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Output Regulation Adaptive Drag-Free Control via Kalman Filter

SUN Xiaoyun"?, WU Shufan"’, SHEN Qiang"*

(1. School of Aeronautics and Astronautics, Shanghai Jiao Tong University, Shanghai 200240, China;
2. Shanghai Gravitational Wave Detection Frontier Scientific Research Base, Shanghai 200240, China)

Abstract: For a kind of adaptive output regulation control that can only obtain the reduced dimension output information of the
system, in this paper, a model reference adaptive control method for output regulation based on Kalman filter was proposed, which
used the nonlinear estimation ability of Kalman filter to realize the estimation of output measurement information to full dimensional
state information, and used the observation state to realize adaptive tracking of the output of closed-loop system to the reference state
to ensure the stability of each closed-loop signal. The above method was applied to the control of the drag-free stable platform in the
space gravitational wave detection mission, and the stable output tracking ability of the drag-free control system was realized with
unknown parameters and additional disturbances. Based on the theoretical analysis of each closed-loop signal stability realized by the
Lyapunov method, numerical simulation comparison verifies the effectiveness of the method over the tracking ability of the general

output tracking adaptive control method.

Keywords: Kalman filter; model reference adaptive control; output regulation; space-based gravitational wave detection;
drag-free control.

Highlights:

e A drag-free control method based on nonlinear control is proposed, and the model reference adaptive control scheme is adopted to

deal with nonlinear dynamics and uncertainties.

e Based on Kalman filter, the traditional output regulation control method is enhanced to realize the rapid prediction and

approximation of the output state of the system when complex disturbance exists.

e An adaptive controller based on output regulation is applied, using dimensionality reduction output information to achieve stable

tracking of all closed-loop responses.

[FTlESHE: Rz, EXFR: RAE]
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