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Fig. 6 Target asteroid detection process
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Fig. 7 All star points in the current frame image(part)
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Asteroid Recognition of Dim Targets Based on Image Registration

ZHENG Yuyun"’, HUANG Xiangyu"*, MAO Xiaoyan"*

(1. Beijing Institute of Control Engineering, Beijing 100094, China;
2. National Key Laboratory of Space Intelligent Control, Beijing 100094, China)

Abstract: In order to meet the autonomous navigation requirements of asteroid approaching impact mission, a method of dim
target asteroid recognition based on image registration was proposed. Due to the small size and weak brightness (usually above 10
magnitude) of asteroids, navigation sensors were required to have the ability to image dim targets. This caused the navigation sensor
to simultaneously capture a large number of unknown dim stars, posing a challenge to the accurate identification of the target
asteroid. The paper utilized the relative motion of asteroids and background stars. Firstly, a combination of ORB feature point
localization and BEBLID feature point description was used to register inter-frame images. Secondly, star points were identified
based on threshold segmentation, and the structural similarity index between corresponding windows was calculated for each star
point. Finally, the detection of dim target asteroids was completed. Compared with the traditional image registration method and
target asteroid detection methods, this method has improved speed and accuracy, has overcome the problems of dim target asteroid
and unknown background stars, and provides such information as sight vector for optical autonomous navigation of asteroid

defense.

Keywords: asteroid defense; image registration; ORB; BEBLID; structural similarity
Highlights:

e Image registration is performed according to interstellar structure information to detect the target asteroid, which overcomes the

difficulties of the target asteroid being too dim and having many unknown background stars.

e BEBLID is used to describe feature points with higher speed and accuracy compared with traditional registration algorithms. The
traditional SURF, ORB, and AKAZE methods cost 0.32095s, 0.146 26 s, and 0.296 28 s for registration, with accuracy rates of
0%, 48.96%, and 5.79%., respectively; the combination of ORB and BEBLID reduces the registration time to 0.019 98 s, and the

accuracy is increased to 99.82%.

e The method of segmentation before comparison for target asteroid detection has higher speed and accuracy compared to

comparison before segmentation, and has similar accuracy and faster speed compared to the star catalog matching method.

Comparison before segmentation takes 0.385 62 s, with an accuracy rate of 68.78%; segmentation before comparison takes 0.051 999 s,

with an accuracy of 99.82%; the star catalog matching method takes 1 363.706 s, with an accuracy of 100%.
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