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Mathematical Systems Theory

Mathematical systems theory studies the behaviour and properties of
dynamical models that are described by ordinary and partial differential
equations, as well as other models with dynamical behaviour. Such dy-
namical systems arise from modelling phenomena that are encountered
in engineering applications and in the nature.

Mathematical control theory concentrates on influencing the behaviour
of such dynamical models to either improve the properties of the sys-
tem or to drive the system into a desirable trajectory.

Mathematical systems theory is used in, for example,

• Trajectory control for unmanned vehicles, such as quadrocopters

• Automatic control of driverless cars

• Rejection of disturbances in industrial processes and acoustics

• Removal of unwanted vibrations in buildings and in machinery

Linear Systems

In linear systems theory the considered models are of the form

d

dt
x(t) = Ax(t) +Bu(t), x(0) = x0 (1a)

y(t) = Cx(t) +Du(t). (1b)

Here x(t) is the state of the system, y(t) is the measured output,
u(t) the control input. The main research area of the Systems The-
ory Research Group at TUT is the control of models involving partial
differential equations and infinite-dimensional systems. This class of
models facilitates the control of processes involving, in particular,

• Heat diffusion and material flows

• Vibrations and wave phenomena

• Elastic deformations and bending
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Periodic control of a vibrating string (a 1D wave equation).

Research Topics

If a process is modelled with ordinary differential equations, A, B, C
and D are matrices. In the case of linear partial differential equations,
(1a) becomes an abstract differential equation, and A, B, C andD are
linear operators. Such systems can be studied using linear functional
analysis, and especially operator theory.

Typical research questions in systems theory include the following:

• Solvability of a given control problem

• Characterization and construction of controllers

• Optimality of a given control design

• Study of long-time behaviour of solutions x(t) of (1a)

• Numerical approximations and implementation of controllers
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Courses

MAT-61006 Introduction to Functional Analysis A first course
on functional analysis, including fundamentals of the theory of func-
tion spaces, operator theory, and spectral theory.

MAT-62506 Linear Systems A second course on functional anal-
ysis with emphasis on applications to partial differential equations,
infinite-dimensional dynamical systems, and control theory.
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