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¢ SUMMARY )

O Development of practical application technology of train control system based
on wireless communication applicable in general and high—speed railway
operation and safety evaluation

O Standardization of LTE based Railway Communication System in Conventional
and High Speed Railway

Pg;ﬁ:;j O Standard specification of wireless based train control system

O Analysis of railroad route survey

— Establishment of a comprehensive plan to expand practical use of Korean train
control system

O Economic Analysis report in terms of cost and benefits according to
Construction of LTE based Railway Communication System

O Standard specification of wireless based train control system

O Analysis of railroad route survey

O Railway Signal Research Association

— Supporting activities of SIL Certification Procedure

— Proceeding of SIL4 concept and detailed stage

- Classification of Functional Requirements Specification(FRS) and System
Requirements Specification(SRS) of ERTMS/ETCS

Results O Economic analysis for the practical cost and benefit of building, maintenance,

and operations

O Investigation and analysis of the requirement for train control system
interoperability

— Survey and analysis of foreign signaling system interoperability (mix—use)

— Study on safety plan for the train control system—connecting section

O Practical use of wireless communication for general and high—speed railway
through pilot route application
— Test bed test results

Standard specifications available for domestic train control system

O Based on the Korean standard template for SIL4 certification and ERTMS/ETCS
technical data is offered using the document management system (NAS), it is
help to develop KRTCS (Conventional-High Speed Railway) specifications and
domestic product development work for participated companies. It is expected
that it can be effectively used for the development of other domestic railway
signal products.

Expected |O By acquiring the SIL4 certification of an internationally reliable ISA (Independent

Contribution

Safety Assessment) organization, it is possible to secure the safety of KRTCS
(Conventional - High Speed Railway) and improve the reliability for overseas
export.

O It is possible to acquire knowledge of overseas railway technology through the
ETCS technical data, which is the standard of safety evaluation. Through the
SIL4 certification meeting, it is possible to find solutions through systematic
certification management and problem determination. It will be a good
reference for other research projects in the future.

Keywords

European Train
KRTCS-2 ETCS Level 2 KVC, RBC LTE-R
Control System
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AMPS © Advanced Mobie Phone Serdce
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GPRS : General Packet Radio Sendce

GSM ¢ Global System for Mobile Communications

QOFDAM @ Orthogonal Frequency Division Mulliple Access
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HSDPA : High Speaed Downlink Packet Access (cf. HSUPA)
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2G + 3GAMT2000) + 4G(IMT-Adv)
24, 5Ms : 848 SaSE 152  Cj23 2e(o|C|of
GSM |i|WCDMA | HsDPA || HsUPA || HSPA+ | LTE | ME
DL 9.6kbps : DL 384kbps DL 14Mbps DL 14Mbps DL42Mbpst DL ;"SI[]'v!bps-E DL 1Gbps
UL96kbps * ULGdkbps ULG4kbps ULSBMbps UL11Mbps UL 150Mbps = UL S00Mbps
CDMA |} (cdma2000 cdma2000 5
ms95) il 1x 1x Ev-po) | RevA HEX ;
DL 14.4kbps :_DLEIEdJr_I:-ps D 24Mbps DL 3.2Mbps DL 14.7Mbps :
UL14dkbpe * UL154kbps UL 154kbps UL LEMbps UL 5.4Mbps :
WiBro WiBro | :
Wave | ey | § (e
DL18.7Mbps  DL37Mbps & DL 600Mbps
UL 4Mbps ULBMbps  : UL 270Mbps

*1) SMHz SIS, 640AM+2x2 MIMO E & 7|Z, 2
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i "

[2% 2-4] o] &%

F YUEEoA 2 Fol VHFE @i 28 Al BHA == XY AY 0|STo
Uit SR = FO O|SF A57 55E JHSEH st MulzM S0l MH S
ot2 Hof alsks MY 2lol Point-to-Point WAle] SAIUWAIZ AIRSID 0], oA
£ 153MHz 2 ALBStT ok Mutel SZal BHE P72 84 30 ol S5t
= 2Alo|7| fZoll As7F S3tof| k™ol E st

BB AHEH 1AEe M TN DHE HolE 2E SMT M52 £51E 98
ALHS Sl YO, 2dS BE PMT A57H uAALE ol CfE|BH 8|S S0l BT
oich LS 2t X|AF Bujol M BRI At SAS 95 BHSao| YO, 4L
3L SUH TS SUBAT KB 2ol S5t Jks X U T|EF KAO|A AR
S|t zdolch w3t HUSEHE siA TMT M Zho| 2F U AU8S sk MY 3, 4¢
S @St o Aimle] SAKS 7o UM Eee 9l MUz 2 3, 4He BEs
o gL,

J|ZSl VHF SSHUA2 4CHS OIS WAI(REZI: 25kH)TH BTHSl WAl(RHE2HA:
12.5kH) 2 A8 Bol HESARolA Zataeiel VHF tee E8MoR AL83I| 215t0]
2004A7HK BE PMMEIE B WAOR WHSIACH

29 HHHURE FRYITAIY AYIIY FABH, SUHE U ZTAol chulst AES
MEAD 2t ofate] AR VAL o] SAYOR ARPM, oAl Dl Mol 0|83
of BMEM0| on, Pt Fe, MEES Ae U AAtel ARAT AxH SR Afo[ofA]
A3t FHOp 2MSAl0] Uck
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[3 2-6] VHF a9 Abg A3 «&3 0 = Hd =3 AH2017)

=358 ALg #'d ALg T2 Sl Abrhgt
A AHE HM QB BE
SUCEAETERP N &
(Ch, EA7ks 7o W) | 2T s
o Tz RE RU= 437
H|AbESH | A2 2w T - Tas
(G, SA7Hs 7o o) | (gEge <)
oA F ek
Ay 3¢ Zt X|Ab 2 = [
(Chat, BSolst e Ant )
2 & 5}
R x5t mhel B3 bs | B 2t
- Xl o 7|EF x| (Clah, 2503t 79 2n} o)
e 3, 4¢
= 9 U= EA 5f 104 0 A Al
xS 5
L H oI5l At XRIO| EA|I7I=
HE 2, 3, 4|_ = 2 —THo | on_jl'o 75‘}_?:_“%'_ LH —'?—AJ:?" g"i?_l'
(ere) 7o

THolAM 2d el TRS FUMH|= &2 ME=z B2 o[SAE2 HBAFIZ] fl6l A=
oz FUSA MEE2 HSts Zls=0lnd, 850MHz el Futyr AR E[M
300Km/he| &3l 2hdnt 28.8Kbps2| MEHZoAM S=2t Hd glo] S4HSA HOIHE
HE AR EA & 7 UA2n, ISHEEo| 2 4%, 03U, FH|HY M8 5 X 2dd

Fe DEHTE AWUHP SEXHPLMENY TH0| w2t HYH TRS YACE o
ABHE Al SMY LXALMMHE THAYUCH DEHTOM ALBED U= TRS Fas
850MHz CHei2 (7) MESAR MIXHI|FA oHsle Xt SME Foigz 24

[¥ 2-7] TRS W9 Alg A3 «&5% : st=2AHTFAF (2017)
T = A Band B Band C Band
== PNIR=S AL XL AA X2
806~811MHz, 811~816MHz, 816~821MHz,
800MHz
SN 851~856MHz 856~861MHz 861~866MHz
371~376MHz,
CHod 376~381MHz, 394~396MHz
300MHz 389~394MHz
(400ch)
(400ch)
ZEH, s, msgt
B & 54 5 ’ _ 52 TRS, SH2ZEA = ofH|& g X|I™HAIAX S
&, LG &(& 115ch)
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[ 2-8] =] ZE& TRS T35 A& @& «=& : st=aHE A (2017)

T =2 7|X= &l 7| X = F=2 25
Al 851.3875 806.3875 FHO AL
A2 851.8875 806.8875 HxHoldMd, =M
A Futg A3 853.3875 808.3875 E=FS
Ad 854.4375 809.4375 =24
A5 855.4375 810.4375 =4
B1 855.8875 810.8875 AXIH OlE &4l
B2 853.8875 808.8875 ok BEAMXIET|X| HOlE &S4
B ol B3 852.4375 807.4375 DXV |X] FHRo{x L
B4 852.8875 806.8875 HARRI2E | X ExiY, 2
B5 854.3875 809.3875 SAXRV|IX] SHML
C1 851.4375 806.4375 FHOAY, DARZ Mo
C2 852.3875 807.3875 H=E MojiE, M, 1USHE
C Futs c3 853.4375 808.4375 | SA,6 1 =AM
C4 854.8875 809.8875 S, 0 SHE
C5 855.3875 810.3875 SM, 14 SME
CH =3 FM7|8F HEAIA”H S s
LTE-R Z|dt HE & A|AHIe] RHZ= LTE 7|2te] m-CCTVO|C}. CHFX|5tE FAL o|F
A2l kMM E E0|7] st dete 2 7|0l HEXSZIEA, JF XA B EC 2
ZelstHAM Al MEhs olz] ole = U= FA FAZAl AABIel £Qlo| FXIEJCH O
gLl AFEIEN e MX|7F EMStEHA HEXtSZEetAe| olo|7F A FA50 £=lo] St
= Qct o|F FlAdMAE0l ExHA Exts2Ziztatol ofl HAIMHO[ =2k0l0| ZLsHA
QA= O|E 2|t 18GHz YAHFM HAAAIAHIO| Tl0| A[ZRIE2D], FEAZAl 45M,
MEDM fFZAIEE 35M, AXMEAIEE 25M S0l #+50| 220 2 3o JUch
[55,60,61,62,63,65,66,67,69,70,73,75,78]
2) A EMELMY I T=F 24
HEZFMEAMY J[&2 LTE-RS o| st sAMZEH|, ctHy| 52 3UW 722 M =Ztsto] Al
A Z2=x=2 AF~UE BT LMo AIMESH] MAIE ==oc=2 TEEACIT & = Jct. &
X SKT, LG, KT & =l Z|ZtSAAIEXILE AMMAL S 7|, 7|EF S47[€0| &3 J|s
2 ER/std U0 7|s =22 MEAFH dluslE d™MH S stE o Mefel & 5= g
cCt. =4 A1t
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TENE J|aFEAL E0AM0 o2H AT uSo et ME 2FHA= olef Ef ZcCl.
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(18 28] HEDE 2of - 7S et

O
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2. =2 7l HE

7b. sli2l 7= e =AM
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2 aEEE FT Fol| At

- & : ETCS, European Train Control System

- 22 : ATACS, Advanced Train Administrations and Communication System

- &= : CTCS, Chinese Train Control System

£35|, RE2 sl FI5t U= EEAHe dHMHE XEHez RXlstl, FEHE
ZARE stfsH7| Qs Forster Rail, Shift2Rail TEMEZ FZ5110 Y20y, FEHe
MAHMMEN| O SoHX| 2S EF =53, 714, SUMHA S| 4™y EFo0=Z
QF Zo| =A|AHI 0| 2 HEA|IEES FI5H 2 Jts4o| =Ct
L. alle 7|s7ie S8
1) FOSTER RAIL Z2HE

FOSTER RAIL ZZHME RHEHEEZo At 2 AAMZ 2lst ZEYS HMsI= AW =E

=0F2 T =0 ACt
- AF7(ZF 1 2013. 5. 1 ~ 2016. 4. 31
- 47132 : ERRAC (European Research Advisory Council)
- 7SN REEIo AFMEY F FHader Ut XA
- He|s
» Capacity, Performance and competitiveness
» Energy and environment

» Safety(including certification) and security
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-7+ 4
» WP1 Cooperation, Communication & Coordination with other ETPs and national
technology platforms
» WP2 Rail Business Scenarios
» WP3 StrategicRail Research & Innovation Agenda (SRRIA)
» WP4 Technology and Innovation Roadmaps, Exploitation & Implementation
» WP5 Fostering innovation and partnerships: ERRAC & Shift2Rail
» WP6 Monitoring to improve rail research innovation
» WP7 Communication & dissemination activities

» WP8 PROJECT MANAGEMENT

WPG&
Strategic Rall echrnology & Monitoring ta
L h and It

Explaltation & o : Innovation
Implementation
technology

platforms

WP7

Communication & dissemination activities

[1¥] 2-9] FOSTER RAIL 4%
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2016 2020 2025 2030 20356 2040 2045 2050

AREA OF ACTION
’ E
Shift2Rail IP2 {Advanced Traffic i i
Management & Control Systems) i i
+H i H
Intelligent traffic management: Intelligent traffic management:
! fction aFnew inte iy HIFSCHCSOR e witoH| ! Networks are optimised by real-time traffic management that allows for intelligent
management systems capable of management systems capable of P opmvat‘nnal cortol #tain smvsmenls &
optimizing the use of the existing optimizing the use of the existing .
infrastructure infrastructure :
A new generation of ATO will
Avtomatic Train Operation {ATO) Automatic Train Operation {AT0) increase capacity and minimise
energy consumption
Capacity Develop and validate a high capacity, low Develop and validate a high capacity, Allow more trains on a given main line,
cost, highly reliable signalling system based low cost, highly reliable signalling especially for high density passenger
on maving block principles system based on moving block principles services
New train localization/integrity : satellite- New train localization/integrity: satellite - H'Wt::;:ml mm’ 3 Increasing of capacity and efficiency for all
based rail positioning : GNSS based rail positioning : GNSS pohioniing: GNSS rail users
Explore the concept of virtual
% 5 coupling/uncoupling in order to
Virtual caupling Vil gacgkng maximise the flexibility of train
operations
i
i H
lplilllilit_r and New radio-based co_mwi systems that New radio-based control systems that m:’::g':!:wigvhl::c:::ili:gle
punctuality allow far less signal failures allow for less signal failures and reliable CBTC system
Trains that have Trains thathave i i
[a——— on-board databases on-board databases ‘While the system is safer and less dependable on external physical signals, the cost of
et stored should be able ~ stored should be able ; infrastructure should also decrease
to run ly o run i
Keep or increase current level of rail safety While the svstém safer and less davsn‘duble on external physical signals, the cost of
while increasing interconnections 3 infrastructure should also decrease
Safety i i :
. 2 . " - N I it i
Achieve a GSMR improvement Achieve a GSMR improvement Achieve a GSMR improvement "cf':' ﬂus:;:' :'s:::"':lr:x:';:: i~
s “h.b’ '?E“!.mt . SI‘G.\Y ’?l“f"t ""“M"'“?‘? collisions, derailments, and rail
communication links communication links ‘communication links switch serors:
Cost-effective standard T
design, test, installation . . i
Energy efficiency and and maintenance Eqstﬂﬁe:::e Zancar dargﬂ_, i Need to have an open architecture o reduce energy
sustainabil f signall : i c mption cost-effective desi
d ity infra:t:g:‘:s :gd S infrastructure and on-board equipment 1 NSRRI CORe s oRgn
board equipment H
Each module also has a well-specified function which
Affordability Control command systems modularized: Contral command systems modularized ; enables that supplier mdependent systems can be
on-line tests minimized to almost zerg on-line tests minimized to almost zere designed. This would open up the market, lead to
economies of scale and reduce costs.
Achieve the optimal level of cybersecurity S
- 5 —— Ensure cyberecurity in central waffic control
Cybersecurity : agfms: a:y silgmﬁc ant !hra_ut for the s and automation systems

Start of implementation, but note R&D continues beyond this point

(18 2-10] 58 AR o)Al 28 A=)
¥ &KX :FOSTER RAIL D4.9 Final Technology and Innovation Road maps

Technology Readiness Level (TRL)  2-3

- Eo{

~),
ALSTOM 7 pnsaldosts austriatectr BOMBARDIER

A Finmeccanica Company

RATP
" I
= _  pBEm £ o, MW Y) D
CER Lagletics N o o

Ao inchs e s gt Thiich
e & Inovsi s » Davaneaivimarne

IST-ID lZ. = mermecaroup A%—al" %) TRAFIKVERKET

[28 2-11] FOSTER RAIL oA
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- SHIFT2RAILZFS| ZHA|

» ERRAC2t 212|5t04 SHIFT2RAILS]
» SHIFT2RAILS]

=2
NOTC ZEMES S8 T ZMY Y s TAIMET, YYHT, DHHCOA ALS

)

- 7| 2 0 20134 9¥ ~ 20164 8¢
-3 2t © UNIFE (European rail manufacturing industry)
- e =

» ETCS X CBTCe| E7[s2 588 H AO|HE &4

CBTC &

oo

o =
= &0

_Ol
[n
o
2
K

m
i
a
Rl
|>
i

> IP7]EF 2 SAI(GPRS) 7HE

» Y S olZet Rt ARHA] 7E MY

FUTURE

——

Consensus building (WP8)

| Functional requirements specifications (WP2)

Common Functions, Architectural
Items and Hardware

Urban Mainline Urban Mainline
M Architecture & interfaces specifications, SRS (WP3)
()
3 E
e T) C(‘)mmon mcrtssagc Moving blocks
) structure (WP4) principles (WPS)
= ®
m

Common Functions, Architectural
Items and Hardware

[JE]U 2—12] Expected specifications convergence thanks to the NGTC project

IP-based radio
comm. (WP6)

Satellite positioning
(WP7)

» NGTC= & AMo| B2 Work Package(Ol5h WP)E F+AI&H

v
=
)
N
rr
N
or
A
=]
D>|

> WP4E ETCS MAIXISl 37t 2 M Algte AH

» WP5(0|= HAH A,

0l A1 ERTMS2t CBTC 22| 2% & 7ls
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- Zo{A : UITP, RATP, TMB and London Underground, Alstom, Hitachi(=*,Ansaldo
STS), AZZD, Bombardier, CAF, Siemens and Thales, SNCF, ERTMS User-group S

- SHIFT2RAILZte] Al NGTCel ZI}=0| SHIFT2RAIL ZIZ=2 A EQ| IP2(Traffic
Management and Control System)ol| XM &&|Ct.

1) SHIFT2RAIL Z2HME

SHIFT2RAIL Z2HME= ‘g2l olgf +EMAE fle 8| & FHE 3t SHEE T

xZHMEO|C}

rir

2)ofAlot A S1tel AMoM 7E FEAES My FIt

3)wE el =2 =2 A2 FE2 FA

O SHIFT2RAIL
-of 9.2 FER(F1X1,5004YH) e Y ZE2HE
» BlZHRE 479 F2(2% 6,000 8)
HAE o (2k 5,500219)

2 Aotz 20144 3. 14 FE 2| 3|ofAl &ol=

Horizon2020

SHIFTZRAIL IP2
Advanced Traffic Management
and Control System

2012 2013 2015 2022

[29 2-13] Horizon2020, Shift2Rail, NGTC FZ
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==

IP2: Advanced Traffic
a Management & Control
Systems

IP1: Energy & Mass ™ r\ .
2Bnan
SHIET RAIL
1 :

Efficient Technologies for
High Capacity Trains

F g

|
'

IP3: Cost Efficient High
Capacity Infrastructure

23

or

IP5: Technologies f .
Sustainable & Attractive IP4: IT Solutions for a
Seamless Attractive Railway

European Freight
[71%] 2-15] Shift2Rail X2 A E Q] 7]&5Aliof

[P2ofl ZE ot UCEH.

MA =2 Shift2Rail
of LT MEES i

H

st o4 x| ne &5t
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(529% = ™ 60%)
[# 2-10] Shift2Rail IP22| AT o =
= Of 2 =
—-ETCS % CBTCO ttdE =253517| fs izl A& /IP(GPRS, EDGE, LTE, #4)
ADOIE &2 ARBsI0] ZE A BEERdM EXHMo] OfEZ/AHolMHE st M3E S
Fail-safe AlAEH XS
SA 2 R |-AMSE T oM 2 Hol J|SA[ARe &HA| 2 ojzfe| FALE X|&
stol AIAE| |- X|apdu|(wel2, WS 2, AMTLeE S)E Mskn 2Rt 2IxizX| YE 2Rz
— ETCS ZO0{oll GNSSE XMSot CIEMAM ARt X|IZX| A|A”EH 2 fail-safe 7|&71gt
- WE | AAEH2 AsstE D A 29M UE HdZM S0 2R
e - Qxtel M5 HO|E 2 AMAIZE HERIE &3, tF7lssty 82 nEHIE 5=
AL = - = — — = = —
OHW Sl= M XIAHIAARI(DAS) 7lszt Zet=lof M 41 HERI Ao elaf Mol 7]s
= - AARI2 ZFESIE QAEHO[ARL MES AMEstL, 7|& AABOAM A =E Jhsst
1 Ao =7 JHs3Stodof siot
- TAI2L wele| ofEe|AHo[ME fIE XS 52 (GOA4, T2l EXt 2&)7HX| ETCS
AtEsst £ Sl XA=LAHMO{(ATO)E 7t
-3t8 M2 ZEE oE 2ER0M Ho{L GoA2 (HHXts Ext 28)7| gt
ol=H A g - Ao S Ve =2 8T U2 H[E, =2 MM MS AAHS Y 2 HS
of %1 O 74 Ad - 7|Z=2| ERTMS A|AHEI AlQtrn} oddisE 5F 9l TA|ET O E2|Ho|ME T CBTCE
X
BN TES | loz mm sissse M
-dXt FZ2M Jls8 sAld I
aopeg |- UM AElol =Rt ASelE At H BAS HE wHE iy
%_H “'_Il [ EETsE Vs ¥ Y S JiLstn FE &m0~ R 7S ETCS £Y 2N
of 2 AlE
-85 2 &0 Z2MAE Z20[sH o] flal, galdel sHHE J|Hez JMEl Al RN
Virtual - dxt2d FAAMe| SoistE ?|St virtual coupling/uncoupling?| 7 £ 2
Irtua
- @X} o|2e| 20 e S} SlE 25 AIRMAIEA =2 == AH|A MBS
couplin _ _ _ _ _
PINS 1 me 2ol fail-safe2 $Iat @t Hal JHide] 23t Wal2 LiEtY
—9|%olM & Afols| 2T} XLl YHOR BE BE
AlOlEq HE ot ) . . i ] _ )
- AS 3 EA AAE| CfSt SR ?Sdol| CHSt Afo|e] Hoto| £=FekA 2 HS
Ch. (SHRAAIZ) sl LXRIMOAIAR AZAFEE 207X AL 2.8% AZES5I0{ 1897 &2
(of 24zx78odel) A2z S0 2 WO J|ti=oi, MREO| 3.1%2 XI5t 0|0{A ofAlo}
7t 2.6%2 AX|E Ho=Z J|thEn], BEopHE2E AHPETI| 3.1%, X[SHE 2.8%E XtX|& Mot
o=z EMEcCt.

_60_



(529% = H61%)
A XA O A|AE MASEHE L)

o
<x|edl Mab>
Total market growth rates per region [CAGR'), %) CAGR
""""""""""""" 34% 28% ()
|
2.2%
l Western-~* Easti 5 o
estern~_Eastern
26% o TR 26%
I NAFTA I
23% 3.0%
World Asia @m
rail l Pacific
supply -
market Latin AfricalMiddle
America East
2012013 212018 20112013 2172019
1) Compound annual growth rate 2019-2021 vs. 2013-2015 .
Expected growth by region (CAGR"), total market)
1% 2.7%
— i B
=3.5% cis =
World rail
l upply market
MNAFTA =
~ % 4%
= =
Africa/ ’ WORL | =
3 = L o I | LA
Middle East A.Si_a 2 MARKET
Pacific T e
Latin
America
e 3
1} Compounded annual growth rate of total market 2017-2018 ws. 201 1-2013

(28 2-16] SAMOAIAY MPSE

— e o

ational Union of railway)
T E8 ZMIH(GSM-R; Global System
S YWIESIFCE 47| F7 4=

TMAETZAHASHUIC: union internationale des chemins ; Inter
oAM= “AMIC 2 FEMEA BEZ=S) 2= FHZE

for Mobile communication-Railway)2l o|zHofl CHal &

o
of B Stl7[stzetol WE AlFe 27, B FuSA2

=l 7=t S HMAlSIRUCE £3
HX 28 Zol GSR M2l okl ENM, PA Tl AAZE YAt M5 BUEY S M2
2 Mu|A ZItof wE GSM-Re| #7|oll CHall 1= 3tALt.
WLAN (OFDM) GSM—R (TDMA) WiMAX (OFDMA)
gmg qq LR T =R i 1 VIl 2% REHE § O i
ey = 208411 oo
a¥E= By vk o : BRIt G RO A S
P ~t-T IELE 502 11x 7 T —_— -
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of Hx olxzgl =52 A &Sty 204, ERTMS(European Rail Traffic Management System)
7|8ke| GSM-R & REMBAMY FFS MEst Uct

STHE 2lsl A2 RETBLIUEI(EC)E 2020d7Hx HA HE =Mof st
GSI-R TES ol2akstn JiE Zotel GH-R TFES XY ERINS TE JI8HS o
UACHEC, 2009) .

wEALHE2| ERTMS &l A& 2 201597HX| 671 =41 9,000kmoll ERTMS2t GSM-RE <
Moz EQIstil, LHHX| 5,500Kkme 20208 7HA| t2sts 2E=Y ez H3 ZEE 74

3tsto HMAlst Act REE(FZ= I7ME FF AT EXsH7] W20 20200 2f
40,000kmofl ERTMS7t T+5&E Ao =2 M5t CE.

So| AaHoR2 dY7| BY S8 sl wEdAM JtE 3dxez HFEUE D sstl AUs
=7F2AM PETI(2005~2020) A&l2 S5l 20204 7FX] 10,000kmoll Est= LHEETE =&Es5t=
A& S FZRIstD AcHThe Market, 2010). AHQI ZFEJHEE Atst HE o=z} ztg| EE =

=
7|2l ADIF(Administrator de |Infrastructures Ferroviarias)e= ZH|A|
LTE-R(LTE-Rai lway) 2| &=7igts ctztzolM FEIStD Uct.
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IEHEFEE B4 BE 75 AH=g EEZ=Z HMASEZ MIRC(Mobile Train Radio
Communication) A|AEIO=Z GSM-RE AHEMSICID E45|10 U0

wEI wAtSHH SE7|He

CHAE =St A= MAIStE UCE —_rLiﬂ’i*‘EE et of &k =HE %% 12435t 2011~ 2015

A 4,000km, 2016~ 20174 1

EF_T’_E 2l = GSM Efﬂi GSMQOOEH‘E!OH 2X1.6MzE GSM-R Oﬂ =5k

ZEHoM RE, = ST FABHI =X thd AARCcE HEx FHSMTS
=

15t *Jgct. O|= “One India One ATC” Moo=z
4 g

5|
MEo| =E WAooz oAt=lct, 2=+ “One India One ATC” coje) Az ZF A
S 2284 X, MH|A S, F5, oMM I8N &ao| JtsE He =z ofast Uct,

CHEt2 TETRAZ HEE FMSAUZS FHSH MAMAM FLsh AlEel THSR (Taiwan High
Speed Rail)S T&¢H =710|Ct. THSRS Taipei®t Kaohsiung (Tsoying)Zt 1470 2 TA|
T EAXY 2HE | 345km, E{2 Zo| 120kme| DA oot A 87 <
AL, B2 0 DA FEEO F 117 QALE ZFD e, 7ol SYME(TaoYuan =&
), 67hel Hu|/FXIEs 7|XFES ZF10 Act THSR2 20074 1&ofl JHE=HY20, MHAZS

T 350km/h, 2EFT 300km/hollA 2H=Ct,

THSRZ 380-400M:2| TETRA AlARIZ J(Htez FEMESAM AIAE . CAD % Trainborne
Sub-systems, EIET HAL L FH2lx| = AlA, SHE|L, UPS SO HE RMAIHAIR
BlE FMsta Uct. 75 AR A= 2002 112 MotorolaZ MAEER20], 20044 11 AH
HEolA ABHE0l OITOIHCH F M2 PMAIAHO| JHHEHAEE 2005 1280 2E

Edon], 315Kkm/hel H£ZolM O|Fo{ R CHMotorola, 2005).

of. o|=

2008 HIT CHMUNMIRHE MFSIH ZE FEXAE 2 Mol il 2015E7HK| 55 &
A A AEI (Positive Train Control system, OS5t PTC) &&E o F5lst¥ . ESH O|2t=
HE=2 Zde|xuol DEHTAIYEMM= GSM-RZ[EHe| 2CHA REd LZAMOAIAR S ME 50

i
ZRHMEE ¥ Folct.

HE, L&

HESAE dEHEEoA SHSAE VHF G UHFHE 2 ALEstn leni, DEHE (A
)0l M= 400M; CHEe| EEME Fu-E oYitol 2 =X, 2AMXH, o & 2/7H
2 S8 Silo| ALEst ot d24A] FMEMLERIM OAA 'T-:.(ATACS) =3 420Mz CHed 2
sttdlol Al E2 2 MH|A Folof, EAFZME 7A€ o| £F5I22 C|XE NMae=z
HIMSH REC Fuly 700MLid S XSS mEAIAE(Intelligent Transportation System
olst ITS) 8=z etdtol Atst RUCt
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<H 2-11> ol EERdsSaY &
TH Aoy | B | Fo Foug
2015744 A Mol GSM-Ro] o|F +&(7]&% ¢1d o]
= x3HE o Fgo)H, 202097+4] 40,000kme] =d=E A
. ETCS 800 |- 9= RSSB7F LTE-R =< 2020302 #watn, ey
= GSM-R
Level 2 MHz & =YS Aotk
- 2l IE%Mlmﬂ7W@ﬁ1%ﬁ
- X2 GSM-R F5o| PPP W] g8
2002 CTCS /e A #stal GSM-RE F-AEA7|&£2 A
900 |. 2005 GSM-RE &dlo] AulE T i dmo] A +35
% | CTCS-3 | GSM-R N
MHz °-4
RS TR uEATAMY LTE V& Yo AE +
ETCS 900 | One Indian One ATC A #ol| &) 2020 7+2] GSM-R
IR, GSM-R _
Level 2 MHz 2 E3lo] dqa=
TETRAZ HEFMWS 733 229 Ald
D-ATC 400 A=FARE 758 H2 A )
o TETRA - o] FEAIARL Aty Fo] A& HEANA e LTE 98 Alg
4 MHz =
so0 | 201ETE AR o8] =AY Aol 1850l
SRt ATACS W M -3 A=
C L AuRE A s $97A o 1749 Agte] Aad
ETCS % 2,400kmell 23F= North South Rail TZAE
Apeor GSM-R S m ]‘ 3} Nor ou ailway |
Level 2 GSM-R 2] )€
2015371#] ¥ m=9lo] HAEEoY 7eHSs ToEAA
200 o3
Sl = PTC Hr A X Yol au&HE T2AEE T vl W 9 Fog
MHz _ _ _ -
TRTS AEI & GSM-R 7|¥F ETCS Level 25 A3}
o] 700MHz W9 g&n = 3
= _/1:;‘< 1= =]
a1 ETCS GSM-R ®%4R7WPETGSEdeE %Eﬂ<E%4ﬂE-€@4
Level 2 gom FAAQA Fu I FFe E 8§l
*» BX ¢ HEFMEANMY FF I #E 2 AAMNE [HESAMEMATFR(KISDI),
S SAEH, (H25H 95) ]

=o| LTE Salga] et
7t. Huawei

=2 29 0l(Huawei)= LTE 7|£8 =HIY =22 0|335IHM HH HEHAIs 7|12 S
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Interoperability-related
15 | SUBSET-108 |consolidation on TSI annex A O oE HhA
documents
16 | SUBSET-044 FFFIS for Euroloop O 2o M
sub—system
18 | SUBSET-046 |Radio In—fill FFFS O =uU o Mg
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3) EXMO{A AR (KRTCS_ 2) EEAIL =2 LS
7F DR AHAIAEI(KRTCS-2) 74, 7| % H9&
T = T N 7ls ¥ 9&
- X|4 RBCet 42 S35t o|sAHSH Y AXpZE M AHE
KIAFZ T E.
XE 7E KO 27g mme 9 gxzde s AR
(Korea Vital Computer)
xpAH Al 2B ofct
Al AE
oMM AR E(STU) - Atale| HEE X4 RBCEZ &g 0 M&sts MEE
(Safety Transmission Unit) ol=2 53515101 HEUl= 7|52 7}A AHx|o|Ch
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T T N 7l ¥ 9
= MH| & 3bAFR =
7(|§ E,f,' fgox,'(S_TM) ~ 2 ATP AIAB|OIA KRTCS.22 Haste EHHofA
pecific Transmission _ o . i
Module) KRTCS_2 283t =MollM EHRsHA == of =&Fx|o|ct.
G2l WSIAGIM | g simol BRIE0 xael walizse ge
(Balise Transmission - - - N 1 R
Module) e 233 Xt KVCRF elE{HolAsty| f|8 ZHx|o|Ct
Zal 7| 2 A x| (JRU) - XA KVCe RYHEEE J|Fste FXEM O FR2
(Juridical Recoding Unit) 2aae yE71 7| 2=}
o1 2101 £ 5 O] A KI5 - RtAER| HRoAM St MEE HESstn H=EE
EREHASIATY) | mos s kvcet wm JlEmA Ee gl
(Train Interface Unit) )
EAZXO| ME=EE st &xlolct
ST - FHAHZE FH5H| f&d HMERH E2 HEE
(Odometry) E 2 xtZe| &5} 9|2 =X™st= AHx|o|cC}.
™AL FEAIEX(DMI) - XAt 23 ZEHE MEE QaE s AAZie R
(Driver Machine Interface) A5 @5 XK} QlE{H 0| A ZEbx|0|LC}.
- X[MAIABIOA  AlEE MEE APMA|ABEDTE WSS
2 A | AH K| O Al E-
THHAHOAMAREC) | o) asysto XIS BB HEE AlAHolCH
(Radio Block Center) _ i
- M2 wEe FHSA Ao oot
SIMME R E(STU) - XAt RBCe X™EE Xtat KVCZ BAlE mf MEsh=
(Safety Transmission Unit) MHEE ot23535l510] EU= 7|52 J1&l ZHx|o|ch
x| & . . o xja= S
A| ~E - RtAEX| 2 " Oy S MESH| et &x|o|ct
- gelA XAo MEE HOo¥s Siste HRZR
NESECIEIPS
18 gRl=(FE) TEMol HEE Aol HZeict
(Fixed Balise)
- Zkztol dE[Ao 2ol MAIXIE Helst= He e
zgtez agststct
FHEL HERKZ i - =
— F MH|Qf X|AMM Y| fe| ofdHtsE M A|X| WEHSHE
ole{H o] A | A& M|t X|abdd|2to Sk M| A[X| lEHetct,
Lt) olole &
(1) FHSA(LTE-R) HAIX] ZEEA
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[y quoRe SHRYT TF ¥y
W8 | STX | Length |Scgeence | Opeode | SaCEPID | EAROIEICE] | CRE3Z | ETX

e | 1 2 1 1 3 n 4 1
/’ !
_/

N s #a
1 NID_MESSaGE | deT D3
2 LMESSAGE | 2E Hde 1A sl g Tishe 4409 ge)
1 T_TRAIN R CEN LR PR R
1 NID_ENGINE | @D
5 vanstesas | of 8141 i QRS W74 Zgsl1 BE WEE uY

modtedby | g

| NiD_MESSAGE

g PachelDor | gioh el 22 A% A9 0- 4 20 L2 40 591-247

EEs 259 TIA0 8A 22 oo w6, 1, 155, 1% 4
1584 2877 44,

T Other Packets aa | (4|7 1289 rid4eh
required by
HID_MESSAGE

B Cpfional pacieds
Paddng a4

- %2t &4 Holg 7=

(529% = H90%)

[t saoao) SHRYT BE B4
WE | ¢ | Length | Opeode | SalERD | ®rbmoidm | cacn | Em
Bite 1 : 1 3 ] | 4 1

.N: e L

1 NID_MESSAGE | 4|7 10§

2 L MESSAGE | 2B e 144 9454 )§ Teshe A4 Be

3 T_TRAIN RBC EREs 6 202 (37 - Aold Y 3

4 M_ACK WAz b i S gAslee # AR ENGG
(A2 e a8

3 WiD_LRBG LrEGH IDHE

Wisasrequred | of o7 el WA 24 AD4 Teel7] B B4R By

By Y
NID_MESSAGE
pickits a5 of a7 Rl JAE 4+
required by
HIB_MESSAGE

Cptional packets | o] B4l 8444 F§ S2 ek

Fadding dagas

T = =3
STX : MAIX] =Zefale| Alatg LIERHCH
SEQ : MAIX| M&ETME LIEIHCE
Lje 51X 5EQ MESSAGE CRC32 X% ofd 9 F|50l=0"S ML
Be | 1 1 | n | 4 1~255 4%l 22 7ixIod, mAIX Zeel
M&o| MBSHH ARA MSE SN STt
255 0| Fol& CiAl 15E AR
| 142 |NID_MESSAGE| L MESSAGE | NIDRSC | DATA MESSAGE : O|AIX| ID, Zol, RBC ID,
Mol Data2 +A
[RBCLt CTCZF &4l Hiole =g #+=] CRC32 Holel HAZS {IE CRC32

HAgks 8&

[T gl
]
I.M.i Header | User Tata ALERKT
! I
| i
|
TEF Headar! TEF Data
|
|
IF Heade @ Data
|
| Etharmet .-‘f:"l.,'iill'lﬂ
Liei Dlat TrOU
Headei | o focts )

[ KRTCS o ifxf 7]

ALEPKT|Adaptation Layer Packet Fonmat)
Fackes | bcation 13 | h | Pocket | |
% Warsion Applceien | Zequeice oyt | Craséksiim | Data
_Langth Tept Wumber | Flag. | Type |
JERO|E (M| E | RO | aHOE | B0E |1|:|-.|iI 4H[D|E | e

[RBC2t RBCZF &A1 o7l HAIX|] F=]

Packet Length : mZ! M| Z O]
Application Type : &2l Application2
TypeS LIEt= HA

Sequence Number ALE AHEel #
ZoM F 7H2| Active TCP &7t ©
eSS AMNEAHS

N/R Flag Normal Link2t Redundant
LinkE FE35H7| |g dde=z SAMX
ol AN

Packet Type ALE AHBoAM 2l
mjZlol sl HAESH MelE st=d ALS
Checksum : ALE 32| 2FE HAZE5H|
?lsl AtE

Data : ALE Connection ™Y, Safety
Connection &Y, RBC-RBC Application
User Data 52| M&

o >
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S A ME @ XA AR HMZFAL MH

« DEHE AKX}, 29X} @70 w2} 24 A2 MYSIE SIS 17H A o] A
T 35 2= "IoK2014.12¢ TbM FR M2 3|9 Al ZN)

15 &2 : RtAFERX|(ATP, BTM), X|&HE%|(RBC)

o] sielel&7 2ot S22 AF XA 75

ol

SREAA @ B SAEATE

AZEXRl GATHA SIL4 215 & S(17H LA ol 4

I

%2)
—
N
o
Ol
x
ﬁ
An
o]
2
OF
HU

HME AMZ A|AHSl |SA (Independent Safety Assessor, SEZX oHMEIIZ|&) = Cl29

S8 7oz MAEC

- EN 50126:1999 (
- EN 50128:2011 (
- EN 50129:2003 (
(
(

— 3 [
- EN 50159:2010 (Z|s¢etd, AIAE 7F S4l)
- EN 50155:2007 (B XtZol| MX|== AlAES SHAAIH)
- EN 50125-3:2003 (X|&oll MX|== AlARSl 24 AlH)
ol2lofl= &AMl HIIE @lall fI2l AdoM Hixls 78 2 =H ZZFo w2t QI 4
T UA A= 2o HAHol 25| FE= ISAS| Wrts dEtM o=z T I EHA, A
MEtAel & EHAZ2 FEECH HILE F BHAZ FES O|lF= Z2HEQ =7| chAH A
FZol Hatstx| gLt oMMl WS E 4 e T3 2HESS Molstn £E5H
M Z2HES F2 ZaA7[7] fIgolct 2 ctA el 2 &322 chg I8 3 ot
1. 7H S SR 2. AF Al EEA|
oo = A R | AtM| Tl ot
l SIEFEC = CHIEE Al 2O A =
ZlE W s QrNla] Wt =2 Al
s Al
STAbE W A B Wt HAbErEEE A E i, e
b7 A4 Z A} == BoF =AM
=ZF WO =AM ‘ U= A 2ty

[22 3-1] ISA SILelZE &= chA
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EME AlAESl MAT 37| 2 XM ZrALS] obM JHE
® ZHE A
Main task Document Description
T=HFT| Sotof defX= oMM A
System Safety plan _ _ B} _
ZE &= g9 AEFEo ek HE HA
System quality management plan Zrlae|etsof st HEZ HA|
Planning
System configuration management plan | EA2t2| &30 CHSH A Z HA

System verification & Validation plan

Risk analysis

Risk analysis report (Including PHA)

Hazard Log

System
requirement

System requirements specification

[>
Tz
0

-

Ral
ol

System safety requirements specification

TALE A9
System requirements verification report | 5 3, sdE M

AlAE HAE S flst AlEAE =7, Al
System validation test plan

Lig| 7|ut

requirement

Overall Software Test Specification

AolA =Y

Traceability matrix QTAIEEN o ESA(MH FHFT)
SW quality assurance plan ATEQO ZEXEZT HE A
Planning SW configuration management plan ST EQO Fataz A= A
LZEQofo cHEt =ol 3 AS s
SW verification & validation plan ) B} h °=°
CHet A= HA|
SZEQO 2FALE Mol gAYy gl
SW requirements specification _
e El @FALE MO
SW LTALE| CHSE AlE X} & HAE

SW requirements verification report

System
Architecture

System architecture specification

Safety conceptEs &%t

& 9|
o

System FMEA

o|l&] 2 =
Tl%l'n"_'l T—Tiod

A
o
ZolMel B 24 AA

@ AAMCHA
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Main task Document Description
Hardware design specification SIEQI MAXRE =HM
Schematics (Guide) TH Y 2 dE
Hardware unit test plan T chelel stE o AlEAE 3
Hardware unit test report TACHR! St=Rlof Al™ 21 7=
HW design RAM analysis report StEQ|of FMH 40 CHSH RAM At

Component FMEDA

System reliability modeling FTA

Generic Application Safety Case

HW
verification report

architecture and design

St=Qlofoll tiet 7= & MA 2= HE

SW architecture specification AZEQo T MA
SW design  specification ST EQIo] AN MA
SW Architecture SW Interface Specifications AAEZE QlE{H Ol A 2 FALE A2
and Design SW architecture & design verification report | 2Z E Q0 Fx=2F A f;—i.?_l =AM =}
LZTEQof SEAE A2, HAE
SW integration test specification ?1|0|* XA
SW/HW integration test specification | 2ZEQ0/SI=EY 0 SEAIE A& &
SW component design specification | ZEZHE M| AF%W =y
SW comlponent SW component test specification | ZEZHE A|RAE &, EIAE AHOo|A 2pY
Design SW component design verification report | ZZHE M7 &l &5 2A{st
Cod SW cording  standard (Guide) ATEQOE Fis| st TE 7|= FMA|
ode

SW source code verification report

SW component

, SW component test report HEZHE Ag =¥
Testing
SW integration test report AldE 2ES S50 Ale ¢
Integration SW integration verification report ST EQo SAd =l g5 EAME
. . 2T EQ{E Target st=ofoll &5t
SW/HW integration test report _
o AlE
System validation test report AAE AS Al =9
Environmental test plan 2HAAIHO| Cieh EHHE S 3ol GA|
System
validation Environmental test report stAA|Sol| CHEk A L
Internal audit for quality and WE ZRZIA} 9 obRZIA} 4
safety management
Overall SW test report ATEQN QLTFAtE 25 T3
SW validation | SW validation report AT EQo AZo| st &5 =
Tools validation report Tool S AE +=d
Operation manual ALEXRF 29 ol 7Y =2Hy
User A|—°X|— M x| |;||.|l—o-| PPN

documentation

Installation manual

Maintenance manual

-1 o
o

ALEAL RAIES w2
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O ETCS Rhat AAH

European Vital computer
- Train Interface Unit

- Balise Reader

- Driver Machine Interface
- Odometry

- Juridical Recorder Unit

- Specific Transmission Module

Traffic Management Systemoll dHZ == CTC (&= ATS)2t AHASEX= SHMIK|
ERTMS/ETCS AlAEIS| He|o| Zet=|X| pf=Ch.
ERTMS
European Railway Traffic
Management System
|
| |
EuropeanE'.frracFﬁcCUmrnl EIRENE
System {Radio communication) Qut of ERTMS/ETCS

[ scope

, RBC Traffic Management
| Gs/ansbioaty I s ackside |74| (Level2 & Level3) | ‘ Systern (CTC/ATS) ‘

Driver Machine LEU
Interface (DMI)

4| Balise Reader (BTM)

Odomet . 5
4' oy | Euroloop ‘ Sighal, Point, etc ‘
equipment

Radio in-fill
(Optional level 1)
Euroloop | Key Management |
{Optional level 1) !___ _system . | |

r-———"r——7

Safety Information
Recorder (JRU)

[

s { STM interface ‘

Train Interface Unit
(EvCO]| Z2tIts)

[O8 3-2] ERTMS/ETCS AlAE A

Lt) ERTMS/ETCS 7|&4d(Baseline) &4

ERTMS/ETCS= #Af =sAlMe=z Chgn &= 2712 7| &M (Baseline)2 z11 ULt

— Baseline 2.3.0d (Set of specifications #1 (ETCS baseline 2 and GSM-R baseline 0))

— Baseline 3.4 (Set of specifications # 2 (ETCS baseline 3 and GSM-R baseline 0))

Baseline 32 A 2AIMOZ ZA|E T QY7|= SHX|oF 5o E HAZ AX[7F oA o}
A FHHcZE MEsEt AHRE Holg 5 GiCh SA RES EZESiol M MAML=E MX| =
I U= ERTMS/ETCS A|AEIEE SRS baseline 2.3.0d& XM3stl U220, Basline 3.4=
ol IAMe=z Mix[El AWEHZb &el=X]  gherch 2k2Ee|  baselineE2  Mandatory

<

Specifications, Informative specifications Z12|X Mandatory EN standardsoll Cialf Aol =0
UCH
L}) orMQlE ohal 2 #He

2ldt M Z(Generic Application) oHMelEo| CHsh CHa A|AEIZ St=3 AXA A AH
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(KRTCS)2 2 UIC E&EA ETCS Level 2E 7[Bt22 ot KRTCSS| 7|2 FMHE= O T

ZF F
= C
n-boar
SUBSET-034 ERA-ERTMS_015560

ST
B!U Ty .( DM I function ) (Jurldlcal date )
" y

“STM control © 4
ATS/ATP = ( ! ’\ Odemetry |
._function -

function

SUBSET-035
SUBSET-056
SUBSET-057
SUBSET-058

1= e d8l | supseT-101 P
! I
i o KTCS .
| 5
BTM ( L™ I LTE-R 24 IfF }b——————————
S ) ) | ApAECA| (L 3
I 1
o i i
T : | I—— il
= | LTE-R fixed LTE-R |
7 , | i f
¥y i |
el SUBSET-036 ZjolAte | network Mobile !
P i ! —=====———= ——=eee=e=ee— =l
" SUBSET-100 ! ! SUBSET-047 SUBSET-037
T ! |
S H
L7, HE | EUROBALISE | EUROLOOP ‘ { (’ LTE-R ( TER T KMC 1
S=FK = ! 2HYE R L -
MeRAAE Tl e e ! =
RIU RBC1 =
SUERERGY o SUBSET-038
SUBSET-036 SUBSET-D44 SUBSET-099 3
77777777777777777777777777777777777777777777 =&FLEU RBC2
=4 H A S B X (EIS)
: KTCS ST MER
: ( b KMC 2
SrEAE A HEA e S
cTe =
5
a
=
B

[22 3-3] KRTCS 2 A=

2ol aZlojlA KRTCSZF ETCS2} CHE Zd2 LTM 2 EuroloopE AF2SHX| &oni, EMEA
HHAl2 LTE-RE2 XM st =4t A SEX(ef A MH|E ALSSicte &™O|Ch KRTCS_2E
TAMStE Atah 2 XA Ex] 74 2 oIE a2 chg Eef Zct

[E 3-2] A&/ XA HX| 7A 2 o5 oy
B M5 ZHX| M= Ak of & IS ek &
Ats LA S & X[ (ATP) M| &b CH & 15 CHat
K| AL A H x C O|E{ i A 1L Gh O|lE{ I A 71
x| AEEHELE(CTO) iI90(2F, lE{H o~ Z 8 2lEfE 0] A 22
M A S &R (EIS) M2l (=t, elemola =3 QIE{H ol 117y
Ats LA S & X[ (ATP) bS(ES e PN 15 Ciat
PNES S PN SMALEA|ZHX| (DMI) | =F CH A QIE{H Ol 117
BTM 3! XpAFOHH|L} M=F CHA oS CHat
2o ol HMolgt st=d PXIMOA|AH (KRTCS)S 7 SH= XHAMEX|F X|AMEXIE  Of

02 o
o
i

o o o

Aoz $lstE ofMlE W= Ut XM Z(Generic Application) SHMQIEZS 2 S

=< PNYS (G PN o] <t X EZ(Generic Application) ¢tdelzg Hhb|  2GiME
RTM ) 2

S/ETCS Baseline 2 (2.3.0) 3 Subset108= 7|HI2Z EN 50126, EN 50128, EN

_96_



(529% = M 97%)

50129 % EN 501599 mg oMM &z5 aisifol stch Est obHM =ZHE+= Subset-091
“Safety Requirements for the Technical Interoperability of ETCS in Level 1 & 2”& 2HE6H
of stCl. E&eHMME 1M (Safety Case)= EN 501290 w20 Cl=21f Ztol M| 7o HE=
=y

— Generic Product(GP) Safety Case: ¥t MEZ2 S& X2l CIE o Z2|AH oM ES <8l
CHAl AFEE = UL
- Generic Application(GA) Safety Case: it Mg &2

ofMdoll MAISE = UCH

— Specific Application(SA) Safety Case: & M E2 ¢t 7o EHst

b

1.1.1. M "ot A=lsg 2 RAMS @M% X|& otd 3 RAMS &5 H4

-

b oM BIL A

2
=
0z

==

. o o s
"ot =3, Ag o e

BXIM OfA[AEOf THEE oHM M HWrotel Ztedsto] Fab7|2tnt o LAY M ZFAtoll Ch et

ZHEZ&= ok g Zrt

'

BRECAE3H
(KRNA)

|

HoMZ ARG TS
(RSRA)

SEHHEH oA
(TUV SUD)

[ agzg [ aoteoo ) [ wsis ) a3z ) asowax ) ( zazens ) Msza
w (08U) ] aec) J (L(@sC 08U BTM OBU+BTM RBC

RAMS @5 Z=2HMEQ9| ubMel 7ol ot R4S 2o e, Zf £EF7| H
A etdel Z2HE o Ags Foh oA "Ikl zEsted AL L 3E
(GA)oll et SIL elES &7 flsiMe= I8 2 145A =837 SollM 7EAH7EX] a5t
ot 3ol tiet gotE o™ ot SHXgH 2 Z=2HEof|AM DAY MZAARE 9t
7EX|] Zldsfiof g ek ot 2t HE Al S S350 A[AERS ASoof etrt
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1.4

HW A

RSRA-HW DD Template

RSRA-HW RS Template

RSRA-Interface Control Document-ICD Template

RSRA-PHW Module Design Specification Template

RSRA-PHW Module Test Plan Template

RSRA-PHW Module Test Report Template

Safety Process and Output Doc Summary EN50129

A~EE

Aol

2.1

RSRA-SW Validation Plan Template

RSRA-SW Verification Plan Template

RSRA-SW VALIDATION PLAN Checklist

RSRA-SW VERIFICATION PLAN Checklist

RSRA-CENELEC_SW_DEV_Process Summary

2.2

SW 2TAE

RSRA-SW Requirement Specification Template

RSRA-SW Requirement Verification Report Template

RSRA-SW RS Checklist

RSRA-SW RT_SPEC Checklist

RSRA-SW Requirements Test Specification Template

RSRA-SW Requirements Verification Report Template

2.3

ob7E % 2

=l

RSRA-SW HW Integration Test Plan Template

RSRA-SW Integration Test Plan Template

RSRA-SW HW ITP Checklist

RSRA-SW ITP Checklist

RSRA-SW Architecture Specification Template

RSRA-SW Design Specification Template

RSRA-SW Integration Test Procedure Template

RSRA-SW ARCH&DESIGN Ver Checklist

RSRA-SW ARCH_SPEC Checklist

RSRA-SW DS Checklist

RSRA-SW Architecture Design and Requirements
Verification Report Template

2.4

RSRA-SW Module Design Specification Template

RSRA-SW Module Test Report Template

RSRA-SW Module Test Specification Template

RSRA-SW MDS Checklist

RSRA-SW Module_Ver Checklist

2.5

RSRA-Coding Standard Checklist

RSRA-SW CTR Checklist

2.6

RSRA-SW Integration Test Report Template

RSRA-SW Integration Test Verification
Template

2.7

RSRA-SW Validation Report Checklist
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M ZHAIXSS A2 E ERTMS/ETCSHl tHst olah &

2SR ohE 22 Bs Z2IOE MSsHlc

=
O

O 2LAl: 2016.2.15(8) ~ 19(F) (5Y)

O Za: MSHEZ QIR7ietal cfze|Al(6015)
O thak: KRTCS(EHHAT) 27| (770 A},

TMIF ZHA, 2MlF 2tA| 2h 7|2 & 7|

O ZAL: Mr. Heiko Saalbach, TUV SUD Rail GmbH
O s dXE Y
[E 3-4] ERTMS/ETCS 7|& W& W&
U Xt W
* Introduction / Overview
= ETCS Objectives - Legal Framework, Directives, Normative
Specifications
2/15(¢) = ETCS System - Basic System Description
= (Safety) Requirements and Architecture
= ETCS Application Functions
» ETCS-Levels and technical operating Modes
= ETCS Principles
* Coordinate Systems (Eurobalises and Linking)
2/16(=}) = Localisation and Position Reporting
= Movement Authority and Track Description
= Modes and Transitions
= Procedures and Special Functions
= ERTMS/ETCS Language / Messages
2/17(=) = Communication (Balise, Loop, Radio)
= Design Rules and Performance Requirements
= ETCS L2 - Movement Authority
= Technical Components . Track—side Subsystem
= Rail Infrastructure Projects
2/18(=) = Air-Gap Interfaces — GSM-R
= Technical Components . On—board Subsystem
» Rolling—Stock/Locomotives Projects
= Qperational Interface — Driver Machine Interface (DMI)
= Qperational Use of the ETCS Mode “Limited Supervision”
2/19(2) = ETCS —”Tes'ting | -
= EC-Verification, Conformity Assessment and Certification
= Recommended Reading, AOB
= Q&A

- 101 -



(529% & M102%)

O tHah: KRTCS(YEHEHHE) F0{7|

No 4 g Uy

RAMS 7|2 7HY
T RAMS

T RAMS ztZ|
RAMS & F7|

LEZEFO] T AY
[m]

1 EN 50126:1999

— o
SEZEof g # =H
o

— XXl A&+ @l ZH

— jHUI—XI. %

- AYE)| FQAE U BUSA
~TEQO BE

- AZEN AIE

- AZEQQ ol
- ADEY AZ

- AZEN T}

2 EN 50128:2011 - AZEQN BER2S
- HE L BE e
- XE £ L oo
ALk 2TEQ 0]

- =D U 2EH 2 A

_T_o_l_

- ATEN A

— O|.3|E—Hi+ al /\-ij:”
- ZEHE &Y
- ATUHE & U A|H
- OIEHMHOIA ¥ =&t
- JH S8 A" L x=E HS
oMM &l =A
EZetotM M H M (Safety Case)
OIMAM QFALE

3 EN 50129:2003
OIMEZAM Hi &
OIMBZAME=Z(SIL)
ME 7| QTFAE
ME AlA”EIol 2|F(threats)

4 EN 50159:2010 _
ME AAH 2FY0 2FAE

(Ch) 2MB2|AAEI(NAS) 2

—_ =

o

o
x|2l NAS(Network Attached Storage)= W E® 3ol H=&5H= CIOEH MAXXZ, 2t2te| Z
0{7|do| otMAM HEHII HoAM EMo| e £ E S NASO| MAH 3 AA”H AT H
FHEZS2 M35tk =S KRTCS(YEHT S ) MEF i Egol EH F UEE
ERTMS/ETCS & 4 AIZA st2 2 & 243 82 EE7)&s A& PYE2EsSH0] {7
of M=stUct.

O MX|ZA 2 KA A

sk U DLHEE LTE-RYIY 28 LAHO|AIAH S SIL4 2152
X

O o T
- MAFDS  HEASAIRA TS AL A
- MA|YAl : 2016 2
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- A kAl - RAIDT (Mirroring)

- oMol JtE EF

- ot o ZUEE0] HoE

- & ¥ 4TB (2TB #gd =Z3)
ORE=as

RAID(Redundant Array Inexpensive Disks)2t 0i2] 7He| SI=C|AFof| HO|EE LI+0f
=4 55, MESte 7|2 HolHe| &g EXg = Us F2e 7|solch XMES= &
A2 RAID SOAM T Mirroring(HIO|H 2371 < I ALEst= 7[=)E

z|4 270 o|Ate] HDDZF Hesid 2 72| HDDE 201 &2 g4t 27| 2o 32t
282 CHE 7|0 dHls oA, 2E HDDO| Hlole{7t M =7 mfZol of HDDZF 11&H0|
LtH2ts ChE HDD st oj&to] &otle™ Holg =77t 7SSt

O 74

NASS| MZ& ¥WEjo| 7= M= O8I 2ot

RAID 0 Striping RAID 1 Mirroring RAID 5 Parity across disks

Ee

RAIDA+0 ' RAID 0 mm

2 SA(EE HE B5)E FSWol 7Yl J1HYILE MAIstel B
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- '2015. 12 ~ 2016. 3 : &0{7[H/EY7 |/ LTI | 2HEHE U SAIEAT
A Aok MZ Tl (Aletet= @ tjotEloto], MeHM, ZAFAM

B2, &<O[AX|, LSLHH)

b
i

Iz H2015—-1F
'KRTCS Pk DA ORFy EODIRH SF, 21

1.
2.
3.
4.
. SEEA = A e
ZHASES CD 190, 4
5 HAA=E
O AT
D #EAwE o2
6. F1E}AE
O ¥ Heta FAH FstE S8 e FeawAagET=3e fEA8aL e
O E ArEds #uEsts Zoaamsld SRS 318 B8 FEAEMEETEIN051 359630 2=
HAEes Foitst
D FF=FE SARE A B 2D &5t 25 et gedst
3N - UEFAIEAF A AtauEas Fs As s FE0ind H9 oA 301 TR SEYIS

(5) ISA 712 MF : E|R 0|4 =32/ 0HF)
L4915 25

°1% et
shRo=z westol 2t &oiv|
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(7h H
— RBC AlAM2 : Heiko Saalbach, Christian Fischer

— Onboard AlAF @ Matthias Henze, Roland Breuer
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AL A= =7 0 2016.10.07. (MZEAHZASAIEE 2 2 F2 MAL Agenda)
S ZFALAL 712 0 2016.10.10.~2016.10.20.

EAIAM/MPALLMY 0 2016.10.10. ~ 2016.10.12.
A

H3Y : 2016.10.12. ~ 2016.10.14,
CHotE|oto] : 2016.10.13. ~ 2016.10.14.
LS&HM © 2016.10.17. ~ 2016.10.19
N etA "o 20 22 1 2016.11.10.

08 2 SY MARE0| oz Taso Ao HEMAL F2 ANYES LiEp
agolct
Week 41| 2 3 4 5 6 7 8
Hs*, CF o=

o
10&
HS*, CF LSIS TSK o=
MH*, RB TSK (Other) O] =
Note: Onboard £l A _
ST HAHE Foj2 Mt Lavt 2017| Hoj Chef £ x| . Matthias Henze () |
5% HAHE 2t Assessment teamOf Af 8t A|AEIO| Chpl BILE 3 oY | Roland Breuer

= | RBC Al A}

o ¥ .
S K| AX|LI0{S0| HE MAto] 20| Zojsie] u X|@ | Helko gaalbadh (s}
i.Christian Fischer.. !

v

v [

v EAZOR/MR7ALAS PAATENZ SAI0] RS (B} A C)
v A

v

(28 3-8] HEEH SEAA F2UH
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[328 3-9] MRPAMAY SZHAIAL (2016.10.10. ~ 2016.10.12.)

[38 3-10] &IOl|AX| sAZAIAL (2016.10.10. ~ 2016.10.11.)

[38 3-11] HI3Y SHZEAAL (2016.10.12. ~ 2016.10.14.)

- 107 -

(529% = ™107%)



(529% = H108%)

[O8 3-12] =AM HAZAAL (2016.10.10. ~ 2016.10.12.)

(I8 3-14] LSAHA SZA AL (2016.10.17. ~ 2016.10.19.)
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[38 3-17] SIL4 215 4XPA T AAMCHH ESH
(2) 2&HAIAHFactory Inspection)
SIL4R1E AMEHA Zd Y F ZF M =ALe| otMM EHE st MAkstA | MM
H], AZ7|, Tool &) oM} EH=E & M=E=sHdS Foi7|¢o 7| M=sE ElRE
(F) o™ J|=of el MES Aldsiict

St gt e i e |

(529%

=

S

Stages (EHA]) Technical Safety (7| =% CHFE ) Quality & Safety Management
(FE orEd H#a])

Concept & Planning
(7hE X AE)

Kick Off Meeting (A1 3]2])

Concept Audit
Intermidate Quality & Safety Audit

Concept Review

Final Quality &Safety Audit

HomologationReview
Assessment Report
Operation (&%) FHCAH = Botof 0] ofY. L 230 FA R G0 2 = M E2 0
HEHAON B7hE AY
Disposal (1| 7|) HL o abof SotR| S O 2H0] Hel EM = o H HHAlo|M HotE

Factory Inspection
(3T A

Factory Inspection

Certificate (215)

Positive Assessment result + Positive Factory inspection result
(S8xel EoHE+ SEH STEHALZD

[O3 3-16] SIL4 Q& 3RHAE MAMEHH 2z
Stages (EFA]) Technical Safety (7]=% 2HE &) Quality & Safety Management

(EE P 2a))

Concept & Planning
zhg % A=)

Design (2 A)

Implementation (- %4)

Homologation (& 1)

_._______-._g_

Kick OFf Meeting (A1 2]°])
Concept Audit
Intermidate Quality & Safety Audit (QM/SM)

Intermidate Quality & Safety Audit (Technical)

Concept Review

Design Review
Fault Injection 3
s i Final Quality Safety Audit
Assessment Report

Operation (= F)

£ St = Y2 A0 ot JefLt 23t F X242 eif #el le =2 0
& A oA E2ta HA

Disposal (H 7])

T THAO] S51A] 2 8. Ui 24f 0] & BN 0l AN B7He

Factory Inspection
(33 E8Ah

Factory Inspection

Certificate (2! 5)

Positive Assessment result + Positive Factory inspection result
(SE=el @otEa+ 2EEe SEAA ED

(=1 =

- 110 -

r E I TR S G AR D AN .l aOaE -l O oG SO b (JaaE T -

Design (2 A|) S |

0 Design Review o |
2

!_ Implementation (7-34) £ |
Fault Injection E
=3
z = o
Homologation (= ©1) 8

1
|
l
|
|
|
l
|
|
I
|
I
4

H110%)




(629% & HM111Z)

™
2 o o ~
- N« [ I 5
dls|ole| -S|
e e -
< o | |lolo|5|o
N N ] |
— — ol
®|(2| | K W2
.A_V.H_ [e) |_Ar|_ WI_ m_._._ |_ﬁ|._ M_._._
o m <l I} m ™ ]
S O I T R
T = < M| =
<
fof
- || o | v | ©
|l

GATHA

to{ o4 ZtA|

04

Ko

=,
10

K

ol
<0

Ol

B XM O A AE(KRTCS(Y

=23

<)
—

T shs

145

Al

o7|)el XY

E

x
=

5t0f ®IEEAK

712+ U SIL4 IS A

&) o o
g [ " 3 K0
ol il mw ol =y
o o =T o < i —
__O_ -
= T & T | W = =
o0 ofo . o C Ko oo
N N . N ko !
= _- - ° W _- w2 RO
T T o <X o< | MRy
© <+ <F 0 —<F u_._r._ e <+ ok —
v KO __O._ - __O._ . = I o _./O I e = lDrn_ A_I
K| R Uk oo ol W " Ok o) X200
T TRR | RER | - RR | mlnR | Mol
K - 0 K w0 LN = TR
o O - o OF - REo E_Mom_.: m___m_.:
¥l ¥ |k Ya | Eefa | T
o T K o0 77 Ki ol T K 0 T K ouonan_i
Bt | -Gn |- b Tahr | Ry
2" o G- ~~ o O- " o O- <o S o O
__go..MM TxAu_l\Mm M(l_uﬂ.o..wm H._M_._._...mru mm
A K Q< o+ nNnX Hua<|wao<
3 D o] 5 D ol R < oF 2 ol Mw > ol
AR RIS
FT=WHol | OF=WHol | SOF=WHa0 | ~ =2 | I =>U
Eemk [Pk | snueak | EE2n | 92
OO0 00O O OO OO0OO0OO0O | OO0
KF K wg) m
I ol = = R K
& e K 2 Ry =
N - >l o) i K4
=) o = — < v
Kl & N C Ml P
= o [e) m_}llkl |
3 = Eg
G 5 B
= o ™ ©
ol ™ ™ ™~
N~ N~ N~
o o o
(qV] (qV] Al

- 111 -



(529% & HM112%)

O SIL4

AHON-Site Audit) 2

Al
=

b

KO

Of 2 Atel)

=

ol

O Z|Etrtet (2MH

=
[\
Ko
)

Kl
__A_l

Klo
od

(Ch SIL4

HEANY C

100%

AN B

100%

A

2018.12

HEAY A

100%

=

ol

a

ol
%0
Mo ==
1ol
k{0

&oi7|

SiL4

ISA RIZ{AbE 2 ks
ISA RIZ{AbE 2 okE

ol
=
ol
=

(2018.6)
: 2019.03

A
T

b

=

o 2018 2¥ SIL4
=

: 2017 7€ SIL4

72 30M H=(2018.6)
- 112 -

E|

[
iz |
S

thz2
* CHotE| ofO]
My

_I

i

—

c oMY EIHREIM

o2
th otE] ool
Bl 3w

—

o

[<}

[SIL4 215 A 2 Safety Assessment Report]



=
<<
(X3
e
=
=
fre
(=]
L ]
(=]
=]
T
[X)
fro
-
-]
)
«
*

b=
<
=
=
(=4
=
-
o
[T}
o
®

i
]

ZERTIFIKAT ® CERTIFICATE ¢

CERTIFICATE
No. Z10 17 07 66580 041

Holder of Certificate: Hyundal Rotem Company
37, Cheo

U381 g
REPUBLIC OF KOREA

Factory(les):
Certification Mark:

Safety related automation systems

Produet:
Model(s): HRTC-MT200 EVCU System
- EVCU BTM varsion 1.0
- EVCU SDOU version 1.0
- Generle ATPU version 1.0
{for nomenclature see attachment)
Parameters: Safety Infegety Lavel (SIL) a
Operating veltage: 100V OC
Alr tomporature it 40'C 10 +85°C
Tha fepan referenced beiaw, The atiachmant o thia
certiicata ffor cartfied SW comporents sce. EN 50128:2001)
o0 tho wear documontaton In tha cumenty vaiid revision
318 mantalory pan of Wis cerlificata The product complies
Wit T feiliowing St Sthaty aguiremonts. ey if the
Epanificalions documented in the currently vald redsion of
1 st BHe Mol
Tested EN 5126-1:1000
according to: EN 501283011
EH 501202003
EN 50156 2010

The prosuct was tssted 80 B volntary basis and com phos with [ha essentis! requitements. The
cartifention mark shown tbove can bo affved on ha product I Is nos parmitiad to altwr e
certification mark In any wary. | addiban the cerfication holder mint 1ot hransier ha cortificale
fo thed paries. See akonoles overal

Test report no.: HSAI4 00
Valid unti 20220726 -
7
(/z‘,'/)‘b/fv
o A
Dato, 20370721 (Ao B |
Pago 1013
TV S0 Mnaunt Bervice GimdH « Fertdcmesiola - Wocestraby B3 - 81538 Minshun - Guimany

CH olE] o}O]

A1i0an

¢ CEPTUOUKAT @ CERTIFICADO @ CERTIFICAT

o
|

s

3E

ZERTIFIKAT @ CERTIFICATE & =8

CERTIFICATE
No. 1018 06 77115 011

Holder of Certificate: DAEATI Co., Ltd.
139, Sudo-ro,
Ojeong-Gu,
Bucheon-si,
Gyeonggi-do 14990
REPUBLIC OF KOREA

Factory(ies): 77115
Certification Mark:

Product: Safety related automation systems
Generic Application Radio Block Centre
Model(s): ZEST-RBC Ver. 1.1
Parameters: Safety Integrity Level (SIL): 4
Ambient temperature limit: 20°C ~ +60°C
The report referenced below and the user documentation
in the currently valid revision are mandatory part of this
certificate.
Tested EN 50126-1:1999

EN 50128:2011

EN 50129:2003
EN 50159:2010
|EC 62278:2002
IEC 62279:2015
|EC 62425:2007
|EC 62280:2014

according to:

The product was tested on a voluntary basis and complies with the essential requirements. The
certification mark shown above can be affixed on the product. It is not pemitted to alter the
certification mark in any way. In addition the certification holder must not transfer the certificate
to third parties. See also notes overlea,

Test report no.: DS91801G, Version 2.0
Valid until: 2023-06-21 )
Ycq
// /4 f
/ /
Date, 2018-06-22 (#endrik Harms )
Page 10f 1

TOV SUD Product Service GmbH - Zertifizierstelle - RidlerstraBe 65 - 80339 Miinchen - Germany
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Safety Assessment Report

Safety related programmable electronic system
Genernc Agolcaton
ZEST-RBC Version 1.1

Choosu certainty.
Add valus,

Client/Manufacturer:

DAEATI Co. Ltd.

138, Sudo-ro, Ojeng-gu

149%0 Bucheon-si, Gysonggi-tdo
Republic of Korea

Inspection body:
TUV SUD Rail GmbH
sirale 16
80339 Murich

Germany

Report number DS91801G
Revision 2.0 of 2018-06-21

Project number 7512251

This St A y L The! P FurB0sES reapives witen
permission. lemb!ﬂﬂf\damshg;mu . 0 gemenally
e

SUD Rail Gmbl
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Intermediate Safety Assessment Report

Safely related programmabie electronic system
Genenic Application
RBC

Aail

Chugse certainty.
Add value,

ClientManutacturer:

L8IS Co. Ld.
LSI5 R&D Campus, LS-ra 116 beangil 40,

Dangan-gu, Anyang-city
14118 Gyeonggi-do
Republic of Korea

Inspection body:
TUV SUD Rail GmbH
Steinweg 26-27
36106 Braunschweig
Germany

LAS2606G
1.00f 2018-06-08

Report number
Revision

Project number 717512252

This rtemedats Safely orlybe The use for v —

‘generaly vald judgermet g e

TUV SUD Rail GmbH

Safety Assessment Report

Safety related programmable efectronic system
Genenc Application
BTM Version 1.0

Choase certainty.
Add value,

ClientManufacturer:

Shimwoo Eng. CO., Ltd.

#8508, Worid Mandian Verture Center 1cha
254, Beotkkot o, Geuncheon-gu,

Seoul, 153-781,

Requbiic of Korea

Inspaction body:

TOV SUD Rail GmbH
Barthstrafle 15
80339 Munich
Germany

88925256
1.00f 20180615

Report number
Revision

Project number TIT512253

- 114 -
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Safety Assessment Report

Safety related programmable electronic system
(Genenc Application
QVC (On-board Vital Computer) Version 1.0

Choase cortainty.
Add value,

Client/Manufacturer:

Techville Co,, Ltd.

#506, 268 Hagui-ro, Dongan-gu,
Anyang-si, Gyeonggi-do,
14056, Republic of Korea

Inspection body:

TUV SUD Rail GmbH
Barthstralle 16
0339 Munich
Germany

T592616G
1.00f 2016-06-18

Report number
Revision

Project number 17512256

This Saety i s entiety. The use
pemissin. da e
i the

TUV SUD Rail GmbH

Safety Assessment Report

Safely related programmable electronic system
icalon

enen;
GUARDIAN OBU Version 1.0

Chaosa cortanty
Add valug,

ClientManufacturer:

POSCO E&C Co. Lid.

513-3 Sangdaewon-dong, Banpo-technopia
Joongwon-gu, Seongnam-city

13230 Gyeonggi-do

Republic of Korea

Inspection bedy:

TOV SUD Rail GmbH
Barthsrale 16
80339 Munich
Germany

Report number
Revision

PS92630G
1.00f 20180620

Project number TIT512254

permissin.

V SUD Rail GmbH
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olofl cheh X|¢l YHS J|&sh MM 25 X[YFXHAHAE ESTHC}
71 e
SA(Specific Application) SIL4 215 CHAM2 KRTCS(YtHte TEHAET) M3 AlH MO
A X|abdd|eb xtatdH|2 FTME0] O] A|ARE SIEY O 2ZEQ
OFMAM HIHAIE D} X|AAo= SIERoie AZEQofo| ZEHE

gt SA SIL4elEE2 §F 48 M2l 2Y(Operation) AtetE Zgletrt.

L) SATHAl SIL4clE el &=

oy dH_ SELT
A Alsl
7|.|l.=| X
AAED MO X
Y =4 X
AlAED Q FLALE X
AAE 2TARESRIY
X
A W A X X
H = X
A x| X
S 2l(Acceptance) X
29 ¥ FXEF N/A
Ns=2LUEg N/A
A28/ Mel N/A
x EN 50126 &=
L) SAEHA SIL4AQIZS AlA} "I}
7H M,‘:TM“(A&% %;_)o" 5%t
Ok & & A}
oFM 2| M A AL X X X X
A|AEILE T 70 A AL X
ZEEE F oMY AlAL X
oM MHE T}t
oHHE I EAMAAL X X X X
NEHE X
MALDE X
AdbE X
A SHIHE X

71 SAEHA| SIL4 oHMAM HIL MEE
O LOP (List of Open Points)
LOPE= "7} IHM LHHE ZE S0|8 AleES AM5| B1E 2 ofZl Zdo|ct o{7|ol= ¥

UALE S AUAL =2 ShollM EHH Us 224 =old Atts2 zeetct oA Tt
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LTE-R based Korean Train Confrol System
for Conventional & High speed railway
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LTE-R based HKorean Train Control
Conventional & High speed railway.
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(1) 7|& ASAAHE AS(28)2Y s A

DEMT ) AT EAMEZ 273510 ASA|AH fst 2F 2 7|&dE o Ofs] =
AL HelsiQict IS5FEEE dRISHEE SHEHISHET sl =Abstn, dUEEE=
ATP(Automatic Train Protection) A|AEIS ZAoZ Q! 3l PSS ZAISIF 0], TA|
Hre= 2|2l 87 27|20 29 ol 1770 Mol st & ZALS XSO ZH 2
2Lt AE Muto]| ek AMSA|AE HES MBS}

M2uWsE3A 25Mel  ATS(Automatic Train  Stop)AlAE 1 ATO(Automatic  Train
Operation)A|AH o] 222Y, A T2 ATC(Automatic Train Control)A|AEI T} ATSA|AH
o EE2H S ZAICEM O|B(RI)AIAH 2Hs fIst e oA dEs =elstict.
(2) =AET AT (=23)2Y & =AH

Al el B 7|&XE Y SHEAHAIE S5t Al AL AEHIEAM O2| 0 DX oAl AH
AT 2Y TH F2| 7|lsie HES =elstQict 97i= 1370 LXRIMO{A| AR st Z[2% el
2HHES ZAlstl ZEA FEIOEM SHE S TAIEED 27| HAHAIE S5l AR
TALE AlHFIFCE EMEAZS 0|25t LXIMO{A|AEIQl ETCS2I CBTCAIARE SEXXMo
2 H|WSIOX} G 2 =2 57 Mol M2 F¢Q ETCS 2 CBTC AlAHIZ &old|
= T Uend O M2 k3ot 2ot

- E{7| O|AEHE Marmaray _ ETCS L1 + CBTC

- ¥= Thameslink, Crossrail _ ETCS, CBTC

- Dj=R|E W ME

- ul2| RER E Line

2ol “MEo ERMAHAIAEH S MEH 2 2AHSH| s D E AlstExnt ZHzke| Mo
CHSE ARIMOAIAR MEHo| CHer H|wEAMS ZMSHRCEH £oh flolA =T ETCS &
CBTC Al2Hel 8% % 7|=7HY o ofist =AIE S5 F&Eel Shift2Rail Z2HMEQ}
ERMTS Regional Z2HM Eof| CHal| H2|5tFCt
LE) QAMOIAIAH MAS(Z2E)2Y dEZTAL 2 7] 24 [EE 1-0-2]

(1) =22 ETCS % CBTC &3 (=2)29 AtdlEA [8,9,12,32,33,34,44,59,77]
(7}) ETCS @l# 2 < CBTC

=2 AFnN SEYM S s ETCS E1|“*'2A| B3l CBTCAIAHIO| 282YE = HA
2 =MS ZAlStRCE =ARZ I 17 =Mo| AM Fe Aoz 2elEoen of M2 A
=of|Af Z4A F2l Crossrail?l Atz o|Ct. Crossra|l°| M =M2 EH g O8y 2o o
= HEHQ9| TAISAXE AZASI= Z2HEZID & £ Arh
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County of County of Essex
Hertfordshire .
., Great Eastern Main line
County of -~ 4 Stantill)
. . 5 Fgpntezod
Buckinghamshire 'g o /"j
I ol o _J e Fogimares MJfL’.,.‘;’ Yheed
- Farringdon e <5
Great Western Main Line nl-na Pucdiagian _“4' m BfFr: u::n.
r..n-. —ii e EI ::ﬂ--.- d2un"et m’"'n:“"’ r <°'|“'
Madeahte b _‘_"E“‘ Southall , a....,/'j"
el l.r-muu |
\ nmnn f Gireet -“ ool
County of
Berkshire
' Greater London
County of
County of Surrey Kent
[O18 3-19] ¥= & CrossRail =ME(1)
Stratford to Shenfield
Westbourne Tottank
Park ottenham
to Maidenhead Turnback _ Paddington SE: e: Court Road Farringdon "';:rep::”l Whitechapel

i

Canary  Custom . Abbey
Woalwhich Wood

Lirche
==

dal [—
By

Heathrow - =
Niport e —
=z

[O8 3-20] ¥= A CrossRail =AM E(2)

1111, SXAOA| A A ™ e X oA+

(1) =2 g At =4

FHEHOAM =4 28 AXMOAIA B e Al ASHEA. 5, 4522 flet HXAME
st2Estn ofof tiEt =4S AlASIQUCt HEE=ER 5 =4 ZHol ERTMS/ETCS A[AE S
EostHAM O S ds2Ido £ ERTMS/ETCS oM dolstx| g2 F=Zol et
HolE of ™ et HXtMEL & 5 UAct PE[Lt2E £ ERTMS/ETCSOIA F2olstl U=
2 9| feELi2tollM JHE So| A|AHof et et Seh2 9|8k Aol thet JHEo| E3St
o AE3E flol Helsiofet & & st & 5+ US Aolnh =29l o2t &2 ARHE
st (L2t At Zioll & g 5 A= ANRIFE 5 AS Aol2p ErekEc

ETCSol= ETCS 2 1, ETCS 2| 2, ETCS 2 37} ZX st O|2 ¢lalf ETCS AlA
o 7t @ sto| o|RoiFch 2 elTolAs alWol Ato|gh Pzhe MEtE AP 1 b

[m=] —
&l 210 Baseline 30llAl O 2il# A& Mo H474AP°F01I EH M= =l SIAC s

-
0

ol
=

*= ETCS 2| 2t ™eto] Jtset F=22 M=
Ol ETCS 2 2= 2f|eix gt ghotnt Hiofjo| Z-<of ot Eﬂ“é".ji.i dfotS MsStnAL et
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[ZE 3-9] ETCS =2 7+ Mzt

om to 0 NTC 1 ° 3
0 X @) O O O

NTC O @) O O O

1 O O X o O

2 O O o X O

3 O @) O O X

® aluxe He

— O o

ETCS SRS Subset Packet 41(Level Transition Order)= X|AMM RfAaloz MEE&= HPY
olct Uxt= mZls ME w2 AMe| it MFF XZFH D_LEVELTR H2| X[Ho|Al Xt
Ato| M_LEVELTR2 Sl BN E

=] sle S
| gtoll i stS Shoh. L_ACKLEVELTRS| FZtollM 7| 2tAR7¢
= = = = =
DMIE Saff @& QX AckE Tl stct,
Description Packet to identify where a level transition shall take place. In case of mixed ‘ ‘
levels, the successive M_LEVELTR’s go from the highest priority level to the i
lowest one. Level of EVC ‘ | ETCSLX ‘ ETCSLY
Tr lon media Any [
Content \inrinhh: Comment oMl } }
NID_PACKET ‘ ‘
Q DR -
v, PAGKE Level Transition | Inform Driver RZE‘;ES'&?’ | 'II-'EVEI il
or Driver ransition
Q SCALE Announcement on DMI
|
D LEVELTR
M_LEVELTR V J/\
NID_STM IfM _LEVELTR = 1 (STM) ‘
L. ACKLEVELTR Acknowledgement
N ITER | Area (L ACKLEVELTR)|
M _LEVELTR(K) k >‘
NID_STM(k) IfM_LEVELIR = 1 (STM) ‘ . - ‘
L ACKLEVELTR(K) Distance to Level Transition (D_LEVELTR)

[23 3-21] Packet 41 [O8 3-22] Level XOllM Y2 ME TAE

@ ETCS Level 1 — Level 2 ®&t AR}

Level 1 IME 22| AZEE WS Packet 41 HHE A5 =0, Packet 412
of w2} D_LEVELTR X|HOIA Level 22 HMaEt=ICE 7|2A e M &t ZHol| s DMIZ
AcknowledgementE M&SHA =ch 2teF | ACKLEVELTR XM E Xt & 5% o|Ato] ZAxtst

P

04 Service Brake(MEXM )7t MZECt 2 Mat & XA RBCRE SAIMZAS st LXiH(O|
EE M&5HA =t Level 10A] Level 22 MEtz|= A Afof| Ofst TAl == s 83 2}
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- Balise
PACKET 41 -
M_ILFVELTR! 2 g //
[O8 3-23] Level 1 — Level 2 Mat EAE
® ETCS Level 2 — Level 1 ™&t AX}
Level 20|M= RBCZFE &#l ._1% Packet41 HW&HE FAlSHA =0 Packet 412
ih2} D_LEVELTR X[™OIA Level

Z Acknowledgement&
}5HH Service Brake?F

AXNHYEE ©S

S A

—

—

2
=

MSSHA EI '34
A= &

=]

=
k=1
=

|I:HI7E-|§F ElCh 7| BHARE BjH X

PACKET 41

M LEVELTR: 1 _
——
e
T
////
| P
PACKET 41
D LEVELTR
LEVEL 1
e

=

S

H142%)

12t HHo EHoH DMI

o il.

F L ACKLEVELTR X|HE Xt = 5% 0|40 2
=2 = XM MetE Level METE ZetE A
= Cct ool et =A=+ ChZ O8nf 2ot
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® Baseline 30i|Af 2|# M &t BHZAA
Baseline 30llA B|H X at MXfe

™ RV(Reverse) Z=oM= g ™Met s FA|SHC}

T

@ NL ZE=(Non Leading Mode)dlM= LAIMEE RBCZ HM&E5HX| ¢on, odWXMEt
HWHA| 7| ZHALo| A &0l2 QAESIX| 2=t NL2Z=olA Level 10M Level 222 W™
3t TAEE= b2 a8z 2o
ON-BOARD BALISE . ‘ DM ‘ RBC

Balise

\

PACKET 41

—\
\

PACKET 41
D_LEVELTR

\

(Lh) LRIHOJA|AE 2 sk AR

ARHO|AAE BR2EARIE Zu All2E AlRSM-ECHM(CBTCHATC) 1277
SHE To Ao AdtAXIel TEAX S22 (ATCHATS)AIHIE 275 D, 2LAl 2 Tt
SEOEM A(TVM430+ETCS L2), @¥= Thameslink 2 Crossrail Al#l, E{7| O|AElE O}
glol(Marmaray) Atel) & Z=Alsto] 7| =5kt

OH

u

I
P

[m]

A7 gy 7%

Ab Ak
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[ 3-10] =718, =AMEH =229 3

TZME London London Madrid Istanbul Paris

Al Thameslink Crossrail Suburban Marmaray RER Line E3

A& bz ox CBTC ATO,

2 e ATO ATO+PSD TS ETCS L1, 527 ATO
EAX
AlS A ETCS & 2 CBTC ETCS 2 2 CBTC CBTC
MG A|AHE
MEZ2E 27 trains/h 30 trains/h 24 trains/h 28 trains/h 30 trains/h
EAXIOA | MEHAMST] o MZH AMST MZH AT MZH MST|
ASA|AEL | TPWS/AWS e ETCS L1, ASFA | ETCS L1(0{Z4/512) KVB
MNEHE ETCS CBTC, ETCS ETCS CBTC CBTC
AMSAAH TPWS/AWS TPWS/AWS ASFA ETCS, KVB

O UHE2ER} = 28 XA OA|AE 2d ™ et Al

—

=2 7t
ReferenceE =550 Al
O 7 2t HY=E Zevenaar - =2 Emmerich
O el# ™2t ETCS Level 2 <= ATB < PZB

O el=z} z2|X} : HEZH= Prorail, =< DB Networks

F
HH2t=2f AIHOJAI AR BT E Al E =el & = AU20, ofol ot

o rufi

SMZ AlABICt

20074 159kme| =1t HEZHEE HAZst=s =H =M EE T BetuwerouteZt 7S
ez ¢olsf =4 SUE It LAAOAIAR HMeto] LMSHH  =AJAck UHEHE
Rotterdam(ZEH| 2= )o|A &2st B RH= ZevenaarolAl ETCS Level 20(Al ATBZ &M 2t5}
A =10, FZHoM 5 PZBA|AEHIOZ BHHAEo 3l 5HA =C}

Betuweroutedl| M= 67X CtE M| ERTMS 2ZEQH(F&E SRS 2.3.0d)E Z=&tst 8
Jbxl wEel J|BAVL RYED o), o2 ClYst RES AMMSHAIL MR Mu|o
Ss0f 2WECH YYRASS SUS of TS BT ETCS Level 2AIAHOR HEsts A
52 JNI 9lon, of ZRNMEE B UM TN X FSS @I AUctD st
AURH OJAIAE %0t ofLlzl MAMAIAY | WEE Tesicks Mol ofzie Mol 2 & 3
2 Zolch 2026W7ixl A ST s e were ofg aET Zoh
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o Situation 2014 (before changes)

D

1,6 kV = ; ATB 1.5 kV'=: ATB
hem

I
! VCO
e '__1 1,5kV =; PZB + ATB T Oberhausen
Zevenaar [ At e} Emmerich I—___—

| |
Rotterdam (Betuwe-Route) ' Systemwechsel- 15 kV 16,7 Hz ~ ; PZB
bahnhof
m Border DANL: 111031 (NU)

72.613 (0)

o Step 1, realised December 2015; change of CCS on the Dutch side

NL' D

- 1,5 kV = ; ATB 1,5kv=;ETCSL2B2 |
wem .
~

Amsterdam/A 1,5 kV =; PZB = Oberhausen
Zevenaar [ —f { [Emmerich| f——r——

Rolterdam (Betuwe-Route) !

-

VCO Change 15 KV 16,7 Hz - ; PZB

Border DINL: 1 n'm1 (NL)
72813 (0)

e Step 2, planed status for end of 2016; preparation for third track in NL and change of catenary system

NL'!' D

1,5kV =; ATB V 2s5kvsoHz~;PZB
nhem

Oberhausen
] Emmerich
1

Rotterdam (Betuwe-Route) 16 kV 16,7 Hz ~ ; PZB

—
' ca. Skm

Bordor O/NL: 111,031 (NL)
72,613 (D)

@ step 3. planed status for end of 2018;

NL' D

1,5 kV=; ATB I 25kVSOHz~;PZB
nhem =

Oberhausen
¥ Zevenaar [—|veo] 'a—ivool———llinM:

Rotterdam (Batuwe-Route)

et 15 kV 16,7 Hz ~ ; PZB

Border DiNL: 114 |._oax (NL)
72,613(D)

o Step 4, planed status for end of 2026; third track in Germany

NL! D
1,6kV=; ATB 125 kV 50 Hz ~ ; PZB + ETCS L2 B3
nhem - Oberhausen
iv] Zevenaar [—{veol EE Emmerich
Rotterdam (Betuws-Route) — 15 kV 16,7 Hz ~ ; PZB + ETCS L2 B3
Border DINL: |1f!u3| (NL)
72,613 (D)

o T

TZME 1A= 20144 1280 2t2 = dct olmf Zevenaar 82t =< oA VOC

TZH25kVac/1.5kVdc)0| ATBAIM ETCS 2|® 2 (Baseline 2.3.0d)Z Hi#dct O|Zx4 HEH
2t=+= Rotterdam/Zeebrugge-Mannheim—-Basel-GenoaZ}X| ERTMS/ETCSE 25 ™ EsHA
gllend, stte| Foto]l M Mol ETCSE ME ¥ 2Yste z=2| At#|7t =Uct. (o] =t
212 Alstom ERTMS HH|E AtEsto] WEZE AMS ARl Stuktonoll 28 & =3ict) =
E’E!E 2CHA = 2015 2 2ARSHE WS ZEER SIF 2, Zevenaar SHOA ZZHES XLt

km X[E7X| =M 25kV acZ MEtst= 2 s Eahstct,

Z2HE 3tHAl= 2018d LHX| b= ofdolof, 174 M2E FIt2 AMstA Ect WH
2= Zo|lM HX ZAZE A|RbE0] 202 6'—:' U77IX] Emmerich ¥ Oberhausen(=¢)7HX| A&

2 o|do|of o] =M ETCS |27} == PZBAIAEHZ 282H E oMolct o =M
2 =YX o|oE ZM0{ZH =4 MH|Ao|T Al2E0{ ETCS H2, PZB, ATBI} 25 Z
ZE EMUZRtZF 23 = akef ofct,

-—

MAZol HEM 2 mf DXIHOIAIAEIS ETCS 2l 2 A|ABRIcZ 25 E2 511X} 5}
= ZZNEZ 2 $£ den{, O ™S LE F= tHEAel AlEZtn & = U2 Aol
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sz|Lizle] HEoAM = m ATS, ATCAIAEIZ ETCS 2 22 JHZkser mf 2k
=

ZHHESE ol MBI E Sl ol & 5 Us AR E A2 EEE

A O]
T AL

et
rr

@ 29|2-0| 2o} 2h BRIHOJAI AR U S Al
Blely-wm A Azo| 4RE X|Lp A9|a-0|E2ol YoM E ETCS7 TE T Ye &

olni, o] Aol= Gotthard =M &k F2of (x|t M X|&HollAM ofolz2o|M (migration)
o o|Fof{x|2 Uct ALA2| BellinzonadllAl O|E2|ot LuinoZtX[e] T=MoflM AAQ|
Signum(2 A HARKSUSA|ABNAIAR 2 o|&2Z[of HE W 10km Aol Ues Luinoll
ZREIXR] DR O E Std, 07|oflA O|Et2[ol SCMT Ats €At ES A|AHO| ALSEC.
Zevenaar — Emmerich =0 &g F= st 24 x| 22X = 47| BHSHA Lt
Etgtend, ate 713 2 IXtdof ZAHTE ctE ol Ues MEFNALCE.
A2 A9 ALWEZ(BAV)R =L7HX|2H NSAO|H, 0{7|of|A =M O|EZ|o S

= (ANSF)2| ztet stol =Oo|AH Ecf. OlEIIXZ, AAAUEE(SBB)= AL FEOM
Mol b el=2b 2| Xto| X[ Luinodl M =AMl LIHX|

25t Act olfet Agel SHAHE2 F =42 o|s|&AXS0| YHESHH HHs=s A

Al ©

THo|2ts At

1 R e

201544 = FAHL| AA HoM RanzoFE LuinoZ7bX|e] =M-2 Euroloop HIOlE M&1f
Euro-Signum 2 Euro-ZUB Xts Xt HOHZI ZFo{& ETCS & 1 Limited
Supervision(LS)Z Ofo|1zfo|Md & ofHo|H o, 2R F = 2l X| 2LUrCh,

SCMTAHIAM ETCS all® 1 Full Supervision(FS)e|l 2H{z|ol=, 2020HA O|=F Luinog XL}
MilanZ7kX| 2] =MollM ZH&E & Zdo|ch,

ARAA Zo|= o|o|l ETCS L1 LS + Euroloop/Euro—Signum/ EuroZUBZ} ZEH=F=|0f ACE.
Chiasso= ETCS L1 LS/SCMTL=zZ ZX&tE Ziolof, o|EzZlot ZolM Milan7tx|e] =M
2018 7}X| ETCS Level 2/SCMTZ 7H& = of ™ol
SBBof| 2|5tM o] ZZo|A ETCSE TS A2 ALA A= ZHx|ofA SCMTL +3&, o]
Elg|o} AlSolAM ETCS &l#l 19 3, I_T’_ Chiasso HHZHa} RFI2| Chiassoll & -
Milan ETCS 2ll¥ 2 EotR & 02{7X| o|R=Z2 =EMAMQl M Fcta MHstD JUct

ETCS L1 LSofl Cist A{ae | JlE AEe2 AA ME Iﬁ':-:.*' ot A ALBSEY| flel THE
=l Zdolx o|Etz|otol= ES|
O|ElZ|o} AT E Qe Ex5t %EA._"OI L5 AR}

‘I IS X E CHAE ofdolof 0]Zd2 ETCS 2ll# 2 RBCOHl A
skShe= = RBCOl MO{(ZHA=0{, 2 = ETCS

o
=
UEE AS 70t MSECL

>-||

AL

2 RFIE 20124 Suto] L8 ZtAl (MOU)ol M sttoni, olzie 2z
Eo BE XYES SlT 2AE OlHSIAD, 0IF B 4wl Mels Rojsis ¥
o0, o] A< 20150 HMZ= At 2012AFE, RFI’F SBB ETCS M&E7t= &

- —
S 2232t oAt EEez 327t JhE =AU

mo
Hel

Qﬂ
ré
o
00|
=
0w
Ao

2012H~ 20130l = eto] A =tLr, ETCS 2l 1 LS 27 A
M7t Ztd=don], &bl ofsh X|tafiol 22 = At
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A CHA Sk &= NSAS 7|&E A|AECE ol S 2™ 4(SIL 4)0lA SCMTE AE3SH0d
OlEz|otollM HMESH7| flah 29l I3t 7[s EES MESP|Z ZHSICE 2L O
Mol thet & x| gt AMA=|ojof 3YCt Ol2Et REES EF

ETCS 2® 1 LSoil it SBB2t RFIS| =&t
speed), &£ H$SHSR) Z=oM 2 &2, =z 2t
£ 7|82 2 sIct Af|A-O|El2|of ZZH Eof A
1, Alge2 st = ZF o|R0ZICE ETCSE Ranzo — Luino AoflA o™X A235t=|10 Brig -
Domodossola =M7tX| 20154 M85t A2 SHZ SHUCEH

SBB ERTMS Z=2ME zz2|Xtel Mr Urs Mosele= "A|AH
ETCSS| &5 S7UE UA2AFI2n] =4 ZF ETCS ZREMEE 5 .

o 2ol = Z | Chkst Mot & 2ol =ZHoAM ETCSE F8iste 20| X
Ao, WsfE X b= HERT HMAE EFste s =
Ol A X}, &

Ch'"2t2 3t

1
N
Hl
o o

= -
EH09L NSAC| #E glojle =24 7F Z2NEY

Mosele= =AM =Mool MEH FHIE AISsSH| flet & At o EF0| et 38 2F

Atete EsIQIct £8k SHMOl(dynamic transition)2 5{&35ts ME2MH A|AES ALESEH
o™ ETCS @4t HOlEfE HEs| flsf Xt =Zoll Hxtefof sfopat 2ot B35k
Ch o] 2ol =g 2t Z2HE SHME F0[7| flsh ok m=ol thet SSE 27A
o dede Z=stnt

ol2{3t M oM YBEUT0l FM FH xIolM ERTMSE uixIsted] UoiM HHN

=] -
d38Hez sz 5 Uths 42 & = Ant aBL dE238d

HOHS Al25iH AHS
HLH= o — o 1= -
of gt REel =48 Zxol| a7t == Lt STHE &8 2oiF2Act. NSAoAM ERA
2 5% Meo| drEe=M HHe O s AAT, =7t A8z XY 28 =ds 2o
£ =4 gth2 asute| M et g nwet 2MIF = Ack ol e HolM 2sd
VR A2 de S0l B2 =20] 2 Zolch
M AMHE Sl L T U= A F St ME CHE LRHOAIARZE 22 H™ Stof] A0 7|
22 eledE Aol GRIF MASHK| 20 ASHEA =0 S3tste Rolgl & = S A
ol{, &2l 2% 1 e#de2 ME o8 =7+ 2 o|ROoX|[7| 2o HE=A EHME Z0
W27 X @Ege Aoz dZEch sixjgh fe|u2te] 4« #€2 o|o| 2 ™etol| et 7|
=2 225D A oA @2 Aoz dZ=n], &= wXf Y Sel KRTCS e 2 Alx
ol s 2l HZAlFol TE5HA Ectd, olof thet ZME DeslLtof & ez HEtEct
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(529% &
[2M £ ]
1. LRITOJAIAY QT AN 24
b =U-Qf HME Al =AL
20034, d&8M 2 SHM debE T X[AFZE0L KTX Ze 4XHE 413042 AtAENX|E 7|
AL XA X[ (Automatic Train Stop)ollAl Ats 2 XS & X[ (Automatic Train Protection) 22
IS AlZbsto] A Al PE* S Mol ATP AlAE BRI E 7222 st Uct. a{L
= ZHME T Mo MX|-2P52l AR OA|ARIQl X5 HAE K| EX]| (ATS), RS AHAH O &
x| (D-ATC), AlsLRtetsZt I(ATP)OHH ATSE H2lstl sfie7|&sd ol&Estl U o5}
77t HAl dlct.
[O8 3-1] T FEeM AXHAIAEH oz ATP 28 FZ2H2 1,404 knE2 A AHE
AHAMER= 77800 ©RE O 2F 80%<2| MX|=0|Ct,

CHH| 34.4%2| Mx|E0|04 X}

ol

[l
nx
ror

& REA| O Al 2B

LM

(28 3-26] =4 F
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M A| AEI(European Train Control System)
A FE=EDE otz M MA 357N 2 Sol UCH.
5

1) 29H
7t) =Ht ohit
- SZHlClolit= SFREIZSAN =X ETCS AIAH
Ol ZAF 600, AQH T 2| X[dof 2f 200Y
XM oA 2B 2 SAHHel SHES JHEsto] oHY, 28d
Stod, MAtASEAl ESH ZEY SAMEA o= It EHE
gHyd UA M == A

- SHiC|otitoll Ao A%

g I MIAR T e 29

mol’

I
S
H
r

|8t ETCS Regional & HHML-MOZ StEHEXDE 23 st0] 2z
CESE BX| ¢, AYFEHOEX= NS 2ol AESIZE AMEstn UA2nd, FHAS
AEhof| AX|E ETCS Level 3 ESH 9FLf= ETCS Level 1 =& Level 25 M &35t
7ol st ETCS Level 3& M Estn] AU FE AR = H S EE ALSst AUt
- kMg ETCS Level 3= UICHIME ZAIMel #AZ MAISHA] 22 MM = M
2 ol Aoz EotEICH

- A9H wEZEHTrafikverket)2l Ange AIE A2 ETCS Level 28 245}
MAIA S Z R QF CTCAMX|= 2FH 2 FAstD EMEMME (RBC)= 1CH
o, oflH] RBC &t o= Cl2 X|Hof Mx|5l0{ x| 2 H

R

ot 2& RBColl tigt 283H HA| CHEICE

- RBC2| d&5 & (zl =S8LA = 3H) & o thol oflv] RBCE &HESId RBC 2%
Al detsts 52l 7l & 288el 5Hel A5t dEVF Esioh

- AMtEalel M|, RXIES HES HASH| flo HEEAIEE(DLP)S AAISHA] 2%k
o, ZMAL ZLE S| MZ I ofo|22 M MEIH| AES Soll =2 w2t H2

Ch XE71x 2= 2t
- 29 XNFIIX = 47 FA AL ASEE A eSSl RAIEFE AASH AU

0{ ETCS Level 2 XtZ2 ZHiC|Iobntoll A M ZHeh XH2ko| .

- A2 dd[o 7tastE flo AMHFHE 1HYo 1t(S2 AR MRS 20, 7|
ALl 2 F G H Xtls 42 flsi MMI & BTM(2HH Lt =£8hH2 PC1, PC2 7|
zhalofl Z42f MR = o] AAPCE
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2) A4 ¢l
71 ErlAmt

Shef|Ant 053
AN

L) adif SXE4ME g2 Zo)

- AT RABSMEE Hao elgos

#AEFE flof H=dH| ES A
MHHIE TSI, fHo=z LA AAHMBEEE HYSe A" E HAFD U
o ZI¥At E5 5 2ol = M2 cist AApCH
- FAIESME SE Al renfe 7[2HA BSS SRS GSM-R = EAE &l
ETCS Level 1 A&2 A 3sAlet FE3IEE o350 XMz H5 & Mz FH
3l S SASI 7|2 eSS FAISIES sAleEE &el st

3) 7|0
7h) HE[Ent
- d7lo] & X0 HAMES F1 U= TEEHMs FEe HEEA
= 1

A
ISO 170255 wten{, FE2l & 765.20082 Algde &+ U= F=EQ
E

2015 3¥ &A| 68WHe| oA 0o| AFstd U = 4702 Full EVC laboratorye 27/
Sl oo, Balise air gap communicationg 24 2 AZE = = AFAS HfF

st UL
- RBC QIHHO|A 7|s=ALE floll SEZAL A= ETCS Level 2 7|8 =Ml "2 of
2iFH2oa3A ZF LMol fIx|st elZz2fd (Infrabel)ite] ZZ CTC (Centralized
Traffic Control) ¥ RBC& AlSAIY A (Signal Station)2 Z A 5% Ch.
- X HIlol= & 20Re| 2Z CICE Efstl UH & =
o 2Z CTCE FHstof Hro Mol AXtE =

PN
=]
- HEo X535t A Sl 7|lse WMoz 202 HIE 75 SIQUch

ror

+
|'|"
2
2
o
=
k>
=)
_Ol

Cabine de
signalisation
de La Louviére

S -

-

<ETCS Level 2 &>

[22 3-27] ETCS Level 2 A|[ARIO| 2tRH|0| 2T A ZF =M
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3 NID_RBC M& == RBCe AEXHID)
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(529% = H176%)
M&stodof 5t HESZ= HIER/HEFT AE)
ME(EAME)E HMMEsto{of stoh X2 2 Y3 2(FU, HA) ZAIME HIE THE2 [®

[ 321] 22 BAME HE 7A [F 3-22] AEs2 FAINE HE 7
HE | ol A o HIE | oS M =
0 cuU 0 T |1 AES 2 uE g
0: AT3z &S
! cu 1 A | A
) I~ 1 T oo F= A A
3 cU 2 - CuU
3 - Cu
4 Cu
4 - Cu
5 CuU 5 _ cU
6 Cu 6 - CuU
7 RLK 1 TEMAE, 0: 2sHH 7 Cu
4) AR MESE
MAAS AR 2RE A== MAIX= ct2 Ogn 22 J7|2 J1X|0 HA|X| otof| =&
= HolEHe MAIMSAXAM MAEE 2E MEHME (22, MAMX|, M2M37|, &
L 2 ZehAIS T loz :EH5l0] X|AFRBCEHA|2 M&sict

olmf, 1tH2| X|H4RBCEHAI= NCHS| At S

S =% 15 2E HAIXOIA [E 3-23]
I} Zo| RBC 280 es HHE U FNYHE & =

T235tod xzlshot st

[ 3-23] 220 e HAASER 2 & HIHE

STX Data Length | Sequence No. | Station No. | Message Type | Data CRC ETX

1 byte 2 byte 1 byte 1 byte 1 byte N byte | 4 byte | 1 byte
T2 ol & Data giBé:E J;L;ng
222 1 byte V
M 2R 1 byte N
MAA S A 1 byte O
MEZHED| n byte O
F AMSI(EY 2 &4 n byte O
T RS H A A S 7| n byte O
oMM ST n byte Y
AR AetMST|(LetEX 28 n byte O
=z n byte O
THH = n byte O
A = n byte O
UMD (ERHS) n byte N
Hu= n byte N
| A ab5F n byte \
MS7|LZH K| 1 byte N
X Z=H X EHA| n byte <

- 176 -



CHadd MAIX] M&E2 s O8 3 20| S84 AdsEx Ao MElME RASS 8ot
0 At=sHRICE
TR . ™
i - = ‘.1,.'1;.\ {_{ e i P .,ﬁ - ‘/ml "_"'
BT SR e e T
— a
% « ELIT
(Y s e i mreiir O X.\
/5/ E i, r ,f o = _'_ _:
5 =g n:-! [N ; b / e L Rt
: : =8 =] 0 —wb i 3 e
./- = | — e
s H =) . . *‘::- - ®
: \‘\ s =24 o S
[ 5] LB ol -
)
_ S i
&
= =5 /
Efg i - - - 7

b

[0 3-63] ¢t dszE L%
Sl MAIX] MEZS| &= A1t otz &0| 576 bytel| HIOIE ZZ[7F A=A
T MAIX] 37|= 587 byteZ A A= UCEH
(£ 3-24] 4t OAIX] ME AE Zo}
STX | Data Length | Sequence No. StNag‘_’“ M?Syzaege Data | CRC | ETX | &
1 byte 2 byte 1 byte 1 byte 1 byte 576 byte|4 byte|1 byte|587byte
T L& Data
2FEEE 1 byte
P S SN 1 byte
M AA S &R 1 byte
MZMED| 47 byte
F AE7] (3 o &Y 36 byte
THALSH A A 27 17 byte
H| AHAI S| 23 byte
At AetSY| (LetEX| =g 41 byte
= 200 byte
TUHE 112 byte
H M = 35 byte
UMD (LZAHS) 53 byte
Ag= 4 byte
IH| A4 BF ok 4 byte
R R R SPN 1 byte
XY= E X EHA| 0 byte




Aoty AKX MSE2 o 28I 20| 2 ASEE Mo HElgE 2452 185
0{ &HESIICE.

(o]

=
=T

dokdol MAIX] M&Ee| &+E At ot f Z0| 175 bytel| HIOIEf FA7|7F A=A F
& HAIXl Z7|= 186 byteZ AHlLb=RUCE
[ 3-25] ot oAIX] MEZF s Aot
Sequence Station Message _
STX Data Length Data CRC | ETX SHA|
No. No. Type
1 byte 2 byte 1 byte 1 byte 1 byte 175 byte |4 byte|1 byte|186 byte
=M MEfME Data
22 1 byte
AU EA| 1 byte
MRt S &R 1 byte
MEMEY 10 byte
F a7 (B & &) 12 byte
TUASH M A ST 1 byte
H| AHA S | 17 byte
b eS| (LetEX =g 15 byte
= 52 byte
TUHE 26 byte
H MY = 16 byte
S (LXHT) 15 byte
k=t 0 byte
| A 2b5F 8 byte
R ReTE SSPN 0 byte
X H=E X EHA| 0 byte
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|, RBC & EIS M ZfAte| o|Hd+H
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02
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=

} glo|ej £ ojujsto] Data’ €=

Datan] : HePgR(l vlolE)

HE F AbsE
LANEZE(1)2 | MAASERIS] 14 LANZE(1) 2 RBC=2} EIS
[e] 14 LANZESl HZE NEZEQQ)2 st AE Sall X4 25
x| 1A2] LANZEE(1)2F A =1 QIE{ I O A
LANZERl o | ASEXIe 14 LANEE(2) & 2H LAN off st
ZE(4)= SAY BE Sall XIARBCEA YA
Hel LANEE(2)9F oA &lct
wvesE R RBC2} EIS
[t e S 24 237
4 nNATP(L) OIE{H[0|A
T I of cHEk
o : o4A|
HMAASER S| 1A 1ZF A, 2HZ X | 28A A
S HAM =0 X&RBCEA 2A2 ZL | FA Hit
HEE MEEot T
Ciol MAASER FEHE FEslor 71E
St= X MRBCEAS| Msg HZEs HRASE
M HEo| CIEHO|AKXIE AR | X[ IHF
T ACH 270l w2
Chok HMA|
[E 3] MAIX =2l + [E 3] MAIX] Zael #x A X o]
g M = | m oHS
[1one tn brte. | Vb7 M 7t
Hjole 2=
Tx 2o
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aEd
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(529% = H180%)
/3 o At
Y HEo ¢ g 2E =L /oAt
BITO | BIT1 | BIT2 | BITS | LOCAL ' m2E=
1 i o | O
k=
47 L[ 1[0 oN =
’ {t i 1 UFF
{ { 1 FLASHING
{ 1 { OFF
Zh ZLMSI|o EAEE Z[Al CTC
A
S olefH|o] &
slelals| 00 H W S
0 | S6 [ 1: ZHs @4, 0: PAHE HA 0 T=ZEE
47 1 | SF [ 1: 4137 24, 0 : 4271 4 b
: 2 Cu_ _ 2 S AbQF S
3 [TTB| 1 : TTB OFF(TTCE) 3 : TTB ON. 0 : TTB OFF(TTCB) e =<
1 AL | 1 = H’T—j ON, 0 : TR 4 A HE ONL O %
5 | CG |1 157] ON, D : 854157| OFF 5 =41 27] ON, 0 : &4 87] OFF
e : d 6 =
7 cu i
1tie| X|AMRBCEX|= NCHe| olmf, 1cHe| X|ARB NCHe| & | X|ARBCE
HROAM Shl== 2EE HAXE AASEROA 2 = HMAIK| %9
5t11 0|5 Az2|sliof shct. oA cCtg J8 ot & 280 o | MAASE
A
5 235t AMHE gl Xt HE #2350 x| &A
ol & S Hiole &
EHo| QA
Liyte | 2 byte i byt e ll|1 2 byte | 1 byle _
- — : ol=Hs
i RBC ] REC
Bl LR P M Ao
L 2es
NHE=
5.1 ) e
HIMEZE
e ‘E‘%
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GAE P MEE ALBS0 SMFSRUL 7+ SA0| HZEICH XAHMERU T XHAOHIH
SRY Zto| LTE-R SAY XS AIBSIY| 2ish HEo| LTE-R &u|S Satch oMM
R 2t EX|l= LTE-R Z 2 Sl MMESFAD LTE-R &H| 2+ 2

A AHHHE RN KAt IHHE g Yl

STU1 || 5TU 2 STU 1 STU 2

ETHT TE‘IH ETH ETH

EPC |« / __» TaI

LTE-R

[22 3-67] STUS LTE-R |2 QlEjH 0|~ TME
2) S4 HEX}

X MRBCEX|2 KVCHEXE| 2+ HEe|l S-alof| UM XpaeFMMESFUO 25 ETCS
SUBSET-037 Al HA|st= At b2l obM - & (Safety—Connection)| A Xt7}
L

I T AATPEX] | X4 sTU ] | T4 STU | | THPATPE X | [ X HATPER | [ X4 5TU | | X4 STU I I EHIATPEE]
. e 2n (5a-CONNECT regt
request) e

ﬁa%& ‘is.n-cmiﬂrnmﬂa ?‘g,.;?:‘: agm?n ;;:‘:l-\;::s‘:sj
5 um oF

v o

i i (ALIZ 58PDU)

W wn s ASRED

o8 B UL W 1] S4BTk Tkl
HE-Ts T {Sa-CONMECT.indication)
indication)
PHE-U BT ‘5"‘% %
(5a-CONNECTresparse), o2 8¢ 30x R
5] (5o Eonniich ot I P
& i - - - %
k [vpmaen]  |eSRSEAAM. BB |ljssanrnin.
- A O | = — En =
[23 3-68] KVCE =AM otM-HE2 FsH= [O23 3-69] X[&oAM etM-FHL ZEO
o == = o o = =
a2 HAIX sEX LS| L2 A HAX SEC

KVCE=xIOIAM X[ H4RBCEA| 7+ HH-H% dZ o|=ol= XARBCEAI2F KVCEX| 2+ |0l &
M&o| sAHEICH HH-FHE MZ 0lF X[ARBCEAOAM KVCEAIZ2| MAIX] &2 [
3-70] & [OE 3-71]1 &0 X|MRBCEA|IOAM KVCEA| E= KVCEXOIA X|ARBCZEHX| 2
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(529% & H[183%)

[ K HATPEX I | Xy sTu ] I R STU } [ THATPEXE | l X 4ATPEY I I X4 STU | [ XHy STU | l IHHATPEY ]
1 1 1 1
| B4 72 0B | | -4 79008 |
HH-qols 23 EE-dolE 2%
AATPE N (Sa-DATA request) o (Sa-DATA request) BYATPE NS
LRt [~ LEEE
?‘Ixi—'n‘ 2 e B4 08 HojE H& 5 nwmm
H-G0|8 XA oE-g ol XA
(sa-DATAIndication) | (5a-DATAindication)
(22 3-70] HlolH M&EE fleh AKX (23 3-71] diole M&g fI8 HAIX|
SEEX R SEE(Rat—X 4
X|&RBCEHX|2F KVCEX|] ZF oFM-F % (Sa-DISCONNECT)E B &st= A= [OAE 3-72],
[O23 3-73]n Zct
| | AATPER| l | x| STU | | 4 STU | | THAATPE R | [xlsnmxl | I 4 STU ] | XH4 STU ] |,%.m,§,! ]
[ weme ] R —
HyATPg ) fs.-ggégv.u*sc.tﬂ! Ergﬁ!cﬁuﬂqhg&!l:q’«m R ATPR %))
¥ i oHn-uags 4| sn-mazs HH-BABE A 4 miHEy
SASHON on-yams P o (DissPOU)
i - o
PE-USIA AN HE-TRER A oE-gasa Ty HE-EAER XY
Iu..m..iw {58-DISCONMEC Tindication|| {52-DISCONNECT indication)) {5a-DISCONNEC Tindication)
[O8 3-72] ot HEZBE OAIX| [T 3-73] ot HHZE OAX|
SEE(X| &R SEE(RHat—X A
X| ARBCZHX| = KVCE%[7I oM ESFHARE CHH-H&EEE 2F mH Al X]
(Sa-DISCONNECT. request)E& H™&stH 2 HHMERU2 AHUHERY 2t HNH-FHES=
X|Al(DI SaPDU) % oHM-HEZZEEZ &el(DC SaPDU) HAt o|=of XA 2 KVCERXZ oHH-

H&EZ 2 XAl A X]|(Sa-DISCONNECT.indication)& M4t}

A et-#tet 28 FHRE S MMol| tigt ZAIE 2ol XIARBCEAI2} X MAHTUESRA 72t S
A, XNt HESRAL AHYAHPEFH 72F S, AT S FAL KVCEA 2+ Slof

X| A ATPE K| x4 STU X|4& STU
s i i i e o i j
, STU-46) AR -
. (STU-Alive Message) il
1z A1
1% 57|82 .3
oty as
T
: =
L€ £
S S, oy gt e |

(28 3-74] XAt SRAL HEUHAIX] TS oAl

o

0
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RN AP EFHA R 1£22| FI|E AFSSH0] X|ARBCEHX[OfH STU-AEH M A|X|(STU-Alive
Message)E M &5t X|ARBCEX|= X[MUMMMERUL] MEfE =olsict, X[MMMMER
L2 X|AMRBCZHA|2| Zt UDPEZEZ Alel MA|X|E METHC}

14 sTU RAATPEE 44 STU X4 ATP
STU-4HEl AR - 1
r {STU-Alive Message) _ Kl a1 5
ATP-HE OfAIX|] T 1 a9
_ (ATP-Alive Message) -
Hﬁﬁf STL-2FE of A X]
(STU-Alive Message)
ya a4 12 LR
AUATFE A 3 ATP- 48 DJ M|
SEUATE Be (ATP-Alive Message)
. . > - o —
(32 3-75] AaterdASFulel Al olAIX] M& ofA
AAMMHHMEFHAR 1X22| FIIE AIE5I0d  KVCEX|OA  STU-AENH A X[ (STU-Alive
Message)& ™&Est, KVCAA|= AHACHHIMESRU e MEfE =elstct, KVCEX= 122 F
7|1 & A5 RAUIMMESRAOA ATP-AENH A|X|(ATP-Alive Message)E M&stn{, Xpal
MM ESRA = KVCEXIS MEfE =QItiot AMHMMEFRAR Z AZYEZEE ALSSH0]
STU-MEH A X[ (STU-Alive Message)E M&THCE KVCEXI= FH (Active)Bt 2t AZ|[EEZE
£ AL23510d ATP-ALEHH A|X|(ATP-Alive Message)S T & oot XPAMMMERU 2 KVCEHK|
off Al ATP-AENMIA|X[(ATP-Alive Message)E 3= O|& =4l BFX] 25t A 4 Zojz 7+
F35tof x|Altzle| RE EAMMME Z235t0{0f S},
X ALATPE}X] X4 STU X4 STU XpAPATPE}R]
| |
e e
T SE] = oA x|
(AYT Message)
77|99 €
2 4 ap >
[T >