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A Study on Multi—parameter Identification of Permanent Magnet
Synchronous Motor Based on Multi—strategy Enhanced GWO
LOU Zhijun, CAI Jingcheng, REN Tianliang, ZHANG Jiayu, XUE Wenjia
(CRRC Electric Vehicle Co., Lid., Zhuzhou 412007, China)

Abstract : To address the problems of multivariate coupling, strong nonlinearity, and insufficient accuracy of
traditional methods in Permanent Magnet Synchronous Motor parameter identification, this paper proposes a
Multi—Strategy Improved Grey Wolf Optimizer. The algorithm adopts a hybrid population initialization strate-
gy to enhance the diversity of initial solutions. It employs a dynamic leader—wolf mechanism to strengthen
global search and introduces a speed—direction—aware strategy to dynamically optimize the wolf pack’s move-
ment trajectory. It incorporates a dual guidance strategy that integrates individual historical optima and the
global historical optimum to enhance global optimization ability. The simulation results show that compared
with the traditional Grey Wolf Optimizer, the proposed strategy can significantly improve the parameter iden-

tification accuracy of the permanent magnet synchronous motor.
Key words: Permanent Magnet Synchronous Motor; online parameter identification; motor control; Grey

Wolf Optimizer

ARAFHER AT 5E A AL S BOR IR R G A F ] |
W AN E IS A T OGHE Y AKRETR] AL FLAL( Per-

R R ARG R AL 2R R R

25

5k, BB AS BRI, BUA ORI 2

manent Magnet Synchronous Motor,PMSM)%’ﬁ(?ﬂﬁRE‘]
X4 ERARE R SERHM S AR E T
SSHL W 7B B (d ) RS S (g i) He
IRV TR RER RS . TELRPHR T L RE A8 HL S IR ER S 4L
AR AR P L B T 1 (s Ak R/ T aReE T
JEAIRZ UL ) X AR LRk i AR FR G0 R T A
SRR BEFORS BE SRS SZ FR

75 H #A :2025-08-19,

(Grey Wolf Optimizer, GWO) 7ESBHFIATE 55 A7 1
PRI A | SR st 22 R i A48 R /B ) 5
SRR, DI AN SRR Y — o 22 SR R ORI AL
5 (Multi—Strategy Improved Grey Wolf Optimizer , MSI—
GWO) , Il F 2 5 et 3 2 5 By i AR A A6 4% ( Ml —
Strategy Velocity — Aided Grey Wolf Optimizer, MS -
VAGWO) X PMSM U S BT LA, BT 3

F—EE A (1999—) 5, BT AR , 3292 AT AR IR B T 753 AR BT S b AR R S B IR R M OE TAE . E—mail ;

louzhijun. cy@ crrege. cc,,



26 % E HE AR 5 W R 2026 - 6 H
FiE R SRR G S STRRAL SAGES | SRAEEE, nl AR ZE R AR
5 B AR S R R T 46 i T i S AR 2 AR, P .
s SR RIS e T, NI ERAS B HERA A HEIRZE 2R . 15 BRRA ‘ HERE
H5 SRR Tz kA s < 0 ‘ i =0
100 ms 100 ms 100 ms 100 ms

1 PMSM ESS#HRES 2T !

0 { I I iy I} [H] /ms

PMSM 7E[F2E ekl d—q ShAk bR 5T B8 O 7
W= (1) iR
di,

Uy = Rsld +L(l E_we

v,
(1)

di
J_wewd

T de
A au, Flw, 539000 d BlORT o Bl SE T LR SN0
i, 4300 d BT g Bh E 5 ST diy/de A
di,/de A RBE E] AR L3 R E T HLRH s L, 0
L, 5350 d AT q B EEGw, F g, 2090008 d A
q B REEE S i s, G R

PMSM [ i 7 & LRGSR TR T, 197 FEAE 3]
TR (2) ~ (4) PR,

u, =R +L

bo=Lyi,
. (2)
lp(‘l:Lqu
3 .
Te=?np[ (Ld—Lq)Lqu+Lq!,l/[] (3)
dw,,
J : 7:T(>_B : a)m_TI (4>
de ' ‘

o, R F KGR EE 5, F PR B T A
M 0, AHETFIAMAEE (0, =0,/n) ;B HFITE
PEE R T, R dkEE o

PMSM Fag iz A7, I RIAA di,/de=0,di /di=
0, KM iy,=0 RYFHISRME , d—q SR A B i iy 7
= (5) Fis.

gy (k)= =0, (k) Lio(k)

(k)= Roiy (k) +@ (k)
:Titqj;udo(k)%ﬂ H«qo(k) A i, =0 i d b A q b 1) 5 ¥
PRI 570 (k) S 7, =0 B A2 T 0 i (o,

(k) iy =0 HAOREE R, (L, Fl g, J BN SR
FHi

TERTREHRI T H R 3 R Rl A S0 55 R
LB SR ) S AR X 1 MO R
FEAnE 1 Frn . BEASSRAERII, DL 100 ms A (8] fF

(5)

K1 ZEOIEREE R R 4]

A d S E RS T B R O R A G =K
(6) Fin,
g (k)= Roiy (k) =L i (k) o, (k)

: : . (6)
uql(k): Rsiql<k) ~Lyig (K)o, (k) +o,, (k)i

P zd (k) F iy, (k) 2350028 i, #0 I d A o Bl A
WL RN BB 5y, (k) A, (k) 43502 iy # 0 B d il
g BT ;0 (k) 24 i, 70 G

k1 TR AR SRR A 23 B A PR
FPIRAS (g =0 FIEEA G d Flir i) TR I B0
AIREAKE SR AR I AT AR SE PR SR IR 4, 1%
JEII PR R TRBIE Kk ARG, R A
PGB 458 RRREEA e BT 8 i — IR S BOHHR . i
SR A 1 T Bk S OB A I =X (7)) BT

oo (k)= =L iy (k) @ (k)
uo (k)= ~R.iy(k) o4 (k) i,

g (B)= =R iy (k) =0, (k) Lyi, (k)

g (B)= =R, (k) +@,, (k) Lyiy () +@,, (),

(7)
A (k) (k) ig(k) wo(k) J2E 1 H 0~ i
6] VAR e UCRAFE 5 gy (k) gy (k) Jig (k) iy (k)
o, (B HE 1 FEY ¢ ~0, BRI b RCREERE , 7
ARSI SECN IR ST,

LS & RERIER IR E X
2.1 IR EZE

CWO Bl T IR AR M4 A5 47 o 5 4k & g
SRR AR A FE 3 I (B A e BT 53R DA S 20« f
ERCH o, IIBARIC ] B, 5 = IUMRIC 6, o i
GiFN 0, TERRERT o 8.6 1E TR F5
T o RUHOLE DRI . o IRAESFA L 2 R



%3

BRA, Fah, BRI R, 5 RS 2RISR GWO BKRE R i ALZ SEHHRITR 27

I (8) A= (9) SEHUN AR WAL Fl
D, ;= [C, xX, =X, (8)
X =X, ,~A, XD, ; (9)
AL RPN EE (AL =2r Xay~a,; C,  HALE
%%&,C;,jzzrz(/ﬁx'zp a, NEERISE, r, Flr, JRTFELO,
I A AN BENLEL) D) X 5 ¢ kAR
TES j 4B o AR S5 I 8 1) 5 RS AL 5 X
Xi; o o+ 1 YOEAUR S FURIRAESE j 4 vh
YA
FRAE GWO Hv AR A 4 A0 B 5 5 AN T R
BE )i, RAR A 2 S N H R, X
P )7 AT e R BUE R e kAU I AN I 2
RS ETCR A B Q= E = 5 ) 1 OCEK , {3
G3IRARTE RS B 3o A% v e 25 A R0 2R X (2R L
7 G ) , NI H 55 58 1k i 4 3 25 e 0, 3 I aok
S AR B RS o A b, RS Sl B ORI A SR 5 |
JEW, R o B F1 S = H TR LR B8 Al 57 1Y 12 B B
W AR SR L R R T T A AT R R S
TF AR B,
HAENE i o RETHEET, Y o RZ o B
8 ARG mE, HO R BT A= (10) s .
Vi =kx[sgn(A, ) x|V, [1+4, xD;, . (10)
Kok B ERCE S50 TR B IR R 5
KRES), At an=X (11) frs s A, s B, T
P 1 R AR Ak B R an =X (12) A (13) B
TRV VI BIRAER 1o+ ] YR A4 R
TR(a BSMR) FIFME j 4Eh  RAVHESE ;D NAE
5 ¢ WEARU S j 45 0 TR SO (o B8 TR) ZIH]
ST IR RS, FHR RE ML A S5 S AR () 52 e AR

i—1
k=k —(k -k )Xx——" 11
max ( max l"l"lll‘l> T_l ( )
A:n,j=(2><rm—l)><a2 (12)
i—1
= - -a_ . ) X——r 13
a (lmax ( amax amm ) T—l ( )
Ak, 1k, a8 kR AE A/ IME L &, =

0.9,k,,=0.9; T HA DR ERIKEL; o R HEETE
ARAC IR AL S5, [0, 1] AR R 51 4
WL @, F a,,, 535 R0 R A e RS
/MH ,a,,, =2 ,a,,=0,

o B8 R E TR AR (14) ~H(16)
F7R

Din,_,'z ‘ C:n,jXle,j_Xi,j ‘ ( 14)
Cﬁn,,-=1+(2><r,,,—1)><c2 (15)
-1
= - —Cpin ) X7 16
C cmax ( cmax cmm ) T_ 1 ( )

AP XL N YGRS @ A o TRAESR j 4R
B C, R R, T AR 0 R R AN W E
XM 5 ¢ HERIRFBEG ¢, T ey, 7300H
R R AR /ME ¢, =1, 6,5, = 06

o TR 1+ 1 YOE R B RS X Al
(17) ~ (20) H Ay =AML B o0 XD XS XY Y
TR,

DEED G T (17)
Xy =X, =V, (18)
X5 =X, Vs, (19)
X = (X7 +X5 1 +X50) /3 (20)

2.2 BREMARLKRE

TCJia ke G i R P R AL 7 =0 A: iR GR R R
XA B8 T ORI A3 A AN TS I SR, A
PARMEACTE B R FE AR AR X — ), i 2 T o R iy it
—ARTE, A CGE LA TR AR SCR R T RS
77 RFE (Latin Hypercube Sampling, LHS) | 75 1 mit 5
SRR AR ARSS & TR S FIRFRI LR L SR m , =Ry
4 60% 20% 20% 11 L7 43 Bic , 45 AAE AR

1) LHS( ikt 60%) : LHS &—Fh /3 Z kL F A
REBA PR A28 1 70 BB B N 35 50 SRR AR
[ HAT B A 25 (B I et A e T 7 20 B AL B
LHS eSS4 5 7 5 48 s ] Rk e e AR SR A (48
AR UG B BO AR R (67 1) 5 B 7 0% DX, AT I
PEF 2 R R WAL S g S e 5=

2) RIS (15 20%) ;2R Logistic W5t A
BCIR T ) AR FH G g 1 Al TR 3 1 A {1 A 4
et P 2 HORE B AR, 3R #h LHS FedEgets:
AT AL S — PR 2

3) FEHLBIEA AL (i b 20%) - A5 B8 1% GEBE ML T
3, R RV o 56 W6 0 %I 72, A5 A 1 — 2 BB L
P el B Z5 1L

= Rh S PR EIAE T, RERE R PR R A (o] i 740 B
T, NBELERFRN R ) 2R S R M AT AT AR T
TRARMEACSA 1 1 B A B

Logistic WS B R A N = (21) Fiw

x(t+1)=px () (1-2(1) ) (21)



28 % F ¥ R 5 #F % 2026 4F 6 H
A () w(e+ 1) 2B ¢ o+ 1 YAE A VR V.=V +r,O(V, -V ) (24)
FFAE s A IS5 B3, 9, . ( xmm+xm)
R = . 1 L g aie s d=sign|x - (25)
TESZRRIA) A (a0 TR Rt Ab) v, S0 H A ! 2

THER A I T . SR, BEAILRAE AR 12 51X 5k
ARAFAEARILAR, By 20 300 BB SE 1 B AL A .
1 109 WRE 553 RITIRALAE T 50 B R AL gt

WAL AR LSO H b s B 52 i P B A7 AE
WEES ., NERIIG I B G B o BRI
i 3t 4 Ry BURRAA: 43 BT, W0 A 45 2 B0 A S e AR
R OR 3R 1Z S H00r B bR s BB IR , 76 5 28 19 Fh
REFILAR AL (40 LHS 23R SR TS L 5l ) v 3 58
o Y SRASRG 0 BB AP Sl B | AT i — 2D 4 T
GERFRIVES SN V&

Jeilat X (22) A AR FEALALE b, AR TR TE K
(23) Jrn 928 S0 N R T 1 ST RERHLRFE

b,=x,,,+tr, O(x,..~X,.) (22)
b, +0. 3(xmax,j—xminyj) (r;=0.5) ,if r,<s;,

X. .
Ly .
b, ; ,otherwise

sj=[0.8,0.2,0.5,0.3] (23)
SR b, W AR SER AL B A b, WA
J AR xR, SR BER S R
L v, W, AP 4 B0 R
TR, WO A RIRAESS [ AR R, RSN
REBEHLRC s, WA j AEFHR LA 4 R OB
5,=[0.8,0.2,0.5,0.3],

BEAAERE j A — D BENLEL, AR ry<s;  UAESS j

He SR LI B) , WU A = S N 3 i AR
K, AT FE RO ) 38 58 2 e 2 = 0 B, B3
BRBED =0 15 (2,0 ;=% ) 5 3 1y = 1 IF PEBHIRE Ny
0. 15(% =X, ) » DEBIIRBEBEHL X5 53 A, 80 R AE
TRURRAEFE 3 in ke

P T 4G AR B B, 51 A R D 1 JB R O s
80% (1) AR 5 [ 48 & 25 (8] FhL B By, DA 2 HRs Ui 8
20% HYARTE B 0 7 AR R, LA 5 42 Ja 16 3% e
(RIS, A e SUAR 0% 2 T ot A b 5 | ABEMLER 317, DA
HeFFFIHE 2R, BHARSEI AN (24) ~ (26) PR
TG, FE /N R 5 g R B = (R R AT ¥ AT Rl AL R
B AR ) Vs SRS RS S AT AR S
S 5 L AN = R | o 1 S s e B
J7 Wl s e, % IR AR R (80% i 1]ty (20% 15
B ) S LB T 1), DT 5 R IR R R

V}e @d ,prob 0. 8
Va'j_{V,me@ (=d) ,prob 0.2
V,,=V,,©(0.8+0. 4r)
Vs, =V, ©(0.6+0. 6r¢) (26)
K.V, MV, el AR i A B BB e IR B R
SRR R /N 5V, Ve Vs, 05 o B 1S
TR A it s d D)7 )R ) o s, R o JRAE j 4ERY
O B o e, g Fllrg 2 =AAMFEAL0, 1] X 2
S AT BEHLES ]
2.3 NEIGEBENER
TR, 280 o (INEE R (TR
FEH) A k(MR ) 1R HT AR ek 2l 25 8 4 S mss
WA e R 72, HR a2 . Ofm
R o R (27) HATIRBCE W, H W2 1EE
AR R, S5 R 41 & @ T IR RN ¢ R
Pk (28) HEAT AR XA AL, AR TR 2% A R v e AR
Pe sl , LIS INFIRE 2 Rt OBUHEACE £ R4 (29)
HEAT P ARG BTSN LA T R R4 R S 0
BHER MR FFHRRBET] .

a=a,, xexp[ ~3x(1/T)*] (27)
€=+ (€0 =€, ) X[ 1 =cos (mxt/T) /2] (28)
k:kmin+< kmax _kmin) Xy l/T (29)

Nt — AR TSR B 42 Ry T A RE ) OF i 4 T 28
e, 5L 5| 5, R A A 1) s e 45 42 )R
D 2 e e SR s Rl AL, BAR A aE

1) SRHAPRS SRS DR B (A Dy sL dme L7 B, A
A, 25 D S R AR T 2 i R, A - 1R
FHPy LU, SR AR R R L e,
U B g S f I A DA S i B R BRI A

2) o il FfRe S A SR AR sl A I X A 5
RRES o LA 10 YGRS 1 AR, 7E 51 Jo 1 45
IR 2R D sl e AL T AR A, T4 e ST T — A
WU ARRG . AZARIET AT o AR, A HE
1 a IR, I o BARMIK A B A1 6 AR 5 ez, WIKE 2%
R e AR AR, DR B Y AT R A

TESE BRI, 1R 58 B B B8 R, 5IA
FIE DA 5 SR IR AR A AR Sh 25 R B . ik
ARAIIR R A A2 S B MIABE R, A 5 2 SRy R R



%3

LR, AR, AR R, SRS 2RISR GWO KK RETR AP L2 2 HOHRIE S 29

BT 5 A I 20 7 U /N S5 RTARE | okt B A TR
CAR B R AE , O E TR A& IAh Bl SR 0 3R
W B ORAS SR SR AT O AR B e o,
> MS-VAGWO B E 2 Fs

|ﬁﬁmmk%§ﬁ|

v
| st s |

| stsammimnen, RARSEL R SRR |

'

| B =D RILE o RAEE N a. B 6 TR |<—

| T AR o TR

'

| I 5 05 S P o o

B2 MS-VAGWO iR

3 MESKREUHKIRMHEER PMSM
SHE PR

3.1 PMSM S##iR R 8
PMSM SRR B R An & 3 s

wy (k) == wo (k) L (k)

g (k) =Ry (k) +ipw o (k)

| war (B) =Ry (k) +w, (k) Liy (k)
ug (k) =Riy (k) +w, (k) Liig (k) +
o (k)

t
reo) sl sn |l iy iy

’ ’ ' '
Ugp» qu(). Ugs U,

Wis lgis Lo

Doy @

1

&3 PMSM SH0HHMN R R
AL 2 R AT PMSM 2800 i 2% JH B
7 BE PR L (30)
F(0)= 0, [uy(k) =uby (k) 12+, [ uy(k) =uly (k) ]2+
;[ uy (k) —uy (k) 1240, [ u, (k) —u;, (k) ]2
(30)
KX f(0) WIENEH; 0, .0, 0, 0, AR B

HARE,
3.2 ETF MS-VAGWO Ei%x#i) PMSM & ##i8
TR

FT MS-VAGWO (1) PMSM 2% 3R i 42 & 4
El 4 fros , AL IRIT .

1) BB MR (G, =0 Fli,=-2), 43 3R
FEIIEMEE A uy iy 0, B

2) WAL KA S B E

3) MORAER M i S T s,

4) WIawpLAk B bRt H bR iR

5) P i A W kAR S, )
A 35 T LA R A

6) i 4 R i, 38 G be A N FE PR,
B E 2RI,

7) WIS EHRLE R, & 2 WL R KRG
T S A fE

8) PPN B, 2 ANk bR AR 1] 25 3R 5 gk 22
AR,

%ﬁ&ﬁ(%g\%ﬁmﬁ%)|

!

e

!

| etk F bR |

!

| MS-VAGW O 5 AR 5 Bl I (i |<—

'

|%E%%ﬁ§&ﬁm§ﬁ|

o

SRR B B AREARUEL?

fi S EHUE

El 4 T MS-VAGWO [ PMSM SR i &

4 {FEXWmSH

D B A LN 2332 B4 R T 0L 55 T
o, HHMUE S RAESBRAZ RS R 2, N
I, 5 ELRENS A RO AE BN A S RE . A
T &P MS-VAGWO Bk HERE L e, 7 Simu-



30

|

% £ # K 5 F % 2026 4F 6 A

link PREE FHEHE T R % P82 [ R PR SE A 6 A2 8% 0.958 Q,L,=0.00525 H; L, =0.012 H, ,=0.182 7

I5Y > e — Lo o _
SR B (UNE S o) o e THBLR= Wh,
Discrete
»{Vq Ualpha - Valpha le—05s.
pulse
. el
i Vd  Ubeta =% Vbeta
__@ Anti_Park SVPWM Te
P‘ A The —D’I} AR BOY
we —u(2)*La*u(l) Vde N m Hm -~ P
>—D| Pn o9 B R Tabe I n
wm->we L LN we l C Wm _:_
8 T=a
Mux3
Dy ; =
Alpha Alpha [ g
Po +— ;l - B iabe
© Beta Beta 7C
o P |
@_T Q The Clark
Plark
D1 er
we —DI sim_ud we
id . — D
@—P iq = L%}{fg J—D-O m
o - |
’ ID
) : =
Ld’ = »_' [:]

K5 AR R G AR

PrEL SR R AL S BE R 2 500 1/ min, §% Rt — WS S R A B B HABAL G0 A Bk
FEUBCH 4 Nem, 70l e R ARG STEAPIRCIRE TR fES BRI AR B, @AM 1ok 7 L1k
£E 100 ms B A , L3815 2 000 AFEAS, (7 & (Particle Swarm Optimization, PSO ) F1 bk 2 48 2 5. 72:
SCEPATIEAT 30 R, B 6 S GWO G AR IL R ( Sparrow Search Algorithm ,SSA) #ATXF e, FrA T HE
% (Velocity — Aided Grey Wolf Optimizer, VAGWO) 55 VLR MG — S8R & . FIRFRLELY 150, F R
MS-VAGWO = FhIa 1% 4 18 N B2 pR ARSI Ze Xt e, 8ok 3 000, ZEEE RN (0,10) , 7 ZE 10
AL MS-VAGWO TEEAUR BT REFFEEINE fie e 1,36 2 20 A i T DURD B v 2 40 45 T 1o 2%

LA E J (8 L A e XL,
015 T Vicwo >0 — PO
SOMSVAGWO e e SSA
—— GWO
' - == MS-VAGWO
o 010
fn % 1.0 p—— co
- I =
¥ 2 05
0.05 A -
0.0
0 [ty . . . . . )
T 20 50 10 150 200 250 300
Sl B H
Bl =Mk A i AL ek R St 20t E 7 R R BERISGE A



BRA, Fah, BRI R, 5 RS 2RISR GWO BKRE R i ALZ SEHHRITR 31

FLEE/H

L/

TESE(E/Wh

0.010
0.009 §
0.008
0.007
0.006
0.005
0.004 B
0.003 B
0.002 §
0.001

— PsO
----- SSA

- GWO

- == MS-VAGWO

| SU———

150 200 250 300
AU

K8 PURAE L, BRI SG REX L

L L
0 50 100

— PSO

e SSA

=== GWO

- == MS-VAGWO

0.016

0.014 ¢

0.012 F

0.010 &

0.008

0.006 F

0004 b . I
50 100 150

BARUEL

B9 DURMATE L, HHRISGT AT L

200 250 300

0.22
0.20
0.18
0.16
0.14
0.12
0.10
0.08
0.06
0.04

150 200 250 300
AN/ €'

B 10 PURREEIE o, BHRCEOS R R L

100

=1 PHRASHE
TR R/Q L,/H L/H /Wb [l
PSO 0.991  0.0051 0.0119 0.1821 0.025
SSA 0.989  0.0052 0.0119 0.1823 0.203
GWO 1.004  0.0049 0.0119 0.1806 0.057
MS-VAGWO  0.976  0.0052 0.0119 0.1825 0.529

F2 MF#HEEPHIIRETLE

R/ L, R/ L WRE/ o iR%E/

0 H H Wb
PSO 1.915e-06 3.447 2.541 0. 060 0.314
SSA 3.385e-07 3.237 1.249 0. 051 0.241
GWO 1.536e-04  4.802 19.775 0.483 1.298
MS-VAGWO 1.453e-06 1.345 1. 585 0. 008 0. 163

Xf MS-VAGWO 5.2 iy it [] & 2% B 55 S50 9kiR
KGEE AT A0 M. FERT RS2 2% 5 I, AR EUARIE GWO,
MS-VAGWO 3451 7 LL R i+ J7 45 . OIR & W b Ak .
LHS S5RGBT O(NxD) At HFF44 , Horp
N KRR, D R R HER S804 B 5 Q3% ) gk
SR < | AR ) o S, AR AN T O (NxD)
AT ) F I AR 4R BRI p, ST,
SEEIE R O(p, xNXD)

JUEREIN T LR TFEY 1555 T MS-VAGWO 75
FNCSCH R (LI 6) , AR R 0. 4 s, A28
] 52 2% FEATRAFTE O(NXD) | 3 e AE 28 R A S e

FESHOHFORT BE 7 1, AT GWO PSO F1 SSA
3 Fhxt LA, MS-VAGWO 7£ PMSM S8R 3
Mz, Hodr, gk ik BEBEDR 22t GWO REIR T 4
87.5% , MAKHERIR Z H GWO FEAK T 94% , % 2%
BR2E /N, TR, 6~ 10 K3 2 A MS-
VAGWO [ V-35938 N B R4, IR SR 0 R, 1fE
BRI IESE T, 700 AR T Bk R ekt

5 Z5RiF

FEXT IOARIART IR GG R R o3 A AR TS S Rl
SRR, AR SCHE T —Fh 22 3R s etk 1 R AL A6 53
% (MS-VAGWO) , 383 fl&hr T 8 7 7 2k TR
WSt | 31 FHAER Ui A BB o) e BE S 80 e 2 AU 1
b, BT T WA A 23 ) 4 55 5 A B T[] Je%
S A AR B 22 AT, Al T A R R S R
FERRETT s SRR S 4 )5 Dy s e AR 5 | 3 R ws
B 30 AR S R R A e e v A, A 350 A T 2
W, i BE5REW, M T GWO PSO M SSA &
% ,MS-VAGWO 7£ PMSM ZHHEH R 8L AL 55 1)
PERE , F BHBFRORG 2 8 (R, R U5 2 I K B e 1 22
HERRAR %7 PMSM ks BE R il 4R A T R AR
B AR S ELA 25 00 T AR R AN AL



32 % £ # K 5 F %

|

2026 4= 6 H

SEH

[ 1] Zhu Zhigiang, Liang Dawei, Liu Kan. Online parameter esti-
mation for permanent magnet synchronous machines:an over-
view [ J].IEEE Access,2021(9) : 59059-59084.

[2] Yu Yelong, Huang Xiaoyan, Li Zhaokai, et al. Full parameter
estimation for permanent magnet synchronous motors [ J ].
IEEE Transactions on Industrial Electronics, 2022,69(5) .
4376-4386.

[ 3] Pulvirenti M,Scarcella G, Celba G,et al. On—line stator re-
sistance and permanent magnet flux linkage identification on
open—end winding PMSM drives[ J]. IEEE Transactions on
Industry Applications,2019,55(1) ; 504-515.

[4] Ma Zhao,Zhang Wei, He Jiabao,et al. Multi—parameter on-
line identification of permanent magnet synchronous motor
based on dynamic forgetting factor recursive least squares[ C ]
//2022 TEEE 5th International Electrical and Energy Confer-
ence( CIEEC) . NewYork : IEEE, 2022 . 4865-4870.

[5] Zhang Yan,Bi Yongli, Wang Shigang. Parameter identification
of permanent magnet synchronous motor based on extended
Kalman filter and gradient correction[ C]//2020 IEEE Inter-
national Conference on Mechatronics and Automation ( IC-
MA). NewYork: IEEE ,2020.718-722.

[6] Zhou Shuai, Wang Dazhi, Li Yongliang, et al. Improved parti-

cle swarm optimization for parameter identification of perma-
nent magnet synchronousmotor[ J]. Computers, Materials &
Continua,2024,79(2) .2187-2207.

TR FET U IR 2 1)K B R AL e WL 2 S 07
EATFEL D . IS IR R R, 2022 21-48.

[8] Cheng Yuan, Huang Wan, Du Bochao, et al. Intelligent pa-

[7

[

rameter identification of PMSM based on BPNN fitting nonlin-
ear relationships. 2024 IEEE Transportation Electrification
Conference and Expo, Asia— Pacific ( ITEC Asia - Pacific )
[C]//New York:IEEE,2024 :594-599.

Minh X B, Fernando W, Duta R, et al. Reinforcement learn-

—
\=]
i

ing based method for online parameter identification of the
permanent magnet synchronous machines [ C ] /2024 IEEE
10th International Power Electronics and Motion Control Con-
ference (IPEMC2024 - ECCE Asia) NewYork: IEEE, 2024 .
2274-2279.
[10] T g, W BR, 4. T TS50 LR ) SRNE 1 IO
Ak )], B3 ka=4],2020, 46(10) : 2148-2164.
[11] FEMg BiLIs. BT Levy ®ATSRME I IRARIEALIA L[ T].
AL S5 TR, 2022, 50(5) : 948-952.
[12] Rezaei F, Safavi R H, Elaziz A M, et al. An enhanced grey
wolf optimizer with a velocity —aided global search mecha-

nism[ J]. Mathematics,2022,10(3) ; 351.

(E#EFIW)

[4] Herrmann T, Christ F,Betz J,et al. Energy management strat-
egy for an autonomous electric racecar using optimal control
[C]//2019 IEEE Intelligent Transportation Systems Confer-
ence (ITSC). Auckland,IEEE,2019.720-725.

[5] Christ F, Wischnewski A, Heilmeier A, et al. Time — optimal
trajectory planning for a race car considering variable tyre—
road friction coefficients[ J]. Vehicle System Dynamics,2021,
59(4) . 588-612.

[6] Sundarraj S,Reddy R V K,Basam M B, et al. Route planning
for an autonomous robotic vehicle employing a weight - con-
trolled particle swarm—optimized Dijkstra algorithm[ J]. IEEE
Access, 2023(11) ; 92433-92442.

(7] TORH, G, B EAA, 45 2T APF (K AGV Ja i %42
MU e Sk R [0 ], AL TR 45 A, 2022, 58
(22).305-312.

(8] AFH, 2k, BULA 55, B0tk A = VR FIN T3 37 1 1
RN T]. RGETHA4R ,2024,36(3) :782-794.

[9] Huang Xuanhao, Yan Chaobo. Dubins curve based continuous
—curvature trajectory planning for autonomous mobile robots
[PP/OL]. V2. arXiv (2025-06-22) [ 2025-10-10]. ht-
tps://doi. org/10. 48550/ arXiv. 2309. 07565.

[10] Tbrahim I, Decré W, Swevers J. Accelerated Reeds—Shepp
and under—specified Reeds—Shepp algorithms for mobile ro-
bot path planning[ J]. IEEE Transactions on Robotics, 2025
(41).2691-2708.

[11] Heilmeier A, Wischnewski A, Hermansdorfer L, et al. Mini-
mum curvature trajectory planning and control for an autono-
mous race car [ J ]. Vehicle System Dynamics, 2020, 58
(10) : 1497-1527.

[12] Ogretmen L, Rowold M, Ochsenius M, et al. Smooth trajecto-
ry planning at the handling limits for oval racing[ J]. Actua-
tors, 2022, 11(11) . 318.

[13] Khanmohammadi S, Tinati M A, Ghaemi S, et al. Fuzzy
and PSObased algorithm for driver’s behavior modeling[ C ]
//Proceedings of the Joint 2009 International Fuzzy Systems
Association World Congress and 2009 European Society of
Fuzzy Logic and Technology Conference. Lisbon,2009; 1270
-1275.

[14

[

Du Feng, Li Jishun, Li Lun, et al. Robust control study for
four—wheel active steering vehicle[ C ] //2010 International
Conference on Electrical and Control Engineering. Wuhan

IEEE, 2010.1830-1833.



