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Agenda – Digital Foundation

Time Topic Presenting Company Demo Leader

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 Macías 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

10:05 – 10:10 Exploitation of Digital Engineering Data for Digital Twins DLR Julia Stadlmeier

10:15 – 11:05
Multimodal Decision Support (Łódź) / Load Estimation & 

Multimodal Planning (Demo 21.2 & 25...)
PKP Hantz Krzysztof

11:05 – 11:15 Break
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Agenda – Digital Foundation

Time Topic Presenting Company Demo Leader

11:05 – 11:15 Break 

11:15 – 11:25 Digital Twin overview DLR Andreas Heckmann

11:25 – 11:45 Braking & Traction CAF Blas Blanco

11:45 – 12:05 Point Machine Hitachi Rail Vijaya Bhaskar Adusumalli, Rama Ambur

12:05 – 12:55 Lunch Break

12:55 – 13:45 Federated Rail Data Space 
Virtual Vehicle, DLR, voestalpine, TMC, 

Knorr-Bremse & NRD/IFE
Alex Meierhofer

13:45 – 13:55 Break

13:55 – 14:45 Conceptual Model & Ontology UIC Airy Magnien

14:45 – 15:15 Use Case Repository Tool NRD/IFE Anthony Junior Bokolo

15:15 – 15:30 Closing and Survey, QnA Moderation by DB
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Introduction & Opening Speech
FP1MOTIONAL Event
Digital Foundation Demonstration & Validation

DB InfraGO AG | Dr. Patrick Marsch | FP1MOTIONAL Event | 29.04.2026

Dr. Patrick Marsch 
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DB InfraGO AG | Dr. Patrick Marsch | FP1MOTIONAL Event | 29.04.2026
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DB InfraGO AG | Dr. Patrick Marsch | FP1MOTIONAL Event | 29.04.2026
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F l a g s h i p  P r o j e c t  1  M O T I O N A L   |    2 0 2 6

A Journey Through
the Future of
European Rail

I N F R A S T R U C T U R E   ·   S T A T I O N S   ·   T R A I N ·   D A T A  B A C K B O N E
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S E T T I N G  T H E  S C E N E

The Problem & Our Approach

The Challenge

Reactive Maintenance

Tracks & switches fail silently — expensive unplanned 

downtime.

Fragmented Stations

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

plan seamlessly.

Disconnected Systems

Custom integrations block interoperability across Europe.

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

3
THE TRAIN

Vehicle Systems

4
DATA BACKBONE

Connectivity

FP1 MOTIONAL  — Europe's Rail Europe's Rail Joint 
Undertaking
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V I E W  1  – 2

Infrastructure  ·  Stations

VIEW 1: INFRASTRUCTURE

How do we know when a switch will fail 

before the train does?

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.

VIEW 2: STATIONS

How do we turn a fragmented station into a 

true multimodal hub?

Demo 21.3
POLSKIE KOLEJE PANSTWOWE SPOLKA AKCYJNA (PKP)

Web trip planner unifying rail, city transit & private services in Łódź. 

Includes B2B planner & real-time station dashboards.

Demo 25.1.2
POLSKIE KOLEJE PANSTWOWE SPOLKA AKCYJNA (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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V I E W  3  – 4

The Train · Data Backbone

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

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.
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S Y N T H E S I S

Connecting the Dots
Many Views, One Rail Ecosystem.

1
INFRASTRUCTURE

Tracks & Assets

29.3  ·  27.5

2
STATIONS

Multimodal Hubs

21.3  ·  25.1.2

3
THE TRAIN

Vehicle Systems

29.1

4
DATA BACKBONE

Connectivity

31.2,3,4
Ontology Demo 30

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

"From the ballast under the track to the app on your phone — FP1 Motional has built a coherent, interoperable ecosystem for every view of European rail."
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1
Infrastructure

2
Stations

3
The Train

4
Data Backbone



M
O

T
IO

N
A

L
V I E W  1  

Infrastructure  ·

VIEW 1: INFRASTRUCTURE
How do we know when a switch will fail before the train does?

FP1 MOTIONAL  — Europe's Rail Europe's Rail Joint Undertaking
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DIGITAL ASSET ENGINEERING
Work Package Lead 27 : 2022-2026

Waseem ul Aslam Peer

Lead Data Strategy, Governance and Architecture
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Digital Asset Engineering Agenda

Time Topic

9:15 – 9:20

9:20 – 9:30

9:30 – 9:40

9:40 – 9:55

9:55 – 10:05

10:05 –10:10

Digital Asset Engineering - Overview

Data Acquisition and Object Extraction

Data Platform 2D Representation​

Outcome of the Planning Data -

Planning Tool and Validation

Industrialized Tool for Planning via 

CCS TMS Data Model​

Exploitation of Digital Engineering Data for 

Digital Twins

Presenting Company

Deutsche Bahn AG

Deutsche Bahn AG

Deutsche Bahn AG

INDRA

DLR

MERMEC

Demo Lead

Quivira, Waseem

ul Aslam Peer

Mario Colapinto, 

Fabrizo Caramia

Waseem ul Aslam 

Peer

Bernd Von Gimborn, 
Christian Mangold​

Tenorio Dominguez 
Ernesto

Julia Stadlmeier
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Europe‘s Rail Objective

Single European Railway Area Cross-Border Rail Services
Digitalization 

and European Rail Traffic Management System Deployment

Europe‘s  Rail | Waseem ul Aslam Peer | FP1MOTIONAL Event | 29.04.2026
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Cause Effect

Interface and migration 

errors

Supplier-specific

tools and formats

Manual data 

exchange and 

translation

National Control 

Command and 

Signalling planning 

data models and 

engineering rules

Difficult cross-border 

projects

Slower European Traffic Control 

System deployment

Repeated

engineering effort

Higher project costs

The Problem Today | Impact on Europe

Europe‘s  Rail | Waseem ul Aslam Peer | FP1MOTIONAL Event | 29.04.2026
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Enabler

No Interfaces are needed 

and no migration errors

Generic Engineering 

rules as Base for 

planning

Automation in 

validation

ERA Extended 

Ontology CCS TMS 

as Base Model Faster European Train Control System  

deployment

Automation in 

planning

Lower project costs

Our Approach  | Impact on Europe

Simpler cross-border planning 

projects

Benefit

Europe‘s  Rail | Waseem ul Aslam Peer | FP1MOTIONAL Event | 29.04.2026

System Pillar 
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Anything of value to 
railways, from rolling 
stock to infrastructure

Exists in refined electronic 
form

Digital Engineering

A key organizational unit 
in any railway 

What is Digital Asset Engineering?

Europe‘s Rail | Waseem ul Aslam Peer | FP1MOTIONAL 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.

Why Digital Asset Engineering?

Europe‘s  Rail | Waseem ul Aslam Peer | FP1MOTIONAL Event | 29.04.2026
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Raw data ingestion, partner 

coordination, gap analysis, 

and RDF conversion

1) Data 
Acquisition & 
Preparation

Digital Asset Engineering | Overview

ETCS Level 2 object planning with 

engineering rules, ERA Extended 

Ontology CCS TMS 

3) ETCS Level 
2 Planning

Industrialized Tool 

for Schematic 

Design

5. Industrialized 
Tool

Guidelines & Specifications 

for Developing & Maintaining 

Digital Twins

7. Guidelines & Specifications

LiDAR, image, and 

ground truth data 

integration with AI 

detection

2) Object 
Detection & 

Analysis

Validation of the 

datasets

4) Data Validation & Quality 
Assurance

Exploitation of Digital 

Engineering/Planning 

Data for

6. Digital Twins

Europe‘s  Rail | Waseem ul Aslam Peer | FP1MOTIONAL Event | 29.04.2026
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1. Data Acquisition & Preparation

1

2

3

4

5

Partner Identification

Coordinate with infrastructure managers and define requirements 

6

7

Raw Data Ingestion

Initial collection and organization of infrastructure data

Data Sharing Confirmation

Secure formal approval and establish governance protocols

Gap Analysis

Identify missing information and quality issues

Data Enrichment

Supplement with additional data sources

Ontology Alignment

Align with ERA Extended Ontology and CCS TMS model

RDF Conversion

Transform to linked data format

RAW DATA

Partner Coordination

Data Analysis

Ontology AlignmentEnrichment

Aligned DATA

Europe‘s  Rail | Waseem ul Aslam Peer | FP1MOTIONAL Event | 29.04.2026
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2. Object Detection & Analysis

Europe‘s  Rail | Waseem ul Aslam Peer | FP1MOTIONAL Event | 29.04.2026
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3. Data Platform

Europe‘s  Rail | Waseem ul Aslam Peer | FP1MOTIONAL Event | 29.04.2026
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4. Planning Tool

Europe‘s  Rail | Waseem ul Aslam Peer | FP1MOTIONAL Event | 29.04.2026
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5. Data Validation & Quality Assurance

Europe‘s  Rail | Waseem ul Aslam Peer | FP1MOTIONAL Event | 29.04.2026
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6. Exploitation of Digital Engineering/Planning 
Data for Digital Twins

Planned Data

XML, RDF

Track Model

Contiuous track description

Vehicle Dynamics 

Model

Train behaviour & system

dynamics

PLANNING & MODELLING

Digital Terrain 

Model

3D Environment & Infrastructure 

context

SimVis

Integrated simulation environment

„Measurement“ Data

Simulated balise readings & 

outputs

SIMULATION ENVIRONMENT

Europe‘s  Rail | Waseem ul Aslam Peer | FP1MOTIONAL Event | 29.04.2026
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7. Guidelines and Specifications for 
Developing and Maintaining Digital Twin

Intelligent 3D Model (IFC)

IFC Browser                 

(View & Validate)

1. DATA ACQUISITION

Raw Data (Point Clouds)

Photogrammetry

(Close Range & UAV)

Laser Scanning (LiDAR, 

LiDAR Stn, GNS)

Surveying (Total Station)

2. DATA QUALITY

• Consistence

• Completeness

3. DATA MODELING

BIM/Parametric 

Modeling Software

IFC (Industry Foundation 

Classes), IDS

4. DATA UPDATING                 

& COLLABORATION

CDE (Common Data 

Environment)

File Base Updating

(New IFC Version)

• Standards Compliance

Europe‘s  Rail | Waseem ul Aslam Peer | FP1MOTIONAL Event | 29.04.2026
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RDF

• Resource Description 
Framework for 
Semantic Data

IFC

• Industry Foundation 
Classes for 
Infrastructure Modeling

ERA Ontology

• European Railway 
Agency data Standard

CCS TMS

• Control Command & 
Signaling Technical 
Management

ETCS-Level 2

• European Train 
Control System 
Specifications

SHACL

• Shapes Constraint 
Language for RDF 
Validation

LiDAR

• Light Detection & 
Ranging Point Cloud 
Data

OpenStreetMap

• Open Geographic 
Data & Mapping 
Platform

XML

• Extensible Markup 
Language for Structured 
Data

Key Technologies & Standards

Europe‘s  Rail | Waseem ul Aslam Peer | FP1MOTIONAL Event | 29.04.2026
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Use Cases

1

2

3

4

5

How to store these Digital Assets? 

A Data Platform that stores the 2D representation – Asset Catalog 

How to Identify the CCS Assets from Point Cloud Data?

Data Acquisition and Object Detection with Deep Learning

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

How to explore Digital Twins from planning data? 

Identify Errors through simulation

Europe‘s  Rail | Waseem ul Aslam Peer | FP1MOTIONAL Event | 29.04.2026
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RAW DATA

Topology

Geometry

Shape 

files

Demo Workflow 

Europe‘s  Rail | Waseem ul Aslam Peer | FP1MOTIONAL Event | 29.04.2026
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Data Acquisition and Object 
Identification

Task Lead 27 : 2022-2026

Pace Pietro, Mario Colapinto, Fabrizo Caramia

Europe‘s Rail | Pace Pietro | FP1MOTIONAL Event | 29.04.2026
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Digital Asset Engineering

Europe's Rail - FP1 MOTIONAL WP27
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Data for Digital Asset Engineering
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Data Quality Challenges

Format & Structure
• Paper-based

• Unstructured

• Non-standardized

Consistency
• Duplicated 

• Misaligned 

• Fragmented

Completeness
• Missing 

• Partial 

• No Metadata 

Storage & Organization
• Siloed 

• Untraceable 

• Not versioned 

Verification & Validity 
• Obsolete 

• Inaccurate 

• Unreliable 

Usage & Governance
• Unused 

• Inaccessible 

• Unharmonized 

Europe‘s Rail | Pace Pietro | FP1MOTIONAL Event | 29.04.2026
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Data challenges in the asset life cycle

Planning Design Construction Commissioning
Operation & 
Maintenance

Disposal

Europe‘s Rail | Pace Pietro | FP1MOTIONAL Event | 29.04.2026
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ON FOOT MEASUREMENT: 
slow, manual, and 
safety-critical task

Europe‘s Rail | Pace Pietro | FP1MOTIONAL Event | 29.04.2026
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LiDAR via Train
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LiDAR via TrainLiDAR via Plane
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LiDAR via backpack
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Point Cloud
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Scheibenberg Line
~ 6 km surveyed with LIDAR and video inspection

Europe‘s Rail | Pace Pietro | FP1MOTIONAL Event | 29.04.2026
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Input Data Streams

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"/>

Point CloudImages ERA Extended Ontology 
CCS TMS

Europe‘s Rail | Pace Pietro | FP1MOTIONAL Event | 29.04.2026
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Additional Data Analysed

OBB Survey Data:

Point Cloud & Extracted Objects

SNCF Open Data:

3D point cloud of railway infrastructure

Europe‘s Rail | Pace Pietro | FP1MOTIONAL Event | 29.04.2026
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Manual Object Extraction

Europe‘s Rail | Pace Pietro | FP1MOTIONAL Event | 29.04.2026
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Implementation Framework

Laboratory DataField LiDAR Data

BIM 
Modelling

Parametric 
construction of the 
IFC model

Europe‘s Rail | Pace Pietro | FP1MOTIONAL Event | 29.04.2026
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Use Case 1 - LiDAR Data → Object Detection

Input

o Point Cloud (.las)

o Images (.jpg)

o Planning Data (.xml)

Process

o Data Quality Check

o Object Detection

o AI Training

Output 

o Identified Objects

o Locations

o Shapefiles

Europe‘s Rail | Pace Pietro | FP1MOTIONAL Event | 29.04.2026 POI : POint of interest
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Bridge

Europe‘s Rail | Pace Pietro | FP1MOTIONAL Event | 29.04.2026
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Level Crossing

Europe‘s Rail | Pace Pietro | FP1MOTIONAL Event | 29.04.2026
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Europe‘s Rail | Pace Pietro | FP1MOTIONAL Event | 29.04.2026



M
O

T
IO

N
A

L

Export to BIM and IFC Data Format

Europe‘s Rail | Pace Pietro | FP1MOTIONAL Event | 29.04.2026

https://www.buildingsmart.org/standards/domains/railway/ifc-rail-project-phase-2/
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Data Platform and Digital Twins

Task 27 : 2022-2026

Stefanie S Werner, Rene Seeboth & Christian Stillger
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Use Case 2 – Objects → Data Platform 

Station 2 – Task 27.3, 4 DB - Station & Services

Demonstrate Data Platform.

Input
(Aligned Data)

Datasets

• 2D Objects

Process

• Storing the representation 
of the Objects

Output

• Data Platform – Asset 

Catalog

Europe‘s  Rail | Waseem ul Aslam Peer | FP1MOTIONAL Event | 29.04.2026
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Data Platform – Asset Catalog

Europe‘s  Rail | Waseem ul Aslam Peer | FP1MOTIONAL Event | 29.04.2026
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Outcomes - Planning & Validation 
Tool

Task 27 : 2022-2026

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

Europe‘s Rail | Bernd Gimborn | FP1MOTIONAL Event | 29.04.2026
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Use Case 3 - Data → Planned RDF Data

Europe‘s Rail | Bernd Von Gimborn | FP1MOTIONAL Event | 29.04.2026

Aligned

RDF

DATA

PLANNING 

TOOL 
VALIDATION 

TOOL
GeoMap / REPORT

CAD-Output

ERA EXTENDED 

ONTOLOGY CCS TMS

Planned RDF File

Datasets

• Scheibenberg

• BaneNOR

• BaneDenmark

• ADIF 

Generic Engineering 

Rules
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Planning Tool Video

Europe‘s Rail | Bernd Von Gimborn | FP1MOTIONAL Event | 29.04.2026
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Validation Tool Video

Europe‘s Rail | Christian Mangold | FP1MOTIONAL Event | 29.04.2026
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Industrialized Tool for Schematic 
Design ​

Task 27 : 2022-2026

Ernesto Tenorio Dominguez
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INDRA Industrialized Designing Tool —
Overview

Task 27.3 / 27.5 · Digital Asset Engineering · INDRA

Industrialized export from TRD designs to the ERA CCS/TMS v1.3 data model

Schematic Design Tool

Rail infrastructures as 2D SVG 

diagrams — position and dimensions 

of each asset

Production-Grade

Industrialized and in use across 

real rail engineering projects

Multi-Format Export

Today's focus: the ERA CCS/TMS 

v1.3 JSON data model

Interoperability by Design

Bridges INDRA's internal model with 

the ERA Extended Ontology

1. Schema Import / Design
Start blank or import an existing schema

SVG canvas with topology & geometry

2. Visual Editing
Refine visual elements (+ data  

enrichment)
Interactive editing · optional ENG-domain data

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

ENG)
Schema-ready output for ERA consumption

Europe‘s Rail | Ernesto Tenorio Dominguez | FP1MOTIONAL Event | 29.04.2026
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CCS/TMS JSON Export — Entities 
Covered

Task 27.3 / 27.5 · Digital Asset Engineering · INDRA

Export-ready · Schema-compliant · Interoperable across the rail CCS/TMS ecosystem

14 entities covered across INFRA + ENG domains

Switching & end-of-track

Switch · BufferStop · Derailer

Train detection

BaliseGroup · AxleCounter

ETCS markers

ETCS StopMarker

ETCS LocationMarker

ETCS StopMarker BS

Level crossings & platforms

LevelCrossing · Platform

Structures

Bridge · Tunnel

Safety engineering (ENG)

FoulingPoint · DangerPoint

• Topological relationships preserved — NetRelations graph + LinearElement references

• UUID-based cross-referencing across all exported entities

Europe‘s Rail | Ernesto Tenorio Dominguez | FP1MOTIONAL Event | 29.04.2026
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Video Demo of Export Feature

TRD — Sinoptic design view
Source of the industrialized export

Europe‘s Rail | Ernesto Tenorio Dominguez | FP1MOTIONAL Event | 29.04.2026
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Exploitation of Digital Engineering Data 
for Digital Twins

Task 27 : 2022-2026

Andreas Heckmann, Julia Stadlmeier

Europe‘s Rail | Julia Stadlmeier | FP1MOTIONAL Event | 29.04.2026
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• Integrate Planning Data in Digital Twin 

• Virtual Train driving along planned track

• Visualization of dynamic scenarios

• Check planned balises against reality 

• Online Co-Simulation

• Verify installation location

• Detect broken balises

Motivation
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• Track Data

• xml- file contains coordinate points in Gauß-Krüger System and arrangement of track sections

• Imported with Modelica

• Spline interpolation to create continious track

• Balise Data

• xml- file contains coordinates and balise ID

• Assignment to traveled distance

• Vehicle Dynamics model

• Dynamic multi-body model of NGT Taxi

• Velocity controlled

Modelling

Planning Data Continious Track 

Description

Vehicle Dynamics 

Model              

Credit: DLR (CC 
BY-NC-ND 3.0)

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
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• Artificial „Measurement“ Data

• Data is from current planning, not installed yet

→ Manipulated planning data with induced error

• Evaluation

• Comparison of expected an recieved Balise Information

• Report of mismatches

Error Identification

Planning Data Continious Track 

Description

Vehicle Dynamics 

Model              

„Measurement“ Data

BaliseID Evaluation
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Visualization

• Digital Terrain Model for surrounding area

• SimVis Library for visualization 

Planning Data Continious Track 

Description

Vehicle Dynamics 

Model              

Digital Terrain Model SimVis

„Measurement“ Data

BaliseID Evaluation



M
O

T
IO

N
A

L



M
O

T
IO

N
A

L

DIGITAL ASSET ENGINEERING

Integrating multiple data sources transforms raw data into a 
Digital Foundation for the future.
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Survey & Break 
Please check the chat and answer the Survey
Back from Break at 11:05

I N F R A S T R U C T U R E   ·   S T A T I O N S   ·   T R A I N   ·  D A T A  B A C K B O N E
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V I E W  2

Stations  

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

multimodal hub?

Demo 21.3

POLSKIE KOLEJE PANSTWOWE SPOLKA AKCYJNA (PKP)

Web trip planner unifying rail, city transit & private 

services in Łódź. Includes B2B planner & real-time 

station dashboards.

FP1 MOTIONAL  — Europe's Rail Europe's Rail Joint Undertaking
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The Data Processing Workflow in 
Data Lake​

External 

systems

ETL 

Process
Apache 

Kafka Queue

Validation | Cleaning | Tagging

Saving into

Data Lake 

repository

Data 

Lake
API

Partners’ 

systems
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Central Data Platform — Why It Matters 

(Business & risk overview)

Business benefits

• One trusted version of data — all teams work 

on consistent, up-to-date information

• Better and faster decisions — management, 

operations and maintenance see the same 

picture

• Lower integration costs — data is prepared 

once and reused many times

• Improved passenger services — reliable 

information across all channels

• Stronger analytics & planning —

cross-domain insights that were not possible 

before

Security & risk

• The platform does NOT replace 

operational or safety-critical systems

• Critical railway systems remain isolated 

and independently secured

• The central platform works on controlled, 

read-only or replicated data

• Modern cybersecurity controls: access 

management, encryption, monitoring and 

auditing

• No single point of failure for operations —

if the platform is unavailable, trains and 

core systems continue to run normally

Europe‘s Rail | Hantz Krzysztof | FP1MOTIONAL Event | 29.04.2026
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AirFlow – Process Control

Europe‘s Rail | Hantz Krzysztof | FP1MOTIONAL Event | 29.04.2026
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AirFlow – process control

Europe‘s Rail | Hantz Krzysztof | FP1MOTIONAL Event | 29.04.2026
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Central Data Platform — Business view: from 

fragmented sources to trusted outcomes

Source 

Systems

Data Platform 

(Single Source 

of Truth)

Access & 

Data 

Products

Business 

Outcomes
1 2 3 4

• Ticketing

• Operations

• Maintenance

• External data

• Ingest & 

standardize

• Store & version 

data

• Govern & secure

• BI dashboards / 

reports

• Analytics

• APIs for 

applications

• Better decisions

• Lower costs

• Consistent KPIs

• Faster reactions

Europe‘s Rail | Hantz Krzysztof | FP1MOTIONAL Event | 29.04.2026
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Data Lake Contents – Relations

Europe‘s Rail | Hantz Krzysztof | FP1MOTIONAL Event | 29.04.2026
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Data Lake content – passenger flow

Europe‘s Rail | Hantz Krzysztof | FP1MOTIONAL Event | 29.04.2026
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Multimodal time travel
dashboard
Provides the operator with a comprehensive
analysis of:

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

- Comparison of timetable data and actual
journey times

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

Europe‘s Rail | Hantz Krzysztof | FP1MOTIONAL Event | 29.04.2026
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V I E W  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 AKCYJNA (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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Prediction of passenger flow

Data Lake

Use of the Data Lake

External data

• Transport relations

• Passenger flow

• Timetable

• Weather forecast data

• Disruptions

Europe‘s Rail | Hantz Krzysztof | FP1MOTIONAL Event | 29.04.2026
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Cross-border travel dashboard

Provides the operator with a comprehensive:

- Overview 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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Coffee Break 
10 minutes  - Please be back at 11:15

I N F R A S T R U C T U R E   ·   S T A T I O N S   ·   T R A I N   ·  D A T A  B A C K B O N E
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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. Heckmann1 et al.

1German Aerospace Center (DLR), Institute of Vehicle Concepts

Europe‘s Rail | Andreas Heckmann | FP1MOTIONAL Event | 29.04.2026
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Demands, approach and challenges

• 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

free choice of run time environment support of IP Protection

• PI: TRL 5 until 2026, 2 validated DTs with real life data

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

• Challenges: 

• Digital twins may differ in many aspects.

• Simulation of railway vehicles is

• more complex w.r.t. modelling, 

• more computational demanding,

• less robust in FMU co-simulations,

• highly interrelated to
high level system architecture. 

Courtesy of CAFcp. Vehicle Interface Library, 2006 cp.  LINX4Rail

Demo 29.1 - CAF

https://www.cafmobility.com/
https://elib.dlr.de/47220/
https://ec.europa.eu/research/%20participants/documents/downloadPublic?%20documentIds=080166e502c59f1e&appId=PPGMS
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..

DT design time environment
library with minimal FMU assemblies

exemplary algorithms

test data

DT support 

environment
repository with

minimal models

(FMUs )

Proprietary

instances

….

Proprietary

instances

…

DT runtime

environment

• On-premises

e.g. Matlab, OpenModelica..

• Cloud / SaaS

e.g. AVL Model.Connect

DLR Multi-Agent-Simulator, ..

• On-the-edge / embedded

e.g. sensor data aggregation

in the vehicle, IoT

The Digital Twin: conceptual view

App Store 

Provider

Clearing 

House

Broker 

Service

Service 

Provider

Data 

Provider
Data Owner Data User

Data 

Consumer

App  

Provider

cp. https://internationaldataspaces.org

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/
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Use case name Technical Criteria Strategic Criteria Interactions

ERTMS DT HIL-environment in operation, 

high complexity

CCS FP2 WP 22, 34/35

FP6 WP7

Pre-assessment of ATO 

Set-ups

Extension to ERTMS DT

Open simulation environment

ATO up to GoA4 FP2 WP 5-11

DT on Graph Database Graph database Maintenance optimization FP3 WP7

Braking/Traction DT

Virtual Certification

Vehicle subsystems from different 

suppliers, Co-simulation

Virtual vertification

Standarization committees

FP2 WP 34/35

FP4 WP 16/17

Point Machine Classic approach Fault diagnosis FP3 WP14/15

SP Diagnostics

Fault Diagnosis Simpack, multi-sensor/-purpose 

approach, scientifically ambigious

with strong consortium

Diagnosis & maintenance FP3 WP10/11

SP Diagnostics

Station BIM Asset management FP3 WP 14/15

Bridge BIM Asset management FP3 WP 12/13

HVAC Thermodynamics Failure & maintenance

Eco-friendliness

FP3 WP 5/6

FP4 WP 18/19

Executive Summary on Use Cases

Europe‘s Rail | Andreas Heckmann | FP1MOTIONAL Event | 29.04.2026
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Today: 4 use cases

• Virtual Certification Rolling Stock

Blas.Blanco@caf.net

• Maintenance Infrastructure

Vijaya-bhaskar.adusumalli@urbanandmainlines.com

• Co-Simulation of Balise Error Identification

Julia.Stadlmeier@dlr.de

• Use case „Track Settlement of Switches“

Proof of Concept: DT & Federated Dataspace
Alexander.Meierhofer@v2c2.at

 

A+S Consult GmbH 

Europe‘s Rail | Andreas Heckmann | FP1MOTIONAL Event | 29.04.2026
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mailto:Alexander.Meierhofer@v2c2.at
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V I E W  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

Blas Blanco Mula, PhD

R&D engineer in CAF Innovation Department.

Gerhard Hippmann, DLR

• From the Innovation Department of CAF (rollingstock

manufacturer), we develop methodologies that

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

physical testing, and speed up development.

• The work presented today has been developed

collaboratively with DLR
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Virtual validation and certification

Design Manufacturing Testing
Authorization 

& delivery

Design Manufacturing
Tes

ting

Authorization 

& delivery

Virtual Testing

Simulations Measurements

Simulations

Measurements

TIME 

SAVING

Traditional workflow

Virtual workflow

Europe‘s Rail | Blas Blanco | FP1MOTIONAL Event | 29.04.2026
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Virtual

workflow

Traditional 

workflow

Shifting issue detection to earlier stages

Virtual workflow shifts issue
detection to earlier stages of the
project.

Fixing error in earlier project stages has
lower cost

Fixing error cost vs project stageFound issue vs project stage

DIGITAL TWINS support implementation of virtual workflow

Europe‘s Rail | Blas Blanco | FP1MOTIONAL Event | 29.04.2026
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Why should anyone care about braking and traction performance?

• 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.

• How braking and traction performance is
developed and validated directly impacts
safety, certification effort, delivery time and
operational efficiency.

Europe‘s Rail | Blas Blanco | FP1MOTIONAL Event | 29.04.2026
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What does make braking a train a complex operation?

Stopping a Moving Building

Adhesion: Steel on Steel = Very low Grip

Blending: A three-system Braking Orchestra

Braking distance: Counter-Intuitive Reality

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

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

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

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

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.

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

Europe‘s Rail | Blas Blanco | FP1MOTIONAL Event | 29.04.2026
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Why is a braking and traction DT useful?

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

Europe‘s Rail | Blas Blanco | FP1MOTIONAL Event | 29.04.2026
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Architecture of the braking and traction system

• Control module: On boar control logics

• Traction control units (TCUs). ED effort management

• Braking control units (BCUs). FB effort management.

• Train Control Management System (TCMS). On-

board upper-level functionalities.

• Mechanical module: vehicle dynamics and forces

• Track module: geometry and adhesion conditions.

MECHANICAL

Europe‘s Rail | Blas Blanco | FP1MOTIONAL Event | 29.04.2026



M
O

T
IO

N
A

L

Architecture of the braking and traction system

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.)

Europe‘s Rail | Blas Blanco | FP1MOTIONAL Event | 29.04.2026
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Railway vehicle used to exemplify the methodology

Example of the DT generation methodology

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

• Maximum design speed around 80
km/h.

• About 30 meters length,

• About 200 passenger maximum
capacity.

• Both outer bogies are motorized (2
TCUs), while the middle one is
trailing type (only friction brake
actuators)

Europe‘s Rail | Blas Blanco | FP1MOTIONAL Event | 29.04.2026
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Mechanical 

module

architecture

Railway vehicle used for methodology development Developed FMUs for mechanical module

Example of the DT generation methodology

Design parameters

Mass properties

Stiffness and damping values

Wind resistance coefficients

Scenario parameters

Car occupancies

Wheel-rail adhesion

Pad-disc friction coefficients

Europe‘s Rail | Blas Blanco | FP1MOTIONAL Event | 29.04.2026
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Control 

module 

architecture

Railway vehicle used for methodology development
Developed FMUs for 

control module

Example of the DT generation methodology

Design parameters

Maximum ED effort

Maximum ED power

…

Scenario parameters

Failing unit

Europe‘s Rail | Blas Blanco | FP1MOTIONAL Event | 29.04.2026
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Example of the DT generation methodology

Mechanical module
Control module

Europe‘s Rail | Blas Blanco | FP1MOTIONAL Event | 29.04.2026
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Scenario: Full-service brake from 80 km/h to stop

Verification results

• Different loading conditions can lead to

different deceleration profiles due to cross-

interaction between TCUs and BCUs.

Mainly when braking starts

• When fully-laden, TCUs are limited by

power specifications, in that case BCUs

compensate braking deficit to reach

nominal deceleration

Europe‘s Rail | Blas Blanco | FP1MOTIONAL Event | 29.04.2026
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Verification results

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

In low-adhesion 

condition WSP 

acts and prevents 

wheel block. 

Europe‘s Rail | Blas Blanco | FP1MOTIONAL Event | 29.04.2026
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Validation model

Railway vehicle used for methodology validation

FMUs used to build the control module

Single FMU modelling vehicle dynamics 

(mechanical module)

• Main line railway vehicle.

• Maximum design speed around 200
km/h.

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

• Capacity for more than 400
passengers

Europe‘s Rail | Blas Blanco | FP1MOTIONAL Event | 29.04.2026
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Validation model

In the validation model, interfaces have the same 

physical background as in the verification model.

Europe‘s Rail | Blas Blanco | FP1MOTIONAL Event | 29.04.2026
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Validation model

Modularity is preserved, each FMU represents an 

individual subsystem. 

Europe‘s Rail | Blas Blanco | FP1MOTIONAL Event | 29.04.2026
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Validation data

Stepped traction process with Automatic 

Speed Control
Manual 

braking

Vehicle and target 

speeds

ED effort

FB effort

NO WSP ACTIVATION IS RECORDED: DRY ADHESION

Europe‘s Rail | Blas Blanco | FP1MOTIONAL Event | 29.04.2026
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Validation results. Traction

Europe‘s Rail | Blas Blanco | FP1MOTIONAL Event | 29.04.2026
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Validation results. Braking

Europe‘s Rail | Blas Blanco | FP1MOTIONAL Event | 29.04.2026
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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

• Future work:

• Include third-party software overcoming interoperability issues

• Address validation in low-adhesion conditions

Europe‘s Rail | Blas Blanco | FP1MOTIONAL Event | 29.04.2026
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Thank you for your attention

Europe‘s Rail | Blas Blanco | FP1MOTIONAL Event | 29.04.2026
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V I E W  1  

Infrastructure  

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

train does?

FP1 MOTIONAL  — Europe's Rail Europe's Rail Joint Undertaking
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Use case: Fault Analysis of Point Machine 
using Digital Twin

Digital Twin

L826H Electro Hydraulic Point Machine Implementation in OpenModelica

Rama Ambur

Vijaya Bhaskar Adusumalli

Hitachi Rail GTS Germany

Europe‘s Rail | Vijaya Bhaskar | FP1MOTIONAL Event | 29.04.2026
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Target Scope

© Hitachi Rail Limited 2024. All rights reserved.

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 | FP1MOTIONAL Event | 29.04.2026
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Functional Mock-up Unit 
L826H Electro Hydraulic Point Machine

Europe‘s Rail | Vijaya Bhaskar | FP1MOTIONAL Event | 29.04.2026
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Illustration of data input and output results

Europe‘s Rail | Vijaya Bhaskar | FP1MOTIONAL Event | 29.04.2026
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Demonstrating the Digital Twin

Europe‘s Rail | Vijaya Bhaskar | FP1MOTIONAL Event | 29.04.2026
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Demonstrating the digital twin

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

Europe‘s Rail | Vijaya Bhaskar | FP1MOTIONAL Event | 29.04.2026
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Comparison of results from Open Modelica

Actuation

begins

Actuatio

n ends

Actuation

begins

Actuatio

n ends

(d)

(e

)

(b)

(c

)

(a)

Europe‘s Rail | Vijaya Bhaskar | FP1MOTIONAL Event | 29.04.2026
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Demonstrating the digital twin

External 

force (-

20%)

External 

force

(Nominal)

External 

force

(+20%)

Force (kN)- Input (a) 3 3.8 4.5

Force in 

cylinder

piston (kN)

Actuation

start

(b) 13 15 17

Actuation

end

(c) 6.7 9 11

Hydraulic

line

pressure

(bar)

Actuation

start

(d) 85 98 114

Actuation

end

(e) 45 60 75

Reaction to the external force change is plausible, and as

expected.

0

5

10

15

20

F External F cylinder
start

F cylinder end

Forces and pressures

Force -20% Force nominal Force +20%

0

50

100

150

pressure start pressure end

Force -20% Force nominal Force +20%

Europe‘s Rail | Vijaya Bhaskar | FP1MOTIONAL Event | 29.04.2026
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Digital Twin was also successfully validated against two
lab experiments

• Performance of hydraulics under different ambient 
temperatures.

• Performance of specific components in detector
mechanism.

Validating the digital twin

Europe‘s Rail | Vijaya Bhaskar | FP1MOTIONAL Event | 29.04.2026
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Model Validation

Parameter Nominal 

Value

Optimised

Value

Contact stiffness 

[MN/m]

3.0 2.35

Contact damping 

[kNs/m]

1.9 1.44

Spring damping 

[Ns/m]

3.0 1.87

Parameter optimisation 

Techniques

Force measured in lab experiments Results after optimisation



M
O

T
IO

N
A

L

Thank you for your attention

Europe‘s Rail | Vijaya Bhaskar | FP1MOTIONAL Event | 29.04.2026
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Q&A Session 
10 minutes

I N F R A S T R U C T U R E   ·   S T A T I O N S   ·   T R A I N   ·  D A T A  B A C K B O N E
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Lunch Break 
Please be back at 12:55 

I N F R A S T R U C T U R E   ·   S T A T I O N S   ·   T R A I N   · D A T A  B A C K B O N E
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V I E W  4

Data Backbone

VIEW 4: DATA BACKBONE
All these solutions only work if systems talk to 

each other - securely and at scale?

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

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.
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App Store

Overview of Data Space MotionRail-X

Services
Digital Twins

Maintenance Decision Tools

…

…

Company D, E, …

Services

…
Contracts

Provider

DATA

Company A

Meta-

Data-

Broker

Meta

Data
Consumer

Company C

- ? -

Company B

Provider &

Consumer

DATA - ? -

Data Space

User 1

User 2, …

Connector

Connector
Connector

Connector

C
o

n
n

e
c
to

r

Europe‘s Rail | Alex Meierhofer | FP1MOTIONAL Event | 29.04.2026
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Data Space:

combines
advantages of 
federated
solutions with 
centralization

Why Data Space?

Criterion Data Space 
Direct B2B 

(EDI/API)

Data lake / 

central platform

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

Discovery
Federated 

catalogues

None (“who 

knows whom”)

Centralized 

catalogue

Scalability High Low
High, but 

bottlenecks

Trust & identity Centralized Bilateral trust Centralized

Standardization & 

Principles
Centralized

Fragmented 

and bilateral 
Centralized

Governance Centralized
Fragmented 

and bilateral 
Centralized
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How to share data?

Essential phases of sharing data 
via a Data Space

Publishing a data offer

Offer discovery

Contract Negotiation 

Data Transfer 

1

4

3

2
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How to share data?

Essential phases of sharing data 
via a Data Space

Publishing a data offer

Offer discovery

Contract Negotiation 

Data Transfer 

1

4

3

2
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Data Space

Provider

DATA

Provider

DATA

Provider

DATA

Offer consists of:

1. Asset
• Meta Data
• Link to actual Data

→Data Space does 
not host the data!

2. Policies
• Access Policy
• Usage Policy

→Policies defined by 
data provider

Overview of Data Space – How to share data

Meta-

Data-

Broker

Meta

Data

Company A

Company C

Company B

Connector

Meta Data

Policies

Link to Data

Connector

Meta Data

Policies

Link to Data

Publishing a data offer

Offer discovery

Contract Negotiation 

Data Transfer 

1

4

3

2

Connector

Meta Data

Policies

Link to Data
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Overview of Data Space – How to share data

This is just a placeholder for a video
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Data Space

Provider

DATA

Provider

DATA

Provider

DATA

Offer consists of:

1. Asset
• Meta Data
• Link to actual Data

→Data Space does 
not host the data!

2. Policies
• Access Policy
• Usage Policy

→Policies defined by 
data provider

Overview of Data Space – How to share data

Meta-

Data-

Broker

Meta

Data

Company A

Company C

Company B

Connector

Meta Data

Policies

Link to Data

Connector

Meta Data

Policies

Link to Data

Publishing a data offer

Offer discovery

Contract Negotiation 

Data Transfer 

1

4

3

2

Connector

Meta Data

Policies

Link to Data
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Data Space

Overview of Data Space – How to share data

Company B

Consumer

Interaction:

• Manual 

→Web UI

• Automatic

- ? -

Connector

Publishing a data offer

Offer discovery

Contract Negotiation 

Data Transfer 

1

4

3

2

Meta-

Data-

Broker

Meta

Data
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Data Space

Overview of Data Space – How to share data

Company A Company B

Negotiation guided 
by consumer

→ Supply credentials

→ Define destination 
for data

→ Select a policy

Several active contracts 
possible

Depending on Policy:

• Provider may 
agree/disagree

Contract

Consumer

- ? -

Connector

Credentials

Selection

Destination

Provider

DATA

Connector

Meta Data

Policies

Link to Data

Publishing a data offer

Offer discovery

Contract Negotiation 

Data Transfer 

1

4

3

2

Meta-

Data-

Broker

Meta

Data
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Provider

DATA

Consumer

- ? -

Data Space

Overview of Data Space – How to share data

Company A Company B

Automatic 
data transfer

• Connector

→Checks usage 
conditions

→Starts transfer

Connector

Credentials

Selection

Connector

Meta Data

Policies

Contract

Direct Data Transfer from Provider to Consumer 

Publishing a data offer

Offer discovery

Contract Negotiation 

Data Transfer 

1

4

3

2

DATA

Meta-

Data-

Broker

Meta

Data
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App Store

Data Space

Overview of Data Space – App Store

Connector

App Store

• Easy to use GUI for 
customers/users

• Hosts catalogue of available 
data

Meta-

Data-

Broker

Meta

Data

User 1

User 2, …

- ? -
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Provider

App Store

Data Space

Overview of Data Space – App Store

Connector

Company A

Connector

App Store

• Easy to use GUI for 
customers/users

• Hosts catalogue of available 
data

• Acts like any data consumer

Meta-

Data-

Broker

Meta

Data

Data Transfer

User 1

User 2, …

Contract

- ? -

DATA
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App Store

Data Space

Overview of Data Space – App Store

Company A

App Store

• Easy to use GUI for 
customers/users

• Hosts catalogue of available 
data

• Acts like any data consumer 
and/or provider

Meta-

Data-

Broker

Meta

Data

User 1

User 2, …

Contract

Connector

Consumer

DATA

Connector

Data Transfer- ? -

DATA

Europe‘s Rail | Alex Meierhofer | FP1MOTIONAL Event | 29.04.2026



M
O

T
IO

N
A

L

Provider

App Store

Data Space

Overview of Data Space – App Store

Connector

Company A

Connector

App Store

• Easy to use GUI for 
customers/users

• Hosts catalogue of available 
data

• Acts like any data consumer 
and/or provider

Meta-

Data-

Broker

Meta

Data

Data Transfer

User 1

User 2, …

Contract

- ? -

DATA
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Provider

App Store

Data Space

Overview of Data Space – App Store

Connector

Company A

Connector

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

Meta-

Data-

Broker

Meta

Data

Data Transfer

User 1

User 2, …

Contract

Services
Digital Twins

Maintenance Decision Tools

…

- ? -

DATA
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App Store

…

Overview of Data Space MotionRail-X

User 1

User 2, …

Services
Digital Twins

Maintenance Decision Tools

…

Consumer

Company C

Connector
Company D, E, …

Services

…

Company B

Contracts

Provider

DATA

Company A

Meta-

Data-

Broker

Meta

Data

- ? -

Provider &

Consumer

DATA - ? -

Data Space

Connector
Connector

Connector

C
o
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n

e
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App Store

…

Company D, E, …

2nd Data Space

Provider & Consumer

DATA - ? -

Overview of Data Space MotionRail-X

User 1

User 2, …

Services
Digital Twins

Maintenance Decision Tools

…

Consumer

Company C

Connector

Contracts

Provider

DATA

Company A

Meta-

Data-

Broker

Meta

Data

- ? -

Data Space

Connector
Connector
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Overview of Data Space MotionRail-X
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Overview of Data Space

Core Services e.g. Identity, Access, Certification, 

Verification Management
Operating Company Onboarding Services

Standardization & 

Principles

Commercial 

framework
Governance Body

Partner qualification for 

Enablement Services
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What have we achieved so far…
157

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

− Define respective roles within designed model and assign these

ERJU
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App Store

Implementation of Use-Case:
‘Track Settlement at Switches‘

User 1

User 2, …

Services
Digital Twins

Maintenance Decision Tools

…

Consumer

Company C

Connector

Contracts

Provider

DATA

Company A

Meta-

Data-

Broker

Meta

Data

- ? -

Data Space

Connector

C
o

n
n

e
c
to

r
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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?

• What sensors/measurements are necessary 
to find the most important parameters regarding 
voiding and settlement?

• Improvements in understanding the 
complete switch-system

• What can the infrastructure provider realistically 
expect from the model and what will not be considered?

Developed and validated in FP3 – Iam4Rail

Here: IT-Infrastructure in Focus, not model quality

Implementation of Use-Case:
‘Track Settlement at Switches‘

Limit

Future

Maintenance

Action

Maintenance

Action
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App Store

Implementation of Use-Case:
‘Track Settlement at Switches‘

User 1

User 2, …

Services
Digital Twins

Maintenance Decision Tools

…

Consumer

Company C

Connector

Contracts

Provider

DATA

Company A

Meta-

Data-

Broker

Meta

Data

- ? -

Data Space
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App Store

Implementation of Use-Case:
‘Track Settlement at Switches‘

User 1

User 2, …

Consumer

Company C

Connector

Contracts

Provider

DATA

Company A

Meta-

Data-

Broker

Meta

Data

- ? -

Data Space

Connector

C
o

n
n

e
c
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Digital Twin Sandbox

Maintenance Decision Tool
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Implementation of Use-Case:
‘Track Settlement at Switches‘

Digital Twin Sandbox

Design parameters 

(chosen by user)
▪ Traffic mix

▪ Vehicle speed

▪ Travel direction

MBD

Simulations

Wheel trajectories 

VTI Turnout Model

S
e
tt
le

m
e
n
t 

(d
z
)

No. of load cycles (N)

New temporary track geometry

Initial track geometry

Output:
▪ New track geometry

▪ Forces on components

▪ Kinematics

▪ ballast pressure

▪ Deflections

▪ Settlements

▪ …

System parameter 

(Continuously 

measured)
▪ Settlement

▪ Track geometry

▪ Deflection

▪ Maintenance activities

System parameter 

(time-invariant):
▪ Vehicle models 

▪ Turnout layout

▪ Track components and 

their properties

Settlement

Calibration

FMU

FMU
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Implementation of Use-Case:
‘Track Settlement at Switches‘

Digital Twin Sandbox

Design parameters 

(chosen by user)
▪ Traffic mix

▪ Vehicle speed

▪ Travel direction

MBD

Simulations

Wheel trajectories 

VTI Turnout Model

S
e
tt
le

m
e
n
t 

(d
z
)

No. of load cycles (N)

New temporary track geometry

Initial track geometry

Output:
▪ New track geometry

▪ Forces on components

▪ Kinematics

▪ ballast pressure

▪ Deflections

▪ Settlements

▪ …

System parameter 

(Continuously 

measured)
▪ Settlement

▪ Track geometry

▪ Deflection

▪ Maintenance activities

System parameter 

(time-invariant):
▪ Vehicle models 

▪ Turnout layout

▪ Track components and 

their properties

Settlement

Calibration

FMU

FMU

tm
O

S
A

p
p

 S
to

re
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Challenges:

▪ Data

• Availability

• Format

• Quality

▪ Pipeline

• Models 

• Interfaces

• Servers

• Triggers 

Implementation of Use-Case:
‘Track Settlement at Switches‘

Digital Twin Sandbox

Design parameters 

(chosen by user)
▪ Traffic mix

▪ Vehicle speed

▪ Travel direction

Initial track geometryAuto-

matic

Cont-

inuous

INPUT

tm
O

S
A

p
p

 S
to

re

Future
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Challenges:

▪ Data

• Availability

• Format

• Quality

▪ Pipeline

• Models 

• Interfaces

• Servers

• Triggers 

Implementation of Use-Case:
‘Track Settlement at Switches‘

Digital Twin Sandbox

Design parameters 

(chosen by user)
▪ Traffic mix

▪ Vehicle speed

▪ Travel direction

Initial track geometry

OUTPUT

Auto-

matic

Cont-

inuous

INPUT

tm
O

S
A

p
p

 S
to
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Future
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App Store

Implementation of Use-Case:
‘Track Settlement at Switches‘

User 1

User 2, …

Consumer

Company C

Connector

Contracts

Provider

DATA

Company A

Meta-

Data-

Broker

Meta

Data

- ? -

Data Space

Connector

C
o

n
n

e
c
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Digital Twin Sandbox

Maintenance Decision Tool
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Implementation of Use-Case:
‘Track Settlement at Switches‘

Maintenance Decision Tool

Design parameters 

(chosen by user)
▪ Traffic mix

▪ Vehicle speed

▪ Travel direction

Initial track geometryAuto-

matic

Cont-

inuous

INPUT

tm
O

S
A

p
p

 S
to

re

Future
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Maintenance Decision

• Definition of Limit

• Decision on type of 
maintenance

• Estimation of costs

• Maintenance of whole line or 
small segments?

• …

Implementation of Use-Case:
‘Track Settlement at Switches‘

Maintenance Decision Tool

Design parameters 

(chosen by user)
▪ Traffic mix

▪ Vehicle speed

▪ Travel direction

Initial track geometry

OUTPUT

Maintenance Decision

Auto-

matic

Cont-

inuous

INPUT

tm
O

S
A

p
p

 S
to

re

Future

Action? Action?

Limit

Third Parties
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Mock-Up of App-Store

Implementation of Use-Case:
‘Track Settlement at Switches‘
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VIDEO or Live

DEMO of App-Store
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App Store

Implementation of Use-Case:
‘Track Settlement at Switches‘

User 1

User 2, …

Services
Digital Twins

Maintenance Decision Tools

…

Consumer

Company C

Connector

Contracts

Provider

DATA

Company A

Meta-

Data-
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Meta

Data
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Placeholder Slides for other Use-Cases

UC 1

Other Use-Cases
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Placeholder Slides for other Use-Cases

UC 2

Other Use-Cases
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UC 5 - Cross-referencing of
multi-source weather data
and incident reporting :

Developing an integrated system for
weather data ingestion from multiple
sources and robust data cross-
referencing to be matched with

incident reporting.

Other Use-Cases UC 4 - Car-to-Cloud Data Ingest and Transmission of Actionable 

Info

UC 4 - Car-to-Cloud Data

Ingest and Transmission of

Actionable Info:
Developing an integrated system for

real-time data ingestion from train

carriages and robust car-to-cloud

communication to enhance data

transmission, improve operational

efficiency, and increase safety

through seamless data

communication with cloud systems.

Legacy 
Systems and 

Data Silos

Data Quality 
and 

Consistency

Fragmented 
Data Sources

Limited 
Historical 

Data

Problem 

faced by 

ERDS 
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Coffee Break 
Please be back at 13:40
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V I E W  4

Data Backbone

VIEW 4: DATA BACKBONE
All these solutions only work if systems talk to 

each other - securely and at scale?

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

Demo 30 – Conceptual Model & Ontology

UIC

Shared ontologies & data models underpin interoperability -

illustration through collaboration with FP5-TRANS4M-R.
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FP1 WP26 Demo: ERJU Use Case Data Repository (EUCDR)

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.

❑ Setup repository and harmonise formalisation and documentation as mechanisms to provide technical 

support on digital enablers.

As part of Task 26.3: 

❑ Create documentation, sample code and examples for usage of digital assets engineering toolbox, Digital 

Twin environment, conceptual data model and federated data space.

❑ Set up support mechanisms to provide technical support on digital enablers.



M
O

T
IO

N
A

L

FP1 WP26 Demo: ERJU Use Case Data Repository (EUCDR)

Username=WP26, Password=pass4WP26_2025; Username-ERJU, Password= erju_UCRep_2026Link to use case repository https://02-hprep.web.ife.no/

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

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

telematics (domain-oriented) .

• Collaboration with FP5 on the Intelligent Video Gate (identifying

possible extensions to the ERA ontology through telematics domain-

oriented ontology).

• Exploring collaboration with FP3 around asset management.

• Norwegian Railway Directorate and Trafikverket -> basis for building

other models on top, particularly facilitating cross-border

developments in wave 2 and 3. Result: Common functional

description of the Malmø-Alnabru line (railML)
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Q&A Session 
10 minutes

I N F R A S T R U C T U R E   ·   S T A T I O N S   ·   T R A I N   ·  D A T A  B A C K B O N E
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Survey 
Please check the chat and answer the Survey

I N F R A S T R U C T U R E   ·   S T A T I O N S   ·   T R A I N   ·  D A T A  B A C K B O N E
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Thank you for 
your attention

Demonstration Event 

I N F R A S T R U C T U R E   ·   S T A T I O N S   ·   T R A I N   ·  D A T A  B A C K B O N E
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