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Fig. 1 Distribution of semi-major axis and inclination angle of potentially
hazardous asteroids' orbit
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Table 2 Multi-target asteroid flyby algorithm in ecliptic plane
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Table 3 Results of different tree node expansion rules
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Fig. 5 Relationship between spacecraft residual mass
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Table 8 Comparison table of beam tree search with greedy
algorithm and ant colony algorithm
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Trajectory Optimization Design for Multiple-Target Asteroid Flyby
Mission in Ecliptic Plane

HAO Zhixin"’, ZHENG Jianhua"*, LI Mingtao"”

(1. National Center for Space Science, Chinese Academy of Sciences, Beijing 101499, China;
2. University of Chinese Academy of Sciences, Beijing 100049, China)

Abstract: Closely flying by asteroids can help to capture asteroid surface images, measure asteroid spectra, and obtain
physical and chemical properties of asteroids. In particular, flying by multiple asteroids with potential hazards to the earth in one
mission will significantly improve the understanding of the characteristics of potentially hazardous asteroids, and it is also of great
significance to asteroid defense missions. In this paper, the trajectory of the multiple asteroid flyby mission of potentially
hazardous asteroids was optimized. Firstly, the time and position distribution of asteroids passing through the ecliptic plane were
analyzed, and the basic strategy of asteroids flyby in the ecliptic was determined. The time of asteroids crossing the ecliptic was
taken as the time of asteroids’ flyby. Secondly, the sequential flyby sequence was optimized via beam selection tree search
algorithm, and an optimization model for fast and effective solution of asteroid sequential flyby mission trajectory was established.
Simulation results show that missions launched from 2024 to 2028 can fly by at least 18 potentially hazardous asteroids, especially
the launch window in September 2027, which can fly by 21 potentially hazardous asteroids within a ten-year mission duration.

Keywords: potentially hazardous asteroids; multiple-target asteroid flyby; trajectory optimization; beam search

Highlights:

e The trajectory of multi-target asteroid flyby mission was solved fast and effectively by using the basic strategy of ecliptic in-plane

flyover and beam search algorithm.

e Simulation results show that the mission is not sensitive to the launch window and the mission launch window from 2024 to 2028

can fly by at least 18 potentially hazardous asteroids.

e Combined with the constraints of launch vehicle and fuel to mass ratio of satellite, this method can quickly determine the number
of sequential flyby asteroids in a single mission.
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