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Smooth Trajectory Obstacle Avoidance Control of Aircraft Based on Iterative
Game Feedback Potential Field Ant Colony Algorithm
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Abstract: In the dynamic potential field environment of aircraft, time-varying potential field gradients are introduced in
obstacles during their state transitions, which generate chaotic attraction domains, making it difficult to obstacle avoidance.
Moreover, the underactuated characteristics of the aircraft result in incomplete constraints in its kinematic system, and the
resulting chaotic behavior will cause the trajectory to exhibit non-smooth transitions Therefore, based on an iterative game
feedback potential field ant colony algorithm, research on the obstacle avoidance control method for the smooth trajectory of
aircraft is conducted. After constructing the kinematic model of the aircraft and determining its dynamic constraints, static/
dynamic obstacles are identified, and gravity field (target attraction) and repulsion field (obstacle repulsion) functions are
designed. A environmental potential field function is constructed to achieve a dynamic balance between global target guidance
and local obstacle avoidance, to break through the topological limitations of chaotic attraction domain, and to improve the
success rate of obstacle avoidance. With the environmental potential field function constrained, the obstacle avoidance con-
trol objective function is established from three aspects: shortest path, smoothness, and safety, and the potential field ant

colony algorithm are used to solve this function. With the potential field gradient changeed abruptly or the distribution of ant
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colony pheromones uneven, the path is prone to high-frequency jitter, which exacerbates the chaotic behavior of the aircraft

dynamics system and affects the smoothness of the trajectory. To address this issue, an iterative game feedback mechanism

is introduced to smooth gradient changes in the potential field. The distribution of pheromones is optimized to reduce abrupt

changes in the curvature of paths. to surpress the dynamics chaotic behavior of aircraft, and to make the trajectory converge

to a stable smooth solution, thus obtaining the optimal trajectory of the aircraft that can simultaneously meet the require-

ments of trajectory smoothness and obstacle avoidance control.

Experimental results show that the trajectory of the aircraft

by this method can maintain a safe distance from obstacles, with a success rate of 100% in obstacle avoidance. The maxi-

mum smoothness of the aircraft trajectory can reach up to 0. 95. In multiple types of aircraft and complex environments. this

method has a good obstacle avoidance performance, indicating its effectiveness.

Keywords: aircraft; obstacle avoidance control; kinematic model; smooth trajectory; potential function; potential

field ant colony algorithm; game feedback; pheromone
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