
Startracking for Small Satellites: 
Efficient Star Identification Using a 

Neural Network

David Rijlaarsdam1,3, Hamza Yous1, Jonathan Byrne1, Davide Oddenino2, Gianluca Furano2, David Moloney1

1 Intel Movidius, 2 European Space Agency, 3 Delft University of Technology

Contact: d.d.w.rijlaarsdam@student.tudelft.nl



Content

1. Introduction
2. Study motivation & Objective
3. Methodology
4. Application Environment
5. Design
6. Results
7. Conclusion



Study motivation

CC BY-SA 3.0 - Chris Falter
https://en.wikipedia.org/wiki/Sun_sensor#/media/File:Sonnensensor.jpg

CC BY-SA 4.0- Arnold Reinhold - 
https://en.wikipedia.org/wiki/Inertial_measurement_unit#/media/File:Apollo_IMU_at_
Draper_Hack_the_Moon_exhibit.agr.jpgNASA

● High accuracy, drift-less attitude 
determination can not be 
provided on interplanetary 
missions by most attitude 
sensors
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Reprinted from: Zhang, G. J. (2011). Star identification. National Defense Industry Press, Beijing.

Comparison of accuracy of attitude determination sensors
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Reprinted from: Rijlaarsdam, D.; Yous, H.; Byrne, J.; Oddenino, D.; Furano, G.; Moloney, D. A Survey of Lost-in-Space Star Identification 
Algorithms since 2009. Sensors 2020, 20, 2579. 

Recent advancements in Lost-in-Space star identification algorithms
Study motivation



Objective

To design a robust deep learning star identification algorithm 



Methodology

● Analyse current state-of-the-art of star identification algorithms
● Design a compatible feature extraction method
● Design a minimalistic neural network architecture
● Implement and validate model



Methodology



Application Environment

Adapted from: L. Xu, J. Jiang and L. Liu, "RPNet: A Representation Learning-Based Star Identification Algorithm," in IEEE Access, vol. 7, pp. 92193-92202, 2019.



Application Environment

● Extremely sparse input
● Rotationally variant
● Noisy environment



Design - Novel Feature Extraction Method



Design - Network Architecture



Design

● Rotational invariant, robust feature extraction by histogram of 
distances to pole star

● Simple, flexible and lightweight neural network design



Results - Experimental Setup

● Star catalog and sensor model provide artificial scenes with guide 
star in the center

● Different levels of noise have been added in order to show 
underlying robustness



Results



Results - Identification rate in 100 application environments



Future work

● Include verification step in end-to-end attitude determination 
algorithm

● Expand training data and extend network size analysis
● Optimise binning features for end-to-end attitude determination



Conclusion

● The presented algorithm provides high accuracy, lightweight 
attitude determination in interplanetary conditions

● Underlying robustness against noise is high
● Future optimisations can improve end-to-end performance


