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Abstract: To optimize the multiple unmanned aerial vehicles (multi-UAVs) cooperative traffic
monitoring path planning with battery replacement station constraints, a mixed-integer linear

programming model based on the UAV team orienteering problem was constructed, and a clustering
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method was adopted to determine the battery replacement stations’ locations to achieve uniform

distribution. A multi-agent Transformer-based reinforcement learning (MTRL) algorithm
framework was proposed, in which a centralized Transformer architecture was adopted. The encoder
was used to learn the global graph-structured representation of the scenario via multi-head attention
mechanism, and the decoder was used to generate collaborative path planning. A reward function
based on the number of visited target nodes was designed to optimize the UAV visiting sequence and
battery replacement strategy. A structured masking mechanism was introduced to eliminate
subcircuits, repeated visits, and path conflicts, ensuring solution feasibility. Numerical experiments
were conducted in scenarios of 9 types of scale with varying numbers of target nodes, battery
replacement stations, and UAVs. The results show that MTRL obtains high-quality feasible
solutions in all 9 types of scenarios with stable training convergence. Compared with the commercial
solver, the average cumulative reward increases by 9.77%-28.77% in small- and medium-scale
scenarios and by 9.34%-14.84% in large-scale scenarios, while that of the genetic algorithm and
tabu search decreases by 28%-41% in large-scale scenarios. The inference time remains at the
millisecond level. In 18 groups of cross-distribution generalization experiments, the relative error is
controlled within 1%. The proposed framework provides an efficient solution for UAV swarm
mission planning, intelligent transportation path optimization, and logistics distribution scheduling. In
addition, it offers a methodological reference for the application of multi-agent reinforcement learning
to complex constrained optimization problems.
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Fig. 1 Example paths for cooperative UAV traffic monitoring with

battery replacement stations
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Fig. 4 Comparison of performances among five clustering algorithms
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Fig. 6 Training reward curves of MTRL model
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A3 GA 20.000 0 20. 20 3.080 1 32.058 6 —15.02 5.224 3 36.878 9 —30.10 7.7639
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Table 3 Performance comparison of different node distribution modes
[F] AR AE M,~T, M,—~T, 1/ % M,~T, M,—~T, 7/ %4
T20B2A2 19.996 1 19.980 5 0.078 0 19.9258 19.945 3 0.097 8
T20B2A3 20.000 0 20.000 0 0.000 0 20.000 0 20. 000 0 0.000 0
T20B2A4 20.000 0 20.000 0 0.000 0 20. 000 0 20. 000 0 0.000 0
T50B5A2 35.101 6 34.906 2 0.556 7 34.207 0 34.1055 0.297 6
TS50B5A3 43.750 0 43.664 1 0.196 3 43.363 3 43.183 5 0.416 3
TH50B5A4 49.539 1 49.441 4 0.197 2 49.164 1 49.087 4 0.156 3
T100B10A2 47.8718 47.593 8 0.580 7 47.0857 46.872 3 0.455 3
T100B10A3 60.518 1 60. 257 5 0.430 6 58.473 4 58.3759 0.1670
T100B10A4 71.026 7 70.753 5 0.384 6 71.009 8 70.6357 0.529 6
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Fig. 7 Visualization example of multi-UAV path planning results
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