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Thesis Summary

Networked Control Systems (NCSs) are systems whose sensors, actuators, and controllers are
spatially distributed over communication channels. On one hand, it is well-known that a major concern is
the energy consumption of battery powered devices due to the network communications. Thus, it is of
great importance to reduce communication frequencies between the plant and the controller. On the
other hand, many control systems are typically subject to hard constraints, such as actuator saturations.
Therefore, this thesis proposes a control framework by applying ‘aperiodic control’, which achieves
communication reduction in NCSs, and ‘Model Predictive Control (MPC)’, which takes into account hard
constraints. Throughout the thesis, this combinational control scheme is referred to as ‘aperiodic MPC’.

In Chapter 1, the purpose and the outline of this thesis are given. The purpose of the thesis is to
provide a control framework to reduce communication frequencies between controller and the plant,
while at the same time guaranteeing both control performance and the satisfaction of hard constraints.

In Chapter 2, some basic methodologies of aperiodic control and MPC are given.

In Chapter 3, we limit our attention to a control problem of linear systems and formulate an aperiodic
model predictive control. In the aperiodic formulation, the timings for sensors to transmit state
measurements are determined based on Lyapunov stability, so that we can achieve stabilization of the
system and communication reduction for NCSs. Some simulation examples are provided to show the
effectiveness of the proposed approach.

In Chapter 4, we propose an aperiodic formulation of MPC for nonlinear input-affine systems, which are
thus provided for a more general class of systems than the ones in Chapter 2. As with Chapter 2, the
way to communicate between the plant and the controller is given based on Lyapunov stability. Some
simulation examples are given to validate the proposed scheme by considering both linear and nonlinear
control systems.

In Chapter 5, we propose an aperiodic formulation of MPC for a more general class of systems than the
ones presented in Chapter 3 and 4. In particular, we will derive a threshold between the predictive states
and the actual state, such that feasibility of the optimal control problem and stability are both
guaranteed. The derived threshold is provided as a criterion for the communication timing between the
plant and the controller, so that both control performance and communication reduction are achieved.

In Chapter 6, some conclusions are provided. In this thesis, we propose an aperiodic model predictive
control framework for NCSs, which achieves both communication reduction and satisfactions of

constraints for various systems including linear, nonlinear input-affine, and nonlinear systems.




