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Decentralized quantized control for NCSs under
periodic protocol
Jingjing Yan, Yuanqing Xia

Abstract

This paper is concerned with the problem of designing decentralized quantized controller for networked control
systems (NCSs) that are subject to time-varying transmission intervals, packet dropout, communication constraints
and limited bandwidth. The convex overapproximation method proposed in Donkers and Heemels (2011) is used
to handle with time-varying transmission intervals. Packet dropout process in this paper is modeled as both
independent identically distributed process and homogeneous Markov jumping process. The uniform quantizer is
adopted here to deal with limited bandwidth. In quantization strategy, which switches between “zooming out” and
“zooming in” modes, a variable called proportionality coefficient of saturation value is used to handle with the
complex coupling relationship between system states and quantized variables. Periodic protocol is used here to
deal with communication constraints, under which only one node can access the network and send its information
per transmission. Within this setup, we derive stability results in terms of linear matrix inequalities (LMIs). An
illustrative example is given to show the usefulness of the proposed framework for the stability analysis of some
classes of NCSs.
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I. INTRODUCTION
Nowadays, various kinds of mobile robots are adopted to perform a variety of tasks in monitoring

and investigating areas. In recent years, the groups of mobile robots, rather than isolated machines, are
receiving increasing attention. During the implementation of group work, a centralized control frame is
always adopted, that is, there is a common leader which receives and deals with the date transmitted from
followers. Obviously, the workload of the leader is very large in a centralized control frame. Moreover,
when the robots have the same importance, it is hard to identify the leader and thus the centralized
control method is no longer applicable. To solve this problem, a decentralized management system can
be used. With the development of network communication, data is being transmitted through the network
increasingly in decentralized control system, which brings some new problems and challenges, such as
i) quantization; ii) packet dropouts; iii) variable sampling intervals; iv) variable transmission delays; v)
communication constraints, i.e., not all sensor and actuator signals can be transmitted at the same time,
which all might be potential sources to poor performance, even instability.

Decentralized control uses local information available at each subsystem in the controller implemen-
tation for networked control systems (NCSs) with shared communication network [9], [11], [30]. A
variety of decentralized controllers have been proposed for NCSs in the presence of uncertainties or
disturbances (see, for example, [11], [20], [27]), wired-wireless networks environment [8]. However,
most of them require the availability of the states of each subsystem, which cannot be guaranteed in
practice [2], [21], [31]. Literature [1], [6], [13], [15], [24] develop decentralized dynamic output feedback
controllers that incorporate local observers to estimate the states of the subsystems. In [1], a method is
proposed skillfully to decompose the closed-loop model into a multi-gain switched static output-feedback
form. This decomposition allows for the formulation of linear matrix inequality (LMI) based synthesis
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