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Our Mission

Building mission-enabling tools and services to advance space infrastructure, with a focus
on rendezvous proximity operations (RPO) technologies for inspection and life extension
using Orbit Guard and Endurance spacecraft.
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Project/Mission Context

« ESA Deep Neural Network for Robust Satellite Model Matching (DNN)
o Build a machine learning-based architecture for a vision-based navigation system for cooperative
satellite RPO missions, using pose estimation and GNC filtering methods.

« UKSA Autonomous Rendezvous for GEO Utility & Surveillance (ARGUS)
o Adapt RPO software designed for Low Earth Orbit (LEO) for deployment on hardware designed for

Geostationary Earth Orbit (GEO).

* Upcoming Tom & Jerry LEO In-Orbit Demonstration
o Validate critical technologies for the future of orbital servicing and inspection.



RPO Technology Stack

Computer Vision

Power-efficient Al pose estimation.
Utilises detection and keypoint
localisation.

Outputs runtime quality metrics for
FDIR gating

Produces adaptive R-matrix for
integration with filter

Flight-representative

GNC Hardware

Unscented Kalman Filter (UKF) architecture with
adaptive R matrix and NIS-based FDIR.
Waypoint guidance and control algorithms

* Jetson GPU
* Xilinx processor
« FPGA



V&YV Environments

Digital Twin (DT)

High-fidelity visual simulator for RPO.
Generates training data and supports
live software-in-the-loop (SIL) testing.
Supports approximate thermal camera
simulations.

Optitrack camera

In-house Robotic Testbed (Lab) /

Example satellite
mockup (DNN)

Two UR Robots, one rail mounted, total 13 DOF E g T
Sun and Earth albedo lamps

Optitrack system for tracking and calibration
Used to emulate in-space scenarios and validate

Earth albedo lamp ===
PR

Sun lamp
performance of CV and GNC algorithms

plane (lab origin)




Domain Gap

In vision-based navigation for spacecraft, domain gap (sim2real gap) remains a challenge for Al generalisation.
* Challenge: Can we train Al models on synthetic images that will perform well on the physical domain?

* Improvements were made to the DT and Al training:

1. Material and texture randomisation
2. Camera emulation (PRNU, shot/read noise, lens effects, bloom, etc)
3. Image augmentations (cosmic rays, dead pixels, HSV shifts, etc.)

 (Calibrations and measurements were performed to validate the robotic lab:

1. Camera calibration (intrinsics, extrinsic, focus, etc.)
2. Lighting characterisation (intensity, diffuse, specular, penumbra, etc.)
3. Ground truth characterisation (aided by infrared tracking system)

Lighting characterisation using HDRI ball in DT and lab

Calibration of camera using checkerboard Ground truth calibration
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Although there are differences between the images, we found
quantitatively using the LPIPS metric that perceptual discrepancy
between our datasets has been minimised.

Al pose estimation performs similarly on both synthetic and lab data.
Future areas of improvement include bounce lighting in the lab and
material adjustments for the digital twin.
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Laboratory vs. Synthetic Recreated Dataset Study
Mean LPIPS Score = 0.037567
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An LPIPS score below 0.1 means the image features are perceptually similar according to AlexNet Mean pose estimation Z error of 0.304 for lab and 0.385 for synthetic




Test Campaign Video Examples

Digital twin closed-loop test Robotic lab open-loop test
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