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Abstract

One of the key functionalities required by an Aeti®ebris Removal mission is the assessment ofatgett
kinematics and inertial properties. Passive sensarsh as stereo cameras, are often included inotis®ard
instrumentation of a chaser spacecraft for capgusequential photographs and for tracking featofethe target
surface. A plenty of methods, based on Kalmanriilte are available for the estimation of the t&ggstate from
feature positions; however, to guarantee the fittmmvergence, they typically require continuityréasurements
and the capability of tracking a fixed set of pedided features of the object. These requiremelashowith the
actual tracking conditions: failures in feature es¢iion often occur and the assumption of having es@apriori
knowledge about the shape of the target could sgigtive in certain cases. The aim of the preskmterk is to
propose a fault-tolerant alternative method foinesting the angular velocity and the relative magphes of the
principal moments of inertia of the target. Rawadeggarding the positions of the tracked featuregeocessed to
evaluate corrupted values of a 3-dimentional patarmehich entirely describes the finite screw motaf the debris
and which primarily is invariant on the particulset of considered features of the object. Missialyes of the
parameter are completely restored exploiting thecgl periodicity of the rotational motion of an aamtrolled
satellite: compressed sensing techniques, typiealbpted for recovering images or for prognostialiaptions, are
herein used in a completely original fashion fariewing a kinematic signal that appears sparsthénfrequency
domain. Due to its invariance about the featuresassumptions are needed about the target’s simapeoatinuity
of the tracking. The obtained signal is usefultfar indirect evaluation of an attitude signal tfestds an unscented
Kalman filter for the estimation of the global riitmal state of the target. The results of the catmpsimulations
showed a good robustness of the method and itetpatapplicability for general motion conditionftbe target
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values of the principal inertia moments (ie. each
1. Introduction principal inertia moment divided by the norm of a

Since the beginning of the space era, manyector containing the three inertia moments). An
dismissed spacecraft and part of launchers remamed example of a mission in which the kinematic stdtthe
orbit after the end of their operating life. Beoaws the target and its inertial properties are assessedrdef
intense space activity of the last decades, mission planning the approach phase in a removal mission is
Low-Earth Orbit are exposed to collisions with thes shown in [5]. More generally, the estimation of alag
objects. Moreover, hypervelocity impacts produce aate and inertia moments helps in predicting toscared
huge number of dangerous fragmentation debrist as forces that will be transferred to the aforemergbn
happened in 2009 when Cosmos 2251 and Iridium 3fanipulator for the grasping.
collided [1]. However, the dynamic state estimation is crucial no

It is then important to design missions devotetht&o only for debris removal, but also missions involving
removal of uncontrolled objects from orbits. A tgpi  interactions between non-cooperative vehiclesjrfstance
design of these missions includes a chaser spdicecréor the tracking of resident space objects, ontadivicing
whose purpose is grasping and deorbiting the targ@nd responsive space missi¢éh
debris [2]. For example, this can be done through A complete review of the main current techniques
robotic manipulators specifically designed for thatfor pose estimation of non-cooperative spaceceaftiue
purpose [3]. found, for instance, in [7].

The completion of this maneuver involves the need Since these bodies have no energy reserves, they
of identifying with satisfactory precision the Idizen of  cannot provide any flight data measured by their
the center of mass [4], and the dynamic rotatistale onboard sensors. That involves the need of detgctin
of the target, including angular velocity, and tiela  their motion through external observation. Foranse,
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