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Abstract

Among the ever-growing number of objects polluting the space around the Earth, the number of in-
active satellites that could be put back into service after refuelling and/or minor repairing is significant.
Therefore, from a reusability and sustainability standpoint, In-Orbit Servicing missions will play a sub-
stantial role in the upcoming decades. Designing such missions is particularly challenging from a GNC
perspective. When the measurements for the navigation subsystem come from optical sensors, in partic-
ular, it is paramount to simulate data representative of what the sensors would acquire during flight, as
to build algorithms capable of producing relevant and robust results. To ease the research in this field
and the further development of GNC algorithms for proximity operations, we developed the PROXimity
Spacecraft IMaging and Autonomous Systems SIMulation tool (PROX-SIMA).

The software relies on three main components. The mathematical model of the servicing system is
described using a Functional Mockup Unit (FMU), which is provided by the user. This allows for a
thorough description of the system and its relative motion with respect to the target, while still retaining
computational efficiency during simulation. Moreover, relying on the FMU standardized interface and the
broad range of dedicated modeling softwares, enhances flexibility on the user side. The generation of the
images from the sensors is instead entrusted to the Unreal Engine game engine, known for its photorealistic
real-time rendering capabilities. Lastly, a Python server handles the communication between the FMU
and the visualization tool, transmitting to the game engine the pose of the sensors as obtained from the
FMU and getting back the images for processing. Such a plug-n-play framework allows for the user to focus
on the development of the image processing, path-planning and closed-loop control algorithms, avoiding
the need to set up ad-hoc simulations and enabling a more efficient, fast, and systematic exploration of
different solutions.

In the first prototype of the pipeline, the model for a space manipulator system is implemented
as an example and the generated images account for the presence of two monocular cameras mounted,
respectively, on the base of the chasing spacecraft and on the end-effector of the manipulator. Nonetheless,
the architecture of the software is geared towards the subsequent implementation of other models both
for the space system (e.g. different satellites platforms) and different sensors (e.g. infrared cameras), as
well as supporting hardware-in-the-loop simulations.

PROX-SIMA is planned to be made publicly available in its beta version.



