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1 About the Europe’s rail Multi-Annual Work Programme

Europe’s Rail Joint Undertaking (EU-Rail) is the universal successor of the Shift2Rail Joint
undertaking and it is established by Council Regulation (EU) 2021/2085 of 19 November 2021
(hereinafter the SBA and/or Single Basic Act)?.

In accordance with the SBA, EU-Rail has defined in its Master Plan? its priority research and
innovation activities, overall system architecture and harmonised operational approach,
including large-scale demonstration activities and flagship areas. These are required to
accelerate the penetration of integrated, interoperable and standardised technological
innovations necessary to support the Single European Railway Area. The Master Plan provides
an overview of the ambitions and the objectives of EU-Rail and defines a systemic, long-term
and result-oriented delivery strategy for research & innovation in the railway sector.

EU-Rail works towards the twin green and digital transition of Europe.

The European Green Deal objective is to reach climate neutrality by 2050, the Fit for 55
package sets medium-term greenhouse gas emissions reduction objectives, and the Digital
Decade sets the path to bring Europe to the forefront of digitalisation and automation.

The Sustainable and Smart Mobility Strategy articulates the pathways towards digitalising and
greening the transport sector and sets specific milestones for the railway sector. The
Industrial Strategy aims at enhancing Europe’s industrial competitiveness, including in sectors
at the forefront of the twin transitions such as the rail supply industry.

These Union policy goals are a major reason for the railway sector to undergo a significant
transformation - increasing its capacity for passenger and goods transport, enabling an
increase in the use of rail transport, and reducing further the greenhouse gas emissions of the
railway sector itself. To achieve this change, the sector must address the following challenges:

a) Changing customer requirements: demographic, technological, market and political
trends are changing the needs of passenger and freight customers. These shifts, along
with disruptive events like the COVID19 pandemic, require rail to be more flexible than
in the past.

1 Council Regulation (EU) 2021/2085 of 19 November 2021 establishing the Joint Undertakings under Horizon Europe
https://eur-lex.europa.eu/legal-content/EN/TXT/?uri=CELEX:32021R2085https://eur-lex.europa.eu/legal-
content/EN/TXT/?uri=CELEX:32021R2085

2 Adopted by the European Commission on xx/02/2022 and by the EU-Rail Governing Board on 01/03/ 2022.
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b)

c)

d)

f)

g)

Need for improved performance and capacity: in order to deliver an overall more
sustainable transport mix, rail must be able to accommodate increased demand.
High cost: rail is currently often more expensive compared to other transport modes.
To be more competitive and support future increased usage, rail must deliver more
cost-efficient solutions and services compared to today.

Climate change: rail is the most sustainable motorised mode of transport, as indicated
in a recent report of the European Environmental Agency. Increased use of rail is
necessary to fulfil European climate objectives and rail assets need themselves to be
climate resilient.

Legacy systems and obsolescence: rail system assets are procured assuming very long
lifecycles and are based on national approaches, which makes fast and interoperable
transformation difficult.

Interaction with other modes: rail networks and the services associated to them in
some contexts link well with other transport modes. But such integration must be
improved to better serve the needs of customers, and make rail central to future
mobility and a more attractive mode overall.

Increased competition. The European rail supply industry is world leading. However,
it faces many challenges at global level.

This Multiannual Work Plan defines how the EU-Rail JU has designed its activities and
structure to achieve the general and specific objectives set out in the SBA, as detailed in the
following sections.

In this respect, during the period of its existence, 2021 — 2031, EU Rail has to:

bring to completion and deliver the ongoing S2R Programme and Projects, that will
also set the baseline for the new Programme, including fostering the market uptake
of mature solutions, e.g. those being part of the TSI 2022 package, etc. These activities
will continue to be performed under the H2020 regulatory framework. In order to
ensure Projects monitoring at JU level, the S2R Innovation Programme Steering
Committees will be convened on a regular basis;

implement the EU-Rail Research and Innovation Programme, established in its Master
Plan and detailed in the following sections, under the Horizon Europe legal framework
and the SBA;

perform operational activities in relation to its Programme, such as outreach and
international cooperation in support of Union policy objectives and international
commitments;

set up an internal management and control system to ensure the sound financial
management and the legality and regulatory of its transaction to fulfil its corporate,
operational, administrative, legal and financial obligations.



Article 5 of the SBA, complemented by the specific provisions of Title IV SBA, details the
tasks to be performed by EU-Rail to deliver its objectives.

2 The Vision and Mission Statement of Europe’s Rail JU

The vision of EU-Rail is

To deliver, via an integrated system approach, a high capacity, flexible, multi-modal,
sustainable and reliable integrated European railway network by eliminating barriers to
interoperability and providing solutions for full integration, for European citizens and
cargo.

The Mission Statement of EU-Rail is

Rail Research and Innovation to make Rail the everyday mobility

10



3 Objectives of Europe’s Rail JU

In addition to the General and Specific Objectives established in Chapter 1 of the SBA, EU-
RAIL is entrusted with the following:

General Objectives

(a)

contribute towards the achievement of the Single European Railway Area;

(b) ensure a fast transition to more attractive, user-friendly, competitive, affordable, easy

(c)

to maintain, efficient and sustainable European rail system, integrated into the wider
mobility system;

support the development of a strong and globally competitive European rail industry.

Specific objectives

(a) facilitate research and innovation activities to deliver an integrated European railway

network by design, eliminating barriers to interoperability and providing solutions for
full integration, covering traffic management, vehicles, infrastructure also including
integration with non-standard national gauges, such as 1520, 1000 or 1668 mm
railway, and services, and providing the best answer to the needs of passengers and
businesses, accelerating uptake of innovative solutions to support the Single European
Railway Area, while increasing capacity and reliability and decreasing costs of railway
transport;

(b) deliver a sustainable and resilient rail system: by developing a zero-emission, silent

(c)

rail system and climate resilient infrastructure, applying circular economy to the rail
sector, piloting the use of innovative processes, technologies, designs and materials
in the full life-cycle of rail systems and developing other innovative solutions to guided
surface transport;

develop through its System Pillar a unified operational concept and a functional, safe
and secure system architecture, with due consideration of cyber-security aspects,
focused on the European railway network to which Directive 2016/797 applies, for
integrated European rail traffic management, command, control and signalling
systems, including automated train operation which shall ensure that research and
innovation is targeted on commonly agreed and shared customer requirements and
operational needs, and is open to evolution;

(d) facilitate research and innovation activities related to rail freight and intermodal

transport services to deliver a competitive green rail freight fully integrated into the
logistic value chain, with automation and digitalisation of freight rail at the core;

(e) develop demonstration projects in interested member states;

11



(f) contribute to the development of a strong and globally competitive European rail
industry;

(g) enable, promote and exploit synergies with other Union policies, programmes,
initiatives, instruments or funds in order to maximise its impact and added value.

In carrying out its activities, the Europe’s Rail Joint Undertaking shall seek a geographically
balanced involvement of members and partners in its activities. It shall also establish the
necessary international connections in relation to rail research and innovation, in line with
the Commission priorities.

Additional tasks

In addition to the tasks set out in Article 5, the Europe’s Rail Joint Undertaking together
with the Commission shall also prepare and, after consultation of the states’
representative group, submit for adoption by the Governing Board the Master Plan,
developed in consultation with all relevant stakeholders in the railway system and rail
supply industry.

4 Legal Framework and Governance

The legal framework of the EU-RAIL JU is described in the SBA and its operational aspects and
targets detailed in EU-RAIL Master Plan, complemented by the MAWP.

This section, it is not exhaustive and highlights the relevant element of the legal framework
and governance of the JU in relation to the Programme Management.

4.1 SBA

Council Regulation (EC) 2021/20853 (hereinafter the SBA) sets out the legal basis of EU-RAIL
and its Programmes. The Other Members of the EU-RAIL JU have expressed in writing their
agreement and acceptance of the SBA through a Letter of Commitment; they shall make or
arrange for their constituent or affiliated entities to make a total contribution defined in
Article 87 SBA. In this respect, they shall agree to the management principles put in place by
EU-RAIL in order to execute the Programme.

4.1.1 Other Members’ Letter of Commitment

Other Member’s Letter of Commitment details the scope of the membership in terms of
content, activities and their duration, the concerned Member contributions to the JU,
including an indication of the envisaged additional activities referred to in point (b) of Article
11(1) SBA. The Letter of Commitment does not contain conditions regarding its accession

30JL427,30.11.2021, p.17

12



other than those set out in the SBA. Hence, the Other Members shall contribute to the proper
implementation of the EU-RAIL Programme in accordance with the objectives and
requirement set out in the SBA.

4.2 GB and GB Decisions

The Governing Board is the decision-making body of the Joint Undertaking. It shall have
overall responsibility for the strategic orientation, coherence with relevant Union objectives
and policies, and the operations of the joint undertaking and shall supervise the
implementation of its activities. In accordance with Article 17 of the SBA, the GB shall, among
others:

- take measures to implement the joint undertaking’s general, specific and operational
objectives, assess their effectiveness and impact, ensure close and timely monitoring
of the progress of the joint undertaking’s research and innovation programme and
individual actions in relation to the priorities of the Union and the Strategic Research
and Innovation Agenda, including in relation to complementarity with regional or
national programmes, and take corrective measures where needed to ensure that the
joint undertaking meets its objectives;

- assess, accept or reject applications for membership;

- assess, accept or reject applications of prospective contributing partners;

- decide on the termination of the membership in the joint undertaking with regard to
any member that does not fulfil its obligations;

- adopt the financial rules of the joint undertaking;

- adopt the annual budget and the staff establishment plan;

- decide on the distribution of administrative costs among the members other than the
Union;

- exercise in accordance with paragraph 4 and with regard to the staff of the joint
undertaking, the powers conferred by the Staff Regulations of Officials of the
European Union (the ‘Staff Regulations’);

- appoint, dismiss, extend the term of office, provide guidance and monitor the
performance of the executive director;

- adopt the Strategic Research and Innovation Agenda at the beginning of the joint
undertaking and update it throughout the duration of Horizon Europe, where
necessary;

- adopt the work programme and corresponding expenditure estimates as proposed by
the executive director, after taking into consideration the states’ representative
group’s opinion, to implement the Strategic Research and Innovation Agenda,
including the administrative activities, the content of the calls for proposals, adopt
measures for attracting newcomers, in particularly SMEs, higher education

13



institutions and research organisations, into the activities and actions of the joint
undertaking;

approve the annual additional activities plan;

provide strategic orientation as regards the collaboration with other European
partnerships in accordance with the Strategic Research and Innovation Agenda;
assess and approve the consolidated annual activity report;

deliver an opinion on the joint undertaking’s final accounts;

make arrangements, as appropriate, for the establishment of an internal audit
capability of the joint undertaking;

approve the organisational structure of the programme office upon recommendation
of the executive director;

approve the joint undertaking’s communication policy;

unless specified otherwise, approve the list of actions selected for funding;

adopt implementing rules for giving effect to the Staff Regulations and the Conditions
of Employment of Other Servants in accordance with Article 110(2) of the Staff
Regulations;

adopt rules on the secondment of national experts to the joint undertakings or the
use of trainees;

set up, as required, advisory or working groups, including in collaboration with other
joint undertakings, in addition to the bodies of the joint undertaking referred to in
Article 13;

submit to the Commission, where appropriate, requests to amend this Regulation;
request scientific advice or analysis on specific issues to the joint undertaking’s
scientific advisory body or its members, including as regards developments in adjacent
sectors;

adopt by the end of 2023 a plan for the phasing-out of the joint undertaking from
Horizon Europe funding upon recommendation of the executive director;

ensure the performance of any task that is not specifically assigned to a particular
body of a joint undertaking, subject to the possibility that the governing board may
assign such task to another body of the joint undertaking concerned.

Articles 92, 93, and 94 of the Single Basic Act set out the EU-Rail specific composition,

functioning, and additional tasks of the Governing Board.

To be noted that in accordance with Article 86(5) SBA, the Europe’s Rail Master Plan
constitutes the Strategic Research and Innovation Agenda (SRIA) of the JU. As a consequence,

any reference to the SRIA, shall be interpreted to the Master Plan.

In addition to the documents already mentioned, with particular regard to the decision-

making process and the Programme implementation, the following two GB Decisions should

be considered:
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Rules of Procedure of the Governing Board of the Europe’s Rail Joint Undertaking?;
Decision of the Governing Board adopting the revised financial rules of the Europe’s
Rail Joint Undertaking®.

4.3 The Executive Director (ED) & ED Decisions

The Executive Director (ED) is the chief executive responsible for the day-to-day management

of the EU-RAIL JU in accordance with the decisions of the Governing Board. The ED is the legal

representative of the EU-RAIL JU and has the role to take ED decisions which have the purpose

to implement the strategic plan and budget of the Programme. The ED is accountable to the

Governing Board and shall provide the GB with all information necessary for the performance

of its functions.

In accordance with Article 4, the ED shall, among others:

ensure sustainable and efficient management of the joint undertaking and efficient
implementation of the work programme;

prepare and submit for adoption to the governing board the draft annual budget and
the staff establishment plan;

prepare and, after having taken into account the opinion of the states’ representative
group or the Public Authorities Board as appropriate, submit for adoption to the
governing board the work programme and the corresponding expenditure estimates
for the joint undertaking, to implement the Strategic Research and Innovation
Agenda;

prepare and submit for assessment and approval to the governing board the
consolidated annual activity report, including information on the corresponding
expenditure and contributions from members other than the Union referred to in
Article 11(1);

monitor the contributions referred to in Article 11(1), report to the governing board
regularly on the progress in achieving the targets and propose remedial or corrective
measures, where necessary;

monitor the implementation of measures for attracting newcomers, in particularly
SMEs, higher education institutions and research organisations;

establish a formal and regular collaboration with the European partnerships identified
in the Strategic Research and Innovation Agenda and in accordance with the strategic
orientation provided by the governing board;

submit for approval to the governing board or to the Public Authorities Board as
appropriate the list of actions to be selected for funding by the joint undertaking;

4 https://shift2rail.org/wp-content/uploads/2022/01/GB-Decision-01-2021.pdf

5 https://shift2rail.org/wp-content/uploads/2020/01/S2R-JU-Financial-Rules.pdf
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e assess applications for associated members to the joint undertaking following an open
call for expression of interest and submit proposals for associated members to the
governing board;

e inform regularly the other bodies of the joint undertaking on all matters relevant to
their role;

e signindividual grant agreements and decisions in his or her remit on behalf of the joint
undertaking;

e sign procurement contracts on behalf of the joint undertaking;

e ensure the programme’s monitoring and assessment of the progress compared to
relevant impact indicators and the joint undertaking’s specific objectives as defined in
Part Two, under the supervision of the governing board and in coordination with
advisory bodies where relevant, and in accordance with Article 171;

e establish and ensure the functioning of an effective and efficient internal control
system and report any significant change to it to the governing board;

e protect the financial interests of the Union and of other members by applying
preventive measures against fraud, corruption and any other illegal activities by
means of effective checks and, if irregularities are detected, by recovering amounts
that were wrongly paid and, where appropriate, imposing effective, proportionate
and dissuasive administrative and financial penalties;

e ensure the carrying out of risk assessments and risk management for the joint
undertaking;

e take any other measures necessary for assessing the progress of the joint undertaking
towards achieving its objectives

For a complete description of the functions of the Executive Director, refer to Article 18
of the SBA.

4.3.1.1 The System and Innovation Pillar Programme Board

The ED is also supported by a System and Innovation Programme Board (SIPB), which is
responsible for providing advice on resources, planning and synchronization, implementation,
change management and monitoring the progress of the Programme, as well as for delivering
strategic guidance and making recommendations with regard to the management of it.

The Programme Board shall be responsible for providing advice to the Executive Director on:

e Resources, implementation and monitoring the progress of the Programme (System
and Innovation Pillars),

e identify risks and opportunities and related mitigating actions,

e providing strategic guidance and making recommendations, with regard to the
management of the Programme,

16



e advise the Executive Director in solving issues escalated to his attention (e.g. potential
resourcing conflicts between the Innovation and System Pillars) in accordance with
the EU-RAIL Regulation on Programme implementation and propose a way forward,

e advise the Executive Director on the need to complement the Programme with
specific expertise to be contracted as needed,

e assist and advise the Executive Director in any matter of relevance

The composition of the System and Innovation Pillar Programme Board shall be:

e Chair: EU-RAILED
e Members:
(a) 1 representative of the EC,
(b) the Other Founding Members,
(c) 2 representatives of the System Pillar Core Group.
(d) Observers may be invited to attend the meetings on the basis of the agenda
points.

The meetings of the Programme Board will have dedicated sessions attended solely by the
listed Other Founding Members, in particular to address Innovation Pillar programme
management or change management aspects.

The Programme Board shall meet indicatively monthly.

The Executive Director shall established by an ED Decision the System and Innovation
Programme Board after having consulted the Governing Board; s/he shall report at each GB
meeting about the work performed by the Programme Board.

4.4 The System Pillar

The System Pillar will deliver a unified operational concept and a functional, safe and secure
system architecture, with due consideration of cyber-security aspects, focused on the
European railway network to which Directive 2016/797 applies, for integrated European rail
traffic management, command, control and signalling systems, including automated train
operation which shall ensure that research and innovation is targeted on commonly agreed
and shared customer requirements and operational needs, and is open to evolution.

The main governance bodies involved in the System Pillar are:

e The EU-Rail Governing Board
e The System Pillar Steering Group
(a) oversees the Architectural Governance, with the support of the Core Group.
(b) decides on
= the proposals of the Core Group including the overall vision of the SERA
System Architecture and Operational Concepts that deliver it.
= the System Pillar outputs
e The System Pillar Core Group
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(a) Provides the competent leadership and expertise of the development of the
functional layered railway system architecture, specification models and
Operational Concepts that enable safe, secure and efficient delivery of the new

systems

(b) Manages the common business objectives and deliverables from the Tasks

e The System and Innovation Programme Board advises the Executive Director,
specifically, on:

(a) the coordination of resources, budgets and timescales of the System and
Innovation Pillars

(b) supported by the System Pillar Core Group, project and programme
management of the JU including interaction between the two pillars as well as
change management and conflicts.

m Europe'sRail h’

>
3 o SRG
EU-Rail Governing Board - ka
European Union (EC), £D & Founding Members .- n : H
System Pillar Observers: SRG Chair, SC Chair, ERA 29
Y Ocpioyment
i -
] Executive Director
1 EU-Rail Programme Office
i
‘ SYSTEM AND INNOVATION PROGRAMME BOARD

“—is Flagship projects

5
Taskl / Task2 E Large-scale demonstrations
a

< >
= Exploratory and fundamental R&
SYSTEM PILLAR INNOVATION PILLAR

Figure 1 - Governance of the JU

l

EU-Rail Integrated Programme

4.4.1.1 The Governing Board
The Governing Board shall oversee activities performed under the System Pillar according to
the arrangements set out in Article 93(4) of the Single Basic Act.

4.4.1.2 The System Pillar Steering Group

Article 96 of the Single Basic Act sets out the following in relation of the System Pillar Steering
Group:

e The System Pillar steering group shall be an advisory body of the Europe’s Rail Joint
Undertaking in charge of providing advice on System Pillar issues.

e The System Pillar steering group shall be composed of representatives of the
Commission, representatives of the rail and mobility sector and of relevant
organisations, the Executive Director of the Europe’s Rail Joint Undertaking, the
chairperson of the states’ representatives group and representatives of the European
Union Agency for Railways and of the ERRAC. The Commission shall take the final
decision on the composition of the Group. When justified, the Commission may invite
additional relevant experts and stakeholders to attend the meetings of the System
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Pillar steering group as observers. The System Pillar steering group shall regularly
report to the states’ representatives group on its activities.
The System Pillar Steering group shall be chaired by the Commission.
The recommendations of the System Pillar steering group shall be adopted by
consensus. Where no consensus is reached, the Executive Director of the Europe’s Rail
Joint Undertaking shall prepare a report for the Governing Board, in consultation with
the European Union Agency for Railways and the Commission, outlining the key
common points and diverging views. In this case, the states’ representatives group
shall also prepare an opinion for the Governing Board.
The System Pillar steering group shall adopt its own rules of procedure.
The System Pillar steering group shall be responsible for providing advice to the
Executive Director and Governing Board on any of the following:
o The approach to operational harmonisation and the development of system
architecture, including on the relevant part of the Master Plan;
o delivering on the specific objective set out in point (c) of Article 85(2), namely:
= develop through its System Pillar a unified operational concept and a
functional, safe and secure system architecture, with due consideration
of cyber-security aspects, focused on the European railway network to
which Directive (EU) 2016/797 of the European Parliament and of the
Council applies, for integrated European rail traffic management,
command, control and signalling systems, including automated train
operation which shall ensure that research and innovation is targeted
on commonly agreed and shared customer requirements and
operational needs and is open to evolution
o carrying out the tasks set out in point (a) of Article 86(5), namely:
= develop in its System Pillar a system view that reflects the needs of the
rail manufacturing industry, the rail operating community, Member
States and other rail private and public stakeholders, including bodies
representing customers, such as passengers and freight and staff, as
well as relevant actors outside the traditional rail sector. The ‘system
view’ shall encompass:

e the development of the operational concept and system
architecture, including the definition of the services, functional
blocks, and interfaces which form the basis of rail system
operations;

e the development of associated specifications including
interfaces, functional requirement specifications and system
requirement specifications to feed into Technical Specifications
for Interoperability (TSI) established pursuant to Directive (EU)
2016/797 or standardisation processes to lead to higher levels
of digitalisation and automation;

e ensuring the system is maintained, error-corrected and able to
adapt over time and ensure migration considerations from
current architectures;

e ensuring that the necessary interfaces with other modes, as
well as with metro and trams or light rail systems, are assessed
and demonstrated, in particular for freight and passenger flows
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o the detailed annual implementation plan for the System Pillar in line with the
work programmes adopted by the Governing Board in accordance with point
(b) of Article 94.

o Monitoring the progress of the System Pillar.

In effect it is the decision-making body for the System Pillar, ratifying the deliverables of the
System Pillar, and providing a mechanism to deliver consensus, or a
decision/recommendation where this is not possible

The Composition of the System Pillar Steering Group will be:

e Chair: EC

e Members: CER, EIM, UNIFE, UITP, UIP, chairperson of the States’ Representative
Group, Executive Director EU-Rail, ERA, ERRAC

e Technical bodies (provide advice to Members): EUG, UIC, UNISIG, UNITEL

e Observers: ERTMS Coordinator, EUSPA, ESA, other representative bodies to be
considered.

The composition of the System Pillar Steering Group may be changed by the Commission, in
line with the requirements of Article 96 of the Single Basic Act.

Meeting inputs shall be provided primarily by the System Pillar Core Group, via the Executive
Director of the JU.

4.4.1.3 The System Pillar Core Group [to be updated]

The System Pillar Core Group is necessary to lead the day-to-day work of the delivery of the
System Pillar through the Tasks and supporting the System Pillar Steering Group in its
decisions. This will include:
e Providing guidance on the work of the System Pillar
(a) Assessment of outputs
(b) Technical management supporting decision making within remit set by the
System Pillar Steering Group
(c) Ensuring sector alignment
(d) Supporting Innovation Pillar and System Pillar coordination
e Programme Management of the System Pillar
(a) Day to day management and delivery of System Pillar objectives
(b) Liaising with the System and Innovation Programme Board on progress and
resource allocation
(c) Continuous monitoring and management of progress
(d) Management of budget and administration
e Managing inputs
o Integrating relevant inputs from Innovation Pillar and external to JU
e Managing outputs
o Production and day to day management of the “Standardisation and TSI input
plan” [for Task 2/CCS+ outputs]
o monitoring that the relevant EU-RAIL outputs to the [Task 2/CCS+] TSI and
standardisation process:
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= jsin line with the overall Operational Concept and System Architecture
and associated principles is being delivered on time and in scope
o Reports to Programme Board and System Pillar Steering Group on system pillar
outputs
o Day to day liaison with ERA including handling of Change requests to TSIs;
including EECT and working group representation
o Handling of standardisation requests

The System Pillar Core Group will be resourced to be competent to lead the SP development
of the System Architecture and Operational Concept, setting the objectives and checking the
quality of the outputs, and validating the proposed inputs for TSI enhancements and
harmonized standards.

The Core Group will work with the Innovation Pillar, subject to the final structure of the latter,
to enable when relevant alignment and integration of the Flagship projects at a Railway
System level and vice versa.

The Core Group will also need to manage the resources within the Contracts and Programmes
associated with the System Pillar.

4.5 System Pillar and Innovation Pillar interaction

The System Pillar and Innovation Pillar of EU-RAIL will work together to deliver a coherent
output from EU-RAIL.

The System Pillar aims to, when relevant, guide, support and secure the work of the
Innovation Pillar (i.e. to ensure that research is targeted on commonly agreed and shared
customer requirements and operational needs, compatible and aligned to the system
architecture), and the Innovation Pillar will impact the scope of the System Pillar where new
technologies or processes mean that innovations can drive a change in approach, as well as
delivering detailed specifications and requirements.

The high-level principles of the working arrangements and the relationship between the
pillars are set out in the following diagram:
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Figure 2 - Relationship between the Innovation Pillar and the System Pillar

The principle of interaction is that the System Pillar proposes the architecture and operational
concept and describes this at a high-level FRS&FIS specification level. The Innovation Pillar
will develop the technologies and innovation solutions including, when relevant, the more
detailed FFFIS&SRS of the specific systems. The detailed specifications will be verified by the
System Pillar to ensure consistency with the overall architecture and operational concept.
This will enable integration of the flagship projects both together and within the overall
proposed system architecture.

From the results of this joint work, the SP will update the standards and TSI input plan with
those draft specifications FRS, SRS, FIS, FFFIS that will allow the next iteration of the future
rail system through the ERA process to achieve the ambition of EU-RAIL.

There is a need for an agile and iterative interaction between SP and IP:

e The evolution of the EU-RAIL will produce innovation and new technologies that will
require further development of the system architecture, proposals from the IP will
need to be considered and included

e In case of misalignment between the 2 pillars or new proposals to consider for the
evolution of the SP system architecture, an integrated Change Management process
should be designed (i.e. potential decision affecting grant agreement or reference
architecture).
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4.6 Deployment Group

The Deployment Group is a stakeholders group, to be established in accordance with Article
22 of the SBA, which will advise the Governing Board on the market uptake of rail innovation
developed in the Europe’s Rail Joint Undertaking and to support deployment of the innovative

solutions.
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5 The Europe’s Rail Integrated Programme

The Europe’s Rail Joint Undertaking is entrusted to manage and deliver one integrated Rail
Research and Innovation Programme, built around two main pillars interdependent to each
other and the Deployment Group.

The System Pillar contributes defining the concept of Operations for Rail, through a System
of Systems service-oriented approach, providing the overall framework for delivery of R&l,
taking into account interfaces within different rail segments and other modes. These activities
should ensure a common approach and efficient use of resources; EU-Rail is the platform for
and provide the coordination and resources to enable sector convergence on common
solutions at European level. EU-Rail shall therefore in particular coordinate and consolidate
all relevant sector initiatives, noting the importance of unified requirements from the
Railways. This is complementing and underpinning the focus on research and innovation
towards impact-oriented solutions. Indeed, the work to define and then maintain the
operational concept and functional system architecture will be the framework within which
the R&I work progresses with logical interactions.

The R&I activities to deliver the Concept of Operations, addressing the specific segments’
interfaces, are structured within the Innovation Pillar and established around the full lifecycle
of research and innovation, from exploratory research, via applied research to large scale
demonstrations.

EU-Rail focus is on key priorities but addressing the subsystems of the various rail market
segments and, where relevant and cost-effective, standardisation or commonly agreed
harmonised specifications needed to deliver them. Automation will require converging on
digital solutions, artificial intelligence, imaging, robotics, etc. but also addressing sub-
components, e.g. mechanical, that otherwise would jeopardise the transformation to be
delivered. In order to achieve such ambition, EU-Rail acts as “single coordinating body” to
ensure the convergence of the sector towards the aforementioned new Concept of
Operations and the related Reference Functional System architecture, both addressing
different segments. This would allow setting the right conditions towards modular (standard
interfaces), scalable, plug & play, etc. solutions in view of large-scale market introduction and
their evolution.

R&I Large Scale Operational Demos will be one of the major game changers in the impact to
be achieved by EU-Rail. It is not about coordinating the funding, it is about Integrated R&l
Large Scale Demonstration activities, i.e. moving from small-scale demonstrators [prototypes]
in one specific network or lab, to European wide live, operational network-scale
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demonstration of solutions in a different environment, reaching TRL 8/9° level, and to show
the benefits from the European deployment of new solutions. This will also be a key
component for the inclusiveness of these areas of Europe, and consequently, Member States,
under-represented in the current rail research and innovation activities. As they will be
capable to contribute to the definition of specifications and demonstrate the benefits of the
proposed partnership, or ongoing Programmes, solutions in their operational network and
services offered to their customers.

This activity will also support the necessary steps for the regulatory changes or standards’
changes needed to bring solutions to the market, closing the virtuous circle started in the
definition of concepts within the System Pillar, before industrialisation and deployment.

The “Deployment Group” will tackle the transition from R&I to coordinated and consistent
deployment at European level, to avoid creating new barriers to a one single European
network.

6 In accordance with Council Decision (EU) 2021/764 of 10 May 2021 establishing the Specific Programme implementing
Horizon Europe, all activities in EU-Rail up to Technology Readiness Level 8 can be eligible for EU funding from Horizon
Europe. In accordance with recital 31, “grants should not be awarded for actions where activities go above TRL 8. It should
be possible for the work programme to allow grants for large-scale product validation and market replication for a given
call under the pillar 'Global Challenges and European Industrial Competitiveness”.

Notwithstanding the provisions of recital 31, activities at the level of Technology Readiness Level 9 can be part of the In-
Kind Contribution for Additional Activities (Article 2(10) SBA).
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6 The System Pillar activities

6.1 Scope

6.1.1 Why a system architecture focus?

Whilst many railways will have views of the future railway architecture, there is no common
EU railway system view that is used today.

The railways have traditionally approached systems architecture following a national — even
regional —technical approach, leading to a heterogeneous picture at European level. National
markets for rail infrastructure and vehicles continue to exist in a way that has been overcome
in other modes of transport or sectors. The problem with this is that innovations and changes
to the system are very difficult and costly to achieve. Ultimately this undermines the
performance and competitiveness of rail.

The purpose of the System Pillar is to improve the European railway system to offer better
services for the European citizen, passengers and freight. For this, the key drivers are the
following:

e Cost efficiency for integration,

e Migration and deployment,

e Cost efficiency for maintenance and evolution of the system

e Quicker roll-out of innovations

e Market accessibility (for equipment and service provision)

e Increase overall performance and agility of the railway including time, reliability and
safety towards the customer through faster deployment of key new technologies

e Improved train service delivery across the European Union

e Facilitate rail as integral part of the mobility services across the European Union

e Manage diverse rail legacy, bringing interoperability and ease the migration

e Sound, qualified and reliable supply chain.

The System Pillar proposes to improve this approach by:

e defining a set of application profiles’” based on harmonized objectives and
requirements and deriving harmonized operational processes,

e using formal architecture approaches, such as the concept of layered functional
architecture, , as deployed since several decades in many industries such as
automotive, aviation, defence, energy, high tech, IT, software, telecoms, to frame the
development of the rail system, and

7 If the architecture shall endorse as a modular building block system a too high diversity of profiles or quality levels it
would get complex in terms of standardisation and implementation. Therefore, a fixed set of standard applications for
certain quality levels shall defined that are the basis for the architecting process (applications like for high density traffic,
regional low cost solution, etc.
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e harmonising this system architecture approach at European level, including
operational rules, engineering rules and implementations.

It is worth noting that complex hardware devices such as modern computers or smart phones,
complex enterprise information systems, or systems of systems and large-scale business
infrastructures such as heterogeneous communication systems and electricity transportation
infrastructures would not exist without an underlying standardised and modular architecture.

The opportunities that an evolution of the rail system based on common operational visions
and a standardised modular architecture will enable are:

e Easier and quicker introduction of innovation into railway system, the System Pillar
architecture will be designed to take full advantage of current innovations and
technologies and allow easier evolution and modernisation at later stages

e Sustainability, including increased market penetration of rail services, both passenger
and freight.

e Reduced costs and better amortisation of developments and innovations through
economies of scale

e Reduced cost by reduction of solutions’ variances

e Achievement of interoperability in space and time, with a removal of operational and
administrative borders, and Real time Traffic Management across EU, where national
and international services across EU are made easier

e More flexible trains and services, enabling dynamic and mixed train formations and
more efficient operation and timetabling

e Enable full end-to-end services and intermodality, and freedom for passengers and
freight to travel at international level, i.e. the Single European Railway Area with end-
to-end journeys, with through-ticketing, more efficient connection of the railway with
other transport modes

e Improve the competitiveness of the European railway sector.

This evolution of the rail system, and thus the System Pillar also operates within constraints,
which are:

e To take care of investment protection or identify alternatives to address the phasing
out of elements that would reduce the overall performance; therefore need for an
executable transformation roadmap. This needs to be taken into account in migration
schemes.

e Due to legacy systems, each MS could have different roadmap towards a European
rail system though these should be coordinated as far as possible. Minimum
requirements for these roadmaps should be defined.

e Migration plans will have to take into account the separation between the operator
and the infrastructure manager business cases, as well as their possible evolution.

e The system should be robust and resilient.

e The system should be agile, available and simple to use and operate.
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The system should be structured and operated secure and protected against
cyberattack and physical attacks, and take into account Artificial Intelligence and
robotization developments.
All aspects of the System Pillar and the architecture need to enable all rail stakeholders
to deliver a safe and continuous railway, and take into account rail specificities,
including technical and operational aspects.
The continuity of railway services in transition phases has to be achieved

The work of the System Pillar is not a complete change for the railway system. Rather it
consists in integrating new scientific knowledge and other industry best practices in order to
accelerate and better organise its evolution.

The optimization task of the System Pillar is to design an architecture that on the one hand
standardizes the interaction of new and advanced methods and technologies. On the other
hand it shall improve several architecture qualities, of which examples are described below:

since security indirectly affects availability
and safety.

Quality Description Scenario/ Measure
Attribute

Ql | Safety The functions for securing movements on | Methods for safe control,
the railway network must meet very high development of modular safe
“functional safety” requirements. At the components and their certification
same time the safety assurance shall be shall be supported by improved
possible at lower cost based on modern architecture support.
control algorithms.

Q2 Availability Railway systems must be highly available, | The cost of high availability shall be
since in the event of a failure, rail traffic reduced by making use of modern IT
can be immediately restricted. This strategies for redundancies and
includes the RAM “Reliability”, recovery.

“Availability” and “Maintainability” from
EN 50126.
Q3 Security Very high security requirements apply, e  “Security by design”

e  Standards for security

supervision functions in the

products.
e  Structural security support
in the architecture

e Standardised requirements
for component security and

their life cycles
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Q4 Performance The system must be powerful enough to A high grade of automation and
and its handle the growing rail traffic of the digitization increases the amount of
scalability future and to be able to perform the network messages and computing
(latency and computation within fractions of a second. | cycles. Modern communication and
throughput) computing structures shall support

this increase.

Q5 | Modifiability Digital systems change in the life cycle e Allowing to update
more often because additional frelease) components
information flows are needed that run . ?:;Ziiz::gonents with
through the overall system. So different longevity
changes and updates need to be very independently with a
efficient and need a support by the prOd”Ct.Of anew
architectural functionalities. generation.

Q6 | Modularity / It must be possible to select e Use only part of the

Extensibility configurations within the modular components
framework to facilitate migration * Replace some component
strategies, independent life cycles, and with other implementation
adaptations to specific business (e.g. GOAZ vs. G0A4),

o e Extend the system with
challenges. This includes that the products additional components to
are exchangeable. implement new

functionalities not yet
contained.

Q7 | Scalability The overall quality of the CCS+ system e “Low cost for low capacity”
landscape shall be measured in “cost/(Q1 as well as “higher cost for
to Q6)”. For this lowest possible quotient, high capacity”
lower values should also be possible for * “Low cost for lower
the costs. availability” as well as

“higher cost for higher
availability”

Q8 Cost The system should be designed taking into e  Overall cost of
account the overall cost to deploy and implementation
update with a view to increasing the ¢  Benefits associated with
productivity of the system overall implementation/upgrade

The approach to developing the structure of the architecture will be based on best practice,
for example the development of a layered functional architecture approach relying on two
main principles:

1.

Functional principle: a functional architecture describes the input/output behaviours
— or equivalently functions — of a system, independently of their technical
implementation, which avoid imposing any technical solution within a functional
vision. It is fully possible to specify a solution in terms of functional behaviours, which
means that one only specifies what the system shall do and not how it shall be
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constructed and implemented. Functions are usually robust over time, which means
that, compared to a technical architecture, a functional architecture is much more
stable in a time perspective, which makes it very good for establishing long lasting and
robust standard and interfaces within an industry.

2. Layer principle: a functional architecture has to be organized in decoupled functional
layers. This means that the functions of the system of interest shall be distributed in
independent groups of functions, called functional layers, that can only exchange
functional flows (data, matter, energy, etc.) through standard functional interfaces. In
other words, a function within a given functional layer can only discuss with another
functional layer through the functional interfaces that this other functional layer
provides. Functions overlapping two layers are thus forbidden. This layer principle is
crucial to allow the system to evolve since it allows to change a function in one layer
without any impact on the others. It has therefore a fundamental impact in terms of
ease of evolution and mastering of the associated costs.

A classic example of layered functional architecture is the OSI model used in communication
which segregates a communication infrastructure architecture in seven decoupled functional
layers, covering applications on one hand and physical transmission on the other hand (see
Figure 1). Such an architectural organization allows the implementation of a new application
without any impact on the network and physical layers or to change a signal processing
protocol without any impact on the applications offered to the end-users. Such an
architecture is critical to reduce complexity, speed innovation and reduce cost; all essential
elements to ensure rail is competitive in the future.

Laver Protocol data unit Function
Y (PDU)
7 | Application High-level APIs, including resource sharing, remote file access
6 Presentation Translation of data between a networking service and an application; including character
encoding, data compression and encryption/decryption
Data
Host
layers ) Managing communication sessions, i.e., continuous exchange of information in the form of
5 Session X L
multiple back-and-forth transmission between two nodes
Reliable transmission of data segments between points on a network,
4 Transport Segment, Datagram . . .
segmentation, acknowledgement and multiplexing
Structuring and managing a multi-node network, including addressing, routing and traffic
3 Network Packet J Eing J g g
control
Media
layers | 2 | Data link Frame Reliable transmission of data frames between two nodes connected by a physical layer
1 Physical Bit, Symbol Transmission and reception of raw bit streams over a physical medium

The layered functional architecture principle is illustrated in Figure 2. First, each function of a
system that is organized according to this architectural principal shall belong to one layer only.

Cross-layer functions are therefore forbidden. This principle usually leads to the construction
of a reference library of standard elementary functions allocated to the different functional
layers. Secondly a function of one layer cannot have a direct access to the functions of the
other layers. It can only access to the functional interfaces that the other layers are providing,
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that is to say to the methods and the data that are offering. Defining a functional layer within
a layered functional architecture does therefore not only mean defining the functions which
are in the considered functional layer, but also defining the methods and the data that a given
functional layer offers to its environment. Industrial standards aligned with the layered
functional architecture principle shall typically standardize such elements.

Functional layer 1 Function Al Forbidden
I 1 1 1 1 i
functio
Functionalinterfaces supporting the excharizes between two functional layers
| — | | |
Functional layer 2
Function A2

Figure 2 — Core principle of a functional layered architecture

6.1.2 The tasks of the System Pillar: achieving a standardised architecture in rail

To achieve an architecture that offers the demanded functional improvements concerning
production performance, reliability, quality, and cost as well as the needed architecture
quality the System Pillar shall analyse the business processes in scope. For the operational
processes the following deduction steps shall be considered:

Business Actors

Business objectives are analysed Wi Stakeholder requirement 1
for thE process XYZ {r;:gF Stakeholder requirement 2
. . N2 € Stakeholder requirement 3
(Requirements based on an As-Is analysis)
Old Process Target Process
Optimized business processes
are defined _
System Blackbox, e.g. ,CCS”
. t 1
Overall system requirements ® Target Process endzend >
R =] System requirement 1 =]
are derived from the target process System requirement 2
System requirement3
System requirements are fulfilled . _
by modelling “functional chains” R B B B
. . . . Abstract function steps
including all information flows for ONE process
Functions sharing similar characteristics . —_—
are bundled/allocated to (logical) o -
Components_ Logical components

New requirements and interface specifications for the componentdevelopment/change

This is an iterative process where the results in step 5 will have to be verified against the
business objectives in step 1, to ensure their coherence and feedback.

The proposals on architecture outlined here are early drafts that the System Pillar will have
to develop also in collaboration with the Innovation Pillar, constituting the shared and
ambitious vision of the sector on how to operate rail in the next decades. Thus the proposals
shall be understood as draft preliminary versions. The purpose of their presentation here is
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not to define or propose the architecture of the SERA concept, but rather to develop sufficient
understanding to develop the scope and tasks of the System Pillar.

The first step is to define the full perimeter of interest of the rail system, while being as
independent as possible of specific technologies.

Using this point of view, the railway system can be indicatively broken down according to the
following independent & complementary functional layers:

e Manage customer services which captures the business functions managed by the
railway system that are visible from the end-users (either train passengers or freight
customers);

e Operate railway system which covers authorisation, monitoring & control of the
railways and operations of the railway network and its traffic, including the
operational features and principles to operate the network and support operation of
trains;

e Control & command trains which enables operating the railway system, including
command control of the movements of trains authorised to travel on the network and
all train control functions required to ensure safety or automation;

e Manage energy which deals with the basic functions dedicated to energy
management, both off and on-board;

e Manage communications & physical infrastructure which contains the basic
functions that are managed by the communication & physical infrastructure;

e Manage railway crew, fleet & assets which consolidates all the functions related to
human or technical reliability, availability, maintainability, safety & security of the
railway system.

These functional domains correspond with the sub-systems that are defined by the
Interoperability Directive as one can see in Figure 63 that presents an indicative generic global
high-level architecture for a railway system.

Subsystems as per Interoperability
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Note that the railway system functions that are described in the above architecture are split
here according to their on-board or off-board nature, if needed. On-board functions are the
railway system functions provided by a train, seen here as sub-functions of the global
“transport passengers & freight” function which models functionally the train, where off-
board functions refer to all the other railway system functions which are not provided by a
train, but by the various elements of a railway system (trackside infrastructures, control &
command information systems, operating centres, depots, railway stations, commercial
departments, maintenance organizations).

Given that it is necessary to define the whole rail system in order to determine the areas of
priority and focus, and in order to ensure consistency of approach, Task 1 of the System Pillar
will define the high-level overall railway architecture and operational concept for the EU Rail
System.

6.1.3 System Pillar Task 1: EU Rail System

The European railway system is an open, shared, dynamic structure composed of assets that
are fixed in space and mobile, owned and managed by different actors. Geographic position,
speed and operational conditions of mobile assets matter. Mobile assets have either local
interaction with fixed assets, and/or through a wide-area communications network. Both
types of assets can be connected to a control network for operations and maintenance.

The System Pillar Task 1 will be focussed on the European railway network to which Directive
2016/797 applies.

The vision of the European railway system is:

e Open access to SERA, i.e. no technical and operational boundaries for trains,
standardisation (economies of scale), safety (including learning from information
sharing) and resilience;

e Performant and competitive;

e Synchronised deployment, and

e Full alignment with the future system

The system architecture used by the System Pillar needs to be structurally and logically
consistent.

The system architecture needs to reflect the structural reality that, currently, there is no single
European railway system. However, the objective of technical and service integration into a
seamless European rail system needs to be maintained and interfaces need to be defined
accordingly.

Consistency with the definitions in the Interoperability Directive, in particular the various

Subsystems and Interoperability Constituents, needs to be considered. However, these
definitions may evolve if necessary, based on the results delivered by EU-RAIL.
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The target architecture(s) will consider the optimal level of technical and safety
harmonisation building on cutting edge technologies, making it possible to facilitate, improve
and develop railway services within the Union, and with third countries, and to contribute to
the completion of the SERA and the progressive achievement of the internal market.
Interoperability must be achieved and maintained.

The scope of Task 1 should not be time-bound, and can consider several iterations of
development i.e. it should be ambitious and flexible to take into account the impact of new
technologies and processes with regards to rail (e.g. from the innovation pillar) which may
require a substantial revision of, inter alia, safety concepts and the regulatory framework
underpinning operations.

To achieve the overall evolution and target architectures defined in Task 1 will be a complex
challenge. Best practice from other industries shows that successful integration of system
architecture approaches, especially when moving from current engrained systems like in rail,
is to take the opportunity when systems are in any case evolving to put in place the correct
system architecture processes and principles.

Thus, the justification for Task 2 of the System Pillar in the area of Control Command and
Signalling (CCS).

6.1.4 System Pillar Task 2: CCS+

6.1.4.1 Why a CCS focus?

The regulation and implementation of European rail control-command and signalling (CCS) is
of central importance in the running of a safe, efficient, interoperable, robust cost-efficient
and reliable rail service in Europe. CCS deals with all the on-board and trackside equipment
required to ensure safety and to plan, command and control movements of trains authorised
to travel on the network as well as the efficient integration of maintenance processes that
occupy tracks®.

Historically it was simply the train driver's responsibility to follow signals, but with higher
speeds (> 160 km/h), optical trackside signals were no longer sufficient and therefore
supplemented by cab signalling. Over time automatic systems were developed to monitor
drivers’ operation (continuous speed monitoring and avoidance of signals passed at red).
These systems have been developed to be different and they are still substantially different
in each national railway network, and thus a major barrier to operate one European network.

A central focus at European level has been the implementation of ERTMS (European Railway
Traffic Management System), a major industrial programme to harmonise the automatic train
control and communication system and underpin interoperability throughout the rail system

8 CCS+ is not only about the movement of trains. A large part of the control processes deal with the efficient access of
construction and maintenance processes that occupy the track. Cost reductions can be achieved for those processes by
integrating their planning, granting and supervision processes into the automated CCS+ landscape. At the same time the
duration of occupation times can be reduced.
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in Europe. Deployment of ERTMS provides the backbone for a digital, connected Single
European Rail Area.

Significant steps have been taken to address core issues relating to the achievement of an
interoperable rail system based on ERTMS. Despite a very slow start, there are now coherent
and ambitious plans across the EU to deploy ERTMS in the coming years.

The current harmonisation at European level, through the CCS TSI, addresses the safety and
interoperability requirements, the on-board functions and the interfaces between trackside
and on-board related to train protection, signalling the permission to move the train and radio
communication. Hence, not the full CCS system.

For trackside CCS beyond that specified in the CCS TSI, there is currently a network or
deployment specific approach of trackside engineering, operational concept, signalling rules
and their interfaces — for example route setting and protection, which are not harmonised in
the TSI CCS and are implemented following national or company specific rules.

The current typical CCS on-board configuration includes multiple proprietary TCMS (train
control management systems) and Class B driven interfaces between the main train on-board
building blocks, which are currently not harmonised. This induces low on-board
upgradeability and dependency on the initial suppliers when on-board upgrades are
necessary and, consequently, increased cost and complexity.

As a result, even if ERTMS as it stands is implemented in full across the EU, national systems
for significant parts of the CCS system would continue, along with national operational rules
driving customisation, and a continued overall fragmented CCS market of signalling
configurations and rail business models.

Modern planning and control technologies can make use of the full potential of ERTMS to fine
control a traffic flow in a much more performant, adaptive and robust way. They key is to
simplify and empower the production automation architecture by eliminating hindering
legacy technologies that were developed long before ERTMS. Additionally the connectivity
shall be increase to integrate new or cross sector end-device technologies with higher cost-
efficiency and performance.

This situation significantly increases CCS complexity and reduces the opportunity for more
open and competitive markets across Europe. It also creates a system that is not conducive
to harmonised evolution and innovation and induces errors and incompatibilities in
implementation of the TSI regulated interfaces. Finally, it undermines the performance of the
rail system in favour of clients opting for other mobility and transport solutions.

Hence the CCS+ task is to develop the operational concept(s) and functional system
architecture for a genuine integrated European CCS system, supported by a model-based
systems architecting & engineering approach, beyond the current specifications in the CCS
TSI, with much greater standardisation and much less variation than at present. This
integrated CCS system shall on the one hand deliver unrestricted movement of trains, on the
other hand, it shall create a single market for rail components.
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CCS — both on-board and trackside - shall be based on a standardised modular system
architecture using standardised interfaces. In order to preserve investment made, the System
pillar should not only create adequate interface but care about migration feasibility (i.e. clear
and affordable transition steps) and find paths for moving beyond the current system with
proprietary interfaces and allowing modularity of components.

The software and hardware installed on board or trackside should be operated and
maintained following principles and standards as used in the IT or industrial automation
domain: regular, scheduled updates with pre-tested configurations ensure errors and
shortcomings are eliminated, maintaining all the products and system throughout EU in line
with the interoperability specifications, with manageable upgrade mechanisms.

The need for the CCS+ task is because digitalisation technologies are ready for use in rail with
huge potential to improve passenger and freight services. Digitalisation coupled with
automation is the most effective way to increase performance and capacity with less new
infrastructure investments. Without high quality architecture, adding such new technologies
and maintaining compatibility will not be possible.

The purpose of the focus on CCS+ is therefore to take advantage that as networks and
Member States migrate to CCS systems of ERTMS L2 or above — the opportunity is taken to
do this in a harmonised manner following functional layered architecture principles: this will
set a common baseline that will allow to evolve systems at the technological evolution pace.
It will be a major change from “black boxes” to “software solutions” computing environments.

Operational interoperability is an equally important goal of the Single European Rail Area.

A properly designed radio-based ERTMS can significantly reduce the trackside cost,
complexity, and network specificities of classic ERTMS Level 1 and class B lineside signalling
and provides the opportunity to streamline the operational principles and technical
specifications for ERTMS and wider CCS components and functions — improving
interoperability and the overall performance of the system.

A further major opportunity is thus to create harmonized operational rules.

On this basis, a converging shared vision on future rail operations based on ERTMS-alone Level
2 and Level 3 networks will set up the baseline for the operational and technological solutions
to ensure and continue evolutions of rail.

6.1.4.2 CCS+ scope [to be updated through continuing scoping work through Jan 2022]

Considering the intrinsic nature of rail as one integrated complex system of systems, a
harmonised functional and technical CCS architecture on a systems level is a prerequisite to
master complexity and ensure enduring coherence. Managing the complexity requires a
common harmonised functional CCS approach between the different CCS components, with
where appropriate a clear separation of safety-related and non-safety-related layers. Specific
attention must be paid to Human and Organisational Factors (HOF), in terms of interfaces and
dependencies throughout the lifecycle (with designers, operators, maintainers).
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The role of railways and infrastructure managers —is to define the services, performances and
operational needs of the CCS+ system to meet passenger and freight requirements. The role
of the supplier is to conceive, design and develop the technologically and operational
solutions of the functional system architecture. The system pillar shall develop the definition
of CCS+ architecture requirements and specifications in a joint approach involving the
complete sector.

In the case of CCS system architecture, there is a significant overhauling of the existing
architecture, which needs to be developed consistent with the defined operational principles,
and bearing in mind the deployment and migration challenges, with the goal of a general
harmonisation at EU level, towards integrated European traffic and capacity management.

To achieve this, the System Pillar will coordinate, connect and combine different domains
including operation of the railways (e.g. traffic management planning and execution or driver
operational rules), control & command (e.g. ERTMS, trackworker safety, ATO, localisation,
data preparation), systems engineering (e.g. architecture, specification models, , migration
strategies, harmonised data sets), assets, human resources, security and safety (e.g. RAMS,
assessment).

The following diagrams set out some initial high-level system architecture diagrams that
suggests the direction of the scope of the CCS+ architecture, and hence the CCS+ scope. These
diagrams highlight in solid yellow those functional blocks that should be part of the scope of
the CCS+. The light shaded yellow boxes indicate related systems where data and interfaces
will need to be described. These diagrams are initial proposals and will need further
development in the next stages of the development of the system.

The control & command trains activities can however only be understood within the global
control & command process which can roughly decomposed into four successive types of
activities:

e strategic activities, resulting in strategic decisions & regulatory controls, based on
operational information, which intend to anticipate the future behaviour of the
railway system,

e operational activities which lead to operational decisions implementing the strategic
decisions, based on control & command information,

e control & command activities that lead to control & command decisions answering to
the operational decisions while taking into account train level information,

e |ocal train level activities, initiated by control & command decisions, that result in local
train level decisions, integrating local observations and having an impact on the field.

The System Pillar shall therefore also integrate all the upstream anticipating and operating
activities which are driving the control & command trains actions at global control &
command and train levels. This explains why the CCS+ scope to be considered is bigger than
only the control & command system, as captured by the corresponding functional layer.
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As a consequence, the technical scope proposed for the System Pillar shall cover the two
following interconnected functional domains, which are both including off-board® and on-
board functions:

e Control & command trains (both infrastructure and trains),
e Operate railway system.

According to the end-to-end philosophy, the System Pillar scope shall however also include
the sub-functions to interface to the of the management of railways stations & depots
function, within the management of passengers & freight services, as soon as they are
impacting the operate railway system functions. In this last matter, a typical example may be
for instance the function dedicated to the management of the railway depots which can
clearly impact the railway timetables, in case for instance of the unavailability of a train due
to an incident within a railway depot. The same applies for construction sites and foreseeable
degraded situations.

The resulting indicative functional scope of the System Pillar Task 2 is presented in Figure 7.
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Figure 4 - Functional scope of the System Pillar (level 1 functions)

In order to understand better the resulting technical scope for the CCS+ scope, Figure 8 sets
out the level 2 details.

9 Off-board functions refer to all control & command functions that are not embarked in a train. They group the functions
that are allocated to signalling devices distributed along the trackside and the centralized control & command functions
delivered by central control & command centres.
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Figure 5 - Functional scope of the System Pillar (level 2 functions)

The railway system architecture will need to be detailed in the System Pillar and include the
complete operational & functional vision, completed by the logical & technical architecture
vision, when necessary.

The targeted CCS+ system is indeed to be specified in a modular way with standardised
interface specifications between CCS+ components and the various off-board and on-board
systems with which they are interfaced. In other words, the CCS+ shall be decomposed in a
harmonized way according to a unified European architecture into a series of modules with
standard functions and standard interfaces. This is key for ensuring interoperability, system
integration ability and mastering evolvability of the railway control & command system.

Functional standardization is not enough to achieve the interoperability and modularity
objective of the System Pillar. Its scope shall therefore also integrate all the safety, security,
performance and physical requirements (e.g. technical performances, geometrical
constraints, etc.) on the different railway components that are key for achieving its goals.

6.2 Deliverables

The System Pillar will be the ‘generic system integrator’ for the EU-RAIL and perform the role
of architect of the future railway system. This means that the System Pillar would prepare and
propose the concept of operations, the system architecture, the associated standards and
specifications, and migration strategies.

The EU-RAIL through the system pillar preparatory work will agree with the partners a set of
principles for the use of IP (intellectual property) recognising the need to provide outputs that
support the system pillar objectives, including the conditions under which the outputs will be
made available.
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6.2.1 Task 1: Railway System

The Task 1 deliverables areas found in Figure 9.

Deliverables

Form

1.  As-is analysis of the Railways system

safety considerations)

points
2.  To-be concept of operations of the Railways system
a. Stakeholders and stakeholder needs

considerations)
3. To-be system architecture of the Railway system
a.  Functional, logical, physical architecture
b.  Railway data structure and semantic rules
4.  Railway system architecture migration roadmap
a. Impact & gap analyses

states

architectures

a. Operational assets & pain points (including

b.  Functional, logical & physical assts & pain

b. Nominal [& degraded] business processes,
rules &  objects (including  safety

1. Concepts
a.  Business concept papers
b.  Architectural concepts
2.  Descriptions and requirements
a. Operational scenario & business
process descriptions
b.  Architecture, data and dysfunctional
models
c. High level traced/assessed needs &
requirements
3.  Assessments & tests
a.  Economic assessments

b.  Global simulation results

b. Proposed stable operation & architecture

5. Methods & tools for Railway system processes &

Services

1. Communication / online forum

Support to TSI change management process

PPN

Railways system

Publication / knowledge & documentation management

Support harmonization of operational concept of the

For those outputs marked in red the System Pillar outputs
are based also on contributions from the Innovation Pillar or
external to the JU

Services are within the direct supervision of the JU

Note: The outputs marked in red are under the responsibility of the System Pillar but could have been built upon inputs coming

from the Innovation Pillar or external initiatives to the JU

6.2.1.1 As-is analysis of the railway system

The analysis of the current railway system architecture will be to identify the pain points,
including safety considerations, of the system with respect to the existing operational,
functional, logical & physical assets deployed in Europe and the work force associated to

deliver it; a prioritization exercise will be required.
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6.2.1.2 Concept of operations of the railway system

Overall operational interoperability, beyond technical interoperability, is an important goal of
the Single European Rail Area. The harmonisation of operational concepts will strongly
contribute to this objective.

The operation of the European railway system (the operational concept) is determined by the
operational needs (operational use cases), the support achievable from the technical systems
and the consequent human interaction necessary to complement the technical systems.

By means of the work in the System Pillar there is the demand to develop the future rail target
system(s) on the basis of an overall functional layered Rail System Architecture.

The outcome of this subtask aims also for future concepts for the operation of Europe’s
railways that in parallel with Rail System Architectures will guide technological solutions
needs as well as the development of specifications and standards.

Business concept papers and business process descriptions which are important for achieving
operation interoperability and the System Pillar objectives will be delivered within task 1 to
describe the nominal and degraded business processes, rules, actors and objects.

A key part of these deliverables will be the identification of the relevant stakeholders with
their specific needs and use cases. They should also include high level business needs &
requirements necessary to achieve operational interoperability and the System Pillar
objectives that will be traced and assessed throughout the work of the System Pillar.

6.2.1.3 To-be system architecture of the railway system

The development of the target rail System Architectures will be the main objective of this
subtask. The architecture developed within this subtask will include the mapping with the
regulatory basis and subsystems, modularity and interface specifications.

The target architecture will consider the optimal level of technical and safety harmonisation
building on cutting edge technologies, making it possible to facilitate, improve and develop
railway services within the Union, and with third countries, and to contribute to the
completion of the SERA and the progressive achievement of the internal market.

The rail system functional architecture will support the overall coherence and the coherent
evolution of the EU Rail Target System(s], including:

e Common Business Objectives, deployment, economic assessment, KPI’s,

e Deployment and migratory strategies

e Compatibility, modularity, system integration ability

e Conformity Assessment Strategies supported by strategic partnership across EU
industrial sectors and sector strategies towards the acceptance of global standards

The functional, logical and physical railway architectures will be developed within Task 1.
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They will be delivered as concept papers and models and will be complemented by the railway
data structure and semantic rules. Special focus will be put on functional and sub-system
interfaces.

The deliverables for architecture and data will be completed with the relevant dysfunctional
models. They should also include architecture needs & requirements that will be created or
taken up, traced and assessed throughout the work of the System Pillar

In addition, an economic assessment is foreseen as necessary to assess the costs and benefits
of the proposed target system, this is expected to be developed together with the Innovation
Pillar. It will also address issues where in spite of an overall positive business case, the
incentives for individual actors are not aligned.

To achieve cohesive work forward, this subtask will also be responsible for the methodological
support to develop the system architecture (meta model, modelling rules, architecture
framework glossaries, etc). This will also include tools and models for the integrated
simulation of the results for the different deliverables within the System Pillar. The global and
integrated simulation is expected to be developed together with the Innovation Pillar.

6.2.1.4 Railway system architecture migration roadmap

With the target system defined and taking into consideration the as-is analysis of the railway
system, a high-level -migration roadmap will be delivered within Task 1. The starting point of
this deliverable will be the impact and gap analysis between the as-is and target system. These
analyses will allow task 1 to deliver a roadmap including proposed stable operation &
architecture states.

This may lead to additional specific tasks being defined in the System Pillar remit beyond the
two currently defined (e.g. task 3 related to energy systems)

Economic assessment will also be expected for the migration roadmap delivered and is
expected to be developed together with the Innovation Pillar.

6.2.2 Task 2: CCS+

Task 2 will focus on the next iteration of the railway system evolution that is focused on the
CCS+ scope.

The summary of these deliverables can be found in the following Figure 10.

Deliverables Services
1.  As-is CCS+ analysis 1. Communication / online forum
a. Operational assets & pain points (including 2.  Publication / knowledge & documentation
safety considerations) management
b.  Functional, logical & physical assets & pain 3. Support to certification / authorisation
points 4.  Support to TSI CCS/OPE change management
2.  Target CCS+ concept of operations process
a.  Stakeholders and stakeholder needs
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b.  Nominal & degraded use cases & operational Form
scenarios (including safety considerations)
c.  Nominal & degraded business processes, rules 1. Concepts
& objects (including safety considerations) a.  Business concept papers
3.  Target CCS+ system architecture b.  Architectural concepts
a.  Functional, logical, physical architecture 2. Descriptions and requirements
a. System requirements a. Operational scenario & business
b. Interface specifications (FiS/FFFiS) process descriptions
b.  Dysfunctional architecture (key FMECA & FTA) b.  Architecture, data and dysfunctional
a. System requirements models
b. Interface specifications (FiS/FFFiS) c.  Traced/assessed needs &
c.  CCS+ data structure and semantic rules requirements
a. System requirements d. Release and change descriptions
b. Interface specifications (FiS/FFFiS) (Cem=
Standardisation and TSI input plan 3. Assessments & tests
5.  CSS+ architecture migration roadmap a.  Cost/benefit analysis
a. Impact & gap analyses b.  Test cases and means
b. Proposed stable operation & architecture ¢.  Maturity records (pilot projects)
states 4.  Specification & standard
c. Proposed migration routs a. TSI impact analysis, TSI CR
6. Methods & tools for CCS+ system processes & specification, TSI update proposal
architectures (to be consistent with task 1) (incl. T&M)
b.  Draft standard descriptions (FRS &
SRS)
c. Interface specifications (FiS / FFFiS)

For those outputs marked in red the System Pillar outputs
are based also on contributions from the Innovation Pillar
or external to the JU

Services are within the direct supervision of the JU

Note: The outputs marked in red are under the responsibility of the System Pillar but could have been built upon inputs coming
from the Innovation Pillar or external initiatives to the JU

The process and architecture development are a learning process encompassing an
increasingly complex interaction between end-to-end processes, interfaces, and component
requirements. Because of this, managing the architecture process involves the establishment
of a matrix of workstreams which needs an agile management methodology to handle a
continuously growing amount of requirements (e.g. for components).

One among other reasons for the slow progress of European innovation projects is to
elaborate stakeholder involvement and management processes, combined with a persistent
shortage of qualified resources. On top of that, it is absolutely crucial that completeness is
ensured from the beginning not to repeat ERTMS deployment problems. CCS+ scope is much
larger than the ERTMS scope, but the speed of development of the System Pillar should fulfil
the high ambition of the stakeholders. Working methods and associated tooling should
therefore correspondingly support the speedy progress within both Pillars while at the same
time safeguarding quality requirements. Rules and procedures and a code of behaviour shall
define, amongst others, an efficient decision and working methodology.

6.2.2.1 As-is CCS+ analysis
As a subset of the Task 1 as-is architecture analysis, the description of the current
developments for the different systems included within the scope of CCS+ will allow to build
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the necessary migration paths towards the future CCS+ system. For this, within task 2, existing
operational, functional, logical & physical assets for CCS+ deployed in Europe will be analysed
from a pain point perspective, including safety, security, robustness and HOF considerations;
a prioritization exercise will be required.

6.2.2.2 CCS+ concept of operations

As mentioned under task 1, the operation of a railway system (the operational concept) is
determined by the operational needs (operational use cases), non-functional requirements
(RAMSS), the support achievable from the technical systems, and the consequent human
interaction necessary to complement the technical systems.

In particular for the CCS+, this operational concept is necessary for nominal scenarios but key
also when they operate in degraded conditions, and so come to perform the desired
operation. System requirements based on an agreed operational concept should be put in
place. The set of operational procedures should allow a harmonised set of engineering rules
and implementations (single CCS+-market) and avoid that the CCS+-toolbox becomes
complex due to national/specific operational procedures.

The focus shall be on the development of the operational concept based on cab signalling and
radio-based ERTMS-only networks with broad harmonization of safety, security and
operational principles, which is key to achieve generic subsystems and phase out national
requirements. This aspect also considers human factors of railway staff (drivers) operating
across borders allowing common training and licensing requirements for future cross-border
operations.

An integrated planning and traffic flow system (traffic management system) shall interface
to the radio-based ERTMS to allow for optimized real-time operations. Maintenance and
construction sites shall be integrated seamlessly into the production control process based
on automated permission and supervision systems. Assets shall be changed or replaced under
protection with a minimum of configuration effort or production disturbance.

The ambition is high in order to reach harmonisation of operations based on the simplification
provided by radio-based ERTMS. Hence, processes, security and safety considerations both
for nominal but also degraded operation will be unified, allowing that unique operational and
engineering requirements are set to CCS+ systems and products. For example, harmonisation
of basic safety, signalling and production rules or traffic management.

The specifications for product independent operational processes shall be in scope, wherever
possible and reasonable.

These goals and unified processes shall grow stepwise, according to the migration strategy
outcome of the System Pillar.
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Figure 8 - Migration Strategy Outcome Of The System Pillar

Business concept papers, feasibility and business process descriptions will be delivered within
task 2 to describe the nominal and degraded business processes, rules and objects also
including safety and security considerations for CCS+. Key part of these deliverables will be
the identification of the relevant stakeholders and their specific needs.

6.2.2.2.1 Relevance to the OPE TSI
The scope of the TSI OPE addresses operational principles and rules.

In the TSI OPE, the scope may be broadened to include:
e Harmonised operational rules, including infrastructure rules, linked to ETCS level 2 and
3 radio-based operation without overlay of Class B
e Harmonised operational rules, including infrastructure rules, linked to wider CCS
technical standardisation— in particular for automatic train operations, traffic
management and freight operations (shunting, use of digital automated coupling etc)

6.2.2.2.2 Operational concept for asset management, deployment and maintenance

The digitisation and higher automation of the CCS+ architecture shall be supported by
introducing modern and efficient asset management processes as known from the IT sector.

This includes

e the continuous development and deployment of software updates to all components
supported by simplified validation and certification and automated configuration
systems,
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e automation and reduction of data engineering, setup and configuration effort based
on runtime intelligence and automated configuration detection and management.

6.2.2.3 Target CCS+ system architecture

The functional, logical and physical architecture for CCS+ will be developed within task 2.
Initial deliverables will include concept papers and models and will be complemented by the
railway data structure and semantic rules.

The deliverables for architecture and data will be completed with the relevant dysfunctional
models. These models are expected to include the necessary requirements related to
degraded situations that will need to be incorporated to the system requirements and
interface specifications mentioned before.

Complementing the system requirements and interface specifications, System Pillar and
Innovation Pillar are expected to work together to build the necessary test cases and means
for validation including maturity records achieved in the framework of pilot projects realised
in the Innovation Pillar.

They should also include detailed CCS+ architecture needs & requirements that will be traced
and assessed throughout the work of the System Pillar.

In addition, an economic assessment is foreseen as necessary to assess the convenience of
the proposed CCS+ target system, this is expected to be developed together with the
Innovation Pillar.

In line with the standardisation and TSI input plan, the necessary system requirements and
interface specifications (functional interface specifications FIS, Form-Fit Functional Interface
Specification FFFIS depending on the level of detail deemed necessary) will be delivered
together with the Innovation Pillar (see further detail below).

Distinct sub tasks will include:

On-board CCS+

This subtask develops the “Control & command train: train” functional domain including
assessment and potential incorporation of deliverables of the ongoing LinX4Rail projects
outputs, OCORA relevant initiative outputs and Connecta works, also projects outputs and
relevant elements of the DAC initiative. These will be aligned with the operational concept.
The development of this subtask includes for the relevant scope the proposal of the detailed
system architecture, the data and sub-system modelling and interface specifications. There
will be a consolidation of the CCS+ functional & data architecture, specification and interfaces.

Trackside CCS+
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This subtask develops the “Control & command trains: infrastructure” functional domain
including assessment and potential incorporation of deliverables of the ongoing LinX4Rail
projects outputs, RCA, EULYNX relevant outputs, ETCS Level 3, ATO, DAC developments. These
will be aligned with the operational concept. The development of this subtask includes for the
relevant scope the proposal of the detailed system architecture, the data and sub-system
modelling and interface specifications. There will be a consolidation of the CCS+ functional &
Data architecture, specification and interfaces.

It is clear that the overall vision is towards a rail system without trackside signalling related
infrastructure, subject to the specific situational environment and supporting business
models, i.e. from Eurobalises to radio/satellite/inertial/optical fibre measurement
unit/sensors based positioning depending on the location.

Manage rail terminals

This subtask develops the “Manage Terminals” functional domain including incorporation of
ongoing DAC, S2R L3 work, and relevant national initiatives. These will be aligned with the
operational concept. The development of this subtask includes for the relevant scope the
proposal of the detailed system architecture, the data and sub-system modelling and
interface specifications. There will be a consolidation of the CCS+ functional & Data
architecture, specification and interfaces.

6.2.2.4 TSIl and Standards

6.2.2.4.1 Standardisation and TSI input plan

A central task of the System Pillar is not only to define target system architectures and
operational concepts, but also coordinate and deliver the means for implementation through
inputs to Technical Specifications for Interoperability and harmonised standards.

In order to achieve this, the System Pillar, as part of Task 2, will develop a strategic
Standardisation and TSI Input Plan of the main changes to be introduced within TSIs (mainly
CCS and OPE TSIs) and Commission standardisation request. This will include, inter alia, new
functionalities and rules. This plan will also be made on the basis of migration considerations
and alignment with Innovation Pillar flagship projects.

This will enable:

e An agreed plan and timeline for the evolution of the CCS+ system, consistent with the
agreed operational concept and system architecture

e A clear picture of the role of the EU-RAIL in delivery, including the allocation of those
elements that will be delivered by the Innovation Pillar, and the System Pillar.

Through the Standardisation and TSI Input Plan, the System Pillar will define a clear and

agreed plan for the evolution of the CCS+ system, the TSI enhancements, and standards,
which will support interoperability, modular interchange ability, system integration ability,
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robustness, harmonisation and implementation of the SERA, and the role of EU-RAIL (both
System Pillar and Innovation Pillar) in delivery.

Through the defined processes, the System Pillar will be the focus for coordination,
specification and sector agreement of any enhancement change linked to CCS+ scope in TSIs
and standards which will support interoperability, harmonisation and implementation of the
Single European Rail Area.

This will ensure:

e consistency with the target operational concept, and system architecture
e coherence of approach

e decisions driven by business objectives

e clarity of planning

e quality of output

6.2.2.4.2 TSl inputs and standards

The Standardisation and TSI Input Plan will define the needed enhancements to the TSIs (e.g.
specifications, operational rules; mainly for CCS and OPE TSIs) and harmonised standards and
the expected timeline for delivery.

The Standardisation and TSI Input Plan will:

e define the expected standards which will support interoperability, harmonisation and
implementation of the SERA to be delivered by the JU and the expected timeline.

e inform the development of the EC Standardisation Request, for those standards to be
harmonised

TSI inputs and harmonised standards will be developed by both the Innovation and System
Pillar.

6.2.2.5 CCS+ architecture migration roadmap

The System Pillar shall also define, assess and deliver possible migration paths between the
various current railway control & command architectures existing among Europe and a
harmonized future European railway control & command architecture, building upon input at
national level.

Understanding how to define, organize and manage such a migration towards better
standardization & interoperability is a crucial topic for the European railway industry.

In this migration matter, the key point is to describe precisely how the current architectures
may be step-by-step modified in order to be progressively harmonized over time.

In other words, an architectural migration roadmap shall explicitly elicit the succession of
stable intermediate states that are allowing to pass from the existing architectures to a unified
target architecture[s] for the railway control & command system at European level. This
architectural migration roadmap shall then be completed by a project-oriented migration
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roadmap, describing the main activities that are to be done in order to implement the
architectural migration roadmap and highlighting the underlying financial dimension.

The impact on migration is an essential component in the development of other subtasks such
that the railway system can successfully evolve from current systems and states of
deployment towards the determined target system[s] architecture. This subtask will consider
economic and technical approaches to achieve this. The output will be a migration roadmap
describing the deployment states among time. This task will work closely with the regulatory
authorities (i.e. EC and ERA) to propose the strategic development steps for the TSI and
standards.

With the target CCS+ system defined and taking into consideration the as-is analysis of the
CCS+ existing related systems already deployed, a complete migration roadmap will be
delivered within Task 2. The starting point of this deliverable will be the impact and gap
analysis between the as-is and target CCS+ systems.

It is also expected as a deliverable to achieve the migration considerations that will be
necessary to input into the Standardisation and TSI input plan.

This analysis will allow task 2 to deliver a roadmap including proposed stable operation &
architecture states, as well as the clear migration routes that will allow to reach the target
CCS+ system within SERA

Economic assessment will also be expected for the migration roadmap delivered and is

expected to be developed together with the Innovation Pillar. It will include analysis of how
to ensure that all relevant actors have a clear incentive to migrate.
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7 The Innovation Pillar activities

7.1  Flagship Area 1: Network management planning and control & Mobility
Management in a multimodal environment

7.1.1 Objective and level of ambition

The main objective of the flagship area on “Network management, planning, and control &
mobility management in a multimodal environment” is to dramatically improve the flexibility,
efficiency, resilience and capacity adaptation of the European rail network — supporting the
development and operation of a Single European Rail Area.

The objective is to develop the functional requirements, associated specifications, and
operational and technological solutions to enable future European Traffic Management. This
will include the requirements to make common train operations and ticketing possible and
enable the design of future network management, planning, and control.

In order to achieve an acceleration in the European approach, research and innovation in FA1
will also consider early implementation of these common functions and approaches starting
from existing national TMS. This dynamic network and traffic management at European scale,
built upon a harmonised functional system architecture to ensure agile, borderless and
mixed-traffic operations is the target solution that the various legacy TMS should be migrate
towards.

This extends the capacity planning at European level and enables the automatic management
of cross-border rail traffic. Improved service offers, operations and capacity utilization are
reducing the inefficiencies of the door-to door services and enhances the competitiveness of
rail based mobility chains.

7.1.1.1 Targeted objective, opportunities opened and associated risks

To achieve the overall objective of a dynamic European traffic management, several streams
of improvement have been identified:

e Rail must move away from services with a long planning horizon to a much more
dynamic approach that meets the needs of passengers and freight customers.
Operators need to be able to adapt quickly to possible deviations or disruptions and
last minutes changes in demand.

e Increased flexibility paves the way for smarter and tailored door-to-door services and
offers, where mobility solutions meet the expectations of passengers and logistics.

e Maintaining the reliability of rail traffic almost continuously is a challenge. It requires
all subsystems that influence the traffic to be connected to the TMS, in order to collect
information in real time. Capacity improvements delivered by ERTMS and ATO and
other improvements can be used. Resilience can be improved by closely monitoring
any deviations to anticipate problems, and generating the best alternatives using
digital technologies.

e This enhanced integration opens the opportunity to move towards a more unified
European network, contributing to deliver a Single European Rail Area. Better
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connection of the rail networks will allow to extend capacity planning and operation
at European level, enabling capacity optimization and automatic management of
cross-border traffic by predicting and controlling routes of cross-border trains in
European networks and corridors.

The interconnection of rail networks, long-distance corridors (e.g. freight corridors), and the
integration of station and yards, will make it possible to optimize capacity, enhance dynamic
scheduling and also improve the resilience of the connected rail network.

Information related to real-time forecasts of punctuality, available capacity and transport
demand, makes it possible to adapt the supply to the real-time demand. This ensures that rail
remains the central element for the orchestration of sustainable mobility in the future.
Additionally, a door-to-door mobility approach is improving the accessibility of rail.

The main risk preventing or delaying the delivery of this ambitious objective remains the lack
of coordination and interactions between the various actors, an organizational framework
and deployment strategy not well defined or not implemented, and potentially the lack of
European regulations to enforce it.

7.1.1.2 Innovation beyond state of the art, including integration of S2R results

Several innovation streams are proposed for EU-RAIL JU to achieve the overall objectives. A variety of
ongoing Shift2Rail activities is taken into account.

Topic State of the art including S2R EU-RAIL JU innovation

Methods and algorithms
for capacity planning and

management

Advanced algorithmic approaches based
on historical data, first Al
implementations

Based on real-time information of the EU-
wide TMS, based on Al, Machine learning, and
statistical or other algorithmic approaches

Set of external data
connected to Traffic
management

Assets management, external resources
(crew, rolling stock). X2R4, S2R Integrated
Mobility Management (12M), Optima
using CDM data format

Extended with energy aspect, yard resources,
ATO, other rail networks, but also other
transport modes, real-time speed profiles,
construction and maintenance plan

Target scope for Planning

and Operation

National

European

Traffic management

Partial automatic algorithms on national
level
X2R4-WP8 enhanced TMS concepts

Train prediction, smart conflict resolution,
decision support

Planning versus
Operation

Iterations at local/national level, not real-
time

Real-time feedback loop between Planning
and operation

Real-time punctuality
and capacity forecasts

National punctuality and capacity
simulations (Plasa)

European networks punctuality and capacity
simulations

Capacity interaction
nodes and network

Simple functions with Human Machine
Interface (TD5.2)

Node capacity and departure time prediction,
conflict resolution, decision support

Demand forecast

Preliminary (business analytics in TD4.6)

Activity-based or Al-based models for the
complete transport chain

Overall mobility
approach

End-user perspective (IP4)

Offer perspective with rail integration in
door—-to-door, end-user benefit at
connections (information, PRM)

None Develop orchestration between rail sub-
Mobility orchestration networks, in order to move to a more unified
with adapted rail as European network. Also developing open
backbone for the interfaces with other modes, so that rail can
mobility demand adapt its traffic operations to the mobility
demand
None Architectural, operational and functional

TMS Scalability

design in cooperation with SP that allows to
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Topic State of the art including S2R EU-RAIL JU innovation

use the same system architecture for simple
regional TMS applications with low effort as
well as more sophisticated solutions for
higher traffic densities and complex network
topologies.

Interoperability framework from S2R I12M activities will be used as a baseline for all
developments.

7.1.1.3 System integration, interactions with System Pillar and with other Flagship Areas

One of the main enablers to drastically improve the rail traffic management in the planning
and operational phases is to connect the TMS in Europe with the most relevant resources that
have an impact on the traffic, also across borders. This will be developed in close co-operation
with sector organisations like UNIFE, UIC, RNE and, European Rail Freight Corridors.

The targeted traffic management approach and the migratory steps for a successful
integration need further in-depth assessment and evaluation to come to a final sector
decision.

The detail on the interaction between the System Pillar and Innovation Pillar is outlined in
Annex A to the present MAWP, as a proposal from the System Pillar based on the initially
identified needs.

At the latest by the ramp-up phase of the relevant projects of the Innovation Pillar and System
Pillar, the detailed interaction shall be refined and finalised, based on the following principles:

J As early as possible, the System Pillar and each Flagship Area will review together
Annex A to facilitate the ramp-up phase of the future activities;
) The two Pillars will interact in a closely synchronized process to define

dependencies, detailed architecture, operational concept, and other system
outputs based on the provisions of the Single Basic Act and Master Plan;

J Annex A already identifies certain relevant elements of the interaction, such as
specifications (for example, system requirements and interface requirements),
detailed architecture, operational considerations and associated outputs that
require the Innovation Pillar’s future activities to plan for the necessary resources
to deliver the relevant results. The requirements for the Innovation Pillar will be
defined in the calls and associated grant agreements, based on the finalised Annex.

J There will be a need for continued interaction and flexibility within projects for the
Innovation Pillar projects to adapt to System Pillar outputs, and vice versa.
J In accordance with the governance established in the Single Basic Act, the EU-RAIL

Governing Board, based on the input from the System Pillar Steering Group via the
Executive Director, with the support of the System and Innovation Pillar
Programme Board, shall be the decision-making body on the granularity of the
architecture and resultant specifications and associated system outputs to be
delivered by the Programme.
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The following interactions with the other Flagship Areas (FAs) were identified:

e Collaboration with FA2 will be focused on achieving an overarching system solution by
joint design of interfaces with SP involvement. These interfaces will facilitate the
exchange of additional information according to project activity results (e.g., train
position and speed information as planned for the Safe Train Positioning (STP) system
in FA2, precise speed control information for movement permissions). FA1 will share
concepts, procedures and techniques for traffic management for different types of
traffic (e.g., high- and low density) and mission profile extent (e.g., short- or long-
distance) with FA2. FA2 will provide parameters for planning and simulation tools to
calculate the capacity benefits of applied DATO technology on corridors, nodes and
lines. Results will be shown in joint demonstrations, for example together with FA6 for
the provision of the ‘simplified TMS’ demonstrator platform.

e Interaction with FA3 (Asset) will secure the exchange of information between TMS and
the Intelligent Asset Management System (IAMS) enabling the sharing of data such as
maintenance plans, predicted disturbances, asset status following, topics that were
started already in Shift2Rail 12M. Both FAs will be aligned to feed cooperative planning
tools in FA3 with train planning and operation information to balance impact on train
service and assets management, including possession planning and possession
management tools.

e FA4 (Energy) will interact with the TMS to optimize the timetables and reduce the fleet
energy consumption. It will be considered how to exploit slacks in the real-time
timetable to send targets to the trains in order to allow energy-saving and sending
back information about the confidence of the on-board system to respect the
punctuality target.

e FAS5 (Freight) will benefit from cross-border planning and the connection of TMS with
automated yards and ports, and management of the yards themselves in the Seamless
Freight Corridor showcase. Cooperation is planned for demonstrator-related
activities, such as interfaces with yards, with real-time data exchanges with various
resource management systems. Cooperation will also exist in the area of DAC, with
real-time data exchanges such as Train composition information, Train integrity, and
others.

e TMS will support the regional rail services (FA6) by considering FA6 requirements for
TMS to provide a simplified TMS and on-demand passengers services requesting

flexible timetabling.

e With respect to FA7, cooperation regarding the introduction of specific capabilities
provided by the FA7 innovative systems in the TMS is foreseen.

Details of the exchange between the Flagship Areas can be found in Annex B
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Regarding the TT (Transversal Topics), the asset models behind traffic management and
planning will need to be linked to Digital Twins of the future rail network and related
operations, but other aspects will also benefit of Digital Twins, such as demand forecast,
capacity optimization, impact analysis in real-time of a disruption.

The advanced solutions developed in Flagship Areas will be ultimately integrated to
implement innovative operational processes at the Rail System level. The availability of digital
representation of Rail System with its constituting elements expressed in Data makes it
possible to integrate Flagship Area results in a convincingly cohesive manner.

Therefore, the Flagship Areas generate a set of requirements and specifications of the data
resources needed for

e System Integration
e System Interoperability and
e application processing inside the Flagship Area

These data resource specifications are developed according to guidelines established by
System Pillar at the overall Rail System architecture level, and by TT in terms of

e conceptual data model,
e reuse of common foundation libraries of digital models
e Cyber Security provisions

The common tooling developed by TT on the basis of these specifications will be used by
Flagship Area solutions for automated discovery and access to the digital resources with the
appropriate data access policies safeguarding the interests of the data owner.

7.1.1.4 Who does what by stakeholder group

e Infrastructure Managers and Railway Undertakings define the main challenges, use
cases and functional needs. Together with system suppliers and Academia, they
specify, prioritize and cluster demonstrators to ensure that a wide range of improved
processes and state-of-the-art technological developments are covered. IM’s and RU’s
are hosting the demonstrations and providing test facilities.

e Suppliers and Technology Providers propose solutions for identified use cases and
functional needs. They define the technical requirements and interface specifications,
aligned with the System Pillar architecture, develop the solutions, and contribute to
design adequate demonstrations. They deliver products and systems, and support the
integration within the demonstrations.

e Research Institutes and Academia plan, develop, study and evaluate demonstrators
together with IM’s, RUs and System suppliers, and are coordinating dissemination
activities. They contribute to the process of innovation, as well as to the procedural
aspects for validation, certification, and homologation.

e System Pillar: the SP will have a close connection with FA1, as TMS is interacting with
many sub-systems within CCS+ or at Rail System level. To achieve a dynamic traffic
management, new operational concepts will have to be developed, and many
specifications and processes will be defined or modified.
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7.1.1.5 Interaction with other Programmes, European and/or National

The flagship area on ,,Network management planning and control & Mobility Management in
a multimodal environment” is connected with other programmes, projects and initiatives,
developing complementary aspects or implementing respective solutions.

The work of EU-Rail will define the future European approach to traffic management. Other
related programmes should align their work to the overall future approach.

The Rail Freight Corridors (RFC), as well as others, such as PTOs (Public Transport Operators),
should be considered for a role in the demonstration activities.

Additionally, there are some national R&D programs with which any direct overlap will be
coordinated to prevent double funding.

7.1.2 Results/Outcomes

7.1.2.1 Operational solutions outcome

Improving strategic and tactical planning of the rail network:

The objective of FA1 activities will be to overcome the main pain points that the railways are
facing (mainly lack of flexibility, efficiency and resilience in planning and capacity adaptation,
handling a cross border train as two or more trains rather than one) and to ensure an
enhanced, interoperable planning and management of European-wide railway timetables,
hence an improved quality of planning which is the systemic fulfiiment and balance of all
related requirements inter alia, efficiency, robustness, efficient reserves, fair trade-offs.

The improved functionalities and performances of planning & simulation software are
enabling the automation in decision support systems (e.g. for supporting the management of
short term path requests), enhancing conflict resolution, optimizing the deployment of
resources such as network, crew, rolling stock and energy, thus boosting the efficiency of the
rail network and its operations).

An important component often foreseen in future planning processes, i.e. the coherence with
external services and operational technologies will be ensured by taking into account already
at the planning stage the related driving modes and onboard technologies. This specifically
addresses the areas of cross-border planning, yard and station processes, traffic management
and ETCS or ATO modelling.

The innovations will be integrated/connected and used with state-of-the-art systems, to
demonstrate the functionalities and the capability to be implemented for production use.
Such activities will lead to increased punctuality, as well as reduced energy consumption and

CO2 emissions.

Increasing the resilience of a connected ‘real time’ rail network:
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Another output of the activities carried out in FA1 will be the improvement of real-time
railway traffic management and operations with the goal to provide a more agile, optimized
and automated response to unplanned situations, such as disturbances and dynamic demand
especially in cross-border traffic situations. This will lead to significantly enhanced TMS
technology being capable to support interoperable traffic management on a European
dimension, which will increase the resilience of a connected “real-time” rail network in
Europe.

This outcome will be achieved by deploying the latest available methodologies and
technologies based on best practices and operations research, new signalling technologies
(for example ATO, ETCS level-2 and hybrid level-3) and software/algorithms, or developing
improvements thereof. The resulting capacity gain will be enabled by the new TMS
technology feeding field or on-board train control components with optimal timing and
routing requirements.

In order to support a European-wide traffic management approach, it is essential to address
the customer requirements concerning a simplified, efficient and performant cross-border
traffic. This includes requirements like the optimisation of the quality of cross-border train
paths in the scheduling process (e.g. resource negotiation with subsystems), as well as the
corresponding real-time deviation management. An optimized overall system architecture
and operational workflows have to be developed together with the System Pillar.

The mentioned activities allow a more accurate modelling of operations and train behaviour
and thus, a more effective operational use of network capacity (incl. resources, yards,
terminals, etc.) leading to reduction of delays and a higher level of comfort as a result of
international and national train flow optimisation in combination with better information.
Standardization of interfaces and processes will facilitate this objective and will also reduce
the expenditures and the operational costs of the resulting technology supporting the future
EU traffic management approach.

Integrated rail traffic within door-to-door mobility

To achieve the target that rail can be the backbone of door-to-door mobility it is essential that
the offer is attractive and reliable, and therefore competitive with private cars and pure road-
based truck transport. At the same time, the offer and the operation of the services need to
be improved in terms of cost-effectiveness for all the involved operating companies, to allow
them to increase step by step the service offer.

This will be achieved by a number of enablers for an improved real-time door-to-door offer
planning and management. It includes a better information exchange between operators (for
operational issues), long-term and short-term demand predictions for all parts and stretches
of the chain, systems for dynamic best offers (incl. real-time availability of resources and
network constraints ). Additional enablers are improved accessibility and attractiveness at the
interconnection, specifically for Persons with Reduced Mobility (PRM).

This operational enhancement towards a more reliable and flexible door-to-door mobility
ecosystem, in combination with a more effective use of vehicle/train capacity, will result in a
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reduction of CO2 emissions. Furthermore, it will support the public transport market and

ensure that rail remains the central component of a sustainable mobility.

7.1.2.2 Technical enablers: capabilities to achieve the targeted operational outcomes

To achieve the operational outcomes targeted in this FA, several technical capabilities were
identified. To develop flagship demonstrations, some functions must be delivered with
enough maturity, indicatively above TRL7. An estimation of the technical readiness level of
the capabilities in 2025, 2027 and 2031 is provided in the table below.

Up to TRL
Capabilities (made of functions/services) enabling Operational objectives until until until
2025 2027 2031
Improve strategic and tactical planning D1 D4 D7
1. Cross-border Planning:
European cross-border scheduling 7 8 8/9
Improved capacity allocation using rolling planning and TTR 7 8 8/9
2. Decision support and optimization:
Decision support for short term planning 6 8/9
Optimization methods for capacity efficiency and energy saving 6 8
3. Simulation:
Improved rail traffic simulation models for selected Use Cases to forecast 7 8
punctuality in the network (e.g. simulating proportion primary and 7
secondary delays, simulations drivers vs. ATO over ETCS ...)
4. Improved integration:
Integration with yard capacity planning 6 7 8/9
Integration of station capacity planning 6 7 8/9
5. Operational feedback for planning:
Planning using feedback loops from operations 6 7
Integration of feedback loop with ATO/TMS for higher capacity 6 7
Using ATO journey profiles for timetabling 6 7
Develop resilience for a connected real-time rail network D2 D5 D8
6. Cross-border operation:
Real-time connection of the networks as managed by TMSs and involved 7 8 8/9
actors
Modelling and decision support for cross-border traffic management 6 7 8/9
7. Improved integration:
Connection TMS & CTC and automated yards 7 8 8/9
Integration with yard management 7 8 8/9
Integration of station management 7 8 8/9
Integration of energy management (Electric Traction System) 7 8 8/9
Real-time crew / rolling stock dispatching 7 8
8. Improved resilience and efficiency:
HMI for TMS based on User Experience (UX) Design and user input 8
Real-time convergence between planning & & feedback loop from 5 6 8
operations
Cooperative planning multi-actors within rail 5 7
Dispatching, incident management and customer information 5 7 8
Disruption management 5 7
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Up to TRL
Capabilities (made of functions/services) enabling Operational objectives until until until
2025 2027 2031
TMS speed regulation of trains, precise routes and target times for ATO and 5 7 8
dynamic timetables
9. Decision support and optimization:
Automation of very short term train control decisions 5 7 8
Real-time conflict detection & resolution 5 7 8
for main line and optimisation
Integrate rail traffic within door-to-door mobility D3 D6 D9
10. Integrate rail with other transport modes:
Improve rail integration using B2B intermodal services 7 8 8
Develop standardized interfaces 8
11. Services for inclusive rail-based mobility, including PRM needs:
Travel assistance across modes (esp. PRM) 7 8
Hands-free solutions & smart information in public transport 8
Innovative platform-based passenger guidance solution, measurement and 5 7 8
guidance of customer flows to and on the platform
12. Anticipate demand leading to improved resource utilisation:
Short term demand forecast calculation 7 8
Long term demand forecast calculation 5 7 8
Integrate demand forecast in Digital Twin to optimize offer 5 7 8
Manage/inform disruptions across modes 7 8
Optimize rail capacity to better match the demand 5 7 8
Other enablers supporting the above capabilities
By System Pillar interaction: Define overall system architecture, processes
and interfaces for European TM functions
By FA TT interaction: Digital Twin(s) adapted to various FA1 Use Cases
Cyber protection of systems and data
7.1.2.3 Demonstration implementations
The innovation actions to be demonstrated involve FA1- Wave 1,2 and 3
the development of new systems/modules and or the
adaptation of existing ones in order to achieve the EU-Rail, FA1 TMS+
targeted results. This includes activities to stepwise th:‘:r‘:‘;‘;us zonr;::us zonr;::us
setup integrated/joined multi-national
demonstrators. FAL strategy is to jointly use available ~ Wave1,2025  Wave 2,2027  Wave 3, 2031
state-of-the-art and R&l solutions to compose D1 D4 D7
demonstrators with needed capabilities. A
harmonised interoperability for planning, methods D2 D5 D8
and system specifications will be the starting point for D3 D6 D9
all common activities.
TRL7-8 TRL7-8 TRL7-8

Europes rail system
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The activities of FA1 are organised around three streams, improving the planning, operations
and integration of European rail traffic. The demonstrations use the same decomposition,
with (D1, D4, D7) for planning, (D2, D5, D8) for operations, and (D3, D6, D9) for integration.

Wave 1 2025: The first wave of demonstrators is based on regional and local activities,
integrating available state-of-the-art solutions and functions, as well as results from R&l.
There will be three demonstrators (D1-D3), one for each stream, performed in 2025.

From the first wave, some results will be deployed with TRL 7-8, other results will function as
input for the second wave in 2027. The composition of each demonstrator is crucial and
requires well-structured cooperative planning and preparation to reach harmonised
interoperability.

Wave 2 2027: The second wave of demonstrators is planned to use validated results from
relevant activities within FA1 and other FAs together with available R&I solutions. Most
results will be already delivered according to TRL 7-8, other results will function as input to
the third wave in 2031. Three demonstrators are planned for the second wave (D4-D6). It has
to be decided within the preparation of the second wave proposal if it is possible to merge,
at least partially D4 and D5.

Wave 3 2031: The third wave of demonstrators will be used to validate results and finalize
reaming technical enablers, which will reach up to TRL8. The outputs will be consolidated and
validated in combination with the results of previous demonstrators, e.g. by including them
in larger systems. For the third wave, harmonised interoperability is necessary.

Up to three demonstrators are planned for the last wave, depending on the results and other
framework conditions, aiming at one demonstrator in 2031.

Improving strategic and tactical planning of the rail network:
e D1-2025

In this demonstrator, activities will focus on tactical and short-term timetable
planning, including cross-borders with improved models and functions, and
supporting capacity planning and operations for yards, stations and terminals.

In summary, the following activities will be included in this demonstrator:

o The activity “Tactical and short term time table” will focus on tactical and
short term timetable planning including cross-borders with improved models
and functions.

o The activity ”Nodes and rail network planning” will demonstrate the use of
decision support to support capacity planning and operations for yards,
stations, terminals and the rail network.

The demonstrators will focus on showcasing the following capabilities (see table 2):
e Towards European cross-border scheduling
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e Decision support for short term planning
e Integration with yard and station capacity planning

D4- 2027

This demonstrator will cover activities related to the support of strategic and short-
term planning considering ERTMS and ATO evolvement and their effects on capacity.
In addition, integration with the ATS will be considered.

The following activity will be included in this demonstrator:

o The activity “Effects of ERTMS and ATO capacity, “time-keeping” and working
methods” for demonstrating a functional system for strategic, tactical and
short term planning considering ERTMS and ATO evolvement and integration
with ATS

The demonstrators will focus on showcasing the following capabilities:

e Planning using feedback loops from operations
e Integration of feedback loop with ATO/TMS for higher capacity
e Using ATO journey profiles for timetabling

D7- 2029/31

In this demonstrator, automated solutions for improved strategic and tactical planning
will support cross-border scheduling and TTR planning process, based on harmonised
methods for capacity planning with intelligent functions with optimization and
simulation support. The following activity will be included in this demonstrator:
o “Capacity planning methods incl. cross-border operations” for demonstrating
automated solutions for improved strategic and tactical planning.
The demonstrators will focus on showcasing the following capabilities:

e Improved capacity allocation using Rolling planning and TTR
e Optimization methods for capacity efficiency and energy saving
o Improvement of rail simulation models for selected Use Cases

Increasing the resilience of a connected real-time rail network:

D2- 2025

The following activity will be included in this demonstrator:

o The activity “TMS and human factor” is planned to be concluded in 2025 and
will focus on the use of simulation supporting future TMS including
capabilities, best practices and needs for future TMS. A special focus will be
human factors, automation and visualization. This activity will provide the
input needed for the continuation of activities below.

The demonstrators will focus on showcasing the following capabilities:
e TMS and human factors

D5- 2027
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For the second wave of demonstrations, all topics covered by the first wave will be
brought further to the second wave, some of them will be concluded and
demonstrated in 2027. The focus of this demonstrator is the traffic management
system at the regional and global levels. The regional demonstrator will cover decision
support and interaction between actors, including incident management and handling
of maintenance, cross-border operations and asset conditions for rolling stock and
infrastructure in real-time. Large scale demonstrations of decision support and
automation and overall real-time traffic plan will cover several EU countries, nodes
and networks, with feedback loops from planning to operation.

o The activity “Regional mixed traffic including rolling stock and infrastructure
maintenance” will focus on TMS for the regional area (mixed traffic). This
activity will be concluded in 2027 providing input for furthering the Wave 3
demonstration activities.

o The activity “Decision support and automation for national and international
rail network” will focus on global area TMS (mixed traffic). This activity will be
concluded in 2027 providing input for furthering the Wave 3 demonstration
activities.

The demonstrators will focus on showcasing the following capabilities:

e Real-time connection of the networks

e Improved modelling for cross-border

e Integration of energy management (Electric Traction System)
e Real-time crew / rolling stock dispatching

e Cooperative planning multi-actors

e Dispatching, incident management and customer information
e Disruption management

e Increased automation in decision support

e Conflict detection & resolution

D8- 2031

For this large-scale demonstration planned for 2031, TMS will include real-time effect
of ATO and the resulting service quality, as well as feedback loops with planning
process effects of feeding operational observations into improved train timetables.
Moreover, TMS connecting stations/yards and other rail networks will be shown.
Another focus of the demonstration activities will be the decision support for
improved control of nodes, yards and stations, and improved connection to industry
sidings and ports, as well as interaction with other rail networks are demonstrated.

o The activity “Connecting nodes with rail network Pass/freight” (Wave 3) will
focus on TMS connecting stations/yards and other rail networks.

o The activity ‘Decision support ATO/ERTMS and digitalisation” (Wave 3) will
focus on TMS including ATO line(s) and feedback loops with the planning
process.

The demonstrators will focus on showcasing the following capabilities:
e Real-time convergence between planning & operations
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e Connection TMS & CTC, and automated yards
e Integration with yard and station management
e Speed regulation, precise routes and target times for ATO and dynamic timetables

Integrated rail traffic within door-to-door mobility

D3 -2025

This demonstrator will cover demand-driven predictions to improve operations and
service offers of operators. An important data source for these predictions is the
disruption information across mobility modes. This will show how cross-regional,
multimodal travels in combination with demand forecast and disruption handling,
improve daily operations in the mobility sector and also benefit customers.
Furthermore, additional features improving customer accessibility and attractiveness
are implemented and allow for a modern and interactive travel experience.

The demonstrators will focus on showcasing the following capabilities:

e Short term demand forecast based on various data sources (e.g., real-time, CRM).

e Manage / Inform disruption across different mobility modes with real-time data.

e B2B service platform ensuring cross-operator information transfer.

e Cross regional multimodal travels, incl. first & last mile and Demand Responsive
Transport (DRT).

e Hands free travel experience and smooth transfers between transportation
modes.

e Walk-in/out including barrier free access, access gate interaction, automatic
payment.

e Standardized Interfaces and data formats.

D6- 2027

Within this demonstration, more challenging long term demand driven predictions will
be used, taking into account the results from short term demand forecast and
disruption management. Digital Twins are needed for the visualisations and modelling
of movements at train stations. The ongoing challenge of cross-border travel within
Europe and the connection of rural areas to have an inclusive mobility network are
also tackled here, with a focus on PRM guidance based on real-time data.

The demonstrators will focus on showcasing the following capabilities:

e Combination of Short and Long Term Demand Forecast with Disruption data.
e Integration of Demand Forecast into Digital Twins.

e Cross-border multimodal travels, incl. first & last mile.

e PRM automatic guidance and incident management based on real-time data.

D9 -2031
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7.1.3

This demonstration will use the output from disruption management and demand-

driven predictions (short-term) and further integrate and adjust long-term predictions
and the digital twin approach to improve rail capacities by applying Al-based
techniques. This will give operators the advantage to be aligned with future demands.

Furthermore, a B2B service platform will be available on a pan-European level to move

towards an inclusive mobility network.

The demonstrators will focus on showcasing the following capabilities:

e Al-based optimization of rail capacity.

e Pan European B2B service platform.

e General approach to platform based guidance.

e Digital Twin usage for predictive support of operators (incl. short & long term
demand).

Impacts

7.1.3.1 Description of the impacts against existing rail services

Meeting evolving customer requirements

FA1 will support the delivery of much more flexible approaches to planning and traffic
management of rail services, allowing rail to better serve customer needs. The primary
impact will be a driver for the migration to a cohesive overall EU rail system. To make this
happen the flagship will solve the rail system’s pain points, lack of flexibility, lack of
reliability, lack of capacity and also improve the resilience, punctuality and reactivity
between actors.

More sustainable and resilient transport

FA1 will provide more robust traffic management processes through integrating dynamic
forecast asset status in the decision process and improved efficiency of maintenance
operations due to better scheduling following more precise traffic forecast information
that will result increased operational reliability (fewer service disruptions). Optimisation
of the TMS and fewer disruptions of the train services will enable better utilisation of
available resources and energy consumption.

);&

Harmonized approach to evolution and greater adaptability

FA1 will contribute to the common evolution of the system and greater harmonisation of
the traffic management, in order to facilitate the delivery of the Single European Rail Area
and improve the rate of deployment of new technologies. By developing a new approach
for a European Traffic management with the System Pillar, including operational and
functional requirements that allows to use the same system architecture for simple
regional TMS applications with low effort as well as more sophisticated solutions for
higher traffic densities and complex network topologies, FAl is strengthening the
treatment of trains when different network and business models meet each other, such
as cross-border traffic as well as mainlines and regional lines.

Reinforced role for rail in European transport and mobility

FA1 is supporting a better integration of the rail in a more sustainable Mobility system, in
order to deliver better services for passengers and freight, and to bring higher usage and
larger passenger volumes. Connecting transportation modes and breaking the silos
between public and private transportation industry actors will enable door-to-door
mobility. Developing the matching solutions for the special demands will allow
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incentivizing people in their choice of mobility and hence support the promotion of rail,
the optimization of investments, and the contribution to health and wellbeing.

Improved EU rail supply industry competitiveness

A successful introduction of FA1 results will make rail more attractive for present and
future green transport systems and more competitive compared to the car industry, which
will strengthen European rail industry. One of the main objectives of FA1 is to integrate
better the rail mode, and to preserve its role as the backbone of the mobility system.

The evolution of the rail system will impact employees significantly. Persons dealing with
capacity planning and operational processes will be supported by new tools and processes
in order to improve rail operations. The quality of work and the attractiveness of the sector
is increasing. By supporting the transformation of the current rail system into a central
transport mode of tomorrow’s European mobility, FA1 will build unique capabilities in the
European rail industry, supporting its position in global markets.

7.1.3.2 Quantitative KPl demonstrated in this FA

Improved planning and operational evaluation: D1, D4, D7

Increased number of possible trains on a given infrastructure on a reference day using
improved processes and methods:

o Baseline 2022, expected increase 5% to 20%, depending on the line or area.
Reduction of answering time between the short term request of a cross-border train
path and the answer with a firm offer:

o Down to 5 minutes.

Improved robustness of timetables and hence, reduced impact of disturbances and
disruptions

o Baseline 2022, expected decrease 5% to 15% of delay minutes in a reference

week depending on the line or area

Develop resilience for a connected real-time network: D2, D5, D8

Prediction Quality: less than 5 percent of trains more than 5 minutes mean deviation
in a typical scenario of at least 100 trains running in a 2h interval ahead of actual time
Prediction performance (incl. dynamic infrastructure restriction handling, train
regulation and automated conflict resolution): less than 120 secs in a typical scenario
of at least 100 trains running in a 2h interval ahead of actual time

ATO Journey Profile / Segment Profile provision cycle time down to 30 secs

Integrate rail traffic within door to door mobility: D3, D6, D9

Demand forecast for improved service planning :
o Achieve 65% precision in the average forecast 1 week in advance
o Achieve 80% precision in the forecast at 1 hour

Improved matching between demand and supply :
o Achieve 75% reaching planned travel time of passengers
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7.1.3.3 Exploitation, deployment and migration considerations

Within Flagship Area 1 it is expected to deliver solutions for the improvement of methods and
processes that supports an extended network management planning and control framework,
while ensuring safety, availability, and environmental sustainability demands.

The overall goal to improve the global performances within the Railway System will be met
by FA1’s demonstrators in areas such as: new TTR process and rolling planning; Improved
planning and operational evaluation; Decision support for TMS conflict resolution, Improved
resilience; Coupling TMS with C-DAS/ATO and expand; Demand forecast for improved service
planning, and improved matching between demand and supply global networks, EU freight
corridors, national-, regional- and Urban/commuter-networks.

These developments in technology, methods and processes imply very important investments
from the organizations involved in the Europe’s Rail Joint Undertaking and from the European
Commission. Since all investments are not included in the FA1 budget they need to be
budgeted within the rail sector and mobility providers when making the decision to use FA1l
outcomes. Although the involvement of a large community from both the user side as well as
the supplier side is a good start for a wide deployment. A set of measures was established to
ensure future exploitation. These measures are listed below:

e Integrated approach in the demonstration scenarios so the new product and services
are not siloed, but integrated with others, further supporting a broader impact,
including integration with systems from other layers such as ATC systems.

e Tests in real environments in order to ensure feasibility.

e Development up to TRL 7-8, so that solutions are ready for commercial exploitation.

e Involvement of final users that can be considered as references for commercial
exploitation.

Currently the used products and processes in the design, manufacturing, operation,
maintenance and also decommissioning of assets in the railway system, are not expected to
operate with new ones. Consequently, an adequate migration must be ensured by taking the
following points into account:

e Coordination with System Pillar to draft a set of standards for information exchange
at different levels, e.g., data from inspection results to holistic approach to strategic
decisions. Functions, system and interfaces requirements

e Propositions of specific European regulation to be adopted by the member states for
enforcing or enabling the adoption of new technologies, methods and processes.

e Plug & Play industry standards and open-source architecture to allow more
interoperable, quicker and more cost-effective implementation of new methodologies
and technology and integration with other rail systems (e.g. ATC)

e New technologies such as highly automated traffic management and ATO have a large
impact on operational staff within the rail system. Therefore, FAl's scope includes
research and development of human factors strategy, training and deployment
planning to ensure a successful migration of the nearly developed systems.
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7.2 Flagship Area 2: Digital & Automated up to Autonomous Train Operations

7.2.1 Objective and level of ambition

Today, urbanisation and population growth are already leading to rail capacity problems on
main lines across Europe. To increase the railway capacity there are two main options:
building new infrastructure and/or operating the rail system in a way that takes advantage of
new technological and operational solutions. The reduction of the cost of capacity is a major
indirect catalyst for capacity optimisation, which is in this context dominated by the factors:
Control, Command and Signalling (CCS) asset density, CCS asset performance, and asset life
cycle cost.

Option one, building new infrastructure/lines is challenging because it requires decades.
Furthermore, the areas with capacity problems are typically crowded areas where land is
already in high demand. Hence, the major opportunity is offered by digitalization and
automation of rail operation, where DATO (Digital “Automated” Train Operations) represents
the most visible result of a major transformation of rail operations. DATO builds upon the
next generation of Automatic Train Control (ATC), in addition to enhancements on the Train
Control and Monitoring System (TCMS) allowing for integration at the on-board level. ATC*
is the combination of Automatic Train Protection (ATP) systems, Automatic Train Supervision
(ATS), and Automated Train Operation (ATO) — together representing an evolution of the
current Control, Command and Signalling (CCS) subsystem —termed CCS+. Such targets build
upon the specific set up of the Europe’s Rail Joint Undertaking (JU), where the System Pillar
(SP), under the leadership of the European Commission, shall deliver the system architecture
on which the rail community will converge in a collaborative manner. The Innovation Pillar
(IP) supports and complements this through the underpinning concepts and detailed solution
architectures, as well as proof of concepts. It is a joint commitment to deliver it and without
such commitment an unrealizable ambition.

7.2.1.1 Targeted objective, opportunities opened and associated risks

The targeted objective of FA2 is to take the major opportunity offered by digitalization and
automation of rail operation and to develop the respective systems. This means:

e Next-generation ATC, including ATO Grade of Automation (GoA) 4, based on a
European approach agreed in the System Pillar under the leadership and commitment
of the Commission services, building on harmonised, adaptable and scalable trackside
and onboard CCS+ system architecture. This will be building upon radio-based ERTMS
or above, representing the next evolution of the system, incorporating the latest
technological advances, and with functionalities enabling full optimisation of

10The ATS is responsible for “[the] supervision of [the] train status, automatic routing selection, automatic schedule creation,
automatic operations logging, statistics and report generation, and automatic system status monitoring”. The ATP system
is designed as a fail-safe system, intended to keep a safe distance between trains and to make each individual train
comply with the track speed limits. If the speed limit is exceeded, ATP will automatically slow down the train or even
bring it to a complete stop. ATO is responsible for the train operation part, so the traction and braking controls, but also
creating the trains speed profile, the communication with the wayside equipment, the opening and closing of the train
doors, and automatic train reversal.
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performance in line with the Traffic Management improvements developed in
Flagship Area 1. This will be a major transformation of rail operations, and also a
stepping stone setting the basis for the future evolution of the system, while making
use of existing assets and investment done in e.g., Shift2Rail innovations or in
solutions compliant with the Technical Specifications for Interoperability (TSI), where
applicable.

e Delivering scalable automation in train operations, up to GoA 4, meaning that the rail
system is ready for fully unattended train operations including setting a train in
motion, driving and stopping the train, opening and closing the doors, remote train
control and recovery operations in the event of disruptions.

The optimisation potential coming with a next-generation ATC, including ATO GoA4
harmonised across Europe - is very large. The benefits are not limited to increased capacity,
but also improved punctuality, reliability, flexibility (by real-time adaptation to the demand),
productivity as well as reduced operating costs, recovery time and energy consumption.

Improved trackside and on-board ATP and ATS systems will:

e Reduce the cost of capacity, which is a major indirect catalyst for capacity
optimisation.

e Allow precise traffic flow management, supporting punctuality, reliability, and
productivity improvements.

e Allow the control of much higher train densities with a significantly reduced Life Cycle
Cost (LCC) of CCS components compared to today.

e Deliver scalable solutions fitting for high- and low-density lines, supporting the
generation of large-scale component markets and standardisable industrial asset
management processes as well as to speed up the deployment and ensure long-term
evolvability of the system.

Such improvements will increase the capability of future ETCS systems, for example, enabling
ETCS trains even in manual modes to have time management, timetable interaction and
follow speed commands for energy management and other features provided from current
Traffic Management Systems (TMS) and the future TMS developed in FA1l. Development
should be up to the level that ERA authorisations are achieved that allow it to place it in
service.

The current CCS TSI allows for onboard configurations with multiple proprietary TCMS and
legacy (i.e., non-ETCS) interfaces between the main onboard building blocks across Europe.
As regards ERTMS trackside configurations, the current CCS TSI does not include the definition
of the interfaces with the main trackside signalling assets. Therefore, the development of a
dramatically improved next-generation ATC system is coupled with the opportunity, through
the migration of systems, to eventually deliver a single European system, based on European
system architecture approaches. Success in such an approach shall start from seeking the
necessary convergence of the relevant actors within the System Pillar and will significantly
reduce the fragmentation currently observed in Europe, increasing the opportunity to achieve
the Single Market for rail, while creating, and speeding up, the deployment of innovation
across the system.
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Flagship area (FA) 2 “Digital & Automated up to Autonomous Train Operations” will develop
a next-generation ATC system, with the following objectives:

e Lowering expenses of railway undertakings and infrastructure managers,

e Decreasing travelling times for passengers and freight,

e Increasing the overall capacity of the rail operation,

e Increasing the punctuality,

e Improving the quality of operation,

e Increasing operational reliability,

e Improving recovery time after any interruption or intervention,

e Improving reaction time,

e Increasing flexibility in planning on existing infrastructure,

e Reducing energy consumption.

Implementing next-generation ATC with DATO as the major visible impact will open up
opportunities for the railway sector as a whole. It could offer a solution for increased demand,
even more so because it will increase the competitiveness with other less sustainable
transport modes. Next to that, further adopting/optimizing the timetables can again be done
when a next-generation ATC is implemented, even more so because the railway systems
throughout Europe can be seamlessly integrated. It will also offer the opportunity to better
integrate the railway system with other modes of transport, as well as first- and last-mile
automation. Besides, it will diminish the challenges related to the future shortage of staff and
housing, and lead to an improved and less risky working environment for employees.

It will require, on one hand to explore the use of new technologies and gain experience from
early partial implementation, and on the other hand to integrate a full system capitalising
convergence achieved in the System Pillar. A well-structured and committed collaboration
process is the success condition for delivering it.

to the fullest extent, automation can reach a level of 'autonomy'. Autonomy is understood as
the capability of a vehicle to respond in real-time, without human interaction, to changing
conditions in the operational environment, when fulfilling a predefined mission. The FA will
be open to consideration of such capabilities.

Furthermore, DATO has some associated risks. The willingness to travel with automated
trains, and the acceptance of automated cargo trains with hazardous substances need to be
considered. For migration purposes and to avoid extensive approval of DATO soft- and
hardware, a clear functional separation between subsystems must be achieved to manage
the risk of full infrastructure dependency. A clear interface with TMS is key for
implementation. The migration risk is also linked to the difficulty of the long lead time of ETCS
deployment, which shall be reduced by reducing the cost and by agreeing on an effective EU
deployment process, while research and innovation advances. Furthermore, the risk of not
finding or agreeing on a ‘fit-for-all’ legal sector agreement that will allow for sharing and
reallocating liabilities, risks, costs, and benefits across the stakeholder groups, might
decelerate the implementation of digital and automated train operation technologies. The
business case within the sector is a risk as well, since the benefits (e.g., capacity increase,
mainly for governments) may not be reaped by the same organisations that will pay for the
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costs (Infrastructure Managers (IMs), Railway Undertakings (RUs), and industry), and
therefore governments could postpone, minimise, or even avoid future investments. The role
of the System Pillar to anticipate such risks and to deliver the necessary input to FA1 is
important. To avoid the risk of slow innovations on the one hand and the risk of a vendor lock-
in on the other hand, an adequate degree of decomposition of hardware and software
elements must be found. For such a decomposition the economic, legal, regulatory and
organizational implications need to be assessed and jointly agreed upon in the rail sector,
which goes beyond the technical scope of FA2. Furthermore, freight automation is an
important challenge within FA 2, due to the complexity for loco-hauled freight application
being higher than for Electrical Multiple Units (EMU), and there is not too much experience
as compared to e.g., for passenger trains in mass-transit. Therefore, freight automation needs
to be considered a very sensitive and important challenge within FA 2. Finally, the human
factor consideration on the impact of new technology on staff for e.g., remote management
or human-machine interface (HMI) for highly automated systems needs to be taken into
consideration.

7.2.1.2 Innovation beyond state of the art, including integration of S2R results

Shift2Rail (S2R) has pushed research in many key fields that will serve as the starting point for
the development of a new generation of DATO assets and ATC systems. The S2R Train Control
and Management System (TCMS) technologies, with the new generation of onboard
functional architecture, its hardware and software independent platform, and the new train
communication network (TCN), will have to integrate the new ATC functions. Research into
communication, cybersecurity, safe train localization, (passenger) train integrity functions,
obstacle detection, data collection, incident handling, remote driving, virtual coupling, formal
methods, virtual or moving blocks, braking- and adhesion management systems, fleet
digitalisation, a new functional system architecture for mainline railways, a certification
procedure for safety-related functions based on artificial perception, a standardised interface
for remote driving and command, and using Al for automation (of e.g. perception systems,
door management), will be taken as a starting point in this FA.

Outside S2R, state-of-the-art research has been published in papers and several
demonstrations have taken place. Demonstrations include results can be helpful for a next-
generation ATC development in this FA. As an example, in the Netherlands NS and ProRail
researched and executed several tests regarding ATO over ETCS, ATO over legacy systems and
highly automated shunting activities. Another example is the ongoing research activity
conducted by FS and several Italian universities to design ATO over ETCS for autonomous
railway infrastructure maintenance and surveillance vehicles. SNCF is also investigating GoA4
for freight and passenger train over ETCS and over line side signalling over ETCS L1. Remote-
controlled solutions have been tested on the French network. Results and best practices of
these developments and demonstrators will be available as input for FA2 collaborative
aspects.

Table 3 gives an overview of the innovation covered by this FA, and the input from state-of-

the-art research and Shift2Rail. The innovations will be discussed further in the rest of the
document.
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State-of-the-art:

Shift2Rail:

Further innovation needed and
covered by FA2:

Radio-based ERTMS based on
ETCS Level 2.

Moving Block: Line capacity
improvement by decoupling the
signalling from the physical
infrastructure and removing
trackside train detection.

Mixed operation for radio-based
ERTMS on lines with/without (mixed
situation trackside) Trackside Train
Detection (TTD) and with L2 or L3 -
capable vehicles of different system
versions (mixed situation on the
vehicle side), having different TIMS,
cold movement detection and
localisation capabilities.

Different ATC System structures
for different line types.

Scalable ATC architecture for different
line types and integration with TMS.

Construction of ETCS Level 2
ATP infrastructure.

Fast industrial infrastructure change
from Class B: Minimal effort, minimal
prerequisites, and short duration
(including simplified safety case effort,

automated toolchain, e.g.,, for
changes).
Shunting and manoeuvres of | - Continuous use of ETCS in full
yellow fleet based on line-side supervision mode for all types of train
signalling. movements (in undisrupted
situations).

Isolated and special system

Interfaces and methods for integrating

architectures in  marshalling special load and train formation
yards, depots, or terminals for systems into the standard ATP
the ATP process. architecture.

Individual upgrade processes | - Fast, simple, and standardised

and safety cases for upgrading
trackside or onboard the
ATO/ATP/ATC System.

upgrade and change processes based
on modular functionalities. Reduced
safety case effort (modular safety
cases) and flexible modular spare part
compatibility between old and new
system versions.

Research on real-time reliable
wireless transmission of high-
speed train control data.

Communication system and
cyber security: the Adaptable
Communication System (ACS) —
integrated in the Future Railway
Mobile Communication System
(FRMCS) developed outside S2R
- and protection against any
significant threat in the most
economical way.

Enhanced communication systems
allowing for adequate latency,
handling the data volumes, safe
computing (platforms), Al functions,
and a digital map infrastructure for the
integration with the TMS and ATP
system.

Studies on ATO over ETCS for
main-line and regional
passengers.

Automatic Train
Operation (ATO): Development
and validation of a standard ATO
up to GoA3/4 over ETCS,
including ATO for freight.

New DATO technology solutions for
interoperable automated driving and
decision-making, for all application
and segments as e.g., improved
interface to the traction system or new
braking systems.
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State-of-the-art:

Shift2Rail:

Further innovation needed and
covered by FA2:

Studies on ATO over ETCS for
freight.

Freight Train Operation (ATO):
ATO demonstrator GoA2.

Freight specific application e.g., brake

blending,  mass-damper  system,
physical and dynamic  model,
continuously changing train

configuration and freight driving rules
need be further development and
demonstrators.

GNSS based multi sensor | Safe train positioning: Fail-safe, | Absolute safe train positioning, highly
positioning for railways | multi-sensor train positioning | accurate and safe, incorporating new
including safety and logistic | system for the current | sensors.
applications. ERTMS/ETCS and non fail-safe

positioning for freight wagons

aiming at reducing overall costs

and improving service quality.
Electro-Mechanic Brake for | New braking systems: with | Next generation of braking

Railway  Applications, high
Safety Level electronic Solutions
for Brake Control and new
generation of disk and friction
materials.

higher brake rates and lower
noise emissions to have major
capacity gains in terms of mass
and volume in bogies, paving the
way for a fresh revisit of bogie
design.

subsystems, to safely detect and
manage low adhesion and reducing
braking distances.

New generation of TCMS and
digitalisation of freight wagons.

TCMS, Fleet Digitalisation and
Automation and Smart Freight
Wagon Concepts: Development
of a new-generation TCMS for
passenger trains and key
technologies to enable a digital
and automated rail freight
system based on the digital
freight wagon.

Automating functions, such as train
preparation for both passenger and
freight trains as e.g., incident handling,
self-healing.

All-weather obstacle detection
(OD) and track intrusion
detection (TID) system and
remote control for distributed
power for long freight trains.

Fleet digitalisation and
automation and new freight
propulsion concepts:
Improvement of rail freight
transport by developing all-
weather obstacle detection and
track intrusion detection (TID)
system and remote control for
distributed power.

Safe environment perception,
including signal reading and obstacle
detection, supported by virtual
certification. Remote driving and
command, for depots, for lines with
low traffic, and for fallback operations
as well as for shunting.

Overall feasibility analysis that
goes across technology, safety,
and business aspects of the
Virtual Coupling Train Set
deployment.

Virtual Coupling:  Virtually
coupled trains to operate much
closer to one another and
dynamically modify their own
composition on the move while
ensuring at least the same level
of safety as is currently provided.
PoC with tramways.

Development and deployment of the
Virtual Coupling concept.
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State-of-the-art: Shift2Rail: Further innovation needed and
covered by FA2:

State-of-the-art  survey  of | Formal methods and | Modelling techniques to support the
formal methods and taxonomy, | standardisation for smart | development, verification, and
including use cases for the use | signalling systems: Open | validation solutions.
of formal methods for railway | standard interface and a
signalling systems. functional ETCS description

model, based on formal

methods to ease verification and

authorisation processes.

Table 4 - Overview of the innovation of this FA and the input from state-of-the-art research and Shift2Rail

7.2.1.3 System integration, interactions with System Pillar and with other Flagship Areas

The Commission leadership in the System Pillar will be a key condition to set the basis for a
concept of operations and system architecture, which shall underpin innovation related to
digitalization and automation in train operations. FA2 will demonstrate innovations to be
deployed for the next generation of railway systems to ensure a next-generation ATC system
in relation with FA1 and other FAs. The focus of FA2 is ATO GoA 4 and a next-generation ATC
architecture as a critical core part to pave the way to fully automated and, in selected specific
cases, up to autonomous operation and to a well-performing, cost-efficient and easy to
migrate ATC system.

Flagship Area (FA) 2 has several links to other work-streams of Europe’s Rail, which are listed
below. An overview of the relations with other FAs, Transversal topics (TTs) and the System
Pillar (SP) is given in Figure 13.

European Rail Traffic &
Mobility Management
in multimodal
environment

i System Pillar

Aligns with

O—

Competitive Digital
Rail Freight Services

~—

Q——

Regional Rail Services

— @@

Aligns & Interacts with

Digital & Automated
up to Autonomous
Train Operations

Provides CCS

hift Rai L>

Provides digital enablers Aligns with Aligns with

Intelligent and
Transversal Topics Integrated Asset
Management

Sustainable and
Green Rail System

Figure 10 - Overview of the relations within Europe’s Rail

SP — The System Pillar (SP). FA2 will interact closely with the SP to ensure a smooth takeover
of the definitions delivered by the SP as e.g., the definition of the detailed architecture in
accordance with the reference architecture. The process for the FA2 to adapt to the SP and
vice versa is initially described in Annex A. As such, certain relevant specifications will be
delivered by the FA2 partners, but the evaluation work done will be coordinated and shared
with the SP. In common alignment within FA2 and with the System Pillar, FA2 shall be able to
execute its programme and deliver the missing details or maturity in a closely synchronized
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process. The resulting specifications (functional system requirements and interface
requirements), detailed architecture, technologies, and operational considerations
developed in FA2 will be submitted to the SP for acceptance, and integration.

The detail on the interaction between the System Pillar and Innovation Pillar is outlined in
Annex A to the present MAWP, as a proposal from the System Pillar based on the initially
identified needs.

At the latest by the ramp-up phase of the relevant projects of the Innovation Pillar and System
Pillar, the detailed interaction shall be refined and finalised, based on the following principles:

] As early as possible, the System Pillar and each Flagship Area will review together
Annex A to facilitate the ramp-up phase of the future activities;
. The two Pillars will interact in a closely synchronized process to define

dependencies, detailed architecture, operational concept, and other system
outputs based on the provisions of the Single Basic Act and Master Plan;

J Annex A already identifies certain relevant elements of the interaction, such as
specifications, (for example, system requirements and interface requirements),
detailed architecture, operational considerations and associated outputs that
require the Innovation Pillar future activities to plan for the necessary resources
to deliver the relevant results. The requirements for the Innovation Pillar will be
defined in the calls and associated grant agreements, based on the finalised Annex.

J There will be a need for continued interaction and flexibility within projects for the
Innovation Pillar projects to adapt to System Pillar outputs, and vice versa.
J In accordance with the governance established in the Single Basic Act, the EU-RAIL

Governing Board, based on the input from the System Pillar Steering Group via the
Executive Director, with the support of the System and Innovation Pillar
Programme Board, shall be the decision-making body on the granularity of the
architecture and resultant specifications and associated system outputs to be
delivered by the Programme.

FA1l — European Rail Traffic & Mobility Management in a multimodal environment. The next-
generation ATC will require other concepts, procedures, and techniques for traffic
management for different types of traffic (e.g., high- and low-density traffic) and mission
profile extent (e.g., short- or long distance). FA2 ATO onboard (OB), trackside (TS) and TCMS
systems must interact with the FA1 TMS to achieve an overarching system solution. The joint
design of interfaces between traffic management in FA1 and ATP systems in FA2 shall ensure
that traffic management can make use of all ATP capabilities, especially the now available
train position and speed information in the Safe Train Positioning (STP) system or the precise
speed control for movement permissions. Also, at the trackside, different next-generation
ATC solutions need to be supported by FA1 by the provision of an interface to an operational
Traffic Management System (TMS). FA2s demonstration results provide parameters for
planning and simulation tools to calculate the capacity benefits of applied next-generation
ATC technology on corridors, nodes, and lines. These quantify the FA1 and FA2 jointly
executed demonstrators’ results into the TMS/ATO/ATC (both FA1 and FA2) business cases.

FA3 — Intelligent & Integrated asset management. Specific trains or rail vehicles for diagnostic
or inspection purposes as well as the transfer of maintenance rail vehicles will be subject to
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automated train operation. FA2 will provide technologies from main-line ATO to support the
automation of the yellow fleet while running under normal operational conditions.

FA4 — A sustainable and green rail system. One of the goals of next-generation ATC system is
to contribute to increasing the sustainability of the railway system. It must manage energy
consumption and hence interaction with both onboard and trackside energy management
systems is required. FA2 delivers, in close cooperation with FA1 a methodology and model to
guantify ATO’s benefits on energy reduction.

FAS5 — Sustainable Competitive Digital Green Rail Freight Services. Both digitalisation and next-
generation ATC will give green rail freight transport a competitive edge. FA5 will provide new
freight solutions, such as the digital automatic coupler (DAC). FA2 will develop ATO to
automatically operate trains during commercial runs (i.e., on the track e.g., with a train ID)
and will provide technologies within an ATC architecture, in which special technologies of
shunting yards can be integrated by FA5. FA2 provides ATP functionality for TIMS to FA5 based
on the current definition, with room for additional developments within FA5. All
developments related to DAC in this respect are in FA5. FA2 incorporates the supervision of
movements relating to stabling (moving a train from the end of a train journey to the depot).
The stabling function will be developed in FA2, while the shunting function will be developed
in FA5 as an application-specific function. Special functions for the automatic and
autonomous shunting operation for freight will be developed in FA5, based on the generic
ATO functions developed by FA2. These include the train protection system in yards
(supported by enabling technologies such as environment perception systems), since the
specification and use cases (push/pull functions) differ significantly from the mainline and
stabling operation. The dispatching software and train protection system for shunting will be
defined in FA5, since yards and terminals are not equipped with ETCS. Yard automation
equipment also differs from main line automation equipment, because yards operate under
different safety requirements and therefore use more cost-efficient equipment.

FA6 — Regional rail services / Innovative rail services to revitalise lower usage lines. Next-
generation ATC solutions for functions such as safe train positioning and safe environment
perception, will serve as a backbone for DATO rail services on lines with low numbers of
passengers. FA2 will provide technologies to, among others, automatically or remotely
control the passenger trains during commercial runs or stabling, positioning solutions, safe
environment perception technology, and ATO technology solutions. It includes the
integration of appropriate interfaces with the TMS for energy network management. Also, a
digital register, acting as a data source for e.g., safe train positioning or planning and
engineering will be discussed between FA6 and FA2.

Details of the exchange between the Flagship Areas can be found in Annex B

Transversal topics (TTs) on digital enablers provide generic concepts and tools for the digital
twins and models to be used in FA2. Close cooperation with the TTs will therefore be
organised.

The advanced solutions developed in Flagship Areas will be ultimately integrated to

implement innovative operational processes at the Rail System level. The availability of digital
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representation of Rail System with its constituting elements expressed in Data makes it
possible to integrate Flagship Area results in a convincingly cohesive manner.

Therefore, the Flagship Areas generate a set of requirements and specifications of the data
resources needed for

e System Integration
e System Interoperability and
e application processing inside the Flagship Area

These data resource specifications are developed according to guidelines established by
System Pillar at the overall Rail System architecture level, and by TT in terms of

e conceptual data model,
e reuse of common foundation libraries of digital models
e Cyber Security provisions

The common tooling developed by TT on the basis of these specifications will be used by
Flagship Area solutions for automated discovery and access to the digital resources with the
appropriate data access policies safeguarding the interests of the data owner.

7.2.1.4 Who does what by stakeholder group

The infrastructure managers (IMs) and railway undertakings (RUs) are responsible and
accountable for the output of the railway system as a whole. They have a deep knowledge of
the requirements for operation, maintenance, and system evolution. As future users of the
next-generation ATC technologies, they need to provide functional as well as non-functional
requirements for further solutions. They are in the lead for the demonstrations to check the
feasibility and impact of (the cluster of) next-generation ATC technology components. They
can offer a train set, test sites, and regular lines for tests, as well as the related knowledge for
proper validation. Engineering resources from IMs and RUs may also be involved in the
detailed design and engineering process and rules for developing the next-generation ATC
innovation.

The suppliers are experienced in the development, implementation, maintenance, and
certification of rail systems and their components and will thus be the main stakeholders to
provide innovative systems and their related specifications based on the next-generation ATC
technologies developed and/or tested within the EU-RAIL JU. Their experience is important
to ensure a smooth and sustainable roll-out of the new systems. As there are different
suppliers for all the fields of FA2, multiple solutions and technologies can be developed to
test and demonstrate next-generation ATC innovations.

The research centres are required to support this FA by means of the development of
technologies, innovative concepts, tools, and procedures. They contribute to the process of
innovation, as well as to the procedural aspects for validation, certification, and
homologation.

The related specification for the next-generation ATC systems will be developed by all
stakeholders together in a collaborative process.
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7.2.1.5 Interaction with other Programmes, European and/or National

In addition to the links inside the EU-RAIL JU described in section 1.1.3 and the integration of
the Shift2Rail results, FA2 also links to other national and international (innovation)
programmes, such as FRMCS, SESAR, CEF and Horizon Europe. It will incorporate the
outcomes of these developments into the work program in close coordination with- and
under assessment by the System Pillar. Specifically, with respect to satellite technologies to
be used in FA2, an exchange with ESA, EUSPA and ENISA is required.

7.2.2 Results/Outcomes

7.2.2.1 Operational solutions outcome

To fully achieve the objectives of section 7.2.1.1, operational solutions will cover a wide range
of applications for next-generation ATC technologies. Next to the application on main lines,
operational outcomes of this FA will be automated train preparation, automatic stabling,
automatic maintenance inspection, and remote control. The application in more complex
situations, such as mixed traffic, power supply transitions, and ATP transitions (e.g., ETCS —
undefined tracks), will also be part of FA2. The same goes for the application of next-
generation ATC on commercial runs of freight trains, which are the most complex type of
trains to control in operation, due to their difficult-to-estimate dynamic behaviour.
Furthermore, specific solutions for next-generation ATC on light rail urban transport, regional
lines in remote areas or with low-density traffic will be provided, as the system needs to be
adapted here to economic conditions, rural environments, and complex situations such as
level crossings. The same goes for freight customer sites and maintenance workshops (non-
ATP). The operational outcome of this FA also includes rail operation optimisation techniques.

The implementation of these operational solutions will take place through demonstrators at
TRL7+ of the technical enablers. For next-generation ATC developments, principles of ATO
over ETCS from S2R and TSI CCS 2022 will be used and, where needed, further developed.

To secure investments and ensure an economic upgrade path, the evolution of DATO and
next-generation ATC shall support backward compatibility of all automation levels.
Furthermore, the overarching automation process (from TMS to next-generation ATC - ETCS
and non-ETCS) shall also support end-to-end customer solutions independent from the
existing infrastructure, to guarantee the automation of the operation over the entire value
chain. In addition to the modularisation of the functionality of the ATC systems, the
decoupling of software from hardware will pave the way for a modular hardware platform,
as well as architectural software design patterns and methods enabling evolution. Here,
conceptually separating functional views from the deployment, as well as service-oriented
designing will be applied.

The use of formal modelling techniques will ensure the quality, application and completeness
of the specification and planning, while allowing evolution and controlling the interoperability
and interchangeability, as well as help to reduce field testing. The following additional
operational scenarios are considered to define the required technical enablers, services and
functions below: Mixed operation for radio-based ERTMS on lines with/without (mixed
situation) Trackside Train Detection (TTD) and with L2 or L3 - capable vehicles of different
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system versions, Train Integrity Monitoring System (TIMS) and localisation capabilities. This
scenario is the next step to be developed in different target configurations: from low cost to
high performance, different sensor mixes onboard + trackside combined, different qualities
of radio coverage, or lower grades of ATO/ATP automation, etc. To pave the way for an
improved, faster infrastructure change from Class B to the previously mentioned scenarios:
minimal effort, minimal prerequisites and short duration (including simplified safety case
effort, e.g., for changes) including integration with the modular ATC systems and the TMS. A
further scenario is the “fully mature ERTMS”: full supervision (cab signalling) continuously in
all normal modes, also for shunting, or for yellow fleet movements. Finally, the same
architecture is to be used for efficient processes for train stabling, formation and preparation,
as well as in marshalling yards, depots or terminals in connection with their specialized
technologies for passenger and freight trains.

The outputs from an operational perspective are listed in Table 4 below. An estimation of the
technical readiness level of the capabilities in 2025, 2027 and 2031 is provided in Table
below.

Activity TRL TRL TRL
2025 2027 2031
ATP/ATS Target ERTMS | Mixed operation for radio-
application with | based ERTMS on lines
simplified with/without (mixed situation
migration, mainline | trackside) TTD and with L2 or L3 6/7 (L82
- capable vehicles of different (L2, HL3) HL3’)
system versions (mixed
situation on the vehicle side), 5/6 (L3) 7 (L3)

having different TIMS, cold
movement  detection  and
localisation capabilities.

Target ERTMS | Simplified sensor mixes, 6/7 8
Application, scaled | reduced radio coverage, etc. (L2, HL3) (L2,
to minimal cost ’ HL3)
5/6 (L3) 7(L3)
Enabler for fast | Enabler for fast infrastructure
change of | change from Class B to target
infrastructure ERTMS configuration: minimal 8
effort, minimal prerequisites, (L26/I-7|L3) (L2,
and short duration (including ’ HL3)
simplified safety case effort,
e.g., for changes) including 56 (L3) 7 (L3)
integration with the modular
ATC systems and the TMS
Fully mature ERTMS | Full supervision (cab signalling) 6/7 8
continuously in all normal (L2, HL3) (L2,
modes, also for shunting, or for ’ HL3)
yellow fleet movements. 5/6 (L3)
7 (L3)
ATO Application  main | GoA3/4 7 8 8/9
lines Application in mixed traffic 7 8
Power Supply transitions 7 8
GoA2-4 on ATP transitions 7 8
Application on freight trains 7 8 8/9
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Activity TRL TRL TRL
2025 2027 2031
Automatic Automated train formation &
Processes preparation (including coupling 7 8
and uncoupling)
Automatic stabling 7 8
Automated maintenance and 7 8
inspection
Remote control 7 8
Regional lines GoA3/4 7 8
Application light rail | GoA2/3 7 8 8/9
Mixed road traffic 7 8
Migration Fast and simple | Adequate degree of
Strategies vehicle upgrades, in | decomposition of hardware-
particular existing | and software elements, agreed
fleet upon in the rail sector, to avoid
the risk of slow innovations on
the one hand and the risk of a
vendor lock-in on the other
hand, facilitating migration. For
such decomposition, the
economical, legal, regulatory,
and organizational implications
need to be assessed with the
support of the SP as this goes
beyond the scope of FA2.
Smart generic | Smart interface technologies
interface for the secure connection of
technologies: trackside protection
Enhanced components or for onboard
downwards and | components allow the 6/7 8
upwards combination of  different
compatibility releases of onboard units (ATO,
ETCS) or track-side protection
systems on runtime.
Rail
optimisation Depending on TMS (FA1) and progress related to activities
techniques

7.2.2.2 Technical enablers: capabilities to achieve the targeted operational outcomes

Technical enablers are key for successful implementation of the identified capabilities:
improved operation performance, higher capacity, and cost-effective deployment. Although
these technical enablers are included as parts of the ultimate ATO GoA 4 goal, their
intermediate results and developments do not need to be used only in combination with
DATO. The technical enablers for the capabilities are described below.

Capability for improving operation performance

Automating functions, such as the wake-up and train preparation capability is needed to start
operation, causing the need for remote control, auto-diagnostics, and operational tests.
Automated self-repairing/reset capability of DATO and next-generation ATC operated trains
shall also be available.
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Trains must be continuously traceable for traffic control and train operators in automated
operation. For this purpose, safe absolute train positioning techniques and train-control
centre connectivity are crucial. This is also relevant for technical train status updates and
control-centre-to-train dialogue communication, and includes the development of FRMCS, an
on-board communication network, and 5G applications.

A safe unattended operation must be ensured by comprehensive, modular, and scalable
perception systems (onboard and trackside) for both outdoor and indoor environments.
These systems will provide relevant information to the decision-making processes about
obstacles, lateral signalling, other vehicles, workers, and passengers. Additionally, such
systems will support the monitoring and diagnosis of assets, beyond the incident prevention
functionalities.

In transition (either technical or operational) or shunting mode, automated train operation
requires a remote operating functionality, going beyond driving and achieving full remote
assistance and control, while supporting cross-border operations. Remote operation is also
an important migration step in the development from ATO GoA2 towards GoA4 for fully
automatic vehicles and powerful environment perception. Suitable interfaces for the remote
operating person must be also developed (e.g., remote driving desk), considering human
factors and the required training.

To maximise next-generation ATC performance, a new generation of brake systems is needed
to bring adjustable/configurable emergency brake control, the holding brake function and
integrated adhesion management among other enhanced functionalities like new brake
sensor systems to detect and evaluate collisions with objects on the track. New methods for
qualification of brake performance under degraded adhesion, using adhesion management
systems, are needed to allow performances to be assessed against a common framework.
Next to brake systems, this is also important for acceleration, as slip and slide protection
needs to be optimized as well to ensure maximized capacity and safety. Automated shunting
may be an important first application of GoA4 technology, which could lead to a specific
migration strategy.

Capability for offering more capacity to customers

The combination of all and mixed forms of radio-based ETCS and ATO is key to increase the
capacity of railway lines. It is important that in this FA, innovation on DATO itself is
accompanied by innovation on trackside and onboard ATP, for instance in the direction of
novel CCS architectures enabling ETCS L3 moving block with minimum infrastructure
elements and based on a digital topology, as next-generation ATC can ultimately only jointly
and in tight interplay achieve the envisioned increased system capacity, punctuality,
resilience, and flexibility. GoA4 operation will for example support dynamic timetabling as
there is no restriction on crew availability.

The extended Virtual coupling to achieve a much shorter headway and flexibility, supported
by enhanced connectivity and localisation, will be based on System Pillar outputs.

Capability for supporting cost-effective deployment
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Technology and the operational procedures need to be validated and tested. Hence, uniform
validation procedures, tools, certification methodologies as well as suitable testing facilities,
need to be developed to ensure fast and safe deployment.

From a procedural perspective, the aspects of operational harmonization, coherent and safe
procedures for fall-back, disturbance and emergency situations, virtual certification and
homologation, migration and deployment, and testing and validation need to be addressed.
For virtual and lab certification and validation as well as automated planning and engineering,
a neutral and sufficiently formal reference model is required as an enabler, as well as the
digital twin. A specific aspect is the development of advanced HMI to enable the operators to
interact safely and reliable with fully automatic systems.

To ensure the safety, quality, and applicability of specifications, based on harmonized and
unequivocal European rules, using formal methods can provide significant benefits.
Therefore, formal methods will be used for specification and demonstration; based on
appropriate system definitions and specifications as a basis for safety and quality assurance
while mitigating investment risks, formal methods will be applied to address later RAMSS life
cycle phases, with demonstration of the realized safety levels and to build the necessary
confidence in the systems.

Reducing side effects of change and controlling the independent evolution of subsystems and
modules of the next-generation ATC systems are key enablers for cost-effective deployment
- avoiding big-bang testing - and large-scale deployment. Decoupling software from hardware
and parts inside the software domain, and defining the steps needed to increase flexibility
and reduce integration effort, needs to be targeted. Specifically adapted processes for
specification, development, certification and safety cases need to be put into operation in
order to reduce the integration effort substantially. This will pave the way for modular
computing platforms, which give the opportunity for application consolidation. For the
software part, railway adequate architectural software design patterns and methods enabling
evolution need to be addressed, including the interaction between middleware and
application parts. Conceptually separating functional views from the deployment as well as
investigating service-oriented design need to be applied. As the management of interfaces’
specification and their underlying functionality are crucial parts for allowing evolution while
controlling the interoperability, the use of formal modelling techniques to ensure quality,
applicability and completeness need to be further elaborated here. To make those
improvements effective, an adapted development cycle including an adapted safety cases
procedure and modularized certification is required for the reduction of integration efforts.

Table 5 presents an overview of the capabilities that enable the operational objectives. It also
includes the technology readiness levels (TRLs) for demonstrators in 2025, 2027 and 2031.

TRLin TRLin TRLin

Capabilities enabling operational objectives 2025 2027 2031

Capability for improving operation performance
Functions/services/technical enablers for automated operation:
Connectivity, including FRMCS, V2X, 5G 7 8 8/9
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TRLin TRL in TRL in

Capabilities enabling operational objectives 2025 2027 2031

New ATO technology solutions for the automated driving and decision-
making, interoperable, and for all application and segments, including freight

specific issues for commercial run. It includes the already available integration 5/6 7 8
of C-DAS and will include appropriate interfaces with TMS for energy network

management

Absolute safe train positioning, highly accurate and safe, incorporating new 5/6 7 8
sensors

Digital Register, acting as a central data source for, e.g., safe train positioning,
ATP, TMS and DATO

Automating functions, such as train preparation for both passenger and
freight trains. Incident handling, vehicle self-healing and self-managing, 5/6 7 8
cooperative awareness

Safe environment perception, including signal reading and obstacle
detection, supporting cooperative awareness, supported by virtual 5/6 6/7 7/8
certification

Remote driving and command, for depots, for lines with low traffic, and for

fall-back operations as well as for shunting 6 / 8
Autonomous route setting, on low traffic/regional networks, in terminals, in 5 6 7
depots and in urban environment.
Capability for offering more capacity to customers
Functions/services/technical enablers for reduced headway:
Mixed Level 2, Hybrid L3, moving block and relative braking distance 5/6 7 8/9
Virtual coupling incl. self-driving freight wagons, supporting cooperative 4/s 5/6 6/7
awareness
Next generation of braking subsystems, to safely detect and manage low 5 6 7
adhesion and reducing braking distances
Capability for supporting cost-effective deployment

Functions/services/technical enablers for cost-effective deployment:
Testing, validation and (virtual) certification platforms and facilities 5/6 7 8
Modelling techniques to support the development, engineering and

. o . . n/a n/a n/a
planning, verification and validation solutions
Architectural software design patterns and methods enabling evolution n/a n/a n/a
Development of railway-industrial DevOps n/a n/a n/a
Modular platform based on next-generation ATC architectures, for agreed

. . 5/6 7 8

on-board and trackside modular architecture
Evolved onboard communication networks 6 7 8
Functional Open Coupling covering all required subsystems in an operational 7 8 9
environment
Deployment and migration strategic plans, including training and human n/a n/a n/a

factors

For services in the third block TRL are not applicable (n/a)

7.2.2.3 Demonstration implementations

Demonstration under real operational conditions (i.e., at high TRL) is crucial for checking the
feasibility and impact of the (cluster of) technological components in the process chain,
operated by railway undertakings and infrastructure managers. FA2 is proposing the following
scenarios (eventually combined in shared set-ups):
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ETCS game changers, including L3 moving block, hybrid level 3 and FRMCS, showing
increased system capacity,
Next-generation ATC, both for trackside and onboard, allowing fast and simplified
deployment and upgradeability.
ATO GoA3/4 over ETCS, including operational scenarios such as shunting,
management of degraded modes, remote control, and cross-border operation, to
assess the benefits of automation, namely the increased capacity, punctuality,
flexibility, resilience and the reduced operating costs and energy consumption in at
least four use cases:

o High density mainlines,

o Regional low-traffic services in strong link with FA6,

o Freight services, also considering self-driving freight wagons,

o Inspection vehicles.
Automation applied to light rail urban transport (i.e., tramways) in operation and in
depots, and connected to other road users, to show the increased safety and
punctuality and the reduced operational costs in the urban environment.
Test validation platform, to enable the next-generation ATC technologies in an
efficient cost-effective way.

Demonstration will include interoperability aspects, challenging topology, and climate
situations across Europe to show and assess the full impact of next-generation ATC and will
be clustered in three phases (2025, 2027 and 2031), with increasing complexity and maturity
levels for the aforementioned scenarios:

Demonstration cluster 1 (2025) consists of bringing S2R results and further rail sector
innovations to a higher TRL, such as GoA3/4 over mixed radio-based ETCS levels
(TRL7), and the remote driving and command in depots and yards (TRL6) including
perception systems, as well as first demonstrators on next-generation ATC), and
modular onboard and trackside ATC architectures. First steps in the development of
the new functions and technical enablers will also be completed, leading to proof-of-
concepts and/or validation in laboratory and field (i.e., up to TRL5 in Lab and TRL6 on
site). The Modularisation of the ATC system is developed in steps in close collaboration
with the SP in the first cluster PoCs review.

Demonstration cluster 2 (2027) integrates technical enablers and functions to
enhance the performance and capabilities of next-generation ATC, also supporting
migration and enlarging the deployment scope of automation. This will allow to
demonstrate ATO GoA3/4 in depots, yards and specific lines without train protection,
shunting and stabling operations, and under ETCS L1 and non-supervised modes
(TRL7). This cluster includes validation of next-generation ATC tailored to regional low-
density traffic lines and first steps in highly automated urban light-rail operations
(TRL6). Modularisation is developed in close collaboration with the SP towards
functional demos.

Demonstration cluster 3 (2031) goal is twofold. First, it will focus on certified solutions
(TRL8/9) for the automation of the complete operational chain: from starting up and
composing train consists, to running a train from start to finish in mixed operations of
ATO and non-ATO trains and light-rail urban lines, with virtual coupling and other line
capacity improvement concepts. And, second, demonstration will include interfaces,
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inputs and results from other FAs (such as FA1, FA3, FA5 and the TT). Modularisation
is developed in close collaboration with the SP towards prototypes.

It is expected that all three demonstration clusters take maximum orientation in the system
architecture, including modular trackside and onboard architecture concepts, as defined in
the System Pillar. However, it is understood that especially in demonstration cluster 1, to not
hamper the development, some trade-off may have to be taken between the pace of
demonstrator development and full architectural compliance.

7.2.3 Impacts

7.2.3.1 Description of the impacts against existing rail services

From an operational standpoint, the impact of the next-generation ATC innovation consists
in reference to EU-RAIL JU’s Master Plan of an increased punctuality, an increased railway
capacity, a reduction of energy consumption, an increased flexibility in (re)planning, and an
increased cost efficiency.

Meeting evolving customer requirements

Because next-generation ATC allows for more accurate driving and stopping, which in turn
induces better schedule adherence, increased punctuality can be achieved. There will also
be an increase in flexibility in (re)planning, because when last-minute changes or
disruptions occur, ATO trains can be rerouted in a shorter time based on the precision,
performance, flexibility and the permanent availability of “automated staff”. In addition,
setting up the planning will be more flexible, as automated coupling and de-coupling will
shorten shunting times. Also, shuttle trains that no longer need to change train drivers,
will experience increased flexibility towards more demand-oriented services.

Improved performance and capacity

As a result of the more precise operation, the buffer time between trains can be reduced,
allowing more trains on the network and thus an increased railway capacity. This is also
the case due to an improved reaction time through the optimal complementary working
of man and machine, and shortened process times for turning trains, starting up trains,
maintenance, and cleaning activities. Also, realising the incorporation of timing points on
critical infrastructure can optimise the usage of the network even more.

Reduced costs

Another important aspect of next-generation ATC innovation is the increased cost-
efficiency. By shortening circulation times for train staff and rolling stock, fewer staff and
fewer trains are needed for the same services to the customer. This way, the same number
of trains can be used to serve more passengers (durable expansion). Also, in conformity
with the technical specifications, the train and infrastructure will suffer less wear with
DATO which means less maintenance cost and less failure cost. The modular and when
possible reduced amount of needed ATC system components and the support of higher
train densities reduces the infrastructure cost per train run and allows the offer of cheaper
capacity.

A reduction of energy consumption is also achieved, as next-generation ATC incorporate
rail operation optimisation techniques, with demand-oriented network improvement
technologies and route setting methodologies, leading to an optimal speed profile, which
will be more precisely followed thanks to the more accurate driving and stopping. As a
consequence, this will lead to fewer emissions, too.

Reinforced role for rail in European transport and mobility

For the societal impact, next-generation ATC will lead to a higher railway safety level (e.g.
by fully supervising shunting processes), a decrease in travelling times for passengers and
freight, a higher customer satisfaction, a more modern and future-oriented job profile for
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both train drivers and planners, a modal shift to the railway sector from air/car transport,
higher sustainability, and solutions for socio/cultural developments. Simpler
demonstration and better supervision of safety level are expected using supportive
technology and by achieving a better collaboration between man and machine, reducing
accidents and personal injuries. The higher capacity and punctuality will lead to a decrease
in travelling times for both passengers and freight. This, together with a higher riding
comfort by better adherence to the optimal speed profile, will create a higher customer
satisfaction. For employees of the RUs and IMs their jobs could change. Train drivers will
need to do less driving, possibly from a remote operation centre, but could get more of a
monitoring role. Planners will get more support from the system itself, and disruptions
can be managed more flexibly. For society as a whole, a modal shift towards trains from
air/car transport is foreseen, as the railway sector gets more competitive with these
modes in terms of travelling times and flexibility. This modal shift, together with better
adherence to the optimal speed profile, will also lead to a higher sustainability. All these
operational and especially societal benefits of next-generation ATC will provide solutions
for future socio/cultural developments: urbanization, population growth and climate
change (increasing accessibility, flexibility, and travelling times, which will also lead to less
new infrastructure needed (lower (nitrogen) emissions), and higher sustainability of
transport itself), as well as the future shortage of railway staff within the EU.

Improved EU rail supply industry competitiveness

[

Digital and autonomous train operation will provide a step change for modernizing the
rail system by increasing the capacity and optimizing rail operations. Development of a
modular architecture based on new innovative solutions which can provide a better

performance of the system.

7.2.3.2 Quantitative KPl demonstrated in this FA

To identify the contribution of FA2 to the impacts mentioned above as well as defined in the
MP the following detailed KPI can be used as described in table 7.

Type of impact

KPI

Expected
Improvements

A first technical KPl which can show the
improved flexibility in the
responsiveness is the system response
time which could be given based on the
reaction requested from FAL.

Responsiveness is understood as the time to
react to a request from FA1 in a shorter time
than today. Responsiveness provided by FA2 is
the enabler for improved flexibility and can be
measured as time.

Reduction from 2h
to 2Min.

The accidentology indicator will show the
improvement of the operational safety
for mixed traffic in urban environment
with trams while reducing the human
factor in the normal operation.

No. of collisions with third-parties per 10.000
km travelled

Decrease by 50%
(ca. from 0.2 to
0.1)

As operational KPI the improvement of
the capacity can be used, as the increase
as well indirectly improves travelling
times, punctuality, quality of operation
and reliability.

No. of trains on line per hour and direction

Increase of 10%

The cost-related operational KPI is the
reduction of the Life-Cycle Cost (LCC)
where especially the cost of operation
includes energy consumption and
productivity. CAPEX are assumed to be
kept at today’s level but with additional

Energy consumption in kWh reduction
measured as energy per passenger-km

Reduction by 10%
compared to
driver’s average,
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Expected

Type of impact KPI Improvements

functionality. OPEX-relevant factors
reduced by different measures as e.g.
Staff productivity increased by higher
automation in train driving and shunting,
Energy consumption reduction and
improved punctuality by automation.

Increased Staff productivity is understood as
raising the productive hours, which are | Increase by 30%
understood as worked hours from staff minus
waiting times, commuting/shuttling times, etc.

Punctuality is understood here as reduction in
cumulated delay time and measured as @ Reduction by 20%
delay/service in time

7.2.3.3 Exploitation, deployment and migration considerations

A key aspect of this FA will be the way to deploy and to migrate from the current railway
system to the future more automated and digitalized railway system. To make an efficient
switch to this future reality, the FA2 results must support a step-by-step seamless migration
with benefits for all involved partners. As governments benefit from less investment in new
infrastructure or reduced cost of current infrastructures, this leads to less traditional
maintenance costs for the infrastructure managers. For operators, the exploitation costs must
decrease in each step of that migration. For industry partners, the development costs are first
time right and they can focus on deploying ETCS infrastructure on the one hand and deploying
next-generation ATC solutions on the other hand, meaning a better spread of their activities.
Research centres will develop and deploy innovative technologies. This migration strategy
would speed up the roll-out of next-generation ATC within the European Union.

The challenge is to come up with a generic migration path that can be applied by all operators,
infrastructure managers and rolling stock manufacturers (or their partners), while assuring
proper decision making based on the right business case inputs. That way, a generic next-
generation ATC migration path could be provided. This migration path would likely need to
coordinate with some other programs (e.g., FRMCS, ETCS, ERTMS) as well as intensively with
the System Pillar. This way the roll-out of the technologies will experience a pull from the
market. Overall, the business case on a system level is already quite clear, but it must be noted
that within the migration and transition, the gains and investment for each involved party are
different, and therefore additional measures and research could be needed. Insight into these
aspects is crucial for a smooth transition and must be considered throughout the innovation
and specification phase as well. The migration path towards full deployment of next-
generation ATC will be aligned and complemented to the migration path of the broader CCS+
architecture proposed by the SP including innovations for other trackside and onboard
innovations in an adaptable stepwise approach. So e.g. technical enablers developed and
demonstrated here should be used in and benefit from GoA1/2 and C-DAS implementations.

7.3 Flagship Area 3: Intelligent & Integrated asset management
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7.3.1 Objective and level of ambition

7.3.1.1 Targeted objective, opportunities opened and associated risks

Designing, building, constructing, operating, maintaining, and decommissioning rail transport
systems are both financially and environmentally costly. Therefore, rail asset management is
a key area to enhance via research and innovation, especially as more rail services will be
needed to solve existing challenges and meet societal demands, following EU guidelines such
as the Green Deal.

In the vision of the future rail asset management, assets status evolution information will be
integrated with TMS (Traffic Management System) to improve services, reducing
unavailability by limiting the impact of in-service failures and increasing safety. Moreover, the
available information combined with Al (Artificial Intelligence) and digital twins will introduce
intelligence to the management and optimize the overall life cycle and operation of the rail
system.

This Flagship Area has the goal to provide new innovative technical requirements, methods,
solutions and services — including technical requirements and standards for future
developments — based on the latest leading-edge technologies to minimise asset life-cycle
costs or extend life cycles while meeting the safety and improving the reliability and
availability and capacity of the railway system, addressing both infrastructure and rolling
stock.

The net result will be a common European asset management framework composed of a
green, digital and safe set of solutions for the rail sector, focusing on three interrelated areas
of application to enhance European rail industry competitiveness:

e Cost-effective asset management addresses short, mid and long-term interventions
widely supported by digital (diagnosis) technologies and data analytics, thereby
creating the basis for balancing operating costs, efficiency, and reliability, while
maximising the value of the rail system.

e Advanced and high-tech automated execution of construction and interventions
supported by robotics and wearables changing the way of working improving health
conditions for workers! involved and increasing quality and consistency of the results.

e Environmentally-friendly production of resilient assets, supported by new design
principles, solutions and fabrication techniques.

Addressing this broad scope as one Flagship Area, with the idea of tackling the issues jointly
within a relevant group of stakeholders, will enable a faster route to market for the newly
developed technologies, enhancing European rail services and safety, while lowering costs

11 Work in the rail infrastructure is physically demanding and requires much stooping and standing. Both fleet and
infrastructure maintenance face similar problems: increase demand due to fleets grow and infrastructure being more
used, an aging workforce that needs influx of new staff while the work is not attractive requires an increase of
productivity. Robotics is the solution to these issues by bringing automation to the most frequent, difficult, dirty and
hazardous tasks. This is also in line with the occupational safety and health (OSH) “Framework Directive of the EU
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and environmental footprint. A joint effort increases the impact and creates a momentum to
make a change. At the same time, it supports EU policies: for example, sharing asset
management information. The activities considered in FA3 have a unique EU added value
since the technological development and large-scale demonstrators can be scalable and
deployable at EU level. Moreover, the solutions will support EU-wide standardization
processes and TSI drafting, which will benefit the overall railway sector.

This strategic agenda for new asset management technologies with an integrated approach
also contain risks and problems that must be overcome, including but not limited to the
following.

e No appropriate business cases for some technical evolution of different activities,
driving to excessive cost of final solutions for a real market uptake.

e No sufficient consideration of human factors nor appropriate human-machine
interfaces in the design and use phases of innovation (e.g. potential reluctance to use
augmented reality or localisation systems by maintenance staff), even not fulfilling
suitable levels of explanation and dissemination of their benefits.

e Unfit or underdeveloped reference system architecture framework and Conceptual
Data Model (CDM) to correctly integrate innovations and make changes in the holistic
systemic view.

e Lack of information exchange or unavailability of data due to proprietary and/or
heterogeneous systems and/or lack of willingness and/or legal framework for data
exchange impacting on developments and interfaces.

e Siloed proposals for technologies, not considering overall value chain demonstration
cases and/or without integrated approach may suppose lacking real impact in their
evolution.

e Lack of accuracy in the predictions damages the quality of the prescriptions provided
by applications in decision-making processes resulting in not meeting the
requirements for the railway sector.

e Unaccustomed certification processes for new assets, systems, or processes,
especially when not considering CSM (Common Safety Method) and strong technical
background since its inception.

7.3.1.2 Innovation beyond state of the art, including integration of S2R results

Within Shift2Rail JU, important research has been carried out related and relevant to the
scope of EU-RAIL’'s FA3. It includes the following research areas of Shift2Rail JU and
corresponding technology developments:

a) Cost-efficient and reliable trains with Health Monitoring Systems and Condition
Based Maintenance possibilities.

b) Advanced Traffic Management & Control Systems defining communication
protocols.

c) Cost Efficient and Reliable High Capacity Infrastructure benefitted from innovative
and optimised frameworks, processes and strategies.

d) Technologies for Sustainable and Attractive European Rail Freight (addressing both
rolling stock and infrastructure) looked into asset management from a maintenance
perspective.

e) The Cross Cutting Activities with a common smart maintenance concept; and
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f) Rail Functional System Architecture & Conceptual Data Model (CDM) developed a
conceptual data model to facilitate data exchange.

In the current context, FA3 will introduce innovative and state-of-the-art technologies in the

following fields.

State of the Art including Shift2Rail results

Progress Beyond, Innovation and New Products

Cost-effective design, commissioning, construction, maintenance and decommissioning

Progressive implementation of the Building

Information  Modelling  (BIM) methodology
addressing static railway information across
Europe

Integration of BIM tools to combine and standardize
static railway system configuration with digital twins to
enable a dynamic view of the railway system
considering commonly agreed data structures to make
sure data can be shared between various applications,
stakeholders and disciplines such as traffic
management, Autonomous Train Operation (ATO), etc.

Area-specific asset perception systems that may
not be connected to modelling and simulation
workflows

Digital capture of assets, modelling of physical
phenomena (digital twins use cases) and simulation of
complex interventions, using Al among others

Connection of RAMS (Reliability, Availability,
Maintainability and Safety) information to Life
Cycle Cost (LCC) modelling taking into account the
whole life cycle of assets. Shift2Rail developments
from previous projects such as In2Track2

LCC automated models based on Digital Twins and Al
(Artificial Intelligence) assessing the effects of costs and
environmental footprint on different scenarios (e.g.
new type of vehicles, climate change, new
maintenance strategies, new materials, etc)

Vehicle-track interaction research studies with low
TRL level development

Implementation of innovative vehicle-track interaction
solutions for better infra and rolling stock design and
behaviour to integrate current in-service monitoring
systems

Preliminary study of new production processes and
technologies addressing design and maintenance
tasks, such as additive manufacturing (e.g. S-CODE)

Introduction and testing on-site of new production
processes, innovative technologies in maintenance
impacting operations

Parallel approaches to reduce material use and
waste, and to extend service lifetime

New design techniques for vehicles and infrastructure
components to reduce the use of materials while
maintaining and prolonging the time in service
effectively contributing also to rail resilience and
environment friendliness.

Atomised design solutions to improve future
maintenance including, for example, new slab track
designs within In2Track

Improved design methodologies following the modular
design-to-maintain paradigm with the objective of
enhancing operational performance

Maintenance procedures and methods

Isolated but promising developments on asset
monitoring and inspection which may not be
connected to post-analytics workflows

Use of diagnostic vehicles, in-service trains, check
points, way side systems, on-board sensing and other
methods feeding smart identification and definition of
root failure causes, degradation models and
maintenance thresholds for subsystems applying,
among others, Al techniques

Breakthrough technology developments for non-
invasive inspection within Shift2Rail

Enhancements of non-invasive solutions to increase
automated inspection (1) using 10T, sensors, satellites,
or service trains or way side systems to capture data,
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State of the Art including Shift2Rail results

Progress Beyond, Innovation and New Products

and (2) exoskeletons, robots, biomimicry and drones,
for construction and/or maintenance interventions

Atomised use of data in area-specific applications
such as infrastructure maintenance decision-
making

End-to-end integration of asset generated and
operational data into operational and maintenance
dispatch in automated workflows

Heavy dependency of decision-making on human
experts. Arising problem of aging railway personnel

Transfer of maintenance human expert knowledge into
Al (Artificial Intelligence) systems by codifying
expertise, thereby providing Al based assistance to
human decision makers. The objective will be to
improve efficiency, effectiveness and working
conditions

Preventive procedures dominate railway
maintenance. Area-specific developments have
arisen from projects such as In2Smart, In2Smart2
and related open calls

Development, verification and high TRL level
demonstration of algorithms for prescriptive
maintenance of subsystems

Supporting technologies and innovative materials

Low TRL developments on the coordination
between the train operation and maintenance

Cooperative planning tools to balance impact on train
service and assets management (connection to TMS
and FA1), including possession planning and possession
management tools

Integration of predictive maintenance impact on
maintenance schedule

Area-specific perception developments within
Shift2Rail projects such as TAURO

Sensor technologies for passenger and freight vehicles
enabling automated detection, analysis, visualisation,
and geo-localisation of anomalies of assets as well as
external conditions

TRL 3-4 developments for asset inspection in
various areas such as UAVs or perception with few
high TRL demonstrations

Automation of asset inspections via high TRL
applications of enabling technologies such as UAVs.
Increase of asset digitalization enhancing the data
provided to prognosis and health assessment models

Taylor-made pipelines for specific asset
monitoring, analysis and prediction, including
examples within In2Track2 and In2Track3,

In2Smart2, PIVOT and PIVOT2.

The further developments on perception, data
analytics and prescriptive maintenance will enable the
creation of smart infrastructures and structures,
providing an integrated framework for data
monitoring, analysis, and prediction

Preliminary definition of data models, architecture
and concept of digital twin within projects such as
In2Smart

Digital Twin technologies addressing visualisation,
prediction, and simulation, thereby enhancing
decision-making. Demonstration of the application of a
use case for Digital Twins to railway asset management,
in coordination with other FAs for potential integrated
functionalities where applicable

Individual approaches for defects and health
monitoring, addressing railway and rolling stock
separately

EU Cooperative detection of defects and health
monitoring to further progress on performance-based
maintenance. Integration of sensor data from fixed and
mobile operational assets, addressing both onboard
and wayside systems, and developing a modular
homogeneous system for railway check points & route
inspection reports
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State of the Art including Shift2Rail results

Progress Beyond, Innovation and New Products

Application specific interfaces to enable the use of
predictive maintenance developments in projects
such as In2Track (1, 2 &3)

Development of HMIs (Human Machine Interfaces),
integrating Augmented Reality and Natural Language

Processing technologies

Preliminary study of the application of additive
manufacturing and new materials in the railway
sector (NextGear)

New materials and additive manufacturing processes
to extend the useful life of assets from a construction
and maintenance point of view contributing also to rail

resilience and environment friendliness.

7.3.1.3 System integration, interactions with System Pillar and with other Flagship Areas

In this context, FA3 will leverage the integrated R&I (Research & Innovation) Programme of
the Partnership, contributing to a high integration and cooperation between the different
actors both within and outside the rail ecosystem. FA3 will take into account that bigger
developments/demonstrators will allow a better overview of the whole railway system from

the maintenance point of view.

90



Data capture/sharing

v

Data to information

v

A

Information to action

v

A

Design & construction
characteristics

INFRASTRUCTURE
ASSETS
(INF, ENE, CCS)

<

Re-design
Operation generated Staff generated
data [INF] data [INF]

v \

L

DATA COMMUNICATION
(interfaces and toolsets)

On-board
generated data

Wayside
generated data

Weather
forecast data

Design & construction
characteristics

«

VEHICLE ASSETS
(RST, ENE, CCS)

~

E——)

DATA COMMUNICATION
(interfaces and toolsets)

Operation generated Staff generated Maintenance decision
data [RST] data [RST] support system
Re-design

Maintenance decision
support system

Data Platform S

Condition status and
predictive algorithms

Degradation Models

Digital Models

Degradation Models

Condition status and
predictive algorithms

Data Platform

t

Infra maintenance
operational work
planning and execution

Infra maintenance and
renewal strategic
planning and execution

Signalling, power
supply and catenary
maintenance and

strategic planning

Infra, Energy and CCS
maintenance process and
equipment treatment

Traffic Management Systems
(e.g. disturbances information)

| Energy Management Systems

Business analytics

Rolling Stock, Energy
and CCS maintenance
operational work
planning and execution

Rolling Stock, Energy
and CCS maintenance
and renewal strategic
planning and execution

Rolling Stock, Energy and CCS
maintenance process and
equipment treatment

91



In general terms, asset management is a systematic process of developing, operating,
maintaining, upgrading, and disposing of assets in the most cost-effective way, therefore,
using new technology such as mobile solutions, big data applications, or loT, etc. together
with this systematic approach to the governance for maintenance, over whole assets life
cycle, will suppose a part of the smart maintenance development.

The details on the interaction between the System Pillar and Innovation Pillar is outlined in
Annex A to the present MAWP, as a proposal from the System Pillar based on the initially
identified needs.

At the latest by the ramp-up phase of the relevant projects of the Innovation Pillar and System
Pillar, the detailed interaction shall be refined and finalised, based on the following principles:

As early as possible, the System Pillar and each Flagship Area will review together
Annex A to facilitate the ramp-up phase of the future activities;

The two Pillars will interact in a closely synchronized process to define
dependencies, detailed architecture, operational concept, and other system
outputs based on the provisions of the Single Basic Act and Master Plan;

Annex A already identifies certain relevant elements of the interaction, such as
specifications, (for example, system requirements and interface requirements),
detailed architecture, operational considerations and associated outputs that
require the Innovation Pillar future activities to plan for the necessary resources
to deliver the relevant results. The requirements for the Innovation Pillar will be
defined in the calls and associated grant agreements, based on the finalised Annex.
There will be a need for continued interaction and flexibility within projects for the
Innovation Pillar projects to adapt to System Pillar outputs, and vice versa.

In accordance with the governance established in the Single Basic Act, the EU-RAIL
Governing Board, based on the input from the System Pillar Steering Group via the
Executive Director, with the support of the System and Innovation Pillar
Programme Board, shall be the decision-making body on the granularity of the
architecture and resultant specifications and associated system outputs to be
delivered by the Programme.

Following the framework defined by the System Pillar, FA3 will push the boundaries of smart
and prescriptive asset management addressing, among others, the following topics:

The link to the Transversal Topics, using existing tools (e.g. BIM) and developing data
models (e.g. CDM) and Digital Twins as a basis for advanced visualization, prediction,
and simulation processes.

A new tailored design and management paradigm for assets which will enable remote
monitoring and autonomous interventions when applicable, with low impact on
system operation.

Enhanced decision criteria as well as migration strategies for the incremental adoption
of the new asset management paradigm and transformation requirements.

A tight coupling with Traffic Management Systems (TMS) fostering the exchange of
information.
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Details of the exchange between the Flagship Areas can be found in Annex B

The advanced solutions developed in Flagship Areas will be ultimately integrated to
implement innovative operational processes at the Rail System level. The availability of digital
representation of Rail System with its constituting elements expressed in Data makes it
possible to integrate Flagship Area results in a convincingly cohesive manner.

Therefore, the Flagship Areas generate a set of requirements and specifications of the data
resources needed for

e System Integration
e System Interoperability and
e application processing inside the Flagship Area

These data resource specifications are developed according to guidelines established by
System Pillar at the overall Rail System architecture level, and by TT in terms of

e conceptual data model,
e reuse of common foundation libraries of digital models
e Cyber Security provisions

The common tooling developed by TT on the basis of these specifications will be used by
Flagship Area solutions for automated discovery and access to the digital resources with the
appropriate data access policies safeguarding the interests of the data owner.

In this context, FA3 will make use of the schemes, tools and digital enablers created in the

Transversal Topics, while benefiting from an enhanced traffic management system within
Flagship Area 1. Within FA3 it is foreseen the development of digital twins which, for example,
will specifically tackle the vehicle to infrastructure interaction to aid the prediction of the
degradation of components. These digital twins, specific for FA3, will be connected and fed
by other ones specific for other FAs. For example, to predict the degradation of the rails there
could be a FA3 specific digital twin which uses information about the number of vehicles, its
type, speed and wheel torque, which could be provided by a digital twin from FA1 and FA2.

Furthermore, there will be an alignment with the green solutions developed in Flagship Area
4 towards a sustainable and green rail system meaning that FA3 solutions will also help reduce
the environmental footprint of the railway system. In this respect, FA3 will focus especially on
the reducing the environmental footprint of rail infrastructure (except stations), while FA4
will focus on rolling stock and stations.

Finally, Flagship Area 3 will provide innovative technologies for maintenance automation to
the freight services in Flagship Area 5 and the regional rail services in low density areas in
Flagship Area 6, to enable a sustainable and competitive digital freight system and to trigger
the revitalisation of non-main lines. In this regard, solutions for monitoring and asset
management from FA3 will be applicable on regional lines. The specific cost and performance
requirements for additional elements and monitoring equipment for these types of lines: easy
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to install without many adjustments, meaning self-supporting, including power supply
(energy harvesting) and wireless communication protocols.
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Figure 11 - Overview of the relations within Europe’s Rail

The activities that will be developed within the FA3 will be tightly coordinated with the System
Pillar and it is also foreseen a very important degree of collaboration, for example, for the
definition and standardization of information exchange among on-board or wayside
measurement systems and software platforms to display information, standardization of the
validation procedures of additive manufacturing based repaired components, etc.

7.3.1.4 Who does what by stakeholder group

Flagship Area 3 will align stakeholders across the railway supply chain to trigger the market
uptake of technology developments to assist asset management.

Infrastructure Managers and Railway Undertakings.

The vast group of Infrastructure Managers (IMs) and Railway Undertakings (RUs) represent
the core of Europe’s operative rail network. IMs and RUs will provide a precise understanding
of the rail system and the relations between solutions and performed operations on asset
behaviour. As a group, they will ensure the right priorities are taken. Furthermore, they will
support the testing of developments and host the required demonstrators.

Suppliers.

Suppliers (including manufacturers, integrators and service and technology providers) will (1)
develop solutions to be integrated in the existing assets and (2) develop a new generation of
assets to assist both rolling stock and infrastructure. The group of suppliers represents the
core of the supply industry enabling the shortening of the development phase, easily adopting
new technologies and integrating and migrating these into mainstream products.
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Research Centres.

Research institutes and universities will support the generation of new technologies which
will be matured into market-ready solutions together with the supply industry. More
specifically, research centres can more easily bring in technologies from other sectors and
support the research needed to make these technologies applicable to the railway system.

The three stakeholder groups above, representing the whole railway sector, will coordinate
to provide the relevant communication, dissemination and exploitation channels to make
an impact with the technologies developed within FA3, following Horizon Europe directives.

7.3.1.5 Interaction with other Programmes, European and/or National

The research and innovation activities considered within FA3 are expected to interact with
other programs and initiatives at European and national levels. It is worth mentioning the
following European programs:

e The European Partnerships of Al-Data-Robotics for data analysis and work automation
within Cluster 4 (digital, industry and space) of Pillar Il of Horizon Europe.

e The European Institute of Innovation and Technology within Pillar Il (Innovative
Europe) of Horizon Europe has two specific knowledge and innovation communities
such as EIT manufacturing for new fabrication techniques and EIT Digital for the
digitalization of assets information and processes.

e Connecting Europe Facility, Life and Digital Europe where large-scale demonstration
can also be funded.

e European Recovery Plan or European Structural and Investment Funds.

Finally, it is also foreseen the interaction with other EU national programs as well as from
other non-EU countries such as UK, Switzerland or other third countries, if relevant and added
value, which also have smart and integrated asset management as a priority.

7.3.2 Results/Outcomes

FA3 final operational solution and outcomes have been categorized in five high level
capabilities that represent the core of the innovative work foreseen in the next years.

7.3.2.1 Operational solutions outcome

To achieve the overall goal of this Flagship Area, five high-level capabilities have been
identified, addressing data and information sharing, monitoring and inspections, decision-
making, design, and interventions. The FA3 capabilities are presented as follows:

1. Information sharing across the supply chain and TMS

The focus is on the ability to capture and share information securely across the entire rail
system lifecycle, including operation, of rail assets. Furthermore, this area of action includes
the secure exchange of information between the existing TMS and the Intelligent Asset
Management System (IAMS). This requires the ability to tailor solutions to the needs of
migration, evolution, and competition over subsystem lifecycle, enhancing the modularity of
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the system. Developing technical solutions jointly, with all stakeholders, also gives the
opportunity to challenge the legal constraints leading towards an appropriate legal
framework.

2. Unmanned and non-invasive monitoring and inspections

The objective is to enhance the capability for automated and unmanned inspection and
monitoring, evolving towards non-invasive and self-diagnostic systems with no or minimal
service disruptions. This encompasses various techniques, such as unmanned vehicles, loT,
robotics, railway checkpoints, drones, monitoring by satellite, and their connection to
decision-making tools.

3. Advanced and holistic asset decisions

The focus is on the capability of making decisions in an advanced, automated, centralised,
and holistic manner, considering the different assets, actors, standards, and regulations,
especially combining track and rolling stock data. This enabler will make use of Big Data
information coming from several sources, including TMS and maintenance control centres
(capability 1) and IoT devices along the railway (capability 2), so as to provide predictive and
prescriptive workflows for maintenance actions. Furthermore, Digital Twins and enhanced
visualisation techniques (e.g. using AR technologies) will be exploited to support decision-
making.

4. Advanced and holistic design and certification of assets

This outcome has a clear focus on the development of newly deployed components for the
rail system. The new components will be developed based on the idea of improving the future
lifecycle and maintenance, following the design-to-maintain for better operations’
performance paradigm. This area of action will benefit from the use of modular design
methodologies to reach its goal. Furthermore, in conjunction with the following capability,
the use of additive manufacturing techniques will be addressed, as well as the use of self-
healing techniques and materials. On top of this, the new components will provide self-
diagnosis and monitoring data (as per capability 2). This capability will particularly contribute
to the reduction of the environmental footprint of railway assets and the increase of their
resilience.

5. Remotely controlled and unmanned interventions

The objective is the development of capabilities for remote, automated, and unmanned
intervention actions in rail systems. This will make use of various technologies such as robotic
systems and wearable devices to support rail personnel, improve safety and increase the
efficiency of intervention tasks. This area of action will also include the use of additive
manufacturing technologies, in connection with capability 4.
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7.3.2.2 Technical enablers: capabilities to achieve the targeted operational outcomes

The achievement of the objectives of Flagship Area 3 will be demonstrated by complete and
qualified solutions utilising the stakeholder experience in operational environments in the
following three work streams, applicable to both rolling stock and infrastructure:

1. Cost-effective asset management: applying remote (e.g., satellite, drone, etc.),
wayside and on-board monitoring technologies or data analytics.

2. Advanced and high-tech automated execution of construction and interventions:
such as robotics, exoskeletons or other supporting technologies for execution of work.

3. Environmentally friendly production of resilient assets: including additive
manufacturing or the application of the design-to-maintain paradigm.

The implementation of each capability will be based on technical building blocks that have
been called “technical enablers”. Such enablers are either commercial products already
available (COTS solutions) or functionalities to be implemented within FA3, as they have been
classified in the table below.

. TRL in .
TRL in 2025 2027 TRL in 2031

Information sharing across the supply chain and TMS

Scalable information platform to integrate
and exchange information (e.g. asset health,
maintenance planning, fleet operation, etc.) 6 7 8
and to enable high performance computing
with the data

Secure standardised interfaces, methods
and processes for different data exchange

. . : 6 7 8
(e.g. inspection devices to  Asset
Management Platform, etc.)
High-performance, secure, wired and wireless
communication networks and edge computing COTS COTS COTS

solutions specific for information sharing across
the supply chain and TMS

Unmanned and non-invasive monitoring and inspections

Improvement in terms of cost reduction and/or
better accuracy and implementation of
inspection systems (e.g. microwaves, magnetic 6 7 8
fields, GeoRadar, Lidar, accelerometers, optical
fibres, etc.) enabling asset diagnostic

Advanced unmanned automated solutions (e.g.
robotic vehicles) with Al and ML algorithms for
automated (robotic) monitoring and inspections 6 7 8
including proof of safety for Al-based solution
(trustworthy, robustness, interpretability)

Data fusion algorithms to combine information
provided by different inspection techniques to 6 7 8
better determine the health status of the assets
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TRL in 2025

TRL in
2027

TRL in 2031

Development of context awareness techniques
for unmanned interventions (e.g. accurate
positioning, computer based vision, laser
scanning, GeoRadar, etc.)

Energy efficient solutions and energy harvesting
techniques for high autonomy and reduced CO2
footprint of inspection systems and vehicles.

Development of synchronization algorithms for
inspection data stamping in terms of accurate
position and time

High performance wired and wireless
communication network and edge computing
solutions specific for unmanned and non-invasive
monitoring and inspections

COoTS

COoTS

COTS

Advanced and holistic asset decisions

Standardisation  of railway asset LCC
determination which accounts also for cost of
potential hazard risks and cost of potential
unavailability based on probabilistic models

8/9

Component failure probabilistic models to
integrate cost of potential hazard risks and cost
of potential unavailability in the asset
maintenance decision strategy

Operational and loT data with additional rail
system information and knowledge

8/9

Technologies to enable cooperative diagnostic
between assets.

8/9

Predictive and prescriptive data analytics and
Machine Learning algorithms for anomaly
detection and failure prediction

Digital Twins integrated with BIM, GIS tools, and
Virtual and Augmented Reality to enable agile
visualization for different stakeholders of asset
health status (historical, current and forecasted)

Trustworthy, robustness, fairness, acceptability
and interpretability of Al-based hybrid Decision
Support

Optimisation of human-Al interactions in hybrid
Decision Support

6

7

Advanced and holistic design and certification of assets

Use cases for an accurate digital twin of railway
components, processes and systems to virtually
test the performance in different virtual
scenarios (to compare performance, cost, CO2
footprint with different process variables)

New ethical-by-design materials with advanced
LCC characteristics

Advanced automated certification techniques
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TRL in

TRL in 2025 2027 TRLin 2031
Advanced embedded sensors for self-diagnostic 7 3 3
materials for multiple use cases
Energy scavenging approaches for self- 5 6 7

supporting monitoring solutions

Remotely controlled, unmanned and metadata-assisted interventions

Development of non-invasive or collaborative
unmanned robotic actuators (e.g. exoskeletons 5 6 7
and collaborative robots)

Development of additive manufacturing
techniques and validation standards for 6 7 8
manufacturing and repairing assets

Development of wearables to support
interventions (e.g. augmented reality, staff 6 7 8
accurate positions for context awareness, etc.)

Advanced unmanned robotic vehicles with Al and
ML  algorithms for automated robotic
interventions, which may include construction
related aspects, for new lines as well as renewals

7.3.2.3 Demonstration implementations

The demonstration of the solutions in Flagship Area 3 will encompass the five outcomes
presented in section Error! Reference source not found., addressing data capture, data
sharing and analysis, decision-making, innovative design, and intervention technologies. The
high-level principles of the demonstrators in FA3 will be:

a.

The integration of the complete value chain, from TIER 2 to the top management of
systems.

The exploitation of synergies between stakeholders at different levels, for instance,
with respect to crossed monitoring.

The prioritisation of activities to achieve 2030 European objectives in rail mobility,
exploiting Shift2Rail results.

The demonstrators will have several operational differences to be covered, including:

Climate. The proposed solutions will have to be able to take into account the wide
variety of European climate types.

Line type. Demonstrators will address high speed, conventional, regional, suburban
and freight lines.

Traffic type. FA3 demonstrators will cover passenger, freight and mixed lines.

Asset type. Infrastructure and rolling stock will be addressed jointly whenever
possible considering all assets, including track, civil structures, earthworks, signalling,
vehicles, track side, stations or power infrastructures.

Planning level. Following the ISO 55000 standard, demonstrators will cover the
Strategic Asset Management Plan level (SAMP), the Asset Management Plan level
(AMP) and the Implementation of the Asset Management Plan level (IAMP).
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In the context presented in this section, Flagship Area 3 will have seven overarching
demonstrators with specific objectives as presented below. Those demonstrators will have
system demonstrations of the various developments and outcomes of the projects including
technologies and solutions targeting TRL 8 and European common integrated solutions. Due
consideration will be given to certification and validation of the new technologies and
processes as part of those demonstrators. They will be implemented in an agile manner, not
repeating three times seven identical demonstrators, but implementing for each
demonstrators new capabilities at high TRL, taking stock of the development previously
demonstrated within FA3 or done in S2R.

1. Asset Management & TMS. The main aim of the demonstrator will be to show the
integration between the Intelligent Asset Management System (IAMS) and the Traffic
Management System (TMS) enabling the share of data and optimising decisions using
common metrics.

2. Asset Management & Rolling Stock. The main objective of this demonstrator will be
to present the monitoring of rolling stock (including on board and wayside
technologies) leading to decisions and planning of interventions, and redirecting
rolling stock to workshops to execute the (re)scheduled work both manually as well
as by new technologies and solutions to conduct inspection tasks automatically.

3. Long Term Asset Management. Development of Life Cycle Cost (LCC) models for
infrastructure and rolling stock. This demonstrator will include cross-border
infrastructure remaining useful-life analysis and space-time cross-analysis and
visualisation.

4. Asset Management & Infrastructure. The objective will be to integrate on field and
on board systems with central platforms capable of managing Big Data to enable
prescriptive interventions, minimising dangerous situations and service disruptions
during operation.

5. Asset Management & Digital Twins. The focus will be on design, maintenance,
upgrade and renewal interventions driven by Digital Twins for the optimisation of
processes, maintenance planning and involved logistics. This will enforce the use of
BIM to standardise system configuration and Al tools to execute simulations and
predictions. The Digital Twin demonstrator will include visualisation, prediction and
simulation.

6. Design & Manufacturing. This demonstrator will be the showcase of eco-friendly
production of resilient assets supported by new fabrication techniques such as
additive manufacturing (focussed on infrastructure assets).

7. Robotics & Interventions. The focus of this demonstrator will be the showcase of high-
tech automated execution solutions for construction and interventions supported by
robotics and wearables, among other devices, building a safer and more automated
railway environment.

At a project level, these high-level demonstrators need to be further detailed and filled with
specific, tangible and suitable use cases illustrating the impact of the technologies of FA3 in
concrete solutions. The choice of these use cases will be based on sound business cases
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supported by a wide range of stakeholders possibly covering a wide range of assets proofing
the versatility of the technologies, such as:

e Physical infrastructure: track, civil structures, earthworks, signalling, track side,
stations or power infrastructures.
e Rolling stock: passenger service, freight and light/urban vehicles.

The business cases will illustrate that major and widely recognised pain points are addressed
ensuring that the wide deployment of the outcomes will contribute to a significant
improvement in cost reduction, direct cost or LCC and/or reliability of the system or work
conditions.

Where an opportunity would materialize to achieve more aggregated demonstrators,
especially linking demonstrators in the area of asset management, in business cases that will
link digital twins, TMS and asset management for rolling stock and/or infrastructure, this will
be pursued.
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7.3.3 Impact

7.3.3.1 Description of the impacts against existing rail services

This Flagship Area will provide prescriptive capabilities into an integrated asset management
framework covering all the technological and physical elements of the European rail system
of systems. It will also provide justified and transparent requirements for construction and
maintenance. The objective will be to produce significant value to the wider economy and the
environment thanks to a variety of innovative technical and operational solutions that will be
delivered by joint research and innovation activities.

The expected outcomes of FA3 as a whole are (1) a strengthened European rail industry
competitiveness with more qualified products; (2) higher volumes and more cost-effective
rail transportation on existing lines; (3) a reduction of CO, emissions from the maintenance
of existing lines and the construction of new assets; and (4) the increase in durability and
reliability of assets while optimising life-cycle costs, among other positive direct effects
generated due to the synergies with other Flagship Areas.

In this context, following Europe’s Rail JU Master Plan, FA3 will address the impacts presented
below.

Meeting evolving customer requirements

Future rail asset management will improve the overall performance of the railway system
and will reduce the unavailability. It will increase in operational reliability by fewer service

c disruptions and decrease incidents through continuous and precise condition monitoring
of key components predicting failures in advance and scheduling preventive maintenance

actions.

Improved performance and capacity

f'/"\ Development of maintenance needs prediction capabilities towards optimisation of the
maintenance procedures and to reduce the required asset down-time for maintenance
activities.

Reduced costs

o
E Deployment of efficient work methods, development of guidelines for the design of low-
maintenance and maintenance-free systems, and efficient and effective maintenance will
reduce cost. With the technologies developed in this FA, the maintenance time and
frequencies will be reduced thanks to the introduction of digital and IA solutions and
reducing the need for human interventions.

More sustainable and resilient transport

FA3 solutions will increase the availability of the rail network and provide a more robust
railway system based on less physical components, smart and more accurate monitoring
and assets management. Benefit will be materialised from the perspective of human
factor by providing better working conditions and less on site works for the railway staff.

| Improved EU rail supply industry competitiveness

Global technological leadership supported by a combination of innovation and technical
standards, defining innovative maintenance decision-making concepts. This FA will
enhance the industry competitiveness related to the design and maintenance
optimisation of the rail systems taking into account current trends. The harmonisation and
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simplification of maintenance by applying and integrating advanced monitoring
approaches, data analytics methodologies and decision support solutions.
Table 11 - Descriptions of FA3 impacts related to the intended impacts in the Master Plan

The enhancements triggered by FA3 into the European rail asset management capabilities will
finally be closely aligned with the overall strategic objectives set in the Single Basic Act (SBA)
governing the European Joint Undertakings and in close connection to them, as presented in
the following table.

7.3.3.2 Quantitative KPl demonstrated in this FA

To ensure the delivery of the aforementioned impact points, a close monitoring scheme will
be implemented using key performance indicators (KPIs). Considering the KPls implemented
within Shift2Rail, a new set of indicators will be defined for the specific solutions implemented
throughout the programme.

A set of high-level KPIs has been identified within Flagship Area 3, targeting the main impacts

foreseen in the programme, as shown in the following table.

Demonstrator High level theme and ,
# KPI’s
Name result
. . I ualitative and prompt integration of
Asset Integration of Intelligent Q . . p. P .g .
information, including reducing time to
1/ Management & | Asset Management transfer asset condition status to TMS b
™S System (IAMS) & TMS er asser Y
50 %, in specific use cases
II.  reduction of maintenance costs up to
Asset Management of 10% in specific use case and/or
Asset . . . . . .
Rolling Stock Operation, | [ll.  25% reduction of in service failures
2 | Management & | . > . . . . A
. including specific| IV. increasing rolling stock availability
Rolling Stock . . . . .
solutions for freight respective reducing workshop downtime
targeting 10% in specific use cases
Infrastructure & Rolling V. Tools VYhICh provide at least 3 p055|k.>|e
Long Term Asset strategies of long term management with
3 Stock long-term Asset .
Management an accuracy (as defined by 1SO)
Management .
improvement of 33%
Asset VI.  reduction of maintenance costs
Asset Management of . . .
4| Management & . targeting10% in specific use case, and/or
Infrastructure Operation . . . .
Infrastructure VII.  25% reduction of in service failures
Digital Twi Asset
Asset 'fta win s:se VIIl.  The number of assets managed and
Management, addressing . . S
5| Management & . monitored by Digital Twins is increased
. . both Rolling Stock &
Digital Twins by 50 %
Infrastructure
IX.  For repair: Extension of remaining life
6 Design & | Advanced and Holistic 25%
Manufacturing | Design X. 20% time reduction (from design to
manufacturing)
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Demonstrator High level theme and

KPI's
Name result

Xl.  20% cost reduction
Xll.  Increased accuracy of inspections of 25%
with respect to conventional

interventions and/or

Robotics & | Remotely controlled and | XIll.  Reproducibility of inspections of 25%
Interventions unmanned interventions with respect to conventional

interventions
XIV.  Cost reduction of the interventions by at
least 10%

7.3.3.3 Exploitation, deployment and migration considerations

The developments in this Flagship Area, as outlined in the previous paragraphs, imply
significant investments from the organisations involved in the Europe’s Rail Joint Undertaking
and from the European Union. The participation and commitment of a large community from
both the user side as well as the supplier side is a good starting point for a guaranteed
exploitation and wide deployment of the results.

To ensure and maximise future exploitation and deployment, a set of additional measures has
been established:

An integrated approach in the demonstration scenarios so the new products and
services are not presented in a siloed approach, but are integrated with others, further
supporting a broader impact (e.g., autonomous inspection vehicle with a holistic
approach of integrated asset management).

The involvement of final users across the EU, including Infrastructure Managers and
Railway Undertakings as well as the Rail Supply Industry and leading Research Centres,
during the development and demonstration phases. The stakeholders included can be
considered as references for commercial exploitation.

The development of technologies aiming at TRL 8, so that solutions are closer to
commercial exploitation, making them more attractive for suppliers and supporting
the last stage investment needed, based on the success of the demonstrator and the
visible demand from the market. This will include consideration on certification and
validation processes and will involve the relevant authorities as soon as this is
reasonably possible.

In addition, the deployment of new and advanced technologies requires migration from the
current state to the future one. As a baseline for necessary migration paths, the following
aspects will be taken into account:

Coordination with the System Pillar to define a set of standards for information
exchange at different levels, for instance, data from inspection results to holistic
approach to strategic decisions.
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e Identification of potential adjustments of specific European regulations to be
adopted by Member States in order to enforce or enable the adoption of new
technologies, for instance, referring to data interfaces.

7.4  Flagship Area 4: A sustainable and green rail system

7.4.1 Objective and level of ambition

7.4.1.1 Targeted objective, opportunities opened and associated risks

This Flagship area has the goal of providing new innovative products and services based on
leading edge technologies to minimize the overall energy consumption and environmental
impact of the railway system, to make this transportation mode healthier, more attractive
and to provide resiliency against climate change at a reduced total cost of ownership.

In order to achieve these general objectives, some high-level technical enablers have been
identified, which are outlined in the following points:

e Innovative solutions to minimize energy consumption and associated environmental
footprint of the overall rail system, considering assets i.e. rolling stock, linear
infrastructure and railway real estate (including stations, hub's and other railway
buildings) and operating materials (fuel, coolants, oils, etc.).

e Holistic approach towards generation, storage and optimal use of energy in the
infrastructure, more globally the railway system, connected to the European energy
network.

e New tools and new designs of different subsystems and associated manufacturing
processes based on circular economy in the 6R model - re-invent, reduce, reuse,
recycle, repurpose & realise - for more efficient use of resources throughout their life
cycle and reduction of their footprint.

e Innovative approaches to design and use (processes and standards) focused on
increased capacity and modularity of solution.

e Systems improvement including electro-mechanical components for low
consumption, low emissions, low noise and low vibration levels.

e Healthier and safer subsystems such as air-filtration and disinfection systems, eco-
friendly HVAC with natural, halogen-free and low or even zero GWP refrigerants and
technologies.

e New designs of rolling-stock especially modular interiors for a more adaptive,
attractive and economically sustainable railway transport for passengers, supported
by industrial standards.

The work within this Flagship Area will enable a faster route to commercialize the new
developed solutions making the European rail service more attractive, healthier and reducing

the environmental footprint.

Given the level of investments needed towards decarbonation of the overall rail system, for
the assets and the associated operations, those R&I activities will accelerate the provision to
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the markets by decarbonized products towards the objective of a Climate Neutral Europe for
2050.

The following gaps and corresponding risks to minimize the overall energy consumption and
environmental impact of the railway system, to make this transportation mode healthier,
more attractive and to provide resiliency against climate change will be taken into account:

e Development of technologies relevant for some of the FA4 activities are led meanly by
other industries (e.g. hydrogen solutions within the JUs Clean Hydrogen, batteries within
the partnership BATT4EU, sustainable construction in the Bulid4People partnership),
which might be difficult to be directly transferred to railways for different reasons, e.g.
cost of technologies, standards incompatibilities, technical constraints.

e Siloed proposals for technologies, not considering the entire value chain, missing some
use cases and/or without integrated approach may suppose lacking real impact in their
evolution.

e Not enough technological performance or development from one entity in actions
affecting dramatically an overall demonstration progress.

e No appropriate business cases for some technical evolution of different activities, driving
to excessive cost of final product or service for a real market uptake (e.g. Hydrogen
production and storage cost).

e Longer and more costly than expected certification processes for new assets, systems or
processes.

7.4.1.2 Innovation beyond state of the art, including integration of S2R results

The current Shift2Rail projects achieved several goals in the specific Innovation Programmes.
Starting from those results while proposing new field of activities, this Flagship Area 4 will
further increase the TRL levels of the relevant solutions leading to new solutions in the
following areas:

State of the art especially from Shift2Rail
results

Further innovation needed and covered by this
FA

S2R IP1: Traction has undertaken development
of the new generation of traction drives using
silicon carbide technology which will achieve TRL
7 in 2022. A carbon free mobility road map from
2022 to 2030 detailing the work required to
develop a credible alternative for diesel traction,
meeting technical performance requirements at
acceptable costs. Basic research on battery and
hydrogen powered rolling stock, including
infrastructure and operational aspects for
retrofitting existing regional trains will be
undertaken before EU-RAIL JU

IP5 studied last mile propulsion and next
generation energy efficient propulsion systems
for freight vehicles.

e To complete full

Diesel suppression in
Europe (and support exportation outside),
further zero local CO2. trains and refuel
/recharge infrastructures must be developed
with the suitable technical, environmental
and economical performances, aiming at

multi-modal H2 HRS wherever
applicable, for example. Moreover,
additional harmonisation and
standardisation work, including

simplification of certification, has to be done
to simplify European solutions allowing
interoperable trains and lower costs for a
quicker deployment of solutions. Batteries
(BEMU long range autonomy) and H2 hybrid
trains with low LCC are needed as well as
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WA 51 Energy studied standardised
methodology for estimation of energy
consumption by simulation and measurement
enabling the standardised specification of
energy efficient railway systems and generic
energy labelling for rolling stock.

Other State of the art: in 2021 different low
carbon train experimentation are carried out all
over Europe. But the technical performances are
lower than needs and/or the LCC is higher than
expected, explaining the relative low
deployment of such new traction solutions to
replace the 9 000 Diesel regional trains in
Europe.

Regarding Hydrogen, a “Study on the use of fuel
cells and hydrogen in the railway environment”
commissioned by Shift2Rail JU and the Fuel-Cell
Hydrogen JU was produced in 2019, delivering a
roadmap for the R&I activities.

o New

new remunerative energy services (peak
power shaving, load shedding capacity).
Alternative fuelling solutions for regional
railways such as hydrogen, e-fuels, battery
fuelling are part of the overall investigation
need.

environmental aspect, circular
economy, recyclability must be taken into
account, in these new solutions, from design
stage to final demonstrations.

e Sub-urban catenary trains with on board ESS

(Energy Storage System) are also needed to
increase the transport service robustness in
large urban areas, specifically the mass
transit system where a single power supply
weakness or even failure has today an
unacceptable impact on trains punctuality:
energy autonomy is needed for the comfort
& safety of passengers or for traction to a
nearby station. A powerful ESS on board is
likely also to avoid the use of mechanical
braking (energy losses, particulate matter
emissions, maintenance costs). It is also a
cost-efficient solution when place is missing
in cities to strengthen substations to feed
more  trains. Moreover it allows
infrastructure power peak shaving reducing
the energy bill.

State of the art especially from Shift2Rail
results

Further innovation needed and covered by
this FA

S2R TD3.9 Smart Power Supply and TD3.10
Smart Metering Energy studied efficient
energy management through the catenary
for AC power supply, and energy
management on the catenary for DC
traction. These studies, as the first steps, are
limited to the proof and demonstration of
the feasibility of the concepts. It includes
modelling and simulation based on
theoretical and ideal operation of the
system and its components. The legal aspect
of the AC parallel operation of the sub-
station, the impact, performance and
theoretical added value of the solutions
have been considered. A first set of
specifications of the components needed,

It is needed to go further in the
development of a solution for AC sub-
station operation in parallel to reach an
industrial maturity and prepare an on-site
demonstration. Improvement of the
specifications of the equipment are also
needed to reach a maturity level enabling
their  development/production by a
manufacturer. It is also needed to
investigate the solutions to manage the
charging (including fast charging) and the
energy peaks consumption on the railway
electric grid, i.e. the “local energy
balance/management”.

Management of energy storage system (on
track, or management of the onboard
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the feasibility for industrial development
have been carried out.

Concerning energy storage, the state of the
art is limited to the development of the
storage technologies and their
implementation into the railway system for
the specific applications of energy
recovering (for on track storage) and
traction power (for on board systems).

storage) are also solutions to investigate.
Investigating those solutions will lead to
manage storage systems for multi-services
with an overall railway system approach.

Stations as relevant energy hubs.

Railways stations, as harbours or airports, in
modern cities, have complex energy systems
(variety of energy loads, sources and
storages) and, as such, are relevant energy
hubs integrated in the Smart Grid (as well as
relevant nodes in the multimodal transport
networks). In addition to this, railway
stations are unique since the catenary and
the train itself allow to link together the
Smart (City) Grid with the Smart Rail Grid.
Extensive research regarding energy
management for smart grids and under
electrical market rules are mentioned in the
H2020 bridge initiative https://www.h2020-
bridge.eu/ which compiles most of H2020
projects on this topic.

Regarding the Railway power system, S2R
TD3.9 and TD3.10 are aligned with this.

Models and Al solutions for the optimal
energy management, considering the
interaction of the infrastructure with the
train, the station as a building and the local
area around, will make the stations, Energy
Hubs integrated in a more global Smart
Grid, aligned with electricity market (VPP for
balancing markets, local flexibility markets,
ancillary services...) and energy
communities’ trends. This encompasses the
forecasting of energy needs as well as the
optimization of energy costs and CO2
emissions

Hydrogen trains use

Using hydrogen as a fuel in the rail sector is
supported by growing Hydrogen
developments in the transport domain. The
technologies for hydrogen-powered engines
are known even their maturity has to be
increased, many implementation projects
and purchase of niche vehicles fleets being
developed all over Europe.

Hydrogen can be implemented in
retrofitting as well as new builds.

Growing hydrogen use will need a storing
and refuelling system adapted to the railway
need while at the same time being
integrated in local hydrogen system easing
scale effect integration, especially with the
other transport modes.

Currently storing solutions for railways are
not standardised.

e Development of a standard interface

between a hydrogen refuelling station
and hydrogen vehicles regardless of the
producer of the rolling stock. The
interface should ensure an appropriate
refuelling time with the appropriate level
of safety. It may be necessary to build
algorithms to support the refuelling
process and ensure its optimal
conditions.

e Preparing and testing a model of a

scalable hydrogen refuelling station that
will enable the use a RES for its
production and will guarantee its flexible
extension with new modules. Because of
the possible large increase of demand for
hydrogen fuel in future, it will be
necessary to estimate the maximum
efficiency of electrolysers for producing
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hydrogen from RES and develop plans for
supplying the refuelling station with
external sources.

e Preparation of safety standards related
to the storage and transport of hydrogen
by rail and ensuring appropriate safety
standards for the refuelling station
environment.

e Inclusion of rail applications within a
wider ecosystem approach, namely H2
Valley, in collaboration with Clean
Hydrogen JU.

State of the art especially from Shift2Rail
results

Further innovation needed and covered by
this FA

Adaptation to climate change

No work has been achieved on adaptation to
climate change in Shift2Rail.

The life duration of railways assets (from 40
years for a rolling stock to 100 years for a
railway track) shows that long term effects
must be taken into account in their
conception and maintenance.

A working group has been launched in July
2020 to consider climate change in the norm
EN50125 ‘Railway applications -
Environmental conditions for equipment,
without any help from climate experts or
climate data provided. This work is limited
to technical aspects, the impact on
organisations being out of scope.

Though the Copernicus Climate Change
Service  (www.copernicus.eu) supports
society by providing information about the
past, present and future climate in Europe,
climate experts with specific software are
not available in the railway sector to analyse
the available data.

European Commission adopted its new EU
strategy on adaptation to climate change on
24 February 2021 with 4 objectives: to make
adaptation smarter, swifter and more
systemic, and to step up international action
on adaptation to climate change.

The aim is to implement the EU adaptation
strategy to the railway sector to make it
resilient to climate change:

e Smarter adaptation: develop robust data
(analyses of past, present and future
climate parameters applicable to the
European railway activities) and provide
risk assessment (Common Safety
Methods and Life Cycle Costs) for rolling
stock, stations, workshops,
infrastructures, operations and staff
organisation.

e Faster adaptation: identify existing
solutions and develop new ones for
existing railway assets and future ones to
reduce climate-related risks including
SSBD.

e Systemic adaptation: develop and
implement adaptation strategies:
preventive and corrective actions

(technical or organisational), constraints
applied on conception, maintenance or
operations

e Harmonisation and standardisation:
develop and implement standards for
green and eco-friendly materials
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Smart and sustainable stations

The Shift2Rail TD3.11 Future Stations has
researched and identified innovation drivers
to improve the design and maintenance of
stations and their surroundings. The
demonstrators have been prepared mainly
with a focus on optimising station
management in terms of cost and efficiency
solutions oriented towards improving the
design of selected station
modules/components, as well as improving
attractiveness  (accessibility,  customer
experience, usability) and safety, including
crowd management.

The achieved preliminary research within
S2R provides the basis for the development
of innovative solutions and their
dissemination, which is the foundation for
the railway sector's transition of railway
stations to a circular economy model to a
significant extent of the full life cycle of
stations by 2030.

The current approach to Transit Oriented
Development (TOD) is only focused on the
architecture and urban planning around the
transport nodes.

e New layout concepts for the design of

stations favouring modular and natural-
based solutions, supported by BIM
methodologies. Design for more resilient
infrastructures, more robust to extreme
hazards (including climate change ones).

e Multi-modality aspects for H2, where

applicable.

e Design of the energy systems of the

station, supported by BIM-based BEMS.

e Use of the Digital Twin (DT) of the station

for the operation and maintenance of
the energy systems. Use of the DT of the
station for circularity analysis. Use of the
DT to simulate hazard scenarios in order
to design more resilient infrastructures
and to be Dbetter prepared for
contingencies management.

e The innovative Smart TOD models will

exploit the coexistence and synergies
between the rail infrastructure and the
urban environment (integration levels:
environmental, social, economic and
sustainable mobility). Improved Smart
TOD models supported by analytics
toolset and processes will be developed.
This will enable a holistic development of
rail assets and transport services
integrating the local level (stations with
urban surroundings) and the network
level (coherency at the district and/or
regional grid level).

A sustainable rail system / Circular
economy

Starting of working group inside CEN
(CEN/TC 256/SC 2/WG 54) for the

acceptance of New Materials.

Development of environmentally friendly
materials (recyclable, reusable, reparable,
etc.) mainly composites based. These
materials should be adapted for
manufacturing process valid for market
railway solution and should also help to
increase resilience of railway assets.
Applicability on running gear and interiors of
C4. The adoption of new materials and
processes is enabled by the upcoming
standard in which are participating
stakeholder from whole railway industry.

Noise and vibrations
Before S2R, rail noise and vibrations were
the focus of several FP7 projects, Acoutrain

Further simulation methods & tools for
train, infrastructure noise & vibration and
traction noise are needed to better predict,
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(noise) and RIVAS (vibration), Roll2rail in
H2020.

S2R developed many activities in various
projects FINE1 (Noise) and FINE-2 (Noise &
Vibration), DESTINATE (Noise) TRANSIT
(Noise) and SILVARSTAR (Noise and
Vibration) providing methodologies and
tools for the development of methods for
predicting noise and vibration performance
on system level including rolling stock
infrastructure and its environment, ranking
and characterization of each contributing
source to optimize cost benefit scenarios
and comfort. Several IP3 and IP5 projects
raised noise mitigation measures.

design and develop the needed technical
solutions.

Furthermore, the reduction of noise
compared to state-of-the-art technologies
must be considered and proven as a
significant parameter of sustainability in the
relevant EU-RAIL JU activities.

State of the art especially from Shift2Rail
results

Further innovation needed and covered by
this FA

As state of the art, today’s trains base the

implementation of key functions on
compressed air (brake, suspension,
pantograph, MTB, sanding). The AGTU

systems (air generation and treatment unit),
used to provide compressed air, have a poor
energy efficiency (=20%), a consistent
weight (800-900 Kg per train), generate high
noise & vibration and require significant
maintenance activities and costs.

The major trend in other transport modes
(road, aviation) has been to remove
actuators powered by fluids and replace
them by electric actuators. The same major
trend appears in railways and the ultimate
step will be to completely remove air
compressors and related pipes on “airless”
trains.

The first major step to be done is an airless
bogie to be completed by an airless
pantograph.

This will bring savings on energy &
maintenance, noise reduction, improve
reliability and give some weight saving
usable for other train performances
improvement (BEMU autonomy for ex if
compressor & piping weight is replaced by
batteries). This will also simplify the
architecture of the train and its
manufacturing and will need to ensure
increase resilience to climate change and
natural and man-made hazards while not
increasing noise emissions.

The needed new components are:

e Electro-mechanical braking system.
Their development started under S2R
but the final demonstration has to be
done

e An electro-mechanical pantograph (not
available on the market yet) has to be
developed and demonstrated

o Airless suspensions have to be
developed

e Industrial  standards, traditionally
conceived for pneumatic, must be
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revisited from electro-mechanical
perspective ensuring functional
interoperability with the existing
systems by complying with the
applicable TSI and EN standards and
ensuring equal or better safety and
availability

Electro-mechanical braking system
requirements, prototyping and testing in
S2Rup to TRL 6

The work on electro-mechanical braking
system have been done within IP1. By the
end of 2020, functional and performance
requirements was collected, evaluated and
agreed. The main standards and norms for
the transitions to the new technologies
were considered and concept developed.
Brake calculation confirmed the feasibility of
the new approach. By the end of Shift2Rail
in 2023, description of the functionality on
braking system level including interface to
the vehicle, signalling, wiring on a functional
level will be delivered and technology
feasibility tested.

On Electro-mechanical braking system
(EMB), the next step to accomplish the TRL8
is the integration of this novel braking
system into the train originally designed to
integrate  pneumatic/hydraulic  braking
system. This comprises interfaces for
command and diagnostics, energy storage
and power supply concepts, RAMS
considerations and vehicle authorization.
The most crucial task is the field test to solve
all questions for vehicle integration and
move operational experience and market
acceptance to maturity level. This braking
system will also need to improve their
resilience to various unexpected natural or
man-made hazards while mitigating noise
emissions from parked trains.

Eco-friendly HVAC units with CO2 as natural
refrigerant have been simulated, developed
and tested in real operation within S2R
projects. Outside of S2R the application of
the natural refrigerant R290 (Propane) for
rail HVAC units has been investigated within
first prototypes. But these solutions are less
energy efficient, less performant to
resilience and expected higher ambient
operation temperature than  those
proposed in EU-RAIL JU new R&D.

The activities will bring further HVAC
reduction of energy consumption (-30%
compared to existing one and -24%
compared to CO2 technology) by keeping
the environmental impact of the used
materials / refrigerants at a minimum. The
reduction of energy consumption is
especially very important for battery trains,
since HVAC requires up to 30% of the total
energy used by the train.

The improvements of HVAC will need to
ensure:

e improved resilience to climate change
and various unexpected natural or
man-made hazards.

e improved weight performance besides
energy consumption.

The improvements will be mainly achieved
by implementing technologies with a higher
COP (Coefficient of Performance) in cooling
and heating mode.

A technology with a usable COP > 4 in
cooling mode will be considered, e.g. by:
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e Application of magnetocaloric effect for
cooling / heating.

e Natural refrigerants (e.g. water) for
COPupto5

e Optimisation of the design of concepts,
units and components

o Implementing the work at European
level is improving the operators and
train manufacturers needs to be taken
into account by HVAC manufacturers.
And reversely, HVAC manufacturers will
test along their developments of
innovations, the acceptance by
operators and train manufacturers.
Moreover all needed European debate
(standardisation, validation process,
etc.) needs to implement the work EU-
RAIL JU level.

Train weight reduction

Composite carbody to reduce weight up to
TRL 6/7 has been done in S2R IP1.

Running gear steering systems (especially in
bogies), active suspension, new materials
and new strategies developed to reduce
weight and noise and vibration.

No relevant research activities beyond TRL 4
have been carried out at European level to
introduce Permanent Magnet Surface
Mounted (PMSM) in traction vehicles with
recycled magnets to improve sustainability,
valorisation of waste and reduced number
of parts.

Train weight reduction still needs to be
improved as any component or sub-system
have been optimised in the S2R projects.

That will boost energy efficiency, support

passenger capacity increase, allow to
embark more batteries on BEMU for longer
autonomy, reduce noise, train cost

maintenance costs.

To simplify the train architecture, save
weight, innovations at integrated
component and sub-systems levels are
proposed.

Three main axes will be used for weight
savings on Bogie, drives and gearbox:

e Use of new materials in structural and
non-structural parts (composite,
etc...). Has been partially done in S2R

e Use totally new 3D impression (and
related powders) for bogie parts

e Change bogie architecture with
frameless architecture

Al of this 3 new ways of

designing/manufacturing Bogie will need

new standards especially on

validation/certification & TSI for new

concepts, materials and processes

The new bogie should bring up to 25%
weight saving (up to 12 tons on a regional 4
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cars train). This and new running motors and
running gear will improve technical &
environmental performances, and support
increasing resilience, capacity, accessibility,
waste valorisation, as well as reducing track
damage.

Aerodynamic improvement

This field is almost mature in VHSDT but still
need a lot of improvement in Regional and
intercity trains. The roof of the train is
usually hosting the traction, HVAC
equipment but due to cultural habit, the
aerodynamic (air drag) is not optimised
because maintenance teams wish a direct
access to roof components

Entering into a new period where energy
and CO2 emissions are key needs to bring
new aerodynamic parts (hoods) to be
implemented on the roof of such trains. It’s
not only a technical problem but a cultural
and normative debate. Indeed, bringing this
hoods on the train need the
Operator/maintenance team approval and
the safety aspect (elimination of the risk of a
hood flying off while driving) must be agreed
at European level and international norms.

State of the art especially from Shift2Rail
results

Further innovation needed and covered by
this FA

Air quality on board trains

Since the beginning of the Covid19
pandemic, many suppliers have proposed
materials offering new functionalities
claiming to be bactericidal, germicidal,
fungicidal or even viricidal. However, the
efficiencies claimed by these materials are
not comparable or verifiable directly on
Rolling Stock because the standards and
testing protocols used are not adapted to RS
applications or operating constraints.
Measurements of air quality on board trains,
in tunnels and underground or covered
stations have been developed last years
over the world, related the to the growing
concern of the population to live in healthy
environment. They show that efficient
solutions, technically and economically,
have to be found to improve the air quality.
All that was not addressed in Shift2Rail.

e Technologies and methodologies
ensuring a reduced health risk for rail
passengers and staff

e Air-distribution and air-flow
management concepts for a more
effective removal of contaminants from
the passenger compartment while
maintaining the thermal comfort

e Air-filtration and disinfection systems for
an enhanced air cleaning in the HVAC
system

e Enhanced surface materials for reduced
virus/bacteria lifetime

e Passenger flow management to reduce
contaminations’ risks

e Standardized measurement protocol to
assess the efficiency of technologies to
improve air quality on board, in stations
and tunnels

e Measurement and live visualization of air
quality  parameters to  enhance
passenger trust
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e Technologies for both, new train
generations and improvement of existing
rolling stocks

e All aspects to be considered with respect
to rail-specific requirements: LCC, safety,
reliability, endurance...

e Development of standard for
demonstration of effectiveness under
train conditions

Non-exhaust emissions

No work has been achieved in S2R on the
topic of non-exhaust emissions, as
particulate matters emitted from the wear
of mechanical braking systems, wheel-rail
and pantograph-catenary line contacts.

The EU Clean Air policy aims to reduce air
pollution as close as possible to WHO
recommendation thus minimizing harmful
effects on human health and on the
environment. The railway sector needs to
ensure all customers and inhabitants that
public transportation is harmless and the
best answer to reduce air pollution.
Underground stations are a point of
attention, because in addition to pollution
from outside air, specific activities such as
train braking or maintenance work can emit
fine particles that can accumulate in these
enclosures. Without waiting for the
establishment of a dedicated regulation,
some actors (railway operators, universities,
...) carried out campaigns of measurements,
analysis, and tested various solutions to
improve air quality. However few works
have been published and no solution are
available on the market for railways and
subways.

Development of electrical braking may be a
solution but with an unknown effect at the
moment.

Vacuum cleaning trains are existing, but
their operational speed of 5km/h doesn’t
comply with infrastructure maintenance
constraints and their efficiency to improve
air quality have never been measured.

The UIC Air quality sector has been launched
end of 2020 to share knowledge, select and

The aims are to build a better understanding
of the issue of non-exhaust emissions
emitted by wear particles from brakes,
wheels-rail contact, pantograph-catenary
line contact, assess the risks and to
elaborate a well sound action plan.

The works will anticipate coming regulations

on air quality and ensure that railway is the

best answer. The scope is ambient air with a

focus on underground railway rights-of-way.

Actions needed are:

e Analysis of air quality on-board trains, in
underground station and tunnels.

o Assessment of rail emission factors:
characterize the non-exhaust emissions
emitted by rolling stocks, railway stations
and railway infrastructures (ballast
abrasion, pollution during work, aging of
the underground infrastructures) and
determine the influence factors (link
between air quality, emissions and assets
characteristics). Assessment of polluting
factors: characterize emissions caused by
use of operating materials, e.g. on-board
and way side lubricants, and determine
the influencing factors (improvements of
eco-friendly solutions over conventional
products regarding emission to air,
ground and water).

e Understand the effect on health of the
specific composition of air quality in
underground stations and tunnels to
help the selection of efficient solutions.

e Air quality mapping: define a method to
evaluate and report the non-exhaust
emissions emitted by the railway
activities (European Pollutant Release
and Transfer Register (E-PRTR) - UIC
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share actions, perform collaborative
expertise sharing, cross analyses on results.
The working group 1SO / TC269 / SC2 /
AHGO04 has been launched in 2021 to
standardise the "Methods for characterizing
and measuring particulate emissions from
friction materials".

The next Euro 7 standard for the road sector
is planning to tackle emissions from tyres
and brakes to ensure that particle pollution
from all sources is reduced to the lowest
levels possible.

reporting on Sustainable Mobility and
Transport).

o Develop and assess solutions to reduce
non-exhaust emissions at source: ex. low

emission braking pads, operating
materials.

e Develop and assess solutions to collect
historic non-exhaust emissions: ex.
vacuum cleaning train,
collector/filtering/treatment  on-board
trains and in underground railway
stations.

e Define a method to evaluate and report
the efficiency of air pollutants reduction
solutions in operational conditions.

State of the art especially from Shift2Rail
results

Further innovation needed and covered by
this FA

The current trains, including new
generation, are not designed for
modernization, nor for second life. The
interiors are based on a tailor-made design
specific to each series, and quick-fit
fasteners are almost non-existent especially
for specific hard points, which limit the
range of solutions for reuse and increase
purchase and replacement costs, thus
despite the requirements of operators over
the 10 last years.

The driver's cabin is a bulky, expensive and
not very scalable space. Only 1 on 2 is active
during operations.

Shift2Rail TD1.7 Modularity in Use
considered the reduction of the global
refurbishment costs for Interiors. But
budget and scope were limited to the
“technical tube”: face and roof. Impact for
carbodyshell, floor, plug&play fixation
systems were not considered. A final
demonstrator is planned for 2022 (TRL5).

The concept of a single driver’s cabin
emerges reducing CAPEX and OPEX costs.
Two forward-looking concepts will be
proposed in 2022 (TRL 4-5). Due to limited

Further collaboration with operators, car-
manufacturers and suppliers is of utmost
importance to define new industrial
standards and/or European standards,
taking in account accessibility, modularity
and circular design, easing the specific
services, the increase of passenger capacity,
the capacity for micro-freight, the
transformation of day trains into night trains
at sustainable cost and the daily turnaround
of night trains into day trains to increase
their economic viability.

The target is TRL 8 for the following

activities:.

e To develop and test common plug&play
fixation systems for hard fixation point
both for new train generation and
improvement of existing ones.

e To find the better compromise between
standards and the best customization.

e Tointegrate new sustainable materials.

e To integrate the circular design in
standards.

e Specific activities could be for instance,
qguick mechanical and electric fixation
systems, new driver’s desk (design,
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budget the scope is focused on use-cases
without any hard technical considerations.
S2R projects showed that the European
marketing services of operators and
manufacturers haven’t got any visibility on
passengers needs beyond 5 years. The
capacity to refurbish quickly is by such of
crucial importance, especially for the mid-
life maintenance’s milestone.

integration of new technologies and

human machine interfaces).

7.4.1.1 System integration, interactions with System Pillar and with other Flagship Areas

Regarding the existing development of the functional system architecture (LinX4Rail
projects), the proposals of the European Commission, both proposing an energy layer in the
description, it is of importance that the energy management has to be considered in a system

view, moreover in the electrified network.

The detail on the interaction between the System Pillar and Innovation Pillar is outlined in
Annex A to the present MAWP, as a proposal from the System Pillar based on the initial

identified needs.

At the latest by the ramp-up phase of the relevant projects of the Innovation Pillar and System
Pillar, the detailed interaction shall be refined and finalised, based on the following principles:

As early as possible, the System Pillar and each Flagship Area will review together
Annex A to facilitate the ramp-up phase of the future activities;

The two Pillars will interact in a closely synchronized process to define
dependencies, detailed architecture, operational concept, and other system
outputs based on the provisions of the Single Basic Act and Master Plan;

Annex A already identifies certain relevant elements of the interaction, such as
specifications, (for example, system requirements and interface requirements),
detailed architecture, operational considerations and associated outputs that
require the Innovation Pillar future activities to plan for the necessary resources
to deliver the relevant results. The requirements for the Innovation Pillar will be
defined in the calls and associated grant agreements, based on the finalised Annex.
There will be a need for continued interaction and flexibility within projects for the
Innovation Pillar projects to adapt to System Pillar outputs, and vice versa.

In accordance with the governance established in the Single Basic Act, the EU-RAIL
Governing Board, based on the input from the System Pillar Steering Group via the
Executive Director, with the support of the System and Innovation Pillar
Programme Board, shall be the decision-making body on the granularity of the
architecture and resultant specifications and associated system outputs to be
delivered by the Programme.

Some links with the other Flagship Areas of Europe’s Rail will have to be taken in

consideration:
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e DAS/C-DAS and energy management linked with FA1 (in terms of TMS (Traffic
Management Systems)), with FA2 (in terms of ATO (Automatic Train Operation)) and with
FAS for specific freight purposes.

e There will be an alignment with the green solutions developed in Flagship Area 3 towards
a sustainable and green rail system. FA3 will focus especially on the reducing the
environmental footprint of rail infrastructure (except stations), while FA4 will focus on
rolling stock and stations.

e FA4 will share relevant technologies that can support the development of light vehicles
for regional lines, such as reduced weight vehicles components (boogies, HVAC, etc.) and
alternatives to diesel, especially if such technologies may have low cost variants
(potentially relevant for export markets). Technologies of modular stations with multi-
modal links and refuelling technologies will be also relevant to share for regional lines. It
should be noted that it will have probably limited impact as the FA6 Regional train is only
on revitalising of secondary lines and will develop specific low cost & agile vehicles having
not many synergies with classical 4 to 6 cars regional trains studied in FA4.

e Digital Twin TT, link on FA4 virtual validation and certification as digital models of on-
board sub-systems are needed on both FA4 and Digital Twin sides.

e Digital Twin TT, link on FA4 regarding design, construction, operation and management
of railway infrastructures, including the energy management (shared also with the
System Pillar) of the Energy Hubs integrated in the Smart Grid.

e Digital Twin TT link on FA4 concerning aerodynamic performance as it is crucial for the
energy efficiency of the vehicles

e Digital twin TT for stations applications, supported by BIM (Building Information
Modelling).

Details of the exchange between the Flagship Areas can be found in Annex B

The advanced solutions developed in Flagship Areas will be ultimately integrated to
implement innovative operational processes at the Rail System level. The availability of digital
representation of Rail System with its constituting elements expressed in Data makes it
possible to integrate Flagship Area results in a convincingly cohesive manner.

Therefore, the Flagship Areas generate a set of requirements and specifications of the data
resources needed for

e System Integration
e System Interoperability and
e application processing inside the Flagship Area

These data resource specifications are developed according to guidelines established by
System Pillar at the overall Rail System architecture level, and by TT in terms of

e conceptual data model,
e reuse of common foundation libraries of digital models
e Cyber Security provisions
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The common tooling developed by TT on the basis of these specifications will be used by
Flagship Area solutions for automated discovery and access to the digital resources with the
appropriate data access policies safeguarding the interests of the data owner.

7.4.1.2 Who does what by stakeholder group

Flagship Area 4 will align stakeholders across the railway supply chain in order to increase the
sustainability of the European railway system, their asset and their operations.
Infrastructure managers and Railway Undertakings.

Infrastructure Managers (IM’s) and Railway Undertakings (RU’s) manage rail operations on
the European network. They will ensure that the technologies proposed are relevant in a
system view, including assets and operations, ensuring the right priorities are considered.
They will support the development of the technologies by their engineering capacities,
involving their knowledge in terms of asset behaviour all along the life cycle. Furthermore,
they will support the testing of developments and host primarily the required demonstrators.
Manufacturers/Suppliers.

Manufacturers, integrators and service and technology providers will (1) develop solutions to
be integrated in the exiting assets and (2) develop a new generation of assets to assist both
rolling stock and infrastructure. The group of suppliers represents the core of the supply
industry enabling the shortening of the development phase, easily adopting new technologies
and integrating and migrating these into mainstream products.

Research Centres.

Research institutes and universities will support by their scientific knowledge the generation
of new technologies which will be matured into market-ready solutions. More specifically,
research centres can more easily bring in technologies from other sectors and support the
research needed to make these technologies being implementable to the railway system.

The three stakeholder groups above, representing the whole railway sector, will coordinate
in order to provide the relevant communication, dissemination and exploitation channels to
make an impact with the technologies and specifications/standards developed within FA4.

7.4.1.3 Interaction with other Programmes, European and/or National

Regarding energy storage system and H2 fuel cells, the FA4 activities will have to be
coordinated with the European partnerships, BATT4EU and the Clean Hydrogen JU.

Regarding potential H2 activities, synergies with national and regional (especially European
structural funds) investments for research and innovation will be considered, given the
various prototypes, even little fleet of vehicles being financed all over Europe.

On alternative Traction system, we notice a difficulty for the railway sector to invest on freight

new solutions. In particular, the need to replace Diesel Freight locomotives underlines a lack
of actual alternative H2 solutions:
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e Lack of compact (weight and volume compatible with locomotives limitations) high
power Fuel-Cell systems (around 4 to 6 MW per locomotive)

e Lack of compact Hydrogen storage. Currently, US Diesel freight locos embark 18 000 litres
of Diesel. That represent -at actual H2 350 bars compressed technologies- about 70 tons
of H2 and H2 tanks. That’s not very convenient for freight locos and better solutions are
needed (like liquid fuels at Normal Conditions). On the other hand, new concepts for on
board hydrogen storage (LOHC, cryo-compressed H2, etc.) are still being developed. In
addition, impacts of more frequent refuelling could be explored/as