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In the project, it has searched to develop thetrafic management of the ERTMS. This
area of ERTMS is that historically has made legghidereaching the conclusion that has
been null after studying of the state of art. THRETEIS arose from a need that involved
the unification of the numerous signaling systehad existed in Europe. Before ERTMS,
a train to circulate on different countries, it de¢o have equipped each signaling system

of each country.

It has made great strides towards interoperalititywo of the three areas of ERTMS.
These two areas are ETCS and GSM-R, setting s@sdar them, which are mandatory
to ensure interoperability. This is where arises ittea of trying a first approach to the
standardization of the third area of ERTMS, the ETMhich covers part of rail traffic

management.

This project has been used as a basis railML laggyuased on their standard models.
As a reference for identifying the different paraens involved in the area of rail traffic
management is taken as a reference Malaga metfecprbnes 1 and 2 developed by
Alstom. The analysis and study of the differentabases that were part of the Malaga
metro signaling was proceeded, identifying theatalgs that were part of the rail traffic
management area. Once identified the parametedsingiee Malaga metro project, it has
proceeded to its configuration using the RailML misgd one by one defining its purpose
and the necessary elements for perfect definitidmce configured with RailML, this
model could be applied to the management area diMERrail traffic, i.e. it can be
applied to ETML.
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Chapter 1. DESCRIPTION

1.1 INTRODUCTION

The railway world nowadays, is in continuous pregrand expansion. More and
more people use it to make their daily commutethédr jobs or long trips. Cities of all
size have seen a great development of the railanktaround urban centers to reduce
traffic; pollution is now and from long ago a bigoplem all around the world. At state
level, an increasingly number of itineraries conserban centers, while safer and faster
trains have been developed. At the same time rpimetwork has proved itself as a
serious alternative to roads for transportatiogadds, accounting for fuel savings and in

turn increased the speed and ease of transport.

All of this has been achieved largely thanks to #dwances of the different
subsystems that comprise the railway and especiallgnaling systems and
communication, which has led to a significant i@ in performance in capacity trains

per hour and security.

This project was born with the idea of focusingtba analysis of one of these
signaling systems, the ERTMS, specifically in oriet® elements, most likely the one
that have been put asideTML .

The ERTMS (European Railway Traffic Management &ygtis a system of
command and control which has been promoted, spedismd adopted by the European
Union to match all new lines to be built in the otiies that compose it. The goal pursued
is that signaling and communications between teackonboard equipment is compatible
across Europe and the interoperability of railwaiysulations between the various States
of the European Union to make possible; the idestavaontribute to cost efficiency and

to coherence the railway safety.
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This system harmonizes basically three types aohetes, on the one hand the
ETCS (European Train Control System), with regargignaling (in infrastructure and
trains), providing data on the maximum speed al @aint; the GSM-R, which regulates

aspects relating to communications between the &nadl the third element, the ETML.
The functions of these elements are:

» ETCS, (European Train Control Systerth)e signaling element of the
system which includes the control of movement atifles, automatic
train protection and the interface with the intekiog.

* GSM-R, (Global System for Mobile Communications — Raijyva radio
system for providing voice and data communicatietwleen the track
and the train, based on standard GSM using fredgerapecifically

reserved for rail application with certain spec#itd advanced functions.

ETML, European Traffic Management Layer.
— Traffic Management:
C )} Timetable, monitoring..

COMMUNICATION

GSM-R and cage connection
A
M
A 4

Figure n° 1 ERTMS elements

The motivation of this project is ETML, which isekarea for the optimization of
rail services. The deployment of a unique harmahis@in command/control and
telecommunication systems and the creation of #amspean traffic management
facilities constitute crucial elements toward thehiavement of a real integrated rail

network.
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1.2 SUMMARY

This project was created with the idea of develgpihe area of rail traffic
management, focusing specifically in the ERTMS arthlyzing the feasibility of
implementation of the ETML from standard open medgl particular railML. ETML is
selected in this project due to the great developraed implementation that ERTMS is

having in the world.

During the realization of this project, we will shehat the ETML never has fully
developed and never have been implemented in a@hyreject. For this reason, Malaga
Metro is taken as reference to identify the différelements which composed the traffic
management. Even if it is an ERTMS project, it haen considerate that the regulation
feature is basically identical. For the realizatif this project, it tries to analyze and
identify the parameters which have constituted ¢hgrent signaling system of Metro
Mélaga (Urbalis 400 © Alstom) and its applicationthe traffic management and then

implemented by railML model.

This chapter shows an overview of this project afmtief description of the three

parts in which it is divided:

1. The railML initiative.
2. Metro Mélaga project.

3. Traffic Management.

1.2.1rRAIL ML

The railML initiative was founded in early 2002 &gt the background of the
chronic difficulty of connecting different railwayapplications. Its main objective is to
enable heterogeneous railway applications to consatenwith each other. The purpose
of the railML initiative has been to find, discuaad present systematic, XML-based
solutions for simplified data exchange betweenway applications. railML is a joint,

evolutionary project of railway companies, softwarel consulting firms and academic
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institutions located in a number of countries. Th#ML is composed for three main

parts, which has a correspondence on a sub-scfidmase sub-schemas are:

1. Infrastructure.
2. RollingStock.
3. Timetable.

These topics are themselves further divided inthtexhal subschemas that address more

specific areas.

1.2.2 AN APPLICATION PROJECT: MALAGA METRO

Malaga Metro signaling system was implemented kstgkh on lines 1 and 2. It
is based on Alstom’s Urbalis 400 CBTC, a train muntsystem using radio
communication which allows real time informationoab the location of the trains and
improves substantially line operability and safegdio Communication Based Train
Control (CBTC) is the latest generation of signgltachnology for metro and suburban
rail networks facing increasing urban congestidnpriovides operators with precise
control in the movement of their trains, allowingma trains to run on the metro line at
higher frequencies and speeds in total safety-wittvithout drivers. The system works
with the “moving block” principle to ensure operggiheadways as short as 90 seconds,
and is also generated for heavy metro applicatiesulting in high line capacity. The
saving speed profile is calculated according tchegmerational context (e.g. peak off

peak hour).

1.2.3TRAFFIC MANAGEMENT (ETML)

The UIC defines ETML as: “The operation managemienel intended to
optimize train movements by the "intelligent" ingestation of timetables and train
running data. It involves the improvement of reald train management and route
planning - rail node fluidity - customer and opargtstaff information”. This is the
unique definition of the ETML issued by a transpefference entity. With this definition
and the analyses of metro Malaga project, the rdiffiecharacterizes and functions of the

traffic management should be:
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Visualization of the states of the line

Visualization of the states of the line and it$aetént element in real time.

Traffic Planning

Creation of the diagrams for the day's operatitnasn list and traffic plan, and provide

this information to the control center and opegtompanies.

Operation Management System

Creation and setting the routes based in the d¢raféin. In case of degraded modes, the

route control can be taking by the operator.

Power supply and infrastructure

With the control center it is possible to centmian in the control center the
management of the central power supply, monitoreti @ntrolled each central power

supply of the line

Information for passengers

It provides passenger information about the traitépartures, arrivals, delays and other
information important for the passengers. Also mes information in the emergency

situations.

Information for maintenance

Definition the timetable for maintenance and pregidthis information to the
maintenance staff. It provides the information dbstatus of the maintenance in real

time.

Driver-only and driverless operation

Control of the trains equipped with ATO (Automaficain Operation) and control the

platform gates.
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Chapter 2. OBJECTIVES

The objectives of this project are the followings:

» To show the current state of the art of traffic agement layer implementation.

» To demonstrate the advantages for both operatods imdustry, of sharing
unambiguous set of data.

» To demonstrate the feasibility of traffic managem&yer based on railML
models.
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Chapter 3. METHODOLOGY

3.1 TASKS

The basic tasks defined to achieve the objectivies develop the assignment are the

following:

» Task I: Study of state of the art.

» Task Il: Analysis and study of railML models ancetETML used in metro

Malaga project.

» Task lll: Analysis and implementation of ETML basmdralML models.

» Task IV: Writing the project report.

3.2 PLANNING

Fehruary March April May June July
Task Days
1] 8)15]22] 7[14]21]28] a |11]18]25] 2| 9|16]23] 6 [13]20[27] a |11]18] 25
Task | 40 TASK I
Task Il 45 TASK Il
Task il 55 TASK IIl
Task {V 50 TASK IV

Figure n°: 2 Planning
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3.3 STUDY OF THE STATE OF THE ART BASED ON ETMLAND

TRAFFIC MANAGEMENT LAYER

3.3.1EXISTING PROJECTS

During the realization of the state of the art, timy project that found focus in
the definition of the ETML is OPTIRAILS. The rest jprojects are focus in the different

areas that compose the rail traffic management.

OPTIRAILS (Optimization of Traffic through the European Rdiraffic
Management Systems). The main objective of thigeptois to specify rail traffic
management system architecture (ERTMS/ETML) wittiie ERTMS framework and
applicable to the international railway corridoirsproving: real time train dispatching,

route planning and operating staff information.

» Developed by European Commission.
* Country: France.
* Scope Specify rail traffic management system architeztu

* Web: http://www.transport-

research.info/sites/default/files/project/documégsrails.pdf

EUROPTIRAILS (European on line optimization of internationaiffic through
rail management system)his system supports international train managenisnt
delivering real time train data concerning inteloradl passenger and freight trains. The
system can follow the complete train run of anrmégional train across European borders
and this relevant train data information is proedsslirectly from the Infrastructure

Managers’ systems.

» Developed by European commission.
* Country: France.
» Scope Optimization of rail traffic.

* Web: http://old.uic.org/spip.php?article691

11
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INTEGRAIL (Intelligent Integration of Railway Systems) trp tget the
intelligent integration of the railway systems bgvdloping a system architecture that
establishes intelligent interfaces and processgmbta of being used to integrate
established railway infrastructure and operatigyastems. Traffic management is also

considered in InteGRAIL.

» Developed by Group of companies.
» Country: 10 European countries.
» Scope The improved cooperation of the different exigtsystems.

* Web: http://www.integrail.info

ROMAN. It has been developed by Siemens, it is a propgpedoduct. This
application allows the operators to establish tliwements of trains, ensuring complete
coverage of their lines and minimizing the numbétrains in operation. The system
takes the timetable of trains and generates orescgeaphs that show the interplay

among the vehicles. ROMAN is based in C++ language.

* Developed by Siemens.
* Country: Austria.
» Scope Traffic management and timetable planning.

« Web: https://www.siemens.com/global/en/home.html

VIRIATO is timetable planning tool that allows operatoos dptimize the
railway planning process. The first version of ¥id was created in 1996 but during the
next years, a number of additional functionalitiese been added. The Viriato interface
consists of the graphic timetable, travel time wgsial conflict detection, network
diagrams, platform occupation and customer timetabi addition to data manipulation
features. Large amounts of detailed data can b toggrepare precise plans to maximize

network capacity and identify cost efficient straés.

» Developed by SMA and Partners Ltd.
» Country: Switzerland.
* Scope Timetable planning.

* Web: http://www.sma-partner.com/en/

12
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ON-TIME project is developing new methods and processélfm maximize
the available capacity on the European railway ogtvand to decrease overall delays in
order to both increase customer satisfaction arsilirenthat the railway network can
continue to provide a dependable, resilient ancergralternative to other modes of
transport. In the project, specific emphasis is\gpglaced on approaches for alleviating
congestion at bottlenecks. Case studies being aemesl include passenger and freight
services along European corridors and on long riistanain-line networks and urban

commuter railways.

» Developed by Consortium of 19 companies.
* Country: Italy.
* Scope Maximize the available capacity.

*  Web: http://www.ontime-project.eu/

OPENTRACK project stars as a research project at the Sweidergl Institute of
Technology. The railway simulation tool OpenTrack planning software, which

includes: Network data, Rolling stock data and tabée data based in railML.

» Developed by The Swiss Federal Institute of Technology.
» Country: Switzerland.
* Scope Railway simulation.

« Web: http://www.opentrack.ch/

MULTIRAIL is software for rail operational planning. Thistaare allows the
operators to create the operating plans basedfi@stiructure and demand. The different
functionalities are: managing networks, importingd ananaging traffic data, designing
blocks, flowing the traffic over the blocks, andlting trains that support the traffic and

blocks.

* Developed by Oliver Wyman.
e Country: United States, France and Switzerland.
* Scope Operational planning.

 Web: http://www.oliverwyman.com/index.html

13



UNIVERSIDAD PONTIFICIA COMILLAS
ESCUELA TECNICA SUPERIOR DEINGENIERIA (ICAI)
MASTERUNIVERSITARIO EN SISTEMAS FERROVIARIOS

RAILNET 1l software to represents train runs, obtaining ddtérain speed,
running times, tractive effort, and energy consuamptWith this information the operator
can develop the timetable. The software preserigsatzout graphic operations. The two
principal functions of the software are the traianrcomputation and timetable
development. The software is based in track laymlting stock characteristics, and

operating procedures.

» Developed by:The Swiss Federal Institute of Technology.
» Country: Switzerland.
* Scope:Trains representation and timetable planning.

* Web: http://railnet2.epfl.ch/

RAILSYS is software to optimize the capacity of the lifailSys constantly
follows the idea of an integrated planning systentliie rail transport, but also provides a

very flexible use for the integration and functibtya

» Developed by:RMCon.
* Country: Germany.
» Scope:Optimize the capacity.

* Web: http://www.rmcon.de/home-en/

DAVINCI is a Spanish system for the traffic control. This systallows the
implementation from the planning until the implertaion of this planning in real time.
The different functionalities of this system ar@ém@lation travel time using advanced
algorithms to calculate the speed of trains, adstiation of rolling stock, that it includes
all vehicles and functions, management of timetalibe planning (departures, arrivals,
stops, speeds, delays, routes...etc), allow the aiiorset of route and includes the

evaluation of alternatives and conflict resolutiSpace-Time diagrams in real time...etc.

» Developed by:Indra and Adif.

e Country: Spain.

* Scope:Implementation from the planning until the implertsion of
this planning in real time.

* Web: http://www.indracompany.com/es

14
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Chapter 4. DEPLOYMENT

4.1 |IMPLEMENTATION

4.1.1MALAGA METRO PROJECT

Metro Malaga has been taken as reference. In thjeqt, the traffic management

was done from the point of view of time planningthout regulation in real time.

ATS (Automatic Train Supervision) is configured BAistom through four files.
A study of the four files was performed to obtalre tparameters that were used to
perform the timetable of the project. With thisntlécation of the parameters, a study of

each variable include in railML started.

4.1.2RAIL ML

The version used to the realization of this projeatersion 2.3. The railML is composed

for three main parts, which has a correspondencesub-schema.:
1. Infrastructure.
2. RollingStock.
3. Timetable.

1. Infrastructure:

The railML infrastructure sub-schema is focusedhendescription of the railway
network infrastructure including all its variouscéts that are needed by the data
exchange applications. In particular, the railMLfrastructure schema contains the

following information:

15
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1. Infra Attributes: describes the properties of an infrastructure grahese

elements are:

Axle Weight sets the maximum load per axle in tons for a tedeknent.
Electrification defines the electrification system that is useallatacks.
Gaugedefines the distance of both rails.

General Infra Attributes works as a container element for defined
infrastructure attributes, which are not covered thg other child

elements of infra Attributes.
Operation Mode defines the operational system that is used ataalks.

Owner defines the infrastructure manager (IM) of allcka where the

current Infra Atributes are used per reference.

Power Transmission defines the kind of railway in means of power

transmission of all tracks.
Speedsworks as a container element for defined staedpprofiles.

Train Protection defines the train protection system that is ugdedlla

tracks.

2. Operation Control Points: works as a "container element" for operation or

control point elements. These elements are:

Area specifies the region; an operation control parreisponsible for.

Geo Coord provides the definition of a geographical positi@ g.
longitude, latitude, altitude). It can be used ase that element positions
should not only be specified by relative or absolatileage along the

track but via geographical reference as well.

Prop Equipment is a container which encapsulates two variants to

define the (technical) equipment of an ocp.

Prop Operational contains attributes which further refine the ofieral

properties of an ocp.

Tsi contains the standard numerical codings of locatget by the ERA
in the Annex B9 of the Telematic applications faspenger service
(TAP).

16
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3. Track Groups: is a container that allows the definition of laglg grouped

tracks under various criteria.

e Locally Controlled Area A locally controlled area is an area of tracks,
points and signals which is usually operated bycamtral) interlocking
but which can be detached from this interlockingléaal control.

4. Tracks: works as a container element for track elements.

Track Groups Locally Controlled Area

Figure n°: 3 Infrastructure sub-schemas

17



UNIVERSIDAD PONTIFICIA COMILLAS
ESCUELA TECNICA SUPERIOR DEINGENIERIA (ICAI)
MASTERUNIVERSITARIO EN SISTEMAS FERROVIARIOS

2. Rollingstock

The railML rollingstock subschema is focused ondkescription of the railways
rolling stock including all its various facets thate deemed to be needed by the data
exchange applications. In particular, the railMLlingstock schema contains the

following information:

1. Vehicles: The characteristics of individual railway vehicles vehicle families
are described in this part of the schema. The g®er of vehicles considers
some general data used for organizing assets létaing, classification or
vehicle numbers as given by its operator. The ntgjavithin the schema is
providing the structure to store the various techihaspects of railway vehicles
with regard to their propulsion system, car bodgtdees, brakes or services

installed within the vehicle.

* Vehicle: The item is referenced via its attribute id. Tdeta set of a
single vehicle can refer to the common values aafind more or

deviating characteristics valid only for this pewtar vehicle.

2. Formations: The features of train sets or parts of it formédeaveral different or
similar vehicles are described in this part. Thimbination of vehicles is used to
describe train features as needed e.g. in timetabiowever, the logical
consistency between the formation and the vehitlissmade of is not enforced

by the schema. It must be ensured by the applic@tioducing the data.

« Formation contains all data related to a composition of Isinghicles
forming a complete train or a part of a trainslhiot excluded to describe

a train consisting of only one single vehicle.
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Figure n° 4 Rolling stock sub-schemas

After the analyses of raillML and Malaga metro, thesic parameters for ETML are

identified.

3. Timetable

The railML timetable sub-schema is focused on the&cdption of the railway timetable.

In particular, the railML timetable schema contatims following groups:

1. Operating Periods: The operating days for train services or roistgritt is

composed of two groups:

day.

Operating Day: gives a week based in the operating period feoranal
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» Special Service Describes a calendar based in the modificatiothef
operation period by including or excluding certdays or periods.

2. Timetable Periods: Defines a timetable period, lasting typically abaugear. It
iIs composed for Holiday element.

« Holiday: Defines one of the public holidays referred todnyoperating
period like all days, excluding public holidays.

3. Category: describes a "train type" or "train category".

4. Annotation: contains texts and messages dedicated for a pgEssemormation
system.

5. Train Parts: Includes the actual information regarding the pafthhe train as

well as the corresponding schedule informatiois omposed by:
e FormationTT: describes how a formation is used for a Train.Part

» Operating Period Ref This group is used for referencing tBeerating
Period andTrain Part .

e OcpsTT: To define the different elements of the trip

< Organizational Unit Binding describes what organizational units are
responsible for thi§rain Part .

6. Trains: One or more train parts make up a train and reptesither the
operational or the commercial view of the train.rDescribes a train for different
perceptions. A train could either be an "operatidrzan” in the view of a signal
box, or it can be "commercial train" from the viefva passenger. It is composed
by:

e Train Part Sequence:all elements Train Part belonging to a train. The

sequence is supposed to be used for successigeafary the train route.

e Taf Tap Tsi TrainID describes the so called unique Transport ID, used

for the explicit identification of a train, espelyafor international train
runs.

7. Train Group: is linking different individual trains to a groughis could for

instance be used for an interval group of traiferging together in a train path
allocation process.
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Rostering: Train parts can be linked to form the circulatiomscessary for

8.
roistering (rolling stock schedules). It composgd b

* The elemenBlock Part contains all data, which are related to an atomic
particle of a block.

« The elemenBlock contains all data, which are related to a "vehitlg/"
containing a sequence of atomic tasks (Block Pafée item is
referenced via its id attribute.

e The elementCirculation is for chaining the blocks into a complete
rostering.

Annotation
. . Opertating Day
Operating Periods GrncE Genins
Timetable Periods Holidays
Category
Equipment Usage
FormationTT Passenger Usage pla(.:e
service
Reservation Info booking
Operating Period Ref Special Service
Times
Connection
Mean
Statistics Median
Standard Deviation
el s OcpsTT Statitstic I;A':alfyses
. rackRe
SectionTT Run Times
; Stop Times
Timetabe Stop Description Platform Edge Ref
Service Section Ref
Vehicle Operator
Customer
o oo Railway Undertaking
Organizational Unit Binding ol
Concessionaire
Contractor
Train Part Ref
Equipment Usage
Equipment
Trai Train Part Sequence Etcs
ains Brake Usage
Auxiliary Brakes
Speed Profile Ref
Taf Tap Tsi TrainlD
Train Group Train Group
Block Part
Rostering block Block Part Sequence |
Circulation

Figure n° 5 Timetable sub-schemas
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4.1.3PARAMETERS | DENTIFICATION

Infrastructure and Operation:

First of all, it is necessary a track layout dgsioon of the line. For the traffic
management, is important to know the track layduthe line and the position of the
different signaling elements to follow the statetlod line in real time. To earn this, the
infrastructure part of railML is used. The line Bhee divided in tracks. This division is
free and the differeritacks shall be containing three types of elemetreckTopology,

trackElements andocsElements

<track id="" name="">
<trackTopology>
<trackElements>
<ocsElements>
</track>

Figure n°: 6 track elements

trackTopology: contains the next information: trackBegin, trackEadd connections.

» trackBegin: Contains information about the beginning of theck. The track

begin can be a buffer stop or connection. This etens defined as follow:

Parameter Justification
trackBegin Contain the track begin of the track

id Id of the element

pos Position of the element

absPos Kilometric point of the element
bufferStop Element at the beginning of the track

id Id of the element

name Name appears in the visualization
connection Element at the beginning of the track

id Id of the element

ref Other track reference

Table 1: trackBegin elements description
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<trackBegin id="" pos="" absPos="">
<bufferStop id="" name=""/>
</trackBegin>

Figure n°: 7 Example of trackBegin

» trackEnd: Contains information about the ending of the tradke track end can

be a buffer stop or connection. This element isneefas follow:

Parameter Justification
trackend Contain the track end of the track

id Id of the element

pos Position of the element

absPos Kilometric point of the element
bufferStop Element at the end of the track

id Id of the element

name Name appears in the visualization
connection Element at the end of the track

id Id of the element

ref Other track reference

Table 2: trackEnd elements description

<trackEnd id="" pos="" absPosz="">
<connection id="" ref=""/>

</trackEnd>

Figure n°: 8 Example of trackEnd

» connections: contains information about the points located iis tinack. This

element can be defined as follow:

Parameter Justification
connections Contain each switch exist in the track
switch Switch exist in the track
id id of the switch
name Name appears in the visualization of the switch
dir Switch direction
sen Inverse direction of the switch
absPos Kilometric point of the switch
connection | Connection associated to the switch

id id of the connection
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Parameter Justification
ref other trackBegin/trackEnd reference
orientation | Orientation of the switch
course Direction of the switch
maxSpeed | Maximum speed of the point

Table 3: connections elements description

<connections>
<switch id="" name="" pos="" absPos="" absPosOffset="" length="">
<connection id="" ref="" orientation="" course="" maxSpeed="" />
</switch>
</connections>

Figure n° 9 Example of connections

<trackTopology>
<trackBegin id="" pos="" absPos="">
<bufferStop id="" name=""/>
</trackBegin>
<trackEnd id="" pos="" absPos="">
<connection id="" ref=""/>
</trackEnd>
<connections>
<switch id="" name="" pos="" absPos="" absPosOffset="" length="">
<connection id="" ref="" orientation="" course="" maxSpeed="" />
</switch>
</connections>
</trackTopology>

Figure n°: 10 Example of trackTopology structure

Track Begin Track 2 Track End
(Point) (Point)

C)] [() Connection
Connection I

° N ° e

Track 1

Track Begin Track End
(Buffer Stop) (Buffer Stop)

o

Figure n° 11 Example of trackTopology elements
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trackElements: Contains information about static speed profilsdgent profile and
platforms of the track.

» speedChanges:Define the different SSPs located in the track. isTBpeed

changes is defined as follow:

Parameter Justification
speedChanges Contain each SSP exist in the track
speedChange SSP exist in the track
id id of the SSP
name Name appears in the visualization of the SSF
pos Position of the SSP
dir Direction of the SSP
absPos Start kilometric point of the SSP
status Status of the SSP
vMax Speed of the SSP

Table 4: speedChanges elements description

<speedChanges>
<speedChange id="" name="" pos="" dir="" agbsPos="" status="" vMax=""/>
<speedChange id="" name="" pos="" dir="" absPos="" status="" vMax=""/>
</speedChanges>

Figure n° 12 Example of speedChanges

» gradientChange: Define the different gradients located in the tracKhis

gradient changes is defined as follow:

Parameter Justification
gradientChanges Contain each gradient exist in the track
gradientChange Gradient exist in the track
id id of the gradient
name Name appears in the visualization of the
gradient
pos Position of the gradient
dir Direction of the gradient
absPos Start kilometric point of the gradient
slope Slope of the gradient

Table 5: gradientChanges elements description
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<gradientChanges>
<gradientChange id="" name="" pos="" dir="" absPos="" slope=""/>
<gradientChange id="" name="" pos="" dir="" absPos="" slope=""/>
</gradientChanges>

Figure n° 13 Example of gradientChange

» PlatformEdges: Define the different platforms located in the trackis element

is defined as follow:

Parameter Justification
PlatformEdges Contain each platform exist in the track
PlatformEdge Platform exist in the track
id id of the platform
name Name appears in the visualization of the
platform
absPos Start kilometric point of the platform
Lenght Length of the platform

Table 6: PlatformEdges elements description

<PlatformEdges>
<PlatformEdge id="" name="" absPos="" Lenght=""/>
<PlatformEdge id="" name="" absPos="" Lenght=""/>
</PlatformEdges>

Figure n°: 14 Example of PlatformEdges

<trackElements>
<speedChanges>
<speedChange id="" name="" pos="" dir="" absPos="" status="" vMax=""/>
<speedChange id="" name="" pos="" dir="" absPos="" status="" vMax=""/>
</speedChanges>
<gradientChanges>
<gradientChange i1d="" name="" pos="" dir="" absPos="" slope=""/>
<gradientChange id="" name="" pos="" dir="" absPos="" slope=""/>
</gradientChanges>
<PlatformEdges>
<PlatformEdge id="" name="" absPos="" Lenght=""/>
<PlatformEdge id="" name="" absPos="" Lenght=""/>
</PlatformEdges>
</trackElements>

Figure n°: 15 Example of trackElements structure
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— —»
KP begin Direction KP end KP begin Direction KP end
Gradient name Gradient name
Gradient value: 2% Gradient value: 1%
SSP value: 60 Km/h SSP value: 40 Km/h
SSP name SSP name
- —> i — > KP end
KP begin Direction KPend  KP begin Direction en

Figure n° 16 Example of trackElements definitions

ocsElements:contain operation and control system elementsetlements arain
detection elements balises, Stop Postsand signals of each track with its real

localization.

> trainDetectionElements: Elements to define the different characteristiceath
joint located in the track. It is used to define fimit of the track occupation.

This element is defined as follow:

Parameter Justification
trainDetectionElements | Contain the different track circuit joint of
the track
trackCircuitBorder Each track circuit joint exist in the track
id Id of the joint
dir Direction of the joint
Pos Position of the joint
absPos Kilometric point of the joint
absPosOffset Offset added to the kilometric point of the joint
name Name of the track circuit

Table 7: trainDetectionElements elements descriptio

<trainDetectionElements>
<trackCircuitBorder id="" dir="" pos="" absPos="" absPosOffset="" name="" />
</trainDetectionElements>

Figure n°: 17 Example of trainDetectionElements

> balises: Elements to define the different balises locatethentrack. It is used to

locate the trains. This element is defined as ¥allo
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Parameter Justification
balises

balise Each balise of the track
id Identifier of the balise
name Name appears in the visualization of the

balise

countrylD Identifier of the country
grouplD Identifier of the balises group
linkingAccuracy Margin error between balise

linkReactionAscending| Ascending reaction

linkReactionDescendin{ Descending Reaction

ndx Position of the balise inside of the group
dir Direction of the balise
absPos Kilometric point of the balise
pos Position of the balise
baliseGroup Each balise group of the track
id id of the balise group
name Name appears in the visualization of the
balise group

Table 8: balises elements description

<balises>
<balise id="" name="" CountryID="" groupID=""
linkingAccuracy="" linkReactionAscending="" linkReactionDescending="" ndx="" dir="" absPos="" pos=""/>
<baliseGroup id="" name="" />

</balises>

Figure n° 18 Example of balises

» signals: Element to define thdifferent characteristics of each signal located in

the track. This element is defined as follow:

Parameter Justification
signals Contain each signal exist in the track
signal Signal exist in the track
id id of the signal
name Name appears in the visualization of the signal
pos Position of the signal
absPos Kilometric point of the signal
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Parameter Justification
dir Direction of the signal
sigSystem Type of the signalling system of the signal

Table 9: Signals elements description

<signals>

<signal id="" name="" pos="" absPos="" dir="" sigSystem=""/>
</signals>

Figure n°: 19 Example of Signal

» StopPosts:Element to define the different stop location existthe different
platforms of the track, It can be in function ohdgh of trains, position of the
stairs in the station...etc.

Parameter Justification
StopPosts Contain each stop exist in the track
StopPost Stop location in a platform

id id of the stopping point

name Name appears in the visualization of the
stopping point

dir Direction of the stopping point

absPos Kilometric point of the stopping point

PlatformEdges Reference id of the platform in the
infrastructure file

Table 10: StopPosts elements description

<StopPosts>

<StopPost id = "" name "" dir="" absPos="" PlatformEdges=""/>
</StopPosts>

Figure n°: 20 Example of StopPost
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<ocsElements>
<signals>
<signal id="" name="" pos="" absPos="" dir="" sigSystem=""/>
</signals>
<balises>
<balise id="" name="" CountryID="" groupID="" linkingAccuracy=""
linkReactionAscending="" linkReactionDescending="" ndz="" dir="" absPos="" pos=""/>
<baliseGroup id="" name="" />
</balises>
<trainDetectionElements>
<trackCircuitBorder id="" dir="" pos="" absPos="" absPosOffset="" name="" />
</trainDetectionElements>
<StopPosts>
<StopPost id = "" name "" dir="" absPos="" PlatformEdges=""/>
</StopPosts>
</ocsElements>

Figure n° 21 Example of ocsElements structure

With the previous elements a basic track layoutth®f line is defined.The
visualization of the states of the lineand its different element in real time are covered
with the previous elements.

For theoperation management the previous elements shall be complemented thih
elements provided by the interlocking. The elemangs

» Track Circuits: represents an area for which its occupation sfatpsovided by

Interlocking.

» Routes: Each route normally is defined between two signBihe status of each

route is provided by interlocking.

To define the route it is necessary to add andtleerbecause with railML files it is

not possible. The definition of the route is asoiwt

Parameter Justification
Tgm-Routes Describe the train
Tgm-Route Id of the train

RouteDescriptiof It includes all the elements of the route (signals
and switches)

Mask It is the id of the information providing fc
Interlocking

=

Table 11: Tgm-Routes elements description
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<Tgm-Routes>
<Tgm-Route RouteDescription="" Mask=" "/>
<Tgm-Route RouteDescription="" Mask=" "/>
</Tgm-Routes>

Figure n° 22 Example of Tgm-Route
Timetable
TrainParts: Includes the actual information regarding thénhpzitall the trains.

» trainPart : Includes the actual information regarding thehpaftthe train as well

as the corresponding schedule information. Thismefd is defined as follow:

Parameter Justification
trainPart Describe the train
id Id of the train
name Name appears in the visualization of the train
operator Operator of the train
trainNumber Number of the train

Table 12: trainPart elements description

<TrainParts>
<trainPart id="" name="" operator="" trainNumbesr="">
<OcpsTTs>
<0cpsTT ocpRef ="">
</0OcpsTTs>
</TrainPart>
</TrainParts>

Figure n°: 23 Example of trainPart
OcpsTTs:works as a container element for defined OcpsTT.
OcpsTT: Element to define the different characteristicta trip of the train.

» Times: This element describes arrival and departure twigs their scope. This

element is defined as follow:

Parameter Justification
Times Describe the different times of the trip
arrival Arrival time of the train
arrivalDay Arrival day of the train
departure Departure time of the train
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Parameter

Justification

departureDay

Time in Hours/Min/Seconds

Table 13: Times elements description

<Times arrival="" arrivalDay="" departure="" departureDay=""/>

Figure n° 24 Example of Times

» SectionTT: This element describes data concerning the way toenOcpTT to

the next one in the order of the sequence. Thisides references to the used

infrastructure as well as run times in functiortted operational mode.

0 The sub elemerttack Ref is referencing the track elements used by the

train and described in detail in an infrastructoiranch of the railML file.

This element is defined with the

Infrastructure file.

id of the elemdatated

in

o0 The sub elemerfRun Timesdescribes the structure of the run time to the

next ocpTT. This element is defined as follow:

Parameter Justification
SectionTT Each different point of the trip. With the
concatenation of SectionTT, the trip is
built.
section Identifier of the SectionTT
RunTimes Time to past for the corresponding
SectionTT
minimalTime Minimum time to cover this section

operationalReserv

Operational time margin

additionalReserve

Additional time in degraded mode

TrackRef Element taking from the infrastructure
file as reference
ref Id of the element taking from th

infrastructure file

Table 14:SectionTT elements description

<SectionTT section="">

<RunTimes minimalTime="" operationalReserve="" additionalReserwve="
<TrackRef ref=""/>
</SectionTT>

"S>

Figure n°: 25 Example of SectionTT
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» StopDescription: This element describes data concerning the stoereic
ocpTT. This element is defined as follow

0 The sub elemenBtop Timesdescribes the composition of the stopping
durations a train spends in a station.

0 The sub elemerRlatform Edge Refis referencing the Stop Post element

used by the train and described in detail in arasifucture branch of the

railML file.
Parameter Justification
StopDescription Stop of the trip
StopTimes Time of the stop
minimalTime Time in Hours/Min/Seconds
PlatformEdgeRef Platform where the stop is located
ref Id of the platform taking from infrastructuiike

Table 15 StopDescription elements description

<StopDescription>
<S5topTimes minimalTime=""/>
<PlatformiEdgeRef ref=""/>
</StopDescription>

Figure n°: 26 Example of StopDescription

<TrainParts>
<trainPart id="" name="" operator="" trainNumber="">
<QcpsTTs>
<OcpsTT ocpRef ="">
<Times arrival="" arrivalDay="" departure="" departureDay=""/>
<SectionTT section="">
<RunTimes minimalTime="" operationalReserve="" additionalReserve=""/>
<TrackRef ref=""/>
</SectionTT>
<StopDescription>
<StopTimes minimalTime=""/>
<PlatformEdgeRef ref=""/>
</StopDescription>
</0cpsTT>
</OcpsTTs>
</TrainPart>
</TrainParts>

Figure n° 27 Example of trainParts structure
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Figure n° 28 OcpsTT

With the previous information is possible to bualdomplete timetable of the line
and it is possible to take the information for gassengers.

Train
vehicles:works as a container element for each defined iehic
vehicleis used to identify each vehicle. Inside of tHengent should be possible define:

» Maintenancelntervals allows describing a particular maintenance tasktlie

vehicle. This element is defined as follow:

Parameter Justification
vehicles Contain each vehicle of the line
vehicle Contain the maintenance
characteristic of one vehicle
id Id of the train
name Name of the train appears in the
visualization
Maintenancelntervals Maintenance interval of the
Vehicle
id Identifier of the maintenance
name Name of the maintenance appears in
the visualization
description Description of the maintenance
maximumintervalDays Time between maintenance
maximumintervalDistancqg Kilometres between maintenance

Table 16: Vehicles elements description
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<vehicles>
<vehicle id="" name="">
<MaintenanceIntervals id="" name="" description="" maximumIntervalDays="" maximumIntervalDistance=""/>
</vehicle>
</vehicles>

Figure n° 29 Vehicles structure

With this information it is possible define the @&table for maintenance and

provides this information to the maintenance staff.

35



UNIVERSIDAD PONTIFICIA COMILLAS
ESCUELA TECNICA SUPERIOR DEINGENIERIA (ICAI)
MASTERUNIVERSITARIO EN SISTEMAS FERROVIARIOS

Chapter 5. CONCLUSION

5.1 CURRENT STATE OF THE ART OF TRAFFIC

MANAGEMENT LAYER

A complete studio of the state of the art appeai§3i3. At the beginning of the
ERTMS initiative started the OPTIRAILS project. Itbjective was to specify the
architecture of the ETML. Finally this project eveally became Europtirails project. The
objective of this project was more specificallynfirove the effectiveness and efficiency

of train running on European rail corridors in tpgerational range”.

After these projects, a lot of humbers of projextcteate a tool, simulator,
software have been developed, but the problemaisttiese projects are for a specific

area of the traffic management or for specific apmror specific country...etc.

5.2 ADVANTAGES UNAMBIGUOUS SET OF DATA

Currently it is being making great efforts in thevdlopment of the railway
interoperability. All these efforts are in rollirggock, infrastructure and signaling but not
the traffic management. Several causes can be onedtithe number of high-speed lines
crossing different countries is not very high aras Imot yet emerged a necessity in this
sense. In the next figures it is possible to comphe number of high-speed lines today

with the numbers in the future:
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Figure n°: 31 High speed lines with ERTMS in therk
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In the future, with the construction of all theg®eb equipped with ERTMS and
which crossed different countries, the need totereacommon standard for all these

countries for the traffic management point of vieill arise.

This project believes that this necessity will ariecause now day this problem
appears in the traffic management of differentdimé the same country but equipped

with different companies causing extra cost forgperation.

One simple example can be that if a same line adf&gent countries, and it is
built for different companies, the management & lime, now day it is not unique. First
of all, each company provides its equipment, ifsnsre, its tools...etc and these can be
very different respect from the others companiad. tBe big problem will be that one
line that crosses different countries, it will beamagement by different administrations

and will be necessary a standard to unify theitraffanagement of this line.

Other advantage is that with an unambiguous selatd is the greater ease of
reuse and sharing data with other subsystems thapat of the railway world. Also
allows the development of tools for configuring gumpent of the manufactures

univocally and simple.

5.3 THE FEASIBILITY OF TRAFFIC MANAGEMENT LAYER

BASED ON RAILML

This project shows that it is possible to implem#rg functionality of ETML
with railML open models. A complete studio of thffetent elements of raillML appears
in 84.1.2. In this project, one first approach pedfy the ETML elements is done. The
functionalities covered are:

« Visualization of states of the lineis implemented with Infrastructure
subschemas it is possible to define the most impbelements of the line taking

its states from the signaling area.

e Traffic planning is implemented with timetable subschemas takifereace of

some variables of Infrastructure subschema. All thi®rmation about the
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different trains and its trips like time of theued, the time of the stop ...etc are

defined here.

« Information for passengersis implemented from the timetable information of
the travels. This information can be the arrivaftsdepartures times of the

different trains running in the line.

e Information for maintenance is implemented with the timetable subschema,
specifically with Maintenance Intervals subgroupithAthis group is possible to

define the time to maintenance corresponding foh éaain.

e Operation Management Systemis implemented with the infrastructure
subschema taking information received from theriotéing. If the elements
define in the ETML can be associated with the diggavariables, the Operation

management can be possible.

The traffic management in real time is not covarethis studio, this include the

next functionalities:

e Driver-only and driverless operation: This area is developing in ERTMS. The
idea is to stablish a method to control the traamately and improve its

circulation, archiving energy saving.

e Power supply and infrastructure: The energy area of the lines is also operated
from the control centers. For this reason, maybenieresting to include the

energy area in the ETML.
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Chapter 6. CONTRIBUTIONS

6.1 CONTRIBUTIONS

Nowadays, the interoperability is the first objeetifor the railway world. The
objective of interoperability is to establish a miam level of technical harmonization
between different national rail systems of the pesn Union, which allows achieving an

open and integrated European rail system.

Stablishing the use of a standard interface foa @atchange for railway traffic
management, it is a step towards interoperabilggalnse today the trend in railway
operation is to transport the maximum number oEeagers per hour and in the shortest
time possible and with the definition of a standdof the traffic management

contributing in this objective.

The development of ERTMS-ETML contributes to thde@nce of the railway
system. The development and production of ETML amigersal standard for railway
management layer would be a step towards interbjg¢yalooking for this sector,

changing the communication between Operator angli&up
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