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Abstract: In order to overcome the shortcomings of the development capability of the standard sand
cat swarm optimization algorithm and avoid its tendency to fall into local optima, this paper proposes
an improved sand cat swarm optimization algorithm (MSISCSO) that integrates multiple strategies.
Firstly, use Sin Tent Cos chaotic mapping to initialize the initial individuals of the sand cat
population and increase the diversity of the initial population; Secondly, the first stage global
development strategy of the Raccoon Optimization Algorithm is introduced to update the position
of the sand cat, enhancing its convergence speed during the development stage; Furthermore,
introducing a crossover strategy instead of the position update formula during the exploration phase
of the sand cat group enhances its ability to escape from local optima; Finally, the sand cat group is
subjected to adaptive t-distribution perturbation to further enhance its global exploration ability.
Comparative tests were conducted on six test functions using MSISCSO and five other algorithms,
and the results showed that the MSISCSO algorithm had faster convergence speed and accuracy on
all six test functions. Finally, the MSISCSO algorithm was applied to solve spring design problems,
demonstrating that the improved algorithm can solve complex engineering optimization problems.

Key words: Sand cat swarm optimization algorithm; Chaotic mapping; Vertical and horizontal
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Fig. 1 MSISCSO algorithm
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Z1 Wi /155
Tab. 1 Test function information
B B4 BREE e &AiRE
F1 Sphere [-100,100] 30 0
F2 Schwefel2.22 [-10,10] 30 0
F3 Schwefel2.21 [-100,100] 30 0
F4 Rastrigin [-5.12,5.12] 30 0
F5 Ackley [-32,32] 30 0
F6 Shekel 5-m [0,10] 4 -10.15
3.2 PRLE R
72 FEIEM G R
Tab. 2 Test results of various algorithms
B3k b1 MSISCSO SCSO PSO GWO DBO RIME
FEE |0 7.27e-111 | 0.0045 2.44e-27 1.00e-109 | 2.038
F1 FrEZ | 0 3.98¢-110 | 0.0033 4.60e-27 5.31e-109 | 0.660
w&IE | 0 4.88¢-125 | 2.15e-04 5.25e-29 4.78e-155 | 0.8639
FEE |0 7.49e-60 1.6912 9.93e-17 3.05e-54 1.2246
F2 PREZE | 0 3.74e-59 4.6071 5.94e-17 1.67e-53 0.6984
wEE | 0 3.12e-65 0.0031 1.70e-17 2.08e-82 0.4611
FEE |0 4.79e-50 7.2961 7.53e-07 2.11e-56 7.1399
F3 FREZE | O 1.45e-49 1.5855 7.50e-07 1.13e-55 2.5275
RUEE | 0 3.43e-55 4.0306 7.77e-08 4.44e-83 3.5173
FEE |0 0 61.4946 2.0916 0.9291 65.5334
F4 FREZE | O 0 19.8688 2.9257 3.9801 12.5956
wEE | 0 0 25.9063 0 0 44.9419
5 WHIE | 8.88e-16 8.88e-16 0.5747 1.0le-13 8.88¢-16 2.2750
PEZ |0 0 0.5553 1.82e-14 0 0.4952
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R biztan MSISCSO SCSO PSO GWO DBO RIME
wILE | 8.88e-16 8.88e-16 0.0096 7.55e-14 8.88e-16 1.2907
EIE | -10.1532 -5.1003 -6.0510 -9.0577 -6.8525 -7.2887
F6 FRUEZE | 6.33e-15 1.6724 3.1174 2.2623 2.5912 2.7906
wIEE | -10.1532 -10.1531 -10.1531 -10.1530 -10.1532 -10.1532
K12 S SSi h 28

Fig. 2 Convergence curves of various algorithms
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A, MSISCSO 7] PAPu# 47 4 Jey s &, 72 FEEAUE 1, MSISCSO 7 PABk
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X =[x, %5, %3], f(X) = (1 + 2)x,x3°

1 _ x23x1
s.t.g1(X) =1 T1re5xt =
_ 4.X'22—xe3 1 _
92 (X) T 12566(xpx33—x3%) + 5108x32 1=0 (15)
_ 4 _ 140.45x3
g3(X) - 1 xlxzz S 0
g (X)) =2 —1<0

1.5
2 <x, <150.25<x, < 1.3,0.05 < x; <2

A4 M et JE i) MSISCSO Hivk, SCSO #42:, PSO #.3%, GWO Hidk,
DBO %%, RIME 8Lz ) @A T SR i, 3 S T S ANFVE 0 s i UA
Je X N B A AE AN HE 4

23 BB v RS
Tab. 3 Ranking of Algorithm for Spring Design Problems
"k X1 X2 X3 f P

MSISCSO 11.216598 0.357958 0.051741 0.012665 1
SCSO 14.029540 0.317416 0.050000 0.012720 4
PSO 9.162187 0.399485 0.053409 0.012720 5
GWO 9.063138 0.402261 0.053519 0.012747 6
DBO 13.204733 0.328037 0.050472 0.012706 3
RIME 11.313613 0.356575 0.051700 0.012689 2

M3 ] LU ) MSISCSO SiAMR T H ek, nl LR BEUE, &Y
AP ) MSISCSO S igaxd 152 2% 1) AR A 1]t T ABEAT PR v ROK
fii.

SE51E

B AL G VD S EEARAL B EAFAE W SSGH FE 1S, 25 55 BN JR 30 e 10 45 [l R, AR
XHEH T — A 2 R SRS ) ot v s BRI A SRV (MSISCSO). B 4, il Sin-
Tent-Cos VR IH WL I S50 I RE ML) 26 AL 38 = v D A W0 aa e 0 2 1 IR,
FINBE BT S 5E — B B i 4 R 48 R SRS s v b i & R R Be 05 F5, 18
I 51 NG AE SR i ok SR S5 25 2 B N SR s A 1 e 8L B i, Ty A e 4
AT BIERL ¢ A Pal, #E— D insEvb A i fE R R 68 7. A5 F AR ek Ok it
Ja VPR AL BIE BT IR, IR 5 5 IR BRI T XS L, it B 3R i
SOV AR AL B A S B AL RE, RIS 38 o SRS e 1) R AIE R B
PEH VLT DU T e & 2 1) TRE S F 1), 25 SRR B, 2 SR ms Sast i v A
A E L B BRI 4RI R B IRIRZRRE J1, RIS XT840 LRELAL 1) @
WA BT GG
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