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NON BAYESIAN ORBIT DETERMINATION VIA EPISTEMIC SUPPORT POINT FILTERING

Abstract

Orbit determination for space debris and other uncooperative space objects is commonly implemented
using Bayesian filters that propagate means and covariances under Gaussian and fully specified stochastic
assumptions. In operational environments, sparse observations, irregular cadence, model mismatch, and
poorly characterized sensor behavior introduce dominant epistemic uncertainty. Under these conditions,
probabilistic posteriors can become structurally overconfident and fragile. This paper presents a strictly
non Bayesian orbit determination framework based on Epistemic Support Point Filtering (ESPF), a
possibilistic, falsification driven estimator that does not propagate means, covariances, or probability
densities and is not designed to estimate a hidden true state. Its objective is to surface the hypotheses
that survive the scrutiny of evidence.

The ESPF represents state knowledge at epoch k by a finite admissible support set

S = {xP e ML,

interpreted as surviving hypotheses rather than weighted samples. Each support point is propagated
through the dynamics model

X](cjll = F(ngj)atk7tk+1)7
and mapped into measurement space with z = h(x). Measurement agreement is evaluated using a
normalized mismatch functional

I = (21, — h(x)T Wi (2 — h(x{)),

where Wy, is a user defined scaling operator derived from sensor error bounds rather than a stochastic
covariance. A compatibility measure is defined as

D = exp(—IP),
with dual surprisal AS,(CJ ) = —log /i,(f ). These induce a possibility distribution Il over S; and a dual
necessity measure Ny (A) = 1 —II;(A°) for subsets A. Hypotheses with low compatibility, high surprisal,
or low necessity are falsified and removed. No posterior density or moment statistic is formed.

After falsification, support regeneration restores geometric coverage of the non falsified region us-
ing bounded dispersion around robust anchors. Contraction and expansion are governed by epistemic
tension metrics derived from compatibility and surprisal structure rather than variance. Uncertainty is
summarized using set descriptors such as support radius and admissible volume,

Vi o< vol(conv(Sy)),

which provide non probabilistic orbit quality bounds under ignorance.
When a single representative state is required for operational interfaces, a minimax medoid is com-
puted,
X = arg min max d(xg),x,(j)),
xg’) €Sk x§j)esk



which always returns an actual surviving hypothesis rather than an average. Simulation results with
angle only data, track gaps, and dynamic mismatch show stable admissible sets where Gaussian filters
become inconsistent, supporting possibilistic support set estimation for debris tracking under epistemic
uncertainty.



