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3D UAYV low altitude penetration optimization based on ALCE-SSA
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(1. School of Electronics and Control Engineering, Chang'an University,Xi/zm ,710064,China;
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Abstract: Aiming at the problems of complex environment and large amount of calculation in the three-dimensional low
altitude penetration of UAV , as well as the insufficient path search ability of the existing Sparrow Search Algorithm (SSA)
and easy to fall into local optimization, a path planning method for low altitude penetration of three-dimensional UAV based
on improved SSA (ALCE-SSA) is proposed. Firstly, three-dimensional terrain model, threat source model and UAV physical
constraint model are established , and the cost function is determined combined with the above model. Secondly, using random
tent mapping to initialize the population, the quality of the initialized population is improved. Then, aiming at the
shortcomings of the location update of the discoverer in SSA algorithm, an adaptive leader guide strategy is designed to
reduce the adverse effect of relying on a single parent update , which can improve the ability of global exploration in early stage
and local optimization in the later stage. Finally, aiming at the problem of insufficient population diversity and easy to fall into
local optimization, a central mutation-evolution factor is designed to expand the search space, which furtherly improves the
ability of global optimization. Compared with the Grey Wolf Optimization (GWO), Moth-Flame Optimization (MFO) and
SSA, ALCE -SSA has better energy consumption, smoother path and faster convergence speed, which enables UAV to

effectively use terrain advantages to avoid threat sources and show excellent optimization ability.
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Table 1 Test functions
D PR A Y i 5 S WM HH
2
F1 f(x)= ( I fj) 30 [—100,100] 0 B
=1\j=1
F2 f(x):zﬂ-,.sin( |1|) 30 [500,500] —418.98 X 30 Lk
i=1
—1
F3 fla)= L+E% 2 [—65,65] 1 A3
500~ L 6
i3 a)
i=1
N o624+ bay) |
F4 7()=>] ai—M 2 [—5.5] 0. 0003 Ll
= bl by, + a2,
f(x):[1+(xl+xz+1)“x(19f14fl+3f%f1412+61112+3f§)]x
5 s 2 [—2.2] 3 Zig
[30 + (22, — 3z,) % (18 — 322, + 124% — 48z, — 362,20, + 2715)]
4 3 2
F6 f(x)==> exp{fZa,,(x,fp,,) } 3 [1,3] -3 2
i=1 j=1
x2 ANEEMMILEZEANIR [E ML RLE
Table 2 Test results of our algorithm and toher algorithms on six test functions
AR SSA MFO GWO
D
Mean Std Mean Std Mean Std Mean Std
Fl 0.00E+00  0.00E+00 0.00E-+00  0.00E+00 3.27E+04  3.86E—07 6.11E—10 2.45E—05
F2  —1.26E+04 7.16E—08 —6.32E+03 6.82E—07 —8.68E+03 4.25E—07 —5.34E+03  3.57E—05
F3 1.00E+00  7.21E—10 1.94E+00  3.09E—11 1.00E+00  9.03E—09 1.00E+00  5.69E—12
F4 3.20E—04 2.81E—08 3.08E—04 7.86E—15 3.08E—04  3.45E—05 7.83E—04  2.05E—07
F5 3.00E-+00  0.00E+00 3.00E+00  0.00E+00 3.00E+00  0.00E+00 3.00E+00  0.00E+00
F6  —3.86E+00 8.21E—10 —3.86E+00 7.58E—05 —3.86E+00 7.25E—09 —3.86E-+00 5.95E—06
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Fig.10 Function convergence curve of our algorithm and other algorithms on six test functions
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Fig.11 Simulation results of Model 1
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Table 3 Relevant parameters of the algorithm

2 ¥ 5 ZHUH
Hb I A 7 B K, 100
Hi I J T 7 B K} 10
AR U R B K, 100
B R B KR G 60°
AT £ B K A 2 Bmax 60°
RE A £ 1 2 K, 10
SRR A IE R L Ky, 1/3 X R s
HTE 2 RAUH o 0.25
o PR 2 O oy 0.4
JA R 24 RO a3 0.2
Wy B2 SRAL A o 0.15
LI L EL d 15
T2 n 100
B — FACM R 25 £ A B BE AR . UE W] ALCE-

SSA fEJC AHLES AR R T7 T B8R BB 4
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Bl 12 H GWO 2 500 % , MFO 25 500 ¥ , SSA Ny
250K ,ALCE-SSA K 175¥K . W& 4 T3 5 iR .

HEHE 2 4 9504 , ALCE-SSA ¥R 14 B 42 1
SSA,MFO J¢ GWO 5k 43 5 98 5 45. 98, 12. 09
F110. 08 km , Fe A AR M Hb HAth = Bl 38075 4 1) [ A%
17.99,0.91 F1 9. 91, B[] /8 #t Lk SSA, MFO K&
GWO Ik /> 34.46,94. 79 F1 70. 64 s, I 47 98 %
) L) %

R4 2 5 8 di , ALCE-SSA LR (19 B% 42 1k
SSA,MFO J& GWO %3k 43 5 vk i 67. 28, 17. 16
F136. 43 km, e P A A B He A = b 840325 0 ) B I
17.85,2. 44 F110. 05, B [ 48 ft Lk SSA, MFO K&
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Table 4 Experimental results of Model 1 by our algorithm and other algorithms

Wik LA (km) e AR F AC B AN i AR (s) SRR

GWO 145. 95 60 34.35 96. 32 82%

MFO 147.95 30 25.53 120. 47 90%

SSA 181. 84 160 42.61 60. 14 62%
ALCE-SSA 135.87 0 24.62 25.68 98%

x5 ANEHEMMEEEERR 2 FRXEER
Table 5 Experimental results of Model 2 by our algorithm and other algorithms

Bk AR (km) e T AR £ AC H AN ) A (s) SR RS

GWO 166.78 120 32.56 128.12 86 %

MFO 147.51 60 24.95 122. 44 92%

SSA 197.63 180 40. 36 100. 36 70%
ALCE-SSA 130. 35 0 22.51 43.56 100%
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5 AR AR B AN S T AR
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Fig.13 Flight path altitude (a) and altitude difference (b)
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Table 6 Sum of track point altitude and altitude difference (unit:km)
Bk GWO SSA MFO ALCE-SSA
AL TR R i 2. 28E+401 2.66E+01 1. 21E+01 5. 46E400
IR R i 2 A 9. 69E+00 1. 94E+01 5.43E+00 4.67E+00
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