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Foreword

This Technical Report was prepared by SC 9XB, Electromechanical material on board rolling stock, of
Technical Committee CENELEC TC 9X, Electrical and electronic applications for railways.

The text of the draft was submitted to vote and was approved by CENELEC as [CLC/TR 50501-1 on
2007-01-01.
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Introduction

Survey Group SC9XB/SGB1 conclusions

From the conclusion of the works of Survey Group SC 9XB/SGB1, in document CLC/SC9XB(Sec)174
(Bibliography [9]), a series of standards is to be prepared, with the following guiding principles:

e the overall objective is to develop standards for data exchange involving railway vehicle consists,
between themselves or with fixed installations;

e standardisation is focussed to what is necessary for implementing interoperability as defined in
Directive 2001/16/EC (on the interoperability of the Trans-European conventional railway system),
and as will be specified by the bodies in charge of drafting Technical Specifications for Interoperability
(TSI);

e the scope of the work is then limited to international Passenger trains and freight trains in The Trans-
European conventional rail system, excluding the signalling and control-command subsystem. This
does not explicitly exclude High Speed Trains (HST), but excludes formally trams, metros and urban
or suburban trains.

Separate functional standards will be established for freight and Passenger trains. Requirements for
interoperability, including those specified in a set of Technical Specifications for Interoperability (TSI), are
different for these two categories of rolling stock.

The series of standards has been structured as follows, with four categories:

- STD1: data dictionary and rules for functional standardisation;
- STD 2: functions in freight traffic (for a selected set of functions);
- STD 3: functions in passenger traffic (for a selected set of functions);

- STD 4: standardisation of communications procedures.

This document is the first part, in category STD1, of the series of functional standards, aiming to define a
common modelling framework, to be used for the development of the subsequent standards: common
methods and rules, a unique Reference Architecture, and common Data Dictionary.

The Trans-European conventional rail system

Trans-European conventional rail system shall be considered as defined in Article 2 of the Council
Directive 2001/16/EC on the interoperability of the Trans-European conventional railway system:

For the purposes of this Directive: "Trans-European conventional rail system" means the structure, as
described in Annex |, composed of lines and fixed installations, of the Trans-European transport network,
built or upgraded for conventional rail transport and combined rail transport, plus the rolling stock
designed to travel on that infrastructure.

The Trans-European rail system is broken down into subsystems, as described in Annex Il of the
Directive:
a) structural area

- infrastructure, in particular access / egress points that define the boarders of an infrastructure
managed by a given organisation, and also shunting, freight terminals and stations,

- energy, electrification system...,
- control and command and signalling, to command and control train movement,

- traffic operation and management, including train driving, traffic planning and management,
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- rolling stock, including all train equipment and man-machine interfaces for driver, on-board staff
and passengers.

b) operational area

- maintenance, including logistics centres for maintenance work and reserves for corrective and
preventive maintenance,

- telematics applications: freight services and passenger services (including passenger information,
reservation and payment, luggage management, connections between trains and other modes of
transport).

Examples of functions to be standardised

NOTE In the following informal function descriptions, interface "type B” (“train level to consist level”, named also “train to consist”
for short), and interface "type C” (train to ground) are used (see Figure 1 in 4.4.2).

1) Dynamic passenger information system. Refer to [14], a contribution of TrainCom European
Research Project (ref: IST-1999-20096), proposing a detailed XML specification of messages that are
exchanged between vehicles and with the ground. This specification covers all characteristic features of
the rail environment, including its dynamic aspects.

2) Maintenance: Euromain European Research Project (ref: 1ST-2001-34019) proposes detailed XML
specifications for data, and including the definition of functions for real time monitoring, data collection
and statistics.

3) Passenger emergency brake: The Technical Specification for Interoperability (TSI) relating to the
rolling stock subsystem (High Speed)) gives requirements for this function. This is a train level function. If
the train is formed by several coupled consists, an interface “train to consist” (type B) is involved. A
communication with the ground is also possible: interface “train to ground” (type C).

4) “Stabled ready for use”: This is a train level function, ensuring that a train composition is ready for
service when required. If the train is formed by several coupled consists, an interface “train to consist”,
(type B) is involved. A communication with the ground is also possible for triggering train preparation:
“ground to train” interface (type C).

5) Control of passenger lighting: Control of lighting from the driver cab, for two consists coupled
together. There are in addition some local controls in each coach.

Level of services for the lighting system may be different for the two consists

- version 1, with two levels of lighting: full, reduced,

- version 2, with three levels of lighting: full, reduced, and night.

The issue raised by this example is one problem of interoperability among a set of heterogeneous
consists.

EXAMPLE

When the driver is in the consist which is fitted with version 1, how to specify the interface between
consists, in order to have an acceptable behaviour in the other consist fitted with version 2.

Two alternative solutions are

- each consist should be able to interpret in its own way every possible command issued by another
leading consist. For instance, a consist fitted with version 1 will set “reduced level” when receiving a
“night level” command,

- the driver could control each consist after having “imported” on the cab MMI the specific control
interface of the given consist.
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6) Train integrity (completeness of train)

Some possible solutions to check the completeness of the train may use

- connector at the end of the train,

- with GPS + EGNOS, precision < 2,5 m possible,

- GPS with integrated inertial system.

The positions at the train extremities are measured, and compared to the train length obtained by

summing all vehicles lengths, obtained for configuration data stored in the UIC gateways. Safety integrity
requirement SIL 4 is needed for ERTMS level 3 for train integrity function.

7) Establishing and distributing time and date

A train level function. If there are several consists, clocks have to be synchronised train wide. A problem
to solve is how to take into account variable network propagation delay for synchronisation messages. An
another issue is standardisation of reference time source, and synchronisation protocols.

8) Establishing and distributing speed

A train level function. Speed data has to be time-stamped. If there are several consists, clocks have to be
synchronised train wide (by function distributing time and date). A problem to solve is how to take into
account variable network propagation delay.

The precise requirements on this function depends of the various consumers of the speed information,
requesting various quality of service.
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1  Scope
This Technical Report will define

- requirements for the methods to be used for functional standardisation, in the standards to be
prepared for data exchange involving railway vehicles, in two contexts

1) inter-consists communication, within a train formation,

2) communication with ground based installations.

- the Reference Architecture defining the essential functional interfaces,

- the concept of a central Data Dictionary/repository to be applied to freight and passenger traffic
functions. In this context, data are to be limited to basic information elements, which are necessary
to define standard messages required for interoperability, and displayed on the interfaces of the
communicating entities. Entering Data Dictionary will provide full definition of a data element, along
with its essential attributes at conceptual level.

The purpose, in the perspective of the standards to be prepared, is to document the data element
pertinent to the functional area and essential for interoperability, to allow the reuse of data element
among functional area systems, and facilitate data interchange among the systems.

NOTE Data Dictionary shall be designed to provide a structural framework that enables continued growth and enhancement of the
scope of defined data. Rationale for this requirement is that it is difficult, when defining the scope of a proposed system to fully
define the application domain and all included interoperability related data. In addition over time, functional requirements will
expand.

2 Normative references

The following referenced documents are indispensable for the application of this document. For dated
references, only the edition cited applies. For undated references, the latest edition of the referenced
document (including any amendments) applies.

Object Management Group Inc. (http://www.omg.org) , July 2004, Unified Modelling Language
Specification - version 1.4.2 (OMG reference formal/04-07-02), identical to [SO/IEC 19501:2005(E).

Extensible Markup Language (XML) 1.0 (Third Edition) W3C Recommendation, 4th February 2004,
Frangois Yergeau, Tim Bray, Jean Paoli, C. M. Sperberg-McQueen, Eve Maler.

3 Terms and definitions

For the purposes of this Technical Report, the following terms and definitions apply.

31

abstraction

similar as view. When using the word abstraction we put into evidence that such view ignores some
details that are considered not relevant for its purposes, even if these details are still relevant for the
model

3.2

actor [class] (UML)

coherent set of roles that users of use cases play when interacting with these use cases. An actor has
one role for each use case with which it communicates

Documents

Document Sharing Hub

Full document details: PD CLC/TR 50501-1:2007


http://dx.doi.org/10.3403/30039396
http://www.avadocuments.com/doc/pd-clc-tr-50501-1-2007
http://www.avadocuments.com/doc/pd-clc-tr-50501-1-2007

CLC/TR 50501-1:2007 -8-—

3.3

attribute

named property of a class that describes a range of values that instances of that class might hold. The
perceived aspect or representation of a property. Attributes may be valued.Attributes are further
categorised as intrinsic attributes that are inherent to an entity, and extrinsic attributes that are of a
relational nature

3.4

class

collection of objects having the same attributes. A class is a named description of a set of objects that
share the same attributes, operations, relationships, and semantics. These objects can represent real-
world things or conceptual things

3.5

consist

assembly of vehicles (may be reduced to a single vehicle), which are permanently coupled while in
service, and fitted with a “vehicle communication system”, linking the devices, and providing one interface
with the train level (such a communication system may be a vehicle bus, spanning over all the vehicle of
the consist). A physical consist which is not capable of data communication with other consist or ground
installation is not in the scope of the Reference Architecture. A consist is described by a set of static
properties (as in UIC Leaflet 556 [8])

3.6

entity

anything of interest (such as a person, material object, place or process) within a given domain of
discourse. An entity class is a stereotyped class used to model long-lived information that may be
persistent. An entity is said complex when it can be described by at least two other entities. Otherwise, it
is called a simple entity or primitive

3.7

event

noteworthy occurrence that has a location in time and space. Within a state machine, the occurrence of
an event can trigger a transition. An internal event passes between objects in the system; an external
event passes between the system and an actor. An event may trigger a change in the state of an object

3.8
functional requirement
action that the new system must be able to perform

3.9
functional view
set of functions and operations that provide a system's functionality

3.10

functional specification

specification of functions performed by the entities in a given application, in a manner that is independent
of the technology adopted to implement the specified functions

3.1

method

ell-organised way of working based on a defined set of rules, practices, and procedures. A different
definition is used in UML, where a method is an implementation of an operation

3.12

model

representation of relevant aspects of a subject of interest within a given domain of discourse. The term
model is a keyword that refers to a semantically complete abstraction of a system. It represents a
simplification of the reality of that system.
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Reasons to build models include the following:

- to communicate the desired structure and behaviour of a system;

- tovisualize and control the system's architecture;

- to better understand the system and explore opportunities for simplification and reuse

3.13

object

representation of an entity for the purpose of building a model. An object is an instance of a class that
encapsulates state and behaviour

3.14

OMG (Object Management Group)

open membership, not-for-profit consortium that produces and maintains computer industry specifications
(such as UML) for interoperable enterprise applications

3.15

package

general purpose mechanism for organising elements into groups. Packages may be nested within others
packages (UML)

3.16

property

intrinsic characteristic or feature of an entity. In UML, the term property refers to a named value that
conveys information about a model element. Within the UML, attributes, tagged values, and associations
are all properties

3.17

responsibility

refers to a stereotyped comment that states a contract or obligation associated with a model element
(generally a class)

3.18
state
for a given instance, a combination of attribute’s values at a given instant of time

3.19
STD2
acronym used in this document for a series of standards dealing with Passenger train functions

3.20
STD3
acronym used in this document for a series of standards dealing with freight train functions

3.21

stereotype (mechanism)

extensibility mechanism that allows to create new kinds of model elements that are derived from existing
ones. These new elements have their own special properties (expressed as tagged values), semantics,
and notation

3.22
TCMS
train control and monitoring system
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3.23

train

assembly of coupled consists (may be reduced to a single consist), configured for autonomous operation
on the railway system. and in use for an operational mission; the train is a dynamic object, identified with
a “train running number”, existing only during its operational mission

3.24

trainset

consist (formed with more than one permanently coupled vehicles) which is capable of autonomous
operation, when configured as a train (TSI)

NOTE This definition is not the same that the one given in UIC leaflet 556, Bibliography [8].

3.25

UML (Unified Modeling Language)

standardized modeling language defined by the OMG for expressing system and software requirements,
specifications as well as architectures

3.26

XML

Extensible Markup Language, modification of the SGML standard (see Bibliography [3]). In contrast to
SGML documents XML documents may exist without having their schema described in a DTD

4 Reference Architecture

4.1 Introduction

Functional standardisation activities are producing standards for a given functional area, which are
supported by functional models. Functions which are in the scope of this series of standards are, by
definition, supported by distributed applications.

A model is a representation of the function, structure and/or behaviour of a system in a systematic way,
and showing only items relevant to the function of interest.

The development of a system architecture starts with the identification of key user needs that must be
addressed by the system and that will be rigorously traced across the different views provided by the
model.

The elaboration of functional model for a specific function of the railway system, belonging to categories
STD2 and STD3 defined in the introduction, shall use the “STD1 Reference Architecture”, as defined
below, as a starting point.

4.2 Reference Architecture concept

The object of this clause is to describe a specific view of the rail transport system, with a “Reference
Architecture”, containing only the major structuring elements that condition the functional approach from
the point of view of

- the rail business,

- the communication system,

- and the definition of data elements.

The use of this Reference Architecture substantiates all functional standardisation covered by the series
of standards addressed in the introduction of this document. The scope of the standardisation is restricted
to functions using the two categories of communications impacting vehicle interoperability:

communications between consists composing a train, and communications between a train and ground
based installations. A main objective is to identify the essential functional interfaces.
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An architecture is a structured way of describing a system with a view to ensure interoperability between
its components. The availability of several different middleware technologies for the components creates
the need to tackle the problem of application interoperability at a higher level, namely that of models.
Simply stated, the vision is that a change of the middleware platform should not affect the application.
The model of the application should remain unchanged.

Two levels of architecture definitions are commonly used:

1) functional architecture, expressed by a model of the relationship between “functions” and
“information” processed in them;

2) physical architecture, which clarify the location of Subsystems and information exchanged among
them.

Whilst allowing for many different specific designs or implementations, the architecture groups a number
of common views that allow identifying and describing the necessary commonalities for interoperability
across these implementations.

4.3 Requirement for the STD1 Reference Architecture definition

The concept of “Reference Architecture”, which can be thought as the most representative architecture in
a certain domain, is used in a number of methodologies to allow a uniform modelling of systems in that
particular domain.

For this report, the domain of discourse includes entities which are providing the services implementing
the functions, involving railway vehicles, to be standardised.

The abstraction provided by this Reference Architecture should allow to easily comprehend the overall
railway system structure, its comprising elements and their interconnections. This enables reaching a
common understanding, and the ability to make decisions about the various systems aspects and
properties which should be standardised, in order to reach the stated interoperability objectives.

For those purposes, the following requirements are:

1) the Reference Architecture shall provide a common framework, upon which diverse functional
specifications can be performed by different expert teams. This includes the establishment of a Data
Dictionary, seen as a common reference repository, which shall be used in the process of production
of standard functional models;

2) functional models shall be independent of the technology adopted to implement the specified
functions. This is required to achieve independence between functional specifications and internal
structure of vehicle;

3) the Functional Architecture shall take into account one of the most challenging characteristics of
trains: its dynamics. The dynamics in operation are also in the functional model and in the
communication networks. Different types of dynamics have to be addressed:

- consists changes;

- trains start/end their run;

- coupling/decoupling;

- devices are added/removed e.g. during power up/down;
- functional changes;

- spare train takes over;

- change of used/unused driver’'s cab;

- redundant device takes over;
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4) rolling stock operating states/modes shall be distinguished for functional models, as many functional

interfaces are specific to each mode. Main modes to be considered are “operational”’, “maintenance

diagnostics” and “configuration”. Allowing automatic configuration of dynamic systems formed by
interacting rolling stock objects is one of the main benefits expected from standardisation by the
users. Examples taken from the railway field are the “train inauguration” concept in UIC leaflet 556
(Bibliography [8] and the mechanism of registration of functional addresses in GSM-R networks
(Bibliography [12], [13]).

From the above major requirements, the following desirable properties have been derived:

1) it should be possible to describe a system as a composition of independent components and
connections. Composition capabilities allow independent architectural elements to be combined into
larger systems (ex: coupling of two trainsets in order to prepare a train.). It should be possible to
describe the components and their interactions in the architecture in a way that clearly prescribes
their abstract roles in a system;

2) a functional addressing scheme should be provided, which permits entities to be identified by a
“name”, used as a “functional address”, representative of their functional roles rather than by
“numbers” tied to the interface equipment they are using;

3) use of functional addressing will include identifying on-train functions and other users performing
particular roles such as train driver, passenger, train conductor, etc.;

4) communications protocols not belonging to the “application levels”, which are using functional
addresses, but necessary for the implementation of communications systems, should be specified
(independently of the various functional models) in STD4, as these communication systems are to be
shared by several user functions. These protocols should be existing open industry standards.

4.4 Interacting objects

The classes, as described below, define the highest abstraction level of the Reference Architecture. They
form a complete set of classes, reflecting organisations, functions and logical or physical objects, deemed
necessary and sufficient to perform functional modelling of intercommunication between vehicles and
between train and wayside.

Each class is an abstraction representing a collection of objects having the same properties. An “object”
is a representation of an entity, for the purpose of building a model.

4.4.1 Rolling stock entities

Interacting objects belonging to “rolling stock” are defined in the model by the classes to which they
belong. Represent moveable material resources used by Railway Undertaking (or operators) to
implement transportation services.

Three different categories of classes are distinguished:

Category 1: Classes corresponding to rolling stock structural subsystems

- train,
- consist,

- vehicle.
Category 2: Classes corresponding to devices measuring properties at train level

- time and date reference,
- reference location determination of the train,

- reference speed of the train.
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These particular “on board devices” classes which are defined in the Reference Architecture are then
considered to be outside of the consist model (even if they are physically located inside a consist),
because the measured properties are considered in the model as attributes for the class “train”.

NOTE The rationale for choosing this option (train level devices considered as being external to the consist) is to exhibit, in the
models, the interface between these train level devices and the train level functions. This ensure that the different train level
functions will use the same reference, even if specified independently. Standardisation of this interface will allow, if required, to give
to the device the status of “interoperability constituent”.

When several physical devices, with the capability of playing the “master role”, are available in the
elements which are assembled to form a train, only one of these shall be “confirmed” to fulfil the role at
train level, during train preparation. During the journey, the “master role” shall be taken by one (and only
one) of the other devices, if the first one fails.

Category 3: Classes corresponding to devices ensuring interfaces with “external” human actors

Are considered here interfaces with “human actors” physically present on the train: driver, conductor,
passenger (usually called “MMI devices”).

4411 Train class

Operating unit: objects in this class are created at the start of a transport mission. This is dynamic object
resulting from a configuration process (usually called “train preparation”) and a linkage with a transport
mission defined by a Railway Undertaking entity.

From the functional point of view, the main component of train is the group of functions operating at train
level for control, communication, monitoring ... This component is called “Train Functional Module”
(TFM). TFM includes control for doors, heating, lighting ... These train level functions are interfaced:

- on one side with the driver and/or a fixed installation performing train control functions;

- on the other side with each “Consist Functional Module” (CFM) , via the B interfaces.

With GSM-R communication system, a train can be addressed by a functional number (train running

number), which is registered in the GSM-R network at the start of the train mission, and deregistered at
the end of the mission.

4412 Consist class

Member of this class are set of vehicles not separable in operation. A consist may be a single vehicle.
Most common consist types are:

- locomotive;

- trainset (also called Multiple Units);

- passenger coach (when not part of a consist);
- freight wagon.

Consist level functions are usually distributed in the vehicles.

From the functional point of view a consist is represented by a set of functions, called “Consist Functional
Module” (CFM). In some case these set of functions may be split, for convenience, into subsets. Then a
“physical consist” may be represented, in fact, by several “functional consists”. For instance:

- subset of “technical functions”: traction, braking, energy;

- subset of “passenger functions”: doors, public address, passenger information, seat reservation, air
conditioning...

Documents

Document Sharing Hub

Full document details: PD CLC/TR 50501-1:2007


http://www.avadocuments.com/doc/pd-clc-tr-50501-1-2007
http://www.avadocuments.com/doc/pd-clc-tr-50501-1-2007

