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Taming Self-Organization in Robot Swarms

LECTURE ABSTRACT

Fully self-organized robot swarms—operating without any central coordination—have been widely
demonstrated. Their collective behavior emerges from local interactions among redundant agents,
yielding scalability, fault tolerance, and no single point of failure. Yet, self-organization is powerful
but difficult to steer. In this talk, | will discuss how we can tame self-organization without
undermining its benefits. | will present a novel swarm architecture that achieves self-organized
hierarchy, combining the robustness and scalability of decentralized systems with the controllability
of centralized ones. Using a heterogeneous swarm of ground and aerial robots, | will demonstrate
how the swarm can autonomously build and adapt a dynamic hierarchical control network through
local asymmetric communication. Experimental results show that the architecture enables
independent sub-swarms to form and merge, faulty robots to be seamlessly replaced, and collective
behaviors to be modified on the fly—all while maintaining the key advantages of strict self-
organization: scalability and robot interchangeability.
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