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Variable Universe Fuzzy Control of PMSM Based on Improved SSA
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ABSTRACT: The work aims to propose a new variable universe fuzzy controller based on improved salp swarm algorithm
to solve the problems of large steady-state error and poor anti-interference caused by the non-timely adjustment of PI con-
troller parameters of permanent magnet synchronous motor, to improve the production efficiency of automatic packaging
line. Through the migration strategy and variation distribution strategy, the position update of salp swarm intelligent algo-
rithm was improved, and the weighted position correction of the crossing individuals and the secondary migration of the in-
ferior individuals were introduced. The optimized algorithm was combined with variable universe fuzzy PI controller to ad-
just the contraction-expansion factor, so as to achieve better control effect of permanent magnet synchronous motor. The
simulation results showed that the optimized controller had smaller offset than the traditional PI controller; meanwhile, it
made PMSM respond faster in working conditions of variable speed and load. Compared with that before improvement, the
overshoot of PI controller based on SSA was decreased by 21.35% and 62.85% respectively. Compared with other control,
the variable universe fuzzy control obtained by the algorithm after optimizing the contraction-expansion factor can improve
the robustness of the system more effectively, improve the control performance of the system, and reduce the loss in the pro-
cess of variable speed.
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Tab.1 Benchmark function information
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40005 o i
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Tab.2 Comparison of optimization results of benchmark functions
FEfE PREL =R7R FHIE E bR 2E S/% Al /s
BWSSA 7.35%x107° 1.64x1077 8.18x107° 80 0.348
h SSA 0.750 0.457 0.236 0 0.174
MPA 1.83x1072 4.50x107* 1.01x1072 0 0.383
BWSSA 2.42x107'® 0 6.38x107'° 90 0.179
5 SSA 0.951 0.933 0.016 3 0 0.096
MPA 0.318 0.003 1 0.161 0 0.209
BWSSA 0 0 0 100 0.039
£ SSA 0.981 0.450 0.171 0 0.099
MPA 0 0 0 100 0.072
BWSSA 0 0 0 100 0.026
fa SSA 37.852 32.359 7.399 0 0.088
MPA 0 0 0 100 0.051
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Fig.3 Optimization graph of benchmark function
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Tab.3 Motor performance index in no-load variable speed
Jihit (100 r/min ) AR (1000 r/min )
il A BB W BEVE R B W BRI
(rrmin") PR/ % A 7] /s (N'm) (rmin")  J8id/%  BHE)/s (N'm)
PI 1.992 5.234 0.085 5.484 5.212 2.673 0.215 49.012
FuzzyPl 1.181 3.252 0.145 4.725 1.954 1.361 0.164 39.87
SSA-VUFPI 1.405 1.385 0.207 3.852 2.836 0.283 0.171 23.859
BWSSA-VUFPI 0.912 0.935 0.105 4.735 1.525 0.205 0.137 28.955
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Tab.4 Motor performance index under variable load
JAsEf (1 N'm) AR (3N'm )
il g Fings R Y RN RESIRZ/ R MW IR
(rmin™")  WE/%  BHE/s (N'm) (rmin”")  JHE/%  BFE)s (N'm)
PI 0.712 0.297 0.147 33.261 0.605 5.086 0.182 6.004
FuzzyPI 5.346 1.673 0.195 25.178 5.074 1.188 0.173 5.216
SSA-VUFPI 5.542 0.194 0.248 18.331 2.726 0.953 0.163 5.924
BWSSA-VUFPI 0.073 0.015 0.142 23.874 0.595 0.354 0.135 5.377




- 272 - m % TR 2022 4F- 7 H
R 7 i T
~ N/
F 400 |- if/ \ /
5 o o 2t e
ﬁé 200 600 7 600 K\ — —‘- .......... PI
) ] 901/ U e A FuzzyPl
- — — — SSA-VUFPI
. 0.04 0.08 0.12 03 034 038 BWSSA_VUFPI
1 1 1 |
0 0.1 0.2 0.3 0.4 0.5 0.6
At fEl/s
a ¥R
- ~ 200 F
g 30 %Pl 7 PI
g 20A s = |
@ £ 100 f
& 10t Hy
B Kool
& 0r , , , ‘ , b , , , , ,
0 0.1 0.2 0.3 0.4 0.5 06 ¥ 0.1 0.2 0.3 0.4 0.5 0.6
1] /s FiFB)/s
FuzzyPI FuzzyPlI

LR 4E/(Nm)
)

0 0.1 0.2 0.3 0.4 0.5 0.6
Fifal/s

[\
(=)
T

SSA-VUFPI

LR 4E/(N-m)
)

(=]

0.1 0.2 0.3 0.4 0.5 0.6
B A /s

BWSSA-VUFPI

[N
(=]

(=]

LR 4E/(Nm)
=

0 0.1 0.2 0.3 0.4 0.5 0.6
B al/s
b #5E

IR (r-min ™)

BE IR (r-min™)
3

IR 2 (r min™)
3

150 [
100
50
0 -
0
150 |

B /\

0.1 0.2 0.3 0.4 0.5 0.6

B A /s
150
100

0.1 0.2 0.3 0.4 0.5 0.6
A a]/s

SSA-VUFPI

(=]

[=)

BWSSA-VUFPI

(=]

0.2 0.3 0.4 0.5 0.6
B fal/s
c HRIRE

=
S
—

K7 AR SR Y
Fig.7 Waveform diagram of constant speed variable load simulation

5 4&iE

SRR SSA BT T A B, TS
R ST R s X W 9.0 N o o) ) o s X O 1
T EA R BWSSA Hk . SR BWSSA Bk
SRS PT R RS &, AT e

FgE 280, I T PMSM B oL B as 45 il
b AR S AR RN B 2828 28 5 5 AN T LAAS
H, i BWSSA Ak i) VUFPT £ 4#] #% v LU Pt &
Gt e o R, HLAE TE I A AT R 2 AR 5R Y
WARE S, WEEREH RGN EEN, SMURTTE
HIPERE, A R T ICAL BRI T 0 LI 5 X %
f BRI



Fa3k I3l BRI, e

HET MU S RS Y PMSM A8 18 U] 42 <273 -

S 3k

(1]

(8]

A, R, B, BT 00 &G T 0 A 7] 25
H LA R (7). R TR A A4, 2020, 44(1):
80-86.

WEN Sheng-jun, LIANG Tong-wei, WANG Pei-xue.
Position Estimation Based Sensorless Control for Per-
manent Magnet Synchronous Motor in Full Speed
Range[J]. Journal of Nanjing University of Science and
Technology, 2020, 44(1): 80-86.

F L, ARERSC, SRIETE. KB ] A BB R AR
il B W 5 B SR ek (0], WL S R BT, 2015,
42(11): 16-20.

GAO Jing-kai, LIN Rong-wen, ZHANG Run-bo. Re-
search and Algorithm Improvement of Permanent Mag-
net Synchronous Motor Direct Torque Control[J]. Elec-
tric Machines & Control Application, 2015, 42(11):
16-20.

sREE, XUERSE, RO, KRR AP L BIL 5t b £ R
£:JC PID £1il[J]. HL<fZ3), 2016, 46(12): 12-15.
ZHANG Wei, LIU Gen-ping, OU Sheng. Permanent
Magnet Synchronous Motor Control System Based on
Feed-Forward Compensation and Single Neuron PID[J].
Electric Drive, 2016, 46(12): 12-15.

TEARA. TR PID 24 H1 BP #2245 PID f2 il
FA 7 % [F) 20 R AL I8 T 58 L AEIF S (0], BRI, 2020,
53(6): 103-107.

WANG Fu-jie. A Comparative Study of Speed Control
Schemes of PMSM Based on Fuzzy PID Control and BP
Neural Network PID Control[J]. Micromotors, 2020,
53(6): 103-107.

PG, AR A 1S AR AR )], P ER S E
FHAPBI2E), 1999, 29(1): 32-42.

LI Hong-xing. Variable Universe Adaptive Fuzzy Con-
troller[J]. Science in China, SerE, 1999, 29(1): 32-42.
MIRJALILI S, GANDOMI A H, MIRJALILI S Z, et al.
Salp Swarm Algorithm: A Bio-Inspired Optimizer for
Engineering Design Problems[J].
neering Software, 2017, 114: 163-191.

W, BRfRdd, ERafe. —FhE T 5 5 m 2 I AL
5 3 N T e R B SR ()] MR R T
R4, 2020, 52(10): 183-191.

FAN Qian, CHEN Zhen-jian, XIA Zhang-hua. A Modi-
fied Salp Swarm Algorithm Based on Refracted Opposi-

Advances in Engi-

tion-Based Learning Mechanism and Adaptive Control
Factor[J].
2020, 52(10): 183-191.

Wbz, skikil, ¥R,

Journal of Harbin Institute of Technology,

Z T RER IR AR I S A

[10]

[11]

[12]

[13]

[14]

[15]

SRR L] AsiikaEd, 2022, 48(5):
1307-1317.

CHEN Zhong-yun, ZHANG Da-min, XIN Zi-yun. Mul-
ti-Subpopulation Based Symbiosis and Non-Uniform
Gaussian Mutation Salp Swarm Algorithm[J]. Acta
Automatica Sinica, 2022, 48(5): 1307-1317.

XUSEAR, B, 0. R T OO R R R A
TR S BT, R E AR, 2021, 33(4):
854-866.

LIU Jing-sen, YUAN Meng-meng, LI Yu. Solving En-
gineering Optimization Design Problems Based on Im-
proved Salp Swarm Algorithm[J]. Journal of System
Simulation, 2021, 33(4): 854-866.

EBRK, EH, N BT R A T R
PMSM ZZHHHA[I]. RGN EA=HR, 2018, 30(11):
4284-4291.

WANG Meng-qiu, WANG Yan, JI Zhi-cheng. Permanent
Magnet Synchronous Motor Multi-Parameter Identifica-
tion Based on Improved Salp Swarm Algorithm[J].
Journal of System Simulation, 2018, 30(11): 4284-4291.
PR, X, ol 8w U B TE A B PMSM %
AR ALT]. TR, 2018, 51(6): 40-45.

SHI Wei-guo, LIU Kun-liang. Research on PMSM
Sensorless Control of Improved High Frequency Square
Wave Injection[J]. Micromotors, 2018, 51(6): 40-45.
LIU J M, ZHU Z Q. Sensorless Control Strategy by
Square-Waveform High-Frequency Pulsating Signal In-
jection into Stationary Reference Frame[J]. IEEE Jour-
nal of Emerging and Selected Topics in Power Elec-
tronics, 2014, 2(2): 171-180.

Fi, R TR PL R A9 JCR] & B ML
RG] AL, 2014, 44(1): 63-67.

WANG Xia, ZHU Jing-wei. Speed Control System of
Brushless DC Motor Based on Fuzzy PI Regulator[J].
Electric Drive, 2014, 44(1): 63-67.

WS, AR AR SC. TR A B A A Y R B
TCAZ B 22 ) 2% A2 0 BN (0] R T AR K ALK R
2021(2): 78-82.
HU Shun-qiang, CUI Dong-wen. Long-Term and
Short-Term Memory Neural Network Runoff Prediction
Based on Optimization of Marine Predators Algo-
rithm[J]. China Rural
2021(2): 78-82.

R4, BRI LT PCA-MPA-ANFIS HLRI 4 15
TRHMBFFE[I]. /K B RETRERE, 2020, 38(7): 24-29.

LI Dai-hua, CUI Dong-wen. Annual Runoff Forecasting
Based on PCA-MPA-ANFIS Model[J]. Water Resources

Water and Hydropower,



£ 274 -

(-

2022 47 A

[16]

and Power, 2020, 38(7): 24-29.
TN, TR, 53 A 4 3l 5w S e SR 114 48 528
FED). NIRRT RALRSE, 2021, 42(1): 64-70.

NING lJie-qiong, HE Qing. Flower Pollination Algo-
rithm Based on T-Distribution Perturbation Strategy and
Mutation Strategy[J].
Systems, 2021, 42(1): 64-70.

SALGOTRA R, SINGH U,

Journal of Chinese Computer

SINGH S, et al
Self-Adaptive Salp Swarm Algorithm for Engineering
Optimization Problems[J]. Applied Mathematical Mod-
elling, 2021, 89(1): 188-207.

ALJARAH I, HABIB M, FARIS H, et al. A Dynamic
Locality Multi-Objective Salp Swarm Algorithm for

[19]

[20]

Feature Selection[J]. Computers & Industrial Engineer-
ing, 2020, 147(1): 147-148

ZHANG Li-ming, WANG Sai-sai, ZHANG Kai, et al.
Cooperative Artificial Bee Colony Algorithm with Mul-
tiple Populations for Interval Multiobjective Optimiza-
tion Problems[J]. IEEE Trans Fuzzy Systems, 2019,
27(5): 1052-1065.

RUL, Wi, WAL, KRG R 2D LR B 45 R 5¢
AR B IE[T]. AL A, 2019, 36(3): 179-183.
YU Jiang, YANG Shi-chun, LI Ya-lun. Research on
Modeling and Simulation of Vector Control System for
Permanent Magnet Synchronous Motor[J].
Simulation, 2019, 36(3): 179-183.

Computer

SRS . 1R



