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Abstract:

Nature demonstrates how coordinated global behavior can emerge from simple local
interactions, as observed in bird flocks, fish schools, and other biological systems.
Inspired by these principles, this talk presents a decentralized Al framework for
autonomous drone swarms based on Spatio-Temporal Graph Neural Networks
(STGNNSs). The framework integrates multi-hop graph learning, finite-horizon trajectory
prediction, and imitation learning to capture both spatial interactions and temporal
dynamics, enabling each drone to make decisions using only local observations while
achieving coordinated global behavior without centralized control. By combining
predictive planning with reactive obstacle avoidance, the framework supports robust
flocking, rigid formation control, leader following, formation reconfiguration, and
collision-free navigation in complex and dynamic environments. Extensive simulations
and real-world drone experiments demonstrate scalable, adaptive, and resilient swarm
coordination under communication constraints and environmental uncertainties,
highlighting the potential of nature-inspired Al for search and rescue, environmental
monitoring, infrastructure inspection, smart transportation, and next-generation
autonomous multi-agent systems.
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