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Abstract

Models of dynamical systems are important in many disciplines of science,
ranging from physics and traditional mechanical and electrical engineering
to life sciences, computer science and economics. Engineers, for example, use
models for development, analysis and control of complex technical systems.
Dynamical models can be derived from physical insights, for example some
known laws of nature, (which are models themselves), or, as considered here,
by fitting unknown model parameters to measurements from an experiment.
The latter approach is what we call system identification. A model is always
(at best) an approximation of the true system, and for a model to be useful, we
need some characterization of how large the model error is. In this thesis we
consider model errors originating from stochastic (random) disturbances that
the system was subject to during the experiment.

Stochastic model errors, known as variance-errors, are usually analyzed
under the assumption of an infinite number of data. In this context the
variance-error can be expressed as a (complicated) function of the spectra (and
cross-spectra) of the disturbances and the excitation signals, a description
of the true system, and the model structure (i.e., the parametrization of the
model). The primary contribution of this thesis is an alternative geometric
interpretation of this expression. This geometric approach consists in viewing
the asymptotic variance as an orthogonal projection on a vector space that to
a large extent is defined from the model structure. This approach is useful in
several ways. Primarily, it facilitates structural analysis of how, for example,
model structure and model order, and possible feedback mechanisms, affect
the variance-error. Moreover, simple upper bounds on the variance-error can
be obtained, which are independent of the employed model structure.

The accuracy of estimated poles and zeros of linear time-invariant systems
can also be analyzed using results closely related to the approach described
above. One fundamental conclusion is that the accuracy of estimates of
unstable poles and zeros is little affected by the model order, while the
accuracy deteriorates fast with the model order for stable poles and zeros. The
geometric approach has also shown potential in input design, which treats
how the excitation signal (input signal) should be chosen to yield informative
experiments. For example, we show cases when the input signal can be chosen
so that the variance-error does not depend on the model order or the model
structure.

Perhaps the most important contribution of this thesis, and of the geometric
approach, is the analysis method as such. Hopefully the methodology presented
in this work will be useful in future research on the accuracy of identified
models; in particular non-linear models and models with multiple inputs and
outputs, for which there are relatively few results at present.
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