
•  

 

 

 

 

 

 
 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 ISBN: 978-1-7138-4451-8 
 

3rd International Conference on 
Industry 4.0 and Smart 
Manufacturing (ISM 2021) 

Linz, Austria 
17 – 19 November 2021 

Part 1 of 3 

Editors: 
 
Francesco Longo 
Michael Affenzeller 
Antonio Padovano 
 

 

 

Procedia Computer Science Volume 200 

 



Printed from e-media with permission by: 

 

Curran Associates, Inc. 

57 Morehouse Lane 

Red Hook, NY  12571 

 

 
 

Some format issues inherent in the e-media version may also appear in this print version. 

 

 

 

 

 

 

 

 

 

 

 

Copyright© (2022) The Authors. Published by Elsevier Ltd. 

Creative Commons Attribution 4.0 International License.  

License details: http://creativecommons.org/licenses/by/4.0/. 

 

No changes have been made to the content of these proceedings. There may be changes to pagination,  

and minor adjustments for aesthetics. 

 

Printed with permission by Curran Associates, Inc. (2023) 

  

For permission requests, please contact the publisher: 

  

Elsevier B.V. 

Radarweg 29 

Amsterdam 1043 NX 

The Netherlands 

 

 

Phone:  +31 20 485 3911 

Fax:  +31 20 485 2457 

 

http://www.elsevierpublishingsolutions.com/contact.asp 

 

 

Additional copies of this publication are available from: 

 

Curran Associates, Inc. 

57 Morehouse Lane 

Red Hook, NY 12571 USA 

Phone:  845-758-0400 

Fax:      845-758-2633 

Email:   curran@proceedings.com 

Web:     www.proceedings.com 



TABLE OF CONTENTS 

 

PART 1 

Simulation of Temperature Control and Irrigation Time in the Production of Tulips Using Fuzzy 

Logic ..................................................................................................................................................................... 1 

Honorato Ccalli Pacco 

Machine Learning-Based Digital Twin for Monitoring Fruit Quality Evolution ................................................ 13 

Tsega Y. Melesse, Matteo Bollo, Valentina Di Pasquale, Francesco Centro, Stefano Riemma 

Data Science - Time Series Analysis of Oil & Gas Production in Mexican Fields ............................................ 21 

María de los Ángeles Sánchez Morales, Francisca Irene Soler Anguiano 

A New Telesurgery Generation Supported by 5G Technology: Benefits and Future Trends .............................. 31 

Emmanuel Mendoza Navarro, Adrielly Nahomee Ramos Álvarez, Francisca Irene Soler 

Anguiano 

Characterizing Lifetime Estimation of Fusing Lamps in Multi-Jet Fusion 3D Printers ..................................... 39 

Ashutosh Karna, Jay Klinkamer 

Interactive Sensor Dashboard for Smart Manufacturing .................................................................................... 49 

Somnath Arjun, LRD Murthy, Pradipta Biswas 

Retrofitting of Legacy Machines in the Context of Industrial Internet of Things (IIoT) .................................... 62 

Sri Sudha Vijay Keshav Kolla, Diogo Machado Lourenço, Atal Anil Kumar, Peter Plapper 

Customer-Induced Planning Deviations Within Order Management ................................................................. 71 

Christian Fries, Thomas Bauernhansl 

Mathematical Modelling of Waveguide Paths by Electron-Beam Welding ........................................................ 83 

Sergei Kurashkin, Vadim Tynchenko, Yuriy Seregin, Alexander Murygin, Alexander 

Lavrishchev 

Knowledge Acquisition, Elicitation, and Management in Innovative Firms ...................................................... 91 

Saltanat Akhmadi, Mariza Tsakalerou 

TRAINMAN-MAGOS: Capture of Dexterous Assembly Manufacturing Know-How as a New 

Efficient Approach to Support Robotic Automation ......................................................................................... 101 

Angel Dacal-Nieto, Greg Agriopoulos, Teresa Méndez, Julián D. Calle, Carmen Fernández-

González 

A Two-Phase Machine Learning Approach for Predictive Maintenance of Low Voltage Industrial 

Motors ............................................................................................................................................................... 111 

Mohsen Nikfar, Julia Bitencourt, Konstantinos Mykoniatis 

Aircraft Maintenance 4.0 in an Era of Disruptions ........................................................................................... 121 

Mariza Tsakalerou, Dauren Nurmaganbetov, Nurtay Beltenov 

Assessing Needs for Cognitive Assistance with a Cognitive Constraints Approach ........................................ 132 

Thomas Mühlbradt 

Artificial General Intelligence Vs. Industry 4.0: Do They Need Each Other? ................................................. 140 

Samu Kumpulainen, Vagan Terziyan 



Exploring the Potential of Transfer Learning for Chatter Detection ................................................................ 151 

Hakki Ozgur Unver, Batihan Sener 

An Evaluation Study of EMD, EEMD, and VMD for Chatter Detection in Milling ........................................ 160 

Pelin Seyrek, Batıhan Şener, A. Murat Özbayoğlu, Hakkı Özgür Ünver 

Assessing the Digital Maturity of Micro and Small Enterprises: A Focus on an Emerging Market ................. 175 

Lais Santiago da Costa, Igor Polezi Munhoz, Luciana Pereira, Alessandra Cristina Santos 

Akkari 

Data-Driven Thermal Deviation Prediction in Turning Machine-Tool - A Comparative Analysis of 

Machine Learning Algorithms .......................................................................................................................... 185 

Nabil Ouerhani, Bernard Loehr, Aïcha Rizzotti-Kaddouri, Dylan Santo De Pinho, Philippe 

Schinderholz 

An ERP Data Quality Assessment Framework for the Implementation of an APS System Using 

Bayesian Networks ........................................................................................................................................... 194 

Jan-Phillip Herrmann, Sven Tackenberg, Elio Padoano, Jörg Hartlief, Jörg Böhme 

Virtual Reality Overhead Crane Simulator ....................................................................................................... 205 

Massimiliano Masullo, Aniello Pascale, Roxana Adina Toma, Gennaro Ruggiero, Luigi Maffei 

Explainable AI for Industry 4.0: Semantic Representation of Deep Learning Models ..................................... 216 

Vagan Terziyan, Oleksandra Vitko 

A Cloud-Based Digital Twin for Monitoring of an Adaptive Clamping Mechanism Used for High 

Performance Composite Machining ................................................................................................................. 227 

Sam Weckx, Steven Robyns, Jonathan Baake, Edward Kikken, Davy Maes 

Digitization of the Service Provision Process - Requirements and Readiness of the Small and 

Medium-Sized Enterprise Sector ...................................................................................................................... 237 

Manuela Ingaldi, Dorota Klimecka-Tatar 

The Role of 4IR Technologies in Waste Management Practices-A Bibliographic Analysis ............................. 247 

Radhakrishnan Viswanathan, Arnesh Telukdarie 

Unsupervised Approach for Online Outlier Detection in Industrial Process Data ............................................ 257 

Michal Bechný, Johannes Himmelbauer 

New Data Structures for a Flexible Order Management .................................................................................. 267 

Christian Fries, Eduardo Colangelo, Leonie Pollmann, Theresa-Franziska Hinrichsen, 

Thomas Bauernhansl 

Migrating Cyber-Physical Systems to OPC UA ............................................................................................... 276 

Georg Buchgeher, Bernhard Dorninger, Claus Klammer, Andrea Walchshofer, Albin Kern 

Industry 4.0 Driven Statistical Analysis of Investment Casting Process Demonstrates the Value of 

Digitalisation .................................................................................................................................................... 284 

Rose Clancy, Ken Bruton, Dominic O’Sullivan, Dermot Keogh 

Smart Extensions to Regular Cameras in the Industrial Environment .............................................................. 298 

S. Brezani, R. Hrasko, P. Vojtas 

Digital Transformation in Metrology: Building a Metrological Service Ecosystem ........................................ 308 

Alexander Oppermann, Samuel Eickelberg, John Exner, Thomas Bock, Clifford Brown 



The Future of Cybersecurity: A System Dynamics Approach .......................................................................... 318 

Chuks Medoh, Arnesh Telukdarie 

Data Pre-Processing Method for Industrie 4.0 Applications ............................................................................ 327 

Cordula Czwick, Reiner Anderl 

GMCAD: An Original Synthetic Dataset of 2D Designs Along Their Geometrical and Mechanical 

Conditions ........................................................................................................................................................ 337 

Waad Almasri, Dimitri Bettebghor, Faouzi Adjed, Fakhreddine Ababsa, Florence Danglade 

Flexibilization 4.0 for Production Manufacturing Optimization ...................................................................... 348 

Gaspard Laouenan, Paul-Eric Dossou, Jean Delahousse 

Industry 4.0 Concepts and Lean Manufacturing Implementation for Optimizing a Company 

Logistics Flows ................................................................................................................................................. 358 

Paul-Eric Dossou, Pierre Torregrossa, Thomas Martinez 

Modelling the Water Network of a PGM Mining and Beneficiation Value Chain: A System 

Dynamics Approach ......................................................................................................................................... 368 

Joseph Mwanza, Arnesh Telukdarie 

Flexible Robotic Strategy for the Assembly of Ring-Shaped Elastic Objects .................................................. 376 

Andrea Monguzzi, Marco Maiocchi, Andrea Maria Zanchettin, Paolo Rocco 

A Brief Introduction to Deploy Amazon Web Services for Online Discrete-Event Simulation ....................... 386 

Wladimir Hofmann, Sebastian Lang, Paul Reichardt, Tobias Reggelin 

Lean and Industry 4.0: A Leading Harmony .................................................................................................... 394 

L. Naciri, Z. Mouhib, M. Gallab, M. Nali, A. Kebe 

Reference Architecture for an Integrated and Synergetic Use of Digital Tools in Education 4.0 ..................... 407 

Thomas Goldin, Erwin Rauch, Corina Pacher, Manuel Woschank 

Generative Adversarial Networks with Bio-Inspired Primary Visual Cortex for Industry 4.0 ......................... 418 

Vladyslav Branytskyi, Mariia Golovianko, Diana Malyk, Vagan Terziyan 

Investigation on the Acceptance of an Industry 4.0 Maturity Model and Improvement Possibilities .............. 428 

Alexander Kieroth, Manuel Brunner, Nadine Bachmann, Herbert Jodlbauer, Wolfgang Kurz 

An IoT Architecture Based on the Control of Bio Inspired Manufacturing System for the Detection 

of Anomalies with Vibration Sensors ............................................................................................................... 438 

Grover Aruquipa, Fabio Diaz 

Work Engagement Recognition in Smart Office .............................................................................................. 451 

Congcong Ma, Carman Ka Man Lee, Juan Du, Qimeng Li, Raffaele Gravina 

Decarbonization Potential of Logistic 4.0 Technologies in Apple Supply Chains ........................................... 461 

Julius Brinken, Christina Pabsch, Fabian Behrendt 

Digital Value Creation in Sociotechnical Systems: Identification of Challenges and 

Recommendations for Human Work in Manufacturing SMEs ......................................................................... 471 

Thomas Trabert, Sebastian Beiner, Claudia Lehmann, Steffen Kinkel 

Benchmarking AutoML-Supported Lead Time Prediction ............................................................................... 482 

Janek Bender, Martin Trat, Jivka Ovtcharova 



Balancing Digital Maturity and Operational Performance - Progressing in a Low-Digital SME 

Manufacturing Setting ...................................................................................................................................... 495 

Oliver Fuglsang Grooss, Mirko Presser, Torben Tambo 

A Value Sensitive Design Approach for Designing AI-Based Worker Assistance Systems in 

Manufacturing .................................................................................................................................................. 505 

Susanne Vernim, Harald Bauer, Erwin Rauch, Marianne Thejls Ziegler, Steven Umbrello 

Data Conceptual Model for Smart Poultry Farm Management System ........................................................... 517 

Nikolajs Bumanis, Irina Arhipova, Liga Paura, Gatis Vitols, Liga Jankovska 

Implementation of Digital Twin-Based Virtual Commissioning in Machine Tool Manufacturing ................... 527 

Miriam Ugarte, Leire Etxeberria, Gorka Unamuno, Jose Luis Bellanco, Eneko Ugalde 

Cloud- And Edge-Based ERP Systems for Industrial Internet of Things and Smart Factory ........................... 537 

Vijay Prakash, Claudio Savaglio, Lalit Garg, Seema Bawa, Giandomenico Spezzano 

Maintenance Digital Twin Using Vibration Data ............................................................................................. 546 

Raffaele Abbate, Mario Caterino, Marcello Fera, Francesco Caputo 

Bridging the Gap: Brain Drain to Brain Circulation: Researching Successful Strategies to Support 

Effective Change .............................................................................................................................................. 556 

Mariaelena Murphy, Corina Pacher 

Digitalization of High Speed Craft Design and Operation Challenges and Opportunities ............................... 566 

Abbas Dashtimanesh, Mohammad Hossein Ghaemi, Youjiang Wang, Artur Karczewski, 

Spyros Hirdaris 

Dynamic Adaption in Cyber-Physical Production Systems Based on Ontologies ............................................ 577 

Günter Bitsch, Pascal Senjic, Jeremy Askin 

Integration of the A2C Algorithm for Production Scheduling in a Two-Stage Hybrid Flow Shop 

Environment ..................................................................................................................................................... 585 

Falk T. Gerpott, Sebastian Lang, Tobias Reggelin, Hartmut Zadek, Sakgasem Ramingwong 

Amplifying Human Factors in the Inquiry of SMEs’ Needs in Digitalization Collaborations with 

External Service Providers ............................................................................................................................... 595 

Lukas R.G. Fitz, Michaela Scheeg, Jochen Scheeg 

A Bayesian Based Intelligent Troubleshooting System .................................................................................... 602 

I Yung, Federico D’ambrosio, Alissa Zaccaria, Fabio Floreani 

Design and Development of an Edge-Computing Platform Towards 5G Technology Adoption for 

Improving Equipment Predictive Maintenance ................................................................................................. 611 

Dimitris Mourtzis, John Angelopoulos, Nikos Panopoulos 

Improving the Interpretability of GradCAMs in Deep Classification Networks .............................................. 620 

Alfred Schöttl 

A Generative Model for Anomaly Detection in Time Series Data ................................................................... 629 

Maximilian Hoh, Alfred Schöttl, Henry Schaub, Franz Wenninger 

Blockchain Technology Needs for Sustainable Mineral Supply Chains: A Framework for 

Responsible Sourcing of Cobalt. ...................................................................................................................... 638 

Godfrey Mugurusi, Emmanuel Ahishakiye 



Analyzing the Potential of a Time-Of-Flight Depth Sensor for Assembly Assistance ..................................... 648 

Daniel Niedermayr, Josef Wolfartsberger 

Digitization of Processes in Manufacturing SMEs - Value Stream Mapping and OEE Analysis ..................... 660 

Dorota Klimecka-Tatar, Manuela Ingaldi 

PART 2 

A Comparative Study of Different Algorithms Using Contrived Failure Data to Detect Robot 

Anomalies ......................................................................................................................................................... 669 

Ethan Wescoat, Scott Kerner, Laine Mears 

Barriers and Enablers Impacting the Innovation Life Cycle of Food and Beverage Start-Ups: 

Evaluation Within a System Dynamics Framework ......................................................................................... 679 

E. Okpoko Clement, Arnesh Telukdarie, Megashnee Munsamy 

A System to Improve the Physical Ergonomics in Human-Robot Collaboration ............................................. 689 

Marianna Ciccarelli, Alessandra Papetti, Cecilia Scoccia, Giacomo Menchi, Michele 

Germani 

Assessment of the PLC Code Generated with the GEMMA-GRAFCET Methodology .................................. 699 

Alejandro Mejia, Andres Felipe Guarnizo, Giacomo Barbieri 

Digital Twin Architecture for Production Logistics: The Critical Role of Programmable Logic 

Controllers (PLCs) ........................................................................................................................................... 710 

Matthias Thürer, Shan Shan Li, Ting Qu 

Integrating a Data Analytics System in Automotive Manufacturing: Background, Methodology and 

Learned Lessons ............................................................................................................................................... 718 

Angel Dacal-Nieto, Juan José Areal, Victor Alonso-Ramos, Marcos Lluch 

The Integration of Smart Systems in the Context of Industrial Logistics in Manufacturing 

Enterprises ........................................................................................................................................................ 727 

Manuel Woschank, Daniel Steinwiedder, Alexander Kaiblinger, Philipp Miklautsch, Helmut 

Zsifkovits 

Organizational Innovation Implications for Manufacturing SMEs: Findings from an Empirical 

Study ................................................................................................................................................................. 738 

Ilona Baumane-Vītoliņa, Manuel Woschank, Madara Apsalone, Ērika Šumilo, Corina Pacher 

Advanced Statistical and Machine Learning Methods for Multi-Step Multivariate Time Series 

Forecasting in Predictive Maintenance ............................................................................................................. 748 

Valentina Tessoni, Michele Amoretti 

Systematic Development of a Competence Profile for Industrial Logistics Engineering Education................ 758 

Corina Pacher, Manuel Woschank, Erwin Rauch, Bernd M. Zunk 

Packing and Stacking Rings into Rectangular Bins .......................................................................................... 768 

Michael Scholz, Melanie Dietmeier 

Text Mining Techniques for the Management of Predictive Maintenance ....................................................... 778 

Giancarlo Nota, Alberto Postiglione, Rosario Carvello 

Evaluation of Variance-Covariance-Matrix Application for Identifying Temporary Demand Shifts 

in a Forecast Evolution System. ....................................................................................................................... 793 

Fabian Brockmann, Klaus Altendorfer 



An Overview of Industry 4.0 Applications for Advanced Maintenance Services ............................................ 803 

Nguyen Ngoc Hien, Ganix Lasa, Ion Iriarte, Gorka Unamuno 

Digital Platforms for SMME Enablement ......................................................................................................... 811 

Arnesh Telukdarie, Simon Philbin, Bupe G Mwanza, Megahnee Munsamy 

Overcoming the Barriers of Effective Implementation of Manufacturing Execution System in 

Pursuit of Smart Manufacturing in SMEs ........................................................................................................ 820 

Gautam Dutta, Ravinder Kumar, Rahul Sindhwani, Rajesh Kr. Singh 

Industry 4.0 as an Enabler of Servitization in the Plant Engineering Business: Literature Review 

and Development of a Conceptual Research Model ......................................................................................... 833 

Maxim Ruff, Manuel Woschank 

Software for Optimization of Beam Output During Electron Beam Welding of Thin-Walled 

Structures .......................................................................................................................................................... 843 

Vadim Tynchenko, Sergei Kurashkin, Alexander Murygin, Aleksey Bocharov, Yuriy Seregin 

Potential of Cross-Operational Cooperation for Implementing Hybrid, Data-Driven Business 

Models .............................................................................................................................................................. 852 

Nicole Ottersböck, Tim Jeske 

An Approach for Automatic Generation of the URDF File of Modular Robots from Modules 

Designed Using SolidWorks ............................................................................................................................. 858 

Maddalena Feder, Andrea Giusti, Renato Vidoni 

Towards a Formal Model of Computation for RMAS ...................................................................................... 865 

Massimiliano Pirani, Andrea Bonci, Sauro Longhi 

On-Demand Forklift Hailing System for Intralogistics 4.0 .............................................................................. 878 

Florian Wahl, Matthias Breslein, Benedikt Elser 

Smart Strategies for Household Food Waste Management............................................................................... 887 

Federica Cappelletti, Alessandra Papetti, Marta Rossi, Michele Germani 

Designing a Framework for Collaborative Mixed Reality Training ................................................................. 896 

Georgi Kostov, Josef Wolfartsberger 

Blockchain Enabled Quality Management in Short Food Supply Chains ........................................................ 904 

Patrick Burgess, Funlade Sunmola, Sigrid Wertheim-Heck 

Analysis of Industry 4.0 Products in Small and Medium Enterprises .............................................................. 914 

Alicia Mon, Horacio René Del Giorgio 

A Cyber-Physical System Approach to Zero-Defect Manufacturing in Light-Gauge Steel Frame 

Assemblies........................................................................................................................................................ 924 

Pablo Martinez, Mohamed Al-Hussein, Rafiq Ahmad 

How to Adapt Lean Practices in SMEs to Support Industry 4.0 in Manufacturing .......................................... 934 

Adekunle Mofolasayo, Steven Young, Pablo Martinez, Rafiq Ahmad 

Root Cause Analysis in the Industrial Domain Using Knowledge Graphs: A Case Study on Power 

Transformers ..................................................................................................................................................... 944 

Jorge Martinez-Gil, Georg Buchgeher, David Gabauer, Bernhard Freudenthaler, Anna Fensel 

Quantifying Uncertainties of Residuals in Symbolic Regression Via Kriging ................................................. 954 

Kaifeng Yang, Michael Affenzeller 



The Future Developments of Hybrid and Electrical Propulsion for Small Vessel, According to New 

Possibilities Offered by Industry 4.0. ............................................................................................................... 962 

Valerio Ruggiero 

Working World 4.0: Will Everything Remain Different?! "AWA" Project Examines the Changes of 

Digitalization on a Company Level. ................................................................................................................. 969 

Catharina Stahn, Veit Hartmann, Amelia Koczy 

Jumpstart into AI for Engineers – on the Way to Become Virtual .................................................................... 976 

Holger Günzel, Lars Brehm, Andreas Humpe 

Little Data is Often Enough for Distance-Based Outlier Detection .................................................................. 984 

David Muhr, Michael Affenzeller 

Predictive Analytics for Demand Forecasting – a Comparison of SARIMA and LSTM in Retail 

SCM ................................................................................................................................................................. 993 

Taha Falatouri, Farzaneh Darbanian, Patrick Brandtner, Chibuzor Udokwu 

Fitness Landscape Analysis on Binary Dynamic Optimization Problems ...................................................... 1004 

Bernhard Werth, Andreas Beham, Johannes Karder, Stefan Wagner, Michael Affenzeller 

An I4.0 Data Intensive Platform Suitable for the Deployment of Machine Learning Models: A 

Predictive Maintenance Service Case Study .................................................................................................. 1014 

Ricardo Dintén Herrero, Marta Zorrilla 

Artificial Intelligence and Its Impact on Leaders and Leadership .................................................................. 1024 

Yannick Peifer, Tim Jeske, Sven Hille 

Integrated Machine Learning in Open-Ended Crane Scheduling: Learning Movement Speeds and 

Service Times ................................................................................................................................................. 1031 

Johannes Karder, Andreas Beham, Bernhard Werth, Stefan Wagner, Michael Affenzeller 

Real-Time Estimation of Upper Limbs Kinematics with IMUs During Typical Industrial Gestures ............. 1041 

Elisa Digo, Laura Gastaldi, Mattia Antonelli, Stefano Pastorelli, Marco Caruso 

Visualization and Clustering for Rolling Forecast Quality Verification: A Case Study in the 

Automotive Industry ....................................................................................................................................... 1048 

Jamilya Nurgazina, Thomas Felberbauer, Bernward Asprion, Pavan Pinnamaraju 

A Model to Become a Supply Chain 4.0 Based on a Digital Maturity Perspective ........................................ 1058 

Heriberto García-Reyes, Jonnatan Avilés-González, Sonia Valeria Avilés-Sacoto 

A Pilot Study: An Assessment of Manufacturing SMEs Using a New Industry 4.0 Maturity Model 

for Manufacturing Small- And Middle-Sized Enterprises (I4MMSME) ........................................................ 1068 

František Simetinger, Josef Basl 

Predicting a New Hotel Rating System by Analysing UGC Content from Tripadvisor: Machine 

Learning Application to Analyse Service Robots Influence ........................................................................... 1078 

Jorge Calero-Sanz, Alicia Orea-Giner, Teresa Villacé-Molinero, Ana Muñoz-Mazón, Laura 

Fuentes-Moraleda 

Human-Centered Artificial Intelligence for the Public Sector: The Gate Keeping Role of the Public 

Procurement Professional ............................................................................................................................... 1084 

Pross Oluka Nagitta, Godfrey Mugurusi, Peter Adoko Obicci, Emmanuel Awuor 



Development of a Framework to Support Informed Shipbuilding Based on Supply Chain 

Disruptions ..................................................................................................................................................... 1093 

Katherine Smith, Rafael Diaz, Yuzhong Shen 

Modular Robotic Prefabrication of Discrete Aggregations Driven by BIM and Computational 

Design .............................................................................................................................................................. 1103 

Walid Anane, Ivanka Iordanova, Claudiane Ouellet-Plamondon 

Towards Large Parts Manufacturing in Additive Technologies for Aerospace and Automotive 

Applications..................................................................................................................................................... 1113 

Antonio Bacciaglia, Alessandro Ceruti, Alfredo Liverani 

IoT Technologies for Wine Supply Chain Traceability: Potential Application in the Southern Apulia 

Region (Italy) .................................................................................................................................................. 1125 

G.P. Agnusdei, B. Coluccia, V. Elia, P.P. Miglietta 

A Concept Preview: Distributed Decision Making and Goal Execution ......................................................... 1135 

František Simetinger 

Bottleneck Prediction and Data-Driven Discrete-Event Simulation for a Balanced Manufacturing 

Line .................................................................................................................................................................. 1145 

Eugénio M. Rocha, Maria J. Lopes 

From Remote-Controlled Excavators to Digitized Construction Sites ............................................................ 1155 

Johannes Schönböck, Werner Kurschl, Mirjam Augstein, Josef Altmann, Stefan Gabauer 

The Future of the Automotive Manufacturing Industry in Developing Nations: A Case Study of Its 

Sustainability Based on South Africa’s Paradigm ........................................................................................... 1165 

John M Ikome, Opeyeolu Timothy Laseinde, Mukondeleli G. Kanakana Katumba 

Exploiting Knowledge Graph for Multi-Faceted Conceptual Modelling Using GCN .................................... 1174 

Yuwei Wan, Zhenyuan Chen, Fu Hu, Ying Liu, Rui Wang 

Predictive Maintenance on Sensorized Stamping Presses by Time Series Segmentation, Anomaly 

Detection, and Classification Algorithms ........................................................................................................ 1184 

Daniel Coelho, Diogo Costa, Eugénio M. Rocha, Duarte Almeida, José P. Santos 

Using Heterogeneous Model Ensembles to Improve the Prediction of Yeast Contamination in 

Peppermint....................................................................................................................................................... 1194 

Stefan Anlauf, Andreas Haghofer, Karl Dirnberger, Stephan M. Winkler 

Production Flow of Customized Products in a Digital Factory ...................................................................... 1201 

Krisztián Bakon, Tibor Holczinger, Szilárd Jaskó 

Application of Artificial Intelligence Technology in the Manufacturing Process and Purchasing and 

Supply Management ....................................................................................................................................... 1209 

Mito Kehayov, Lukas Holder, Volker Koch 

Lessons Learned from Industrial Augmented Reality Applications ............................................................... 1218 

Gernot Stübl, Gerhard Ebenhofer, Harald Bauer, Andreas Pichler 

Ship Design Assessment Through Virtual Prototypes .................................................................................... 1227 

Matteo Dodero, Serena Bertagna, Luca Braidotti, Alberto Marinò, Vittorio Bucci 

Facing Digital Transformation with Resilience – Operational Measures to Strengthen the Openness 

Towards Change ............................................................................................................................................. 1237 

Anika Peschl, Nora Johanna Schüth 



Production Planning Optimisation in a Sustainable Hybrid Manufacturing Remanufacturing 

Production System .......................................................................................................................................... 1244 

Houria Lahmar, Mohammed Dahane, Nadia Kinza Mouss, Mohammed Haoues 

Strategic Overview on Fuel Cell-Based Systems for Mobility and Electrolytic Cells for Hydrogen 

Production ...................................................................................................................................................... 1254 

P. Fragiacomo, F. Piraino, M. Genovese, O. Corigliano, G. De Lorenzo 

Reconfiguration Effort Based Optimization for Design Problem of Reconfigurable Manufacturing 

System ............................................................................................................................................................ 1264 

Muhammed Ameer, Mohammed Dahane 

Selective Laser Melting of AISI H10 (32CrMoV12-28) with Substrate Preheating for Crack 

Prevention ....................................................................................................................................................... 1274 

Norbert Wild, Jochen Giedenbacher, Aziz Huskic, Jan Zenisek, Josef Wolfartsberger 

Applications of Smart Technologies for Automatic Near Miss Detection in the Industrial Safety ................ 1282 

Valerio Elia, Maria Grazia Gnoni, Fabiana Tornese, Armando Guglielmi, Giuseppe Campo 

Comparative Analysis of Machine Learning Models for Anomaly Detection in Manufacturing ................... 1288 

Andrey Kharitonov, Abdulrahman Nahhas, Matthias Pohl, Klaus Turowski 

Lean and Green Production for the Modular Construction ............................................................................ 1298 

Valentina Caldarelli, Mirko Filipponi, Stefano Saetta, Federico Rossi 

Thermal Annealing as a Post-Process for Additively Manufactured Ultem 9085 Parts ................................. 1308 

Ariadna Chueca de Bruijn, Giovanni Gómez-Gras, Marco A. Pérez 

Understanding How Additive Manufacturing Influences Organizations’ Strategy in Knowledge 

Economy ......................................................................................................................................................... 1318 

Soraya Dias, Pedro Espadinha-Cruz, Florinda Matos 

Education 4.0: Artificial Intelligence Assisted Task- And Time Planning System ......................................... 1328 

Bernhard Haderer, Monica Ciolacu 

A Virtual Reality Approach for Assisting Sustainable Human-Centered Ergonomic Design: The 

ErgoVR Tool................................................................................................................................................... 1338 

Vito M. Manghisi, Alessandro Evangelista, Antonio E. Uva 

PART 3 

CPS: Role, Characteristics, Architectures and Future Potentials .................................................................... 1347 

Maki K. Habib, Chukwuemeka Chimsom I 

Application of Realtime Robotics Platform to Execute Unstructured Industrial Tasks Involving 

Industrial Robots, Cobots, and Human Operators .......................................................................................... 1359 

Ahmed Magdy Ahmed Zaki, Ahmed Mohsen Mohamed Fathy, Marco Carnevale, Hermes 

Giberti 

Use of Transfer Learning for Detection of Structural Alterations .................................................................. 1368 

Guillermo Reyes-Carmenaty, Marco A. Pérez 

A Novel Mathematical Approach for the Truck-And-Drone Location-Routing Problem .............................. 1378 

Laura Castro Montaña, Laura Malagon-Alvarado, Paola Andrea Miranda, Mateo 

Montealegre Arboleda, Carlos A. Vega-Mejía 



An Industry 4.0 Conceptual Model Proposal for Cable Harness Testing Equipment Industry ....................... 1392 

Elisa S. Rosa, Radu Godina, Eduardo M.G. Rodrigues, João C.O. Matias 

Generalized Input-Output Hidden-Markov-Models for Supervising Industrial Processes ............................. 1402 

Georgios C. Chasparis, Sabrina Luftensteiner, Michael Mayr 

Selective Maintenance Optimization of a Multi-Component System Based on Simulated Annealing 

Algorithm ....................................................................................................................................................... 1412 

Pravin P. Tambe 

Machine Learning Based Data Stream Merging in Additive Manufacturing ................................................. 1422 

Jan Zenisek, Holger Gröning, Norbert Wild, Aziz Huskic, Michael Affenzeller 

Unintentional Compromising Electromagnetic Emanations from it Equipment: A Concept Map of 

Domain Knowledge ........................................................................................................................................ 1432 

Maxwell Martin, Funlade Sunmola, David Lauder 

Abstracting Process Mining Event Logs from Process-State Data to Monitor Control-Flow of 

Industrial Manufacturing Processes ................................................................................................................ 1442 

Michael Mayr, Sabrina Luftensteiner, Georgios C. Chasparis 

Workers Benchmarking Using Multi-Directional Efficiency Analysis in a Manufacturing 

Production System .......................................................................................................................................... 1451 

Eugénio M. Rocha, Ângela F. Brochado, Ana Moura 

Dynamic Warehouse Environments for Crane Stacking and Scheduling ....................................................... 1461 

Andreas Beham, Sebastian Raggl, Johannes Karder, Bernhard Werth, Stefan Wagner 

Advances of Digital Twins for Predictive Maintenance ................................................................................. 1471 

Yingchao You, Chong Chen, Fu Hu, Ying Liu, Ze Ji 

Forming On-Demand Supply Chain Collaborations with Evaluation of Fit and Risk .................................... 1481 

Grigory Pishchulov, Qudamah Quboa, Nikolay Mehandjiev 

Implementation of Automation Technologies of Industry 4.0 in Automotive Manufacturing 

Companies ...................................................................................................................................................... 1488 

Zuzana Papulová, Andrea Gažová, Ľubomír Šufliarský 

Effect of Business Process Management on Level of Automation and Technologies Connected to 

Industry 4.0 ..................................................................................................................................................... 1498 

Andrea Gažová, Zuzana Papulová, Dávid Smolka 

Predictive Discarding of Wafers Based on Power Leakage Predictions from Single Layer 

Misalignment Data ......................................................................................................................................... 1508 

Geert H. van Kollenburg, Mike Holenderski, Patrizia Vasquez, Nirvana Meratnia 

Principles and Factors Influencing Visibility in Sustainable Supply Chains .................................................. 1516 

Uje D. Apeji, Funlade T. Sunmola 

A Mobile Manipulator System for Accurate and Efficient Spraying on Large Surfaces ................................ 1528 

Neel Dhanaraj, Yeo Jung Yoon, Rishi Malhan, Prahar M. Bhatt, Satyandra K. Gupta 

Human-Robot Collaboration: An Analysis of Worker’s Performance ............................................................ 1540 

Valentina De Simone, Valentina Di Pasquale, Valeria Giubileo, Salvatore Miranda 



Identifying Key Interactions Between Process Variables of Different Material Categories Using 

Mutual Information-Based Network Inference Method ................................................................................. 1550 

Shailesh Tripathi, Herbert Jodlbauer, Christian Mittermayr, Frank Emmert-Streib 

Identification of Measures to Contain the Outbreaks on Passenger Ships Using Pedestrian 

Simulations ..................................................................................................................................................... 1565 

Luca Braidotti, Serena Bertagna, Matteo Dodero, Michele Piu, Vittorio Bucci 

Towards Autonomous Production: Enhanced Meta-Heuristics Algorithm ..................................................... 1575 

Rotimi Ogunsakin, Nikolay Mehandjiev 

The Evolution of RFID Technology in the Logistics Field: A Review ........................................................... 1582 

Giorgia Casella, Barbara Bigliardi, Eleonora Bottani 

Developing a Pilot Biogas-Solar PV System for Farming Communities in Botswana: Case of 

Palapye ........................................................................................................................................................... 1593 

Jonathan E. Bambokela, Mohamed Belaid, Edison Muzenda, Trust Nhubu 

Toward Sustainable Reconfigurable Manufacturing Systems (SRMS): Past, Present, and Future ................. 1605 

Abdelhak Dahmani, Lyes Benyoucef, Jean-Marc Mercantini 

Revolution of Retail Industry: From Perspective of Retail 1.0 to 4.0 ............................................................ 1615 

Loh Li Har, Umi Kartini Rashid, Lee Te Chuan, Seah Choon Sen, Loh Yin Xia 

Key Performance Indicators and Industry 4.0 – a Structured Approach for Monitoring the 

Implementation of Digital Technologies ........................................................................................................ 1626 

Marcello Braglia, Roberto Gabbrielli, Leonardo Marrazzini, Luca Padellini 

Towards the Assessment of Performance-Based Interactions in Collaborative CPPS .................................... 1636 

Jose Antonio Mulet Alberola, Irene Fassi 

Modeling and Solving a Real World Machine Scheduling Problem with Due Windows and 

Processing Set Restrictions ............................................................................................................................. 1646 

Jakob Berndorfer, Sophie N. Parragh 

Flexible Job-Shop Scheduling with Release Dates, Deadlines and Sequence Dependent Setup 

Times: A Real-World Case ............................................................................................................................. 1654 

Philipp Winklehner, Viktoria A. Hauder 

Assessment of the Optimal Preventive Maintenance Period Using Stochastic Hybrid Modelling ................. 1664 

D. D’Urso, A. Sinatra, L. Compagno, F. Chiacchio 

Process Optimization in the Hospital Environment: A Systematic Review of the Literature and 

Results’ Analysis ............................................................................................................................................ 1674 

Eleonora Bottani, Barbara Bigliardi, Beatrice Franchi 

Hybrid Approach for Solving Multi-Objective Hybrid Flow Shop Scheduling Problems with 

Family Setup Times ........................................................................................................................................ 1685 

Abdulrahman Nahhas, Andrey Kharitonov, Ahmad Alwadi, Klaus Turowski 

Selection Criteria for Planning Cold Food Chain Traceability Technology Enabling Industry 4.0 ................ 1695 

Samantha Islam, Louise Manning, Jonathan M Cullen 

Implementation of I4.0 Technologies in Production Systems: Opportunities and Limits in the 

Digital Transformation ................................................................................................................................... 1705 

Francesco Facchini, Salvatore Digiesi, Luiz Fernando Rodrigues Pinto 



Innovation in a Food SME to Match the UN2030 Sustainable Development Goals ...................................... 1715 

Erika Pugliese, Luigino Filice, Mariacarmela Passarelli 

Cluster-Based Wind Turbine Maintenance Prioritization for a Utility-Scale Wind Farm .............................. 1726 

Paul A. Adedeji, Obafemi O. Olatunji, Nkosinathi Madushele, Stephen A. Akinlabi, Josiah A. 

Adeyemo 

Modelling Biomass Elemental Composition: A Neurofuzzy Approach ......................................................... 1736 

Obafemi O. Olatunji, Paul A. Adedeji, Nkosinathi Madushele, Stephen Akinlabi, Anthony A. 

DiCarlo 

The Role of Big Data in the Business Challenge of Covid-19: A Systematic Literature Review in 

Managerial Studies ......................................................................................................................................... 1746 

Michela Piccarozzi, Barbara Aquilani 

A Review of Energy-Based Indicators for Assessing Sustainability and Circular Economy in the 

Agri-Food Production ..................................................................................................................................... 1756 

Luca Silvestri, Cecilia Silvestri, Antonio Forcina, Cristina De Luca 

Which Tools Are Needed to Implement Lean Production in an Industry 4.0 Environment? a 

Literature Review ........................................................................................................................................... 1766 

Luca Silvestri, Tommaso Gallo, Cecilia Silvestri 

Which Are Lifecycle Phases Considered for Circular Economy Evaluation in the Agri-Food Sector? ......... 1778 

Tommaso Gallo, Chiara Cagnetti, Cecilia Silvestri, Luca Silvestri, Alessandro Ruggieri 

Human Gesture System in Human Robot Interaction for Reliability Analysis .............................................. 1788 

Sotirios Panagou, Fabio Fruggiero, Alfredo Lambiase 

Industry 4.0 and Open Innovation: Evidence from a Case Study ................................................................... 1796 

Barbara Bigliardi, Serena Filippelli, Leonardo Tagliente 

The Digitalization of Supply Chain: A Review .............................................................................................. 1806 

Barbara Bigliardi, Serena Filippelli, Alberto Petroni, Leonardo Tagliente 

"Good" Technologies and Business for Sustainable Social Growth – the "PLAy" Project ............................. 1816 

Gabriele Zangara, Ariosto Ponterio, Luigino Filice, Mariacarmela Passarelli 

A Study on IoT Application in the Food Industry Using Keywords Analysis ................................................ 1826 

Barbara Bigliardi, Eleonora Bottani, Serena Filippelli 

Combining Metaheuristics and Process Mining: Improving Cobot Placement in a Combined Cobot 

Assignment and Job Shop Scheduling Problem ............................................................................................. 1836 

Alexander Kinast, Karl F. Doerner, Stefanie Rinderle-Ma 

Artificial Intelligence Or Augmented Intelligence? Impact on Our Lives, Rights and Ethics ........................ 1846 

Fabio De Felice, Antonella Petrillo, Cristina De Luca, Ilaria Baffo 

An Anomaly Detection Method for Multiple Time Series Based on Similarity Measurement and 

Louvain Algorithm ......................................................................................................................................... 1857 

Shuya Li, Wenbin Song, Chao Zhao, Yifeng Zhang, Yingshi Xie 

A Cognitive Digital Twins Framework for Human-Robot Collaboration....................................................... 1867 

Yanjun Shi, Weiming Shen, Lihui Wang, Francesco Longo, Antonio Padovano 



Real-Time Detection of Worker’s Emotions for Advanced Human-Robot Interaction During 

Collaborative Tasks in Smart Factories .......................................................................................................... 1875 

Alessandro Chiurco, Jessica Frangella, Francesco Longo, Letizia Nicoletti, Claudia Citraro 

A Digital Twin-Driven and Conceptual Framework for Enabling Extended Reality Applications: A 

Case Study of a Brake Discs Manufacturer .................................................................................................... 1885 

Mario Catalano, Alessandro Chiurco, Caterina Fusto, Lucia Gazzaneo, Simone Talarico 

Human Ergonomic Simulation to Support the Design of an Exoskeleton for Lashing/De-Lashing 

Operations of Containers Cargo ..................................................................................................................... 1894 

Francesco Longo, Antonio Padovano, Vittorio Solina, Virginia D’Augusta, Rafael Diaz 

Applications of ML/AI for Decision-Intensive Tasks in Production Planning and Control ........................... 1903 

Mohaiad Elbasheer, Francesco Longo, Letizia Nicoletti, Antonio Padovano, Marco Vetrano 

Redesign of Supply Chain in Fashion Industry Based on Strategic Engineering ........................................... 1913 

Agostino G. Bruzzone, Marina Massei, Marco Frosolini 

Author Index 

 


