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1 EXECUTIVE SUMMARY

This document, D10.1 in FP3-IAM4RAIL, outlines high-level system architecture aligned with EU-
RAIL Multi-Annual Work Programme (MAWP). It is the initial output of work package 10, focusing
on Intelligent Asset Management Strategies (IAMS) application refinement. Work packages 10 and
11 are vital components, addressing infrastructure asset management in FP3-IAM4RAIL. The
document details the approach, use cases, and architecture for WP10/11.

The Multi-Source Multi-Purpose (MSMP) IAMS integrates diverse stakeholder data for informed
decisions by maintenance experts and asset managers. It monitors asset conditions, maintenance,
by using real-time (through embedded sensors) and historically data during railway operations.
User-friendly decision tools provide reliable diagnostic and prognostic data. The core uses self-
learning anomaly detection and applying Al technology, including unsupervised, supervised, and
reinforcement learning. The high-level system architecture encompasses critical elements like
onboard and wayside systems, diverse data sources, integrated analytics, decision support,
planning, execution, and visualization. Onboard systems have vehicle-installed components,
wayside systems involve trackside infrastructure, and data integration aggregates and harmonizes
data for analysis. It is applicable to complex systems like railway or transportation management,
aiding decision-making for efficient operation planning and execution. The approach emphasizes
a modular methodology, enabling effective collaboration among partners in different locations,
resulting in a cohesive and integrated system.

Achieving high Technology Readiness Levels (TRLs) presents challenges when implementing novel
technologies, necessitating a balance between immediate applications and research exploration,
especially with diverse data integration. Access to operational usage is key to advancing TRLs,
while involving researchers enhances problem-solving for greater innovation. Combining practical
application with research-driven exploration fuels progress and innovation. This deliverable
demonstrates substantial progress within Work Package 10, aligning with predetermined
objectives and grant agreement requirements. It encapsulates successful task completion for the
first ten months, following project guidelines. Future steps involve data acquisition,
comprehensive analysis, and application development using various technologies. The project will
explore latent opportunities within integrated data to address real-world maintenance challenges.
This interactive synergy integrates research and practical aspects, emphasizing the dynamic
interplay between theoretical investigation and real-world infrastructure maintenance demands.
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2 ABBREVIATIONS AND ACRONYMS
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Abbreviation / Acronym Description
ABA Axle Box Accelerometers
Al Artificial Intelligence
API Application Programming Interfaces
ATO Autonomous Train Operation
BIM Building Information Modelling
CAD Computer Aided Design
CCS Control Command and Signalling subsystem
CDM Conceptual Data Model
CNN Convolutional Neuronal Network
CSM Common Safety Method
DC Direct Current
DMI Directional Movement Indicator
DSP digital signal processing
DT Digital Twin
DTM Digital Track Management
DXF Drawing Interchange Format
DWG AutoCAD Drawing Database (file extension)
ENE Energy (subsystem)
ERJU Europe's Rail Joint Undertaking
ERTMS European Railway Trafic Management System
EU European Union
FA Flagship Area
FEM Finite Element Modelling
FME Feature Manipulation Engine
FMU Functional Mock-up Unit
FP Flagship Project
GAN generative adversarial neural network
GIS Geographic Information System
GNSS Global Navitation Satellite Systems
GPR Ground Penetrating Radar
GPS Global Positioning System
HMI Human Machine Interface
HS High Speed
IAMS Intelligent Asset Management Strategies
M Infrastructure Manager
MU Inertial Measurement Unit
INF Infrastructure
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Abbreviation / Acronym Description
InteDemo Integrated Demonstrator
JU Joint Undertaking
KER Key Exploitable Results
KML Keyhole Markup Language
KPI Key Performance Indicator
LCC Life Cycle Cost
MAP Modelica Association Project
MAWP Multi-Annual Work Programme
MBM Multi Body Modelling
MBS Multi Body Simulation
MCA Model Consortium Agreement
MEMS Micro-electromechanical system
ML Machine Learning
MSMP Multi-Source Multi-Purpose
OPEX Operational Expense
PCB Printed Circuit Board
R&I Research and Innovation
RAMS Reliability, Availability, Maintainability, Safety
RCF Rolling Contact Fatigue
RF Radio Frequency
RST Rolling Stock
RU Railway Undertaking
S2R Shift2Rail
S&C Switches and Crossings
SP System Pillar
TMS Trafic Management System
TRL Technology Readyness Level
TT Transversal Topic
UAV Unmanned Autonomous Vehicle / Unmanned Aerial Vehicle
UXO UneXplode Ordnances
WP Work Package
XML Extensible Markup Language
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3 BACKGROUND

This document represents Deliverable D10.1, titled "High-Level System Architecture", within
Flagship Project 3 FP3—IAMA4RAIL. It is aligned with the EU-RAIL Multi-Annual Work Programme
(MAWP) as detailed in the FP3-IAM4RAIL Grant Agreement. D10.1 is the initial output of work
package 10, "Multi-Source/Multi-purpose IAMS application: scope refinement & quick wins," of
FP3-IAM4RAIL.

Work packages 10 and 11 are crucial components of FP3-IAM4RAIL cluster D, "Infrastructure Asset
Management." Cluster D addresses long-term maintenance and costs (WP8), track systems (WP9),
innovative multi-purpose IAMS infrastructure applications (WP10 and WP11), and civil assets
(WP12 and WP13).

WP10 and WP11 complement each other, forming a cohesive block within cluster D. Work package
11 is dedicated to the main development tasks, including the demonstration of applications
conceptualised and initiated in WP10, specifically for the multi-source/multi-purpose (MSMP)
asset management platform.

The document's purpose is to outline and describe in more detail the idea behind the work in the
two work packages (WP10/11), the approach, the use cases as well as the high-level architecture
of the connected entirety being developed within WP10/11.

FP3-IAMA4RAIL is part of the broader EU-RAIL Multi-Annual Work Programme (MAWP), aligning
with the EU's strategic goals and objectives for the railway sector.

WP10/11 also collaborates with other Flagship Projects, focusing on different aspects within the
railway sector to collectively enhance and modernize the industry. Specifically, for FP1-
MOTIONAL, the contributions relate to federated data space and digital twins (refer paragraph
6.1).

This collaborative approach allows WP10/11 FP3-IAM4RAIL to foster synergies, share knowledge,
and promote innovation, leading to a more comprehensive and effective transformation of the
railway sector, primarily centred on the technologies at hand.
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4 OBJECTIVE/AIM

The deliverable at hand presents a preliminary High-Level Architecture outlining the approach of
WP10. Task 10.1, "Requirements and System Architecture for MSMP initial developments," is
responsible for refining requirements and scope. This task aligns with end-user expectations and
leverages the findings of previous Shift2Rail projects like In2Smart and In2Smart2.

Work package 10 aims to deploy innovative rail infrastructure asset management solutions in an
operational environment. These solutions build upon previous EU projects like IN2SMART and
IN2SMART2 but elevate their application to a higher level of maturity. The focus is on ’short-term
asset management’ and off-site work preparation, integrated as a multi-source/multi-purpose
(MSMP) asset management platform.

To achieve this objective, the emphasis is on providing continuous traceable diagnostic and
prognostic information. This data is obtained from embedded wayside and onboard sensors,
empowering maintenance experts and asset managers to make day-to-day decisions efficiently.

The scope of the rail infrastructure subsystem covers data acquisition processes, particularly for
assets along the railway line within a range of 360 degrees and approximately 5 meters around
each asset (Figure 1). The goal is to gain valuable information, potentially even observing
underground issues. Special attention is dedicated to Switches and Crossings (S&Cs) as vital assets
in this subsystem.

Figure 1: Scope rail infrastructure monitoring, range of 360 degrees

Furthermore, Task 10.1 collaborates with WP2 to establish a common view and system
architecture. This sets the foundation for collaboration with other work packages, fostering
combined activities, exploring synergies, and sharing experiences and best practices in the
utilization of similar technologies.
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5 MULTI-SOURCE/MULTI-PURPOSE INTEGRATED ASSET MANAGEMENT
SYSTEM

Maintaining smooth operation of the railway infrastructure is the primary objective of short-term
(operational) asset management. It brings together the execution of long-term overhaul and mid-
term preventive maintenance activities with short-term repairs due to unexpected failures or
external damaging events. The spatially widely distributed rail infrastructure in Europe is a
historically grown and heterogeneous system consisting of many technically sophisticated
individual systems with several decades of lifetime provided by international set of suppliers.
Normal asset behaviour as well as degradation are driven by harsh environmental conditions and
heavy static as well as dynamic loadings. In summary, successful short-term asset management is
a complex team challenge (see stakeholders’ description, paragraph 5.1). Nowadays, it
furthermore relies largely on the comprehensive technical expertise and especially many years of
experience of the individual operators and asset managers, who decide which actions to take next
based on sparse available data and information.

The Multi-Source / Multi-Purpose (MSMP) Integrated Asset Management System (IAMS) shall
provide a framework which enables the fusion of all relevant information provided by all involved
stakeholders, to support the day-by-day decisions of the maintenance experts and asset
managers. This comprises information about actual and historic asset condition, maintenance
activities and loading. Basis of the MSMP IAMS is the continuous, automatic condition monitoring
during ongoing railway operations based on embedded vehicle-borne and wayside sensors. Easy-
to-use decision support tools fed with reliable and traceable diagnostic and prognostic information
are the interface to the individual asset managers. In between, at the heart of an MSMP |IAMS are
self-learning anomaly detection, diagnostic and prognostic models, based on sophisticated
algorithms and artificial intelligence including unsupervised and supervised machine learning as
well as reinforcement learning.

The implementation of such a MSMP IAMS is considered as a federated MSMP asset management
platform providing a set of key technical and digital enablers as well as digital models and
standards to realize operational interfaces between the involved stakeholders.

Main objective of FP3-IAM4RAIL WP 10 and 11 is the prototype implementation and evaluation of
such a MSMP asset management platform (see paragraph 5.3) in the operational environment of
two pilot sites in the Netherlands and Spain (see section 8). This prototype is part of the FP3-
IAMA4RAIL integrated demonstrator #4 and addresses two over-arching use cases (see both
paragraphs 5.2.1 and 5.2.1) The prototype will enable in-depth research and development on a
high TRL for a various set of specific technical applications (section 9) in FP3-IAM4RAIL and the
upcoming FP3-projects.

5.1 Stakeholders

Main purpose of a federated MSMP asset management platform as realization of a MSMP |IAMS is
to provide the technical, legal, and organizational foundation to connect and enable all actors
contributing to the short-term asset management of a specific set of railway infrastructure assets.
The platform will facilitate seamless collaboration and data exchange among these interconnected
actors, roles, and entities, optimizing the rail industry's overall efficiency and effectiveness.
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Relevant actors, roles, and entities for the short-term asset management are:

[l Actors
o Infrastructure Manager
o Engineering companies
o Suppliers
o (Sub)-contractors
[1 Roles
o Data analysts
o Maintenance staff
= Senior decision maker (strategy)
= Maintenance professionals and managers (tactics)
= Maintenance technicians and operational staff (operations)
[l Entities
o Infrastructure
o On-board and wayside monitoring platforms and the technologies
o Other IT applications

In the context of MSMP IAMS, the three interrelated components as listed above are defined as:

refer to the organisations engaged in the management of rail infrastructure assets. These
actors assume , Which denote distinct functions with specific responsibilities. While a
particular role might be undertaken by a single actor, these functions could also be carried out by
multiple actors based on their unique viewpoints and duties. encompass the tangible
elements of the rail infrastructure, encompassing primary assets integrated into the rail system,
as well as auxiliary assets that provide support.

5.1.1 Actors

within the rail infrastructure ecosystem encompass a range of organizations contributing
to its functioning, as an example:

: The Infrastructure Manager is a pivotal actor responsible for the
overall coordination, maintenance, and operation of the rail infrastructure. This includes
managing tracks, stations, and other core components of the rail network. Their role
involves ensuring safe and efficient rail operations, overseeing maintenance activities, and
optimizing the utilization of resources to enhance the performance of the rail system.

: Engineering companies are pivotal in rail system lifecycles,
contributing from design to maintenance. They create designs, supervise construction,
optimize operations, and develop maintenance strategies, ensuring reliable, efficient, and
safe rail infrastructure. Collaboration with various stakeholders is key, highlighting their
expertise, innovation, and dedication to rail network functionality and enhancement.

: Suppliers are entities that provide various materials, equipment, and resources
necessary for the construction, operation, and maintenance of rail infrastructure. These
can include suppliers of rails, signalling equipment, rolling stock components, maintenance
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machinery, and other essential resources. Suppliers play a crucial role in ensuring that the
rail system is equipped with the necessary elements to operate reliably and efficiently.

: (sub) contractors are organizations hired by primary contractors or
infrastructure managers to perform specific tasks within the rail infrastructure ecosystem.
They are often specialists in certain fields such as construction, maintenance, or technology
deployment. Subcontractors collaborate closely with the primary actors to execute tasks
such as track maintenance, station upgrades, or signalling system installations. Their role
contributes to the overall development and upkeep of the rail network.

5.1.2 Roles

refer to the functions performed by an actor in specific situations and can be linked to one
or more actors depending on their position within the supply chain. The following examples (list is
not exhaustive/comprehensive):

: Data analysts are individuals responsible for collecting, processing, and
interpreting data related to various aspects of the rail infrastructure. They utilize analytical
tools and techniques to identify trends, patterns, and insights from the data. Their role
involves generating reports, visualizations, and recommendations that aid in making
informed decisions for optimizing rail operations, enhancing safety, and improving overall
efficiency.

: Maintenance staff are personnel dedicated to ensuring the proper
functioning and upkeep of the rail infrastructure. They perform routine inspections,
repairs, and preventive maintenance on tracks, signalling systems, stations, rolling stock,
and other rail components. Their role is vital in maintaining safety, reliability, and the
overall operational quality of the rail network.

: Senior decision makers in a strategic capacity are
individuals at the higher levels of management responsible for setting long-term goals and
direction for the rail infrastructure ecosystem. They make decisions that shape the overall
strategy of the rail network, which can include expansion plans, technological upgrades,
and policy implementations. Their role involves considering broader industry trends,
financial considerations, and regulatory aspects to guide the future development of the rail
system.

Maintenance professionals and
managers in tactical roles are responsible for planning and executing maintenance
activities within specific areas of the rail infrastructure. They oversee maintenance
schedules, allocate resources, and coordinate with maintenance staff to ensure that
routine and corrective maintenance tasks are carried out efficiently. Their role focuses on
translating strategic goals into practical maintenance plans to guarantee the smooth
operation of the rail system.

: Maintenance technicians
and operational staff in operational roles are hands-on workers responsible for carrying
out maintenance tasks on a day-to-day basis. They perform inspections, repairs, and
maintenance procedures on rail assets, responding to immediate maintenance needs and
addressing unexpected issues. Their role is critical in maintaining the operational readiness
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of the rail infrastructure and promptly addressing any maintenance-related concerns.

5.1.3 Entities

encompass a spectrum of resources within the rail infrastructure domain, encompassing

both the distinct physical infrastructure exclusive to the rail sector and complementary
components like on-board and wayside monitoring platforms, technological systems, and various
IT applications. The following paragraphs explain these entities in more detail:

5.2

. Infrastructure entities refer to the integral physical components
constituting the rail network. These incorporate the essential elements of rail operations,
encompassing tracks, stations, bridges, tunnels, signalling systems, electrification
mechanisms, and other structures pivotal to effective rail functioning.

: On-board and wayside monitoring
platforms and technologies entities comprise systems and apparatuses employed for
continuous surveillance and seamless operation of the rail infrastructure. On-board
mechanisms are situated within train carriages, offering real-time data on train
performance, condition assessment, and passenger safety. Wayside systems, positioned
alongside tracks, provide insights into track conditions, train positioning, and potential
hazards. These technologies include sensors, cameras, communication setups, and analytical
tools that contribute to heightening rail safety, maintenance, and overall operational
efficiency.

: Other entities, encompassing IT applications and
analogous solutions, serve as software tools that bolster diverse aspects of rail infrastructure
administration. These encompass ticketing systems, scheduling software, maintenance
management platforms, asset tracking solutions, and communication interfaces. IT
applications streamline administrative procedures, facilitate data analysis for operational
optimization, and enhance passenger experiences by facilitating tasks like ticket booking and
real-time updates.

Integrated Demonstrator and Use Cases

Within FP3-IAM4RAIL, a total of seven integrated demonstrators have been defined to bring
together the individual developments in the various work packages to a coherent and holistic
approach (see FP3-IAM4RAIL concept, Figure 2). The MSMP asset management platform
prototype of WP10/11 (see paragraph 5.3) contributes to the FP3-IAM4RAIL concept and the
integrated demonstrator #4 “Asset Management & Infrastructure” (see Appendix 1 for full
definition of this integrated demonstrator).
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Within WP10/11, furthermore two basic use cases to guide the implementation of our specific
MSMP asset management platform prototype is defined:

[J Use Case 1: Linking (new) monitoring technologies to asset management issues

[]  Use Case 2: Fusion of monitoring data for an enhanced fault detection and diagnosis

Short summaries of the two use cases are given in paragraphs 5.2.1 and 5.2.1, the full descriptions
are given in Appendix 2 and Appendix 3 respectively.

The use cases can be seen as consisting of two distinct steps:

[0 In the first step, we focus on the direct utilization of technology and its data, linking it to
specific rail infrastructure issues. This phase aims to quickly address and tackle targeted
problems, potentially leading to immediate benefits and quick wins.

[0 In the second step, we adopt a more scientific and comprehensive approach. We explore
the integration of data from different technologies to achieve more accurate and insightful
results. This stage involves a deeper analysis of the data to uncover additional information
about the infrastructure's behaviour and potential issues. While this step requires more
effort and resources, it promises to provide a more thorough understanding of the railway
system and its performance.

In essence, the first step is geared towards immediate gains, while the second step seeks to unlock
a more profound and informed perspective, laying the groundwork for long-term improvements
and advancements in rail infrastructure management.

In summary, we will follow a layered approach, by developing a set of applications by using
different technologies, that will leverage the high-level architecture of the prototype platform in

FP3-IAM4RAIL - GA 101101966 17123



N

lam4Rall -—..

(=

=urope’s

two different Use Cases, contributing to the high-level demonstrator (#4) in three different pilot
demonstration sites.

5.2.1 Use Case 1: Linking (new) monitoring technologies to asset management issues

This use case is serving as the first step in implementing new sensor technologies in an operational
rail environment. It aims to assess the feasibility and effectiveness of integrating these
technologies into the existing asset management framework.

It involves deploying the sensors on the rail infrastructure subsystems, including wayside and
onboard sensors, to gather sensor data relevant to extract diagnostic and prognostic information.
By utilizing these sensors, the project aims to provide traceable data for continuous asset
condition monitoring, enabling maintenance experts and asset managers to make informed
decisions. By conducting experiments and data analysis, the use case helps identify potential
challenges that may arise from the deployment of new (embedded) monitoring systems. It serves
as a crucial groundwork to identify specific asset issues, possibly at an early stage and being able
to predict its evolvement so as to plan timely interventions.

By exploring and analysing the data collected from the new sensor technologies, the use case aims
to identify relevant patterns and insights that can address specific asset management issues. This
helps bridge the gap between the potential of the modern technologies and their practical
implementation in the rail industry. The use case also demonstrates the interoperability and cross-
border applicability of the solutions by conducting early demonstrations in different operational
scenarios across EU member states.

Overall, this use case plays a crucial role in the demonstrator of the project by laying the
foundation for the integration of new sensor technologies in the rail infrastructure. It helps assess
the compatibility, effectiveness, and potential challenges of these technologies in an operational
environment. The insights gained from this use case will inform subsequent steps and
developments in the project, leading to further advancements in asset management practices and
ultimately improving the performance and reliability of the rail infrastructure subsystem.

5.2.1 Use Case 2: Fusion Monitoring Data for Enhanced Fault Detection & Diagnosis

This use case aims to improve fault detection and diagnosis in the rail infrastructure subsystem by
integrating onboard and wayside monitoring data (see use case 1), along with potential other
sources of relevant information (e. g. meteorological conditions, railway operations, etc.). The
main objective is to develop a comprehensive monitoring environment that utilizes multi-sensor
and multi-vehicle modular architectures, combined with advanced algorithms and models, to
enhance fault detection capabilities and enable better maintenance decision-making.

The problem currently faced in the rail industry is the limited effectiveness of existing fault
detection and diagnosis methods, which rely on partial data from either onboard or wayside
sensors. This leads to delayed fault detection, increased maintenance costs, operational
disruptions, and safety risks. To address this, the use case focuses on fusing data from different
monitoring sources to improve fault detection and diagnosis.

By combining data findings and employing advanced algorithms, the use case aims to create
effective solutions for maintenance decision-making. This requires handling diverse data sets using
new data analytics techniques, leading to improved maintenance strategies and the readiness of
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the technology for real-world implementation in the rail industry.

The rail industry's current position relies heavily on manual inspections, periodic maintenance,
and limited sensor data, resulting in time-consuming and labour-intensive processes that may miss
subtle or intermittent faults. The lack of integration between onboard and wayside monitoring
data further limits fault detection effectiveness. By embracing data integration and modern
analytics, the industry can significantly enhance fault detection capabilities, leading to improved
maintenance practices, better resource allocation, and safer and more reliable rail operations.

The use case addresses the subproblem of fusing onboard and wayside monitoring data and sets
measurable objectives, including developing monitoring systems with multi-sensor architectures,
implementing advanced algorithms for fault detection, assessing turnout health through anomaly
detection and early prediction, and developing decision support tools based on learning
approaches.

The proposed innovation of fusing data from onboard and wayside monitoring improves the ability
to identify and address faults accurately and in a timely manner. This comprehensive approach
allows for proactive maintenance interventions, reducing the risk of asset failures, minimizing
disruptions, and improving safety. The use of advanced algorithms further enhances the accuracy
and reliability of fault detection, enabling informed maintenance decisions and optimized
planning. Ultimately, this innovation improves asset reliability, reduces maintenance costs, and
enhances the operational performance of the rail infrastructure subsystem.

5.3 MSMP: general system architecture

FP3-IAMA4RAIL plays a significant role in fostering enhanced integration and collaboration among
various stakeholders both within and outside the rail ecosystem. This vision is encapsulated in the
project concept displayed in Error! Reference source not found.. The project recognizes that
substantial cross-border integrated advancements, and demonstrations yield a greater impact on
the entire railway system, particularly from a maintenance perspective.

Consequently, FP3-IAM4RAIL's underlying concept outlines its dynamic approach to interlinking
different components: the railway infrastructure (INF), the energy subsystem (ENE), the control
command and signalling subsystem (CCS), and the rolling stock (RST). This is accomplished through
a phased process comprising three main steps:

: This phase involves the acquisition and sharing of new data,
facilitated by innovative means like wayside and on-board systems, as well as external
sources.

: Innovative digital models are employed to convert the
collected data into actionable information and valuable insights, thereby transforming raw
data into knowledge.

: The actionable insights derived from the previous step
guide decisions and actions, driving improvements in various aspects of the rail ecosystem.

FP3-IAM4RAIL's strategy encompasses:

[l Introducing novel data acquisition and sharing capabilities, integrating information from
both wayside and on-board systems along with external data sources.
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[l Creating advanced digital models that transform raw data into meaningful information and
valuable knowledge.

[l Implementing cutting-edge technologies and methodologies that empower decision-
making and operational enhancements.

By following this framework, FP3-IAM4RAIL seeks to realise its vision of seamless integration,
informed decision-making, and overall progress within the rail domain. This holistic and integrated
asset management approach is illustrated in the previously mentioned Figure 2.

Aligned with the overarching vision of FP3-IAM4RAIL, it is important to note that not all
components pertain to WP10/11. Figure 3 in section 5.3.1 highlights the pertinent elements with
a distinct red marking. Section 5.3.1 elaborates on the chosen elements, offering insight into their
relevance. Concurrently, section 5.3.2 presents the high-level architecture of the platform
prototype for WP10/11. Lastly, in section 5.3.3, the correlation between these elements and the
broader context is expounded upon.

5.3.1 WP10/11 platform prototype within the FP3-IAM4RAIL concept

The general ideas differentiate between Infrastructure Assets and Vehicle Assets. Within the
category of Infrastructure Assets, we can identify Infra Assets (INF), Energy (ENE), and Control,
Command, and Signalling assets (CCS). Among the Vehicle Assets, we find Rolling Stock (RST),
Energy (ENE), and Control, Command, and Signalling assets (CCS).

Our platform prototype focusses on the Infrastructure Assets, meaning that the elements of the
overall concept are visualised in the upper part of the visualisation, highlighted in red in Figure 3.
That said, and due to the holistic approach to asset management, some elements that are common
to both infrastructure and rolling stock (e.g. Digital Models) and even exclusive to vehicles (e.g.
Design & construction characteristics) will be addressed in this Work Package.

A brief explanation about each of these relevant elements in relation to the ambition of our work
is provided below.
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Figure 3: FP3-IAMA4RAIL general concept and the relevant parts for WP10/11

INFRASTRUCTURE ASSETS (INF, ENE, CCS): focus will be in infrastructure assets, particularly
for assets along the railway line within a range of 360 degrees and approximately 5 meters
around each asset. Main examples of potential target assets are switches & crossings,
track, catenary, signals, etc.

Design & construction characteristics: design and construction characteristics of assets are
necessary to parametrise algorithms and models. These characteristics include materials,
geometries, installation & assembly, etc. The focus will not only be in characterising
infrastructure assets: the design & construction characteristics of vehicles operating along
the pilot lines are necessary too, as assessing their interaction with the infrastructure (e.g.
wheel-rail interaction) is key to evaluate their impact in the degradation of infrastructure
assets.

On-board generated data: data generated by sensors and systems installed on-board
Leonardo platform (see section 7.1), either raw or processed. Some examples of this data
are 2D images, 3D point-clouds (LiDar, laser-scaner), inertial (accelerations & gyros,
displacements, etc.), GPR, etc.

Wayside generated data: data generated by sensors and systems installed in the track and
in the vicinity of switches and crossings, either raw or processed. Some examples of this
data are inertial (accelerations, displacements, forces, etc.), electrical (e.g. currents and
voltages), temperature, acoustic emission, etc.

Operation generated data (INF): data generated during operations may include
information about the status of assets (e.g. track geometry inspection data), services
operating along the line (including the characteristics of vehicles, speeds, loads, etc.)

Staff generated data (INF): data generated by maintenance staff may include information
about the status of assets (e.g. visual/manual inspections), history of reparations and
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replacements, maintenance plans, etc.

:sensors and systems (both on-board and
wayside) will include some means to transmit relevant information to back-office
applications. Focus will be in the interoperability of systems; for that reason, a common
data model approach will be followed for the different interfaces.

: set of tools and functionalities that will assist
decision-makers in making informed choices for maintenance work planning and execution
based on the analytics and insights generated by the system. Example of these
functionalities include the detection of anomalies and the diagnostic of failures, as well as
the comparison and benchmarking of health condition data and its projected evolution.
These tools and functionalities include the integration and visualization of data (including
multiple type and historical information data analysis) in IAMS.

: Implementation of the Rail Data Space to provide exchange and sharing of
digital resources across rail operators, infrastructure managers, suppliers and service
providers involved in the maintenance activities and processes. The data platform is based
on data federation services for building a trusted, reliable, cybersecure federated data
space connecting all stake holders (see section ).

: the health condition of target assets will be
assessed by means of different data sources, models, and algorithms. Based on that, the
future condition status will be assessed by means of predictive algorithms that will be
based on physical degradation modelling, machine learning techniques, and a combination
of both (hybrid modelling).

: development of digital models (see below) will allow assessing the
degradation of infrastructure assets, taking into account the interaction between assets
and the characteristics of their lifecycle. Degradation models can be theoretical and/or
based on the experience (analytical approach), but they can also make use of historical
data to enable approaches based on machine learning. Both approaches will be used for
the development of predictive algorithms (see above).

: models of assets (of both vehicles and infrastructure) are key to the
development of condition status and predictive algorithms, as well as for assessing their
degradation (see above). We will make use of different kind of modelling techniques:
analytical, Finite Element Modelling (FEM), Multi Body Modelling (MBM), data-based (e.g.
using machine learning techniques), etc.

: The information provided by
condition status and predictive algorithms and maintenance decision support system will
enable a more effective planning of maintenance operational work in the short term. The
goal is to transform the information into action (execution) by prioritising cost, safety, and
availability.

: all the above will be fed back
into the system to support better strategic decisions in the mid-long term.
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High-Level Architecture Of WP10/11 Platform Prototype

The envisaged platform is multi-purpose. For this reason, it needs different data sources but also
aspects to receive, process and combine the data. The total platform is therefore divided in
different generic elements.

Figure 4 is a schematic representation of the high-level architecture we have in mind for the
platform we envisage.

Onboard systems > »> Analytics < >
Wayside systems » Data integration » Decision Support |e »|  Visualisation
Other data Planning &
sources | Execution

y

Knowledge DB

Figure 4: High-level architecture WP10/11

The high-level system architecture, as visualised in Figure 4, consists of the following elements:

1)

2)

3)

4)

5)

6)

7)

8)

Onboard Systems: Refers to the systems and components installed on the vehicles or
equipment directly. These could include sensors, communication devices, and other
relevant technologies.

Wayside Systems: Refers to the systems and infrastructure located along the track or
wayside. These could include signals, switches, trackside sensors, and other equipment
used to monitor and control the railway.

Other Data Sources: Encompasses additional sources of data that contribute to the overall
system. These sources might include external databases, such as weather information, or
third-party systems.

Data Integration: Involves the process of collecting, aggregating, and harmonizing data
from various sources to create a unified and coherent dataset for analysis and decision-
making.

Analytics: Involves the application of data analysis techniques to extract insights, patterns,
and trends from the integrated dataset.

Decision Support: Provides tools and functionalities that assist decision-makers in making
informed choices based on the analytics and insights generated by the system.

Planning & Execution: Encompasses functionalities related to the planning and execution
of various tasks or operations within the system. This could include scheduling, resource
allocation, and coordination.

Visualisation: Involves the presentation of data, analytics results, and other information in
a visual format, making it easier for users to comprehend and interpret.
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9) Knowledge DB: a structured repository that stores and organizes diverse information and
knowledge, facilitating efficient retrieval and utilization for informed decision-making and
problem-solving.

This high-level architecture likely describes a complex system, such as a railway management or
transportation system, that integrates various data sources, applies analytics, and supports
decision-making for planning and executing operations effectively.

5.3.3 Mapping of FP3-IAM4RAIL concept to Architecture

The FP3-IAM4RAIL concept represents the holistic and integrated management of railway assets.
In subsection 5.3.1 we highlighted which of its elements will be tackled in the scope of work
packages 10 and 11. On the other hand, the high-level architecture we envision for our platform
prototype is illustrated in subsection 5.3.2.

Table 1 shows the correspondence between the different elements of both representations,
describing how each building block of the high-level architecture maps into the FP3-IAM4RAIL
concept.

Architecture WP10/11 FP3-IAM4RAIL concept

- Onboard systems - On-board generated data
- Wayside systems - Wayside generated data
- Other data sources - Operation generated data (INF)

- Staff generated data (INF)
- Digital models

= Knowledge DDBB = INFRASTRUCTURE ASSETS
- Design & construction characteristics (INF)
- Design & construction characteristics (RST)
- Digital Models

- Data integration - DATA COMMUNICATION (interfaces and toolsets)
- Data Platform

- Analytics - Condition status and predictive algorithms
- Degradation models
- Digital models
- Decision Support - Maintenance decision support system
- Planning & Execution - Infra maintenance operational work planning and execution

- Infra maintenance and renewal strategic planning and execution
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Architecture WP10/11 FP3-IAMA4RAIL concept
- Visualisation - Condition status and predictive algorithms

- Degradation models

- Digital models

- Maintenance decision support system

- Infra maintenance operational work planning and execution

- Infra maintenance and renewal strategic planning and execution

Table 1: Mapping of FP3-IAM4RAIL concept to Architecture
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6 RELATION WITH OTHER WORK PACKAGES & FLAGSHIP AREAS

This chapter outlines the connection between work packages 10 (and 11) within the broader
context of the FP3-IAM4RAIL flagship project. It delves into the interplay with clusters and other
work packages of FP3-IAM4RAIL (section 6.1), as well as the possible associations and significance
concerning other Flagship Projects under the umbrella of Europe’s Rail Joint Undertaking (sections
6.2., 6.3 and Figure 5).

6.1 Interaction within FP3-IAM4RAIL

The FP3-IAMA4RAIL Flagship Project's developmental process encompasses a total of twenty
distinct work packages. Given the project's scope and complexity, it becomes imperative to break
down the work into manageable units. Interestingly, the size of each work package, or even the
coupling of two related work packages, often resembles a self-contained project in terms of the
sheer workload and the involvement of numerous partners and engineers. This
compartmentalization of tasks is not just strategic; it's practically a necessity.

These work packages are thoughtfully organized into clusters, and this organizational structure is
depicted in Figure 5. This visual representation is crucial in illustrating the coherent and logical
groupings of these twenty work packages, aligning them according to shared themes and
objectives.

Cluster A. Transversal Activities

'WP1 - Project Coordination (ADIF)

'WP2 - System Vision, Architecture & Validation (ADIF)

WP20 - Dissemination, Communication and Exploitation (ADIF)

Cluster B. Wayside Monitoring and TMS link

WP3 - Design and Deployment (Hitachi Rail) WP4 - Test and Validation (Hitachi Rail)

Cluster C. Rolling Stock AM: On-board and Wayside Technologies

WPS5 - Data Acquisition and Monitoring Techs (KB) WP6 - Demonstration, Prognosis and Feedback (ALS)

WP? - Railway Checkpoints (ADIF)

Cluster D. Infrastructure Asset Management

WP8 - Long Term Asset Management and LCC (TRV)
'WP9 - Track infrastructure (ProRail)

Multi-Source/Multi-Purpose IAMS Applications

WP10 - Scope Refinement & Quick-Wins (STK) 'WP11 - Development & Demonstration (STK)

Civil Engineering Asset Management

WP12 - Vision, Requirements and D. Collection (MER) 'WP13 - Implementation and Demonstration (MER)

Cluster E. Railway Digital Twins

WP14 - Design and Methods (FSI) WP15 - ion and (Fsl)

Cluster F. Environment, User and Worker Friendly Railway Assets

WP16 - Environmental and Cost-efficient Railway Lines (TRV)
WP17 - Additive Manufacturing (CEIT)
WP18 - Robotics Platform (SNCF)

WP19 - Exoskeletons and AR for Railway Maintenance (CEIT)
Figure 5: Overview work packages within FP3-IAM4RAIL
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Within the context of the FP3-IAM4RAIL Flagship Project, each cluster stands as a strategic
combination of interconnected work packages. These clusters function as cohesive units,
facilitating the management, coordination, and execution of diverse facets within the project. By
grouping together work packages that share common goals, themes, or dependencies, these
clusters significantly heighten the efficiency of project development and harmonise collaborative
efforts across multiple teams. Importantly, this arrangement also strengthens the potential for
collaboration among individual work packages within each cluster, fostering a natural flow of
information and expertise that is both beneficial and essential for the project's success.

To provide a more comprehensive understanding, a brief description of the clusters in more detail:

- Transversal Activities. This cluster unifies the common activities of the project
including project coordination (WP1); system vision, architecture and validation (WP2); and
dissemination, communication and exploitation activities (WP20).

- Wayside Monitoring and Traffic Management System Link. The cluster focuses on
the design, development, testing and validation of an Intelligent Asset Monitoring System
capable of supporting the railway operators and infrastructure managers in maintaining
smooth and uninterrupted operations (WP3 and WP4).

- Rolling Stock Asset Management: On-board and Wayside Technologies. This cluster
addresses both on-board (WP5 and WP6) and wayside (WP7) monitoring technologies for the
design, testing and validation of intelligent rolling stock asset management solutions.

- Infrastructure Asset Management. The infrastructure asset management cluster
addresses (i) long term maintenance and costs (WP8); (ii) track systems (WP9); (iii) innovative
multi-purpose IAMS infrastructure applications (WP10 and WP11); and (iv) civil assets
including structures, earthworks and geotechnics (WP12 and WP13).

- Railway Digital Twins. This group of developments focuses on the implementation
of railway Digital Twins across the rail sector (WP14 and WP15).

- Environment, User and Worker Friendly Railway Assets. Cluster F has the objective
of creating environment, user and worker friendly railway assets addressing environmental
and cost-effective lines (WP16), new additive manufacturing repair processes (WP17), robotic
platforms for railway interventions (WP18) and Augmented Reality and exoskeletons to
support railway maintenance (WP19).

For WP10 and 11, the most relevant work packages naturally fall within the boundaries of Cluster
D itself — this rationale underscores their inclusion within the same cluster. Additionally, a logical
connection exists with Cluster A owing to the cross-cutting nature of the work packages grouped
in this particular cluster.

This does not imply that there are no feasible or potential connections with the work packages
present in the remaining clusters.

In the next sections the links with these work packages are described in more detail.

6.1.1 Cluster D: relation with direct linked Work Packages

Collectively, Cluster D comprehensively tackles four dimensions of Infrastructure Asset
Management (Figure 6), and this cluster is further subdivided into four distinct work streams based
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on those dimensions.

Phase 2. Data Acquisition, Data
Analysis and Technology —_
Development

Phase 3. Demonstration and
Validation

Phase 1. Technical Specifications
and Requirements

Cluster D. Infrastructure Asset Management

WPS8 - Long Term Asset Management and LCC (TRV)

WP - Track infrastructure (ProRail)

Civil Engineering Asset Management

WP12 - Vision, Requirements and D. Collection (MER) WP13 - Implementation and Demonstration (MER)

Project Lifetime
-_

Figure 6: Overview Cluster D. Infrastructure Asset Management

Work Package 10 and 11 complement each other, forming a cohesive block within cluster D.
Expressed as one work stream. The same for work packages 12 and 13. WP11 is dedicated to the
main development tasks, including the demonstration of applications conceptualised and initiated
in WP10, specifically for the multi-source/multi-purpose (MSMP) asset management platform.

The different work streams in cluster D are summarised in more detail:

1) Long-Term Maintenance And Costs (WP8), with main objectives:
a. development of relevant decision support applications for long-term asset
management and optimised life-cycle costs, following:
b. Best practices, with origin in standardisation within asset management,
dependability, RAMS, and maintenance, and
c. Considering all the specific topics for long term asset management, this leads to the
development of decision- support tools taking advantage of the close cooperation
with infrastructure managers to assess the relevance of the developments.
2) Track systems (WP9), with as main objectives:
a. To develop and evaluate new sensing methodologies for track structure condition
state.
b. To develop advanced and interpretable Al-based approaches for detecting and
classifying track infrastructure
c. anomalies, predicting geometry failures and degradation, and identifying
extraordinary degradation rates.
d. To design decision support tools for track infrastructure prescriptive maintenance.
e. To showcase these innovative approaches in use cases and demonstrators.
3) Innovative Multi-Purpose IAMS Infrastructure Applications (WP10 and WP11), with as main
objectives:
a. To implement multi-sensor/multi-source modular systems for data acquisition
including both wayside and onboard systems.
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b. To use onboard solution test platforms with direct access to rail networks or
existing measurement trains so as to offer the possibility to compare data with
existing measurement equipment.

c. To explore new sources of information and the combination of data sources to
tackle the challenges of short- term asset management and off-site work
preparation.

d. To demonstrate the robustness of the developments through use cases in
operational scenarios in Spain and the Netherlands making sure technologies are
fit for purpose in different environments.

4) (WP12 and WP13), with as main objectives:

a. To define use cases addressing common civil engineering needs and challenges.

b. To develop the specifications of these systems addressing bridges, tunnels,
earthworks, or geotechnics.

c. To acquire asset inspection and monitoring data from the field.

d. To plan the implementation and simulation.

e. Toimplement and demonstrate the technologies as designed and specified

f. To validate, through the demonstration, the robustness of these technologies by

measuring KPls and making recommendations for the future market uptake of the
technologies.

Work Stream 3, encompassing Work Packages 10 and 11, takes a systemic approach with a strong
emphasis on monitoring tools and translating data into practical daily applications. The central
focus here revolves around tools, data utilization, and their resultant applications.

In contrast, Work Streams 2 and 4 concentrate on specific assets, namely track systems and civil
assets, respectively. The connection between WP10/11 (Work Stream 3) lies in the fact that the
tools, data utilization, and applications developed may also be relevant to the particular assets
addressed by these two work streams. Conversely, the outcomes of Work Streams 2 and 4 may be
integrated or applied within the framework of Work Stream 3.

Meanwhile, Work Stream 1 is centred on long-term asset management and cost considerations,
as implied by its name. Here, data once again plays a critical role, and the technologies developed
within Work Stream 3 can potentially contribute to the objectives of Work Stream 1. However, it's
important to note that Work Stream 3 places a stronger emphasis on short-term Asset
Management.

6.1.2 Cluster A: Transversal Activities

There is a logical and obvious link with Cluster A. All project hygienic activities are grouped
together, as visualised in Figure 5:

[0 Project coordination
[l Development of a system vision
[l Dissemination

The next sections describe in more detail the link with these three work packages.
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6.1.2.1 WP1: Project Coordination

The connection with Work Package 1 is quite straightforward, given its name and purpose, which
is Project Coordination. This work package aims to provide the necessary tools and framework for
efficiently managing the project. It follows regulations such as Horizon Europe regulation EU
2021/695, Council Regulation EU 2021/2085, and the Model Consortium Agreement (MCA).
Additionally, it adheres to the recommendations of the Project Management Handbook approved
by Europe's Rail Joint Undertaking (ER JU) Governing Board, offering detailed guidelines for various
project roles and areas.

Work Package 1 encompasses tasks related to General Project Coordination, acting as an
intermediary between project members and the Funding Authority to ensure efficient
coordination. Its objectives include supporting Technical Coordination, managing consortium
activities, aligning technical aspects among work packages, overseeing administrative and financial
aspects, implementing quality assurance, establishing communication channels with ER JU,
fostering cooperation with different ER JU destinations, and providing progress reports to ER JU
through annual KPls.

6.1.2.2 WP2: System Vision

WP2, known as "System Vision," has well-defined objectives aimed at ensuring a harmonized and
coordinated approach across the technical aspects of the project. These objectives encompass
maintaining consistency in architecture across work packages, establishing effective interaction
with the future system pillar, aligning efforts with flagship areas 1 and 5, and orchestrating the
formulation of safety and security requirements integral to efficient demonstrations.

The core goals of WP2 are as follows:

: WP2's foremost objective is to uphold
alignment among work packages' architectural foundations.

: WP2 seeks to create a seamless bridge for
interaction between the project and the future system pillar.

: This involves ensuring close collaboration
and alignment with flagship area 1 and flagship area 5, both of which are crucial for the
project's success.

: WP2 is responsible for coordinating the
formulation and integration of safety and security requirements within the architectural
framework and demonstration plans.

Within WP10, a specific task, 10.1, is designated to contribute to the definition of a unified view
and system architecture. This task operates in close collaboration with WP2, "System Vision." Task
10.1 sets a foundation for collaborative efforts with other work packages, fostering activities that
explore synergies and share experiences and best practices, particularly in the utilisation of similar
technologies.

These collaborative endeavours extend not only to work packages within cluster D but also
encompass connections to other work packages mentioned earlier in the introduction part of
section 6.1. This aligns with the acknowledgment that potential links exist beyond the immediate
cluster. WP2 serves as the cohesive element, fostering connections among all work packages. Over
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time, as relevance might require, these connections will be further developed to facilitate holistic
project integration.

6.1.2.3 WP 20: Dissemination

The primary aim of Work Package 20 is to ensure the broad and effective dissemination of project
results and outputs, making them accessible and valuable to their intended audience within
Europe's Rail Joint Undertaking (ER JU), the rail sector, and beyond. Additionally, Work Package
10, along with its related Work Package 11, plays a role in supporting these essential project
communication and dissemination activities.

Efficient communication and dissemination efforts initially revolve around building and engaging
a community of stakeholders. Subsequently, they focus on widely distributing the outcomes of
collaborative efforts to all target audiences in the most effective way possible. Furthermore,
exploitation activities are instrumental in fully implementing and widely adopting the project
results, thereby ensuring a lasting impact in the long term.

Work Package 10 will contribute to achieving these objectives through various means, including:

[l Participation in events organised by WP 20

[] Deploying integrated demonstrators for promoting and disseminating the results

(] Contribute to the development of an exploitation strategy for the results of this work
package

[l Providing information on impact monitoring, including Key Performance Indicators (KPIs)