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An improved sine cosine optimization algorithm with

self-learning strategy and Lévy flight
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(School of Aeronautics Engineering, Air Force Engineering University, Xi’an 710038,P.R.China)

Abstract: In order to improve the performance of sine cosine algorithm (SCA) with poor local search
ability, an sine cosine optimization algorithm with self-learning strategy and Lévy flight (SCASL) was
proposed. Firstly, the self-learning strategy and nonlinear weight factor of sine cosine algorithm was
proposed, so that the search individual could remember its historical optimal position, which guided the
individual to update its location in the optimization process, thus improving the local search ability of
SCA. When the search was stagnant, the stagnation perturbation strategy based on Lévy flight was adopted
to jump out of local optimum so as to improve the local optimum avoidance ability. Based on 13 classic
benchmark functions, the numerical simulation was conducted and the results show that SCASL has higher
computational efficiency, convergence accuracy and stronger local optimum avoidance ability compared with

standard SCA and other state-of-the-art optimization algorithms such as SSA.,VCS, WOA and GSA. The
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simulation results of unmanned combat aircraft flight path plan show that for the battlefield environment
with six enemy threat sources, SCASL can stably obtain less expensive flight path than the standard
SCA.Therefore, the proposed SCASL has better optimization performance.
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Table 1 Thirteen benchmark functions used in the experiment

bR K 44 ER A &R '] 81 4 B (D) R 2 Jry B A i
Sphere F1 30 [—100,100] 0
Schwefel2.22 F2 30 [—10,10] 0
Schwefell.2 F3 30 [—100,100] 0
Schwefel2.21 F4 30 [—100,100] 0
Rosenbrock F5 30 [—30,30] 0
Sterp F6 30 [—100,100] 0
Quartic F7 30 [—1.28,1.28] 0

Schwefel2.26 F8 30 [—500,500] —418.9829D
Rastrigin F9 30 [—5.12,5.12] 0
Ackley F10 30 [—32,32] 0
Griewank F11 30 [—600,600] 0
Penalized F12 30 [—50,50] 0
Penalized?2 F13 30 [—50,50] 0
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Table 2 Experimental results based on classical test functions

i B L WE R

oR E i 2 ] SCASL SCA SSA VCS WOA GSA

Mean 0.00E+00 2.01E+01 1.33E—07 4.62E— 269 3.91E—73 4.51E—02

F1 (SD) (0.00E400)  (3.65E4+01)  (1.29E—07)  (0.00E+00)  (1.78E—72)  (2.10E—0D)
R NaN — — — — —

Mean 0.00E+00 3.52E—02 2.62E400 1.08E—136 1.82E—50 2.38E—02

F2 (SD) (0.00E+00)  (4.07E—02)  (1.83E+00)  (4.16E—136)  (9.48E—50)  (8.41E—02)
R NaN — — — — -

Mean 0.00E+00 8.29E+403 1.43E+03 1.50E—257 4.60E+04 9.99E+02

F3 (SD) (0.00E4+00)  (5.87E403)  (8.82E4+02)  (0.00E+00)  (1.31E-+04)  (3.48E+02)
R NaN — — — — —

Mean 0.00E+00 3.61E401 1.18E+01 8.36E—134 4.44E+01 7.10E400

F4 (SD) (0.00E+00)  (L.I9E401)  (3.62E+00)  (4.57E—133)  (2.83E+01)  (2.29E400)
R NaN — — — — —

Mean 6.39E—02 1.47E-+05 2.74E+02 2.39E4-01 2.80E+01 4.39E+01

Fs (SD) (3.44E—02)  (6.14E405)  (3.19E+02)  (7.73E—01)  (4.63E—01)  (3.11E40D)
R NaN — — — — —

Mean 2.49E—04 1.40E+01 2.11E—07 6.75E—06 4.84E—01 2.55E—16

F6 (SD) (4.37E—04)  (1.32E4+01)  (2.05E—07)  (1.89E—05)  (2.51E—01)  (1.04E—16)
R NaN — + + — +

Mean 2.66E—04 9.37E—02 1.87E—01 2.66E—04 2.54E—03 7.69E—02

F7 (SD) (2.76E—04)  (7.42E—02)  (9.62E—02)  (1.83E—04)  (3.29E—03)  (2.84E—02)
R NaN — — — _ _

Mean —1.26E4+04  —3.78E403  —7.57E+03  —1.08E+04  —1.05E4+04  —2.50E+03

F8 (SD) (2.41E400)  (3.04E402)  (7.71E402)  (5.64E+02)  (2.04E+03)  (4.73E+02)
R NaN — — — — —

Mean 0.00E+00 4.38E+01 6.11E401 0.00E+00 1.89E—15 2.99E+01

F9 (SD) (0.00E+00)  (3.17E4+01)  (1.82E+01)  (0.00E4+00)  (1.04E—14)  (6.19E+00)
R NaN — — = = —

Mean 8.88E—16 1.50E+01 2.73E400 8.88E—16 4.20E—15 4.63E—02

F10 (SD) (0.00E400)  (8.59E400)  (6.61E—01)  (0.00E+00)  (2.79E—15)  (2.54E—00D)
R NaN — — — _ _

Mean 0.00E+00 9.86E—01 1.73E—02 0.00E+00 1.17E—02 2.69E+01

F11 (SD) (0.00E+00)  (4.44E—01)  (1.09E—02)  (0.00E4+00)  (3.74E—02)  (6.01E400)
R NaN — — = = —
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S
PR LSR5 45 SCASL SCA SSA VCS WOA GSA
Mean 2.30E—05 2.80E+05 5.33E+00 1.06 E—06 2.15E—02 2.06E+00
F12 (SD) (4.63E—05) (1.08E+06) (1.60E+00) (5.66E—06) (1.74E—02) (9.96E—01)
R NaN — — + — —
Mean 1.22E—04 2.47E+05 1.88E+01 1.66E+00 5.98E—01 9.99E+00
F13 (SD) (4.02E—04) (8.62E+05) (1.55E+0D) (1.16E-+00) (2.89E—0D) (8.25E+00)
R NaN — — — — —
B/E/W(+/=/—) NaN 0/0/13 1/0/12 2/4/7 0/2/11 1/0/12
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Fig. 1 Convergence box diagrams of different algorithms on 6 benchmark functions

3.1.2 Wilcoxon % it #3547
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Fig. 2 Algorithm convergence curves
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Table 3 Algorithm running time
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Table 4 Threat source parameters

t/s SCASL SCA A DR JE P G /km P42/ km
F1 8.60E-02 1.11E-01 BT 1 (25,35) 10
B IR 2 (40,70) 10
F2 9.87E-02 1.20E-01
B 3 (50,30) 8
F3 5.32E-01 5.58E-01 WU 4 (60.55) g
F4 1.08E-01 1.33E-01 R 5 (80,75) 7
F5 1.22E-01 1.58E-01 A 56 (90,40) 8
Fé 1.13E-01 1.45E-01
RS MIIBITSKRER
F7 1.72E-01 2.07E-01 . L
Table S Results of running S times independently
F8 1.27E-01 1.57E-01 R/ km SCASL SCA
F9 1.27E-01 1.52E-01 1 125.359 5 168.672 7
F10 1.37E-01 1.66E-01 2 153.856 2 204.371 4
3 124.492 7 195.930 7
F11 1.47E-01 1.73E-01
4 126.696 3 170.589 2
F12 3.13E-01 3.46E-01
5 119.847 6 170.167 8
F13 3.08E-01 3.44E-01 IV A 130.050 5 181.946 4
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Fig. 3 Flight paths obtained by SCASL and SCA
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