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1. Executive Summary

The Scope of the D2.7 is to define the second issue for the definition of FP3-IAM4RAIL project Use
Cases (UC), including a description of innovation, an introduction to the business assessment. This
first definition will cover how the proposed developments go beyond the state-of-the-art,
including specific technical KPIs and the target baseline not only at WP level, but also at UC level.

The UC definition includes a chapter for Cluster, including a sub-chapter for each Use Case on the
respective innovation management and synergies/risk of duplication of work. It includes, as well,
a final catalogue per UC with tables with the UC and TRL level, including, when applicable,
agreements reached with other FPs in the specific Work Packages or relevant System Pillar links.

Validation will be carried out by each UC through the corresponding Key Performance Indicators
(KPIs) identified in Task 1.7 and how these KPIs are impacting all of Europe’s Rail JU initiatives.
The work has started with the definition, for each WP with a demonstrator, of:

e The problem to be solved by the Infrastructure Managers in terms of Intelligent Asset
Management, the baselines and the target multi-objectives to be optimised.

e The variables to be optimised, their correlations and the knowledge on the variables.

e The KPIs and how to compute them through measurable and non-measurable
parameters describing the variables.

Each WP has initially focused on the proposition of KPIs and how to compute each one for the
respective Use Cases and compare it with the previous baselines.
D1.5 for a report of Technical/Impact KPIs will cover the following points:

e full definition of KPIs model development;

» baseline for each KPI;

e formula for each KPI;

e link with GA KPIs, in particular, the contribution to the target set out to relate the FP3-
IAMA4RAIL project with Europe’s Rail Multi Annual Work Programme and the project’s
pathways towards impact of FP3-IAM4RAIL GA;

e credible pathways from technical to societal KPIs.
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2. Abbreviations and acronyms

Abbreviation / Acronym Description

ABA Axle Box Acceleration

ACCM Central Computerized Multistation Apparatus
Al Artificial Intelligence

BD Bogie Diagnostic

BIM Building Information Model

CAPEX Capital Expenditure

CBM Condition Based Maintenance

CCTV Closed Circuit Television

CM Corrective Maintenance

CMMS Computerised Maintenance Management Systems
CoF Coefficient of Friction

CTO Combined Transport Operator

DDoS Denial of Service

D&M Diagnostics and Maintenance

DAS Distributed Acoustic Sensing

DSS Decision Support System

DT Digital Twin

DTS Distributed Temperature Sensing

ECN Ethernet consist network

ERJU Europe’s Rail Joint Undertaking

ETB Ethernet Train Backbone

FLG Few-Layer Graphene

FMECA Failure Mode, Effects, and Criticality Analysis
FP Flagship Project

GA Grant Agreement

GPR General Purpose Relief

HABD Hot Axle Box Detector

HMI Human-Machine Interface

HVAC heating, ventilation and air conditioning
IAMS Intelligent Asset Management Systems
IM Infrastructure Manager

IMR Interest Maintenance Reserve

loT Internet of Things

IP Internet Protocol

IXL Interlocking

KPI Key Performance Indicator

LCC Life Cycle Costing

LDV Laser Doppler Vibrometer

MAWP Multi Annual Work Programme

MBTF Mean Time Between Failures
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ML Machine Learning
OPEX Operational Expenditure
PM Preventive Maintenance
PSD Power Spectral Density
RAMS reliability, availability, maintainability and safety
RU Railway Undertaking
SoA State of the Art
SCCM Multistation Command and Control System
S&C Switches & Crossings
SMO SIEMENS
TC Track Circuits
TCR Temporary Capacity Restrictions
TCU Traction Control Unit
TCMS Train Control Monitoring System
THI Turnout Health Index
TMI Turnout Maintenance Index
TMS Train Management System
TRL Technology Readiness Level
uc Use Case
WP Work Package
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3. Background

The present document constitutes the Deliverable D2.7 “Definition of Use Cases, including
Innovation, Business Assessment, KPIs definition and roadmap (second Issue)” in the framework
of the Flagship Project FP3—IAM4RAIL as described in the EU-RAIL MAWP and contributes as well
to the Flagship Project FP1-MOTIONAL and Flagship Project FP5-T RANS4M-R.

The FP3-IAMA4RAIL flagship project aims to provide innovative technical requirements, methods,
solutions and services - including technical requirements and standards for future developments -
based on the latest cutting-edge technologies to minimise asset lifecycle costs and extend service
life while meeting safety requirements and improving the reliability, availability and capacity of
the railroad system. Both infrastructure and rolling stock are addressed.

The FP3-IAM4RAIL Flagship Project will research, develop and deliver solutions that will be
demonstrated in different (relevant) scenarios across Europe, targeting up to TRL 6 as European
common integrated solutions. Due consideration will be given to certification and validation of the
new technologies and processes as part of those demonstrators, supported by a set of different
Use Cases, integrating different technical enablers.
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4. Objective/Aim

4.1. Scope of the document

This document has been prepared to provide, both internally to FP3-IAM4RAIL partners and
externally to other FP members and other relevant part, a detailed description of the different Use
Cases (UCs) defined by each WP.

The goal of this document is to describe each Use Case proposed by the different Clusters,
including a description of innovation, an introduction to the business assessment, linking a general
definition for socioeconomic objectives. This first definition will cover how the proposed
developments go beyond the state-of-the-art, including specific technical KPIs and the target
baseline not only at WP level, but also at UC level.

The document has been updated at M28, with aim to present the different technical objectives
targeted by the WPs, the current position and the foreseen impact on the railway industry. Each
UC defines a series of relevant technical problems, providing the context and necessary
developments needed to solve them, also in terms of different KPIs that will be validated at the
end of the project.

The definition of UCs and their context in the railway industry will be also useful to allow the
definition of links with different ER — FPs that will be investigated during the course of the project
and will serve as a base for the definition of future research activities within the Europe’s Ralil
Programme.

4.2. Contextualisation of the document in the Europe’s Rail JU
framework

This document represents the results of the work described in Task2.2 and Task2.3 of the FP3-
IAM4RAIL Grant Agreement to allow the interaction and alignment with the System Pillar and
other ERJU Flagship Projects.

It also provides the definition of how the different Demonstrator Objectives defined in section
1.1.1.4 of the FP3-IAM4RAIL Grant Agreement are addressed by the different Use Cases.
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5. Cluster B - 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. These activities are covered in WP3 and WP4
and 2 use cases will be developed (see Table 1).

ucibD Title Relevant WP/DO
3.1 |Wayside and Infrastructure IAMS for TMS optimisation WP3/D0O1
39 Way5|_de monltorlng in conventional and high-speed lines for TMS WP3/DO1
optimization

Table 1: Cluster B use cases

5.1. UC3.1: Wayside and Infrastructure IAMS for TMS optimisation

The objective of the “Wayside and Infrastructure monitoring system for TMS optimisation” is to
provide a remote and centralised interface with the existing railway systems (Signalling, TMS,
Wayside Monitoring Systems, etc), automatically collecting reports, functional parameters, logs,
alarms and other diagnostic data.

Specifically, UC3.1 will develop a remote and non-intrusive data collection system to collect
operational and diagnostic data from the IXL system, as well as dedicated interfaces with the TMS
and ERP systems to acquire traffic and maintenance records.

The collected data is then processed, cleaned and stored in a database to provide easy access to
the maintainer, enable correlation of different sources and serve as a starting point for the
development of data analytics procedures.

The information that are derived from the collected data, that will range from statistics about
some key operative indicators, prediction on assets status and of possible anomalies, will be
exploited mainly to improve the maintenance activities to be performed and to optimise the
scheduling of traffic. This will create therefor a link both with the Decision Support System and
with the Traffic Management System.

5.1.1. Overall aim of the use case

Problem to be solved

The management of a route is currently carried out through a latest generation apparatus, called
Central Computesized Multistation Apparatus (ACCM), which manages several stations from a
central location (“Posto Centrale” or PC in Italian), located in the metropolitan area.

The PC concentrates the functions and logic of all the controlled plants, and a series of Peripheral
Sites (Posti Periferici or PP in Italian) located in special buildings along the line, typically connected
with long-distance fiber optic networks to allow the control of actuation cabinets placed even at
a distance of hundreds of km. Within the PC, the supervision and regulation of traffic are managed
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by the SCCM (Multistation Command and Control System) which performs the functions of
optimising railway traffic and supervising technological systems. A system composed of ACCM +
SCCM normally manages a large area (typically regional), containing railway lines and Nodes,
from a PC where usually all the Traffic and Maintenance Operators are concentrated.

However, these systems are often the result of multiple revamping and integrate both new and
legacy sub-systems. Additionally, the diagnostic information reports provided to the operator are
generally poor and scarce (except for new systems that provide a dedicated diagnostic channel)
and are often elaborated independently instead of merging them together to extract added value.
Within the context of improving the infrastructure maintenance process, the need to introduce
predictive maintenance (which uses data analysis and modelling to anticipate and avoid the
occurrence of failures or malfunctions in equipment, adopting preventive measures that aim to
reduce unplanned downtime and preserve the useful life of assets) is of primary importance.

It is also possible to study and implement prescriptive algorithms for maintenance that, building
upon the prediction and insights provided by the analytics, also suggest the actions and
interventions to be performed to solve unexpected problems and ensure the correct functioning
of components and systems over time, anticipating problems and planning the optimal timeslot
to perform maintenance of the systems.

Therefore, the Infrastructure Manager intends to pursue this ambitious objective by collecting
operational, diagnostic and maintenance data from both the wayside systems (signals, switches
& crossings, balise, track circuits, etc.) and the infrastructural elements (bridges, level crossings,
etc.) along the line. Specifically on this last point, it is envisioned to use the current monitoring
systems and diagnostic vehicles available, but also to develop an obstacle detection system for
the monitoring of railway level crossings, based on the fusion of two different technologies: Lidar
and Radar. This would allow the monitoring of singular points of the infrastructure where rail and
car/pedestrian traffic intersect, increasing the safety of the system (traffic, workers, users) and
reducing the requirements of slowdowns and the related management costs.

All this information will be used to create an Intelligent Asset Management System (IAMS). This
platform will implement specific Analytics and algorithms for the detection of anomalies and
decision support methodologies to support the TMS (Train Management System) with diagnostic
information of the assets and to improve railway management in terms of punctuality and
regularity, reducing service interruptions, line unavailability and related management costs,
improving the use of assets themselves.

Industry current position / baseline

As already mentioned in the previous paragraph, currently, the SCCM (Multistation Command and
Control System) which is physically located at the central station, performs the functions of
optimising railway traffic and supervising technological systems. The latter function is
implemented through a specific subsystem dedicated to Diagnostics and Maintenance (D&M)
connected, through a TLC/LD long-distance Data Transmission network, to peripheral stations
along the line in order to monitor and diagnose security systems, auxiliary technological systems
and equipment of the system itself.

The Diagnostics and Maintenance Subsystem is therefore used for the management, data
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processing and display of diagnostic and maintenance information (on appropriate video units) of
the technological systems (security, auxiliaries, etc.) of jurisdiction.
The functions of the Diagnostics and Maintenance subsystem allow to optimise the activities
related to the monitoring and maintenance of systems and infrastructures by providing
appropriate tools for the timely detection of faults and anomalies (in progress or expected) and
for technical support for preventive, on-condition, or repair maintenance interventions.
The diagnostic functions allow the operator to identify, analyse and locate the situations of failure
and failure that may occur in the system, obtained through the integration of the following basic
functions:
e On-line diagnostics, obtained through the monitoring of events, the detection of faults or
malfunctions in progress on the controlled systems.
» Predictive diagnostics, obtained by controlling the degradation of the system preceding the
failure.

The maintenance management functions are implemented through "IN. RETE2000", which uses
the information on the systems collected by the diagnostic functions to provide operators with
operational support for the management of maintenance interventions. In general, the
maintenance functions managed by IN. RETE2000 can be classified as follows:

» Corrective (or extraordinary) maintenance: aimed at restoring the full functional conditions
of the monitored systems through the interpretation of alarms and intervention on faulty
components.

e Preventive (or scheduled) maintenance: with the aim of increasing the Mean Time
Between Failures (MBTF) of the individual components through the programming of
maintenance interventions.

e Cyclical: based on pre-defined inspection time cycles.

e Oncondition: where the operating cycle is defined based on the final data on the operating
conditions of the systems, and which allows to intervene before the failure occurs.

Also, the infrastructural maintenance management functions are implemented through the "IN.
RETE2000" system, which uses the information on the systems collected by apposite diagnostic
functions to provide operators with operational support for the management of maintenance
interventions. In addition to the above, supplementary protection systems are put in place to
monitor Level Crossings passage’s clearance. By scanning the area between the level crossing
barrier pairs, these systems check for the presence of obstacles that could collide with the passing
trains, causing damages to the rolling stock and harming people. The systems do interface with
the signalling system.

Subproblem addressed by the use case and measurable objectives

Wayside Signalling EQuipment Monitoring System

The Wayside Signalling Equipment Monitoring System will focus on the remote and non-intrusive
collection of diagnostic and operational data coming from the wayside signalling assets monitored.
It is the central use case of the Work Package since it enables the development of all the other
features by providing access to the functional parameters, alarms and logs related to the different
assets monitored.

FP3-IAM4RAIL - GA 101101966 22/372



=

=urope's

lam4Rall -—

Within the context of WP3, the development of a monitoring system is envisaged, which would
allow the collection of data related to different wayside signalling assets (e.g., switch and
crossings, signals, track circuits) from both the TMS and IXL. Additionally, data related to past
maintenance procedures will also be collected, together with weather information. This would
allow for an automated and reliable method for continuously collecting operation and diagnostic
data that would feed the machine learning models and the DSS modules.

Infrastructure Monitoring System

Information related to the geometry of the track, structural health conditions of the bridges,
exposure of the surrounding environment to hydrogeological risks and vegetation encroachment
is essential to obtain a holistic view of the network status. The continuous update of this
information defines a Real-Time Monitoring system that allows managers to set appropriate
thresholds on each of the risk factors affecting the track and, therefore, enhance train circulation
safety. Exceeding one or more thresholds can indicate the development of a serious risk to the
infrastructure that requires actions to be taken such as train speed reductions and in some cases
interruption on the railway circulation.

The possibility to constantly monitor these risk factors and store the collected measurements in a
dedicated environment for further historical and statistical analysis represents not only a key asset
for predictive maintenance but it also has a significant relevance for the TMS. Adopting an
appropriate communication protocol, the derived actionable insight can be transmitted to the
TMS to achieve a more efficient management of the rail traffic.

The target of this activity is to create a link with WP13, where additional data on infrastructure
status are collected using diagnostic vehicles, in-situ sensors, drones, and satellites, and to develop
efficient procedures for data pruning and threshold definition to automate and make the selection
of information to be transmitted to the TMS more efficiently.

Level Crossing Monitoring System - Radar and Lidar Obstacle Detection System

Level crossing intersections are hazardous areas as several things can go wrong once the level
crossing barriers get closed. For instance, vehicles or sensibly sized objects falling from vehicles
could be located between barriers. Usage of obstacle detectors in proximity of level crossing is
therefore pivotal to prevent damages to the rolling stock and save human lives.

Obstacle detection in the railway arena relies on various technologies. Lidar and Radar, adopting
different wavelengths and implementing different algorithms, are certainly the most widespread
technologies. However, to the best of our knowledge, these two technologies are not exploited
simultaneously.

The development and test of a level crossing obstacle detector, banking simultaneously on Lidar
and Radar sensors, is within the scope of this project. The double detection mechanism, scanning
concurrently the same area, will rely on completely independent processing chains (electronic and
algorithmic).

Finally, the two processing chains are logically merged, with passage clearance granted as soon as
one of the detection chains indicates the availability of the passage. The hardware will allow stand-
alone and simultaneous detection, allowing Lidar and Radar to be used individually or
simultaneously.

The complementary of the 2 different approaches implemented will be analysed to determine
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under which cases or conditions the joint use of the technologies enhance the performance of the
detection system.

Asset Status Forecasting System

During WP3, the IM will be involved in the definition and description of the major and most critical
issues that affect the operation and more specifically that are significant for the case study. Based
on that information and the data collected by the previous sub-systems, several specific machine
learning models will be developed and applied in order to solve the issues highlighted. For
example, in the case of the monitoring of the Track Circuits, the objective will be to reduce false
occupations instances, which can lead to service disruptions and line unavailability.

The goal will be to validate this prediction against the actual state of the assets monitored by cross-
checking the number of maintenance interventions performed, in order to provide the operator
with a health index of the asset and additional information on its criticality and remaining useful
life.

This information will be then provided to the DSS module for the scheduling of maintenance
procedures or to the TMS for the optimisation of operations.

Decision Support System for Automatic and Optimised Maintenance Scheduling
The DSS is aimed at suggesting possible alternative solutions in case of an interruption of the line
due to planned maintenance interventions.
The suggested solutions consider the costs for the service manager and the users involved in the
service interruption. The goal is to minimise the impacts due to maintenance interventions,
increase the quality of the service and guarantee regular and seamless connections.
The following functionalities shall be implemented:
e Visualising the current assets state, highlighting any anomalies, and possibly providing
assets status prediction.
e Visualising, in a single interface, the historical values of the assets monitored, events and
alarms raised and environmental data of the track.
e In case of disruption, focus the attention of the operator on the key elements of the assets
causing the disruption, possible root causes and mitigation actions.

Integration of Analytics with TMS

Information on the diagnostic status of the signalling devices, track and infrastructure can be fed
back into the TMS in order to improve and optimise the scheduling on the line. Moreover,
statistical information about track occupation, frequency of usage and mean time of transit can
be extremely useful to allow the operator to make a more informed decision in the management
of the service.

This use case, and more generally the whole work package, targets to provide this kind of inputs
to the TMS and will contribute to both the specification of protocols to be implemented for t