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Abstract; To ensure the safe autonomous operation of electric vertical take-off and landing
(eVTOL) aircraft in urban airspace, an autonomous avoidance decision-making and control
method for eVTOL aircrafts under non-cooperative games was proposed for non-cooperative

aircraft intrusion scenarios. Optimal control models were constructed respectively for aircraft
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with different flight goals and avoidance intentions, and continuous and hybrid action spaces were
adopted to express control inputs. A multi-aircraft decision-making model based on non-
cooperative differential game theory was established to characterize the avoidance or priority-
taking behaviors of aircraft in conflict scenarios. An event-triggered mechanism was integrated
with a model predictive control framework, and a rolling optimization process of trajectory
prediction, conflict detection, optimization calculation, and control execution was adopted to
solve the single-step optimal control command for aircraft in real time. An iterative best response
algorithm was adopted to progressively approach the Nash equilibrium solution of the non-
cooperative differential game to improve online computational efficiency. Based on the proposed
models and algorithms, autonomous avoidance simulation experiments of eVTOL aircraft were
conducted under head-on, same-direction, and crossing conflict scenarios. Simulation results
show that when the intruding aircraft is predicted to have no avoidance intention, the avoidance
effect is better. The composite maneuver strategy of “speed adjustment+ direction adjustment-+
altitude adjustment” improves avoidance safety by 32% , increases avoidance efficiency by 53%,
and reduces maximum deviation distance by 88%. The average computation time per step of the
game optimization algorithm based on iterative best response is less than 0. 3 s, and the response
speed is fast. The proposed autonomous avoidance decision-making and control method enables
eVTOL aircraft to rapidly generate optimal control strategies when facing non-cooperative target
conflicts, thereby achieving safe and efficient autonomous avoidance.
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Fig. 6 Variation curves of trajectories and control inputs of two aircrafts in experiment 1 (head-on encounter)
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Fig. 8 Computational time for control strategy (head-on encounter)
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Fig. 12 Variation curves of speed-time
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