
 

 

Open Thesis (SA,MA) 

Koopman-based control 
 

Description: 
 
This thesis focuses on data-driven modeling and control of nonlinear 
systems using Koopman operator theory for controlled systems. The 
central idea of Koopman-based control is to lift a nonlinear dynamical 
system into a higher-dimensional space in which the dynamics can be 
represented by a linear operator, namely the Koopman operator. 
Although linear, this operator is infinite-dimensional, and therefore 
finite-dimensional approximations are required for practical tasks such 
as prediction and control (see Figure 1). More precisely, the main idea 
is to approximate a nonlinear control system by a finite-dimensional 
bilinear model learned directly from data, together with explicit 
bounds on the approximation error. Such bilinear surrogate models 
can be obtained using extended dynamic mode decomposition, which 
boils down to least-squares estimation. 
 

The main challenge of existing Koopman-based control methods is 
their limited scalability. Potential research directions for this research 
project include, for instance, the investigation of model order 
reduction techniques, the development of tailored sum-of-squares 
optimization methods, and generalized design frameworks that 
explicitly account for approximation error bounds arising from data-
driven bilinear system representations. 
 

Prerequisites (recommended): 
 

• One of the following lectures: Data-driven control, 
Robust control, Linear matrix inequalities in control 

  

Figure 1: Koopman perspective of dynamical systems. 

Supervisor: 
 

J. Berberich 
Room 2.235 

Area: 
 

Data-driven Control 
Robust Control 
Nonlinear Control 

Properties: 
 

Type: SA,MA 
 

30% literature 
40% theory 
30% programming 

 

Beginning: 
 

as soon as possible 

Further information: http://www.ist.uni-stuttgart.de/teaching/bama 

http://www.ist.uni-stuttgart.de/teaching/bama

