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UAY Elevation Models Path Planning Based on Improved Salp Swarm Algorithm

ZHAO Nannan, LYU Shangyang, WU Guangzheng, QIAO Pengbo, WANG Hongho
(School of Mechanical and Electrical Engineering , Xi'an University of Architecture and Technology ,Xi'an 710055, China )

Abstract: To tackle path fluctuations and suboptimal optimization in 3D UAV path planning over complex terrain and multiple threats, we
propose a convex hull strategy with elevation data and an improved salp swarm algorithm (ISSA ). First, construct elevation models for a moun-
tainous area in Hangzhou and an urban area in New York based on ASTER GDEMYV3 and Open Street Map data. Next, we encode the terrain
elevation information using the convex hull strategy and construct paths using B—spline curves. Finally, we enhance the SSA by incorporating
adaptive Alpha-stable distribution strategy and nonlinear disturbance strategies in the individual position update formula to balance global ex-
ploration and local exploitation. Additionally, we introduce greedy and fish aggregation device (FAD) strategies to improve the efficiency and
accuracy searches. The performance of the improved algorithm was validated by conducting experimental comparisons using the CEC2020 test
functions. The results demonstrate that the convex hull strategy significantly enhances the planning capability of the algorithm. Compared to tra-
ditional algorithms, the improved SSA achieves higher optimization accuracy and lower cost functions for UAV path planning.
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Fig.4 Flight path planning diagram
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Fig. 9 Improved salp swarm algorithm (ISSA) optimization process
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Table 1 Test functions
F£1 MR
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bR UREES
PEREL F1 Shifted and Rotated Bent Cigar Function 100
F2 Shifted and Rotated Schwefel s Function 1100
JEAKEL F3  Shifted and Rotated Lunacek bi—Rastrigin Function 700
F4  Expanded Rosenbrock’s plus Griewangk’s Function 1 900
F5 Hybrid Function 1 (N =3) 1700
RAHE Fo Hybrid Function 2 (N = 4) 1600
F7 Hybrid Function 3 (N =5) 2100
F8 Composition Function 1 (N =3) 2200
HAEMRE F9 Composition Function 2 (N=4) 2 400
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Table 2 Comparison of test functions

i R 45 bL BT

=2

PR AR

HHO

MPA

SSA

CASSA
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J10

EH(E 5.33E+06
FRifEZE 2.09E+06
T 2.81E+06
XA 3.30E+03
FRifEZE 5.59E+02
ARG 2.40E+03
SEHIME 9.01E+02
FrifEZE 3.14E+01
AL 8.49E+02
XM 1.92E+03
FRUfEZ 7.89E+00
BAE 1.91E+03
SEHME 5.87E+05
FRifE2E 2.17TE+05
Tl 8.15E+04
FIE 2.37E+03
FrifEZE 2.81E+02
el 1.99E+03
I 2.14E+05
FRifEZE 2.36E+05
FeAME 1.43E+04
F-Y{E 3.51E+03
FrifEZE 1.60E+03
B 2.31E+03
SEHME 3.18E+03
FRifEZE 1.60E+02
Tl 2.91E+03
FEHIE 2.98E+03
FRifEZE 2.25E+01
eIl 2.94E+03

4.57E+03
3.65E+03
2.71E+02
2.20E+03
1.94E+02
1.78E+03
7.51E+02
1.14E+01
7.38E+02
1.90E+03
6.88E-01
1.90E+03
3.97E+03
1.02E+02
3.89E+03
1.83E+03
6.17E+01
1.75E+03
4.25E+03
8.73E+01
4.15E+03
2.40E+03
7.85E-01
2.40E+03
2.87E+03
1.86E+01
2.85E+03
2.93E+03
3.09E+01
2.91E+03

3.85E+03
3.93E+03
1.05E+02
3.41E+03
3.65E+02
2.94E+03
8.10E+02
3.99E+01
7.53E+02
1.91E+03
2.54E+00
1.90E+03
1.96E+05
1.22E+05
3.87E+04
2.12E+03
2.50E+02
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3.75E+03
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4.10E+04
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1.04E+05
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2.56E+03
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Table 3 Modeling parameters
x3 EESH

R il BH Bl
P s 45 0, 45

uy 0.5 u, 0.3
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Fig. 11 Comparison of UAYV flight path planning in mountain envi-
ronment
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Fig. 12 Flight path planning top view comparison in mountain envi-
ronment
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Fig. 13 Details of flight path planning at the end
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Fig. 14 Fitness iteration curve in mountain environment
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Fig. 15 UAY flight path comparison
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Table 5 Urban model data
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MPA 696.99 681.37 1327.07 16.98 63.70 1306.73 1302.03 2 558.63 14.27 92.19
SSA 696.16 681.01 1325.43 18.63 63.54 1319.97 1304.39 2563.59 12.19 94.67
CASSA 711.96 682.90 1329.03 18.07 64.84 1329.72 1297.14 2 543.79 18.31 98.77
PDESSA 714.83 684.23 1330.13 18.87 67.52 1311.93 1301.74 2 546.28 2291 108.64
ISSA 692.80 680.99 1327.01 16.60 62.54 1291.53 1289.36 2535.47 11.73 90.53
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Fig. 17 Urban environment flight path planning details at the end
point
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