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Abstract

In transmission line inspection operations, rational deployment of drone nests is crucial for enhanc-
ing inspection efficiency and reducing operational costs. Traditional deployment methods often suf-
fer from uneven coverage, poor cost control, and slow algorithm convergence. To address these chal-
lenges, this study proposes an Improved Whale Optimization Algorithm (IWOA) integrating adaptive
weights and multi-strategy mutation mechanisms. By constructing an integer programming model
that incorporates construction costs, operation and maintenance expenses, and flight costs, the algo-
rithm achieves coordinated optimization of drone nest location selection, configuration types, and
inspection task allocation. Through dynamic adjustment of search weights to balance global explo-
ration and local development capabilities, combined with three mutation strategies—nest type re-
placement, task redistribution, and position fine-tuning—the algorithm improves solution diversity
and precision. Comparative experiments using a simulated dataset of 500 transmission towers
demonstrate that IWOA achieves the lowest deployment cost (115.47) among original Whale Opti-
mization Algorithm (WOA), Particle Swarm Optimization (PSO), Genetic Algorithm (GA), and Simu-
lated Annealing (SA). The algorithm exhibits significantly faster convergence speeds and superior
performance in coverage completeness, cost optimization effectiveness, and stability compared to
competing methods. This research provides a novel optimization framework for drone nest deploy-
ment in power infrastructure inspections, offering practical significance for enhancing the economic
efficiency and reliability of transmission line maintenance.
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Figure 1. Algorithm execution steps
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