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Making railway systems digital, accurate, and trustworthy



A Single European 
Railway Area
Connect Europe's railways into a single, interoperable system —

by aligning data, engineering rules and digital infrastructure across 

infrastructure managers, suppliers and borders.
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27
EU member states aligned

Significantly less planning effort

Increased 

interoperability

Cross-Border 

European Rail Services

European Rail Traffic Management

System

Objectives 



Digital Asset Engineering makes railway systems digital, 

accurate, and trustworthy.

D Designed
CCS planned with shared engineering rules

O Operated
Safely & efficiently across borders

M Maintained
Through trusted, machine-readable data

„Digitales  Stellwerk (DSTW) in Warnemünde“ - Deutsche Bahn AG / Volker Emersleben
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Digital Asset Engineering?



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
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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
System Pillar 
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Aligned 
RDF

DATA
Planning Tool

Validation Tool

GeoMap / 

REPORT
CAD-Output

Datasets

Generic Engineering Rules

+

ERA Extended Ontology 

CCS TMS

Planned RDF

Digital Twin

STEP 2

Automated Planning

• Engineering Rules
• ERA Extended 

Ontology 

STEP 3

Data Validation

• ERA Ontology Check
• SHACL Validation
• Report Generation

A B

STEP 1

Data Acquisition

• Raw Data Ingestion
• Data Enrichment 
• Semantic Alignment

STEP 4

Digital Twin

• Simulation

C
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Workflow

Planned RDF



0 1  ·  S E M AN T I C 0 2  ·  I NT E GR A T I O N 0 3  ·  F E D E R A T I O N

Enrichment

RDF conversion

Validation

Raw ingestion

Digital Twin

The pipeline spans many stages and 

formats. Each needs to align cleanly into a 

shared, machine-readable representation.

Different Infrastructure Managers and suppliers 

use different tools and rules — so even when data 

is exchanged, the meaning often isn't.

Owners must keep control of their data while 

still participating in shared ecosystems — the 

role of European data spaces.
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Main Technical Challanges



Source : ERA Ontology. Version 3.2.2

1 Ontology
ERA Extended CCS/TMS

27
EU member states aligned
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Shared Vocabulary

Represent railway 
concepts 

consistently

Interoperability

Enable cross-system 
data exchange

Semantic Understanding

Preserve meaning 
across tools and 

infrastructure 
managers

Semantic Interoperability

Overview of ERA Extended Ontology

https://rinf.data.era.europa.eu/era-vocabulary/


Data Catalogs Data sharing 

Contract

Data sharing 

Contract

Data 

Catalogs

Observable

Data   Sharing

Data Space Connector Data Space Connector

Decentralized 

identifiers & 
Claims

Dataspace     MotionRail-X

Data Sharing   Digital Twin

P a r t n e r  I M

Deutsche Bahn

Planned RDF File

Stays under owner's control

P a r t n e r  I M

DLR

Planned RDF File
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01 S E M A NT I C

Digital Twins are often presented as highly technical 
systems — but their success depends less on visualisation, 
and more on interoperability.

Shared meaning across tools and borders
A common vocabulary so data exchanged between systems 

carries the same meaning.

02 T E CH NI C A L

03 O R G A NI Z A T I O NAL

Open standards & reusable services
RDF, SHACL etc. – open formats for everyone

Who owns/manages…?

…

Interoperability
Data

Technical Infrastructure
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Teaser



Modularity

Semantic

Federation Validation

Automation

Maturity across 5 dimensions

Before After

C A P A B I L I T Y  ·  B E F O R E  /  A F T E R  ( R E P R E S E N T A T I O N A L )
F OUNDAT I ON

Shared semantic foundations matter

A common foundation through the ERA ontology cut 

ambiguity, manual translation and integration complexity 

— and unlocked automation.

MACHI NE- READABL E

RDF turns rules into automation

Encoding engineering knowledge as RDF enables 

automated validation, SHACL checking, semantic 

querying and scalable interoperability.

03

MO DUL ARIT Y

Modular architecture = reuse

Splitting the workflow into reusable components 

makes the system reusable overall. 
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Lessons Learned

02

01



Strenghten  Semantic 
interoperability

• Shared ontologies
• Harmonized metadata
• Machine-readable rules
• Common reference architectures

Expand federated data 
spaces

• Secure cross-border collaboration
• Decentralised ownership
• Scalable interoperability

Reusable Digital Twin 
components

• Open standards
• Ontology-based workflows
• Modular infrastructure

From pilots to 
operational ecosystems

• Operationally sustainable
• Interoperable by design
• Scalable across Europe

W H E R E D O  W E  G O  N E XT ?
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Future Directions



DB InfraGO AG | V.ITL 12  | Waseem ul Aslam Peer| Berlin | 11.06.2026

The project is supported by the Europe's Rail Joint Undertaking and its members.

Co-funded by the European Union. Views and opinion expressed are however those of the author(s) only and do not necessarily reflect

those of the European Union or Europe's Rail Joint Undertaking. Neither the European Union nor the granting authority can be held

responsible for them.

Thank You.

Some non-branded visual elements in this presentation were AI-generated.



Demo case | DB-Scheibenberg site



Overview | WP27 workflow | ETCS Level 2 w/o Signals Planner

Interactive Visualisation | Extended/Planned Dataset

Data processing pipeline



Overview | WP27 workflow | ETCS Level 2 w/o Signals Validator

GeoMap | Planned site, with overlays for validation results

Analysis Explorer | SHACL-rules and validation results
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