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Research on Model-Free Control of PMSM with Low Parameter Sensitivity

Based on Nonlinear Extended State Observer

CAI Shuchi”, ZHANG Zhifeng
(School of Electrical Engineering, Shenyang University of Technology, Shenyang 110870, China)

Abstract: [Objective] To address the issue that the control
performance of model predictive current control for permanent
magnet synchronous motor ( PMSM ) deteriorates under the
working condition of motor parameter mismatch, this paper
proposes a model-free control strategy for PMSM that does not
require the use of motor parameters in the design process.
[Method ] Based on the ultra-local model of PMSM, a
nonlinear extended state observer (NESO) was designed, and
its stability was analyzed using Lyapunov theory. A model-
free predictive current control system based on the NESO was
constructed. Meanwhile, the influence of the current
feedback gain in the ultra-local model on the model-free
control performance was analyzed, and online identification of
the current feedback gain was performed based on the
sampled current iteration. The algorithm was simulated and
studied using Matlab/Simulink. Firstly, under the working
condition where the given current feedback gain coefficient of
the system was the nominal value, the model-free control
system based on the NESO proposed in this paper was
verified. Then, under the working condition where the given
current feedback gain parameter of the system was
mismatched, a comparative simulation was conducted with the
traditional methods. Finally, the online identification method
of the current feedback gain parameter based on the sampled
current iteration was verified. [ Result] Simulation results
show that when the current feedback gain parameters are
mismatched in the ultra-local model, the output of the NESO
is more stable than that of the traditional linear extended state

observer. The current loop tracking effect of the PMSM

EEWAB: HRAREAH4S (61603263)
National Natural Science Foundation of China (61603263)

control system based on the NESO is better, and the harmonic
content in the phase current is also reduced. The online
parameter identification method based on sampling current
iteration can accurately identify the actual current feedback
gain parameters, rapidly converge and maintain stability when
the mismatch current feedback gain parameters are
continuously applied in simulation. [Conclusion] Compared
with the traditional control methods, the control strategy of
PMSM based on the NESO reduces the sensitivity of the
system’ s design parameters and offers higher control
performance under the working condition of motor parameter
mismatch.

Key words: permanent magnet synchronous motor;
predictive current control; model-free control; nonlinear

extended state observer; ultra-local model

@ E. [ BEY)EEXKEE R AP AL (PMSM) 5L T H
TR T L2 B E T 00T B R R A ) A, AR
SCHE T —FPFEBCTT i AR b JE T T LS EU) PMSM
ToRERIPE R G, [ 3R] 26T PMSM B8 5 d R AL, i
T T AR LR RSN £% (NESO) , IFAR#% Lyapunov 3
WHHT TR Mo M 1T NESO 9 JCRC R T v,
TP ZRGE 5 R o0 A 17 R R FOAE 25 v e 3 S 15 £ 0T
TeAGE P 1 P R Y S 0 i SR A v B 32 A0 H U R 15
WASE VAT TAELRHEIR . i ] Matlab/Simulink X275 R 4T
T BRSBTS AR FR G0 45 G HL R R R 25 R B AR
PRAEE T A0 T WA SCHE B HE T NESO F O AL 4% ]
GEHEAT T 90 E ; AR5 TE R G040 58 W R 5 1 2 UK D
BITTOLT , GG 34T 17 B0 L 5 o X 6 TR A
HL DA A R I S 15 8 4 2 BT PO I AT T R
UE, [R5 Fas RR W], 7 5 AL R v o 3 S 158 1
Tt ZHLRICIS  NESO (%t AR G2 P4 SR 2 WL 2%

© Editorial Office of Electric Machines & Control Application. This is an open access article under the CC BY-NC-ND 4. 0 license.



LSRRI, 5 52 4, 452

Electric Machines & Control Application, Vol. 52, No.2, 2025

193

TRE ,FET NESO By PMSM ] 22 5t 1) i i 1 BR A CR
TG R P R T U S i AR B T RRAIR, 7R LR AR
Y E FRGUIRIC 4 L U B £ S RO B TR L A%
AR AE L SO 512 TT LAV 8 TR 00 52 B ) o, 37 S £t 1
TS, B SO R R E, (48] B T NESO 1)
PMSM = il 5K 5 &2 e 42 A0 LU AR T R it
SRR FE LS BOR VT C B T80 T B 0 i
iR

SKBEIA . KRR L TN A R s TR A 5 A
MDY ORISR 5 SR s A6

0 5|5

K WE [ 2 #l ( Permanent
Synchronous Motor, PMSM ) FEf& H. D) R % i &5 )
I 1K Ve P2 A5 B 44 E RN 1 e R
SRR, dF PMSM 2 — A2 AR R RS
DABCARZR M 1y R 51 R s A A8 0 o, 9 4
(Model Predictive Current Control, MPCC ) 5 4E
i HAE B9 Sl AR RE W 12 T HL ) H 4
B, MPCC SRR T X 4 4 %) G A 14 vl
WaPE  TESEPRIs AT rh S8 2H v BH | F BRI - W e 45
LS HI 25 T 25 5% Ml L J0 B 7R A6 ot o7
PLRAERR S LA S 37 6 b B LS 5o T
AR A A 0 ik T KR 23 45 MPCC
P SH0UR Tl T BOME B T R T AR R 5
7 5 il ( Model-Free Predictive Current Control,
MFPCC) 5k th T e il 2 p Bt ad 72 vh Je i i
PLEH, AR BT - B Sl 30 B A ) g, B 2 B AR
TS T SHRBL T B0 B

MFPCC 38 iz g A A0 R | A2 et
YN EE IR Sh AR AR R 25040 O sl A AL 1]
SRBAFE S A B AN [R] 25 AT AT 5T R R 23 ) T
ML 22 A DU 42 R L B [l U3 A A ( Auto-
Regressive with eXogenous input, ARX) &% 2514
R A T 454

SCHR[ 20 13583 17— Ak 7 H O 22 A6 0 A
R SR, e EAE — A o 391 N R A TR K, 3
KA W R GBI EOR R . ARX AR —
RPN B RO (W] S A5 R G, )3z I T oA
TP 4 > AR EE R A [ 18T (AR) B4
FNAR R A (X)) 853 1 22 B0 200 AR AR Bk
WdRe/N R BB R B AR AT AR BN

Magnet

AL 5 ot T 00 PN 5 U ) R R T A 3
ar A BRI

Michel Fliess 7E 2009 45 a4t th 7 IR
i A AR W F RGNS UHE RS
{8 i AR S 540 500 AT S ST Ry PR AR S R
RGN LA, i T R SR AR AR B 45 4 A
B AT DUPREO Bl X SR AT R PRy [ A

RIS (5P F %) . SCHk[26]
JH 27 T J1 45 %) P I 0 PR A VR Y AR 1 R A
H TR % dt A oo AR EOT IE TR 2ot F (B, X
BR[ 14 ] B UCRH TR0 &8T5 F B J7 3 A 1
TR AR LI A 1 e S R B P LR e ot
PR A7 B, SO i a1 T SRR S UL g
(Linear Extended State Observer, LESO) , % 1T W
I WL F A S B TR A 45 ) R I Y AR
LESO A3 5, WL ik A rp i3 /N R H
VSRS H R YR ST ARG, 7EN ] T8
BN R Ge b, b T8 R AL AL F A A AN
EPESSE I LESO AR

h T B TR AL ) FR G bW s AR E
FER R AL 1) SR B M, A SO Skt TR
M KR ZS WL #% ( Nonlinear Extended State
Observer, NESO) WL F {52 B ICHIAIFE ], TR
i Lyapunov S HEAT T ARE P40 H, SE 0L T S 4f
AOLINPERE . BES e 1 R th i T 28
X WU 5 i EE ) 52 ), B TSR AR F U A AR AR iR
BT TFSE, LR T NESO 2528, it — 4
P 7T NESO My it S RiE . fn il
S O EBAIE T T NESO ) PMSM JCAR R
il RGEI L T AR BTSRRI e A 45
Tl PERE o

1 PMSM HIBEEBEEY

T ey PSR 42 o ) D LR J R R ASE, I DA K
R P RE P T TRV AT S B, —
PR, M B AR Lt 2R 48 AT LAHIoR F o3 O 7
KR

dy dy du d’u
P
Sl RGO Ay RGO 1 R
SR FEEHT BB 0 N RGNS EUES .

=,0)=0 (1)

© Editorial Office of Electric Machines & Control Application. This is an open access article under the CC BY-NC-ND 4. 0 license.



FEETIR 45 R TARZAMEY SR I &5 5 RS BURE PMSM oA B 5 0F 5

CAI Shuchi, et al: Research on Model-Free Control of PMSM with Low Parameter Sensitivity Based on Nonlinear

194

Extended State Observer

JH T JRy A AR 38 7R Al BB AR (1) B A L
Y =F +au (2)
K w=1,0 RGBT o H— DAY
BSH, B 0 1 w HA AR 0 B2, 8
PRI DR A 2 1 LA R 5 F 2R Ry AR A
Rl I SH, G RGN TR S5 S8 R G
TETRIY RGN B A B
XF T PMSM 2| R &¢ , oAb AL ] 7 vk
— B R A B AT B B =1, RIA] S 4
RGO B A B ) R SR — [ )
PR (3) R
dY (1)
dt
FHELT PMSM (1415 S 527 AR |l Jm) i A AL
SR MRV B F U VA0 1 3 S e i ]
T g B A R AR A, To i 15 4% e A i e v gk
A5 R rp R BTG T LA W, PR T 1 A
& s S R RE . A SCBOT IR B R A
il s, 42 e O U A R R
ISt SE TR, I TE [F] 20 e Ak b 2, AR 1)
F7n PMSM {8 Jmy B AL Sy
di

EZF'FOLLLS (4)

AP, TR u, HE TR,
TE S BT R AR IR S 25 1]

=F(1) +alU(t) (3)

di, 1
$=Z(us—Rsi5_jw¢r) (5)
KL, TR g, Wi EE ;0 HHBEHLA
B R, N FHIFH,
AW A R F R
- Ri - jo,
F S A (6)

PMSM [AJ 5 bR R T, d g Tl F{E53 5 R

5. 1 .
F,=- T~ f(stld + ;)
s s 7
RS, . ( )
F, :—fld + wi,

K siy i, SN0 d g BB o, AR RERRERE
ZE5 0 (4) FX(7) ATR R mE £5 , R
JR AR R R SO

Ot:fS (8)

2 EF NESO B iR B = Il R E&

2.1 NESO Higit
FLT LESO KAt PMSM #8 J= B BB, iy
A KT HAE R R B0 iR RS S H, S
SRS BYEUR 22 525 S B0 25 4 49 A o 19745 Ky
JEZN TR TCAR AL R It S0 Aok R v 3R 3 S ) P A
RUrh FAE AL i 2 AR5 — > JQU Kb s B0
1M NESO Hi T R GRS 5 1) B 150 2 B 45
AELNE fal B, RESCEE T RIS B U8R, ik
A DEBLARRT T ZR G A A5
le|sign(e), lel>8
fal(e,a,8) = ,e_ Clel=s (9)
5l
Phi, F1F OAPRAS AR B LAHL iR 22 S5t 1Y)
NESO "] #4i& H
e. =z —I,
z, =z, +au, — Be, (10)
z, == B,fal(e, ,a,d)
e, NWRGERE 2, JEFHITLAIIE 2, A
H SRR F R INE B, 1 fal (B,,«,8) iR
PR s 2, 2y N 2, 2y BO—BI SRR
FRERRBLEX A (10) FAT— BBy U5 il 45 .

e (k) =i (k) —i(k)
i(k+1)=i(k) - TBe (k) +

T IF(k) +au(k)]
F(k+1)=F(k) - T fal(B,,a,8)e,(k)
(11)

e, (k) WA b PRI RGEARIE 30, (k) i, (k) 5
59 204 B 20 T P SO S BR 8 50 (k1)
R — A R A 5w, (k) R i e 2
ETHEF(k) F(h+1) 43508 Mared 2] F —
PSS W B F {005 T, A SR S 0 R
LK,

Pl IR B 1 5 T 11 22 43 O 2 A 3
L, B HICAD Al N UG e g, AR SCA ELAF 58 v g
BORREL KA 1 ps,

© Editorial Office of Electric Machines & Control Application. This is an open access article under the CC BY-NC-ND 4. 0 license.



HIPL SR, 55 52 %, %521
Electric Machines & Control Application, Vol. 52, No.2, 2025

195

2.2 NESO WyiaEM S

TP — MUY () 2 1 5% PRER
w%m=%m%4 (12)
T2 A T pRER I ] S5
V=2z% +2,% (13)
B (10) A (13) J5 B HE AT 15 .
V=2zz +auz - Bz +Bzi -
Bozofal(z, — i, ,a,8) (14)

8 1 fal PRECHIUEDE R, BE K & S hnas g i
RO (H BRI SR 25380, BT S B0 e 8 AR
FIPRER R 2 (B 4 e B, MRS SCHR[ 27 ] A
ULl NESO B B0 JEW 6 BL S T, <
<10 T, Z M RFEL K B ET o — L 0<
a1 ZIE R B, o B/ BRI TR T 10 D AR
DA

454 NESO 82 5 ) 55 W00 I 4% Fe o 2% 18, B
R (14) TUE R TR AR SCHL S NRFE K
10 £%, B 0.000 01; HL 0.5, AL EWFFE T
Jik 7 P8 ] ( Pulse Width Modulation, PWM ) J&#]i%
0.1 ms, YR SCHR 28 1A ESO Sk i Fs il
HBEILEE B, B, 47 A2 10 000 A1 25 000 000,
M= (9) i,

falle (k), 0.5, 0.2] =

\/—’e"(—k)(sign[en‘(k)], le (k)| >0.2
ﬂ, le (k) <02
Py r

(15)

3 HERREIEHEALIRG

3.1 ETFRERERERNELHIN
VR LS H o X (8) AL, 8 1k
T Ay H R A (K, 1 AE SE PR T B RS R
A B, 255 2 (6) FTHNI I 2% 4 i F
M 158 22 h
AF == a(R.i_ + joip.) (16)
IR ZE SIS E o, BV R 25 16 AH
Ko N oo AT LB 1 S ECHR RO UL £ A i A
AR R R e A EEE L, &t
TR L A B L B A £ TR R AR B T
S5 LS B SRR U 2 () i 15 25, H L

[ A o BRICE B,

SE T HLT i Y RE F HLIAL A A B PMSM
(8 PO TR 2 TS 220 ) R 1 R P DT R AT —
BrEsH, alf
i(k+1) —i(k)  F(k)

afT, -

u (k) =

A,
i(k+1)=i(k) +T[F+oau(k)] (13)
LI AR b —RAE R A E T 2E N
Ai (k) =i (k) —i(k-1)=

Tlau (k- 1) + F(k)]

(17)

. . . (19)
Ai(k-1)=i(k-1) —i(k-2)=
Tlou(k-2) +F(k-1)]
W) R S A5 25 R
Ai - Ai -
(k) Lk=1) (20)

“Trlu(h-1) —u(k-2)]
3.2 ZEHSEBREITE
R0 k+1 B 2009 fE AT LIS 312 2% L 1, )
K (17) TS Ry

refl _
u, =

F(k)
aTs_a
A HEFBEHIE " HETSEHRIT,

T FRL SRR 3 — A 0 B SR kAT —
ZANAE T RMERI S5 1L R
i g Gk +2) =i P(h+ 1)

u, =1u,

(21)

afT, o

(22)

i(6F+20T)

ik +2) =i(k) - e

4 TEERESH

fdi ] Matlab/Simulink 3535 YEAT HEAA &
FEXTEE R IEAT LN 8T

15 B PRI AG 45 38 R 1000 rpm, 0.2 s JEoks
YEERE TR 1200 rpm; A GRS 0.3 s J5 %
s Nem f#k 05 E AR 10 kHz, PMSM
R EESHANE 1 s,
4.1 BRRREZERRIRL

T, TE R TYS 25 S EOE , BT A SRS 8
MIIRAS A A =0 I, HUIE R 25 o S T HIbLE
TR BB 117 BIARFR T F 80 uE AR S T
NESO ) PMSM JoAR 7 42 il S m

(23)

© Editorial Office of Electric Machines & Control Application. This is an open access article under the CC BY-NC-ND 4. 0 license.



FEETIR A5 T ARAMEY SR I &3 B RS BHURE PMSM R R 5 T ¢

CAI Shuchi, et al: Research on Model-Free Control of PMSM with Low Parameter Sensitivity Based on Nonlinear

196

Extended State Observer

%1 PMSM XES#
Tab.1 PMSM main parameters

SRR SR
HER/ KW 1
BEREH/ (romin™") 1200

B E/V 380
FEFHEH/Q 3
d .q &/ mH 8.5
TGRS/ Wh 0.169
EEE IR/ (kg-m?) 0.02
FHJE 7% 0.000 5
WX p 4

FETF NESO 1) PMSM JoAR R 42 i) 5 Wk 119 B it MR 5
PEIE B T R B 0 T AR i 8 2 SR R o i an Pl 1
& 2 K 3 Fis

T T T T

—— T LA
——dll bR LA

/A
(=] [ ) e (=)

0 0.05 0.10 0.15 0.20 0.25 0.30 0.35 0.40 045 0.50
t/s

30

20
< 10}
~T 0F

._10 4
0 0.05 0.10 0.15 0.20 0.25 030 0.35 0.40 0.45 0.50
t/s

1 BRREREF

Fig.1 Current tracking waveform

— )
— R

1600 —— T T T T T —
1400 +

0 0.050.100.150.20 0.25 0.30 0.35 0.40 0.45 0.50
t/s

2 FRIREREFE
Fig.2 Rotor speed tracking waveform

NS EEIPSUNE T b EEAY) [T =i Bt KR
A RAPRE BT B B KA, R d g A AY T H 3
NS PR v it B R R AT

H 11 2 FIPE 3 AT, A R bR LB ] /)N
AL By S i ) e R DR 4 T LA AR A5 g HH AR
SE FAEKEE T Nom DL

B
HIVAN
-

20 —
s =]
E 12» s
&> 0f \ \ﬁ_/

_5 . \/

_10 L

15

0 0.050.100.15 020025 030035 0.400.45 0.50
t/s

B3 SAEMHER
Fig.3 Torque output waveform
4.2 RRRHFEEHKETR

HBRAERE T NESO B IO 42 il 5 W 16 AL 37
S st 45 S HUR B TO0F B AT AT PR A R, 18
HUBS R B8 A = 0.5 R GEW) Ih i I S 157 34
fi a 55T 58 B TOL T, S50 IR i of mes ik
FrXF L B S, R EL A5 R0 2 B, REEHY

HABSHS 2R FR T O0 T AR
P14 Sy LI 25 it L A JE X L BT DS

X 10

32.4 :
S
w0
w -1
T -2
< -3t

40005 010 0.5 020 025 030 035 040 045 050

t/s
(a) LG TR ]
X 10*

3 T T T T T T T

S L7 )
L;"’ 0 E
~—1F J
g2l :
aa] I‘q
=

-4

0 005 010 015 020 025 030 035 040 045 050
t/s
(b) £ T NESORMKSHUBUBFE ToB A%
B4 Hif e i e S i o W 25 4 R

Fig.4 Observer output waveforms under current

feedback gain mismatch condition

F2 HBRKIREEKETRBREREMR
Tab.2 Current tracking effect under current feedback

gain mismatch condition

e RS R
& 8 TR R i ——
F o 0 R A 2.4x10* 1.7x10*
F, UL A -3.4x10* -3x10*
o B FRL U O 22/ A 4 1
q Tl HL B 21 A 1.7 1.5
TR T A TR 0 R 75 2R/ % 10.55 2.18

© Editorial Office of Electric Machines & Control Application. This is an open access article under the CC BY-NC-ND 4. 0 license.



HALSHEHN A, 85245, 2

Electric Machines & Control Application, Vol. 52, No.2, 2025 197
6 ; ’ i HAT(80 Hz)=4.996, A I 525 %=10.55%
A ‘ EEEEHRRE R SY U AR R AR AR ERAR RS,
§4 R 09
“ 2 0.8
(=)
T o o7
- K 0.6
0 005 0.10 0.15 020 025 030 035 040 045 0.50 i”@ 05
o= s —— @ 04 ]
pu— 1% LV = ;
i 20 —— gl bR A =03 1
10t 02} 1
(=) L
0 0.1+ 1
<-10p V¥ S S S S S R 0,0 L-uian L.
0 0.05 0.10 0.15 020 0.25 0.30 0.35 0.40 0.45 0.50 Y0 1 2 3 4 5 6 7 8 9 10
t/s A% /Hz
(a) fe G AT 1 (a) FE G T4 il
& P I $71(80 Hz) =4.996, 4 A8 5=2.18%
T E4(80 Hz)—4.996, BIEBMIH=2.18%
< 4 —— df bR A
~ ot 020}
T
Lo
] e s s e e s s s e K015}
0 005 0.10 0.5 020 025 030 035 040 045 0.50 o)
t/s >
T = 0.10
R o
gk =
0.05
0.05 0.10 0.15 020 025 030 035 040 045 0.50 0.00

t/s
(b) ZETNESO MK Z S UK FE TOHRL 4% il

B S5 SEREILBRREERITTL
Fig.5 Comparison of current tracking waveforms

under parameter mismatch condition

N d g SR ERER Y | 61 6 AR A U bR e L
A8 4 ( Fast Fourier Transform, FFT) 43444
P 7 S TR A R AR 2 RO L U S 50 i
o IHHRIIY

H11&] 4 (a) D7 ELER AT AL 48 TR AL 5 1) 2
G AL S S £ R BC A O R WL g ik R
(ERETRBG N, F,  F, UL (L 8] 73531 R 2.4
10, -3.4x10", HAE MRS PR %™ 5, Ik 510
I 0.5%10* ;SR HIEE T NESO RIS iU C
R il o UL I i s (B VR B AR, Ry F, Y
ORI 8 T 2 43501 R 1.7 10% =3 x 10*, FL4 3 0
I ek . oh TR R A R B 7 S P L
A RURE SR A B NI S A F TR gt
Az (E LI R 0 45 S PO AR N JOASE A H i
il g v A B 1 22 (EL 0 O BRI I, L
WL e e PERREAR . XTI 4(b) , NESO fii il F
(EURHNS T2 G0 To AR 4 i e 9 B /N W S0k 32
B, HICRRSRG , WL e bR L i i P

0 1 2 3 4 5 6 7 8 9 10
S /Hz
(b) T NESO RS S HUURR TR 5]

El6 SEKEIRTERMN FFT SHxitt
Fig. 6 Comparison of FFT analysis of current under
parameter mismatch condition

140
120F
100}

s 80F FRAR IR A 117
60
40t
20f

0 005 0.10 0.15 020 025 030 035 040 045 050
t/s

7 REFRRERKELZHR o

Fig.7 Online identification of « using sampled

current iteration

i, A B T4 S 3 A JORI R ] 3R Ge i 4 il R BE

F ] S FEL O IR I8 T T R A G I A AR 4 ol
T d Bl RAE-2.5 A~2 A JEEINIED, T
NESO A JCH A6l 1 d Sl L AE-0.5 A~0.5 A
TEFE AR 5 ; 1% 58 TR AL ) T 1Y) g il L R 7E
4.2 A~5.8 A JEFEINIRG , FE T NESO Y oA 7Y
P g BhELURAE 4.5 A~5.5 A JEENIRG . 1
R R 28 R 0L R 8 R d g
FEL A LI P 9 A e R P 3 A o 4 O R PR IH e

© Editorial Office of Electric Machines & Control Application. This is an open access article under the CC BY-NC-ND 4. 0 license.



FEETIR 45 R TARZAMEY SR I &5 5 RS BURE PMSM oA B 5 0F 5

CAI Shuchi, et al: Research on Model-Free Control of PMSM with Low Parameter Sensitivity Based on Nonlinear

198 Extended State Observer
R kB HHNLRGE RN AL RBLGR[T]. BLS5E

H1 1l 6 AH LI FFT 43 Hr 45 5wl 0, 76 f Ui I
B2 SEUREC T O R, 2T NESO B S i
TR (1) TS 98 1 AT 25 R I T A Pl 3 P A TS

A 7 R 5 o MBI n] A, BBE 2R
GAEMILR R B 25 o B E(E R 58 1 T4
TS, AR AT LD Y S EARFRAE 117 BRI,
UEBT B SERR T, RGBS BHFLLAA R R L 4
SE A TR AR R 4 S PR SR R ISR A fR
TR Es , I RGN Z R L 48 2 R i, i
31 0.3 s AN EREZITE , PHRER S TEFR R
{E 117 BFHET, o7 DA HH 24 il SR s R AIK T JC A% A
Pl RGBT S BUHURE

5 #iE

AP T 3T NESO % PMSM MFPCC %
%t , FIH Lyapunov #Lig X NESO #E47 T Fa e 141
BT, 28T T R R A 2 e — 2 T S0 o XL
iR P LA R T AR TR 42 ) 1 R 1 5 ), AR A R A
HLR LA HEN o, BRAK T IR R ) R G i i1t
SHERIE . FJa i B UE 7T H NESO
A B LI 1 8, 2% TS TR g o] 5 ek B T T
LS, e 2 U ey S A A o — 1 1
SR A RIS e RE AR

s REA
A EE 75 AARAEAE R 25 0P 2E
All authors declare no relevant conflict of

interests.

{E& STk

BREFRIEAT T O7 R 5 BT S5 18 SR
5 REEXIE AT THE S B, AR
Y Bt T R AR R4 AL

The scheme design, simulation studies and
paper writing were carried out by Cai Shuchi. The
manuscript was reviewed and revised by Zhang
Zhifeng. All authors have read the final version of

paper and consented for submission.
& % K

(1] W5, &7, i, % BRI 7K R

N, 2019, 46(8); 11-17.
CHANG Y, BAO G Q, YANG M, et al. Application
and development of model predictive control in
permanent magnet synchronous motor system [Jl.
Electric Machines & Control Application, 2019, 46
(8): 11-17.

PR, BOSCHE, B, A5, ARG IR A AL 2Rk
HORS B JC 22 41 U R i 2l [0 ] P [ pL C AR
2#4i%, 2024, 26(8) : 1-10.

LU H P, ZHAO W X, TAO T, et al. Precise
deadbeat predictive current control of PMSM with low
carrier ratio [ J]. Proceedings of the CSEE, 2024,
26(8): 1-10.

B, WL, ANRIE, A5, T RORY T % ] 64
KRR LR R AR H AR ZEAR [T ], LS &
W, 2019, 46(9) : 1-11.

YAN X L, XIE G, SUN T F, et al.

permanent magnet synchronous motor current control

Review on

techniques based on model predictive control [ J].
Electric Machines & Control Application, 2019, 46
(9): 1-11.

IR, 2R, IR KR D LR AT
R AL 4 o L B (D). A HL S 4 R
2021, 48(10) . 7-13.

SU X Y, LAN Z Y, CAI B B. A comparative
research of model predictive current control for
permanent magnet synchronous motor [ J]. Electric
Machines & Control Application, 2021, 48(10) . 7-
13.

oK, JEATHE, Wil . BT A (] R Y
Vienna R A% JOR B N AL R Al (], o T4
AR2FHR, 2022, 37(21) : 5541-5547.

ZHANG Y C, QU Q Y, YANG H T. Model free
predictive current control of vienna rectifier based on
Transactions of China

5541-

space vector modulation [ J].
Electrotechnical Society, 2022, 37 (21):
5547.

L— L, S, B, BT 2% i R R R K
a0 Pl = 2k s BB T e A I [T ] Ha L
S, 2023, 50(11) ; 22-29+73.

AN Y F, CHU J B, TANG X. Three-vector model
predictive current control for permanent magnet
synchronous motor based on reference current slope
(1]
2023, 50(11) : 22-29+73.

Electric Machines & Control Application,

© Editorial Office of Electric Machines & Control Application. This is an open access article under the CC BY-NC-ND 4. 0 license.



HAL

SEHINE, %524, F2
Electric Machines & Control Application, Vol. 52, No.2, 2025

199

[7]

[9]

[10]

[11]

[12]

WRERRE, REAE, ERTF, SF T HUNRZEAME
VIR 65 2R i [ 200 v LA 28 T v U A e (]
o B UL TR AR, 2021, 41(17) : 6071-6081.
YAO X L, MA C W, WANG J F, et al. Robust
model predictive current control for PMSM based on
prediction error compensation [ J]. Proceedings of
the CSEE, 2021, 41(17) . 6071-6081.

e, Z0E, DAL, A5 RIFOKRERE AL
A FRAR AR TN % HE 4% il hAS PREXOF ST [T ).
HLE I, 2019, 46(9) : 12-18.

LI'Y H, QIN H, SU J S, et al. Cost function of finite
control set model predictive torque control of surface
permanent magnet synchronous motor [ J]. Electric
Machines & Control Application, 2019, 46(9);: 12-
18.

A W, TP, AR BT IC 2SR ] B K B TR
AR HLE R AR FE [ T]. P EEHLT
ez, 2013, 33(15) ; 78-85.

NIU L, YANG M, WANG G, et al. Research on the

robust current control algorithm of permanent magnet

synchronous motor based on deadbeat control
principle [ J]. Proceedings of the CSEE, 2013, 33
(15): 78-85.

TER, EIE, Mk, & SRS AN 2
ORI K RE ] A5 A AL A O PR [ 0], AL
SEEHIN, 2017, 44(7) ; 48-53.

WANG Q, WANG S, FU J Y, et al. Predictive
current control for permanent magnet synchronous
motor based on model reference adaptive system
parameter identification [ J]. Electric Machines &
Control Application, 2017, 44(7) . 48-53.

BoE, MIMRGE, RS, AE. SETR R IRAL T A
S0 B 73 R ) A VAL TG R A T b, Vg T 42 ) SR
[J]. W THARSR, 2024, 39(4) : 1022-1032.
WEI'Y, KE D L, HUANG D X, et al. Model-free
predictive sliding mode control using ultra-localized
time-series for permanent magnet synchronous motor
drives [ J]. Transactions of China Electrotechnical
Society, 2024, 39(4) . 1022-1032.

XN R, REARE, B MR, BT AR R
T 85 1) 73 [v) 20 H A LA B 3 00 1, A2 1 SR [ .
HUML S PRIV, 2021, 48(3) : 36-41.

LIU X C, XIONG Z Y, XUE E Q. Model predictive
current control strategy of PMSM based on full-order
state sliding mode observer [ J]. Electric Machines &

Control Application, 2021, 48(3) : 36-41.

[13]

[14]

[15]

[16]

[17]

[18]

[19]

[20]

[21]

fifsc, ERER, Hilizg, . SETH0sh e =
AHIE i, A A B T 4 i [ 0], AL S5 4%
IR, 2019, 46(6) : 55-61.

HE W, WANG E N, YANG P H, et al. Advanced
model predictive control for three-phase inverter
circuit based on disturbance observer [ J]. Electric
Machines & Control Application, 2019, 46(6) : 55-
61.

ZHANG Y C , JIN J L, HUANG L L. Model-free
predictive current control of PMSM drives based on
extended state observer using ultralocal model [ J].
IEEE Transactions on Industrial Electronics, 2021,
68(2): 993-1003.

WEI Y, KE D L. Adaptive inertia observer-based
PMSM
IEEE

model-free predictive current control for
driving system of electrical vehicle [ ] ].
Transactions on Industry Applications, 2024, 60
(4): 6252-6262.

ZERDALI E, WHEELER P. Model-free simplified
predictive current control of PMSM drive with ultra-
local model-based EKF [ C] // 2021 3rd Global
Power,
Antalya, 2021.

XULL, CHEN G M, LI Q Y. Ultra-local model-

free predictive current control based on nonlinear

Energy and Communication Conference,

disturbance compensation for

IEEE Access, 2020, 8.

permanent magnet

synchronous motor [ J].
127690-127699.

ZHAO J, ZHANG Y, WANG X. Model-free
predictive current control of PMSM drives based on
variable sequence space vector modulation using an
[J].
Transportation Electrification, 2024. 10(2): 3518-
3528.

FENG Y, ZHANG S, ZHANG C. An improved

ultra-local model IEEE Transactions on

model-free predictive current control for PMSM under
low-speed condition [ J]. TEEE Journal of Emerging
and Selected Topics in Power Electronics, 2024, 12
(1): 555-565.

CHEN Y, LIU T H, HSIAO C F, et al
Implementation of adaptive inverse controller for an
interior permanent  magnet synchronous motor
adjustable speed drive system based on predictive
[ J]. [IET Electric
Applications, 2015, 9(1) : 60-70.

LI F, ZHENG T, HE N B, et al. Data-driven hybrid

current  control Power

© Editorial Office of Electric Machines & Control Application. This is an open access article under the CC BY-NC-ND 4. 0 license.



200

FEETIR A5 T ARAMEY SR I &3 B RS BHURE PMSM R R 5 T ¢
CAI Shuchi, et al: Research on Model-Free Control of PMSM with Low Parameter Sensitivity Based on Nonlinear

Extended State Observer

[22]

[23]

[24]

[25]

[26]

neural fuzzy network and ARX modeling approach to
practical industrial process identification [ J]. IEEE/
CAA Journal of Automatica Sinica, 2022, 9(9):
1702-1705.

YANG C S, ZHANG Y C, JIANG T, et al. Data-
driven model-free predictive current control for
brushless doubly-fed induction generator [ C ] //
2023 26th International Conference on Electrical
Machines and Systems, Zhuhai, 2023.

KERMADI M, REBAI A, BAGHLI L, et al. Model-
free predictive current controller for voltage source
inverters using ARX model and recursive least
squares [ J]. IEEE Transactions on Circuits and
Systems II; Express Briefs, 2024, 71 (5): 2619-
2623

HEYDARI R, YOUNG H, FLORES-BAHAMONDE
F, et al. Model-free predictive control of grid-forming
inverters with LCL filters [ J]. IEEE Transactions on
Power Electronics, 2022, 37(8) : 9200-9211.

CHOI S, FLIESS M, MOUNIE H, et al. Model-free
control of automotive engine and brake for Stop-and-
[C] // 2009 European Control
Conference, Budapest, 2009.

TOLHT, LMy, A, A5 GRREIRID B AL
BERY A A ()], L TR R 2 4z, 2021, 36
(15) . 3182-3190.

Go scenarios

[27]

[28]

SUG]J, LI HM, LI Z, et al. Research on model-
free current control of permanent magnet synchronous
motor [J]. China
Electrotechnical Society, 2021, 36(15) ; 3182-3190.
a. APULERIEOR 1], A ARkeE, 2007,
(1), 24-31.

HAN J Q. Auto
technology [ J]. Frontier Science, 2007, (1) 24-31.
TRED, PNIIEE, PRIGE, A5 P oSN & N
BT 5T [C] /7 B8 =+ b E 5
VGRS (D ), 4%, 2013.

XU Q, SUN M W, CHEN Z Q, et al. Analysis and

linear Transactions of

disturbance rejection control

design of the extended state observer using internal
mode control [ C] // Proceedings of the 32nd
Chinese Control Conference ( Volume D), Xi’ an,

2013.

i B 47 .2024-10-11
W ek B 1 :2024-11-07
TEH A
S5EFIR (2000-) , 5B, BB A=, BF 5507 [ A 7K R [
A LRSS A, 18780571097@ 163.com;

s AR AR (2000-) , 5 B-EBF S, BP9 7 )

KRR LR G M A ], 18780571097@ 163.com,

© Editorial Office of Electric Machines & Control Application. This is an open access article under the CC BY-NC-ND 4. 0 license.



