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Abstract

We present a game-theoretic scheduling technique for coordinating multiple satellites engaged in ob-
serving multiple targets on Earth using the COSMO-SkyMed constellation as baseline. We assume these
satellites are equipped with sensors for measuring target states and adjusting their roll angles to observe
specific targets within a field of interest. The measurement quantities, i.e., the targets’ states, are assumed
to be driven by discretized linear dynamics with Gaussian process noise. The satellites are also equipped
with sensors with various Gaussian measurement noises. Our major contribution addresses the primary
control objective to determine a joint task schedule for the satellite constellation that minimizes a global
objective function. Specifically, the global objective function combines the trace of the state covariance
matrix and sway costs for all satellites. To formulate a potential game, we recast the global objective
function as the sum of target utilities. The target utility comprises the mean square error (MSE) of
the corresponding measurement states and the sway costs incurred by all satellites to observe the target.
This potential game is guaranteed to have at least one pure Nash equilibrium strategy, corresponding to
a suboptimal solution of the original problem. However, typical MSE-based scheduling problems involve
non-submodular function optimization, which is known to be NP-hard. To provide algorithm scalability
and computational tractability, we introduce a submodular surrogate function to replace the MSE of esti-
mated states within the objective function. This modification enables the utilization of a greedy algorithm
to search for the Nash equilibrium in a distributed manner, resulting in polynomial-time compute per-
formance with a constant factor approximation. Saliently, the approximation ratio can be bounded when
the sway cost is excluded from the objective function. To further alleviate computational complexity,
we employ receding horizon scheduling. The proposed solution is compared with classical game-theoretic
approaches, wherein the objective function is directly defined based on the number of observations for a
target. This comparison highlights the versatility of the proposed scheme, applicable to heterogeneous
satellites/sensors cases with dynamic observation states.
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