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THE PROBLEM

/ Context & Motivation \ 4 Problem Statement R
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* A possible alternative technology for localization and tracking of Space objects / \
15 the adoption of Passive Radio-Frequency systems. R cchiGaicome: uncertainties, generating a high rate of false alarms
* Design of a High-Fidelity End-to-End . . .
Weather Exploits Signal of Simple Simulator in MATLAB. and forcing conservative avoidance maneuvers.
K independent Opportunity Hardware / * Robust 3-Stage Estimation Strategy
to handle the non-linearities of the joint

Over 99% of these maneuvers are ultimately
unnecessary.

Next Epoch TDOA/FDOA problem.
* Quantify how Constellation Topology
affects the accuracy of joint Position
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A SOLUTION

Position/Velocity Per}'mjt}mncc 1 6.93 1 4 . 68 1 1 .2 4

L In the orbits before a potential collision, the two
/ ‘ ( | " objects typically experience multiple close passes.
5000 | | Architecture Validation .
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N s 2 “l track satellites demonstrated that mean .
§ or I position accuracies of 16 meters and they can be used fOI’ aUtonomous Observatlons
= o 1 velocity accuracies below 1 m/s are .
1 1 achievable when GDOP remains below 5. from onboard sensors to collect timely
° v | = Ongoing activities measurements of the secondary object and refine
y ST R 0 - : : : —— » Identificati f RF payload. . . . . .
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LIDAR-based Relative Navigation and 3D Target Reconstruction for proximity operations with non

cooperative and unknown targets 7 potential

collision

( Architecture Design h S

* Feature-free LIDAR-based framework for autonomous relative navigation near space targets of unknown. d'
* Reconstruction of the target geometric model through iterative registration of LIDAR acquisitions using

Generalized-ICP, followed by multi-view registration. ;!,
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THE APPROACH

After analyzing the concept from orbital dynamics [1] and sensor detection-
limit perspectives [2], we now implement an end-to-end astrometry and
orbit-determination pipeline [3]. Realistic conjunctions are simulated, optical
measurements with uncertainties are extracted, and an onboard EKF 1s used to
assess the resulting uncertainty reduction
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‘ PR * Preliminary validation of the developed architecture on the

ENVISAT spacecraft, using synthetic datasets generated with
an in-house-developed LiDAR simulator

* m-level and deg-level accuracy in the odometry pose solution

e Target-sensor pose estimated with dm-level accuracy in
position and degree-level accuracy in attitude wusing

K reconstructed model. /
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| | . | ] ] Ongoing activities
? B Tﬁ;’ﬁs] o B e * Validation of the methodology with real LIDAR data acquired
in a laboratory facility

S T Target’s centroid extraction

* Calculated centroid
True position
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Calculate Right ascension,

—p Declination and associated
uncertainties (04, Opgc)

Deep Learning-based pose estimation system of non-cooperative, known spacecraft using LIDAR data 106

LiDAR-based pose estimation architecture o

Centering and
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* Algorithmic solution that processes 3D 3D point cloud fixed-size sampling parametrization 500
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performing pose initialization of an oL e B
uncooperative spacecraft Bl e ([I— Derivation of mathematical rule for converting

pixel coordinates to sky coordinates
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* Different neural network encoders and | Position offset G%
C

attitude parametrizations examined to find
the most efficient configuration - N

* Analysis and improvement of the current algorithmic solution

C. Tecchia et al., - 28th AIDAA International Congress and the 10th Aerospace Europe Conference . Design of a laboratory facility for experimental validation
(2025)

detections succeed.
 For well-tracked active satellites,
only sensors achieving total angular
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Ensuring safety, robustness and autonomy during -close-proximity [ Navigation ) | Guidance

operations i Close Range E
Design of optimal G&C algorithms to define and track a reference [ ‘ an'ZfLerJ [TV;:'“"QS;;G } 7 Constant
trajectory around the tumbling target |
Close Range Phase \ ~/
Translational Maneuver - drives the servicer to the approach axis
Rotational Maneuver - synchronizes the servicer’s motion with the
target’s rotation

Relative
Navigation

* Detection capability, more than astrometric accuracy, 1s the main
operational bottleneck for small, low-quality sensors.

( Controller A

H-Infinity
Control

Final Approach Phase
Translational Maneuver - drives the servicer along the approach axis
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« High accuracy at berthing point of the

proposed G&C architecture:
A o Position Errors are < 10 cm
o Attitude Errors are <1 deg
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