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DESIGN AND ANALYSIS OF NETWORKED CONTROL
SYSTEMS WITH MULTI-PACKET TRANSMISSION

ABSTRACT

With the rapid development of communication technology, control theory and
computer technology, networked control systems have been attracted attention in the
academic and industrial communities. Networked control systems are control systems
whose control links are closed via some form of communication networks. Compared
with the traditional control systems, there are some advantages such as lower wiring
costs, more flexible configurations, more convenient maintenance and so forth in the
networked control system. As the development of advanced technologies and the im-
provement of production requirements, there is an increasing demand for the control
systems in which multiple sensors transmit data independently through the communi-
cation network and control signals are transmitted by the controller. Therefore, how to
carry out networked control systems with multi-package transmission modeling, ana-
lyzing and controller designing is the hot research topic in the control community.

However, the use of this communication method brings unavoidable problems
to the networked control system, such as partial packet loss, multiple delays, multi-
sampling rates and communication channels competition and so forth. These problems
will lead to the performance degradation of the control system, even affect the stability
of the system. We refer to these problems as multi-packet transmission problems, which
are urgent to be solved in the systems such as the wireless control systems, the Internet
of Things and the information physical fusion system.

Based on available literatures, this thesis has proposed corresponding solutions for
networked control systems with lossy multi-packet transmission. The specific works

are as follows:
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(1) The reconstruction-based state feedback control scheme is proposed for the
networked control systems with lossy multi-packet transmission. The state reconstruc-
tion method is used to reconstruct part of the lossy information, and the concept of
stochastic stability is further introduced into the closed-loop control system. The sta-
bility conclusion of the closed-loop control system is obtained and the controller design
is given.

(2) The observer-based control rule is proposed for the networked control systems
with lossy multi-packet transmission. Firstly, the output reconstruction method is used
to reconstruct the lossy information in networked control systems with multi-packet
transmission. The observer-based control rules are used to design the controller and
the closed-loop control system is obtained. Then the stochastic stability of the closed-
loop control system is obtained. Finally, A joint design of the corresponding control
gain matrix and the observed gain matrix is given.

(3) For the problem in (1), there is a disadvantage the systematic error introduced
by the reconstruction state method is not considered. The classification control rule
based on reconstruction information is proposed. Firstly, state reconstruction method
is used to reconstruct lossy information and then the feedback matrices are designed
respectively for the reconstruction information and the received information. Further,
the sufficient conditions for the exponential stability of the closed-loop control system
are obtained. Finally, the control gain matrices is obtained by minimizing the decay
rate to solve the constraints of linear matrices inequality of the control design rule.

A number of illustrative examples, which are carried out by the MATLAB soft-
ware and the TrueTime toolbox, are given to show the effectiveness of the proposed

design methods. Finally, the conclusion and future works are presented.

KEY WORDS: Networked control systems, Multi-packet transmission, State recon-

struction, Stochastic stabilization, Classification-based control
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Figure 1-4 the structure diagram of Networked Control Systems with multi-sensors
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