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Fig.2 Schematic diagram of navigational landmark generation
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Fig. 3 Schematic diagram of navigational landmark projection
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Fig. 6 Position and attitude error analysis before and after position correction using proposed method under different noise disturbances
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Prior Pose Correction for Asteroid Landing Based on Feature Tracking Assistance

WANG Yagqiong"®, XIE Huan"*, YAN Xiongfeng"’, WANG Yifan"’, CHEN Jie"*, TONG Xiaohua"*

(1. School of Surveying, Mapping and Geoinformation, Tongji University, Shanghai 200092, China;
2. Shanghai Key Laboratory of Space Mapping and Remote Sensing for Planetary Exploration, Shanghai 200092, China)

Abstract: Aiming at the possible inaccuracy of the prior pose during the visual navigation of an asteroid landing, a feature
tracking aided pose estimation method is proposed. First, the generation of navigation features relies on pre-existing pose
information and a database of navigation features. Subsequently, a multi-feature discriminative correlation filter (DCF) is employed
to track the position of the navigation features in the navigation camera images by combining handcrafted and depth features. The
average peak correlation energy (APCE) is subsequently employed to effectively screen dependable tracking outcomes for the initial
estimation of the pose. Finally, the navigation features are recalculated using the initial estimation of the pose and adjusted to match
with the navigation camera image by using normalized correlation coefficients (NCC). The proposed methodology involves the
integration of the process within a differentiable Levenberg-Marquardt (LM) framework, specifically designed for pose
optimization. This framework incorporates constraints based on the NCC. Experimental results, utilizing images, terrain, and
ephemeris data obtained from the Osiris mission, demonstrate that the proposed method's pose estimation exhibits reprojection
errors within the sub-pixel range. At 1 km from the asteroid surface, the position estimation error is within 2 m and the attitude

estimation error is within 1°.

Keywords: asteroid pointing attachment; visual navigation; pose estimation; feature tracking; pose optimization

Highlights:

e A method for pose estimation in scenarios involving a priori pose inaccuracy during the asteroid pointing attachment based on
feature tracking assistance was proposed.

e The initial estimation of the pose, utilizing feature tracking, demonstrates a re-projection error that is less than one pixel.

o The success rate of navigation feature tracking using a multi-feature discriminative correlation filter that combines handcrafted
and depth features can reach up to 90% even in the presence of varying levels of noise.

e A novel framework for pose optimization, based on LM-NCCs, was proposed in this study, with re-projection error reduced to

sub-pixel level.
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