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Data Driven-Based Asymmetric Constrained Control for Space Inertia Sensor

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: Under the control framework of space gravitational wave detection spacecraft platform system, aiming at the high-
precision control of nonlinear unmodeled dynamics and performance constraints of space inertial sensor, in this paper, a data-based
adaptive control scheme based on data-driven theory was proposed to realize accurate and stable control target of non-affine non-
global Lipstchiz space inertial sensor dynamic system. Based on the fuzzy rule, an additional uncertainty estimator is established, and
its general approximation characteristics are used to ensure the bounded estimation error. Based on the Control Barrier Function
(BLF), an asymmetric performance constraint is constructed, and the BLF-based controller is used to realize the asymmetric
constraint control of the closed-loop signal. According to the principle of contraction mapping and the Lyapunov theory of discrete-
time system, the boundedness of each closed-loop signal and adaptive estimation is analyzed, and numerical simulation verifies the
feasibility and effectiveness of the data-driven adaptive asymmetric constraint control scheme.

Keywords: control barrier function; adaptive control; data-driven; space gravitational wave detection; asymmetric
constraints

Highlights:

e A data-sampling control scheme is proposed for the discrete-time system for space inertia sensor via data-driven approach.

e The discrete-time data-driven controller is enhanced by the fuzzy rule, which extends the approximate capacity for non-Lipschitz

partial terms.

e An asymmetric control barrier function is proposed to the closed-loop data driven-based system, to satisfy performance

requirements of the inertia sensor.
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