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Thesis Summary

Model-Based-Development (MBD) is a methodology of embedded software development.

MBD uses “plant models”, which express the physical system, and “controller models”, which
express the hardware controller. For the plant models, white-box models are often utilized.
These models, however, often result in having a complicated structure, which leads to a long
calculation time to run the simulations. In order to deal with the model complexity, system
identification method can be utilized to simplify the models. In this method, the identification input
design and model validation are essential to obtain appropriate results. In the identification input
design, an input must satisfy the identifiability conditions. However, when the controlled system is
a multi-input system, there are few studies on identifiability. In the model validation, the physical
model is compared with the identified model. When making this comparison, a criterion called a
“fit ratio” is often used. However, this method often results in yielding negative values and shows a
high value for a low amplitude waveform. Therefore, in this paper, we describe an input design
method of cyclic shifted M-sequence for system identification of Multi-Input-Single-Output system
having common poles (we call “common poles system”), and propose a new model validation
criterion for system identification in time domain.

In the first chapter, the purpose of this thesis is described. The purpose is to provide
solutions to problems that can arise when applying system identification in model-based
development.

In the second chapter, some mathematical backgrounds of this thesis are given. Specifically,
mathematical fundamentals for system identification and the model validation are given. Moreover,
some previous studies in this field are surveyed.

In the third chapter, an input design problem for system identification of common poles
systems, is described. First, a necessary condition and a sufficient condition to identify the common
poles system using cyclic shifted M-sequences are derived. It is not required in these conditions that
the systems must have common poles. Then, some numerical simulations validate our proposed
conditions.

In the fourth chapter, the criteria for system identification in time domain, is described.
First, we point out several issues of the criteria based on Fit ratio, which is expressed by the root
mean squared error (RMSE) divided by the standard deviation of the measured signal. As
alternative criteria to the Fit ratio, we introduce some normalized criteria that is inspired from the
field of physical geography. More specifically, a new criterion “Tri2” based on the triangle
inequality is proposed. Tri2 takes optimal value when a norm of a measured signal is equal to a
norm of predicted signal. Then, Tri2 is analyzed with respect to the noise and the wrong dead time
for linear models. As a result, it is found that the optimal value for Tri2 is biased from true value for
the noise, and may include the true value when model has wrong dead time.

In the fifth chapter, this thesis is summarized.




