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Abstract: [ Objective ] In response to the challenges
associated with the identification of multiple parameters in
permanent magnet synchronous motor ( PMSM ), which are
characterized by difficulties and low accuracy, an improved
tuna swarm optimization (TSO) algorithm has been proposed.
This algorithm is designed to simultaneously identify several
parameters of the PMSM. [Methods] Firstly, the Latin
hypercube sampling (LHS) method was employed to initialize
the tuna population, effectively circumvented the issue of
initial aggregation of the tuna population caused by random
initialization. This approach enhanced the diversity and
uniformity of the initial population. Subsequently, to enhance
the algorithm ’ s optimization performance across different
stages of iteration, a dynamic nonlinear weight adjustment
strategy was adopted. This strategy equipped the algorithm
with stronger global search capabilities during the early stages
of iteration, allowed for a broader exploration of the search
space, and stronger local search capabilities during later
stages, facilitated precise convergence to the optimal
solution. Finally, a Gaussian mutation strategy was
implemented, enabling the algorithm to effectively explore
new solution spaces during the optimization process. This
strategy mitigated the tendency of the algorithm to become
trapped in local optima, thereby improved the convergence
accuracy of the TSO algorithm. [Results] To validate the
effectiveness of the proposed method, simulations and
experimental analyses were conducted on both simulation
software and motor platform. The results of both simulation

and experiment demonstrated that the improved TSO
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algorithm, which incorporated LHS, dynamic nonlinear
weight adjustment, and Gaussian mutation, outperforms
particle swarm optimization algorithms and the original TSO
algorithm in the identification process of PMSM resistance,
inductance, and magnetic flux linkage. It achieved faster
convergence speeds and higher convergence accuracy, with
all parameter identification errors controlled within a range of
0.89%. [ Conclusion] The improved TSO algorithm is
capable of effectively synchronizing the identification of
resistance, inductance, and magnetic flux linkage in PMSM.
It exhibits superior identification accuracy and favorable
convergence characteristics.

Key words: permanent magnet synchronous motor; tuna
swarm optimization algorithm; parameter identification;

Gaussian variation
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Fig.4 Optimal convergence curve of benchmark function
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Fig. 13 i, identification curves

10 TSR E L%
Fig. 10 Average fitness waveforms
HIPE 10 A1, GTSO Bk 285 90 Yk Ui
o7 (R FAS 2 , 1M TSO Al PSO S9A7 150 1K LA

b, 2 GTSO WSO R, 15 25 T 8 H7 A2 57 e E14 L, PHRe%%
GTSO ReA %k Jar b B 1 , %ﬂ%ﬁ@%lﬁ*ﬁg ° Fig. 14 L, identification curves
11~ 14 FE—2HE 52, GTSO 16 JH R 3 B 585 B -
EIIETF TSO Fl PSO, S ZHE
i 5 AL G101 PRI 2 I A T 1 d-g AR FHIAET PMSM H9 S HCHE
0.89% , w2 LT XF HLAT 3, Btk 1Al 3R GTSO BB PMSM (REHE & ¥

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



LSRRI, 25 52 4, 55 10 )

Electric Machines & Control Application, Vol. 52, No. 10, 2025

1105

BHL . d B0 ¢ Bhep )8, GTSO B4R 1 LHS 5Emg /-
BCHTERFPHE B PR A SAE S80S [ N B 350 53
i, NI TH L FRCR . 1ok, ks AdE
LA F  FERTA P s R R A R A5 ] i
P 5 0 1G5 R A8 R BB ), B WA SIORS B
AP AE 1, GTSO B33 ik v 107 45 57 o s
X & SRy B ARA R AT IR Bl B Fh R e 15 B
Bk R e U, 2 — P BT ISOR L iX
LE U HEfS GTSO Sy AE Sk o i RS JE 13 8
FPTt, O AR S R E 1 IX A TE PMSM
SHHFHR IR RE A F AL g ik B R
FATUAT BSOS OB

s A=A
A VEE 75 AAAEAEF 25 0P 5
All authors disclose no relevant conflict of

interests.

=

PREGRIEAT T 5 R80T NS 18 URE
ARIRATFE , BT T T8 3G B i 5T, 6
WHZH TS BS, s s
IR T AR R AE

The scheme design, content summarization,
paper writing, and experimental research were
conducted by Chen Weijie. Part of the experimental
research in the paper was carried out by Hao
Xiaowei. The review and revision of the paper were
participated in by Shao Keyong. All authors have
read and approved the final version of the paper for

submission.

XIS, BB, T o, % KR LHRIES
BHROT B[], B TR 23R, 2020, 35
(6) . 1198-1207.

LIU X P, HU W P, DING W Z, et al. Research on

multi-parameter identification method of permanent

[ 1]

magnet synchronous motor [ J]. Transactions of
China Electrotechnical Society, 2020, 35(6) : 1198-
1207

TAEAE, ERI, . T sl S Tk 4

/N RE W KRG R A LS RO Rk [T ]

[2]

HEHLN 5454, 2021, 38(1) . 280-283.
FANG G H, WANG H C, GAO X. Parameter
identification  algorithm of permanent magnet
synchronous motor based on dynamic forgetting factor
[J].
Applications and Software, 2021, 38(1) : 280-283.
TR, M, TR BT N 4% 19 Ak G )
AHH-SEHR[T]. BB TR, 2020, 54
(5): 47-49.

WANG L H, ZHANG X, ZHANG W F. Parameter

recursive least square method Computer

identification of permanent magnet synchronous motor

based on neural network [ J]. Power Electronics,

2020, 54(5) ; 47-49.
ZEHEVT, AR, BEE, AF. BT UUHERIS A
T8 N FR G0 B KRG R P LS EOIR [ 1], il
WS R, 2020, 37(9) : 1983-1988.

LI'Y J, DONG X, WEI H F, et al

Parameter

identification ~ method  of  permanent magnet
synchronous motor based on improved model reference
adaptive system [ J]. Control Theory & Applications,
2020, 37(9) . 1983-1988.

v, KOUH, Ak, . BETEGE MRAS 9K
WEFE AL Z ZHOHR DT ()], BT TR,
2025, 59(5) : 16-19.

HUANG C Q, ZHANG Y W, SHI L, et al. An
improved MRAS-based multi-parameter identification
method for permanent magnet synchronous motor
[J]. Power Electronics, 2025, 59(5): 16-19.
XIEE, ZRfk, ARER L. LTINS b N Y
W E K RGPS EOIRR ], RS, 2024,
(21): 139-141.

LIU Y, LT X R, SHAO H W.

Parameter

identification  of  internal = permanent  magnet

synchronous motor based on reference adaptive [ J].
Auto Time, 2024, (21) . 139-141.

S, SKAT R, BRIE, SF. BT SO AR AA
ARG TR LS BN [ 7). AL s il g
2024, 51(12) ; 71-80.

GUO C L, ZHANG K W, HAN X, et al. Parameter
identification of PMSM based on improved spider
[J].
Machines & Control Application, 2024, 51 (12):
71-80.

mAR, TR, ZRE, % ETUHERREED
AKRETR A LS BB R [ 0], s AL 4 5
2024, 51(1) ; 97-105.

monkey optimization algorithm Electric

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



HRYE B8, 45 Wt st RO AL SRR A i i (7] 20 FBL 22 2 080N

SHAO Keyong, et al:

1106

Multi Parameter Identification of Permanent Magnet Synchronous Motor with Improved Tuna

Swarm Optimization Algorithm

[10]

[11]

[12]

[13]

[14]

GAO S, WANG K, JIANG H C, et al. Parameters
identification of PMSM based on improved flower
pollination algorithm [ J ]. Electric Machines &
Control Application, 2024, 51 (1), 97-105.

PRige, Z=gifh, HVLT, 45, STl WOA fiifk
BP fZ R4 4] PMSM S 809HR[T]. dlS
PN, 2022, 49(5) : 27-36.

CHEN Z, LIZ W, SHEN J W, et al. Vehicle PMSM
parameter identification based on optimization of BP
neural network by improved WOA []J]. Electric
Machines & Control Application, 2022, 49(5) . 27-
36.

s, RRAR, BliE, 5. R TR R R R
TERKREIR P L2 A AR fe Bt (1], mblS
P, 2025, 52(2) : 221-230.
ZHANG H, ZHOU D W, LU L, et al. Multi-
objective optimization design of permanent magnet
synchronous motor based on improved salp swarm
L] & Control
Application, 2025, 52(2) . 221-230.

T, FESCWI. BT TR SE 7 B I K ) 2
AL LA [T]. LS 6 R, 2023, 50
(8): 66-72.

DING J, JIANG W G. Design optimization of
permanent magnet synchronous motor based on Latin
hypercube algorithm [ J ]. Machines &
Control Application, 2023, 50(8) : 66-72.

WRIK, BV, 4. kT ook 2 E Bk 1 Kk /i TR
AL PRI S R DT B [T]. LS N
H, 2022, 49(8) : 28-33+92.

CHEN X, HU T, JIANG Q. PI control parameter

algorithm Electric Machines

Electric

optimization ~ simulation of permanent magnet

synchronous motor based on improved honey badger
[J]. &  Control
Application, 2022, 49(8) . 28-33+92.

ZEGY, WH, MR, & TR kR
AKBEFR L RSB [T]. RS S MRS,
2025, 44(6) : 153-156+160.
PENG S Q, GUO D, LI W ],

algorithm Electric  Machines

et al. Parameter
identification of PMSM based on improved mayfly
[J]. and  Microsystem
Technologies 2025, 44(6) ; 153-156+160.

M8, Rbese, Jifh, 95 TSR
ﬁ&é@m%lﬂfﬁﬁﬂﬁﬁé@)ﬂ/[ J]. KRIHfg4k,
2025, 46(4) . 604-611.

TIAN D, WU X X, SU Y,

algorithm Transducer

et al. Parameter

[15]

[16]

[17]

[18]

[19]

[20]

identification for permanent magnet synchronous motor
based on improved social. network search algorithm
[J]. Acta Energiae Solaris Sinica, 2025, 46(4):
604-611.

WV, B, T O e - R R Rk Y K G [ A0
RALZZHORIR[T]. PURBH R4, 2025,
40(1): 85-93+106.
YANG B L, CHEN B. Multi Multi-parameter
identification of permanent magnet synchronous motor
based on improved snake-sparrow algorithm [ J].
Journal of Southwest University of Science and
Technology, 2025, 40( 1) : 85-93+106.

BIERk, CHIEE. & T 2 It B 8 5k 1
WML S HOHR [T ] T2 4le, 2024, 45
(12) . 1868-1875.

LIAO Z L, SHEN Y X. Identification of synchronous
motor parameters using multi-link improvement Harris
hawks optimization [ J]. Acta Metrologica Sinica,
2024, 45(12) . 1868-1875.

R, FR, WEN. 5T OO e Ok Bk
R R AL LS BB [ T] . AT R
W FIRFLERR) | 2024, 43(6) : 102-108.

ZHAO Q, WANG H J, XIE C L. Parameter
identification of permanent magnet synchronous motor
based on improved dung beetle optimization algorithm
[J]. Journal of Chongqing Jiaotong University
(Natural Science) , 2024, 43(6) . 102-108.
Wr—i, WRCE, wiL, 4%, SR MG RRE RA Y
KRG L2 SBR[ ]. AEPURS A 3
I THA, 2024, (11); 177-182.

CHEN Y H, ZENG C B, MIAO H, et al. Enhancing
improved sparrow algorithm for multi-parameter
identification of permanent magnet synchronous motor
[J]. Modular Machine Tool & Automatic
Manufacturing Technique, 2024, (11). 177-182.
TR, WIARES. BT ot R Sk ) R T
LAY (1], LSRRI, 2025,
52(3): 262-271.

WANG Z C, HU C H. Active disturbance rejection
control of permanent magnet synchronous motor based
on improved black-winged kite algorithm [ J ].
Electric Machines & Control Application, 2025, 52
(3):262-271.

AR, BT, R,
FkERIR[T].
(3): 21-30.

A5 TR RE Ak
MR (T M), 2022, 43

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



LSRRI, 25 52 4, %5 10 )

Electric Machines & Control Application, Vol. 52, No. 10, 2025

1107

[21]

[22]

[23]

[24]

[25]

GAO Y L, YANG Q W, WANG X F, et al
Overview of new swarm intelligent optimization
algorithms [ J]. Journal of Zhengzhou University
(Engineering Edition) , 2022, 43(3) . 21-30.
K, TR, TK/ANT. SO AR A B 1
WL L2 Z RO [T]. AL 43 2 4
2022, 26(10) ; 119-129.

ZHANG Z, JIANG ] M, ZHANG X P. Multi-
parameter identification of permanent magnet
synchronous motor based on improved grey wolf
optimization algorithm [ J]. Electric Machines and
Control, 2022, 26(10) . 119-129.

TRE, SHEIGE. LT RLUR JOR TR K
2P LS B UL [T]. Bl 2024, 57
(11): 18-23.

ZHANG C, MA G L. Parameter identification method
of permanent magnet synchronous motor based on
simulated annealing particle swarm optimization [ J].
Micromotors, 2024, 57(11) . 18-23.

AR, SRR, TR, A BT O
ERRBE R AL Z 2 HORR ], RIEHLEOR,
2024, (5): 7-15.

ZHAO N N, ZONG S X, SU Z Z, et al. Mulu
parameter identification of permanent magnet
synchronous motor based on improved spider monkey
algorithm [ J]. Large Electric Machine and Hydraulic
Turbine, 2024, (5) . 7-15.

2R, 20K IRG R TSO Bk ()], T
PURLF, 2023, 30(1) : 208-218.

LI H, LI W J. Improved tuna swarm optimization
algorithm based on hybrid strategy [ J]. Guangxi
Science, 2023, 30(1) . 208-218.

WANG W T, TIAN J. An improved nonlinear tuna

swarm optimization algorithm based on circle Chaos
map and levy flight operator [ J]. Electronics, 2022,
11(22) . 3678-3678.

[26] MR, skof, W6, S BETH TSRk

PERA TSR] PR R 5t 2024,
45(4) . 1069-1078.
HE X Y, ZHANG J, QIN T, et al. Improved tuna
swarm optimization algorithm based on hybrid strategy
[J]. Computer Engineering and Design, 2024, 45
(4) . 1069-1078.

[27] HIHAR, sk&se, EA, & BT UOER TR

09 PMSM 228000 [T ], LR Tk B
4R, 2021, 35(1) ; 60-64.
KE X W, ZHANG J L, PENG G S, et al. Improved
COOT algorithm based on Latin hypercube [ J].
Journal of Hubei Institute of automotive technology,
2021, 35 (1) . 60-64.

[28] XIE L, HAN T, ZHOU H, et al. Tuna swarm
optimization: A novel swarm-based metaheuristic
algorithm for global. optimization [ J]. Computational
Intelligence and-Neuroscience, 2021, 2021 (1)
9210050.

ok H 1 :2025-06-25
WCEIME ek H 1. 2025-07-28
TEHTFA
BEFEHE (1970-) , 5, Wi+, 42, BF 5T 07 1 R 4 B

RIS B Bl IR 1 R 4t , shaokeyongauto @ 163.
com;

# WAFVER BRI (1998-) , 55 Wl LR 98 46 F 98 7
I7) Ay A [R] 25 TR 1 5 S 400HR |, biebte999@ 163.com,,

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



