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Abstract The three-dimensional path planning of UAVs is a relatively complex global optimization problem. Its goal is to obtain
the optimal or close to optimal flight path considering threats and constraints. Aiming at the problems of whale algorithm in the
three-dimensional trajectory planning of UAVs,it is easy to fall into the local optimum,and the convergence speed is slow,and
the convergence accuracy is not high enough. A whale optimization algorithm based on Lévy flight is proposed to solve the pro-
blem of UAV three-dimensional path planning. In the iterative process of the algorithm, Levy flight is added to randomly disturb
the optimal solution;an information exchange mechanism is introduced to update the individual’s position through the current
global optimal solution, the individual memory optimal solution and the neighborhood optimal solution;better trade-offs local con-
vergence and global development. The simulation results show that the path planning algorithm proposed in this paper can effec-
tively avoid the threat zone, the convergence speed is faster, the convergence accuracy is higher,and it is less likely to fall into the
local optimal solution. When the number of iterations is 300 and the number of populations is 50, the cost function value obtained
by the LWOA algorithm is 91. 1% of the PSO algorithm,92. 1% of the GWO algorithm,95. 9% of the WOA algorithm,and the
track cost is smaller.
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26. end while

27. Return X*
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Table 2 Influence of iteration times on the algorithm

Optimal solution

Algorithm  Iteration Num

Mapl Map?2 Map3

PSO 0.2273 0.2234 0.2477
GWO 0.2188 0.2179 0.2477
WOA 100 0.2126 0.2190 0.2431
LWOA 0.2091 0.2085 0.2439
PSO 0.2155 0.2188 0.2434
GWO 0.2090 0.2164 0.2424
WOA 500 o0 0.2042 0.2078 0.2421
LWOA 0.2011 0.1993 0.2420
PSO 0.2034 0.2095 0.2397
GWO 500 0.2022 0.2063 0.2407
WOA 0.2042 0.2080 0.2387
LWOA 0.2011 0.1981 0.2337
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Table 3 Influence of population number on algorithm

Optimal solution

Algorithm Num Iteration

Mapl Map?2 Map3

PSO 0.2208 0.2251 0.2533

GWO . 0.2192 0.2178 0.2441
WOA 30 0.2186 0.2154 0.2430
LWOA 0.2028 0.2080 0.2408
PSO 0.2155 0.2188 0.2434

GWO 0.2090 0.2164 0.2424
WOA o0 300 0.2042 0.2078 0.2421
LWOA 0.2011 0.1993 0.2420
PSO 0.2028 0.2131 0.2397

GWO 0.2035 0.2126 0.2407
WOA 100 0.1981 0.2011 0.2392
LWOA 0.1962 0.1965 0.2337
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Table 4  Algorithm stability comparison

Map2 =300
Num Result

PSO GWO WOA LWOA

worst 0.2764 0.2294 0.2489 0.2167

) best 0.1969 0.2038 0.1961 0.1954

50 mean 0.2251 0.2178 0.2154 0.2080
std 3.4%107" 4.1%107° 1.0x107 " 2.6%107°

worst 0.2671 0.2245 0.2433 0.2165

B best 0.1954 0.2001 0.1954 0.1954

o0 mean 0.2168 0.2134 0.2128 0.1993
std 3.0%10° % 4.0%x10°° 1.0%x10 %' 3.3x107°

worst 0.2528 0.2263 0.2367 0.2038

- best 0.1954 0.1955 0.1954 0.1954

mean 0.2131 0.2126 0.2011 0. 1965
std 2.2%x10°" 3.9%x10°° 1.0x10 ' 6.3%107°
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