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Abstract: To address the issues of path redundancy and susceptibility to local optima in traditional path planning methods, this paper
proposes an improved dung beetle optimization (IDBO) algorithm for efficient flight path planning of unmanned aerial vehicle (UAV)
inspection of construction hoisting machinery. The core improvements include three mechanisms: A population initialization strategy
based on a good point set to enhance spatial uniformity and coverage of initial solutions; an exponential decay formula to dynamically
adjust the perturbation factor for adaptive balance between global exploration and local exploitation; and a hybrid Cauchy-Gaussian
mutation mechanism to mutate stagnant populations, thereby inhibiting premature convergence and enhancing global search performance.
Experimental results on benchmark test sets demonstrate that the proposed IDBO algorithm outperforms comparable algorithms in both
convergence speed and solution accuracy, securing the top comprehensive ranking. For the UAV inspection application, a comprehensive
evaluation model was formulated, integrating critical factors including path length, energy consumption, and threat cost. Simulations
conducted within a realistic 3D construction site model populated with multiple hoisting machinery confirm that the paths planned by
IDBO not only effectively avoid obstacles but also yield significant improvements in the objective function value. Specifically, in three
scenarios of varying complexity, the performance improved by 11.47%, 7.23%, and 9. 17%, respectively, when compared to the

baseline method. Consequently, the proposed IDBO algorithm provides an effective and robust solution for autonomous UAV path
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planning in complex construction environments characterized by multiple obstacles, numerous inspection targets, and multi-dimensional

costs, demonstrating considerable application potential.

Keywords : hoisting machinery; path planning; dung beetle optimization algorithm; unmanned aerial vehicles; patrol inspection
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Fig.2  Variation of perturbation factor under different strategies
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Table 3 Experimental results of the eight algorithms on the CEC2022 benchmark test set
PREL PEANTRAR IDBO DBO PSO GWO WOA HHO GA SSA
RSN 1.58x10* 4.21x10* 2.85x10° 2.13x10* 2.94x10° 1.07x10° 8.82x10° 1.76x10°
F1 bR 2.73x10° 1.59x10* 3.98x10° 4.72x10° 2.76x10° 5.28x10* 1.86x10° 6.59x10*
HE44 1 3 6 2 7 4 8 5
SHME 4.59x10° 5.77%10° 6. 12x10° 6.37x10° 5. 46x10° 2.67x10° 3.23x10* 4.22x10?
F2 PRt 2.51x10" 1. 82x10° 4.11x10? 1.28x10? 5.73%10" 7.39x10? 6.80x10* 1.76x10"
He44 2 4 5 6 3 7 8 1
SEHE 6.05x10° 6.41x10° 6.02x10° 6.50x10° 6. 84x10° 6.78x10° 7.78%10° 6.49x10°
F3 brifE 2z 8.25x10° 1. 13x10" 4.06x10° 6.45%10° 3.52x10" 1. 11x10" 4.69%10" 1.22x10"
HE2 2 3 1 5 7 6 8 4
S 8. 84x102 8. 88x10% 8.72x10% 8. 69x10% 9.26x102 9.37x102 1.26x10° 8. 88x10%
F4 brifE2 4.87x10° 9.52x10° 3.25x10' 3.52x10" 2.30%10' 2.07x10" 1. 00x10? 4.82x10°
HE2 3 4 2 1 6 7 8 5
T 2.24x10° 2.80x10° 2.52x10° 1. 11x10° 3.89%10° 3.00%x10° 9.44x10* 2.42x10°
F5 bRz 3. 89x102 5. 13x10% 1.61x10° 1.94x10° 1. 09x10° 4.02x102 4.70x10* 4. 46x10"
HE44 2 5 4 1 7 6 8 3
T 1.10x10* 7. 64x10* 1.93x10° 1.04x107 8.51x10° 1.79%10° 3.10%107 2.97x10*
F6 brifE 2 5.31x10° 1.00x10° 4.78x10° 2. 17x107 1. 42x107 9.98x10® 7.87%107 4.30x10*
HE44 1 3 4 6 5 8 7 2
T 2.10x10° 2.13x10° 2.10x10° 2.07x10° 2.51x10° 2.31x10° 2.61x10° 2.40%10°
F7 bR 1.94x10" 5.94x10" 4.34x10" 2.23%10" 3.23%10? 7.77x10" 2. 04x10? 1. 58x10°
He44 2 4 3 1 7 5 8 6
SEHME 2.24x10° 2.23x10° 2.25x10° 2.25x10° 2.53x10° 2.46x10° 6.00x107 2.25x10°
F8 brif2: 3.01x10° 3.95x%10° 1. 25x10" 8.09x10° 1. 86x 10> 2.29x10° 1.90x10® 4. 49x10"
He44 2 1 4 3 7 6 8 5
Sl 2.52x10° 2.54x10° 2.56x10° 2.66x10° 2.60x10° 3.35x10° 3.69x10° 2.47x10°
F9 FriE2E 4.62x10" 1. 15x10? 1. 21x10? 7. 47x10" 1. 02x10? 4.09x10° 4.32x10? 6.91x1072
HE2 2 3 4 6 5 7 8 1
SEE 3.50%x10° 3.78%10° 5.91x10° 4.28x10° 6.223x10° 6.01x10° 6.25%x10° 4.02x10°
Flo bRz 7.34x10% 7. 86x10° 8.90x 107 9.98x10° 1.01x10° 4.91x10° 6.77x10° 1.22x10°
HE44 1 2 5 4 7 6 8 3
RSN} 4.13%x10° 2.93x10° 2.91x10° 3.47x10° 3.21x10° 8.58x10° 2.16x10* 2.96x10°
Fi1 bRl 5. 66x10" 5.71x10" 5.96x10° 2.18x10? 1.52x10? 9.46x10” 9.39x10° 5.18x10"
HE2 6 2 1 5 4 7 8 3
RSN 2.90x10° 2.90x10° 2.90x10° 2.90x10° 2.90x10° 2.90x10° 2.90%10° 2.90%10°
F12  WifEZE 6.36x107° 7.94x107° 1.37x107* 1.90x107* 1.02x107* 4.32x107° 4.42x107° 2.34x107*
HE44 1 4 5 2 6 7 8 3
He 4 -1 2.08 3.17 3.67 3.5 5.92 6.33 7.92 3.42
SHEA 1 2 5 4 6 7 8 3
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Fig.3 Convergence plots of the eight algorithms on the CEC2022 benchmark test set
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4 BEMXELWERSSH Table 4 Experimental results in different
simulation scenarios
I T RAEBGIEI 9 1DBO FUF 7 DBO 5 ABLIG A A Stk RRAURER ARl
- . - N . . IDBO 1171.89 1211.32
BRI T YRR R (e M T e ) P2
A R B —BK 500x 500200 FY = 2 Hb K], 7E b [E] o DBO 1076. 38 1094.75
PR T IR R AR B T TRl E g, B0 1405.44 143217
— RIIBRAH L) K AE I, F IDBO 1 DBO 76 AR [F) A DBO 154291 1 576.83
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