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1 Abstract

Over the past 50 years, many techniques for model based
control have been developed. These techniques are typi-
cally applied to small-scale systems with up to ∼ 10 states.
From industry there is an increasing interest in applying
model based control techniques to large-scale models that
contain over 1,000 states. These models typically show up
for systems that are described by partial differential equa-
tions, which are spatially discretized using finite elements
or finite volume methods.

Due to computational limitations, it is in practice required
to determine a controller that contains at most ∼ 100 states.
Therefore the problem of designing of a reduced order con-
troller for a full order system is of great interest. For the
design of a reduced order controller, typically 3 approaches
as depicted in fig. 1 are considered:

1. First the full order system Σ is reduced in state dimen-
sion, which leads to a reduced order system Σ̂. For Σ̂

an optimal controller Σ̂C is created.

2. First an optimal full order controller ΣC is created
for system Σ. ΣC is then reduced in state dimension,
which leads to a reduced order controller Σ̂C.

3. The reduced order controller Σ̂C is created directly for
the full order system Σ.

Approaches 1 and 2 could be applied in practice, while ap-
proach 3 is viewed as an open problem. As a model or-
der reduction procedure for approaches 1 and 2, standard
model order reduction techniques like balanced truncation
and moment matching are considered. There exist con-
trol relevant model order reduction techniques as described
in [1][2][3][4][5], where typically standard state-space sys-
tems are considered and optimality of Σ̂C is not always guar-
anteed for Σ. Therefore, the design of an optimal reduced or-
der controller Σ̂C for a full order system Σ that is described
by a generalized plant model is, to the knowledge of the au-
thors, an open problem.

In this presentation we consider the problem to directly de-
rive (if it exists) a low complexity controller that achieves
exact decoupling of disturbances for a given dynamical sys-
tem from its to-be-controlled outputs. Disturbance decou-
pling problems and the conditions that determine whether
these problems can be solved, are well understood in terms
of concepts from geometric control theory. It will be shown
how this understanding leads to novel insights into the syn-
thesis of a reduced order controller, which will achieve exact
disturbance decoupling on a full order system.
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Figure 1: Reduced order controller design approaches.
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