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Performance Function-guided Deep Reinforcement Learning Control for UAV Swarm
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Abstract A novel performance function-guided deep reinforcement learning control method is proposed for the un-
manned aerial vehicle (UAV) swarm system, which simultaneously evaluates both the demonstration experience
from the performance function and exploratory actions from the learning strategy to guarantee efficient and reliable
policy updating, achieving high-performance control of the UAV swarm system. Firstly, based on the leader-follow-
er framework, the UAV swarm control problem is transformed into a tracking problem under the leader—follower
paradigm, and then, the model-based tracking control is proposed, where the performance function is designed to
constrain the tracking error within a given range, thereby achieving UAV model-driven formation control. Then, to
address the invalid problem of performance function under complex working conditions, the deep reinforcement
learning and the performance function-driven methods are combined to propose the performance-function-guided
deep reinforcement learning control method, where the demonstration of performance function is used to assist in
training the reinforcement learning network. By jointly evaluating exploratory and demonstrative actions, the pro-
posed method ensures a learned policy that significantly outperforms the performance function-driven control alone,
effectively enhancing the accuracy and robustness of UAV formation control. Comparative experimental results
show that the proposed method significantly improves the control performance of UAV swarms, realizing high-per-
formance swarm control with both robustness and flight accuracy.
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Fig.1  Schematic diagram of drone pilot-following
formation model
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