Accepted Manuscript

Improved Order-Reduction Method for Cooperative Tracking Control
of Time-Delayed Multi-Spacecraft Network

Zhuo Zhang, Yiyu Zheng, Xueming Xiao, Weisheng Yan

Pll:
DOI:
Reference:

To appear in:

Received date:

Revised date:

Accepted date:

S0016-0032(18)30079-6
10.1016/j.jfranklin.2018.01.019
F1 3310

Journal of the Franklin Institute

19 July 2017
6 December 2017
7 January 2018

Journal
of The Franklin Institute

ENGINEERING AND APPLIED MATHEMATICS

2014 2026 Awards Specal oo
e by: Jumes Lam

Please cite this article as: Zhuo Zhang, Yiyu Zheng, Xueming Xiao, Weisheng Yan, Improved Order-

Reduction Method for Cooperative Tracking Control of Time-Delayed Multi-Spacecraft Network, Journal

of the Franklin Institute (2018), doi: 10.1016/j.jfranklin.2018.01.019

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.jfranklin.2018.01.019
https://doi.org/10.1016/j.jfranklin.2018.01.019

Improved Order-Reduction Method for Cooperative Tracking
Control of Time-Delayed Multi-Spacecraft Network

Zhuo Zhang, Yiyu Zheng, Xueming Xiao, Weisheng Yan

Zhuo Zhang is with the School of Marine Science and Technology, Northwestern Polytechnical University,
Xian, 710000 China. e-mail: zhuozhang@nwpu.edu.cn.

Yiyu Zheng is with the Shanghai Institute of Satellite Engineering, Shanghai, 201109 China.

Xueming Xiao is with the School of Electro-Optical Engineering, Changchun University of Science and
Technology, Changchun, 130022 China.

Weisheng Yan is with the School of Marine Science and Technology, Northwestern Polytechnical
University, Xian, 710000 China.

Abstract

This article investigates the order-reduction method for multi-spacecraft cooperative
tracking control problems considering non-uniform time delays. The tracking error system
is constructed as a linear time-varying (LTV) system since the orbit of the reference point
is an ellipse. To facilitate the controller design, a,model transformation method is proposed
to transform the LTV system into a linear timesinvariant (LTT) system with norm-bounded
uncertainties. By using the sliding-modé.control (SMC) technique, a delay-dependent co-
operative tracking controller is designed to ‘guarantee multiple followers to track the leader.
Then, an order-reduction methoduis proposed to reduce the order of sufficient conditions
in the form of linear matrix dnegualities (LMIs), which make sure that the tracking error
system is asymptotically stable, A" numerical example is finally provided to illustrate the
effectiveness of the desighedicontroller and the improved performance of the order-reduction
method.
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1. Introduction

Cooperative control of multi-agent systems (MASs) has attracted considerable attentions
duringthe past decade, see [1]-[11] for some excellent work. In cooperative control of MASs,
order reduction is a significant problem. When dealing with the cooperative control problem
of MASs by using the LMI method, the order of LMIs will be very high if there exist many
agents in the network, that is, the numerical complexity of LMIs is high. Therefore, it
is necessary to use the order-reduction method to reduce the order of LMIs. In [12]-[20],
order-reduction methods for MASs without time delays have been proposed. By using these
order-reduction methods, the order of LMIs to be calculated is decoupled with the amount
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