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Abstract. This paper is concerned with the stabilization problem for networked control
systems (NCSs) with packet-dropouts and delays. A state estimator is incorporated into
the controller node, and the controller uses the estimated states when packet-dropouts
occur. By using such a estimator-based controller, the closed-loop NCS is modelled as a
discrete-time switched systems with both stable and unstable subsystems. Then, a suffi-
cient condition for the exponential stability of the closed-loop NCS is derived by using the
average dwell-time method. The obtained stability condition establishes the quantitative
relation between the packet-dropout rate and the stability of the closed-loop NCS. Further-
more, design procedures are also presented for the packet-dropout-dependent stabilizing
controllers and estimators. Finally, an illustrative example is given to demonstrate the
effectiveness of the proposed results.
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1. Introduction. Control systems in which control loops are closed through a serial
network are called networked control systems (NCSs). NCSs has became a hot research
topic in both the control and communication society [1-5]. Packet-dropout is one of
the important problems in NCSs [6]. During the last decade, much research effort has
been devoted to the NCSs with packet-dropouts. Some effective approaches, such as the
stochastic system approach [7,8], the time-delay system approach [9,10] and the switched
system approach [11-14], have been presented in the literature. In stochastic system
approach, Markov chain and independent Bernoulli random process are commonly used
to describe the packet-dropout processes. Prior known information on the stochastic
characteristics of the packet-dropout process, which may not be available in practice, is
required in applying the stochastic system approach. Time-delay system approach may
be conservative when the number of consecutive packet-dropouts is very small or may
be unapplicable when the number exceeds the allowable upper bound. Switched system
approach usually applies the arbitrary switching scheme or the average dwell-time method.
The arbitrary switching scheme is restrictive for the NCS with unstable subsystems.

In the design of NCSs with packet-dropouts, it is of great significance to establish the
quantitative relation between the stability of the NCS and the packet-dropout rate. Such
a relation reveals the robustness of the NCS against the packet-dropouts, and may provide
an useful guideline for the NCS designers. Note that in all the aforementioned results, it
is assumed that the control input holds its previous value or is set to zero when packet-
dropout occurs. Such assumption is either conservative or not applicable when a memory
unite in the actuator (or controller) is not available. An useful way to overcome these
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