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ARe) A9t 9027 dEshe Aol s, FEAAs AAAR (A E A
AA| ~"lef 9] &3} triangular—path HE Q] cyclic —path AHZE 7HA 11 S
—otdf] 2" o] DA LAEY AXRIE A ATP7 FAlste] 33 AAke] Qo]
Asty SEZ23td (MRSP) & AlAtstal @AAME ol dAs 9 MRSPE $F3dA=
Agsto] AANAL Aojshs WHOoRR FYAAL FAGd oJFARLS o]y
triangular —path& &% #}7° AYAA} A E wFsto] AA3b2 5 Ao
A @ olsAL U
xlg AP |® 2= = 2T (MRSP)AH A
@ O|SMet I MRSP S @ olx|m T
e Trlangular-path
@ sEHEA % Y
Xtar ATP#2 | = 1 - Kbat ATP#1 ]':b
Ols AT /tpars o ox [@®)]
ATP#17} émiﬂ ATP#27} bl%ﬂﬁj
HaAEe ALK =dAIEe SRR
(79 1.11] GAAIAI2E AAREA Ao 2 (Triangular—path)
—otgf 1 JJr LOl TN AEIEE AFESHA g ETCS L3E &4
A gt 7 28 (line capacity)©] 58% s7tetal, ANtEEo] A& wj= A
ZEFo] 42% %— }é}—t« ZHoFE FAE
o o] ¢4 FQl Ao ETCS L3E AL AF-UNFE B5), +9 T €49
T, AR ol wet AR 82 15~60% oA Hsd Aoz oty

« Amsl®e] dolE HAsteks 4%, ETCS L2g} ETCS L33k &&=kl Apol7t
N RS R F o, Ade] AAHE AsAn (AL R) e sl St
ol whet AlEld A7, AAHE A, FAHEE A Tol HAE

[%]

Increase of capacity for the high-speed line (ETCS level 1 =100 %)

—#—UIC Code 406
155 A

135

115,
115

100,0 103

95
Level 1 Level 1 with a second
infill balise (400 m
ahead of the main

signal)

Level 2

(2™ 1.12] &40 ETCSS A=

Level 2 with 400 m
block sections

Level 3

R
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3. HlE(Cost) &M

AMZE GaRFAAA AR Ak Al AED EQIH] 83 AlAED -Ju] o] FAlo] Q-
B oglAo Ao n&EAL ETCS L39 A&3 A7 gl &4 J K
= 2AR 3

fr
s
B
E

A=)
H €5 10~50% 73
O TOSCA9A EA Z#o] ETCS L39 7|jayss A3t A AAdaAgn {2 25%

Ast= ZAow 7]E S (Transport Infrastructure Capacity Assessment,
TOSCA, 2008).

[Z 2.22] NGTCS WP ¥ ¥ &

WxAe] 54 ETCS L39] 7|j&3}
« *3AA : 12~15 trains/h « FEEF  +35% (D)
« A8 1 10204 « AFTEH1E 1 1,000+ /km
. 22582 15.3004/A17 « PR 1 280,0000-2/G 3¢
© =YRE 1 0.063F%/5A—km « ARG 0 -25% (83D
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Safety Features Conventional CBTC
Speed Supervision Limited Yes
Train Localization Yes Yes
Safe Train Separation Yes Yes
Rollback Protection Limited Yes
Parted Consist Yes Yes
Train Door Interlocks Yes Yes
Departure Interlocks Yes Yes
Route Interlocks Yes Yes
Protecti_on against passing Yes Yes
a signal at danger
Broken rail detection Yes No
o
(19 1.13] FAFAA 3} 71584 9] kA +4
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A0 =AATIIE A SEHIL low FATAES] oS wEw 2030del AAA
AT 60%7F Z=Alel HFstA =™ o= <lal TAJe ZAl F s A UoA]g]
AEol g4 F77t o

% Z2|: United Nations, World Urbanization Prospects: The 2005 Revision
(2006) and Carl Haub, 2007 World Population Data Sheet.
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2. Z9| YUSH
O 20099 9= WEH= 309 Fox ATrt AHHA AFS
W "Delivering a Sustainable Railway" ZAdsla £33, g wjEF 04, S,

S AE HE7E AHHoR AARdsty] A% dd4d evxdor Aska, 30d

_l

F9l 20409 Sstolor & ©H BET WAL

O e ArRors 7 @A 4 R 2L BFED Yon FA, FETE
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25 Al 7A
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WP 3 |o AJAE 2 A|AED 9 FAA AE
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X ]

7hel o1 (241, 124), e

O AAA ez A3 (urbanization) = F2A3] 7F&53tE o] 2030dd= A AAQTF9]
53.6%7F Z=Alel & Ao® AW (Hd =AIsk= 2050d7H4] ¢k 90% )

O EAIs}t 9 EA] o]F FO7 Qlsle] HEe g4 o]fo] QH 1, A WHo=E <l
sk gkl A Ashrt AstE= T A Sl s TAS] wde wet tiEAlE
F714 02 AAS= At EAASY (Mega—City—Region) Aol 7}&53) oA
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2. LY - o LRAOIA[LE AlEeiE

O AEI2E AHgete Ao~} FAENTE 154, dutd, FoldE A4
g o] g A 1093 72 2,9009 A AF A (HEANZZAAAE R&D
F4d8, A=, 2016.6)

O AA A5 GapA|oj A A8 A|ZFe oo 7 3.1%9 4 H AFE(CAGRD)o|gt= A
F3 AFAS K& Ror oSh. HLE AAAOAIAE AFe FRE 2011
{@~2013d 7|7k 1279 = (¢F 16.32¢¥Y) =2 H7tE 1 2017d~2019d Afolol+=
1509 = (°F 19.328) & o8k e °olf 222 odd. 32 7ed AEde
AA A F 88%cl s o 1349 fE(F17.2%2)9) FEE YT Jow
=¥ (% £3*] :World Rail Market forecast 2014 to 2019, Unife).

The total market for rail control amounts to EUR ~15 bn in 2019 and is
expected to grow by 3.1% p.a. over the next six years
Total market CAGR Accessible market CAGR
15,192 13,309
===t gm %541 L;-m (+5.1%)
12,675 w 1,225 Esstem Europe ﬂfm_ 1,225 | EestemEuope
— 1350 | Ancamidsecst (H41%) *5343% 1265 | Avesmossess  (F35%
1,063 HENRS| v 03 1611 | wem )
1,178 1,178
4613 | Asapac 3%
3,841
4,630 5,064 WostemEwope  (415%) H5%)
2011-2013 2017-2019 2011-2013 2017-2019
(29 2.17] Ax xS A 4 Fd A G E

O 53] ofrlo} gk AL 2017dA 2019d@7b4] 79 7AW F2(F 122 o

A R 7P =2 AR Aol o] FolAl= Ao

]
W~2013d Atolell 389 F=(F 4.9%9) 9 AR, oA 3.1%°] 4 Ft 4%
Eo| sFetnE Ao or AR 2 SR AT
O 6.1%9 i B FFEolzts dhdos 71 =2 438
3.79 FR(F ATHAD A A EIE S Aow 58, /‘%174101]*1 7}7& Z
AT A A AR A AfFHS 1.5%2 4 i AFES /M Jlor o3,
a3y 239 AR E 4.3499 F2(2F 5.6d) Y AUATAILTFRE FTt

o<

mlo
N
)
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o
ol
O
ﬂi
O
O
ri

1) Compound Annual Growth Rate: ¥+ A&
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Asia Pacific drives absolute growth of this market — Latin America

and Eastern Europe with high relative growth rates

Absolute market growth 2013-19 Growth 2013-2019
900 Market size 11-13  Abso- Relative
(accessibility)?  lute  (CAGR)
750 Asia Pacific Africal 1063 (96%) 287  4.1%
Middle East
600 - Asia 3841 (61%) mo 3%
Pacific
450 4 Wesiem Europe cis 02 (83%) 187 40%
NAFTA
300 AfticalME Eastern 88 (100%) 367 6.1%
Eastem Europe Europe
150 s Latin America Latin 402 (100%) 139 5%
America
NAFTA 1178 (100%) 333 4.2%
-150 - - - . - Western 4,630 (100%) 434 15%
0% 1% 2% 3% 4% 5% 6% 7%  Europe
Relative market growth (CAGR 2013-19) z 12675 (87%) 2518  31%
Market volume in 2011-13
1) Degree of market accessibilny in % of total market value accessibie

(1% 2.18] Ao dAxpA|o] Ao dA et 4%

el 4

All segments continue to see strong growth rates, of which
interurban remains the larger market in absolute terms

Total market CAGR Accessible market CAGR

2011-2013 2017-2019

15,192 13,399 GE)

1,007 Ught rad

§

(23] 2.19] +

2 953
O o17]4 ERTMS ZZo] 93 E3] ATP 7]&o aaAel s
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ERTMS ATP A& tdt A&E& 2017d~2019d Afo] Az oF 179 G=(¢F 2.1
Ze| @& Ao7 oF

gkﬂ

O 72 CBTCxw EAlaEolA el dxatAol 9 BeE 93t &
& CBTC Al~8lo] o8] odabe] Aok A: /& A4
delA glor ot AL wERelE 9o He EHHolT FAF ¥ @% A

12 CBTC +ae°l ojA Axdel FgdAely A AAHCcZ =AE%E CBTC Al
KR

2
2

18000 X[ HRAIH| O Al AR MAAIEHEUR m] 18,000 tp Mt HARX]| O A| AR M| AH|A|EHEUR m]
16,573 16,573
/489 |0l AEH
16,000 292 | 2Aad 16,000 1,300
E ]
1117 FAET
14,000 sl e OEEIZES 14,000 sl
E 396 | “ | 1,361 4
417 1,211
806 =30 4,900
12,000 ! e 12,000
' 1,119 '
Med
3,776
1,414
10,000 10,000 Ul a=d
5,664
8,000 8,000
4,836
6,000 6,000
e OFAJOF, Ef ot
10,373
8,966
4,000 4,000
5917
4,965
2,000 2,000
0
2013~2015 2019~2021 2013~2015 2019~2021

(19 2.20] A 9 w48 AxpA oA A A5 (2017)

7 At A 3 dadgel= A%

O dx 415841 (Control command and signalling) +oF A AA Al 7 2 G19
o]= (New development and upgrade market) A% 20159 ¢F 81.709 = (¢F
10.6612 €Dolm, 202087k4 £ Hit 2.93% S71E oz FH(x =
Worldwide Market for Railway Industries, 2017, =% SCI).

O Alat 2 gadel= Aol AAE A& Siemens/Invensys, Ansaldo STS,
Thales, Alstom % Bombardier s XA ZALZS] A&l =4 e o
A= Aol AapAl Al A S AEsHA T2 CRSC A&l 2912 Fokil+.
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O #Hx 2135%21(Control command and signalling) #oF A AA 7% 9 {FAHF

(Renewal and Maintenance) Al7%&2] A% 20159d ¢k 83.79 = (2F 10.923% €)
oln, 2020@7kA] 1 H 3.0% S7FE HOFE AFSHOx &4  Worldwide Market
for Railway Industries, 2017, 5 SCID)

[3% 2.5] Control Command and signalling (Renewal and Maintenance Market 2015)

. AP FAAF Market Volume (EUR million)
fiegion (%) 2015 2020
Western Europe 2.1 3,550 4,036.1
Eastern Europe —-1.1 930 1,047.1
North America 5.4 520 602.81
South/Central America 1.2 210 255.5
Asia 1.6 1,850 2,283.5
CIS 2.6 920 1,025.8
Africa/Middle east 9.6 160 188.2
Australia/Pacific 2 230 260.2
Total 2.93 8,370 9,699.2

O AlF-deoz v, M 45 A AA A

By AF9 45%E5 2HA 5
2018W7HA] 4F B3t 2.7% AAE AET Ao g, FHH A dAE 12%
FE NATEZE vid 25% AFE A5 o= =B EUM 45 201874
d 3.4% A% AAFEIF AR agi S5, Fune] g wid 4.3%°] Ao
2 EE Aol AFHE. opxote] A9 HA AITEE oF 19% HLolAW ko w
3.9%° 3=

A REE 2

®m Western Europe

® Eastern Europe

= North America
 South/Central America
= Asia

= CIS

m Africa/Middle East

m Australia/Pacific

AW 82| Ra/wA AF (2013)
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CHA &8 9 1EHEAT AXA| A A (ATC) I AE|H oo A S
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KRTCS : Korsa-Radio Train Confrol System ﬂgl‘ﬂﬂ
ATP : Automatic Train Protection
ATO : Automatic Train Operation
ATS : Automatie Tran Supenasion
LDP ; Large Display Pannel
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(2) ¢ CTCS $49383}

O GSME =98t 52 A= U] dewdel gist HEe #48 S8 &
BICTCS(Chinese Train Control System) AAE =38l 2
w2} Level O, Level 1, Level 2, Level 3, Level 4% #

—F% Arge] BAS JENAS, Ju, A%, e, dddA 9 B9 B9
Y 9 AeRe o FAHS

WERAS) w94 82 Foqdle] 45 4fs AAH = dofstal Alxg 2

A8 gl WATORA A2 $Ae dAew aHoR AWF 4 YES &
. (xﬁm}) Ao 9ol AoelA Fudse TAsolw, 150w st o

- (FAAA W FAD) BAE b EE] e AAFORA AT kS F

A BAG A2 YPT e webd BAT FAHEFORA Al ArE
WS BE, 53] k4 Bk 0B THI WS nHUE SAA|IA LY
AEE W A e A% Bkl FoF FHoR 483

C ETAY, 29 B ML) DA AT] W B FPAAUOE THE
of wheb ANE Aol AAT FAAW, £ W ALAL Astolok §
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g A1 AR £BL S A TN

¢ CTCS Level 02 ¥xt Alofe] 7]¥ RER 120km/h olstellwt 2 &3hm, 2242l
S7F AAH e wAde® Fojxl Wi, CTCS Level 12 120~160kmel &
« ZFATPe] & AEHal, Aol weart dAHo] 9%
[ 2.19] CTCS9} ETCS Level®] Hla

CTCS ETCS
Level T4 Level T4

AES = (DA + A 5 = AEAF(E
Level 0 | =% k47 1 ALI R B A5A57(D
Ag Level 0 | A4A) +A4Z (EE A

Level 1 | 7] AE32 + 24 4% AFA 5
AL 2w AE=AF7 (D
Lovel o | MEIR@ARIIRAS | ilﬁj) +HLaj(oﬂ;o LM
eve -I-H]‘E]/\(/SEEH;S]E) eve =i = HI\E2 AT % e

Hou oXdgd gH)

AL 2 = 2A5A57]1(E
A8 A) + A (IR
Ar 9 M= FH) 4+
GSM—-R (& A}e]5A3hH
el (2 AR) + A dzd gdx) +

Level 4 Level 3
e GSM-R + o]& 4] eve GSM—-R + o]%d

A= 2 (EAAA]) + g
Level 3 | ~(X=¥ AR + | Level 2
GSM—-R (& afo]sHgh)

— (CTCS Level 2)ETCS leve 13 2 wAalo g A3 27} 93 AXE AH s,

dap ol Advy FH AFES TYAE o] T

— (CTCS Level 3) ETCS leve 29 72 W2 o=z A Ls| 2o FAst] da A7/
A HAE Adstay gel A7 A9 AR E AlFsty, GSM-R WEH IS E35)
o] a1 3 7IE AFeta HEAL REE AEste] dxke] Hdss sk

Aol g
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o HuL3ET 300~350km/h.

* (CTCS Level 4) ETCS Level 39 &3t 545 zta 9lom, ebdsh Fa4dR
Aol AT dafegAoqA Ao R H=2 ALIZE AMESHA] &S & SO
o, RBCS} A447h ¥F 08 Aa9A 33 9 734 AAs gdgoA 7}
g e olBu Y el HET s AnY
O =2 d@A7HA CTCS 75& fl8iA 22709 Ze2HAES FHsta glov, i
CTCS Level 3(ETCS Level28} 2 E FF3ta U
— 5o AEANZTAIAE FFARRI CRSCD Ei& CRCS 5x42 Mdshs T2AEE ¢l
o, LA} vEoE X3y A=
[ 2.14] =4 CTCS +5d3
ERTMS | A=z7o|
X L
K i Level (km)
. Alstom/Bombardier/CRS
Beijing - Shanghai D Level 2 2636
Beijing - Tianjin Siemens Level 1 234
Alstom/Bombardier/CRS
Beijing—-Shijiazhuang D Level 2 938
Changsha-Huaihua Bombardier/CRCS Level 2 600
Chengdu -Chongqing Bombardier/CRSCD Level 2 618
Guangzhou = Shengzhen - Hong Hitachi/Hollysis Level 2| 200
Kong
Hangzhou - Changsha Bombardier/CRCS Level 2 1866
Hangzhou - Ningbo Bombardier/CRSCD Level 2 300
Hangzhou-Nanchang Bombardier/CRCS Level 2 1182
} ] Alstom/Bombardier/CRS
Harbin - Dalian Level 2 1842
CD
Hefei - Bengbu Bombardier/CRCS Level 2 264
Huaihua-Kunming Bombardier/CRSCD Level 2 1734
Nanjing - Hangzhou Bombardier/CRCS Level 2 498
Panjin - Yingkou Bombardier/CRCS Level 2 180
. Alstom/Bombardier/CRS
Shanghai - Hangzhou D Level 2 404
] . Alstom/Bombardier/CRS
Shanghai - Nanjing D Level 2 602
Alstom/Bombardier/CRS
Shijiazhuang—-Wuhan D Level 2 1520
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Tianjin-Qinhuangdao Bombardier Level 2 574

Tianjin-Tanggu Bombardier/CRSCD Level 2 80
Alstom/Bombardier/CRS

Wuhan - New Guangzhou D Level 2 2138

Xi'an-Baoji Ansaldo STS/Hollysis |Level 2 360

Zhengzhou - Xi'an Ansaldo STS/Hollysis |Level 2 916

(3) ETCS Level 3 7§ 2 29333}

O (EA)ETCS Level 3= ETCS Level 29 98 dx& AX e AE32E AFLEHA
S8 N, ¥4, asd A, AEA

&, FHBA(GSM-R) & AHgste] 4

Fd ol 7ltd

O NEAF-AHARDETCS Level 3% @A7HA 294, 7tAa2g, Fujolo] F55

MEFE oy, dapedagdo]l 4L o), ALY s Sl 2 A

7 sfdte] QFE I S

—AAQ7MA] AP dle] West Dalarna =41 (Malung~Borlange, 143km, ©@4), 7}xts A~
9] Uzen-Bolashak =4l (146km), Korgas-Zhetygen =4l (293km), #H]o} Chingola
—Livingstone line (980km)©] &% L

— 9 Aol A] Al A" FFA= BT (Bombardier Transport) ol A 253l
FSHAA, AR AHA T T T e e AEoHA Fa oA =

7] W&o Av]g A]AH<S ETCS Regional® #2131 &

o,
2ol

¥9
o)

rlo
rir
X0

O UlgdEst—=7]s1) Ed &= 2] ProRailrAle & =2 NetworkRaile] ETCS Level
39 FAEZ] st A xS AAstg e, ETCS Level 35 a&#dow +=3517] 9
3k MOU (2016) A1 4

# YA e=9] Lelystad(2013), 9=2] == ERTMSEEAIEAIA (2014)

O g3t 93t #ASHAHETCS Level 35 A831sl7] Yalirs AxpEg 1A 753

A G R NAYAEE 2T A

— AR AA S FHF A BolPe AXS] e At ARdE A
FAG] AAFEALE YA RO FEBe] WEA 2T HE 7169

32

Aurol AR, ANBEAR, FrFEFAR Fol BT A gt
B

=
H 71%0] S (ko] Train Integrity & X

1

T

I
o2
2l
o
o
e
)
19
)
(o
o
)
i
ol
ol
Y
=
DY

S~

2
-3
30

DA A FA (RBO)E A7 4

e
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- FHEATE Gt WAL BP, AR AL AW dAH S WFD
T Rl AeAAA B AT B A ARAIE YA S

e Atz 2] e QETele] ot Aol AN Adstn A Felsh
g A BANY AAAN I} AN E FAF & P, ABTe
Hoshe ARe) FEeE At 24T 5 S

- J)EAS OoR dv, ERAALAES JAH AAeATFHS Aol wldsol

— (2944 : Level 3 Hybrid) &E ¥x}7} ETCSE A& om AzwHo]| AHxxo] Q)

E RPN AAPAIRE G

L.

o 7|EAE WO E S, FHe AHANY QL ETCS Regionalel] #8513 Sl A
o7 i

* ¥=¢ Network Rail#} WlE & =2] ProRailellA #8& W24

o XAo AAHo] Q= AAHA A AHE AFESE ¢ Qlo] AAEIAHT] S,

A
= o
JATLNA Y AAAAT 5 2T e

ol

— (34 : Level 3 Virtual Block) @2 A A upe} H o] AojE 24T 4= o
], B dx7 ETCSE Ahgion, dafoA daid @147 55 33k, 3+

o SH ARNAE B AT AL ATHS vhF

— (44 : Level 3 Moving Block) A3 Aate} S&5A A7 ob AT
e} HMel dol7t 2 EW, BF Ax7} ETCSE &g on, Axfe|a dxjig

AA 5= T, AL SolA dAAE deshr] A dAAAFHE vt
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The Roadmap

2013 2015 2016 201

Operational
Early

? Field tests

e
OD.
=
T8
Q

a O
(=]

PoC Lelystad

Virtual blocks

AVDrid Level 3

GSM-R->GPRS-LTE
[71¥ 2.94] Network Rail ETCS Level 37% =&

Nominal Degraded modes included

(4) ETCSS ATO 7| 2 2933

O (ATOA 9]) AP 2} 7 (automatic train operation) < non—safetyi-ofZ A & x}oj
Z2rEl ATPO At datsd, AT (dAREEE AsAlo]), dx4gxa, 4
AeMd 5 99
— AatelA ATO7I5E FAsE7] slixes dakell ATPEA 7} HEEA] AR Eofo) st1

ATO7} ExtolsAlolE st e HFA o= Axe] b2 ATP7F &3 g

O (ATOSH) HEAA AYsta &= Aeda+-457 (GoA: Grade of Automation) <

470 %%Olﬂi, A ETCSE GoA 1& A st &

— A2 GoA3H GoAdE AFdH, As=> GoAZE A

=35} C} oo=g oil o
e Sl EAE || SN2 | mue || Hya ey
ATP

GoA 1l l%‘ with driver
: 3 (NTO)
e— ATP and ATO

GoA 2 |% with driver is s
— (STO)

GoA 4 I‘C uTo ns s As TS

(19 2.95] =9 Awst Tud AAHe] F3sk= Te
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Z,:
O (ETCS?9 ATOLTAFSHETCSAZHAF ®olel UNISIGolA ATPAEX 743 A A=)
Wt A A (Subset 125) 5 AlQkstal lov, AA7EA] FME A 24 9l

— (ATOAF)ATOE Mg QlojA FHd QFAMES tha3 2
« ATO¥ ERTMSS 71AAME wt=E3lofof sF

» AEYS JM ATOS F718 5 9ok, ATOZ 9%

Ho
o%
o
ok
:(I){:l
o)
=
rlr
2
it

o Axte] HAAE= ATPEX S ATOFA = M oln, Qe Ho|AqtAE w53
oF &

o ATOZA &} BAAEH(TTO) ZE B H o] A AEH ] Ar7ids ol ¢

O (ETCS9 ATOTEZWANETCS ATO7 S Agsls AL 2udARE Fi3sle] 13
Hr, HEFEAOE GoAdE T3

— (19A4) 20199 7FA GoA 25 A Y3t= ETCSE 7fwtstar, 2022714 A+-8-3)3r
— (29AD GoA 3/42 AN Y5t= A3 ATOS /)Wshd, Shift2Raile] ka4 uks

e Ten—-TEZZAEQ NGTCEZAEE E3|4 ATO /M, FIZ &I TAES
AR (@A &45)

o Shift2RaillZZ AEZ E3|A GoA 2 2 GoA 4 ALY -HE F=53 &9

A 0]7]

L£HEE BE iﬁol A4 =

Oﬂﬂo{o]: fe1s

— (A9 9] Thamslink) 7] A58 E A5&S A Ys= ETCS L2/ATOZE 753}
2018 1¥€5¥E Kentish Town¥} Elephant&Castlet-7Foll A 23§ A] 2+

o.
ot
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Driver Recorder

ETCS

(=1
m
A
on-board 4

ATO
on-board

S5-037 $5-126
55-125

Cab Radio
ATO System Requirements

I \ Specification

55-037 55-126
RBC - ETCS ATO e

Interfockmg Trackside Trackside

Adjacent track section

ATO
Trackside

TMS (Traffic Management System)

[19 2.96]ETCS?] ATO T4 %

o BE T A HAATE 24tphE Folal, I IAZH o] 30tphE Eo]7] $
A GoA 25 A Ysh= ATOE =9

— (A= CrossRaﬂ)71z AT NS AHeEAe A 9sks ETCS L2/ATOZ 7Haksta

o, T-7+2 Portobello Junction®] 4] Pudding Mill Lane/Abbey WoodT-7F

O

i
IF

e Thamslink®} #o] Ax&YHANFE 24tph=E =o|a1, I 1A 7ol 30tph®E 9]
Q34 GoA 25 A Y3t ATOE E=% (Whitechapel - Paddington—71)
— (WAl 7Z 9] Toluca interurban) @Az e FA T A AE (58km)ol™, ASAHHE =}

F+4E AYS= ETCS L2/ATOZR F-%3kR o, 2018 I+ A

e ARLMAAAo] 2580, GoA 22 1%6}5 ATOE Z=]lstn gloy, H§3
ATOTA X draftmt A5 &84 7lEst < (ThalesAh)
ss CAF
DRAFTS ATOTS ™S
pol \\
// =
| e
THALES S
55-126 E IXL é 55-126
55‘937 — E __“_; '\1:*, $5-037
A . - . 4 8
=aF & SAE #
et et
[2%] 2.97]9A] 5 Tolucad ] ETCS/ATO 4%

(5) ETCSY €xR#8#HA] (Train Integrity, @x-5+Z24) /WL 3}
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# At sl A= 7&?46}1 Ao, ALIEE AMESHA] e Aol
R e F A SR s R )

—ETCS L3v= dakweiatart 2Adstd ol2 A sk dakeeld A8 A (T1, Train
Integrity) & @Akl AAskal glow, dafe] dAso] 9= ATPAA S 5H+¥
A9

TIAAE Aabe] AA® ATPEA 9 AAEo] glon, AxjEe

A

FATP) A o] & A8t $HAA He +

c AWERE ole 9 At $BFOlL, dEAA A AN Az
= 1 i

of Zejz zgska

» Wireless sensor network, GPSE ©]&3t da&8]AX W HS /st Qo
235 Vs AL, 9H2 AEA (FAFel A stEel od AA A
w24 (LEE) Y 1% 5o gl Be Az A28 Aow o
o (Shift2Rail) /&g 7|&worz a2l @A (TD2.5)E AQsta 9lon, Ay
&2 o= 2
L ARTAY AEAY D AR )
* TReport o the request for information on ERTMS cold movement detection

and ERTMS train integrity monitor, 2015, o & A}8 7)<

o

ATNET=dE H

- AR WA 7]A

=
__L_ =
olgatel A 5w 2Ho] A% A%d & A
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[ |
Ly b4
—
balise ‘ —
[2%] 2.98]GPSE °o] &3 A A Q.

(6) ANLELE G2z NEIF

O C3Alel &= ]

-\
o%‘:
a
2
n:
U,
0%
jﬂ
s E
[-‘O
o
N
S

o A& FTS—FAS+ 10m oo AUxz dxfols, Ax7t olsshe AY, AL

FH, Aele B & HAE + 9

= 3
: CBTC, ETCS & FAEAS AMgats Gkl Age] wiigAz 4838 =
e
FAAE g 9l Hidels 40km
« AlFE FTS-FAAC A=7F o8 ) A H = el A= dAoles ol &3lA
A2 5 AA S Zlo] Brbety] Wil ol& Hekstr] 9 AT EE 7t
g AlE

—DAS= BAClES F33his F¥k(laser pulse) 7F 21479 Fybel ofsio wsk7 oA

st o2 A ste] o] AR ANE AAY 5 Ay

* DASE Aol AgallA 6d A= AEe A, AT Aol7k 40kmelX e &4
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ul, A gdd AT

O =FEF9] =g A" 75412, 1] Shift2RailAby] Foll AlAE A7

&5 Bz A&telAl Fasol & A& AR Ad F2470] vhg 2o
ANA =

(% 2.17] FARAZYAY DH5AEG ARANA A /&5 EAE
T s27)E AR A}
()71 ARz (A ) 9 o] &5 Fuist 7+ 5
=R sl s b (2) A 53tE &3t a3 AATF Aoj#e] 7= 10
(3) &7l A el FalxAI G571 2
(4) D2+ A2 714 (Train Integrity) 16
(BG) AL A= A7]<= (Rail Integrity) 12
PHABAIE | @) doAANRY g AR (EE fREEE ASH
o 13
A9 A 1A )%
o () A& AE AFESHA] Y= A A A A 7= 13
;]]' dxjekdzbAAe] | (8) ol EF A 07| & 19
o & (9) A3 EA0) 7] % (AA- L H 155 350km/h) 17
VL agazAE | 10 AAAC AR ske] AR AR AEH o A /% 11
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(11) GAAL = A o 7] &= 19
7)& (13) A=} 2 0] 7] % 10
(14) QAAFEAS 98 15493 NE7= 10
(15) EAIHEEE ¥33 7] A48 (KTCS, ETCS 16
L1, ATS )39 AA7&
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AR D AR R 2

O
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AA B ATE Ba 438 AW FENES BHE ANEA o, olF WA A
9 83 Aol KTCS-29) 750188 7Fo% 4%3,
o8 Fal ANRA ABulel A4S F 4275090, ALEA A A F

853,331 Rk 9] HF iyt WAE = JoR HEH,

] d X ==(A) KTCS-2(B) £ 470 Az
2p A - o o 4
2 g;} F2n) 3;} FZ0) 217"} 75 | (A-O)

GRS
(ATC) 285 700 199,500 500 142,500 550 156,750 | 42,750

F) B A g w7l TERTMS Level 3 Risks and Benefits to UK
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[& 4.5] A2 NFw] 2730 S

=LA

o

(< )

)

A3 -
g} ) - n- A
o] 3 A)2El(A) KTCS-2(B) 2 A0 =7
7 & (@9 ek e e |-
. meg = mws = m' = (A_C)
Km) ‘:’1_7]_ :TL—"'TH] ‘:’1_7]_ :TL_‘TH] ‘:’1_7]_ :IL-""I'H]
224E
(ATC) 641 | 3,000 11,923,000 | 2,225 1,427,500 |1,669 |1,069,669 |853,331
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KTCS-3 =503 7|22 A
[¥ 4.8] Gz 4% 99 v
T& 9l | A=EA | AR | A3AY] | 2319 7€} A
20104 1,253 500 459 241 2.625 1,424 6,502
20114 1,832 612 533 186 3,572 1,845 8,580
20124 3,798 837 1,851 192 5,064 3,291 15,033
3 6,883 1,949 2,843 619 11,261 6,560 30,115
H)-& 22.86% | 6.47% 9.44% 2.06% | 37.39% | 21.78% |100.00%
g AZEF FFo mE HY
O A A AzEs SUHads 183t w5Feds X273 Emme/3E
ol g3 AZEHTTo WE Ay AP35 FUIE Qe Hel S AT
O Xzge o E HAZEOo T JESOCAIY Y EHIAAZ A dulrd oz AQ
HiE SYPAETE AN 04 uBA AT, AN EE 5 4gEe S F 8
O At=4d3 AR e g5 s 4099 4% Az 3,073 ~ 3,2079 ¢ o2 H
L=
[ 4.9] A28 &3 2 4§79
= AL | SRR | EAAR | 3u)EE% A
20304 177,685 105,472 15,369 11,482 310,008
20354 183,713 108,776 15,797 12,381 320,667
20404 182,441 105,186 15,217 12,903 315,747
20454 177,427 102,246 15,044 12,600 307,317
mh @) Aty A%
O He] A A7 Az oF 97, 287Mukgo] WY = Ao g AEH
[% 4.10] HY2A A
PR [ AR | wA 2 | A=
A 7)) 7)) BH| A& o) s A
AR | A9 | Azgdd | 7add | wE 9@
FHAES] 24
1458 4,275 | 213,332 | 2,962 760 315,747 | 537,076
A X 2=F) AL a3
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M4z AFMEIEN 2M

4. 2N BN AN

O #4743 B/CE 3.072 244 B34e dusts 2o HEY.

[

B

4.12] AAE +44 3

T & B/C NPV (#9h) IRR (%)
L= L=k ") o e
Tﬂl‘éﬁijj’;i@l;l,:j*% 3.65 27,992 22.56
% 4.11] AN 24 A
ulg Ae) A7}

A IR AP R PN Y

L SR b I - B ¥ | 9§ | "y

g ow | ow | T B g R g

47 | A3

20164
20174
20184 20.0 | 30.0 9.0 45.8 8.2
20194 60.0 | 35.0 10.5 83.2 9.2
20209 | 100.0 | 120.0 36.0 184.5| 30.2
20219 | 50.0/| 70.0 21.0 96.3 | 16.9
20224 30.0 0.0 0.0 0.0
20234 265.0 69.0 169.0 | 50.7
20244 350.0 | 2908.0 69.0 [1740.0 2206.6 |1272.1
20254 300.0 69.0 154.8 | 46.4
20264 240.0 | 4058.0 72.0 |2430.0 2767.6 |1611.1
20279 240.0 72.0 147.9 | 44.4
20284 1359.0 814.6 801.4 | 480.4
20294 5950.0 3571.8 3357.4 | 2015.5
20304 52.0 29.6 7.6 | 3,100.1 | 28.1 [1694.0
20314 52.0 29.6 7.6 3,121.4 | 26.9|1632.1
20324 52.0 29.6 7.6 | 3,142.7 | 257 |1572.4
20334 52.0 29.6 7.6 | 3,164.0 | 24.6|1514.7
20344 52.0 29.6 7.6 | 3,185.4 23.5 | 1459.2
20354 52.0 29.6 7.6 | 3,206.7 | 225 |1405.6
20364 52.0 29.6 7.6 3,196.8 | 21.6|1341.0
20374 52.0 29.6 7.6 | 3,187.0 | 20.6|1279.3

251




KTCS-3 534 J|8|E0M

29.6 3,177.2 19.7 | 1220.5
29.6 3,167.3 18.9 |1164.4
29.6 3,157.5 18.1 11110.8
29.6 3,140.6 17.3 11057.4
29.6 3,123.8 16.6 11006.5
29.6 3,106.9 15.8 | 958.0
29.6 3,090.0 15.2 | 911.8
29.6 3,073.2 14.5 | 867.8
29.6 3,073.2 13.9 | 830.5
29.6 3,073.2 13.3 | 794.7
29.6 3,073.2 12.7 1 760.5
29.6 3,073.2 12.2 | 727.7
29.6 3,073.2 11.6 | 696.4
29.6 3,073.2 11.1 | 666.4
29.6 3,073.2 10.7 | 637.7
29.6 3,073.2 10.2 | 610.3
29.6 3,073.2 9.8 | 584.0
29.6 3,073.2 9.3 | 558.8
29.6 3,073.2 8.9 | 534.8
29.6 3,073.2 8.6 | 511.7
29.6 3,073.2 8.2 | 489.7
29.6 3,073.2 7.8 | 468.6
29.6 3,073.2 7.6 | 452.8
29.6 3,073.2 7.3 | 437.5
29.6 3,073.2 7.1 422.7
29.6 3,073.2 6.8 | 408.4
29.6 3,073.2 6.6 | 394.6
29.6 3,073.2 6.4 | 381.2
29.6 3,073.2 6.2 | 368.3
29.6 3,073.2 5.9 | 355.9
29.6 3,073.2 5.7 | 343.8
29.6 3,073.2 5.6 | 332.2

B/C = 3.65

NPV= 27,992u%}

IRR= 22.56%
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HSE RIAFLAIE!
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13 ATAIM L FH| FUNE

O % 3A% 257 AIRTHAZ LEshe] A, A W Aeelit AL ATALY W,
FAGA, AL, AT E, AL &

TE AFHE AT
MEPAA A 2 B 559

AdEo| = A4 B 175

o A28 HEAE WA (D 175
B ?-r%;.} 5'!& A431 AL (A 82D 4,196
"o HYdE AAAA A QL BE 1,152

ETCS L34 dxpAle] 54733 A3 9 4% 35 1,643
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A-Ad FRAE 37 A 2 75 559

A=t 5 4 & 559

3 T 2 FIAE 140

A I g B U 699

2 ;]“_;;‘f BPAY €9 ALAIFHZ AR BE D) 699
L= A= P4 ATP/ATO A3 2 AZ 908
A4 ATP/ATO Az % #% 908

ATP/ATO <lEjsijo]2 Ru] A/ 9 AZ 839
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A1 =Ze CTC AA 2 A (ETCS L3) 349

2413 A7n] 6.359
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2 Q7| 20,872
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3%

204 FeA =]
O & sAlg Az
O %

— (A1) ETCS L3 7haa)e] & AAE

« A +¥ T H7IR&D

— (e4F2) KTCS—2 AxpA}
o e otuy &=

— (4E3) Al A

- AAAFLA ARE 9

— (o AF4) Subset J1dol=

e« ETCS 71714 (Subset) 1dol=

‘ETCS L3 7§

EEA(ATO) 74

%3 2% 184) T :

ke ofefel ol oihE 47E Helshls

AT 2LALS ARIAER ANFAS

0 129.6494 (4d)
A 0] A E
0 31.399(4d)

St AApA| A A A8 (KTCS—2) & AAAs- A (ATO

48.69¢ (4)

ot A2 (5= 2% 1384) Fufs
(Baseline2—3) : 32.499(4)

(Baseline 2 — 3)

3 = A7) (Hgkd)
= & a7k bk
“ETCS L3 /W Ale] A 11,182 2,795 13,977
KTCS-2 922524 (ATO) 73 1,885 471 2,356
AN @RS} 28 194) 7o) 4,196 1,049 5,245
Subset Y1d]°]=(Baseline2—3) 3,609 902 4511
g A 20,872 5,217 26,089

O & #A9 dxpd A7 L oits AlFIAAER AA
O

o MATEAA 2 QEHo] A
e HEALZ 714 (D
o A AFEFS] o

#els
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HsE AHRSAIE
— (G142) AEAE Ad 2L A5 26t 1 635999 (4)

— (cAAak3) AJAE ARF ol Bl S

A/ B3 A B A D T

54,9499 (43)
KTCS-2 AAAEEA ArEas 24

KTCS—2 ATO d&FQAA 3

%)

2}/ Baseline Q180 = (SIL4 9=
ATP/ATO <IE#e]2 4] Baseline3 Qg 1dol=
KTCS—-2 24/A7%¢ ATO 79

A1z er CTC A 9 X

O 34l T8 F A9 d7 9 5T oar2e] 3AR ARl Agze 75 Yl
£ol 2en &S AT
& 7|
o FHAES ZHA S THH L AXA AT AGAIF ] AApE A Qe
(k-9 el ek 2l
T 12} 22} 32t 43} A
AL 1,710 1,509 2,316 2,003 7,538
778 Az 1,778 2,972 1,930 1,590 8,270
7157‘}}7%‘2] ® | 1300 807 1542 | 1415 5,064
A 4,788 5,288 5,788 5,008 20,872
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KTCS-3 =587 J[|2lEaM

3. MIF2tAE 2i3tH|

oAl LHHEE A AT AFAEY] AAE QA

T 1z} 22} 3z} 43} %
A5 2,138 3,288 1,879 1,714 9,019
AZH T H 14 HS ’ ’ ’ ’ ’
2 2,035 1,476 1,473 1,375 6,359
A A1 2 AT ’ ’ ’ ’ ’
S 615 524 2,436 1,919 5,494
A=H) A ol | AS ’ ’ ’

g A 4,788 5,288 5,788 5,008 20,872

7h 1AE dxpdE A7 &AL 94

T 12} 23} 33t 43} Al

A7 640 548 564 535 2,287
A774u] A =H] 962 2,276 787 706 4,731
71eb7gu] 9 7] 536 464 528 473 2,001
& A 2,138 3,288 1,879 1,714 9,019

T 13} 23} 3z} 43} A
HEAL 610 439 442 415 1,906
A77gn] A e 915 622 663 611 2,811
71eb7gu] | ) 510 415 368 349 1,642
g A 2,035 1,476 1,473 1,375 6,359
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th 31 AXE AFAY 22
(k9] k)
T8 12} 23} 32} 43} Al
HEAL 320 203 731 576 1,830
A77gn] A &m| 100 178 1,091 822 2,191
71eb7gu] | ) 195 143 614 520 1,472
g Al 615 524 2,436 1,918 5,493
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KTCS-3 =587 J[|2lEaM

4. AT MM 2204

7} BASHZRAY 15AEE ARAIN LY AF

= AR (A =Y

R

weste] 1A(1AAE, 23}y

ARG AR AXHA S 242 Wpro] FAF AL
%

7 [ A [ 2a | 0% | s [ amd | mw | A
32

145 2,138 3,288 1,879 1,714 9,019
1-1 162 137 138 126 063
1-2 50 42 43 41 176
1-3 50 42 43 41 176
1-4 500 2,107 681 824 4,112
1-5 400 285 256 230 1,171
1-6 476 422 426 332 1,656
1-7 500 253 292 120 1,165

27| 5 2,035 1,476 1,473 1,375 6,359
2-1 162 134 136 124 056
2-2 162 135 136 122 055
2-3 0 41 42 47 130
2-4 200 166 168 160 694
2-5 200 166 168 160 694
2-6 300 166 252 193 911
2-7 300 166 235 208 909
2-8 300 166 168 208 842
2-9 210 167 168 153 698
2-10 200 169 0 0 369

34 615 524 2,436 1,919 5,494
3-1 80 74 70 67 291
3-2 0 0 0 97 97
3-3 0 0 976 833 1,809
3-4 0 0 667 427 1,094
3-5 0 0 330 280 610
3-6 50 46 44 42 182
3-7 285 216 349 173 1,023
3-8 200 188 0 0 388
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HeE uHsS=2 ot

12 AAH2ARTM

. ASTER ItA|

AN B FHESIZES A NSEEE EXH oA 2™ THR

.
OANad 38 2 74 HS(TRL 8)
- olFHNE 9 AseAV e A8t dAFEEYE 30% S
= A5
- ARIR & AAR FFor fAHenE 20% dH7VE HT
O daFdA4AAZA A5 (TRL 8)
* QA A ] O] b A S A sk AAE B
- AEYHAALE AF ¢ o
- ZREES] 7S 8 A % Ve HS
O #AdZ2EHAZA 4535 (TRL 8)
«d 2} A o] A] ~EN O] obAl
— dldykE Bl HE S
- A EPR AFE F7] 0 1%
- ZREES] 7ES % A 9 Ve A

- T3 “}F O]%ﬂ 7

— GAAI K] Kty

- ZTRERS 7de 5% 4% AT

O 4&3x 97« A5 % & (TRL 8)

QApAI A A 2] E=TA (S
o

%
N
off
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