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The International Railway Standards (IRS) are structured in a General Part and in some
eventual Application Parts.

The International Railway Solution

The General Part is valid worldwide, while the Application Parts are valid for a specific
railway application, based on a geographical or on a service implementation.

The eventual Application Parts may thus be added according to the current needs of the
Railway Community.

Structure of the International Railway Standard:

IRS 30100 RailTopoModel - Railway infrastructure topological model

General Part

Application Part(s) : none
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The RailTopoModel Project, led by UIC with major contributions from several Railway
Infrastructure Managers and Industrials companies, aims to define a universal
description of railways business objects, independent of usages (usage-agnostic),
structured in layers (topology, referencing, infrastructure, signalling, ..., project life
cycle), and open to future evolutions. The RailTopoModel Project aims to cover
progressively the complete Railways Business Objects Model.

Foreword

IRS 30100 RailTopoModel is intended to be used in all business processes dealing with
the design, construction, operation and maintenance of a railway network. The IRS
30100 is the foundation for quick, unambiguous and error-free data storage and data
exchange inside and between these business processes.

The RailTopoModel abstracts the underlying, necessary concepts in the form of a
UML2.0 class diagram.

An important part of these concepts is supported by a generic model description of the
railway topology, in such a way that it applies to any aggregation level in which a railway
network may be represented.

Consequently all objects are in abstract terms (classes) directly or indirectly related or
connected to the topology of their appropriate aggregation level. Besides physical
railway constituents, objects also refer to several kinds of characteristics of a railway.
Also, the positioning of objects and instances of classes is covered by different kinds of
positioning methods.

The overview below (not following UML conventions) introduces the main objects and
dimensions of RailTopoModel.
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Functional coverage

RailTopoModel : Functional coverage

|

= Micro

Functional | Objects

= Lines = Rails = Speed limits = Signaling
= Tracks = Stations = Radio coverage = |nterlocking
= Nodes = Bridges & Tunnels = =
= Signals & Balises
L ) J
Dimensions and Properties l attached to all functional objects
[ |
Project
= |ntrinsic = Math/curves =  Creation & update =  Project
= Geographic = Polylines = Validity = scenarios
= Schematic . R =

Fig. 1 - Functional coverage of the RailTopoModel

Additional explanations, application examples, documentation and wiki about
RailTopoModel (current version and further developments) may be found on the web,
following this link: http://www.railtopomodel.org.

2 IRS 30100



IRS INTERNATIONAL
RAILWAY SOLUTION

The present standard, IRS30100, complements ISO 191xx series standards by
specifying semantics and providing functionalities that are relevant to railway systems.

Summary

The present standard is intended to facilitate the implementation of infrastructure
management information systems. It includes natively the geographic dimension, and
therefore fulfils, inter alia, the requirements of the INSPIRE Directive, when these
requirements apply to railway infrastructure. No current ISO 191xx series standard
deals specifically with the challenges posed by consistent, scale-independent railway
infrastructure data modelling, since these ISO standards stipulate at a higher level.

The present standard deals with semantics close to EN 28701:2012 “Identification of
fixed objects in public transport” (see Normative references - page 4), namely fixed
objects such as infrastructure, or events such as works. EN 28701:2012, however, is
multimodal, and addresses the transport infrastructure mainly from the point of view of
passenger information and timetable management. While the semantics are close, and
can fairly easily be linked, the present standard aims at a wider usage (asset
management and operational planning and management as well) in a narrower field of
application.

Field of application:

- The IRS 30100 RailTopoModel describes a framework of concepts, to support the
description of railway infrastructure, starting from the iron network and including
business objects: network topology, infrastructure elements, their description,
referencing and positioning, their behaviour, etc.

- The RailTopoModel should be used especially when there is a need to describe the
network (structure and topology) at various levels of detail, depending on intended
usage and on data availability. It is especially put the RailTopoModel at use when
infrastructure data is expected to be used by various stakeholders for purposes not
precisely known in advance, e.g. for network design and maintenance, traffic
scheduling, and traffic management. The description can be as general as
corridors; it can be detailed at line level, track level, down to physical components
such as switches, lineside signals, or balises. An unlimited set of properties can be
attached to component classes, for purposes such as conformity assessment,
technical characteristics, life cycle data, including economic aspects, etc.
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The RailTopoModel is based on the following norms resp. standards:
Unified Modeling Language (UML), V2.4.1 (4)

ISO 19148:2012, Geographic information - Linear referencing
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List of abbreviations

CER

EIM

ERA

ERIM

ETCS

EU
GPS
IM

INSPIRE

LRS
oP
railML®

RINF

SOL

uIC

UML

Community of European Railway and Infrastructure
Companies (Community of European Railways, n.d.)

European Rail Infrastructure Managers
(European Rail Infrastructure Managers, n.d.)

European Railway Agency
(now EUAR: European Union Agency for Railways)

European Railway Infrastructure Masterplan (at UIC)
(ERIM-Project: Publication of the UIC Railway Topology
Model, 2014)

European Train Control System
(European Train Control System)

European Union
Global Positioning System
Infrastructure Manager

Infrastructure for Spatial Information in the European
Community (About INSPIRE)

Linear Referencing System

Operational Point (RINF concept)

Railway Markup Language (1)

Register of Infrastructure (European Register for railway
network Infrastructure) at ERA

(Recommendation on Specification of RINF)

Section Of Line (RINF concept)

International Union of Railways
(Union internationale des chemins de fer, n.d.)

Unified Markup Language
(general-purpose modelling language)
(Unified Modeling Language)
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RailTopoModel -
Railway infrastructure topological model

General Part
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1- RailTopoModel high level concepts
1.1- Introduction

The ultimate goal of RailTopoModel is to propose a universal representation of a
railway network and associated events, to support and facilitates business
development within the rail sector.

For this purpose, RailTopoModel is based on a graph model, as far as topology is
concerned.

The first objective is to ensure that the model supports current and future railway
business needs. To achieve this, the model fulfils the following criteria:

- The Model provides a topological representation of the iron network which is fully
connected and can be visualized schematically. It supports the display of track
locations at any detail level, from corridors down to tracks.

- The Model enables data to be aggregated and disaggregated, while managing
connections between detail levels (or “scales”), to make sure that data consistency
is retained across all scales.

- The Model allows permitted routes to be identified, based on network topology and
other available information such as events (track possessions), power supply
characteristics, signalling assets, etc.

- The Model supports multiple referencing systems, thus ensuring consistency
during transformation from one referencing system to another one. Primary
examples are:

» Linear referencing — using mileposts and “rail addresses”;
» Positioning - using geographic reference systems;
» Screen (schematic) coordinates.

- The model defines and locates “point”, “linear” and “areal” entities, i.e.:

» Points or nodes, such as any installation and equipment or event, etc.;
» Lines or edges, such as speed limits, slopes, platforms etc.;
» Areal objects, such as track circuits, tunnels, stations, etc.

This model is designed to be enriched progressively with new concepts to support
business usages as they evolve
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o
Routes Actual routes
Interlocking Logical and wired behavior
e e e e Tracks, switches, srgn:m‘s', bridges,...
Gauge, slope, speed limit
Logical paths Oriented network
Topology Wired network
Fig. 2 - Layers
1.2- Previous work

The foundation principles of RailTopoModel are based on previous work which is
documented, inter alia:

- in the paper “A multi scalable model based on a connexity graph representation”
presented at the 12th International Conference on Computer System Design and
Operation in the Railways and other Transit Systems, COMPRAIL 2010, Aug 2010,
Beijing, China [5] ;

- in the feasibility study “UIC RailTopoModel and data exchange format” [2].

13- Related work

The RailTopoModel is one important basis for the further development of railML®.
railML® is an open-source, XML-based data exchange format for IT usages in railways.
railML® is developed and maintained by the railML.org initiative. railML.org develops

new versions of railML®, starting with railML® 3.0, that are based on RailTopoModel.

The current state of development of railML® 3.0 is described on the railML.org
website [1].

1.4- Fundamental principles
Managing and operating a railway network, for both traffic management and
maintenance activities, leads to some specific challenges for IT systems and their

algorithms for problems like:

- ensuring consistency in a business process spread over multiple departments
working at both line and track levels;

- supporting a shared view between traffic management and works planning over
time, from design to operation;

- making capacity planning and control-command share a common view on
interlocking, from design to operation, including simulations.
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R First trials, proof on concepts, and operational developments based on those concepts,
prove that the limitations encountered with traditional "monolithic" infrastructure
descriptions can be solved using RailTopoModel.

RS010055 - The aim of any modelling approach is to create an abstract representation of reality. Put
simply, it should enable users to understand the following:

RN - What: the semantics of assets, i.e. what is installed in the field.
ROV - Where: the location of assets.

Rso10se - How: the connections and dependencies between assets.

R.30100.37 - When: the life cycle of assets.
R.30100.38 - Why: the business rules which dictate how the infrastructure behaves and how it is
operated.

RO The "what", "where", "how" and "when" are the building blocks of this Model, the
description of structuring objects, independently from any usage; i.e. these are the
independent foundation layers on which the Model is built.

R8010040  The "why" drives the Model application, and helps utilise the information in the
foundation layers to identify how the network is operated. Those rules will be populated
step by step, driven by particular business project plans; these could be, for instance,
rules and behaviours for interlocking.

15- Modelling principles
R RailTopoModel is based on Graph Theory, as far as topology is concerned.

RSB0 Topology is only logical and therefore independent of any physical or technical items
used to represent it. Topology does not for instance assume that the network described
is a road network or a railway network.

Rso10044 - Traditionally, a railway network would be represented, at track level, with “nodes” being
switches and “edges” being tracks. This is not in line with graph theory, since resources
are identified, in the traditional representation, as nodes or edges: In graph theory all
resources are nodes, and only nodes; edges represent relations between nodes, and
only relations. The network topology must therefore be described as a graph in the
following manner:

Usual view Topology Gfa:’nhp:&ﬁ' of
- 5
/ ® 1 -@-
————1 —_— . i . .- .
A C A . C
R Fig. 3 - From the usual view to the graph model
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R In the graph model of topology, all the nodes and edges of the above usual
interpretation are instead derived from a single, so-called “NetElement” class. The
NetElements A, B, C are related with each other by the edges 1, 2, 3 that define their
connections. A railway graph on any level is in principle a directed graph, even though
in most cases it is assumed that rail connections can be used in two directions. The
outcome is an accurate railway network functional description. For that reason, in the
context of topology, the physical switch device is not considered.

RS010048 - This principle, which is very different from the usual schematic presentation of a railway
network, is consequently applied in the Model.

Rs010049 - Actually, from a graph point of view, NetElements are nodes, and their mutual relations
are edges. Now regardless of whether we have to deal with (for example) a section of
line or an operational point, we can assign any characteristic to it (as an instance of the
class NetEntity). This is what a connexity graph (see point 1.2 - page 9) is all about.

1.6 - Multilevel architecture
1.6.1- Overview over levels

Ra0i0CS2 One purpose of the Model is to provide a standard network description with various
levels of detail, following common railway practice and recent, sector-wide applications
such as RINF. Those different “views” of a given network are linked by aggregation
rules.

RS01000S Depending on business needs or maturity level, data can be entered and used at any
scale in the RailTopoModel, without lower levels of detail if these are not required, but
ensuring consistency with future evolutions at other levels.

REDARER Implementations of the Model should include at least one of the following levels. Other
levels may be defined and used that may be intermediate, or more detailed, or less
detailed.
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Table 1 : Usual levels

Level Description Use cases / examples

Micro Large scale ETCS, Interlocking, maintenance,
Detailed information at track level. |asset (lifecycle) management
Basis = Switches or buffer stops
that are connected by tracks.

Meso Intermediate scale Visualise and process capacity
Functional information at track properties of Sections of Lines.
level. Capacity properties are directly
Basis = Operating points that are linked with the number of tracks.

connected by one or more tracks.

Macro Small scale Network of railway lines and
Minimal track level information. stations. Timetabling information.
Basis = Operating points connected
with each other via single
connections (one or more tracks).

The RailTopoModel itself does not mandate particular description levels. The analysis
of potential use cases brought forward three description levels of high significance for
railway IT systems.

As the model describes a generic network, and as every detailed level shares the same
concepts, an unspecified number of other levels may be derived according to the
requirements of the respective use case.

1.6.2 - Micro level

This level defines the network in a way very close to the physical level as commonly
viewed, as illustrated below:

¥ 4
—-—-—.___________‘_- -
L __‘f:f_"fﬁ_ﬁ ff*'

Fig. 4 - Micro level sample

At micro level, the non-linear elements (defined in section 6.2.5) are the switch points,
the network borders, maybe some administrative points (ownership boundaries), buffer
stops.
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The linear elements (defined in point 2.2.4 - page 29) are the tracks connected to,
rather than connecting, those non-linear Elements.

1.6.3 - Meso level

The Meso level brings the description of the tracks between the operational points of
the network into focus.

Fig. 5 - Meso level sample

The non-linear elements are the Operating Points (OP = stations, yards, junctions,
boundaries), and linear elements are the tracks connecting Ops.

1.6.4 - Macro level
The Macro level aims to describe the network at regional or national level, with the non-

linear elements being the boundaries and the major OP’s, while the linear elements are
the sections of lines connecting those points.

Fig. 6 - Macro level sample

13 IRS 30100



IRS INTERNATIONAL
RAILWAY SOLUTION

The nano level could be described as a properly attributed surveyor’s map, including
topological properties of the rail network in the finest possible granularity.

1.6.5- Nano level and other levels

Description level Micro

produced with RTM aggregation

Description level Nano

Topology in Surveyor's map

Fig. 7 - Nano description level

Typically, this level will be built starting from the micro level, by using “switch
templates”. Conversely, topological properties of the Micro level can be automatically
produced from the Nano topology using RTM aggregation. In case the detailed nano
level information does not exist, it is possible to add navigability information manually
to the track edges at micro level.

Use cases for the Nano level would include interlocking and asset management, for
instance.
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The following chart shows the principle for aggregation from tracks (micro) to OPs
(meso), then Sections of Lines (macro):

1.6.6 - Aggregation principle

\ OPs connected by tracks

Fig. 8 - Aggregation example
1.7 - Packages and main elements
1.7.1- General
The RailTopoModel is described in UML notation.
Similar to UML, the modelling concepts of the RailTopoModel are grouped within
packages. A package consists of a collection of tightly coupled modelling concepts.
Each package deals with a specific aspect of the model.
1.7.2- Packages
The RailTopoModel representation in UML consists of four packages: Base, Topology,

Positioning Systems, and Net Entities. These packages are depicted using specific
colour codes.
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Table 2 : RTM Packages

Package Colour code Main element(s)
Base Grey Network, LevelNetwork
Topology Yellow NetElement, Relation,

CompositionNetElement
NetElement
Positioning Green PositioningSystem,
Systems IntrinsicCoordinate
Net Entities Light blue LocatedNetEntity,
EntityLocation

16
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1.7.3 - Model overview

Note: not all classes are represented in the following class diagram. The diagram
follows simplified UML conventions: full arrows represent generalizations, links with
diamonds represent associations (possibly aggregations or compositions). A few
classes (not part of the Model) have been added for illustrative purposes. This figure as
a whole is not normative.

S
(BaseObject] Positioning System

R e
é//{/’i//f‘/[i/i

3 ﬁ_‘ Net Entity
Zoim) e [
Structure Net Entity Intarlacking Net Entity Covering Net Entity

Y t / By : * .

7 ==

s Astoaton | [ spotbocation | s ) Vi

Fig. 9 - RTM Class diagram

The packages and classes are described into more detail under chapter 6, following
conventions detailed under point 1.8.

1.8- Conventions for package and class description

All concepts of RailTopoModel are depicted as UML classes. Each RailTopoModel
concept is described in a sub-section of point 2 - page 20.

The names of the RailTopoModel concepts are enclosed in double quotation marks like
in "NetworkResource".

Description items consist of:

1. Definition

2. Diagram with current class and its attributes including inherited attributes
3. Description of associations

4. Table with own attributes (inherited attributes may not be shown)

17 IRS 30100
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Rs0100416 1 5 Class diagram containing all classes up to the root class and all associated classes

Rl iy 6. List of classes that are derived from the current class.

Rso100418 A sgmple diagram representing a class and its attributes is shown below:

class PositionedReIation/

Relation
PositionedRelation

- navigability :Navigability
- positionOnA :Usage

- positionOnB :Usage
::BaseObject

- id :tID

- name :String

- validFrom :Date

- validTo :Date

RN Fig. 10 - Sample class representation

RS0100121 - The upper compartment of the UML-Class rectangle contains the name of current class
in the centre (“PositionedRelation”).

RO 127 If the current class has a parent class, then the name of the parent class is found in the
upper right corner of the upper compartment (“Relation”).

R80100428 —  Afttributes of the current class are found at the top of the second compartment,
mentioning the name of the attribute (e.g. “positionOnA”) and the type of the attribute
(e.g. “Usage”).

Rsol0tz4 = Attributes of the parent class (or parent classes of the parent class, up to the root class),
if shown, are also contained in the second compartment below the name of class they
belong to (e.g. “BaseObject”). Those inherited attributes are also shown with their name
(“validFrom”) and their type (“Date”).

RN If the current class possesses a parent class or an associated class then a second
diagram containing all classes up to the root class and the associations is included.
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doc PositionedReIation/

BaseObject
id :tID |
name :String [~
- validFrom :Date
- validTo :Date
Netw ork
1
topologyResource 0.

topologyResource

Relation relation NetElement

ConpositionNetElement
PositioningNetElement

Fig. 11 - Example of a class diagram containing all classes up to the root class
The second diagram type shows the full context of the current class within the model.

The current class itself is depicted with the colour of the respective package. All
generalizations (up to the root class) are shown. All associations of the current class
and all associations of parent classes are shown. Attributes are always shown in the
second compartment of the class they belong to.
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2 - Package and class description
2.1- Package: Base
21.1- General

The package “Base” is centred on the classes “Network” and “LevelNetwork”.

doc BasicCIassiﬁcationSystem/

BaseObject

- id :UuUID

- name :String

- validFrom :Date
- validTo :Date

y | X

+levels|1..% +networkResoWwces|0..*

+networkResources

*

Fig. 12 - Base package overview

An instance of “Network” can be considered as a set of description levels
(“LevelNetwork”) and a set of “NetworkResource” instances.

“NetworkResource” depicts the building blocks of a “Network”, mainly

- For Topology: “NetElement” (nodes), “Relation” (edges);

- For Net Entities: “NetEntity” (e.g. physical assets, or speed limits), “EntityLocation”
(their location), with the class “AssociatedNetElement” providing the link between

assets and Topology;

- The relevant positioning system, referred to via “AssociatedPositioningSystem”.
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An instance of “LevelNetwork” depicts a specific description level, as described under
point 1.6 - page 11. The concept of description level is central to the goal of
computational efficiency.

21.2-

BaseObject

The base class "BaseObject" defines four properties shared by most objects in the
RailTopoModel.

class BaseObject/

BaseObject

- id :UUID

- name :String

- validFrom :Date
- validTo :Date

Fig. 13 - BaseObject

Table 3 : BaseObiject (Attributes)

Attributes

id UUID | Unique identifier. It is recommended to use an UUID whenever
possible. For easy adaptation of existing systems, any other
unique identifier is permitted.

name String | Natural designation of the object.

validFrom |Date Point in time where the object is available for usage for train
operations (if empty, then the object is valid till the validTo
date).

validTo Date Point in time where the object is no longer available for
functional usage (if empty, then the object is valid since the
validFrom date).
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The class “Network” defines the network being considered. It includes all resources that
compose it (all Levels included), inter alia the topological, structural and positional
properties exhibited by any railway network.

2.1.3- Network

class Network /

BaseObject
Network

::BaseObject

- id :UUID

- name :String

- validFrom :Date
- validTo :Date

Fig. 14 - Network
The class "Network" is derived from "BaseObject".

A "Network" is described in at least one "LevelNetwork". A "Network" may be described
in more than one "LevelNetwork", typically for different levels of detail.

Whenever an instance of "Network" is removed, all related "NetworkResource"
instances and all related "LevelNetwork" instances are removed.

doc Network

BaseObject

id :UUID Q

name :String
- validFrom :Date
- validTo :Date

levels
+networkResources|0..*

+networkResources
NetworkResource

LevelNetwork

Fig. 15 - Network (Neighbourhood)
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The class "LevelNetwork" defines a consistent "view" of a Network at a certain level of
granularity. An instance of this class therefore includes all resources that are required
to define the corresponding level (e.g. micro/track, or macro/line).

2.1.4 - LevelNetwork

class LevelNetwork /

BaseObject
LevelNetwork

::BaseObject

- id :UUID

- name :String

- validFrom :Date
- validTo :Date

Fig. 16 - LevelNetwork
The class "LevelNetwork" is derived from "BaseObject".

A "LevelNetwork" belongs to exactly one "Network".

doc LevelNetwork

BaseObject
—1
id :UUID I~
name :String
validFrom :Date
validTo :Date
Network

+networkResources
NetworkResource

*

1 1
levels
+networkResources|0..* 1.%

Fig. 17 - LevelNetwork (Neighbourhood)
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Every object of the network is qualified as a resource. The class "NetworkResource"
defines this concept.

2.15- NetworkResource

class NetworkResource /

BaseObject
NetworkResource
::BaseObject
- id :UUID

name :String
validFrom :Date
validTo :Date

Fig. 18 - NetworkResource
The class "NetworkResource" is derived from "BaseObject".

A "NetworkResource" belongs to exactly one "Network".

doc NetworkResource /

BaseObject

- id :UUID

- name :String

- validFrom :Date
- validTo :Date

JAY

T

Network

1
levels
+networkResources|0..*

*
+networkResources
LevelNetwork
*

Fig. 19 - NetworkResource (Neighbourhood)
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2.2 - Package: Topology
2.2.1 - General

The Topology package essentially applies Graph theory concepts to the
RailTopoModel. Nodes are conceptually embodied by “NetElement”, and edges by
“Relation”. “CompositionNetElement” is the class, derived from “NetElement” that will
ultimately allow the assembly of nodes into bigger nodes, and zooming in and out from
one level to another.

doc TopologyPackage

NetworkResource NetworkResource PositionedRelation
NetElement relations Relation 1 - navigability :Navigability

I - positionOnA :Usage

1.% - positionOnB :Usage

1.%
elementPhrt (ordered) elemen{Part
elempfitA
elemeonitB

. AssociatedNetElement
CompositionNetElement PositioningNetElement

) tEl nt [- intrinsicCoordBegin :double

1o* - intrinsicCoordEnd :double
. - keepsOrientation :boolean

! JAY Z|A

+elementCollection [0..* OrderedAssociatedNetElement

NetworkResource Nat o 0 - sequence :int
ElementPartCollection e

LinearElement

OrderedCollection UnorderedCollection

- sequence :int

Fig. 20 - Topology package overview
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2.2.2- NetElement

The class "NetElement" defines the base member of topology in a connexity graph of
a network (at any level).

class NetEIement/

NetworkResource
NetElement

::BaseObject

- id :UUID

- name :String

- validFrom :Date
- validTo :Date

Fig. 21 - NetElement

The class "NetElement" is derived from "NetworkResource".

Each "NetElement" takes part in one or many "Relation" with other "NetElement"
instances.
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doc NetElement /
BaseObject
- id :UUID |
- name :String ~!
- validFrom :Date
- validTo :Date
” Network ‘
1 1
levels
+networkResources|0..* 1.

+networkResources
NetworkResource %” LevelNetw ork ||
.

R

Relation lations
1.%
1.7
elementPgrt (ordered) elemgntPart
ElementPartCollection ElementPartCollection
OrderedCollection UnorderedCollection
- sequence :int
Fig. 22 - NetElement (Neighbourhood)
2.2.3 - CompositionNetElement

The class "CompositionNetElement" carries the generic concept of topological
aggregation. It defines a topological element that aggregates some other topological
element from another level (e.g. a macro element aggregates micro elements).

class CompositionNetEIement/

NetElement
CompositionNetElement
::BaseObject
- id :UUID

- name :String
- validFrom :Date
- validTo :Date

Fig. 23 - CompositionNetElement
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The class "CompositionNetElement” is derived from "NetElement".

Whenever an instance "CompositionNetElement" is removed, all related
"ElementPartCollection" instances are removed.

doc CompositionNetElement /

BaseObject
- id :UUID 1
- name :String I~
- validFrom :Date
- validTo :Date
” Network
1
+networkResources|0..*

+networkResources
NetworkResource LevelNetwork |

Relation lations NetElement

1.%

elementPart (ordered)
elemgntPart

+elementCollection |0..*

ElementPartCollection

L

OrderedCollection ”

UnorderedCollection ‘

- sequence :int

Fig. 24 - CompositionNetElement (Neighbourhood)
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The class "LinearElement" defines "PositioningNetElement" instances that are one-
dimensional.

2.2.4 - LinearElement

class LinearEIement/

PositioningNetElement
LinearElement

::BaseObject

- id :UUID

- name :String

- validFrom :Date
- validTo :Date

Fig. 25 - LinearElement

The class "LinearElement" is derived from "PositioningNetElement”.

doc LinearElement /

BaseObject

- id :uUID 4
- name :Sting
- validFrom :Date

- validTo :Date
[ = |

1 1
+nethM?es)uroes?0..‘ levels T1 o
"
| NetworkResource < LevelNetwork

N " NetElement
Relation ?Iatlons

1.

[IX 1
T ” CompositionNetElement

|

1
PositionedRelation +elementCqllection|  ElementPartCollection
- navigability :Navigability L

- positionOnA :Usage
UnorderedCollection OrderedCollection
elemfentA elemfentB. E

- positionOnB :Usage
sequence int

elementFart (ordered)

1 1
” PositioningNetElement ”
1.0 1 1.0
netElpment netElgment netElpment
1
AssociatedNetElement | E. EntityLocation
SpotLocation LinearLocation
- intrinsicCe in :double - - - — - -
- intrinscCoordEnd :double 1 Direction : Direct ionDirection :Appli Direction
-__keepsOrientation_:boolean

Fig. 26 - LinearElement (Neighbourhood)
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Notes:

- The classes “Trail” and “SectionOfLine”, shown on the overall simplified class
diagram (see point 1.7.3 - page 17), are derived from “LinearElement”. These two
classes are not part of the RailTopoModel; they are provided here for illustration
purposes

- A “Trail” is an uninterrupted track between two adjacent switches, or between a
switch and an adjacent buffer stop. “Uninterrupted” means that there are no other
switches in that connection. Therefore, the class “Trail” can represent nodes at
Micro level (see point 1.6.2 - page 12), according to Graph theory and to the
modelling principles presented under point 1.5 - page 10

- Similarly, a “SectionOfLine”, being a line section between two adjacent Operational
Points, would be an important class of nodes to be used at Macro level (see
point 1.6.4 - page 13).

2.2.5 - NonLinearElement

The class "NonLinearElement” defines "PositioningNetElement" instances with no
dimensions (spots).

class NonLinearEIement/

PositioningNetElement
NonLinearElement

::BaseObject

- id :UUID

- name :String

- validFrom :Date
- validTo :Date

Fig. 27 - NonLinearElement

The class "NonLinearElement" is derived from "PositioningNetElement".
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doc NonLinearElement /
BaseObject
- id :uuD o
- name :Sting
- validFrom :Date
- validTo :Date.
[ = |
1 1
+networkResources|0..* levels |1+
” NetworkResource e
Relation lations peE it
o
1.
1.
” CompositionNetElement ” elementPart elementFart (ordered)
1 .
PositionedRelation +elementColection | g|ementpartCollection
- navigability :Navigability 0.°
- positionOnA :Usage
- positionOnB :Usage
UnorderedCollection OrderedCollection
elementa elements - sequence :int
1 1
” PositioningNetElement ”
1. 1 1.0
netElpment netElbment netElbment
1.
AssociatedNetElement (Entiviecaie Nonl EntityLocation
SpotLocation LinearLocation
- intinscCoordBegin :double — ——
- intrinsicCoordEnd :double - applicationDirection :ApplicationDirection - applicationDirection :ApplicationDirection
-_leepsOrientation :boolean

Fig. 28 - NonLinearElement (Neighbourhood)
Note:
The classes “OperationalPoint” and “NetLimit”, derived from “NonLinearElement”,
are not part of the RailTopoModel. These are provided as two examples of classes
that may represent nodes (in the sense of Graph theory) at macro level.

2.2.6 - ElementPartCollection

The class "ElementPartCollection" defines the collection of Net elements to be
aggregated into the higher level NetElement (Generic class).

class EIementPartCoIIection/

NetworkResource
ElementPartCollection
::BaseObject
- id :UUID

- name :String
- validFrom :Date
- validTo :Date

Fig. 29 - ElementPartCollection
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"NetworkResource". An

The class "ElementPartCollection” is derived from
"ElementPartCollection” instance belongs to exactly one "CompositionNetElement"

doc ElementPartCollection
BaseObj ect
id ‘uuID
name :Sting =
validFrom Date
validTo :Date
| ewor |
1 1
+netvorkResources 0. levels |4 =
‘ | snetwonResures |
NetworkResource = Le K I
1

elementPart

Relation relations NetElamant
. 1
1. [r
Gompos itionNe tEle ment
elementPart (ordered) ‘1
+elementColledion 0.
ElementPartColle
————
I\ £\
O e UnorderedCollection I

- squence :int

Fig. 30 - ElementPartCollection (Neighbourhood)

IRS 30100

32



IRS INTERNATIONAL
RAILWAY SOLUTION

The class "OrderedCollection” is a subclass of ElementPartCollection, dedicated to
ordered NetElements (required to build a route).

2.2.7 - OrderedCollection

class OrderedCollection /

ElementPantCollection
Ordered Collection

- s=equence Cint
BaseObject

- id D

- name :3tring

- validFrom :Date
- wvalidTo :Date

Fig. 31 - OrderedCollection

Table 4 : OrderedCollection (Attributes)

Attributes

sequence Int Sequence of the child element within the ordered
collection

The class "OrderedCollection" is derived from "ElementPartCollection".
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doc OrderedCollection
D n S <t
o
| ? Hetwork Y I
| R L “Level!em
L ||
tlx // Ay
Relation ld.ations e fem
CompositionNeatElement
elementFart {ordered) 1
! ElementPartCollection I
Fig. 32 - OrderedCollection (Neighbourhood)
2.2.8- UnorderedCollection

The class "UnorderedCollection" is a subclass of ElementPartCollection that is
dedicated to unordered NetElements (bulk list without need for routes).

class UnorderedCollection /

ElementPariCollection
UnorderedCollection
-:BaseObject
- id UuID

- name String
- validFrom :Date
- validTo :Date

Fig. 33 - UnorderedCollection
The child "NetElement" instances possess no ordering property.

The class "UnorderedCollection” is derived from "ElementPartCollection”.
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doc UnorderedCollection -
BaseObject
D T B <]
D e
f
| ? HNetwork I
“+networkResources | 0.7 levels |4_e
| e LevelNetwork
L I}
A /0 ~
Relation relations NetElement ;éfeleneum
CompositionNeElement
elementPart [ordered) ‘1
! ElementPartCollection !
Fig. 34 - UnorderedCollection (Neighbourhood)
2.2.9 - Relation

The class "Relation” defines the connexity relation between two NetElements in the
connexity graph of the network.

class Relation

MNetworkResource
Relation

~:BaseObject

- id uuID

- name :String

- validFrom :Date
- validTo Date

Fig. 35 - Relation
The class "Relation" is derived from "NetworkResource".
In a functional railway network, each instance of "Relation” typically brings together two

"NetElement" instances. “Relation” can be seen as the base class to define edges in
the sense of Graph theory.
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doc Relation
Base0bject
- id UuID 1
- name :String [~
- validFrom :Date
- validTo :Date
Network
+networkRe sou rcer$0_1 Ievels% _1
NetworkRes ource +networkResources P

relations NetElement

Fig. 36 - Relation (Neighbourhood)

2.2.10 - PositionedRelation

The class "PositionedRelation" is a subclass of “Relation”, defining an oriented relation

between exactly two PositioningNetElements.

class PositionedRelation /

Relation

Pos itionedRelation

- pogtionOnA Usage
-  pogtionOnB :Usage
- BaseObject

- id uuID

- name :-String

- wvalidFrom :Date

- validTo :Date

- navigability :Mavigability

Fig. 37 - PositionedRelation

The class "PositionedRelation" is derived from "Relation".
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One connected "NetElement" is designated code "A", the other connected
"NetElement" is designated code "B".

Table 5 : PositionedRelation (Attributes)

Attributes

navigability |Navigability | AB it is possible to move a train from NetElement "A"
to NetElement "B". It is not possible to move it from
NetElement B to NetElement A

BA |itis possible to move a train from NetElement "B"
to NetElement "A". It is not possible to move it from
NetElement A to NetElement B

Both |itis possible to move a train from "A" to "B" as well
as from "B" to "A".

None |it is not possible to move a train across this
"Relation” in any direction.

positionOnA |Usage the "Relation” is using the start of NetElement A

positionOnB | Usage the "Relation” is using the start of NetElement B

0
1 the "Relation" is using the end of NetElement A
0
1

the "Relation" is using the end of NetElement B
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doc PositionedRelation /

BaseObject

- id U

- name :Sting Q:]
- validFrom :Date
- validTo :Date

£ A

Network

1
+networkResou rces’{). * levels 1%

+networkResources
mworkResource
63 H Lev elNetwork

Relation relations NetElement

—

Positi
- navigability :Mavigabi
- podtionOnA Usage
- podtionOnB ‘Usage

elements elementB
ConpositionNetElement
PosifioningNetE lement

Fig. 38 - PositionedRelation (Neighbourhood)
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The class "PositioningNetElement" defines a NetElement requiring at least one
Positioning System, with orientation (carried by IntrinsicCoordinate).

2.2.11 - PositioningNetElement

class PosifioningNetE lement /

CompositionietElement
PositioningNetElement
Baselbject
- id LD

- name :String
- validFrom :Date
- wvalidTo :Date

Fig. 39 - PositioningNetElement

The class "PositioningNetElement” is derived from "CompositionNetElement". Each
"PositioningNetElement"” contains at least one instance of
"AssociatedPositioningSystem".

Whenever an instance of "PositioningNetElement" is removed, all related
"AssociatedPositioningSystem" instances are removed.

39 IRS 30100



IRS INTERNATIONAL
RAILWAY SOLUTION

doc PositioningHetElement /

Relation relations L

| =

PositionedRelation

- navigability :Navigability
- positionOnA :Ussge
- positionOnB :Ussge

| |
elementA elementB

AssociatdNietElement Loyl EntityLocation

- intrinsicCe double
~ intrirsicCoordEnd -double - appliationDirection ApplicationDirecion
- epslrientslion Godlesn

Fig. 40 - PositioningNetElement (Neighbourhood)
2.2.12 -  AssociatedNetElement
The class "AssociatedNetElement" defines topological structures and location

information in relation between "NetElement" instances and in relation between one
"NetElement" instance and location information for "NetEntity" instances.

class AssociatedMetElement /

AssociatedNetElement

- intrinscCoordBegin :double
- intrinscCoordEnd double
- keepsOrientation :boolean

Fig. 41 - AssociatedNetElement

The class "AssociatedNetElement" has no specific parent class.
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Table 6 : AssociatedNetElement (Attributes)

Attributes

intrinsicCoordBegin

double

Start location of the
"NetEntity" instance in
relation to the
"PositioningNetElement"
which is used for
positioning within the
network.

intrinsicCoordEnd

double

End location of the
"NetEntity" instance in
relation to the
"PositioningNetElement”
which is used for
positioning within the
network.

keeps Orientation

boolean

Child LinearElement keeps
same Orientation as parent
LinearElement

0 (false) : Orientation is
not relevant

1 (true) : Orientation is
relevant
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doc AssociatedNetElement /

EntitylLocation
Arealocation

+associatedNetElements|1..*

AssociatedNetE

- intringcCoordBeqgin :double
- intrindcCoordEnd double
-  keepsOrientation ‘boolean

netElement

1%

ConpositionNetElenent
PositioningNetElement

Fig. 42 - AssociatedNetElement (Neighbourhood)

2.2.13 - OrderedAssociatedNetElement

The class "OrderedAssociatedNetElement” defines the ordered sequences of
“AssociatedNetElement” instances which together describe the complete structure of a

“LinearLocation” instance.

class OrderedAssociatedNetElement /

AssociatedNetElement
OrderedAssociatedNetElem ent

- s=quence :int

Fig. 43 - OrderedAssociatedNetElement
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Table 7 : OrderedAssociatedNetElement (Attributes)
Attributes
Sequence Int
doc OrderedAssociatedlietE lement
Emm_rmm_ﬁt’ﬂ_l_
] EntityLocation
- applicationDirection :ApplicationDirection ;
i Al o g
e : ;:epi)ﬂemaﬁm ‘boolean
- ssquence :int
Fig. 44 - OrderedAssociatedNetElement (Neighbourhood)
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2.3- Package: Positioning Systems

23.1- General

The “Positioning Systems” package offers a catalogue of positioning methods, which
currently fall into three categories: intrinsic, linear and geographic. The network
topology may use any of these, only the intrinsic positioning being mandatory.

doc Pos itioningSystemsPackage/

NetworkResource | LinearPos itioning System -
LinearAnchorPoint = 5 o I 1l
s anchor > endMeasure -double GecmechosﬂmmngSﬁlem_I

- anchoMlame :String + 1| - linearReferencingMethod :LrsMethod - aDsfiniton :Sting
- measure double - gatMeasure ‘double i

- measureToNext :double - units :String

N

Positioning System

Netw orkRe source

AssociatedPos itioning System PositioningSystem

1 1

intrinsicCoordinates +postioningSystem

i =

Intrins icCoordinate Positioning Sys temCoordinate

coordinates

- intrinsicCoord -double

T %

linear geo

LinearCoordinate

- lateralOffset double |

= IR ]

- x :double
- measure double -y :double
-z double

GeometricCoordinate

Fig. 45 - Positioning systems package overview
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The class "PositioningSystem" defines the generic concept of a positioning system.

2.3.2- PositioningSystem

class PositioningSystem /

BaseObject
PositioningSystem

BaseObject

- id UuID

- name :5tring

- validFrom :Date
- validTo :Date

Fig. 46 - PositioningSystem

The class "PositioningSystem" is derived from "BaseObject".

doc PositioningSystem

BaseObject

- id LD

- name :Sting

- validFrom :Date
- validTo Date

PositioningSystemCoordinate

positioningSysem

Fig. 47 - PositioningSystem (Neighbourhood)
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The class "LinearPositioningSystem" defines a "PositioningSystem" where a "line of
reference"” together with a single number allows a location within a railway network to
be defined.

2.3.3- LinearPositioningSystem

In railway business a “line of reference” is very often represented with a line number or
a track number together with a start mileage and an end mileage.

Note: RailTopoModel makes no assumption about the nature of the “line of reference”.

class LinearPositioningSystem /

PosfﬁoningSystem.
LinearPositioning System

- endMeasure :double

- linearReferencingM ethod :LrdWlethod
- gartMeasure double

- units :Stnng

~:BaseObject

- id UuUID

- name :String

- validFrom :Date

- validTo :Date

Fig. 48 - LinearPositioningSystem

The class "LinearPositioningSystem" is derived from "PositioningSystem".
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Table 8 : LinearPositioningSystem (Attributes)

Attributes
linearReferencingMethod |LrsMethod | Method for linear absolute
referencing .
relative
interpolation
startMeasure Double Value for measurement at
the beginning of the
“LinearPositioningSystem”
endMeasure Double Value for measurement at
the end of the
“LinearPositioningSystem”
units String Units for measurement
(e.g. kilometre, metre,
mile)

Whenever an instance of "LinearPositioningSystem" is removed, all related
"LinearAnchorPoint" instances are removed.

doc LinearPositioningSystem

BaseObject

id uuiD

name :Siring
validFrom :Date
validTe :Date

]

Positioning System

pogtioningSysem Ne two rkResource:
1 AssociatedP ositioning

anchor

MNetw orkRe soumre
LinearAnchorPoint

- anchemame :String
- measure double
- measureToNext :double

Fig. 49 - LinearPositioningSystem (Neighbourhood)
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2.3.4 - LinearAnchorPoint

The class "LinearAnchorPoint" defines an ordered set of named points within a
"LinearPositioningSystem", which are used to transform between LRS based locations
suitable for field work and locations using intrinsic coordinates. Each point contains an
LRS measure and the distance to next “LinearAnchorPoint” instance.

This information allows the mapping of LRS locations to intrinsic locations.

class Li

neamnchorpnint/

MNetworkReso umre
LinearAnchorPoint

BaseQbject

anchomlame :String
measure double
measureTaoMext double

id ;LD

name :String
validFrom :Date
validTo :Date

Fig. 50 - LinearAnchorPoint

The class "LinearAnchorPoint" is derived from "NetworkResource".

A "LinearAnchorPoint" belongs to exactly one "LinearPositioningSystem".

Table 9 : LinearAnchorPoint (Attributes)

Attributes

anchorName String Name of the “LinearAnchorPoint” instance which is
unique within the given “LinearPositioningSystem”

measure double Measure of the Anchor Point within the given
“LinearPositioningSystem”

measureToNext |double Basis for modified interpolation of location in the

interval up to the next “LinearAnchorPoint” of the given
“LinearPositioningSystem”.

48 IRS 30100



INTERNATIONAL
RAILWAY SOLUTION

doc LinearAnchorPoint /

BaseObject
|
- id :UUID I~
- name :String
- validFrom :Date
- validTo :Date
Netw ork
1 1
levels
+networkResources|0..* 1.%
+ rkR
NetworkResource networkResources LevelNetwork
PositioningSystem

LinearPositioningSystem

endMeasure :double
linearReferencingMethod :LrsMethod
startMeasure :double

units :String

anghor

Fig. 51 - LinearAnchorPoint (Neighbourhood)
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The class "GeometricPositioningSystem" defines schematic, geographic or geodetic
Coordinate Reference Systems which are used to position "NetElement" instances or
"NetEntity" instances. In the context of RailTopoModel, "GeometricPositioningSystem"”
instances are used to support the transformation between intrinsic locations and
geometric coordinates.

2.3.5- GeometricPositioningSystem

class G eometricPosiioning System /

PositioningSyst
G eometricPositioning System

- crsDefinition :String
o BaseQbject

- id ULID

- name :String
validFrom :Date
validT o :Date

Fig. 52 - GeometricPositioningSystem

The class "GeometricPositioningSystem" is derived from "PositioningSystem".

Table 10 : GeometricPositioningSystem (Attributes)

Attributes
crsDefinition String Coordinate Reference System
doc icPositioni S

Base0Object

- id :UUID

- name :String

- walidFrom :Date
- validTo :Date

Positionil T
¥

+postioning

positioningSygem NetworkRe source
A . LI

PositioningSystem

Fig. 53 - GeometricPositioningSystem (Neighbourhood)
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The class "PositioningSystemCoordinate" defines the generic concept of a coordinate
in a positioning system that is used to specify locations for "NetEntity",
“PositioningNetElement”, and all other objects of the network. These coordinates are
either expressed as “GeometricCoordinate”, or “LinearCoordinate”, or any future type
of coordinate.

2.3.6 - PositioningSystemCoordinate

class Positioning SystemC cordinate /

Positioning SystemCoordinate

Fig. 54 - PositioningSystemCoordinate

The class "PositioningSystemCoordinate" has no specific parent class.

doc PositioningSys lemCoordinate/

coordinates

Linear ocation SpotlLocation
LinearLocationCoordinate! SpotlocationCoordinate

Intrins icCoordinate

- intrindcCoord :double

Fig. 55 - PositioningSystemCoordinate (Neighbourhood)

51 IRS 30100



IRS INTERNATIONAL
RAILWAY SOLUTION

The class "IntrinsicCoordinate" defines a coordinate which is used to specify locations
in reference to "NetElement" instances. An intrinsic coordinate may have an arbitrary
real number in interval [0,1] of associated “PositioningSystemCoordinate” instances. 0
and 1 correspond to the extremities of the element.

2.3.7 - IntrinsicCoordinate

class IntrinsicCoordinate /

IntrinsicCoordinate

- intrinsicCoord  double

Fig. 56 - IntrinsicCoordinate

The class "IntrinsicCoordinate" has no specific parent class.

Table 11 : IntrinsicCoordinate (Attributes)

Attributes

intrinsicCoord double Location in reference to the chosen
NetElement, given as value in the
interval from O to 1.

An "IntrinsicCoordinate" belongs to exactly one "AssociatedPositioningSystem".

An “IntrinsicCoordinate” may have multiple associated traditional coordinates. This is
required for transformation between intrinsic locations and traditional locations.
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doc Intinsic{:oordinate/

NetworkRe source
AssociatedP ositioning System

oy

intrinsicCoordinates

coordinates

0.*

PositioningSystemCoordinate

Fig. 57 - IntrinsicCoordinate (Neighbourhood)
2.3.8 - LinearCoordinate

The class "LinearCoordinate” defines a location in reference to a given
"LinearPositioningSystem".

class LinearCoordinate /

Positioni ngSystemCoordinate
LinearCoordinate

- |lateralOffset double
- measure double
- vericalOffset double

Fig. 58 - LinearCoordinate
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The class "LinearCoordinate" is derived from "PositioningSystemCoordinate".

Table 12 : LinearCoordinate (attributes)

Attributes
lateralOffset |double distance perpendicular to the “line of reference”
measure double position at the “line of reference” (possibly adjusted to
local anomalies using “LinearAnchorPosition”)
verticalOffset | double Height above the “line of reference” at the position
defined by “measure”.
doc LinearCoordinate .~
IntrinsicCoordinate Positioning SystemCoordinate
PoszitioningSystem Llr:earl_ccm Slm.ﬂ_acaﬁun
Line arPos ition ing Sy stem inear N Line arLocation Coordinate SpotLocationCoordinate
Fig. 59 - LinearCoordinate (Neighbourhood)
2.3.9 - GeometricCoordinate

The class "GeometricCoordinate" defines one coordinate using a
"GeometricPositioningSystem" as reference system. Depending on the properties of
the coordinate system used, a coordinate consists of cartesian or spherical values. In
case of 2D coordinate systems, the attribute z is undefined.

class Geometric Coordinate /

Positioning SystemCoordinate
GeometricCoordinate

- % :double
-y :double
-z :double

Fig. 60 - GeometricCoordinate
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The class "GeometricCoordinate" is derived from "PositioningSystemCoordinate".

Table 13 : GeometricCoordinate (Attributes)

Attributes

X double X value of cartesian coordinate, longitude of spherical coordinate

y double y value of cartesian coordinate, latitude of spherical coordinate

z double z value of cartesian coordinate, altitude of spherical coordinate

doc GeometricCoordinate
Bawoﬂed.
Positioning System|
+podtioningSystem |\ 1
IntrnsicCoordinate Posifioning SystemCoordinate

coordinates
o

- intindcCoord :double

[IX 1. * +positioningSystemCoordinates [\ 1

geo

1 i
LinearLocation SpotLocation
LinearLocationCoordinate SpotLocationCoordinate |

Fig. 61 - GeometricCoordinate (Neighbourhood)
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The class "AssociatedPositioningSystem" defines the relation between a
"PositioningNetElement” instance and a "PositioningSystem" instance.

2.3.10- AssociatedPositioningSystem

The associated set of “IntrinsicCoordinate” together with the related
“PositioningSystemCoordinate” instances define the translation parameters between
“IntrinsicCoordinate” based locations, and locations based on external coordinates
(“LinearLocationCoordinate” or “SpotLocationCoordinate”) using
“LinearPositioningSystem” or “GeometricPositioningSystem” as a coordinate system.

class AssociatedPositioningSystem /

Netw orkRe source
AssociatedPositioningSystem

-:BaseObject

- id UuUID

- name :Sfring

- validFrom :Date
- validTo :Date

Fig. 62 - AssociatedPositioningSystem
The class "AssociatedPositioningSystem" is derived from "NetworkResource".

Any "AssociatedPositioningSystem" belongs to exactly one "PositioningNetElement".
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doc AssociatedPos itioning Sys tem /

BaseObject
id :UUID
name -String
validFrom :Date
validTo :Date
‘ Network I
1 1
Ie:els +networkResources| 0.*
+networkResources tworkResource
LevelNetwork Ne .
ConpositionNetElement
PositioningNetE lement | Pos itioning Sys tem
1 1
positioning System +positioningSystem

associatedPositioningSystems

intringcCoordinates

9%

Pos itioningSystemCoordinate

Intrins icCoordinate .
coordinates

- intrinsicCoord -double 0=

Fig. 63 - AssociatedPositioningSystem (Neighbourhood)
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2.4 - Package: Net Entities
2.4.1 - General

The “Net Entities” package defines the classes that allow to structure the functional
description of the considered network, beyond the mere scope of topology. Net entities
are the functional images of physical objects (such as bridges or tunnels, signals or
level crossings, tracks and switches), or even immaterial objects (such as speed limits
or radio coverage area).

The “Net Entities” package is structured in such way that these objects are associated
with their location, and locations are themselves associated with the topology elements
described above.

doc NetE titiesP ackage /
MetworkResource
Me tE ity
MNetwodResoure
Exocsl ocsfans Locate dietE ntity
<
1.*
/V JA
A rea Location
LinearLocation Spotloc ation
- applicationDirection :ApplicationDirecion - applicationDirection ApplicationDirecion
Line arLoc ationCoordinate SpotLocationCoordinate 5 potLocationintrinsic
- intringcCoord :double

Fig. 64 - Net Entities package overview
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REBIREE "NetEntity" is a generic parent class for all information that can be associated with the
network considered. Information may be, for instance: tunnels, signals, level crossings,
track circuits, speed limits, etc.

class NetEntity .~

2.4.2 - NetEntity

MetworkResourre
HetE ntity

BaseOhject

- id UUID

- name :String

- wvalidFrom :Date
- yalidTo :Date

R90100.545 Fig. 65 - NetEntity
243 - LocatedNetEntity

RS0100547 1 The class “LocatedNetEntity” is a parent class for information that can definitely be
localized, which is the case of most infrastructure-related objects.

class LocatedMetEntit-_.r/

MetEntity
LocatedNetE ntity

BaseQbect

- id UuID

- name :String

- wvalidFrom :Date
- wvalidT o :Date

R.30100.549 Fig. 66 - LocatedNetEntity

RECLO0EE0 Note: this class has been introduced for semantic clarification, as one may expect
“UnlocatedNetEntitites” to also be introduced in the future. Possible derived classes, as
shown in the Model overview (see pointl.7.3 - page 1l7), would be
“StructureNetEntity”, “SignallingNetEntity”, “DressingNetEntity”, etc. The
RailTopoModel user may create such classes, according to use cases. Further class
definitions, resulting from common use cases, may be added to the present Standard
in the future.

Rs0100551 - "] ocatedNetEntity" is a generic docking station for all relevant domain information
which can be located in the context of the network in question:
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doc LocatedMetE niity /

MNetworkResoume
HetE ntity

:BaseObhject
- id UUID
- name :String
- validFrom :Date
validTo Date

Located NetE

BaseQbject

- id UID

- name :String

- validFrom :Date
- validTo :Date

+ocations|1..*

MNetw orkResource
EntityL ocation

BaseQbject

- id UUID

- name :3tring

- validFrom :Date
- validTo :Date

Fig. 67 - LocatedNetEntity (Neighbourhood)
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The class "EntityLocation" defines topological and positional location information for
"NetEntity" instances.

2.4.4 - EntityLocation

class E ntityl ocation /

MetworkResource
EntityLocation
BaseObject
- id UuID

- name :String
- validFrom :Date
- wvalidTo :Date

Fig. 68 - EntityLocation

The class "EntityLocation" is derived from "NetworkResource". One instance of
"EntityLocation" belongs to exactly one "LocatedNetEntity" instance. When one of the
"LocatedNetEntity" instances is removed, the instance of "EntityLocation" could
continue to exist.

doc EntityLocafion /

BaseObject
~1
- id UuUID ]
-  name String
- validFrom :Date
- validTo :Date
Network
1 1
levels
+networkResources| 0. '
+networkResources
NetworkResource II< Lev elMetwork I
MetEntity
Located HetE ntity

+locations| 1.

EntityLocation I

Fig. 69 - EntityLocation (Neighbourhood)
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The class "SpotLocation" defines point location information for "LocatedNetEntity"
instances in reference to one "PositioningNetElement" instance.

245 - SpotLocation

class SpotLocation /
Entitylocation
SpotLocation
- applicationDirection :ApplicationDirection
BaseQbject
- id D

name :String
validFrom :Date
validTo :Date

Fig. 70 - SpotLocation

The class "SpotLocation" is derived from "EntityLocation".

Table 14 : SpotLocation (Attributes)

Attributes

applicationDirection | ApplicationDirection [normal |the located object is valid in the
direction of the LinearElement

reverse |the located object is valid in the
reverse direction of the
LinearElement

both the located object is valid in both
directions
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doc SpotLocation
BaseObject
- id :UUID <l
- name :String
- validFrom :Date
- validTo :Date
” Network ||
! level
evels
+networkResources|0..* 1.*
NetworkResource *nstworkResources LevelNetwork
NetEntity
LocatedNetEntity
+Iocations<ﬁ1.."
| ’ EntityLocation
ConpositionNetElement
PositioningNetElement netElement
1

Fig. 71 - SpotLocation (Neighbourhood)
2.4.6 - SpotLocationintrinsic

The class "SpotLocationintrinsic" defines additional Information in respect of intrinsic
positioning for a "SpotLocation" instance.

class SpotLocationintrinsic /

SpotLocation
SpotLocationintrinsic

- intinsicCoord :double

Spotlocation

- applicationDirection :ApplicationDirection
BaseQbject

- id D

- name :3fring

- wvalidFrom :Date

- wvalidTo :Date

Fig. 72 - SpotLocationintrinsic

The class "SpotLocationIntrinsic" is derived from "SpotLocation".
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Table 15 : SpotLocationintrinsic (Attributes)

Attributes
intrinsicCoord  |double Location in reference to the chosen NetElement given
as value in the interval from O to 1.
doc SpotLocationintrinsic
BaseObject
- id :UuiD d
- name :Sfring
- validFrom :Date
- validTo :Date
HNetwork I
1 level1
+networkResources |07 |1
NetworkR, : +networkResources P |
JAY
NetEntity
Located NetEntity
+Iocatior|3)1..‘
| EntityLocation I
JA)
Comp ozition NetElement s -
PositioningN etElement netE lement
S - applicationDirection :ApplicationDirection
- intrinsicCoord :

Fig. 73 - SpotLocationintrinsic (Neighbourhood)
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The class "SpotLocationCoordinate" defines the relation between a "SpotLocation" and
"PositioningSystemCoordinate".

2.4.7 - SpotLocationCoordinate

class SpotLocationCoordinate /

Spotfl ocation
SpotlLocationCoordinate

=:Spotl ocation

- applicationDirection :ApplicationDirection
-:BaseObject

- id D

- name :String

- validFrom :Date

- validTo Date

Fig. 74 - SpotLocationCoordinate

Table 16 : SpotLocationCoordinate (Attributes)

Attributes

applicationDirection | ApplicationDirection |[normal |the located object is valid in the
direction of the LinearLocation

reverse |the located object is valid in the
reverse direction of
LinearLocation

both the located object is valid in
both directions

The class "SpotLocationCoordinate" is derived from "SpotLocation”.
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doc 5potLocationCoordinate /

BaseObject
- id :UUID =
- name :Sting
- wvalidFrom :Date
- walidTo :Date
[ Hetwork I
i 1
levels
+networkResources (0.~ G
Net e T | +network Reso urces i e
LocatedH etEntity
+locations | 1
Entity Location
Gompositi onNe tElement] " N
Poslllnn'mﬂeﬂe-e‘; netElement

- applicationDirection :ApplicationDirection

Positionin temC oordinate |
asys +positioningSystemC cordinates

|

Fig. 75 - SpotLocationCoordinate (Neighbourhood)
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The class "LinearLocation" defines location information with a startpoint and an
endpoint for "LocatedNetEntity" instances in reference to one or more
"PositioningNetElement" instances. The set of associated "PositioningNetElement"
instances is ordered.

2.4.8 - LinearLocation

class LinearLocation /

EntityLocation
LinearLocation

- applicationDirection -ApplicationDirection
::BaseObject

- id D

- name :String

- validFrom :Date

- validTe Date

Fig. 76 - LinearLocation

The class "LinearLocation" is derived from "EntityLocation".

Table 17 : LinearLocation (Attributes)

Attributes

applicationDirection | ApplicationDirection |normal |the located object is valid in the
direction of the LinearLocation

reverse |the located object is valid in the
reverse direction of
LinearLocation

both the located object is valid in
both directions
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doc LinearLocation

BaseObject

AN

- id UJuID

- name :Sting

- validFrom :Date
- validTo :Date

Network

1 1
levels
+networkResources| 0. 1.*
+networkResource s
NeworkResource LevelNetwork

NetEntity
LocatedNetEntity

+locations|1..*

EntityLocation
LinearLocation ConpositionNetElement
netElement L
PositioningNetE lement

- applicationDirection :ApplicationDirectio

+associ ate dEI ementil L
AssociatedMetElement
OmrderedAssociatedietElement

- sequence :int

Fig. 77 - LinearLocation (Neighbourhood)
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The class "LinearLocationCoordinate" defines the relation between a "LinearLocation"
and "PositioningSystemCoordinate" instances.

2.4.9 - LinearLocationCoordinate

class LinearLocationCoomdinate /

Linean_ocati
LinearLocationCoordinate

cLinearLocation

- applicationDirection :ApplicationDirection
;:BaseObject

- id :tiD

- name :String

- validFrom Date

- walidTo :Date

Fig. 78 - LinearLocationCoordinate

The class "LinearLocationCoordinate" is derived from "LinearLocation".

69 IRS 30100



IRS INTERNATIONAL
RAILWAY SOLUTION

doc LinearLocationCoordinate /
BaseObject

- id UuD <}

- name :Sting

- validFrom :Date

- validTo Date

Network
1 1
levels
+networkResources|0.* 1.%
+networkResources
NemworkResource Lev elNetwork
NetEntity
LocatedNetE ntity
+Iocaﬁons.<(‘|..*
EntityLocation
LinearLocation CompositionhietElement
netElement P
- applicationDirection -ApplicationDirection = PositioningNetElement
LinearLocationCoordinate - Positioning SystemCoordinate
1 1.*

Fig. 79 - LinearLocationCoordinate (Neighbourhood)
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The class "Arealocation” defines a set of "AssociatedNetElement” instances which
together represent an area of interest. Each “AssociatedNetElement” instance contains
attributes which designate the extent of the related “PositioningNetElement” instance
using intrinsic coordinates.

2.4.10 - Arealocation

class Area Lu::a‘tinn/

EntityL ocation
Arealocation

Basze Object

id :UuID

name :String
validFrem :Date
validTo Date

Fig. 80 - ArealLocation
The class "Arealocation" is derived from "EntityLocation".

Whenever an instance of "ArealLocation" is removed, all related instances of
"AssociatedNetElement" are removed as well.
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doc Arealocation

BaseObject
- id UuID
- name :Sting <}
- walidFem :Date
- walidTo :Dae
Network
i i
levels
+netwobfesources 0.7 g
HeoworkResource +networiResources Lew elbetw ok
MNetEntity]
Loca tedbe € ntity
+locations 1.7
L
EntityLoc ation

T

- -

+associatedMetElams t -

AssociatedNeE lement

- intinsicCoordBegin double
- intinsicCoordEnd :double
- lespsOrientstion :boolesn

Fig. 81 - ArealLocation (Neighbourhood)
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3- Conformance

3.1- General

RailTopoModel, as a conceptual data model, describes essential structural properties

of possible implementations of railway IT systems (named “Systems” in the present

section), when these Systems contain or handle information about railway
infrastructure.

Conformance is defined in the present section so as to ensure, inter alia:

- the computational efficiency and scalability of the System;

- the compatibility of the System with railML®, when relevant.

To be declared conformant to the RailTopoModel, Systems must present the features

required below (“shall”). Recommended (“should”) and optional (“may”) features are

also mentioned, for the sake of clarity.

Conformant Systems:

- may include all RailTopoModel concepts, or a subset of these concepts;

- may extend the RailTopoModel, e.g. with additional packages and classes;

- shall not alter the concepts provided under the present IRS and their relations,
irrespective of whether these concepts are required, recommended, or optional,
except for the cases described below.

3.2- Referencing techniques

Linear net elements shall be used as a reference system.

Locations shall be stored using intrinsic positioning.

Transformation between intrinsic positioning and linear references (if used) shall be
supported.

Transformation between intrinsic positioning and geometric positioning (if used) shall
be supported.

3.3- Description Levels

At least one of the widely used description levels (Macro, Meso, Micro) level description
should be supported.

Additional description levels may be implemented.
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The system shall provide topological navigation inside and between different
description levels.

3.4 - Navigation

Interaction between objects of different description levels shall be supported.

A conformant System may only have one level. In such case, the aggregation
mechanisms need not be developed.

3.5- Identification of objects

If a new System is created, all objects derived from “BaseObiject” will, by design, inherit
a unique identifier in the shape of a UUID (Leach, 2005).

For legacy Systems being brought, partially or progressively, in conformance with the
RailTopoModel, other identifiers may be used instead.
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Appendix A - RailTopoModel complete class diagram

olass UIC RailTopoModel
Paris, 19.04.2016 - IRS30100

Rai ITOpOMOdeI V1 - 0 complete class diagram

slementd

slementPart

The ferminal classes in whiie boxes
(Trail, StructureNeEnity, ...) do not

belong to the RaiTopoModel. They
are provided for ilustraion purpese.

NetEntity I
Arealocation inearLocation SpotLocation
B Direct B ionDirection i :

“+Iocations
-
_______________
. B IO o
Enumerstions i | Datatypes
Usage Lrshilethod ApplicationDirection Orientation Havigability o
wenum» cenuma cenuma «enuma cenuma
+ 0 int + absolute + both :String + - + AB :Sting
1 int + interpolation + nomal :String -1 + BA Sting
+ relative + reverse String + Both :Sting
+ None :Sing
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including electronic, except for private and individual use, without the express permission of the
International Union of Railways (UIC). The same applies for translation, adaptation or
transformation, arrangement or reproduction by any method or procedure whatsoever. The sole
exceptions - noting the author's name and the source - are "analyses and brief quotations justified
by the critical, argumentative, educational, scientific or informative nature of the publication into
which they are incorporated”.
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