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Fig. 1 The working principle of star sensor
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Fig.2 The measurement principle of star sensor
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Fig.3 The angle errors in three axis using Lie group filter
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An Attitude Estimation Method Based on LIE Group Representation
for Deep Space Probe

XU Hao"’, PEI Fujun"’, JIANG Ning"*

(1. Faculty of Information Technology, Beijing University of Technology, Beijing 100124, China;
2. Beijing Key Laboratory of Computational Intelligence and Intelligent System, Beijing 100124, China)

Abstract: A novel algorithm for attitude estimation of deep spacecraft based on star sensor is proposed. The Lie group is used

to describe the attitude, which avoids the non-uniqueness and complex calculation of the quaternion conversion into the attitude

matrix. A description of the motion model based on star sensor and the kinematics model of space rigid body in Lie group is given. A

method based on Lie group is proposed to determine the dynamic attitude of deep spacecraft. The linearization model solves the

errors generated by the traditional nonlinear model in the filtering process, and eliminates the steps of converting the quaternion into

the attitude matrix and reduces the computational complexity. In the simulation, the proposed method is compared with the

traditional quaternion attitude determination algorithm. The results prove that the algorithm has better stability and accuracy.

Keywords: deep space probe; star sensor; attitude estimation; LIE group filter

Highlights:

e The innovative introduction of Lie group structure describes the rigid body attitude, which overcomes the problems of singularity
and non-uniqueness in traditional methods.

e Using the measurement information of the star sensor and the dynamic equations of the spacecraft, the system equations described
by Lie Group are constructed to estimate the position of the spacecraft in space.

e Based on the mapping relationship between Lie group and Lie algebra, the steps of Lie group filtering are deduced and the
spacecraft attitude matrix is directly estimated.

e Through the simulation and analysis of traditional quaternion filtering algorithm and Lie group filtering algorithm, the feasibility

and superiority of the attitude estimation filtering algorithm based on Lie group description is proved.
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