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The European Agency for Railways (ERA) 

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

Tasks:
● Promote a harmonised approach to railway safety
● Devise the technical and legal framework in order to enable removing technical barriers, 

and acting as the system authority for ERTMS and telematics applications
● Improve accessibility and use of railway system information
● Act as the European Authority under the 4th Railway Package issuing vehicle (type) 

authorisations and single safety certificates, while improving the competitive position of the 
railway sector.



5The ERA Knowledge Graph: Raising data interoperability in the railway domain

ERA aims on creating interoperability for stakeholders 
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RINF

Register of Infrastructure (RINF)
RINF contains the main features of fixed installations related to the subsystems of 
infrastructure, energy and parts of control-command and signaling
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European Register of Authorized Types of Vehicles 
(ERATV)
ERATV publishes and keeps an up-to-date set of authorized types of vehicles 
including information that references their technical specifications.

ERATV



Use case: Route Compatibility Check (RCC)

E.g.: What is the shortest compatible route with vehicle C30-M 
from Paris to Amsterdam?

“Before a railway undertaking uses a vehicle in the area of use specified in its 
authorisation for placing on the market, it shall check: …(b) that the vehicle is 
compatible with the route on the basis of the infrastructure register…” 

European regulation 2016/797

https://eur-lex.europa.eu/legal-content/EN/TXT/?uri=CELEX%3A32016L0797


Data silos difficult interoperability

RINF ERATV Other...



Data silos difficult interoperability and force 
application-centric solutions for data integration

RINF ERATV Other...



Data integration hidden in application code is 
expensive to maintain and reuse

RINF ERATV Other...



A semantic layer  for Knowledge Graph-based 
interoperability that enables data-centric solutions

RINF ERATV Other...



ACT I: Data exploration and modelling



We started with some data archeology … 
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And we went from this… 

Main tables in RINF Main tables in ERATV



To this: The ERA Vocabulary v1 



Topology model of the ERA Vocabulary v1



Topology model of the ERA Vocabulary v1
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http://era.europa.eu/ns#MicroNode
http://era.europa.eu/ns#MicroLink
http://era.europa.eu/ns#NodePort
http://era.europa.eu/ns#InternalNodeLink


RINF

RINF’s data model does not provide sufficient level of 
detail for topological description

RINF reaches this 
level of detail



Full connectivity assumption → leads to incorrect topology 
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RailTopoModel standard-based modelling 
(aka connexity graph*)
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* Gély et al., A multi scalable model based on a connexity graph representation, 2010



Enter the ERA Vocabulary v2



Enter the ERA Vocabulary v2



ACT II: Data mapping and integration



(YARR)RML-based mapping architecture

● A total of 775 YARRRML mappings have 
been written so far.

● Data sources include: 
○ RINF and ERATV relational DBs
○ Norway and Sweden railML (XML)
○ ProRail connectivity data (CSV)
○ OpenStreetMap (XML)



The ERA Knowledge Graph in numbers

Live SPARQL endpoint: https://linked.ec-dataplatform.eu/sparql

~40 million triples

+270k Track segments described

+50k stations (aka Operational Points) described

+50k geo-referenced objects (lat/lon)

+2k Vehicle Types described

27 countries covered

+50 SKOS taxonomies: https://data-interop.era.europa.eu/era-vocabulary/skos/index.html 

https://linked.ec-dataplatform.eu/sparql?default-graph-uri=http%3A%2F%2Fera.europa.eu%2Fknowledge-graph
https://data-interop.era.europa.eu/era-vocabulary/skos/index.html


Data integration: micro-level topology with railML data

railML is a railTopoModel-based data model that envisions micro-level topology descriptions.
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For example the schematic topology* of 
Dombas Station in Norway

Dombas Station

* taken from Norway’s railML data



The main mapping challenges are:

● Interlinking RINF-based tracks with railML-based net elements
● Stitch back the topology graph from file based partition
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The main mapping challenges are:

● Interlinking RINF-based tracks with railML-based net elements
● Stitch back the topology graph from file based partition

source:

     - [data/norway-railml/BRB.railml~xpath, "//netElement[not(@length)]"]

   s: "$(('http://data.europa.eu/949/topology/netElements/' || ancestor::railML/metadata/dc:title || '_' || @id\\))"

   po:

     - p: era:hasImplementation # Link by circumstantial evidence based on the Kilometer points of FROM and TO OPs

       o:

         - mapping: rinf-sections-of-line

           condition:

             - function: idlab-fn:listContainsElement

               parameters:

                 - [idlab-fn:str, $(FROM_KM), o]

                 - [idlab-fn:list, "$( let $ne_id := @id return (ancestor::infrastructure//operationalPoint[ 

.//@netElementRef = //netRelation[ ./elementA/@ref = $ne_id ]/elementB/@ref ]//@measure\\))", s]

             - function: idlab-fn:listContainsElement

               parameters:

                 - [idlab-fn:str, $(TO_KM), o]

                 - [idlab-fn:list, "$( let $ne_id := @id return (ancestor::infrastructure//operationalPoint[ 

.//@netElementRef = //netRelation[ ./elementA/@ref = $ne_id ]/elementB/@ref ]//@measure\\))", s]

   graph: http://era.europa.eu/knowledge-graph/banenor



The main mapping challenges are:

● Interlinking RINF-based tracks with railML-based net elements
● Stitch back the topology graph from file based partition

328 links created out of 375 possible 
ones (87%)
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The main mapping challenges are:
● Interlinking RINF-based tracks with railML-based net elements
● Stitch back the topology graph from file based partition

           CONSTRUCT {

               ?bordNe era:linkedTo ?ne;

                       era:partOf ?borderMesoNe;

                       era:length ?length;

                       geosparql:asWKT ?wkt.

           } WHERE {

               ?border a era:Border;

                       era:hasAbstraction ?bordNe.

              

               ?bordNe era:length ?length;

                   ^era:elementPart ?borderMesoNe.

              

               ?mesoNr era:elementA|era:elementB ?borderMesoNe;

                       era:elementB|era:elementA ?opMesoNe.

               …

                   geosparql:asWKT ?wkt

               ] ].

          

               ?nr a era:NetRelation;

                   era:elementA|era:elementB ?bordNe;

                   era:elementB|era:elementA ?ne;

                   era:navigability ?nav.

          

               FILTER(?nav != era-nav:None)

               FILTER(?bordNe != ?ne)

           }



ACT III: Route compatibility check



The app:





The route calculated through Dombas station



The route calculated through Dombas station

Dombas Station



Route planning process flow

Step 1: Selection of FROM and TO 
Operational Points.

Triple store
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Fetching of (topological) data 
tiles related to FROM and TO 
operational points, e.g.:

https://data-interop.era.europa.eu/ldf/sparql-tiles/abstraction/10/524/343
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Route planning process flow

Step 2: Execution of shortest path 
algorithm (A*) and dynamic fetching of 
additional data tiles.

FROM:

TO:

MAX. NO OF ROUTES

VEHICLE TYPE

Route Compatibility Check

ERA Route Compatibility Check

A

B

Demo app

A

B



FROM:

TO:

MAX. NO OF ROUTES

VEHICLE TYPE

Route Compatibility Check

ERA Route Compatibility Check

A

B

Demo app

A

B

Route planning process flow

Step 2: Execution of shortest path 
algorithm (A*) and dynamic fetching of 
additional data tiles.



FROM:

TO:

MAX. NO OF ROUTES

VEHICLE TYPE

Route Compatibility Check

ERA Route Compatibility Check

A

B

Demo app

A

B

Route planning process flow

Step 2: Execution of shortest path 
algorithm (A*) and dynamic fetching of 
additional data tiles.



FROM:

TO:

MAX. NO OF ROUTES

VEHICLE TYPE

Route Compatibility Check

ERA Route Compatibility Check

A

B

Demo app

A

B

Route planning process flow

Step 2: Execution of shortest path 
algorithm (A*) and dynamic fetching of 
additional data tiles.



Route planning process flow

Step 3: Track data fetching and 
route rendering.
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Route planning process flow

Step 3: Track data fetching and 
route rendering.
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Route planning process flow



Pros and Cons of this approach

● Low server-side costs
○ High-cacheability of query 

responses

● Client-side autonomy for 
implementing customized route 
calculations

● Severe performance issues on 
long-distance routes

Pros Cons
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Potential solutions

Fully server-side route planning with 
dedicated engine

Virtuoso
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Potential solutions

Fully server-side route planning with dedicated engine (OSRM)
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Potential solutions

Summarization techniques for route 
planning (e.g. Contraction Hierarchies)

Virtuoso

SPARQL/HTTP

ERA API

Route planningSummarization



What does the future hold?



Next steps…

● SHACL-based quality assessment
● SHACL rules-based compatibility assessment
● OSM integration for geometry extraction
● Summarization techniques for optimizing route planning queries
● Schedule data integration (e.g., GTFS, NeTEx)
● LDES-based replication architecture



Ontology-based interoperability example for railML and GTFS

owl:sameAs

era:hasAbstraction

era:OperationalPoint

era:NetElement

era: http://data.europa.eu/949/ 

era:hasAbstraction

era:elementA

era:elementB

era:NetElement

era:NetRelation gtfs:Station

gtfs:Agency

gtfs:agency

gtfs:StopTime
gtfs:stop

xsd:date xsd:date

gtfs:departureTime gtfs:arrivalTime

gtfs:Trip

gtfs:stopTime

gtfs: http://vocab.gtfs.org/terms# 

railML GTFS

http://data.europa.eu/949/
http://vocab.gtfs.org/terms#
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LDES-based replication and sync

Linked Data Event Stream as the backbone of the ERA KG 
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Takeaways

✓ Thanks to this work ERA set Knowledge Graphs as the default setting 
for future data endeavors.

✓ Knowledge graph technologies can fulfill the requirements of 
transport data use cases (although there is room for improvement) 

✓ Balance the trade-offs of data integration (mapping time vs querying 
time) and query execution (client- vs server-side)
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