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Improved sand cat swarm optimization algorithm based on multi-strategy
mixing and its application

HUI Li-chuan®, YU Qian-hao

(Faculty of Electrical and Control Engineering, Liaoning Technical University, Huludao 125105, China)

Abstract: In order to improve the search efficiency and convergence efficiency of the basic sand cat swarm algorithm,
increase the diversity of the population, and enhance global search capabilities, an improved sand cat swarm
optimization algorithm (IMSCSO) with multi-strategy mixing is proposed. Sine mapping is used for initialization to
obtain a more evenly distributed population. In the attack behavior, the attack interval is divided according to the size of
the individual adaptability to reduce the attack range and increase the search efficiency. The linear transformation of
vectors is introduced into the search behavior, and the convergence efficiency is increased by the design of the
coefficient matrix. The aggregation circle is used to increase the ability of the algorithm to jump out of the local
optimum. Its ability of developing locally is enhanced with golden sinusoidal strategies which cite survival strategies.
The improved algorithm is tested by 12 basic test functions, and the superiority of the improved strategy is verified by
Wilcoxon rank sum detection, time complexity analysis, and Lyapunov stability analysis. Finally, the improved sand cat
swarm algorithm is used to optimize the SVM parameters and applied to bearing fault detection, which proves the
effectiveness of the algorithm in practical applications.

Keywords: sand cat swarm algorithm; Sine mapping; regional division; linear transformation; aggregation circle;
golden sinusoidal strategy; survival mechanisms
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3 WREMHE
3.1 BHKRE

REL VDA S (SCSO) b7 HE L (PSO). 7K
TREE (GWO). figifa 57k (WOA) 55 ek (7 4t e 55
1% (IMSCSO) AT L. B AR S B B oy M £l =
N = 30, 4E% dim = 30+ 5 KIERIREL tnax = 500. H
IREES R BN 3 s,

*®3 BHESHRE

LA HARSH
SCSO Sy =2
PSO C1=Cy=15W=0.7
GWO -
WOA b=1
IMSCSO Sy = 2,t1 = 100, t; = 200, t3 = 300,

ta = 400, tmx = 500

3.2 KRN B
K 124 FE A bR Bt AT R, ok Fy ~ F
NIRRT, Fy ~ Fio N2 WEREL AR R 2 AR (S

Bing 4R,

x4 MR
5 L SE 3, RILE
Fy Sphere function [—100, 100] 0
Fy Schwefel’s problem 2.22 [—10,10] 0
F3 Schwefel’s problem 1.2 [—100, 100] 0
Fy Schwefel’s problem 2.21 [—100, 100] 0
Fs Matyas function(20) [—10,10] 0

Fs Generalized Schwefel’s problem 2.26 [—500,500] —12569.5

Fy Generalized Rastrigin’s function  [—5.12,5.12] 0

3.3  Wilcoxon A0

Wilcoxon Tk FHAS 46 /& — Pl AE S 0 B AR XUFE A ¢
L5615 77 ¥ T LA I - L AN AT 4
4 2 TA) 22 e M. AR S H] N Wilcoxon Fk A 56 DA
RS VA R S S A 4 M EE R T A A B
2 e AN T 30 RSB H R p(E
HEATEEX 00T p < 0.05 R BB A2 2 (0] B B 3
78 S, N/A RO TSR 45 AR I J8 e 5% 5 008 mT i,
TEREF; ~ Fy ¥, IMSCSO 5 SCSO P REFH 2. 7E B
# Fs #, IMSCSO 5 PSO PEREAH 4. H AR p{EII /DN
T0.05, 2 BH ok J5 (0 v A R Sk B A T AR )

4
HE.
=5 BRI
PR SCSO PSO GWO WOA
F 12le-12  4.57e-12  12le-12  12le-12
Fy 3.02¢-11  3.02e-11  3.02e-11  3.02e-11
F3 3.00e-11  3.00e-11  3.00e-11  3.00e-11
F, 5.57e-10  522e-09  5.57e-10  5.57¢-10
Fy 1.21e-12 N/A 121e-12  1.2le-12
Fs 3.02e-11  3.02e-11  3.02e-11  3.02e-11
Fr N/A 121e-12 45212 1.21e-12
Fg N/A 452e-12  1.03e-12  1.2le-12
Fy N/A 457e-12  6.62¢-04  5.36e-06
Fio 1.10e-06 6.7¢-03 3.99¢-04  3.99e-04
Fi1 8.29¢-06 6.7¢-03 7.60e-07  3.99e-04
Fis 3.99e-04  5.69e-05  2.03e-09  3.99e-04
+/=/— 9/3/0 11/1/0 12/0/0 12/0/0
P RN
34 EZEMtEsehik

BEAS DI B0 B0 9 BEAT 50 O AL IE B, Il A

" aoesfmton a0 R 6 FiR. EWREH Py ~ Fy b, Sl s v
Fy  Generalized Griewank’s function ~ [—600, 600] 0 _— R N, N w
Fr Shekels family1 [0.10] _10 SR SR MR R S RE UM . fE 5
Py Shekels family2 [0.100  —10 A SRR EE o, S fE Vb R S A A R e I AN
Fia Shekel’s family3 [0, 10] —10 i%i‘fiﬁﬁ%ﬁﬁﬁ%ﬁﬁt%
*6 LWHER
IMSCSO SCSO PSO GWO WOA
HEUT S
mean sd mean sd mean sd mean sd mean sd

F 0.00e+00 0.00e+00  7.93e-98  5.55e-87  6.40e-02  3.76e-02  1.23e-29 1.59¢-27 1.30e-19  2.24e-19

Fy 1.05e-161 9.69e-162  5.02e-49 3.50e-48 7.63e-01 3.21e-01 1.19¢-16 1.19¢-16 3.30e-13 2.62e-13

Fs 4.16e-321 0.00e+00 5.17e-61 3.62e-60 1.73e-01 1.14e-01 1.10e-05 2.39¢-05 7.25e-03 2.87e-02

Fy 5.51e-163 0.00et00  7.42e-30  5.14e-29  3.38¢-01  2.16e-01  7.42¢-07 7.96e-09 2.04e-04 1.99¢-04

Fs 0.00e+00 0.00e+00  5.66e-220  0.00e+00  3.68e-31 1.83e-30  1.96e-101  1.15¢-100  5.4e-115  3.18e-114

Fg —12569.413  1.00e-01 —6.50e+03 9.34e+02 —5.27¢+03 1.47e+03 —5.89¢+03 1.04et03 —6.90e+03 5.75e+02

F7 0.00e+00 0.00et00  0.00e+00  0.00e+00  1.24e+02  2.99e+01  2.54e+00  3.48e+00  5.15¢+00  5.53e+00

Fy 4.44e-16 0.00e+00 4.44e-16  0.00e+00  3.24e-01 1.50e-01 1.01e-13 2.12e-14 4.02e+00  8.04e+00

Fy 0.00e+00 0.00e+00  0.00et00  0.00e+00  3.76e-03  2.91e-03  4.58¢-03 7.96e-03 1.31e-02 1.60e-02

Fio —1.015e+01  9.11e-03  —5.52e+00 2.11e+00 —8.53¢+00 3.47e+00 —9.20e+00 2.04et00 —6.73e+00 3.34e+00

Fi1 —1.04e+01  3.94e-02 —5.77¢+00 2.18e+00 —6.26e+00 3.24¢+00 —1.02e+01 1.04e+00 —6.66e+00 3.03e+00

Fio —1.05e+00 8.3e-03  —6.0le+00 2.83e+00 —5.39¢+00 2.91e+00 —1.0le+01 1.86e+00 —6.13e+00 2.77e+00
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