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]

i}

XA SR T T AT32 FINLER %, SR AT X A BTN LR ZRM . Sk BEE A
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1 2N N7 % TSRS 6
2 BRI TR oot 8
B s N SRR URRSRRRSRIRIS 8

B S o SRR RURURRURRRRRRIS 8

3 2NN ) - DRSS 10
4 B L R BB B T o oe e ee e et e e ettt 27
AL A L ZE R oo e s 27

4.2 R L BRI oo, 29

4.3 N I I I L BRI oo oeee e, 38

5 =2l INE R E NN Y Y a2 TTTUUUUU T TSROSO 40
T D = 1 AU SRURSURRRRRRRON 40

B L L RS I oottt ettt ettt ettt ettt 40

5. 1.2 R S TR R U B ettt ettt e e 41

6 RS 0 B ettt et e et e ee e rr e 42
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® 1
*2.
% 3.
* 4.
# 5.
*6.
®7.
*s.
*o.
#* 10.
* 11,
* 12
* 13.

* 14,
* 15,
#* 16.
*17.
* 18,
#* 19.
#* 20.
* 21,
* 22.
* 23,
* 24.
* 25,
#* 26.
* 27,
#* 28.
* 29,
#* 30.

St RLIAAEAZAE 2] 2 ROM LB 2R (oo 8
I e s SRS 11
FEIRZETE Maeviiiiteie ettt ettt 13
FERUBEUTETE S oot 14
IRBIEEBELTE TE S vt 18
LB BT TE X o 19
JEITATE A DRI .. 23
FEATLAZE S AH JEH BT BRIZE v 25
FEALZEREZS FUTR ottt 25
BRI OB TW 0 oottt ettt st re e 27
BRI MNIC_PATAM_INIt.cviiviiiicteceeceece ettt ettt ettt ettt re et aeeteebeebeebeeaeeaeeaeeaeenea 27
R o] (o oo g1 o] | =Y TSRS 28
- (- La VAR 1) (= BT SRRT U STRSSSRURRSRRSTRRN 28
PRI current_read_fOC_LSNUNT .......c.oiiiiiieeeeee e 29
PR rds_auto_CaliDration ...........cviueieieiieieeiee sttt 29
PR enc_speed_get MTMENOM ........c.ccoiiviiiiiiii e 29
BRI POSItION_CMO_TAMP ...ttt ese s sesae e s s enenne e 30
BREL Nall_rotor_angle gL ......ecueeeeeeeeeee ettt eae e 30
PR hall_delta_theta CalCUIAtION.............coviueieiieieeeeee e 31
BRI SVPWIM_SSNUNT ..ottt et ea et e et saeeneeaeeaeeneas 31
BRI SVPWIM_2SNUNT ...ttt sttt sttt eb e b saeereeneeneeneas 31
BRI SVPWIML_LSNUNT ...ttt ettt ettt ae s aeeaeeaeereeseeneeaeeseenea 32
BRI PWIML_SIIfL ...ttt reeae e ene s 32
PR FOC_CIrCle_liMItAtioN ........c.oiveeiieeeictecieicc ettt 33
SR (o Yol oI 1113117 (o) o OO 33
RS = g (0] o T o] o= 1 (o o] o TSRS 33
BRI B Startup_alPRa XIS ........ccoveveeeeeeceeeeeceeeetce ettt 34
PR E flag_status startup_angle Nt .........ccccooiiiiiieiese e 34
PRIEL flag_status Startup_angle iNit...........cccceeeeiieiice e 35
PRIEL foc_Sensoress_angle iNit...........cooeoiiiiiiiee e 35
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* 31
* 32.
#* 33,
* 34.
#* 35,
% 36.
* 37,

% 38.
% 39.

BREL current_angle_init_ SSNUNT...........oiiiiiiicic e 36
B current_angle init_ 2 ISHAUNT.........c.c.oiieieiceeecece et 36
BRI ODS_ Pl _EXECULE ...ttt ettt ettt ettt e et esteenaeeteentesaeennens 36
PRI rOtOr_aNngle_SENSOMESS.........cueiuieeiieictictecteete ettt ettt ettt ettt eaeeaeeaeereene 37
BREL calc_adC_SamMPIE_POINt.......cc.eiiiiiieiecieeie ettt ettt ettt te et e e te e ere e 38
PRIZL bldc_sSensorless_angle iNit..........c.cceceiiiiiiiicieecece et 38
BRIEL angle_init_eStMAtioN ..........ccooiiiiiicce ettt ettt ere e 39
PRZL change_phase_Period_FamM .........cecioiiiirieieieeeeeee ettt enea 39
SURSRZRTTTBEL 1o 42
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] 2. AT32F413RCT7 2 ROM LB (ATB2IDE)........ceeeeceecieieeieseeseeseseeseeeeesies s ses s seansssssnanoan 9
B 3. HHLZEIE IR I v 10
B 4, BHLZE SCREZE R TEIT I (oot s s 10
BI5. il as ABZ (5 T IIE R oot 20
Kl 6. PMSM HLE . B IRIRE S A MITERE oo 21
Kl 7. BLDC R H1#4 . E/RIRA S MOS SR ML R oo, 22
B 8. TRASHITEFEIE vttt 41
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AR =R AT32B KL Fl
1 FHLEFIENR

R R BEE EE AT

HARbL: =HKBEFD BBl CERERIHE S
P

B FOC K&l

B 120005 iR

= PWM i
E SVPWM

B 120°FiH PWM 4

A FL AR 2K

B =R AR AR

I QN e R ol

W AR A A 5 2K

LB R
LRV s e
R

Wi T EAL AR
B R R ER T IE A AL
B P R R TR A R A

FOC 5% B3 (1% 10 B AL M A
B 4% 4k I8 (Luenberger observer) . B it i

12007 A2 il Ay 7 - B A A
W BRI R A T AR

B ADC forill o B4 Z 50 i

A 15 ds FOC sZ il
B R REE
B RRE (B ETE)
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B ARIRES 120007 A HIAL R .
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AR ] (120077 3 LR )
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TeAl A 120077 Pedz it
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19[- AT32 8L £ 45

2 HIEHE
2.1 TEEFIERL

T B AR F  E 4G PMSM(BLDC)HEML. AT-Link 3035 =7 YA F 48 bL —HububLE iR,
ERAIRAE AT-MOTOR-EVB RUBLRIEAR, WUASEHE PHIE 7 7T 2% (K L LIS TT RGP

B PMSM(BLDC)Hi#L
L IR i il e
B AAERIR

22  BHEHBEEL

1. HP PSR A AT32 MCU 2 NI MERIfR 52 AT32 s, LI A AR S5 I DhRERC
Ho

2. GRS R AL — B TR, BPDREA AL Z AR 5SSk SO 5 R U I BT e TR
t, FFTMSERSCE D A LRI R, LS. EHIR S EHRES S, DU A
BRRIZ AL

3. AT32IDE HIIC#E T HRHE 51 AT32 MCU [N/ R/IMESL Id SCHF, TEAZ IR 1, H:
AT32F413RCT7 W NAE 7 K/ 256 K 775, JIH IROM1 HiEgisfz B 4 0x8000000, K/
9 Ox3F800, H: IROM2 Hi24afr B 0x803F800, K/IvJy 0x800, AT32F413RCT7 MLl
Btk 1 FroR.

4. FPATARYEE SRR BAT RS RIRE Y, JRAERR R R A L B AL e CARL IR B
B, POk TE R ML ] AR .

= 1. MMNFFMEZEZ ROM ELER

Flash size 1024K 512K 256K
IROM1(adress) | 0x8000000 | 0x8000000 | 0x8000000

IROM1(size) OXFF800 0X7F800 0X3F800

IROM2(adress) | OX8OFF800 | 0x807F800 | 0x803F800

IROM2(size) 0x800 0x800 0x800

Flash size 128K 64K 32K 16K
IROM1(adress) | Ox8000000 | 0x8000000 | 0x8000000 | Ox8000000
IROM1(size) OX1FC00 0XOFC00 0x07C00 0x03C00
IROM2(adress) | OX801FCO0 | OX80OFCO0 | 0x8007C00 | 0x8003C00
IROM2(size) 0x400 0x400 0x400 0x400

JHA): A/ keil v5.33 Sk, [A/AT32 BSP Jiig 3% /4 V6.15 4jiF#, 1 (E/H keil complier version 5 i A 77
I 1

2023.10.05 ®8W hRAS 2.1.0
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& 1. AT32F413RCT7 2 ROM B2 & (AT32IDE)

=] AT32F413xC_FLASH.Id X

=

25 _estack = ©x20008000; /* end of RAM */

26
27 /* Generate a link error if heap and stack don't fit into RAM */
28 _Min_Heap_Size = ©0x200; /* required amount of heap */

29 Min_Stack_Size = ©x400; /* required amount of stack */
30
31 /* Specify the memory areas */

32 MEMORY

34FLASH (rx) : ORIGIN = ©Ox038000000, LENGTH = @x3F300
35{MC_DATA(r) : ORIGIN = ©@x@80@3F800, LENGTH = @x300
36RAM (xrw)  : ORIGIN = Ox20000000, LENGIH = 32K

37 SPIM (rx) : ORIGIN = ©x08400000, LENGTH = 16384K
38

39

40 /* Define output sections */

41 SECTIONS

424

43 /* The startup code goes first into FLASH */
44  .isr_vector :

45

46 . = ALIGN(4);

47 KEEP(*(.isr_vector)) /* Startup code */
48 . = ALIGN(4);

49 } >FLASH

50

51

52| .mc_data :

3
=

54 . = ALIGN(4);

55 *mc_flash_data_table.o(.rodata .rodata*)
56 . = ALIGN(4);

57| } >MC_DATA

58

59 /* The program code and other data goes into FLASH */

60 .text :
61 {
62 . = ALIGN(4);
63 *(.text) /* .text sections (code) */
64 *(.text*) /* .text* sections (code) */
65 *(.glue_7) /* glue arm to thumb code */
66 *(.glue_7t) /* glue thumb to arm code */
67 *(.eh_frame)
68
D I D S G S S— IS S B — L]} N —
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R AT32 8L B £ PR 45 T

3

iV g =y

K 2 y— AL d] TR A AL R S e MCU £l 6 $(BSP). Ul 3B iRFE 7 LA S B 1 2% 2
K. KRR Z M BT bsp s, MHENUERES Ul RS #EM T BSP 5 Low
level %z b, T BATEES F4EHIFE 7 WA T EALE R ECS Ul gz b BRI T AR TS
e b 8 RS ) B R ) MCU AR AN, SEIRFMLEEHIRR 7o PT [RIET 28 B U 328 oR 50 A A
NTHEHL UL B T B, AR5 STy (1 LI h RS B i o s i S 8 5 a4 .

B 2. AYLEEHIEFEAE

Motor Control Program

4 i 4

Motor Control Func. Kernel Func. Comm. Func.

4 § U

Low Level Func.
+. CMSIS

BSP

t

Hardware

Kl 3 AL SCRE S kg U B B, BT AL R SCR Hh 5 SO 2 TR 25 &%, Herh motor_control_drive.h 2k
SCHRIEH P BAT B RE  BHLSEL ERIR S BRSESEEE, DL me_hwio.h Sk
FEATARYE MCU A S HiI R S5 I RS &R, WE MCU AEMRIZE. MG s E S HT
mc_foc_globals.h (mc_bldc_globals.h)#4 J5, T mc_foc_globals.c(mc_bldc_globals.c)H ) ek %1%
ERENME, PROEANEREEH . ME MCU MRS, W me_hwio.c STHHAATHH IR EA]
it s -

3. HHLEE TR G it B I

mc_hwio.h mc_lib.h motor_control_drive_param.h

1/0 mapping Include file Drive mode Control param. Motor param.  Board param.
+  PWM_ADV_TIMER + Include mc_hwio.h + FOC_CONTROL - MAX_SPEED_RPM - RS_LL + VDC_RATED
«  PWM_BRK_PRT » Include mc_delay.h - ONE_SHUNT + PID_IQ_KP - LS.L . MAX_CURRENT
+ UART_TX_PORT + Include mc_type.h « SENSERLESS -+ PID_IQ_KI + POLE_PAIRS . DEADTIME_NS

mc_foc_globals.h / mc_bldc_globals.h

mc_hwio.c mc_foc_globals.c/ mc_bldc_globals.c
mc_type.h
BSP API mc_foc_kernal.lib / mc_bldc_kernal.lib
user_flash_table.c user_interface.c mc_isr.c
5 | 5 7 1 | I S L] |
2023.10.05 #H 10| A 2.1.0
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# 2 BN L SR I3, BUR R AR SRS 23 Sl AT 1 B

® 2. HYIESEER

OB FR

D)

FOC/BLDC 3t A%

mc_lib.h

I G —E

motor_control_drive_param.h

R 58 SCRINLIR B 2R A (RIDRAFAR A AR RS FRHIRS . ah

FARRSHL RS HL

mc_hwio.c A M I B

mc_hwio.h {10 B2 e U E
mc_isr.c AF 2 FELATL A 1) H 1T o 44
mc_type.h AR R E S M E L
mc_delay.c FF [B] X 35 FH 5% R 4
mc_delay.h FF A1) 2 18 H 56 R 4505 B
mc_comm_uart.c JE TR AR DG A B

mc_comm_uart.h

T vart AR B . LB

mc_pid_control.c

PID F il 25 AH 5% R 2L

mc_pid_control.h

PID il 45 AH 5% 2R £ 5 B

mc_curr_fdbk.c R ARSI A 0% bR 4L
mc_curr_fdbk.h FEL AT I A O B 200 B
mc_math.c JEBE AR A OC R EL
mc_math.h BV AR A O R U IR
mc_hall.c R AR A R B
mc_hall.h FE IR A% IS AH DG R U B
FOC & HISCHY
mc_foc_kernal.lib G IN AT
mc_foc_kernal.h LML A% O PR P A
motor_control_foc.c R LA 1) A D% PR 4L
motor_control_foc.h RS 1) A O B 200 1
mc_foc.c PRt PR
mc_foc.h IR AR AR DG MR U
mc_encoder.c E Y ST
mc_encoder.h o 5 245 A 9% bR B 7 B
mc_field_weakening.c SHREAE 5% R KL
mc_field_weakening.h BN P AL
mc_foc_sensorless.c ToAR IR AR HH O R L
mc_foc_sensorless.h To AR IR AR FH O R 4 B

mc_foc_globals.c

ERAEE LSEIME. 4R R ]

B/ IR

hRAS 2.1.0




ART

5

AT32H L ERE 1R R

2023.10.05

mc_foc_globals.h

PR ERREFEY] EEX

user_interface_foc.c B TR TH AR O R 2L
user_interface_foc.h JE TR TH AR DG R 2R B
mc_flash_data_table_foc.c B\ flash %
mc_flash_data_table_foc.h B flash ZHER A CHL &
BLDC * I 5ChY
mc_bldc_kernal.lib FELHLJZE AH DG R £
motor_control_bldc.c LA ) FH DR R 2L
motor_control_bldc.h RS 1) A O B 200 B
mc_bldc.c VAV:WAR 4 PR
mc_bldc.h TN 5 WA I R O R %
mc_bldc_sensorless.c Totk AR DG R 3L
mc_bldc_sensorless.h Totk A G MR 2 1

mc_bldc_globals.c

G R AR CSEOME . & RREUE X
3

mc_bldc_globals.h ERATR. ERREEHE. FEX
user_interface_bldc.c JE TR TH AR O R EL
user_interface_bldc.h JE TR TE AR DG R O B
mc_flash_data_table_bldc.c | B A flash %%

mc_flash_data_table_bldc.h

G flash ZHER KL E

B/ 12]
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motor_control_drive_param.h SCA%4

PESCRS 3 Z oy AR 4y, SRABUH T BATRA ALZEHI R, NS H. RIS EhE8

SHEE MV

® 3 ZE X, TR LS AL, e SOE . R F AR Y R R 5
EORHATRCE, — WM. XCBPHS e o MBSt hSe PR R E, ot
LI B AD ae. BE RGBT B . SRR AL Fo R 5 5.

®3. HEAREX

e X AFR

D)

FOC_CONTROL

KA

SIX_STEP_CONTROL

INIB T AR IR

THREE_SHUNT = P PH HELA R A
TWO_SHUNT X EEL BH HEL I R A
ONE_SHUNT . EEL B R SR AE
COMPLEMENT T R MOS Pk 5 B PWM EANPEA UL LK 6)

GATE_DRIVER_LOW_SIDE_INVERT

THRE N MOS %t (FEA B L 6)

EMF_COMPENSATE

S AL R M

INCREM_ENCODER

ot LI R %

ABZ AB {5 58 ZARZECHHLIE R IRAD )
AB AB 55 & FAUKRIECE HIE E AL 3%)
M_METHOD M 3 B ARSI 77 92: (e L 3 G R 48)
MT_METHOD MIT S JE AR 77 v O IS B m D 2%)

HALL_SENSORS

R AR AR (B HT)

LOW_SPEED_CONTROL

ARG T P 2] (N 20 75 B IR AR TS

WITHOUT_CURRENT_CTRL

e ) JE A

PHASE_ADVANCE

FARLIR BT (7820 T e oAk A )

FIELD_WEAKENING

o T

SENSORLESS

oA Tk 2 1 1 A X G )

OPENLOOP_STARTUP

KA T AL S 2 ITH R 3 (B H)

ALIGN_AND_GO_STARTUP

To Atk iads 05 A 2 (I )

INIT_ANGLE_STARTUP

To A IS < 106 F1 FEAS: DN 5 2 (GE )

VOLT_SENSE

oA IRt O B4 1 A P P TS D

CONST_CURRENT_START

[E] 5 FLIAL A 3 (78 25 75 oA I 2 1)

CONST_VOLTAGE_START

[A] 52 FL I SR 3 (78 20 T B oAk i as 4 )

BLDC_SENSORLESS_ADC

TN TT T AR 2] LA ADC A B AL 34 A

BLDC_SENSORLESS_COMP

INIB T T A 12 1) L LB A A I e Pl 4 A A

EMF_CONTINOUS_SAMPLE

S AL T R AT S R AR (7N 25 7 TG A R LR A )

CURRENT_LP_FILTER

ARAT dig il AL PR DE P 15 5 (R A= )

B 13|
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INTERNAL_CLOCK_SOURCE

i MCU P38 R

E_BIKE_SCOOTER

FLBIL A T AR 2 P A

DC_CURRENT_LIMIT

B FR PR 1) (E_BIKE_SCOOTER % )

RDS_AUTO_CALIBRATION

MOS W FH. B #h# IE(E_BIKE_SCOOTER % H)

AR HHLAOEE R ZHOE IR 4 Bl MRAEAFRRBECE . LTSRS IEm R, R SR B
M2 TRTBHMTIEE, W MR d. g Bl PHEERIRS . HE PRI,

R 4. BHISHEEX

TR XA

Eiipy

BLDC/FOC i & X

PWM_FREQ

PWM i 4% (unit: Hz)

MOTOR_CONTROL_MODE

LR AR A (P e i) . R A% PR L type.h B

motor_control_mode)

CTRL_SOURCE

i R ¢ B (H1 BRI il A )

UI_UART_BAUDRATE

HUBLR A T B

UI_SAMPLE_CYCLE

LN T B S HEURESIR (unit: PWM TR 28 B 2%)

TUNE_TARGET_CURRENT

P PL 3500 1) H FR KM unit: ampere)

TUNE_CURRENT_TOTAL_PERIOD

P PIZE (127 HH(unit: ms)

TUNE_CURRENT_STEP_PERIOD

P PL SN 2B 4 1 (unit: ms)

SPEED_LOOP_FREQ

ORI (unit: Hz)

MIN_SPEED_RPM

HM LI AR (unit: rpm)

MAX_SPEED_RPM

FHL IR =738 E (unit: rpm)

MIN_CONTROL_SPEED

PR A 8 22 11 A T 422 7 B {1 (uinit: rpmn)

ACC_SPD_SLOPE

JEEERLR (unit: rpmims, 2438 B 3R 45 il A% = 1kHZ)

DEC_SPD_SLOPE

WIEERE (unit: rpmims, 2458 A H i % =1kHz)

SP_MAX_VOLT A4 SR UE IR B K L (unit: voltage)
SP_THRESHOLD AN A A SRR R B /N A & (unit: voltage)

SP_RUN_VALUE

F

A ER A 2 RIEAE I, TR UKEN K AR AR L S (unit: voltage)

pu|

SP_STOP_VALUE

F

A ER A RIEAE S, (5 1R BKE K iR K IR E (unit: voltage)

pu|

PID_SPD_KP_DIV DIV

BT TE LB 25 R 2 (Q16 mode)

PID_SPD_KI_DIV_DIV

P E R SR 2 (Q16 mode)

PID_SPD_KP_DEFUALT

LN (Q15 mode)

PID_SPD_KI_DEFUALT

HPHER A (QL5 mode)

FOC L& 5E X

STABLE_SPEED_RPM

HHLEEBE (unit: rpm) (B /RAL S )

SLICK_SPEED_RPM

F LIRS 3 (unit: rpm) (B /R AL 385 )

POSITION_LOOP_FREQ

fr EERE IR (unit: Hz)

®14R WA 2.1.0
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MAX_POSITION_ANGLE

ML KALE (unit: Degree)

MIN_POSITION_ANGLE

HLE/MIE (unit: Degree)

CMD_TO_VAL_GAP

ML B Z 0 H b E 2 /> counter LAY, RH
PID_POS_KI_DEFUALT_STABLE #4325

PID_POS_KP_DEFUALT AL E A (QL5 mode)
PID_POS_KI_DEFUALT A BRI (QL5 mode)
PID_POS_KI_DEFUALT_STABLE A A (QL5 mode) (B0 Bl HAR H)
PID_POS_KD_DEFUALT A BRI (QL5 mode)
PID_POS_KP_GAIN_DIV e B LI 55 BR 2L (Q16 mode)

PID_POS_KI_GAIN_DIV

- BRI AR (Q16 mode)

PID_POS_KD_GAIN_DIV

e Bior ik (Q16 mode)

PID_ID_KP_DEFUALT d R LB S (Q15 mode)
PID_ID_KI_DEFUALT d R3S (Q15 mode)
PID_ID_KP_GAIN_DIV d il R LE A 2 25 PR3 (Q16 mode)
PID_ID_KI_GAIN_DIV d MR 5 R AL (QL6 mode)
PID_IQ_KP_DEFUALT q R LB S (Q15 mode)
PID_IQ_KI _DEFUALT q FHFA G (Q15 mode)
PID_IQ_KP_GAIN_DIV q il R LG 2 25 BR 3 (Q16 mode)

PID_IQ_KI_GAIN_DIV

q FELIR AR 1 25 R AL (Q16 mode)

OLC_ANGLE_INC

TEIRFZ I fy BEAE R PWM i HE A0 1) 18 o £

OLC_VOLT

FEER g HI R (Q15 mode)

ENC_VOLT

DA X F A (QL5 mode)

FW_MAX_ID_CURR

FHREE R d BV (unit: ampere)

FW_VOLTAGE_REF

R SHERT N B 25 B (unit: 0.1%)

FW_KP_GAIN SR LI i (Q15 mode)
FW_KI_GAIN SRR 25 (Q15 mode)
FW_KP_GAIN_DIV S5 ] LA 88 25 B 2L (Q16 mode)

FW_KI_GAIN_DIV

SRR 25 BR AL (Q16 mode)

CURR_BANDWIDTH

d/q i AL G 6 I8 #4796 (uinit: H2)

OBS_SPD_BANDWIDTH

UL 42 2 2 163 I 24 5 (unit: Hz)

OBS_GAIN1 WA 25 240 1 (Q15 mode)
OBS_GAIN2 WA 25 240 2 (Q15 mode)
PLL_KP_GAIN PLL il LI 25 (Q15 mode)
PLL_KI_GAIN PLL #3125 (Q15 mode)

PLL_KP_GAIN_DIV

PLL il Lb 3 25 Bk 2k (Q16 mode)

PLL_KI_GAIN_DIV

PLL #2701 25 B % (Q16 mode)

2023.10.05

B/ 15W

R4 2.1.0



1R

AT32H L ERE 1R R

R AR

Eiiipy

STARTUP_MAX_SPD

VINPF RIS & (unit: RPM)

STARTUP_CURRENT

YIN I BEA] (1) AT 4 (unit: ampere)

STARTUP_OL_VOLT

TR JE S HE (Q15 mode)

STARTUP_OL_SLOPE

TR ENINESE (unit: rpm/s)

STARTUP_ALIGN_VOLT

JE BT T X5 HUE (QL5 mode)

STARTUP_ALIGN_TIME

JE BT TSR] (unit: ms)

STARTUP_START_TIME

BAXSEE VIANHERETE] (unit: ms)

DETECT_PULSE_WIDTH

Her M sk Mk FE L (unit: us)

REVERSE_MAX_SPEED_RPM

BRI FG 3 (unit: rppm) (E_BIKE_SCOOTER % )

REVERSE_CURRENT

S B B A4 (unit: ampere) (E_BIKE_SCOOTER %)

BRAKING_CURRENT

R 2E HLA 4 (unit: ampere) (E_BIKE_SCOOTER )

BLDC & H & X

|_SAMPLE_CHANGE_DUTY

A B IR HURE AU PWM DUTY {H (unit; PWM T 2%
)

|_SAMPLE_MIN_DUTY

ATHAT HIREUE Y PWM 2/ DUTY {H (unit: PWM 1HHf
PRI EE)

SENSE_HALL_TIMES

BEE T EI A% 1 i 48 AR B (unit: 7K) (BLDC &
k&L H)

REBOOT_PERIOD_MS

BEE JA Bl U 1R F S IR 7] (unit: ms) (BLDC Tkl &
)

SPEED_FILTER_TIMES

SRS BT K (unit: 7C)

INIT_SPD_COUNT

WIHEHE T ${E (BLDC ALK 8% % )

START_CURRENT

E B SR (unit: ampere) (BLDC JoA% 2% L )

START_VOLTAGE

SE L 2l HL B (unit: V AREF)

START_PERIOD

SE FELL/FRL JE S RESERT F] (unit: usec)

OLC_INIT_SPD

TEERZ )4 T (unit: rpm)

OLC_FINAL_SPD

TEERE ] 3 24 7 (unit: rpm)

OLC_TIMES

AT G 328 JEZ 368 98 1) e 24 3 P ) 338 484 Y0 (uinit: 1K)

OLC_INIT_VOLT

TP M4k LR (unit: VAR4F)

OLC_VOLT_INC

B VR HIIB I BLE (unit: VIVK)

OLC_STARTUP_PERIOD

FEIR A SN BEAE A 2 1 B[] (unit: ms) (BLDC oAk kas &
H)

LOCK_VOLT BT X EE (unit: V AREF) (BLDC ALK S % )
LOCK_PERIOD SR ENHTEE T X FA] (unit: ms) (BLDC A% & 884 H])

SPEED_FILTER_TIMES

FEL LA S A1 3 K (unit: 1K)

PID_IS_KP_DIV_LOG

B2 B Y48 1] LG A3 38 25 B 2L (Q16 mode)

PID_IS_KI_DIV_LOG

RELR B 4 AR 4 3 25 B 40 (Q16 mode)
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% & LB Hik

PID_IS_KP_DEFUALT REE RS L BIE 5 (Q15 mode)

PID_IS_KI_DEFUALT BELE MR P mil R4y 8 25 (Q15 mode)

EMF_CHANGE_PERCENT_H S B4 A JE e U B AT R T ) 46 81 v X ) R D 48
DUTY {E(unit: PWM 11 #58]5E) (BLDC Jifk &4+ )

EMF_CHANGE_PERCENT L 2 B4 A FE e U B AL E v T ) 46 e T X ) P D 48
DUTY {E(unit: PWM 11 #58]5E) (BLDC Jofk &4+ )

EMF_LOW_SPD_SAMPLE_POINT A F A S R AR X (] () HOEE A . DUTY B (unit:
PWM {25 5E) (BLDC Tofk ik as L )

EMF_HIGH_SPD_SAMPLE_DELAY S LA F A S L R X (] (R O A B DUTY fE (unit:
PWM {25 5E) (BLDC Tofk ik L )

EMF_SAMPLE_INTERVAL FE L BUORE AR 3 1 BURE 18] B (uinit: PWM I 2815 %5) (BLDC
Ttk % H)

EMF_LOW_SPD_CONT_SAMPLE_END HEL AR AR BURE 26 2 (unit: PWM . THB 336 5E)
(BLDC Tafk/dat % H)

EMF_HIGH_SPD_CONT_SAMPLE_DELAY | 2B = HORE 26 5 (unit: PWM THI 236 5E)
(BLDC Tafk/dat % H)

EMF_PHASE_ADV_SPD AL T ) 55 K38 FE (unit: rpm)

EMF_MIN_DELAY AR 3 AT B /N SE SR R R] (unit: usec)

EMF_AVOID_NOISE_INIT_PERIOD WIUE AL J5 AT e L34 22 22 160 a5 B ZE SR B[] (uinit: ms)

EMF_AVOID_NOISE_TIMES TN f2 L A R A ek A T 0P M 7 P S SR B (] (unit: PWM
RLEHNES)

EMF_LOW_SPD_OFFSET_RISING FEARIZE DX ) W7 Ay o P94 IE 2 T2 A8 B RS2 - (uinit: A
745 ) (BLDC ToAL /&4 ADC il e Hi #2:% H)

EMF_LOW_SPD_OFFSET_FALLING AV X 8] W7 DAy e P 4 A7 5 2 A B Az v (uimit: AL
Koy HeE) (BLDC Jofk &gt ADC il e 395 % HY)

EMF_HIGH_SPD_OFFSET_RISING A o B X ) W Ay e P9 IE 2 T A8 B R RS2 - (uinit: A
745 ) (BLDC ToAL /&4 ADC (il e Hi #2:% H)

EMF_HIGH_SPD_OFFSET_FALLING A T X 8] W7 DAy e P 4 A 5 RSB A v (uinit: AL
Koy HeE) (BLDC Jofk &gt ADC il e L3495 % HY)

MAX_VOLT_CMD R T F R 428 1) B P 3 K LR 2 (Q15 mode) (BLDC Halll £%
&AL H)

MAX_V_CONTROL_SPD AT T P S 2 1) P 7] 49 81 e, 37 4 ) ) e K3k 2 A (rpm) (BLDC
Hall #&i&35% H)

MIN_|_CONTROL_SPD HR TR B s 2 1) o) 1) 490 81 S ) 74D e /)N 32 (rpm) (BLDC
Hall #&i&35% H)
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® SCTIBNSMM RS EUE XINFR 5 Fron, WBCIXIF A, riiAs Il sip . BB ot .. 4555
K5 WSS EEX

F e XA iR
VDC_RATED B BEE
V_SENSE_GAIN F s B 432 1) LE 451
ADC_REFERENCE_VOLT ADC Z:3% H [ (unit: voltage)
ADC_DIGITAL_SCALE_12BITS ADC 71 ##
SYSTEM_CORE_CLOCK RGIFEEE (unit: Hz)
TMR_CLK HEPAE S (unit: Hz)
CHANGE_PHASE_TMR_DIV e AH B B BR AN 5 75 TR i )
DEADTIME_CLK_SFT_BITS B XA 2 g AR A% 2
DEADTIME_NS BEIX BT E (unit: ns)
MIN_INTERVAL_TIME PWM {7 #% I B AR 5 S /NAIRG S IR] (uinit: ns)
MAX_CURRENT P 1) 45 0 HH B K HLIAL (unit: ampere)
MIN_CURRENT P 1) 45 4 H /N ELIAL (unit: ampere)
DC_MAX_CURRENT R A K HIA (unit: ampere) ( DC_CURRENT_LIMIT % )
CURRENT_SPAN_SHIFT LA A0 BT 7 B F
R_SHUNT Shunt HLFH (unit: Q)
OP_GAIN LI BOR I 2
CURR_OFFSET_VOLT ZHFmA R (unit: voltage)
RDC_SHUNT 4 Shunt H1H (unit: Q) (DC_CURRENT_LIMIT %)
DC_OP_GAIN RELR H B 25 ( DC_CURRENT_LIMIT & F)
IDC_OFFSET_VOLT BHAEFHFRZE (unit: voltage) ( DC_CURRENT_LIMIT %)
EMF_SENSE_GAIN % B 35 (EMF) [ 32 11 EL 451
OVER_CURRENT_VREF T HERIE S S (unit: voltage)
OVER_VOLT_THRESHOLD T HEIRG S S (unit: voltage)
UNDER_VOLT_THRESHOLD RHEJEIG S S (unit: voltage)
VO_V NTC I HUE 5 il B2 5% R IR Bt 2 2 S8 VO(iE[2])
T0_C NTC [ HLU 5 il 2 5% R IR Bt £k 2 S48 TO(E([2])
dv_dT NTC 1 s 5 B Ok R I el th 2k 2 240 dvid T (7E[2])
OVER_TEMP_THRESHOLD LRI A A (unit: Celsius degrees)
MC_ERROR_MASK LR I I i

JH2): 1 [ 5 JE I F 2 VT 26 7 FEC VIV]=V0+dV/dT[V/Celsius]*(T-TO)[Celsius]

® MKHNSHMIZE E LUK 6 Pion, WKL, e 8. ERERGSHEE.
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R 6. HHLSHCEREN

R XA Hig
BLDC/FOC i# &%
RS_LL FELAL2E ) B BEL{EL (unit: Q)
LS_LL HI ALK& H] H /BB (unit: mH)
POLE_PAIRS Wt H
FOC THZ#
NOMINAL_CURRENT FLHLATE FLIA (unit: ampere)
ENCODER_PPR i 235 P8 ik v (unit: pulse per revolution)
ENC_IDX_COUNT DR FENE TR (uint: count) (FE[3])
ENC_STALL_TIME HulD AR L] (unit: ms)
HALL_STATE_ONE_NEXT HALL R3S 1 19— MRS OER) (4:[4])
HALL_STATE_TWO_NEXT HALL R3& 2 19 F —IRES(OERE) (H:[4])
HALL_STATE_THREE_NEXT HALL R3& 3 1 F — MRS (ER) (H:[4])
HALL_STATE_FOUR_NEXT HALL R3S 4 1T — MRS OERE) (4:[4])
HALL_STATE_FIVE_NEXT HALL R3S 5 1 F — MRS (OERE) (:[4])
HALL_STATE_SIX_NEXT HALL R3 6 (1T — MRS (ERE) (H:[4])
HALL_STATE_ONE_ANGLE HALL R 1 (1 S (FE[4])
HALL_STATE_TWO_ANGLE HALL R 2 (1 S A (FE[4])
HALL_STATE_THREE_ANGLE HALL R 3 (1 S A (FE[4])
HALL_STATE_FOUR_ANGLE HALL R 4 (1 FS A (FE[4])
HALL_STATE_FIVE_ANGLE HALL JRZ 5 BIHAS A (E4])
HALL_STATE_SIX_ANGLE HALL JRZ 6 BIHAS A (E4])
BLDC % HZ 4t
ANGLE_INIT_DETECT_DUTY WILEA BTN PWM DUTY {A (unit: PWM T 35 5 52)
KE HHL KE {&
OUTPUT_AH_BL_HALL_STATE il AH EE PWM 55 B AH B ON X2 L8 ZRIRZS (1:[5])
OUTPUT_AH_CL_HALL_STATE il AMH EE PWM 5 CAHTE ON X R HLE AR (E5])
OUTPUT_BH_CL_HALL_STATE il B AH EE PWM 5 CAHTE ON X R HLE KRR (E[5])
OUTPUT_BH_AL_HALL_STATE il B AH EE PWM 5 A FHTE ON X2 L8 ZRIRZS (1:[5])
OUTPUT_CH_AL_HALL_STATE il CAHLEE PWM 5 AHTE ON X R HLE AR (E[5])
OUTPUT_CH_BL_HALL_STATE it C L EE PWM 5 B AH N ON Xf B2 AL ZRIRES (7[5])
HALL_STATE_ONE_NEXT_CW HALL R 1 10— RS ER)
HALL_STATE_TWO_NEXT_CW HALL R 2 [ F — RS ER)
HALL_STATE_THREE_NEXT_CW HALL R 3 [ F —MIRE(ER)
HALL_STATE_FOUR_NEXT_CW HALL R3S 4 B F—ANRE(ER)
HALL_STATE_FIVE_NEXT_CW HALL R 5 [ F — RS (ER)
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58 B i3
HALL_STATE_SIX_NEXT_CW HALL RZ 6 B T — MRS (EFR)
HALL_STATE_ONE_NEXT_CCW HALL RZE 1 B T — MRS (T H)
HALL_STATE_TWO_NEXT_CCW HALL RZ 2 I R — MRS (0 )

HALL_STATE_THREE_NEXT_CCW | HALL IR 3 T — AR ()

HALL_STATE_FOUR_NEXT_CCW HALL RZ 4 B T — MRS (T )

HALL_STATE_FIVE_NEXT_CCW HALL RZ 5 B T — MRS (0 H)

HALL_STATE_SIX_NEXT_CCW HALL RZ 6 B T — MRS (T H)
JHB) ML A7k B G 5 2 R A ABZ 558 A IR T -

4 7y JK42BLS01-X056ED #4mtt#s ABZ (55 IR AK. Z 55 M BRI BRI T8 X 55T AB
{55411 4 count %, J5E X ENC_IDX_COUNT A 11. (—MtHmig %@ 5 A 1 5% 2 4 count)

& 4. JRiE3%R ABZ EE X RAE

Encoder_A :
I
L

—— e— . S —

123 4567 8 9 1011
|

|
!
!
|
i
i
|

|
|
e e e A 1
|
|
|

D_‘——\-.J—‘_‘—\_-J—‘_‘—\._.-.:: :’-—-—I—"—‘_L—_J—_‘—\-.d—'

Encoder Z

T A AR LI H 55 BE AR AR I 7 1 1% B B AN AR W75 X LT H A
5 4 JK42BLS01-X056ED HiHLJx H# . FE/RIRES S AP R E . HML =2 ) f HL 35 75 0T
FRULE, B O BEXT L VW 2R 1A] S HL 34 1 K AR, LA 60 BEIIH B UV 28 18] 2 L35 i e /ML .. A
IERHE, MRHEAS R ZRORASAE A0 SEAS[RI T B, BN E ZROIRES 5 X RLEIHL AU 60 FEII B N T-%
5E X HALL_STATE_FIVE_ANGLE H...DIgteHE. sbah a5 e SCH LIS 8 RS IT,  filan:
ERRE 11 F—AIRESE 5 B ANT% ¢ X HALL_STATE_ONE_NEXT H...UItIHE.
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B 5. PMSM k%, BRRESRIARXRE

Hall State 1 5 46 2 3
H1 o | 1
H2 0 | 0
H3 11
EUV
EVW
EWU

0 60° 120° 180° 240° 300°

VHS). BRH LI -5 7R KA HIXT W P i B AN AT MOS L T B TP IR

Kl 6 4 BLDC Jx ¥, E/RIREE MOS RIBRAM X RE . LULE NG, A MR HBHRKH B K
B At /N TG N B R FE IR AS N 4, BRIE T OUTPUT_AH_BL_HALL_STATE %€ XN 4, [,
A FH L K B C A OB 3 d /N TG S B I B HDIRAS 6, BRI T
OUTPUT_AH_BL_HALL_STATE Z% & 3 H 6, LS HER XTI 6 N RRES A & U5 B AT fic
A AN E ML IER R PWM B .

I ) PWM B RS D9 — M R TG I ) i H D e A 3K 31 25 (Gate: diriver) B BB PWM D)4
AT EAN R E R, 7] P& 202 motor_control_drive_param.h ST P e SCAE SRl A - AR 2250
R, ST BRI I = AN AR A B R B N A et BT S B R .
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Hall state

Hall H1

Hall H2

Hall H3
EMF.U
EMF.V

EMF.W

UH

UL

V_H

VL

TMRx CM1
(bit0-7)

TMRx CM1
(bit8-15)

TMRx CM2

A 6. BLDC R H#. B/RIREE MOS BB REHRRE
5 4 6 2 3 1 5
1 1 |
0 0
1 0
PWM
OFF PWMA | OFF LOW OFF
PWM
LoOwW OFF PWMA @ OFF: LOW
PWM
PWM A OFF LOW OFF PWMA

(bit0-7)

2023.10.05
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2) mc_hwio.h A%

O ULSCRYE TR BRI 10 B0, T 2 U E . R /6L A me_hwio.c SCPHiY L
.

3) mc_hwio.c Sk

® TR EARE A P AR AT RO E . W TMR. ADC. DMA. GPIO...55%, AIR#EAIH
FIREE SR AT RO E . AR &4, LED {745 %k, VE4InER 7 s,

R7. RIABEMHRERE

PR AR i)

nvic_config W T S

tmr_pwm_init PWM % AR SRS 4P (tmr). crm clock. GPIO. DMA B

gpio_hall_init B RfEEEE GPIO B & (BLDC % )

tmr_hall_init B SRAB RS B (tmr) . crm clock At B (BLDC % )

tmr_sensorless_change_phase_init | Jof& /& a8 #AHE £ (tmr). crm clock BC# (BLDC Jotk @4 H)

hall_timer_init B SRAB RS B (tmr) . crm clock. GPIO fit & (FOC £ )

encoder_time_init 5 7 Y H 2 5 48 B (tmr) . orm clock. GPIO. EXINT [ & (FOC #
H)

encoder_capture_timer_init WM e 4n AY 8% 3K B &0 (tmr) . crm clock . GPIO
(FOC/MT_METHOD %)

adc_ordinary_config ADC @il <2 ADC. DMA. GPIO it &

adc_preempt_config ADC #t 552 ADC. DMA. GPIO it &

speed_timer_init T FE I B (tmr) . crm clock Bt &

uart_init UART #H3% crm clock. GPIO. UART [t &

button_switch_init switch #%4fl GPIO. crm clock fi B (BLDC hall £ &#%+% )

button_exint_init A R T AE EXINT W&

led_config LED #J4f GPIO. crm clock it &

led_on LED 4T5%

led_off LED Tk

led_toggle LED BlEE (T 222 4T K AT KA 5%)

led_init LED WIiHIRAS W &

led_blink LED A4k

mode_switch_init TR RSP E

current_offset_tmr_setting o R offset AHE tmr B & (BLDC 4 H)

bldc_angle_init_config K BT46 A AH2C tmr FL & (BLDC otk idkas & H)

tmr_sensorless_change_phase_init | Jof& & a3 #MH K tmr 1 5CHL B (BLDC Ttk i&as % H)

tmr_read_emf _init ToAR AT I 2 A SR EURE Y tmr AHOCHEC B (BLDC otk /&as
M)
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bldc_sensorless_detectEMF_config

TAL B ATIE % S tmr. ADC. DMA FEGHDL B (BLDC AL/
L)

foc_angle_init_config

T UHI4E A AHOS tmr. ADC i B (FOC Tofk 4% % H)

2023.10.05

B 2AR WA 2.1.0




][R

AT32H L ERE 1R R

2023.10.05

4)

5)

mc_isr.c A%
HCRSEEyhR B, 15 ADC. TMR. SYSTICK ZErfilbr. VEAHLNZ 8 N
R 8. HIHLIEHIHE < Wi R
REAIR iR

ADVTMR_PWM_CYCLE_IRQ

FEHIFR TR B (PWM B 5 1)

ADVTMR_PWM_BRK_IRQ

RSPl eR E (PWM 25 1E)

ADC_SHUNT_SAMP_READY_IRQ

PRI/ 52 P 38R AR 5 B T R £

ENCODER_CAPTURE_IRQ

i A sk P W R (FOC T H)

EXINT_ENCODER_IDX_IRQ

i i & A2 VA% T R A (FOC & )

HALL_CAPTURE_IRQ

YN EREE WA RIS M

SPEED_LOOP_TIMER_IRQ

IR R E(FOC & H)

SysTick_Handler

RGP W (Ims). AREHLYIHCARSTAE

BUTTON_EXINT_IRQHandler TR Hh BT BR
CHANGE_PHASE_IRQ To At 2% 4 AH vh T B 5 (BLDC % )
READ_EMF_IRQ ToAt AN L % R SR IR A 2 T T R 2 (BLDC % HY)

mc_type.h 044
ISR N 4 JR s 12

RE o PEARINER 9 PR .

R 9. BHLEMAIIER

MEEIRBZFK

(P

BLDC/FOC i i &%

firmware_id_type

DX AN ) AL P R P i 5

motor_control_mode LRGBS PR RS 1d B 1g W
Pl BEREm. AL B gmAD AR A AE)

ctrl_source_type P SRR (AR . A0 AR )

encoder_align_type DA ITHERAS

esc_state_type

AL R S L W75 5.1)

err_code_type

AR IAESRNGE . KRB iR . wigasslin. E/REHR.
EEﬁ%EBﬁ)

shunt_nbr_type AF FE g e AR 5 (B FBEL . DU BEL. = HAFH)
curr_offs_type ADC HL i B F2 (H

current_type HLAH S i

pid_ctrl_type PID £l B AHC A &

pid_ctrl_dc_type PID £ Hl B AHC A 5

speed_type AR A &

value_type AR

hall_sensor_type B IR BT &

25 WA 2.1.0
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ramp_cmd_type R A H AR R
usart_data_index UART 25 M R &
moving_average_type B R
usart_config_type UART #MARC B A G &
ui_wave_param_type VTN AT i ety s

FOC EHZH
qd_type d,q
abc_type a,b,c M
alphabeta_type o,p KA
i_dc_type B 28 FL A DG AR
trig_components_type =R
voltage_type R A AR B
adc_trigger_type ADC i AH S A 5
pwm_duty_type PWM JK/MHECAE &
rotor_angle_type T HAEMATE
encoder_type il AR AH AL
open_loop_type FEER AR AR
position_type Ao B AR AR B
angle_type BUBH A B A O i
field_weakening_type ST T
lowpass_filter_type R IE YR 25 AH AR
motor_volt_type FoL P HH AR DGR B
motor_emf_type S HL ARG U AH DG AR 1
state_observer_type T A [ WL 25 A S AR
sensorless_startup_type To Ak B J5 BN AH AR
foc_angle_init_type IUE i FEAG U AH 548 B
rds_cali_type MOS N FEAZ IEAH AL &

BLDC L HZ#
angle_init_type WIUE A FE R AN <35 B (BLDC AL A% L )
start_state_type R 46 £ FEFE P R A HL(BLDC Jofk s L H)
init_current_type WIGA F PRI B R AE 2SR B (BLDC Jofk s L H)
angle_init_type W46 Fi1 PRI AH < 22 B (BLDC oAk ds L HI)
i_bus_type BELL IR AR G &
olc_type FFER IR A AR i
emf_sample_type S LA BUREAH 548 B (BLDC AL k2% 5 H)
adc_sample_type ADC HUFEHISGAR B (BLDC oAk s & /)

— — - e— — - — —— —— - —
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4 HENUEREEH A

FH P AR 48 AL 4% 1) 7 =X AT i B 45 7S 20 07 % R AL 2 (mc_blde_kernal.lib) B A& 2k & % il H AL
(mc_foc_kernal.lib), PHANFATLEE B 60 2 AL IBRas 104 1] bR 20 DA R e AR I3 B 4 1 bR B,y i fE A
L2 B 5200 )8 FH W00 8 7 A 2 R B LA T 3 A WD AR 05, DA A R R 5 bR B N 25 DA R AR 7 =8

FAITEL LR -

4.1 EFHEVERE
HIE B e A 2R B B (f FH e BB 2 0 SR I AT 26 BB )
® NERHEIATERE get_fw_ id

£ 10. E¥ get_fw_id

B | E1:57)
R get_fw_id
PRI firmware_id_type get_fw_id(void);
ThRestiid SREGL R IR 1D, $HIEEC 1Dyl 77 2N 73 2L (E6])
WmANZH 7
it 24 7
IR [FH il 1D {8
SR okt 7
B R FH R 4 7
il

| firmware_id = get_fw_id();

JHB6). 1E#) 250 Fy 2 FOC 7257 AL IEH] Tfe/qs. HALL 12/8675 . Encoder /%575

® [RIIAT EE mc_param_init

1. B¥ mc_param_init

| R
PRI 4 mc_param_init
PR 3 flag_status mc_param_init(uint8_t fw_id);
ThRedthiR HIALEE B B BT 46 40 E
MASH fw_id: =l 1D
it 24 7
R [EME VIgh R B R G EARE, SET HREBEEM, RESET NERIK
Sk AF AT get_fw_id AU 3RS fw_id
R FH e 4 7
Nl

‘ param_initial_rdy = mc_param_init(firmware_id);

2023.10.05 TR
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PID i #8 MR R %
® [ERIA T k4L pid_controller

# 12. BR¥ pid_controller

B | E1:57)
PR 44 pid_controller
PR int16_t pid_controller(pid_ctrl_type *pid_handler, int32_t var_err);
ThRestiid PID #1385 CHufl-For-for #0138, mEBilHo6 (Proportional) FIFH 4 T
(Integral) Ff45 556 (Derivative) #1%
WASH 1 pid_handler: #& = &5 #14& pid_ctrl_type tHK S5
MANSH 2 var_err: HiNRZEM
i 24 ¥
iR el PID F il &4y th £ f
et kAT 7
B R FH R 4 x
Bl

‘ speed_ramp.cmd_final = pid_controller(&pid_pos, pos_err_temp);

PFBEAREE
® NERIIA T K%L atan2_fixed

* 13. B# atan2_fixed

W H iR
R atan2_fixed
PR A int16_t atan2_fixed(int32_ty, int32_t x)
ThRe sk SE SHUR EYT R BT
MANSH 1 y: yHifES
MNSHL 2 X: X M55
it 25 7
IR [EME RIEVIE 1SS
SR okt 7
A R 7

il

‘ local_degree = atan2_fixed(local_lI.beta, local_l.alpha);
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42  REPEHIBHLERL
HL IR RAEAE SRR B
® [EHIAR T ¥ current_read_foc_1shunt

 14. E# current_read_foc_1shunt

B | E1:57)
PRI 4 current_read_foc_1shunt
PR void current_read_foc_1shunt(current_type *curr_handler, voltage_type
*volt_handler);
ThRestiik T R 42 1 W 15 B 2 R VAR A T B S L = A R
EANSH 1 curr_handler: fB[AIZ5HI1A current_type [ FRZE IRV AS B 5UE
MANSH 2 volt_handler: #§45HA voltage_type ff H I b 2 2 1) X
it S5 curr_handler: $&A1Z5H14 current_type ) =AH FLIR BUE
IR [FME 7
et kAT 7
15 18 FH R B adc_preempt_conversion_data_get
Bl

‘ current_read_foc_1shunt(&current, &volt_cmd);

® NERIIAT % rds_auto_calibration

* 15. ®# rds_auto_calibration

TiH iR
A€ rds_auto_calibration
PR 25 A void rds_auto_calibration(rds_cali_type *rds_cali_handler, current_type
*curr_handler, voltage_type *volt_handler);

DhRe ik £ E_BIKE_SCOOTER #&: Ui B 2L MOS P IH
WMASH L rds_cali_handler: f&[A145#I4E rds_cali_type (¥ dfq %l B iR € v Sl
WSS 2 curr_handler: 851k current_type AOREZE BRI BH
WA 3 volt_handler: & £5#)1k voltage_type [ d/q 4l ik 3 {E
LT rds_cali_handler: &[A145#14 rds_cali_type [f) MOS A [H B 3h#: IE
A EIRN 7
Sk ok AF x
B R lowpass_filtering

Nl

‘ rds_auto_calibration(&Rds_Cali, &current, &volt_cmd);

SRAL AR AE SRR
® [ EHMIA T E¥ enc_speed_get MTmethod

* 16. R# enc_speed_get_MTmethod

mH R
ZERAE enc_speed_get_MTmethod
PR3 A int32_t enc_speed_get_MTmethod(encoder_type *enc_handler, speed_type

2023.10.05 E29W hRAS 2.1.0
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TH iR
*spd_handler);
ThRestik 't VLI B 4 ) 2R 46 5 (V) LS T3 B (MVT Methodl)
WMASH 1L enc_handler: #&[r 5141k encoder_type tHK S
WMANSH 2 spd_handler: &M 45 #14 speed_type HHIES 5L
it 25 7
IR A AL T
S okt 7
B F R 4 ¥
il

l rotor_speed_encoder.val_temp = enc_speed_get MTmethod(&encoder, &rotor_speed_encoder);

®  [NEERHMA T MREL position_cmd_ramp

# 17. B# position_cmd_ramp

mHE Eiiipo

PRI 44 position_cmd_ramp

PRI void position_cmd_ramp(position_type *pos_handler, ramp_cmd_type
*cmd_ramp_handler, pid_ctrl_type *pid_handler);

ThRestiid fr BB i & Fe s S 2k dr 4

MASH 1 pos_handler: &R 5144k position_type AHK S5

MANSH 2 cmd_ramp_handler: f5[A45#4 & ramp_cmd_type tHS54L

WASH3 pid_handler: #&m 45 #)1& pid_ctrl_type tH%<Z4L

i 24 7

R EME 7

et kAT 7

Bl H R 2 7

N

‘ position_cmd_ramp(&pos, &speed_ramp, &pid_pos);

® AR T %L hall_rotor_angle_get

% 18. ¥ hall_rotor_angle_get

TiH ity
R hall_rotor_angle_get
PR 2 B int16_t hall_rotor_angle_get(hall_sensor_type *hall_handler, rotor_angle_type
*rotor_angle_handler);
Dhredd IR R AL B AR AR 0 T AR R LA T A U
WMASH 1 hall_handler: #§R45#14 hall_sensor_type (1% 1 f 35 (ki
MANZH 2 rotor_angle_handler: 5[7 514k rotor_angle_type ¥
25 7
AR HLEE T 2
So oAt 7
W F R 7
2023.10.05 T maom T T ka0
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2N

l rotor_angle_hall.elec_angle_val = hall_rotor_angle_get(&hall, &rotor_angle_hall);

® [ EHIAR T HH hall_delta_theta_calculation

# 19. BH hall_delta_theta_calculation

B | E1:57)
PR 4 hall_delta_theta_calculation
PR int16_t hall_delta_theta_calculation(speed_type *rotor_speed_handler,
rotor_angle_type *rotor_angle_handler, hall_sensor_type *hall_handler);
Difeftig SRIUE R BAL IR T A AR &
WAL hall_handler: 15[ 45¥)44 hall_sensor_type (17 /R1L AR SME
MASH 2 rotor_angle_handler: &8R45#11& rotor_angle_type %%+ &
MASH 3 rotor_speed_handler: f& 45814k speed_type (15T /&
i 24 7
IR [EME L T M E A=
SR ok o
B R o
~pl

‘ hall.theta_inc = hall_delta_theta_calculation(&rotor_speed_hall, &rotor_angle_hall, &hall);

ik e 5 FE VR ) (P WIM) A 2% R 30
® ERIIA T %L svpwm_3shunt

* 20. B svpwm_3shunt

TiH iR

R enc_rotor_speed_get

R B T pwm_duty_type svpwm_3shunt(voltage_type *volt_handler, pwm_duty type
*pwm_duty_handler);

Thagsiik 22 [1) I 2 4 1 o £ (3-shuint 4 111)

MASH 1 volt_handler: f&m&5#41k voltage_type S 4

WSS 2 pwm_duty_handler: f5 25k pwm_duty_type tHS3L

a2 8 x

IR [BME pwm_duty_type: =#i PWM [ duty &

Sk ok AF x

W e 2 I

~Hl

‘ pwm_duty = svpwm_3shunt(&volt_cmd, &pwm_duty);

® RIIAT HE svpwm_2shunt

R 21. B¥ svpwm_2shunt

m

R

enc_rotor_speed_get

e =
il ey
e

pwm_duty_type svpwm_2shunt(voltage_type *volt_handler, pwm_duty_type

2023.10.05
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TH iR
*pwm_duty_handler);
ThRestik #% ) 2% £ 8 1 R 4 (2-shunt {3 )
WMASH 1L volt_handler: #&[n 45441k voltage_type K25
WMASHL 2 pwm_duty_handler: #& 45k pwm_duty_type #5551
it 25 7
IR [B{E pwm_duty type: =41 PWM [ duty 18
S okt p
B F R 4 ¥
il

l pwm_duty = svpwm_2shunt(&volt_cmd, &pwm_duty);

® [EIA T KA svpwm_1shunt

+ 22. BH svpwm_1shunt

T H iR
PRI 44 svpwm_1shunt
PR E R Y pwm_duty_type svpwm_1shunt(voltage_type *volt_handler, pwm_duty_type
*nwm_duty _handler);
ThRestiid 7] % 22 R 1) BR 8 (1-shunt A8 )
MASH 1 volt_handler: &R 4541k voltage_type tHE54L
MANSH 2 pwm_duty_handler: #5451k pwm_duty_type #5451
IR AMEH pwm_duty type: =1 PWM [ duty &
So kAt I
LR pwm_shift
NGl

‘ pwm_duty = svpwm_1shunt(&volt_cmd, &pwm_duty);

® NERHIA T K% pwm_shift

% 23. ¥ pwm_shift

TiH ity

R pwm_shift

R ER T adc_trigger_type pwm_shift(intl6_t *dTa, intl6_t *dTb, int1l6_t *dTc, int16_t Ta,
intl6_t Th, int16_t Tc, pwm_duty_type *pwm_duty handler);

Dhredd Pk et 96 P52 38 1 (S 7% R 20 (1-shunt 3 HT)

WMAZH1 Ta: =AHRKR LT

MASH 2 Tb: =AMH R EEL

MANZH3 Te: =AM EAE

WMANSH 4 pwm_duty_handler: f& &5k pwm_duty_type 5544

Wiz dTa: =K G ZEHLAEE

=42 dTb: =M K EGT B E

Wit 243 dTc: =Aif/ G g &

2023.10.05
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TH iR
IR [AE adc_trigger_type: HLIRIREC 8]
Skt 7
B R FH o 4 7
~Hl
‘ adc_trig = pwm_shift(&dTa, &dTb, &dTc, Ta, Th, Tc, &local_pwm_duty);
REEHIHREH
® AR T K%L foc_circle_limitation
% 24. FH# foc_circle_limitation
B H iR
A EA foc_circle_limitation
Eap gt void foc_circle_limitation(voltage_type *volt_handler);
ThRestiik BEL i O B P s 5 ot oK B 1
WA volt_handler: f&[AZ5#41k voltage_type HHRZ
L e volt_handler: & £5#)1k voltage_type 1) Q HliH &
IR [F{H 7
SR okt o
5 18 FH R £ arm_sqrt_g15
il

‘ foc_circle_limitation(&volt_cmd);

® [ERIA T KL foc_vg_limitation
* 25. ¥ foc_vg_limitation
| Ei:1p%)
PRI 4 foc_vq_limitation
PR3 void foc_vq_limitation(voltage_type *volt_handler, pid_ctrl_type *pid_handler);
Digeflid B ) 2% 8 R vy Rt H
MANSH volt_handler: &R &5#1k voltage_type tHE54
LR S pid_handler: fi&[a1£5#4 4 pid_ctrl_type #5341
R [EME 7
SR kAT 7
LR arm_sqrt_q15
A~

‘ foc_vqg_limitation(&volt_cmd, &pid_iq);

REZH AL BRI AR R

FEAFR T K H startup_openloop

# 26. ¥ startup_openloop

iR

startup_openloop

& 33H WA 2.1.0
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T H R
PR T flag_status startup_openloop(sensorless_startup_type *startup_handler,
voltage_type *volt_handler);
ThRestiid HIALIF 34 5 5 R 5L
WMASH 1 volt_handler: f&[aZ5#41k voltage_type HHKZ 4
BWINSH 2 startup_handler: 351 45#)4% sensorless_startup_type #H55&:%
th =% 7
Y EIEEN flag_status: FFHJEBNE B EMARE, SET A, RESET NATEM
Se kR AF 7
Wi F e 2 I
il

l startup.closeloop_rdy = startup_openloop(&startup, &volt_cmd);

® [ RIIAT %L startup_alpha_axis

Z* 27. RR# startup_alpha_axis

T H iR
PRI 44 startup_alpha_axis
PR flag_status startup_alpha_axis(sensorless_startup_type *startup_handler,
voltage_type *volt_handler);
ThRestiik HLATLE A7 J3 3 R 5L
MASH 1 volt_handler: &R &5k voltage_type HHE54L
WSS 2 startup_handler: #§[H45#)1& sensorless_startup_type H55&$
R FIE flag_status: FEf7ESIR B bR E, SET N5EM, RESET AKX
So oAt I
W e 2 I
NGl

‘ startup.closeloop_rdy = startup_alpha_axis(&startup, &volt_cmd);

® [ EHIIA T ¥ flag_status startup_angle_init

% 28. ¥ flag_status startup_angle_init

TiH ity

R4 flag_status startup_angle_init

Eap gt flag_status startup_angle_init(sensorless_startup_type *startup_handler,
voltage_type *volt_handler);

Dhretd DL GG A ARSI E oz f5 3 R 2

MASH 1 volt_handler: & &5#41k voltage_type FHE S5k

WSS 2 startup_handler: #5[145#)44 sensorless_startup_type #55Z %

25 7

BN flag_status: HI4G M FEASINE AR 22 5 e Mibr L, SET N5EM, RESET AR
I

So oAt 7

% 34K
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LLLLEE x
Pl

‘ startup.closeloop_rdy = startup_angle_init(&startup, &volt_cmd);

®  [ERHAHIA T R flag_status startup_angle_init2

% 29. F# flag_status startup_angle_init

BiH iR

A EA flag_status startup_angle_init2

PR T flag_status startup_angle_init2(sensorless_startup_type *startup_handler,
voltage_type *volt_handler);

Thegfig R 46 A ARSI T35 J5 5 R 4L

MANSH 1 volt_handler: #5458k voltage_type HHIES%L

WAZH 2 startup_handler: 3514544 sensorless_startup_type #5555

ot 28 x

IR [E{E flag_status: WG ERINIFIR S 2 S 5Eibrd, SET A5, RESET MK
i

Sk ok AF x

B R o

Nl

‘ startup.closeloop_rdy = startup_angle_init2(&startup, &volt_cmd);

® NEFHIAT % foc_sensorless_angle_init

% 30. ¥ foc_sensorless_angle_init

| R
PRI 4 foc_sensorless_angle_init
R Y void foc_sensorless_angle_init(foc_angle_init_type *angle_detect_handler,
current_type *curr_handler);
ThRedtik AT 46 AR PRGN R 2
WMAZH 1 angle_detect_handler: f5[a45 14k foc_angle_init_type tHX 2%
WMANSH 2 curr_handler: 18 Z5#44 current_type AHCS3
i S angle_detect_handler: {54544 foc_angle_init_type F1HLIHILG 1 FE
R [EME 7
SR kAT 7
B R R A 1 tmr_output_enable
B g 2 tmr_channel_value_set
A R ] tmr_counter_enable
NG

‘ foc_sensorless_angle_init(&angle_detector, &current);

® [EHIA T ¥ current_angle_init_3shunt

2023.10.05
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# 31. B¥ current_angle_init_3shunt

B | E1:57)
PRI 4 current_angle_init_3shunt
PR void current_angle_init_3shunt(foc_angle_init_type *angle_detect_handler,
current_type *curr_handler);
Ihigsthid 3-shunt B RAFE Bk (T~ FALBT A6 1 2 Ao )
WMASH L angle_detect_handler: #i[a£5#4 4k foc_angle_init_type %24
WSS 2 curr_handler: g £5 1k current_type #5551
iS5 angle_detect_handler: #5454k foc_angle_init_type 1 Hif{E
& [EME 7
Jeth kAT ¥
5 18 FH R B adc_preempt_conversion_data_get
il

‘ current_angle_init_3shunt(&angle_detector, &current);

® [ ERIIAT KL current_angle_init_2_1shunt
% 32. ¥ current_angle_init_2_1shunt
W H Ei::3a)
R current_angle_init_2_1shunt
PR #J5 A void current_angle_init_2_1shunt(foc_angle_init_type *angle_detect_handler,
current_type *curr_handler);
DhRedtiik REZR IR SR AL 2R B0 (FH T AL A0 46 A A
WASH L angle_detect_handler: #5544k foc_angle_init_type XS4
WSS 2 curr_handler: #8544 current_type XS4
e angle_detect_handler: #§f45#44 foc_angle_init_type HJRLIfE
IR [E{H 7
SR okt 7
5 18 FH R adc_preempt_conversion_data_get
N

‘ current_angle_init_2_1shunt(&angle_detector, &current);

®  [RHFIA T K% obs_pll_execute
% 33. ¥ obs_pll_execute
W H iR
ZERAEA obs_pll_execute
R T int16_t obs_pll_execute(state_observer_type *state_obs_handler, int16_t
hBemf_alfa_est, int1l6_t hBemf_beta_est);
Difeftiik TE ST AR [0 6 2 £ D00 285 R £
WASH 1 state_obs_handler: f& #5144 state_observer_type HX S
HWANSH 2 hBemf_alfa_est: f&ill )R 3% o 4l &
WMNSH 3 hBemf_beta_est: il & H3h# B 4 /&

3R WA 2.1.0
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TH iR

i 24 ¥

IR A AL T
S okt p

B A R A 1 arm_sin_g15

arm_cos_q15

BR|
WU e % 2
WA R % 3

pi_controller

2N

hRotor_Speed = obs_pll_execute(state_obs_handler, state_obs_handler->hBemf_alpha_est,
state_obs_handler->hBemf_beta_est);

® [EHIAR T %L rotor_angle_sensorless

% 34. ¥ rotor_angle_sensorless

mHE R
A€ rotor_angle_sensorless
PR intl6_t rotor_angle_sensorless(state_observer_type *state_obs_handler,
motor_volt_type *motor_volt_handler);
ThRestiid LA - LAl 2%
MASH 1 state_obs_handler: g Z5H4k state_observer_type XS4
WASH 2 motor_volt_handler: [ 45#14 motor_volt_type #5654k
i 24 7
IR [EME HIHLEE T M
Je oAt 4T motor_volt_calc 5% motor_volt_read 35 3k75 s st o B fliHL s
15 18 FH R B obs_pll_execute
B

‘ state_observer.elec_angle = rotor_angle_sensorless(&state_observer, &motor_voltage);

®ITH WA 2.1.0
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7535 T A R L PR BR

7N 7 PR R B A

® [ERIHIA T K calc_adc_sample_point

% 35. E# calc_adc_sample_point

T H Eitpa
PRI 44 calc_adc_sample_point
R void calc_adc_sample_point (adc_sample_type *adc_sample,intl6_t pwm_duty);
ThRestiik ADC BURERTAL A5 0H B Bk B (B B R EURE A DA B s L3 (PR [7]) I BURE /50)
WMASH L adc_sample: fgH£5H{k adc_sample_type #5551
MASH 2 pwm_duty: 4RT%H PWM i) 545 kb
LT 2 adc_sample: J5[A4%5#{k adc_sample_type HIEUEE i adc_sample_point
R EME 7
So oAt x
W e 2 x
il

‘ adc_sample_point_set(&adc_sample, pwm_comp_value);

JHT): R ZHIHRFE H R A 4 A (Sensorless) I 1EH, Bk I Z50 R 115 1 i B A

N5 J5 B To iR iR AR AR B 4
® [EHiAR T K% bldc_sensorless_angle_init

% 36. E# bldc_sensorless_angle_init

W H i 3o
R bldc_sensorless_angle_init
Eap g it void bldc_sensorless_angle_init(angle_init_type *angle_init);
ThRedthiR BEER IR AL BR B (FH T s L0 46 A B2 AT
MASH 1 angle_init: & [A145K7k angle_init_type 1S %
24 angle_init: F&[A145Fk angle_init_type [
IR [FIME &
SR okt o
B 1 A A 1 tmr_channel_value_set
WA g 2 disable_mosfet
5 1 FH R R 3 tmr_output_enable
B % 4 tmr_counter_enable

Bl

‘ bldc_sensorless_angle_init(PWM_ADVANCE_TIMER,&angle_init,angle_init_step);

2023.10.05 %38
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® [ERIR T K% angle_init_estimation

% 37. E# angle_init_estimation

B H iR
A EA angle_init_estimation
PR T uint8_t angle_init_estimation(angle_init_type *angle_init);
ThRe sk T LA £ S A 0 R B
MASH 1 angle_init: f& 145 M7k angle_init_type %S %
BINZH 2 ¥
EiTheE o angle_init: 54514 angle_init_type #i5<3 %
IR [EME Tor IR 46 £ B2 BT 3of B2 IR 7N 45 5 AR AR AL (GG L 1-6)
Skt bldc_sensorless_angle_init
U FH R 2 7
~pl

‘ hall.state = angle_init_estimation(&angle_init);

® NEIMR T K%k change phase_period_ramp

% 38. ¥ change_phase_period_ramp

mHE R
A E change_phase_period_ramp
R E R Y void change_phase_period_ramp(adc_sample_type *adc_sample);
ThRestiik AT 2 5 AE AR A A P 2 1 /3 ek
BWNSH 1 adc_sample: B[R4k adc_sample_type 553
MNSHL 2 7
S adc_sample: fgH45H{k adc_sample_type HIitEEEAS <
IR [FIME 7
SR kAT 7
B R FH R 2 7
A~

‘ change_phase_period_ramp(adc_sample);

2023.10.05 3R hRAS 2.1.0
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Angle init. Starting. Running. Free run. |_tune. Enc_align LA Error.
5.1.1 REHR
Idle*
ERRESHURIAIIRIRES,  HIRE N BB A IRE, BB RGUERR 5t 2B B IR .
Safety ready*
TAHRRE(dle) S HN T SO E . CHUS IR offset FIME, AN RINLAT L2244 5 IR
Ao
Angle init
ToAL AR B FB LS SRR DRI A6 M LIRS, BUASAIAG M 5 J5 < SR BkH: 2 Starting R3S, 104
TAL AR TAIRES, & AT EER I S ik )46 A B AT Il X AR
Starting
ToAL AR I R I 22 46 A 2 5 W B IS e A S MR B AF PR, RN IR MRS W E V)
B AP ] B0 2 A LA I R G A e
Running*
AR, MR UT BiE Nis¥oRas . F P AT UL Gt SER B2 8 (an B AR AL . H s IR AE).
o A A ik ik
Free run
TR, AR R KB a5 b i, Dol i U LB 8 % 0, 78 ik 58 e 1R Ay
SAEXAMIRES, GIETE 44 LI 23 H BT AR (dle).
|_tune*
PR PID 42 88 S B R, 7R R A iE I Ul S H AR, IR Z KPL K
B, B E—Dhrain, madg B RS HE R E G S5
Enc_align
g AR IERZS, AT UL AR S F AR IE DR, @R a4 R HFOL N, &
JRE IR ENRRIE . F RSN, WE B BALET < B 3hIT R AR IE . F ALY s W) 2 g id X
IR
Error*
I R R A R 2 AR
VH8): LR IR S H) RS ST H PR AL F ) HR 2 AL
2023.10.05 - - 8 40 - = gk 2.1.0




AR
RSPV

A AU RSN 7 Fros,  artONIER SO0 T — BEPIRESHLUIBGRRE, i EONRRIR TS 0L T 1Y
TR, Hpos SR IR PID M S EUU AT ) % I_TUNE IRZS, 25 (R B4 0 5 15
BETYIH 2 ENC_ALIGN R gt s A HE, 20NN R R E FPIRS I,  FRFFIstT o A R3]
R R I IR AE) W 2 Bk B RIS .

AT32H L ERE 1R R

5.1.2

B 7. REHRER

» SAETY_READY AMGLE_INIT
. \ S A *Sensor-less Only v
\ \____}I;/ \“. o \
I_TUNE | IDLE > ERROR | — STARTING | EN_ALIGN |
. / AN A . 4
~_ ) S U . .
T \"'~--._______ I B ~___ *SensorlessOnly / Ta
\ | ) P A \ o /
N \, | _ ey
\ . - g
' FREE_RUN RUNNING B '
B, AI—
— Error condition
5 | 5 7 1 | I S L] |
2023.10.05 /AT A 2.1.0




ART

5

AT32H L ERE 1R R

6

2023.10.05

AT 52

R 39. SURRRA I H
H# FA R

2022.11.18 2.0.0 | WIHERRA
2022.11.18 2.0.1 | 1&IE SRS R 4457
2022.11.24 2.0.2 |BIEXCHAHIE SR
2022.12.01 2.03 | HEHFRELE LU AR
2022.12.10 2.04 | HALZEACRETE R
2022.12.23 2.05 | 1EECHENLE R
2022.12.29 206 | XFHIREIE

HEhnkeil V5.33%w A BEIRE . BT SEZ INAFICE . Si— R BdEdig . &
2023.03.02 2.0.7

WA E S Rt ik
2023.04.20 2.0.8 | HhE it S, PR, B ek O DL R R
2023.10.05 2.1.0 | EFTHEALEEHITRT M B B DA R LR SRS

AR WA 2.1.0




:'=/| ?I_

R AT32 8L B £ PR 45 T

2023.10.05

HEGRA - FFAE

ST EAT S STRE A SR MRS 777 S AR 55 (KRR, R JO AN AR 5 3 5 S P A SO iR AR 70 77 A IR 35 AR SR BT AT 54T

T 2 HI RS AL AR, A LA T7 ST SRR B AT R B3R BB R B B Al o WUR AR 338 S AT AT
B =I5 BRSNS R S4B RS =7 7 IR 5, BV AT P BRI RN, B B AT S LA A AT
W5 =07 7= i B 35 B P AT A R P AL R ARAEE

RARFERERE A I B 2k rh A U, I, R O R 77 it ) A5 P AT 6 AN AT T S BRI DRAE,  BAR (A IR T4 S0E 4
T AR I (B AR IAT A R 4 X (KR (KO BE T O, BRARIATATEA A A S = A KBRS RAE -

HERE P AR BB T TR T R I& R e (A) W ZeVEE RN ZORIOBI, W B Scif. RS B0 7 Dh R 2 4 2R
RS (B) MiaM; (C) IRERMBIREIEL; (D) AURRITBMURIEE, HIS(E) wlas. BRI AR RTIR R B, TR
VTS B K FE R T AR S, RIBERI T I AR 0 Rt 7 D@, XU b S R, I EL T 5 S /e L AR S B A i (e i A VA R
AEIER .

SRR IR 7077 i B0 AN R T AR SRS e SR L P S R B AR i R g S RIS UM 3 T A SO TR R 7077 il IR 25 5 T KA o DRAE
KA IFHARL LAEATIE 2 sl NHERs I AT 53 4E

© 2022 FERF IR TR E TR

B AR WA 2.1.0




