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Cover Time in a Chemotactic Agent System with Repulsive
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Abstract

We study cover time (CT)—an index of exploration performance in unknown environments
—using a mathematical model of agents that exhibit repulsive chemotaxis in a concentration
field formed by diffusion and decay of self-secreted molecules. On a two-dimensional lattice, we
evaluate how the number of agents affects CT, using random walkers (RW) as a baseline. In
both RW and chemotactic systems, CT decreases approximately in proportion to 1/N as the
number of agents IV increases. Moreover, owing to repulsion, the chemotactic system suppresses
redundant revisits to already-visited sites and thus achieves a shorter CT than RW. By further
applying a stochastic optimal control to this chemotactic system, we demonstrate that, as
the temperature parameter is varied, the exploration policy continuously bridges between the
RW and the repulsive chemotactic regime, thereby enabling systematic control of exploration

efficiency.
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