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Model-tuning Approach to Quantized System Design
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The ultimate goal in the field of control engineering is to be able to manipulate the behavior of various
systems freely. There are many methods for manipulating the behavior of a plant and controlling a system.
One of the most sophisticated methods is the control system design based on the mathematical model of the
plant. It is possible to achieve control performance by understanding the dynamics of a target plant. An accurate
understanding of dynamics generally requires detailed models that reproduce various plant phenomena. However,
there are cases where a detailed model is not required in control system design. For example, in the case
of control around an equilibrium point for a nonlinear plant, a linear approximated model around the equilibrium
point is sufficient, and a detailed nonlinear model is not necessary. In another case, detailed models cannot
be used when the cost of controller design or computation time is constrained. In addition, even if a detailed
model can be constructed, it may be difficult to use the detailed model in control system design. For example

Neural Network (NN) models are expected to be detailed models, but there is no design theory for NN models
in conventional linear control theory

As described above, a detailed model is not always necessary in control system design; it is necessary to
change models according to the design intent of the control system, such as control objectives and design
specifications. To reflect the design intent in the models, I attribute the control system design problem
to the model search problem. Motivated by the above background, this thesis focuses on the model-tuning approach
for control system design as an optimization problem of models. In this thesis, I address several specific
problems: problem formulation, application to the design of a dynamic quantizer in a control system, and
application to the design of a quantization process in image and graph signal processing system.

In Chapter 2, I formulate the problem of model-tuning approach for control system design. The proposed method
first fixes the controller design procedure. Fixing the design procedure means characterizing the controller
by a particular model. In this thesis, the model characterizing the controller is called the “Design model,”
and I search for the design model to satisfy the design specifications. In other words, the controller design
problem is attributed to the design model search problem. The design procedure of the controller mathematically
corresponds to the mapping from models to controllers. Since the mapping is given in the proposed method
the search space is the model space, not the controller space, and the controller is automatically designed
once the model is constructed

In Chapter 3 and Chapter 4, I formulate the design problem of a dynamic quantizer based on our proposed
method. Specifically, I deal with a sampled—data dynamic quantizer for a linear continuous—time system in
Chapter 3 and a nonlinear continuous—time system in Chapter 4. The validity of our proposed method is
demonstrated through the numerical examples and the comparison with the method that directly searches for
the parameters of the dynamic quantizer.

In Chapter 5 and Chapter 6, I extend the problem setting to design of a system using Topological Data Analysis
(TDA). In Chapter 5, I design a binarization process of images in a system, which segments gray-scale images
using TDA for binary images. In Chapter 6, I design a quantization process of weights of NNs in a system,
which evaluates the performance of Quantized Neural Network (QNN). In both chapters, I demonstrate the

effectiveness of the proposed method through numerical experiments.
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