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Abstract

The complex terrain and undulating terrain in mountainous areas have caused many obstacles
to the signal transmission of unmanned aerial vehicle wireless networks, seriously affecting the
communication performance and task execution efficiency of unmanned aerial vehicles. This ar-
ticle focuses on the optimization of wireless network relay deployment for unmanned aerial ve-
hicles in mountainous environments. Firstly, the impact mechanism of mountainous terrain
characteristics on wireless signal propagation is analyzed in detail, and a mixed path loss model
for air ground is constructed. Then, based on this model, a relay deployment optimization algo-
rithm (NASH-PSO algorithm) was proposed that comprehensively considers constraints such as
drone flight altitude, number and location of relay nodes, terrain occlusion factors, and link qual-
ity. This algorithm combines a mixed optimization strategy of particle swarm optimization with
random weights and Nash equilibrium algorithm to effectively search for the globally optimal
relay deployment scheme, enabling efficient signal transmission and stable coverage of un-
manned aerial vehicle wireless networks in complex mountainous environments. Through sim-
ulation experiments, the network performance indicators under different numbers of drones
and optimization algorithms were compared and analyzed. The results showed that the pro-
posed optimization algorithm can significantly improve signal transmission quality while ensur-
ing network connectivity, effectively expand network coverage, and provide strong technical
support for the reliable construction and efficient operation of drone wireless networks in
mountainous environments. It has important theoretical research value and practical applica-
tion prospects.
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Figure 1. Simulate 3D topographic map
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Figure 4. Fifteen drone iteration diagrams
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Figure 6. Twenty-five drone iteration diagrams
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Figure 7. Thirty drone iteration diagrams
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Table 1. Comparison of the optimal fitness weighted value and maximum coverage rate among different numbers of drones
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Figure 9. Traditional particle swarm optimization algorithm
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Figure 13. Grey wolf algorithm
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