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- ATC : Automatic Train Control

- ATO : Automtic Train Operation

- ATP @ Automatic Train Protection

- ATS : Automatic Train Supervision

- BRM : Balise Reader Module

- CBTC @ Communications Based Train Control

- CTC : Centralized Traffic Control

- CTCS : Chines Train Control System

- DAS : Distributed Acoustic Sensing

- EB : Emergency Braking

- EI @ Electronic Interlocking

- ETCS : European Train Control System

- FOSTER : Future Of Surface Transport Research Rail
- FSB : Full Service Braking

- GA @ General Application

- GoA @ Grade of Automation

- KRTCS : Korean Radio based Train Control System
- LCC : Life Cycle Cost

- MRSP : Most Restricted Speed Profile

- NGTC : Next Generation of Train Control

- RBC : Radio Block Center

- RI @ Rail Integrity

- S2R : Shift2Rail

- SA : Specific Application

- SIL : Safety Integrity Level

- SWOT : Strength, Weakness, Opportunity, Threat

- TI ¢ Train Integrity

- TOSCA : Technology Opportunities and Strategies toward Climate—friendly trAnsport
- TRL : Technical Readness Level
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Drive train Control acceleration and braking Ops Staff Ops Staff Systems Systems Systems
Super i Prevent collision with obstacles Ops Staff Ops Staff Ops Staff Systems Systems
e ¥ Prevent collision with persons on tracks| Ops Staff Ops Staff Ops Staff Systems Systems
Control passengers doors Ops Staff Ops Staff Ops Staff Ops Staff Systems
[Supervise passenger transfer Z;?:Z?ll;g:ﬂiit;:;;?nn:nb :t;f:;:n Ops Staff Ops Staff Ops Staff Ops Staff Systems
Ensure safe starting conditions Ops Staff Ops Staff Ops Staff Ops Staff Systems
b R Put in or take out of operation Ops Staff Ops Staff Ops Staff Ops Staff Systems
peiEiealsn Supervise the status of the train Ops Staff Ops Staff Ops Staff Ops Staff Systems
E dekei » ; cI?ettecttlﬂre.'sr]g‘okge antcl de_{sct derailment, Systems
nsure detection and management |detect loss of train integrity, manage
of emergency situations ?3;2%}%{?,%3““65& (call/évacuation, Ops Staff | Ops Staff | Ops Staff | Ops Staff ar:gfgrcséaff
(719 1.13] AHAIA A S A4F 3t (IEC 62290—1)
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— ARpAI A AHE Aol Fe] AN, At Th- FEA) R S
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i Automatic § \ -
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2. %59 (Capacity)

w7 AW 5 AF'S A FQ EAE IARBORURE ddes S HXE skl 9o
U gS7 22 dckabere zku Qv

oAH W sFIHEHEAT= F 350km/h=Z Aoy 2859 stA & st

300km/hZ &9 =
- A% 1H5IATGY A, AE - FA~FAS 241 o, §AE - A ~FFEHYS 1
AZE 26% A (AEaE 71E AE, 2017.3)

o] Woks A Eslo] o] 2 HMES AT 4 Qo /e A7te] A HjgoR
Ast= Wore Mapdxte) TEAA7E A A S AA Hop dEsk= Aolu) Ak kA
HAS ©E53H7] e e AAAE JusiA AAe R FA = Aotk I A d Aty
A715 (ATO) S AEstd a5 Hu A 5 Qi) ofg] 193 o] AR Z2E AL
ETCS L2KHTE ATOE AL, 935 At 484 SAHS S 9oy, ARIEE ARESH
A 9= ETCS L3l ATOE A &3td dx= A7t 1084 3T 4+ = o7 EAy

]

Brake Curve Calculation le Delta
Comms latency

TPH

Technology 25| 26| 27| 28| 29| 30| 31| 32| 33| 34| 35/ 35

Coloured Lights

ETCS L2
ETCS L2 + ATO Tharmeshink
ETCS L3 + ATO

CBTC

[29 1.15] GAAIAA A2 Ax-8dd 5 (TPH) A

AL ZEE AFESHA Rl FHEAN7 S 4 &8s GAAIA AR ZPFAI AR 2] 4 A]
2EL ZE o] FolX = AP RE |NEC R A|AF A (wayside—centric) & (HAA|AE FE S

LS, AAE AIAE Skl 93 AAAE HAS) o AR EAEES BeeE
9027HA] @F3h= Aol 7hsstH, $E5AAe) APAx b4 A olE AFAI A o) Edsh=
triangular—path el cyclic —path #AAHFZE Zh=t}

o ofef T Fo] MAFAAS] AR A% ATP7F FAlste] S3d ko] @o]& ¢



RSPE $-ddxz A%
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olu] triangular

x| A ATP @ o|sd#Hzt &
e 22 = 2 TFU(MRSP)H| 4

@ O15 AR % MRS fhat™ s @ 9lX=a
= " Triangular-path ..

Y . Yaozsxuas . Y

[ Apak ATPE2  [= j L KpAr ATP#L ]-zb
= A L —— e
LX) (X)) [ o (X): LX)
/ -
/ S
ATP#17} k|11 ATP#27} O| S HTH
HaAde DAYK  LMAIF YK

(738 1.16] AxpA|o)A A8 Dx}7HA Ao} A & (Triangular—path)

o FA7MA & ETCS L3E A8% Atel7F §17] wiimoll AlAago] =58l mA]=

o] AFE A7t flo} e wAAAE BEAUS

colg] 2y Zo] FAEAV|EY AEIERE AFEEA] 2= ETCS L35 154 A
Sl A AZ L (line capacity)©] 58% S 7Fshal, ANbA T # g3t o=
MEEFol 42% T7Hhs Ae= 44

Az Foll wet AZEFE 15~60%elA Bsd Foz odsta &

(%] Increase of capacity for the high-speed line (ETCS level 1 =100 %)
0,

—&—UIC Code 406 158,1
150,68 _/5ﬁ

155 /-/

135

115,

100,0 103

95
Level1 Level 1 with a second Level 2 Level 2 with 400 m Level 3
infill balise (400 m block sections
ahead of the main
signal)

[19 1.17] 15 oM ETCSS A2 8%



TC
i I
+HAAE A3l speed code WA moving blockW ]S B 8+

T

5l m]== FTAS] “Rail Transit Capacity” oA #| &3} toold o] g5t =W 1154

J& SEIEWAS ARG 1284, ol B4 ARG 19840 £9T 5 o]
NE SEmEWA o 58% % FEEF SO} AS Aow RAHUS

Braking safety factor®} A~ safety factoroll Qaljr] @Al Ao wizkalA HE-3-3f

Braking safety factore 50% %5 WFYI 3 S

g

2
g = JM-E-&-F 19 .5 (l)“—}m‘” L ST
a v, /., 2 2v, Vo

i

- Speed code™d2 o] AApzE BHHA

- Moving block W29 Ax7F kb4 A4

a br

tw:L*—JFP‘LJr @er[v“}rm‘; e i, ik,
v £ 2d ) 2v v

Term Description

t. train control separation

L; length of the longest train
distance from front of stopped train to start of station exit block
in meters

v, station approach speed

Vimax Maximum line speed (27.8 m/s = 100 km/h)

braking safety factor—worst-case service braking is £,% of
specified normal rate—typically 75%

separation safety factor—equivalent to number of braking
distances (surrogate for blocks) that separate trains

time for overspeed governor to operate on automatic systems—
driver sighting and reaction times on manual systems

& time lost to braking jerk limitation

&, brake system reaction time

a initial service acceleration rate

d  service deceleration rate

P.  positioning error—moving block only

1. Variables
Type of control system Cab signals | Moving block

2. Inputs

2.1 GENERAL PARAMETERS
Lt Longest train length (m) 388 388
deb Distance from front of stopped train to start of exit block (m) 800 800
Vmax | Maximum line speed (km/h) 305 305
V, Station approach speed (km/h) 200 200
for Braking safety factor (percent service braking rate) 60% 60%
tos Driver sighting and reaction time (manual system) (s) 3.0 3.0
tj Time lost to braking jerk limitation (s) 0.5 0.5




tor Brake system reaction time (s) 15 1.5
a Initial service acceleration rate (m/s2) 0.44 0.44
d Service deceleration rate (m/s2) 1.06 1.06
ag Acceleration due to gravity (m/s2) 9.8 9.8
Gi Percent grade into station (%) 0% 0%
Go Percent grade out of station (%) 0% 0%
ly Percent of specification line voltage (%) 90% 90%
2.2 PARAMETERS SPECIFIC TO THE CONTROL SYSTEM
b Cab separation safety factor 1.2
b Moving block separation safety factor 1.0
Pe Positioning error (moving block only) (m) 80.0
Smpb | Safety distance (moving block only) (m) 250.0
3. Calculations
tes Minimum train control separation — cab signals (s) 169.6
tes Minimum train control separation — moving block FSD (s) 66.0
4. Output
tes \ Minimum train control separation (s) 169.6 66.0
- A PAA7E
1. Variables
Type of control system Cab signals | Moving block
2. Inputs
2.1 GENERAL PARAMETERS
tcrit Average dwell time at the controlling station (s) 75 75
tom Operating margin (s) 45 45
— Train throughput
1. Variables
Type of control system Cab signals Moving block
2. Inputs
2.1 GENERAL PARAMETERS
h Controling headway (s) 290 187
3. Output
T Line capacity (trains/h) 12 19

o HEF 27} ol wio] dduo] ARFFAANNE 30% oo HEEFE o)t
a7} 7] = (Influence of the European Train Control System ETCS on the
capacity of nodes, UIC, 2010.5)




AER Y M28eY
S fvlo| A S H 2o #2

ETCS L1

- HANE otg 100 % 100 %
ETCS L1 . }
- Radio infill H& 102.6 % 1049 %
ETCS L2

- B7I20M SEHY 105.1 % 104.2 %
ETCS L2

- BI|ROIM SEHF, HAY 3Ny 106.> % 106.2 %
ETCS L3 134 % 128.6 %

H] L (Cost)

_Il}i'

RECEE=E B P\ PN I A PR I I R AP P %Oélﬂ%ﬂ o] @ 7H B
A A ] v]g A ETCS L39 Ag3t Alel7l gl #AZ o njgEA Ruds 2
VAR e

o PG dnt- TCS L1& 71302 S o

ETCS L3& +=

- AEI 2 ST e R dakE A A dAeddel weh AR 1)
& 10~50%8% A3 F S+

o TOSCA°lA 54zl ETCS L3 7Hayds A3 43 Adagv &S 25% &
7ele= Aoz 71 E 2 (Transport Infrastructure Capacity Assessment, TOSCA,

2008).
tHatesdo EH ETCS L3292 JItHZ 1t
- 284 1 12~15 trains/h - =ESY 1 35%(EY)
- 2XE8E 1 10204 - N&2=HIE 11,0005 2 /km
- =58 1 15,3004/ A2t - ANAEXHIE @ 280,00072/E Xt
- 2ZHIE : 0.06372/52-k - A2t E @ -25%(E L)




CBTC
Yes
Yes
Yes
Yes
Yes
Yes
Yes
Yes
Yes

No
Yes

Limited
Yes
Yes

Limited
Yes
Yes
Yes
Yes
Yes
Yes

No

Conventional

Safety Features
Speed Supervision
Train Localization
Safe Train Separation
Rollback Protection
Parted Consist
Train Door Interlocks
Departure Interlocks
Route Interlocks
a signal at danger
Broken rail detection
Protection against
human error

Protection against passing

o AE3 =7}
5. HOA (Service) =H
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— FOSTER—-RAIL (Future of Surface Transport Research Rail)< 312 E2]
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[3£ 2.1] Control, command, communication®] A% -54)

2 RELEES

Hr

- Intelligent traffic management
- Automatic Train operation
Develop and validate a high capacity, low cost, highly reliable
Capacity signalling system based on moving block principles
- New train localization/integrity
. satellite based rail positioning
- Virtual coupling

Reliability

3 - New radio-based control systems that allow for less signal failures




punctuality

Interoperability
autonomously

- Trains that have on-board databases stored should be able to run

interconnections
Safety

links

Keep or increase current level of rail safety while

increasing

- Achieve a gsmR improvement for safety relevant commu- nication

Energy
efficiency and
sustainability

signalling infrastructure and onboard equipment

- Cost-effective standard design, test, installation and maintenance of

. |- Control command systems modularized
Affordability ) o
> on-line tests minimized to almost zero

Cybersecurity

threat for the signalling and telecommunications systems

- Achieve the optimal level of cybersecurity against any significant

— NGTCE ETCSSF CBTCAIAEIS F3teto] AFAIAE FaAbol A= KUt
AZAAS AFata, AAE ARER A= AAS F3leia Al 2B ule] 82

W glo] BHY

IZAE AZTAAE FFAL FAA TSGR, Ao A DA A}, B4
AF Zhod

N

=)

o
S

=

-

3

- NGTCoAM E=3H A¥ES SHIFT2RAILS Innovation Platform 2 (Traffic

Management and Control Systems)e°l A-g€% S

- NGTC+= WPE 972 A3t & Zx 739 Hus dA

Pt e

Ol

[ 2.2] NGTC® WP % dFU£&

M2

HI
4

WP 1 |- TZ2HE 22|

WP 2 |- ETCS2t CBTCA|AEIS| 2HAIL 7| SAtRS S&

WP 3 |- AIAY T, AlAY 2TAN FY

WP 4 |- NGTCOI OIAIZ| 2AF OIAIZ] FHA 24

WP 5 |- O|SHMel 2l 4 AF

WP 6 |- RUHSLAARC ABAHM L HE Jtsst 2USLI|E HS
WP 7 |- 2IdE 0|88t Ext2(=x|EA|

WP 8 |- 80f & dut= e

WP 9 |- dat=9| Mot & ARE2} e
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- FOSTER-RAIL, NGTC Zz2AEs} ge] & Z2AEE AUt A3sh=
Aoz mid AFaAE FRsta A E BA = +

B xgAEE= 5719 A2 73 TP (Innovation Programme) 2} 1702 Cross
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O AZW nY22 w5 gaol met FA YFEE B3 Ao APy, o
nPATE] Fhe o5 weld WY MA Aoy P T F7}

O AAARSe = ZA3}(urbanization) = As] 7FEEEo] 2030deE AAA Q1GR9
53.6%7F LAl A Ao = dvF (%LH TAISHE 20508 7HA] <F 90% 14

O Z=AgF 9 TAJolF TOo7 Qe HE gyd o]go] QE, Ao E Qg
2re] A At AstE s 5o TAAEC] ddEHE =Ao wtde] mEt qEAE f7
Aoz AAst= A A EY (Mega—City—Region) &Alo] 7143} o4

O Al 2AAZE §718 g 7R A4S FEhy AUAERE 2dE 5 UAES
n&aEY AR @ Ak FoE now Ay
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O 2179 A&A F7tel wel 2035 el= AA oudA =27 ¢k 30%=% ol F7HE
RAog ANEN 1ag& - ARE AdUA AAE ztE wE T A oAt

O HAE+e dZFFSE, dUuAas, J13744 Sa94 e asade] vt 1374 5%
Fror AMAZDOR A&EHQ £ =7}

O eyt Aesr 58484 7|20 & #A14 (2010)shdA] A Fofell A= 7] 3}
sk 59 w8g& sta 9lor, A=A 7 dulstr] sk JeAde A 9l ¥y 44 A
7NES e S

O XA - 188 w55 Az uet Ao AA AR E 20239 9F 610
zdor v& g

2. 3 - 8] EAAAAN T A FH R

O ARHZE Agats AaAI A8 FAE A, o 1
AAel AT A5 1097 72 2,90099 A P (BEAEFAALY REDFA
|3}k, x5, 2016.6)

O AA A% AAN2H NG ko 31% 4 FF ABE(CAGRD) ol A
 4Fe A%T Aow 5g, AE ARAIN LY A FRE 20119~20134
717kell 1279 fFE(F 16.32d) & F7tE 1 2017d~2019d Alolell= 1509 K= (oF
19.3x2)E x=dete EE olF e . A Jhed AR AA ANE F
88%°l et oF 1349 FE(F17.2x2) 9 #EE 24T Ao=E 458 (% =4
‘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
15.1:52.‘ 13,399
5410 LotnAmerica (51%) 541] Latin Amedica (+5.1%)
- e = -
12,675 402 1,225 EssemEwope  (+6.1%) 11,033 ) 1225 Eastem Europe (+6.1%)
1702 12350 | Ancawiade Eas [s84 =1 1265 | Arioanidde G
858
1,063 1,511 NAFTA 1023 161 NAETA (+4.2%)
1,178 1,178
4613 Asia Pacific 3,034 Asia Pacific (+4.3%
3,841

+1.5%

Wostem Eucpe  (31.5%)

2011-2013 2017-2019 2011-2013 2017-2019

(19 2.2] A5 AApAA AR AA 4F FHEA R

1) Compound Annual Growth Rate: AFH o HAAE



O =38] opalo} B Aol 2017364 20199744 79 7R FR(F 12D 7 Ak
N TFEIE g we A Aol offolxi Aol © Row S| 2011
d~2013 Afol e 3891 RO 4.929) 9] AR, ©12e 3.1%9 4 B ATE

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 4 Asia Pacific Africal 1083 (96%) 287  41%
Middle East
600 4 Asia 3841 (61%) Mmoo 3%
Pacific
450 - Westem Europe s 702 (83%) 187 40%
NAFTA
300 AfticaME Eastern 858 (100%) 367 6.1%
i Eastem Europe E
150 1 Latin America Latin 402 (100%) 139 5%
America
NAFTA 1,178 (100%) 333 42%
-150 - - - v - ; 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%
Matket volume in 2011.13
1) Degree of market accessibilty in % of lotal market value accessible

[ 2.3] A9 dapAlo] Al dA ek 4%

O AgioF &, AFdd, TAdE, dntuEHd o] B-olA apA A ~' Al Ad%
ES BT A AASEE JHA ZoR =8, o7 FEE wsk e A HE
Al dabAlo] Aol dist Fovt 3438 FUHE Zo® 8. 20099~2011dE S
20119d~2013d 7|zkel]l Ao qfRelA %2 F7Fs olv] G4SN Ho ¢ w2
2.8%°] i Hd AFES ALY FHoZE 454

All segments continue to see strong growth rates, of which

interurban remains the larger market in absolute terms

Total market CAGR Accessible market CAGR
15,192 (CED) 13399 @3%)
1230 | ww 1007 | woret [c1))
12,675 1133 _—
(280 puscawsn

2011-2013 2017-2019 2011-2013 20172019

[ 2.4] Fopd AzF dApAlo] A1 2




O el AR 2/30] dlgets HRREe LA FEEcE % AolAAE AFl
277k B AO0% A5W. 1 F ABFA U ATPE £29 hpES 44% AR o
=z

(O ©o17]4 ERTMS2) 3 Fo 23| 2]
ERTMS ATP A|Zeo] o3t A& 2017d~2019d Alo] zk oF 179 F=(¢F 2.1%
Do g Ro7 o=H.

O P72 CBTCE A EANA Y datAel 9 BE 5 93t Q3 7]&o] Ha 93,
CBTC Alz=glo] sl dxato] Akt A= 7] AAlA AR g geirta 4
A glom ol HE wE#EE Y% g aydola A BHS JMAR. fHS
CBTC &wel oA HAEzd FadAel™ A AAAoZ =AHE CBTC A4 ¢
OSR%E gE ZAow 54,

18000 X| e BAH O A| AR MIAHAE[EUR m] 18,000 1 Mt HARA| Of A AR M|H| AIEHEUR m]
16,573 16,573
A1 ase |01 HEH
16,000 ; 292 |24 16,000 1,300
< =0z
1097 |°7F sAME
ton0 13,053 . o=a7l5s — 13,953
" 396 : ] 1,381 ‘
417 1211/
806 530 ! 4,900
12,000 | Hees 12,000
‘ 1,119 | - ‘
A.I oz
3,776
1,414 7
10,000 10,000 Qdr, Jid
5,664
8,000 8,000
4,836
6,000 . 6,000
i ORA|OF, B EH 2
10,373
8,966
4,000 4,000
5917
4,965
2,000 2,000
4] 0
2013~2015 2019~2021 2013~2015 2019~2021

(29 2.5] A9 U w18 dapA|ojA A8 AFE(2017)

Zh At A g dadel= AR

O HAX A&5% 4 (Control command and signalling) ¥oF 2AA Al 7 9 1 o]
= (New development and upgrade market) A2 20154d °F 81.709F= (e
10.661=¢)olH, 202097kA 4 Bt 2.93% S/ AR AFE(x A
Worldwide Market for Railway Industries, 2017, =< SCI).

2) European Rail Traffic Management System: 4 % % A A=



[3£ 2.4] Control Command and signalling (New development and upgrade Market 2015)

_ Market Volume (EUR million)
Region AH A= (%)

2015 2020

Western Europe 2.1 2,600 2,884.7
Fastern FEurope -1.1 500 473.1
North America 5.4 660 8,58.5
South/Central America 1.2 260 275.98
Asia 1.6 3,130 3,388.5

CIS 2.6 260 295.6
Africa/Middle east 9.6 550 869.8
Australia/Pacific 2 210 2319
Total 2.93 8,170 9,278.1

O 24t W gadgel= AlFoAe dAd d/&LS Siemens/Invensys, Ansaldo STS,
Thales, Alstom % Bombardier & AXA|ZAES] AH-&0] =7 YERL}IL QO
A= A AAAAAARS ALt A T2 CRSC Afr&o] 2912 o5+,

Market shares control command and signalling 2011-2015
World market: new development and upgrade

Current market volume
for new development / upgrade

~8,7 Bil. EUR

m Siemens

B CRSC*
Ansaldo §TS
O Alstom
OThales

O Others

*China Railway Signal & Communication

@ SCI Verkehr GmbH

(13 2.6] A% AZAAE AA A 20156 % A& Gt 3 %)

o AZ 2 FRARS A

O #HE A3 %4 (Control command and signalling) *oF 2AAl 7% W FAHF
(Renewal and Maintenance) A]7g2] 749 2015 °F 83. 79 /=2 (2F 10.923x¢)o]H,
202097k 4 Hit 3.0% F71E Ao oAFHE (% FA : Worldwide Market for
Railway Industries, 2017, &< SCI)



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

_ Market Volume (EUR million)

Region AL 2 EE(%)
2015 2020
Western Europe 2.1 3,550 4,036.1
Fastern FEurope -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 AF-Aoz B, Mo A3 2AA N 2 fARS AIZe] 45%E AFA sk
201874 4F He 2.7% HEE AEHL AoR A5H. F
T AFTEIE wid 25% S AL FoR 53
Ml 3.4% & AR AR Zor A5HY, T
2 oxe A%l dSH. okrerd A dA AR of
3.9%° Fot= 2 A AET Jdow oS53 ot=Zgute TAdetrlore] B dA
AR 2% FolA R &5 2018d7HA4 wid 5.0%9 7HE =2 el d54.

Jo
il
(o
o

35 201847k
A5 vid 4.3%<) dEe
19%78 &=

B Western Europe

® Fastern Europe

m North America

= South/Central America
= Asia

u CIS

m Africa/Middle East

® Australia/Pacific

& A9, FARF/ A A7 (2013)

S dA= 12%
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O #% Axel 448 Zsh 0 229 R4 AE 52 948 A5 A7 % 3 =
A

EWH(FOSTER-RAIL%) & FH38t1, Ao Z(T2D, AxFoAXH(T2T) 1F FAEA
S 7IRte R AxtAY HLE Aot AAY AEFTAAAY AN (Shift2Rail,
NGTC) &%
O A 534 Foks Au|A 4, ¥]847 *Ji%oé"é T T HAoE T2l 9 T2T
719k A AE FES 8 117 71+ A (~ 50, 29 F-2)
O Y#2 Ansaldo STS A<( ‘16, 3EA 7)) E EalA FH AU AEA A8 7
2k (Shift2Rail) ol 7+ 802 o
3. 0% Y B3 5%
[32 2.6] 5324 71+
T & B4 71E
53544 DB Thomson Innovation
I 9 92 e F5
Al
aAE F9, 55 | 29, 58 | 39, 5% | 39, 5= | 29
AT 1990.01.01.~ 2017.03.01
A $ Title, Abstract, Claim
(32 2.7] 53] A4 =34
o=
TNeTR 24 234 i
=3
AA CTB=((railway or railroad or train or locomotive or railcar or
P transit or tram or (railway adj vehicle) or (rolling adj stock)) and | 96
° " | (moving adj block) and control*) and AD>=(19900101);
AR CTB=((railway or railroad or train or locomotive or railcar or
Sl transit or tram or (railway adj vehicle) or (rolling adj stock)) and| 16
| (virtual adj block) and control*) and AD>=(19900101);
O Gt Aol A2R (15 - /A 42 J&Rel Bl AAAR AF 11209 B &
8 53]7]Eo] +XE3L

(O o] Hole] E3]7]4 oS Amrzro® CAR, PLANNER, PROFILEY ##E 7]&E0)



ol Egwo g

O SuA EARHo]l =& Motor/Drive/Wedge, Occupancy signal representative/ Rail
vehicle, Schedule/Resource/Determine 5% 7|&d tjst 7|9=E Zb= 537 wol

Wt glo] #™ wokd] Ve AFTEIF w2 Ao® dd & 5 9le.

. AAANEX B3 5

i 249 712
E5 74 DB Thomson Innovation
H) = T o Sk T
20
A 29, 5% | 59, 5% | 29, 5% | 24, 55 | =4
A TR 1990.01.01.~ 2017.03.01
A 9] Title, Abstract
[ 2.9] 53 #HA =34
H Al ZGHA %i‘
TAB=((railway or railroad or train or locomotive or railcar or transit or
A1 | (railway adj vehicle) or (rolling adj stock)) and (detect® near3 (position* -
74A |or loca*)) and (hsr or (high*speed) or (high adj speed)) and
AD>=(19900101);

{

b Alol AR (IR HA) 71etol ¥ ANdy HF 264709 dd Fa5357]<0)

T3a g

O

Mr ul

(O o] Holol Edr|E o9& Awrd o= INITIAL, INPUT IMAGE, CONTROL
APPARATUS, WIRELESS, FAULT LOCATION, LAY, FIBERS} #dH® 7|&So] @

o] £FHol A%



Fastener,

Image Railway
fiber/Fiber,

Motor/Drive/Rotor,
Optical/Optical

=0
Transmit/location/Data, Fault/Information,/Generate,
Current/Sensor/Current detector 52 7] 3t 7|YE=E zt= 537 Zo] x5}
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55 o]
LTD7} vt

¥4
=43 A9 10719 =Y (TOP 10 Assignee) S #A1e ®d, HITACHI
Z=g2lo]H, KRRI= *¢ o 9102 el

O 2 89 F2 #9927 UNIV SOUTHWEST JIAOTONG, TOSHIBA CORP, WACOM
CO LTD, CANON INC, SCIENCE APPLIC INT CORP, MATSUSHITA ELECTRIC
IND CO LTD, MEIDENSHA CORP, China Railway First Survey and Design Inst,
PACIFIC BIOSCIENCES CALIFORNIA, ISEKI & CO LTD 59| th=% 7|¢lo] F=

O] FI

China Railway First Survey and Design Inst

MEIDENSHA CORP

MATSUSHITA ELECTRIC IND CO LTD

SCIENCE APPLIC INT CORP

CANON INC

WACOM CO LTD

TOSHIBA CORP

UNIV SOUTHWEST JIAOTONG

HITACHILTD

mCN ®WEP wmJP mKR mUS

[} 2 a 6 8 10 12 14 16 18 20

O H=¢<el HITACHI LTDE 2000 =4l
Rt =4 YERd. 20109 o] % %%‘157} 2x ko
Ui Qa, Hop FYclojgt= HoA 85 EHUoz BAAUA

O UNIV SOUTHWEST JIAOTONG, KRRI, China Railway First Survey and Design
Institute Group = 20109 °]%2] Fvgo] =/ Webal glof sidteore] H7]
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=S Axg
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W HITACHI LTD

= KRRI

W UNIV SOUTHWEST JIAOTONG
= TOSHIBA CORP

= WACOM CO LTD

205 = CANON INC
" SCIENCE APPLIC INT CORP
W MATSUSHITA ELECTRIC IND CO LTD
MEIDENSHA CORP
8 - w China Railway First Survey and Design Institute Group Ltd
6 -
a {
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T e

v v v v T v
1990 1991 1992 1993 1994 1995 1996 1997 1998 1599 2000 2001 2002 2003 2004 2005 2006 2007 2008 2009 2010 2011 2012 2013 2014 2015 2016

(1" 2.14] =48 F9

. =748 Fo

O zdw/bE F2 299
JIAOTONGZ¥ China Railway First Survey and Design Institute Group,
LTD9 TOSHIBA CORP,

HITACHI

B a2
L':IL—E

=<l

T

= o]
e

KRRI$}

AR A FoA=UNIV SOUTHWEST

o] E%

=

KOREA ADVANCED

INSTITUTE OF SCIENCE AND TECHNOLOGY, #l=< SCIENCE APPLIC INT

CORP, HITACHI LTDe®]

CN

Chengdu Railway Communication... I 2
UNIV JIAOTONG EAST CHINA [ 2
GUANGZHOU KEIl ELECTRO... [N 2
I 3
China Railway First Survey and... INEEEEEGGG_— 3
EE—— 7

UNIV SHANGHAI JIAOTONG

UNIV SOUTHWEST JIAOTONG

=z = O] = 77 o] o
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- Framework for Traffic Management Business Service olSwA, FMSAY HIo| WE
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- GOA?2 Reference Test Bench Demonstration
- GOA? Pilot Line Demonstration
- ATO over ETCS - GOA3/4 Feasibility Study
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- ATO over ETCS - GOA3/4 Specification SEAEEZS ATOZ |22 dHb. I
- ATO over ETCS - GOA3/4 Prototype Development Hzo &388 £+ Ao, =t
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= 1,648 149 177 313 293 204 106 92 131 135 48
2]
Ol &H(H &) 8,240 745 885 | 1,565 | 1,465 | 1,020 530 460 655 675 240
OH== 285 6 7 24 14 46 46 46 48 48
e
Ol aH( ) 1,425 30 35 120 70 0 230 230 230 240 240
CH == 1,089 143 170 189 179 130 60 46 85 87
Syl
Jl 2 Xt
Ol &t &) 5,445 715 850 945 895 650 300 230 425 435 0
OH== 274 100 100 74
=
JI 2 Xt
Ol aH(A ) 1,370 0 0 500 500 370 0 0 0 0 0
— AEA NFAD(HE=A L D)
_ 22
S8 LA a3 HEWE Al i
(k) AR zz (ef2) (&2AHe)
a5 4417 ME 4 2021 663 2011
4F2CA 130.7 S+ S 2024 2908 2010
izt SEDEM 182.4 25 g3 2026 4058 2015
=
TMIEM 61.1 =N Xxez 1,359 2016
2028
SE2EH 66.8 ERRps = 100 2010
2Rt 2675 =473 St 2029 5920 2019
i MMl dY Sofl w2t s Tts
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AR EFE 15 ~ 60%7H FHHE ROZ HA (UIC code 406 44)

- APEBA AR 82 108 ~ 30RH R, AFFATHY L2 km'd 3W~308H-FE

- MBLE D 359 A
C A TR 256% AT

- AR FER]E 10U E / km

O 9 =9 ERTMS Level 3 Risks and benefits to UK railway (2010)
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PRIME #Ha Better Norminal Worse
Train Integrity(seconds) 0 2 10
EOA to supervised location(m) 10 100 183
Odometry error(%) 1 5 20
Balise spacing(m) 10 500 5000
Position report time(seconds) 1 5 10
MA update cycle time(seconds) 1 5 10
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TE O |BRAER | cAgAg | nEA AR BN e A
20304 177,685 105,472 15,369 11,482 310,008
20354 183,713 108,776 15,797 12,381 320,667
2040 182,441 105,186 15,217 12,903 315,747
20453 177,427 102,246 15,044 12,600 307,317
wh, Hel A A=
O A 2k A3} Az oF 97,287 vklo] WA R = Zlog HEH
[¥ 4.10] BJaA Azt
AR | A99A | w4 | oan | RS
A AMerel | A | ®Ew | e | 0 &7
A7 ol | AzrE ol | Azr ol | 7k A ol =
=" L =27 =T = = - ] ‘Tiqu—]]
e
TEHATE 4275 | 213332 | 2962 760 315,747 | 537,076
AA oA 28 A m 3
4. AAAL +4 A3
O 443 B/C= 3.07% ZAA% A= dHal= Zox AEY
(% 4.11] AAY B549
T = B/C NPV (3 2l) IRR(%)
e ER RO
A Ao e A 3.65 27,992 22.56
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QI 7] AT
2o | AR %] AF % A AR Nz

B s Rk P I B I P #

A AL 0 e | T e g | e

Hl & H H © © 2 7F B == &3

] [€) ] ] Zé‘_%} 2 7k = "= .8—“’]’
20164
201713
20184 20.0 30.0 9.0 45.8 8.2
20194 60.0 35.0 105 83.2 9.2
20201 100.0 [ 120.0 36.0 1845 | 30.2
2021 50.0 70.0 21.0 96.3 16.9
20223 30.0 0.0 0.0 0.0
2023 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 1548 | 46.4
20264 240.0 | 4058.0 72.0 2430.0 27676 | 1611.1
2027 240.0 72.0 1479 | 444
2028 1359.0 814.6 801.4 | 480.4
20294 5950.0 3571.8 3357.4 ] 20155
20304 52.0 29.6 7.6 3.100.1 28.1 1694.0
2031 52.0 29.6 7.6 31214 | 269 632.1
2032 52.0 29.6 76 31427 | 257 572.4
20331 52.0 29.6 7.6 3.164.0 | 246 514.7
20344 52.0 29.6 7.6 31854 | 235 459.2
20351 52.0 29.6 76 3,206.7 | 225 | 14056
20364 52.0 29.6 76 3,196.8 | 216 |1341.0
2037 52.0 29.6 76 3,187.0 | 206 | 1279.3
20381 52.0 29.6 76 31772 | 197 | 12205
2039 52.0 29.6 76 3,167.3 | 189 | 11644
20404 52.0 29.6 76 3,1575 | 181 |1110.8
20414 52.0 29.6 7.6 3,1406 | 17.3 | 10574
20421 52.0 29.6 7.6 3,123.8 16.6 | 1006.5
20434 52.0 29.6 7.6 3,106.9 | 1568 | 958.0
20444 52.0 29.6 76 3,090.0 | 152 | 911.8
204513 52.0 29.6 76 3,073.2 | 145 | 867.8
20464 52.0 29.6 76 3,073.2 | 139 | 830.5
20474 52.0 29.6 76 3,073.2 | 133 | 794.7
20484 52.0 29.6 76 3,073.2 | 127 | 760.5
20494 52.0 29.6 76 30732 | 122 | 7277
2050 52.0 29.6 76 30732 | 116 | 696.4
2051 52.0 29.6 76 3,073.2 | 11.1 | 666.4
20524 52.0 29.6 76 30732 | 107 | 637.7
20531 52.0 29.6 7.6 3,073.2 10.2 610.3
20544 52.0 29.6 7.6 3,073.2 9.8 584.0
20551 52.0 29.6 7.6 3,073.2 9.3 558.8
205614 52.0 29.6 76 3,073.2 8.9 534.8
2057 52.0 29.6 76 3,073.2 8.6 511.7
20581 52.0 29.6 76 3,073.2 8.2 489.7
20591 52.0 29.6 76 3,073.2 7.8 468.6
2060 52.0 29.6 76 3,073.2 7.6 452.8
20614 52.0 29.6 76 3,073.2 7.3 4375
20623 52.0 29.6 76 3,073.2 7.1 422.7
20631 52.0 29.6 7.6 3,073.2 6.8 408.4
20644 52.0 29.6 7.6 3,073.2 6.6 394.6
20654 52.0 29.6 7.6 3,073.2 6.4 381.2
2066 52.0 29.6 76 3,073.2 6.2 368.3
20674 52.0 29.6 76 3,073.2 5.9 355.9
20684 52.0 29.6 76 3,073.2 5.7 343.8
20691 52.0 29.6 7.6 3,073.2 5.6 332.2

B/C = 3.65

NPV= 27,9929 1t

o

IRR= 22.56%
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O R&DAFE S 53 FARS 220 1H5HEE Ao A| A8 7k A= wh<edt A A
A AE BEdE #dsi|Rohs H7F dRAISA AR Folo] ubdyl oA AE 5
S Y38l 240 A Y.
O 2017@ AA HEgdAAAE FR= ok 18% 25469 o, )] AT 3| o] x| %+
B oF 1,1459 902 AAAAYE °F 0.63% T
O 2 dxpAo A A" Jftef] wet AAAE AES oF 10% F7o2 F718 49 A3t oF
1% 7349999 FEFdayr dgE o=z 7|ggh

¥ 4.13] A% YA AN

T 2012 | 2013 | 2014+ | 20159 | 20164 | 20174
Al A
2w 8 A o] A] & 143,576 | 189,112 | 164,673 | 170,419 | 176,373 | 182,546
= 720 805 890 975 1,060 1,145
A AN ’ ’
A AN A7 e H] 0 o 0 0 o 0
ZUA PR 0.50% 0.51% 0.54% 0.57% 0.60% 0.63%
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- Capacity, performance and competitiveness
- Energy and environment
- Safety (including certification) and security
— Z2AE 4 (Working Package)
- WP1 Cooperation, Communication and Coordination with other ETPs and national
technology platforms
- WP2 Rail Business Scenarios
- WP3 Strategic Rail Research and Innovation Agenda (SRRIA)
- WP4 Technology Roadmaps, Exploitation & Implementation
- WP5 Fostering innovation and partnerships: ERRAC and SHIFT? RAIL
- WP6 Monitoring to improve rail research innovation
- WP7 Dissemination
- WP8 Administrative, financial and technical management and coordination
— Shift2Rail#}2] A
- ERRACS} @9]3te] Shift2Raile] niAEZ WS 24
- Shift2Rail®] F3d=S 72 B B3}l 1k

ERRAC
SHIFT*RAIL Strategy Council “ ” State Representatives Group
Advisory Council

FORSTER-RAIL project

Founding Membara Associated Members

Associated Members
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[J NGTCS(Next Generation of Train Control System)

— FA7IH N ZAIAE FFAE IPAA R4, dEAd a4, EAE R4

s

Mo

:Alstom, Ansaldo STS, AZD Praha, Bombardier Transportation, CAF
Signalling (Spain), NAVECOM (France), Siemens, THALES
S AEA AR %
:D'Appolonia (Italy), Ineco(Spain), RATP (France), SNCF (France)
A=A
:London Underground, RATP, SNCF, TMB (Spain)
- 7] e}
:ERTMS Users Group, Technische Universitat Dresden, UITP

— NGTCS %4
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NGTC® A= SHIFT2RAILS Innovation Platform 2(Traffic Management and

Control Systems)e°l & &%
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O Zz1% AA
EColA A4 E X Qetar, Ad+AF (WP:Work Packages) & 9712 38l Q)

European Commission

C

dlo

A ] Y
WP WP2 WP

WP1 Leader || [WP2 Leader WP9 Leader

— WP1 : Project Management
— WP2 @ ETCS/CBTC investigation of operational and functional consistencies
differences
AR EAEES Ve T A B
-mEf o] AxpA Al AE o HEE Y]E g Al
— WP3 : Technical Coherence
AT, A2 Q T Al A
— WP4 : Common Message Sturcture for Urban and Mainline
*NGTC #IA A 24 9 NGTCHIA A 72 714 A
— WP5 : Moving Block Principles
b= FERCEER EERE
— WP6 : IP Based Radion Communication
A F A 2 e et ARt A A G Thse A
— WP7 @ Satellite Positioning
— WP8 : Consensus building
A A3 9 &olA
— WP9 ! Dissemination and transfer

AAES BARNA duk " AREAE e

O =213 3 Y&

WP 71&49 @Al ot a9y Zon, A4 WP2, WP62 A% TA4%< y&s &

Mt 9loy, WP3, WP4, WP5 £29] &2 gead &+ gls
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Consensus building (WP8)

Functional requirements specifications (WP2) ‘

Architecture & interfaces specifications, SRS (WP3)

y
§
Moving blocks
principles (WP5)
IP-based radio

Common message
structure (WP4)

comm. (WP6)

Satellite positioning
(WPT7)

Structure of the technical WPs

- BAAE W ANAE] 7% AR #A

CAAHE ] 75 QA BA(IEC 62290—-12 2, MODURBAN D80)
ARFA T o] 7% QA B4 (ERTMS Baseline 3(SRS 3.4.0))

— NGTC? 7ls27HMA 243 (NGTCS FRS)
CAREE RS EAIEES FEOE ALY JelTAE (2127, EAIE RN A 84
715 8T A (2527)), YNrEEeNE A 89 75 TA(2927) & oS
ARbE RS xRl VTS ATOV 55 A&k A4

® Atotal of 756 functional requirements has been identified
and the analysis resulted in the following classification.

H Common
® Mainline Only

= Urban Only
2. WP3 W&
— NGTCY 7Iso7gAME EE NGTCSS o718 x A9, 754 9 7|sAE
z18y

- Platform Doors Mangement
- Automatic Turn—back Operation

- Automatic Coupling & Splitting
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j=4
EAEEGL GoAd, AMEEE GOAZHA A4 4 UE% AT

Flatfarm Daar

Inlerlace Unil

Signalling
Equipmenl

Equipmenl
- R

Platlarmdaars

o
=

HhL
%
e Propulsion command
s Train Door opan
Urban b Du'sh?nce 1o Goto Speed.RE.m' tig command
oce 1 i ATE) Distance to Go to Ststion Stop
¥ Module Permitted Speed, Actusl Speed
Target Speed, Braking Rate RS‘::;Q
Departure Authcrization
Operating Mode Train Door status
Hibem O Train & Platform Doer Ensble Statu
Commands from OCC:
Opersting Speed Profis
Hoid train, Skip stop
Niainli 5
AT;'E f N Piatform door cpen /
f close commands
Mainline |4 . Mainline | POIU
= x "w Modide Platform door open /
Status to OCC e taliis
Flatform door bypazs
il " - status
o ¥
o
[NGTC®] common ATO %]
—  olplxl = o O J]=O 2aEk 2= o)
NGTC message structures= Y¥HEEoN g3t 22 7ss 73T F U=

- Platform Doors Mangement
- Automatic Turn—back Operation

- Automatic Coupling & Splitting
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D3.3 (chapters 3.2, 5 and 6)

(ETCS BL3 + 55125/126)

v L L y
D3.4 SequencerDiagram Sequencé Diagram Sequen::‘e Diagram
{F,S'D} [A2] [A3] [Ad]
{ATB ) (Auto. Coupling) (Auto. Splitting)
h 4 hd 3 k4 F
D41 Report from analysis and operational needs Interface Matrix
L L 4
D4 2 Data Model Specification
v
D4 .3 Specification of the NGTC Message Structure
3. WP5 W&

— Generic Moving Block Principles®] Full Moving Block, Fixed Virtual Blocks&

Sk
=

Full Moving Block:

Moving direction Moving direction
I T ] ] — |
‘ @] 3 —__-_-""\a @EI
. - | |
Froa " Qecupied . Free . Decupied 1 Fres
| 1 1 1
I ] 1 ]
Rear and Head of train #2 Rear and Head of train 11
(including location error) {including location error)

Fixed Virtual Blocks:

Moving direction Moving direction
I o ——-___‘__\-a I
#@' L, - . = 1 4%
Free ﬂch.erm: Docupied 1 Free Free Free Free 'C":!!upam Ommr-&i Free Occupancy state

! Oecupied : : Oeeupied : of Virtual blocks
I ] ] ]
1 i, 1 ;

Rear and Head of train #2 Rear and Head nf' train K1

(including location error) {including focation error)

— 39¥ Generic Moving Block Principles< 2Hdsta, W&

— Sift2Rail Z=2 73] Al¥F

e
b
o|\
ol
ol

2
dlo
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Results (1/4)

High Level Moving Block

Principles agreed. o i v
: - = o \?-‘
6.2  Moving Block High Level Prnciples............. IANGTCREE
LY A
6.3 Normal Operation, Fitted Trains only . i N v- T nf
631 Initialisation of Trackside System.._._.___..__ Train Corntrol syustems

6:32 Registration.. ...l
B3  DemegistaEBon:. . ooy
6.3.4 Handover between Trackside Equipment ...

| D5.1 Moving Block Principles

6.3.5 Issuing Movement Authorities to Trains ..
6.3.6 RouteRelease.................oocvimmmicicrniinnn Foopict S e R o T i
637 Route Cancellation FEEmEL  RES
6.3.8 Change of Train Direction
6.3.9  Train Reversing

6.4  Extensions for Normal Operation ................. e Eemeaum
641 Joiningof Trains ... I— m—. i
64.2  Splitting of Trains ..., o omus =

643 MixedOperation............ ... ...
644 Shunting ...

O NGTCY 7158 THAA (FRS)
1. 71s7%
- NGTC9 7ls+=xv 9% o] Ao CTC, ATP, ATO7|s& T3
A ATP, ATO7]5& 383
— A4e] CTC, ATP, ATO%= PSD w9 Aulel A8k, 274 ATP, ATO=
A7) - sAHA T T A9 AAF
— Aol ATP, ATOx= A CTCo A4 AATE 5 Us

ol

Far

ing’ Com?ummﬂ ocec
ok | | CNOINE h) opmron

. NGTC Trackside
ATP

INGTC?] 7]s%]
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— A2}23Y (Train Operation) ©l U4 38702 A F-A}L

67H = st 9le
-%ﬁwlwﬂaow%m%@%9m>
AR 370)

A (A 37)

Al 8k A (ARARE 37)

- DAY (A AR 147H)

e g el i AR E A (KAFARE 7))
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- AR B SFH AT 1)

BgE A (AFALS 371

Aol (AF-AFE 37
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_IE

L’L

e (AFARE 171
e (AFARE 371

train service) ¥&] (MF-AF 671)

ol By (AFAFE 371)

- EALA| A E O E] H o] A (A F-AFEF 67))
- Sk R 9F o] Q1] H o] A (A F-AFE 17H)
MZIA) A=) 910] ol E] H| o] A (M F-AFa 171)

1 (A 1)
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(] Shift2Rail

O =Z=Ra3 78

- T2 A
- The European Commission?] 20119% ®IEWA ( “Roadmap to a Single
European Transport Area - Towards a competitive and resource efficient

transport system” )

D AAYo] B =3, AYS F8HT o7 AEEtE fYAE AA

— XZEI% FF(SZ2R JU)
- The Shift2Rail Joint Undertaking (S2R JU), a new public—private partnership
- orel ¢ 20149 79 79

— X Z 7% o AH(2014~2020) : 992HTFE (131,100 ¢)
- EUS A (EUR 450million), AEAFI Al =22 (EUR 470million)

— Fo7a
- the European Union
- HAEARAA ¢ Alstom, Ansaldo STS, Bombardier, Construccionesy Auxiliar de
Ferrocarriles (CAF), Siemens and Thales

- AT A A EAE A 0 Network Rail and Trafikverket

- TR 53
Hd FHAE TS
CrHAEAAT S G S H71H R F1
e AEAN el 2 RY vPls FE

- 220 7 &@TUE)
AEAAEE vkt HFA AR gkdt dAA AsdAE =
Shift2Rail> ZZIHL 7]EX 02 A AH (s ABAIAR)S 738}
= By 5 AEE 2RSS 74
- IP (Innovation Programmes) — 7]&4 %% &
Cost—efficient and reliable trains, including High—Speed and high—capacity
trains

. Advanced traffic management & control systems
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: Cost—efficient and reliable high capacity infrastructure

. I'T Solutions for Attractive Railway Services

. Technologies for Sustainable & Attractive European Freight
- Cross—cutting activities - 3%21¢1 #a| A}t

: Long—term needs and socio—economic research

: Smart materials and processes

. System integration, safety and interoperability

. Energy and sustainability

: Human capital

Figure 1: Intervention logic of Shift2Rail

m

Attractiveness
and
competitiveness

Single European Leadership on

Railway Area the global market

Improved
Enhanced Simplified
services and Heuiee: interoperability business
customer. system costs d
quality and safety processes

Lower
investment Respect and
costs adaptation of
T5ls

Improved
reliability Impraved

standardisation

Reduced
operating costs

Enhanced
capacity

Simplified

Respovalof certification

remaining open

i and
Externalities points

authorisation

Customer
experience

- 2239 7Igay
- gfo| L Alo)|F FAE A7F(eF 50%)
- AEXA 285 w7} (Doubling railway capacity);

A BN (S 50%)

O Zza% Z4
S2R JU+ the Governing Board®} the Executive DirectorolA %3y, 27129 x<
1592 T4 (Scientific Committee, States' Representatives Group)
— 570¢] TP (Innovation Programme) & -&3to] S2RS] &3E(System integration, safety,
interoperability 33t 570) & @43t S
— S2RZ AN E(TRL) 75 H3EE 8, A7 /WEdS et 2+
- TD(Technology Demonstration) &7
- ITD (Integrated Technology Demonstration) T4
- SPD(System Platform Demonstration) %7
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Shift2Rail Governing Board

Executive Director

Scientific Committee
Shift2Rail Secretariat and
programme management

Steering Steering Steering Steering
Committee Committee Committee Committee
IP1 P2 IP3 P4

( : P1 IP IP3
Long-term needs and = <
socio-economic research £ 9 5 T

23 s o

( T & £ o
Smart materials and £z S =
processes g g - &

" m w 'E -

r -5 g ’
System integration, safety SSRTTRC= b T
and interoperability R ) g

. o ™ oy

s - - s 8%

- s o 3B

Energy and sustainability 5 E £ ]

— - W

\ £ & = &

g S8 3 i
&= &

Human capital s 3 c S S

£ ) % a

s o o0 o & ®

L% < (SRS )

[S2R9] TPx4]]

' Integrated Technology [N IntegratedTechnology
Demonstrator (ITD) NN Demonstrator (ITD) [

I' ™
System Platform Demonstrators (SPDs) i
.\ ‘k o’
L 4
it Railway system of the future A
High-Speed / Mainii sger Transpart, Reglonal Possenger Transport,
e Urban/Suburban Possenger Transpert, Freight Transport )

[S2RE] Al ~B|EA]
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States Representatives
Group

Steering
Committee
IP5

IT Solutions for Attractive Railway Services
Technologies for Sustainable & Attractive

European Freight

Technology Demonstrators (TDs):
Projects which specify, develop and
demonstrate a specific technology,
resulting in a laboratory tested and/or
simulated prototype

Integrated Technology Demonstrators
(ITDs):

Projects integrating / combining TR
prototypes at system level (bothin lab
and on-site) and testing system
performance

System Platform Demonstrators
[SPDs):

Assessment of the whole system level
performance based on the results of
TOs and ITDs, SPDs will bring S2R"s
innovative solutions to a technology
maturity level for a new generation of
railway systems



O IP(Innovation Programme) %! TD(Technology Demonstration)

1P TD
TD 1.1 : Traction system
. TD 1.2 : Train control and monitoring system (TCMS)
® [nnovation Programme 1 ) :
. ) . TD 1.3 : The new generation of car body shells
Cost-efficient & reliable trains, :
. . ) . ) TD 1.4 : Running gear
including high-capacity trains .
and high-soeed trains TD 1.5 : New braking systems
gh-sp TD 1.6 : Innovative doors
TD 1.7 : Train modularity in use
TD 2.1 : The development of a new Communication System
TD 2.2 : Automatic Train Operation (ATO)
TD 2.3 : Moving Block
TD 2.4 : Safe Train Positioning
® [nnovation Programme 2 TD 2.5 Train Integrity
09 TD 2.6 : The development of a new laboratory test framework
Advanced Traffic Management ) . : :
TD 2.7 : The development of a set of standardised engineering
and Control Systems .
and operational rules
TD 2.8 : Virtual Coupling
TD 2.9 : An optimised Traffic Management System
TD 2.10: Smart radio-connected all-in-all wayside objects
TD 2.11: Cyber Security
TD 3.1 : The Enhanced Switch & Crossing System
TD 3.2 : The Next Generation Switch & Crossing System
TD 3.3 : The Optimised Track System
TD 3.4 : The Next-Generation Track System
TD 3.5 : The Proactive Bridge and Tunnel Assessment, Repair
and Upgrade
= [nnovation Programme 3 TD 3.6 : The Dynamic Railway Information Management System
Cost-Efficient and Reliable (DRIMS)
High-Capacity Infrastructure | TD 3.7 : The Railway Integrated Measuring and Monitoring System
(RIMMS)
TD 3.8 : The Intelligent Asset Management Strategies (IAMS)
TD 3.9 : The Smart Power Supply
TD 3.10: The Smart Metering for Railway Distributed Energy
Resource Management System
TD 3.11: The Future Stations
TD 4.1 : The Interoperability Framework
_ TD 4.2 : The Travel Shopping
m [nnovation Programme 4 ] i ,
_ _ TD 4.3 : The Booking & Ticketing
IT Solutions for Attractive ,
) ) TD 4.4 : The Trip-tracker
Railway Services ,
TD 4.5 : The Travel Companion
TD 4.6 : The Business Analytics
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IP

TD

TD 5.1
= Innovation Programme 5 TD 5.2

TD 5.6

TD 5.0 :
: The Freight Electrification, Brake and Telematics
: The Access & Operations

Technologies for Sustainable & | TD 5.3 :
Attractive European Rail Freight | TD 5.4 :
TD 5.5 :
: The Autonomous train operation

The Implementation Strategies and Business Analytics

The Wagon Design
The Novel Terminal, Hubs, Marshalling yards, Sidings
The New Freight Propulsion Concepts

m Cross-Cutting Activities

O P29 d7&

— P2 (Advanced Traffic Management and Control Systems) 2] &%
P2+ AEAS - FAIRoF=A /WY (F3) S o3 25

- Improved services and customer quality (3¢ 2 S2AAu] A A

C A A A Sew =

- s HE FAA

’

AARE AR A

- Reduced system costs (A 2~E1H] &2 7))

DA SR, 29N e 23

CedEdE 24

- Enhanced Interoperability (&9 A
1o A}a)o]

D TSIsE #&sh, o= &

- Simplified business process(

oft

)
& # 5%

ol
AAARE B2

=

— IP22] TD(Technology Demonstration) ¥ 7-U-&

- TD 2.1: Adaptable communications for all railways(quality of service,

interfaces to signalling

: T2.1.1 User requirements

: T2.1.2 Business model

. T2.1.3 Specification of the Communication System

: T2.1.4 Guideline for a choice of Technology for midterm

implementation

: T2.1.5 Development of prototypes; test definition and Lab test

: T2.1.6 Field test
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- TD 2.2: Railway network capacity increase (ATO up to GoA4 - UTO)
: T2.2.1. ATO over ETCS - GOAZ2 Specification
: T2.2.2. ATO over ETCS - GOAZ Prototype Development
1 T2.2.3. GOAZ Reference Test Bench Demonstration
1 T2.2.4. GOAZ Pilot Line Demonstration
: T2.2.5. ATO over ETCS - GOA3/4 Feasibility Study
: T2.2.6. ATO over ETCS - GOA3/4 Specification
:T2.2.7. ATO over ETCS - GOA3/4 Prototype Development
: T2.2.8. GOA3/4 Reference Test Bench Demonstration
1 T2.2.9. GOA3/4 Pilot Line Demonstration

- TD 2.3 Moving Block
: Task 2.3.1 Moving Block Operational and Engineering Rules
: Task 2.3.2 Moving Block System Specifications
: Task 2.3.3 Product Specifications
: Task 2.3.4 Safety and Security Analysis
. Task 2.3.5 Prototype Developments
. Task 2.3.6 Test Specifications
: Task 2.3.7 Technology Demonstrators

- TD 2.4: Fail-—Safe Train Positioning (including satellite technology)

: T2.4.1 General Specification

1 T2.4.2 On site GNSS performance tests

. T2.4.3 Analysis of the results of the GNSS Performance test activities

: T2.4.4 Analysis of the technical solutions for optimizing the GNSS
performances in railway environment and proposal for the
demonstrators

. T2.4.5 Proof of concept GNSS based localisation devices

: T2.4.6 Process for validation in lab and on field

: T2.4.7 Lab tests

T2.4.8 Update of the technical specifications according to the full test

campaign results

: T2.4.9 Development of Prototypes

: T2.4.10 Field activities: integration and commissioning tests, validation

and certification of the prototypes
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-TD 2.5: On—board Train Integrity
: T2.5.1 Train Integrity Concept
. T2.5.2 Definition of Requirements
: T2.5.3 Technology Research and Development
. T2.5.4 Adaptation of existing solutions
: T2.5.5 Demonstration and Assessment

: T2.5.6 Standardisation proposal

- TD 2.6: Zero on—site testing (control command in lab demonstrators)
: TD2.6.1 Assessment of status quo in field test and benchmarking
: TDZ2.6.2 Definition of test process
: TD2.6.3 Define general architecture for test environment
: TD2.6.4 Define generic communication model

: TD2.6.5 Develop/ validate test environment

- TD 2.7: Formal methods and standardisation for smart signalling systems
: T2.7.1 Formal methods
: T2.7.2 Standardized interfaces

- TD 2.8: Virtually - Coupled Train Sets (VCTS)
: T2.8.1 Virtual Coupling Concept
: T2.8.2 Safety and Performance Analysis
: T2.8.3 Feasibility Analysis
: T2.8.4 Functional Architecture SAS and FRS
: T2.8.5 Functional Architecture FIS
: T2.8.6 Impact analysis

- TD 2.9: Traffic management evolution
: Task 2.9.0 Technical Coordination
: Task 2.9.1 Integration Layer
: Task 2.9.2 Shell for Applications in the TMS (Application Layer)
. Task 2.9.3 Framework for Traffic Management Business Service
: Task 2.9.4 Applications
. Task 2.9.5 Standardized Operator Workstation

: Task 2.9.6 Functionalities and Interfaces for Dynamic Demand and
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Information Management

. Task 2.9.7 Integrated Demonstrator

- TD 2.10: Smart radio—connected all—in—all wayside objects
: Task 2.10.1: Analyses of existing lines and economic models
: Task 2.10.2: Analyses of railway requirements / standards
. Task 2.10.3: Definition of system architecture
: Task 2.10.4: Development and verification of PDs (Prototypes)
Task 2.10.5: Validation (incl. Integration and Validation at SPD Level -
paperwork at P1 / real integration P2

. Task 2.10.6: Optimisation Works

-TD 2.11: Cyber Security
: T2.11.1 Definition of a cyber—security system dedicated to railways
- T2.11.1.1 Security assessment limited to ETCS and CBTC system
- T2.11.1.2 Threat Detection, Prevention and Response for ERTMS and CBTC
- T2.11.1.3 Guidelines/standards limited to standardised systems
(ERTMS + CBTC)
- T2.11.1.4 Technical demonstrator
: TD2.11.2 Application of the cyber—security methodology to signalling system:
- TD2.11.2.1 Define profile protection, cyber security standard to be used and
the assurance level requested for railway applications.
- TD2.11.2.2/3 Infrastructure access protection (station level) + profile
remote management;
- TD2.11.2.4 Demonstrator limited on On—board—Trackside or trackside—
trackside application
: TD2.11.3 Develop a network of Railway Cyber Security Experts (CERT)
- TD2.11.3.1 Combining expertize — Designing a holistic knowledge base
- TD2.11.3.2 Prototype of CERT model dedicated to railway:
-TD2.11.3.3 Prototype of CERT collaborative environment
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20184 20.0 30.0 9.0 45.8 8.2
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20201 100.0 | 120.0 36.0 1845 | 30.2
2021 50.0 70.0 21.0 96.3 16.9
20221 30.0 0.0 0.0 0.0
20234 265.0 69.0 169.0 | 50.7
2024 350.0 | 2908.0 69.0 1740.0 2206.6 | 1272.1
20251 300.0 69.0 1548 | 464
20261 240.0 | 4058.0 72.0 2430.0 20676 | 1611.1
20274 240.0 72.0 1479 | 444
2028+ 1359.0 814.6 801.4 | 480.4
2029+ 5950.0 3571.8 33574 | 20155
2030 52.0 29.6 7.6 31001 | 281 ]1694.0
20314 52.0 29.6 7.6 31214 | 269 |1632.1
2032 52.0 29.6 7.6 31427 | 25.7 |1572.4
20334 52.0 29.6 7.6 31640 | 246 |15147
20344 52.0 29.6 7.6 31854 | 235 |1459.2
20354 52.0 29.6 7.6 3,206.7 | 225 | 1405.6
20361 52.0 29.6 7.6 3,196.8 | 21.6 |1341.0
2037 52.0 29.6 7.6 3,187.0 | 206 |1279.3
2038 52.0 29.6 7.6 31772 | 19.7 | 12205
2039 52.0 29.6 7.6 31673 | 189 |1164.4
2040 52.0 29.6 7.6 3,1575 | 181 | 11108
2041 52.0 29.6 7.6 3,1406 | 173 | 10574
2042 52.0 29.6 7.6 3,123.8 | 166 | 1006.5
20434 52.0 29.6 7.6 3,106.9 | 158 | 958.0
2044 52.0 29.6 7.6 3,0900 | 152 | 911.8
20454 52.0 29.6 7.6 30732 | 145 | 8678
2046 52.0 29.6 7.6 3,073.2 | 139 | 330.5
2047 52.0 29.6 7.6 30732 | 133 | 7947
20484 52.0 29.6 7.6 3,073.2 | 12.7 | 760.5
20494 52.0 29.6 7.6 30732 | 122 | 7277
20504 52.0 29.6 7.6 30732 | 116 | 6964
20514 52.0 29.6 7.6 30732 | 111 | 6664
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B/C = 365

NPV= 27,992 k¢l

IRR= 22.56%
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