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This research discusses the stability analysis of networked control systems (NCSs) with time delays.
In an NCS, the presence of time delays in the transmission may severely affect the performance of the
closed-loop system and prevent the successful application of established nonlinear control methodolo-
gies.

In recent times, with the development and popularization of network communications, networked con-
trol systems (NCSs) which implement control functionality over data communication networks have
also attracted increasing attention. An NCS which also called ICCS (Integrated Communication and
Control System) is a control system in which the control loop is closed through a real-time network.
The main advantages of NCSs in practical applications are their high speed, low cost, and ease of
installation. While, due to the distributed structure and limited bandwidth, communication networks
(Internet) suffer from unavoidable problems related to the transmission delays (sensor-to-controller
and controller-to-actuator delays) and packet dropouts; therefore, including a communication network
in a feedback control loop makes it difficult to adopt typical control system designs.

The predictive control approach is effective for NCSs with long time delays. In predictive control,
a data buffer is inserted at the receiving end-point of each link to allow for a long delay. The data
buffers absorb fluctuations in the delay, which is suitable for NCSs with random time delays. The
Smith predictor method is commonly used for the predictive control of systems with time delays. In
1957, Otto Smith invented this method, a type of predictive feedback controller, to compensate for
long actuator delays in a single input and single output linear system. This method has since been
commonly used in chemical process control and many other applications. However, Smith predictor
‘s major limitation is that, it fails to recover the stabilizing property of a nominal controller for the
plant without delay, when the plant is unstable.

The outline of the dissertation is as follows. In chapter 1, we describe the research problem and
related research issues of NCSs and present the main contributions and outline of this dissertation. In
Chapter 2, we first discuss the linear smith-predictor via backstepping method. A detailed discussion of
nonlinear system with constant delay is also presented along with predictive control method. Chapter
3, we show an extension of the proposed predictive method for nonlinear system with time constant
delay. We analyzed and stabilized the NCSs with time-varying delay. And in chapter 4, the actuator
delay and the sensor delay should be considered together. Finally, conclusions and future research
directions are presented in chapter S.

This dissertation analyzed nonlinear NCSs with delay(constant delay, time-varying delay and sensor
delay). And, we have proposed a nonlinear ODE-type Smith predictor which includes another linear

- 75 —

73



time-variant Smith predictor for stabilizing the error dynamics of the nonlinear Smith predictor. The
proposed method can reduce the computational cost, whereas the original nonlinear Smith predictor
must solve an integral equation at each time. It is expected that the proposed nonlinear prediction
control method can be applied to networked control systems with large transmission delays.
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