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Preface

Industry 4.0, Internet of things, block-chain technologies and digital transformation
require a foundation for seamless, clear and secure communication called “inter-
operability”. Moreover, the cooperation between different organizations such as
manufacturers, service providers and government requires “enterprise interoper-
ability” between applications and systems. Consequently, interoperability of
organizations is a major issue in successfully building enterprise networks.
Interoperability becomes a key factor when smart services inside organizations and
autonomous factories have to cooperate. Self-organizing production networks will
have an enormous impact upon companies and their networks and require new
business models for modelling, testing, executing and managing smart service
infrastructures. Interoperability permeates all aspects of a business, from strategic
and tactical planning to operational processes of the company and horizontally in
the many facets of business cooperation. Accordingly, I-ESA’18 (Interoperability
for Enterprise Systems and Applications) joins new business models, smart ser-
vices, IoT and cloud technologies. Connecting the world’s leading researchers and
practitioners of enterprise interoperability and related domains, including interop-
erability aspects of enterprise systems and applications, I-ESA’18 presents an
outstanding opportunity to exchange experiences and business ideas between
researchers, service providers, entrepreneurs and industrial stakeholders.

I-ESA’18 is the ninth of a series of conferences: Genève (2005), Bordeaux
(2006), Madeira (2007), Berlin (2008), Coventry (2010), Valencia (2012), Albi
(2014), Guimarães (2016) and a special edition in Beijing (2009), this time under
the motto “Smart Services and Business Impact of Enterprise Interoperability”. The
I-ESA’18 conference was hosted by Fraunhofer IPK and jointly promoted by DFI
(Deutsches Forum für Interoperabilität e.V.) and INTEROP-VLab (European
Virtual Laboratory for Enterprise Interoperability—http://www.interop-vlab.eu).

World-leading researchers and practitioners in the area of enterprise interoper-
ability contributed to this book. You will find integrated approaches from different
disciplines: Computer Science, Engineering and Business Administration.

The I-ESA’18 program included several keynotes presented by high-level
renowned experts from industry, government and academia:
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• Prof. Dr.-Ing. Dieter Wegener, Siemens AG, Vice President, Germany
• Dr. Nenad Ivezic, Systems Integration Division, Engineering Laboratory,

National Institute of Standards and Technology (NIST), USA
• Mr. Gerald Santucci, European Commission (retired 2017), Ambassador of the

INTEROP-VLab, Belgium
• Mr. Stefan Zimmerman, Head of COE Industrie 4.0 at Atos Global B&PS,

Germany.

This book is organized into twelve parts addressing the major research in the scope
of Interoperability for enterprise systems and applications:

Part I Security
Part II I 4.0 and Industrial Automation
Part III Platforms and Infrastructures for Enterprise Interoperability
Part IV Semantic Interoperability
Part V Interoperability Testing
Part VI Ontology Modeling
Part VII Block Chain and Decentralized Approaches
Part VIII Interoperability Application Scenarios
Part IX Interoperability in Manufacturing and Repair and Operation (MRO)
Part X Modelling and Frameworks
Part XI Entities in IoT
Part XII Interoperability in M2M Interaction.

Coventry, UK Keith Popplewell
Bremen, Germany Klaus-Dieter Thoben
Berlin, Germany Thomas Knothe
Alcoy, Spain Raúl Poler

viii Preface



Acknowledgements

We wish to thank all the authors, invited speakers, reviewers, senior program
committee members and participants of the conference that made this book a reality
and the I-ESA’18 conference a success. We express our gratitude to all organiza-
tions, which supported the I-ESA’18 preparation, especially INTEROP-VLab and
its German Pole DFI. We are deeply grateful to the local organization support
notably Thomas Knothe, Frank-Walter Jaekel and Andrea Koch for their excellent
work for the preparation and the management of the conference. We are proud and
thankful to the Sponsors of I-ESA’18, namely the Deutsche Forschungsgesellschaft
and the Sino German Intelligent Manufacturing Institute.

ix



Contents

Part I Security

Cybersecurity Requirements for Supporting Enterprise
Interoperability of Multi-sided Platforms . . . . . . . . . . . . . . . . . . . . . . . . 3
Violeta Damjanovic-Behrendt

Improving the Semantic Interoperability of IoT Early Warning
Systems: The Port of Valencia Use Case . . . . . . . . . . . . . . . . . . . . . . . . 17
João Moreira, Luís Ferreira Pires, Marten van Sinderen, Roel Wieringa,
Prince Singh, Patrícia Dockhorn Costa and Miguel Llop

Software-Defined Networking to Improve Cybersecurity
in Manufacturing Oriented Interoperability Ecosystems . . . . . . . . . . . . 31
Francisco Fraile, José Luis Flores, Raúl Poler and Eduardo Saiz

Part II I 4.0 and Industrial Automation

Industry 4.0 Out of the Box . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 45
Patrick Gering and Patrick Drange

Collaborative Information System Toward a Robotic Process
Automation Solution . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 55
Rami Torkhani, Jannik Laval, Hedi Malek and Nejib Moalla

Maintenance 4.0 World of Integrated Information . . . . . . . . . . . . . . . . . 67
Erkki Jantunen, Giovanni Di Orio, Csaba Hegedűs, Pal Varga,
István Moldován, Felix Larrinaga, Martin Becker, Michele Albano
and Pedro Maló

xi



Part III Platforms and Infrastructures for Enterprise
Interoperability

Towards Interoperability Across Digital Manufacturing Platforms . . . . 81
Usman Wajid and Gash Bhullar

Interoperable Algorithms for Its Implementation in a Cloud
Collaborative Manufacturing Platform . . . . . . . . . . . . . . . . . . . . . . . . . . 93
Beatriz Andres, Raúl Poler, Raquel Sanchis, Josefa Mula
and Manuel Díaz-Madroñero

OpenPaaS::NG: A Cloud-Based Interoperable Enterprise Platform
to Support Inter-organizational Collaborations . . . . . . . . . . . . . . . . . . . 105
Sarah Zribi and Jean-Pierre Lorré

Part IV Semantic Interoperability

Semantic Modeling of Cascading Risks in Interoperable
Socio-technical Systems . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 119
Alex Coletti, Antonio De Nicola, Giordano Vicoli
and Maria Luisa Villani

Toward the Use of Upper-Level Ontologies for Semantically
Interoperable Systems: An Emergency Management Use Case . . . . . . . 131
Linda Elmhadhbi, Mohamed-Hedi Karray and Bernard Archimède

Enabling Semantic Interoperability for Risk and Vulnerability
Analysis of Public Buildings . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 141
Ling Shi, Bjørg E. Pettersen and Dumitru Roman

Part V Interoperability Testing

IoT-Based Automatic Non-conformity Detection: A Metalworking
SME Use Case . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 155
Maria Marques, Adriana Cunha, Wael M. Mohammed,
Ricardo Jardim-Gonçalves and Carlos Agostinho

Manufacturing Software Units: ISO 16300-3 Main Guidelines
for Interoperability Verification and Validation . . . . . . . . . . . . . . . . . . . 167
H. Basson, M. Bouneffa, M. Matsuda, A. Ahmad, D. Chung and E. Arai

Interoperability of Test Procedures Between Enterprises . . . . . . . . . . . . 177
Marco Franke, Volker H.-W. Meyer, Rainer Rasche, Andreas Himmler
and Klaus-Dieter Thoben

xii Contents



Part VI Ontology Modeling

Ontology for Continuous Learning and Support . . . . . . . . . . . . . . . . . . 191
Roua Elchamaa, Abir Mbaya, Nejib Moalla, Yacine Ouzrout
and Adelaziz Bouras

Enterprise Ontology for Service Interoperability
in Socio-Cyber-Physical Systems . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 203
Alexander Smirnov, Tatiana Levashova and Alexey Kashevnik

Application of Allen’s Temporal Logic to Ontological Modeling
for Enterprise Interoperability . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 215
Alena V. Fedotova, Karl A. Hribernik and Klaus-Dieter Thoben

Part VII Block Chain and Decentralized Approaches

The Development of Smart Contracts for Heterogeneous
Blockchains . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 229
Henry Syahputra and Hans Weigand

Blockchain in Decentralized Local Energy Markets . . . . . . . . . . . . . . . . 239
Andy Hermann, Tobias Teich, Stephan Kassel, Daniel Kretz,
Tim Neumann, Sven Leonhardt and Sebastian Junghans

Toward Large-Scale Logistics Interoperability Based
on an Analysis of Available Open Standards . . . . . . . . . . . . . . . . . . . . . 249
Wout Hofman

Part VIII Interoperability Application Scenarios

Integrating Business Process Interoperability into an Inter-enterprise
Performance Management System . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 265
María-José Verdecho, Juan-José Alfaro-Saiz
and Raúl Rodríguez-Rodríguez

Interoperability Challenges in Building Information
Modelling (BIM) . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 275
Justine Flore Tchouanguem Djuedja, Mohamed Hedi Karray,
Bernard Kamsu Foguem, Camille Magniont and Fonbeyin Henry Abanda

An Application of Managing Deviations Within a Supply
Chain Monitoring Framework . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 283
Zheng Jiang, Jacques Lamothe, Julien Lesbegueries, Frederick Benaben
and Frederic Hauser

Contents xiii



Part IX Interoperability in Manufacturing and Repair
and Operation (MRO)

Toward Information System Architecture to Support Predictive
Maintenance Approach . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 297
Alexandre Sarazin, Sébastien Truptil, Aurélie Montarnal
and Jacques Lamothe

A Unified Architecture for Proactive Maintenance
in Manufacturing Enterprises . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 307
Alexandros Bousdekis, Gregoris Mentzas, Karl Hribernik,
Marco Lewandowski, Moritz von Stietencron and Klaus-Dieter Thoben

Toward Predictive Maintenance of Walls in Hard Rock Underground
Facilities: IoT-Enabled Rock Bolts . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 319
John Lindström, Jens Eliasson, Petter Kyösti and Ulf Andersson

Part X Modelling and Frameworks

A Performance Measurement Extension for BPMN . . . . . . . . . . . . . . . . 333
Xabier Heguy, Gregory Zacharewicz, Yves Ducq, Said Tazi
and Bruno Vallespir

An Assessment Conceptual Framework for the Modernization
of Legacy Systems . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 347
Abir M’baya, Jannik Laval and Nejib Moalla

The European Union Landscape on Interoperability Standardisation:
Status of European and National Interoperability Frameworks . . . . . . . 359
Victoria Kalogirou and Yannis Charalabidis

Part XI Entities in IoT

A Lightweight IoT Hub for SME Manufacturing Industries . . . . . . . . . 371
Carlos Agostinho, Fabio Lopes, Jose Ferreira, Sudeep Ghimire
and Maria Marques

Toward Service Orchestration Through Software
Capability Profile . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 385
Abdelhadi Belfadel, Jannik Laval, Chantal Bonner Cherifi
and Nejib Moalla

Empowering Product Co-creation Approaches Through Business
Interoperability Concepts: The Toy Industry Case . . . . . . . . . . . . . . . . 397
A. Michalitsi-Psarrou, S. Koussouris, C. Kontzinos, O. Markaki,
C. Ntanos, D. Panopoulos and J. Psarras

xiv Contents



Part XII Interoperability in M2M Interaction

Smart Process Communication for Small and Medium-Sized
Enterprises . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 411
R. van de Sand, S. Schulz and J. Reiff-Stephan

Achieving Syntax Interoperability of Existing Traffic Controllers
and Intelligent Transport Systems . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 421
Milos Ivanovic and Zoran Marjanovic

An Ontology Framework for Multisided Platform
Interoperability . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 433
Quan Deng, Suat Gönül, Yildiray Kabak, Nicola Gessa, Dietmar Glachs,
Fernando Gigante-Valencia, Violeta Damjanovic-Behrendt, Karl Hribernik
and Klaus-Dieter Thoben

Contents xv



About the Editors

Keith Popplewell started his career in operational research and specialised in
computer-aided engineering and production planning systems design with Raleigh
Industries and Boots Company plc. During this time, he took a doctorate in pro-
duction engineering and production management at the University of Nottingham.
Subsequently, he became technical director in a software house specialising in the
design, development and implementation of CAE systems, before joining the
Department of Manufacturing Engineering at Loughborough University in 1985.

In 2000, he became Jaguar Cars Professor of Engineering Manufacture and
Management and Head of Department at Coventry University, before, in 2006, he
accepted the post of Director of Coventry University’s Future Manufacturing
Applied Research Centre (FMARC). His research interests centre on design,
modelling and operation of global and network manufacturing enterprises, and in
particular on providing intelligent knowledge oriented support for virtual organi-
sations, especially focusing on the needs of SMEs. In this context, he is President
of the INTEROP-VLab AISBL.

Klaus-Dieter Thoben is Professor for Integrated Product Development in the
Faculty of Production Engineering at the University of Bremen, Germany. At the
same time, he is Director of BIBA (Bremen Institute of Production and Logistics) and
Spokesman of LogDynamics (Bremen Research Cluster of Dynamics in Logistics).

His main research activities include but are not limited to the application of
information and communication technologies to support cooperative processes and
environments with a specific focus on product development (smart/intelligent prod-
ucts engineering), product and systems lifecycle management, collaborative process
chains, and enterprise networks. He has more than 25 years of experience in coor-
dination and management of European and national funded research projects
including EU-funded Networks of Excellence and large integrated projects (IPs). He
has published some 500 research papers in national as well as international confer-
ences and journals.

He is active on various levels and with different roles in various scientific as well as
professional communities such as DFI e.V. (Deutsches Forum für Interoperabilität),

xvii



IFIP (International Federation of Information Processing) TC 5 Working Groups,
WiGeP (WissenschaftlicheGesellschaft für Produktentwicklung), ForWind, andVDI
(Verein Deutscher Ingenieure).

Prof. Dr.-Ing. Thomas Knothe is Head of the Department of Business Process
and Factory Management at Fraunhofer IPK, Corporate Management Division, and
is responsible for the appliance methodology of the Enterprise Modelling Tool
MO2GO.

After finishing his study in information technology for production, he started his
career at Fraunhofer IPK in 1998. He is lecturing at several universities in Germany
and abroad, and since 2017, he holds an honorary Professorship at University of
Applied Science in Wildau.

He coordinates several national and international research projects according to
Industry 4.0 in Germany. His industrial background comes from leading various
business and process development projects in IT service, aerospace, automotive and
process industry. He holds several inventions in intelligent manufacturing, e.g.
self-organized planning and control for maintenance repair and overhaul of trans-
portation systems like aircraft.

He is Chairman of the German Association for Interoperability (DFI e.V.) and as
Member of ISO involved into International Standardization regarding information
processing for production.

Raúl Poler is Professor in Operations Management and Operations Research at the
Universitat Politècnica de València (UPV), València, Spain. He received his Ph.D.
in Industrial Engineering from UPV in 1998.

He is Director of the Research Centre on Production Management and
Engineering (CIGIP). He is Founding Partner of the Spin-off UPV EXOS Solutions
S.L. He is Director of the Master in Industrial Engineering and Logistics (MUIOL)
at Alcoy Campus UPV.

He has led several Spanish Government and European R&D Projects. He has
published more than 300 research papers in a number of leading journals and in
several international conferences.

He is Member of the Board of Director of the INTEROP-VLab and Chair of its
Education Committee. He is Secretary of INTERVAL. He is Member of the
Executive Board of the Association for the Development of Organization
Engineering (ADINGOR). He is Chair of the Education Activity of the IFIP WG
5.8 Enterprise Interoperability.

xviii About the Editors


	Organizers and Sponsors
	Organizers
	Sponsors

	Preface
	Acknowledgements
	Contents
	About the Editors



