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Abstract: In response to the real-time three-dimensional conflict resolution for low-altitude

heterogeneous aircraft, a rapidly developing operational scenario was studied, including shared
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airspace operations between medium-to-large fixed-wing aircraft and light small multi-rotor
unmanned aerial vehicles (UAVs). A multi-agent proximal policy optimization (MAPPO) -based
method was proposed with a centralized training and decentralized execution framework. Based on the
operational characteristics of the two types of aircraft, a real-time three-dimensional conflict resolution
strategy was established to allow fixed-wing aircraft to maintain stable flight while multi-rotor UA Vs
perform avoidance maneuvers. A multi-dimensional reward function was designed, taking into
account collision avoidance, mission efficiency, priority, and smoothness. A priority mechanism was
introduced to ensure the mission priority of fixed-wing aircraft and encourage proactive avoidance by
multi-rotor UAVs. Simulation results show that baseline tests involving 5, 10, 20, and 30 light small
multi-rotor UAVs all achieve a mission success rate of over 92% , with computational overhead
ranging from 0. 16 to 0. 36 min, average conflict resolution time between 0. 28 and 1. 76 s, and flight
conflict proportions between 0.95% and 2.18%. Through optimization of the state space, action
space, and reward function, the proposed method reduces conflict resolution time by 2.25 s and
improves mission success rate by 2% compared to existing methods. A foundation is thus laid for
further research on the integrated operation of low-altitude heterogeneous aircraft in wide-area
scenarios.
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Fig.4 Simulation vector diagrams of flight conflict resolution for light small multi-rotor UAVs (experiment 1)
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Table 4 Simulation results of conflict resolution for light small

multi-rotor UAVs (experiment 1)
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Fig. 5 Simulation vector diagrams of flight conflict resolution for heterogeneous aircraft under comprehensive reward (experiment 2)
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Table 5 Simulation results of conflict resolution for heterogeneous

aircraft under comprehensive reward (experiment 2)
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Table 6 Simulation results of conflict resolution for heterogeneous

aircraft under non-prioritized reward (experiment 3)
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Table 7 Simulation results of conflict resolution for heterogeneous

aircraft under non-stationary rewards (experiment 4)
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Table 8 Simulation results of conflict resolution for heterogeneous

aircraft in degraded airspace connectivity (experiment 5)
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Fig. 6 Simulation vector diagrams of flight conflict resolution for heterogeneous aircraft in degraded airspace connectivity (experiment 5)
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