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Abstract: Aiming at the problems of low accuracy, slow convergence and local optimality of traditional dung
beetle algorithm in 3D unmanned aerial vehicle (UAV) path planning, a multi-strategy improved dung beetle
optimizer (MSIDBO) is proposed. Firstly, spatial pyramid matching (SPM) chaotic mapping and reverse
learning strategy are used to initialize the population to improve the diversity and quality of the initial
population. Secondly, an improved boundary convergence factor is introduced to achieve the balance between
global exploration and local search. Then, the attack mechanism of gull optimization algorithm is integrated to
improve the convergence speed and solving accuracy. Finally, the distribution differential variation strategy
is used to improve the ability of the algorithm to jump out of the local optimal solution. The improved Dung
Beetle algorithm is compared with other heuristic algorithms and related improved algorithms by benchmark
function test. Compared with other heuristic algorithms and improved algorithms, MSIDBO algorithm has
outstanding performance in convergence speed and accuracy. In addition, the improved Dung Beetle

algorithm is applied to 3D UAV path planning simulation. Experimental simulation results show that the path
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cost function generated by MSIDBO algorithm is smaller, the path quality is higher, and the stability is better

under different scenarios.

Key words: dung beetle algorithm; spatial pyramid matching (SPM) chaotic mapping; reverse learning;

seagull optimization algorithm; #distributed difference variation
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Table 3 Test results of benchmark functions

BREC PR PR E TSO HOA GWO WOA SOA DBO MSIDBO
RIGME  9.20E—112  1.16E—19  7.46E—10  1.05E—34  6.44E—31  3.88E—62  0.00E-+00
F, W 3.56E—92  248E—16  9.00E—09  6.78E—28  248E—12  1.03E—39  0.00E+00
FrdE2%  1.97E—86  1.61E—16  9.27E—09  1.12E—26  2.30E—16  6.36E—33  0.00E+00
RIGME 4.81E—57  2.89E—09  2.56E—06  2.61E—23  4.34E—36  6.28E—34  0.00E-+00
F, I 3.27E—48  1.61E—08  5.04E—06  4.37E—20  1.09E—25  1.12E—20  0.00E+00
bR 3.42E—46  1.56E—08  2.92E—06  2.03E—19  2.52E—25  2.39E—23  0.00E-+00
REM 1.20E—112  142E—13  3.02E—01  5.00E+04  4.87E—03  1.68E—64  0.00E-+00
F, FE¥  3.27E—85  4.32E—11  5.94E4+00  7.83E+04  1.07E+05  1.42E—05  0.00E+00
PR 1.61E—81  1.71IE—10  7.35E+00  2.37E+04  291E+04  1.39E—01  0.00E-+00
AR 1.94E—57  4.10E—09  1.09E—02  3.67E+00  4.51E+01  1.07E—36  0.00E-+00
F, P 598E—46  2.23E—08  3.10E—02  6.47E+01  7.10E+01  6.81E—18  0.00E+400
PR 6.56E—46  1.45E—08  1.79E—02  2.31E4+01  945E+00  2.26E—20  0.00E-+00
R 1.90E—04  3.86E+00  3.82E—04  6.06E—01  2.85E+00  4.39E—02  1.13E—04
F, E¥E 4.23E—02  5.28E+00  1.19E4+00  1.35E+00  3.92E+00  2.36E—01  1.10E—03
FREZE 6.6TE—02  5.62E—01  4.65E—01  4.82E—01  7.67TE—01  2.20E—01  1.13E—02
RIGME  2.63E—05  1.20E—04  146E—03  3.50E—04  3.84E—06  2.53E—04  3.42E—06
F, ¥ 7.95E—04  1.54E—03  7.92E—03  5.02E—03  1.10E—03  1.36E+00  4.46E—04
FrE2%  7.70E—04  1.06E—03  345E—03  1.18E—02  1.27E—01  2.84E—03  2.56E—04
R 0.00E+00  0.00E+00  2.72E—07  0.00E4+00  0.00E+00  0.00E400  0.00E-+00
F, ¥ 0.00E+00  1.96E+01  140E+01  208E—14  141E—01  1.36E+00  0.00E+00
FRME2%  0.00E+00  3.61E+01  5.60E+00  2.28E—14  148E+00  5.38E+00  0.00E400
RAGME 444E—16 1.27E—09  6.32E—06  3.99E—15  4.44E—16  4.44E—16  4.44E—16
F, P 444E—16  579E—09  2.0lE—05  2.35E—14  141E—09  1.03E—15  4.44E—16
B2 0.00E+00  6.03E—09  6.97E—06  2.52E—14  9.14E—10  9.01E—16  0.00E+00
BIGM 0.00E+00  0.00E+00  2.64E—09  0.00E4+00  0.00E+00  0.00E400  0.00E-+00
F,  E¥H 0.00E+00 0.00E+00 1.16E—02 1.24E—02 2.01E—02 0.00E+00 0.00E+00
FREZ 0.00E400  0.00E+00  1.60E—02  9.85E—02  1.34E—01  0.00E+00  0.00E-+00
AR 271E—06  3.05E—01  1.34E—02  1.37E—02  3.38E—01  5.96E—04  4.31E—05
F, E¥{§ 259E—03  6.98E—01  1.27E—01  142E—01  1.28E+03  3.63E—02  2.18E—04
PR 6.16E—04  6.16E—04  1.16E—01  7.89E—02  9.48E+02  7.84E—03  1.01E—04
MG 2.62E—05  5.92E—02  3.43E—01  3.54E—01  2.56E+00  3.14E—01  5.90E—06
F,  CE¥{E  2.29E—02  1.09E—01  1.05E+00  1.05E4+00  1.23E+02  1.85E+00  4.41E—03
PR 2.01E—02  3.38E—02  3.28E—01  3.78E—01  1.88E+03  5.82E—01  1.63E—02
RIGME  3.07E—04  3.07E—04  3.15E—04  3.23E—04  341E—04  3.07TE—04  3.07E—04
F, ¥ 529E—04  4.12E—04  387E—03  1.25E—03  9.44E—04  8.59E—04  3.56E—04
FrE2%  3.07TE—04  5.09E—04  8.00E—03  345E—03  2.19E—03  4.81E—04  1.99E—04
RIGME 3.98E—01  3.98E—01  3.98E—01  3.98E—01  3.98E—01  3.98E—01  3.98E—01
F., i 398E—01  3.98E—01  3.98E—01  3.98E—01  4.18E—01  3.98E—01  3.98E—01
FRME2Z  0.00E+00  2.89E—04  1.05E—05  7.09E—04  2.35E—01  0.00E+00  0.00E+00
®ABM 3.00E+00  3.00E+00  3.00E4+00  3.00E4+00  3.00E+00  3.00E4+00  3.00E-+00
F, FH{E  3.00E400  7.42E400  5.70E4+00  3.90E4+00  1.33E+01  3.00E400  3.00E-+00
FRdE2%  7.33E—15  2.12E4+01  449E—04  1.31E—03  1.32E+01  2.72E—04  3.67E—15
RIGM  —3.86E+00 —3.86E4+00 —3.86E+00 —3.86E-+00 —3.86E+00 —3.86E4+00 —3.86E+00
Fi,  E¥{i —3.86E+00 —3.85E+00 —3.86E+00 —3.84E4+00 —3.75E+00 —3.86E+00 —3.86E+00
PR 2.18E—15  4.10E—03  2.50E—03  5.20E—02  2.00E—01  3.37E—03  3.20E—03
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Fig.5 Convergence curves of benchmark function test
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A3k K MSIDBO 53 FSCRR[18 ]+ 42 i 22
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proved dung beetle optimizer, MIDBO) . 3C#ik [ 19]
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strategy improved whale optimization algorithm,
MSWOA)TE CEC2019 b8 il i 45 b #E 17 %) 1 5
B A AL 104> B bR i e A, X 2K R
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PRECH) BARAS BNk 4 FR .

£ 4 CEC2019 ik i %
Table4 CEC2019 benchmark functions

9 ERA & i35 3
CECO1 Storn’s Chebyshev polynomial fitting problem 9 [—8192,8192]
CECO02 Inverse hilbert matrix problem 16 [—16 384, 16 384 ]
CECO03 Lennard-Jones minimum energy cluster 18 [—4,4]
CEC04 Rastrigin’s function 10 [—100,100]
CECO05 Griewangk’s function 10 [—100,100]
CECO06 Weierstrass function 10 [—100,100]
CECO07 Modified Schwefel’s function 10 [—100,100]
CECO08 Expanded Schaffer’s F; function 10 [—100,100]
CEC09 Happy cat function 10 [—100,100]
CEC10 Ackley function 10 [—100,100]

R ORI A S IR BRI G — S8
BB . FRE AL N 30, f R SRR B 500, 4
J¥ R 30, I3 AL IE AT 309K . SR SRR LS,

#5 SHMMBEEE L

Table 5 Comparisons with the improved algorithm

RS TEMAEFE  MIDBO  MSWOA  MSIDBO

CECO] SEEME 1.00E4+00 1.21E407 1.00E-+00
FRiEZ  0.00E4+00 1.72E+07 0.00E+00
CECO? SEHME 4.93E+00 5.14E4-03 4.55E-+00
kR 2.15E—01 2.18E+03 3.69E—01
CECO3 SEIME 5.40E4+00 5.02E+00 2.35E400
FR#E?2:  1.32E4+00 2.32E+00 1.09E+00
CECOL FIIME 5.00E4+01 2.53E+01 2.41E+01
Fr#E2:  1.51E401 1.17E-+01 1.07E+01
CECOS SEE 1.05E400 1.35E+00 1.20E400
FRfE2%  4.23E—02 1.95E—01 1.80E—01
CECOS SEEME 6.40E+00 5.25E400 4.66E-+00
FRE2Z  1.08E4+00 1.61E+00 1.29E+00
CECOT SEHME 1.52E+03 7.78E4+02 9.79E-+02
bR 2.56E402 1.25E+02 3.46E+02
CECOS I 4.43E+00 3.91E400 3.80E-+00
FrE2:  1.82E—01 1.06E—01 1.01E—01
CECOS F¥ME 1.36E4+00 1.52E+00 1.33E400
FrfE2:  1.29E—01 2.15E—01 1.10E—01
CECLO SEIME 2.00E401 2.10E+01 1.91E+401
FRfE2  2.23E4+00 2.19E—02 5.62E+00

& WM AR S DL LA %ok . 78 CEC2019 #R
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Fig.6 Terrain environment model
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Table 6 Environment parameter setting
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Fig.7 Comparison diagrams of path planning of four algorithms in ten mountain peaks
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Table 7 Comparison of path planning results of four al-

gorithms in different environments

ek Bk mIUE REE CFE fRiER
MSIDBO 159.291 164.707 159.791 1.416

DBO  159.307 171.504 164.784  3.910

10 SOA  164.172 176.881 168.823  3.703
WOA  163.540 173.472 167.181  2.502

MSIDBO 164.575 175.072 166.875  2.999

DBO  164.990 228.830 174.759 14.000

1 SOA  170.896 228.878 186.286 14.502
WOA  168.364 184.835 174.331  4.375
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