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Study on Multi-strategy Improved Salp Swarm Algorithm for Path Planning Problem

ZHAO Hongwei, DONG Changlin. DING Bingru, CHAI Hailong and PAN Zhiwei

School of Information Engineering,Shenyang University, Shenyang 110044, China

Abstract Aiming at the problem of finding the optimal path for mobile robots,a salp swarm algorithm BAGSSA (adaptive salp
swarm algorithm with scale-free of BA network and golden sine algorithm) combining scale-free network,adaptive inertia weight
and golden sine algorithm mutation strategy is proposed. First,a scale-free topology network is generated to map the relationship
of followers,so as to enhance the global optimization ability of the algorithm;and the adaptive inertia weight is introduced in the
followers to form a spontaneous adjustment to the overall distribution of the population and enhance the ability of local optimiza-
tion. The variation of the golden sine algorithm is selected to further improve the accuracy of the solution. Secondly, through the
simulation solution of 12 benchmark functions,experimental data show that the average value, standard deviation, Wilcoxon test
and convergence curve are better than that ofthe standard SSA and other swarm intelligence algorithms. The proposed algorithm-
has higher optimization accuracy and convergence speed. Finally, BAGSSA is applied to the path planning problem of mobile ro-
bots,and simulation experiments are carried out in two test environments. Simulation results show that the improved salp swarm
algorithm is better than other algorithms in finding the path,and has certain theoretical and practical application value.

Keywords Salp swarm algorithm,Scale-free network, Self-adaption weighty,Golden sine algorithm,Route planning
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Table 2 Simulation results of single strategy
# # &R BAGSSA SSA BSSA ASSA GSSA
Mean 0 1.940x 10* 4.054x 10 112 4.207x101° 1.110x10 %7
F Std 0 3.690x10* 4.678x 10 11? 5.065x10 1° 8.600x10 %8
p-value NaN 1.210x10 "2 1.210x10" '? 1.210x10" "2 1.210x10" "%
Mean 0 1.750x10 ¢ 8.645x10 106 5.345x10 1° 3.070X10 %
Fy Std 0 3.940x10 10 3.704x10 1% 1.084%x10 17 5.930x10 %
p-value NaN 1.210x10 "2 1.210x10" "? 1.210x10" "? 1.210x10" "?
Mean 2.990x10 14 1.310% 10" 2.549x10 1% 4.425x10 1.580x10 *
Fy Std 7.540x10 10 4.280%10% 5.674x10 108 2.508x10 6 4.650x10 M
p-value NaN 4.010x10" 1 4.010x10" 1 4.010x10" 1 4.010x10" 1
Mean 4.012x10 11 7.520X10% 6.909x10 108 1.000x10 1 1.020x10 8
Fy Std 4.345x10 11° 3.520X10% 4.375x10 1% 3.540x10 6 1.730%x10 ¢
p-value NaN 4.010x10" 1 4.010x10" 1 4.010x10" 1 4.010x10" 1
Mean 9.671x10 13 7.020X10° 9.008x10 10 5.212x10 1.910x10 28
F; Std 4.009x 10 138 2.070x10° 7.031x10 1% 6.893x10 6 1.130x10 28
p-value NaN 4.010x10" 1 4.010x10" 1 4.010x10" 1 4.010x10" 1
Mean 0 1.780 0 5.211x10° ! 1.700%X10°
Fg Std 0 5.260x10 ! 0 3.785x10 ! 2.109x 10!
p-value NaN 1.210x10 "2 NaN 1.210x10 "2 1.210x10 "2
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Table 3 Simulation experiment result comparison of improved algorithms
& Ed SSA CASSA PSO MSNSSA DE BAGSSA
Mean 6.013x10 "’ 1.620x10 7° 8.939 4.600x10 % 2.629%10* 0
Fy Std 1.317x10"° 2.015x 10 % 2. 881 2.790x 10 % 2.292x10° 0
P 1.320%x10 ! 1.320%x10 ! 1.320%x10 ! 1.320%x10 ' 1.967x10 10 NaN
Mean 1.302x10 ! 2.650x10 % 2.577 8.236x10 % 2.910x10° 0
Fy Std 2.732x107 ! 1.020x10 % 2.569 5.032x 10 % 1.487%10° 0
P 1.320%x10 ! 1.320x10 ! 1.320%x10 ! 1.320%x10 ! 1.320%x10 ' NaN
Mean 6.199x10 ° 7.056x10 % 9.695 1.454x10 V7 2.741x10* 3.365x10
Fy Std 1.344x10°° 2.170x 10 % 2.976 2.323x 10 1 2.410x10° 1.367x10 110
P 7.545% 10! 4.010x10 ! 4.010x10 ! 4.010x10 ! 4.010x10 ! NaN
Mean 1.830x10 2 3.465x10 ' 3.280x10 2 6.15610 %6 1.975X10 9.364x10 °
F, Std 6.607x10° 3.565x10 ' 1.096x10 2 8.156x 10 % 4.434 8.957x 10 11°
P 4.010x10 ! 4.010x10 ! 4.010x10 ! 4.010x10 ! 4.010x10 ! NaN
Mean 8.554 <10 ! 1.563x10 % 1.870 2.566x10 %2 2.112x10° 4.636x10 1%
Fs Std 8.929x 107! 8.415x 10 % 1.203 5.415Xx 10 % 7.586%10° 9.364x 10 1%
P 6.627x10 ! 4.010x10 ! 4.010x10 ! 4.010x10 ! 4.010x10 ! NaN
Mean 9.723x10 ° 0 1.084 0 2.375%10° 0
Fg Std 1.13610 2 0 2.449X 1072 0 2.071X10 0
P 1.967x10 10 NaN 1.967x10 !0 NaN 1.967x10 !0 NaN
Mean 2.448% 10 ¢ 7.126 1.703 5.152 2.021%108 4.398
Fy Std 5.117x10° 3.145x 107! 7555107} 3.207x107! 1.610%x107 2.333x107!
P 1.884x10° 2.021x10 ! 2.021x10 ! NaN 2.021x10 ! 1.236x10 !
Mean 1.129 X 10 8.268x10 16 6.327 6.256x10 ! 5.186 10 8.777x10 16
Fg Std 6.673 0 1.932 5.156 6.176 0
P 1.320%x10 ! NaN 1.320%x10 ! 1.320%x10 ! 1.320%x10 ' NaN
Mean 2.000X10 5.326x10 ** 5.326x10 ** 6.229x10 ' 5.326x10 ** 5.326x10 **
Fy Std 3.858 X107 ° 3.365x 10 % 1.722x10" 4 6.325x10 ¢ 9.893x10 2 7.964x 10 %
P 4.010x10 ! NaN NaN 4.010x10 ! NaN NaN
Mean 5.912x10° 0 2.708x10° 0 1.006x10° 0
Fio Std 6.938X10° 0 3.264x10° 0 3.403X10° 0
P 1.967x10 16 NaN 1.967x10 16 NaN 1.967x10 16 NaN
Mean 3.138x10° 6.325 9.158x 107 3.701X10 5.625%10° 0
Fi Std 3.168x 107 6.364 4.152 X 10% 7.369X10 1.087 X107 0
P 2.804x10 6 4.236X10 * 2.804x10 6 2.804x10 6 2.804x10 6 NaN
Mean 1.988 0 3.502 0 1.033X10 0
Fip Std 9.593x10 ! 0 1.571 0 3.369x10 ! 0
» 8.738x10° NaN 1.138x10° 1* NaN 1.138x10 1° NaN
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Fig. 2 Convergence curve comparison with different test functions
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Table 4 Comparison of experimental data of 6 algorithms in different environments

AR 5 A% SSA CASSA MSNSSA PSO DE BAGSSA
TR KE 27.6788 28.0234 27.6785 28.1256 27.6788 26.0532

A1 FHEEKE 29.3652 29.9653 29.5426 29.6788 30. 9854 26,3653
i /s 1.9562 1.9125 1.8451 1.8256 1.8640 1.0680

i8R K E 45,3651 46.3251 46.3310 44,6464 45.3198 43.3214

I 2 FHEEKE 50.2545 49.0214 51.3232 49.524 4 50. 3652 44,3254
B JE] /s 3.0696 2.8547 2.9241 3.1552 3.6521 2.0474
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Fig. 4 Comparison of planning paths of different algorithms
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