A sub-modular receding horizon approach to persistent monitoring for a group of mobile agents over an urban area
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Abstract

The problem of interest: persistent monitoring of finite number of inter-connected geographical nodes for event detection via a group of heterogeneous mobile agents.

1- Poisson process model is used to capture the probability of the events occurring at the geographical nodes.
2- Reward function is tied to expected value of number of events discovered during the mission.

3- Finding the long term optimal solution is computationally infeasible (NP-hard problem). A receding horizon approach is proposed to overcome the issue.
4- Nodal importance is introduced to overcome shortsightedness of receding horizon approach.
5- Submodularity of the reward function leads to a sub-optimal distributed solution with guaranteed optimality gap.
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Theorem(Submodularity of the reward function R)

Let P = Ui\il P’ be the set of the union of the feasible policies of the agents, _73Z
i € {1,---, M}, over the horizon Ny. Then, for any a € R, the reward function R is
a monotone increasing and submodular set function over P, i.e.,, R : 2P 3 is monotone

increasing and submodular.

Sequential Greedy Algorithm

Algorithm 1 Sequential Greedy Algorithm

Theorem(Submodularity optimization I: procedure SGOpt(P!, -, PM M)
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» Submodular optimization has the inherent characteristic of decentralized
implementation.

» Full information flow gives the optimality bound of % otherwise the optimality bound is
determined by the clique number of the graph.

Numerical Results
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Approach: Breaking the mission horizon into smaller planning horizons
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