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AT 2 N B S BURIE R R 5 $pS A B -3 E S e iR A 4R _EII4R 2
HIERFZ » R ZFERFZEHA T Components of rail infrastructure & maintenance |~ " CBTC
Fundamentals ;~" ETCS Fundamentals ;~" Successful with railway RAMS |~ Fundamentals

of railway RAMS | F 5 FIEREE -
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H 8 PREAE SHET
0708 B Historical and general information about ETCS
B Command-control and signaling
3 B ETCS Levels and operating modes
7w Q&A, Closure of the Day
B ETCS vehicle components David Rathmer
07/29 B Radio transmission and use of GSM-R
communication
3 B ETCS operations
7 m ETCS trackside components
B (Closure and Feedback
2. NS HER

PEAEARZGRAE 2 5B Ry FE David Rathmer St (20[E 2-1) > 3 &KHE(T B {E
IR B 2R i 2 FI R B 2 R P BT SRR - H AT A #8E SR e (= SRR - (R
fil 2 TUV (FERARE ) 308 atsry BEERHRET -

Your Trainer and Expert ‘?. David Rathmer

Master Trainer Rail Operations and Drivers,
Senior Consultant Training
DB Engineering & Consulting, Frankfurt

Q Expertise

= Trainer and train driver in national and
international high-speed traffic
Certified Examiner and Trainer by TUV
Supervision of Train Drivers
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Where do you come from? Please set your flag
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FEFSHBOMSRES 2480 - WA — AV T - RSB AT
DRI & 71 B A A s S T T - &3 E RS AT » IEE A B A R
PRERERRY G OB TR > HARSMITARY AT - Wi E vl > INIEBe At — 175
Y RUAESL (L0 3-1)

Around 15 different train control systems in Europe are to be combined
into a common system called ERTMS/ ETCS

B ASFA/LZB L72/B0/SELCAB
O ATB/ TBL

O AWS/SELCAB/TBL)

M crocodile

O crocodile/KVBITVM

& crocodile/TBL

I EBICAB/EBICAB (Fin)

B INDUSI/(ZUB)/LZB L72/80 (-CE)
O INTEGRA/ZUB 121

O zus 123

M BACC

M INDUSI

B AWS similar

@ BACC similar

~y

3-1 BOMM R sRps P2 f S S R

EA RIS

TEE S THEE N AER N T BONERETHEE M 44 (European Rail
Traffic Management System, ERTMS ) | > ERTMS J&—f& A &L - H AV EZREONHY
& S AE AP T H P A S A TR L E - ERTMS CUFE s & [m) S & im a1 140

( Global System Module Communication-Rail, GSM-R ) ~ B EE#2EH] 2447 ( Buropean
Train Control System, ETCS ) ~ BUM{TEEEHE[EZ ( European Traffic Management Layer,
ETML) =1 M+ &% (4E 3-2) ©



ETCSis the interoperable subsystem "train control” of the European
Rail Traffic Management System. With ETCS, a train control system is
used throughout the entire European railway infrastructure network.

Interoperable European operations control system
European Rail Traffic Management System

Train Train control Traffic
communication system Management ETML
GSM-R ETCS
X (European Traffic
- N
(Global System (European Train Management Layer)
Module Control System)
Communication-Rail)

3-2 ERTMS Z=f#E
BRI
H RIEBCHHIE » 8975 12,000 2B 2 SRERERARTT & ETCS FREE - sET LA —&0E

BERFIT R B o HIRR AR BB - AL RS AR ST 1,300 A REpSTETH ~ fEE et
KEARFNEVUEEIZR > £ ETCS FHBAS s ALTEE 45 (BEoT (A0 3-3) -

ETCS Corridors

et A\
Rotterdam — Genova Y L 1 siocknom

Naples-Berlin-Stockholm ) {
Antwerp-Basel-Lyon y 4 { K _ b
Seville-Lyon-Turin-Trieste-Lyubijana o

Dresden-Prague-Vienna-Budapest

M m O O W >

Duisburg-Berlin-Warsaw

— All corridors together have a total length of
12,000 km and take up 20% of the total traffic
volume

— Corridor Ais 1,300 km long

— Four different countries are crossed
(Netherlands, Germany, Switzerland, Italy) 4

— Cost of equipment 4.5 billion euro 77 i

3-3 ETCS BN [ 55 FEE PR

HAT (2021 ) 525G ETCS M2 Spsps R R 18 - 1572 DABOMM I Ky
BORSE > QMG 55% /A5 HARZEEB Rniithls - 154y 31% (A& 3-4) -



ERTMS investments worldwide by geographical area (in line km)

2%\ 1%

31%.
® Europe
m Africa and Middle East
m Asia

Oceania

Latin America
55%

1%

3-4 ETCS tH 5 sg il

2. BEOMFIELZER 28R BB EE R
RRFZZEEAE ETCS FBE/ 48 > ETCS 8 BBUNFI IS 247 (HEE—
TS 25 WIERHF L EA EBIP ARG AT 0 TSR R T TS
oo (S — 2 BPTE & ZRTERLE -

ETCS FER 4K

By TEEE I ETCS Aax i BUE B A E B > RIA EFE S ETCS
B FEERME R4 (Levels) > 475 A Level O ~ Level NTC (=% Level STM ) ~ Level 1 ~
Level 2 ~ Level 3 % (41fE 3-5) °

ETCS Level overview

For all levels: ETCS on-board equipment monitors speed and distance

Level 1 Level 2 Level 3

OBU
& GSM-R é

3-5 ETCS Level 1-3 ELAZEE
-6 -



Level 0

£ Level 0 4l HAEFIE L30A ETCS 8% > Frass i st ETCS 2%6%
FIEEEBEES LUEAE H 1 7 A R E S et B R R T A S R Y 3% - £
BEPE e Ek ETCS B ThAE £ 2 (R (R 00 5 e i e 2R - HL 51 B B P i
{THHERETEE (2008 3-6) -

ETCS Level 0

® The vehicle is equipped with ETCS functions.

® Thetrack is equipped with national security technology.

" Optical track-side signals (without ETCS) regulate train traffic.
® ETCS on-board functions are only used for speed control.

" There is no ETCS transmission between track and train except Eurobalise communication
for level change.

—
(@] |

‘IIIIIJ\IL\I\III/)‘IUI
End of block section

3-6 ETCS Level 0 4 B2 4

Level NTC (STM)

£ Level 0 B Level 1 #7EF&E: - A%k Level NTC Z54) - HAFH#H; ETCS &%
5 b EEER AL R R I BRI 4H  (National Train Control System, NTC ) » 2% f54H o]
s S SRR EE A A A - MORFER A EIWY & A 1 — Rk ts4H (Specific
Transmission Module, STM ) ##% Fy ETCS B[ ¥ BIAY 24548 = (L& 3-7) °

FEREPEEE T > ERARAVITER A ARAL B NTC s #Ef T#EE - WRlR ETCS A
s BN > E RO EI S BAE A FETTER RS THYRCR (2R R Level NTC
P B AT/ G H Y BB ik AR i 55 SRS B 5 - AR T S TR D B2 - i
BEASERESRYE L -



ETCSLevel NTC(STM)

® National Train Control System

®= NTC system allow the use of national safety systems by ETCS on-board equipment.
® Communication: ETCS equipped train with national train control system.

® Route control information shall be provided by the national train control system.
® Train detection and supervision is carried out by the national train control system.

......... > [(5’] Optional,
T ') Depending on
"\ the national

\ system

NTC

ETCS

e e e S S s S s |
/ /

National train control system g End of block section

3-7 ETCS LEVEL NTC £ B Ze ks

Level 1

£ Level 1 F&E% - 55 {4ERr o st (B AR DRI T BERR bR - (HFN 55 %
HIEUEF (Eurobalise ) 5% > FIIEiE 4 Balise #5440 ( Balise Transmission Module,
BTM) FEUEE TH2 AT THEERN » %17 H & R4 H ETCS H#ET (On Board
Unit, OBU ) #E#a 2B nsE &N » BB n] & A%/ r1E (Driver-Machine Interface,
DMI) 2 T fi#f@htfE (Movement Authority ) ~ PRERZE(THE N (41E 3-7) -

FEF R Y R T K EE T o ] DA B B B SR e (i — 2 B AU R Al
2 5 EHE ETCS Level 0 #E[S 2 Level | 2 EEEEEG -

ETCS Level 1 configuration

Eurobalise
(Transparency data)

Eurobalise &9
(Fixed data)

<« Signal
meaning

4 Lineside
BTM: Balise Transmission Module — Electronic
DMI: Driver-Machine Interface Signaller Unit
LEU: Lineside Electronic Unit 5
el
-+

& 3-7 ETCS Level 1 H54:E122%%
-8-



Level 2

£ Level 2 PEES - it e m fedp el %88 (GSM-R Network ) &AHIAIA - IR
A Level 1 BRATESFHRaCHBRES SR IGRIT > 0L GSM-R Network 1 R {#HE#a#Es T - By
AITHEE A FEEMLGEAZES L (Radio Block Centre, RBC) {HZAZFIH | » BB
BN TR RS B R SR R B TE AR (Yl ] 3-8)

EILPE AT AR A LS EE - [ 5 B 2L - [T DA SRS B [ S AR
AR R YT E L - WAL EUE S B iestates i - WA HE A _F9tEE
( Driver’s cab signaling ) HYZ$fEEES -

ETCS Level 2 overview

GSM -Rail
Network

Signal box

radio block centre
(RBC)

Fixed data balises

3-8 ETCS Level 2 Bl Zuf

Level 3

> Level 3 F&EL » FrA 1T &Y /E 2 18 88 P4 B m) S 43 i 3 %8 (GSM-R
Network ) S(F#EITEEn » HRBEAEIFEEL Y HEN CAENEEHBUEFEAL - 1
{4 B 17 108 e Y BE T TR AR B T L - (R DL P RF AT EERAZ ENPAZE (Moving
Block) HYHME (4nlE 3-8) -

£ Level 3 F&E% - AU T E4EH1E B g B T RlE (A AR B SR T E A =M -
AT ARSI 5E 8 M (Train Integrity ) BafZEd o EHEAVZ 2wk - NIAE ETCS
R IT EVEE BRI B R SRR G E A Y B SR S AR - 52
2 B A E AT R EE 4SS E -



ETCS Level 3 overview
== GSM-Rail
Network / b
/ — Signal box

ETCS
- Control
S = Centre
(RBC)

Fixed data balises
No axle counter required train integrity is determined by OBU

3-9 ETCS Level 3 Fj{4: 22405

3. EOMFIEER AT

R HE—20 48 ETCS BV 2 > EEEET (Balises )~ B E BT
(LEU) ~ J& 43525 48 ( Euroloop ) ~ 4R FAZEH [ (RBC ) ~ #4325 {#Hfn BE 7T (Radio
Linfill Unit) ZF55%f (4nfE 3-10) > Hoo i B sR a5 5 R R BUE T -

Vehicle Trackside
equipment equipment

On-board Balises

ETCS Technology
LEU

STM Module Infill, Euroloop
RBC

GSM-R Radio Infill Unit

Access system
GSM-R Netz

3-10 ETCS 55 a i 25HE

JRUE T T EDIREAE A (L5 B B8 55 3 (F T B (3 /1] > 7 Level 1 &
Berp o 2y s nl A SR R e e e Rt . — (0@l 3-11) » —HF
Level 2 f§ER 1% > BIfEE{TEE AR GSM-R Network #E{T{E## > (2 EVE i FAY
HALEE N BHLIEZ ke
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W hat are balises?

Balises are...

" point and passive transmission devices of the track,
which are fixed in the middle of the track

® used to transmit information between trackside and on-
board equipment

® used to transmit operational and safety-related
information to the train passing over it

3-11 RUET-EEETIRE

REFRIIP &G 7y > mE—25 9y By a#E=0 (Controllable ) EUFEF eI r#2E={
(Uncontrollable ) EYE T » FEAIZERRUE T E LR ELY R G E &R - AEsEER -
HREE I E &N U RUE T IS BE 55 8 1 BT T A - IR SREE
&l ~ PAZERIFFENRRIEN - KRB S TR AR A4S Y (4fE 3-12 - [& 3-

13)

Types of balises

.
r *
78 o

.

Uplink signal Remote signal

/ Yo B./
[

Uncontrollable balise
(Fixed data balise)

.

v,
Uplink S|gnal Remote signal -
o Balise group consisting of

. two balises
/ £ % Connection to LEU

Controllable balise (Transparency data balise)

3-12 RUFE T

-11 -



Balise function

Train Train
/<' uncontrollable controllable
balise balise Movement
Authority

Lineside
Electronic Unit

(Permission)

—Programmed pre-defined data
—Contains static information

Signal information

Signal Box

3-13 EETERIRER?

4. BONFIEZERI RS EE

iMARE ETCS FYELHEMH A H > B2 E#E T (On-board ETCS Technology )
Feik 54l (STM Module ) ~ MR Z 4 FEGELH (GSM-R Access system ) 5& (401
3-14) -

Vehicle Trackside
equipment equipment

LR Balises

ETCS Technology
LEU

STM Module Infill, Euroloop
RBC

GSM-R Radio Infill Unit

Access system
GSM-R Netz

[& 3-14 ETCS EEakEe (Fi2ehE

HrfE ETCS Bk b AR E T e T 0 E
f& (European Vital Computer, EVC) HJi 515 FEZELH#EITERE » B 17 4¢H GSM-
R K BTM EfTTTE &R ERmI - o8k E ST &AM DMI iR E: - It
SIFIEEERETER ~ R A ~ BRCEREIIRE - WELEAH EVC 1T &Ry $5

ERL{EE (40E 3-15 - [@ 3-16) °
-12-



ETCS vehicle equipment

GSM-R antenna
Telecommunications box

National train control system

NTC - brake activating unit

Driver

ETCS on-board unit -Box :W;!Crff\ir::e
nterface
Juridical Recorder unit m EVC - DMI

Radar odometer pulse generator\ ETCS - brake activating units

Balise antenna / Euroloop antenna Vehicle magnet for
train control system

3-15 ETCS Ei#k5%{f5-1

European Vital Computer

Forward/ Backward
main circuit breaker

GSM-R
communication Power supply

Brake systems

<Or

Isolation

Wheel
=N —

3-16 ETCS H#z5f5-2
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