
Orbit Propagation and Estimation of Non-
Cooperative Space Objects under Sensing 

Uncertainty

Abstract: This talk presents an uncertainty-aware Physics–ML fusion
framework for orbit propagation, which integrates physics-based modeling
with machine learning. The framework leverages empirical physical models
as structured priors while learning model corrections from data. The resulting
approach improves prediction accuracy and provides calibrated uncertainty
estimates, which are critical in space situational awareness. The estimation of
unknown, non-cooperative space objects during proximity operations is also
presented. This integrates a nonlinear filtering backbone with structured data-
driven models that capture the characteristics of rigid-body motion.
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