
IFIP Advances in Information
and Communication Technology 628

Editor-in-Chief

Kai Rannenberg, Goethe University Frankfurt, Germany

Editorial Board Members

TC 1 – Foundations of Computer Science
Luís Soares Barbosa , University of Minho, Braga, Portugal

TC 2 – Software: Theory and Practice
Michael Goedicke, University of Duisburg-Essen, Germany

TC 3 – Education
Arthur Tatnall , Victoria University, Melbourne, Australia

TC 5 – Information Technology Applications
Erich J. Neuhold, University of Vienna, Austria

TC 6 – Communication Systems
Burkhard Stiller, University of Zurich, Zürich, Switzerland

TC 7 – System Modeling and Optimization
Fredi Tröltzsch, TU Berlin, Germany

TC 8 – Information Systems
Jan Pries-Heje, Roskilde University, Denmark

TC 9 – ICT and Society
David Kreps , National University of Ireland, Galway, Ireland

TC 10 – Computer Systems Technology
Ricardo Reis , Federal University of Rio Grande do Sul, Porto Alegre, Brazil

TC 11 – Security and Privacy Protection in Information Processing Systems
Steven Furnell , Plymouth University, UK

TC 12 – Artificial Intelligence
Eunika Mercier-Laurent , University of Reims Champagne-Ardenne, Reims, France

TC 13 – Human-Computer Interaction
Marco Winckler , University of Nice Sophia Antipolis, France

TC 14 – Entertainment Computing
Rainer Malaka, University of Bremen, Germany

http://orcid.org/0000-�0002-�5037-�2588
http://orcid.org/0000-�0003-�4317-�971X
http://orcid.org/0000-�0002-�5776-�2888
http://orcid.org/0000-�0001-�5781-�5858
http://orcid.org/0000-�0003-�0984-�7542
http://orcid.org/0000-0003-2303-7263
http://orcid.org/0000-�0002-�0756-�6934


IFIP – The International Federation for Information Processing

IFIP was founded in 1960 under the auspices of UNESCO, following the first World
Computer Congress held in Paris the previous year. A federation for societies working
in information processing, IFIP’s aim is two-fold: to support information processing in
the countries of its members and to encourage technology transfer to developing na-
tions. As its mission statement clearly states:

IFIP is the global non-profit federation of societies of ICT professionals that aims
at achieving a worldwide professional and socially responsible development and
application of information and communication technologies.

IFIP is a non-profit-making organization, run almost solely by 2500 volunteers. It
operates through a number of technical committees and working groups, which organize
events and publications. IFIP’s events range from large international open conferences
to working conferences and local seminars.

The flagship event is the IFIP World Computer Congress, at which both invited and
contributed papers are presented. Contributed papers are rigorously refereed and the
rejection rate is high.

As with the Congress, participation in the open conferences is open to all and papers
may be invited or submitted. Again, submitted papers are stringently refereed.

The working conferences are structured differently. They are usually run by a work-
ing group and attendance is generally smaller and occasionally by invitation only. Their
purpose is to create an atmosphere conducive to innovation and development. Referee-
ing is also rigorous and papers are subjected to extensive group discussion.

Publications arising from IFIP events vary. The papers presented at the IFIP World
Computer Congress and at open conferences are published as conference proceedings,
while the results of the working conferences are often published as collections of se-
lected and edited papers.

IFIP distinguishes three types of institutional membership: Country Representative
Members, Members at Large, and Associate Members. The type of organization that
can apply for membership is a wide variety and includes national or international so-
cieties of individual computer scientists/ICT professionals, associations or federations
of such societies, government institutions/government related organizations, national or
international research institutes or consortia, universities, academies of sciences, com-
panies, national or international associations or federations of companies.

More information about this series at http://www.springer.com/series/6102

http://www.springer.com/series/6102
http://www.springer.com/series/6102


Ilias Maglogiannis • John Macintyre •

Lazaros Iliadis (Eds.)

Artificial Intelligence
Applications
and Innovations
AIAI 2021 IFIP WG 12.5
International Workshops

5G-PINE 2021, AI-BIO 2021, DAAI 2021,
DARE 2021, EEAI 2021, and MHDW 2021
Hersonissos, Crete, Greece, June 25–27, 2021
Proceedings

123



Editors
Ilias Maglogiannis
University of Piraeus
Piraeus, Greece

John Macintyre
University of Sunderland
Sunderland, UK

Lazaros Iliadis
Democritus University of Thrace
Xanthi, Greece

ISSN 1868-4238 ISSN 1868-422X (electronic)
IFIP Advances in Information and Communication Technology
ISBN 978-3-030-79156-8 ISBN 978-3-030-79157-5 (eBook)
https://doi.org/10.1007/978-3-030-79157-5

© IFIP International Federation for Information Processing 2021
This work is subject to copyright. All rights are reserved by the Publisher, whether the whole or part of the
material is concerned, specifically the rights of translation, reprinting, reuse of illustrations, recitation,
broadcasting, reproduction on microfilms or in any other physical way, and transmission or information
storage and retrieval, electronic adaptation, computer software, or by similar or dissimilar methodology now
known or hereafter developed.
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.

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

https://orcid.org/0000-0003-2860-399X
https://orcid.org/0000-0002-6404-1528
https://doi.org/10.1007/978-3-030-79157-5


Preface

Artificial Intelligence (AI) continues to advance, following extreme development
rhythms in the new era of the 21st century. It has already made its way into our daily
lives in various forms. It is estimated that more than 80 billion USD have been invested
by car industries for the design and development of autonomous self-driving vehicles.
AI technologies like Google Duplex are accomplishing real-world conversations and
arrangements with humans, using Deep Neural Networks (e.g., Google voice search,
Wavenet). It is estimated by the International Data Corporation, a global provider of
market intelligence, that investments in AI business globally will reach up to 110
billion USD by 2024. AI is a major part of the Fourth Industrial Revolution, together
with other technologies like the Internet of Things, Genetic Engineering, Quantum
Computing, and its impact in the evolution of our post-modern societies in various
domains is huge and growing. On the other hand, there are major areas of ethical
concern for our societies, namely privacy, surveillance, bias-discrimination, and
elimination of entire job categories. Moreover, serious questions arise on the superi-
ority and indispensability of human judgment on important aspect of life. In other
words, “Can smart machines outthink our human judgment?”.

The 17th International Conference on Artificial Intelligence Applications and
Innovations (AIAI 2021) offered insight into all timely challenges related to technical,
legal, and ethical aspects of intelligent systems and their applications. New algorithms
and potential prototypes employed in diverse domains were introduced.

AIAI is a mature international scientific conference series that has been held all over
the world and it is well established in the scientific area of AI. Its history is long and
very successful, following and propagating the evolution of intelligent systems.

The first event was organized in Toulouse, France, in 2004. Since then, it has had a
continuous and dynamic presence as a major global, but mainly European, scientific
event. It has been organized in China, Greece, Cyprus, Australia, and France. It has
always been technically supported by the International Federation for Information
Processing (IFIP) and more specifically by Working Group 12.5, which is interested in
AI applications.

Following tradition, this Springer volume belongs to the IFIP AICT series. It
contains the original research papers that were accepted, following a peer review
process, for oral presentation at six (out of eight workshops) organized as satellite
events under the framework of AIAI 2021:

• The 10th Mining Humanistic Data Workshop (MHDW)
• The 6th Workshop on 5G-Putting Intelligence to the Network Edge (5G-PINE

2021)
• The 1st Workshop on Defense Applications of AI (DAAI 2021)
• The 1st Workshop on Energy Efficiency and Artificial Intelligence (EEAI 2021)
• The 1st Workshop on Distributed AI for REsource-Constrained Platforms (DARE

2021)



• The 1st Workshop on Artificial Intelligence in Biomedical Engineering and Infor-
matics (AI-BIO 2021)

In addition, this volume contains the abstracts of the presentations given by the
invited speakers at the 1st Workshop on AI and Ethics (AIETH 2021), coordinated by
Professor John Macintyre, University of Sunderland, UK.

The workshops were held during June 25–27, 2021, in Greece. The diverse nature of
papers presented demonstrates the vitality of AI algorithms and approaches. It certainly
proves the very wide range of AI applications and it promotes the timely advances in
this area, in both theory and applications.

The response of the international scientific community to the AIAI 2021 workshops
call for papers was more than satisfactory, with 72 papers initially submitted. All
papers were peer reviewed by at least two independent academic referees. Where
needed, a third referee was consulted to resolve any potential conflicts. A total of 35
papers (48.61% of the submitted manuscripts) were accepted to be published as full
papers (12 pages long) in the proceedings. Owing to the high quality of the submis-
sions, the Program Committees of the workshops decided that they should accept 5
more papers to be published as short papers (10 pages long).

June 2021 Ilias Maglogiannis
Lazaros Iliadis
John MacIntyre
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