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Fig. 1 Basic geomorphological map modeling
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Fig. 5 Frequency distribution of values for three types of chaotic mapping
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Table 1 Optimization result
Sphere Rastrigin Griewank Alpine

PSO 5.24E—10 1.56E—04 2.33E—04 1.04E—08 3.36E—02 4.30E—02 5.37E—01 8.17E+01 2.94E+01 2.82E—01 1.17E+00 2.59E—01

BWO  4.15E—46 9.67E—28 1.37E—27 3.18E—26 9.47E—17 9.65E—17 3.02E—09 1.73E—05 2.35E—05 4.65E—09 1.58E—06 1.05E—06

IBWO  0.00E+00 2.89E—197 0.00E+00 1.37E—104 2.11E—99 4.09E—100 0.00E+00 2.54E—196 0.00E+00 5.86E—101 1.17E—98 1.72E—99

G-a-
BWO

0.00E+00 5.36E—230 0.00E+400 0.00E+00 1.76E—118 1.12E—118 0.00E+00 8.14E—201 0.00E+00 0.00E+00 6.86E—107 7.63E—107
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Fig. 10

Trajectory diagram of 30 iterations of non-ob-
stacle scene
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Fig. 13 Side view of complex obstacle scene
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Fig. 14 Convergence curve (complex obstacle scene)
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Table 2 Statistical indexes of trajectory cost
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Mo s (A 45 5 BRI AR L B B A AU
Qe 0 A B B (B 2 SR . A AR A B E (E
F3 5T G-o-BWO B3 898 240 2 5 He
PSO.BWO #il IBWO “F- ¥ FEL T 26.35% .15.88%
F11.47% . AT, G-a-BWO 5 8k 76 5 48 Bk
AN AR BRI T, 36 8 e 45 4 mE AR, T AR R
Y5 G 3 RN 5 MR AE T R R UE . Go-
BWO 53k i i i 8 o R BUAMRSR AR T 3 Fhx LL ARk

845 Index

758 VS . = NP e .
: 52NN 2 A _ AR = AN LR Wiy 2 15 00 Ja
Scene Algorithm Optimal  The worst Mean %S{%d§ Range Height Angle Tl AR A
solution solution value size cost cost cost Threat cost
Non-obstacle PSO 485.78 612. 24 549. 85 13.63 101. 36 436. 41 349, 84 426.73
scene
BWO 440, 97 569.67 485.52 11.52 95.77 429.79 328.52 402.19
IBWO 421.72 540. 39 449.76 11.02 90. 05 429.58 340. 39 379.74
G-a-BWO 346.19 434.11 381. 56 9.14 81. 38 423.07 313.56 347. 26
Simple obstacle PSO 650. 27 779. 14 712.39 15. 46 113.61 442,63 357.16 479. 31
scene
BWO 568. 27 668. 60 627.37 14. 32 106. 34 436. 33 346. 35 435. 89
IBWO 556. 24 658. 36 606. 74 11.49 99. 56 430. 49 347.04 427.75
G-a-BWO 540. 34 609. 14 554. 85 8.51 93. 04 426. 18 329.55 396. 03
Complex obstacle PSO 725.18 864. 05 795. 64 17. 25 121.49 451.72 369. 43 627.72
scene
BWO 656.07 708. 46 686. 94 17. 44 115. 38 441, 67 356. 48 572.11
IBWO 605. 19 693. 45 656. 37 15. 31 107. 47 440.11 352.53 506. 04
G-a-BWO 542. 86 623.72 586. 07 10. 25 97.42 434.59 341.47 467.18
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A Adaptive Planning Algorithm for the Trajectory of Patrol Un-
manned Aerial Vehicle

SHI Chengyu' s WANG Tianjiao' sZHANG Yingying' ,GU Yuexin' . FENG Xiao'*" "
(1. State Grid Electric Power Space Technology Company Limited, Beijing, 102200, China;2. School of Cyberspace Security, Beijing

University of Posts and Telecommunications,Beijing,100876,China)

Abstract: The conventional methods have poor accuracy and tend to converge to a local optimal trajectory in
the trajectory planning for Unmanned Aerial Vehicle (UAV) in complex environments. In view of these
problems,an adaptive Gaussian cloud and a stable distribution variation Beluga Whale Optimizer (G-a-BWO)
algorithm for tracking UAYV is proposed. Piecewise Linear Chaotic Map (PWLCM)-based quasi-oppositional
learning initialization is introduced to improve the diversity and quality of the initial trajectory solutions. An
adaptive Gaussian cloud strategy is used to improve the search ability of the algorithm for the global optimal
trajectory. An adaptive a stable distribution variation is designed to make the algorithm skip a local optimal
trajectory,enrich the search space and improve the convergence speed. Firstly, the trajectory planning model
is constructed for patrol UAV,and the weight cost function considering the flight range,height,angle and ob-
stacle threat is designed. The three-dimensional trajectory planning problem is transformed into a multi-ob-
jective optimization problem with constraints. Then, the optimal trajectory of patrol UAV was iteratively
searched by G-a-BWO. The results showed that the improved algorithm avoided obstacles and had less cost,
being helpful to improve the efficiency and security of patrol tasks.

Key words: patrol UAV; trajectory planning; Gaussian cloud; a stable distribution; Beluga Whale Optimizer
(BWO)
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