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ERTMS -  E UROPEAN R AILW AY TRAFFIC M A N A G E M E N T  SYSTEM

T he paper presents the general overview  o f  ERTM S system . Subsystem s are described: ETM L, 
G SM -R  w ith particu lar atten tion  to ETCS.

ERTMS - EUROPEJSKI SY STE M  Z ARZĄDZANIA RUCHEM K O L EJO W YM

W referacie p rzedstaw iono ogólny opis E uropejskiego System u Zarządzania  R uchem  K olejow ym . 
P rzybliżono po jęcie  in teroperacyjności kolejow ej. O m ów iono ogólnie g łów ne założenia  Europejskiego 
System u S terow ania  Pociągiem  (E T C S) i Europejskiej W arstw y Zarządzania  Pociągam i (E TM L). 
Szczegółow o pokazano  poziom y i konfiguracje ETCS, a także system  zobrazow ania  d la m aszynisty  
(M M I).

1. INTRODUCTION

European R ailw ay T raffic M anagem ent System (ERTM S) in accordance w ith the 
Decision o f  European C om m ittee 2001/260/EC  should ensure railw ay interoperability. 

R ailw ay in teroperability  m eans the broadly understood com patibility of:
•  infrastructure
•  pow er supply
•  m aintenance
•  control
•  rolling stock
•  traffic

R ailw ay in teroperability  applies both to existing and new ly constructed lines, the 
existing signalling system s and ERTM S.

O perational interoperability  o f  control ensures international safe train travel w ithin 
various European netw orks and in particular:

1. the train passage through the border w ithout necessity  to stop the train
2. w ithout change o f  locom otives
3. w ithout change o f  driver
4. using exclusively standard tasks com pliant w ith ERTM S
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If  on both sides o f  the border exist various signalling system s and the vehicle is 
provided w ith an onboard ERTM S device, requiring from the driver know ledge about m ore 
than one signalling system , then the vehicle is technically interoperable and not operationally, 
because item  4 is no t fulfilled.

Technical in teroperability  is a com ponent o f  operational interoperability.

2. G EN ER A L D ESC R IPTIO N  OF ERTM S SYSTEM

European R ailw ay T raffic M anagem ent System (ER TM S) consists of:
♦ European Train Control System  (ETCS),.
♦ R adio transm ission system  G SM -R,
♦ European Train M anagem ent Layer ETM L.

2.1. D E SC R IPT IO N  O F ETCS SY STEM

2.1.1. G E N E R A L  A SSU M PT IO N S OF ETCS

ETCS is bound to  supplem ent and in the future even suppress the variety  o f  A KJP 
system s (A utom atic T rain  Travel C ontrol) by one com m on system. T hus, it has to be fully 
accepted by  all European, and in the future also non-European railw ay m anagem ents. This 
m eans that it has to  fulfil all functions perform ed by  the presently used system , w hile certain 
basic functions w ill be obligatory for all lines equipped w ith ETCS, and other w ill be used on 
an as needed basis.

A t the sam e tim e for econom ical reasons this system  will have to ensure a possib ility  o f 
cooperation w ith various structures, both on the vehicle and on the infrastructure side. 
M oreover, the system  has to enable m anagem ent o f  traffic in accordance w ith requirem ents 
and provisions o f  all specific railw ay  m anagem ents and ensure safety at the high level, but not 
low er than now.

It is necessary  to  m ake possib le sm ooth transition o f  railw ay m anagem ent borders 
w ithout longer standstills for replacem ent o f  locom otive and reduction o f  investm ent and 
operational costs by  expansion o f  m arket and im plem entation o f  m arket com petition 
principles betw een control system  m anufacturers on the railw ays by m aking available full 
docum entation o f  interfaces and functional and system  requirem ents o f  each m odule to the 
potential m anufactures.

Thus set, these objectives are reached through a far-reaching m odularity  o f  functions 
and structure o f  the system , open hardw are and softw are architecture and m echanism s taking 
into account national and local traffic regulations.

ETCS based is on digital track-car transmission. This transmission m ay be made by 
balises, short, average or long loops, digital radio channel or specialized transmission modules. 
The data describing the track and data describing the vehicle serve the purpose o f  static and 
dynamic speed profile calculations. The calculated profile is continuously com pared with the 
present speed in function o f  a location. Location function, necessary for this purpose is based 
upon uniquely identifiable (by an unique num ber) and precisely located devices for pinpoint 
transmission (balises or loop end marks).
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Functions o f  control and supervision always operate along the same principles, 
independently from the channel receiving the information from the track. The basic functions 
fulfilled by the vehicle and track devices are presented on F ig .l .

driver

line/sta tion  b lo ck  and  d a ta  

from  m ea su rem en t 

and /o r line d o c u m e n ta tio n

Fig. 1. B asic functions o f  vehicle and track devices ETCS

This draw ing show s clearly trackside equipm ent, transm ission track-train and train 
devices. This division is always appearing in A KJP systems based on train-track transm ission. 
We have to draw  attention to  the fact that in the case o f  ETCS system  the m ajority  o f 
functions m ay be realized by both trackside and onboard train devices.

Each train provided w ith ETCS devices is able to realize all functions shown at the side 
of ETCS train on-board equipm ent as shown on F ig .l . Use or not o f  each function depends on 
information received from  the track i.e. o f  level o f  ETCS application or configuration o f 
trackside devices. This does no t m ean, how ever, that each vehicle equipped by ETCS is able 
to move on any line equipped w ith ETCS (for example, a vehicle equipped w ith Level 2 
devices surely is able to m ove along the line equipped with Level 1, w hereas reversed 
situation is practically  im possible).

T rackside equipm ent, depending application level and configuration is ready to perform  
only a predeterm ined range o f  functions. This range is determ ined during designing o f  line 
equipping w ith ETCS taking into account, am ong others, needs o f  the line (expressed by, for 
example, required throughput o f  the line, speed o f  the line, required com fort o f  passengers) as 
well as cost o f  investm ent and operation. The designing begins w ith determ ination o f  level o f 
line equipm ent, subsequently  the ETCS configuration is determ ined, and then the detailed 
project is perform ed.

ETCS is divided into three levels, first, second and third. Equipment o f  railw ay lines and 
track vehicles in ETCS m ay be realized gradually, by installing equipment for subsequent levels.

W e have to m ake a clear discernment between track equipment level and locomotive 
equipment level. For instance, the locomotive equipped with third level devices m ay m ove along 
lines equipped w ith devices for first, second or third level o f  ETCS, but the locomotive equipped 
with only first level o f  ETCS m ay m ove only along the lines equipped to first level o f ETCS, 
whereas on the line equipped to second or third level o f  ETCS it will not be able to travel, as it 
will receive a STOP signal from the first encountered balise.
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2 .1 .2 . LE V EL S A N D  C O N F IG U R A T IO N S O F E R T M S/ETC S SY ST EM

Levels and configurations possible w ithin each o f  them  m ay be presented  using the 
afore m entioned functions, W e m ay discern three basic levels o f  ERTM S/ETC S:

First level is a prelim inary level and ensures protection o f  train drive. It ensures that the 
train will not pass beyond the place limiting the preset and acknowledged travel route, and that it 
will not exceed the acceptable speed on any section o f  its route.

The locom otive is equipped with first level ETCS equipm ent and has the following 
European Vital Com puter -  EVC, M aintenance Computer, Man Machine Interface -  MMI, 
recorder, travel and tim e m easuring unit (odometer) and antenna for receipt o f  information from 
the transponders (balises) laid in the track. All these hardware elem ents are connected between 
them selves w ith a norm alized connection called ETCS-bus where also other additional 
equipm ent m ay be connected.

Locom otive o f  the first level m ay but not has to be equipped with devices for readout o f 
information from the loop EU RO LO O P and w ith digital radio equipm ent EURO RA DIO  or 
specialized transmission m odules.

The track equipped with first level o f  equipm ent has switcheable balises controlled by the 
logic o f  block protection devices for transfer o f  information displayed on the light signals to  the 
driver’s cabin.

Additionally the track m ay be provided with loops or radio used for the update o f 
information transm itted by the balises or to the bidirectional comm unication track-train in order 
to carry out the prelim inary inform ation by the trackside equipment.

Level 1 ERTM S m ay be realized without update or with update o f  inform ation, Such 
version o f  the system is inexpensive but limits the throughput o f  the line and requires from the 
driver know ledge o f  signals in force for the railw ay in question. Its application is provided in 
particular for secondary and less loaded lines where no international and high speed trains and no 
problems with line throughput are expected.

Level 1 w ith update m ay be realized in various hardw are configurations, w hereas 
update m ay be o f  p inpoint character (such as update through additional balises ) or sectional 
(such as update through EU R O LO O P). It is also possible to update the inform ation by 
a Specific T ransm ission M odule to  the national system. For exam ple, for PKP purposes, when 
developing a study for ERTM S application to the E-20 line W arsaw -K unow ice it was 
considered to  use transm ission applied for the K HP system for update o f  inform ation in Level 
1 ETCS

Second Level o f ETCS is traffic control based upon a continuous digital bidirectional 
radio transmission.

Thus, the second-level locom otive, besides first level o f locom otive equipm ent has to be 
provided in addition w ith devices for handling the digital radio channel (EURORADIO).

Besides balises, the track is equipped with Radio Block Centres -  RBC). A t the sam e time, 
light signals m ay  be rem oved from the track, as their function is taken over by a continuous 
digital transmission. Balises has not to be switcheable anymore, as the changing inform ation m ay 
be easily supplied through the radio channel. They m ay not be rem oved, however, because they 
constitute a basis for location o f  vehicles.

Level 2 does not restrict the line throughput and does not require from the driver a 
knowledge about signals in force for the railways in question. It is expected to use it, above all, 
for international lines, high speed lines and other lines o f prim ary meaning.

Third level constitutes a developm ent o f  second level through transposition o f  track 
occupancy control from trackside to  onboard devices. This enables the drive with moving block
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section (independence o f  block sections) and enables resignation from track circuits and axle 
counters.

The third level locom otive besides second level locomotive equipm ent has also to be 
equipped with safe and reliable system o f  the entire train set control (Train Integrity Unit).

The main track equipm ent, besides balises, remain Radio Bloc Centres although the 
functions o f  track occupancy are realized in a somewhat different way.

Level 3 is based on radio connection GSM -R for the issue o f  drive perm its and 
replacement o f  conventional technique o f  track occupancy by a combination o f  train location 
control and set continuity control. This gives a possibility o f  preparing drive clearances based 
upon the principle o f  a m oving block section. Such configuration gives a possibility to use the 
line throughput to the m axim um , renders impossible, however, handling the m ixed traffic 
understood as use o f  the line for travel o f  trains equipped or not equipped with onboard ETCS 
equipment.

In the case o f  level 1 the entire data processing takes place in the onboard device, 
whereas for configuration o f  level 2 and 3 the inform ation processing takes place partially  in 
the onboard equipm ent, and partially  in the trackside equipm ent i.e. in the Radio Block Centre 
-  RBC. For level 2 and 3, certain steps o f  data processing m ay take place in the onboard 
equipment or in RBC. T his is no t taken into account on the diagram s in order to m ake them 
more clear.

2.2. GSM -R

G SM -R is a railw ay version o f  GSM  (R -  Railway) operating in the band o f  900 MHz. 
GSM-R functionally corresponds to  GSM  2+ making available to the users, besides talk 
channel, also a radio channel for data transm ission, group calls, determ ination o f  call 
priorities, functional addressing (using for exam ple train num bers) and other specialized 
functions designed for such services as railw ays or police. G SM -R  constitutes then a 
transmission carrier w hereby  drive clearances are sent, issued by Radio B lock C entre -  RBC 
to specific trains located within one RBC area. Place o f  GSM in the ERTM S/ETC S system is 
shown on Fig 2.

Trackside equipm ent

 E R T M S-----------
EIR EN E com m unication system O n -b o ard  eq u ip m en t

S ystem s

- station 
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Fig.2. P lace o f  GSM  in the ER T M S/ETC S system

A rchitecture o f  G SM -R  system  is a typical GSM  cellular netw ork and consists o f  a 
main N etw ork Sw itching Subsystem  -  NSS and Network M anagem ent Subsystem  -  NM S on 
the main level and Base Station Subsystem  -  BSS consisting o f  peripheral groups o f  Base 
Station C ontrollers -  BSC and peripheral groups o f  Base Transceiver Stations -  BTS.

G SM -R  constitutes the transm ission m edium  not only for ETCS but also for train radio
com m unication, as it m akes available also talk channels. A t the sam e tim e, spreading o f
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G SM -R  gives m edium  for all other applications, related w ith inform ation transm ission for the 
purposes o f  m aintenance, statistics, travellers’ inform ation etc.

2.3. V ISU A L IZ A T IO N  IN T ER FA C E FO R  T H E  D R IV ER  -  M M I

For the system s ETCS and G SM -R  the international railw ay association UIC proposes 
an unified visualization interface for the driver M an M achine Interface -  MMI.

The proposed visualization device is based  on a touch-on screen divided into areas w ith 
icons displayed. The m ain MMI areas are presented on Fig.3. Each icon is located in a 
determ ined place on the screen and in a colour corresponding to  the situation. W hite icon 
m eans norm al situation and lack o f  deriver’s reaction requirem ents. Yellow  icon m eans still a 
norm al situation but w ith need for d river’s intervention. O range icon m eans exceptional 
situation indicating urgent need for d river’s reaction. However, i f  the icon becom es red, this 
m eans that the system  intervention took place and the system  is replacing the driver w ho has 
not driven the vehicle in accordance w ith the inform ation provided. The colours are applied 
for both classically  understood icons and the arrow and bar o f  the speed meter.

Fig.3. M ain areas o f  M M I that is com m on fo r ETC S and G SM -R

A reas o f  M M I: A (data concerning braking), B (speed m eter) and C (speed values) 
apply to  the ETCS system , w hereas areas D (planning), E (supervision) and F (d river’s 
keyboard) are used by both  ETC S and G SM -R  system s. For instance, area F located at the 
right side o f  the display constitutes the d river’s keyboard. It contains ETCS pushbuttons such 
as „locom otive operation m ode”, „passing the signal w ith a STO P aspect” or „go to 
introduction o f  data about the train”, and EIREN E pushbuttons such as „onboard radio 
function”, „connect to the first operator”, „connect to the second operator”, „  connect to the 
pow er supply supervision” and „urgent w arning for all trains w ithin this area” . W hereas this 
last pushbutton m ay be interpreted as being on the borderline o f  ETCS and GSM -R.

2.4. T R A IN  M A N A G E M E N T  LEV EL -  ET M L

Even in 1998 it w as expected that w ithin the ERTM S system  the railw ay m anagem ent 
layer w ill be introduced. R ailw ays how ever could no t agree upon w hich functions should 
have been introduced to  the m anagem ent system  and in the m eantim e the railw ay 
m anagem ents w ere creating  their own system s. Telem atic railw ay m anagem ent system s in the 
specific railw ay m anagem ents developed to  such degree that any standardization o f  the entire
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management system  becam e im possible. For this reason, at the level o f  European Com m ittee, 
a decision was taken that ERTM S should contain an interface enabling the national telem atic 
railway m anagem ent system s to exchange inform ation using standard connections and 
standard m essages.

The fact, that w ithin the ERTM S only an interface betw een telem atic railw ay 
management system s will be developed, means that specific railw ays need their own railw ay 
management system s and should not expect in this respect standardized European solutions.
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