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High Precision State Estimation Method Design for Space-Based Gravitational

Wave Detection Spacecraft

ZHANG Donglin', CAO Yifan', DUAN Zhansheng', WANG Pengcheng’,
GUO Ming’, ZHANG Yonghe’

(1. School of Automation Science and Engineering, Xi’an Jiaotong University, Xi’an 710049, China;

2. Innovation Academy for Microsatellites of Chinese Academy of Sciences, Shanghai 201204, China)

Abstract: Based on multi-sensor data from star sensors and inertial sensors, a high-performance Kalman filtering algorithm
with linearized quaternion measurements was proposed in this paper. According to the ultra-stable and ultra-static platform
characteristics of the task, new pseudo-linear measurements were constructed by an approximate transformation for quaternion
measurements under small angle change of the spacecraft so that the linear assumption of Kalman filtering was satisfied. Combined
with the discrete-time state space model of spacecraft system and the multi-sensor measurements, a Kalman filtering algorithm with
linearized quaternion measurements was designed, to achieve high-precision in-orbit state estimation of spacecraft system. The
simulation experiments are provided to demonstrate the effectiveness of the proposed Kalman filtering algorithm, which meets the
precision requirement of spacecraft attitude estimation for space-based gravitational waves detection and provides the high-precision

observation for spacecraft attitude control.

Keywords: gravitational wave detection; nonlinear measurements; Kalman filtering

Highlights:

e For the high-precision state estimation task of space gravitational wave detection spacecraft system, it is difficult for the state
information measured by star-sensitive and inertial sensors to achieve the accuracy required by the system. In this paper, a high-
performance state estimation algorithm with linearized quaternions is designed based on Kalman filtering.

e The error reduction rate (ERR) of spacecraft state estimation is more than 45%.

e Compared with sensor measurements, the designed state estimation algorithm can obtain more accurate state information of

spacecraft.
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