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Abstract

The rapid growth of On-Orbit Servicing (OOS) and Active Debris Removal (ADR) missions has
increased the demand for reliable proximity inspection of non-cooperative spacecraft, such as defunct
satellites. High-resolution imaging requires close-range operations under strict geometric and illumination
constraints. However, such targets may exhibit unintended maneuvers caused by residual propellant
leakage, control system anomalies, or orbital perturbations, resulting in significant uncertainty in their
future motion.

Trajectory design for safe inspection is therefore challenged by the absence of accurate dynamic models
and the need to satisfy multiple mission constraints, including collision avoidance, imaging geometry, solar
phase angle, and propellant usage. Approaches based on nominal dynamics or static Keep-Out Zones
(KOZ) are subject to model uncertainties, which may result in either underestimated collision risks or
overly conservative proximity strategies.

To address these challenges, this paper proposes a data-driven Receding Horizon Planning (RHP)
framework for uncertainty-aware proximity inspection. Historical motion measurements are used to con-
struct a time-varying Forward Reachable Set (FRS) that bounds all admissible trajectories under bounded
disturbances. This adaptive envelope is incorporated into the RHP as a hard dynamic collision-avoidance
constraint. The inspection mission is formulated as a multi-objective optimization problem, where ob-
servation resolution, relative solar phase angle, fuel consumption, and other constraints are weighted and
integrated into a unified cost function. By iteratively solving the optimization problem over a receding
horizon, the planner generates trajectories that balance safety requirements with high-quality observation
performance under motion uncertainty.

Simulation results demonstrate that the proposed approach enables robust proximity inspection of
maneuvering targets while avoiding dynamically evolving risk regions and satisfying complex mission
constraints.
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