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Abstract

One of the most challenging problems in treating space debris is the characterization of the orbit of
a newly detected and uncorrelated observation. The admissible region is defined as the set of physically
acceptable orbits (e.g., orbits with negative energies) consistent with one or more observations of a space
object. Given additional constraints on orbital semi-major axis, eccentricity, etc., the admissible region
can be constrained, resulting in the constrained admissible region. Based on known statistics of the
measurement process, one can replace hard constraints with a probabilistic admissible region (PAR).

The PAR concept was introduced in 2014 [1]. In that paper, a Monte Carlo approach was used to
construct the PAR in the range/range-rate space. An expectation-maximization algorithm was proposed
to convert the particle cloud into a Gaussian Mixture Model (GMM) representation of the PAR. This
GMM can be used to initialize a Bayesian filter. Using the GMM or particle cloud representations of the
PAR, orbits can be prioritized for propagation in a multiple hypothesis tracking framework such as Finite
Set Statistics [2]. In a recent paper, the PAR was adapted to enable the processing of radar range data
[3].

In all the work on the PAR to date, observations were collected concurrently and by the same sensor.
In this paper, we allow observations to have different time stamps. We also allow for non-collocated sensor
collections; optical data can be collected by one sensor at a given time and range radar data collected by
another sensor located elsewhere. We explore scenarios including mixed and unmixed optical and radar
synchronized and asynchronous observations. Lack of observation synchronicity adds a new element to
the analysis, namely that the orbit may change from one observation time to another due to orbital
perturbations. Thus, we also explore the impact of perturbations on the construction of the PAR.
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