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Abstract
To address the problems of long path planning time, non-optimal path and slow convergence
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speed, and easy to fall into local optimal solutions in the basic sparrow search algorithm (SSA), a
SSA based on Cubic mapping and sine cosine search strategy is proposed. First, based on the spar-
row search algorithm, Cubic chaotic mapping is introduced to speed up information exchange be-
tween populations and improve species diversity. Initialization strategy for the sparrow popula-
tion, which accelerates the information exchange between populations and improves the species
diversity; Then the sine cosine search strategy is applied to update the discoverer position, which
effectively reduces the probability of generating a local optimum and speeds up the convergence;
Finally, the simulation experiments are conducted to compare the algorithm of multi-strategy fu-
sion and the algorithm of single strategy by six benchmark test functions. The results show that
the multi-strategy improved algorithm has significantly improved the search capability, decreased
iterations, improved convergence accuracy and it has higher real-time and stability.
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AR, IR R EEZE AT, HTZ R T & T A A =808, 75 Mo sbr TR H
IATCAL o] N I o B, ki T BRI AL (Particle Swarm Optimization, PSO)53k[1]. L HIL[2]. WL
1k (Ant Colony Optimization, ACO)5.i%[3], At LR REIL[4]. H A REIE[5]. A gtk (Artificial
Bee Colony, ABC)H1:[6]%% . k7 1% 2 (Sparrow Search Algorithm, SSA)Li%:[7]7& i1 Xue %5 A 2020 FE42H!
B — M I BFER AR AL 7VE, SSA SRR IBR 72 B8 £ AR OR BURAT R B ALY, 23k B B 1)
B, (HIEMUST AR, FOHAMBEAR BESVE—FE, TEMRULSERR TAERAL IR BRI, BIas R
BENLYE S M A RRIE B4 X 35), Rl RIGERe R, B0 AU B . S ubihie, A FE 538 fRE
MR EIVEAT 7 k8] [9] [10] [11] [12].
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Figure 1. Cubic chaotic sequence simulation distribution
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Figure 2. CSSSA flow chart
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4. (TR EERIH
4.1 {HESCHIFE
NTRAE SEB 5 I PR AT R RIS AE RGN Windows10 HfE R LR 64 (i, SEB

SERRTIF R IAEEN MATLAB 2018b, S ALIEE 244+ Intel(R) Core(TM) i5-10400 CPU @ 2.90GHz, iZ17 W
15 8G.

4.2, LEBMRMEHILE

N T BE A SR A R s AR SCE I 7 AN IR pR ORI SO 5% 5 SSA 5% . GWO Fik.
PSO BLiFRXFLL, Tl 4 NNRIEREL, Ja 3 MAZ RS, BN RS S WmE 1 Pos. A%
IREORREEECR Y 30, IAAIKHECN 1000, AE[AI4EEDN 30, HERSHEBEWME 2 frn. 2nlgit & 5%
Wil ~FME. 7 ZE RIS R DT bR, R EHrERIARTILRE ). 4 WiHEbR AR 5%
MIFLRE S FOCEEE AR . VRIS L skeie 45 R W& 3.

Table 1. Benchmark function test table

1 EERBNKE

Fg B4 YLy X i) e
f, F(x)= Zn:xf 30 [-100, 100] 0
f, F,(x)= anlxil +f[|Xi| 30 [-10, 10] 0
f, F(x)= Zﬂl[i]’q] 30 [-100, 100] 0
f, F,(x) = max{|x|,1<i<n} 30 [-100, 100] 0

1 1 2 D X
f, F(x) _m;(xi) —]:[cos(ﬁ] +1 30 [-600, 600] 0
fs Fs () =—20exp {0.2 /Zn:(xi ) } —exp {Zn: cos(2mx, )i| +20+e 30 [-100, 100] 0
f, F, (x) = (X ~10cos(2nx, ) +10) 30 [512512] O

i=1

Table 2. The parameter settings for each algorithm

2. BEENESHIRE

Sk ZHRE

SSA PD=0.7, SD=0.2, ST=06

SSSA PD=0.7, SD=0.2, ST=06
CSSSA PD=0.7, SD=0.2, ST=06

GWO a M 2 3%9%F] 0

PSO C,=C,=1, w=03
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Table 3. Algorithm optimization compares experimental results
%3 EEMUITE IR

PR CAPS it M N BATITA]
SSA 0 0 0 0.730337
SSSA 0 0 0 2.729055
F1 CSSSA 0 0 0 0.331297
GWO 3.25E-61 7.06E—59 1.49E-58 0.730337
PSO 2.73E-17 6.65E—12 3.16E-11 0.068184
SSA 0 5.64E-290 0 0.708496
SSSA 0 0 0 2.837528
F2 CSSSA 0 0 0 0.337507
GWO 6.67E-36 9.30E-35 9.11E-35 0.708496
PSO 1.07E-07 0.001926 0.005565 0.068286
SSA 0 6.55E—205 0 1.114254
SSSA 0 3.92E-317 0 4.552729
F3 CSSSA 0 0 0 0.536326
GWO 1.37E-20 6.64E-16 1.47E-15 1.114254
PSO 0.355402 2.999262 2.196039 0.274216
SSA 0 2.19E-180 0 0.699407
SSSA 0 1.72E-169 0 2.713909
F4 CSSSA 0 0 0 0.33663
GWO 2.05E-16 1.01E-14 1.69E-14 0.699407
PSO 0.102354 0.450567 0.193799 0.067621
SSA 0 0 0 0.774075
SSSA 0 0 0 3.015265
F5 CSSSA 0 0 0 0.364194
GWO 0 0.001272 0.004877 0.774075
PSO 0 0.009108 0.010698 0.098076
SSA 8.88E—-16 8.88E-16 0 0.741164
SSSA 8.88E-16 8.88E-16 0 2.890346
F6 CSSSA 8.88E-16 8.88E-16 0 0.346387
GWO 20.60683 20.8176 0.102596 0.741164
PSO 1.501747 18.15033 5.459149 0.100515
SSA 0 0 0 0.741869
SSSA 0 0 0 2.823418
F7 CSSSA 0 0 0 0.348516
GWO 0 0 0 0.741869
PSO 9.949591 20.09817 4.863061 0.08366
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Figure 3. Optimization test results of different algorithms
3. FEEZENFRNAER

M3 DUt AN ) PRS2 14 D R K (e St 2k B e, AT SK O B0 R R FL A P IS ZR B, R
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