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Multi-strategy improved whale optimization algorithm for UAV
cooperative path planning
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(1. Jiangxi Province Key Laboratory of Precision Drive and Equipment, Jiangxi University of Water Resources and
Electric Power, Nanchang 330099, China; 2. School of Mechanical Engineering, Jiangxi University of Water
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Abstract: To address the low efficiency of traditional search algorithms and the poor optimization performance of
heuristic algorithms in multi-UAV cooperative path planning under complex environments, a multi-strategy improved
whale optimization algorithm (MSWOA) is proposed. First, a Sine—Cubic hybrid chaotic map is adopted to improve the
quality of the initial population. Second, a nonlinear convergence factor is introduced to adaptively regulate the
intensity of global exploration and local exploitation, combined with an adaptive spiral coefficient designed to enhance
convergence accuracy in later iterations. Finally, a dual-distribution perturbed adaptive differential mutation strategy is
utilized to accelerate convergence speed, and a thinking innovation strategy is introduced to prevent the algorithm from
falling into local optima. Extensive experiments on twenty-nine benchmark functions from the CEC2017 test suite
demonstrate the superior optimization performance of the MSWOA. The algorithm is further applied to the cooperative
path-planning problem of multiple UAVs in a three-dimensional complex terrain, validating its accuracy and stability.
Keywords: whale optimization algorithm; path planning; Sine-Cubic hybrid chaotic map; nonlinear convergence
factor; dual-distribution perturbed adaptive differential mutation
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e NI 3 AT LU Y, MSWOA Ji [l T AR £ %
N, FELE R Z R B HE 095 1, T A R,
A5 Y PP S S0t A0 % SRR 2 K 2 Hem B b i 1

JEURH] WOA, 7870 J0IE 1 4% B0 S0 1A 21k

#z1 MSWOA S5Hth 7 #hEE7E CEC2017 JURE 100 £ TS B BB LIL AR

3.2 MSWOA 5XAhBE X A

¥ MSWOA 53 5 HoAth 7 FhARE 34T HUEL, &
5 40 40 4k 5530 WOA. 3 T v o 37 Y8 S L i) (14
OBCWOA. & T FI A # = — XA HS-WOA. 1

Function Index MSWOA HS-WOA OBCWOA WOA BKA COA HOA PSO

Best 1.81e+02 3.03e+09 7.50e+10 1.77e+11 5.32e+10 2.34e+11 1.92e+11 1.55e+11

F Avg 6.45¢+03 6.09¢+09 1.06e+11 2.13e+11 8.30e+10 2.66e+11 2.17e+11 1.81e+11

Best 6.21e+02 1.50e+03 1.70e+04 3.73e+04 4.16e+03 7.81e+04 4.46e+04 1.81e+04

k4 Avg 7.45e¢+02 2.19¢+03 2.64e+04 6.55e+04 8.74e+03 1.06e+05 6.23e+04 2.66e+04

Best 6.34e+02 6.77e+02 6.93e+02 6.99¢+02 6.67e+02 6.98e+02 6.84e+02 6.88e+02

F6 Avg 6.45¢+02 6.87¢+02 7.01e+02 7.09¢+02 6.73e+02 7.10e+02 6.93e+02 6.99¢+02

Best 1.35e+04 2.01e+04 2.29¢+04 2.92¢+04 1.43e+04 3.08e+04 2.60e+04 3.08e+04

F10 Avg 1.58e+04 2.35e¢+04 2.78e+04 3.12e+04 1.78e+04 3.24e+04 2.84e+04 3.23e+04

Best 1.92e+07 6.26e+08 2.09e+10 8.38e+10 8.57e+08 1.58e+11 9.29¢+10 4.78e+10

k12 Avg 7.68¢e+07 1.40e+09 3.45e+10 1.14e+11 1.26e+10 1.97e+11 1.28e+11 6.27e+10

Best 4.19¢+03 3.56e+06 1.95e+09 1.01e+10 1.33e+07 3.24e+10 2.07e+10 6.34e+09

K13 Avg 1.01e+04 1.35e+07 3.96e+09 2.38e+10 9.14e+08 4.62e+10 2.75e+10 1.05e+10

Best 3.33e+03 4.07¢+03 5.41e+03 5.56e+03 4.51e+03 5.83e+03 5.91e+03 4.62¢+03

k23 Avg 3.52¢+03 4.45¢+03 5.93e+03 6.03e+03 4.88¢e+03 6.57¢+03 6.99¢+03 4.96e+03

Best 3.42e+03 4.45¢+03 1.23e+04 2.0let+04 6.22e+03 2.66e+04 2.52e+04 1.69e+04

Fas Avg 3.55e+03 4.96e+03 1.47e+04 2.45e+04 1.10e+04 2.99¢+04 2.96e+04 2.06e+04

Best 3.90e+05 1.51e+08 1.30e+09 1.02e+10 3.30e+07 2.62e+10 1.25e+10 6.78e+09

F30 Avg 1.74e+06 3.50e+08 3.06e+09 1.87e+10 5.25¢+08 3.84e+10 2.29¢+10 9.23e+09

=2 MSWOA 5E#: 7 #hEEZE CEC2017 R4 100 £ TF1 ~ F30RAF G453
Function HS-WOA OBCWOA WOA BKA COA HOA PSO
F1 3.02¢-11 3.02¢-11 3.02e-11 3.02¢-11 3.02¢-11 3.02e-11 3.02¢-11
F3 3.02e—-11 3.02e—-11 3.02¢e-11 1.77¢-03 3.02e—-11 3.02e-11 3.02e-11
F4 3.02¢-11 3.02¢-11 3.02e-11 3.02¢-11 3.02¢-11 3.02¢e-11 3.02¢—11
F5 3.08¢—08 3.02¢-11 3.02e—-11 3.26e—01 3.02¢e—11 3.02e—-11 3.02¢-11
F6 3.02¢-11 3.02¢-11 3.02e-11 3.02¢-11 3.02¢-11 3.02e-11 3.02¢-11
F7 3.57e-06 3.34e-11 3.02¢e-11 1.07e—09 3.02e—-11 4.50e—11 3.02e-11
F8 4.20e—10 3.02¢—11 3.02e-11 8.35¢—08 3.02¢—11 3.02e-11 3.02¢-11
F9 1.09¢-10 3.34e-11 3.02e—-11 6.73¢—01 3.02¢e-11 3.34e-11 3.02¢-11
F10 3.02¢-11 3.02¢-11 3.02e-11 1.07e—07 3.02¢-11 3.02e-11 3.02¢-11
Fl11 3.02e—-11 3.02e—-11 3.02¢e-11 3.02e-11 3.02e-11 3.02e-11 3.02e-11
F12 3.02e-11 3.02e—-11 3.02e-11 3.02e-11 3.02e-11 3.02e-11 3.02e-11
F13 3.02¢-11 3.02¢-11 3.02e-11 3.02e—11 3.02¢e—11 3.02e—11 3.02¢-11
F14 3.02¢e-11 3.02¢-11 3.02e-11 3.18¢—04 3.02¢e-11 3.02e-11 3.02¢-11
F15 3.02e—-11 3.02e—-11 3.02¢e-11 3.02e-11 3.02e-11 3.02e-11 3.02e-11
Fl6 6.07¢e—11 3.02e—-11 3.02e-11 3.35¢—08 3.02e-11 3.02e-11 3.02e-11
F17 2.28¢—05 3.02¢-11 3.02e—11 6.53¢—07 3.02¢e-11 3.02e—11 3.02¢-11
F18 3.02¢e-11 3.02¢-11 3.02e-11 2.07e—-02 3.02¢e-11 3.02e-11 3.02¢-11
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