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Abstract:
System identification is a subject area of control in which is investigated the problem: How to obtain from
observations a control system with its parameter values?
A system identification procedure consists of the following steps: (1) With which system class to model the
phenomenon of interest? (2) How to design an input trajectory for the plant so as to obtain an output
trajectory which is useful for identification? (3) Which conditions imply that the parametrization of the
selected system class is structurally identifiable? (4) How to determine an element of the parametrized
system class from the input-output data obtained in Step (2)? (5) How to select the complexity of the
system class using the available data?
In this lecture attention is focused on Step (3) of the above procedure, the structural identifiability. A
parametrization of a class of systems is called structurally identifiable if the parameters of the selected
parametrization can be uniquely determined from the input-output map of the system. A necessary and
sufficient condition for structural identifiability is needed. Such a condition follows rather directly from the
realization theory presented in an earlier lecture. A second problem is to characterize structural
identifiability from the input-output trajectories rather than from the input-output map.
If a parametrization is not structurally identifiable then any optimization algorithm will in vain search
through a subset of the parameter set containing all those parameter values having the same input-output
map. An algorithm may then produce an arbitrary result. In practice, researchers in optimization working
on a parameter estimation problem often encounter a nonlinear system which is not structurally
identifiable. Therefore it is of interest to system identification to determine the structural identifiability before
estimating parameter values. If it is not structurally identifiable then the parametrization is best changed.
The structural identifiability will be presented first for linear systems and then for rational systems. The
conditions include controllability, observability, a canonical form condition, and a representation condition.
The conditions will be illustrated by simple examples. For high-dimensional system one best uses a
symbolic calculation package like Maple.
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