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PREFACE

CompSysTech’21 is the Twenty second International Computer Science and
Technologies Conference, organized by the Bulgarian Academic Society of Computer
Systems and Information Technologies and the Bulgarian Union of Automation &
Informatics (UAI). This Conference is the first Bulgarian Conference in Computing.

Many thanks are due to all Programme Committee Members for the huge and
very strong work again. Over 65 papers from 11 countries around the world were
submitted to the PC. The experts in computing, from 25 countries, wrote more than 195
reviews.

The Conference topics include the following fields of the latest achievements in
Computing:
e Computer Hardware
Network And Information Security
Atrtificial Intelligence And Machine Learning
Computer Software
Image, Time Series And Signal Processing
Application Aspects Of Computer Systems And Technologies
Data Management And Information Retrieval
Educational Aspects of Computer Systems and Technologies

The CompSysTech’21 PC Jury selected the best Papers for each session. The
results are given below.

Over 80 participants from many countries around the world had the chance to get
acquainted and exchange ideas on the topics concerned, as well as on some of the
latest advancements in Computing.

Special thanks should be extended to the International Organizing Committee
and to all sponsors of CompSysTech’21.

Many thanks are also due to the CompSysTech’21 Proceedings Publisher -
ACM Inc., especially Scott E. Delman, Director of Publications, Azzedine Boukerche,
ICPS Editor-in-Chief, and also Craig Rodkin, Publications Operations Manager, Barbara
Ryan Rights & Permissions, Anna Lacson, Bibliographic Processing Coordinator, all
from the Office of Publications, Office of Marketing and Membership for setting such a
high success and their support to this event.

Finally, thanks are also due to the CompSysTech’21 PC Secretary Pavel
Zlatanov, CompSysTech’21 Submission&Review System Administrator and SAI staff,
especially Eugenia Dimitrova, who helped with the organization, and of course to all
presenters, authors and participants who took the trouble to prepare papers for
inclusion in these proceedings.

The CompSysTech Series of Conferences is most well-known activity of
Bulgarian Academic Society of Computer Systems and Information Technologies,
established 22 years ago.

Tzvetomir Vassilev - Editor-in-Chief
Roumen Trifonov - Editor
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WELCOME

RECTOR OF THE UNIVERSITY OF RUSE
REPUBLIC OF BULGARIA

Dear Guests, Dear Colleagues,

Please, allow me on behalf of the academic community of the University of Ruse and on my
behalf to WELCOME you to the 22-nd edition of the International research conference
CompSysTech, which for known reasons this year is held in a mixed mode: face-to-face and
online! But for the Academic Society of Computing this is not a problem at all, because you are
the driving force of the digital transformation of education in the country.

We highly appreciate the efforts of the Academic Society of Computing to have an active
scientific life and will support all your research contributions. I'd like to express special
gratitude to the conference organizers.

We are glad that the CompSysTech conference is already well recognised and gets more
popular in Bulgaria and Europe. The fact that today in this virtual hall there are scientists from
several countries is an eloquent evidence for this. Another evidence for the attractive power
and the level of the conference is the fact that for more than 13 years the CompSysTech
papers have been published in the Digital Library of the Association for Computing Machinery,
the most prestigious organization in the field of Computing, and are indexed by SCOPUS. The
profile of the conference in Google Scholar is also very impressive.

The fact that the conference has an impact rank is also worth mentioning.

| wish all participants in the conference beneficial and successful work and may the
conference achieve its aims!

Prof. DSc. Hristo Beloev
Rector of the University of Ruse
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ORGANIZATION

The CompSysTech'21 International conference is organized by THE BULGARIAN
ACADEMIC SOCIETY OF COMPUTING and its OBJECTIVE is to intensify the
information exchange of the results in theoretical research and practical developments in
this field.

The CompSysTech’21 is held under the patronage of:
¢ Bulgarian Ministry of Education and Science.
¢ John Atanasoff Society of Automation and Informatics;

¢ University of Ruse

¢ INTERNATIONAL PROGRAMME COMMITTEE

¢ Honorary Chairs:
Kiril Boyanov (Member of BAS, Bulgaria)
Vassil Sgurev (Member of BAS, Bulgaria)

e Co-Chair:
Tzvetomir Vassilev (University of Ruse, Bulgaria),
Roumen Trifinov (Technical University of Sofia, Bulgaria)

¢ Scientific Secretary:
Dimo Dimov (BAS, Bulgaria)

e Secretary:
Pavel Zlatanov (University of Ruse, Bulgaria)

e Members:
Adriana Borodzhieva Bulgaria
Alessandro Ortis Italy
Amar Ramdane-Cherif France
Aneliya Ivanova Bulgaria
Anna Rozeva Bulgaria
Antanas Zilinskas Lithuania
Anténio Mendes Portugal
Asrun Matthiasdottir Iceland
Avram Eskenazi Bulgaria
Betim Cico Albania
Bojan Cestnik Slovenia
Borislav Bedzhev Bulgaria
Carmen Alina Lupascu Italy
Dana Petcu Romania
Danail Dochev Bulgaria
Daniela Chuda Slovakia
Ivan Jelinek Czech Republic
Jan Lang Slovakia
Janis Grundspenkis Latvia
Janusz Jabtonowski Poland
Jouni lkonen Finland
Juliana Peneva Bulgaria
Karl Jones United Kingdom
Katalina Grigorova Bulgaria
Kemal Tutuncu Turkey
Krassen Stefanov Bulgaria

Leon Rothkrantz

The Netherlands
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Leoneed Kirilov Bulgaria
Levent Eren Turkey
Manolo Hina France
Marco Porta Italy
Margarita Todorova Bulgaria
Maria Jose Marcelino Portugal
Milan S. Dimitrijevi¢ Serbia
Mirjana Ivanovic Serbia
Murat KoKIu Turkey
Nikola Kasabov New Zealand
Davide Taibi Italy
Desislava Baeva Bulgaria
Diana Kalibatiene Latvia
Dimo Dimov Bulgaria
Domenico Tegolo Italy

Douglas Harms
Erika Nazaruka

United States
Latvia

Francesco Rundo Italy
Galina Ivanova Bulgaria
Georgi Georgiev Bulgaria
Georgi Hristov Bulgaria
Georgi Todorov Bulgaria
Georgi Tsochev Bulgaria
Grisha Spasov Bulgaria
Heinz-Dietrich Wuttke Germany
Isaac Agudo Spain
Peter Stanchev United States
Plamen Zahariev Bulgaria

Rebecca Bartlett

United Kingdom

Roumen Nikolov Bulgaria
Stavros Nikolopoulos Greece
Stoicho Stoichev Bulgaria
Svetlana Stefanova Bulgaria
Tsvetozar Georgiev Bulgaria
Ville Leppénen Finland

Zoltan Geler Serbia

¢ NATIONAL ORGANIZING COMMITTEE

e Co-Chairs:
Galina Ivanova (University of Ruse, Bulgaria)
Aneliya Ivanova (University of Ruse, Bulgaria)

e Secretary:
Eugenia Dimitrova (UAI, Bulgaria)

e Members:
Stoyanka Smrikarova (Univ. of Ruse, Bulgaria)
Angel Smrikarov (Univ. of Ruse, Bulgaria)
Tsvetozar Georgiev (Univ. of Ruse, Bulgaria)
Rumen Rusev (Univ. of Ruse, Bulgaria)
Desislava Baeva (Univ. of Ruse, Bulgaria)



AWARDED PAPERS

The CompSysTech’21 best papers are:

For Session Hardware & Network and Information Security:

o Detection and Classification of Malicious Software based on Regional Matching
of Temporal Graphs
Helen Maria Dounavi, Anna Mpanti, Stavros D. Nikolopoulos and losif Polenakis

o Acoustic Event Detection and Sound Separation for security systems and loT
devices
Alexander lliev, Mayank Dewli, Muhsin Kalkan, Preeti Prakash Kudva and Rekha
Turkar

For Session Artificial Intelligence and Machine Learning:

o Rule Based System Against Reinforcement Learning
Bozhan Orozov and Daniela Orozova

o Preliminary Study on Motion Planning with Obstacle Avoidance for Hard
Constrained Redundant Robotic Manipulators
Lyubomira Miteva, Kaloyan Yovchev and Ivan Chavdarov

For Session Computer Software, Image Processing & Visualization :

o The effect of time drift in source code authorship attribution
Juraj Petrik and Daniela Chuda

o Increasing quality in fingerprint images by Implementing wavelet transform
based fusion technique
Indrit Enesi, Betim Cico and Miranda Harizaj

For Session Application Aspects of Computer Systems and Technologies:

o Automatic analysis of ECG signals based on their fractal and multifractal
properties
Evgeniya Gospodinova, Penio Lebamovski and Mitko Gospodinov

o Analysis of the kinematic characteristics of a 3D printed finger of robotic
humanoid hand
Ivan Chavdarov, Ivaylo Georgiev, Lyubomira Miteva, Roumen Trifonov and Galya
Pavlova

For Session Educational Aspects of Computer Systems and Technologies:

o Programming-based laboratory assignments for undergraduate students of
power engineering fields
Serdar Nazarov and Bayram Jumayev

o Solving Classical Problem in New Context as Constructive Model of Training
Milen Loukantchevsky

o Planning and Developing Courses in Distance Learning Environments: a
training course for HiEdTec Project
Joana Neto, Silvia Nolan and Antonio Mendes

o Exploring Learning Analytics on YouTube: a tool to support students'
interactions analysis
Daniele Schicchi, Benedetto Marino and Davide Taibi
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