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Inverter driving signal selection
,;F Timer |TINI <]
o Eenzp  |No remap
Fin Mep
MU [« oRF B
o [l v foey B o
frol Unit o (a0 | CHIE BIS o
M3LCE
BETNZ [a11
are 4
ianagement

PFC drive signal and feedback

Signal Enabler

CHL
Port

Fin
CHz
For®
Bin
CH3
Port

Pin

Timer

Fin Map
YN

AT Mains

acs

Speed/position Faedback Direct GPIO
Encoder interface Hall sensors interface DED
‘GPIE Timer |TINZ Timer |TIM4 ~ Port |GFIOE
(o131 Remap  |No remap Remap  |Ho remap Pin |G
& & Pin Map Pin Map IcL
gl o i T B Fort JGRTOR
C13 CHE B3 CHe B v Pin |E4
th: B8 o OCE disabling
GEIOC Port |GEIOR
13 Pin |58
Share signal enab
Serial communication Start/Stop Button GPID
B iy Fort GRTOC
or -
Chenmel [USARIS vy [po o .
Pin C13 ~
Baadest [jeong o w5y o i
Trigger Rising edge v
Eemap Ko remap
Internal [go Pall up = Mo Pull dor v

Dlone

© WE HICRFEED

fZAs: V13

—HBHRAFE, BHCRFEHEE RN, BUH amp on
board, MR EIZHIEE, EJ5%E analog ¥ ECE -

B ¥ up F: BRKHHF
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Power Stage - Current Sensing

Current senzor and zignal conditioning

Current reading topology Three Shunt Resistors

S |

. . T
Shunt resistor(s) value 5. 00500 i oha @EEE;E#
daplification on board O
Aapli fyving network gain 2 76 ? | Caloulats
o ) - Cument
I Trise ®mj‘ﬁji 2550 = nz / | Sensing -
T-noize 2850 & ns Overc went

550 . Pre'achion i
OHALFFELE - VBLE
BN ECE

Max Readble Current:

b Speed
Sersing

o

10 Fic & MCU LR 4% N\ «

Control Stage - Analog Input and Protection

Phase current feedback lu_;:'.lb._p E.ﬂ;_“i ] Teaparature foedbeck PPC stege Feadback

Cwrrent Sensing Tepelogy |
(®) Esbedded FGA
O Externdl 0FOT

Ovar Current Frotection

Topol() Euboddsd W OCF
(DExternad Protection
(®) He protection

1#&#ENo protection

Senzing ' W 4 >
Setting ) Pin map
Sanpling Time 6.6 ~ | ADC olk Ch phaze U IMI_T-“ (azh ]
Sanpling Ti 53
| .-].? L 4 ;:; - = = Ch phase ¥ |#pc_1Hs (as) |
IS WO ation m -
| | Ch phaze ¥ ADC2_IHS (AB)
s s
J
/)
Sensing OPMF
| Setting - Fin map
} Feripheral selection| OPAMFL/OPMMFZ Mot inverting Inverting Output
OPAMP Gain External Chy [m ~ oML (A3~  OPANRI E
Int gain type j2 vj Ch ¥ ’ﬁ OPREZ (A5 OFANEZ IEI
Overall Hetwork Guin| [7.33 Caleulat || chw [0
Vout (polarizatien) 1. 680 ¥ “
Trise 50 |5 ne \
™ micalculat, WNTFERCEIE
o ' =] &

‘ Feedback net filte

Protection Eﬁ I Eﬁa.l.\
Setting Fin m
Digital filter .0 ~| Look E’ﬁ- o,
Intermal - CHV Fot I:u-.-j.l. B 1ov [none (111 chy [
5-000 |5 o CHY  Fot Tnv. DR 1= U coez chv [
Time Mot . - . . .
WU LI~ CHN Wt Tnv A 9 oo chv  |EEO
Ohutput ensble
o f Errors / Warning
[ome

fZAs: V13
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Amplifying Network Gain Calculator n

Ve 3305
lw 50012
Ry | zzoo0j2
AAA
WY

R 15002
Rshuit 005 0k Ry 220002
Prating| 0.5[2 Enable

11000

Parameters Result

Hame Value Unit Desoription Hame Value Unit Desoription
Imax £.00 A Desired max. . Oversll gain 7.333 Overall gai...
Vm 3.3 ¥V Reference v OFfset network atten 0.880 Signal atte
E-shunt  0.005 Obm  Shunt resis.. Op—amp gain 8,333 Gain of the. ..
Frating 0.5 % Shunt resis.. Vout (polarization) 1. 680 ¥V Opanp eutpu. ..
s} 1500 Ohm  Resistance Min Vout 1.467 ¥ Opanp outpu
B2 22000 Obm  Resistance .. Max Vout 1.833 V. Opanp sutpu...
B3 22000 Ohm  Resistance .. Fower dissipated on ... 0.031 ¥ Fower dissi...
B4 1500 Obm  “om—invert..

i 11000 Ohm  “Hom—invert

Vmeu 3.3 ¥ MCU veltage

Export

Confirm £_agcel
Control Stage - Analog Input and Protection

Phase cwrrent feedback Temperature feedback FFC stage feedback

Sensing
Setting Fin map
Sanpling Time 475 w |ADC elk ADC Channel LAD_C12_IN1 (a0 ~
Peripheral ATICL o
D use Input Resistance Inpu 100, 0 = Bus Yoltage

11 56 P PR 5E B S N P AN, BB JELE A% TR R A i R, i fR e
EEE/CERZS/AF
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ird: custam - PowerBoard: Custom
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Power Stage - Bus Voltage Sensing

Power Stage

]RE.D

Waus feedbock
Q

[

lg} Speed
Sensing

@D i B PR IR o BE IR KPKT Sk

Y Al

AC Input Info "
Friva Management - Drive Settings |

o]
L

"

A " am

FYM generation and current readin
0 BN fraquency | 20000 [2] He |

High sides PHM idle state
9 Control Unit

Tuwrn—off  «

Low side signals and dead-time

STI32G4310E S inzerted dead-time |suo | 55
Firmware Low zides FUM idle state Turn—off -

Drive Manogement

MCU and
Clock Freq.
B0 lé‘ e 16
DAC 10 |4/ |ese
functionality

Ma:\ual editing

Speed regulator

Execution rate

Lo e e

]
]

P
I

Lys

Default settings

Control mode

1000 [£] rem

|0.00 :| A

Target stator current torque I—ID-UD = &

Torque and flux regulaters

Target speed

Target stator ourrent fluwe

Execution rate

Cut—off frequency 100 E‘ rad/=s

Torque Flux
‘2059 3 ‘/ ‘1024 ] ‘ P ‘2059 ] ‘ / ‘1024 3 | P
‘2142 :‘/ ‘16384 :‘ I ‘2142 :‘/ ‘16384 :| I

[IManual editing ensbled

Done

Gurans ¥ | s
4 o R CREORAT B :
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Project generation

@ SETTINGS NS} GENERATION

STM32CubeMX
6.3.0 i

Target Teolchain
Keil MDK-ARM V5 v

Firmware Package Version
STM32 FW V1.5.0 (Recommended) -

Selecting "not installed® firmware or
"Latest® will reqguire internet connection

Drive Type
(® HAL - Hardware Abstraction Layer

(O LL-Low Level

GENERATE

@0 £ AR A A, SRR W] 22, JE RIS CUBEMX. R A a6«

Ci\Dsersh\Admninistrator) . stm32cubemx’ thirdparties\pdsc\STMicroelectroni
cs . X-CUBE-SMBUS .2 .1.0.pd=sc: FPDSC wersion i3 not supported
C:\Dzers\Adninistrator\ . stmi2cubemx\thirdparties\pdsc\STMicroelectroni
cs . FP-5NS5-MOTENY1 .4.3.0.pdsc: PDSC version i=s not supported
Ci\OIsers\Adninistrator’ . stm32cubemx\thirdparties\pdsc\STMicroelectroni
cs . FP-SHNS5-MOTENV1 . 4.3.2 .pd=c: PDEC weraion i= not supported
C:\Dzers\Admninistrator) . stmiZcobemx\ thi rdparties\pdsc\STMicroelectroni
cs .FP-5HNS5-FLIGHT1.5.0.0.pdsc: PRSC wversion is not supported
C:\U=zers\Adnini sfrator'¢ =tm32gubemx\ thi rdparties\pdsc\STMicroelectroni
cg . FP-SNS-MOTENV1 . 4.3¢1.pd=c: PDEC wveraion i= not supported
Ci\Dsers\Admini strator) . stm32cubemx\thirdparties\pdsc\STMicroelectroni
cs .FP-5HS5-FLIGHT1:5.0.1.pd=sc: PDSC wersion is not supported
C:\Dzers\Administratory.stm3i2cubemx\thi rdparties\pdsc\STMicroelectroni
cs . FP-5NS-FLIGHT1.5.0.2.pdsc: PDSC werzsion i=s not supported
Ci\Osers\Administrator\ .stm32cubemx\thirdparties\pdsc\STMicroelectroni
cs . X-CIBE<DISPLAY .3.0.0.pd=sc: PDSC wveraion i= not supported
C:\I=zers\Administrator\ . stm32cobemx\thi rdparties\pdsc\STMicroelectroni
Cs4 X-CUBE-FREERTOS.1.0.0.pd=sc: PDSC version is not supported
C:\O=zers\Adnini strator\ . stm32cubemx\ thirdparties\pdsc\STMicroelectroni
c&. X-CUBEFEEERTOS.1.0.1.pdac: PDSC ver=sion is not supported
C:\Isers\Adninistrator\ . stm32cubemx\thirdparties\pdsc\STMicroelectroni
cs . X-CUBE-TOF1.3.3.1.pdsc: FDSC wversion iz not supported

@0 (0 A= ARHS, HTFF T0C SCHHE R 5, SRJF i A A .

WAs: Vi3 B up E: BKPHET
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STM32G4_MCSDK » Noname » v O £ Noname FR#EE 2
= : s sem Hh

Dirivers 2023/7/29 E8i7S 21, rfdsE

Inc 2023/7/29 EEE7S 21, ITiE=E

MCSDE_v5.¥.4-Full 2023/7/29 EEE7S 21, ITiE=E

MDE-ARM 2023/7/29 E&E7S 21, 1=

Src 2023/7/29 E&E7S 21, 1=
D extSettings 2023/7/29 E8E75 21....  EXTSETTINGS 3Z... 1KB
[ mxproject 2023/7/29 E587% 21...  MXPROJECT i 20 KB
| Moname.ioc 2023/7/29 EBE7% 21, 10C 30iF 52 KB
D Noname.ioc.bak 2023/7/29 E8f7S 21:... BAK 3% 52 KB
D Noname.iocwb 2023/7/29 E8f7% 21:... WEB & 93 KB
Noname.log 2023/7/29 E&67~ 21, AL 138 KB
[} Noname.settings 2023/7/29 E867< 21, SETTINGS It 1KB
[] Noname.wb_def 2023/7/29 E587 21.. WB_DEF i 97.K8

Pinout & Configuration Clock Configuration Project Manager
loc k{8548 > !
132 -
1 SE . - -
i .
- . &
. i
L - — [[370_Jretx cortex ciock gtz
Sfster Clock Mux
L PO [ 170_]Aeer peronerat clocks
e syscltis)|  AME Prescalel we) et prescater
T n Ole(170 | ee{i1 4 T VX1 ) |AP81 bmer clocks (Mir)
PLLCLK Mz map
. . ol APB2 peripheral clocks (MHi
+=a - [0z st it
51 7C PBZ Prescaler
N — R e
[ SN ) y o1 v [ 770 A8z tmer clocks pann
; [ 76 X85 v @ ]
o |us
HSE D, N B
. =
PLL . —
. -
HSH8 RC - —
ra = e
P -
- "
" v -
.
-
ADC12 Clock Mux ™ >
- . -
SYSCLK
AP iz o) . = .
y 4 e o [(325_ronocrz omn . {
[T o 7T S -
p - N
— .
B - =N .
3=

1.2 SR

L UL B 28, 7K USB % UART R BRI 45 2 Hfii -
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W VDC GND

OFTFF KEIL TFE, ffH stlink ZEHHF KM SWD K& UART, Zmikdt A0,

5TM32G4_MCSDK » MNoname » MDK-ARM W

-

gm "~  E=#%

D MNoname.uvoptx

Pers: IE Noname.uvprajx I
D startup_stm32g43Txxs

EaHE

]

2023/7/29 E&R7~ 21
2023/7/29 E&R7S 21
2023/7/29 B8RS 21,

T MDK-ARM HE=

ST

UVOPTX Ifs
BEision5 Project
S i

Fuh

4 KB
57 KB
20 KB

A
OIS N8k G, % FIF R RESET 248, #TJF SDK _EA7AL @ A,
FIJF UART, PR BEE 115200, AR, Adiris, EnfEshEdl, sdg

F 4 3 TS 5l R L

fZAs: V13
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@ ST Motor Pilot V0.9.20 - defaultApp
GuUI

Configuration  Help

STM32G4 Simulink FOC F 2 31t
B ¥ up FE: BRPHEF

Bowrd Comnsction

Graph & Record

@ Palling @ [5T S0k 5 ¥ 4

Bl 5

Joplication

Registers  Logs  Terninel  ASTIC Condig

Speed Control

Status

RUN
Errors

@FO0C Duration
@Over Voltage
@Under Voltage
ver Hlaat
@5tart Up Failure
@Speed Feedback
ver Current
@Sotware Error

Control

Measures

VBUS

THEP

4 v (25 e

Currents

Mochanical Speed: 3

Configuration

Application Configuration

Advanced Configuration

Speed Reference:|

Spoed Rasp .
Debug / DAC

Target Speed

V15
Duration

Execute Speed Rasp

Advanced Configuration

Speed PI regulator

Speed Kp:

o disor _
e

Torque (1)

- + SUIPS
Specd Ki: B + St

MC Configuration

PI regulator

Torque kp:

Torque ki

- - e

Primary speed sensor: —
Aux speed sensor:
Current sensing topology:
FOC rate: -

P frequency: - Hz
Mediun froquency: - Hz

Flux (Ld4PE
i B + 1
. « -

- ha -

O A AL AL ] T A AR RO PR -

Board Conneotion

Graph & Record

Spead | 115200

@ Felling @ [sTrCsIKS ¥ 4

Applisation Logs  Terninal

ASYHC Config

D:/Erogran FilesCSIKC_SIK 6. V. 4/Utilities/PC S {1ot/Regi sterList/ReeL idiSTIVZ jaon 4 . B N
pall 1d Name Value Thccess Unit Type Plot  status Deseript
B4 1489 HEATS TEMP 25 R |deg uis Configure | OK  Heatsink temperature
B 1553 MOTOR POWER o A VW W |~ uis Configure | OK  Motor power
[ 1616 DAC.OUTT 2001 [t Y N AW A Ui6 Configure | Init  DAC Out 1
[ 1680 DAC OUT2 2001 W A RW NjA uts Configure | Init  DAC Out2
] 1937 FLUXWK BUS MEAS 0 A VYa R s uis Configure | Init__ Flux weakening BUS Voltage measured percentage
B 2001 LA 35 Y A N R sieA si6 plot1 | OK  Ia phase current measurement
B 2065 18 -85 y N y A R s16A 516 plot1 | OK  Ibphase current measurement
Z120 1 ALPFIAMEAS g a | a R sTeA 503 Tonfigure | Tt 1o current measarement
[ 2193 1 BETA MEAS o y b . R si6A si6 Configure | Init I current measurement
M 2257 LQMeas o o R sieA sis Configure | OK 1. current measurement (synonymous to Torque measure)
B 2321 1D MEAS -65 y R si6A s16 Configure | OK  1.d current measurement (synonymous to Flux measure)
o 2385 L QREF ) y D RW  s16A si6 Configure | OK 1. current reference (synonymous to Torque reference)
& 2449 | D REF 0 o A RW  s16A si6 Configure | OK 1_d current reference (synonymous to Flux reference)
O zs13va o o R stev si6 Configure | Init Vg voltage

fZAs: V13
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@ Registers Plots - plot 1

Visualization Mode Zoom Mode

| 1] > |

View & Samples Management

-z 7

-138. 7
1764504 3 17686158 1762727 4 1766832, 0 17709606

I 89  SPEED MEAS 930
B4 153 SPEEDREF 924

R RPM 532 plot1 |o0OK

Max Samples 3000 =

B Ve SR
1778062, 2 17791737 17832853 1787386 9 1791605 5

R RPM 532 plot1  |OK  Average Mechanical Speed measure

Mechanical speed reference

@ Registers Plots - plot 1

Zoom Mode

(] ][5 =]

Visualization Mode

(] (] ] o

View & Eamples Management

1282.0

1184 6

1087.2

9838

G924

T95.0

BAT. 6

500.3
| 502.9

406. 5

308. 1
1527362 9 1856484 5 1885636, 1 18914777, 7 1943919 4

puration s [ vax semtes om0 5]

18730610 2002202 & 2031344 2 2060485 & 2089627 4

2. BLDC J&J# MCSDK A& & ARG 4k ik,

@ Jo/RHC B 5 2O AL IR A E B AR A AR

fZAs: V13
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Drive Management - Speed Position Feedback Management

Main sensor | Aweiliary sensl.r

Sensor selestion [Sensorless (Observer+fIl) |
Max measurement errors number belore |3 E‘l
Bus Voltage Observer P1L
Valtaze Sensing Variance threshald 10.00 z] e
-3z Y
’ Average speed depth for speed loop 64 E‘
Average speed depth for observer egquations 64 E‘
E-enf consistency telerane 100. 00 k] s
| E-enf consistency zain 100. 00 2 e
R
SAF A%
[ Mammal editing snabled

1= "? A3 Observer PLL
7 & ‘—23777 :‘ ‘213 :|/|16384 :| E
§ |

G2 ‘23401 ‘ ‘? = | £ |65536 =

4 O [ Back conpatibility

Aad nor avtarnal cemnarobare calantad Far averd

© BEELERZHISH:

zumentation

P QOO orve Management [Satup prametet

Sensor-less rev—up settings
e<=50V - ControlBoard: custom - Po ] Oncthe—Fly startup

Profile
AC Input info ISR © Busic
: "\” | < e ) Advanced customized
: Include alignment before (]
O
Duration 500
Alignaent electrical angle %0
Control Unit ; >
STI2G431CE Final current reap value 0.50 A 1000 -
- - a
Amwans Speed ranp duration 2000 | »s £ - &
Drive Management S 2 3
Speed remp Final velue 1200 i2 rpa 3 50— s
2 =
0.50 s @ - g
Current ramp final value 0.80 B A s
I T A N
Current ramp duration 500 i s o 500 1000 1500 2000 2500
Duration (mz)
Consecutive succesful start—up output § o ol Rev-up to FOC switch-over
Enable ]
Minisus start—up output speed 580 2 rpe
7 Duration 2% o mx
Estinated speed Band tolerance upper 106.25 - %
E d speed Band tolerance lower 93,75 -lw
F s
Motor Uni Mot
20000 Hz
M 1
Sensor-les. .. a
Bhnsor1e & 8
1 1

true
true v

@ HAWSHTLT B, SEERARE, J5ERfESE RERABR I ERET
*ﬁé

WAs: Vi3 B¥b up E: RKHHET
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3. fif F R AL A3 T BLDC #53E

STM32G4 Simulink FOC F & 31t
: BRPHEF

FETF 55— /NI BLDC B R A AR (3 Al b 386 b e A7 28 11 ADC KA
@ HEHNEALBE ADC KREAR oA 5

58 [/

63 [+

USER CODE BEGIN BV =/
5% RegConv_t Poten;

60 wint8 t Poten handle;

61 wuintle t adc vaule;

62 dintle t finalspeed;

USER CODE END BV =/

@ WERAFIEIE K a], FEHRINZL ADC KA

128
125
130
131
13z
133

!
P
P
P
P

,-"r'

* USER CODE BEGIN 2 */

oten.reghDC = ADC1;

oten.channel = 11;

oten.samplingTime = ADC SAMPLETIME 6CYCLES 5;
oten handle = RCHM RegisterRegConv (&Poten);
USER CODE END 2 #4

@ 1E while JEIAFIE R HHAT ADC F54e; RAEE 0-128 H538%F N—-1100"-400;
KAEE 128-256 %f M4 # 40071100

137 é]
138
138
140
141
142 0
143
144
145
146
1474
148
145
150
151
152
153 |
154
155
156

while (1)

{

RCHM RequestUserConv (Poten handle) ;
RCM ExecRegularConv (Poten handle) ;

1f (RCHM GetUserConvState () == RCHM USERCONV _EOQC)
{
adc _waule = RCM GetUserConv();
¥
fipalspeed = ((adc_waule>>8) - 128) * &;

if(finalspeed>0 && finalspeed<400)
{

finalspeed = 400;
}
if(finalspeed«<0 && finalspeed>-400)
{

finalspeed = -—-400;
}
HC_PIDgramﬁpeedﬁampHDtDIl(finalspeedfﬁ,lii];
HAL Delay(l10):
f* USER CODE END WHILE *f

3.2 SLEIL G

UL BBk, FH4 USB ¥ UART REHRE B2 42 F i -

fZAs: V13

B¥5 up &£
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@ I T EAUD, 797 ST LAIHL, (£ UART SEHIF AR, IR RN,

Board Cornestion Graph & Record

UART - Port |CONE 23| Speed | 115200 Dizconnact | @ Polling @) [ST MCSDE 5.7.4 Al .

Application  Registers Logs  Terninal  ASTHC Confiz

Status
e SN

Speed Control Measures

VBUS TEMP POWER
4 MC Configuration
Control Motors: 1
MCF over UARTA [10]
_ v deg T Max App Speed: 1200 RPM
Mode: N Max App Current: 10 A
1200 Cur Max App Voltage: 32 ¥

Min App Voltage: 18 ¥
. Control Type:FOC
10000 | 10000 Primary speed sensor: Hall sensor

N

(£
‘ w0 l 200007 Aux speed sensor: No semsor
" e Current sensing topology: 3 Shumt
\ . Mechanical Speed: RPM FOC rate: 1
| g i PM frequency: 20000 Hz

Medium frequency: 1000 Hz
VBus Sensing: Enable

Speed Reference: RFM 1d: 164

Configuration

v
Speed Ramp

Target Speed - 1200 REM

1

Debug / DAC

@ fEMIRLT), iy, WG B S while JEM PSR
A

WAs: Vi3 B¥b up E: RKHHET



Euler
simple embeded STM32G4 Simulink FOC f 7 Fit

B ¥ up E: BRPHEF

Speed Control Speed Control Speed Control

% 1200 - -1200

Mechanical Speed: 1020 ®Pu

Mechanical Speed: B2 RPY Mechanical Speed:

e e - e

Speed Reference: 1 iy

4. f§F CAN _EA7HLA7 BLDC #3E

FEF /N1 BLDC 2 /R A BACHS 1 2 Al 384 0 CAN 38 TRAAS 5

Speed Reference: B8 EPY Speed Reference: “SHAZ

© FTIFLREFR 10C XX, B2k RS PO 160M, BH5Ch 160M FE N

TSR

RIC Cloak Wi
ssemre Iy
LSE S s @ Jromnme

180 [To Power (MHz)

160 |HCLK to AHE bus. o

LS Re

memory and THAR bz

60 |To Cortex System timer (MHz)

. B

System Clock Mux

]
SYSCLK (i) HOLK ()
e o e ||
PLLCLC e
PLL Source liux

K48 Clock Mux

o 3
e

@) f#ife CANFD B ;

[

180 |FCLK Cortex clock (MHz)

4P21 peripheral clacks (MHz}

4PB1 fimer clocks (MHz)

4782 peripheral clocks (MHz)

B 0

4782 timer clocks (1)

@ USART1 (MHz)

o LPUART1 (MHz)

WAs: Vi3 B¥b up E: RKHHET
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Q v =] FOCANT M on i @ ? Syt
System Care > B Adtkaled
Analog >
Timers.
Comnactity v
B e StatiStop PushButon]
@ ez
@ ec3
@ LPUART1 RCC_OSC_IN
sPI RCC_DSC_OUT
@sPez oo |
sPi3
@ uceor RS——
USART1
JSART2 s& stants ettings GP attings M1_CURR_SHUNT_U
IsarT ers M1_OPANP1_OUT STM32G431CBUx
@us a . @ | w_opaup1_EXT_oAN
Frame Format Q
Multimedia > Mode
Auto Retransmession
Security Transmit Pause F = z &
]
Protacal Excaption 8 a 5 g 3 E‘
Computng > Narminal Prescaler & s 3 2 H £
Maminal Sync Jump Width i o o )
Middieware > Nominal Time Seg 2 5§23 L]
2 §E0 5
Utiite > p 9 .= g
! H

@) M B 8 BONEE B 0 AR Bk e (i %8, B FIFO AR

P E . 500k = 160M/20/(1+10+5)

Reset Configuration

& Parameter Settings

) )
© ® Li ]

~ Basic Parameters

Clock Divider Divide kernel clock by 1
Frame Format Classic mode
Maode MNormal maode
Auto Retransmission Disable
Transmit Pause Disable
Protocol Exception Disable
Nominal Prescaler 20
Mominal Sync Jump Width 1
MNominal Time Seg1 10
Nominal Time Seg2 5
Data Prescaler 20

| Data Sync Jump Width 1
Data Time Segl 10
Data Time Seg2 2
Std Filters Mbr 1

| \ . Ext Filters Nbr
Tx Fifo Queue Mode FIFO mode

@ fERE+ W

& NVICSettings | @ GFPIO Settings

NVIC Interrupt Table Enahled Preemption Priority Sub Priority

FDCANT interrupt 0
FDCAN1 interrupt 1 |:| 0 0

SR A, - -NERATE CODE R N e w it
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Code Generation

The Code is successfully generated under

C:/Users/Administrator/Desktop/ STM32G4 peripheral/T.CAN/STM32G4 CAN

Project language : C

Cpen Folder

Pt

® X

&0
6l
62
63
64
63

RX FIT TX ik & A a4 &

f® USER CODE BEGIN BV */f

FDCAN BxHeaderTypeDef ExHeader:
FDCAN TxHeaderTypeDef TxHeader:
uintd t ExData[8]={NULL};
uintgd t TxDatal[8] = {NULL};

/* USER CODE END BV */

@ FCE RX AN TX Feda iz, RX U IDVaR; TX ID MK EE S5

FDCAN IT RX_FIFOO NEW _MESSAGE, 0);

75 J/* USER CODE BEGIN PFP */

76 woid FDCANZ Config(wodd):

77 J/* USER CODE END PFEB */

140 FDCANZ Configy):

141 f®% USEER CODE END Z2o%f

327 void FDCANZ Config(void)

328 H{

3248 FDCAN FilterTypeDef sFilterConfig:

330

331 HAL FDCAN ActivateNotification(&hfdcanl,

332

333 sFilterConfig.IdType = FDCAN EXTENDED ID;

334 sFilterConfig.FilterIndex = 0;

335 sFilterConfig.FilterType = FDCAN FILTER RANGE;
336 sFilterConfig.FilterConfig = FDCAN FILTER TO RXFIFCO;
337 sFilterConfig.FilterIDl = Ox00000000;

238 sFilterConfig.FilterID2 = OxO0l1ffffff;

338 HAL FDCAN ConfigFilter(&hfdcanl, &sFilterConfig):
340

341 TxHeader.Identifier = Ox1E;

342 TxHeader.IdType = FDCAN EXTENDED ID;

343 TIxHeader.TxFrameType = FDCAN DATA FRAME;

344 TxHeader.Datalength = FDCAN DLC BYTES 3;

345 TxHeader.ErrorStatelndicator = FDCAN EST ACTIVE;
34& IxHeader.BitRateSwitch = FDCAN BRS OFF;

347 TxHeader .FDFormat = FDCAN CLASSIC CAN;

348 TxHeader.TxEventFifoControl = FDCAN NO TX EVENTS;
3449 TxHeader .MessageMarker = 0xE52;

350

351 HAL. FDCAN Start (&hfdcanl);

352 -1}

£ it.c SCfFH, £ FDCAN AT B, il EAZALAIE iR

fZAs: V13
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65 f* USER CODE BEGIN EV */f

66 extern FDCAN HandleTypeDef hfdcanl;

a7 extern FDCAN BxHeaderTypeDef RxHeader;
68 extern uwinti t ExDatal[Z]:

69 f* USER CODE END EV *4

241 woid FDCAN1 ITO ITRQHandler (void)

242 14
243 /* USER CODE BEGIN FDCAN1 ITO TRQn 0O */
244
245 /* USER CODE END FDCAN1 ITO IROm O */
246 HAL FDCAM TRQHandler (£hfdcanl):
247 /% USER CODE BEGIN FDCAN1 ITO IROn 1 */
248 HAL FDCAN GetExMessage (&hfdcanl, FDCAN BX FIFCO, sRxHeader,ExData):
249 /* USER CODE END FDCAN1 ITO IRQm 1 */
250 }
Sl

© MM math J% string Sk3CAF;
22 #include <math.h>

23 #i:c;:de <string.h>
& SCHE . W TT 1045 R B AR AR,

&7 float AverageMecSpeed = 07
€8 STC Modality t ControlModes;
€9 uintle t Speed = O;

70 uwintd t Direction = 0;

71l uwint8 t mode = 07

@ 7E while JEF A IABRBCA AT B . Ty, FSmB A s IR st
S AR AL AR BN R AR R AR S

WAs: Vi3 B up E: BKPHET
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l4g {
147 AverageMecSpeed = MC GetAverageMecSpeedMotorl F();
148 ControlMode = MC GetControlModeMotorl():
145 if {AverageMecipeed >= 0)
150 [H {
151 Direction = 1;
152 Speed = (uintlé_t)AwverageMecSpeed;
1538 }
154 glse
155 [ {
156 Direction = 07
157 Speed = (uintlé_t) fabs (AverageMecSpeed);
1ISHE }
154 if {ControlMode == 5TIC_TORQUE_MODE)
160 [H {
161 mode = 0
162 - }
163 elae
164 [H {
1&5 mode = 17
166 - }
167 TxDatal[0] = mode;
168 TxData[l] = Direction:
1&69 TxDatal[2] = Speed>>=3;
170 TxDatal[3] = Speed;
171 HAL FDCAN RddMessageToTxFifol(shfdcanl, sTxHeader, TxData):
172 if{0x0l == RxDatall])
173 [= {
174 if{0x:01 = RxData[4])
175 [= {
1786 MC StartMotorly):
177 }
178 elge
179 [H {
180 MC{StopMotorl();
180 }
152 1f{0x0l == RxData[l])
183 H {
124 ME ProgramSpeedRampMotorl ( (BxData[2]*25¢ + RxData[3]) /6, 1000j);
S - }
156 elae
18 {
188 MC ProgramSpeedRampMotorl ( (- (BxData[2]*256 + BxData[3]))/ e, 1000);
g & }
150 }
191 memset{ (void *)RxData,0,3);
1492 HAL Delay(300);
1493 /* USER CODE END WHILE */
@ I TR

B ¥5 up E: BRhi LT

14591 while (1)

4.2 SEET G

UL B gk, K USB #% UART Az USBCAN A8 i 422 25 i fi «

fZAs: V13

B ¥ up F: BRKHHEF



Euler
simple mbecdded STM32G4 Simulink FOC f 7 Fit
B ¥ up E: BRPHEF

L

® RESET [i :I
STM32G4F

@ FFF ST EAIHLE PCAN EATHL, FFi%ERZ, CAN @ IHiE 3 500kbits;

Connect *
&

Available PCAN Hardware: ~T" CAN Setup 17 Acceptance Filter Optiens

----- #% PCAN-USB: Device ID FFh
Mode: ICAN (SJAT000) o Clock Frequency: 8 MHz

Bit Rate [kbit/s]:
Bus Timing Register O Prescaler:
Bus Timing Register 1:

Database Entry:

Sample Count: |1 i
ETR.0 BTR.1  SamplePoint tq Ng sIw oy
00h 00h 9% 125ns 16 1
1r 00h 1Ch 82 % 125ns 16 1
00h 2Bh % 125ns 16 1
00h 3Ah T5% 125ns 16 1
00h 45h B9 % 125ns 16 1
00h 58h 62 % 125ns 16 1
00h &7h 56 % 125ns 16 1
00h T6h 50 % 125ns 16 1 v

Cancel e Help

WAs: Vi3 B¥b up E: RKHHET
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=R TSP PN 66 Trace | % PCAN-USB

O [ Can-1ID Type Length Data Cycle Time Count
DOD0001Bh 8 0101000000 000000 501.2 6

Receive

@ fERIEREFEA, KEZFBIREI TS s AL, RS o A8 1 HAEDUAr
N1 BRI JEB AL 1L AN VARRIEM R Z); 58 2 Mo = iARERIHE T,
RxData[2]#256 + RxDatal3];

-
O Can-ID Type Length Data Cycle Time Count Trigger Comment
0000011Bh 8 01010303 01000000 [v] 1000 71 Time
=
=
v
[ =
]
=
—

® M ST EAMLAEESE, SHATES HHE 2L

RUN
Errors: Speed Gentrol Measures
@0 Duration
@ Over Voltage . - "
@ Under Vol tag VBUS TEMP POWER
@ Over Heat
@5tart Up Failure »
Speed Feedback :
@ Speed Feedback 400
@ Over Current
o 600
“d e MC Configuration
Cont: Motors: 1
1000 3 MCP over UARTA [10]
] deg L .
v ! o Max App Speed: 1200 REY

Mode: | Max App Current: 10 A

1200 Curres Max App Voltage: 32 ¥
[/ fLurrents Min App Voltage: 18 ¥

‘ RPM P . Control Type:FOC
a ° /o000 | 1000 N Primary speed sensor: Hall sensor
w0 30000\ Aux speed sensor: No sensor
. - | Current sensing topology: 3 Shunt

loc cal Spee ¥
Mechanical Speed: 2] FOC rate: 1

FiM frequency: 20000 Hz
Medium frequency: 1000 Hz

(_sléa
- ﬁ 164 VBus Sensing: Enable
Configuration Ig: &
Speed Reference: 2] 1d: 164

x4

Speed Ramp

Target :pnnd- 1200 REM
Duration o :s

o

@ B 2 Je 3 A BRI B RS E e aE: K s 0 Aoy 1 IR EHLEENIAA 0
HI AT 452 1k B AL

WAs: Vi3 B¥b up E: RKHHET
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Transmit

STM32G4 HEHL MR

FHE: MCU EAE E & GPIO.
EXTI 4%

STM32G431CBU6 @

SWD —

ARM
CotexM4

GPIO

1. STM32CUBEMX EC & % Keil 8%

) WdFTIF STM32CUBEMX, &£ MCU B,

fas: V13 B ¥ up E: RRKHHEF
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New Project

| need to :

Start My project from MCU

Start My project from ST Board

ACCESS TO BOARD SELECTCR

Start My project from Example

ACCESS TO EXAMPLE SELECTOR

@) %FF STM32G431CBUXx;

[ New Project from a MCU/MPU
MCU/MPU Selector | Boar

MCU/MPU Filters

B B O
Part Number JSTM32G431CB v

Core

Series

Line

Package

Other

Peripheral

New STM32H5 MCU series: more
performance & scalable security

MCUs/MPUs List: 3 items Display similar ) Export
-1 Pt | Reierence _IMarketing St xfnitPricefor 100X oard > Pockage X]_Fiash X
STM32G431CBTx Active 2583 LQFP48 128 kByt... 32 kBytes 38 170 M
STM32G431CB FTM32G431CBUxActive 2583 UFQFPN48 128 kByt... 32 kBytes 42 170 M.
* STM32G431CBYx Active 2583 WLCSP49 128 kByt.. 32 kBytes 41 170 M

@) %P MCU HSE AN TR s

fZAs: V13
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Pinout & Configuration Clock Configuration
w Software Packs v Pinol
Q @ RCC Mode and Configuration :
Catsgoriss

System Core - High Speed Clock (HSE) [Crystal/Ceramic Resnnamrl ~ ’
. Low Speed Clock (LSE) [Disable |
BYPASS Clock Source ‘
DMA [ Master Clock QOutput -
Crystal/Ceramic Resonator
GPIO [ LSCO Clock Output
WDG .
NVIC [ Audio Clock Input (125_CKIN)
CRS SYNC [Disable ~]
« S5YS
WWDG I
Anzlog >
Timers >

@ BB, PLL T EREIEPE HSE, AN EE 24M, HCLK B & N 160M;

pnfiguration Clock Configuration Project Manager
) o) I a
- e = oo
. - M1~
— I:lr:wv:zzkm
System Clock Mux
. e PO 160 |APB1 peripheral clocks (MHz)
HCLK (MHz)
= .o mu timer clocks {UHz)
- Np S [ Jorssemerscos
181 Re
- o0 |APE2 timer clocks ()
Input frequency e
HSE.
e K48 Clock
o LPUART1 (i)
@ 5YS Mode and Configuration :
Mode
SystemCore " IDebug |Ser|a| Wire I ~ |
K y [ System Wake-Up 1
DMA [ System Wake-Up 2
GPIO [0 System Wake-Up 4
WDG
NVIC Power Voltage Detector In |Disable ~ |
v RCC VREFBUF Mode [Disable ]
& svs
WWDG Timebase Source |Sy5Tick ~ |

save power of non-active UCPD - deactive Dead Battery pull-up

Analog >

©® MECE LED &5 M%) GPIO 1, 2 HIFEE & N GPIO_OUTPUT A1 GPIO_EXT

.
b

WAs: Vi3 B¥b up E: RKHHET
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SYS_JTCE-SWCLK

GPIO_EXTIN

PC1D ~ GPIO_EXTHD

FC11

S35 _JTMWS-SWDI0

|EFIU_EKTI13 C13

RCC_OSC_IN [HEES
RCC_OSC_OUT |8
NGPIO_Output

STM32G431CBUx

L'FQFPN43

-+

5
=

GPIO_Out

7 ECE GPIO Mz, LED GPIO Fd & A, EXTI GPIO EC & A L
M FIMZEE GPIO & FR: FF#RE EXTI A i,

WAs: Vi3 B¥b up E: RKHHET
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Q -

@}- GPIO Mode and Configuration :
2
System Core hd |Gmup By Peripherals ~ |
DMA
Search Signals N
NVIC [1 Show only Modified Pins ‘
P GF-\G o._| GPIO mode | GPIO Pull-up/Pull-down Modifed |
WWOG OuLpuT. Pus... No pull-up and no pull—d... n/a LED2
PCS nia Low Output Pus___ No pull-up and no pull-d___ Low n/a LED1 =
PC10 nfa n/a External Int... No pull-up and no pull-d... nfa n/a Button1 |
N PC11 nia n/a External Int... No pull-up and no pull-d... nfa n/a Button2 .
Anzlog PC13 nfa nfa External Int... No pull-up and no pull-d... nfa n/a ‘ME e
Timers >
Connectivity >
Multimedia >
Security ’ PCA13 Configuration -
Computing >
Middleware >
GPIO mode |Extema| Interrupt Mode with Rising edge trigger detection ~ ‘
Utilities >
GPIO Pull-up/Pull-down |Nu pull-up and no pull-down ~ ‘
L —

System Core i

DMA
IWDG
NVIC
« RCC
SYS
WwWDG

User Label

|Bun0n3

® BeE LIEAFR, BRAE, mikes:

fZAs: V13

Enabled

Preemption Priority

Sub Priority

0
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Clock Configuration

Project Settings

[
roject Name
STM32G4_GPIO

Project Location

Project

1.GFIO

| Browse

Application Structure

Advanced

~ | [ Do not generate the main()

Toolchain Folder Location

Toolchain / IDE Min Version

MDK-ARM v | |vs.32

STM32G4_GPIO\

[0 Sederate Under Root

¢Linker Settings

Minimum Heap Size 0200
Minimum Stack Size 0400

¢ Thread-safe Settings
Cortex-M4NS

[ Enable multi-threaded support

Thread-safe Locking Strategy

|Default — Mapping suitable strategy depending an RTOS selection

«Mcu and Firmware Package
Mcu Reference

[8TM32G431CBUx

Firmware Package Name and Version

|STM32Cube FW. G4 V1:4.0

Use Default Firmware Location

— [ 2870 | NG

© MRS, JEFTIF IR

] Browsa

[ Code Generation

Project language : C

Cpen Folder

Open Project

The Code is successfully generated under :
C:/Users/Administrator/Desktop/ STM32G4 peripheral/1.GPIO/STM32G4_GPIO

£ main.c TIEINCA T A%, e EThAEDy: 48 142 N RISL LEDL, % 2 4%

TENEE LED2, %% 3% ~, LEDL 1 LED2 4=&BFT FF

fZAs: V13
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146 /* USER CODE BEGIN 4 */

147 woid HAL GPIO _EXTI Callback(uintlé_t GPIC Pin)

148 14

1449 /* Prewent unused argument (s) compilation warning */

150 UNUSED (GPIO _Pin);

151 if (Buttonl Pin == GPFIO Pin)

152 ¢

153 HARL GPIO TogglePin(LED1 GPIO Port,LED1 Pin):

154 1}

155 ifj{Button2 Pin == GPIO_Pinﬂ

156 [ {

157 HAL GPIO TogglePin (LEDZ GPIO Port,LEDZ Pin);

158  }

1549 if (Button3_Pin == GFIO_Pin)

le0 [ {

161 HAL GPIC WritePin(LED1 GPIO Port,LEDl Pin,GPIC PIN RESET);
162 HAT. GPIO WritePin(LEDZ GPFIO Port,LEDZ Pin,GPFIO PIN RESET):
163  }

164 [ /* NOTE: This function should not be modified, when the),callbagk is needed,
165 the HAL GPIO _EXTI Callback could be 4@mplemented in the user file
lee %f

167 -}

1€ /* USER CODE END 4 =/

@) g% AT E TR IR

2. LRI K

VLT B P R4

B ???ALWaRCH]
« =l S -

24V/3A

efle

eSol suve, eSS
....",...".
TP

a1
Tl
g oe

!|,

.St
aaas

$% 7 RESET #%%#, LED1 A1 LED2 5%, % N 1, LED1 S5F0%:; % T iad

2, LED2 5805, 4% N4%%d 3, LED1 A1 LED2 47T [AJIef 5%,

WAs: Vi3 B¥b up E: RKHHET
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UART #M& K% VOFA+_EAI#L

STM32G431CBU6

3D

UART

CotexMd

o PYI8

— HALL/ENCODER Sensor

1. STM32CUBEMX EC & & Keil A5

O # E—E&Z L E, ff1HE UASRT3, XFR PB10 A1 PB11 10 1, Hids

PH#E N 115200Bits/s;

Q| G USART3 Mode and Configuration i £ Pinout view
y 3
System Cors. > » ;
= sable g
Analog N 5
Timees 4
Connectivty ~
FDCANT
e
12¢2
[
g Ress Configuration :
ur
LPUARTY ® PammelsaSallingsh] ® Us:r Constants
e
i [Configure the below paramelers
SPI3 Y [i ]
UCPD - Basic Parametars
LBARTI Saud Rt STM32G431CBUx
USART? Word Length LIFQFPN48
Parity .
UsB Stop Bits
v Advanced Parameters
Data tion cenve and Transmit
Multimed Ower Samples
Singl able
Secunty Clacl
Fifo isable
Computing Tuifo Threshold eighth full configuration
Rodfifo Threshald eighth full configuration
Middlen « Advanced Features
Uifdie:

fZAs: V13

MSB Fiest
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@ JFJ5 UART #1lr, {#EE TX i1 DMA DIfg;

Configuration
: /
Reset Configuration

; ttings g tings (
NVIC Interrupt Table Enabled| Preemption Priority | Sub Priority .
0 0

USARTS global interrupt / USART3 wake-up interrupt through EXTI line 28 0 47V A

DMA1 channel1 global interrupt

Reset Configuration

@ DMA Settings @ GFID

DA Request
DMA1 Channel 1 Memory To Peripheral . Low

+DMA Request Settings

Peripheral Memory

Mode  (Normal ~ Inerement Address O

Data Width Byte v| ‘ Byte v

+DMA Request Synchronization Settings

Enable synchronization O

Synchronization signal | |

Signal polarity | |

Enable avent O

Requestnumber | |

@ A B, 1T TR

| [ Code Generation

The Code is successfully generated under :

C:/Users/Administrator/Desktop/STM32G4 peripheral/2.UART/STM32G4 UART
Project language : C

Cpen Folder i Open Project

WAs: Vi3 B¥b up E: RKHHET
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2. SLIG BB

UL R B sk, FEik USB #% UART BBk 43 2 v fin :

- [S7

+TTL

2.1 UART E €[] printf T EIE#E

O £ 4 UART FEE M, printf &4 HdE 2 8 0 AL

26
27
28
29

1g2
183
184
185
186
187
188
1849

f¢& Briwate includes - ————————————-
S % USEE CODE BEGIN Includes */
Fincludé <stdio.h>

S% TUSER CODE END Includes *)

int, fputc(int ch, FILE *f)

{

while [ (USART3->IS5SE & 0X40) == 0);:
USLRRT3->TDRE = (uintd8_t)ch;

return ch;

¥
/% USER CCDE END 4 */f

fRA: V13 B ¥ up E

24V/3A
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*f

This function should not be modified, shen the galdback is needed,

the HAL GPIOQ EXTI Callback could be implemented dn _the user file

159 f* USER CODE BEGIN 4 */

160 woid HAL_GPIO_EXTI_Callbac]ctuintlﬁ_l:i GPIO Pin)

161 4

162 /* Prevent unused argument (s) compilation warning
163 UNUSED (GFIC_Pin);

le4 if (Buttonl Pin == GPIO Pin)

165 H {

le& HAL GPIO TogglePin(LEDLl GPIO Port,LEDl Pin);
167 IpIintf ("LED1 Toggle/z/n™) .:I

168 - 1}

169 if (ButtonZ Pin == GPIO Pin)

170 {

171 i IO Port,LED2Z Pin};
172 érintf ("LEDZ Toggle/x/n");

173 - }

174 if {(Button3 Pin == GPIO Pin)

175 |

17& HAL GPIO WritePin(LED1 GPIO Port,LED1l Pin,GPIO PIN RESET);
177 HAL GPIC WritePin(LED2 GPIO Port,LED2 Pin,GPIO PIN RESET);
178 IpIintf:"LEDl and LEDZ C'pen,’r."n"}:l

178 - 1}

180 [ /* MNOTE:

181

182 %

183 | }

@ “2Ji% use MicroLIB Je4mk, TR, FH LML

Options for Target 'STM32G4_GPIO!

Device Target IDutputI Listingl Uszer I C/C++ I hsm

I Lin]cerl Debug I Ttilities

STMicroelectronics STM32G431CE U - Code Generation
ARM Compiler: IUse default compiler version 5 LI
tal (MHz): If‘undefined:
Operating system: | Nong ;I [ Use Cross-Module Optimization
System Viewer File: I~ ™ BigEndian
IS-I-M32':3‘131"“"‘-S""":I J Floating Paint Hardware: ISingIe Precision LI
[~ Use Custom File
— ReadOnly Memary Areas — Read\Write Memary Areas
default . off-chip Start Size Startup default  off-chip Start Size Malnit
- Rom: | | c ™ Ram: | | r
M, Rom2 | | s © RAMZ | | r
™ ROM3: | | . ~  RAMI: | | r
on-chip on-chip
¥ IRoM1: 8000000  {0x20000 « ¥ IRAM1: [(x20000000  |0x3000 r
I IROMZ | | . I IRAMZ: | | r
| 0K I | Canecel I | Tefaults I

@ T AL, &R O $% i 1, LEDL #i%k, bANLE R LEDL

Toggle; % Nk 2, LED2 #i%%, LAINLEIR LED2 Toggle; #% N4 3,

fZAs: V13
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LED1 A1 LED2 5%, EAIMLE R LEDT and LED2 Opens

COMS5,115200,None,8,0ne - SOEHEIF

LED2 Toggle
LED1 and LED2 Open
LED2 Toggle
LED1 Toggle
LED1 and LED2 Open

A H ? O

2O G LED1 Toggle

s

—

Lk One v

XS

[ sz

[ +=zsms

[ sesuss

[] e 7 [=]

Omoms 3 [arrtmees
BradE bz e}

XGRS

[ e TESS

[ +rssmsix

[ zee X | ADD8 v

[] srdms 1.0 #

[Jor [Jrs

O erszsss | m— |

2x:0

=W 92

B

pdivans

2.2 UART DMA _EA&E¥4E

A AfiH DMA RiEEH

F*CHSEE"EQDE BEGIN PV

o

extern DMA HandleTypeDef hdma usart3 _tx;

uint8 t DataBl[32]
uint8 t DataB2[32]
uint® t DataB3[32]

/* USER CCDE END BV

WAs: Vi3

"LED1
"LEDZ
"LED1

o

Togglehxrin™;
Togglehxrin™;
and LEDZ Cpen’\xrin":
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183

151
152
193
154 [
195
196
197
1g8 |
199
zo0 &
201
202
203
204 |
205
206 4
207
208
208
210
sl |
a1 =
213
214 |
215

=
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void HAL GPIO EXTI Callback(uintlé t GPIO Pin)
190 F{

/% Prevent unused argument (s) compilation warning */
UNUSED (GPIO _Pin);

if (Buttonl Pin
{

GFIO_Pin)

HAL GPIO TogglePin(LED1 GPIC Port,LED1 Pin):
wWhile (HAL DMA GetState (&hdma usart3 tx) != HAL DMA STATE READY);
HAL UART Transmit DMA (&huart3,DataBl,sizecf (DataBl)):

¥

if (Button2_ Pin == GPIO Pin)

{
HAL GPIO TogglePin(LEDZ2 GPIC Port,LEDZ Pin);
while (HAL DMA GetState (&hdma usarc3_tx) != HAL DMA STATE READY);
HAT. UART Transmit DMA (éhuart3,DataB2,sizeof (DataBl));

}
if (Button3 Pin == GPIO_Pin)
{
HALL GPIO WritePin(LED1 GPIO Port,LED1 Pin,GPIO _FPIN RESET):
HAL GPIO WritePin(LEDZ GPFIO Port,LEDZ Pin,GFIO PIN RESET);
while (HAL DMA GetState (&hdma usarct3 tx) !=_HAL DML STATE READY) ;
HAL. UART Transmit DMA (shuart3,DataB3,sizecf(DataBl)):
}

/* HOTE: This function should not be modifiedg when the callback is needed,
the HAL GPIC EXTI Callback could be implemented in the user file

xf

@ FTHF EALHL, ERHR D, #% 14 1, LED1 #%%, LbANLE R LEDL

Toggles #% N4k 2, LED2 #i%%, LAIMWLE RS LED2 Toggle; % N4 3,

LED1 1 LED2 5%, AN R LEDL and LED2 Opens
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COMS5,115200,Nane,8,0ne - SOEREF - O x
2/05 S| coms LED1 Toggle

LED2 Toggle
EEER X | 115200 ~ e

LED2 Toggle
LED1 and LED2 Open
LED1 and LED2 Open
LED1 and LED2 Open
(=31 E One ~ LED2 Toggle

LED1 Toggle
ESEiL |

BRRE
[ sz

[ teses
[ meeuEs
[] ==herea ? | 2

:
@
<] <€ <

[ saiv None

B

[ e A | Add Timesta
B pizic=i 54}

[ =i rESS

[ =iz

D HEEEA N | ADDS ~

[ srizsz 1.0 2

[QJor [Jerrs

BT \An (CRL) v

\n

II

[ erseras

B

EiE:0 el 256 SntE

2.3 UART P U s

@ fE ] UART A B i A7 B A 36 K

‘6 /% Private includes ————————————————-
37 F* TU5ER CODE BEGIN Includes */
'8 #includé wstdio.h>

"M #nclade <string.h>

50 *\ USER CODE END Includes */f
54¢ Fdefine RXBUFFERSIZE 256
55 char ExBuffer [EXBUFFERSIZE]:
56 wuint® t aRxBuffer;
57 wint® t Uartl Ex Cnt = O;
58 /* USER CODE END PV */
e T R v YT
101 f®% USER CODE BEGIN 2 *f
102 HAL. UART Receive IT(&huart3, (uintg t *)LaRxBuffer, 1):
103 f* USER CODE END 2 *f

WAs: Vi3 B¥b up E: RKHHET
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223

224 41

225 f* Preven
226 UNUSED (hu
227 if(Uartl |
2280 |

229

230 memset |
231

232 | }

233 else

234 0 {

235 RxBuffe
236 | // Uartl
237 | /S memse
238 |- }

239 HAL UART
240 -] /* NOTE:
241

242 |- kf

243 1

Uartl Rx Cnt = 0;

HAL UART Transmit (&huart3,

STM32G4 Simulink FOC F & 31t
B ¥5 up E: RKFvHTF

wvold HAL UART RxCpltCallback (UART_ HandleTypeDef *huart)

t unused argument (s) o7
art) ;

Rx_Cnt >= 255)

compilation warning

v

ExBuffer, 0x00,5izecf (RxBuffer)):

(uint8_t *)"2?27?", 10,0xFFFF):

r[Jarcl Ex Cnt++]
_Bx Cnt 0:
t (ExBuffer, 0x00, sizeof (RxBuffer));

aBxBuffer;

Receive IT(&huart3, (uint8 t *)&aRxBuffer, 1);
This function should not be modified, when theycallback is(needed,
the HAL UART TxHalfCpltCallback can be implemented in the user file.

COM3,115200,None,8,0ne - SOERTEE

A B 2?2 O
20S: S| coms
R A
S

[z Nene
(=1 One

ESEicE|

115200 e

@
<] < <

LED1 and LED2 Open
LED2 Toggle
LED2 Toggle
LED1 Toggle

BEWEKRE
[ stotEszmrs

O +ssms
[ mesrms
mEE
[ s
s i

A

Add Timesta >

d

? | 2

E

[ e
[ sz

T Ewe

[ = | apps

[] =rigoz 1.0

f

[Qowr  []rrs

1877
[ Exserms

fZAs: V13
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II

|1234541 I

St

HE: 21 i 128
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C\Users\Administrator\Desktop\STM32G4 peripheral\2.UART\STM32G4_UARTYMDK-ARM\STM32G4_GPIO.uvprojx - wVision

File  Edit

MEH@| % BR 9 c|@s|pr

View Project Flash Debug Peripherals Tools 5VCS Window Help

| B AL uart Tarcecallo] B o | @ - | @ O & @& |[H-| A

EEHO oo vy || DBREGE O 5-0-0-- 8- %
Project L | ] mainc | ] startup_stm32g43tocs | | stm32g4wchal_dmac g ] usatc ] uwsarth ] stm32gdmcitc ] stm32g4ochalc ] stm32g4ihal_uartc
=% Project: STM32G4_GPIO = 227 | if (Uaztl_Rm Cat >= 259)
B &F STM32G4 GPIO 228 1{
=[5 Application/MDK-ARM 229 varel Rx_tat = O
1) startup_stm32g£31 230 memset ,sizeof M
Artup_stm3sgas lxx.s 231 HAL UART Transmi uarc3, (uinté_t *)"2222", 10,0xFFFF);
[ [ Application/User/Core 232 3
[ main.c 233 else
13 gpioc 23
o d 0 235 BRBUEEEE[Uarcl Rx Cnu++] = aRxBuffer;
ma-e 236 | //  Uartl_Rx Cnt = 0:
#al usartc 237 | //  memset (RxBuffer,0x00, sizeof (RxBuffsr));
[ stm32gdic it 238 )
@[ stm3zghor_hal mspc 239 | HAL UART Receive IT(shuart3, (uintd_t *)saRsBuffer, 1):
I . 240 /* NOTE: This function should not be modified, when the callback is needed,
‘ v~ 241 the HAL URRT TxHalfCpltCallback can be implemented in the user fils.
S registers [ Project <
Command n Watch 1 Y v

Load "STM32G4_GPIO\\STM32G4_GPIC.axf"
BS \\STM32G4_GPIO\../Cozre/Szc/main.c\236

Value Type
0%20000074 RxBuffer(].. | uchar(256]

%+ error 35: undefined line number ¢ %311 uchar
¢ m 0x32'2  Jucher A .
v 0333 | uchar
@[3 0v34 4 uchar
Ear) 0a3ss | uchar
@05l 0344 | uchar
4 18] 311 | uchar
> M 0x00 uchar
ASSIGN BreakDisable BreakEnable BreakKill BreakList BreakSet BreakAccess COVERAGE COVIOFILE DEFINE | g:ﬁ(all Stack »(Locals ‘Wal:hl
Find In Files

3. VOFA _bLAIHLE R IETE

HESE fx=: vofa+ AV LEHERE

O fEH VOFA AL RIETE, stm32 1§ printf, VOFA [ FireWater

Pris, 115200 HAE%R, maiE il

58 float temp[l]:

110 J] while (1)
111 {

112 temp[0] 4= 0.01f;

113 if (femp[0] > E.Zﬂf}

114 [H {

IN\S temp [0] = O;

116 }

Iv7 printcf ("f\r\n", cemp[0]) ;

118 £ memcpy (Cemplata, (wintg& t *)itemp, sSizecof (temp)):

119 | /f HAL UART Transmit DMA(gfhuart3, (uint8 t *)tempData, B):

120 HAL Delay(l);:

WAs: Vi3 B¥b up E: RKHHET
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VOFA+1.3.10 | ¥V | & T ® | i & «

o @

R SEE new tab x 4+

HiES|=
AEES: BHERETY

[rremmer <] 2

focdm 20 v
STRAEERED

BOSHERE

wos COMS5 v
STMicroelectronics STLink Virtual
COM Port, STMicroelectronics,
002D00473031340942313130

BRI None ¥ /
i aivg None ¥
Eoeived 8 v
vz 34 1

TS : _ i -y ‘ A
DTR RTS Break ‘ :

STM32G4 Simulink FOC F & 31t
B ¥5 up E: Bk i HLTF

-5290 ms
-4617

@) {§iF VOFA FAiHLERIETE, stm32 {8 UART DMA, VOFA 1§ F

110
111
112
113
114
115
116
117
118
119
120

fZAs: V13

JustFloat #M3, 115200 PR, Az

58 float temp[l]:

€0 static uwint® t templatafg] = {0,0,0,0,0,0,0x80,0x7F};
J] while (1)
= {
temp[0] 4~ O.04F;
if(temp[0] > 6.281)
=l {
temp[0] = 0:
B }
£ printf ("Ef\r\n", temp[0])
memcpy¥ (tempData, (uint8 t *)&temp, sizeof (temp)):
HAT, UART Tranmsmit DMa (shuart3, (uinti& t *)tempData, &) ;
HAL Delay(l):

B ¥ up F: BRPHF
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VOFA+13.10 |V | & ™ ® | i & «
N SiER new tab x 4
® 3
— mEaS: AR
=
O sesn BO v
ST AmiEE E
002D0047303134094231313
HoERE None ¥
i None ¥
e 8 v
fEIEfrEy 1 v
FniEe
DTR RTS Break
I I I 1 1
-5290  m
-3945 -3272 2599 -1926

BLE:

STM32G431CBUG

3D —

CotexMd

AD0 1511—4
: 151—<

HALL/ENCODER Senseor

1. STM32CUBEMX EC B & Keil 5%

fZAs: V13

@ 75 E—ZpHAE B3N ADC Thig, Mg ADC IN11J@iE, XA PB12, XtH

B ¥ up F: BRKHHEF
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WA AL A% 5

OPAMP2

OPAMP3
Timers
Connectivity
Multimedia
Security

Computing

Pinout & Configuration

Clock Configuration

STM32G4 Simulink FOC F & 31t
B ¥5 up E: RKFvHTF

Project Manager

Configuration

Reset Configuration

 ADGs_Commen_Settings

> Mode Independent mode
~ ADC_Settings
> Clock Prescaler
Resolution ADC 12-bit resolution
> Data Alignment Right alignment
Gain Compensation 0

@ BCELLT 2, fE/E ADC i

& Parameter Settings

Synchronous clock mode dhided by 4

v Software Packs ~ Pinout
Q & ADCA Made and Configuration 4
.
IN3 [Disable ~] H
System Core > 4
IN4 [Disable ~] a -z £
Analog v [ IN5 Single-ended 2:
+ R oisasle v]
A ADCY
ADC2 [1N11]iN11 Single-ended ~]
COMP1 [ IN12 Single-ended autona
CcomP2
Coms REDisable |
COMP4 [ IN15 Single-ended Rec_oscin 18
DACT [ Temperature Sensor Channel roc_osc_out [
DAC3
PN PRV —

STM32G431CBUx

I'FQFPN48

UsARTS_TX |1

Qg

3
H

SYS_ITMS.SWDI0

al

~ ADCs_Commaon_Settings

Mode

~ ADC_Settings

Clock Prescaler

Resolution

Data Alignment

Gain Compensation

Scan Conversion Mode

End Of Conversion Selection
Low Power Auto Wait
Continuous Conversion Mode
Discontinuous Conversion Mode
DMA Continuous Requests
Owerrun behaviour

~ ADC_Regular_ConversionMaode

Enable Regular Conversions
Enable Regular Oversampling
Number Of Conversion
External Trigger Conversion Source
External Trigger Conversion Edge
Rank

Channel

Sampling Time

Offset Number

~ ADC_Injected_ConversionMode

Enable Injected Conversions

Independent mode

Asynchronous clock mode divided by 4
ADC 12-bit resolution
Right alignment

0

Disabled

End of single conversion
Disabled

Disabled

Disabled

Disabled

Cwerrun data presemnved

Enable
Disable
1
|Regular Conversion launched by software|
MNone

1

Channel 11
2.5 Cycles
Mo offset

Disable

ts | @& NVIC Settings

NVIC Interrupt Table Enahled Preemption Priority Sub Priority

ADC1 and ADC2 global interrupt

@ LAY, JFTIF LA,

fZAs: V13
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@) ADC1 HIR5:;

108 | HAL ADCEx Calibration Start( &hadcl, ADC SINGLE_ENDED) ;

®) JFia ADC Kkf, FBRFEHEE UART B4 5] VOFA ALK,

11391 while (1)

114 [— i

115 HAL ADC Start(&hadcl):

11& temp[0] = HARL ADC GetValue (&hadcl):

117 memcpy (templata, (uint8 t *) &temp, sizeof(temp)):

118 HAT, UART Transmit DMA (&huart3, (uinti t *)tempData,f);
119 HAL Delavi(l):

120 f* USER CODE END WHILE */f

2. LRI K

UL B gk, ik USB #% UART Rk 43 25 A i«

STM32G4?FZ{*&

1) eI KA EALES, VOFA EAIALEIEFEHL AR s
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VOFA+13.10 | V | & M & | i 7 <«

RN SiERE new tab X +
® wmEaw
AEFS: BT
—
- JustFloat v | ?
O szn B0 v
STEAESEED
ROSHERE
was COM5 v — pa—— . A M
STMicroelectranics STLink Virtual f/\- _,j 4 / \ T' g
COM Port, STMicroelectronics J \\ J,’ \ f \‘\ r]\ i ,f\ "\ f
002D00473031340942313130 S — \\ ,l' \,;’1 { \\;’ ”r f .'\ff
VoY N
e 115200 * U L
HuEis None ¥ Q
ivEiiivg None ¥
HdEhrER 8 v
e dlmivi o4 1 v
THEES
DTR RTS Break
o I I I 1 1 1
o " -11769 -9298 -6828 4357 -1887

-14239

$FI\E: MCU A OPAMP- LKA+

STM32G431CBU6 @

SWD

UART — " - .

Rshunt q

!
_LGND

ADC ISR‘—

|
AF
» | ADC ISR‘—
Curr BUS
AN —— Rshunt q Rshunt
b

HALL/ENCODER Sensor

W ABHEFERSEIT— BRENENERS KR
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Vin 520
po—
SESU_P mrq VDUt
EREI?D 0Pl vog;[
RS9 J
SESU N[ O—1T1 AGND
1.560
R58,R59 1 FH & 1T % N\ 1 1F e s A1 71 1) s A\ PELPE UL i ;
R52, R53 N4rEHFH, 1EH &K M\ IE = i B E IE R & 1.65V;
R56 5 R59 TR Gt S i1 25, 38 ORI 25 1 50 R -
FEWT: OP1_VINP Hi N EJEN Vin;
SRR
Vin _ Vout
R59 R59 + R56
Gai _Vout 1+R56
M =ym = " TRso
SESU P[>
R42 _|
—— C67
SmOTT™ 1ok
SESU N[ >—=< *
GND
R E A
Vadc _ R56
Vin  R59
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ADC Value
4096

Vin = [in * R42
ADC Value * 3.3

R56
(r59)

Vadc =

Iin =
4096 * R42 *

1. STM32CUBEMX BB & Keil 1S

M) £ b—F a0 TAREERE BRI g i 4hs, i OPAMPL. 2. 3K

standalone #5;

Pinout & Configuration

£ Pinout view

STM32G431CBUx
L'FQFPN48

@) 1 OPAMP_OUT Pin ] ADC ThfE;
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SYS_JTCK-SWCLK

o -—
= =
o o
= =
=0 =0
o o

frAoct |
== COMP '

SYS_JTMS-SWDIO

Button3

1_INP
RCC_OSC_IN COMP4_OUT
RCC_OSC_OUT &g sl LPUART1_DE
LPUART1_RTS
TIMA_CH3M LED1
oPAMPT_VINP |8 TIM3_CH4
TIMB_CH3M
[ADc1_in3 oPanP1 vouT JIEE GPIO_Input
OPAMP1_VINM 3 GPIO_Output
GPIO_Analog
EVENTOUT ADCA_IMN11
B GPIO_EXT
=[Ele g =5 = -
S| 2 2 - S| g 2 i o
slele s 2 ¢ ¢ T
=|g) = = £ = ] P
=) £ z 5 5
S|%5) o o &5 ©
o o4
Zl =
3 =
2 2
@ fHfE=1 ADC JBi&, FHE Mt N\iliE;
L~ ADC_Injected_ConversionMode
Enable Injected Conversions Enable
»‘ Mumber Of Conversions 2
' ‘Xemd Trigger Source |Injected Conversion launched by software e
' External Trigger Conversion Edge None
Enable Injected Oversampling Disable
Injected Conversion Made MNone
1 Injected Queue Injected Queue Disable
v Rank 1
Channel Channel 3
Sampling Time 6.5 Cycles
Offset Number Mo offset
~ Rank 2
Channel Channel 12
Sampling Time 6.5 Cycles
Offset Number Mo offset

WAs: Vi3 B¥b up E: RKHHET
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~ ADC_Injected_ConversionMode

Enable Injected Conversions Enable
Number Of Conversions 1

External Trigger Source Injected Conversion launched by software
External Trigger Conversion Edge Mone
Enable Injected Oversampling Disable
Injected Conversion Mode MNone
Injected Queue Injected Queue Disable
Rank 1

Channel Channel 3

Sampling Time

Offset Number Mo offset

@ RS, {6 OPAMP, JT/2 ADC HEH:, JF8 $RIN LAV N #4, If

£ ADC TEN B 458 B W 3 U ADC B I F 8% o = AR FBLRAE

112 HAL OPRMF Staxt (&hopampl):

113 HAL OPRMF Staxt (&hopampl):

114 HAL OPRMF Starxt (&hopamp3):

115 HaT. URART Receiwve IT (&huart3, (uintf8 € *)&aBxBuffer, 1):
116 HAL ADCEx Calibration Start| &hadcl, ADC SINGLE ENWDED):
117 HAL ADCEx Calibration Start( &hadczZ, ADC SINGLE ENWDED):
122 'J] while (1)

123 = {

124 HLL ADC Start (&hadcl):

125 HAL ADCEx InjectedStart IT (&hadcl):;

126 HAL. ADCEx InjectedStart IT (&hadcl);

127 temp [0] = HAL ADC GetWalue (£hadcl):

128 temp[0] = temp[0]1%3,.3£/40%96;

128 memcpy (templata, (wintg t *)itemp, sizeof (temp)):

130 HAT. UART Transmit DMA (fhuart3, (uintg t *)tempData,S*4):
131 HRI. Deday (1);

132 % USER CODE END WHILE *=/f

B FEIRIEE, OPAMP Hiz il 25 11 55 -

B it 25 280 7.33333 = 11k/1.5k

SRS ZE 28 0.02197265625 = 3.3/4096/7.33333/0.005

Wan AAHETRRSERR— WRENESBESH kT

LA

V13 B ¥ up E: WKHHET
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R2
sesu pC_—11
- 15K

RS :
sEsU N[ »—1 1 AGND
1.5k

276 woid HAL ADCEx InjectedConvCpltCallback (ADC HandleTypeDef *hadc)

+3.3V

R1

R3
22K

R11

Pl

STM32G4 Simulink FOC F ~ Ft

B ¥5 up E: RKFvHTF

0Pl YOUT
¢ =

1
L—
11K

compilation warning *¢

This function ‘should not be modified. When the callback is needed,
function HALL ADCEx InjectedConwvCpltCallback must be implemented in the user file.

277 HH{

278 /* Prevent unused argument (s)

278 UNUSED (hadc) ;

280 if (hadc == ghadcl)

281 H {

282 temp[l] = hadcl.Instance->JDR1;

283 temp[l] = (temp[l] - OxT7=f)*0.02197f;
284 temp[2] = hadcl.Instance->JDR2;

285 temp[2] = (temp[2] - OxTE£5)*%0.02197f;
286 - }

287 if (hadc == &hadc2)

288 {

289 temp [3] = hadc2.Instance->JDR1;

250 temp[3] = (temp[3] - 0xTeS8)*0.02197f;
281 - 1}

282 [ /* NOIE :

253

294 - %/

B - )

2. LRI E

UL B Be2R, JF VR USB % UART F5EHLI%E 12 45 Ff i -

fZAs: V13
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24V/3A

@A) F VOFA AL 75 FEL AT 28 K = AH HL I 5

VOFA+1310 V | & M & i @ « # - 8 x
0 miusEs new tab x + o i [N -]
P
©  poe3is o 10
= | justrloat v ? o
(= ] ®0 v ol
T ?
), &
AOSKEN
®wos COMS ~ - . v /‘\
" y \\,// ! o ——
mERe None ¥ ams
Rl None
s 8 v
Bk 1
HRES
T eak

'''''

FHE: TIMLAEREEN PWM

RENEFENREND STM32G4 HIm e g, fHH TIM1 &t 3 X H

AN PWM VK o
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STM32G431CBU6 @ T,

SWD _ al Q2 03
— — —
UART ARM L oo MBS [ P—r1_ p—r1_ |—
Cotexid PWM ‘ PWM P
b Y
o Q5 @6l

Rshunt “ Rshunt ||  Rshunt “

GND

EONER” Sensor

1. STM32CUBEMX EC & & Keil %A%

Q) £ E—= 0 TRAEERE RN TIML A&, A 3 X HAME PWM 55
PN EE PR, AR P P & ) PWM 1O 1, %3¢ channel 1, 2,

3 N PWM HAMarH, channel B &N PWM HUEAKIH, HFJE%4E ADC
fi &% 5

Pinout & Configuration Clock Configuration Project Manager
v Software Packs
M1 M sion | £ Pinout view

g
3
H
‘;.

[PWM Ganeration No Output SYS_JTHS-SWDIO

RCC_DSC_IN ™1 _CHI

RCC_0SC_OUT TM_CH2

OPAWP1_VINP Tw_CHIN
= OPAMP1_VOUT ADC1_IN3 STM32G431CBUX T_CHIN
Malt OPAMP1_VINM T™1_CHIN
L'FQFPN48 AOCIINN
Securty P :
Computing

USARTZ_TX
ISART3_R:

3
2
=
o
2
i
8

Trgger Output (TRGO) Parameters

@) W BRI,
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Q e el
Wod WIS

~ Counter Settings

Prescaler (PSC - 16 bits value) 1-1

Counter Mode Center Aligned mode
Dithering Disable

Counter Period (AutoReload Register - 16 bits val..| 8000-1

Internal Clock Division (CKD} Division by 2
Repetition Counter (RCR - 16 bits value) 1

auto-reload preload Disable

@ FECHE TRGO il k¥R, Jas:H T ADC HELFURAEfE A 5

Q I Fen
A WA

Repetition Counter (RCR - 16 bits value) 1
auto-reload preload Disable
~ Trigger Output (TRGO) Parameters
Master/Slave Mode (MSM bit) Disable (Trigger input effect not delayed)
Trigger Event Selection TRGO
Trigger Event Selection TRGO2 Reset (UG bit from TIMx_EGR)

@) FCESEXITE 120;

afeecrormn ] B 4 °

- COMP3 Disable
- COMP4 Disable
~ Break And Dead Time management - Qutput Configuration
Automatic Output State Dizable
Off State Selection for Run Mode (03SR) Disable
Off State Selection for Idle Maode (OSSI) Dizable
| Lock Configuration Off
DeadTime Preload Disable
! Dead Time
| Asymmetrical DeadTime Dizable

| Falling Dead Time 0

®) FL#E channell, 2, 3 A PWM s 1, HABER

WAs: Vi3 B¥b up E: RKHHET
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Configure the below parameters :

= P
Qe i) ] ©

Clear Input Source

ey
v

~ PWM Generation Channel 1 and 1N

Made
Pulse (16 bits value)

Cutput compare preload

Fast Mode
CH Polarity
CHN Polarity
CH Idle State
CHM Idle State

~ PWM Generation Channel 2 and 2N

Mode
Pulse (16 bits value)

Output compare preload

Fast Mode
CH Polarity
CHN Polarity
CH Idle State
CHM Idle State

~ PWM Generation Channel 3 and 3N

Mode
Pulse (16 bits valug)

Qutput compare preload

Fast Mode
CH Polarity
CHN Polarity
CH Idle State

@ Parameter Settings

Disable

PWM mode 1
0

Enable
Disable

High

High

Reset

Reset

PWM mode 1
0

Enable
Disable

A=VS) a

High
Reset
Reset

PWM mode 1
0

Enable
Disable

High

High

Reset

©® MCE channel 4 3 PWM # = 2, & #AME H 8000-2;

A& AE N

LM e Sldie
CHN Idle State
v PWM Generation Channel 4
Maode
Fulse (16 bits value)

| Qutput compare preload

| Fast Mode
CH Polarity
CH Idle State

MESEL
Reset

PWM mode 2
8000-2

Enable
Disable
High
Reset

7 BoE TIM1 ik,

@ Parameter Settings User Constants @ MNVIC Settings @ DMA Settings | @ GPIO Settings

NVIC Interrupt Table

Enabled | Preemption Prionty | Sub Priority

TIM1 break interrupt and TIM15 global interrupt 0 0
TIM1 update interrupt and TIM16 global interrupt 0 0
TIM1 trigger and commutation interrupts and TIM17 global interrupt O 0 0
TIMA capture compare interrupt o o 0

fZAs: V13
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A A, 7T Keil THE;

[} Code Generation

The Code is successfully generated under :
C:/Users/Administrator/Desktop/ STM32G4 peripheral/5. TIM1/5STM32G4_TIM1
Froject language : C

COpen Folder

© & TIM1 WIEt e il )G, BT B 4 2%, ARR & CCR1,2,3 fI{H, JH3h

TIML TH0 % PWM %

120
121
122
123
124
125
126
127
128
129
130
131
132

TIM1->P5SC = 30000;
TIM1->ARR = 10000;
TIM1->CCR1 = 2000;
TIM1->CCR2 = 5S000;
TIM1->CCR3 = 8000Q;
HAL TIM Base Start( &htiml);

HAL TIM PWM Start({ &htiml, TIM CHANNEL 1);
HAL TIM PWM Start (. &htiml, TIM CHANNEL 2);
HAL TIM PWM Sgart( shtiml, TIM CHANNEL 3);
HAL TIMEx PWMN Start( shtiml, TIM CHANNEL 1);
HAL TIMEx PWMN Start( &htiml, TIM CHANNEL 2);
HAL TIMEx PWMN Start( &htiml, TIM CHANNEL 3);
f* USER/CODE END 2 &)

7E while B, R 2 87 ADC ARH%; 2B PWM channel1(PAS),

channel2(PA9), channel3(PA10) 10 K&, FHilid VOFA LAILFT BN

fZAs: V13
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136 while (1)

137 H |

138 | /S HAT. ADC Start (&hadcl):;

138 | /S HAL ADCEx InjectedStart IT(&hadcl):
140 | /S HAL. ADCEx InjectedStart IT(&hadcZ);
141 | /S temp[0] = HRL ADC GetValue (&hadcl);
142 | /S tenmp[0] = temp[0]*3.3£/4096;

143 if ( (GPICA->IDR & GPIO PIN 8) != 0)
144 [ {

145 temp[0] = 1.0f;

146 [ }

147 else

148 4 {

149 temp [0] = 0.0f;

150 }

151 1f((GPIOA->IDE & GPIO PIN 9) !=.0)
152 0 {

153 temp[l] = 3.0f;

154 | }

L= else

156 [H {

157 temp[l] = 2.0£;

158 [ }

158 if ( (GPIOA->IDR & GPIO_FPTW 10y !'= Q)
1&0 [H {

16l temp[2] = 5.0E£¢

162 | }

163 else

164 - {

165 temp[2] .= 9.0%;

166 }

1&7 memcpy (Cenplata, (uints t *)itemp, sizeof (temp));
18 HAL UART Tramsmit DMA (fhuart3, (uintg t *)tempData,5%4);
169 | // HAL Delav(l):

2. LIS

UL P 228, JFF USB #% UART R BRI 45 2 Hfii -
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24V/3A

VOFA EAHLTE /R =/ NEIER PWM B, HIESECE 75 A B FIRUR 56 4

MAH

0 iysEsS

© sEzm

— REES: AT

= JustFloat v ?

O seEn B0 v
STaiEEshERED
EOsuEE
- mE=] COMS5 v

STMicroelectronics STLink Virtual
COM Port, STMicroelectronics
002D00473031340942313130

R 115200 ~
HiETE None ¥
Baghs None v
Eemivesd 8 v
ol v 1v
HEES

DTR RIS {Break

new tab x 4+

/

[ I

I

I

I

I I I

AR IR, A AR BOZ AR 2 A A n] B R A N
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3 :}g Ls“@[%l”us

S

-Pi. :
P

Q6

o5
»
»
B¢
T
oF
S
)
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.

Qs

mzau ‘—-. PR i ] lml C66
g
33Vn~r-1<ri| o ) 5 ) U3y~ [gyi—n[::]

' anLﬁSL_H_JﬂU‘l!J uuuuc P

USER]® USER2 b RESET E :|
Ber aene:

.f::u'jj.i

#+3: TIM1 ADC COMP DAC 2Bk

e

AL 1 I i = B0 A AR DI RE B2 = 2 e IvF 2% TIML K3 OPAMP
K ADC HERfIRAE =AML FEE A i S i s AR &4

STM32G4 W &5 TIM1 ADC COMP DAC K Ecfdi ., 52l BN 2.

STM326431CBU6 @ — s
S — Ql“ Q2 03
' —! —!
UART 4— ARM 4 o P EUs L |”'__|_|_ |”'__|_|_ |H'_
-y EorEeks P ‘ PWM PTM
reak 04 Q5 Qb
Trigger J
._
mn_b—n_p—n_p-
|| PWM P P
C ISE _
GPIO :mﬁasmmt Rshunt [] Rshunt q
ADC ISR [ |
[ | CND
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TIM1 R 5 K ARl % -

PWM Mode 1 —

PWM Mode 2——— CH4

\_CH3N

STM32G4 Simulink FOC F & 31t
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cHIN DT

CH2 —‘

CH3

pA4

ADC ISR
GPI0_Toggle

ADC_ISR
GPI0_Toggle

FRPE MCU N EBLLE 23 RO BSR4 EE, FRATT INP NN PBL, X B ELAR 28 =1

R, RN ADC1 IN12 JEiE; INM i ANiE# DAC3 CH1, #EidikHE

DAC IIHR4UMH 5 ADC1 I8 12 HRFHEREAT HUE, S HEBCE DAC_CH1 HHME

HLRE SEPL i R -

Table 196. COMPx non-inverting input assignment

INPSEL COMP1_ COMP2_ COMP3_ COMP4_ COMP5_ COMP6_ COMP7_
INP INP INP INP INP INP INP
0 PA1 PA7 PAD PBO PB13 PB11 PB14
1 PB1 PA3 PC1 PE7 PD12 PD11 PD14
FRZs: V13 B ¥ up E: RRKHHEF
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Table 197. COMPx inverting input assignment

INVSEL | COMP1_ | comP2_ | coMP3_ | COMP4_ | COMP5_ | COMP6_ | COMP7_
[2:0] INM INM INM INM INM INM INM
000 114 VpepinT
001 112 VReriNT
010 3/4 VRerinT
011 VREFINT
100 DAC3_CH1 | DAC3_CH2 | DAC3_CH1 | DAC3_CH2 | DAC4_CH1 | DAC4_CH2 | DAC4_CH1
101 DAC1_CH1 | DAC1_CH2 | DAC1_CH1 | DAC1_CH1 | DAC1_CH2 | DAC2_CH1 | DAC2_CH1
110 PA4 PA5 PF1 PES8 PB10 PD10 PD15
1M PAO PA2 PCO PB2 PD13 PB15 PB12
A EIRIE IR N
DAC3_CHI1
COMP1 OUT
CH1
CH3

1. STM32CUBEMX EC B & Keil 5%

Q) E—=p TRAEERE AT TIML channel 4 KIfilt &R V5, 1E 8 ADC HLIR

FKREENA I R IR B2 ADCL A1 ADC2 B NZH 55 e fish V5 Ny

RiAs: V13
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TIM1 LE%% 4 S

& Parameter Settings | & User Const: WWVIC Settings | @ DMA Settings

Qfemnoin ] ©  ©
Mumber Ut Gonversion 1
External Trigger Conversion Source Regular Conversion launched by software
External Trigger Conversion Edge MNone
> Rank 1
~ ADC_Injected_ConversionMode
Enable Injected Conversions Enable
MNumber Of Conversions 2
*  External Trigger Source
*  External Trigger Conversion Edge [Trigger detection on the rising edge
Enable Injected Oversampling Disable
Injected Conversion Mode MNone
Injected Queus Injected Queue Disable

@ Parameter Settings User Constants WVIC S IMA Settings | @ GPIO Settings

aBechcin ] © 0
Liscontinuous Lonversion Mode Lisabled
DMA Continuous Requests Dizabled
Cwerrun behaviour Cwerrun data preserved
~ ADC_Regular_ConversionMode
Enable Regular Conversions Disable
~ ADC_Injected_ConversionMode
Enable Injected Conversions Enable
MNumber Of Conversions 1
*  External Trigger Source
*  External Trigger Conversion Edge Trigger detection on the rising edge
Enable Injected Oversampling Disable
Injected Conversion Mode MNone
Injected Queue Injected Queue Disable

®@ B4 PBLELE AN COMPL INP IifE;

WAs: Vi3 B¥b up E: RKHHET
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Button3 |5

RCC_OSC_IN [

RCC_0SC_OUT

ADC2_IN1 COMP3_INP |35
OPAWPI_VINP [0
ADC1_IN3 OPAMP1_\VOUT |3
OPAMP1_VINM |

OPAMP2_VINM

STM32G4 Simulink FOC F ~ Ft

B ¥ up F:

{3F Pinout view £%= System view
£: ¢
o @ w

Reset_State  F

SYS_JTMS-sWDI0

COMP4_OUT
LPUART1_DE Tl
LPUART1_RTS
TIMI_CH3
TIM1_CH3N Tivi_CH2
TIM3_CH4 TIMI_CH1
TIM8_CH3N LED1
4 GPIO_Input TIMI_CH3N
31/ Eyld GPIO_Output OPAMP2_VINP
GPIO_Analog TIMI_CHIN
l'FQ EVENTOUT ADCI_INT1
GPIO_EXTI
© o o o = >
SR R -
g £se & g
2 23 3 3
gl o 2' =]
§ 5
o Q
2 5
gI
g
g
o

(3 BE DAC_CHI ZEH: MCU WHBAME, HAPSEERN, AFEEEN

Pinout & Configuration Clock Configuration

E—

v Software Packs v Pinout

DAC3 Mode and Configuration 4

System Core

Analog

ADCH1
ADC2
v COMP1
COMP2
COMP3:
COMP4

¥ OPAMB2
A ORPAMP3
Timers
Connectivity
Multimedia
Security
Computing

Middleware

v

I QUT1 Connected to on chip-peripherals nnlyl

[ OUT2 Connected to on chip-peripherals only

[ External Trigger
{

b |

Reset Configuration

© Parameter Settings @ NVIC Settings @ DMA Settings

Configure the below parameters :

afseach et | ©  © o
~ DAC Out1 Settings

Output Buffer Disable

DAC High Frequency Mode Automatic

DMA Double Data Disable

Signed Format Disable

Trigger None

Trigger2 None

User Trimming Factory timming

Sample And Hold Sampleandhold Disable

@) #E COMPLIfIINP J% INM, FCE FFhiR iR b

fZAs: V13

B ¥k up E:

BRF LT

BRI BT
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Categories | A
System Core

Analog

ADC1
ADC2

(I ——

COMP2
COMP3
COMP4
DACT

v DAC3

v OPAMP1

v OPAMP2
OPAMP3

Timers

Connectivity

Multimedia

Security

Computing

Middleware

STM32G4 Simulink FOC F & 31t
B ¥ up E: BRPHEF

Input [+]
Input [-][DAC3 OUT1 ~]
[] ExternalOutput

Reset Configuration

Parameter Settings

Configure the below parameters

afacicrn ] ©  © o,
v Basic Parameters —
Trigger Mode |Rising Edge Interrupt | v]
Hysteresis Level None
~ Qutput Configuration
Blanking Source None
Output Pol COMP output on GPIO isn'tinverted

B HEE TIM1 ) break Thit, JERZMEE N 2, & H iR break;

Pinout & Configuration Clock Configuration

System Core

Analog

Timers

"

LPTIM1
RTC

—

TIM3
TIN4
TIME
TiM7
TIME
TIMAS
TIM16
TIM17

Connectivity

Multimedia

Security

Computing

v Software Packs v Pinout

TIM1 Mode and Configuration 1
“
Slave Mode |D|sable ~ ‘ |
Trigger Souree ‘D|sab\e v ‘
Clock Source |Internal Clock v ‘
Channel1 [PWM Generation CH1 CH1N v ‘
Channel2 [PWM Generation CH2 CH2N v |

Reset Configuration

Configure the below parameters :
Qfseachcthh ] ©  © Py

~ Break And Dead Time management - BRK ...

|BRK State Enable |
BRK Polarity High
| BRK Filter (4 bits value) 2 ]
BRK Sources Configuration
- Digital Input Disable
- COMP1 Enable
| COMP1 Polanty Polanty High |
- COMP2 Disable
- COMP3 Disable
- COMP4 Disable

> Break And Dead Time management - BRK2 .
> Break And Dead Time management - Qutp...

® )ﬁﬁiﬁfcﬁb‘%, FTIF Keil TH%;

fZAs: V13
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[} Code Generation x

The Code is successfully generated under :

C:/Users/Administrator/Desktop/STM32G4 peripheral/5. TIM1/5TM32G4_TIM1

Froject language : C

COpen Folder

@ 1B AL VOFA BUEA L, ia, ib, ic, Vbus, V HLAT#S;

€2 float temp[S]:
€3 static uinti_t templatal24] = {0,0,0,0,0,0,0,0,0,0,0,0,040,0,0,0,0,0,0,0,0,0x80,0xTF};

BE TIM1 ARR 1H 8000-1; CCR4 {& 8000-2; JFJid channel 4 pwm; FJi
ADC VENHKAF

PWM F-IA2% = 160M/(8000%2) = 10k:

126 TIMI->ARR = 8000 = .1:

127 TIM1->CCR4 = 8000 - 2-

128 HAL_TIM Base Start( &htiml):

129 HAL_TIM PWM_Start( &htiml, TIM_CHANNEL_4) :
130 HAL ADCEx. InjectedStart IT (&hadcl):

131 HAL ADCEx_Inj QctedStartT&hach]' :

© B3I DAC, JFiXE DAC HIMH; B3It

Lal fim P T - RS o¥ SN ¥ W | Y Py -3 W P Py~ W LY = LN R

132 Hal _DAC Start (&hdac3, DAC_CHANNEL 1) ;

133 HAL_DAC_ SetValue (&hdac3, DAC_CHANNEL_1, DAC_ALTIGN_12B_R, 20007 ;
134 Hil COMP_Start (&hcompl)

7E while JE¥F RN VDC 1R 25 B S

VDC B RFEE25: 26 = 78k/3k; (T IR IR K HLBH S 15D

136 while (1)

1371 |

138 HAL aDC Start (&hadcl):

139 HAL aDC Start (&hadcZ):

140 temp[3] = HAL ADC GetWValue (&£hadcl);
141 temp[3] = temp[3]%3.3£/40%6;

142 temp[4] = HAL ADC GetWValue (&£hadc);
143 temp[4] = temp[4]*3.3£/4096%26;

144 HAT Delay(10):

QD) #5k 2 JF0E PWM il 8k 3 451k PWM H i s
WAs: Vi3 B¥b up E: RKHHET
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210

212
213
214
218 B
216
217
218
219
220
221
222
223
224
225
226
227
228
229
230
231 |
232 &
233
234
235
2305 L
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void HAL_GPIO_EXTI Callback (uintlé_t GPIO_Pin)

211 =

/% Prevent unused argument (z) compilation warning #/
UNUSED (GPIO_Pin)

if (Button2 Pin == GPIO_Pin)

{
HAL TIM PWM Start( &htiml, TIM CHANNEL 1)
HAL_TINM_PWM_Start( &htiml, TINM_CHANNEL_2);
HAL TIM PWM Start( &htiml, TIM CHANNEL 3}
HAL_TIME=_FWMN_Start( &htiml, TIM_CHANNEL_1);
HAL_TIMEx PWMH Start( &htiml, TIM CHANNEL 2.
HAL_TIME=_FWMN_Start( &htiml, TIM_CHANNEL_3)

1
:i{f {(Button3_Fin == GFIJ_Pin)

HAL_TINM_PWM_Stop( &htiml, TIM_CHANNEL_1);
HAL_TIM PWM_Stop( &htiml, TIM CHANNEL_Z) .
HAL_TINM_PWM_Stop( &htiml, TIM_CHANNEL_3);
HAL_TIMEx_PWMN_Stop( &htiml, TIM_CHANMEL_1):
HAL_TIME=_FWMN_Stop( &htiml, TIM_CHANMEL_2) .
HAL_TIMEx_PWMN_Stop( &htiml, TIM_CHANMEL_3) .

1
F# NOTE: This function should not be modified, when the callback iz needed,

y the HAL_GPIO_EXTI Callback could be implemented im the uzer file
*

@ 7E ADC VEN L4 58 i e B b v = A HL R R BB jas b, ic {H

A B UART DMA _EAEEE 3] VOFA;

fZs: V13 B Y5 up E: RRKHHEF
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270 wvold HAL_ADCEx_InjectedConvCpltCallback{ADC_HandleTvypeDef #*hadc)

271 2 {
272 static uintB_t cnt;
273 /#* Prevent unused argument(s) compilation warning */
274 UNUSED (hadc) :
275 if(hade == &hadcl)
276 = {
277 cht++;
278 adcl_inl = hadecl. Instance—>JDR1;
279 adcl _1n2 = hadcZ. Instance—>JDR1;
280 adcl_in3 = hadcl. Instance—>JDRZ;
281 I4_0ffset += adel_inl:
282 IE_0ffset += adcl_inZ;
283 IC_0ffset += adcl_in3;
284 iffent >= 10)
285 H {
286 ADC_offset = 1;
287 I4 Offset = IA_Offset/10;
283 IE_ Offset = IB_ Offset/10:
289 IC_0ffset = IC_Offset/10;
290 - !
291 - }
292 else
293 & {
294 adcl_inl = hadcl. Instance—>JDR1;
295 Ia = (adecl_inl - IA_Offset)*0. 01935593751,
296 adcl_1n2 = hadcZ. Instance—>JDR1;
297 Ib = (adcl_in2 - IB_Offget)*0, 0193359375¢f,
298 adcl_in3 = hadcl. Instance—>JDRZ:
299 Ic = (adcl_in3 - IC_Offset)#0. 0193359375f;
300 TIM1->CCR1 = Z000;
301 TIM1->CCRZ = 4000;
302 TIM1->CCR3 = 6000;
303 load_datal0] = Ia;
304 load data[1] = Ib;
305 load_datal[2] = Ic;
306 load_datal3] = 0;
307 load data[4] = 0;
308 memcpy (tempData, (uint8 t *)&load data, sizeof (load datal)):
g?g | HAL_UART Transmit_DNA (&huart3, (uintf_t %) tempData, fd)
211 I
@ FiF I T AR,

2. SERWIME

DU B 2k, JFF USB % UART FEHLIZE 12 25 i fi -

WAs: Vi3 B¥b up E: RKHHET
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STLink+TTL

24V/3A

VDC GND

RS ER new tab x + P -
© mEsw " e
E o v 2 s |en omo
a BER®D &0 - o 1R auss
- -
EOSBRNE o
EFIE COM5 o w15 o0
o
BT 115200 Toew o000
fousnad None v -
ey N
T 8
WAL 1 e v i
RRES
DTR | ATS  Break 2am
IJM S I T T I o 1 I I ‘I I‘ ‘I:m
78
At 1% ms EHRX PR 50000 /ch  AutofimF: 100 § Auto

B+—%: DACHIHBRKE

KB RNKFNG STM32G4 DAC 7 buffer #iz0 Ni@Eid GPIO #i ik &R

WA BE A
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STM326431CBU6 9 s
SWD —_ Q1 Q2 Q3
— — —
UART — 4R L o res L =T T
Cotexlis PWM ‘ PWM PWM
eak 04 05 L5 I—
Trigger J x._{
— —
m_p—rmn_pPr-n_p- |
PWM PWM PTM
C ISE
C BUS
LT o Rshunt [[] Rshunt  [] Rshunt IF
ISR
DAC_OUT —- ),
ONORN T £ 6l

1. STM32CUBEMX BCE & Keil /015

1) B DACL CH1 NhrH#sl, &AM Pin, FLEAIMNT Pin N PA4; filiRE

buffer 5 z;

Clock Configuration Project Manager
v Software Packs ~ Pinout

Pinout & Configuration

STM32G431CBUx
IFQFPN48

Connactivity > Configure the below

My i ) n :

ultimedia DAC Out? Settings Pt

[Output Buter §
H

Securty DAC High Frequency E
A DMA Double Data d

omputing Signed Format
Middieware e o - - .

@ A AR 5

@ i3l DACI i#iE 1;

R

137 | HALDAC Start (&hdac1; DAC_CHANNEL 1) |

B L |

@ 1E ADC " ibregErh i iz DAC it E K%L DAC wave A—ANIESZYK
fas: V13 B¥b up E: RKHHET
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BH
323 i++: B B -
324 if(i »= 100)
325 1i=0;
326 ~ HAL_DAC_SetValue (&hdac1, DAC_CHANNEL_1, DAC_ALIGN_12B_R, DAC_wave[il):
327 |

O TwiFEH FEREF;
2. SZIGMR

it FHIZ R BT A BB R s R A T, BR AR

i N e R
T e

FT+—%F. CAN/CANFD &

KB RNKRFAA G STM32CUBEMX #:37. CAN i, BT CAN EIHH

IR e, A AL B3 s P A AR L, 1 CAN GBI AT 6 22
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STM32G431CBU6 ] vous
SiD — = 01 (424 a3
UART (— ARM | oy poeBUs [T |,*':—_I'L |,*':—J'L |,*':—
Cerledi P | P PiTM
¥ -,/ i
=k 04 05 @l
Trigger N a ‘l’
m_p—rm_l—rmn_F=
PWM PWM PWM
GPIO [ | Curr BUS Rzhunt [|I Rshunt [l Rshunt [[]
ISR
DAC_OUT —- ] XD
£ 72F sens
1. STM32CUBEMX ECE % Keil HE
@© & E—= A TR EIRATIIE I CAN 1BIR, {ffE CAN MK
Pinout & Configuration Clock Configuration Project Manager

v Software Packs. ~ Pinout

o ] @ FDCAN1 Mode arig Configuration i Pinout view == Syste

v a

Categories | A--2 —
z
System Core > 1 g S
o
T 5
> 5 ]
Analog 5 i
@ @
Timers >
Connectivity v
- SYS_JTMS-SWDIO
@ 12C2 FDCANT_TX
@ 12c3 . FDCAN1_RX
RT' .
74N RCC_OSC_IN i8] TIM1_CH3
SPH RCC_OSC_OUT |gaie] TIMT_CH2
4 SP12 TIMI_CH
SPI3
UCPDA ADC2_INT |30 LED1
USART1 OPANP1_VINP |8 TIM1_CH3N
USART2 Configuration
& USART3

OPAMP1_VOUT ADC1_IN3 [S088 STM32G431CBUX TIMI_CH2N
UsB OPANP1_VINM (S5 TIMT_CHIN
- & UFQFPN48 G ANt

Multimedia >

Sl B B |

[Configure the below parameters -

Security > Nafseachcnry | @ © [} = oo 9L ogs = x
~ Basic Parameters 5 o545 55 SI g‘
Camputing > Clock Divider Divide kernel clock by 1 g § g £ 5 g £ &
Frame Format Classic mode - E B E
Middleware 4 Mode Normal mode ° g ° °©3°
B Auta Retran _ Disable o g
Utilties ’ Transmit Pa... Disable H H
S 5

@ BCE M EBONEE B 0 AR O 0 98, A RE FIFO X

HHRFR: 500k = 160M/20/(1+10+5)
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& Parameter Settings

@ User Constants

Configure the below parameters :

STM32G4 Simulink FOC F & 31t
B ¥ up E: BRPHEF

@ GPIO Settings

PP — = =
Q|-.--.—-;..-. (CrtitF) | L) )

~ Basic Parameters
Clock Divider
Frame Format
Mode
Auto Retransmission
Transmit Pause
Protocol Exception
Mominal Prescaler
Mominal Sync Jump Width
Mominal Time Segl
Mominal Time Seg2
Data Prescaler
Data Sync Jump Width
Data Time Seqg1
Data Time Seg2
Std Filters Mbr
Ext Filters Mbr
Tx Fifo Queue Mode

@ fEHEH W

Divide kernel clock by 1
Classic mode

Mormal mode
Disable
Disable
Dizable

20

1

10

5

20

1

10

5

b &

FIFOD mode

@ Parameter Settings ] ® [WIC Settings @ GPIO Settings

NVIC Interrupt Table Enahled Preemption Priority Sub Priority

FDCANT interrupt 0
FDCANT interrupt 1

D 0 0

PPETTIe GENERATE CoDE JRSRNRESYY

[ Code Generation

Project language : C

Cpen Folder

The Code is successfully generated under :

C:/Users/Administrator/Desktop/STM32G4 peripheral/T.CAN/STM32G4_CAN

Cpen Project Close

B) 5 S RX FI TX i Ko ) A 5

fZAs: V13
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68
69
70
71
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FDCAN ERxHeaderTypeDef ERxHeader;
FDCAN TxHeaderTypeDef TxHeader;
uintd t ExData[&]={NULL}:
uintd t TxData[&] = {NULL}:
float CaNtemp[l]:

f* USER CODE END PV =/

© FECE RX A TX Fdamizey, RX Bk ID Jull; TX ID MK EESE

75 /% USER CODE BEGIN PFP #/f
76 woid FDCANZ Config(wodid);:
77 J* USER CODE END PFP */f

140
141

FDCAN2 Config():
/* USER CODE END 2 */

327 vwoid FDCANZ Config(void)

328 E{
329
330
331
332
333
334
335
336
337
338
335
340
341
342
343
344
345
346
347
348
345
350
351
352 Ly

FDCAN FilterTypeDef sFilterConfig:
HAL FDCAN ActivateNotification(&hfdcanl, FDCAN IT RX FIFOQO NEW MESSAGE, 0);

sFilterConfig.IdType = FDCAN EXTENDED ID;
sFilterConfig.FilterIndex = 0;
sFilterConfig.FilterType = FDCAN FILTER RANGE;
sSFilterConfig.FilterConfig = FDCAN FILTER TO RXFIFCO;
sFilterConfig.FilterIDl = OxQO000J00C0;
sFilterConfig.FilterID2 =~ OxOl1fEFfEff;

HAL FDCAN ConfigFilter(&hfdeanl, &sFilterConfig):

TxHeader.Identifier = Ox1E;

TxHeader.IdType = FDECAN EXTENDED ID;
IxHeader.TxFrameType = FDCAN DATA FRAME;
TxHeader.Datalength = FDCAN DLC BYTES 3;
TxHeader.ErrorStateIndicator = FDCAN EST ACTIVE:
IxHeader(BitRateSwitch = FDCAN BRS OFF;
TxHeader.FDFormat = FDCAN CLASSIC CARN;

TxHeader .TxEventFifoControl = FDCAN NO TX EVENTS;
TxHeader .MessageMarker = 0xE52;

HAT. FDCRAN Start (&hfdcanl);

@ 7E while f&¥F9F VDC HJE FEZE EAIHL;

144 /* USER CCDE BEGIN WHILE */

145 while (1)

46 - |

47 HAL ADC Start(&hadcl):

148 HAT. ADC Start (&hadc2);

1445 temp[3] = HAL ADC GetWValue (fhadcl);

150 temp[3] = temp[3]1*3.3£/40%96;

151 temp[4] = HAL ADC GetWValue (&hadcZ) ;

152 temp[4] = temp[4]*3.3£/40%6%26;

153 CANtemp [O] = temp[4]:

154 memcpy (TxData, (uintg t *) &CANtemp, sizecf (CANtemp) )
155 HAL FDCAN AddMessageToTxFifoQ (&hfdcanl, &TxHeader, TxData):;
156 HAL Delay(10):

157 J®% USER CODE END WHILE #/
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£ it.c SCfFH, £ FDCAN ARk B, il EAZHLAIE IR Hed

65 f* USER CODE BEGIN EV */f

66 extern FDCAN HandleTypeDef hfdcanl;

a7 extern FDCAN BxHeaderTypeDef RxHeader;
68 extern uwinti t ExDatal[Z]:

69 f* USER CODE END EV *4

241 woid FDCAN1 ITO ITRQHandler (void)

242 14

243 /* USER CODE BEGIN FDCAN1 ITO TRQn 0O */

244

245 /* USER CODE END FDCAN1 ITO IROm O */

246 HAL FDCAM TRQHandler (£hfdcanl):

247 /% USER CODE BEGIN FDCAN1 ITO IROn 1 */

248 HAL FDCAN GetExMessage (&hfdcanl, FDCAN BX FIFCO, sRxHeader,ExData):
249 /* USER CODE END FDCAN1 ITO IRQm 1 */

250 }

251

Q) ZmPEFH T AT
2. SLIGPLR

LR a2k, ik USB % UART 5Bk J2 USBCAN kbR 2% 45 L i -

24V/3A

I e g g Ty
Eed . riuuﬂ'uu_L
USER] USER2

[ 4TJF PCAN j%‘ AR, %5 500k WAFR, s OK;
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&) Connect

* PCAN-View

Awvailable PCAN Hardware:
----- #r PCAN-USB: Device ID FFh

"7 CAN Setup Y Acceptance Filter Opticns

Mode: | CAN (5JA1000) v Clock Frequency: 8MHz <

Database Entry: I'i‘:? 500 kbit/s

g

Bit Rate [kbit/<]:

Bus Timing Register 0:

Bus Timing Register 1: [1C

Prescaler:

Sample Count: |1 w

ETR O ETR1  Sample Point  tq Mg Sw &
00h 0Dh 94 % 125ns < 16 1
1 00h 1Ch 88 % 125ns 16 1
00h 2Bh 81% 125ns 16 1
00h 3Ah T35 125ns 16 1
00h 45h 69 % 125ns 16 1
00h 58h 62 % 125ns 16 1
00h &7h 56 % 125ns 16 1

00h Toh 50 % 125ns 16 1 v

Cancel e Help

@ TTLAE BRI e 1D 45 MCU e B — 2L,

File CAMN Edit Transmit

rFHSE

o9 Trace | *g+ PCAN-USE

EAZE VDC HL AR SE I A

Cycle Time

1.0

Count
136

e

=4

L

]

@

(w2

O Can-ID Type Length Data Cycle Time Count Trigger Comment
0000011Bh 8 01010003 00 00 00 00 ["] 1000 0
0000011Bh 8 0101040000 000000 ["] 1000 0

5=

=

v

c

[o]

=

=

@ Connected to hardware PCAN-USE &+ | Bit rate: 500 kbit/s | Status:

| Overruns: 0 | QXmtFull: 0

@) mili FREIE, 1E KEIL debug & O & A FRCER ;
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O can-ID Type Length Data & e Count Trigger Comment
0000011Bh 8 01010003 00000000 [v] 1000 2 Time
0000011Bh 8 010104 0000000000 [] 1000 0

§=

£

v

[=

o]

=

-

@ Connected to hardware PCAN-USE #& | Bit rate: 500 kbit/s | Status: OK Overruns: 0 | QXmtFull: 0

Watch 1
Marne Value Type
= “%3 O 20000038 RxDatal] ... | uchar[8]
W 0] OO uchar
v 1] 001 uchar
¥ [2] CrcD0 | uchar
¥ [3] 003 uchar
¥ [4] CreDO uchar
¥ [3] 000 uchar
¥ [g] CreDO uchar
¥ [7] 000 —'—uchar
| o - |
4 »
MATLAB #ZEH| &
ZER
Q1 Q2 Q2
et 4 = . o S S
m T Anti_Park b Q{| ﬂ Q{| M
Iq_ref 1_Par] 7 h—o
— } PID Vd—o e
- . J'T J'T J'T
o =H4Hr
—
1d I=
| Ialpha
Park Clark I B = 1A
o Ibeta .
Theta
i .
| Grgm  eEE—

BEEH:
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Q1 Q2 Q3

—valpha fa—] JJ”_JJ"_JJ"_

04| 05| s
Anti_Park h—p :| :| :|

|

T =HAHF

Theta

—bat:

| ——Ila——
T —Ialpha—I|

Park Clarkk ———— FWM=AARR

| Lo i emn

s

ToR UL 2%

Q1 Q2 Q3

Nl

Ja—qa—qa—

—M4abr

Anti Park

=
£
o
=
=]
£
En
|
o
=
=]

——Talpha—{
Park Clark

—TIbeta—{

= AR

Th-

Te-

FT+=F: Clark B KRS A R

1. Clark AR He gt

@ XX%TU?‘\

MATLAB %4
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®@) sl Simulink, Fratas R,

4\ MATLAB R2021b

Fm eS| APP

@%EEM#%EMM [ v#HHE

: B @ | @z [% @ R AE
W ¥R MR 0T g DA Ge DIUTERT g, GEem gl s CUEERE g OB
BE sEEE o« v #oE IHE HESIRE ~ -~ Dakess - v il parallel > ~ v [ TH MATLAB
pois =E fic] WOTTR iz =E
Fiz x|
I E R
> EATEIR y A\ y TEES o
v Simulink X L'\ - v
ol ‘ @ ks iz
. ) g—8
EEER v | =aTFEs MGt FETR Mk EEE TR
18] @ = iii
W B]5| =
ZALE TAE M SVN ST HDL {XBErE
SFEE
A} A LN e
Q@ T RG, N Clark ZH#e; IFAET RGHET 2 N7 Clark 284
piLp
9
: {E == =t APP
‘_‘gﬁ 7 & @ ) = &I
g R R BEEE  EESEE T smas BN iiT—?;ﬁ AEFEs FEHIE 3mSR BAE BAEE T
R R =R =Es - BATRS
ISR i i =t
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) ia — ialpha >

Nic ibeta >

Clark

ialpha = ia*2/3-(ib+ic)/3;
ibeta = (ib-ic)*sqrt(3)/3;

D>
ia +
- ialpha
ib —|—b +
’_.+ > 1/3
D, —(2)
ic ibeta
L pf+
al_ VW

@ BB HD AR KA 8] AR - >R - >R - > [l e D K
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P untitled *
BE =t it ApP
@ Q== - D © = 3
g AR R EER  AEREE | mmgs| #®AFER  EFEEs  ATFEs FEASE EER EAE EAES T mm
- i wm = ) = ]
TS Eit =] s &
B | @9 untitled
=
% | @ [Faluntitied » @ EESE untitled/Configuration (571 o X
= & |® T, WA, 2Rk Q i
2
B ] A
= SEBNSH e o &
R Froa1AL: (0.0 FELEESA) [10.0 y
> ZHT I
B RRSEE - —-
O ==kl =3 = [+ |m§4 EHESHTEEEE) >
FEEG N\
» IR v RESTEES
Eax
» HDL Code Generation EE (SRt E) I1er:1 A A |
EEAIFEEEEER
EREEENANT [ FAE A [~
[ s i TS
[ st SiR BT
[ EshhEsR e
[ srs NESBEE AR
[ tRecthiminns, (st
L5}
»
W A
wme || mE || =@
Parameter precision loss occurred for * mmasamme

© BN =AU R bR theta fBEZE BUBRER ;£ R theta 2fé-1

N T 5 Simulink FHUBEHA B AH BTG — 20 2B HUROER KM FE T
CLEATHER — s

In§ m
| Freq Thata
=
7 4 FreqGenerator -
- o I — o1 o D1
L ¥ single mod ——» sin —I-(I)
- i ia
2'pi
)+ oM D1 o o
" i )
. ol » single ’_l_,_l—’mod D1 — sin
ib
i+ o1 _ o1 o o1
2 : ol » single L;mnd o —m =in
ic

&)
© WNRIER, ST . W AR A S 1 alpha I beta
HIIA
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4
—™ [_y
| .
Ll
ia -  ia
= ialpha
Ia
ialpha
—
ib P ik
ib
ibeta
. : ibeta
ic - P ic
[
ThreeCurrGenerator Clark
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2. LI

UL E 3L, FFiF USB #% UART A3 25 v i«

SThnk+TTL. ]

< 'fg .if 5
O {31}3’! 3':::‘ EEGS St
| | 24V/3A
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R &t iz APP EZS
@ L= e [ 1 | @B & mmw @
g L e EEE BRI M= «ETEs | BIZEs  emTIe  msTss  GUBRIE EREESE 0o T mpen S8 | zs =t
~ i s - et === - % Creato (i perre— -
SPEEE it B P % .
& |@ A Clark test
=
= | © [FalClark » BalClark test »
— &
=
=
=
O
':l
Scope
r, 1
e . 6B
ialpha
0
iootaf———3(2 )
ialphal
- ThreeGurrGenerator - Clark
]
—
-,
— »
o
»
)

@ IR T
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- Simulink
L Eiz it APP C CODE
T |[= q =) x
T W

= B &*
L EEmE sRmE BEess

= mEm =Bs L
=
— e v -
|
&= e & 2
sETEE  SRTER  fErs 5523 el
mETH L
it 23|
* o *r g
EpEE | mmms EEEE  ADSES s
wEs =Es =B
= A E°) P %
2z =5= BE =l WENERS
EEs sEs SEUAT EP-
HERE =
= (Ca) (B
tE SIS BRE0 SEsEES
stis L
£ =
FEEEE AEIE =5 L
BiHEE
T L]
| Pl s clark x
FiA R Bl ShEE
BT G . R R, TR S LB
HlE
it | ok
|crark. s1dd | |
SV T [
SERER
I i (0) |f mc) | | e o0 N )
= LN y

Q) B = AH A ST ) = A sin THEREHVE S LA I E -
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Block Parameters: SinCos4
Trigonometric Function

=AU R . SRS B, SO R TR (S
D AO. #TF sin. cos. sincos. cos +j sin. atan? R¥, WATLEL
F CORDIC BTt St -

X

P sin

i

=
HH: [sin -
HWITH H: | Lookup -
) G [radian -
SIN I sgpec
[16 B
SinCos4|

Caeo | [ mmo )L P

P sin

>

1

ib

single

ic

@ ¥ ia, ib, ic X NAEFRE Simulink signal, fA#ESEESL, fTHBEEE
1, J7 08 5 S AEA RS HRO I 5

EEEEa

x
» AEAH: [ia : B
] {55 AR Simulink 550 &
» O Sontedints &
i Fal o el Y
- O igwizedus O mits
LR A
S B K
ia ol ’ia 18
e o - g
= Limit data points to L= 000
ib D1 »ib Decimation 2
£ib
FoE ] 2
. D1 -
ic _E|c P IC
[(meo || mao | [ #se || S6EW
ThreeCurrGenerator Clark
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EEEE

X
55 4%: Alia |:L_||

{55 B ML TN A Sinulink fS9HE
[ Satsdmins S

e X

2 ia
f: |Simulink.Signal “

frE: [BuRF R (Clark sldd) ~ ]
o || |

Simulink.Signal: ia %

it (R R

B ¥ up E: BRPHEF

ESEE a

fH54H: Al

{E S LR LARET Simulink {553 &

[ oA i 5

Bl [singld | I
L ST
wt [ ] s
g [T ek [T
o [ R

LY

HHE: [Clark sldd -
i Administrator 7€ 2023-08-06 12:47 #P (New)

me© | [ wrel TEme || ame |

Simulink.Signal: ia

Wit R

125 |Exportedtlobal|

g

S S

YRS [Clark. sldd

H Administrator 7E 2023-08-06 12:47 #£# (New)

[ —
Geew | wwo || #ew || wpe |

B FTHHEFN, RMCKE I ia, ib, ic; BRI ia, b, icHiFHEZ T

*/I\X¥ﬁ3>iﬁ:

= snEEmEs
X SEO REW TED FNe)  #EH)
LEE 4 & 8 R e - - @ ol [

(R B = wa: e B il ink\L. Clark\Clark. sldd” (OUBLEH)
¥ ¥4 simuink Root e [pie oets | i
Ed Base workspace'
v @ clark i ; - — -
B3 esign Data ib New auto R real n o ExportedGlobal Clarksldd 2
> Clark? ic Ne: auto R real nn ExportedGlobal Clarksldd 21
ia Ney single -1 real non ExportedGlobal Clarksldd 2
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© mibBRCE, AR, KRG HARTFEON erttlc RN FUAUID A B

=t APP &1
& & =l 3
BEERSE 7 | smns HEFESR ErTER HERETER METESR SNERTE ERAEESE Y| =5
~ # ]
HE Pl =
_ @ EESE: Clark/Configuration (&) — O L
BfnikfF
RS Y . NI :
B TIRET SRR R
> iHT = c | - | ] 468 GPU 13
FEirzl e
sl EEIRE: €99 (1S0) [~
= o 1548A: Embedded Co
r Systemn Target File Browsen: Clark X ks
I I EiFEIE System Target File: Description:
| bira—3 FEonTo autosar.tlc AUTOSAR ~
’ 3E [] TReehuf s autosar_adaptive.tlc AUTOSAR Rdaptive
| e O g LisTa ert.tlc Embedded Coder
B - o ert.tlc Create Visual C/C++ 5ol
‘ }iﬁx{”ﬁ 18z ert_shrlib.tlc Embedded Coder (host-bz
" N grt.tlec Generic Real-Time Targe
| RESETL IS5 [Automatically log grt.tlc Create Visual C/C++ 5ol
BiF LCC-win64 v2.4 | realtime.tlc Run on Target Hardware
=t #2320 [Faster Builds rsim.tlec ) Rapid S%mulatl-:n Target
| =] rtwsfen.tle S-Function Target
U ",'EJ » TESHFHRER sldrt.tle Simulink Desktop Real-1
_ﬁﬁiﬁ sldrtert.tlc Simulink Desktop Real-1
== slrealtime.tlc ulink Real-Time

» HDL Code Generation

REEEMER
5B FISE

systemverilog dpi_ert.tlc

emVerilog DPI Compcw

LB SRR %

Full Name: D:\Program Files\MATLAB\R20Z21b\rtw\c\ert\ert. tlc

HUH ©)

WF (W) |

i (H)

O ==

mE || mz || ®Bw || &8
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Q

TiFE
EESNEH
EFHEEEEE
> 2HT
BHEA
=518
AEER
v RESER
itk
e
£
RRE
EENME
=0
ISR
Eafla
=R
535
Bax
» HOL Code Generation

& BB Clark/Configuration (551

HEABENRS
[] SsiTHRE
[ EARETE Web HE
=0

[ EAEsRESER

FEREAF SCIR AL 1B ARM CORTEX-M:

@ ES&: Clark/QuickStart 50023 8 6 11.18_29376 (B3

Q
B
HESANSEH
HFfEEEEE

EROEE

SEURE
p &0

REBE

Q) TEE: TR ACHD B 4 XU ARM CORTEX-M,

fZAs: V13

Hardware board: |None

Code Generation system target file: ert.tlc

| IREERE| ARM Compatible

r ZEIFEES

wme || B || =w || mE

| + | mEm ] ARM Cortex-M

SUREQRI R
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@ EESI Clark/QuickStart 50023 8.6 11_18_29376 (&)

» HDL Code Generation

LI5EmE: ARM Cortex-M

[ AR
E==—

FUEsE
i =

FaRe RS
SRS S
SerREEEn [rmma= ArM Cortexu|
roE HERENE
BT —
£B518 % @WEn
(pESR .
v REBLE, [] sextadia
it e n
== wEEDne | rasmem
s o -
B RS SRR A RS
E
e S
L srEsE:
w=in B -
RIS SR T RSB
sEsmsE L FIRAAR C AP
e a&s O ex

— O X

EE s
EE] [~

O == \

[ =aIEsiMES

El®% 10

=1

FANEEREE P NE MEERE
W
AT A R 4 i A e 4
1 B TR A P 5 B HE o
T FE LA 5 i & dieff ek

A P A 4

GMNU C99 extensions
AUTOSAR 4.0

[»]
[« ]

Detdils

ARM Cortex-M:

The selected library contains:

ARM Cortex M_dst _crl_table.mat
crl_table_cmsis_optimized.mat

ARM _Cortex M _dst_sysobj_crl_table.mat
ARM Cortex M _MLC crl table.mat
crl_table_cmsis_transforms.mat

BTSRRI e i — 5%

JARM Cortex-M
|

Use the optimized library for ARM Cortex-M math operations or algorithms

[(mzo ]|

miE© || #mme |

4 Clark_test H AN J5F T #IG;
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Block Parameters: Clark_test >

PAR T ROTHERAT I . TR RACEE AT S YL i AR
T -

FE | ORESER | TRENH

AR bR SR |Fr0mF‘urtIc0n '| 4

e/ 5 B Readirite )

TSR GRS | |E|

X !
FEFI ] (-1 Feomi k)
[ [H
Tifa i () B (@) i ih () R (A)
Clark_test (9 [ato ]| | '

|
Q@) A sz, RPN R A O PR — B NEXT BIAT

A AR ) [T

MHHEZE(H) 8
Observer(Q) '
HB(F) .
HiZEM) .
=== k
R A28 4
=R(Q) .
Design Verifier(V) L4
Coverage 4
HER A D
R
ERTEAT)..
iRBIEEE D
ehidpg it b

AR * 2% Embedded Coder Quick Start |
HDL Code P @ RERAREERA)
PLC {£F5(P) ’

= fmiEbeTFEE(B)

HEth &) (Subsystem)(P) StHEEE(F)
EE).. 46k S-Function(G)
#EAN(H)

Szl C/C++ {RFE(N)
I TRERS(S)
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Embedded Coder Quick Start: Clark

m] x

Deployment

@ Execution efficiency

(0 RAM efiiciency

Back

Select your most important code generation objective.

What fo consider

Based on your selection, the Quick Start tool configures your model with
the best optimizations for your specified code generation objective.
Q

W After Quick Start code generation is complete, you can fine-tune
your optimization settings using the Code Generation Advisor.

About the selected option

If faster execution is your primary objective, select this option. The
Quick Start tool configures the model to optimize code for execution
speed and RAM usage. The priority is the execution speed.

@ ZHI5E LT TIML ik ADC HLRCKEE TRE, FE4THF 10C ST #hn DSP %

IR BERAASERFE = = STM32CubeMX ¥l DSP FE 5%

Clock Configuration

dectronics X-CUBE-ALGOBUILD.A.

Muode

W) iz DSP

< Seftware’Packs
Select Components

Manage are Bacl o4 _
: Add pack software component to the project

STMicroelectronics X-CUBE-MEMS1
STMicroelectronics X-CUBE-NFC4
STMicroelectronics X-CUBE-NFCT

STMicroelectronics X-CUBE-SFXS2LP1 4000 H

X
e P Gunde  Componert L siaivs | —verson | saion |,
> SEGGER |-CUBE-8mbOS 1310H @
@
ronics. FP-ATRISI o 3z0@W
> STMicroelectronics X-CUBE-AI
[ sTvicroelectranics x CUBE-ALGOBUILD
> Device Application
> Motion Libyaries Library
Library
DSP Library
> Jectronics X-C o [ Downloading selected software packages x
’ o Download File STMicroslectronics X-CUBE-ALGOBUILD.1.3
’ L MBytes /
>
> g |oon Download and Unzip selected Files
> B [0 - |
> & el -
> STMicroelectronics X-CUBE-BLE b22s v
> STMicroelectronics X CUBE-BLE2 322 v
> STMicroelectronics X-CUBE-BLEMGR X E
> SThicroslectronics X-CUBE-DISPLAY poow  ~
> STMicroelectronics X CUBE-EEPRMA L
> STMicroelectronics X CUBE-GNSS1 6000
> STMicroglectronics X-CUBEISPU 11000
>
>
>
>

Install
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TR SE A DSP

~ STMicroelectronics X-CUBE-ALGOBUILD 1.3.0
~ Device Application 1.3.0
Application Mot selected
~ Motion Libraries Library 1.3.0
Motion Libraries ]
~ DSP Library Library 1.3.0

Ql®

| DSP Library

15 B2 vart3 PR,

SPI3
UCPD1
USART1

Reset Configuration

Multimedia 5y Configure the below parameters

© © o
Security ? ~ Basic Parameters
suckas 7 WA o
Computing ? Word Length § Bits (including Parity)
Parity Mone
Middleware > Stop Bits 1
~ Advanced Parameters
Utilities ’ Data Direction Receive and Transmit
QOver Sampling 16 Samples
Software Packs ~ Single Sample Disable
* ' ClockPrescaler 1
« STMicroelectronics X-CUBE-Al Fifo Mode Disable
Txfifo Threshold 1 eighth full configuration
Ruxfifo Threshold 1 eighth full configuration

a4
iﬁfcﬁﬁ%b& , I keil LFE;

[} code Generation x

The Code is successfully generated under :

C:/Users/Administrator/Desktop/Simulink/1.Clark/STM32G4_Clark
Project language : C

COpen Folder @ Open Project

@ #hnziE X: . TARGET_FPU_VFP,__FPU_PRESENT,ARM_MATH_CM4
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Options for Target 'STM32G4_GPIC' >
Device I Targat I Output I Listing | User C/T++ |J5¢5m I Lin]{erl Debuz I Utilities
— Preprocessor Symbals

Define: IUSE_HﬁL_DHI‘u’EF{,STM&ZG-!&M:I_TﬁHGEF_FPU_‘u’FP,_FPU_PHESENT,HHM_M.&TH_CM-# |

Undefine: I

— Language / Code Generation

[T Executs-only Code [T Strict ANSIC Wamings: | vI

Optimization: Im ™ Enum Container always int T Thurbd ode

[ Optimize for Time [~ Plain Charig Signed [~ Mo Auto Includes
[~ Split Load and Store Muttiple [~ Read-Only Position Independent ¥ 55 Mode

¥ COne ELF Section per Function [~ Read-Write Position Independent [~ GNU extensions

lﬂ;ﬂ:tﬂe |..ft:are,f|nc; ./ Drivers/STM32Gdx_HAL_Driver/Inc; ../Drivers/STM32G 4 _HAL_Driver/Inc/Legac El
S

Misc I
Controls

Compiler  |-299 ¢ —cpu Cortex-M4 fp.sp g 03 —apcs=intenwork —split_sections 1 ../Core/Inc - .
cortrol | /Drivers/STM32G4x_HAL_Driver/Inc - ../Divers/STM32G4xx_HAL Driver/Inc/Legacy -
string

| 0K I | Cancel I | Defaults I

¥ DSP FE 1 M4l BN M4ALF;

=45 Middlewares/Library/DSP Library/DSP Library
§g_n| arm_cortexM4l_math.lib
e,

=g Middlewares/Library/DSP Library/DSP Library
ij arm_cortex MAK_math.lib

1E keil TREABTE MATLAB SCHF; IR MATLAB A e CRS GEERs I

IS INE Keil LR

.5 Simulink > 1.Clark » STM32G4 Clark » v | O T 5STM32G4 Clark B8E P
" =i e m B Foih
. Core 2023/8/5 B 2254 g
Drivers 2023/8/5 E8i7S 22:54  SofdEs
-
MATLAB 2023/8/6 £8AH 12:35 oiE
* MDK-ARM 2023/8/6 £8AH 13:00 ITi#=E
* Middlewares 2023/8/6 E5RE 11:34  I7is=
s [ .mxproject 2023/8/6 =888 13:10 MXPROJECT o 11 KB
[ sTM3264 GPIO.oc 2023/8/6 E5EH 13:09 10C 3¢ 14 KB
rtr
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Simulink » 1.Clark » 5TM32G4 Clark » MATLAB v | 0 £ MATLAB s o
-~ J
~ EE e =E =4 Fuh
7 Clark test.c 2023/8/6 EFAE 12:35 C3zft 5 KB
7 Clark testh 2023/8/6 E8AE 12:35 H 3TH 4 KB
| rw_emsis.h 2023/8/6 EFAE 12:35 H3TH 6 KB
7 rwtypes.h 2023/8/6 E88H 12:35 H Izl 4 KB

% Project; STM32G4_GPIO
B 45 STM32G4_GPIO
£ 55 Application/MDK-ARM
[ startup_stm32g431xxs

=15 Application/User/Core

ij main.c

L1 gpio.c

ggj adc.c

égj dma.c

ggj opamp.c

sgj tim.c

;gj usart.c ||

ij strm32gdux_it.c

ij stm32gdux_hal_msp.c
3 Drivers/STM32Gix_HAL_Driver |}
[ Drivers/fCMSIS ||
£S5 MATLAB

ERIE=TE . WA \ N\

ij arm_cortex MAIF_math.lib
& cmsis

£ main.c B FER PWML, 2, 3 MBid; VER while 1EICRY;

29 /% Priwate includes ——————————————-
30 f* TUSERCODE BEGIN Includes */
31 Fiaclude <8tdio.h>
22 . #include <string.h>
23 [ #include "Clark test.h"
34 # TSEE CODE END Includes #f

-

65 extern ExtY rt¥:

€6 extern real32 T ib: S* '"£853>/5inl' *f
€7 extern real32 T ic: f* '"£853>/5in2' *f
€8 extern real32 T ia: f* '"«<853>/5in' *f

e e e s b ey
128 | // HAL TIM PWM Start( &htiml, TIM CHANNEL 1);:
128 | // HAL TIM PWM Start( &htiml, TIM CHANNEL 2);
130 | // HAL TIM PWM Start( &htiml, TIM CHANNEL 3);
131 | HAL TIM PWM Start( &htiml, TIM CHANNEL 4);

132 | // HAL TIMEx PWMN Start( &htiml, TIM CHANNEL 1);
133 | // HAL TIMEx PWMN Start( &htiml, TIM CHANNEL 2);
134 | // HAL TIMEx PWMN Start( &htiml, TIM CHANNEL 3);
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141 while (1)

142 |

143 | // HAL ADC Start (fhadcl):

144 | // HAL ADC Start (fhadc2):

145 | /F temp[3] = HAL ADC GetValue (&hadcl):
146 | // temp[3] = temp[3]*%3.3£/4096;

147 | /S temp[4] = HAL ADC GetValue (&hadc2):
148 | // temp[4] = temp[4]*3.3£/4096%26;

149 | // HAL Delay(10):

150 /* USER CODE END WHILE */

151

152 /* USER CODE BEGIN 3 */

153 }

154 f* USER CODE ENWND 3 */f

21 ADC H Bt R i BA R AR

254 woid HAL ADCEx InjectedConvCpltCallback(ADC HandleTypeDef *hadc)

295 H{

296 JS* Prevent unused argument (s) compilation warning #/
297 UNUSED (hadc) ;

208 if (hadc == ghadcl)

299 1 |

300 | SS temp[0] = hadcl.Instance->JDEL;

301 | // temp[0] = (tempf0] < OxTef)*0.02197f;
302 | S temp[l] = hadcld.Instance->JDRZ;

303 | /S temp[l] = (tempfd] — O0xTf9) *0.02187%f;
304 | /S temp[2] = hadcZ . Instance->JDE1;

305 | // temp[2] = (témp[2] - OxTed)*0.02197f;

306 | /S TIM1-=CCR1 = 20007
307 | /S TIMl<>=CCR2C= 40007

208 | SSf TIM]1-=ECR3 = &000;

308 Clark test_step():

310 tenp[3] = rt¥.ialpha;

311 tenp[4] = rtY¥.ibeta;

312 temp[0] = ias

313 temp[l] = ib:

314 temp [2] = ic:

215 memcpy (templData, (uintd t *)atemp, sizeof(temp));

316 HAL UART Transmit DMA (shuart3, (uinti t *)tempData, c®4):;
3 }

22 it NEAS; T VOFA _EA7HL;
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SEOSHER o

w08 coms

ook port S 7

. MR L S N LA LN L LN LRR AR Rs SRRARRARE) SAARRRAREY 7

BaERE [ e mall b= Bl a1z = = sy s

£l i None * 723

Rt s

P o

TRES -

— 1 1 I 1 1 1 1 1 1 T2e
At 1 57 ms EGELEM 50000 /ch  AutoSENF 100 5 Auto
- ._ -
N
[
F1+D0E: Park XX Park Z2#
Bl _— Park
- Qi
Clark
L
AT Anti_Park
Alphatih %I Thets Alpha#ih
cith
Q1 Q2 Q3
Jood
—Valpha- Va- J%J»iJ»i
Q4 Q3 Q6
Anti_Park Vo— ] ] ] M
— — —
— ] R
| — A
Theta
Ia
+——Talpha—
Park Clark Ih I =M
——Theta—
Ic
Theta
AL =
feigs—
—m LNl

1. Park F Jx Park ZZH g

TE Clark 284 3L mt FIRATIE N, Park A% Park 284 fiibh ;
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Park AntiPark

@ IRYE Park AT, R Park AL HARAY,

id = ialpha*cos(theta)+ibeta*sin(theta);
ig = -ialpha*sin(theta)+ibeta*cos(theta);
CO—r—,
ialpha ™
4..4.
o, »(1)
id
C2— = &
ibeta P
>
[ | X
»-
—
—— iq
theta_sin P

CO—

theta_cos

@ IR AntiPark Z2#e A 3, F55E AntiPark 224 Y ;

fZAs: V13
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Valpha = ud*cos(theta) - ug*sin(theta);

Vbeta =
C—
I
o1
— | L
|
P
theta_sin —»
—p
theta_cos

ud*sin(theta) + ug*cos(theta);

@ &N theta MEEERBAESR; 5 Clark M REFIRIZD

ialpha

Clark_test

ibata

Froq Thia
Freq

FragGenerator

— + :
4|—> ualpha
P+
oo (2D
ubeta
—’F@
ialpha y— | ud
dfb— | |  uslphs
P bata Er i Laq . - Iph,
i e
—
thata_sir —| theta_ bata
qp——-I beta
| theta_cos | theta

AntiPark

B ¥ ialpha, ibeta, id 1 iq BCE AR Simulink signal, f8TF2F AR 5
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ialpha | ~Eialpha I

ibeta

£ibeta

Clark_test

M I
Fro Trtn
Fre singla
A FreqGenerator ' cos

ialpha

theta_cos

Park
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—0

ualpha

AntiPark

iR, WEBIY

UL TN L, FF i USB #% UART A 42 25 v i«
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24V/3A

W VDC GND

@ EFPrARE, AT RS, RHEPR MR AR, IR E SO RT
THIL;

ualpha 4@

ualpha

ubeta

Park_test

@ A A IR A A
(3 Ziil Clark 22 # i TEEACHS, K MATLAB H A5 5 H Bl W1 A= B AR A QAL 5

: Code » S5TM32G4_Park » MATLAB v O £ MATLAE 8F P
~ ER R HRR SR Fo

) mw_cmsis.h 2023/8/6 E8AH 13:51 H & 6 KB

| Park_test.c 2023/8/6 E8AE 13:51 C 30l 8 KB

| Park testh 2023/8/6 EXAH 13:51 HzH 6 KB

™ rewtypes.h 2023/8/6 E55H 13:51 Hzf¥ 4KB
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29 /% Priwvate includes ————————————-
30 f* TUSER CODE BEGIN Includes */
21 #include <stdio.h>
22 #include <string.h>
33 #include "Park test.h"
34 f* TUSER CODE END Includes #f
L
63 float temp[S]:
€4 static uwintd v templata[24] = {0,0,0,0,0,0,0,0,0,0,0,0,0,0,0,0,0,0,0,0,0,0,0x80,0x7TF};
65 extern Ext¥ rt¥;
€6 extern real32 T id: f* "<855>/Rdd" */
67 extern real32 T ig; f* '"<55%/addl *f
68 extern real32 T ialpha; f* "<85ex/nddl' =/
69 extern real32 T ibeta; f* '"<568%/Gainz2 *f
70 /= USER CODE END BV */|
L% =
255 woid HAL ADCEx InjectedConvCpltCallback(ADC HandleTypeDef *hadc)
296 H{
297 /% Prevent unused argument (s) compilation warming =/
298 THUSED (hadc) ;
2595 if (hadc == ghadcl)
300H {
301 | S/ temp[0] = hadcl.Instance—->JDR1;
302 | /S temp[0] = (temp[0] - Ox7ef)*0.02187L;
303 | /S tenp[l] = hadcl dnstance->JDRZ;
304 | SS temp[l] = (templlle- OXTES)*0.02197f£;
305 | SS temp[2] = hadcZ.Instance->JDR1;
306 | /S temp [2] =oitemp[2] = OxT7ed)*0.02197f;
307 | /S TIM1->CCR1 =42000;
308 | /S TIM1->CCRZ = 40003
308 | /S TIM1=<%CCR3 /= &000;
310 Park test step():
311 cemp[3] = reY.ualpha;
31z temp[4)] = rtY.ubeta;
313 temp [0] = id:
314 temp[l] = idg:
315 memcpy (cempData, (uint® t *)itemp, =izeof (temp)):;
3le HAT, URRT Transmit DMA (f¢huwart3, (uint8 t *)tempData,&6*4):
317 }
18

B GwiFIF TS $THF VOFA EAAL;

VOFA+ 1.310

s

Qme

sagmn

JustFloat ¥

V &OEl iR o«

new tab x +

I

?

®0 v

B —

FOSHRE

wOs

COM5 v

L lsli g

u
128 1osaz asas 753 50 ssas 547t o7

None ¥ 110

None
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U4(011)

U6(101)

3
Uout = U1l *g

Ul = 2Ud
3
Uout = gUdc

A
Bl el

A
JV

E RN
el*theta — cos(theta) + i * sin (theta)
ﬁx:tl:b i%ﬁzi

Uout = Um * cos (theta)
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000 (EHJZET)

Q4 Q5
sa’ - sb’ B se’ b

Rshunt Rzhunt R=hunt
D =ND
Sa Sb Sc Van Vbn Ven Vout
0 0 0 0 0 0 0
_ _ 2
1 0 0 2ud §Udc
c/3 Udc/3 Udc/3
B B 2 .2pi
0 1 0 2ud §Udce]T
Udc/3 c/3 Udc/3
_ 2
1 1 0 Udc Udc §Udce] .
/3 /3 2Udc/3
_ _ 2 4pi
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_ 2 .5pi
1 0 1 Udc Udc §Udce’%
/3 2Udc/3 /3
0 1 1 - Udc Udc % Udcel?!
2Udc/3 /3 /3
1 1 1 0 0 0 0
1. SVPWM ZAE

T AR R RO, B I (5 5 P AR B, LU
rvd'll — le Sin wi + V(_

2
<V’|n1|\ — V,,.] Sin (wt Y "_;"T[J—+— V..

?
V4= W sin(w( -+ —,5—7r)+ V.

Vr] - % fvlnfl‘l + 1""’rrrlin:I

HETLLEAR, 78 simulink HHEE AR $TF E—3 IR
1) K AntiPark #1531 Valpha X Vbeta HJE, i#id AntiClark Z#:153] Va,

Vb’ VC:
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Va = Valpha;
Vb = Valpha*(-1/2)+Vbeta*sqrt(3)/3
Vc = Valpha*(-1/2)-Vbeta*sqrt(3)/3
D (1D
Valpha Va
()
Vb
~
Vbeta
+)
Ve

@ % Va, Vb, Ve HHIEKME M E/IMES THE VO;

Vabc

Ve = -1/2(Vmax+Vmin)

min

&
|

.

max

@ Va, Vb, Vcinvo, 1535 ;
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MCU €I s tH8UE, EI1S2] Ta, Tb, Tc BY=AH VI H);

Valpha
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@~
[

<
o
Lo

AntiClark

tABC

PWM_HalfPeriod

FRA A b 55 SR 1) = AR R ) B R Sl - 15 3fe-1 U JRERI 5 1) STM32G4 1)
TIM1 FI R R =, i FE, CH1, 2, 3 8 PWM mode 1, B TIM i+l
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Block Parameters: Surface Mount PMSM =
Surface Mount PMSM (mask) (link)

Model the dynamics of a three-phase surface mount permanent magnet synchronous motor (PMSM) with
sinusoidal back electromotive force.

Block Options

Mechanical input configuration: Torque i
Simulation type: Discrete -

Infolp Sample Time (Ts): le—4 |
Load Parameters:
File: | Browse . N —|

Load from file _Save to file N
Parameters Initial Values
) PhaseVolt Number of pole pairs (P): |Pn ||E
MtrSpd

pd Stator resistance per phase (Rs): Rs J—l Lohm]

Stator d-axis inductance (Ldg ): L —||EI [H]
Surface Mount PMSM -

|P{'1'rnanent flux linkage constant (lambda pm) " ‘['lux |: [Wb]
Physical inertia, viscous damping, static frigfion I: TR N irad e W
(mechanical) L7566, 48e-5. 0] :| {| [Kgn'2, Nm/rad/s, Na]

i (C) (1) K i (A)

52 M: Data Dictionary/Desian 'C:\Users\Adninistrator\Doskiop\Smul ink\3. SVPWIVIode \SVFW. s Ldd"  (AILH) Staul lak. Parameter: L
BUBE: | Dictionary Objects - | BEiEmEe 12 M P, it
Name | Status Value DataType | Dimensions| Complexity Wi, Max At Arglmept StorageClass D || [t e
Hia single -1 real oo ExportedGlobal SVPWM.s B Xl
ic single K} veal 14l ExportedGlobal SYPWM.sl structiune: [aotor | |
ib single Bl real 0 ExportedGlobal SVPWM.s|
ialpha single a real 0 u Exportedalobal SVPWM.s| G| ]
= single 4 real (5P| ExportedGlobal SVPWM.s| A [ ]
single -1 real 0o ExportedGlobal SvPWM.s|
single 4 real 0o ExportedGlobal SVPWM.s|
auto -1 auto n au Auto SVPWM.s|
0.00535 single [ g1 real nnw SvPwMs]
697  snge  pm el 0nou svpwLs)
0016884 single o real noo SvPwMLs]
4 single o real 0o svewms|

FEIN—/-K SVPWM Hii i Ta, Tb, Tc MR —AN 5 28 U R] A e

DutyOut

0.5

S Simulink B 7 R AR A L BB, R = A L R e 2 PR O SE B =

A FRE s 7 arp B8 N BELE F & Ude 250, 24V
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Average |
g Inverter abe
» Dutyin -7'-2':‘
: ——P
A Udc \' do
Average-Value Inverter
[an] Udc 24 single [ real [ 1 Auto SWPWM.s|

6 RS EHER

Infa
. N LdTrg
Vs —
:: :aseCurr W’@
12 ug » \ -
. B Pave N
» Average
ABC ¥ Dutyln % Irertor Vabe ¥ PhaseVolt MirSed |:
: >V
Freq Subsystem do
Surface Mount PMSM
Average-Value Inverter
Ude
Ude v_bus
VF mode

© wWAHLEAT, EAE M ERSOEREROY, BT S BA TR A R
=3 HENESETSEAE 8 /40 tABC i A ) S i
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3. VF j2 3 AL SRR

@ ¥ simulink 1 VF mode B3R, 58 miTi A U A SACRS s AR ARSI AR AT

SHEGHT =5,

Observer(Q) 4
i&zk(F) 4
HEM) b
FeiiE(L) »
HEE RS 4
=HQ) 4 —
Linear Analysis 4
0 B Design Verifier(V) *
1 Coverage 4 A LdTrg
P
oucl) L &
fEtw R :
12 »ug D e
EATAD.. - 1
veras
tA - , e Viore ¥ PhaseVolt
4 | Freq : famTsase » de
Surface
C/C++REBE 0 > # Embedded Coder Quick Start
g HDL Code Y@ BRI
¢ - PLC {£Z8(P) D
[ EEEHTREEB)
_VF mode fER & (Subsystem)(P) SHFEIF)
B 45t S-Function(G)
FEAN(H)

SinEl C/C++ {£58IN)
FIFFRERRSS)

© WAERARTS, 1% keil TR H MATLAB SCHE2;
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» Simulink » 3.5VPWM :I SVPWM_Model » VF ert_rtw I v | 0 1 VF ert riw S o
A oz : AR s ool A
£ buildinta.mat U3 880 Z2Ri0 12, IWhicrosoft Acces.. 14 KB
+ [ codedescriptor.dmr 2023/8/27 E54H 12... DMR I 545 KB
s £ codelnfo.mat 2023/8/27 E8IH 12... Microsoft Acces... 4 KB v.
- £ compilelnfo.mat 2023/8/27 E86H 12.... Microsoft Acces... IKB 4
. defines.txt 2023/8/27 E88H 12... A 1KB
. | ert_main.c 2023/8/27 E8AH 12.. C3it 4 KB
itk modelsources.bxd 2023/8/27 E86H 12.... MAIE 1KB
_MOI | mw_emsis.h 2023/8/27 EEAA 12.. HITiE \ L™
[ riw_proj.tmw 2023/8/27 £598 12... TMW i NN ke
v | rtwtypes.h 2023/8/27 E88H 12... H i ke
Viode 1 riwtypeschksum.mat 2023/8/27 E8AH 12:.. Microsoft Acges... 2 KB
= VF.bat 2023/8/27 E58H 12...  Windowis #atE., 1 KB
Pers: | Ve 2023/8/27 EEAA 12, BT 5 KB
| VFh 2023/8/27 550 120 HEFKE 4 KB
T[] VE.mk 2023/8/27 EEAEL12...| MKziE 10 KB
[ vFrsp 2023/8/27 2898 |12, JRSP ol 1 KB
v [ VFrefrsp 2023/8/27 ESEE 124, RSPzt 0KB v
HE 4 NEH 17.6 KB EE
« BLDCVF Code > [STM32GAVF > MATLAB| v @ | | T MATLAB TEZE P
A e : L s F
. I mw_emsis.h 2023/8/20 E88H 12:.. HIZfE 6 KB
R | rwtypes.h 2023/8/27 E5BE 12:.. HIH 4 KB
I vFe 2023/8/27 E8AE 12:.. C3ol4 5 KB
¢ 4 vEh 2023/8/27 E5BE 12.. H ol 4KB
o+

@B #TIF Keil THE, 7 Project & 17 MATLAB SCAFJe38 A0 VF.c SCfF;
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Project i x |
=% Project: STM32G4_GPIO

-4 STM32G4_GPIO
=5 Application/MDK-ARM

ij startup_stm32g431xx.s

-7 Application/User/Core

ij main.c

[ gpio.c

sgj adc.c

#] dma.c

| opamp.c

53] tim.c

& usart.c f

ij stm32gdx_it.c

ij stm32gdxx_hal_msp.c ||
[0 Drivers/STM32G4xx_HAL_Driver
[J Drivers/CMSIS
-4 Middlewares/Library/DSP Library/DSP Library |

ij arm_cortexM4f_math.lib ()

=5 MATLAB
[ vre

@) ESMEIIRG IR SRR VF SR, E while 155 th it ke

Vbus HLJE;
139 HAL TIM Base Start( &htiml);
140 HAL TIM PWM Start( &htiml, TIM CHANNEL 4):
141 rtU.ad = Of
142 relU.ug = 12;
143 rtU.Freq = 4;
144 ¥* USEER CODE END 2 *f
145
146 f* Infinite loop *f
147 f& USEER CODE BEGIN WHILE */
148 while (1}
149 -] |
150 HAT. ADC Start (&hadcl);
'Yl adec_vbus = HAL ADC GetWValue (£hadcl):
152 rtl.v_bus = adc_vbus*S.Sff&jQE*EE:
153 HAT. Delay(10):

© fEfEst =B R AR, RS ATEE PWM fait ;
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217
218
218
220 4
221
222
223 0
224
225
226
227
228
229
230 |
231
232 0
233
234
235
236
237
238
239 |
240 |
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USER CODE BEGIN 4 */
215 void HAL GPIO EXTI_Callback(uintlé_t GPIC_Pin)

I’.

Prevent unused argument (s) compilation warning */

UNUSED (GFIC_Fin);

if(
{

Button3 Pin GPIC Fin)

Motor state = ~Motor_state;
if (0 == Motor_ state)

{

}

HAL TIM PWM Stop( &htiml, TIM CHANNEL 1);
HAL TIM PWM Stop( &htiml, TIM CHANNEL 2);
HAL TIM PWM Stop( &htiml, TIM CHRNNEL 3);
HAL TIMEx PWMN Stop( shtiml, TIM CHANNEL 1);
HAL TIMEx PWMN Stop( shtiml, TIM CHANNEL 2);
HAL TIMEx PWMN Stop( shtiml, TIM CHANNEL 3);

else

{

HAL TIM PWM Start( &htiml, TIM CHANNEL 1);
HAL TIM PWM Start( &htiml, TIM CHANNEL 2):
HAL TIM PWM Start( &htiml, TIM CHANNEL 3);
HAL TIMEx PWMN_Start( shtiml, TIM CHANNEL 1):
HAL TIMEx PWMN Start( shtiml, TIM CHANNEL 2);
HAL TIMEx PWMN_Start( shtiml, TIM CHANNEL 3);:

© & ADC IR ERECT, SR 5 VF B A

fE5 N CCR arfeays IR At Ao it Bl kA% % VOFA EAIHLSEH B

fZAs: V13
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= i
317
3lz
315
320
321
322
323
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36
327
328
325
230
331
332
333
334
335
336
337
338
335
240
241
24z
243
244
245
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wold HRL ADCEx InjectedConvCpltCallback (ADC HandleTypeDef *hadco)

=

static uints_t cnt;
static uintleé t ocbsewver_ cnt;
/* Prevent unused argument(s) compilation warning */

THUSED {hade) ;

if (hade = &hadcl)
{
if (ADC offset = 0}
{
cnt++;
adcl _inl = hadel.Instance—>JDR1;
adel ind = hadel.Instance—>JDR1;
adcl _in2 = hadcl . Instance->=JDRZ;
IR Offset += adecl inl;
IB Cffset += adcl in2;
IC Cffset += adel in3;

if{ent »= 10)

1

ADC offset = 1;
Ir Offset =
IB Qffset =
IC Offset =

}

else

{

Iz Offset/10;
IBE Offset/10;
IC Offset/10;

adcl _inl = hadel.Instance-—=JDE1;
adel in3 = hadel .Instance—>JDRZ;
adcl _in2 = hadc2 . Instance->=JDR1;

Ia = {adel_inml
Ib = {adcl_in2
Iz = {adel_in3
VE_stepl);

=14 Offset) ¥0.
— IB Offset) *0.
- IC Offset) *0.

TIM1-=>CCER1 = rt¥_ t2BC[O0];
TIM1-=CCR2Z = rt¥.c2BC[1];
TIM1->CCR3 = rt¥.thBC[Z2];

load datald]
load datall]
load datalz]
load datal[z]
load datal4]

Ia;
Ik;
rtY . tABC[0];
rt¥ . tRBC[1];
rt¥ tABC[2];

memcpy (tempData, {(uint8 t *)&load data, sizeofi{load data));
HAL URRT Transmit DM2 (&huart3, (uints_t *)templata,c*4);

7 B EERF STUNK. UART % HIHLZR
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.;E,J Motor OnOff 1
l__t;, Motor state al

® f# ] Switch Case & If Action Subsystem FRERR J| W 7EAS [FRR S TR $AT X6 B2
1N 25

case[1]: v,
Action

default: ) 1

Switch Case

@ RSV 4 RS, WIFREEILRLY 4 RS T IIHAT 248

case[1]:
p & 1
case[1]: ¢
case[2]:
case[2]: N1 1
Motor_OnOff  Motor_state ui
case [3]: +
case [3 ]
case [4]: ) 1 1

Switch Case

case[4]
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T« STM32G4 IF > MATLAB v O | FEMATLAB 8% P
2 B GE 3
@ currloop.c 2023/9/2 20:54 C
» @ currloop.h 2023/9/2 20:54 C
» c] rtwtypes.h 2023/9/2 20:54 d
»
»

@) #TIF Keil THE, #Bx VF.c, #H currloop.c;

= ‘% Project: STM32G4_GPIO
= "3 Project: STM32G4_GPIO = & STM32G4_GPIO
= &5 STM32G4_GPIO = i@ Application/MDK-2
= i Application/MDK- A 43 startup_stm32g:
] startup_ stm329‘ = {D Appﬁcatuon/User/C%
= I Application/User/C | \ @ _] main.c
@ ] main.c : - ) gpio.c
& L) gpio.c : #] adcc
g_] adc.c 2] dma.c
@ %] dma.c # %] opamp.c
a_] opamp.c & sl tim.c
) a_] tim.c #] usart.c
@aj usart.c a4 stm32gdxx_it.c
o8 o stm32g4xx_it.c L stm32g4xx_hal_
] stm32g4xx_hal_ 3 Drivers/STM32G4xx |
B Drivers/STM32G4xx C3 Drivers/CMSIS
& {3 Drivers/CMSIS = %3 Middlewares/Librar
= %3 Middlewares/Librar ) arm_cortc:xM4lfJ
B arm_cortexMMf! = & MATLAB
= &5 MATLAB \ [0 currioop.c]
@ 4 VF.c ‘ @ CcMmsis

® Main.c FHAE currloop.h 35
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29 /% Private includes
30 J/* USER CODE BEGIN Includes */
31 #include (stdj.o. h>

© FEFZBE 3 1R A b [ 1 ok B G LS S AT A5

L1y =
211 /* USER CODE BEGIN 4 */
212  woid HAL_GPIO_EXTI_Callback (uintl6_t GPIO_Pin)

213 = {

214 /% Prevent unused argument (s) compilation warning */
215 UNUSED (GPIO_Pin) ;

216 if (Button3_Pin == GPIO_Pin)

2173 | .

218 Motor_state = Motor_state;

219 if (0 == Motor_state)

220 & {

221 rtl. Motor_OnOff = 0;

222 —TIN T timl, TIM_CHANNEL 1) :

223 HAL_TIN_PWM Stop( &htimi, TIM_CHANNEL 2) :
224 HAL_TIM_PWM_Stop{ &htim!, TIM_CHANNEL_3) ;

225 HAL_TIMEx_PWMN_Stop( &htiml, TIM_CHANNEL_1):
226 HAL_TIMEx_PVMN_Stop( &htiml, TIM CHANNEL_2):
227 | HAL TIMEx PWMN Stop( &htiml, TIM_ CHANNEL_3) :
228

229 elze

230 &3 {

231 rtlU. Motor_OnOff = 1;

232 — T IN_Pum_ timl, TIM CHANNEL_1);
233 HAL_TIM_PWM_Start( &htiml, TIM_CHANNEL_2):
234 HAL TIM PWM Start( &htiml, TIM CHANNEL 3);
236 HAL_TIMEx FWMN_Start( &htiml, TIM CHANNEL_I1);
236 HAL_TIMEx_ PWMN_Start( &htiml, TIM_CHANNEL_2) .
237 | HAL TIMEx PVMN Start( &htiml, TIM_CHANNEL_3);
238

239 - 1}

240 1 /* NOTE: This function should not be modified. when the callback i1s needed,
241 the HAL GPIO EXTI Callback could be implemented in the user file
242 *f

243 |}

GF ] 2

(@) #£ adc "I [l R AP I =AM E N, AT currloop 59%; UART A%
SRR ITH theta s
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1
elze

324 J]

325 =

326 adcl_inl = hadel. Instance->JDRI ;

327 adel_in3 = hadel. Instance->JDREZ2;

328 adrl in? = hade?, Instance=>TDR1:

329 rtl.ia = (adcl_inl - IA Offset)*0.02197f;
330 rtl.ib = (adcl_in2 - IB_Offset)*0,02197f;
331 rtl.ic = (adcl_in3 - IC_Offset)*0.02197f;
332 currloop_step() :

333 TINT-CCET = rtf. taBCI0T;

334 TIMi-»>CCR2 = rtY.taBC[1];

336 TIMI->CCR3 = rt¥.tABC[2];

336 load datalU] = rtlU. 1a;

337 load_datall] = rtU. ib:

333 load_datal[2] = rtl. ic;

339 load_data[3] = ThetaOpen:

240 load_datal[4] = 0;

341 TeEmcpy \tenmplata, \Minto_t *)&load_data, sizeof (load data)):
gig } HiL UART Transmit DMA (&huart3, (uint8 t *)tempData, A*xd) ;
344 1

346

Gk IF N AL $TJF VOFA EAIHL, 4% Tt 3, &F EALMBIEEIE;

VOFA+13.10 | ¥V | & T ™ i & «
L inNSERE
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@ LI KpKi ZEATSHEIN N A8t H ) OFshitiE, B UM 5

I AL R SR E AR AT 2 — B R, — SR AL s
AIRF], RAELKEAT LA QA AT E R Kp: 0.3389, Ki:

0.0144;
K i —
1 . 5 pn (p['
Ki.tu — ﬁK je
[l.'.'.] spd kp Mew 03389  single [11] real [T 11 Struct
[5[.'.] spd ki Mew 00144  single [11] real 111 Struct
EIB\&CkPaé\rﬁeters: PID Controller3 X |

PID ldof (mask) (link)

B LI R B R () PID 2%, JFafEmAuag, Wi, /S EENESIRE. S W . &mashiEyy |
PID ##% (%% Simulink Control Design).

PEfilE: PI

- B 8T
o i
OF =L O PID b6 TR AT F RGN
O Bt il TR A (-1 Rk : -1

b R R IE e 3%
v RS ALK
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kil =2
B A

LEI(P): _spd kp

Bl (I spd ki
EEuLCR:
PR A TR (PID B

- DENi bl
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E] Block Parameters: PID Contraller3

PID 1dof (mask) (link)

MBS BESE FIR A (0] PID 420, HAEJmIhhe, Wyue. SMEEEME SR, EEMER .. e EiET

PID #25 (5% Simulink Control Design).

Fafilds: Pl
it 3k -
O HELEH ]
O B[

v iMEE AR

EE R HlE
St

& B
I8 |
LR 3

M HE
O 6] i B
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N ER IS, ZEZH &80 ik £ XOR ON/ HALL Sensor mode;

Pinout & Configuration

Q TIM4 Mode and Configuration N

Clock Configuration
v Software Packs

Tool:

Project Manager

v Pinout

{01 Pinout view

System view

System Core
>
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M1 Channel4 [Disable -
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TIME
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M3 [ One Pulse Mode
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i Resst Configuration IFQFPN48
Connectiity © Parameter Sattings P
Configure the below parameters =
Multimedia > z
. o | H
Security ~ Counter Settings '
Prescaler (PSC - 16 bits value) 161 H
Computing > Counter Mode Up é - . o
Dithering Disable 4 - -

@ FEENIBSE; 16 005, TIMA BTSN 10M;

Configuration

Reset Configuration

@ NVIC Settings

& DMA Settings

@ GPIO Settings

@ Parameter Settings

Configure the below parameters :

Q| D

~ Counter Settings

@ User Constants

Counter Mode
I Dithering

Internal Clock Division (CKD)
auto-reload preload

Prescaler (PSC - 16 bits value)

Counter Period (AutoReload Regi

16-1

Up
Disable
65535

No Division
Disable

~ Trigger Output (TRGO) Parameters

Trigger Event Selection TRGO

Qutput Compare (OC2REF)

" Hall Sensor
Prescaler Division Ratio
Polarity
Input Filter
Commutation Delay
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Rising Edge
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i

353 wvoid HAL_TIM_IC_CaptureCallback (TIM_HandleTypeDef *htim)

354 0 {
355 /* Prevent unused argument(s) compilation warning */
32? UNI(ISED (htim) ; y
3 1f (htim == &htimd % M
359 HallTemp = HAL_TIM_ReadCapturedValue (&htimd, TIM_CHANNEL_1) .4
360 HallThetaddd = (PI/3)/(HallTemp/1000000)/10000;
361 HallSpeed = (PI/3)/(HallTemp/1000000)*30/PI] 9»2P|
362 HallReadTemp = HAL_GPIO_ReadPin(GPIOB,GPTO_PIN_8) .
363 HallReadTemp |= HAL_GPIO_ReadPin{(GPIOB,GPIO_PIN_7)<<1;
364 HallReadTemp |= HAL_GPIO_ReadPin(GPIOB,GPIO_PIN_6)<<2;
365 if (HallReadTemp==0x05)
366 [ 1{
367 } HallTheta = 0. 0f+PHASE_SHIFT_ANGLE:
368
369 & else if (HallReadTemp==0x04)
370 &
371 | HallTheta = (PI/3.0f)+PHASE_SHIFT_ARGLE;
372
g;3 & oilse if (HallReadTemp==0x06)
‘ ~
g;g } HallTheta = (PI*2. 0%/3. 0f)+PHASE_SHIFT_ANGLE;
377 else if (HallReadTemp==0x02)
378 & {
g'slg | HallTheta = PI+PHASE_SHIFT_ANGLE;
ggé & tilse if (HallReadTemp==0x03)
333 } HallTheta = (PI%4,0f/3. 0f)+PHASE_SHIFT_ANGLE;
L |
282 d e{;lse 1f (HallReadTemp==0x01)
86 &
387 HallTheta = (PI*5.0f/3.0f)+PHASE_SHIFT_ANGLE;
388
389 1f (HallTheta<0. 0f)
390 {
391 HallTheta 4= 2. 0f*PI;
392
:3332 ?lse if (HallTheta> (2. 0£*PI))
395 HallTheta -= 2. 0f*PI;
396 }
397 }

Aann

6 Hor HALL 385 £ B S5 A 5K

PI
3x2 ¢t
2t = HallTemp

HallSpeed =

A

t
HallTheta =f HallSpeed

0
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1l 1) = (12500 00,00 = (=) + 2000 + (1) a0 + (61 5 1) = (1,00) = 14,0)

fy(k+1) = (1 \ RS‘L: T) <) (&) «8,00) + (%) g (k) + (61 +7) * (100 — iy (1))

e+ 1) =8,(k) —we xT (k) + (G2 * T) * (i,(k) — i,(k))
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L

] Trigger()
LunWm » - Speed_fd
I m single
|
P —_ — Speed ref g reff———
Speed_ref m mj| shoe
|
»——
[ [m
Speed_loop

@ BT PN T R m AT, SOk B (KRR TR O 1e-35 HY
TR I RAE IS (8] 55 1e-4;
Jdoo

EI Block Parameters: Function-Call Generator X

Function—Call Generator (mask) (link)

PLIE 2 I R AT i B B L s R B & 4. e Stateflow
B, S B AT 2 A R HR AT B, RSt LS Function-
Call Split #Hrshadd .

) CRAER R SddEE I S5 E R A R HOR B B R
1 FEFEA NI ()25 2 UCEA PO EERE Bt B () 0 e AR R, i
Eunction-Call TEERED B

Generator
WHRER AR IR{ERERG 1T FHEHE, WIS aENG O A G 5 BF EfR
FERS, A SR B E S .
A
Trigger() ZH B
—» Speed fd SFERERT(a]
gle
IEARICEL:
— Speed_ref ig_ref 1
1gle [ [
N O A vF s
O S flifedm O

=

—»| ResetSignal

Speed_loop (?] B || #B® | REG0 &
vDC —1
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E] Block Parameters: Function-Call Generator1

Function-Call Generator (mask) (link)

ARG E A3 3 AT R B B B L ) e SO A F R4t BRI Stateflow

Call Split #ieb& M

Function-Call
Generator1

w5 ELEE B HAAT £ 1 2R OB SR, TR ERELS Function-

TRFERS () BRI ET 5 HE R A B 18 B B
BLAERE A () 2 K AURAT EE B B B B B4 R B R B, R

U B
o T . el X8 ke SLRERIROT SRR, DGR RO AT S R b
= RN, B SRR S
ot i
’ e e Eo I T Th
Temp2
le—4|
. AEARYE
L2 |,
BEm et SETSTI
O Sarflredsn
Lun'Wm unWm
= P e G
m m singls
9 wH© 1 omee  mm
vnc RestsSingal L 2 :
Curr_loop

(13) 1 T4 FR K HL S ER I PSS 48 trigger AR

g Speedilcop » A N i
E] Block Parameters: Trigger

Trigger Port

X

| AP BB RS B R AR, LAV — il S Bl e SR H R

/I AR B KA T ETHA. " FRRRT B I, WA
BE A RS R (5 SR mE.

Trgger | EE  FE5Ek
R R O
O ¥4 Simulink ¥
JEFHETRTRE : fide

sing\a O y
Speed 1ol e ? ia_ref FEARETE TS S A T
Sd il O SR
) i BHRET: auto
ResetSignal i SRR Ek
4 J FRERF[A] :
1
JE i %2 4
Q B©) | M)
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EﬁI%ﬁ]m MirSpd
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| C/C++ REBO) * [ Embedded Coder Quick Start |
HDL Code Y@ {CESSERERIA)
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ﬂﬁ—n}_’ @ GBETRAE)
HEHREE (Subsystem)(P) SEHI(F)
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FOC_Model.h 2023/8/22 21:11 C Header JFszif 32 KB
rtwtypes.h 2023/8/22 21:11 C Header sz 4KB

fZAs: V13

B ¥ up F: BRKHHF

FTIF Keil TRE, €T A% MATLAB SCHES 1 in FOC_MODEL.C (A4

Lunberger > BLDC > BLDC Lun_MODEL > FOC _Model ert rtw > v G EFOC Model ert rt... 0
= B 1R 2 S
defines.txt 2023/8/22 21:11 ez =1 1 KB
ert_main.c 2023/8/22 21:11 C IRy 4 KB
FOC Model.bat 2023/8/14 20:39 Windows Ht4hE. . 1 KB
FOC_Model.c 2023/8/22 21:11 C s T-B KB]
FOC_Model.h 2023/8/22 21:11 C Header 53245 32 KB
D FOC_Model.mk 2023/8/22 21:11 Makefile JFESZiEF TTKB
D FOC_Model.rsp 2023/8/2012:23 RSP 3Z{% 1 KB
D FOC_Model_ref.rsp 2023/8/14 20:39 RSP 37it 0 KB
modelsources.txt 2023/8/22 21:11 A 1 KB
[ row_proj.tmw 2023/8/14 20:39 TIMW szf 1KB
rtwtypes.h 2023/8/22 21:11 C Headler fFszis 4KB
&) rtwtypeschksum.mat 202378122 21:11 MAT 3245 2 KB
» BLDC » BLDC Lun Code » STM32G4 Lun > MATLAB v G £ MATLAB 8% )
= B COGE: s i
FOC_Model.c 2023/8/22 21:11 CilFszid 48 KB
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Project <
= “% Project: STM32G4_GPIO

= %3 STM32G4_GPIO
= & Application/MDK-2

_] startup_stm32g:

= I Application/User/C |

_] main.c

E]_J gpio.c

#] adc.c

@ @] dma.c

® opamp.c

@ @] tim.c

#) a.J usart.c

_] stm32gdxx_it.c

@ _] stm32gdxx_hal_
® Drivers/STM3264xx_,
@ [ Drivers/CMSIS |
= 7 Middlewares/Librar,

i arm_cortexM4lf)

=

@ ] FOC_Model.c

& cMsis

Main.c F6 % FOC_Model.h;

L*¥ Private includes
/¥ IISER CODE BEGIN Includes */
H#include <stdio.h>

)
)
1
) 1
}
| /% USER CODE END Includes ¥/
T B S HEATLA I SRR AR R N I S, #4EAE 300-1200 Z 18] ;

ADC KHEIBELE B A AR Vbus Hi A\ ;
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HAL_ADC_Start (khadcl) ;

HAL_ADC_Start (&hadc2) ;

adcl _ind = HAL ADC GetValue (&hadcl) ;
adc_wvbus = HAL_ADC_GetValue (&hadc2) ;
rtlU. VDC = adc_vbus*3. 3f/4096%26
finalspeed = (adcl_ind>>4) * 15;
#f(finalspeed >=0 && finalspeed <300)

finalspeed = 200;

i
%f(finalspeed > 1200)

finalspeed = 1200;
h
rtl., Speed_ref = finalspeed;

HAL Delay(10) ;

21 {£ ADC IR =AM S S N AR, AT SRNERY; R SRR A

HiHAEAN TIML B L BUE S N2 4788 [AIRN @ UART BAE%E 2 VOFA L

RIS R P TE 5
338 [ {
339 adcl_inl = hadecl. Instance->JDEIL;
340 adcl_ind = hadel. Instance—>JDR2;
341 adcl_inZ = hadcZ. Instance->JDE];
342 rtl.1a = (adcl_inl = I& Offset)*0.02197f;
343 rtl. ib = (adcl_in2 - IB_Offset)*0.02197f;
344 rtliic/= {adcl_in3 - IC_Offset)*0. 021971 ;
345 FOC_Model_step();
346 TIM1->CCR1 = rtY. Templ ;
347 TIM1->CCRZ2 = rtY. Temp2;
348 TIM1->CCR3 = rt¥Y. Temp3,
349 load_datal(0] = rtl, ia;
350 load_data[1] = LunTheta;
351 load datal2] = Luni¥m;
362 load_datal[3] = rtl. Speed_ref;
363 load_datal[4] = 0;
354 memcpy (tempData, (uint8_t *)&load_data, sizeof (load_data)):
355 , HAL_UART Transmit_DMA(&huart3, {uint8_t *)tempData, 6%4) .
IR6 o
sl 1

22 ImiE A
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[ialpha] - ialpha
single
[ibeta] : ibeta
single
[ualpha] : ualpha
single
I
we £ LunWm '@
LunWm
[ubeta] = ubeta
single

L 2l
Lunberger Observer

Theta

| LunTheta
- LunTheta ™,

[F: 1)

>
single
ialpha
. single
ialpha single Ealpha » Ealpha Omega »1/Pn
ualpha p
single ' we
ualpha
single
ieta
. single
ibeta
n single . :
e single Ebeta P Ebeta theta »( 1)
omega Theta
single
discrete luenberger observer1 PLL2
2’1

lahat(k+1)= (1-Rs/Ls*T) * lahat(k) - (1/L_s *T)eahat(k) + (1/L_s *T)uahat(k) + G1T*(lahat(k)-la(k))
IBhat(k+1) =(1-Rs/Ls*T) * IBhat(k) - (1/L_s *T)eBhat(k) + (1/L_s *T)uBhat(k) + G1T*(IBhat(k)-1B(k))
eahat(k+1) ='eahat(k) - we*T*ehat(k) + G2T(lahat(k) - la(k))
eBhat(k+1) = eBhat(k) + we*T*eahat(k) + G2T(IBhat(k) - IB(k))

1
= | ST fagharey

> f ‘
o —— ’ ‘ = A L
ialpha —J Ealpha
N
L
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] | et

single T1

Pl{zy

Omega

single T1

single T1

1 EI Block Parameters: PID Controller

g ERESE S
P (A

X E
PID 1dof (mask) (link) 22UV Y N\ N L
ISR SRR AT (7] PID sk, HFaiEmdons, muad . sHEEENESRE. BaTLMER RN ARy
_| PID #4325 (%% Simulink Control Design)a i
Prlgg: (Pl y N y - B R
if 45k - ’ 4 <7 T O ) 1 B
O seEEntiil O PID #8840 T & AF4IT T S50 H
) RFES ] (-1 Fomak) - -1 HE
L2 b BB AR ST
v fMESR AR L
P+IT, 1
z-1
y D/ |
T Avef WBEA SRR R&EH €

h
ERlAR).:  2%0. 707+150

43 (1) 50*50

EEE
SEH T (6T R (PID B9

A8 rmzkn

i (0) HiH (C) i (1) FZF (A)
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1 EI Block Parameters: PID Controller

PID 1dof (mask) (link)

X

SE SIS AR B 8] PID fedilis, HFeUEEZhEe, Wi, AhaEEME SR, BarLER B A sy

_| PID #4325 (%% Simulink Control Design).

FElEE: Pl - BR: G
S BT 17 i B
O sErt D PID £l &b T & RIT T RE0A
. RFES ] (-1 Fomak) - -1 i
L2 b BB S A
v AMEEAR A\,
P+I'T‘lel
FE P ROR SERR R&EM
i N
& PR
5 | A b .4 M
FFR: 2%pi*1000 H
FRR: ~2#pi%1000 H
@ 48t e 220 R
Hutt A By &
FUIAT i g - My .
[ MO | mK© | #H@ | EHo

T
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E A%F: ==’ C:\Users\Jay\Desktop\G4\Simulink\6. Lunberger\BLDC\BLDC Lun_MODEL\BLDC Lun.sldd" ({FR 550 i 1 %
FIMLE:  Dictionary Objects v BRI E 23 1atg
Name |Status Value DataType Dimensions Complexity Min Max Unit Argument| StorageClass DataSource L
[LTQ] Tpwm 16000 uint16 1] real [1 11 Auto BLDC_Lun.sldd 202
ialpha single -1 real [1 11 ExportedGlobal BLDC Lun.sldd 202
ibeta single -1 real [1 11 ExportedGlobal BLDC Lun.sidd 202
ualpha single -1 real [1 11 ExportedGlobal BLDC Lun.sldd 202
ubeta single -1 real [1 11 ExportedGlobal BLDC Lun.sldd 202
[LT.:] Pn 4 single 1] real 1 11 Struct BLDC Lun.sidd 202
[LTQ] Ts 0.0001 single 1] real [1 11 Auto BLDC Lun.sldd 202
[LT.;] Udc 24 single [11] real [1 11 Auto BLDC Lun.sidd 202
state single -1 real [1 11 ExportedGlobal BLDC Lun.sidd 202
theta single -1 real [1 11 ExportedGlobal’ BLDC_Lun.sidd 202
[LT.;] G1 -4000 single [11] real [1 11 Struct BLDC Lun.sldd 202
[LT.;] G2 14000 single [11] real [1 11 Struct BLDC_Lun.sldd 202
LunTheta single -1 real [1 11 ExportedGlobal BLDC Lun.sidd 202
LunWm single -1 real [1 11 ExportedGlobal BLDC Lun.sldd 202
[}.T.l] L 0.00535 single [11] real [1 T[] Struct BLDC_Lun.sldd 202
[LTQ] Rs 697 single 1] real [ [1 Struct BLDC_Lun.sldd 202
[LT.;] flux 0.016884 single [11] real [1V\[] Struct BLDC Lun.sldd 202
[}.T.l curr_d ki 35 single [11] real [1 0101 Struct BLDC_Lun.sldd 202
[L.Q] curr_d_kp 017 single [11] real [1/11 Struct BLDC_Lun.sldd 202
[L..l] spd_kp 0.3389 single [11) real T 11 Struct BLDC Lun.sldd 202
[}...l] spd_ki 0.0144  single 1) real [1 11 Struct BLDC_Lun.sldd 202
id auto -1 real [1 11 ExportedGlobal BLDC Lun.sidd 202
iq auto -1 real [1 11 ExportedGlobal BLDC Lun.sldd 202

@ VLB LR, FEUF USB % UART BEHLE$2 42 F i -
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dt
+ [(Ld —Lqg) (we *id — iiq) + weg ] [_ sin 6
dt 71l coso

e —sin@ —sin(we x t
[e;]:(pf[ sin ]=Ke*we[ ( )
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d
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0
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M

sign(ig — ig)
Sign(éa - ea)
sign(ég — ep)

i sign RAFS R, EHM 1, HHR-1

sign(iq — ia)“

o 1 0 o

resm—
o Z o R

© & LiEHm

WRs s < 02 (SESHINESHD, BAsESWESH 0. /i K.
Hs>0Hs <0, sESMKT 0REMETRER 0, BN < 0RREESE N,
B 5 I TR AR 1 st 220 . FIFR AN SRs < 0Hs > 0, Iase MNiE ETr
F 0,

@) SRS BRI AT, b K, MU 5 2

di, ik + 1) — iy (k)
—
dt T

. Rs=T
la(k+1)—<1— =

)1l = (1)« 2200 + () a0 = G 1) = (sign(iuh) = 14,0))

. Rs =T
e+ 1) = (12—

)+ 1600 = (=) » 60 + (=) = g ) = (€ # 7Y » (sigm (i0) = i3 8)))
Ealle + 1) = 8,00) — we + T # (k) + (M «T) + (sign(iu (k) — i, (K)))

85 (k +1) = 8K) +we + T+ 8,06+ (M = T) = (sign (3,00 — 5 10

i EECRTRUE Y, BIASE, Jo IR T iy 8l 1 KT SN Tl REEAME—
FLARFERT NI AR K(M), HORZAME I AR —NIESAE MRS i DATE BEOULIN 25 2

—ANRES M RS RN R A KMBUE RN, 1887 MR sl £ RS
FasE AT RS AE RO, Raog o A2 1% A i P Mg sl GRBIEEEAR /N, AT %
RS BL IR L 1),
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23 HTHEAATFERGEAPATIR,  HOR R FERAE R S08 1e-3; H
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E] Block Parameters: Function-Call Generator1

Function-Call Generator (mask) (link)

ARG E A3 3 AT R B B B L ) e SO A F R4t BRI Stateflow

Call Split #ieb& M

Function-Call
Generator1

w5 ELEE B HAAT £ 1 2R OB SR, TR ERELS Function-

TRFERS () BRI ET 5 HE R A B 18 B B
BLAERE A () 2 K AURAT EE B B B B B4 R B R B, R

U B
o T . el X8 ke SLRERIROT SRR, DGR RO AT S R b
= RN, B SRR S
ot i
’ e e Eo I T Th
Temp2
le—4|
. AEARYE
L2 |,
BEm et SETSTI
O Sarflredsn
Lun'Wm unWm
= P e G
m m singls
9 wH© 1 omee  mm
vnc RestsSingal L 2 :
Curr_loop

(13) 1 T4 FR K HL S ER I PSS 48 trigger AR

g Speedilcop » A N i
E] Block Parameters: Trigger

Trigger Port

X

| AP BB RS B R AR, LAV — il S Bl e SR H R

/I AR B KA T ETHA. " FRRRT B I, WA
BE A RS R (5 SR mE.

Trgger | EE  FE5Ek
R R O
O ¥4 Simulink ¥
JEFHETRTRE : fide

sing\a O y
Speed 1ol e ? ia_ref FEARETE TS S A T
Sd il O SR
) i BHRET: auto
ResetSignal i SRR Ek
4 J FRERF[A] :
1
JE i %2 4
Q B©) | M)

BLH] (A)

@) B EERE, BB, 0 L E 5 AL SE R e T

WAs: Vi3 B¥b up E: RKHHET
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© WSO TEE, IEWI BT @RI S 8 (HFERARE), X5
T LI Fe A B BOVE AT 0 A B iy FOC_Model fk,  riay 242 il AAY ;

Observer(Q) 4
&=L B
EM) B
EESEIE(L) {
£ (o) 4 Jaeser
Linear Analysis e _L
Design Verifier(V) e .
Coverage ’ . " ‘
e b O o
fErr iR o N =
erage oy [dowseOUfL e

EﬁI%(—r]“l MirSpd
Bl E v bgevane reerer I
RRITERe b
C/C++ fUER(C) v [2% Embedded Coder Quick Start |
HDL Code Y @ XEESERRRREIA)

F . PLC f{F3(P) C

5 @ GBETRAE)
HEHREE (Subsystem)(P) SHEHF)
RHE(T)... 4ER% S-Function(G)
HENH) R

SME C/C++ {LEB(N)
IHFESEREES)

LB RARTS B R AR I 58+ B A
7) W5 R FOC AURE G Keil TR MATLAB 43k

fZs: V13 B Y5 up E: RRKHHEF
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HIR EgHE E=iel Hh
defines.txt 2023/8/22 21:11 A 1 KB
ert_main.c 2023/8/22 21:11 CiFszis 4 KB
FOC_Model.bat 2023/8/14 20:39 Windows Ht4hE. . 1 KB
FOC_Model.c 2023/8/22 21:11 C RSz 48 KEJ
FOC_Model.h 2023/8/22 21:11 C Header iF34% 32 KB
B FOC_Model.mk 2023/8/22 21:11 Makefile IF3{F 11 KB
[ Foc_Model.rsp 2023/8/20 12:23 RSP 37t 1KB
O FOC_Model_refrsp 2023/8/14 20:39 RSP =4 0 KB
modelsources.txt 2023/8/22 21:11 AR 1 KB
[ rtw_proj.tmw 2023/8/14 20:39 TMW Sz 1KB
rtwtypes.h 2023/8/22 2141 C Header JRszis 4 KB
&) rtwtypeschksum.mat 202378722 21:11 MAT 35 2 KB

~
ER fEfHE Esit] N
FOC Model.c 2023/8(22 21:11 CilFszE 48 KB
FOC Model.h 2023/8/22 21:11 C Header iF3Zit 32 KB
rtwtypes.h 2023/8/22 21:11 C Header iF3zi% 4 KB

FTIF Keil TRE, 7€ TR A% MATLAB XCHES 10 FOC_MODEL.C (A

fZAs: V13
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Project <
= “% Project: STM32G4_GPIO

= %3 STM32G4_GPIO
= & Application/MDK-2

_] startup_stm32g:

= I Application/User/C |

_] main.c

E]_J gpio.c

#] adc.c

@ @] dma.c

® opamp.c

@ @] tim.c

#) a.J usart.c

_] stm32gdxx_it.c

@ _] stm32gdxx_hal_
® Drivers/STM3264xx_,
@ [ Drivers/CMSIS |
= 7 Middlewares/Librar,

i arm_cortexM4lf)

=

@ ] FOC_Model.c

& cMsis

Main.c F6 % FOC_Model.h;

L*¥ Private includes
/¥ IISER CODE BEGIN Includes */
H#include <stdio.h>

)
)
1
) 1
}
| /% USER CODE END Includes ¥/
T B S HEATLA I SRR AR R N I S, #4EAE 300-1200 Z 18] ;

ADC KHEIBELE B A AR Vbus Hi A\ ;

WAs: Vi3 B¥b up E: RKHHET
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|

L B = O 4D 00 = O O e G B0 = O 4D 00 =]
Tl
[T}

B ¥5 up E: BRhi LT

HAL_ADC_Start (khadcl) ;

HAL_ADC_Start (&hadc2) ;

adcl _ind = HAL ADC GetValue (&hadcl) ;
adc_wvbus = HAL_ADC_GetValue (&hadc2) ;
rtlU. VDC = adc_vbus*3. 3f/4096%26
finalspeed = (adcl_ind>>4) * 15;
#f(finalspeed >=0 && finalspeed <300)

finalspeed = 200;

%f(finalspeed > 1200)

finalspeed = 1200;
h
rtl., Speed_ref = finalspeed;

HAL Delay(10) ;

21 {£ ADC IR =AM S S N AR, AT SRNERY; R SRR A

HiHAEAN TIML B L BUE S N2 4788 [AIRN @ UART BAE%E 2 VOFA L

I IRTYINS G
337 & else
338 {
339 adcl_inl = hadcl. Instance->JDE1;
340 adcl_in3 = hadel. Instance->JDE2;
341 adcl_in2 = hadcZ. Instance->JDR1;
342 rtll. 1z = (adecl_inl — I&_Offset)#*0.02197f;
343 rtll.ib = (adcl_in2 - IB_Offset)*0.02197f;
344 rtll. 1c = (adel_in3 - IC_Offset)*0.02197f;
345 FOC_Model step() :
346 TIM1->CCR1 = rtY.Tcmpl,
347 TIM1->CCRZ2 = rt¥Y. TcmpZ,
348 TIMi->CCR3 = rt¥. Temp3;
349 load_datal0] = rtl. ia;
350 load_data[l] = SMOTheta;
351 load data[2] = SMOVWm:
352 load data[3] = rtU. Speed_ref;
353 load_datal[4] = 0;
354 memcpy (tempData. (uint8_t *)&load_data, sizeof (load_data)):
ggg | HAL TUART Transmit_ DMA (&huart3, (uint8_t *)tempData, 6%4)
387 1

AEO

22 ImiE A

fZAs: V13
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2. IBREVLINASARIR A B R e L A

[ hl

[ialpha] ialpha
single
Theta < SMOTheta
£ SMOTheta
[ibeta] : ibeta
single
[ualpha] ualpha
single
[ubeta] : ubeta
single

e Esvonm

SMOWm

SMO

= =

. single
singlp
3 . I‘ ualpha single b W
single
ualpha 9 P! Ealpha Omega LPF1 we
single ealpha — Tl 5
1 ialpha P el M s
h single P = T e }‘
ialpha 5 L
single
(4 — P ubeta
bota single
ube | el
single »—p Ebeta theta »( 1)
& ™ Theta
single
ibeta g ebeta
omega
single, & PLL
discrete smo
z1

lahat(K+1) = (1-Rs/Ls*T) * lahat(k) - (1/Ls *T)eahat(k) + (1/Ls *T)ua - (K/Ls * T)*(sign(lahat(k)-la(k)))
IBhat(k#1) = (1-Rs/Ls*T) * IBhat(k) - (1/Ls *T)eBhat(k) + (1/Ls *T)u - (K/Ls * T)*(sign(IBhat(k)-IB(k)))
eahat(k+1) = eahat(k) - we*T*eBhat(k) + (M/Ls * T)(lahat(k) - la(k))
eBhat(k+1) = eBhat(k) + we*T*eahat(k) + (M/Ls * T)(IBhat(k) - IB(k))
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......

3 ‘
theta
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i E] Block Parameters: PID Controller
PID idof (mask) (link)

e .l\(

PID idof (mask) (link) <

MR L AR SN (A PID RIS, SRR dThAL, WP, AR EEAESEE. B LR Y. RmEaiE | &
PID #3 (F % Simulink Control Design). ~
Rl p1 ME R
18 5 O ]
O ezt (O PID #1800 T A AATF RE A
o SRAFRS (] (-1 Jomdkak) 0 -1 F
S b BB AR B
v HERAR
P+I.T.L
z-1 =
EE e Wl HdERR REER
RIS W L
i A A > - |C
LefFl (P): 2#0. TOT*150 Bl |
43 (1 : 50%50 i
R A=LSY
PEFRM A% TR B (PID i) V. d -
[ WE b el
fif iz (0) HLiH (©) FHah () Bif (4)
_. E] Block Parameters: PID Controller X ..“

AT

MR R S B A (] PID S, e E A, MR, SRR SR, e LMEE . s | €
PID 2% (%% Simulink Control Design)e ~
Fafils: p1 y N y - R FET

Hif 3k ’ 4 Y 4 S e T

O ezt (O PID #1800 T A AATF RE A

. HAER R (-1 k) : -1
DG b U B RN B
v iMERAR
P+I.T.L
z-1 s

FE O e WA $EERR REEE
s iR |
B (R C
VU -
FR: 2pixlono A I
TP -2%pi*1000 i

B 2 fb e 22 T F R

§

i 5E (0)

HUH (O Hh(H) B (A) )

fZAs: V13
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Mame | Status
[s] Tpwm
ialpha
ibeta
ualpha
ubeta
[] Pn
L] s
[s] udc
state
theta
[] &1
] G2
LunTheta
LunWm

=
s 2
=h
(=
=

B B2 B2 B2

[d B
=

i
& g
a
=

Value

16000

0.0001
24

-4000
14000

0.00535
6.97
D.016884
35

0.7
0.3389
0.0144

DataTyp

uint16
single
single
single
single
single
single
single
single
single
single
single
single
single
single
single
single
single
single
single
single
auto

auto

pe

[

Dimensions  Complexity | Min
1] real []
real [1]
real [1]
real [1]
real [1
1] real [1
1] real [1]
1] real [1
real [1
real [1]
1] real [1]
1] real [1
real [1
real [1]
1] real [1]
1] real [1]
1] real [1
1] real [1
1] real [1
1] real [1
1] real [1
real [1
real [1]

Max

[1
[1
[1
[1
[1
[1
[1
[1
[1
[1
[1
[1
[1
[1
[1
[1
[1
[1
[1
[1
[1
[1
[1

3. TLRNBBEMNEZLEHIR

Argument

@© VLB EL, IR0 USB % UART BEHLIE $2 42 F i -

L3 )

WAs: Vi3

STLink+TTL

STM32G4FF .k 1R

GND

vDC

StorageClass
Auto
ExportedGlobal
ExportedGlobal
ExportedGlobal
ExportedGlobal
Struct
Auto
Auto
ExportedGlobal
ExportedGlabal
Struct
Struct
ExportedGlobal
ExportedGlobal
Struct
Struct
Struct
Struct
Struct
Struct
Struct
ExportedGlobal
ExportedGlobal

BLDC Lun.sldd 202
BLDC Lun.sldd 202
BLDC Lun.sldd 20
BLDC Lun.sidd 20

BLDC_Lun.sldd
BLDC_Lun.sidd

BLDC_Lunisldd, 202

BLDC Lun.sidd
BLDC_Lun.sldd

BLDC_Lun.sidd 202
BLDC_Lun.sidd 202
BLDC _Lun.sidd 2
BLDC_Lun.sidd 2
BLDC_Lun.sidd 2
BLDC_Lun.sidd 202
BLDC_Lun.sidd 202
BLDC_Lun.sidd 202
BLDC_Lun.sidd 202
BLDC_Lun.sidd 202
BLDC_Lun.sidd 202
BLDC_Lun.sidd 202
BLDC_Lun.sidd 2
BLDC_Lun.sidd 2
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@ TEAGS, FFTIF VOFA EA7HL;

BTE: HRRREANE

1. F/REMWHERTIA

STM32G4 FOC

AR EREVNBEKFELHES
Q. RIERESH

Part1l J=. fofEE. BhAE. AHEED
Part2 FKRSIZHUOARES

Part 3 K/REWNIFBHRE
-
S

Part4 WRFREWNFREES
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%Efﬁ%%%%ﬁﬁl

BEUL:
lak zak 1 0 ﬂsiné) cosé) lak 2
lak lak 1 Rs Pr lak 1 ua—l]
+T ey g D o=
Wer | |Wex— "1 @ Ls Ls cos Lsino weg_q Ls|l4p-1
o I a b 0 Ok
k k-1 0 0 i k-1
iak
[iak] - [1 0 0 0] Lok
lak 0 1 0 O0l|we
Ok
sz —g 0 %sine WTEZJ[COSQ o Li
tak | _ _Rs _ 95 WePs & (g1 Ug— 1
Wae\k ={][+Ts| O T T cos B s sin@ Wﬁe}i\_ll +Ts|0 LS [u/; )
— 0 0 0 0 6= 0
Bk 0 0 1 0 k=1 0
Euler,
simple embedded
/_' =] |
g %Efm&@%%ﬁﬁl
dr Rs wegs 1
ﬂ —e 0 Is sin@ 0 i 2, 0 \
dt | _ Rs weQy ig 1 |[Ua 1 0 0 0
dwe|=| O~ 5 cos® Oyl *]0 E[uﬁ [lﬁ] [0 100 we;c
dt 0 0 0 oL@ o~of Lol
de 0 0 1 0 0 0 | diq _ Rs wegy . o !
dt | ! W Ls Ls _E :
it 1 dig _ _Rs wegr o U !
[ dig ] kel enalSiaalS o ey Ls _1
dt Rs Pr . epr 1
dj Is 0 rsmG Ls cos 6 iy — 0 .
dt | _ ' Bs _@F wepr | ¢ 4 [ “
dwe 0 T Ls cos 6 T sinf s 0 Is|us
dt 0 0 0 0 %] 0 0
de 0 0 1 0 0 0
la
[§a]=[1 00 o] ig
l 0 1 0 O0l|weg
Euler ’ 6
simple embedded
fRAs: V13 B ¥ up £: BRPHETF
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R REVNREE

dig ]
dt Rs wepr 1
dig — 0 Is sinf 0 iy * 0 . . ia
dt |_ Rs  weqy ig 1 [a] Ly =[1 00 0] ip
dwe|=| 0 15 s 080 Ollyel T10 lug]  |ig| Tlo 1 0 of|wex
dt 0 0 0 ofL o o of - 1 O 1
de 0 0 1 0 0 0 I diy ~ Rs  weps | Ug |
a | |'d~ " s e
, dig  Rs wegr o U8 !
4t _Ls _Ls " | Ls
BEuL:
G| (@S] (R oo "eme o) o]
lak Lak—1 Rs wegy lak—-1 1||Ua-1
el |2 0 —-—= ——2cos6 o &2 0 —
wey| (Weg—1 s 3 OLS LSO |22 * %5 [uﬁ-l]
Gk 6k—1 0 0 1 0 Bk—l 0 0

la
[][10001',;
ig] =lo 1 0 ol|we
O

Euler,

simple embedded

HRERENM=F

AT RREFE WANE) EEMETELM. BERNRGED, BREXLGEATRENNRFASEZE
ELMH, SIEERFKBETBEHERS. ENRTEY BR/REIEKHF (Extended Kalman Filter, fEJFREKF)
MR KICHET BIERNNASERE. &f AT BEREBKE, %%ﬁﬁ'ﬁiﬁ%’f’i%éﬁB’ﬂ%ﬁ?&?‘ﬁiiﬁﬁéﬁ‘ﬁ
HBESHALE, BYNIRERENARREEKS.

—TTRGL M
g /N W

)= Fio) PEED (x — x,), x — x>0

f&)=f(xo) +

ZIURGE ML
X1 = f1(X1,X2)

X2 = f2(X1,X2)
af1  oaf1
X1 ax2
af2  oaf2
X1 0X2

5

x=x0

[l

Euler,

simple embedded
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Tifh

SRR
X = AX) 1 + Bugy
ERIZEMHITE

Py = AP, 1AT+ Q

STM32G4 Simulink FOC F & 31t
B ¥5 up E: BRhi LT

TREARBZOAR |
KIE

TRBIEH

_ PyHT
(HP HT + R)

B THE

Ky

Xy = X + Ki(Zy ~ HX)

BB E
Pp = (I - KxH)Py

Euler,
=] A [, by = |
SR AR-RENTTEP,
BATFP PHEELER—RNRENTIZEP 1. BENFTETEL Py
Py = Py — K HP; — Py H'KL + K HP; HTKT + Ky RK[
BK AN LA
P, = Py — K HP; — Py HTKF — K HP; + K (HP; HT + R)KT
P, =P, — K HP, — P HTKY — K, HP, + LI"T(HP‘HT +R)KF
k k k k k k k k (HP,:HT-FR) k k
Pk = P]; = KkHP};
Pp = - K H)P
Euler,
simple embedded
fRAs: V13 B ¥ up £: BRPHETF
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g = Jsx&'u’ Y R-REMTELXLP,
P~ =E[e; ek
ek = Xk == Xk
ETRESzEAR R ERETA:
Xk = AXk71 + Buk71 + Wk*l
Xy = AX 1+ Buy 4
er =Xy — X = AXy_q + Bug_y + Wy_y — AXj—; — Bug—4
= A(Xp1 — Xi21) + Wiy
= Aeg—q + Wiy
B HALRREMT ZUTE AR
Pg = Eleger"] = E[(Ae—y + Wy_1)(Aeg_y + Wi )]

= E[(Aey_1 + Wi_) (ef—1 AT + W]
= E[Aex—sef_ AT + Aey yWil_y + Wy_sef AT + Wy s W]
= E(Aex—16i—1AT) + E(Aex 1 Wi_y) + E(Wy_ye5_1AT) + E(Wi 1 Wi_y)
BTer- 1 5We BB, FHeMIZERO, &

Py = AE(ex—_1el_ AT + EWi W)

Euler BE = AP+

simple embedded

TRERU AT -E K
BTV Se, iR, Hep BHAEE H0, #
(I —Ky H)E (e VK =0, KyE (Ve ) —Ky H)T =0
P, = (I —Kg H)E(eg ex (I —Ky H)T + KkE(Vka YKL
P, = (L—Ky H)P; (I K H)T + Ky RKT
— KyHP; — P H'KT + Ky HP; HTKY + K, RKF
tr(Py) = tr(Pg) — 2tr(KpHP; ) + tr (K HPy HTKY) + tr (K RK[)

dtr(Py)
dK,

—P HT + K (HP  HT +R) = 0

P HT

Kp=—=>Xt
k= (HP,HT + R)

simple embedded
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Fr Bk S
KREROAT-1E ﬁKk
BANMEIR (BIE) Rerr e exs era RITEERV, WFEXNNMNTTZER/N, BT Z5EME TS/

tr(P) = 04 + 0% + ok + 0%

e = X — X = X — X + Kl (H"Zy — X )]
= Xk _Xk_ = Kka + KkHXk_
=X, —X;, —Ky HX,, —K; Vi + K HX,,
= (Xx =X ) —Ki HXp —X)) — Kie Vie
= (I =Ky H)(Xie =X ) — Ky Vie
= —K H) (X =X ) — Ky Ve
= (I —Ky H)e — KV
Py = cov(X,Y) = E[(X — EC))(Y — E(V))]
= E[(Xx — Xi) (X — Xi)] = E[exef] .
= E [(U K Heg — Kii) (U —Kie H)e — KiVi))) ]
= E[(( —Ky H)eg — KiVi) (e (U Ky )TV K{)]
= E[(I —Ky H)eg e "(I =Ky H)T — KiViee " (I =Ky H)T —(I =Ky H)eg VK +K ViVl Ky ]
= (I =Ky H)E (e e ) (I =Ky H)T — KyE(Vieey ") (I =Ky H)T —(I =Ky H)E(eg VOKR, +K E(ViViHDK

Euler,
y \ . ~ T
T IREZOA R -RMLETHEX,
SREHE X,
U K= OFY:
Xp = AXj_1 + By
Z =HX, X=X
X = HZ; Sl
FRfbitEl: | R = H 2 = Xy
X=X, +GH Z - X3) .
= S Lo BB EFRET = X, BD:
HG = K H ey =Ko =55 =
X = X + KeH(H 2 = %) SR 22 RO T 4B R
X = Xy + Ki(Zi — HX), Kic € [0, H™) HA KRR B1835 2 0 0 0
pe] 0 6% 0 0
0 0 ¢4 O
0 0 0 o

Euler,

simple embedded
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Xp = AX 1 + Bug + Wy
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TREJMFARESIAN |

Zk:HXk +Vk
dig ]
dt Rs 95 . 1
ﬂ —E 0 ESlne 0 [ E . wl ) l.a -
dt | _ Rs wegy ig 1 [a] 2 [la]= 1 0 0 O|ip 1]
dwe 0 % T Is cos6 0f 5,1+ Ls|l4s o Ws ip [O 10 0] ea| IV,
dt 0 0 0 o|le 0 0 Wy ep
de 0 0 1) 0 0 0
-t Wi, ViBREAD:
P(W)~N(0,Q)
P(V,)~N(0,R)
021 Owiwz Owiws Owiws
Q = Owiw2 av?/Z Ow2w3  Ow2w4 R= 61121 Op1v2
Owiw3  Ow2w3 0',,%,3 Ow3w4 Op1v2 0'1;22
Owiw4a Ow2ws Ow3wa 0"3,4
Euler,
simple embedded
Y 1,
TRV NFRES|IA |
d di,  Rs weqy Ugy
[ua T [ia]+[we |[3ins # LTI i
uﬂ B d Lﬁ (pf cos@ dizfﬁfwe(pf Osgfﬁ
0 Rs+aLs dt Ls Ls Ls
ATENEFTRBORENEEDSE, RNTRUEMRIANESINZINEERAE, #mELRER
S N=RIRE,
iy ]
dt Rs [T 1
@ s 0 Esm@ 0 iy e i . l:a
dt |_ Rs weoy ig 1 [a [la]_ 1 0 0 01|ip
dwe s 1s %50 Of|we| 7|0 gg|lus 51=lo 1 0 olle
dt 0 0 0 o|le 0 0 ep
L} 0 0 1 0 0 0
Ldt !
Euler,

simple embedded

WAs: Vi3

B ¥ up F: BRKHHEF



Euler
simple mbecdded STM32G4 Simulink FOC f 7 Fit
B ¥ up E: BRPHEF

RE=ETTRESIA

REZ=ETReT:
X; = AX; + Bu;

Z, = HX,
UHIRBRALE:
Xk = AXk—l + Buk_l
Zk = HXk

X = AX_1 + Buy + Wy
Zk = HXk + Vk

Hohw, AR E, Vi ANBRE,

RREVNBOEARLZBILEANDRE, HEISEBHW AV, EERNFTENEREREBET
%Ef%éﬁ TREBEFBEN—RIBIESHEETZ MNSEHREBETRKSR FOREETR
R

Euler,

simple embedded

TE,AEE BAE. AT
ESNH
IECEEEE s, st

1000
1200
1300
6o 2 rj:l o im0 2 :U 6lo
r.'v:.‘w | ‘
99. 999
WITE:
OiqOwm =
(0.3—0.4)(1000—-1198.57)+(0.4—0.4)(1200—1198.57)+(0.5—0.4)(990—1198.57) — 15
3
hIT ZRERE:
e :
oo v Gaowm| _[000667 15 [ iR Wi
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TE. FEE. BITE. AHERD

Wm B AL 4% 5
1000
1200
1300
EHETE:
0.3+ 0.4+0.5
Iq_Average = — s = 0.4
1000 + 1200 + 1300
Wm_Average = — 5 = 1166.67
TETEITE:
0.3 —0.4)%2 + (0.4 — 0.49)%2 + (0.5 — 0.4)
51 = ( )" +( 5 ) ( ) = 0.00667
1000 — 1166.67)2 + (1200 — 1166.67)2 + (1300 — 1166.67)?
O = ( ) ( 3 )+ ( ) = 15555.56
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RAE BRI IR RSUWMAFEE |

)?,:_ = Xg—1 + Ts(F(x3-1) + Bu)

RSEEFS R
@ =A=1+TsF(X_7)
Heh, QM AEEREMNNITZHEM, REEANEBRE
REWMTTZIEEER: M ITERER, NRGHESMEEEREENZME, KR
NAELHTELSBRLE. Bt REERERE
Py = 0P,0" + Q
000 0 0 0
ERBIESEY o=| 0 001 0 0 R_[0.1 0]
P HT “lo o 10 o """ lo o1
Kk:m 0 0 0 0.01
RILETHE:

5 = Xp + K (Zi —HX,)
EF R AN R L £
Euler, P¢= (U~ K.H)P;
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@ WL # M rad/s 8 rpm/min;

A5 x_hat
S B Ex hat
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i_alpha @' , 2 )
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g

w HEFWY

i_alpha w
omega_hat f——

omeaga_hat
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L
ualpha
theta_hat
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ubeta 2*pi
EKF

@ WLEI) theta ffi SN I theta FIA

EKFWm
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BELESUMIES
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Oo— =
B " TSN &
F &

e o
Bl e
O el B s =

fil R
ED|

6 T EEIAATE E A IPAT IR, SO A ERFER ] 25 1e-3;

T RRFEIS [ R FF 1e-4:
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f()

Function-Call
Generator

A

—» Speed_fd

gle

— Speed_ref ig_ref

gle

—»| ResetSignal

Trigger()
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A

E Block Parameters: Function-Call Generator X

Function—Call Generator (mask) (link)

LAAE E 3 S 17 He B B e HOR F F R4t BERUel Stateflow
Pl B E RN AT 2 eh SR L, RS Function—
Call Split Hithehi& A .

CEAERTE SEdEE T SHEERE S R B F R R
FEFEA NI ()25 2 YIS AR AT R HE B B fr 4 e AR R, i fE R
TIEfCIRET S

IR EaefiaRig 7 BaEHE, WIS R O AR S B EbR
s(ER, B S R R A S .

ZH

SRR ] :

ARG

Speed_loop

1

O A fidr % i
(O Sl fedm O

(? ] BEO) | BIK© | #EB@ | R @
7 A YO —l

f ﬂ Block Parameters: Function-Call Generator1 X

Function-Call Generator (mask) (link)

ARG E A3 3 AT R B B B L ) e SO A F R4t BRI Stateflow
e [ B WA IATT AR HOR TR, R BELS Function—

Call Split #HEEAMER.

TRFERS () BRI ET 5 HE R A B 18 B B
§?’£{§(ﬁ’|‘ﬁﬁl‘fﬂéﬁﬁ$Fﬁ(iﬂt‘#}kﬁ‘ﬁf&ﬂlﬁﬁﬁﬂ{E‘Jﬁ’l‘@i&ﬁ]mﬁﬂ{. i i
O

0 Rk SRRSO SRR, DN AL O A (R S B
el BRSO

BH
——— (22 RHHE:
Temp2
le—4
IER K
Tempd 1
[ A fo v i g i

O Sl e s 1

7] BN || BN REHI (W)

:

Curr_loop

© FEHEID K HRIA R A ERIEIN trigger FEHRL;
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* [P&|Speed loop P
— [*&| Block Parameters: Trigger X =

Trigger Port
BRI - S U R, DB R — Ak sl el S0 H B4

/ AR SR T TR, TR S A, MR
IR 2 R T SR R

Trigg EE FSEs
firk S AR | oy HiM =
O #A Simulink %L

JE RS ERA (R

single o
Speed_ref iq_ref a7 R ANME S b | AT ) M
7 single
Pliz) O St

Speed_fd
i HH R 280

u FAERTRIETY: ik -

ResetSignal
FHER (] 2

J ()] mHE© | #EH®

@ BERIFE SRS, LT EAZHL, X LI 52 5 R L S B ik

=

® WS A TESE, UEW TR RN &R A 178 A8 S FOC_Model
BB, s AR A A
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Observer(0) 4
&=(F) D
HEM) D
EEfERE(L) -
FRQ -
Linear Analysis 4
Design Verifier(V) 4
Coverage 4 3
EEEE] b
b=t N .
E}f—:_lIEm [ Muspd
'LD\EH E g b ry— Surtace Maunt PMSH
g b
C/C++ R3O * |28 EmbeWCnder Quick Start |
FIPL sl Y@ BN
‘ & . PLC fAR3(P v
Eli G ® e REEFESE)
uon RS (Subsystem)(P) SHEHF
LT JBHET).. 4R S-Function(G)
#FBEN(H) .
SHRFEIC/C++ £RI(N)
T FREGIRES)
A N = =z =
© A AR R o 2+ B R s
N N N s . - \ .
¥ £E B FOC ARAGGEE Keil TF2H MATLAB SC443K:
= B s e KN
defines.txt 2023/8/22 21:11 AR 1KB
ert_main.c 2023/8/22 21:11 C s 4 KB
FOC Model.bat 2023/8/14 20:39 Windows #t:4hE... 1 KB
FOC Model.c 2023/8/22 21:11 CilFsris 48 KB
@ FOC Model.h 2023/8/22 21:11 C Header jF3{5 32 KB
D FOC_Model.mk 2023/8/22 21:11 Makefile JR3{E 11 KB
D FOC_Meodel.rsp 2023/8/2012:23 RSP =244 1 KB
[] FoC_Model_refrsp 2023/8/14 20:39 RSP 3Zit 0 KB
modelsources.txt 2023/8/22 21:11 praisve =1 1 KB
[ rtw_proj.tmw 2023/8/14 20:39 TMW 3¢ 1KB
rtwtypes.h 2023/8/22 21:11 C Header JEzf% 4KB
&) rtwtypeschksum.mat 2023/8/22 21:11 MAT 324 2 KB
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BiR ERTEEA
FOC_Model.c 2023/8/22 21:11
FOC_Model.h 2023/8/22 21:11
rtwtypes.h 2023/8/22 21:11

STM32G4 Simulink FOC F ~ Ft
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ESid] F

CiFsiF 48 KB
C Header iFsZis 32 KB
C Header iF3zi4 4 KB

D #77F Keil T, 7€ THEH T MATLAB T334 1 FOC_MODEL.C 044

Project s E |
= 43 Project: STM32G4_GPIO
= &3 STM32G4_GPIO
= & Application/MDK-2
_] startup_stm32g:
= I Application/User/C |
_] main.c "
R0 gpio.c
#]) adc.c l
# %) dma.c '%
¥ %] opamp.c |
@ aJ tim.c
#] usartc
@ _] stm32gdxx_it.c
) 2}3 stm32gdxx_hal_
[ Drivers/STM32G4xx_
@ [ Drivers/CMSIS
£l %3 Middlewares/Librar
_] arm_cortexM4lf
[ = MAILAB |
_] FOC_Model.c

@ SIS

@ Main.c L% FOC_Model.h;
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!} j* Private includes ———mm————-
) J/#* USER CODE BEGIN Includes */
H#include <S‘td:i.l:l. h>

=+ clilce 1, L

' JILLILLE L

L USER CODE END Includes */
3) @i HE A 2 ALV T SRR R N[ S 5638, B AE 300-1200 2 JA);

ADC KA (I BEZL H IS AR R Vbus B ;

1

HAL_ADC_Start (&hadcl) ;

HAL_ADC_Start (&hadc2) :

adcl_ind = HAL ADC GetValue (&hadcl):
adc_wvbus = HAL_ADC GetValue (&hadc2) :
rtlU. VDC = adc_vbus*3. 3£/4096%26
finalspeed = (adcl_ind>>4) * 15;
#f(finalspeed >=0 && finalspeed <300)

|

finalspeed = S00;
%f(finalspeed > 1200}
finalspeed = 1200;

rtl., Speed_ref = finalspeed;
HAL Delay(10);

L B = O 4D 00 = O O e L B0 = O 6D 00 =]
Il
[T}

7E ADC A Wi Fh s B = AH Ly (i N VR Y, BT HVRARED s W vk
HEHAE N TIML B HERE B N 725 [N @ UART BA&%E 2 VOFA |k

IR IRTZRT FIF

WAs: Vi3 B¥b up E: RKHHET



Euler
simple mbecdded STM32G4 Simulink FOC f 7 Fit
B ¥ up E: BRPHEF

N Fl

337 else
338 B {
339 adcl_inl = hadcl. Instance->JDE] ;
340 adcl_in3 = hadcl. Instance->]JDEZ;
341 adcl_inZ2 = hadecZ. Instance—>]JDR1 ;
342 rtl.1a = (adcl_inl - I4& Offset)*0, 02197f;
343 rtlU.1b = (adcl_in2 - IB_Offset)*0,02107f;
344 rtl.1c = (adcl_in3 - IC_Offset)*0.02197f;
345 FOC_Model_step () :
346 TIMI->CCR1 = rtY. Templ;
347 TIMI->CCR2 = rtY. TempZ;
348 TIMI->CCR3 = rtY. Temp3;
349 load_datal0] = rtl. ia;
380 load_data[l] = EEFTheta;
351 load_datal[2] = EKF¥m;
352 load_data[3] = rtll. Speed_ref:
353 load_datal4] = 0;
354 memcpy (tempData, (uint8_t *)&load_data, =izeof (load_data));
ggg \ HAL_UART Transmit_DMA (&huart3, (uint8 + *)tempData, A*4)
387 }
@) 4 BARY:

2. HRER/REVMABELA KB+ A

[p— 7| e
. i aloh - » D
[ialpha] i_alpha w 30/pi EKFVIm 4
EKFWm
omega_hat
ega omega_hat

[ibeta] i_beta
L EKFTheta
- EKFTheta
»
[ualpha] ualpha mod

theta_hat
- theta_ha

[ubeta] ubeta 2%pi

L =]
EKF
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RGN () 1] LA FEF (%)

- Gl
ualpha
@ ) -

h(x)E AT EE R R fai

—

1 .:. .:. .:.
010 ] [Hl

H

A

f(x)it 5 Pt AERE B

[ibeta_hat] z1 pi hata 1/8.00535 170 Lt
e
[theta_hat] =1 p{theta hat B
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th'.*ﬁf)(_hat_k TRFEwH 7 =P
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D o L SRS
[ >————#f= Ko . J—uu
B> [ i ] =
.n—b@
K T I Mix_hat Z
e 1o
xpn A_I_..-
[>— | <o ]
L o .
@— < )
i_beta i @—PH _g..
H T ZE R
[ >—fx
[(i>— - s—(P]
Prad——sfr.pe
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KRt

I
D, >
ualpha Efij
«», >
ubeta i 1]
Vector
Concatenate

(U]

i

9

Ei Elock Parameters: Vector Concatenate

Concatenate

&3P0 ELA H R Bl R R o £5 = DLE IR S R 5

HA K

X

HE 4 ) Bl 2 4k

FEFEHAT, FrARAESAUN R EERT [1XM] JE R
(M 1] FEFF, oA &E 5B RIIERERAS . mRrARAY
Jyle) i, W AR R . DR R AT ECR SR R, 04 el e

BRATE TR

A YRS, A S BRAERE SRR T R I A A ey A
ol fon,  EEIEELAACT SRR, & RdEE 1 B 2 (E NS RYEE.

ZE
HIAECH :
2

it o

o ERRMERE

1

B (C)

HEh(H)

[z (A)

iy
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(<) T LL A B F (%)

[omega_hat] z1 — P omega_hat
F [F]
[theta_hat] 71 | p{theta_hat
F
]
4,> &
b
(b
> oL Iy
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EI Block Parameters: Vector Concatenate4 X

Concatenate

| BB EEHFISERR GRS LSRR S . R R R
g

FEREMRK T, ARG S LI R ESRAT [1XM] A s 2z
X 1] %EFF, SEAESRTERFRREFIERNAST. mRArAERALY . N

= i, M HARARE. MR AR RITECRFERE, W B —
BATEEAT B,

| R, M BB R T S B A SR . —
Biltm, ZEESUCHRBALSE, EaaldEaE 1 8 2 fFhE Y. 2

LH | Concatenstss
i AH -

4 ) ]
B 4 -
ER G -

2 H S|

v

1 M (0) ) BWHO, | FE® | FA® 2
| | 2 L2

2 PN i o

E] Block Parameters: Constant4 X

Constant

ity CEEE SEdRER)E R, WO CWEE EREIEH TR RS
Fel— e B AR RS, WA B — 4. B0, Sl g S
B (R 5

EE O HGEEM
s €l[oooo0]f—

| [0 0 0 0]] : Constant4
8 R ESREA—dn &
o AR ©lloo10]}—

inf

9 O || EHO | RO
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E] Block Parameters: Reshape2

Reshape

B ) s PR S S R . B
- —HEEUH (),

- FlrEE MX1 HE,

- {FHE (LXN ),

- B MG R8O 2R IR A () 4 .
ZH

- BEARERENAEMERRE, fli M, N] V], Bi#E —

e |

TR : (T ()

A tH £ R
[1,1]

9 O

Reshape?2

e o]

v/

|
#HH) | ol @4

/i
E] Block Parameters: Matrix Concatenate

Concatenate

"IN7X

A\

X
|

£ I ELA R ) e SR R AT (R 5 LRI DB (R 5 . e BB
HeH B

TP

1

Matrix
Concatenate

FEREHERT, FrAMAG S LA E BEUa T [ 5 FEEUR 5
T X 1] EERE, BRSO AR EUR SR R A . MRS A
Aol S, DA R AR AR AT SR AR, U R
e AR IS
FELHEEGUE, (ER] " B IR ORARGE T £ R A B A 4R
T B, BEEEEKCT R A S, 5 ldEE T a0 2 fE S B
ZH
HNHH
4
gtz o 1 .
EfBRAESE
1
1
1
Q HH (©) FEF (4)
Y /

@ h(x)HHE ] LEAE RS
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1000
[0 10 e] H
H
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& R fai
12 [ fai
[F] F A [A]
eye
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A W i

&=\ 2

? ] Wi (0) | B | WBIG) | R ()
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Ei Block Parameters: Matrix Multiply X
Product

FEEBRERERIA - RO REOE R, AR A DR R RS

a) * B /. Bl s/ PUTIEE  ul*u2/udtud .
b) —ABRELML, PR BRI AG O3, i, 2 PUTEE  ulk .

MERA— AL O I H "eik” S2HEERN "HonsE (%7, M * 85 /
fEREEMERESRMAGS. (B2, MR "RE SHOEER HEEE", W
A S SEEHES R R, B/ &SRB I .
FE  E5EH

fANEH

2)

ik | HorE ()

hulllg

9 i (0) ) @O, HBGW) | (W)

\ ; .

["a] Block Parameters: IdentityMatrix x
IdentityMatrix ’

Qutput an identity matrix, similar to the functionality of the MATLAB
function eye.

- For sealar matrices, the output is an N-by-N square (symmetric)
identity matrix with the number of rows and columns equal to N

- Fortwo—element vector output dimensions [M N], the output is an M-
by-N (asymmetrie) matrix with the number of rows equal to M, the
number of eolumns equal to N, ones down the diagonal, and zeros
elsewhere.

*-—-_._

(O AN B 1 24 7R At 3 1 i A

4

o _
AR single |2 > —I

AR 1] -
-1

® fx)iHE
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(X)TT5
ialpha_hat] z1 »{i_alpha
ibeta_hat] z' b pfibeta
omega_hat] zV b——» omega_hat
[theta_hat] 7' ———ptheta_hat
f
RslL ="_| ]
i_alpha N
(D) fluxL
omega_hat
] (D
2 .r;;.:\ ¥ —1
o= —) |

theta_hat

sin
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:

@ FEHIREEE B
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124 B

1/0.00535 0
g 1/0. DDEES (B]
1] 0]
B
T X hat_k
THHEX _hat_K
[ £]
mn > p i
71— hat
X — comf ]
| 18] > B
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[Pl Block Parameters: Matrix Multiply1 X
Product

Feikek RN . AR T R BERERBL JF AR A D T ARz

a) # o) /. i, /s BUHEE ulu2/udked
b) —MREE, AREEEMROEAGROS. fl, 2 PITER "l .

2 IMRERE AR H "R SEEER HouE (07, A 5 A |
g AR IS FATB G . (2, MR R BEGEEN THEE 90,
- B ok o GEBURERRMER, B/ SERR HE. I
[&D; EH HEEE
f LY 4N |
2
ik (0 & -
Matrix
B Multiply
Matrix Multiply 1
U ‘
Q wiE © | B © || #EB | s W

Q@ IHEFTZEP

HE T ZEP

[A] X

IP] z p P pre —@|

0.001 i} 0 i)
0D 0.1 W] 4] BRnr
] d 10 4]
] 0 peo.ol
e ——
%2l Block Parameters: Transpose X 2l B1ock poram el
Math Product
SewRs, . RARKEY. S 2SS0, B * I . R RBOEPERBL, AR ORE F AR
TR ER)SAMD. a) % 3 /. Pt e/ TR ulku2/udeud
R (b b) —4h *'ll IR EHORARAR O $. i, 2 SRITIES ulke2' .
L ST
M3 transpose - PIESRE Y MANCIEH "k kﬁllﬁ/{_ k(9" Wep

HE P )i 1 S A L R i e w
WA SR G ¥ A+ 2 GEBURIN G IR, T4 "‘#’l&lkh HAE
EX i
BANEH:
9 P [ #© | ma© | #mB) LN =

COo— Matrix
A Multiply
Matrix 5 (0) Bt (€) 15t () 1 (A
o> Wiy —
P >
GO—- P_pre
Q
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Ve
7N

R R

i

K

>

a.1 0
0 0.1

P _pre

[*&] Block Parameters: Divide
Product

ﬂ%’i”ﬁiﬁ? RN R TR S R R A,

) % B /. Bl e RUTES " ulsu/uFhd’
b) — AR, TR AR AROE B, 2 SPEH Pt

WA —MEARO A “ARiE” SN Hong ()", WAk /
A R B AT A G5 A, R SR SHEER THEEE 0

I At A R T il

HA LSRR R A /£ SRR I
LT fESmEtE

K :

Aeihi: | FERE () -
\
| 7] B © || #HBH i (A
- N7

@) &G
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4 £1
= s,
(LT SAZITPAN
i_alpha
= P—<
i_beta 1
& |
N =i ~
@ HHEEIMAEFEE x_hat
@ Block Parameters: Den:x y X
‘ Demux
| ﬁ@éfﬁ%fﬁ%%ﬁi?ﬁ%fﬁﬁwﬁlia phep T AR DR Rk
He
> = s 2
it S L Ah HEx_hat =
—<px_ral] St EH
4
porly————lx e v
=D SRk ek M
K |
o O Bkt
La >——
H] H
45 ) Q WE© || B | mBE | s
CO— o e
X_pre >+
X_hat

Matrix
Multiply

P Matrix

Multiply
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IdentityMatrix

[ﬂ Block Parameters: IdentityMatrix
IdentityMatrix

X

Output an identity matrix, similar to the functionality of the MATLAB

function eye.

- For scalar matrices, the output is an N-by-N square (symmetric)
identity matrix with the number of rows and columns equal to N.

- For two-element vector output dimensions [M N], the output is an M-
by-N (asymmetric) matrix with the number of rows equal to M, the
number of columns equal to N, ones down the diagonal, and zeros

| elsewhere.

¥

Y i -
4

(3 AN A 3 1 4 7t i 1 i

Mt EEE R single

SRAER i)
=

9 i ©)

Matrix
Multiply

Matrix
Multiply :
P

LD .V A

G

Name  Status
[s2s] TRwm
ialpha
ibeta
ualpha
ubeta

[:.‘i;] curr_d_kp
EKFTheta
EKFWm

3.

Value DataType Dimensions ComplexityfMin{Max Unit Argument
16000 uint16 [11] real b I1
single -1 real [1 11
single -1 real bl []
single -1 real [1° 1]
single -1 real [1 11
4 single 11 real [1 11
0.0001 single [1.1] real [1 11
24 single [11] real [1 11
single -1 real [1 11
0.00535 single 1 real [1 11
6.97 single 1 real [1 11
0.016884 single [11] real [1 11
00031514 single 1] real [1 11
0.0001229046 single 1] real [1 1l
35 single [11] real [1 11
0.025 single 1 real [1 11
single -1 real [1 11
single -1 real [1 11

TR R R/ RBEHIAR

O UL 32k, HiF USB %% UART B4 58 d i«

fZAs: V13

StorageClass
Auto
ExportedGlobal
ExportedGlobal
ExportedGlobal
ExportedGlobal
Struct
Auto
Auto
ExportedGlobal
Struct
Struct
Struct
Struct
Struct
Struct
Struct
ExportedGlobal
ExportedGlobal

DataSource
BLDC_EKF.sldg
BLDC_EKF.sldg
BLDC_EKF.sldg
BLDC_EKF.sldg
BLDC_EKF.sldg
BLDC_EKF.sldg
BLDC_EKF.sldg
BLDC_EKF.sldg
BLDC_EKF.sldg
BLDC_EKF.sldg
BLDC_EKF.sldg

BLDC_EKF.sldq:

BLDC_EKF.sldg
BLDC_EKF.sldg
BLDC_EKF.sldg
BLDC_EKF.sldg
BLDC_EKF.sldg
BLDC_EKF.sldg

W7 1] (A)

B ¥ up F: BRKHHF




Euler
‘ STM32G4 Simulink FOC f 7 Fit
B ¥ up E: BRPHEF

@ TEAGS, FFATIF VOFA ELIHL;

FTE-+—&F: Simulink _LAIHL
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Bz Simulink FOC_Efir#]

e
AHHIHEAEE 'll||‘I‘”"|\”\Im"\”"]”I’||||"'“1”I\|’|!|;‘”l||1lm|‘w\l‘I\I“\”””Il"Iu’h A I,l‘|\|\|“["\‘\‘\W'{”'l‘I‘\‘\"[||J|’|l]|"[“||"l|’l|”[f”

Speed Reference

= B T

Speed Feedback
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HOST
Serial
Setup
(%] Block Parameters: Host Serial Setup X

Host Serial Setup

Configure the host-side serial communications interface.

-

STM32G4 Simulink FOC F ~ Ft

1.3 USBE UARTHE R 3,
B3N

2R

5TRAURE—H

Serial 1 | Serial 2  Serial 3  Serial 4 L=

Port name: [fcous’ <l 3

Baud [2000000 ]z | 3 f2ibfil

aud rate: [2 : ~ "
ST RET—

Musber of stop bits: [ / %TLL*)H i g[

2| [omnm

- i 5 TR

Byte order: [LittleEndian &

huart3.
huart3.
huart3.
huart3
huart3.
huart3.
huart3.
huart3.
huart3
huart3.

B ¥ up E: BRPHEF

1.Host Serial Setup

THAUARTEEE

Instance = USART3;

Init.BaudRate = 2000000;
Init.WordLength = UART_WORDLENGIH_8B;

.Init.StopBits = UART_STOPBITS_1;

Init.Parity = UART_PARITY NONE;

Init.Mode = UART_MODE_TX_RX;|
Init.HWFlowCtl = UART_HWCONTROL_NONE;
Init.OverSampling = UART OVERSAMPLING 16;

.Init.OneBitSampling = UART_ONE_BIT SAMPLE DISABLE;

Init.ClockPrescaler = UART PRESCALER DIV1;

huart3.AdvancedInit.AdvFeatureInit = UART ADVFEATURE NO_INIT;

{5 e

6. FHREENHER |

[(m#© | [ mme | FEGED
Euler,
simple embedded
HOST
Serial 3
Receive data

[%al Block Parameters: Host Serial Receive X m r
Yot St Recetve L343 Ny serial 1
Configure the host-side serial communications interface to receive data from

T e varpute v vasatred ate 2 E sk

su s

| R
Additional package header: ['SSSS” 1 4J: %ﬁ 5&
Additional package terminator: [ EEEE’ /f// 1 z %
Data type: [single o - 5—¢ﬁ&}gﬁfg
Data size: [[1000 6 8 N

LT | 6.AEHHO
nitial output: [0 il

Action taken when connection tises out: [Output cusé@® value ‘;ﬂ 7?%&%5‘]’%&]’
Ot s s comction s o P | R NAE

Sample time: [1 1o T
Tl it e o 8. BEX{EO
EA Ensble blocking mode N

o 9. RAERIELs
@ ) [Brmwg [EHN

Euler

simple embedded

fZAs: V13

void UART_UPLOAD(void)

4£ (Lot
{

1oa

loa

1oa
loa
ua:
hua:

else

Loa
loac
loa

loa
ua:
hua:
)
else
Loa
1oa
loa
loa
loa
loa
oa
hua:
hua:

3
i

Loadent
load data(0] = *(float*)"SSSS";

2.Host Serial Receive
TRb SRR

adcnt == 0)
Tt

d_data[l] = rtU.ia:
d_data[2] = rtU.ib:

1
d_data(5] = EXFWm;
d_data(6] = rtU.Speed ref;
HAL_UNLOCK (huart3.hdmatx) ;

rt3.gState = HAL UART_STATE_READY:
rt3.hdmacx->State = HAL DMA_STATE_READY:

HAL UART_Transmit_DMA(chuarc3, (uinté_t *)load data,?+4);

if (Loadent == 995)
dent = 03
d_data(0] = rtU.ia:

d_datafl] = rel.ib;

d_data[2] = rtU.ic,
d_data(3] = EXFTneta,

d_data4] = EXFWm:

d_data(5] = rtU.Speed ref:
d_data[6] = *(float*) EEEE";

HAL_UNLOCK (huart3.hdmatx) ;

rt3.gState = HAL UART_STATE_READY:
rt3.hdmatx->State = HAL DMA_STATE_READY:

HAL_UART_Transmit_DMA(shuart3, (uinte_t *)load_data,7*4):

dentes:
d_data0] = reU.ia;
d_da = rcU.ib;

d_d = rco.
d_data(3] = EKFTheta;
d_data(4] = EKFWm;
d_data(S] = rtU.Speed ref:

HAL_UNLOCK (huart3.hdmatx) ;

rt3.gState = HAL UART_STATE_READY:
r3.hdmatx->State = HAL DMA_STATE_READ!

¥:
HAL_UART_Transmit_DMA(chuarc3, (uinté_t *)load _data,é*4):

B ¥ up F: BRKHHF
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3.H AL |

k1 [ia ibl icl EKM_Theta EKF_Wm Speed_ref] lial ia2 .. ial000]

k2 |ia b2 ic2 EKM_Theta EKF_Wm Speedref| [ibl ib2 .. ib1000]

k3 |ia b3 ic3 EKM_Theta EKF_Wm Speedref| licl ic2 .. ic1000]

[EKM_Thetal EKM _Theta2 .. EKM_Thetal000]
k1000 lia ib ic EKM_Theta EKF Wm Speed ref [EKF Wm1 EKF Wm2 .. EKF_Wm1000]
[Speed_refl Speed_ref2 .. Speed_ref1000]

: = 7
[:] function [Outputl,Output2,0utput3,Output4,Output5,0utputé] = unBuf(Input)
2| I
Outputl = Input(:, 1);
3 4’ Output2 = Input(:, 2);
- 4 At Output3 = Input(:, 3);
unBuf 1 Output4 = Input(:, 4);
Output5 = Input(:, 5);
3 N Output6 = Input(:, 6);
end
‘Speed_ref
AN
TORET.
simple embedded
N 4. Host Serial T it
_ . AOSt serial Iransmi
»! data Serial
Transmit
Block Parameters: Host Serial Transmit X
Host Serial Transmit
Configure the host-side serial cammunications ifiterface to

transmit data to serial portg

The data port accepts the datalito be Lansnitteds o EFFEXT N serial 1
% =

Serial connection:{[Serial 1 A Tl L2 TFEEIRML
Additional paékage header: [s" el |

Additiondl package terningtor: [ ———Ji—— 2 NAREIEWRE

[ Enable blocking mode

S | [ wmeo | [T

simple embedded
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5%&&%%&'

’ Knob#&ik | | Rocker Switch#& iR |

\ o RIS AR bR 2

HAL_UART_Receive_DMA(&huart3,(uint8_t *)&RxBuffer,6);

il \ B

[l Block Parameters: Knob1 x 24 Block Parameters: Rocker Switch %
ool Svitch
anaUASSRALS QR RNLAE S RN oU.Speed_ref = RxBuffer(4] * 256 + RxBuffer(3);//

Af (RxBuffer[1] == 0x0
{

ITU.MotorOnOfsf = 1;
HAL TIM PWM Starc( shtiml, TIM CHANNEL 1):
HAL_TIM PWM_Start( &htiml, TIM CHANNEL 2):
HAL_TIM PWM_Starc( shtiml, TIM CHANNEL 3):
HAL TIMEx_PWMN_Starc( chtiml, TIM CHANNEL L)%
HAL TIMEx_PWMN_Start( shtiml, TIM CHANNELL2):
HAL TIMEx PWMN_Start( chtiml, TIM CHANNEL S):

else

] WE [ ItU.MotorOnoLe = 0:

1 HAL_TIM_PWM_Stop( Shtifi), TIM_CHANNEL .
HAL_TIM PWM_Sc6pl, &HGiml, TIM CHANNEL :

HAL_TIM_PWM_Stop{ Ehuiml, TIM CHANNEL_:

- W2 [ - ] . Fwma g 3, 2
HAL TIMEx PWMN_STO( Shriml, TIM CHANNEL

HAL_TIMEx PWMN_Stop( chtiml,) TIMICHANNELS):

e

Eul i | (o | G o i) Cant] N ,
ulc

simple embedded

6. ELRTE

| LEFUSB Type CRSTLIN+ TTLTEGE S Z B, IHEFBERECIFRIR, |

| 2.2EHost Serial Setup B RMCOMO, BHSTLNk+TTL T BUEB EGAFF 4R, |
|3 EfT ERANHE; |

4 TRERFEAREIENER, |

[%] Block Parameters: Host Serial Setup X
Host Serial Setup

Configure the host-side serial communications interface.

Serial 1 Serial 2 Serial 3 Serial 4

STLink+TTL Port nase: [[C0LT <
. ‘ Baud rate: [2000000 B
Number of stop bits: [1 -
Parity mode: [none >
Timeout: (1.0
Byte order: [LittleEndian -

— [ =" 4 Wi ©) wmw | [

cuer,

simple embedded
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7 RE AL TR R B BT n

HEF) TR ME((V) BE) HEEH)
Q- OPE - 3-H-FA-

4 REEE AEREE

i BTW

Euler,

imple o

F_+_F. HEYSEELRIHA

HHLSBCEF UM Pn BOELE 4 FHON 2, RESIFFLHH 12.25 FH

AN 6.13, WARNSEEAHTERSER . BTZH KRUEBEFEHR,
JE BT FFRRGRAE LB HISH

BiE22EZ GiIfE A THSE

11541 SHE SR
Lg. Ld(H) 0.00535(+-20%) | g4 N d 4l A B Je&
R (ohm) 6.97(+-10%) | EF54HAYEE
Pn 4| BRI ER
Ke(Vpk LL/krpm) 12.25(+-10%) | R BB A EE
Ypm (Wb) 0.016884(+-10%) | sk BEIAREEE
W5 R B RN Wom =1+Ke*60/(sqrt(3)*1000+P*2#)
& =% (rpm) 1200 RS 4t E
fRAs: V13 B ¥ up E: BRHHET
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BiE228F 2 FERARES#
EBHSE SHE SR
Lg. Ld(H) 0.00535(+-20%) | o AN d%h Y BB %
R (ohm) 6.97(+-10%)| E FEHAYEBE
Pn 2| BB AR IS £
Ke(Vpk LL/krpm) 6.13(+-10%)| REE B FE 5L
Ypm (Wb) 0.016884(+-10%)| sk REIA L 5E
Bt 5 REB RN Wpm =1+Kex60/(sqrt(3)*1000*P*2x11)
B &% (rpm) 2000 R EEE

BT =F: FFLEmENN S

1. ARLRPERAEERL AR 2R 5| A

STM32G4 FOC

JF L MERE R LM 25
IER¥ VIR, OBEEIHAIR

RiAs: V13
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F AR

Part 1 JFZRM@ESEN N =R RTET
Part 2 JFZEMERESEVN R EF IR

Part3 PLL

Euler,
JE LM TeHE L 25 U F AR
SEER:
Sensorless Control of Surface-Mount
Permanent-Magnet Synchronous Motors
Based on a Nonlinear Observer
LM REEVIN2E R B XWNRRS T2 ARE, AN ERS T BAE
Fricse(E, YONRSUEr. FLMEmA TUWNEEEFEsnFlcos, Frid2IELMNNES.
RN KRR L B oBEER R R
Rs + @ L 0
' = = E ia —sinf
[uﬁ] - d [iﬁ] + logn] cos @ ]
0 Rgid—i
dt
Euler,

simple embedded
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[ h s [0
BART#H:
tie] = -r i)+ won [ 00+ ]

EXREEEX:

3] -omm Ll =B
B

STM32G4 Simulink FOC F & 31t
B ¥5 up E: BRhi LT

L MRS 2% T F AR

}
RS !
i X=AR+Bu |
. Z=CX !

yl _ ia Uq
2| = Rs [iﬁ] +[“ﬁ

Hepy A8 HTAME, TEI—IENE

—cosf 2,
sinwt’ = wcoswt X e Beta(x):
_ [eta(x1)] _ | N )
[ =1L [lﬁ] te z?r?g] eta@) = [eta(xz) SR [i[)’] =9m [(:1)1’?9
Euler,
I 2314 5 5 XM 25 BN S AR
R EH IR ARRIES, INEFAEHEE,. 0 o eegen.

q

lomll* = |@n€os0|* + | @y, sing|?

lleta(x)||? = |eta(x1)|? + |eta(x2)|?

Euler,

simple embedded

fZAs: V13

1 —
SRR R R T E B T2 A B  JARRLL
]
]

_ [ERaGIT _ — la] _ cos @
el [eta(xz) =x—L [iﬁ] = Pm [sine
S e M RS BT
x| _ [y1] ¥ [eta(x1) _
[?&]_ 2]+2[eta(x2)]{‘/’rzn lletaCx)1?}

sk :
lletaCOIl* = o7,

B ¥ up F: BRKHHEF
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T MRS B8 B AR |

eta(xl)] 2 2
[ ] eta(xZ) {(p‘m ”eta(x)” }
EaL:
s _ X = Xk-1)
= Ts
Xl(k)] [yl(k 1)] y[etaxl(k 1)] [xl(k 1)
2| =Ts F eta(x
[xz(k_) V20| T 2 |etax2ge_y {95 — lleta()II?}| + T

]

]

1

]

1

. [cose <[X1(k)] [ D
: sin®l ¢, X2(10) ig

:

]

R e I o S T 2

e
d s | o @ ®
e § o] *}_J )
_J. . B N -
a
Ohat - ‘:_J
QY

ETREFHAUNERGUNNERLHHEE, MREBHHBEXZETADCRIFE
E’ﬁjﬁ;%m BTREELT B EAAENBRERI0E, SUNEENAEFRH0E
HMEES

=6 —
+2

A 4 " T z L
sin(@ —6) = sinfcosf — cosOsinb = sinbcos (6 + E) — cosOsin(6 + 5)

= —sinfsinf — cosOcosh
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Tk 5 S M 28 PLL

sin(@ — 6) = sinfcosf — cosOsind

STM32G4 FOC

JE 2% M RSN T 25
SimulinkiZ42 & A0 & X
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FAME

Part 1 3FEZRMREEE M 25 Simulink 245 K& X0 4 B},
Part2 FEFFEHREHALLAEAEEREIE

Part 3 Simulinkf{#8ZSTM32G4IEERBEE

Euler,
simple embedded

Non maskable interrupt

Hard fault interrupt

Memory management fault

Prefetch fault, memory access fault

Undefined instruction or illegal state

System senvice call via SW1 instruction

Debug monitor

Pendable request for system senice

Time base: System tick timer
PVD/PVM1/PVM2/PVM3/PVM4 interrupts through EXTI lines 16/38/
Flash global interrupt

RCC global interrupt

DMAT channel1 global interrupt

DMA1 channel2 global interrupt

ADC1 and ADC2 global interrupt

TIM1 break interrupt and TIM15 global interrupt
TIM1 update interrupt and TIM16 global interrupt
TIM1 trigger and commutation interrupts and TIM17 global interrupt
TIM1 capture compare interrupt

TIM2 global interrupt

TIM4 global interrupt

USARTS3 global interrupt / USART3 wake-up interrupt through EXTHii,

EXTI line[15:10] interrupts
FPU global interrupt

fZAs: V13

mR< BB BB HmP- B N B B Nmimimp B PP B PP P P

>

c e MO WS 2 s oo o 8200000 o

BEFEH

EES FIRES RS

GUIEHE L%

END ISR

D e

HALL 3 FEFRER

ADC ISR: 10K

MianLoop:1K

VBUS, B8

=% 2 [:h7
et EEE

HEIR: 1K

BIRIR: 1K

EFL=L

END ISR

END ISR

B ¥ up F: BRKHHF



Euler
‘ STM32G4 Simulink FOC f 7 Fit
B ¥ up E: BRPHEF

HALLf B4R 5T

IE[afEsk: ReEs:

Theta

= =
(=} o
— (2]

. |0x06

it ! 0x02

(=] (=} (=}
“ Bl el
o o o
— > ol

| | 0x03
e *y 0x04
0x05 0x04 : 0x06 : 0x02 0x03 0x01 ‘

A 2 M TG WL DU 28 9 SR A A«

: i_alpha .

ialpha ‘ cos pinole ‘ P cos Omega P> 1-5({“‘* 1 1

I@)smg'e—mgl: wapha - w TPF we

ualpha

e» i_beta .

ibeta | > sin theta 1

: single »lu_beta

ubeta single|

flux observer PLL
r ________________________ it
F[x 1 \}f ucul y [etax1 q) xTge)
P ' 5 (om = lleta(lI} +| —
: xz(k) yz(k-ﬂ 2 etaxz(k-1)_ m X (k—1)
I —
: [cos 9] _ 1 1¥lw| _ I [la])
i sin®l g, \ [x2¢] g
I 4 X
y1 Lo Ug [em(xl)] x1 [’a]

| —_ = — L.
I y2| = ~Fs [ia] M [uﬁ eta(x2) [xz] at

e o mn En EE EE EE E EE R BN BN N R SN EE SR SN D R D BN N SR D EE EE ED SN EE EE EE SN EE EE SN WD D EE B BN e Em Ew E

2. AREEIEREEENLIN AL A I K B T A A
WL 28 50 A EL B T Lun 5% SMO BB
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single

i_alpha

single
7y

u_alpha

STM32G4 Simulink FOC F ~ Ft
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Y1)

faim2-ljeta(x)]|"2

[etax2]

x_hat_ k-1

[x2_hat_k_1]|

single T1 ———————W.!'

theta

a single 4 y2(ke1)
u_beta I
(1)
Omega
single T1 N KTs
single T1 single T1 z-1
» Plz) Omega single T1
single Inf
single T1
single T1
sin
cos
single T1
) single Inf
LPFFilter P single T1

single, T4
) S92

single

L

+ single T1
.

WAs: Vi3
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MName | Status Value DataType Dimensions Complexity Min Max Unit Argument StorageClass DataSource L
[lf.,] Tpwm 16000 uint16 1] real 1 11 Auto BLDC flux.sldd 202
ialpha single -1 real 1 1] ExportedGlobal BLDC flux.sldd 202
ibeta single -1 real 1 1] ExportedGlobal BLDC flux.sldd 202
ualpha single -1 real 1 1] ExportedGlobal BLDC flux.sldd 202
ubeta single -1 real 1 1] ExportedGlobal BLDC flux.sldd 202
[lf.,] Pn 2 single [11] real 1 11 Struct BLDC flux.sldd 202
[lf.,] Ts 0.0001 single [11] real 1 1] Auto BLDC flux.sldd 202
[.',.'.,:I Udc 24 single [11] real 1 1] Auto BLDC flux.sldd 202
state single -1 real 1 1] ExportedGlobal BLDC flux.sidd 202
theta single -1 real 1 1] ExportedGlobal BLRC flux.sldd 202
[lf.,] L 0.00535 single 1] real 1 11 Struct BLDC flux.sldd 202
['.] 6.97 single [11] real 1 1] Struct BLDC flux.sldd 202
['.]ﬂux 0.008442 single [11] real 1 1] Struct BLDC flux.sldd 202
['.] curr_d_ki 35 single [11] real 1 1] Struct BLDC flux.sldd 202
['.:I curr_d_kp 0.026 single [11] real 1 1] Struct BLDC flux.sldd 202
['.:I spd_kp 0.03389 single [11] real 1 1 Struct BLDC flux.sldd 202
['.] spd_ki 0.00144  single M1 real 1 1 Struct BLDC_flux.sldd 202
! id auto -1 real 1 A1 ExportedGlobal BLDC flux.sldd 202
iq auto -1 real I N ExportedGlobal BLDC flux.sldd 202
[f.f.,] Gamma 100000 auto 1] real 1 _[1] Struct BLDC flux.sldd 202
iqref auto -1 real T L] ExportedGlobal BLDC flux.sldd 202
err auto -1 real [1™ 11 ExportedGlobal BLDC flux.sldd 202
[l.'.,] PLLKP 1131.2  single [11] real [1 I1 Struct BLDC flux.sldd 202
[l.'.,] PLLKi 640000 single [11] real [1 1[1 Struct BLDC flux.sldd 202
[lf.,] LPFFilter 0.3 single [11] real 1 11 Struct BLDC flux.sldd 202

F_UiE. HALL /L% 0 AN IE ¥

TOR AL A% 730 A TN, TR R A SR S RS R I X LE AN
fLE. ABEPLIE T EAREREEES, EN SR TR N, 5 5%iH:

BFNEIRE RIS — D FHES (08 1), B N A1, SN0, Tt
INASE B R AR A A5 A AE
Tl FEATLIE H AR 2 22 %5 3 /) hall Joastth, 434 60 B 2235 M1 120 J¥ 223,

FATH R A 120 2%
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Theta

Pi
5Pi/;
4Pi/3
P
2Pi/
Pi/3

‘l 1 1 H |
Tl 12 13 T4 15 116

0x05 0x04 0306 0x02 0x03 0x01

1. HALL f£18%3% 0 38/ & AI0T

FEHENLAR R BIAT, T DUERE IR AT HALL RZS, KRBT ITER X, A
R LA AR A B 5 O9AZ R X T s, RIEE 25 i XA 2 58 m Pi/6 .

void HALL_Init_Electrical_Angle(void)
{
HALL_Handle_t *phandle = &Motor_App.HALL_Handle;
152 HALL {28485 HA/HB/HC =/ 10 i3RIk
phandle->HallState = HAL_GPIO_ReadPin(GPIOB,GPIO_PIN_8);
phandle->HallState |= HAL_GPIO_ReadPin(GPIOB,GPIO_PIN_7)<<1;
phandle->HallState |= HAL_GPIO_ReadPin(GPIOB,GPIO_PIN_6)<<2;
switch (phandle->HallState)

{
case STATE_5:
{
IBRBCHHETFTAE R X, 752400 B X A _ B3 PIe
phandle->HallEIAngle = PHASE_SHIFT_ANGLE + PI/6;
break;
}
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0x04

0
0x06 \
PJLL"J‘ Al
0x02 \ ool
- 0x03 \
CHh '
2. HALL f&/RE3IE R ¥ M B HEE
HALLf EAIEE#H
Theta e, e
) 5”'/ zfpi 0x05
o Tz T3 jT4 TRRET T
RN
0x01

0x05

0x04 0x06 0x02 ()\()"»I()\(ll

HMLIE [F) Bed% i), MEE 0 BEHGK N 2P, SREUA = hall IRZAS M 0x05 &

0x01; SIENIAHZE,

LEHLIE A BEEERT, HALL RS H 0x05->0x04 I, HH HC BT RS i A3k N

R, FERBTERERELK HALL RSN 0x04, BRI ERATIACNHAL hall RN PI/3;

fZAs: V13
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M4 LR EER, 24 HALL IR B 0x06->0x04 IF, 1 HB Y R fil A i3E N

Wr, EPIRELE HALL RSN 0x04, BRI ERATUCAHAL hall RN 2PI/3;

[FIFEEEE HALL ARZS Y 0x04, 8 S eI U 75 2080 PI/3 #his o PR SRT RASE
HER RSV HORBIEX 4518

void HALL_Get_Electrical_Angle(void *pHandleVoid)

{

/1 REAEN HALL 2 Resr VS HUEE 1R E ST

HALL Handle_t *phandle = (HALL Handle_t *)pHandleVoid;
//FRBEB MBS 4R RN E— PI/3 FRABRIE] (TIM4 B9it30E)
phandle->hHighSpeedCapture = HAL_TIM_ReadCapturedValue(&htim4, TIM_CHANNEL_1);
/NEFE—RHALLRES, BT HBTERIIEREE
phandle->bPrevHallState = phandle->HallState;

//BRBRE BT HALL RS

phandle->HallState = HAL_GPIO_ReadPin(GPIOB, GPIO_PIN_8);
phandle->HallState |[= HAL_GPIO_ReadPin(GPIOB, GPIOPIN.7) << 1;
phandle->HallState |= HAL_GPIO_ReadPin(GPIOB, GPIO_PIN_6) << 2;
switch (phandle->HallState)

{

case STATE_5:

{

//ARYE EER) HALL IE REEEEPTXT R @9 HALLRZS, SRFIMTER AN IE )R 4%
if (STATE_1 == phandle->bPrevHallState)

{
phandle->MeasuredElAngle = PHASE_SHIFT_ANGLE;
phandle->Direction = POSITIVE;

}

else if (STATE_4 == phandle->bPrevHallState)

{
phandle->MeasuredEIAngle = PHASE_SHIFT_ANGLE + PI/ 3.0f;
phandle->Direction = NEGATIVE;

¥

else

{

}; // nothing

break;

if (phandle->MeasuredEIAngle < 0.0f)
R4 V13 B¥iupE
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{
phandle->MeasuredElAngle += 2.0f * PI;
}
else if (phandle->MeasuredElAngle > (2.0f * PI))
{
phandle->MeasuredEIAngle -= 2.0f = PI;
}

// AvrEISpeedDpp N T HAERE, fERIM (10KHz) wf FE s8I

phandle->AvrEISpeedDpp = (PI/3)/((phandle->hHighSpeedCapture/3200000)*10000);

// HallSpeed N E—4> P1/3 [ F3EE, 3200000=160M/50, 50 Jy timd Z34HE%E: 30/P1 Jykkdk
fLH rad/s ¥4 rpm/min; 2 AN

phandle->HallSpeed = (PI/3)/(phandle->hHighSpeedCapture/3200000)*30/(2*Pl);

/ARYREBANEE RN TTm), P BT R A TS R A S I £

phandle->HallSpeed = phandle->HallSpeed * phandle->Direction;

phandle->AvrEISpeedDpp = phandle->AvrEISpeedDpp * phandle->Direction;

/HALL 4RIBRETZ BT 60°RY hall RF[EIAIERY, FRLFIAVE, ATX ARENTRERING B
XENZEITE EIEAREN, hall MBRESHFERE, FANFEHTIME

HMETTE HALLWEEIA R EERHEF RIGEIEE, BRI 10000 FERRHHBHITHME

phandle->DeltaAngle = (phandle->MeasuredElAngle - phandle=>HallEIAngle) / 10000;

£ tim.c SCAFH AT DMB K tim4 73 8UR 2

void MX_TIM4_Init(void)

{
/= USER CODE BEGIN TIM4_Init 0 #/

/= USER CODE END-TIM4_Init 0 =/

TIM_ClockConfigTypeDef sClockSourceConfig = {0};
TIM_HallSensor_InitTypeDef sConfig = {0};
TIM_MasterConfigTypeDef sMasterConfig = {0};

/x USER CODE BEGIN TIM4_Init 1 =/

/* USER CODE END TIM4_Init 1 */
htim4.Instance = TIM4;
//TIM4 53R E 4L
htim4.Init.Prescaler = 50-1;
htim4.Init.CounterMode = TIM_COUNTERMODE_UP;
htim4.Init.Period = 65535;
htim4.Init.ClockDivision = TIM_CLOCKDIVISION_DIV1;
htim4.Init. AutoReloadPreload = TIM_AUTORELOAD_PRELOAD_DISABLE;

WAs: Vi3 B¥b up E: RKHHET




Euler
simple mbecdded STM32G4 Simulink FOC f 7 Fit
B ¥ up E: BRPHEF

fE 10kHZ HIRIAEMESH, ST timd AW IR ~F 25 o A B 2l o] BA
759 31 S H A R

void task_isr_10kHZ(void)
{

/15 HALL WENAESFTREAEN, FENRNSINEAEM—IEE NEeE—B (K
RAE—R

1A4~2PT JA 9508 55 12 LA-2PT AR 576 1K

if (Motor_App.HALL_Handle.MeasuredEIAngle == PHASE_SHIFT_ANGLE
&&Motor_App.HALL Handle.Direction == 1)
{
/IERERORE, B2k hall SRERAY A ESH T RFrME A E
Motor_App.HALL_Handle.HallEIAngle'= Motor.App.HALL_Handle.MeasuredEIAngle;

Motor_App.HALL_Handle.MeasuredElAngle = Motor_App.HALL_Handle.MeasuredEIAngle +
Motor_App.HALL_Handle.AvrEISpeedDpp;

Motor_App.HALL_Handle:HallElAngle = Motor_App.HALL_Handle.HallEIAngle A
Motor_App.HALL_Handle.AvrEISpeedDpp;

}

else if (MotorlApp:HALL Handle.MeasuredEIAngle == PHASE SHIFT_ANGLE + Pl / 3 &&
Motor_App.HALL_Handle.Direction == -1)

{

/R AE

Motor:App.-HALL Handle.HallElAngle = Motor_App.HALL Handle MeasuredElAngle;

Motor App:HALL_Handle.MeasuredEIAngle = Motor_App.HALL_Handle.MeasuredEIAngle +
Motor_App:HALL_Handle.AvrEISpeedDpp;

Motor App.HALL Handle.HallEIAngle = Motor_App.HALL_Handle.HallEIAngle +
Motor_App.HALL_Handle.AvrEISpeedDpp;

¥

else

{

/AERAEBNER, R RN

Motor_App.HALL_Handle.MeasuredEIAngle = Motor_App.HALL_Handle.MeasuredEIAngle +

Motor_App.HALL _Handle.AvrEISpeedDpp;
Motor_App.HALL_Handle.HallEIAngle

Motor_App.HALL_Handle.HallEIAngle +
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Motor_App.HALL_Handle.AvrEISpeedDpp + Motor_App.HALL_Handle.DeltaAngle;//#Mz= i £ &
}
//%t HallElAngle B, il [0, 2P1]
if (Motor_App.HALL_Handle.HallEIAngle < 0.0f)

{
Motor_App.HALL_Handle.HallEIAngle += 2.0f * PI;

}
else if (Motor_App.HALL_Handle.HallEIAngle > (2.0f * PI))

{
Motor_App.HALL_Handle.HallEIAngle -= 2.0f x PI;

}

rtU.theta = Motor_App.HALL_Handle.HallEIAngle;
rtU.Speed = Motor_App.HALL Handle.HallSpeed;

3. HALL 23w E A BN &5

D& S B3I, 7RAs GND s BHERE AL L, AL E AT W 2R

REAUL A R, 7 2GS = [FIBELAE AL BB FB LA = AR LR |, WS b —
ERE D] AR R R
DA H S B RIS T, 3 IS L 360 JE 5

AX = 37.200000000ms | 1/AX = 26.882Hz | AY(4) = -16.0000V

Mode Source X Y X1 +) X2 X1 X2
Normal 4 v 11.4000ms 48 .6000ms

DG A AH S TA] FR B3 e e B HL I TR)
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= 6.600000000ms | 1/AX = 151.52Hz | AY{4) = -16.0000V
Mode Source X Y X1 ) X2 X1 X2
Normal 4 v 11.4000ms 18.0000ms

EEFR L A MR A EEN, A EH TR DO N HL 55

ZHENLELHEMAE: 0 =37.2—6.6 /37.2 * 360° = 296°

4. EEIMETBY

ARFERATET HALL RS SE g IR 0 S M3, MR T8 +-LErE
PERAEAY, TR B IR 7 KRR iq_ref ELEZA R HITIN,
T R IE VIS0 o HoAth g 1] 2 BUER T 7R 18 1240

A AT A 10kHz, A HATIER 1kHz.
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2. STM32G4 BWCF N B

i F UART3 HRHI VOFA+ EAT LA 5

//7E X UART _RxBuff £54#{k
typedef struct
{
uint8_t uart_rx_buffer[lUART_BUFFER_SIZE];
uint8_t uart_rx_data;
uintl6_t uart_rx_index;
uint8_t uart_rx_complete;
uint8_t Data_Decoding_state;
Motor_UART_RxBuff_t;

/1R TERR UART3 2 (A T

_ HAL_UART_CLEAR_FLAG(&huart3, UART_CLEARADLEF);

//{E8E UART3 DMA == iRk

HAL_UARTEx_ReceiveToldle_DMA(&huart3; (uint8_t *)&Motor_App.Motor_UART_RxBuff, 20);

//UART B EIREES
void Motor_UART_Rx_Job(void)
{
if (Motor_App.Motor UART_RxBuff.uart_rx_data == 0x21)
{
MotorzApp.Motor  UART_RxBuff.uart_rx_buffer[Motor_App.Motor_UART_RxBuff.uart_rx_index] = "\0"; //
AN B R AT
MotorzApp.Motor_UART_RxBuff.uart_rx_complete = 1; // #RciEWSE L
Motor_App.Motor_UART_RxBuff.uart_rx_index = 0; // E&EZE 5|
Motor, App.Motor_UART_RxBuff.Data_Decoding_state = 1;
¥
else
{
Motor_App.Motor UART_RxBuff.uart_rx_buffer[Motor_App.Motor_ UART_RxBuff.uart_rx_index++] =
Motor_App.Motor_UART_RxBuff.uart_rx_data;
if (Motor_App.Motor_UART_RxBuff.uart_rx_index >= UART_BUFFER_SIZE)
{
Motor_App.Motor_UART_RxBuff.uart_rx_index = 0; // B lE &M X iz
}
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