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Abstract

Deep space missions to asteroids depend significantly on autonomous navigation systems to perform
proximity operations around the target asteroids, which requires the perception of the target and its
relative pose (position and attitude). The dynamical environment around asteroids is challenging due to
poor illumination conditions and large uncertainties in the target’s shape and motion. Developing robust
pose estimation methods is essential to the mission success.

This work aims to evaluate how sensor data fusion can improve the robustness of pose estimation, which
allows for the shortcoming of an individual sensor to be addressed by combining it with complimentary
data other sensors. The fusion of visible camera data, thermal camera data, and laser altimeter (range)
data is explored in this study as they are common sensors onboard a spacecraft around asteroids. This
allows limitations of visible data in shadow and in depth to be addressed by thermal data and range
data. The Convolutional Neural Network (CNN) is applied for feature extraction as CNN architectures
have achieved superior results over hand crafted methods for many image processing tasks, including
artificial satellite pose estimation. The feature maps as the output of the CNN are then used to infer the
relative pose and change in pose between frames. Different fusion levels are explored. Source level fusion
is performed by training a CNN with a tensor input containing the data from multiple sensors. Decision
level fusion is performed by producing covariance matrices for the position of the features identified using
the CNN and fusing them using an Unscented Kalman Filter. Due to the lack of available real data
sets for CNN training and testing, synthetic sensor data sets are generated using Blender. Range data is
generated using the BLAINDER plugin. Thermal images required simulation of a thermal model of the
asteroid before importing temperature data into Blender.

This study is performed with the Didymos binary asteroid as the target asteroid which is also the
target of ESA’s Hera mission that will be launched later this year. The accuracy and computational cost
of the developed methodology are investigated and compared to a control scenario where only visible
images are used for pose estimation.

This research demonstrates how different fusion methods and levels could improve the robustness of
pose estimation with poor lighting conditions and dynamical uncertainties. It would allow robust and
autonomous navigation design for future asteroid missions.
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