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Active disturbance rejection control for permanent magnet linear
synchronous motors using an enhanced particle swarm optimization
algorithm
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Abstract : To address the challenge of manually tuning optimal parameters for the linear active disturbance
rejection control (LADRC) system of a permanent magnet linear synchronous motor (PMLSM) , an im-
proved particle swarm optimization (PSO) based LADRC strategy was proposed. Specifically, the cross-
over and mutation mechanisms of the genetic algorithm ( GA) are integrated into the PSO framework to
prevent premature convergence. And the inertia weights of chaotic mapping and adaptive dynamically ad-
justed learning factors were used to balance the global and local search ability. Benchmark function tests
demonstrate the superior performance of the proposed algorithm compared to existing PSO-based parameter
tuning methods. Simulation and experimental verification of the LADRC strategy demonstrate that tuning
parameters with the improved PSO algorithm significantly enhances the PMSLM’ s dynamic response and
anti-interference capability. Specifically, it achieves a shorter response time during no-load startup com-

pared to the bandwidth method, standard PSO, and improve particle swarm optimization-genetic algorithm
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(IPSO-GA) hybrid, and reduces the position deviation under load disturbance by 0.99 mm (28.0% ) ,
0.38 mm (13.0% ), and 0. 15 mm (5.5% ) against these methods, respectively, confirming the validi-

ty of this research.

Keywords ; permanent magnet linear synchronous motor; active disturbance rejection control; parameter

optimization; particle swarm optimization algorithm; genetic algorithm
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Table 2 Parameters of PMLSM
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KGR SE W,/ Wh 0.245
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WX EL p 4
Wl 7/mm 21
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of various parameters in LADRC

— SPSO& ¥ ---- IPSO-GAB Y —-— bk RS
2.0 tx10° P P —
X 1.6 i — —
Nl - - ————
1.2
90 f = = rep————
<60 f e
o
450 | T _
< 300 N
ok 0000 Trme—em—m e
4
g [ % 10
m‘j 6 N See e .
N e T TR
4
2.0 <105 - ==
o 1.6 —
<7 Lt
1.2 <
0 5 10 15 20
BARIKEL

B 7 Hiifi{k LADRC E28HT 1 phk

Fig.7

mized by algorithm

H & 7 AT, SPSO Sy 3 2 S BN T .

K,
B
B,

Bs

=1.09 xa)i;
= 1.10 x 2w, ;
=0.96 ><3wu;

= 1.03 x 30 ;

=1.11 ><a)3O

IPSO-GA BB E S ENT .

Kp
Kd
B
B,
Bs

=0.92 x w’;
=0.73 x2w_;
= 1.09 x3w,;
=0.62 x3w’;

=1.16 x

Variation curves of LADRC parameters opti-

(21)

(22)

4.2 ZFHEFUHTHNERTHE

AR LA AT T I TR R S 50K T ik
PMLSM (W5 BLE5 5 | TR FH 0 7 AL 461 S8 1% | SP-
SO B33 \IPSO-GA B3 5 eleb b+ OL Ak 5 XF
PMLSM 7E75 345 8 v B 28 48 FMeE 2 v & R 28
gk 2 Fh 00T AL B R A 5 AT X L, UE
LB R

U5 B2 AR 35 45 48 20 mm [ B BR A 2
84 7E0.5 s BFEh 20 B 28745 0 40 mm , X 2R
YR PRI 5 E LADRC 2GS 40 PMLSM
HEATERERPERBIOUE . AW S0 e I 2R AL E R
N QN 8 JIT7 A B By ) M REFR B AN 3 TR,
L 1R 22 TN 9 FfR

ol T N
g
£ 37
flﬂi 200t 0.650.700.75
= 20 ;
19 /_- — gk
18}/ 3"“5?50%}72
of - 0.10 0.15 020 025 :~ — IPSO-GASI%
(- —BOER RS
0 0.2 0.4 0.6 0.8 1.0
B[] /s
B8 ZHEDN T AE N A 2k

Fig.8 Position response curve under no-load start-up
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Table 3 Performance indexes of different parameter set-

ting methods under no-load start-up

SHCRERD: WIIRWRET R DL AR S PRI R R] /s
LS 0.152 0.173
SPSO 5%k 0.146 0.161
IPSO-GA %3k 0.144 0.144
WOk R 0.142 0.130
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Table 4 Position response performance indexes of different

setting methods under sudden load

SHCEERY RINAEURIET I E/s RRAEREE/mm
i HIRES 0.181 2.33
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Fig.11 Velocity curve under sudden load
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Fig. 13  Particle fitness curve for algorithm optimiza-

tion of various parameters in LADRC
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Fig.14 Variation curves of LADRC parameters opti-
mized by algorithm

5.2 ZHEHTHNERTIXR

A X H AT T B R R S0 e O iR
PMLSM (1525025 5 | BT R FH W 7 A 361 98 1% | SP-
SO 3% \IPSO-GA B33 DL K e ki HE AL AL B8 1%
X PMLSM 7E75 80451 T o7 B 58 48 FIE 28 7 B T %
Iz 2 Fh B0 B4 A B A S R AT X HE E
B A 5

SR A AL Bh)E 45 5 20 mm (4 Y BRAY B
F64 76 0.5 s BF4h 2 0 B 2875 0 40 mm , X 2R 2
YR RIS E LADRC 2GS 40 PMLSM
PEATERERERBIRUE . AN RS0 72U AL E )



46 Bl 5 &

fil 2= R 5530 4

BEURPE 15 Jrzs , 50 B B A PEREFE bR e 5 R,
DL R ZE QA 16 FizR,

a0k ... SRR ST :

41
g 40
= : 391 7
i) A N N S
& 0.60

0.65 0.70

L

\ ===~ SPSO%I- %

i — — IPSO-GAH:

| — - = PR RERE

0 0.2 0.4 0.6 0.8 1.0
B [ /s

Of-i 01 02 03

B 15 ZHEHTEMmAL #h 2k
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Table 5 Performance indexes of different parameter set-

ting methods under no-load start-up

SZRCEERY O WIGWNEEs N ERAR R AT R s
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Fig.16 Position error curve under no-load start-up
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Table 6 Position response performance indexes of different

setting methods under sudden load

BREER Y RINGERIRTRIE s R0 B iR 22/ mm
W 0.180 3.54
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Fig.18 Velocity curve under sudden load

P 17 & 18 Frs, FEZR B BR 2k T T,
K el F R AL B 2 2805 , PMLSM. 1947
BIEE RN, B RO EIRZEAUH 2,55 mm, 53 5148



%2 1)

Th I AT« IR T RO AL SA0E B K W LR ) A0 s L B s il 47

IPSO-GA B3k SPSO Bk vi ik /1N 0. 15.,0. 38 F11
0.99 mm, HZMILsNJ5 KL E FH PR ]
5,290 0. 169 s, 43 %8 TIPSO-GA 559  SPSO 81k
FIAHT e 346 75 0. 006 .0. 009 F10. 011 s, iE B Hpr 4k
PEREEEAR , R RS M R R 4T, TP AR IR 22 .

PRI, SR FH ele i e B O AL 38015 3% 2E LADRC
RS, PMLSM 19 B 25 1 6E A bT 4 E se AR T
IPSO-GA 33 (SPSO B3k Al wi v , HL 77 B ] B
M FaSYERE RAR . XIS 50T B RART

6 & 1B

F X} LADRC 2 4t 2 508 % IRME S ) PMLSM
UV RE A 7] 8, AR 34 HH — il A 345 5 1 5 0
HERLFREOR AT VR 00 S 808 e R . G o 3R 4y
B 5 S SRR AR A N AL

1) A el kL1 e AR 53 1 A 8500 PSO B
tE Y W ER S LT Fe W Y AN e
K/ S SO LB 5 A I

2) R ME A G K6 T PMLSM (%) sl it 1] [
e SR sl oD Tk A2 B[] 54 RS e,
EWER T RGN A R FE AT TR R R R

& X X #f:

(1] J7%&, Emit, skBE. H T3l & nok g d L gyl s B

ARAp e bR 2 o AR (], B T HOR 224, 2023, 38
(2): 409.
FANG Xin, WANG Limei, ZHANG Kang. High order nonsingular
fast terminal sliding mode control of permanent magnet linear motor
based on disturbance observer[ J]. Transactions of China Electro-
technical Society, 2023, 38(2) : 409.

(2] ZF4%, T4V, WF, % BT FAEROULIN &Y K0 R 20 L

FUHUSR BN 2 o R BT[] A TR 241, 2021, 36
(6): 1190.
LI Zheng, AN Jinfeng, XIAO Yu, et al. Design of model predic-
tive control system for permanent magnet synchronous linear motor
based on adaptive observer[ J]. Transactions of China Electrotech-
nical Society, 2021, 36(6) : 1190.

(3] BB, S, ZRUNOBR. UMK P4 B el 190 A e 28 s B
BUADURIERILI]. W RGEAP S, 2024, 52(9) : 111.
CHEN Xu, HUANG Jinfeng, LI Conglin. Improved high-order
sliding mode active disturbance rejection control for bipolar DC mi-
crogrids[ J]. Power System Protection and Control, 2024, 52(9) .
111.

[4] KANG Kai, WANG Mingyi, CUI Jianxin, et al. Improved adap-

[11]

[13]

[14]

[15]

tive linear active disturbance rejection control for precise position
control in permanent magnet linear synchronous motor[ J]. IEEE
Transactions on Industrial Electronics, 2025, 72(2) : 1795.
ZHUANG Shanlin, LI Jiachen, WANG Haolin. Multi-channel
phase-compensated active disturbance rejection control with an im-
proved backstepping strategy for electro-optical tracking systems
[J]. Actuators, 2024, 13(3): 117.
HAN J Q. From PID to active disturbance rejection control [ J].
IEEE Transactions on Industrial Electronics, 2009, 56(3) : 900.
A, Midnte, BigAR. SeZIPL AR GBS %18 3 5 W) 2P 5
HILI]. HUBRCCRRSAHE, 2011, 47(11) ; 185.
TENG Wei, LIU Yibing, MU Haihua. Ultra-precision motion con-
trol and synchronization control for stage of lithography[ J]. Jour-
nal of Mechanical Engineering, 2011, 47(11) ; 185.
B, £, 2 WELRIIKSIY H #2317 5
FILFERETE (1], HURE S 5 A 3hik, 2013, 42(6) : 158.
LUO Pinkui, JIN Jianxin, LI Xiaoping. Research on dual linear
motor synchronous control in H-type stage[ J]. Mechanical Manu-
facturing and Automation, 2013, 42(6) . 158.
JIANG Ning, CAO Ruiwu, WANG Kai. Cascaded active disturb-
ance rejection control strategy for linear flux-switching permanent
magnet motors[ J]. TEEE Transactions on Transportation Electrifi-
cation, 2025, 11(1) ; 1396.
FU Caifen, TAN Wen. Linear active disturbance rejection control
for processes with time delays: IMC interpretation| J]. IEEE Ac-
cess, 2020, 8 16606.
ZHOU Rong, TAN Wen. Analysis and tuning of general linear
active disturbance rejection controllers[ J]. TEEE Transactions on
Industrial Electronics, 2019, 66(7) : 5497.
CHENG Zhenxing, ZHONG Chengbao, LI Liyi, et al. Adaptive
hybrid active disturbance rejection speed control for vehicle
PMSM electric propulsion system under uncertain disturbances
[J].
(4): 2870.
FREL, W, BREF, 5. 25 R TR 3 2R 1 4 K
BRI AU B AT H [J]. RGP TR
i, 2019, 39(8) . 2436.
DONG Jiachen, GAO Qinhe, CHEN Zhixiang, et al. New

IEEE Transactions on Energy Conversion, 2025, 40

LADRC design for permanent magnet linear synchronous motor
considering dynamic response of current loop[ J].
the CSEE, 2019, 39(8) : 2436.

FRANK J, GOFORTH. On motion control design and tuning

Proceedings of

techniques[ C]// Proceedings of the 2004 American Control Con-
ference, January 1, 2004, Cleveland, American. 2004 ; 716 —721.

DU Chao, YIN Zhonggang, ZHANG Yanping, et al. Research
on active disturbance rejection control with parameter autotune
mechanism for induction motors based on adaptive particle swarm

optimization algorithm with dynamic inertia weight [ J]. IEEE



48

Bl 5 &

il

S

5530 4

[16]

[17]

[18]

[19]

Transactions on Power Electronics, 2019, 34(3) . 2841.

LIU Anming, YANG Kai, JIANG Feng, et al. Research on im-
proved active disturbance rejection control of PMSM based on a
novel parameter tuning algorithm[ C]// 2018 21st International
Conference on Electrical Machines and Systems (ICEMS) , Octo-
ber 7 - 10, 2018, Jeju, Korea (South). 2018 2812 -2816.
ABDALLA M A, YANG G, HUANG C. Performance compari-
son active disturbance rejection control tuned by particle swarm
optimization technique and gravitational search algorithm based
load frequency control[ C]// The 16th IET International Confer-
ence on AC and DC Power Transmission ( ACDC 2020) , Septem-
ber 15, 2021, Online Conference. 2021 2128 —2134.

LI Ren, PAN Hui, GE Hao. Active disturbance rejection control
of boiler-turbine unit based on improved firefly algorithm[ C]//
2021 6th International Conference on Power and Renewable Ener-
gy (ICPRE), September 17 - 20, 2021, Shanghai, China.
2021 434 -438.

ZHANG Hui, WANG Yuyuan, ZHANG Guowang, et al. Re-

[20]

[21]

[22]

search on LADRC strategy of PMSM for road-sensing simulation
based on differential evolution algorithm [ J]. Power Electron,
2020, 20(4) : 958.

SUN Xiaodong, XIONG Yefei, YAO Ming, et al. A unified con-
trol method combined with improved TSF and LADRC for SRMs
using modified grey wolf optimization algorithm[ J]. ISA Transac-
tions, 2022, 131 662.

YIN Zhonggang, DU Chao, LIU Jing, et al. Research on auto-
disturbance-rejection control of induction motors based on an ant
colony optimization algorithm[ J]. IEEE Transactions on Industri-
al Electronics, 2018, 65(4) : 3077.

YANG Zebin, LU Chengling, SUN Xiaodong, et al. Study on
active disturbance rejection control of a bearingless induction mo-
tor based on an improved particle swarm optimization-genetic al-
gorithm[ J]. IEEE Transactions on Transportation Electrification,

2021, 7(2) : 694
(¥ REL)



