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Abstract To address the issue of performance degradation in unmanned aerial vehicle (UAV) swarms under ab-
rupt environmental changes, a meta-learning control method based on dynamic performance balancing is proposed
to achieve efficient, reliable, and online adaptive cooperative control for swarm systems. First, based on the uncer-
tain dynamic model of UAV and incorporating multiple constraints such as trajectory tracking, swarm cooperation,
and dynamic obstacle avoidance, an adaptive control strategy is constructed to effectively counteract system uncer-
tainties and external disturbances. Second, to resolve the performance conflict between transient response and
steady-state accuracy, and to overcome the limitations of high computational cost in traditional optimization al-
gorithms, a meta-learning control architecture is constructed. By learning initialization parameters with strong gen-
eralization capabilities through offline training, this method enables the system to achieve millisecond-level adapta-
tion and rapidly converge to optimal gains that satisfy dynamic performance balancing requirements online, utiliz-
ing only a small amount of historical data and a single-step gradient update. Experimental results demonstrate the
significant adaptability of this method in scenarios involving dynamic obstacles and drastic environmental changes,
realizing cooperative control that balances robustness, safety, and high performance.
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