wk1r = w(4)
      wk1i = w(5)
      wk3r = w(6)
      wk3i = -w(7)
      wk2r = w(8)
      wk2i = w(9)
      x1r = a(0) - a(17)
      x1i = a(1) + a(16)
      x0r = a(8) - a(25)
      x0i = a(9) + a(24)
      x2r = wn4r * (x0r - x0i)
      x2i = wn4r * (x0i + x0r)
      y0r = x1r + x2r
      y0i = x1i + x2i
      y4r = x1r - x2r
      y4i = x1i - x2i
      x1r = a(0) + a(17)
      x1i = a(1) - a(16)
      x0r = a(8) + a(25)
      x0i = a(9) - a(24)
      x2r = wn4r * (x0r - x0i)
      x2i = wn4r * (x0i + x0r)
      y8r = x1r - x2i
      y8i = x1i + x2r
      y12r = x1r + x2i
      y12i = x1i - x2r
      x0r = a(2) - a(19)
      x0i = a(3) + a(18)
      x1r = wk1r * x0r - wk1i * x0i
      x1i = wk1r * x0i + wk1i * x0r
      x0r = a(10) - a(27)
      x0i = a(11) + a(26)
      x2r = wk3i * x0r - wk3r * x0i
      x2i = wk3i * x0i + wk3r * x0r
      y1r = x1r + x2r
      y1i = x1i + x2i
      y5r = x1r - x2r
      y5i = x1i - x2i
      x0r = a(2) + a(19)
      x0i = a(3) - a(18)
      x1r = wk3r * x0r - wk3i * x0i
      x1i = wk3r * x0i + wk3i * x0r
      x0r = a(10) + a(27)
      x0i = a(11) - a(26)
      x2r = wk1r * x0r + wk1i * x0i
      x2i = wk1r * x0i - wk1i * x0r
      y9r = x1r - x2r
      y9i = x1i - x2i
      y13r = x1r + x2r
      y13i = x1i + x2i
      x0r = a(4) - a(21)
      x0i = a(5) + a(20)
      x1r = wk2r * x0r - wk2i * x0i
      x1i = wk2r * x0i + wk2i * x0r
      x0r = a(12) - a(29)
      x0i = a(13) + a(28)
      x2r = wk2i * x0r - wk2r * x0i
      x2i = wk2i * x0i + wk2r * x0r
      y2r = x1r + x2r
      y2i = x1i + x2i
      y6r = x1r - x2r
      y6i = x1i - x2i
      x0r = a(4) + a(21)
      x0i = a(5) - a(20)
      x1r = wk2i * x0r - wk2r * x0i
      x1i = wk2i * x0i + wk2r * x0r
      x0r = a(12) + a(29)
      x0i = a(13) - a(28)
      x2r = wk2r * x0r - wk2i * x0i
      x2i = wk2r * x0i + wk2i * x0r
      y10r = x1r - x2r
      y10i = x1i - x2i
      y14r = x1r + x2r
      y14i = x1i + x2i
      x0r = a(6) - a(23)
      x0i = a(7) + a(22)
      x1r = wk3r * x0r - wk3i * x0i
      x1i = wk3r * x0i + wk3i * x0r
      x0r = a(14) - a(31)
      x0i = a(15) + a(30)
      x2r = wk1i * x0r - wk1r * x0i
      x2i = wk1i * x0i + wk1r * x0r
      y3r = x1r + x2r
      y3i = x1i + x2i
      y7r = x1r - x2r
      y7i = x1i - x2i
      x0r = a(6) + a(23)
      x0i = a(7) - a(22)
      x1r = wk1i * x0r + wk1r * x0i
      x1i = wk1i * x0i - wk1r * x0r
      x0r = a(14) + a(31)
      x0i = a(15) - a(30)
      x2r = wk3i * x0r - wk3r * x0i
      x2i = wk3i * x0i + wk3r * x0r
      y11r = x1r + x2r
      y11i = x1i + x2i
      y15r = x1r - x2r
      y15i = x1i - x2i
      x1r = y0r + y2r
      x1i = y0i + y2i
      x2r = y1r + y3r
      x2i = y1i + y3i
      a(0) = x1r + x2r
      a(1) = x1i + x2i
      a(2) = x1r - x2r
      a(3) = x1i - x2i
      x1r = y0r - y2r
      x1i = y0i - y2i
      x2r = y1r - y3r
      x2i = y1i - y3i
      a(4) = x1r - x2i
      a(5) = x1i + x2r
      a(6) = x1r + x2i
      a(7) = x1i - x2r
      x1r = y4r - y6i
      x1i = y4i + y6r
      x0r = y5r - y7i
      x0i = y5i + y7r
      x2r = wn4r * (x0r - x0i)
      x2i = wn4r * (x0i + x0r)
      a(8) = x1r + x2r
      a(9) = x1i + x2i
      a(10) = x1r - x2r
      a(11) = x1i - x2i
      x1r = y4r + y6i
      x1i = y4i - y6r
      x0r = y5r + y7i
      x0i = y5i - y7r
      x2r = wn4r * (x0r - x0i)
      x2i = wn4r * (x0i + x0r)
      a(12) = x1r - x2i
      a(13) = x1i + x2r
      a(14) = x1r + x2i
      a(15) = x1i - x2r
      x1r = y8r + y10r
      x1i = y8i + y10i
      x2r = y9r - y11r
      x2i = y9i - y11i
      a(16) = x1r + x2r
      a(17) = x1i + x2i
      a(18) = x1r - x2r
      a(19) = x1i - x2i
      x1r = y8r - y10r
      x1i = y8i - y10i
      x2r = y9r + y11r
      x2i = y9i + y11i
      a(20) = x1r - x2i
      a(21) = x1i + x2r
      a(22) = x1r + x2i
      a(23) = x1i - x2r
      x1r = y12r - y14i
      x1i = y12i + y14r
      x0r = y13r + y15i
      x0i = y13i - y15r
      x2r = wn4r * (x0r - x0i)
      x2i = wn4r * (x0i + x0r)
      a(24) = x1r + x2r
      a(25) = x1i + x2i
      a(26) = x1r - x2r
      a(27) = x1i - x2i
      x1r = y12r + y14i
      x1i = y12i - y14r
      x0r = y13r - y15i
      x0i = y13i + y15r
      x2r = wn4r * (x0r - x0i)
      x2i = wn4r * (x0i + x0r)
      a(28) = x1r - x2i
      a(29) = x1i + x2r
      a(30) = x1r + x2i
      a(31) = x1i - x2r
      end
!
      subroutine cftf081(a, w)
      real*8 a(0 : 15), w(0 : *)
      real*8 wn4r, x0r, x0i, x1r, x1i, x2r, x2i, x3r, x3i
      real*8 y0r, y0i, y1r, y1i, y2r, y2i, y3r, y3i
      real*8 y4r, y4i, y5r, y5i, y6r, y6i, y7r, y7i
      wn4r = w(1)
      x0r = a(0) + a(8)
      x0i = a(1) + a(9)
      x1r = a(0) - a(8)
      x1i = a(1) - a(9)
      x2r = a(4) + a(12)
      x2i = a(5) + a(13)
      x3r = a(4) - a(12)
      x3i = a(5) - a(13)
      y0r = x0r + x2r
      y0i = x0i + x2i
      y2r = x0r - x2r
      y2i = x0i - x2i
      y1r = x1r - x3i
      y1i = x1i + x3r
      y3r = x1r + x3i
      y3i = x1i - x3r
      x0r = a(2) + a(10)
      x0i = a(3) + a(11)
      x1r = a(2) - a(10)
      x1i = a(3) - a(11)
      x2r = a(6) + a(14)
      x2i = a(7) + a(15)
      x3r = a(6) - a(14)
      x3i = a(7) - a(15)
      y4r = x0r + x2r
      y4i = x0i + x2i
      y6r = x0r - x2r
      y6i = x0i - x2i
      x0r = x1r - x3i
      x0i = x1i + x3r
      x2r = x1r + x3i
      x2i = x1i - x3r
      y5r = wn4r * (x0r - x0i)
      y5i = wn4r * (x0r + x0i)
      y7r = wn4r * (x2r - x2i)
      y7i = wn4r * (x2r + x2i)
      a(8) = y1r + y5r
      a(9) = y1i + y5i
      a(10) = y1r - y5r
      a(11) = y1i - y5i
      a(12) = y3r - y7i
      a(13) = y3i + y7r
      a(14) = y3r + y7i
      a(15) = y3i - y7r
      a(0) = y0r + y4r
      a(1) = y0i + y4i
      a(2) = y0r - y4r
      a(3) = y0i - y4i
      a(4) = y2r - y6i
      a(5) = y2i + y6r
      a(6) = y2r + y6i
      a(7) = y2i - y6r
      end
!
      subroutine cftf082(a, w)
      real*8 a(0 : 15), w(0 : *)
      real*8 wn4r, wk1r, wk1i, x0r, x0i, x1r, x1i
      real*8 y0r, y0i, y1r, y1i, y2r, y2i, y3r, y3i
      real*8 y4r, y4i, y5r, y5i, y6r, y6i, y7r, y7i
      wn4r = w(1)
      wk1r = w(2)
      wk1i = w(3)
      y0r = a(0) - a(9)
      y0i = a(1) + a(8)
      y1r = a(0) + a(9)
      y1i = a(1) - a(8)
      x0r = a(4) - a(13)
      x0i = a(5) + a(12)
      y2r = wn4r * (x0r - x0i)
      y2i = wn4r * (x0i + x0r)
      x0r = a(4) + a(13)
      x0i = a(5) - a(12)
      y3r = wn4r * (x0r - x0i)
      y3i = wn4r * (x0i + x0r)
      x0r = a(2) - a(11)
      x0i = a(3) + a(10)
      y4r = wk1r * x0r - wk1i * x0i
      y4i = wk1r * x0i + wk1i * x0r
      x0r = a(2) + a(11)
      x0i = a(3) - a(10)
      y5r = wk1i * x0r - wk1r * x0i
      y5i = wk1i * x0i + wk1r * x0r
      x0r = a(6) - a(15)
      x0i = a(7) + a(14)
      y6r = wk1i * x0r - wk1r * x0i
      y6i = wk1i * x0i + wk1r * x0r
      x0r = a(6) + a(15)
      x0i = a(7) - a(14)
      y7r = wk1r * x0r - wk1i * x0i
      y7i = wk1r * x0i + wk1i * x0r
      x0r = y0r + y2r
      x0i = y0i + y2i
      x1r = y4r + y6r
      x1i = y4i + y6i
      a(0) = x0r + x1r
      a(1) = x0i + x1i
      a(2) = x0r - x1r
      a(3) = x0i - x1i
      x0r = y0r - y2r
      x0i = y0i - y2i
      x1r = y4r - y6r
      x1i = y4i - y6i
      a(4) = x0r - x1i
      a(5) = x0i + x1r
      a(6) = x0r + x1i
      a(7) = x0i - x1r
      x0r = y1r - y3i
      x0i = y1i + y3r
      x1r = y5r - y7r
      x1i = y5i - y7i
      a(8) = x0r + x1r
      a(9) = x0i + x1i
      a(10) = x0r - x1r
      a(11) = x0i - x1i
      x0r = y1r + y3i
      x0i = y1i - y3r
      x1r = y5r + y7r
      x1i = y5i + y7i
      a(12) = x0r - x1i
      a(13) = x0i + x1r
      a(14) = x0r + x1i
      a(15) = x0i - x1r
      end
!
      subroutine cftf040(a)
      real*8 a(0 : 7), x0r, x0i, x1r, x1i, x2r, x2i, x3r, x3i
      x0r = a(0) + a(4)
      x0i = a(1) + a(5)
      x1r = a(0) - a(4)
      x1i = a(1) - a(5)
      x2r = a(2) + a(6)
      x2i = a(3) + a(7)
      x3r = a(2) - a(6)
      x3i = a(3) - a(7)
      a(0) = x0r + x2r
      a(1) = x0i + x2i
      a(2) = x1r - x3i
      a(3) = x1i + x3r
      a(4) = x0r - x2r
      a(5) = x0i - x2i
      a(6) = x1r + x3i
      a(7) = x1i - x3r
      end
!
      subroutine cftb040(a)
      real*8 a(0 : 7), x0r, x0i, x1r, x1i, x2r, x2i, x3r, x3i
      x0r = a(0) + a(4)
      x0i = a(1) + a(5)
      x1r = a(0) - a(4)
      x1i = a(1) - a(5)
      x2r = a(2) + a(6)
      x2i = a(3) + a(7)
      x3r = a(2) - a(6)
      x3i = a(3) - a(7)
      a(0) = x0r + x2r
      a(1) = x0i + x2i
      a(2) = x1r + x3i
      a(3) = x1i - x3r
      a(4) = x0r - x2r
      a(5) = x0i - x2i
      a(6) = x1r - x3i
      a(7) = x1i + x3r
      end
!
      subroutine cftx020(a)
      real*8 a(0 : 3), x0r, x0i
      x0r = a(0) - a(2)
      x0i = a(1) - a(3)
      a(0) = a(0) + a(2)
      a(1) = a(1) + a(3)
      a(2) = x0r
      a(3) = x0i
      end
!
      subroutine rftfsub(n, a, nc, c)
      integer n, nc, j, k, kk, ks, m
      real*8 a(0 : n - 1), c(0 : nc - 1), wkr, wki, xr, xi, yr, yi
      m = n / 2
      ks = 2 * nc / m
      kk = 0
      do j = 2, m - 2, 2
          k = n - j
          kk = kk + ks
          wkr = 0.5d0 - c(nc - kk)
          wki = c(kk)
          xr = a(j) - a(k)
          xi = a(j + 1) + a(k + 1)
          yr = wkr * xr - wki * xi
          yi = wkr * xi + wki * xr
          a(j) = a(j) - yr
          a(j + 1) = a(j + 1) - yi
          a(k) = a(k) + yr
          a(k + 1) = a(k + 1) - yi
      end do
      end
!
      subroutine rftbsub(n, a, nc, c)
      integer n, nc, j, k, kk, ks, m
      real*8 a(0 : n - 1), c(0 : nc - 1), wkr, wki, xr, xi, yr, yi
      m = n / 2
      ks = 2 * nc / m
      kk = 0
      do j = 2, m - 2, 2
          k = n - j
          kk = kk + ks
          wkr = 0.5d0 - c(nc - kk)
          wki = c(kk)
          xr = a(j) - a(k)
          xi = a(j + 1) + a(k + 1)
          yr = wkr * xr + wki * xi
          yi = wkr * xi - wki * xr
          a(j) = a(j) - yr
          a(j + 1) = a(j + 1) - yi
          a(k) = a(k) + yr
          a(k + 1) = a(k + 1) - yi
      end do
      end
!
      subroutine dctsub(n, a, nc, c)
      integer n, nc, j, k, kk, ks, m
      real*8 a(0 : n - 1), c(0 : nc - 1), wkr, wki, xr
      m = n / 2
      ks = nc / n
      kk = 0
      do j = 1, m - 1
          k = n - j
          kk = kk + ks
          wkr = c(kk) - c(nc - kk)
          wki = c(kk) + c(nc - kk)
          xr = wki * a(j) - wkr * a(k)
          a(j) = wkr * a(j) + wki * a(k)
          a(k) = xr
      end do
      a(m) = c(0) * a(m)
      end
!
      subroutine dstsub(n, a, nc, c)
      integer n, nc, j, k, kk, ks, m
      real*8 a(0 : n - 1), c(0 : nc - 1), wkr, wki, xr
      m = n / 2
      ks = nc / n
      kk = 0
      do j = 1, m - 1
          k = n - j
          kk = kk + ks
          wkr = c(kk) - c(nc - kk)
          wki = c(kk) + c(nc - kk)
          xr = wki * a(k) - wkr * a(j)
          a(k) = wkr * a(k) + wki * a(j)
          a(j) = xr
      end do
      a(m) = c(0) * a(m)
      end
!







Viz/fft/fftsg_h.c

/*
Fast Fourier/Cosine/Sine Transform
    dimension   :one
    data length :power of 2
    decimation  :frequency
    radix       :split-radix
    data        :inplace
    table       :not use
functions
    cdft: Complex Discrete Fourier Transform
    rdft: Real Discrete Fourier Transform
    ddct: Discrete Cosine Transform
    ddst: Discrete Sine Transform
    dfct: Cosine Transform of RDFT (Real Symmetric DFT)
    dfst: Sine Transform of RDFT (Real Anti-symmetric DFT)
function prototypes
    void cdft(int, int, double *);
    void rdft(int, int, double *);
    void ddct(int, int, double *);
    void ddst(int, int, double *);
    void dfct(int, double *);
    void dfst(int, double *);
macro definitions
    USE_CDFT_PTHREADS : default=not defined
        CDFT_THREADS_BEGIN_N  : must be >= 512, default=8192
        CDFT_4THREADS_BEGIN_N : must be >= 512, default=65536
    USE_CDFT_WINTHREADS : default=not defined
        CDFT_THREADS_BEGIN_N  : must be >= 512, default=32768
        CDFT_4THREADS_BEGIN_N : must be >= 512, default=524288


-------- Complex DFT (Discrete Fourier Transform) --------
    [definition]
        <case1>
            X[k] = sum_j=0^n-1 x[j]*exp(2*pi*i*j*k/n), 0<=k<n
        <case2>
            X[k] = sum_j=0^n-1 x[j]*exp(-2*pi*i*j*k/n), 0<=k<n
        (notes: sum_j=0^n-1 is a summation from j=0 to n-1)
    [usage]
        <case1>
            cdft(2*n, 1, a);
        <case2>
            cdft(2*n, -1, a);
    [parameters]
        2*n            :data length (int)
                        n >= 1, n = power of 2
        a[0...2*n-1]   :input/output data (double *)
                        input data
                            a[2*j] = Re(x[j]), 
                            a[2*j+1] = Im(x[j]), 0<=j<n
                        output data
                            a[2*k] = Re(X[k]), 
                            a[2*k+1] = Im(X[k]), 0<=k<n
    [remark]
        Inverse of 
            cdft(2*n, -1, a);
        is 
            cdft(2*n, 1, a);
            for (j = 0; j <= 2 * n - 1; j++) {
                a[j] *= 1.0 / n;
            }
        .


-------- Real DFT / Inverse of Real DFT --------
    [definition]
        <case1> RDFT
            R[k] = sum_j=0^n-1 a[j]*cos(2*pi*j*k/n), 0<=k<=n/2
            I[k] = sum_j=0^n-1 a[j]*sin(2*pi*j*k/n), 0<k<n/2
        <case2> IRDFT (excluding scale)
            a[k] = (R[0] + R[n/2]*cos(pi*k))/2 + 
                   sum_j=1^n/2-1 R[j]*cos(2*pi*j*k/n) + 
                   sum_j=1^n/2-1 I[j]*sin(2*pi*j*k/n), 0<=k<n
    [usage]
        <case1>
            rdft(n, 1, a);
        <case2>
            rdft(n, -1, a);
    [parameters]
        n              :data length (int)
                        n >= 2, n = power of 2
        a[0...n-1]     :input/output data (double *)
                        <case1>
                            output data
                                a[2*k] = R[k], 0<=k<n/2
                                a[2*k+1] = I[k], 0<k<n/2
                                a[1] = R[n/2]
                        <case2>
                            input data
                                a[2*j] = R[j], 0<=j<n/2
                                a[2*j+1] = I[j], 0<j<n/2
                                a[1] = R[n/2]
    [remark]
        Inverse of 
            rdft(n, 1, a);
        is 
            rdft(n, -1, a);
            for (j = 0; j <= n - 1; j++) {
                a[j] *= 2.0 / n;
            }
        .


-------- DCT (Discrete Cosine Transform) / Inverse of DCT --------
    [definition]
        <case1> IDCT (excluding scale)
            C[k] = sum_j=0^n-1 a[j]*cos(pi*j*(k+1/2)/n), 0<=k<n
        <case2> DCT
            C[k] = sum_j=0^n-1 a[j]*cos(pi*(j+1/2)*k/n), 0<=k<n
    [usage]
        <case1>
            ddct(n, 1, a);
        <case2>
            ddct(n, -1, a);
    [parameters]
        n              :data length (int)
                        n >= 2, n = power of 2
        a[0...n-1]     :input/output data (double *)
                        output data
                            a[k] = C[k], 0<=k<n
    [remark]
        Inverse of 
            ddct(n, -1, a);
        is 
            a[0] *= 0.5;
            ddct(n, 1, a);
            for (j = 0; j <= n - 1; j++) {
                a[j] *= 2.0 / n;
            }
        .


-------- DST (Discrete Sine Transform) / Inverse of DST --------
    [definition]
        <case1> IDST (excluding scale)
            S[k] = sum_j=1^n A[j]*sin(pi*j*(k+1/2)/n), 0<=k<n
        <case2> DST
            S[k] = sum_j=0^n-1 a[j]*sin(pi*(j+1/2)*k/n), 0<k<=n
    [usage]
        <case1>
            ddst(n, 1, a);
        <case2>
            ddst(n, -1, a);
    [parameters]
        n              :data length (int)
                        n >= 2, n = power of 2
        a[0...n-1]     :input/output data (double *)
                        <case1>
                            input data
                                a[j] = A[j], 0<j<n
                                a[0] = A[n]
                            output data
                                a[k] = S[k], 0<=k<n
                        <case2>
                            output data
                                a[k] = S[k], 0<k<n
                                a[0] = S[n]
    [remark]
        Inverse of 
            ddst(n, -1, a);
        is 
            a[0] *= 0.5;
            ddst(n, 1, a);
            for (j = 0; j <= n - 1; j++) {
                a[j] *= 2.0 / n;
            }
        .


-------- Cosine Transform of RDFT (Real Symmetric DFT) --------
    [definition]
        C[k] = sum_j=0^n a[j]*cos(pi*j*k/n), 0<=k<=n
    [usage]
        dfct(n, a);
    [parameters]
        n              :data length - 1 (int)
                        n >= 2, n = power of 2
        a[0...n]       :input/output data (double *)
                        output data
                            a[k] = C[k], 0<=k<=n
    [remark]
        Inverse of 
            a[0] *= 0.5;
            a[n] *= 0.5;
            dfct(n, a);
        is 
            a[0] *= 0.5;
            a[n] *= 0.5;
            dfct(n, a);
            for (j = 0; j <= n; j++) {
                a[j] *= 2.0 / n;
            }
        .


-------- Sine Transform of RDFT (Real Anti-symmetric DFT) --------
    [definition]
        S[k] = sum_j=1^n-1 a[j]*sin(pi*j*k/n), 0<k<n
    [usage]
        dfst(n, a);
    [parameters]
        n              :data length + 1 (int)
                        n >= 2, n = power of 2
        a[0...n-1]     :input/output data (double *)
                        output data
                            a[k] = S[k], 0<k<n
                        (a[0] is used for work area)
    [remark]
        Inverse of 
            dfst(n, a);
        is 
            dfst(n, a);
            for (j = 1; j <= n - 1; j++) {
                a[j] *= 2.0 / n;
            }
        .
*/


void cdft(int n, int isgn, double *a)
{
    void cftfsub(int n, double *a);
    void cftbsub(int n, double *a);
    
    if (isgn >= 0) {
        cftfsub(n, a);
    } else {
        cftbsub(n, a);
    }
}


void rdft(int n, int isgn, double *a)
{
    void cftfsub(int n, double *a);
    void cftbsub(int n, double *a);
    void rftfsub(int n, double *a);
    void rftbsub(int n, double *a);
    double xi;
    
    if (isgn >= 0) {
        if (n > 4) {
            cftfsub(n, a);
            rftfsub(n, a);
        } else if (n == 4) {
            cftfsub(n, a);
        }
        xi = a[0] - a[1];
        a[0] += a[1];
        a[1] = xi;
    } else {
        a[1] = 0.5 * (a[0] - a[1]);
        a[0] -= a[1];
        if (n > 4) {
            rftbsub(n, a);
            cftbsub(n, a);
        } else if (n == 4) {
            cftbsub(n, a);
        }
    }
}


void ddct(int n, int isgn, double *a)
{
    void cftfsub(int n, double *a);
    void cftbsub(int n, double *a);
    void rftfsub(int n, double *a);
    void rftbsub(int n, double *a);
    void dctsub(int n, double *a);
    void dctsub4(int n, double *a);
    int j;
    double xr;
    
    if (isgn < 0) {
        xr = a[n - 1];
        for (j = n - 2; j >= 2; j -= 2) {
            a[j + 1] = a[j] - a[j - 1];
            a[j] += a[j - 1];
        }
        a[1] = a[0] - xr;
        a[0] += xr;
        if (n > 4) {
            rftbsub(n, a);
            cftbsub(n, a);
        } else if (n == 4) {
            cftbsub(n, a);
        }
    }
    if (n > 4) {
        dctsub(n, a);
    } else {
        dctsub4(n, a);
    }
    if (isgn >= 0) {
        if (n > 4) {
            cftfsub(n, a);
            rftfsub(n, a);
        } else if (n == 4) {
            cftfsub(n, a);
        }
        xr = a[0] - a[1];
        a[0] += a[1];
        for (j = 2; j < n; j += 2) {
            a[j - 1] = a[j] - a[j + 1];
            a[j] += a[j + 1];
        }
        a[n - 1] = xr;
    }
}


void ddst(int n, int isgn, double *a)
{
    void cftfsub(int n, double *a);
    void cftbsub(int n, double *a);
    void rftfsub(int n, double *a);
    void rftbsub(int n, double *a);
    void dstsub(int n, double *a);
    void dstsub4(int n, double *a);
    int j;
    double xr;
    
    if (isgn < 0) {
        xr = a[n - 1];
        for (j = n - 2; j >= 2; j -= 2) {
            a[j + 1] = -a[j] - a[j - 1];
            a[j] -= a[j - 1];
        }
        a[1] = a[0] + xr;
        a[0] -= xr;
        if (n > 4) {
            rftbsub(n, a);
            cftbsub(n, a);
        } else if (n == 4) {
            cftbsub(n, a);
        }
    }
    if (n > 4) {
        dstsub(n, a);
    } else {
        dstsub4(n, a);
    }
    if (isgn >= 0) {
        if (n > 4) {
            cftfsub(n, a);
            rftfsub(n, a);
        } else if (n == 4) {
            cftfsub(n, a);
        }
        xr = a[0] - a[1];
        a[0] += a[1];
        for (j = 2; j < n; j += 2) {
            a[j - 1] = -a[j] - a[j + 1];
            a[j] -= a[j + 1];
        }
        a[n - 1] = -xr;
    }
}


void dfct(int n, double *a)
{
    void ddct(int n, int isgn, double *a);
    void bitrv1(int n, double *a);
    int j, k, m, mh;
    double xr, xi, yr, yi, an;
    
    m = n >> 1;
    for (j = 0; j < m; j++) {
        k = n - j;
        xr = a[j] + a[k];
        a[j] -= a[k];
        a[k] = xr;
    }
    an = a[n];
    while (m >= 2) {
        ddct(m, 1, a);
        if (m > 2) {
            bitrv1(m, a);
        }
        mh = m >> 1;
        xi = a[m];
        a[m] = a[0];
        a[0] = an - xi;
        an += xi;
        for (j = 1; j < mh; j++) {
            k = m - j;
            xr = a[m + k];
            xi = a[m + j];
            yr = a[j];
            yi = a[k];
            a[m + j] = yr;
            a[m + k] = yi;
            a[j] = xr - xi;
            a[k] = xr + xi;
        }
        xr = a[mh];
        a[mh] = a[m + mh];
        a[m + mh] = xr;
        m = mh;
    }
    xi = a[1];
    a[1] = a[0];
    a[0] = an + xi;
    a[n] = an - xi;
    if (n > 2) {
        bitrv1(n, a);
    }
}


void dfst(int n, double *a)
{
    void ddst(int n, int isgn, double *a);
    void bitrv1(int n, double *a);
    int j, k, m, mh;
    double xr, xi, yr, yi;
    
    m = n >> 1;
    for (j = 1; j < m; j++) {
        k = n - j;
        xr = a[j] - a[k];
        a[j] += a[k];
        a[k] = xr;
    }
    a[0] = a[m];
    while (m >= 2) {
        ddst(m, 1, a);
        if (m > 2) {
            bitrv1(m, a);
        }
        mh = m >> 1;
        for (j = 1; j < mh; j++) {
            k = m - j;
            xr = a[m + k];
            xi = a[m + j];
            yr = a[j];
            yi = a[k];
            a[m + j] = yr;
            a[m + k] = yi;
            a[j] = xr + xi;
            a[k] = xr - xi;
        }
        a[m] = a[0];
        a[0] = a[m + mh];
        a[m + mh] = a[mh];
        m = mh;
    }
    a[1] = a[0];
    a[0] = 0;
    if (n > 2) {
        bitrv1(n, a);
    }
}


/* -------- child routines -------- */


#include <math.h>
#ifndef M_PI_2
#define M_PI_2      1.570796326794896619231321691639751442098584699687
#endif
#ifndef WR5000  /* cos(M_PI_2*0.5000) */
#define WR5000      0.707106781186547524400844362104849039284835937688
#endif
#ifndef WR2500  /* cos(M_PI_2*0.2500) */
#define WR2500      0.923879532511286756128183189396788286822416625863
#endif
#ifndef WI2500  /* sin(M_PI_2*0.2500) */
#define WI2500      0.382683432365089771728459984030398866761344562485
#endif
#ifndef WR1250  /* cos(M_PI_2*0.1250) */
#define WR1250      0.980785280403230449126182236134239036973933730893
#endif
#ifndef WI1250  /* sin(M_PI_2*0.1250) */
#define WI1250      0.195090322016128267848284868477022240927691617751
#endif
#ifndef WR3750  /* cos(M_PI_2*0.3750) */
#define WR3750      0.831469612302545237078788377617905756738560811987
#endif
#ifndef WI3750  /* sin(M_PI_2*0.3750) */
#define WI3750      0.555570233019602224742830813948532874374937190754
#endif


#ifdef USE_CDFT_PTHREADS
#define USE_CDFT_THREADS
#ifndef CDFT_THREADS_BEGIN_N
#define CDFT_THREADS_BEGIN_N 8192
#endif
#ifndef CDFT_4THREADS_BEGIN_N
#define CDFT_4THREADS_BEGIN_N 65536
#endif
#include <pthread.h>
#include <stdio.h>
#include <stdlib.h>
#define cdft_thread_t pthread_t
#define cdft_thread_create(thp,func,argp) { \
    if (pthread_create(thp, NULL, func, (void *) argp) != 0) { \
        fprintf(stderr, "cdft thread error\n"); \
        exit(1); \
    } \
}
#define cdft_thread_wait(th) { \
    if (pthread_join(th, NULL) != 0) { \
        fprintf(stderr, "cdft thread error\n"); \
        exit(1); \
    } \
}
#endif /* USE_CDFT_PTHREADS */


#ifdef USE_CDFT_WINTHREADS
#define USE_CDFT_THREADS
#ifndef CDFT_THREADS_BEGIN_N
#define CDFT_THREADS_BEGIN_N 32768
#endif
#ifndef CDFT_4THREADS_BEGIN_N
#define CDFT_4THREADS_BEGIN_N 524288
#endif
#include <windows.h>
#include <stdio.h>
#include <stdlib.h>
#define cdft_thread_t HANDLE
#define cdft_thread_create(thp,func,argp) { \
    DWORD thid; \
    *(thp) = CreateThread(NULL, 0, (LPTHREAD_START_ROUTINE) func, (LPVOID) argp, 0, &thid); \
    if (*(thp) == 0) { \
        fprintf(stderr, "cdft thread error\n"); \
        exit(1); \
    } \
}
#define cdft_thread_wait(th) { \
    WaitForSingleObject(th, INFINITE); \
    CloseHandle(th); \
}
#endif /* USE_CDFT_WINTHREADS */


#ifndef CDFT_LOOP_DIV  /* control of the CDFT's speed & tolerance */
#define CDFT_LOOP_DIV 32
#endif

#ifndef RDFT_LOOP_DIV  /* control of the RDFT's speed & tolerance */
#define RDFT_LOOP_DIV 64
#endif

#ifndef DCST_LOOP_DIV  /* control of the DCT,DST's speed & tolerance */
#define DCST_LOOP_DIV 64
#endif


void cftfsub(int n, double *a)
{
    void bitrv2(int n, double *a);
    void bitrv216(double *a);
    void bitrv208(double *a);
    void cftmdl1(int n, double *a);
    void cftrec4(int n, double *a);
    void cftleaf(int n, int isplt, double *a);
    void cftfx41(int n, double *a);
    void cftf161(double *a);
    void cftf081(double *a);
    void cftf040(double *a);
    void cftx020(double *a);
#ifdef USE_CDFT_THREADS
    void cftrec4_th(int n, double *a);
#endif /* USE_CDFT_THREADS */
    
    if (n > 8) {
        if (n > 32) {
            cftmdl1(n, a);
#ifdef USE_CDFT_THREADS
            if (n > CDFT_THREADS_BEGIN_N) {
                cftrec4_th(n, a);
            } else 
#endif /* USE_CDFT_THREADS */
            if (n > 512) {
                cftrec4(n, a);
            } else if (n > 128) {
                cftleaf(n, 1, a);
            } else {
                cftfx41(n, a);
            }
            bitrv2(n, a);
        } else if (n == 32) {
            cftf161(a);
            bitrv216(a);
        } else {
            cftf081(a);
            bitrv208(a);
        }
    } else if (n == 8) {
        cftf040(a);
    } else if (n == 4) {
        cftx020(a);
    }
}


void cftbsub(int n, double *a)
{
    void bitrv2conj(int n, double *a);
    void bitrv216neg(double *a);
    void bitrv208neg(double *a);
    void cftb1st(int n, double *a);
    void cftrec4(int n, double *a);
    void cftleaf(int n, int isplt, double *a);
    void cftfx41(int n, double *a);
    void cftf161(double *a);
    void cftf081(double *a);
    void cftb040(double *a);
    void cftx020(double *a);
#ifdef USE_CDFT_THREADS
    void cftrec4_th(int n, double *a);
#endif /* USE_CDFT_THREADS */
    
    if (n > 8) {
        if (n > 32) {
            cftb1st(n, a);
#ifdef USE_CDFT_THREADS
            if (n > CDFT_THREADS_BEGIN_N) {
                cftrec4_th(n, a);
            } else 
#endif /* USE_CDFT_THREADS */
            if (n > 512) {
                cftrec4(n, a);
            } else if (n > 128) {
                cftleaf(n, 1, a);
            } else {
                cftfx41(n, a);
            }
            bitrv2conj(n, a);
        } else if (n == 32) {
            cftf161(a);
            bitrv216neg(a);
        } else {
            cftf081(a);
            bitrv208neg(a);
        }
    } else if (n == 8) {
        cftb040(a);
    } else if (n == 4) {
        cftx020(a);
    }
}


void bitrv2(int n, double *a)
{
    int j0, k0, j1, k1, l, m, i, j, k, nh;
    double xr, xi, yr, yi;
    
    m = 4;
    for (l = n >> 2; l > 8; l >>= 2) {
        m <<= 1;
    }
    nh = n >> 1;
    if (l == 8) {
        j0 = 0;
        for (k0 = 0; k0 < m; k0 += 4) {
            k = k0;
            for (j = j0; j < j0 + k0; j += 4) {
                xr = a[j];
                xi = a[j + 1];
                yr = a[k];
                yi = a[k + 1];
                a[j] = yr;
                a[j + 1] = yi;
                a[k] = xr;
                a[k + 1] = xi;
                j1 = j + m;
                k1 = k + 2 * m;
                xr = a[j1];
                xi = a[j1 + 1];
                yr = a[k1];
                yi = a[k1 + 1];
                a[j1] = yr;
                a[j1 + 1] = yi;
                a[k1] = xr;
                a[k1 + 1] = xi;
                j1 += m;
                k1 -= m;
                xr = a[j1];
                xi = a[j1 + 1];
                yr = a[k1];
                yi = a[k1 + 1];
                a[j1] = yr;
                a[j1 + 1] = yi;
                a[k1] = xr;
                a[k1 + 1] = xi;
                j1 += m;
                k1 += 2 * m;
                xr = a[j1];
                xi = a[j1 + 1];
                yr = a[k1];
                yi = a[k1 + 1];
                a[j1] = yr;
                a[j1 + 1] = yi;
                a[k1] = xr;
                a[k1 + 1] = xi;
                j1 += nh;
                k1 += 2;
                xr = a[j1];
                xi = a[j1 + 1];
                yr = a[k1];
                yi = a[k1 + 1];
                a[j1] = yr;
                a[j1 + 1] = yi;
                a[k1] = xr;
                a[k1 + 1] = xi;
                j1 -= m;
                k1 -= 2 * m;
                xr = a[j1];
                xi = a[j1 + 1];
                yr = a[k1];
                yi = a[k1 + 1];
                a[j1] = yr;
                a[j1 + 1] = yi;
                a[k1] = xr;
                a[k1 + 1] = xi;
                j1 -= m;
                k1 += m;
                xr = a[j1];
                xi = a[j1 + 1];
                yr = a[k1];
                yi = a[k1 + 1];
                a[j1] = yr;
                a[j1 + 1] = yi;
                a[k1] = xr;
                a[k1 + 1] = xi;
                j1 -= m;
                k1 -= 2 * m;
                xr = a[j1];
                xi = a[j1 + 1];
                yr = a[k1];
                yi = a[k1 + 1];
                a[j1] = yr;
                a[j1 + 1] = yi;
                a[k1] = xr;
                a[k1 + 1] = xi;
                j1 += 2;
                k1 += nh;
                xr = a[j1];
                xi = a[j1 + 1];
                yr = a[k1];
                yi = a[k1 + 1];
                a[j1] = yr;
                a[j1 + 1] = yi;
                a[k1] = xr;
                a[k1 + 1] = xi;
                j1 += m;
                k1 += 2 * m;
                xr = a[j1];
                xi = a[j1 + 1];
                yr = a[k1];
                yi = a[k1 + 1];
                a[j1] = yr;
                a[j1 + 1] = yi;
                a[k1] = xr;
                a[k1 + 1] = xi;
                j1 += m;
                k1 -= m;
                xr = a[j1];
                xi = a[j1 + 1];
                yr = a[k1];
                yi = a[k1 + 1];
                a[j1] = yr;
                a[j1 + 1] = yi;
                a[k1] = xr;
                a[k1 + 1] = xi;
                j1 += m;
                k1 += 2 * m;
                xr = a[j1];
                xi = a[j1 + 1];
                yr = a[k1];
                yi = a[k1 + 1];
                a[j1] = yr;
                a[j1 + 1] = yi;
                a[k1] = xr;
                a[k1 + 1] = xi;
                j1 -= nh;
                k1 -= 2;
                xr = a[j1];
                xi = a[j1 + 1];
                yr = a[k1];
                yi = a[k1 + 1];
                a[j1] = yr;
                a[j1 + 1] = yi;
                a[k1] = xr;
                a[k1 + 1] = xi;
                j1 -= m;
                k1 -= 2 * m;
                xr = a[j1];
                xi = a[j1 + 1];
                yr = a[k1];
                yi = a[k1 + 1];
                a[j1] = yr;
                a[j1 + 1] = yi;
                a[k1] = xr;
                a[k1 + 1] = xi;
                j1 -= m;
                k1 += m;
                xr = a[j1];
                xi = a[j1 + 1];
                yr = a[k1];
                yi = a[k1 + 1];
                a[j1] = yr;
                a[j1 + 1] = yi;
                a[k1] = xr;
                a[k1 + 1] = xi;
                j1 -= m;
                k1 -= 2 * m;
                xr = a[j1];
                xi = a[j1 + 1];
                yr = a[k1];
                yi = a[k1 + 1];
                a[j1] = yr;
                a[j1 + 1] = yi;
                a[k1] = xr;
                a[k1 + 1] = xi;
                for (i = nh >> 1; i > (k ^= i); i >>= 1);
            }
            k1 = j0 + k0;
            j1 = k1 + 2;
            k1 += nh;
            xr = a[j1];
            xi = a[j1 + 1];
            yr = a[k1];
            yi = a[k1 + 1];
            a[j1] = yr;
            a[j1 + 1] = yi;
            a[k1] = xr;
            a[k1 + 1] = xi;
            j1 += m;
            k1 += 2 * m;
            xr = a[j1];
            xi = a[j1 + 1];
            yr = a[k1];
            yi = a[k1 + 1];
            a[j1] = yr;
            a[j1 + 1] = yi;
            a[k1] = xr;
            a[k1 + 1] = xi;
            j1 += m;
            k1 -= m;
            xr = a[j1];
            xi = a[j1 + 1];
            yr = a[k1];
            yi = a[k1 + 1];
            a[j1] = yr;
            a[j1 + 1] = yi;
            a[k1] = xr;
            a[k1 + 1] = xi;
            j1 -= 2;
            k1 -= nh;
            xr = a[j1];
            xi = a[j1 + 1];
            yr = a[k1];
            yi = a[k1 + 1];
            a[j1] = yr;
            a[j1 + 1] = yi;
            a[k1] = xr;
            a[k1 + 1] = xi;
            j1 += nh + 2;
            k1 += nh + 2;
            xr = a[j1];
            xi = a[j1 + 1];
            yr = a[k1];
            yi = a[k1 + 1];
            a[j1] = yr;
            a[j1 + 1] = yi;
            a[k1] = xr;
            a[k1 + 1] = xi;
            j1 -= nh - m;
            k1 += 2 * m - 2;
            xr = a[j1];
            xi = a[j1 + 1];
            yr = a[k1];
            yi = a[k1 + 1];
            a[j1] = yr;
            a[j1 + 1] = yi;
            a[k1] = xr;
            a[k1 + 1] = xi;
            for (i = nh >> 1; i > (j0 ^= i); i >>= 1);
        }
    } else {
        j0 = 0;
        for (k0 = 0; k0 < m; k0 += 4) {
            k = k0;
            for (j = j0; j < j0 + k0; j += 4) {
                xr = a[j];
                xi = a[j + 1];
                yr = a[k];
                yi = a[k + 1];
                a[j] = yr;
                a[j + 1] = yi;
                a[k] = xr;
                a[k + 1] = xi;
                j1 = j + m;
                k1 = k + m;
                xr = a[j1];
                xi = a[j1 + 1];
                yr = a[k1];
                yi = a[k1 + 1];
                a[j1] = yr;
                a[j1 + 1] = yi;
                a[k1] = xr;
                a[k1 + 1] = xi;
                j1 += nh;
                k1 += 2;
                xr = a[j1];
                xi = a[j1 + 1];
                yr = a[k1];
                yi = a[k1 + 1];
                a[j1] = yr;
                a[j1 + 1] = yi;
                a[k1] = xr;
                a[k1 + 1] = xi;
                j1 -= m;
                k1 -= m;
                xr = a[j1];
                xi = a[j1 + 1];
                yr = a[k1];
                yi = a[k1 + 1];
                a[j1] = yr;
                a[j1 + 1] = yi;
                a[k1] = xr;
                a[k1 + 1] = xi;
                j1 += 2;
                k1 += nh;
                xr = a[j1];
                xi = a[j1 + 1];
                yr = a[k1];
                yi = a[k1 + 1];
                a[j1] = yr;
                a[j1 + 1] = yi;
                a[k1] = xr;
                a[k1 + 1] = xi;
                j1 += m;
                k1 += m;
                xr = a[j1];
                xi = a[j1 + 1];
                yr = a[k1];
                yi = a[k1 + 1];
                a[j1] = yr;
                a[j1 + 1] = yi;
                a[k1] = xr;
                a[k1 + 1] = xi;
                j1 -= nh;
                k1 -= 2;
                xr = a[j1];
                xi = a[j1 + 1];
                yr = a[k1];
                yi = a[k1 + 1];
                a[j1] = yr;
                a[j1 + 1] = yi;
                a[k1] = xr;
                a[k1 + 1] = xi;
                j1 -= m;
                k1 -= m;
                xr = a[j1];
                xi = a[j1 + 1];
                yr = a[k1];
                yi = a[k1 + 1];
                a[j1] = yr;
                a[j1 + 1] = yi;
                a[k1] = xr;
                a[k1 + 1] = xi;
                for (i = nh >> 1; i > (k ^= i); i >>= 1);
            }
            k1 = j0 + k0;
            j1 = k1 + 2;
            k1 += nh;
            xr = a[j1];
            xi = a[j1 + 1];
            yr = a[k1];
            yi = a[k1 + 1];
            a[j1] = yr;
            a[j1 + 1] = yi;
            a[k1] = xr;
            a[k1 + 1] = xi;
            j1 += m;
            k1 += m;
            xr = a[j1];
            xi = a[j1 + 1];
            yr = a[k1];
            yi = a[k1 + 1];
            a[j1] = yr;
            a[j1 + 1] = yi;
            a[k1] = xr;
            a[k1 + 1] = xi;
            for (i = nh >> 1; i > (j0 ^= i); i >>= 1);
        }
    }
}


void bitrv2conj(int n, double *a)
{
    int j0, k0, j1, k1, l, m, i, j, k, nh;
    double xr, xi, yr, yi;
    
    m = 4;
    for (l = n >> 2; l > 8; l >>= 2) {
        m <<= 1;
    }
    nh = n >> 1;
    if (l == 8) {
        j0 = 0;
        for (k0 = 0; k0 < m; k0 += 4) {
            k = k0;
            for (j = j0; j < j0 + k0; j += 4) {
                xr = a[j];
                xi = -a[j + 1];
                yr = a[k];
                yi = -a[k + 1];
                a[j] = yr;
                a[j + 1] = yi;
                a[k] = xr;
                a[k + 1] = xi;
                j1 = j + m;
                k1 = k + 2 * m;
                xr = a[j1];
                xi = -a[j1 + 1];
                yr = a[k1];
                yi = -a[k1 + 1];
                a[j1] = yr;
                a[j1 + 1] = yi;
                a[k1] = xr;
                a[k1 + 1] = xi;
                j1 += m;
                k1 -= m;
                xr = a[j1];
                xi = -a[j1 + 1];
                yr = a[k1];
                yi = -a[k1 + 1];
                a[j1] = yr;
                a[j1 + 1] = yi;
                a[k1] = xr;
                a[k1 + 1] = xi;
                j1 += m;
                k1 += 2 * m;
                xr = a[j1];
                xi = -a[j1 + 1];
                yr = a[k1];
                yi = -a[k1 + 1];
                a[j1] = yr;
                a[j1 + 1] = yi;
                a[k1] = xr;
                a[k1 + 1] = xi;
                j1 += nh;
                k1 += 2;
                xr = a[j1];
                xi = -a[j1 + 1];
                yr = a[k1];
                yi = -a[k1 + 1];
                a[j1] = yr;
                a[j1 + 1] = yi;
                a[k1] = xr;
                a[k1 + 1] = xi;
                j1 -= m;
                k1 -= 2 * m;
                xr = a[j1];
                xi = -a[j1 + 1];
                yr = a[k1];
                yi = -a[k1 + 1];
                a[j1] = yr;
                a[j1 + 1] = yi;
                a[k1] = xr;
                a[k1 + 1] = xi;
                j1 -= m;
                k1 += m;
                xr = a[j1];
                xi = -a[j1 + 1];
                yr = a[k1];
                yi = -a[k1 + 1];
                a[j1] = yr;
                a[j1 + 1] = yi;
                a[k1] = xr;
                a[k1 + 1] = xi;
                j1 -= m;
                k1 -= 2 * m;
                xr = a[j1];
                xi = -a[j1 + 1];
                yr = a[k1];
                yi = -a[k1 + 1];
                a[j1] = yr;
                a[j1 + 1] = yi;
                a[k1] = xr;
                a[k1 + 1] = xi;
                j1 += 2;
                k1 += nh;
                xr = a[j1];
                xi = -a[j1 + 1];
                yr = a[k1];
                yi = -a[k1 + 1];
                a[j1] = yr;
                a[j1 + 1] = yi;
                a[k1] = xr;
                a[k1 + 1] = xi;
                j1 += m;
                k1 += 2 * m;
                xr = a[j1];
                xi = -a[j1 + 1];
                yr = a[k1];
                yi = -a[k1 + 1];
                a[j1] = yr;
                a[j1 + 1] = yi;
                a[k1] = xr;
                a[k1 + 1] = xi;
                j1 += m;
                k1 -= m;
                xr = a[j1];
                xi = -a[j1 + 1];
                yr = a[k1];
                yi = -a[k1 + 1];
                a[j1] = yr;
                a[j1 + 1] = yi;
                a[k1] = xr;
                a[k1 + 1] = xi;
                j1 += m;
                k1 += 2 * m;
                xr = a[j1];
                xi = -a[j1 + 1];
                yr = a[k1];
                yi = -a[k1 + 1];
                a[j1] = yr;
                a[j1 + 1] = yi;
                a[k1] = xr;
                a[k1 + 1] = xi;
                j1 -= nh;
                k1 -= 2;
                xr = a[j1];
                xi = -a[j1 + 1];
                yr = a[k1];
                yi = -a[k1 + 1];
                a[j1] = yr;
                a[j1 + 1] = yi;
                a[k1] = xr;
                a[k1 + 1] = xi;
                j1 -= m;
                k1 -= 2 * m;
                xr = a[j1];
                xi = -a[j1 + 1];
                yr = a[k1];
                yi = -a[k1 + 1];
                a[j1] = yr;
                a[j1 + 1] = yi;
                a[k1] = xr;
                a[k1 + 1] = xi;
                j1 -= m;
                k1 += m;
                xr = a[j1];
                xi = -a[j1 + 1];
                yr = a[k1];
                yi = -a[k1 + 1];
                a[j1] = yr;
                a[j1 + 1] = yi;
                a[k1] = xr;
                a[k1 + 1] = xi;
                j1 -= m;
                k1 -= 2 * m;
                xr = a[j1];
                xi = -a[j1 + 1];
                yr = a[k1];
                yi = -a[k1 + 1];
                a[j1] = yr;
                a[j1 + 1] = yi;
                a[k1] = xr;
                a[k1 + 1] = xi;
                for (i = nh >> 1; i > (k ^= i); i >>= 1);
            }
            k1 = j0 + k0;
            j1 = k1 + 2;
            k1 += nh;
            a[j1 - 1] = -a[j1 - 1];
            xr = a[j1];
            xi = -a[j1 + 1];
            yr = a[k1];
            yi = -a[k1 + 1];
            a[j1] = yr;
            a[j1 + 1] = yi;
            a[k1] = xr;
            a[k1 + 1] = xi;
            a[k1 + 3] = -a[k1 + 3];
            j1 += m;
            k1 += 2 * m;
            xr = a[j1];
            xi = -a[j1 + 1];
            yr = a[k1];
            yi = -a[k1 + 1];
            a[j1] = yr;
            a[j1 + 1] = yi;
            a[k1] = xr;
            a[k1 + 1] = xi;
            j1 += m;
            k1 -= m;
            xr = a[j1];
            xi = -a[j1 + 1];
            yr = a[k1];
            yi = -a[k1 + 1];
            a[j1] = yr;
            a[j1 + 1] = yi;
            a[k1] = xr;
            a[k1 + 1] = xi;
            j1 -= 2;
            k1 -= nh;
            xr = a[j1];
            xi = -a[j1 + 1];
            yr = a[k1];
            yi = -a[k1 + 1];
            a[j1] = yr;
            a[j1 + 1] = yi;
            a[k1] = xr;
            a[k1 + 1] = xi;
            j1 += nh + 2;
            k1 += nh + 2;
            xr = a[j1];
            xi = -a[j1 + 1];
            yr = a[k1];
            yi = -a[k1 + 1];
            a[j1] = yr;
            a[j1 + 1] = yi;
            a[k1] = xr;
            a[k1 + 1] = xi;
            j1 -= nh - m;
            k1 += 2 * m - 2;
            a[j1 - 1] = -a[j1 - 1];
            xr = a[j1];
            xi = -a[j1 + 1];
            yr = a[k1];
            yi = -a[k1 + 1];
            a[j1] = yr;
            a[j1 + 1] = yi;
            a[k1] = xr;
            a[k1 + 1] = xi;
            a[k1 + 3] = -a[k1 + 3];
            for (i = nh >> 1; i > (j0 ^= i); i >>= 1);
        }
    } else {
        j0 = 0;
        for (k0 = 0; k0 < m; k0 += 4) {
            k = k0;
            for (j = j0; j < j0 + k0; j += 4) {
                xr = a[j];
                xi = -a[j + 1];
                yr = a[k];
                yi = -a[k + 1];
                a[j] = yr;
                a[j + 1] = yi;
                a[k] = xr;
                a[k + 1] = xi;
                j1 = j + m;
                k1 = k + m;
                xr = a[j1];
                xi = -a[j1 + 1];
                yr = a[k1];
                yi = -a[k1 + 1];
                a[j1] = yr;
                a[j1 + 1] = yi;
                a[k1] = xr;
                a[k1 + 1] = xi;
                j1 += nh;
                k1 += 2;
                xr = a[j1];
                xi = -a[j1 + 1];
                yr = a[k1];
                yi = -a[k1 + 1];
                a[j1] = yr;
                a[j1 + 1] = yi;
                a[k1] = xr;
                a[k1 + 1] = xi;
                j1 -= m;
                k1 -= m;
                xr = a[j1];
                xi = -a[j1 + 1];
                yr = a[k1];
                yi = -a[k1 + 1];
                a[j1] = yr;
                a[j1 + 1] = yi;
                a[k1] = xr;
                a[k1 + 1] = xi;
                j1 += 2;
                k1 += nh;
                xr = a[j1];
                xi = -a[j1 + 1];
                yr = a[k1];
                yi = -a[k1 + 1];
                a[j1] = yr;
                a[j1 + 1] = yi;
                a[k1] = xr;
                a[k1 + 1] = xi;
                j1 += m;
                k1 += m;
                xr = a[j1];
                xi = -a[j1 + 1];
                yr = a[k1];
                yi = -a[k1 + 1];
                a[j1] = yr;
                a[j1 + 1] = yi;
                a[k1] = xr;
                a[k1 + 1] = xi;
                j1 -= nh;
                k1 -= 2;
                xr = a[j1];
                xi = -a[j1 + 1];
                yr = a[k1];
                yi = -a[k1 + 1];
                a[j1] = yr;
                a[j1 + 1] = yi;
                a[k1] = xr;
                a[k1 + 1] = xi;
                j1 -= m;
                k1 -= m;
                xr = a[j1];
                xi = -a[j1 + 1];
                yr = a[k1];
                yi = -a[k1 + 1];
                a[j1] = yr;
                a[j1 + 1] = yi;
                a[k1] = xr;
                a[k1 + 1] = xi;
                for (i = nh >> 1; i > (k ^= i); i >>= 1);
            }
            k1 = j0 + k0;
            j1 = k1 + 2;
            k1 += nh;
            a[j1 - 1] = -a[j1 - 1];
            xr = a[j1];
            xi = -a[j1 + 1];
            yr = a[k1];
            yi = -a[k1 + 1];
            a[j1] = yr;
            a[j1 + 1] = yi;
            a[k1] = xr;
            a[k1 + 1] = xi;
            a[k1 + 3] = -a[k1 + 3];
            j1 += m;
            k1 += m;
            a[j1 - 1] = -a[j1 - 1];
            xr = a[j1];
            xi = -a[j1 + 1];
            yr = a[k1];
            yi = -a[k1 + 1];
            a[j1] = yr;
            a[j1 + 1] = yi;
            a[k1] = xr;
            a[k1 + 1] = xi;
            a[k1 + 3] = -a[k1 + 3];
            for (i = nh >> 1; i > (j0 ^= i); i >>= 1);
        }
    }
}


void bitrv216(double *a)
{
    double x1r, x1i, x2r, x2i, x3r, x3i, x4r, x4i, 
        x5r, x5i, x7r, x7i, x8r, x8i, x10r, x10i, 
        x11r, x11i, x12r, x12i, x13r, x13i, x14r, x14i;
    
    x1r = a[2];
    x1i = a[3];
    x2r = a[4];
    x2i = a[5];
    x3r = a[6];
    x3i = a[7];
    x4r = a[8];
    x4i = a[9];
    x5r = a[10];
    x5i = a[11];
    x7r = a[14];
    x7i = a[15];
    x8r = a[16];
    x8i = a[17];
    x10r = a[20];
    x10i = a[21];
    x11r = a[22];
    x11i = a[23];
    x12r = a[24];
    x12i = a[25];
    x13r = a[26];
    x13i = a[27];
    x14r = a[28];
    x14i = a[29];
    a[2] = x8r;
    a[3] = x8i;
    a[4] = x4r;
    a[5] = x4i;
    a[6] = x12r;
    a[7] = x12i;
    a[8] = x2r;
    a[9] = x2i;
    a[10] = x10r;
    a[11] = x10i;
    a[14] = x14r;
    a[15] = x14i;
    a[16] = x1r;
    a[17] = x1i;
    a[20] = x5r;
    a[21] = x5i;
    a[22] = x13r;
    a[23] = x13i;
    a[24] = x3r;
    a[25] = x3i;
    a[26] = x11r;
    a[27] = x11i;
    a[28] = x7r;
    a[29] = x7i;
}


void bitrv216neg(double *a)
{
    double x1r, x1i, x2r, x2i, x3r, x3i, x4r, x4i, 
        x5r, x5i, x6r, x6i, x7r, x7i, x8r, x8i, 
        x9r, x9i, x10r, x10i, x11r, x11i, x12r, x12i, 
        x13r, x13i, x14r, x14i, x15r, x15i;
    
    x1r = a[2];
    x1i = a[3];
    x2r = a[4];
    x2i = a[5];
    x3r = a[6];
    x3i = a[7];
    x4r = a[8];
    x4i = a[9];
    x5r = a[10];
    x5i = a[11];
    x6r = a[12];
    x6i = a[13];
    x7r = a[14];
    x7i = a[15];
    x8r = a[16];
    x8i = a[17];
    x9r = a[18];
    x9i = a[19];
    x10r = a[20];
    x10i = a[21];
    x11r = a[22];
    x11i = a[23];
    x12r = a[24];
    x12i = a[25];
    x13r = a[26];
    x13i = a[27];
    x14r = a[28];
    x14i = a[29];
    x15r = a[30];
    x15i = a[31];
    a[2] = x15r;
    a[3] = x15i;
    a[4] = x7r;
    a[5] = x7i;
    a[6] = x11r;
    a[7] = x11i;
    a[8] = x3r;
    a[9] = x3i;
    a[10] = x13r;
    a[11] = x13i;
    a[12] = x5r;
    a[13] = x5i;
    a[14] = x9r;
    a[15] = x9i;
    a[16] = x1r;
    a[17] = x1i;
    a[18] = x14r;
    a[19] = x14i;
    a[20] = x6r;
    a[21] = x6i;
    a[22] = x10r;
    a[23] = x10i;
    a[24] = x2r;
    a[25] = x2i;
    a[26] = x12r;
    a[27] = x12i;
    a[28] = x4r;
    a[29] = x4i;
    a[30] = x8r;
    a[31] = x8i;
}


void bitrv208(double *a)
{
    double x1r, x1i, x3r, x3i, x4r, x4i, x6r, x6i;
    
    x1r = a[2];
    x1i = a[3];
    x3r = a[6];
    x3i = a[7];
    x4r = a[8];
    x4i = a[9];
    x6r = a[12];
    x6i = a[13];
    a[2] = x4r;
    a[3] = x4i;
    a[6] = x6r;
    a[7] = x6i;
    a[8] = x1r;
    a[9] = x1i;
    a[12] = x3r;
    a[13] = x3i;
}


void bitrv208neg(double *a)
{
    double x1r, x1i, x2r, x2i, x3r, x3i, x4r, x4i, 
        x5r, x5i, x6r, x6i, x7r, x7i;
    
    x1r = a[2];
    x1i = a[3];
    x2r = a[4];
    x2i = a[5];
    x3r = a[6];
    x3i = a[7];
    x4r = a[8];
    x4i = a[9];
    x5r = a[10];
    x5i = a[11];
    x6r = a[12];
    x6i = a[13];
    x7r = a[14];
    x7i = a[15];
    a[2] = x7r;
    a[3] = x7i;
    a[4] = x3r;
    a[5] = x3i;
    a[6] = x5r;
    a[7] = x5i;
    a[8] = x1r;
    a[9] = x1i;
    a[10] = x6r;
    a[11] = x6i;
    a[12] = x2r;
    a[13] = x2i;
    a[14] = x4r;
    a[15] = x4i;
}


void bitrv1(int n, double *a)
{
    int j0, k0, j1, k1, l, m, i, j, k, nh;
    double x;
    
    nh = n >> 1;
    x = a[1];
    a[1] = a[nh];
    a[nh] = x;
    m = 2;
    for (l = n >> 2; l > 2; l >>= 2) {
        m <<= 1;
    }
    if (l == 2) {
        j1 = m + 1;
        k1 = m + nh;
        x = a[j1];
        a[j1] = a[k1];
        a[k1] = x;
        j0 = 0;
        for (k0 = 2; k0 < m; k0 += 2) {
            for (i = nh >> 1; i > (j0 ^= i); i >>= 1);
            k = k0;
            for (j = j0; j < j0 + k0; j += 2) {
                x = a[j];
                a[j] = a[k];
                a[k] = x;
                j1 = j + m;
                k1 = k + m;
                x = a[j1];
                a[j1] = a[k1];
                a[k1] = x;
                j1 += nh;
                k1++;
                x = a[j1];
                a[j1] = a[k1];
                a[k1] = x;
                j1 -= m;
                k1 -= m;
                x = a[j1];
                a[j1] = a[k1];
                a[k1] = x;
                j1++;
                k1 += nh;
                x = a[j1];
                a[j1] = a[k1];
                a[k1] = x;
                j1 += m;
                k1 += m;
                x = a[j1];
                a[j1] = a[k1];
                a[k1] = x;
                j1 -= nh;
                k1--;
                x = a[j1];
                a[j1] = a[k1];
                a[k1] = x;
                j1 -= m;
                k1 -= m;
                x = a[j1];
                a[j1] = a[k1];
                a[k1] = x;
                for (i = nh >> 1; i > (k ^= i); i >>= 1);
            }
            k1 = j0 + k0;
            j1 = k1 + 1;
            k1 += nh;
            x = a[j1];
            a[j1] = a[k1];
            a[k1] = x;
            j1 += m;
            k1 += m;
            x = a[j1];
            a[j1] = a[k1];
            a[k1] = x;
        }
    } else {
        j0 = 0;
        for (k0 = 2; k0 < m; k0 += 2) {
            for (i = nh >> 1; i > (j0 ^= i); i >>= 1);
            k = k0;
            for (j = j0; j < j0 + k0; j += 2) {
                x = a[j];
                a[j] = a[k];
                a[k] = x;
                j1 = j + nh;
                k1 = k + 1;
                x = a[j1];
                a[j1] = a[k1];
                a[k1] = x;
                j1++;
                k1 += nh;
                x = a[j1];
                a[j1] = a[k1];
                a[k1] = x;
                j1 -= nh;
                k1--;
                x = a[j1];
                a[j1] = a[k1];
                a[k1] = x;
                for (i = nh >> 1; i > (k ^= i); i >>= 1);
            }
            k1 = j0 + k0;
            j1 = k1 + 1;
            k1 += nh;
            x = a[j1];
            a[j1] = a[k1];
            a[k1] = x;
        }
    }
}


void cftb1st(int n, double *a)
{
    int i, i0, j, j0, j1, j2, j3, m, mh;
    double ew, w1r, w1i, wk1r, wk1i, wk3r, wk3i, 
        wd1r, wd1i, wd3r, wd3i, ss1, ss3;
    double x0r, x0i, x1r, x1i, x2r, x2i, x3r, x3i;
    
    mh = n >> 3;
    m = 2 * mh;
    j1 = m;
    j2 = j1 + m;
    j3 = j2 + m;
    x0r = a[0] + a[j2];
    x0i = -a[1] - a[j2 + 1];
    x1r = a[0] - a[j2];
    x1i = -a[1] + a[j2 + 1];
    x2r = a[j1] + a[j3];
    x2i = a[j1 + 1] + a[j3 + 1];
    x3r = a[j1] - a[j3];
    x3i = a[j1 + 1] - a[j3 + 1];
    a[0] = x0r + x2r;
    a[1] = x0i - x2i;
    a[j1] = x0r - x2r;
    a[j1 + 1] = x0i + x2i;
    a[j2] = x1r + x3i;
    a[j2 + 1] = x1i + x3r;
    a[j3] = x1r - x3i;
    a[j3 + 1] = x1i - x3r;
    wd1r = 1;
    wd1i = 0;
    wd3r = 1;
    wd3i = 0;
    ew = M_PI_2 / m;
    w1r = cos(2 * ew);
    w1i = sin(2 * ew);
    wk1r = w1r;
    wk1i = w1i;
    ss1 = 2 * w1i;
    wk3i = 2 * ss1 * wk1r;
    wk3r = wk1r - wk3i * wk1i;
    wk3i = wk1i - wk3i * wk1r;
    ss3 = 2 * wk3i;
    i = 0;
    for (;;) {
        i0 = i + 4 * CDFT_LOOP_DIV;
        if (i0 > mh - 4) {
            i0 = mh - 4;
        }
        for (j = i + 2; j < i0; j += 4) {
            wd1r -= ss1 * wk1i;
            wd1i += ss1 * wk1r;
            wd3r -= ss3 * wk3i;
            wd3i += ss3 * wk3r;
            j1 = j + m;
            j2 = j1 + m;
            j3 = j2 + m;
            x0r = a[j] + a[j2];
            x0i = -a[j + 1] - a[j2 + 1];
            x1r = a[j] - a[j2];
            x1i = -a[j + 1] + a[j2 + 1];
            x2r = a[j1] + a[j3];
            x2i = a[j1 + 1] + a[j3 + 1];
            x3r = a[j1] - a[j3];
            x3i = a[j1 + 1] - a[j3 + 1];
            a[j] = x0r + x2r;
            a[j + 1] = x0i - x2i;
            a[j1] = x0r - x2r;
            a[j1 + 1] = x0i + x2i;
            x0r = x1r + x3i;
            x0i = x1i + x3r;
            a[j2] = wk1r * x0r - wk1i * x0i;
            a[j2 + 1] = wk1r * x0i + wk1i * x0r;
            x0r = x1r - x3i;
            x0i = x1i - x3r;
            a[j3] = wk3r * x0r + wk3i * x0i;
            a[j3 + 1] = wk3r * x0i - wk3i * x0r;
            x0r = a[j + 2] + a[j2 + 2];
            x0i = -a[j + 3] - a[j2 + 3];
            x1r = a[j + 2] - a[j2 + 2];
            x1i = -a[j + 3] + a[j2 + 3];
            x2r = a[j1 + 2] + a[j3 + 2];
            x2i = a[j1 + 3] + a[j3 + 3];
            x3r = a[j1 + 2] - a[j3 + 2];
            x3i = a[j1 + 3] - a[j3 + 3];
            a[j + 2] = x0r + x2r;
            a[j + 3] = x0i - x2i;
            a[j1 + 2] = x0r - x2r;
            a[j1 + 3] = x0i + x2i;
            x0r = x1r + x3i;
            x0i = x1i + x3r;
            a[j2 + 2] = wd1r * x0r - wd1i * x0i;
            a[j2 + 3] = wd1r * x0i + wd1i * x0r;
            x0r = x1r - x3i;
            x0i = x1i - x3r;
            a[j3 + 2] = wd3r * x0r + wd3i * x0i;
            a[j3 + 3] = wd3r * x0i - wd3i * x0r;
            j0 = m - j;
            j1 = j0 + m;
            j2 = j1 + m;
            j3 = j2 + m;
            x0r = a[j0] + a[j2];
            x0i = -a[j0 + 1] - a[j2 + 1];
            x1r = a[j0] - a[j2];
            x1i = -a[j0 + 1] + a[j2 + 1];
            x2r = a[j1] + a[j3];
            x2i = a[j1 + 1] + a[j3 + 1];
            x3r = a[j1] - a[j3];
            x3i = a[j1 + 1] - a[j3 + 1];
            a[j0] = x0r + x2r;
            a[j0 + 1] = x0i - x2i;
            a[j1] = x0r - x2r;
            a[j1 + 1] = x0i + x2i;
            x0r = x1r + x3i;
            x0i = x1i + x3r;
            a[j2] = wk1i * x0r - wk1r * x0i;
            a[j2 + 1] = wk1i * x0i + wk1r * x0r;
            x0r = x1r - x3i;
            x0i = x1i - x3r;
            a[j3] = wk3i * x0r + wk3r * x0i;
            a[j3 + 1] = wk3i * x0i - wk3r * x0r;
            x0r = a[j0 - 2] + a[j2 - 2];
            x0i = -a[j0 - 1] - a[j2 - 1];
            x1r = a[j0 - 2] - a[j2 - 2];
            x1i = -a[j0 - 1] + a[j2 - 1];
            x2r = a[j1 - 2] + a[j3 - 2];
            x2i = a[j1 - 1] + a[j3 - 1];
            x3r = a[j1 - 2] - a[j3 - 2];
            x3i = a[j1 - 1] - a[j3 - 1];
            a[j0 - 2] = x0r + x2r;
            a[j0 - 1] = x0i - x2i;
            a[j1 - 2] = x0r - x2r;
            a[j1 - 1] = x0i + x2i;
            x0r = x1r + x3i;
            x0i = x1i + x3r;
            a[j2 - 2] = wd1i * x0r - wd1r * x0i;
            a[j2 - 1] = wd1i * x0i + wd1r * x0r;
            x0r = x1r - x3i;
            x0i = x1i - x3r;
            a[j3 - 2] = wd3i * x0r + wd3r * x0i;
            a[j3 - 1] = wd3i * x0i - wd3r * x0r;
            wk1r -= ss1 * wd1i;
            wk1i += ss1 * wd1r;
            wk3r -= ss3 * wd3i;
            wk3i += ss3 * wd3r;
        }
        if (i0 == mh - 4) {
            break;
        }
        wd1r = cos(ew * i0);
        wd1i = sin(ew * i0);
        wd3i = 4 * wd1i * wd1r;
        wd3r = wd1r - wd3i * wd1i;
        wd3i = wd1i - wd3i * wd1r;
        wk1r = w1r * wd1r - w1i * wd1i;
        wk1i = w1r * wd1i + w1i * wd1r;
        wk3i = 4 * wk1i * wk1r;
        wk3r = wk1r - wk3i * wk1i;
        wk3i = wk1i - wk3i * wk1r;
        i = i0;
    }
    wd1r = WR5000;
    j0 = mh;
    j1 = j0 + m;
    j2 = j1 + m;
    j3 = j2 + m;
    x0r = a[j0 - 2] + a[j2 - 2];
    x0i = -a[j0 - 1] - a[j2 - 1];
    x1r = a[j0 - 2] - a[j2 - 2];
    x1i = -a[j0 - 1] + a[j2 - 1];
    x2r = a[j1 - 2] + a[j3 - 2];
    x2i = a[j1 - 1] + a[j3 - 1];
    x3r = a[j1 - 2] - a[j3 - 2];
    x3i = a[j1 - 1] - a[j3 - 1];
    a[j0 - 2] = x0r + x2r;
    a[j0 - 1] = x0i - x2i;
    a[j1 - 2] = x0r - x2r;
    a[j1 - 1] = x0i + x2i;
    x0r = x1r + x3i;
    x0i = x1i + x3r;
    a[j2 - 2] = wk1r * x0r - wk1i * x0i;
    a[j2 - 1] = wk1r * x0i + wk1i * x0r;
    x0r = x1r - x3i;
    x0i = x1i - x3r;
    a[j3 - 2] = wk3r * x0r + wk3i * x0i;
    a[j3 - 1] = wk3r * x0i - wk3i * x0r;
    x0r = a[j0] + a[j2];
    x0i = -a[j0 + 1] - a[j2 + 1];
    x1r = a[j0] - a[j2];
    x1i = -a[j0 + 1] + a[j2 + 1];
    x2r = a[j1] + a[j3];
    x2i = a[j1 + 1] + a[j3 + 1];
    x3r = a[j1] - a[j3];
    x3i = a[j1 + 1] - a[j3 + 1];
    a[j0] = x0r + x2r;
    a[j0 + 1] = x0i - x2i;
    a[j1] = x0r - x2r;
    a[j1 + 1] = x0i + x2i;
    x0r = x1r + x3i;
    x0i = x1i + x3r;
    a[j2] = wd1r * (x0r - x0i);
    a[j2 + 1] = wd1r * (x0i + x0r);
    x0r = x1r - x3i;
    x0i = x1i - x3r;
    a[j3] = -wd1r * (x0r + x0i);
    a[j3 + 1] = -wd1r * (x0i - x0r);
    x0r = a[j0 + 2] + a[j2 + 2];
    x0i = -a[j0 + 3] - a[j2 + 3];
    x1r = a[j0 + 2] - a[j2 + 2];
    x1i = -a[j0 + 3] + a[j2 + 3];
    x2r = a[j1 + 2] + a[j3 + 2];
    x2i = a[j1 + 3] + a[j3 + 3];
    x3r = a[j1 + 2] - a[j3 + 2];
    x3i = a[j1 + 3] - a[j3 + 3];
    a[j0 + 2] = x0r + x2r;
    a[j0 + 3] = x0i - x2i;
    a[j1 + 2] = x0r - x2r;
    a[j1 + 3] = x0i + x2i;
    x0r = x1r + x3i;
    x0i = x1i + x3r;
    a[j2 + 2] = wk1i * x0r - wk1r * x0i;
    a[j2 + 3] = wk1i * x0i + wk1r * x0r;
    x0r = x1r - x3i;
    x0i = x1i - x3r;
    a[j3 + 2] = wk3i * x0r + wk3r * x0i;
    a[j3 + 3] = wk3i * x0i - wk3r * x0r;
}


#ifdef USE_CDFT_THREADS
struct cdft_arg_st {
    int n0;
    int n;
    double *a;
};
typedef struct cdft_arg_st cdft_arg_t;


void cftrec4_th(int n, double *a)
{
    void *cftrec1_th(void *p);
    void *cftrec2_th(void *p);
    int i, idiv4, m, nthread;
    cdft_thread_t th[4];
    cdft_arg_t ag[4];
    
    nthread = 2;
    idiv4 = 0;
    m = n >> 1;
    if (n > CDFT_4THREADS_BEGIN_N) {
        nthread = 4;
        idiv4 = 1;
        m >>= 1;
    }
    for (i = 0; i < nthread; i++) {
        ag[i].n0 = n;
        ag[i].n = m;
        ag[i].a = &a[i * m];
        if (i != idiv4) {
            cdft_thread_create(&th[i], cftrec1_th, &ag[i]);
        } else {
            cdft_thread_create(&th[i], cftrec2_th, &ag[i]);
        }
    }
    for (i = 0; i < nthread; i++) {
        cdft_thread_wait(th[i]);
    }
}


void *cftrec1_th(void *p)
{
    int cfttree(int n, int j, int k, double *a);
    void cftleaf(int n, int isplt, double *a);
    void cftmdl1(int n, double *a);
    int isplt, j, k, m, n, n0;
    double *a;
    
    n0 = ((cdft_arg_t *) p)->n0;
    n = ((cdft_arg_t *) p)->n;
    a = ((cdft_arg_t *) p)->a;
    m = n0;
    while (m > 512) {
        m >>= 2;
        cftmdl1(m, &a[n - m]);
    }
    cftleaf(m, 1, &a[n - m]);
    k = 0;
    for (j = n - m; j > 0; j -= m) {
        k++;
        isplt = cfttree(m, j, k, a);
        cftleaf(m, isplt, &a[j - m]);
    }
    return (void *) 0;
}


void *cftrec2_th(void *p)
{
    int cfttree(int n, int j, int k, double *a);
    void cftleaf(int n, int isplt, double *a);
    void cftmdl2(int n, double *a);
    int isplt, j, k, m, n, n0;
    double *a;
    
    n0 = ((cdft_arg_t *) p)->n0;
    n = ((cdft_arg_t *) p)->n;
    a = ((cdft_arg_t *) p)->a;
    k = 1;
    m = n0;
    while (m > 512) {
        m >>= 2;
        k <<= 2;
        cftmdl2(m, &a[n - m]);
    }
    cftleaf(m, 0, &a[n - m]);
    k >>= 1;
    for (j = n - m; j > 0; j -= m) {
        k++;
        isplt = cfttree(m, j, k, a);
        cftleaf(m, isplt, &a[j - m]);
    }
    return (void *) 0;
}
#endif /* USE_CDFT_THREADS */


void cftrec4(int n, double *a)
{
    int cfttree(int n, int j, int k, double *a);
    void cftleaf(int n, int isplt, double *a);
    void cftmdl1(int n, double *a);
    int isplt, j, k, m;
    
    m = n;
    while (m > 512) {
        m >>= 2;
        cftmdl1(m, &a[n - m]);
    }
    cftleaf(m, 1, &a[n - m]);
    k = 0;
    for (j = n - m; j > 0; j -= m) {
        k++;
        isplt = cfttree(m, j, k, a);
        cftleaf(m, isplt, &a[j - m]);
    }
}


int cfttree(int n, int j, int k, double *a)
{
    void cftmdl1(int n, double *a);
    void cftmdl2(int n, double *a);
    int i, isplt, m;
    
    if ((k & 3) != 0) {
        isplt = k & 1;
        if (isplt != 0) {
            cftmdl1(n, &a[j - n]);
        } else {
            cftmdl2(n, &a[j - n]);
        }
    } else {
        m = n;
        for (i = k; (i & 3) == 0; i >>= 2) {
            m <<= 2;
        }
        isplt = i & 1;
        if (isplt != 0) {
            while (m > 128) {
                cftmdl1(m, &a[j - m]);
                m >>= 2;
            }
        } else {
            while (m > 128) {
                cftmdl2(m, &a[j - m]);
                m >>= 2;
            }
        }
    }
    return isplt;
}


void cftleaf(int n, int isplt, double *a)
{
    void cftmdl1(int n, double *a);
    void cftmdl2(int n, double *a);
    void cftf161(double *a);
    void cftf162(double *a);
    void cftf081(double *a);
    void cftf082(double *a);
    
    if (n == 512) {
        cftmdl1(128, a);
        cftf161(a);
        cftf162(&a[32]);
        cftf161(&a[64]);
        cftf161(&a[96]);
        cftmdl2(128, &a[128]);
        cftf161(&a[128]);
        cftf162(&a[160]);
        cftf161(&a[192]);
        cftf162(&a[224]);
        cftmdl1(128, &a[256]);
        cftf161(&a[256]);
        cftf162(&a[288]);
        cftf161(&a[320]);
        cftf161(&a[352]);
        if (isplt != 0) {
            cftmdl1(128, &a[384]);
            cftf161(&a[480]);
        } else {
            cftmdl2(128, &a[384]);
            cftf162(&a[480]);
        }
        cftf161(&a[384]);
        cftf162(&a[416]);
        cftf161(&a[448]);
    } else {
        cftmdl1(64, a);
        cftf081(a);
        cftf082(&a[16]);
        cftf081(&a[32]);
        cftf081(&a[48]);
        cftmdl2(64, &a[64]);
        cftf081(&a[64]);
        cftf082(&a[80]);
        cftf081(&a[96]);
        cftf082(&a[112]);
        cftmdl1(64, &a[128]);
        cftf081(&a[128]);
        cftf082(&a[144]);
        cftf081(&a[160]);
        cftf081(&a[176]);
        if (isplt != 0) {
            cftmdl1(64, &a[192]);
            cftf081(&a[240]);
        } else {
            cftmdl2(64, &a[192]);
            cftf082(&a[240]);
        }
        cftf081(&a[192]);
        cftf082(&a[208]);
        cftf081(&a[224]);
    }
}


void cftmdl1(int n, double *a)
{
    int i, i0, j, j0, j1, j2, j3, m, mh;
    double ew, w1r, w1i, wk1r, wk1i, wk3r, wk3i, 
        wd1r, wd1i, wd3r, wd3i, ss1, ss3;
    double x0r, x0i, x1r, x1i, x2r, x2i, x3r, x3i;
    
    mh = n >> 3;
    m = 2 * mh;
    j1 = m;
    j2 = j1 + m;
    j3 = j2 + m;
    x0r = a[0] + a[j2];
    x0i = a[1] + a[j2 + 1];
    x1r = a[0] - a[j2];
    x1i = a[1] - a[j2 + 1];
    x2r = a[j1] + a[j3];
    x2i = a[j1 + 1] + a[j3 + 1];
    x3r = a[j1] - a[j3];
    x3i = a[j1 + 1] - a[j3 + 1];
    a[0] = x0r + x2r;
    a[1] = x0i + x2i;
    a[j1] = x0r - x2r;
    a[j1 + 1] = x0i - x2i;
    a[j2] = x1r - x3i;
    a[j2 + 1] = x1i + x3r;
    a[j3] = x1r + x3i;
    a[j3 + 1] = x1i - x3r;
    wd1r = 1;
    wd1i = 0;
    wd3r = 1;
    wd3i = 0;
    ew = M_PI_2 / m;
    w1r = cos(2 * ew);
    w1i = sin(2 * ew);
    wk1r = w1r;
    wk1i = w1i;
    ss1 = 2 * w1i;
    wk3i = 2 * ss1 * wk1r;
    wk3r = wk1r - wk3i * wk1i;
    wk3i = wk1i - wk3i * wk1r;
    ss3 = 2 * wk3i;
    i = 0;
    for (;;) {
        i0 = i + 4 * CDFT_LOOP_DIV;
        if (i0 > mh - 4) {
            i0 = mh - 4;
        }
        for (j = i + 2; j < i0; j += 4) {
            wd1r -= ss1 * wk1i;
            wd1i += ss1 * wk1r;
            wd3r -= ss3 * wk3i;
            wd3i += ss3 * wk3r;
            j1 = j + m;
            j2 = j1 + m;
            j3 = j2 + m;
            x0r = a[j] + a[j2];
            x0i = a[j + 1] + a[j2 + 1];
            x1r = a[j] - a[j2];
            x1i = a[j + 1] - a[j2 + 1];
            x2r = a[j1] + a[j3];
            x2i = a[j1 + 1] + a[j3 + 1];
            x3r = a[j1] - a[j3];
            x3i = a[j1 + 1] - a[j3 + 1];
            a[j] = x0r + x2r;
            a[j + 1] = x0i + x2i;
            a[j1] = x0r - x2r;
            a[j1 + 1] = x0i - x2i;
            x0r = x1r - x3i;
            x0i = x1i + x3r;
            a[j2] = wk1r * x0r - wk1i * x0i;
            a[j2 + 1] = wk1r * x0i + wk1i * x0r;
            x0r = x1r + x3i;
            x0i = x1i - x3r;
            a[j3] = wk3r * x0r + wk3i * x0i;
            a[j3 + 1] = wk3r * x0i - wk3i * x0r;
            x0r = a[j + 2] + a[j2 + 2];
            x0i = a[j + 3] + a[j2 + 3];
            x1r = a[j + 2] - a[j2 + 2];
            x1i = a[j + 3] - a[j2 + 3];
            x2r = a[j1 + 2] + a[j3 + 2];
            x2i = a[j1 + 3] + a[j3 + 3];
            x3r = a[j1 + 2] - a[j3 + 2];
            x3i = a[j1 + 3] - a[j3 + 3];
            a[j + 2] = x0r + x2r;
            a[j + 3] = x0i + x2i;
            a[j1 + 2] = x0r - x2r;
            a[j1 + 3] = x0i - x2i;
            x0r = x1r - x3i;
            x0i = x1i + x3r;
            a[j2 + 2] = wd1r * x0r - wd1i * x0i;
            a[j2 + 3] = wd1r * x0i + wd1i * x0r;
            x0r = x1r + x3i;
            x0i = x1i - x3r;
            a[j3 + 2] = wd3r * x0r + wd3i * x0i;
            a[j3 + 3] = wd3r * x0i - wd3i * x0r;
            j0 = m - j;
            j1 = j0 + m;
            j2 = j1 + m;
            j3 = j2 + m;
            x0r = a[j0] + a[j2];
            x0i = a[j0 + 1] + a[j2 + 1];
            x1r = a[j0] - a[j2];
            x1i = a[j0 + 1] - a[j2 + 1];
            x2r = a[j1] + a[j3];
            x2i = a[j1 + 1] + a[j3 + 1];
            x3r = a[j1] - a[j3];
            x3i = a[j1 + 1] - a[j3 + 1];
            a[j0] = x0r + x2r;
            a[j0 + 1] = x0i + x2i;
            a[j1] = x0r - x2r;
            a[j1 + 1] = x0i - x2i;
            x0r = x1r - x3i;
            x0i = x1i + x3r;
            a[j2] = wk1i * x0r - wk1r * x0i;
            a[j2 + 1] = wk1i * x0i + wk1r * x0r;
            x0r = x1r + x3i;
            x0i = x1i - x3r;
            a[j3] = wk3i * x0r + wk3r * x0i;
            a[j3 + 1] = wk3i * x0i - wk3r * x0r;
            x0r = a[j0 - 2] + a[j2 - 2];
            x0i = a[j0 - 1] + a[j2 - 1];
            x1r = a[j0 - 2] - a[j2 - 2];
            x1i = a[j0 - 1] - a[j2 - 1];
            x2r = a[j1 - 2] + a[j3 - 2];
            x2i = a[j1 - 1] + a[j3 - 1];
            x3r = a[j1 - 2] - a[j3 - 2];
            x3i = a[j1 - 1] - a[j3 - 1];
            a[j0 - 2] = x0r + x2r;
            a[j0 - 1] = x0i + x2i;
            a[j1 - 2] = x0r - x2r;
            a[j1 - 1] = x0i - x2i;
            x0r = x1r - x3i;
            x0i = x1i + x3r;
            a[j2 - 2] = wd1i * x0r - wd1r * x0i;
            a[j2 - 1] = wd1i * x0i + wd1r * x0r;
            x0r = x1r + x3i;
            x0i = x1i - x3r;
            a[j3 - 2] = wd3i * x0r + wd3r * x0i;
            a[j3 - 1] = wd3i * x0i - wd3r * x0r;
            wk1r -= ss1 * wd1i;
            wk1i += ss1 * wd1r;
            wk3r -= ss3 * wd3i;
            wk3i += ss3 * wd3r;
        }
        if (i0 == mh - 4) {
            break;
        }
        wd1r = cos(ew * i0);
        wd1i = sin(ew * i0);
        wd3i = 4 * wd1i * wd1r;
        wd3r = wd1r - wd3i * wd1i;
        wd3i = wd1i - wd3i * wd1r;
        wk1r = w1r * wd1r - w1i * wd1i;
        wk1i = w1r * wd1i + w1i * wd1r;
        wk3i = 4 * wk1i * wk1r;
        wk3r = wk1r - wk3i * wk1i;
        wk3i = wk1i - wk3i * wk1r;
        i = i0;
    }
    wd1r = WR5000;
    j0 = mh;
    j1 = j0 + m;
    j2 = j1 + m;
    j3 = j2 + m;
    x0r = a[j0 - 2] + a[j2 - 2];
    x0i = a[j0 - 1] + a[j2 - 1];
    x1r = a[j0 - 2] - a[j2 - 2];
    x1i = a[j0 - 1] - a[j2 - 1];
    x2r = a[j1 - 2] + a[j3 - 2];
    x2i = a[j1 - 1] + a[j3 - 1];
    x3r = a[j1 - 2] - a[j3 - 2];
    x3i = a[j1 - 1] - a[j3 - 1];
    a[j0 - 2] = x0r + x2r;
    a[j0 - 1] = x0i + x2i;
    a[j1 - 2] = x0r - x2r;
    a[j1 - 1] = x0i - x2i;
    x0r = x1r - x3i;
    x0i = x1i + x3r;
    a[j2 - 2] = wk1r * x0r - wk1i * x0i;
    a[j2 - 1] = wk1r * x0i + wk1i * x0r;
    x0r = x1r + x3i;
    x0i = x1i - x3r;
    a[j3 - 2] = wk3r * x0r + wk3i * x0i;
    a[j3 - 1] = wk3r * x0i - wk3i * x0r;
    x0r = a[j0] + a[j2];
    x0i = a[j0 + 1] + a[j2 + 1];
    x1r = a[j0] - a[j2];
    x1i = a[j0 + 1] - a[j2 + 1];
    x2r = a[j1] + a[j3];
    x2i = a[j1 + 1] + a[j3 + 1];
    x3r = a[j1] - a[j3];
    x3i = a[j1 + 1] - a[j3 + 1];
    a[j0] = x0r + x2r;
    a[j0 + 1] = x0i + x2i;
    a[j1] = x0r - x2r;
    a[j1 + 1] = x0i - x2i;
    x0r = x1r - x3i;
    x0i = x1i + x3r;
    a[j2] = wd1r * (x0r - x0i);
    a[j2 + 1] = wd1r * (x0i + x0r);
    x0r = x1r + x3i;
    x0i = x1i - x3r;
    a[j3] = -wd1r * (x0r + x0i);
    a[j3 + 1] = -wd1r * (x0i - x0r);
    x0r = a[j0 + 2] + a[j2 + 2];
    x0i = a[j0 + 3] + a[j2 + 3];
    x1r = a[j0 + 2] - a[j2 + 2];
    x1i = a[j0 + 3] - a[j2 + 3];
    x2r = a[j1 + 2] + a[j3 + 2];
    x2i = a[j1 + 3] + a[j3 + 3];
    x3r = a[j1 + 2] - a[j3 + 2];
    x3i = a[j1 + 3] - a[j3 + 3];
    a[j0 + 2] = x0r + x2r;
    a[j0 + 3] = x0i + x2i;
    a[j1 + 2] = x0r - x2r;
    a[j1 + 3] = x0i - x2i;
    x0r = x1r - x3i;
    x0i = x1i + x3r;
    a[j2 + 2] = wk1i * x0r - wk1r * x0i;
    a[j2 + 3] = wk1i * x0i + wk1r * x0r;
    x0r = x1r + x3i;
    x0i = x1i - x3r;
    a[j3 + 2] = wk3i * x0r + wk3r * x0i;
    a[j3 + 3] = wk3i * x0i - wk3r * x0r;
}


void cftmdl2(int n, double *a)
{
    int i, i0, j, j0, j1, j2, j3, m, mh;
    double ew, w1r, w1i, wn4r, wk1r, wk1i, wk3r, wk3i, 
        wl1r, wl1i, wl3r, wl3i, wd1r, wd1i, wd3r, wd3i, 
        we1r, we1i, we3r, we3i, ss1, ss3;
    double x0r, x0i, x1r, x1i, x2r, x2i, x3r, x3i, y0r, y0i, y2r, y2i;
    
    mh = n >> 3;
    m = 2 * mh;
    wn4r = WR5000;
    j1 = m;
    j2 = j1 + m;
    j3 = j2 + m;
    x0r = a[0] - a[j2 + 1];
    x0i = a[1] + a[j2];
    x1r = a[0] + a[j2 + 1];
    x1i = a[1] - a[j2];
    x2r = a[j1] - a[j3 + 1];
    x2i = a[j1 + 1] + a[j3];
    x3r = a[j1] + a[j3 + 1];
    x3i = a[j1 + 1] - a[j3];
    y0r = wn4r * (x2r - x2i);
    y0i = wn4r * (x2i + x2r);
    a[0] = x0r + y0r;
    a[1] = x0i + y0i;
    a[j1] = x0r - y0r;
    a[j1 + 1] = x0i - y0i;
    y0r = wn4r * (x3r - x3i);
    y0i = wn4r * (x3i + x3r);
    a[j2] = x1r - y0i;
    a[j2 + 1] = x1i + y0r;
    a[j3] = x1r + y0i;
    a[j3 + 1] = x1i - y0r;
    wl1r = 1;
    wl1i = 0;
    wl3r = 1;
    wl3i = 0;
    we1r = wn4r;
    we1i = wn4r;
    we3r = -wn4r;
    we3i = -wn4r;
    ew = M_PI_2 / (2 * m);
    w1r = cos(2 * ew);
    w1i = sin(2 * ew);
    wk1r = w1r;
    wk1i = w1i;
    wd1r = wn4r * (w1r - w1i);
    wd1i = wn4r * (w1i + w1r);
    ss1 = 2 * w1i;
    wk3i = 2 * ss1 * wk1r;
    wk3r = wk1r - wk3i * wk1i;
    wk3i = wk1i - wk3i * wk1r;
    ss3 = 2 * wk3i;
    wd3r = -wn4r * (wk3r - wk3i);
    wd3i = -wn4r * (wk3i + wk3r);
    i = 0;
    for (;;) {
        i0 = i + 4 * CDFT_LOOP_DIV;
        if (i0 > mh - 4) {
            i0 = mh - 4;
        }
        for (j = i + 2; j < i0; j += 4) {
            wl1r -= ss1 * wk1i;
            wl1i += ss1 * wk1r;
            wl3r -= ss3 * wk3i;
            wl3i += ss3 * wk3r;
            we1r -= ss1 * wd1i;
            we1i += ss1 * wd1r;
            we3r -= ss3 * wd3i;
            we3i += ss3 * wd3r;
            j1 = j + m;
            j2 = j1 + m;
            j3 = j2 + m;
            x0r = a[j] - a[j2 + 1];
            x0i = a[j + 1] + a[j2];
            x1r = a[j] + a[j2 + 1];
            x1i = a[j + 1] - a[j2];
            x2r = a[j1] - a[j3 + 1];
            x2i = a[j1 + 1] + a[j3];
            x3r = a[j1] + a[j3 + 1];
            x3i = a[j1 + 1] - a[j3];
            y0r = wk1r * x0r - wk1i * x0i;
            y0i = wk1r * x0i + wk1i * x0r;
            y2r = wd1r * x2r - wd1i * x2i;
            y2i = wd1r * x2i + wd1i * x2r;
            a[j] = y0r + y2r;
            a[j + 1] = y0i + y2i;
            a[j1] = y0r - y2r;
            a[j1 + 1] = y0i - y2i;
            y0r = wk3r * x1r + wk3i * x1i;
            y0i = wk3r * x1i - wk3i * x1r;
            y2r = wd3r * x3r + wd3i * x3i;
            y2i = wd3r * x3i - wd3i * x3r;
            a[j2] = y0r + y2r;
            a[j2 + 1] = y0i + y2i;
            a[j3] = y0r - y2r;
            a[j3 + 1] = y0i - y2i;
            x0r = a[j + 2] - a[j2 + 3];
            x0i = a[j + 3] + a[j2 + 2];
            x1r = a[j + 2] + a[j2 + 3];
            x1i = a[j + 3] - a[j2 + 2];
            x2r = a[j1 + 2] - a[j3 + 3];
            x2i = a[j1 + 3] + a[j3 + 2];
            x3r = a[j1 + 2] + a[j3 + 3];
            x3i = a[j1 + 3] - a[j3 + 2];
            y0r = wl1r * x0r - wl1i * x0i;
            y0i = wl1r * x0i + wl1i * x0r;
            y2r = we1r * x2r - we1i * x2i;
            y2i = we1r * x2i + we1i * x2r;
            a[j + 2] = y0r + y2r;
            a[j + 3] = y0i + y2i;
            a[j1 + 2] = y0r - y2r;
            a[j1 + 3] = y0i - y2i;
            y0r = wl3r * x1r + wl3i * x1i;
            y0i = wl3r * x1i - wl3i * x1r;
            y2r = we3r * x3r + we3i * x3i;
            y2i = we3r * x3i - we3i * x3r;
            a[j2 + 2] = y0r + y2r;
            a[j2 + 3] = y0i + y2i;
            a[j3 + 2] = y0r - y2r;
            a[j3 + 3] = y0i - y2i;
            j0 = m - j;
            j1 = j0 + m;
            j2 = j1 + m;
            j3 = j2 + m;
            x0r = a[j0] - a[j2 + 1];
            x0i = a[j0 + 1] + a[j2];
            x1r = a[j0] + a[j2 + 1];
            x1i = a[j0 + 1] - a[j2];
            x2r = a[j1] - a[j3 + 1];
            x2i = a[j1 + 1] + a[j3];
            x3r = a[j1] + a[j3 + 1];
            x3i = a[j1 + 1] - a[j3];
            y0r = wd1i * x0r - wd1r * x0i;
            y0i = wd1i * x0i + wd1r * x0r;
            y2r = wk1i * x2r - wk1r * x2i;
            y2i = wk1i * x2i + wk1r * x2r;
            a[j0] = y0r + y2r;
            a[j0 + 1] = y0i + y2i;
            a[j1] = y0r - y2r;
            a[j1 + 1] = y0i - y2i;
            y0r = wd3i * x1r + wd3r * x1i;
            y0i = wd3i * x1i - wd3r * x1r;
            y2r = wk3i * x3r + wk3r * x3i;
            y2i = wk3i * x3i - wk3r * x3r;
            a[j2] = y0r + y2r;
            a[j2 + 1] = y0i + y2i;
            a[j3] = y0r - y2r;
            a[j3 + 1] = y0i - y2i;
            x0r = a[j0 - 2] - a[j2 - 1];
            x0i = a[j0 - 1] + a[j2 - 2];
            x1r = a[j0 - 2] + a[j2 - 1];
            x1i = a[j0 - 1] - a[j2 - 2];
            x2r = a[j1 - 2] - a[j3 - 1];
            x2i = a[j1 - 1] + a[j3 - 2];
            x3r = a[j1 - 2] + a[j3 - 1];
            x3i = a[j1 - 1] - a[j3 - 2];
            y0r = we1i * x0r - we1r * x0i;
            y0i = we1i * x0i + we1r * x0r;
            y2r = wl1i * x2r - wl1r * x2i;
            y2i = wl1i * x2i + wl1r * x2r;
            a[j0 - 2] = y0r + y2r;
            a[j0 - 1] = y0i + y2i;
            a[j1 - 2] = y0r - y2r;
            a[j1 - 1] = y0i - y2i;
            y0r = we3i * x1r + we3r * x1i;
            y0i = we3i * x1i - we3r * x1r;
            y2r = wl3i * x3r + wl3r * x3i;
            y2i = wl3i * x3i - wl3r * x3r;
            a[j2 - 2] = y0r + y2r;
            a[j2 - 1] = y0i + y2i;
            a[j3 - 2] = y0r - y2r;
            a[j3 - 1] = y0i - y2i;
            wk1r -= ss1 * wl1i;
            wk1i += ss1 * wl1r;
            wk3r -= ss3 * wl3i;
            wk3i += ss3 * wl3r;
            wd1r -= ss1 * we1i;
            wd1i += ss1 * we1r;
            wd3r -= ss3 * we3i;
            wd3i += ss3 * we3r;
        }
        if (i0 == mh - 4) {
            break;
        }
        wl1r = cos(ew * i0);
        wl1i = sin(ew * i0);
        wl3i = 4 * wl1i * wl1r;
        wl3r = wl1r - wl3i * wl1i;
        wl3i = wl1i - wl3i * wl1r;
        we1r = wn4r * (wl1r - wl1i);
        we1i = wn4r * (wl1i + wl1r);
        we3r = -wn4r * (wl3r - wl3i);
        we3i = -wn4r * (wl3i + wl3r);
        wk1r = w1r * wl1r - w1i * wl1i;
        wk1i = w1r * wl1i + w1i * wl1r;
        wk3i = 4 * wk1i * wk1r;
        wk3r = wk1r - wk3i * wk1i;
        wk3i = wk1i - wk3i * wk1r;
        wd1r = wn4r * (wk1r - wk1i);
        wd1i = wn4r * (wk1i + wk1r);
        wd3r = -wn4r * (wk3r - wk3i);
        wd3i = -wn4r * (wk3i + wk3r);
        i = i0;
    }
    wl1r = WR2500;
    wl1i = WI2500;
    j0 = mh;
    j1 = j0 + m;
    j2 = j1 + m;
    j3 = j2 + m;
    x0r = a[j0 - 2] - a[j2 - 1];
    x0i = a[j0 - 1] + a[j2 - 2];
    x1r = a[j0 - 2] + a[j2 - 1];
    x1i = a[j0 - 1] - a[j2 - 2];
    x2r = a[j1 - 2] - a[j3 - 1];
    x2i = a[j1 - 1] + a[j3 - 2];
    x3r = a[j1 - 2] + a[j3 - 1];
    x3i = a[j1 - 1] - a[j3 - 2];
    y0r = wk1r * x0r - wk1i * x0i;
    y0i = wk1r * x0i + wk1i * x0r;
    y2r = wd1r * x2r - wd1i * x2i;
    y2i = wd1r * x2i + wd1i * x2r;
    a[j0 - 2] = y0r + y2r;
    a[j0 - 1] = y0i + y2i;
    a[j1 - 2] = y0r - y2r;
    a[j1 - 1] = y0i - y2i;
    y0r = wk3r * x1r + wk3i * x1i;
    y0i = wk3r * x1i - wk3i * x1r;
    y2r = wd3r * x3r + wd3i * x3i;
    y2i = wd3r * x3i - wd3i * x3r;
    a[j2 - 2] = y0r + y2r;
    a[j2 - 1] = y0i + y2i;
    a[j3 - 2] = y0r - y2r;
    a[j3 - 1] = y0i - y2i;
    x0r = a[j0] - a[j2 + 1];
    x0i = a[j0 + 1] + a[j2];
    x1r = a[j0] + a[j2 + 1];
    x1i = a[j0 + 1] - a[j2];
    x2r = a[j1] - a[j3 + 1];
    x2i = a[j1 + 1] + a[j3];
    x3r = a[j1] + a[j3 + 1];
    x3i = a[j1 + 1] - a[j3];
    y0r = wl1r * x0r - wl1i * x0i;
    y0i = wl1r * x0i + wl1i * x0r;
    y2r = wl1i * x2r - wl1r * x2i;
    y2i = wl1i * x2i + wl1r * x2r;
    a[j0] = y0r + y2r;
    a[j0 + 1] = y0i + y2i;
    a[j1] = y0r - y2r;
    a[j1 + 1] = y0i - y2i;
    y0r = wl1i * x1r - wl1r * x1i;
    y0i = wl1i * x1i + wl1r * x1r;
    y2r = wl1r * x3r - wl1i * x3i;
    y2i = wl1r * x3i + wl1i * x3r;
    a[j2] = y0r - y2r;
    a[j2 + 1] = y0i - y2i;
    a[j3] = y0r + y2r;
    a[j3 + 1] = y0i + y2i;
    x0r = a[j0 + 2] - a[j2 + 3];
    x0i = a[j0 + 3] + a[j2 + 2];
    x1r = a[j0 + 2] + a[j2 + 3];
    x1i = a[j0 + 3] - a[j2 + 2];
    x2r = a[j1 + 2] - a[j3 + 3];
    x2i = a[j1 + 3] + a[j3 + 2];
    x3r = a[j1 + 2] + a[j3 + 3];
    x3i = a[j1 + 3] - a[j3 + 2];
    y0r = wd1i * x0r - wd1r * x0i;
    y0i = wd1i * x0i + wd1r * x0r;
    y2r = wk1i * x2r - wk1r * x2i;
    y2i = wk1i * x2i + wk1r * x2r;
    a[j0 + 2] = y0r + y2r;
    a[j0 + 3] = y0i + y2i;
    a[j1 + 2] = y0r - y2r;
    a[j1 + 3] = y0i - y2i;
    y0r = wd3i * x1r + wd3r * x1i;
    y0i = wd3i * x1i - wd3r * x1r;
    y2r = wk3i * x3r + wk3r * x3i;
    y2i = wk3i * x3i - wk3r * x3r;
    a[j2 + 2] = y0r + y2r;
    a[j2 + 3] = y0i + y2i;
    a[j3 + 2] = y0r - y2r;
    a[j3 + 3] = y0i - y2i;
}


void cftfx41(int n, double *a)
{
    void cftf161(double *a);
    void cftf162(double *a);
    void cftf081(double *a);
    void cftf082(double *a);
    
    if (n == 128) {
        cftf161(a);
        cftf162(&a[32]);
        cftf161(&a[64]);
        cftf161(&a[96]);
    } else {
        cftf081(a);
        cftf082(&a[16]);
        cftf081(&a[32]);
        cftf081(&a[48]);
    }
}


void cftf161(double *a)
{
    double wn4r, wk1r, wk1i, 
        x0r, x0i, x1r, x1i, x2r, x2i, x3r, x3i, 
        y0r, y0i, y1r, y1i, y2r, y2i, y3r, y3i, 
        y4r, y4i, y5r, y5i, y6r, y6i, y7r, y7i, 
        y8r, y8i, y9r, y9i, y10r, y10i, y11r, y11i, 
        y12r, y12i, y13r, y13i, y14r, y14i, y15r, y15i;
    
    wn4r = WR5000;
    wk1r = WR2500;
    wk1i = WI2500;
    x0r = a[0] + a[16];
    x0i = a[1] + a[17];
    x1r = a[0] - a[16];
    x1i = a[1] - a[17];
    x2r = a[8] + a[24];
    x2i = a[9] + a[25];
    x3r = a[8] - a[24];
    x3i = a[9] - a[25];
    y0r = x0r + x2r;
    y0i = x0i + x2i;
    y4r = x0r - x2r;
    y4i = x0i - x2i;
    y8r = x1r - x3i;
    y8i = x1i + x3r;
    y12r = x1r + x3i;
    y12i = x1i - x3r;
    x0r = a[2] + a[18];
    x0i = a[3] + a[19];
    x1r = a[2] - a[18];
    x1i = a[3] - a[19];
    x2r = a[10] + a[26];
    x2i = a[11] + a[27];
    x3r = a[10] - a[26];
    x3i = a[11] - a[27];
    y1r = x0r + x2r;
    y1i = x0i + x2i;
    y5r = x0r - x2r;
    y5i = x0i - x2i;
    x0r = x1r - x3i;
    x0i = x1i + x3r;
    y9r = wk1r * x0r - wk1i * x0i;
    y9i = wk1r * x0i + wk1i * x0r;
    x0r = x1r + x3i;
    x0i = x1i - x3r;
    y13r = wk1i * x0r - wk1r * x0i;
    y13i = wk1i * x0i + wk1r * x0r;
    x0r = a[4] + a[20];
    x0i = a[5] + a[21];
    x1r = a[4] - a[20];
    x1i = a[5] - a[21];
    x2r = a[12] + a[28];
    x2i = a[13] + a[29];
    x3r = a[12] - a[28];
    x3i = a[13] - a[29];
    y2r = x0r + x2r;
    y2i = x0i + x2i;
    y6r = x0r - x2r;
    y6i = x0i - x2i;
    x0r = x1r - x3i;
    x0i = x1i + x3r;
    y10r = wn4r * (x0r - x0i);
    y10i = wn4r * (x0i + x0r);
    x0r = x1r + x3i;
    x0i = x1i - x3r;
    y14r = wn4r * (x0r + x0i);
    y14i = wn4r * (x0i - x0r);
    x0r = a[6] + a[22];
    x0i = a[7] + a[23];
    x1r = a[6] - a[22];
    x1i = a[7] - a[23];
    x2r = a[14] + a[30];
    x2i = a[15] + a[31];
    x3r = a[14] - a[30];
    x3i = a[15] - a[31];
    y3r = x0r + x2r;
    y3i = x0i + x2i;
    y7r = x0r - x2r;
    y7i = x0i - x2i;
    x0r = x1r - x3i;
    x0i = x1i + x3r;
    y11r = wk1i * x0r - wk1r * x0i;
    y11i = wk1i * x0i + wk1r * x0r;
    x0r = x1r + x3i;
    x0i = x1i - x3r;
    y15r = wk1r * x0r - wk1i * x0i;
    y15i = wk1r * x0i + wk1i * x0r;
    x0r = y12r - y14r;
    x0i = y12i - y14i;
    x1r = y12r + y14r;
    x1i = y12i + y14i;
    x2r = y13r - y15r;
    x2i = y13i - y15i;
    x3r = y13r + y15r;
    x3i = y13i + y15i;
    a[24] = x0r + x2r;
    a[25] = x0i + x2i;
    a[26] = x0r - x2r;
    a[27] = x0i - x2i;
    a[28] = x1r - x3i;
    a[29] = x1i + x3r;
    a[30] = x1r + x3i;
    a[31] = x1i - x3r;
    x0r = y8r + y10r;
    x0i = y8i + y10i;
    x1r = y8r - y10r;
    x1i = y8i - y10i;
    x2r = y9r + y11r;
    x2i = y9i + y11i;
    x3r = y9r - y11r;
    x3i = y9i - y11i;
    a[16] = x0r + x2r;
    a[17] = x0i + x2i;
    a[18] = x0r - x2r;
    a[19] = x0i - x2i;
    a[20] = x1r - x3i;
    a[21] = x1i + x3r;
    a[22] = x1r + x3i;
    a[23] = x1i - x3r;
    x0r = y5r - y7i;
    x0i = y5i + y7r;
    x2r = wn4r * (x0r - x0i);
    x2i = wn4r * (x0i + x0r);
    x0r = y5r + y7i;
    x0i = y5i - y7r;
    x3r = wn4r * (x0r - x0i);
    x3i = wn4r * (x0i + x0r);
    x0r = y4r - y6i;
    x0i = y4i + y6r;
    x1r = y4r + y6i;
    x1i = y4i - y6r;
    a[8] = x0r + x2r;
    a[9] = x0i + x2i;
    a[10] = x0r - x2r;
    a[11] = x0i - x2i;
    a[12] = x1r - x3i;
    a[13] = x1i + x3r;
    a[14] = x1r + x3i;
    a[15] = x1i - x3r;
    x0r = y0r + y2r;
    x0i = y0i + y2i;
    x1r = y0r - y2r;
    x1i = y0i - y2i;
    x2r = y1r + y3r;
    x2i = y1i + y3i;
    x3r = y1r - y3r;
    x3i = y1i - y3i;
    a[0] = x0r + x2r;
    a[1] = x0i + x2i;
    a[2] = x0r - x2r;
    a[3] = x0i - x2i;
    a[4] = x1r - x3i;
    a[5] = x1i + x3r;
    a[6] = x1r + x3i;
    a[7] = x1i - x3r;
}


void cftf162(double *a)
{
    double wn4r, wk1r, wk1i, wk2r, wk2i, wk3r, wk3i, 
        x0r, x0i, x1r, x1i, x2r, x2i, 
        y0r, y0i, y1r, y1i, y2r, y2i, y3r, y3i, 
        y4r, y4i, y5r, y5i, y6r, y6i, y7r, y7i, 
        y8r, y8i, y9r, y9i, y10r, y10i, y11r, y11i, 
        y12r, y12i, y13r, y13i, y14r, y14i, y15r, y15i;
    
    wn4r = WR5000;
    wk1r = WR1250;
    wk1i = WI1250;
    wk2r = WR2500;
    wk2i = WI2500;
    wk3r = WR3750;
    wk3i = WI3750;
    x1r = a[0] - a[17];
    x1i = a[1] + a[16];
    x0r = a[8] - a[25];
    x0i = a[9] + a[24];
    x2r = wn4r * (x0r - x0i);
    x2i = wn4r * (x0i + x0r);
    y0r = x1r + x2r;
    y0i = x1i + x2i;
    y4r = x1r - x2r;
    y4i = x1i - x2i;
    x1r = a[0] + a[17];
    x1i = a[1] - a[16];
    x0r = a[8] + a[25];
    x0i = a[9] - a[24];
    x2r = wn4r * (x0r - x0i);
    x2i = wn4r * (x0i + x0r);
    y8r = x1r - x2i;
    y8i = x1i + x2r;
    y12r = x1r + x2i;
    y12i = x1i - x2r;
    x0r = a[2] - a[19];
    x0i = a[3] + a[18];
    x1r = wk1r * x0r - wk1i * x0i;
    x1i = wk1r * x0i + wk1i * x0r;
    x0r = a[10] - a[27];
    x0i = a[11] + a[26];
    x2r = wk3i * x0r - wk3r * x0i;
    x2i = wk3i * x0i + wk3r * x0r;
    y1r = x1r + x2r;
    y1i = x1i + x2i;
    y5r = x1r - x2r;
    y5i = x1i - x2i;
    x0r = a[2] + a[19];
    x0i = a[3] - a[18];
    x1r = wk3r * x0r - wk3i * x0i;
    x1i = wk3r * x0i + wk3i * x0r;
    x0r = a[10] + a[27];
    x0i = a[11] - a[26];
    x2r = wk1r * x0r + wk1i * x0i;
    x2i = wk1r * x0i - wk1i * x0r;
    y9r = x1r - x2r;
    y9i = x1i - x2i;
    y13r = x1r + x2r;
    y13i = x1i + x2i;
    x0r = a[4] - a[21];
    x0i = a[5] + a[20];
    x1r = wk2r * x0r - wk2i * x0i;
    x1i = wk2r * x0i + wk2i * x0r;
    x0r = a[12] - a[29];
    x0i = a[13] + a[28];
    x2r = wk2i * x0r - wk2r * x0i;
    x2i = wk2i * x0i + wk2r * x0r;
    y2r = x1r + x2r;
    y2i = x1i + x2i;
    y6r = x1r - x2r;
    y6i = x1i - x2i;
    x0r = a[4] + a[21];
    x0i = a[5] - a[20];
    x1r = wk2i * x0r - wk2r * x0i;
    x1i = wk2i * x0i + wk2r * x0r;
    x0r = a[12] + a[29];
    x0i = a[13] - a[28];
    x2r = wk2r * x0r - wk2i * x0i;
    x2i = wk2r * x0i + wk2i * x0r;
    y10r = x1r - x2r;
    y10i = x1i - x2i;
    y14r = x1r + x2r;
    y14i = x1i + x2i;
    x0r = a[6] - a[23];
    x0i = a[7] + a[22];
    x1r = wk3r * x0r - wk3i * x0i;
    x1i = wk3r * x0i + wk3i * x0r;
    x0r = a[14] - a[31];
    x0i = a[15] + a[30];
    x2r = wk1i * x0r - wk1r * x0i;
    x2i = wk1i * x0i + wk1r * x0r;
    y3r = x1r + x2r;
    y3i = x1i + x2i;
    y7r = x1r - x2r;
    y7i = x1i - x2i;
    x0r = a[6] + a[23];
    x0i = a[7] - a[22];
    x1r = wk1i * x0r + wk1r * x0i;
    x1i = wk1i * x0i - wk1r * x0r;
    x0r = a[14] + a[31];
    x0i = a[15] - a[30];
    x2r = wk3i * x0r - wk3r * x0i;
    x2i = wk3i * x0i + wk3r * x0r;
    y11r = x1r + x2r;
    y11i = x1i + x2i;
    y15r = x1r - x2r;
    y15i = x1i - x2i;
    x1r = y0r + y2r;
    x1i = y0i + y2i;
    x2r = y1r + y3r;
    x2i = y1i + y3i;
    a[0] = x1r + x2r;
    a[1] = x1i + x2i;
    a[2] = x1r - x2r;
    a[3] = x1i - x2i;
    x1r = y0r - y2r;
    x1i = y0i - y2i;
    x2r = y1r - y3r;
    x2i = y1i - y3i;
    a[4] = x1r - x2i;
    a[5] = x1i + x2r;
    a[6] = x1r + x2i;
    a[7] = x1i - x2r;
    x1r = y4r - y6i;
    x1i = y4i + y6r;
    x0r = y5r - y7i;
    x0i = y5i + y7r;
    x2r = wn4r * (x0r - x0i);
    x2i = wn4r * (x0i + x0r);
    a[8] = x1r + x2r;
    a[9] = x1i + x2i;
    a[10] = x1r - x2r;
    a[11] = x1i - x2i;
    x1r = y4r + y6i;
    x1i = y4i - y6r;
    x0r = y5r + y7i;
    x0i = y5i - y7r;
    x2r = wn4r * (x0r - x0i);
    x2i = wn4r * (x0i + x0r);
    a[12] = x1r - x2i;
    a[13] = x1i + x2r;
    a[14] = x1r + x2i;
    a[15] = x1i - x2r;
    x1r = y8r + y10r;
    x1i = y8i + y10i;
    x2r = y9r - y11r;
    x2i = y9i - y11i;
    a[16] = x1r + x2r;
    a[17] = x1i + x2i;
    a[18] = x1r - x2r;
    a[19] = x1i - x2i;
    x1r = y8r - y10r;
    x1i = y8i - y10i;
    x2r = y9r + y11r;
    x2i = y9i + y11i;
    a[20] = x1r - x2i;
    a[21] = x1i + x2r;
    a[22] = x1r + x2i;
    a[23] = x1i - x2r;
    x1r = y12r - y14i;
    x1i = y12i + y14r;
    x0r = y13r + y15i;
    x0i = y13i - y15r;
    x2r = wn4r * (x0r - x0i);
    x2i = wn4r * (x0i + x0r);
    a[24] = x1r + x2r;
    a[25] = x1i + x2i;
    a[26] = x1r - x2r;
    a[27] = x1i - x2i;
    x1r = y12r + y14i;
    x1i = y12i - y14r;
    x0r = y13r - y15i;
    x0i = y13i + y15r;
    x2r = wn4r * (x0r - x0i);
    x2i = wn4r * (x0i + x0r);
    a[28] = x1r - x2i;
    a[29] = x1i + x2r;
    a[30] = x1r + x2i;
    a[31] = x1i - x2r;
}


void cftf081(double *a)
{
    double wn4r, x0r, x0i, x1r, x1i, x2r, x2i, x3r, x3i, 
        y0r, y0i, y1r, y1i, y2r, y2i, y3r, y3i, 
        y4r, y4i, y5r, y5i, y6r, y6i, y7r, y7i;
    
    wn4r = WR5000;
    x0r = a[0] + a[8];
    x0i = a[1] + a[9];
    x1r = a[0] - a[8];
    x1i = a[1] - a[9];
    x2r = a[4] + a[12];
    x2i = a[5] + a[13];
    x3r = a[4] - a[12];
    x3i = a[5] - a[13];
    y0r = x0r + x2r;
    y0i = x0i + x2i;
    y2r = x0r - x2r;
    y2i = x0i - x2i;
    y1r = x1r - x3i;
    y1i = x1i + x3r;
    y3r = x1r + x3i;
    y3i = x1i - x3r;
    x0r = a[2] + a[10];
    x0i = a[3] + a[11];
    x1r = a[2] - a[10];
    x1i = a[3] - a[11];
    x2r = a[6] + a[14];
    x2i = a[7] + a[15];
    x3r = a[6] - a[14];
    x3i = a[7] - a[15];
    y4r = x0r + x2r;
    y4i = x0i + x2i;
    y6r = x0r - x2r;
    y6i = x0i - x2i;
    x0r = x1r - x3i;
    x0i = x1i + x3r;
    x2r = x1r + x3i;
    x2i = x1i - x3r;
    y5r = wn4r * (x0r - x0i);
    y5i = wn4r * (x0r + x0i);
    y7r = wn4r * (x2r - x2i);
    y7i = wn4r * (x2r + x2i);
    a[8] = y1r + y5r;
    a[9] = y1i + y5i;
    a[10] = y1r - y5r;
    a[11] = y1i - y5i;
    a[12] = y3r - y7i;
    a[13] = y3i + y7r;
    a[14] = y3r + y7i;
    a[15] = y3i - y7r;
    a[0] = y0r + y4r;
    a[1] = y0i + y4i;
    a[2] = y0r - y4r;
    a[3] = y0i - y4i;
    a[4] = y2r - y6i;
    a[5] = y2i + y6r;
    a[6] = y2r + y6i;
    a[7] = y2i - y6r;
}


void cftf082(double *a)
{
    double wn4r, wk1r, wk1i, x0r, x0i, x1r, x1i, 
        y0r, y0i, y1r, y1i, y2r, y2i, y3r, y3i, 
        y4r, y4i, y5r, y5i, y6r, y6i, y7r, y7i;
    
    wn4r = WR5000;
    wk1r = WR2500;
    wk1i = WI2500;
    y0r = a[0] - a[9];
    y0i = a[1] + a[8];
    y1r = a[0] + a[9];
    y1i = a[1] - a[8];
    x0r = a[4] - a[13];
    x0i = a[5] + a[12];
    y2r = wn4r * (x0r - x0i);
    y2i = wn4r * (x0i + x0r);
    x0r = a[4] + a[13];
    x0i = a[5] - a[12];
    y3r = wn4r * (x0r - x0i);
    y3i = wn4r * (x0i + x0r);
    x0r = a[2] - a[11];
    x0i = a[3] + a[10];
    y4r = wk1r * x0r - wk1i * x0i;
    y4i = wk1r * x0i + wk1i * x0r;
    x0r = a[2] + a[11];
    x0i = a[3] - a[10];
    y5r = wk1i * x0r - wk1r * x0i;
    y5i = wk1i * x0i + wk1r * x0r;
    x0r = a[6] - a[15];
    x0i = a[7] + a[14];
    y6r = wk1i * x0r - wk1r * x0i;
    y6i = wk1i * x0i + wk1r * x0r;
    x0r = a[6] + a[15];
    x0i = a[7] - a[14];
    y7r = wk1r * x0r - wk1i * x0i;
    y7i = wk1r * x0i + wk1i * x0r;
    x0r = y0r + y2r;
    x0i = y0i + y2i;
    x1r = y4r + y6r;
    x1i = y4i + y6i;
    a[0] = x0r + x1r;
    a[1] = x0i + x1i;
    a[2] = x0r - x1r;
    a[3] = x0i - x1i;
    x0r = y0r - y2r;
    x0i = y0i - y2i;
    x1r = y4r - y6r;
    x1i = y4i - y6i;
    a[4] = x0r - x1i;
    a[5] = x0i + x1r;
    a[6] = x0r + x1i;
    a[7] = x0i - x1r;
    x0r = y1r - y3i;
    x0i = y1i + y3r;
    x1r = y5r - y7r;
    x1i = y5i - y7i;
    a[8] = x0r + x1r;
    a[9] = x0i + x1i;
    a[10] = x0r - x1r;
    a[11] = x0i - x1i;
    x0r = y1r + y3i;
    x0i = y1i - y3r;
    x1r = y5r + y7r;
    x1i = y5i + y7i;
    a[12] = x0r - x1i;
    a[13] = x0i + x1r;
    a[14] = x0r + x1i;
    a[15] = x0i - x1r;
}


void cftf040(double *a)
{
    double x0r, x0i, x1r, x1i, x2r, x2i, x3r, x3i;
    
    x0r = a[0] + a[4];
    x0i = a[1] + a[5];
    x1r = a[0] - a[4];
    x1i = a[1] - a[5];
    x2r = a[2] + a[6];
    x2i = a[3] + a[7];
    x3r = a[2] - a[6];
    x3i = a[3] - a[7];
    a[0] = x0r + x2r;
    a[1] = x0i + x2i;
    a[2] = x1r - x3i;
    a[3] = x1i + x3r;
    a[4] = x0r - x2r;
    a[5] = x0i - x2i;
    a[6] = x1r + x3i;
    a[7] = x1i - x3r;
}


void cftb040(double *a)
{
    double x0r, x0i, x1r, x1i, x2r, x2i, x3r, x3i;
    
    x0r = a[0] + a[4];
    x0i = a[1] + a[5];
    x1r = a[0] - a[4];
    x1i = a[1] - a[5];
    x2r = a[2] + a[6];
    x2i = a[3] + a[7];
    x3r = a[2] - a[6];
    x3i = a[3] - a[7];
    a[0] = x0r + x2r;
    a[1] = x0i + x2i;
    a[2] = x1r + x3i;
    a[3] = x1i - x3r;
    a[4] = x0r - x2r;
    a[5] = x0i - x2i;
    a[6] = x1r - x3i;
    a[7] = x1i + x3r;
}


void cftx020(double *a)
{
    double x0r, x0i;
    
    x0r = a[0] - a[2];
    x0i = a[1] - a[3];
    a[0] += a[2];
    a[1] += a[3];
    a[2] = x0r;
    a[3] = x0i;
}


void rftfsub(int n, double *a)
{
    int i, i0, j, k;
    double ec, w1r, w1i, wkr, wki, wdr, wdi, ss, xr, xi, yr, yi;
    
    ec = 2 * M_PI_2 / n;
    wkr = 0;
    wki = 0;
    wdi = cos(ec);
    wdr = sin(ec);
    wdi *= wdr;
    wdr *= wdr;
    w1r = 1 - 2 * wdr;
    w1i = 2 * wdi;
    ss = 2 * w1i;
    i = n >> 1;
    for (;;) {
        i0 = i - 4 * RDFT_LOOP_DIV;
        if (i0 < 4) {
            i0 = 4;
        }
        for (j = i - 4; j >= i0; j -= 4) {
            k = n - j;
            xr = a[j + 2] - a[k - 2];
            xi = a[j + 3] + a[k - 1];
            yr = wdr * xr - wdi * xi;
            yi = wdr * xi + wdi * xr;
            a[j + 2] -= yr;
            a[j + 3] -= yi;
            a[k - 2] += yr;
            a[k - 1] -= yi;
            wkr += ss * wdi;
            wki += ss * (0.5 - wdr);
            xr = a[j] - a[k];
            xi = a[j + 1] + a[k + 1];
            yr = wkr * xr - wki * xi;
            yi = wkr * xi + wki * xr;
            a[j] -= yr;
            a[j + 1] -= yi;
            a[k] += yr;
            a[k + 1] -= yi;
            wdr += ss * wki;
            wdi += ss * (0.5 - wkr);
        }
        if (i0 == 4) {
            break;
        }
        wkr = 0.5 * sin(ec * i0);
        wki = 0.5 * cos(ec * i0);
        wdr = 0.5 - (wkr * w1r - wki * w1i);
        wdi = wkr * w1i + wki * w1r;
        wkr = 0.5 - wkr;
        i = i0;
    }
    xr = a[2] - a[n - 2];
    xi = a[3] + a[n - 1];
    yr = wdr * xr - wdi * xi;
    yi = wdr * xi + wdi * xr;
    a[2] -= yr;
    a[3] -= yi;
    a[n - 2] += yr;
    a[n - 1] -= yi;
}


void rftbsub(int n, double *a)
{
    int i, i0, j, k;
    double ec, w1r, w1i, wkr, wki, wdr, wdi, ss, xr, xi, yr, yi;
    
    ec = 2 * M_PI_2 / n;
    wkr = 0;
    wki = 0;
    wdi = cos(ec);
    wdr = sin(ec);
    wdi *= wdr;
    wdr *= wdr;
    w1r = 1 - 2 * wdr;
    w1i = 2 * wdi;
    ss = 2 * w1i;
    i = n >> 1;
    for (;;) {
        i0 = i - 4 * RDFT_LOOP_DIV;
        if (i0 < 4) {
            i0 = 4;
        }
        for (j = i - 4; j >= i0; j -= 4) {
            k = n - j;
            xr = a[j + 2] - a[k - 2];
            xi = a[j + 3] + a[k - 1];
            yr = wdr * xr + wdi * xi;
            yi = wdr * xi - wdi * xr;
            a[j + 2] -= yr;
            a[j + 3] -= yi;
            a[k - 2] += yr;
            a[k - 1] -= yi;
            wkr += ss * wdi;
            wki += ss * (0.5 - wdr);
            xr = a[j] - a[k];
            xi = a[j + 1] + a[k + 1];
            yr = wkr * xr + wki * xi;
            yi = wkr * xi - wki * xr;
            a[j] -= yr;
            a[j + 1] -= yi;
            a[k] += yr;
            a[k + 1] -= yi;
            wdr += ss * wki;
            wdi += ss * (0.5 - wkr);
        }
        if (i0 == 4) {
            break;
        }
        wkr = 0.5 * sin(ec * i0);
        wki = 0.5 * cos(ec * i0);
        wdr = 0.5 - (wkr * w1r - wki * w1i);
        wdi = wkr * w1i + wki * w1r;
        wkr = 0.5 - wkr;
        i = i0;
    }
    xr = a[2] - a[n - 2];
    xi = a[3] + a[n - 1];
    yr = wdr * xr + wdi * xi;
    yi = wdr * xi - wdi * xr;
    a[2] -= yr;
    a[3] -= yi;
    a[n - 2] += yr;
    a[n - 1] -= yi;
}


void dctsub(int n, double *a)
{
    int i, i0, j, k, m;
    double ec, w1r, w1i, wkr, wki, wdr, wdi, ss, xr, xi, yr, yi;
    
    ec = M_PI_2 / n;
    wkr = 0.5;
    wki = 0.5;
    w1r = cos(ec);
    w1i = sin(ec);
    wdr = 0.5 * (w1r - w1i);
    wdi = 0.5 * (w1r + w1i);
    ss = 2 * w1i;
    m = n >> 1;
    i = 0;
    for (;;) {
        i0 = i + 2 * DCST_LOOP_DIV;
        if (i0 > m - 2) {
            i0 = m - 2;
        }
        for (j = i + 2; j <= i0; j += 2) {
            k = n - j;
            xr = wdi * a[j - 1] - wdr * a[k + 1];
            xi = wdr * a[j - 1] + wdi * a[k + 1];
            wkr -= ss * wdi;
            wki += ss * wdr;
            yr = wki * a[j] - wkr * a[k];
            yi = wkr * a[j] + wki * a[k];
            wdr -= ss * wki;
            wdi += ss * wkr;
            a[k + 1] = xr;
            a[k] = yr;
            a[j - 1] = xi;
            a[j] = yi;
        }
        if (i0 == m - 2) {
            break;
        }
        wdr = cos(ec * i0);
        wdi = sin(ec * i0);
        wkr = 0.5 * (wdr - wdi);
        wki = 0.5 * (wdr + wdi);
        wdr = wkr * w1r - wki * w1i;
        wdi = wkr * w1i + wki * w1r;
        i = i0;
    }
    xr = wdi * a[m - 1] - wdr * a[m + 1];
    a[m - 1] = wdr * a[m - 1] + wdi * a[m + 1];
    a[m + 1] = xr;
    a[m] *= WR5000;
}


void dstsub(int n, double *a)
{
    int i, i0, j, k, m;
    double ec, w1r, w1i, wkr, wki, wdr, wdi, ss, xr, xi, yr, yi;
    
    ec = M_PI_2 / n;
    wkr = 0.5;
    wki = 0.5;
    w1r = cos(ec);
    w1i = sin(ec);
    wdr = 0.5 * (w1r - w1i);
    wdi = 0.5 * (w1r + w1i);
    ss = 2 * w1i;
    m = n >> 1;
    i = 0;
    for (;;) {
        i0 = i + 2 * DCST_LOOP_DIV;
        if (i0 > m - 2) {
            i0 = m - 2;
        }
        for (j = i + 2; j <= i0; j += 2) {
            k = n - j;
            xr = wdi * a[k + 1] - wdr * a[j - 1];
            xi = wdr * a[k + 1] + wdi * a[j - 1];
            wkr -= ss * wdi;
            wki += ss * wdr;
            yr = wki * a[k] - wkr * a[j];
            yi = wkr * a[k] + wki * a[j];
            wdr -= ss * wki;
            wdi += ss * wkr;
            a[j - 1] = xr;
            a[j] = yr;
            a[k + 1] = xi;
            a[k] = yi;
        }
        if (i0 == m - 2) {
            break;
        }
        wdr = cos(ec * i0);
        wdi = sin(ec * i0);
        wkr = 0.5 * (wdr - wdi);
        wki = 0.5 * (wdr + wdi);
        wdr = wkr * w1r - wki * w1i;
        wdi = wkr * w1i + wki * w1r;
        i = i0;
    }
    xr = wdi * a[m + 1] - wdr * a[m - 1];
    a[m + 1] = wdr * a[m + 1] + wdi * a[m - 1];
    a[m - 1] = xr;
    a[m] *= WR5000;
}


void dctsub4(int n, double *a)
{
    int m;
    double wki, wdr, wdi, xr;
    
    wki = WR5000;
    m = n >> 1;
    if (m == 2) {
        wdr = wki * WI2500;
        wdi = wki * WR2500;
        xr = wdi * a[1] - wdr * a[3];
        a[1] = wdr * a[1] + wdi * a[3];
        a[3] = xr;
    }
    a[m] *= wki;
}


void dstsub4(int n, double *a)
{
    int m;
    double wki, wdr, wdi, xr;
    
    wki = WR5000;
    m = n >> 1;
    if (m == 2) {
        wdr = wki * WI2500;
        wdi = wki * WR2500;
        xr = wdi * a[3] - wdr * a[1];
        a[3] = wdr * a[3] + wdi * a[1];
        a[1] = xr;
    }
    a[m] *= wki;
}








Viz/fft/readme.txt

General Purpose FFT (Fast Fourier/Cosine/Sine Transform) Package

Description:
    A package to calculate Discrete Fourier/Cosine/Sine Transforms of 
    1-dimensional sequences of length 2^N.

Files:
    fft4g.c    : FFT Package in C       - Fast Version   I   (radix 4,2)
    fft4g.f    : FFT Package in Fortran - Fast Version   I   (radix 4,2)
    fft4g_h.c  : FFT Package in C       - Simple Version I   (radix 4,2)
    fft8g.c    : FFT Package in C       - Fast Version   II  (radix 8,4,2)
    fft8g.f    : FFT Package in Fortran - Fast Version   II  (radix 8,4,2)
    fft8g_h.c  : FFT Package in C       - Simple Version II  (radix 8,4,2)
    fftsg.c    : FFT Package in C       - Fast Version   III (Split-Radix)
    fftsg.f    : FFT Package in Fortran - Fast Version   III (Split-Radix)
    fftsg_h.c  : FFT Package in C       - Simple Version III (Split-Radix)
    readme.txt : Readme File
    sample1/   : Test Directory
        Makefile    : for gcc, cc
        Makefile.f77: for Fortran
        testxg.c    : Test Program for "fft*g.c"
        testxg.f    : Test Program for "fft*g.f"
        testxg_h.c  : Test Program for "fft*g_h.c"
    sample2/   : Benchmark Directory
        Makefile    : for gcc, cc
        Makefile.pth: POSIX Thread version
        pi_fft.c    : PI(= 3.1415926535897932384626...) Calculation Program
                      for a Benchmark Test for "fft*g.c"

Difference of the Files:
    C and Fortran versions are equal and 
    the same routines are in each version.
    "fft4g*.*" are optimized for most machines.
    "fft8g*.*" are fast on the UltraSPARC.
    "fftsg*.*" are optimized for the machines that 
    have the multi-level (L1,L2,etc) cache.
    The simple versions "fft*g_h.c" use no work area, but 
    the fast versions "fft*g.*" use work areas.
    The fast versions "fft*g.*" have the same specification.

Routines in the Package:
    cdft: Complex Discrete Fourier Transform
    rdft: Real Discrete Fourier Transform
    ddct: Discrete Cosine Transform
    ddst: Discrete Sine Transform
    dfct: Cosine Transform of RDFT (Real Symmetric DFT)
    dfst: Sine Transform of RDFT (Real Anti-symmetric DFT)

Usage:
    Please refer to the comments in the "fft**.*" file which 
    you want to use. Brief explanations are in the block 
    comments of each package. The examples are also given in 
    the test programs.

Method:
    -------- cdft --------
    fft4g*.*, fft8g*.*:
        A method of in-place, radix 2^M, Sande-Tukey (decimation in 
        frequency). Index of the butterfly loop is in bit 
        reverse order to keep continuous memory access.
    fftsg*.*:
        A method of in-place, Split-Radix, recursive fast 
        algorithm.
    -------- rdft --------
    A method with a following butterfly operation appended to "cdft".
    In forward transform :
        A[k] = sum_j=0^n-1 a[j]*W(n)^(j*k), 0<=k<=n/2, 
            W(n) = exp(2*pi*i/n), 
    this routine makes an array x[] :
        x[j] = a[2*j] + i*a[2*j+1], 0<=j<n/2
    and calls "cdft" of length n/2 :
        X[k] = sum_j=0^n/2-1 x[j] * W(n/2)^(j*k), 0<=k<n.
    The result A[k] are :
        A[k]     = X[k]     - (1+i*W(n)^k)/2 * (X[k]-conjg(X[n/2-k])), 
        A[n/2-k] = X[n/2-k] + 
                        conjg((1+i*W(n)^k)/2 * (X[k]-conjg(X[n/2-k]))), 
            0<=k<=n/2
        (notes: conjg() is a complex conjugate, X[n/2]=X[0]).
    -------- ddct --------
    A method with a following butterfly operation appended to "rdft".
    In backward transform :
        C[k] = sum_j=0^n-1 a[j]*cos(pi*j*(k+1/2)/n), 0<=k<n, 
    this routine makes an array r[] :
        r[0] = a[0], 
        r[j]   = Re((a[j] - i*a[n-j]) * W(4*n)^j*(1+i)/2), 
        r[n-j] = Im((a[j] - i*a[n-j]) * W(4*n)^j*(1+i)/2), 
            0<j<=n/2
    and calls "rdft" of length n :
        A[k] = sum_j=0^n-1 r[j]*W(n)^(j*k), 0<=k<=n/2, 
            W(n) = exp(2*pi*i/n).
    The result C[k] are :
        C[2*k]   =  Re(A[k] * (1-i)), 
        C[2*k-1] = -Im(A[k] * (1-i)).
    -------- ddst --------
    A method with a following butterfly operation appended to "rdft".
    In backward transform :
        S[k] = sum_j=1^n A[j]*sin(pi*j*(k+1/2)/n), 0<=k<n, 
    this routine makes an array r[] :
        r[0] = a[0], 
        r[j]   = Im((a[n-j] - i*a[j]) * W(4*n)^j*(1+i)/2), 
        r[n-j] = Re((a[n-j] - i*a[j]) * W(4*n)^j*(1+i)/2), 
            0<j<=n/2
    and calls "rdft" of length n :
        A[k] = sum_j=0^n-1 r[j]*W(n)^(j*k), 0<=k<=n/2, 
            W(n) = exp(2*pi*i/n).
    The result S[k] are :
        S[2*k]   =  Re(A[k] * (1+i)), 
        S[2*k-1] = -Im(A[k] * (1+i)).
    -------- dfct --------
    A method to split into "dfct" and "ddct" of half length.
    The transform :
        C[k] = sum_j=0^n a[j]*cos(pi*j*k/n), 0<=k<=n
    is divided into :
        C[2*k]   = sum'_j=0^n/2  (a[j]+a[n-j])*cos(pi*j*k/(n/2)), 
        C[2*k+1] = sum_j=0^n/2-1 (a[j]-a[n-j])*cos(pi*j*(k+1/2)/(n/2))
        (sum' is a summation whose last term multiplies 1/2).
    This routine uses "ddct" recursively.
    To keep the in-place operation, the data in fft*g_h.*
    are sorted in bit reversal order.
    -------- dfst --------
    A method to split into "dfst" and "ddst" of half length.
    The transform :
        S[k] = sum_j=1^n-1 a[j]*sin(pi*j*k/n), 0<k<n
    is divided into :
        S[2*k]   = sum_j=1^n/2-1 (a[j]-a[n-j])*sin(pi*j*k/(n/2)), 
        S[2*k+1] = sum'_j=1^n/2  (a[j]+a[n-j])*sin(pi*j*(k+1/2)/(n/2))
        (sum' is a summation whose last term multiplies 1/2).
    This routine uses "ddst" recursively.
    To keep the in-place operation, the data in fft*g_h.*
    are sorted in bit reversal order.

Reference:
    * Masatake MORI, Makoto NATORI, Tatuo TORII: Suchikeisan, 
      Iwanamikouzajyouhoukagaku18, Iwanami, 1982 (Japanese)
    * Henri J. Nussbaumer: Fast Fourier Transform and Convolution 
      Algorithms, Springer Verlag, 1982
    * C. S. Burrus, Notes on the FFT (with large FFT paper list)
      http://www-dsp.rice.edu/research/fft/fftnote.asc

Copyright:
    Copyright(C) 1996-2001 Takuya OOURA
    email: ooura@mmm.t.u-tokyo.ac.jp
    download: http://momonga.t.u-tokyo.ac.jp/~ooura/fft.html
    You may use, copy, modify this code for any purpose and 
    without fee. You may distribute this ORIGINAL package.

History:
    ...
    Dec. 1995  : Edit the General Purpose FFT
    Mar. 1996  : Change the specification
    Jun. 1996  : Change the method of trigonometric function table
    Sep. 1996  : Modify the documents
    Feb. 1997  : Change the butterfly loops
    Dec. 1997  : Modify the documents
    Dec. 1997  : Add "fft4g.*"
    Jul. 1998  : Fix some bugs in the documents
    Jul. 1998  : Add "fft8g.*" and delete "fft4f.*"
    Jul. 1998  : Add a benchmark program "pi_fft.c"
    Jul. 1999  : Add a simple version "fft*g_h.c"
    Jul. 1999  : Add a Split-Radix FFT package "fftsg*.c"
    Sep. 1999  : Reduce the memory operation (minor optimization)
    Oct. 1999  : Change the butterfly structure of "fftsg*.c"
    Oct. 1999  : Save the code size
    Sep. 2001  : Add "fftsg.f"
    Sep. 2001  : Add Pthread & Win32thread routines to "fftsg*.c"
    Dec. 2006  : Fix a minor bug in "fftsg.f"








Viz/fft/sample1/Makefile

NMAX_FLAGS = -DNMAX=65536 -DNMAXSQRT=256

# ---- for GNU gcc ----

CC = gcc

CFLAGS = -Wall

OFLAGS = -O2

# ---- for SUN WS cc ----
#
#CC = cc
#
#CFLAGS = 
#
#OFLAGS = -xO2




all: test4g test8g testsg test4g_h test8g_h testsg_h


test4g : testxg.o fft4g.o
	$(CC) testxg.o fft4g.o -lm -o test4g

test8g : testxg.o fft8g.o
	$(CC) testxg.o fft8g.o -lm -o test8g

testsg : testxg.o fftsg.o
	$(CC) testxg.o fftsg.o -lm -o testsg

test4g_h : testxg_h.o fft4g_h.o
	$(CC) testxg_h.o fft4g_h.o -lm -o test4g_h

test8g_h : testxg_h.o fft8g_h.o
	$(CC) testxg_h.o fft8g_h.o -lm -o test8g_h

testsg_h : testxg_h.o fftsg_h.o
	$(CC) testxg_h.o fftsg_h.o -lm -o testsg_h


testxg.o : testxg.c
	$(CC) $(CFLAGS) $(OFLAGS) $(NMAX_FLAGS) -c testxg.c -o testxg.o

testxg_h.o : testxg_h.c
	$(CC) $(CFLAGS) $(OFLAGS) $(NMAX_FLAGS) -c testxg_h.c -o testxg_h.o


fft4g.o : ../fft4g.c
	$(CC) $(CFLAGS) $(OFLAGS) -c ../fft4g.c -o fft4g.o

fft8g.o : ../fft8g.c
	$(CC) $(CFLAGS) $(OFLAGS) -c ../fft8g.c -o fft8g.o

fftsg.o : ../fftsg.c
	$(CC) $(CFLAGS) $(OFLAGS) -c ../fftsg.c -o fftsg.o

fft4g_h.o : ../fft4g_h.c
	$(CC) $(CFLAGS) $(OFLAGS) -c ../fft4g_h.c -o fft4g_h.o

fft8g_h.o : ../fft8g_h.c
	$(CC) $(CFLAGS) $(OFLAGS) -c ../fft8g_h.c -o fft8g_h.o

fftsg_h.o : ../fftsg_h.c
	$(CC) $(CFLAGS) $(OFLAGS) -c ../fftsg_h.c -o fftsg_h.o




clean:
	rm -f *.o








Viz/fft/sample1/Makefile.f77

# ---- for GNU g77 ----

F77 = g77

FFLAGS = -Wall

OFLAGS = -O2

# ---- for SUN WS f77 ----
#
#F77 = f77
#
#FFLAGS = 
#
#OFLAGS = -xO2




all: test4g_f test8g_f testsg_f


test4g_f : testxg_f.o fft4g_f.o
	$(F77) testxg_f.o fft4g_f.o -o test4g_f

test8g_f : testxg_f.o fft8g_f.o
	$(F77) testxg_f.o fft8g_f.o -o test8g_f

testsg_f : testxg_f.o fftsg_f.o
	$(F77) testxg_f.o fftsg_f.o -o testsg_f


testxg_f.o : testxg.f
	$(F77) $(FFLAGS) $(OFLAGS) -c testxg.f -o testxg_f.o


fft4g_f.o : ../fft4g.f
	$(F77) $(FFLAGS) $(OFLAGS) -c ../fft4g.f -o fft4g_f.o

fft8g_f.o : ../fft8g.f
	$(F77) $(FFLAGS) $(OFLAGS) -c ../fft8g.f -o fft8g_f.o

fftsg_f.o : ../fftsg.f
	$(F77) $(FFLAGS) $(OFLAGS) -c ../fftsg.f -o fftsg_f.o




clean:
	rm -f *.o








Viz/fft/sample1/testxg.c

/* test of fft*g.c */

#include <math.h>
#include <stdio.h>
#define MAX(x,y) ((x) > (y) ? (x) : (y))

/* random number generator, 0 <= RND < 1 */
#define RND(p) ((*(p) = (*(p) * 7141 + 54773) % 259200) * (1.0 / 259200.0))

#ifndef NMAX
#define NMAX 8192
#define NMAXSQRT 64
#endif

void cdft(int, int, double *, int *, double *);
void rdft(int, int, double *, int *, double *);
void ddct(int, int, double *, int *, double *);
void ddst(int, int, double *, int *, double *);
void dfct(int, double *, double *, int *, double *);
void dfst(int, double *, double *, int *, double *);
void putdata(int nini, int nend, double *a);
double errorcheck(int nini, int nend, double scale, double *a);


int main()
{
    int n, ip[NMAXSQRT + 2];
    double a[NMAX + 1], w[NMAX * 5 / 4], t[NMAX / 2 + 1], err;

    printf("data length n=? (must be 2^m)\n");
    scanf("%d", &n);
    ip[0] = 0;

    /* check of CDFT */
    putdata(0, n - 1, a);
    cdft(n, 1, a, ip, w);
    cdft(n, -1, a, ip, w);
    err = errorcheck(0, n - 1, 2.0 / n, a);
    printf("cdft err= %g \n", err);

    /* check of RDFT */
    putdata(0, n - 1, a);
    rdft(n, 1, a, ip, w);
    rdft(n, -1, a, ip, w);
    err = errorcheck(0, n - 1, 2.0 / n, a);
    printf("rdft err= %g \n", err);

    /* check of DDCT */
    putdata(0, n - 1, a);
    ddct(n, 1, a, ip, w);
    ddct(n, -1, a, ip, w);
    a[0] *= 0.5;
    err = errorcheck(0, n - 1, 2.0 / n, a);
    printf("ddct err= %g \n", err);

    /* check of DDST */
    putdata(0, n - 1, a);
    ddst(n, 1, a, ip, w);
    ddst(n, -1, a, ip, w);
    a[0] *= 0.5;
    err = errorcheck(0, n - 1, 2.0 / n, a);
    printf("ddst err= %g \n", err);

    /* check of DFCT */
    putdata(0, n, a);
    a[0] *= 0.5;
    a[n] *= 0.5;
    dfct(n, a, t, ip, w);
    a[0] *= 0.5;
    a[n] *= 0.5;
    dfct(n, a, t, ip, w);
    err = errorcheck(0, n, 2.0 / n, a);
    printf("dfct err= %g \n", err);

    /* check of DFST */
    putdata(1, n - 1, a);
    dfst(n, a, t, ip, w);
    dfst(n, a, t, ip, w);
    err = errorcheck(1, n - 1, 2.0 / n, a);
    printf("dfst err= %g \n", err);

    return 0;
}


void putdata(int nini, int nend, double *a)
{
    int j, seed = 0;

    for (j = nini; j <= nend; j++) {
        a[j] = RND(&seed);
    }
}


double errorcheck(int nini, int nend, double scale, double *a)
{
    int j, seed = 0;
    double err = 0, e;

    for (j = nini; j <= nend; j++) {
        e = RND(&seed) - a[j] * scale;
        err = MAX(err, fabs(e));
    }
    return err;
}








Viz/fft/sample1/testxg.f

! test of fft*g.f
!
!
      program main
      integer nmax, nmaxsqrt
      parameter (nmax = 32768)
      parameter (nmaxsqrt = 128)
      integer n, ip(0 : nmaxsqrt + 1)
      real*8 a(0 : nmax), w(0 : nmax * 5 / 4 - 1), t(0 : nmax / 2), 
     &    err, errorcheck
!
      write (*, *) 'data length n=? (must be 2**m)'
      read (*, *) n
      ip(0) = 0
!
!   check of CDFT
      call putdata(0, n - 1, a)
      call cdft(n, 1, a, ip, w)
      call cdft(n, -1, a, ip, w)
      err = errorcheck(0, n - 1, 2.0d0 / n, a)
      write (*, *) 'cdft err= ', err
!
!   check of RDFT
      call putdata(0, n - 1, a)
      call rdft(n, 1, a, ip, w)
      call rdft(n, -1, a, ip, w)
      err = errorcheck(0, n - 1, 2.0d0 / n, a)
      write (*, *) 'rdft err= ', err
!
!   check of DDCT
      call putdata(0, n - 1, a)
      call ddct(n, 1, a, ip, w)
      call ddct(n, -1, a, ip, w)
      a(0) = a(0) * 0.5d0
      err = errorcheck(0, n - 1, 2.0d0 / n, a)
      write (*, *) 'ddct err= ', err
!
!   check of DDST
      call putdata(0, n - 1, a)
      call ddst(n, 1, a, ip, w)
      call ddst(n, -1, a, ip, w)
      a(0) = a(0) * 0.5d0
      err = errorcheck(0, n - 1, 2.0d0 / n, a)
      write (*, *) 'ddst err= ', err
!
!   check of DFCT
      call putdata(0, n, a)
      a(0) = a(0) * 0.5d0
      a(n) = a(n) * 0.5d0
      call dfct(n, a, t, ip, w)
      a(0) = a(0) * 0.5d0
      a(n) = a(n) * 0.5d0
      call dfct(n, a, t, ip, w)
      err = errorcheck(0, n, 2.0d0 / n, a)
      write (*, *) 'dfct err= ', err
!
!   check of DFST
      call putdata(1, n - 1, a)
      call dfst(n, a, t, ip, w)
      call dfst(n, a, t, ip, w)
      err = errorcheck(1, n - 1, 2.0d0 / n, a)
      write (*, *) 'dfst err= ', err
!
      end
!
!
      subroutine putdata(nini, nend, a)
      integer nini, nend, j, seed
      real*8 a(0 : *), drnd
      seed = 0
      do j = nini, nend
          a(j) = drnd(seed)
      end do
      end
!
!
      function errorcheck(nini, nend, scale, a)
      integer nini, nend, j, seed
      real*8 scale, a(0 : *), drnd, err, e, errorcheck
      err = 0
      seed = 0
      do j = nini, nend
          e = drnd(seed) - a(j) * scale
          err = max(err, abs(e))
      end do
      errorcheck = err
      end
!
!
! random number generator, 0 <= drnd < 1
      real*8 function drnd(seed)
      integer seed
      seed = mod(seed * 7141 + 54773, 259200)
      drnd = seed * (1.0d0 / 259200.0d0)
      end
!







Viz/fft/sample1/testxg_h.c

/* test of fft*g_h.c */

#include <math.h>
#include <stdio.h>
#define MAX(x,y) ((x) > (y) ? (x) : (y))

/* random number generator, 0 <= RND < 1 */
#define RND(p) ((*(p) = (*(p) * 7141 + 54773) % 259200) * (1.0 / 259200.0))

#ifndef NMAX
#define NMAX 8192
#endif

void cdft(int, int, double *);
void rdft(int, int, double *);
void ddct(int, int, double *);
void ddst(int, int, double *);
void dfct(int, double *);
void dfst(int, double *);
void putdata(int nini, int nend, double *a);
double errorcheck(int nini, int nend, double scale, double *a);


int main()
{
    int n;
    double a[NMAX + 1], err;

    printf("data length n=? (must be 2^m)\n");
    scanf("%d", &n);

    /* check of CDFT */
    putdata(0, n - 1, a);
    cdft(n, 1, a);
    cdft(n, -1, a);
    err = errorcheck(0, n - 1, 2.0 / n, a);
    printf("cdft err= %g \n", err);

    /* check of RDFT */
    putdata(0, n - 1, a);
    rdft(n, 1, a);
    rdft(n, -1, a);
    err = errorcheck(0, n - 1, 2.0 / n, a);
    printf("rdft err= %g \n", err);

    /* check of DDCT */
    putdata(0, n - 1, a);
    ddct(n, 1, a);
    ddct(n, -1, a);
    a[0] *= 0.5;
    err = errorcheck(0, n - 1, 2.0 / n, a);
    printf("ddct err= %g \n", err);

    /* check of DDST */
    putdata(0, n - 1, a);
    ddst(n, 1, a);
    ddst(n, -1, a);
    a[0] *= 0.5;
    err = errorcheck(0, n - 1, 2.0 / n, a);
    printf("ddst err= %g \n", err);

    /* check of DFCT */
    putdata(0, n, a);
    a[0] *= 0.5;
    a[n] *= 0.5;
    dfct(n, a);
    a[0] *= 0.5;
    a[n] *= 0.5;
    dfct(n, a);
    err = errorcheck(0, n, 2.0 / n, a);
    printf("dfct err= %g \n", err);

    /* check of DFST */
    putdata(1, n - 1, a);
    dfst(n, a);
    dfst(n, a);
    err = errorcheck(1, n - 1, 2.0 / n, a);
    printf("dfst err= %g \n", err);

    return 0;
}


void putdata(int nini, int nend, double *a)
{
    int j, seed = 0;

    for (j = nini; j <= nend; j++) {
        a[j] = RND(&seed);
    }
}


double errorcheck(int nini, int nend, double scale, double *a)
{
    int j, seed = 0;
    double err = 0, e;

    for (j = nini; j <= nend; j++) {
        e = RND(&seed) - a[j] * scale;
        err = MAX(err, fabs(e));
    }
    return err;
}








Viz/fft/sample2/Makefile

# ---- for GNU gcc ----

CC = gcc

CFLAGS = -Wall

OFLAGS_FFT = -O6 -ffast-math
OFLAGS_PI = -O6 -ffast-math

# ---- for SUN WS cc ----
#
#CC = cc
#
#CFLAGS = 
#
#OFLAGS_FFT = -fast -xO5
#OFLAGS_PI = -fast -xO5




all: pi_fft4g pi_fft8g pi_fftsg


pi_fft4g : pi_fft.o fft4g.o
	$(CC) pi_fft.o fft4g.o -lm -o pi_fft4g

pi_fft8g : pi_fft.o fft8g.o
	$(CC) pi_fft.o fft8g.o -lm -o pi_fft8g

pi_fftsg : pi_fft.o fftsg.o
	$(CC) pi_fft.o fftsg.o -lm -o pi_fftsg


pi_fft.o : pi_fft.c
	$(CC) $(CFLAGS) $(OFLAGS_PI) -c pi_fft.c -o pi_fft.o


fft4g.o : ../fft4g.c
	$(CC) $(CFLAGS) $(OFLAGS_FFT) -c ../fft4g.c -o fft4g.o

fft8g.o : ../fft8g.c
	$(CC) $(CFLAGS) $(OFLAGS_FFT) -c ../fft8g.c -o fft8g.o

fftsg.o : ../fftsg.c
	$(CC) $(CFLAGS) $(OFLAGS_FFT) -c ../fftsg.c -o fftsg.o




clean:
	rm -f *.o








Viz/fft/sample2/Makefile.pth

# ---- for GNU gcc ----

CC = gcc

CFLAGS = -Wall -DUSE_CDFT_PTHREADS

OFLAGS_FFT = -O6 -ffast-math
OFLAGS_PI = -O6 -ffast-math

# ---- for SUN WS cc ----
#
#CC = cc
#
#CFLAGS = -DUSE_CDFT_PTHREADS
#
#OFLAGS_FFT = -fast -xO5
#OFLAGS_PI = -fast -xO5




all: pi_fftsgpt


pi_fftsgpt : pi_fft.o fftsgpt.o
	$(CC) pi_fft.o fftsgpt.o -lm -lpthread -o pi_fftsgpt


pi_fft.o : pi_fft.c
	$(CC) $(CFLAGS) $(OFLAGS_PI) -c pi_fft.c -o pi_fft.o


fftsgpt.o : ../fftsg.c
	$(CC) $(CFLAGS) $(OFLAGS_FFT) -c ../fftsg.c -o fftsgpt.o




clean:
	rm -f *.o








Viz/fft/sample2/pi_fft.c

/*
---- calculation of PI(= 3.14159...) using FFT ----
    by T.Ooura, ver. LG1.1.2-MP1.5a Sep. 2001.

This is a test program to estimate the performance of
the FFT routines: fft*g.c.

Example compilation:
    GNU      : gcc -O6 -ffast-math pi_fft.c fftsg.c -lm -o pi_fftsg
    SUN      : cc -fast -xO5 pi_fft.c fft8g.c -lm -o pi_fft8g
    Microsoft: cl /O2 /G6 pi_fft.c fft4g.c /Fepi_fft4g.exe
    ...
    etc.
*/

/* Please check the following macros before compiling */
#ifndef DBL_ERROR_MARGIN
#define DBL_ERROR_MARGIN 0.3  /* must be < 0.5 */
#endif


#include <math.h>
#include <limits.h>
#include <float.h>
#include <stdio.h>
#include <stdlib.h>
#include <time.h>


void mp_load_0(int n, int radix, int out[]);
void mp_load_1(int n, int radix, int out[]);
void mp_copy(int n, int radix, int in[], int out[]);
void mp_round(int n, int radix, int m, int inout[]);
int mp_cmp(int n, int radix, int in1[], int in2[]);
void mp_add(int n, int radix, int in1[], int in2[], int out[]);
void mp_sub(int n, int radix, int in1[], int in2[], int out[]);
void mp_imul(int n, int radix, int in1[], int in2, int out[]);
int mp_idiv(int n, int radix, int in1[], int in2, int out[]);
void mp_idiv_2(int n, int radix, int in[], int out[]);
double mp_mul_radix_test(int n, int radix, int nfft, 
        double tmpfft[], int ip[], double w[]);
void mp_mul(int n, int radix, int in1[], int in2[], int out[], 
        int tmp[], int nfft, double tmp1fft[], double tmp2fft[], 
        double tmp3fft[], int ip[], double w[]);
void mp_squ(int n, int radix, int in[], int out[], int tmp[], 
        int nfft, double tmp1fft[], double tmp2fft[], 
        int ip[], double w[]);
void mp_mulh(int n, int radix, int in1[], int in2[], int out[], 
        int nfft, double in1fft[], double outfft[], 
        int ip[], double w[]);
void mp_squh(int n, int radix, int in[], int out[], 
        int nfft, double inoutfft[], int ip[], double w[]);
int mp_inv(int n, int radix, int in[], int out[], 
        int tmp1[], int tmp2[], int nfft, 
        double tmp1fft[], double tmp2fft[], int ip[], double w[]);
int mp_sqrt(int n, int radix, int in[], int out[], 
        int tmp1[], int tmp2[], int nfft, 
        double tmp1fft[], double tmp2fft[], int ip[], double w[]);
void mp_sprintf(int n, int log10_radix, int in[], char out[]);
void mp_sscanf(int n, int log10_radix, char in[], int out[]);
void mp_fprintf(int n, int log10_radix, int in[], FILE *fout);


int main()
{
    int nfft, log2_nfft, radix, log10_radix, n, npow, nprc;
    double err, d_time, n_op;
    int *a, *b, *c, *e, *i1, *i2, *ip;
    double *d1, *d2, *d3, *w;
    time_t t_1, t_2;
    FILE *f_log, *f_out;
    
    f_log = fopen("pi.log", "w");
    printf("PI calculation to estimate the FFT benchmarks\n");
    fprintf(f_log, "PI calculation to estimate the FFT benchmarks\n");
    printf("length of FFT =?\n");
    scanf("%d", &nfft);
    
    printf("initializing...\n");
    for (log2_nfft = 1; (1 << log2_nfft) < nfft; log2_nfft++);
    nfft = 1 << log2_nfft;
    n = nfft + 2;
    ip = (int *) malloc((3 + (int) sqrt(0.5 * nfft)) * sizeof(int));
    w = (double *) malloc(nfft / 2 * sizeof(double));
    a = (int *) malloc((n + 2) * sizeof(int));
    b = (int *) malloc((n + 2) * sizeof(int));
    c = (int *) malloc((n + 2) * sizeof(int));
    e = (int *) malloc((n + 2) * sizeof(int));
    i1 = (int *) malloc((n + 2) * sizeof(int));
    i2 = (int *) malloc((n + 2) * sizeof(int));
    d1 = (double *) malloc((nfft + 2) * sizeof(double));
    d2 = (double *) malloc((nfft + 2) * sizeof(double));
    d3 = (double *) malloc((nfft + 2) * sizeof(double));
    if (d3 == NULL) {
        printf("Allocation Failure!\n");
        exit(1);
    }
    ip[0] = 0;
    /* ---- radix test ---- */
    log10_radix = 1;
    radix = 10;
    err = mp_mul_radix_test(n, radix, nfft, d1, ip, w);
    err += DBL_EPSILON * (n * radix * radix / 4);
    while (100 * err < DBL_ERROR_MARGIN && radix <= INT_MAX / 20) {
        err *= 100;
        log10_radix++;
        radix *= 10;
    }
    printf("nfft= %d\nradix= %d\nerror_margin= %g\n", nfft, radix, err);
    fprintf(f_log, "nfft= %d\nradix= %d\nerror_margin= %g\n", nfft, radix, err);
    printf("calculating %d digits of PI...\n", log10_radix * (n - 2));
    fprintf(f_log, "calculating %d digits of PI...\n", log10_radix * (n - 2));
    /* ---- time check ---- */
    time(&t_1);
    /*
     * ---- a formula based on the AGM (Arithmetic-Geometric Mean) ----
     *   c = sqrt(0.125);
     *   a = 1 + 3 * c;
     *   b = sqrt(a);
     *   e = b - 0.625;
     *   b = 2 * b;
     *   c = e - c;
     *   a = a + e;
     *   npow = 4;
     *   do {
     *       npow = 2 * npow;
     *       e = (a + b) / 2;
     *       b = sqrt(a * b);
     *       e = e - b;
     *       b = 2 * b;
     *       c = c - e;
     *       a = e + b;
     *   } while (e > SQRT_SQRT_EPSILON);
     *   e = e * e / 4;
     *   a = a + b;
     *   pi = (a * a - e - e / 2) / (a * c - e) / npow;
     * ---- modification ----
     *   This is a modified version of Gauss-Legendre formula
     *   (by T.Ooura). It is faster than original version.
     * ---- reference ----
     *   1. E.Salamin, 
     *      Computation of PI Using Arithmetic-Geometric Mean, 
     *      Mathematics of Computation, Vol.30 1976.
     *   2. R.P.Brent, 
     *      Fast Multiple-Precision Evaluation of Elementary Functions, 
     *      J. ACM 23 1976.
     *   3. D.Takahasi, Y.Kanada, 
     *      Calculation of PI to 51.5 Billion Decimal Digits on 
     *      Distributed Memoriy Parallel Processors, 
     *      Transactions of Information Processing Society of Japan, 
     *      Vol.39 No.7 1998.
     *   4. T.Ooura, 
     *      Improvement of the PI Calculation Algorithm and 
     *      Implementation of Fast Multiple-Precision Computation, 
     *      Information Processing Society of Japan SIG Notes, 
     *      98-HPC-74, 1998.
     */
    /* ---- c = sqrt(0.125) ---- */
    mp_sscanf(n, log10_radix, "0.125", a);
    mp_sqrt(n, radix, a, c, i1, i2, nfft, d1, d2, ip, w);
    /* ---- a = 1 + 3 * c ---- */
    mp_imul(n, radix, c, 3, e);
    mp_sscanf(n, log10_radix, "1", a);
    mp_add(n, radix, a, e, a);
    /* ---- b = sqrt(a) ---- */
    mp_sqrt(n, radix, a, b, i1, i2, nfft, d1, d2, ip, w);
    /* ---- e = b - 0.625 ---- */
    mp_sscanf(n, log10_radix, "0.625", e);
    mp_sub(n, radix, b, e, e);
    /* ---- b = 2 * b ---- */
    mp_add(n, radix, b, b, b);
    /* ---- c = e - c ---- */
    mp_sub(n, radix, e, c, c);
    /* ---- a = a + e ---- */
    mp_add(n, radix, a, e, a);
    printf("AGM iteration\n");
    fprintf(f_log, "AGM iteration\n");
    npow = 4;
    do {
        npow *= 2;
        /* ---- e = (a + b) / 2 ---- */
        mp_add(n, radix, a, b, e);
        mp_idiv_2(n, radix, e, e);
        /* ---- b = sqrt(a * b) ---- */
        mp_mul(n, radix, a, b, a, i1, nfft, d1, d2, d3, ip, w);
        mp_sqrt(n, radix, a, b, i1, i2, nfft, d1, d2, ip, w);
        /* ---- e = e - b ---- */
        mp_sub(n, radix, e, b, e);
        /* ---- b = 2 * b ---- */
        mp_add(n, radix, b, b, b);
        /* ---- c = c - e ---- */
        mp_sub(n, radix, c, e, c);
        /* ---- a = e + b ---- */
        mp_add(n, radix, e, b, a);
        /* ---- convergence check ---- */
        nprc = -e[1];
        if (e[0] == 0) {
            nprc = n;
        }
        printf("precision= %d\n", 4 * nprc * log10_radix);
        fprintf(f_log, "precision= %d\n", 4 * nprc * log10_radix);
    } while (4 * nprc <= n);
    /* ---- e = e * e / 4 (half precision) ---- */
    mp_idiv_2(n, radix, e, e);
    mp_squh(n, radix, e, e, nfft, d1, ip, w);
    /* ---- a = a + b ---- */
    mp_add(n, radix, a, b, a);
    /* ---- a = (a * a - e - e / 2) / (a * c - e) / npow ---- */
    mp_mul(n, radix, a, c, c, i1, nfft, d1, d2, d3, ip, w);
    mp_sub(n, radix, c, e, c);
    mp_inv(n, radix, c, b, i1, i2, nfft, d1, d2, ip, w);
    mp_squ(n, radix, a, a, i1, nfft, d1, d2, ip, w);
    mp_sub(n, radix, a, e, a);
    mp_idiv_2(n, radix, e, e);
    mp_sub(n, radix, a, e, a);
    mp_mul(n, radix, a, b, a, i1, nfft, d1, d2, d3, ip, w);
    mp_idiv(n, radix, a, npow, a);
    /* ---- time check ---- */
    time(&t_2);
    /* ---- output ---- */
    f_out = fopen("pi.dat", "w");
    printf("writing pi.dat...\n");
    mp_fprintf(n - 1, log10_radix, a, f_out);
    fclose(f_out);
    free(d3);
    free(d2);
    free(d1);
    free(i2);
    free(i1);
    free(e);
    free(c);
    free(b);
    free(a);
    free(w);
    free(ip);
    /* ---- benchmark ---- */
    n_op = 50.0 * nfft * log2_nfft * log2_nfft;
    printf("floating point operation: %g op.\n", n_op);
    fprintf(f_log, "floating point operation: %g op.\n", n_op);
    /* ---- difftime ---- */
    d_time = difftime(t_2, t_1);
    printf("execution time: %g sec. (real time)\n", d_time);
    fprintf(f_log, "execution time: %g sec. (real time)\n", d_time);
    fclose(f_log);
    return 0;
}


/* -------- multiple precision routines -------- */


#include <math.h>
#include <float.h>
#include <stdio.h>

/* ---- floating point format ----
    data := data[0] * pow(radix, data[1]) * 
            (data[2] + data[3]/radix + data[4]/radix/radix + ...), 
    data[0]       : sign (1;data>0, -1;data<0, 0;data==0)
    data[1]       : exponent (0;data==0)
    data[2...n+1] : digits
   ---- function prototypes ----
    void mp_load_0(int n, int radix, int out[]);
    void mp_load_1(int n, int radix, int out[]);
    void mp_copy(int n, int radix, int in[], int out[]);
    void mp_round(int n, int radix, int m, int inout[]);
    int mp_cmp(int n, int radix, int in1[], int in2[]);
    void mp_add(int n, int radix, int in1[], int in2[], int out[]);
    void mp_sub(int n, int radix, int in1[], int in2[], int out[]);
    void mp_imul(int n, int radix, int in1[], int in2, int out[]);
    int mp_idiv(int n, int radix, int in1[], int in2, int out[]);
    void mp_idiv_2(int n, int radix, int in[], int out[]);
    double mp_mul_radix_test(int n, int radix, int nfft, 
            double tmpfft[], int ip[], double w[]);
    void mp_mul(int n, int radix, int in1[], int in2[], int out[], 
            int tmp[], int nfft, double tmp1fft[], double tmp2fft[], 
            double tmp3fft[], int ip[], double w[]);
    void mp_squ(int n, int radix, int in[], int out[], int tmp[], 
            int nfft, double tmp1fft[], double tmp2fft[], 
            int ip[], double w[]);
    void mp_mulh(int n, int radix, int in1[], int in2[], int out[], 
            int nfft, double in1fft[], double outfft[], 
            int ip[], double w[]);
    void mp_squh(int n, int radix, int in[], int out[], 
            int nfft, double inoutfft[], int ip[], double w[]);
    int mp_inv(int n, int radix, int in[], int out[], 
            int tmp1[], int tmp2[], int nfft, 
            double tmp1fft[], double tmp2fft[], int ip[], double w[]);
    int mp_sqrt(int n, int radix, int in[], int out[], 
            int tmp1[], int tmp2[], int nfft, 
            double tmp1fft[], double tmp2fft[], int ip[], double w[]);
    void mp_sprintf(int n, int log10_radix, int in[], char out[]);
    void mp_sscanf(int n, int log10_radix, char in[], int out[]);
    void mp_fprintf(int n, int log10_radix, int in[], FILE *fout);
   ----
*/


/* -------- mp_load routines -------- */


void mp_load_0(int n, int radix, int out[])
{
    int j;
    
    for (j = 0; j <= n + 1; j++) {
        out[j] = 0;
    }
}


void mp_load_1(int n, int radix, int out[])
{
    int j;
    
    out[0] = 1;
    out[1] = 0;
    out[2] = 1;
    for (j = 3; j <= n + 1; j++) {
        out[j] = 0;
    }
}


void mp_copy(int n, int radix, int in[], int out[])
{
    int j;
    
    for (j = 0; j <= n + 1; j++) {
        out[j] = in[j];
    }
}


void mp_round(int n, int radix, int m, int inout[])
{
    int j, x;
    
    if (m < n) {
        for (j = n + 1; j > m + 2; j--) {
            inout[j] = 0;
        }
        x = 2 * inout[m + 2];
        inout[m + 2] = 0;
        if (x >= radix) {
            for (j = m + 1; j >= 2; j--) {
                x = inout[j] + 1;
                if (x < radix) {
                    inout[j] = x;
                    break;
                }
                inout[j] = 0;
            }
            if (x >= radix) {
                inout[2] = 1;
                inout[1]++;
            }
        }
    }
}


/* -------- mp_add routines -------- */


int mp_cmp(int n, int radix, int in1[], int in2[])
{
    int mp_unsgn_cmp(int n, int in1[], int in2[]);
    
    if (in1[0] > in2[0]) {
        return 1;
    } else if (in1[0] < in2[0]) {
        return -1;
    }
    return in1[0] * mp_unsgn_cmp(n, &in1[1], &in2[1]);
}


void mp_add(int n, int radix, int in1[], int in2[], int out[])
{
    int mp_unsgn_cmp(int n, int in1[], int in2[]);
    int mp_unexp_add(int n, int radix, int expdif, 
            int in1[], int in2[], int out[]);
    int mp_unexp_sub(int n, int radix, int expdif, 
            int in1[], int in2[], int out[]);
    int outsgn, outexp, expdif;
    
    expdif = in1[1] - in2[1];
    outexp = in1[1];
    if (expdif < 0) {
        outexp = in2[1];
    }
    outsgn = in1[0] * in2[0];
    if (outsgn >= 0) {
        if (outsgn > 0) {
            outsgn = in1[0];
        } else {
            outsgn = in1[0] + in2[0];
            outexp = in1[1] + in2[1];
            expdif = 0;
        }
        if (expdif >= 0) {
            outexp += mp_unexp_add(n, radix, expdif, 
                    &in1[2], &in2[2], &out[2]);
        } else {
            outexp += mp_unexp_add(n, radix, -expdif, 
                    &in2[2], &in1[2], &out[2]);
        }
    } else {
        outsgn = mp_unsgn_cmp(n, &in1[1], &in2[1]);
        if (outsgn >= 0) {
            expdif = mp_unexp_sub(n, radix, expdif, 
                    &in1[2], &in2[2], &out[2]);
        } else {
            expdif = mp_unexp_sub(n, radix, -expdif, 
                    &in2[2], &in1[2], &out[2]);
        }
        outexp -= expdif;
        outsgn *= in1[0];
        if (expdif == n) {
            outsgn = 0;
        }
    }
    if (outsgn == 0) {
        outexp = 0;
    }
    out[0] = outsgn;
    out[1] = outexp;
}


void mp_sub(int n, int radix, int in1[], int in2[], int out[])
{
    int mp_unsgn_cmp(int n, int in1[], int in2[]);
    int mp_unexp_add(int n, int radix, int expdif, 
            int in1[], int in2[], int out[]);
    int mp_unexp_sub(int n, int radix, int expdif, 
            int in1[], int in2[], int out[]);
    int outsgn, outexp, expdif;
    
    expdif = in1[1] - in2[1];
    outexp = in1[1];
    if (expdif < 0) {
        outexp = in2[1];
    }
    outsgn = in1[0] * in2[0];
    if (outsgn <= 0) {
        if (outsgn < 0) {
            outsgn = in1[0];
        } else {
            outsgn = in1[0] - in2[0];
            outexp = in1[1] + in2[1];
            expdif = 0;
        }
        if (expdif >= 0) {
            outexp += mp_unexp_add(n, radix, expdif, 
                    &in1[2], &in2[2], &out[2]);
        } else {
            outexp += mp_unexp_add(n, radix, -expdif, 
                    &in2[2], &in1[2], &out[2]);
        }
    } else {
        outsgn = mp_unsgn_cmp(n, &in1[1], &in2[1]);
        if (outsgn >= 0) {
            expdif = mp_unexp_sub(n, radix, expdif, 
                    &in1[2], &in2[2], &out[2]);
        } else {
            expdif = mp_unexp_sub(n, radix, -expdif, 
                    &in2[2], &in1[2], &out[2]);
        }
        outexp -= expdif;
        outsgn *= in1[0];
        if (expdif == n) {
            outsgn = 0;
        }
    }
    if (outsgn == 0) {
        outexp = 0;
    }
    out[0] = outsgn;
    out[1] = outexp;
}


/* -------- mp_add child routines -------- */


int mp_unsgn_cmp(int n, int in1[], int in2[])
{
    int j, cmp;
    
    cmp = 0;
    for (j = 0; j <= n && cmp == 0; j++) {
        cmp = in1[j] - in2[j];
    }
    if (cmp > 0) {
        cmp = 1;
    } else if (cmp < 0) {
        cmp = -1;
    }
    return cmp;
}


int mp_unexp_add(int n, int radix, int expdif, 
        int in1[], int in2[], int out[])
{
    int j, x, carry;
    
    carry = 0;
    if (expdif == 0 && in1[0] + in2[0] >= radix) {
        x = in1[n - 1] + in2[n - 1];
        carry = x >= radix ? -1 : 0;
        for (j = n - 1; j > 0; j--) {
            x = in1[j - 1] + in2[j - 1] - carry;
            carry = x >= radix ? -1 : 0;
            out[j] = x - (radix & carry);
        }
        out[0] = -carry;
    } else {
        if (expdif > n) {
            expdif = n;
        }
        for (j = n - 1; j >= expdif; j--) {
            x = in1[j] + in2[j - expdif] - carry;
            carry = x >= radix ? -1 : 0;
            out[j] = x - (radix & carry);
        }
        for (j = expdif - 1; j >= 0; j--) {
            x = in1[j] - carry;
            carry = x >= radix ? -1 : 0;
            out[j] = x - (radix & carry);
        }
        if (carry != 0) {
            for (j = n - 1; j > 0; j--) {
                out[j] = out[j - 1];
            }
            out[0] = -carry;
        }
    }
    return -carry;
}


int mp_unexp_sub(int n, int radix, int expdif, 
        int in1[], int in2[], int out[])
{
    int j, x, borrow, ncancel;
    
    if (expdif > n) {
        expdif = n;
    }
    borrow = 0;
    for (j = n - 1; j >= expdif; j--) {
        x = in1[j] - in2[j - expdif] + borrow;
        borrow = x < 0 ? -1 : 0;
        out[j] = x + (radix & borrow);
    }
    for (j = expdif - 1; j >= 0; j--) {
        x = in1[j] + borrow;
        borrow = x < 0 ? -1 : 0;
        out[j] = x + (radix & borrow);
    }
    ncancel = 0;
    for (j = 0; j < n && out[j] == 0; j++) {
        ncancel = j + 1;
    }
    if (ncancel > 0 && ncancel < n) {
        for (j = 0; j < n - ncancel; j++) {
            out[j] = out[j + ncancel];
        }
        for (j = n - ncancel; j < n; j++) {
            out[j] = 0;
        }
    }
    return ncancel;
}


/* -------- mp_imul routines -------- */


void mp_imul(int n, int radix, int in1[], int in2, int out[])
{
    void mp_unsgn_imul(int n, double dradix, int in1[], double din2, 
            int out[]);
    
    if (in2 > 0) {
        out[0] = in1[0];
    } else if (in2 < 0) {
        out[0] = -in1[0];
        in2 = -in2;
    } else {
        out[0] = 0;
    }
    mp_unsgn_imul(n, radix, &in1[1], in2, &out[1]);
    if (out[0] == 0) {
        out[1] = 0;
    }
}


int mp_idiv(int n, int radix, int in1[], int in2, int out[])
{
    void mp_load_0(int n, int radix, int out[]);
    void mp_unsgn_idiv(int n, double dradix, int in1[], double din2, 
            int out[]);
    
    if (in2 == 0) {
        return -1;
    }
    if (in2 > 0) {
        out[0] = in1[0];
    } else {
        out[0] = -in1[0];
        in2 = -in2;
    }
    if (in1[0] == 0) {
        mp_load_0(n, radix, out);
        return 0;
    }
    mp_unsgn_idiv(n, radix, &in1[1], in2, &out[1]);
    return 0;
}


void mp_idiv_2(int n, int radix, int in[], int out[])
{
    int j, ix, carry, shift;
    
    out[0] = in[0];
    shift = 0;
    if (in[2] == 1) {
        shift = 1;
    }
    out[1] = in[1] - shift;
    carry = -shift;
    for (j = 2; j <= n + 1 - shift; j++) {
        ix = in[j + shift] + (radix & carry);
        carry = -(ix & 1);
        out[j] = ix >> 1;
    }
    if (shift > 0) {
        out[n + 1] = (radix & carry) >> 1;
    }
}


/* -------- mp_imul child routines -------- */


void mp_unsgn_imul(int n, double dradix, int in1[], double din2, 
        int out[])
{
    int j, carry, shift;
    double x, d1_radix;
    
    d1_radix = 1.0 / dradix;
    carry = 0;
    for (j = n; j >= 1; j--) {
        x = din2 * in1[j] + carry + 0.5;
        carry = (int) (d1_radix * x);
        out[j] = (int) (x - dradix * carry);
    }
    shift = 0;
    x = carry + 0.5;
    while (x > 1) {
        x *= d1_radix;
        shift++;
    }
    out[0] = in1[0] + shift;
    if (shift > 0) {
        while (shift > n) {
            carry = (int) (d1_radix * carry + 0.5);
            shift--;
        }
        for (j = n; j >= shift + 1; j--) {
            out[j] = out[j - shift];
        }
        for (j = shift; j >= 1; j--) {
            x = carry + 0.5;
            carry = (int) (d1_radix * x);
            out[j] = (int) (x - dradix * carry);
        }
    }
}


void mp_unsgn_idiv(int n, double dradix, int in1[], double din2, 
        int out[])
{
    int j, ix, carry, shift;
    double x, d1_in2;
    
    d1_in2 = 1.0 / din2;
    shift = 0;
    x = 0;
    do {
        shift++;
        x *= dradix;
        if (shift <= n) {
            x += in1[shift];
        }
    } while (x < din2 - 0.5);
    x += 0.5;
    ix = (int) (d1_in2 * x);
    carry = (int) (x - din2 * ix);
    out[1] = ix;
    shift--;
    out[0] = in1[0] - shift;
    if (shift >= n) {
        shift = n - 1;
    }
    for (j = 2; j <= n - shift; j++) {
        x = in1[j + shift] + dradix * carry + 0.5;
        ix = (int) (d1_in2 * x);
        carry = (int) (x - din2 * ix);
        out[j] = ix;
    }
    for (j = n - shift + 1; j <= n; j++) {
        x = dradix * carry + 0.5;
        ix = (int) (d1_in2 * x);
        carry = (int) (x - din2 * ix);
        out[j] = ix;
    }
}


/* -------- mp_mul routines -------- */


double mp_mul_radix_test(int n, int radix, int nfft, 
        double tmpfft[], int ip[], double w[])
{
    void rdft(int n, int isgn, double *a, int *ip, double *w);
    void mp_mul_csqu(int nfft, double dinout[]);
    double mp_mul_d2i_test(int radix, int nfft, double din[]);
    int j, ndata, radix_2;
    
    ndata = (nfft >> 1) + 1;
    if (ndata > n) {
        ndata = n;
    }
    tmpfft[nfft + 1] = radix - 1;
    for (j = nfft; j > ndata; j--) {
        tmpfft[j] = 0;
    }
    radix_2 = (radix + 1) / 2;
    for (j = ndata; j > 2; j--) {
        tmpfft[j] = radix_2;
    }
    tmpfft[2] = radix;
    tmpfft[1] = radix - 1;
    tmpfft[0] = 0;
    rdft(nfft, 1, &tmpfft[1], ip, w);
    mp_mul_csqu(nfft, tmpfft);
    rdft(nfft, -1, &tmpfft[1], ip, w);
    return 2 * mp_mul_d2i_test(radix, nfft, tmpfft);
}


void mp_mul(int n, int radix, int in1[], int in2[], int out[], 
        int tmp[], int nfft, double tmp1fft[], double tmp2fft[], 
        double tmp3fft[], int ip[], double w[])
{
    void mp_copy(int n, int radix, int in[], int out[]);
    void mp_add(int n, int radix, int in1[], int in2[], int out[]);
    void rdft(int n, int isgn, double *a, int *ip, double *w);
    void mp_mul_i2d(int n, int radix, int nfft, int shift, 
            int in[], double dout[]);
    void mp_mul_cmul(int nfft, double din[], double dinout[]);
    void mp_mul_cmuladd(int nfft, double din1[], double din2[], 
            double dinout[]);
    void mp_mul_d2i(int n, int radix, int nfft, double din[], int out[]);
    int n_h, shift;
    
    shift = (nfft >> 1) + 1;
    while (n > shift) {
        if (in1[shift + 2] + in2[shift + 2] != 0) {
            break;
        }
        shift++;
    }
    n_h = n / 2 + 1;
    if (n_h < n - shift) {
        n_h = n - shift;
    }
    /* ---- tmp3fft = (upper) in1 * (lower) in2 ---- */
    mp_mul_i2d(n, radix, nfft, 0, in1, tmp1fft);
    rdft(nfft, 1, &tmp1fft[1], ip, w);
    mp_mul_i2d(n, radix, nfft, shift, in2, tmp3fft);
    rdft(nfft, 1, &tmp3fft[1], ip, w);
    mp_mul_cmul(nfft, tmp1fft, tmp3fft);
    /* ---- tmp = (upper) in1 * (upper) in2 ---- */
    mp_mul_i2d(n, radix, nfft, 0, in2, tmp2fft);
    rdft(nfft, 1, &tmp2fft[1], ip, w);
    mp_mul_cmul(nfft, tmp2fft, tmp1fft);
    rdft(nfft, -1, &tmp1fft[1], ip, w);
    mp_mul_d2i(n, radix, nfft, tmp1fft, tmp);
    /* ---- tmp3fft += (upper) in2 * (lower) in1 ---- */
    mp_mul_i2d(n, radix, nfft, shift, in1, tmp1fft);
    rdft(nfft, 1, &tmp1fft[1], ip, w);
    mp_mul_cmuladd(nfft, tmp1fft, tmp2fft, tmp3fft);
    /* ---- out = tmp + tmp3fft ---- */
    rdft(nfft, -1, &tmp3fft[1], ip, w);
    mp_mul_d2i(n_h, radix, nfft, tmp3fft, out);
    if (out[0] != 0) {
        mp_add(n, radix, out, tmp, out);
    } else {
        mp_copy(n, radix, tmp, out);
    }
}


void mp_squ(int n, int radix, int in[], int out[], int tmp[], 
        int nfft, double tmp1fft[], double tmp2fft[], 
        int ip[], double w[])
{
    void mp_add(int n, int radix, int in1[], int in2[], int out[]);
    void rdft(int n, int isgn, double *a, int *ip, double *w);
    void mp_mul_i2d(int n, int radix, int nfft, int shift, 
            int in[], double dout[]);
    void mp_mul_cmul(int nfft, double din[], double dinout[]);
    void mp_mul_csqu(int nfft, double dinout[]);
    void mp_mul_d2i(int n, int radix, int nfft, double din[], int out[]);
    int n_h, shift;
    
    shift = (nfft >> 1) + 1;
    while (n > shift) {
        if (in[shift + 2] != 0) {
            break;
        }
        shift++;
    }
    n_h = n / 2 + 1;
    if (n_h < n - shift) {
        n_h = n - shift;
    }
    /* ---- tmp = (upper) in * (lower) in ---- */
    mp_mul_i2d(n, radix, nfft, 0, in, tmp1fft);
    rdft(nfft, 1, &tmp1fft[1], ip, w);
    mp_mul_i2d(n, radix, nfft, shift, in, tmp2fft);
    rdft(nfft, 1, &tmp2fft[1], ip, w);
    mp_mul_cmul(nfft, tmp1fft, tmp2fft);
    rdft(nfft, -1, &tmp2fft[1], ip, w);
    mp_mul_d2i(n_h, radix, nfft, tmp2fft, tmp);
    /* ---- out = 2 * tmp + ((upper) in)^2 ---- */
    mp_mul_csqu(nfft, tmp1fft);
    rdft(nfft, -1, &tmp1fft[1], ip, w);
    mp_mul_d2i(n, radix, nfft, tmp1fft, out);
    if (tmp[0] != 0) {
        mp_add(n_h, radix, tmp, tmp, tmp);
        mp_add(n, radix, out, tmp, out);
    }
}


void mp_mulh(int n, int radix, int in1[], int in2[], int out[], 
        int nfft, double in1fft[], double outfft[], int ip[], double w[])
{
    void rdft(int n, int isgn, double *a, int *ip, double *w);
    void mp_mul_i2d(int n, int radix, int nfft, int shift, 
            int in[], double dout[]);
    void mp_mul_cmul(int nfft, double din[], double dinout[]);
    void mp_mul_d2i(int n, int radix, int nfft, double din[], int out[]);
    
    mp_mul_i2d(n, radix, nfft, 0, in1, in1fft);
    rdft(nfft, 1, &in1fft[1], ip, w);
    mp_mul_i2d(n, radix, nfft, 0, in2, outfft);
    rdft(nfft, 1, &outfft[1], ip, w);
    mp_mul_cmul(nfft, in1fft, outfft);
    rdft(nfft, -1, &outfft[1], ip, w);
    mp_mul_d2i(n, radix, nfft, outfft, out);
}


void mp_mulh_use_in1fft(int n, int radix, double in1fft[], 
        int shift, int in2[], int out[], int nfft, double outfft[], 
        int ip[], double w[])
{
    void rdft(int n, int isgn, double *a, int *ip, double *w);
    void mp_mul_i2d(int n, int radix, int nfft, int shift, 
            int in[], double dout[]);
    void mp_mul_cmul(int nfft, double din[], double dinout[]);
    void mp_mul_d2i(int n, int radix, int nfft, double din[], int out[]);
    int n_h;
    
    while (n > shift) {
        if (in2[shift + 2] != 0) {
            break;
        }
        shift++;
    }
    n_h = n / 2 + 1;
    if (n_h < n - shift) {
        n_h = n - shift;
    }
    mp_mul_i2d(n, radix, nfft, shift, in2, outfft);
    rdft(nfft, 1, &outfft[1], ip, w);
    mp_mul_cmul(nfft, in1fft, outfft);
    rdft(nfft, -1, &outfft[1], ip, w);
    mp_mul_d2i(n_h, radix, nfft, outfft, out);
}


void mp_squh(int n, int radix, int in[], int out[], 
        int nfft, double inoutfft[], int ip[], double w[])
{
    void rdft(int n, int isgn, double *a, int *ip, double *w);
    void mp_mul_i2d(int n, int radix, int nfft, int shift, 
            int in[], double dout[]);
    void mp_mul_csqu(int nfft, double dinout[]);
    void mp_mul_d2i(int n, int radix, int nfft, double din[], int out[]);
    
    mp_mul_i2d(n, radix, nfft, 0, in, inoutfft);
    rdft(nfft, 1, &inoutfft[1], ip, w);
    mp_mul_csqu(nfft, inoutfft);
    rdft(nfft, -1, &inoutfft[1], ip, w);
    mp_mul_d2i(n, radix, nfft, inoutfft, out);
}


void mp_squh_use_in1fft(int n, int radix, double inoutfft[], int out[], 
        int nfft, int ip[], double w[])
{
    void rdft(int n, int isgn, double *a, int *ip, double *w);
    void mp_mul_csqu(int nfft, double dinout[]);
    void mp_mul_d2i(int n, int radix, int nfft, double din[], int out[]);
    
    mp_mul_csqu(nfft, inoutfft);
    rdft(nfft, -1, &inoutfft[1], ip, w);
    mp_mul_d2i(n, radix, nfft, inoutfft, out);
}


/* -------- mp_mul child routines -------- */


void mp_mul_i2d(int n, int radix, int nfft, int shift, 
        int in[], double dout[])
{
    int j, x, carry, ndata, radix_2, topdgt;
    
    ndata = 0;
    topdgt = 0;
    if (n > shift) {
        topdgt = in[shift + 2];
        ndata = (nfft >> 1) + 1;
        if (ndata > n - shift) {
            ndata = n - shift;
        }
    }
    dout[nfft + 1] = in[0] * topdgt;
    for (j = nfft; j > ndata; j--) {
        dout[j] = 0;
    }
    /* ---- abs(dout[j]) <= radix/2 (to keep FFT precision) ---- */
    if (ndata > 1) {
        radix_2 = radix / 2;
        carry = 0;
        for (j = ndata + 1; j > 3; j--) {
            x = in[j + shift] - carry;
            carry = x >= radix_2 ? -1 : 0;
            dout[j - 1] = x - (radix & carry);
        }
        dout[2] = in[shift + 3] - carry;
    }
    dout[1] = topdgt;
    dout[0] = in[1] - shift;
}


void mp_mul_cmul(int nfft, double din[], double dinout[])
{
    int j;
    double xr, xi, yr, yi;
    
    dinout[0] += din[0];
    dinout[1] *= din[1];
    dinout[2] *= din[2];
    for (j = 3; j < nfft; j += 2) {
        xr = din[j];
        xi = din[j + 1];
        yr = dinout[j];
        yi = dinout[j + 1];
        dinout[j] = xr * yr - xi * yi;
        dinout[j + 1] = xr * yi + xi * yr;
    }
    dinout[nfft + 1] *= din[nfft + 1];
}


void mp_mul_cmuladd(int nfft, double din1[], double din2[], 
        double dinout[])
{
    int j;
    double xr, xi, yr, yi;
    
    dinout[1] += din1[1] * din2[1];
    dinout[2] += din1[2] * din2[2];
    for (j = 3; j < nfft; j += 2) {
        xr = din1[j];
        xi = din1[j + 1];
        yr = din2[j];
        yi = din2[j + 1];
        dinout[j] += xr * yr - xi * yi;
        dinout[j + 1] += xr * yi + xi * yr;
    }
    dinout[nfft + 1] += din1[nfft + 1] * din2[nfft + 1];
}


void mp_mul_csqu(int nfft, double dinout[])
{
    int j;
    double xr, xi;
    
    dinout[0] *= 2;
    dinout[1] *= dinout[1];
    dinout[2] *= dinout[2];
    for (j = 3; j < nfft; j += 2) {
        xr = dinout[j];
        xi = dinout[j + 1];
        dinout[j] = xr * xr - xi * xi;
        dinout[j + 1] = 2 * xr * xi;
    }
    dinout[nfft + 1] *= dinout[nfft + 1];
}


void mp_mul_d2i(int n, int radix, int nfft, double din[], int out[])
{
    int j, carry, carry1, carry2, shift, ndata;
    double x, scale, d1_radix, d1_radix2, pow_radix, topdgt;
    
    scale = 2.0 / nfft;
    d1_radix = 1.0 / radix;
    d1_radix2 = d1_radix * d1_radix;
    topdgt = din[nfft + 1];
    x = topdgt < 0 ? -topdgt : topdgt;
    shift = x + 0.5 >= radix ? 1 : 0;
    /* ---- correction of cyclic convolution of din[1] ---- */
    x *= nfft * 0.5;
    din[nfft + 1] = din[1] - x;
    din[1] = x;
    /* ---- output of digits ---- */
    ndata = n;
    if (n > nfft + 1 + shift) {
        ndata = nfft + 1 + shift;
        for (j = n + 1; j > ndata + 1; j--) {
            out[j] = 0;
        }
    }
    x = 0;
    pow_radix = 1;
    for (j = ndata + 1 - shift; j <= nfft + 1; j++) {
        x += pow_radix * din[j];
        pow_radix *= d1_radix;
        if (pow_radix < DBL_EPSILON) {
            break;
        }
    }
    x = d1_radix2 * (scale * x + 0.5);
    carry2 = ((int) x) - 1;
    carry = (int) (radix * (x - carry2) + 0.5);
    for (j = ndata; j > 1; j--) {
        x = d1_radix2 * (scale * din[j - shift] + carry + 0.5);
        carry = carry2;
        carry2 = ((int) x) - 1;
        x = radix * (x - carry2);
        carry1 = (int) x;
        out[j + 1] = (int) (radix * (x - carry1));
        carry += carry1;
    }
    x = carry + ((double) radix) * carry2 + 0.5;
    if (shift == 0) {
        x += scale * din[1];
    }
    carry = (int) (d1_radix * x);
    out[2] = (int) (x - ((double) radix) * carry);
    if (carry > 0) {
        for (j = n + 1; j > 2; j--) {
            out[j] = out[j - 1];
        }
        out[2] = carry;
        shift++;
    }
    /* ---- output of exp, sgn ---- */
    x = din[0] + shift + 0.5;
    shift = ((int) x) - 1;
    out[1] = shift + ((int) (x - shift));
    out[0] = topdgt > 0.5 ? 1 : -1;
    if (out[2] == 0) {
        out[0] = 0;
        out[1] = 0;
    }
}


double mp_mul_d2i_test(int radix, int nfft, double din[])
{
    int j, carry, carry1, carry2;
    double x, scale, d1_radix, d1_radix2, err;
    
    scale = 2.0 / nfft;
    d1_radix = 1.0 / radix;
    d1_radix2 = d1_radix * d1_radix;
    /* ---- correction of cyclic convolution of din[1] ---- */
    x = din[nfft + 1] * nfft * 0.5;
    if (x < 0) {
        x = -x;
    }
    din[nfft + 1] = din[1] - x;
    /* ---- check of digits ---- */
    err = 0;
    carry = 0;
    carry2 = 0;
    for (j = nfft + 1; j > 1; j--) {
        x = d1_radix2 * (scale * din[j] + carry + 0.5);
        carry = carry2;
        carry2 = ((int) x) - 1;
        x = radix * (x - carry2);
        carry1 = (int) x;
        x = radix * (x - carry1);
        carry += carry1;
        x = x - 0.5 - ((int) x);
        if (x > err) {
            err = x;
        } else if (-x > err) {
            err = -x;
        }
    }
    return err;
}


/* -------- mp_inv routines -------- */


int mp_inv(int n, int radix, int in[], int out[], 
        int tmp1[], int tmp2[], int nfft, 
        double tmp1fft[], double tmp2fft[], int ip[], double w[])
{
    int mp_get_nfft_init(int radix, int nfft_max);
    void mp_inv_init(int n, int radix, int in[], int out[]);
    int mp_inv_newton(int n, int radix, int in[], int inout[], 
            int tmp1[], int tmp2[], int nfft, double tmp1fft[], 
            double tmp2fft[], int ip[], double w[]);
    int n_nwt, nfft_nwt, thr, prc;
    
    if (in[0] == 0) {
        return -1;
    }
    nfft_nwt = mp_get_nfft_init(radix, nfft);
    n_nwt = nfft_nwt + 2;
    if (n_nwt > n) {
        n_nwt = n;
    }
    mp_inv_init(n_nwt, radix, in, out);
    thr = 8;
    do {
        n_nwt = nfft_nwt + 2;
        if (n_nwt > n) {
            n_nwt = n;
        }
        prc = mp_inv_newton(n_nwt, radix, in, out, 
                tmp1, tmp2, nfft_nwt, tmp1fft, tmp2fft, ip, w);
        if (thr * nfft_nwt >= nfft) {
            thr = 0;
            if (2 * prc <= n_nwt - 2) {
                nfft_nwt >>= 1;
            }
        } else {
            if (3 * prc < n_nwt - 2) {
                nfft_nwt >>= 1;
            }
        }
        nfft_nwt <<= 1;
    } while (nfft_nwt <= nfft);
    return 0;
}


int mp_sqrt(int n, int radix, int in[], int out[], 
        int tmp1[], int tmp2[], int nfft, 
        double tmp1fft[], double tmp2fft[], int ip[], double w[])
{
    void mp_load_0(int n, int radix, int out[]);
    int mp_get_nfft_init(int radix, int nfft_max);
    void mp_sqrt_init(int n, int radix, int in[], int out[], int out_rev[]);
    int mp_sqrt_newton(int n, int radix, int in[], int inout[], 
            int inout_rev[], int tmp[], int nfft, double tmp1fft[], 
            double tmp2fft[], int ip[], double w[], int *n_tmp1fft);
    int n_nwt, nfft_nwt, thr, prc, n_tmp1fft;
    
    if (in[0] < 0) {
        return -1;
    } else if (in[0] == 0) {
        mp_load_0(n, radix, out);
        return 0;
    }
    nfft_nwt = mp_get_nfft_init(radix, nfft);
    n_nwt = nfft_nwt + 2;
    if (n_nwt > n) {
        n_nwt = n;
    }
    mp_sqrt_init(n_nwt, radix, in, out, tmp1);
    n_tmp1fft = 0;
    thr = 8;
    do {
        n_nwt = nfft_nwt + 2;
        if (n_nwt > n) {
            n_nwt = n;
        }
        prc = mp_sqrt_newton(n_nwt, radix, in, out, 
                tmp1, tmp2, nfft_nwt, tmp1fft, tmp2fft, 
                ip, w, &n_tmp1fft);
        if (thr * nfft_nwt >= nfft) {
            thr = 0;
            if (2 * prc <= n_nwt - 2) {
                nfft_nwt >>= 1;
            }
        } else {
            if (3 * prc < n_nwt - 2) {
                nfft_nwt >>= 1;
            }
        }
        nfft_nwt <<= 1;
    } while (nfft_nwt <= nfft);
    return 0;
}


/* -------- mp_inv child routines -------- */


int mp_get_nfft_init(int radix, int nfft_max)
{
    int nfft_init;
    double r;
    
    r = radix;
    nfft_init = 1;
    do {
        r *= r;
        nfft_init <<= 1;
    } while (DBL_EPSILON * r < 1 && nfft_init < nfft_max);
    return nfft_init;
}


void mp_inv_init(int n, int radix, int in[], int out[])
{
    void mp_unexp_d2mp(int n, int radix, double din, int out[]);
    double mp_unexp_mp2d(int n, int radix, int in[]);
    int outexp;
    double din;
    
    out[0] = in[0];
    outexp = -in[1];
    din = 1.0 / mp_unexp_mp2d(n, radix, &in[2]);
    while (din < 1) {
        din *= radix;
        outexp--;
    }
    out[1] = outexp;
    mp_unexp_d2mp(n, radix, din, &out[2]);
}


void mp_sqrt_init(int n, int radix, int in[], int out[], int out_rev[])
{
    void mp_unexp_d2mp(int n, int radix, double din, int out[]);
    double mp_unexp_mp2d(int n, int radix, int in[]);
    int outexp;
    double din;
    
    out[0] = 1;
    out_rev[0] = 1;
    outexp = in[1];
    din = mp_unexp_mp2d(n, radix, &in[2]);
    if (outexp % 2 != 0) {
        din *= radix;
        outexp--;
    }
    outexp /= 2;
    din = sqrt(din);
    if (din < 1) {
        din *= radix;
        outexp--;
    }
    out[1] = outexp;
    mp_unexp_d2mp(n, radix, din, &out[2]);
    outexp = -outexp;
    din = 1.0 / din;
    while (din < 1) {
        din *= radix;
        outexp--;
    }
    out_rev[1] = outexp;
    mp_unexp_d2mp(n, radix, din, &out_rev[2]);
}


void mp_unexp_d2mp(int n, int radix, double din, int out[])
{
    int j, x;
    
    for (j = 0; j < n; j++) {
        x = (int) din;
        if (x >= radix) {
            x = radix - 1;
            din = radix;
        }
        din = radix * (din - x);
        out[j] = x;
    }
}


double mp_unexp_mp2d(int n, int radix, int in[])
{
    int j;
    double d1_radix, dout;
    
    d1_radix = 1.0 / radix;
    dout = 0;
    for (j = n - 1; j >= 0; j--) {
        dout = d1_radix * dout + in[j];
    }
    return dout;
}


int mp_inv_newton(int n, int radix, int in[], int inout[], 
        int tmp1[], int tmp2[], int nfft, double tmp1fft[], 
        double tmp2fft[], int ip[], double w[])
{
    void mp_load_1(int n, int radix, int out[]);
    void mp_round(int n, int radix, int m, int inout[]);
    void mp_add(int n, int radix, int in1[], int in2[], int out[]);
    void mp_sub(int n, int radix, int in1[], int in2[], int out[]);
    void mp_mulh(int n, int radix, int in1[], int in2[], int out[], 
            int nfft, double in1fft[], double outfft[], 
            int ip[], double w[]);
    void mp_mulh_use_in1fft(int n, int radix, double in1fft[], 
            int shift, int in2[], int out[], int nfft, double outfft[], 
            int ip[], double w[]);
    int n_h, shift, prc;
    
    shift = (nfft >> 1) + 1;
    n_h = n / 2 + 1;
    if (n_h < n - shift) {
        n_h = n - shift;
    }
    /* ---- tmp1 = inout * (upper) in (half to normal precision) ---- */
    mp_round(n, radix, shift, inout);
    mp_mulh(n, radix, inout, in, tmp1, 
            nfft, tmp1fft, tmp2fft, ip, w);
    /* ---- tmp2 = 1 - tmp1 ---- */
    mp_load_1(n, radix, tmp2);
    mp_sub(n, radix, tmp2, tmp1, tmp2);
    /* ---- tmp2 -= inout * (lower) in (half precision) ---- */
    mp_mulh_use_in1fft(n, radix, tmp1fft, shift, in, tmp1, 
            nfft, tmp2fft, ip, w);
    mp_sub(n_h, radix, tmp2, tmp1, tmp2);
    /* ---- get precision ---- */
    prc = -tmp2[1];
    if (tmp2[0] == 0) {
        prc = nfft + 1;
    }
    /* ---- tmp2 *= inout (half precision) ---- */
    mp_mulh_use_in1fft(n_h, radix, tmp1fft, 0, tmp2, tmp2, 
            nfft, tmp2fft, ip, w);
    /* ---- inout += tmp2 ---- */
    if (tmp2[0] != 0) {
        mp_add(n, radix, inout, tmp2, inout);
    }
    return prc;
}


int mp_sqrt_newton(int n, int radix, int in[], int inout[], 
        int inout_rev[], int tmp[], int nfft, double tmp1fft[], 
        double tmp2fft[], int ip[], double w[], int *n_tmp1fft)
{
    void mp_round(int n, int radix, int m, int inout[]);
    void mp_add(int n, int radix, int in1[], int in2[], int out[]);
    void mp_sub(int n, int radix, int in1[], int in2[], int out[]);
    void mp_idiv_2(int n, int radix, int in[], int out[]);
    void mp_mulh(int n, int radix, int in1[], int in2[], int out[], 
            int nfft, double in1fft[], double outfft[], 
            int ip[], double w[]);
    void mp_squh(int n, int radix, int in[], int out[], 
            int nfft, double inoutfft[], int ip[], double w[]);
    void mp_squh_use_in1fft(int n, int radix, double inoutfft[], int out[], 
            int nfft, int ip[], double w[]);
    int n_h, nfft_h, shift, prc;
    
    nfft_h = nfft >> 1;
    shift = nfft_h + 1;
    if (nfft_h < 2) {
        nfft_h = 2;
    }
    n_h = n / 2 + 1;
    if (n_h < n - shift) {
        n_h = n - shift;
    }
    /* ---- tmp = inout_rev^2 (1/4 to half precision) ---- */
    mp_round(n_h, radix, (nfft_h >> 1) + 1, inout_rev);
    if (*n_tmp1fft != nfft_h) {
        mp_squh(n_h, radix, inout_rev, tmp, 
                nfft_h, tmp1fft, ip, w);
    } else {
        mp_squh_use_in1fft(n_h, radix, tmp1fft, tmp, 
                nfft_h, ip, w);
    }
    /* ---- tmp = inout_rev - inout * tmp (half precision) ---- */
    mp_round(n, radix, shift, inout);
    mp_mulh(n_h, radix, inout, tmp, tmp, 
            nfft, tmp1fft, tmp2fft, ip, w);
    mp_sub(n_h, radix, inout_rev, tmp, tmp);
    /* ---- inout_rev += tmp ---- */
    mp_add(n_h, radix, inout_rev, tmp, inout_rev);
    /* ---- tmp = in - inout^2 (half to normal precision) ---- */
    mp_squh_use_in1fft(n, radix, tmp1fft, tmp, 
            nfft, ip, w);
    mp_sub(n, radix, in, tmp, tmp);
    /* ---- get precision ---- */
    prc = in[1] - tmp[1];
    if (in[2] > tmp[2]) {
        prc++;
    }
    if (tmp[0] == 0) {
        prc = nfft + 1;
    }
    /* ---- tmp = tmp * inout_rev / 2 (half precision) ---- */
    mp_round(n_h, radix, shift, inout_rev);
    mp_mulh(n_h, radix, inout_rev, tmp, tmp, 
            nfft, tmp1fft, tmp2fft, ip, w);
    *n_tmp1fft = nfft;
    mp_idiv_2(n_h, radix, tmp, tmp);
    /* ---- inout += tmp ---- */
    if (tmp[0] != 0) {
        mp_add(n, radix, inout, tmp, inout);
    }
    return prc;
}


/* -------- mp_io routines -------- */


void mp_sprintf(int n, int log10_radix, int in[], char out[])
{
    int j, k, x, y, outexp, shift;
    
    if (in[0] < 0) {
        *out++ = '-';
    }
    x = in[2];
    shift = log10_radix;
    for (k = log10_radix; k > 0; k--) {
        y = x % 10;
        x /= 10;
        out[k] = '0' + y;
        if (y != 0) {
            shift = k;
        }
    }
    out[0] = out[shift];
    out[1] = '.';
    for (k = 1; k <= log10_radix - shift; k++) {
        out[k + 1] = out[k + shift];
    }
    outexp = log10_radix - shift;
    out += outexp + 2;
    for (j = 3; j <= n + 1; j++) {
        x = in[j];
        for (k = log10_radix - 1; k >= 0; k--) {
            y = x % 10;
            x /= 10;
            out[k] = '0' + y;
        }
        out += log10_radix;
    }
    *out++ = 'e';
    outexp += log10_radix * in[1];
    sprintf(out, "%d", outexp);
}


void mp_sscanf(int n, int log10_radix, char in[], int out[])
{
    char *s;
    int j, x, outexp, outexp_mod;
    
    while (*in == ' ') {
        in++;
    }
    out[0] = 1;
    if (*in == '-') {
        out[0] = -1;
        in++;
    } else if (*in == '+') {
        in++;
    }
    while (*in == ' ' || *in == '0') {
        in++;
    }
    outexp = 0;
    for (s = in; *s != '\0'; s++) {
        if (*s == 'e' || *s == 'E' || *s == 'd' || *s == 'D') {
            if (sscanf(++s, "%d", &outexp) != 1) {
                outexp = 0;
            }
            break;
        }
    }
    if (*in == '.') {
        do {
            outexp--;
            while (*++in == ' ');
        } while (*in == '0' && *in != '\0');
    } else if (*in != '\0') {
        s = in;
        while (*++s == ' ');
        while (*s >= '0' && *s <= '9' && *s != '\0') {
            outexp++;
            while (*++s == ' ');
        }
    }
    x = outexp / log10_radix;
    outexp_mod = outexp - log10_radix * x;
    if (outexp_mod < 0) {
        x--;
        outexp_mod += log10_radix;
    }
    out[1] = x;
    x = 0;
    j = 2;
    for (s = in; *s != '\0'; s++) {
        if (*s == '.' || *s == ' ') {
            continue;
        }
        if (*s < '0' || *s > '9') {
            break;
        }
        x = 10 * x + (*s - '0');
        if (--outexp_mod < 0) {
            if (j > n + 1) {
                break;
            }
            out[j++] = x;
            x = 0;
            outexp_mod = log10_radix - 1;
        }
    }
    while (outexp_mod-- >= 0) {
        x *= 10;
    }
    while (j <= n + 1) {
        out[j++] = x;
        x = 0;
    }
    if (out[2] == 0) {
        out[0] = 0;
        out[1] = 0;
    }
}


void mp_fprintf(int n, int log10_radix, int in[], FILE *fout)
{
    int j, k, x, y, outexp, shift;
    char out[256];
    
    if (in[0] < 0) {
        putc('-', fout);
    }
    x = in[2];
    shift = log10_radix;
    for (k = log10_radix; k > 0; k--) {
        y = x % 10;
        x /= 10;
        out[k] = '0' + y;
        if (y != 0) {
            shift = k;
        }
    }
    putc(out[shift], fout);
    putc('.', fout);
    for (k = 1; k <= log10_radix - shift; k++) {
        putc(out[k + shift], fout);
    }
    outexp = log10_radix - shift;
    for (j = 3; j <= n + 1; j++) {
        x = in[j];
        for (k = log10_radix - 1; k >= 0; k--) {
            y = x % 10;
            x /= 10;
            out[k] = '0' + y;
        }
        for (k = 0; k < log10_radix; k++) {
            putc(out[k], fout);
        }
    }
    putc('e', fout);
    outexp += log10_radix * in[1];
    sprintf(out, "%d", outexp);
    for (k = 0; out[k] != '\0'; k++) {
        putc(out[k], fout);
    }
}









Viz/HardwareAbstraction/DataPin.cpp

#include <stdio.h>

#include <stdlib.h>

#include "stm32f4xx_conf.h"

#include "STM32F4xx.h"

#include "DataPin.h"





/******************************************************

** DataPin class

*******************************************************

** Vsaka instanca DataPin razreda predstavlja en

** vhodni ali izhodni pin na dolocenem podatkovnem

** portu.

** Privzeta vrednost DataPin-a je 0.

** V objektu se hrani tudi kopija vrednosti.

******************************************************/



/* Defualt constructor */

DataPin::DataPin(char port, uint16_t pin, PinType ptype) {

			this->port = port;

			this->pin = pin;

			this->type = ptype;

			this->portRef = NULL;

			this->value = 0;

		}



/* Default constructor with default value */

DataPin::DataPin(char port, uint16_t pin, PinType ptype, int defaultValue) {

			this->port = port;

			this->pin = pin;

			this->type = ptype;

			this->portRef = NULL;

			this->value = defaultValue;

		}





/* Set pin to 1 */

void DataPin::set() {

	this->value = 1;

	GPIO_SetBits(this->portRef->port, this->pin);

}





/* Clear pin to 0 */

void DataPin::clear() {

	this->value = 0;

	GPIO_ResetBits(this->portRef->port, this->pin);

}





/* Set pin value by parameter */

void DataPin::setValue(int value) {

	if (value > 0)

		this->set();

	else

		this->clear();

}





/* Invert pin value */

void DataPin::invert() {

	if (this->value > 0)

		this->clear();

	else

		this->set();

}














Viz/HardwareAbstraction/DataPin.h

#include <stdio.h>

#include <stdlib.h>

#include "stm32f4xx_conf.h"

#include "STM32F4xx.h"

#include "DataPort.h"



/******************************************************

** DataPin class header

*******************************************************

** Vsaka instanca DataPin razreda predstavlja en

** vhodni ali izhodni pin na dolocenem podatkovnem

** portu.

** Privzeta vrednost DataPin-a je 0.

** V objektu se hrani tudi kopija vrednosti.

******************************************************/



#ifndef DATAPIN_H

#define DATAPIN_H



class DataPin {

	

	public:

		

		enum PinType { PinType_IN, PinType_OUT, PinType_AN };

		

		DataPort* portRef;

		char port;

		uint16_t pin;

		PinType type;

		int value;



		

		DataPin(char, uint16_t, PinType);

		DataPin(char, uint16_t, PinType, int);



		void set();

		void clear();

		void setValue(int);

		void invert();

		

	protected:

		

		

	

};



#endif








Viz/HardwareAbstraction/DataPort.cpp

#include <stdio.h>

#include "stm32f4xx_conf.h"

#include "STM32F4xx.h"

#include "DataPort.h"



/******************************************************

** DataPort class

*******************************************************

** Vsaka instanca DataPort razreda predstavlja objekt

** za komunikacijo z enim izmed I/O portov.

******************************************************/





DataPort::DataPort(char l, uint32_t RCC_AHB1Periph, GPIO_TypeDef* port) {

			this->letter = l;

			this->RCC_AHB1Periph = RCC_AHB1Periph;

			this->port = port;

	    this->maskOUT = 0x0;

	    this->maskIN = 0x0;

			this->maskAN = 0x0;

		}

		








Viz/HardwareAbstraction/DataPort.h

#include <stdio.h>

#include "stm32f4xx_conf.h"

#include "STM32F4xx.h"



/******************************************************

** DataPort class heade

*******************************************************

** Vsaka instanca DataPort razreda predstavlja objekt

** za komunikacijo z enim izmed I/O portov.

******************************************************/



#ifndef DATAPORT_H

#define DATAPORT_H



class DataPort {

	

	protected:

	



	public:

		char letter;

		GPIO_TypeDef* port;

		uint32_t RCC_AHB1Periph;

		uint32_t maskIN;

		uint32_t maskOUT;

	  uint32_t maskAN;

	

	

		/***************************************

		**	Constructors 

		***************************************/

		

		DataPort(char l, uint32_t RCC_AHB1Periph, GPIO_TypeDef* port);

		

		

	





	

	

	

	

	

};



#endif








Viz/HardwareAbstraction/LED.cpp

#include <stdio.h>

#include <stdlib.h>

#include "stm32f4xx_conf.h"

#include "STM32F4xx.h"

#include "DataPin.h"

#include "LED.h"



/******************************************************

** LED classs

*******************************************************

** LED razred predstavlja eno LED-ico, ki se jo da

** prizgat z razlicno jakostjo.

** Jakost je procent.

******************************************************/



/* Set LED to specified brightness and enable it */

void LED::setIntensity(int intensity) {

	this->intensity = intensity;

	this->enabled = true;

}



/* Set LED to full brightness and enable it */

void LED::fullBrightness() {

	this->intensity = 100;

	this->enabled = true;

}



/* Set LED to zero brightness and enable it */

void LED::zeroBrightness() {

	this->intensity = 0;

	this->enabled = true;

}












Viz/HardwareAbstraction/LED.h

#include <stdio.h>

#include <stdlib.h>

#include "stm32f4xx_conf.h"

#include "STM32F4xx.h"

#include "DataPort.h"



/******************************************************

** LED class header

*******************************************************

** LED razred predstavlja eno LED-ico, ki se jo da

** prizgat z razlicno jakostjo.

** Jakost je procent.

******************************************************/



#ifndef LED_H

#define LED_H



class LED {

	

	public:

		

		bool enabled;

		int intensity;

	

		void setIntensity(int);

		void fullBrightness();

		void zeroBrightness();

		

		

	protected:

		

		

	

};



#endif








Viz/HardwareAbstraction/LEDOut.cpp

#include <stdio.h>

#include <stdlib.h>

#include "stm32f4xx_conf.h"

#include "STM32F4xx.h"

#include "DataPin.h"

#include "LED.h"

#include "LEDOut.h"



/******************************************************

** LED classs

*******************************************************

** LED razred predstavlja eno LED-ico, ki se jo da

** prizgat z razlicno jakostjo.

** Jakost je procent.

******************************************************/



/* Constructor, connect LED to output PIN */

LEDOut::LEDOut(DataPin* pin) {

	this->led = new LED();

	this->led->zeroBrightness();

	this->pin = pin;	

	this->sequence = 0;

}



/* Update led status to output pins */

void LEDOut::sendOut() {

	if (this->led->enabled)

		this->pin->setValue(this->handleIntensity(this->led->intensity));

	else

		this->pin->clear();

	this->sequence = (this->sequence + 47) % 100;

}



/* Decide whther LED will be lit in this sequence */

int LEDOut::handleIntensity(int ledIntensity) {

	if (ledIntensity > this->sequence)

		return 1;

	else

		return 0;	

}
















Viz/HardwareAbstraction/LEDOut.h

#include <stdio.h>

#include <stdlib.h>

#include "stm32f4xx_conf.h"

#include "STM32F4xx.h"

#include "DataPin.h"

#include "LED.h"



/******************************************************

** LED class header

*******************************************************

** LED razred predstavlja eno LED-ico, ki se jo da

** prizgat z razlicno jakostjo.

** Jakost je procent.

******************************************************/



#ifndef LEDOUT_H

#define LEDOUT_H



class LEDOut {

	

	public:

		

		LED* led;

	

		LEDOut(DataPin*);

		void sendOut();

		

	protected:

		

		DataPin* pin; 

		int sequence;

		int handleIntensity(int);

		

	

};



#endif








Viz/HardwareAbstraction/LEDPanel.cpp

#include <stdio.h>

#include <stdlib.h>

#include "stm32f4xx_conf.h"

#include "STM32F4xx.h"

#include "DataPin.h"

#include "LED.h"

#include "LEDPanel.h"

#include "LEDPanelPermutations.h"





/******************************************************

** LEDPanel class

*******************************************************

** LED Panel razred povezuje set 240 LED diod z

** logiko za serijsko komunikacijo.

** Vsebuje tudi tri matrike:

** - ledArray => matrika objektov LED, po en LED

**							objekt za vsako LED-ico

** - binaryMatrix => enaka matrika, le da vsebuje le 

**									enke in nule,	ki pove ali je trenutna

**									LEDica v tej iteraciji prizgana ali ne

** - outputMatrix => matrika s polovico ledic, ki je

**									velikosti ShiftRegCount x LEDCount

******************************************************/



int LEDPanel::width = 20;

int LEDPanel::height = 12;



/* Constructor */

LEDPanel::LEDPanel(DataPin** pinData, DataPin* pinClk, DataPin* pinLatch, DataPin** pinMpx) {

	for (int i = 0; i < this->height; i++) {

		for (int j = 0; j < this->width; j++) {

			this->ledArray[i][j] = new LED();

		}

	}

	

	this->oddLine = true;

	

	this->pinData = pinData;

	this->pinClk = pinClk;

	this->pinLatch = pinLatch;

	this->pinMpx = pinMpx;

	

	this->sequence = 0; // Goes from 0 to 99

	

	this->pinMpx[0]->clear();

	this->pinMpx[1]->clear();

}



/* Set all leds */

void LEDPanel::setAll() {

	for (int i = 0; i < this->height; i++) {

		for (int j = 0; j < this->width; j++) {

			this->ledArray[i][j]->fullBrightness();

		}

	}

	

}



/* Clear all leds */

void LEDPanel::clearAll() {

	for (int i = 0; i < this->height; i++) {

		for (int j = 0; j < this->width; j++) {

			this->ledArray[i][j]->zeroBrightness();

		}

	}

	

}



/* Disable all leds */

void LEDPanel::disableAll() {

	for (int i = 0; i < this->height; i++) {

		for (int j = 0; j < this->width; j++) {

			this->ledArray[i][j]->enabled = false;

		}

	}

	

}





/* Delay to be used between clock high and clock low */

void LEDPanel::signalCycleDelay() {

	//Call stack is enough?

}





/*Project LED array to binary array -> 1 means LED on, 0 LED off */

void LEDPanel::createBinaryMatrix() {

	

	for (int i = 0; i < this->height; i++) {

		for (int j = 0; j < this->width; j++) {

			if (this->ledArray[i][j]->enabled) 

				this->binaryMatrix[i][j] = this->handleIntensity(this->ledArray[i][j]->intensity);

			else 

				this->binaryMatrix[i][j] = 0;

		}

	}

	

	this->sequence = (this->sequence + 47) % 100;

	

}



/* Decide whther LED will be lit in this sequence */

int LEDPanel::handleIntensity(int ledIntensity) {

	if (ledIntensity > this->sequence)

		return 1;

	else

		return 0;	

}





/* Send the bianry matrix data to shift registers */

/* Create binary matrix should be called before it (at least every other call) */

void LEDPanel::sendOut() {

	

	if (this->oddLine)

		this->createBinaryMatrix();

	

	LEDPanelPermutations::permutationMap(this->outputMatrix, this->binaryMatrix, this->oddLine);

	

	this->pinClk->clear();

	this->pinLatch->clear();

	

	//16x times send one bit to all 8 registers and cycle clock inbetween

	for (int i = 0; i < 16; i++) {

		

		for (int j = 0; j < 8; j++) { 

			if (this->outputMatrix[j][i] > 0)

				this->pinData[j]->set();

			else

				this->pinData[j]->clear();

		}

		

		this->pinClk->set();

		this->signalCycleDelay();

		this->pinClk->clear();

		

	}

	

	this->pinMpx[0]->set();

	this->pinMpx[1]->set();

	

	//Latch!

	this->pinLatch->set();

	this->signalCycleDelay();

	this->pinLatch->clear();

	

    //Multiplexing

	if (this->oddLine)

		this->pinMpx[0]->clear();

	else 

		this->pinMpx[1]->clear();

	

	this->oddLine = !this->oddLine;

	

}










Viz/HardwareAbstraction/LEDPanel.h

#include <stdio.h>

#include <stdlib.h>

#include "stm32f4xx_conf.h"

#include "STM32F4xx.h"

#include "DataPort.h"

#include "LED.h"

#include "DataPin.h"



/******************************************************

** LEDPanel class header

*******************************************************

** LED Panel razred povezuje set 240 LED diod z

** logiko za serijsko komunikacijo.

** Vsebuje tudi tri matrike:

** - ledArray => matrika objektov LED, po en LED

**							objekt za vsako LED-ico

** - binaryMatrix => enaka matrika, le da vsebuje le 

**									enke in nule,	ki pove ali je trenutna

**									LEDica v tej iteraciji prizgana ali ne

** - outputMatrix => matrika s polovico ledic, ki je

**									velikosti ShiftRegCount x LEDCount

******************************************************/



#ifndef LEDPANEL_H

#define LEDPANEL_H



class LEDPanel {

	

	public:

		

		static int width;

		static int height;

		LED* ledArray[12][20];

		int binaryMatrix[12][20];

		int outputMatrix[8][16];

		

	

		LEDPanel(DataPin**, DataPin*, DataPin*, DataPin**);

	

		void createBinaryMatrix();

		void sendOut();

	

		void setAll();

		void clearAll();

		void disableAll();

		

		

	protected:

		

		bool oddLine;

		DataPin** pinData;

	  DataPin* pinLatch;

		DataPin** pinMpx;

		DataPin* pinClk;

		int sequence;

	

		void signalCycleDelay();

		int handleIntensity(int);

		

	

};



#endif
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#include <stdio.h>

#include <stdlib.h>

#include "stm32f4xx_conf.h"

#include "STM32F4xx.h"

#include "DataPin.h"

#include "LEDOut.h"

#include "RgbLED.h"

#include "Constants.h"





/******************************************************

** RGB LED class

*******************************************************

** RGB LED razred je razred, ki obvlada tri instance

** LED razreda.

** Pri cemer loci LEDice po barvah, in je zmozen

** mesati barve.

******************************************************/





/* Constructor, takes array in lenght of 3, that has all 3 data ports */

RgbLED::RgbLED(DataPin** dataPins) {

	this->red = new LEDOut(dataPins[0]);

	this->red->led->zeroBrightness();

	this->green = new LEDOut(dataPins[1]);

	this->green->led->zeroBrightness();

	this->blue = new LEDOut(dataPins[2]);

	this->blue->led->zeroBrightness();

}





/* Sends all 3 signals out */

void RgbLED::sendOut() {

	this->red->sendOut();

	this->green->sendOut();

	this->blue->sendOut();

}



/* Sets the color of RGB LEDs */

void RgbLED::setColor(int code) {

	this->color = code;

	int blueIntensity = (int) code % 100;

	int greenIntensity = (int) (code/100) % 100;

	int redIntensity = (int) (code/10000) % 100;

	

	if (blueIntensity + greenIntensity + redIntensity > 3 * Constants::RGB_MAX_INTENSITY) {

		float shrinkFactor = ((float)(blueIntensity + greenIntensity + redIntensity)) / ((float) 3 * Constants::RGB_MAX_INTENSITY );

		blueIntensity = (int) blueIntensity / shrinkFactor;

		greenIntensity = (int) greenIntensity / shrinkFactor;

		redIntensity = (int) redIntensity / shrinkFactor;

	}

	

	this->blue->led->intensity = blueIntensity;

	this->green->led->intensity = greenIntensity;

	this->red->led->intensity = redIntensity;

}



/* Reads the color of RGB LEDs */

int RgbLED::getColor() {

	return this->color;

}
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#include <stdio.h>

#include <stdlib.h>

#include "stm32f4xx_conf.h"

#include "STM32F4xx.h"

#include "DataPort.h"

#include "LEDOut.h"



/******************************************************

** RGB LED class header

*******************************************************

** RGB LED razred je razred, ki obvlada tri instance

** LED razreda.

** Pri cemer loci LEDice po barvah, in je zmozen

** mesati barve.

******************************************************/



#ifndef RGBLED_H

#define RGBLED_H



class RgbLED {

	

	public:

		

		enum RgbColor { Color_RED = 990000, Color_GREEN = 9900, Color_BLUE = 99, Color_PURPLE = 990099 };

	

		RgbLED(DataPin**);

		void sendOut();

		

		void setColor(int);

		int getColor();

		

		

	protected:

		LEDOut* red;

		LEDOut* green;

		LEDOut* blue;

		

		int color; //Read ONLY!

	

};



#endif
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#include <stdio.h>

#include <stdlib.h>

#include "stm32f4xx_conf.h"

#include "STM32F4xx.h"

#include "AudioSamplingInitialization.h"

#include "AudioProcessing.h"



#define ADC3_DR_ADDRESS     ((uint32_t)0x4001224C)



/******************************************************

** AnalogDigitalConversionInitialization razred

*******************************************************

** Razred, ki se uporabi za inicializacije ADC

** zajemanja z uporabo DMA dostopa.

******************************************************/



/* Zagon ADC DMA */

void AudioSamplingInitialization::startADC_DMA() {

	ADC_SoftwareStartConv(ADC3);

}



/* Inicializacija ADC DMA */

void AudioSamplingInitialization::initializeADC_DMA() {

	

	ADC_InitTypeDef       ADC_InitStructure;

  ADC_CommonInitTypeDef ADC_CommonInitStructure;

  DMA_InitTypeDef       DMA_InitStructure;

	NVIC_InitTypeDef			NVIC_InitStructure;



  //Enable ADC3, DMA2  clocks

  RCC_AHB1PeriphClockCmd(RCC_AHB1Periph_DMA2, ENABLE);

  RCC_APB2PeriphClockCmd(RCC_APB2Periph_ADC3, ENABLE);



  //DMA2 Stream0 channel0 configuration

  DMA_InitStructure.DMA_Channel = DMA_Channel_2;  

  DMA_InitStructure.DMA_PeripheralBaseAddr = (uint32_t)ADC3_DR_ADDRESS;

  DMA_InitStructure.DMA_Memory0BaseAddr = (uint32_t)&AudioProcessing::dataADC;

  DMA_InitStructure.DMA_DIR = DMA_DIR_PeripheralToMemory;

  DMA_InitStructure.DMA_BufferSize = AudioProcessing::dataADCLength*2;

  DMA_InitStructure.DMA_PeripheralInc = DMA_PeripheralInc_Disable;

  DMA_InitStructure.DMA_MemoryInc = DMA_MemoryInc_Enable;

  DMA_InitStructure.DMA_PeripheralDataSize = DMA_PeripheralDataSize_HalfWord;

  DMA_InitStructure.DMA_MemoryDataSize = DMA_MemoryDataSize_HalfWord;

  DMA_InitStructure.DMA_Mode = DMA_Mode_Circular;

  DMA_InitStructure.DMA_Priority = DMA_Priority_High;

  DMA_InitStructure.DMA_FIFOMode = DMA_FIFOMode_Disable;         

  DMA_InitStructure.DMA_FIFOThreshold = DMA_FIFOThreshold_HalfFull;

  DMA_InitStructure.DMA_MemoryBurst = DMA_MemoryBurst_Single;

  DMA_InitStructure.DMA_PeripheralBurst = DMA_PeripheralBurst_Single;

  DMA_Init(DMA2_Stream0, &DMA_InitStructure);

	DMA_ITConfig(DMA2_Stream0, DMA_IT_TC, ENABLE);

  DMA_Cmd(DMA2_Stream0, ENABLE);

	

	//Enable the DMA Stream IRQ Channel

  NVIC_InitStructure.NVIC_IRQChannel = DMA2_Stream0_IRQn;

  NVIC_InitStructure.NVIC_IRQChannelPreemptionPriority = 0;

  NVIC_InitStructure.NVIC_IRQChannelSubPriority = 0;

  NVIC_InitStructure.NVIC_IRQChannelCmd = ENABLE;

  NVIC_Init(&NVIC_InitStructure); 



  //ADC Common Init

  ADC_CommonInitStructure.ADC_Mode = ADC_Mode_Independent;

  ADC_CommonInitStructure.ADC_Prescaler = ADC_Prescaler_Div8;

  ADC_CommonInitStructure.ADC_DMAAccessMode = ADC_DMAAccessMode_Disabled;

  ADC_CommonInitStructure.ADC_TwoSamplingDelay = ADC_TwoSamplingDelay_5Cycles;

  ADC_CommonInit(&ADC_CommonInitStructure);



  //ADC3 Init

  ADC_InitStructure.ADC_Resolution = ADC_Resolution_12b;

  ADC_InitStructure.ADC_ScanConvMode = DISABLE;

  ADC_InitStructure.ADC_ContinuousConvMode = ENABLE;

  ADC_InitStructure.ADC_ExternalTrigConvEdge = ADC_ExternalTrigConvEdge_None;

  ADC_InitStructure.ADC_DataAlign = ADC_DataAlign_Right;

  ADC_InitStructure.ADC_NbrOfConversion = 1;

  ADC_Init(ADC3, &ADC_InitStructure);



  //ADC3 regular channel11 configuration (PC1 ?) get new number every 480/30M = 16.4 us == 15kHz

  ADC_RegularChannelConfig(ADC3, ADC_Channel_11, 1, ADC_SampleTime_144Cycles);



	//Enable DMA request after last transfer (Single-ADC mode)

	ADC_DMARequestAfterLastTransferCmd(ADC3, ENABLE);

	

	//Enable ADC3 DMA

  ADC_DMACmd(ADC3, ENABLE);



  //Enable ADC3

  ADC_Cmd(ADC3, ENABLE);

	

}
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#include <stdio.h>

#include <stdlib.h>

#include "stm32f4xx_conf.h"

#include "STM32F4xx.h"





/******************************************************

** AnalogDigitalConversionInitialization razred

*******************************************************

** Razred, ki se uporabi za inicializacije ADC

** zajemanja z uporabo DMA dostopa.

******************************************************/



#ifndef ADCINITIALIZATION_H

#define ADCINITIALIZATION_H



class AudioSamplingInitialization {

	

	public:

	

	static void initializeADC_DMA();

	static void startADC_DMA();

		

	

	

	

};





#endif
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#include <stdio.h>

#include <stdlib.h>

#include "stm32f4xx_conf.h"

#include "STM32F4xx.h"

#include "ButtonInitializations.h"

#include "DataPins.h"





/******************************************************

** ButtonInitializations razred

*******************************************************

** Razred, ki se uporabi za inicializacije vseh

** uporabljenih EXTI-jev, ki se uporabijo za hendlanje

** pritiskov na katerega od gumbov.

******************************************************/



/* Initialize buttons */

void ButtonInitializations::initialize() {

	

	//Enable System Config Clock

  RCC_APB2PeriphClockCmd(RCC_APB2Periph_SYSCFG, ENABLE);

	

	ButtonInitializations::initializeLeft();

	ButtonInitializations::initializeQuit();

	ButtonInitializations::initializeConfirm();

	ButtonInitializations::initializeRight(); //Left ?

	

	

	//Enable event lines

	NVIC_InitTypeDef   NVIC_InitStructure;

	

	//Enable and set EXTI Line15-10 Interrupts to the lowest priority

  NVIC_InitStructure.NVIC_IRQChannel = EXTI15_10_IRQn;

  NVIC_InitStructure.NVIC_IRQChannelPreemptionPriority = 0x01;

  NVIC_InitStructure.NVIC_IRQChannelSubPriority = 0x01;

  NVIC_InitStructure.NVIC_IRQChannelCmd = ENABLE;

  NVIC_Init(&NVIC_InitStructure);

	

	//Enable and set EXTI Line9-5 Interrupts to the lowest priority

  NVIC_InitStructure.NVIC_IRQChannel = EXTI9_5_IRQn;

  NVIC_InitStructure.NVIC_IRQChannelPreemptionPriority = 0x01;

  NVIC_InitStructure.NVIC_IRQChannelSubPriority = 0x01;

  NVIC_InitStructure.NVIC_IRQChannelCmd = ENABLE;

  NVIC_Init(&NVIC_InitStructure);

	

}



/* Initialize Right button */

void ButtonInitializations::initializeRight() {

	

	// Left button = C13 = DataPins::buttons[2]

	

	EXTI_InitTypeDef   EXTI_InitStructure;



  //Connect EXTI Line13 to port C

  SYSCFG_EXTILineConfig(EXTI_PortSourceGPIOC, EXTI_PinSource13);



  //Configure line13

  EXTI_InitStructure.EXTI_Line = EXTI_Line13;

  EXTI_InitStructure.EXTI_Mode = EXTI_Mode_Interrupt;

  EXTI_InitStructure.EXTI_Trigger = EXTI_Trigger_Rising;  

  EXTI_InitStructure.EXTI_LineCmd = ENABLE;

  EXTI_Init(&EXTI_InitStructure);

	

}





/* Initialize Confirm button */

void ButtonInitializations::initializeQuit() {

	

	// Quit button = C14 = DataPins::buttons[1]

	

	EXTI_InitTypeDef   EXTI_InitStructure;



  //Connect EXTI Line14 to port C

  SYSCFG_EXTILineConfig(EXTI_PortSourceGPIOC, EXTI_PinSource14);



  //Configure line14

  EXTI_InitStructure.EXTI_Line = EXTI_Line14;

  EXTI_InitStructure.EXTI_Mode = EXTI_Mode_Interrupt;

  EXTI_InitStructure.EXTI_Trigger = EXTI_Trigger_Rising;  

  EXTI_InitStructure.EXTI_LineCmd = ENABLE;

  EXTI_Init(&EXTI_InitStructure);

	

}



/* Initialize Quit button */

void ButtonInitializations::initializeConfirm() {

	

	// Confirm button = C15 = DataPins::buttons[0]

	

	EXTI_InitTypeDef   EXTI_InitStructure;



  //Connect EXTI Line15 to port C

  SYSCFG_EXTILineConfig(EXTI_PortSourceGPIOC, EXTI_PinSource15);



  //Configure line15

  EXTI_InitStructure.EXTI_Line = EXTI_Line15;

  EXTI_InitStructure.EXTI_Mode = EXTI_Mode_Interrupt;

  EXTI_InitStructure.EXTI_Trigger = EXTI_Trigger_Rising;  

  EXTI_InitStructure.EXTI_LineCmd = ENABLE;

  EXTI_Init(&EXTI_InitStructure);

	

}



/* Initialize Left button */

void ButtonInitializations::initializeLeft() {

	

	// Right button = E6 = DataPins::buttons[3]

	

	EXTI_InitTypeDef   EXTI_InitStructure;



  //Connect EXTI Line6 to port E

  SYSCFG_EXTILineConfig(EXTI_PortSourceGPIOE, EXTI_PinSource6);



  //Configure line6

  EXTI_InitStructure.EXTI_Line = EXTI_Line6;

  EXTI_InitStructure.EXTI_Mode = EXTI_Mode_Interrupt;

  EXTI_InitStructure.EXTI_Trigger = EXTI_Trigger_Rising;  

  EXTI_InitStructure.EXTI_LineCmd = ENABLE;

  EXTI_Init(&EXTI_InitStructure);

	

}
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#include <stdio.h>

#include <stdlib.h>

#include "stm32f4xx_conf.h"

#include "STM32F4xx.h"





/******************************************************

** ButtonInitializations razred

*******************************************************

** Razred, ki se uporabi za inicializacije vseh

** uporabljenih EXTI-jev, ki se uporabijo za hendlanje

** pritiskov na katerega od gumbov.

******************************************************/



#ifndef BUTTONINITIALIZATIONS_H

#define BUTTONINITIALIZATIONS_H



class ButtonInitializations {

	

	public:

	

	static void initialize();

	static void initializeLeft();

	static void initializeRight();

	static void initializeConfirm();

	static void initializeQuit();

	

	

	

};





#endif
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#include <stdio.h>

#include <stdlib.h>

#include "stm32f4xx_conf.h"

#include "STM32F4xx.h"

#include "DataPort.h"

#include "DataPorts.h"

#include "DataPin.h"

#include "DataPins.h"



/******************************************************

** DataPortInit razred

*******************************************************

** Razred, ki se uporabi samo takoj na zacetku.

** Njegovo delovanje je sledece

**		1.) gre skozi vse pine in za vsak port posebej

**				ugotovi ustrezno IN, OUT in AN masko za pine

**				medtem tudi obnovi referenco na ustrezen port

**		2.) gre skozi vse porte in jih inicializira

******************************************************/



class DataPortInit {

	

	public:

		

	static void analyzePins(DataPin** pins, int pinCount, DataPort** ports, int portCount) {

		

		DataPin* dp;

		for (int i = 0; i < pinCount; i++) {

			dp = pins[i];

			

			// Find a port for this pin

			DataPort* dport;

			for (int j = 0; j < portCount; j++) {

				dport = ports[j];

				if (dport->letter == dp->port)

					break;

			}

			

			dp->portRef = dport;

			

			if (dp->type == DataPin::PinType_IN)

				dport->maskIN = (dport->maskIN | dp->pin);

			else if (dp->type == DataPin::PinType_OUT)

				dport->maskOUT = (dport->maskOUT | dp->pin);

			else if (dp->type == DataPin::PinType_AN)

				dport->maskAN = (dport->maskAN | dp->pin);

			

			

		}

		

	}

	

	

	

	static void initializePorts(DataPin** pins, int pinCount, DataPort** ports, int portCount) {

		

		DataPort* dport;

		for (int j = 0; j < portCount; j++) {

			

			dport = ports[j];

			

			if (dport->maskIN != 0x0) {

				

				GPIO_InitTypeDef portInitStruct;

				

				RCC_AHB1PeriphClockCmd(dport->RCC_AHB1Periph, ENABLE);

				portInitStruct.GPIO_Pin = dport->maskIN;

				portInitStruct.GPIO_Mode = GPIO_Mode_IN;

				portInitStruct.GPIO_Speed = GPIO_Speed_100MHz;

				portInitStruct.GPIO_OType = GPIO_OType_PP;

				portInitStruct.GPIO_PuPd = GPIO_PuPd_NOPULL;

	

				GPIO_Init(dport->port, &portInitStruct);

				

			}

			

			if (dport->maskOUT != 0x0) {

				

				GPIO_InitTypeDef portInitStruct;

				

				RCC_AHB1PeriphClockCmd(dport->RCC_AHB1Periph, ENABLE);

				portInitStruct.GPIO_Pin = dport->maskOUT;

				portInitStruct.GPIO_Mode = GPIO_Mode_OUT;

				portInitStruct.GPIO_Speed = GPIO_Speed_100MHz;

				portInitStruct.GPIO_OType = GPIO_OType_PP;

				portInitStruct.GPIO_PuPd = GPIO_PuPd_NOPULL;

	

				GPIO_Init(dport->port, &portInitStruct);

				

			}

			

			if (dport->maskAN != 0x0) {

				

				GPIO_InitTypeDef portInitStruct;

				

				RCC_AHB1PeriphClockCmd(dport->RCC_AHB1Periph, ENABLE);

				portInitStruct.GPIO_Pin = dport->maskAN;

				portInitStruct.GPIO_Mode = GPIO_Mode_AN;

				portInitStruct.GPIO_Speed = GPIO_Speed_100MHz;

				portInitStruct.GPIO_OType = GPIO_OType_PP;

				portInitStruct.GPIO_PuPd = GPIO_PuPd_NOPULL;

	

				GPIO_Init(dport->port, &portInitStruct);

				

			}

			

			

		}

		

	}

	

	

	static void initializePins(DataPin** pins, int pinCount) {

		

		DataPin* dp;

		for (int i = 0; i < pinCount; i++) {

			dp = pins[i];

			

			if (dp->value > 0)

				dp->set();

			else

				dp->clear();

			

			

		}

		

		

	}

	

	

};
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#include <stdio.h>

#include <stdlib.h>

#include "stm32f4xx_conf.h"

#include "STM32F4xx.h"

#include "Debug.h"

#include "DataPins.h"





/******************************************************

** Debug razred

*******************************************************

** Razred, ki vsebuje uporaban orodja za debugiranje

** kode.

******************************************************/



/* Inicializacija SysTick */

 void Debug::initializeSystemLEDs() {

	GPIO_InitTypeDef PORTD;

	

	RCC_AHB1PeriphClockCmd(RCC_AHB1Periph_GPIOD, ENABLE);

	PORTD.GPIO_Pin = (GPIO_Pin_12 | GPIO_Pin_13 | GPIO_Pin_14 |GPIO_Pin_15);

	PORTD.GPIO_Mode = GPIO_Mode_OUT;

	PORTD.GPIO_Speed = GPIO_Speed_100MHz;

	PORTD.GPIO_OType = GPIO_OType_PP;

	PORTD.GPIO_PuPd = GPIO_PuPd_NOPULL;

	

	GPIO_Init(GPIOD, &PORTD);

}
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#include <stdio.h>

#include <stdlib.h>

#include "stm32f4xx_conf.h"

#include "STM32F4xx.h"



/******************************************************

** Debug razred

*******************************************************

** Razred, ki vsebuje uporaban orodja za debugiranje

** kode.

******************************************************/



#ifndef DEBUG_H

#define DEBUG_H



class Debug {

	

	public:

	

	static void initializeSystemLEDs();

	

		

	

	

};



#endif
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#include <stdio.h>

#include <stdlib.h>

#include "stm32f4xx_conf.h"

#include "STM32F4xx.h"

#include "TimerInitializations.h"

#include "DataPins.h"





/******************************************************

** TimerInitializations razred

*******************************************************

** Razred, ki se uporabi za inicializacije vseh

** uporabljenih timerjev.

******************************************************/



/* Inicializacija SysTick */

 void TimerInitializations::initializeSysTick(int secondDivider) {

		if(SysTick_Config(SystemCoreClock/secondDivider)) {

			DataPins::internalLEDs[3]->clear();

			DataPins::internalLEDs[2]->set();

			DataPins::internalLEDs[1]->clear();

			DataPins::internalLEDs[0]->clear();

			while(1);

		}

}

		

/* Inicializacija TIM3 */

void TimerInitializations::initializeTIM3() {

	

	NVIC_InitTypeDef NVIC_InitStructure;



  //TIM3 clock enable 

  RCC_APB1PeriphClockCmd(RCC_APB1Periph_TIM3, ENABLE);



  //Enable the TIM3 gloabal Interrupt

  NVIC_InitStructure.NVIC_IRQChannel = TIM3_IRQn;

  NVIC_InitStructure.NVIC_IRQChannelPreemptionPriority = 0;

  NVIC_InitStructure.NVIC_IRQChannelSubPriority = 1;

  NVIC_InitStructure.NVIC_IRQChannelCmd = ENABLE;

  NVIC_Init(&NVIC_InitStructure);

	

	

	/* -----------------------------------------------------------------------

		 Velja:

		 TIM3CLK = HCLK / 2 = SystemCoreClock /2

		 V tem primeru 10.000 Hz

		 

		 Da dobimo ustrezen TIM3CLK, moramo nastaviti ustrezen prescaler, velja:

		 Prescaler = (TIM3CLK / TIM3 counter clock) - 1

		 

		 Pa nastavitve po kanalih:

			CC1 - štejemo do 2500 ==> 0.25 sekunde

			CC2 - štejemo do 5000 ==> 0.5 sekunde

			CC3 - štejemo do 10000 ==> 1 sekunda

			CC4 - štejemo do 50000 ==> 5 sekund

  ----------------------------------------------------------------------- */ 

	

	TIM_TimeBaseInitTypeDef  TIM_TimeBaseStructure;

	TIM_OCInitTypeDef  TIM_OCInitStructure;

	__IO uint16_t CCR1_Val = 2500;

	__IO uint16_t CCR2_Val = 5000;

	__IO uint16_t CCR3_Val = 10000;

	__IO uint16_t CCR4_Val = 50000;

	uint16_t PrescalerValue = 0;



	//Compute the prescaler value

  PrescalerValue = (uint16_t) ((SystemCoreClock / 2) / 10000) - 1;



  //Time base configuration

  TIM_TimeBaseStructure.TIM_Period = 65535;

  TIM_TimeBaseStructure.TIM_Prescaler = 0;

  TIM_TimeBaseStructure.TIM_ClockDivision = 0;

  TIM_TimeBaseStructure.TIM_CounterMode = TIM_CounterMode_Up;



  TIM_TimeBaseInit(TIM3, &TIM_TimeBaseStructure);



  //Prescaler configuration

  TIM_PrescalerConfig(TIM3, PrescalerValue, TIM_PSCReloadMode_Immediate);



  //Output Compare Timing Mode configuration: Channel1

  TIM_OCInitStructure.TIM_OCMode = TIM_OCMode_Timing;

  TIM_OCInitStructure.TIM_OutputState = TIM_OutputState_Enable;

	

  TIM_OCInitStructure.TIM_Pulse = CCR1_Val;

  TIM_OCInitStructure.TIM_OCPolarity = TIM_OCPolarity_High;

  TIM_OC1Init(TIM3, &TIM_OCInitStructure);

  TIM_OC1PreloadConfig(TIM3, TIM_OCPreload_Disable);



  //Output Compare Timing Mode configuration: Channel2

  TIM_OCInitStructure.TIM_OutputState = TIM_OutputState_Enable;

  TIM_OCInitStructure.TIM_Pulse = CCR2_Val;

  TIM_OC2Init(TIM3, &TIM_OCInitStructure);

  TIM_OC2PreloadConfig(TIM3, TIM_OCPreload_Disable);



  //Output Compare Timing Mode configuration: Channel3

  TIM_OCInitStructure.TIM_OutputState = TIM_OutputState_Enable;

  TIM_OCInitStructure.TIM_Pulse = CCR3_Val;

  TIM_OC3Init(TIM3, &TIM_OCInitStructure);

  TIM_OC3PreloadConfig(TIM3, TIM_OCPreload_Disable);



  //Output Compare Timing Mode configuration: Channel4

  TIM_OCInitStructure.TIM_OutputState = TIM_OutputState_Enable;

  TIM_OCInitStructure.TIM_Pulse = CCR4_Val;

  TIM_OC4Init(TIM3, &TIM_OCInitStructure);

  TIM_OC4PreloadConfig(TIM3, TIM_OCPreload_Disable);

   

  //TIM Interrupts enable

  TIM_ITConfig(TIM3, TIM_IT_CC1 | TIM_IT_CC2 | TIM_IT_CC3 | TIM_IT_CC4, ENABLE);



  //TIM3 enable counter

  TIM_Cmd(TIM3, ENABLE);

	

}

		

/* Inicializacija TIM2 */

void TimerInitializations::initializeTIM2() {

	

	NVIC_InitTypeDef NVIC_InitStructure;



  //TIM2 clock enable 

  RCC_APB1PeriphClockCmd(RCC_APB1Periph_TIM2, ENABLE);



  //Enable the TIM2 gloabal Interrupt

  NVIC_InitStructure.NVIC_IRQChannel = TIM2_IRQn;

  NVIC_InitStructure.NVIC_IRQChannelPreemptionPriority = 0;

  NVIC_InitStructure.NVIC_IRQChannelSubPriority = 1;

  NVIC_InitStructure.NVIC_IRQChannelCmd = ENABLE;

  NVIC_Init(&NVIC_InitStructure);

	

	

	/* -----------------------------------------------------------------------

		 Velja:

		 TIM2CLK = HCLK / 2 = SystemCoreClock /2

		 V tem primeru 400.000 Hz

		 

		 Da dobimo ustrezen TIM2CLK, moramo nastaviti ustrezen prescaler, velja:

		 Prescaler = (TIM2CLK / TIM2 counter clock) - 1

		 

		 Pa nastavitve po kanalih:

			CC1 - štejemo do  6250 ==> 1/64 sekunde

			CC2 - štejemo do 12500 ==> 1/32 sekunde

			CC3 - štejemo do 25000 ==> 1/16 sekunde

			CC4 - štejemo do 50000 ==> 1/8 sekunde

  ----------------------------------------------------------------------- */ 

	

	TIM_TimeBaseInitTypeDef  TIM_TimeBaseStructure;

	TIM_OCInitTypeDef  TIM_OCInitStructure;

	__IO uint16_t CCR1_Val = 6250;

	__IO uint16_t CCR2_Val = 12500;

	__IO uint16_t CCR3_Val = 25000;

	__IO uint16_t CCR4_Val = 50000;

	uint16_t PrescalerValue = 0;



	//Compute the prescaler value

  PrescalerValue = (uint16_t) ((SystemCoreClock / 2) / 400000) - 1;



  //Time base configuration

  TIM_TimeBaseStructure.TIM_Period = 65535;

  TIM_TimeBaseStructure.TIM_Prescaler = 0;

  TIM_TimeBaseStructure.TIM_ClockDivision = 0;

  TIM_TimeBaseStructure.TIM_CounterMode = TIM_CounterMode_Up;



  TIM_TimeBaseInit(TIM2, &TIM_TimeBaseStructure);



  //Prescaler configuration

  TIM_PrescalerConfig(TIM2, PrescalerValue, TIM_PSCReloadMode_Immediate);



  //Output Compare Timing Mode configuration: Channel1

  TIM_OCInitStructure.TIM_OCMode = TIM_OCMode_Timing;

  TIM_OCInitStructure.TIM_OutputState = TIM_OutputState_Enable;

	

  TIM_OCInitStructure.TIM_Pulse = CCR1_Val;

  TIM_OCInitStructure.TIM_OCPolarity = TIM_OCPolarity_High;

  TIM_OC1Init(TIM2, &TIM_OCInitStructure);

  TIM_OC1PreloadConfig(TIM2, TIM_OCPreload_Disable);



  //Output Compare Timing Mode configuration: Channel2

  TIM_OCInitStructure.TIM_OutputState = TIM_OutputState_Enable;

  TIM_OCInitStructure.TIM_Pulse = CCR2_Val;

  TIM_OC2Init(TIM2, &TIM_OCInitStructure);

  TIM_OC2PreloadConfig(TIM2, TIM_OCPreload_Disable);



  //Output Compare Timing Mode configuration: Channel3

  TIM_OCInitStructure.TIM_OutputState = TIM_OutputState_Enable;

  TIM_OCInitStructure.TIM_Pulse = CCR3_Val;

  TIM_OC3Init(TIM2, &TIM_OCInitStructure);

  TIM_OC3PreloadConfig(TIM2, TIM_OCPreload_Disable);



  //Output Compare Timing Mode configuration: Channel4

  TIM_OCInitStructure.TIM_OutputState = TIM_OutputState_Enable;

  TIM_OCInitStructure.TIM_Pulse = CCR4_Val;

  TIM_OC4Init(TIM2, &TIM_OCInitStructure);

  TIM_OC4PreloadConfig(TIM2, TIM_OCPreload_Disable);

   

  //TIM Interrupts enable

  TIM_ITConfig(TIM2, TIM_IT_CC1 | TIM_IT_CC2 | TIM_IT_CC3 | TIM_IT_CC4, ENABLE);



  //TIM2 enable counter

  TIM_Cmd(TIM2, ENABLE);

	

}		



/* Inicializacija TIM4 */

void TimerInitializations::initializeTIM4() {

	

	NVIC_InitTypeDef NVIC_InitStructure;



  //TIM4 clock enable 

  RCC_APB1PeriphClockCmd(RCC_APB1Periph_TIM4, ENABLE);



  //Enable the TIM4 gloabal Interrupt

  NVIC_InitStructure.NVIC_IRQChannel = TIM4_IRQn;

  NVIC_InitStructure.NVIC_IRQChannelPreemptionPriority = 0;

  NVIC_InitStructure.NVIC_IRQChannelSubPriority = 1;

  NVIC_InitStructure.NVIC_IRQChannelCmd = ENABLE;

  NVIC_Init(&NVIC_InitStructure);

	

	

	/* -----------------------------------------------------------------------

		 Velja:

		 TIM4CLK = HCLK / 2 = SystemCoreClock /2

		 V tem primeru 5MHz

		 

		 Da dobimo ustrezen TIM4CLK, moramo nastaviti ustrezen prescaler, velja:

		 Prescaler = (TIM4CLK / TIM4 counter clock) - 1

		 

		 Pa nastavitve po kanalih:

			CC1 - štejemo do 1250 ==> 1/4000 sekunde

			CC2 - štejemo do 65000 ==> 1/70 sekunde

			CC3 - štejemo do 25000 ==>  sekunde

			CC4 - štejemo do 50000 ==>  sekunde

  ----------------------------------------------------------------------- */ 

	

	TIM_TimeBaseInitTypeDef  TIM_TimeBaseStructure;

	TIM_OCInitTypeDef  TIM_OCInitStructure;

	__IO uint16_t CCR1_Val = 1250;

	__IO uint16_t CCR2_Val = 65000;

	__IO uint16_t CCR3_Val = 25000;

	__IO uint16_t CCR4_Val = 50000;

	uint16_t PrescalerValue = 0;



	//Compute the prescaler value

  PrescalerValue = (uint16_t) ((SystemCoreClock / 2) / 5000000) - 1;



  //Time base configuration

  TIM_TimeBaseStructure.TIM_Period = 65535;

  TIM_TimeBaseStructure.TIM_Prescaler = 0;

  TIM_TimeBaseStructure.TIM_ClockDivision = 0;

  TIM_TimeBaseStructure.TIM_CounterMode = TIM_CounterMode_Up;



  TIM_TimeBaseInit(TIM4, &TIM_TimeBaseStructure);



  //Prescaler configuration

  TIM_PrescalerConfig(TIM4, PrescalerValue, TIM_PSCReloadMode_Immediate);



  //Output Compare Timing Mode configuration: Channel1

  TIM_OCInitStructure.TIM_OCMode = TIM_OCMode_Timing;

  TIM_OCInitStructure.TIM_OutputState = TIM_OutputState_Enable;

	

  TIM_OCInitStructure.TIM_Pulse = CCR1_Val;

  TIM_OCInitStructure.TIM_OCPolarity = TIM_OCPolarity_High;

  TIM_OC1Init(TIM4, &TIM_OCInitStructure);

  TIM_OC1PreloadConfig(TIM4, TIM_OCPreload_Disable);



  //Output Compare Timing Mode configuration: Channel2

  TIM_OCInitStructure.TIM_OutputState = TIM_OutputState_Enable;

  TIM_OCInitStructure.TIM_Pulse = CCR2_Val;

  TIM_OC2Init(TIM4, &TIM_OCInitStructure);

  TIM_OC2PreloadConfig(TIM4, TIM_OCPreload_Disable);



  //Output Compare Timing Mode configuration: Channel3

  TIM_OCInitStructure.TIM_OutputState = TIM_OutputState_Enable;

  TIM_OCInitStructure.TIM_Pulse = CCR3_Val;

  TIM_OC3Init(TIM4, &TIM_OCInitStructure);

  TIM_OC3PreloadConfig(TIM4, TIM_OCPreload_Disable);



  //Output Compare Timing Mode configuration: Channel4

  TIM_OCInitStructure.TIM_OutputState = TIM_OutputState_Enable;

  TIM_OCInitStructure.TIM_Pulse = CCR4_Val;

  TIM_OC4Init(TIM4, &TIM_OCInitStructure);

  TIM_OC4PreloadConfig(TIM4, TIM_OCPreload_Disable);

   

  //TIM Interrupts enable

  TIM_ITConfig(TIM4, TIM_IT_CC1 | TIM_IT_CC2 | TIM_IT_CC3 | TIM_IT_CC4, ENABLE);



  //TIM4 enable counter

  TIM_Cmd(TIM4, ENABLE);

	

}		

		

		










Viz/HardwareInitialization/TimerInitializations.h

#include <stdio.h>

#include <stdlib.h>

#include "stm32f4xx_conf.h"

#include "STM32F4xx.h"





/******************************************************

** TimerInitializations razred

*******************************************************

** Razred, ki se uporabi za inicializacije vseh

** uporabljenih timerjev.

******************************************************/



#ifndef TIMERINITIALIZATIONS_H

#define TIMERINITIALIZATIONS_H



class TimerInitializations {

	

	public:

	

	static void initializeSysTick(int secondDivider);

	static void initializeTIM3();

	static void initializeTIM2();

	static void initializeTIM4();

		

	

	

};





#endif










Viz/semihosting/semihosting.c

/**

 ******************************************************************************

 * @file      semihosting.c

 * @author    Coocox

 * @version   V1.0

 * @date      09/10/2011

 * @brief     Semihosting LowLayer GetChar/SendChar Implement.

 *

 *******************************************************************************

 */

 

#include <sys/types.h>

#include <sys/stat.h>

#include "semihosting.h"



static char g_buf[16];

static char g_buf_len = 0;



/**************************************************************************//**

 * @brief  Transmit a char on semihosting mode.

 *

 * @param  ch is the char that to send.

 *

 * @return Character to write.

 *****************************************************************************/

void SH_SendChar(int ch) {

	g_buf[g_buf_len++] = ch;

	g_buf[g_buf_len] = '\0';

	if (g_buf_len + 1 >= sizeof(g_buf) || ch == '\n' || ch == '\0') {

		g_buf_len = 0;

		/* Send the char */

		if (SH_DoCommand(0x04, (int) g_buf, NULL) != 0) {

			return;

		}

	}

}



/**************************************************************************//**

 * @brief  Transmit a null-terminated string on semihosting mode.

 *

 * @param  str is the string that to send.

 *

 * @return Character to write.

 *****************************************************************************/

void SH_SendString(const char *str)

{

	int j;

	if (SH_DoCommand(0x04, (int)str, NULL) != 0) {

		return;

	}

}



/**************************************************************************//**

 * @brief  Read a char on semihosting mode.

 *

 * @param  None.

 *

 * @return Character that have read.

 *****************************************************************************/

char SH_GetChar() {

	int nRet;



	while (SH_DoCommand(0x101, 0, &nRet) != 0) {

		if (nRet != 0) {

			SH_DoCommand(0x07, 0, &nRet);

			return (char) nRet;

		}

	}



	return 0;

}










Viz/semihosting/semihosting.h

/**

 ******************************************************************************

 * @file      semihosting.h

 * @author    Coocox

 * @version   V1.0

 * @date      09/10/2011

 * @brief     Semihosting Low Layer GetChar/SendChar API.

 *

 *******************************************************************************

 */

#ifndef __SIMIHOSTTING_IMPL

#define __SIMIHOSTTING_IMPL



/********************************************************************************************************//**

 * Semihosting functions prototype

************************************************************************************************************/

extern int SH_DoCommand(int n32In_R0, int n32In_R1, int *pn32Out_R0);

void SH_SendChar(int ch);

void SH_SendString(const char *str);

char SH_GetChar(void);





#endif












Viz/semihosting/sh_cmd.s

/**

 ******************************************************************************

 * @file      semihost_cmd.s

 * @author    Coocox

 * @version   V1.0

 * @date      09/10/2011

 * @brief     Semihost command support.

 *

 *******************************************************************************

 */





.text

.global SH_DoCommand

.global HardFault_Handler

.code 16

.syntax unified

.type SH_DoCommand, function

.type HardFault_Handler, function





/**************************************************************************//**

  * @brief  prototype: int SH_DoCommand(int n32In_R0, int n32In_R1, int *pn32Out_R0)

  *

  * @param  n32In_R0	R0

  * @param  n32In_R1    R1

  * @param  pn32Out_R0  R2

  *

  * @retval None

  *****************************************************************************/

SH_DoCommand:

    BKPT 0xAB                 		/* Wait ICE or HardFault */

                              		/* ICE will step over BKPT directly */

                              		/* HardFault will step BKPT and the next line */



    B SH_ICE



SH_HardFault:                 		/* Captured by HardFault */

    MOVS   R0, #0             		/* Set return value to 0 */

    BX LR                         	/* Return */



SH_ICE:                           	/* Captured by ICE */

                                  	/* Save return value */

    CMP R2, #0

    BEQ SH_End

    STR R0, [R2]                  	/* Save the return value to *pn32Out_R0 */

SH_End:

    MOVS R0, #1                   	/* Set return value to 1 */

	BX LR                         	/* Return */



/**************************************************************************//**

  * @brief  HardFault Handler

  *

  * @param  None.

  *

  * Skip the semihost command in free run mode.

  *

  * @retval None

  *****************************************************************************/

HardFault_Handler:

	LDR    R0, [R13, #24]         	/* Get previous PC */

	LDRH   R1, [R0]               	/* Get instruction */

	LDR    R2, =0xBEAB            	/* The sepcial BKPT instruction */

	CMP    R1, R2                 	/* Test if the instruction at previous PC is BKPT */

	BNE    HardFault_Handler_Ret  	/* Not BKPT */



	ADDS   R0, #4                 	/* Skip BKPT and next line */

	STR    R0, [R13, #24]         	/* Save previous PC */



	BX     LR



HardFault_Handler_Ret:

	B      .





.end










Viz/stdio/printf.c

/**************************************************************************//*****

 * @file     printf.c

 * @brief    Implementation of several stdio.h methods, such as printf(), 

 *           sprintf() and so on. This reduces the memory footprint of the

 *           binary when using those methods, compared to the libc implementation.

 ********************************************************************************/

#include <stdio.h>

#include <stdarg.h>





/**

 * @brief  Transmit a char, if you want to use printf(), 

 *         you need implement this function

 *

 * @param  pStr	Storage string.

 * @param  c    Character to write.

 */

void PrintChar(char c)

{

	/* Send a char like: 

	   while(Transfer not completed);

	   Transmit a char;

	*/	

}



/** Maximum string size allowed (in bytes). */

#define MAX_STRING_SIZE         100





/** Required for proper compilation. */

struct _reent r = {0, (FILE *) 0, (FILE *) 1, (FILE *) 0};



/**

 * @brief  Writes a character inside the given string. Returns 1.

 *

 * @param  pStr	Storage string.

 * @param  c    Character to write.

 */

signed int PutChar(char *pStr, char c)

{

    *pStr = c;

    return 1;

}





/**

 * @brief  Writes a string inside the given string.

 *

 * @param  pStr     Storage string.

 * @param  pSource  Source string.

 * @return  The size of the written

 */

signed int PutString(char *pStr, const char *pSource)

{

    signed int num = 0;



    while (*pSource != 0) {



        *pStr++ = *pSource++;

        num++;

    }



    return num;

}





/**

 * @brief  Writes an unsigned int inside the given string, using the provided fill &

 *         width parameters.

 *

 * @param  pStr  Storage string.

 * @param  fill  Fill character.

 * @param  width  Minimum integer width.

 * @param  value  Integer value.   

 */

signed int PutUnsignedInt(

    char *pStr,

    char fill,

    signed int width,

    unsigned int value)

{

    signed int num = 0;



    /* Take current digit into account when calculating width */

    width--;



    /* Recursively write upper digits */

    if ((value / 10) > 0) {



        num = PutUnsignedInt(pStr, fill, width, value / 10);

        pStr += num;

    }

    

    /* Write filler characters */

    else {



        while (width > 0) {



            PutChar(pStr, fill);

            pStr++;

            num++;

            width--;

        }

    }



    /* Write lower digit */

    num += PutChar(pStr, (value % 10) + '0');



    return num;

}





/**

 * @brief  Writes a signed int inside the given string, using the provided fill & width

 *         parameters.

 *

 * @param pStr   Storage string.

 * @param fill   Fill character.

 * @param width  Minimum integer width.

 * @param value  Signed integer value.

 */

signed int PutSignedInt(

    char *pStr,

    char fill,

    signed int width,

    signed int value)

{

    signed int num = 0;

    unsigned int absolute;



    /* Compute absolute value */

    if (value < 0) {



        absolute = -value;

    }

    else {



        absolute = value;

    }



    /* Take current digit into account when calculating width */

    width--;



    /* Recursively write upper digits */

    if ((absolute / 10) > 0) {



        if (value < 0) {

        

            num = PutSignedInt(pStr, fill, width, -(absolute / 10));

        }

        else {



            num = PutSignedInt(pStr, fill, width, absolute / 10);

        }

        pStr += num;

    }

    else {



        /* Reserve space for sign */

        if (value < 0) {



            width--;

        }



        /* Write filler characters */

        while (width > 0) {



            PutChar(pStr, fill);

            pStr++;

            num++;

            width--;

        }



        /* Write sign */

        if (value < 0) {



            num += PutChar(pStr, '-');

            pStr++;

        }

    }



    /* Write lower digit */

    num += PutChar(pStr, (absolute % 10) + '0');



    return num;

}





/**

 * @brief  Writes an hexadecimal value into a string, using the given fill, width &

 *         capital parameters.

 *

 * @param pStr   Storage string.

 * @param fill   Fill character.

 * @param width  Minimum integer width.

 * @param maj    Indicates if the letters must be printed in lower- or upper-case.

 * @param value  Hexadecimal value.

 *

 * @return  The number of char written

 */

signed int PutHexa(

    char *pStr,

    char fill,

    signed int width,

    unsigned char maj,

    unsigned int value)

{

    signed int num = 0;



    /* Decrement width */

    width--;



    /* Recursively output upper digits */

    if ((value >> 4) > 0) {



        num += PutHexa(pStr, fill, width, maj, value >> 4);

        pStr += num;

    }

    /* Write filler chars */

    else {



        while (width > 0) {



            PutChar(pStr, fill);

            pStr++;

            num++;

            width--;

        }

    }



    /* Write current digit */

    if ((value & 0xF) < 10) {



        PutChar(pStr, (value & 0xF) + '0');

    }

    else if (maj) {



        PutChar(pStr, (value & 0xF) - 10 + 'A');

    }

    else {



        PutChar(pStr, (value & 0xF) - 10 + 'a');

    }

    num++;



    return num;

}







/* Global Functions ----------------------------------------------------------- */





/**

 * @brief  Stores the result of a formatted string into another string. Format

 *         arguments are given in a va_list instance.

 *

 * @param pStr    Destination string.

 * @param length  Length of Destination string.

 * @param pFormat Format string.

 * @param ap      Argument list.

 *

 * @return  The number of characters written.

 */

signed int vsnprintf(char *pStr, size_t length, const char *pFormat, va_list ap)

{

    char          fill;

    unsigned char width;

    signed int    num = 0;

    signed int    size = 0;



    /* Clear the string */

    if (pStr) {



        *pStr = 0;

    }



    /* Phase string */

    while (*pFormat != 0 && size < length) {



        /* Normal character */

        if (*pFormat != '%') {



            *pStr++ = *pFormat++;

            size++;

        }

        /* Escaped '%' */

        else if (*(pFormat+1) == '%') {



            *pStr++ = '%';

            pFormat += 2;

            size++;

        }

        /* Token delimiter */

        else {



            fill = ' ';

            width = 0;

            pFormat++;



            /* Parse filler */

            if (*pFormat == '0') {



                fill = '0';

                pFormat++;

            }



            /* Parse width */

            while ((*pFormat >= '0') && (*pFormat <= '9')) {

        

                width = (width*10) + *pFormat-'0';

                pFormat++;

            }



            /* Check if there is enough space */

            if (size + width > length) {



                width = length - size;

            }

        

            /* Parse type */

            switch (*pFormat) {

            case 'd': 

            case 'i': num = PutSignedInt(pStr, fill, width, va_arg(ap, signed int)); break;

            case 'u': num = PutUnsignedInt(pStr, fill, width, va_arg(ap, unsigned int)); break;

            case 'x': num = PutHexa(pStr, fill, width, 0, va_arg(ap, unsigned int)); break;

            case 'X': num = PutHexa(pStr, fill, width, 1, va_arg(ap, unsigned int)); break;

            case 's': num = PutString(pStr, va_arg(ap, char *)); break;

            case 'c': num = PutChar(pStr, va_arg(ap, unsigned int)); break;

            default:

                return EOF;

            }



            pFormat++;

            pStr += num;

            size += num;

        }

    }



    /* NULL-terminated (final \0 is not counted) */

    if (size < length) {



        *pStr = 0;

    }

    else {



        *(--pStr) = 0;

        size--;

    }



    return size;

}





/**

 * @brief  Stores the result of a formatted string into another string. Format

 *         arguments are given in a va_list instance.

 *

 * @param pStr    Destination string.

 * @param length  Length of Destination string.

 * @param pFormat Format string.

 * @param ...     Other arguments

 *

 * @return  The number of characters written.

 */

signed int snprintf(char *pString, size_t length, const char *pFormat, ...)

{

    va_list    ap;

    signed int rc;



    va_start(ap, pFormat);

    rc = vsnprintf(pString, length, pFormat, ap);

    va_end(ap);



    return rc;

}





/**

 * @brief  Stores the result of a formatted string into another string. Format

 *         arguments are given in a va_list instance.

 *

 * @param pString  Destination string.

 * @param length   Length of Destination string.

 * @param pFormat  Format string.

 * @param ap       Argument list.

 *

 * @return  The number of characters written.

 */

signed int vsprintf(char *pString, const char *pFormat, va_list ap)

{

   return vsnprintf(pString, MAX_STRING_SIZE, pFormat, ap);

}



/**

 * @brief  Outputs a formatted string on the given stream. Format arguments are given

 *         in a va_list instance.

 *

 * @param pStream  Output stream.

 * @param pFormat  Format string

 * @param ap       Argument list. 

 */

signed int vfprintf(FILE *pStream, const char *pFormat, va_list ap)

{

    char pStr[MAX_STRING_SIZE];

    char pError[] = "stdio.c: increase MAX_STRING_SIZE\n\r";



    /* Write formatted string in buffer */

    if (vsprintf(pStr, pFormat, ap) >= MAX_STRING_SIZE) {



        fputs(pError, stderr);

        while (1); /* Increase MAX_STRING_SIZE */

    }



    /* Display string */

    return fputs(pStr, pStream);

}





/**

 * @brief  Outputs a formatted string on the DBGU stream. Format arguments are given

 *         in a va_list instance.

 *

 * @param pFormat  Format string.

 * @param ap  Argument list.

 */

signed int vprintf(const char *pFormat, va_list ap)

{

    return vfprintf(stdout, pFormat, ap);

}





/**

 * @brief  Outputs a formatted string on the given stream, using a variable 

 *         number of arguments.

 *

 * @param pStream  Output stream.

 * @param pFormat  Format string.

 */

signed int fprintf(FILE *pStream, const char *pFormat, ...)

{

    va_list ap;

    signed int result;



    /* Forward call to vfprintf */

    va_start(ap, pFormat);

    result = vfprintf(pStream, pFormat, ap);

    va_end(ap);



    return result;

}





/**

 * @brief  Outputs a formatted string on the DBGU stream, using a variable number of

 *         arguments.

 *

 * @param  pFormat  Format string.

 */

signed int printf(const char *pFormat, ...)

{

    va_list ap;

    signed int result;



    /* Forward call to vprintf */

    va_start(ap, pFormat);

    result = vprintf(pFormat, ap);

    va_end(ap);



    return result;

}





/**

 * @brief  Writes a formatted string inside another string.

 *

 * @param pStr     torage string.

 * @param pFormat  Format string.

 */

signed int sprintf(char *pStr, const char *pFormat, ...)

{

    va_list ap;

    signed int result;



    // Forward call to vsprintf

    va_start(ap, pFormat);

    result = vsprintf(pStr, pFormat, ap);

    va_end(ap);



    return result;

}





/**

 * @brief  Outputs a string on stdout.

 *

 * @param pStr  String to output. 

 */

signed int puts(const char *pStr)

{

    return fputs(pStr, stdout);

}





/**

 * @brief  Implementation of fputc using the DBGU as the standard output. Required

 *         for printf().

 *

 * @param c        Character to write.

 * @param pStream  Output stream.

 * @param The character written if successful, or -1 if the output stream is

 *        not stdout or stderr.

 */

signed int fputc(signed int c, FILE *pStream)

{

    if ((pStream == stdout) || (pStream == stderr)) {



    	PrintChar(c);



        return c;

    }

    else {



        return EOF;

    }

}





/**

 * @brief  Implementation of fputs using the DBGU as the standard output. Required

 *         for printf().

 *

 * @param pStr     String to write.

 * @param pStream  Output stream.

 *

 * @return  Number of characters written if successful, or -1 if the output

 *          stream is not stdout or stderr.

 */

signed int fputs(const char *pStr, FILE *pStream)

{

    signed int num = 0;



    while (*pStr != 0) {



        if (fputc(*pStr, pStream) == -1) {



            return -1;

        }

        num++;

        pStr++;

    }



    return num;

}



/* --------------------------------- End Of File ------------------------------ */
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Viz/STM32F4-Discovery/pdm_filter.h

/**

  ******************************************************************************

  * @file    pdm_filter.h

  * @author  MCD Application Team

  * @version V1.1.0

  * @date    28-October-2011

  * @brief   Header file for PDM audio software decoding Library.

  *          This Library is used to decode and reconstruct the audio signal

  *          produced by MP45DT02 MEMS microphone from STMicroelectronics.

  *          For more details about this Library, please refer to document

  *          "PDM audio software decoding on STM32 microcontrollers (AN3998)".  

  ******************************************************************************

  * @attention

  *

  * THE PRESENT FIRMWARE WHICH IS FOR GUIDANCE ONLY AIMS AT PROVIDING CUSTOMERS

  * WITH CODING INFORMATION REGARDING THEIR PRODUCTS IN ORDER FOR THEM TO SAVE

  * TIME. AS A RESULT, STMICROELECTRONICS SHALL NOT BE HELD LIABLE FOR ANY

  * DIRECT, INDIRECT OR CONSEQUENTIAL DAMAGES WITH RESPECT TO ANY CLAIMS ARISING

  * FROM THE CONTENT OF SUCH FIRMWARE AND/OR THE USE MADE BY CUSTOMERS OF THE

  * CODING INFORMATION CONTAINED HEREIN IN CONNECTION WITH THEIR PRODUCTS.

  *

  * <h2><center>&copy; COPYRIGHT 2011 STMicroelectronics</center></h2>

  ******************************************************************************  

  */ 

  

/* Define to prevent recursive inclusion -------------------------------------*/

#ifndef __PDM_FILTER_H

#define __PDM_FILTER_H



#ifdef __cplusplus

 extern "C" {

#endif



/* Includes ------------------------------------------------------------------*/

#include <stdint.h>



/* Exported types ------------------------------------------------------------*/

typedef struct {

	uint16_t Fs;

	float LP_HZ;

	float HP_HZ;

	uint16_t In_MicChannels;

	uint16_t Out_MicChannels;

	char InternalFilter[34];

} PDMFilter_InitStruct;



/* Exported constants --------------------------------------------------------*/

/* Exported macros -----------------------------------------------------------*/

#define HTONS(A)  ((((u16)(A) & 0xff00) >> 8) | \

                   (((u16)(A) & 0x00ff) << 8))



/* Exported functions ------------------------------------------------------- */ 

void PDM_Filter_Init(PDMFilter_InitStruct * Filter);



int32_t PDM_Filter_64_MSB(uint8_t* data, uint16_t* dataOut, uint16_t MicGain,  PDMFilter_InitStruct * Filter);

int32_t PDM_Filter_80_MSB(uint8_t* data, uint16_t* dataOut, uint16_t MicGain,  PDMFilter_InitStruct * Filter);

int32_t PDM_Filter_64_LSB(uint8_t* data, uint16_t* dataOut, uint16_t MicGain,  PDMFilter_InitStruct * Filter);

int32_t PDM_Filter_80_LSB(uint8_t* data, uint16_t* dataOut, uint16_t MicGain,  PDMFilter_InitStruct * Filter);



#ifdef __cplusplus

}

#endif



#endif /* __PDM_FILTER_H */



/*******************(C)COPYRIGHT 2011 STMicroelectronics *****END OF FILE******/








Viz/STM32F4-Discovery/stm32f4_discovery.c

/**

  ******************************************************************************

  * @file    stm32f4_discovery.c

  * @author  MCD Application Team

  * @version V1.1.0

  * @date    28-October-2011

  * @brief   This file provides set of firmware functions to manage Leds and

  *          push-button available on STM32F4-Discovery Kit from STMicroelectronics.

  ******************************************************************************

  * @attention

  *

  * THE PRESENT FIRMWARE WHICH IS FOR GUIDANCE ONLY AIMS AT PROVIDING CUSTOMERS

  * WITH CODING INFORMATION REGARDING THEIR PRODUCTS IN ORDER FOR THEM TO SAVE

  * TIME. AS A RESULT, STMICROELECTRONICS SHALL NOT BE HELD LIABLE FOR ANY

  * DIRECT, INDIRECT OR CONSEQUENTIAL DAMAGES WITH RESPECT TO ANY CLAIMS ARISING

  * FROM THE CONTENT OF SUCH FIRMWARE AND/OR THE USE MADE BY CUSTOMERS OF THE

  * CODING INFORMATION CONTAINED HEREIN IN CONNECTION WITH THEIR PRODUCTS.

  *

  * <h2><center>&copy; COPYRIGHT 2011 STMicroelectronics</center></h2>

  ******************************************************************************

  */ 

  

/* Includes ------------------------------------------------------------------*/

#include "stm32f4_discovery.h"



/** @addtogroup Utilities

  * @{

  */ 



/** @addtogroup STM32F4_DISCOVERY

  * @{

  */   

    

/** @defgroup STM32F4_DISCOVERY_LOW_LEVEL 

  * @brief This file provides set of firmware functions to manage Leds and push-button

  *        available on STM32F4-Discovery Kit from STMicroelectronics.

  * @{

  */ 



/** @defgroup STM32F4_DISCOVERY_LOW_LEVEL_Private_TypesDefinitions

  * @{

  */ 

/**

  * @}

  */ 





/** @defgroup STM32F4_DISCOVERY_LOW_LEVEL_Private_Defines

  * @{

  */ 

/**

  * @}

  */ 





/** @defgroup STM32F4_DISCOVERY_LOW_LEVEL_Private_Macros

  * @{

  */ 

/**

  * @}

  */ 





/** @defgroup STM32F4_DISCOVERY_LOW_LEVEL_Private_Variables

  * @{

  */ 

GPIO_TypeDef* GPIO_PORT[LEDn] = {LED4_GPIO_PORT, LED3_GPIO_PORT, LED5_GPIO_PORT,

                                 LED6_GPIO_PORT};

const uint16_t GPIO_PIN[LEDn] = {LED4_PIN, LED3_PIN, LED5_PIN,

                                 LED6_PIN};

const uint32_t GPIO_CLK[LEDn] = {LED4_GPIO_CLK, LED3_GPIO_CLK, LED5_GPIO_CLK,

                                 LED6_GPIO_CLK};



GPIO_TypeDef* BUTTON_PORT[BUTTONn] = {USER_BUTTON_GPIO_PORT }; 



const uint16_t BUTTON_PIN[BUTTONn] = {USER_BUTTON_PIN }; 



const uint32_t BUTTON_CLK[BUTTONn] = {USER_BUTTON_GPIO_CLK };



const uint16_t BUTTON_EXTI_LINE[BUTTONn] = {USER_BUTTON_EXTI_LINE };



const uint8_t BUTTON_PORT_SOURCE[BUTTONn] = {USER_BUTTON_EXTI_PORT_SOURCE};

								 

const uint8_t BUTTON_PIN_SOURCE[BUTTONn] = {USER_BUTTON_EXTI_PIN_SOURCE }; 

const uint8_t BUTTON_IRQn[BUTTONn] = {USER_BUTTON_EXTI_IRQn };



NVIC_InitTypeDef   NVIC_InitStructure;



/**

  * @}

  */ 





/** @defgroup STM32F4_DISCOVERY_LOW_LEVEL_Private_FunctionPrototypes

  * @{

  */ 



/**

  * @}

  */ 



/** @defgroup STM32F4_DISCOVERY_LOW_LEVEL_Private_Functions

  * @{

  */ 



/**

  * @brief  Configures LED GPIO.

  * @param  Led: Specifies the Led to be configured. 

  *   This parameter can be one of following parameters:

  *     @arg LED4

  *     @arg LED3

  *     @arg LED5

  *     @arg LED6

  * @retval None

  */

void STM_EVAL_LEDInit(Led_TypeDef Led)

{

  GPIO_InitTypeDef  GPIO_InitStructure;

  

  /* Enable the GPIO_LED Clock */

  RCC_AHB1PeriphClockCmd(GPIO_CLK[Led], ENABLE);



  /* Configure the GPIO_LED pin */

  GPIO_InitStructure.GPIO_Pin = GPIO_PIN[Led];

  GPIO_InitStructure.GPIO_Mode = GPIO_Mode_OUT;

  GPIO_InitStructure.GPIO_OType = GPIO_OType_PP;

  GPIO_InitStructure.GPIO_PuPd = GPIO_PuPd_UP;

  GPIO_InitStructure.GPIO_Speed = GPIO_Speed_50MHz;

  GPIO_Init(GPIO_PORT[Led], &GPIO_InitStructure);

}



/**

  * @brief  Turns selected LED On.

  * @param  Led: Specifies the Led to be set on. 

  *   This parameter can be one of following parameters:

  *     @arg LED4

  *     @arg LED3

  *     @arg LED5

  *     @arg LED6  

  * @retval None

  */

void STM_EVAL_LEDOn(Led_TypeDef Led)

{

  GPIO_PORT[Led]->BSRRL = GPIO_PIN[Led];

}



/**

  * @brief  Turns selected LED Off.

  * @param  Led: Specifies the Led to be set off. 

  *   This parameter can be one of following parameters:

  *     @arg LED4

  *     @arg LED3

  *     @arg LED5

  *     @arg LED6 

  * @retval None

  */

void STM_EVAL_LEDOff(Led_TypeDef Led)

{

  GPIO_PORT[Led]->BSRRH = GPIO_PIN[Led];  

}



/**

  * @brief  Toggles the selected LED.

  * @param  Led: Specifies the Led to be toggled. 

  *   This parameter can be one of following parameters:

  *     @arg LED4

  *     @arg LED3

  *     @arg LED5

  *     @arg LED6  

  * @retval None

  */

void STM_EVAL_LEDToggle(Led_TypeDef Led)

{

  GPIO_PORT[Led]->ODR ^= GPIO_PIN[Led];

}



/**

  * @brief  Configures Button GPIO and EXTI Line.

  * @param  Button: Specifies the Button to be configured.

  *   This parameter should be: BUTTON_USER

  * @param  Button_Mode: Specifies Button mode.

  *   This parameter can be one of following parameters:   

  *     @arg BUTTON_MODE_GPIO: Button will be used as simple IO 

  *     @arg BUTTON_MODE_EXTI: Button will be connected to EXTI line with interrupt

  *                            generation capability  

  * @retval None

  */

void STM_EVAL_PBInit(Button_TypeDef Button, ButtonMode_TypeDef Button_Mode)

{

  GPIO_InitTypeDef GPIO_InitStructure;

  EXTI_InitTypeDef EXTI_InitStructure;

  NVIC_InitTypeDef NVIC_InitStructure;



  /* Enable the BUTTON Clock */

  RCC_AHB1PeriphClockCmd(BUTTON_CLK[Button], ENABLE);

  RCC_APB2PeriphClockCmd(RCC_APB2Periph_SYSCFG, ENABLE);



  /* Configure Button pin as input */

  GPIO_InitStructure.GPIO_Mode = GPIO_Mode_IN;

  GPIO_InitStructure.GPIO_PuPd = GPIO_PuPd_NOPULL;

  GPIO_InitStructure.GPIO_Pin = BUTTON_PIN[Button];

  GPIO_Init(BUTTON_PORT[Button], &GPIO_InitStructure);



  if (Button_Mode == BUTTON_MODE_EXTI)

  {

    /* Connect Button EXTI Line to Button GPIO Pin */

    SYSCFG_EXTILineConfig(BUTTON_PORT_SOURCE[Button], BUTTON_PIN_SOURCE[Button]);



    /* Configure Button EXTI line */

    EXTI_InitStructure.EXTI_Line = BUTTON_EXTI_LINE[Button];

    EXTI_InitStructure.EXTI_Mode = EXTI_Mode_Interrupt;

    EXTI_InitStructure.EXTI_Trigger = EXTI_Trigger_Rising;  

    EXTI_InitStructure.EXTI_LineCmd = ENABLE;

    EXTI_Init(&EXTI_InitStructure);



    /* Enable and set Button EXTI Interrupt to the lowest priority */

    NVIC_InitStructure.NVIC_IRQChannel = BUTTON_IRQn[Button];

    NVIC_InitStructure.NVIC_IRQChannelPreemptionPriority = 0x0F;

    NVIC_InitStructure.NVIC_IRQChannelSubPriority = 0x0F;

    NVIC_InitStructure.NVIC_IRQChannelCmd = ENABLE;



    NVIC_Init(&NVIC_InitStructure); 

  }

}



/**

  * @brief  Returns the selected Button state.

  * @param  Button: Specifies the Button to be checked.

  *   This parameter should be: BUTTON_USER  

  * @retval The Button GPIO pin value.

  */

uint32_t STM_EVAL_PBGetState(Button_TypeDef Button)

{

  return GPIO_ReadInputDataBit(BUTTON_PORT[Button], BUTTON_PIN[Button]);

}



/**

  * @}

  */ 



/**

  * @}

  */ 



/**

  * @}

  */   



/**

  * @}

  */ 

    

/******************* (C) COPYRIGHT 2011 STMicroelectronics *****END OF FILE****/








Viz/STM32F4-Discovery/stm32f4_discovery.h

/**

  ******************************************************************************

  * @file    stm32f4_discovery.h

  * @author  MCD Application Team

  * @version V1.1.0

  * @date    28-October-2011

  * @brief   This file contains definitions for STM32F4-Discovery Kit's Leds and 

  *          push-button hardware resources.

  ******************************************************************************

  * @attention

  *

  * THE PRESENT FIRMWARE WHICH IS FOR GUIDANCE ONLY AIMS AT PROVIDING CUSTOMERS

  * WITH CODING INFORMATION REGARDING THEIR PRODUCTS IN ORDER FOR THEM TO SAVE

  * TIME. AS A RESULT, STMICROELECTRONICS SHALL NOT BE HELD LIABLE FOR ANY

  * DIRECT, INDIRECT OR CONSEQUENTIAL DAMAGES WITH RESPECT TO ANY CLAIMS ARISING

  * FROM THE CONTENT OF SUCH FIRMWARE AND/OR THE USE MADE BY CUSTOMERS OF THE

  * CODING INFORMATION CONTAINED HEREIN IN CONNECTION WITH THEIR PRODUCTS.

  *

  * <h2><center>&copy; COPYRIGHT 2011 STMicroelectronics</center></h2>

  ******************************************************************************  

  */ 

  

/* Define to prevent recursive inclusion -------------------------------------*/

#ifndef __STM32F4_DISCOVERY_H

#define __STM32F4_DISCOVERY_H



#ifdef __cplusplus

 extern "C" {

#endif

                                              

/* Includes ------------------------------------------------------------------*/

#include "stm32f4xx.h"

#include "stm32f4xx_gpio.h"

#include "stm32f4xx_syscfg.h"

#include "stm32f4xx_rcc.h"

#include "stm32f4xx_exti.h"

#include "misc.h"

   

/** @addtogroup Utilities

  * @{

  */

  

/** @addtogroup STM32F4_DISCOVERY

  * @{

  */

      

/** @addtogroup STM32F4_DISCOVERY_LOW_LEVEL

  * @{

  */ 



/** @defgroup STM32F4_DISCOVERY_LOW_LEVEL_Exported_Types

  * @{

  */

typedef enum 

{

  LED4 = 0,

  LED3 = 1,

  LED5 = 2,

  LED6 = 3

} Led_TypeDef;



typedef enum 

{  

  BUTTON_USER = 0,

} Button_TypeDef;



typedef enum 

{  

  BUTTON_MODE_GPIO = 0,

  BUTTON_MODE_EXTI = 1

} ButtonMode_TypeDef;     

/**

  * @}

  */ 



/** @defgroup STM32F4_DISCOVERY_LOW_LEVEL_Exported_Constants

  * @{

  */ 



/** @addtogroup STM32F4_DISCOVERY_LOW_LEVEL_LED

  * @{

  */

#define LEDn                             4



#define LED4_PIN                         GPIO_Pin_12

#define LED4_GPIO_PORT                   GPIOD

#define LED4_GPIO_CLK                    RCC_AHB1Periph_GPIOD  

  

#define LED3_PIN                         GPIO_Pin_13

#define LED3_GPIO_PORT                   GPIOD

#define LED3_GPIO_CLK                    RCC_AHB1Periph_GPIOD  

  

#define LED5_PIN                         GPIO_Pin_14

#define LED5_GPIO_PORT                   GPIOD

#define LED5_GPIO_CLK                    RCC_AHB1Periph_GPIOD  

  

#define LED6_PIN                         GPIO_Pin_15

#define LED6_GPIO_PORT                   GPIOD

#define LED6_GPIO_CLK                    RCC_AHB1Periph_GPIOD

/**

  * @}

  */ 

  

/** @addtogroup STM32F4_DISCOVERY_LOW_LEVEL_BUTTON

  * @{

  */  

#define BUTTONn                          1  



/**

 * @brief Wakeup push-button

 */

#define USER_BUTTON_PIN                GPIO_Pin_0

#define USER_BUTTON_GPIO_PORT          GPIOA

#define USER_BUTTON_GPIO_CLK           RCC_AHB1Periph_GPIOA

#define USER_BUTTON_EXTI_LINE          EXTI_Line0

#define USER_BUTTON_EXTI_PORT_SOURCE   EXTI_PortSourceGPIOA

#define USER_BUTTON_EXTI_PIN_SOURCE    EXTI_PinSource0

#define USER_BUTTON_EXTI_IRQn          EXTI0_IRQn 

/**

  * @}

  */ 

  

/** @defgroup STM32F4_DISCOVERY_LOW_LEVEL_Exported_Macros

  * @{

  */  

/**

  * @}

  */ 





/** @defgroup STM32F4_DISCOVERY_LOW_LEVEL_Exported_Functions

  * @{

  */

void STM_EVAL_LEDInit(Led_TypeDef Led);

void STM_EVAL_LEDOn(Led_TypeDef Led);

void STM_EVAL_LEDOff(Led_TypeDef Led);

void STM_EVAL_LEDToggle(Led_TypeDef Led);

void STM_EVAL_PBInit(Button_TypeDef Button, ButtonMode_TypeDef Button_Mode);

uint32_t STM_EVAL_PBGetState(Button_TypeDef Button);

/**

  * @}

  */

  

#ifdef __cplusplus

}

#endif



#endif /* __STM32F4_DISCOVERY_H */

/**

  * @}

  */ 



/**

  * @}

  */ 



/**

  * @}

  */



 



/******************* (C) COPYRIGHT 2011 STMicroelectronics *****END OF FILE****/








Viz/STM32F4-Discovery/stm32f4_discovery_audio_codec.c

/**

  ******************************************************************************

  * @file    stm32f4_discovery_audio_codec.c

  * @author  MCD Application Team

  * @version V1.1.0

  * @date    28-October-2011

  * @brief   This file includes the low layer driver for CS43L22 Audio Codec

  *          available on STM32F4-Discovery Kit.  

  ******************************************************************************

  * @attention

  *

  * THE PRESENT FIRMWARE WHICH IS FOR GUIDANCE ONLY AIMS AT PROVIDING CUSTOMERS

  * WITH CODING INFORMATION REGARDING THEIR PRODUCTS IN ORDER FOR THEM TO SAVE

  * TIME. AS A RESULT, STMICROELECTRONICS SHALL NOT BE HELD LIABLE FOR ANY

  * DIRECT, INDIRECT OR CONSEQUENTIAL DAMAGES WITH RESPECT TO ANY CLAIMS ARISING

  * FROM THE CONTENT OF SUCH FIRMWARE AND/OR THE USE MADE BY CUSTOMERS OF THE

  * CODING INFORMATION CONTAINED HEREIN IN CONNECTION WITH THEIR PRODUCTS.

  *

  * <h2><center>&copy; COPYRIGHT 2011 STMicroelectronics</center></h2>

  ******************************************************************************  

  */



/*==============================================================================================================================

                                             User NOTES

1. How To use this driver:

--------------------------

   - This driver supports STM32F4xx devices on STM32F4-Discovery Kit.



   - Configure the options in file stm32f4_discovery_audio_codec.h in the section CONFIGURATION.

      Refer to the sections 2 and 3 to have more details on the possible configurations.



   - Call the function EVAL_AUDIO_Init(

                                    OutputDevice: physical output mode (OUTPUT_DEVICE_SPEAKER, 

                                                 OUTPUT_DEVICE_HEADPHONE, OUTPUT_DEVICE_AUTO or 

                                                 OUTPUT_DEVICE_BOTH)

                                    Volume: initial volume to be set (0 is min (mute), 100 is max (100%)

                                    AudioFreq: Audio frequency in Hz (8000, 16000, 22500, 32000 ...)

                                    this parameter is relative to the audio file/stream type.

                                   )

      This function configures all the hardware required for the audio application (codec, I2C, I2S, 

      GPIOs, DMA and interrupt if needed). This function returns 0 if configuration is OK.

      if the returned value is different from 0 or the function is stuck then the communication with

      the codec (try to un-plug the power or reset device in this case).

      + OUTPUT_DEVICE_SPEAKER: only speaker will be set as output for the audio stream.

      + OUTPUT_DEVICE_HEADPHONE: only headphones will be set as output for the audio stream.

      + OUTPUT_DEVICE_AUTO: Selection of output device is made through external switch (implemented 

         into the audio jack on the evaluation board). When the Headphone is connected it is used

         as output. When the headphone is disconnected from the audio jack, the output is

         automatically switched to Speaker.

      + OUTPUT_DEVICE_BOTH: both Speaker and Headphone are used as outputs for the audio stream

         at the same time.



   - Call the function EVAL_AUDIO_Play(

                                  pBuffer: pointer to the audio data file address

                                  Size: size of the buffer to be sent in Bytes

                                 )

      to start playing (for the first time) from the audio file/stream.



   - Call the function EVAL_AUDIO_PauseResume(

                                         Cmd: AUDIO_PAUSE (or 0) to pause playing or AUDIO_RESUME (or 

                                               any value different from 0) to resume playing.

                                         )

       Note. After calling EVAL_AUDIO_PauseResume() function for pause, only EVAL_AUDIO_PauseResume() should be called

          for resume (it is not allowed to call EVAL_AUDIO_Play() in this case).

       Note. This function should be called only when the audio file is played or paused (not stopped).



   - For each mode, you may need to implement the relative callback functions into your code.

      The Callback functions are named EVAL_AUDIO_XXX_CallBack() and only their prototypes are declared in 

      the stm32f4_discovery_audio_codec.h file. (refer to the example for more details on the callbacks implementations)



   - To Stop playing, to modify the volume level or to mute, use the functions

       EVAL_AUDIO_Stop(), EVAL_AUDIO_VolumeCtl() and EVAL_AUDIO_Mute().



   - The driver API and the callback functions are at the end of the stm32f4_discovery_audio_codec.h file.

 



 Driver architecture:

 --------------------

 This driver is composed of three main layers:

   o High Audio Layer: consists of the function API exported in the stm32f4_discovery_audio_codec.h file

     (EVAL_AUDIO_Init(), EVAL_AUDIO_Play() ...)

   o Codec Control layer: consists of the functions API controlling the audio codec (CS43L22) and 

     included as local functions in file stm32f4_discovery_audio_codec.c (Codec_Init(), Codec_Play() ...)

   o Media Access Layer (MAL): which consists of functions allowing to access the media containing/

     providing the audio file/stream. These functions are also included as local functions into

     the stm32f4_discovery_audio_codec.c file (Audio_MAL_Init(), Audio_MAL_Play() ...)

  Each set of functions (layer) may be implemented independently of the others and customized when 

  needed.    



2. Modes description:

---------------------

     + AUDIO_MAL_MODE_NORMAL : is suitable when the audio file is in a memory location.

     + AUDIO_MAL_MODE_CIRCULAR: is suitable when the audio data are read either from a 

        memory location or from a device at real time (double buffer could be used).



3. DMA interrupts description:

------------------------------

     + EVAL_AUDIO_IT_TC_ENABLE: Enable this define to use the DMA end of transfer interrupt.

        then, a callback should be implemented by user to perform specific actions

        when the DMA has finished the transfer.

     + EVAL_AUDIO_IT_HT_ENABLE: Enable this define to use the DMA end of half transfer interrupt.

        then, a callback should be implemented by user to perform specific actions

        when the DMA has reached the half of the buffer transfer (generally, it is useful 

        to load the first half of buffer while DMA is loading from the second half).

     + EVAL_AUDIO_IT_ER_ENABLE: Enable this define to manage the cases of error on DMA transfer.



4. Known Limitations:

---------------------

   1- When using the Speaker, if the audio file quality is not high enough, the speaker output

      may produce high and uncomfortable noise level. To avoid this issue, to use speaker

      output properly, try to increase audio file sampling rate (typically higher than 48KHz).

      This operation will lead to larger file size.

   2- Communication with the audio codec (through I2C) may be corrupted if it is interrupted by some

      user interrupt routines (in this case, interrupts could be disabled just before the start of 

      communication then re-enabled when it is over). Note that this communication is only done at

      the configuration phase (EVAL_AUDIO_Init() or EVAL_AUDIO_Stop()) and when Volume control modification is 

      performed (EVAL_AUDIO_VolumeCtl() or EVAL_AUDIO_Mute()). When the audio data is played, no communication is 

      required with the audio codec.

  3- Parsing of audio file is not implemented (in order to determine audio file properties: Mono/Stereo, Data size, 

     File size, Audio Frequency, Audio Data header size ...). The configuration is fixed for the given audio file.

  4- Mono audio streaming is not supported (in order to play mono audio streams, each data should be sent twice 

     on the I2S or should be duplicated on the source buffer. Or convert the stream in stereo before playing).

  5- Supports only 16-bit audio data size.

===============================================================================================================================*/





/* Includes ------------------------------------------------------------------*/

#include "stm32f4_discovery_audio_codec.h"



/** @addtogroup Utilities

  * @{

  */

  

/** @addtogroup STM32F4_DISCOVERY

  * @{

  */



/** @addtogroup STM32F4_DISCOVERY_AUDIO_CODEC

  * @brief       This file includes the low layer driver for CS43L22 Audio Codec

  *              available on STM32F4-Discovery Kit.

  * @{

  */ 



/** @defgroup STM32F4_DISCOVERY_AUDIO_CODEC_Private_Types

  * @{

  */ 

/**

  * @}

  */ 

  

/** @defgroup STM32F4_DISCOVERY_AUDIO_CODEC_Private_Defines

  * @{

  */ 



/* Mask for the bit EN of the I2S CFGR register */

#define I2S_ENABLE_MASK                 0x0400



/* Delay for the Codec to be correctly reset */

#define CODEC_RESET_DELAY               0x4FFF



/* Codec audio Standards */

#ifdef I2S_STANDARD_PHILLIPS

 #define  CODEC_STANDARD                0x04

 #define I2S_STANDARD                   I2S_Standard_Phillips         

#elif defined(I2S_STANDARD_MSB)

 #define  CODEC_STANDARD                0x00

 #define I2S_STANDARD                   I2S_Standard_MSB    

#elif defined(I2S_STANDARD_LSB)

 #define  CODEC_STANDARD                0x08

 #define I2S_STANDARD                   I2S_Standard_LSB    

#else 

 #error "Error: No audio communication standard selected !"

#endif /* I2S_STANDARD */



/* The 7 bits Codec address (sent through I2C interface) */

#define CODEC_ADDRESS                   0x94  /* b00100111 */

/**

  * @}

  */ 



/** @defgroup STM32F4_DISCOVERY_AUDIO_CODEC_Private_Macros

  * @{

  */

/**

  * @}

  */ 

  

/** @defgroup STM32F4_DISCOVERY_AUDIO_CODEC_Private_Variables

  * @{

  */

/* This structure is declared global because it is handled by two different functions */

DMA_InitTypeDef DMA_InitStructure; 

DMA_InitTypeDef AUDIO_MAL_DMA_InitStructure;



uint32_t AudioTotalSize = 0xFFFF; /* This variable holds the total size of the audio file */

uint32_t AudioRemSize   = 0xFFFF; /* This variable holds the remaining data in audio file */

uint16_t *CurrentPos ;             /* This variable holds the current position of audio pointer */



__IO uint32_t  CODECTimeout = CODEC_LONG_TIMEOUT;   

__IO uint8_t OutputDev = 0;





__IO uint32_t CurrAudioInterface = AUDIO_INTERFACE_I2S; //AUDIO_INTERFACE_DAC

/**

  * @}

  */ 



/** @defgroup STM32F4_DISCOVERY_AUDIO_CODEC_Private_Function_Prototypes

  * @{

  */ 

/**

  * @}

  */ 



/** @defgroup STM32F4_DISCOVERY_AUDIO_CODEC_Private_Functions

  * @{

  */ 

static void Audio_MAL_IRQHandler(void);

/*-----------------------------------

                           Audio Codec functions 

                                    ------------------------------------------*/

/* High Layer codec functions */

static uint32_t Codec_Init(uint16_t OutputDevice, uint8_t Volume, uint32_t AudioFreq);

static uint32_t Codec_DeInit(void);

static uint32_t Codec_Play(void);

static uint32_t Codec_PauseResume(uint32_t Cmd);

static uint32_t Codec_Stop(uint32_t Cmd);

static uint32_t Codec_VolumeCtrl(uint8_t Volume);

static uint32_t Codec_Mute(uint32_t Cmd);

/* Low layer codec functions */

static void     Codec_CtrlInterface_Init(void);

static void     Codec_CtrlInterface_DeInit(void);

static void     Codec_AudioInterface_Init(uint32_t AudioFreq);

static void     Codec_AudioInterface_DeInit(void);

static void     Codec_Reset(void);

static uint32_t Codec_WriteRegister(uint8_t RegisterAddr, uint8_t RegisterValue);

static uint32_t Codec_ReadRegister(uint8_t RegisterAddr);

static void     Codec_GPIO_Init(void);

static void     Codec_GPIO_DeInit(void);

static void     Delay(__IO uint32_t nCount);

/*----------------------------------------------------------------------------*/



/*-----------------------------------

                   MAL (Media Access Layer) functions 

                                    ------------------------------------------*/

/* Peripherals configuration functions */

static void     Audio_MAL_Init(void);

static void     Audio_MAL_DeInit(void);

static void     Audio_MAL_PauseResume(uint32_t Cmd, uint32_t Addr);

static void     Audio_MAL_Stop(void);

/*----------------------------------------------------------------------------*/



 /* DMA Stream definitions */

 uint32_t AUDIO_MAL_DMA_CLOCK    = AUDIO_I2S_DMA_CLOCK;

 DMA_Stream_TypeDef * AUDIO_MAL_DMA_STREAM   = AUDIO_I2S_DMA_STREAM ;       

 uint32_t AUDIO_MAL_DMA_DREG     = AUDIO_I2S_DMA_DREG;

 uint32_t AUDIO_MAL_DMA_CHANNEL  = AUDIO_I2S_DMA_CHANNEL;

 uint32_t AUDIO_MAL_DMA_IRQ      = AUDIO_I2S_DMA_IRQ  ;

 uint32_t AUDIO_MAL_DMA_FLAG_TC  = AUDIO_I2S_DMA_FLAG_TC;

 uint32_t AUDIO_MAL_DMA_FLAG_HT  = AUDIO_I2S_DMA_FLAG_HT;

 uint32_t AUDIO_MAL_DMA_FLAG_FE  = AUDIO_I2S_DMA_FLAG_FE;

 uint32_t AUDIO_MAL_DMA_FLAG_TE  = AUDIO_I2S_DMA_FLAG_TE;

 uint32_t AUDIO_MAL_DMA_FLAG_DME = AUDIO_I2S_DMA_FLAG_DME;



/**

  * @brief  Set the current audio interface (I2S or DAC).

  * @param  Interface: AUDIO_INTERFACE_I2S or AUDIO_INTERFACE_DAC

  * @retval None

  */

void EVAL_AUDIO_SetAudioInterface(uint32_t Interface)

{    

  CurrAudioInterface = Interface;

  

  if (CurrAudioInterface == AUDIO_INTERFACE_I2S)

  {

    /* DMA Stream definitions */

    AUDIO_MAL_DMA_CLOCK    = AUDIO_I2S_DMA_CLOCK;

    AUDIO_MAL_DMA_STREAM   = AUDIO_I2S_DMA_STREAM;        

    AUDIO_MAL_DMA_DREG     = AUDIO_I2S_DMA_DREG;

    AUDIO_MAL_DMA_CHANNEL  = AUDIO_I2S_DMA_CHANNEL;

    AUDIO_MAL_DMA_IRQ      = AUDIO_I2S_DMA_IRQ  ;

    AUDIO_MAL_DMA_FLAG_TC  = AUDIO_I2S_DMA_FLAG_TC;

    AUDIO_MAL_DMA_FLAG_HT  = AUDIO_I2S_DMA_FLAG_HT;

    AUDIO_MAL_DMA_FLAG_FE  = AUDIO_I2S_DMA_FLAG_FE;

    AUDIO_MAL_DMA_FLAG_TE  = AUDIO_I2S_DMA_FLAG_TE;

    AUDIO_MAL_DMA_FLAG_DME = AUDIO_I2S_DMA_FLAG_DME;

  }

  else if (Interface == AUDIO_INTERFACE_DAC)

  {

    /* DMA Stream definitions */

    AUDIO_MAL_DMA_CLOCK    = AUDIO_DAC_DMA_CLOCK;

    AUDIO_MAL_DMA_STREAM   = AUDIO_DAC_DMA_STREAM;        

    AUDIO_MAL_DMA_DREG     = AUDIO_DAC_DMA_DREG;

    AUDIO_MAL_DMA_CHANNEL  = AUDIO_DAC_DMA_CHANNEL;

    AUDIO_MAL_DMA_IRQ      = AUDIO_DAC_DMA_IRQ  ;

    AUDIO_MAL_DMA_FLAG_TC  = AUDIO_DAC_DMA_FLAG_TC;

    AUDIO_MAL_DMA_FLAG_HT  = AUDIO_DAC_DMA_FLAG_HT;

    AUDIO_MAL_DMA_FLAG_FE  = AUDIO_DAC_DMA_FLAG_FE;

    AUDIO_MAL_DMA_FLAG_TE  = AUDIO_DAC_DMA_FLAG_TE;

    AUDIO_MAL_DMA_FLAG_DME = AUDIO_DAC_DMA_FLAG_DME;    

  }

}



/**

  * @brief  Configure the audio peripherals.

  * @param  OutputDevice: OUTPUT_DEVICE_SPEAKER, OUTPUT_DEVICE_HEADPHONE,

  *                       OUTPUT_DEVICE_BOTH or OUTPUT_DEVICE_AUTO .

  * @param  Volume: Initial volume level (from 0 (Mute) to 100 (Max))

  * @param  AudioFreq: Audio frequency used to play the audio stream.

  * @retval 0 if correct communication, else wrong communication

  */

uint32_t EVAL_AUDIO_Init(uint16_t OutputDevice, uint8_t Volume, uint32_t AudioFreq)

{    

  /* Perform low layer Codec initialization */

  if (Codec_Init(OutputDevice, VOLUME_CONVERT(Volume), AudioFreq) != 0)

  {

    return 1;                

  }

  else

  {    

    /* I2S data transfer preparation:

    Prepare the Media to be used for the audio transfer from memory to I2S peripheral */

    Audio_MAL_Init();

    

    /* Return 0 when all operations are OK */

    return 0;

  }

}



/**

  * @brief  Deinitializes all the resources used by the codec (those initialized

  *         by EVAL_AUDIO_Init() function). 

  * @param  None

  * @retval 0 if correct communication, else wrong communication

  */

uint32_t EVAL_AUDIO_DeInit(void)

{ 

  /* DeInitialize the Media layer */

  Audio_MAL_DeInit();

  

  /* DeInitialize Codec */  

  Codec_DeInit();  

  

  return 0;

}



/**

  * @brief  Starts playing audio stream from a data buffer for a determined size. 

  * @param  pBuffer: Pointer to the buffer 

  * @param  Size: Number of audio data BYTES.

  * @retval 0 if correct communication, else wrong communication

  */

uint32_t EVAL_AUDIO_Play(uint16_t* pBuffer, uint32_t Size)

{

  /* Set the total number of data to be played (count in half-word) */

  AudioTotalSize = Size;



  /* Call the audio Codec Play function */

  Codec_Play();

  

  /* Update the Media layer and enable it for play */  

  Audio_MAL_Play((uint32_t)pBuffer, (uint32_t)(DMA_MAX(Size/4)));

  

  /* Update the remaining number of data to be played */

  AudioRemSize = (Size/2) - DMA_MAX(AudioTotalSize);

  

  /* Update the current audio pointer position */

  CurrentPos = pBuffer + DMA_MAX(AudioTotalSize);

  

  return 0;

}



/**

  * @brief  This function Pauses or Resumes the audio file stream. In case

  *         of using DMA, the DMA Pause feature is used. In all cases the I2S 

  *         peripheral is disabled. 

  * 

  * @WARNING When calling EVAL_AUDIO_PauseResume() function for pause, only

  *          this function should be called for resume (use of EVAL_AUDIO_Play() 

  *          function for resume could lead to unexpected behavior).

  * 

  * @param  Cmd: AUDIO_PAUSE (or 0) to pause, AUDIO_RESUME (or any value different

  *         from 0) to resume. 

  * @retval 0 if correct communication, else wrong communication

  */

uint32_t EVAL_AUDIO_PauseResume(uint32_t Cmd)

{    

  /* Call the Audio Codec Pause/Resume function */

  if (Codec_PauseResume(Cmd) != 0)

  {

    return 1;

  }

  else

  {

    /* Call the Media layer pause/resume function */

    Audio_MAL_PauseResume(Cmd, 0);

    

    /* Return 0 if all operations are OK */

    return 0;

  }

}



/**

  * @brief  Stops audio playing and Power down the Audio Codec. 

  * @param  Option: could be one of the following parameters 

  *           - CODEC_PDWN_SW: for software power off (by writing registers). 

  *                            Then no need to reconfigure the Codec after power on.

  *           - CODEC_PDWN_HW: completely shut down the codec (physically). 

  *                            Then need to reconfigure the Codec after power on.  

  * @retval 0 if correct communication, else wrong communication

  */

uint32_t EVAL_AUDIO_Stop(uint32_t Option)

{

  /* Call Audio Codec Stop function */

  if (Codec_Stop(Option) != 0)

  {

    return 1;

  }

  else

  {

    /* Call Media layer Stop function */

    Audio_MAL_Stop();

    

    /* Update the remaining data number */

    AudioRemSize = AudioTotalSize;    

    

    /* Return 0 when all operations are correctly done */

    return 0;

  }

}



/**

  * @brief  Controls the current audio volume level. 

  * @param  Volume: Volume level to be set in percentage from 0% to 100% (0 for 

  *         Mute and 100 for Max volume level).

  * @retval 0 if correct communication, else wrong communication

  */

uint32_t EVAL_AUDIO_VolumeCtl(uint8_t Volume)

{

  /* Call the codec volume control function with converted volume value */

  return (Codec_VolumeCtrl(VOLUME_CONVERT(Volume)));

}



/**

  * @brief  Enables or disables the MUTE mode by software 

  * @param  Command: could be AUDIO_MUTE_ON to mute sound or AUDIO_MUTE_OFF to 

  *         unmute the codec and restore previous volume level.

  * @retval 0 if correct communication, else wrong communication

  */

uint32_t EVAL_AUDIO_Mute(uint32_t Cmd)

{ 

  /* Call the Codec Mute function */

  return (Codec_Mute(Cmd));

}



/**

  * @brief  This function handles main Media layer interrupt. 

  * @param  None

  * @retval 0 if correct communication, else wrong communication

  */

static void Audio_MAL_IRQHandler(void)

{    

#ifndef AUDIO_MAL_MODE_NORMAL

  uint16_t *pAddr = (uint16_t *)CurrentPos;

  uint32_t Size = AudioRemSize;

#endif /* AUDIO_MAL_MODE_NORMAL */

  

#ifdef AUDIO_MAL_DMA_IT_TC_EN

  /* Transfer complete interrupt */

  if (DMA_GetFlagStatus(AUDIO_MAL_DMA_STREAM, AUDIO_MAL_DMA_FLAG_TC) != RESET)

  {         

 #ifdef AUDIO_MAL_MODE_NORMAL

    /* Check if the end of file has been reached */

    if (AudioRemSize > 0)

    {      

      /* Wait the DMA Stream to be effectively disabled */

      while (DMA_GetCmdStatus(AUDIO_MAL_DMA_STREAM) != DISABLE)

      {}

      

      /* Clear the Interrupt flag */

      DMA_ClearFlag(AUDIO_MAL_DMA_STREAM, AUDIO_MAL_DMA_FLAG_TC); 

           

      /* Re-Configure the buffer address and size */

      DMA_InitStructure.DMA_Memory0BaseAddr = (uint32_t) CurrentPos;

      DMA_InitStructure.DMA_BufferSize = (uint32_t) (DMA_MAX(AudioRemSize));

            

      /* Configure the DMA Stream with the new parameters */

      DMA_Init(AUDIO_MAL_DMA_STREAM, &DMA_InitStructure);

      

      /* Enable the I2S DMA Stream*/

      DMA_Cmd(AUDIO_MAL_DMA_STREAM, ENABLE);    

      

      /* Update the current pointer position */

      CurrentPos += DMA_MAX(AudioRemSize);        

      

      /* Update the remaining number of data to be played */

      AudioRemSize -= DMA_MAX(AudioRemSize);   

        /* Enable the I2S DMA Stream*/

      DMA_Cmd(AUDIO_MAL_DMA_STREAM, ENABLE); 

    }

    else

    {

      /* Disable the I2S DMA Stream*/

      DMA_Cmd(AUDIO_MAL_DMA_STREAM, DISABLE);   

      

      /* Clear the Interrupt flag */

      DMA_ClearFlag(AUDIO_MAL_DMA_STREAM, AUDIO_MAL_DMA_FLAG_TC);       

      

      /* Manage the remaining file size and new address offset: This function 

      should be coded by user (its prototype is already declared in stm32f4_discovery_audio_codec.h) */  

      EVAL_AUDIO_TransferComplete_CallBack((uint32_t)CurrentPos, 0);       

    }

    

 #elif defined(AUDIO_MAL_MODE_CIRCULAR)

    /* Manage the remaining file size and new address offset: This function 

       should be coded by user (its prototype is already declared in stm32f4_discovery_audio_codec.h) */  

    EVAL_AUDIO_TransferComplete_CallBack(pAddr, Size);    

    

    /* Clear the Interrupt flag */

    DMA_ClearFlag(AUDIO_MAL_DMA_STREAM, AUDIO_MAL_DMA_FLAG_TC);

 #endif /* AUDIO_MAL_MODE_NORMAL */  

  }

#endif /* AUDIO_MAL_DMA_IT_TC_EN */



#ifdef AUDIO_MAL_DMA_IT_HT_EN  

  /* Half Transfer complete interrupt */

  if (DMA_GetFlagStatus(AUDIO_MAL_DMA_STREAM, AUDIO_MAL_DMA_FLAG_HT) != RESET)

  {

    /* Manage the remaining file size and new address offset: This function 

       should be coded by user (its prototype is already declared in stm32f4_discovery_audio_codec.h) */  

    EVAL_AUDIO_HalfTransfer_CallBack((uint32_t)pAddr, Size);    

   

    /* Clear the Interrupt flag */

    DMA_ClearFlag(AUDIO_MAL_DMA_STREAM, AUDIO_MAL_DMA_FLAG_HT);    

  }

#endif /* AUDIO_MAL_DMA_IT_HT_EN */

  

#ifdef AUDIO_MAL_DMA_IT_TE_EN  

  /* FIFO Error interrupt */

  if ((DMA_GetFlagStatus(AUDIO_MAL_DMA_STREAM, AUDIO_MAL_DMA_FLAG_TE) != RESET) || \

     (DMA_GetFlagStatus(AUDIO_MAL_DMA_STREAM, AUDIO_MAL_DMA_FLAG_FE) != RESET) || \

     (DMA_GetFlagStatus(AUDIO_MAL_DMA_STREAM, AUDIO_MAL_DMA_FLAG_DME) != RESET))

    

  {

    /* Manage the error generated on DMA FIFO: This function 

       should be coded by user (its prototype is already declared in stm32f4_discovery_audio_codec.h) */  

    EVAL_AUDIO_Error_CallBack((uint32_t*)&pAddr);    

    

    /* Clear the Interrupt flag */

    DMA_ClearFlag(AUDIO_MAL_DMA_STREAM, AUDIO_MAL_DMA_FLAG_TE | AUDIO_MAL_DMA_FLAG_FE | \

                                        AUDIO_MAL_DMA_FLAG_DME);

  }  

#endif /* AUDIO_MAL_DMA_IT_TE_EN */

}



/**

  * @brief  This function handles main I2S interrupt. 

  * @param  None

  * @retval 0 if correct communication, else wrong communication

  */

void Audio_MAL_I2S_IRQHandler(void)

{ 

  Audio_MAL_IRQHandler();

}



/**

  * @brief  This function handles main DAC interrupt. 

  * @param  None

  * @retval 0 if correct communication, else wrong communication

  */

void Audio_MAL_DAC_IRQHandler(void)

{ 

  Audio_MAL_IRQHandler();

}



/**

  * @brief  I2S interrupt management

  * @param  None

  * @retval None

  */

void Audio_I2S_IRQHandler(void)

{

  /* Check on the I2S TXE flag */  

  if (SPI_I2S_GetFlagStatus(SPI3, SPI_I2S_FLAG_TXE) != RESET)

  { 

    if (CurrAudioInterface == AUDIO_INTERFACE_DAC)

    {

      /* Wirte data to the DAC interface */

      DAC_SetChannel1Data(DAC_Align_12b_L, EVAL_AUDIO_GetSampleCallBack()); 

    }

    

    /* Send dummy data on I2S to avoid the underrun condition */

    SPI_I2S_SendData(CODEC_I2S, EVAL_AUDIO_GetSampleCallBack()); 

  }

}

/*========================



                CS43L22 Audio Codec Control Functions

                                                ==============================*/

/**

  * @brief  Initializes the audio codec and all related interfaces (control 

  *         interface: I2C and audio interface: I2S)

  * @param  OutputDevice: can be OUTPUT_DEVICE_SPEAKER, OUTPUT_DEVICE_HEADPHONE,

  *                       OUTPUT_DEVICE_BOTH or OUTPUT_DEVICE_AUTO .

  * @param  Volume: Initial volume level (from 0 (Mute) to 100 (Max))

  * @param  AudioFreq: Audio frequency used to play the audio stream.

  * @retval 0 if correct communication, else wrong communication

  */

static uint32_t Codec_Init(uint16_t OutputDevice, uint8_t Volume, uint32_t AudioFreq)

{

  uint32_t counter = 0; 



  /* Configure the Codec related IOs */

  Codec_GPIO_Init();   

  

  /* Reset the Codec Registers */

  Codec_Reset();



  /* Initialize the Control interface of the Audio Codec */

  Codec_CtrlInterface_Init();     

  

  /* Keep Codec powered OFF */

  counter += Codec_WriteRegister(0x02, 0x01);  

      

  counter += Codec_WriteRegister(0x04, 0xAF); /* SPK always OFF & HP always ON */

  OutputDev = 0xAF;

  

  /* Clock configuration: Auto detection */  

  counter += Codec_WriteRegister(0x05, 0x81);

  

  /* Set the Slave Mode and the audio Standard */  

  counter += Codec_WriteRegister(0x06, CODEC_STANDARD);

      

  /* Set the Master volume */

  Codec_VolumeCtrl(Volume);

  

  if (CurrAudioInterface == AUDIO_INTERFACE_DAC)

  {

    /* Enable the PassThrough on AIN1A and AIN1B */

    counter += Codec_WriteRegister(0x08, 0x01);

    counter += Codec_WriteRegister(0x09, 0x01);

    

    /* Route the analog input to the HP line */

    counter += Codec_WriteRegister(0x0E, 0xC0);

    

    /* Set the Passthough volume */

    counter += Codec_WriteRegister(0x14, 0x00);

    counter += Codec_WriteRegister(0x15, 0x00);

  }



  /* Power on the Codec */

  counter += Codec_WriteRegister(0x02, 0x9E);  

  

  /* Additional configuration for the CODEC. These configurations are done to reduce

      the time needed for the Codec to power off. If these configurations are removed, 

      then a long delay should be added between powering off the Codec and switching 

      off the I2S peripheral MCLK clock (which is the operating clock for Codec).

      If this delay is not inserted, then the codec will not shut down properly and

      it results in high noise after shut down. */

  

  /* Disable the analog soft ramp */

  counter += Codec_WriteRegister(0x0A, 0x00);

  if (CurrAudioInterface != AUDIO_INTERFACE_DAC)

  {  

    /* Disable the digital soft ramp */

    counter += Codec_WriteRegister(0x0E, 0x04);

  }

  /* Disable the limiter attack level */

  counter += Codec_WriteRegister(0x27, 0x00);

  /* Adjust Bass and Treble levels */

  counter += Codec_WriteRegister(0x1F, 0x0F);

  /* Adjust PCM volume level */

  counter += Codec_WriteRegister(0x1A, 0x0A);

  counter += Codec_WriteRegister(0x1B, 0x0A);



  /* Configure the I2S peripheral */

  Codec_AudioInterface_Init(AudioFreq);  

  

  /* Return communication control value */

  return counter;  

}



/**

  * @brief  Restore the audio codec state to default state and free all used 

  *         resources.

  * @param  None

  * @retval 0 if correct communication, else wrong communication

  */

static uint32_t Codec_DeInit(void)

{

  uint32_t counter = 0; 



  /* Reset the Codec Registers */

  Codec_Reset();  

  

  /* Keep Codec powered OFF */

  counter += Codec_WriteRegister(0x02, 0x01);    

  

  /* Deinitialize all use GPIOs */

  Codec_GPIO_DeInit();



  /* Disable the Codec control interface */

  Codec_CtrlInterface_DeInit();

  

  /* Deinitialize the Codec audio interface (I2S) */

  Codec_AudioInterface_DeInit(); 

  

  /* Return communication control value */

  return counter;  

}



/**

  * @brief  Start the audio Codec play feature.

  * @note   For this codec no Play options are required.

  * @param  None

  * @retval 0 if correct communication, else wrong communication

  */

static uint32_t Codec_Play(void)

{

  /* 

     No actions required on Codec level for play command

     */  



  /* Return communication control value */

  return 0;  

}



/**

  * @brief  Pauses and resumes playing on the audio codec.

  * @param  Cmd: AUDIO_PAUSE (or 0) to pause, AUDIO_RESUME (or any value different

  *         from 0) to resume. 

  * @retval 0 if correct communication, else wrong communication

  */

static uint32_t Codec_PauseResume(uint32_t Cmd)

{

  uint32_t counter = 0;   

  

  /* Pause the audio file playing */

  if (Cmd == AUDIO_PAUSE)

  { 

    /* Mute the output first */

    counter += Codec_Mute(AUDIO_MUTE_ON);



    /* Put the Codec in Power save mode */    

    counter += Codec_WriteRegister(0x02, 0x01);    

  }

  else /* AUDIO_RESUME */

  {

    /* Unmute the output first */

    counter += Codec_Mute(AUDIO_MUTE_OFF);

    

    counter += Codec_WriteRegister(0x04, OutputDev);

    

    /* Exit the Power save mode */

    counter += Codec_WriteRegister(0x02, 0x9E); 

  }



  return counter;

}



/**

  * @brief  Stops audio Codec playing. It powers down the codec.

  * @param  CodecPdwnMode: selects the  power down mode.

  *          - CODEC_PDWN_SW: only mutes the audio codec. When resuming from this 

  *                           mode the codec keeps the previous initialization

  *                           (no need to re-Initialize the codec registers).

  *          - CODEC_PDWN_HW: Physically power down the codec. When resuming from this

  *                           mode, the codec is set to default configuration 

  *                           (user should re-Initialize the codec in order to 

  *                            play again the audio stream).

  * @retval 0 if correct communication, else wrong communication

  */

static uint32_t Codec_Stop(uint32_t CodecPdwnMode)

{

  uint32_t counter = 0;   



  /* Mute the output first */

  Codec_Mute(AUDIO_MUTE_ON);

  

  if (CodecPdwnMode == CODEC_PDWN_SW)

  {    

    /* Power down the DAC and the speaker (PMDAC and PMSPK bits)*/

    counter += Codec_WriteRegister(0x02, 0x9F);

  }

  else /* CODEC_PDWN_HW */

  { 

    /* Power down the DAC components */

    counter += Codec_WriteRegister(0x02, 0x9F);

    

    /* Wait at least 100us */

    Delay(0xFFF);

    

    /* Reset The pin */

    GPIO_WriteBit(AUDIO_RESET_GPIO, AUDIO_RESET_PIN, Bit_RESET);

  }

  

  return counter;    

}



/**

  * @brief  Sets higher or lower the codec volume level.

  * @param  Volume: a byte value from 0 to 255 (refer to codec registers 

  *         description for more details).

  * @retval 0 if correct communication, else wrong communication

  */

static uint32_t Codec_VolumeCtrl(uint8_t Volume)

{

  uint32_t counter = 0;

  

  if (Volume > 0xE6)

  {

    /* Set the Master volume */

    counter += Codec_WriteRegister(0x20, Volume - 0xE7); 

    counter += Codec_WriteRegister(0x21, Volume - 0xE7);     

  }

  else

  {

    /* Set the Master volume */

    counter += Codec_WriteRegister(0x20, Volume + 0x19); 

    counter += Codec_WriteRegister(0x21, Volume + 0x19); 

  }



  return counter;  

}



/**

  * @brief  Enables or disables the mute feature on the audio codec.

  * @param  Cmd: AUDIO_MUTE_ON to enable the mute or AUDIO_MUTE_OFF to disable the

  *             mute mode.

  * @retval 0 if correct communication, else wrong communication

  */

static uint32_t Codec_Mute(uint32_t Cmd)

{

  uint32_t counter = 0;  

  

  /* Set the Mute mode */

  if (Cmd == AUDIO_MUTE_ON)

  {

    counter += Codec_WriteRegister(0x04, 0xFF);

  }

  else /* AUDIO_MUTE_OFF Disable the Mute */

  {

    counter += Codec_WriteRegister(0x04, OutputDev);

  }

  

  return counter; 

}



/**

  * @brief  Resets the audio codec. It restores the default configuration of the 

  *         codec (this function shall be called before initializing the codec).

  * @note   This function calls an external driver function: The IO Expander driver.

  * @param  None

  * @retval None

  */

static void Codec_Reset(void)

{

  /* Power Down the codec */

  GPIO_WriteBit(AUDIO_RESET_GPIO, AUDIO_RESET_PIN, Bit_RESET);



  /* wait for a delay to insure registers erasing */

  Delay(CODEC_RESET_DELAY); 

  

  /* Power on the codec */

  GPIO_WriteBit(AUDIO_RESET_GPIO, AUDIO_RESET_PIN, Bit_SET);

}



/**

  * @brief  Writes a Byte to a given register into the audio codec through the 

            control interface (I2C)

  * @param  RegisterAddr: The address (location) of the register to be written.

  * @param  RegisterValue: the Byte value to be written into destination register.

  * @retval 0 if correct communication, else wrong communication

  */

static uint32_t Codec_WriteRegister(uint8_t RegisterAddr, uint8_t RegisterValue)

{

  uint32_t result = 0;



  /*!< While the bus is busy */

  CODECTimeout = CODEC_LONG_TIMEOUT;

  while(I2C_GetFlagStatus(CODEC_I2C, I2C_FLAG_BUSY))

  {

    if((CODECTimeout--) == 0) return Codec_TIMEOUT_UserCallback();

  }

  

  /* Start the config sequence */

  I2C_GenerateSTART(CODEC_I2C, ENABLE);



  /* Test on EV5 and clear it */

  CODECTimeout = CODEC_FLAG_TIMEOUT;

  while (!I2C_CheckEvent(CODEC_I2C, I2C_EVENT_MASTER_MODE_SELECT))

  {

    if((CODECTimeout--) == 0) return Codec_TIMEOUT_UserCallback();

  }

  

  /* Transmit the slave address and enable writing operation */

  I2C_Send7bitAddress(CODEC_I2C, CODEC_ADDRESS, I2C_Direction_Transmitter);



  /* Test on EV6 and clear it */

  CODECTimeout = CODEC_FLAG_TIMEOUT;

  while (!I2C_CheckEvent(CODEC_I2C, I2C_EVENT_MASTER_TRANSMITTER_MODE_SELECTED))

  {

    if((CODECTimeout--) == 0) return Codec_TIMEOUT_UserCallback();

  }



  /* Transmit the first address for write operation */

  I2C_SendData(CODEC_I2C, RegisterAddr);



  /* Test on EV8 and clear it */

  CODECTimeout = CODEC_FLAG_TIMEOUT;

  while (!I2C_CheckEvent(CODEC_I2C, I2C_EVENT_MASTER_BYTE_TRANSMITTING))

  {

    if((CODECTimeout--) == 0) return Codec_TIMEOUT_UserCallback();

  }

  

  /* Prepare the register value to be sent */

  I2C_SendData(CODEC_I2C, RegisterValue);

  

  /*!< Wait till all data have been physically transferred on the bus */

  CODECTimeout = CODEC_LONG_TIMEOUT;

  while(!I2C_GetFlagStatus(CODEC_I2C, I2C_FLAG_BTF))

  {

    if((CODECTimeout--) == 0) Codec_TIMEOUT_UserCallback();

  }

  

  /* End the configuration sequence */

  I2C_GenerateSTOP(CODEC_I2C, ENABLE);  

  

#ifdef VERIFY_WRITTENDATA

  /* Verify that the data has been correctly written */  

  result = (Codec_ReadRegister(RegisterAddr) == RegisterValue)? 0:1;

#endif /* VERIFY_WRITTENDATA */



  /* Return the verifying value: 0 (Passed) or 1 (Failed) */

  return result;  

}



/**

  * @brief  Reads and returns the value of an audio codec register through the

  *         control interface (I2C).

  * @param  RegisterAddr: Address of the register to be read.

  * @retval Value of the register to be read or dummy value if the communication

  *         fails.

  */

static uint32_t Codec_ReadRegister(uint8_t RegisterAddr)

{

  uint32_t result = 0;



  /*!< While the bus is busy */

  CODECTimeout = CODEC_LONG_TIMEOUT;

  while(I2C_GetFlagStatus(CODEC_I2C, I2C_FLAG_BUSY))

  {

    if((CODECTimeout--) == 0) return Codec_TIMEOUT_UserCallback();

  }

  

  /* Start the config sequence */

  I2C_GenerateSTART(CODEC_I2C, ENABLE);



  /* Test on EV5 and clear it */

  CODECTimeout = CODEC_FLAG_TIMEOUT;

  while (!I2C_CheckEvent(CODEC_I2C, I2C_EVENT_MASTER_MODE_SELECT))

  {

    if((CODECTimeout--) == 0) return Codec_TIMEOUT_UserCallback();

  }

  

  /* Transmit the slave address and enable writing operation */

  I2C_Send7bitAddress(CODEC_I2C, CODEC_ADDRESS, I2C_Direction_Transmitter);



  /* Test on EV6 and clear it */

  CODECTimeout = CODEC_FLAG_TIMEOUT;

  while (!I2C_CheckEvent(CODEC_I2C, I2C_EVENT_MASTER_TRANSMITTER_MODE_SELECTED))

  {

    if((CODECTimeout--) == 0) return Codec_TIMEOUT_UserCallback();

  }



  /* Transmit the register address to be read */

  I2C_SendData(CODEC_I2C, RegisterAddr);



  /* Test on EV8 and clear it */

  CODECTimeout = CODEC_FLAG_TIMEOUT;

  while (I2C_GetFlagStatus(CODEC_I2C, I2C_FLAG_BTF) == RESET)

  {

    if((CODECTimeout--) == 0) return Codec_TIMEOUT_UserCallback();

  }

  

  /*!< Send START condition a second time */  

  I2C_GenerateSTART(CODEC_I2C, ENABLE);

  

  /*!< Test on EV5 and clear it (cleared by reading SR1 then writing to DR) */

  CODECTimeout = CODEC_FLAG_TIMEOUT;

  while(!I2C_CheckEvent(CODEC_I2C, I2C_EVENT_MASTER_MODE_SELECT))

  {

    if((CODECTimeout--) == 0) return Codec_TIMEOUT_UserCallback();

  } 

  

  /*!< Send Codec address for read */

  I2C_Send7bitAddress(CODEC_I2C, CODEC_ADDRESS, I2C_Direction_Receiver);  

  

  /* Wait on ADDR flag to be set (ADDR is still not cleared at this level */

  CODECTimeout = CODEC_FLAG_TIMEOUT;

  while(I2C_GetFlagStatus(CODEC_I2C, I2C_FLAG_ADDR) == RESET)

  {

    if((CODECTimeout--) == 0) return Codec_TIMEOUT_UserCallback();

  }     

  

  /*!< Disable Acknowledgment */

  I2C_AcknowledgeConfig(CODEC_I2C, DISABLE);   

  

  /* Clear ADDR register by reading SR1 then SR2 register (SR1 has already been read) */

  (void)CODEC_I2C->SR2;

  

  /*!< Send STOP Condition */

  I2C_GenerateSTOP(CODEC_I2C, ENABLE);

  

  /* Wait for the byte to be received */

  CODECTimeout = CODEC_FLAG_TIMEOUT;

  while(I2C_GetFlagStatus(CODEC_I2C, I2C_FLAG_RXNE) == RESET)

  {

    if((CODECTimeout--) == 0) return Codec_TIMEOUT_UserCallback();

  }

  

  /*!< Read the byte received from the Codec */

  result = I2C_ReceiveData(CODEC_I2C);

  

  /* Wait to make sure that STOP flag has been cleared */

  CODECTimeout = CODEC_FLAG_TIMEOUT;

  while(CODEC_I2C->CR1 & I2C_CR1_STOP)

  {

    if((CODECTimeout--) == 0) return Codec_TIMEOUT_UserCallback();

  }  

  

  /*!< Re-Enable Acknowledgment to be ready for another reception */

  I2C_AcknowledgeConfig(CODEC_I2C, ENABLE);  

  

  /* Clear AF flag for next communication */

  I2C_ClearFlag(CODEC_I2C, I2C_FLAG_AF); 

  

  /* Return the byte read from Codec */

  return result;

}



/**

  * @brief  Initializes the Audio Codec control interface (I2C).

  * @param  None

  * @retval None

  */

static void Codec_CtrlInterface_Init(void)

{

  I2C_InitTypeDef I2C_InitStructure;

  

  /* Enable the CODEC_I2C peripheral clock */

  RCC_APB1PeriphClockCmd(CODEC_I2C_CLK, ENABLE);

  

  /* CODEC_I2C peripheral configuration */

  I2C_DeInit(CODEC_I2C);

  I2C_InitStructure.I2C_Mode = I2C_Mode_I2C;

  I2C_InitStructure.I2C_DutyCycle = I2C_DutyCycle_2;

  I2C_InitStructure.I2C_OwnAddress1 = 0x33;

  I2C_InitStructure.I2C_Ack = I2C_Ack_Enable;

  I2C_InitStructure.I2C_AcknowledgedAddress = I2C_AcknowledgedAddress_7bit;

  I2C_InitStructure.I2C_ClockSpeed = I2C_SPEED;

  /* Enable the I2C peripheral */

  I2C_Cmd(CODEC_I2C, ENABLE);  

  I2C_Init(CODEC_I2C, &I2C_InitStructure);

}



/**

  * @brief  Restore the Audio Codec control interface to its default state.

  *         This function doesn't de-initialize the I2C because the I2C peripheral

  *         may be used by other modules.

  * @param  None

  * @retval None

  */

static void Codec_CtrlInterface_DeInit(void)

{

  /* Disable the I2C peripheral */ /* This step is not done here because 

     the I2C interface can be used by other modules */

  /* I2C_DeInit(CODEC_I2C); */

}



/**

  * @brief  Initializes the Audio Codec audio interface (I2S)

  * @note   This function assumes that the I2S input clock (through PLL_R in 

  *         Devices RevA/Z and through dedicated PLLI2S_R in Devices RevB/Y)

  *         is already configured and ready to be used.    

  * @param  AudioFreq: Audio frequency to be configured for the I2S peripheral. 

  * @retval None

  */

static void Codec_AudioInterface_Init(uint32_t AudioFreq)

{

  I2S_InitTypeDef I2S_InitStructure;

  DAC_InitTypeDef  DAC_InitStructure;



  /* Enable the CODEC_I2S peripheral clock */

  RCC_APB1PeriphClockCmd(CODEC_I2S_CLK, ENABLE);

  

  /* CODEC_I2S peripheral configuration */

  SPI_I2S_DeInit(CODEC_I2S);

  I2S_InitStructure.I2S_AudioFreq = AudioFreq;

  I2S_InitStructure.I2S_Standard = I2S_STANDARD;

  I2S_InitStructure.I2S_DataFormat = I2S_DataFormat_16b;

  I2S_InitStructure.I2S_CPOL = I2S_CPOL_Low;

#ifdef DAC_USE_I2S_DMA

  if (CurrAudioInterface == AUDIO_INTERFACE_DAC)

  {  

    I2S_InitStructure.I2S_Mode = I2S_Mode_MasterRx;

  }

  else

  {

#else

   I2S_InitStructure.I2S_Mode = I2S_Mode_MasterTx;

#endif

#ifdef DAC_USE_I2S_DMA

  }

#endif /* DAC_USE_I2S_DMA */

#ifdef CODEC_MCLK_ENABLED

  I2S_InitStructure.I2S_MCLKOutput = I2S_MCLKOutput_Enable;

#elif defined(CODEC_MCLK_DISABLED)

  I2S_InitStructure.I2S_MCLKOutput = I2S_MCLKOutput_Disable;

#else

#error "No selection for the MCLK output has been defined !"

#endif /* CODEC_MCLK_ENABLED */

  

  /* Initialize the I2S peripheral with the structure above */

  I2S_Init(CODEC_I2S, &I2S_InitStructure);





  /* Configure the DAC interface */

  if (CurrAudioInterface == AUDIO_INTERFACE_DAC)

  {    

    /* DAC Periph clock enable */

    RCC_APB1PeriphClockCmd(RCC_APB1Periph_DAC, ENABLE);

    

    /* DAC channel1 Configuration */

    DAC_InitStructure.DAC_Trigger = DAC_Trigger_None;

    DAC_InitStructure.DAC_WaveGeneration = DAC_WaveGeneration_None;

    DAC_InitStructure.DAC_OutputBuffer = DAC_OutputBuffer_Enable;

    DAC_Init(AUDIO_DAC_CHANNEL, &DAC_InitStructure);

    

    /* Enable DAC Channel1 */

    DAC_Cmd(AUDIO_DAC_CHANNEL, ENABLE);  

  }

  

  /* The I2S peripheral will be enabled only in the EVAL_AUDIO_Play() function 

       or by user functions if DMA mode not enabled */  

}



/**

  * @brief  Restores the Audio Codec audio interface to its default state.

  * @param  None

  * @retval None

  */

static void Codec_AudioInterface_DeInit(void)

{

  /* Disable the CODEC_I2S peripheral (in case it hasn't already been disabled) */

  I2S_Cmd(CODEC_I2S, DISABLE);

  

  /* Deinitialize the CODEC_I2S peripheral */

  SPI_I2S_DeInit(CODEC_I2S);

  

  /* Disable the CODEC_I2S peripheral clock */

  RCC_APB1PeriphClockCmd(CODEC_I2S_CLK, DISABLE); 

}



/**

  * @brief Initializes IOs used by the Audio Codec (on the control and audio 

  *        interfaces).

  * @param  None

  * @retval None

  */

static void Codec_GPIO_Init(void)

{

  GPIO_InitTypeDef GPIO_InitStructure;

  

  /* Enable Reset GPIO Clock */

  RCC_AHB1PeriphClockCmd(AUDIO_RESET_GPIO_CLK,ENABLE);

  

  /* Audio reset pin configuration -------------------------------------------------*/

  GPIO_InitStructure.GPIO_Pin = AUDIO_RESET_PIN; 

  GPIO_InitStructure.GPIO_Mode = GPIO_Mode_OUT;

  GPIO_InitStructure.GPIO_Speed = GPIO_Speed_50MHz;

  GPIO_InitStructure.GPIO_OType = GPIO_OType_PP;

  GPIO_InitStructure.GPIO_PuPd  = GPIO_PuPd_NOPULL;

  GPIO_Init(AUDIO_RESET_GPIO, &GPIO_InitStructure);    

  

  /* Enable I2S and I2C GPIO clocks */

  RCC_AHB1PeriphClockCmd(CODEC_I2C_GPIO_CLOCK | CODEC_I2S_GPIO_CLOCK, ENABLE);



  /* CODEC_I2C SCL and SDA pins configuration -------------------------------------*/

  GPIO_InitStructure.GPIO_Pin = CODEC_I2C_SCL_PIN | CODEC_I2C_SDA_PIN; 

  GPIO_InitStructure.GPIO_Mode = GPIO_Mode_AF;

  GPIO_InitStructure.GPIO_Speed = GPIO_Speed_50MHz;

  GPIO_InitStructure.GPIO_OType = GPIO_OType_OD;

  GPIO_InitStructure.GPIO_PuPd  = GPIO_PuPd_NOPULL;

  GPIO_Init(CODEC_I2C_GPIO, &GPIO_InitStructure);     

  /* Connect pins to I2C peripheral */

  GPIO_PinAFConfig(CODEC_I2C_GPIO, CODEC_I2S_SCL_PINSRC, CODEC_I2C_GPIO_AF);  

  GPIO_PinAFConfig(CODEC_I2C_GPIO, CODEC_I2S_SDA_PINSRC, CODEC_I2C_GPIO_AF);  



  /* CODEC_I2S pins configuration: WS, SCK and SD pins -----------------------------*/

  GPIO_InitStructure.GPIO_Pin = CODEC_I2S_SCK_PIN | CODEC_I2S_SD_PIN; 

  GPIO_InitStructure.GPIO_Mode = GPIO_Mode_AF;

  GPIO_InitStructure.GPIO_Speed = GPIO_Speed_50MHz;

  GPIO_InitStructure.GPIO_OType = GPIO_OType_PP;

  GPIO_InitStructure.GPIO_PuPd = GPIO_PuPd_NOPULL;

  GPIO_Init(CODEC_I2S_GPIO, &GPIO_InitStructure);

  

  /* Connect pins to I2S peripheral  */

  GPIO_PinAFConfig(CODEC_I2S_WS_GPIO, CODEC_I2S_WS_PINSRC, CODEC_I2S_GPIO_AF);  

  GPIO_PinAFConfig(CODEC_I2S_GPIO, CODEC_I2S_SCK_PINSRC, CODEC_I2S_GPIO_AF);



  if (CurrAudioInterface != AUDIO_INTERFACE_DAC) 

  {

    GPIO_InitStructure.GPIO_Pin = CODEC_I2S_WS_PIN ;

    GPIO_Init(CODEC_I2S_WS_GPIO, &GPIO_InitStructure); 

    GPIO_PinAFConfig(CODEC_I2S_GPIO, CODEC_I2S_SD_PINSRC, CODEC_I2S_GPIO_AF);

  }

  else

  {

    /* GPIOA clock enable (to be used with DAC) */

    RCC_AHB1PeriphClockCmd(RCC_AHB1Periph_GPIOA, ENABLE);

   

    /* DAC channel 1 & 2 (DAC_OUT1 = PA.4) configuration */

    GPIO_InitStructure.GPIO_Pin = GPIO_Pin_4;

    GPIO_InitStructure.GPIO_Mode = GPIO_Mode_AN;

    GPIO_InitStructure.GPIO_PuPd = GPIO_PuPd_NOPULL;

    GPIO_Init(GPIOA, &GPIO_InitStructure);

  }



#ifdef CODEC_MCLK_ENABLED

  /* CODEC_I2S pins configuration: MCK pin */

  GPIO_InitStructure.GPIO_Pin = CODEC_I2S_MCK_PIN; 

  GPIO_InitStructure.GPIO_Mode = GPIO_Mode_AF;

  GPIO_InitStructure.GPIO_Speed = GPIO_Speed_50MHz;

  GPIO_InitStructure.GPIO_OType = GPIO_OType_PP;

  GPIO_InitStructure.GPIO_PuPd = GPIO_PuPd_NOPULL;

  GPIO_Init(CODEC_I2S_MCK_GPIO, &GPIO_InitStructure);   

  /* Connect pins to I2S peripheral  */

  GPIO_PinAFConfig(CODEC_I2S_MCK_GPIO, CODEC_I2S_MCK_PINSRC, CODEC_I2S_GPIO_AF); 

#endif /* CODEC_MCLK_ENABLED */ 

}



/**

  * @brief  Restores the IOs used by the Audio Codec interface to their default state.

  * @param  None

  * @retval None

  */

static void Codec_GPIO_DeInit(void)

{

  GPIO_InitTypeDef GPIO_InitStructure;

  

  /* Deinitialize all the GPIOs used by the driver */

  GPIO_InitStructure.GPIO_Pin =  CODEC_I2S_SCK_PIN | CODEC_I2S_SD_PIN;

  GPIO_InitStructure.GPIO_Mode = GPIO_Mode_IN;

  GPIO_InitStructure.GPIO_Speed = GPIO_Speed_2MHz;

  GPIO_InitStructure.GPIO_OType = GPIO_OType_PP;

  GPIO_InitStructure.GPIO_PuPd  = GPIO_PuPd_NOPULL;

  GPIO_Init(CODEC_I2S_GPIO, &GPIO_InitStructure);  

  

  GPIO_InitStructure.GPIO_Pin = CODEC_I2S_WS_PIN ;

  GPIO_Init(CODEC_I2S_WS_GPIO, &GPIO_InitStructure); 

     

  /* Disconnect pins from I2S peripheral  */

  GPIO_PinAFConfig(CODEC_I2S_WS_GPIO, CODEC_I2S_WS_PINSRC, 0x00);  

  GPIO_PinAFConfig(CODEC_I2S_GPIO, CODEC_I2S_SCK_PINSRC, 0x00);

  GPIO_PinAFConfig(CODEC_I2S_GPIO, CODEC_I2S_SD_PINSRC, 0x00);  

  

#ifdef CODEC_MCLK_ENABLED

  /* CODEC_I2S pins deinitialization: MCK pin */

  GPIO_InitStructure.GPIO_Pin = CODEC_I2S_MCK_PIN; 

  GPIO_Init(CODEC_I2S_MCK_GPIO, &GPIO_InitStructure);   

  /* Disconnect pins from I2S peripheral  */

  GPIO_PinAFConfig(CODEC_I2S_MCK_GPIO, CODEC_I2S_MCK_PINSRC, CODEC_I2S_GPIO_AF); 

#endif /* CODEC_MCLK_ENABLED */    

}



/**

  * @brief  Inserts a delay time (not accurate timing).

  * @param  nCount: specifies the delay time length.

  * @retval None

  */

static void Delay( __IO uint32_t nCount)

{

  for (; nCount != 0; nCount--);

}



#ifdef USE_DEFAULT_TIMEOUT_CALLBACK

/**

  * @brief  Basic management of the timeout situation.

  * @param  None

  * @retval None

  */

uint32_t Codec_TIMEOUT_UserCallback(void)

{

  /* Block communication and all processes */

  while (1)

  {   

  }

}

#endif /* USE_DEFAULT_TIMEOUT_CALLBACK */

/*========================



                Audio MAL Interface Control Functions



                                                ==============================*/



/**

  * @brief  Initializes and prepares the Media to perform audio data transfer 

  *         from Media to the I2S peripheral.

  * @param  None

  * @retval None

  */

static void Audio_MAL_Init(void)  

{ 

  

#ifdef I2S_INTERRUPT  

  NVIC_InitTypeDef   NVIC_InitStructure;



  NVIC_InitStructure.NVIC_IRQChannel = SPI3_IRQn;

  NVIC_InitStructure.NVIC_IRQChannelPreemptionPriority = 0;

  NVIC_InitStructure.NVIC_IRQChannelSubPriority =0;

  NVIC_InitStructure.NVIC_IRQChannelCmd = ENABLE;

  NVIC_Init(&NVIC_InitStructure);

  

  SPI_I2S_ITConfig(SPI3, SPI_I2S_IT_TXE, ENABLE);



  I2S_Cmd(SPI3, ENABLE); 

#else  

#if defined(AUDIO_MAL_DMA_IT_TC_EN) || defined(AUDIO_MAL_DMA_IT_HT_EN) || defined(AUDIO_MAL_DMA_IT_TE_EN)

  NVIC_InitTypeDef NVIC_InitStructure;

#endif



  if (CurrAudioInterface == AUDIO_INTERFACE_I2S)

  {

    /* Enable the DMA clock */

    RCC_AHB1PeriphClockCmd(AUDIO_MAL_DMA_CLOCK, ENABLE); 

    

    /* Configure the DMA Stream */

    DMA_Cmd(AUDIO_MAL_DMA_STREAM, DISABLE);

    DMA_DeInit(AUDIO_MAL_DMA_STREAM);

    /* Set the parameters to be configured */

    DMA_InitStructure.DMA_Channel = AUDIO_MAL_DMA_CHANNEL;  

    DMA_InitStructure.DMA_PeripheralBaseAddr = AUDIO_MAL_DMA_DREG;

    DMA_InitStructure.DMA_Memory0BaseAddr = (uint32_t)0;      /* This field will be configured in play function */

    DMA_InitStructure.DMA_DIR = DMA_DIR_MemoryToPeripheral;

    DMA_InitStructure.DMA_BufferSize = (uint32_t)0xFFFE;      /* This field will be configured in play function */

    DMA_InitStructure.DMA_PeripheralInc = DMA_PeripheralInc_Disable;

    DMA_InitStructure.DMA_MemoryInc = DMA_MemoryInc_Enable;

    DMA_InitStructure.DMA_PeripheralDataSize = AUDIO_MAL_DMA_PERIPH_DATA_SIZE;

    DMA_InitStructure.DMA_MemoryDataSize = AUDIO_MAL_DMA_MEM_DATA_SIZE; 

#ifdef AUDIO_MAL_MODE_NORMAL

    DMA_InitStructure.DMA_Mode = DMA_Mode_Normal;

#elif defined(AUDIO_MAL_MODE_CIRCULAR)

    DMA_InitStructure.DMA_Mode = DMA_Mode_Circular;

#else

#error "AUDIO_MAL_MODE_NORMAL or AUDIO_MAL_MODE_CIRCULAR should be selected !!"

#endif /* AUDIO_MAL_MODE_NORMAL */  

    DMA_InitStructure.DMA_Priority = DMA_Priority_High;

    DMA_InitStructure.DMA_FIFOMode = DMA_FIFOMode_Disable;         

    DMA_InitStructure.DMA_FIFOThreshold = DMA_FIFOThreshold_1QuarterFull;

    DMA_InitStructure.DMA_MemoryBurst = DMA_MemoryBurst_Single;

    DMA_InitStructure.DMA_PeripheralBurst = DMA_PeripheralBurst_Single;  

    DMA_Init(AUDIO_MAL_DMA_STREAM, &DMA_InitStructure);  

    

    /* Enable the selected DMA interrupts (selected in "stm32f4_discovery_eval_audio_codec.h" defines) */

#ifdef AUDIO_MAL_DMA_IT_TC_EN

    DMA_ITConfig(AUDIO_MAL_DMA_STREAM, DMA_IT_TC, ENABLE);

#endif /* AUDIO_MAL_DMA_IT_TC_EN */

#ifdef AUDIO_MAL_DMA_IT_HT_EN

    DMA_ITConfig(AUDIO_MAL_DMA_STREAM, DMA_IT_HT, ENABLE);

#endif /* AUDIO_MAL_DMA_IT_HT_EN */

#ifdef AUDIO_MAL_DMA_IT_TE_EN

    DMA_ITConfig(AUDIO_MAL_DMA_STREAM, DMA_IT_TE | DMA_IT_FE | DMA_IT_DME, ENABLE);

#endif /* AUDIO_MAL_DMA_IT_TE_EN */

    

#if defined(AUDIO_MAL_DMA_IT_TC_EN) || defined(AUDIO_MAL_DMA_IT_HT_EN) || defined(AUDIO_MAL_DMA_IT_TE_EN)

    /* I2S DMA IRQ Channel configuration */

    NVIC_InitStructure.NVIC_IRQChannel = AUDIO_MAL_DMA_IRQ;

    NVIC_InitStructure.NVIC_IRQChannelPreemptionPriority = EVAL_AUDIO_IRQ_PREPRIO;

    NVIC_InitStructure.NVIC_IRQChannelSubPriority = EVAL_AUDIO_IRQ_SUBRIO;

    NVIC_InitStructure.NVIC_IRQChannelCmd = ENABLE;

    NVIC_Init(&NVIC_InitStructure);

#endif     

  }



#ifdef DAC_USE_I2S_DMA

  else

  {

    /* Enable the DMA clock */

    RCC_AHB1PeriphClockCmd(AUDIO_MAL_DMA_CLOCK, ENABLE); 

    

    /* Configure the DMA Stream */

    DMA_Cmd(AUDIO_MAL_DMA_STREAM, DISABLE);

    DMA_DeInit(AUDIO_MAL_DMA_STREAM);

    /* Set the parameters to be configured */

    DMA_InitStructure.DMA_Channel = AUDIO_MAL_DMA_CHANNEL;  

    DMA_InitStructure.DMA_PeripheralBaseAddr = AUDIO_MAL_DMA_DREG;

    DMA_InitStructure.DMA_Memory0BaseAddr = (uint32_t)0;      /* This field will be configured in play function */

    DMA_InitStructure.DMA_DIR = DMA_DIR_MemoryToPeripheral;

    DMA_InitStructure.DMA_BufferSize = (uint32_t)0xFFFE;      /* This field will be configured in play function */

    DMA_InitStructure.DMA_PeripheralInc = DMA_PeripheralInc_Disable;

    DMA_InitStructure.DMA_MemoryInc = DMA_MemoryInc_Enable;

    DMA_InitStructure.DMA_PeripheralDataSize = AUDIO_MAL_DMA_PERIPH_DATA_SIZE;

    DMA_InitStructure.DMA_MemoryDataSize = AUDIO_MAL_DMA_MEM_DATA_SIZE; 

#ifdef AUDIO_MAL_MODE_NORMAL

    DMA_InitStructure.DMA_Mode = DMA_Mode_Normal;

#elif defined(AUDIO_MAL_MODE_CIRCULAR)

    DMA_InitStructure.DMA_Mode = DMA_Mode_Circular;

#else

#error "AUDIO_MAL_MODE_NORMAL or AUDIO_MAL_MODE_CIRCULAR should be selected !!"

#endif /* AUDIO_MAL_MODE_NORMAL */  

    DMA_InitStructure.DMA_Priority = DMA_Priority_High;

    DMA_InitStructure.DMA_FIFOMode = DMA_FIFOMode_Enable;         

    DMA_InitStructure.DMA_FIFOThreshold = DMA_FIFOThreshold_Full;

    DMA_InitStructure.DMA_MemoryBurst = DMA_MemoryBurst_Single;

    DMA_InitStructure.DMA_PeripheralBurst = DMA_PeripheralBurst_Single;  

    DMA_Init(AUDIO_MAL_DMA_STREAM, &DMA_InitStructure);  

    

    /* Enable the selected DMA interrupts (selected in "stm32f4_discovery_eval_audio_codec.h" defines) */

#ifdef AUDIO_MAL_DMA_IT_TC_EN

    DMA_ITConfig(AUDIO_MAL_DMA_STREAM, DMA_IT_TC, ENABLE);

#endif /* AUDIO_MAL_DMA_IT_TC_EN */

#ifdef AUDIO_MAL_DMA_IT_HT_EN

    DMA_ITConfig(AUDIO_MAL_DMA_STREAM, DMA_IT_HT, ENABLE);

#endif /* AUDIO_MAL_DMA_IT_HT_EN */

#ifdef AUDIO_MAL_DMA_IT_TE_EN

    DMA_ITConfig(AUDIO_MAL_DMA_STREAM, DMA_IT_TE | DMA_IT_FE | DMA_IT_DME, ENABLE);

#endif /* AUDIO_MAL_DMA_IT_TE_EN */

    

#if defined(AUDIO_MAL_DMA_IT_TC_EN) || defined(AUDIO_MAL_DMA_IT_HT_EN) || defined(AUDIO_MAL_DMA_IT_TE_EN)

    /* I2S DMA IRQ Channel configuration */

    NVIC_InitStructure.NVIC_IRQChannel = AUDIO_MAL_DMA_IRQ;

    NVIC_InitStructure.NVIC_IRQChannelPreemptionPriority = EVAL_AUDIO_IRQ_PREPRIO;

    NVIC_InitStructure.NVIC_IRQChannelSubPriority = EVAL_AUDIO_IRQ_SUBRIO;

    NVIC_InitStructure.NVIC_IRQChannelCmd = ENABLE;

    NVIC_Init(&NVIC_InitStructure);

#endif 

  }

#endif /* DAC_USE_I2S_DMA */

  

  if (CurrAudioInterface == AUDIO_INTERFACE_I2S)

  {

    /* Enable the I2S DMA request */

    SPI_I2S_DMACmd(CODEC_I2S, SPI_I2S_DMAReq_Tx, ENABLE);  

  }

  else

  {

    /* Configure the STM32 DAC to geenrate audio analog signal */

    DAC_Config();

    

#ifndef DAC_USE_I2S_DMA

    /* Enable the I2S interrupt used to write into the DAC register */

    SPI_I2S_ITConfig(SPI3, SPI_I2S_IT_TXE, ENABLE);

    

    /* I2S DMA IRQ Channel configuration */

    NVIC_InitStructure.NVIC_IRQChannel = CODEC_I2S_IRQ;

    NVIC_InitStructure.NVIC_IRQChannelPreemptionPriority = EVAL_AUDIO_IRQ_PREPRIO;

    NVIC_InitStructure.NVIC_IRQChannelSubPriority = EVAL_AUDIO_IRQ_SUBRIO;

    NVIC_InitStructure.NVIC_IRQChannelCmd = ENABLE;

    NVIC_Init(&NVIC_InitStructure); 

#else

    /* Enable the I2S DMA request */

    SPI_I2S_DMACmd(CODEC_I2S, SPI_I2S_DMAReq_Rx, ENABLE);   

#endif /* DAC_USE_I2S_DMA */

  }

#endif

}



/**

  * @brief  Restore default state of the used Media.

  * @param  None

  * @retval None

  */

static void Audio_MAL_DeInit(void)  

{   

#if defined(AUDIO_MAL_DMA_IT_TC_EN) || defined(AUDIO_MAL_DMA_IT_HT_EN) || defined(AUDIO_MAL_DMA_IT_TE_EN)

  NVIC_InitTypeDef NVIC_InitStructure;  

  

  /* Deinitialize the NVIC interrupt for the I2S DMA Stream */

  NVIC_InitStructure.NVIC_IRQChannel = AUDIO_MAL_DMA_IRQ;

  NVIC_InitStructure.NVIC_IRQChannelPreemptionPriority = EVAL_AUDIO_IRQ_PREPRIO;

  NVIC_InitStructure.NVIC_IRQChannelSubPriority = EVAL_AUDIO_IRQ_SUBRIO;

  NVIC_InitStructure.NVIC_IRQChannelCmd = DISABLE;

  NVIC_Init(&NVIC_InitStructure);  

#endif 

  

  /* Disable the DMA stream before the deinit */

  DMA_Cmd(AUDIO_MAL_DMA_STREAM, DISABLE);

  

  /* Dinitialize the DMA Stream */

  DMA_DeInit(AUDIO_MAL_DMA_STREAM);

  

  /* 

     The DMA clock is not disabled, since it can be used by other streams 

                                                                          */ 

}



/**

  * @brief  Starts playing audio stream from the audio Media.

  * @param  None

  * @retval None

  */

void Audio_MAL_Play(uint32_t Addr, uint32_t Size)

{         

  if (CurrAudioInterface == AUDIO_INTERFACE_I2S)

  {

    /* Configure the buffer address and size */

    DMA_InitStructure.DMA_Memory0BaseAddr = (uint32_t)Addr;

    DMA_InitStructure.DMA_BufferSize = (uint32_t)Size/2;

    

    /* Configure the DMA Stream with the new parameters */

    DMA_Init(AUDIO_MAL_DMA_STREAM, &DMA_InitStructure);

    

    /* Enable the I2S DMA Stream*/

    DMA_Cmd(AUDIO_MAL_DMA_STREAM, ENABLE);   

  }

#ifndef DAC_USE_I2S_DMA

  else

  {

    /* Configure the buffer address and size */

    DMA_InitStructure.DMA_Memory0BaseAddr = (uint32_t)Addr;

    DMA_InitStructure.DMA_BufferSize = (uint32_t)Size;

    

    /* Configure the DMA Stream with the new parameters */

    DMA_Init(AUDIO_MAL_DMA_STREAM, &DMA_InitStructure);

    

    /* Enable the I2S DMA Stream*/

    DMA_Cmd(AUDIO_MAL_DMA_STREAM, ENABLE);

  }

#endif /* DAC_USE_I2S_DMA */

  

  /* If the I2S peripheral is still not enabled, enable it */

  if ((CODEC_I2S->I2SCFGR & I2S_ENABLE_MASK) == 0)

  {

    I2S_Cmd(CODEC_I2S, ENABLE);

  }

}



/**

  * @brief  Pauses or Resumes the audio stream playing from the Media.

  * @param  Cmd: AUDIO_PAUSE (or 0) to pause, AUDIO_RESUME (or any value different

  *              from 0) to resume. 

  * @param  Addr: Address from/at which the audio stream should resume/pause.

  * @retval None

  */

static void Audio_MAL_PauseResume(uint32_t Cmd, uint32_t Addr)

{

  /* Pause the audio file playing */

  if (Cmd == AUDIO_PAUSE)

  {   

    /* Disable the I2S DMA request */

    SPI_I2S_DMACmd(CODEC_I2S, SPI_I2S_DMAReq_Tx, DISABLE);



    /* Pause the I2S DMA Stream 

        Note. For the STM32F40x devices, the DMA implements a pause feature, 

              by disabling the stream, all configuration is preserved and data 

              transfer is paused till the next enable of the stream.

              This feature is not available on STM32F40x devices. */

    DMA_Cmd(AUDIO_MAL_DMA_STREAM, DISABLE);

  }

  else /* AUDIO_RESUME */

  {

    /* Enable the I2S DMA request */

    SPI_I2S_DMACmd(CODEC_I2S, SPI_I2S_DMAReq_Tx, ENABLE);

  

    /* Resume the I2S DMA Stream 

        Note. For the STM32F40x devices, the DMA implements a pause feature, 

              by disabling the stream, all configuration is preserved and data 

              transfer is paused till the next enable of the stream.

              This feature is not available on STM32F40x devices. */

    DMA_Cmd(AUDIO_MAL_DMA_STREAM, ENABLE);

    

    /* If the I2S peripheral is still not enabled, enable it */

    if ((CODEC_I2S->I2SCFGR & I2S_ENABLE_MASK) == 0)

    {

      I2S_Cmd(CODEC_I2S, ENABLE);

    }    

  } 

}



/**

  * @brief  Stops audio stream playing on the used Media.

  * @param  None

  * @retval None

  */

static void Audio_MAL_Stop(void)

{   

  /* Stop the Transfer on the I2S side: Stop and disable the DMA stream */

  DMA_Cmd(AUDIO_MAL_DMA_STREAM, DISABLE);



  /* Clear all the DMA flags for the next transfer */

  DMA_ClearFlag(AUDIO_MAL_DMA_STREAM, AUDIO_MAL_DMA_FLAG_TC |AUDIO_MAL_DMA_FLAG_HT | \

                                  AUDIO_MAL_DMA_FLAG_FE | AUDIO_MAL_DMA_FLAG_TE);

  

  /*  

           The I2S DMA requests are not disabled here.

                                                            */

  

  /* In all modes, disable the I2S peripheral */

  I2S_Cmd(CODEC_I2S, DISABLE);

}



/**

  * @brief  DAC  Channel1 Configuration

  * @param  None

  * @retval None

  */

void DAC_Config(void)

{

  DAC_InitTypeDef  DAC_InitStructure;

  GPIO_InitTypeDef GPIO_InitStructure;



  /* DMA1 clock and GPIOA clock enable (to be used with DAC) */

  RCC_AHB1PeriphClockCmd(RCC_AHB1Periph_DMA1 | RCC_AHB1Periph_GPIOA, ENABLE);



  /* DAC Periph clock enable */

  RCC_APB1PeriphClockCmd(RCC_APB1Periph_DAC, ENABLE);



  /* DAC channel 1 & 2 (DAC_OUT1 = PA.4) configuration */

  GPIO_InitStructure.GPIO_Pin = GPIO_Pin_4;

  GPIO_InitStructure.GPIO_Mode = GPIO_Mode_AN;

  GPIO_InitStructure.GPIO_PuPd = GPIO_PuPd_NOPULL;

  GPIO_Init(GPIOA, &GPIO_InitStructure);



  /* DAC channel1 Configuration */

  DAC_InitStructure.DAC_Trigger = DAC_Trigger_None;

  DAC_InitStructure.DAC_WaveGeneration = DAC_WaveGeneration_None;

  DAC_InitStructure.DAC_OutputBuffer = DAC_OutputBuffer_Enable;

  DAC_Init(AUDIO_DAC_CHANNEL, &DAC_InitStructure);



  /* Enable DAC Channel1 */

  DAC_Cmd(AUDIO_DAC_CHANNEL, ENABLE);

}

/**

  * @}

  */



/**

  * @}

  */



/**

  * @}

  */



/**

  * @}

  */



/******************* (C) COPYRIGHT 2011 STMicroelectronics *****END OF FILE****/








Viz/STM32F4-Discovery/stm32f4_discovery_audio_codec.h

/**

  ******************************************************************************

  * @file    stm32f4_discovery_audio_codec.h

  * @author  MCD Application Team

  * @version V1.1.0

  * @date    28-October-2011

  * @brief   This file contains all the functions prototypes for the 

  *          stm32f4_discovery_audio_codec.c driver.

  ******************************************************************************

  * @attention

  *

  * THE PRESENT FIRMWARE WHICH IS FOR GUIDANCE ONLY AIMS AT PROVIDING CUSTOMERS

  * WITH CODING INFORMATION REGARDING THEIR PRODUCTS IN ORDER FOR THEM TO SAVE

  * TIME. AS A RESULT, STMICROELECTRONICS SHALL NOT BE HELD LIABLE FOR ANY

  * DIRECT, INDIRECT OR CONSEQUENTIAL DAMAGES WITH RESPECT TO ANY CLAIMS ARISING

  * FROM THE CONTENT OF SUCH FIRMWARE AND/OR THE USE MADE BY CUSTOMERS OF THE

  * CODING INFORMATION CONTAINED HEREIN IN CONNECTION WITH THEIR PRODUCTS.

  *

  * <h2><center>&copy; COPYRIGHT 2011 STMicroelectronics</center></h2>

  ******************************************************************************  

  */



/* Define to prevent recursive inclusion -------------------------------------*/

#ifndef __STM32F4_DISCOVERY_AUDIOCODEC_H

#define __STM32F4_DISCOVERY_AUDIOCODEC_H



/* Includes ------------------------------------------------------------------*/

#include "stm32f4xx.h"

#include "stm32f4xx_gpio.h"

#include "stm32f4xx_dma.h"

#include "stm32f4xx_rcc.h"

#include "stm32f4xx_spi.h"

#include "stm32f4xx_dac.h"

#include "stm32f4xx_i2c.h"

#include "misc.h"







/** @addtogroup Utilities

  * @{

  */





/** @addtogroup STM32F4_DISCOVERY

  * @{

  */

    

/** @defgroup STM32F4_DISCOVERY_AUDIO_CODEC 

  * @{

  */    





/** @defgroup STM32F4_DISCOVERY_AUDIO_CODEC_Exported_Types

  * @{

  */



/** @defgroup STM32F4_DISCOVERY_AUDIO_CODEC_Exported_Constants

  * @{

  */ 



/*------------------------------------

             CONFIGURATION: Audio Codec Driver Configuration parameters

                                      ----------------------------------------*/

/* Audio Transfer mode (I2S Interrupt) */

//#define I2S_INTERRUPT                 /* Uncomment this line to enable audio transfert with I2S interrupt*/ 



/* Audio Transfer mode (DMA, Interrupt or Polling) */

#define AUDIO_MAL_MODE_NORMAL         /* Uncomment this line to enable the audio 

                                         Transfer using DMA */

/* #define AUDIO_MAL_MODE_CIRCULAR */ /* Uncomment this line to enable the audio 

                                         Transfer using DMA */



/* For the DMA modes select the interrupt that will be used */

#define AUDIO_MAL_DMA_IT_TC_EN        /* Uncomment this line to enable DMA Transfer Complete interrupt */

/* #define AUDIO_MAL_DMA_IT_HT_EN */  /* Uncomment this line to enable DMA Half Transfer Complete interrupt */

/* #define AUDIO_MAL_DMA_IT_TE_EN */  /* Uncomment this line to enable DMA Transfer Error interrupt */



/* Select the interrupt preemption priority and subpriority for the DMA interrupt */

#define EVAL_AUDIO_IRQ_PREPRIO           0   /* Select the preemption priority level(0 is the highest) */

#define EVAL_AUDIO_IRQ_SUBRIO            0   /* Select the sub-priority level (0 is the highest) */



/* Uncomment the following line to use the default Codec_TIMEOUT_UserCallback() 

   function implemented in stm32f4_discovery_audio_codec.c file.

   Codec_TIMEOUT_UserCallback() function is called whenever a timeout condition 

   occurs during communication (waiting on an event that doesn't occur, bus 

   errors, busy devices ...). */   

/* #define USE_DEFAULT_TIMEOUT_CALLBACK */



/* Enable this define to use the I2S DMA for writing into DAC register */

//#define DAC_USE_I2S_DMA

/*----------------------------------------------------------------------------*/



/*------------------------------------

                    OPTIONAL Configuration defines parameters

                                      ----------------------------------------*/

/* I2C clock speed configuration (in Hz) 

  WARNING: 

   Make sure that this define is not already declared in other files (ie. 

  stm322xg_eval.h file). It can be used in parallel by other modules. */

#ifndef I2C_SPEED

 #define I2C_SPEED                        100000

#endif /* I2C_SPEED */



/* Uncomment defines below to select standard for audio communication between 

  Codec and I2S peripheral */

#define I2S_STANDARD_PHILLIPS

/* #define I2S_STANDARD_MSB */

/* #define I2S_STANDARD_LSB */



/* Uncomment the defines below to select if the Master clock mode should be 

  enabled or not */

#define CODEC_MCLK_ENABLED

/* #deine CODEC_MCLK_DISABLED */



/* Uncomment this line to enable verifying data sent to codec after each write 

  operation */

#define VERIFY_WRITTENDATA 

/*----------------------------------------------------------------------------*/



/*-----------------------------------

                    Hardware Configuration defines parameters

                                     -----------------------------------------*/

/* Audio Reset Pin definition */

#define AUDIO_RESET_GPIO_CLK           RCC_AHB1Periph_GPIOD  

#define AUDIO_RESET_PIN                GPIO_Pin_4    

#define AUDIO_RESET_GPIO               GPIOD 

                 

/* I2S peripheral configuration defines */

#define CODEC_I2S                      SPI3

#define CODEC_I2S_CLK                  RCC_APB1Periph_SPI3

#define CODEC_I2S_ADDRESS              0x40003C0C

#define CODEC_I2S_GPIO_AF              GPIO_AF_SPI3

#define CODEC_I2S_IRQ                  SPI3_IRQn

#define CODEC_I2S_GPIO_CLOCK           (RCC_AHB1Periph_GPIOC | RCC_AHB1Periph_GPIOA)

#define CODEC_I2S_WS_PIN               GPIO_Pin_4

#define CODEC_I2S_SCK_PIN              GPIO_Pin_10

#define CODEC_I2S_SD_PIN               GPIO_Pin_12

#define CODEC_I2S_MCK_PIN              GPIO_Pin_7

#define CODEC_I2S_WS_PINSRC            GPIO_PinSource4

#define CODEC_I2S_SCK_PINSRC           GPIO_PinSource10

#define CODEC_I2S_SD_PINSRC            GPIO_PinSource12

#define CODEC_I2S_MCK_PINSRC           GPIO_PinSource7

#define CODEC_I2S_GPIO                 GPIOC

#define CODEC_I2S_WS_GPIO              GPIOA

#define CODEC_I2S_MCK_GPIO             GPIOC

#define Audio_I2S_IRQHandler           SPI3_IRQHandler





 #define AUDIO_MAL_DMA_PERIPH_DATA_SIZE DMA_PeripheralDataSize_HalfWord

 #define AUDIO_MAL_DMA_MEM_DATA_SIZE    DMA_MemoryDataSize_HalfWord

 #define DMA_MAX_SZE                    0xFFFF





 #define DAC_DHR12L1_ADDRESS            0x4000740C

 #define DAC_DHR12R1_ADDRESS            0x40007408

 #define DAC_DHR8R1_ADDRESS             0x40007410

 #define AUDIO_DAC_CHANNEL              DAC_Channel_1



 /* I2S DMA Stream definitions */

 #define AUDIO_I2S_DMA_CLOCK            RCC_AHB1Periph_DMA1

 #define AUDIO_I2S_DMA_STREAM           DMA1_Stream7

 #define AUDIO_I2S_DMA_DREG             CODEC_I2S_ADDRESS

 #define AUDIO_I2S_DMA_CHANNEL          DMA_Channel_0

 #define AUDIO_I2S_DMA_IRQ              DMA1_Stream7_IRQn

 #define AUDIO_I2S_DMA_FLAG_TC          DMA_FLAG_TCIF7

 #define AUDIO_I2S_DMA_FLAG_HT          DMA_FLAG_HTIF7

 #define AUDIO_I2S_DMA_FLAG_FE          DMA_FLAG_FEIF7

 #define AUDIO_I2S_DMA_FLAG_TE          DMA_FLAG_TEIF7

 #define AUDIO_I2S_DMA_FLAG_DME         DMA_FLAG_DMEIF7



 #define Audio_MAL_I2S_IRQHandler       DMA1_Stream7_IRQHandler





 /* DAC DMA Stream definitions */

 #define AUDIO_DAC_DMA_CLOCK            RCC_AHB1Periph_DMA1

 #define AUDIO_DAC_DMA_STREAM           DMA1_Stream0

 #define AUDIO_DAC_DMA_DREG             DAC_DHR12L1_ADDRESS

 #define AUDIO_DAC_DMA_CHANNEL          DMA_Channel_0

 #define AUDIO_DAC_DMA_IRQ              DMA1_Stream0_IRQn

 #define AUDIO_DAC_DMA_FLAG_TC          DMA_FLAG_TCIF0

 #define AUDIO_DAC_DMA_FLAG_HT          DMA_FLAG_HTIF0

 #define AUDIO_DAC_DMA_FLAG_FE          DMA_FLAG_FEIF0

 #define AUDIO_DAC_DMA_FLAG_TE          DMA_FLAG_TEIF0

 #define AUDIO_DAC_DMA_FLAG_DME         DMA_FLAG_DMEIF0



 #define Audio_MAL_DAC_IRQHandler       DMA1_Stream0_IRQHandler





/* I2C peripheral configuration defines (control interface of the audio codec) */

#define CODEC_I2C                      I2C1

#define CODEC_I2C_CLK                  RCC_APB1Periph_I2C1

#define CODEC_I2C_GPIO_CLOCK           RCC_AHB1Periph_GPIOB

#define CODEC_I2C_GPIO_AF              GPIO_AF_I2C1

#define CODEC_I2C_GPIO                 GPIOB

#define CODEC_I2C_SCL_PIN              GPIO_Pin_6

#define CODEC_I2C_SDA_PIN              GPIO_Pin_9

#define CODEC_I2S_SCL_PINSRC           GPIO_PinSource6

#define CODEC_I2S_SDA_PINSRC           GPIO_PinSource9



/* Maximum Timeout values for flags and events waiting loops. These timeouts are

   not based on accurate values, they just guarantee that the application will 

   not remain stuck if the I2C communication is corrupted.

   You may modify these timeout values depending on CPU frequency and application

   conditions (interrupts routines ...). */   

#define CODEC_FLAG_TIMEOUT             ((uint32_t)0x1000)

#define CODEC_LONG_TIMEOUT             ((uint32_t)(300 * CODEC_FLAG_TIMEOUT))

/*----------------------------------------------------------------------------*/



/*-----------------------------------

                        Audio Codec User defines

                                     -----------------------------------------*/

/* Audio interface : I2S or DAC */

#define AUDIO_INTERFACE_I2S           1

#define AUDIO_INTERFACE_DAC           2



/* Codec output DEVICE */

#define OUTPUT_DEVICE_SPEAKER         1

#define OUTPUT_DEVICE_HEADPHONE       2

#define OUTPUT_DEVICE_BOTH            3

#define OUTPUT_DEVICE_AUTO            4



/* Volume Levels values */

#define DEFAULT_VOLMIN                0x00

#define DEFAULT_VOLMAX                0xFF

#define DEFAULT_VOLSTEP               0x04



#define AUDIO_PAUSE                   0

#define AUDIO_RESUME                  1



/* Codec POWER DOWN modes */

#define CODEC_PDWN_HW                 1

#define CODEC_PDWN_SW                 2



/* MUTE commands */

#define AUDIO_MUTE_ON                 1

#define AUDIO_MUTE_OFF                0

/*----------------------------------------------------------------------------*/

/**

  * @}

  */ 



/** @defgroup STM32F4_DISCOVERY_AUDIO_CODEC_Exported_Macros

  * @{

  */ 

#define VOLUME_CONVERT(x)    ((Volume > 100)? 100:((uint8_t)((Volume * 255) / 100)))

#define DMA_MAX(x)           (((x) <= DMA_MAX_SZE)? (x):DMA_MAX_SZE)



/**

  * @}

  */ 



/** @defgroup STM32F4_DISCOVERY_AUDIO_CODEC_Exported_Functions

  * @{

  */ 

void EVAL_AUDIO_SetAudioInterface(uint32_t Interface);

uint32_t EVAL_AUDIO_Init(uint16_t OutputDevice, uint8_t Volume, uint32_t AudioFreq);

uint32_t EVAL_AUDIO_DeInit(void);

uint32_t EVAL_AUDIO_Play(uint16_t* pBuffer, uint32_t Size);

uint32_t EVAL_AUDIO_PauseResume(uint32_t Cmd);

uint32_t EVAL_AUDIO_Stop(uint32_t CodecPowerDown_Mode);

uint32_t EVAL_AUDIO_VolumeCtl(uint8_t Volume);

uint32_t EVAL_AUDIO_Mute(uint32_t Command);

void Audio_MAL_Play(uint32_t Addr, uint32_t Size);

void DAC_Config(void);



/* User Callbacks: user has to implement these functions in his code if

  they are needed. -----------------------------------------------------------*/



uint16_t EVAL_AUDIO_GetSampleCallBack(void);



/* This function is called when the requested data has been completely transferred.

   In Normal mode (when  the define AUDIO_MAL_MODE_NORMAL is enabled) this function

   is called at the end of the whole audio file.

   In circular mode (when  the define AUDIO_MAL_MODE_CIRCULAR is enabled) this 

   function is called at the end of the current buffer transmission. */

void EVAL_AUDIO_TransferComplete_CallBack(uint32_t pBuffer, uint32_t Size);



/* This function is called when half of the requested buffer has been transferred 

   This callback is useful in Circular mode only (when AUDIO_MAL_MODE_CIRCULAR 

   define is enabled)*/

void EVAL_AUDIO_HalfTransfer_CallBack(uint32_t pBuffer, uint32_t Size);



/* This function is called when an Interrupt due to transfer error on or peripheral

   error occurs. */

void EVAL_AUDIO_Error_CallBack(void* pData);



/* Codec_TIMEOUT_UserCallback() function is called whenever a timeout condition 

   occurs during communication (waiting on an event that doesn't occur, bus 

   errors, busy devices ...) on the Codec control interface (I2C).

   You can use the default timeout callback implementation by uncommenting the 

   define USE_DEFAULT_TIMEOUT_CALLBACK in stm32f4_discovery_audio_codec.h file.

   Typically the user implementation of this callback should reset I2C peripheral

   and re-initialize communication or in worst case reset all the application. */

uint32_t Codec_TIMEOUT_UserCallback(void);



#endif /* __STM32F4_DISCOVERY_AUDIOCODEC_H */



/**

  * @}

  */ 



/**

  * @}

  */ 



/**

  * @}

  */



/**

  * @}

  */ 

   



/******************* (C) COPYRIGHT 2011 STMicroelectronics *****END OF FILE****/








Viz/STM32F4-Discovery/stm32f4_discovery_lis302dl.c

/**

  ******************************************************************************

  * @file    stm32f4_discovery_lis302dl.c

  * @author  MCD Application Team

  * @version V1.1.0

  * @date    28-October-2011

  * @brief   This file provides a set of functions needed to manage the LIS302DL

  *          MEMS accelerometer available on STM32F4-Discovery Kit.

  ******************************************************************************

  * @attention

  *

  * THE PRESENT FIRMWARE WHICH IS FOR GUIDANCE ONLY AIMS AT PROVIDING CUSTOMERS

  * WITH CODING INFORMATION REGARDING THEIR PRODUCTS IN ORDER FOR THEM TO SAVE

  * TIME. AS A RESULT, STMICROELECTRONICS SHALL NOT BE HELD LIABLE FOR ANY

  * DIRECT, INDIRECT OR CONSEQUENTIAL DAMAGES WITH RESPECT TO ANY CLAIMS ARISING

  * FROM THE CONTENT OF SUCH FIRMWARE AND/OR THE USE MADE BY CUSTOMERS OF THE

  * CODING INFORMATION CONTAINED HEREIN IN CONNECTION WITH THEIR PRODUCTS.

  *

  * <h2><center>&copy; COPYRIGHT 2011 STMicroelectronics</center></h2>

  ******************************************************************************  

  */



/* Includes ------------------------------------------------------------------*/

#include "stm32f4_discovery_lis302dl.h"



/** @addtogroup Utilities

  * @{

  */ 



/** @addtogroup STM32F4_DISCOVERY

  * @{

  */ 



/** @addtogroup STM32F4_DISCOVERY_LIS302DL

  * @{

  */





/** @defgroup STM32F4_DISCOVERY_LIS302DL_Private_TypesDefinitions

  * @{

  */



/**

  * @}

  */



/** @defgroup STM32F4_DISCOVERY_LIS302DL_Private_Defines

  * @{

  */

__IO uint32_t  LIS302DLTimeout = LIS302DL_FLAG_TIMEOUT;   



/* Read/Write command */

#define READWRITE_CMD              ((uint8_t)0x80) 

/* Multiple byte read/write command */ 

#define MULTIPLEBYTE_CMD           ((uint8_t)0x40)

/* Dummy Byte Send by the SPI Master device in order to generate the Clock to the Slave device */

#define DUMMY_BYTE                 ((uint8_t)0x00)



/**

  * @}

  */



/** @defgroup STM32F4_DISCOVERY_LIS302DL_Private_Macros

  * @{

  */



/**

  * @}

  */ 

  

/** @defgroup STM32F4_DISCOVERY_LIS302DL_Private_Variables

  * @{

  */ 



/**

  * @}

  */



/** @defgroup STM32F4_DISCOVERY_LIS302DL_Private_FunctionPrototypes

  * @{

  */

static uint8_t LIS302DL_SendByte(uint8_t byte);

static void LIS302DL_LowLevel_Init(void);

/**

  * @}

  */



/** @defgroup STM32F4_DISCOVERY_LIS302DL_Private_Functions

  * @{

  */





/**

  * @brief  Set LIS302DL Initialization.

  * @param  LIS302DL_Config_Struct: pointer to a LIS302DL_Config_TypeDef structure 

  *         that contains the configuration setting for the LIS302DL.

  * @retval None

  */

void LIS302DL_Init(LIS302DL_InitTypeDef *LIS302DL_InitStruct)

{

  uint8_t ctrl = 0x00;

  

  /* Configure the low level interface ---------------------------------------*/

  LIS302DL_LowLevel_Init();

  

  /* Configure MEMS: data rate, power mode, full scale, self test and axes */

  ctrl = (uint8_t) (LIS302DL_InitStruct->Output_DataRate | LIS302DL_InitStruct->Power_Mode | \

                    LIS302DL_InitStruct->Full_Scale | LIS302DL_InitStruct->Self_Test | \

                    LIS302DL_InitStruct->Axes_Enable);

  

  /* Write value to MEMS CTRL_REG1 regsister */

  LIS302DL_Write(&ctrl, LIS302DL_CTRL_REG1_ADDR, 1);

}



/**

  * @brief  Set LIS302DL Internal High Pass Filter configuration.

  * @param  LIS302DL_Filter_ConfigTypeDef: pointer to a LIS302DL_FilterConfig_TypeDef 

  *         structure that contains the configuration setting for the LIS302DL Filter.

  * @retval None

  */

void LIS302DL_FilterConfig(LIS302DL_FilterConfigTypeDef *LIS302DL_FilterConfigStruct)

{

  uint8_t ctrl = 0x00;

  

  /* Read CTRL_REG2 register */

  LIS302DL_Read(&ctrl, LIS302DL_CTRL_REG2_ADDR, 1);

  

  /* Clear high pass filter cut-off level, interrupt and data selection bits*/

  ctrl &= (uint8_t)~(LIS302DL_FILTEREDDATASELECTION_OUTPUTREGISTER | \

                     LIS302DL_HIGHPASSFILTER_LEVEL_3 | \

                     LIS302DL_HIGHPASSFILTERINTERRUPT_1_2);

  /* Configure MEMS high pass filter cut-off level, interrupt and data selection bits */                     

  ctrl |= (uint8_t)(LIS302DL_FilterConfigStruct->HighPassFilter_Data_Selection | \

                    LIS302DL_FilterConfigStruct->HighPassFilter_CutOff_Frequency | \

                    LIS302DL_FilterConfigStruct->HighPassFilter_Interrupt);

  

  /* Write value to MEMS CTRL_REG2 register */

  LIS302DL_Write(&ctrl, LIS302DL_CTRL_REG2_ADDR, 1);

}



/**

  * @brief Set LIS302DL Interrupt configuration

  * @param  LIS302DL_InterruptConfig_TypeDef: pointer to a LIS302DL_InterruptConfig_TypeDef 

  *         structure that contains the configuration setting for the LIS302DL Interrupt.

  * @retval None

  */

void LIS302DL_InterruptConfig(LIS302DL_InterruptConfigTypeDef *LIS302DL_IntConfigStruct)

{

  uint8_t ctrl = 0x00;

  

  /* Read CLICK_CFG register */

  LIS302DL_Read(&ctrl, LIS302DL_CLICK_CFG_REG_ADDR, 1);

  

  /* Configure latch Interrupt request, click interrupts and double click interrupts */                   

  ctrl = (uint8_t)(LIS302DL_IntConfigStruct->Latch_Request| \

                   LIS302DL_IntConfigStruct->SingleClick_Axes | \

                   LIS302DL_IntConfigStruct->DoubleClick_Axes);

  

  /* Write value to MEMS CLICK_CFG register */

  LIS302DL_Write(&ctrl, LIS302DL_CLICK_CFG_REG_ADDR, 1);

}



/**

  * @brief  Change the lowpower mode for LIS302DL

  * @param  LowPowerMode: new state for the lowpower mode.

  *   This parameter can be one of the following values:

  *     @arg LIS302DL_LOWPOWERMODE_POWERDOWN: Power down mode

  *     @arg LIS302DL_LOWPOWERMODE_ACTIVE: Active mode  

  * @retval None

  */

void LIS302DL_LowpowerCmd(uint8_t LowPowerMode)

{

  uint8_t tmpreg;

  

  /* Read CTRL_REG1 register */

  LIS302DL_Read(&tmpreg, LIS302DL_CTRL_REG1_ADDR, 1);

  

  /* Set new low power mode configuration */

  tmpreg &= (uint8_t)~LIS302DL_LOWPOWERMODE_ACTIVE;

  tmpreg |= LowPowerMode;

  

  /* Write value to MEMS CTRL_REG1 regsister */

  LIS302DL_Write(&tmpreg, LIS302DL_CTRL_REG1_ADDR, 1);

}



/**

  * @brief  Data Rate command 

  * @param  DataRateValue: Data rate value

  *   This parameter can be one of the following values:

  *     @arg LIS302DL_DATARATE_100: 100 Hz output data rate 

  *     @arg LIS302DL_DATARATE_400: 400 Hz output data rate    

  * @retval None

  */

void LIS302DL_DataRateCmd(uint8_t DataRateValue)

{

  uint8_t tmpreg;

  

  /* Read CTRL_REG1 register */

  LIS302DL_Read(&tmpreg, LIS302DL_CTRL_REG1_ADDR, 1);

  

  /* Set new Data rate configuration */

  tmpreg &= (uint8_t)~LIS302DL_DATARATE_400;

  tmpreg |= DataRateValue;

  

  /* Write value to MEMS CTRL_REG1 regsister */

  LIS302DL_Write(&tmpreg, LIS302DL_CTRL_REG1_ADDR, 1);

}



/**

  * @brief  Change the Full Scale of LIS302DL

  * @param  FS_value: new full scale value. 

  *   This parameter can be one of the following values:

  *     @arg LIS302DL_FULLSCALE_2_3: +-2.3g

  *     @arg LIS302DL_FULLSCALE_9_2: +-9.2g   

  * @retval None

  */

void LIS302DL_FullScaleCmd(uint8_t FS_value)

{

  uint8_t tmpreg;

  

  /* Read CTRL_REG1 register */

  LIS302DL_Read(&tmpreg, LIS302DL_CTRL_REG1_ADDR, 1);

  

  /* Set new full scale configuration */

  tmpreg &= (uint8_t)~LIS302DL_FULLSCALE_9_2;

  tmpreg |= FS_value;

  

  /* Write value to MEMS CTRL_REG1 regsister */

  LIS302DL_Write(&tmpreg, LIS302DL_CTRL_REG1_ADDR, 1);

}



/**

  * @brief  Reboot memory content of LIS302DL

  * @param  None

  * @retval None

  */

void LIS302DL_RebootCmd(void)

{

  uint8_t tmpreg;

  /* Read CTRL_REG2 register */

  LIS302DL_Read(&tmpreg, LIS302DL_CTRL_REG2_ADDR, 1);

  

  /* Enable or Disable the reboot memory */

  tmpreg |= LIS302DL_BOOT_REBOOTMEMORY;

  

  /* Write value to MEMS CTRL_REG2 regsister */

  LIS302DL_Write(&tmpreg, LIS302DL_CTRL_REG2_ADDR, 1);

}



/**

  * @brief  Writes one byte to the LIS302DL.

  * @param  pBuffer : pointer to the buffer  containing the data to be written to the LIS302DL.

  * @param  WriteAddr : LIS302DL's internal address to write to.

  * @param  NumByteToWrite: Number of bytes to write.

  * @retval None

  */

void LIS302DL_Write(uint8_t* pBuffer, uint8_t WriteAddr, uint16_t NumByteToWrite)

{

  /* Configure the MS bit: 

       - When 0, the address will remain unchanged in multiple read/write commands.

       - When 1, the address will be auto incremented in multiple read/write commands.

  */

  if(NumByteToWrite > 0x01)

  {

    WriteAddr |= (uint8_t)MULTIPLEBYTE_CMD;

  }

  /* Set chip select Low at the start of the transmission */

  LIS302DL_CS_LOW();

  

  /* Send the Address of the indexed register */

  LIS302DL_SendByte(WriteAddr);

  /* Send the data that will be written into the device (MSB First) */

  while(NumByteToWrite >= 0x01)

  {

    LIS302DL_SendByte(*pBuffer);

    NumByteToWrite--;

    pBuffer++;

  }

  

  /* Set chip select High at the end of the transmission */ 

  LIS302DL_CS_HIGH();

}



/**

  * @brief  Reads a block of data from the LIS302DL.

  * @param  pBuffer : pointer to the buffer that receives the data read from the LIS302DL.

  * @param  ReadAddr : LIS302DL's internal address to read from.

  * @param  NumByteToRead : number of bytes to read from the LIS302DL.

  * @retval None

  */

void LIS302DL_Read(uint8_t* pBuffer, uint8_t ReadAddr, uint16_t NumByteToRead)

{  

  if(NumByteToRead > 0x01)

  {

    ReadAddr |= (uint8_t)(READWRITE_CMD | MULTIPLEBYTE_CMD);

  }

  else

  {

    ReadAddr |= (uint8_t)READWRITE_CMD;

  }

  /* Set chip select Low at the start of the transmission */

  LIS302DL_CS_LOW();

  

  /* Send the Address of the indexed register */

  LIS302DL_SendByte(ReadAddr);

  

  /* Receive the data that will be read from the device (MSB First) */

  while(NumByteToRead > 0x00)

  {

    /* Send dummy byte (0x00) to generate the SPI clock to LIS302DL (Slave device) */

    *pBuffer = LIS302DL_SendByte(DUMMY_BYTE);

    NumByteToRead--;

    pBuffer++;

  }

  

  /* Set chip select High at the end of the transmission */ 

  LIS302DL_CS_HIGH();

}



/**

  * @brief  Read LIS302DL output register, and calculate the acceleration 

  *         ACC[mg]=SENSITIVITY* (out_h*256+out_l)/16 (12 bit rappresentation)

  * @param  s16 buffer to store data

  * @retval None

  */

void LIS302DL_ReadACC(int32_t* out)

{

  uint8_t buffer[6];

  uint8_t crtl, i = 0x00;

   

  LIS302DL_Read(&crtl, LIS302DL_CTRL_REG1_ADDR, 1);  

  LIS302DL_Read(buffer, LIS302DL_OUT_X_ADDR, 6);

  

  switch(crtl & 0x20) 

    {

    /* FS bit = 0 ==> Sensitivity typical value = 18milligals/digit*/ 

    case 0x00:

      for(i=0; i<0x03; i++)

      {

        *out =(int32_t)(LIS302DL_SENSITIVITY_2_3G *  (int8_t)buffer[2*i]);

        out++;

      }

      break;

    /* FS bit = 1 ==> Sensitivity typical value = 72milligals/digit*/ 

    case 0x20:

      for(i=0; i<0x03; i++)

      {

        *out =(int32_t)(LIS302DL_SENSITIVITY_9_2G * (int8_t)buffer[2*i]);

        out++;

      }         

      break;

    default:

      break;

    }

 }



/**

  * @brief  Initializes the low level interface used to drive the LIS302DL

  * @param  None

  * @retval None

  */

static void LIS302DL_LowLevel_Init(void)

{

  GPIO_InitTypeDef GPIO_InitStructure;

  SPI_InitTypeDef  SPI_InitStructure;



  /* Enable the SPI periph */

  RCC_APB2PeriphClockCmd(LIS302DL_SPI_CLK, ENABLE);



  /* Enable SCK, MOSI and MISO GPIO clocks */

  RCC_AHB1PeriphClockCmd(LIS302DL_SPI_SCK_GPIO_CLK | LIS302DL_SPI_MISO_GPIO_CLK | LIS302DL_SPI_MOSI_GPIO_CLK, ENABLE);



  /* Enable CS  GPIO clock */

  RCC_AHB1PeriphClockCmd(LIS302DL_SPI_CS_GPIO_CLK, ENABLE);

  

  /* Enable INT1 GPIO clock */

  RCC_AHB1PeriphClockCmd(LIS302DL_SPI_INT1_GPIO_CLK, ENABLE);

  

  /* Enable INT2 GPIO clock */

  RCC_AHB1PeriphClockCmd(LIS302DL_SPI_INT2_GPIO_CLK, ENABLE);



  GPIO_PinAFConfig(LIS302DL_SPI_SCK_GPIO_PORT, LIS302DL_SPI_SCK_SOURCE, LIS302DL_SPI_SCK_AF);

  GPIO_PinAFConfig(LIS302DL_SPI_MISO_GPIO_PORT, LIS302DL_SPI_MISO_SOURCE, LIS302DL_SPI_MISO_AF);

  GPIO_PinAFConfig(LIS302DL_SPI_MOSI_GPIO_PORT, LIS302DL_SPI_MOSI_SOURCE, LIS302DL_SPI_MOSI_AF);



  GPIO_InitStructure.GPIO_Mode = GPIO_Mode_AF;

  GPIO_InitStructure.GPIO_OType = GPIO_OType_PP;

  GPIO_InitStructure.GPIO_PuPd  = GPIO_PuPd_DOWN;

  GPIO_InitStructure.GPIO_Speed = GPIO_Speed_50MHz;



  /* SPI SCK pin configuration */

  GPIO_InitStructure.GPIO_Pin = LIS302DL_SPI_SCK_PIN;

  GPIO_Init(LIS302DL_SPI_SCK_GPIO_PORT, &GPIO_InitStructure);



  /* SPI  MOSI pin configuration */

  GPIO_InitStructure.GPIO_Pin =  LIS302DL_SPI_MOSI_PIN;

  GPIO_Init(LIS302DL_SPI_MOSI_GPIO_PORT, &GPIO_InitStructure);



  /* SPI MISO pin configuration */

  GPIO_InitStructure.GPIO_Pin = LIS302DL_SPI_MISO_PIN;

  GPIO_Init(LIS302DL_SPI_MISO_GPIO_PORT, &GPIO_InitStructure);



  /* SPI configuration -------------------------------------------------------*/

  SPI_I2S_DeInit(LIS302DL_SPI);

  SPI_InitStructure.SPI_Direction = SPI_Direction_2Lines_FullDuplex;

  SPI_InitStructure.SPI_DataSize = SPI_DataSize_8b;

  SPI_InitStructure.SPI_CPOL = SPI_CPOL_Low;

  SPI_InitStructure.SPI_CPHA = SPI_CPHA_1Edge;

  SPI_InitStructure.SPI_NSS = SPI_NSS_Soft;

  SPI_InitStructure.SPI_BaudRatePrescaler = SPI_BaudRatePrescaler_4;

  SPI_InitStructure.SPI_FirstBit = SPI_FirstBit_MSB;

  SPI_InitStructure.SPI_CRCPolynomial = 7;

  SPI_InitStructure.SPI_Mode = SPI_Mode_Master;

  SPI_Init(LIS302DL_SPI, &SPI_InitStructure);



  /* Enable SPI1  */

  SPI_Cmd(LIS302DL_SPI, ENABLE);



  /* Configure GPIO PIN for Lis Chip select */

  GPIO_InitStructure.GPIO_Pin = LIS302DL_SPI_CS_PIN;

  GPIO_InitStructure.GPIO_Mode = GPIO_Mode_OUT;

  GPIO_InitStructure.GPIO_OType = GPIO_OType_PP;

  GPIO_InitStructure.GPIO_Speed = GPIO_Speed_50MHz;

  GPIO_Init(LIS302DL_SPI_CS_GPIO_PORT, &GPIO_InitStructure);



  /* Deselect : Chip Select high */

  GPIO_SetBits(LIS302DL_SPI_CS_GPIO_PORT, LIS302DL_SPI_CS_PIN);

  

  /* Configure GPIO PINs to detect Interrupts */

  GPIO_InitStructure.GPIO_Pin = LIS302DL_SPI_INT1_PIN;

  GPIO_InitStructure.GPIO_Mode = GPIO_Mode_IN;

  GPIO_InitStructure.GPIO_OType = GPIO_OType_PP;

  GPIO_InitStructure.GPIO_Speed = GPIO_Speed_50MHz;

  GPIO_InitStructure.GPIO_PuPd  = GPIO_PuPd_NOPULL;

  GPIO_Init(LIS302DL_SPI_INT1_GPIO_PORT, &GPIO_InitStructure);

  

  GPIO_InitStructure.GPIO_Pin = LIS302DL_SPI_INT2_PIN;

  GPIO_Init(LIS302DL_SPI_INT2_GPIO_PORT, &GPIO_InitStructure);

}



/**

  * @brief  Sends a Byte through the SPI interface and return the Byte received 

  *         from the SPI bus.

  * @param  Byte : Byte send.

  * @retval The received byte value

  */

static uint8_t LIS302DL_SendByte(uint8_t byte)

{

  /* Loop while DR register in not emplty */

  LIS302DLTimeout = LIS302DL_FLAG_TIMEOUT;

  while (SPI_I2S_GetFlagStatus(LIS302DL_SPI, SPI_I2S_FLAG_TXE) == RESET)

  {

    if((LIS302DLTimeout--) == 0) return LIS302DL_TIMEOUT_UserCallback();

  }

  

  /* Send a Byte through the SPI peripheral */

  SPI_I2S_SendData(LIS302DL_SPI, byte);

  

  /* Wait to receive a Byte */

  LIS302DLTimeout = LIS302DL_FLAG_TIMEOUT;

  while (SPI_I2S_GetFlagStatus(LIS302DL_SPI, SPI_I2S_FLAG_RXNE) == RESET)

  {

    if((LIS302DLTimeout--) == 0) return LIS302DL_TIMEOUT_UserCallback();

  }

  

  /* Return the Byte read from the SPI bus */

  return (uint8_t)SPI_I2S_ReceiveData(LIS302DL_SPI);

}



#ifdef USE_DEFAULT_TIMEOUT_CALLBACK

/**

  * @brief  Basic management of the timeout situation.

  * @param  None.

  * @retval None.

  */

uint32_t LIS302DL_TIMEOUT_UserCallback(void)

{

  /* Block communication and all processes */

  while (1)

  {   

  }

}

#endif /* USE_DEFAULT_TIMEOUT_CALLBACK */



/**

  * @}

  */ 



/**

  * @}

  */ 

  

/**

  * @}

  */ 



/**

  * @}

  */ 

  



/******************* (C) COPYRIGHT 2011 STMicroelectronics *****END OF FILE****/








Viz/STM32F4-Discovery/stm32f4_discovery_lis302dl.h

/**

  ******************************************************************************

  * @file    stm32f4_discovery_lis302dl.h

  * @author  MCD Application Team

  * @version V1.1.0

  * @date    28-October-2011

  * @brief   This file contains all the functions prototypes for the stm32f4_discovery_lis302dl.c

  *          firmware driver.

  ******************************************************************************

  * @attention

  *

  * THE PRESENT FIRMWARE WHICH IS FOR GUIDANCE ONLY AIMS AT PROVIDING CUSTOMERS

  * WITH CODING INFORMATION REGARDING THEIR PRODUCTS IN ORDER FOR THEM TO SAVE

  * TIME. AS A RESULT, STMICROELECTRONICS SHALL NOT BE HELD LIABLE FOR ANY

  * DIRECT, INDIRECT OR CONSEQUENTIAL DAMAGES WITH RESPECT TO ANY CLAIMS ARISING

  * FROM THE CONTENT OF SUCH FIRMWARE AND/OR THE USE MADE BY CUSTOMERS OF THE

  * CODING INFORMATION CONTAINED HEREIN IN CONNECTION WITH THEIR PRODUCTS.

  *

  * <h2><center>&copy; COPYRIGHT 2011 STMicroelectronics</center></h2>

  ******************************************************************************  

  */ 



/* Define to prevent recursive inclusion -------------------------------------*/

#ifndef __STM32F4_DISCOVERY_LIS302DL_H

#define __STM32F4_DISCOVERY_LIS302DL_H



#ifdef __cplusplus

 extern "C" {

#endif



/* Includes ------------------------------------------------------------------*/

#include "stm32f4xx.h"

#include "stm32f4xx_gpio.h"

#include "stm32f4xx_rcc.h"

#include "stm32f4xx_spi.h"



/** @addtogroup Utilities

  * @{

  */

  

/** @addtogroup STM32F4_DISCOVERY

  * @{

  */ 



/** @addtogroup STM32F4_DISCOVERY_LIS302DL

  * @{

  */

  



/** @defgroup STM32F4_DISCOVERY_LIS302DL_Exported_Types

  * @{

  */

   

/* LIS302DL struct */

typedef struct

{

  uint8_t Power_Mode;                         /* Power-down/Active Mode */

  uint8_t Output_DataRate;                    /* OUT data rate 100 Hz / 400 Hz */

  uint8_t Axes_Enable;                        /* Axes enable */

  uint8_t Full_Scale;                         /* Full scale */

  uint8_t Self_Test;                          /* Self test */

}LIS302DL_InitTypeDef;



/* LIS302DL High Pass Filter struct */

typedef struct

{

  uint8_t HighPassFilter_Data_Selection;      /* Internal filter bypassed or data from internal filter send to output register*/

  uint8_t HighPassFilter_CutOff_Frequency;    /* High pass filter cut-off frequency */

  uint8_t HighPassFilter_Interrupt;           /* High pass filter enabled for Freefall/WakeUp #1 or #2 */ 

}LIS302DL_FilterConfigTypeDef;  



/* LIS302DL Interrupt struct */

typedef struct

{

  uint8_t Latch_Request;                      /* Latch interrupt request into CLICK_SRC register*/

  uint8_t SingleClick_Axes;                   /* Single Click Axes Interrupts */

  uint8_t DoubleClick_Axes;                   /* Double Click Axes Interrupts */ 

}LIS302DL_InterruptConfigTypeDef;  



/**

  * @}

  */

  

/** @defgroup STM32F4_DISCOVERY_LIS302DL_Exported_Constants

  * @{

  */



/* Uncomment the following line to use the default LIS302DL_TIMEOUT_UserCallback() 

   function implemented in stm32f4_discovery_lis302dl.c file.

   LIS302DL_TIMEOUT_UserCallback() function is called whenever a timeout condition 

   occure during communication (waiting transmit data register empty flag(TXE)

   or waiting receive data register is not empty flag (RXNE)). */   

/* #define USE_DEFAULT_TIMEOUT_CALLBACK */



/* Maximum Timeout values for flags waiting loops. These timeouts are not based

   on accurate values, they just guarantee that the application will not remain

   stuck if the SPI communication is corrupted.

   You may modify these timeout values depending on CPU frequency and application

   conditions (interrupts routines ...). */   

#define LIS302DL_FLAG_TIMEOUT         ((uint32_t)0x1000)



/**

  * @brief  LIS302DL SPI Interface pins

  */

#define LIS302DL_SPI                       SPI1

#define LIS302DL_SPI_CLK                   RCC_APB2Periph_SPI1



#define LIS302DL_SPI_SCK_PIN               GPIO_Pin_5                  /* PA.05 */

#define LIS302DL_SPI_SCK_GPIO_PORT         GPIOA                       /* GPIOA */

#define LIS302DL_SPI_SCK_GPIO_CLK          RCC_AHB1Periph_GPIOA

#define LIS302DL_SPI_SCK_SOURCE            GPIO_PinSource5

#define LIS302DL_SPI_SCK_AF                GPIO_AF_SPI1



#define LIS302DL_SPI_MISO_PIN              GPIO_Pin_6                  /* PA.6 */

#define LIS302DL_SPI_MISO_GPIO_PORT        GPIOA                       /* GPIOA */

#define LIS302DL_SPI_MISO_GPIO_CLK         RCC_AHB1Periph_GPIOA

#define LIS302DL_SPI_MISO_SOURCE           GPIO_PinSource6

#define LIS302DL_SPI_MISO_AF               GPIO_AF_SPI1



#define LIS302DL_SPI_MOSI_PIN              GPIO_Pin_7                  /* PA.7 */

#define LIS302DL_SPI_MOSI_GPIO_PORT        GPIOA                       /* GPIOA */

#define LIS302DL_SPI_MOSI_GPIO_CLK         RCC_AHB1Periph_GPIOA

#define LIS302DL_SPI_MOSI_SOURCE           GPIO_PinSource7

#define LIS302DL_SPI_MOSI_AF               GPIO_AF_SPI1



#define LIS302DL_SPI_CS_PIN                GPIO_Pin_3                  /* PE.03 */

#define LIS302DL_SPI_CS_GPIO_PORT          GPIOE                       /* GPIOE */

#define LIS302DL_SPI_CS_GPIO_CLK           RCC_AHB1Periph_GPIOE



#define LIS302DL_SPI_INT1_PIN              GPIO_Pin_0                  /* PE.00 */

#define LIS302DL_SPI_INT1_GPIO_PORT        GPIOE                       /* GPIOE */

#define LIS302DL_SPI_INT1_GPIO_CLK         RCC_AHB1Periph_GPIOE

#define LIS302DL_SPI_INT1_EXTI_LINE        EXTI_Line0

#define LIS302DL_SPI_INT1_EXTI_PORT_SOURCE EXTI_PortSourceGPIOE

#define LIS302DL_SPI_INT1_EXTI_PIN_SOURCE  EXTI_PinSource0

#define LIS302DL_SPI_INT1_EXTI_IRQn        EXTI0_IRQn 



#define LIS302DL_SPI_INT2_PIN              GPIO_Pin_1                  /* PE.01 */

#define LIS302DL_SPI_INT2_GPIO_PORT        GPIOE                       /* GPIOE */

#define LIS302DL_SPI_INT2_GPIO_CLK         RCC_AHB1Periph_GPIOE

#define LIS302DL_SPI_INT2_EXTI_LINE        EXTI_Line1

#define LIS302DL_SPI_INT2_EXTI_PORT_SOURCE EXTI_PortSourceGPIOE

#define LIS302DL_SPI_INT2_EXTI_PIN_SOURCE  EXTI_PinSource1

#define LIS302DL_SPI_INT2_EXTI_IRQn        EXTI1_IRQn 





/******************************************************************************/

/*************************** START REGISTER MAPPING  **************************/

/******************************************************************************/



/*******************************************************************************

*  WHO_AM_I Register: Device Identification Register

*  Read only register

*  Default value: 0x3B

*******************************************************************************/

#define LIS302DL_WHO_AM_I_ADDR                  0x0F



/*******************************************************************************

*  CTRL_REG1 Register: Control Register 1

*  Read Write register

*  Default value: 0x07

*  7 DR: Data Rate selection.

*        0 - 100 Hz output data rate

*        1 - 400 Hz output data rate

*  6 PD: Power Down control.

*        0 - power down mode

*        1 - active mode

*  5 FS: Full Scale selection.

*        0 - Typical measurement range 2.3

*        1 - Typical measurement range 9.2

*  4:3 STP-STM Self Test Enable:

*              STP |  STM |   mode

*            ----------------------------

*               0  |  0   |   Normal mode

*               0  |  1   |   Self Test M

*               1  |  0   |   Self Test P

*  2 Zen: Z axis enable.

*         0 - Z axis disabled

*         1- Z axis enabled

*  1 Yen: Y axis enable.

*         0 - Y axis disabled

*         1- Y axis enabled

*  0 Xen: X axis enable.

*         0 - X axis disabled

*         1- X axis enabled

********************************************************************************/

#define LIS302DL_CTRL_REG1_ADDR                 0x20



/*******************************************************************************

*  CTRL_REG2 Regsiter: Control Register 2

*  Read Write register

*  Default value: 0x00

*  7 SIM: SPI Serial Interface Mode Selection. 

*         0 - 4 wire interface

*         1 - 3 wire interface

*  6 BOOT: Reboot memory content

*          0 - normal mode 

*          1 - reboot memory content

*  5 Reserved

*  4 FDS: Filtered data selection.

*         0 - internal filter bypassed

*         1 - data from internal filter sent to output register

*  3 HP FF_WU2: High pass filter enabled for FreeFall/WakeUp#2.

*               0 - filter bypassed

*               1 - filter enabled

*  2 HP FF_WU1: High pass filter enabled for FreeFall/WakeUp#1.

*               0 - filter bypassed

*               1 - filter enabled

*  1:0 HP coeff2-HP coeff1 High pass filter cut-off frequency (ft) configuration.

*                 ft= ODR[hz]/6*HP coeff

*            HP coeff2 | HP coeff1 |   HP coeff

*            -------------------------------------------

*                 0     |     0     |   8

*                 0     |     1     |   16

*                 1     |     0     |   32

*                 1     |     1     |   64

*            HP coeff |  ft[hz]   |  ft[hz]   |

*                     |ODR 100Hz | ODR 400Hz  |

*            --------------------------------------------

*              00     |    2      |     8     |

*              01     |    1      |     4     |

*              10     |    0.5    |     2     |

*              11     |    0.25   |     1     |

*******************************************************************************/

#define LIS302DL_CTRL_REG2_ADDR              0x21



/*******************************************************************************

*  CTRL_REG3 Register: Interrupt Control Register

*  Read Write register

*  Default value: 0x00

*  7 IHL active: Interrupt active high/low.

*                0 - active high

*                1 - active low

*  6 PP_OD: push-pull/open-drain.

*           0 - push-pull

*           1 - open-drain

*  5:3 I2_CFG2 - I2_CFG0 Data signal on INT2 pad control bits

*  2:0 I1_CFG2 - I1_CFG0 Data signal on INT1 pad control bits

*        I1(2)_CFG2  |  I1(2)_CFG1  |  I1(2)_CFG0  | INT1(2) Pad

*        ----------------------------------------------------------

*              0     |      0       |       0      | GND

*              0     |      0       |       1      | FreeFall/WakeUp#1

*              0     |      1       |       0      | FreeFall/WakeUp#2

*              0     |      1       |       1      | FreeFall/WakeUp#1 or FreeFall/WakeUp#2

*              1     |      0       |       0      | Data ready

*              1     |      1       |       1      | Click interrupt

*******************************************************************************/

#define LIS302DL_CTRL_REG3_ADDR              0x22



/*******************************************************************************

*  HP_FILTER_RESET Register: Dummy register. Reading at this address zeroes 

*  instantaneously the content of the internal high pass filter. If the high pass

*  filter is enabled all three axes are instantaneously set to 0g.

*  This allows to overcome the settling time of the high pass filter.

*  Read only register

*  Default value: Dummy

*******************************************************************************/

#define LIS302DL_HP_FILTER_RESET_REG_ADDR     0x23



/*******************************************************************************

*  STATUS_REG Register: Status Register

*  Default value: 0x00

*  7 ZYXOR: X, Y and Z axis data overrun.

*           0: no overrun has occurred

*           1: new data has overwritten the previous one before it was read

*  6 ZOR: Z axis data overrun.

*         0: no overrun has occurred 

*         1: new data for Z-axis has overwritten the previous one before it was read

*  5 yOR: y axis data overrun.

*         0: no overrun has occurred

*         1: new data for y-axis has overwritten the previous one before it was read

*  4 XOR: X axis data overrun.

*         0: no overrun has occurred

*         1: new data for X-axis has overwritten the previous one before it was read

*  3 ZYXDA: X, Y and Z axis new data available

*           0: a new set of data is not yet available

*           1: a new set of data is available

*  2 ZDA: Z axis new data available.

*         0: a new set of data is not yet available

*         1: a new data for Z axis is available

*  1 YDA: Y axis new data available

*         0: a new set of data is not yet available

*         1: a new data for Y axis is available

*  0 XDA: X axis new data available

*         0: a new set of data is not yet available

*         1: a new data for X axis is available

*******************************************************************************/

#define LIS302DL_STATUS_REG_ADDR             0x27



/*******************************************************************************

*  OUT_X Register: X-axis output Data

*  Read only register

*  Default value: output

*  7:0 XD7-XD0: X-axis output Data

*******************************************************************************/

#define LIS302DL_OUT_X_ADDR                  0x29



/*******************************************************************************

*  OUT_Y Register: Y-axis output Data

*  Read only register

*  Default value: output

*  7:0 YD7-YD0: Y-axis output Data

*******************************************************************************/

#define LIS302DL_OUT_Y_ADDR                  0x2B



/*******************************************************************************

*  OUT_Z Register: Z-axis output Data

*  Read only register

*  Default value: output

*  7:0 ZD7-ZD0: Z-axis output Data

*******************************************************************************/

#define LIS302DL_OUT_Z_ADDR                  0x2D



/*******************************************************************************

*  FF_WW_CFG_1 Register: Configuration register for Interrupt 1 source.

*  Read write register

*  Default value: 0x00

*  7 AOI: AND/OR combination of Interrupt events. 

*         0: OR combination of interrupt events

*         1: AND combination of interrupt events 

*  6 LIR: Latch/not latch interrupt request

*         0: interrupt request not latched

*         1: interrupt request latched

*  5 ZHIE: Enable interrupt generation on Z high event.

*          0: disable interrupt request

*          1: enable interrupt request on measured accel. value higher than preset threshold

*  4 ZLIE: Enable interrupt generation on Z low event.

*          0: disable interrupt request

*          1: enable interrupt request on measured accel. value lower than preset threshold

*  3 YHIE: Enable interrupt generation on Y high event.

*          0: disable interrupt request

*          1: enable interrupt request on measured accel. value higher than preset threshold

*  2 YLIE: Enable interrupt generation on Y low event. 

*          0: disable interrupt request

*          1: enable interrupt request on measured accel. value lower than preset threshold

*  1 XHIE: Enable interrupt generation on X high event.

*          0: disable interrupt request

*          1: enable interrupt request on measured accel. value higher than preset threshold

*  0 XLIE: Enable interrupt generation on X low event.

*          0: disable interrupt request

*          1: enable interrupt request on measured accel. value lower than preset threshold

*******************************************************************************/

#define LIS302DL_FF_WU_CFG1_REG_ADDR         0x30



/*******************************************************************************

*  FF_WU_SRC_1 Register: Interrupt 1 source register.

*  Reading at this address clears FF_WU_SRC_1 register and the FF, WU 1 interrupt

*  and allow the refreshment of data in the FF_WU_SRC_1 register if the latched option

*  was chosen.

*  Read only register

*  Default value: 0x00

*  7 Reserved

*  6 IA: Interrupt active.

*        0: no interrupt has been generated

*        1: one or more interrupts have been generated

*  5 ZH: Z high. 

*        0: no interrupt

*        1: ZH event has occurred 

*  4 ZL: Z low.

*        0: no interrupt

*        1: ZL event has occurred

*  3 YH: Y high.

*        0: no interrupt

*        1: YH event has occurred 

*  2 YL: Y low.

*        0: no interrupt

*        1: YL event has occurred

*  1 YH: X high.

*        0: no interrupt

*        1: XH event has occurred 

*  0 YL: X low.

*        0: no interrupt

*        1: XL event has occurred

*******************************************************************************/

#define LIS302DL_FF_WU_SRC1_REG_ADDR           0x31



/*******************************************************************************

*  FF_WU_THS_1 Register: Threshold register

*  Read Write register

*  Default value: 0x00

*  7 DCRM: Reset mode selection.

*          0 - counter resetted

*          1 - counter decremented

*  6 THS6-THS0: Free-fall/wake-up threshold value.

*******************************************************************************/

#define LIS302DL_FF_WU_THS1_REG_ADDR          0x32



/*******************************************************************************

*  FF_WU_DURATION_1 Register: duration Register

*  Read Write register

*  Default value: 0x00

*  7:0 D7-D0 Duration value. (Duration steps and maximum values depend on the ODR chosen)

 ******************************************************************************/

#define LIS302DL_FF_WU_DURATION1_REG_ADDR     0x33



/*******************************************************************************

*  FF_WW_CFG_2 Register: Configuration register for Interrupt 2 source.

*  Read write register

*  Default value: 0x00

*  7 AOI: AND/OR combination of Interrupt events. 

*         0: OR combination of interrupt events

*         1: AND combination of interrupt events 

*  6 LIR: Latch/not latch interrupt request

*         0: interrupt request not latched

*         1: interrupt request latched

*  5 ZHIE: Enable interrupt generation on Z high event.

*          0: disable interrupt request

*          1: enable interrupt request on measured accel. value higher than preset threshold

*  4 ZLIE: Enable interrupt generation on Z low event.

*          0: disable interrupt request

*          1: enable interrupt request on measured accel. value lower than preset threshold

*  3 YHIE: Enable interrupt generation on Y high event.

*          0: disable interrupt request

*          1: enable interrupt request on measured accel. value higher than preset threshold

*  2 YLIE: Enable interrupt generation on Y low event. 

*          0: disable interrupt request

*          1: enable interrupt request on measured accel. value lower than preset threshold

*  1 XHIE: Enable interrupt generation on X high event.

*          0: disable interrupt request

*          1: enable interrupt request on measured accel. value higher than preset threshold

*  0 XLIE: Enable interrupt generation on X low event.

*          0: disable interrupt request

*          1: enable interrupt request on measured accel. value lower than preset threshold

*******************************************************************************/

#define LIS302DL_FF_WU_CFG2_REG_ADDR         0x34



/*******************************************************************************

*  FF_WU_SRC_2 Register: Interrupt 2 source register.

*  Reading at this address clears FF_WU_SRC_2 register and the FF, WU 2 interrupt

*  and allow the refreshment of data in the FF_WU_SRC_2 register if the latched option

*  was chosen.

*  Read only register

*  Default value: 0x00

*  7 Reserved

*  6 IA: Interrupt active.

*        0: no interrupt has been generated

*        1: one or more interrupts have been generated

*  5 ZH: Z high. 

*        0: no interrupt

*        1: ZH event has occurred 

*  4 ZL: Z low.

*        0: no interrupt

*        1: ZL event has occurred

*  3 YH: Y high.

*        0: no interrupt

*        1: YH event has occurred 

*  2 YL: Y low.

*        0: no interrupt

*        1: YL event has occurred

*  1 YH: X high.

*        0: no interrupt

*        1: XH event has occurred 

*  0 YL: X low.

*        0: no interrupt

*        1: XL event has occurred

*******************************************************************************/

#define LIS302DL_FF_WU_SRC2_REG_ADDR           0x35



/*******************************************************************************

*  FF_WU_THS_2 Register: Threshold register

*  Read Write register

*  Default value: 0x00

*  7 DCRM: Reset mode selection.

*          0 - counter resetted

*          1 - counter decremented

*  6 THS6-THS0: Free-fall/wake-up threshold value.

*******************************************************************************/

#define LIS302DL_FF_WU_THS2_REG_ADDR          0x36



/*******************************************************************************

*  FF_WU_DURATION_2 Register: duration Register

*  Read Write register

*  Default value: 0x00

*  7:0 D7-D0 Duration value. (Duration steps and maximum values depend on the ODR chosen)

 ******************************************************************************/

#define LIS302DL_FF_WU_DURATION2_REG_ADDR     0x37



/******************************************************************************

*  CLICK_CFG Register: click Register

*  Read Write register

*  Default value: 0x00

*  7 Reserved

*  6 LIR: Latch Interrupt request.

*         0: interrupt request not latched

*         1: interrupt request latched

*  5 Double_Z: Enable interrupt generation on double click event on Z axis.

*              0: disable interrupt request

*              1: enable interrupt request

*  4 Single_Z: Enable interrupt generation on single click event on Z axis.

*              0: disable interrupt request

*              1: enable interrupt request

*  3 Double_Y: Enable interrupt generation on double click event on Y axis.

*              0: disable interrupt request

*              1: enable interrupt request

*  2 Single_Y: Enable interrupt generation on single click event on Y axis.

*              0: disable interrupt request

*              1: enable interrupt request

*  1 Double_X: Enable interrupt generation on double click event on X axis.

*              0: disable interrupt request

*              1: enable interrupt request

*  0 Single_y: Enable interrupt generation on single click event on X axis.

*              0: disable interrupt request

*              1: enable interrupt request

 ******************************************************************************/

#define LIS302DL_CLICK_CFG_REG_ADDR     0x38



/******************************************************************************

*  CLICK_SRC Register: click status Register

*  Read only register

*  Default value: 0x00

*  7 Reserved

*  6 IA: Interrupt active.

*        0: no interrupt has been generated

*        1: one or more interrupts have been generated

*  5 Double_Z: Double click on Z axis event.

*        0: no interrupt

*        1: Double Z event has occurred 

*  4 Single_Z: Z low.

*        0: no interrupt

*        1: Single Z event has occurred 

*  3 Double_Y: Y high.

*        0: no interrupt

*        1: Double Y event has occurred 

*  2 Single_Y: Y low.

*        0: no interrupt

*        1: Single Y event has occurred 

*  1 Double_X: X high.

*        0: no interrupt

*        1: Double X event has occurred 

*  0 Single_X: X low.

*        0: no interrupt

*        1: Single X event has occurred 

*******************************************************************************/

#define LIS302DL_CLICK_SRC_REG_ADDR        0x39



/*******************************************************************************

*  CLICK_THSY_X Register: Click threshold Y and X register

*  Read Write register

*  Default value: 0x00

*  7:4 THSy3-THSy0: Click threshold on Y axis, step 0.5g

*  3:0 THSx3-THSx0: Click threshold on X axis, step 0.5g

*******************************************************************************/

#define LIS302DL_CLICK_THSY_X_REG_ADDR        0x3B



/*******************************************************************************

*  CLICK_THSZ Register: Click threshold Z register

*  Read Write register

*  Default value: 0x00

*  7:4 Reserved

*  3:0 THSz3-THSz0: Click threshold on Z axis, step 0.5g

*******************************************************************************/

#define LIS302DL_CLICK_THSZ_REG_ADDR         0x3C



/*******************************************************************************

*  CLICK_TimeLimit Register: Time Limit register

*  Read Write register

*  Default value: 0x00

*  7:0 Dur7-Dur0: Time Limit value, step 0.5g

*******************************************************************************/

#define LIS302DL_CLICK_TIMELIMIT_REG_ADDR        0x3D



/*******************************************************************************

*  CLICK_Latency Register: Latency register

*  Read Write register

*  Default value: 0x00

*  7:0 Lat7-Lat0: Latency value, step 1msec

*******************************************************************************/

#define LIS302DL_CLICK_LATENCY_REG_ADDR        0x3E



/*******************************************************************************

*  CLICK_Window Register: Window register

*  Read Write register

*  Default value: 0x00

*  7:0 Win7-Win0: Window value, step 1msec

*******************************************************************************/

#define LIS302DL_CLICK_WINDOW_REG_ADDR        0x3F



/******************************************************************************/

/**************************** END REGISTER MAPPING  ***************************/

/******************************************************************************/



#define LIS302DL_SENSITIVITY_2_3G                         18  /* 18 mg/digit*/

#define LIS302DL_SENSITIVITY_9_2G                         72  /* 72 mg/digit*/



/** @defgroup Data_Rate_selection                 

  * @{

  */

#define LIS302DL_DATARATE_100                             ((uint8_t)0x00)

#define LIS302DL_DATARATE_400                             ((uint8_t)0x80)

/**

  * @}

  */

  

/** @defgroup Power_Mode_selection 

  * @{

  */

#define LIS302DL_LOWPOWERMODE_POWERDOWN                   ((uint8_t)0x00)

#define LIS302DL_LOWPOWERMODE_ACTIVE                      ((uint8_t)0x40)

/**

  * @}

  */

  

/** @defgroup Full_Scale_selection 

  * @{

  */

#define LIS302DL_FULLSCALE_2_3                            ((uint8_t)0x00)

#define LIS302DL_FULLSCALE_9_2                            ((uint8_t)0x20)

/**

  * @}

  */

  

/** @defgroup Self_Test_selection 

  * @{

  */

#define LIS302DL_SELFTEST_NORMAL                          ((uint8_t)0x00)

#define LIS302DL_SELFTEST_P                               ((uint8_t)0x10)

#define LIS302DL_SELFTEST_M                               ((uint8_t)0x08)

/**

  * @}

  */  



/** @defgroup Direction_XYZ_selection 

  * @{

  */

#define LIS302DL_X_ENABLE                                 ((uint8_t)0x01)

#define LIS302DL_Y_ENABLE                                 ((uint8_t)0x02)

#define LIS302DL_Z_ENABLE                                 ((uint8_t)0x04)

#define LIS302DL_XYZ_ENABLE                               ((uint8_t)0x07)

/**

  * @}

  */

 

 /** @defgroup SPI_Serial_Interface_Mode_selection 

  * @{

  */

#define LIS302DL_SERIALINTERFACE_4WIRE                    ((uint8_t)0x00)

#define LIS302DL_SERIALINTERFACE_3WIRE                    ((uint8_t)0x80)

/**

  * @}

  */ 



 /** @defgroup Boot_Mode_selection 

  * @{

  */

#define LIS302DL_BOOT_NORMALMODE                          ((uint8_t)0x00)

#define LIS302DL_BOOT_REBOOTMEMORY                        ((uint8_t)0x40)

/**

  * @}

  */   



 /** @defgroup Filtered_Data_Selection_Mode_selection 

  * @{

  */

#define LIS302DL_FILTEREDDATASELECTION_BYPASSED           ((uint8_t)0x00)

#define LIS302DL_FILTEREDDATASELECTION_OUTPUTREGISTER     ((uint8_t)0x20)

/**

  * @}

  */ 

  

 /** @defgroup High_Pass_Filter_Interrupt_selection 

  * @{

  */  

#define LIS302DL_HIGHPASSFILTERINTERRUPT_OFF              ((uint8_t)0x00)

#define LIS302DL_HIGHPASSFILTERINTERRUPT_1                ((uint8_t)0x04)

#define LIS302DL_HIGHPASSFILTERINTERRUPT_2                ((uint8_t)0x08)

#define LIS302DL_HIGHPASSFILTERINTERRUPT_1_2              ((uint8_t)0x0C)

/**

  * @}

  */ 

  

 /** @defgroup High_Pass_Filter_selection 

  * @{

  */

#define LIS302DL_HIGHPASSFILTER_LEVEL_0                   ((uint8_t)0x00)

#define LIS302DL_HIGHPASSFILTER_LEVEL_1                   ((uint8_t)0x01)

#define LIS302DL_HIGHPASSFILTER_LEVEL_2                   ((uint8_t)0x02)

#define LIS302DL_HIGHPASSFILTER_LEVEL_3                   ((uint8_t)0x03)

/**

  * @}

  */





/** @defgroup latch_Interrupt_Request_selection 

  * @{

  */

#define LIS302DL_INTERRUPTREQUEST_NOTLATCHED              ((uint8_t)0x00)

#define LIS302DL_INTERRUPTREQUEST_LATCHED                 ((uint8_t)0x40)

/**

  * @}

  */



/** @defgroup Click_Interrupt_XYZ_selection 

  * @{

  */

#define LIS302DL_CLICKINTERRUPT_XYZ_DISABLE               ((uint8_t)0x00)

#define LIS302DL_CLICKINTERRUPT_X_ENABLE                  ((uint8_t)0x01)

#define LIS302DL_CLICKINTERRUPT_Y_ENABLE                  ((uint8_t)0x04)

#define LIS302DL_CLICKINTERRUPT_Z_ENABLE                  ((uint8_t)0x10)

#define LIS302DL_CLICKINTERRUPT_XYZ_ENABLE                ((uint8_t)0x15)

/**

  * @}

  */



/** @defgroup Double_Click_Interrupt_XYZ_selection 

  * @{

  */

#define LIS302DL_DOUBLECLICKINTERRUPT_XYZ_DISABLE         ((uint8_t)0x00)

#define LIS302DL_DOUBLECLICKINTERRUPT_X_ENABLE            ((uint8_t)0x02)

#define LIS302DL_DOUBLECLICKINTERRUPT_Y_ENABLE            ((uint8_t)0x08)

#define LIS302DL_DOUBLECLICKINTERRUPT_Z_ENABLE            ((uint8_t)0x20)

#define LIS302DL_DOUBLECLICKINTERRUPT_XYZ_ENABLE          ((uint8_t)0x2A)

/**

  * @}

  */

/**

  * @}

  */ 

  

/** @defgroup STM32F4_DISCOVERY_LIS302DL_Exported_Macros

  * @{

  */

#define LIS302DL_CS_LOW()       GPIO_ResetBits(LIS302DL_SPI_CS_GPIO_PORT, LIS302DL_SPI_CS_PIN)

#define LIS302DL_CS_HIGH()      GPIO_SetBits(LIS302DL_SPI_CS_GPIO_PORT, LIS302DL_SPI_CS_PIN)

/**

  * @}

  */ 



/** @defgroup STM32F4_DISCOVERY_LIS302DL_Exported_Functions

  * @{

  */ 

void LIS302DL_Init(LIS302DL_InitTypeDef *LIS302DL_InitStruct);

void LIS302DL_InterruptConfig(LIS302DL_InterruptConfigTypeDef *LIS302DL_InterruptConfigStruct);

void LIS302DL_FilterConfig(LIS302DL_FilterConfigTypeDef *LIS302DL_FilterConfigStruct);

void LIS302DL_LowpowerCmd(uint8_t LowPowerMode);

void LIS302DL_FullScaleCmd(uint8_t FS_value);

void LIS302DL_DataRateCmd(uint8_t DataRateValue);

void LIS302DL_RebootCmd(void);

void LIS302DL_ReadACC(int32_t* out);

void LIS302DL_Write(uint8_t* pBuffer, uint8_t WriteAddr, uint16_t NumByteToWrite);

void LIS302DL_Read(uint8_t* pBuffer, uint8_t ReadAddr, uint16_t NumByteToRead);



/* USER Callbacks: This is function for which prototype only is declared in

   MEMS accelerometre driver and that should be implemented into user applicaiton. */  

/* LIS302DL_TIMEOUT_UserCallback() function is called whenever a timeout condition 

   occure during communication (waiting transmit data register empty flag(TXE)

   or waiting receive data register is not empty flag (RXNE)).

   You can use the default timeout callback implementation by uncommenting the 

   define USE_DEFAULT_TIMEOUT_CALLBACK in stm32f4_discovery_lis302dl.h file.

   Typically the user implementation of this callback should reset MEMS peripheral

   and re-initialize communication or in worst case reset all the application. */

uint32_t LIS302DL_TIMEOUT_UserCallback(void);



#ifdef __cplusplus

}

#endif



#endif /* __STM32F4_DISCOVERY_LIS302DL_H */

/**

  * @}

  */



/**

  * @}

  */



/**

  * @}

  */



/**

  * @}

  */ 





/******************* (C) COPYRIGHT 2011 STMicroelectronics *****END OF FILE****/








Viz/stm32f4_discovery_callbacks.c

#include "STM32F4-Discovery/stm32f4_discovery.h"



void EVAL_AUDIO_TransferComplete_CallBack(uint32_t pBuffer, uint32_t Size){



}



uint16_t EVAL_AUDIO_GetSampleCallBack(void){

	return 0;

}








Viz/syscalls/syscalls.c

/**************************************************************************//*****

 * @file     stdio.c

 * @brief    Implementation of newlib syscall

 ********************************************************************************/



#include <stdio.h>

#include <stdarg.h>

#include <errno.h>

#include <sys/types.h>

#include <sys/stat.h>



#undef errno

extern int errno;

extern int  _end;



__attribute__ ((used))

caddr_t _sbrk (int size)

{

   extern char __cs3_heap_start;

   extern char __cs3_heap_end ;

   static char *current_heap_end = &__cs3_heap_start;

   char *previous_heap_end;



   previous_heap_end = current_heap_end;



   if (current_heap_end + size > &__cs3_heap_end )

   {

      errno = ENOMEM;   // don't forget to include <errno.h>

      return (caddr_t) -1;

   }



   current_heap_end += size;



   return (caddr_t) previous_heap_end;

}



__attribute__ ((used))

int link(char *old, char *new) {

return -1;

}



__attribute__ ((used))

int _close(int file)

{

  return -1;

}



__attribute__ ((used))

int _fstat(int file, struct stat *st)

{

  st->st_mode = S_IFCHR;

  return 0;

}



__attribute__ ((used))

int _isatty(int file)

{

  return 1;

}



__attribute__ ((used))

int _lseek(int file, int ptr, int dir)

{

  return 0;

}

__attribute__ ((used))

int _read(int file, char *ptr, int len)

{

  return 0;

}

__attribute__ ((used))

int _write(int file, char *ptr, int len)

{

  return len;

}



__attribute__ ((used))

void abort(void)

{

  /* Abort called */

  while(1);

}

          

/* --------------------------------- End Of File ------------------------------ */
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