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Preface

In this volume of “Lecture Notes in Networks and Systems,” we are pleased to
present the proceedings of the 20th International Multidisciplinary Conference on
Reliability and Statistics in Transportation and Communication (RelStat 2020),
which took place in Riga, Latvia, from October 15 to October 16, 2020. This event
belongs to a conference series started in 2001 and organized annually by the
Transport and Telecommunication Institute (TTI) in Riga, Latvia. The mission of
RelStat is to promote a more comprehensive approach supporting new ideas, the-
ories, technologies, systems, tools, applications, as well as work in progress and
activities on all theoretical and practical issues arising in transport, information, and
communication technologies. Results of previous editions RelStat were published
by TTI Publishing House (RelStat 2001-2015) in the journal “Transport and
Telecommunication” (ISSN 1407-6160), by Elsevier in the “Procedia Engineering”
(RelStat 2016) and by Springer in “Lecture Notes in Networks and Systems”
volume no.68 (RelStat 2018) and by Springer in “Lecture Notes in Networks and
Systems” volume no.117 (RelStat 2019).

Design, implementation, operation, and maintenance of contemporary complex
systems have brought many new challenges to “classic” reliability theory. We
define complex systems as integrated unities of assets: technical, information,
organization, economical, software, and human (users, administrators, and man-
agement) ones. Their complexity comes not only from their technical and organi-
zational internal structure, which is built upon diverse hardware and software
resources, but also from the complexity of information processes (data processing,
monitoring, management, etc.) that must be executed in their specific environment.

A system approach to the evaluation of the efficiency of complex systems at all
phases of their life cycle is the contemporary answer to new challenges in the use of
such systems. The dependability approach in theory and engineering of complex
systems (not only computer systems and networks) is based on a multidisciplinary
approach to system theory, technology, and maintenance of the systems working in
real, very often unfriendly, environment. Usability and dependability concentrates
on efficient realization of tasks, services, and jobs by a system considered as a unity
of all technical, information, and human assets, in contrast to “classical” reliability,
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which is more restrained to analysis of technical resources. This difference has
caused a natural evolution in the topical range of subsequent RelStat conferences,
with an increased focus on dependability approaches over the classical reliability
approach. Efficiency of different modes of transport; transport for smart city; reli-
ability, safety, and risk management for transport applications; statistics, modeling,
and multicriteria decision making in transportation and logistics; smart solutions,
telematics, intelligent transport systems, innovative economics and education, and
training in engineering are the main topics of RelStat.

The program committee of the 20th International RelStat Conference, the
organizers, and the editors of these proceedings would like to acknowledge par-
ticipation of all reviewers who helped to refine contents of this volume and eval-
uated conference submissions. Our thanks go to all members of program
committee:

e Prof. Igor Kabashkin, Transport and Telecommunication Institute, Latvia—
Chairman

e Prof. Irina Yatskiv (Jackiva), Transport and Telecommunication Institute,
Latvia—Co-Chairman

e Prof. Irina Kuzmina-Merlino, Transport and Telecommunication Institute,
Latvia—Co-Chairman

e Prof. Lutfihak Alpkan, Gebze Institute of Technology, Turkey

e Univ.-Prof. Dr. Constantinos Antoniou, Technical University of Munich,
Germany

e Prof. Liudmyla Batenko, Kyiv National Economic University named after

Vadym Hetman, Ukraine

Prof. Maurizio Bielli, Institute of System Analysis and Informatics, Italy

Dr. Brent D. Bowen, Purdue University, USA

Prof. Alexander Grakovski, Transport and Telecommunication Institute, Latvia

Prof. Stefan Hittmar, University of Zilina, Slovakia

As. Prof. Ishgaly Ishmuhametov, Transport and Telecommunication Institute,

Latvia

Prof. Dr. Nicos Komninos, Aristotle University of Thessaloniki, Greece

Prof. Vulfs Kozlinskis, RISEBA University of Applied Sciences, Latvia

Dr. Gatis Krumins, Vidzemes Augstskola, University of Applied Sciences,

Latvia

e Prof. Natalja Lace, Riga Technical University, Latvia

As.Prof. Nikolova Christina Lazarova, University of National and World

Economy, Bulgaria

Prof. Valery Lukinskiy, High School of Economics, Russia

As. Prof. Jacek Mazurkiewicz, Wroclaw University of Technology, Poland

Prof. Boriss Misnevs, Transport and Telecommunication Institute, Latvia

Prof. Dr. Andres Monzon de Caceres, Universidad Politécnica de Madrid, Spain

As. Prof. Eftihia Nathanail, University of Thessaly, Greece

Prof. Andrzej Niewczas, Lublin University of Technology, Poland

Prof. Lauri Ojala, Turku School of Economics, Finland
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Prof. Ramunas Palsaitis, Vilnius Gediminas Technical University, Lithuania
As. Prof. Dmitry Pavlyuk, Transport and Telecommunication Institute, Latvia
Prof. Gunnar Prause, Tallinn Technical University, Estonia

Prof. Olegas Prentkovskis, Vilnius Gediminas Technical University, Lithuania
Prof. Klaus Richter, Fraunhofer Institute for Factory Operation and
Automation IFF Magdeburg, German

Prof. Svetlana Saksonova, University of Latvia, Latvia

Prof. Natalia Salienko, Bauman Moscow State Technical University, Russia
As. Prof. Mihails Savrasovs, Transport and Telecommunication Institute, Latvia
Dr. Ilze Sproge, Transport and Telecommunication Institute, Latvia

Prof. Inna Stetsenko, Transport and Telecommunication Institute, Latvia

Prof. Julia Stukalina, Transport and Telecommunication Institute, Latvia

Prof. Juri Toluyew, Transport and Telecommunication Institute, Latvia

Prof. Tatjana Volkova, BA School of Business and Finance, Latvia

Prof. Edmundas Zavadskas, Vilnius Gediminas Technical University, Lithuania

Thanking all the authors who have chosen RelStat as the publication platform for

their research, we would like to express our hope that their papers will help in
further developments in design and analysis of complex systems, offering a valu-
able and timely resource for scientists, researchers, practitioners, and students who
work in these areas.

Igor Kabashkin
Irina Yatskiv (Jackiva)
Olegas Prentkovskis



Contents

Plenary Session

MaaS Adoption in EU Metropolitan Areas: Madrid (Spain)
and the Randstad (Netherlands) . . .. ........... .. ... .. ... ...... 3
Andres Monzon and Iria Lopez-Carreiro

Session 1. Data Science

Simulation Experiments on Markov-Modulated Linear Regression
Model . . . .. ... 21
Nadezda Spiridovska and Ilya Jackson

Development of a Technological Solution for Automated
Reintroducing of Mixed Lot Goods in the Trading Process . ... ... ... 32
Nicolas Dolle, Alexej Wergunow, Lutz GliBmann, and Egor Eremeev

Using Machine Learning for DoS Attacks Diagnostics . . . ........... 45
Aleksandr Krivchenkov, Boriss Misnevs, and Alexander Grakovski

Systematic Literature Review of Question Answering Systems. . . . . . .. 54
Matti Mattila and Ajantha Dahanayke

Spatiotemporal Forecasting of Urban Traffic Flow Volatility . . . . . . . .. 63
Dmitry Pavlyuk

Fast Connected Components Object Segmentation on Fused Lidar

and Stereo-Camera Point Clouds with Visual-Inertial-Gimbal

for Mobile Applications Utilizing GPU Acceleration ............... 73
Martin Hiinermund, Maik Groneberg, and Artur Schiitz

Neuroevolutionary Approach to Metamodel-Based Optimization
in Production and Logistics . . ................................ 84
Ilya Jackson

ix



X Contents

An Artificial Intelligence Based Sourcing Automation Concept

for Smaller and Mid-Sized Enterprises in the Metal Industry . . ... ... 94
Nicolas Dolle, Christian Wilhelm, Alexej Wergunow, Manfred Rossle,

Marc Fernandes, and Lutz Gliimann

Overview of Spatial Decision Support System and Multiple Criteria
Analysis in District Heating Network Maintenance . .. ............. 104
Ilia Triapitcin, Ajantha Dahanayake, and Bernhard Thalheim

Session 2. Aviation

Value Creation in Air Transportation: Beyond Price, Quality,
and Speed. . ... ... . ... 119
Olga Zervina, Yulia Stukalina, Dmitry Pavlyuk, and Neil Rubens

Data Quality Indicators of ETL in the Process of Implementation
of Information Systems for Aircraft Maintenance and Operation . . . .. 130
Maxim Pivovar, Liubov Rozhkova, Boriss Misnevs, and Irina Pticina

Remaining Useful Life for Tires on Aircraft’s Main Wheels:
Prediction Based on Quick Access Recorder Data . . . ... .. ....... .. 140
Liubov Rozhkova and Timur Tyncherov

Objective Functions of Predictive Models in Maintenance, Repairs,
and Overhaul Organizations . ................................ 151
Roman Fedorov, Dmitry Pavlyuk, Lubov Rozhkova, and Timur Tyncherov

Predictive Maintenance Model of Refined Aircraft
Tires Replacement . . .. ..... ... ... ... ... .. ... ... ... . ... . ... 164
Timur Tyncherov and Liubov Rozkova

Inbound and Outbound Air Traffic of Riga International Airport
Analysis Over a Waypoint LAPSA. . .. .. ... ... ... ... ........ 174
Monta Aleksandra Lacane

Scenario Modeling in a Centralized Airport Ground Traffic
Control System. . . ...................... ... ... 184
Farid Saifutdinov, Ilya Jackson, and Jurijs Tolujevs

Modernization of Landing System Facilities at Riga International
AIrport . . .. 194
Andrejs Gorbunovs and Monta Aleksandra Lacane

Precising the Accuracy of Aviation Spare Parts Forecast. . . . ........ 205
Danila Larin

The Demonstrator of Helicopter Structural Health
Monitoring Technique . ... ... ... ... ... ... ... ... . ... .. .... 213
Aleksey Mironov and Pavel Doronkin



Contents

Defining the Best Model to Forecast Aviation Spare Parts with Little
Transaction History . .. .................. ... ... ... ... ... .. ..
Danila Larin

Case Study for Riga International Airport Modernization: ILS
Localizer Signal Accuracy Depending on Ground Obstacles

Located Nearby ... ... ... . ... . . . .
Konstantin Vorontsov and Monta Aleksandra Lacane

Wearable Technology Adaptation to Aviation Cabin Crew’s
Fatigue Assessments . . . . ........... ... ... ...
Irem Cevik and Ajantha Dahanayake

Reliability Model of Integrated Modular Avionics . ................
Vadim Philippov

Reliability Model of Air Traffic Control with IMA Onboard Data
Link System . . . ... ...
Vadim Philippov

Risks Associated with Changes in Management Staff in the Airline.
Kazakhstan Case Study . .. ......... ... ... ... ... ... ... .....
Iyad Alomar and Adilkhan Zamanbek

Session 3. Smart Logistics

Transfer of Knowledge and Algorithms from Interdisciplinary Fields
of Research to the Measurement of Cargo Without Process
Interruption . . . ... ... ... L.
Maik Groneberg, Martin Hiinermund, and Artur Schiitz

Integrated Architectural Approach to Ensuring Stability of Processes
of the Digital Supply Chain . ... ...... ... ... ... ... ... ........
Alexey Nekrasov and Anna Sinitsyna

Proposal for Drug Monitoring in the Supply Chain. .. .......... ...
Jifi Tengler, Peter Kolarovszki, Viliam Mojsky, and Lenka Filadelfiova

Comparison of Spreadsheets and Computing Languages in Simulation
of Stochastic Inventory Models . ..............................
Berdymyrat Ovezmyradov and Gennady Gromov

Automatic Condition Monitoring System for Parcel Sorting

Conveyor Systems Through Infrastructure-Free Sensor Technology

in a Compact Mobile Data Logging Unit Suitable for a Variety

of Packages ....... ... ... . . ... ...
Nils Brauckmann, Martin Hiinermund, and Klaus Richter

xi



xii Contents

Selection of an Inventory Management Strategy in a Low-Demand
Environment . ......... ... . ... 347
Valery Lukinskiy, Vladislav Lukinskiy, Darya Bazhina,

and Nikolay Nikolaevskiy

Solving the Last Mile Problem by Creating DSS to Manage Bike
Sharing Infrastructure Development ... ........................ 357
Irina Makarova, Aleksey Boyko, Anton Pashkevich, and Eduard Tsybunov

Assessment of the Logistics Solutions in the Automotive Using

Operational Research . . .. .......... ... ... ... ... ... ........... 367
Martin Jurkovic, Tomas Kalina, Karol Morvay, Martin Hudcovsky,

Vladimir Luptak, and Piotr Gorzelanczyk

Service Design for Trans-National Smart Supply Chains . . . ... ... ... 377
Vera Gerasimova, Robert Philipp, and Gunnar Prause

Machine Vision Using for Detecting Defects in the Flow of Goods. . . . . 389
Rodion Saltanovs and Alexander Krainyukov

Preliminary Analysis of Changes in Logistics Processes to Assess
the Impact of a Pandemic . .................... ... ........... 398
Darius Bazaras

Session 4. Smart Technology

Ternary Logics in Decision Making . . . ......................... 411
Igor Bessmertny, Nikolai Sukhikh, Jury Vedernikov, and Julia Koroleva

Efficiency Analysis of Stanley’s Controller Applied to the Autonomous
Ground Vehicle Movement Control Under Effect of Various

Perturbations . . . ... . ... ... ... 420
Paulius Skackauskas and Alexander Grakovski

Steel and Hybrid Bus Safety Frame: The Analysis of Deformation . . .. 431
Tautvydas Pravilonis and Edgar Sokolovskij

Extending Fatigue Life of Aluminum Alloys Due to Previous
Impact-Oscillatory Loading and Use of Nanotechnologies . . ......... 441
Mykola Chausov, Pavlo Maruschak, Andrii Pylypenko,

and Olegas Prentkovskis

Energy Policy and Economy Based on Energy Trading and Routed
Energy Distribution Network . . . ... ... ... ... ... ... .. ........ 450
Tatiana Endrjukaite and Alexander Dudko

A Study of the Stability Characteristics of the Intelligent Robotic

Vehicle Movement . .. ................ .. .. .. .. ... .. .. ... ... 460
Alexandr Gritsenko, Vladimir Shepelev, Larisa Gabsalikhova,

Fedor Grakov, and Konstantin Lukomsky



Contents xiii

Evaluation of the Efficiency of Energy Storage Systems (ESS)

in the Problem of Reducing the Energy Consumption Costs

in Long-Term Planning . . .. ................................. 471
Alexander Grakovski and Aleksandr Krivchenkov

Session 5. Smart Transport and Mobility

Trip Planner Challenges in the Era of Fast Changing Requirements. .. 485
Alise Dinko, Irina Yatskiv (Jackiva), and Evelina Budilovich (Budilovica)

Simulation Technologies of the Mooring Operation to the
Berthing Port . . .. ... ... . ... ... .. ... 497
Oleksandr Bondarenko, Valery Nekrasov, and Oleksii Yastreba

Mobility and Road Safety Improvement by Optimizing Smart City
Infrastructure Parameters: A Case Study . ...................... 507
Polina Buyvol, Gulnara Yakupova, Vladimir Shepelev,

Eduard Mukhametdinov, and Aleksey Boyko

Improving the City’s Transport System Safety by Regulating Traffic

and Pedestrian Flows . . .. ......... ... ... ... ... .. ... ... .... 518
Irina Makarova, Kirill Magdin, Vadim Mavrin, Vladimir Shepelev,

and Aleksandr Barinov

Hybrid Model of Controlling Traffic Flows Within Regional Intelligent
Transportation System . . . . ......... . ... . ... ... . ... .. ... 528
Anton Sysoev, Alexander Galkin, and Elena Khabibullina

Sustainability Challenges of Mobility in Areas of Natural, Historical
and Man-Made Beauty. . . .. ....... ... ... .. ... .. .. ... ... . ... 538
Giannis Adamos

Finding the Way at Katowice Railway Station: An Eye

Tracking Experiment . . . .. ......... ... ... .. ... ... ... ... .... 548
Anton Pashkevich, Eduard Bairamov, Marcin J. Klos,

Tomasz E. Burghardt, and Matus Sucha

Digitalization and New Opportunities of Urban Mobility . . . . . .. ... .. 559
Irina Makarova, Vadim Mavrin, Polina Buyvol, and Aleksey Boyko

Evaluation of the Transport Impact on Environmental Pollution Due
to the Use of Cargo Bikes. . . .. ... ... .. ... ... ... ... ........ 570
Hanna Vasiutina and Vitalii Naumov

Guaranteed QoS Model for Virtual Data Channels in Complex
Network Infrastructure ............... .. .. .. ... ... . ... ....... 580
Andrey Chernov, Maria Butakova, and Alexander Guda



Xiv Contents

Automation of Traffic Flow Control in Intelligent
Transportation Systems . .. ......... .. ... ... .. ... ... 590
Alexander Galkin, Anton Sysoev, and Elena Khabibullina

Session 6. Economics and Business

Maritime Investment Appraisal: The Case of Waste Heat Recovery
Systems Installation . .............. ... ..... . ... ... ... ... . ... 603
Eunice O. Olaniyi and Gunnar Prause

Modern Managers in Gig Economies: Competencies, Personality
and their Effect on Manager Education in the Digital Era. ... ... . ... 613
Kristine Uzule, Irina Kuzmina-Merlino, and Massimo Merlino

Digitalization of Managing Flexibility in Production
Logistic Assignments . . ............. ... .. ... 623
Harald Kitzmann

Reinforcing Innovation and Competitiveness of SMEs by New
Maritime Clustering Initiatives in South Baltic Sea Region . . . .. ... .. 633
Christopher Meyer, Robert Philipp, and Laima Gerlitz

Economic Factors of Labor Migration Analysis . . ................. 649
Svetlana Saksonova and Monika Jansone

The Formation Level Evaluation of the New Technological Paradigm
inRussia ... ... .. ... 660
Natalia V. Salienko and Victoria A. Klyueva

Micro and Small Businesses Access to Finance and Financial Literacy
of their Owners: Evidence from Latvia, Estonia and Georgia . . ... ... 667
Svetlana Saksonova and Tatiana Papiashvili

The Development of the Baltic Sea Region as a Centre of Global
Logistics: The Situation Report and Future Prospects . . . ........... 678
Nadina Moroza, Justina Hudenko, and Inguna Jurgelane-Kaldava

Factors Important for Banks in Attracting
and Retaining Customers . . . .. ........ .. .. .. ... ... ... ... 691
Ilmars Kreituss, Tatjana Vasiljeva, and Baiba Rokjane

Comparative Analysis of Terminology and Alternative Financing
Types on the Example of Estonia . . . .. ....... ... ... ... ... .. .. 703
Oksana Katalkina and Svetlana Saksonova

The Implications of Customer Behaviour for Banking Service
Management: Evidence from Latvia .. ..................... .... 713
Tatjana Vasiljeva, Gatis Kreituss, and Ilmars Kreituss



Contents

The Development of a Reliable and Valid Scale to Measure Customer
Perceived Value in the Craft Sector . . . .. .......................
Anzelika Smagina and Iveta Ludviga

The Model of Quasi-Resonant Management of Manufacturing Process
with Usage of Entropy and Asymmetry Approaches ........... ....
Aleksander V. Semenov, Maria Ya. Parfenova,, Alla V. Nikonorova,

and Sergey N. Malikov

Transnational RIS3 Observatory Model for Smart Specialisation
Monitoring on Regional, National and European Level . . . .. ... ... .
Christopher Meyer

Approaches to Evaluation of Banks’ Financial Sustainability . .......
Natalia Konovalova and Aina Caplinska

Session 7. Education and Training in Engineering

DIGILOG Project: Digitally Supported and Virtual Study Practices
for Modern Logistic Systems . . .. ........ .. ... .. ... ..........
Igor Kabashkin, Aleksandrs Grakovskis, Wladimir Segercrantz,

Enno Lend, Oliver Kallas, Nina Karasmaa, Ville Turunen,

Teppo Sotanvalta, Tarjaleena Tuukkanen, Jaana Kullaslahti,

Birgitta Thorslund, and Niklas Olson

The Enrollment Marketing Playbook: Employing Enrollment
Marketing Strategies into Student-Centric, Customer

Service-Oriented Recruiting Environment . . .. ......... ... .. ... ..
Toseb Gabelaia

Towards Innovative Education: Developing Digital Learning Strategy
in a Modern University ........... ... ... ... ... ... . ... ... ...
Yulia Stukalina

The Impact of Technology-Mediated Interaction: Exploring

New Channels for Effective Student-Lecturer Communications

in Times of Disruption . . . .. ....... ... ... . ... .. ... ... ...,
Toseb Gabelaia and Natia Vasadze

Supply Chain Management and Logistic Development in International
Context: Challenge for Cross-National Education ... ......... ... ..
Harald Kitzmann, Igor Kabashkin, Manfred Réssle, and Nicolas Dolle

Virtual Campus Journey: Personalization vs Customization . ........
Bakhtiyor Esanov and Ajantha Dahanayake

New Challenges for the Engineering Education System and Ways

of Their Solutions . . . . ... ... ... ... ... ... ... . ... ...
Irina Makarova, Vadim Mavrin, Polina Buyvol, Eduard Mukhametdinov,
Kirill Magdin, and Alexander Gritsenko

XV



XVi Contents

IT-Platform for Algorithm-Based Automation of Academic Study
Program Development . . ... ... ... .. ... ... 848
Nicolas Dolle, Manfred Réssle, Igor Kabashkin, and Harald Kitzmann

The Study of Students’ Opinion on Learning Online
in the Self-Isolation Period . . . . .. ...... ... ... ... ... ........... 857
Ishgaley Ishmuhametov and Larisa Kuzmenko

Nurturing M-Learning for Professional Development Through Online
Digital Communicational Channels During COVID-19 Pandemic . . . . . 868
Ana Kazaishvili and Lia Khmiadashvili

Author Index. . . ... .. .. ... 877



Session 7. Education and Training
in Engineering



DIGILOG Project: Digitally Supported
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2 TTK University of Applied Sciences, 62 Pirnu Road, Tallinn, Estonia
* HAMK Hime University of Applied Sciences, Visamédentie 35A,
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Abstract. Digitalization of Transport and Logistics (T&L) is one of the key
pillars of the European Digital Single Market strategy. Creation of the Single
European Transport Area, from one hand, and development of Common
European Education Area, from another hand, are the basis for DIGILOG
(Digitally supported and virtual study practices for modern logistic systems)
project supported by Erasmus+ programme. The DIGILOG project aims to
foster interchange and cooperation between education and training systems
within the frame of digitalisation of T&L under new strategy of European Union
- Single European Transport Area. The partners of project are TTK University of
Applied Sciences (Estonia), Hime University of Applied Sciences (Finland),
Transport and Telecommunication Institute (Latvia), The Swedish National
Road and Transport Research Institute (Sweden).

The main intellectual outputs of the project are described in the paper: (1) Vir-
tual and open cross-study curricula for digital environment of transport and
logistics systems based on Carpe Diem learning design process; (2) E-learning
game-based technology for training and education of transport and logistics spe-
cialists; (3) Video exercises for study of train traffic and safety management issues
using simulation tools.

Main tasks, main area of activities and the main priorities of the planned study
module are described in the paper.

Keywords: DIGILOG project - Digitalization - Transport and logistics -
E-learning
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1 Introduction

Building a comprehensive and effective learning environment is an important condition
for implementing teaching and learning for the digital age. Digitalization of Transport
and Logistics (T&L) is one of the key pillars of the European Digital Single Market
strategy. Creation of the Single European Transport Area, from one hand, and devel-
opment of Common European Education Area, from another hand, are the basis for
DIGILOG (Digitally supported and virtual study practices for modern logistic systems)
project supported by Erasmus+ programme. Digitalization, international approach and
networking for cross-institutional study are the main priorities for development of new
study modules within the frame of DIGILOG project. Enhancing e-learning and cross-
curricular opportunities in universities and vocation education institutions is a way to
harmonize the content of over countries, and to prepare students and trainees for
working in digital and multinational environment.

The partners of project are TTK University of Applied Sciences (Estonia), Hime
University of Applied Sciences (Finland), Transport and Telecommunication Institute
(Latvia), The Swedish National Road and Transport Research Institute (Sweden).

In the paper the main intellectual outputs of the project are discussed:

e Virtual and open cross-study curricula for digital environment of transport and
logistics systems based on Carpe Diem learning design process;

e E-learning game-based technology for training and education of transport and
logistics specialists;

e Video exercises for study of train traffic and safety management issues using
simulation tools.

The content of this paper is organized as follows. In Sect. 2 some important
publications are reviewed. In Sect. 3 the Carpe Diem approach for T&L courses design
is described. The game-based technology for training and education of transport and
logistics specialists (TRELOGIC) is presented in Sect. 4. In Sect. 5 examples of video
exercises for study of train traffic and safety management issues using simulation tools
are described. In Sect. 6 the conclusions are presented.

2 Related Works

The digital transformation of all sectors of the economy strengthens attention to new
approaches in education, focused both on the use of new educational technologies and
on solving the problems of improving its quality in the context of new digital tools
actively introduced in all sectors of digital economy. The new challenges posed by the
pandemic are drawing even more attention to the need to create new tools for online
distance learning.

Modern approaches to university education are reflected in the works of many
authors, summarized in handbooks and methodological publications [1].

Authors are actively developing new online learning models [2], offering new
pedagogical techniques oriented at the new digital generation of students and the new
needs of the digital society [3].
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Leading educators offer new tools, teaching methods and approaches for using
modern multimedia opportunities to solve the problems of academic and professional
education [4].

Searching for a new digital university paradigm, a detailed overview of well-known
approaches to distance education, blended learning, online learning, credentialing and
future learning technology infrastructures is presented in [5].

The modern learning ecosystem oriented on holistic, lifelong, personalized learning
paradigm represents a contrast to the Industrial Age model of time-focused, one-size-
fits-all learning [6].

This article explores similar issues in relation to the narrow field of transport and
logistics professional education.

3 Virtual and Open Cross-Study Curricula for Digital
Environment of Transport and Logistics Systems Based
on Carpe Diem Learning Design Process

The modern transport and logistics companies active use information technologies, new
digital financial instruments, big data, business analytics, smart technologies, mod-
elling, simulations and others. Digital transformation is one of the key success factors
of competition for modern logistics companies. Intensive digitalization of the logistics
business should be accompanied by the corresponding development of digital com-
petencies of specialists during their training. The challenge is to adapt the existing
learning environment to the new digital business ecosystem [7]. The processes
observed today at the beginning of the digital revolution resemble similar processes at
the beginning of the industrial revolution [8]. In both cases, there is a faster growth of
technologies in comparison with the provision of content and the required level of
education required for the sustainable development of these technologies (Fig. 1).

.
.

:
+ Prosperity
2

Q Technology i

@ s«ilis I\\

Universal
public
schooling

Fig. 1. Race between technology and education [8].
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One task of the DIGILOG project is to develop a virtual and open cross-
institutional study modules focusing on the digital environment of T&L systems for use
in professional higher education that focuses on transportation management and
logistics. The idea is to develop modules which will provide future experts with the
knowledge and skills required by a working environment which is becoming more
multinational in character and is seeing the ever increasing use of digital decision
support systems and simulation tools. As transport networks in the EU, including the
Baltic Sea region, are continually being harmonized and integrated, the content of the
module will reflect best practices and developments both regionally and more widely.

Priorities of the planned study module are the following:

e Digitalization. The rapid development of digitally supported working practices has
had a significant impact on performance in all sectors of the transport system in
recent years, and this trend will continue in the future. The education of future
graduates in transport and logistics must prepare them for work in a new digitally
supported multinational working environment.

e International approach. Connecting Europe is the main objective of the develop-
ment of core transnational transport networks. Study programs have to meet this
challenge — to educate and train experts prepared to work in multinational enter-
prises and teams.

e Networking and cross-institutional study. To meet the abovementioned challenges
and provide students with the knowledge and experience necessary to work on an
international level, professional higher education and training providers are striving
to develop innovative e-learning methods and learning environments. A virtual
study environment will prepare graduates for work in other countries on multina-
tional teams. Participation in courses at partner institutions will broaden the skills of
these future experts. Module development will be based on the Carpe Diem design
methodology, which can be implemented virtually. Some study module subjects
require face-to-face meetings in the classroom or lab. In this case, a student can
apply for support through available student mobility programs to be included in the
module were selected by project partners.

Online study modules designed using Carpe Diem, a team-based, student-centered
e-learning design methodology [9]. We applied the original six-step process to be
implemented online webinars, face-to-face workshops and team working between the
meetings. All the partners were designing their own online study modules.

The design teams first created a blueprint, which provides a general outline of the
course, setting out goals and objectives, learning outcomes, and the manner of
assessment. The second step was face-to-face workshop. All the teams made a visual
storyboard (Fig. 2), which represent the “student journey”, showing how learning and
teaching processes are actually carried out. In the third step design teams built their
prototypes in the online environment, developing learning activities and digital mate-
rials. The theme of the second face-to-face workshop was reality checking: peer review
and action plan. The main idea was to get constructive peer feedback from colleagues
and refine the design before piloting the online study modules with the students.

The quality criteria for DIGILOG online implementations have been selected and
agreed. The quality assurance of the e-learning activities is the final step of the virtual
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Fig. 2. An example of visual storyboard.

institutional cross-study process. 10 criteria have been used for peer reviewing and
during designing online study modules. This makes it possible to use criteria when
gathering the student feedback during the pilots.

Following study subjects were selected by partners.

e Supply chain management simulation (TTK, 3 credits). Simulations tools are
nowadays widely used as decision supporting systems for improving efficiency of
transportation and logistics management and warehousing. Advantages and disad-
vantages of use those systems are widely studied. The paper [10] has systematically
analyzed existing research and illustrated use of them on the transportation and
logistics cases in the Baltic Sea region. ChainSim simulation [11] helps to under-
stand principles, theories and practices of material requirements planning and
supply chain management, critically evaluate and link those to various aspects of
performance (financial measures as well as physical inventory aspects). Simulation
can be paused, whereas real life cannot. Pausing allows more time for students to
assess the situation. ChainSim is an online-based educational simulation in which
the student will manage the supply chain of a small manufacturing company. It can
be played individually or in teams. TTK has outlined the study subject for cur-
riculum of experts of logistic and transport management.
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Effective warehouse design and process simulation (TTK, 3 credits). The general
purpose of the subject is to provide theoretical knowhow, practical exercises and
simulations about warehouse layout, managing warehouses and warehouse equip-
ment. After passing the subject each student know how to set up different types of
warehouses, knows how to run them and how to evaluate the performance and
activities. Warehouse simulation software CLASS [12] is simulation model allows
users to design, test and redesign complex warehousing solutions in a virtual
computer environment by changing many different parameters and measuring their
impact. It is a great opportunity for the Students to test their ideas of warehouse
layout design and operational management. Use of the model was tested on inter-
national online piloting event of the DIGILOG project.

Professional Competence of Transport Managers (TTI, 3 credits). This subject
oriented on requirements of the European Regulation No 1071/2009 which estab-
lished common rules for road transport enterprises. The presence of a certificate of
professional competence indicates that its owner has the knowledge necessary to
manage transport operations in any European country.

Game based multi-criteria decision making for T&L competence development (TTI,
3 credits). This subject is described in the next section of this article.

Passenger traffic railway markets are opening to competition, case of Finland
(HAMK, 3 credits). Opening the national railway market, that has until now been
based on a state monopoly, to competition is a challenging task for all European
countries. In this subject preparation for competition through elements involved in
the opening up of the Finnish railways to competition is examined and experiences
of other EU-countries in the introduction of competition to railways and tendering
are discussed.

Train driving exercise for train dispatchers (VTI, 4 credits). This subject is
described in the Sect. 5 of this article.

E-Learning Game-Based Technology for Training
and Education of Transport and Logistics Specialists

TRELOGIC is software package designed for the training process of new and already
working specialists with the aim increasing their skills in the T&L area at various levels
in the different types of educational establishments (training centers, colleges, uni-
versities). The simulation tool might be used as a tool for distant learning using the
opportunities of e-learning that allows considerably increasing the contingent of trai-

nee

s from other EU countries.
There are seven typical steps in the process of multi-criteria decision making:

to define alternatives for transportation;

to define criteria of efficiency;

to define relative importance of each criteria;

to define a scale for measuring the levels of each criterion;

to determine the impact of each criterion for each alternative action for the estab-
lished scale;
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to establish the combined impact of the different criteria for each alternative;
to define the best alternative.

The methodological approach used of the game-based training method TRELOGIC

involves a 6-step learning process:

1.

b

Game based case study. The formulation of a practical problem, to find the source
of data for its solution.

. Formulation of alternative routes for the delivery of goods within the frame of case
study. Search of the necessary data.

Formulation of criteria for choosing the best route.

Study opportunities of the Logistics Performance Index as an interactive bench-
marking tool created to help professionals in logistics identify the challenges and
opportunities they face in their performance on trade logistics.

Study the Analytic Hierarchy Process (AHP) as method for multi-criteria decision
making.

. The practical use of the AHP method to solve the problem formulated in the case
study on the base of developed software tool. Individual and group expert appli-
cation of software.

The practical problem that students are offered to solve is formulated as follows.

A container block train from China should arrive in Sweden (Container Terminal
Frihamnen of the Stockholm port) for further distribution. Terminal-logistic centre of
the Moscow region is the first transit point of the route. Then there are three alternatives
to achieve Stockholm through Riga (Latvia), Paldiski (Estonia) or Rauma (Finland).

There are three alternative routes (Fig. 3):
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Fig. 3. Alternative routes of case study.
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e Moscow — port Rauma (Finland) — Stockholm;
e Moscow — port Paldiski (Estonia) — Stockholm;

e Moscow — port Riga (Latvia) — Stockholm.

Taxonomy of key performance indicators (KPI) for this model can be described by
set of parameters shown at the Fig. 4 with suggested quantitative metrics for both -

quantitative and qualitative KPIs [13].
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Fig. 4. Taxonomy of key performance indicators for selection of best alternative transit route.
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Students should analyse these factors in order to evaluate which of the factors for
the case under consideration will be more influence in pairwise comparison. Study
opportunities of the Logistics Performance Index (LPI) as an interactive benchmarking
tool created to help professionals in logistics identify the challenges and opportunities
they face in their performance on trade logistics [14].

The analytic hierarchy process (AHP) is a structured technique for organizing and
analysing complex decisions, based on mathematics and psychology [15]. It represents
the most accurate approach for quantifying the weights of criteria. Individual experts’
experiences are utilized to estimate the relative magnitudes of factors through pair-wise
comparisons. Each of the respondents has to compare the relative importance between
the two items under special designed questionnaire.

AHP is a multi-criteria model that provides a methodology for comparing alter-
natives by structuring criteria into a hierarchy, providing for pair-wise comparisons of
criteria at the lowest level of the hierarchy to be entered by the user, and synthesizing
the results into a single numerical value [16].

The TRELOGIC is AHP method based software tool for practical use to solve the
problem formulated in the case study. The learning process takes place in two stages:

e Individual expert application of software. Using the software TRELOGIC, each
student compares each alternative route by all criteria and gives them an expert
assessment.

e Group expert application of software (face-to-face or webinar).

At the second stage, the following procedures are performed:

1. Discussion with other participants of the game individual expert assessments and
the transportation routes recommended by the TRELOGIC tool for each expert.

2. Discussion in the group the differences in expert assessments and the reasons for
their differences.

3. Selection of the best transportation route using the advanced AHP algorithm taking
into account the decisions of all experts participating in the game using the TRE-
LOGIC tool.

4. Forming the result of a group peer review.

5. Discussion with other participants of the game result of group expert decision and
the transportation route recommended by the TRELOGIC tool for group expert
decision.

6. Discussion the extent and reasons for the discrepancy between the results of the
group assessment of experts and their individual assessments.

The described approach allows in the learning process to simulate real decision-
making processes in transport and logistics companies based on real data that underlie
expert decisions in this area.
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5 Video Exercises for Study of Train Traffic and Safety
Management Issues Using Simulation Tools

As rail seeks to maintain its environmental lead in transportation, in the framework of
the study module, VTI has developed video exercises. The exercises will help students
understand how train traffic and safety management issues are tackled in a realistic
operational environment using simulation tools. The exercises will also support sub-
jects developed by the other partners by building bridges with the other objectives of
the DIGILOG project.

The main learning outcomes of video exercises:

1. By completing this exercise, the students will get an increased understanding of the
train driver’s reality based on some different scenarios.

2. The students will achieve knowledge about forms to fill in together with the train
driver at various situations, such as shunting and controlling the turn-outs.

3. The students will also improve their skills in communication with the train driver.

4. For this exercise, a total of 8 videos were recorded in a simulator environment with
a train driver who “think out loud” to facilitate the understanding of his actions.

5. The films were recorded in a train simulator developed by VTI (the Swedish Road
and Transport Research Institute) and used by several actors who conduct rail
related education or rail traffic.

The simulator emulates, in some cases, the Regina train, which is one of Sweden’s
most predominant passenger trains launched in the late 1990s, and in others, trains with
TRAXX locomotives which is a popular locomotive found at several large freight
operators. Use of the video exercises in the study process were tested during the online
piloting events.

6 Conclusions

In the paper the aim and main activities of DIGILOG (Digitally supported and virtual
study practices for modern logistic systems) project are discussed. Digitalization,
international approach and networking for cross-institutional study are the main pri-
orities for development of new study modules within the frame of DIGILOG project.
Enhancing e-learning and cross-curricular opportunities in universities and vocation
education institutions is a way to harmonize the content of over countries, and to
prepare students and trainees for working in digital and multinational environment.
The DIGILOG project aims to foster interchange and cooperation between education
and training systems within the frame of digitalisation of T&L under new strategy of
European Union - Single European Transport Area.
The main intellectual outputs of the project are described in the paper:

e Virtual and open cross-study curricula for digital environment of transport and
logistics systems based on Carpe Diem learning design process;

e E-learning game-based technology for training and education of transport and
logistics specialists;
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e Video exercises for study of train traffic and safety management issues using

simulation tools.
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