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Fig. 2 Quaternion simulation result curve of non cooperative target attitude in space
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Estimation of Motion State of Small Celestial Bodies Based on

System Observability Analysis

DENG Runran"’, WANG Dayi’, GE Dongming’, ZHENG Wei', E Wei’, ZOU Yuanjie’, LI Jiaxing’

(1. College of Aerospace Science and Engineering, National University of Defense Technology, Changsha 410073, China;
2. Beijing Institute of Space Technology, Beijing 100094, China)

Abstract: The motion state and parameter estimation of small celestial bodies are important prerequisites for the successful
lementation of small object attachment and sampling detection. Key parameters such as rotational angular velocity, inertia ratio
principal axis direction of small celestial bodies need to be obtained. However, due to the lack of markers and communication,

the typically tumbing motion of small celestial bodies, which are typical non-cooperative targets in space, estimating their motion

state and parameters becomes a highly challenging task. In this paper, it is proved that the angular velocity, inertia ratio and other

parameters of the attitude motion of the non-cooperative target in space are fully observable only by monocular sequence images, and

the parameters such as the attitude motion and inertia ratio of the non-cooperative target are estimated by mathematical simulation,

and

the effectiveness of the method is verified by mathematical simulation.
Keywords: small objects; non-cooperative; monocular sequence images; observability; EKF filter estimation
Highlights:
e The motion state and parameter estimation of small celestial bodies are important prerequisites for the successful implementation
of small object attachment and sampling detection.
e  Only monocular sequential images are used as measurement inputs, which can greatly simplify the configuration of the observation
sensor of the spacecraft, and only require one camera to take sequential images of space targets.
e On the basis of the monocular sequential images with the target, the system is completely observable for obtaining the spatial attitude,
angular velocity and inertia ratio of the target.
e The attitude dynamics equation of the space target is a nonlinear system, and the observable judgment method of the Lie derivative
can be used to prove that the system is completely observable.
e Based on the extended Kalman filtering method, a filtering algorithm with the relative attitude of the target as the measurement is

constructed, and the simulation results show that the state estimation results can converge.
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