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Abstract

Accurate attitude estimation of resident space objects is essential for autonomous navigation and
close-proximity operations such as in-orbit servicing and active debris removal. To address the challenges
of using conventional cameras in terms of illumination conditions, this research developed a model that
leverages hyperspectral imaging together with the machine learning approach. It identifies the features
and components of the target spacecraft with a given spectral response and then estimates its attitude
quaternions, rather than determining the exact geometric shape by using the conventional RGB cameras.
The model utilizes sequences of spectral images or time-series data to determine the attitude of the
target object over time, by employing the framework consisting of a convolutional neural network (CNN)
and a recurrent neural network (RNN). To further enhance robustness, a Bayesian Neural Network was
developed and integrated into the framework, allowing investigating the model uncertainties by generating
sets of weights and biases of the neural networks rather than a single deterministic estimate. This
approach provides a measure of uncertainty, which is crucial for applications where confidence levels in
the estimated attitude are necessary for autonomous decision-making. The model was firstly trained
and validated with synthetic data generated from open software Blender and then tested with real-world
hyperspectral images that were generated in a controlled laboratory environment. This hardware in the
loop (HIL) test is the first step to validates the model’s performance for real word applications. The
transition to real data required adaptations to the model architecture, including fine-tuning through a
transfer learning approach. This method improved the model’s ability to generalize beyond synthetic
datasets, and the result demonstrated that hyperspectral imaging can be effectively utilized for real-world
attitude estimation tasks. Future work will focus on expanding both synthetic datasets and laboratory
datasets to include a wider variety of objects and testing the model on more complex scenarios to further
enhance its performance and applicability in real space missions.
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