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Improvements to Resident Space Object Tracking with
the Direct Bayesian Admissible Region Approach
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As space becomes ever more congested, contested, and competitive, space situational awareness (SSA)
capabilities will continue to be important for all spacefaring nations. In almost all SSA related tasks, the first
step is to track, detect, and identify active satellites, space debris, and other resident space objects (RSOs).
Conventional approaches of testing association hypotheses based upon IOD quality, however, can often fail
since sparse measurements lead to poor, if not divergent, estimates. The direct Bayesian admissible region
approach is an a priori state free measurement association and IOD technique. Given a short-arc series of
optical data, or a tracklet, a compact region in the range / range-rate space is defined based on a set of physical
constraints such that all likely and relevant orbits are contained within it. The admissible region (AR) is a
uniform probability density function (pdf) whose support is this compact region. Multiple ARs may be
propagated to a common epoch and an a posteriori pdf directly computed based on Bayes' rule. The proposed
approach has been applied to tracklets from a survey of geostationary (GEO) objects taken at the Zimmerwald
Observatory of the Astronomical Institute of the University of Bern. Processing a set of 212 tracklets resulted
in 20 objects detected; 2 of which are newly detected by the proposed method. Furthermore, it was noted that
the direct Bayesian approach would allow one to reevaluate future observational strategies in order to
minimize false positive / negative association solutions. As such, this work ultimately aims to “close the loop”
on the short-arc optical track association problem by enhancing the survey strategy based on the association
results and vice versa.
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