Artificial Intelligence and Robotics Research AT e 5HLE5 A5, 2026, 15(1), 123-137 Hans X
Published Online January 2026 in Hans. https://www.hanspub.org/journal/airr

https://doi.org/10.12677/airr.2026.151013

% R BRI L BE T AN = 4E B =R X1

—i ‘Eﬁ, 4%‘@}:-*
IR 2SI A BE BRI A e, (IR HF e

Wk H . 20254F11H28H; FHHM: 20254F12H30H: &AHM: 20264F1H7H

R

TN ZEBAHR A BRI RE, BERAKNERERESN. NT BIMESEDBOEE T R
B, RERHERAE, AFRRE T —F L RIERAEIRIDBO. %A E S ARSI L HI ki
EAEEE S BT, RS, HEA=EHENNE. FHHE BRSNS PENH . HIK,
I APSO B 5| SRERILA, DUXABIFFHKRSREE. RAEEIKEE - Z0hRARSHHEZRES
RERERES . BITCEC2017129 M EHERISIE, IDBORIL AR MU SIUE BRI &k, FEUAV3DER
R Sk —5UE B T IDBOAE BE I B2 AR, X R BIAESE T IDBOE Y £ SRR AL R R B
R T EANIEZRIPRER A 2%

XK ia
QIR RTRAL, BEZSWA, SHTEEM

Multi-Strategy Improved Dung Beetle
Optimization Algorithm for UAV 3D Path
Planning

Yu Wang, Enguang Hou"

School of Rail Transportation, Shandong Jiaotong University, Jinan Shandong

Received: November 28, 2025; accepted: December 30, 2025; published: January 7, 2026

Abstract

UAV 3D path planning exhibits high-dimensional optimization characteristics, requiring robust
global search capabilities. To address the premature convergence problem of traditional Direct Op-
timization (DBO) algorithms and improve local search efficiency, this study proposes a multi-strategy
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fusion algorithm, IDBO. This method first utilizes a neighborhood topology mechanism to enhance
inter-population communication and maintain diversity, combined with a triple adaptive weighting
and oscillatory enhancement social cognitive dynamic balance mechanism. Secondly, a phased guided
rolling ball mechanism (PSO) is introduced to achieve better convergence accuracy. Then, an elite-
differential cooperative foraging mechanism significantly improves global exploration capabilities.
Validated by 29 benchmark functions at CEC2017, IDBO demonstrates superior convergence accu-
racy and robustness. Further experiments in UAV 3D path planning demonstrate IDBO’s ability to
generate smoother paths. These findings confirm the effectiveness of IDBO in addressing the chal-
lenges of UAV path planning in complex scenarios through coordinated multi-strategy optimiza-
tion.
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Table 1. Process flow of the improved dung beetle optimization algorithm

F 1 BB EERE
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1o 8 RRIEMRIREL T, =100, 46 D, F#EK/NN=50

2: BEMWIGRR I E X, HEEV,, ARG RS

3: WMWK pBest , AR gBest » ABIHIHFH N, =10
4; for ®TACt=1%FT  do
5
6
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max
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o AR AL X
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8: EUBTEIH M Q0% E M) E: T aREL T nits)
9: FET AR MR E: Sakei SMESIE)
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16: end for
Table 2. CEC2017 30-dimensional test comparison
= 2. CEC2017 30 4E Mt xTEL
ID Metric 45 DBO IGR-DBO IDBO
CEC2017-F1 Std 1.1430e+09 3.1196e+04 6.4365e+03
Ave 1.3303e+09 3.1481e+04 6.8694e+03
CEC2017-F3 Std 2.6554e+04 2.0146e+04 9.7926e+03
Ave 1.3519e+05 6.2972e+04 3.2424e+04
CEC2017-F4 Std 1.2818e+02 2.5778e+01 4.0650e+01
Ave 7.0351e+02 5.2309e+02 5.1662e+02
CEC2017-F5 Std 4.4939e+01 4.4734e+01 3.4341e+01
Ave 9.1094e+02 6.9209e+02 6.4976e+02
CEC2017-F6 Std 1.6993e+01 9.5612e+00 7.5768e+00
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Bk
Ave 6.8418e+02 6.4847e+02 6.2730e+02
CEC2017-F7 Std 8.3612e+01 1.3768e+02 5.8119e+01
Ave 1.2257e+03 1.1784e+03 9.5720e+02
CEC2017-F8 Std 4.6554e+01 3.3845e+01 2.1177e+01
Ave 1.1829e+03 9.4554e+02 9.1547e+02
CEC2017-F9 Std 3.0159e+03 2.2799e+03 7.9128e+02
Ave 1.6764e+04 5.6575e+03 2.8882e+03
CEC2017-F10 Std 2.5775e+02 3.4248e+02 7.9410e+02
Ave 9.0110e+03 8.9291e+03 8.2769e+03
CEC2017-F11 Std 3.7550e+02 5.8945e+01 5.4210e+01
Ave 1.7871e+03 1.2786e+03 1.2467e+03
CEC2017-F12 Std 1.1718e+08 1.9421e+06 2.4542e+06
Ave 6.2762e+07 2.8542e+06 2.8670e+06
CEC2017-F13 Std 1.5172e+05 1.8576e+04 1.7327e+04
Ave 1.6729e+05 2.5767e+04 2.0749e+04
CEC2017-F14 Std 1.0221e+06 1.1528e+05 4.5574e+04
Ave 5.2959e+05 6.9748e+04 3.1588e+04
CEC2017-F15 Std 4.5786e+04 5.6682e+03 1.1329e+04
Ave 5.3532e+04 6.8214e+03 1.0538e+04
CEC2017-F16 Std 3.3831e+02 4.8712e+02 2.6131e+02
Ave 4.2311e+03 3.1222e+03 2.5991e+03
CEC2017-F17 Std 2.4286e+02 2.0301e+02 1.5739e+02
Ave 2.7583e+03 2.4245e+03 2.0592e+03
CEC2017-F18 Std 5.4410e+06 7.6157e+05 3.3488e+05
Ave 5.0241e+06 7.0396e+05 2.5877e+05
CEC2017-F19 Std 1.4108e+04 5.3936e+03 1.1185e+04
Ave 1.4016e+04 7.2476e+03 1.0181e+04
CEC2017-F20 Std 1.9549e+02 3.0702e+02 1.7321e+02
Ave 3.1071e+03 2.9764e+03 2.4549e+03
CEC2017-F21 Std 4.0574e+01 4.6258e+01 2.8114e+01
Ave 2.6664e+03 2.4691e+03 2.4029e+03
CEC2017-F22 Std 2.2942e+03 3.9954e+03 1.5752e+03
Ave 9.2004e+03 6.0082e+03 2.7090e+03
CEC2017-F23 Std 7.8050e+01 9.1234e+01 4.3480e+01
Ave 3.0654e+03 2.9441e+03 2.8167e+03
CEC2017-F24 Std 6.7531e+01 9.7013e+01 6.3271e+01
Ave 3.2154e+03 3.0903e+03 2.9808e+03
CEC2017-F25 Std 5.7066e+01 2.4221e+01 2.6939e+01
Ave 3.0239e+03 2.9291e+03 2.9367e+03
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CEC2017-F26 Std 1.5330e+03 1.3872e+03 1.1599e+03
Ave 7.2020e+03 6.6359e+03 5.5002e+03
CEC2017-F27 Std 6.8794e+01 5.7042e+01 3.1372e+01
Ave 3.3028e+03 3.3138e+03 3.2809e+03
CEC2017-F28 Std 1.5938e+02 2.6177e+01 4.1808e+01
Ave 3.5225e+03 3.2900e+03 3.2881e+03
CEC2017-F29 Std 4.4917e+02 3.4701e+02 2.3180e+02
Ave 4.8965e+03 3.4701e+02 4.0812e+03
CEC2017-F30 Std 2.8860e+06 3.8351e+04 2.4104e+04
Ave 1.4542e+06 6.1220e+04 2.8396e+04
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Figure 10. Comparison of 3D simulation paths

B 10, Z#HAEREE

200

100 T T w‘ Q T

80

gl |

y / km

20

50

10 20 30 40 50 60 70 80 90 100
x / km

IDBO Path [ | i@k

B A %

DBO Path

Figure 11. Top-down view comparison

B 11, AR ExT EE

. ‘ . . . ‘
10 20 30 40 50 60 70 80 90 100
IEAIEL

Figure 12. Top-down comparison of 2D grids
& 12. 4RI EE

DOI: 10.12677/airr.2026.151013 135

ANTLHE SIS


https://doi.org/10.12677/airr.2026.151013

FN, R

200
£ 150
100

50

100

y / km x / km
|#2 @ %4 A ppo rath [N IpB0 Path -EMEURML‘

Figure 13. Comparison of fitness iteration curves
13. &R IR BZEXTEE

5. FiRS5 o

Hifs 10~13 ATLUE HY IDBO SAAE B AR MR AL Ak R o i 7 5 25 AR . 3@ id %t Lk IDBO
A1 DBO SFEAEA FIMAEE T B AR, FATATCLW %3] IDBO 5Lk RS A RuhSeid sy, $EE
FARR AR RADURD T AR, IR RS s 1 2108 H I RCR . tbdh,  APEREXT EE B a] LIS
i, 1DBO Sk AR B (IS AU A A RE L B AR F AR B BUEL, I HAE B EACE R T R B S 4 A2
EE. X RY] IDBO S AR SIOE A AE 5 AR T DBO 5k, Al s fif R A AL I BN (1 — N5
fLik#.

£ L&, 1DBO SALE AR FURIALAL [ rh R B T 5 B R AR E 1, XA EAE SR
B SR A e .

HE&mHE
AN T LB 28 AN Al B 3 B 4R A2 H (2025DZTSGCO013)

S E 3wk

[1] BSCAs, 248, E7R. oo AR AN RS YR BR[N], tTEHL AR5 R, 2025, 61(19): 302-
310.

[2] Hade, W=, FEk, & ET A BEENSZEZRET AN Z4EMAA R[] WE RS54 (8 A8 2
fiK), 2025, 47(3): 65-76.

[3] Alshammrei, S., Boubaker, S. and Kolsi, L. (2022) Improved Dijkstra Algorithm for Mobile Robot Path Planning and
Obstacle Avoidance. Computers, Materials & Continua, 72, 5939-5954. https://doi.org/10.32604/cmc.2022.028165

[41 Z&i, 5, B, % BEF50d RRT FEINLE A BEARKIN]. A3l AR 58 H, 2025, 44(11): 7-10.

[51 #MEH, £F%. s RRT*HI APF (B ALK 5[], Mt 5, 2025, 32(10): 34-40.

(6] 3k#&, M, FfEs. 2T oud Informed-RRT*E LM AN =4EB M RI[/OL]. R TR SHFHAR: 1-9.
https://link.cnki.net/urlid/11.2422.TN.20251106.1956.056, 2025-11-26.

[7] Li, W, Wang, L., Zou, A., Cai, J., He, H. and Tan, T. (2022) Path Planning for UAV Based on Improved PRM. Energies,
15, Article 7267. https://doi.org/10.3390/en15197267

[8] AUibit, MG, M, 55 BT UolB L FIR N 2 AN R ZR IR0, a5 7 5 1-7.
https://link.cnki.net/urlid/32.1759.4j.20251113.1131.002, 2025-11-26.

[9] WAMEHA, fhocde, Z=mesk, 55 B Toul PSO BUARIE AN =4 AR U M B AU 9], kii#h e, 2025, 51(5): 7-
11+17.

[10] XUFFAF. BT SO WO R MR A 2 T AN LR I [D]: [WlE# A0 30]. P2 Ph2eqiti K%, 2025.

DOI: 10.12677/airr.2026.151013 136 PNER ST IR YN


https://doi.org/10.12677/airr.2026.151013
https://doi.org/10.32604/cmc.2022.028165
https://link.cnki.net/urlid/11.2422.TN.20251106.1956.056
https://doi.org/10.3390/en15197267
https://link.cnki.net/urlid/32.1759.tj.20251113.1131.002

EMW, R

[11]

[12]
[13]
[14]
[15]

Xue, J. and Shen, B. (2022) Dung Beetle Optimizer: A New Meta-Heuristic Algorithm for Global Optimization. The
Journal of Supercomputing, 79, 7305-7336. https://doi.org/10.1007/s11227-022-04959-6

TEEE, RISCLr. T e BRI T AN = GERR AR RI[I]. T I R R, 2024, 47(13): 128-135.
IR, ERREE. BT oot BRI B AN LS R RI[I]. THENLELEE, 2025, 52(S1): 341-346.

XEFS, Wi, HEH, & BT SR FREEVE N T ONAERRI]. THELE, 2023, 40(10): 38-43.
EINI, HFAE, ER. BT ool R EE R TR ANIE 2 = 4R RI]. B3R, 2025, 66(12): 38-42.

DOI: 10.12677/airr.2026.151013 137 PNER ST IR YN


https://doi.org/10.12677/airr.2026.151013
https://doi.org/10.1007/s11227-022-04959-6

	多策略改进蜣螂优化算法无人机三维路径规划
	摘  要
	关键词
	Multi-Strategy Improved Dung Beetle Optimization Algorithm for UAV 3D Path Planning
	Abstract
	Keywords
	1. 引言
	2. 改进蜣螂算法
	2.1. 环形邻域拓扑与三重自适应权重机制
	2.2. PSO分阶段引导滚球机制
	2.3. 精英差分引导协同觅食机制
	2.4. 繁殖蜣螂与偷窃蜣螂

	3. 消融实验
	4. 路径规划仿真
	4.1. 适应度函数
	4.2. 无人机三维路径规划仿真

	5. 结论与分析
	基金项目
	参考文献

