CHEIECI P es A TR Vol.31 No.4
2023 4£ 2 A Optics and Precision Engineering Feb. 2023

XEHES 1004-924X(2023)04-0479-12

ETEHERENSHIHAN K#E & BIERE
B 37t Fou 0 422 1 R g

BREE, WkET, FEES F RS, FRX
(1. ¥ EHZR KELFHENMRE WEF X, EH K& 1300335
2. FEMFER A%, 4K 100039; 3. BERFE¥K L E FK, F4 K& 130000;
4, FLLHE, K il 528200)

FEE O T 4 K B R) A0 e ML ) 2R 0 e U P R 2 P L R AR S B R4 R G R I AR T R T
RO 7K R ) A R ML AT PR A 55 0 T R 370 2 SR SR W (FCS-GPMPC) o 1458, A28 T A W 1) A5 H AL R 378 790 300 A 280 - 43
B 7L S HORC AT 2R ek BRI 52 ) 5 L, O (AT Ak — AL 28 2% 2 S HO R EL B S8R 22 IR B 4R i T — ik
T 15 0 R A S BTV 5 R 5 A TR0 (0% 8 DX TR > 2 B0 R8RSR A 255 5 g e s i R 2
BN 5 TR (4 AT B AR AR T H 4 ] (FCS-MPC) A Z5 4, 7E A5 200 A BE IR A0 2 805 ) 22 45 H 30 100 452 784 T 5
VAAR 25 22 G0 B M R e i R IR B PR R . SE IR 45 IR R < ZE A SCUIN R B 1 G TR IR T, 0308008 349 0 i 25 RMSE
0.002 1,R*i5%]0.99, TSI E&MT , 5 FCS-MPCH Lt ,FCS-GPMPC 5 M T HL i I 8l 8 B A T 30. 5% , HLifi~F 1
TH BEFEAR T 19. 6% , B3 4%t 22 By JR B Y R 28 4k . FCS-GPMPC A S A S A5 WA I . 5200 45 53 B, 5 T 8 40 e fg A
FU TIN5 ) 5 1% T A7 2850 T 78 2 T X s ) 2R 6 105 T, I 0% 2 15 70 R ) 20 H A4 ) R B Fl DA A 2 1R B

X B W AERTEAGERTRM R B ST G kR

FE 5 FE S TM351; TP273 XHkFRIZAD A doi: 10. 37188/OPE. 20233104. 0479

Gaussian process-based parameter identification and model
current predictive control strategy of PMSM

WEI Zongen"?, DENG Yongting'", QIAO Tingting’, FEI Qiang’, LI Hongwen'

(1. Changchun Institute of Optics , Fine Mechanics and Physics , Chinese Academy of Sciences,
Changchun 130033 , China;
2. University of Chinese Academy of Sciences , Beijing 1000339 , China;
3. Non-commissioned Officer School of Army Academy of Armed Forces, Changchun 130000, China;
4. Jihua Laboratory, Foshan 528200 , China)
* Corresponding author, E-mail: dyt0612@163. com

Abstract: This paper proposes a model predictive control (MPC) method for permanent magnet synchro-
nous motors (PMSMs) based on finite control set Gaussian process MPC (FCS-GPMPC) parameter

identification to limit the influence of model mismatches on the control system and to improve the current
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controller performance of control systems in a PMSM. First, the current PMSM prediction model is intro-
duced and the influence of model parameter mismatches on the system performance is analyzed. Secondly,
in order to simplify the complex debugging process of hyperparameters in general machine learning parame-
ter identification algorithms, the GPMPC method is proposed. At the same time, the confidence interval
of the predicted value is introduced as a real-time evaluation reference for the parameter prediction effect.
Finally, the GP parameter identification method is combined with the FCS-MPC to predict the system cur-
rent after accurately obtaining the identified parameters. The model is updated to improve system robust-
ness and current loop tracking performance. The experimental results show that under the statistical char-
acteristics of the training data, the root mean square error and of the test data are 0. 0021 and 0. 99, re-
spectively. Under the condition of parameter fluctuation, compared with FCS-MPC, FCS-GPMPC re-
duces current fluctuation by 30. 5% and the average current offset by 19.6%. In addition, for step chang-
es in the reference current, FCS-GPMPC has a better dynamic response. The proposed GP-MPC can ef-
fectively suppress the influence of model mismatch on control systems and can improve the performance of
the current controller of PMSM control systems.

Key words: Permanent Magnet Synchronous Motor (PMSM) ; Model Predictive Control (MPC) ; ma-
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Fig.1 System Performance Analysis
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Fig.2 Performance of g-axis current with different degrees of inductance mismatch
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