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Abstract

Space-based sensing for Space Situational Awareness (SSA) represents a paradigm shift in the monitor-
ing of Resident Space Objects (RSOs), offering geometric diversity and coverage continuity that ground-
based networks inherently cannot provide. However, the exploitation of space-based observational data
presents substantial operational challenges: short observation arcs, rapidly varying observer-target geome-
try, and sensitivity to observer state estimation errors all complicate the orbit determination (OD) process.
Conventional ground-based processing workflows are generally ill-suited to these conditions, necessitat-
ing dedicated, operationally robust architectures designed from first principles around the constraints of
space-based sensing.

This paper presents ARCA Dynamics’ end-to-end operational pipeline for space-based SSA, detailing
the full chain from dynamic observation scheduling to RSO state and covariance estimation. The pipeline
comprises four sequential functional segments: a constraint-aware scheduling module integrating illumina-
tion, geometry, and operational constraints; an image acquisition layer interfacing with both third-party
and proprietary space-based optical payloads; an image processing module performing attitude-position
data fusion to extract precise Line-of-Sight (LOS) measurements; and a short-arc OD engine producing
RSO state vectors and associated covariance matrices. Estimation quality metrics are embedded through-
out to support catalog integrity and adaptive follow-up tasking. The paper further introduces ARCA’s
development of a passive radio-frequency sensing capability, designed to maintain observational continuity
in eclipse conditions where optical sensing is inoperative, thereby extending effective coverage across the
full orbital arc.

Results from operational cases for LEO and GEO RSOs, alongside controlled simulation scenarios,
demonstrate that SBSSA data processed through this pipeline achieves precision levels compatible with
multi-source catalog integration and conjunction assessment workflows. Performance analysis highlights
the dominant role of observer positioning and attitude accuracy on OD quality. Lessons learned from cur-
rent third-party data operations are discussed in the context of ARCA’s planned transition to proprietary
space-based platforms, scheduled for initial launch in 2027, which will enable full end-to-end operational
independence and enhanced calibration control.
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