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Multi-strategy improved dung beetle optimization algorithm
for UAV path planning

Mei Yulin' Qu Liangdong® Rao Shuang'
(1. College of Physics & Electronic Information, Guangxi Minzu University, Nanning 530006, China; 2. School of Artificial
Intelligence, Guangxi Minzu University, Nanning 530006, China)

Abstract: To address the issues in the dung beetle optimization algorithm, such as falling into local optima and
insufficient global search capability, which lead to suboptimal performance in 3D UAV path planning, a multi-strategy
improved dung beetle optimization algorithm was designed. A 3D spatial model was constructed, and a comprehensive
evaluation function was developed by considering factors such as path length, threat, altitude, and smoothness. First,
a hybrid chaotic sequence was employed to enhance the initial population diversity. Then, during the dung beetle rolling
stage, a “differential mutation” operator was introduced to improve the algorithm’s local search ability. This was
combined with an improved sine algorithm to update individuals via a probability switching mechanism, further
enhancing the global search capability. Finally, an improved spiral search strategy was incorporated during the breeding
stage to strengthen the algorithm's ability to escape local optima. Through optimization of six benchmark functions and
analysis of particle motion trajectories in the search space, the results demonstrated that the improved algorithm
performed better in terms of convergence speed, accuracy, and robustness. When applied to 3D UAV path planning,
the optimal, average, and worst values of path length improved by 0.41%, 5.67%, and 18.03%, respectively,
further validating the effectiveness of the improvement strategies and the superiority of this algorithm in practical
engineering applications.

Keywords: dung beetle optimization algorithm; hybrid chaotic mapping; multi-strategy guidance mechanism;improved

spiral search strategy;3D UAV path planning

0 3| UAV) R AR 52 2 RFE I BRI b i) A BB it 52 3 712
f?f»ﬁﬂﬂ?ﬁ% Al I B S . T AMLE L TR
A Bl AL B e 3 3 2 L 6 A WL Cunmanned aerial vehicle, TE PR RO PN R R AT B AR 6 H BRI AR AR T AR

[}

W H 9 .2024-12-28
* FEETH PR E S HE AR H (AD23023001) T P8 Rk 56 3 F A& 30 BB AD22080021) ¥ )

o« 67 o



948 & 2 F o

T # K

i FARBUN  BUAS IR 45 1 o L35 1 P ik, HAE g 1Y
AAFRE TR . BEE JC A ML AR i T kR, A R
R0 R H a3 2, b B A A8 BN T e T N HLIE
5 AR 25 28 Sl 10 TF 0 45 /AT e A ) i A L TR T
AR, BT AL R O B S R B A A ol
Ho Bl R v CAERCE , 1R T AHL RAT B3 iR T $ 0 AT
P B B EAT 55 R S P TE A L B A R R 1]
AAREER L., EF5MNE kAR T e =485 50
5 rb 48 R G W SIORS AT L T kbR o A e 4 it L
TGl 1 A B A, DT 1 20 T 3 4 AE O Ak Y B AR R R
BB .

MY, AR AR T ik ORI SRR 1L B
FERR A A FEEM CHOE R R BE AL SR L T
Y™ Dijkstra S0 5 %2805 5 BT EOR & 15 )
FBEUR T HOE AR 3 2 | e A3 28 B0 2 B 14 007 90 58
REMEUEM . JoE ERXEERN R AR iR s
B, BUA T P AR R R B T R R A R
TE Bk ik 22 b Ry T T ik e A2 2 s Tl oh i) 22 T8 AL = 4 it
AR R, St BN AN 25 5 X BE A AL IR AT
TREMIE., RFALES B RRE S S B A R iR E Al
WS SR IR 46 [ A0, X o B v 1) R I I A Bh A AL [ T
[ I 5 LA e 57728 e, A R S e T Wi S B (H Wi 8
K B2 54 8 5 Song A5l A PSO B 45 & 3 2 9 &
R DU FE IR il 42k LI 7% 3 AL s A I8 1 I A 8 R T A+
G LA A IS gAY, (R 5 BE A TRy 3B S5 A0 A 1 155 0
H AR BB o2 5l i A TR ACIRES
TR U] v A i AT K B A R R B b e Y 1
R T HANMRECE, 5IARERE 8 8N TF
AT A S 2 R KA T . SRRV A%
P Rk )R ER B AL BE O A5 B 42 T, (H R B R 1 W SO 1] i
A TR S BRSO T SEEIE AL R A2 T 1) 45 3T AT
dr BRI T ET B R AT D x Bk R M A L
X7k IRl B 45 5 T TC NALCAL B AR Wl 2D T RATRERT

TE FRWIIEE ST A0 5 28 P B b i) = 488 A
B3 A28 BT [ A0, DA /N %) 86 AR R B LR g B R 7 25 A1
FE R ERE A 5 0 A TR AT B AR R 4R T T ALY TR AT AL
RARGEM . e DEuE AL L5 7 (dung beetle optimizer,
DBOY B IR FHRESX AT A 1 42 R 8 R BE 155 . 5 B A R B i
Sy a) B, £ T — R Al A 2 0K W% 0 g 5 AR b 5 ik
(MGDBO),

1 REEE

1.1 ZHIFEEE

TE AL CAT % 2 RN b R T 1 Bk AR 25 U AE OC , BOKE B
549 DX 3 Ak B8 R % L R TR AR, 3 b R B00R8E 00 3 % A AT
FARL ol 1 TR 8 B L B L WA A TR f Ay b T b ], b TR R
BN = (D FiR

¢« (68 o

z = sin(y +a) +b X sin(x) +¢ X cos(d (y* +x*)) +
e X cos(y) 4 f X sin(f(y* +2")) + g X cos(y) o)
APz y JHLIE B AR R G = X R A R AL AR B R s a
bcd e f RHLIE B2 5 ma OB BB AR . X bR 31T
RS L2 AR R (2) X LA B 43 3 4T = 2 P15 A
x—x;\ Yy Y ’

Z:;HX“%%I”>*F;#>(”
K. Z, IR R R . H R S BT Skt AR
REREE , (XY FRE @ ARSI 1 vt A 47 &
X, MY, RRE AL o FhR y flor ) 09 = E
Sk HE LR Y B AN B

KT TRANEFEE 22 M TC N X R RAT, 3 28 X 4
WA R & R ATE  Sy TEE BBl B 4
PP HL 2T R R AL L 58 o 8 (R R TR I 5 % TR IR AT
R, DL i 0 LI 28 B R B 1 AE B 2 PR P 1
FIA]HEPE , FBCERAL N (3) TR .

(x—x2)"+ (y—y ) <0< z<h (3)
K (aosyo) Fom B BIAE AR B9 00 b 5, RN
ro R b (xhy) NHTE AR SR AR . 2

SHEIBE 07 B R =R E 1 R .

1

=40 HIR R B A

Fig.1 3D simulation environment schematic diagram
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F1 brif 22 1. 36X 10° 1.28x10°° 6.46x10"" 2.01X10* 5.92X10° 2.77X107" 0. 00
i E 5.65X10° 4.23x10 " 7.95X10 " 9.08Xx10 * 2.04X10° 8.40X10 ' 0. 00
T 1.16 < 10" 2.22X10° 2.19x10"" 1.11X 10! 2.04X 10" 2.32X10 % 0. 00
F2 i 22 5.14 9.92x10 " 6.82x10 " 4.00 7.66 1.26X10 0. 00
e E 5. 14 5. 14 1.97X10 ' 1.97X10 7 9. 66 1.15X10 0.00
T 2. 34 1.06X107" 3.63x10°" 5.59X10" 5.76X10° 2.49X107"  4,01X107%
F3 brifE 2 4.05 6.70X10 * 1.54%x10" 8.87X 10" 3.19X10° 8.01X10 ™  6.97X10~%
SSZIR () 1.37x10 " 1.21x10° 4.78X10°° 1.19%X10 ! 1. 55X 10 0. 00 0. 00
Rl —1.33X10°  —4.18X10° —2.21X10° —2.43X10° —2.26X10° —3.49X10° —4.18X10°
F4 brif 22 2.96X10° 2.23 1.51X 10 2.42X10* —2.87X10° 3.33X10° 2.36X107"
B A —2.04X10°  —4.18X10° —2.56X10° —2.95X10° —2.84X10° —4.18X10° —4.18X10°
S 8. 62 2.55X10°° 8.04X10 * 9. 34 8. 80 8.88X107'  8.88X107'°
F5 bR ifE 2 5. 05 1.27x10°° 3.65X10°7 4. 92 1. 80 0. 00 0. 00
A 7.87X10"" 3.08X10 " 4.39X 10" 2. 62 4. 68 8.88X107"  8.88X107'°
T {E 7.08X10 " 3.86%10 " 8.20X10 * 7.31 3.04X10° 6.45X10 " 4.83X107*
F6 b i 22 1. 07 4.16X107" 3.16X10 *° 4. 83 1. 42X 10" 3.52X107"  1.05X107%
A 3.96X10" 3.26X10 7 4.20X10 * 1. 26 1.87 4.71X107%  4.71X107*

gih R 2 P IRAE 4 SkFE A 6 2 M i R s
R, MGDBO B8 GA.BWO.SCA.,GQPSO,AFOX
VLR DBO 8k, 7 PRl 5 22 06 oR 50 09 B I8 L SF 38

o« T2 o

Y RN EAE, FARME 22T /N, R B B p & k. 78
BS IR ACE A N F4 s BP . MGDBO 83 B B &8
T B S SSOKS B s 3 T 2 16 s % F5, GA . BWO,SCA B 1y
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4 LR R Sl 28 ], MGDBO $5 7k 7 1% 4400 1 5 e
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N T i — 20 B UE MO (AR O S R B Wilcoxon Bk

FRE 5 5F W3 MGDBO 119 3 i 5 GA.BWO.SCA.
GQPSO.AFOX K Ji DBO Bk & & 7 106 b 3 2 5 S i 4%
B 3 FiR. Wilcoxon BE MK K & —Fl Ik SR 56
5,24 p<70. 05 B Uk W Al 0k 22 I A AE B Tk 22
L 2 RN,

B 3 G570 BRI R %k F3 o 5 DBO 5395 %t
ey p=>0.05 4k, Hidy p {H1<C0. 05, % T MGDBO 5
5 B EL VA TE 6 AN SEUEINR R E LT HR R T B
e 2E 53— DU B T R R A R

* 3  Wilcoxon B 1616

Table 3 Wilcoxon rank-sum test

PREL GA BWO SCA GQPSO AFOX DBO

F1 1.21X10 " 1.21X10 " 1.21X10 " 1.21X10 " 1.21X10 " 1.21X10 "
F2 1.21X10 " 1.21X10° " 1.21X10° " 1.21X10° " 1.21X10 " 1.21X10° "
F3 2.33X10 " 2.33X10 " 2.33X10 " 1.99X10 " 1.99X10 " 1.24X107"
F3 1.41X10 " 1.41X10° " 1.41X10 " 1.41X10° " 1.41X10° " 6.47X10 "
F5 2.08X10" " 1.21X107" 1.21X10" 1.21X10°" 1.21X10" 3.37X107"
F6 2.08X10" " 2.08X107" 2.08X10" " 2.35X107" 2.35X10°" 1.58X10°*
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Table 4 Parameter settings for each algorithm
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Table 5 Comparison of the results from different algorithms

ik A FH BEM R
SSA 284.57 311.73 377.6 29.79
BWO  305.33 378.76 435. 64 55. 63
DBO 284.58 313. 56 391.01 34. 38
MGDBO  283.41 291. 18 320. 49 9.21
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Fig. 6 Flight paths of different algorithms in the same terrain
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Fig. 7 Cost convergence curves of different algorithms
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Table 6 Obstacle and flight area settings for each scenario

G iR RERECE WKL WATHE
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