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Abstract ;

the tendency to get stuck in local optima in the Sea-horse Optimizer.

This paper addresses the issues of low convergence accuracy, imbalance between global and local search, and

An Improved Sea-horse Optimizer based on a

hybrid strategy, denoted as ISHO, is proposed. Firstly, the search characteristics of the Grey Wolf Optimizer are
integrated to improve the movement behavior of the SHO, enabling more effective global and local searches within the
search space. Then, an elitism and reverse learning strategy is incorporated to refine the search process and enhance
convergence accuracy. Finally, adjustments are made to the parameters of the predation phase of the SHO to give it
stronger adaptability, avoiding premature convergence to local optima. The ISHO is compared with six other intelligent
optimization algorithms on eight test functions. Experimental results show that the proposed algorithm has better
convergence speed, accuracy, and stability compared to the other algorithms. Applying the improved seahorse

optimization algorithm to solve engineering constraint problems further proves the practicality of the improved

algorithm.
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Table 2 Comparison of test results

PR 5K Bk RRESL(EN P o 2% wILE
GWO 1.103 510~ 1.553 310 1.557 610
PSO 2.6819 1.223 4 5.347 9
WOA 9.356 4X10 " 3.453 2X10 " 5.173 3X10° "
F1 RUN 4.794X10°'% 0 5.008 810 '
SHO 6.898 710 " 3.484 9X10 ' 2.255 5X10 "
TESHO 0 0 0
ISHO 0 0 0
GWO 1.313 9x10° " 8.492 510" 3.187 8X10 "
PSO 4.274 3 0.9493 7 4.680 1
WOA 5.578 3X10 1.767 41077 2.234 3X10 ™
F2 RUN 1.038 1X10 ™ 5.335 4X10 " 9.770 4101
SHO 5.532 2X10 7 1.676 1X10 7 3.005 8X10*
TESHO 1.156 7107 0 2.622 7X10° "7
ISHO 1.141 3X107*"" 0 0
GWO 1.751 9X10°° 3.675 7X10 ° 1.204 1X10°°
PSO 187. 705 38.527 6 162.571 3
WOA 43 749.909 8 18 316. 905 3 35 822. 655 7
F3 RUN 4. 816 210 " 2.554 1X10 ' 1.027 910 "
SHO 2.391 3X10°° 1.222 11077 2.009 4X10"
TESHO 0 0 0
ISHO 1.022 7X107*" 0 0
GWO 8.507 X107 1.087 3X10 ° 7.180 1X1077
PSO 1.944 6 2.726 6X10 " 1.941 1
WOA 48.023 30.348 9 64.733 2
F4 RUN 2.186 2x10 " 1.062 9X10° 7 2.366 310 %
SHO 1.685 7X10° " 6.077 110" 3.224 8X10° 7
TESHO 6.127 310 ' 0 1.818 7x10 """
ISHO 3.238 8X107Y 0 8.367 9X 107
GWO 1.739 8X10°° 1.037 6X10°° 2.053 1X10°°
PSO 20.145 8 13.961 4 25.314 2
WOA 4.039 7X10°° 4.589 4X10°° 4.362 8X10°
F5 RUN 2.783 7X10 " 2.770 7X10° 3.168X10 "
SHO 1.204 10" 9.767 7X107° 4. 860 1X107°
TESHO 1.158 2X10" 1.760 410~ 4.018 5X10°°
ISHO 4.047 5X10°° 4.3542X10°° 1.3132X107°
GWO 4. 441 4 3.407 3 7.154 1
PSO 174.502 9 28. 810 2 175.289 7
WOA 3.789 610 " 2.075 6X10 " 0
F6 RUN 0 0 0
SHO 0 0 0
TESHO 0 0 0
ISHO 0 0 0
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Fig.3 Convergence curves of different algorithms
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Table 3 Wilcoxon rank sum test results

FE  ISHO vs GWO  ISHO vs PSO  ISHO vs WOA  ISHO vs RUN  ISHO vs SHO  ISHO vs TESHO

FI P 6.3864X10°  6.3864X10 "  6.386 4X10 °  6.3864X10 °  6.3864X10 ° NaN
S 1 1 1 1 1 0

F2 P  6.3864X10°  6.3864X10 °  6.3864X10°  6.3864X10 °  6.386 4X10° 6.386 4X10°°
S 1 1 1 1 1 1

F3 P 6.3864X10°  6.3864X10 °  6.3864X10 °  6.3864X10 "  6.386 4X10 ° NaN
S 1 1 1 1 1 0

F4 P 6.3864X10 7  6.3864X10 °  6.3864X10 °  6.3864X10 "  6.386 4X10 ° 6.386 4X10°
S 1 1 1 1 1 1

F5 P 1.8267X10 " 18 26710 2.461 3X10 18 26710 " 0.017 3 0.427 4
S 1 1 1 1 1 0

F6 P 6.2944X10 "  6.3864X10° NaN NaN NaN NaN
S 1 1 0 0 0 0

F7 P  6.3403X10°°  6.386 4X10°° 0.005 7 NaN 1.593 8X10°° NaN
S 1 1 1 0 1 0

F8 P 0.077 9 6.386 410 ° 0.368 1 NaN NaN NaN
S 0 1 0 0 0 0
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% 4 SHO.CSHO.PSHO.WSHO.ISHO S & R L&
Table 4 Comparison of optimization results for SHO, CSHO, PSHO, WSHO and ISHO

PR Bk Bk FHE bRt 2 = RAH
SHO 5.201 910 ' 1. 624 510" 7.807 510"
eSHO 0 0 0
F1 pSHO 1.435 3X10 ** 0 5.780 2X10
wSHO 1.237 §X10 ™ 0 6.098 7X10*"
ISHO 0 0 0
SHO 4.241 7X10° ™ 7.889 5X10° "™ 3.773 5X10°
eSHO 1.164x 107" 0 2.384 8X10 "
F2 pSHO 8.670 310 2.643 5X10 ' 1. 626 810 '*
wSHO 2.192 1X10 " 6.931 310" 3.065 7X10 "
ISHO 0 0 0
SHO 4.175 2X10” 1. 046 510 * 7.396 7X10 "
eSHO 1.661 4X10 % 0 4.602X10°"
F3 pSHO 3.346 810 % 1.058 3x10° " 2.541 610"
wSHO 1.615 610 5.109 1X10 " 3.231 3X10 ™
ISHO 1.701 7X107>" 0 1.096 8 X107
SHO 6.779 210~ 2.088 1X10°7 1.532 6 X107
eSHO 2.390 9X10°'" 0 2.447 3107
F4 pSHO 4.718 1X10°® 1.155 910 * 1.733X10°"
wSHO 7.570 6X10 ¥ 1.708 X101 9.391 810 "
ISHO 8.193 5X107* 0 2.523 8X107**
SHO 1.430 3x10 " 1.040 3Xx10 " 6.871 5X10°°
eSHO 5.3352X10°° 2.933 7X10°° 7.457 4X10°°
F5 pSHO 1.000 5X10 " 7.366 §X10°° 1.278 2X10°°
wSHO 4.995 7X10°° 4.930 5X10°° 1.861 510"
ISHO 3.6533X10°° 2.9529X10°° 1.259 69X107°
SHO 0 0 0
eSHO 0 0 0
F6 pSHO 0 0 0
wSHO 0 0 0
ISHO 0 0 0
SHO 3.996 810" 0 3.996 8X10° "
eSHO 4.440 9X107" 0 4.440 9X107"
F7 pSHO 4.440 9X 107" 0 4.440 9X107"
wSHO 4.440 9X107" 0 4.440 9X107"
ISHO 4.440 9X107' 0 4.440 9X107"
SHO 0 0 0
eSHO 0 0 0
F8 pSHO 0 0 0
wSHO 0 0 0
ISHO 0 0 0
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Fig.4 Convergence curves of test functions for SHO, eSHO, pSHO, wSHO, and ISHO
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Table 5 Optimization results of each algorithm for the tension/compression spring design problem

. BT o

Bk 7 D N T B
GWO 0.055 6 0.467 5 6.408 7 0.012 550

PSO 0.053 4 0.345 9 13.589 7 0.013 650
WOA 0.052 3 0.379 5 11.073 9 0.012 681
RUN 0.051 9 0. 348 6 10. 458 9 0.011 586
SHO 0.052 1 0.345 7 10. 654 4 0.011 873
TESHO 0.043 8 0.256 9 9.758 2 0.010 956
ISHO 0.037 4 0.207 1 8.589 2 0. 009 854

4 % it oo \
[5] i%ﬁqt{ﬁﬁ. — FPIR A IE A 5% B 9 B i IR M
S figp DR g B DG AR A W SRS JEE IR L B B AR 3 e AL 45 wr[J] AL TR R AR, 2024, 47(2): 138-145.
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