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Executive summary

Why act now?

Transport is the backbone of the European economy, bringing growth, jobs and prosperity.
For example, railway transport-related goods and services account for more than 20 % of EU
exports of goods and 8 % of EU exports of services. For centuries, the railway has been the

backbone of transport, instrumental in industrial revolutions.

With evolving societal challenges, other modes of transport have overshadowed the intrinsic
attractiveness and competitiveness of rail transport.

Today, although the European railway remains at the heart of transport, it needs radical
change to bring it back to the forefront and enable it to act as a backbone of future digital
sustainable mobility; to meet the expectations of citizens; to connect people, business and
regions; and to make Europe a global hub for mobility and prosperity.

The 2015 Shift2Rail (S2R) Master Plan identifies eight key challenges faced by the European
rail sector:

« strengthening the role of rail in the European transport system and the global
competitiveness of European industry;

* quality of service;

* cost;

* integrating the European market;
* infrastructure;

e competitiveness;

o skills;

* innovation.
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These challenges and the S2R vision offer a unique set of opportunities for the rail sector to
radically transform and reaffirm its key role.

What is in the Shift2Rail Master Plan and
the Shift2Rail Multi-Annual Action Plan?

The S2R Master Plan provides a high-level view of what needs to be done; it explains why
and by when. It sets the framework for the research and innovation (R&!) activities to be
performed as part of and beyond the S2R Programme (') and the deployment activities to
be carried out by all operational stakeholders, coordinated to achieve a Single European Rail
Area.

The vision of the S2R Partnership is

To deliver, through railway research
and innovation, the capabilities to
bring about the most sustainable, cost-
efficient, high-performing, time-driven,
digital and competitive customer-
centred transport mode for Europe

The present S2R Multi-Annual Action Plan translates the S2R Master Plan into detailed, result-
oriented R&l activities to be performed to start delivering the S2R vision from 2014 onwards.

Addressing the challenges opens up
three opportunities for the railway

/. tobecome the backbone of current and future mobility concepts (e.g. mobility as a service)
and on-demand future logistics;

2. toidentify and establish new market segments for exploitation;

() The S2R Programme runs from 2014 to 2020, with final implementation and phasing out envisaged by 2024.



3. to enhance the overall competitiveness of the industry, both in Europe and globally.

This is what the regulation (?) tasks the S2R Joint Undertaking to do when requesting it to
manage all rail-focused R&l actions co-funded by the Union. More specifically, S2R seeks
to develop, integrate, demonstrate and validate innovative technologies and solutions that
uphold the strictest safety standards and the value of which can be measured against, inter
alia, the following key performance indicators:

* 100 % increase in rail capacity, leading to increased user demand;
* 50 % increase in reliability, leading to improved quality of services;
* 50 % reduction in life-cycle costs, leading to enhanced competitiveness;

* removal of remaining technical obstacles holding back the rail sector in terms of
interoperability and efficiency;

* reduction of negative externalities linked to railway transport, in particular noise,
vibrations, emissions and other environmental impacts.

To realise its vision, the railway needs to establish and develop a range of new innovation
capabilities (see Section 4).

Developing these innovation capabilities requires a coordinated effort among different rail
and non-rail stakeholders to drive innovation at all levels in Europe. The S2R Joint Undertaking
and its Programme are designed to make a decisive contribution to delivering the essential
knowledge and innovation that will provide the building blocks for developing the innovation
capabilities.

The work conducted within the S2R framework is structured around five asset-specific
Innovation Programmes, covering the different structural (technical) and functional (process)
subsystems of the rail system. These five programmes are supported by work on five cross-
cutting areas covering themes that are relevant to each of the programmes and which address
the interactions between the innovation programmes and the different subsystems.

The practical demonstration of S2R R&I activities is being carried out using a combination
of single technology demonstrators, integrated technology demonstrators (resulting in the
innovation capabilities) and system platform demonstrators.

By the end of 2017, EUR 333.2 million () had already been invested in R&I activities by the
partnership.

(?) Council Regulation (EU) No 642/2014 of 16 June 2014 establishing the Shift2Rail Joint Undertaking

(®) Including the Lighthouse Projects funding awarded by the European Commission in 2015 resulting from the
H2020 transport call 2014 and as part of the S2R initiative in accordance with the S2R regulation for the
amount of EUR 52 million.


http://eur-lex.europa.eu/legal-content/EN/TXT/?uri=CELEX:32014R0642

Figure 1/ Shift2Rail capabilities

Figure 2 / Shift2Rail structure per IP and CCA activities
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Technology Demonstrator (TDs)
Projects specifying, developing and
demonstrating a spe technology
resulting in a lab tested and/or
simulated prototype

Integrated Technology Demonstrators (ITDs)
Projects integrating/combining TD prototypes at systern level
(lab and on-site) and testing performance

System Platform Demonstrators (SPDs)
Assessment of the whole systems performance
based on the results of TDs and ITDs. SPDs bring
S2R innovative solutions to a
level for a new generation of railway syste

Figure 3 / Structure of Shift2Rail demonstrators

What are the expected benefits?

Bringing about the technological and operational advances expected as a result of the S2R
R&| activities will require active intervention. It will not happen by itself. Deployment of this
complexarray ofinnovations will involve a coordinated effort to guarantee an adequate level of
consistency and achieve a Single European Rail Area. This requirement for active intervention
implies a need for an understanding of the steps required in the process, of funding needs
and of the essential system-of-systems interaction and complexity of the railway, in all its
segments and components. Those undertaking this active role should be as near as possible
to the market while retaining the necessary independence under joint governance.

The economic benefits of reaching the S2R targets through focused and coordinated S2R
R&| are expected, according to the impact assessment (*) carried out as part of the S2R
Programme, to be as follows:

* indirect leverage on industry R&l related to the development of industrial products
exploiting Horizon 2020 (H2020) innovations worth up to EUR 9 billion in the period
2017-2023;

» the creation of additional gross domestic product at EU level of up to EUR 49 billion in the
period 2015-2030, distributed among a large number of Member States;

* the creation of up to 140 000 additional jobs in the period 2015-2030;

» additional exports worth up to EUR 20 billion in the period 2015-2030 thanks to the
worldwide commercialisation of new rail technologies developed under H2020;

» life-cycle cost savings of around EUR 1 billion in the first 10 years and thereafter, with
continued implementation, of around EUR 150 million per year.

(*) Impact assessment accompanying the document Proposal for a Council Regulation establishing the
Shift2Rail Joint Undertaking, SWD(2013) 535 final, Brussels, 16.12.2013.
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Ensuring the proper undertaking of such activities is therefore key both today and for the
future in a market segment of major importance for the EU, which already provides 400 000
highly skilled jobs in European manufacturing industries, including in numerous small and
medium-sized enterprises. The rail sector overall, including maintenance and operations, is
responsible for more than 1 million direct and 1.2 million indirect jobs in the EU.

In addition to the R&l roadmap and to ensure a consistent deployment strategy, other key
aspects of the way forward include placing innovation within a standards and regulatory
framework, developing a credible business view, implementing an efficient risk assessment
strategy and establishing effective collaboration with other key organisations involved in the
future of the European rail sector.

The rail sector overall, including
maintenance and operations, is
responsible for more than 1 million direct
and 1.2 million indirect jobs in the EU
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1.1. General policy context

1.1.1. European strategic vision for an integrated transport system

The 2015 Shift2Rail (S2R) Master Plan (°) describes a general policy context that remains
relevant today. The European Commission is committed to a Europe 2020 strategy based
on smart, sustainable and inclusive growth. This includes achieving a more competitive and
resource-efficient European transport system with a view to addressing major societal issues
such as rising traffic demand, congestion, security of energy supply and climate change.

With thisaim, the Commission’s 2011 Transport White Paper (¢) (‘(Roadmap to a Single European
Transport Area - towards a competitive and resource efficient transport system’) sets out key
goals to strengthen the role of rail in the transport system, given rail’s inherent advantages in
terms of environmental performance, land use, energy consumption and safety.

A number of these goals (Table 1) relate specifically to rail passenger and rail freight transport,
while others relate more generally to urban mobility, with an indirect impact on rail.

In 2016, the European Commission published a document reporting on the pace of
implementation of the 2011 Transport White Paper (7). The report highlights the relevance
of the original targets, stressing the importance of taking into account rapid technological
developments that are reshaping mobility concepts and opening new potentials, particularly
as a result of automation and digitisation.

On 13 September 2017, the European Commission published its communication ‘Investing in
a smart, innovative and sustainable industry - a renewed EU Industrial Policy Strategy’ (8),
adding to the strategy a pillar intended to help in moving from research and innovation (R&l)
to deployment:

(%) http://ec.europa.eu/transport/sites/transport/files/modes/rail/doc/2015-03-31-decisionn4-2015-adoption-
s2r-masterplan.pdf

(®) http://eur-lex.europa.eu/legal-content/EN/TXT/PDF/?uri=CELEX:52011DC0144&from=EN

(7) The implementation of the 2011 White Paper on Transport ‘Roadmap to a Single European Transport Area -
towards a competitive and resource-efficient transport system’ five years after its publication: achievements
and challenges, SWD(2016) 226 final, Brussels, 1.7.2016.

(8) COM(2017) 479 final, Brussels, 13.9.2017.


http://ec.europa.eu/transport/sites/transport/files/modes/rail/doc/2015-03-31-decisionn4-2015-adoption-s2r-masterplan.pdf
http://ec.europa.eu/transport/sites/transport/files/modes/rail/doc/2015-03-31-decisionn4-2015-adoption-s2r-masterplan.pdf
http://eur-lex.europa.eu/legal-content/EN/TXT/PDF/?uri=CELEX:52011DC0144&from=EN

1.1.2.

1.1.3.

Progress is needed at all levels to ensure that our regulatory frameworks provide the
necessary flexibility to allow innovation to develop. We must learn to consider the perspective
of innovators as they often have less of a voice than incumbents. To this end, the Commission
will apply the innovation principle through its Better Regulation Agenda. The innovation
principle entails taking into account the impact on research and innovation in the process of
developing and reviewing regulation in all policy domains, i.a. to ensure that EU regulation
allows companies to enter markets more easily.

Table 1/ Summary of rail-related goals in the Transport White Paper

Triple the length of the existing high-speed rail network by 2030 so
that by 2050 the majority of medium-distance passenger transport
is by rail and high-speed rail is used more than aviation for journeys
up to 1000 km

FOR RS ENCER RAIL By 2050, connect all core network airports to the rail network,

preferably the high-speed rail network

By 2020, establish the framework for a European multimodal
transport information, management and payment system

30 % of road freight over 300 km to shift to other modes such as rail
or waterborne transport by 2030, and more than 50 % by 2050

Rail freight to almost double, adding 360 billion t-km (+ 87%)
compared with 2005

FOR FREIGHT Deploy the European Rail Traffic Management System on the
European Core Network by 2030

By 2050, connect all seaports to the rail freight system

Rail freight corridors to form the backbone of the EU freight transport
system

Halve the use of ‘conventionally fuelled’ cars in urban transport by
2030; phase them out in cities by 2050

Achieve essentially CO,-free city logistics in major urban centres by
2030

FOR URBAN MOBILITY

By 2020, establish the framework for a European multimodal
transport information, management and payment system

Reindustrialisation

The S2R Joint Undertaking (JU) also has an important role in supporting the European
Commission’s policy on reindustrialisation (°), which recognises the central importance of
industry in creating jobs and growth to recover from the recession and espouses a target
for industry to generate as much as 20 % of Europe’s gross domestic product by 2020. By
leveraging technical innovation and transforming its performance, S2R will enable the rail
sector to be a key contributor to this enhanced European industrial competitiveness.

The Single European Rail Area
As indicated in the S2R Master Plan, the 2011 Transport White Paper points out that the
creation of a Single European Rail Area (SERA) will be crucial to achieving a modal shift from

road towards more sustainable modes of transport such as rail. In fact, this could serve to
dramatically cut the costs of running passenger and freight trains by providing a common

(®) For a European Industrial Renaissance, COM(2014) 14 final, Brussels, 22.1.2014.
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framework of rules and regulations for rail operators in the Member States. While urban rail
is excluded from the scope of the SERA, this goal remains as relevant today as it was in 2011
for all rail systems.

Since the adoption of the 2011 White Paper, a lot of progress has been made towards the
goal of creating the SERA. The agreement on the ‘rail recast’ ('°) considerably changed the
way the rail market works, stimulating investment, improving market access conditions and
strengthening the role of national rail regulators.

The recast also paved the way for the various major proposals that together form the fourth
railway package, without which the European single market cannot be complete. This set
of legislation, adopted in 2016 ("), aims to remove remaining administrative, technical, and
regulatory obstacles holding back the rail sector in terms of market opening, competitiveness
and interoperability.

These issues are being addressed through initiatives in three main domains:

* domestic passenger market opening - opening domestic rail passenger markets to
competition, including open access lines and routes on which public service obligations
have been imposed;

* infrastructure governance - ensuring that infrastructure managers perform a consistent
set of functions that optimises the use of infrastructure capacity and that the
organisation of infrastructure governance guarantees non-discriminatory access to rail
infrastructure and rail-related services;

* interoperability and safety - removing remaining administrative and technical barriers,
in particular by establishing a common approach to safety and interoperability rules to
decrease administrative costs, to accelerate procedures, to increase economies of scale
for railway undertakings and to avoid disguised discrimination.

Full implementation of this package should allow very large savings on both administrative
and running costs for train manufacturers, operators and national regulators, while also
helping new entrants into the marketplace, thereby enhancing the quality and efficiency of
rail services.

In addition, the fourth railway package anticipates S2R’s contribution to ‘developing rail as
a transport mode by promoting step-change innovations for passenger rolling stock, freight
transport, traffic management systems and rail infrastructure’.

About the Multi Annual Action Plan

This document (Part A) provides an executive view of the updated Multi-Annual Action Plan
(MAAP), clarifyingthe S2R visionandits contributionto delivering EU societal goals;itidentifies
the associated set of 12 new capabilities that S2R will help the railway to develop and bring
to market. It describes the S2R Programme as a whole, summarising its purpose, structure,
methodology and content, and focusing on the series of intermediate steps by which it will
bring about a radically improved railway system (urban/suburban, regional and high-speed
passenger rail, freight), shaping the future mobility of people and business. These steps will
be taken through the development and implementation of the R&l activities included in the

('9) Directive 2012/34/EU of the European Parliament and of the Council of 21 November 2012 establishing
a Single European Railway Area (recast). OJ L 343,14.12.2012, p. 32-77.

(M The ‘technical pillar’ was adopted by the European Parliament and the Council in April 2016 and the ‘market
pillar in December 2016. For more information, please refer to the European Commission’s web page ‘Fourth
railway package of 2016’ (https://ec.europa.eu/transport/modes/rail/packages/2013_en).


https://ec.europa.eu/transport/modes/rail/packages/2013_en

MAAP, while exploiting new technologies and following a Europe-wide system-of-systems
approach that is novel for the sector.

Part A links the S2R Master Plan (%) and the MAAP as shown in Figure 4.

Annual Work Plans

A 5hift2Rail

R&l Projects
Part A explains how the MAAP and its detailed activities (as set out in Part B), within the
framework of the original S2R Master Plan, are designed to deliver the vision of a radically

improved railway system. It also explains the opportunities that this could bring for the
railway industry and for society as a whole.

Master Plan

Figure 4 / The Shift2Rail framework

The innovation capability delivery strategy and associated implementation plan require
full cooperation between all stakeholders to prioritise and align efforts and resources. The
fundamental rationale behind this process is illustrated in Figure 5.

WHAT & WHY

HOW

linking the goals with

the specific R&l programmes

portfolio
program

Shift2Rail pro

Solutions cat:

Figure 5 / Vision and strategy structuring principles

(') Approved by the S2R JU Governing Board on 24.9.2015 and endorsed by the Council on 10.2.2015 (Decision
No 4/2015 on the adoption of Shift2Rail Master Plan).
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2. Challenges and opportunltles

Key challenges for the European rail sector

The S2R Master Planidentifies eight key challenges faced by the Europeanrail sector (Figure 6)

If not addressed, these challenges will have an adverse effect on the continuous development
of rail as a competitive transport mode and on the European rail manufacturing industry’s
competitiveness in the global market. However, they also offer a unique set of opportunities

2.1.

for the sector to expand and reaffirm its role.

Key challenges of 5

the European rail sector

nfrastructure

Figure 6 / Eight key challenges faced by the European rail sector
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2.2.

Key opportunities for the European rail sector
The rail sector already has a range of advantageous characteristics that set it apart from
its competitors, for instance its ability to provide mass transit, journey comfort, safety,

sustainable land use, a low carbon footprint and energy efficiency.

If the rail sector addresses the challenges identified above, it will open up three areas of
opportunity (Figure 7):

‘I to become the backbone of mobility as a service and on-demand future logistics;
2 to identify and establish new market segments for exploitation;

3 to enhance the overall competitiveness of the sector, both in Europe and globally.

OPPORTUNITY 01
d lc

Key opportunities
for the European
rail sector

OPPORTUNITY 03

Figure 7 / Main opportunity clusters for the European rail sector

Opportunity O1: passenger and logistics core provider for mobility services

Digitalisation and the rapid development of new technologies are unlocking a radically
different approach to mobility, superseding modally based structures and facilitating the
provision of seamless travel, with mobile devices as the interface. This creates an opportunity
to capitalise on the strengths of the railway, such as mass transit capacity, comfort and high
energy efficiency, by integrating it with services covering the first and last miles to offer door-
to-door mobility for people and goods. The digitalisation process also creates an opportunity
to achieve transformative integration of the subsystems that make up the railway.

This opportunity calls for tackling the challenge of completing the integration process and
specifically establishing the set of rules and instruments needed to achieve the efficient,
integrated operation of a single shared European rail system, allowing urban, regional and
national systems to become part of a broader European mobility system with all the benefits
that this brings.
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Opportunity 02: establishment of new markets

Digitalisation, new technologies, innovation and a need to increase efficiency at all levels
create an opportunity for the railway to exploit its assets and strengths to open new markets
and services. This could produce unique opportunities to exploit underused capacity and
network branches (e.g. closed or low-traffic regional lines) in new ways. This is also linked to
diminishing societal support for large transport infrastructure projects, given the high levels
of investment required and the dominance of the cost-benefit assessment approach in public
office, which tends to overlook the many advantages offered by modes of transport such as
rail. This is particularly relevant in the freight and high-speed segments.

Opportunity 03: competitiveness

The opportunities that the digitalisation process and rapid technological innovation and
deployment bring can significantly enhance competitiveness in various key areas, such as
products and systems solutions, skills, cost optimisation, improved manufacturing, new
markets, and boosted productivity and performance.

Similarly, a more competitive rail system can also contribute to increasing the competitiveness
of the European economy by facilitating higher productivity rates, translating into jobs and
improved prosperity prospects for Europe’s regions and citizens.

Through the S2R R&l programme, the European rail supply industry can create new business
opportunities that:

+ contribute to macroeconomic benefits such as
/ gains in employment quantity and quality,
/ improved productivity and
/ increased net exports;

* address and correct existing inefficiencies such as
/ low levels of collaboration between stakeholders,
/ lack of a true Europe-wide systems approach,
/ lack of investment in high-risk research and

/ difficulty of introducing new solutions, as they are tested only in service, in specific and
willing clients’ projects.

Improved competitiveness through
a skills development approach
creates an opportunity to engage
with diverse young citizens



Improved competitiveness through a skills development approach creates an opportunity
to engage with diverse young citizens and to attract them to the industry through the
development of appealing, interesting and fulfilling engineering education programmes
supported by stakeholders (e.g. sponsorship and apprenticeship schemes). In addition,
educational training opportunities for the existing workforce can enable the development
of the necessary skills to adapt to the fast-paced and complex technological changes in the
sector.

Furthermore, the already advanced global standing and reputation of the European sector
offers the opportunity to export the European model and vision to other markets. Similarly,
a competitive and skilled European sector can transfer its knowledge to other sectors and
benefit from them (e.g. in relation to automation and electrification of roads).

Rail’s inherent characteristics and advantages, at the core of its competitiveness, provide
a unique opportunity to meet the global demand for increased sustainability, particularly
in the context of rising demographic challenges and fast urbanisation. To achieve all the
potential that this opportunity brings, a strategy is needed that enhances performance
through innovation in environmental aspects, safety and efficiency.
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The S2R vision

To deliver through railway research
and innovation the capabilities to bring
apout the most sustainable, cost-
efficient, high-performing, time-driven,
digital and competitive customer-
driven transport mode for Europe

Key features of this vision are set out below, highlighting the characteristics of customer-
driven rail transport.

‘I It is available seven days a week and is reliable, resilient, safe and sustainable.

A whole-system approach across the industry fosters innovation and attracts the best
talent. Entrepreneurs and innovators have the right conditions to develop new products
and services.

Network capacity is optimised to meet all requirements for passengers and freight.
Intelligent maintenance increases train and track availability and reduces disruption
and delays. World-class asset management is aligned across the industry to improve
performance, lower costs and reduce business risks.
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Flexible, real-time intelligent traffic management and in-cab signalling reduce
headway and decrease traction energy consumption. Control centres know the precise
location, speed, braking and load of every train on the network to optimise operational
performance and keep passengers informed.

Carbon emissions are minimised by widespread electrification of the network and
sustainable, energy-efficient solutions for the remaining non-electrified routes. Energy
recovery systems in rolling stock and alternative fuels allow lower cost trains that run on
and of the electrified network. Sustainable Development Principles are embedded in
the design, construction and operation of infrastructure and rolling stock assets and the
railway is resilient to climate change.

The industry is increasingly cost-effective as more efficiencies are introduced.
Unplanned maintenance and damage to track and train are minimised through enhanced
industry-wide condition monitoring. Generic designs for buildings and rolling stock
interfaces are used instead of costly bespoke solutions to simplify expansion, upgrades
and replacements.

Operational and customer communications are supported by equipment that can be
updated with plug-and-play fitments. Rail services are integrated with other transport
modes so that passengers have seamless door-to-door journeys.

Station information systems and personalised messaging offer passengers all the
relevant information to travel easily and reliably to their destinations. Passenger-
friendly stations eliminate the need for queues or physical barriers. Revenue collection
and security are based on electronic systems.

An extensive high-capability strategic freight network with increased route availability
provides freight customers with flexible and timely responses to their operational and
planning requests.

Central to this vision is putting the customer in charge. This is an opportunity to deliver to
European citizens the benefits of disruptive change, from today’s railway transport, operations
and capabilities to a user-centric railway system that excels itself.

The S2R Partnership, reflecting the rail sector’s good understanding of its customers’
bespoke requirements (®), is working towards delivering the major part of a mobility system
that combines and integrates the best of all transport modes to provide optimal services for
people and goods.

Rail, already central to the market segments it serves, will become further integrated into this
mobility system, thereby contributing more than the benefits it provides on a stand-alone
basis - such as mass transit, transport of heavy loads and efficient use of space.

Addressing key societal trends

S2R is being established within the context of a Europe experiencing important societal and
other key changes. Of these ‘megatrends’, those identified by the European Environment
Agency (EEA) as most affecting the railway are digitalisation, urbanisation and aspects of
climate change (). Another key societal trend in Europe is the increasing average age of the
population. The S2R vision therefore considers these and responds to them.

() The S2R Partnership includes the different S2R advisory bodies and working groups.

(%) EEA, ‘Assessment of global megatrends - an update’, February 2017. The 11 megatrends identified by the EEA
are social, technological, economic, environmental and political, with digitalisation, urbanisation and climate
change being the main megatrends directly affecting the railway.


https://www.eea.europa.eu/themes/sustainability-transitions/global-megatrends/global-megatends

Digitalisation

Arguably, the single greatest societal impact of recent decades has been the transformation
wrought by digital technology. Digital connectivity is changing the game and its continued
development has expanded the demand for mobility. Users’ imaginations have been set
free and social and economic activity boosted, leading to increased demand for travel and
distribution. S2R will harness the capabilities of the digital revolution to provide a transformed
mobility system, in its design, delivery and availability to all users. This approach is not about
digitalisation of current processes and procedures; rather, industry, businesses and the
railway system will take the opportunity to look at how digitalisation applies to all steps of the
value chain, rethinking and re-engineering business models to capture the full advantages of
the present and future digital revolution. As the approach to connectivity, automation and
digitalisation in the railway is part of the wider EU strategy, the key is not the development of
aseparate model but a clear S2R plan to implement that strategy through research, innovation
and system architecture definition.

Urbanisation

For a long time, there has been movement in Europe away from rural areas to cities for both
work and permanent residence. This continuing trend has already seen a tipping point in
mobility requirements, with new phenomena emerging, such as the reduction in private car
ownership in favour of other arrangements (e.g. leasing, car sharing), irregular, 24-hour living
patterns, and readily available information and services, anywhere, any time. S2R’s vision is
to putin place a truly connected and permanently available mobility offer, meeting the needs
of people and business. The railway already has a unique advantage through its capacity to
move very large numbers of people, and it is able to provide tangible benefits to alleviate
urbanisation challenges. S2R aims to build on this advantage by increasing the capacity of
the system and enhancing integration with other modes of transport, leading to attractive
end-to-end journey provision.

Climate change and the environment

Currently, the railway has a good environmental performance, making only a marginal
contribution to transport’s overall share of greenhouse gas emissions; however, as agreed at
global level, further improvement is needed in line with the COP21 targets (*). Noise emission
also remains one of the key challenges that the railway system must address.

The S2R vision is to provide, by adopting a systems approach to managing the entire value
chain, mobility with zero harm to the environment, building on the railway’s existing strong
track record in this area. The aim is to achieve a railway producing no carbon, no emissions,
no noise.

Greater uptake by European citizens in their daily journeys of an available, high-performing
and attractive renewed rail offer will automatically and significantly contribute to the EU
Member States’ achievement of COP21 targets.

Ageing population

The population of Europe is increasing overall. The figures differ between regions, but
almost everywhere the average age of citizens is increasing, as are the numbers of people
with a physical impairment to their mobility. Through its R&l programme, the S2R JU aims to
provide easy access to the rail system to ensure mobility for everyone, including those who
have historically found it difficult to use transport systems. This will provide freedom for all
people to participate to the full in social and economic life, whatever their age or capabilities.

> The annual Conference of Parties (COP) reviews the implementation of the UN Framework Convention on
Climate Change (UNFCCC). COP21 was the 21st event since Berlin 1995 and it took place in Paris in December
2015.
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In addition, reliance on the use of technology as a means of delivering mobility needs to
be addressed, and information should be provided to passengers whether or not they have
access to and the ability to use personal smart devices.

The need for radical transformation

In the light of these megatrends, existing models of transport provision in Europe are under
severe pressure; they need a paradigm shift to meet evolving user requirements. For instance,
infrastructure designed to provide a much lower level of capacity than that required for
current demand is becoming a common barrier across all modes of transport, and may lead
to poor service quality. This risks further restricting the economic development of European
regions and Europe as a whole, creating a significant cost burden for businesses and the
distribution chain, reducing competitiveness in world markets and, as a result, failing to meet
users’ expectations. Fundamental change to the models, based on innovative technical and
operational solutions, is needed to address these challenges and specifically to create user-
centric affordable mobility as a se rvice that underpins all aspects of life.

Different solutions are already coming to the market. Variations in the importance attributed
to the value of time results in different mobility systems being proposed and made use of. For
example, this can be seenin the use of long-range, low-cost but time-consuming bus services
that meet the expectations of some categories of passenger. On the other hand, the use of
the train as an office space answers the needs of those passengers who value the journey as
important time to be used for work.

Some transformational technologies are already being developed, capturing the public
interest and imagination, for example autonomous road vehicles. In the railway context,
some such applications have been in place for a long time, albeit mostly unnoticed by the
public: there is autonomous train operation in almost 40 % of the metro systems worldwide.
However, there is a need to develop and implement more widespread and more sophisticated
applications for mainline operation.

In a context where current mobility models and paradigms are in a state of flux, S2R will
provide new rail-based capabilities that leverage the rail sector’s unique features, combining
and integrating them with those of other modes of transport to serve customers’ mobility
needs.

Customer-focused mobility

So, what might this changed system look like? There follows a description of the rail system of
the future using the products originating from the S2R programme.



From a user perspective, there is confidence that, whenever someone wants
to go from A to B or goods need to be delivered, it will be easy to obtain

a service as soon as it is needed and to travel in comfort, securely and quickly,
without needing to own or operate the vehicle - and at an affordable price.
The customer wants to receive the best possible service, and his or her time
is precious. The customer needs to be assured that all is going well and to

be able to respecify the journey (e.g. the destination) should circumstances
demand. He or she is not very concerned about the technical arrangements
underpinning the service but may have a preference for certain service
providers or sets of services within a competitive market. Those services
conform to standards allowing system-wide interoperability, to minimise
system costs while maximising their performance. Automated transits provide
origin collection/destination delivery, and this is combined with a rail-based
core land transport network and links to air and sea. The network allows

the operation of automated, intelligent trains that respond dynamically to
customer demand. Splitting and joining on the move provides maximum
operational flexibility to meet customers’ needs while maximising network
utilisation. This results in much greater effective capacity than hitherto, based
on trains running closer together, safely, so that the customer does not suffer
as a result of traffic congestion, and journey durations are predictable and
quick. Digital connectivity allows users to do everything they can do at home
or in the office and links to other services for example on the train or at the
destination. In fact, the train can become an office - or even a playground.

For logistics and distribution, too, the experience is transformed, with an end
to long queues of vehicles in traffic jams, currently a regular feature near
towns, ports and motorways and in bad weather. The new logistics, with next
generation rail at their heart, allow always-on-time delivery, security of supply,
lower levels of inventory and therefore lower system costs. The customer’s
choice of train as the key mode of transport contributes to breaking down
barriers between the multiple modes needed to deliver goods. This is realised
through synchronisation of train movements on the network and of trains
with the road mode in pre- and post-haulage, improved real-time information
to customers and better data exchange between parties involved in the
intermodal transport chain.

Realising this vision of the future railway will depend on delivering the S2R programme.



4. A catalogue of rallway mnovatlon capabllltles
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To take advantage of these opportunities and to realise the vision, the railway needs to put
in place a range of new innovation capabilities. These will enable it to produce value-adding
products and services. As an example, the capability to run trains much closer together would
allow a dramatic increase in service frequency and network capacity, with higher system
utilisation and related revenue adding significant value to railway businesses.

A catalogue of 12 innovation capabilities ('®) (Figure 8), described below, has digitalisation
and automation at its core. These capabilities include one that is non-technical, yet vital for
the others - focused on delivering the process of innovation itself - a capability to accelerate,
develop, accept and deploy innovative products and services. For each of these capabilities,
a set of necessary intermediate competences and technological advances (sub-capabilities)
is described.

i
;
e
(&)

Figure 8 / 12 capabilities required for the realisation of the Shift2Rail vision

(%) These capabilities have been developed in coordination with the International Union of Railways Research
and Innovation Coordination Group.



Capability 1_Automated train operation

Trains are able to operate themselves and run closer together based on an automated train
operation system, boosting capacity significantly on existing lines. Autonomous and remote
controls ensure safe operation. Rail operations are partly or fully automated.

T1A_ Automated (passenger and freight) trains run closer together with increased flexibility.
1B_ Passenger and freight train preparation processes are automated.

1C_ Vehicles split and join on the move. New operational approaches (e.g. virtual coupling,
convoying, reduced headway, communication connections between trains/units) are
employed.

1D_ Self-propelled automated/autonomous single units guide themselves through the system.

Capability 2_Mobility as a service

Customer demand-driven services lead the railway to provide excellent service within the
overall mobility chain. Connections between rail and the other modes are seamless, making
mode interchange as simple and as efficient as possible. Information is permanently available
to make travel safe and efficient along the travel chain, including at stations. All customers
and potential customers are connected to mobility services.

2A_ Tailored guidance on the best use of available transport services is provided so that each
customer receives a personalised service.

2B_Every journey is provided intelligently and seamlessly, with rail physically integrated with
other modes.

2C_ Continuous flow of information facilitates the journey, making connections between the
different modes seamless.

2D_ Electronic ticketing and payment are the norm.

2E_ Superior passenger experience and comfort are key advantages of rail over other
transport modes.

Capability 3_Logistics on demand

Logistics services are driven by customer demand, with freight moved reliably in wagons
designed to carry various loads. Better planning, tracking and shipment information
capabilities combine to offer customers flexibility and capacity at reasonable, attractive
prices. The rail system is fully integrated with the multimodal logistics chain.

3A_ Planning and scheduling are synchronised in real time with customer demand.

3B_ Flexible, interchangeable, multipurpose and smart freight transport units increase
handling flexibility and unit utilisation.

3C_ Shipments are moved effectively, efficiently, safely and securely through the physical
internet logistics chain.

3D_ Freight trains are able to integrate within high-intensity passenger operations.

3E_ Automated yards, intermodal hubs, ports and cross-modal interchange locations connect
the rail system into the multimodal logistics chain.

Capability 4_More value from data

To deliver on all the capabilities, rail manages a growing volume of data contributing to the
data economy. Collection, analysis, interpretation and prediction are automated to provide
consistent, up-to-date information supporting fast, well-informed decisions and business
benefits. This is achieved through a robust, resilient and secure information architecture and
governance structure. Taking into account data privacy management, relevant information is
shared across the industry and more widely, enabling the development of new services and
applications to the benefit of the railway and its customers.

4A_ Secure, robust, scalable and resilient open architecture and protocols allow full
interoperability



4B_ The internet of things (IoT) and artificial intelligence (Al) provide efficient capture,
storage, management and interpretation of data.

4C_ The customer and the rail system communicate intelligently with each other.

4D_ Railway businesses exploit new data-driven revenue streams.

4E_ Big data analytics enable a range of new and improved services to be developed.
State-of-the-art cybersecurity ensures reliable and secure information and communications
technology services, protection of the rail system and business continuity in the event of an
incident.

Capability 5_Optimum energy use

Railways maintain their position as the most environmentally friendly mode of transport by
decreasing energy consumption. This is achieved, together with lowered operating costs,
through the use of an intelligent energy management system. The introduction of new
technologies and methods as supporting tools enables reduced and optimised demand-led
energy use and energy efficiency.

5A_ Alternative propulsion concepts such as fuel cells are introduced. Hybrid-power trains
can run over non-electrified track sections. Discontinuous electrification at stations and on
branch lines dramatically reduces the capital costs of extending electrification.

5B_ Automated train operation improves energy efficiency.

5C_ Optimised on-board and line-side energy storage and charging technologies (e.g.
dynamic wireless power transfer) allow the railway to redistribute energy throughout the
system according to supply and demand.

5D_ A high proportion of energy is recovered through regenerative braking, and small-scale
energy generation and harvesting technologies feed energy-efficient trackside systems.
S5E_ A fully integrated systems approach to intelligent energy supply maximises renewable
energy generation and the use of smart grids, including those outside the railway system,
through links with the wider energy supply sector.

Capability 6_Service timed to the second

Situational awareness, where each train’s location and speed is known at all times and in real
time, supports service operation timed to the second. This results in increased and enhanced
operational flexibility and contributes to a more robust, resilient and reliable service, as well
as faster recovery from service disruption.

6A_ Automated vehicle identification and monitoring is the basis of precise service operation.
6B_ Smart traffic management ensures that every train is in the right place and travelling at
the right speed.

6C_ Automated dynamic timetables are facilitated. Automated recovery from disruption (a
‘self-healing’ process) quickly restores normal service.

Capability 7_Low-cost railway

New models to deliver efficient and affordable infrastructure, rolling stock and railway
operation allow the rail mode to be viable in areas of low demand and to compete for new
transport links. Design, service solutions and technologies draw inspiration from other sectors
such as the light rail, automotive and aviation sectors.

7A_ A low-cost, affordable rail system supports the rural economy. This is supported by the
application of tailored standards.

7B_ A simplified control-command system appropriate for low-intensity operation is used,
allowing various degrees of autonomy.

7C_ The use of lightweight materials for rolling stock reduces maintenance costs and energy
consumption.

7D_ A whole-life operating cost approach balances the use of low-cost technical assets and
good-value service.
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7E_ European simplified train certification processes and validation techniques reduce time
taken for and the cost of product deliveries and subsequent modifications.

Capability 8_Guaranteed asset health and availability

Optimised maintenance keeps the railway continuously open, fostering minimal disruption
to train services. Shared real-time monitoring of asset health by a wide array of sensors
connected togetherinan loT environment feeds the predictive maintenance decision-making
process. Asset health and availability is further improved by machine-learning, Al and big
data analytics. Robust modular units and infrastructure are easily maintained and repaired
through a robotic automated system, making the operation punctual, safe and quick.

8A_TheloT enablesreal-time monitoring through connected sensors (ground/air/embedded).
8B_ Al supports predictive maintenance decision-making to reduce manual interventions on
infrastructure and rolling stock.

8C_ Greater use of robotics, modularity and automation simplifies maintenance and reduces
the number of components.

8D_ Remote maintenance of trains and infrastructure allows operations to continue
uninterrupted.

8E_ Performance-based service specifications encourage a diverse supply chain.

Capability 9_Intelligent trains

Intelligent trains are aware of themselves, their passengers/loads and their surroundings,
knowing where they need to be and when, and able to automatically adjust journeys to meet
demand. Inaddition, they intelligently feed information oninfrastructure to support preventive
maintenance. A network of fully intelligent trains can be self-regulating, negotiating vehicle to
vehicle to decide on movement authorities and resolve potential conflicts at junctions in the
network and to react to unexpected situations. The trains are also aware of and able to take
account of the status of other transport modes.

9A_ Autonomous trains can monitor and regulate themselves.

9B_ Communication is possible between trains, between train and infrastructure, and
between train and passenger/freight customers.

9C_ Trains feature advanced mechatronics, reducing dependence on wheel conicity and
permitting simplified running gear design.

9D_ In-train signalling capability is used to resolve conflicts at junctions and stations.

Capability 10_Stations and smart city mobility

Rail is the backbone of urban mobility, with stations at the heart of smart cities, being places
to work, live, meet and communicate, where individual transport modes, including public
transport and long-distance rail transport, are physically connected. New station designs
provide easy access and seamless interchange between transport modes, enabling railways
to manage growing passenger volumes and mobility demands.

T10A_ Railways are a core part of smart city mobility management systems and city fulfilment
and delivery services. Stations are key to smart city governance structures and development
plans.

10B_ Railways are connected to smart city mobility platforms for a seamless end-to-end
journey within and beyond the city.

10C_ New designs for infrastructure and rail vehicles provide easy access and interchange
between transport modes.

10D_ Flow management systems guide customers safely and efficiently through stations and
to and from adjacent transport hubs and city infrastructures, using dynamic way finding,
barrier-free access and multisensory information systems.

10E_ Platform management systems help passengers position themselves for their train and
facilitate efficient boarding.
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10F_ Security and revenue protection at stations and interchanges are based on electronic
gates using smart wireless technologies, ticket detection systems and biometrics.

Capability 11_Environmental and social sustainability

Railways continue to deliver sustainable transport solutions as overall travel demand
intensifies. Rail makes an increased contribution to the transport economic mix, decoupling
environmental harm from transport growth. Railways are able to operate with minimal
environmental impact and with a low carbon footprint. Inclusive and easy access is available
for all citizens to railway facilities, products and services.

T1A_ The adoption of circular economy principles enables the railway to move towards zero-
waste operation.

T11B_ Sustainable and ethical procurement and production reduces the carbon footprint of the
railway, with a whole-life approach and a focus on inputs to the system, recycling, transport
of materials, renewable energy, operations and disposals.

11C_ A climate change adaptive approach mitigates the impact of climate change on the
railway.

11D_ Green technologies enable the railway to operate exhaust emissions free and with low
noise and vibration levels.

TE_ Information and accessible facilities put the railway within the reach of citizens as an
inclusive, affordable and accessible transport system.

Capability 12_Rapid and reliable R&I delivery

An ecosystem for R&I, based on effective collaboration, the provision of greater technology
demonstration capability and the rapid integration of technology into the railways, removes
barriers to the adoption of new technologies and decreases time to market.

12A_ An R&l ecosystem with centres of excellence fosters a high rate of participation in
knowledge networks, opening up new forms of collaboration, facilitating technology transfer
from other industry sectors and keeping railway skill sets fresh.

12B_ The sector has a strong commercial focus and awareness of the maturity levels of new
technologies. There is a well-coordinated and fast decision-making process, reducing time to
market.

12C_ Virtual testing and efficient implementation processes speed up production and
deployment of new products. There is close cooperation within the sector on standardisation
and testing. Component-driven development and modularised products are key elements of
rapid deployment of innovation to the market. Railways have a permanent focus on disruptive
technologies, using their challenges to increase their innovation capabilities and speed.
12D_ Agile development approaches, labs, hackathons and early involvement of customers
are elements of customer-centric innovation. Open labs invite end users/customers to be part
of the innovation process.



SZR roadmap to deliver
the innovation capabi__lities

Developing these capabilities will require a coordinated effort to drive innovation at all levels.
S2R is designed to make a decisive contribution to delivering the essential knowledge that will
provide the building blocks for such capabilities.

As indicated in the S2R Master Plan, the work conducted within the S2R Programme is
structured around five asset-specific Innovation Programmes (IPs), covering all the different
structural (technical) and functional (process) subsystems of the rail system. These five
IPs are supported by work on five cross-cutting activities (CCA) covering themes that are
relevant to each of the programmes and which address the interactions between the IPs and
the different subsystems. This overall programme structure is shown in Figure 9.

long-term needs and
socio-economic research

smart materials and
processes

system integration,
safety and interoperability

energy and
sustainability

human capital

Figure 9 / Shift2Rail overall structure

S2R addresses the IPs and CCA by funding R&! activities that range from fundamental
research (technology readiness level (TRL) O to 3), through applied research (TRL 3 to 5)
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to demonstration activities (TRL 5 to 7), i.e. from exploring ideas through technological
and operational developments demonstrated at laboratory level to system prototype
demonstrations in operational environments. The following existing and established market
segments are being considered:

* high-speed passenger rail;

* regional passenger rail;

« urban/suburban passenger rail;

* rail freight.

S2R Members are also required to conduct additional activities to leverage the effect of the
R&l activities undertaken. These additional activities are not eligible for financial support from

S2R and are not included in this MAAP, but they contribute directly to the broader objectives
set out in the S2R Master Plan.

The Shift2Rail research and innovation structure

Demonstration activities are a priority within S2R, as they enable the rail sector to:
* visualise and test the transformations that are being created;

* quantify the impact of each new technology, either alone or in combination with other
innovations;

* provide a first estimate of the potential for improvement in the sector at multiple levels of
the transport network (regional, national and EU);

* enhance the perceived innovation potential of the sector and revitalise the industry by
attracting the next generation of top graduates from universities across Europe.

The demonstration of technical achievements, up to TRL 7, is being based on the threefold
architecture presented in Figure 10, namely technology demonstrators (TDs), integrated
technology demonstrators (ITDs) and system platform demonstrators (SPDs).

Technology Demonstrator (TDs)
Projects specifying, developing and
demonstrating a specific technology
resulting in a lab tested and/or
simulated prototype

Integrated Technology Demonstrators (ITDs)
Projects integrating/combining TD prototypes at system level
(lab and on-site) and testing performance

System Platform Demonstrators (SPDs)
Assessment of the whole systems performance
based on the results of TDs and ITDs. SPDs bring
S2R innovative solutions to a technology maturity
level for a new generation of railway system

Figure 10 / Structure of Shift2Rail demonstrators



Technology demonstrators

TDs focus on the development or adoption of innovative technologies and models within the
rail subsystems identified in the IPs. They are designed to enable groundbreaking progress
in key areas such as traction, automated train operation, and intelligent diagnosis and
maintenance systems, all linked to the capabilities discussed in Section 4. The innovations
developed may consist of software and/or hardware systems.

Before being combined into ITDs, each TD is tested in one or more prototypes to assess the
individual performance of the technologies developed, and, where possible, demonstrate
conformity with the technical requirements that apply to the product developed. These
tests can be performed in labs or existing trains, and are differentiated if different business
segments are targeted.

Integrated technology demonstrators

ITDs allow the testing of combinations of components and subsystems already verified and
validated in TDs; they will contribute to establishing the innovation capabilities. Their aim
is to demonstrate the innovation potential of the components in different subsystems and
systems, taking into account functional and operational specifications and the technical
interfaces among the various TDs.

ITDs also enable an analysis of compliance with regulatory requirements. The validation
of technologies will be followed up with a controlled approach to future authorisation and
certification work, all of which forms part of the necessary steps towards ensuring the
capabilities identified can be deployed.

System platform demonstrators

Ultimately, S2R will carry out proof and analysis of rail systems, designs and functions on fully
representative innovative railway configurations in an integrated environment, simulating real
operational conditions.

SPDs are conceived to simulate and virtually test the interaction and impact of the various
innovative systems resulting from S2R activities in the specific environments of each of the
relevant market segments.

These SPDs are shaped by the evolving impact assessment of key transversal issues critical
for the sector, including the societal trends discussed in Section 3 of this part of the report
(e.g. an ageing population, digitalisation).

The design of the SPDs takes into account the characteristics of each market segment, its
challenges and needs, and promising market opportunities. Based on this initial assessment,
the SPDs will demonstrate how the correct aggregation of different innovations can greatly
contribute to improving the performance of the sector. This will be based on an analysis of
detailed key performance indicators on simulated models and measured against the S2R
objectives as defined in the Master Plan. In this respect, it is possible that the deliverables of
a single TD might be relevant to more than one of the different railway transport segments.
The results of one TD may therefore be demonstrated in more than one SPD if it is considered
that these results correspond to the business needs of several rail market segments.

The exact design of each SPD is part of the work to be done in the S2R JU’s System Integration
Working Group, taking into account input from the broader stakeholder community, as well as
relevant results of S2R projects (lighthouse projects, open calls and member-only projects).
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How S2R will achieve its vision

The five asset-specific IPs and the five CCAs, as seen in Figure 9, form the basis of the S2R
R&l programme and are described in detail in the S2R Master Plan (for more details, see
Section 2).

Their contribution to achieving the necessary capabilities to enable the vision to be realised is
being assessed though the completion of building blocks. A building block is understood as
acomplete and distinct enabler of one or more capabilities that is formed of (@) TD outcome(s).

BB(s) from one
or various IPs

-, “~ s ~

TD-related project(s) v W '

from single IP " BB "\ BB

£y ' LY ’

’I \‘

1

BB BB ) BB !

LY o’

Figure 11 / Building blocks (BBs) approach to capabilities

IP1_Cost-efficient and reliable trains, including high-capacity trains and high-speed trains

Figure 12 summarises the building blocks associated with the various TDs planned as part of
IP1and their related deliverables.



TD1.1 Traction

TD1.2 TCMS enablers

TD1.3 Carbodyshell

TD1.4 Running gear

TD1.5 Brakes system
enablers

TD1.6 Doors and
access system

TD1.7 Train modularity
in use

TD 1.8 Heating,
ventilation, air
conditioning and
cooling (HVAC)

Figure 12 / IP1 Building blocks (BBs) and deliverables associated with its technology

BB1.1.1 New Power Electronics

BB1.1.2 Independent wheel traction

BB1.1.3 High reliability & availability traction

BB1.1.4 Traction EMI & acoustic noise reduction
BB1.1.5 Virtual certification of traction

BB1.1.6 Standardisation of key traction components

BB1.2.1 Wireless TCMS

BB1.2.2 Drive-by-data

BB1.2.3 Functional distribution architecture
BB1.2.4 Virtual placing on the market of TCMS

BB1.3.1 Composite-hybrid carbodyshell

BB1.4.1 Bogie sensors and mechatronics
BB1.4.2 New materials for bogies

BB1.4.3 Noise and vibration

BB1.4.4 Virtual certification of bogies

BB1.5.1 Safe control & adhesion management

BB1.5.2 Efficient force generation
BB1.5.3 Authorisation process

BB1.6.1 PRM Access, Safety and Door Entry
Surveillance Solutions

BB1.6.2 Light Door and Improved Comfort
(acoustic & thermal)

BB1.7.1 Interiors modularities
BB1.7.2 Driving cabs of the future

B1.8.1 Eco-friendly HVAC

demonstrators (TDs)

Similarly, IP1technological building blocks can be mapped to the capabilities they contribute

to, as shown in Figure 13.
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D1.1_1 SiC Light and small traction
equipment AC (regional)

D1.1_2 SiC light and small traction
equipment DC (metro)

D1.1_3 High-speed IRW Traction

D1.2_1 New technology TCMS for metro
segment

D1.2_2 New technology TCMS for
regional segment

D1.3_1 Metro hybrid carbodyshell
D1.3_2 High-speed hybrid carbodyshell

D1.4_1 New instrumentarised bogies &
health status system
D1.4_2 New materials demonstrator

D1.5_1 New ECB demonstrator

D1.6_1 New entry demonstrator

D1.7_1 Interiors demonstrator

D1.7_2 Cab demonstrator

D1.8_1 Eco-friendly HVAC demonstrator
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IP2_Advanced traffic management and control systems

Figure 14 summarises the building blocks associated with the various TDs planned as part
of IP2 and their related deliverables. The building blocks and TDs shown in the figure are
those that are considered likely to make the biggest contribution to the achievement of
the capability in question. Additional IP2 TDs may have an influence on a capability but are
deemed more general. For instance, adaptable communications (TD2.1) and cybersecurity
(TD2.11) are linked to the need for communication between all systems and thus contribute in
some degree to all the capabilities.

BB2.1_1 Definition of a Multi Bearer Technology including

TD2.1 Adaptable SatCom D2.1_1 New communication system
communications for | BB2.1_2 System open to exploit the use PLMNs adaptable to the needs of the different
all Railways BB2.1_3 System resilient to the evolution and needs of the Railway market segments

signalling system

BB2.2_1 Definition of the architecture for application of
ATO (GoA2 up to GoA4)

BB2.2_2 Definition of the model for improving
punctuality and quality of service reducing energy
consumption

TD2.2 Railway
network capacity
increase (ATO up to
GoA4 - UTO)

D2.2_1 ATO (from GoA2 up to GoA4) for
different Railway market segments

D2.3_1MB Prototypes able to be applied
and customised to each Railway market
segment

BB2.3_1MB Prototypes able to be applied and
TD2.3 Moving block | customised to each railway market segment

enablers SfB|\2/|.é_2 Operational Procedures due to the application D2.3_ 2 Operational Procedures due to the
application of MB
) T . . D2.4_1 Safe Train Location based on
12?6122;3?;?9 E)Bcgiigligrl:lss application in railway for safe train GNSS and adapted to the dierent railway
(including satellite BB2.4_2 Reduction of trackside train detection systems laDgpzlllCZatIIDoer}iiR?o;ngl;lfcitesri%r:te:jistable
technology) BB2.4_3 Interoperability with ERTMS/ETCS core =

augmentation systems for railway

D2.5_1 OTIl adapted according to train
characteristics
D2.5_2 On-Board Energy generation and

BB2.5_1 Safe on-board train detection and tail position

IbZes Cnrloeie BB2.5_2 On-Board energy generation and harvesting for

Train Integrity

oTl harvesting prototypes
BB2.6_1 Definition of a dedicated system test architecture D2.6_1 Common simulation architecture for
o for lab test improving lab tests

TD216 Zei® Ol BB2.6_2 Specification of standardised method to derive D2.6_2 Common testing procedures
Testing .

and describe test cases adapted to every stage of system

BB2.6_3 Identify common test process framework development
TD2.7 Formal BB2.7_1Formal and semi-formal methods for requirement

capture, design, verification and validation, proposing
open standards

BB2.7_2 Standardisation of crucial interfaces between
parts of selected state of the art interfaces (FIS and
FFFIS).

methods and
standardisation for
smart signalling
systems

D2.7_1

D2.8_1 Complete feasibility and safety
analisys of the Virtual Coupling concept in
the railway environment

BB2.8_1 Identify feasibility and safety issues of the virtual
coupling concept
BB2.8_2 Define system, architecture and functional ratios

TD2.8 Virtually
Coupled Train Sets

(Ui BB2.8_3 Identify impact on whole railway system D28 2 Funcnonal arthtecture and railway
system impact analysis
BB2.9_1 Standardization of frameworks, data
structures, real time data management, messaging and B B
TD2.9 Traffic communication infrastructure Ssz?ligg:iltarzcstcjrl:ble and plug-and-play
Manag}ement BB2.9_2 Plug- and-Play of functional service application D2.9 2 Standard TMS workstation
Evolution modules

BB2.9_3 Standardized workstation addressing
heterogeneous working processes

BB2.10_1 Use of radio means for commanding/controlling
Object Controllers

N . . D2.10_1 Radio connected Object Controller
TD2.10 Smart radio- BB?JO_z Deﬁng a‘swtable Object Controller open to able to be distributed and installed on
radio communication

connected all-in-all trackside

wayside objects BBz.10_§ A”QW the 5|gnall|ng system t‘o direct D2.10_2 Energy generation and harvesting
communication of train to wayside object controller .
for wayside OC

BB2.10_4 Define a suitable energy generation and
harvesting system

D2.11_1 Development of a cyber security
system for railway

BB2.11_1 Definition of a security system dedicated to D2.11_2 Generic protection profiles
TD211 Cyber- railway dedicated to railways and guidelines for
Y BB2.11_2 Define and develop demonstrators based implementing security-by-design in the
security X . . .
on a methodology ensuring infrastructure, train and railway sector
communication protection D2.11_3 Build up a network for providing

common cyber security approach also in
degraded and emergency situations

Figure 14 / IP2 building blocks (BBs) and deliverables associated with IP2 technology
demonstrators (TDs)
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As an example, the matrix depicted in Figure 15 shows that achieving Capability 1 (automated
train operation) requires contribution from most of the IP2 TDs.

e TD2.2: the development of automated train operation towards a high degree of
automation acts as the basis for further enhancements, such as automated train
preparation and self-controlled trains.

* TD2.3: moving block is a fundamental operational characteristic required for any future
improvement of line capacity and the achievement of flexible services based on trains
running closer together.

» TD2.4: fail-safe train positioning, which includes Global Navigation Satellite System
(GNSS) technologies, is a key intermediate technology for any evolution towards new
train operational concepts.

* TD2.5:on-board train integrity is essential for implementing any operational system
based on train self-localisation while reducing the need for trackside train detection
systems (e.g. track circuits or axle counters).

* TD2.8: virtual coupling aims to check the real feasibility of having trains running closer
within their absolute braking distance. It is categorically the key TD to enable a move
towards a new paradigm in railway systems.

* TD2.9: the contribution of traffic management is deemed essential for further
improvements in terms of new functions as it will be needed for the application of the

new operational concepts.

* TD2.10 paves the way for the introduction of train-to-wayside direct communications as
a facilitator of a future train-centric system.

* Automation implies improvements to communications (TD2.1) and security (TD2.11).
IP3_Cost-efficient, sustainable and reliable high-capacity infrastructure

Figure 16 summarises the building blocks associated with the various TDs planned as part of
IP3 and their related deliverables.
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TD3.1 Enhanced Switch
& Crossing System
Demonstrator

TD3.2 Next Generation
Switch & Crossing
System Demonstrator

TD3.3 Optimised Track
System

TD3.4 Next Generation
Track System

TD3.5 Proactive Bridge
and Tunnel Assessment,
Repair and Upgrade
Demonstrator

TD3.6 Dynamic
Railway Information
Management System
(DRIMS) Demonstrator
TD3.7 Railway
Integrated Measuring
and Monitoring System
(RIMMS) Demonstrator

TD3.8 Intelligent Asset
Management Strategies
(IAMS)

TD3.9 Smart Power
Supply Demonstrator

TD3.10 Smart Metering
for Railway Distributed
Energy Resource
Management System
Demonstrator

TD3.11 Future Stations
Demonstrator

BB3.1.1 Enhanced S&C whole system
modelling, simulation and design

BB3.1.2 Enhanced S&C design incl. materials
and components

BB3.1.3 Enhanced control, monitoring and
sensors systems

BB3.2_1 Enhanced materials for optimised
asset lifecycle costs

BB3.2_2 Intelligent self-diagnostics systems
with embedded RCM

BB3.2_3 Nano-technologies for self-healing/
lubricating materials

BB3.2_4 Alternative vehicle guidance
techniques

BB3.3_1 Improved efficiency of product
development, virtual testing and certification
BB3.3_2 Detailed understanding and
qualification of track deterioration

BB3.3_3 Enhanced maintenance
technologies and methods

BB3.3_4 Tailored materials and solutions for
track components

BB3.4_1 Predictive models integrated with
measured operational data

BB3.4_2 Seamlessly integrated monitoring
concepts

BB3.4_3 Large scale introduction of
optimised and sustainable materials
BB3.4_4 High performance noise and
vibration isolation systems

BB3.5_1 Enhanced bridge and tunnel
inspection, and improvements

BB3.5_2 Enhanced tunnel repair to extend
extended life at reduced costs

BB3.5_3 Prolonged bridge service life
BB3.5_4 Bridge dynamics

BB3.6_1DRIMS IT architecture
BB3.6_2 DRIMS data mining and analytics

BB3.7_1 RIMMS tracks

BB3.7_2 RIMMS switches & crossings
BB3.7_3 RIMMS signalling

BB3.7_4 RIMMS operations

BB3.8_1Risk and asset management based
strategy

BB3.8_2 Decision support tools

BB3.8_3 Clever and smart maintenance
BB3.8_4 Work methods and automated tools

BB3.9_1Smart control and protection system
BB3.9_2 Virtual demonstration of smart
50Hz substation

BB3.10_1 Smart Electrical Monitoring

BB3.11_1 Crowd management in high capacity
stations

BB3.11_2 Improved station designs and
components

BB3.11_3 Improved accessibility to train-
platform interface

BB3.11_4 Safety management in public areas

D3.1_1 On-track full scale test and
assessment of S&C system and sub-system
improvements

D3.2_1Small scale prototype and virtual
testing

D3.2_2 Full scale prototype and virtual
testing

D3.3_1Implementation of optimised track
system demonstrators

D3.4_1 Implementation of next generation
track system demonstrators

D3.5_1 Prolonged service life of bridges
and tunnels with reduced need for traffic
disrruption

D3.5_2 New approaches for bridge
dynamics design methods

D3.6_1 DRIMS demonstrator

D3.7_1 RIMMS demonstrator

D3.8_11AMS demonstrator

D3.9_1Smart power supply demonstrator

D3.10_1 Smart metering for railway
distributed energy resource management
system demonstrator

D3.11_1 Large scale experiment Liverpool
st. station

D3.11_2 Improved small stations
demonstrator

D3.11_3 New approaches for platform-train
interface design methods

D3.11_4 Technical manual of options and
associated benefits/limitations for safety
management

Figure 16 / IP3 building blocks (BBs) and deliverables associated with IP3 technology
demonstrators (TDs)

These IP3 technological building blocks can be mapped to the capabilities they contribute to,
as shown in Figure 17.
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IP4_IT solutions for attractive railway services

The building blocks associated with the various TDs planned as part of IP4 and their related
deliverables are summarised in Figure 18.

BB4.1_1 Reference Ontologies and resolvers

TD4.1 BB4.1_2 Services registry
Interoperability BB4.1_3 Converter Tools D4.1_1 Package resolvers
framework BB4.1_4 Semantic discovery, query, aggregation

Engines

BB4.2_1 Travel shopping orchestrator
BB4.2_2 Meta-Travel solution constructor
BB4.2_3 Travel expert managers

D2 T TiEREl BB4.4_1 Collection of static data

D4.2_1 Integration of multi-modal

shopping BB4.4_2 Collection of dynamic-data shopping BBs

BB4.4_3 Real-time event processing

BB4.6_1 Data management

BB4.3 _1 Orchestration of ticketing mechanisms for

multi-modal journeys
TD4.3 Booking & | BB4.3 _2 Operations of ticketing back-office D4.3_1 Integration of multi-modal
ticketing including lifecycle of parameters booking and ticketing BBs

BB4.3 _3 Validation of entitlements ( e.g. card-

centric, EMV)

. BB4.1_1 Collection of static-data . . .
;ri(?lja'f";mp BB4.4_2 Collection of dynamic-data Eqi’jéggﬁzrggzn of trip-tracking
9 BB4.4_3 Real-time event processing

BB4.5_1 Secured-cloud based platform (e.g.

preferences) D4.5_1 Integration of travel companion
R4S Tr.avel BB4.5 _2 Interaction through smart devices BBs
companion

BB4.5 _3 Geo-navigation functions
BB4.5 _4 Device tapping functions

T EUSnEss BB4.6_1 Data management D4.6_1 Integration of Business Analytics

Analytics BB4.6_2 Descriptive and predictive analytics
Platform BB4.6_3 Visualisation features BBs

D4.7_11P4 Ecosystem Release
TD4.7 Overall IP4 D4.7_2 End-user centric ecosystem
Coordination and D4.7_3 Co-modal ecosystem
demonstration demonstration

D4.7_4 Large scale MaaS demonstration

Figure 18 / IP4 building blocks (BBs) and deliverables associated with IP4 technology
demonstrators (TDs)

These IP4 technological building blocks can be mapped to the capabilities they contribute to,
as shown in Figure 19.
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IP5_ Technologies for sustainable and attractive European rail freight

The building blocks associated with the seven TDs planned as part of IP5 and their related
deliverables are summarised in Figure 20.

TD5.1 Fleet
Digitalisation and
Automation

TD5.2 Digital
Transport
Management

TD5.3 Smart Freight
Wagon Concepts

TD5.4 New Freight
Propulsion Concepts

TDS5.5 Business
analytics &
Implementation
strategies

BB 5.1.1 Condition-based maintenance
BB 5.1.2 Automatic coupling
BB 5.1.3 Freight ATO / C-DAS

BB 5.2.1. Improved methods for time table planning
BB 5.2.2. Real-time yard management & SWL system
BB 5.2.3. Real-time network management

BB 5.2.4. Intelligent Video Gate Terminals

BB 5.3.1. Running gear

BB 5.3.2. Core market wagon

BB 5.3.3. Extended market wagon

BB 5.3.4. Telematics and Electrification

BB 5.4.1. Last Mile propulsion systems

BB 5.4.2. Long Trains up to 1500 m

BB 5.4.3 Freight Loco of the future

BB 5.4.4 Hybridisation of legacy shunters

BB5.5.1 Identification of market segments
BB5.5.2 Development of KPI's
BB5.5.3 Migration Plan

D5.1_1 Freight ATO &
electrification and
telematics demonstrator

D5.2_1 Freight OPS Managing
/ Marshalling Terminals, Hubs,
Yards, Sidings demonstrator

D5.3_1 Freight wagon design
demonstrator

D5.4_1 New freight propulsion
concepts demonstrator

D5.5_1 Implementation strategies
and business analytics

Figure 20 / IP5 building blocks (BBs) and deliverables associated with IP5 technology
demonstrators (TDs)
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CCA

CCA_ Cross-cutting activities

The building blocks associated with the 11 work activities (WAs) planned as part of CCAs and
their related deliverables are summarised in Figure 22.

WAI1 Socio-
economic

WA2 KPI
method
development
and integrated
assessment

WAZ3.1 Safety

WA3.2
Standardisation

WA3.3 Smart
Maintenance

WA3.4 Smart
Materials

WA3.5 Virtual
certification
enablers

WAA4.1 Smart
mobility

WA4.2
Integrated
Mobility
Management
2M)

WAS.1 Energy

BBAT1_1 Societal needs analysis

BBAT1_2 Influences to 2022, 2030, 2040 from Mega-
Trends, Scenarios, Disruptions, Key Factors

BBA1_3 Societal development by transportation
BBA1_4 Key success factors for a successful railway
system. Perceptions, Mobility patterns

BBA1_5 Rail Transport Governance

BBAI1_6 Shift2Rail Societal Effects

BBA1_7 Rail as a design tool in societal development
BBA1_8 SPD use case and scenario specification,
application, result, analysis and wider effects

BBAZ2_1 Reference scenario

BBA2_2 Sub-system structure

BBA2_3 Sub-level KPIs

BBA2_4 Tool specification and development
BBAZ2_5 Validation of the KPI model

BBA3.1_1 Management of a safety level according to
the risk assessment model

BBA3.1_2 Quantification of safety improvements by
using a risk assessment model

BBA3.2_1 Strategic analysis of the S2R activities in
terms of standardisation and regulation

BBA3.2_2 Definition of the S2R organisation
managing standardisation and regulation
BBA3.2_3 Benchmark of existing organisation and
processes towards innovative standardisation
BBA3.2_4 S2R internal standardisation processes
BBA3.2_5 Transfer of the S2R inputs to standards

BBA3.3_1 Scope definition and CBM maintenance
concepts

BBA3.3_2 Data selection, Data analysis and pattern
recognition

BBA3.3_3 Conclusion for maintenance and Integration
into maintenance process

BBA3.3_4 Information identification, share monitoring
data and standardisation

N/A*

BBA3.5_1 Development of generic methods and
process
BBA3.5_2 Overview of the generic methods and
process

BBAA4.1_1 Simulation tool

BBA4.2_1 Technical assessment and integration
BBA4.2_2 Upgrade of integration layer

BBA4.2_3 TMS application supporting high efficient
Freight Operations

BBA4.2_4 Advanced rules and business logic
supporting high efficient freight operations
BBA4.2_5 Advanced rules and business logic
supporting high efficiency passenger operations
BBA4.2_6 Plug-ins to enable integration of services

BBAS.1_1 Interface with other S2R Groups and
External Energy Groups

BBAS5.1_2 Energy calculation methodology
BBAS5.1_3 Assessment of energy improvement

DA.1_1 Options/possibilities for an improved
railway system based on a structured
requirement and obstacle list related to
customer experience (passenger)

DA.1_2 Strategic input for future business
models for the railway system based on
scenario analysis

DA.1_3 Specifications of SPDs to be used to
show effects of S2R innovation for all four use
cases

DA.1_4 Definition and delimitation of societal
objectives of relevance for the railway sector
and the individual use cases

DA.2_1 An initial KPI model that shows
qualitatively the TDs’ and IPs’ influences on
the top level Shift2Rail targets

DA.3.2_1 Global risk assessment model

DA.3.2_1 Management of S2R results and
regulation

DA.3.3_1 Common condition based
maintenance concept for infrastructure and
rolling stock

N/A

DA4.1_1 Summary of analysed disruption
types

DA4.1_2 Description of enhanced model
prototype

DA4.2_1 Demonstrator

DAS5.1_1 Development of a common
energy calculation methodology
DAS5.1_2 First estimate of energy saving
due to Shift2Rail innovations



WAS5.2 Noise
and vibration

WAG6 Human
Capital

BBAS5.2_1 Technical assessment and integration on
system level of N&V tasks

BBAS.2_2 Evaluation and monitoring of impact on
traffic noise scenarios of Shift2Rail innovations
BBAS5.2_3 Exterior noise simulation model and
separation technique

BBAS5.2_4 Interior noise simulation model
BBAS5.2_5 Ground Borne Vibration Prediction
Methods

BBAS5.2_6 Sources and subassemblies
characterisation methodologies

BBAS5.2_7 New methodologies and technologies

BBAG6_1 Change of job profiles

BBAG6_2 Qualifications and skills

BBAG_3 Creating agile organisations for increased
flexibility & autonomy for blue collar workers
BBAG6_4 Customer-oriented design of mobility

DAS5.2_1 Exterior noise simulation model
DAS5.2_2 Interior noise simulation model
D5A.2_3 Ground-borne Vibration Prediction
Methods

DAS5.2_4 Sources and subassemblies
characterisation methodologies

DAG_1 Identification of all relevant
stakeholders on the human capital side
DAG_2 Required changes and respective
actions for an adequately qualified labour
force in the various railway staff categories
DAG6_3 Recommendations to tackle the
impact and risks (e.g. occupational health,
employee motivation) induced by changes in
the work of the employees

DA6_4 Options for journeys with simplified/
reduced customer activities (passenger) to
improve customer experience

* Related activites are carried out in dedicated lps

Figure 22 / CCA building blocks (BBs) and associated deliverables

These CCA building blocks can be mapped to the capabilities they contribute to, as shown in
Figure 23.
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6.1.

Bringing about the technological and operational advances expected as a result of the S2R
R&l activities will require active intervention. It will not happen by itself. Deployment of this
complex array of innovations will involve a coordinated effort to guarantee an adequate
level of consistency and achieve the SERA. This requirement for active intervention implies
a need for an understanding of the steps required in the process, of funding needs and of the
essential system-of-systems interaction and complexity of the railway, in all its segments and
components. Those undertaking this active role should be as near as possible to the market
while retaining the necessary independence under joint governance.

Joint and coordinated deployment is predicated on a sound appreciation of the business
case for change, at both corporate and societal levels, the requirements associated with
standardisation and regulation, the timescales relating to opportunities for the insertion into
the railway of new technical solutions, and a professional approach to risk management. As
successful deployment will depend on interfaces with a range of organisations beyond the
railway, a collaboration strategy at European level is also required.

The business view

The economic benefits of delivering the S2R Programme targets have been identified in the
impact assessment of the S2R JU proposal (77):

* indirect leverage on industry R&l related to the development of industrial products
exploiting Horizon 2020 (H2020) innovations worth up to EUR 9 billion in the period
2017-2023;

» the creation of additional gross domestic product at EU level of up to EUR 49 billion in the
period 2015-2030, distributed among a large number of Member States;

* the creation of up to 140 000 additional jobs in the period 2015-2030;

» additional exports worth up to EUR 20 billion in the period 2015-2030 thanks to the
worldwide commercialisation of new rail technologies developed under H2020;

(") Impact assessment accompanying the document Proposal for a Council Regulation establishing the
Shift2Rail Joint Undertaking, SWD(2013) 535 final, Brussels, 16.12.2013.
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» life-cycle cost savings of around EUR 1 billion in the first 10 years and thereafter, with
continued implementation, of around EUR 150 million per year.

Methodology for a societal business case

The Union’s resources are limited. Goods and services are scarce resources, time is short, and
good health and a clean environment require resources. Citizens’ and businesses’ needs and
wishes, meanwhile, are substantial in many regards. Therefore, both society and the individual
must always make choices about how to use resources best, even when the choosing any given
option will have many effects that are uncertain and when the cost cannot be established with
certainty in advance’. The method used to make socioeconomic profitability assessments is
socioeconomic analysis, also known as cost-benefit analysis (CBA).

These assessments are of course relevant for the European rail sector. By looking at the overall
effects of changes in the rail system, the true benefits can be analysed and determined. For
S2R, this is a cornerstone of the approach to deciding what are the best measures and projects
to meet societal expectations of the future rail system.

To do this, a systematic approach is necessary. The model used is socioeconomic analysis. The
profitability calculation carried out when performing this type of analysis is @ summary of the
costs and revenue generated by an activity or project. The calculation estimates the net value
of the resources produced/created (revenue) and the resources consumed,/used (costs) and
thus the net change in total assets contributed by the activity/project in question. ‘Resources’
means goods, services and other types of tangible and intangible assets, i.e. all that can be
used for consumption or production. A business profitability calculation or private finance
or government finance calculation aims to assess the net value of the economic effects on
a company, organisation or individual. A socioeconomic profitability calculation, on the other
hand, aims to calculate the total net worth of all economic effects for all citizens in society.

CBA uses methods for evaluating resources and benefits that are not market-prone, which
a business economics calculation methodology does not use; in addition, socioeconomic
analysis includes effects for all citizens, not just the effects for the organisation in question.

A socioeconomic profitability calculation includes all the positive and negative resource and
utility effects of a measure, both direct and indirect. All effects on real resources should be
included in the calculation, whether they are market-priced or not. For the effects that are not
priced, a valuation in money using estimated values, so-called shadow prices, can be made.
The result that a socioeconomic calculation shows is the net contribution of an activity or
project to the value of society’s total real resource.

The analysis and results can be designed to show how the economic impact and net results
are distributed across different sectors of society, regions and/or citizenship groups, for
example genders, age groups or socioeconomic groups. However, in traditional CBA, no
valuation of distribution effects is made. What distribution effects can be considered more or
less desirable is basically a political issue. These types of analyses and value judgements are
therefore usually made in addition to the socioeconomic analysis.

Socioeconomic profitability assessments are carried out to determine if a measure is good
for society or not, or to assess which measure is best among several possible ones. However,
when using words such as ‘good’ and ‘best’ in this context, it is important to be aware of the
principles and conditions that are the basis for the analysis.

Socioeconomic efficiency means that we have efficiency in production, that is to say, we
produce the products that are most in demand from consumers and that production is at
the lowest possible cost. Thus, socioeconomic efficiency requires that all that is produced
has a value for the buyers/users at least equal to the cost of producing and providing it.
Socioeconomic efficiency also means efficiency in consumption, i.e. the goods produced are
consumed by people who ask for them the most.
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Total socioeconomic efficiency means that society’s resources, in terms of goods and services,
natural resources and the environment, time and energy, etc., are used in such a way that
the total value of the total resources is as large as possible from the citizens’ point of view.
This means that the citizens’ combined benefits from society’s total resources should be as
great as possible, both today and in the future. Socially profitable measures contribute to
socioeconomic efficiency, provided that we choose only profitable measures or, if options are
limited, the measures that are most economically viable.

Socioeconomic analysis must take into account both the direct and the indirect effects of
the measure being evaluated, while avoiding double counting. The direct and indirect effects
can also be described as primary and secondary effects. The primary effects are effects on
individuals, companies and organisations, and parts of the public sector directly affected by
the options to be evaluated. The secondary effects are those that arise as a consequence of
direct price, production and consumption changes.

CBA should also include the secondary effects of the evaluated measure. These effects
consist of effects on secondary markets, i.e. markets other than those initially affected by
the measure (primary markets). If the measure has significant effects on the main market,
significant effects may also arise for partners, competitors and subcontractors.

Standards and regulatory needs

‘The innovation principle entails taking into account the impact on research and innovation in
the process of developing and reviewing regulation in all policy domains, i.a. to ensure that EU
regulation allows companies to enter markets more easily’ ('8).

With this in mind, standards and standardisation have been highlighted in the Europe 2020
strategy as pivotal in supporting the EU’s R&l activities, in reaffirming the important role of
standards forinnovation as sources of competitiveness and in underpinning smart, sustainable
and inclusive growth.

In general, standardisation is sought at EU level for the rail sector because it helps to:

+ eliminate technical barriers to trade and increase market access for all operators;

* ensure interoperability and reduce the risk of becoming locked in to proprietary solutions;
» create certainty and confidence for users looking to adopt new technologies.

S2R focuses on innovation that will take place only if R&I, industrialisation and wide market
uptake are combined. Therefore, the solutions that will be developed have to be highly
interoperable and provide the required level of standardisation for long-term, easy and cost-
efficient operation and maintenance of the railway system.

A high level of standardisation is needed at the interfaces of the internal constituents of
the subsystems that S2R targets through its different TDs to produce the expected system
results, including procedures to implement innovatory upgrades throughout a product’s
life, as a means of adapting to technological obsolescence or meeting the final customer’s
changing needs. This will be needed, for example, at the interfaces between the on-board
train control and monitoring system and the connected train functions such as traction, door
control and brakes.

Careful management of the functional interactions of the different layers of the railway
system, from subsystem constituents up to the structural and non-structural subsystems,

(®) COM(2017) 479 final, Brussels, 13.9.2017.
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is therefore a condition that must be met to achieve significant progress on the operational
reliability of the overall railway system.

Within the intricate European railway system, no change can be made to a subsystem
without carefully checking the potential consequences for other stakeholders and, in many
cases, without making changes to the European railway’s body of established standards and
regulations.

The very ambitious research results expected from S2R will need the agreement of the
whole sector, starting with the identification of operational and maintenance constraints on
innovation and continuing throughout the whole programme. Consensus building will take
the form of a collective appraisal of the results, leading to the specification of new voluntary
interface standards and, in some cases, changes to standards and regulations belonging to
the European railways interoperability directive.

For these reasons, S2R is working closely with the standardisation bodies in Europe and
with the European Union Agency for Railways (ERA) and actively contributing to the Rail
Standardisation Coordination Platform for Europe, created by the European Commission’s
Directorate-General for Mobility and Transport.

In addition, S2R is making use of its User Requirements Working Group and Implementation
and Deployment Working Group to reach out to a wide range of partners able to represent
all the actors in the marketplace, and not just those who will be direct contributors to the S2R
R&l activities.

The benefits of the envisaged integration of standardisation aspects into the R&l process are
numerous ('°) and have been explored in past research projects; they include:

* making the results available to a wide range of stakeholders, and offering opportunities
to discuss, disseminate and promote project outcomes;

* helping to ensure that the project results are used well beyond the duration of the
project;

* acting as a powerful tool for bringing research and new technologies to the market.

However, while timely and well-designed standards can support innovation, premature,
late or inappropriate standards may have detrimental impacts on innovation. Therefore, the
overall S2R Programme benefits from a standards-focused harmonisation process across all
its projects, and an overall S2R standardisation roadmap is being developed.

Risk management

A standard assessment approach is followed for the systematic capture, analysis and
mitigation of risks associated with the current S2R JU R&l programme. A risk is understood
as an undesired event or series of events that reduces confidence in the MAAP and which,
if it were to take place, might represent an obstacle to delivering the timely, coordinated
and efficient deployment of the planned activities. Risk management is an activity requiring
regular attention and periodic updates to ensure that the monitoring procedures are working
correctly. The annual activity report to the S2R Board contains such periodic risks updates.

(") Blind, K., The impact of standardization and standards on innovation, Manchester Institute of Innovation
Research, Manchester, February 2013; The European Committee for Standardization and the European
Committee for Electrotechnical Standardization (CEN-CENELEC), How to link standardization with EU
research projects. advice for CEN and CENELEC Members, CEN-CENELEC, Brussels, 2013.



The S2R risk registry is updated at the end of each year. In the registry, risks are categorised
according to their relevance, and descriptions of appropriate mitigation plans, aimed at
reducing or eradicating the potential effects of any given risk, are provided.

Table 2 indicates the main risks associated with the S2R Programme activities and the financial
administration of the JU, as well as the corresponding risk mitigation actions. It results from

a risk management exercise performed within the JU during Q2 and Q3 2017.

Table 2 / Results of the SR2 risk management exercise performed in 2017

RISK IDENTIFIED ACTION PLAN

Inadequacy of the MAAP to meet the evolving needs
of users and stakeholders’ expectations

During 2017, a revised version of Parts 1 and 2 (now
called Part A) of the MAAP will be finalised and Part 3
(now called Part B) updated, taking into consideration
the new top-down approach

In accordance with the H2020 rules of participation,
and considering the resources available on a yearly
basis, the programme must be implemented through
projects financed by annual grants. This may result in
a piecemeal approach instead of innovative solutions
towards a new integrated, connected and automated
railway system. This may result in questioning of the
sound financial management of the implementation
process through grants, especially with regards to
Members selected through open competition and
commitment

Qualitative mitigating measures are to be identified
and implemented to contain and monitor the identified
risks. Thisis to be realised through the Governing Board
(GB), System Integration Working Group (SIWG), and
[P steering committees (SteCos), which maintain
a programme view rather than a piecemeal project
view. During 2017, the sound financial management
risks will be further assessed and any appropriate
measures identified implemented accordingly

Delays or inadequacies in the completion of activities
funded by grants that are complementary or are
prerequisites for grants to be awarded under the
Annual Work Plan (AWP) 2018 may result in an inability
to implement activities under the AWP 2018

Ensure through programme management regular
activity monitoring and reporting on projects,
including gate reviews, to determine whether specific
actions need to be taken with regard to a specific
project (reorientation, early closure, etc.)

Cross-project collaboration to achieve the programme
objectives could be at risk because of silo projects or
IP approaches

To be addressed through significant involvement
of the SIWG, decoupling the IP structure from AWP
topics, and further fostering use of the common S2R
cooperation tool and sharing functionalities

S2R JU Members fail to deliver on additional activities

An additional activities plan is contained in the
membership agreement. Work with the Members on
preparation and implementation of the certification
and reporting requirements is to be carried out

Lack of adequate dissemination of results may result in
vague information to the end user/interested parties
and could compromise the JU’s impact

The JU is working towards a joint dissemination plan,
monitoring dissemination actions and promoting
project results

There is a risk of the projects underspending the
resources available

Together with the other Members, the JU has put in
place reporting and monitoring systems that should
detect any risk of underspending and make it possible
to take the necessary corrective measures

TDs may not be achieved or may be only partially
achieved because of lack of resources (staff, money,
assets etc.); members’ changing priorities, members
merging or stepping out; insufficient or late delivery/
input from the projects

To be addressed through proper planning and regular
follow up by the SteCos/SIWG, plus project control
gates and regular reporting to the GB

Demonstrations may not be interoperable because
they represent a single-company solution

To be addressed through a collaborative approach
under the Grant Agreement (GA), plus project control
gates and regular reporting to the GB
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RISK IDENTIFIED ACTION PLAN

Project development may not be aligned with the S2R
Programme

To be addressed through a programme perspective
in the GA, plus regular follow-up by the SteCos/SIWG
and regular reporting to the GB

Operational demonstrations may not be achieved or
may be only partially achieved because of difficulties
in obtaining authorisations

To be addressed through anticipation and regular
follow-up by SteCos/SIWG, plus ERA involvement and
regular reporting to the GB

S2R solutions may not reach the market owing to a lack
of coordination and resources at deployment level

Investigate a possible instrument to support
deployment at EU level and implement JU strategy/
support

Stakeholders’ (including Members’) acceptance of S2R
solutions may be partial or limited

Decision made on a consensus-based approach
in SteCos/SIWG/GB, plus involvement of the User
Requirements Working Group and the Implementation
and Deployment Working Group (How are S2R
solutions accepted? Develop strategy)

There could be a significant cut in the EU budget

The JU Membership will put in place all measures
required to provide all the elements to the budgetary
authority to reduce such a risk

Governance: organisational complexity may impact
the S2R JU’s global objectives

On the one hand, the S2R JU will focus on delivering
the programme results and, on the other hand, it
will assess and put in place measures to make its
governance more effective and efficient

High turnover of staff and insufficient number and/or
quality of applications owing to contract conditions

Within the budget constraints, prepare a career plan
for staff; ensure business continuity

Lack of back-up for JU key functions

Put in place replacement plan (back-up) where
possible, including through external support (interim,

expert, outsourcing)

6.4. Strategy for collaboration with other organisations

In order to achieve its programme and the task of managing ‘all rail-focused research and
innovation actions co-funded by the Union’ (?°), the S2R JU is working closely with the
European Commission’s Directorate-General for Mobility and Transport, as well as the
Directorate-General for Research and Innovation, ERA, the European GNSS Agency and other
Union bodies and agencies.

The relationship between the S2R JU and the Commission is established in the S2R regulation,
as well as in the relevant delegation agreement, and it involves daily exchanges covering all
aspects of the S2R Programme and railway transport policy.

With particular regard to ERA, the S2R JU should ‘bring in the experience and expertise of ERA
on issues relating to interoperability and safety’ through different measures of cooperation.
In a similar manner, the relationship between ERA and the S2R JU is to be interpreted in the
light of the JU’s role of managing ‘all rail-focused research and innovation actions co-funded
by the Union’ (?).

In order to ensure that the results from the S2R projects do not encounter regulatory blocking
points because of their novelty (as far as safety and interoperability are concerned, mainly in
relation to compliance with the rail Technical Specification for Interoperability), the S2R JU
has established with ERA and the Directorate-General for Mobility and Transport a process
for collaboration at project level.

(29) Council Regulation (EU) No 642/2014 of 16 June 2014 establishing the Shift2Rail Joint Undertaking
(™) Article 2(i) of the S2R statutes annexed to the S2R regulation.


http://eur-lex.europa.eu/legal-content/EN/TXT/?uri=CELEX:32014R0642

In order to maintain good relations with different users of or entities involved with the railway
system, the S2R JU has established two main working groups.

* The User Requirements Working Group is composed of S2R JU members and non-
members and assists the JU in ensuring that technical solutions developed as part of S2R
meet the specific needs of all relevant end users.

* The Implementation and Deployment Working Group is composed of S2R JU members
and non-members and tests the operational reliability of the results of S2R, thus
contributing to more rapid uptake and large-scale deployment of the solutions developed
through S2R activities.

These two working groups have been clustered together for the time being as the User
Requirements and Implementation and Deployment Working Group.

In addition, the S2R JU maintains bilateral relations with various rail sector stakeholders
and their representatives (the Association of the European Rail Manufacturing Industry,
the International Union of Railways, the International Association of Public Transport, the
Community of European Railway and Infrastructure Companies, the International Union
for Road-Rail Combined Transport, the European Committee for Standardization and the
European Committee for Electrotechnical Standardization, the European Telecommunications
Standards Institute, etc.).



The acceleration in new technologies produced by different branches of science, building
upon experiences in different sectors, requires that the MAAP is regularly updated and
maintained, without losing focus on delivering results for passengers and freight business.
The MAAP is regularly updated and maintained taking into account contributions from the
stakeholders of the railway value chain, within the S2R JU membership and beyond. It is
expectedthat the present document will be subject to review as the Horizon 2020 programme
draws to a close; by then, the initial results of S2R will have been demonstrated, and they
will pave the way for the deployment of the available innovative solutions. In addition to the
R&l| activities planned to take place 2020, a critical area of the MAAP will be the creation of
a more specific deployment strategy as part of an overall system architecture supported by
quantified business cases. The market uptake and deployment of the S2R innovative solutions
will be essential to delivering the railway system of the future as the backbone of connected
intermodal sustainable mobility for passengers and goods.
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MULTI-ANNUAL
ACTION PLAN

PART B

Technical content

Multi-Annual Action Plan, Part B, Technical content adopted by the Shift2Rail JU Governing
Board on 14 November 2019

There is a need to maintain the original MAAP adopted by the S2R JU Governing Board
on 27 November 2015 as reference document in cases of doubts with regard,

for example, type of assets that the Members other than the Union committed to provide
for demonstration activities.
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About the Multi-Annual Action Plan

The S2R JU Multi-Annual Action Plan shall consist of two parts:
* Part A - Executive View, adopted by the S2R JU Governing Board on 27 October 2017;
* Part B - Technical Content, adopted by the S2R JU Governing Board on 14 November 2019.

There is a need to maintain the original MAAP adopted by the S2R JU Governing Board on 27
November 2015 (") as reference document in cases of doubts with regard, for example, type of
assets that the Members other than the Union committed to provide for demonstration activities.

Part A of the MAAP clarifies the S2R vision and its contribution to delivering EU societal goals.
It identifies the associated set of 12 new innovation capabilities that S2R will help the railway
to develop and bring to market. It describes the S2R Programme as a whole - summarising its
purpose, structure, methodology and content - and focuses on the series of intermediate steps
by which it will bring about a radically improved railway system (urban/suburban, regional and
high-speed passenger rail, freight), shaping the future mobility of people and business. These
steps will be taken through the development and implementation of the R&l activities included
in Part B of the MAAP, while capturing new technologies and following a Europe-wide system-
of-systems approach that is novel for the sector.

Part A links the S2R Master Plan and the MAAP, and it explains how the MAAP and its detailed
activities (as set out here in Part B), within the framework of the original S2R Master Plan,
are designed to deliver the vision of a radically improved railway system. It also explains
the opportunities that this could bring for the railway industry and for society as a whole.
The innovation capability delivery strategy and associated implementation plan require full
cooperation between all stakeholders to prioritise and align efforts and resources.

The present document, Part B of the MAAP, ‘Technical content’, focuses on the reprioritised R&l
activities that were initially included in the 2015 MAAP and ensures sufficient alignment with
Part A of the MAAP. Part B of the MAAP is based on the legal commitments undertaken by the
Members other than the EU (hereinafter the Members, industry Members or other Members) of
the S2R JU in their respective revised Membership Agreements signed with the S2R JU following
the adoption of Governing Board Decision No 18/2019 on the outcome of the invitation to S2R
JU Associated Members to submit an answer in view of the realignment of their activities and
additional commitment to the S2R JU Programme.

In addition, Part B of the MAAP introduces a demonstration plan for the various technology
demonstrators (TDs) and incorporates new ideas, solutions and technologies that have become
relevant for the S2R Programme since the last edition of the MAAP. Part B of the MAAP
summarises the major demonstrations and technological developments resulting from the
research and innovation (R&l) work. For each TD/work area (WA), a link with the innovation
capabilities of Part A of the MAAP has been made. The demonstration work for each specific
technological objective is presented, with a focus on the activities to be carried out and with the
technology readiness level (TRL) and the market application expected for each demonstrator.

These demonstrations will enable a more accurate quantification of the impact of each new
technology, either alone or in combination with other innovations, by enabling the creation
of integrated technology demonstrators (ITDs). ITDs will combine the testing of different
solutions in a single demonstrator, which will allow for a more collaborative systems approach to
innovation, breaking down any silos between subsystems and enabling the identification at an
early stage of compatibility issues relating to the integration of different solutions.

() https://shift2rail.org/wp-content/uploads/2013/07/S2R-JU-GB_Decision-N-15-2015-MAAP.pdf



Finally, the 2015 MAAP will remain as Part C of the MAAP, as it remains a reference document
with regard to provision of assets in the specific context of demonstration activities.

This MAAP does not have the objective of setting out the R&l activities to be undertaken or
continued in the next European Union’s R&!l programming period (Horizon Europe); rather, it
aims, among other things, to bridge the current S2R Programme and R&I from 2021.



SECTION 1 -
OVERVIEW OF THE PROGRAMME’S
SCOPE AND STRUCTURE

1.

Summary of major demonstrations and
technological developments

Demonstration activities are a priority within S2R, as they will provide evidence of the
impact on passenger mobility and freight transport of the technological and/or operational
innovative solutions resulting from the R&l work performed within the S2R Programme. They
are complemented by relevant business cases developed as part of the programme’s cross-
cutting activities (CCAs).

They are concrete actions intended to deliver on EU policies and meet market needs, within
a coordinated framework of EU-funded activities where each project gains from the others,
enhancing not only R&I quality but also overall European knowledge.

Demonstrations will enable the entire rail sector to visualise and test practically the
transformations that are being created. They will also enable a more accurate quantification
of the impact of each new technology (either alone or in combination with other innovations).
Demonstration activities will also help in providing a first estimate of the potential for
improvement in the sector at the levels of the regional, national and EU transport networks;
that is, of what can be expected as a result of the innovations in question.

These key demonstrations will contribute through several ‘building blocks’ to achieving the
new rail capabilities described in Part A of the MAAP and further detailed in Section 2 for each
of the TDs and WAs.

It will also enhance the perceived innovation potential of the sector and revitalise the industry
by attracting the next generation of top graduates from universities across Europe.

S2R is fostering synergies across sectors and initiatives, learning from other sectors, and
exporting knowledge and technology to the EU mobility and transport overall. The S2R
Programme will scout progress and developments in different fields and consider how such
developments can be embedded in rail systems, as relevant. It will include synergies with
other national and EU-funded R&l programmes, start-ups and international programmes.

S2R will also promote the creation of ITDs, which will combine the testing of different
solutions in a single demonstrator, thus achieving economies of scale for the project. This will
allow a more collaborative systems approach to innovation, breaking down any silos between
subsystems and developers. It will also help in identifying at an early stage compatibility
issues relating to the integration of different solutions.

The demonstration of technical achievements, up to TRL 7, will be based on the threefold
architecture presented in Figure 1: TDs, ITDs and system platform demonstrators (SPDs).



TECHNOLOGY DEMONSTRATORS

/ Projects which specify, develop and demonstrate a specific technology,
resulting in a laboratory tested and/or simulated prototype

INTEGRATED TECHNOLOGY INTEGRATED TECHNOLOGY INTEGRATED TECHNOLOGY DEMONSTRATORS

DEMONSTRATOR (ITD) DEMONSTRATOR (ITD) / Projects mtegrating / combining TD prototypes at system level (both in lab
and on-site) and testing system performance

SYSTEM PLATFORM DEMONSTRATORS

SYSTEM PLATFORM DEMONSTRATOR (SPDs) / Assessment of the whole system level performance based on the results of
TDs and ITDs. SPDs will bring S2R's innovative solutions to a technology
maturity level for a new generation of railway systems

RAILWAY SYSTEM OF THE FUTURE
RAILWAY SYSTEM OF THE FUTURE / High-Speed / Mainline Passenger Transport

/ Regional Passenger Transport

/ Urban / Suburban Passenger Transport

/ Freight Transport

Figure 1/ Structure of demonstrators within Shift2Rail

Technology demonstrators

TDs will focus on the development or adoption of innovative technologies and models within
the rail subsystems identified in the Innovation Programmes (IPs). They will enable ground-
breaking progress in key areas such as traction, automated train operation, and intelligent
diagnosis and maintenance systems. They will seek inspiration from innovative technologies,
materials and methods used or explored in other sectors. The innovations developed may
consist of software or hardware systems, or systems combining the two.

Before being combined into ITDs, each TD will be tested (in labs on test benches, or in existing
trains) in one or more prototypes (differentiated if different business segments are targeted)
to assess the individual performance of the technologies developed and, where possible, to
demonstrate conformity with the technical requirements that apply to the product developed.

Integrated technology demonstrators

ITDs will allow the testing of combinations of components and subsystems already verified
and validated in TDs within virtual or physical railway environments to demonstrate the
innovation potential of the components in different subsystems and systems, taking into
account functional and operational specifications and the technical interfaces among the
various TDs.

ITDs will also enable ananalysis of compliance with regulatory requirements, and the validation
of technologies will be followed up with a controlled approach to future authorisation and
certification work.

System platform demonstrators

Ultimately, S2R will carry out proof and analysis of rail systems, designs and functions on fully
representative innovative railway configurations in an integrated environment, simulating real
operational conditions.

1.1. The system platform demonstrator scenarios

The SPDs will be created for the main rail market segments to simulate and test the interaction
and impact of the various innovative systems resulting from S2R activities in the specific
environments of each of the relevant market segments. The proposed SPDs will cover the
following segments: high-speed passenger rail, regional passenger rail, urban/suburban
passenger rail and rail freight. These SPDs will also be complemented by reflection on key
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transversal issues (megatrends) that are critical for the sector: safety, security, energy,
digitalisation, etc.

The design of the SDPs will take into account the specificities of each market segment, its
particular challenges and needs, and promising market opportunities. Based on this initial
assessment, the SPDs will demonstrate how the correct aggregation of different innovations
can greatly contribute to improving the performance of the sector. This will be based on an
analysis of detailed key performance indicators (KPIs) on simulated models and measured
against the S2R objectives as defined in the Master Plan.

In this respect, it is possible that the deliverables of a single TD might be relevant to more
than one of the different railway transport segments. The results of one TD may therefore be
demonstrated in more than one SPD if it is considered that these results correspond to the
business needs of several rail market segments.

The exact design of each SPD is part of the work to be done in the S2R JU’s System Integration
Working Group, taking into account input from the broader stakeholder community (the S2R
User Requirements Working Group and Implementation and Deployment Working Group), as
well as, where relevant/available, the first results of the S2R lighthouse projects funded under
the Horizon 2020 (H2020) first call. This work is also expected to be the subject of activities
carried out as a result of the 2015 S2R call for projects.

There follows an overview of the key challenges for each of the SPDs identified in the S2R
Master Plan.

High-speed passenger rail

This has been a very successful and innovative rail market segment for several decades,
and high-speed passenger rail is often the preferred choice for long-distance national
and international travel. The technical and technological challenges related to high-speed
and mainline rail do not relate just to developing new types of rolling stock that provide
comfortable transport capacity for increasing numbers of passengers but also to ensuring
safe and efficient operation thanks to appropriate infrastructure design, enhanced traffic
control and management systems, more efficient power systems, and shared track and
corridor operations.

Regional passenger rail

Regional rail is already serving as the backbone of the European transport system, having
expanded massively in recent years. However, this segment remains affected by competition
with the private car and by the life-cycle cost (LCC) of operation compared with bus
services. The core challenge for this market segment is to offer increased capacity to ever-
increasing numbers of passengers, through improved system capacity with enhanced traffic
management and automation concepts, and high-capacity rolling stock. These services are
mostly operated under public service contracts and may or may not share infrastructure with
mainline traffic. What is really at stake is making these services more attractive to customers,
through increased reliability, frequency and speed, and by cutting costs, as well as through
improved coordination with other public transport services and better integration into
regional mobility strategies.

Solutions with a low overall LCC are also needed for regional networks with low traffic volumes
to become or remain attractive.

Urban/suburban passenger rail

Railway networks in urban and suburban areas play a prominent role in major cities and
high-density areas, serving the daily needs of urban populations and offering an attractive
alternative to the use of a private car in more and more congested and polluted areas. This
market segment is also experiencing growth, which it will be important to manage through
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innovative solutions. It is also one for which existing rail infrastructure is not used to the
full extent of its potential for supporting more sustainable land use and transport policies.
Cost-effectiveness and increased attractiveness are also important challenges, requiring
higher levels of proven, affordable technology, improved accessibility, comfort and security,
and innovative services based on ITS. Improvements through technical harmonisation of
interfaces are also required.

Rail freight

Rail freightis a key element in the establishment of a sustainable transport system. An efficient
andreliable, high-quality rail freight system in Europeis indispensable for the competitiveness
of the European economy, its industries, businesses and society, which all make use of and
rely on freight services. The low level of external costs generated by rail freight should make
it the mode of choice for freight customers looking to reduce their environmental impact.
However, the key challenge for rail freight to become a core link in intermodal transport is
for it to be able to offer an attractive, reliable, rapid and cost-efficient alternative to road.
The main objectives of this SPD should be to offer visible and viable solutions that increase
productivity, reduce cost, optimises network capacity, and enable a better quality of services
through optimised logistics services and rail technology, and that realise the full potential of
digitisation to meet customers’ requirements.

Integrated railway system architecture
and conceptual data model

S2R innovations will challenge the current system's functioning or provide opportunities for
overall system optimisation.

The rail sector needs to develop an encompassing new railway functional system architecture
that integrates the different railway subsystems - starting with control, command and
signalling (CCS) - following a modular approach and using standard interfaces and conceptual
links between components or services, while preserving know-how and competitiveness.

The integrated railway functional system architecture will also need to be future-proof;
solutions need to be not only modular but also scalable in time, with new technologies/
features added in an agile manner. Technologies that can be expected to be introduced
by 2022 and soon thereafter, with the introduction of related new Technical Specifications
for Operability (TSls), include the integration of S2R interoperable solutions for intelligent
mobility management (with an enlarged traffic management system (TMS)); a wireless
train control and monitoring system (TCMS); smart, connected radio object controllers;
condition-based maintenance for all kind of assets; etc. In this context, activities related to
the development of a conceptual data model (CDM) will contribute to overcoming data and
systems fragmentation with a view to taking a system-of-systems approach.

The overall objective is to specify a future-proofed interoperable system to be shared across
the sector, creating functional and conceptual links and offering opportunities for modular
evolution, compatible with different subsystems, with CCS at its heart, and preserving know-
how and competitiveness.

This activity will contribute to achieving a major railway system transformation, without
deciding on asingle target system - which could create legacy problems - but instead offering
opportunities for modular evolution driven by end users’ needs and ambitious R&I targets.
R&! on a new integrated railway system architecture could contribute to redefining the way
the railway operates and is managed, helping to achieve the new capabilities described in
Part A of the MAAP.
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Inthis respect, during the 2019 European Rail Traffic Management System (ERTMS) conference
organised by ERA, the European Commission presented its vision of:

e one European CCS system;

* an adaptable CCS system;

* harmonisation of operations;

» optimised traffic management.
To this end, the S2R JU will:

* in the short term, provide a focus for coordination and programme management of wider
CCS outputs through Innovation Programme X (IPx);

* in the long term - bringing together the manufacturing industry, railways operators and
infrastructure managers (IMs) - provide, in particular, trackside modular architecture,
including specification development, prototyping and demonstrations to create a railway
functional system architecture.

On this, the S2R JU will work under the oversight of the European Commission together with
ERA, inits role as the ERTMS system authority, and given its responsibilities for stewardship
and maintenance of new specifications.

Deployment

Bringing about the technological and operational advances expected as a result of the S2R
R&l activities will require active intervention. It will not happen by itself. Deployment of this
complex array of innovations will involve a coordinated effort to guarantee an adequate
level of consistency and achieve a Single European Rail Area (SERA). This requirement for
active intervention implies a need for an understanding of the steps required in the process,
of funding needs and of the essential system-of-systems interaction and complexity of the
railway in all its segments and components. Those undertaking this active role should be
as close as possible to the market, while retaining the necessary independence under joint
governance.

Joint and coordinated deployment is predicated on a sound appreciation of the business
case for change, at both corporate and societal levels, the requirements associated with
standardisation and regulation, the timescales relating to opportunities for the insertion into
the railway of new technical solutions, and a professional approach to risk management. As
successful deployment will depend on interfaces with a range of organisations beyond the
railway, a collaboration strategy at European level is also required.

The economic benefits of delivering the S2R Programme targets have been identified in the
impact assessment of the S2R JU proposal (?):

* indirect leverage on industry R&l related to the development of industrial products
exploiting H2020 innovations, worth up to EUR 9 billion in the period 2017-2023;

* the creation of additional gross domestic product at EU level of up to EUR 49 billion in the
period 2015-2030, distributed among a large number of Member States;

* the creation of up to 140 000 additional jobs in the period 2015-2030;

(® Impact assessment accompanying the document Proposal for a Council Regulation establishing the
Shift2Rail Joint Undertaking, SWD(2013) 535 final, Brussels, 16.12.2013


https://shift2rail.org/wp-content/uploads/2013/07/IMPACT-ASSESSMENT-Accompanying-the-document-Proposal-for-a-Council-Regulation-establishing-the-Shift2Rail-Joint-Undertaking.pdf
https://shift2rail.org/wp-content/uploads/2013/07/IMPACT-ASSESSMENT-Accompanying-the-document-Proposal-for-a-Council-Regulation-establishing-the-Shift2Rail-Joint-Undertaking.pdf

» additional exports worth up to EUR 20 billion in the period 2015-2030 thanks to the
worldwide commercialisation of new rail technologies developed under H2020;

* LCC savings of around EUR 1 billion in the first 10 years and thereafter, with continued
implementation, of around EUR 150 million per year.

Efforts towards coordinated deployment will build on the initiatives of the European
Commission in this respect, such as the European deployment plan for ERTMS, as well as on
experiences from other modes of transport (e.g. air traffic management) and sectors.



SECTION 2 -
DETAILED TECHNICAL CONTENT

1.

IP1 - Cost-efficient and reliable trains

Context and motivation

The ambitious objectives set out in the S2R Master Plan for the railway system of the future
needtobesupported by radical changesinthe technologiesappliedineach of the components
of the system, rolling stock being one of the key elements.

Traditionally, innovation in rolling stock has faced several obstacles, including the following.

* The long life cycle of railway vehicles, which can last for more than 30 years, tends to slow
down the introduction of new developments.

* Owingto the variety of operational environments across segments and different standards
and solutions in different countries, many innovations cannot be widely applied and it is not
possible to benefit from economies of scale or to obtain an adequate return on investment
(ROI) on new innovative developments.

* The complexity of the whole railway system and the fragmentation of responsibilities
makes service-proven solutions preferable to new, innovative ones.

* Highinitial investment costs and long-term spending on maintenance lead to conservative
approaches in the rail sector.

Commercial pressure and political long-term vision have pushed forward the evolution of
rolling stock in the past few years, but the aforementioned limitations have prevented
industrial innovation from achieving its full potential and have also often made it difficult for
technically sound research developments to be transferred to real applications. In practice,
innovation has generally been incremental and so have been the benefits gained from its
implementation.

A sector-wide collaboration initiative such as S2R offers the right environment to overcome
this situation by:

* incorporating the standardisation perspective from the beginning of activities, involving all
stakeholders from the specification phase, to facilitate the penetration of new technologies;

* incorporating cutting-edge technologies already in use in other sectors into railway
vehicles;

* identifying incipient technological opportunities that could bring considerable benefits if
used in trains;

* bringing new technologies to a high TRL through longer-lasting actions

With this in mind, IP1 of S2R is dedicated to developing the technologies for a new generation
of railway vehicles that fulfil the expectations set out in the S2R Master Plan.



Objectives of the IP and expected results

Taking the high-level objectives set out in the S2R Master Plan as a starting point, and
considering the role that rolling stock plays within the whole railway system, the high-level
objectives of IP1can be summarised as follows.

1

2
3
4

5

Increase the physical capacity of vehicles and support the enhancement of transport
capacity of railway lines.

Reduce travel disruptions for passengers by increasing the operational reliability
and availability of vehicles, through the use of either fundamentally more reliable
components or system/subsystem architectures.

Reduce the LCC of vehicle fleets (through reduced initial investment, maintenance,
energy consumption, etc.) and of other subsystems of the railways interacting with
vehicle fleets (e.g. through reduced track damage).

Increase the energy efficiency of vehicles through more efficient components and
vehicle mass reduction.

Promote modal shift through more attractive and comfortable vehicles, more
punctual services and cheaper tickets.

Fulfilling these objectives will help to guarantee that the S2R global objectives are achieved.

The high-level objectives need to be achieved through specific actions. The following
technological developments can be expected to result from the work on IP1.

1

More efficient and lighter traction drives using the new generation of electronic
material will be developed. With new power electronics able to control motors at
a higher frequency, combined with the development of new generation permanent
magnet motors based on a buried magnet architecture, a step change in energy
efficiency will be achieved compared with existing permanent magnet synchronous
motors and asynchronous induction motors.

The new drive-by-data concept for train control, along with wireless information
transmission, will make new control functions possible, involving interaction between
vehicles, consists and trains, with high safety and reliability levels achieved through
very simple physical architectures. The targeted full connectivity of rail vehicles
will enable the awaited digital railway. A new function-centric approach, together
with higher standardisation levels, will lead to cost-efficient solutions and improved
interoperability. A new generation TCMS will allow bottlenecks currently caused by
physically coupled trains to be overcome. Concepts made by different companies and
with different interfaces could be virtually coupled and driven together, sharing the
same traffic slot.

The new generation of body shells will use composite or other lightweight materials.
No rail vehicles are currently built from such materials, and this step change will lead
to significantly lighter vehicles, carrying more passengers within the same axle load
constraint, using less energy and having a reduced impact on the rail infrastructure.

Mechatronic running gear able to steer through points and crossings will open up huge
possibilities for a new design philosophy in collaboration with IP3. The main possible
innovations in running gear lie in combinations of new architectural concepts and
new actuators in new lighter materials leading to new functionalities and significantly
improved performance levels.

New braking systems with higher brake rates and lower noise emissions could create
major capacity gains in terms of mass and volume in running gear, paving the way
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for fresh running gear design. When these are combined with traction innovations,
the next generation of passenger rolling stock will be able to offer improvements in
acceleration and deceleration rates, leading to greater overall line capacity for trains.

Innovative doors will move away from current access solutions, based on honeycomb
and aluminium or steel sheets, which still have drawbacks regarding energy
consumption, and noise and thermal transmission. New lightweight composite
structures could be made to react faster at existing safety and reliability levels,
reducing platform dwell times and increasing overall line capacity. Customer-friendly
information systems and improved access for people with reduced mobility (PRM)
using sensitive edges and light curtains are part of this new development.

New modular concepts for train interiors will allow operators to adapt vehicle layout
to the actual use conditions and will improve flow of passengers, thus optimising both
the capacity of the vehicle and dwell times.

Heating, ventilation, air conditioningand cooling (HVAC) units with natural refrigerants
will be developed to reduce the climate impact caused by artificial refrigerants.

Although the activities of this TD concerning traction power focus on the enhancement of
electrically driven systems, the S2R JU also undertook exploratory research into alternative-
fuel green technologies, as not all the network is electrified. This led to a collaboration with the
JU on fuel cells and hydrogen, with train manufacturers, operating companies, infrastructure
managers and fuel cell and hydrogen providers working together.

Table T summarises the main objectives of IP1 and provides an overview of some of the
concrete deliverables that can be expected to result from the activities undertaken in the IP.

Table 1/ Objectives and challenges of IP1

OBJECTIVE

Line capacity increase

RESULT PRACTICAL (CONCRETE) CHALLENGE

Smaller and lighter power electronics and
traction architecture concepts, along with

More space and weight
available for passengers
in each vehicle

simpler communications and electronics, lighter
and wider carbody structures with an optimal
architecture, and lighter running gear and brakes
will allow new vehicle designs with more space
for passengers

Better control of the
vehicles on the line (in
terms of passengers/
hour)

Fully connected vehicles will improve the
efficiency of traffic management. Flexible
coupling between trains will allow flexibility in
the capacity of the line at peak times. The factors
that increase operational reliability mentioned
below will also moderately increase the capacity
of the line

Increased operational
reliability

Fundamentally more
reliable technologies and
components

Key elements and systems that are known to be
more prone to operational failure (TCMS, traction,
etc.) improved based on novel technologies that
have greater fundamental reliability, combined
with extensive tests done through the virtual
certification platform

Fundamentally
simplified architectures,
or architectures more
suited to maintaining
operation in case of
failure

Train communications and control architecture,
linking the functioning of all vehicle subsystems,
based on new technologies allowing a much
lower degree of physical complexity, leading to
much higher reliability. Similar concept to be
applied to brakes and others
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OBJECTIVE

Railway system LCC reduction

RESULT PRACTICAL (CONCRETE) CHALLENGE

New vehicle subsystems and components with
better overall performance, without any increase
in cost; better authorisation processes relying
on virtual methods rather than on on-track tests;
reduced number of vehicles required per fleet
thanks to greater reliability, shorter repair times
and coupling flexibility between fleets

Reduction in the capital
cost of vehicle fleets

Reduction in the number  Vehicles with increased availability, directly
of vehicles needed for related to the deliverables shown in ‘Increased
a given capacity’ operational reliability’

Intrinsically more reliable system architectures
and component technologies; simplified repair
Reduction in the cost of processes; better and more standard sensoring
maintaining vehicles to detect condition; vehicles with lower axle
loads, lower unsprung mass and better curving
performance

Track friendly vehicles with lower axle loads,
lower unsprung mass, and better curving
performance and ability to run through switches
and crossings

Reduction in the cost of
maintaining other parts
of the railway system

Reduction in the

. See ‘Mass reduction and energy efficiency’
consumption of energy

Mass reduction and energy

efficiency

Reduced weight of most bulky elements
(carbody, running gear, traction, etc.) combined
with new, intrinsically lighter, architectures

Reduction in the mass of
the vehicle

HVAC units with natural gases will allow the
introduction of heat pumps with reduced energy
consumption

Reduction in energy use
for heating

Increased energy efficiency in traction/braking;
reduction in thermal losses (i.e. through doors);
fully connected vehicles will allow energy-
optimised real-time train operation

Increase in energy
efficiency and reduction
in energy losses

Noise reduction

Better calculation and Better techniques for assessment and prediction;
design methods theoretical criteria to guide design

Noise reduction-oriented  New innovative design features for traction,
design brakes, running gear, carbody shell and doors

Past and ongoing European and national research projects

[P1of S2R will be supported to a great extent by many of the projects funded by EU research
programmes in the past few years. S2R will be an efficient tool to bring the results of these
projects closer to the market, thus maximising the real benefits from the investment that
European society has made in railway research in recent years. Details of the projects are
presented in the sections devoted to individual TDs, but some of those most relevant to S2R
activities are briefly introduced here.

The outcomes from the European research projects ModTrain (on innovative modular vehicle
concepts, and in particular knowledge developed on auxiliary power systems, interface
with traction and standardisation) and ModUrban (dealing with common specifications
and common architecture for urban rail systems) will be taken into account and used at
the beginning of the development of the Traction Systems TD in IP1. The RailEnergy and
Osiris projects on the energy efficiency of trains offer the first building blocks to develop the
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major technologies (new semiconductors, motors, etc.) that will be used to build the traction
systems of the future in S2R.

In the same way, the TCMS TD will also take into account outputs from ModTrain as well
as Integrail (addressing railway information systems and their integration into the major
railway subsystems - important also for S2R data management system integration activities).
Moreover, important knowledge and innovative practices on virtual coupling coming from
European aerospace research projects (RESET, SOFIA, INOUI and Asstar) will be used in the
development of the TCMS TD.

The future composite carbody shell to be developed in S2R will rely heavily on the results
achieved in the seventh EU framework programme for research (FP7) project Refresco, the
aim of which was to develop suitable technical standards to allow the use of new composite
materials in structural applications in trains. These will also be useful for the work to be carried
out in the area of doors.

The Mechatronic Train project results (dealing with running gear architectures, sensors,
actuators and processing to increase safety, reliability and maintainability) will be taken into
account and used at the beginning of the development of the Running Gear TD.

The results of the ModBrake project, which was designed to develop modular brake system
architectures, will provide input to the development of new generation brakes in S2R.

The Roll2Rail IP1 H2020 lighthouse project, which was successfully finalised in 2017, was
designed to kick-start many of the work streams of S2R and to mitigate potential risks at
an early stage. The results of Roll2Rail have been incorporated into IP1 and constitute an
essential element for the success of the programme.

Finally, the IP1 projects, and related complementary actions, represent the next steps in
technological development. The outcomes of the projects will create a solid basis for the IP1
activities included in future Annual Work Plans (AWPSs).

Set-up and structure of IP1

Technologically speaking, trains are very much structured in subsystems, each of which is
usually responsible for a different function in the vehicle. Each function tends to be related
to a specific type of technology that is able to provide a given level of performance at
subsystem level. This functional division of the vehicle is presented in Figure 2 and has been
used as a basis for the division of the TDs in S2R. Thanks to this strong function/subsystem/
technology relationship, specialist teams will be able to develop the specific technologies to
achieve the highest performance levels.
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Figure 2 / Functional breakdown of a train into subsystems

The choice of topics for the work in IP1 has been made taking into account the following.

‘I Technological opportunities applicable to rolling stock subsystems: progress on

fundamental technologies (e.g. new communications technologies, new power

electronics components, innovative materials) has been analysed and potential
transfer to railways of the most promising ones considered.

2 Relevance to performance and integration possibilities at vehicle and/or railway
system level: developments need to be useful whenintegrated with other components
of systems and have a meaningful impact at system level.

This approach leads to parallel developments covering the different functions to be provided
by the vehicle, which converge at a later stage, with anintegrated assessment (IA) constituting
the final quantitative measure of the success of S2R.

As the technologies proposed are in general function-oriented, they generally refer to
a specific piece of equipment. However, in some cases, they can apply to different TDs. A few
examples of inter-related technological developments are:

» drive-by-wire TCMS (TD1.2) and fail-to-safe electronic controls for brakes (TD1.5), both
relying on innovative safety-critical electronics and software technologies;

* wireless TCMS (TD1.2) and standard running gear sensoring (TD1.4), both relying on
wireless communications solutions;

* composite material technologies, used in carbodies (TD1.3), doors (TD1.6) and running
gear (TD 1.4);

» the virtual certification simulation framework and train virtualisation (TD1.2), which create
the vehicle-level platform to be used by other subsystems (TD1.1, TD1.4, TD1.5, TD1.6) to
carry out their virtual certification processes.

Even though a large part of the development effort is to be made within the TDs, this work
will be coordinated with other relevant activities within S2R, exploiting synergies when
possible, and in all cases working together towards the achievement of the same system-level
performance objectives for the railway.
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A more global view on functional interactions existing between TDs is provided by Figure 3,
which highlights not only the technological but also the functional interdependencies
between TDs and IPs.

VEHICLE CONTROL
O eATINS

TD 1.2 TCMS IP5 FREIGHT

TD 1.8 HVAC TD 1.1 TRACTION

TD 1.6 DOORS
TD 1.5 BRAKES
TD 1.7 INTERIOR

TD 1.3 CARBODY TD 1.4 RUNNING GEAR

PASSENGER VEHICLE MOTION
SPACE & DYNAMICS

CCA ENERGY

CCA NOISE

IP3 INFRASTRUCTURE

CROSS-CUTTING AREAS
Figure 3 / IP1 TDs - map of inter-relationships

In addition, the existing interactions with other IPs and within relevant TDs of IP1 take into
account the work on the S2R system architecture performed in IPx.

TD1.1 Traction Systems

Concept

The traction drive subsystem is one of the main subsystems of a train, as it moves the train,
converting energy from an electrical source (directly or via a chemical source) into mechanical
energy.

In electric trains, the physical scope of such a subsystem starts from the pantograph and
ends with the motorised wheels. The main components are the main transformer, power bus,
traction inverters, motors, gearbox and, finally, wheels. All those components are controlled
by electronic hardware and software (HW and SW).

Current electronic technology used in traction drives is based on silicon material such as the
insulated-gate bipolar transistor (IGBT) power semiconductor devices used as an electronic
switch. However, this technology has major limitations leading, for example, to high losses, too
many failures, and heavy and large equipment. The emerging silicon carbide (SiC) technology
provides high-speed switching capabilities with low on-resistance.

The Traction Systems TD will carry out the necessary work in five major phases to bring to the
market a new generation of traction drive equipment.
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Capture the necessary know-how in SiC technology, energy storage and wheel
motors.

Progress and implement new methodologies, tools, norms and standards on
reliability, noise, virtual certification and smart maintenance.

Develop new traction components and subsystems, including using the SiC
technologies. Develop new traction architectures enabled by the new technologies.
Develop a traction system based on independently rotating wheels.

Demonstrate key achievements through four rolling stock demonstrators and finally
implement physically the new equipment on a tram, metro, regional train and high-
speed train (HST).

Conclude on technical benefits.

Technical objectives

The high-level objective of this TD is to develop a new generation of traction drives using the
new electronics materials becoming available. This TD will in particular bring to the railway
market SiC technology. The following are the main technical objectives of this TD:

1
2

3
4
5

increased reliability and fewer service disruptions;

reduction of the weight and volume of large equipment and increased space for
passengers or more space for energy storage systems on board;

reduction of noise emitted by traction drive equipment;
reduction of energy consumption, resulting also in reduction of maintenance costs;

development of harmonised rules for certification.

Technical vision

Our vision is as follows:

* an SiC-based traction system aligned with urban markets;

* an SiC-based traction system aligned with regional markets;

* atraction system based on independently rotating wheels for HSTs;

* abreakthrough on aero-acoustic, electromagnetic and electromagnetic interference noise
reduction methodologies and prediction tools;

* a breakthrough on high-reliability design methodology, simulation and test tools for life-
cycle estimation of critical power traction electronics components in real operational
conditions and condition-based maintenance, to be applied to traction TD development;

* abreakthrough on validation and virtual certification methodologies, updated regulations,
simulation tools and a test bench to reduce test ring certification tests, costs and duration.

The following table presents the progress targeted within the traction TD work.
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Heavy and very large traction equipment

High-speed motors and natural cooling systems
thanks to new SiC semiconductor technology

Good, energy-efficient traction systems based on
silicon IGBT semiconductors

Very highly energy-efficient traction systems thanks
to new SiC semiconductors; very low-loss technology

Current traction systems based on silicon technology
leads to too much noise emission (electromagnetic
interference and cooling). Noise problems are
discovered too late during the development cycle

Early-stage low-noise traction system and
component design, thanks to predicted calculated
noise signature; low noise prototype developed and
tested within the traction TD

Reliability is too low and there is no ability to
predict the lifetime of semiconductors and traction
components in real train operational conditions

New methodology to predict lifetime, improved
design and validation processes to progress on
reliability during exploitation

Long and costly validation and certification process

New methodology and tools to implement more
virtual validation and certification of the full traction
systems and components; transfer of tests from train
to static test bench and simulators

No standards on SiC semiconductors

European and worldwide standardisation, especially
on packaging of semiconductor chips

Complicated and non-harmonised (at European level)
certification standards. No standards on traction
system virtual certification

Simplified framework for traction certification,
recommendations for more virtual certification

No technology available for the combination of the
independent wheel and the distribution traction
concepts

New developments for more efficient (in terms of
operation and energy consumption) and higher
capacity trains by combining these two concepts

Interaction with other TDs (in the same IP and/or in other IPs)

* |P1: the Traction Systems TD has links with:

/ TD1.2 TCMS
/ TD1.4 Running Gear
/ TD1.5 Brake Systems
/ TD1L8 HVAC

* Other IPs: links with:

/ TD5.4 New Freight Propulsion Concepts

/ TD5.1Fleet Digitalisation and Automation

* CCAs: links with and regular exchange on:

/ WA2KPIs

/ WAZ3.2 Standardisation

/ WA3.3 Smart Maintenance
/ WAZ3.5 Virtual Certification
/ WAS5.1 Energy

/ WAS5.2 Noise
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Figure 4 / TD 1.1 relationships

1.1.4. Impact and enabling innovation capabilities

STRATEGIC ASPECT KEY CONTRIBUTION FROM THE TD

» Keep the European traction industry in the technology race alongside Japan,
which has made some advances in SiC technology and applications

* Develop high added value and competitiveness in the traction industry,
including new design methodologies and tools (noise, reliability, virtual
certification tasks), and validation of traction components and systems

« Develop and promote European/worldwide standards on new SiC
semiconductor technology

* Harmonise and simplify the traction certification process to decrease cost and
duration via virtual certification drastic progress

* Provide technological leadership supported by a combination of radical

Support the innovation (high-speed motors, independently rotating wheel distributed
competitiveness of the EU traction systems)
industry

* Provide proof of tangible benefits for the end user:

/ increase in operational reliability (fewer service disruptions) through more
robust and better validated traction systems

/ support train capacity increase resulting from lighter and smaller traction
equipment, new traction solution for low-floor HSTs

/ LCC reduction (through virtual certification, higher reliability, lower energy
consumption and less maintenance)

/ additional advanced maintenance services through high added value
functionalities such as traction system and component remote failure
diagnostics and health monitoring
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* Promotion of modal shift: a big impact brought about by the implementation
of these new technologies towards better train punctuality and adding new
accessibility to trains with station platforms and train floors at the same level

* Support to capacity increase: as mentioned above, this will be enabled by
more flexible traction component implementation in the train and fewer
service disruptions

Compliance with EU
objectives

* Greening of transport through energy consumption reduction thanks to
high-efficiency components such as e-transformers and SiC-based traction
inverters

Currently, most of the proposed technologies are at low TRL levels. At the end

of S2R it is expected that the successful concepts will have been brought to
Degree of maturity of the TRL 7 (prototype demonstration in real operational environment). In parallel with
envisaged solutions technical developments, marketing studies and norms and regulation work will

prepare a favourable environment for economically viable new solutions for the

industry and operators

This TD will contribute to enabling the following seven innovation capabilities.

INNOVATION

CAPABILITY TD1.1 TRACTION

4 - More value BBI.3: High reliability and availability of traction

from data The Traction Systems TD could provide digital services via traction smart maintenance
BBI.1.1: New power electronics

5. Optimum BBI.1.2: Independent wheel traction

energy use . . . o .
The Traction Systems TD is focused on energy savings thanks to intrinsic traction
technologies (e.g. SiC-based semiconductors) and weight savings
BBI.1.I: New power electronics
BBI.1.2: Independent wheel traction
BBI.1.3: High reliability and availability of traction
BBI.1.5: Virtual certification of traction

7 - Low-cost BBI.1.6: Standardisation of key traction components

railway

The Traction Systems TD is not specifically oriented towards low cost; rather, it targets
high KPI performances (weight, volume, physical energy savings, low noise, high
reliability and availability) at optimised LCC (minimisation of capital costs, maintenance
costs and energy costs on a 30-year basis)

Moreover the Traction Systems TD works on pre-standardisation and virtual certification,
leading to lower costs as soon as common approaches are agreed between railway
stakeholders

BBI.1.3: High reliability and availability of traction
8 - Guaranteed
asset health and The Traction Systems TD directly provides optimised maintenance via its smart
availability maintenance work stream and thus provides indirectly minimised disruption of train
operation via higher reliability and availability

BBI.1.3: High reliability and availability of traction

9 - Intelligent

trains The Traction Systems TD is preparing better-communicating trains, including work on
smart maintenance and data for energy management
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INNOVATION

CAPABILITY TD1.1 TRACTION

1 - Environmental BBI.1.4: Traction electromagnetic interference and acoustic noise reduction

and social

) . The Traction Systems TD works on energy savings and lower CO, emissions through
sustainability

various solutions such as higher intrinsic efficiency and higher energy

BBI.1.5: Virtual certification of traction

BBI.1.6: Standardisation of key traction components

12 - Rapid and
reliable R&I Virtual testing and efficient implementation processes speed up production and
delivery deployment of new products; virtual certification methodologies using simulation and
validation processes reduce costs for stakeholders
There is close cooperation within the sector on standardisation and testing
1.1.5. Demonstration activities and deployment

Demonstration activities

The objective of the demonstration activities is to generate physical demonstrators, integrated
in rolling stock, suitable for performing track tests, either in commercial lines or test rings
(TRL 7 demonstrators).

The work is done in three steps: integration of traction equipment into four different rolling
stock trains, assessments and, finally, demonstration conclusion.

In particular, the demonstrators will focus on obtaining experimental results that demonstrate:
* the new traction components’ performances and behaviour;
* the new control strategies’ performances and behaviour;

« traction local performance - acoustic noise level, reliability/availability (failure rates,
ageing, etc.), energy, etc;

* traction electromagnetic interference levels.

Inaddition, the real experimental results will be compared with the results obtained previously
invirtual certification platforms (virtual certification software, simulation tools and hardware-
in-the-loop platforms) to validate and assess the accuracy of those platforms.

All the prototypes will be tested on test tracks or commercial lines in different segment
applications, as outlined below.

New SiC-based traction converter for metro application (TRL 7)

The objective is to generate a physical demonstrator of a metro train integrating a SiC-based
traction system, suitable for performing tests in the field, in either commercial lines or test
rings.

The scope includes all the required work to install fully functional prototypes of SiC-based
traction converters in a real train.

During the project phase, a specific metro application will be selected. In order to minimise
and rationalise the vehicle costs, it is intended to use the same train as ITD for the IP1 TD1,
Traction Systems, and TD2, TCMS, for field validation tests on the metro application.



New SiC-based traction converter for regional application (TRL 7)

A fully functional prototype of an SiC-based traction converter for a regional train will be
assessed.

Contributions from major operator members will be needed for this task to ensure all
necessary support; these members will be needed to validate the test plan and participate in

conclusions and KPI final quantification.

New Si- based traction converter for tramway application (TRL 4-5)

RESEARCH
AREA

Demonstration of a traction converter prototype is planned.

New traction converter for HST application (TRL 7)

The final demonstration and assessment of a low-floor, independently rotating wheel

distributed traction system TRL 7 prototype for an HST train will be carried out.

The table below summarises the expected demonstrators of TD1.1.

SPECIFL SPECIFICATION

ACTIVITIES

TECHNICAL
OBJECTIVE

Implementation
of an SiC

DEMONSTRATOR

MARKET

TRL

FOCUS OF ACTIVITY

New power electronics:

traction inverter Tram > .
SiCTD
on atram
New-
technology New power electronics, high
traction reliability and availability of
systems Full Metro traction: new generation traction
demonstration S 6/7 converter based on advanced
. regional . o
on trains semiconductor technologies;
reduction in weight and size and
increase in energy efficiency
Wheel motor
demo on an
HST to reach
. 360 km/h : Independent wheel traction:
New traction S High . . :
. maintaining 6/7 traction motor and traction drive
. architectures : speed .
Traction single axle and architecture
independent
wheel
configuration
Concepts and architectures,
Reliability knowledge of failure mechanisms
and Generic 4/5 of new devices, sensors,
availability standardised methodology for
increase reliability stress tests, remote
diagnostics, health monitoring
Electromagnetic compatibility
Virtual (EMC) state-of-the-art and gap
Virtual validation of analysis, and requirement and
validation a power module  Generic 5 concept specification, including
demo or traction interfaces with simulators for
converter virtual certification, and norms

and regulation recommendations
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Table 2 / TD1.1 quick wins

WHEN WHAT CONTRIBUTION TO MAAP
Q12018 Tramway converter based on SiC Proof of technological feasibility
Suburban lab
Q2 2018 Proof of technological feasibility
Converter (prototype)
Prototype of an SiC-based Proof of technological feasibility: paves the way for
Q4 2018 . A
converter for metro high-TRL application in metro segment
Final validation test report on power
modules and final motor/wheel . G
Q4 2018 integration analysis and validation Eiror?_chthgchrlwiilei?(;;ailnfi?s;]b_lsllt;éézasv;sr:;itway for
plan for independently rotating wheel g PP gn-sp 9
traction system
Q4 2018  New methodologies for validation Proof of technological feasibility
Q2 2020 fTRL 4-5 Demonsrator on SiC traction Proof of technological feasibility
or tramway
Q12021 LF;#Z Demonstrator on wheel motor for ¢ ¢ tochnological feasibility
Q12021 TRL7Demonstrator on SiC traction for o ¢ ¢ 1o cpnological feasibility
regional trains
Q2 2022 TRL 7 Demonstrator on SIC traction for Proof of technological feasibility

metro
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Table 3 / TD1.1 milestones

WHEN WHAT

WP4, Requirement specification for climatic conditions, contribution to the European

Q4 2019 Centre for Power Electronics guideline

Q22020 WP13, Validated microclimate data based on vehicle measurements and simulation

Q2 2020 WP14, Acceptance of design and virtual validation methodologies application by PINTA2
operators

Q32020 WP10, Prototypes demonstrated at InnoTrans 2021 S2R JU stand

Q4 2020 WP9, Final conference

The estimated total budget for the Traction Systems TD is around EUR 75 million.

1.2. TD1.2 Train Control and Monitoring System

1.2.1. Concept

The TCMS is the brain and the communications backbone of the train, critically affecting the
vehicle’s performance. In fact, it:

* integrates and manages all on-board information and makes train control decisions taking
into account the overall situation;

* performs communication between equipment, vehicles and consists and between the train
and the ground (except signalling-related communication);

* is the essential actor in the integration and interaction between different subsystems of
the train.

Today, TCMS is still based on reliable standards and concepts, which, however, date back to the
early 1990s, with embedded limitations in relation to transmission possibilities, technological
bottlenecks, etc.

Through R&l activities, the next generation of TCMS will overcome current limitations through
the introduction of wireless capabilities, full driven-by-data commands, seamless coupling,
enhanced throughput and reliability, and new architecture based on distributed functions
while supporting safety and security functionalities. This will further support easier
authorisation and self-configuration.

The deployment of the next generation TCMS will contribute to achieving capacity targets
and reducing the LCC of the assets while increasing performance.

The introduction of complete interoperability from the TCMS perspective, including the
virtual coupling and functional open coupling concepts, will pave the way for a new way of
operating trains by creating chains of virtually coupled trains.

Through the virtual coupling of trains (VCTS), where consists run together, coupled but
without any physical connection, consists manufactured by different companies and with
different interfaces can be virtually coupled, driven together by the leading cabin and
sharing the same traffic slot. Pushing the concept to its limit, it would be possible to couple
and uncouple consists on the fly (i.e. while both consists are moving or even cruising) and
increase significantly the capacity of the line by making long chains of virtually coupled trains.
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Although this concept will be developed in IP2 (TD2.8, Virtually Coupled Train Sets) the TCMS
infrastructure required is targeted by this TD.

Technical objectives

The following are the main technical objectives of this TD.

* Reduce the amount and weight of cabling for train control by half (saving 10 km of cable for
each 20 m of railcar). Reduce the space used by electronics hardware by 25 %.

* Gain the ability to implement Safety Integrity Level (SIL) 4 functions through the TCMS to
perform additional safety-critical tasks.

* Reduce the operational unavailability of the TCMS by 50 %.
* Gain the ability to couple any pair of multiple units of different types, a feature currently
totally non-existent and which can significantly increase line capacity (by 5 % more trains

per hour).

* Support technologically the development of the virtual coupling concept, which can
dramatically increase the capacity of lines.

* Reduce cost, time and effort spent on project engineering, integration and authorisation
phases by 50 %.

* Reduce the maintenance and operation costs of the TCMS by 50 %.

Technical vision

The next generation of the TCMS is based on new architectural principles around a function-
centric approach, supported by new technologies and well-proven concepts from other
sectors where safety, security, performance, interoperability, connectivity, cost-efficiency
and dependability are the key words.

Thus, the technical vision for the new generation of the TCMS proposed in S2R is based on
the following:

* dependable wireless communications intra-consist (wireless consist network - WLCN),
between consists (wireless train backbone - WLTB) and between trains (VCTS);

» standardised and secure train-to-ground link to make vehicles full players in the digital
railway concept;

* less on-board electronics but with high levels of standardisation and compatibility (this
reduced number of processors will handle any function from any system);

* architectures and communication technologies prepared for mixed-criticality data
transmissions, and in any case supporting functions up to SIL 4;

* application (function) profile definition and standardisation;

» functional open coupling as the definitive way to achieve the full functional interoperability
between consists;

* avirtual certification and testing platform with software in the loop, hardware in the loop,
remote connectivity of subsystems and tooling, for time- and cost-efficient certification
and authorisation.
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STATE OF THE ART NEW GENERATION TCMS

Wired TCMS entails a lot of cabling and connectors,
and is a major source of failures; impaired data
transmission through the auto-coupler

Wireless TCMS to reduce cabling and remove the
need for physical contact in the auto-coupler,
improving reliability and performance

TCMS up to SIL 2; safe trainlines still needed

Drive-by date concept - TCMS to provide SIL 4
capabilities that allow the integration of safety-
critical functions; wired logics replaced by processors
and/or field-programmable gate array

Architecture based on numerous central processing
units (one or more per subsystem), distributed

along the train; any software change in one of the
subsystems requires recommissioning, as applications
interface directly with the communication buses

Architecture based on a functional distribution
among a reduced number of central processing
units, where each function interfaces with the TCMS
through a standardised framework; recommissioning
only towards the framework is needed

Long and costly online debugging and commissioning
processes; integration tests require the physical
presence of subsystem suppliers

Use of a standardised simulation framework

to virtually test and certify the TCMS and its
applications, including train virtualisation, remote
connection through the internet and hardware in the
loop

Interoperability is impaired by incompatible coupling
vehicles; they require not only identical physical
interfaces but also compatible TCMS application
software (i.e. the same on-board services, software
versions and functions)

The deployment of the wireless TCMS and the
standardised functional distribution architecture and
the definition of standardised application profiles
allow seamless coupling of vehicles

The train-to-ground link is not standardised, so no
interoperability is possible for functions requiring
such a connection (e.g. energy metering); Roll2Rail
will propose a standard that will require further
implementation and validation

Standardised train-to-ground communication will
ensure interoperability and pave the way for the
deployment of new functions, transforming the
train into an extension of the railway undertaking’s
network
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Figure 5 / Future TCMS architecture

Interaction with other TDs (in the same IP and/or in other IPs)

The main interaction envisaged with other TDs and/or IPs (see Figure 6), both from the point
of view of technologies employed and of interaction in performance and objectives are:

* TD1.4, Running Gear - to support data transmission for new sensor concepts and the safe
management of new mechatronics;

* TD1.5, Brake Systems - providing safety-critical architectures and protocols interfacing
with the brake system to support the brake-by-wire concept;

* TD1.8, HVAC - standardisation of data interfaces of HVAC units;

* TD2.1, Adaptable Communications - clear synergies between TD1.2 and TD2.1, as the
communication system for signalling should be complementary to that for TCMS, sharing
most of the infrastructure, concepts and protocols, and coordination and cross-feeding of
these TDs will be crucial for success;

* TD2.2, Railway Capacity Increase (ATO up to grade of automation (GoA) 4) - TD2.2 goal
supported by the specification of the defined interfaces for the automated train operation
(ATO) system;
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» TD2.8, Virtual Coupling - TD1.2 expects to receive requirements from the Virtual Coupling
TD, to be taken into account in the development of technologies, devices and software,
and wireless components developed as part of TD1.2 will then be delivered, once tested, to
TD2.8 for possible integration and demonstration, if required;

* TD2.1, Cybersecurity - having a single approach to railway telecommunications seems to
be a wise option, and the starting point for both TDs will be the findings of Roll2Rail (GA
636032).

e TD2.5, Train Integrity - TD1.2 will involve developing a safe train inauguration with the
creation of a safe train topology database (TTDB), to be straightforwardly reused in T2.5,
as the TTDB contains the required information for train integrity in a safe way (SIL 4);

* TD5.5, New Freight Propulsion Concepts - providing support to wireless communication
along long freight trains;

* CCAs - during the life of the TD, values concerning KPIs and proposals for standards will
be delivered to CCAs (WA2 and WA3). In addition, the TCMS simulation platform and train
virtualisations should be used as common platform for integrating all subsystem models
and hardware in the loop used for virtual certification (WA3.5).

Moreover, the TCMS system being the central system for processing and communications
within the train, some level of interaction will take place with all new developments related to
on-board equipment, which should be fully compliant with the newly generated train control
network (TCN) standards.

IP5 NEW FREIGHT PROPULSION CONCEPTS 1

ADAPTABLE
COMMUNICATIONS

TRAIN INTEGRITY

VIRTUAL COUPLING

CYBERSECURITY

VIRTUAL CERTIFICATION STANDARDS CCA

Figure 6 / Interaction with other TDs and IPs

In addition, the existing interactions with other IPs and within relevant TDs of IP1 take into
account the work on the S2R system architecture performed in IPX.

Impact and enabling innovation capabilities

The specific benefits of the new TCMS will have a major impact on the S2R system-level KPlIs.
The relative weights of the benefits provided by this work (in relation to a total of 100 %) are
estimated in the table below, which provides an overview of the effects generated at a larger
scale by the application of the TD results.



STRATEGIC
ASPECT

Support the
competitiveness
of the EU industry

KEY CONTRIBUTION FROM THE TD

Technological leadership supported by a combination of radical innovation (wireless
TCMS, drive-by-data, distributed processing for higher reliability, etc.) and technical
standards, establishing an effective advantage for the European industry

Tangible benefits for the end user:

/ increase in capacity (potentially up to 20 %) owing to flexible coupling between
units and also to a reduction in service disruptions causing line blockages and
delays

/ increase in operational reliability (potentially up to 50 %) owing to new, more robust
TCMS architectures based on integrated electronics, less cabling and connectors,
enhanced validation and debugging concepts, and more flexible processing of
information specifically aimed at reliability and a reduction in the number of
components

/ reduced LCC (potentially up to 30 %) owing to reduced engineering, testing and
authorisation efforts, integration of multiple functions (including safety-critical
ones), reduced weight and improved maintenance

/ additional performance and service through TCMS covering fail-safe functions,
flexible coupling of trains, and train-to-train and train-to-ground communications

Compliance with
EU objectives

Promotion of modal shift: a big impact brought about by the implementation of these
new technologies aimed at avoiding service disruptions and adding new innovation
capabilities

Support for capacity increase: as mentioned above, this will be enabled by flexible unit
coupling and fewer service disruptions due to lack of operational availability

Greening of transport through energy reduction can be achieved by better integration
between subsystems and communications out of the train, as well as optimised
consists with flexible coupling

Pnzgt];?ﬁ O];f Currently, most of the proposed technologies are at TRL 1 or 2 (principles observed and
Y the possibilities for using them formulated). At the end of S2R it is expected that the
the envisaged :
X successful concepts will have been brought to TRL 6 or 7
solutions
This TD will contribute to enabling the following five innovation capabilities.
INNOVATION
CAPABILITY VD2 TEis

1- Automated
train operation

BBI1.2.1: Wireless TCMS, BB1.2.2: Drive-by-data

Support virtual coupling and platooning through wireless and safe communications, and
functional open coupling

BBI1.2.1: Wireless TCMS

2 - Mobility as
a service Provides on-board infrastructure for digital services, as well as the link between train and
ground
BBI1.2.1: Wireless TCMS, BB1.2.2: Drive-by-data, BB1.2.3: Functional distribution
4 - More value architecture
from data
Provide on-board infrastructure for data acquisition, local management and transmission
5 - Optimum BBI1.2.1: Wireless TCMS
energy use

Supports energy-efficient train management




(94

INNOVATION

CAPABILITY VDILZ TEktS

6 - Service BBI1.2.1: Wireless TCMS

otf)eranonc?med to Allows and supports advanced health-monitoring systems, provides on-board

the secon infrastructure for condition-based maintenance
BBI1.2.2: Drive-by data, BB1.2.3: Functional distribution architecture, BB1.2.4: Virtual
placing on the market of TCMS

Zz;i:z/s);;—ws}[ Simplification of electronics and cabling; seamless integration of functions through

standardised application profiles, interfaces and hardware components; greater
interoperability between trains and fleets, fewer failures and shorter repair times, leading
to smaller fleets; quicker and more cost-effective virtual certification

8 - Guaranteed BB1.2.1: Wireless TCMS

asset healthand  pqidas higher TCMS availability and on-board infrastructure for condition-based

availability maintenance
9 - Intelligent BBI1.2.1: Wireless TCMS
trains

Infrastructure to support train intelligence

10 - Station and BBI1.2.1: Wireless TCMS

smart city mobility Infrastructure to support enhanced train-to-ground capabilities

1.2.5. Demonstration activities and deployment

The following table summarises the contribution of TD1.2, TCMS, to the different ITDs of S2R.

SPECIFIC DEMONSTRATOR

RESEARCH

AREA

TECHNICAL
OBJECTIVE

SPECIFICATION
ACTIVITIES

MARKET | TRL

FOCUS OF ACTIVITY

Radio Metro 6/7  Incorporate wireless technologies into
Wireless technology, train communication network solutions
TCMS architecture Regional 6 (i.e. train backbone, consist network and
and protocols train-to-ground communication)
Metro 6/7 Provide a train-wide communication
Drive-by Architecture, nhetworr for full TCfMS gulpport, mcludmg
data orotocols _ the rep acement of train ines, connectmg
Regional 6 safety functions up to SIL 4 (including
signalling)
Metro 6/7  New architectural concept based on
standard framework and application
TCMS _ Specification, proﬁle;, distributedl computing to allow
Functional - execution of compliant functions on end
o architecture X o )
distribution and interface _ 6 devices distributed along the vehicle,
architecture definition Regional meeting different safety and integrity
requirements
5 Support functional open coupling
Standardised simulation framework in
. Technology which all subsystems of the train will
Virtual o - )
. definition, . be simulated, allowing remote and
placing on Generic 5/6 i R .
protocols and distributed testing, including hardware
the market )
procedures in the loop, through heterogeneous

communication networks
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Two ITDs are anticipated for the TCMS: one regional ITD involving different members to check
interoperability, and one metro ITD to test innovations under the most severe conditions (e.g.
multiple radio signals, tight tunnels).

The new TCMS will be deployed for full-scale demonstration on a metro vehicle, including
wireless features (train-to-ground communication and WLTB), SIL 4 capability and the new
functional distribution architecture, and integrating innovations from other TDs (e.g. running
gear monitoring and traction).

Two wireless communication networks will be deployed on two regional consists by different
membersinorder to allow for additional interoperability tests when they are coupled together.
Technical solutions to demonstrate train-to-ground communication in a regional ITD will be
developed. The regional demonstrator will test the coupling of units in a laboratory, and
wireless train-to-ground communication and WLCN in a real unit.

Members will be requested to provide at least a regional consist each for the integration of
the new TCMS components. The other regional consist may be provided by a train operating
company outside the JU membership if necessary.

All the principal elements required for rapid market uptake of this R&l output have been taken
into account.

These are:

* demonstration of technologies in a real operational environment to give credibility and
show the benefits clearly;

* common standard architectures based on interoperable black-box concepts;

* development supported by technical standards, which will increase the confidence of
future clients and facilitate quick deployment in new projects.

The standardisation groups and committees concerned - such as the IEC TC9 Working Group
43, in charge of the International Electrotechnical Commission (IEC) 61375 series of standards;
the European Telecommunications Standards Institute; and the 3rd Generation Partnership
Project - will be provided with the results of TD1.2, making it possible, among other things, to
fulfil the mandate from ERA to finalise the standard in order to refer to it from the Locomotive
and Passenger Rolling Stock Technical Specification for Interoperability (Loc&Pas TSI).

[t can be expected that between 3 and 5 years after S2R the new developments will be
implemented in a high percentage of all new vehicles (estimated to be implemented in 40-
80 % of all new projects in Europe and 30-60 % of all new projects worldwide).
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Table 4 / TD1.2 quick wins

WHEN WHAT CONTRIBUTION TO MAAP

Wireless communications Main outcome of Roll2Rail (GA 636032) allows the selection of

Q32017 evaluated in the laboratory  technology to be tested later on a real vehicle

Interoperability tests of

the new train-to-ground Opens the door to implementing further applications using the

Q2 2018 S train-to-ground link and assures interoperability; this quick win is

communication based on key to integrating the vehicle into the digital railway world

IEC 61375-2-6 B grating 9 v :

Implementation of ECN/ As ECN/ETB are the base for the other technologies developed
Q2 2018 P . within S2R, having conformance testing ready broadens the range

ETB conformance testing . - . .

of potential suppliers, improves competition and reduces costs

Q2 2018 Wireless ETB (WLTB) A fundamental step before prototyping equipment can be deployed

tested on a real vehicle in the ITDs; final validation of the technologies

Connected trams at Full-train connectivity (train-to-ground and train-to-train); first
Q32018 ) .

InnoTrans 2018 steps towards virtual coupling

Functional open coupling To achieve complete interoperability, increase line capacity and
Q4 2019 IR : .

proof of concept flexibility; a key technology for the virtual coupling concept

Validation of the TCMS This is the starting point for the virtual certification of TCMS, which
Q2 2020 . : . SRR

simulation framework should dramatically reduce the costs of commissioning

) An important intermediate step towards enabling the removal

Q32020 Prototype of SIL 4-capable of cabling, reducing weight and complexity, and integrating new

ECN/ETB :

safety electronics for brakes

Eg?]ttﬁésllﬁii?firfw VleeTleCelﬁtin Functions of different natures and safety levels can then be

Q32020 P 9 integrated into the control unit to reduce the number of on-board

the functional distribution

) electronics and facilitate exchangeability and recommissioning
middleware

Table 5 / TD1.2 milestones

WHEN WHAT

Q32016 Start of S2R TD1.2 activities with the 2016 call for projects Connecta (GA 730539) and Safe4Rail
(GA 730830), with the specification- and architecture-related activities (left side of the V-model)

Q32018 Start of prototype implementation phase (bottom part of the V-model)

Start of the refactoring and integration into the ITD (e.g. modification of vehicles) phases (lower

Q3 2020 right side of the V-model)

Q12021 Start of the on-track testing and assessment phases (upper right side of the V-model)

The estimated total budget for the TCMS TD is around EUR 48.8 million.
1.3. TD1.3 Carbody Shell

1.3.1. Concept

The function of a carbody is to be the passenger transport container and also the physical link
between all the elements of the vehicle.
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1.3.3.

Historically, passenger coaches were formed of aframe normally made of steel, which received
the loads coming from the track and the other coaches, and of a cover, which incorporated the
doors, windows and gangways.

Recent years have seen the progressive incorporation of non-metal parts into carbodies, such
as in front cabs, rear ends, fairings, floors (floating or fixed) and under-frame coverings. All
those parts are made of composite materials, which may include metal parts but in a lower
proportion than in the past.

In the aeronautical industry, there has been an increase in the use of non-metal materials
for structural components. There has also been a corresponding increase in knowledge of

composite material behaviour and all issues relating to the safety of composite materials.

Therefore, it seems logical that such developments could take place in the rail industry, and
this project specifically focuses on the primary structure of the carbodly.

The maininnovation of this TD is the use of composite materials in a hybrid carbody, in relation
to which technical and commercial issues will be investigated. The current performance of the
metal primary structures in terms of safety, durability and maintainability will be maintained
or improved with the technologies developed and evaluated with this demonstrator.
Technical objectives

The following are the main technical objectives of this TD:

* aweight reduction of between 15 % and 30 %.

e energy savings in operation of 2-12 %, resulting from the weight reduction;

* improved maintainability, as a result of new concepts;

» theintroduction of a specific health-monitoring system for the structures.

Technical vision

Aluminium carbodies were first single-walled and then double-walled extrusions, to increase
stiffness and also to avoid the need for extra reinforcement.

Progress has also been made on steel carbodies, with continual reductions in steel-sheet
thicknesses and ever smarter designs.

Therefore, non-supporting, partially supporting and self-supporting superstructures have
been developed.

Composite parts have started to be used in secondary structures such as driver cabs, rear
ends, fairings, floors and under-frame structures; however, there is little use of them in
primary structures.

The current state of the art includes composite parts in secondary structures and assembly
methods other than welding, such as riveting and bolting, to reduce costs and manufacturing
time.

Although steel and aluminium cope well with the loads applied and also with carbody
functions, weight reductions can be made by using materials other than metals. This has
been proved in the aeronautical industry, where composites are increasingly being used in
structural parts after having passed all tests regarding safety.



99 "\

In addition, manufacturing processes for composite materials have evolved from completely
manual manufacturing to more automatic processes. New processes allow greater
repeatability and thus more control over quality.

In conclusion, lighter carbodies could be made using industrial processes, provided that
adequate joining methods are used and there is compliance with rail safety standards.

The following table summarises how this TD will progress the state of the art and overcome
today’s limitations and difficulties.

STATE OF THE ART NEW GENERATION CARBODY SHELLS

Full-steel carbodies, made of thin steel sheets, cast
parts, extrusions or formed sheets; no proportionality =~ New carbodies with reduced weight
between density and strength of base material

Full aluminium carbodies, made of extrusions,

sheets, and/or reinforcements; more effective in New carbodies with significant reductions in weight
manufacturing but with similar final weights to steel; that can also have a high proportion of the insulating
a loss of interior space owing to the need for high material in their interiors

inertia in the aluminium

Carbodies with a primary structure of steel and
aluminium, as mentioned above, to which metal
or composite secondary structures are joined;
the design of those joints requires significant
reinforcement in some cases

As composite materials are created in the
manufacturing process, the possibility opens up
of better integrated and less heavily reinforced
structures

Interaction with other TDs (in the same IP and/or in other IPs)

The main interaction envisaged with other TDs and/or IPs, both from the point of view of
technologies employed and of interaction in performance and objectives are as follows.

* TD1.4, Running Gear - there are activities in the TDs that have commonalities, such as the
development of running gear subsystems made of advanced new materials. The validation
processes employed to allow the use of carbody and running gear structures will have

many points in common.

* CCAs: throughout the duration of the TD, values concerning KPIs and proposals for
standards will be delivered to CCAs.

CCA m STANDARDS

Figure 7 / Interaction with other TDs and IPs
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1.3.4.

STRATEGIC
ASPECT

Weight
reduction

Impact and enabling innovation capabilities

The new carbody shells’ specific benefits will have a major impact on the S2R system-level
KPls. The relative weights of the benefits provided by this work (in relation to a total of 100 %)
are estimated in the table below, which provides an overview of the effects generated at
a larger scale by the application of the TD results.

KEY CONTRIBUTION FROM THE TD

A lighter structure will allow an increase in the payload or technical equipment weight up
to the TSI limits. Increased train capacity will make it possible to divide the maintenance
cost among more passengers per train while keeping the price of maintenance steady

Improvements in
manufacturing
technologies

It is also expected that replacing some composite parts in the carbody may be quicker
and less costly than replacing welded metal parts (repairing certain metal structures can
be somewhat complex). Depending on the raw materials chosen, it is expected that the
processes used for forming composite parts will be able to compete with those used for
metals

Integrating
functions into
the parts made
of new materials

Train functions such as the thermal insulation can be integrated into a carbody made of
several materials, mainly composites, thus saving space and weight. In addition, integrating
functions such as air conduction, piping, etc., can make the whole carbody system less
prone to needing corrective maintenance

More attractive
products

Vehicle structures made with these new materials will benefit from more space within the
vehicle and therefore greater passenger comfort. In addition, a reduction in the time-to-
market in both manufacturing and operational (repairs) periods is expected

Development of
new skills in the
railway industry

These technologies will have an impact on the way in which railway vehicles are produced
and maintained, keeping the value added by the conventional metal constructions and
adding new value from industries that are already producing systems for the aerospace
and automotive sectors

Z;Z'(E't\éefé'rde The need to decide on the physical characteristics of composite material systems will
suppliers create activity in industries and research centres specialising in composite materials that
angpresearch are already working for other sectors, and will now gain experience in railway structural
o applications for composite materials
institutes
This TD will contribute to enabling the following two innovation capabilities.
INNOVATION
CAPABILITY TD1.3 CARBODY SHELL ENABLERS
5 - Optimum BB1.3.1: Composite hybrid carbody shell
energy use ) . ) L .
Increased space available within the vehicle through reduction in the size of the structure
sections thanks to the new materials, together with mass reduction allowing more
passengers or equipment within the axle load limit
7 - Low-cost BBI1.3.1: Composite hybrid carbody shell
railway

Integrating functions such as air conduction, pipes, etc., can make the whole carbody
system less prone to needing corrective maintenance, and thus modularity involves less
inspection and time for replacing parts. It is also expected that replacing some composite
parts in the carbody may be quicker and less costly than replacing welded metal parts.
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RESEARCH

AREA

Carbody
shell

101 B

Demonstration activities and deployment

The following table summarises the contribution of TD 1.3, Carbody Shell, to the different ITDs

of S2R.

SPECIFIC
TECHNICAL
OBJECTIVE

New mate-
rials in train
carbody
structures,
to reduce
weight and/
or improve
manufactur-
ing process
cost-
effectiveness

DEMONSTRATOR

SPECIFICATION
ACTIVITIES

Full high-speed
intermediate
coach of

a Talgo 350
type train

High

Coupler end
speed

of a Siemens
Velaro HST
made of
carbon-fibre
reinforced
plastic

MARKET

TRL

5/6

3/4

End structure
of an under-
frame area
(called the
headstock) for
the end car of
a Bombardier
metro train

Metro

3/4

FOCUS OF ACTIVITY

The demonstration activities will have
the following objectives for all the TD1.3
demonstrators:

* demonstration of the new materials’
adaptability for the functions intended
in the carbody structure

» demonstration of the joining
techniques between the new materials
(composites) and also between
composites and metals

* demonstration of the achievability
of the objective of weight reduction
(between 15 % and 30 % forecast)

» explanation of the manufacturing,
maintainability and repairability
concepts for the railway environment

* proposal of standardisation and
certification approaches (design,
calculation, manufacturing, repair,
etc.), and the common specifications
for future composite material-based
architectures

One of the main purposes of the demonstrators is to validate methods (design, calculation,
manufacturing and testing) leading to the creation of standards that allow the easy and

economical certification of the vehicles.

All the principal elements required for rapid market uptake of this R&l have been taken into

account.

These are the use of:

* manufacturing and testing technigues that have long been used in the aerospace industry
and other industries in relation to composite materials, especially those that could match

the costs targets typical of the railway industry;

* hi-tech materials that have proven to have excellent fatigue-resistance and serviceability
properties in other sectors.

It can be expected that between 3 and 5 years after S2R, new standards will be in place that
will simplify the implementation of these new structures.
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Table 6 / TD1.3 quick wins

WHEN WHAT CONTRIBUTION TO MAAP

Technical specification of all  First tangible objective, which establishes the procedure for

Q22018 the physical demonstrators continuing work in the coming years

Demonstration of all the

material alternatives

found for each part of the

carbodies (zones that will
Q32018  be metal, zones that will

contain composite type

A, zones that will contain

composite type B, etc., for

the different demonstrators

A key activity within the project, this involves assigning the

right material to the right place within each carbody, and should
provide first estimations of mass reduction and information on the
manufacturing technique to be used

Conceptual design of the This is the starting point for the detailing engineering and subpart

Q12019 carbody o parts design; at t_hls point, all the manufacturing processes and joining
methods will be chosen
Safety assessment of the Another key activity, in which the safety levels of the composite or
Q32019 y hybrid assemblies have to be assessed, to maintain or improve on

carbody or parts the safety levels of the current state-of-the-art metal assemblies

Table 7 / TD1.3 milestones

WHEN WHAT

Q2 2018 Demonstrator specifications
Q12019 Studies on material and manufacturing alternatives for demonstrators
Q12019 Conceptual design of demonstrators

Q2 2020 Structural and non-structural assessments, and noise and vibration harshness measurements

Q4 2020 Completion of design for manufacturing (drawings and specifications)

Q2 2020 Start of demonstrator manufacturing
Q4 2022 End of validation tests
Q4 2022 Final report

The estimated total budget for the Carbody Shell TD is around EUR 26.7 million.
1.4. TD1.4 Running Gear

1.4.1. Concept
Running gear systems are required to deliver safety, reliability, comfort and performance. The
scope for improvements in performance and reduction in wear using conventional systems
and without compromising safety and comfort is small.

The work to be carried out in this TD includes:

» development of new sensor architectures and functionality to monitor both running gear
and track;
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» validation and certification of lightweight and optimised materials for the running gear
environment;

» specification and validation of actuator technology to control running gear and wheelsets;
* development of a new noise and vibration assessment methodology.

The next generation of running gear solutions needs to deliver reduced infrastructure/wheel
wear and damage, while providing greater reliability and availability, with lower maintenance
costs. This challenge is made greater by the need for increased high-speed stability, excellent
curving performance, improved comfort and optimised systems for both airborne and
structure-borne noise.

Train operators are also increasingly focusing on reducing energy usage, so innovative
solutions are needed to reduce energy loss through rolling resistance, as well as aerodynamic
drag, and to reduce vehicle and running gear mass.

All these requirements have to be met without compromising safety. The solutions will also
provide enablers for far-reaching technology advances in the long term, and this will be taken
into account from the specification stage.

New innovative running gear solutions supportimproved capacity, reduced LCC and improved
performance.

Technical objectives

The following are the main technical objectives of this TD:

* weight reduction, which will facilitate a reduction in the engineering and integration efforts
and generate energy savings through the whole life cycle;

* Jlower unsprung mass, which will help to reduce track damage, wear and vibrations,
contributing to a reduction in system cost of up to 20 %;

* a reduction in wheel and rail wear (especially rolling contact fatigue) through improved
(controlled) performance on straight as well as curved tracks, including wear-resistant
materials, which will contribute to a cost reduction of up to 20 %;

« improved ride conditions through the use of active/semi-active suspension systems;

* a reduction in running gear-associated inspection and maintenance through monitoring,
which will contribute to a maintenance cost reduction of up to 20 %;

* areduction in the costs of running gear sensor equipment of up to 20 %;

» standards that support the introduction of advanced materials, sensors and monitoring,
and active control systems;

* recommendations for validation methods for reduced noise and vibration from running
gear;

* more efficient authorisation, with a reduction of up to 30 % in cost, time and effort.
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Technical vision

The next generation of running gear solutions needs to deliver reduced infrastructure/wheel
wear and damage, while providing higher reliability and availability, with lower maintenance
costs.

The work to be carried out in this TD includes:

* development of new sensor and health-monitoring architectures and functionality to
monitor both running gear and track;

» validation and certification of lightweight and LCC-optimised materials for the running
gear environment;

» specification and validation of actuator technology to control running gear and wheelsets;
* development of a new noise and vibration assessment methodology;
» creation of a breakthrough in the performance of the authorisation process.

The approach begins with a thorough review of the specifications and requirements of the
running gear of the future. In the second phase, technologies are individually developed; this
covers the whole development process including basic research, lower level specifications,
technology development, prototypes and laboratory tests, confirming performance and
gaining a more comprehensive understanding of these technologies. Next, specifications and
architectures at a whole-system level are reassessed and the most appropriate solutions for
the different types of services and operational conditions are proposed. The final tasks are
twofold.

‘I A number of different running gear solutions bringing clear contributions to the S2R
global KPIs are verified using demonstration scenarios.

2 Technical standards based on the technologies proposed are developed to promote
future deployment.

In addition, the authorisation process needs attention to enable the innovations to be
introduced into the operational environment.

STATE OF THE ART NEW GENERATION RUNNING GEAR

Future trailer bogies are around 5-5.5 tonnes in

Trailer bogies designed for a 20-tonne axle load are weight, with functional integration of suspension,
approximately 6.5-7 tonnes in weight and contain frames, wheelsets and brake equipment, and using

around 90 % steel

lightweight materials; further reduction will be
introduced with new running gear concepts

Various requirements implicitly/historically consider Harmonised requirements and design principles
steel the preferred material (e.g. fire regulations, and applicable to materials other than steel, allowing
maintenance, inspectability and fatigue-resistance new, lightweight components and/or concepts to be

standards)

applied to running gear

New materials allowing functional integration and

Architecture based on steel material capabilities new running gear concepts/architectures, including

mechatronics

Traditional breakdown of components of functions

with established (
suppliers

New concepts and materials allowing new types of
components and different integration to achieve new
solutions, allowing new suppliers from other sectors
to enter the market

sometimes not very innovative)

Lightweight perceived as costly Cost-efficient/cost-neutral lightweight solutions
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STATE OF THE ART NEW GENERATION RUNNING GEAR

Uncertainty about the benefits of lightweight design
and materials for running gear

Clarity about the ‘which, where and how’ of light
solutions and their benefits (technology roadmap)

Sensors specially developed or customised for
running gear applications, produced in small volumes
and at a high cost

New standardised sensors fit for purpose for running
gear applications that can be produced in large
volumes at a lower cost

Expensive cabling in running gear because of the
mechanical protection required for the cables

Wireless sensor networks in running gear

Energy supply to sensors via cables from the carbody,
leading to complex cabling inside the running gear
and the carbody.

Sensors with efficient energy management and
energy harvesting inside the running gear or even the
sensors

Specific and different solutions for communication
and integration into train-level systems exist

Clear standards for interfaces with train-level systems
and maintenance systems enable compatible running
gear sensors

Self-guiding: owing to wheel conicity, solid

axles automatically steer themselves on curves.

For independently guided wheels, the guiding
mechanism changes the angle of attack to try to keep
wheels parallel to the rails. In service, this simple
principle involves some guiding errors that increase
noise and wear both in wheels and in rails

Optimised methods to guide axles and wheels, taking
into account actual track geometry

Lateral suspension: passive oil dampers that decrease
the amplitude of carbody lateral oscillations

Semi-active and/or active dampers that react to
lateral oscillations, taking into account the frequency
and actual velocity and displacement of the carbody,
to improve the comfort index

Vertical suspension: passive oil dampers that
decrease the amplitude of vertical oscillations of
carbody and/or running gear frame

Semi-active and/or active dampers that react to
vertical oscillations, taking into account the frequency
and actual velocity and displacement of the carbody
and running gear frame, to improve the ride quality
index

Virtual certification: today, the authorisation process
for putting new rolling stock into service is largely
based on full-scale field and line tests, which is
expensive and time- and capacity-consuming.
Moreover, it can be performed only at the end of the
design process. There is therefore a clear need for

a reduction in the duration and cost of the process.

The main target is to practically validate an overall
industrial virtual certification process and to use it on
real cases, demonstrating the approach (TRL 6/7)

Interaction with other TDs (in the same IP and/or in other IPs)

The main interaction envisaged with other TDs and/or IPs, both from the point of view of
technologies employed and of interaction in performance and objectives are the following.

TD1.3, Carbody Shell - there are activities in the TDs that present commonalities in
relation to developing carbody shells made or partly made of advanced new materials.
The validation processes employed to enable the use of new carbodies and running gear
structures will have many points in common.

TD1.2, TCMS - the system architecture for any running gear and infrastructure monitoring
will be based on standardised interfaces with the TCMS.

Infrastructure - next generation passive/active suspension and curving control designs
enable radical new thinking on wheel/rail conditions for reduced wear and damage
(including rolling contact fatigue) on curved and straight tracks, as well as other high-cost
infrastructure components such as switches and crossings. It is very important to consider
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cost savings on infrastructure when seeking to demonstrate the benefits of developing
new running gear.

* CCAs - throughout the duration of the TD, values concerning KPIs and proposals for
standards will be delivered to CCAs.

CCA

Safety, Standardisation

& Smart Maintenance

Energy and Sustainability

Figure 8 / Interaction with other TDs and IPs

1.4.4. Impact and enabling innovation capabilities

The following table shows how the activities will contribute to the achievement of the S2R
objectives.

STRATEGIC ASPECT KEY CONTRIBUTION FROM THE TD

Improved services and

customer quality Improved passenger comfort and increased availability

Enhanced overall curving and ride performance of new generation running

Reduced system costs gear; reduced running gear maintenance costs and reduced wheel and track
LCC

Simplified business Reduction in time and cost for the validation of lightweight materials, sensors

processes and active control systems

Enhanced standardisation of sensor architecture and interfaces; standardised

Enhanced interoperability HW and SW communications protocols

This TD will contribute to enabling the following 10 innovation capabilities.

INNOVATION

CAPABILITY TD1.4 RUNNING GEAR

Autonomous trains can monitor themselves. Communication is possible between train,
running gear and infrastructure. In-train signalling capability can be used to resolve
infrastructure conflicts

BB1.4.1: Bogie sensors and mechatronics

Establish an accepted general framework for developing health-monitoring systems for

1- Automated condition-based maintenance and interface with the TCMS

train operation Focus on open standards for bogie sensoring and solutions for safety-critical and non-

safety monitoring systems

Development of a wireless, on-board, in-service monitoring system with access to
external information that provides the required data for condition-based maintenance

Development of new health-monitoring systems and innovative algorithms that allow
condition-based maintenance of the track
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INNOVATION

CAPABILITY TD1.4 RUNNING GEAR
BB1.4.1: Bogie sensors and mechatronics
Establish an accepted general framework for developing health-monitoring systems for
condition-based maintenance and interface with the TCMS

- Focus on open standards for bogie sensoring and solutions for safety-critical and non-
2 - Mobility as .
a service safety monitoring systems

Development of a wireless, on-board, in-service monitoring system with access to
external information that provides the required data for condition-based maintenance

Development of new health-monitoring systems and innovative algorithms that allow
condition-based maintenance of the track

BB1.4.1: Bogie sensors and mechatronics

Establish an accepted general framework for developing health-monitoring systems for
condition-based maintenance and interface with the TCMS

Focus on open standards for bogie sensoring and solutions for safety-critical and non-

4 - More value .
safety monitoring systems

from data
Development of a wireless, on-board, in-service monitoring system with access to
external information that provides the required data for condition-based maintenance
Development of new health-monitoring systems and innovative algorithms that allow
condition-based maintenance of the track
BBI1.4.2: New materials for bogies

5 - Optimum

energy use Lightweight and optimised materials validated and certified for the running gear
environment
BBI1.4.1: Bogie sensors and mechatronics
Establish an accepted general framework for developing health-monitoring systems for
condition-based maintenance and interface with the TCMS

6 - Service Focus on open standards for bogie sensoring and solutions for safety-critical and non-

operation timed safety monitoring systems

to the second ] ] ) o .
Development of a wireless, on-board, in-service monitoring system with access to

external information that provides the required data for condition-based maintenance

Development of new health-monitoring systems and innovative algorithms that allow
condition-based maintenance of the track
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7 - Low-cost
railway
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TD1.4 RUNNING GEAR

BBI1.4.1: Bogie sensors and mechatronics

Establish an accepted general framework for developing health-monitoring systems for
condition-based maintenance and interface with the TCMS

Focus on open standards for bogie sensoring and solutions for safety-critical and non-
safety monitoring systems

Development of a wireless, on-board, in-service monitoring system with access to
external information that provides the required data for condition-based maintenance

BBI1.4.2: New materials for bogies

Lightweight and optimised materials validated and certified for the running gear
environment

BB1.4.4: Virtual certification of bogies

Virtual testing and efficient implementation processes speed up production and
deployment of new products; virtual certification methodologies using simulation and
validation processes reduce costs for stakeholders

There is close cooperation within the sector on standardisation and testing.

8- Guaranteed
asset health and

BB1.4.1: Bogie sensors and mechatronics

Establish an accepted general framework for developing health-monitoring systems for
condition-based maintenance and interface with the TCMS

Focus on open standards for bogie sensoring and solutions for safety-critical and non-

availability safety monitoring systems
Development of a wireless, on-board, in-service monitoring system with access to
external information that provides the required data for condition-based maintenance
Autonomous trains can monitor themselves. Communication is possible between train,
running gear and infrastructure. In-train signalling capability can be used to resolve
infrastructure conflicts

9 - Intelligent BBI1.4.1: Bogie sensors and mechatronics

trains

Establish an accepted general framework for developing health-monitoring systems for
condition-based maintenance and interface with the TCMS

Focus on open standards for bogie sensoring and solutions for safety-critical and non-
safety monitoring systems

11 - Environmental
and social
sustainability

Green technologies enable the railway to operate exhaust emissions free and with low
noise and vibration levels

BB1.4.3: Noise and vibration

Validated and refined methods for prediction and evaluation of new/improved noise-
control measures; development of noise-optimised wheels

12 - Rapid and
reliable R&l
delivery

BBI1.4.4: Virtual certification of bogies

Virtual testing and efficient implementation processes speed up production and
deployment of new products; virtual certification methodologies using simulation and
validation processes reduce costs for stakeholders

There is close cooperation within the sector on standardisation and testing
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1.4.5. Demonstration activities and deployment

The following table summarises the contribution of TD 1.4, Running Gear, to the different ITDs
of S2R.

SPECIFIC DEMONSTRATOR
NS, TECHNICAL SIS IO FOCUS OF ACTIVITY

AREA OBJECTIVE | ACTIVITIES MARKET TRL

Architecture

for health-
monitoring
Sensor and systems, )
health- innovative Open standards for running gear

6/7  sensors; solutions for safety-critical

monitoring algorithms, and non-safety monitoring systems

functionality  certification

Regional,
process anql high speed,
interface with metro
the TCMS freight (lo-
Development, comotive)
Active certification
_ SUSOENSIoN and tests of Solutions for suspension and running
Running andpcontrol new active 6/7  gear control technologies and their
Gear technolo suspensions validation
9y and radial
steering
Noise and New designs Validated and refined methodology for

vibration and mater|a|§ Metro 4/5  prediction and evaluation of new and
to reduce noise

reduction e improved noise-control measures
emission
New materials,
methods and . . .
. : . New materials for lighter running gear,
Optimised manufacturing Regional, .
. A 6/7 lower levels of degradation and lower
materials of frame high speed .
railway system LCC
components
and wheels
Mgthodolog|es The progressive use of simulation
. using . : oo
Virtual . ) ) will enable an improved certification
o simulation Generic 6/7
certification L process to reduce costs for
and validation
stakeholders
processes

A key contribution of S2Risto provide new or revised standards for these emerging innovations
to ensure that they can be certified for future rail contracts, specifically addressing the
following issues.

* Technical specification. Define the general specification for new running gear layouts
(with optional active technology). Specify related high-level architecture and interface
requirements.

» Sensor and health monitoring functionality. Address the requirements of the recent TSI
connected with sensors in running gears. ldentify necessary new standards.

* Optimised materials. There will be standards such as fire, fatigue and inspection standards
that need to be adapted because of the new materials and their specific characteristics.
New standards may be required. An example would be the material characteristics of fibre-
reinforced polymer (ballast impact).
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» Active suspension and control technology. Some requirements of the recent TSI
connected with static/dynamic tests to be performed during authorisation of future trains
would need to be updated or modified. Related standards, such as EN 14363, could also be
revised accordingly.

* Noise and vibration reduction. This TD will provide valuable input to future revisions of
the noise TSI, since the running gear is the major contributor to pass-by noise at most
normal running speeds.

* Virtual certification. The progressive use of simulation in several cases to be specified
(cross-acceptance, vehicles with small modifications, out-of-range modelling of physical
tests, etc.) will enable an improved certification process. Reduced times to market, more
interoperable rolling stock, and cost savings for stakeholders and end users can be
expected.

To guarantee rapid market uptake after S2R, the following elements have been taken into
consideration.

* High-TRL demonstrators will be set up to prove and test different running gear solutions.
* Common technical standards for the technologies proposed will be developed.

* LCC modelling methodologies will be developed to evaluate benefits.

The adaptation of technical standards will have a major impact on the next generation running

gear in terms of competitiveness and reliability. In addition, the adapted technical standards
will contribute to swifter development of new running gear and faster market introduction.
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Table 8 / TD1.4 quick wins

WHEN WHAT CONTRIBUTION TO MAAP

Main outcome of Roll2Rail (GA 636032) allows the validations
Q32017  Universal cost model running gear innovative equipment/solutions considering the
energy, noise, infrastructure and vehicle costs/savings.

Prototype of novel Specification and requirements for sensors and architecture for
Q4 2018  sensor system for health- health-monitoring systems, innovative algorithms, certification
monitoring systems process and interface with the TCMS

) The main advantages of such a wheel are reduced weight, less
New, non-conservative

Q4 2018 : wheel wear, less tendency towards polygonisation and low noise
materials for wheels T
emission
Composite running gear New designs for frames components using lightweight materials;
Q4 2018
frame components bench tests of the manufactured components

Establishment of an improved overall industrial virtual certification
method for running gears, following the guidelines established

by EN 14363:2016 to reduce on-track tests in favour of increasing
simulations and bench tests

Methodologies using
Q4 2019  simulation and validation
processes

Building on the universal cost model results from Roll2Rail to create
Q32021  Universal cost model 2.0 an open tool for the railway industry, making the model more user-
friendly, more consistent and simpler

Table 9 / TD1.4 milestones

WHEN WHAT

Q4 2017  Start of S2R TD1.4 activities with the 2017 call for projects: PIVOT and the related Open Calls (OCs)

PIVOT and OC ending. Start of PIVOT2. Manufactured prototypes of the running gear technical

Q42019 work streams are available or prototypes are ready for manufacturing

Q2 2023 PIVOT2 ending. S2R programme ending. Final report

The estimated total budget for the Running Gear TD is around EUR 23.9 million.

1.5. TD1.5 Brake Systems

1.5.1. Concept

The brake system of a train is a mission-critical system, which ensures the safe transport of
passengers and goods and also the safety of humans in the train’s environment.

The main tasks of a brake system in a rail vehicle are to:

* reduce the speed of a travelling train or vehicle in accordance with the operational
conditions and to stop it completely if necessary;

* keep the speed of the travelling train or vehicle constant when travelling down gradients;

* secure standing (stopped) trains or vehicles against unintentional movement for a limited
time;
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1.5.3.

» securestanding (parked) trains or vehiclesagainst unintentional movement for an indefinite
length of time (without any energy available on board).

Today, brake systems in the railway still rely on hardwired and/or pneumatic signals and on
pneumatic brake controls to achieve the required level of safety (SIL 4 is required for the
overall brake system). Today’s brake system still ensures safety by dissipating kinetic energy
into thermal energy using friction brakes.

As a result of R&l activities, next generation brake systems will overcome current limitations
through the introduction of adhesion management solutions, brake energy recuperation
technologies and brake control solutions embedded in TCMS solutions of the future;
electromechanical brake systems will supersede pneumatic and/or hydraulic solutions.

Alsorelevant to R&l on future brake systems are ATO scenarios, support for virtual certification
of brakes and efficient brake systems for freight trains.

Based on the requirements for safety (i.e. some brake functions will require higher safety
levels in the future), the deployment of next generation brake systems will contribute to
achieving capacity targets, reducing LCC, making diagnosis and maintenance easier and
more efficient, and improving performance.

Technical objectives

The following are the main technical objectives of the Brake Systems TD:

ability to implement highly safety-relevant brake control functions in HW/SW
architecture compliant with SIL 3 or 4;

ability to connect the brake control unit to the next generation TCN (as defined in
TD1.2), supporting critical safety functions;

reduction in braking degradation in poor adhesion conditions, from the 25 %
prescribed by the International Union of Railways (UIC) leaflet 541-05 to 15 %;

innovative friction pair solutions, lightweight (e.g. ceramic) brake discs, improved
LCC;

enhanced, fail-safe electromechanical brake systems;
standardisation of the brake system assessment processes;

methods and tools for virtual certification of brake systems.

NoOUuT ph Wb —

Technical vision

Pneumatic systems (or hydraulic systems) are mature technologies dominating the market,
but future brake systems follow three megatrends:

» safe braking under all conditions (even low-adhesion situations);

* brake-by-wire (or brake-by-data) architectures;

* vision of an air-free train without a pneumatic system for brakes, doors and suspension.
Wheel-to-rail contact not only causes significant uncertainty when predicting braking

distances but also is a general bottleneck with regard to the achievable braking performance
of the train and, to a substantial degree, the traction effort as well. For environmental and
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technical reasons, the conditions for wheel-to-rail contact are highly variable and cannot be
predicted exactly. They very much depend on different positions of the wheel on the track as
well as on different travel times, seasons, etc. This negatively influences a large number of rail
traffic characteristics, such as headway, punctuality and in particular safety.

Managing especially low or insufficient adhesion conditions can reduce braking distances.
Thus it is important to minimise variation under comparable conditions. Future adhesion
management will contribute significantly to a capacity increase in railway operation.

Ceramic brake discs weigh around 50 % less than conventional grey cast-iron brake discs,
reducing the critical unsprung mass of wheelsets and contributing to reducing the rotating
mass. Further advantages of ceramic disc brakes and other advanced friction pairing solutions
are reduced fading and higher thermal stability, higher abrasion resistance and therefore
a longer lifetime.

In addition to pneumatic solutions, electronic control functions and communication networks
are necessary for in-service braking as well as for the exchange of diagnostic data. However,
these double structures cause higher complexity. And, owing to intrinsic inaccuracies and to
temperature- and ageing-related drift, pneumatic controls do not benefit from the accuracy
offered by typical electronic controls. These disadvantages underline the immediate demand
for improvements to close the gap with other industries that have finally managed to
transfer safety-related functions to an electronic and software-based system architecture
that is compliant with the required high SILs (SIL 3 or 4). This would not only enable greater
accuracy and advanced emergency braking concepts but also make it possible to exploit the
advantages of next generation TCMS, substituting the hardwired signals and brake control
unit communication protocols of current railways custom networks (multifunction vehicle
bus, TCN) for safe ethernet communication as defined in TD1.2, TCMS.

Today, pneumatic and hydraulic solutions dominate the market. Hydraulic solutions have the
advantage of high force density, whereas pneumatic ones offer a relatively simple activation
of braking power. In any case, the creation of concepts for pneumatic and hydraulic systems
is necessary. With regard to ecological and maintenance issues, hydraulic systems are
particularly demanding. A full drive-by-wire mechatronics brake system could overcome
these drawbacks and offer the additional benefits of advanced control, diagnostic functions
and ecologically friendly energy storage systems. By using such a system for light-rail vehicle
(LRV) applications, the possibility of eliminating the oil management chain altogether would
be opened up. A second application scenario in the scope of S2R is metro.

The certification and even virtual certification of the future need a process for the assessment
of brake systems with standardised and distinct requirements as well as standardised test
programmes defined on a common European basis. The goal is to reduce the time spent on
and cost of authorisation processes.
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STATE OF THE ART NEW GENERATION TCMS

Safety braking-related functions (safety brake,
safety-brake weighing) still assigned to traditional
pneumatic systems. Owing to intrinsic inaccuracy and
to temperature- and ageing-related drift, the pressure
values provided can differ from the expected value,
which can lead to increased braking distances or can
cause sliding

Electronic HW/SW platforms designed to manage
all braking functions (service, holding, emergency,
safety brake, wheel-slide protection), compliant with
the high safety levels SIL 3 and SIL 4, ensuring more
accurate control

Brake control unit communication protocols based
on current railway custom networks (multifunction
vehicle bus, TCN), safety-related commands being
hardwired

Next generation TCMS ethernet communication not
as diagnostic media only but used as full operational
communication system in accordance with the
required SIL levels

Significantly changing conditions for wheel-to-rail
contact, influencing many rail traffic characteristics,
including safety and punctuality. Low adhesion causes
slower acceleration and longer braking distances; high
adhesion results in increased wear and tear and noise.
Sanding and wheel-slide protection are far from the
optimum considering the technical options available
today

New technologies help to compensate for variation
in adhesion characteristics and, combined with more
sophisticated wheel-slide protection technology, make
it possible to reduce braking distances in bad adhesion
conditions and to improve overall train safety, finally
reducing the wheel’s LCC

Ceramic brake discs are used only at premium level in
the automotive sector

Ceramic brake discs are introduced to the railway
business, reducing LCC significantly by providing
a lifetime design

LRVs use hydraulic friction brakes, while high-speed,
regional, metro and freight trains use pneumatic
technology. Electromagnetic brakes are not
compatible with the space requirements of hydraulic
LRV brake systems and are not competitive compared
with pneumatic friction brakes

Electromechanical friction brakes are sufficiently
compact to be substituted for the hydraulics in LRVs
and competitive enough to be introduced to other
vehicle types, allowing better control and diagnosis

Time-consuming and costly assessment as a result
of the high degree of complexity of European and
national regulations in combination, inconsistencies
and/or divergences in interpretation

Specification of an assessment process with
standardised and EU-wide accepted criteria, including
a standardised test programme, to reduce the time
spent on and cost of the authorisation processes

Interaction with other TDs (in the same IP and/or in other IPs)

The main interactions are as follows.

* TD1.1, Traction - there is a strong interdependence between acceleration and deceleration.
Blended technologies and use of electro-dynamic (ED) brakes are examples of close
interaction between traction and braking.

* TD1.2, TCMS - the TCMS is vital for the transmission of safety-relevant informationin a train.
Therefore, all relevant brake control information has to be exchanged in the TCMS, which is
essential for advanced braking concepts. The development of an ethernet-based TCMS for
high-safety-level brake functions can be applied to future brake control systems.

* TD3.10, Smart Metering for Railway Distributed Energy Resource Management System -
this TD could determine the effect of brake energy recuperation on the energy flows of the
entire railway system (energy returning from train to infrastructure) and, thus, significantly
contribute to energy management strategies via the appropriate train-driving techniques.

* |P5, Brakes for Freight Scenarios - some of the technologies developed in TD1.5, Brake
Systems, can be applied also to IP5 on freight. Examples are advanced friction brake
technologies, electronic brake control applied through electropneumatic brake solutions
for freight and brake functions such as automated brake tests.
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* CCAs-during the life of the TD, values concerning KPIs and proposals for standards will be
delivered to CCAs (WA2 and WA3).

1.5.4. Impact and enabling innovation capabilities

The new brake systems’ specific benefits will have a major impact on the S2R system-level
KPls. The table below provides an overview of the effects generated at a larger scale by the
application of the TD results.

STRATEGIC
ASPECT KEY CONTRIBUTION FROM THE TD
* Technological leadership supported by a combination of:

/ radical innovation (high-safety-level electronic solutions, finally leaving behind the
remains of legacy brake systems, quasi-elimination of the bottlenecks created by low
adhesion)

/ exploiting technological enhancements in related systems (e.g. TD1.2, TCMS)

Support the

competitiveness  « Tangible benefits for the end user:

of the EU

industry / increase in operational reliability through fewer operational restrictions under poor

adhesion conditions and through better diagnostics for brake components

/ increase in support capacity through higher track throughput enabled by shorter
and/or more reliable braking distances

/ LCC reduction as a result of better diagnostics, lower energy consumption and
introduction of lifetime brake components

* Promotion of modal shift by implementation of these new technologies to help avoid
service disruptions and add new features

Compliance with * Support for an increase in capacity

EU objectives * Greening of rail transport through a reduction in energy consumption by reducing the

rotating mass of brake discs

* Elimination of oil in LRV brake systems

« Highly safety-relevant brake control functions in HW/SW architecture

Degree of * Brake distance degradation improvement

maturity of

’ * Development of a weight-reducing lifetime ceramic brake disc
the envisaged

solutions « Development of a drive-by-wire, mechatronic brake actuator

* Reduction of time spent on and cost of brake system assessment

This TD will contribute to enabling the following six innovation capabilities.

INNOVATION

CAPABILITY TD1.5 BRAKE SYSTEMS

BBI1.5.1: Safe control and adhesion management

1- Automated

X ) Support for safe braking under all conditions without driver surveillance; brake system
train operation

electronics compatible with ATO and higher safety-level electronic solutions for brake
control
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INNOVATION
CAPABILITY TD1.5 BRAKE SYSTEMS
BBI1.5.1: Safe control and adhesion management, BB1.5.2: Efficient force generation
5 - Optimum Optimised energy-efficient brake system solutions owing to higher safety-
energy use level electronic solutions for brake control, innovative friction pair solutions and
electromechanical brakes for railway applications
6 - Service BBI1.5.1: Safe control and adhesion management, BB1.5.2: Efficient force generation
;)rﬁ)eration(;:imed to Support for safe braking under all conditions without driver surveillance; brake system
e secon electronics compatible with ATO
BB1.5.3: Authorisation process
7 '_I Low-cost Reducing cost through air-free train solutions (getting rid of pneumatic components in
raway a train): higher safety-level electronic solutions for brake control and electromechanical
brakes for railway applications
BBI.5.1: Safe control and adhesion management, BB1.5.2: Efficient force generation
9 - Intelligent
trains Support for safe braking without driver surveillance; brake system electronics

compatible with ATO and higher safety-level electronic solutions for Brake Control

1 - Environmental BBI1.5.1: Safe control and adhesion management, BB1.5.2: Efficient force generation

and social

) . More efficient and silent braking through optimised use of technology (innovative
sustainability

friction pair solutions, electromechanical brakes)

1.5.5. Demonstration activities and deployment

The following table summarises the contribution of TD 1.5, Brake Systems, to the different
ITDs of S2R.



RESEARCH
AREA

Brake
Systems

SPECIFIC

TECHNICAL
OBJECTIVE

SPECIFICATION
ACTIVITIES

DEMONSTRATOR

MARKET TRL

9 5

FOCUS OF ACTIVITY

) Regional 7 An electronic HW/SW architecture,
High . )
. compliant with SIL 3 or 4,
safety-level Specification, ) . .
. specially designed to be applied
electronic concept, ) . .
. ) in brake control solutions, with
solutions demonstration, :
N Urban 7 safety functions transferred from
for brake verification 7 :
traditional pneumatic components
control !
to electronic modules
Safe braking under all adhesion
Specification conditions, especially low-
Adhesion cgnce i ’ Generic adhesion situations; demonstrate
manage- . P, ) and urban/ 5/6/7 the function of a new adhesion
implementation . :
ment [ regional management concept/function
verification o .
within a relevant environment on
a test train
Development and design of a new
. Specification, generation of disk and friction
Innovative o . X .
L . concept, Urban/ materials; provide an innovative,
friction pair : : 7 X :
; demonstration, regional high-power and eco-friendly
solutions e 2z - .
verification friction pairing solution to be tested
in a relevant environment
Electro- Specification
mechanical P ’ Development and testing of
concept, Urban/ .
brake for . : 6 a mechatronic brake actuator for
; demonstration,  regional . S
railway e railway applications
o verification
applications
Based on the results of the
Roll2Rail project, the requirements,
the standardised criteria and
an implementation strategy for
Certification I assessment of future brake systems
Specification, . SO o
process, will be determined; in addition,
: . concept, . . .
including ) Generic 4 new methods and implementation
. demonstration, - .
virtual o strategies for the virtual
verification

certification

certification of brake systems

will be investigated and defined:;
certification processes for adhesion
management testing environments
will be developed
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Table 10 / TD1.5 quick wins

WHEN WHAT CONTRIBUTION TO MAAP
Demonstrator wheel-slide Verification and validation of different adhesion situations in
06/2018 ) . . .
protection test rig a repeatable, well-defined environment
09/2018 Future-proof brake system General specification and requirements for a brake system safety
safety architecture architecture integrated into the future TCMS
Concept development Improvement of electromechanical brake actuators and expansion
09/2019 ) o
actuator of the range of train applications
09/2019 Innoyatlve friction pairing Contribution to enhancing braking performance and reducing wear
solution tested
09/2019 Demonstration of SIL 3/4 Design and testing of future electronic hardware for the brake
electronic hardware system taking into account the outcome of TD1.2, TCMS
TRL 6 demonstrator for Demonstration and validation of a mechatronic brake actuator for
12/2022 : - oS
electromechanical brake railway applications

Table 11/ TD1.5 milestones

WHEN WHAT
09/2018 Adhesion data collection finalised

09/2019 Specification of materials, first specimen, first dynamometer tests

09/2019 TRL 4 demonstrator for SIL 3/4 brake system electronic hardware

09/2019 TRL 4 demonstrator for electromechanical brake

09/2020  As a first example, the virtual certification of a wheel-slide protection system to be performed

09/2020  Adhesion detection system installed

09/2021 SIl 3/4 electronics integrated in future TCMS

12/2022 TRL 6 demonstrator for electromechanical brake actuator

The estimated total budget for the Brake Systems TD is around EUR 30.8 million.
1.6. TD1.6 Doors and Access Systems

1.6.1. Concept
Train access systems such as doors but also steps and ramps are the key interfaces between
station platforms, passenger trains and passengers. They enable passengers to board and
exit the train and also have other functions, as they:
» contribute to comfort;
* optimise the dwell time resulting from passengers getting on and off the train;
* support the needs of PRM;

* guarantee passenger safety.

Today, access systems are still based on:



1.6.2.

1.6.3.

« for the leaves, two aluminium or stainless steel skins with aluminium pillars and beams
in between as structural parts and with polyurethane foam or aluminium honeycomb as
insulation materials;

» accessibility - moveable sliding steps (bridging plates) without height adjustment,
often without horizontal stroke adjustment and with some accessibility barriers such as
protrusions, upstands, etc.

Through R&l activities, the next generation of access systems will enhance accessibility while
reducing disturbances to all passengers and operations, improve passenger comfort thanks
to improved thermal and acoustic insulation, reduce weight with the introduction of an
optimised metal solution or a plastic or composite solution, and introduce new functionalities
thanks to new sensors and modular design, moving towards an autonomous access system.
The deployment of next generation access systems will contribute to achieving capacity
targets, improved services, higher quality for customers and enhanced interoperability.
Technical objectives

The following are the main technical objectives of this TD.

Achieve a 3-W/m?K thermal performance.

Increase door acoustic attenuation by 3 dB, with priority given to high-speed and
regional trains on both thermal and acoustic behaviour.

Reduce vertical and horizontal offsets and gaps to 10 mm instead of 50 mm, as
permitted today, and reduce all additional accessibility barriers such as protrusions

at door sills.

Reduce the number of noise-producing PRM devices by approximately 10 % of the
estimated number of current cases.

Reduce door weight by up to 10 %, depending on the train family.

UGl A W DN

Technical vision

The final target is providing new generation access systems with improved leaves in term of
weight, thermal and acoustic insulation with adaptive gap fillers, and new functionalities.

The technical vision of the new generation access system proposed in S2R is based on the
following:

« |eaves based on composite technologies and/or on new architecture or new materials for
metal solutions;

« gap fillers allowing level access to the train, ensuring easy and independent access;

* use of new sensors or different use of existing devices to upgrade access system
functionalities, performance and safety to achieve an autonomous access system.
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STATE OF THE ART

Door leaf consists of two skins bonded on an aluminium
frame with a foam filling (one front and one rear pillar,
one lower and one upper beam)

NEW GENERATION ACCESS SYSTEM

New composite, metal or plastic materials and new
assembly processes that are presently not widely used
in railway applications will be developed. The aim is
to find a compromise between the highest possible
performance, which is expensive, and the best cost
ratio

Targets to be achieved (in accordance with the S2R
Master Plan and depending on market segments):

« 3 W/m?K for thermal performance
* increase sound reduction index by around 3 dB

¢ reduce door weight by 10 %

At present, there is no solution for autonomous PRM
boarding; the assistance of a crew member to activate
a dedicated platform is needed

A horizontal gap filler with reduced protrusions and
upstand at door sill for unassisted and easy PRM
access will be developed, with an economically viable
solution sought

Today, railway solutions for PRM such as specific
buzzers, specific gap fillers or specific beacons, disturb
other passengers

Non-disturbing solutions will be developed, following
requirements in terms of safety

Very little visual or sound information for passengers
at the doors

Interaction of doors and passengers, with doors
displaying real-time visual or sound information to
better guide passengers and improve passenger flow

Each time a new functionality such as passenger
counting, displays, etc., has to be added to a door, the
complete door leaf and/or door control unit has to be
changed

A plug-and-play approach will provide a standard for
device connectivity that results in:

* asimplified validation process

* more flexibility to change the functions of the door
during the lifetime of the train

Automatic but not autonomous door: a crew member
or driver is responsible for door opening and closing,
because of low information levels and no direct view
of the access system area

Automatic and autonomous doors that manages
through information and sensors its own safe and
rapid opening and closing, with little involvement of
driver or crew

Interaction with other TDs (in the same IP and/or in other IPs)

The main interaction envisaged with other TDs and/or IPs, both from the point of view of
technologies employed and interaction in performance and objectives, is as follows.

e TD1.2, TCMS - the new TCMS architecture is likely to affect door control unit HW and SW.

* TD1.3, Carbody Shell - the carbody is one of the two main interfaces of the access system
and both TDs will see the introduction of composite solutions.

e TD1.7, Train Modularity in Use:

/ add requirements to design a door to facilitate the loading of interior modules;

/ share technical watch about plug-and-play systems to design a modular leaf;

/ share new needs from cabin and access system points of view in line with the targets for
autonomous trains and autonomous doors.



1.6.4.

« TDT1, Future Stations - the station (i.e. the platform) is one of the two main interfaces of
the access system and future concepts for doors and stations will have to be compatible.

* CCAs:
/ energy efficiency
/ noise and vibration
/ KPls

/ standards and regulation.

CCA
Standards &
Regulation

IP3 TD11
Future
Station

CCA
Noise &
Vibration

CCA
Energy
Efficiency

Figure 9 / Interaction with other TDs and IPs

Impact and enabling innovation capabilities

The new generation access system’s specific benefits will have an important impact on the
S2R system-level KPIs. The benefits expected to be provided by this work are listed in the
table below.



STRATEGIC
ASPECT

Competitive-
ness of the EU
industry

125 B

KEY CONTRIBUTION FROM THE TD

Technological leadership in train access systems

The use of advanced material technology gives the European rail industry the
opportunity to become a trendsetter in new generation train access systems

Modular doors result in a significant reduction in LCC and also help to technically
differentiate providers from competitors

Innovation becomes the key to competitive edge for the European rail industry. This
allows a shift from the current mainly cost-related competition with Asian suppliers to
technology-based competition

Tangible benefits for the end user

A high level of comfort for passengers
Capacity increase supported through lighter train access solutions
Meets PRM-specific needs in terms of mobility and passenger flow

Combines visual and audio information taking into account sensory disabilities

Compliance with
EU objectives

Capacity increase

Lighter door solutions will provide:

/ increased capacity

/ improved competitiveness (more passengers for the same cost)
Better PRM accessibility will provide:

/ anincrease in PRM capacity

Autonomous doors will provide

/ better and safer flow management (increased capacity)

Greening of transport

Energy savings can be achieved through lighter materials and improved performance of
the entire door system

Degree of
maturity of
the envisaged
solutions

Currently, most of the proposed technologies are at TRL 1 or 2, which means the features
have been observed in principle and the possibilities for using them have been formulated.
The target of the TD Doors and Access Systems is to bring successful concepts up

to TRL 6 or 7 (i.e. demonstration of prototypes in a relevant environment or system
prototype demonstration in an operational environment)
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INNOVATION

CAPABILITY

This TD will contribute to enabling the following eight innovation capabilities.

TD1.6 DOORS AND ACCESS SYSTEMS

1- Automated
train operation

BB1.6.1: PRM access, safety and door entry surveillance solutions

Allowing smoother and safer access through autonomous doors and improving crowd
management

2 - Mobility as
a services

BBI1.6.1: PRM access, safety and door entry surveillance solutions
BBI1.6.2: Light doors and improved comfort (acoustic and thermal)

Ensuring good service conditions for all passengers and providing greater comfort inside
the train

4 - More value

BBI1.6.1: PRM access, safety and door entry surveillance solutions

from data New vehicle data with new sensors to improve entry surveillance and foster the
development of an autonomous door

5 - Optimum BBI1.6.2: Light doors and improved comfort (acoustic and thermal)

energy use Lighter and better-insulated doors, improving energy efficiency

6 - Service BBI1.6.1: PRM access, safety and door entry surveillance solutions

operation timed
to the second

Autonomous access and autonomous doors are key to ensuring rapid and predictable
boarding/alighting

BBI1.6.1: PRM access, safety and door entry surveillance solutions

BBI1.6.2: Light doors and improved comfort (acoustic and thermal)

7 - Low-cost

railway Optimised solutions (cost versus function) for each market segment, including
autonomous PRM access and lighter materials, leading to overall cost reductions in the
railway system

9 - Intelligent BB1.6.1: PRM access, safety and door entry surveillance solutions

trains Communication with all passengers including PRM to facilitate boarding and egress

10 - Stations BB1.6.1: PRM access, safety and door entry surveillance solutions

and smart city

mobility Optimising passenger flow and dwell time

1.6.5. Demonstration activities and deployment

The following table summarises the contribution of TD1.6, Doors and Access Systems, to the
different ITDs of S2R.



SPECIFIC
TECHNICAL
OBJECTIVE

RESEARCH

AREA

spEclEica oy | DR IONSTRATOR

ACTIVITIES

MARKET TRL

127 5

FOCUS OF ACTIVITY

Measure improvements in easy and
independent access and egress to the

Mock-up train (residual gaps, slopes, upstands,
representation protrusions, etc.)

of improved 5

bridging plate Test the new door functionalities
concept (platform detection, alert signals,

security solutions, automatic opening
and closing, etc.)

PRM
accessand o jine testing
communi- of new door
cating functionalities
doors
Functions will . . .
be added to Testing of the new functions that will
the existing 7 be implemented on the doors in an
functions of the operational environment
doors, which
will remain
Doors and active during
Access the tests Regional
Systems
A new
generation of ) )
door opening Testing of the integrated door (operator
and closing and leaves):
mechanisms . weight
and leaves will g
be implemented « door operation (e.g. opening and
on a static - closing times)
Light and regional train
comfortable 6 Mechanical, acoustic and thermal
doors Two types Qf performance will be tested in
door leaves: laboratories:
* based + in representative mock-ups for
Onl n;_etal mechanical tests
solutions
* tested separately for acoustic and
* based Oﬁt thermal comfort
composite
solutions

One ITD is anticipated for the new generation access systems. The train will be a regional one,
as it is the most appropriate type of train for on-track testing to validate the newly developed
systems. However, other train families, such as metro trains and commuter trains (design
study or calculation and even, in some cases, demonstrators/mock-ups), will be considered
and results for all market segments will be assessed during the project.

The ITD will integrate all the systems developed, such as:

* new composite and/or metal leaves, to be integrated with a modern opening and closing
door operator;

* gap filler;
* platform detection systems measuring platform height;

» devices for the new door functionalities;



* technologies for an autonomous door.

At the end of the project, the following improvements will be ready for market introduction:
* greater passenger comfort;

* better access to trains for PRM;

* reductions in train weight and energy consumption;

» safer access with little surveillance by crew or driver.

It is expected that the outcome will also affect TSIs and EN standards. Standardisation
committees such as CEN TC256 SC3 Working Group 27, in charge of EN 14752, and other
committees in charge of the EN 16584, EN 16585 and EN 16586 series, will be fed with the
outputs and results of access system activities (introduction of composite materials, new
functionalities, fully automatic doors, etc.).

Track tests as part of the TD will guarantee that new features can be considered proven. It

can be expected that immediately or at least in the next 3 years the new developments will be
implemented in a large range of new vehicles.
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Table 12 / TD1.6 quick wins

WHEN WHAT CONTRIBUTION TO MAAP
Concept for improved leaves (acoustic, thermal and weight
Q4 2019 Concept for leaves comparison for metal Ieavgs; new acogstm |r_15ulat|on concept, etc.),
including test results on different configurations and concepts
implemented on panels (1 m x 1m) or leaves
Q4 2019 Concept for gap filler Conce_pt for footstep (three-dimensional (3D) model) virtual mock-
up validated
Laboratory validation of Validation of bridging plate and systems for improved accessibility
Q4 2021 oo
bridging plate prototype at laboratory level
Q32021 Laboratory validation of Validation of leaves at laboratory level

leaves prototypes

Table 13 / TD1.6 milestones

WHEN

WHAT

Q12018 Overall access system specification

Q2 2018  Specifications for improved accessibility

Q2 2018  Specifications for both metal-based and composite-based leaves
Q2 2021  Prototype of gap filler for laboratory testing

Q2 2021  Prototype of leaves for laboratory testing

Q12022  Entrance system implementation for track tests

The estimated total budget for the Doors and Access Systems TD is around EUR 9.8 million.
TD1.7 Train Modularity in Use

Concept

The TD Train Modularity in Use (TMIU) covers activities focused on the passenger saloon and
the driver’s cabin. The main objectives for passenger areas are to:

* modulate passenger capacity;

* optimise passenger flow;

* reduce the cost of interior design;

* increase attractiveness.

The main objectives for the driver’s cabin are to:

* to prepare the autonomous train to be able to adapt the cabin during the life of the train;
* personalise the cabin to the user or operator;

« offer new functions;

* reduce the cost of operation.



1.7.2.

3 B

The activities will aim to increase the modularity and flexibility of the passenger lounge areas
and driver’s cabin through the use of standardised features, new technologies and plug-and-
play componentsin order to simplify maintenance, refurbishment and commercial operations.
This innovative work will propose economic solutions handling conflicting requirements such
as passenger capacity, comfort, weight, available volumes and organisation/competences to
be developed to create train configurations meeting passenger and operator demands that
evolve over time.

Generally, the concept of modularity can be separated into three categories, with each having
a different purpose.

* Modularity in design: the train is made up of small, independent modules, which are
connected to constitute the finished product.

* Modularity in production: this primarily relates to the manufacturing process and facilitates
the implementation of equipment (for improved comfort and/or service).

* Modularity in use (MIU): this particularly relates to ease of use, handling or product
evolution.

This TD will mainly work on MIU. The overall objective of the TMIU TD is to make railway
transport more attractive to passengers and foster future modes of train operation making
flexible use of the driver’s cabin.

The interior design of current rolling stock is not adapted to the amount of flexibility required
to meet passenger demand during the in-service operating life of a train (40 years). It is not
possible to easily change the interior layout or add services (power outlets etc.). The driver’s
cabin currently stays the same during the lifespan of the train. It could be an obstacle to
operating autonomous trains in the near future if the design of current cabins does not allow
changes in technologies and uses. When initiating the process for a new train procurement,
a railway operator has to make a final choice on the design 6 to 7 years before the first train
enters service. There is a risk that the selected train will become quickly obsolete and not
meet passenger and/or operator expectations.

MIU concepts must allow coaches to be refurbished more quickly than is the case with current
coach design, and at a reasonable cost. This will allow more frequent configuration changes
to meet passenger requirements.

Concepts based on the MIU approach will lead to genuinely innovative solutions, meeting
market needs and enabling the configuration of the coach interior and driver’s cabin to be
modified at an affordable cost.

Technical objectives

The TMIU TD will cover the market for new trains and refurbishment. The aimis to reach TRL 6
with TRL 4 or 5 disruptive concepts. The objective is to have a blend of physical and virtual
mock-ups of the disruptive concepts.

The following are the main technical objectives of this TD.

‘I Adapt train interiors to increase capacity.

Reduce dwell time at stations by improving passenger flow in and out of trains and
between vestibules and saloons.

Reduce the cost of design and refurbishment.

3 Increase attractiveness and satisfaction.
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1.7.3.

Technical vision

TD 1.7 proposes to explore fixation and plug-and-play systems to enable reconfiguration of
the passengers’ area inside a coach with regards to capacity as follows:

+ a few times per year, depending on passenger capacity requirements or the passenger
profile (e.g. commuter trains for workers) or destination (e.g. ski trains);

e every 5-6 years, on refurbishment (new design, new interior layout, etc.).

In addition, the atmosphere of the interior could be changed:

» afew times per year, depending on the seasons or the line travelled (lighting, decor);
* every 5-6 years, on refurbishment (completely new design).

Furthermore, work on this TD will make it possible to reconfigure passenger information
support inside a coach more easily:

» afew times per year, depending on passenger capacity requirements or passenger profile
(adapted to seat position or capacity);

e every 5-6 years, on refurbishment (new design, easy updates, new connectivity, etc.)

Ensuring comfortable indoor climatic conditions (i.e. thermal comfort) regardless of the
interior layout chosen remains essential:

* minor changes - move interior partition walls, increase capacity or change the positions
of the seat;

* major developments - new design of the roof, new luggage rack location or height or new
closed spaces added.

STATE OF THE ART NEW GENERATION INTERIORS

Roll2Rail interiors: improved
methodologies to qualify comfort

Evolve interior design without degraded comfort or attractiveness
for passengers; Roll2Rail results will provide the TD with limits to
keep within and will be key in selecting ideas/concepts

These two European projects (research and standards) have

ModTrain-EUPAX/PrEN design for determined the needs of PRM; the TD will work on solutions to offer
PRM use: work on interior design flexibility for railway operators to increase PRM accessibility (e.g. by
(toilets, services, PRM requirements, adding PRM seats or wheelchair user spaces quickly) and the project
etc.) but no result on MIU results will provide the working group with information on the limits

of design available, thus helping to select ideas/concepts

Research modularity to:

A complex industrial operation is * increase capacity by 15- 25 % in a given train
necessary to change layout during the
in-service operating life » reduce the cost of layout change by 50 %

e reduce the time taken for layout change by 50 %

Set up a plug-and-play approach (mechanical and electrical
connections) to:

There is limited evolution of the « offer the possibility to change interior design without involving
mechanical attachment units and important external equipment
electric connections

* reduce the cost of refurbishment by 25 %

* simplify the validation process (standards)




STATE OF THE ART NEW GENERATION INTERIORS

-
w
‘ ,

Library and semantic search to:

No clear definition of ‘modularity’: for * define common terminology in Europe

who, to achieve what benefits, etc. - '
« facilitate understanding of targets between operators and

manufacturers

No standard of fixation (versus
aeronautics with the quick change Propose common standards for fixation systems
system)

European flexible rolling stock: not
enough experience to edit a European
guide

Recommend new European standards, with input from studies and
mock-up

Interaction with other TDs (of the same IP and/or of the other IPs)

TD1.6, Doors and Access Systems:

* add requirements to design a door that facilitates the loading of interior modules;

* share technical watch about plug-and-play systems to help in designing a modular leaf;

* share new needs for the cabin of the future that could influence command of doors.

TD 1.7 TRAIN

MODULARITY IN USE

Figure 10 / Interaction with other TDs and IPs

1.7.4. Impact and enabling innovation capabilities

The improvements resulting from the content of this R&l activity aim to contribute to the
achievement of the KPIs of the S2R initiative by enabling the following benefits:

* increase easily and at low cost the capacity of an existing train by 20 % (regional and
intercity trains are the main target);

* increase passenger flow into and off trains to reduce by 15-20 % dwell time in stations
(regional and long-distance trains are the main target)

e carry out interior retrofit operations twice as often during the life of rolling stock at the
same LCC, including the driver’s cabin;

* ensure that thermal comfort meets customers’ needs, and not only standards, especially
when rebuilding a vehicle or changing a vehicle’s use, e.g. from long distance to regional

traffic.

The following table summarises the strategic impacts that will be produced by the TD results.



( 134

STRATEGIC ASPECT KEY CONTRIBUTION FROM THE TD

Support the

competitiveness of the

EU industry

An operator selects an interior design. Choices vary from one country to
another and are also dependent on usage.

Tangible benefits for the end user:
/ increase the passenger lounge area’s ability to meet needs

/ increase the ability to adapt the driver’s cabin of a train to the profile of the
line (from several driving assistant systems to automatic driving)

/ reduce the cost of refurbishment

/ increase capacity for new as well as existing trains

Compliance with EU

objectives

Increase capacity: the capacity of each coach can be changed

Increase attractiveness: the coach interior and services on board can
be adapted more quickly to evolving passenger requirements and more
economically than currently

Greening of transport can be achieved through optimisation of capacity

Degree of maturity of the
envisaged solutions

From TRL 3 or 4 (for new ideas) to TRL5 or 6

The first part of the work will explore available existing solutions, so a limited
number of concepts will go from higher TRLs (TRL 5or 6) to TRL 7 or 8

INNOVATION
CAPABILITY

1- Automated
train operation

This TD will contribute to enabling the following five innovation capabilities.

TD1.7 TRAIN MODULARITY IN USE

BB1.7.2: Driver’s cab of the future

The driver’s cab of the future will enable the space in the driver’s cab to be used for
passengers when on ATO; it will foster the transition to ATO through flexible solutions

BBI.7.1: Interiors modularities

2 - Mobility as
aservice It will be possible to reconfiguring passenger information support inside a coach more easily
. BBI1.7.1: Interiors modularities
6 - Service
operation Will increase passenger flow into and off trains to reduce dwell time in stations and increase
timed to overall passenger capacity
second _ - o
Higher availability through faster retrofitting
BBI.7.1: Interiors modularities
7 - Low-cost
railway Easier refitting of interiors (standardised modules, faster procedures) will lead to decreased
BBI.7.1: Interiors modularities
10 - Stations
and smart city  Optimised passenger flow into and off trains
mobility

Enhanced and easily adaptable information systems for passengers
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AREA

T™IU

Demonstration activities and deployment
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The following table summarises the contribution of TD 1.7, TMIU.

SPECIFIC
TECHNICAL
OBJECTIVE

DEMONSTRATOR

SPECIFICATION

ACTIVITIES MARKET

A physical mock-
up of a piece of
passenger space
(real carbody of
a vehicle)

Virtual mock-up of
a complete modular
train and simulation
of passenger flow

TRL

FOCUS OF ACTIVITY

Develop new quick-change
and secure system (hard
points)

New user experiences on
board thanks to modular
interiors with several new

New for one new interior diagrams to show the
passenger design Regional 6 capabilit_ies for adaptin_g and
coach developing the new quick-
interiors InnoTrans 2020: change systems (fast points)

physical demo only for interior finishes (lighting,

on flat panel (e.g. decor, etc.)

to demonstrate the

technologies) Study capabilities for

influencing passenger flow

InnoTrans through the new interior

2022: specific design

representative

environment to

present product

Virtual mock-up of

a complete modular

train (3D model Study the capabilities for new

in virtual reality), user experiences on board
New driver’s including driver’s ' thar_lks t_o a modular driver’s
cabin cabin Regional 4/5  cabin with several new uses of

InnoTrans 2020:
demo with
prospective design
pictures

the space for GoA2 to GoA3
and develop new driving
human-machine interface
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Table 14 / TD1.7 quick wins

WHEN WHAT CONTRIBUTION TO MAAP
Faster adaption of interiors leads to less
T1.7.1: video/design view regarding the needs of downtime
operator (which type of modularity is best for Better user experiences and easv adaotion
Q32018 the future etc.) and the state of the art (what we ; P y adapt
. . . . to users’ needs thanks to modular interiors
do in railway now and what other industries do,
technologies we can use to go further) Influencing passenger flow through the
new interior design
_ _ _ _ . Modular driver’s cabin allows additional
T1.7.2: video/design view: a video to explain the use cases for cabin/passenger space with
innovative approach to the cabin and several regard to ATO
Q3 2018 . X
views or sketches of the results (depending on o
confidentiality at this stage) New approach to the driving human-
machine interface
Faster adaption of interiors leads to less
downtime
T1.7.1: video/design view/mock-up: new plug-and-  Better user experiences and easy adaption
Q3 2019 . , ' .
play technologies to users’ needs thanks to modular interiors
Influencing passenger flow through the
new interior design
Modular driver’s cabin allows additional
use cases for cabin/passenger space with
T1.7.2: design view/mock-up: illustrations of regard to ATO
Q3 2019 .
studies on the concepts
New approach to the driving human-
machine interface.
T1.7.3: book of concepts with illustrations and Further development of solutions to
Q12020 )
mock-ups achieve the above
Q32020 T1.7.4: first mock-ups and/or prototypes Setting up demonstrators to achieve the

above

1.8.

1.8.1.

The estimated total budget for the TMIU TD is around EUR 3 million.

TD1.8 Heating, Ventilation, Air

Conditioning and Cooling

Concept

Conventional HVAC systems within rail vehicles use artificial refrigerants that have a very
high impact on global warming (e.g. R134a). In order to limit the climate impact from HVAC
systems, the European Commission passed in 2014 Regulation No 517/2014, which aims
to reduce the use of artificial refrigerants within the EU. According to the schedule, the
amount of refrigerants allowed to be placed on the European market is to be reduced to
21 % (compared with the average consumption over the period 2009-2012) by 2030. Rail
service operators have been forced to act quickly because of the long lifetime of rolling stock.
Conventional refrigerants will become scarce and expensive in the near future. Therefore,
new and redesigned trains have to be equipped with eco-friendly HVAC systems using natural
gases such as air or CO,,



1.8.2.

1.8.3.

In the past, a few systems using natural refrigerants have been available on the market (e.g.
ICE-3 uses air as a coolant), but these systems are much more expensive and have not been
proven to be reliable. ICE-4 uses conventional refrigerants.

Regional and urban railway vehicles have different requirements of HVAC systems, since they
are not required to keep the same temperature year round but rather to deliver a comfortable
environment for the passenger depending on the actual outside temperature. The increasing
costs of such systems are even more critical for urban and regional trains. So far, only
prototypes exist for these applications.

Therefore, there is a very strong need to develop HVAC systems with natural gases for new
vehicles and redesign existing vehicles, as well as to provide suitable simulation and testing/
assessment tools.

Since HVAC systems are integrated into the vehicle, connected to the energy supply and
control system, and to be maintained by railway operators, the development of new HVAC
systems requires collaboration between vehicle integrators, HVAC suppliers and rail service
operators. Since these stakeholders all take part in S2R IP1, this topic is well located in this
programme.

Technical objectives

The main technical objectives of this TD are as follows.

Push forward the development of eco-friendly HVAC systems with natural gases to
overcome the limitation on artificial refrigerants within the EU (40 %).

Gain an advantage for European HVAC suppliers in relation to developments outside
of Europe (10 %).

Open up opportunities to develop new HVAC systems with low LCC that are optimally
integrated into the vehicle (20 %).

Open up opportunities to standardise the interfaces to HVAC components
(compressors, heat exchangers, etc.) at the beginning to development (20 %).

Reduce the energy consumption of vehicles by means of integration of a heat pump
(10 %).

UG h N D -

Technical vision

There are two different eco-friendly HVAC solutions under discussion, using natural gases
or CO,. In contrast to conventional HVAC solutions, HVACs using natural gases open up
opportunities to integrate a heat pump to increase the efficiency of heating, operating in
a larger temperature range (R134a up to - 5°C; CO, up to - 20°C; air no limit). This is very
important for hybrid vehicles with batteries, where HVAC energy consumption further
reduces the operating kilometre range of the vehicle.

STATE OF THE ART ECO-FRIENDLY HVAC SYSTEMS

Use of artificial gases that have a very negative
impact on global warming

Use of eco-friendly natural gases such as air or CO,

Integration of a heat pump for energy saving is
economically not easy to achieve

Easy to integrate a heat pump for energy saving
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STATE OF THE ART ECO-FRIENDLY HVAC SYSTEMS

Possibilities for standardised interfaces of HVAC
components and connection to the energy supply
and energy management system

No standardised interfaces of HVAC components such
as air compressors, heat exchangers, etc.

Poor and time-consuming maintainability as
a result of the need to collect the refrigerant before
disassembling the HVAC system

Easy and fast maintainability; no environmental
impact of leakages

Interaction with other TDs (in the same IP and/or in other IPs)
The main interaction envisaged with other TDs and/or IPs (see Figure 11), from the point of
view of both technologies employed and interaction in performance and objectives are as

follows.

« TD1.1, Traction - increased HVAC efficiency impacts alternative traction systems (e.g.
hybrid vehicles with batteries);

* TD1.2, TCMS - standardised interfaces for control and monitoring of the HVAC system;

* CCAs, WAS.1, Energy and sustainability - reduction in energy use.

TD1.8 HVAC € }

CCA

WAS.1 ENERGY

Figure 11 / Interaction with other TDs and IPs
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1.8.4. Impact and enabling innovation capabilities
This TD will have a major impact on the S2R KPlIs, as shown below.
KPI KEY CONTRIBUTION FROM THE TD
Life-cycle costs Reduction in energy costs
Reliability Increased availability as a result of shorter repair time

Support the competitiveness of  Improved competitiveness of European HVAC suppliers in relation to Asian
the EU industry suppliers

Compliance with EU objectives  Fulfils European requirements for a reduction in artificial refrigerants

This TD will contribute to enabling the following four innovation capabilities.

INNOVATION CAPABILITY TD1.8 HVAC
B1.8.1: Eco-friendly HVAC

5 - Optimum energy usage Reduced energy usage of HVAC systems by 20-45 % by means of integration
of a heat pump

BI1.8.1: Eco-friendly HVAC

7 - Low-cost railway LCC reduction as a result of reduced energy usage and standardised

interfaces

BI1.8.1: Eco-friendly HVAC

8 - Guaranteed asset health
and availability Improved availability as a result of lower repair times and condition-based

maintenance

BI1.8.1: Eco-friendly HVAC

9 - Intelligent trains Standardised control interface for optimisation of energy management and

diagnostic data for condition-based maintenance

1.8.5. Demonstration activities and deployment

The following table summarises the demonstration activities of TD1.8, HVAC. Based on the
requirement specification, existing HVAC prototypes with CO,-refrigerant will be analysed
with respect to fulfilling the requirements. Using this input, the existing HVAC prototypes
will be adopted or new ones built (TD). The prototypes will be integrated into vehicles and
tested within a climatic chamber as well as in real operation. In addition, simulations and pre-
standardisations of interfaces will be carried out, and an evaluation and migration strategy
will be followed. The strategy looks also at alternative refrigerants and at the risks posed by
different technologies.
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SPECIFIC DEMONSTRATOR
RESEARCH TECHNICAL SPECIFICATION FOCUS OF ACTIVITY

ARER segecyye | SCTUITIES MARKET | TRL

Further
development
of (one or two)
HVAC systems
with natural
gases

Further development, simulation and
testing of operation

Simulation of

behaviour
HVAC L .
technology Standardisation . Standardisation of interfaces
HVAC with natural of interfaces Regional = 7
Reduction in climate impact
gases _
_Integrat|o_n Reduction in energy consumption and
into a regional
. ) costs
electric multiple
unit
Test within
a climatic
chamber and in
real operation
Planning and budget
TDs | TASKS | TRL | 2019 | 2020 | 2021 | 2022
HVAC Q1 Q2 ' Q3/Q4|/Q1/Q2/Q3 Q4| Q1 | Q2/Q3 Q4| Q1| Q2|Q3 Q4
1.8.1 Requirement specification 1
1.8.2 Analysis of prototypes 2
1.8.3 Simulation 3
D18
1.8.4 Further development of prototypes 5
185 Test of prototypes 5 IR
1.8.6 Pre-standardisation of interfaces 1 _-
1.8.7 Evaluation and migration strategy 1 _-
* milestone
Il planned activities, AWP 2019
I planned activities, AWP 2020
Table 15 / TD1.8 milestones
WHEN WHAT
Q12020 Requirement specification finalised

Q12020 Analysis of prototypes finished

Q2 2020 Simulation results

Q32020 Prototype development finalised

Q4 2020 Prototype test in climatic chamber finalised

Q12022 Prototype test in real operation finalised

Q12022 Pre-standardisation finalised

The estimated total budget for TD1.8 is around EUR 5 million.



IP2 - Advanced Traffic Management and
Control Systems

Context and motivation

Control, command and communication systems should go beyond being only contributors
to the control and safe separation of trains and become flexible, real-time, intelligent traffic
management and decision support systems.

Although ERTMS has become a worldwide dominant solution for railway signalling and
control systems, it has the potential to offer increased functionalities and become even
more competitive. Current systems do not sufficiently take advantage of new technologies
and practices, including use of satellite positioning technologies, high-speed, high-capacity
data and voice communications systems (Wi-Fi, 4G/LTE, 5G), automation, and innovative
real-time data collection, processing and communication systems, which have the potential
to considerably enhance traffic management (including predictive and adaptive operational
control of train movements), thereby delivering improved capacity, decreased traction energy
consumption and carbon emissions, reduced operational costs, enhanced safety and security,
and better customer information.

Furthermore, the ERTMS specifications do not cover all interfaces, or engineering and
operational rules to the extent needed, meaning that different railways and suppliers continue to
design their own solutions, thereby hampering interoperability and increasing costs. As ERTMS
is further deployed, the overall goal is that the whole CCS system has a European market, not
individual national markets.

Objectives of the IP and expected results

A key challenge for IP2 is to deliver the R&l input in order for game-changing ERTMS to become
a reality. It will enhance the overall line capacity and contribute to LCC reductions and global
reliability of the railway system, while maintaining the highest level of safety, thanks to better
management of signalling and supervision systems on static infrastructure by supporting the
development of an intelligent integrated mobility management (I12M) system.

IP2 will focus on innovative technologies, systems and applications in the fields of
telecommunication, train separation, supervision, engineering, automation and security, and
improving digitalisation as one of the key aspects to achieve in all the systems with a view to
enhancing the overall performance of all railway market segments.

P2 will support maintaining the dominance of ERTMS as a solution for railway signalling and
control systems across the world.

Maintaining ERTMS as the basis of any evolution, IP2 developments will aim to go beyond
mainline railway ERTMS applications, with a view to extending the new signalling and
traffic management system to all railway transport segments (urban/suburban railways,
overlay systems, high-speed lines, low-traffic lines and freight lines, mixed traffic lines, i.e.
passenger (non-high-speed, e.g. up to 200 km/h) and freight trains), integrating both existing
ERTMS interfaces and architecture and typical communications-based train control (CBTC)
functionalities already applied to urban and mass transit lines.

P2 will ensure continuity and backward compatibility with the current signalling and supervision
systems through ERTMS standards but fostering the highest integration possible in terms of
technology, operational rules, engineering processes, supervision and communication network.

IP2’s main goals are to speed up the time to market, improve interoperability, offer improved
functionalities and standardised interfaces, investigate modularity concepts, reduce costs
(capital expenditure, CAPEX, and operating expenses, OPEX), and achieve an effective and
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Line capacity
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reliable public rail transport network with the capability to interconnect and interpenetrate
urban rail and mainline solutions.

Inorder to achieve these very challenging main targets within S2R, IP2 plans a strong integration
of different technologies and systems not yet largely applied to the railway field (e.g. satellite
positioning, today mainly used for non-vital functions; moving block, currently applied to mass
transit).

IP2 works are at the heart of an integrated railway system having functional and conceptual
links with innovative technologies coming from, among other sources, the implementation of
a possible wireless TCMS or modular and scalable architecture approaches taking into account
the work already started by some infrastructure managers (IMs) with railway reference CCS
architecture (RCA) and by some railway undertakings (RUs - train owners and operators) with
open CCS on-board reference architecture (OCORA). This activity will be further developed to
integrate, in particular within IP2 activities, the results of the S2R Call 2019 dedicated to kick-
starting the creation of an integrated railway system architecture.

The following table summarises the main objectives of IP2 and provides an overview of some of
the concrete deliverables that can be expected to result from the activities undertaken in the IP.

RESULT PRACTICAL (CONCRETE) DELIVERABLE

Introduce standardised moving block system (based on absolute
Better use of (existing braking distance) and ATO (up to GoA3/4) concepts in a wider
or new) infrastructures range of rail transport segment markets (from freight to mass
by operating with more transit).
trains on the same line
(less headway) For the longer term, investigate the application of the relative

braking distance concept as well

increase
More flexible use of
Ernet\éerrmglgi ggvtewnlme Introduction of train virtual coupling functionality to allow further
different passengerg/ flexible accommodation of the capacity of the line at peak times
hour needs)
Fundamentally more Introduction of formal methods and testing processes/tools to
reliable technglo ies and be applied - from specification up to commissioning phase - to
components g key elements and systems the failure of which might have a major

Operational P impact on line operation (e.g. signalling, telecoms)

reliability Fundamentally simplified

increase

architectures, or Train communications and control architecture based on new
architectures more suited  technologies allowing much lower physical complexity and

to continued operationin  enabling operational recovery in the event of degraded modes
the event of failure
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OBJECTIVE RESULT PRACTICAL (CONCRETE) DELIVERABLE

Introduction of flexible architectures, general purpose networking
technology and application of operational and engineering
standards, allowing correct system design customisation to the
requirements of different market segments (from freight to mass
transit) and, therefore, a reduction of overall investment cost.

Reduction in the capital
cost of signalling and
telecom infrastructures

Definition of business model that deals with the impact of shifting
capital investment from trackside to on board, leveraging the
new opportunities for tailored networks-as-a-service offerings on
generic mobile networks.

The definition of a better authorisation processes, relying on

Railwa
systemyLCC lab methods rather than on on-track tests, will also guarantee
reduction a consistent capital cost reduction
Reducing as much as possible the number of electronic and
mechanical components laid down along the line and concentrating
Reduction in them in a limited number of easily accessible areas.
maintenance cost Wider introduction of auto-diagnostic functions to detect the
status of more critical components will allow predictive (and
optimised) maintenance
L Introduction of appropriate ATO functionalities (with GoA 2 to
Reduction in the . . . . ;
} 4) and intelligent traffic management in all rail transport market
consumption of energy
segments
Past and ongoing European and national research projects
[P2 will ensure strong continuity with several ongoing or past projects (e.g. Trans-European
Transport Network (TEN-T) projects, NGTC, Union Industry of Signalling (Unisig) activities in
the framework of the Baseline 3 development, GSA projects such as STARS and ERSAT-EAYV,
eulLynX).
Relations with ERTMS working groups will be ensured, as many TDs of IP2 have common
subjects.
Specifically, the following TDs have tight relationships with Unisig working groups and EUG
(ERTMS Users Group). Possible areas for interaction are also indicated in the following table.
P2 TDS UNISIC HORAING AREAS FOR INTERACTION

GROUPS

Provide an adaptable train-to-ground

[P communication system supporting
Euroradio backward compatibility for ERTMS, easy

migration and capability to be resilient to

radio technology developments

TD2.1 Adaptable Communications for All
Railways

The results of the TEN-T programme
ATO over European (GoA 2 concepts and requirements) will be
Train Control System  implemented (prototypes) and validated
(ETCS) in order to provide a GoA 2 solution for
railway applications ready for deployment

TD2.2 Railway Network Capacity
Increase (ATO up to GoA 4 - UTO)

Interoperable and safe absolute positioning
of the train, mainly obtained by applying
the Global Navigation Satellite System
(GNSS) technology to the current ERTMS/
ETCS core

TD2.4 Fail-Safe Train Positioning Train localisation,
(including satellite technology) e.g. with satellites
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UNISIG WORKING

IP2 TDS GROUPS AREAS FOR INTERACTION
TD2.6 Zerq On-site Testing (control- IOP pnisig |OP §tandards taken as the baseline
command in LAB demonstrators) in order to improve testing in lab

Input for TD2.11: cyber-risk assessment of
D211 Cyber Security Key management the ETCS solution carried out by TEN-T

working group, including security by
design aspects

Set-up and structure of IP2

Inorder to address the challenges of IP2, 11 TDs have been identified. The interactions between
these TDs will be strongly fostered and managed as an integrated and interrelated project in
order to achieve a common and coherent new signalling and supervision system.

The work will be organised around the following research areas.

Smart, fail-safe communications and positioning systems

The development of a new communication system (TD2.1 Adaptable Communications for
All Railways) able to overcome the shortcomings in current ETCS and CBTC and deliver an
adaptable train-to-ground communications system usable for train control applications in
all market segments, using packet switching/IP technologies (GPRS, EDGE, LTE, Satellite,
Wi-Fi, 5G, etc.), in accordance with the findings of the ongoing NGTC project. The system
will enable easy migration from existing systems (e.g. the Global System for Mobile
Communications - Railway (GSM-R)), provide enhanced throughput, safety and security
functionalities to support the current and future needs of signalling systems, and be
resilient to interference and open to radio technology evolution. The focus will be as well
in supporting the shift from network as an asset to network as a service, considering also
the vision of virtual network slices being developed and deployed by the 3rd Generation
Partnership Project and the mobile operator community. Backward compatibility with
ERTMS will be ensured.

Safe train positioning (TD2.4 Fail-Safe Train Positioning (including satellite technology))
via the development of a fail-safe, multi-sensor train-positioning system, applying GNSS
technology to the current ERTMS/ETCS core and introducing, as a possible add-on for
fulfilling the scope, the use of other new technologies (e.g. inertial sensors, mobile network
positioning) or of existing on-board sensors (e.g. accelerometers, odometer sensors), aims
to boost the quality of train localisation and integrity information, while also reducing
overall costs, in particular by enabling a significant reduction in all trackside conventional
train detection systems (balises, track circuits, axle counters, etc.).

The development of smart object controllers (TD2.10 Smart Radio-Connected All-in-All
Wayside Objects), consisting of autonomous, complete, intelligent, self-sufficient smart
equipment (boxes) able to connect by standardised interfaces not only with control
centres (e.g. interlockings) or other wayside objects and communicating devices in the
area (by radio or satellite), but also with, for example, on-board-units. Such intelligent
objects - knowing and communicating about their status conditions - would not only
provide opportunities in terms of cost reduction and asset management improvement but
also open new ways of railway network information management and control.

Traffic management evolution

An optimised TMS (TD2.9 Traffic Management Evolution) through improved traffic
management operations with automated processes for data integration and exchange
with other rail business services. The backbone of the new architecture will be a scalable,
interoperable and standardised communication structure able to be applied within an



integrated rail services management system. These features will be combined with new
business service applications (e.g. advanced driver advisory system (DAS) on area level,
intelligent, automated and flexible dispatching systems including conflict detection and
resolution) to allow predictive and dynamic traffic management in regular and degraded
situations. This TD will use and integrate real-time status and performance data from the
network and from the train, using on-board train integrity solutions and network object
control functions, supported by wireless network communication.

On-board ATO (TD2.2 Railway Network Capacity Increase (ATO up to GoA 4 - UTO)) aims
to develop and validate a standard ATO with form-fit functional interface specification
(FFFIS) interfaces up to GoA 3/4 over ETCS, where applicable, for all railway market
segments (mainline/high speed, urban/suburban, regional and freight lines).

Moving block (MB), train integrity and virtual coupling

Moving block (TD2.3 Moving Block) aims to improve line capacity by decoupling the
signalling from the physical infrastructure and by removing the constraints imposed by
trackside train detection, thereby allowing more trains on a given main line, especially for
high-density passenger services. The system will be backward compatible with existing
ERTMS system specifications and enable developments towards CBTC functionalities for
urban applications.

Safe train integrity (TD2.5 On-board Train Integrity) aims to specify and prototype an
innovative on-board train integrity solution, capable of autonomous train tail localisation,
wireless communication between the tail and the front cab, safe detection (SIL-4) of train
interruption and autonomous power supply functionality without the deployment of any
fixed trackside equipment. This functionality will be developed particularly for those
market segments (freight and passenger low-traffic lines) where such a function is not yet
available using reliable existing on-board features.

Virtual coupling (TD2.8 Virtually Coupled Train Sets) aims to enable virtually coupled
trains to operate much closer to one another (within their absolute braking distance) and
dynamically modify their own composition on the move (virtual coupling/uncoupling of
train convoys), while ensuring at least the same level of safety as currently provided.

Smart procurement and testing

The development of a set of standardised engineering and operational rules (TD2.7
Formal Methods and Standardisation for Smart Signalling Systems) will contribute to
an open standard interface (if supported by positive business case) and functional
ETCS description model, all based on formal methods, in order to ease verification and
authorisation processes, eventually leading to improved interoperability, while reducing
the need for extensive field tests in the future.

The development of a new laboratory test framework (TD2.6 Zero on-site testing (control-
commandinlab demonstrators)), composed of simulation tools, testing procedures in order
to carry out open test architecture with standardised interfaces (FFFIS), clear operational
rules and simple certification of test results, aims to minimise on-site testing (with the
objective of zero on-site testing) by performing full laboratory test processes even if the
systems are composed of sub-components from different suppliers. The test framework
will also allow remote connection of different components/subsystems located in various
testing labs.

Communication network and security systems

Cybersecurity (TD2.11 Cybersecurity) will aim to achieve the optimal level of protection
against any significant threat to the signalling and telecom systems in the most economical
way (e.g. protection from cyberattacks and advanced persistent threats coming from
outside).
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All the IP2 research areas and relevant TDs are closely linked to each other. Strong connections
are already planned with other IPs and/or CCAs.

Figure 12 shows the expected links and interactions between TDs of IP2, as well as with other
IPs. Table 16 also shows in detail the relationships for each TD and also reveals the major
challenge of IP2, which is to foster the evolution of a whole and interactive signalling system.

1 - Smart fail-safe 3 - Automation
communication & positioning
TD2.2
TD2.1 <> TD2.4 P4
TD2.10 6 - Virtual Coupling
TD2.8
2 - Traffic
Management
7 - Cyber Security IPS
TD2.9
TD2.1
4 - Moving Block & 5 - Smart procurement CC4 e
Train Integrity & testing

TD2.3 <> TD2.5 TD2.6 «» TD2.7

Figure 12 / IP2 research and innovation relationships

The following tables show how close are the synergies within IP2 and with the other innovation
programmes in S2R. The tables also identify the main direction of the information expected to
be shared between TDs and other IPs.

In addition, the existing interactions with other IPs and within relevant TDs of IP2 take into
account the work performed in IPx. This activity will be further developed in IPx to create an
integrated railway system architecture.
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Table 16 / Links and synergies between TDs within I1P2

FROM
N o o a
N N o 1
TO J 4= EERR
Adaptable Communication for all Railways & &« &
Network capacity increase (ATO up to GoA4) & &€ &
Moving Block &€&
Fail safe Train Positioning(satellite) & &\ & &
Train Integrity & &€&
Zero on Site Testing & &€ &
Formal Methods <
Virtual Coupling & &€&« &«
TMS evolution & &
Smart Radio connected (wayside object) & | & &
Cyber Security & &€

In IP2 almost all TDs have links to each other and need to exchange deliverables and findings
during the entire timeline of the project. This confirms that, particularly for IP2, the working
and development approach have to be system oriented with the aim of achieving anintegrated
and consistent new signalling, automation and communication structure. Dependency is high,
as often the result of a TD is one of the essential components or functions that allow the
accomplishment of the target for other TDs. Synergies and coordinated project planning are
among the most important key aspects for the achievement of the Master Plan objectives.

Table 17 / Links and synergies between IP2 TDs and IP1

e
NN
f=)f=)
==
X| X

b3 1D2.4
%3/ TD2'8
b4 1D2.9
b3 TD2:11

| S2R IP1 | TD1.2 Train Control and Monitoring System TCMS

Many IP2 TDs also have potential links with TD1.2, TCMS. The purpose is to identify common
requirements and solutions where on-board signalling and automation systems have to
communicate with each other, with wayside systems and with the train. The approach is
expected to foster standard solutions, which means integration and cost reduction.

Table 18 / Links and synergies between IP2 TDs and IP3

TD3.1 Enhanced Switch & Crossing N
S2R TD3.2 Next Generation Switch & Crossing 1t 1t

TD3.6 Dynamic Railway Information Management X &
= TD3.7 Railway Integrated Measuring and Monitoring X

TD3.8 Intelligent Asset Management Strategies X
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Some IP2 TDs are expected to have relationships with IP3 mainly for the aspects related to
diagnostic and maintenance procedures and integration processes.

Table 19 / Links and synergies between IP2 TDs and IP4

S2R IP4

TD4.1

Interoperability Framework

i
"!
()
o
-
<

TD4.4

Trip Tracker

Two main relationships are expected with IP4, one related to the interface of TMS with
passenger information system and the other one for providing results of the cybersecurity
assessment for the interoperability framework.

Table 20 / Links and synergies between IP2 TDs and IP5

| S2RIP5 |

TD5.6

Autonomous Train Operation

Cooperationis planned between TD2.2, Railway Network Capacity Increase (ATO up to GoA 4),
and TD5.6, Autonomous Train Operation, in order to harmonise ATO overall development and
functionalities for freight application as well.

Table 21/ Links and synergies between IP2 TDs and CCAs, In2Rail

IN2RAIL
(Subproject
12M)

WP7

System Engineering

WP8

Integration Layer

WP9

Now and Forcasting

CCA

Sub-WA2

KPI Monitoring

Sub-WA3.1

Safety

Sub-WA3.2

Standardisation

Sub-WA3.3

Smart Maintenance

Sub-WA3.4

Smart Materials

Sub-WA3.5

Virtual Certification

Sub-WA4.2

Integrated Mobility Management I2M

Sub-WAS5.1

Energy




There are several links with CCAs and In2Rail that mainly affect supervision systems (wayside
and on board) and cybersecurity. Sub-WA?2, KPI monitoring, has also to interact with all IP2
TDs in order to manage and harmonise the KPI process.

Table 22 / Links and synergies between IP2 TDs and FP7 NGTC

FP7
NGTC

wWP2 ETCS/CBTC investig.

WP3 Technical Coherence

WP4 Message Structure

WP5 Moving Block 1t
WP6 Radio Based Comm 1t » ™M
WP7 Satellite Positioning M

2.1.

2.1.1.

2.1.2.

TD2.1 - Adaptable Communication
System for All Railways

Concept

The Adaptable Communication System for All Railways provides the communication backbone
for existing and emerging railway applications with a particular focus on train-to-ground
communication for enabling the next level of digitisation of railways. The approach foresees
the separation and decoupling of railway applications from the underlying radio systems and
supporting generic communication services to overcome dependencies on the evolution of
radio technology, as well as enabling new operating models that reduce capital investments
and operational costs.

Technical objectives

The following are the main technical objectives of this TD.

‘I Realise the potential of emerging railway applications with enhanced, flexible and
superior communication services.

2 Designatechnology-independent system by decoupling the railway applications from

the underlying radio access systems and consequently introduce generic and flexible

communication services. Allow future evolutions of the radio bearer technology with
minimum dependencies or impact on the railway applications.

Support multi-access networks with the ability to aggregate and combine radio
bearers for increased redundancy or improved throughput.

N

Become adaptable by intelligently selecting and using appropriate bearers based on
the railway application requirements.

1N

Support concurrent use of communication services by multiple railway applications
combined with policy control and communication prioritisation to ensure proper
handling of safety-critical applications.

Ul
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6 Leverage existing and emerging radio technology to enable improved communication
efficiency; higherthroughput, lower latency, increased availability,and comprehensive
security features.

7 Aim for a common and unified communication system for all railways and address the
convergence of metro and main line, regional and high speed.

8 Reduce capital investment, operational costs and project complexity, together with
the ability to support alternative operational and business models based on shared
communication infrastructure up to network-as-a-service approaches.

2.1.3. Technical vision

Figure 13 shows a block diagram of the envisaged adaptable communications system for
all railways. The focus is on the ground-to-train link, where several radio network options
are shown, and an appropriate selection made according to the prevailing quality of service
demands by the applications and available radio resources. Several on-board and trackside
applications are depicted, including automatic train protection, ATO, train control and
monitoring system (TCMS) and critical voice communication between driver and signalling
teams. The dark blue blocks form integral parts of the ACS, whereas grey (existing wireless
technology) and light blue (applications) blocks interface with the ACS.

Adaptable Communication System

1
1
Radio Network A Radio Network B Radio Network C Wireline Network I
i
1
1
1
|
*’ “" E& Radio A Radio B Radio C Trackside Systems
Adaptable Communication System - Onboard Gateway

‘ Voice \

Figure 13 / Functional diagram of Adaptable Communication System for All Railways

L ATP ATO T™MS
ATP ATO TCMS Voice

e Y e s N o’

The following table shows five key differentiators between the current state of the art and
the envisaged ACS. Thus it is clear that the ACS presents a step change in communication
technology for servicing the current and emerging operational needs of railways.
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STATE OF THE ART ADAPTABLE COMMUNICATION SYSTEM

Monolithic communication system with direct interac-
tions with railway applications

Decoupling of railway applications from the underly-
ing radio systems using generic communication ser-
vices leveraging IP-based transmission

Limited communication features and capabilities con-
straining railway communication functionality and lim-
it application usage

Ability to transparently combine and aggregate mul-
tiple communication resources and leverage flexible
routing capabilities, traffic flow prioritisation, seam-
less inter-radio access technology as well as inter-net-
work handover, and ubiquitous redundancy

Changing or upgrading the communication system
forcing costly changes or updates to the railway ap-
plications

Radio system and related upgrades of the radio tech-
nology completely independent from the railway ap-
plications

Communication infrastructure owned by the railway
undertaking.

Support for different infrastructure-sharing flavours
up to network-as-a-service models; the new system
will plan flexible operational models that fit the needs
of the railway undertaking.

Proprietary and niche market solutions driving com-
munication system costs

Use of a standardised functionality and commercial-
of-the-shelf components to leverage economies of
scale and scope from general telecommunication mar-
ket and a wide set of manufacturers supplying net-
work equipment and terminals/mobile devices

Interaction with other TDs (in the same IP and/or in other IPs)

P2

TD2.3
Moving
Block

TD2.4
Train
positioning

TD2.5
Train
integrity

TD2.8
Virtual
coupling

TD2.9
Traffic
management

TD2.10
Smart wayside
objects

TD2.6
Zero on-site tesing

TD2.1
Adaptable
Communication
System

TD2.7
Formal Methods

TD2.1
Cybersecurity

CCA m STANDARDS

Figure 14 / Interaction with other TDs and IPs

2.1.4. Impact and enabling innovation capabilities

The new adaptable communication system provides significant value and benefits to all of
the proposed TDs of S2R. Benefits range from simplification of communication services to
new and superior communication characteristics. With the introduction of the adaptable
communication system, the railway applications become independent from the radio
technology and rely on generic communication services, which provide higher throughput,
increased availability and reliability, transparent support for multiple radio technologies and
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significant cost savings. The following table provides an overview of the effects generated at
a larger scale by the application of the TD results.

KEY CONTRIBUTION FROM THE TD

The adaptable communication system acts a key enabler for the complete rail system and
provides the following tangible benefits to maintain and enhance technology leadership:

* separation and decoupling of the communication subsystem from the railway applica-
tions, which introduces generic communication services without dependencies or impli-
cations to the underlying technology or network systems

* combination and bundling of various radio systems, including satellite communication,
into generic services to improve communication performance and characteristics such as
enhanced throughput, superior resiliency, transmission prioritisation and enlarged cover-
age, which enable new innovative railway applications

* support for new business models to provide communication services based on infrastruc-
ture or resource sharing up to network-as-a-service models

* LCC reduction (through sharing the communication network or the possibility of using
public networks in some circumstances)

Compliance with
EU objectives

» Communication technology is in constant evolution and the TD will take that situation
into account: the modular architecture will allow the latest convenient technologies to be
applied to emerging markets, while nevertheless ensuring backward compatibility with
the already deployed ERTMS in Europe, allowing a migration phase. The radio bearer
could be transparently selected and adapted to the specific conditions to keep the costs
as low as possible (e.g. use of satellite communication in a large sparsely populated area,
to save the cost of a wayside communication infrastructure)

e |t will enable a common communication system to address the requirements of all seg-
ments in the rail system with unified and cost-efficient communication services

« |t will help to advance railway applications to achieve the goals around capacity increase,
modal shift and more efficient railways

* |t will leverage standardisation, interfaces and architecture to ease and improve interop-
erability between different subsystems and the communication system

Achieve the Interoperability will be provided, including with a solution suitable for the urban/suburban
SERA domain, answering the needs of current and enhanced CBTC and ETCS solutions

Although the radio technology and system expected to be integrated into the adaptable
Degree of communication system is either commercially available or currently emerging, the system
maturity of to combine, manage and support generic communication services to railway applications
the envisaged is currently at TR1 or 2 (principles observed and the possibility of using them formulated).
solutions At the end of S2R it is expected that the concepts and functional prototypes will have been

brought to TRL 6 or 7

The Adaptable Communication System for All Railways provides communication services and
associated benefits to basically all innovation capabilities. Accordingly, the following building
blocks can be added to the row for each innovation capability in the table below:

« BB2.1.1, Definition of a multi-bearer technology including satellite communication;

* BB2.1.2, System open to exploit the use of public land mobile networks;

* BB2.1.3, System resilient to the evolution and needs of the signalling system.

This TD will mainly contribute to enabling the following seven innovation capabilities.
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INNOVATION

CAPABILITY TD2.1 ADAPTABLE COMMUNICATION SYSTEM - TRL 5/6

1- Automated Provide generic and enhanced communication services that are transparent and de-

train operation coupled from the railway application, including ATO. Thus, the Adaptable Communica-
tion System is a key enabler for the ATO application

4 - More value Act as communication backbone for the rail system and drive digitalisation in railways

from data to the next level while supporting adaptable, secure, resilient and scalable communi-
cation services

6 - Service timed Provide flexible and efficient communication services to support the information ex-
change between vehicles and traffic management to enable consistent and real-time

to the second management of the rail system

7 - Low-cost railway Rely on standardised system components and decouple application layer from com-
munication system to reduce project implementation and certification costs. New
business models based on infrastructure sharing as well as support for network-as-a-
service models provide OPEX savings

8 - Guaranteed asset Supporting generic and adaptable communications to the rail system supports the
health and availability  efficient exchange of information to ensure that asset health and availability are sig-
nificantly improved

9 - Intelligent trains Provide the communication backbone to enable trains to interact with the trackside
applications and reliably exchange data without the constraints of existing communi-
cation solutions

10 - Stations and A single shared train-to-ground communications system provides flexible, secure and
smart city mobility improved connectivity for new railway applications, trains, passengers and other users
of all rail systems, including high-speed, regional, urban and metro rail

The above list of contributions to innovation capabilities represents only the main areas
for TD2.1. Further contributions to other capabilities are expected; for example, mobility as
a service (MaaS) will be supported by the availability of new business and operating models
for the communication system up to network-as-a-service models to leverage reductions in
CAPEX, OPEX and total cost of ownership. Communication as a service becomes an integral
part of the MaaS capability. Furthermore, the logistics on demand innovation capability
is also supported by the adaptable communication system with flexible and multipurpose
information exchange between freight applications and relevant transport units enabling
new innovation for the freight transport domain. Finally, rapid and reliable R&I delivery is
improved with the decoupling of railway applications from underlying radio systems, which
removes the dependencies and complex interactions to introduce, upgrade or enhance
existing applications independent from the standardised communication system.
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AREA

Adaptable
Communication
System for All
Railways

Demonstration activities and deployment

SPECIFIC
TECHNICAL

SPECIFICATION
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FOCUS OF ACTIVITY

Improve_ . Urban Integrate multiple existing and
communication ] . . )
capabilities Te;hnglogy High emerging radio systems into
guideline, speed a unified communication sys-
(throughput, . | o . ;
uality of busme'ss mode 4/6 tem prowdmg generic services
quall analysis, system to the applications. It also in-
service (QoS), N ) . ;
S specification Regional cludes infrastructure sharing or
availability, .
network-as-a-service models
coverage)
Urban Combine, aggregate and man-
) age different radio bearers or
Support High networks to provide a generic
transparent speed communication system decou-
System h A
and decoupled L 4/6 pled from the railway applica-
T specification s . ;
communication tion to avoid dependencies or
services Regional implications if the underlying
radio technology changes or
evolves
Urban Assess communication require-
Enable common . .
. Business model . ments from all railway seg-
and unified . High ) .
T analysis, system 4/6 ments and identify the common
communication o speed . . " :
. specification basis allowing specific options
for all railways
Regiona| per Segment
Urban Analyse the different sharing
- options for the communication
Regional infrastructure and resources
Encompass Technology _
) S . (e.g. spectrum), up to a net-
new business guideline, High ’
. work-as-a-service model. De-
models for the business model speed 3 i
o : velop a tool to compare busi-
communication analysis, system .
A ness models and share options
system specification .
) based on input parameters cov-
Freight

ering cost implications, tech-
nology options, etc.
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