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Study on Design Methods for Modified Smith Predictor
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A Smith predictor was proposed by Smith to overcome time-delay. It is well known as
an effective time-delay compensator for a stable plant with large time-delays. However,
the Smith predictor cannot be used for time-delay plants having an integral mode,
because a step disturbance will result in a steady state error. To overcome this
problem, Watanabe and Ito proposed a design method for a modified Smith predictor
for time-delay plants with an integrator. Because the modified Smith predictor cannot
be used for unstable time-delay plants, De Paor and Egan, Kwak et al. proposed a
design method for modified Smith predictor for unstable time-delay plants. Thus,
several design methods for modified Smith predictor have been published. On the
other hand, another important control problem is the parameterization problem, the
problem of finding all stabilizing controllers for a plant. The parameterization of all
stabilizing controllers for time-delay plants was considered. But that of all stabilizing
modified Smith predictor has not been obtained. Therefore, the parameterization of all
stabilizing modified Smith predictor for minimum phase time-delay plants was
obtained by Yamada and Matsushima. Move over, Yamada et al. expanded the result
by Yamada and Matsushima and proposed the parameterization of all stabilizing
modified Smith predictor for non-minimum phase systems. Since the parameterization
of all stabilizing modified Smith predictor was obtained, we could express previous
studies of modified Smith predictor in a uniform manner and could design modified
Smith predictor systematically. But, their method cannot specify the input-output
characteristic and the feedback characteristic separately. From the practical point of
view, 1t 1s desirable that the input-output characteristic and the feedback
characteristic are specified separately. The control system that can specify the
input-output characteristic and the feedback characteristic is called
two-degree-of-freedom system. There are two types of two-degree-of-freedom control
system. One is the two-degree-of-freedom control system by feed-forward control to
improve the input-output characteristic. The other is that by feed-back control to
improve the disturbance attenuation characteristic. However, a design method for

two-degree-of-freedom modified Smith predictor for time-delay plants has not been
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obtained. In addition, when we control practical systems, many disturbances appear
as periodic disturbances, such as rotational unevenness in motors and noises and
vibrations in automobiles. Therefore, it is important for control system to attenuate
periodic disturbances. From these seasons, the purpose of this study is to propose the
design method for two-degree-of-freedom modified Smith predictor for time-delay
plants and design method for modified Smith predictive control system to attenuate
periodic disturbances. This thesis is organized as follows:

Chapter 1 describes the trend of a study on design methods for modified Smith
predictor and the purpose of this thesis.

Chapter 2 proposes the parameterization of all stabilizing two-degree-of-freedom
modified Smith predictor for multiple-input/multiple-output time-delay plants that
can specify the input-output characteristic and the feedback characteristic separately.
Move over, the modified Smith predictor is explained control input based on time
domain. Finally, a numerical example is illustrated to shown the effectiveness of the
proposed method.

Chapter 3 examines a design method for modified Smith predictive control system to
attenuate periodic disturbances that often appear in real time-delay plants using the
parameterization of all stabilizing modified Smith predictor. However, the modified
Smith predictive control system proposed in this chapter cannot specify the
input-output characteristic and the disturbance attenuation characteristic separately.
To specify the input-output characteristic and the feedback characteristic separately,
we propose a design method for stabilizing two-degree-of-freedom modified Smith
predictive control system to attenuate periodic disturbances effectively. Finally, a
numerical example is illustrated to shown the effectiveness of the proposed design
method.

Chapter 4 presents a design method for modified Smith predictive control system for
multiple-input/multiple-output time-delay plants to attenuate periodic disturbances.
Because many of actual plants are multiple-input/multiple-output plants, to consider
for multiple-input/multiple-output time-delay plants is important. First, we expand
the result in Chapter 3 and propose a design method for modified Smith predictive
control system for multiple-input/multiple-output time-delay plants to attenuate
periodic disturbances. Next, a design method for stabilizing two-degree-of-freedom by
feed-back  control for modified Smith predictive control system @ for
multiple-input/multiple-output time-delay plants to attenuate periodic disturbances
and to specify the input-output characteristic and the feedback characteristic

separately i1s presented. Finally, a numerical example is illustrated to shown the



effectiveness of the proposed design method.

Chapter 5 gives concluding remarks.

This study establishes guidelines for the design of two-degree-of-freedom modified
Smith predictor. It shows clearly that it is good to use the proposed methods which the
method proposed in Chapter 2 to improve the input-output characteristic, in Chapter 3
and Chapter 4 to improve disturbance attenuation characteristic, and can expect to

apply to many real systems.
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