
Accepted Manuscript

A data driven control method for structure vibration suppression

Yangmin Xie, Chao Wang, Hang Shi, Junwei Shi

PII: S0094-5765(17)30944-X

DOI: 10.1016/j.actaastro.2017.11.046

Reference: AA 6577

To appear in: Acta Astronautica

Received Date: 12 July 2017

Revised Date: 10 August 2017

Accepted Date: 29 November 2017

Please cite this article as: Y. Xie, C. Wang, H. Shi, J. Shi, A data driven control method for structure
vibration suppression, Acta Astronautica (2017), doi: 10.1016/j.actaastro.2017.11.046.

This is a PDF file of an unedited manuscript that has been accepted for publication. As a service to
our customers we are providing this early version of the manuscript. The manuscript will undergo
copyediting, typesetting, and review of the resulting proof before it is published in its final form. Please
note that during the production process errors may be discovered which could affect the content, and all
legal disclaimers that apply to the journal pertain.

https://doi.org/10.1016/j.actaastro.2017.11.046


M
ANUSCRIP

T

 

ACCEPTE
D

ACCEPTED MANUSCRIPT

  

A Data Driven Control Method for Structure Vibration 
Suppression 

Yangmin Xie1, Chao Wang1, Hang Shi2*, Junwei Shi2 

1. School of Mechatronics Engineering and Automation, Shanghai University 
Shanghai Key Laboratory of Intelligent Manufacturing and Robotics 

       No. 99 Shangda Rd., Shanghai, P.R.China, 200444. Email: xieym@shu.edu.cn 
 

2. Aerospace System Engineering Shanghai 
        No. 3805 Jindu Rd., Shanghai, P.R.China, 201109. Email: shwillcn@126.com 

 
 

Abstract 

High radio-frequency space applications have motivated continuous research on 
vibration suppression of large space structures both in academia and industry. This paper 
introduces a novel data driven control method to suppress vibrations of flexible structures 
and experimentally validates the suppression performance. Unlike model-based control 
approaches, the data driven control method designs a controller directly from the input-
output test data of the structure, without requiring parametric dynamics and hence free of 
system modeling. It utilizes the discrete frequency response via spectral analysis 
technique and formulates a non-convex optimization problem to obtain optimized 
controller parameters with a predefined controller structure. Such approach is then 
experimentally applied on an end-driving flexible beam-mass structure. The experiment 
results show that the presented method can achieve competitive disturbance rejections 
compared to a model-based mixed sensitivity controller under the same design criterion 
but with much less orders and design efforts, demonstrating the proposed data driven 
control is an effective approach for vibration suppression of flexible structures. 
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1. Introduction 

Large flexible structures are widely used in space booms and space antennas for 
diverse space missions [1]. Among those missions, high radio-frequency applications 
require high shape accuracy of the supporting structures of the payloads, leading to the 
necessity of sufficiently suppressing on-orbit vibrations of large space structures [2]. 
Passive methods are much less effective due to limited damping effects for structures 
with very low modal frequencies [3], and active vibration suppression approaches have 
been demanded to advance the performance of large spacecraft for several decades [4]. 

An active vibration controller is conventionally designed based on the modeling of 
structural dynamics [5]. The accurate description of natural frequencies and mode shapes 
[6] as well as the nonlinear behaviors such as viscoelasticity [7] and damping hysteresis 
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