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Generating the brain of complex manufacturing systems 

Efficient manufacturing of products has become more important than ever in our global economy. 

Modern manufacturing systems need to be flexible to quickly adapt to changing market demands, 

and to optimize for productivity, while ensuring the quality of each product that is produced. To 

achieve this flexibility without compromising system performance, a sophisticated supervisory 

controller is needed that directs the scheduling of operations in the system and handles on-line 

changes in the production process. The controller, in a sense, functions as the brains of the system, 

and controls its behavior. Researcher Bram van der Sanden developed methods that help to 

automatically generate such ‘brains’ in a scalable way. 

The behavior of present-day manufacturing systems has become so complex, that it cannot be totally 

understood by a single system designer or operator. For example, the company ASML faces such 

challenges in designing controllers for optimal wafer logistics in the various types of lithography 

machines. These systems manipulate silicon wafers with extreme accuracy at high throughput. The 

market demands continuous improvement of the accuracy of the imaging, which implies the use of 

more sophisticated hardware having more resources and actions. This increase leads to a larger set 

of solutions in which an optimal controller needs to be found. Designing these optimal controllers is 

no longer easily feasible by hand. Therefore, techniques are needed that help system architects to 

generate controllers automatically. 

In the last few decades, there has already been a lot of research on techniques to generate 

controllers for manufacturing systems. However, the applications of these techniques to realistic 

industrial applications are few in number. One reason is poor scalability, in part caused by the fact 

that in many cases only functionally correct behavior is considered. In such a setting, the goal is to 

deliver a controller that allows all safe system behaviors leading to a very large controller, measured 

in controller states. When the number of states becomes too large, they do not fit any more in the 

computer memory, and as a result the controller cannot be computed. An integral approach, 

considering both functional correctness and performance, can significantly improve scalability, since 

all system behavior that is not performance-optimal can be removed. The thesis is one of the first 

approaches that considers this combination. 

Bram’s work advocates a modular modeling approach, in which the behavior of the system and the 

requirements on that behavior can both be specified in small concise models. To improve scalability, 

an abstraction technique is introduced that abstracts parts of the system behavior. This abstraction 

allows one to consider the controller design separately from the timing aspects. As a result, the 

controller generation can be performed on a much smaller model, which improves scalability.  

The performance of the resulting controller is optimized with a novel game-theoretic approach, 

where we think of the system having two players in an adversarial game: the system and its 

environment. The resulting controller optimizes the system behavior under the worst possible 

scenarios the system may encounter. To further improve scalability of the controller generation and 

optimization, the thesis introduces a partial-order reduction technique. This technique exploits 

redundancy in the controller model with respect to the functional correctness and the timing 

behavior, and yields a smaller controller as a result with less controller states. 



 

 

The contributions are validated on a case study at ASML, considering the wafer logistics inside 

lithography machines. For steady-state behavior of the system, a performance-optimal controller has 

been generated directly from the models. In this case study, a reduction of 80% in the number of 

controller states was achieved, showing the clear advantages in terms of scalability of the approach. 

Title of PhD-thesis: Performance Analysis and Optimization of Supervisory Controllers. Supervisors: 

Twan Basten (TU/e), Marc Geilen (TU/e), Michel Reniers (TU/e). Other main parties involved: ASML. 


