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ABSTRACT

Deep space operations in the proximity of small celestial objects are becoming part of the near-term vision of a growing pool of space agencies and companies. As a consequence, the number of operational targets in the increasingly fragmented, expanding space frontier is destined to grow larger in the coming years. The emerging NewSpace-driven commercialization of space technologies pushes for the cost of these missions to be managed in an efficient, market-oriented manner. From these trends, it becomes evident that in the near future it will become untenable to manage every operational aspect of potentially large fleets of deep space probes using only ground-based radiometric tracking, and human-in-the-loop operations. Therefore, mission design has to shift towards accommodating technologies capable of maintaining low the economic burden of these missions, while enabling operations in complex, uncharted environmental conditions. 
A key asset to address these challenges could be represented by versatile and efficiently adapting autonomous processes, exploiting only a lean amount of sensing and processing resources. These would reduce the dependency on human operators and the overreliance on complex and computationally demanding sensing solutions, hence guaranteeing the technological capability to achieve mission success in a cost-effective manner. Additionally, they could help in defining a baseline set of basic processes, enabling the deployment of resource-constrained platforms, or acting as auxiliary routines in support of larger operations. Developing these baseline processes has positive implications on planetary defense preparedness, as these constructs would require only an adaption phase before deployment, rather than a lengthy development.  
In particular, this paper focuses on trajectory reconstruction capabilities compatible with strong system limitations. The presented work proposes a solution using a monocular visible camera as the candidate localisation payload within a framework which has been developed to operate at mid-far range, using state of the art optical navigation algorithms. The framework is modular-oriented, providing the ability to select optimal blocks to improve a probe’s navigation performance in response to the available environmental cues or handle anomalous conditions. 
This framework has been developed within a simulated 3D visual environment constructed using Blender, a computer graphics toolbox, and tested in multiple scenarios to assess the performance of the autonomous trajectory reconstruction model. In this work, this generator of optical data returns in output sequences of synthetic images. These emulate the acquisition of a probe moving along circular ballistic trajectories in the proximity of a small rotating celestial object, here introduced using a CAD model of the asteroid Bennu. The strategy chosen for estimating the probe’s location uses the lit limb of the target, detected within the visual data. Batches of these observations are then employed to reconstruct the orbit of the spacecraft through a nonlinear least square filter. The analysis highlighted a high sensitivity of the estimation process to the solar phase angle. This was exploited to create a heuristic filter to detect and remove a portion of outlying estimates. This maintains the navigation error of the propagated trajectory bounded, to values as low as 3% of the orbital radius after 10 hours. 
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