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NMocTaHOBKa 3apavi

MeToto poboTn € nobygoBa Moaeni 4acoBOro Kepyl4doro aBTomara 3
FHYYKOI IOriKOK Ta peanisauia uiei Mogeni B MiKPOKOHTPOMNEpHMX
NPUCTPOSIX.

Ona 0ocArHeHHs NOCTaBNeHOT METU HEOBXiAHO BMPILLNTK Taki 3agavi:
NPOBECTU aHani3 MeTOAiB NPOEKTYBAHHA CUCTEM JIOMNYHOro ynpaBniHHS;
NPOBECTM aHania MeTodiB MNobydoBM Kepyrunx MiKponporpaMHuX
aBTOMATIB 3 THYYKOH FOTiKOH);

po3pobutn opmat MIKpOKOMaHAM 4YacoOBOr0O aBTOMaTta 3 THYYKOH
OriKOH;

BMKOHATW NpoOrpaMHy peanisauilo Ta MOAEMOBAHHA Kepykyoro
aBTOMaTa 3 FHY4YKO MOriKoK ANs MIKPOKOHTponepa y 3anpornoHOBaHin
Mogaeni;

NPOBECTM MOPIBHAHHA pPO3pobreHoi moAeni  MiKPOKOHTPOMEPHOro
aBToMaTta 3 THYYKOK IOriKow 3 TpaauuiMHOK MOAENM 4acoBOro
aBToMaTa Ha MoBi nporpamyBaHHs Cl.
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ABTOMaTHa Mogenb CUCTEMM ynpaBriiHHSA

Z — MHOXWHA KepYKUnx cTaHiB; Btn — MHOXMHA 30BHILLHIX NoAiw;
X¢ — MHOXMHa onosilwyBanbHux curHanis; Clk — cHxponocnigoBHiCTb

ABTOMAaTHa MoJeNk CUCTEMK YNPaBIiHHA

A c
Kepylouu_n asToMal OB6'exT KepyBaHHA

i : Komangu T P T
/ Mucamea ) > BUKOHaHHA 4‘//'“"“‘“"3 \‘
\ Kepyovnx / 0BUMCNIOBANBHUX |
— Btn cTaHIB T g B
\7 4/ v kﬂams___/
- - OneeilyBanbHi |
f - pyHKUiA g - DYHKUIA

nepexoais BUXOAIE e CUrHanu
to ty
Tl
i X. o

’[C — yacoBi (BxiaHi) obMexeHHst; tO - TaimayTw; td - BUXIOQHi 3aTPUMKN.
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YacoBuM CTPYKTYpPHUN aBTOMAT

[nsa peanisauii cucTtemy ynpaeniHHA peanbHOro Yacy BMKOPUCTOBYETLCH
mMogernb Yacosoro asTomata (timed FSM), fka gossonsie BpaxoByBaTu BMnvB
METPUYHOrO Yacy Ha Nepexoam MK TEXHIYHUMU CTaHaMW CUCTEMM YnpaBniHHA
3a paxyHOK BBEAEHHS y3ararnibHeHOl YacoBOi 3MiHHOT T.

Yacosuit astomMat W =(X,Y¥,Z,f.8.2,,T )
Bxodu — Buxodu

KomnoHeHm
X(t) . i)

) f Z(t+1)

®yHKLis BUXOAiB Y(t) = g(X (@), Z(1)
OYHKLA NEPEXOAIB 77 +1) = £(X (1), Z(t))
HoBwuii cTaH Z@t+1)=Z()

Hacmynxuii
cmaH

Enemenmu nam ami

A Yacoeui cTpykTyp- Z(t+1) = f(X (), Z(t),T)
@J HUA aBTOMaT Y(1)=g(X(0), Z(0),T)

Yacosa 3miHHa T cknagaeTbCs 3 TPbOX MapaMeTpiB: 4acoBi O6MexeHHs t.

(timing constraints), BxigHi TamayTu t,, (timeouts) i BuxigHi 3aTpumkm t, (output
delays), siki iHoAi Ha3uBalTLCA BUXIOHMMUW TaiMayTaMu.
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MikponporpamHui aBTOMaT 3 FHY4YKOHO JIOTiKOKO

i AL

!

| Perucrp mikpokoma;,

/ \ 4
D, IIpHCTpil
thopMyBaHHA aIpecH
HACTYIIHOI MIKPOKOMAHIH
CLK R’D TTaM'Th Re

MiKpOKOMAaHTI N

A

T _

X —Bxigni curnanu; Y - BuxigHi curHanu; A — agpeca MIKpOKOMaHau.

% Kharkov National University of Radioelectronics 5
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MpacdoBa Ta TabnuyHa moaenb aBTomata Mypa

'padd nepexopis i npgma cTpykTypHa Tabnuus
aBTomata Mypa

Qo Y7 Qo

X3 a

1 a | YiY2 | X1 a

= |

2 a, Y3 1 as
3 A3 | Va¥s | X2 Qo
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PopmMaTt MiKpoKOMaHAM aBTOMaTa 3 FHY4YKOHO
NOorikoro

CprKTypa MiKpOKOMaHﬂM aBToMaTta 3 rHy4koro NOrikor

|N9 | Y1 |ym2 | .. IYmk |Xml |Xm2 | .. Ixmn |am] |am2 | .. |ang

Ne | @m | Yl | Ym2 | Xm | @0 | 8
0 ag | v - X3 0 1
1 a yi Y2 X1 3 2
2 a, y3 - X3 3 3
3 as Y4 Ys X2 4 0
4 ay Yo - X 3 2

Ne Ymi Ym2 Xm Ax=0 Ax=1
0 | 111000 | 11 {000 | 001
1 1001|010 01 |O11 | 010
2
3
4

011 ) 000 [ 11 [ 011 | O11
100 | 101 [ 10 | 100 | 000
110 | 000 | 01 | 011 | 010

% Kharkov National University of Radioelectronics
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Mopenb yacoBoro aBtomata Mypa 3 rHy4koro
norikowo

padhosa i TabnnyHa mogens YacoBoro astomata Mypa

a; Y; Xa Event

a; ’toi ym tdm Xn

a, Btn| ax

dopmaT MIKpOKOMaHAM 4acoBOro aBToOMaTa 3 THYYKOH
NOTiKO

a Y; X Event
adr(a,) | Btn | adr(ay)

adr ‘ to;

Ny ‘ Nx Ym ‘ tdm Xn

% Kharkov National University of Radioelectronics
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KogyBaHHA MikpokOMaHAM YacoBOro asTomara
Mypa 3 rHy4Koo Jiorikoro

"pachosa i TabnnyHa mogenb YacoBoro astomaTta Mypa

to1 - 5 sec; Ny=3;

ty — 2 sec; ty, — 1 sec; t,; — 0 sec;
01 —xi; 10 — not(xi);

00 — xi He BUKOPUCTOBYETBCS.
MpucyTHicTb nogii — 01,
BigcyTHicTb noaii — 00.

dopmaT 3aKoA0BaHOI MIKpOKOMaHAW YacoBOro aBToMaTa 3 rHy4Ko MOriko

a; Y1 y2 Y3
a (5 [3[3 [yil2]y, [1]ys [O

X(ai2) X(a13) X(ais) Event
X1 |- |‘|32 NX1|X2|-|33 NX1[~X2|~X3|a4 Btn|a5

[ooo1]101 011011 [001 [010 JO10 [001 [101 [000 |
[01]00]00]DOI0[10]01]00]0OIT[10]10]10][0100]01 |010I]

% Kharkov National University of Radioelectronics 9
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CTpyKTypa MiKPOKOHTpPONEepHOro aBTomara 3
rHY4KOlO JIOTiKOKO

BuxigHi BxiaHi MovaTkosa

curvann $ CHrHanu aapeca
3atpumeka 4 MK

1 Y | T| X + Anpecu [ ]|
PericTp MikpokomaHa O6poBHUK

Hosa o
MIKpOKOMaHOa 3aTPUMOK

— Mam'aTb MiKpOKOMaH4 4_|

Hoea agpeca

F 3

3aBaHTaMeHHs
MIKpOKOMaHI

X — BXigHi curHanun; Y — BuxigHi curHanu; A — agpeca MikpokoMaHAaw;
M = T —yac 3HaxOMKeHHS Y BiANOBIAHOMY CTaH (3aTpuMKa).
% Kharkov National University of Radioelectronics 10
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Cucrtema aBTOMaTU4YHOro yn paB.ﬂiHHfl
TenJaoBeHTUNATOPOM

OB6’eKTOM NPOEKTYBAHHS € CUCTEMA YNPaBMiHHS TENNOBEHTUNATOPOM.

Onn = {0, 1} — BXiQHW CUrHaN BKIIOYEHHS XXUBEHHSA

TennoBeHTUNATopa;

St = {0, 1} — BXiOHWI CMrHaN BKIIOYEHHS PEXMMY HarpiBy;
y1={0, 1} — BUXiAHWI CUrHaN BKIMIOYEHHSI BEHTUNATOPA;

y2 ={0, 1} — BUXiAHWIA CUrHaN BKIOYEHHS HarpiBanbHOro

enemeHTy;

y3 ={0, 1} — BVXiOHWI CUrHaN ONUTYBaHHS AaTyvKa
onn_| Temnepartypu;

tm = {0, 1} — BuXigHW cuUrHan gaTyvka TemMneparypu,

CraHu Kepyto4oro aBTomaty

CTaH a0 (TennoBeHTUNATOP BUKMtoYeHui), Onn=0, y1 =y2 =y3 = 0.

CTaH a1 (pexvM BKIOYEHHS Ta po3roHy BeHTunstopa), Onn=1, tm=0. y1=1, 3atpumka T1.

CTaH a2 (pexuvm HarpiBy Ta nogadi Tennoro nositps), Onn=1, y1 =y2 =y3 = 1, 3atpumka
onuTyBaHHs T2.

CTaH a3 (pexvM OXONO[MKEHHs HarpiBanbHoro enemeHTy), Onn=1, y1=y3 =1, y2 =0,
3aTpumka T3 .

CTaH a4 (peXXviM MOBHOIO OXOIO[XXEHHSA HarpiBanbHoro enemeHty), Onn=0, y2 =1,
y1=y3 =0, 3atpumka T4 .

Kharkov National University of Radioelectronics 11
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MpacdhoBa Ta TabnnyHa moaenb Kepyryoro
aBTomaTta Mypa B ynpaBsriHHi TENNOBEHTUNATOPOM

Onn

'pad nepexogdis Ta npsima CTpykTypHa Tabnuusa asTomaTta Mypa.

Ne | amw | T | Ym Xms as

0 do - = do

{y1} {y1.y2y3} Ohn onn as
1 aq T, \Z Onn a,

Onntm . tml o

2| a | T2 | v Onn az

Onntm Y2 | Onn-tm | @3

VE] ay

omim | | 3| @O Ts | yi | Onn ap

| Y3 | Onn-tm | @3

tm| s

{y1} {y1ys} 4 | as | Ta| wi 1 ag

T1=3 ceK — npomixok Yacy Ans po3roHy BEHTUNATOpa A0 IE%%ﬁXi,qHOT LUBWAKOCTI;

T2=1 ceKk — npomiXok Yacy Mk ONUTYBaHHAMW AaTyMKa TEMMNEepaTypu npu Harpisi;
T3=5 ceKk — NpoMixok Yacy Mk ONMTyBaHHAMM JaTyMKa TEMNEPATYPU NPY OXONOMKEHHI;
T4=15 ceKk — NpoMiKXOK Yacy AJ11 MOBHOIO OXONOMKEHHS HArpiBaribHOro eNemMeHTy.

Kharkov National University of Radioelectronics 12
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KopoBaHa npsiMa cTpykTypHa Tabnuus 1a
MIKpOKOMaH,qVI dBToOMaTa 3 rHy4Koro norikoto

Ne | an Tm Ym Xms as
a | - - (10 00) | @ (000)
000 Onn (01 00) | a1(001)

3akopoBaHa npsiMa CTPYKTYPHA 45, [T, [y, (07)| Onn(0100) |a,(010)
Tabnuus asTomata Mypa > 001 10011 | Gnn (1000) | @ (000)

2| a | T2 |v1(01)| Onn (01 10) | @2(010)
010 0001 |y, (10)-0Onn - tm (01 01) | @ (011)

ys (11 (10 00) a4 (100)

| | Omnn tm | \ ° 011 01T(3)1 y. ((1)1) S CHC N s (81?)
nn tm | 8, . a

[000] oooo | 000] 0101000 [000 0100 ] 001 | yi )| Onn.-tm (01 01) 33 51003
Onn (10 00) ¢

a [ ] Onn tm | 2y \ 4 | as | Ts |y2(01) 1(00 00) a0 (000)

[001] 0011 [ 001] 010 0100 |01 00 [010 [1000 | 000_| 100 | 1111 e
| 1 | vz | Vi | Onn t | 8,

[010] 0001 |011\ 011] 0100 |10 [p0 |LT o0 [01 10 [010 [01 01 [011 [01 10 [100 |

| | | | | dopmaTt 3aKogoBaHNX
a3 V1 Vi onn tm | & i

[011] 0101 [010] 011] 0100 |11 00 [01 10 010 [01 01 |011 [0110 [100 | <::| MIKpOKOMaH/, 4acoBOro

aBToMaTa 3 rHy4Koto

| 24 [ 51 | onnm | 2 | norikoto
[ 100] 1111 Joo1] 0o1] 01oo [og 00 | 000 |
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ABTOMaTHMM WAONOH, (hbyHKLiIA nepexoaiB

[MporpamHas peanisauis Ha moBi Cl gna MK STM32

/* TRANSITIONS FUNCTION START */
switch(state) {
case a0:
lISpecial part of code that initiate the transition without extrnal buttons and sensors
Il #ifdef DEBUG_MODE Onn = 1;
#endif
if (Onn) { nextState = a1}
else { nextState = a0; }

break;
case al:
if(Onn) { nextState = a2; }
else{ nextState = a0; }
break;
case a2:

lISpecial code for debug mode
IIhelps to count the necessary temp value (50 degrees by Celcius)
Iland get the correct nextState value without external buttons and sensors
Ii#ifdef DEBUG_MODE
if( debugTemp >= TEMP_TO_COOL ) {tm=1;}
else {debugTemp += TEMP_TO_HEAT/2; //leach 10 degrees
tm=0;}
#endif
if(Onn && tm) { nextState =a3; }
else if (Onn && !'tm) { nextState = a2; }
else{ nextState = a4; }
break; 14
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ABTOMaTHMM WAGNOH, PYHKLIT BUXOAiIB Ta
HOBOrO CTaHy i 3aTPUMOK

[MporpamHas peanisauis Ha mosi Cl gns MK STM32 F103C8T6

I* OUTPUTS FUNCTION START */ I* DELAYS FUNCTION START */
switch(state)
state = nextState; //transit to nextState value
case a0:
Y1_OFF;Y2_OFF;Y3_OFF; lIselect the necessary Timeout for current state
break; switch(state)
case at: case a0: Timeout = T0; break;
Y1_ON;Y2_OFF;Y3_OFF;
break; case al: Timeout = T1; break;
case a2: case a2: Timeout =T2; break;
Y1_ON;Y2_ON;Y3_ON;
break; case a3: Timeout = T3; break;
case a3: case a4: Timeout =T4; break;
Y1_ON;Y2_OFF;Y3_ON;
break; default: Timeout=T0; break;
}
case a4:
Y1_ON;Y2_OFF;Y3_OFF; #ifdef DEBUG_MODE
break; HAL_GPIO_WritePin( GPIOA, GPIO_PIN_3,
default: (GPIO_PinState)Onn );
Y1_OFF;Y2_OFF;Y3_OFF; HAL_GPIO_WritePin( GPIOA, GPIO_PIN_4,
break; (GPIO_PinState)tm );
} #endif
Kharkov National University of Radioelectronics 15
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¥ . .
Moaenb nam'aATi MikpoKkomaHa aBTOMaTa 3
rHy4koto norikoro B MK STM32 F103C8T6
typedef struct
{
uint8_t curState 3 tati latil StateMicroC d STATES =
uint8_t curStateDelay 4 ?s atic volatile curStateMicroComman =
uint8_t outputsAmount  :2; {0,1,0,2, 3,3,3,3,3,3, 80,4,1,157},
uint8_t arcAmount 3; {1,3,1,2, 1,0,3,3,3,3, 4,2,8,0,15,7 },
) ) ' {2,1,3,3, 1,0,2,0,3,0, 6,2,5,3,8,4},
u?ntS_t f?rstOutputValue 2; {3,523, 1,0,3,3.3,0, 625384 ),
uint8_t firstOutputDelay  :2; {4,151,1, 1,0,3,3,3,3, 0,0,15,7,15,7}
uint8_t secOutputValue  :2; %
u!ntS_t sef:OutputDeIay 2 static volatile uint8_t state; llcurrent state
uint8_t thirdOutputvalue = :2; static volatile uint8_t nextState; //next state
uint8_t thirdOutputDelay :2; static volatile uint16_t Timeout; //timeout in seconds
uint8_t firstinputValue 4,
uint8_t firstNextState 3;
uint8_t seclnputValue 4;
uint8_t secNextState 3;
uint8_t thirdInputValue 4;
uint8_t thirdNextState :3;
JeurStateMicroCommand[STATES_COUNT
I8
Kharkov National University of Radioelectronics 16
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MporpamHun kog o6pobHMKa agpec Ta
3aTPMMOK AN aBTOMaTa 3 rHYy4KOK NOTiKOH

MporpamHas peanisauis Ha mosi Cl ans MK STM32 F103C8T6

[* INPUT STATEMENTS WITH TRANSITION */

[IAll the InputValue fields should be processed!

if(INPUT_MISSING_NUMBER != STATES|state].
firstinputValue || DEFAULT_TRANSITION ==
STATES[state].firstinputValue )

{ nextState = STATES[state].firstNextState; }
elseif( INPUT_MISSING_NUMBER !=
STATES|state].

secnputValue || DEFAULT_TRANSITION ==

STATES(state].seclnputValue )

{ nextState = TATES[state].secNextState;}
else if( INPUT_MISSING_NUMBER !=
STATES[state].

thirdinputValue || DEFAULT_TRANSITION ==

STATES|state].thirdinputValue)
{ nextState = STATES[state].thirdNextState; }
else //default state
{ nextState = a4; }
/* END INPUT STATEMENTS WITH TRANSITION
*

/* GPIO OUTPUT */

/IChecking and write the output value to the GPIO

/IAll the OutputDelay fields should be processed!

/i

if OUTPUT_MISSING_NUMBER != STATES[state].firstOutputDelay )
{HAL_GPIO_WritePin(GPIOA,GPIO_PIN_5,GPIO_PIN_SET);}

else

{HAL_GPIO_WritePin(GPIOA,GPIO_PIN_5,GPIO_PIN_RESET);}

if OUTPUT_MISSING_NUMBER != STATES[state].secOutputDelay )
{HAL_GPIO_WritePin(GPIOA,GPIO_PIN_6,GPIO_PIN_SET);}

else
{HAL_GPIO_WritePin(GPIOA,GPIO_PIN_6,GPIO_PIN_RESET);}

if( OUTPUT_MISSING_NUMBER != STATES[state].thirdOutputDelay)
{HAL_GPIO_WritePin(GPIOA,GPIO_PIN_7,GPIO_PIN_SET);}

else

{ HAL_GPIO_WritePin(GPIOA,GPIO_PIN_7,GPIO_PIN_RESET);}

I* END GPIO OUTPUT */

Kharkov National University of Radioelectronics 17
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JloriyHi aHanizaTopwm

Ons oTpuMaHHsA [aHux 3 cucTemu,

wo po3pobnsieTbcsa, 0Oyne

BUKOPUCTaAHO noriyHuMiA aHanisatop Saleae Logic 8. [MapameTtpis
AaHOro aHanisatopa Ioriku Ginblle HiK AOCTaTHbO ANS OTPUMAaHHS
curHaniB 3 kaHanie abo nepegadi gaHux npotokonis. A noro uiHa y 10
USD posBonsie BU3HATM MNOr0 HangeleBlMM CMocoOoOM aHanisy
Tpadhiky Ta AaHux y OyOb-AKMX MpPOEKTax 3 HEBEIMKOK YacToTOoH.
OaHni norivHum aHanizatop nigtpumyetbcsa 13, wo 6e3kowTOBHO
HagaeTbcs KoMmnaHielo Saleae.

2emm 80H
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Pe3ynbTaTi MoaentoBaHHA KePYyKO4Oro
aBTOMaTa 3 XKOPCTKOHO JIOTiKOH

Ona pgemMoHcTpauii  npauesgaTHOCTI  MIKPOKOHTPONEepHoi  mopeni
YacoBOro kepytyoro asTomaTy Mypa 3 XXOPCTKOH JTOTKOK BUKOHAEMO

06xig Bcix BeplwuWH rpacoBoi Mogeni 3 ypaxyBaHHSIM 4acoBuKX
napamMeTpiB 3a LUKIIOM :

a0 — a1(y1, 3 cek.) — a2(y1, y2, y3, 1 cek.) —a3(y1, y3, 5cek.)—
a2(y1, 3 cek.)— ad(y1, 15 cek.) —a0 .

[

ww: J | L | | ..

% Kharkov National University of Radioelectronics
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Pe3ynbTat MoaentoBaHHA KePYyKO4Oro
aBTOMaTa 3 FrHY4KOHO JIOTiKOHO

Ona pemMoHcTpauii npauesgaTtHOCTi  MIKPOKOHTPOMNEepHoi  mogeni
YacoBoOro kepyw4yoro asToMaty Mypa rHy4kol morikord BUKOHAEMO
00xif BCix BepLUMH rpadhoBOi MoAeri 3a TaKUM e LIUKIIOM :
a0 — a1(y1, 3 cek.) —a2(y1, y2, y3, 1 cek.) —a3(y1, y3, 5cek.)—
a2(y1, 3 cek.)— ad(y1, 15 cek.) —a0 .

[ym— < ] T ]

Tirning Markers

% Kharkov National University of Radioelectronics
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Pe3ynbTaTtu NopiBHAHHA MoAenen aBTomMmariB 3
YXXOPCTKOKO Ta rHY4KOH NOrikoun

PesynbTaty 4acoBoro mofentoBaHHA B UinoMmy chiBnanu 3
pesynbTataMmu NoBeAiHKOBOro MOAEeNoBaHHS

Crioci6 peamizanii Kinbkicts 06’em ¢aitny | KinbkicTs pskis
PSLIKIB KOy TPOILUBKHI (haiisry IpoIIMBKI
Knacuunuit aBromMatHuit 133 18 wBaiir (17.9) 412
11a0J10H
Q02T 13 THYIKOI0 71 18 KBair (17.4) 400
JIOT1IKOKO
Kharkov National University of Radioelectronics 21
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BUCHOBKW

B xoai BMKOHaHHA poboTM NMpoBeAeHUn aHani3 MeToAiB NPOEKTYBaHHS
CUCTEM JIOTYHOro yrnpaeniHHA Ta aHania MeToAiB NoOyao0BM KEPYHUNX
MiKpONpOrpaMHUX aBTOMaTIB 3 THY4YKOO JOTiKOH0.

Po3pobneHunii hopmaTt MiKpOKOMaHAM 4YacoBOro Kepykt4oro aBTomMaTy
Mypa 3 rHy4kol Morikol Ta CTPYKTypa peanisalii kepytoyoro asTomaTty
Mypa 3 rHy4KOH MOriKOK B MiKPOKOHTPONEPi.

Mopgeni yacoBux aBTOMaTiB NMpeAcTaBrneHi Ha MoBi nporpamyBaHHs Cl
ansa mikpokoHTponepa STM32F103 y dhopmi aBTOMaTHOrO WabnoHy Ta
y opmi Habopy MiKpokOMaHg 3 MNPUMYCOBOK agpecauietlo ans
rHyykoro  aBTomMaTta. BukoHaHO  noBegiHkoBE — MoOAemnoBaHHSA
3anponoHOBaHUX Mofenen, pesynbTaTu npeactaeneHi y dopmi
YacoBMX Jiarpam 3a JOMOMOroK NPorpamMHOro noriYyHoro aHanisaropa.

MpoBeaeHuin NOPIBHANBbHUNA aHania po3pobneHoi mogaeni
MIiKDOKOHTPOSEPHOrO aBTOMAaTta 3 THYYKOK JIOriKOK 3 TpaauLinHO
MOZENI0 YacoBOro aBTomaTa y hopMi aBTOMATHOrO LWaboHy Ha MOBI
nporpamyBaHHsi Cl.

Kharkov National University of Radioelectronics 22
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JIOJIATOK B

[IporpamHuii koA aBTOMAaTHOIO AOJIOHY

/* USER CODE BEGIN Header */
/%
Kk K ok ok k kK kK ok kK ok ok ko ok ko kK ok ok ko ok ko ok ok ok ks ok ko ok ok K ok ok ko ok ko ok ok ok ko ok k ok ok ok ok ok ok kK k ok ok ok K ok ok kK ok

* @file : main.h
* @brief : Header for main.c file.
* This file contains the common defines of the application.

KA AR AR A A A A A A A A A A A A A A A A AR A A A A A A AR A A A A A A AR A AR I A A AR A I A I A A A A A KA A A A A A A AR AR A A AR,k kK

* @Qattention

<h2><center>&copy; Copyright (c) 2019 STMicroelectronics.
All rights reserved.</center></h2>

This software component is licensed by ST under BSD 3-Clause license,

the "License"; You may not use this file except in compliance with the

License. You may obtain a copy of the License at:
opensource.org/licenses/BSD-3-Clause

X% X ok o % X X

*
Ak hh kA hkhhkhkhkhkhh kA hkhkh kA Ak hhk Ak hkhk ko hkhkhkhk kA hkhkhk ko hkhkhkhkhk Ak hkhhkhkhkhkhk kA dhkhkhkhkhkhhkkhkhkrhkhkhkhhhkkkx*x*kx
*/

/* USER CODE END Header */

/* Define to prevent recursive inclusion --------—--—-———————————————————————— */
#ifndef ~ MAIN H
#define  MAIN H

#ifdef cplusplus
extern "C" {
#endif

/% Includes ————m = oo */
#include "stm32f4xx hal.h"

/* Private includes ——=———=———---- oo */
/* USER CODE BEGIN Includes */

/* USER CODE END Includes */

/* Exported types —————— - - - oo */
/* USER CODE BEGIN ET */

/* USER CODE END ET */

/* Exported constants —-—-—-——----------mo oo */
/* USER CODE BEGIN EC */

/* USER CODE END EC */

/* Exported MaCro ——— === === oo */
/* USER CODE BEGIN EM */

/* USER CODE END EM */

/* Exported functions prototypes ————=——--—------——---—— */
void Error Handler (void);

/* USER CODE BEGIN EFP */
/* USER CODE END EFP */
/* Private defines --=-----=---—--—————— - */

/* USER CODE BEGIN Private defines */
//States
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//

#define a0
#define al
#define a2
#define a3
#define a4

s w N e O

//Timeouts in ms

//

#define TO 1000 //Timeout for a0
#define T1 3000 //Timeout for al
#define T2 1000 //Timeout for a2
#define T3 5000 //Timeout for a3
#define T4 15000 //Timeout for a4

//Outputs

//

#define Y1 ON HAL GPIO WritePin( GPIOA, GPIO PIN 5, GPIO PIN SET );

//Define for yl output OFF function on GPIO

#define Y2 ON HAL GPIO WritePin( GPIOA, GPIO PIN 6, GPIO PIN SET );

//Define for y2 output OFF function on GPIO

#define Y3 ON HAL GPIO WritePin( GPIOA, GPIO PIN 7, GPIO PIN SET );

//Define for y3 output OFF function on GPIO

#define Y1 OFF HAL GPIO WritePin( GPIOA, GPIO PIN 5, GPIO PIN RESET );
//Define for yl output ON function on GPIO

#define Y2 OFF HAL GPIO WritePin( GPIOA, GPIO PIN 6, GPIO PIN RESET );
//Define for y2 output ON function on GPIO

#define Y3 OFF HAL GPIO WritePin( GPIOA, GPIO PIN 7, GPIO PIN RESET );

//Define for y3 output ON function on GPIO
/* USER CODE END Private defines */

#ifdef  cplusplus

}

#endif

#endif /* MAIN H */

[HRFEFI KKKk Kk kkkkkkxkkkkkkkkkx (C) COPYRIGHT STMicroelectronics *****END OF FILE****/
/* */

/* USER CODE BEGIN Header */

Jx*
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* @file : main.c
* @brief : Main program body
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* @attention

<h2><center>&copy; Copyright (c) 2019 STMicroelectronics.
All rights reserved.</center></h2>

This software component is licensed by ST under BSD 3-Clause license,

the "License"; You may not use this file except in compliance with the

License. You may obtain a copy of the License at:
opensource.org/licenses/BSD-3-Clause
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*/
/* USER CODE END Header */
/* Includes —————————m */
#include "main.h"
#include "tim.h"
#include "gpio.h"

/* Private includes ——=—————-—-- - oo */
/* USER CODE BEGIN Includes */

/* USER CODE END Includes */

/* Private typedef -------——--—-————-—— */
/* USER CODE BEGIN PTD */
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/* USER CODE END PTD */

/* Private define ——----------—---—-——— */
/* USER CODE BEGIN PD */

#define DEBUG MODE //define for testing mode (without transitions with external
buttons and sensors)

/* USER CODE END PD */

/* Private mMacCrO ———— === - - - */
/* USER CODE BEGIN PM */

/* USER CODE END PM */
/* Private variables —=——————-—----—-—--- oo */

/* USER CODE BEGIN PV */
static volatile uint8 t state;
static volatile uint8 t nextState;

static volatile uintl6_t Timeout; //volatile identifier for using the variable value
in timer interrupt

#ifdef DEBUG MODE

static volatile uint8 t Onn; //variable for transition launching without
external buttons and sensors

static volatile uint8 t tm; //variable for transition to a3 state without
external buttons and sensors
#endif

/* USER CODE END PV */

/* Private function prototypes —————————————— - — */
void SystemClock Config(void);

static void MX NVIC Init(void);

/* USER CODE BEGIN PFP */

/* USER CODE END PFP */

/* Private user code —=—=———— - - */
/* USER CODE BEGIN 0 */
/* USER CODE END 0 */

/**
* @brief The application entry point.
* @retval int
*/
int main(void)
{
/* USER CODE BEGIN 1 */
const uint8 t TEMP_TO_HEAT = 20; //const value for cool temperature sensor
const uint8 t TEMP_TO COOL = 50; //const value for heat temperature sensor

#ifdef DEBUG MODE
uint8 t debugTemp = TEMP TO HEAT; //variable for getting the temperature
without external sensor
#endif
/* USER CODE END 1 */

/* MCU Configuration----—-———=———=—————————\—"—\—"——"—~—\—~—~(—( */
/* Reset of all peripherals, Initializes the Flash interface and the Systick. */
HAL Init();

/* USER CODE BEGIN Init */

/* USER CODE END Init */

/* Configure the system clock */
SystemClock Config();

/* USER CODE BEGIN SysInit */
/* USER CODE END SysInit */

/* Initialize all configured peripherals */



MX_GPIO Init();
MX_TIM3 Init();

/* Initialize interrupts */
MX NVIC Init();
necessary interrupts
/* USER CODE BEGIN 2 */
HAL TIM Base Start IT(&htim3);

/* USER CODE END 2 */

/* Infinite loop */

/* USER CODE BEGIN WHILE */
while (1)

{

//Allow all the

//Allow to start the transition function

/* TRANSITIONS FUNCTION START */

switch (state)
{

case a0:

/ /Special part of code that initiate the transition without extrnal buttons and sensors

!/

#ifdef DEBUG_MODE

Onn 1;
#endif
i1f (Onn)
{
nextState = al;
t
else
{
nextState = al;
t
break;
case al:
if (Onn)
{
nextState = a2;
}
else
{
nextState = a0;
}
break;
case a2:

//Special code for debug mode
/ /helps to count the necessary temp value (50 degrees by Celcius)
//and get the correct nextState value without external buttons and sensors

!/

#ifdef DEBUG_MODE
if ( debugTemp >= TEMP_TO COOL )

{

}

else

{

debugTemp += TEMP TO HEAT/2;

tm

}
#endif

1f(
{

nextState =

//each 10 degrees
0;

Onn && tm )

as3;
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break;

}
else if ( Onn && !tm )

{

az;

nextState

nextState a4;

}

case a3:

//Test code for direct transition from

//

#ifdef DEBUG MODE
Onn = 0;
tm = 0;

debugTemp = TEMP_ TO HEAT;

#endif
if( Onn && tm )

nextState = a3;

}
else if ( Onn && !tm )

{

nextState = a2;
}
else
{
nextState = a4;
}
break;
case a4:
nextState = a0;
break;
default:
nextState = a0;
break;

}

/* TRANSITIONS FUNCTION END */

/* OUTPUTS FUNCTION START */

switch (state)

{

case a0:

Yl OFF;Y2 OFF;Y3 OFF;
break;
case al:

Yl ON;Y2 OFF;Y3 OFF;
break;
case a2:

Y1l ON;Y2 ON;Y3 ON;
break;
case a3:

Y1l ON;Y2 OFF;Y3 ON;
break;
case a4:

Y1l ON;Y2 OFF;Y3 OFF;
break;
default:

break;

Y1l _OFF;Y2 OFF;Y3_OFF;

87
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/* OUTPUTS FUNCTION END */
/* USER CODE END WHILE */
/* USER CODE BEGIN 3 */

/* USER CODE END 3 */
}

Jxx
* @brief System Clock Configuration
* @retval None
*/

void SystemClock Config(void)

{
RCC OscInitTypeDef RCC OscInitStruct = {0};
RCC_ClkInitTypeDef RCC ClkInitStruct = {0};

/** Configure the main internal regulator output voltage
*/
__HAL RCC_PWR CLK ENABLE () ;
__HAL PWR VOLTAGESCALING CONFIG (PWR_REGULATOR VOLTAGE SCALE3);
/** Initializes the RCC Oscillators according to the specified parameters
* in the RCC _OscInitTypeDef structure.
*/
RCC OscInitStruct.OscillatorType = RCC_OSCILLATORTYPE HSE;
RCC OscInitStruct.HSEState = RCC HSE ON;
RCC OscInitStruct.PLL.PLLState = RCC PLL ON;
RCC OscInitStruct.PLL.PLLSource = RCC PLLSOURCE HSE;
RCC OscInitStruct.PLL.PLLM = 4;
RCC OscInitStruct.PLL.PLLN = 192;
RCCiosCInitStruct.PLL.PLLP = RCC_PLLP DIV4;
RCC OscInitStruct.PLL.PLLQ = 4;
if (HAL RCC OscConfig(&RCC OscInitStruct) != HAL OK)
{
Error Handler ();
}
/** Initializes the CPU, AHB and APB buses clocks
*/
RCC ClkInitStruct.ClockType = RCC CLOCKTYPE HCLK|RCC CLOCKTYPE SYSCLK
|[RCC_CLOCKTYPE PCLKI1|RCC CLOCKTYPE PCLKZ2;
RCC _ClkInitStruct.SYSCLKSource = RCC_ SYSCLKSOURCE PLLCLK;
RCC ClkInitStruct.AHBCLKDivider = RCC SYSCLK DIV2;
RCC ClkInitStruct.APBI1CLKDivider = RCC_HCLK DIV2;
RCC ClkInitStruct.APB2CLKDivider = RCC_HCLK DIV2;
if (HALiRCC7ClockConfig(&RCC7ClkInitStruct, FLASH LATENCY 1) I= HAL OK)
{
Error Handler () ;
}
}
/**
* @brief NVIC Configuration.
* @retval None
*/
static void MX NVIC Init (void)
{
/* TIM3 IRQn interrupt configuration */
HAL NVIC SetPriority(TIM3 IROn, 1, 0);
HAL NVIC EnableIRQ(TIM3 IRQn);
}

/* USER CODE BEGIN 4 */
void HAL TIM PeriodElapsedCallback (TIM HandleTypeDef *htim) //Timer interrupt handler(callback)

{
if (htim->Instance == TIM3)

{
HAL TIM Base Stop IT (&htim3); //Stop the timer and forbid the interrupt (for insurance)

/* DELAYS FUNCTION START */
state = nextState; //transit to nextState value



//select the necessary Timeout for current state
//
switch (state)

{

case a0:

Timeout = TO;
break;
case al:

Timeout = T1;
break;
case a2:

Timeout = T2;
break;
case a3:

Timeout = T3;
break;
case a4:

Timeout = T4;
break;
default:

Timeout = TO;
break;

//Set the Onn and tm signals as the outputs and show them on waveform for test aims
//
#ifdef DEBUG MODE
HAL GPIO WritePin( GPIOA, GPIO PIN 3, (GPIO PinState)Onn );
HAL GPIO WritePin( GPIOA, GPIO PIN 4, (GPIO PinState)tm );
#endif

/* DELAYS FUNCTION END */

___HAL TIM SET AUTORELOAD (&¢htim3, Timeout); //Reload the timer

HAL TIM Base Start IT(&htim3); //return the interrupt mode and resume the main code part

}
}
/* USER CODE END 4 */
/**
* @brief This function is executed in case of error occurrence.
* @retval None
*/
void Error Handler (void)
{
/* USER CODE BEGIN Error Handler Debug */
/* User can add his own implementation to report the HAL error return state */
/* USER CODE END Error Handler Debug */
}
#ifdef USE_FULL ASSERT

/**
@brief Reports the name of the source file and the source line number
* where the assert param error has occurred.
* @param file: pointer to the source file name
* @param line: assert param error line source number
* @retval None
*

/

void assert failed(uint8 t *file, uint32 t line)

{
/* USER CODE BEGIN 6 */
/* User can add his own implementation to report the file name and line number,

tex: printf ("Wrong parameters value: file %s on line %d\r\n", file, line) */

/* USER CODE END 6 */

}

#endif /* USE_FULL ASSERT */

JHAF KKKk Kk Kk kkkkkkKkkkkxkkx  (C) COPYRIGHT STMicroelectronics *****END OF FILE****/
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/* USER CODE BEGIN Header */

/**
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*

*

*

@file : main.h

@brief : Header for main.c file.

This file contains the common defines of the application.

KA R A AR A A AR A A A A A A A A A A A A A A A A A AR A A AR A AR A A A AR A AR A AR A A A A AR AR A A AR A AR A Ak Ak Ak Ak Ak Ak kA k%%

*

*

*

@Qattention

<h2><center>&copy; Copyright (c) 2019 STMicroelectronics.

All rights reserved.</center></h2>

This software component is licensed by ST under BSD 3-Clause license,
the "License"; You may not use this file except in compliance with the
License. You may obtain a copy of the License at:

opensource.org/licenses/BSD-3-Clause
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*/

/* USER CODE END Header */

/* Define to prevent recursive inclusion

_____________________________________ * )
#ifndef  MAIN H

#define  MAIN H

#ifdef  cplusplus

extern "C" {

#endif

/* Includes ———————— */
#include "stm32f4xx hal.h"

/* Private includes - —-—-————————————m————— - */

/* USER CODE BEGIN Includes */



/* USER CODE END Includes */

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

/* USER CODE BEGIN ET */
/* USER CODE END ET */

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

/* USER CODE BEGIN EC */
/* USER CODE END EC */

/* Exported macro --—-—-—--—-—---—-—-—-—————~-

/* USER CODE BEGIN EM */
/* USER CODE END EM */

/* Exported functions prototypes ------

void Error Handler (void) ;

/* USER CODE BEGIN EFP */
/* USER CODE END EFP */

/* Private defines - --——————————————————

/* USER CODE BEGIN Private defines */

#define STATES_COUNT
#define DEFAULT_TRANSITION
#define ONE_ SEC

#define OUTPUT MISSING NUMBER
might not be shown on GPIO
#define INPUT MISSING NUMBER

might not be cheked on states

/* USER CODE END Private defines */
#ifdef  cplusplus

}

#endif

#endif /*  MAIN H */
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5
0
1000 //Timeout to seconds definition

3 //Special define for output that

15 //Special define for input statements that

[RFFAF KA KA KA KKK x AKXk (C) COPYRIGHT STMicroelectronics *****END OF FILE****/
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/* USER CODE BEGIN Header */
VAL

KA A A A A A A A A A A A A A A A A A A A A A A A A A A A A A A A A A A A A A A A A A A A A A A A A A A A A A A A A A A A A KA AR KKK K

Xk k kK kKK

* @dfile : main.c
* @brief : Main program body
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* Qattention

<h2><center>&copy; Copyright (c) 2019 STMicroelectronics.
All rights reserved.</center></h2>

b I I

This software component is licensed by ST under BSD 3-Clause
license,

* the "License"; You may not use this file except in compliance with
the

* License. You may obtain a copy of the License at:

* opensource.org/licenses/BSD-3-Clause
*

PR I b b b b b b b b b b b b b b b b b b b b b b I b b b b b b b b b b b b I b b b b b b b b b b b b b b b b b b b b b b b b i b b 4
* Kk kk Kk Kk kk
*/
/* USER CODE END Header */
/* Includes

#include "main.h"
#include "tim.h"

#include "gpio.h"

/* Private includes

__________________________________________________________ */
/* USER CODE BEGIN Includes */

/* USER CODE END Includes */

/* Private typedef
___________________________________________________________ */

/* USER CODE BEGIN PTD */

* bitfield struct as the COMMAND PARSER

* each field has the command bitcode sequence
*/
typedef struct
{

uint8 t curState 137
uint8 t curStateDelay 145
uint8 t outputsAmount 123
uint8 t arcAmount :3;
uint8 t firstOutputValue 125
uint8 t firstOutputDelay 125
uint8 t secOutputValue 125
uint8 t secOutputDelay 12

uint8 t thirdOutputValue 125



uint8 t
uint8 t
uint8 t
uint8 t
uint8 t
uint8 t
uint8 t

thirdOutputDelay

firstInputValue
firstNextState
secInputValue
secNextState
thirdInputvValue
thirdNextState

123
:4;
:3;
4,
: 3;
24,
: 3;

}curStateMicroCommand [STATES COUNT];

/* USER CODE

END PTD */

/* Private define

/* USER CODE

BEGIN PD */
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#define DEBUG MODE //Special define for unit test execution without

Sensors

#ifdef DEBUG MODE //Special state defines for unit test executions
without sensors

#define
#define
#define
#define
#define
#endif
/* USER CODE

USER CODE

USER CODE

USER CODE

/*

a0
al
a2
a3
ad

S W N O

END PD */

Private macro

BEGIN PM */

END PM */

Private variables

BEGIN PV */

* Memory mapping example

* Each bitfield

amount)

(a structure with fields that have concrete bit

* decribes the microcommand section that will be processed by the
command parser
* (microcommand execution engine)
* The memory mapping is unified structure with possibility not to

operate with

* microcommand sections that have the maximum

if the firstOutputDelay

(2 bits) field

* the engine will not set the output value to

static volatile curStateMicroCommand STATES =

* e.g.

*/

{
{ 0, 1,
{1, 3,
{2, 1,
{ 3, 5,
{ 4,15,

0,2, 3,3,3,3,3,3,
1,2, 1,0,3,3,3,3,
3,3, 1,0,2,0,3,0,
2,3, 1,0,3,3,3,0,
1111 110131313131

field value
has the value of 3
"1" on GPIO



94
}i

static volatile uint8 t state; //current state
static volatile uint8 t nextState; //next state
static volatile uintl6 t Timeout; //timeout in seconds

#ifdef DEBUG_MODE
static volatile uint8 t OnnAndTm; //Special variable of input
signals for unit test executions without external sensors
#endif
/* USER CODE END PV */

/* Private function prototypes

void SystemClock Config(void);
static void MX NVIC Init (void);
/* USER CODE BEGIN PFP */

/* USER CODE END PFP */
/* Private user code
/* USER CODE BEGIN 0 */
/* USER CODE END 0 */

/*k*

* @brief The application entry point.

* @retval int

*/
int main (void)
{

/* USER CODE BEGIN 1 */

const uint8 t TEMP TO HEAT = 20; //The default temperature value

as the constant

const uint8 t TEMP _TO COOL = 50; //The constant temperature value
of heatered fan

#ifdef DEBUG_MODE
uint8 t debugTemp = TEMP TO HEAT; //Special variable to
count the temperature without the sensor
#endif
/* USER CODE END 1 */

/* MCU
Configuration-—--—---——-—-————-—————————— -~~~
*/

/* Reset of all peripherals, Initializes the Flash interface and the
Systick. */

HAL Init();

/* USER CODE BEGIN Init */

/* USER CODE END Init */

/* Configure the system clock */
SystemClock Config();



/*
/~k

/~k
MX
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USER CODE BEGIN SysInit */
USER CODE END SysInit */

Initialize all configured peripherals */
GPIO Init();

MX_TIM3 TInit();

/* Initialize interrupts */
MX NVIC Tnit();
/* USER CODE BEGIN 2 */

HAL TIM Base Start IT(&htim3); //Allow to start the transition
function

/* USER CODE END 2 */

/* Infinite loop */
/* USER CODE BEGIN WHILE */

while

{

/* COMMAND HANDLER */

/* CODE FOR UNIT TEST WITHOUT SENSORS */
#ifdef DEBUG_MODE
1f( a0 == STATES|[state].curState )
{
//Initiate the transition to the next state
// Onn = 01; tm = 00 so the OnnAndTm will be 0100 (4)
//
OnnAndTm = 4;
}

1f( a2 == STATES|[state].curState )
{

/ /Unit test to check the heating and initiate the transition from a2 to a3

//
if ( debugTemp >= TEMP TO COOL )
{
OnnAndTm = 5;
}

else
{
OnnAndTm = 6;
debugTemp += TEMP TO HEAT/2;
}
}
i1f( a3 == STATES|[state].curState )

{
/ /Inititate the transition from a3 to a4 with set the variables to the default value
//0nnAndTm = 1000 (nextState should be al); debugtemp = 20;

//
OnnAndTm = 8;
debugTemp = TEMP TO HEAT;

}
#endif
/* END CODE FOR UNIT TEST WITHOUT SENSORS*/
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/* INPUT STATEMENTS WITH TRANSITION */

//Checking whether the OnnAndTm should be processed to get
the nextStateValue

//All the InputValue fields should be processed!

//

if( INPUT MISSING NUMBER != STATES[state].firstInputValue ||
DEFAULT TRANSITION == STATES[state].firstInputValue )

{

nextState = STATES[state].firstNextState;
}

else if( INPUT MISSING NUMBER != STATES[state].secInputValue
| | DEFAULT TRANSITION == STATES[state].secInputValue )

{
nextState = STATES[state] .secNextState;

}

else 1f( INPUT_MISSING_NUMBER I =
STATES [state] .thirdInputValue || DEFAULT_TRANSITION ==
STATES [state] .thirdInputValue)

{
nextState = STATES[state].thirdNextState;

}

else //default state
{

nextState = a4;

}
/* END INPUT STATEMENTS WITH TRANSITION */
/* GPIO OUTPUT */

//Checking and write the output value to the GPIO
//All the OutputDelay fields should be processed!

//
if ( OUTPUT MISSING NUMBER != STATES|[state].firstOutputDelay)
{
HAL GPIO WritePin (GPIOA,GPIO PIN 5,GPIO PIN SET);
}
else
{
HAL GPIO WritePin (GPIOA,GPIO PIN 5,GPIO_PIN RESET);
1
if( OUTPUT MISSING NUMBER != STATES[state].secOutputDelay )
{
HAL GPIO WritePin (GPIOA,GPIO PIN 6,GPIO PIN SET);
}
else
{
HAL GPIO WritePin (GPIOA,GPIO PIN 6,GPIO PIN RESET);
}
if ( OUTPUT MISSING NUMBER != STATES[state].thirdOutputDelay)

{
HAL GPIO WritePin (GPIOA,GPIO PIN 7,GPIO_PIN SET);

}



}

else

{

HAL GPIO WritePin (GPIOA,GPIO PIN 7,GPIO PIN RESET) ;

}
/* END GPIO OUTPUT */

/* END COMMAND PARSER */
/* USER CODE END WHILE */
/* USER CODE BEGIN 3 */

}
/* USER CODE END 3 */

/**

* @brief System Clock Configuration
* @retval None

*/

void SystemClock Config(void)

{

RCC OscInitTypeDef RCC OscInitStruct = {0};
RCC ClkInitTypeDef RCC ClkInitStruct = {0};

/** Configure the main internal regulator output voltage
*/

HAL RCC_PWR_CLK ENABLE () ;

__ HAL PWR _VOLTAGESCALING CONFIG (PWR REGULATOR VOLTAGE SCALE3);
/** Initializes the RCC Oscillators according to the specified
parameters

* in the RCC OscInitTypeDef structure.
*/
RCC OscInitStruct.OscillatorType = RCC OSCILLATORTYPE HSE;
RCC OscInitStruct.HSEState = RCC HSE ON;
RCC OscInitStruct.PLL.PLLState = RCC_PLL ON;
RCC_OscInitStruct.PLL.PLLSource = RCC PLLSOURCE HSE;
RCC OscInitStruct.PLL.PLLM = 4;
RCC OscInitStruct.PLL.PLLN = 192;
RCC OscInitStruct.PLL.PLLP = RCC PLLP DIV4;
RCC OscInitStruct.PLL.PLLQ = 4;
if (HAL RCC OscConfig(&RCC OscInitStruct) != HAL OK)
{
Error Handler () ;
}
/** Initializes the CPU, AHB and APB buses clocks
*/
RCC_ClkInitStruct.ClockType = RCC_CLOCKTYPE HCLK]

RCC CLOCKTYPE SYSCLK

|[RCC_CLOCKTYPE PCLK1|

RCC_CLOCKTYPE PCLK2;

RCC_ClkInitStruct.SYSCLKSource = RCC_ SYSCLKSOURCE PLLCLK;
RCC_ClkInitStruct.AHBCLKDiVider = RCC_SYSCLK_DIV2;
RCC_ClkInitStruct.APBlCLKDiVider = RCC_HCLK_DIVZ;
RCC ClkInitStruct.APB2CLKDivider = RCC HCLK DIVZ;

if (HAL_RCC ClockConfig (&RCC_ClkInitStruct, FLASH LATENCY 1)
HAL_OK)

{



98

Error Handler () ;
}
}

/**
* @brief NVIC Configuration.
* @retval None
*/

static void MX NVIC Init (void)

{
/* TIM3 IRQn interrupt configuration */

HAL NVIC SetPriority(TIM3 IRQn, 1, 0);
HAL NVIC EnableIRQ(TIM3 IRQn);
}

/* USER CODE BEGIN 4 */
void HAL TIM PeriodElapsedCallback(TIM HandleTypeDef *htim) //Timer

interrupt handler (callback)
{
if (htim->Instance == TIM3)

{
HAL TIM Base Stop IT(&htim3); //Stop the timer and forbid

the interrupt (for insurance)

state = nextState; //Initiate the transition
Timeout = STATES[state].curStateDelay * ONE SEC; //Get the

state timeout and convert it to the ms

/~k
* Special part of code to show on GPIO the OnnAndTm values
* The third bit of variable shows the Onn signal result (0
or 1)
* The first bit of variable shows the tm signal result (0
or 1)
*/
#ifdef DEBUG_ MODE
//Write the Onn value with parsing the third bit and

tm value with parsing the first bit

//
HAL GPIO WritePin( GPIOA, GPIO PIN 3, (GPIO PinState)

((OnNnAndTmé&4) >>2) ) ;
HAL GPIO WritePin( GPIOA, GPIO PIN 4, (GPIO PinState)

(OnnAndTmé&l) )
#endif

__HAL TIM SET AUTORELOAD (&¢htim3, Timeout); //Reload the
timer for interrupt restarting

HAL TIM Base_ Start IT(&htim3); //return the interrupt mode

}

}
/* USER CODE END 4 */

/**
* @brief This function is executed in case of error occurrence.
* @retval None
*/

void Error Handler (void)



/* USER CODE BEGIN Error Handler Debug */
/* User can add his own implementation to report the HAL error return state */

/* USER CODE END Error Handler Debug */
}

#ifdef USE_FULL ASSERT
/ * %

* @brief Reports the name of the source file and the source line
number

* where the assert param error has occurred.

* @param file: pointer to the source file name

* @param line: assert param error line source number

* @retval None

*/
void assert failed(uint8 t *file, uint32 t line)
{

/* USER CODE BEGIN 6 */

/* User can add his own implementation to report the file name and
line number,

tex: printf ("Wrong parameters value: file %s on line %d\r\n",

file, line) */

/* USER CODE END 6 */

}
#endif /* USE_FULL_ASSERT */
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