
Agreeing Asynchronously

In this talk we formulate and solves a version of the widely studied Vicsek consensus problem

in which each member of a group of n > 1 agents independently updates its heading at times

determined by its own clock. It is not assumed that the agents’ clocks are synchronized or that the

“event” times between which any one agent updates its heading are evenly spaced. Nor is it assumed

that heading updates must occur instantaneously. Using the concept of “analytic synchronization”

together with several key results concerned with properties of “compositions” of directed graphs,

it is shown that the conditions under which a consensus is achieved are essentially the same as

those applicable in the synchronous case provided the notion of an agent’s neighbor between its

event times is appropriately defined. However, in sharp contrast with the synchronous case where

for analysis an n dimensional state space model is adequate, for the asynchronous version of the

problem a 2n-dimensional state space model is required. It is explained how to analyze this model

despite the fact that, unlike the synchronous case, the stochastic matrices involved do not have all

positive diagonal entries.

Controlling a Triangular Formation of Mobile Autonomous Agents

In this talk we propose a distributed control law for maintaining a triangular formation in the

plane consisting of three mobile autonomous agents. It is shown that the control law can cause any

initially non-collinear formation to converge exponentially fast to the desired formation. It is also

shown that initially collinear formations remain collinear and may drift off to infinity at t → ∞.

These findings complement and extend earlier work which we also discuss.

Convexification of the Range-Only Station Keeping Problem

Using concepts from switched adaptive control theory plus a special parameterization of the

class of 2× 2 nonsingular matrices, a tractable and provably correct solution is given to problem of

maintaining the position of a point modelled mobile autonomous agent in a moving formation in the

plane in which range measurements are the only sensed signals upon which formation maintenance

is to be based. The performance of the overall system degrades gracefully in the face of increasing

measurement and miss-alignment errors, provided the measurement errors are not too large.

Sensor Localization and Rigid Point Formations

In this talk we will explain the connection between the problem of localizing a network of sensors

and the classical problem of deciding whether or not a structure consisting of rigid bars and flexible

joints is rigid. Such structures and networks can be modelled as “point formations.” We explain

why the sensors in a network in which distance information is all that is available, can be localized if

and only if the network’s point formation model is globally rigid. We explain the difference between

a rigid formation and a globally rigid formation and we review characterizations of both from graph

theory. Finally we outline tractable algorithms for sequentially localizing certain classes of sensor

networks in the plane which are provably correct in the absence of measurement errors.
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