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Signaling technology

Braking Principle- Signal related & SIG element definitions

Train detection system

Advance Train Protection system

Signaling Standards

Metro Signaling application

ERTMS/ ETCS system
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Train braking principle — signal related
& SIG element definitions

o 101112001 Manachai W- ASIA ERAONE



D

o Q

i ludesliszuvosiadyanadmsums@use I

Source: UIC

53831’]']\16116\1ﬂ'13!§'\1ﬂ3']111§'J%'Iﬂ Speed (km/h) Braking distance (m)
0 4 300 nu/vy = 10-20 Ay — —

- y o 250 3,130
mstausoNnu2 300 nufvu: 300 4,690
1 ny =12 3u; 330 5,840
1w =5 nu 350 6,729

C \3
Rero% 10/11/2021 -Manachai W- 4



9

oy Y 9
muﬂamm&aimqﬁinﬁu;ﬂ;muazﬁa"lw ChGROW®
Source: illnois Railroad Eng

HIUFIAMUABNITIAA0UNVDITD M — All Vehicle Resistances

&
=

v dl dl dl 1 o dl v o/
mmmumu‘wLLﬂiLﬂ@ﬂuiﬂmu@ﬂﬂuwumummm‘ﬂ@
( : 19usn N 1&uA mfmmwmmmmmwmLLavmuum

— 2
R - AW T BV + Cv LL@"’W‘HN'D?J@\‘HI‘].I’J‘IA?QVINN@ﬂﬁ‘“’%‘]_lsl‘lﬂl,ﬂﬂﬂQWNLZQEIﬁVI"IuﬂJﬂ\‘Iﬂ’]

mﬁwimmumm:mmum

= = =X 1 [ % (=3 [ %

y o RN RPN S pNsununulsiasuliaueg Inenseiumanma uan
ponusumuiLdlsnlasuliawas it uinnamwan ooa _ 2 N
X - R - LANLINLANNIALANIUUAIATUADLATNANTENLANNNNINA
TIPAINDILIUALIANIUIAILLETY AT ANLALANIU iy . - . .
» I Sway&oscnlatlonmmuaqnummmﬂummmy
2997197390 N Teavagfuiimiinidunan

ETl

c 2
ParOYY 10/11/2021 -Manachai W- 5



A A A
Wi]@ﬂ’i'iﬂJﬂﬁ!,ﬂﬂ@u‘Iﬂsllﬂﬂﬁﬂhh\l Syt

Acce | e rat| on, C ru |S| ng, Coa Stl ng aauvesramassnnuil (Acceleration section)

1 dy Y A Aa & 9 A I ¥ 2 A = Y A = & [
Tuauil 1,Lsqmumaaummwungﬂ%maiﬂm:ammﬁumqw Tagilis I UABDLTAUTIANIUNINA 1Y HAA VDI
L[] Y v v Y Y
a N d Dece | e rat | O n. usatazaNus iy liaedr duiudmsumsmuua UG 19813981 liaunsamuiadg 1 Taeldaunmsves

i (Newton formula) 18 deslsmsudlymaeaums Differential Equation

Spead aauvestnninsi (Cruising section)
1 A 1 3 KX A o w <3 Y @ & A Y <3 A A A 1 dy
esa liisennuGlnudslaindannuiwdl nasniueglasu T 1ganuEinsn lumsindeuise 11 aiuil

. Y A o Y A o A o Y = v q Y 3
: FLUIEIN l:_l ﬁ’nJ’]ﬁﬂi“lfﬁllﬂWﬁsll@Qu'J@u"lﬂ @]31ﬂlﬂ1ﬂllﬁﬂmﬂlﬂa@uwﬂaﬂﬂgﬂllﬁﬂlﬁﬂﬂWTUﬂﬂiwNalﬂUU'Jﬂ Iﬂﬂ
. =< =< 1 9 A A Y Y 9 Ad o ° 9 = a0 A 2 < = o & £y
W\‘iﬁgﬁﬂ31ﬂ1ﬂ1§Lﬂa@uﬂﬂnqaﬁuﬂ]@ﬂlﬁuﬂWQVIL‘]JHVHQGD'U mmmﬂhfiLLNLﬁEJﬂ‘VI”ImeLWMJu ﬁ]ﬂ@?ﬂuﬂ??uﬂ’]iﬂu{ﬂgﬁﬂﬁ
a o I Aa 1 < 9 A 9 d'dy 1 a = 1 A
LﬂaEJUﬂTiﬂTujiuul‘]Jl‘]Juw]J‘]JV]llﬂ'ﬁLi\?ﬂ?’]lllﬁ')!"lﬂllnﬂﬂ?"llﬂﬂ 11!1/]1!?13’]11!5\15]3@]@'@1] Lif]ﬂﬂ')”lﬂﬁl!?\ﬂl!ﬂiﬂlﬂﬂ”ﬁ

L

b v d A a0 g & 9 9 A o S N 1gya A o w A o oA
'-._ “Ifmﬂu‘ﬂ”lﬂadmu Nﬂ’]lﬂuau C])’\jiﬂhlw@']ﬂ@ﬂ\i(lﬂﬂUiﬂlWﬂiﬂH’]ﬂj’]uljjhlllclwlﬂumﬂ%']ﬂﬂ AITULNINLLIIUITNYINAN
=] ] 1 A
‘.'|I.I r. ll'f.:':.” LT LﬁﬂQW91Uﬂ1§ﬂ3Uﬂuﬂ31ulijﬂﬁ]$uluﬁwa@ﬂjgﬂglfla’]W]USﬂ
i =

\ braking
! dauvesrsilaselvia (Coasting section)

1 1 dy o 9 1 1 < (= o A 1 = ,%’ [ o ) 1
| Gluﬁ’!uuﬂ”ISﬂTL!’Jiuﬁ]%ﬂﬁ”lﬂ"’lf’NﬂﬁLNﬂ’J"liJ!ifJIﬂEJhllJlJLLNsU‘]JLﬂﬁ’EJu ’EJEJNlliﬂﬂ muagﬂm@qﬂizmmmmsmmmm
1

| Distance aoamsmsase lnansenlawazazimuagaisuauedils Undlildnsdaeslnalumsadwasenanause

-

=

a Y a 4% 4 = A Y 19
mswmmmiszﬂznmmmamﬁquﬂTﬂamamma"lﬂwagum

arvearamswsn (Braking section)
a ] 1 Yya 9 Yy 9 Y =} A I 1 1
msdszanananausolurevesmawsnne ldinade Tauds laodrannn lumenguensonnsuuilugienss

< ~ o A v
Cp e ﬂ’ﬂllli’ﬂﬂfllﬁ/]uﬂl!i\‘l"lmLﬂﬁ@uﬂlﬂﬂiﬂll‘il\lﬂ’)t’luiﬂm‘iﬂ
“RGRO™" 10/11/2021



MsABUAUBIVDUNHINNTUTD INAUMSILSH — Optical VS Cab signals
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Displayed

permitted speed brake buil

w 1
B, S RO, N

Assumed acceleration
during emergency

Crgrov’

Y
Source: szuunuausn Iluazmserniadgyaauiodiy

@ msusadou | (Indication)
@ anusreyana P (Permitted Speed)

@ dyananiou W (Warning)
@ mdauusnnd SBI (Service Brake Intervention)

EBD curve
duptime

. sidausnaniiu EBI (Emergency Brake Intervention)

Speed measurement
inaccuracy

EEELAN L P EBI § % \
R : ; i Estimated
s ! ' . ' .
§ 5 Driver time Driver time Service Supervised
s & to avoid to avoid SB brake build location
: L overspeed intervention up time distance

A >

Estimatedfront ~ Max safefront
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Source: Railway operation control by Pro fess Dr Joern Pachl
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Train detection system
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vanmsve9993 laeu (Track Circuit Principle)

] Block »I

> .
Current flow Insu_la_ted Rail
joints
<

Section Clear
Source of Rel
current elay

picked up

- Block >|

e lated I
_ _ Insulated Rai
Current flow Short circuit joints
-y

Axle

AXxle

Section Occupied

Source of Rel
current elay
dropped
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1. szuviees aeu (Track Circuit System) siia Jointless track circuit Fomos
= SIEMENS
; Track vacancy detection section; é
2
S bond i-)_
!-/ o
Z 5
! I i L © 1
: Trackside connection box -; : Trackside connection box :
with tuning unit | with tuning unit
! (transmitter) |—JI :l—J (receiver) !

Cable termination rack / cabinet
I I

TCM 100

Output of a clear or occupied indication

Indoor equipment

Interlocking
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Taseadsessy Track Circuit
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Slab track-plinth Slab track-direct fixation or bi/ mono-blocks
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2. szvuesnvviuman (Axle Counting System)

SIEMENS

e

Counting point

i el B |

Interlocking
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A29819NITNINIUVDY AXle counter ©rgRO%®

Failsafe wheel-detection as the central
core component of a reliable axle

counting system provides digital data
like

* Simple wheel detection (vital)
e Direction (vital)
 Speed

* Wheel diameter
* Wheel centre point

10/11/2021 -Manachai W- 16
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a1pg1amsaand Axle counter

| VD app, HBWD, Wh ﬂat>

B:0-8mm

A

A: 40 — 45 mm

y

about 200 Nm

FRAUSCHER
g

10/11/2021 -Manachai W- 17
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Vacancy D & HBWD & Wheel flat.mp4

2. mamnuvesszuuasativmal (Axle Counting System)-1

@
IQI Axle Balancef) IQI

Iil Axle Balance4 0

10/11/2021 -Manachai W- 18



2. mamnuvesszuuasatiumal (Axle Counting System)-2
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. mamaesszuvasiniumal (Axle Counting System)-3
R VI ¥ i WYV Y i W
ﬁ =
|§| Axle Balance8 0
A VR . IF
‘ﬁ - ﬁ_
|§| Axle Balance4 4
iV ) |
SR <
|i| Axle Balancef) 4
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syuvuasvumal (Axle Counting System

FRAUSCHER
Yo SEMS0OR TECHMOLOGY
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ar0819 Axle counter siia Grooved Rail Installation

[ vD app, HBWD, Wh ﬂat>

For all common grooved rail profiles
Easy adjustment _ __

Cast steel parts with corrosion protection:

« Chemically pre-treated, zinc-phosphated, with electro-dip coating
» Coating thickness typically 20-35 um

 Salt spray resistance min. 480 h

FRAUSCHER

* RoHS compliant (free of Pb, CrVI, Cd, Hg) T

10/11/2021 -Manachai W- 22
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Vacancy D & HBWD & Wheel flat.mp4

a10819 Axle counter wiia Grooved Rail Installation

| VD app, HBWD, Wh ﬂat>

10/11/2021 -Manachai W- 23
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Vacancy D & HBWD & Wheel flat.mp4

Example : Lateral wheel tolerance

Best Sensitivity
Lateral displacement = 20 ... 40mm

10/11/2021

24

lateral wheel tolerance = Omm

-Manachai W-

lateral wheel tolerance = 60mm

Crgrov’

[ vD app, HBWD, Wh flat>

FRAUSCHER
~ _

24


Vacancy D & HBWD & Wheel flat.mp4

A29819NITNINIUVDY AXle counter ©rgRO%®

| VD app, HBWD, Wh ﬂat>

OUTPUT SENSOR
100%

TRIGGER LEVEL
ON

OUTPUT EVALUATION BOARD
SYSTEMS

1 EDGE DIRECTION PULSE

DIRECTION 1
DIRECTION 2 4 EDGE DIRECTION PULSE

FRAUSCHER

10/11/2021 -Manachai W- 25
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Vacancy D & HBWD & Wheel flat.mp4

Axle counter VS Track circuit

10/11/2021
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3. szuuasdamudniasn lilase Moving block technology

Movement Position Movement Position Movement Position
authories authories reports authorities reports
JA JA

T [T

)1 C) E—) =) 1) B ] )

| B

(=1 () N =) 1 ) b

;,ﬁli':/a_lm;'fmc m'*r. // ;m':/w’:i;{m- m*r. l/

clear

Ho

Trainguard MT train tracking Track vacancy detection

(e.g. axle countef
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Advanced Train protection system
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1. Train protection system —Audio Frequency Track circuit system
SIEMENS
Vehicle < Feeding direction
S-bond S-bond
—= \ _cp @
r . _ATP-antenna r
Il Track — Running direction . Trﬁc" l
connection box trackside SIS GEIOH e

Interlocking room |

FTGS :
R ' T
“BPC BPG _,J———J_ I T= FTGS Transmitter
|__S' : R = FTGS Receiver
Y +_ | S = change-over switch
| ATPTelegram BPG = bit pattern generator
Clear/occupied BPC = bit pattern check

(to interlocking/ATP)
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SEUVTDINUMIMINUAANAIAUDINTLAUTD
1.1 Train protection system — Fixed block system — Siemens FTG S

. . propulsion door
train radio service brake control )
I vehicle
D — porn

train borne unit

SIEMENS

ATP

train borne unit

PTI-
antenna

[ Position
|| FTG S |

y _ -~  JIPIMUKX]| - - — -4 - 4

|

trackside 1

- _ equipment |

|

. | | | |
|

| interlocking | |

- - = |

______________________ J

______________________________________________________________________________________________________________
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i%ﬂﬂﬂﬂx‘lﬁuﬂﬁﬁNWHaﬂWﬁWQGUENﬂﬁI,auiﬂ
2. Train protection - Moving block system

Movement Position Movement Position Movement Position
authories reports authories reports authorities reports
v v

[T

) ) ) ()

| BljamaE

S (o (o) ()

| N
‘!!hl!ﬁ'!dﬁm’ Safe brakine distanc l/

i (&)1 ) )1 =)

;m'r/w-' imu m*r. l/

clear

Ho \I—D

Track vacancy detection
(e.g. axle countef

Trainguard MT train tracking
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Signaling standards and
applications
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MInUelszanssuusn W —
9
ANYMIIAUTOUAZANNADINMTHUTIUA LD IBIAT YR 10

Guided
Transportation
Systems
4 v v
Tram Suburban Regional Main Line :
LRT Metro ) - (Passenger & High Speed
System Transit Transit St )
Special
conditions
Tunnel v
Safe Signalling Safe Signalling
Degree of .
operation a?;?(?;e;ig; Line speed
support Station
?1223(\;\2/ ! distances
Degree gf _Le_znght of
operation Sidings and
support platforms
V(max)
70km/h 80km/h 80- 100km/h 80 - 120km/h 120- 160km/h 160km/h >160km/h
IS G S Train protection system dependent : - : - Intermittent/
No train protection opn degree o automatl%n Intermittent (discrete) train protection (btﬁ)or:ggggﬁstram

Lineside signalling Cab signalling

10/11/2021 -Manachai W- 33



ATTIUEINANNEITOINDTT UV DI AT QYR 10

= EN 50128/IEC 62279 Railway applications — Communications, Signalling and processing systems - Software for railway control and
protection systems);

= EN 50129/IEC 62425 Railway applications — Communication, signalling and processing systems — Safety related electronic systems
for signalling

= EN 50159/ IEC 62280 Railway applications — Communication, signalling and processing systems — Safety related communication in
closed transmission systems

= [EC 61508 Functional safety od electrical/ electronic/ programmable electronic safety-related systems
= |[EC 62267 (VDE 0831-267) 2010 Railway applications — Automated Urban Guided Transport (AUGT) — Safety requirements

" |[EC 62290-1(VDE 0831-290-1) 2006 Railway applications — Urban guided transport management and command/control systems —
Part 1: System principles and fundamental concepts

= [EC 62290 — 2 2011 Railway applications — Urban guided transport management and command/control systems — Part 2:
Functional requirements specification

" |[EC 62278/ EN 50126 Railway applications — Specification and demonstration of reliability, availability, maintainability and safety
(RAMS)

= TSI : EU Technical Specification for Interoperability - The ERA (European Rail Agency): the list of Mandatory Specifications
"EN13816 2002 Public transport service quality target

10/11/2021 -Manachai W- 34



Henuaintsenevveudunieamy 1EC 62290-1
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B | e ; Uszuaduan yerunesoln
|
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| esalu ! Tuuunszau
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Crgrov®

v v

Points (UK) %30 switches (US), Ae¥aien turnouts Tuunsszmenisenaiany deviminniiey

3o Iiadeunasunanieldlunandoesns1a;

inner rail

switch end (WE)

rail with check rail A

begin of switch (WA)

stock rail

check rail

/ tongue blade

e

|
/ point of crossing |

major track

e

Z stock rall

stock rail joint

— —— —— s e e e —

\ check rail

intermediate rails rail with check rail

outer rail switch end (WE)

10/11/2021

-Manachai W-

Turnout
=Switch

=Point

Tongue Blade
=Switch rail

=Tongue rail

Major Track
=Trough track

Intermediate rail

=Closure rail

36
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Turnout
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NOIUUTZLR

Facing

QBT

10/11/2021

LEFT Right
; -
Minus us
-Manachai W-
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NSO IHUTED — dundade

\I LEF]I' POSI'[I'ION V
N |

=LEFTBLADE OPEN + RIGHT BLADE CLOSE
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ATOIHUTED — SmHUIu

10/11/2021

RIGHT POS

Vs

I/

TION

TN
N

)

=RIGHT BLADE OPEN + LEFT BLADE CLOSE

-Manachai W-
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Uszuaay nu Uszuaaiu (Trailing & Facing points)

Rail traffic

B EEE—

I

Trailing
points

7

10/11/2021

Facing
points
B
-Manachai W-

Rail traffic

Crgrov’
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1 I d
aunsanasunasdlilnld nisazuensonlyl
9 any y 9 1 o 1 Qy
Ndunalng lauduadumisauve
Uszualuvaznnasan

o 1 ~{ o ] 4
e dunialszuaay dudumiange T
A ~ Y 1a ~ 0 &
aunsanasunasd 1 lduanamafouniiu

I

Y 2 1 T o A Y
udnaulszuee liegludumisigndesd

QNN
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ANUNWIUBY Turnout Vs Crossover

Crossover or Crossing | Turnouts

9 ]
Naao90e19d K 150 Inawnse

a A

wasunemaligdmdunanilald a
] [ <3 9 o A
annuiulanagy Ao
I
Turnout 1¥3umatenainnesa n
= Ay = A 1 o
vl llgonidunils wiosznneenevan
NUA195D9
3 ]
Crossover ilunatnszniiega
U I~ 4 1
499519 AU UNUFOUTLH N
1 d’ Y 9 d' a a
7 1o Insnannsalsnlasunamauduse
14 Crossover az1lsznovlide
Turnout aoaya
42
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Crgrov’
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v = [a oy ' A
HHINtianninaIveINeY 3 Uszms no

1
)

!
B
|
A

* msauiszuana (Drive) Aemsivinsaldyvausis

(Tongue blade) Mnasuihl

e msaendszuana (Lock) Aemsaa 3 udnmieanasain

us3ulszuagnaamsinaua?

* MInsVAAMUMIINNHVedsziana (Detection) ae
MI3NBNUMUHUTI T UV Tongue blade liésdarunw
ma"lﬂsmwuummmwmmmuﬂumnmmm

10/11/2021 -Manachai W- 43



Sighaling System Main Tasks — Flank protection

Protection by divergent point

-'!...........JEFEE"-- ‘.’EI
L \T" L
Route

Frotection by
red signal aspect

H1LIA

L \lﬁ e

Route

1U/11/2Uz1

HZ2 D
A

Route
-Manachai W- 44
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aoe19da 1N Colour Light Signals)

v
]

g1 UIC 732 lamvuamsléa saudsszauadiad shades)

c%4

Y || w 49’
Foenaraanu aail

= = " 9
¢ AU HNYDI MHN (Stop)

S A =X v
® e vivend maywin Clear)
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@290819 Cab signal

10/11/2021

-Manachai W-

Crgrov’

a

Tumadusa lianusage msismhidusossdunaidyanaisy
2 qonyy ' AR oy A =
maali ladoyasdrnasaneiu luawnsonszi 14 iosnniinm

v Y
vesunnlumsheydunavdousuiumdnyanals auiu szunsnlu
= Yo 3 v 9 ~ 3 LAy
wlamruaanuGrgegawt 13 asdise IWlianuEagennil 1zdes
nasumnldmsuaasmdyanuluiesniuausa (Cab
signaling) unudyaasumaas awinasge UIC 734

Y a 1 Y 3 o <3
dumaausn Ilansonuslailu 3 szaumuanuEnazgduuu
VDI T QY 19

1. Conventional lines WudunsiianuGigegalihu
160 nu/¥u aunsaldmsdunadyanatunaldumaduse 1@

v P

2. @uniianui lumadusogevu s dszina 200 (v3e

220) nu/¥u dyanasuneisdiaunsa1¥laluualsone uad
o & Y [ ! Y
anudntluaelsuuaalvming ey
3. anuiiagani 200 (vie 220) nu/vu desldmsuansm
. . 1 g}./

dyanuluiesnmiuquso (Cab signaling) wmniu
6141307 Vasnavesms I¥dyanaisumalaladeefvualin
Y2160 nu/yw ondulunalszmalunovglsdaz uani i

141daan11052 220 nu/y
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theaugawa llihiumaeu wenaaslddminduse i mudwenwaaugaves I
Y] di a ~A o (Y] A (Y] d' 9J dy
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Crgrov’

Metro/ Mass rapid transit Signaling application

ASIA ERAONE
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Taseainszuuoraiaduaua1suse bl Ins (szuveiolv)

Central Level Automatic

o

Train Control & Supervision

Wayside Level ATC Computer
(S_tat_lon Electronic interlocking,
Building)
Lineside Signals
Track Level Track Circuits
Point Machines, Signals, Level Crossings
on- On-board computer
board with MMI and sensors
Level
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UUINNTRIUNANARY ATP
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NN9M9IARARINNANINSAUTD LATNTLARDUDDENAITRITD IN
NNSASIARAAINNITADAUDISD LN

nsdandanisze
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NMTAMNALNATUAINN L%"J‘m"lvflu LANSRIUURY Lﬁ'uwm

=» Ensuring safe operation of train
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WNAMaNUeIsTUUBAT NI - STUVTUAARUTD IWon Tuain

UUINNITNINIRUANURY ATO

NsIUsalAE AR IUNG

©
N1SALANANLITIVDITD LN
n1saansaln o AaANinUUALUAISIAYSD
nsila wazitlaszasala

n15im uaziilmilsen PSD

[ 1 (= al (% [ % a a [ % a
n19U5u1AT9919AMNLEANENTUSEUEANRINU LUNTLAUTINADARRBINLANTILIRILAUSD
(Coasting & Cruising)

=» Providing automatic operation of train
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UUINNITNINIRUANUDY ATS

NMSAULAYUNITIAUTNRENNNUTEANTNIN
NIFINUHULASIANITUNIEAIUUANIT IUNITLANSD
msaansolW o anaaniitiuuslumsiaiusn
N15ASIABAAINTD LN
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msmwﬁmmuamuzummimuszuumslﬁuin

=» Providing operations supervision
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F19AZIDIATLAVNILON IULAVDINITIAUTD(Grades of Automation) A1 EN 62267

FUsaMILFELIAN Asteusanuu’ly [Asidusanuu  [Adsidusanuulaiilel Astausanuuliud
A6 LU Avan TUNG Aaudusa (ued AnnNdsgdnsa
uinIsvinv i aseuluniIstdusa S LI
funsadu'laananilu)
GOAO GOA1l GOA2 GOA3 GOA4
n1ssuszAu@Iu AssudssAumnulaaasauadtgunig X
Uaaadalunis (AMsAIUANLATANS
- < EEATL] EIATE sTuU syuu
LANaUsa dansdszuana
A5L1YiINTAasTLL)
ANssudssAusTazvinesEIeTa’ln X sTUU sTUU syuu sTuUU
ns3ulszfuanuisnilaandauagsa’ln X X (U9FIUAILAN AT sTUU s¥UU
TaeIsyUl)
asdusa'ln ANTAILANATITLIIAMNLTILRLATLUIA X X EATE sTuU syuu
ANTATIARAAIN nsilavdunirsaudueAaurng X X X syuu sTuU
L&dunv nsilavdunisrueuuusvsal X X X sTuU syuu
ANSATIAAAAIUNTS  [A1saruaNseailaassTdduaesa’ln X X X X sTuu
duavuavnIa s
nasilavAudueasaAunlaaa1IIenING X X X X syuy
sanIassnIvINuUIIaIAuIaln
n1s5uissiun1izasisuiadausaln X X X X syuy
ANstausa'ln asngsruunistudaisuaraisaan X X X X sTuU
AAsTuuAIsTIUUINAg
ATaG AU UTAAITA TN X X X X sTuy
ANssulszuns AN LNITVINvIUAAYTA, ANTATIANU X X X X TLUU LLRY /3ala
A5IATULARZANS WA&IlKI/ aTu waznisasitusalnen WA Tuguel
SamsAumviaanidu |39 njsmsaqaniuwsagtyl,siﬂ@sn"lw, A1g AIUAU
Fufiaduaanidu (nsB3anuamlu
Aenda, nsanwan, n1stiiseiv)

UuNILLUR X = AUTUTinUINAINTURAAAUNITLAUTD

FYUU = sTUUSULNUAAUAITLAUTO
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A10814 UGTMS LﬁfJ’JfT‘U Grades of Automation

0. TOS - Operation of unequipped train

Cprgrov?

On-Sight Train operations/
Unequipped-train operation (GOAOQ)

OV U\

TVD
IXL

Track Vacancy Detection
Interlocking
ATP = Automatic Train Protection
ATO = Automatic Train Control
LEU = Lineside Electronic Unit

10/11/2021
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§19819 UGTMS D830 Grades of Automation

1. NTO - Intermittent Communication Chanoo®

Non-automated Train operations/
Intermittent Operation (GOA1)

H

OPG
JOU £ Rdar ™ U\

TVD = Track Vacancy Detection
IXL = Interlocking
ATP = Automatic Train Protection
ATO = Automatic Train Control

LEU = Lineside Electronic Unit

Balise antenna
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§19819 UGTMS D830 Grades of Automation

2.1 STO - Continuous Communication with Moving Block

Cprgrov?

High performance
radio

Semi-automated Train operations/
Continuous Operation (GOAZ2)
-Moving block

Optional

Balise antenna

AN AE 2 WA

TVD = Track Vacancy Detection
IXL = Interlocking
ATP = Automatic Train Protection
ATO = Automatic Train Control
LEU = Lineside Electronic Unit

10/11/2021
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§19819 UGTMS D830 Grades of Automation

2.2STO - Continuous Communication with Fixed Block €. ROV

10/11/2021

Radio
« dispatching

Semi-automated Train operations/
Continuous Operation (GOA2)
-Fixed block

TVD = Track Vacancy Detection
IXL = Interlocking

ATP = Automatic Train Protection
ATO = Automatic Train Control
LEU = Lineside Electronic Unit
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§19819 UGTMS D830 Grades of Automation

3. DTO - Continuous Communication with Moving Block

Cprgrov?

High performance
radio

Driverless Train Operations/
Continuous Operation (GOA3)

=

K

Optional

Balise antenna

JO U £ Redar ™ U\

TVD = Track Vacancy Detection
IXL = Interlocking
ATP = Automatic Train Protection
ATO = Automatic Train Control
LEU = Lineside Electronic Unit

10/11/2021
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éﬁ’e’]fhﬂ UGTMS Lﬁﬂ?ﬁu Grades of Automation
’ U o 1y}
3. DTO - HNFUNTIIOIUNED
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(Y] 1q 9 Yo [~ 1 9 A 1 o
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- Sydsgnuanudasansd s uan 1M uAaoUILINTD N
- Gunszurumsihso lldigmsduse uazeennNszUVIAUTD
- A5RAMNTDIUL NMTTINUVBIVLIUTD 19

= Providing driverless operation (DTO)
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§19819 UGTMS D830 Grades of Automation

4. UTO - Continuous Communication with Moving Block ©.p.grOV?

WIATUNITINIUUNAN

MINADVLIUTOUAL
mMstaamsniene lagen Tuia

] a 4 o
MIFINUAINFAIVANMTHIUIAZ
Minuguse Ivnszes lna

mssuilsgnuanuilasansdivisy
aAMEMIBuAdoUULIUTD I

N1599ANNVLINTO Iaeon 1uia

a d o
MIATIVAANUADIUNIIAINNUUD
vuuso Inszes Ina

10/11/2021

High performance
radio

Unattended Train Operations/
Continuous Operation (GOA4)

Optional

Balise

—
antenna
N J £ = Rada ™ OB AR

TVD = Track Vacancy Detection
IXL = Interlocking

ATP = Automatic Train Protection
ATO = Automatic Train Control
LEU = Lineside Electronic Unit
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§19819 UGTMS D830 Grades of Automation

' Y '
Y] 1 o o Y A o A A o Y] a ?
AIDYNIZUY /DUNTUNINUUUADINAAUNUAUTIYIY UTO “heroY
]
o TL® szuundesinle (CCTV) whiunamsal
STUUATVINES T » - s llandy (E
SSuoamnfmeluios viusavluazginsaigeanslunsd . e
e Ay Yoyaszuunsieaevvuiusali driving desk) ém3umsniugy
o )
Iﬂamj‘f}‘“’@“ﬁ? (Vehicle diagnostics data) azgn seludleiie
qunsealiaiun adlilfisgudnuauiiguamsdi |
-
ﬁ mafnfIMMa WLAN link
%
MINIADULIU
sauazmsdaams
T T o wa
Hranelaednluiin
¢ A o a a
gunsaufeunazifosiuiiaun
Uszgsn Fyanamamniay
i@ela (optical and acoustic)
lumsilavazilalszg naz
szuutleanuilszgutiv)
ATC computer UHYLIUTA, Obstacles detection §115UN3523Y
v p s N o
Uszneudan ATP uaz ATO Sruthlafaansotueonild FanavrnamemnunINUeILIUIe
(Extendible door steps) AOUN 4
Uszgsaliidaitedatenaszwina - R 12 9aoumanna s
v > (Derailment detection) Anésegly
selvduveumuina ,
uAaZINaNIa
61
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a1ee1arqvesszuy fixed block

Radio

Control Unit

Automatic

Train
Supervision

Leaky/

antenna

Rail

10/11/2021

Interlocking

Optional

/

ATP
Trackside

Platform
creendoor

\ A 4
Point
L Machine
Loop IMU F TGS .
positioning MUX positioning Audio fr_equ_ency
| | Track circuit
|
-Manachai W-

Crgrov’

62



Y 1 Y
ﬂW’iL’Ju’igﬂzﬁNﬂlU’JH’iﬂMﬂ’Jﬁl fixed block ©rgROY?

_____ o meedmmev,
_____ - |
current -~ | i
speed limit @ Indicated 'speed
‘entry speed V_ / (e.g. b =0.97)

!

i
i . i
I I I
: I :
! ! !
i | |
i : |
i I | ! i
i current ! i . i
: e | : I :
| position | | !
! ! | . !
i L | |
! I | | !
! , . !
: b | running !
' boundary of | l direction |
- track circuit | ; l |
— L | |
i running I i I |
i direction | : Target speed V,; =0 :
. I . .
| L / |
E Train ? : i i Train 1
| ACICIET . | ! ! /ar:u:u:u:u:, l
! : ! :
b b | E b

< : >< >

Target distance

| |
ATP overlap
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AD0ENHIVBITLUY CBTC — moving block

Automatic
Train
Supervision
Wayside :
ontrol Unit Interlocking
Track
vacancy
Detection
Optional
D > S
HMI ATO — | WLAN
ATP
[ I I | |
- I—O‘BG—I i?@lss a A?\?lei::a O PG Rad el /
_J | 0
Access — Point Axle
i . Machine nter
Point Rail L\ Eurobalise Counte
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ﬂﬁl’)l!’i?.iﬂgﬁ”li‘lelmjuiﬂhh\lﬂ’w Moving block

/

speed limit V

/

current -
speed limit

current

- .\
position

boundary of
track circuit

running
direction

Indicated speed
(e.g. b =0.93)

running
direction

>

Target speed V, =0

/

Train

/Q CI:I”:ICI D\_

D

Train 1

/Q CI:I”:ICI D\

H

<

A

Target distance

®
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../วสร 9/sig movement_compare.ppt
../วสร 9/sig movement_moving block.ppt
2011-03-31 Trainguard MT Trailer.mpg

LRT: Signalling and Movement Control System T

| Traffic priority >

Cab control panal R e_f: H & K
| | EE0000

‘""‘-._
\ .~ Selting commands,
e Line number,
=) Route number,

L1

H A4 KA Vehicie number
= I ‘
b‘ I@ NS PR
\\ y i} e ___ HCS.R.T Transponder B - |
,“ E ] | 1
- 0BG
T
HCS-R-R Interrogator i e Rengeg kg Platform
l [ F 3 I
E - & |
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Loop
Track vacancy
Turnout Signals detection
Interlockmg
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ERTMS/ ETCS System
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Today there are at least 18 different train control system in use in Europe
Ebicab 700 7 A ! : [ Ebicab 900

1
7 LSSy . 1 ) o
Lr \ =N >

AWS, TPWS, TBL o = il = ‘ ZUB 123

ATB-EG,ATB-NG,TBL . " | LT Indusi (IATC), LZB, GNT

-_ l |". f e | -
TBL, Crocodile = 1 1 i SHP

TVM, KVB, Crocodile 2 R Daam vz, LSD

ASFA, LZB, Ebicab 900 \ T a2 e S EVM

Ebicab 700 T AT VI S sl T Ebicab 700

Signum, ZUB 121/262 Ly Ak ' Indusi, also in RO, HR, YU, S

BACC, RSDD, SCMT a3 Indusi, LZB
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ETCS LZB ZUB123 Indusi ZUB121 LZB  Crocodile  Signum Phase-changer EVM
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aregranasgu TS| Technical Specs for Interoperability

TSI High Speed Rolling Stock (2008/232/EC)
TSI Conventional Rail Locomotive & Passenger Rolling Stock (2008/232/EC)

TSI Persons with Reduced Mobility (2008/164/EC)
TSI Safety in Railway Tunnels (2008/163/EC)
TSI NOISE (2006/66/EC)

TSI High Speed Command, Control and Signalling (2006/860/EC)
TSI Conv. Rail Command, Control and Signalling (2008/679/EC)

TSI Conventional Rail Operation (2008/920/EC)

TSI High Speed Operation (2008/231/EC)

http://www.era.europa.eu/Core-Activities/Interoperability/Pages/TechnicalSpecifications.aspx
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anunueves ERTMS/ETCS

ERTMS (European Rail Traffic Management System) :ifluwanmsvesszuueiaia
dyanauaznsniunumsiusagalng Fe3aude szuulestusa ivugs dremsldnsasedamunimis uas
mstwsnvesso Il Tauso Tvlag Iddoyasmon anudu mdyara aussougmaauusn fudu Tumssuaw
nseufinannuifansafusalfesalasassdmsurrweadumaiiinnan ssuvazuns nuasmshaud
nuse llianus auuTasida e lisa Tlaannudasliedmelunseniidmua szunezdagasa i
attlanads Smurdyaandluiiu (Signal at danger/ Red aspect) snlssmswiisie
anunefiaziuzinms lanusspuoeiadyanaidunaspunasindu (Common signalling
system) ﬁaﬁ’quiﬂ FasihliRadssansamlumsdusooiuumama anenvuaiuadnsnnyse Toa
muanulasade wazinamsysanmsms lsauszuusunu (Interoperability)

ETCS (European Train Control System) iiluaiauniuazsesuaisegnooniuy siann
uagauiiumsionagyhlituanmsves ERTMS nansuniluszuuilfiiamsduse malulagves ETCS
seauany ¥ lnmamshauswiuluanyuzan q NaIRanon UL FNITONNUDUTUNIUAUTD
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ANAANTINAUTIENET TOMUUAT 1T UTZUY ETCS

® SRS 2.0.0 uaztonasdoodu q sautlszuia SIEMENS
RS y 2 A a
2000 v lagnadsyuin Tudoumwwiou 1 as i
2000 Tag European railways uaglssnu
Y A vAa o p Ao w 2 y9} Y] HITACHI
AndnsrUUmiAdyauidny Flalsuilg SALDO
i LD
Foou ilu SRS 2.3.0 (2006) ALSTOM
o latimsihulgaunulasemsisesas Idaus UNISIG
MM unans
BOMEBARDIER HITACHI
Y o o 2 TRANSPORTATION
® iinatsnuldmungruedmiusn lanusaga
N Ml o
(EU Directive 96/48 and TSlI) ALSTOM| . & THALES

o pnasniudivisee latunsu 3 lunasgu

CENELEC standard SIEMENS
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aunintaldauaieszuy ETCS Tuglal

West Coast Main Line
ETCS Levels 1,2

HSL Zuid fb v

ETCS Levels 1,2 4 |

Luxemburg Jiﬁ 1
ETCS Level 1

SV

Madrid Barcelona*
ETCS Levels 1;
Mattstetten- [
Rothrist

ETCS Level 2

Olten-Lucern

Roma-Napoli
Bologna-Firenze
Milano-Bologna

ETCS Levels 1,2
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aonaenssuueaszuy ETCS

UNISIG v§jiiamu black box #14

MINAHMNSIAVVY FIHEDURINE

Train Driver Downloading Tocol
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Criver Machine
Interface

Juridical Recording

Train Interface Unit Unit

A Y v o A,
!‘H@Nﬂ@@g aodUUD AU,

Onboard

1. FIS (FUﬂCtiOﬂ&' Interface ERTMS/ETCS
L ] ' o o European ‘ital ome
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mdlamemuassnzdrmsumsdszaums | oswR |
Fondeszrnaduiidmua (logical Satse Trararission "¢ Loep Traramission | ssur |
) o Module . Module ,—"' Euroradio =8 \obile Lnit """:r
interoperability),
: : — === == === == HAigap — === — === ==
2. FFFIS (Form Fit Function '
Interface Specification) dioms Eurcbaise || Euroloop | ‘r_i exmweercs i ST |
National urobalise | | Eurcloop 1} 1 - R H
2 s v o "ly y System "‘"“‘l“““" ! Radio Infill i Network i
Svidsznuanuannulamemunssng uag P unt | <>, i
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Sumeamamsumsiszanumsiiende B rockng, Lneside Electranic gy A 55
' 2 [ RECZ .| Management L
U U ) .
szrnemunmrua(logical and I Control Centre B s
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physical interoperability) FFFIS
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../../../../DraftBook/SIG/ETCS/SIG_EuroRadio_Subset-037 v230.pdf
../../../../DraftBook/SIG/ETCS/SIG_ balise_SUBSET-036 v241.pdf

o Q/

Taseaseszuvoaindyanadmiuso Jln lna

A
Non-interoperable
Automatic train control &
supervision
Y
\
Interlockings Interlocking,
acancy detection Track Circuits/ Axle counter
Wayside Level
ETCS Wﬂ?ﬁidﬂ' GSM-R fixed network
Components Radio block centre
Balises, Loop
Y
i
European Vital Computer
On-board Driver machine interface, JRU
Level Balise reader, Euroradio

Interoperable

l
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Tnsaas1ananyuYDITE UL (System Functional Structure) ranos

Control centre

Operations control level

Operator console Service and diagnostics
=) ‘eal

Control cabinet
000 (OO 0O
RBC 000 |

connection

———
4—
Interlockin [
Interconnection ——
| s—
——
_
[—
BRI

protection Power supply

Push-
button
—— - ——

T / T T
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ETCS Eurobalise application

10/11/2021
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N3e9901av03 ETCS Eurobalise

10/11/2021

Tele-powering

ERTMS/ETCS
ERTMS/ETCS
On-board
. Kernel i
Constituent

BTM function

Transmission
Equipment

Balise
Controlled

Interface
Adapter

Test
Interfaces

Wayside LEU

Signalling
Equipment I g

To Wayside Signaling
or Interlocking

Eurobalise
Transmission
System

-Manachai W-

Crgrov’

78



1591909 LK UIA28 ETCS Eurobalise

Balise coordinates

Odometer coordinates

0 0
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AN3919D9A 11 19A28 Balise 11 Odometry

Balise coordinates

Odometer coordinates

0
P o L B o e e MA 0658138000
—
| C O G

N e e L L e I
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N1IN1IUUDY Balise & Odometer fT‘]Jﬁ%ﬂgﬂWQﬂTﬁLﬂﬁﬂuﬁﬂl@Qﬁﬂqw

10/11/2021

Confidential interval

|
I

—

Nominal distance (3)>;

Nominal distance (2)

Norninal distance (1)

D_LINK(1)

D_LINK(2)

RBG
(Postti

\4

of Balise groups)
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(0)(0) (OIOEO]O]

Confidential Confidential
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min max

Safe rear end posmon Safe front end position




AMININUUDY Euro loop infill

Semi continuous transmission device
Mainly for infill purposes

Each end marked physically by an EOLM
safe detection of presence of adjacent loop
choosing the correct loop information
safeguard against crosstalk
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Spot transmission uuy i Infill Spot transmission uywii INfill
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ETCS Level 0

»

W

s
OGN0 =

—
Other system

—
Other system

Track Clearance Detection

Inter-
locking
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ETCS L1 Eurobalise infill Chanos®

———TJo IxXL
Released speed (S

e B
ETCS %W

(& Ve (o)

===

Inter-
locking

—

Fixed balise

Transparent Balise

Track Clearance Detection
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Tassafruaasglnsaissuvenaindauanainlylulasams

Control centre

Operations control level

Operator console Service and diagnostics .
Interlocking
= —] Boundary
L |
I Operator console Service and diagnostics
Inter- Adjacent
locking interlocking -
I area I ———To IXL
: Released speed [
| Inter-
locking
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Frequency band application

30.000m 3 000m 300m 30m Jm Jcm 3cm 03m  0.03m
[ [ [ [ [ [ [ [ [ [ [ | | [
Very low frequency (VLF) | LF MF | HF | VHF | UHF | SHF | EHF Infrared visible
Audible range p.mujrzi:as:-p FM h'ﬂad::as:—bl_l Visibleu‘_
—— Soic ——p . —> «—— Microwaves —»« Infrared ——

| | | | | | | | |
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|< The Radio Spectrum
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Radio system allocation for mainline railwa

The band 850/900 MHz
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o2 NUIUN 31 tunexn 2564
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* 14 Improved GSM-R receiver * Gneld Filter (bishnd 40 dB) ® {isvely 3 km 271N GSM-R
* 14 Mitigation Techniques (3-10 dB) ) * 14 Mitigation Techniques (10-20 dB) Gaes Filter (lsishnan 20 dB)
. DTN
© CAT { f * 19 Blocking Filter lshni1 50dB YN site

* 14 Spurious Filter lsighn1 70 dB N3tk Site ¥ < 150 A

~ * 1¢ Spurious Filter laighnn 50 dB nsil Site variu > 150 a3 -Manachai W-




. . T . Chanod®?
Radio system comparison for Mainline railway
Parameter TETRA GSM-R LTE-R
End of life Beyond 2035+ 2025-2030 2035+
Coverage Best in radio industry (10-25km) 5-10km ( even best case scenario Worse than TETRA and GSM-R
especially in 380Mhz of 900Mhz) (even in 900MHz)
Use Voice, data, signaling data Voice, data, signaling data Voice, data, signaling data, CCTV
HSR Yes, Shinkansen in TW. Yes Yes, pilot project in China.
experience
ETCS L2 Yes, certified by Siemens. No project Yes Yes. No project reference in HSR
Support reference in HSR only due to technology only due to technology
transition. transition.
Performance Call set-up time: <300ms Call set-up time: <3s Call set-up time: <300ms
Reliability: 99,999% (configuration can be | Reliability: 99,999% Reliability: 99,999%
adjusted to provide as many “9s as Data speed: 9,6kbps Data speed: 100MBps
needed"”).
Data speed: 7,2kbps over 4,8kbps ETCS
requirement.
Spectrum 450khz (or less than 0,5MHz) AMhz 5Mhz
needed for ARL
and HSR
Eco-system 8+ companies supplying system and Declining, 3-4 companies mostly Expanding but different suppliers
terminals totally dedicated to Mission from the comercial telco world. not truly interoperable yet.
critical radio.
Technology Mature but still evolving. Mature but EOL Early stage, standard not
standard -Manachai W- comparable to TETRA or GSM-R. 92



FRMCS state : UIC FRMCS planning calendar

Deliver the first stable version of specifications and obtain frequencies
‘Prepare and deliver the FRMCS demonstrator, based on the stable specifications and 3GPP R16 products
*Prepare and deliver a FRMCS European trial, based on updated specifications and 3GPP R17 products.

3Q'2021 4Q'2022 4Q'2024

' FRMCS European Trial => Readiness

STARTING POINT STARTING POINT STARTING POINT

*URS 4.0 * Stablised FRMCS Specification * Operational FRMCS Specification
* Use Cases V1 to 3GPP R16 (60%) ¢ R16 Products: MCX 4G/5G (- Industrty) * R17 Products: FRMCS 5G (- Industry)
T T (PGS
*FRS 1.0 * FRMCS demonstrator based on FRMCS * FRMCS European Trial(s) based on FRMCS
« On-Board System Definition & Migration V1 (-~ H2020, SZR) V2 (—~ CEFm S2R)
« On-board FRS 1.0 *FRS 2.0 *FRS 3.0
*SRS 1.0 * On-board FRS 2.0 * On-boord FRS 3.0
« Vaiidation of Uses Cases V1 in 3GPPR16 ~ * 9RS 2.0 *SRS3.0
 Use Cases V1 to 3GPP R17 (95%) * Validation of Use Cases V1 in 3GPP R17 * Validation of Use Cases V2 in 3GPP R18
* Use Coses V1 Gaps vs. 3GPP => ETSITS * Use Cases V2 in 3GPP R18 TN COMS VW T D
« CEPT Report with Railway Frequencies & * Preparation of TSI inclusion (—<ERA) * Preparatikon of TSI inclusion 2 (— ERA) o
radio coexistence criteria, then £EC Radio * Frequency Plans for Migrations » Cross-boarders procedures 8
T I e S * Depioyment & ENIR Migration + Interconnection hubs development O
* Technology target(s) decision assessments (— Industrty, — CEF, S2R) S
* Migration Scenarios Traffic Estimates * Signalling Coninuity assessments * Guidelines for Operational Migrations ©
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1WFeuney ETCS Level 1 N 2

10/11/2021

Level 1 dluszuumsdedoyaiilugn nietaedu q suma balises nise
Loop rise Radio,

Level 2 ﬁJu‘;z‘uumsda%’aymmndmﬁmﬁmma radio (GSM-R) uag
fixed data balises, il umaiiaags Level 2 NANUYPTUN
NN IA

Level 1 uay 2 desliginsaiorainadyanawusali (on-board
signalling)

Level 2 ludoddyInduanadnaelil

Level 2 dhszuufindldufisumhsumsmadeuiinuy fixed block

-Manachai W-
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—
Fixed balise Fixed balise
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WFeuney ETCS Level 2 N1 3

e Level 2 duszuvinanlanmeumsumsnaeunuuy fixed block
Tuvagdi Level 3 ifluszuuiinanlainmesumsumsmaeuiivuy Moving

block

 Level 3 iluszvundsnailunneinna dyrmmanegndrauguuiuse i
WsennuemvesvwIusa I drain integrity) asduifagiiv delidimalulas
d' v FV A | Y v o 4 % U ra d' 4
Nanansasziiu ldedsgnassilasade vilv ar dagiiv delailiszuuselvnly
ETCS Level 3
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Wayside protection/ monitoring system R GRO

EJﬂﬂ’Ji’)ﬂN‘i%‘].l‘lj‘l.lN‘i%‘l.l‘lj‘mﬂ‘lfmuiuﬂ%%qﬂu

* 53UUATIVUANUTOUVBIAdUAnUTEALMAT (Hot Axle Box Detection, HABD)
v EN15437

* 531UATIVUANVUTDUVBIADID 1l (Hot Wheel Detection, HWD)

° iw‘um3%fﬁ’u%udauﬁa”lvdmﬂﬂgﬂuumqm"lv\l (Dragging Equipment Detection, DED)

* szyuAsTIVVAnINGesa bW (Wheel Impact Load Monitoring, WILD)

o izuumaﬁﬂﬁmﬁ’ﬂminﬂmmﬁallw (Weigh In Motion, WIM)

* 52UUATIIAIATII 198050 I (Wheel Measuring System, WMS)

* 5UUATIVIAIATITINI19T0 bl (Rail Measuring System, RMS)

* 52UUATIVUIA IATII19vVIUSD W (Video Monitoring System, VMS)

* syyUFYIAUANNDINATIVMHINBavAVLIU (Radio Frequency Identifier System, RFID)
10/11/202°¢ ? Y -Manachai W- 97


../วสร 4/WaysideMonitoring/DED.mp4
../วสร 4/WaysideMonitoring/HWBD.mp4
../วสร 4/WaysideMonitoring/Wheel impact detector.mp4
../วสร 4/WaysideMonitoring/Profile validation.mp4
../วสร 4/WaysideMonitoring/KLD Labs Rail Profile Measurement.wmv
../วสร 4/WaysideMonitoring/KLD Labs Third Rail Measurement.wmv
../วสร 4/WaysideMonitoring/KLD Labs Freight Train Monitoring Systems.wmv
../วสร 4/WaysideMonitoring/KLD Labs Passenger Train Monitoring Systems.wmv
EN 15437. Railway applications. Hot box detectors. Performance requirements.pdf
../วสร 4/WaysideMonitoring/BeenaVisionII.mov
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