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Speed Control of PMSM Based on Predictive Control of Continuous-Time Model

SHAO Keyong, MIAO Luyang
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Abstract; To address the degradation of performance in speed control and insufficient robustness of permanent
magnet synchronous motors under high dynamic operation and external load disturbances, a continuous-time
model predictive control method that integrates Laguerre function-based parameterization with a nonlinear
disturbance observer compensation mechanism is proposed. The method employs finite-dimensional
parameterization of the control increment using Laguerre orthogonal functions to significantly reduce the
optimization dimension and improve computational efficiency. An adaptive smoothing factor is designed to achieve
a dynamic balance between control response speed and input smoothness. To enhance the engineering
applicability of the control system, a continuously differentiable soft constraint mechanism is introduced to avoid
numerical instability caused by hard constraints. Simulation results verify that the proposed method exhibits
superior speed tracking accuracy and disturbance rejection performance compared to conventional model
predictive control under the same conditions.
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Fig. 1 Overall simulation structure of the system



796 RPN o G =\ ) 44

ELRPT IR T, & KRR 2L L A A o 380 V, sl AL, 760 ~0.02 s A
1 000 r/min, 7£0.02 ~0.04 s 41200 r/min, 7£0.04 ~0.1 s 24 1 000 t/min, JF-7E 0.06 s B A —4
10 N - mig ST, HixfaETPERZ:5) 0.08 s BFRE R S N - m, FFHe25) 0.1 s,

K2 K d-g Fhe R AR A T ZR . 72 0 ~ 0. 06 s, iq Bl S5 By BRI AT DU 3%, 1(H 2 30 A,
LT CMPC X s A8 Ak i R i Y, 7E.0..06 s BEINA L, iq LFH2 13 A JFREKE , 0.08 s 712k
ESN-mBHE/NES A, BT CMPC A3 %0035 56508 DAL 638

& 3 kg = AHE BN 1) 2SR hZE . 7E0 s ~0.06 s, = F Ui il % o IR DR e | (24 25 A I
—25 A, JOMLT HdE AR S B TR 7E0.06 s I 10 N - m fgkint, =AM MIEEEEZ 10 A,

0.08 s AZFEZE 5 N - m BFIREI/INEL S A ~-5A, R ARG A A R0 1 7222 1k,
30

30 :"! ___Mu§/3il
i =] 20} Mun/33
< 20 | < 10f! ‘ | ‘Cﬂ
§ “. E, E 0 k\}-~=_r\ URPS— .yll \\X/ "-m(’
10 i M 10 i W
' f | [R—— ,
O ——_ : 20
1 1 1 1 -30 Il 1 Il 1
0 002 004 006 0.08 0.10 0 0.02 0.04 006 0.08 0.10
I [ /s i 1 /s
B2 d-q%ha R Ra A AL 2 B3 =T i Ra R T A &
Fig.2 Curve of d-¢q axis current with time Fig.3 Three-phase stator current curve over time

& 4 R GG A Te | SRARFEHFE TL A1 NDO A 1A £ 20 4% 40 Bl R B b i 4R . 7E0 ~0.6 s, Te K%
R ERIEA TP, WE(HZY 30 N - m, Bk TR ARAT R K ;76 0.06 s iINAFZRET, Te #
HEFFEZ 10 N - m, 0.08 s TERFEAKET, Te W/NEL S N - m, SBRT CMPC ] A3 R 5546 IXHT
7, NDO fliTETE 0.06 s F10.08 s POEMESLER TL, W T NDO fEAEHEMS T sh .

Stk — AL WA A S I 25T RGP TR RE TR, A X L T JE A NDO IS AL T,
CMPC ¥l g8 e dim g, D7 L5 K 5 e, BB 5 AT, FEi i A 2805, 4 NDO (1) 52 bR o G
PR T 25 E e E I REEAE 1 200 v/ min, TEIA NDO HUAEIL T, FeZ8E 54 HAEIAE) 1 193 r/min [T,
SIS UER, JEAMA NDO REEMPL TR A KEET .

3ot 124
" =122
E20f £
g i a =
®op, “~"~l_h*~ =118
; | :: - & 1161
o ? \‘r ] 1 \‘ I 1 114 I I I
0 0.02 0.04  0.06 0.08 0.10 0 0.07 0.08 0.09 0.10
ff [ /s I/
B4 e RedE) Al A 4 BS R BB F A ke Hak gy A &
Fig.4 Torque over time simulation curve Fig.5 Simulated velocity curves of two

control methods with load disturbances

Kl 6 MFEfES MPC Fl CMPC 5 T HUATLES S Bl o ] AR Ak 1 % Ll 28, Horp 4k 36k CMPC 45 il %
THYEE T, S22 MPC 128 R AV, 7E0 ~0.02 s AYREH IR EE Y BE , W1 0A 533541 000 r/min,
f£45 MPC BY%% 3 _EFHIHEI 2958 0. 004 s, MIHE 21N 26 v/min; CMPC &Y b FHiF[E] 40.003 s, HiHE K
8 v/min, 54 MPC ALL, CMPC [ LTI RI46%E T 25% , @IS T 69% . #£0.02 ~0.06 s, &
F64 M 1000 r/min F+2 1 200 r/min, 548 MPC A% - FHEFR]29 28 0. 002 s, B2 K 8 v/min, {HE]
0.04 s AWK 2 1 200 v/min ffix; CMPC B L FHEFEIZ) 24 0.001 s, #IHEZIH8 1/min, FF7E0.002 s N



554 4] HRYE B, A KL T IESRIN (AR A TN 9 PMSM % e 42 il 797

PRAZ % 1200 r/min ffE, 7£0.06 s 1A 10 N - m 171 S —
WTIHE, % MPC OB R 1165 1/min, F |
REBRBE N 35 v/min, YKERFEZHK 0.014 s; CMPC [
AT FRERE 1 162 r/min, RIS M 32 r/min, /3
SR 46 %5 2 0. 007 s, WK E WA 4558 T 50% ., 1

—_
0 [\
T T

£33 % 10%/r-min’!
S

0.08 sH#KEZE S N - m Bf, {555 MPC (1% 7 8 ] ol . | . . .
FEZ) A 15 r/min; CMPC %% 48 J# IR B2 24902 1t/ min, 0 002 004 006 008 010
{}ﬁ/l\T 86% . H‘J[E]t/s

B 6 mMmArIsH] ke ik ea B4y A&

Fig. 6 Simulation curves of speed response

SCHAE R R W], AR AR S H A E T, CMPC 7R
e A B BT B R I 4 A T v R 5 P 1 9 1% S8 MPC
Pl A A AP TERE

5 % &

of two control methods

SEH BRI R A0 R WUBR AR 1 S5 T Sl R SR, B 3R T 2 e AR N o] ) e 4% o
g, S Laguerre PRRON 42 i 39 2 EAT A FRAESHA, AR T OLALZERE s 51 B G P 1 HL ] - 4K
PREH, JETH TR AR S REEIANE S5 SARA NS I S S B sh il 5 e, B T R 40
BREVE, D5 BERARNT, BT P 7 vk e s L BRER PR RE | IR 1) S 0 S I ) D7 T O T S MPC, TR 2k
AR T P £ HEA T S R E

[ﬂii‘ﬂi BT, kAR, BET RO s L PMSM BRI ()], EMORE A (F B RFARR) |, 2023, 41
(5): 787-792.

WANG J Y, LU X Y, ZHANG Z W. Predictive Control of PMSM Based on Improved Duty Cycle Modulation [ J]. Journal of
Jilin University ( Information Science Edition) , 2023, 41(5) ;. 787-792.

[ 2 JMEWF. CACA AL T BI85 7E IPMSM JEE B RIHT [J]. W MORA22 M (5 BRI |, 2021, 39(3) : 310-317.
REN J. Application of Sliding-Mode Observer CACA Optimized in IPMSM Speed Regulation [ J]. Journal of Jilin University
(Information Science Edition) , 2021, 39(3) . 310-317.

[ 3 ]JZHANG Z, SUN Q, ZHANG Q. A Computationally Efficient Model Predictive Control Method for Dual Three-Phase PMSM of
Electric Vehicle with Fixed Switching Frequency [ J]. IEEE Transactions on Industry Applications, 2024, 60 (1):
1105-1116.

[ 4 ]JPANG SZ, ZHANG Y H, HUANG Y G, et al. A Virtual MPC-Based Artificial Neural Network Controller for PMSM Drives in
Aircraft Electric Propulsion System [ J]. IEEE Transactions on Industry Applications, 2024, 60(2) : 3603-3612.

[5]GUO K, GUO Y, FANG S, et al. Design and Analysis of a Permanent Magnet Frameless Motor [ J]. IEEE Journal of
Emerging and Selected Topics in Power Electronics, 2024, 12(3) ; 3124-3134.

[6]84&T, HMA, O ZKBEE D HLA RPN (1], HARRZEEM (ERRM) , 2019, 37(1)
32-39.

LIJZ, XIAO J R, PAN J F. Research on Cooperative Control of Multi-PMSM Linear Motors [ J]. Journal of Jilin University
(Information Science Edition) , 2019, 37(1) : 32-39.

[ 7 ]JZHANG X, FANG S, ZHANG H. Predictive Current Error Compensation Based Strong Robust Model Predictive Control for
PMSM Drive Systems [ J]. IEEE Transactions on Industrial Electronics, 2024, 71(12) ; 15280-15289.

[ 8 JABOELHASSAN A, WANG S, BUTICCHI G, et al. Modulated Model Predictive Speed Controller for PMSM Drives Employing
Voltage-Based Cost Function [ J]. TEEE Open Journal of the Industrial Electronics Society, 2024, 5, 122-131.

[ 9 ]SON D-I, HAN J-S, PARK J S, et al. Performance Improvement of DTC-SVM of PMSM with Compensation for the Dead Time
Effect and Power Switch Loss Based on Extended Kalman Filter [ J/OL]. Electronics, 2023, 12(4): 966 [2025-06-20 ].
https ; // doi. org/10. 3390/ electronics12040966.

[10 JELMORSHEDY M F, XU W, EL-SOUSY F F M, et al. Recent Achievements in Model Predictive Control Techniques for



798 WO K RUE B R R %44

Industrial Motor; A Comprehensive State-of-the-Art [ J]. TEEE Access, 2021, 9. 58170-58191.

[11]LIU M. Dual Cost Function Model Predictive Direct Speed Control with Duty Ratio Optimization for PMSM Drives [ J]. IEEE
Access, 2020, 8. 126637-126647.

[12]JERROUISSI R, AL-DURRA A, MUYEEN S M, et al. Continuous-Time Model Predictive Control of a Permanent Magnet
Synchronous Motor Drive with Disturbance Decoupling [ J]. TET Electric Power Applications, 2017, 11(5) ; 697-706.

[13]DASS, GANGULY S, ANJALI M, et al. Towards Continuous-Time MPC: A Novel Trajectory Optimization Algorithm [ C] //
2023 62nd IEEE Conference on Decision and Control. Piscataway, NJ, USA. IEEE, 2023 . 3276-3281.

[ 14 JABDISSA C M. Improved Model Predictive Speed Control of a PMSM via Laguerre Functions [ J/OL]. Mathematical Problems
in Engineering, 2024 (1) ;: 5562771 [2025-06-20]. https: //doi. org/10. 1155/2024/5562771.

[15]KUO Y L, PONGPANYAPORN P. Continuous-Time Nonlinear Model Predictive Tracking Control with Input Constraints Using
Feedback Linearization [ J/OL]. Applied Sciences, 2022, 12 (10): 5016 [ 2025-06-20 ]. hitps: // doi. org/10.
3390/app12105016.

ST . XIH5E)



