
Christian Brecher · Günther Schuh
Wil van der Aalst · Matthias Jarke
Frank T. Piller · Melanie Padberg Editors

Fundamentals,
Methods and Applications

Interdisciplinary Excellence Accelerator Series

Internet
of Production



Interdisciplinary Excellence Accelerator
Series

Series Editors

Christian Brecher, Werkzeugmaschinenlabor WZL, RWTH Aachen University,
Aachen, Germany

Melanie Padberg, Werkzeugmaschinenlabor WZL, RWTH Aachen University,
Aachen, Germany



The Interdisciplinary Excellence Accelerator Series (IDEAS) is an innovative book
series highlighting interdisciplinary and excellent research conducted at universities,
such as the ‘Cluster of Excellence’ at RWTH Aachen University, Germany, and
their collaborating partners across the world. The series enables a new form of fast
publication anchored in the spirit of interdisciplinary collaboration from authorship
to review to dissemination.

These high-quality books can be used by scientists, practitioners, and students
for different purposes ranging from teaching to research and knowledge transfer.
The series contains both English and German-language books, and focuses on fields
such as, but not limited to:

• Production Engineering
• Information and Communication Technology
• Business and Societal Dimensions of Technology
• Mobility and Transport Engineering
• Material Science and Engineering
• Medical Science and Technology
• Computational Science and Engineering
• Energy, Chemical and Process Engineering
• Molecular Science and Engineering



Christian Brecher • Günther Schuh •
Wil van der Aalst • Matthias Jarke •
Frank T. Piller • Melanie Padberg
Editors

Internet of Production
Fundamentals, Methods and
Applications

With 160 Figures and 4 Tables



Editors
Christian Brecher
Cluster of Excellence Internet of Production
RWTH Aachen University
Aachen, Germany

Wil van der Aalst
Process and Data Science (PADS)
RWTH Aachen University
Aachen, Germany

Frank T. Piller
Technology and Innovation Management
RWTH Aachen University
Aachen, Germany

Günther Schuh
Laboratory for Machine Tools and
Production Engineering
RWTH Aachen University
Aachen, Germany

Matthias Jarke
Information Systems and Databases (DBIS)
RWTH Aachen University
Aachen, Germany

Melanie Padberg
Cluster of Excellence Internet of Production
RWTH Aachen University
Aachen, Germany

ISSN 2731-4995 ISSN 2731-5185 (electronic)
Interdisciplinary Excellence Accelerator Series
ISBN 978-3-031-44496-8 ISBN 978-3-031-44497-5 (eBook)
https://doi.org/10.1007/978-3-031-44497-5

This work was supported by RWTH Aachen University: No Grant ID

© The Editor(s) (if applicable) and The Author(s) 2024. This book is an open access publication.
Open Access This book is licensed under the terms of the Creative Commons Attribution 4.0 Inter-
national License (http://creativecommons.org/licenses/by/4.0/), which permits use, sharing, adaptation,
distribution and reproduction in any medium or format, as long as you give appropriate credit to the
original author(s) and the source, provide a link to the Creative Commons license and indicate if changes
were made.
The images or other third party material in this book are included in the book’s Creative Commons
license, unless indicated otherwise in a credit line to the material. If material is not included in the book’s
Creative Commons license and your intended use is not permitted by statutory regulation or exceeds the
permitted use, you will need to obtain permission directly from the copyright holder.
The use of general descriptive names, registered names, trademarks, service marks, etc. in this publication
does not imply, even in the absence of a specific statement, that such names are exempt from the relevant
protective laws and regulations and therefore free for general use.
The publisher, the authors, and the editors are safe to assume that the advice and information in this book
are believed to be true and accurate at the date of publication. Neither the publisher nor the authors or
the editors give a warranty, expressed or implied, with respect to the material contained herein or for any
errors or omissions that may have been made. The publisher remains neutral with regard to jurisdictional
claims in published maps and institutional affiliations.

Cover photo: The vision of the IoP: The world becomes a lab © Dr. Martin Riedel

This Springer imprint is published by the registered company Springer Nature Switzerland AG.
The registered company address is: Gewerbestrasse 11, 6330 Cham, Switzerland

Paper in this product is recyclable.



Preface

Crossing Disciplinary Boundaries: RWTH Aachen and Springer
Start a New Publishing Partnership

This first volume of the new Interdisciplinary Excellence Accelerator Series
(IDEAS) is the first major outcome of more than a year of joint work with its
inception in a 2-day publishing lab workshop with researchers from the Excellence
Cluster “Internet of Production” at RWTH Aachen (Germany) and editors from
Springer held in March 2021. The aim of the online event was to understand current
researcher needs and pain points, as well as exploring ideas for potential solutions.

The event was well prepared – including a survey which RWTH Aachen
addressed to students and researchers at their Cluster of Excellence – and eventually
centered around two main themes in research and publishing:

• How to accelerate the journey from research to publication and scholarly
knowledge transfer?

• How to facilitate truly interdisciplinary research and publishing?

In what follows, we put forward the three tenets which the participants of this
workshop have agreed upon as the way to encourage, enhance, and propagate
accelerated interdisciplinary work.

Tenet 1: Reduce the Time Between Research, Publication, and
Scholarly Knowledge Transfer

Scientific research has accelerated dramatically over the last decades. This is not
only a consequence of the rise of digital technologies and the Internet. Emergencies
such as the Covid pandemic and the climate crisis have also increased the political
and public demand for faster research outcomes. The development of effective
Covid-19 vaccines in less than one year after the pandemic hit can be considered
as an impact of such demand.
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vi Preface

On the academic side, researchers with good reason would say: If you want us
to produce research results faster, then you have to provide us with the appropriate
tools, resources, and dissemination infrastructure.

Academic publishers have not always fully understood current researchers’ needs
in their actual lab and scholarly environments. Particularly, it takes too much time
for research results to become available in the scholarly knowledge transfer and
teaching. One can highlight this by pointing to textbooks which, in many cases, take
between 3 and 5 years from conception to their release. By that time, the presented
research results and data are often outdated already. This might have been fine in
former decades with a much slower pace of the research progress. In a time of
accelerated research, this is not fast enough anymore which is a severe problem.

At the publishing lab, we clearly addressed that research publishers need to find
solutions to bring current research outcomes into the scholarly knowledge transfer
and academic teaching with a much faster turnaround. And there are a number of
ways to do so:

• An “Online First” publication may be one part of the mix.
• Solutions to provide researchers, teachers, and students with the ability to

compile and recompile their material themselves according to current status and
requirements may be another part.

• Keeping content up to date in a more continuous way instead of publishing new
editions every 3 to 5 years is yet another component.

Many of such partial solutions already exist, yet the challenge is to combine them
in a smart and convenient way – also balancing the classical triangle of time, quality,
and value – so they have a positive impact on scholars.

Tenet 2: Make Interdisciplinary ReviewMandatory

The second major theme of the publishing lab was the interdisciplinary aspect
of research. It is a matter of fact that the global challenges of our days require
researchers to overcome the boundaries of the discipline silos. In consequence, the
Cluster of Excellence “Internet of Production” at RWTH Aachen puts a particular
focus on interdisciplinary research: “With the Internet of Production, our vision is to
enable a new level of cross-domain collaboration” (https://www.nature.com/articles/
d42473-019-00089-5).

Yet, the reality in research and publishing does not always fit with such demand
for interdisciplinary research as we discussed at the publishing lab:

• Although it is often quite clear which academic disciplines are required to
collaborate on a given field of problems, it is a common experience that putting
researchers from different disciplines at one table is not sufficient as they might
not understand each other due to the languages, jargons, and even the academic
approach specific to their disciplines.
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• While interdisciplinary research is the order of the day, research communities
tend to prioritize and reward the outcomes and publications within their own
disciplines rather than interdisciplinary work.

• Research methods and data frequently stay within their discipline boundaries
instead of being mutually shared between the disciplines, where applicable.

• Existing publishing formats do not intrinsically encourage researchers to cross
the bridge to other disciplines.

The discipline silos also become apparent when it comes to peer-review. Peer-
reviewers, by the nature of their remit, may not bridge the gap between the
disciplines and at the same time, cross-discipline1 reviewer recommendation is not
a common feature in peer-reviewer finder tools either.

In the ideal world of the Excellence Cluster “Internet of Production,” the reality
would look as in this simplified example:

1. A researcher in Mechanical Engineering shares research data from the lab.
2. A Computer Scientist reviews the data and writes an analysis.
3. A Social Scientist reviews the analysis and writes a reflection.
4. Every single step is published and adds to researchers’ credits.
5. All three pieces together (points 1, 2, and 3) make up for the final research

publication.

We also thought about where exactly do people from different domain back-
grounds come together and actually talk to each other as well as jointly experiment
on their ideas. In the IT and tech domain, this is common practice and is termed
“hackathons.” So why not establish dedicated peer-review events that follow a cross-
domain approach such as hackathons do. Such events would also accelerate the
reviewing itself. And more than that, events like this might over time help cultivate
a language that different disciplines understand and which would also help building
interdisciplinary communities and allow cross-discipline application of methods
hitherto used in siloed disciplines only.

Tenet 3: Use books as calls to action and solution vehicles

This first book of the Interdisciplinary Excellence Accelerator Series (IDEAS) is
a starting point. It is composed of chapters each of which has been prepared by
an interdisciplinary research team. In the spirit of agile development, we want to
iterate over the course of the next 2 to 3 years in order to introduce a new way
of collaboration (including dedicated review events) together with a new research

1 In this introduction, the terms “cross-discipline” and “interdisciplinary” are being used inter-
changeably.
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publishing format which we call Crosstracts. It is this new concept of Crosstracts
which will allow researchers to:

• Find potential collaborators at an early research stage
• Publish research and research data early and faster
• Recognize the various stages of the knowledge and manuscript creation
• Make interdisciplinary review and feedback mandatory, collaborative, and trans-

parent in a novel and constructive manner
• Facilitate interdisciplinary research with a positive impact on global challenges

and societal recognition
• Boost the creation of cross-discipline communities with a language and knowl-

edge configuration that all participants understand
• Resulting in a cross-discipline book series that is engineered in such a way that

it crosses the boundaries of single disciplines with a much earlier re-usability in
the scholarly knowledge transfer (in German: “akademische Lehre”)

There is a reason why we decided to begin with a book series. First of all, books
are a great opportunity to experiment, iterate, and adjust on the way forward. But
there is more to it. Books have an impact both on the consumption side – i.e.,
for their readers – as well as on the side of their creators. The various existing
book categories – such as monographs, handbooks, textbooks, encyclopedias – all
require their authors to create them in a specific way. In consequence, books are not
only helping their readers to achieve certain goals, e.g., passing exams. Books are
increasingly also specific calls to action toward their authors themselves.

This is exactly what a Crosstracts book series wants to achieve: Make it
obligatory to interdisciplinary research teams to not only collaborate but also
mutually review each other’s research and hence truly understand and influence each
other, so the whole of their interdisciplinary research becomes greater than the sum
of their discipline-specific parts. In that very sense, books are not only representing
research outcomes to an audience. They are also an excellent solution vehicle for
research teams in general.

It is a beginning of the change which academia has always been seeking, and it
is an ongoing process. We call upon readers of this publication to come forward and
suggest further improvements, ideas, or initiatives to contribute to a new reality of
truly interdisciplinary, fast, and impactful scholarly knowledge transfer.

VP Content innovation. Springer Nature, Henning Schoenenberger
Tiergartenstr. 17, 69121 – Heidelberg, Germany.
henning.schoenenberger@springer.com



Editorial

With the Cluster of Excellence Internet of Production (IoP), more than 200 scientists
from the fields of production engineering, computer science, materials engineering,
social science, and business administration are simultaneously facing up to the task,
but also the obligation, of addressing future challenges and goals for production
technologies with all their facets to generate innovative solutions and practical
concepts to shape the production of tomorrow.

The vision of the IoP is to identify relevant data from production, development
and use in real time, select, and reduce it in a form that it can be used adequately by
solving interdisciplinary tasks and thereby provide the decisive research impetus
for shaping the future of digitalization in production engineering. This involves
industrial artificial intelligence, advanced manufacturing and materials, intelligent
data infrastructures, and a holistic view of the future of work. This means the main
task is to derive and create real added value from the gigantic amounts of data
that already exist in all areas of production – for the entire production itself, the
individual machine, and all the people involved – described by transferring the IoT
to the world of production.

Interdisciplinary publishing presents us with major challenges. What is already
“state of the art” for some is applied in another discipline new research for others.
By linking topics that have already been researched in different disciplines, new
fields of research emerge as limitations are re-challenged. Each discipline has its
own language, styles, and requirements for scientific publishing. Whereas in one
discipline the description of applications and use cases is mandatory, in others
they are considered to be delicate or even frowned upon. And even the internal
review process, with different disciplines looking at each other, cannot always be
fully transferred to the topics. Often, no direct feedback on the work can be given,
but rather a new perspective can be shown, an outlook on upcoming topics can be
considered, and a dialog is created that requires and enables a view beyond one’s
own focus.

Fortunately, together with Springer, we were given a unique opportunity to
understand and approach publishing in a new way. We developed a new series called
Interdisciplinary Excellence Accelerator Series (IDEAS). The series enables a new
form of fast publication anchored in the spirit of interdisciplinary collaboration from
authorship to review to publication. The resulting high-quality books can be used

ix



x Editorial

both by academics and practitioners for different purposes ranging from teaching to
research and knowledge transfer. This book is the first of this series.

To provide a fast publication process and taking in account that most readers
only read certain chapters of their interest, the individual chapters of the book are
intended to stand on their own. The book is intended to provide an overview of the
challenges of tomorrow’s production technology and describe initial approaches to
solutions along the way.

This book presents and summarizes the interim results of the Cluster of Excel-
lence during the first half of the funding phase under the Excellence Strategy. For
more detailed results, reference is made to corresponding scientific publications. An
update with further research results will follow.

We would like to thank all scientists for their extraordinary commitment and
excellent results, as well as the German Research Foundation (DFG) for funding
the Cluster of Excellence “Internet of Production” in the funding period of the
Excellence Strategy.

This work is funded by the Deutsche Forschungsgemeinschaft (DFG, German
Research Foundation) under Germany’s Excellence Strategy – EXC-2023 Inter-
net of Production – 390621612.

Aachen Prof. Christian Brecher
May 2023 Prof. Günther Schuh

Prof. Dr. Wil van der Aalst
Prof. Matthias Jarke
Prof. Frank T. Piller

Melanie Padberg
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