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Active Disturbance Rejection Control of Permanent Magnet Synchronous

Motor Based on Improved Black-winged Kite Algorithm
WANG Zichen, HU Chunhe *
( College of Engineering, Beijing Forestry University, Beijing 100083, China)

Abstract . [Objective] Permanent magnet synchronous motor
(PMSM) is widely used in servo systems, electric vehicles
and other fields, where high requirements exist for motor
control accuracy, response speed, and anti-interference
ability. The speed control of PMSM mostly adopts
proportional integral differential (PID) control. However, the
linear structure of traditional PID controllers struggles to
provide the precise tracking performance and anti-interference
ability required by PMSM when dealing with complex
nonlinear systems. In order to address this issue, this paper
proposes an active disturbance rejection control ( ADRC)
strategy based on the improved Black-winged Kite algorithm
(IBKA). [Methods] Firstly, the PMSM was modeled and
analyzed in the d—¢ coordinate system, and a speed controller
for the PMSM was designed. Nonlinear ADRC was used to
control the PMSM’ s speed loop to enhance the system’ s
robustness  against model uncertainties and external
disturbances. The core advantage of ADRC is its ability to
estimate and compensate for the total disturbance of the
system in real time through the extended state observer,
including unmodeled dynamics and external disturbances,
thereby achieving precise control of the system state.
Secondly, to address the issue of traditional ADRC relying on
experience for parameter tuning, an IBKA algorithm that
integrated Tent chaotic mapping and Gaussian mutation
mechanism was proposed. This algorithm was used to achieve
real-time online tuning of ADRC parameters. Finally,
simulations based on Matlab/Simulink were conducted to
verify the effectiveness of the ADRC strategy based on IBKA
optimization proposed in this paper. [ Results ] The
simulation results showed that compared with the traditional
proportional integral ( PT) control and standard ADRC, the
ADRC based on IBKA optimization enabled the PMSM to

exhibit good dynamic and static performance, with faster

response speed, better tracking accuracy, stronger anti-
interference ability, and superior torque control capability.
The simulation results not only verified the effectiveness of
IBKA in ADRC parameter optimization but also demonstrated
the potential of ADRC in improving PMSM control
performance. [Conclusion] The control strategy proposed in
this paper provides an effective solution for PMSM in high
and high

applications, with important theoretical significance and

precision, high  dynamic, anti-interference
practical value.
Key words: permanent magnet synchronous motor; active

disturbance rejection control; Black-winged Kite algorithm;

parameter tuning
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Fig.1 Block diagram of the second-order active

disturbance rejection controller
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Fig.3 ADRC parameter tuning scheme design flowchart
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Fig.5 Simulink simulation model of PMSM control system based on ADRC

®1 PMSM XES¥
Tab.1 Key parameters of PMSM

B iEAT SR
ETFHBHR./Q 0.96
HUEK L/H 1.67x107
Eh i )/ (kgom?) 0.03
WX EL p,, 4
TKWEREEE o/ Wh 0.07

e BRI RGN EE S, K2
HAE S R AR EN, Wi IR R G
ANTR] e 158 R R A R R R R RE, AT DL BRIk
ADRC RGHE B, A B T AR 5318
NI HOE, 7R 28 E B AR T M IR I, AR
BB 2300 D J 20 0.5 IF 2R G Y EE B
BRI UL, K 6 s,

MPE 6 m]H1, AR T sh 50 T i, 55450

BN 2 BHEAT AR T [ 0.049 s, 4 SR A
0.5 WHJET IR T; 0.015 s, 2558 0 2 IR B 4K
SRPCHRARE , U0 W45 il 2 X S 808 A B A #5m
R E R

Blo FzhiREA J.27 F0.5] B PMSM Hy# i R ER
Fig.6 PMSM speed tracking for rotational inertia of
J, 2J, and 0.5]

N T BUEEE T IBKA PEALAY A PPt il 45 14

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



FFIR A5 T RO SR S B A R ) AP AL A

WANG Ziche, et al: Active Disturbance Rejection Control of Permanent Magnet Synchronous Motor Based on

268

Improved Black-winged Kite Algorithm

HEE BRERVERE BT TR AR T, UL R A SR PL
el as kT 20w 0 A o dl g Ak T
IBKA AL AP 6l 4%, i SRR H P 4%
28 IF 10 L AR F A A X [a] — 4> PMSM. #4745
il D B N 28 R B AR s 1T A B B
HHLAYRE E HAREE 3 n,, =1 000 t/min, 1€ ¢ =
0.2 s BN 7, =10 N-m (&M, =F AR
PR ERAE T ) PMSM (%% s R i i 26 an i 7 fr
N R R R IR 22 IR AN & 8 BT/ B R R R ] £
Ak 2 i 9 frs

7 PMSM %% i £
Fig.7 PMSM speed curves

8 PMSM i BRER IR oh 2k
Fig.8 PMSM speed tracking error curves

9 PMSM $4E# %
Fig.9 PMSM torque curves

K7 M 8 iz T4 R n T AR 48 T
PMSM MPEREZE o TEAC Bk # v, PL 5 4H F 3
EP R P a9 s ) R A R I A [ R A 15
ZEFNE B R W T4 E ) ADRC R
SRaE SR 1] G i) R R R4 O L AE A% TP i S R
RGAE B ERRR B . MHILZ T 2R
FHZET IBKA 4689 ADRC ARG T B S Al
PG, M EL7E BRI R RN AR AN 18 22 A5 O M e

Bbr B SEI T BT, —ROR IR R R ]
T PMSM 9 EZ M RETE AR AN5R 2 R, R 2 7]
1, HEF IBKA DAL ADRC 7 i )07 3 B 38 it
B S5 A% O BE S EOT T, B AL TAE 40 PT ¥
Tl IS T2 5588 1 ADRC,

F2 TEMRLER

Tab.2 Key performance indicators

Feihlgs BT TR OB Z TR ZTE
ZFR /s TElss /% FEfE/s HEREE/%
PI 0.049 0.116  3.03 0.067 0.442
ADRC 0.052  0.052 0 0.018 0.148
IBKA-ADRC  0.049  0.051 0 0.002 0.058

T AR S AR B Bk R], — b ] 28 4E T )
PMSM #5334 H B0 T — 8 B 19 i 25, (R B 28 3
REM A 2 HARAS TAE A, BRI S, 78 P14
T, ALEZ B TG e s K, HRE 252
BT WA K BT L% E 1 ADRC 7E—
ERRE LRRL T TSRS, 4 T R4%
PR ZERAS BT R 3 F IBKA fifk i ADRC 7F
TG el b sl /N, P2 RS BT ] i, IF
HEREFREFEAEERSRZE, L T
PI 26 R 5L T 2 50 % 72 (1) ADRC, JE T IBKA f
fE i) ADRC BT THEPERE TR 5%

HI Pl 9 mIHT, FLMLAE TG T 50 3 % gl 1 O
FZE AR A T 5 PIEHIAEL T 2505 E 1Y
ADRC [t , 2T IBKA /LAY ADRC R R 3l
FEFRIRAR, I HMH G R A o I & il 5
TIAFEIE A, AT UL AHAS T PLAE AL T2 504
FEMY ADRC, 5 T IBKA fIL4b#) ADRC FEFL FE 455 ]
R

5 #iE

AR T —Fp ol gE A PMSM 3 F ADRC
ARG ERGGER T KBNS ADRC K, §1E

© 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 %, %53 1)
Electric Machines & Control Application, Vol. 52, No. 3, 2025

269

SIS B AT = R AL, 3B AL {8 Tent
TR T RSP R 1 028 SRR BKA SHEAT T i | ik
A% IBKA X%t ESO #1 NLSEF )2 801711
fbasE . RO b A# D T 558 ADRC K36
ST HOE RN R R, P ESREN, &
BB ADRC RFE LI RIFHzh A
PERE, 7R 2R BE BRI AR B BT T YU RE ) AL AR
P M S OCPE BB R A L S R I AR A S 3 =
T PMSM il PERE

F g5 = =R
FAVEE 75 AAAEAE R 25 0P 5
All authors disclose no relevant conflict of

interests.

& STik

EFRIEAT T it Gl e N A A
LHBERE, T TR NEBZS S TIECHE
BB, Fra VR ¥ R T A AR
PR AL

The scheme design, experiment study, content
summary and paper writing were carried out by Wang
Zichen. The manuscript was reviewed and revised by
Wang Zichen, Hu Chunhe. All authors have read

the last of paper and consented for

version

submission.
5 % 3wk

JAYL, IMVERL, FIAR, 5. AKREFEZEHRILY B0
PerhlR s oems [ )], LS %, 2018, 22
(2). 57-63.

ZHOU K, SUN Y C, WANG X D, et al. Active

disturbance rejection control of PMSM speed control

[ 1]

system [ J]. Electric Machines and Control, 2018,
22(2): 57-63.

N, T, RARSE, 4. SOIFAITE R A SEE Rk
BRI 2L AL S O R [ T]. AL BL A5 4 o 2 412
2024, 28(2) . 174-181.

BIAN Q, MA J, ZHANG M H, et al. Parameter
identification of permanent magnet synchronous motor
based on modified bacterial foraging algorithm [ J].
Electric Machines and Control, 2024, 28(2) . 174-
181.

[3]

[9]

FLL, WM, R, S KBERAE LR oL
B R S B [T]. HE AR S PUR,
2020,70( 11) ; 95-99.

WANG H, PAN J D, XU X W, et al. Sensorless
motor

control of permanent magnet synchronous

L1l
Technology & Machine Tool, 2020, 70(11) ; 95-99.
Tide, BEARIR. —RhIET (A PUHE A K 1 R 2
P B FEHIRmE (1], LS RN, 2023, 50
(10) : 62-69.

FANG S L, FAN J D. A composite control strategy of

parameter  optimization Manufacturing

permanent magnet synchronous motor based on active
disturbance rejection [ J ]. Electric Machines &

Control Application, 2023, 50(10) ; 62-69.

AR KGR 20 AL TG AR AR 4 i [0 ], FR L il
W, 2023, 50(8) ; 1-8.

GUO W, LUOLC, LUJY, et al. Sensorless control
of permanent magnet synchronous motor based on
linear active disturbance rejection control [ J J.
Electric Machines & Control Application, 2023, 50
(8): 1-8.

R, 22F5, XN, KR D B
AP UL I 5% O AL SRR [ ], A AL 4R
A, 2024, 51(1); 14-21.

SONG J G, LI Z H, LIU X Z. Improved full order
sliding mode observer without sensing control of
permanent magnet synchronous motors [ J]. Electric
Machines & Control Application, 2024, 51(1): 14-
21.

WREERE, RS, EROF, A SR TR AME
VIR 65 2R 3 G ) 200 v AL AR R T PR R AR A [ ]
T L TR, 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.

BT, R E, BEAESE, S A& RN PSO-
LADRC 7K 1% [7] A6 B ALA% 42 0 [ 0], Sl pL,
2021, 54(6) : 65-70.

YANG Z Y, WANG J F, YAN Z D, et al. Adaptive
PSO-LADRC  control ~ of permanent magnet
synchronous motor speed [ J]. Micromotors, 2021,
54(6) : 65-70.

XbK, B, B R, L KRERIE B LR P
PR S BB E R ARAL[T]. AL A4

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



FFIR A5 T RO R S B A R ) AP AL A

WANG Ziche, et al: Active Disturbance Rejection Control of Permanent Magnet Synchronous Motor Based on

270 Improved Black-winged Kite Algorithm
2023, 27(10) : 131-140. 2022, 29(8) : 1487-1496.
LIU L, CAO X, QIAN M F, et al. Parameter tuning SHAO J W, JIANG Q, NI Y Q, et al. Position
and optimization of PI controller for current loop of control strategy of permanent magnet synchronous
PMSM [ J]. Electric Machines and Control, 2023, motor based on improved active disturbance rejection
27(10) ; 131-140. control [J]. Control Engineering of China, 2022, 29
[10] TIAN L, WU L, HUANG X, et al. Driving range (8) . 1487-1496.
parametric analysis of electric vehicles driven by [18] ABDALLA M A, YANG G, HUANG C. Performance
interior permanent magnet motors considering driving comparison of load frequency control for power system
cycles [J]. CES Transactions on Electrical Machines by ADRC approach and PID controller [ J]. Journal
and Systems, 2019, 3(4) . 377-381. of Physics: Conference Series, 2020, 1510 (1)
[11] NGUYEN V Q. The fuzzy PI controller for PMSM ‘s 012007.
speed to track the standard model [ J]. Mathematical [19] F%&7T, KW, BiEHESNHESEEE
Problems in Engineering, 2020, 2020 1698213. KR [J]. Aedb JRF244) , 2005, 32(6) :
[12] X%, BB, S3CR, 55, JE RTG53 045 9-13.
) PMSM 9 BE4% i Sk 9 L[ ) ). B e YU X N, ZHU L L. Dynamic parameter setting and
A, 2019, 42(19) : 106-110. application of active disturbance rejection controller
LIU J, YANG P, MA W L, et al. Simulation of [J]. Journal of North China Electric Power
PMSM synchronous control algorithm based on fuzzy University, 2005, 32(6) : 9-13.
switching gain  adjustment [ J ].  Electronic [20] WAk, TR, 2X8, % ETUulERhEEN
Measurement Technology, 2019, 42(19) . 106-110. KRG LS B[ 1], LS N A,
[13] GHAFARI-KASHANI A R, FAIZ J, 2024, 51(1) . 97-105.
YAZDANPANAH M J. Integration of non-linear Heo GAO S, WANG K, JIANG H C, et al. Parameters
and sliding mode control techniques for motion control identification of PMSM based on improved flower
of a permanent magnet synchronous motor [ J]. IET pollination algorithm [ J]. Electric Machines &
Electric Power Applications, 2010, 4(4) . 267-280. Control Application, 2024, 51(1) . 97-105.
[14] SHARMA D, BHAT A H. Neural network controlled [21] HWT, #hE, =0, & ETIHRMEARRHEA
space vector PWM for a high power factor converter V14 JC I B I A B A S s o [J]. Bl¥HEARE T
under perturbed conditions [ J]. IETE Journal of £, 2021, 21(28); 12130-12138.
Research, 2023, 69(3) . 1500-1508. XIAO Y N, SUN X, LI S P, et al. Speed control of
[15] sk¥loc, skiG 2, skaGee. BT AR U 88 1 brushless direct current motor based on chaotic elite
ABEF A AL EAG TR IRAE (1], Rl S slime mould algorithm [ J]. Science Technology and
N, 2024, 51(3) . 79-85. Engineering, 2021, 21(28) . 12130-12138.
ZHANG LY, ZHANG Q Y, ZHANG Z F. Research [22]  BEET, Z2E R TR FRER B A4 7k R 5] A5 B HL
on position estimation algorithm of permanent magnet ROEEE APiPieEhi[T]. Ashfb 510F, 2022, 37
synchronous motor based on nonlinear observer [ J]. (5). 25-28.
Electric Machines & Control Application, 2024, 51 CHEN Q, LI Z C. Particle swarm active disturbance
(3): 79-85. rejection control based on permanent magnet
[16] FME, FEEM. =tHE T F AR A Bl S 2 synchronous  motor [ J ]. Automation  and
TR R [ J]. B RGN A s tb R, Instrumentation, 2022, 37(5) . 25-28.
2023, 35(10) ; 59-66. [23] WANG J, WANG W C, HU X X, et al. Black-
SUN J, WANG Y H. Duty-cycle predictive current winged kite algorithm; A nature-inspired meta-
control of permanent magnet synchronous motor under heuristic for solving benchmark functions and
three-phase vector [ J]. Proceedings of the CSU- engineering problems [ J ]. Artificial Intelligence
EPSA, 2023, 35(10) ; 59-66. Review, 2024, 57(4) . 98.
[17] BMER, ¥4, s, 5. LTt Al [24] SHI Z, ZHANG P, LIN J, et al. Permanent magnet

7 R ) 20 i LS B 4 o SR [0 ] P TR,

synchronous motor speed control based on improved

© 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 %, %53 1)
Electric Machines & Control Application, Vol. 52, No. 3, 2025

271

active disturbance rejection control [ J]. Actuators,
2021, 10(7) : 147.

BT, A PID FiAR BN AHrdiEdl AR [T].
i TAR, 2002, 9(3) : 13-18.

HAN J Q. From PID technique to active disturbances

[25]

rejection control technique [ J].
of China, 2002, 9(3) . 13-18.
AT, S/l R TR TR PLER A A 4T
rR a2 B E Ik )] YURSWUE, 2023,
51(14) : 63-68.

LI S Q, ZHANG X F. Parameter tuning method of

Control Engineering

[26]

robot active disturbance rejection control based on
immunity particle swarm optimization [ J]. Machine
Tool & Hydraulics,2023,51(14) :63-68.

INE, INF . BECR G B i 25 5 pR K [T ],
P SR, 2010, 25(3) : 473-477.

SUN B, SUN X X. Optimal control synthesis function
of discrete-time system [ J]. Control and Decision,
2010, 25(3) . 473-4717.

TENG Z J, LV J L, GUO L W. An improved hybrid
grey  wolf [ J]. Soft
Computing, 2019, 23(15) ; 6617-6631.

[27]

[28]

optimization  algorithm

[29] YIN Z, DU C, LIU J, et al. Research on auto-
disturbance-rejection control of induction motors
based on ant colony optimization algorithm [ J].
IEEE Transactions on Industrial Electronics, 2018,
65(4) : 3077-3094.

[30] BEE%, B8, WA, % —MEET Tent W
AR S IOARDE A A B Sk [0 ], W /R Tk R
SR, 2018, 50(11) ; 40-49.

TENG Z J, LV ]J L, GUO L W, et al. An improved
hybrid grey wolf optimization algorithm based on Tent
mapping [ ] ].
Technology, 2018, 50(11) . 40-49.

Journal of Harbin Institute of

Wik H 397:2024-10-30
eI e Bche H 39 . 2024-12-25
[EE
EFIR(2000-) , 5 W54 WF5E 07 18 N AL
il R BB, wangzichen0@ foxmail.com;
«EIEVEH OIS (1986-) 5 Wi+ Bl gz, w58 07
1) A BE R BHAT AE( 42, huchunhe @ bjfu.edu.cn,

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



