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Study on semistrongly stabilizing controllers
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One of the important things in control is the controller design. Main roles of controllers are
to stabilize control system and to make control characteristics except for control system
stability close to the ideal one. One way to design controller with those roles is use the
parameterization, which is proposed by Youla et al. and is the necessary and sufficient
condition that controllers stabilize plants. Using this parameterization, the designed
controller guarantees to stabilize control system. Therefore, we only have to consider control
characteristics except for control system stability. From this advantage, many researches
examine design methods for stabilizing controllers based on the parameterization.

However, in practical control, there are cases when the control system needs to be stabilized
by stable controllers. The control system stabilization by stable controllers is called strong
stabilization. The importance of strong stabilization is shown by Shaw. His research points out
that the control system stabilized by unstable controller is high sensitive for variations in
plant parameters. This causes the unstabilization and poor performance of control system.
Therefore, the strong stabilization is important to prevent the high sensitiveness of control
system. Because the existence of stabilizable plants by only unstable controllers is also shown
by Shaw, it is necessary to clarify the way whether the plant is strongly stabilizable or not. For
this reason, Youla et al. clarify the necessary and sufficient condition that the plant is strongly
stabilizable, called p.i.p. (parity interlacing property). In addition, some design methods for
strongly stabilizing controllers using Nevanlinna-Pick interpolation. Recently, the strong
stabilization is examined to realize low sensitive for fuzzy control, time-delay system and
infinite dimensional system.

However, strongly stabilizing controllers cannot have the integrator, because the integrator

has a pole at the origin, that is, have unstable pole. With strongly stabilizing controllers, when



there is an uncertainty in the plant or a step disturbance, the output of the control system
cannot follow the step reference input without steady state error. Therefore, it is necessary to
examine controller designs that have an origin pole and other poles in the open left-half plane.
Such controllers are called semistrongly stabilizing controllers. For this control, we first need
to clarify the set of semistrongly stabilizable plants.

From this background, this thesis is organized as follows:

In Chapter 1, we introduce the research trend and purpose of this thesis.

In Chapter 2, we define semistrongly stabilizable plants and semistrongly stabilizing
controllers and propose the parameterization of all semistrongly stabilizable plants.

In Chapter 3, we propose the parameterization of all semistrongly stabilizing controllers for
semistrongly stabilizable plants in Chapter 2. A design method for semistrongly stabilizing
controllers is also presented.

In Chapter 4, we propose the parameterization of all two-degrees-of-freedom semistrongly
stabilizing controllers for semistrongly stabilizable plants in Chapter 2. With the
parameterization in Chapter 3, we cannot specify the input--output characteristic and the
feedback characteristic, that is, a disturbance attenuation characteristic and robust stability,
separately,. One way to specify those characteristics separately is to wuse a
two-degrees-of-freedom control system. Therefore, the purpose of this chapter is to propose the
parameterization of all two-degrees-of-freedom semistrongly stabilizing controllers. Control
characteristics and a design method of the two-degrees-of-freedom semistrongly stabilizing
controller are also presented. A numerical example is illustrated to show the effectiveness of
the proposed parameterization in Chapter 4 by comparison for responses of the numerical
example in Chapter 3.

Chapter 5 summarizes the result of the present study by the conclusion.

In this way, parameterizations of all semistrongly stabilizable plants and of all semistrongly
stabilizing controllers are examined in this thesis. From this, the decision whether the plant is
semistrongly stabilizable or not, and the design of semistrongly stabilizing controller are easily.

Therefore, it is expected to apply practical controls.
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