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ITATEPH «CTAH» I BBYIOBAHUX CUCTEM
3 MOXJ/IUBICTIO JMHAMIYHOI'O CTBOPEHHA CTAHIB

YV cyuacnux mexuiunux cucmemax (TC), wo € 66yoosanumu cucmemamu, sAKi NOCOHYIOMb OeKilbKa MexHOoN02il
npoepamyeamnts, sunuKac nompeba 000a8amnHs cmawis y xo0i pobomu 3a KOManoow 8io 2onosnozo konmponepy (I'K) 6e3
nepe3asanmanicetts NPOSPAMHOT YacmuHu OONOMIdHCHO20 KoHmponepy peanvhozo uacy ({KPY). Y cmammi pozensoacmuvcs
supiwenns 3a0ayi cmukysanis npoepamuoi yacmunu 'K, wo mooce mamu enemenmu wmyunozo inmenexmy, i JKPY ons
BUKOHABUUX MeXaHi3Mie. 3anponoHosane piwenns 3a0ayi 3 3acmocysanusam namepry Cma, wjo 003601€ 000a8amu CmaHi 8
Kinyesuil asmomam 6e3 nepezasanmanicenns npozpamnoi uacmunu TC peanvrozo uacy.

Kniouosi cnoea: 66yoosana cucmema,; QinaHco80-eKOHOMIUHA CUCeEMA, CUCINEMA PeanbHO20 Hacy, MIKPOKOHmMpOnep,
ounamiune dooasanus cmanie 0o namepry Cman, Kinyeguil asmomamn.

Puc.: 3. Tabn.: 1. bién.: 9.

AKTyaJIbHICTh TeMH JocaigkeHHs. Ha TenepiimHiil yac akTyaJbHUMH i TOIIUPEHUMH €
BOynoBaHi cucremu (BC) Ha OCHOBI CKIIaJIHUX MPOrPaMHUX PillleHb, L0 MOEJHYIOTh y c001
JIeKUJIbKa TE€XHOJOr1i nmporpamyBanHs. Hampukiaza, nmporpamHa yactTuHa OaHKIBCBKOTO aBTO-
Mary (Automated teller machine) Bkirouae y ceGe mporpamu yrpapiliHHS MEXaHIYHUMH IPUCT-
posiMu (TIpUIOM 1 BUIa4a TpoLIeil) 1 mporpaMu MepexeBHX TEXHONOT1H (nepeaada ganux). o
BC 3i ckiagHUMU MPOrpaMHMMHM YacTHHAMHM MOXKHA BITHECTU: (PIHAHCOBO-EKOHOMIUHI CHC-
TEMH, CUCTEMH YIIPABIIIHHS PYyXOM Ha3€MHHUX 1 MOBITPSAHUX 00’ €KTIB, MEIMYHI CUCTEMH TOILIO.

Cxknanny BC yMOBHO MO’KHa MOALTUTH Ha 7Bl 0a30B1 CKJIa/I0B1, O/1HA 3 IKMX BUKOHYE POJIb
TOJIOBHOTO KOHTpoJjepa, 1o onucaHo y [1]. ['onoBuuit kontposnep (I'K) moxe BupinryBaTtu
BIJTHOCHO CKJIa/IH1 3a/1a4l 111 yrpaBiiHHAM onepaiiiinoi cucremu (OC), a came: 3abe3nedyBaTi
pobotu 6a3u nanux (BJl), peanizoByBaTu MporpamMHy CKJIaJ0BY IUTYYHOIO 1HTENEKTY,
00pobIATH BiJIeo 1 ayAio iH(OpMaILIito, TOIIO.

Hpyra uvactuHa ckiagHoi BC onMrye Agatyvku 1 Kepye BUKOHABUMM MEXaHI3MaMHU Y
peanbHOMY uaci. bynemo Ha3BaTH 110 YaCTUHY JOMOMIDXHHMM KOHTPOJIEPOM pEAbHOrO 4acy
(AKPY) [1]. AmapatHO #oro IOUIIBHO peasizoByBaTu Ha 0a3li MikpokoHTposepa (MK)
apxitektrypu Advanced RISC Machine (ARM) Cortex-M [1; 2], mocTynHi iHIII anapartHi
pimenHs. [Iporpama nanux MK moxe OyTtu noOyoBaHa y BUTIIAl madaoHa (marepHa) Cras.
Bin peanizye poboty MmartemaruuHoi mozeni kiHueBoro astomary (KA). Jlo HaiGuibm
MOLIMPEHUX MPAKTUUHUX pilieHb 11boro KA Ha TenepinHiil yac HajexaTh: HECKIHUEHH] HUKIH
onutyBaHHs (Polled Loop Systems), mporpamMu Ha OCHOBI ONeEpalifHUX CHUCTEM pEalbHOTO
yacy (OCPY) cuctemu nepepuBanb MikpokoHTposiepa (Interrupt Driven), nmporpamu Ha 6a3i
npoctux OCPY 3 minrpumkoro 6ararozasaynocti (Multi-tasking).

[ToTyXHICTh CyyaCHMX MIHIKOMII IOTEPIB Ja€ MOXJIUBICTh peanizoByBatd (pyHkuii ['K 1
JAKPY Ha 60pTy onHOro MiHikomi totepa [3]. AnapaTHo BiH MOe OyTH peani3oBaHui Ha 0a3i
apxitektypu ARM, a came Cortex-A. Hapith y 1bOMy BHUMNAJIKy OpOrpaMHa 4YacTHHA
PO3NOAUISETHCA HAa MOAYIIL, 1110 3a0e31edytoTh nporpamuy ckiagory 'K 1 JJKPY.

Ockinbku cydacHi BOyaoBani cucremu 3 'K 1 JIKPY y Garathox BUIaAKax MOETHYIOThH Y
ce0e JeKiIbKa TEXHOJIOTIM NporpaMyBaHHs, iX CTHKYBAHHS € aKTyaJlbHUM IHMTaHHSIM.
Ocob6nuBo 1€ akryanbHO, Koiu 'K BUKOHYE poJib IITYYHOrO IHTENEKTY 1 MOXE BUHUKHYTH
notpeda goaaBaHHs cTaHiB y nporpamy JIKPY y xoai poboTu 6e3 nepe3aBaHTaXeHHS CKIaIHOT
IIPOrpaMHOI CUCTEMH 3arajioM.

ITocTanoBka nmpo6Jjemu. Sk Oyino 3a3HaueHo Bulle, nporpamHa yactuHa [IKPY moxe
OyTH peanizoBaHa y BUrsiAl narepHy CraH, IO peani3ye MaTeMaTUYHy MOJENb KIHIEBOI'O
aBTOMaTy. Y CTaHJApTHOMY BapiaHTl PO3pOOKM MpOrpamM JOJABaHHS CTaHIB y KIHIIEBUN
aBTOMAaT BIOYyBaeTbcsd Ha eTami po3poOKM mHporpamMHoro 3alesnedeHHs [5-8] 1 micns
nepenporpamysanHs MK.

© Ioxunenko O. A., Kariu I1. 1O., 2021
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Ha Tenepimnbomy ctani po3Butky anapatHoi 6a3u I'K 1 JIKPY 1 nporpaMHUX TEXHOJIOT1H
cknagaux BC moxxe BuHMKaTu notpeda nonaBat y KA  1o1aTkoBi CTaHM JAMHAMIYHO Oe3
Nepe3aBaHTaKEHHSI.

Jlns BupimieHHs 1i€i 3amadi BBegeMo oOMekeHHs. Hexail amaparna dactuna JIKPY
pearnizoBaHa y BUIJIAI MiKpokoHTposiepa apxitektypu ARM Cortex-M. [Ing nporpamuoi
gactunn JIKPY Oynemo BukopucroByBatd  Cortex Microcontroller Software Interface
Standard (CMSIS) 1 BiAnoOBIgHUI CTHIIH PO3POOKH.

[TotpiOHO po3pobuTu nporpamue piieHHs natepHy Cran s nporpamuoi yactuau JJKPY,
110 J03BOJIS€ JI0/1aBaTH CTaHU JUHAMIYHO i1 4ac podotu 6e3 3ynuHku BC.

Pimenns i€l 3agaul n1o3BonuTh 3abe3neuntu nporpamHe ctukyBanHsa ['K 1 JIKPY i
noxaBatu HoBl craHu y KA mporpamuoi wactunu JIKPY nunamiuHo 11 3a0e3neyeHHs
npare3aatHocTi BC 1 kepoBaHOCTI CHCTEMHU 3arajioM.

AHaJIi3 ocTaHHIX AocaiIKeHb i myOJikamii. Y [1] mpoBeneHuil orisi pillieHb Y BUTIISIL
ONEepalifHUX CHUCTEM pEaTbHOIO0 4acy, 3alpOIIOHOBAHO PIIIEHHS y BUIJISAL KIHIEBOI'O
aBTOMATYy, ajie U [IbOMY He OyJI0 MPOBEIEHO JTOCIIDKEHb 111010 CTUKYBaHHs aHanoris JIKPY
3 0a30BOI0 CHCTEMOIO YHpaBiiHHA. TOOTO pillleHHS pPO3IrAAagocs Ha pPiBHI aBTOHOMHOL
IIpOrpamu KiHIIEBOTO aBTOMATY.

ABTOpH pOOOTH [2] BUPINIYIOTH 3aBJaHHA MOOYJOBM NPOTrPaMHOI YaCTHUHM JUIS
apxitektypu Cortex-M s MaciiTaboBaHMX PpillleHb. 3BMYAHO Mpolec MaciiTaOyBaHHS
peanizyerbcs Ha etani po3poOku 113, a He i yac poboTu.

VY [3] npoBeneHuid orisiz pillieHb HA OCHOBI BUCOKONPOJIYKTUBHUX CHCTEM, NPHU LIbOMY
[porpamMHa CUCT€Ma He YMOpPSJIKOBYBajlacs y BHIJISI KIHLIEBOIO aBTOMATy, peai3allis
BiJIOyBaJsiacsi Ha PiBHI CTaHAAPTHOTO (PPEHMBOPKY.

VY poboti [4] momaHO peainizalio MporpaMu Ha OCHOBI madiaoHy CTaH Ta OMHUCAaHO
JOCTIUKEHHST 1I0A0 30UTbIIEHHS IIBUAKOCTI OOMEXEHHs, aje 1€ 3po0IeHO0 Ha OCHOBI
MoOJIepHi3allli BIAOMHUX pilmieHb. Y [5] omucaHo pe3yabTaTd AOCHIHKEHHS MpOrpaMHoOi
peamizauii mabnony Cran B OOIl mns manonoryxaux MK B y3aranpHeHOMY BUINIAML, 1€
HEMOXKJIMBO JI0/1aTH HOBHMM CTaH IiJ] YaC BUKOHAHHSI IPOTPaMH.

V [6-8] HaBeneHO pe3ynbTaTH JOCTIKEHHS 1 pO3pOOKH MPOrpaMHoOi peaizallii KIHIEBOro
aBTOMATy B PI3HUX MOJM}IKALISIX MPOrpaMHOro pillIEHHs, MPOTE J01aTH HOBUM CTaH MiJ 4ac
BUKOHAHHS POOOTH TAKOK HEMOXKIIUBO.

OTxe, 3a pe3yJabTaTOM OCTaHHIX JOCIKEHb 1 MyOJiKaliii MO)XKHa 3pOOUTH 3aralbHUN
BHCHOBOK 111010 BIJICYTHOCTI FOTOBOI'O piII€HHs 3a/a4l JoaaBaHHs ctaHiB y KA Ha ocHoBi MK
apxitektypu Cortex-M nTuHaMiuHO.

BuaisieHHsi HemoOCJHiIKEHHX YACTHH 3arajbHoi Mpo0JjeMH. Y3arajibHIOIOYHU
BUIIECKAa3aHE MOXKHA 3pOOMTH BHUCHOBOK, IO JiaHA CTaTTs NPUCBAYECHA BUPILIEHHIO HOBOI
NEPCIEKTUBHOI 3a/laul BJIOCKOHAJIIEHHS MPOrpaMHOI YacTHMHM cydacHHX ckiagHux BC, mio
MatoTh rosoBHuil koHTposaep 1 JKPY. Ilporpamua wyactuna JIKPY peanizoBana y BUIIsAlL
natepHy CraH. 3ajiada rnossrae y po3poOLi MporpaMHOro NpoToTUILY, 10 JO3BOJIUTH 10/1aBaTH
HOBI1 ctanu y KA nuHamiuHO 6€3 nepe3aBaHTaXeHHS! CUCTEMH Y LIIJIOMY.

Mera crartri. Sk Oyno Bunie3azHadueHo, ckiagna BC Mae ronoBHUN KOHTPOJIEP peaibHOTO
qacy, 1110 MOXK€ BUPIIIYBaTH BIIHOCHO CKJIaHI 3a/1a4l, a came: 00poOKy 1 HaKONIUYEHHS JaHUX
y 6a3u panux (B/I), peanizanito MTy4HOro 1HTENEKTY, 0OpOOKY BEIMKOro o0csry iHpopmariii
(Bimeo, aynio), Tomo. J{ist kepoBaHOCTI crcTeMu 3arajioM nporpamua yactuaa 'K 1 JIKPY mae
OyTH MO€JHAHA Y OJHY LTy cUCTeMy. Y pe3yibTari podotu mporpamuoi yactunu ['K moxe
BUHUKHYTH NOTpeda CTBOPEHHS HOBOTO cTaHy uisi nmporpamuoi yactuau JIKPY. Came BoHa
yIOpaBisie BUKOHAaBYMMHU MEXaHI3MaMHM TEXHIYHOI CUCTeMH abo 3AIHCHIOE ONUTYBaHHS
JATYHUKIB Y PEKUMI pealIbHOro 4acy.
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Ha rtenepimmHiii yac ans 1oJaBaHHS HOBOTO CTaHy MOTPIOHO MEpepoOsATH Mporpamy
KOHTpoJepa, 3anucysaru ii y JIKPY 1 nepe3aBaHTaxyBaTH CUCTEMY.

Meroro ctarTi € po3poOKka i ONMC MPOrPaMHOrO PIIIEHHS, 110 Ja€ MOXJIMBICTh JOJAaTH
HOBMH cTaH y nporpamHy vactuHy JIKPY, mig yac poGoTu, JMHAMIYHO, 32 KOMaHJIO0, 1110
Hagxoquth 3 ['K.

Jnist BUpILIEHHS IOCTaBJIEHUX 3aBJIaHb HEOOX1THO HACTYIIHE:

- po3poOuTH Ta nporectyBaTd nporotun nporpamu JIKPY y Burnani mabnony KA s
MIKpOKOHTpoJiepa apxitektypu Cortex-M Ha piBHI CHUCTEMHOI'O NPOrpaMyBaHHS Y BUIJISAL
IIPOrpamMHOro pimieHHs mabdaony CTaH, 110 J03BOJISIE 0AaBATH CTaHU IMHAMYHO;

- IPOTECTYBATH L€ PILIEHHS Ha PAKTUYHOMY MiKpoKoHTpoJjepi Cortex-M.

Bukiaa ocHoBHOro marepiajy. Y TaGIuIl HaBeIeHO pe3ybTaT po3pooku mabdaona KA
JUIs. MIKpOKOHTposiepa apxiTekTypu Cortex-M Ha piBHI CHCTEMHOr0O IpOrpaMyBaHHs y BUTIISAL
nporpamHoro pimeHHs ma6nony Cran. Ha BinqmiHy Bia Biiomux pimieHs [1-8], BiH 103Boisie
J0JaBaTH CTAaHW JAMHAMIYHO Ta (OPMYBATH IMEPEXOAM MK CTaHAMH IIiJ] YaC BHKOHAHHS
nporpamu. Po3poOieHe piiieHHs: MOYKHa aanTyBaTH [yis peanbHoi ckiaanoi BC. Le notpiOHo
peaiizyBaTH Tak, 11100 J0/1aBaHHS HOBOro cTraHy y KA 10mOMIXKHOTO KOHTpOJIEpy peaibHOro
yacy BUKOHyBasiocs 3a curHanoMm 3 I'K. Takuit curnan moxe renepysaru 'K cknannoi BC y
pa3i notpedu ctBopeHHst HoBoro crany ais JIKPY. Lle moxxe Oytu 3po0iieHo, HanpuKiIaz, y
xoai poboru mnporpamHoi uactTuHM ['K, mo peamidye ¢QyHKUii IITy4YHOro 1HTENEKTY.
Po3pobnennii koj siBiisse COOOK0 MPOTOTUI MPOrpamMHOro pimeHHs i ckiaagHux BC, mo
MICTSITh FOJIOBHUE KoHTposepi 1 JIKPY.

IIpu po3pobui 1 TecTyBaHHI pIlIEHHS BUKOPUCTaHO THUNOBUM 32-po3psanHuii MK
STM32F103, TtaktoBa wyacroTra sKOro jopiBHioe 72 MI'n, Hampyra >xuBneHHs 3,3 B,
TeMIiepaTypa B puMilleHHi mijx yac TectyBanHs 27—30°C. Pe3ynbpraTs 10CTiDKEHHS MOXKHA
posnoBcroauTy Ha mupokuid cnektp MK apxitektypu ARM Cortex-M.

Pe3ynbTatom pelieHus: BHIIEONMCAHOI MPOOIEMH € MPOTOTHII HMPOrpaMu, L0 MOKa3aHa B
tabmui 1 peanizye OOII Bapiant nporpamuoro pimenHst KA i JIKPY ckinagnoi BC. Y nanomy
KOJIl TOKa3aHa JIEMOHCTpaLlisl TMHAMIYHOTO CTBOPEHHS HOBHX cTaHiB. Hanpukian, y psaaky

SignalToggleState *s1 = new SignalToggleState...

MOKa3aHO JUHAMIYHE CTBOPEHHS OJIHOTO CTaHy sl, mojaplie Horo 1ojaBaHHs 1 IPaKTUYHE
BUKOPUCTaHHS Y HACTYITHUX PSAJIKaX KOAY JI0 MEPLIOro IPOrpaMHOro LUKITY.

[Ipunyctumo, mo y xoxai poOOTH HporpamMu BHUHHUKIA NoTpeda T0JaTH HOBI CTaHU
auHaM4iHoO. Lle 1eMoHcTpye HaCcTYNHUI NpuKiIag AMHAMIYHOTO CTBOPEHHS HOBOIO CTaHy S2,
BCTAaHOBJICHHS MEPEXOAIB MDK HOBHM CTaHOM Ta [IONEPEeIHIM, a TaKOX MOoJaJiblIe
BUKOPUCTaHHS IUX CTaHIB y nporpami (Tabiauiis).

Tabnuys. Buicm ¢aiiny main.cpp

main.cpp

#include "stm32fsm.h"
AbstractState *currentState;
int main(void) {
SignalToggleState *s1 = new SignalToggleState(GPIO_B, GPIO Pin_6,
GPIO_Mode Out PP, GPIO_Speed 50MHz,
GPIO_Pin 9| GPIO Pin_10, GPIO Mode IPU, false); // Create state 1

currentState = s1; // Set initial state
currentState->HandleEntry();
for (uint32_t i = 0; i < OxFF; i++) currentState->HandleDo(); // Do something
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SignalToggleState *s2 = new SignalToggleState(GPIO_B, GPIO Pin 7,
GPIO Mode Out PP, GPIO Speed 50MHz,
GPIO _Pin_11 | GPIO_Pin_12, GPIO_Mode IPU, false); // Create state 2

s1->PushTransition(0x19, s2); // State 1 to state 2 on signal from pin 9 of GPIOB
s2->PushTransition(0x1C, sl); // State 2 to state 1 on signal from pin 12 of GPIOB
for (uint32_t i = 0; i < OxFF; i++) currentState->HandleDo(); // Do something

SignalToggleState *s3 = new SignalToggleState(GPIO_B, GPIO Pin_8,

GPIO_Mode Out PP, GPIO_Speed 50MHz,

GPIO_Pin_13 | GPIO_Pin_14, GPIO_Mode IPU, false); // Create state 3
s1->PushTransition(0x1A, s3); // State 1 to state 3 on signal from pin 10 of GPIOB
s2->PushTransition(0x1B, s3); // State 2 to state 3 on signal from pin 11 of GPIOB
s3->PushTransition(0x1D, s1); // State 3 to state 1 on signal from pin 13 of GPIOB
s3->PushTransition(0x1E, s2); // State 3 to state 2 on signal from pin 14 of GPIOB

while(1) currentState->HandleDo();

}

Jlamni B KO/l MOKa3aHUM aHAJIOTTYHUIA MPOLIeC TUHAMIYHOT'O CTBOPEHHS 111€ OJJHOT'O CTaHy s3
1 mozjanblue Woro goaaBaHHs 10 KA Ta npakTHyHe BUKOPUCTaHHA. TakuM YMHOM, y TaONIHUIl
MOKa3aHWH MPOTOTHUIM KOAY, 110 JO3BOJISIE AMHAMIYHO CTBOPUTH HOBI CTaHM 3 nepexogamu. Ha
puc.l ue nokasano y Burisiai rpada. I'pad Ha puc. 1 MicTUTh TpH cTaHH, 110 OyJIM CTBOpPEHI
MOETAIHO, MOKPOKOBO.

Ha nepmomy etami O6yB cTBopeHuil Ta mpaitoBas Ctan 1 y nporpamHomy pimensi aist MK
1 moka3aHui Ha puc. 1.

Ha npyromy erami O6yB nonanuit Cran 2, Oyau copMOBaHi BIANOBIAHI NEPEXOAU MIK
CTaHaMmH, 110 Moka3aHi Ha rpadi puc. 1. Kinuesuil aBromar nporpamuoro pimenss st MK
MIPALIIOBAB 3 IBOMA CTAaHAMHU.

Ha tperpomy erami pomanuii Cran 3 3 BIANOBIIHUMH nepexoiaMu. TakuMm YHHOM,
BuxigHui kox ans MK, mo 300paxenuii y Tabnuii, peanisye rpad KiHIIEBOro aBTOMATy, 110
MoKa3zaHui Ha puc. 1. 3BMUaiiHO, 110 BUXIAHUN KOJ TaOMUIN € JEMOHCTPAIIEI0 TEXHOJOTI]
JMHAMIYHOTO CTBOPEHHS cTaHiB y KA 1 Mae CyTTeBI CIPOILIEHHS.

Age BiH MoXke OyTH 3aCTOCOBAaHHH y SIK IPOTOTHII M1 4ac po3pOOKH peanbHOI MPOrpaMHOi
yactuau JIKPY nns cximagnoi BC. ¥V npomy Bunaaxy o nporpamu JIKPY MmoxyTs nogaBaTucs
HOB1 CTaHU AMHAMIYHO mpu oTpumanHi komanp Biag I'K. V takuii cnoci6 3abesneuyerecs
cTukyBaHHs nporpamHoi yactuHu KI' cknagHoi BC 1 JOnOMIKHOTO KOHTpOJIEpa peaibHOro
yacy. 3B's30k TojoBHOro koHTpoiepa 1 JIKPY wmoxHa 3a0e3neyuTH MOCHIIOBHUMU
iHTepdeiicamu MK, y camomy npocromy npuknazi e moxe 0ytu USART.
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[Barrycx]
W
-
Craml
| 1
[DTPHMEIHU CHTHAI Bi,[[ Eﬂtr}' ]—_HILUEJIISEJ_HH GPIOB: 6 KkoHTAET B [D‘I‘IJPIMEIHG CITHAI Bi,[[
eeony 10 GPIO B] peszamai BuBony. 91a 10 - BROAY eeony 12 GPIOB]

do / [Ipocayxoevearna seonie 9 ta 10 GPIOB
exit / Biggmrouenss Hanpyri Ha BHEODi 0,
neimijamzarg koaragTie GPIO B: 6, 9 ta 10

[OTpriMano cHrHAm BiO [OTpumarno cvrHan Big
eeony 13 GPIOB] eeony 9 GPIOE]
~
( Cram 3 Cran 2
entry / Imiriamisaria GPIO B: 8 rourakT B entry / Iminiamizsais GPIO B: 7 xourakt B
pexavi Breony, 13 ta 14 - epony pesomi Breony, 11 ta 12 - epony
do / [Ipocayxoeyvearua seomie 13 ta 14 GPIOB do / IIpocnyxoeysarns eeonie 11 ta 12 GPIOB
exit / BigknroweHHs HArmpyru Ha BHBOOL 8, exit / BigknroueHHs Hanpyri Ha BMBOD 7,
neimijamsamia kograknie GPIOB: 8, 13 ta 14 ) neimiijamsamga kodrakne GPIOB: 7, 11 ta 12

[Otpumario curuan eig seony 11 GPIO B]

[Otprmano curuan eig eeony 14 GPIOB]

Puc. 1. liacpama cmanie 013 mecmogoeo npukiady

Peno3uropiii 3 BUXiAHUM KOOM Iporpamu OyB po3mimieHuid Ha GitHub [9]. Posrnsuemo
[IpOrpamMHy peajizalliio IMHAMIYHOrO JI0JaBaHHsS HOBUX CTaHiB y mporpamuy dactuny JIKPY.
s uporo cranu KA Oynu peani3oBaHi y BUIIISI KJIAciB, @ IEPEXOAU y BUIIISIL CTPYKTYP
MOBH nporpamyBaHHs C++. Cxema mporpaMHOro pillleHHs MOKa3aHa Ha pHC. 2 y BUIIIAAL
Jiarpamu KjaciB, 110 BIATIOBIIA€ PO3pOOIEHOMY PIllIEHHIO.

Jlns O1nbIo1 3pydHOCT Kinac craHy AbstractState OyB 3poOneHuid aOCTpakTHUM, aie 3
pearizaii€ero AeIKUX METOAIB, 00 YHUKHYTH IyOnmtoBaHHs koxay. Lleit kimac € 6azoBuM ams
craniB KA y nporpamsiii vactuni JJKPY.

Crpyxktypa Transitionlnfo BimoOpaxkae mepexoau MK craHamu. SIKio QopmanizyBaTtu
[IporpamHe pillieHHs y BUIVIAI Tpady nepexoaiB, TO 1Sl CTpPYKTypa Oyze BiINOB1IaTH pedpam
opieHToBaHoro rpada. Ctanu OyAyTh BIANOBIIATH By3Jam rpada.

[Tig yac nMHAMIYHOTO JTOJIaBaHHS HEMOXKJIMBO BU3HAYUTH KIJIBKICTh MEPEXO/IB 1 BY3JIB.
Jns peanizanii [bOro MpOrpaMHOro0 MeXaHi3My, KOJKHa CTPYKTypa MEepexoiy MICTUTh Yy cobi
MOKaXYMK Ha HACTYNHY CTpyKTypy. Crpykrypa TransitionInfo mictuth B cobi iHpOpmaLito
PO CHUTHAJ, L0 3MYIIy€ BUKOHATH LIeH Mepexid, Ta HACTYHNHHH CTaH (TMOKaXYMK Ha Kiac
CTaHy), 10 SIKOr0 HEOOX1THO NEepEeHTH.

Knac AbstractState nmpu orpuManHi curtainy B meroii MakeTransition BUKOHY€e TIEpeBIpKY
CTPYKTYp MepexoiB, epeduparouu Bl CTpyKTypu. Takox kinac AbstractState MiCTUTh METOIU
HandleEntry, HandleDo ta HandleExit, mo MoXyTh BHUKOHYBaTH NMEBHI KOPUCHI il MpH
nepexoal B uei craH. KopuchHuii mporpamuuil ¢QyHKIioHan mnependayeHuil TakoX MpH
3HAaXO/PKEHHI B IL[bOMY CTaHi Ta MpU NOKUJAHHI Iboro craHy. KopucHuil nporpamHuii
¢dyHKLIOHAN TepeadaueHuii y BUIVISI METOMAIB, IO peai3yloTh 4YacTWHHU entry, do, exit
B1JIMIOBITHO 710 puC. 1.
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OCKITbKY PO3TIISIIAETHCS TUHAMIYHE J0JaBaHHs CTaHIB Ta MepexoiB, kiac AbstractState
Mae Metou i1 podotu 3 nepexoaamu: PushTransition, MergeTransitions Ta PopTransition —
JUIsL TOJJaBaHHsI OJTHOT'O TEPEXO0Ty, 10JJaBaHHs AEKIJIBKOX MEePEX0/IiB Ta BUAAICHHS OCTAHHBOTO
HEepEXOy.

3nebubiIoro abcTpakTHOTO Kiacy AbstractState HegocTaTHBO, 100 TUHAMIYHO JOJaBaTH
HoB1 ctanu. Kopucrtyrounck kiacom AbstractState MokHA 107aBaTH HOB1 CTaHM ILUISIXOM
CTBOPEHHST HOBMX HalIaJKIB LbOro kiacy. Ilpm morouHoi peanizaiii Ha OCHOBI KJacy
AbstractState Bke € nparie31aTHUM MEXaHi13M CTBOPEHHS, I0JJaBaHHs Ta BUJJAJICHHS NIEPEXO/iB
Mix craHamu KA nporpamuoi yactunu JJKPY.

Ha nepuomy kporii HeoOXiTHO CTBOPUTH eK3eMIULIp cTpykTypu TransitionInfo 1 mepenatu
HeoOX1/IH1 3HaUEHHS Yepe3 KOHCTPYKTOP.

Ha npyromy kpori noTpiOGHO BUKJIMKATH BIAMOBIAHUN METOJ, 100 OJATH HOBUM Mepexil.

Ockinbku cranu KA nporpamuiit yactiuau JIKPY cTBOprOIOTHCS TMHAMIUHO 32 KOMaH/I0k0
3 'K, motpiOHo Takox, 11106 cranu KA BukoHyBanu kopucHi aii A ckinagHoi BC. Le morpedye
JI0ZIaBaHHs JI0 HAIIAKiB aObCTpakTHOro Kiacy AbstractState mporpamMHy peasi3alito KOpUCHUX
I y BIAMIOBIAHOMY BIpTyaJbHOMY METOAL. TakuMU KOPUCHUMH AISIMU MOXYTh OyTH: BUIa4Ya
KOMaHJl Ha BHUKOHaBYl MEXaHI3MH, IoJaya Hampyrd Ha MOPTH BBOJAY-BUBOJY 3arajibHOTO
MpU3HAYEHHS, M0[aya CUTHAMIIB Ha 1ociifoBi iHTepdericu MK, npuiiom curHaiis 13 JaTYMKIB,
tomo. s copoleHHs BUKOHAHHS TakuxX il Oynu CTBOpeHl AoaaTkoBi ¢yHkuii [9].
Hanpuknan, ¢yHkuis aeininiamizanii, 0 J03BOJSIE CKUHYTH HaJallTYBaHHS MOPTIB BBOY-
BuBOAy MK, BIIKITIOUUTH TakTyBaHHS MOPTY, SKUIO BiH OUIbIIE HE BUKOPUCTOBYETHCS TOILIO.
[Hmi  nomatkoBi QyHKLIT A03BONIAIOTH KEpyBaTHU MOPTAMH, HE MPUB’A3YIOUUCH JI0 JeTanen
peatizarlii, IUIIXOM BUKOpHUCTaHHS eHyMeHaTopy (enum) GPIOs.

Ha puc. 2 noka3ani 1Ba Hamaaku kinacy AbstractState: ToggleState ta SignalToggleState,
110 J03BOJISIIOTH TMHAMIuHO cTBoproBaTH HOB1 ctanu. Kiac ToggleState npusnavuenuit s
kepyBanHs BuBogamMu mnoptiB. Kmac ToggleState B wmeromi HandleEntry Bukonye
HaJIalITyBaHHs BUBOJIIB Ta Kepye HUMH, a B MeTol HandleExit ckunae HanamryBaHs 0OpaHux
BUBOJIIB.

Knac SignalToggleState posmuproe moxiuBocti kinacy ToggleState. Kpim kepyBanHS
BHUBOJIaMH, BiH TaKOXX MOXKE MPOCIyXOBYBATH BBOJM 1 MOJABaTU CUTHAIM Ul 3MIHU CTaHy.
KpiMm BiamoBiAHMX aHaNOriyHUX HanamTyBaHb B MeToax HandleEntry Ta HandleExit naetscs
MOJKJIMBICTh HAJIAIITOBYIOTHCSI MOPTIB BBOAY-BHBOAY 3arajbHOro mnpusHadyeHHs MK s
BBEJICHHS 1 BUBEICHHS 1HpopMalii g0 nporpaMmHoi yactuau MK.

YV wMeroni HandleDo BHKOHyeTbCS ONMTYBaHHS TOPTIB BBOJY-BUBOJAY 3arajlbHOrO
MIPU3HAYCHHS Ta IEPEeBIpKa IXHIX CTaHIB Pa3oM 13 T€HEPAL€r0 BINOBITHOIO CUTHATY ITPH 3MiH1
crany. Omxe, cTBOprorouM exzeMIuisipu kiaciB SignalToggleState Ta nonaroun nepexoau Mix
UM CTaHAMH, MOYKHA JMHAMIYHO 30UIbIIYBaTH (YHKLIOHAJIBHICTh MPOTrPAMHOI peai3alii
KA nonoMikHOro KOHTpoJjiepa peajibHoro yacy ckiaaHoi BC.
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<<class>>
AbstractState

<<stmct=>

Transitionlnfo

nputSignal: InputSignal |
nextState: AbstractState *): void
+PushTransition(new Transition: Transitionlnfo *):
void

+MergeTransitions(transitionsList: Transitionlnfo *):
void

+PopTransition(void): void

+Hnput: const InputSignal
+next: AbstractState *const
+nextLink: TransitionInfo *

" Transit onlnfo(inputSignal: InputSignal,
nextState: AbstractState *, nextTransition:
struct TransitionInfo * = ()

+HandleEntryfvoid) const: void Seenum>=>
+HandleDo(void) const: void GPIOs
+HandleExiti{void) const: void GPIO A
+MakeTransition(signal: InputSignal) const: void GPIO B
+AbstractState(first Transition: TransitionInfo * = 0) =
+~AbstractState(void) Soa L
GPIO D
‘? GPIO E
el asssae GPIO F
ToggleState Solis
-outputs: const uintl6_t *const <<class=>
-outputsMode: const GPIOMode_TypeDef Signal ToggleState

-speed: const GPIOSpeed TypeDef
#usedGPIOs: const GPIOs *const
#GPI0OsCount: const uint32 t

#InitializePins(uint32_t index) const: void

#Getdll UsedPins(uint32_t index) const: uintl6_t
+HandleEnty(veid) const: veid

+HandleDo(void) const: void

+HandleExit{void) const: void
+ToggleState(GPIOsCount: nint32 t _inUse: const
GPIOs[], outputsArr: const uint16_i[], mode:
GPIOMode_TypeDef, speed: GPIOSpeed TypeDef,
firstTransition: TransitionInfo * = 0}
+ToggleState(GPIOsCount: uint32 t, GPIOxInUse:
const GPIO_TypeDef *[]. outputsArr: const
uintlé_t[], mode: GPIOMode TypeDef, speed:
GPIOSpeed TypeDef firstTransition: TransitionInfo
* =)

+ToggleState(GPIO: GPIOs, output: uintl6_t, mode:
GPIOMode TypeDef, speed: GPIOSpeed TypeDef,
firstTransition: TransitionInfo * =0}
+ToggleState(GPIOx: const GPIO_TypeDef *,
output: uint16_t, mode: GPIOMode_TypeDef,
speed: GPIOSpeed_TypeDef, firstTransition:
Transitionlnfo * =0)

+-~-ToggleState(void)

-inputs: const uint16_t *const
-inputsMode: const GPIOMode TvpeDef
-onHigh: const bool

#nitializePins(uint32_tindex) const: void

#Getdll UsedPins{uint32_tindex) const: uintl6_f
+HandleDofvoidl const: void

+8ignal ToggleState(GPIOsCount: uint32 t, inUse:
const GPIOs[], outputsArr: const uintl6é t[].
outhMlode: GPIOMode TvpeDef, outSpeed:
GPIOSpeed_TypeDef, inputsArr: const uintl6_t[].
inMode: GPIOMode TypeDef, switchOnHigh: bool,
firstTransition: Transitionlnfo * = Q)

+Signal ToggleState(GPIOsCount: nint32_t,
GPIOxInUse: const GPIO_TypeDef *[]. outputsArr:
const nint16_t[]. outMode: GPIOMode TypeDef,
outSpeed: GPIOSpeed TypeDef, inputsArr: const
uint16_t[]. inMode: GPIOMode_TypeDef,
switchOnHigh: bool, firstTransition: TransitionInfo *
=0)

+Signal ToggleState(GPIO: GPIOs, output: nint16_t.
outMode: GPIOMode TypeDef, outSpeed:
GPIOSpeed TypeDef, input: uint16_t. inMode
GPIOMode TypeDef, switchOnHigh: bool,
firstTransition: Transitionlnfo * =0}

+8ignal ToggleState(GPIOx: const GPIO TypeDef *,
output: uint16_t, outMode GPIOMode TypeDef,
outSpeed: GPIOSpeed TypeDef. input: uint16_t,
inMode: GPIOMode_TypeDef, switchOnHigh: bool,
firstTransition: Transitionlnfo * = 0}

+~Signal ToggleState(void)

Puc. 2. liaepama xnacie po3pobnenozo piuienHs

[Ipane3natHicTh po3p0oOJIEHOro pillieHHs OyIia epeBipeHa 3a JOIOMOI 0K TECTOBOTO KOy
tabmumi. PimeHHs Oyno ycmimHo 3i0paHe 0€3 NOMWIOK, IIO MIATBEPIXYye puc. 3, Ta
nepesipeHe Ha MikpokoHTposepi Cortex-M, a came STM32F103.
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Project U~
= % Project: stm32qism
&3 Target 1
= %3 Source Group 1
@ L) main.
2 j ocpfs::pr Build Output 2 E
] ocopfsm.h Rebuild started: Project: stm32gism
] stm32fsm.h *** Using Compiler 'V5.06 update € (build 750)°', folder: 'C:\KeillKeil vS5S\ARM\ARMCC\Bin'
@ ) stm32fsm.cpp Rebuild target 'Target 1°'
[ stm32extensions.h compiling oopfsm.cpp...
@ ] stm32extensions.cpp compiling main.cpp...
& cmsis compiling stm32fsm.cpp...
5 € Device compiling stm32extensions.cpp...
3 (%] misc.c (StdPeriph Drivers:Framework) compiling misc.
@ 7 stm32f10x_gpio.c (StdPeriph Drivers:GPIO) compiling
5 5T stm32f10¢_rcc.c (StdPeriph Drivers:RCC) compiling _
2 ] GPIO_STM32F10x.c (GPIO) assembling star sStm32f10x_md.s...

compiling GPIO_STM32F10x.c...

[ RTE_Device.h (Startup)
compiling system stm32fl0x.c...

] startup_stm32f10x_md.s (Startup)

[ stm3210x_conf.h (StdPeriph Drivers:Framework) linking...
@[] system_stm32f10x.c (Startup) Program Size: Code=2932 RO-data=344 RW-data=4 ZI-data=1636
".\Objects\stm32qism.axf" - 0 Error(s), O Warning(s).
Build Time Elapsed: 00:00:04
i |
E project | 1) 0, t
a o

Puc. 3. Cepeoosuwge pozpooxu Keil uVision:
a — cmpyKkmypa npoekmy, 6 — ugio npu 36opyi

BucHoBku. CyuacHi BOyZ0BaHi1 CUCTEMH, y 6araTboX BUIIAKaX, MOEJHYIOTh Y IPOrpaMHii
YaCTUHHM JIEK1IbKa TeXHOJIOTii mporpamyBaHHs. CkianHy BC yMOBHO MOXKHA PO3MOALIUTH Ha
1B 06a30Bi CKJIQ/I0Bi: TOJOBHUHM KOHTposep (ioro mporpaMHy i amapatny dactuny) i JJKPY
(¥oro mporpamHy i anapaTHy 4YacTHHY).

AKTyanpHOI0 TIpo0OieMol0 € 3a0e3ledyeHHs MPOrpaMHOr0 CTUKYBAaHHA KepyBaJbHOL
nporpamu ['K 1 mporpamuoi wactuau JIKPY. OcobnuBo 1e BUKIHKAE ycknaaHaeHHs, ko ['K
MOJKe 1HiIliai3yBaTH CTBOPEHHS HOBUX CTaHiB y nporpamHuii yactuti JJKPY, mo cranmaptHO
peanizoBaHa y BUrisai narepHa Cran 1 Mmoxke OyTH (hopMmanizoBaHa y BUTIISAIAI MaTeMaTHUHOL
MOJIeJli KIHIIEBOrO aBTOoMary. ToOTO MOke BUHHUKHYTH MOTpeba M0JaBaHHS HOBHX CTaHIB y
xoxi pobotu nporpamuoi yactuuu JIKPY aunamivno.

VY crarti po3po0ieHuii MPOTOTHI POrPaMHu, 1110 J03BOJISIE€ BUPIILIUTH 110 3a7a4y. Bin Moxe
OyTH 3aCTOCOBAHUM y SKOCTI HMPOTOTHITY Mif 4ac PO3POOKH peasbHOI MPOrpaMHOi YaCTHHU
JKPY mns cxmagaoi BC. Otpumane mporpamHe PIilIeHHS Ja€ MOXKIUBICTH J0AaBaTH HOBI
CTaHU JUHAMIYHO npu oTpuManHi komaHn Bix I'K. 3B's130k romnoBHoro kontpoinepa i JJKPY
MOJKHA 3a0e3MeYuTH depe3 MociiioBHi iHTepdeiicu MK, y camoMy mpocToMmy NpuKIaai 1ie
moske 6yt USART.

ITix gac poboTH Hax cTaTTEIO PO3pOOIIEHUH Ta MPOTEeCTOBaHMU MpoToTHll nporpamu JJKPY
y Bursiai narepHy Cran uis MiKpoKOHTposiepa apxitektypu Cortex-M Ha piBHI CHCTEMHOTO
IporpamMmyBaHHS, 110 J03BOJISE 10/IaBATH CTAHHM 111 YaC BUKOHAHHS IPOTPaMHU.

ITpoBeneHi nocmiUKeHHS 1 BU3HA4YeHA Ipale3laTHicTh nporpamu. [loOynoBaHi niarpama
CTaHIB 1 llarpama KJ1aciB OTpUMAHOro piieHHs. [IpoToTun BUXiAHOTO KOy pO3TalllOBaHUHN Ha
pecypci [9].

CnucoK BUKOPHCTAHHUX JAKepeT

1. Chmelov V. O., Katin P. Y., Shemaev V. M. Development of typical "State" software patterns
for Cortex-M microcontrollers in real time. Eastern-European Journal of Enterprise Technologies.
2020. Vol. 3(9 (105)). Pp. 29-38.

2. Chen Z., Chen J., Zhou S. Embedded electronic scale measuring system based on STM32 single
chip microcomputer. Proceedings — 2019 Chinese Automation Congress (November 22-24). Hangzhou,
China, 2019. Pp. 3062-3065.

3. Zhu W., Wang Z., Zhang Z. Renovation of Automation System Based on Industrial Internet of
Things: A Case Study of a Sewage Treatment Plant. Sensors. 2020. Vol. 20(8). P. 2175.

4. Gamma E., Helm R., Johnson R., Vlissides J. Design Patterns: Elements of Reusable Object-
Oriented Software. Addison-Wesley, 1994.

125



Ne 1(23), 2021 TEXHIYHI HAYKH TA TEXHOJIOI'TI
TECHNICAL SCIENCES AND TECHNOLOGIES

5. Katin P. Y. Development of variant of software architecture implementation for low-power
general purpose microcontrollers by finite state machines. EUREKA: Physics and Engineering. 2017.
Vol. 3. Pp. 49-55.

6. Dietrich C., Hoffmann M. and Lohmann D. Back to the Roots: Implementing the RTOS as a
Specialized State Machine. OSPERT 2015 (Sweden, July 7, 2015). Lund, Sweden, 2015. Pp. 7-12.

7. Beynon W. On the structure of free finite state machines. Theoretical Computer Science. 1980.
Vol. 11. Pp. 167-180.

8. Adamczyk P. The Anthology of the Finite State Machine Design Patterns, 2013. URL:
http://citeseerx.ist.psu.edu/viewdoc/download?doi=10.1.1.95.838&rep=rep 1 &type=pdf.

9. Penosutopiéi 3 Buxignum komoM Ha GitHub. URL: https://github.com/AlexanderPokhilenko/
STM32QISM.

References

1. Chmelov, V. O., Katin, P. Y., and Shemaev, V.M. (2020). Development of typical "State"
software patterns for Cortex-M microcontrollers in real time. Eastern-European Journal of Enterprise
Technologies, 3(9(105)), pp. 29-38.

2. Chen, Z., Chen, J. and Zhou, S. (2019). Embedded electronic scale measuring system based on
STM32 single chip microcomputer. CAC 2019, Proceedings — 2019 Chinese Automation Congress,
Hangzhou (pp. 3062-3065).

3. Zhu, W., Wang, Z. and Zhang, Z. (2020). Renovation of Automation System Based on Industrial
Internet of Things: A Case Study of a Sewage Treatment Plant. Sensors, 20(8), p. 2175.

4. Gamma, E., Helm, R., Johnson, R. and Vlissides, J. (1994). Design Patterns: Elements of
Reusable Object-Oriented Software, Addison-Wesley. Boston, Massachusetts.

5. Katin, P.Y. (2017). Development of variant of software architecture implementation for low-
power general purpose microcontrollers by finite state machines. EUREKA: Physics and Engineering,
3, pp. 49-55.

6. Dietrich, C., Hoffmann, M. and Lohmann, D. (2015). Back to the Roots: Implementing the RTOS as
a Specialized State Machine. Annual Workshop on Operating Systems Platforms for Embedded Real-Time
Applications, Proceedings of OSPERT 2015 (pp. 7-12).

7. Beynon, W. (1980). On the structure of free finite state machines. Theoretical Computer Science,
11, pp. 167-180.

8. Adamczyk, P. (2003). The Anthology of the Finite State Machine Design Patterns.
http://citeseerx.ist.psu.edu/viewdoc/download?doi=10.1.1.95.838&rep=rep 1 &type=pdf.

9. Source code repository on GitHub. https://github.com/AlexanderPokhilenko/STM32QISM.

UDC 62-503.5
Pavio Katin, Oleksandr Pokhylenko

STATE PATTERN FOR EMBEDDED SYSTEMS
WITH THE POSSIBILITY OF DYNAMIC CREATION OF STATES

Nowadays, embedded systems are technical systems that combine several programming technologies in the software part.
A complex technical system of this type can be divided into two basic components, first — the main controller (MC). The second
part is designed to control the mechanisms and is an auxiliary real-time controller (ARTC).

The urgent task is to provide software connection of the MC software and the software part of the ARTC. This is especially
true when the MC plays the role of artificial intelligence and when it may be necessary to add new states during program
execution without restarting the ARTC software.

The software part of the ARTC can be implemented in the form of a State pattern, which implements a mathematical model
of a finite state machine. To connect the software part of the MC and ARTC and dynamically add new states to the ARTC
program, the following tasks must be solved:

- to develop a software solution of the pattern State for ARTC, which will allow to add states dynamically while working
without stopping and rebooting on command from the MC;

- test this solution on a practical microcontroller.

According to the results of recent researches and publications, we can draw a general conclusion about the lack of a
ready-made solution to the problem of adding states to the finite state machine without rebooting.

This article is devoted to solving a new promising problem of connecting the software part of the MC with elements of
artificial intelligence and ARTC for actuators. There is an unexplored part of the overall problem that needs to be solved in
the context of the dynamic addition of new states to the finite state machine of the ARTC program.
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To solve the tasks, it is necessary to develop and test a prototype of the ARTC program in the form of a State pattern for
the microcontroller architecture Cortex-M at the level of system programming, which allows you to add states during program
execution dynamically.

A prototype of the ARTC program was developed in the form of a finite state machine for the Cortex-M architecture
microcontroller at the level of system programming in the form of a sofiware solution of the State pattern, which allows to add
states during program execution. The source code was developed and the formal model of the software decision in the form of
the graph was constructed. The research was carried out and the work of the program was demonstrated.

The proposed software solution allows software connection of the MC software and the software part of the ARTC in
complex embedded systems. This is necessary when there may be a need to add new states dynamically during execution of
software program without restarting the ARTC. Such a need may arise, for example, when the MC plays the role of artificial
intelligence and there is a need to add new states during execution dynamically.

Keywords: embedded system; financial and economic system, real-time system, microcontroller, dynamic addition of
states to the State pattern, finite state machine.
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