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Motivation

- Vision-based navigation (VBN): passive optical sensing + Al pose estimation

- HSLU & Sirin Orbital Systems AG develop a Smart Space Camera

- Single high-resolution image sensor with fixed-focal length lens
- Energy-efficient pose estimation on single space-qualified FPGA platform?®)

- Digital zooming for extended operational range (> 100 m)

- Challenges:

- How to test Al on realistic imagery?

- How to keep development cycle short?

1) A. Rebsamen et al. A Hardware-Aware Comparison: Keypoint vs. End-to-End Pose Estimation for Space Objects. SPAICE 2026 Page 2



Domain Gap
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Technical Domain Gap ﬁ

Development Cycle & Testing Effort

- Technical Domain Gap

- object geometries & texture; camera optics, sensor & vision pipeline; illumination effects

- Visually Significant Domain Gap

- Degrades quality of sensing/processing results (pose estimation accuracy)

- Open Question:

- Technical Domain Gap = Visually Significant Domain Gap ?
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Computer Simulation with purely synthetic data

- Several research and commercial environments available?)

- Pros:

+ huge amount of data can be easily generated
+ supports closed-loop simulation
+ rapid iterations, short development cycle

+ relatively cost efficient

- Cons:

- 3D CAD model with texture information needed

- inclusion of camera effects needs post-processing?)

- limited realism of illumination effects (depending on rendering environment)

2) DLVS3: Deep Learning Visual Space Simulation System. machine intelligence. Accessed 19.6.2026
3) S. Velkei et al. A Large-scale, physically-based synthetic dataset for satellite pose estimation. arXiv:2506.12782 Page 4



https://mi.services/dlvs3/

Robot-based Mockup Manipulation

- Several research and commercial environments available®

- Pros:

+ all camera & vision pipeline effects included

+ realistic illumination & reflection effects

- Cons:

- physical mockup from 3D CAD model needed
- disturbing artefacts from robots & fixtures

- limited target distance and pose fidelity

- versatile background only through post-processing

- expensive equipment and complex setup procedures required

4) GRALS: Guidance Navigation and Control (GNC) Rendezvous, Approach and Landing Simulator. ESA ESTEC. Accessed 19.6.2026 Ppage 5



https://www.esa.int/ESA_Multimedia/Images/2025/01/Satellite_ready_for_close-up

Visual Servoing Testbed (VSTB)>)

- Modular, multi-purpose environment for developing and testing of (space) vision systems

- Reproducible system-level testing with real-world hardware (optics, sensor, processing)

- Idea based on existing Star Tracker testbed with LCD display®
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5) A. Rebsamen et al. VSTB: A Camera-in-the-Loop Testbed for Space Vision AI. SPAICE 2026.
6) G. Rufino et al. Real-Time Hardware-in-the-Loop Tests of Star Tracker Algorithms. Aerospace

Engineering 2013
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VSTB: Operating Modes & Use Cases

Data Generation Camera-in-the-loop (CIL) Simulation
Open- and closed-loop data generation for CNN Real-time testing and physical data augmentation
and RNN training with real-world optical pipeline (lens-to-model)
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Results & Next Steps

- Qualitative Comparison

Mockup VSTB: CIL Simulation
Camera effects fidelity ++ + —
No artefacts from physical parts — + 4+ ++
Closed-loop simulation w/out post-processing — ++ ++
Reproducibility of results + + ++
No physical mockup required — + +
No 3D CAD model w/ texture required + — —
Cost efficiency & rapid design iterations - + ++

- Quantitative Comparison

- Structural similarity index measure (SSIM) analysis for synthetic vs. camera images>

- Imperceptible differences introduced by camera can affect pose estimation performance
- Next Steps:

- Use GRALS acquired data to evaluate VSTB approach and find usage limits

5) A. Rebsamen et al. VSTB: A Camera-in-the-Loop Testbed for Space Vision Al. SPAICE 2026. Page 8
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