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BBEJAEHUE

CoBpeMEHHBIE TEXHOJOTUHM YNPABICHUS DJIEKTPUUECKUMHU JBHUIATEIISIMHU
UTPAIOT KIIOYEBYIO pOJIb B PA3BUTHUHM NIPOMBIIUIEHHOCTH M aBTOMaru3aluu. B
MOCJIETHUE TOBI CYIIECTBEHHO BO3POC UHTEPEC K OECKOJUIEKTOPHBIM U aCUHXPOHHBIM
AIIEKTPOJIBUTATEINSIM, YTO CBA3aHO C UX BBHICOKOU 3(P(PEKTUBHOCTHIO M HAACKHOCTHIO.
B nanHoit paboTe npeicTaBiaeHo MporpaMMHOE 00ecTieueHus 1Jisl yIPaBICHUS TAKUMU
JIBUTATEIISIMHU.

OOBEKTOM HCCIIEOBAaHUSL SIBISIIOTCS  OECKOJUIEKTOPHBIE M aCHUHXPOHHBIE
JBUTATENH, KOTOpble Oyarofaps CBOEM KOHCTPYKIMOHHOH OCOOEHHOCTH H
BO3MOKHOCTSIM pabOThl ¢ MUHUMAJIbHBIMU MTOTEPSIMU SHEPTUU CTAHOBSITCS Bce Ooliee
BOCTPEOOBAHHBIMU B Pa3IUYHBIX OTPACIISIX.

B pabGore Takxke aHalMM3UpyroTCs JocToMHCTBAa tiatrgopmel STM32,
UCIIOJIb3YIOUIEICS A1 pa3padOTKU IPOrpaMMHOrO O0OecredeHus, YTo 00eCIeunBaeT
BBICOKYIO MPOM3BOAUTENBHOCT M 3(PPEKTUBHOCTH 32 CYET OCOOEHHOCTEH
aApXUTEKTYpbl W BO3MOKHOCTH JIETKOTO MpOrpaMMHUpOBaHMs. Bce 3TH acmekTbl
MPECTABISAIOT 3HAYUTEIbHBIA UHTEpPEC JJISI MPEANPUATHI, CTPEMSIIIINXCSI BHEAPUTH
IIEPEIOBBIE TEXHOJOTHMYECKHE PEIIECHUS B CBOM IIPOU3BOJACTBEHHBIE NPOLECCHI, H
MOATBEPAKAAIOT HEOOXOJUMOCTh AAJbHEHIIEr0o W3YYEHUs] W MPUMEHEHUS JaHHBIX
TEXHOJIOTUI B YIIPaBICHUH JICKTPOABUTATEIAMH.

[lenpto paboThl sBIsIETCS pa3paboTka MPOTPAMMHOTO OO€CTIeUeHUs st
yopasienuss MM, 3anumcu 15oroB u obecnedenuss 0a3zoBoro uHTepdeiica
B3aUMO/ICUCTBUS. 3adauH:

- pa3paboTaTh MPOrpaMMHBIE MOJTYJIH JIsl TeHepaiuu u ynpasienus [HNUM,;

- peayiu30BaTh MEXAHU3M JIOTUPOBAHMS TAHHBIX;

- peanu3oBaTh UHTEpPGENC A1 B3aUMOACHCTBUS MTOJIH30BATENS C CUCTEMOM;

- POBECTU TECTUPOBAHUE Pa3paOOTAHHBIX MOJYJIEH.



1 YnpaBieHnue 1BuratejasiMu

CoBpeMEeHHbIE  DJIEKTPUYECKUE JBUTATEIM  LIUPOKO MPUMEHSIOTCS B
IPOMBIIUIEHHOCTH, TPAHCIOPTE M OBITOBOM TexHUKe. VX ymnpaBieHHE MO3BOJIAET
peryiaupoBaTh CKOPOCTh BpAIllEHWS, MOMEHT, HalpaBJiEHUE JBWXCHHUS M Jpyrue
napamMeTpbl padOThl, YTO Je€JaeT UX YHHBEPCAJIBHBIM HWHCTPYMEHTOM JUIS
aBTomMaTu3auud. OCHOBHBIE MOJAXO/bI K YIIPABICHUIO ABUTATENIIMHU 3aBUCAT OT THIIA
neuratens. B nmaHHoM pabore OyAeT paccMOTPEHO PAa30MKHYTOE YIpaBIICHUE,
OECKOJJIEKTOPHBIM U CHHXPOHHBIM WJIM ACHHXPOHHBIM JIBUTATEIIEM.

Crnenyer OTMETHTh, YTO CXEMa YIPABICHUS [IBUTATEIIEM JJIEKTPUYECKHU
pa3BA3aHa OT CXEMbI JIOTMKM MHKPOKOHTpoJuiepa. sl CUJIOBOM 4acTH JBUraTels,
OTBEYAIOIIEH 32 HEMOCPEACTBEHHOE MUTAaHUE U KOMMYTalUI0 0OMOTOK, UCIIOJIb3YOTCS
OTIIeJIbHBIE TUIaTHhl (MHBEPTOP). lIpUHIMIMANbHAS CXeMa MPOCTEHUIEer0o WHBEPTOpa

oJHOM (pa3bl MpUBeIeHA Ha puc. 1.
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Pucynox 1 — Cxema nipocreiimiero uasepropa (1 ¢asza)

HNuBeprop npeodpaszyeT MOCTOSIHHBIM TOK B MEPEMEHHBIN 3a cueT MOAYJISALUU
LIMPHUHBI UMITYJICOB yITpaBieHus kiaouamu VD.

B ocHOBe paboThI HHBEPTOpPA JICKUT CXEMA Ha CUIIOBBIX TPaH3UCTOpaXxX (0OBIYHO
IGBT wm MOSFET), ynpaBnsieMblXx KOHTPOJUIEPOM, KOTOPBIA OMpeAensieT
MOCJIEI0BATEIBHOCTh U JJIUTEIBHOCTh KOMMYyTaluu ¢a3. B pamkax uccriemoBaHus
paccmaTrpuBaeTcsl TONbKO NpUHIMI (popMupoBanust curdanos LIIMM, HeoOxoauMbIx

JUISl YIIPABJIEHUS TPAH3UCTOPAMH CHJIOBOM CcXeMbl. [IpoekTupoBaHue 3TOM CHIIOBOU
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4aCTH HEC ABJIICTCA L CIBIO ,HaHHOfI pa6OTI>I.

1.1 YopasiieHue 0eCKOJUIEKTOPHBIMHU ABUTATEISIMUA IIOCTOSHHOTO TOKA

VYpasnenue O€CKOJUIEKTOPHBIM JBUTATEJIEM OCHOBBIBA€TCS Ha
H0CJIeI0BATEIbHOM BKJIIOUEHHMM OOMOTOK cTaTopa, 4ToObl CO3/1aTh Bpalllarolieecs
MarHUTHOE MOJie, KOTOPOE B3aUMOJIEUCTBYET C MOCTOSSHHBIMU MarHUTaMu poTopa.
OToT npotuiecc o0ecneunBaeT BpalleHue poTopa 0€3 MEXaHMUECKHX IIETOK.

Ha puc. 2 n300pakeH MpUHIMN yIpaBiieHUs Tpex(a3HbIM OECKOIEKTOPHBIM
nBurareneM. B KaxIplii MOMEHT BpPEMEHHM AaKTHUBHBI JIB€ OOMOTKHU: 4Yepe3 OJHY
II0JIA€TCs TOK, a Yepe3 IPYTyIo OH cTeKaeT. TpeTbs 0OMOTKA OCTAeTCsl OTKIFOUEHHOM.
Jnst TpexdazHoro JABUTATENs] CYUIECTBYET LIECTh AKTUBHBIX COCTOSIHUM, KOTOPBIE
(GOopMUPYIOT OAHY JIEKTPUUYECKYIO a3y BpallleHUs. DTU COCTOSHUS NEPEKII0Yat0TCs

MOCJICA0BATCIIbHO B 3aBUCMMOCTH OT IIO3UIINH POTOPA.
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Pucynok 2 — CoctosiHUsI O€CKOIIEKTOPHOTO JBUTATEIS



Yacrora NEPCKIIIOUCHUSA OTHUX COCTOSIHUU onpeAcisiI€ET CKOPOCTb BpPalICHHA

ABHUI'aTCJIIA. YeM BbIIIIC qacTtoTa, TCM 6LICTp€€ BpaliacTCsa poTop.

UM wucnonb3yercs i yOpaBiIeHUs MOIIHOCTBIO, MepeaaBaeMon Ha (asbl

JABHUI'aTCIIA, oOecnieunBas IIaBHOCTH pa6OTI>I U MHHHUMH3AONUIO IIOTCPb. HN3mensis

CKkBaXHOCThp curHana [IIMM, MO0XHO KOHTPONIMPOBATH CpPEIHEE HAIPSIKECHUE,

1oJlaBaeMoe Ha 0OMOTKH (puc. 3).
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Pucynok 3 — I'paduk LLIMM st ynpaBieHUsT MOITHOCTBIO OECKOJIIIEKTOPHOTO

ABUTaTCIIA

1.2 YnpasiieHue CHHXPOHHBIMYU U ACHHXPOHHBIMHU JIBUTATE/ISIMH

JI1si CHHXPOHHBIX/aCUHXPOHHBIX JIBUTATENIeW (HOPMUPYETCS CHUHYCOUIAIbHOE

HAIIPSAKCHUC C IIOMOIIBIO HHBCPTOPA, M YaCTOTA 3TOI'O0 HAIIPAXKCHHUA OIPCACIIACT

CKOPOCTh BpallleHus: potopa. /s 3Toro Heo6xoauMo MeHsITh ckBakHOCTH LIIMM 1o

CHUHycouajgbHOMY 3akoHy. Ha puc. 4 nzoOpakeH npuHIun GOpMUPOBAHUS CUTHAIA

HIMM nByx kiaroueit ogroro mieda (Ul, U2), 11 moaydYeHns CHHYCOMIaIbHOTO TOKA.
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Pucynox 4 — I'padpux IUM ny1st hopMupoBaHrs CUHYCOUIATIBHOTO HATTPSIKEHUS

2 Pa3pa6oTrka nporpammbl ¢popmupoBanus [HHIUM

Beibop mmargopmbl  anst pa3paOOTKU — MPOTPaAaMMHOTO  OOecriedeHus
MPEACTABIAET COOOM BaKHEHIINI 3Tam B mpolecce co3aanus 3p(HEKTUBHBIX CUCTEM
ynpasieHus: asurarensiMu. OpHoW u3 Hambosee NOAXOIAMIMX IIaTGopM Ui
pa3paboTKu TPOrpPaMMHOTO OOECreYeHHs, BKJIOYas alrOpuUTMbI (popMUpOBaHUS
HIMPOTHO-UMITYJIbCHON Moay sinuu (LLIMM), siBisiercss STM32. Bo3MOKHOCTE THOKOM
HACTPOWKH TaimepoB s reHepaunu [HIMM-curaanoB mo3BoJisieT peain30BBIBATH
pa3IMyHbIe METObI YIIPABJICHUS IBUTATENSIMU C BBICOKOW TOYHOCTHIO.

Kpome Toro, STM32 noaaepkuBaet pasHOOOpa3Hble MHTEp(dECH 1Sl CBA3U C
npyrumu ycrpoiictBamu, Bkitouas UART, SPI u CAN, uro BaxkHO 151 oOMeHa
JAHHBIMU B pachnpeleleHHbIX cuctemax. llomnep:kka MHOMXECTBa BCTPOCHHBIX
bynkuii, Takux kak uumdposas oOpaboTtka curHamoB (DSP) m maremaTmueckue

orcpagyyM Ha  almnapaTHoM  YpPOBHC, 3HAUYUTCIIBHO  YCKOPSACT  BBIYMCIICHUS,



TpeOyromuecs JJIsl aITOPUTMOB YIIPABJICHHUSL.

B pesynbrate wucnonb3zoBanus 1wiatopmel STM32 B coderaHuu ¢
ONTUMHU3UPOBAHHBIM MPOTPAMMHBIM OOECIICUCHUEM CO3/1a€TCsl HaACKHAsI U MOUTHAS
CUCTEMa yIpPABJICHMS, CIOCOOHAs  yAOBIETBOPUTh TPEeOOBaHUSA  Pa3IUUYHBIX

IIPOMBIIICHHBIX TPUJIOKECHUM.

2.1 Metoawbl popmupoBanus HIUM

Jns dopmupoBanusa MM Obutd ucnons3oBaHbl TaiMepbl. OHU SIBISIOTCS
OCHOBHBIM  HMHCTPyYMEHTOM  jisi  ¢opmupoBanus  curHaioB UM B
MUKpOoKOHTposuiepax STM32, mo3Boisiss TeHepupoBaThb HMITYJIbCHl C 33JaHHOU
4acTOTON M KOA(PUIIMEHTOM 3aIIOJTHEHUS.

K Takum mapameTpaM OTHOCATCS 4acToTa padoOThl TaiiMepa, Ko3(duuueHt
3a0JJHEHUS M JJUTENBHOCTh HMITYJIbCOB. OTH MapaMeTpbl 3aJal0Tcsl 4epes
KOH(UTypalMio perucTpoB TaMepa, Takux kak npennenurtens (Prescaler), peructp
aBTomMaTuieckoil nepeszarpysku (ARR) u peructp cpaBuenus (CCR). HacTtpoiika aTux
napaMeTpoB IMO3BOJIIET JTOOUTHCS HEOOXOAMMOM TOYHOCTH M cTabmibHOCTH [TTNMM
CUTHaja, YTO OCOOCHHO Ba)KHO B CUCTEMAaX YIPaBJICHUS JBUTATEIISIMU.

IIpn Hactporike TaitmepoB Ha STM32 s renepanuun MM BaxHO yunTHIBaTH
MPAKTUYECKHUE ACTIEKThl, TaKME KaK CHUHXPOHU3ALMS TalMEpoOB ISl YNpPaBICHUS
HECKOJBPKUMH KaHaJIaMH U UcToJib3oBaHue PyHkiui dead-time, npegoTBpaiarommx
KOPOTKOE 3aMbIKaHHE B TIOJYMOCTOBBIX cXxeMax. T.k. BcTpoeHHOU ¢yHkiuu dead-time
B STM32 Her, To OHa peanu3yercs MPOTPaMMHO. OTHU (DYHKIMH HMEIOT 0co00e
3HayeHWe npu padoTe C MOIIHBIMH JBUTATEIsIMU, TIl€ TpeOyercs BBICOKas
HAJICKHOCTb.

B mporpamme ucnonwsyercs 3 taiimepa mns dopmupoBanus [TIUM: TIMA4,
TIM3 u TIM2. Taitmep TIM4 sBasercs BeAyllUM W 1O HEMY B PEXHUME
CUHXpOHU3alMK 3amyckatorcs Taitmepsl TIM3, TIMZ2. Hacrtpoiika yacToThl H
CKBR)XHOCTH TaiiMepa 3aBUCUT OT 3HAYCHWi, 3amucaHHbIX B peructpax Modbus,

KOTOpPBIE ONUCAHbI B r1aBe 2.2.



JI71d KaXXa0T0 1mieya UCIob3yeTCsl OJIUH Tarumep ¢ AByMs kaHaiamu HIVM.
CxBaxkHocTh IIIMM oOHOBIISIETCSl KaXKAbIH MEPUO/I, TIO TIPEPHIBAHUIO Taiimepa
TIM4. B npepbiBaHWH, B 3aBHCHUMOCTH OT BBIOPAHHOI'O pEXUMa BBI3bIBAETCS
COOTBETCTBYIOIIAsI PYHKIUS SISl YIIPABICHUS! CKBAXKHOCTBIO.
[TonmepkuBarOTCA CIEAYIOIINAE PEKUMBI:
o Ilocrosuublil ogHokaHanbHBIN [IIMM (Ha m000M 13 6 KaHAJIOB)
o IlocTosiHHBIN MOcTOBOM oaHOda3HbI [TTUM
o IlocrosinubIl MOcTOBOM Tpexdazubiii HIUM
o Cunycounanbublii ogqHokanansHbIi [IIMM (Ha 1060M 13 6 KaHAIOB)
o CuHnycounanbHbIi MOocTOBOM otHOGa3HbIN LITM

o CuHnycounaneHblii MocTOBOM Tpexdaszubiii LM

JIns MIaBHOTO HWM3MEHEHMs IapaMeTpoB B Iporpamme wucnosb3yercs [IM-
perymsaTop, u3z ouommorekn CMSIS.

T.x. maHHas mporpamma peanusyeT pa3oMKHYTOE ymnpasiieHue 0e3 oOpaTHOU
cBa3u, TO BeIxoA [IM-perynsropa 3aBeneH Ha BXoA. Takke peanu3zoBaHa caTypaius,
JUISL OTPAHUYEHUS CKOPOCTH U3MEHEHHSI CKOPOCTHU — (PYHKIIHS.

B pesynbrare Obul Hamucan wmoxyias IIMM  (pwm.c/pwm.h), kortopbrit
peanu3yeT BCl ero padoty. OH COIEpPXKUT (PYHKUUU ISl ABYX OCHOBHBIX PEXKUMOB
HI1M:

1. Tocrosuusiii UM (DC) — pyuxus PWM_DC_Bridge_Mode().
2. Cunycounanphsiii [IIUM (SINE) — ¢dyukimu u PWM_Sine_Bridge_Mode().

Otu  pexumbl  obecnieynBaroT (GopmupoBanue pazauunbix  [IUM  mis
YIIPABJICHUSI IBUTATEISIMU.

Tak xe ectb pexuM onHOKaHAIbHOTO [IIMM, KOTOpBI MOKHO MCIIOIB30BAThH
JUISL IBUTATEINIEW TOCTOSIHHOTO TOKA WJIW JIJIS1 TECTUPOBAHUS EPEKITIOUYCHHS OTAECIBHBIX
tpan3uctopoB — pynkius PWM_SingleChannel_Mode().

[TonHbBIA TUCTUHT JAHHOTO MOJYJISI IPUBENIEH B MPUIIOKEHUX A, b.



2.1 JlucTaHIIMOHHOE YIpaBJieHHe MPOrpaMMoii

JIJisi AMCTaHIIMOHHOTO YIPABJICHUS POrPaMMON ObUIO PEIIeHO KCIOIb30BaTh
npotokos Modbus

[TpoTokon Modbus — camblif pacripoCTpaHEHHBIN MPOMBIIIICHHBIN MPOTOKOJ
JUIS. B3aUMOJICUCTBUSL MEXAY IOJEBbIM YPOBHEM (M3MEPUTEIIbHBIX YCTPOUCTB —
JATYUKOB) U KOHTPOJUIEPHBIM YPOBHEM. SIBJISIETCS CTAaHAAPTOM U TOJJIEP>KUBACTCS
MOYTU BCEMH MPOU3BOIUTEISIMHU IPOMBIIIIIEHHOTO 000PY/I0BaHUS.

brnaronaps  yHMBEpPCAJIBHOCTM M OTKPBITOCTH, CTaHAApT  IO3BOJSET
WHTErpUpPOBaATh 000PYI0BaHUE pa3HBIX Mpou3BoauTenei. Modbus ucnons3yercs ass
cOopa MokaszaHus ¢ JaTYMKOB, YIIPABICHUS pelie U KOHTPOJUIEpaMU, MOHUTOPHUHTA, U
T.J.

B nmporokosne Modbus nanHbie opranu3oBaHbl B BUji€ 16-OMTHBIX PETUCTPOB U
OJTHOOWTHBIX KOWJIOB, 4YTO JEJAeT €ro yAOOHBIM [UIsl mepenadyd u o0paboTKu
uHpopMalu B cUCTeMax yIpaBlieHUs. PerucTpbl UCHONB3YIOTCS ISl XPaHECHHS
YUCJIOBBIX 3HAYCHUM, TAKMX KAK MapaMeTpbl HACTPOMKHU WIIM JTAHHBIE U3MEPEHUU, a
KOWJIbl TPEJICTaBISIOT COOOM JIOTMYECKHE COCTOSIHUS, KOTOpbIE MOTYT OBITh
WCIIOJIB30BaHbl Il yOpPaBJIEHUS WM WHAUWKAUMU. Takoe pa3liesieHHe IO3BOJISET
3 PEeKTUBHO CTPYKTypUpOBaTh JaHHBIE, OOECHeYrBasi MPOCTOTY HWHTETpalid B
CUCTEMBbI AaBTOMATHU3AIUH.

ITepemaua manabix mo Modbus Ha STM32 peanmmsyercs depe3 uHTEepdeiic
UART.

Taxxke mnpu wucnonp3zoBanun Modbus BaXHO TPABUIBHO pacHpeeTUTh
perucTpsl U KouJibl. Peructpel Mmoryt Xxpanuth napamerpsl [HIMM, Takue kak yacrora
1 KOd(PPUIUEHT 3amoiHEHUs, B TO BpPeMs KaK KOWJIBI MOXHO MCIOJIb30BaTh JIJIsi
MEPEKITIOYEHUS PEKUMOB PaOOTHI.

B urore Obu1a peann3oBaHa cieayroias crpykrypa gaaasix Modbus:

[TapameTpst HIMM 3anuckiBatoTCs B pETUCTPHI U, €CIIM HACTPOUKH OOHOBUIIUCH,
taiiMmepsl STM32 nepenacTpanBarOTCsi B COOTBETCTBUU C HOBBIMUA HACTPOUKAMMU:

Perynupyembie napameTpsbl:
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« Uacrora cunyca (Peructp Ne20000),

« CkBaxnocts LIINM (Peructp Ne20001),

« UYacrora [IIMM (Peructp Ne20002),

« MakcumainbHas JUIMTEIBHOCTD 0iHOT0 uMImyJjbca (Peructp Ne20003),
o MuHUMaIbHAS UIMTEILHOCTD 0JTHOTO MMITyJIbca (Peructp Ne20004),

« Deadtime mis mepexroueHus Kirroued Mmexy kaHasamu (Perucrp Ne20005).

Pexxum pabotel HINM 3anuceiBatoTCs B KOWIIBI M, B COOTBETCTBUH C KOTOPBIMH
BBI3bIBAIOTCS HEOOX0ANMbIE PYHKIMH 11 popmupoBanus HINM:
o IlocrostHubIi nau cunycounanbhbii MM (Kowm Nel7),
« Mocrosoiit IIUM (Koua Nel8),
o Tpexdasusrii MM (Koua Nel9),
o ITonssprocts LLIMM (Kowmn Ne20),

« Hcnonb3yemsrit kanai [IIMM B onHokaHanbHOTO peskuMme (Kowm Ne21-23).

2.2 JlokajbHOe ynpaBJieHHe MPOrpaMmoin

Taxxe Obulo pemieHO M00aBUTH JIOKAIBHOE YTMpaBICHHE, 4Yepe3 DHKOIEP C
KHOTIKOW W JUCILIEH.

T.x. STM32 umeer anmapatayro nogaepxky 12C u SPI, To yno6no Oyner
UCITOJIB30BaTh AUCIUICH UMEHHO C TAKUMH HHTEpdericaMu

Humepgheric 12C npencrtaBiseT co0O0il ABYXMPOBOJHON MPOTOKOJ Mepeaadn
naHHbiX, ucnonsdytomui ymann SDA (Serial Data) m SCL (Serial Clock). On
MO3BOJISIET HECKOJIBKUM YCTPOMCTBAM paboOTaTh Ha OAHOU IIMHE, IepeaBas JaHHBIC B
ocje0BaTeILHOM (hopMaTe ¢ MOATBEPIKISHUEM Ha KaXKI0M OaiTe.

Hucnen, pabortatone no [2C, UMEIOT BCTPOEHHBIM KOHTPOJIIEP, KOTOPHIN
NPUHUMAET KOMaHIbI W TpeoOpa3yeT MX B NapaJlIeibHBIA HHTEpdEHC aucruies.
brnaronmaps aToMy, [ ynpaBieHus TUCIIeeM TPeOyeTcss MUHUMYM COEIMHEHHM, 4TO

OCOOEHHO MOJIE3HO IMpU HCIIOJIb30BAHHMKU MHKPOKOHTPOJIJICPOB C OI'PAaHUYCHHBIM
11



YHCJIOM BBIBOJIOB.

Takue nucrien, Kak MPaBUIIO, CUMBOJIbHBIE U MUMEIOT pa3Mep 2 CTpoku 16
cumBoJioB (LCD1602) nim 4 crpoku 20 cumBosioB (LCD2004). B manHoii pabote
ncnoiis3oBaics aucruieit LCD1602.

Untepdeiic SPI mpeacrasnser coboil cTaHmapT i BBICOKOCKOPOCTHOTO
oOMeHa JaHHBIMU MEXKIY MHUKPOKOHTPOJUIEPAMH U MEepUPEPURHBIMUA yCTPOUCTBAMHU.
[Mpuniun pabotsl SPI ocHOBBIBaeTCSI Ha CHUHXPOHHOM mepenaye JaHHBIX, TJIe
UCTIONB3YIOTCS yeThipe curHanmbHbix JuauH: MOSI (Master Out Slave In), MISO
(Master In Slave Out), SCK (Serial Clock) u SS (Slave Select).

Huctineu ¢ unmepgheticom SPI, Takue xak LCD12864, obecieunBaroT OBICTPYIO
nepenavdy JaHHBIX Onarojaps CBOEH apXWUTEKType, YTO TIO3BOJSET OOHOBIATH
U300pakeHHEe Ha HKpaHE NPAKTHUYECKH MTHOBEHHO. Takke OHHM, KakK IpaBuHIIO,
rpaduueckue u pabOTaOT HA YPOBHE OTAENBHBIX MHUKCENeH, a He (UKCUPOBAHHBIX
CUMBOJIOB, UTO JeJlaeT UX OoJjiee TMOKUMH B IUJIaHE OTOOpakaeMol HHQpOpMalUu.
Tarxoke oHn MOTyT OBITH OoJibIiie 0 pa3Mepam (Hamp. LCD12864 pasmepom 128x64
TIUKCEJICH), YTO MO3BOJIIET BEIBOJUTH TOpasno Ooinbine nHpopmanuu. Tem HE MeHee,
nucruien SPI uMeroT v CBOM HEZOCTAaTKU: OHU TPEOYIOT OOJIBILIEr0 YKcia MPOBOAOB MO
CpPaBHEHUIO C uHTepdercaMu, TakuMu Kak [12C, 4TO MOXKET YCIOXHSTh Pa3BOJKY
CXEMBHI.

OHKOOepbl  TIPENCTaBISIIOT CO0OM  yCTpoicTBa, MpelHa3HaYeHHbIE —MJis
npeoOpa3oBaHUsl MEXaHUYECKOTO JIBIDKEHUS B DJIEKTPHUYECKHE CUTHAIBI, KOTOPBIC
MOTYT OBITh HWHTEPHPETUPOBAHBI cHUCTEeMOM ymnpasiieHus. OCHOBHOM NPUHIUI HX
paboOThI 3aKIIOYACTCS B PETUCTpAIlMU W3MEHEHUH TMOJIOKEeHUsS O0BheKTa, OyIb TO
YTJI0BOE WJIH JIMHEHHOE TIepeMeleHne. DTO JOoCTUraeTcs 0Jaroaapsi NCMob30BaHUIO
JATYNKOB, KOTOPbIE (PUKCUPYIOT U3MEHEHHS IMOJIOXKEHHUS OTHOCUTENIbHO HAa4YaJbHOM
TOUYKH. B 3aBUCHMOCTH OT KOHCTPYKITUH U TUTIA YHKO/IEPa, TAKUE CUTHAIIBI MOTYT OBIThH
00 MMMYJbCHBIMH, JTUOO MPEACTABIAThL COOOM 3aKOAMPOBAHHYIO MH(MOPMAILIUIO O
TEKYIIEM IMOJIOKSHUH.

[Ipu pazpaboTke mnporpammbl Ui 3a7aHUsl MapaMeTpoB ObUIO PEIIeHO
12



MCMOJIb30BaTh  YIJIOBOM JHKOJEp C KHONKOW. MukpokoHTtpomiep STM32
MPEIOCTABIISIET CIEIUATN3NPOBAHHBIE PEXKUMBI TAUMEPOB 17151 pabOTHI C SHKOJIEpaMH,
YTO MO3BOJISIET A (HEKTUBHO CUUTHIBATH YTOJ IIOBOPOTA SHKOJEPA.

B pesynbrate ObUT HamucaH MOJYJb JJIA  UHTepdeiica MporpaMMbl
(interface.c/interface.h), xoTopelii comepUT GYHKIUH I B3aUMOJCHCTBUS
noJyib3oBatenst ¢ mporpamMmoid. OH COCTOMT W3 JHKOJEpa C KHOMKON M JUCILIes.
OcHOBHBIE PYHKITUU:

1. O6paGoTka BBOJAa OT 3HKOJIEpA, BKIIOUAs IMEPEKIIOUYECHUE PEXKUMOB H
HACTPOWKY IapamMeTpoB (rpy0ast ¥ ToHKas HacTpoiku ) — pyukims Update_Encoder(),

2. O0HOBIeHNE NHGOPMAIIMH HA TUCILIEE, OTOOpaKEHNE TEKYIIUX IMapaMeTpoB
cuctembl — ¢pyHkius Update Encoder().

DHKOJIep C KHOIIKOW TIO3BOJIAET IOJIb30BaTEII0 BBHIOMpATh M HACTpauBaTh
napaMeTpbl CUCTEMBL:

« OTHOKpaTHOE Ha)KaTHUE KHOTIKHU — BBIOOD MapameTpa sl peryJIupoBaHus,

o [IpokpyTka — Tpu BBIOpAaHHOM TIApaMeTpe €ro peryJupoBaHUE, HHA4ye
POKPYTKAa MEHIO MTapaMETPOB,

o JIBykpaTHOE Ha)kaTHe KHOIKH — TMEPEKII0YCHUE MEXy BBIOOPOM peKrMa
[ITM m peryaupoBaHHUEM €T0 TapaMETPOB.

Hucnueil obecrnieunBaer 0oOpaTHYIO CBS3b, OTOOpaXkasl TEKyILME HACTPOUKHU U
coctosiius. Ecte mognepikka LCD mucrtes mo untepdeiicy 12C (LCD1602) u SPI
(LCD12864).

[ToJsHBIN JIUCTUHT JAHHOTO MOJYJISI IIPUBEAECH B IpUiIOKeHusx B, I'.

2.3 Yupasiaenue napamerpamu LLHIUM u norupoBanue JaHHBIX

T.x. Taitmep IIMM uMeeT 04eHb BBICOKYIO M HETIOCTOSIHHYIO YacTOTY, TO OBLIO
pemieHo  J100aBUTh €Il OJUH  YIOPaBIAIONIUMNA  TalMep, KOTOpbIA Oyner
nepenactpauBarh LIHIMM u a Takxke 3aHUMATBHCS TOTUPOBAHUEM JTAHHBIX.

B pesymbrare Obul HamucaH MOAYJAb IS KOHTPOJSA  MPOTPAMMBI

(control.c/control.h), koTopsIlit HacTpauBaeT ynpaBsSIOIIHIA TaliMep Ha OIPEICICHHY IO
13



4acToTy.
B npepbiBanuu 3TOrO TaliMepa MpPOBEPSIOTCSA HACTPOMKH, 3a1anHbie B Modbus
Y €CII OHM OOHOBJISIIOTCS — MIEPEHACTPANBAIOTCS TAHMEDHI).
Moaynb Takxke coaepx uT (GYyHKIMH JJIsi cOOpa M 3amucH JaHHBIX O padote
[I1M:
1. 3amuce  TeKymmMXx ~ mapamMeTpoB B MacCMB  JIOTOB  —  (PyHKIus
Fill_Logs_with_Data(),
2. OOHOBIIEHE TapaMeTPOB JIOTUPOBAHUS (YacTOTa JIOTUPOBAHMS, OOBEM
JIOTMPOBaHHBIX NaHHbIX) — pyHKIws Update_Params_For_Log().
Jloru BKJIIOYAIOT B c€0s1 CIEAYIOIINE JaHHbIE:
o Texkymryto ckBaxHocts [HIM
o Busyanuzanus ckBaxknoctu HINUM (B Tpex nepuojax)
o Cyerunk (nuia) A1 MPOBEPKU KOPPEKTHO JIU pabOTAET JJOTUPOBAHUE

[TonHBIN IUCTUHT TAHHOTO MOAYJISA NPUBEAEH B puioxeHusax /I, E.

3 leMoHcTpaiusi padoTsbl NPOrpaMMbl
Buneo ¢ nemoncrpauuen ynpasnenus [HIMM u cuntbiBaHHEM JTIOrMPOBAaHHBIX
nanabiM ¢ MK uepes Modbus, (mpwioxenue na IIK) mnpueneno 3xaecs:

https://disk.yandex.ru/i/7S2R2Ckg 3fXMw.

Buneo ¢ npemoncrpanmen nepekinroueHus pexumoB MM ¢ nomomibro
HKOZIEpa U OoTOoOpaxeHus: Tekyuero pexuma Ha aucmuiee LCD12864 npueneno

sneck: https://disk.yandex.ru/i/pxXePgLXaXEKKA.

Buneo c¢ perymmpoBanuem mnapamerpoB IIIMM ¢ nomompsro sHKOAEpa U
OTOOpakeHUs TeKylmux napameTpoB Ha mguciuiee LCD1602 npuBeaeHo 31aech:

https://disk.yandex.ru/i/xKvLAbo4s5YIPw.

I'padux padotel [T1-perynsiTtopa npuBeaeH Ha puc. 5.
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Pucynok 5 — JleMoncTparus peryiaupoBanus ckBaxxHocty LM (uepnast nuHUMSA):
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Habop 1 cOPOC YaCTOTHI

4 TecTupoBaHHe HA 0ECKOIEKTOPHOM JIBHIaTeIe

JlaHHas mporpamMma Takke OblIa TPOTECTUPOBAHA HA  peaIbHOM
OECKOJIEKTOPHOM JABuUTrarteie. Buaeo 1eMoHCTpUpYollee €ero yupaBieHHe TPUBEAEHO
3nech  (pasrom  go 70 o6/c  mpm  wactore MM 2 kIn):
https://disk.yandex.ru/i/eEsSR5Wqqg7ed-LA.

MakcumanbHas 4acToTa BpallCHHUA 10 KOTOpOﬁ YAaJI0Ch PAa30rdaTb ABHUIAaTClIb

coctasmia 400 06/c (ripu wacrore HINUM 40 kI'm).
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3AK/IIOYEHHUE

B xome pnanHONl KypcoBod paboThl Obuia pa3paboTaHa mporpamma
dopmupoBanus UM nnst ynpaBieHuss pa3inMYHBIMA TUIIAMU  JIBUTATENEed C
UCIIOJIb30BaHUEM MHUKpOoKoHTpoJuiepa STM32. Pazpaborannoe I1O ycnemiHo
BBIIIOJIHAET IOCTaBJIEHHbIE 3ajauM, oOecnieunBas ynpasieHue IMM-curnanamu u
JIOTUPOBAHUE JIAHHBIX B PEAJIbHOM BPEMEHHU.

Oco060¢ BHMMaHUE YJIeJICHO MPOrpaMMHON peanusaruu ¢opmupoBanus [1TUM
C HCHOJIb30BaHWEM TaiimepoB STM32, 4TO MO3BOJMIO NPOAEMOHCTPUPOBATH HX
IPAaKTUYECKYyI0 NpUMeHUMOcTb. Kpome Toro, B pabore ObUIM paccMOTPEHBI
JIOTIOJIHUTEIbHBIE MOJIYJIH, TaKHE Kak uHTepdeiic Modbus, nucniien 1uist oroOpaxkeHus
MH(OpPMAIMU U SHKOJEP ISl BBIOOpA PEKUMOB padbOThI. DTH MOIYJIA 00ECIEYNBAIOT
B3aMMOJICICTBHE MOJIB30BATENS C CHCTEMOM U MOBBIIIAIOT €€ (PYHKIIMOHAIBHOCTb

[IpakThyeckass 3HAYMMOCTh JAHHOM pabOThl 3aKIIOYaeTCd B CO3/IaHUU
YHUBEPCAIBHOIO MOJAXO0AA K YIPABICHUIO ABUTATEISIMU C ucnoiap3oBanueM LIIMM.
PeanuzoBanHasi mporpamma MOKET ObITh aJalTUPOBaHA Uil PA3JIUYHBIX THUIIOB
JBUTATENICH, UTO JeNIaeT €€ MOJIe3HOM JyIsl MPUMEHEHUS B CUCTEMax aBTOMATH3aluHU,
poOoToTexHuke M Apyrux obmactsx. Kpome Ttoro, ucnonbp3oBanue wuHTepdeiica
Modbus wu nucnneeB i BbIBOJA HH(OpPMAlMU  TMO3BOJIIET HMHTETPUPOBATH
pa3pabOTaHHYI0 CHCTEMY B 0oJiee CJIOXKHBIC pelleHus, oOecreunBas yJI00CTBO
YIPABJIEHHUS] © MOHUTOPHUHI A

[Iporpamma obnamaer MOJYJBHOM CTPYKTYpO#, 4TO oOJierdaeT J00aBJICHUE
HOBBIX GyHKIMU. Hampumep, noOaBieHne NaTYUKOB CKOPOCTH AJis (popMupoBaHUe

oOpaTHoi cBsi3u. nu no6aBieHre BEKTOPHOTO YIIPABICHUE IBUTATEIISIMU.
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ITPUJIOXKEHUE A

JIueTuHr pwm.c

/**
R R I b S b b b db b b b Sh b b dh S b S Sh b b dh b b 2 dh b b db Sb b 2 dh b b db Sb b 2 Sh b b S Sh b 2 Sh b b S b b 2 Sh b b Sb b b b dh b b db Sh b 2 Sb b b db i 3
* @file pwm.cC
* @brief Monmysb njsa peanmsaumum PWM.

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

#include "pwm.h"
#include "rng.h"

PWM HandleTypeDef hpwml;

PWM SlaveHandleTypeDef hpwm2;

PWM SlaveHandleTypeDef hpwm3;

uint32 t sin table[SIN TABLE SIZE MAX];

unsigned ActiveChannelSHDW Master;
float DeadTimeCnt Master;
unsigned ActiveChannelSHDW SlaveZ2;
float DeadTimeCnt SlaveZ2;
unsigned ActiveChannelSHDW Slave3;
float DeadTimeCnt Slave3;
float shiftPHASEl= 0.6666666666;
float shiftPHASE2= 0.3333333333;
/**

@brief First set up of PWM Two Channel.

*

Qdetails TIlepBwlt MHUT M. 3anoJIHIET CTPYKTYPH ¥ MHULIMAIUIUPYET TamMep
OJid TeHepaumm CcuHyoumajbHoOTo VM.
* CxBaxHoCcTh [IMIM MeHseTCs IO BaKOHY CHMHYCOMUIBI, KaXIIBI
KaHaJl T'eHepupyeT CBOM nojgynepron cmHyca (or -1 mo 0 M or 0 mo 1)
* 1M reHepMpyeTCAa Ha OIOHOM KaHalJe.
* @note This called from main
*/
void PWM Sine FirstInit(void)
{
hpwml.sPWM Config.PWM Mode = (PWM ModeCoilsTypeDef *)&coils regs[0];
hpwml.sPWM Config.PWM Settings = (PWM ModeRegsTypeDef *)&pwm ctrl[0];

// PWM RAMP INIT
hpwml.pDuty Table Origin = SIN TABLE ORIGIN;

// SINE RAMP PARAMS

hpwml.hramp [PWM RampSineHz Ind].pid.Ki PWM RAMP SPEED;
hpwml.hramp [PWM RampSineHz Ind].limMax = 656;
hpwml.hramp [PWM RampSineHz Ind].limMin = 0;
hpwml.hramp [PWM RampSineHz Ind].limMaxInt = 20;
hpwml.hramp [PWM RampSineHz Ind].limMinInt = -20;
hpwml.hramp [PWM RampSineHz Ind].SampleT = (1.0f/HZ TIMER CTRL);
PWM Ramp UpdateParams (&hpwml.hramp[PWM RampSineHz Ind], 1);

//
// DUTY RAMP PARAMS
hpwml.hramp [PWM RampPWMDuty Ind].pid.Ki PWM RAMP SPEED;
hpwml.hramp [PWM RampPWMDuty Ind].limMax 100;
hpwml.hramp [PWM RampPWMDuty Ind].limMin = 0
hpwml.hramp [PWM RampPWMDuty Ind].limMaxInt 20;
hpwml.hramp [PWM RampPWMDuty Ind].limMinInt = -20;
hpwml.hramp [PWM RampPWMDuty Ind].SampleT = (1.0f/HZ TIMER CTRL);
PWM Ramp UpdateParams (&hpwml.hramp[PWM RampPWMDuty Ind], 1);

o~

// PWM CONTROL PINS INIT
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GPIO InitTypeDef GPIO InitStruct = {0};

GPIO Clock Enable (GPIOC) ;

GPIO InitStruct.Pin GPIO PIN O;
GPIO InitStruct.Mode = GPIO MODE OUTPUT PP;
GPIO InitStruct.Pull = GPIO PULLUP;
GPIO InitStruct.Speed GPIO SPEED FREQ LOW;
HAL GPIO Init(GPIOC, &GPIO InitStruct);
GPIOC->0ODR|=1<<0;//nomaua 0 paspemaeT AnmnapaTHOE paspelleHre U 3alpeT
nomayvy WyM CurHajJ mMmeT Ha JIOTHMYeCcKuMr sJjeMeHT & 74AC08d

He

GPIO InitStruct.Pin GPIO PIN 1;
GPIO_InitStruCt.MOde = GPIO MODE INPUT;
GPIO_InitStruCt.Pull = GPIO_PULLUP;
GPIO InitStruct.Speed = GPIO SPEED FREQ LOW;
HAL GPIO Init(GPIOC, &GPIO InitStruct); //xHomka HOJjA BKJI annapaTHO MM
74AC08d

// channels settings

hpwml.sConfigPWM.OCMode
hpwml.sConfigPWM.Pulse = 0;
hpwml.sConfigPWM.OCPolarity
hpwml.sConfigPWM.OCFastMode

TIM OCMODE PWMI;

TIM OCPOLARITY LOW;
TIM OCFAST DISABLE;

// timl settings

hpwml.stim.htim.Instance = TIMER PWM1 INSTANCE;

// hpwml.stim.htim.Init.CounterMode = TIM COUNTERMODE DOWN;
hpwml.stim.htim.Init.AutoReloadPreload = TIM AUTORELOAD PRELOAD ENABLE;
hpwml.stim.sTimMode = TIM IT MODE;
hpwml.stim.sTimFregHz = HZ TIMER PWM;
hpwml.stim.sTickBaseUS = PROJSET.TIM PWM TICKBASE;
hpwml.stim.sTimAHBFregMHz = PROJSET.TIM PWM AHB FREQ;
hpwml.GPIOx = TIMER PWM1 GPIOx;
hpwml.GPIO PIN X1 = PROJSET.TIM PWM1 GPIO PIN X1;
hpwml.GPIO PIN X2 = PROJSET.TIM PWMl GPIO PIN X2;
hpwml.sPWM Channell = PROJSET.TIM PWM1 TIM CHANNELI;
hpwml.sPWM Channel2 = PROJSET.TIM PWMl TIM CHANNEL2;
hpwml.hpwm2 = (void *) &hpwm2;
hpwml.hpwm3 = (void *) &hpwm3;

TIM Base Init (&hpwml.stim);

TIM Output PWM Init (&hpwml.stim.htim, &hpwml.sConfigPWM,
hpwml.sPWM Channell, hpwml.GPIOx, hpwml.GPIO PIN X1);

TIM Output PWM Init (&hpwml.stim.htim, &hpwml.sConfigPWM,
hpwml.sPWM Channel2, hpwml.GPIOx, hpwml.GPIO PIN X2);

// PWM SLAVES INIT

hpwm2 .hMasterPWM = &hpwml;

hpwm2.stim = hpwml.stim;

hpwm2.stim.htim.Instance = (TIM TypeDef *)PROJSET.TIM PWM2 INSTANCE;

hpwm2 .GPIOx = (GPIO TypeDef
*)PROJSET.TIM_PWM2_GPIOX;

hpwm2.GPIO PIN X1 = PROJSET.TIM PWM2 GPIO PIN X1;

hpwm2.GPIO PIN X2 = PROJSET.TIM PWM2 GPIO PIN X2;

hpwm2.sPWM Channell = PROJSET.TIM PWM2 TIM CHANNELIL;

hpwm2.sPWM Channel2 = PROJSET.TIM PWM2 TIM CHANNELZ;
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//hpwm2.Duty Shift Ratio = shiftPHASEL;
hpwm2.Duty Shift Ratio = shiftPHASELl;

hpwm3.hMasterPWM = &hpwml;
hpwm3.stim = hpwml.stim;

hpwm3.stim.htim.Instance = (TIM TypeDef *)PROJSET.TIM PWM3 INSTANCE;
hpwm3.GPIOx = (GPIO TypeDef

*) PROJSET.TIM PWM3 GPIOx;
hpwm3.GPIO PIN X1 = PROJSET.TIM PWM3 GPIO PIN X1;
hpwm3.GPIO PIN X2 = PROJSET.TIM PWM3 GPIO PIN X2;

hpwm3.sPWM Channell
hpwm3.sPWM Channel2

PROJSET.TIM PWM3 TIM CHANNELL;
PROJSET.TIM PWM3 TIM CHANNELZ2;

//hpwm3.Duty Shift Ratio = shiftPHASE2;
hpwm3.Duty Shift Ratio = shiftPHASEZ2;

PWM SynchInit () ;
PWM SlavePhase Init (&hpwm2) ;
PWM SlavePhase Init (&hpwm3) ;

HAL TIM OC Start(&hpwml.stim.htim, TIM CHANNEL 3);

HAL TIM PWM Start (&hpwml.stim.htim, hpwml.sPWM Channell); // PWM channel 1
HAL TIM PWM Start (&hpwml.stim.htim, hpwml.sPWM Channel2); // PWM channel 2
HAL TIM Base Start IT(&hpwml.stim.htim); // timer for PWM

void PWM SynchInit (void)
{

|
—_—
D

TIM MasterConfigTypeDef sMasterConfig
TIM OC InitTypeDef sConfigOC =

sMasterConfig.MasterOutputTrigger = TIM TRGO OC3REF;
sMasterConfig.MasterSlaveMode = TIM MASTERSLAVEMODE DISABLE;
sConfigOC.0OCMode = TIM OCMODE ACTIVE;
sConfigOC.Pulse = 0;
sConfigOC.0CPolarity = TIM OCPOLARITY HIGH;

HAL TIMEx MasterConfigSynchronization(&hpwml.stim.htim, &sMasterConfig);
HAL TIM OC ConfigChannel (&hpwml.stim.htim, &sConfigOC, TIM CHANNEL 3);

/*k*k
* @brief PWM Handler.
* @param hpwm - ykasarTenb Ha xeHpnsn LMM.
* @details VmnparyideT ckBaxHoCcTb IMM B pexume PWM TABLE.
* @note This called from TIM PWM Handler
*

/
void PWM Handler (PWM HandleTypeDef *hpwm)
{
uintl6é t rotate ind A;
uintl6é t rotate ind B;
uintlé t rotate_ ind C;
// rotate pwm
rotate ind A = PWM Get Duty Table Ind(hpwm, hpwm->stim.sTimFregHz) ;
if (PWM Get Mode (hpwm, PWM PHASE MODE))
{
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rotate ind B =
PWM SlavePhase Calc TableInd(PWM Set pSlaveHandle (hpwm,hpwm2), rotate ind A);
rotate ind C =
PWM SlavePhase Calc TableInd(PWM Set pSlaveHandle (hpwm,hpwm3), rotate ind A);
}

if ((hpwm->PWM Sine Hz == 0 &&
(PWM Get Mode (&hpwml,PWM BRIDGE MODE|PWM DC MODE) != PWM DC MODE)) || // if
SINE HZ = 0 in SINE mode or BRIDGE mode (DC = 0, BRIDGE = 1)
(hpwm->PWM Duty == 0 && PWM Get Mode (&hpwml,PWM DC MODE)) ) // if
DUTY = 0 in DC MODE
{ //reset all channels

PWM Set Comparel (hpwm, 0); // reset first channel

PWM Set Compare2(hpwm, 0); // reset second channel

PWM Set Comparel (PWM_Set pSlaveHandle (hpwm,hpwm2), 0); // reset first
channel

PWM_Set Compare2 (PWM Set pSlaveHandle (hpwm,hpwm2), 0); // reset
second channel

PWM Set Comparel (PWM Set pSlaveHandle (hpwm,hpwm3), 0); // reset first
channel

PWM Set Compare2 (PWM Set pSlaveHandle (hpwm,hpwm3), 0); // reset
second channel

return;
}
/)= BRIDGE MODE DISABLE--——--—--
if (PWM Get Mode (&hpwml,PWM BRIDGE MODE) == 0)
{
/) —————————— PWM DC MODE--——--———————-

if (PWM_Get Mode (&hpwml, PWM DC MODE) )
PWM SingleChannel Mode (hpwm, rotate ind A, 0);
J e et SINUS MODE---—————=——-—

PWM SingleChannel Mode (hpwm, rotate ind A, 1);

else
{
if (PWM Get Mode (&hpwml, PWM DC MODE))
/) ==—=—m————= PWM DC MODE-—-—-—-=-—=-—--
PWM DC Bridge Mode (hpwm, rotate ind A, rotate ind B,
rotate ind C);

else
PWM Sine Bridge Mode (hpwm, rotate ind A, rotate ind B,
rotate ind C);

uintl6é t min duty = PWM Calc Min Duty (hpwm) ;
uintl6 t max duty = PWM Calc Max Duty (hpwm) ;
// IF FIRST CHANNEL IS ACRIVE
if (PWM Get Comparel (hpwm) != 0)
{
// Duty shoud be bigger or equeal than min duration
if (PWM Get Comparel (hpwm)<min duty)
PWM Set Comparel (hpwm, min duty);
// Duty shoud be less or equeal than ARR-min duration
if (PWM _Get Comparel (hpwm)>max duty)
PWM Set Comparel (hpwm, max duty);
}
// IF SECOND CHANNEL IS ACRIVE
else if (PWM Get Compare2 (hpwm) != 0)

20




{

// Duty shoud be bigger or equeal than min duration
if (PWM Get Compare?2 (hpwm)<min duty)
PWM Set Compare2 (hpwm, min_ duty);
// Duty shoud be less or equeal than ARR
if (PWM Get Compare?2 (hpwm)>max duty)
PWM Set Compare2(hpwm, max duty);
}
// IF BOTH CHANNEL IS ACRIVE
if ((PWM_Get Comparel (hpwm) != 0) && (PWM Get Compare2(hpwm) != 0))
{
// Only one channel shoud be active so disable all
PWM Set Comparel (hpwm, 0);
PWM Set Compare2 (hpwm, 0);
}
PWM SlavePhase Check Channels(PWM Set pSlaveHandle (hpwm,hpwm2)) ;
PWM SlavePhase Check Channels (PWM Set pSlaveHandle (hpwm,hpwm3)) ;

if (hpwm->PWM DeadTime)
{
PWM CreateDeadTime (hpwm, &DeadTimeCnt Master,
&ActiveChannelSHDW Master) ;
PWM SlavePhase CreateDeadTime (PWM Set pSlaveHandle (hpwm,hpwm?2),
&DeadTimeCnt Slave2, &ActiveChannelSHDW Slave2);
PWM SlavePhase CreateDeadTime (PWM Set pSlaveHandle (hpwm,hpwm3),
&DeadTimeCnt Slave3, &ActiveChannelSHDW Slave3);

}

}

/*k*k

* @brief Form PWM on Single Channel (DC or Sine PWM). Slave PWM
disabled.

* @param hspwm - yKasaTeJsb Ha xXeHOy cjers INMM.

* @param rotate ind A - mHpexkc Tabmmuel nyga Macrep MNMM.

* @param SineOrDC - djar: CKBaXHOCTb I[IOCTOAHHAA WU
MeHApmaaca 10 3aKOHY CHMHYCHA.

*/

void PWM SingleChannel Mode (PWM HandleTypeDef *hpwm, uintl6 t rotate ind A,
uint8 t SineOrDC)
{

PWM SlaveHandleTypeDef *hspwm?2 PWM Set pSlaveHandle (hpwm,hpwm2) ;
PWM SlaveHandleTypeDef *hspwm3 = PWM Set pSlaveHandle (hpwm,hpwm3) ;

// PWM Set Comparel (hpwm, 0); // reset first channel

// PWM_Set Compare?2 (hpwm, 0); // reset second channel

// PWM Set Comparel (PWM Set pSlaveHandle (hpwm,hpwm2), 0); // reset first
channel

// PWM Set Compare2 (PWM Set pSlaveHandle (hpwm,hpwm2), 0); // reset second
channel

// PWM Set Comparel (PWM Set pSlaveHandle (hpwm,hpwm3), 0); // reset first
channel

// PWM Set Compare2 (PWM Set pSlaveHandle (hpwm,hpwm3), 0); // reset second
channel

switch(PWM_Get_Mode(hpwm, PWM_ACTIVECHANNEL_MODE))
{
case PWM_ACTIVECHANNEL_AO:
if (SineOrDC)

21




PWM Set Duty From Table (hpwm, hpwm->sPWM Channell,
rotate ind A);
else

PWM Set Duty From Value (hpwm, hpwm->sPWM Channell) ; // set

first channel

PWM Set Compare2(hpwm, 0); // reset second channel

PWM Set Comparel (PWM Set pSlaveHandle (hpwm,hpwm2), 0); // reset
first channel

PWM Set Compare2 (PWM Set pSlaveHandle (hpwm,hpwm2), 0); // reset
second channel

PWM Set Comparel (PWM Set pSlaveHandle (hpwm,hpwm3), 0); // reset
first channel

PWM Set Compare2 (PWM Set pSlaveHandle (hpwm,hpwm3), 0); // reset
second channel

break;

case PWM ACTIVECHANNEL Al:
if (SineOrDC)
PWM Set Duty From Table (hpwm, hpwm->sPWM Channel2,
rotate ind A);
else

PWM Set Duty From Value (hpwm, hpwm->sPWM Channel2) ; // set

second channel

PWM_Set Comparel (hpwm, 0); // reset first channel

PWM Set Comparel (PWM Set pSlaveHandle (hpwm,hpwm2), 0); // reset
first channel

PWM_Set Compare2 (PWM Set pSlaveHandle (hpwm,hpwm2), 0); // reset
second channel

PWM Set Comparel (PWM Set pSlaveHandle (hpwm,hpwm3), 0); // reset
first channel

PWM Set Compare2 (PWM Set pSlaveHandle (hpwm,hpwm3), 0); // reset
second channel

break;

case PWM ACTIVECHANNEL BO:
if (SineOrDC)
PWM Set SlaveDuty From Table(hspwm2, hspwm2->sPWM Channell,
rotate ind A);
else
PWM Set SlaveDuty From Value (hspwm2, hspwm2->sPWM Channell) ;
// set first channel
PWM_Set Comparel (hpwm, 0); // reset first channel
PWM_Set_Compare2 (hpwm, 0); // reset second channel
PWM Set Compare2 (PWM Set pSlaveHandle (hpwm,hpwm2), 0); // reset
second channel
PWM Set Comparel (PWM Set pSlaveHandle (hpwm,hpwm3), 0); // reset
first channel
PWM Set Compare2 (PWM Set pSlaveHandle (hpwm,hpwm3), 0); // reset
second channel
break;

case PWM_ACTIVECHANNEL_BI:
if (SineOrDC)
PWM Set SlaveDuty From Table(hspwm2, hspwm2->sPWM Channel2,
rotate ind A);
else
PWM Set SlaveDuty From Value (hspwm2, hspwm2->sPWM Channel?2) ;
// set second channel
PWM Set Comparel (hpwm, 0); // reset first channel
PWM Set Compare2(hpwm, 0); // reset second channel
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PWM Set Comparel (PWM Set pSlaveHandle (hpwm,hpwm2), 0); // reset
first channel

PWM Set Comparel (PWM Set pSlaveHandle (hpwm,hpwm3), 0); // reset
first channel

PWM Set Compare2 (PWM Set pSlaveHandle (hpwm,hpwm3), 0); // reset
second channel

break;

case PWM_ACTIVECHANNEL_CO:
if (SineOrDC)
PWM Set SlaveDuty From Table (hspwm3, hspwm3->sPWM Channell,
rotate ind A);
else
PWM Set SlaveDuty From Value (hspwm3, hspwm3->sPWM Channell) ;
// set first channel
PWM_Set Comparel (hpwm, 0); // reset first channel
PWM_Set Compare2(hpwm, 0); // reset second channel
PWM_Set Comparel (PWM Set pSlaveHandle (hpwm,hpwm2), 0); // reset
first channel
PWM Set Compare2 (PWM Set pSlaveHandle (hpwm,hpwm2), 0); // reset
second channel
PWM Set Compare2 (PWM Set pSlaveHandle (hpwm,hpwm3), 0); // reset
second channel
break;

case PWM ACTIVECHANNEL Cl:
if (SineOrDC)
PWM Set SlaveDuty From Table(hspwm3, hspwm3->sPWM Channel2,
rotate ind A);
else
PWM Set SlaveDuty From Value (hspwm3, hspwm3->sPWM Channel?2) ;
// set second channel
PWM_Set Comparel (hpwm, 0); // reset first channel
PWM Set Compare2(hpwm, 0); // reset second channel
PWM Set Comparel (PWM Set pSlaveHandle (hpwm,hpwm2), 0); // reset
first channel
PWM_Set Compare2 (PWM Set pSlaveHandle (hpwm,hpwm2), 0); // reset
second channel
PWM Set Comparel (PWM Set pSlaveHandle (hpwm,hpwm3), 0); // reset
first channel
break;

default:

PWM_Set_Comparel (hpwm, 0); // reset first channel

PWM Set Compare2 (hpwm, 0); // reset second channel

PWM_Set Comparel (PWM Set pSlaveHandle (hpwm,hpwm2), 0); // reset
first channel

PWM Set Compare2 (PWM Set pSlaveHandle (hpwm,hpwm2), 0); // reset
second channel

PWM Set Comparel (PWM Set pSlaveHandle (hpwm,hpwm3), 0); // reset
first channel

PWM_Set Compare2 (PWM Set pSlaveHandle (hpwm,hpwm3), 0); // reset
second channel

break;

/*k*k
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* @brief Form Bridge Sine PWM. Forming Slave PWM included.

* @param hspwm - ykKasaTejb Ha xeHmy cJjeus MNMM.
* @param rotate ind A - MHIekc Tabsmue nia Macrtep LMM.

* @param rotate ind B - mHIexc Tabsuus goa Coens VM 2.

* @param rotate ind C - mHIexc Tabsuus gia Coens LM 3.

* @note Vunmexc nysa cBen UMM pacumMTeIBAeTCHA BHYTPM OYHKLMM.
*/

void PWM Sine Bridge Mode (PWM HandleTypeDef *hpwm, uintl6é t rotate ind A,
uintl6_t rotate ind B, uintl6é t rotate ind C)
{

if (hpwm->PWM MaxPulseDur - hpwm->PWM MinPulseDur > 2)

// SET PHASE 1 (A)

int Duty = PWM Scaled Element (hpwm, PWM Get Table Element Signed (hpwm,
rotate ind A));

// ecnu 3TO nepBad MOJIYBOJIHA

if (Duty > 0) {

PWM Set Comparel (hpwm, Duty+PWM Calc Min Duty (hpwm)) ; // set
first channel
PWM_Set Compare?2 (hpwm, 0); // reset second channel

}

// ecnu 3TO BTOpad IMOJIyBOJIHA

else {
PWM _Set Comparel (hpwm, 0); // reset first channel
PWM Set Compare2 (hpwm, (-Duty)+PWM Calc Min Duty (hpwm)) ; // set

second channel

if (PWM Get Mode (hpwm, PWM PHASE MODE))
{
// SET PHASE 2 (B)
PWM SlaveHandleTypeDef *hspwm = PWM Set pSlaveHandle (hpwm,hpwm?2) ;
Duty = PWM Scaled Element (hpwm, PWM Get Table Element Signed (hpwm,
rotate _ind B));
// ecnu 3TO nepBad MNOJIyBOJIHA
if (Duty > 0) {
PWM Set Comparel (hspwm, Duty+PWM Calc Min Duty (hspwm-
>hMasterPWM)); // set first channel
PWM_Set Compare2 (hspwm, 0); // reset second channel
}

// ecnu 3TO BTOpad MOJIyBOJIHA

else {
PWM Set Comparel (hspwm, 0); // reset first channel
PWM Set Compare2 (hspwm, (-Duty)+PWM Calc Min Duty (hspwm-
>hMasterPWM)) ; // set second channel

}

// SET PHASE 3 (C)
hspwm = PWM Set pSlaveHandle (hpwm,hpwm3) ;
Duty = PWM Scaled Element (hpwm, PWM Get Table Element Signed (hpwm,
rotate ind C));
// eciu 3TO mepBad MNOJyBOJIHA
if (Duty > 0) {
PWM Set Comparel (hspwm, Duty+PWM Calc Min Duty (hspwm-
>hMasterPWM)); // set first channel
PWM Set Compare2 (hspwm, 0); // reset second channel
}
// eciu 3TO BTOpad MNOJYyBOJIHA
else {
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PWM Set Comparel (hspwm, 0); // reset first channel
PWM Set Compare2(hspwm, (-Duty)+PWM Calc Min Duty (hspwm-

>hMasterPWM) ) ; // set second channel

}
}
else
{
PWM_Set Comparel (PWM Set pSlaveHandle (hpwm,hpwm2), 0); //
first channel
PWM Set Compare2 (PWM Set pSlaveHandle (hpwm,hpwm2), 0); //
second channel
PWM Set Comparel (PWM Set pSlaveHandle (hpwm,hpwm3), 0); //
first channel
PWM Set Compare2 (PWM Set pSlaveHandle (hpwm,hpwm3), 0); //
second channel

}

else

PWM _Set Comparel (hpwm, 0); // reset first channel
PWM_Set Compare?2 (hpwm, 0); // reset second channel

reset

reset

reset

reset

PWM Set Comparel (PWM Set pSlaveHandle (hpwm,hpwm2), 0); // reset first

channel

PWM Set Compare2 (PWM Set pSlaveHandle (hpwm,hpwm2), 0); // reset

second channel

PWM Set Comparel (PWM Set pSlaveHandle (hpwm,hpwm3), 0); // reset first

channel

PWM Set Compare2 (PWM Set pSlaveHandle (hpwm,hpwm3), 0); // reset

second channel

}

/*k*k
* Q@brief Form Bridge DC PWM. Forming Slave PWM included.
* @param hspwm - yKaszaTeJsb Ha xXeHOy cjers MINVM.
* @param rotate ind A - uHOexc Tabiuuel nyig MacTep MINMM.
* @param rotate ind B - uHOexc Tabiuuel njnsg Cuers IIVMM 2.
* @param rotate ind C - mHOexc Tabymuel myis Crers 1M 3.
* @note VHpmexc g cBenst UMM pacumMTeIBAETCHA BHYTPM OYHKLMM.
*/

void PWM DC Bridge Mode (PWM HandleTypeDef *hpwm, uintl6 t rotate ind A,
uintl6 t rotate ind B, uintl6 t rotate ind C)
{

// SET PHASE 1 (A)

int Duty = PWM Get Table Element Signed(hpwm, rotate ind A);
// eciu 3TO mepBad MNOJYyBOJIHA

if (Duty > 0) {

PWM_Set Duty From Value (hpwm, hpwm->sPWM Channell) ; //
first channel
PWM Set Compare2(hpwm, 0); // reset second channel

}

// ecnu 3TO BTOpAad MNOJIyBOJIHA

else {
PWM Set Comparel (hpwm, 0); // reset first channel
PWM Set Duty From Value (hpwm, hpwm->sPWM Channel2); //

second channel

}

set

set
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if (PWM_Get_Mode(hpwm, PWM_PHASE_MODE))
{
// SET PHASE 2 (B)
PWM SlaveHandleTypeDef *hspwm = PWM Set pSlaveHandle (hpwm,hpwm2) ;
Duty = PWM Get Table Element Signed(hpwm, rotate ind B);
// eciu 5TO mepBad MNOJyBOJIHA
if (Duty > 0) {
PWM Set SlaveDuty From Value (hspwm, hspwm->sPWM Channell); //
set first channel
PWM Set Compare2(hspwm, 0); // reset second channel
}
// ecnu 3TO BTOpAas IOJIYBOJIHA
else {
PWM_Set Comparel (hspwm, 0); // reset first channel
PWM_Set SlaveDuty From Value (hspwm, hspwm->sPWM Channel2); //
set second channel

}

// SET PHASE 3 (C)
hspwm = PWM Set pSlaveHandle (hpwm,hpwm3) ;
Duty = PWM Get Table Element Signed(hpwm, rotate ind C);
// ecnu 3TO nepBas MNOJIYBOJIHA
if (Duty > 0) {
PWM Set SlaveDuty From Value (hspwm, hspwm->sPWM Channell); //
set first channel
PWM_Set Compare2 (hspwm, 0); // reset second channel
}
// ecnu 3TO BTOpad MOJIyBOJIHA
else {
PWM Set Comparel (hspwm, 0); // reset first channel
PWM Set SlaveDuty From Value (hspwm, hspwm->sPWM Channel2); //
set second channel
}
}
else
{
PWM Set Comparel (PWM Set pSlaveHandle (hpwm,hpwm2), 0); // reset
first channel
PWM_Set Compare2 (PWM Set pSlaveHandle (hpwm,hpwm2), 0); // reset
second channel
PWM Set Comparel (PWM Set pSlaveHandle (hpwm,hpwm3), 0); // reset
first channel
PWM Set Compare2 (PWM Set pSlaveHandle (hpwm,hpwm3), 0); // reset
second channel

}

/**
* (@brief Update PWM parameters.
* @param hpwm - ykasarTenb Ha xerHpnsn UMM.
* @details IIpoBepka Hanmo Ju OOHOBJIATH HapaMmeTpr VM, ¥ ecyiM HaOo -
ODHOBJIAET WMX.
* @note This called from TIM CTRL Handler
*/
void PWM Update Params (PWM HandleTypeDef *hpwm)
{
unsigned UpdateModeParams = 0;
unsigned UpdatelLog = 0;
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static float PWM Sine setpoint;
static float PWM Duty setpoint;

// READ PWM SINE HZ
if (PWM_Sine setpoint != int to percent(pwm ctrl[R PWM CTRL PWM SINE HZ]))
{
PWM Sine setpoint = int to percent (pwm ctrl[R PWM CTRL PWM SINE HZ]);
if ((PWM_Sine setpoint == 0) || // 1f zero - force reset pwm value
(hpwm->PWM Sine Hz != hpwm->PWM Sine Hz ) ) // or if
PWM Sine Hz isnt in range
{
PWM Ramp Reset (&hpwm->hramp[PWM RampSineHz Ind]);
}
// update logs params
Updatelog = 1;
}
// READ DUTY BRIDGE
if (PWM Duty setpoint != pwm ctrl[R PWM CTRL DUTY BRIDGE])
{
PWM Duty setpoint = int to percent(pwm ctrl[R PWM CTRL DUTY BRIDGE]) ;
if ((PWM Duty setpoint == 0) || // 1if zero - force reset pwm value
(hpwm->PWM Duty != hpwm->PWM Duty ) ) // or if PWM Duty isnt
in range
{
PWM Ramp Reset (&hpwm->hramp [PWM RampPWMDuty Indl]);
}
// update mode params
UpdateModeParams = 1;
// update logs params
Updatelog = 1;
}

// UPDATE RAMP SINE HZ

PWM Ramp ControlValue (&hpwm->hramp[PWM RampSineHz Ind], &hpwm-
>PWM Sine Hz, PWM Sine setpoint);

// UPDATE RAMP

PWM Ramp ControlValue (&hpwm->hramp[PWM RampPWMDuty Ind], &hpwm->PWM Duty,
PWM Duty setpoint);

// READ PWM ACTIVECHANNEL MODE
uintl6é t activechannesls = (MB Read Coil Local(&coils regs[0],
COIL PWM ACTIVECHANNEL)) |

(MB Read Coil Local (&coils regs[0], COIL PWM ACTIVECHANNEL+1) << 1) |

(MB Read Coil Local(&coils regs[0], COIL PWM ACTIVECHANNEL+”) << 2);
if (PWM Get Mode (hpwm, PWM ACTIVECHANNEL MODE) !'= (activechannesls <<
PWM ACTIVECHANNEL MODE Pos))
{
uintl6 t tmpmode = hpwm->sPWM Mode& (~PWM ACTIVECHANNEL MODE) ;
tmpmode |= activechannesls << PWM ACTIVECHANNEL MODE Pos;

hpwm->sPWM Mode = tmpmode;

// update mode params
UpdateModeParams = 1;
// update logs params
UpdatelLog = 1;
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// READ PWM DC MODE

if (PWM Get Mode (hpwm, PWM DC MODE) '= (MB Read Coil Local(&coils regs[0],

COIL PWM DC MODE) << PWM DC MODE Pos))
{
if (MB_Read Coil Local (&coils regs[0], COIL PWM DC MODE))
{
hpwm->sPWM Mode |= PWM DC MODE;
}
else
{
hpwm->sPWM Mode &= ~PWM DC MODE;
}
// update mode params
UpdateModeParams = 1;
// update logs params
UpdatelLog = 1;
}

// READ PWM_BRIDGE_ MODE
if (PWM Get Mode (hpwm, PWM BRIDGE MODE) !=
(MB_Read Coil Local (&coils regs[0], COIL PWM BRIDGE MODE) <<
PWM_BRIDGE_MODE_POS))
{
if (MB Read Coil Local(&coils regs[0], COIL PWM BRIDGE MODE))
{
hpwm->sPWM Mode |= PWM BRIDGE MODE;
}
else
{
hpwm->sPWM Mode &= ~PWM BRIDGE MODE;
}
// update mode params
UpdateModeParams = 1;
// update logs params
Updatelog = 1;

// READ PWM_ PHASE MODE
if (PWM Get Mode (hpwm, PWM PHASE MODE) !=
(MB Read Coil Local(&coils regs[0], COIL PWM PHASE MODE) <<
PWM PHASE MODE Pos))
{
if (MB_Read Coil Local (&coils regs[0], COIL_ PWM PHASE MODE))
{
hpwm->sPWM Mode |= PWM PHASE MODE;
}
else
{
hpwm->sPWM Mode &= ~PWM PHASE MODE;
}
// update mode params
UpdateModeParams = 1;
// update logs params
Updatelog = 1;

// READ PWM POLARITY
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uintl6é t polarity temp = MB Read Coil Local (&coils regs[0],
COIL_PWM_POLARITY);

if (((hpwm->stim.htim.Instance->CCER&TIM CCER CC1P) || (hpwm-
>stim.htim.Instance->CCER&TIM CCER CC3P)) != (polarity temp))

{
HAL TIM SET CAPTUREPOLARITY (&hpwm->stim.htim, hpwm->sPWM Channell,

polarity:Eemp<< )
__ HAL TIM SET CAPTUREPOLARITY (&hpwm->stim.htim, hpwm->sPWM Channel2,
polarity temp<<l);

PWM SlaveHandleTypeDef *shpwm = PWM Set pSlaveHandle (hpwm,hpwm2) ;

_ HAL TIM SET CAPTUREPOLARITY (&shpwm->stim.htim, shpwm->sPWM Channell,
polarity temp<<l);

__HAL TIM SET CAPTUREPOLARITY (&shpwm->stim.htim, shpwm->sPWM Channel2,
polarity temp<<l);

shpwm = PWM Set pSlaveHandle (hpwm,hpwm3) ;

__ HAL TIM SET CAPTUREPOLARITY (&shpwm->stim.htim, shpwm->sPWM Channell,
polarity temp<<l);

__HAL TIM SET CAPTUREPOLARITY (&shpwm->stim.htim, shpwm->sPWM Channel2,
polarity temp<<l);

// READ TABLE SIZE
if (hpwm->Duty Table Size != pwm ctrl[R PWM CTRL SIN TABLE SIZE])
{
hpwm->Duty Table Size = PWM Fill Sine Table (&hpwml,
pwm _ctrl[R PWM CTRL SIN TABLE SIZE]);
pwm ctrl[R PWM CTRL SIN TABLE SIZE] = hpwm->Duty Table Size;

}

// READ MIN PULSE DURATION
if (hpwm->PWM MinPulseDur != pwm ctrl[R PWM CTRL MIN PULSE DUR])
{
hpwm->PWM MinPulseDur = pwm ctrl[R PWM CTRL MIN PULSE DUR];
// update mode params
UpdateModeParams = 1;
// update logs params
Updatelog = 1;
}
// READ MAX PULSE DURATION
if ((hpwm->PWM MaxPulseDur !'= pwm ctrl[R PWM CTRL MAX PULSE DUR]) &&
(pwm_ctrl[R _PWM CTRL MAX PULSE DUR] <= PWM Get Autoreload(hpwm)) &&
(pwm_ctrl[R _PWM CTRL MAX PULSE DUR] != 0))

hpwm->PWM MaxPulseDur = pwm ctrl[R PWM CTRL MAX PULSE DUR];
// update mode params

UpdateModeParams = 1;
// update logs params
UpdateLog = 1;
}
else if (((hpwm->PWM MaxPulseDur != PWM Get Autoreload(hpwm)) &&
(pwm_ctrl[R _PWM CTRL MAX PULSE DUR] == 0)) ||
( (hpwm->PWM MaxPulseDur '= PWM Get Autoreload(hpwm)) &&

(pwm ctrl[R PWM CTRL MAX PULSE DUR] > PWM Get Autoreload(hpwm))))
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hpwm->PWM MaxPulseDur = PWM Get Autoreload (hpwm) ;
// update mode params
UpdateModeParams = 1;

// READ DEAD TIME
if (hpwm->PWM DeadTime '= pwm ctrl[R PWM CTRL DEAD TIME])
{

hpwm->PWM DeadTime = pwm ctrl[R PWM CTRL DEAD TIME];
}

// UPDATE PWM PARAMS
if (UpdateModeParams)
{
// UPDATE DUTY TABLE SCALE
PWM Update DutyTableScale (hpwm) ;

// update logs params
Updatelog = 1;
}

// UPDATE LOG PARAMS
if (Updatelogqg)
{
// set logs params
Set Log Params();

/**
@brief PID for ramp.
@param hramp - ykKasaTeJyib Ha XeHny PID-peryndaTopa.
* @param PID Output - ykaszaTesb Ha MNEPEMEHHY IJid BHXOIA
perynaropa.
* @param PID Input - 3apmaHuve Ha [NI-perynaaTop.

* @details I[UI-perynaTop, KOTOPHM yNpaBJseT CKBaxHoCcTbi IIIM m He nmaeT eé
VBMEHSATBHCHA PE3KO.

*/
void PWM Ramp ControlValue (PWM RampHandleTypeDef *hramp, float *PID Output,
float PID Input)
{

float out;

float err = PID Input-*PID Output;

/* Limiting the accelerate */
if (err > hramp->limMaxInt)
err = hramp->limMaxInt;
else if (err < hramp->limMinInt)
err = hramp->limMinInt;

out = arm pid £32(&hramp->pid, err);

/* Limiting the accelerate */
if (out > hramp->limMax)
out = hramp->limMax;
else if (out < hramp->1imMin)
out = hramp->limMin;
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/* Apply the PID-regulating */
if (PID Input != 0)
{
PWM Ramp UpdateParams (hramp, 0);
*PID OQutput = out;
}
else // if input = 0 - disable pid and set O
{
PWM Ramp Reset (hramp) ;
*PID Output = 0;

/**
@brief Initialize PID params for ramp.
@param hramp - ykasaTejyib Ha XeHnyn PID-perysnaropa.
* @param flagReset - odmar gma cbpoca U -perynaTopa (cbpoc

PEeTryIMPOBaHML, HEe [1apaMeTpOB) .

* @details O6HoBJgeT mapametrpu A0, Al, A2 nnsg perunypuBaHus @ref PID
Motor Control

*/
void PWM Ramp UpdateParams (PWM RampHandleTypeDef *hramp, int32 t flagReset)
{
// hramp->pid.Ki

arm pid init f32 (&hramp->pid, flagReset);
}

/**
* @brief Reset PID for ramp.
* @param hramp - ykaszarTesnb Ha xXeHIOJy PID-peryJsarTopa.
* @details COpaceBaeT nepemeHHwe [IMI-peryndarTopa, YTOOHB IOTOM €TI0
zanycrturs "c umcrToro JwmcTa'.
*/
void PWM Ramp Reset (PWM RampHandleTypeDef *hramp)
{
arm _pid reset f£32(&hramp->pid);
}

/*k*k

* Q@brief reInitialization of PWM TIM.

* @param hpwm - ykxasaTenb Ha xeHnj LMM.

* @details IlepeHacTpamBaeT TaVMep COIJIACHO IIPMHSTHEIM HAaCTPOMKaM B
pwm ctrl.

*/

void PWM Sine RelInit (PWM HandleTypeDef *hpwm)
{

Trace PWM reInit Enter();

TIM Base MspDeInit (&hpwm->stim.htim) ;

hpwml.stim.sTickBaseUS = TIMER PWM TICKBASE;

hpwml.sConfigPWM.OCPolarity = MB Read Coil Local(&coils regs[0O],
COIL PWM POLARITY) << TIM CCER CClP Pos;

TIM Base Init (&hpwm->stim) ;

TIM Output PWM Init (&hpwm->stim.htim, &hpwm->sConfigPWM, hpwm-
>sPWM Channell, hpwm->GPIOx, hpwm->GPIO PIN X1);

TIM Output PWM Init (&hpwm->stim.htim, &hpwm->sConfigPWM, hpwm-
>sPWM Channel2, hpwm->GPIOx, hpwm->GPIO PIN X2);

PWM SynchInit () ;
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/**

PWM SlavePhase relnit (&hpwm2) ;
PWM SlavePhase relInit (&hpwm3) ;

PWM Update DutyTableScale (hpwm) ;

HAL TIM OC Start(&hpwml.stim.htim, TIM CHANNEL 3);

HAL TIM PWM Start (&hpwml.stim.htim, hpwm->sPWM Channell); // PWM channel 1
HAL TIM PWM Start (&hpwml.stim.htim, hpwm->sPWM Channel2); // PWM channel 2
HAL TIM Base Start IT(&hpwml.stim.htim); // timer for PWM

Trace PWM relInit Exit();

* Q@brief Getting ind for Duty Table.

* @param hpwm - ykaszsaTesb Ha xeHnsn VM.

* @param FreqTIM - uacToTa TalMepa LIM.

* @details PaccumTHBaEeT MHIEKC IJa TabJulE CKBaXHOCTEN.

* PWM Sine Hz B hpwm - WacToTa C KOTOPOM 3Ta Tabmnula

IOJIXHA BHBOOMUTHCSA Ha VM

*/

uint32 t PWM Get Duty Table Ind(PWM HandleTypeDef *hpwm, float FreqTIM)

{

/*k*k

float sine ind step;

// calc ind for sin table

if (hpwm->PWM Sine Hz !'= 0) // if there some frequency

{
sine _ind step = hpwm->Duty Table Size/(FreqTIM/hpwm->PWM Sine Hz);
hpwm->Duty Table Ind += sine ind step;

}

else
return hpwm->Duty Table Size;

// overflow check

if (hpwm->Duty Table Ind >= hpwm->Duty Table Size)
hpwm->Duty Table Ind -= hpwm->Duty Table Size;

if (hpwm->Duty Table Ind >= hpwm->Duty Table Size)
hpwm->Duty Table Ind = 0;

// 1if its too big (e.g. inf)

if ((hpwm->Duty Table Ind >= OxFFFE) ||
(hpwm->Duty Table Ind '= hpwm->Duty Table Ind)) // in nan case
hpwm->Duty Table Ind = 0;

return hpwm->Duty Table Ind;

* @brief Create Dead Time when switches channels.
* @param hpwm - ykasarTenb Ha xeHpnsn LMM.
* @param LocalDeadTimeCnt - ykKasaTeJylb Ha [IepeMeHHYI IJid

OTCUMTHIBAHUA OenTanMa .

* @param LocalActiveChannel - ykazsaTesb Ha I[IEePEMEHHYI IJIS OTCJIeXMBAHUSI

CMEHEI KaHalJla.

*/

void PWM CreateDeadTime (PWM HandleTypeDef *hpwm, float *LocalDeadTimeCnt,
unsigned *LocalActiveChannel)
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// get current active channel
hpwm->fActiveChannel = (PWM Get Compare2(hpwm) !'= 0); // if channel two is
active - write 1, otherwise - 0
// when channels are swithed and no dead time currently active
if (*LocalActiveChannel !'= hpwm->fActiveChannel)
{ // update active channel
*LocalActiveChannel = hpwm->fActiveChannel;
// set deadtime
*LocalDeadTimeCnt = hpwm->PWM DeadTime;
Trace PWM DeadTime Enter();

}
// decrement dead time
*LocalDeadTimeCnt -= (PWM Get Autoreload(hpwm)+1l)*hpwm->stim.sTickBaseUS;

if(*LocalDeadTimeCnt > 0) // if dead time is still active
{ // reset all channels
// reset channels
PWM Set Comparel (hpwm, 0);
PWM Set Compare2 (hpwm, 0);
}
else // if dead time is done
{ // set it to zero
*LocalDeadTimeCnt = 0;
Trace PWM DeadTime Exit();

}
}
/**
* @brief Filling table with one period of sinus values.
* @param hpwm - ykxasaTenb Ha xeHnj UMM.
* @param table size - pasMmep TabaMLH.
* @Qdetails <dopmmpyeT Tabiuly CUHYCOB pasMmepoMm table size.
*/

uint32 t PWM Fill Sine Table(PWM HandleTypeDef *hpwm, uint32 t table size)
{
if ((hpwm == NULL) || (hpwm->pDuty Table Origin == NULL) Il (table size ==
0))
{
return 0;
}
if (table size > SIN TABLE SIZE MAX)
table size = SIN TABLE SIZE MAX;

hpwm->Duty Table Size = table size;

float pi step = 2*M PI/ (hpwm->Duty Table Size);
float pi val = 0;

float sin _koef = 0;

uint32 t sin val = 0;

// fill table with sinus
for(int 1 = 0; i < hpwm->Duty Table Size; i++)
{
// rotate pi
pi val += pi step;
// calc sin value
sin_koef = (float) OxFFFE;
sin val = (sin(pi val)+l)*sin koef/2;
sin table[i] = sin val;
}
// fill rest of table with zeros
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for(int 1 = hpwm->Duty Table Size; i < SIN TABLE SIZE MAX; i++)
sin table[i] = 0;

// if second channel is enabled
PWM Update DutyTableScale (hpwm) ;

return hpwm->Duty Table Size;

/**
* Q@brief Calc and update new Duty Table Scale.
* @param hpwm - ykaszaTesb Ha xeHnsn VM.
* @details lcnojab3yeTcs, KOTIa MBMEeHIeTCsa 3HaueHue perucTpa ARR.
*/

void PWM Update DutyTableScale (PWM HandleTypeDef *hpwm)
{
// UPDATE DUTY TABLE SCALE
if (PWM_Get Mode (hpwm, PWM BRIDGE MODE)) // if second channel is
enabled
{
hpwm->Duty Table Scale = PWM Calc Duty Scale(&hpwml, 0x8000);
}
else
{
hpwm->Duty Table Scale = PWM Calc Duty Scale(&hpwml, OxFEFFE);
}
// for case if min pulse dur is too big and scale is negative
if (hpwm->Duty Table Scale < 0)
hpwm->Duty Table Scale = 1;

/= s
/) =mmmm e THREEPHASE FUNCTIONS-=-—-=-—-=——=—————————————
/**

* @brief Initialization of Slave PWM TIM.

* @param hspwm - ykaszaTenb Ha xeHIJ cJjeus UVM.

* @details BrusbiBaeT OYHKUMM MHMLMAIMBALUUM U BRIOUYEeHUS cjens VM.

*/

void PWM SlavePhase Init (PWM SlaveHandleTypeDef *hspwm)
{

TIM Base Init (&hspwm->stim);

TIM Output PWM Init (&hspwm->stim.htim, &hspwm->hMasterPWM->sConfigPWM,
hspwm->sPWM Channell, hspwm->GPIOx, hspwm->GPIO PIN X1);

TIM Output PWM Init (&hspwm->stim.htim, &hspwm->hMasterPWM->sConfigPWM,
hspwm->sPWM Channel2, hspwm->GPIOx, hspwm->GPIO PIN X2);

TIM MasterConfigTypeDef sMasterConfig = {0};

TIM SlaveConfigTypeDef sSlaveConfig = {0};

[/======== SLAVE SYNCH INIT----------
sSlaveConfig.SlaveMode = TIM SLAVEMODE TRIGGER;
sSlaveConfig.InputTrigger = TIM TS ITR3;
sMasterConfig.MasterOutputTrigger = TIM TRGO_OC2REF;
sMasterConfig.MasterSlaveMode = TIM MASTERSLAVEMODE DISABLE;

HAL TIM SlaveConfigSynchro(&hpwm2.stim.htim, &sSlaveConfig);
HAL TIMEx MasterConfigSynchronization(&hpwm2.stim.htim, &sMasterConfig);

HAL TIM SlaveConfigSynchro(&hpwm3.stim.htim, &sSlaveConfig);

HAL TIMEx MasterConfigSynchronization(&hpwm3.stim.htim, &sMasterConfig);
/] -=———————- TIMERS START----——-—————-
HAL TIM Base Start (&hspwm->stim.htim) ;
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HAL TIM PWM Start (&hspwm->stim.htim, hspwm->sPWM Channell); // PWM channel

1
HAL TIM PWM Start (&hspwm->stim.htim, hspwm->sPWM Channel2); // PWM channel
2
if (PWM_Get Mode (hspwm->hMasterPWM, PWM PHASE MODE) == 0) // if three phase
disabled
{
PWM Set Comparel (hspwm, 0); // reset first channel
PWM Set Compare2(hspwm, 0); // reset second channel
}
}
/**
* @brief reInitialization of Slave PWM TIM.
* @param hspwm - yxazaTesnb Ha XxeHAJ ciueys LIMM.
*/

void PWM SlavePhase reInit (PWM SlaveHandleTypeDef *hspwm)
{
PWM Slave CopyTimSetting(hspwm, sTimFregHz) ;
PWM Slave CopyTimSetting(hspwm, sTickBaseUS) ;
PWM Slave CopyTimSetting(hspwm, sTickBasePrescaler);
TIM Base MspDeInit (&hspwm->stim.htim);

PWM SlavePhase Init (hspwm) ;
}

/**

* Q@brief Set Duty from table on Slave PWM at one channel by sin ind of
the Master PWM.

* @param hspwm - yKaszaTeJsb Ha XeHOy clers VM.

* @param sin_ind - mHpekc Tabmimue nyna Macrep VM.

* @note VHpoekc nna ceewns UM pacumMTeIBAETCHA B CaMOM QYHKLMM.

*/

uintl6_t PWM SlavePhase Calc TableInd(PWM SlaveHandleTypeDef *hspwm, uintlé t
rotate ind Phase)
{
// 1if three phase enables
if (hspwm->Duty Shift Ratio > 0)
rotate ind Phase += hspwm->hMasterPWM->Duty Table Size*hspwm-
>Duty Shift Ratio;
else
rotate ind Phase += hspwm->hMasterPWM->Duty Table Size* (l+hspwm-
>Duty Shift Ratio);

// overflow check

if (rotate _ind Phase > hspwm->hMasterPWM->Duty Table Size)
rotate_ind Phase -= hspwm->hMasterPWM->Duty Table Size;

if (rotate ind Phase > hspwm->hMasterPWM->Duty Table Size)
rotate ind Phase = 0;;

return rotate_ ind Phase;

//
// PWM Set SlaveDuty From Table (hspwm, sin ind); //
set first channel

/**
* @brief Check is all Slave channels works properly.
* @param hspwm - ykxaszaTesnb Ha XxeHOJ ciueys LMM.
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* @details IIpoeepka paboTaeT JaM TOJHBKO OOWH M3 KaHAJIOB, M NpPOBepKa UTOOH
CCRx <= ARR
* @details B mMacTepe mpobBepka NPOMCXOIMT HamnpaMmyio B PWM Handler.
*/
void PWM SlavePhase Check Channels(PWM SlaveHandleTypeDef *hspwm)
{
uintl6 t min duty = PWM Calc Min Duty (hspwm->hMasterPWM) ;
uintl6é t max duty = PWM Calc Max Duty(hspwm->hMasterPWM) ;
// IF FIRST CHANNEL IS ACRIVE
if (PWM Get Comparel (hspwm) != 0)
{
// Duty shoud be bigger or equeal than min duration
if (PWM Get Comparel (hspwm)<min duty)
PWM Set Comparel (hspwm, min duty);
// Duty shoud be less or equeal than ARR-min duration
if (PWM Get Comparel (hspwm)>max duty)
PWM Set Comparel (hspwm, max duty);
}
// IF SECOND CHANNEL IS ACRIVE
else if (PWM Get Compare2 (hspwm) '= 0)
// Duty shoud be bigger or equeal than min duration
if (PWM Get Compare2 (hspwm)<min duty)
PWM Set Compare2 (hspwm, min duty);
// Duty shoud be less or equeal than ARR
if (PWM Get Compare2 (hspwm)>max duty)
PWM Set Compare2 (hspwm, max duty);
// IF BOTH CHANNEL IS ACRIVE
if ((PWM_Get Comparel (hspwm) != 0) && (PWM Get Compare2 (hspwm) != 0))
{
// Only one channel shoud be active so disable all
PWM Set Comparel (hspwm, 0);
PWM Set Compare2 (hspwm, 0);

/**k

* Q@brief Create Dead Time for Slave PWM when switches channels.

* @param hspwm - yKaszaTeJlb Ha XEeHIJ CJIeMB
VM.

* @param LocalDeadTimeCnt - yKaszaTeJlb Ha I[IepeMeHHY IJid
OTCUMTHBAHMSA IenTanMa.

* @param LocalActiveChannel - ykazsaTesnb Ha IIEePEMEHHYI IJIS OTCJIeXMBAHUSI
CMeHH KkaHaJja.

* @note Anayor QyHkuum PWM CreateDeadTime HO nmna ciere [MMos.

*/

void PWM SlavePhase CreateDeadTime (PWM SlaveHandleTypeDef *hspwm, float
*LocalDeadTimeCnt, unsigned *LocalActiveChannel)

{

// get current active channel

hspwm->fActiveChannel = (PWM Get Compare2(hspwm) != 0); // if channel two
is active - write 1, otherwise - 0
// when channels are swithed and no dead time currently active
if (*LocalActiveChannel !'= hspwm->fActiveChannel)
{ // update active channel
*LocalActiveChannel = hspwm->fActiveChannel;

// set deadtime
*LocalDeadTimeCnt = hspwm->hMasterPWM->PWM DeadTime;
Trace PWM DeadTime Enter();

}

// decrement dead time
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*LocalDeadTimeCnt -= (PWM Get Autoreload(hspwm)+1)*hspwm->hMasterPWM-
>stim.sTickBaseUS;
if (*LocalDeadTimeCnt > 0) // if dead time is still active
{ // reset all channels
// reset channels
PWM Set Comparel (hspwm, 0);
PWM Set Compare2(hspwm, 0);
}
else // if dead time is done
{ // set it to zero
*LocalDeadTimeCnt = 0;
Trace PWM DeadTime Exit();

=
[/ =mmmm e HANDLERS FUNCTIONS—=--—=-————=—————————m o
[/ ===mmmmmmmm o PWM TIMER--—-—--—=--——-—-—-

#if (PWM _MASTER TIM NUMB == 1) || (PWM MASTER TIM NUMB == 10) // choose

handler for TIM

void TIM1 UP TIM10 IRQHandler (void)
#elif (PWM MASTER TIM NUMB == 2)
void TIM2 IRQHandler (void)

#elif (PWM MASTER TIM NUMB == 3)
void TIM3 IRQHandler (void)

#elif (PWM MASTER TIM NUMB == 4)
void TIM4 IRQHandler (void)

#elif (PWM MASTER TIM NUMB == 5)
void TIMS IRQHandler (void)
#elif (PWM_MASTER TIM NUMB == 6)

void TIM6 DAC IRQHandler (void)
#elif (PWM MASTER TIM NUMB == 7)
void TIM7 IRQHandler (void)

#elif (PWM_MASTER_TIM_NUMB == ) | (PWM_MASTER_TIM_NUMB == 13)
void TIM8 UP TIM13 IRQHandler (void)

#elif (PWMﬁMASTERfTIMﬁNUMB == 1) || (PWMﬁMASTERfTIMﬁNUMB == 9)
void TIM1 BRK TIMS IRQHandler (void)

#elif (PWM_MASTER_TIM_NUMB == ) | (PWM_MASTER_TIM_NUMB == 11)
void TIM1 TRG COM TIM11l IRQHandler (void)

#elif (PWMﬁMASTERfTIMﬁNUMB == 8) || (PWMﬁMASTERfTIMﬁNUMB == 12)
void TIM8 BRK TIM12 IRQHandler (void)

#elif (PWM_MASTER_TIM_NUMB == ) | (PWM_MASTER_TIM_NUMB == 14)
void TIM8 TRG COM TIM14 IRQHandler (void)

#endif

{
/* TIM PWM Handler */

Trace PWM TIM Enter();
HAL TIM IRQHandler (&hpwml.stim.htim);
PWM Handler (&hpwml) ;

Trace PWM TIM Exit();
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IHPUJIOXEHUE b

Jluctunr pwm.h

/**

R I I I 2 b b b b b e I I 2 b b b b b b A I b b b b b b b I I 2 b b b b b S I b b b b b b e I A b b b b b ab e S I b b b b b S b a2 b b b Y
Qfile pwm.h
@brief 3arToJIOBOYHE Gars OJsa MOomoyJisa peanmsauunm VM.

@defgroup PWM
@brief PWM stuff

Xk % o %

*
*************************************************************************/
#ifndef PWM H
#define PWM H
#include "control.h"

extern uint32 t sin table[SIN TABLE SIZE MAX];

/**
* @brief Transform int "XXxx" to float "XX.xx".
* @param _int - UMCJIO IJid Ipeobpas3oBaHuAg.
* Qreturn val - npeobpa30BaHHOE YMCJIO.
*/
#define int to percent( int ) ((float) int /100)

VNN,
/1111171717 1177/1/171/1/////-==DEFINES-==//////////////////////////]/

/) mm e PWM HANDLE-———————————————m //
/**
* @Qaddtogroup PWM HANDLE DEFINES
* @ingroup PWM
* @brief Defines for access and processing elements of handle
structure
@
*/
/**
* Q@brief Calc duration of maximum pulse in ticks.
* @param _hpwm - yKasaTeJlb Ha XEHIJI PWMm.
* @return val - KOJIMUECTBO TMKOB KkpaTuaumero MMIyJbCa.
*/

#define PWM Calc Max Duty( hpwm )
(((7hpwm7)—>PWM7MaxPulseDur)/(7hpwm7)—>stim.sTickBaseUS)

/**
* Q@brief Calc duration of minimum pulse in ticks.
* @param _hpwm - ykKasaTeJyib Ha XEHIJI Pwm.
* @return val - KOJIMUECTBO TMKOB KpaTdaXueIro MMIyJbCa.
*/

#define PWM Calc Min Duty( hpwm )
(((_hpwm_ )->PWM MinPulseDur)/( hpwm )->stim.sTickBaseUS)

/**
* Q@brief Calc Scale Koef for Table & AUTORELOAD REGISTER
* @param _hpwm - yKasaTeJib Ha XEeHIJI pwm.
* @param _scale_ - BEpxXHAA TI'paHulla OMala30Ha 3HadYeHUM.
* @return koef - KOBQOUMUMEHT mJid MacuTabupOoBaHUA.
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* @details [aHHEI MakKpoOC PaCCUMTHBAET KOSOOMIMEeHT nja HpUBeNeHUs BHaUYeHUMN
c mmanaszonom [0, scale ]
K pPerucTpy aBTOo3arpys3kyM C OualnasoHoM [min, max], TIe
min, max - MMHMMAaJbHas M MaKCHUMaJIbHAS IOJIMTEJIBHOCTH MMIIYyJIbCa B TaKTaxX.
*/
#define PWM Calc Duty Scale( hpwm , scale )
((float)(PWM_Calc_Max_Duty(_hpwm_)—PWM_Calc_Min_Duty(_hpwm_))/(_scale_))

/**
* @brief Get Table Element Scaled corresponding to TIM ARR register
* @param __hpwm - yKasaTeJlb Ha XEeHOJ pwm.
* @param _ind - HOMep B»JIeMeHTa M3 TabJyuUbel CKBaXHOCTEN.
* Qreturn val - MacuTabOMPOBAaHHEIN [IOL PETMCTPH TanMmepa
3HaUYeHN e .
*/

#define PWM Get Table Element Unsigned( hpwm , ind )
(* ((_hpwm )->pDuty Table Origin+ ind ))

/**
* @brief Get Table Element Shifted corresponding to TIM ARR register
* @param _hpwm - ykasaTeJlb Ha XEHIJ Pwm.
* @param _ind - HOMep B»JIeMeHTa M3 TabJyulel CKBaXHOCTEN.
* Qreturn val - MacuTaOMPOBAHHEIN [IOX PEeTMCTPHl TanMmepa
3HadYeHNe.

* @details Ilo cyTu Takasa ke kak PWM Get Table Element Unsigned HO
noB®aBJjisgeTCsa CIOBUI BHM3 Ha OOHY aMIUIMTYLYy IJId YUYMTEHIBAHMA 3HaKa.

(ecnmu ToOuHee, TO CcIOBUI pmobaBJageTcsa IJISd KOMIIEHCALUM
cIBUT'a BBepX, IJI XpaHeHMs B unsigned)

* @note 0x8000* (_hpwm )->Duty Table Scale - T.k. nepsasd [NOJyBOJIHA
HaxommuTca B mmanaszoHe (0x8000-0xFFFF) BeumTaem koHcTaHTy 0x8000 c
MacUTabupoOBaHMeM

*/

#define PWM Get Table Element Signed( hpwm , ind )
((int) PWM Get Table Element Unsigned( hpwm , ind )-0x8000)

/**
* Q@brief Scale Table Element corresponding to TIM ARR register
* @param _hpwm - yKasaTeJlb Ha XEeHIJI PWMm.
* @param _element - UMCJIO KOTOPOE Hano CKEeMJIHYTH.
*

@Qdetails FEcamu 3amaHa MMHMMAJIbHAS IOJIUTEJBHOCTHL MMIYJIbCa B TakTax n,
TO permcTp ARR 3amnojiHgeTCcsda Tak, UTO OMalnasoH ero
3HaveHuy OyneT [n, ARR-n]

*/
#define PWM Scaled Element( hpwm , element )
((_element )*(( _hpwm )->Duty Table Scale))
/**k
* Q@brief Create pointer to slave PWM from pointer to void in
PWM HandleTypeDef.
* @param _hpwm - yKasaTeJb Ha XeHIJ pwm.
* @param _slavepwm - ¥MsA CJIeVB pWwm.
* @Qreturn pslavepwm - ykKasaTejb Ha CTpykTypy PWM SlaveHandleTypeDef.
*/

#define PWM Set pSlaveHandle( hpwm , slavepwm )
((PWM_SlaveHandleTypeDef *) hpwm -> slavepwm )

/**

* Q@brief Copy setting from master TIM SettingsTypeDef to slave
TIM SettingsTypeDef.

* @param _hpwm - yKasaTeJlb Ha XEeHIJI PWI.

* @param _set - UMS HaCTPOMKM.

*/
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#define PWM Slave CopyTimSetting( hspwm , set )
((_hspwm )->stim. set = ( hspwm )->hMasterPWM->stim. set )

/** PWM_HANDLE DEFINES

* @}
*/
/= //
F e L L L P e TIMER REGS——-——-——-————————m— - ——— //
/**
* @addtogroup PWM TIMER REGS DEFINES
* @ingroup PWM
* Q@brief Defines for access to timers registers and processing
handle structure
@
*/
/*k'k
* @brief Get PWM autoreload value (max duty value).
* @param _hpwm - yKaszaTeJlb Ha XEHIJ pwnm.
*/

#define PWM Get Autoreload( hpwm )
__HAL TIM GET AUTORELOAD (& ((_hpwm )->stim.htim))

/**
* Q@brief Get PWM Counter value.
* @param _hpwm - ykasaTeJlb Ha XEHIJ Pwm.
*/

#define PWM Get Counter (_hpwm )
__HAL TIM GET COUNTER (& (( _hpwm )->stim.htim))

/**
* @brief Set PWM Counter value.
* @param _hpwm - ykasaTeJylb Ha XEHIJ Pwm.
* @param ~val — 3HadeHMe, KOTOpOoe HYXHO 3anmcarb B TIM-
>CNT.
*/
#define PWM Set Counter( hpwm , val )
__HAL TIM SET COUNTER (& (( _hpwm )->stim.htim), ( val ))
/**
* @brief Get PWM Duty from channel 1.
* @param _hpwm - ykasaTeJylb Ha XEHIJ Pwm.
* @param _val - BHaueHMre, KOTOPOEe HYXHO 3anMcaTb B
Compare.
*/

#define PWM Get Comparel (_hpwm )

__HAL TIM GET COMPARE (& (( hpwm )->stim.htim), ( hpwm )->sPWM Channell)
/**

* @brief Get PWM Duty from channel 2.

* @param _hpwm - yKasaTeJib Ha XEeHIJ DPWIl.

* @param ~val - 3HAuUeHMEe, KOTOPOE HYXHO 3anlucaTb B
Compare.

*/

#define PWM Get Compare2( hpwm )

___HAL TIM GET COMPARE (& (( _hpwm )->stim.htim), ( hpwm )->sPWM Channel2)

/‘k‘k

* @brief Set PWM Duty on Channel 1.

* @param _hpwm - yKasaTeJib Ha XEHIJI PwWIl.

* @param ~val - 3HAuUeHMe, KOTOPOE HYXHO 3aNlMCaTb B
Compare.
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*/
#define PWM Set Comparel( hpwm , val )
~ HAL TIM SET COMPARE (& (( hpwm )->stim.htim), ( hpwm )->sPWM Channell,
(_val_))

/**

* Q@brief Set PWM Duty on Channel 2.

* @param __hpwm - yKasaTeJlb Ha XEeHOJ pwm.

* @param ~val - 3HaueHMe, KOTOPOEe HYXHO 3alMucaTb B
Compare.

*/
#define PWM Set Compare2( hpwm , val )

~ HAL TIM SET COMPARE (& (( hpwm )->stim.htim), ( hpwm )->sPWM Channel2,
(_val_))

/**
* Q@brief Set PWM Duty From PWM Sine Hz Percent
* @param _hpwm - ykasaTeJlb Ha XEHIJ Pwm.
* @param _channel — KaHaJl OJIA BEICTABJIEHMA CKBAXHOCTMU.
*/
#define PWM Set Duty From Value( hpwm , channel )
HAL TIM SET COMPARE (& (( _hpwm )->stim.htim), channel , (( hpwm )-

>PWM Duty/100) * (PWM_Get Autoreload( hpwm )+1))

/**
* @brief Set PWM Duty From table
* @param _hpwm - ykasaTeJlb Ha XEHIJ Pwm.
* @param _channel — KaHaJl OJIA BEICTABJIEHMA CKBAXHOCTMU.
* @param _ind - HOMep »JIeMeHTa M3 TabJyulel CKBaXHOCTEN.
*/
#define PWM Set Duty From Table( hpwm , channel , ind )

__ HAL TIM SET COMPARE (& (( hpwm )->stim.htim), channel , PWM Scaled Element (
_hpwm , PWM Get Table Element Unsigned(( hpwm ), ( ind ))+1) +
PWM Calc Min Duty( hpwm ))

/**
* Q@brief Set PWM Duty From PWM Sine Hz Percent
* @param _hpwm - ykasaTeJylb Ha XEHIJ PWwm.
* @param _channel — KaHaJl IOJid BHICTABJIEHMS CKBAXHOCTU.
*/
#define PWM Set SlaveDuty From Value( hpwm , channel )
~ HAL TIM SET COMPARE (& (( hpwm )->stim.htim), channel , (( hpwm )-

>hMasterPWM->PWM Duty/100) * (PWM Get Autoreload( hpwm )+1))

/**
* Q@brief Set PWM Duty From table
* @param _hpwm - ykKasaTeJyib Ha XEHIJI Pwm.
* @param _channel — KaHaJl OJIa BEICTABJIEHMA CKBAXHOCTM.
* @param _ind - HOMEp 3JIeMeHTa M3 TabiMUEl CKBaXHOCTEN.
*/
#define PWM Set SlaveDuty From Table( hpwm , channel , ind )

__ HAL TIM SET COMPARE (& (( _hpwm )->stim.htim), channel ,

PWM Scaled Element (( hpwm )->hMasterPWM,

PWM Get Table Element Unsigned(( _hpwm )->hMasterPWM, ( ind ))+1) +
PWM Calc Min Duty(( hpwm )->hMasterPWM))

/** TIMER REGS
* Q)




* @addtogroup PWM MODE DEFINES
* @ingroup PWM
* Q@brief
@{
*/
#define PWM DC_MODE Pos
MODE bit in @ref PWM ModeTypeDef
#define PWM BRIDGE MODE Pos
MODE bit in Q@ref PWM ModeTypeDef
#define PWM PHASE MODE Pos
MODE bit in Q@ref PWM ModeTypeDef
#define PWM ACTIVECHANNEL MODE Pos
bits in @ref PWM ModeTypeDef

Defines for bits of

(3)

@ref PWM ModeTypeDef

(0) ///< Position of DC
(1) ///< Position of BRIDGE
(2) ///< Position of PHASE

///< Position of ACTIVECHANNEL

/*k*k
* @brief Bit for Sine/DC Mode
* @par Modes:
* @details - 0 - PWM has Sine form duty,
* @details - 1 - PWM has DC duty
*

/
#define PWM DC_MODE

only on one channel (

at two channels of each phase

(1<< (PWM_DC_MODE_Pos))

Qref

( @Qref

(1<< (PWM_BRIDGE_MODE_Pos))

only at phase "A"
at three phase "A",

"B", non

(1<< (PWM_PHASE_MODE_Pos))

on corresponting channel W
(0x7<<(PWM_ACTIVECHANNEL MODE Pos))

1 - PWM generated on corresponting

(0x0<< (PWM_ACTIVECHANNEL MODE Pos))

(Phase A channel 0)

/**
* Q@brief Bit for Bridge Mode
* @par Modes:
* @details - 0 - PWM generated
PWM ACTIVECHANNEL MODE)
* @details - 1 - PWM generated
PWM PHASE MODE)
= _
#define PWM BRIDGE MODE
/**
* @brief Bit for 3-Phase Mode
* @par Modes:
* @details - 0 - PWM generated
* @details - 1 - PWM generated
*/
#define PWM PHASE MODE
/**
* Q@brief Bit for 3-Phase Mode
* @par Modes:
* @details - 0 - PWM doesnt generated
* @details - 1-6 - PWM generated
"PWM ACTIVECHANNEL MODE"
*/ B
#define PWM ACTIVECHANNEL MODE
0 - One channel PWM doesnt generated,
channel N "PWM ACTIVECHANNEL MODE"
Jxx - -
* Q@brief Mode: PWM generation disabled
*/
#define PWM ACTIVECHANNEL DISABLE
/xx B B
* Q@brief Mode: PWM generated on channel 1
*/

#define PWM ACTIVECHANNEL AOQ
(0x1<< (PWM_ACTIVECHANNEL MODE Pos))

//
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/**
* @brief Mode: PWM generated on channel 2 (Phase A channel 1)
*/

#define PWM ACTIVECHANNEL Al

(0x2<< (PWM_ACTIVECHANNEL MODE Pos))

/**
* @brief Mode: PWM generated on channel 3 (Phase B channel 0)
*/

#define PWM ACTIVECHANNEL BO

(0x3<< (PWM_ACTIVECHANNEL MODE Pos))

/**
* @brief Mode: PWM generated on channel 4 (Phase B channel 1)
*/

#define PWM ACTIVECHANNEL Bl

(0x4<< (PWM_ACTIVECHANNEL MODE Pos))

/**
* @brief Mode: PWM generated on channel 5 (Phase C channel 0)
*/

#define PWM_ACTIVECHANNEL_CO

(0x5<< (PWM_ACTIVECHANNEL MODE Pos))

/**
* @brief Mode: PWM generated on channel 6 (Phase C channel 1)
*/

#define PWM_ACTIVECHANNEL_Cl

(0x6<< (PWM_ACTIVECHANNEL MODE Pos))

/**

* @brief Read current PWM mode from handle

*/
#define PWM Get Mode( hpwm , mode ) ((_hpwm )->sPWM Modeé& (_mode ))
/**

* Q@brief Structure for PWM modes.

*/

typedef enum

{
// SINE MODES

PWM_SINE SINGLE = 0,
/*1< set pwm duty from table with PWM Sine Hz Hz */
PWM_SINE BRIDGE = PWM_BRIDGE MODE,

/*!< set pwm duty from table with PWM Sine Hz Hz on two channels (positive and
negative halfes) */

PWM_SINE 3PHASE = PWM_BRIDGE MODE |PWM PHASE MODE,
/*1< set pwm table duty on three phase with PWM Sine Hz Hz */

// DC MODES

PWM_DC_SINGLE = PWM_DC_MODE,

/*!< set pwm duty PWM Sine Hz (in percent) on one channel ( @ref

PWM ACTIVECHANNEL MODE) */
PWM DC BRIDGE = PWM_DC_MODE | PWM BRIDGE MODE,

/*1< set pwm duty PWM Duty (in percent) on two channel with PWM Sine Hz Hz */
PWM_DC_3PHASE = PWM_DC_MODE | PWM BRIDGE MODE | PWM PHASE MODE,

/*!< set pwm PWM Duty duty on three phase with PWM Sine Hz Hz, with requested
shift */

// Variables of signel channel modes

PWM SINE SINGLE A0 = PWM ACTIVECHANNEL A0,
/*1< set sine pwm on Phase A channel 0 */

PWM_SINE SINGLE Al = PWM_ACTIVECHANNEL Al,
/*1< set sine pwm on Phase A channel 1 */

PWM_SINE SINGLE B0 = PWM_ACTIVECHANNEL BO,
/*1< set sine pwm on Phase B channel 0 */
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PWM SINE SINGLE Bl = PWM ACTIVECHANNEL BI,
/*1< set sine pwm on Phase B channel 1 */

PWM_SINE_SINGLE_CO = PWM_ACTIVECHANNEL_CO,
/*!< set sine pwm on Phase C channel 0 */

PWM SINE SINGLE Cl = PWM_ACTIVECHANNEL C1,
/*1< set sine pwm on Phase C channel 1 */

PWM SINE BRIDGE A0 = PWM_DC_MODE | PWM ACTIVECHANNEL A0,
/*!< set DC pwm on Phase A channel 0) */

PWM SINE BRIDGE Al = PWM DC_MODE | PWM ACTIVECHANNEL Al,
/*!< set DC pwm on Phase A channel 1) */

PWM SINE BRIDGE B0 = PWM_DC_MODE | PWM ACTIVECHANNEL BO,
/*!< set DC pwm on Phase B channel 0) */

PWM SINE BRIDGE Bl = PWM_DC_MODE | PWM ACTIVECHANNEL Bl,
/*!< set DC pwm on Phase B channel 1) */

PWM SINE BRIDGE CO = PWM DC_MODE | PWM_ ACTIVECHANNEL CO,
/*1< set DC pwm on Phase C channel 0) */

PWM SINE BRIDGE Cl = PWM_DC_MODE | PWM ACTIVECHANNEL C1,
/*1< set DC pwm on Phase C channel 1) */
}PWM ModeTypeDef;

/** PWM MODE DEFINES

* @}
*/

e R R R R //
/)= mm e HANDLE STRUCTURES—-=-—-=—-=——=———————————— //
/**

* @addtogroup PWM HANDLE STRUCTURES

* @ingroup PWM

* Q@brief Structures for handling PWM

@

*/
/**

* Q@brief Structure for PWM modbus coils.

*/
typedef struct // PWM ModeCoilsTypeDef
{

unsigned reserved:1; /*1< reserved bits
*/

unsigned DC:1; /*I<
Sine/DC mode*/

unsigned BRIDGE:1; /*1< Bridge
mode */

unsigned PHASE: 1; /* 1< minimum
pulse duration for PWM in us*/

unsigned POLARITY:1; /*1< minimum pulse
duration for PWM in us*/

unsigned ACTIVECHANNEL: 3; /*1< minimum pulse

duration for PWM in us*/

}PWM ModeCoilsTypeDef;

/*k*k
* @brief Structure for PWM modbus registers.
*/

typedef struct // PWM ModeRegsTypeDef

{
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uintl6 t Sine Hz;
/*!< frequency of sine */

uintlé t Duty;
/*!< duty of dc pwm */

uintlé t TIMFregHz; /*I<
frequency of pwm timer */

uintleé t MaxPulseDur; /*<
maximum pulse duration for PWM in us*/

uintlé t MinPulseDur; /*I<
minimum pulse duration for PWM in us*/

uintlé t DeadTime;
/*1< dead-Time between switches half waves (channels) in us */

uintlé t TickBasePrescaler; /*!< tickbase
prescaler for pwm timer */

uintlé t TableSize; /*I<

size of sine table */

}PWM ModeRegsTypeDef;

/**
* @brief Structure for PWM config.
*/
typedef struct // PWM ConfigTypeDef
{
PWM ModeCoilsTypeDef *PWM_ Mode; /*!< Mode of PWM:
modbus coils */
PWM ModeRegsTypeDef *PWM Settings; /*!< Parameters of

PWM: modbus registers */
}PWM ConfigTypeDef;

/**
* Q@brief Handle for ramp.
*/
typedef struct ({
/* Controller gains */
arm pid instance £32 pid; /*1< Parameters of PID-regulator */

/* Output limits */

float limMin; /*!< Limit of PID-regulator: max
rate of increase */
float limMax; /*!< Limit of PID-regulator: max

rate of decrease */

/* Integrator limits */

float 1limMinInt; /*1< Limit of integrator: max rate of
increase */
float limMaxInt; /*!< Limit of integrator: max rate of

decrease */

/* Sample time (in seconds) */

float SampleT; /*1< Sample time of regulator (usualy
1/TIM Hz that calls function of update PID-regulator) */
} PWM RampHandleTypeDef;
#define PWM PID state prevOut 1 ///< index of handle of ramp for PWM Sine
Hz

#define PWM PID state Input 0 ///< index of handle of ramp for PWM
Sine Hz
#define PWM PID state Output 2 ///< index of handle of ramp for PWM
Sine Hz
#define PWM RampSineHz Ind 0 ///< index of handle of ramp for PWM
Sine Hz
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#define PWM RampPWMDuty Ind 1 ///< index of handle of ramp for
PWM Duty

/**

* @brief Handle for PWM.

* @note Prefixes: h - handle, s - settings, f - flag

*/
typedef struct // PWM HandleTypeDef
{

/* PWM VARIABLES */

PWM ConfigTypeDef SPWM Config; /* 1< PWM
modbus config */

PWM ModeTypeDef sPWM Mode; /* 1< PWM
current mode */

float PWM Sine Hz;
/*1< Current frequency */

float PWM Duty;
/*1< Current duty for DC bridge mode */

uintlé6_t PWM MaxPulseDur; /*I<
Current maximum pulse duration for PWM in tickbase*/

uintleé t PWM MinPulseDur; /* <
Current minimum pulse duration for PWM in tickbase*/

uintlé t PWM DeadTime;
/*!< Current dead-Time between switches half waves (channels) in us */

PWM RampHandleTypeDef hramp[2]; /*1<
Handle for ramp */

uint8 t PWM enHardware; /* 1<

Enable PWM output on transistor */

/* SETTINGS FOR TIMER */

TIM SettingsTypeDef stim; /* 1<
Settings for TIM */

TIM OC InitTypeDef sConfigPWM; /*!1< Settings
for PWM oc channel */

TIM OC InitTypeDef sConfigTrigger; /*1< Settings for
Trigger oc channel */

unsigned fActiveChannel; /*1<
Flag for active oc channel: 0 - first channel, 1 - second channel */

uintleé t sPWM Channell; /*I<
Instance of first channel */

uintleé t sPWM Channel2; /*xI<

Instance of second channel */

/* VARIABLES FOR TABLE DUTY PARAMETERS */

uint32 t *pDuty Table Origin; /*I<
Pointer to table of pwm duties */

uint32 t Duty Table Size; VARES
Size of duty table */

float Duty Table Ind; /* 1<
Current ind of duty table */

float Duty Table Scale; VARES

Scale for TIM ARR register */

/* SETTIGNS FOR PWM OUTPUT */

GPIO TypeDef *GPIOX; /* 1<
GPIO port for PWM output */

uint32 t GPIO PIN X1; /*1<
GPIO pin for PWM output */

uint32 t GPIO PIN X2; /* 1<

GPIO pin for PWM output (in bridge mode) */
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/* SLAVES PWM */

void *hpwm?2 ;
/*!< Pointer to handle of slave PWM 2 */
void *hpwm3;

/*1< Pointer to handle of slave PWM 3 */

}PWM HandleTypeDef;

extern PWM HandleTypeDef hpwml; ///< Master
PWM handle
/**

* Q@brief Handle for Slave PWM.

* @note Prefixes: h - handle, s - settings, f - flag

*/

typedef struct // PWM SlaveHandleTypeDef

{

/* MASTER PWM*/

PWM HandleTypeDef *hMasterPWM; /*!< master
pwm handle */

/* SETTINGS FOR TIMER */

TIM SettingsTypeDef stim; /* 1<
slave tim handle */

unsigned fActiveChannel; /*1<
flag for active oc channel: 0 - first channel, 1 - second channel */

uintleé t sPWM Channell; /* <
instance of first channel */

uintleé t sPWM Channel2; /* <

instance of second channel */

/* VARIABLES FOR TABLE DUTY PARAMETERS */

float Duty Shift Ratio; /*I<
Ratio of table shift: 0.5 shift - shift = Table Size/2 */

/* SETTIGNS FOR PWM OUTPUT */

GPIO TypeDef *GPIOX; /* 1<
GPIO port for PWM output */

uint32 t GPIO PIN X1; /*1<
GPIO pin for PWM output */

uint32 t GPIO PIN X2; /*1<

GPIO pin for PWM output (second half wave) */
}PWM SlaveHandleTypeDef;

extern PWM SlaveHandleTypeDef hpwm2; ///< Slave PWM
handle
extern PWM SlaveHandleTypeDef hpwm3; ///< Slave PWM
handle
/** PWM HANDLE STRUCTURES
* @}
*/
e R R I R //
[ PWM FUNCTIONS——=—===—————————————————————————
/**
* @Raddtogroup PWM FUNCTIONS
* @ingroup PWM
* @brief Function for control and configuring PWM
*/

// MASTER PWM FUNCTIONS
/% x
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* @addtogroup PWM MAIN FUNCTIONS

* @ingroup PWM_FUNCTIONS

* @brief Function for controling PWM
* @{

*/

/* PWM Handler */
void PWM Handler (PWM HandleTypeDef *hpwm) ;
/* Form PWM on Single Channel (DC or Sine PWM). Slave PWM disabled */
void PWM SingleChannel Mode (PWM HandleTypeDef *hpwm, uintl6é t rotate ind A,
uint8 t SineOrDC);
/* Form Bridge Sine PWM. Forming Slave PWM included */
void PWM Sine Bridge Mode (PWM HandleTypeDef *hpwm, uintl6 t rotate ind A,
uintl6é t rotate ind B, uintl6 t rotate ind C);
/* Form Bridge DC PWM. Forming Slave PWM included */
void PWM DC Bridge Mode (PWM HandleTypeDef *hpwm, uintl6 t rotate ind A,
uintl6é t rotate ind B, uintlé t rotate ind C);
/* Getting ind for Duty Table */
uint32 t PWM Get Duty Table Ind(PWM HandleTypeDef *hpwm, float FreqTIM);
/* Create Dead Time when switches channels */
void PWM CreateDeadTime (PWM HandleTypeDef *hpwm, float *LocalDeadTimeCnt,
unsigned *LocalActiveChannel) ;
/** PWM MAIN FUNCTIONS

* @}

*/

// SLAVE PWM FUNCTIONS

/**
* Qaddtogroup PWM SLAVE FUNCTIONS
* @ingroup PWM FUNCTIONS
* Q@brief Function for controling slaves PWM
R
*

/

/* Set Duty from table on Slave PWM at one channel by sin ind of the Master
PWM */

uintlé t PWM SlavePhase Calc TableInd(PWM SlaveHandleTypeDef *hspwm, uintlé t
sin _ind);

/* Check is all Slave channels works properly */

void PWM SlavePhase Check Channels(PWM SlaveHandleTypeDef *hspwm) ;

/* Create Dead Time for Slave PWM when switches channels */

void PWM SlavePhase CreateDeadTime (PWM SlaveHandleTypeDef *hspwm, float
*LocalDeadTimeCnt, unsigned *LocalActiveChannel);

/** PWM_SLAVE FUNCTIONS

* @}
*/
/*k*k

* @addtogroup PWM CONFIG FUNCTIONS
* @ingroup PWM_FUNCTIONS
* @brief Function for initializing and re-configuring PWM
* @{
*

/

/* Update PWM parameters */

void PWM Update Params (PWM HandleTypeDef *hpwm) ;

/* PID for ramp. */

void PWM Ramp ControlValue (PWM RampHandleTypeDef *hramp, float *PID Output,
float PID Input);

/* Update PID parameters */

void PWM Ramp UpdateParams (PWM RampHandleTypeDef *hramp, int32 t flagReset);
/* Reset PID for ramp */

void PWM Ramp Reset (PWM RampHandleTypeDef *hramp) ;

48




/* Filling table with one period of sinus values */
uint32 t PWM Fill Sine Table(PWM HandleTypeDef *hpwm, uint32 t table size);

/* First set up of PWM Two Channel */
void PWM Sine FirstInit(void);
void PWM SynchInit (void);
/* reInitialization of PWM TIM */
void PWM Sine ReInit (PWM HandleTypeDef *hpwm) ;
/* Initialization of Slave PWM TIM */
void PWM SlavePhase Init (PWM SlaveHandleTypeDef *hspwm) ;
/* reInitialization of Slave PWM TIM */
void PWM SlavePhase reInit (PWM SlaveHandleTypeDef *hspwm) ;
/* Calc and update new Duty Table Scale */
void PWM Update DutyTableScale(PWM HandleTypeDef *hpwm) ;
/** PWM CONFIG FUNCTIONS
* @}
*/
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IHPUJIOXEHUE B

JlucTuHr interface.c

/**
R I I I 2 b b b b b e I I 2 b b b b b b A I b b b b b b b I I 2 b b b b b S I b b b b b b e I A b b b b b ab e S I b b b b b S b a2 b b b Y
* @file interface.c
* @brief Monmysb nJsa peanms3auuy mHTepberca (eHkomep m LCD mmcrien)

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

#include "interface.h"
#include "pwm.h"

TIM SettingsTypeDef TIM ENCODER = {0};
Menu TypeDef MENU;

extern I2C HandleTypeDef hi2cl;
SPI SettingsTypeDef sspi disp;

extern PWM HandleTypeDef hpwml;

Interface HandleTypeDef hinterface;

[/ =——mmmmm ENCODER FUNCTIONS---——-—————————- //
/**
* @brief Update Encoder.
* @param hinterface - handle for interface.
* @note Encoder control menu of parameters and their values.
* @note This function call all functions below in section Qref
INTERFACE ENCODER FUNCTIONS.
*/
void Update FEncoder (Interface HandleTypeDef *hinterface)
{
// ecnu 3HKOIEepa HEe B pexuMe TOUHOM HACTPOMUKN)
if (hinterface->FineChanging == 0)
{

// Haxarume KHOIKMU
if ((~hinterface->henc.GPIOx->IDR) &hinterface->henc.GPIO_ PIN SW)
{
msDelay(50); // sanepxka mmus npebesra
if ((~hinterface->henc.GPIOx->IDR) &hinterface->henc.GPIO PIN SW) //
eCJM KHOIKAa IeMCTBUTEJIbHO HaxaTa
{
// TIepBBI KJIUK
if (HAL GetTick() - hinterface->Switch prevTick > hinterface-
>DoubleClick Timeout) // crnymkoM ©GoJiblias 3amepxXKa I[I0CJe NPenHOymero HaxaTus
{
Encoder SingleClick(hinterface);
}
// IIabn KIukK
else if (HAL GetTick() - hinterface->Switch prevTick <
hinterface->DoubleClick Timeout) // cimmkxoMm MajeHbKafd 3amepxKa IOCTe
NPenEnymero HaxaTusd

{
Encoder DoubleClick (hinterface);
}
}
}
}
// ecnu ekomep B pPeXrMEe TOUHOM HACTPOMKMU)
if (hinterface->FineChanging == 1)
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{
if (((~hinterface->henc.GPIOx->IDR) &hinterface->henc.GPIO PIN SW) == 0)
// oXumaHme OTIYyCKaHMd KHOIMKU

{
msDelay (50) ;
if (((~hinterface->henc.GPIOx->IDR) &hinterface->henc.GPIO_PIN SW)
== () // ecnu KHOMNKa IeMCTBUTEJILHO OTIYIeHAa
{
hinterface->FineChanging = 0; // OTKJIOUEHME PexyMa TOUHOM
HaCTPOMKMA

}
}

// Banmuchb CUMTAaHHBEIX IAaHHLHIX C eHKOoIepa
Encoder UpdateVarsFromEncoder (hinterface) ;

}

void Encoder SingleClick(Interface HandleTypeDef *hinterface)
{
hinterface->Switch prevTick = HAL GetTick(); // coxpaHdem BpeMd HaxaTud
IJIg permMcTpaluy OOJINOTO yIePXaHMsa KHOIKM e€CJiM OHO OyIerT
hinterface->Encoder Shdw = hinterface->henc.htim->Instance->CNT;
while ((~hinterface->henc.GPIOx->IDR) &éhinterface->henc.GPIO PIN SW) //
oxumaeM e& OTIYyCKaHUS
{
// ecnu moJyiToe yIepxaHue
if (Encoder HoldingSwitch(hinterface))
{
return; // BExXOn M3 QYHKUMM
}
// ecnu KHOMKa He OTIyCKaeTCHd, M E€HKOIep HauMHaeT pPeryiMpoOBaTbCH
if (Encoder HoldingAndRotateEncoder (hinterface))
{

return; // BHXOI U3 OYHKLMU
}
msDelay (1) ;
}
// Korma KHOIKAa OTIylleHa
Encoder SwitchRelease (hinterface);

}

void Encoder DoubleClick(Interface HandleTypeDef *hinterface)
{

// TepekJioueHMe Ha IPYyTroe MeH

hinterface->MenuNumber++;

if (hinterface->MenuNumber > COILS_ MENU)

{

hinterface->MenuNumber = 0;

}

hinterface->StartDispItem = 0;

hinterface->CurrentSelection = NOTHING SELECTED;

// 1f (hinterface->MenuNumber == 0)
// hinterface->CurrentSelection = NOTHING SELECTED;
// else if (hinterface->MenuNumber == 1)
// hinterface->CurrentSelection = NOTHING COIL SELECTED;
}
/**
* @brief Holding Switch action.
* @param hinterface - handle for interface.
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* @note This called when switch is holding for 5 second.
*/
uint8 t Encoder HoldingSwitch(Interface HandleTypeDef *hinterface)
{
if (HAL GetTick() - hinterface->Switch prevTick > 5000) // ecnu
OOJITO yHmepxXaHue — 5 CekyHIO
{
#ifdef LCD I2C // 3ampoc Ha PEeVHMUMAIM3aLW0 OUCIJIed
hinterface->hlcd.LCD REINIT = 1;
#endif
return 1;
// 1 mna BeIXOOA M3 LMKJIA
}
return 0;
// 0 4uTOoBB OCTATBLCS B LUKJE

}

/**

* @brief Holding Switch and Rotate encoder action.

* @param hinterface - handle for interface.

* @note This called when switch is holding and encoder starts
rotating.

*/

uint8 t Encoder HoldingAndRotateEncoder (Interface HandleTypeDef *hinterface)
{
if (hinterface->Encoder Shdw !'= hinterface->henc.htim->Instance->CNT) //
eCJIM KHOIKAa He OTIyCKaeTCd, M EeHKOIep HauMHaeT pPeryJjiMpoOBaTbCH
{
hinterface->FineChanging = 1;
// TmepexomuMM B PEeXMM TOUHOM HACTPOUKM
return 1;
// 1 nma BEHXOIDA M3 LUKJIIA
}
return 0;
// 0 4uToBHl OCTATLCH B LMUKJIIE

}

/**
* @brief Release Switch action.
* @param hinterface - handle for interface.
* @note This called when switch is clicked
*/

void Encoder SwitchRelease (Interface HandleTypeDef *hinterface)
{
uint32 t *displayingitems;
if (hinterface->MenuNumber == REGISTERS MENU)
displayingitems = &hinterface->Displaying.Regs.all;
else if (hinterface->MenuNumber == COILS MENU)
displayingitems = &hinterface->Displaying.Coils.all;

if (hinterface->FineChanging == 0) // ecnu SHKONEep He Mepelmejl B PeXrM
TOWHOM HACTPOMKM)
{
hinterface->Switch prevTick = HAL GetTick(); // coxpansem BpewMsd
oTXaTUA OJA perucrpauum nabJKiIMKa ecyiau OH OyneTr
// hinterface->CurrentSelection++; // mepekswouaemM napamMeTp
IJI HaCTPOMKU
do{
hinterface->CurrentSelection++;
// TpoBepkKa Ha KOHEIll CHMCKa MEeHK
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if (hinterface->MenuNumber == REGISTERS MENU)
{ // B MEHI PEerMCTPOB I[epeKJIouaeM OO0 pasMepa MEeHK PerucTpOB
if (hinterface->CurrentSelection > Menu Regs_ Size)
{
// cbpoc ofOpaTHO OO MEHIO
hinterface->CurrentSelection = NOTHING SELECTED;

break;
}
}
else if (hinterface->MenuNumber == COILS MENU) // COILS MENU
{ // B MEHI KOMJIOB [epekKJioyaeM IO pas3Mepa MEeH KOWJIOB

if (hinterface->CurrentSelection - NOTHING COIL SELECTED >
Menu Coil Size)
{
// cbpoc ofpaTHO OO MEHIO
hinterface->CurrentSelection = NOTHING COIL SELECTED;
break;

}
}

// mpomnyckaeM BCe HaCTPOMKM MEHK, KOTOpPHE He oToOpaxaiTcs H OUCIJee

while((*displayingitemsé&(l<<(hinterface->CurrentSelection-1))) == 0);
}
}
/**
* @brief Update params variables from encoder rotate.
* @param hinterface - handle for interface.
* @note This function call @ref Encoder SetUintlé6Value.
*/

void Encoder UpdateVarsFromEncoder (Interface HandleTypeDef *hinterface)

{

static uintlé t coef value;

if (hinterface->FineChanging == 0) // ecnu eHKOIEp He PEeTyIMpPyeTCs
coef value = 100;
else
coef value = 77
hinterface->henc.Encoder Diff = (int32 t)hinterface->henc.htim->Instance-
>CNT - hinterface->Encoder Shdw;
if (hinterface->FineChanging == 0)

{
}

int32 t tmpreg;

uint8 t scrolmenu flag = 0;
if (hinterface->henc.Encoder Diff '= 0)
{
if (hinterface->MenuNumber == REGISTERS MENU)

{

switch (hinterface->CurrentSelection)
{
case PWM SINE HZ SELECTED:
Encoder SetUintléValue (&hinterface->henc,
&hpwml.sPWM Config.PWM Settings->Sine Hz, coef value, 0, OxFFEF);
break;

case PWM DUTY SELECTED:
Encoder SetUintléValue(&hinterface->henc,
&hpwml.sPWM Config.PWM Settings->Duty, coef value, 0, 10000);
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break;

case PWM HZ SELECTED:
Encoder ~_SetUintl6Value (&hinterface->henc,
&hpwml.sPWM Config.PWM Settings->TIMFreqHz, coef value, 0, OxFFEF);
break;

case PWM MAXPULSE SELECTED:
// if max duration in equal min duration bot not zero: set
minimum as 0. for "if" statement later
if ((hpwml.sPWM Config.PWM Settings->MaxPulseDur <=
hpwml.PWM MinPulseDur) &&
(hpwml.sPWM Config.PWM Settings->MaxPulseDur != 0) )
Encoder SetUintléValue(&hinterface->henc,
&hpwml.sPWM Config.PWM Settings->MaxPulseDur, ((coef value>50)? coef value/10
coef value), 0, OxFFEF);
// 1if max duration in some other value: set minimum as min
duration
else
Encoder SetUintléValue(&hinterface->henc,
&hpwml.sPWM Config.PWM Settings->MaxPulseDur, ((coef value>50)? coef value/10
coef value), hpwml.PWM MinPulseDur, OxFFFEF);

// 1f max duration are less than min duration: set max
duration to defalut (zero)
if (hpwml.sPWM Config.PWM Settings->MaxPulseDur <
hpwml.PWM MinPulseDur)
hpwml.sPWM Config.PWM Settings->MaxPulseDur = 0; //
automcaticaly calc max duration corresponding to ARR register
break;

case PWM_MINPULSE_SELECTED:
Encoder SetUintléValue (&hinterface->henc,
&hpwml.sPWM Config.PWM Settings->MinPulseDur, ((coef value>50)? coef value/
coef value), 0, hpwml.PWM MaxPulseDur) ;
break;

case PWM DEADTIME SELECTED:
Encoder SetUintléValue(&hinterface->henc,
&hpwml.sPWM Config.PWM Settings->DeadTime, coef value, 0, OxFFFE);
break;

case PWM TICKBASEPRESC SELECTED:
Encoder SetUintléValue(&hinterface->henc,
&hpwml.sPWM Config.PWM Settings->TickBasePrescaler, 1, 0, 999);
break;

case NOTHING SELECTED:

1f(h1nterface >henc.Encoder Diff > 0)
hinterface->StartDispItem += 1;

else if (hinterface->henc.Encoder Diff < 0)
hinterface->StartDispIltem -= 1;

if (hinterface->StartDispItem < 0)
hinterface->StartDispItem = 0;

break;

default: scrolmenu flag = 1; break;

}
}
else if (hinterface->MenuNumber == COILS MENU)

{
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switch (hinterface->CurrentSelection)
{
case PWM COIL DC SELECTED:
if (hinterface->henc.Encoder Diff)
hpwml.sPWM Config.PWM Mode->DC =
~hpwml.sPWM Config.PWM Mode->DC;
break;

case PWM COIL BRIDGE SELECTED:
if (hinterface->henc.Encoder Diff)
hpwml.sPWM Config.PWM Mode->BRIDGE =
~hpwml.sPWM Config.PWM Mode->BRIDGE;
break;

case PWM COIL PHASE SELECTED:
if (hinterface->henc.Encoder Diff)
hpwml.sPWM Config.PWM Mode->PHASE =
~hpwml.sPWM Config.PWM Mode->PHASE;
break;

case PWM COIL POLARITY SELECTED:
if (hinterface->henc.Encoder Diff)
hpwml.sPWM_Config.PWM_Mode—>POLARITY =
~hpwml.sPWM Config.PWM Mode->POLARITY;
break;

case PWM COIL ACTIVECHANNEL SELECTED:
tmpreg = hpwml.sPWM Config.PWM Mode->ACTIVECHANNEL;
tmpreg += (hinterface->henc.Encoder Diff);
if (tmpreg < 0)
hpwml.sPWM Config.PWM Mode->ACTIVECHANNEL ;
else if (tmpreg > 6)
hpwml.sPWM Config.PWM Mode->ACTIVECHANNEL ;
else if (hinterface->henc.Encoder Diff > 0)
hpwml.sPWM Config.PWM Mode->ACTIVECHANNEL++;
else if (hinterface->henc.Encoder Diff < 0)
hpwml.sPWM Config.PWM Mode->ACTIVECHANNEL--;
break;

default: scrolmenu flag = 1; break;
}
}
if (scrolmenu flag)
{
if (hinterface->henc.Encoder Diff > 0)
hinterface->StartDispItem += 1;
else if (hinterface->henc.Encoder Diff < 0)
hinterface->StartDispItem -= 1;
if (hinterface->StartDispIltem < 0)
hinterface->StartDispItem = 0;
}
}
hinterface->Encoder Shdw = hinterface->henc.htim->Instance->CNT;

}

/**
* Q@brief Set uintlé t value from from encoder rotate.
* @param hinterface - handle for interface.
* @note Target value is ranged between min value and max value.
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*/
void Encoder SetUintl6Value(TIM EncoderTypeDef *henc, uintl6 t *TargetValue,
uintl6é t coef, int32 t min value, int32 t max value)
{
int32 t tmpreg;
tmpreg = *TargetValue;
tmpreg += ((henc->Encoder Diff*coef)/2);
if (tmpreg < min value)
*TargetValue = min value;
else if (tmpreg > max value)
*TargetValue = max value;
else
*TargetValue = tmpreg;

/**
* Q@brief Set uint8 t value from from encoder rotate.
* @param hinterface - handle for interface.
* @note @ref Encoder SetUintlé6Value.
*/

void Encoder SetUint8Value (TIM EncoderTypeDef *henc, uint8 t *TargetValue,
uintlé t coef, int32 t min value, int32 t max value)
{
int32 t tmpreg;
tmpreg = *TargetValue;
tmpreg += ((henc->Encoder Diff*coef)/2);
if (tmpreg < min value)
*TargetValue = min value;
else if (tmpreg > max value)
*TargetValue = max value;
else
*TargetValue = tmpreg;

[/ =——mmmm - LCD DISPLAY FUNCTIONS-——-——-——————- //
/**
* @brief Update Active Items in Menu Structure for displaying.
* @param hinterface - handle for interface.
* @note Update corresponding to current mode and stop displaying
unnecessary items.
* @note This called from StartMainTask
*/
void Update ActiveMenulItems(Interface HandleTypeDef *hinterface)
{
if (hinterface->MenuNumber == REGISTERS MENU)
{
// RegsMenu HandleTypeDef *RegsMenu = (RegsMenu HandleTypeDef

*) &hinterface->Menu.Regs;

if (hpwml.sPWM Config.PWM Mode->BRIDGE || (hpwml.sPWM Config.PWM Mode-
>DC == 0))

hinterface->Menu.Regs.Items.PWM Sine Hz 1;
else

hinterface->Menu.Regs.Items.PWM Sine Hz = 0;

if (hpwml.sPWM Config.PWM Mode->DC)
hinterface->Menu.Regs.Items.PWM Duty

else
hinterface->Menu.Regs.Items.PWM Duty

I
-
~

Il
.
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hinterface->Menu.Regs.Items.PWM Hz = 1;
hinterface->Menu.Regs.Items.PWM MaxPulseDur =
hinterface->Menu.Regs.Items.PWM MinPulseDur = 1;

|
-
~

if (hpwml.sPWM Config.PWM Mode->BRIDGE)

hinterface->Menu.Regs.Items.PWM DeadTime = 1;
else
hinterface->Menu.Regs.Items.PWM DeadTime = 0;
hinterface->Menu.Regs.Items.PWM TickBasePresc = 1;
}
else if (hinterface->MenuNumber == COILS MENU)
{
// CoilsMenu HandleTypeDef *CoilsMenu = (CoilsMenu HandleTypeDef

*) &hinterface->Menu[COILS MENU];

hinterface->Menu.Coils.Items.PWM DC = 1;
hinterface->Menu.Coils.Items.PWM BRIDGE = 1;

if (hpwml.sPWM Config.PWM Mode->BRIDGE)

{
hinterface->Menu.Coils.Items.PWM PHASE = 1;
hinterface->Menu.Coils.Items.PWM ACTIVECHANNEL 0;

}

else

{
hinterface->Menu.Coils.Items.PWM PHASE = 0;

hinterface->Menu.Coils.Items.PWM ACTIVECHANNEL = 1;
}
hinterface->Menu.Coils.Items.PWM POLARITY = 1;
}
}
/**
* @brief Update LCD display.
* @param hinterface - handle for interface.
* @note LCD displaying parameters of PWM.
* @note This call all functions below in section @ref LCD DISPLAY
FUNCTIONS.
*/
void Update LCDDisplay(Interface HandleTypeDef *hinterface)
{
// clear display
#ifdef LCD I2C
LCD Check(&hinterface->hlcd);
LCD Send CMD(&hinterface->hlcd, 0x01);
msDelay (hinterface->LCD ClearDelay) ;
#endif
#ifdef LCD SPI
SPIDisp Clean Buffer Frame();
#endif
hinterface->disp cnt = 0 - hinterface->StartDispltem;
if (hinterface->MenuNumber == 0)
hinterface->disp cnt = LCD DisplayMenuRegisters(hinterface);
else

hinterface->disp cnt = LCD DisplayMenuCoils (hinterface);
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vTaskDelayUntil (&hinterface->LCD prevUpdateTick, hinterface-
>LCD_UpdateDelay) ;
#ifdef LCD_SPI
// update frame
SPIDisp Update();
#endif

// if more items can be showed item displayed - decrease start menu item
if ((hinterface->StartDispItem > 0) && (hinterface->disp cnt < hinterface-
>hlcd.LCD_Rows))

{

hinterface->StartDispItem -= 1;
}
}
/**
* Q@brief Display all coils menu at LCD Display.
* @param hinterface - handle for interface.
* @return disp cnt - how many string is displayed.
* @note This call LCD PrintString and LCD UpdateString.
*/

uint8 t LCD DisplayMenuCoils(Interface HandleTypeDef *hinterface)
{
uint8 t disp flag = 0;
uint8 t line = 0;
for(int i = 0; i < Menu Coil Size; i++)
{
switch(hinterface->Menu.Coils.all&(1<<i))
{
// delete item from displaying if it isnt displaying
case 0: disp flag = 0; break;

case Menu PWM DC:
disp flag = LCD PrintString(hinterface, PWM COIL DC SELECTED,
Print PWM DC) ;
break;

case Menu PWM BRIDGE:
disp flag = LCD PrintString(hinterface,
PWM COIL BRIDGE SELECTED, Print PWM BRIDGE) ;
break;

case Menu PWM PHASE:
disp flag = LCD PrintString(hinterface,
PWM COIL PHASE SELECTED, Print PWM PHASE) ;
break;

case Menu PWM POLARITY:
disp flag = LCD PrintString(hinterface,
PWM COIL POLARITY SELECTED, Print_PWM_POLARITY);
break;

case Menu PWM ACTIVECHANNEL:
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disp flag = LCD PrintString(hinterface,
PWM COIL ACTIVECHANNEL SELECTED, Print_PWM_ACTIVECHANNEL);
break;
}
disp flag = LCD UpdateString(hinterface, disp flag); // update
string

// update displaying items srtuct
if (disp_flag)

hinterface->Displaying.Coils.all |= (1<<i);
else

hinterface->Displaying.Coils.all &= ~(1<<i);

}

return hinterface->disp cnt;

/**
* @brief Display all registers menu at LCD Display.
* @param hinterface - handle for interface.
* @return disp cnt - how many string is displayed.
* @note This call LCD PrintString and LCD UpdateString.
*/

uint8 t LCD DisplayMenuRegisters(Interface HandleTypeDef *hinterface)
{
uint8 t disp flag = 0;
uint8 t line = 0;
for(int 1 = 0; i < Menu Regs_Size; i++)
{
switch(hinterface->Menu.Regs.all&(1<<i))
{
// delete item from displaying if it isnt displaying
case 0: disp flag = 0; break;

case Menu PWM Sine Hz:
disp flag = LCD PrintString(hinterface, PWM SINE HZ SELECTED,
Print PWM Sine Hz);
break;

case Menu PWM Duty:
disp flag = LCD PrintString(hinterface, PWM DUTY SELECTED,
Print PWM Duty) ;
break;

case Menu PWM Hz:
disp flag = LCD PrintString(hinterface, PWM HZ SELECTED,
Print PWM Hz);
break;

case Menu PWM MaxPulseDur:
disp flag = LCD PrintString(hinterface, PWM MAXPULSE SELECTED,
Print PWM MaxPulseDur) ;
break;

case Menu PWM MinPulseDur:
disp flag = LCD PrintString(hinterface, PWM MINPULSE SELECTED,
Print PWM MinPulseDur) ;
break;

case Menu PWM DeadTime:
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disp flag = LCD PrintString(hinterface, PWM DEADTIME SELECTED,
Print PWM DeadTime) ;
break;

case Menu PWM TickBasePresc:
disp flag = LCD PrintString(hinterface,
PWM TICKBASEPRESC SELECTED, Print PWM TickBasePresc);
break;
}
disp flag = LCD UpdateString(hinterface, disp flag); // update
string

// update displaying items srtuct
if (disp_flag)
hinterface->Displaying.Regs.all |= (1<<(i+NOTHING SELECTED)) ;
else
hinterface->Displaying.Regs.all &= ~(I1<<(i+NOTHING SELECTED)) ;
}

return hinterface->disp cnt;

/**

* @brief Print string with menu item.

* @param hinterface - handle for interface.

* @param SELECTED DEFINE - define for choosing print string as
currently selected, or as regular.

* @param Print Function - function to print string with item to char
array @ref Print PWM Sine Hz.

* @return disp flag - flag is string displaying or not.

* @note This call @ref Print PWM Sine Hz or smth function like that.

*/

uint8 t LCD PrintString(Interface HandleTypeDef *hinterface, unsigned
SELECTED DEFINE, void (*Print Function) (Interface HandleTypeDef *, uint8 t))
{

uint8 t disp flag = 0;

hinterface->disp cnt += 1;

if (hinterface->disp cnt > 0)
{
disp flag = 1;
if (hinterface->CurrentSelection == SELECTED DEFINE)
Print Function (hinterface, 1);
else
Print Function(hinterface, 0);
}
else
{
disp flag = 0;
}

return disp flag;

/**
* @brief Update string.
* @param hinterface - handle for interface.
* @param disp flag - flag to display string or not.
* @return disp flag - flag is string displaying or not.
* @note For I2C display: Display string.
* @note For SPI display: print in frame buffer. Display update happens

in Update LCDDisplay.
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*/
uint8 t LCD UpdateString(Interface HandleTypeDef *hinterface, uint8 t
disp flag)
{
// if there something to display
if (hinterface->disp cnt <= hinterface->hlcd.LCD Rows)
{
if (disp flag)
{
#ifdef LCD_I2C
LCD SetString(&hinterface->hlcd, hinterface->disp cnt-1);
LCD Send STRING(&hinterface->hlcd, hinterface->LCD String);
#endif

#ifdef LCD_SPI
static uint8 t line = 0;
// reset line to zero if its first item displaying
if (hinterface->disp cnt == 1)
line = 0;
SPIDisp Output String(0, line, hinterface->LCD String, 0, 0);
line += 10;
#endif

}

else
{

disp flag = 0;
}

return disp flag;

void Print PWM Sine Hz (Interface HandleTypeDef *hinterface, uint8 t
selected flag)
{
if (selected flag)
snprintf (hinterface->LCD String, hinterface->hlcd.LCD Width+l, ">Sine:
%d.%02d Hz", pwm_ctrl[R PWM CTRL PWM SINE HZ]/100,
pwm_ctrl[R PWM CTRL PWM SINE HZ]%100);
else
snprintf (hinterface->LCD String, hinterface->hlcd.LCD Width+l, "Sine:
%d.%02d Hz", pwm ctrl[R PWM CTRL PWM SINE HZ]/100,
pwm_ctrl[R PWM CTRL PWM SINE HZ]%100);
}

void Print PWM Duty(Interface HandleTypeDef *hinterface, uint8 t
selected flag)
{
if (selected flag)
snprintf (hinterface->LCD String, hinterface->hlcd.LCD Width+l, ">Duty:
%d.%02d%%", pwm ctrl[R PWM CTRL DUTY BRIDGE]/100,
pwm ctrl[R PWM CTRL DUTY BRIDGE]%100);
else
snprintf (hinterface->LCD String, hinterface->hlcd.LCD Width+l, "Duty:
%d.%02d%%", pwm_ctrl[R PWM CTRL DUTY BRIDGE]/100,
pwm ctrl[R PWM CTRL DUTY BRIDGE]%100);
}
void Print PWM Hz (Interface HandleTypeDef *hinterface, uint8 t selected flag)

{
if (selected flag)
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snprintf (hinterface->LCD String, hinterface->hlcd.LCD Width+1l, ">PWM:
$d Hz", pwm ctrl[R PWM CTRL PWM HZ]);
else
snprintf (hinterface->LCD String, hinterface->hlcd.LCD Width+l, "PWM:
%d Hz", pwm ctrl[R_PWM CTRL PWM HZ]);
}

void Print PWM MaxPulseDur (Interface HandleTypeDef *hinterface, uint8 t
selected flag)
{
#ifdef LCD I2C
if (hpwml.stim.sTickBasePrescaler > 1)
{
if (selected flag)
snprintf (hinterface->LCD String, hinterface->hlcd.LCD Width+l,
">Max: %d us (%d)", hpwml.PWM MaxPulseDur/hpwml.stim.sTickBasePrescaler,
hpwml.PWM MaxPulseDur) ;
else
snprintf (hinterface->LCD String, hinterface->hlcd.LCD Width+l,
"Max: %d us (%d)", hpwml.PWM_MaxPulseDur/hpwml.stim.sTickBasePrescaler,
hpwml.PWM MaxPulseDur) ;
}
else
{
if (selected flag)
snprintf (hinterface->LCD String, hinterface->hlcd.LCD Width+l,
">Max: %d us'", hpwml.PWM MaxPulseDur) ;
else
snprintf (hinterface->LCD String, hinterface->hlcd.LCD Width+l,
"Max: %d us", hpwml.PWM MaxPulseDur) ;
}
#endif
#ifdef LCD SPI
if (hpwml.stim.sTickBasePrescaler > 1)
{
if (selected flag)
snprintf (hinterface->LCD String, hinterface->hlcd.LCD Width+l,
">Max dur: %d us (%d)",
(uint327t)hpwml.PWM_MaxPulseDur/hpwml.stim.sTickBasePrescaler,
hpwml.PWM MaxPulseDur) ;
else
snprintf (hinterface->LCD String, hinterface->hlcd.LCD Width+l,
"Max dur: %d us (%d)",
(uint32 t)hpwml.PWM MaxPulseDur/hpwml.stim.sTickBasePrescaler,
hpwml.PWM MaxPulseDur) ;

}
// else if (hpwml.stim.sTickBasePrescaler > 10)
/A
// if (selected flag)
// snprintf (hinterface->LCD String, hinterface->hlcd.LCD Width+1,

">Max dur: %d 10ns (%d)",

(uint32 t)hpwml.PWM MaxPulseDur*100/hpwml.stim.sTickBasePrescaler,
hpwml.PWM MaxPulseDur) ;

// else

// snprintf (hinterface->LCD String, hinterface->hlcd.LCD Width+1,
"Max dur: %d 10ns (%d)",

(uint32 t)hpwml.PWM MaxPulseDur*100/hpwml.stim.sTickBasePrescaler,
hpwml.PWM MaxPulseDur) ;

/)
// else if (hpwml.stim.sTickBasePrescaler > 1)
/A
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// if (selected flag)
// snprintf (hinterface->LCD String, hinterface->hlcd.LCD Width+1,
">Max dur: %d 100ns (%d)",
(uint32 t)hpwml.PWM MaxPulseDur*10/hpwml.stim.sTickBasePrescaler,
hpwml.PWM MaxPulseDur) ;
// else
// snprintf (hinterface->LCD String, hinterface->hlcd.LCD Width+1,
"Max dur: %d 100ns (%d)",
(uint32 t)hpwml.PWM MaxPulseDur*10/hpwml.stim.sTickBasePrescaler,
hpwml.PWM MaxPulseDur) ;
/)
else
{
if (selected flag)
snprintf (hinterface->LCD String, hinterface->hlcd.LCD Width+l,
">Max dur: %d us'", hpwml.PWM MaxPulseDur) ;
else
snprintf (hinterface->LCD String, hinterface->hlcd.LCD Width+l,
"Max dur: %d us", hpwml.PWM MaxPulseDur) ;
}
#endif
}
void Print PWM MinPulseDur (Interface HandleTypeDef *hinterface, uint8 t
selected flag)
{
#ifdef LCD I2C
if (hpwml.stim.sTickBasePrescaler > 1)
{
if (selected flag)
snprintf (hinterface->LCD String, hinterface->hlcd.LCD Width+l,
">Min: %d ns",
(uint32 t)hpwml.PWM MinPulseDur*1000/hpwml.stim.sTickBasePrescaler);
else
snprintf (hinterface->LCD String, hinterface->hlcd.LCD Width+l,
"Min: %d ns",
(uint32 t)hpwml.PWM MinPulseDur*1000/hpwml.stim.sTickBasePrescaler);
}
else
{
if (selected flag)
snprintf (hinterface->LCD String, hinterface->hlcd.LCD Width+l,
">Min: %d us'", hpwml.PWM MinPulseDur) ;
else
snprintf (hinterface->LCD String, hinterface->hlcd.LCD Width+l,
"Min: %d us", hpwml.PWM MinPulseDur) ;
}
#endif

#ifdef LCD_SPI
if (hpwml.stim.sTickBasePrescaler > 1)
{
if (selected flag)
snprintf (hinterface->LCD String, hinterface->hlcd.LCD Width+l,
">Min dur: %d us (%d)",
(uint32 t)hpwml.PWM MinPulseDur/hpwml.stim.sTickBasePrescaler,
hpwml.PWM MinPulseDur) ;
else
snprintf (hinterface->LCD String, hinterface->hlcd.LCD Width+1,
"Min dur: %d us (%d)",
(uint32 t)hpwml.PWM MinPulseDur/hpwml.stim.sTickBasePrescaler,
hpwml.PWM MinPulseDur) ;
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}

// else if (hpwml.stim.sTickBasePrescaler > 10)

/7 A
// if (selected flag)
// snprintf (hinterface->LCD String, hinterface->hlcd.LCD Width+l1,

">Min dur: %d 10ns (%d)",

(uint32 t)hpwml.PWM MinPulseDur*100/hpwml.stim.sTickBasePrescaler,
hpwml.PWM MinPulseDur) ;

// else

// snprintf (hinterface->LCD String, hinterface->hlcd.LCD Width+l1,
"Min dur: %d 10ns (%d)",

(uint32 t)hpwml.PWM MinPulseDur*100/hpwml.stim.sTickBasePrescaler,
hpwml.PWM MinPulseDur) ;

/] )

// else if (hpwml.stim.sTickBasePrescaler > 1)

/A

// if (selected flag)

// snprintf (hinterface->LCD String, hinterface->hlcd.LCD Width+1,

">Min dur: %d 100ns (%d)",
(uint32 t)hpwml.PWM MinPulseDur*10/hpwml.stim.sTickBasePrescaler,
hpwml.PWM MinPulseDur) ;
// else
// snprintf (hinterface->LCD String, hinterface->hlcd.LCD Width+1,
"Min dur: %d 100ns (%d)",
(uint32 t)hpwml.PWM MinPulseDur*10/hpwml.stim.sTickBasePrescaler,
hpwml.PWM MinPulseDur) ;
/)
else
{
if (selected flag)
snprintf (hinterface->LCD String, hinterface->hlcd.LCD Width+l,
">Min dur: %d us'", hpwml.PWM MinPulseDur) ;
else
snprintf (hinterface->LCD String, hinterface->hlcd.LCD Width+l,
"Min dur: %d us", hpwml.PWM MinPulseDur) ;

}
#endif

void Print PWM DeadTime (Interface HandleTypeDef *hinterface, uint8 t
selected flag)
{
#ifdef LCD I2C
if (selected flag)
snprintf (hinterface->LCD String, hinterface->hlcd.LCD Width+l,
">DeadT: %d us'", pwm ctrl[R PWM CTRL DEAD TIME]);
else
snprintf (hinterface->LCD String, hinterface->hlcd.LCD Width+l, "DeadT:
%d us", pwm _ctrl[R PWM CTRL DEAD TIME]) ;
#endif

#ifdef LCD_SPI
if (selected flag)
snprintf (hinterface->LCD String, hinterface->hlcd.LCD Width+l, ">Dead
Time: %d us", pwm ctrl[R PWM CTRL DEAD TIME]);
else
snprintf (hinterface->LCD String, hinterface->hlcd.LCD Width+1l, "Dead
Time: %d us", pwm ctrl[R PWM CTRL DEAD TIME]);
#endif
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void Print PWM TickBasePresc(Interface HandleTypeDef *hinterface, uint8 t
selected flag)
{
#ifdef LCD I2C
if (selected flag)
snprintf (hinterface->LCD String, hinterface->hlcd.LCD Width+l, ">Tick
Presc: %d", pwm ctrl[R PWM CTRL TICKBASE PRESCALER]) ;
else
snprintf (hinterface->LCD String, hinterface->hlcd.LCD Width+1l, "Tick
Presc: %d", pwm _ctrl[R PWM CTRL TICKBASE PRESCALER]) ;
#endif

#ifdef LCD SPI
if (selected flag)
snprintf (hinterface->LCD String, hinterface->hlcd.LCD Width+l,
">TickBase Prescaler: %d", pwm ctrl[R PWM CTRL TICKBASE PRESCALER]) ;
else
snprintf (hinterface->LCD String, hinterface->hlcd.LCD Width+l,
"TickBase Prescaler: %d", pwm ctrl[R PWM CTRL TICKBASE PRESCALER]);
#endif

void Print PWM DC(Interface HandleTypeDef *hinterface, uint8 t selected flag)
{
if (selected flag)
{
if (hpwml.sPWM Config.PWM Mode->DC)
snprintf (hinterface->LCD String, hinterface->hlcd.LCD Width+l,
">Mode: DC");
else
snprintf (hinterface->LCD String, hinterface->hlcd.LCD Width+l,
">Mode: Sine");
}
else
{
if (hpwml.sPWM Config.PWM Mode->DC)
snprintf (hinterface->LCD String, hinterface->hlcd.LCD Width+l,
"Mode: DC");
else
snprintf (hinterface->LCD String, hinterface->hlcd.LCD Width+l,
"Mode: Sine"):;

}

void Print PWM BRIDGE (Interface HandleTypeDef *hinterface, uint8 t
selected flag)
{
if (selected flag)
{
if (hpwml.sPWM Config.PWM Mode->BRIDGE)
snprintf (hinterface->LCD String, hinterface->hlcd.LCD Width+1,
">Bridge: Bridge");
else
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snprintf (hinterface->LCD String, hinterface->hlcd.LCD Width+1,
">Bridge: Single");
}
else
{
if (hpwml.sPWM Config.PWM Mode->BRIDGE)
snprintf (hinterface->LCD String, hinterface->hlcd.LCD Width+1,
"Bridge: Bridge");
else
snprintf (hinterface->LCD String, hinterface->hlcd.LCD Width+l,
"Bridge: Single");
}
}

void Print PWM PHASE (Interface HandleTypeDef *hinterface, uint8 t
selected flag)
{
if (selected flag)
{
if (hpwml.sPWM Config.PWM Mode->PHASE)
snprintf (hinterface->LCD String, hinterface->hlcd.LCD Width+l,
">Phase: 3-Phase");
else
snprintf (hinterface->LCD String, hinterface->hlcd.LCD Width+l,
">Phase: One Phase");
}
else
{
if (hpwml.sPWM Config.PWM Mode->PHASE)
snprintf (hinterface->LCD String, hinterface->hlcd.LCD Width+l,
"Phase: 3-Phase");
else
snprintf (hinterface->LCD String, hinterface->hlcd.LCD Width+l,
"Phase: One Phase");
}
}

void Print PWM POLARITY (Interface HandleTypeDef *hinterface, uint8 t
selected flag)
{
if (selected flag)
{
if (hpwml.sPWM Config.PWM Mode->POLARITY)
snprintf (hinterface->LCD String, hinterface->hlcd.LCD Width+l,
">Polarity: Neg");
else
snprintf (hinterface->LCD String, hinterface->hlcd.LCD Width+l,
">Polarity: Pos");
}
else
{
if (hpwml.sPWM Config.PWM Mode->POLARITY)
snprintf (hinterface->LCD String, hinterface->hlcd.LCD Width+l,
"Polarity: Neg");
else
snprintf (hinterface->LCD String, hinterface->hlcd.LCD Width+l,
"Polarity: Pos");
}
}
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void Print PWM ACTIVECHANNEL (Interface HandleTypeDef *hinterface, uint8 t
selected flag)

{
if (selected flag)

snprintf (hinterface->LCD String, hinterface->hlcd.LCD Width+l, ">PWM

channel: %d", hpwml.sPWM Config.PWM Mode->ACTIVECHANNEL) ;
else

snprintf (hinterface->LCD String, hinterface->hlcd.LCD Width+1l, "PWM

channel: %d", hpwml.sPWM Config.PWM Mode->ACTIVECHANNEL) ;
}

/**

* Q@brief First initialization of interface struct and necessary
peripheral.

* @note This called from StartMainTask

*/

void EncoderFirstInit (void)
{

hinterface.DoubleClick Timeout = 200;

// tim settings

TIM ENCODER.htim.Instance = TIMER ENCODER INSTANCE;

TIM ENCODER.htim.Init.Period = OxFFFE;

TIM ENCODER.htim.Init.Prescaler = 0;

TIM ENCODER.sTimMode = TIM IT MODE;
// TIM ENCODER.sTickBaseUS = TIMER ENCODER TICKBASE;
// TIM ENCODER.sTimAHBFregMHz = TIMER ENCODER AHB FREQ;
// TIM ENCODER.sTimFreqHz = 0;

TIM Base Init (&TIM ENCODER) ;

hinterface.henc.sConfig.EncoderMode = TIM ENCODERMODE TIZ;
hinterface.henc.sConfig.IClPolarity = TIM_INPUTCHANNELPOLARITY_FALLING;
hinterface.henc.sConfig.IClSelection = TIM ICSELECTION DIRECTTI;
hinterface.henc.sConfig.IClPrescaler = TIM ICPSC DIV1;
hinterface.henc.sConfig.IClFilter = 5;
hinterface.henc.sConfig.IC2Polarity = TIM INPUTCHANNELPOLARITY FALLING;
hinterface.henc.sConfig.IC2Selection = TIM ICSELECTION DIRECTTI;
hinterface.henc.sConfig.IC2Prescaler = TIM ICPSC DIV1;
hinterface.henc.sConfig.IC2Filter = 5;

hinterface.henc.GPIOx = TIMER ENCODER PORT;
hinterface.henc.GPIO PIN TI1 = TIMER ENCODER PIN1;
hinterface.henc.GPIO PIN TI2 = TIMER ENCODER PIN2;

hinterface.henc.GPIO PIN SW = TIMER ENCODER PIN SW;
TIM Encoder Init(&hinterface.henc, &TIM ENCODER.htim) ;

HAL TIM Base Start (&TIM ENCODER.htim);

/**
* @brief First initialization of SPI LCD.
* @note This called from Interface FirstlInit
*/

void SPILCD FirstInit(void)

{
sspi disp.hspi.Instance = SPI1;
sspi _disp.hspi.Init.Mode = SPI MODE MASTER;
sspi_disp.hspi.Init.Direction = SPI DIRECTION 2LINES;
sspi disp.hspi.Init.DataSize = SPI DATASIZE 8BIT;
sspi disp.hspi.Init.CLKPolarity = SPI POLARITY LOW;
sspi disp.hspi.Init.CLKPhase = SPI PHASE 1EDGE;
sspi disp.hspi.Init.NSS = SPI NSS SOFT;
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sspi disp.hspi.Init.BaudRatePrescaler = SPI BAUDRATEPRESCALER 4;
sspi disp.hspi.Init.FirstBit = SPI FIRSTBIT MSB;
sspi disp.hspi.Init.TIMode = SPI TIMODE DISABLE;
sspi _disp.hspi.Init.CRCCalculation = SPI_CRCCALCULATION DISABLE;

sspi disp.CLK GPIOx = GPIOA;
sspi disp.CLK PIN = GPIO PIN 5;
sspi disp.MISO GPIOx = GPIOA;
sspi_disp.MISO PIN = GPIO_PIN 6;
sspi disp.MOSI GPIOx = GPIOA;
sspi disp.MOSI PIN = GPIO PIN 7;

SPI Base Init(&sspi disp);
SPIDisp Init();

}

/**
* @brief First initialization of LCD (SPI/I2C corresponding to define).
* @note This called from Interface FirstInit
*/

void LCD FirstInit (void)

{
hinterface.LCD prevUpdateTick = xTaskGetTickCount() ;
#ifdef LCD I2C
hinterface.hlcd.hi2c = &hi2cl;
hinterface.LCD ClearDelay = 10;
hinterface.LCD UpdateDelay = 250;
LCD Init(&hinterface.hlcd, NumbOfLines, NumbOfSymb) ;
#endif
#ifdef LCD SPI
hinterface.hlcd.hspi = &sspi disp.hspi;
hinterface.hlcd.LCD Width = NumbOfSymb;
hinterface.hlcd.LCD Rows = NumbOfLines;
hinterface.LCD UpdateDelay = 100;
SPILCD FirstInit();
#endif

}

/**
* @brief First initialization of Encoder Timer.
* @note This called from Interface FirstInit
*/

void Interface FirstInit(void)

{
LCD_FirstInit();
EncoderFirstInit () ;

}
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JlucTuHr interface.h

/**
R I I I 2 b b b b b e I I 2 b b b b b b A I b b b b b b b I I 2 b b b b b S I b b b b b b e I A b b b b b ab e S I b b b b b S b a2 b b b Y
* @file interface.h
* @brief 3aToJIOBOUYHEI Galy MomyJsid peanmslaumm mHTepberca (enkomep m LCD
OUCIJIEeN) .

*

* @defgroup INTERFACE

* @brief Interface stuff
*

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

#ifndef  INTERFACE H
#define  INTERFACE H

#include "periph general.h"
#include "i2c lcd.h"
#include "gmgl2864 r9ofg.h"

//#define LCD_ I2C
#define LCD SPI

#ifdef LCD_I2C

#define NumbOfSymb 16

#define NumbOfLines 2

#define LCD_HandleTypeDef LCDI2C HandleTypeDef
fendif
#ifdef LCD SPI

#define NumbOfSymb 30

#define NumbOfLines 6

#define LCD_HandleTypeDef LCDSPI HandleTypeDef
#endif
/**
* @addtogroup INTERFACE MENU DEFINES
* @ingroup INTERFACE
* Q@brief Defines for menu
R
*/
/**
* @brief Struct for "selected" values for each coils for PWM.
*/
typedef enum
{
NOTHING SELECTED, /*1< nothing selected to
change */
PWM SINE HZ SELECTED, /*!< SINE HZ selected to change */
PWM DUTY SELECTED, /*!< DUTY selected to change */
PWM HZ SELECTED, /*1< PWM HZ selected to change
*/
PWM MAXPULSE SELECTED, /*!< MAX PULSE selected to change */
PWM MINPULSE SELECTED, /*!< MIN PULSE DC selected to change
*/
PWM DEADTIME SELECTED, /*!1< DEADTIME selected to change */
PWM TICKBASEPRESC SELECTED, /*1< TICKBASEPRESCALER selected to change
*/

}CurrentSelectionRegs TypeDef;
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/**

* @brief Struct for "selected" values for each coils for PWM.

*/
typedef enum
{

NOTHING COIL SELECTED,
change */

PWM COIL DC_SELECTED,
change */

PWM_COIL BRIDGE SELECTED,
change */

PWM COIL PHASE SELECTED,
change */

PWM_COIL POLARITY SELECTED,
change */

PWM COIL ACTIVECHANNEL SELECTED,
change */
}CurrentSelectionCoil TypeDef;

/**

/*!< nothing selected to
/*!< COIL DC selected to

/*1< COIL BRIDGE selected to
/*!< COIL PHASE selected to

/*1< COIL POLARITY selected to

/*1< COIL ACTIVECHANNEL selected to

* @brief Struct with indexes for each menu.

*/
typedef enum
{
REGISTERS MENU = 0,
COILS MENU,
}MenulIndex TypeDef;

/**

* @brief

* @details
is reseted

*/

typedef union
{

/*!< Registers menu is choosed */
/*!< Coils menu is choosed */

Struct for registers menu of settings for PWM.
If item is showed - bit is setted. If item isnt showed - bit

uint32 t all; /*!< Value to access all bits at once */

/**
* @brief
*/

struct

{

unsigned

unsigned

unsigned

unsigned

unsigned

unsigned

unsigned

}Items;
}RegsMenu_ HandleTypeDef;
/*k*k

* @brief

* Qdetails
is reseted

*/
typedef union
{

Struct of PWM params with separated bits

PWM Sine Hz:1;

PWM Duty:1;

PWM Hz:1;

PWM MaxPulseDur:1;
PWM MinPulseDur:1;
PWM DeadTime:1;

PWM TickBasePresc:1;

Struct for coils menu of settings for PWM.
If item is showed - bit is setted. If item isnt showed - bit

uint32 t all; /*!< Value to access all bits at once */

/**
* @brief

Struct of PWM params with separated bits
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*/

struct

{

unsigned PWM DC:1;

unsigned PWM BRIDGE:1;
unsigned PWM PHASE:1;
unsigned PWM POLARITY:1;
unsigned PWM_ACTIVECHANNEL:I;
}Items;

}CoilsMenu HandleTypeDef;

/**
* Q@brief Struct with all settings for PWM: coils and registers.
*/
typedef struct
{
RegsMenu HandleTypeDef Regs; /*!< PWM parametrs in modbus
registers */
CoilsMenu HandleTypeDef Coils; /*!< PWM parametrs in modbus coils */

}Menu_ TypeDef;

#define Menu Regs Size 7 ///< size of Qref
RegsMenu HandleTypeDef
#define Menu Coil Size 5 ///< size of Qref

RegsMenu HandleTypeDef

#define Menu PWM Sine Hz (1<<0) ///< position of

PWM Sine Hz in @ref RegsMenu HandleTypeDef

#define Menu PWM Duty (1<<1) ///< position of
PWM Duty in @ref RegsMenu HandleTypeDef

#define Menu PWM Hz (1<<2) ///< position of
PWM Hz in @ref RegsMenu HandleTypeDef

#define Menu PWM MaxPulseDur (1<<3) ///< position of

PWM MaxPulseDur in @ref RegsMenu HandleTypeDef

#define Menu PWM MinPulseDur (1<<4) ///< position of

PWM MinPulseDur in @ref RegsMenu HandleTypeDef

#define Menu PWM DeadTime (1<<5) ///< position of

PWM DeadTime in @ref RegsMenu HandleTypeDef

#define Menu PWM TickBasePresc (1<<6) ///< position of PWM TickBasePresc

in @ref RegsMenu HandleTypeDef

#define Menu PWM DC (1<<0) ///< position of

PWM DC in @ref CoilsMenu HandleTypeDef

#define Menu PWM BRIDGE (1<<1) ///< position of

PWM BRIDGE in @ref CoilsMenu HandleTypeDef

#define Menu PWM PHASE (1<<2) ///< position of PWM PHASE
in @ref CoilsMenu HandleTypeDef

#define Menu PWM POLARITY (1<<3) ///< position of

PWM POLARITY in @ref CoilsMenu HandleTypeDef

#define Menu_ PWM ACTIVECHANNEL (1<<4) ///< position of PWM ACTIVECHANNEL

in @ref CoilsMenu HandleTypeDef

/** INTERFACE MENU DEFINES

* @}
*/
/*k*k
* @addtogroup INTERFACE HANDLE DEFINES
* @ingroup INTERFACE
* Q@brief Defines for menu
* @{
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*/

typedef struct

{

LCD_

LCD HandleTypeDef
TIM EncoderTypeDef

// menu vars

Menu TypeDef

Menu TypeDef
uint32 t
MenulIndex TypeDef
unsigned

int8 t

int8 t

// lcd vars

char

String [NumbOfSymb+1];
portTickType
uintlé6_t

uint8 t

// encoder vars
uint32 t
uint32 t
uint32 t
uint32 t

Menu;
Displaying;

CurrentSelection;

MenuNumber;

FineChanging:1;
StartDispIltem;
disp cnt;

LCD _prevUpdateTick;

LCD UpdateDelay;
LCD ClearDelay;

Encoder Shdw;

Switch Shdw;

Switch prevTick;
DoubleClick Timeout;

}Interface:HandleTypeDef;
extern Interface HandleTypeDef hinterface;

/** INTERFACE HANDLE DEFINES

* @}
*/
[ mm e FUNCTTIONS———————————————— oo
/**
* Qaddtogroup INTERFACE FUNCTIONS
* @ingroup INTERFACE
* @brief Function for controling interface and menu
*/
/)= mm - ENCODER FUNCTIONS---——-—————————— //
/*k*k
* @addtogroup INTERFACE ENCODER_ FUNCTIONS
* @ingroup INTERFACE FUNCTIONS
* @brief Function for controling encoder
* @{
*/

/* Update Encoder */

void Update Encoder (Interface HandleTypeDef *hinterface);

/* Start Single Click Actions */

void Encoder SingleClick(Interface HandleTypeDef *hinterface);

/* Start Double Click Actions */

void Encoder DoubleClick(Interface HandleTypeDef *hinterface);

/* Holding Switch action */

uint8 t Encoder HoldingSwitch(Interface HandleTypeDef *hinterface);
/* Holding Switch and Rotate encoder action */
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uint8 t Encoder HoldingAndRotateEncoder (Interface HandleTypeDef *hinterface);
/* Release Switch action */

void Encoder SwitchRelease(Interface HandleTypeDef *hinterface);

/* Update params variables from encoder rotate */

void Encoder UpdateVarsFromEncoder (Interface HandleTypeDef *hinterface);

/* Set uintlé t value from from encoder rotate */

void Encoder SetUintl6Value(TIM EncoderTypeDef *henc, uintl6 t *TargetValue,
uintl6é t coef, int32 t min value, int32 t max value);

/* Set uint8 t value from from encoder rotate */

void Encoder SetUint8Value (TIM EncoderTypeDef *henc, uint8 t *TargetValue,
uintl6é t coef, int32 t min value, int32 t max value);

/** INTERFACE ENCODER FUNCTIONS

* @}
*/
/] ==—mmmmmmm - LCD DISPLAY FUNCTIONS-—--——-——-——-— //
/**
* Qaddtogroup INTERFACE LCD FUNCTIONS
* @ingroup INTERFACE FUNCTIONS
* Q@brief Function for controling lcd display
* @{
*

/

/* Update Active Items in Menu Structure for displaying */

void Update ActiveMenulItems(Interface HandleTypeDef *hinterface);

/* Update LCD display */

void Update LCDDisplay(Interface HandleTypeDef *hinterface);

/* Display all coils menu at LCD Display */

uint8 t LCD DisplayMenuCoils(Interface HandleTypeDef *hinterface);

/* Display all registers menu at LCD Display */

uint8 t LCD DisplayMenuRegisters(Interface HandleTypeDef *hinterface);
/* Print string with menu item */

uint8 t LCD PrintString(Interface HandleTypeDef *hinterface, unsigned
SELECTED DEFINE, void (*Print Function) (Interface HandleTypeDef *, uint8 t));
/* Update string */

uint8 t LCD UpdateString(Interface HandleTypeDef *hinterface, uint8 t
disp flag);

/** INTERFACE LCD FUNCTIONS

* @}
*/
[/ =mmmmmmmm i m o PRINT FUNCTIONS-—--—-—=-—-——————- //
/*k*k
* @addtogroup INTERFACE PRINT FUNCTIONS
* @ingroup INTERFACE FUNCTIONS
* @brief Function for print string in char array.
* @param hinterface - handle for interface
* @param selected flag - flag to print string as currently selected, or
as regular
* @note Char array: hinterface->LCD String
* @{

*/
void Print PWM Sine Hz (Interface HandleTypeDef *hinterface, uint8 t
selected flag);
void Print PWM Hz (Interface HandleTypeDef *hinterface, uint8 t selected flag);
void Print PWM Duty(Interface HandleTypeDef *hinterface, uint8 t
selected flag);
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void Print PWM MaxPulseDur(Interface HandleTypeDef *hinterface, uint8 t
selected flag);

void Print PWM MinPulseDur (Interface HandleTypeDef *hinterface, uint8 t
selected flag);

void Print PWM DeadTime (Interface HandleTypeDef *hinterface, uint8 t
selected flag);

void Print PWM TickBasePresc(Interface HandleTypeDef *hinterface, uint8 t
selected flag);

void Print PWM DC(Interface HandleTypeDef *hinterface, uint8 t selected flag);
void Print PWM BRIDGE (Interface HandleTypeDef *hinterface, uint8 t
selected flag);

void Print PWM PHASE (Interface HandleTypeDef *hinterface, uint8 t
selected flag);

void Print PWM POLARITY (Interface HandleTypeDef *hinterface, uint8 t
selected flag);

void Print PWM ACTIVECHANNEL (Interface HandleTypeDef *hinterface, uint8 t
selected flag);

/** INTERFACE PRINT FUNCTIONS

* @}
*/
[/ —————m———————— INITIALIZATION FUNCTIONS------—---—- //
/**
* @addtogroup INTERFACE INIT FUNCTIONS
* @ingroup INTERFACE_FUNCTIONS
* @brief Function for initialize interface and menu
* @{
*

/

/* First initialization of interface struct and necessary peripheral */
void Interface FirstInit(void);

/* First initialization of SPI LCD */

void SPILCD FirstInit(void):;

/* First initialization of LCD (SPI/I2C corresponding to define) */
void LCD FirstInit(void);

/* First initialization of Encoder Timer */

void EncoderFirstInit(void);

/** INTERFACE INIT FUNCTIONS
* @}
*/

#endif // _ INTERFACE H_
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JlucTuHr control.c

/**
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* @file control.c
* @brief Monmysnb nJjsa ynpaBjeHusa [IVIM M 3anmMcu JIOTOB.

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

#include "pwm.h"
TIM SettingsTypeDef TIM CTRL = {0};

// variables for filling arrays

int Numb_ Of Peroids = 2; // number of periods
int Samples Per Peroid = 0; // how many samples in one period
int Size Of Log = 0; // size of written data to log
int log ind = 0; // index of log arrays
int cnt_to _cnt log = 0; // counter for log cnt
int sine ind prev = 0;
/**

* Q@brief Filling logs.

* @note 3arnojyiHeHMe JIOTOB: CMHYC, MMM, IWja.

* @note This called from TIM CTRL Handler

*/

void Fill Logs with Data(void)
{
// calc pwm duty from timer
float PWM Duty;
if (PWM Get Mode (&hpwml, PWM DC MODE) == 0) // if sinus need to be written
{
if (PWM_Get Mode (&hpwml, PWM BRIDGE MODE)) // if its signed sine mode
(two channels)
{
if (hpwml.Duty Table Ind < hpwml.Duty Table Size/2) // first half
get from channel 1
PWM Duty =
(((float) PWM Get Comparel (&hpwml))/(PWM Get Autoreload(&hpwml)))+1;
else
// second half get from channel 2
PWM Duty = 1-
(((float) PWM Get Compare2 (&hpwml))/(PWM Get Autoreload(&hpwml)));
}
else // if its unsigned sine mode (single channel)
{ // just get current pwm duty
PWM Duty =
((float)PWM_Get_Comparel(&hpwml)/PWM_Get_Autoreload(&hpwml));
}
}
else // if its dc pwm mode
{ // just get current pwm duty
if (PWM_Get Mode (&hpwml, PWM BRIDGE MODE)) // if its second channels
mode
PWM Duty =
((float) PWM Get Compare2 (&hpwml)/PWM Get Autoreload (&hpwml)) ;
else
// if its first channel mode
PWM Duty =
((float)PWM Get Comparel (&hpwml)/PWM Get Autoreload (&hpwml)) ;
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// WRITE SINUS TO WHOLE ARRAY
// sine log[log ind] = sin val;
if (PWM_Get Mode (&hpwml,PWM DC MODE) == 0) // in table mode write PWM
Duty (write sine) with scale 1/2 from sin table max value (0xFFFF/2)
sine log[log ind] = PWM Duty*(0x8000-1) ;
else
// in dc mode write PWM Duty (write sine)
sine log[log ind] = 0;

// WRITE PWM
if (PWM_Get Mode (&hpwml,PWM DC MODE)) // in DC mode
{
// write 1 - if log ind < Size Of Period*PWM Dury
// write 0 - otherwise
pwm_log[log ind] = (log ind%(Size Of Log/Numb Of Peroids) <
(Size Of Log/Numb Of Peroids+!)*hpwml.PWM Sine Hz/100)? 1: O;
}
else // in table mode
{
// write fill whole pwm array at one interrupt
int PWM _Period End Ind = (Size Of Log/Numb_ Of Peroids);
int PWM Step End Ind;
if (PWM Get Mode (&hpwml,PWM BRIDGE MODE))
PWM Step End Ind = PWM Period End Ind*fabs (PWM Duty-1);
else
PWM Step End Ind = PWM Period End Ind*PWM Duty;
for(int 1 = 0; i <= PWM Step End Ind; i++)
{
for (int j = 0; j < Numb_ Of Peroids; Jj++)
pwm log[i+j*PWM Period End Ind] = 1;
}
for(int 1 = PWM Step End Ind+l; i < PWM Period End Ind; i++)
for (int j = 0; j < Numb Of Peroids; Jj++)
pwm log[i+j*PWM Period End Ind] = 0;
}

// WRITE COUNTER
cnt log[log ind] = (uintl6 t) (hpwml.PWM Sine Hz*100);
cnt _to cnt log++;
if (cnt_to _cnt log>=Size Of Log/2?)
cnt _to cnt log = 0;

// INCREMENT AND RESET COUNTER
log _ind++;
if (PWM_Get_ Mode (&hpwml,PWM DC_MODE) == 0) // if its PWM table mode
{
// SYNCHRONIZE PERIOD OF SIN IN LOG
// (2TO0 Hamo, dYTOOHE HaHHEE HE CBEe3XaJM M3-3a HECHHXPOHM3VPOBAHHOTO

nepuona)

// wait until period ended
if(log ind>Size Of Log-1) // if logs are filled
{
if ((unsigned) hpwml.Duty Table Ind < sine ind prev) // and if new
period started
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log ind = 0; // reset counter
sine ind prev = (unsigned)hpwml.Duty Table Ind;
}
}
// update prev variable only if log currently writing
else
sine ind prev = (unsigned)hpwml.Duty Table Ind;
}
else // if its PWM DC mode
{
// if logs are filled
if(log ind>Size Of Log-1)
log ind = 0;

// 1f its overflow log array size - reset log ind
if (log ind>LOG SIZE-1)
{

log ind = 0;

sine ind prev = (unsigned)hpwml.Duty Table Ind;

}

/**

* @brief Update log parameters.

* @note [IpoBepka HaOo JM OOHOBJIATH NapaMeTphl JIOT'OB, M €CJM HaLo -
OOHOBJIAET UX.

* @note This called from TIM CTRL Handler

*/

void Update Params For Log(void)

{
unsigned UpdatelLog = 0;

// READ NUMB OF PERIOD IN LOGS
if (Numb Of Peroids !'= log ctrl[R LOG CTRL LOG PWM NUMB])
{
Numb Of Peroids = log ctrl[R LOG_CTRL_LOG_ PWM NUMB] ;
// update logs params
UpdateLog = 1;
}
// READ SIZE OF LOGS
if (Size Of Log '= log ctrl[R LOG CTRL LOG SIZE])
{
Size Of Log = log _ctrl[R LOG CTRL LOG SIZE];
// update logs params
Updatelog = 1;
}

// UPDATE LOG PARAMS
if (Updatelog)
{
// set logs params
Set Log Params();

}

/**
* Q@brief Set up log parameters.
* @note YCcTaHaBJIMBaET HACTPOMKM JIOTOB M INPOBEPSET MX Ha KOPPEKTHOCTH.
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*/
void Set Log Params(void)
{
// SET LOG PARAMS
log ind = 0;
Samples Per Peroid = TIM CTRL.sTimFregHz/hpwml.PWM Sine Hz;

if(Size Of Log > LOG SIZE) // if its too much data in log
{
Numb Of Peroids = (LOG SIZE/Samples Per Peroid);
log ctrl[R LOG CTRL LOG SIZE] = Numb Of Peroids;
Size Of Log = Numb Of Peroids*Samples Per Peroid;
}

// clear logs arrays
for(int 1 = Size Of Log; i < LOG_SIZE; i++)
{

sine log[i] = 0;

pwm log[i] = 0O;

cnt_log[i]l = 0;

/**
* Q@brief reInitialization of control timer.
* @note [lepeHacTparBaeT TalMep COIJIACHO MNPMHSATHEIM HACTPOMKAaM B
log ctrl.
* @note This called from main while
*/
void Control Timer ReInit (TIM SettingsTypeDef *stim)
{
TIM Base MspDeInit (&stim->htim);
hpwml.stim.sTickBaseUS = PROJSET MEM->TIM CTRL TICKBASE;
TIM Base Init(stim);

HAL TIM Base Start IT(&stim->htim); // timer for sinus
HAL NVIC SetPriority(TIM8 BRK TIM12 IRQn, 1, 1);
}

/**

* Q@brief First initialization of Control Timer.

* @note [lepBEM yHnpaBJadoWero TaMmepa. TaVMep 3anMcCHBaeT JIOTUM U
oOHOBJIAeT HapaMeTps VM.

* @note This called from main

*/

void Control Timer FirstInit(void)

{

// tim settings

TIM CTRL.htim.Instance = TIMER CTRL INSTANCE;

TIM CTRL.sTimMode = TIM IT MODE;
TIM_CTRL.STiCkBaseUS = PROJSET.TIM_CTRL_TICKBASE;
TIM CTRL.sTimAHBFregMHz = PROJSET.TIM CTRL AHB FREQ;
TIM CTRL.sTimFreqHz = HZ TIMER CTRL;

TIM Base Init (&TIM CTRL);
HAL NVIC SetPriority(TIM8 TRG COM TIM14 IRQn, 1, 1);

HAL TIM Base Start IT(&TIM CTRL.htim); // timer for sinus

78




// FILL TIME ARRAY WITH TIME
for(int i = 0; i < R_TIME LOG ONT; i++)

time log[i] = 1i;
}
/==
[/ == HANDLERS FUNCTIONS-———-=-———-———————————————
[/ =mmmm CONTROL TIMER-----=-———-————--
void TIM8 UP TIM13 IRQHandler (void)
{
/* TIM CTRL Handler */
Trace CTRL TIM Enter();
HAL TIM IRQHandler (&TIM CTRL.htim);
Fill Logs with Data();
Update Params For Log();
PWM Update Params (&hpwml) ;
WriteSettingsToMem() ;
Trace CTRL TIM Exit();
}
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JlucTunr control.h

/**
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* @file control.h
* @brief 3arToJIOBOYHEI Galy OJsg MOOyJisg yhnpaBjeHusa VM M 3anmMcu JIOTOB.

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

#ifndef _ CONTROL H
#define  CONTROL H

#include "periph general.h"

#include "modbus.h"

#include "math.h"

//#include "settings.h"

#define M PI 3.14159265358979323846 /* pi */

extern TIM SettingsTypeDef TIM CTRL;

[ = this called from TIM CTRL Handler ()-—----—---—-———-——-—-—--—-
/**
* @brief Update log parameters.
* @note [lpoBepka Hamo JiM OOHOBJATL [NapPaMEeTPH JIOTOB, M €CJIM Hamo -
OOHOBJIAET UX.
* @note This called from TIM CTRL Handler
*/
void Update Params For Log(void);
/**
* @brief Filling logs.
* @note 3anoJiIHeHMe JIOTOB: CMHYC, MMM, IuUia.
* @note this called from TIM CTRL Handler
*/
void Fill Logs with Data(void);
/**
* @brief Set up log parameters.
* @note YcTaHaBJIMBaEeT HACTPOMKM JIOTOB M MNPOBEPSAET MX Ha KOPPEKTHOCTH.
*/

void Set Log Params(void) ;
// this called from main while (1)

/**
* @brief reInitialization of control timer.
* @param stim - ykaszaTesib Ha HACTPOWKM TamMepa.
* @note [lepeHacTparBaeT TalMep COIJIACHO IPMHATHEIM HACTPOMKAaM B
log ctrl.
* @note This called from main while
*/
void Control Timer ReInit(TIM SettingsTypeDef *stim);
/**
* Q@brief First initialization of Control Timer.
* @note [lepBEM yHnpaBidoWero TaiMepa. TaMep 3anucCeBaeT JIOTUW U
OOHOBJIAeT NapaMeTpsl VM.
* @note This called from main
*/
void Control Timer FirstInit(void);
Jxx - -
* @brief First initialization of Encoder Timer.
* @note This called from main
*/
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void EncoderFirstInit (void);

#endif //  CONTROL H
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