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Abstract:

Unlike the coverage control problem where a team of multiple agents (e.g., a sensor network)
is deployed through fixed agent locations, the persistent monitoring problem involves the
control of agent trajectories that minimize an uncertainty metric in a stochastic mission space.
In a one-dimensional setting, we have shown that the optimal solution is for each agent to
move at maximal speed and switch direction at specific points, possibly waiting some time at
each such point before switching. In a two-dimensional mission space, such simple solutions
can no longer be derived. We approach the problem by representing an agent trajectory in
terms of general function families characterized by a set of parameters that we can optimize.
We show that the problem of determining optimal parameters for these trajectories can be
solved on line using Infinitesimal Perturbation Analysis (IPA) to determine gradients of the
objective function with respect to these parameters evaluated on line so as to adjust them
through a gradient-based algorithm. We apply this approach to the family of Lissajous
functions as well as a Fourier series representation of an agent trajectory. Numerical
examples will be shown to illustrate this method, allow for uncertainties modeled as
stochastic processes, and compare this scalable approach to trajectories obtained through
off-line computationally intensive two point boundary value problem solutions. Since the
solutions obtained to these problems are generally locally optimal, we will also discuss
methods to escape such local optima.
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