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Opening Remarks (Francois Davenne, UIC Director General)

Session 1 (11.00-12.30) Session 2 (13.30-15.30)

Perspectives
RailSystemModel « RailSystemModel & OntoRail as enablers of the
» RaillSystemModel fundamentals Conceptual Data Model (UIC)
 What's new in RSM1.2? Digital Twin at SNCF (Gllles Dessagne, SNCF
« Example of projects in relation to RailSystemModel Réseal)

RSM In support of FRMCS (UIC)

OntoRail Signalling data preparation with RailSystemModel
 What is OntoRail? and EULYNX (Dr. Bob Janssen, EULYNX
 What are ontologies? information modeller)

* OntoRall fundamentals

Next Steps

Closing Remarks (Pierre-Etienne Gautier, SNCF Réseau)
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Rail System Model:
RSM fundamentals




What is RSM ?

* “One concept, one class” — SOLID design principles
* Project-independent, not limited to specific “use cases”

 UML most widespread
» Suitable for code (Java, C#...) and scheme (XSD...) generation

» “True image” UML to OWL extraction

_ | PSS e _
* For model linking and information exchange

* RTM 1.1 : IRS 30100

e RSM: 1.2
* Live documentation on rsm.uic.org
 Later published as elRS
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Topology: Kernel of RSM

Topology answers the question “what railway net element is
connected to what other net element”,

using one formal representation, regardless of scale or level of detall.

Net elements can correspond to lines, or tracks, or stations...
Topology relations are explicit and allow correct pathfinding.

MACRO level; stations and line have Station B

bi-directionally navigable relations

) » Navigable

MICRO level: topological (track) segments
relations may be navigable or not




RSM 1.2 highlights



Package overview

Infrastructure RSM1.2 - Overview of packages

S O rte d by S u b SySt e m ’ This diagram presents an overview of the packages in version 1.2 of RailSystemModel (RSM).
broken down into Net Entities

+Track

Currently:
Track
Signalling
Energy

+ Base

+ Topology

+ Wetwork

+ Positioning

Common

+ Leomerry

+ ObservationAndMeasure

+ NetProperty
+ TimeAxis




Base package : new responsibilities @

A model by engineers, for all professionals



Time Axis : instants, intervals, calendars

Temporal Entity

Temporal | == —

. . . K Composite
position = Simple interval b
| N interval

R

Instant Interval

Time reference
system

All based on W3C / OGC time ontology
https://www.w3.org/TR/owl-time/



https://www.w3.org/TR/owl-time/

Positioning : OGC concepts adapted to railways @
<

Topology JHE— Intrinsic
coordinates

» Schematic
representation

etric
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Location : simplified

Sample use case:
“Where is my train?”

“Location” pulls the Position
information together. sl

Location




Geometry : cooperating with bSI - IFC Rail project ®

-

\l
\. -
. -
o l. -
™

Geometry rests on classes defined by-bundlngSMART International, for the purpose
of IFC (Industry Foundation Classes) and extended with railway-specific notions (cant / inclination).
bSI classes themselves inspired by OGC.
3D-curves added: not widely used, but futureproof.




Observation and Measure :
ready for IOT and predictive maintenance

- Prediction Value

Package rests on ontology SOSA / SSN, jointly developed by W3C and OGC

(Sensors, observation, actuation and sampling / Semantic sensor network)
Requirement and Prediction added: a use case examined with buildingSMART Intl. (IFC Rall project).




Net Property : a bird’s eye view on the network

* “Net property” or “Line property” e
observes atomic data (property
values) and sums them up over =
arbitrary “networks” (sets of net
elements or net entities)

nigmedResounce

® “Net property” Or “Llne propertyu rzmedResounce —::_:'s:s-'s - couan -::__ BaseProperty

Metwork:-Network . Base::

ObzervableProperty

values are derived (and distinct) from
observed or nominal values

 E.g."760mm™ and "600mm” can be
summed up into “narrow gauge”

« Can yield property values for RINF

Package results from cooperation with e —




Track, Signalling, Energy

Correspondence between RSM and expert models was established.




Environment: we (railways) are not alone

Legal Entities
Weather

Whenever possible, RSM extensions are based on available industry standards (text, models, ontologies)




RSM at use In projects



EULYNX DataPrep (current)

See EULYNX presentation:
Signalling data preparation with RailSystemModel and EULYNX
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SIA (H2020): predictive maintenance

General goal

Develop 4 ready-to-use new services to provide
prognosis of health status of the railway’s most cost-
Intensive assets, at the points of interaction between the
vehicle and the infrastructure (wheelset / rail, pantograph
/| catenary)

Specific goal

UML model and XSD generation to support data
exchange from sensors to diagnosis centres

Achievement

Model federation: RSM basis +
rallML3 parts (subsystems)

rase="LocatedNetEntity" >

name="gcontactLineType" type="ContactLineType" minlccurs="1"
name="has" type="ContactWire" minOccurs="0" maxOccurs="1"
«Domains
Rolling Stock PIM

+ Axle

+ Formation

+ OrientedVehicle

+ Pantograph
+RollingStock

+ RollingStockPropertySet
+Vehicle

+VehiclePart

= +VehicleParts

name="belongsToParent" type="ElectrificationSection" minbccurs="0"
ent name="energyCatenary" type="EnergyCatenary" minOccurs="0"
name="energyPantograph" type="EnergyPantograph" minCccurs="0"

= name="EnergyCatenary">

¥5:element name="maxTrainCurrent"” tyvpe="MaxTrainCurrent" minCccurs="0" maxfccurs="unbounded" />

XxTyvpe name="EnergyPantograph">

(from SIA-railML)

XType name="InfrastructoreManager":>

«Domain»
Common

+ Base

+ Network

+ Positioning
+ Topology

+ Location

+ Observation
+ TimeAxis

(from SIA-RTMI>

&import»

&imp orts .

«Domain
Infrastructure

+ MetEntity

\ (fréth SIA-RTM)
% IJ
€import» ,."

i
[
wimport»
.".
i

«Domaino
Infrastructure PIM

+ Track
+ Energy

(from SIA-raifML)
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OPTIMA (Shift*Rail open call): Traffic Management System

The power of a conceptual model (Python implementation) at the service of a data model

RSM network instantiation KML export Display In
(Python)

Ve

i :

OSM geometry

B Sidecar ) Fas , —
vi/object I RSM12beta.Common.XTHN Base.Sidecar - e = ' B ) T . . , i e .
Py/ob] = -oT —° : Ty T & N : Test Ventimiglia-Albenga import from

sID JSON export r 10 & | SN ST S U  Osm file, 3076916635_3077102637_0

_Name r Test Ventimiglia-Albenga import from osm file, sidecar

El _resources b ,, : A S % ¢
DualGraph = Pt O 1 e — i 1T e siD 505 |
Geometric positioning system WGS84 (epsg:4326) AL TN 7 - ——— = = Y e e 5 elementlength637.92
Grid reference system ETRS89 LAEA Europe (epsg:3@35) - — i \ . b3 5N . Y . SUPIRE : - o oath [rpart of 417 to 5317

B LRS S e - i .
b - N\ o M selec’uom (shortest path from 417 to 531

B Riferimento_lineare_binario_Nord
py/object " RSM12beta.Common.XTN Positioning.LinearLocationBasedLRS (SRSl R
s1ID r 1765 :
_Name r Riferimento_lineare_binario_ Nord
hasLinearReferencingMethod ' relative
startMeasure # @
endMeasure g null
E anchors
=
py/object r RSM12beta.Common.RSM Positioning.AnchorPoint
sID r 1779
__Name r kp2
El _measure
py/object r RSM12beta.Common.R5M Base.Llength
q_kind
unit

Value 2000 Linear referencing, regenerated

Bl _measureToNext

py/fobject " RSM12beta.Common.RSM Base.Length
q_kind

unit
Value
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-What Is OntoRall

An Encyclopedia A Tool for Building Consensus
to consolidate and enrich Railways to promote and facilitate convergence
Systems Modelling knowledge and federation between models

60 EULYNX . |

EEEEEEEE

A knowledge engine, powered by Ontologies



Ontologies are formal representations of knowledge, built on a consensus on
domain knowledge and on a shared and precise vocabulary to qualify

relations between concepts.

Domain
Eukarya
\ Kingdom
Animalia
Phylum
Chordata
Class
Mammalia
Order
Carnivora
Family
Canidae
Genus
Vulpes
Species ‘
Vulpes vulpes

Red fox (Vulpes vulpes)
Image source: Taxonomic Rank Graph.svg by Annina Breen [CC-BY-SA]

Taxonom

Subject-based classification
Hierarchical organization (parent / child)

Additional statements about the

subjects:

BT broader term

g_‘_‘) narrower term (inverse of
SN scope note

USE use

UF used for (inverse of USE)
TT top term

RT related term

Image source: Very, Oxford Historical Thesaurus, the office,]

Hackney, London, UK by Cory Doctorow [CC-BY-SA

Thesaurus

Extends taxonomies
Additional statements (BT, NT, SN, ...)


https://commons.wikimedia.org/wiki/File:Taxonomic_Rank_Graph.svg
https://commons.wikimedia.org/wiki/User_talk:Nninnabee
https://www.flickr.com/photos/doctorow/5204315006
https://www.flickr.com/photos/doctorow/5204315006

\ _

OntoRail F““daﬁé’

RSM’

\
’O\I@ EULYN)(/ B

RAIL

LA Other
Domain(s)

IFC Rail

S

7

~ B

; UNION

\

AGENCY
FOR RAILWAYS

RINF

Other
Sources

Domain



OntoRail Fundame

N\
NT
RAIL
Importing Linking
Models Models
Browsing

Models
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C' A Non sécurisé | app.ontorail.org:5000/ontorail

» Source Ontologies:

' ptoRail applicatio

Login

[ EULYNX ]

EULYNX standardises the interfaces between the interlocking at the
core of the signalling system and all peripheral subsystems, ranging
from light signal to traffic control system.

« 174 Packages
« 4806 Classes
« 2518 Properties .*» Graph

Tree Browser

« 165 Enumerations
- 12 DataTypes

[ RSM 1.2 beta ]

RailSystemModel (RSM) provides a structural backbone model to
foster digital continuity across railway domains and business
processes. RSM cooperates with Expert Projects in their respective domains (for
example Eulynx for signaling, IfcRail for BIM process, ...).

RSM

fcl|$ysteml\||odcl

- 18 Packages
« 143 Classes
« 158 Properties .*» Graph

Tree Browser

« 8 Enumerations
2 DataTypes

[ Transmodel (SNAP) ]

Transmodel model of the European ITS Directive.

« 5 Packages
« 256 Classes
« 170 Object Properties .*» Graph
« 64 Data Properties

« 3 DataTypes

Tree Browser

[ IFC Rail ]

IFC Rail aims at delivering open standards and extending the current
buildingSMART shema to fit the needs of the Rail industry.

« 267 Packages
« 1454 Classes
« 1540 Properties .*» Graph
« 242 Enumerations

« 249 DataTypes

Tree Browser

[ERA1.2.1] ~ 8

/ EUROPEAN
/ UNION
Vocabulary defined by the European Union Agency for Railways / R RAILWAY
to describe the concepts and relationships related to the

European railway infrastructure and the vehicles authorized to operate over it.

« 13 Classes

50 Object Properties
« 91 Data Properties .*» Graph
0 DataTypes

Tree Browser

[ Transmodel (v6.56) ]

T

CEN European Reference Data Model for Public Transport Information Transmodel provides an abstract model of common public transport concepts and data structures that can be used to build many different kinds of public
transport information system, including timetabling, fares, operational management, real time data, journey planning etc.

« 316 Packages
« 1093 Classes
« 4086 Properties .*» Graph
« 3 Enumerations
« 1045 DataTypes

Tree Browser

Establish a relation between entities:

Entity1...
| y

<

>> ontorail:hasSource >> Entity2...

Add Relation

Comment:

» » "Ontorail Relations" forum

Creator: DG -+ 28-Jun-2021

You can attach a comment here...

Status: | Under Review v

Web Application available at http://app.ontorail.org:5000/ontorall

June 28th 2021, 16:01:05.



http://app.ontorail.org:5000/ontorail

ntoRail: consoli

» Source Ontologies:

-

[ EULYNX] 'VQ
EULYNX standardises the interfaces between the interlocking at the “‘

core of the signalling system and all peripheral subsystems, ranging
from light signal to traffic control system.

Imported models

« 174 Packages
« 4806 Classes
« 2518 Properties .*» Graph
« 165 Enumerations

Tree Browser

to consolidate
rallway knowledge

« 12 DataTypes

[ RSM 1.2 beta ] RSM

RailSystemModel (RSM) provides a structural backbone model to  raillsystemModel
foster digital continuity across railway domains and business

processes. RSM cooperates with Expert Projects in their respective domains (for
example Eulynx for signaling, IfcRail for BIM process, ...).

« 18 Packages
« 143 Classes
« 158 Properties .* = Graph
« 8 Enumerations

« 2 DataTypes

Tree Browser

[ Transmodel (SNAP) ] T
Transmodel model of the European ITS Directive.

« 5 Packages
« 256 Classes
« 170 Object Properties .*» Graph
« 64 Data Properties

« 3 DataTypes

Tree Browser

[ IFC Rail ] ‘)

™
IFC Rail aims at delivering open standards and extending the current v
buildingSMART shema to fit the needs of the Rail industry.

(267 Packages \

« 1454 Classes

volumetry of the
imported model s e

« 249 DataTypes

. J

Tree Browser

[ERA1.21] ~ 3

EUROPEAN

LMNION
Vocabulary defined by the European Union Agency for Railways / FOR RAILWAYS
to describe the concepts and relationships related to the

European railway infrastructure and the vehicles authorized to operate over it.
« 13 Classes
« 50 Object Properties

« 91 Data Properties .= Graph
« 0 DataTypes

Tree Browser

[ Transmodel (v6.56) ] T
CEN European Reference Data Model for Public Transport Information

Transmodel provides an abstract model of common public transport concepts

and data structures that can be used to build many different kinds of public transport
information system, including timetabling, fares, operational management, real time data,
journey planning etc.

« 316 Packages
« 1093 Classes
« 4086 Properties .* - Graph
« 3 Enumerations
1045 DataTypes

Tree Browser

Establish a relation between entities:

|:’rsm12beta:( "RouteBody" ) | >> ontorail:hasSource >> v |:’rsm12beta:("RouteBody")

rsm:EAID_FDE74596 9FE8 4169 AEAA A39E0093EBEF

rsm:EAID_FDE74596 9FE8 4169 AEAA A39E0093EBEF

Comment: Creator: DG + 28-Jun-2021

You can attach a comment here...

Add Relation Status: | Under Review v |

» » "Ontorail Relations" forum

Establishing relations

between entities

to federate models
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A unified interfac
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eto ex

Link to official

&Y [RSM 1.2 beta] Ontology Browser - Google Chrome — [] X

A Non sécurisé | app.ontorail.org:5000/win_rec_tree/rsm12beta

documentation page

Tree view of the model

{ [ RSM 1.2 beta ]
[ |

Deselect All| |Collapse All| |Load All| search pattern... |
[ |

Selected: NetElement

packaging structure

1 ------ Common | .

Base class for defining nodes in the connectivity graph
representing the topological network.

4 Class properties

» a rsm:.Object

Individual package

Individual class\

Class in context/

------ Location |
:_ I_.._I » rdfs:subClassOf rem:("NetworkResource")
------ NetProperty » ontorail:ofPackage rsm:("Topology")
""" Network |- 4 js in domain of
...... Observation | : » rsm:Property("relation”) Card: 1..*
...... Positioning - 4 js in range of
______ TimeAxis [ - » rsm:Property("elementParts") Card: 1..*
» rsm:Property("elementParts") Card: 1..*
... Topology | .-

RSM1.2 - Overview of high-level ¢

This diagram shows packages and important classes from RailSystemMoc
figure is illustrative and does not represent the whole model, as some rel
readability.

General documentation | .

------ Infrastructure | -

ﬁackages & Classes: \ ﬁity properties of: NetElement \

------ 1 ElementPartCollection (2) [ \

------ :Property:: s

. Packages with classes common to all domains.
g -Enumeration::

- :DataType:: p
Base

Object identity, properties, quantity, value and units

Searching through a model

Object Properties

Arich, hyperlinked &

unified browsing of
source models

Object Documentation
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Dynamic filtering
through the model
(classes, properties, ...)

& [RSM 1.2 beta] Ontology Browser - Google Chrome — X
A Non sécurisé | app.ontorail.org:5000/win_rec_tree/rsm12beta
[ RSM 1.2 beta ]
'Deselect All| |Collapse All||Load All|| linear 1
Selected: LinearCoordinate J
Packages & Classes: Entity properties of: rsm:EAID_CB107995_3610_4622_824B_708281B24CEA
‘ """ _ Location |__._] “| » Class properties
i ] Baselocation (3) D
------- | LinearLocation Q
e T Network (] Ses
A ------ 1 NetworkResource (3) D on 1.2. The
‘ ...... " NetElement (1) Q ren't shown for
i :. | CompositionNetElement (1) D [ -
“ 1 Posil :l;l Infra:
1 ------ | LinearElement (2) D
------- | LineLinearElemen :l——’ 'Positioning E N
, L | TrackLinearElemei Coordinates in linear or geographic referencing systems n
------- \ NonLinearElement Irj
l ------ Positioning D B
1 ------ ] PositioningSystem (2) D
------- | LinearPositioningSystem Q :
A ------ 1 PositioningSystemCoordinate (2) D
------- | LinearCoordinate G
i Topology D
i ] NetElement (1) D r -
A ------ 1 CompositionNetElement (1) D
A ------ ] PositioningNetElement (2) D E
1 ------ | LinearElement (2) Q B
------- : LfneLinearEIementC L
- - TrackLinearElementE
- | NonLinearElement B (1
A/ =:Property:: c
------- ¥¢r hasLinearLocation
------- ¥y hasLinearLocation
| ------- ¥¢r hasLinearLocation
....... Y¢ hasLinearLocation | B
Location
\ Yr hasLinearReferencingMethod j ‘ :__| ’ { P S I :\;l
> 4 »

Search box
with regex support

Search functionality
for quick insights into

the contents of a
model




Gﬁ"aphview

& [RSM 1.2 beta] Ontology Browser - Google Chrome

[RSM 1.2 beta ]

'Deselect All (Collapse All [Load All| junction

Selected: JunctionEntity

Packages & Classes:

A Non sécurisé | app.ontorail.org:5000/win_rec_tree/rsm12beta

Entity properties of: undefined

on [A

OntoRail relations

» skos:relatedMatch ifcr:("Turnout panel”) J

ase Q
) BaseObject (17) (7] ‘
- ] NamedResource (11) G

i [ NetworkResource (3) [ ] [E
i. B NetEntity (1) | -
4 [ LocatedNetEntity (8)

- | JunctionEntity

etwork | :

1 NetworkResource (3)

b B NetEntity (1) (7]

‘ llllll LocatedNetEntity (8) Q

Class properties

» arsm:Object

» rdfs:subClassOf rsm:("LocatedNetEntity")
» xmi:isAbstract "true"

» ontorail:ofPackage rsm:("Track")
» Xxmi:ea_ localid "4513"

» xmi:isActive "false”

» xmi:isLeaf "false"

» xmi:isRoot "false"

» XmiiisSpecification "false”

» Xmi:nType "0"

» Xmi:scope "public”

Visual graph @

“gsitionedRelatic

Turnout (3)

» xmi:tagged "0"

L

» Xmi:tpos "0"

g B JuncﬁonEnﬁty(Z)l_' l
ucture | .

is in domain of

» rsm:Property("handles") Card: 1..*

Crossing (3)
JunctionEntity (2]

[
n
]
n
[
n
n
n
[
n
n
=
n
u
n
n
[
n
n
n
[
n
n
n
[
n
n
[
[
n
n
n
n
n
n
[
[
n
n
[
n
n
n
[
=
Cw
u

LocatedMetEntity [

Track

.
.
* &

*
N .
SpEEEEEEEEEEEEEEEEEEEEEEEES®

SM concepts
related to
« JunctionEntity »

Track category
fi il g Identifier
Tracks'and turnout pane
& &
B, 5 d _
%, “ = ) Abs_panel (3]
&, £
Owner ’
,
. I Branch line directio-
L Turnout panel
Boolean (_\;5-"-‘ ) Turnout superstructure
rurnout Orientaticn ,;."-" 5 2
' : Length (non-negative,
>=0)
Turnout Curvatur=
nteger [positive. 221y pistance (positive,
' Boolean

=)

OntoRail

® QS 8 Q@&

mouse and keyboard actions

Seeing objects In
context of their

model and In relation
to other models
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Supporting two ve
Example of Transmode

& [Transmodel (SNAP)] Ontology Browser - Google Chrome —

A Non sécurisé | app.ontorail.org:5000/win_rec_tree/transmodel

[ Transmodel (SNAP) ]

Deselect All| |Collapse All |Load All| search pattern. ..

The tree has been fully loaded. (484 nodes)

Packages & Classes: Entity properties of:

______ Commons | .
______ Facilties [ -

...... Fares | -

...... Journeys | -

,,,,,, Organisations | .
...... :ObjectProperty::

------ ::DatatypeProperty::

o “:Enumeration::

e :DataType::

Supporting two
models to

accompany lifecycle
of models

vS Transmodel v6 56

& [Transmodel (v6.56)] Ontology Browser - Google Chrome

A Non sécurisé | app.ontorail.org:5000/win_rec_tree/trm6

[ Transmodel (v6.56) ]

'Deselect All |Collapse All| Load All| search pattern...

The tree has been fully loaded. (4925 nodes)

Packages & Classes: Entity properties of:

...... Additional Common Concepts
...... Part 1 - Common Concepts (C
...... Part 2 - Public Transport Netw:
...... Part 3 - Timing Information & \.
...... Part 4 - Operations Monitoring
...... Part 5 - Fare Management (FN
...... Part 6 - Passenger Informatior
...... Part 7 - Driver Management (C
------ Part 8 - Management Informat
------ ::Property::

------ ::Enumeration::

- DataType::




—SE

. E$tablishinvg | relatlﬁns:g_

Entities identified for Forum to establish consensus
a relation proposal on the proposed relation

\

— O X
@ [ OntoRail ] Q
< C A Non sécurisé | app.ontorail.org:5000/g@forall X ¢ ° '3:\ Mettre a jour
Fa r ™

‘ » » "Ontorail Relations" forum ‘ ]

between models to

<< skos:narrowMatch <<
>> skos:broadMatch >>

>

0 ™

o - K

= \ eulynx:( "RouteBody" ) | [ >> ontorail:hasSource >> \ rsm12beta:( "RouteBody" )

% eu:EAID_866A6FCE_0103_4a%f 9EDO_1195A5A751DE ] | STt ST PE RO rm EAID_FDE74596_9FE8_4169_AEAA A39E0093EBEF

- it << ontorail:hasSource << Creator: tane@uic.org <+ 29-Jun-2021
o o - i You can attach a comment here << skos:relatedMatch >>

. u n attachn a mment nere... .
Qualified relations | | A Retation << skos closehitcn > Sty [Uncer Review -

E’ << skos:exactMatch >> p

T ~ >> skos:narrowMatch >>

v d

I=]

c

O

<< skos:broadMatch <<

foster convergence

<< owl:inverseOf >>

and federation oo

>> rdfs:subClassOf >>

<< rdfs:subClassOf << /

/ June 29th 2021, 00:21:33.

/

Freeform comment Formal vocabulary Traceability on the initiator,
for context to qualify the relation timestamp of the proposal and
(Issued from ontologies) initial status




\ s

-

View and manage”

— X
& [ OntoRail ] X + Q =
< C A Nonsécurisé | app.ontorail.org:5000/ontorail ke ° {: Mettre a jour
Establish a relation between entities: » » "Ontorail Relations"” forum
\: rsm12beta:( "JunctionEntity" ) :| >> ontorail:hasSource >> v \: rsm12beta:( "JunctionEntity" )
rsm:EAID_7F470B5D_0D74 4b99 B643 4D5A9E84AF20 rsm:EAID_7F470B5D 0D74 4b99 B643 4DSA9E84AF20
Comment: Creator: tane@uic.org <+ 29-Jun-2021

. You can attach a comment here. .. :
Add Relation Statys: | Under Review v |

View & manage

rsm("JunctionEntity") — skos:relatedMatch — ifcr("Turnout panel") . 7 29-Jun-2021 20:55:14 "underReview"

OntoRail Aggregated Ontology

proposed relations

trm("ROUTE") — skos:relatedMatch — eu("RouteBody") . #29-Jun-2021 10:47:27 "underReview"

rsm("Signal") — skos:relatedMatch — ifcr("Signal®) . #20-Jun-2021 14:00:06 "underReview"

rsm("DilatationPanel") — skos:relatedMatch — ifcr("Dilatation panel”) . /#20-Jun-2021 14:00:05 "underReview"

rsm("TrackPanel") — skos:relatedMatch — ifcr("Track panel”) . #20-Jun-2021 14:00:03 "underReview"

eu("Signal_343") — skos:relatedMatch — ifcr("Signal”) .  #20-Jun-2021 14:00:02 "underReview"

v
v
v
v/ rsm("JunctionEntity") — skos:relatedMatch — ifcr("Turnout panel”) . #20-Jun-2021 14:00:04 "underReview"
v
v
v

o |ed & & & e et ot
B 5 58 58 58 & & &

eu("Signal_343") — skos:relatedMatch — rsm("Signal") . #20-Jun-2021 14:00:01 "underReview" ]

N

- <

N— e

\

N\

Summary of proposed relation Most recent proposed relations Convenience functions
(additional information when
hovering with a mouse)



OptoRall in sum

An Encyclopedia A Tool for Building Consensus
to consolidate and enrich Railways to promote and facilitate convergence
Systems Modelling knowledge and federation between models

RSM’
RailSystem MODEL

4 EULYNX

\J

EEEEEEEE

A knowledge engine, powered by Ontologies



Perspectives



Perspectives

RailSystemModel & OntoRail as enablers
of the Linx4Rail Conceptual Data Model
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LinX4Rail, a Shiﬁﬁ:&

LinX4Rail

« The raillway sector Is currently acting in a fragmented way and In silos corresponding most often
* to physical or functional subsystems or use cases,
» the different owners/managers of the overall infrastructure
« at regional/national level,
» without global extensive view or full control of the global system involved by rail operations.

With the progress of digitization, analogue devices based on relays were progressively substituted by
digital ones

What Is missing is an efficient, automated and standardized way for these integrated and
Interplaying systems to act as one ecosystem: sharing, integrating, identifying, correlating and
exploiting the right data at the right time. »

LinX4Rail, System architecture and Conceptual Data Model for railway, common data
dictionary and global system modelling specifications, December 6, 2019

Project funded under the
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LmX4Ra|I

LinX4Rail

% EULYNX

Interface and elements
for standardisation of

« Only the adoption of a standardized,
modular, and interoperable architecture

approach, reviewed and shared by the e
entire sector, can enable streamlined ' UL
) Greenfield SensorML Planning / Opération

implementation of these new concepts at B 1iction _— Cb )
hift Rai

affordable costs for the sector whilst aidoSVPRT | Concept Data Model [RT®  Rail Opération

nal home of openBIM

Rail System Model rail TOPOMODEL
IFC g Topology

rCII|ML org o m?pnope

Standards / Organisations
Logical infrastructures
timetables

ensuring a realistic transition from
legacy systems. »

Building information

LinX4Rail, System architecture and Conceptual

Data Model for railway, common data dictionary _
and global system modelling specifications, Re=lgn Refe,enc'ﬁgé
December 6, 2019 (S iectiire

Network
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WP1: Management of project,
coordination with other IP’s
[Leader: SNCF Réseau

WP2: Definition of common data

WP3: CDM global system modeling
specification and development
Leader: BTSE

Qutputs:
CDM modeling report & specifications

WP4: CDM demonstration
Leader: STS

Qutput: CDM assessment
report about the use cases

WPS: Integration of ongoing system
architecture initiatives into Shift2Rall <
(including RCA) WORKSTREAM 2
Leader: DB

dictionary (Semantic, Ontologies)
Use of OntoRail knowledge engine Leader: SNCF Reseau

for LinX4Rall purposes
Output: Dictionnary

WORKSTREAM 1

Output: Functional Railway System
Architecture, strategy & Roadmap for
IITI e |Ementatlon Project funded under the
hift ’Rai A’ shift2Rail Joint Undertaking

Grant Agreement n® 881826
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From source models

® Applying the
RSN OntoRail knowledge

Rall SystemMODEL engine to the needs

| of LinX4Rail
G EULYNX - &DNTO

""" Other
Domain(s)

1A
IFC Rail -
. HEEEN

6) LinX4Rail

7

Conceptual Data Model

LinX4Rail

Use Cases Demonstrators

— e — ~g B AEE B r—yar 0
v « N v, ) I B )
A VYAl T = ¥ 4 Y o |
N D A R
\ X = ‘ =
P Ea=
) | | B .
: s . . _—
|

~
/ EUROPEAN
7

UNION
AGENCY
FOR RAILWAYS

RINF Railway

Domain
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u‘?ing OntoRail wi

Consolidate rallway domain knowledge

Annotate by establishing relations between concepts, enriched with semantic

Federate models by facilitating establishing a consensus on domains of

authorities
Evolve source models by tagging / Expand raillway domain coverage

Consolidate Annotate ) Governance

T T ~. / rederate
/ f Ml_nu \
,  ZE. °
. RINF R”S!: \‘ S,
| . B ' \
\ IF&R;"' @ EULYNX - A
P AlL

/ R
N (2RAILE: 2 /
‘o e ~— hift Rais
T Evolve CDM
Expand

IR, " A
---- Sy
- o h A
' @, .
N
~ ., X - < -, ~
—————————— .~ 'S
new rail domains / Other domains ! Project-specific models

- - Project funded under the
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‘Using OntoRail wi L4R: Consolidate-~ —

. e bt HH ® .
\ IFC Rail "‘7’8 EULYNX . g‘r
- 8 " 7 RAIL
QRAIL P

\
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Importing

Versioning

Source Models are subject to evolution / expansion

* Need to automate importation process
* Need to validate with source projects owners the faithfulness of the importation
* Need to support multiple versions

. . Project funded under the
hift’Rail IRY  snift2Rail Joint Undertak ing
Grant Agreement n® 881826
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Semantic Annotation

Domain Expertise

Source Models may have overlap, commonalities, existing collaborations...

* Need to identify & qualify relations between the concepts of different
models

 Domain Expertise required to support the annotation process

. . Project funded under the
hift’Rail IRY  snift2Rail Joint Undertak ing
Grant Agreement n® 881826



u‘?ing OntoRail wis

. e “?5 ®. .
: el . A
\ IFC Rail "‘7’8 EULYNX . NT
. 2" ) 7 RAIL
. (ZRAIL V4
\~\. .o ) I hiftRais
/CD'V' Governance

T T T TS N
! Project-specific models l

-
N.-l—-—'—‘

Federation will involve
* Building consensus on relations between models
 |dentifying modelling recommendations to reflect & facilitate federation

 |dentification of potential for additional modelling domains
s L
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u‘?ing OntoRaiI V\‘;i‘

Governance

RS - / \ \ Federate
v | >
,  ZE °
. RINF RSN % )
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| FRRI M EULYNX
N @

K RAIL
'~ ‘/‘/\ / \— : hiftRais

~
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Evolve CDM
Expand
>. L. _
~y
/ ’r -Y \l
s ~ . . X _7 e, -
__________ . - . \
new rail domains / Other domains ! Project-specific models y
(UML/Ontologies) N, :

-
N.-l—-—'—‘

Source Models are subject to evolution / expansion
 |dentify new rail domains to cover in model(s)
 |dentify potential links with other domains

Feedback loop

Collaboration
Independance

hift’Rai L>
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Verify Import

Faithfulness

The graph view is complementary
to UML and allows easy navigation
In, and between, packages

[ RSM 1.2 beta ]
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The tree has been Tully loaded. (1421 nade The tree has been lully loaded. (B49 nodes) The tree has been fully loaded. (378 nodes)
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Propose a
candidate relation

OntoRail allows to:

« Search and select relevant
classes to be linked

* Create a link (with multiple types
of proposed relations within a
controlled vocabulary)

« Qualify the candidate link

* View the models jointed by the
proposed relation

Track

Establish a relation between entities:

| rsm12beta:( "JunctionEntity" )
rsm:EAID_7F470B50_0D74_4b93_BE43_4D5SAIER4AF2D

<« skos:relatedMatch > ﬂ

Comment:

| ifer:y "Turnout panel” )

fer:EAID_214C7E29_45C8_4108_A20H

17reC3aB85A1

Explore relation

Add Relation

sm12beta("TrackPanel") — skos:relatedMatch — ifcr("Track panel") .

v rsmi12beta("DilatationPanel") — skos:relatedMatch — ifcr{"Dilatation panel") .

rsm12beta("JunctionEntity") — skos:relatedMatch — ifcr("Turnout panel") .

TrackPanel

ofPackage
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) A OntoRail
Visual graph @ DA EBE
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consolidated knowledge graph
* Proposals are annotated with relevant metadata (author,
{7 OntoRail

timestamp, comment, status, ...)
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» Discussion on the proposed relation take place in an external forum
allowing historical tracking of subsequent discussions between domain Visual graph ¢

Onebirection BothDimctions  DtherDirectins

experts.
« Eventually, consensus can be reached as to whether the proposed

relation is accepted or rejected after discussion.
* Discussion may also entail actions on source models (tagging, ...), on

CDM (superclass, ...) or on the OntoRail knowledge engine (new

proposals, . )
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Perspectives

Digital Twin at SNCF, the importance of a
common digital model for operation

Gilles Dessagne

Responsable Division Urbanisme DSI/CSI/URB, SNCF Reseau



Perspectives

RSM in support of FRMCS
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RSM in support ;?

SELD

railways

1998 2025

FRMC:!
£
Future Railway Mobile Communication System
; ﬁ’ 900 MHz 900 MHz & 1900 MHz
: spectrum spectrum
GSM-R

(ﬁAi) __ inter-site __ (ﬁAi) M/\/\/ Reuse of 900 MHz
A dstance A Infrastructure?
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Simulating reuse o

FRMCS

Future Railway Mobile Communication System Te I e CO m n e e d S
+ projected on

topology

Kellojen siirto by
Tuomas Puikkonen [CC-BY]

Topology Traffic Management Telecom
System Traffic Model

Rail SystemMODEL |

| FRMCS
+ @ ‘1 + Telecom
predictions

"~~~ Topology Radio Pathloss Telecom at 900 MHz

& Radio Sites (Observation, Propagation Model & 1900 MHz

Specification & Radio Performance
Prediction)
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Perspectives

Signalling data preparation with
RailSystemModel and EULYNX

Dr. Bob Janssen

EULYNX information modeller
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RSM Futures

Structure

» Generic separation
functional / structural /
physical objects

Substance

Links *Project phasing
* RINF *Rolling stock
* Transmodel ? *Operations

‘ M *Telecom (FRMCS, ...)

’
' .
- ..‘.)I
——
5 .

Tools

 Live Model (IT code)
« Sample networks

Documentation
* Ontoralil ontologies




Towards CCS+ wit
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CCS+
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WP1: Management of project,
coordination with other IP’s

Consolidate Annotate 7 Governance Leader: SNCF Réseau

L4R Source Models

’
s’ ~ = / \ \ Federate|] _ _._. WP2: Definition of common data WP3: CDM global system modeling
.L.*,:-.’:t“- . . dictionary (Semantic, Ontologies) specification and development
RINF " RSM™ /_ ( Upper Ont0|ogles Leader- SNCF Réseau Leader: BTSE

RailSystemMODEL

- Outputs:
Qutput: Dictionnary CDM modeling report & specifications

FAR 4 EULYNX

& K

S X2RAIL IS o

i ‘ % hift Rai:‘, €mmm) hiftoRai L> WP4: CDM demonstration
o Leader: STS

CDM System EEEEEEEEEN
Architecture

€<
Output: CDM assessment
report about the use cases

WP3: Integration of ongoing system
architecture initiatives into Shift2Rail Pa—
(including RCA) WORKSTREAM 2

Leader: DB

Output: Functional Railway System
Architecture, strategy & Roadmap for
implementation

WORKSTREAM 1

new rail domains / Other domains
(UML/Ontologies)

Investigating transformation from
ontologies to project-specific
models

OntoRail knowledge engine powering the

Dictionary as an input to L4R Conceptual
Data Model and System Architecture

Project funded under the

hift”’Rai ‘, Shift2Rail Joint Undertaking
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Weaving Syste l;\fAre Y oy
... With Ontologies

System Architecture and Data Modelling
represent different aspects of the railway
system, intrinsically linked

CDM ontologies

OntoRall Is engaged in building CDM while
federating multiple source models

——

LY
Relations between

CDM & System Architecture

We propose to include System Architecture as
an additional source model, and link i1t with
CDM concepts/Packages/functions...

> 7 ‘
K/ / Semantic continuity across architecture &

MBSE* CDM, a key building block of the Digital Twin

ontologies

. . Project funded under the
hift7Rail BIRY  snift2Rail Joint Undertak ing
Grant Agreement n° 881826

*MBSE: Model Based System Engineering



‘Resources

https://rsm.uic.org

RSM

Rail SystemMODEL

https://gitlab.com/rail.system.model/rtm

https://ontorail.org/ (website)

http://app.ontorail.org:5000/ontoralil (the web application)

\
NTO
RAIL

B

Source code will be published at a later stage


https://rsm.uic.org/
https://gitlab.com/rail.system.model/rtm
https://ontorail.org/
http://app.ontorail.org:5000/ontorail

Closing remarks

Pierre-Etienne Gautier

Directeur du programme BIM et continuité numerique, SNCF Réeseau
LinX4Rail & LinX4Rail2 (Shift2Rail) coordinator
RSF Sector Chair of the Railway Digital Modelling, UIC






