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Abstract

The thesis treats model reduction for linear time-varying systems. Time-
varying models appear in many fields, including power systems, chemical
engineering, aeronautics, and computational science. They can also be used
for approximation of time-invariant nonlinear models. Model reduction is a
topic that deals with simplification of complex models. This is important since
it facilitates analysis and synthesis of controllers.

The thesis consists of two parts. The first part provides an introduction
to the topics of time-varying systems and model reduction. Here, notation,
standard results, examples, and some results from the second part of the thesis
are presented.

The second part of the thesis consists of four papers. In the first paper,
we study the balanced truncation method for linear time-varying state-space
models. We derive error bounds for the simplified models. These bounds
are generalizations of well-known time-invariant results, derived with other
methods. In the second paper, we apply balanced truncation to a high-order
model of a diesel exhaust catalyst. Furthermore, we discuss practical issues of
balanced truncation and approximative discretization. In the third paper, we
look at frequency-domain analysis of linear time-periodic impulse-response
models. By decomposing the models into Taylor and Fourier series, we can
analyze convergence properties of different truncated representations. In the
fourth paper, we use the frequency-domain representation developed in the
third paper, the harmonic transfer function, to generalize Bode's sensitivity
integral. This result quantifies limitations for feedback control of linear time-
periodic systems.
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