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Abstract:

A very active research area today addresses coordination of several robots: robotic teams and large-scale swarms are being considered for a
broad class of applications, ranging from environmental monitoring to national security. While these concepts are undoubtedly fascinating, it is
not clear what are the benefits of scale in such systems. In this seminar, I will present some recent work on two related classes of problems in-
volving the coordination of possibly large numbers of robots. The focus of this work is to investigate the relation between the number of robots
and the collective performance; as an additional outcome, we design coordination algorithms with provable performance guarantees.

The first part of the talk will address the following problem. Consider a team of robots free to move within a convex and bounded region in
the plane. Assume that "service requests" are generated within the region by a Poisson point process; a service request is fulfilled when one of
the robots visits the corresponding point. We present an algorithm that provably minimizes the expected waiting time between the issuance and
fulfillment of a service request, in the asymptotic cases of light and heavy load (1.e., when the service requests are issued very rarely or very
often). The proposed algorithm is spatially decentralized, and combines tools and results from geometric optimization, combinatorial optimiza-
tion, and nonlinear control theory. In particular, we will show that the performance of the team increases quadratically with the number of
robots in the heavy-load case. This provides a strong motivation for large-scale robotic networks.

The second part of the talk will address the other face of the coin, showing how traffic congestion imposes severe limitations on the perfor-
mance of large multi-robot systems. More specifically, we will address the following basic problem: Given n robots and n origin-destination
pairs in the plane, what is the minimum time needed to transfer each robot from its origin to its destination, avoiding conflicts with other
robots? The environment is free of obstacles and a conflict occurs when the distance between any two robots is smaller than a velocity-
dependent safety distance. We will show that, even in the case in which the size of the robots vanishes as n increases, the transfer requires
Theta(n?(1/2)) time in the best possible case (i.e., the average speed of the robots decreases at least as 1/n(1/2)). Moreover, we will present an
algorithm that solves the problem for a random choice of origin/destination points in O(n*(1/2)) time, with high probability.
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