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RailTopoModel

USED BY
Introduction to the Issue . s
= development of software applications - = | ralML 8
using railway data A= L INFLUENCES "ilmy, 3
useCP®

= jncreasing importance of data models — |
describing railway infrastructure

= diverse approaches to modelling , ,
[ RSM ] v1.2 ext RS M

u e ff O r ts to S ta n da r d i Z e r a i I Wa y RailSystemModel (RSM) provides a structural backbone model to  TallSystemModel
- - foster digital continuity across railway domains and business processes. RSM
'n fras tru Ctu re da ta m O de Illn g p ro Cess es cooperates with Expert Projects in their respective domains (for example Eulynx

for signaling, lfcRail for BIM process, ...).

» RailTopoModel created by UIC, s oo
later developed together with railML 3

= RailSystemModel evolved by extending
the original RailTopoModel specifications

EUPL 1.2 International License.
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RailTopoModel

= genericlogical object model
to standardize the representation
of railway infrastructure-related
data

= version 1.0 published by UIC
in 2016, under the designation source : IRS 30100
IRS 30100 (International Railway Solution)

= respects the principle of separation of concepts (thematic packages)

= expressible using an UML class diagram

= developedin close cooperation with the railML 3 exchangeable data format
(especially newer versions of RTM)
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RailTopoModel - Version Timeline

m supported until comment

201 3 -2016 December 2016 beta versions; internal usage only

1.0 18’ of April 2016 6 of November 2017 under patronage of UIC;
also known as IRS 30100

1.1 Gth of November 2017 19th of February 2019 under patronage of UIC;
bugfixes only

1.2 19th of February 2019 notyet announced used in raiIML® 3.1
1.3 version not used to avoid confusion with forks of the same name from other projects
1.4 26“‘ of April 2022 not yet announced used in raiIML® 3.2
1.5 5th of November 2024 notyet announced usedin raiIML® 3.3

source of the data: https://www.railtopomodel.org/state-of-development
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RailTopoModel - Packages

= Base — general abstract classes for object with identification and name

= Network — objects forming a network at different levels of detail
(since version 1.1, separated from the Base package)

= Topology — aggregable net elements connected by relations
= [ocation —spot, linear and area location of net entities to net elements

= Positioning System — linear and geometric coordinates of linear and geometric
positioning systems, associated positioning systems and intrinsic coordinates

= Net Entity — objects and features of railway infrastructure
(since version 1.1, separated from the Location package)



By

CvVuT

CESKE VYSOKE
UCENI TECHNICKE

V PRAZE

RailTopoModel - v1.5 Packages Compared to v1.1

Base — multiple object naming and validity of network resources introduced

Network —network is no longer considered an aggregation of network
resources

Topology — slightly modified structure (e.g. use of NetRelation class
instead of PositionedRelation), implementation of the connector concept
(based on the proposal of the author of this paper)

Location — the attribute keepsOrientation of the AssociatedNetElement class
removed, the class OrderedAssociatedNetElement removed

Positioning System — new classes of associated positioning system
coordinates for locations, extension of linear coordinate description

Net Entity — no change (only top-level classes NetEntity and LocatedNetEntity)
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RailSystemModel

successor of RTM
(rebranded due to
an extension of its scope)

based on the same
principles as RTM

emphasizes the isolation
of concepts, new domains

specialized in other models
(EULYNX DP, IFC Rail,...)

for business purposes,
it can be used “as is”

RSM1.2 - Overview of high-level classes

importa jstef
‘Comi st
Pack: 155€5 COMMION mai Infrastructure includes functic cts, such track mer

= [ | | — C ]

Objex ropertic yntity, vail Network resource: ly with a location in the network.

Base::Baseobject Netentty::Netentty
Se=s ]
interest /|\ “”F Simple classes for signalling equipment
T Em.
Network .

source: RSM 1.2
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RailSystemModel - v1.2 Packages Compared to RTM v1.1

= Base — extended scope, in addition to name and identification,
also the area of quantification and common quantities

= Network — scope similar to RTM, possibility of assigning net properties
= Topology — scope similar to RTM, extended by some details
= Positioning — scope similar to RTM, slightly revised and specializations added

= Jocation —scope similar to RTM, a more significant change in structure,
although the basic principle remains

= Net Entity — at a general level, the scope remains the same as in RTM,
shared locations are allowed
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RailSystemModel - New Packages

= Geometry — alignment curves (horizontal, vertical, lateral inclination),
3D alignment curves, discretised point sets, unlike the railML approach,
geometric objects are not considered net entities

= Observation and Measure — apparatus for expressing observations,
specifications and predictions in terms of quantities

= NetProperty — properties that can be assigned to a network or part of it
= Time Axis — aspects related to time features (e.qg. instants and time intervals)

= [nfrastructure — areas of specialized net entities, specifically the Track
(also including Turnouts and Crossings), Signalling and Energy domains
(not at a very detailed level)

= Environment — Legal Entities and Weather
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Comparison of RTMv1.5 and RSMv1.2 in Diagrams

= differences will be demonstrated
on UML class diagrams focused

on a specific aspect of modelling Aot
= the classes of a certain package
are dominant, connections ’T
with classes of other blocks [S————
are also shown (differentiated by colors) S
» the comparison is not performer ‘f
if there is no corresponding s N —
representation of some factin both models

RailTopoModel v1.5: Identification, naming and validity
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Duration

AssociatedPositioning

BaseObject TemporalEntity
+id: tiD
—>
NamedResource Unit Quantity Instant Interval
S |
+ longname: string « definitionURI: string [0...1] « unit
+ name: string + symbol: string [0...1] <
0.1 [
+ temporalPosition
1.7
Y
TimeReferenceSystem NumericQuantity TemporalPosition « start SimpleTimelnterval
»
= value: double B 0.* » endincluded: boolean [0...1] « hasDurati
« startincluded: boolean [0...1] asDuration >
end 0.1
<
0.7
3 [‘3 N
+ hasTRS
0.1
PositioningSystem ValidityPeriod
- validityPeriod - validityPeriod
> <
0.1 0.1
NetworkResource A

« validityPeriod
0.1

(2

RailSystemModel v1.2: Identification, naming and validity
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- levels
1.5

- networkResources
>

>

RailTopoModel v1.5 vs. RailSystemModel v1.2: Network
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NetRelation

= navigability: Navigability
< + positionOnA: Usage

- elementPart - positionOnB: Usage

1..* {ordered}

LR

ElementPartCollection = elementCollection CompositionNetElement » elementA
>
0.1 1
« element « elementB
1 1
PositioningNetElement NetConnector « connector NetConnectorRelation
B 1 » positionOnElement: Usage
OrderedCollection | ‘ UnorderedCollection ConectorCollection
3
1 + elementCollection
« elementPart
IntrinsicCoordinate AssociatedPositioningSystem
+ intrinsicCoord: double « intrinsicCoordinates * validFrom; iDate « associatedPositioningSystems
@] * validTo: Date

1.0 1.4

RailTopoModel v1.5: Topology
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BaseObject | | NamedResource

+ id: tiD + longname: string
+ name: string

1

« elementParts NetElement Realtion

1.

- elementParts

1..* {ordered)

H

ElementPartCollection CompositionNetElement

« elementCollections

0."

H

PositioningNetElement « elementA PositionedRealtion

1

+ leadsTowards: LeftRight [0...1]
« navigability: Navigability

UnorderedCollection OrderedCollection . elementB * positionOnA: Usage
+ positionOnB: Usage

1

+ associatedPositioning
0..*

=

IntrinsicCoordinate AssociatedPositioning | [ noniinearglement | | LinearElement

+ value: double « intrinsicCoordinates

<
<

1.0

RailSystemModel v1.2: Topology
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BaseObject NamedObject NetworkResource

| IntrinsicCoordinate

=id: tiD + intrinsicCoord: double

» positioningSystem

1 - coordinates
0.*

Y Y

PositioningSystem PositioningSystemCoordinate
= validFrom: tDate  positi
+ validTo: IDate positioningSystem
1
LinearAnchorPoint LinearPositioningSystem | | GeometricPositioningSystem | | LinearCoordinate | | GeometricCoordinate | | AssociatedLinearCoordinate |
- anchorName: String + anchor - endMeasure: double - crsDefinition: String - lateralDistance: double = x: double
- distanceToNext: double - linearf i d - lateralSide: tLateralSide = y: double
- measure: double * {ordered) LrsMethod + measure: double « z: double
- startMeasure: double - verticalDistance: double
= units: String - verticalSide: tVerticalSide

= coord

= coord

RailTopoModel v1.5: Positioning
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SpotLocation

« appliesTo + hasProperty
0.4 0.*
Y
BaseObject | | NamedResource ObservableProperty Quantity
- id: D + longname: string - definition: string [0...1] + quantity
- name: string - string [0...1] »
0..* {ordered}
A JA) [}
PositioningSystem PositioningSystemCoordinate
+ positioningSystem = coordinates
1 0.*
LinearCoordinate | GeometricCoordinate IntrinsicCoordinate
- lateralOffset: Length [0...1] - value: double
= measure: Len;
U | | E&rwD - verticalOffset: Length [0...1]
« appliesTo | * endMeasure: Length [0...1] - epsgCode: string
3| * hasLinear i
1 Method: LrMethod
- startMeasure: Length [0...1]

« isLocatedAt AnchorPoint GeodeticReferenceSystem | | GridReferenceSystem CartesianCoordinate | GeographicCoordinate | | Elevation
0.1 = measureFromPrevious: = x: double - elevation: double [0...1] = value: double

Length

« refersToPrevious

* usesAnchorPoint

= y: double
« z: double [0..1]

= latitude: double
« longitude: double

0..

1 0.1

RailSystemModel v1.2: Positioning
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RailTopoModel v1.5: Location
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BaseObject NamedResource NetworkResource
CESKE VYSOKE = id: D < = longname: string
UCENI TECHNICKE + name: string G
V PRAZE =~
~ appliesTo « hasProperty
0.0 0.r NetEntity [ Nettement
ObservableProperty BaseProperty
= definition: string [0...1]
« reference: string [0...1]
- positior N F
1
BaseLocation A LocatedNetEntity CompositionNetElement
0.1 « locations
o
Polyline
- polylines
o
. PositioningNetElement
0. |* ﬁﬂﬂm‘h + netElement N
- associatedNetElements | » eLocatedToBkde: Lateralkls 1
Polygon 0..* {ordered} ’
- perimeters - assoclatedNetElements
0. 0." * bounds
1.2
A ) ) ) )
SpotLocation | | LinearLocation | | ArealLocation | | PositioningSystemCoordinate IntrinsicCoordinate
= value: double
- coordinates
0.*
« coordinates
o
« coordinates
2..* {ordered}

RailSystemModel v1.2: Location



CvVuT

CESKE VYSOKE
UCENI TECHNICKE

V PRAZE

Conclusions

both the development of RailTopoModel under the patronage of railML.org
and considerable expansion towards RailSystemModel brought new concepts
and improvements compared to original RailTopoModel v1i.0 and v1.1

each of these two approaches contributed in a different way, which to some
extent disrupted the original idea of a standardized model

there are cases where the same facts are expressed in different ways,
or conversely, they offer the same names for not quite the same concepts

a possible solution for harmonizing terms is the use of ontologies
consolidating, standardizing and validating infrastructure-related concepts,
itis not a tool that would help deal with the (even slightly) different scope

it is advisable to strive for the (re)integration of these models
in order to make the model even more robust and useful
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