75th International Astronautical Congress 2024 Paper ID: 90514
oral

student

IAF SPACE SYSTEMS SYMPOSIUM (D1)
Interactive Presentations - IAF SPACE SYSTEMS SYMPOSIUM (IP)

Author: Mr. Matteo D’ Ambrosio
Politecnico di Milano, Italy

Mr. Lorenzo Capra
Politecnico di Milano, Italy
Prof. Michele Lavagna
Politecnico di Milano, Italy

TOWARDS ENHANCED SPACE MANIPULATOR AUTONOMOUS GUIDANCE VIA DEEP
REINFORCEMENT LEARNING NEURAL ARCHITECTURE AND REWARD FUNCTION ANALYSIS

Abstract

The needs of tomorrow’s space economy require advancements towards technologies enabling In-Orbit
Servicing (IOS) and Active Debris Removal (ADR) activities, which are currently a peak pursuit to
guarantee the longevity of the space ecosystem. Recent studies on robotic servicer spacecraft have proved
them to be advantageous from both an I0OS an ADR perspective. However, while the use of high-DOF
redundant manipulators would increase the capabilities and versatility of said servicers, for example
allowing for the implementation of motion constraints into the robotic arm trajectories, the underlying
GNC problem becomes challenging to solve with traditional methods, especially in cases where this needs
to be done in real-time. The scope of this paper is to explore Deep Reinforcement Learning (DRL)
as a prospective strategy to autonomously generate the guidance of space manipulators, while offering
an innovative workaround to the prevailing challenges. To this extent, Proximal Policy Optimization
(PPO) is used to optimize the guidance law of a 7-DOF manipulator, such that its end-effector is guided
towards a desired state, that is changed in terms of position and attitude in each simulation. An in-depth
analysis is conducted on the DRL hyperparameters and neural network architectures that offer the best
performance, since in the current literature they are often overlooked and selected without backing from
numerical data. Hence, the aim of this study is to compare different sets of the aforementioned parameters
to see which combinations are the most suited for use in future extensions of such Al-based manipulator
GNC approaches. The autonomous agents are trained in the developed simulation environment, and
are extensively tested through Monte Carlo analyses to evaluate their performance. Furthermore, the
agents are assessed and compared in environments that exhibit large domain gaps with respect to the
training one, aiming to ascertain which designs can increase the overall robustness and adaptability of the
spacecraft servicer. Finally, the top-performing Al-based architectures are compared to more traditional
ones, to highlight the benefits and shortcomings of each. The encouraging findings suggest that further
research in this area could significantly augment the abilities of autonomous manipulator operations in
space, potentially establishing them as the preferred baseline for future missions.



