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DETUMBLING STRATEGY THROUGH RL-DRIVEN SPACE MANIPULATOR

Abstract

Capturing space debris is complex, as many objects tumble at angular rates between 3/s and 30/s,
increasing collision risk during collection and potentially producing further fragments. Detumbling debris
using Eddy current-based methods has shown promise as a contactless solution, but existing approaches,
such as those employing chaser spacecraft with along-track electromagnets, can take up to 14 days to
fully detumble debris. This research proposes a novel approach employing a robotic arm equipped with
an electromagnetic end-effector, enabling the application of a magnetic field with a variable direction. In
this research, it is found that to maximize the Eddy Current Torque (ECT), it is essential to maintain
perpendicularity between the relative angular velocity (RAV) vector and the applied magnetic field, a
trajectory that is rarely within the manipulator’s workspace. An optimal feasible solution is achieved
using the Deep Deterministic Policy Gradient (DDPG) algorithm. The results demonstrate that the
agent can learn a policy that allows detumbling in just 4 days, a 71.73% reduction compared to the along-
track method. Additionally, The agent’s robustness to stochastic uncertainties in sensor measurements
of the RAV is tested by developing statistical ensemble models comprising 500 instances of the trained
agent for noise standard deviations of 0.05 rad/s and 0.2 rad/s. The test results show how the agent
exhibits strong robustness against uncertainties in the RAV in both scenarios, with just mild performance
decreases of 2.54% and 10.91%, respectively, further validating the effectiveness of this approach for real-
world applications. Thanks to reduced detumbling times, this method offers lower station-keeping fuel
consumption, removal mission cost reductions, and an increased frequency of operations, enabling more
debris removal missions and greater mitigation of space debris risks.
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