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Liderandcel camino
haciaunamobilidadmasverde
e inteligente entodo el mundo
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- mobility by nature -



€12,100 €8,100

millones millones
en Pedidos en Ventas
0 MESEERER
(.1% 36,300
Margen operativo 60"‘ Empleados
(ajustado al margen -
EBIT) Paises
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METRO Y TRANVIAS

SERVICIOS
PERSONALIZADOSKEY ‘ TRENES GRANDES LINEAS
SISTEMAS URBANO
Haw Sial @ LOCOMOTORAS
INFRAESTRUCTURA ﬂ @ COMPONENTES

SENALIZACION
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Brindamoaunarespuestdocal
a las necesidadesde nuestros
clientes

A105 sedes en mas de 60 paises

A6 regiones cercanas a nuestros
clientes, a cargo de la ejecucion

ANuevos centros regionales en EE.
UU., India, Brasil y Sudafrica

AAlstom se ubica en el top 3 el
mercado de todas las regiones
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Ser el lider mundial en innovacion para una movilidad sostenible e inteligente.

CRECIMIENTO INNOVACION

Ofreciendo mayor Srr]]asorlnuoc\llﬁirézsd Iﬁgi
valor a nuestros

clientes inteligente
y mas verde

EFICIENCIA,
Impulsada por
la digitalizacion

Impulsada por el equipo One Alstom, Agil, Inclusivo y Responsable
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LINEAS FERROVIARIAS URBANO

m—qer CBTC para metro pesado (NEL de Singapur)

1¢" despliegue de ERTMS L2 para muy alta velocidad
300 km/h T sin respaldo del Sistema convencional (ltalia)

1¢r despliegue de ERTMS L2 para linea de alta densidad
2 minutes de avance i 270 trenes/dia (Suiza)

AV OIS —o 1°2 actualizacion a CBTC (China, Pekin L2)

1¢" despliegue de ERTMS L2 para servicio transfronterizo
(Suiza/Austria)

1era Operacion Automatica de Trenes Interurbanos

er .
(con Casco, China) 1¢r CBTC sobre LTE (China, Wuhan L6)

1" despliegue de linea de base 3 de ERTMS L2
incl. Lanzamiento de mantenimiento (Alemania)

m_. 1¢arenovacion de GoA4 a GoA4 con el tren CBTC
centrico (Francia, Lille)



XIXBESA

= , Ty
Canciin Q Roo México

del 11 al 13 de febrero

Urbalis representa

mas del 25% de los

km con radio CBTC
en el mundo.

20 lineas han sido o
seran modernizadas
con URBALIS

URBALIS - 127 lineas de metro i 80 en operacion

URBALIS 400 All GOA

1. Pekin L2RenovaciorATO 2008 37. Zhengzhou LATO 12/2016 75. Singapur TEUTO 2020
2. Beijing Airport Expres®TO 2008 38. Kochi LIATOL Yy R ASICRIZ line 06/2017 76. Jinan R3 ATGon radio LTE 2020
3. Shanghai LIDTO 04/2010 39. Lucknow LIATOL y R A"l CBAC H 09/2017 77. Qingdao L1 AT®on radio LTE 2020
4. Shenzhen LATO 12/2010 40. Changchun LATO 06/2017 79. Lyon Lines B & RenovaciortdTO 2020 & 2023
5. Beijing Fang ShaiTO 12/2010 42. Kunming L3 & LATO 08/2017 80. Sao Paulo LBenovacionDTO 2020
6. Shenzhen LATO 06/2011 43. Toronto YUSRenovationATO 11/2017 81. Shanghai L18TOcon radio LTE 2020
7. Milan L1 RenovaciorATO 10/2011 44. Chengdu LATO 12/2017 82. Shanghai L18TOcon radio LTE 2020
8. Meéxico L12ATO 10/2012 45. Xiamen LIATO 12/2017 83. Shenzhen L6 ATO 2020
10. Pekin L6 & LATO 12/2012 46. Guangzhou L12TO 12/2017 84. Chengdu L9 ATO 2020
11. Shanghai L1ATO 12/2012 47. Zhengzhou LATO 12/2017 85. Chengdu L17 ATédn radio LTE 2020
12. Wuhan L2ATO 12/2012 48. WuhanL8ATOcon radio LTE 12/2017 86. Chengdu L18 ATén radio LTE 2020
14. Kunming L1 & LATO 05/2013 49. Nanning L2ATO 12/2017 90. Qatar Lusail (4 lines) ATO 2020
15. Wuhan L4ATO 12/2013 50. Wuhan L21ATOcon radio LTE 03/2018 91. Hanoi L3 ATO 2021
17. Shanghai L12 & LISTO 12/2013 51. Qingdao RIATO 04/2018 92. Tel Aviv Red Line ATO 2021
18. Guangzhou LAATO 12/2013 52. Amsterdam NZIATO 07/2018 93. Montreal REMJTO 2021
19. Panama LATO 04/2014 53. Changchun LATOcon radio LTE 08/2018 94. Zhengzhou L4 ATO 2021
20. Wuxi L1IATO 05/2014 54. Shenyang LATOcon radio LTE 10/2018 96. Bombay L3 & L@TO 2021
21. NingboL1ATO 05/2014 55. Lanzhou LATO 12/2018 97. Xuzhou L3 ATO 2021
23. MélagalLl & L2ATO 07/2014 56. Xian L4ATOcon radio LTE 12/2018 99. Pune Metro L1 & L2 ATO 2021
24. Dubai AtSafoo Tram 10/2014 57. Nanning L3ATOcon radio LTE 12/2018 100Bombay L2 A & B 2021
25. Nanjing NingtianATO 12/2014 58. PanamaLATO 04/2019 101 Kunming L5 ATO 2021
26. Wuxi L2ATO 12/2014 59. Sydney North West Rail LinkTO 05/2019 102Sidney City & SouthweBTO 2024
27. NingboL2ATO 09/2015 60. Zhengzhou LATOcon radio LTE 05/2019 103Taipei L7 WanddTO 2025
28. PekinL1RenovaciorATO 12/2015 61. México, Guadalajara L3 ATO 2020 105. Marseille M1 & MZRenovaciérdTO 2025
29. Chengdu_4ATO 12/2015 62. Lahore Orange Line ATO 2020
30. Sao Paulo LRenovaciordTO 03/2016 63. Sao Paulo LRenovaciorDTO 2020
31. Santiago LRenovaciordbTO 05/2016 64. Taichung Green lineTO 2020
32. Shenzhen L1ATO 06/2016 68. Amsterdam (4 linesRenovaciorATO 2020 URBALIS 300 radio CBT@GoA4
33. Hong Kong SIL(E)TO 11/2016 69. Xiamen L2 ATO 2020
34. Wuhan LEATOcon radio LTE 12/2016 72. Riyadh (3 lined) TO 2020 1. Singapur NEL en operacion 2003
35. Suzhou LATO 12/2016 73. Suzhou L3 ATO 2020 2. Lausana m2 en operacion 2008
36. Nanning LIATO 12/2016 74. Bucharest L5 ATO 2020 3. Circulo de Singapwen operacion 2009 & 2012
URBALIS 200 Distantiego GoA2 URBAIABienceadio CBTC Todos GOA

2. Delhill&l2 en operacion 2004 & 2006 1. Lille L1 Renovacion de GOA4 a GOA4 2021
4. Shanghal3 & L4 en operacion 2004 & 2006 ' ‘ e
= Daeg%LZ o oBeracién o 2. Shangha&i&4 Renovacion del dema@g@dor
6. Santiago L4 & LA en operacion 2005 & 2006
g. énc,lﬁ%nExpresd Madrid ML1 en operacion %88;

. Sel en operacion :
11 Bangalore L1 Phi & L2 Ph1 en operacion 2011 & 2014 | | URBALIS OCTYS radio CBTC GoA2
12. Cairo en operacion 2012 e | 04 1
13, Jaipur L1 en oBeracic’)n 5015 2. Paris Linea5 & 9Renovacion a CBTC  en operacion 2011 & 2013
14. Bangalore LPurplePh2 en operacion 2016 4. ParisLinea6 & 11 Renovacién a CBTC para 2020
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Renovacion — Caso de Estudio - Amsterdam (Holanda)

* Renovacién de la red completa (5 Ineas)
sin interrupcién del tréfico

* Incremento de la capacidad en 50% de 325 000 a 500 000
pphpd (pasajeros por hora por destino)

= URBALIS permite intervalo de 80 segundos entre trenes de

116 metros de longitud .. _ -
Cliente: = Municipalidad de Amsterdam < -
Tipo: Renovacién :

Longitud de Linea: 30 km + linea nueva de 9 km E:;E’;TEGIA DE MIGRACION : CONMUTACION Y

N de estaciones: LEEERS))]

Opcidn para sin conductor en la linea nueva

N de trenes: 85 trenes — 116m - Migracién Conmutada => trenes estan bi-

o c 2 - e . = Mlgraulon geografica progresiva en fases
Servicio Comercial : 2018 piloto, 2019 implementacién - Interruptor a bordo nuevolviejo entre sectores

» Muevo ATS gestionando la nueva linea. Interface
con antiguo ATS gestionando cochera y terminal.

A 9 ciudades han escogido a Alstom para renovar sus sistemas
A 20 lineas han sido o seran renovadas con URBALIS

A 8lineas renovadas en servicio comercial con URBALIS

. Renovacion UTO — Caso de Estudio - Lille (France)

~

Mas de 10 afios de experiencia acumulada con
proyectos de renovacion CBTC

Primer UTO del mundo a Renovacién UTO
URBALIS™ Fluence duplicard la capacidad de transportacién
66 segundos de intervalo mientras se duplica la longitud del
tren

Cliente:
Tipo: Renovacién
Longitud de Linea: 13.5 km

N de estaciones: 18 ESTRATEGIA DE MIGRACION : CONMUTADA
N de trenes: 53 trenes + 27 trenes nuevos

Servicio comercial : 2021

s6lo equipo.
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A Renovacion total con cero interrupciones de undlléhea tran
millones de pasajeros por dia

A Urbalis, la mejor eleccién para renovar lineas de metro de
abarca 3 tipos de trenes

A Incrementa capacidad en 40% y ahorra energia en hasta

A Mejora el intervalo de 100 a 70 segundos

$.“er_‘te: I;{/letro SA et ESTRATEGIA DE MIGRACION: TRAFICO MIXTO
|po._ . _ enova, Lo A Los trenes estan doblemente equipados
Longitud de Linea: 20 km tanel A Primera fase con equipo anterior (ATC SACEM+RPS) + nue

No. de estaciones:27 + 1 cochera sistema (ATS, IXL, ATC, DCS), con un trafico mixto de treng
No. de trenes: 68 trengd35m viejos con SACEM, nuevos trenes en RPS y trenes nuevos/

3 tipos de trenes con CBTC (bloque fijo)
A Segunda fase en CBTC completo con bloque mévil

*UTO:Unattended TrainOperation
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www.alstom.com

00060

ALSTOM

- mobility by nature -


https://www.facebook.com/ALSTOM/
https://www.facebook.com/ALSTOM/
https://www.linkedin.com/company/alstom/
https://www.linkedin.com/company/alstom/
https://www.instagram.com/alstom
https://www.instagram.com/alstom
https://twitter.com/Alstom
https://twitter.com/Alstom
http://www.alstom.com/
https://www.facebook.com/ALSTOM/
https://www.facebook.com/ALSTOM/
https://www.linkedin.com/company/alstom/
https://www.linkedin.com/company/alstom/
https://www.instagram.com/alstom
https://www.instagram.com/alstom
https://twitter.com/Alstom
https://twitter.com/Alstom
http://www.alstom.com/
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Presentacion general de
Bombardiefransportation

Ralil Controbolutions
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Iﬁn

Socio sobre 200

Ciudades en el mundo

X

61 sitios de ingenieria y

produccion en 27 paises

Nuestrotema

00O
Lhihbh
Moviendo 500 millones
de pasajeros al dia

.‘-’rQ‘Q.
40,650 empleados
de 119

nacionalidades

RN

/7 7

Mas de 100,000

carros de tren en servicio sobre

~70,000 km de via

pionero

en transporte usando su espiritu
emprendedor desde 1942
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Entendimiento de la
fiabilidad operacional

(A

Velocidad operacional
particular

Nuestrofactor deéxito

Bajo peso y baja carga
de ejes

12

Reduccidén en consume
de energia

Innovador esfuerzo
tractivo

ifiti!
Increamentar la
capacidad de transporte

Entendimiento de
disponibilidad de la flota

v

flexibilidad operacional
unica
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Revenue by geographic region

Europe
62%

Rest of

(C(®)2)]
5%

$774 million UEBITD h

$8,9 hillion USevenues?

Asia-Pacific
13% North
America

20%
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ALight rail vehicles
AMetros
ACommuter trains
/ARegional trains
Alntercity trains

AHigh speed
trains

/ALocomotives

/AMonorail
systems

AAPM systems

ALight rail
systems

AART systems
/AMetro systems

Alntercity
systems

ATransit Security

AFleet
management

AOperations &
maintenance

/AMaterial
solutions

AVehicle
refurbishment

AComponent
reengineering

19

Alntegrated control ATraction

systems

AAutomatic train
protection and
operation

Alnterlocking
systems

AWayside
equipment

AServices

converters
AAuxiliary

converters
ATraction drives

AControl and
communication

APortfolio to match
entire range of rail
vehicles

AFull scope of
service over the
lifetime of a bogie
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Portafolio

A Sistemas de control integrados
A Enclavamientos electrdnicos

A Sistemas de Proteccion Automaética de
trenes (ATP) y Sistemas de Operacion de
trenes (ATO)

A Sistemas de sefalizacion via radio
A Equipamientos de via y embarcado

20
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INTERFLO CITYFLO
Largo Recorrido Transporte Urbano

> ) )

EBI*Screen EBI*Ld
Puesto de Control Central Equipamiento de via ATC Enclavamiento Electrénico RBC

EBI*Com 7 EBI*Star
Comunicacion por Satélite

24
”
]
ol
. >
*
2t o
»

EBI*Track EBI*Switch EBI*Gate EBI*Cab
Deteccién de Tren Accionamientos de Agujas Pasos a Nivel Sefiales Equipamiento ATC de abordo

21
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22
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Workstations del / ' - Workstation del
Operador Mantenimiento!
o |

CTCV existente

S ()

&
[ .
| _ | m
i | | Enclavamientos Existentes -
I | - I ; — — — — I _____ o = === — _ A
| 5 i saapund IE IE IE IE | NuevoEnclavamiento
I Region | o= = = = =N : |
| ] e —
I CBTC I . | I
1 ] — |
I I . I
I I . 1
: I : Sefales Switches I
|
| Radio -m a I n C) :
| A wm W 1 | - Red de Datos L) = - .
| |

Balizas de Relocalizacion
23
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ExperienciglobalenCBTC

King Abdulaziz Int'l Airport, Jed!ahz

, Seattle-Tacoma Eglinton Crosstown Oskiidar-Omraniye-
Cancin Q Roo México Int'l Airport ——  LRT Toronto Gekmekdy Line Kingdom of Saudi Arabia . HBE?;SORFF”E'””EZE
del 11 al 13 de febrero UsA Canada Turkey ,
Kabatas-Mecidiveksy- King Abdullah ® Lines being
- aM :.' E": IY:I oy &—Financial District Monorail, Riyadh Implemented 10
Chicage O'Hare g atiey Matra . Kingdom of Saudi Arabia ® Test tracks 2
Int'l Airport — urkey Total z7
USA * Munich Airport Dubai International Airport
Germany | United Arab Emirates *
eathrow Int’l Airport
Sacramento atwick Int’'l Airport —
Int’l Airport — United Kingdom
Usa
P e Delhi Metro Line 7
*San Francisco Lines1and & ! Inqu:: : gtre Line
Int’l Airport Spain
usA | | Bangkok MRT - Purple Line
] | Thailand
* 3 1 Bangkok BTS Sukhumvit &
McCarran In:;;ﬂ:::;;: L l Silom Lines (Green Lines)
Usa L ] o Thailand
- ® Yong-|
® ng-in
Phoenix T 7o ®— jdvanced Rapid Transit *
Int’l Airport A ® South Korea
UsA e L * Wenshan-MNeihu Lim*
Tai
*Dalla:.v’Fort Worth o || aiwan
Int’l Airport | Changzhou Metro Line
USA || 4 Line 1
China
*ttsburgh I
Test Track i -
Klang Valley
Mass Rapid
SEPTA Transit Line 1
Liﬂ""&;g Malaysia
Tiradentes S&o Paulo Klang Valley Shenzhen Guangzhou Tianjin Shanghai
*Ki ngston Maonorail Metro Line 5 Mass Rapid Metro Metro Metro Metro
Test Track Sao Paulo Brazil By Transit Line 2 Line3  Pearl River Line Lines2&3 Line8
—anada Brazil * Malaysia China China China China

A~ *

My, Monorail + UTO CBTC

* A APM +UTO CBTC Metro + UTO CBTC
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i,:’ LUMIETRI oe MEXICO
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Hitachi Ltd Currentlyhas 33,50@mployeeswvorkingin
multidisciplinaryprojectsworldwide.

Over350kmsof CTB@quipedlinesthroughoutthe world in
countrieslike France, China, India affdirkey RecentyBART
awardedHitachifor a $798million USDcontract for
updatingtheir train control.

More tan 250 knof DriverlesdUnattendedMetro
basedin CBTC i@openhagenBrescia, Rome,
Taipej Milan, Riyadhand Limamongothers

Hitachi haglevelopeddifferent solutions amongthem you
canfind OTP, ATC, TC&al8ngwith CBTC.
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More than 40 yearsof experiencan the Mexicarrailroad market

Over 10yearsof representingHitachi STSdrmer Ansaldo STS)
with important capabilitiesin local field service

Qualifiedengineersallow us togivefull service to our
customersin the different signaling Projects

Constantlyinnovatingour product and service
offer based in industry standards.

Recognizedor implementingstate-of-the-art technologies
with all railroad operatorsin Mexico
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I
‘ Traction Power and Electrification

!
‘ Facilities

‘ Communications and IT Infrastructure
/




;& Train Control Expertise
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Ferro ValleCiudadde México

New York MTA, New York City

AMTRAK, United States of America

Massachusetts Bay Transportation Authority, Boston
Washington Area Metropolitan Transit Authority, Washington, DC

SEPTA, Philadelphia

Terminal Rail Road Association, St. Louis

Alaska Railroad, Alaska




S oo Innovations Burns

Cancin Q Roo México
’ In house lab to test systems

del 11 al 13 de febrero
Advanced technologies in digital rail circuitry for: train
detection, broken rail detection, train control

PTC integration with other systems and agencies

Smart stations and facilities

Vehicle charging and electrification
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Interlocking Systems design, testing and troubleshooting
Relay systems design
Interlocking hardware design

Vital Interlocking software application logic design

Non-Vital Interlocking software application Logic design

Highway Grade Crossing Design, testing and troubleshooting

A.C., D.C., Electronic & AFO Track Cirguai¢gsign, testing and trouble shooting
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SIEMENS




IBERAL Siemens Mobility ~ S'EMENS
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We are the most diversified and vertically
Integrated mobility company

Rail Infra @ Intermodal rD Turnkey /> Rolling 6 Customer Intelligent {0
structure ~° Solutions N Projects K~/ Stock —  Services Traffic i/
Products and solutions Apps and backend Complete turnkey rail Short-distance, regional  Services for Rolling Systems
for Rail Automation and systems for passenger solutions integrating the  and long-distance rolling  Stock and Rail Infra- Solutions for Intelligent
Electrification information, booking, entire portfolio and stock, product and structure, throughout Traffic Management
payment and beyond system solutions the entire lifecycle
management of data, for passenger and freight

infra-structure and fleets transport
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CBTC Worldwide References

TrainguardMT® projects:

A1.847 track km
A1.233 stations
A2.498 trains equipped
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CCR/laQuatro Sao Paulo Metro Line 4

In SAo Paulo, Siemens Mobility equipge@ dzi K ! YSNA OF Qa FA
automatic, driverless metro (UTO, GoAw)th state-of-the-art control and
communication systems.

Project scope

TrainguardCBTC train control system

Trackguardsica€ECC electronic interlocking system
ControlguideVicosCBTC operations control system
ControlguideVicosS&D service and diagnostic system

Point machines with end position detector, signals and track circuits
Line length: 12.8 km, 11 stations

Headway: 75 sec (800,000 passengers daityrrently)

29 trains equipped.

Commissioning date

Phase 1: 201t Phase 2: 2018 (4 stations) 2019 (1 station)

EACNEATEE SN ©




S peR Siemens Mobility ~ *'=MENS.

Cancdn O Roo MéXIco @
del 11 al 13 de febrero CCR mﬂetré
CCR Metro Bahia, Salvador Metro Lines 1 & 2

SMSL - Sistema Metroviario

Salvador - Lauro de Freitas e In Salvador, Siememdobolity equippedLines 1 and 2 with th&rainguard
Sk BT Oy N g MT train control system which is a high performance CBTC control and
: S8 communication systemgoA2)

Project scope

TrainguardCBTC train control system

Trackguardsica€ECC electronic interlocking system
ControlguideVicosCBTC operations control system
ControlguideVicosS&D service and diagnostic system

Point machines with end position detector, signals and Axle Counters
Line length: L1: 11,3km / 8 stations & L2: 20,2Km / 12 stations
Headway: 90 sec (400,000 passengers datyrrently)

40 Trains equipped

Commissioning date

Ph.1 (L1 w/ IXL): 2015 (brownfield, uninstall former Signaling)
Ph. 2 to 6: CBTC2016/17¢ Record CBTC implementation deadline: 24 months

EACNEATEE SN ©




e Siemens Mobility ~ S'EMEMS,

Cancin Q Roo México
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Follow us on

W |lin ||If ®

Twitter LinkedIn Facebook Instagram
@SiemensMobility @SiemensMobility @SiemensMobility @Siemens_Mobility
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employees e

Global Overview

Countries
Global presence

e
Self-funded R&D* O

* Doesnotinclude R&D funded externally.

(at 31 December 2014}

French State

267

Dassault Aviation

25%

49

N Individual
and institutional
shareholders,
Including 2.9%
employee-owned.

Sales in 2018

v_/

A bdlancedrevenue

structure Defense
Civil
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del 11 ol 13 de febrero Sens|ng “ L —— Digital Identity and Security

& Data Gathering

v Defence and Security
Data Transmission |
& Storage

[
Skl : | Ground Transporiafion
« . Y@ - Ground Transportation
& Decision Making H i

We help customers master decisive moments by providing

the right information at the right moment



gw An Extensive Portfolio In Transport

TRACTION
POWER |NTS£E¢|?:>N OPERATIONS
& ENERGY
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AREAS OF EXPERTISE

COMMUNICATIONS
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Large competence
A WORLDWIDE 2 centres (Toronto, 2 30 irgﬁ{ljo&%e;
PRESENCE Shanghai) ’

A COMPLETE TRANSPORTATION OFFER
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Train Control Systems Route Control Systems Services
CBTC: SelTrac™ Interlocking: Knowledge
LockTrac™ management

services, life cycle
services, expert
services & tools



><u>< A Game Changer in 1985

CS;C,?Q,%SS‘?QE?;L? 1985 December 11th: Game Changer 2019 Urbanrail global frend
SelTrac™ CBTC Vancouver Skytrain 2 >80% new lines uses CBIC
World's 1st GoA4 (Driverless) CBTC 2 Old lines are converting to CBIC

» Communication based
» High Precision Train Location

» Wayside & On Board Equipment
providing Automatic Train Protection

w?'lsr?p Cab Signal
ol w/ATP

100 YEARS FIXED BLOCK SIGNALING

. Fixed
L= ABS 2l block
of Sight Signals ATP/ATO

URBAN RAIL SIGNALING
MODERNIZATION
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2 More than 100 metro lines over 40 major cities and 2,800 km of frack secured by Seltrac™ in 15 Countries
2 3 billion passengers carried annually
» 3,500 frains (from 14 different rolling stock manufacturers) in more than 1,880 stations

> Beijing
» Guangzhou
London » Hangzhou
Paris » Hefei
Istanbul > Jinan
San Ankara Busan-Gimhae |? Nanchang
Francisco Doha :; ' > Nanjing
uba : > Ningbo
> Detroit MECCC*(D ' ong Kong > Qingdao
» Jacksonville kderab » Shanghai
» Morgantown Kuala Lumput Singapore » Shenzhen
> New York City » Shijiazhvang
» Newark » Wuhan
» Orlando > Wuxi
» Ottawa Santiago
» Tampa |
» Toronto f'
» Washington 7
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Communication Based Train Control

Arailway train controkafety system that
makes use of telecommunications
between thetrain and track equipment
for traffic management and mfrastructure d =N
control. 8y

By means of the CBTC systems, high

resolution train position is known more S~

accurately than with traditional signaling
systems.
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A CBTC Control System can improve a tran
ISy Oe Qay

Capacityc by optimizing train assets to ﬂ& :
orovide maximum vehicle availability — laaas 0 ==

Operations¢ advance train schedules, ~
improve passenger experience, maximizg
operational flexibility, report system "
alarms

Maintenancec Accurate location
detection of equipped maintenance
vehicles.
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A CBTC Control System can improve a
UGN yaArAld FF3ISyoOoeQay

Community Goodwill brand as a
guality agency that cares about
customers and stakeholders

Safety - proven reduction in incidents
and unsafe episodes

Revenueg increased ridership because
of decreased overall time to destination,
leading to increased customer
satisfaction
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A CBTC Control System can provide:

Automation ¢ various levels of
automation as required for specific
system operations.

Reduction - proven reduction in travel
times between destinations.

Passenger Informatiom ability to
precisely forecast arrival times

Coordinationg abllity to coordinate
multiple train movements for junction
management.
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CBTC
Considerations



Budgetc NYC Estimated Cost:
$72M USD/km
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Workforce Training

CBTC
Considerations

Legacy System Integration

Long term maintenance T system
updates, software licensing and disruptiv
technology revisions.
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CBTC Market DriveCurrent

A Increasing number of rail commuters
A Increasing investment and expansion of metro rail lines
ALow number of CBTC equipped systems

CBTC Market DriverFuture

«Rail commuter usage continuing to rise
wNew intercity rail systems look to P3 teaming opportunities
clarge untapped brownfield market
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Barriers To Entry Current

cHigh Cost of Implementation

clow number of engineering and manufacturing companies
limits cost competitive pricing

cDisruptive/New Technology

Barriers To Entry Future

«Cost will continue to diminish as proficiencies increase,
however, few manufacturers (low competition) will maintain
high cost.

«Manufacturers are able to build hardware for insular corrido

without the need for interoperability thus potentially opening
the market to new competition.

cNew technology (UWB, connected trains?) threatens to ma
existing systems obsolete.
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Solutions- Current

cBlock signaling, ATP are still viable technologies
wVirtual block and moving block gaining strong foothold.

. Solutions- Future

cMoving block becomes standard as wireless technology
Improves in reliability and responsiveness.



== =%l Observations
XIX500™

Technology Current

wlrack circuit and axle counters
__ uBalisecorrectional beacons
wlraditional narrow band radio
wZone controller authorizes train movement authority

Technology Future

wlrack based train localizing becomes obsolete.
5“%? 7111 «Balisecorrectional beacons become obsolete as wireless GPS,
™1 L A GSM positioning improves

«UJltra Wide Band replaces existing radio as mobile
communication medium.

wlrain to train direct connectivity replaces zonal server
technology
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Modern Automatic Train Control (CBTC, ETCS, PTC)
Grades of automation (driver and driverless)

Automatic train control (ATC) comprises two aspects

Automatic Train Protection (ATF Vital function!
A responsible for safety system, data transfer and emergency breaking.

Automatic Train Operation (ATGY Non-Vital function!
A enables train operation controlled by the onboard control unit (OBCU)
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Automatic Train Control
How do we transmit data to the train?

Train control data can be transmitted to the train either:

- at discrete points, typically in addition to line side signals
= Intermittend Train Control (ITC)

i

-0

* or continuously, i.e. permanently at every location of the train

-» Continuous Train Control (CTC)

A Unidirectional data transmission

A Movement authority received from balise

A Bidirectional data transmission using radio transmission

A Movement authority received from control unit (continuous
communication
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Modern Automatic Train Contro{fCBTC, ETCS, PTC)
Grades of automation

PTC ETCS CBTC

A Positive Train Control. A EuropeanTrain Control System. A CommunicationBasedTrain

A System developed following A Developedo solve the issue of Control.

American instructionso increase interoperability and A The main objectivancrease track
safetyon Class | railroads. standardization on the different capacityreducing the headway

A Trainlocationvia GPS. lines in different countries. between trains.

A Satelliteor IP-basedradio. A In 1st stage usedsalisesto A Scalableand achieve different
determine the position and to levels of train control, automation
send information to the train. In a and hence capacity gains.
2nd stage, radio.
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PTC; Standalone solution (ATP)

1 | Stand-alone solution Benefits (1)

3 Speed monitoring
to prevent derailments

e —a® -
a : — All driving
: management is done

3 Interface to brakes

by the driver and
emergency braking is
applied if ATP detects
a violation of the

permitted running
3 Predefined optimal speed profiles h ¥ .4
to optimize energy consumption Characteristics.

3 Train integrity

3 Estimation of fuel consumption

Control your trains i
to improve operation
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PTG; OCC Integrated solution (ATP)

Additional benefits (1 + 2)

2 | OCC Integrated solution

Radio system

& s GPS Swtulite
i
&g TETRA) £I )
Opemtions iriegrated Opemations
*I—m Rardis Aritirra
== o werea | | Tmingus o
End of Train e | = GFS + Antenrd i‘n|
e Time: Table (FLIF
— il HMI

Santin
L

Head of Train
Brakes
Intarface
P il

Oddomater

Centralize your control 1
to increase efficiency

3 Increase of safety through the
use of track warrants (movements
authorities management)

Automatic Train Control

3 Possibility of establishing/removing
temporary speed restrictions

3 Train position and
train data shown in OCC

Control

System

All driving
management is done
by the OCC and
emergency braking is
applied if ATP detects
a violation of the
permitted running
characteristics.
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PTG Automated level (ATO/DTO and advanced energy management)

3 | Automated Additional benefits (1 + 2 + 3) Driverless

Train

Operation

3 Automatic train operation

Automatic
Train
Operation

7 GFS Sanallim

3 Driverless train operation

3 Balise-based location _ @ As the PTC is not
(tunnels, confir 100% standardized,
there are
3 Advanced energy management proprietary variant
systems.

Automate your business i
to maximize your results
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ETCS Level 1 (fixed block)

-
! O top marker board
l ith overrun light
Driver-mact |
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Eurobal Ball Ods Radar Euroloop Eurobali Eurobal Track va robali Eurobalise
infil fixed data) lled) detectio: fixed d (controlled)

To o

Automatic Train Control

ATC receives information
required on board via
linesidebalises

Signals along the track.

Track vacancy detection
(fixed block).

Optionally, inductive loops
can anticipate information.
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I Automatic Train Control

A Data is transmitted by
Q& ' radio to the train.

A There are no signals along
the track- cab-signal
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} __________ A Track vacancy detection
L | —— (fixed block).
7 = . .
Al A Balisegequired only for
S & . S distance correction.

antenna position calibration
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ETCS Level 3 (radio and moving block)

A Track vacancy detection

_____ Q& components are no longer
————————————— neededc resulting in cost
e benefits.
»,_ ————————— A There are no signals along
- e PR e PP PPy the track- cab-signal.
_HAE .
I

A Communication between
trains and track via radio.

A Balises necessary only for
correction of distance.
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Modern CBTC signaling systems

A Scalable according Grade of Automation and performance requirements.
Altis designed as an overlay system.

Alt is possible to operate in parallel with the existing ATC.

A Enables mixed operation facilitating the transition phase.

AWayside equipment is reduced to a minimum.

A lnstallation is simple and not disruptive.

A Particularly adaptable in migration / renewal of lines in service.
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Automatic Train Control

Grades of automation (acc. IEC 62290

GoA 4

Manual operation

SCO'i Supervision
and Control Train
Operation

STO 1 Semi-
automated Train
Operation

DTO T Driverless
Train Operation

UTO T Unattentend
Train Operation

Driver controls train manually

Signals along the track

Driver controls train manually
Cab display indications
Continuous speed supervision

Train runs automatically from station to station
Automatic stop and door opening
Train operated by a driver supported by ATO

No train driver necessary
The train is driven and controlled fully automatically
Attendant for emergency situation only available

No train driver or Attendant necessary
The train is driven and controlled fully automatically

Setting . Operatiqn
train in Stopping Door support in
e train closure distur-
bance
Train Train Train Train
driver driver driver driver
Train Train Train Train
driver driver driver driver
Automatic| Automatic Train Train
driver driver
: . Train Train
Automatic| Automatic
attendant | attendant
Automatic| Automatic| Automatic|Automatic
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Station elements for DTO / UTO




=

I EEFRAL Automatic Train Control

Cancin Q Roo México
del 11 al 13 de febrero

Train elements for DTO / UTO




