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THE FUTURE OF RAILWAY MOBILE COMMUNICATION SYSTEM
By Romeo Giuliano

Over the recent years, the rail transport has been rapidly
evolving in terms of speed, services offered and number
of trains per route. At the base of this evolution, there is an
incredible development of the monitoring and control system
necessary for the transport operations in terms of safety and
cost efficiency.
In the most advanced railway systems, such as high-speed
rail, there is the Train Control & Management System (TCMS)
with the main function in which the train sends its position (or
Position Report, PR) to the control center, which responds with
authorization to proceed (or Movement Authority, MA).
This simple and frequent exchange of messages allows the
train to occupy a section of the railway where there are no
other trains, thus ensuring safe and efficient rail transportation.
In Europe, the European Rail Traffic Management System
(ERTMS), which combines the ETCS with the dedicated GSMrailway (GSM-R) cellular system, is currently in operation.
However, the urgent request to optimize the use of resources
(railway lines) and to provide new communication services,
drives the Rail community to study, design and develop an
extremely performing train-control center communication
system. In addition to the applications of signaling for safe
train control, the railway applications can be grouped into
further three main categories, such as critical voice, critical
video for obstacle detection and monitoring doors inside
trains, and non-critical data for communications among trains and trackside such as tele-maintenance,
Public Announcement (PA), and Passenger Information System (PIS). In Europe, the current GSM-R based rail
communication system is unable to support the demand of these new applications and services.
For this purpose, some activities are conducted with the help of the main railway operators and industries, which are
involved in several European research and industrial projects sponsored by: European Railway Agency (ERA), the Union
internationale des chemins de fer (UIC) and the Shift2Rail Joint Undertaking (S2R-JU) European rail initiative.
The new railway communication systems should be able to support multi-bearers, as well as multi-link communications.
To this purpose, two competing systems have been defined and are currently under active development i.e., the Future
Railway Mobile Communication System (FRMCS) and the Adaptable Communication System (ACS). The FRMCS is
supported by UIC, in close cooperation with 3GPP. It is based on the most important 3GPP standards including 4G and
5G with the possibility of integrating non-3GPP technologies such as Wi-Fi and Satellite (legacy systems).
It is expected that 5G could also play the role of 4G leading to a unified access providing enhanced throughput,
resilience to interference, safety and advanced security functionalities to support the current and future needs of railway
applications.
As shown in Figure 1, the FRMCS core is in charge of managing/controlling 3GPP and non-3GPP radio technologies to
provide flexible and secure multi-bearers and multi-links connectivity.
The ACS is developed in the S2R-JU X2Rail project and it is designed in accordance with the Over-the-Top (OTT) view
of the communication infrastructure(s). In fact, the ACS goal is to provide connectivity using all the available radio
technologies that can be accessed using the IP protocol. This is believed the most natural approach for realizing one-
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bearer-independent operational rail communication system.
The 3GPP 4G/5G technologies are only two of the many radio technologies that can be used by ACS to provide
connectivity for railway applications. Differently from FRMCS, alternative wireless and wired access technologies can be
easily integrated into ACS with no further standardization effort and in very short time such as: Low/Medium Orbit (LEO/
MEO) satellites, HAPS (High Altitude Platform System), and wireless optical systems.
All that is required for these “alternative” bearers is to expose an IP-based interface to allow (secured) access. Research
on the inclusion in ACS of alternative access technologies, adding to the legacy ones, is carried out in the H2020 S2R
AB4Rail project (www.ab4rail.eu) where the Università degli Studi Guglielmo Marconi is actively involved. AB4Rail will
offer to Guglielmo Marconi University the possibility to enhance the research knowledge on novel communication
technologies in railway sector as well as to improve and identify new features and innovative services of virtual
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Figure 1 - principle schemes of the FRMCS and ACS architectures.

conferences/meeting software tools in order to better meet the industrial community needs.
AB4Rail project also provides important impacts from an environmental and social perspective. Regarding the climate
change, a smart digital environment is characterized by a strong presence of rail infrastructures and technologies.
The possibility to have important innovative features on ACS (e.g., alternative and traditional bearers, and innovative
transport/application protocols) is crucial to realize more efficient, cost-effective railway infrastructures in the next
years. It means that important reductions on power consumption can be achieved and then to meet the European Green
Deal objectives in the transport field.
From a social point of view, AB4Rail project have important impacts. It can concur to make the rail technologies more
interoperable, efficient and high-performing across the digitalization process for the European citizens.
.
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Academic Highlitghts
RE-OPEN PROJECT: REMOTE LABORATORIES FOR TEACHING
RENEWABLE ENERGIES AT EUROPEAN UNIVERSITIES
Guglielmo Marconi University as coordinator of the European network RE-OPEN
(REmote labOratories for Practical Experiments on renewable energies at EU
uNiversities), co-financed by the Erasmus+ Programme, successfully concluded
the first online meeting (26, April 2021) to launch the project and start defining
the methodology to implement the standardized remote laboratories at EU
universities.
EU Higher Education Institutions have had to cope with the digital transformation
and the challenges created by the outbreak of the Covid-19 pandemic. Many universities have suddenly moved their lessons
online leaving aside other activities usually performed in presence, such as laboratories. Practical experiences are crucial for
STEM subjects for the students’ further employability and to acquire pivotal technical and social skills, and experimental abilities
(set up an experiment, measure the performance of real equipment, process the acquired data and derive technical insights from
the laboratory activity).
Software enabled virtual labs and simulations that mimic a lab setting are useful but they cannot include every real situation.
Remote laboratories are a solution allowing students to remotely access physical labs to experience the challenges associated
with practical experimentation.
RE-OPEN project will run for 2 years (2021-2023) and is made up of a consortium of EU universities and companies.
There are 5 participating universities from 5 Member States, specialized in training in energy technologies that have already
adopted innovative training methodologies. The participating EU universities are: Universitá degli Studi Guglielmo Marconi from
Italy as coordinator, Fachhochschule Technikum Wien from Austria, Munster Technological University from Ireland, Norwegian
University of Science and Technology from Norway, the University of Huelva from Spain. Additionally, the project includes the ICT
company VJ Technology from Italy.
The main project activities are: mapping of the hands-on/remote labs in EU universities, designing standard ICT-based learning
solutions and pedagogical models of AR (augmented reality) remote laboratories, setting up a remote lab ICT system and
learning management system (LMS) and developing experimental modules/projects on renewable energy.
The developed methods and modules will all be tested and validated in each partner university.

UNIVERSITY, BUSINESS, POLICY, CIVIL SOCIETY AND MEDIA TOGETHER
TO CO-CREATE KNOWLEDGE, RESEARCH, AND INNOVATION.
Guglielmo Marconi University participated as a partner at the launch of the Erasmus+
Capacity Building in Higher Education Project “University to Society Innomediaries in
Albania: Co-Production of knowledge and research that matters” / U-SIA in occasion
of the kickoff meeting on 23rd – 24th February 2021.
USIA consortium is strongly committed to enhancing an enabling higher education
environment that supports university to society collaborations in order to co-produce
knowledge and research with impact that is not only academically insightful but also
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applicable to the development of Albania and responding to our contextual challenges including COVID19 pandemic, digital
transformation, and others.
USIA Project is launched based on a gap analysis conducted previously.
What emerges is that universities in Albania are in perpetual transformation trying to re-envision their position in society.
The European Commission Report for Albania and other independent reports point out that Albania’s capacity for research,
development, and innovation remains low.
The recent legal and policy framework on the HE sector in Albania encourages a Triple Helix Model. This is a welcoming measure.
However, achieving effective and productive university-business collaboration remains challenging due to limited availability of
research funds & infrastructure; lack of incentives to engage in business cooperation; general distrust in the quality of research;
limited capacity to absorb and introduce innovations, and other reasons.
Traditionally universities exist as institutions for the creation and dispersion of knowledge, but in our current world, universities
must engage with their own socio-economic context. Triple helix offers a model for creating innovation as an output of
institutionalized and structured interactions between university, government, and industry.
Building upon this, the project introduces a Quadruple Helix Model. In addition to the university, business, and government, this
model includes civil society, media, and grassroots organizations to co-create knowledge, research, and innovation output.
As various European Commission documents highlight: “Quadruple Helix Model is the next challenge, where government,
industry, academia and civil participants work together to co-create the future and drive structural changes far beyond the scope
of what anyone organization or person could do alone”.
The final results of USIA shall be:
• A strong network of universities, research centers, civil society organizations, businesses, and public policy institutions established
to work on the foster effective and sustainable university to social collaboration in Albania;
• Knowledge transfer and innovation brokerage units established in partner universities in Albania with the support of EU partners;
• Foster also regional cooperation and exchange of experience between EU and non-EU countries.

by Susanna Correnti

MINERVA VIRTUAL STUDY VISIT AT UNIVERSITÉ CÔTE D’AZUR.
THE ANTI-PLAGIARISM PRACTICES.
Over the last decades, the Internet has undoubtedly changed the ways of dissemination
of the knowledge in the academic field, making the information more accessible, but also
leading to such a great problem as plagiarism.
The continuously growing number of websites, offering the ready-made research papers
and dissertations, causes the situation in which the use of such services might seem
almost normal and acceptable, which brings awareness of the need for targeted education
of the students, but also of the professors and the university staff, on this subject.
In the framework of the MINERVA project – Strengthening Research Management and
Open Science Capacities of HEIs in Moldova and Armenia, aimed to build human research
capacities in order to ensure the sustainable implementation of open science principles
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and enhance the social inclusiveness and accountability of publicly-funded
research, the virtual Study Visit at Université Côte d’Azur, Nice/France
was held on 22 April. During the meeting, dedicated to the plagiarism in the
academic environment, the partners of the project were able to share the antiplagiarism practices, software and other tools used to tackle plagiarism in the
era of digitalization. Guglielmo Marconi University presented the antiplagiarism
strategies on the national and institutional level, sharing the experience of dealing
with this issue in the context of distance learning and the pandemic situation.
Particular attention was drawn not only to the importance of a proper training of
the students, which creates the awareness of what plagiarism is and the correct
ways of working with scientific papers, but also to the ways the University stimulates the creativity of students, enabling them to create
the original works relying on the their own skills.
For more information on the project please visit: http://minerva-project.ase.md/en/

LOW-COST ENERGY FROM BIOMASS.

The latest issue of Platinum, a magazine specialized in research and development,
talks about the Blaze Project on biomasses coordinated by Unimarconi. In his
interview to the magazine, Professor Enrico Bocci, the scientific director of the
project, explained that the target of the project is to overcome the critical issues of
the current biomass co-generation plants, namely too specific biomasses, which
are often non-local and expensive, investments costs, maintenance, complexity and
excessively high emissions (particulates, tars).
The BLAZE project (Horizon 2020) aims at developing an innovative, highly efficient
and fuel-flexible small and medium-scale biomass CHP technology, consisting of a
compact bubbling fluidised-bed gasifier, integrating primary sorbents and ceramic
candle filters with Ni catalyst (IBFBG), high temperature fixed bed sorbents reactor
and an integrated solid oxide fuel cell module (the Large Module Stack, LMS, of Solide
Oxide Fuel Cell, SOFC) including a first-of-a-kind heat-driven gas recirculation. This will
provide an important contribution to the energy system in achieving the new energy
and climate targets set by 2030 and the longer-term ones included in the Roadmap
2050 to achieve the Low-Carbon Economy in Europe.
To read the article please go to: https://platinum-online.com/

by Darina Chesheva
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Spotlight on Research
ORGANIZATIONS OF THE FOURTH INDUSTRIAL REVOLUTION.

The organizations are using IoT, Internet
of Things, and a huge number of smart
devices to manage business changes. It is
the technological change that will ultimately
have major implications globally.
New technologies can optimize the way
people work, when implemented thoughtfully,
these innovations can improve the overall
business processes. However, when a
technology changes the way and the place
people live, their relationships with each
other and disrupts economies, it deserves
the term “revolution”.
Because everything changes.
The technology behind the First industrial
revolution was steam, which mechanized
textile production. Innovation made factories
common, which brought more people to cities and caused social turmoil. During the Second industrial revolution,
electricity made mass production possible. The Third one was based on semiconductors, which facilitated data
processing that automated manufacturing and caused the digital and computer age.
We are now facing the Fourth industrial revolution. The underlying technology is the Internet of Things, which is a
network of connected devices such as sensors, robots, and wearable devices. The data these devices produce through
many deep connections are the fuel for powerful digital applications, from the weather forecasting systems to smart
buildings, which regulate their climate, to self-driving cars. It is the era of Big Data and its implementations.
We are facing a fusion of technologies. In this fourth industrial revolution the boundaries of physical, digital and biological
are hardly distinguishable.
What will be the function of all this data? As with other previous technologies, it is important to understand in which way
we are going to use them. For example, smart cities can already use many types of sensors and other data technologies,
with the aim of lowering emissions, reducing traffic and improving urban planning.
The IOT and the data it generates are the beginning of the innovation process, not the final result. By building applications
that use sensors and other connected technologies as a foundation, organizations can derive real value from data and
find new and creative ways to improve the world.
The 5G technology will then give a further boost to the Internet of things. Thousands of objects will communicate
with each other without the need for human interaction. Connected cars, for example, will always be able to locate
themselves, know the speed and direction variables and this will drastically reduce the chances of accidents.

by Tommaso Saso
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OPEN ACCESS IN ITALY.
“Reverently made for universal free distribution by Wang Jie on behalf of his two parents.” This inscription was made on Diamond
sutra, the oldest known printed book. Found in 1907, dated 11 May 868 and currently conserved in the British Library, it seemed
to be meant as a guideline the future information sharing process.

However, over the centuries something went wrong. The only aim of the publishing houses in the traditional scientific publishing
system was to maximize their profits by selling scholarly journal subscriptions to institutional and university libraries. In fact,
back in the 1980s, prices for the scientific journal subscriptions increased by more than 200% for no apparent reason, since the
journals do not have to pay authors for peer reviews, do not distribute royalties to authors, do not correct proof, the graphics
editing is often automatic, and too often journals apply what is also known as “double dipping” meaning that authors pay for
publishing their results and the community (always composed by the same authors) pays to read articles.
This created an increasing contradiction between the scientists who were interested in making their work accessible to a wider
audience and publishers, whose main goal was to increase their profits.
Due to the price increase, the more libraries cancel subscription the more prices grow in order to maintain constant the gain
of the publishers. There was no way out. The publication and diffusion of scientific research today is a real economic system
connecting not only single scientists, but also public universities and public research centers with private companies.
To show you a practical example, and how strong the connection between authors, publishers and articles currently is, let’s see a
rather common subject in the academic field - the path to a professorship, specifically the Italian university system case.
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Let’s suppose I am an independent researcher who wants to become a university professor in Italy. After years of sleepless
nights, errors, suggestions, discussions, I made an important research worthy to be published. In an ideal world, at this point, the
most laborious part of the research is finished. However, we do not live in the ideal world!
The moment our research is done, we have to face the first question - where to publish our work? What would be the best choice
to publish the result of my sleepless nights? It definitely has to be published in a journal with a high impact factor since we want
to be cited to increase our h-index thus increasing the impact factor of the journal itself (it looks like a circle of hell of Divine
Comedy). This is important because to become a professor, in different EU countries including Italy, before the selection in a
university it is necessary to obtain a “Scientific National License” based on bibliometrics.
The independent and blind peer review, which is fundamental in science, is done by
researchers who volunteer for this work with no cost for editors. If everything goes well,
I finally can publish my article. Is this the end of the story? Not at all, especially from the
financial point of view.
My article is published, and I want to check or download it to send my work for selections,
this is not possible since the copyright of my work is not mine. To publish your work in
a scientific journal you leave the copyright to the journal and you, the author, have to pay
to download or read your work!
Nowadays, the publication and the diffusion of scientific research is a real economic
system connecting not only single scientists, but also public universities and public
research centers with private companies. For writers the editors normally offer two
possibilities: Green open access with no cost for publication and embargo period before
possibility to share article, and Gold Open Access with high publication cost and CC-BY
license. In case of Green Open Access, when no cost is charged to the author, the article
processing charge is supported by subscribers.
The need of Open Access was hence a real necessity in scientific communities. On 4 September 2018, a group of national
research funding organizations, with the support of the European Commission and the European Research Council (ERC),
announced the launch of cOAlition S, an initiative to make full and immediate Open Access to research publications a reality. It is
built around Plan C, which consists of one target and ten principles. The main principle states that by 2021, research funded by
public or private grants must be published in open-access journals or platforms or made immediately available in open access
repositories without an embargo. PlanS supports the San-Francisco declaration on research assessment (SF DORA) which asks
for no journal-based metrics to evaluate researchers, distribute funding and promotions.
High energy physics community (HEP) is very active in studying new Open Access solutions. CERN, the largest laboratories for
HEP always encourage Open Access of any resources. On 30 April 1993 CERN published a statement which made World Wide
Web technology available on a royalty free basis.
Today CERN, like all other laboratories and universities worldwide, is facing the challenge of Open Access not only for “Material
Invention” but also for publications. The 4 experiment at LHC count 5000 scientists from 54 countries. This is the largest scientific
community in the world. The 4 groups ATLAS, CMS, LHCB and ALICE approved this statement:” We strongly encourage the usage
of electronic publishing methods for our publications to all. Furthermore, we encourage all our members to publish papers in
easily accessible journals, following the principles of the Open Access Paradigm”.
To reduce subscription costs, promote open access and tackle double dipping, the key is to work together to have more
contractual strength with publishers and to find novel solutions. The projects supported by the European Union, such as Minerva
project, in which Marconi University is an active partner, a collaboration between universities, research centers, funding agencies,
different scientific sectors and, above all, editors, is mandatory to find the best suitable solution to make knowledge widely
available to the society.

by Matteo Martini
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Glance at the Future
Unimarconi Webinars: Innovation, Start-ups and technological solutions.

Università Guglielmo Marconi and GreenHillAdvisory held a series of webinars, dedicated to financial measures and
investments aimed at supporting innovative companies and start-ups.
The cities play an important role in the contemporary world, being both a growth engine and the center of innovation.
The increase in population involves a greater use of resources, problems related to mobility, energy consumption and the
inefficiency of waste disposal systems. It is therefore clear that technology has a key role in this context.
Technologies for smart cities are the attractor of financing and investments, which is going to be one of the main sectors
of the Green economy.
FinanceForCities, promoted by GreenHillAdvisory and the Guglielmo Marconi University in collaboration with the CnrPromo Technology Transfer and the Venture Capital Hub Italy, is an acceleration initiative for the Startups and innovative
SMEs, which developed technological solutions for Smart Cities and want to present themselves to public utilities, large
companies and investors.
Furthermore,
Unimarconi
and
GreenHillAdvisory
will
shortly
launch an accelerator which, among
other things, has the objective of
development of open innovation
models
between
innovative
startups, SMEs and the large
utilities of the sector, with the aim of
creating the increasingly intelligent
solutions which promote the
improvement of the infrastructure
and the quality of life in the cities.
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Successful participation in Future Network Security: Challenges & Opportunities Workshop.
The Scientific board of AB4Rail joined the International
workshop “Future Network Security: Challenges &
Opportunities Workshop”, held virtually on 22th – 24th
March 2021. The objective of this workshop is to bring
together experts from the globe and create a joint
platform for information exchanges, presentation of
results, and fruitful discussions to identify gaps and future
directions for the IEEE FNI Security Working Group.

The speech on “Future
Railway
Communication
Systems: the FRMCS and
the ACS two contrasting
approaches” was drawn up by
Pro. Romeo Giuliano
(Università degli Studi Guglielmo
Marconi),
Prof. Franco Mazzenga,
Prof. Anna Maria Vegni,
and finally, Prof. Alessandro
Vizzarri (Radiolabs).
They introduced the importance of the telecommunication systems in terms of performance and connection stability
for rail applications, the two most promising approaches Future Railway Mobile Communication System (FRMCS)
together with the Adaptable Communication System (ACS) and their design philosophies. Finally, they deepened the
most important challenges for rail communications and services in the next years.
For further information visit www.ab4rail.eu
Link of the Conference https://futurenetworks.ieee.org/conferences/future-network-security-workshop

by Ilaria Reggiani

GMU Magazine has been released with the contribution of all
academic staff and partners around the world, if you wish to
contribute higlighting any important news in accordance with the line
of the release, please do not haesitate to contact us sending an email
to d.chesheva@unimarconi.it

