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Foreword

Dear reader, before you start with the formal part of the thesis, let me use the opportunity

of this single page to express some informal thoughts.

I spent some time thinking about what I would like to write in this preface. Just rattling

out names of people I am thankful to seemed to be rather dull to me. (Take a look at

http://www.dyn.bci.tu-dortmund.de, if you want to see some names, most of them are

there.) Obviously, I would not be in the situation of writing these lines without my parents.

I would not have been in the mood to finish this project without my girlfriend. And, of

course, you would not have the chance to read this if Prof. Engell would not have hired

me to work in his group. Needless to say, I am also thankful for the European research

project MULTIFORM, which founded my research activities.

So, if not just listing names, what then? Well, perhaps a reason for being thankful! Let

us have a look at it. Scientific research is not just a product that is ordered and then

created. It is a process, which starts with a problem. Ideas are formed, tested, and then

discarded or saved for further inspection. The process could be seen as a long series of

refinements until a final solution is found. In my case, these refinements were influenced

by my environment and especially by the people around me, those that I have met and

discussed with. If you read this and remember our discussion or your input to this thesis,

then be sure of my gratefulness for you!

Evidently, my interactions with my colleagues at the Process Dynamics and Operations

Group were the most frequent. Thank you all for your input, your interest, your time, and

your support during the production of the pipeless plant. Special thanks to the Hybride

Gruppe sub-group and the one guy from the other chair! I would also like to express my

gratitude to the people that worked with me on the MULTIFORM project and provided

feedback on my work. Again, specials thanks to the people from Eindhoven, both TU

and ESI, for their hospitality! My appreciation for all the interesting people I met during

conferences, workshops, and PHD schools. And, of course, thanks to all the students I met

that had a real interest in our work and research, which provided valuable input. This

includes my three nice interns from Princeton University.

Let me end this by expressing my hope that this thesis, which is a gigantic leap for myself,

may be a tiny but not needless step for research in general. Martin Hüfner
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Kurzfassung

Die industrielle, modellbasierte Entwicklung von Produktionsprozessen und zugehörigen

Regelungs- und Steuersystemen erzeugt eine große Menge an Entwicklungsdaten mit

komplexen Abhängigkeiten, was es schwer macht Inkonsistenzen in einer frühen Entwick-

lungsphase zu erkennen. Eine Vielzahl von Modellen unterschiedlichster Formalismen

wird oft in den verschiedenen Stufen und Teilen des Entwicklungsprozesses genutzt. Die

ausgewählten Modellformalismen schränken die Auswahl benutzbarer Softwarewerkzeuge

in jeder Entwicklungsstufe erheblich ein oder erfordern die Neuentwicklung eines Modells

in einem anderen Formalismus aufgrund fehlender Werkzeugintegration. Integriertes mo-

dellbasiertes Entwickeln verspricht den Entwicklungsaufwand und damit die verbundenen

Kosten signifikant zu verringern und dabei die Qualität des entwickelten Systems zu

verbessern, indem Fehler frühzeitig gefunden werden können. Je später Fehler entdeckt

werden, umso teurer ist deren Behebung. Diese Dissertation stellt ein kürzlich entwick-

eltes Softwareunterstützungssystem für die modellbasierte Entwicklung von komplexen,

automatisierten Systemen vor, unter Zuhilfenahme von zwei anspruchsvollen Fallbeispie-

len, die modellbasierte Entwicklung einer rohrlosen Anlage und die modellbasierte Ent-

wicklung eines elektronischen Reglers für den Vergaser eines Verbrennungsmotors. Die

innewohnende Komplexität dieser Fallbeispiele erfordert die besonderen Eigenschaften des

Softwareunterstützungssystems, z.B. ein strukturiertes Daten- und Modellmanagement,

Algorithmen um Entwicklungsprozess und -parameter konsistent zu halten, sowie die In-

tegration modellbasierter Werkzeuge durch Modelltransformationen, um einen effizienten

und qualitativ hochwertigen Entwicklungsprozess zu gewährleisten. Die Integration durch

Modelltransformationen wird im Detail für die Verbindung der Modellierungssprache

gPROMS mit dem Austauschformat CIF beschrieben. Eine Auswahl von Transformations-

ketten erläutert beispielhaft die Vorteile von Modelltransformationen. Diese Doktorarbeit

zeigt, dass ein werkzeuggestützter, modellbasierter Entwicklungsprozess, insbesondere bei

Unterstützung durch Werkzeugintegration mit Modelltransformationen, vorteilhafte Ef-

fekte auf die Effizienz und Qualität des Arbeitsprozesses hat.
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Abstract

The industrial model-based design of production processes and corresponding control

systems yields a large amount of design data with complex interdependencies, which

makes it difficult to detect inconsistencies that may lead to design errors in an early stage

of the overall design process. For different stages and parts of the design process, a variety

of models in different formalisms is often used. The selected model formalisms restrict

the choice of usable tools in each stage severely or require the new creation of a model in

another formalism due to missing tool integration. Integrated model-based design promises

to reduce the design effort significantly, and thus the cost, while improving the quality

of the designed system by ensuring that errors are detected in an early stage, i.e. when

it is relatively cheap to correct them. This dissertation illustrates a recently developed

software support system for model-based integrated design of complex automated systems,

using two challenging case studies, namely the model-based design of a miniature pipeless

plant and the model-based design of the controller of a combustion engine carburetor.

The inherent complexity of the case studies requires the features of the software support

system, e.g. structured data and model management, algorithms for design consistency

and design parameter propagation, and the integration of model-based tools by model

transformations, to ensure an efficient and high-quality design process. The integration by

model transformations is illustrated in detail for the connection of the modeling language

gPROMS and the interchange format CIF. A selection of transformation tool chains

exemplifies the benefit of model transformations. This thesis shows that tool supported

model-based design, especially if aided by tool integration via model transformation, has

beneficial effects on the efficiency and on the quality of the workflow.
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