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Three-dimensional UAV path planning based on Dung Beetle Algorithm

fused with multiple strategies
Li Yao, Huang Daqing", Xu Wenxiao, Zhao Zhe

(School of Electronic and Information Engineering, Nanjing University of Aeronautics and Astronautics ,

Nanjing 210016, Jiangsu China)

Abstract To address the deficiencies of the Dung Beetle Optimizer (DBO) in UAV path planning—namely, insufficient
population diversity, slow convergence, and weak global exploration, a multi-strategy-enhanced variant termed BDBO is
proposed . The algorithm seamlessly integrates four synergistic components throughout the entire planning process:
dynamic-learning-based good-point set initialization, time-triggered active parallel bilateral search, a natural population-
decay mechanism, and a boundary convergence strategy fused with a Sigmoid function. Collectively, these strategies
rapidly expand the feasible flight-corridor during the global phase and refine waypoint positions in the local phase, thereby
accelerating convergence and improving solution accuracy simultaneously. A composite objective function aggregating path
length, flight safety, trajectory smoothness, and altitude cost is minimized on both CEC2017 benchmarks and a realistic
3-D mountainous scenario. Experimental results reveal that BDBO reduces the best fitness value by 19.47 %, 25.51 %,
20.85 % , and 3.97 % compared with four state-of-the-art counterparts, unequivocally demonstrating its effectiveness and
superiority for three-dimensional UAV path planning.

Keywords Dung Beetle algorithm; active parallel bilateral search; natural decay population optimization; selected
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Tab. 2 Parameter settings for the investigated algorithms
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Tab. 4 Simulation results of various algorithms in

mountainous environments

GRS hfEEAE RKEME CPHEME iR
BDBO 171.0599 3002150  191.6414  37.1858
DBO 181.4258  390.0401  238.1111  47.1658
LO[12] 187.5674  326.1422  257.2676  42.8128
KOA[13]  183.0011  391.1866  242.1111  47.1658
SWo[14] 1725117 3002150  199.5556  42.8128
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Tab. 3 Calculation results of different optimization algorithms on CEC2017 test functions
) F1 F2
SRk . — . —
I fffE FHE brifE2E I tffE FHE FrifE2E
BDBO 0.000E+00 0.000E+00 0.000E+00 0.000E+00 0.000E+00 0.000E+00
DBO 1.654E-152 4.628E-94 3.210E-89 1.263E-85 1.785E-54 1.785E-54
GWO 1.265E-29 1.171E-27 1.155E-27 1.202E-17 8.037E-17 6.082E-17
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Fig. 5 Convergence curves of different test functions
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Fig. 7 Convergence curves of flight path lengths for five algorithms of
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