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A Brief History 
of the Railway
200 years in the making



OFFICIAL

Evolution of Signalling
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Why do we need 
ERTMS?
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UK Class B Protection Systems

Automatic 
Warning 

System (AWS)

Train 
Protection 

Warning 
System (TPWS)
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Class A Protection

Interoperability 
Across Europe

Automatic 
Train 

Protection 
(ATP)
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Operating Rules
Global System for 

Mobile Communication 
(GSM-R)

European Train Control 
System (ETCS)

Traffic Management 
(TM)

ERTMS

What is ERTMS?
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Benefits of ERTMS
Safer

Automatic Train 
Protection and 

better control of 
restrictions

Reliability

Less Lineside 
Equipment

Capacity

Increased use of 
the infrastructure

Performance

Traffic 
Management 

enhancements

Connections

Improved route 
choices for 
passengers
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Colour Light Signal

Voice Radio

Train detection

AWS

TPWS

Conventional Signalling

Interlocking and 
Control System
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Voice Radio

ETCS Signalling

Eurobalise

Data Radio

Interlocking and 
Control System
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ETCS Level 1

Eurobalise

Lineside Encoder Unit (LEU)

Track Occupancy

Level 1 provides supervision of train speed Via Eurobalise and 
displays this on the driver’s Digital Machine Interface (DMI) 
Lineside signals are still required, and train detection is 
performed by trackside equipment outside the scope of 
ERTMS.

Interlocking and 
Control System

Voice Radio



OFFICIAL

ETCS Level 2

Eurobalise

Radio Block Centre (RBC)

Level 2 involves continuous supervision of train movement 
with continuous communication, provided by GSM-R, between 
the train and the trackside. In this case, lineside signals are 
optional, and the trackside equipment performs train 
detection outside the scope of ERTMS.

Interlocking and 
Control System

Track Occupancy

Data Radio
Movement Authority (MA)

Voice Radio

European Vital 
Computer (EVC)
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ETCS Level 3

Eurobalise

Radio Block Centre (RBC)

Level 3 is also a signalling system that provides continuous 
train supervision with continuous communication between the 
train and ETCS. The main difference with level 2 is that train 
location and integrity are managed within the scope of the 
ETCS system.

Interlocking and 
Control System

Track Occupancy

Data Radio
Movement Authority (MA)

Voice Radio

European Vital 
Computer (EVC)
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Examples of Radio Block Centres (RBCs)

Safety Integrity Level (SIL) 4 systems

3 out of 3 (3oo3) system

2 out of 2 (2oo2) 
Duplicated systems 

with two RBCs
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ETCS Levels 1,2 and 3 

ETCS Braking Curve

Loss of Capacity

ETCS Braking Curve

ETCS Braking Curve

ETCS Braking Curve

L2

L2 with Additional Blocks

L3

Eurobalise Group Stop Marker Colour Light Signal

L1
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Onboard Equipment

EVC

JRU
GSM-R 

Data

GSM-R 
Voice

DMI

BTM

Balise 
Antenna

Doppler 
Radar

Tachometer / 
Speed Probe

Train 
Integrity

Odometry

Juridical Recording Unit
(JRU)

European Vital Computer
(EVC)Train Integrity

Tachometer or Speed 
Probe

Train Odemetry

Doppler Radar

Balise Transmission 
Module
(BTM) Driver Machine 

Interface
(DMI)

Eurobalise Antenna

Eurobalise
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Movement Authority (MA)

block section

Supervised 

Location

EoA
MA

Last Relevant Balise Group

(LRBG)

MA section 1 MA section 2 End section

Train Receives 
Position from 

LRBG and sends 
to the RBC

RBC returns a 
MA to the EVC

Train Updates 
the driver to 

transition to the 
EoA

The MA provides safety for train separation

End of Authority
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Digital Machine Interface
(DMI)
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Digital Machine Interface (DMI)

SPEED & SUPERVISION 
INFORMATION PLANNING AREA

MONITORING 
INFORMATION
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DMI Speed & Supervision area

150

100

1

1340

200

30050

0 400

133

Circular speed gauge

Speed dial
Range 0 to 400/250/180/140 km/h

& 
Current speed pointer
(analog digital)

Target distance digital

Target distance bar

Unprotected 
LX

Level indication

Mode 
indication

Orders and 

announcements

Target speed

Release speed

For symbols, refer to https://www.era.europa.eu/system/files/2023-
12/index006_-_ERA_ERTMS_015560_v400.zip, paragraph 13

https://www.era.europa.eu/system/files/2023-12/index006_-_ERA_ERTMS_015560_v400.zip
https://www.era.europa.eu/system/files/2023-12/index006_-_ERA_ERTMS_015560_v400.zip
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DMI Planning Area

Zoom Function

Distance Scale

Orders and Announcements

Of Track Conditions

Zoom Function Train Position

Indication Marker

Speed profile discontinuity 

related to the indication marker

Planning Area Speed Profile

(PASP)

Speed Profile Discontinuity

(Zero)

Gradient Profile
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Braking Curves
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Braking Curves

Permitted Speed

Emergency Brake Intervention Curve
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ETCS Braking Curve Calculations

Type of Brakes
Brake Percentage

Driver Data Entry

Onboard ETCS 
Model:

Deceleration Brake 
Delay time etc

Measured:
Max Deceleration

Service Deceleration
Brake Delay Time

Pre-programmed on-
board ETCS

Gradient of the Line
Speed of the Line

Safety Margin

Guaranteed deceleration
Service Brake Deceleration

Emergency Brake Deceleration
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Telecoms
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Global System Mobile Communication - Railway

Drivers GSM-R Unit

Signallers GSM-R

GSM-R Cell Tower
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GSM-R Infrastructure

Network 
Subsystem

(NSS)
Oxfordshire

BSC
Scotland

BSC
Yorkshire

BSC
Lancashire

BSC
Leicester-

shire

BSC
Cheshire

BSC
Cambridge-

shire

BSC
Wales

BSC
London

BSC
Kent

Backup 
NSS

Cheshire

BSC = Base Station Controller
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Typical Cell setup

Cell A Cell B Cell C

Tunnel Repeater

BSC

BTS BTS BTS

BSC = Base Station Controller
BTS = Base Transceiver Station

Mobile Switching Centre (MSC)
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Eurobalise



OFFICIAL

Eurobalise

Fixed Eurobalise
Switchable

Eurobalise
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Message

Eurobalise messages

A Eurobalise message is the information sent by a balise group (i.e. the 
message is composed of one or several telegrams, sorted by balise number in 
the group (telegram from balise number 0 first), each telegram is transmitted by 
a Eurobalise). A Eurobalise telegram contains one header and an identified and 
coherent set of Packets. 

Balise 0 Balise 1 Balise 2

Telegram

Packets

Variables

Telegram

Packets

Variables

Telegram

Packets

Variables

Balise Group (BG) with three Balise, can have up to eight Balise



OFFICIAL

Uses of Eurobalise

ETCS TASS

ASDO / FASDO APCo
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Signage
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ETCS Signs

Approaching an 

ETCS area

Start of an ETCS 

area

Stop Marker. It is a 

position marker with a 

unique identification 

plate that points towards 

the line it applies to.

Location Marker. It 

identifies a 

specific location to 

either reverse 

or communicate with 

the signaller.

End of ETCS and a 

return to 

conventional 

signalling (NTC) with 

TPWS/AWS.

CAB CAB

K
823

K
323

CAB
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ETCS Data



OFFICIAL

Log Files

Typical RBC Log File

Typical JRU Log File
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Automatic Translation – Position Report
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Automatic Translation – Movement Authority
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Thank You, Any Questions?

European Rail Agency glossary of terms 
https://www.era.europa.eu/system/files/2023-09/index003_-
_SUBSET-023_v400.pdf

Safety Integrity Levels
https://webstore.iec.ch/publication/22273

Mandatory Specifications – Baseline 4
1. CCS TSI Appendix A – Mandatory specifications (ETCS B4 R1, 
RMR: GSM-R B1 MR1 + FRMCS B0, ATO B1 R1) | European 
Union Agency for Railways (europa.eu)

Digital Machine Interface
https://www.era.europa.eu/system/files/2023-12/index006_-
_ERA_ERTMS_015560_v400.zip

Reference Material

https://www.era.europa.eu/system/files/2023-09/index003_-_SUBSET-023_v400.pdf
https://www.era.europa.eu/system/files/2023-09/index003_-_SUBSET-023_v400.pdf
https://webstore.iec.ch/publication/22273
https://www.era.europa.eu/era-folder/1-ccs-tsi-appendix-mandatory-specifications-etcs-b4-r1-rmr-gsm-r-b1-mr1-frmcs-b0-ato-b1
https://www.era.europa.eu/era-folder/1-ccs-tsi-appendix-mandatory-specifications-etcs-b4-r1-rmr-gsm-r-b1-mr1-frmcs-b0-ato-b1
https://www.era.europa.eu/era-folder/1-ccs-tsi-appendix-mandatory-specifications-etcs-b4-r1-rmr-gsm-r-b1-mr1-frmcs-b0-ato-b1
https://www.era.europa.eu/system/files/2023-12/index006_-_ERA_ERTMS_015560_v400.zip
https://www.era.europa.eu/system/files/2023-12/index006_-_ERA_ERTMS_015560_v400.zip
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