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Abstract

The development of space technology has led to an exponential increase in the number of satellites
in recent years, this burgeoning satellite population poses a significant threat to safe operation of space
assets. Given the limited space surveillance sensors available for monitoring numerous space objects,
investigating effective sensor tasking methods is essential to the accurate and timely maintenance of
space object catalog. An emerging challenge in catalog maintenance arises from the growing frequency
of orbital maneuvers performed by many spacecraft for collision avoidance and orbital transfers. For
instance, Starlink satellites executed 25,000 collision-avoidance maneuvers from Dec. 1, 2022, to May.
31, 2023, this situation exacerbates the risk of collision while concurrently complicating the processes
of catalog maintenance. Therefore, designing methodologies to optimally task finite sensor resources for
catalog maintenance whilst upholding the custody of maneuver objects emerges as a significant problem.

To overcome this issue, this paper proposed a hierarchical sensor tasking method that adaptively al-
locates surveillance sensors by assessing target priority for catalog maintenance. This method enables
space surveillance sensors to maintain the custody of maneuver targets and non-maneuver targets con-
currently, thereby achieving accurate catalog maintenance and maneuver parameters estimation. To this
end, target prioritization is incorporated in the sensor tasking objective function based on a refined Renyi
information divergence, with maneuver targets receiving top priority and identified using a Normalized
Innovation Square (NIS) metric. Hence, maximizing the objective function yields more frequent obser-
vation of maneuver targets due to the greater reward of information gain. Then, the hierarchical sensor
tasking problem is formulated as an optimization process, which aims to identify the most favorable
multi-sensor multi-target assignment solution that maximizes the refined Renyi information. The La-
beled Multi-Bernoulli (LMB) filter and the Multiple Model-LMB (MM-LMB) filter are employed to track
non-maneuver and maneuver targets, respectively. The target priority dynamically adjusts according to
its maneuvering status during the tracking process, ensuring surveillance sensors promptly respond to
maneuvering targets and enhancing catalog maintenance capabilities.

To verify the feasibility of the proposed methodology, a simulation test is conducted. This experiment
considers a scenario comprising 24 GEO sensors detecting the Starlink constellation including over 5000
non-maneuver targets alongside 10 maneuver targets employing electric propulsion in 4 hours. Results
demonstrated that the proposed method exhibits high accuracy in orbital state and maneuver parameters



estimations, suggesting its viability for addressing sensor tasking problems facing mega constellations,
while also accounting for target maneuvering.



