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ADVANCED PROPORTIONAL NAVIGATION FOR A 7TDOF SPACE MANIPULATOR
AUTONOMOUSLY SERVICING A NON-COOPERATIVE GEO SATELLITE

Abstract

The relevance of in-orbit servicing (IOS) for the New Space Economy is widely recognized. Within
its long-term strategy for sustainable space operations, the European Space Agency is actively promoting
IOS capabilities through initiatives such as the RISE mission (Resilient In-orbit Servicing for Europe),
aimed at demonstrating autonomous rendezvous, docking, and servicing of GEO satellites.

This paper presents a guidance algorithm for a robotic space manipulator derived from Proportional
Navigation (PN), targeting autonomous servicing of a non-cooperative client satellite. The proposed
approach guides the end-effector of the General Expansion Architecture (GEA) robotic system, developed
for the RISE mission, toward the launch adapter ring of the client spacecraft.

Guidance and control during close-range approach and grasping represent critical challenges for safe
and reliable berthing. While PN is widely used in missile interception due to its robustness, its direct
application to IOS requires significant adaptation. Unlike interception scenarios characterized by large
closing velocities, servicing operations demand precise relative pose control, strict velocity constraints,
and soft-contact conditions. The proposed formulation extends classical PN by incorporating close-range
kinematic constraints, limited manipulator workspace, and terminal soft-contact requirements, ensuring
robust convergence and terminal accuracy.

The GEA system employs a 7-DOF revolute manipulator equipped with a dedicated grappling mech-
anism. To address IOS operational requirements and manipulator workspace limitations, modified PN
formulations are developed and assessed under increasing target motion complexity: (i) ideal synchro-
nization with zero relative motion, (ii) residual linear velocity, and (iii) fully coupled 3D relative motion.

Simulation results demonstrate that the proposed PN-based guidance strategies enable successful
grasping within the limited alignment time window while satisfying stringent terminal relative velocity
constraints required for safe capture. The results demonstrate the effectiveness and robustness of the
adapted PN guidance framework for close-proximity robotic servicing of non-cooperative satellites.



