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Evolution of Signalling




Why do we need
ERTMS?




UK Class B Protection Systems
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Class A Protection

Automatic
Train

Interoperability
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What is ERTMS?




Benefits of ERTMS
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Conventional Signalling
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ETCS Signalling

Interlocking and |
Control System

Eurobalise




ETC S |_ eve | 1 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
f performed by trackside equipment outside the scope of
ERTMS.

Voice Radio

Interlocking and
Control System

Track Occupancy

EurobalisJ

Lineside Encoder Unit (LEU)



ETC S Leve | p) 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

f optional, and the trackside equipment performs train
detection outside the scope of ERTMS.
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ETCS Level 3

Voice Radio

European Vital
Computer (EVQC)

Data Radio
Movement Authority (MA)

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.
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Examples of Radio Block Centres (RBCs)

.....
SIEMENS | SIEMENS | SIEMENS | SIEMENS

2 out of 2 (2002)

| 3 out of 3 (3003) system Duplicated systems
with two RBCs

Safety Integrity Level (SIL) 4 systems




ETCS Levels 1,2 and 3

I Loss of Capacity PP Eurobalise Group —1 Stop Marker IE] Colour Light Signal

ETCS Braking Curve
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Onboard Equipment

European Vital Computer

Train Integrity (EVC)
Balise Transmission
Module
(BTM) Driver Machine
Interface

(DMI)

Juridical Recording Unit
(JRU)

’ B B S O 1' #
.
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Train Odemetry
Eurobalise Antenna

Doppler Radar
Tachometer or Speed

Probe Eurobalise



Movement Authority (MA)

The MA provides safety for train separation

End of Authority
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Digital Machine Interface
(DMI)



Digital Machine Interface (DMI)

17:35:25



DMI Speed & Supervision area
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Target speed—_
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For symbols, refer to https://www.era.europa.eu/system/files/2023-

12/indexoo6 - 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

DMI Planning Area

Zoom Function > =
Distance Scale » 2000

1000 — [ " Vo ¢ Speed Profile Discontinuity

— =B (Zero)
Orders and Announcements > = Planning Area Speed Profil
Of Track Conditions 500 22 < anning Area speed Frotie
(PASP)
Speed profile discontinuity

Gradient Profile related to the indication marker
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Braking Curves



D Braking Curves
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ETCS Braking Curve Calculations




Telecoms



Global System Mobile Communication - Railway

Signallers GSM-R
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GSM-R Infrastructure

Network
Subsystem

(NSS)
Oxfordshire

Leicester- Backup

shire NSS
Cheshire

BSC = Base Station Controller



Typical Cell setup .

Mobile Switching Centre (MSC)

—
/ /

Cell B
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Tunnel Repeater

BSC = Base Station Controller
BTS = Base Transceiver Station




Furobalise



Eurobalise

Switchable

Fixed Eurobalise Eurobalise




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 O first), each telegram is transmitted by
a Eurobalise). A Eurobalise telegram contains one header and an identified and
coherent set of Packets.

Message

Telegram Telegram Telegram

Packets Packets Packets

Balise O Balise 1 Balise 2

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




Uses of Eurobalise

ASDO [ FASDO




Sighage



ETCS Signs

L

Approaching an
ETCS area

Startofan ETCS Stop Marker. Itis a

Location Marker. It End of ETCS and a

area position marker with a identifies a return to
unigue identification specific location to conventional
plate that points towards either reverse signalling (NTC) with
the line it applies to.  or communicate with TPWS/AWS.

the signaller.
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Log Files

GEMNERAL MESSAGE
{
NID_MESSAGE = 1
L_MESSAGE = 39
DATE
{
YEAR = 2
MONTH =
DAY = 2

}
TIME

HOU =
MIN
SEC
TS
}
TRAIN_POSITION

Typical RBC Log File P

NID_LRBG
I

L

NID_C

NID_BG 5355 |

}

D_LRBG = 30861
Q_DIRLRBG = @ 'Reverse'
Q_DLRBG = 1 "Mominal'
L_DOUBTOVER = 1928
L_DOUBTUMDER = 1523

}
V_TRAIN = 77 km/h
DRIVER_ID
NID_EMGINE =
SYSTEM_VERSION = 33 @x21 'Reserved for future use (this is a valid walue)'
M_LEVEL = 1 'Level 5TM specified by NID_STM'
M_MODE = 13 'STM Mational'
1

Typical JRU Log File




Automatic Translation — Position Report

Train Position - LRBG: 305.0

LREG: BG305

Scale: 1

Date & Time: 2021-06-28 15:42:26 562000
Engine: 20910

Train Direction: Nominal

Mode: Full Supervision

Level: Level 2

STM: nan

Speed: 40

Direction from LRBG: Mominal
Front End from LEBG: Mominal

Train Integrity: Mo Train Integrity Information
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Coubtover: 4m

Expected Doubtunder: 11.75m
Train: 35m
‘ Croubtunder: 4m
ik Expected Doubtunder: 11.75m
i

20 30
Distance from LRBG (m)




Automatic Translation — Movement Authority

Train Plot

1

MAA: 1 34m —#%— Expected Doubtunder: 11.86m
‘BG305 Doubtunder: 33.0m

—%— DP: 60m —#— Expected Doubtunder: 11_86m
= D&T: 2021-06-25 14:42:24 100000 D_LIMK:35m, C:0, 01, R:2, Aim
— Loc ACC: 1m D_LINKIO): 19m, C:0, O:1, R:2, A1 m
= Engine: 20910 =—u— D _LINK[1]: 26m, C:0, O:1, R:2, A-1m
- Speed: 38 km/h D_LINK[2]: 2Fm, C:0, O:1, R:2, Ac1m
E_ — Level: 3 'Level & —i— [ _LINK[3]: 41m, C:0, 00, R22, A 1m
5 d.nﬁl h;il * dmﬂ.a'ihl -:jm-:ﬁhl Mode: 0 'Full Supervision —®&— [ _STATIC: 101m, TLDelay:0
g: Direction from LRBG: 1 'Nominal' —®— D _STATIC:113m, TLDelay:0
5' 30 I:i'l'l’l-'h 40 k.m.'h - = Front End from LRBG: 1 'Nominal —*= D_GRADIENT: Om
D_:'i 1 'Mominal D_GRADIENT[D]: 14m
5‘311;3":'5 Tr:37.20m - - = RBC ldentity:-14937 =—#= D _GRADIENT[1]: 111m
A MA:154m DP: 60m — Ack: 0 'Mo acknowledgement required’ D_GRADIENT][2]: 68m
i —ik— Doubtover: 34.0m

178.25% 186.68%

f—e
BG305 BG313
BGa00 BG315

BGE31

0 50 100 150 200
Distance from BG:305 in {m)




Thank You, Any Questions?

Reference Material

European Rail Agency glossary of terms
https://www.era.europa.eu/system/files/2023-09/indexo03 -
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 Ra,

RMR: GSM-R B1 MR1 + FRMCS Bo, ATO B1 R1) | European
Union Agency for Railways (europa.eu)

Digital Machine Interface
https://www.era.europa.eu/system/files/2023-12/indexo006 -
ERA ERTMS o01c560 v400.zZIp



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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