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und der Prozessautomatisierung sowie mit der ganzheitlichen Betrachtung und Optimierung
der Produktionssysteme und -netzwerke. Hierbei werden jeweils technologische wie auch
organisatorische Aspekte betrachtet.

Prof. Dr.-Ing. Jurgen Fleischer
Prof. Dr.-Ing. Gisela Lanza
Prof. Dr.-Ing. habil. Volker Schulze

XIT

Karlsruher Institut fur Technologie






“Whk

Institut fur Produktionstechnik

Vorwort des Verfassers

Diese Dissertation entstand wahrend meiner Tatigkeit als wissenschaftlicher Mitarbeiter am
wbk Institut fir Produktionstechnik des Karlsruher Instituts fir Technologie (KIT).

Ich méchte mich besonders bei Prof. Dr.-Ing. Gisela Lanza fir die Betreuung und Begleitung
dieser Arbeit in den letzten Jahren bedanken. Mein Dank gilt insbesondere auch fir ihr
entgegengebrachtes Vertrauen und den groB3en Freiraum, den ich in dieser Zeit am Institut
genieBen durfte. Die familidre, inspirierende und durch persdnliches Engagement gepragte
Atmosphére des wbks habe ich sehr geschatzt. Mein herzliches Dankeschdén gilt Prof. Dr.
techn. Christian Ramsauer fiir die Ubernahme des Korreferats. Der Projektgruppe der SAP
mdchte ich fiir den Rahmen und die wertvollen Diskussionen danken, die zum Gelingen
dieser Arbeit beigetragen haben.

Bei allen Kolleginnen und Kollegen am wbk mdéchte ich mich fir den auBBergewdéhnlichen
Zusammenhalt und das freundschaftliche Arbeitsumfeld ganz herzlich bedanken. Insbeson-
dere mochte ich Tom Stéhr, Andreas Kuhnle, Dietrich Berger, Robin Kopf, Bastian Verhaelen,
Niclas Eschner, Daniel Gauder, Raphael Wagner, Sina Peukert und Carmen Krahe nen-
nen. Besonderen Respekt zolle ich den Studierenden, die durch ihr Engagement, ihren
Erfindungsgeist und ihr Durchhaltevermégen diese Arbeit gepragt haben.

AbschlieBend mdchte ich mich bei meinem Bruder Valentin, meinen Eltern, GroBeltern und
vor allem bei meiner Freundin Priscilla fir den Ruckhalt und die tatkraftige Unterstiitzung
bedanken.

Karlsruhe, 23. Juli 2021

Constantin Carl Hofmann

XIT

Karlsruher Institut fur Technologie






Abstract

An increasingly diverse production program with uncertain quantities makes it difficult to oper-
ate production systems economically. If product individualization causes different processing
times at the production stations, takt time losses occur. Fluctuations in the proportions of
product variants can also lead to dynamic bottlenecks. The concept of matrix production
pursues a flexibilization of the production structure by dissolving the rigid linkage, the takt
time dependency and by using redundant multi-purpose stations. These measures allow
production control to vary the sequence of operations within the limits of the precedence
graph and to adjust the route of each job. Reactive multi-objective control is needed to take
advantage of these degrees of freedom and to meet the varying objectives of production
systems. By using domain knowledge in the optimization, efficiency can be increased for the
specific problem. However, due to the diversity of production systems and target variables,
production control should be able to adapt autonomously to the use case at hand. As the
durations for cycle, transport and setup times are important input variables for scheduling, a
method to determine realistic values is needed.

Due to the complexity of the control decision, heuristics are most suitable. In particular,
Monte Carlo Tree Search, as an iterative search tree method, has good properties for use
as a reactive production control. However, so far, approaches to meet the requirements of
controlling a matrix production have been lacking.

In this thesis, a reactive multi-objective control based on MO-MCTS is developed for the
production control of a matrix production considering setup and transport operations. In
addition, a post optimization based on local search is integrated into the MO-MCTS flow. In
order to quickly achieve high solution quality for different objectives and production systems,
two methods are developed to autonomously adapt the production control. To ensure the
accuracy of the durations used in scheduling, a method to derive and update the underlying
distributions is presented. The detailed evaluations based on different use cases show that
the production control is able to successfully optimize different objectives. The methods for
autonomous adaptation also lead to a faster increase in solution quality. The comparison
to optimal reference solutions and to benchmark problems from literature also prove the
high solution quality. The application to a real-world scheduling scenario demonstrates the
behavior of the production control regarding breakdowns and deviations. This work presents
a comprehensive analysis of the production control with a thorough analysis of the influence
factors on the attainability of objectives and the increase of solution quality.
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