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Abstract: In order to build a high-precision fractional-order model, which needs to identify more
parameters, an improved differential evolution algorithm is proposed for the identification of fractional-
order systems. In the mutation strategy, the basis vector is randomly selected from the optimal individual
population, and the scaling factor and cross-probability factor are adaptively adjusted according to the
information of the successfully mutated individual during the search process to improve the exploration
and mining capabilities of the algorithm. By solving the five test functions, the improved algorithm is
proved to have strong solving ability. Taking the fractional-order model of permanent magnet
synchronous motor as an example, the identification results show that the improved differential evolution
algorithm has better performance in solving accuracy and convergence speed.

Keywords

differential evolution algorithm, fractional-order system, system identification, adaptive adjustment,
permanent magnet synchronous motor

Recommended Citation

Yu Wei, Liang Henghui, Luo Ying. An Improved Differential Evolution Algorithm for Fractional Order System
Identification[J]. Journal of System Simulation, 2021, 33(5): 1157-1166.

This paper is available in Journal of System Simulation: https://dc-china-simulation.researchcommons.org/journal/
vol33/iss5/16


https://dc-china-simulation.researchcommons.org/journal/vol33/iss5/16
https://dc-china-simulation.researchcommons.org/journal/vol33/iss5/16

Wei et al.: An Improved Differential Evolution Algorithm for Fractional Order

533 %5 5 M RGN EFRO Vol. 33 No. 5
2021 4E 5 A Journal of System Simulation May 2021

— PP S R 7 B R GEPHRIT T

AR, Rl Fak?
(1. BB EBE L TR M, A BRIl 5280005 2. e RHE RS HUBRRE: 5 TR6E, Wik Ui 430074)

WE: 2 HNMBEREEHRELOAM, AT EIHEATHNAR, Rb—F R T o404
GIFIR G Bt £ it Bk, £ TSR K@ FMRM AR [ERRIR, 1% FLFE P IRIE
K E SRS 158 B & E G BT A K KRBT, 35 kb9 )ik A AR AE ), BT RAR
SAMRRE, R T Bt AR B BOR G RIREE ) . VAKEER)  wALE S BINAER A ), PRIRLE
RAUY: Bt 2y dt AUk A R A B A Gk B L LA BT a4 e,

REEi]: Zodtifik; aBMAR, AAHR; AERALE, ARERE S L

R3S N945.14, TP391 kbR ERS: A VERT: 1004-731X (2021) 05-1157-10
DOI: 10.16182/j.issn1004731x.joss.20-0853

An Improved Differential Evolution Algorithm for Fractional Order System Identification
Yu Wei', Liang Henghuil, Luo Ying2

(1. School of Mechanical and Electrical Engineering and Automation, Foshan University, Foshan 528000, China;
2. School of Mechanical Science and Engineering, Huazhong University of Science and Technology, Wuhan 430074, China)

Abstract: In order to build a high-precision fractional-order model, which needs to identify more
parameters, an improved differential evolution algorithm is proposed for the identification of
fractional-order systems. In the mutation strategy, the basis vector is randomly selected from the optimal
individual population, and the scaling factor and cross-probability factor are adaptively adjusted
according to the information of the successfully mutated individual during the search process to improve
the exploration and mining capabilities of the algorithm. By solving the five test functions, the improved
algorithm is proved to have strong solving ability. Taking the fractional-order model of permanent magnet
synchronous motor as an example, the identification results show that the improved differential evolution
algorithm has better performance in solving accuracy and convergence speed.

Keywords: differential evolution algorithm; fractional-order system; system identification; adaptive

adjustment; permanent magnet synchronous motor

55 RS, Wb, £V LRRS, WMigfrdfEd
HERIRG A T I EER, 35 BSOS i 42 il
i B SRR AR 2 O AR, TR B B R A
B g A e,
BRI T LA 2R 48 % 1Bl S, (2
BT RGESIN T AU A L, & BRI S
HHEZ, HRBARG IR TR 7 Hr &

il E AR A BRI A AR A N %2 7
= IR% R G TR AL S0 Ll S
RORIRGE, W DA EEE Y R G AL oA g, s
DRI EER, BB IR SR L 1 EAL
BB AR R GEVE e 2R A AW v, £E—LE 5B

ks HIH: 2020-11-05 BRI HE: 2021-01-05

BE&WH: EXRARR-E4E(61803086, 61733015, 51975234); LI RBHAR AR ZEBEAF 74 H IR R H4(20192YTS44)
H—EE: ®RA(1983-), T, WL, YW, BRI FOASB R G AR 2. E-mail:  yuwei83@fosu.edu.cn
BIIEE: DB(1982-), F5, 1L, %, ARG BB — A 515 6] . E-mail: luoyinglarry@gmail.com

Published by Journal of System Simulation, 2021



Journal of System Simulation, Vol. 33 [2021], Iss. 5, Art. 16

%33 %% 5
2021 £ 5 H

Gto I AW BRI S5, S N R
BT BN, XFERGHN ) S # 10 y s iAL
) AL S5 A0 A B B AE 2 B R G R
/N = Gauss-Newton 50EFI Marquardt
B, S B AR R B RS BB IR R ™
¥4 o SCHR[91K F Marquardt 53554 7k i 5] 25 B ALt
1T B L, RO R B B S 5] G (A
o BEEFRENRE R R, BRI Bk A
YIRS TR, HAREUT H br ek 201 3 8005
BAYIIHERE LR, EHTHEM RENHR. &
I WA RN A T RSN =3 e V= A7 S
AL EEU R A B R S BRI E S B RS HER
MINLH, N5 Hb RS HER SR AL 1B A e i
ZEor L SRR SEIL R B, i S b, fEfR 2 Yt
AARA ) R PR RE AR, H 2 R 2o A AR AR
WEE—FER G AN R R . T 7 HHR SR )
T RS, 2o A ER O U7 3 B 2
) e AN S AR SRR RS . SCER[12]4403E 18
i TRCDR] - AR A B WA SBORE P2 B AR 3 8 B i
IR HE AR S S SRR B RGE S H. SCHR[13]
W B R HE RN 22 O3 dE A SRR Rl G O BRI 22 4
BRI R RIFR S BRI R RS HL.

LE EFTIR, O 2 ok 2 L Rk %
PR R RS X B RGEHF R o), Gy
Wit m e H 2 g i 22 oy A R, B B
WEFEOME  ASCHRH — RN T3 BB R G R
SURE 22 4 AR SR, A 7R e SR M B AL A
FErh AL B —ME R m) &, 8 5 S N R
LT B AR S R RE I R SRR R AR
TR MA R S 8UE BT, WRIEARE R A&
I3 5 A TR - A AE OB R 1, A 2 B
PE, SRR RE . H eludt i 2 9 i Bk 516 4t
M ZE o AL B SCHR[ 12110 S MR K i (R 20 HL
BLE 2 B B2 24, HRR S BRI IE 1 ek RE )
A R R

RGTE AR

Journal of System Simulation

Vol. 33 No. 5
May 2021

| 7 (1 PE 37

IR R G, 0 B R G n] LA 70 By
i AR A, ETVIRFAE T, W€ o SN
DEE RGBT ai b NIE RGN R
i=01n, j=0,1,m, AL EECA:

G(s)= Y(S) _ bmsﬂm +bmflsﬂ’”‘l +---+b0sﬂ°

U(s)  a,s% +a, s+ +a,s™
M

B v BRI 2 Rt i), B
HE7> Bl RGBT R R BN HHR S 8.
g s NME R G AR E IR 2, HSH0E
MAECIG T T HER DB R GRS H
oSt 22 7 REAC SRR 0 B AR e 2 kAT 2 8
. X TZHRAMP T BN RG, KRGS
HER ) A R AL 1), HOD R AR YR R 4
PRSI B A0 2 B A R o s 2 R R AR, e
N N R ORI R R E KN, 8 2
A TR (1) 2 A W A8 1A 0 7 P L T e /ME
MR 73 B B A ) 2 8. e 2R Gt 4
P S h B0 M AN, AR LR & 5
PR E N 2) TR -

=30 0) - 54 @

Ay AEbRRGHHEIE: BB
HH o .

HERE B SR AT RE 2 MBS RGN A&
etk fE 2, Bk DS BENLE SR N ING 5 .
BT Uik 22 43 AL B K 23 B R G R
WK1 s

PNECED
DRBERLE 5 .
RN ARG
WSO
SR S A ST |

K1 28 R R R R
Fig. 1 Schematic diagram of identification of fractional
order system
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