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UAY path collaborative planning based on improved Sinh
Cosh optimization algorithm

Zhang Xiaoqing Sun Minmin Zhang Li Zeng Junzhe Song Yijia Li Na

(School of Mathematics & Computer Science, Wuhan Polytechnic University, Wuhan 430023, China)

Abstract: To address the issues of poor search accuracy, slow convergence speed and easy fallback to local optima in solving unmanned
aerial vehicle (UAV) path coordination planning problems using the hyperbolic sine-cosine optimization (SCHO) algorithm, a segment-
guided and dynamical partitioned improved hyperbolic sine-cosine optimization ( SDSCHO) algorithm is proposed. A three-dimensional
geographic model of UAV flight and threat conditions is established, and a path coordination planning cost model is constructed that
integrates path length, obstacle threat, flight altitude and turning angle. And SCHO algorithm is comprehensively improved by
introducing chaos Circle mapping for population initialization, nonlinear oscillation conversion factor, segment-guided and reverse escape
optimization, and dynamic boundary partitioning-assisted position update strategy. The improved algorithm SDSCHO is used to solve the
UAV path coordination planning problem. On multiple benchmark functions with different characteristics, the optimizing tests are carried
out with seven similar algorithms. The results prove that SDSCHO performs better in optimization accuracy and convergence performance.
Finally, by building a three-dimensional mountain model with different obstacles, SDSCHO is applied to solve UAV single-path and
multi-path coordination planning scenarios, which can further confirm the superiority of our algorithm in handling actual optimization
problems.
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Fig. 1 3D mountain model
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Fig.2 3D mountain model with obstacles and threat sources
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Table 1 Benchmark test function
I3 R K PR R e VG A
F, Sphere Function 30 [ -100,100] 0
F, Schwefel’ s Problem 1.2 30 [-100,100] 0
Fy Schwefel” s Problem 2. 21 30 [-100,100] 0
F, Step Function 30 [ -100,100] 0
Fs Quartic Function i. e. Noise 30 [-1.28,1.28] 0
F Generalized Schwefel’s 2. 26 30 [=500,500] -12 569.5
F, Generalized Penalized Function 1 30 [-50,50] 0
Fg Shekel” s Foxholes [ -65.536,65.536] 1
Fy Hartman’ s Family [0,1] -3.321 995
Fl Shekel” s Family [0,10] -10. 153 199
F2 FHHERER
Table 2 Optimization performance results
MLeR% geitdets SDSCHO SCHO MSCHO SAOA MAOA AOA WOA PSO
SR (] 0.0 0.0 0.0 2.39x107%7  4.34x107**  5.86x107%®  3.23x107% 1 056. 32
F, - E 0.0 0.0 0.0 4.07x107%"  1.30x107%"  3.84x107"  2.07x107" 2 445.94
brif2 0.0 0.0 0.0 2.90x107%  3.76x107®  2.50x107°  3.39x107* 328 216.59
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5 (80,20) 10 10 60
6 (80,80) 10 7 65
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Table 6 Single-path planning results
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Table 7 Multi-path collaborative planning results
R 0 AV N S A S SR A S ol Gl AT

SDSCHO 212.2 114.9 116. 1 147.7
SCHO 213.4 137.2 133.8 161.5
MSCHO 226.2 136. 6 117.7 160. 1
SAOA 217.4 131.9 134.9 161.4
MAOA 222.5 127.2 146. 1 165.2
AOA 234.9 144.7 125 168.2
WOA 213.7 137.5 137.9 163
PSO 217.2 145.5 139.5 167.4
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