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UAYV 3D path planning based on improved spider wasp
optimization algorithm

Zhang Ying Jiang Wengang Chen Yiming Guan Wenrui
(College of Automation, Jiangsu University of Science and Technology,Zhenjiang 212000, China)

Abstract: In order to enhance the convergence speed and accuracy of UAV path planning in complex environments, and
to avoid falling into local optima, a novel three-dimensional UAV path planning method based on the improved spider
wasp optimizer algorithm is proposed. This paper introduces an adaptive t-distribution disturbance mutation and cubic
mapping strategy for updating the search stage positions within the traditional SWO algorithm, which helps to prevent
premature convergence to local optima. Furthermore, a periodically random amplitude dynamic adjustment for the
pursuit and escape phases is incorporated to assist the algorithm in escaping local optima. The spiral update mechanism
and Levy flight strategy are combined to enhance the global optimization capability of the algorithm, thereby improving
its convergence precision. Finally, the performance of the ISWO algorithm is validated through experiments on eight
test functions, and simulation results indicate that the execution time of the ISWO algorithm in complex terrain
environments is reduced by 26. 86 % compared to the traditional SWO algorithm, and by 13. 80% to 28. 27 % compared
to other algorithms such as CPO, COA, GOOSE, PSO, and GWO. Additionally, the minimum fitness value achieved
by the ISWO algorithm is 49. 76 % lower than that of the traditional SWO algorithm, and at least 27. 73% lower than
that of other algorithms. Consequently, it is concluded that the proposed improved algorithm can efficiently obtain a
shorter and safer path in complex terrain environments.

Keywords: path planning; spider wasp optimizer algorithm; adaptive t-distribution disturbance; periodic random

amplitude;spiral update mechanism
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Fig.1 Schematic diagram of three-dimensional obstacle model
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Fig. 2 Schematic diagram of flight safety model
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- FEHME  1.11X107°  6.64X10°1  2.63X10°  3.07X10° 1.31X10 7 8.83X10 % 1.55X10°!
FREZ  1.22X10 % 3.64X10°°  6.41X10°  5.79X10° 3.81X10 7 1.56X10 ' 3.72X10!
- SEHME 3.95X10°  2.18X10°  9.98X107'  2.11X10°  6.72X10° 1.29X10°  9.98X107"
bRUEZE  3.41X10° 2.49X10" 0. 00X 10" 2.50X%10° 4.25X10°  9.40X10°"  0.00X10°
- FEHEME 2.64X10° 1.68X10°  3.25X10°  5.91X10°  3.78X10° 9.98X107' 9.98X10""
bRUEZE  2.91X10° 5.08x 10" 6.83x 10" 3. 78X 10" 3.32X10"  4.12x107" 0.00X10°
- FHIEH  —3.86X10° —3.86X10° —3.86X10° —3.86X10° —3.86X10"° —3.83X10" —3.86X10°
FREZ  9.10X107"  1.44X107° 2.71X107" 2.71X10°" 1.06X107* 3.16X107% 2.71Xx10°"
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Table 3 Sorting of optimization results of each algorithm in the test function
I3 bR %L CPO COA GOOSE PSO GWO SWO ISWO
F1 6 3 B) 2 3 7 1
F2 1 6 1 1 7 5 1
F3 2 3 5 6 4 7 1
F4 3 6 4 5 6 2 1
F5 1 4 7 2 3 5 6
F6 6 5 1 4 7 3 1
F7 4 3 5 7 6 2 1
F8 4 6 1 1 5 7 3
S HEF 3. 375 4. 500 3.625 3.5 5.125 4. 750 1. 875
LEEHER 2 5 4 3 7 6 1
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Fig. 3 Analysis of convergence curves for each algorithm iteration
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(a) Obstacle topographic map
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D,=20m, [FAt, ,=0.5, w,=0.1, w;=0.3, w,=0.1,
D W5 L IFE 541 50
XABE 1 AR SR BT A B X R 400 m X
400 m, & &k 200 m, JE AMLEE S A FR K (10,390,100 m,
L AR R (390,10,10) m, YEFETE TR B th AR /N A — 1Y
BERFY S 8 N, B 1 £ BILMEBITRCRINE 4
B T AHLEE AT B A5 R A8 4 Fios .

R4 BEEEWE 1 THIEBETHE
Table 4 Operational efficiency of each algorithm

under environment 1

Bk CPHENEE mONEMEE /s
CPO 27.46 23.19 102. 47
PSO 29. 34 24.97 108. 65
GOOSE 30. 56 25.87 112.54
COA 34.71 27.92 123. 67
SWO 41. 69 28.77 139.13
GWO 44.33 10.18 146. 26
ISWO 20. 85 16. 02 86.57

100 500

(b) EANLE AR A
(b) UAV path planning diagram
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(c) UAV path projection diagram
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(d) Objective function diagrams for each algorithm
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Fig.4 Simulation results of three-dimensional path planning for UAV in environment 1
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(a) Obstacle topographic map
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Table 5 Operational efficiency of each algorithm

under environment 2

Bk PWENIEE BONEREE /s
CPO 33.29 25.57 194. 76
PSO 34. 85 29. 84 201. 23
GOOSE 36. 30 32.03 212.45
COA 36. 74 35.55 214. 11
SWO 41. 06 36.78 229.53
GWO 42.10 37.73 234. 06
ISWO 22.87 18. 48 167. 88

# 5 45 R KW, CPO.PSO Al GWO 5k Yie S50 B R i H:
fli 8 7. COA, SWO Hl GOOSE % ik £ 4R 2 W 1E &
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WA T R . MBS, ISWO 53k 818 52 B AT
WP M R M. P B TE B ISWO B8 3% g 6 Tk %
P B AR B AR, HLES A MR A AR B R B/

(b) AL AR LI
(b) UAV path planning diagram
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Fig. 5 Simulation results of three-dimensional path planning for UAV in environment 2
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