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Europe’s European Rail Network and Mobility Management

DIGITAL FOUNDATION

DEMONSTRATION & VALIDATION ‘(‘

"Before smart trains, we need smart data."

? —~. Event Date: 29.04.2026
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Experience how European Rail Joint Undertaking's
Flagship Project 1

Motional is accelerating digital rail
transformation across Europe. Co-funded by

the European Union




"—,,‘ Agenda - Digital Foundation

9:00 - 9:15 Introduction — Welcome Speech Deutsche Bahn AG Patrick Marsch
9:15—-10:05 Digital Asset Engineering
9:15-9:20 Digital Asset Engineering — Overview 27,3 Deutsche Bahn AG Quivira Macias Robles, Waseem ul Aslam, Peer
9:20 — 9:30 Data Acquisition and Object Extraction MERMEC Mario Colapinto, Fabrizo Caramia
9:30 — 9:40 Data Platform 2D, 3D Representation Deutsche Bahn AG Waseem ul Aslam, Peer
9:40 — 9:55 Outcome of the Planning Data - Planning Tool and Validation Deutsche Bahn AG Bernd Gimborn, Christian Mangold
9:55 - 10:05 Industrailized Tool for CCS TMS Data Model INDRA Tenorio Dominguez Ernesto

&I 10:05-10:10  Exploitation of Digital Engineering Data for Digital Twins DLR Julia Stadlmeier

R oo rios imosOsen o0 s Esmaion sy

5 11:05-11:15 Break
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11:05-11:15

11:15-11:25

11:25 - 11:45

11:45 - 12:05

12:05 - 12:55

12:55 — 13:45

13:45 - 13:55

13:55 - 14:45

14:45 - 15:15

15:15-15:30

Agenda — Digital Foundation

Digital Twin overview

Braking & Traction

Point Machine

Federated Rail Data Space

Conceptual Model & Ontology

Use Case Repository Tool

Closing and Survey, QnA

e

Break
DLR Andreas Heckmann
CAF Blas Blanco
Hitachi Rail Vijaya Bhaskar Adusumalli, Rama Ambur

Lunch Break

Virtual Vehicle, DLR, voestalpine, TMC,

Knorr-Bremse & NRD/IFE AR EIE eIy

Break

uiC Airy Magnien
NRD/IFE Anthony Junior Bokolo

Moderation by DB

European Rail Network and Mobility Management

6 MOTIONAL




—
<
prd
O
o
=

(=

=urope’s

Introduction & Opening Speech

FP1IMOTIONAL Event
Digital Foundation Demonstration & Validation

Dr. Patrick Marsch

DB InfraGO AG | Dr. Patrick Marsch | FPIMOTIONAL Event | 29.04.2026

&

InfraGO
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DB InfraGO AG | Dr. Patrick Marsch | FPIMOTIONAL Event | 29.04.2026

DB InfraGO, same as other Railway Infrastructure Managers, InfraGO
is facing major challenges ...

@ *—&

» Lack of cross-border « Failure-prone signalling « Labour-intensive legacy ~ * Ageing and eventually
interoperability in rail systems with poor systems and processes obsolete technology
transport condition ratings (such as GSM-R)

« Demographic challenges

... and responding to these through comprehensive digitalisation

e MOTIONAL

European Rail Network and Mobility Management




—
<
prd
O
o
=

More specifically, the digitalization comprises ... InfraGO

o A EETT - gj
O %\ Mt 4y
¥ —rrzr
Modern interlockings Automatic Train Capacity Traffic Mgmt
and operation Operation (GoA2) System (CTMS)
(Al-based disposition)
4 = [
=R=: — -
O
. . . . T .
Digital basic European Train Z “Autopilot for
infrastructure Control System - ETCS % interlockings”
(e.g., IP networks, data 'ﬁ (full digital control from

centers, FRMCS) disposition to interlocking)

e MOTIONAL

European Rail Network and Mobility Management

DB InfraGO AG | Dr. Patrick Marsch | FPIMOTIONAL Event | 29.04.2026




Our department is specifically working on the IT/Cloud and InfraGO
data foundation and resilience of the rail system, e.g.

Migration of the rail system towards A resilient, redundant E2E rail system

modern On-Premises-Clouds (e.g., modeling of system vulnerability and design of

(incl. remote/automated update, configuration, resilience measures like georedundancy)
management, shared services)

6_ CCS Functions

Data Center Zurope’s ’ Data strategy,
IT platforms
Jop. e Aop. (o8 ' governance and
InteriockKin nteriockin M t, Safe comms .
Shared Diagnostics, | architecture
Services Supplier X Supplier ¥ Security - protocols
e e S (largely COTS) Security £ om CR-
_ § : | A=
= . /e
Z Standard Hardware (COTS) LHIEELTR o @D o |
¥ | Stewar w7 Custodian !
g . . \ Operational o o 0
/ \ \ i f \i
/ - \ ] aspects ‘%‘ ) \ &.
2 [ @ ¢  Cloud /] Rail Aons
& - -

Field elements

MOTIONAL

European Rail Network and Mobility Management

DB InfraGO AG | Dr. Patrick Marsch | FPIMOTIONAL Event | 29.04.2026




- InfraGO

v i g

The consistent implementation of
our digitalisation strategy

Increases infrastructure
performance and availability

Enhances resilience

Improves punctuality and
generates economic benefits
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MOTIONAL provides the digital foundation DB InfraGO
e

&

... and pays exactly into the

aforementioned points. & FA UL
For instance, digital asset DIGITAL FOUNDATION
engineering is vital to DEMONSTRATION & VALIDATION &

"Before smart trains, we need smart data."

» Accelerate rollout through a fully % EventDate: 23.05.2026° 4y ﬂ -

digitalised process from asset mgmt to —

planning and rollout

* Reduce efforts and costs for railways
and suppliers alike through
standardized data and tools

We would like to thank you for the
great collaboration and are pleased to
host today’s event!

» Increase quality of planning and
operations through high data integrity
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Flagship Project 1 MOTIONAL

A Journey Through
the Future of
European Rail
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MOTIONAL

SETTING THE SCENE

The Problem & Our Approach

The Challenge

downtime.

Reactive Maintenance
’ Tracks & switches fail silently — expensive unplanned

Fragmented Stations

‘ & Rail, transit & private operators in silos — passengers can't

plan seamlessly.

Disconnected Systems

Custom integrations block interoperability across Europe.

C

Our Approach

"Imagine you are a passenger. Your train arrives on time, the track is in perfect

condition, the station guides you effortlessly — and if something goes wrong,

there is already a plan. That is what FP1 Motional is building."

1

INFRASTRUCTURE

Tracks & Assets

2

STATIONS

Multimodal Hubs

THE TRAIN

Vehicle Systems

4

DATA BACKBONE

Connectivity

FP1 MOTIONAL — Europe's Rail

Europe's Rail Joint
Undertaking



MOTIONAL

VIEW 1 - 2

Infrastructure - Stations

VIEW 1: INFRASTRUCTURE
n How do we know when a switch will fail

before the train does?

VIEW 2: STATIONS

How do we turn a fragmented station into a

true multimodal hub?

Demo 29.3
Hitachi Rail Deutschland

Digital Twin of point machines using signaling data.

Demo 27.5
Deutsche Bahn AG

Digital planning of CCS objects — no more paper-based workflows.

Demo 21.3

POLSKIE KOLEJE PANSTWOWE SPOLKA AKCYINA (PKP)

Web trip planner unifying rail, city transit & private services in £todz.
Includes B2B planner & real-time station dashboards.

Demo 25.1.2

POLSKIE KOLEJE PANSTWOWE SPOLKA AKCYINA (PKP)

Load estimation & prognosis for transport management — data-
driven capacity decisions via a centralised Data Lake.

FP1 MOTIONAL — Europe's Rail

Europe's Rail Joint Undertaking
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VIEW 3 - 4

The Train - Data Backbone

G Can we certify a train without hundreds of

physical tests?

Construcciones y Auxiliar de Ferrocarriles, S.A. (CAF)

FMU-based Digital Twin for virtual validation & certification of braking
& traction systems — fewer physical tests, lower costs, faster delivery.

VIEW 4: DATA BACKBONE

- All these solutions only work if systems talk to
each other — securely and at scale?

Demo 31.2,3,4
Virtual Vehicle Research, DEUTSCHES ZENTRUM FUR LUFT
UND RAUMFAHRT EV (DLR) & Knorr-Bremse

Federated Rail Data Space: secure connectors, metadata broker &
app store - built with 12 railway value chain partners. Scalable &
deployment-ready.

Demo 30 Conceptual Model — Ontology

Shared ontologies & data models underpin
interoperability — illustration through collaboration with
FP5-TRANS4M-R.

FP1 MOTIONAL — Europe's Rail

Europe's Rail Joint Undertaking
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SYNTHESIS

Connecting the Dots

Many Views, One Rail Ecosystem.

INFRASTRUCTURE

Tracks & Assets

29.3 - 27.5

Multimodal Hubs

STATIONS

21.3 - 25.1.2

THE TRAIN

Vehicle Systems

-~ |

DATA BACKBONE

Connectivity

31.2,34
Ontology Demo 30

" "From the ballast under the track to the app on yzou} phon;— FP1 Motional has built a co?érent,?’nt?roberabl; ecosyéten? fbr evef;)}:'viewgof El.:l'fbpeangra’?/. "

FP1 MOTIONAL — Europe's Rail

Europe's Rail Joint Undertaking
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1 2 3 4
Infrastructure Stations The Train Data Backbone

~PT"MOTIONAL

European Rail Network and Mobility Management
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VIEW 1

Infrastructure -

'ﬂ VIEW 1: INFRASTRUCTURE

How do we know when a switch will fail before the train does?

Demo 27.5
Deutsche Bahn AG
Digital planning of CC5 objects — no more paper-

based workflows.

FP1 MOTIONAL — Europe's Rail

Europe's Rail Joint Undertaking
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Work Package Lead 27 : 2022-2026
Waseem ul Aslam Peer

Lead Data Strategy, Governance and Architecture

DB
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Time Bkl Presenting Company
9:15 — 9:20 . : _ _ Quivira, Waseem
@ 15 -9: Digital Asset Engineering - Overview Deutsche Bahn AG ul Aslam Peer
@ 9:20-9:30  Data Acquisition and Object Extraction MERMEC Mario Colapinto,
! Fabrizo Caramia
@ 9:30 - 9:40 Data Platform 2D Representation = Deutsche Bahn AG \F/)V:esreem ul Aslam
@ 9:40 — 9:55 Outcome of the Planning Data - = Deutsche Bahn AG (E;a]r_nc:_ VorI;/IGimblc:jrn,
r | Planning Tool and Validation nstian iviango
< :
CZ) @ 9:55 — 10:05 Industrialized Tool for Planning via INDRA Tenorio Dominguez
- ! CCS TMS Data Model Ernesto
O |
= @ 10:05 -10:10 Exploitation of Digital Engineering Data for DLR Julia Stadimeier

Digital Twins

e MOTIONAL

European Rail Network and Mobility Management




= Europe’‘s Rail Objective A

=urope’s rail

Delivering a high
capacity integrated

Digitalization

Single European Railway Area Cross-Border Rail Services and European Rail Traffic Management System Deployment

~PTMOTIONAL

European Rail Network and Mobility Management

Europe’s Rail | Waseem ul Aslam Peer | FPIMOTIONAL Event | 29.04.2026
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&=~ The Problem Today | Impact on Europe A

=urope’s

National Control
Command and
Signalling planning
data models and
engineering rules

Supplier-specific
tools and formats

Repeated
engineering effort

Manual data @—_‘

exchange and
translation

:I Cause D Effect

Europe’s Rail | Waseem ul Aslam Peer | FPIMOTIONAL Event | 29.04.2026

Slower European Traffic Control
System deployment

‘ Higher project costs

Interface and migration
errors

[ifﬁcult cross-border

projects

e MOTIONAL

European Rail Network and Mobility Management
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ERA Extended
Ontology CCS TMS
as Base Model

~H
/ EUROPEAN
Z

UNION
AGENCY

ERTMS & FOR RAILWAYS

&

Zurope’s

SERS GRO

Generic Engineering
rules as Base for

_ planning
System Pillar
Automation in
planning
=B > | Automation in

validation

&

Surope’s

Europe’s Rail | Waseem ul Aslam Peer | FPIMOTIONAL Event | 29.04.2026

| Impact on Europe

Faster European Train Control System

—
9 Benefit I

deployment

Lower project costs

No Interfaces are needed
and no migration errors

Simpler cross-border planning
projects

MOTIONAL

e European Rail Network and Mobility Management
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% Engineering

'c;) Exists in refined electronic  Anything of value to A key organizational unit
form railways, from rolling in any railway

stock to infrastructure

6 MOTIONAL

European Rail Network and Mobility Management

Europe’s Rail | Waseem ul Aslam Peer | FPAIMOTIONAL Event | 29.04.2026
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Digital Asset Engineering makes railway systems digital, accurate, and trustworthy
ensuring CCS (Control Command and Signalling) can be designed, operated,
and maintained safely and efficiently.

lllll asdpsaan

e i = .

3

e European Rail Network and Mobility Management

A A A

'&- a.

Europe’s Rail | Waseem ul Aslam Peer | FPIMOTIONAL Event | 29.04.2026
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1) Data
Acquisition &
Preparation

Raw data ingestion, partner
coordination, gap analysis,
and RDF conversion

3) ETCS Level
2 Planning

ETCS Level 2 object planning with
engineering rules, ERA Extended
Ontology CCS TMS

| Overview

5. Industrialized
Tool

Industrialized Tool
for Schematic
Design

A

7. Guidelines & Specifications

Guidelines & Specifications
for Developing & Maintaining
Digital Twins

T il .

I

B W N
-~ = ==
2
O
5 2) Object 4) Data Validation & Quality 6. Digital Twins
— Detection & Assurance

Analysis

LiDAR, image, and

ground truth data

integration with Al
detection

Validation of the
datasets

Exploitation of Digital
Engineering/Planning
Data for

MOTIONAL

European Rail Network and Mobility Management

Europe’s Rail | Waseem ul Aslam Peer | FPIMOTIONAL Event | 29.04.2026
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0 @ Raw Data Ingestion
4 Initial collection and organization of infrastructure data RAW DATA

Partner Identification
Coordinate with infrastructure managers and define requirements [ ]

Gap Analysis

3

O Data Sharing Confirmation

Secure formal approval and establish governance protocols [ ]
/@ Identify missing information and quality issues

9 Data Enrichment
LY\ Supplement with additional data sources

Aligned DATA

Q © Ontology Alignment
0"}y, Align with ERA Extended Ontology and CCS TMS model

e RDF Conversion
" Transform to linked data format

Europe’s Rail | Waseem ul Aslam Peer | FPIMOTIONAL Event | 29.04.2026
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Multi-Source Data Integration INFRASTRUCTURE TO

MICRO DATASETS
g LiDAR Data Picture Data ‘
3D point cloud scanning Visual imagery capture
INFRASTRUCTURE

DATA

Ground Truth 9 Geo Data )/\
v MULTI-SOURCE POINT CLOUD

Verified reference data Geographic information LIDAR | Pictures
Ground Truth | Geo

Analysis

Key Processes

Al DETECTION
Algorithm

Point cloud analysis

@ s

A Verification with images
X3
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MICRO DATASETS
v/ IFC Representation _—I—_I v/ REVET Representation TO SIMULATIONS

2D Representation 2D Representation
o, |
of Assets of Assets

MICRODATASET

BIM methodology for the standardization of passenger stations. 4/\‘
For this purpose, documents as aids for project work. IEC Revit

Asset Catalog
Key Processes Platform

Digital Twins

SIMULATIONS

‘ 2D Representation of Assets

@o Data Asset Catalog — Data Platform
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ETCS Level 2 without Signals Planning RDF INPUT DATASET
TO RDF OUTPUT
Automation for intelligent placement of ETCS ‘
level 2 without signals objects along RDF INPUT DATASET
railway tracks /”/\\
Engineeri " ETCS Level 2
@] (@]
Planning Steps h™ 7
LS Automated
& Load RDF datasets Object Placement
zt| @\1‘ Apply engineering rules and constraints Visualization
=> ' & Review
Ic_—) E‘ Plan object placement without signals +
CED @ RDF OUTPUT

Generate visual models for review

=4  Export planned data for validation

e MOTIONAL

European Rail Network and Mobility Management

Europe’s Rail | Waseem ul Aslam Peer | FPIMOTIONAL Event | 29.04.2026
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Multi-Stage Validation

<. 1. ERA Ontology Verification

0 Confirms alignment with European
S— Railway Agency standards

2. SHACL Validation
Automated constraint checking
for structural integrity

3. Custom Code Validation
(/> Domain-specific checks and
O engineering rule verification

/N Feedback Loop
U Results feed back for

continuous improvement

Europe’s Rail | Waseem ul Aslam Peer | FPIMOTIONAL Event | 29.04.2026

PLANNED DATASET
TO VALIDATION REPORT

ERA Ontology
Alignment Check

. 2
SHACL

Constraint Validation

2

Custom Code .
Business Rules |

dooﬁ ﬁa.édpa.éj

VALIDATION REPORT
& Final RDF Export

MOTIONAL

European Rail Network and Mobility Management
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o

Planned Data

<f>

XML, RDF

~

>

PLANNING & MODELLING

J

VN

Europe’s Rail | Waseem ul Aslam Peer | FPIMOTIONAL Event | 29.04.2026

o

Track Model

Contiuous track description

>

-

J

(2]

o

Vehicle Dynamics
Model

b

Train behaviour & system
dynamics

~

J

el

MOTIONAL

e European Rail Network and Mobility Management
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1. DATA ACQUISITION 2. DATA QUALITY

Photogrammetry
?!; (Close Range & UAV)

1. Data Acquisition

Primary technologies that are widely used

to acquire this data Standards Compliance

01

B} Laser Scanning (LIDAR,
B2 LiDAR Stn, GNS)

Consistence

2. Data Quallty !;?\ Surveying (Total Station)

; ; g Completeness
Dimensions of data quality Raw Data (Point Clouds)
. 4. DATA UPDATIN
3. Data Modelling =i AgOR ATIO?\I 3. DATA MODELING
Standards for data modelling
@ CDE (Common Data @ BIM/Parametric
Environment) . Modeling Software

J’% File Base Updating
=1 (New IFC Version)

4. Data Updating

Process for updating and
maintaining the models

IFC (Industry Foundation
Classes), IDS

IFC Browser
(View & Validate) Intelligent 3D Model (IFC)

6 MOTIONAL
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RDF IFC ERA Ontology CCS TMS ETCS-Level 2

'T11
I RINR]

G a9

SHACL LiDAR OpenStreetMap XML
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& How to Identify the CCS Assets from Point Cloud Data?
ég= Data Acquisition and Object Detection with Deep Learning

gﬂ How to store these Digital Assets?
® A Data Platform that stores the 2D representation — Asset Catalog

How to Digitally Plan ETCS Level 2 Objects without Signals?
By using the ETCS Level 2 Without Signals Planner and
Validation Tool

How to Import and Export Data from industrialized Tools ?
@ Planning with Industrialized Tools like TopRailDesigner
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.. How to explore Digital Twins from planning data?
9 . Identify Errors through simulation

6 MOTIONAL

European Rail Network and Mobility Management

Europe’s Rail | Waseem ul Aslam Peer | FPIMOTIONAL Event | 29.04.2026
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Raw LiDAR Data Automated Validation Digital Twin
Topology, Planning Tool Tool Simulation Tool

Geometry

‘-\
\T .

Meaa I . *
fnlas ; 77/ % . r"\
L { Canoned r q
| - ’ i -
3

Error Detected Error Detected /

/

Microdata
with GPS

Operator

A Saout
- : Biexloord
4

6 MOTIONAL

European Rail Network and Mobility Management
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Task Lead 27 : 2022-2026

Pace Pietro, Mario Colapinto, Fabrizo Caramia

= MErMeC
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Digital Asset Engineering
Europe's Rail - FP1 MOTIONAL WP27

R

=urope s rail

FP1IMOTIONAL
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&=~ DataQuality Challenges

=urope’s

Format & Structure
* Paper-based
e Unstructured

e Non-standardized

Consistency
* Duplicated
* Misaligned

* Fragmented

Completeness
* Missing
e Partial

* No Metadata

Europe’s Rail | Pace Pietro | FPAMOTIONAL Event | 29.04.2026

(]
M
R

Storage & Organization
* Siloed
* Untraceable

* Not versioned

Verification & Validity
* Obsolete
* |naccurate

 Unreliable

Usage & Governance

e Unused

* |naccessible

* Unharmonize
e European Ramwgl !&yﬁné‘\&



Data challenges in the asset life cycle

: : : o Operation & :

Europe’s Rail | Pace Pietro | FPAMOTIONAL Event | 29.04.2026
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&~ Input Data Streams

=urope’s

Images Point Cloud ERA Extended Ontology
CCS TMS

1.<xs:complexType name="LevelCrossing">
2.<xs:sequence>

3.<xs:element name="trackArea"
type="infra:TrackArea"

minOccurs="1" maxOccurs="1"/>
4.</xs:sequence>

5.<xs:attribute name="id" type="xs:string"
use="required" />

6.</xs:complexType>

7.<xs:element name="levelCrossing"
type="infra:LevelCrossing" />

~H
/ EUROPEAN
~

UNION
AGENCY
FOR RAILWAYS
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&> Additional Data Analysed

=urope’s

OBB Survey Data: SNCF Open Data:

3D point cloud of railway infrastructure

Point Cloud & Extracted Object

Bl

e -

MOTIONAL

MOTIONAL

European Rail Network and Mobility Management

Europe’s Rail | Pace Pietro | FPAMOTIONAL Event | 29.04.2026
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&= Manual Object Extraction

=urope’s

Europe’s Rail | Pace Pietro | FPAMOTIONAL Event | 29.04.2026
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=urope’s
Convolutional Neural Network
W -\
. . i\g{/ﬁ“\%ﬁ}v . Background
Field LiDAR Data Laboratory Data Yl Xl - S
LSRRI ® LK ® N
SOOI

Y . Pole
“9 Ay A X yv "

é',f‘i‘::g . é‘,f‘i‘:\g . l’ . Semafor
PN

E28 .
Previous point clouds and detected A . , N - , ; ,
railway assets Point Cloud Voxels Feature Extraction Probabilities
Hyperparameter optimization
» Data Extraction —» Data Preparation —>» Model Training » Model Evaluation > Trained —>» Deployment BIM.
Model Modelling
A
i
Z
- Patches of point Conversion to Convolutional Accuracy of the Procedure that reads Parametric
O clouds with objects voxels and data Neural Network model point clouds and stores construction of the
= augmentations the predicitons in CSV IFC model

6 MOTIONAL

European Rail Network and Mobility Management
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e Use Case 1 - LiDAR Data = Object Detection

=uropes

POI-Type
Switch
Balisegroup
Axlecounter
ETCS_Stopmarker
ETCS_Locationmarker
ETCS_Stopmarker_BS
Bufferstop
Levelcrossing
Platform
Bridge

Output
o ldentified Objects

Input Process

o  Point Cloud (.1as) o Data Quality Check
o Images (.jpg) o Object Detection
o  Planning Data (.xml) o Al Training

o Locations
o Shapefiles

-
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MOTIONAL
POI : POint of interest European Rail Network and Mobility Management
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&< Bridge

=urope's

</includes>
</areaReference>
</bridge>
v<bridge id="1069423475" name="BRG_0027">
v <areaReference>
v<includes>
v<include>

<startsAt onLinearElement="E0047" offsetFromOrigin="1506363"/>
<endsAt onLinearElement="E@047" offsetFromOrigin="1488100"/>
</include>
</includes>
</areaReference>

</bridﬁe>
v<bridge 1d= E " name="BRG_©028">

v<areaReference>
v<includes>
v<include>
<startsAt onLinearElement="E@@06" offsetFromOrigin="1421366"/>
<endsAt onLinearElement="E@@06" offsetFromOrigin="1438751"/>
</include>
</includes>
</areaReference>

<‘Er§gze>
v<bridge 1d="23876434" name="BRG_©003">

v <areaReference>
v<includes>
v<include>
<startsAt onLinearElement="E0026" offsetFromOrigin="808929"/>
<endsAt onLinearElement="E@026" offsetFromOrigin="738848"/>
</include>
</includes>
</areaReference>
</bridge>
v<bridge id="23876546" name="BRG_0004">
v<areaReference>
v<includes>
v<include>
<startsAt onLinearElement="E@@26" offsetFromOrigin="407390"/>
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< Level Crossing

=urope's ~ail

</include>
</includes>
</areaReference>
</levelCrossing>
v<levelCrossing id="469732011" name="LC_0021">
v<areaReference>
v<includes>
v<include>
<startsAt onLinearElement="E@@40" offsetFromOrigin="2851130"/>
<endsAt onLinearElement="E@@40" offsetFromOrigin="2861130"/>
</include>
</includes>
</areaReference>

,
v<levelCrossing id="52779993" name="LC_0@e1">
v<areaReference>
v<includes>
v<include>
<startsAt onLinearElement="E@040" offsetFromOrigin="83056"/>
<endsAt onLinearElement="E@040" offsetFromOrigin="93@56"/>
</include>
</includes>
</areaReference>
</levelCrossing>
v<areaReference>
v<includes>
v<include>
<startsAt onLinearElement="E@@47" offsetFromOrigin="1063197"/>
<endsAt onLinearElement="E@@47" offsetFromOrigin="1073197"/>
</include>
</includes>
</areaReference>
</levelCrossing>
v<levelCrossing id="6250058312" name="LC_0037">
v<areaReference>
v<includes>
v<include>
<startsAt onLinearElement="E@@47" offsetFromOrigin="1167242"/>
<endsAt onLinearElement="E@@47" offsetFromOrigin="1177242"/>
</include>
</includes

IR M AV A I\II‘AL
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&> Export to BIM and IFC Data Format

=urope’s

IfcElementAssembly.
SIGNALASSEMBLY

IfcRelAggregates s RelAggregate

IfcSignal. IfcSign.
VISUAL MARKER

IfcRelAggregates

IfcMember.
POST

@B Lulding SMART

International

Europe’s Rail | Pace Pietro | FPAMOTIONAL Event | 29.04.2026

v Pset_Condition

0
0.0000
0
0

v Pset_InstallationOccurrence
ate 0

v Pset_RepairOccurrence

v Pset_SignalFrame

MOTIONAL

European Rail Network and Mobility Management


https://www.buildingsmart.org/standards/domains/railway/ifc-rail-project-phase-2/
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Task 27 : 2022-2026

Stefanie S Werner, Rene Seeboth & Christian Stillger

D oJdif

OBB

INFRA

DB

DB

4#7 = INDRA
DLR

EYes

virtual @ vehicle

lllineco = MmEeErmec

THALES

&
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e= Use Case 2 — Objects > Data Platform -i-

?ﬁ Datasets <0 . S]E(t);in% tg_e rtepresentation « Data Platform — Asset

e 2D Objects J or the Ubjects @ Catalog
) @ —>

Input

(Aligned Data) Process Output
Object library with 550+ components InfraGO
available in IFC and Revit format 660 compoents a

Version 2,10 Version 2.00 Version 2.00 Version 2,00

DB BSK Abdeckstein Ecke innen DB BSK Abdeckst=in Ecke aussen DB BSK Abdedkstein 76 und 96

Version 1.00 Version 1.00 Version 2.00 Version 2,00

N T

DB ABS Tiefbord DB Belew F DB Beleuc DE DBI Oberleiwngsmast

valsion 2.00 VeIsion 3.10 Version 3.10 valsion 1,00

Station 2 — Task 27.3, 4 DB - Station & Services _
Demonstrate Data Platform. |

~PTMOTIONAL
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InfraGO

Startseite

0 Startseite

BIM-Content fiir Auftragnehmer

Die DB InfraGO AG nutzt die BIM-Methodik fir die
Standardisierung von Personenbahnhdfen. Dafiir stellen
wir dem Auftragnehmer verschiedene Unterlagen als
Hilfsmittel fur die Projektbearbeitung zur Verfiigung.

BIM-Content Version

Versionsnummer suchen ...

BIM-Content - 3.3
3.3 (aktuellste Version)

Die nachfolgend dargestellten Inhalte gelten in Verbindung mit den Vorgaben zur Anwendung der BIM-Methodik 3.3
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Task 27 : 2022-2026

Waseem ul Aslam Peer, Christian Mangold, Bernd Von Gimborn, Gabriel Naber

D B RAIL Expert Consult

D oJdif DB 4#;; < INDRA  lllineco  =mermec

—
<
prd
O
o
=

oBB PKr) BNy THALES

INFRA

6 MOTIONAL

European Rail Network and Mobility Management

Europe’s Rail | Bernd Gimborn | FPLIMOTIONAL Event | 29.04.2026



&~ A

=urope’s
ERA EXTENDED
ONTOLOGY CCS TMS
I-Daéacsheetisbenberg ._)-_)’ A
« BaneNOR Lqe—l CAD-Output
e BaneDenmark m o
* ADIF ——
PLANNING VALIDATION GeoMap / REPORT
TOOL TOOL

] . ) Planned RDF File
Generic Engineering

Rules
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Good morning and welcome to the presentation of the ERJU

&

Europe’s Rail | Bernd Von Gimborn | FPLMOTIONAL Event | 29.04.2026
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ETCS Level 2 without Signals

Automated SHACL validation of railway planning data

EU - EUROPE'S RAIL - FP1 MOTIONAL

Europe’s Rail | Christian Mangold | FPIMOTIONAL Event | 29.04.2026
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Task 27 : 2022-2026

Ernesto Tenorio Dominguez

= INDRA

D oJdif DB 4#;; < INDRA  lllineco  =mermec
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Schematic Design Tool

Rail infrastructures as 2D SVG
diagrams — position and dimensions
of each asset

I

1. Schema Import / Design

Start blank or import an existing schema
SVG canvas with topology & geometry

INDRA Industrialized Designing Tool — Y
Overview

Production-Grade Multi-Format Export

Industrialized and in use across
real rail engineering projects

Today's focus: the ERA CCS/TMS
v1.3 JSON data model

2. Visual Editing
Refine visual elements (+ data
enrichment)
Interactive editing - optional ENG-domain data

Task 27.3 / 27.5 - Digital Asset Engineering - INDRA
Industrialized export from TRD designs to the ERA CCS/TMS v1.3 data model

Europe’s Rail | Ernesto Tenorio Dominguez | FPIMOTIONAL Event | 29.04.2026

Interoperability by Design

Bridges INDRA's internal model with
the ERA Extended Ontology

(>

3. Export to CCS/TMS JSON
ERA Extended Ontology v1.3 (INFRA +
ENG)

Schema-ready output for ERA consumption

e European Rail Network and Mobility Management
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s CCS/TMS JSON Export — Entities

=uropes Covered

14 entities covered across INFRA + ENG domains

Switching & end-of-track Train detection

Switch - BufferStop - Derailer BaliseGroup - AxleCounter

Level crossings & platforms Structures

LevelCrossing - Platform Bridge - Tunnel

ETCS markers

ETCS StopMarker
ETCS LocationMarker
ETCS StopMarker BS

Safety engineering (ENG)

FoulingPoint - DangerPoint

*  Topological relationships preserved — NetRelations graph + LinearElement references

*  UUID-based cross-referencing across all exported entities

Task 27.3 / 27.5 - Digital Asset Engineering - INDRA
Export-ready - Schema-compliant - Interoperable across the rail CCS/TMS ecosystem

Europe’s Rail | Ernesto Tenorio Dominguez | FPIMOTIONAL Event | 29.04.2026
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1 Top Rail Designer X +
C m 23 csftiotn01-ga-trd-client.sft. k8s.mova.indra.es/es/ *
T i i i °
O o Tira sin titulo a
Designer ™3 Archivov & Editarv J vistav & Hemramientasv ANISOS
Qo 2 2 h 2 L ® — & 1r Estacion / Trayecto Capas de visibilidad
X: 801 Y: 112 Enclavamiento > =
A
Elementos de Via v
Sefales v
I Entidades Auxiliares v
< Biblioteca de Pantallas v
Z Biblioteca CTC v
—
I No hay elementos

TRD — Sinoptic design view

Source of the industrialized export
Europe’s Rail | Ernesto Tenorio Dominguez | FPIMOTIONAL Event | 29.04.2026
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Task 27 : 2022-2026

Andreas Heckmann, Julia Stadimeier

i DLR
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* Integrate Planning Data in Digital Twin Digital Twin
« Virtual Train driving along planned track Simulation Tool
» Visualization of dynamic scenarios -

« Check planned balises against reality
* Online Co-Simulation
» Verify installation location
* Detect broken balises

1D 05080.1
G-K (DBREF) {4564424.6 5601587.8}
s 006 m
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Operator
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&= Modelling
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 Track Data
« xml- file contains coordinate points in Gaul3-Kruger System and arrangement of track sections
« Imported with Modelica — ==
« Spline interpolation to create continious track ‘ -

longitudinalVelocity

5
<trackEdgeProjection id="T1 _ W1 ]-["> g%
° <coordinatess gl =
<coordinate pos="0" x="4570758.2083" y="5602680.8734" z="0" accPos="0" accX="0" accY="0" acci="0"/>
<coordinate pos="10002" x="4570752.3598" y="56026T72.3595" z="0" accPos="0" accH="0" accY="0" accZ="0"/>
<coordinate pos="20004" x="4570747.7192" y="5602663.8405" z="0" accPos="0" accX="0" accY="0" acci="0"/>
<coordinate pos="30005" x="4570742.5434" y="5602655.2822" z="0" accPos="0" accX="0" accY="0" accZ="0"/> -
<coordinate pos="40007" x="4570737.4568" y="5602646.6704" z="0" accPos="0" accX="0" accY¥="0" accZ="0"/> g, EE

° <functionalElement x="4564379.1516" v="5601579.5212" z="0" accx="Q0" accY="0" accz="0">
celementRef>
<balise ref="Group [27 UEUBE_U”EP
<felementRef>
</functionalElement>

R (CC
BWNOND1N|

Planning Data Continious Track Vehicle Dynamics
Description

2r00b” [5) 02085 0u\>

B —{>

MOTIONAL
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https://www.dlr.de/en/service/imprint
https://www.dlr.de/en/service/imprint
https://www.dlr.de/en/service/imprint
https://www.dlr.de/en/service/imprint
https://www.dlr.de/en/service/imprint
https://www.dlr.de/en/service/imprint

&=> Error Identification

=urope’s

comparison of expected and detected Balise ID

o
o]

* Artificial ,,Measurement® Data
« Data is from current planning, not installed yet
- Manipulated planning data with induced error

0.6

Balise mismatch detected
[=]
B

o
[
T

* Evaluation
« Comparison of expected an recieved Balise Information , | | , | ,

. 1 1.01 1.02 1.03 1.04 1.05 1.06

i Report Of m|smatCheS traveled distance s [m] quu“

o

Planning Data Continious Track
g Description

BaliselD Evaluation
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&=~ Visualization

=urope’s

» Digital Terrain Model for surrounding area
« SimVis Library for visualization

Bearbeiten Erzeugen Selektieren 1 Rendern Motion Tracker MoGraph C

[

>

) Optionen F ProRender

dateRate: S0~ £1.-1.-3} 10.0-1}

gridiorld_xy shapsCasys?
/BoxEnviron 1
i "ﬁ
- /\
fixedRotation visTerranFEX
—L
b
aridTilr By
—

baliselD

linearPTPMovement cameraFallo """:"'fn-c(:am,t\tta chedi

\ T ‘\ﬂ a
\D—[Fb - b —
. r={-3.0,-0 53

cameraAttached

k
4

fCamAttached

r={0,0,-1} ’ ».m---h*j

pathWheelset

sCenario

Scheibenbg

overlayScenar)

vehicleDynamics

combiTableVelocity

inverseForceBy-
pa
s m—p— l—u

cameraFollow S~

Wc —-

cadFileCar

fCamFellow Sc
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v 54 km/h
ID 05080.1

G-K (DBREF) {4564424.6, 5601587.8}
s 006 m
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Integrating multiple data sources transforms raw data into a
Digital Foundation for the future.

D oJdif DB < INDRA  lllineco  =mermec
DLR
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Flagship Project 1 MOTIONAL | 2026

Survey & Break

Please check the chat and answer the Survey
Back from Break at 11:05

INFRASTRUCTURE - STATIONS - TRAIN - DATA BACKBONE



MOTIONAL

VIEW 2

Stations

VIEW 2: STATIONS

How do we turn a fragmented station into a true

multimodal hub?

Demo 21.3

POLSKIE KOLEJE PANSTWOWE SPOLKA AKCYINA (PKP)
Web trip planner unifying rail, city transit & private
services in £édz. Includes B2B planner & real-time
station dashboards.

FP1 MOTIONAL — Europe's Rail

Europe's Rail Joint Undertaking



&> The Data Processing Workflow In
Data Lake

External
systems

L E=R

er
systems

e European Rail Network and Mobility Management




&> Central Data Platform — Why It Matters
reres ™t (Business & risk overview)

Business benefits Security & risk
* One trusted version of data — all teams work » The platform does NOT replace
on consistent, up-to-date information operational or safety-critical systems
» Better and faster decisions — management, » Critical railway systems remain isolated
operations and maintenance see the same and independently secured
picture « The central platform works on controlled,
* Lower integration costs — data is prepared read-only or replicated data
once and reused many times « Modern cybersecurity controls: access
* Improved passenger services — reliable management, encryption, monitoring and
information across all channels auditing
« Stronger analytics & planning — » No single point of failure for operations —
cross-domain insights that were not possible if the platform is unavailable, trains and
before core systems continue to run normally
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Single point of truth without a single point of failure

For analytics and decision support — not for safety-critical real-time control.

6 MOTIONAL

European Rail Network and Mobility Management
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<~ AirFlow — Process Control

- '
=uropes
k Airflow DAGS Cluster Activity Datasets Security Browse Admin Docs o 15:35 CEST (+02:00) JG

Cluster Activity

Live Metrics @

Unpaused DAGs Pools Slots
8 [ ] open [ ] queued (] running scheduled [l deferred Health
out of 13 total DAGs MetaDatabase
status: HEALTHY
Top 5 longest Dag Runs to finish Scheduler
status: HEALTHY
DAG 1D RUN TYPE DURATION efault poo last heartbeat: 2025-06-03, 15:36:22 CEST
passengerflow scheduled 66d23:32:05 Triggerer
train_two_stage_forec manual 10d22-31:25 status: UNKNOWN
out of 2 total running Dag Runs 0 30 60 o0 20 150
Historical metrics @
Start Date End Date )
2025-06-02 0O 16:35:06 ® 2025-06-03 O 16:35:06 ® for a period of 1d00:00:00 Clear Filters
&I Dag Run States Dag Run Types Task Instance States
Z @ succes: @ failed @ queusd B running scheduled @ backfill @ datasetTriggered B manual B success B deferred I failed noStatus I queued removed 173 p
—
on a total of 24 on a total of 24 on a total of 28

MOTIONAL

European Rail Network and Mobility Management
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€~ AirFlow — process control
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O train_shortterm_late_fusion_model Schedule: None neRunisNens) | » o
2025-06-03 B 15:37:43 @ AllRun Types  w AllRun States v Auto-refresh 25 v
Press shift + / for Shortcuts removed | | reslarfing scheduled [Shulduwn] skipped [Success] up_for_reschedule | |up_for_retry | | upstream_failed | no_siaius

train_shortterm_late_fusion_model = » 2025-05-27, 15:10:14 CEST

A Details  "f Graph [FGantt <>Code (5 EventLog

Layout
Left -» Right +
am

clone_repo

copy_env_file am

get_requirements an

download_hourly_data an

prepare_hourly_data am

generate_hourly_data_report an

train_hourly_model an

cleanup a get_requirements -
clone_repo @ success download_hourly_data prepare_hourly_data generate_hourly_data_report train_hourly_model cleanup
@ success PythonOperator @ success @ success B success B success @ success
BashOperator PythonVirualenvOperator PythonVirtualenvOperator PythonVirtualenvOperator PythonVirtualenvOperator BashOperator

copy_env_file
@ success
PythonOperator
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&> Central Data Platform — Business view: from
e fragmented sources to trusted outcomes

Source Data Platform Access & Business
Systems (Single Source Data Outcomes
of Truth) Products
 Ticketing  Ingest & « Bl dashboards / « Better decisions
« Operations - standardize - reports - « Lower costs
« Maintenance « Store & version « Analytics « Consistent KPIs
« External data data - APIs for « Faster reactions
* Govern & secure applications

Governance & Security e Data Quality ¢ Monitoring ® Compliance
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Designed for analytics and decision support — not for safety-critical real-time control.

e European Rail Network and Mobility Management
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<> Data Lake Contents — Relations
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K

I Show sQL |5 2

E . stations ¥ () insert at v | A timetable v |
| e ‘v [12] | 2025-04-10 17:05:11.454 2022-2023
o 1.1 | {"stationName":"t6dz Kaliska"
l'% 12 | stationld""46706
1.3 | "serviceType":"LKA"}
T {"stationName™:"t6dz Zabieniec"
1.5 | stationld™"46789
1.6 | "serviceType":"LKA"}
1.7 | {'stationName":"t6dZ Radogoszcz Zach.”
1.8 stationld™:"251556
1.9 | "serviceType":"LKA"}
1.10| {"stationName":"Zgierz"
1.11| stationld":"46805
1.12| “serviceType":"LKA"}
N v [27] 2025-04-10 17:05:11.455 2022-2023
— 2.1 {"stationName™:"towicz Gt."
§ 2.2 static?nld":"32904
(@) 2.3 | "serviceType":"BUS"}
|: 24 ["stationName":"towicz Przedmiescie”
(@) 25 | stationld™:"33050
E - 2.6 “serviceType":"BUS"}
g 2.7 | {'stationName":"Grudze"
= 2.8 | stationld":"46888
B 29 "servicelType":"BUS"}

MOTIONAL
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<> Data Lake content — passenger flow

=urope’s
] select * from passengerflow p limit 200 |2 I P v B~V ~ v
E « | Aid ¥ T8 key v | 5.8 passengerflow v | @) insert_at v | AZ number
HH Ee c/c2600b65244944af6b864e7 1d4f5a2 I P [{"operator":"LKA","vehicleName":"36WEd-008","c » {"stationNo":1 [+29] 2025-03-15 20:28:07.690 0/0
% P 2 |eb31a0dab7394295a9703a0fc7254cdd P [{"operator":"LKA","vehicleName™:"36WEd-009","c P {"stationNo™1 [+35] 2025-03-15 20:28:07.820 0/0
I'Ei P 3 | 29e68f38c52d4498b2f4caBad930664b  p [{"operator:"LKA","vehicleName":"36WEd-001","c » {"stationNo™:1 [+23] 2025-03-15 20:28:07.695 0/0
P 4 | 38cc93337b234ch68bafab45802a905d P [{"operator:"LKA","vehicleName":"36WEd-003","c P {"stationNo™:1 [+17] 2025-03-15 20:28:07.664 0/0
P 5 | 0b2516d9399b4528b9a3df07dfh5347b » [{"operator:"LKA""vehicleName":"36WEd-001""c » {"stationNo":1 [+11] 2025-03-15 17:18:39.635 0/0
P 6 | 00c3fa9d514f4b238c4535baaa1906b5 P [{"operator”:"LKA" "vehicleName":"36WEd-007","c » {"stationNo™:1 [+11] 2025-03-1517:18:39.075 0/0
b7 405dfebdedBada9cb7bc7530620a4b76  p [{"operator":"LKA","vehicleName":"36WEd-009","c p {"stationNo":1 [+47] 2025-03-15 17:18:39.879 0/0
P 8 | 09a9a9d37f3d47c6a71cc98c81c998b1 P [{"operator":"LKA","vehicleName":"36WEd-006","c » {"stationNo™1 [+11] 2025-03-15 19:44:57.870 0/0
9 750a9¢ae8834421e86c57e6f42e2c8c2 P [{"operator":"LKA","vehicleName":"36WEd-010""c » {"stationNo™1 [+11] 2025-03-15 19:44:57 341 0/0
P 10 | 82baB701e73cdc5fabbha8b23cdb59fed P [{"operator":"LKA","vehicleName":"36WEd-007","c P {"stationNo™1 [+35] 2025-03-15 10:02:02.062 0/0
P 11 | 6de05795e9bcda8c9c1caBaac99f4218 P [{"operator":"LKA","vehicleName":"36WEd-003","c » {"stationNo™:1 [+11] 2025-03-15 10:02:02.159 0/0
P 12 | 495d7eab291c47f29e0a9c2c7d038052 P [{"operator”:"LKA","vehicleName":"36WEd-009","c P {"stationNo™:1 [+41] 2025-03-15 02:02:25.289 0/0
1 b 13 | Ob80féba3af347f7b22063b5b3c53c2c P [{"operator":"LKA","vehicleName":"L4268-016""d¢ » {"stationNo":1 [+53] 2025-03-14 18:00:25.085 0/0
< P 14 | dcfcb4ead6f54cf8ba71d35d901a3aeb b [{"operator":"LKA""vehicleName":"L4268-019","d¢ P {"stationNo™:1 [+107] 2025-03-14 18:06:25.388 0/0
Z P 15 | 166d68aabc59401ch8521f1541eee221  p [{"operator":"LKA","vehicleName":"L4268-019","d: p {"stationNo™:1 [+53] 2025-03-14 18:06:26.022 0/0
9 P 16 | dc99a98d313d4bfd91b8481aee8b0bbf P [{"operator":"LKA", "vehicleName":"L4268-019","d: » {"stationNo™1 [+41] 2025-03-14 18:06:26.280 0/0
5 » 17 | ci3121bceebded49d1826f495ca5faaa3d » [{"operator":"LKA" "vehicleName":"[4268-019","d: p {"stationNo™1 [+101] 2025-03-14 18:06:25.482 0/0
E P 18 | 52cBce72892c4322acdc9d2aB14a3541 P [{"operator":"LKA","vehicleName":"[4268-019","d: P {"stationNo™1 [+89] 2025-03-14 18:06:25.307 0/0
o P 19 | f302e3b6414f456f96807a9df06a3042 P [{"operator":"LKA","vehicleName":"L4268-019","d¢ » {"stationNo™:1 [+107] 2025-03-14 18:06:25.705 0/0
g b 20 | b171208787c3464998e7b7383a3097de P [{"operator”:"LKA","vehicleName":"L4268-019","d¢ P {"stationNo™:1 [+95] 2025-03-14 18:06:25.921 0/0
é » 21 | c218bb6d4b2c9412c91c48ecece?2178c2 » [{"operator™:"LKA" "vehicleName™:"36WEd-006","c p {"stationNo™1 [+23] 2025-03-15 05:09:03.402 0/0

European Rail Network and Mobility Management
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Multimodal time travel
dashboard

Provides the operator with a comprehensive
analysis of:

Analysis Settings
SelectDate Rangs: PKP) POLSKIE KOLEJE PANSTWOWE Commute Time Analysis Dashboard - £6dz
Spotka Akcyjna GRUPA PKP

RUN ANALYSIS

- Journey times to all parts of the city at
selected times

Commute Time Analysis Dashboard - £t6dZ

- Comparison of timetable data and actual
journey times

- The attractivenes of rail services in
combination with other public transport
connections

RUN ANALYSIS
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MOTIONAL

VIEW 2

Stations

VIEW 2: STATIONS
How do we turn a fragmented station into a true

multimodal hub?

Demo 25.1.2

POLSKIE KOLEJE PANSTWOWE SPOLKA AKCYINA (PKP)
Load estimation & prognosis for transport
management — data-driven capacity decisions via a
centralised Data Lake.

FP1 MOTIONAL — Europe's Rail

Europe's Rail Joint Undertaking
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> Use of the Data Lake

=urope’s

External data
Transport relations
Passenger flow
Timetable
Weather forecast data
Disruptions

1
Zrsdfa danych <

Pozyskiwanie danych

Zehouse

Walidacia. czvszczenie, tagowanie danvch

tukasiewicz
PIT

J

[IaE(

§g |
Apache Kafka L Moduly operacji na danych,
_— - I

” ¢ korzystajgce z modeli

x.ﬁirﬂow | I
; Faust a Data Lake

nifié

.
m B (2] (£)(1))

| U

Systemy planewania

Odbiorcy danych

Data Lake

X

Prediction of passenger flow

Relation
Sieradz(LKA)-£6d Kaliska(LKA) v CBKP) POLSKIE KOLEJE PANSTWOWE e-
=urope's
Station No  Station name Model prediction Time Range
1 Sieradz & long v 2025-01-01 B8 2026-02-28 B
2 Sieradz Warta
3 Sieradz Meka o e
4 Mecka Wola Passenger In / Out 2 00 = @
5 lzabeldow direction @in @out
5 Zduriska Wola 8000
6 Borszewice
6 Zduniska Wola
7 Borszewice
7 task 7800
> 8 Kolumna 5
Ee]
£
’ 2
Zgierz \ 5 7600
Aleksandréw.t6dzki Brz 2
6d Kaliska 2 &
e 4
£6d# Lublinek @ <
odz-Gort 2400
e - Pabianice
i Q’-f’ — .
o
- Dobroft :
-‘n"*" é 7200
& | AT 2 cze 9 cze 16 cze 23 cze 30 cze
2 Time Range
ficrosoft S€Z1eJOWYBS TomTom, © 2026 Microsoft Corporafion JLARSZCZ¢ 9
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Station Operator
! Z PKP) POLSKIE KOLEJE PANSTWOWE 5
Aleksandrow Kujawski o LKA v L Spéfka Rkiyjea GRUPA PKP

=urope’s

Passenger flow

Time Range Y B

2024-12-28 B 2024-12-31 &
IN MAX

36,0
@ 5uma elementow passenger_in ®5uma elementdw passenger_out
100

5 IN AVG
: 7.31
E
T
@ IN MIN
£
& 0
c 60
;' OUT MAX
[=]
71,0
» E 40
z OUT AVG
< S
=
z 5 | 8.53
= /
- v l l ! ‘ ' J . ‘ L — OUT MIN
u 0 ¢
E |i|:: 2022 pai 2022 sty 2023 kwi 2023 Iip 2023 paz’ 2023
date
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Station Time Range
Z PKP) POLSKIE KOLEJE PANSTWOWE
Aleksandrow Kujawski s 2024-03-19 B 2024-03-21 [ e Spdika Akcyjea GRUPA PKP -

‘ =—urope's
N
MAX EMC- MAX Il
78 . 0.4
@ E
E AVG é AVG
= =
7,42 0,07
MIN * MIN
0,00
20 mar 00:00 20 mar 12:00 21 mar 00:00 21 mar 12:00 6,60 ' 20mar 21 mar '
Date ‘ Date
L \
MAX @ 100 o7 MAX 0
30 7 97,0
§ . AVG *‘g AVG
3
Ig 15 1|£|9 * &0 - » 91'57
(@) 1po 1,00 MIN 49 49 00
' S— 4:'
= e 20 mar 00:00 20 mar 12:00 21 mar 00:00 21 mar 12:00 1,00 20 mar 21 mar ’
Date Date
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Cross-border travel dashboard

Provides the operator with a comprehensive:

PKP) POLSKIE KOLEJE PANSTWOWE International Railway Connector
Spotka Akcyjna GRUPA PKP

- Qverview of connections from a selected station to
neighouring countries

- An overview of statistics for connections selected
by the operator

- Comparasion of journey parameters between
selected countries
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Flagship Project 1 MOTIONAL | 2026

Coffee Break

10 minutes - Please be back at 11:15

INFRASTRUCTURE - STATIONS - TRAIN - DATA BACKBONE
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rrrrrrrrrrrrrrrrr k and Mobility Management

=—urope's
Flagship Project 1:

Mobility Management in a multimodal environment & digital enablers

Digital Twin Overview
Modularized Digital Twins for Rail

WP 28 & 29: 2022-2026

A. Heckmann et al.
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'German Aerospace Center (DLR), Institute of Vehicle Concepts
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&> Demands, approach and challenges

=urope’s

« Demands
* Organize modularity, interoperablitity & composability of high-order digital twin assemblies
»  Support digital twin work in other Flagship projects

. no vendor lock-in reusage of existing models
'fm i Functionahoice of run time environment  support of IP Protection
. Mook WP 26, 2 validated DTs with real life data

* Approach: define minimal component models, compose reference architectures, specify interfaces

* Challenges: Demo 29.1 - CAF

+ Digital twins may differ in many aspects.
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https://www.cafmobility.com/
https://elib.dlr.de/47220/
https://ec.europa.eu/research/%20participants/documents/downloadPublic?%20documentIds=080166e502c59f1e&appId=PPGMS

&=> The Digital Twin: conceptual view

=urope’s rail
Service

Provider \

1 .
Broker : 1
SerV|Ce i L Track topology
Data Data Eric] B -m

Data User

Data Owner

Provider Consumer

Clearing ot |
cp. https://internationaldataspaces.org House gt

App Store App
Provider Provider

m' Functional
I Mock-Up

Interface
s

4 =
e A DT support
) environment

=urope's Rail repasitory with
minima' models

& GitLab _Emls
\_

%

-

DT runtime
environment

instances

-

DT design time environment » On-premises .
library with minimal FMU assemblies e.g. Matlab, OpenModelica..

i * Cloud/ SaaS
exemplary algorithms
test data e.g. AVL Model.Connect

DLR Multi-Agent-Simulator, ..
On-the-edge / embedded
e.g. sensor data aggregation
in the vehicle, loT

.—. friction brakes

] power train

||
)

(AL

'y Management



https://fmi-standard.org/
https://internationaldataspaces.org/
https://fmi-standard.org/
https://fmi-standard.org/
https://fmi-standard.org/
https://elib.dlr.de/47220/
https://elib.dlr.de/126755/

&> Executive Summary on Use Cases

=urope’s rail

ERTMS DT

Pre-assessment of ATO
Set-ups

DT on Graph Database

Braking/Traction DT
Virtual Certification

Point Machine

Fault Diagnosis

HVAC

HIL-environment in operation,
high complexity

Extension to ERTMS DT
Open simulation environment

Graph database

Vehicle subsystems from different
suppliers, Co-simulation

Classic approach

Simpack, multi-sensor/-purpose

approach, scientifically ambigious
with strong consortium

B

M
Thermodynamics

Europe’s Rail | Andreas Heckmann | FPAIMOTIONAL Event | 29.04.2026

ATO up to GoA4

Maintenance optimization
Virtual vertification
Standarization committees

Fault diagnosis

Diagnosis & maintenance

Asset management

Asset management
Failure & maintenance

Eco-friendliness

CCS

FP2 WP 22, 34/35

FP6 WP7
FP2 WP 5-11

FP3 WP7

FP2 WP 34/35
FP4 WP 16/17

FP3 WP14/15
SP Diagnostics

FP3 WP10/11
SP Diagnostics

FP3 WP 14/15

FP3 WP 12/13
FP3 WP 5/6
FP4 WP 18/19

~PT"MOTIONAL
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&= Today: 4 use cases
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» Virtual Certification Rolling Stock

Blas.Blanco@caf.net

 Maintenance Infrastructure

Vijaya-bhaskar.adusumalli@urbanandmainlines.com

Co-Simulation of Balise Error Identification

Julia.Stadlmeier@dIr.de

D]B /N AlPLUSIS
DLR A+S Consult GmbH

&imc

voestalpine
é MOTIONAL

European Rail Network and Mobility Management
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Proof of Concept: DT & Federated Dataspace
Alexander.Meierhofer@v2c?2.at

 Use case ,Track Settlement of Switches”

Europe’s Rail | Andreas Heckmann | FPAIMOTIONAL Event | 29.04.2026
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VIEW 3

The Train

VIEW 3: THE TRAIN

Can we certify a train without hundreds of physical tests?

Demo 29.1

Construcciones y Auxiliar de Ferrocarriles, S.A. (CAF)
FMU-based Digital Twin for virtual validation &

certification of braking & traction systems — fewer
physical tests, lower costs, faster delivery.

FP1 MOTIONAL — Europe's Rail

Europe's Rail Joint Undertaking
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Digital foundation

Use case: Braking and traction DT

Blas Blanco, PhD
R&D engineer in CAF Innovation Department
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Presentation * From the Innovation Department of CAF (rollingstock

manufacturer), we develop methodologies that
Blas Blanco Mula, PhD

R&D engineer in CAF Innovation Department.

strengthen CAF’s engineering capabilities and support
the competitiveness and sustainability of railway

transport.

 Today’s technological landscape is accelerating the

adoption of virtual validation and certification
methods to assess performance digitally, reduce

Gerhard Hippmann, DLR physical testing, and speed up development.

« The work presented today has been developed

collaboratively with DLR
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é Virtual validation and certification

=urope’s rail
Traditional workflow

: : Authorization
Design Testing & delivery

Simulations

»1 »
l

Measurements

] »
|‘ Vl

N

Virtual workflow

_ Authorization TIME
Design & delivery SAVING
Virtual Testing

L—» Measurements

Simulations

~PTMOTIONAL

European Rail Network and Mobility Management
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E~ Shifting issue detection to earlier stages

=urope’s
Found issue vs project stage Fixing error cost vs project stage
A

g

k-]

g

2 o

;

g Coding

z u

Virtual -
esign
WO rkfl oW Requirements
e o b drvioyment Project stage

J . . . . . . . .
<ZE Virtual  workflow  shifts issue Fixing error in earlier project stages has
) detection to earlier stages of the lower cost
5 project.
=

DIGITAL TWINS support implementation of virtual workflow
6 MOTIONAL
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E_ Why should anyone care about braking and traction performance?

=urope’s

e Passengers rely on trains to accelerate, brake
and stop exactly as expected.

 Behind the scenes: an enormous amount of
engineering, modelling, simulation, and
safety validation.

e How braking and traction performance is
developed and validated directly impacts
safety, certification effort, delivery time and
operational efficiency.
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5_ What does make braking a train a complex operation?

=urope’s

Stopping a Moving Building

= Car:~1.5Tn
= Train: 200-800 Tn
= Enormous kinetic energy to dissipate

Adhesion: Steel on Steel = Very low Grip

= Rubber-asphalt adhesion: 0.7-0.9
= Steel-steel friction: 0.05-0.2

Blending: A three-system Braking Orchestra

= Electrodynamic Brake (ED): energy-recovery
= Friction brake: energy loss
= Magnetic brakes: emergency cases

Braking distance: Counter-Intuitive Reality

= Car at 100 km/h: ~100 m
= Train at 100 km/h: ~400 m
= High-speed train at 300 km/h: ~3000 m

Europe’s Rail | Blas Blanco | FPIMOTIONAL Event | 29.04.2026

The ED effort must be maximized to ensure
system efficiency, while still guaranteeing
safe operations at every moment,
especially under low-adhesion or degraded
conditions.

L > 2

If braking forces become too large, the
limited wheel-rail adhesion can lead to
defects such as wheel flats.

MOTIONAL

European Rail Network and Mobility Management




E_ Why is a braking and traction DT useful?

=urope’s

1. Coordinated operation of multiple subsystems:
= Traction control, ED braking, friction braking,
WSP, onboard control, ...
=  Tuning cannot be done in isolation.

2. Interoperability across providers
= Components and software from different
suppliers.
=  Functional consistency among subsystems from
different providers must be guaranteed

Digital Twin must keep modularity and representativity of
system architecture
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& Architecture of the braking and traction system
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T . GONTROL
i’ Driver desk ETCS/DAS/ATO Odometry system . MODULE
G = * |
i i [ ) X :
: TCMS :
i . « Control module: On boar control logics
""g-_-,-_-_-_-,-_-_-_;-_-_-_-,-I-_--“ . - . \ « Traction control units (TCUs). ED effort management
; Proumatc ‘ «  Braking control units (BCUs). FB effort management.
N i i p =g | « Train Control Management System (TCMS). On-
L chneer e o | !
BRI @@@ ; board upper-level functionalities.
T | ! . . .
[ Wi f ; * Mechanical module: vehicle dynamics and forces
- L s i . ”
< e ! « Track module: geometry and adhesion conditions.
Z i i
o ". Wheel-rai MECHANICAL
- \A\' contact force MODULE ,.’.
o T 5 S '_’,.
= ; )

Track topology & adhesion
conditions

Adhesion level
at contact

1
1
1
1
1
1
1

___________________________ S 6 MOTIONAL
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& Architecture of the braking and traction system

=urope’s

’ ....... \ ﬂ ....... \
- . Adhesion modifier . )
— I  Control | > | Track I
i  module ; ;  module
Wheelset Position
speeds = mm o o w mm w
ED torque Gradient Contact
Secondary | Mechanical . , power
suspension load FB force . I Adhesion
j module -
)
1 * |

Stable and scalable interfaces:

« Sensor signals from mechanical to control modules

* Actuator commands from control to mechanical modules
(motors, friction brakes,...)

* Specific details adapts to the actual vehicle topology
(number of TCUs, BCUs, wheelsets, etc.)
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e Example of the DT generation methodology

=urope’s rail

Railway vehicle used to exemplify the methodology

e e 1

* Topology corresponding to a Light
Rail Vehicle (LRV) with two carbodies.

=L Gt * Maximum design speed around 80
Motor bogie Trailing bogie Motor bogie km/h )

(MB1) (TB1) (MB2)

* About 30 meters length,

—m e About 200 passenger maximum

H capacity.

- Both outer bogies are motorized (2
l H H H TCUs), while the middle one is

trailing type (only friction brake

BCU?2 BCU3 actuators)

—
<
prd
O
o
=

6 MOTIONAL

European Rail Network and Mobility Management

Europe’s Rail | Blas Blanco | FPIMOTIONAL Event | 29.04.2026



& Example of the DT generation methodology

=urope’s
Railway vehicle used for methodology development Developed FMUs for mechanical module
i S=]§ =) BM@ =HEE
J i=anEnE EHSHES
Motor bogie Trailing bogie Motor bogie
(mMB1) (TB1) (MB2)
Vg&\/&‘mw
BDW‘ 'rm " Functional n o
. bg?osmunﬁ[l I MOC'(-UP
Mechanical — ——— Interface s
module  wemee | s | | | mem | | | D |
architecture SR
=
E{E n 3
J buDg\e LLLLLL MooeL
<
Z
o Scenario parameters Design parameters
5 Car occupancies Mass properties
= Wheel-rail adhesion Stiffness and damping values

Pad-disc friction coefficients Wind resistance coefficients

DLR

Europe’s Rail | Blas Blanco | FPIMOTIONAL Event | 29.04.2026
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e Example of the DT generation methodology

=urope’s rail

Railway vehicle used for methodology development

Developed FMUs for

o] QT]L O[OSH control module
== S X - (S el |
Motor bogie Trailing bogie Motor bogie
(MB1) (TB1) (MB2)
Control
module
architecture _m
l l l TCU2 [\ - :m i I’\:/Iuoncflf-ia;al
Interface
BCU2 BCU3

Scenario parameters Design parameters
Failing unit Maximum ED effort
Maximum ED power

| 6 MOTIONAL
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=2 Example of the DT generation methodology

=urope’s rail

Control module
Mechanical module

CONTROL MODULE

BOGIE 1

VEHICLE DATA BUZ

)

:
: o[ ey
= s
= - ef 2 = ~ |
- 3
MODEL

DLR
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& Verification results

=urope’s

Scenario: Full-service brake from 80 km/h to stop

| Tare conditions — — Fully-laden conditions|
Normal adhesion (o = 0.3) __Normal adhesion
600 ' ’ | ] 80 / - - Different loading conditions can lead to
70+ .
=2 £ oo different deceleration profiles due to cross-
— 400 S 50¢ ]
%300 ! f interaction between TCUs and BCUs.
L
E ‘—930- | . .
0 200} il © 20 ] Mainly when braking starts
100 ¢ 4 10 |
. .
00 5 10 15 20 0 5 10 15 20
_ 20 - - - « When fully-laden, TCUs are limited by
NLD
&l £ = 15| ] power specifications, in that case BCUs
c =
o 5 . . .
% § E“” ] compensate braking deficit to reach
oy S 5 nominal deceleration
O e = 5¢
= 0 , . ,
0 5 . 10 15 20 O0 5 10 15 20
Time [s] Time [s]

6 MOTIONAL
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é Verification results

=urope’s rail

Scenario: Full-service brake from 80 km/h to stop

Normal adhesion

Very low adhesion

700
600

— 500 -

E

C 400

o

-—

@ 300+
200 ¢
100 |

—_—

Deceleration [m/s?]

o o o o
o N A o o
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80

40

20

Total ED effort [kN]

20

10

Total FB effort [kN]

60 r

15+

TR

In low-adhesion
condition WSP

acts and prevents

wheel block.
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Validation model

=
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Railway vehicle used for methodology validation

"1 :?:?v:__“::ﬁl",ﬁ‘?_ﬁ: ’;\Jt_i‘—_:al'_ﬁ o ‘I.:T_V‘ w: ;;_ll,_:_ F?f‘.miv"l“mr "‘v‘»’f"'I’i':vW"r"“-"v [ i c
f ! ! ! ! ! !

Single FMU modelling vehicle dynamics
(mechanical module)

) v_MOTOR_TORQUE

CAF POS_VEH b

BCU BCU [I | | ﬁ |
P17 17 7 e T T T T T

* Main line railway vehicle.

* Maximum design speed around 200
km/h.

e 10 carbodies, 12 bogies, with 4 of
them motorized,

than 400

Capacity for more

passengers

FMUs used to build the control module

) M_BRAKE_NOR { FO iy
/IN CoE |
s MANIPUI q
) v_GRADIEN] .BODIES \ ’ UW
e o JERK_VEH b #ls_outout
 — JTcms_su —
Vi
v_ACCELERATION h-‘__ﬁ

SPEED
Y M_FRICTIONS aa—  ——

v_F_VERT_SECONDARY |
M_ANGLE_AXLE p S_BUS_outy
FRANUORFROL MANAGEMENT SYSTEM

L3

iv3
v

ES O

V_ANGLE_MOTOR

Y p_LOAD_
v_W_MOTOR
CU_output FN_Neum_ws >

V_ANGLE_AXLE JV_ANGLE_AXLE

TRACTION CONTROL UNIT BRAKE CONTROL UNIT

v

)| p_PASSENGER M_ANGLE_MOTOR
L 0 N G I T U D I N A L TCMS_FUNCTIONALITIES
! M_CONTACT_PARAMETB_YBN A M I C S M_W_MOTOR p

Mechanical module
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E Validation model

=urope’s
| Control [ T T Track In the validation model, interfaces have the same
: | module - ; module . . . .

SR ! .. ! physical background as in the verification model.

Wheelset Position

speecs EDtorque = "™ "™ "¢ N Gradient Contact

Secon_darly ) reforce | Mechanical I dhesion power

suspension loa i module
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Physical module CONTROL_MODULE
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E Validation model
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MANIPULATOR_BUS w

)
p_SPEED v ‘ﬁ! SP MANIPULATOR BUS
o

M_ANGLE_AXLE
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L

p_SPEED
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v_LOAD_SUSP c M S
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Modularity is preserved, each FMU represents an = i E

individual subsystem. T
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&= Validation data
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Variables

Ver histérico de las variables de las UTs

8

——— | ' Vehicle and target
v | . speeds

g—§

e 5 = s 5 e

None

None

ED effort

e e S e B e

8 ]

— i
g 5§ = 8

FB effort

!
1
1
> »
L g »

A
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Stepped traction process with Automatic

Manual
Speed Control

braking
NO WSP ACTIVATION IS RECORDED: DRY ADHESION

6 MOTIONAL
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&= Validation results. Traction

=uropes
250 Traction perfomance validation. Automatic Speed Control (ASC)
| | | | | | | |
Virtual

. 200 = == Real
1% /
éi 150 1
B 100} .
(o h
n

50 -

0 | | | | | | | | |
0 50 100 150 200 250 300 350 400 450 500

Vvirtual — Vreal [km[hj

4 | | | | | I | | |
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Total traction force [kN]

100 | | | | | | | | |
0 50 100 150 200 250 300 350 400 450 500

Time [s]
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&= Validation results. Braking

Braking perfomance validation. Manual operation
| | |

=urope’s

Speed [km/h]

O S
g O O O O
o o o o O

0
520 530 540 550

560

570 580

Vyirtual = Vreal ’.kmfh_l

520 530 540 550

560

Total ED effort [kN]

520 530 540 550
Time [s]

560

-100 -
-200

-300
-400 + | (d)

Total FB effort [kN]
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Conclusion

- Validated approach to build DTs based on FMI standard:
* Modular DTs (allow substitute elements by third-party)

« Tunable modules allowing for parameter analysis and variable operational conditions
» Verification example shows the ability to capture low adhesion behavior

» Comparison with field measurements show validity of the DT in normal adhesion conditions

e Future work:
* Include third-party software overcoming interoperability issues

 Address validation in low-adhesion conditions
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Thank you for your attention
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MOTIONAL

VIEW 1

Infrastructure
5

'ﬂ VIEW 1: INFRASTRUCTURE
How do we know when a switch will fail before the

train does?

Demo 29.3
Hitochi Rail Deutschlond

Digital Twin of point machines using live signalling
data (speed, weather, vibrations).

FP1 MOTIONAL — Europe's Rail Europe's Rail Joint Undertaking



HITACHI

Use case: Fault Analysis of Point Machine
using Digital Twin

L826H Electro Hydraulic Point Machine Implementation in OpenModelica

I W

'_

drivingMech.

r=10.0725-0.196Z ..
I

b a
fixe| dTranchtinnRad
detectorMe...

r={-0,1962, -0.215...

elastoGapl massl supportFrictionl elastoGap
[y
e ; ; e =0. - ; é Z
fixed1 C=270000 Njm I €=270000 Njm fixed
d=10000 M.s/m d=10000 M.s/m

Rama Ambur
Vijaya Bhaskar Adusumalli
Hitachi Rail GTS Germany

Europe’s Rail | Vijaya Bhaskar | FPIMOTIONAL Event | 29.04.2026
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&< Target Scope

=uropes

Target — Intelligent Asset Management using Digital Twins

A switch point contains several point machines

Each point machine as well as the track is monitored by several
sensors

Data is transmitted to a remote server via a communications
gateway

The server analyzes the data received and interprets data with the
help of FMUs

Tester can simulate additional scenarios in a Lab environment with
the help of Digital Twin and real data for better fault analysis

Maintainer can visualize the status of point machine performance in
digital twin for possible emerging faults

A visual interface towards Digital Twin is possible via Asset
Management System platform

Europe’s Rail | Vijaya Bhaskar | FPIMOTIONAL Event | 29.04.2026
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~ Functional Mock-up Unit
=urope's 22l L826H Electro Hydraulic Point Machine

Power pack Power Transmission

L826 Model

o~ wa. |
o e =3 =
£2 ] 0r Ll '\,
. il ¢ B Ll
Fes 3 o
o D @ ]
v LB2éH
(M| 1826Hmaodel
j" PowerPack

1.4 PowerTransmission
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&~ lllustration of data input and output results

=urope’s

Model and Mechanism } Parameter Change ’ Output lllustration

Parameters

Generml  Hodd  Diectorfed  Modfiers |

Piteos e =
i o oo e i 113 S L
Comptat 50

—
<
prd
O
o
=

i 2 2 2SR A+ LAEOE0-89-9-

L-fAS AW - ~efrom .z
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Demonstrating the Digital Twin

Europe’s Rail | Vijaya Bhaskar | FPIMOTIONAL Event | 29.04.2026
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&< Demonstrating the digital twin

=uropes

Change the force required to move the turnout and
observe the effect in the point machine

Input: Friction force at turnout changed by £20%
Output: Hydraulic oil pressure change;
Force exerted by cylinder

Example

Higher forces in reality: Debris or blockages in
switch rails.

Lower forces in reality: Residual stresses in tongue

rail
e FPTMOTIONAL
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&_~ Comparison of results from Open Modelica

=urope’s

— External load (kN) — Force_A (kN) — Force_B (kN) — Pressure_A (bar) — Pressure_B (bar)

Forces in the point machine Cylinder Line Pressure
309 200
25 y J
] 150 +

204

\:
\-

Force (kN)

[

Pressure (bar)

%3}
o
|

3

| o]

< [ . A A

Z 1 I ] I

) L T A ot ; — :

| Time (s) | | Time (s) |

O I I I I

= Actuation Actuatio Actuation Actuatio
begins n ends begins n ends

6 MOTIONAL
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&2 Demonstrating the digital twin

=urope’s rail

Forces and pressures

20
External External External 15
force (- force force 10 III I
o . 0 5
20%) (Nominal) | (+20%) T il
Force (kN)- Input @ 3 3.8 4.5 F External ~ F cylinder F cylinder end
start
Force in Actuation (b) 13 15 17 m Force -20% m Force nominal ® Force +20%
cylinder start
piston (kN) Actuaton  (¢) 6.7 9 11 150
end 100
Hydraulic  Actuation (d) 85 08 114 50 III I
line start 0 II
pressure Actuation (e) 45 60 75 pressure start pressure end
(bar) end m Force -20% m Force nominal m Force +20%
[ Reaction to the external force change is plausible, and as ]
expected.

~PT"MOTIONAL

European Rail Network and Mobility Management

Europe’s Rail | Vijaya Bhaskar | FPIMOTIONAL Event | 29.04.2026



—
<
prd
O
o
=

&< Validating the digital twin

=urope’s

Digital Twin was also successfully validated against two
lab experiments

« Performance of hydraulics under different ambient
temperatures.

» Performance of specific components in detector
mechanism.

&

Europe’s Rail | Vijaya Bhaskar | FPIMOTIONAL Event | 29.04.2026
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&< Model Validation

=urope’s
Force measured in lab experiments Results after optimisation
w0 A — s
w0 i ol §
— 3000
—» =
S 2500

38 39 4 41 42 43 44 45
time [s]

S Pt e |::> Parameter optimisation
Techniques

1000 Parameter Nominal Optimised
Tszes ‘ o Value Value

—
<
prd
O
o
=

Contact stiffness 3.0 2.35
[MN/m]

Contact damping 1.9 1.44
[kNs/m]

Spring damping 3.0 1.87
[Ns/m]

MOTIONAL
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Thank you for your attention

Europe’s Rail | Vijaya Bhaskar | FPIMOTIONAL Event | 29.04.2026
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Flagship Project 1 MOTIONAL | 2026

Q&A Session

10 minutes

INFRASTRUCTURE - STATIONS - TRAIN - DATA BACKBONE



Flagship Project 1 MOTIONAL | 2026

Lunch Break

Please be back at 12:55

INFRASTRUCTURE - STATIONS - TRAIN - DATA BACKBONE



MOTIONAL

VIEW 4

Data Backbone

@ VIEW 4: DATA BACKBONE
.
N

each other - securely and at scale?

All these solutions only work if systems talk to

Demo 31.2,3,4

Virtual Vehicle Research, DEUTSCHES ZENTRUM FUR LUFT — UND
RAUMFAHRT EV (DLR) & Knorr-Bremse
Federated Rail Data Space: secure connectors, metadata broker &

app store - built with 12 railway value chain partners. Scalable &

deployment-ready.

FP1 MOTIONAL — Europe's Rail

Europe's Rail Joint Undertaking
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https://www.youtube.com/watch?v=oA9nFlSXexM

&> Overview of Data Space MotionRail-X

=urope’s

User 1 2 App Store f——0 T7—H-——. Services
i Digital Twins
4— Maintenance Decision Tools

User2,.. &

N

-7 - Connector
Connector '
Company D, E, ...
Consumer pany
» Company C Services
< —
CZ) Contracts |
; Bl |
:
— Connector TR Provider &
Provider Consumer
Company A Data Spaee Company B

6 MOTIONAL

European Rail Network and Mobility Management
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&=> Why Data Space?

=urope’s

Oo—0

i

Data Storage At each party |At each party |Centralized
Data Sovereignty Distributed Distributed Centralized
Single point of failure |None inherent |None inherent |[Yes
Lock-in risk Low Medium—High |High
i Federated None (“who Centralized
Discovery "
catalogues knows whom”) |catalogue
. . High, but
Scalability High Low -
Trust & identity Centralized Bilateral trust  |Centralized
St_anc!ardlzatlon & Centralized Fragmented Centralized
Principles and bilateral
Governance Centralized Fragmented Centralized
and bilateral

Europe’s Rail | Alex Meierhofer | FPIMOTIONAL Event | 29.04.2026

Data Space:

combines

advantages of

federated

solutions with
centralization

&

MOTIONAL
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& Essential phases of sharing data
via a Data Space

How to share data?

N\
a Publishing a data offer
\

e Offer discovery
|
e Contract Negotiation

/
G Data Transfer
/

Europe’s Rail | Alex Meierhofer | FPLMOTIONAL Event | 29.04.2026
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& Essential phases of sharing data
via a Data Space

How to share data?

N\
a Publishing a data offer
\

e Offer discovery
|
a Contract Negotiation

/
G Data Transfer
/

Europe’s Rail | Alex Meierhofer | FPLMOTIONAL Event | 29.04.2026

e European Rail Network and Mobility Management




&> Overview of Data Space — How to share data

=urope’s

g Publishing a data offer Connector

{
2 Meta Data

3 Company C | Provider

Offer consists of:

1. Asset
 Meta Data
 Link to actual Data

Policies

- Data Space does
not host the data!

2. Policies
» Access Policy
« Usage Policy

- Policies defined by
data provider

?

Provider

Connector
Meta Data

Connector
Meta Data

Provider
Company A

Policies Policies

Company B
6 MOTIONAL

European Rail Network and Mobility Management

Europe’s Rail | Alex Meierhofer | FPIMOTIONAL Event | 29.04.2026



&> Overview of Data Space — How to share data

=urope’s

This is just a placeholder for a video

@ @ @M Motional WP31 Dataspacesv < = connect-ife-1-ui.erjufp1-wp31-sandbox.lila.dih.telekom.com (O] [1] -
E— L3 % Ly v v Assets ¥ In] (A ] T T v (4
"i )y’ DATA INTELLIGENCE HUB Assets

O Dashboard Q Search assets @ Create asset 1-140f14
Provide ~
test-document-1_connect- test-document-2_connect- 4 test-ife

1+ Assets — e - ife-1 == urn:artifact:test-ife
- test-document-1_connect-ife-1 test-document-2_connect-ife-1
@ Policies test-document-1_connect-ife-1 test-document-2_connect-ife-1
Ix  Offers E BIM Model % BIM-Datal % Image

— urn:artifact:bim-model — urn:artifact:bim-datal — urn:artifact:image
Consume o~ BIM Model for Digital Twin Development BIM-Datal Image

@ Browse catalog @ BIM Model Digital Twins o BIM Image

Modelling Asset Information Model

@& Contracts
Data space

—
<
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E Transfers
N test-AWS-1 4+ test-ife-aws-b N test-ife-aws-c

MOTIONAL
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&> Overview of Data Space — How to share data

=urope’s

g Publishing a data offer Connector

{
2 Meta Data

3 Company C | Provider

Offer consists of:

1. Asset
 Meta Data
 Link to actual Data

Policies

- Data Space does
not host the data!

2. Policies
» Access Policy
« Usage Policy

- Policies defined by
data provider

?

Provider

Connector
Meta Data

Connector
Meta Data

Provider
Company A

Policies Policies

Company B
6 MOTIONAL

European Rail Network and Mobility Management
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&> Overview of Data Space — How to share data

=urope’s
1
2\ i ]
§) offer discovery Interaction:
/53  Manual
4 >Web Ul
 Automatic

Connector

Consumer

Company B

6 MOTIONAL
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Europe’s Rail | Alex Meierhofer | FPIMOTIONAL Event | 29.04.2026



&> Overview of Data Space — How to share data

=urope’s

1 Negotiation guided
{ by consumer
2 - Supply credentials

8P Contract Negotiation - Define destination
J

for data
—> Select a policy

Several active contracts
possible

4

Depending on Policy:

* Provider may
agree/disagree

Connector Connector
Meta Data Credentials

-E "™ Policies

Provider Consumer
Company A

Company B
MOTIONAL

European Rail Network and Mobility Management
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&> Overview of Data Space — How to share data

=urope’s

5 Automatic
I data transfer

» Connector

- Checks usage
conditions

- Starts transfer

Connector
Credentials

Connector
Meta Data

Provider Consumer

Company A

Company B

6 MOTIONAL

European Rail Network and Mobility Management

Europe’s Rail | Alex Meierhofer | FPIMOTIONAL Event | 29.04.2026



&> Overview of Data Space — App Store

=urope’s

User1 X App Store

User2,.. &

App Store

» Easy to use GUI for
customers/users

» Hosts catalogue of available
data
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&> Overview of Data Space — App Store

=urope’s

User1 X App Store
_ -
User2,... a —
i
& App Store
Meta- » Easy to use GUI for
customers/users
Contract | » Hosts catalogue of available
data
2 ¥
§ * Acts like any data consumer
o Connector
R |
(@)
=

DATA ™
Provider
Company A

DatagSpace

e MOTIONAL

European Rail Network and Mobility Management
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&> Overview of Data Space — App Store

=urope’s

User 1 2 @ App Store

o d
User2,... a —
i}
& App Store
» Easy to use GUI for
customers/users
Contract | » Hosts catalogue of available
data

v

Connector

* Acts like any data consumer
and/or provider

)

Consumer
Company A

—
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DatagSpace

6 MOTIONAL
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&> Overview of Data Space — App Store

=urope’s

User1 X App Store
o a
User2,... a —
i
& App Store
Meta- » Easy to use GUI for
customers/users
Contract | » Hosts catalogue of available
data
2 ¥
§ * Acts like any data consumer
®) Connector and/or provider
oy |
(@)
=

DATA ™
Provider
Company A

DatagSpace

e MOTIONAL
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&> Overview of Data Space — App Store

=urope’s
User1 X App Store
User2,... a [ ] =
)
o
Meta-
Contract |

v

Connector

fomaf
Provider
Company A

DatagSpace

Europe’s Rail | Alex Meierhofer | FPIMOTIONAL Event | 29.04.2026

—N—p Secrvices

Digital Twins

4— Maintenance Decision Tools

App Store

» Easy to use GUI for
customers/users

» Hosts catalogue of available
data

* Acts like any data consumer
and/or provider

« Enables Services like Digital
Twin

e European Rail Network and Mobility Management




&> Overview of Data Space MotionRail-X
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User 1 2 App Store f——0 T7—H-——. Services
i Digital Twins
4— Maintenance Decision Tools

User2,.. &

N

-7 - Connector
Connector '
Company D, E, ...
Consumer pany
» Company C Services
< —
CZ) Contracts |
; Bl |
:
— Connector TR Provider &
Provider Consumer
Company A Data Spaee Company B

6 MOTIONAL
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&> Overview of Data Space MotionRail-X

=urope’s

User 1 2 App Store f——0 T7—H-——. Services
i Digital Twins
4— Maintenance Decision Tools

User2,.. &

Company D, E, ...
-7 -
Connector
Consumer
o Company C
<ZE — 2nd Data Space
I_ - - ‘
2 *
Connector y
Provider Dat S
Company A a a paee

e MOTIONAL
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&> Overview of Data Space MotionRail-X
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User 1 - App Store [l ———" . o GISTTAVTTE
: Digital Twins
= [ — Maintenance Decision Tools

User2,... &

N

-2 Connector
Connector / :
Company D, E, ...
Consumer pany
) Company C
< —
CZ) Contracts |
= DATA L-"/—I
2 -
= Connector Connector $ Provider &
Provider Consumer
Company A Data Space Company B

6 MOTIONAL
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&=> Overview of Data Space

=urope’s
Governance Bod Standardization & Commercial Partner qualification for
y Principles framework Enablement Services
User 1 2 pp Sto =) Services
= Digital Twins
’ User 2 ® } ..g = I — Maintenance Decision Tools
c
o
(&)
g'aett:' Connector
Connector )
Consumer Broker Company D, E, ...
Company C
Contracts
A
)
Connector Connector & Provider &
Provider B - Consumer
Company A =I3s D d Company B
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Core Services e.g. Identity, Access, Certification,

Verification Management Onboarding Services

Operating Company

e European Rail Network and Mobility Management
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&=> What have we achieved so far...

=urope’s

Technical Architecture design

— Define architectural design including ways of work, methodology, typology and
framework

— Align core service and use case priorities within consortium to set up development
environment

Use Case development

— Design format of use case development, conduct workshops on use cases, prioritize
use cases for development

— Shape and align use case content within consortium
— Implement selected use case into data space and app store

Governance Model design

— Design framework for operating and business model in alignment with all players to
shape work after/within second call

—
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— Define respective roles within designed model and assign these

6 MOTIONAL
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&> Implementation of Use-Case:
=wopes 2t ‘Track Settlement at Switches*

User 1 2 App Store e —o——. Services
 E Digital Twins
4— Maintenance Decision Tools

User2,.. &

-2 -

Connector

Consumer
Company C

Connector

Provider
Company A

il
x|l

Contracts

—
<
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DatagSpace
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&> Implementation of Use-Case: voestalpine

=wopes 2. “Track Settlement at Switches*

<

Monitoring of Track Settlement and Identification
of Single-Faults in Switches

* How do elastic components influence the
ballast settlement in switches?

How good agree model predictions and measurements?
Can the model predict voids under the frog?

Limit

-
(%)}

- What sensors/measurements are necessary 1 4 |, Section A - Hpasurement . .

to find the most important parameters regarding || = Section B - teasurement = . .

voiding and settlement? e : :

* Improvements in understanding the §1'1_ 4 .

complete switch-system 5 . .

- « What can the infrastructure provider realistically %09 - « Future E

<Zt expect from the model and what will not be considered? ' . .

0. | |

g s 89 177 266 354 443 - -
o) Developed and validated in FP3 — lam4Rail Days from start Maintenance Maintenance

= Action Action

Here: IT-Infrastructure in Focus, not model quality

6 MOTIONAL
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&> Implementation of Use-Case:
=wopes 2t ‘Track Settlement at Switches*

User 1 2 App Store e —o——. Services
 E Digital Twins
4— Maintenance Decision Tools

User2,.. &

-2 -

Connector

Consumer
Company C

Connector

Provider
Company A

il
x|l

Contracts

—
<
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O
o
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DatagSpace
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&> Implementation of Use-Case:
=wopes 2t ‘Track Settlement at Switches*

App Store
v
MBD
[Simulations E-m_igﬁ':ﬂu

Digital Twin Sandbox

—
<
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o
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&> Implementation of Use-Case:
o >
=wopes 1 “Track Settlement at Switches’ vosstelpine, . SRLING

virtual @vehicle

Initial track geometry

Design parameters MBD

(chosen by user) mﬁ]

P Uil Simulations

= Vehicle speed _w

= Travel direction ' FMU

System parameter Wheel trajectories

(time-invariant): '
Vehicle models / \
Turnout layout I
Track components and VTI Turnout Model <\ MaTLAB
their properties

System parameter
(Continuously ST Taa T ek 7an el I

measured) wid £3 £1 £3 63 £3 £3 No. of load cycles (N)'/
Settlement

Track geometry '
Deflection

Maintenance activities New temporary track geometry

Output:

New track geometry
Forces on components
Kinematics

ballast pressure
Deflections
Settlements

Settlement
Calibration

—
<
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O
o
=

Digital Twin Sandbox

European Rail Network and Mobility Management
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&=> Implementation of Use-Case: »
=wopes 2. ‘Track Settlement at Switches® vosstilpre, , SRLINC

virtual @vehicle

Initial track geometry

Design parameters MBD

(chosen by user) mﬁ]

= Traffic mix i i
e Simulations ——
= Travel direction ' ~ FMU I

System parameter Wheel trajectories
(time-invariant): '

= Vehicle models
/" VTI Turnout Model s

=  Turnout layout
= Track components and
their properties

System parameter
(Continuously V5T &
measured) \

= Settlement

No. of load cycles (N)'/

Track geometry '
= Deflection

= Maintenance activities New temporary track geometry

Output:
New track geometry
Forces on components
Kinematics

ballast pressure
Deflections
Settlements

tmOS App Store

—
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Settlement
Calibration

Digital Twin Sandbox

European Rail Network and Mobility Management

e MOTIONAL

Europe’s Rail | Alex Meierhofer | FPIMOTIONAL Event | 29.04.2026



&=> Implementation of Use-Case:
=wopes -t ‘“Track Settlement at Switches' voestapne . SEUMIE

virtual @vehlcle

Auto-
matic Challenges:
Cont- I oy A
C 13 L -
inuous £. . Data
11 .t « Availability
X _— Future
INPUT 8 fu R  Format
L4
$ ot * Quality

Dy frech Star
» Pipeline
 Models
» Interfaces
» Servers
» Triggers

D
S
)

Q

Q
<
)
O
S

—
<
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O
o
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Digital Twin Sandbox
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&=> Implementation of Use-Case:
=wopes -t ‘“Track Settlement at Switches' voestapne . SEUMIE

Auto-
matic / Challenges:

Cont- Yo
03 | ] Sem!on B- Mleasurgment
i n u o u s -ET = Section B - Simulation . Data
3 . Availabili
INPUT : Future y

* Format
* Quality
» Pipeline
 Models
e Interfaces

e Servers
» Triggers

0 89 177 266 354 443

Days from start

tmOS App Store [

—
<
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O
o
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OUTPUT

Digital Twin Sandbox

6 MOTIONAL
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&> Implementation of Use-Case:
=wopes 2t ‘Track Settlement at Switches*

Maintenance Decision Tool

App Store

—
<
prd
O
o
=
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&=> Implementation of Use-Case:
=wopes a1 ‘“Track Settlement at Switches’

matic

voestalpine \' th

virtual @vehlcle

15 3 —
Cont- st
inuous

INPUT

oy
N w

StD of TG [mm]

Future

‘—b

S o

0.7

0 89 177 266 354 443
Days from start

Maintenance Decision Tool

D
S
)
Q
Q
<
)
O
S

~PTMOTIONAL
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&=> Implementation of Use-Case: »
=wopes 2. ‘Track Settlement at Switches® vosstilpre, , SRLINC

virtual @vehicle

Z=ntrak

ey Limit

matic : : Maintenance Decision
gy E : » Definition of Limit
Cont- ‘ M Section B - Measurement o L u . e
. .51‘3 == Section B - Simulation : : ° DeClSlon on type Of
£12 [ ] u H
INUOUS o - maintenance
: : Future = Estimati
g . .  Estimation of costs
INPUT ] : : . .
0 - - « Maintenance of whole line or
0‘?0 P 7T 26 a5 443 ?
Bays from start Action? Action? small segments )

Maintenance Decision Tool

OUTPUT

Maintenance Decision

tmOS App Store [

—
<
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Third Parties
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> Implementation of Use-Case:
et “Track Settlement at Switches*

voestalpine Etmc

Machines Conn

virtual @vehicle

ed

Mock-Up of App-Store

&tme Marketplace Demonstrator ‘ Q, search

Product Overview
B Mewest v

Filter .
: (\ @ (‘ vinualﬁuehicre (‘
Q, search

Product Name Prod|
~ Country

Product Category: Raw Data - Switch Prod @
eiria Inspection Measurement Load| o
Product Short Discriptions: Lorem Prod Product Name
ipsum dolor sit amet cansectetur. Ac lea psur
vitae tellus aliquet fusce fames vitae
v ) Usage Policies
IMC Marketplace Demonstrator
- Product Name
Q tl nc (l Praduct Category: Analyse Results - Ballast Degradation Filter Area of Interest Everything Avallable: Partially Avallable
> Protocols Product Long Discriptions: Lorem ipsum dolar sit amet consectetur. Tortor netus amet ultrices fringilla, Ac mi vehiculs arcu] &) - \
Product Name Prod| rhoncus. Sed viverra egestas tristique semper bibendum arcu. Augue nisl vulputate pallentesque feugiat morbi commodo diam. | - Prodes Q search S \ +
> Data Series s auri: 5 5 4] a ;
Product Category: Track And Switch Prod commada amet. Purus rutrum mauris nisl id cras posuere pellentesque. Omare vulputate eget cras molestie blandit ult \// \
Asset Data tellus eu ante rhoncus. Nibh dui semper bib v Country V
> Topology Data Asset Data Prod =
5 risH o < <a ali - . \ Nt
Product Short Discrlptions: Lorer s morbi feugiat nibh ut nisl cras risus non. Lorem commoda in nunc in consequat faucibus. Massa aliquam ut semper nunc aenean  Austria v s
> Reports ipsum dolor sit amet consectetur. Ac leo vitae iy
vitae tellus aliquet fusce fames.
> Analyse Results
Quality Details ;
Hardware: Lorem ipsum <~ Wels-Passau ) 4
Z 4
Accuracy: Lorem ipsum -
v Track
Resolution: Lorem ipsum
 Gleis 1
— 69.9 +82.20
H Table Table Table @ @ @
> KM
Placeholder Table Placeholder Table Placeholder Table
> Perimeter

Available Information

Data ¢ Availability ¢ Track ¢ fromkm ¢ tokm:  Provider ¢ Date of M... ¢ Quality Index ¢ Price &

ch Inspection... Available Wels - Haiding 69,980.385 69,981,542 Vogelund Pldts.. 15052023 €324

MOTIONAL
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&> DEMO of App-Store

=urope’s

VIDEO or Live

Europe’s Rail | Alex Meierhofer | FPIMOTIONAL Event | 29.04.2026
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&> Implementation of Use-Case:
=wopes 2t ‘Track Settlement at Switches*

User 1 2 App Store e —o——. Services
 E Digital Twins
4— Maintenance Decision Tools

User2,.. &

-2 -

Connector

Consumer
Company C

Connector

Provider
Company A

il
x|l

Contracts

—
<
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DatagSpace
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&=> Other Use-Cases

=urope’s

Placeholder Slides for other Use-Cases

UC1

—
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&=> Other Use-Cases

=urope’s

Placeholder Slides for other Use-Cases

UC 2
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5_ Ot h e r U S e -C as es UC 4 - Car-to-Cloud Data Ingest and Transmission of Actionable

- . Info
=uropes
C2C
UC 5 - Cross-referencing of 7 | e
multi-source weather data == B &
and incident reporting : Legacy o . A
Systems. and Operator Muin(em‘:ym:e ;d::.\:‘v;apr;:
Developing an integrated system for Data Silos L
weather data ingestion from multiple -
sources and robust data cross-
referencing to be matched with
incident reporting. Limited Problem Data Quality
Historical faced by and UC 4 - Car-to-Cloud Data
_ . _ _ Data Consistency .
UC5: Cross-referencing of Multi-Source Weather Data and Incident Reporting ERDS |ngeSt and TransmISSIOI‘l Of
%@%9 Actionable Info:
@ e = - Developing an integrated system for
- 2D || A real-time data ingestion from train
< \\ Meteo Service b ‘A\ m - g
= = Fragmented carriages and robust car-to-cloud
(@) - Data Sources communication to enhance data
= L transmission, improve operational
O efficiency, and increase safety
= through seamless data
communication with cloud systems.
Enhanced Safety | (;pez;)nal Efﬁciency7 | ;ata-Driv;n Decisi(:ns
6 MOTIONAL
Europe’s Rail | Alex Meierhofer | FPLMOTIONAL Event | 29.04.2026 Burepean Rall Network and Mobllity Management




Flagship Project 1 MOTIONAL | 2026

Coffee Break

Please be back at 13:40

INFRASTRUCTURE - STATIONS - TRAIN - DATA BACKBONE



MOTIONAL

VIEW 4

Data Backbone

@ VIEW 4: DATA BACKBONE
.
N

each other - securely and at scale?

All these solutions only work if systems talk to

Demo 30 - Conceptual Model & Ontology
uIC

Shared ontologies & data models underpin interoperability -
illustration through collaboration with FP5-TRANS4M-R.

FP1 MOTIONAL — Europe's Rail

Europe's Rail Joint Undertaking
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=urope’s

From Intelligent Video Gates to Shared Railway Meaning

What FP1-WP30 and FP5 learned about semantic interoperability in real railway operations

-
<
Z
O
5 The Bottom Line: Semantics as a practical operational tool, not a theoretical exercise.
=

European Rail Network and Mobility Management

e MOTIONAL FP5TRAN S4M-F

Europe’s Rail Freight

Europe’s Rail | Airy Magnien | FPLIMOTIONAL Event | 29.04.2026



= The Operational Reality: One Train, Many Views

=uropes Infrastructure Manager View

3
TINE TO NEXT SLDEK: 0245
EXPECTED ARRIVAL. 14AB 00

- BLDEX A12 BLOEX A12 BLOEK A-04 BLOCX 8-05

== W | |
1

S
| | | == |
BLOEX&10  BLOCKS-0S  BLOCKS-0S  BLOCX8-05

TINE 10 ROST BLOEA OEAS
EWECTS0 3SRIVAL- 16/8.00

| J

Railway Undertaking View

LOCO 5021
|ACTIVE)

Sees only track occupation status, block
sections, and timing.

e

LASE BOE| WASON WAGON WASON WAGON WASON
[RCAVE) w201 W-302 W-303 W-204 W-308

Terminal Operator View

k | e e
ARDCHRT 1 DA = i
e Sees only the consist sequence,
| |||ll||||ll‘ll e locomotive status, and manoeuvre
 comcoz = planning.

oo .
=

Sees only Intermodal Loading Units (ILUs),
dwell times, and cargo manifests.

The Integration Nightmare: Point-to-point custom integrations between these distinct views create brittle, unscalable
IT architectures. The physical reality doesn’t change based on who looks at it; our digital reality shouldn’t either.
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INTERNATIONAL UNION
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= The Can Tunis Anchor: What the Gate Sees P

=urope’s

The Setup: o »_f 3

‘VEdge-computing portal installed at terminal
entry/exit points.

The Input:

High-resolution multi-angle cameras and
illumination capturing data at 15 km/h.

1580

The Detection Zones:
1. Automatically reads 12-digit UIC wagon numbers.

2. Detects Intermodal Loading Units (ILUs). Em
3. Identifies Hazmat/Dangerous Goods placards. ——— :

4. Evaluates empty vs. loaded conditions. ""»__;;’ -

The Raw Output: | —— 7

A digital string of raw, localized observations
pushed to an edge server.
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INTERNATIONAL UNION
OF RAILWAYS
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=urope’s

- The Format Trap

Ve

00@

"SensorID": 3341,
"Resources": {"3": 181}

v

\& A,

Syntax vs. Semantics: JSON provides perfect
structure (syntax) but zero context (semantics).

The Local Trap: A tag labeled ‘TrainiD: 181’
makes perfect sense to the edge server that
generated it, but means absolutely nothing to a
national Traffic Management System (TMS).

& The JSON lllusion: Why Raw Messages Fail

The Provenance Problem

External
IT System

7, Lost Provenance: Once raw data leaves the

native gate system, tracking WHO generated it,
WHEN, and with WHAT CONFIDENCE becomes nearly

impossible.

7 The Result: Without shared meaning, safe and
automated reuse across different organizational ,

boundaries is blocked.

n‘-w.u~1lllltu| |||||||| IIIII

Europe’s Rail | Airy Magnien | FPLIMOTIONAL Event | 29.04.2026

U ic/
(A =
INTERNATIONAL UNION
OF RAILWAYS

MOTIONAL

European Rail Network and Mobility Management




&> | ATale olf Two Prtlajects:
=urope’s The Collaboration

- GEAR 1: FP5 GEAR 2: FP1-WP30 -

Q Gear 1: FP5 (The Operational Engine) @ Gear 2: FP1-WP30 (The Semantic Architect)
_ Provided the live use cases and the Can Tunis =+~ Provided the Conceptual Data Model (CDM) =
terminal demonstrator. -+ framework.

g Built the modular ontology stack and the
19 translation methodology.

Deployed the sensors, Intelligent Video Gates
(IVGs), and generated the raw JSON data outputs.

N o The Shared Goal: Prove that advanced conceptual models can solve immediate, 2N i<
O | s localized operational problems without requiring a complete IT overhaul. T
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&=> | The 7-Step Semantic Method

=urope’s rail

£ 1. Identify the 2. Isolate 3. Represent 4. Keep the 5. Definethe 6. Preserve strict 7. Prepare data K
! real operational specific domain objects with technical transformation provenance structure for :
question. objects and ontology- transport layer (mapping back to the future analytics ]
2' their relations.  grounded schema (JSON) JSON to RDF).  source gate. and discrepancy | -
= : universal independent resolution. :
@) = identifiers from the —
= i (URIs). meaning. :
O :
= E

ll‘lljlllilAilll;llliliJLLLlilJi lllll lll;il;;ll llllllll lnllki}:;[ 11111111 l‘llk-‘l'Llillllkll l‘lllLlllnLl‘LlLl;lJllLJ'LillL

'} Ll Ll L Ll l
INTERNATIONAL UNION
OF RAILWAYS
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&> | Translating the Real World: Key hailway Distinctions

=urope’s

Train Run vs. Train L Object Type vs. Role

— : n i 1

B o BB AL = fr—— B - 1
e, | [, =
;‘ ‘.I 4 04 3 - ‘\ &g : o= | 41— ;_fwuw-?l,_ ::.- _ -

| = = V [ . 't’

—
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The scheduled timetable event (the process) vs. the
physical assembly of rolling stock on the track.

A Iocomoti\)e (permahent object type) being hauled
dead, temporarily acting as a wagon (temporary role).

Observation vs. State

“The camera saw the door open at 10:04” (a fleeting

observation) vs. “The door is currently broken™ (an ongoing state).

Information vs. Information Object

i T

1 I8 i £
The actual payload value (“weight = 40t") vs. the
JSON telegram message carrying it.

L

"Anllj llAnl- | 1 - [.-A n~ll AlAAllj A;i“nt

i el | A-L.I.A,-AI,AEA..Al‘A.Al‘..‘llA Il

e gaal

U ic/
INTERNATIONAL UN :4‘\.-
OF RAILWAYS
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&> | Wave 1: The Minimum Semantic Core

=urope’s

g TEEs

e Train Identification: Explicitly linking the
: train run to the physical train composition,
¥ including specific positions in the consist.

Observation Timeﬁ | Source Gateb]

e = ———

* Rolling Stock & Cargo: Defining wagons,
; load units, and the critical load-on-
1 wagon relationship.

e Event Context: Anchoring data with
: checkpoint passage times, observation
= timestamps, and the specific source

gate/message.
g - » System Enrichment: Bridging localized IVG Ak
o) 2 camera IDs with broader Traffic Management LR
g System (TMS) data for network-wide context. '
= PRl o T S PP IV R D i e s v T TR
yic
MOTIONAL
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&=> | The Modular Oﬁtology Stack

=urope’s

Vo VIV IFIIIFY A IIII'/ DI TITIIIIIIIIFIEE
N " . o9 oy -

Domain Logic

Action & State

. QUDT: Standardizing Values / Time & SKOS: Temporal
. Fundamentals »~ 4| and Units—so tons are never p/ alignment and semantic 1
— . | confused with kilograms. ; mapping. ]

Modularity over Monoliths: We borrowed the best existing
vocabularies rather than inventing a new ‘God model'.

T
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| | | | | |
&> | The Transformation & Traceability Pipeline
=urope’s
| o— O
| Ingestion Graph Generation ]
| ‘ i
f The IVG generates The ETL layer applies the Data becomes a highly /
r i lightweight, local JSON. ontology dictionaries, converting structured RDF graph, making & ]
- The gate requires zero local JSON keys into Universal it intelligent and intelligible.
g ontology knowledge. Resource Identifiers (URIS). —
G T ; o
: 2 Provenance Preservation: Every data point retains a | <Wagon_123> 7
# : : - <hasMass> ||
- a reversible, unbroken link back to the exact physical sensor. . ! E:
e o e ox e Em . BN BN NN BEN BN EEN W B o bem -0 <40_Tons> .
-
= ' . £ i |
o | || Data Grounding: semantically defined, traceable data records I A
c':a : k4l mitigate Al hallucinations through anchoring in verifiable facts. fke ]
Gy | el 1 | | | 1 | | | | | g —
o
MOTIONAL
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&= FP1WP26 Demo: ERJU Use Case Data Repository (EUCDR)

=urope’s

WP26, Task 26.1: Define a ‘capture’ process to handle use cases emanating from all Destinations about
existing, planned and required digital enablers.

This process shall notably help classify and subsequently harmonize the inputs received from all
Destinations to facilitate analysis and further consultation/distribution with other WPs within the MOTIONAL
project.

Presents a presentation of the database for onboarding of use cases across all FAs/SP.

O Setup repository and harmonise formalisation and documentation as mechanisms to provide technical
support on digital enablers.

As part of Task 26.3:

—
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O Create documentation, sample code and examples for usage of digital assets engineering toolbox, Digital
Twin environment, conceptual data model and federated data space.

O Set up support mechanisms to provide technical support on digital enablers. e MOTIONAL

European Rail Network and Mobility Management




&= FP1WP26 Demo: ERJU Use Case Data Repository (EUCDR)

=urope’s
#* Home

Use Cases - Overview

P, MOTIONAL

Stakeholders European Rail Network and Mobility Management

e e

Work Packages - Overview

) Interested WP

P

Demos - Overview

ERJU Use Case Repository

Requirement Technical Enablers This interactive repository is part of the results of FP1 Motional WorkPackage 26.

Transversal Topics Use Cases
This work package coordinates the work performed in the development of common digital enablers (Workstream 2), connecting it to the MOTIONAL project’s workstream 1, to

all other Destinations and to System Pillar activities.

It designs, deploys and executes the MOTIONAL project’s process to collect use cases from all Destinations, complementing them with System Pillar guidelines, in order to drive

development of digital enablers according to the Destinations’ actual requirements, constraints and timelines.

FP1 Motional home page

Enter the repository v

MOTIONAL

The project “FP1-MOTIONAL” is supported by the Europe’s Rail Joint Undertaking and its members with grant agreement no 101101973. [Contact Us]

MOTIONAL

European Rail Network and Mobility Management

Link to use case repository https://02-hprep.web.ife.no/ Username=WP26, Password=pass4WP26_2025; Username-ERJU, Password= erju_UCRep 2026



https://02-hprep.web.ife.no/
https://02-hprep.web.ife.no/
https://02-hprep.web.ife.no/
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Thank you for your attention
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&=~ Digital railway infrastructure — conceptual data model

=urope’s

Ontologies: localization, ports, rolling stock (typology, composition),

telematics (domain-oriented) . Level of models — for i“tegri"“

« Collaboration with FP5 on the Intelligent Video Gate (identifying 2 LovlTipan 3 RIMRSD) - s
possible extensions to the ERA ontology through telematics domain- | Lvel objectsona - ‘
oriented ontology). B =2

« Exploring collaboration with FP3 around asset management. . l

« Norwegian Railway Directorate and Trafikverket -> basis for building I

other models on top, particularly facilitating cross-border
developments in wave 2 and 3. Result: Common functional # s
description of the Malmg-Alnabru line (railML)
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Q&A Session

10 minutes

INFRASTRUCTURE - STATIONS - TRAIN - DATA BACKBONE
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Survey

Please check the chat and answer the Survey

INFRASTRUCTURE - STATIONS - TRAIN - DATA BACKBONE
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Thank you for
your attention

Demonstration Event

INFRASTRUCTURE - STATIONS - TRAIN - DATA BACKBONE
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