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Solving data silos in railway domain

ERA Ontology



2 ERA in a nutshell

The objective of the Agency:
✓ Enhancing the level of interoperability
✓ Developing a common approach to safety
✓ Issuing authorizations for the placing on the market of 

railway vehicles and vehicle types
✓ Issuing single safety certificates for railway 

undertakings.

Legal Framework: Agency Regulation (Regulation (EU) 2016/796 of the 
European Parliament and of the Council of 11 May 2016 on the European 
Union Agency for Railways)

http://data.europa.eu/eli/reg/2016/796/oj
http://data.europa.eu/eli/reg/2016/796/oj
http://data.europa.eu/eli/reg/2016/796/oj


3 How did it start ?
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EU objectives:

• a European Green Deal, 

• an economy that works for people, 

• a Europe fit for the digital age and 

• a stronger Europe in the world.

Pave the way to 
achieve a 

climate-neutral 
Europe.

Deliver a safe 
and efficient rail 
system to all EU 

citizens.

Achieve a 
flexible, efficient 
and reliable EU 

rail system.

strengthen the 
internal market 

and further 
harmonizes rail 
specifications.

The Digital rail and Green freight TSI revision 
package falls within the EU policy objectives
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The Journey towards Data Centricity

2019 2022

Register of Railway Vehicles

Management Board 

Linked Data 
Mainstream Decision

Connected into Linked Data

Siloed data 
bases /registers

Around 12 DBs  
application 

oriented 

2024

European Railway Occurrences Data * 

Vehicle Authorization Data *

2021
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A successful PoC – A Real-world Use Case
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Article 7a
ERA vocabulary

‘ERA Vocabulary’ means a Technical
Document issued by the Agency
pursuant to Article 4(8) of Directive
(EU) 2016/797, establishing human and
machine-readable data definitions and
presentations and linked quality and
accuracy requirements for each data
element (ontology) of the rail system.
The Agency shall ensure the ERA
vocabulary is maintained to reflect
regulatory and technical developments
affecting the rail system.

COMMISSION IMPLEMENTING REGULATION (EU) 
2019/777 of 16 May 2019

https://eur-lex.europa.eu/legal-content/EN/TXT/?uri=CELEX%3A02019R0777-20230928
https://eur-lex.europa.eu/legal-content/EN/TXT/?uri=CELEX%3A02019R0777-20230928


8 ERA Ontology Overview – v3.0.0
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https://data-interop.era.europa.eu/era-vocabulary/
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ERA vocabulary (europa.eu) SKOS Concept Schemes used in the ERA 
vocabulary (europa.eu)

Link to ERA eng. rules

KG GENERATION PIPELINE

Demo dataset manager full xml (youtube.com)

https://data-interop.era.europa.eu/era-vocabulary/
https://data-interop.era.europa.eu/era-vocabulary/skos/index.html
https://data-interop.era.europa.eu/era-vocabulary/skos/index.html
https://data-interop.era.europa.eu/era-vocabulary/era-shapes
https://data-interop.era.europa.eu/era-vocabulary/era-shapes
https://www.youtube.com/watch?v=iFplq8xiVxQ
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RINF — Map explorer. 
https://data-interop.era.europa.eu/

• More than 47 million triples

• More than 31k lines of mappings

• More than 100 SHACL shapes

• +270k track segments described

• +50k stations described

• +50k geo-referenced objects (lat/long)

• +2k Vehicle Types described

• 27 countries covered (EU countries)
ERA — Route Compatibility Check (europa.eu)

ERA KG endpoint

https://data-interop.era.europa.eu/map-explorer
https://data-interop.era.europa.eu/route-compatibility?compatibilityVehicleType=http%3A%2F%2Fdata.europa.eu%2F949%2FvehicleTypes%2F11-075-0001-7-001&compatibilityVehicleTypeLabel=EuroDual%20E25%2F1.5H%20D30%20B159%20-%2011-075-0001-7-001&fromId=http%3A%2F%2Fdata.europa.eu%2F949%2FfunctionalInfrastructure%2FoperationalPoints%2FFR0000002170&fromLabel=%5BFRA%5D%20Lyon-Perrache%20-%20FR0000002170&fromLoc=4.8231716%2C45.7482629&toId=http%3A%2F%2Fdata.europa.eu%2F949%2FfunctionalInfrastructure%2FoperationalPoints%2FFR0000004482&toLabel=%5BFRA%5D%20Marseille-St-Charles%20-%20FR0000004482&toLoc=5.381048%2C43.303208&via=%7B%7D
https://virtuoso.ecdp.tech.ec.europa.eu/sparql


11 Data modelling requirements 

• Different levels of granularity of data

• Topological and topographical representation 
of railway infrastructure

• Model the temporal constraints for the 
technical characteristics

Macro level representation

era:describedAs

Mezzo level representation

Micro level representation

era:belongsTo

Most detailed level of description
Micro elements: signals, platforms, facilities
Topological description
Schematics
Elements aggregation to describe upper level 
elements (ex. Station composed of tracks, 
platforms, facilities, sidings, etc.)
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Integration of Micro-Level

Interoperable-data/ERA-Ontology-3.1.0: Extended version of the ERA Railway Infrastructure Ontology (github.com)

Use cases covered:
- Route book data compilation
- Tracks connectivity and navigability
- Better geographical representation
- Telematics locations data integration
- Future planning for infrastructure 

https://github.com/Interoperable-data/ERA-Ontology-3.1.0
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Competency questions
CQ 1 •How many tunnels are there per member state?

CQ 2 •Which are the distinct values for a particular parameter P of a track in member state C?

CQ 3 •What is the tunnel length per member state?

CQ 4 •What is the railway length per member state? (takes into account sections of lines and tunnels)

CQ 5 •What are the platform lengths in ascending order? (What is the variety of platform lengths in Europe?

CQ 6 •What are the parameters of a certain entity E in the vocabulary

CQ 7 •Which are non TSI compliant legacy signaling systems existent in the different countries?

CQ 8 •What are the number of tons per track?

CQ 9 •Which are the energy supply system values (voltage frequency) per SOL per member state?

CQ 10 •What is the network of an infrastructure manager IM?

CQ 12 •Which are the diesel vehicle types?

CQ 13 •Which are the tracks with a contact line system type that is not electrified

CQ 14 •What is the track length of Trans-European Transport Network (TEN-T) lines per member state?

CQ 16 •How many tracks are equipped with GSM-r per member state (rate of deployment)?

CQ 18 •Which are the tunnels in Belgium that are not category (rolling stock fire category) A nor B?

CQ 19 •How many countries are using local and non-international Gauges (gauging profile)?

CQ 20 •What are the available values for the GSM-R version per member state?

CQ 21 •What are the available ETCS levels per member state?

ERA Knowledge Graph | Data Stories

https://www.era.europa.eu/domains/registers/era-knowlege-graph_en
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Challenges

14



15 The Challenges

• As a regulatory body our data exchange rules have an impact in the regulatory 
reporting actors

• Multi-lingual aspect of the ontology, due to technical terms
• Coexistence of data compliant with different regulatory text
• Scalability issue with SHACL rules in data provision of small updates
• Building rich application functionalities on top of KG
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Take Away Message

Use of Open Software

Use of W3C and open standards

Agnostic to different formats
(check Loops Loop example)

Aligned with other ontologies

Aligned with existing models (UMLs, XSD, etc.)

New questions to the knowledge 
graph formulated on demand

Backwards compatible with previous (in house) 
developments

Data more relevant than the application layer
Easily extendable with other sources

• Railway infrastructure managers provide 
data in RDF for usage.

• ERA publishes and maintains railway 
infrastructure using (open) semantic 
web technologies.

• Public 
Endpoint: https://virtuoso.ecdp.tech.ec.europa.eu/

sparql

• Questions/suggestions: 
eraontology@era.europa.eu / ghislain.atemezing@era.europa.eu

https://virtuoso.ecdp.tech.ec.europa.eu/sparql
https://virtuoso.ecdp.tech.ec.europa.eu/sparql
mailto:eraontology@era.europa.eu


THANK YOU

Moving Europe towards a 
sustainable and safe railway system 
without frontiers.
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Follow us:

https://twitter.com/ERA_railways
https://www.linkedin.com/company/european-railway-agency
https://www.youtube.com/channel/UCFfzjb2UuoOxFJd12AL6lyg
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