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Full automatic operation today,
autonomous trains tomorrow?
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Observatory of automated metros
DISSEMINATION ACTIVITY - WORLD REPORT ON METRO AUTOMATION
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Beyond Automation:
Benefits and Challenges of autonomous metro

Dr Ahmed Miske EL HADRAMI
Technical Director & Chief Engineer - THALES - SINGAPORE

peas e ITER Hrap

S by ip
. =5 e i a 5 ol
éﬂ:%% iy élﬂ%% it ah s | boamors
= ]
Beyond Automation: Benefits and Challenges of autonomous metro Emerging Technologies: New Opportunities

Cioud Computing
= Emerging Technologies: New Opportunities
= Automation vs Autonomy
= Grade of Automation vs Level of Autonomy V"”"‘"“""‘"""@ ¥ B . Bl petARHEe
= Next Train Control Generation v
= Autonomy Benefits -

Tnternet of Things Al = Dwep Luaming

= Autonomy Challenges
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Next Train Control Generation
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What digitalization brings to Light Rail
passengers and operators
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What digitalization brings to Light Rail passengers and operators
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» Passenger Experience

» Maintenance and Operations
Optimization

» Driver Assistance
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What digitalization brings to Light Rail passengers and operators > Passenger Experience

~ Passenger Experience Example: Smart Tram Frankfurt Public Transport Authority VGF

Improve the experience and happiness of
customers using public fransport services:

Online-services Inlefligent video
for passengers via surveillance
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» Passenger Experience

What digitalization brings to Light Rail passengers and operators
Example: intefligent CCTV » Maintenance and Operations Optlimization
Wheelchait R i

agression Defeclion

Seat Recognition

Railigent® - smart data monitoring, analysis
and prediclion:
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#ed.  sccupled by penons occupied by pefons
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~ Maintenance and Operations Optimization

Example: Visvalization by Railigent® tor Avenio in The Hague
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» Maintenance and Operations Optimization
Example: Visualizotion by Railigent® for Avenio in The Hague

Bottleneck Monitoring T il | 5255 Energy Monitoring HM T || - e
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» Maintenance and Operations Oplimization

What digitalization brings to Light Rail passengers and operators
Example: Visualization by Railigent® for Avenio in The Hague

» Driver assistance
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» Driver Assistance » Driver Assistance
Example: Siemens’ test lab tor assisted and avtonomaous driving in Ulm Operators' feedback to Siemens Tram Assistant
i . Lralaton rram Assistant - Collision avoidance system: Tram drivers show behavioral change:

» Driv

warning and aulomatic raking.
‘Automotive
Carera

Evaluation Kit - Development/test piatform » Highet focus on potential co

Customers embrace the new technology:
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What digitalization brings fo Light Rail passengers and operators
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AGENDA
Digitalisation, a way to improve urban rail —
and ensure sustainable quality of life in Cologne N ——

2. Predictive Maintenance & Technical Control Centre
3. Multiple Measure Management

Conclusions
93 oAU
. S, Sl sggitluaton, ey 1o I s yrar - Woxn g il ruy vy o B
ERCIES Dioldng Christian Burk MBE - Kiner Varkehrs-Bahiabe AG I LVES Ol ng Chittian Burl, MBE - Kkt Verkehis-Bahisbe AG
INTRODUCTION 1. TRANSPARENT TRACK TASK
ensuring sustalnable quality of life in Cologne construction

+  fast growth of population (+10% till 2025)
« facing the absolute traffic gridiock
« threat of ban on diesel cars in the city centre

« routing - specific design
« materials - target geometries

ambifious masterplan condition menfiering

+ support LRV-services (backbone of public transport)
« Llight Rail Vehicle purchase programs

« furtherimplementation of E-Busses

+ infrastruciure enhancement

quality of service

+  availability

+  performance

+  Inspecthion

+  measurement

+ documentation

severity of use

+  number of axles - axle loads

»  speed-acceleration

T . SEime . - "
SicCe, Sicce, oo S
ECIES 2O Dipldng Chrition Burk. MBE - Kainer Verkehri8ehisbe AG
1. TRANSPARENT TRACK TASK 2. PREDICTIVE MAINTENANCE STRATEGY / TecuMCAL CONTROL CENTRE
forecasts of condition and remaining asset lifetime demand - vision TR

«  bigdata « raise quality of service (performance, availability, comfort)

« assessment roulines +  decrease fotal costs of ownership [TCO)

« inteligent algorithm = infrastructure (raibway track — technical equipment)
decision support (short-, mid- and long-term)

« simulation of different scenarios

=2 vehicles [rolling stock — busses)
strategy
« avoid unplanned downtime [number - date - duration)

+ maintaining activities

+ replacement investiments + being faster than the faults/erors
+ planning efficient maintenance activities and

replacement investments
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2. PREDICTIVE MAINTENANCE STRATEGY / TECHMICAL CONTROL CENTRE

concepl - milestones

«  applying suitable sensorsfloggers - open interfaces * Hity
« data transmission and cenfral storage - big data ¥ *ﬁ f e
+  live-information for working leams on mobile devices &
« equipment reloled historical memory " : i .
+  assistance for effective and efficient maintenance
« live-information in Technical Control Centre : Py

+  system related knowledge — monitoring : i
+  warning of critical conditions [machine vs. deep learning)

+ precise prediction of scenarios {planning tool)

aﬁl =OnE Dipldng Chstian Burk. MBE - Kolner Verkehi-Ballisbe AG

2. PREDICTIVE MAINTENANCE STRATEGY / TECHNICAL CONTROL CENTRE
+  planned projects (decrease casts, raise quality of service)
+  delailed wealher information (snaw, storm, heavy rain)
+ implement "loT" for temperature monitoring [swilches)
+  equip up to 300 liffs and escalators with separate sensors
run detailed track measuremeni campaigns regularly
= run lests with drones (e.g. inspection overhead powerline) -~
+  run lests on electronic interlocking systems
«  run tests on swilch point machines
+  run test with divers vehicle felemetric systems

+  bring alldata together in a Technical Control Centre

. Mo § G R I aat,
e CHER Drpl dng Chaistian Buth. MBE = Kalner Verkehis-Bahisbe AG
3. MULHPLE MEASURE MANAGEMENT (TARGET)

synchronised maintaining acfivities in operational useful sections

(track, signalling, energy, platforms, bulldings, fire protectlon, ...)

+  complex coordination procedures in planning and execulion
long-term planning depends on long-term condition forecasts
(transparent track task, predictive maintenance strategy)

+ intensive public relations to inform about technical need,

procedure, operation restrictions or replacement services

< requires and offers liability and reliabllity to ...

... customers, residents, public ... contracting parties ... budget

i b

2. PREDICTIVE MAINTENANCE STRATEGY / TECHNICAL CONTROL CENIRE
challenges
+ do the right fhings and do the things right!
+ choose the right sensors and install them right!
+  formulate the right algorithm and frain it right!

+ identify/combine the right information and act right!

+  closed [T-Infrastructure (bits and bytes)
+  evaluale infernal profocols vs. open interfaces (&)

(e.g. electronic interlocking systems)

«  cyber securlty

«  anything, anywhere, anylime - but not for anybody!

» e ¥ o MR PR SRR oé Al
SITCE, i S,
=2 CHE Dpldng Chrishan Burk, MBE - Kdiner Verkehi-Batrisbe AG

3. MuLTiPLe MEASURE MANAGEMENT (Status Quo)

singular operational oplimised maintaining activities
(frack, signalling, energy, platforms, bulldings, fire protection, ...)

«  minimise operational breakdowns
+  weorking in nightly breaks in operation - on weekdays only

+ rare total line blocking - on holiday pericds only

« refused nighl-lime permissions [residents, authority)

« problems to contract external companies

= needed works gelling inefficient, delayed, up lo Impaossible

- mid- to long-term risks on assets condition with decreasing ...

... performance ... availability ... comfort of urban railway

8 e sitalaation, o g
SicCe, o
ECHES Diplng Chisfian Burk, MBE - Kéiner Verkehi-Batisbe AG

3. MuLTIPLE MEASURE MANAGEMENT {APPROACH)
concept - milestones o ——
+  allocate gll infrastructure assets to operational clusters (matrix)
+ identify/predict all needed measures for the next years
« synchrenise mulliple measures o managed revisions

+ internal project manager to coordinate needed permissions,

fechnical, operational, commercial, public relation division
+ adopt maintaining activities fo agreed remaining asset lifetime

additional chances

+ small maintaining activities are non fundable costs b oh 4
RS

+  large renewal activities are potentially fundable investments .- %Aa\\ ’



=L&S
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CONCLUSIONS CONTACT
To ensure sustainable quallty of life in metropoles, electric public fransport Is the key for the Dipl.-Ing. Christian Burk, MBE g !
Division Manager "Urban Rail Infrastructure” ;'h': f

urgent needed energy-, mobility- and climate-changes.

KéIner Verkehrs-Befriebe AG *
To match the challenges of these changes new potent fools are needed. Scheidtweilerstr. 38 g -

D-50933 K&In (Germany)
Digitalisation is the basis for fools like ... +49 221 547 3460
... transparent frack! christian.burk@kvb koeln
... predictive maintenancel

... multiple measure management!
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Operations and Safety Measures -
Innovation and practice on accident analysis
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innovation and practice on accident analysis Infegrated service

provider

1. Institutional and operational context

2. Communication as an important key to Safety

3. Technical innovations and satety measures

4. Standardization and future perspective
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Innovation and practice on accident analysis UITP Light Rail Committee, WG Safety publications

w o

1. Institutional and operational context

KNOWLEDGE RRIEF

2. Communication as an important key to Safety

3. Technical innovations and safety measures

4. Standardization and future perspective
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Accident prevention - Key poinfs Organizational structure operational unit

+ 80-90% of the accidents are caused by third parties” i
Major accident cause: traffic rule offence

+ Theory of probability cannot be applied for human
misbehaviour - too many variables

+ Public space and distributed responsibilities

Dispatcher —i §
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Provide information, focus & goals Communication within the team
« Continuous preparation and communication of data » Teammeelings" enable bottom-up communication
— Task of superior departments » Safety-oriented discussions in regular driving staff meetings
p L " * Monthly newsletter by each department
. ACC]SEH: data cgqmsmm essential element of S . P A o
deqden prevep o * Publication of current accident trend
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Direct communication
+ Regular coaching during safety-criented cbservalory trip
+ Drecl feedback after posilive or negative incidenl

+ Annual performance rating and review of employee
+ Individual re-training of driver with noticebale behaviour
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Innovation and practice on accident
analysis
1. Institutional and operational context

A honal i i Lo pass and Edubiion
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2. Communication as an important key to Safety

3. Technical innovations and safety measures

4. Sstandardization and future perspective
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Culture of constructive criticism

terrational Transut 20

yes Aared Eenition

« Emphasis on individual and direct feedback

« ,How to possibly avoid the same mistake againg*

+ Speaking from experience - Pass on experience

» Bonding new employees to the corporation in the long-term
= Express expectations from the corporation

« Documentation, defined workfllow and processes
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Advanced Driver Assistance Systems: speed monitoring

+ Combination of GPS tracking
and predefined route data

= Pre roliout phase:
viusal and acoustic warnings

+ Roll cut {2019): combined
with brake engagement

cevipress v £y

éft%ﬁ%a Rlingas s R0
Driving simulator:
Improved training possibilities
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Application of Lane Lights
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Advanced Driver Assistance Systems:
collision avoidance

Advantage: reliable in any
track layout [curves etc.)

+ Rollout: combined with speed
monitoring system

» Future rollout: car detection

o ™

Accident trend

Accident rate (2010-2017)
[per 1.000 km run, tramway operation, Vienna]
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Innovation and practice on accident
analysis
1. Institutional and operational context

2. Communication as an important key to Safety

3. Technical innovations and safety measures

4. Standardization and future perspective
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Future perspectives and challenges

+ Continue intensive communciaton and leadership work

= Continuous analysis, evaluation of implemented measures
« Generate experience with ADAS, push state of the art

« Improve data acquisition (classification of accident type)
- Representation of operators in standardization process

g
European standardization « Urban Rail »,
railway applications
Current proposals in context of traffic safety:
E EN15227 « Crash Norm »
- Passive Safety for driver and passengers

ﬂ EN16186-5: visibilty for tramways
- Increase active safety

E wi750: vehicle end design for trams and light rail
vehicles with respect to pedestrian safety
- Increase passive safety for third parties
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Stephan Lewisch
Operational Manager

Wienaer Linien GmbH & CO KG
ErdbergstraBe 202
1030 Wien

stephan.lewisch@wieneriinien.af
www.wienedinien.at




Use of Trenchless Technologies and Methods in Singapore’s
Thomson-East Coast Cross Islands Line MRT Construction

Mr Henry Foo
Land Transport Authority,
Daputy Group Director, Thomson-East Coast Line

3. Overviaw of Tr T

4. 7219 Gréhard Station. intarmal o locking Pipes and Retrsciable mTBM

6. T221 Hawslock Station and T216 Stevens Station - Rectangular Box Jack TBM

7. T226 Marina Bay Station - Ground Freezing

8. Comparison of Trenchiess Methads

9. Conclusion

1son-East Coast Line

e

L

)
CTirela Line
Stage £

Why not Conventional'Method of Construction?

Results in:
1. Diversion | protection of utiiies > Multi-stags road diversions
2 Installation of bored piles. retaining walls. > Uity diversions
3 Ground treatment (i necessary) — ¥ Heavy Pratection to Utiities
4 Instailation of affic decking » MNoise & Dust
5. Strutted excavation » ¢ construction
8 RC stucture o el

Largy use of scaffolds

and falseworks increases
risks of working at heights

strutted excavation within &
congested built up area

diversions results In above
ground disruptions to
stakehold,

e

works requlre extensive use of
heavy machineries which
generate dust and nolse.




Bored Tunnelling

Pipa Ramming

Pipa Roofing (mTEM)

New Austrian Tunnel

Ractangular Box

between stations

percussive blows

Method (NATM) Jack TBM
Mechanized Driving of Jacking of steel Sequential Mechanized shield
method to horizontal steel pipes between excavation of tunnel tunneling using
excavate circular pipes using launching and and shotcrete Earth Pressure
tunnels, typically in repeated retrieval shafls protection Balance Machine

iy

T219 Orchard Station and Tunnel - Overview

A Hybrid System - First in Singapore

on |

Jacking Shaft . B

:‘

Modified mTBM with Extension kits

w

The i1t combined retractable mTEM fitted
with extonsion kit and intarnal Inter-locking
pipes system i Shigapors

ess and Edrbition

+ SR .
’EC Ve S anc i Fdemrsatonal i
511 by 2018 | Smgapoie
EI=11=

T219 Orchard Station -

Internal Inter-locking Pipes and Retractable Micro
Tunnel Boring Machine (mTBM) fitted with
Extension Kit

Comparison of External and Internal Inter-locking Pipe Roof

nfigurations
-locking Pi

3 H
At }4‘
i
i
. il b ol |
External Inter-locking pipe system with the mals clutchin [| internal interdocking pipe with the male clutch siotted into

the external female clutch the female clutch

Red pipe with 2 femala clutches, blue pips with male clutch and female clutch
—rr

fomale

= Fa-

BACHY SOLETANCHe

SITCE 2018 Technical Site Visit to T219 Pipe Roof
at

Date: Thursday, 12 July 2018 H
Time: 8.00am lo 12.30pm

| Completion of pipa roof on 16 June 2017
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T213 Caldecott Station -
Two-Arched Mined Tunnels in Mixed Ground

Minwd Tunnel
2 Rreh and twin tunnel)
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Photos of the Two Arched Mined Tunnel

2 Arched and Twin Mined Tunnel

Construction Sequence for 2 Arched and Twin Mined Tunnel

Evuing Candeor shatms

2-Arched Mined Tunnel Twin Mined Tunnel
[EE Y ’ v prerm prmam
T i +
7 N
i 2 ¢ S
Lk il
L EOLE gy i gl e
: i ! e
Croas sectional view of the 2-Arched Mined Tunnel and Twin Mined Tunnel
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Completion of the Arched Mined Tunnel i o T —
s _ SITCE, i fo i
e CHER

SAMSUNG C&T T221 Havelock Station & T216 Stevens Station-
Use of Rectangular Box Jack Tunnel Boring
Machine (RTBM)

Completion of Two Arched Mined Tunnel on 11 October 2017




T221 Havelock Station & T2 16 Stevens Station - Overview

T221 Havelock Station

T216 Stevens Station

i

Rectangular Box Jac

Cultariaad

Six Indej

Manlock

| Double Scraw C

Six Indapandontly rotatod culerhwad wih low:

Manlock retroftied to facildate
cuttorhead L

toique 1o minimize 1o d
abova at shallow depths

o

("}"i

aw of Launch Shaft at Stevens Station |

i.DvnrvI

__time ever in a RTBM

for tha first

Doubla canvayor for even muck dacharge
due to large cutling area

Lowaering of box sagment into the shaft

Inside of the underpass

Key Parts of Rectangular; Box Jack Tunnel Boring Machine

The " 24 nos of jacks with maximum jack

Cylindors push
[ bridge b | i
apping bridge to [ thust ring during | stroke of 2200mm and thrust farce of |
maintain annuius | excavation to create
\nfoction of an- | 72,000KkN to propel the machine

S Wickon banionit. .

Ao fE TE dimp

Overall dimension: | 7.6m (W) x 5 6m (H)
Width: 1.5m
Thickness: 500mm
Welght: 50 ton

Waterproofing Gaskets
-= T

Completion of the Underpass

Provided in conjunction with main
jacks to supply additional thrust

forward during excavation

Acts as reaction frame for

even load distribution onto

the earth retaining stabilizing
structures

o = —

Grouting Sockels Lifting Sockets |
To faciitaté tho

Injection of backfil grout al |

ifting of the box |

he end of the RTBM driva . ant i

v %
BENBUN

-

Lid 1 kit

Injoction of bentande 1o minimize
the fictional force batwesn the.
| sagment and ground during jecking

s by =

T216 Stevens Station

F




using a Rectangular Box Jack TBM

SiECe, Jmprrrmammes
EOnEer

RU7)EL
ATE b el
- THOMSON-EAST CTOAST LINE T215 STEVENS STAT
RECTARGULAR TUNNEL BORING MACHINE
1

Pre-Treatment for Trenchless Construction:

4 LandTransport € Authority! . i )
o i i T226 Marina Bay Station - Ground Freezing

e Keap Yo ur Yl @ug .
7V pAEWOO EsC §
@ temumrmamLE

@@t China Reilway Tunnel {iroup Co, Lid.

Why Ground Freezing?

Conventonal | ([ Frtoning ]

methods of Ground

Improvement e
Jet Grouting Pile Soil Mixing
TAM Grouting

Ground

More effective in reducing Freezing Less disrurbances o the ground -
permeability In O{A) than other Farmation of 1.8m Ice wall through
methods the use of 100mm dinmeter pipes

Bearing Wail

Groundwater Control

Ground Stabilization

197 ] fines

How is Ground Freezing carried out?

Ground Freezing

GROWING OF FROZEN SOIL

e
b ot e
Expansion Valve

Brine tank, Cooling tower and Brine Pump which forms part of the refrigeration system

(a3 SR
T Camen o, Gemene

b e AR
o i
Be | o
- —
L [ FreezmgPoe  {omecrmans
—

Fiow chart showing the refrigerstion system fo cary out freezing R A N H :
<ycle heat exchange. Distribution of brine through hesder pipes Into Individual freazing pipss at pedestrian Hinkway

Individual frozen soll Individual columns merge to form a d T O xio
frazen soil wall mihdri S i3
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‘Group Photo taken during visit to T226

worksile on 25 Aprll 2018

N

Comparisons of Trenchless Construction

i3 :’_' FAT

P

”

TAISEL

Ter'w ficaly Worki

<SPSEIENCOLTD

SITCE 2018 Tachnical Site Visit T226 Marina Bay

Station
Date: Thursday, 12 July 2018
Time 8 00am to 12 30pm

|

Contract
internal Inter-locking Two Arched Mined Tunnal Ractangular Box Jack TBM
Pipes and Retractable
mTBEM
Length of 50m 62m 150m l 82m
Undorpass.
Dimansion of 15m by 7.6m 23m by 13m B8m by 6m
Underpass.
Ground G(Vi) and G{V) G(VI) and G{V) * Marine & Peaty Clay | = Marine Clay & Fluvial
Condltion | (WSM and TAM grouting) (JGP & DSM carried sand
out) = Mixture of JGP, DSM and
* GV horizontal grouting along
enlire underpass
Owvarburden 18m 35m 5~7m ¥=10m

T219 Orchard Station

Methods

Other
Advantages

E

Internal intar-locking Pipas Twao Arched Mined Tunnel

and Retractable mTBM

= Better alignment control

= Reduced likelihaod of
unplanned culterhead
intervantion

.

Elimination of sofl eye
due to equipping of
mTBM tools for culting
diaphragm wall

e,

= Do not require column
or wall al cross aver
track

Pilot project — open
apportunities for future
projects to explare
alternative conslruction
methad in mixed ground
condilion

2 E
5 Pn)
tt Station | T221 H

T213 Caldeco avelock Statlo:

] . .
n | T216 Stevens Station

Ractangular Box Jack TBM

= Enhanced triple waterproofing systam

= High quality of workmanship due lo use of precast

box segmenis

@2

L gy
$-11 July 2018 | Sngopere

& Iderutenal in

Comparison of Trenchless Methods of

Construction
Sooen g T o

| Contract | T218 Orehard Station

Mathods

Benefits:

Productivity
Increment

Duration
Savings

Contract
Mathods

Challanges

Internal Inter-locking
Pipes and Retractable
mTBM

4T%

25%
(7 menths vs 9 montha
using Cut and Cover)

T219 Orchard Slation

Internal Inter-locking Pipas
and Retractable mTBM

Possibility of pipe
distortion due to need to
slit the pipes to install
internal intarlocking
portion

T216 Stavens Station

Raectangular Box Jack TBM

7213 Caldecott Station | T221 Hawelock Station
Two Arched Mined Tunnel

® No surface disruptions
= Minimal noise and dust generaled
= Eliminated the need for utilities diversion and support

28% 0% e

50%
(21 months vs 42 months
using Cut and Cover)

83%
(6 months VS 36 months
using Cul & Cover)

94%
(1.5 months VS 24
months using pipe roaf)

i . | L =
! - 2Ly’
| 7213 Caldecon Station | T221 Havelock Station

Two Arched Mined Tunnel Resctangular Box Jack TBM

Challenging ground

Limited by capacity of thrust system and the sarth

condltions relaining structures (ERSS) at the launch shaft

= Heavier reinforcement = Ground improvement may be required to support the
than conventional mined permanent structures, and In fuvial layers to improve
tunnel permeability.

= Alignment leads to big -
asymmetric 2-arch
iunnel, potential unnel
distortion and sattisment

To ensure sufficient space is available for the
praparation and handling of the segmants



Moving Forward- Single Large Diameter TBM

i

T Gl

B

X a T
1218 Orchard Station | 7213 Caldecott Station | 1221 Havelock Station | 1216 Stevens Station

Mothods Internal Interdocking  Twe Arched Mined Tunnal Rectangular Box Jack TBM

Pipes and Relractabls
mTFBM
Suggestions = Increass = Effective fora-paling with * To provide multiple Intermediate Jacking System for
future lubrication/grout ports mulli-stage injection longer tunnels
implemantation due to presance of grouting to minimize the
sticky clay. scaling and = To introduce a manlock within the RTBM to perform
subsaquently the inlieu of Sing: 's
* To change roller disc thickness of lemporary uncariain ground condition
cutters to scrappers shotcreta lining
after cutting through = To cast the segments on site dus to logistics
the D-wall to facilitats challenge in transportation of the bulky monolithic /
cutting through sticky sagmant boxes % e
clay ) - [ 14.9m diametar TBM for Grosnehart Tunnel, Netherlands
5 gmz W Ay *‘ [ 12m Single Largs Diametar tunnsls with cross aver ssparsted by a centrewall | »

nclusio

1. Innovative trenchless alternatives to the conventional cut & cover methods for underground works
available.

2. Attractive solutions in densely built-up cities with growing demand for underground developments.

3. Trenchless construction methods benefit the residential and commercial stakeholders in the vicinity by
minimizing the disturbances to the ground surface.

4. Productivity improvement in reduction of manpower; aligned with Singapore's National Construction
Productivity Drive.

5. Lessons learnt such as project challenges encountered and measures implemented will serve as a
good database for implementation of future project
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Peof. WANG KN Tunnelling Expert & IPMA assessor
VP OF China Railway Group Limited({CREC} international Division

Briel C.V.:

R
=55
Tingopote bemotiznl Tr

Qopie b

Prof KUN, is one of the first users of hard rock and EPB tbms in China; ane of the first team involved in the

R&D of china’s TBM technology. He has delivered more than 50km tunnels os the project Manaoger. After
managing the group’s overseas business, he delivered successfully the first part of MTR project in Kula Lumpur,
Molaysia, first Rectangular tbm project in Singapore, the longest tunnel in Eurasia countries. He also execute

: the first LRT project in Tel Aviv, israel smoothly up to now. Some of Projects have been award nationoi and
Henp

IPMA Prize winner.

CREC Wang Kun
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. TBM DIAMETER
Super Large Dia 18m:
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LergeDia  12m:
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5m
Small Dia
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Propet TEM D { Type

Sibarw it Hghway Tonnel  14.2m / Moced shioid Moscow Russa
Shangihong Rasd Tunnel T487m / Sirry TBM e Shanghe: China 2004
Bund Tunnel 1427Tm /EPBTEM Misubshi Shanghai China 2008 |
‘Waterviaw highway cannecton 15 43n /EPB TEM Harranknechi Aushland Now Zesland 2008 £ g
angirang Fver Tunowl 8l 1165m § Shary TEM J— T ehangeha 2010 L
Nanhu Road Chira
Cahanissetia highway tunnel 15.08m / Shary TBM NFM Italy 2013_
Cananissetia highway tunnel 15.08m 1 Shumy TBM NFM Ity 2013
“Suds Tunnel 1510/ Sharry TEM CREG Shantou Chine 2017
Tai Tunnel 1214/EPBTBM CREG Taiyuan China

15787 Sy TBM CREG "Shandien Chine 2018

1.7/ Sharry TBM e anganouchna 208

Road tunne’s (din > 14m) approx. 20

o) = “mp R o A
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& More Advance
# Design & Construction Closely Connected
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Paints & Core Technology for Manufacture of Large Diameter TBM

- Safoty & eovigmment A il head « High Requirernents for High Requirements For
Design +  Technical specifications ol Skili Supporting Facilities
Considerations i !I’,!ns}’iu)’h}ﬂu!l " } Segmental cutterhead & shield
~ b site asseinkly and disassembly
~  Construction arrangement
Core ~ 18R Cotterhoad Design
Technolo r Design & Application of Main drive
gy = loaical [ ion & Breakth

gh of Key & Detailed Parts,

bl g HEMI, 1R it rsl franseer | § annd Evi v g ) LA Singapce lntenat
g g Eﬂ §’t:c 511 wzwsf‘s:‘[gnp e
S Features of Large Diameter Slurry TBM iz
Large Diameter TBMs are more often of Slurry TBM, for its significant advantages in situations of rich water, high water oaitndimle o,

pressure, complex surrounding environment and long distance weak-stratum construction. However, it has certain
disadwantages in long distance rock-stratum and sticky-clay stratum, including difficulties in excavation, slow speed, sticky
paste jam in cutter head, muck discharge stagnation, pipe line abrasion, injecting-grout waste, etc.

ity iy, oy, St 806 sand
Chent Ching Rallway Tunned G

Challenges

*  High Water Pressure: 4 36bar

+  Long distance cross throuth Clay and siity clay

+ Settlement control In built-up areas (Airport rapid Railway)
TER

Tipe

TH Dasmeter
] Setsient ool | Theoug Rosiiway)

nipy
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Totaf Tunnel Langth: 4.2km, Adopted 3 Slurry
T&M, of which 2 @17.6m TBMj for slope-
elimbing parts of 2 tunnel exit ends. being the
Iargest Sturry TBM in the world

A i< sgaar e dnd
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Sagment Transport + Parallst nvert Casting
Segment transport:

trackions rubber tyred MSV — primary <rane - secondary crane — segment car - prector - segment araction

w1 w p R R R P L g O3 L
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LI Smaane

éi!:é‘.".::%a S11 A 08 | Segopors
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~ Long distance excavation

~Tunnel Length: 2.8km;Adopted ®17.45m
“Betha" EPB TBM, being Super-large

Diameter TBM. Multiple shutdowns

happened and huge difficulties encountered

Excavation under complex stratum

Docking under complex stratum situations
- Muck separation of Shurry TBM
+ Whole-course belt & vertical muck discharge of EPB TBM

S VB TEE lmp
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+ Design of accessible cutterhead &
cutter configuration technology

2 LIALIR §
§l": &3 11 July 2018 | Sngapore
ERCHES

After massive construction applications in recent years, technology for large-
diameter TBM construction and manufacture has been largely improved, and
the construction technology is gradually mature and improving quickly.
Considering the actual situations of all parties and Singapore’ s stratum
features, it is conceivable that great demands exist for Large-diameter TBMs.
in the future, and Singapore is also suitable for large-di TBM' s
application and promotion, which brings a bright prospect.
Integrating with the stratum features of Singapore's high-speed railway: the
Karst geological condition is neither terrible nor fearful, and thus, we
suggest the slurry TBM, of which Dual-mode or variable-density TBM are for
ection, and EPB TBM is also an option.
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Development of TEMS -
Tunnelling and Excavation Monltortng System

Presenter:
Goh Kok Hun, Ph.D., PEng
Land Transport Authority of Singapore
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Different Data Collected to Monitor Underground Construction

Inclinometer n
P et

Settierment Marker

il el

Gl
nsors on T8M provide informatian such as
location & position, face pressures, excavated 5

F volume, cutterhead toraue & ratation, advance b
nd penetration ates, grout volume, etc

Piezometer; g 1
Extensometer § 387 &

T i

Loadeell;
T Strain Gauge %
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Overview of TEMS

Based
Application
System

Proactive Alert
System

Data Collection,
Management. Monitoring &
Analysis

| msTRUMENT
DATA |

E——
Datsbase

ect & User Management
UORNGUISIQ) OjUj g LodaY

Proj

DATA TDAT/

Lo { PROJEC |
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Introduction

Underground construction is getting more complex

Today, it is common in our projects to tunnel underneath live
traffic below roads, in close proximity and below existing
buildings, and even undercrossing live MRT tunnels

Important to put in place rigorous monitoring and control
systems for tunnelling and excavation works, and use of
advanced technology is cnntmually identified to mitigate

construction risks

. 3 = . .

Why TEMS?

O One-stop centralized platform to
consolidate, view and evaluate large
amounts of data

0 Web-based monitoring platform - anytime,
anywhere

U Generate monitoring graphs, analysis and
summary reports

U Enhance construction safety: access to data
for quicker interpretation & assessment

N be T dmp

R
ety o =
Project & User Management

U Controlled user access to read, write,
upload, perform analysis of data,
depending on their roles in various
contracts

O System administrator maintains user
roles & user accounts, assigns function
to user roles & users to accounts, view
user access & audit trails

L

coricy T P Cerre G B

Tunnelling for new Thomson -East
Const Line dirsctly below
Spersting eibery near Outram Park g

43 Kilometers .

43 Deep Excavation Sites

51 TBMs

Instruments

-‘"‘1 000,000 sectecia

:'. 7900 Boreholes
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Web-based application system

U Internet based system allows ubiguitous
and 24x7 access

0 Availability on mobile platform allows
closer monitoring and field response

U GIS-based system allows TEMS

monitoring data to be presented in
context of the surrounding environment

mpt
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Data Collection, Management, Monitoring & Analysis
. Settiement contour plot

U Up-to-date information from
various sources — soil data,
instrument monitoring data,
TBM menitoring data, etc. — f
presented on a single platform

P

sl a».-xg*%?sr‘vf;?'w;ﬁ

U Integrated analysis of
construction impact in relation to
the surroundings |

U Trend analysis and correlations I
between parameters gives
better understanding of
construction impact

i
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Proactive Alert System

ISR Ly A 3§ S kR Skt e .
B8 st wtige

TBM Over-excavation Alert
- T =
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-
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Email on Alert Shis oA et 3
Level Breached

Level Breached i) ., Anomalous Reading Alert
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Data Collection, Management, Monitoring & Analysis
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TBI4 Navigation data end machine postion
stroka

Tunne! horizontal and vertical alignment
Excovation canfiguretion. strutting layaut

7
H
g
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+ Conuract boundsnes
Tunne! production delsils, including target, actual snd
wvarage turnel production for dally. weskly and monthiy

potiod
As-bul fings deta Ehowing different types of segn-ents

g
Bulkhsad pressurs sansor reading

+ Sorew conveyor seneot reading for EPE

+ Backflltad umdgrww strongth volume
and press
STP upmm pacamelars and shury
propartios

Excavetion measurement ~ Exoavaled
including lefl e, right laper, siraight. and key posdion

But lunnel qualdy conlral. inchiding posian. and
detcriprion of defects. maximum stops. el

data from belt weighinglecannar for EPE
enaiy wnd fiow rate of siumy

Cutter ool weer
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Data Collection, Management, Monitoring & Analysis

O Analysis of construction activities in relation to soil and
tunnelling instrumentation enhances understanding of

construction progress
I" L;! m " eeiadlidi

oy gor. Ty winp

s Exrilition
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Report & Information Distribution

U Management reports for tunnelling .
operations, for instrumentation
monitoring readings & status, for
managing instrumentation contracts, etc. 7 ey

U Report generation at regular intervals
(daily, weekly and monthly) and when
Review Levels are breached

U Pre-defined templates and user-defined
formats to allow future changes in the
report templates

S . ny
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Future Enhancement (a): Scenario-Based Alert Monitoring
A possible framework for formulation
of Alert Scenarios

instrument is passive
Eg. Excessive
01 Can we look at cluster of instruments to g uort,. lending poremsaty
determine if there is a risk to construction ooy

O Current monitoring based on a single
value (AL, WSL, PDL) for each

Averags Volume |
of Excavated
Material in past

fings |

R G
{ volume of |
T | Excavated
5 Materisl per

\ ok}

0 Monitoring system based on failure
scenarios would be more pro-active in
pre-empling construction risks

Y T Relling 3

Yrtog [ cucown | [ e |
i volur 5%

Tt | LI || e |

volume { of theoretical

Alerts L yolumo j

o gl e B
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Future Enhancement (c): Learning from past for incident prediction

O Learning from pastdataand ... ..,
performance, to develop
prediction scenarios for
incidents

O Signature and pattern
recognition, trend analysis,

multi-variable correlations AR Lo o skt ittt Dt e Mo e
. . ot vt
O Machine learning, such as rin
decision tree, neural networks,
deep learning, etc. L By hes WY PO AP S B T

: o i »oy
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Thank you!
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Future Enhancement (b): Enhancing Data Visualisation

U Large amount of data collected for mega-
infrastructure projects = need to
communicate information clearly and
efficiently to users

() By presenting data in picterial or
graphical format, enhancing data
visualisation enable decision makers to
gather insights and identify patterns for
construction monitoring

;?itnlli
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Conclusion

J One-stop, integrated analysis of
various sources of information /
data enhances risk management
of underground construction

O Enhancements in ICT has
improved the timeliness in
responding to construction effects

; a W Lo ekt x

g, -}J)
o b

Safety of tunnelling works is of paramount importance -
continual efforts and improvements such as TEMS to
~"mitigate risks and ensure safe underground construction

J Data Analytics offers new exciting s
opportunities to elevate
construction monitoring to the
next level
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Yides Confent Analysis for rail:
the advent of Arfificial intelfigence

Stéphanie Joudrier - Thales SIX GTS France
11 July 2018 | Singapore

THALES

My

Video Content Analysis - Definitions

What does Video Content Analysis mean?
« The automated extraction of
information and knowledge from
video foatage »

Situational awareness

SECHRITY RDOM

DEES LEARNING

s

out emanong getiagsn s Siaseitantin et

THALES

Video Content Analysis — Focus on public transport

*
>76% . .
of public transport operators Already in use today’

agreed that passengers and staff + INTRUSION DETECTION
would feel even miare secure with

surveillance systems used « PERIMETER BREACH
proactively (real time video DETECTION
derection).*

« RAIL TRACK ACCESS DETECTION

Video Content Analysis B
Future interest
GRAFFITTI BEHAVIOR

DETECTION®

+ LEFT LUGGAGE DETECTION*
+ FACE RECOGNITION
+ PERSON TRACKING

I Artificial Intelligence
Revolution of deep learning ‘

THALES THALES

“UITP survey 2016 - Videosurvelllance in puhlic transport

Videosurveillance in rail transportation - Challenges

] @ @ 2
T ®» & X
Traffic Rl Security

Suparvisor

Firemen
& Emergencies

&
Duty Maintenance Police
managar Operator

The related key operational
challenges are:

Operatar

L7 5 Efficient detection &
priorization of events from
many cameras

fo' Straight forward
coordination between many
stakeholders

Minimal business
Interruption

Efficient access to datato
produce evidences

Video Content Analysis — Technology state

Figre 4 viygee Uy

Video Content

Analysis
o & P
T e ISR sewesenes DS

e "

Lyt it B s e e
OlsiBandyaars GIofyears @21 vipmas A meramen il e & Dafors s

“Garmer Hype cycle

THALES

Video Content Analysis — Benefits for transport operators

< Get the right information at the right time
A‘ v Save ressources and time for added-value jobs
ol

l Slaff & passengers seurity i

Situationat awarenress

Operation Control Centre
& Content
THALES THALES



Video Content Analysis: Methodology & Best practices Al Video Analytics versus Transportation use cases

« We promote the proof of concept methodology for Video Content Analysis, » T T "\
- . Real time

Use cass > o What Why How > Scalability Artificial Intelligence
definition 8 /. #

Use cases

Passangers flow analytics

Heat map for passengsrs information

Algorithm I ] study = on site experimentation

:;f;:it‘fg; + Agreement on location and design Detect passengars smergancies
% Postural detection
< Face recognition
+ Algorithm interfacing “ Object classification Unattanded luggage detaction
(LR EUEEEELE & project execution
+ System deployment
8 ¥ Abnormal behaviors datection
THALES THALES THALES

Al Video Content Analysis state for public transport

Public transport
environment is complex

Human insights still On-site

more efficient to detect - e experimentations are THANK YOU

abnormal situations

required
FOR YOUR ATTENTION
Mg, b
Al Technology is very New benefits for the
promising End-user
Stéphanie Joudner - Product Line Manager — stephanie jour
THALES ;
THALES : T
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Railway Systems:
How to deal with cyber threats

Lovan Pushparatnam

Diractor, Tramway Systarms and Telacoms Department
Pierre-Henri Mariliet

Tachnical Director, Transpert Systams

July 11, 2018
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Agenda
Overall approach
Requirements Overall approach
Security case
W o 2 vy

Examples of cyber vulnerabilities

= Interconnected information systems:

Railway systems

= Variety of on-board and ground infrastructure

+ San Francisco fare collection system (2016) + Mix of old and new

= German railways passenger infoermation (2017)

= Safety critical and business systems
+ Insufficiently protected control systems:
+ 4 derailed trams in Lodz, Poland (2008)
« South Korea (2016)
* Wi-Fi security protocol hack (2017)

* Uses of default passwords: x3

« Light rail control centre equipment (2018)

* Passenger services
~ Mix of bespoke and off-the-shelf equipment

+ Common communications bearers

Number of
raomae
sltacks over

i yaar®

* Cymnce ine



Categories of vulnerabilities

+ Technical:
» equipment and systems not adequately protected

- Contractual:
» equipment delivered today is only as secure as you specify it...

« Organisational:

« railway syslems are designed, built and operated by many stakeholders with
different approaches to security (if any)

Overall approach to cybersecurity

« The best results are achieved when cyber security is treated
as part of an overall security policy thal addresses:
= Technical aspecls (equipment specifications, system
architecture)
« Operating proced { g it of inci X
recovery)

+ Continuous assessment and measurement

« Cybersecurity is not about protection it is about preparation

Requirements

Categories of vulnerabilities

« Technical:
- equipment and systems not adequately protected

Contractual:
-+ equipment delivered today is only as secure as you specify it...

Organisational:

+ railway syslems are designed, built and operated by many stakeholders with
different approaches to security (if any)

QOverall approach to cybersecurity
= Define a palicy

= Implemen processes

« Incorporate the requiremants into the design of new systems

Carry oul a fisk to cbtain a of the system or project (critical or non-critical)

Carry oul audits

+ Technical (design. penetration tests)
+ Organisational

+ Contractus!

- Putin place disaster recovery pians

Implement continuous assessment and measurement

- Develap & security case

Requirements cascading

Sponsor

Designer

Integrator

Installer

Operator



Requirements cascading

High-level requirement
Overall system requirements.

Categories of requirements

o
R
’ N
e Contractual
e v W 7
Technical | —
-l -

< Organisational

\

Examples of technical requirements

Data systems are to remain
highly confidential

Files are to be encrypted

All equipment is locked
Only authorised personnel Login via ID card
can access files and Access for maintainers is limited lo backup log files but
systems not to the live system
Remote access to files is not permitted

Only install components that are necessary for
operations

propriate configuration
AL + Default installation prohibited

Examples of technical requirements

Organisational requirements

- Define organisaton
+ Stakaholders responsibilties | penmeter
+ A security advisor shall be ientified and independant of the project team. Ha/sha

rity
will be in'chaige of verfying the speciicanons and conduct audts on the final
System befor commmoning

« All parties must include information security elements:
+ They shall integrate tha companys genaral sacurity policy and recommendations.

+ Comply with security requirements:
+ On recognised best practice (e.g, for software development. archtecture )

+ Relating to non disclosuro (if needed) (e g do not promate o publish senafive
information about the project)




Examples of organisational requirements Examples of organisational requirements

Asset owner

sterm/pio
requirements

Cybeisecuiity
management systam

BSSUran
requirements)

framework

Relerance 8 ity
architacture I target

Examples of contractual requirements

= Ensure that all equipment is fit for purpose

+ Many suppliers continue to deliver poorly configured equipment with very weak
administrator passwords e.g. the name of the project

Security case
« Ensure that software is supported throughout the life of the system

- Operating systems are not always up-lo-dale, either because the supplier doesn'l have
the time to do it or, they don't want to do it as the supplier can no longer guarantee the
functioning of the system

Security case Security case

High-level requirements need to be defined

= Asecurity case is analogous to a railway safety case

The security case needs to demonstrate that these are then cascaded down into system

= Demonstrate that the system is acceplably secure
and sub-system design

= Work on the security case needs to commence at the beginning of any project

Acceptance tesling resulls also need to be fed into the security case
- Al relevant stakeholders need to contribute

Residual risks that remain after the system has been tested must be incoporated into the
safely case

= £.9. use of an operating system that is vuinerable to future virus attack

The security case needs to be signed-off prior to bringing into service



Summary

* Railway systems are more and more interconnected with increased complexity and
interfaces

= Vulnerabilities are not just technical, they are organisational and contractual too
Su mmary + Arobust process must be put in place and followed by all stakeholders

= Asecurity case needs to be produced prior to a new system going live

éiﬁ%% o1 2018 | S
Additional points to note

« Awareness and training is essential for all stakeholders at all levels

- A continuous programme of monitoring is necessary so that immediate action may be

taken for new threats T ha n k You

= Level of security will decrease over the life of the system either through
modification/upgrades or new vulnerabilities that appear

= Security has a cost (investment and operational} but by treating it at the beginning of a
project its impact may not be significant
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“Traditional” vs "Cyber” Attacks

Traditional
Attack |
i

b

Cyber
Attack
B Ukraing’ age Ukrainian Cyher Gang (2018
. 5 : {2016 Deac} Mar)
fz‘g'l; ;ur% sntifuaey ¢« Qutage of workstation & Targeted 100 financial
o . SCADA institutions worldwide
Stuxnet rained £/5 . .
nuclear centrifuges + Complete power lass for Hacked to 50 Russia’s banks
30mins - Dyer €1 bilion stolen

A w5 =
C C CTALTTP Singapnres Intarnatonsl Transpart Congress and Fehibtion
é; E; %11 )uly 2018] Singapere
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Most prevalent cyber attacks - Ransomware

Computer malware that encrypts files and demand a ransom payment to
decrypt them

- d— =
—> — —
—
o
o 8

User opens Ransomware is Ransomwars Ransom message
malicious downioaded to starls o encrypt displayed,
attachment/ link computer files in focal demanding mansy
in email/ website drives and other for decryption key

accessibie drives
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Keeping Railway System One Step
Ahead of Potential Cyber Attacks

Mr HAW Chan
snmunications & Centrol £

ginearng Managor
MTR Corporation Lamted, Hang Kong

Cyber Security Landscape & Attributes

HMore prevalent & complex Cyber threats
Mare severe Damages ~ proinnged service
Safety of passengers, staff outage, leakage of sensitive information
and contractors
Safety Proactive
Dotonse &
orzad Livie Gantinuous
> J Improvemant
- -___\ Faekarr for
P ._\‘, - fene .mm .‘
\ @... Faning
Theeats » Cyber | g Pricaud
5 i o
Security ! a8 1
Controls / —_—
\\ /‘4
Information Railway J . G
transmitted in Servicusic [ eeoe 18808 2000w ion
railway systems customers

Most prevalent cyber attacks - Advanced
Persistent Threat (APT)

Cyber attack that uses advanced technigues and multiple phases to hroak into o
network, avoid detection, and harvest valuable information over the fong term.

Internet

= : Command&
Target Network

Control Centre



Most prevalent cyber attacks - Distributed
Denial-of-Service (DDoS)

Multiple compromised systems used ta attack and biing down / degrade the
performance of a system

™

Internet

Holwirk Sooded |
Sorver Overoadsd
Zombiv -

Launch
Attack!

%fy

Target Server | Network

Security Protection Measures

Operating Network Security Infrastructure
W
B &

Internat

Reibway o Managed Security Services Provider (MS5P)

\_ iy st "'I"r?h
Carporate Duty
Netwoek

7 % 24 security monitaring of
networks and systems

1 Neoxt Ganeratian Firawalls
| J Enfurse Secusity Policy

Incident response with on-site
support

’ ! .
o & Infrusian Prevention Syslems (IPS)
A Maonitor netuwerk iralfic

- VPN Grieway
Pravide servred remelo accoss

...... 77T APT Protustion Systems

Tost & sxamine vitivited piegrams

Rapid detection and response to
cyber attacks

[mmm.uquu: Lunoes yiomisn
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Case Sharing - WannaCry
Immediate Actions Taken

« Internet Firewalls & VPN Palicy

Selictive Port Blucked

Updat:

SEP

ature

=
ES

Microsoft Windows Security Patch
: ¢ i RS A011;

IPS Signature Updates

Lelest signature updates dowmdcaded b 10

Bisable SMBv1

+ AFC UTM Signature Updates

Rest sigiatiie updles do 4 to Ui

Tightened USB Usage Contral

wp

§
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Governance

1130

S5
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LTALTTP Singapore intematienal Transport Congress and Exiibition
%11 uly 2018 Singapore

Cyber Security Governance in
MTR Operating Railway

MTR data networks carry data of mission critical systems
Cyber attacks can cause service impact to railway operations

| Corporate Cybier Security
i

Comaitten Documents

Information Security i
Management Committes &

CRIB

Operations Proporty

Oparations information Systoms
Security Working Group

i
H

Opeiations Systems Security
phementation sseurity flan

Gioup

[

LTALTTP Singapor: intermational Transport Congress and Exhibition
@11 July 2018 | Singapare

Case Sharing - WannaCry

- Ransomware ~ files in infected machines
will be encrypted
Expioits a vulnerability in the Microsoft
Server Message Block 1.0 (SMBv1)
protocol

+ Spread quickly through netwark

» Do not need user action

.
LTALATE Singapore International Transport Congress ana Exhibition
911 July 2018 Singapare

Case Sharing - WannaCry
Follow up Actions

Anti-virus update (Managed Clients / Unmanaged Clients)
Windows security updates

USE Port Blocker deployment

Protection for Unmanaged Clients




STAIR Singanors Internatinal Traneport Cangrass and Exhibtion Signalling Upgrade from traditional to
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é—am‘% Upméorﬁingchalleﬂges Communications Based Train Control (CBTC)

Conformance to International Cyber Sacurity Standards External Security Assessments
Operations safety, g:i””_"{“’%’;gﬁjg Idr;lemational Cyber + Gap analysis and benchmarking
s g B : ity ras "
availability & integrity Semuriy Tl i AR Cnitigh Compromise assessmant
e + Penetration tests
° Network relying 7 i
systems
v
SiGhaHiRG UG RS e . Evber tliecuriry Management and
B - “ontrols
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v praduct Bfecvce
v
By iy
Pl STAUITD Singapore Intermational Transport Congress ane Exhibition M e g LTAUTTF Singapera International Transpert Congrass and Sxhibitior:
éltc% 911 July 2018 | Singapore ’tc% 11 July 2018 | Singapore
=== Conclusion Pl

Being one of the leading railways in

MTR the world...
Thank you!

« Up-keeping cyber security to ensure sgfety,
sarvice and efficiency

Q&A

tion according to unigue individual system
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Fostering a cybersecurity mindset

Lim Thian Chin

Deputy Director

CSA Cll Division

CGEIT, CRISC, CISM, CISSP, CISA, SABSA

S

Digitalisation in rail industry

Rail industry is at the foretront of this digHalised revolution

= FHESITRAIS TS TUIAY Saegan . »”

ety

SVRT (aps prodictive technology

ta priotiti=e matnt

New system in help commuters
avoidd crowdy ag MRT stations

+ While digitalisation offers
great opportunities. it
also presents new
cybersecurity threats

1A, 200E

e.0. Advanced crowd-sensing system  e.q. Train and Track Condition Moniloring system an

Cybersecurity Act - 4 Key Objectives

1 2 £ 4
Protection of Crifical of Sharing Lcensing of
1] at . Cyb Threats Cybenecurlly Service
and Incidents Providers

® O @

Strangthen the Authorise CSA to Esiablisha Establish a tlight-touch
protection of Clis prevent and respond to  framework for {itensing framewaork
against cyber- attacks. cybersecurity threats sharing cybersecurity for cybersecurity

and incidenis. information. service providers,

Cyberspace is a new frontier,

with no regards for geographical boundaries

* Increasing need fo <

Cybersecurity Act commences in 2" half of 2018

b 1 2
AT Proteciion of Crifical Investigation of
- Cyb y Threats and
(ci Incidents

32 4

= Information Sharing Lig ing of Cyb ity

Service Providers

“Tha compuler or Computer syilam i pecasary ter 1he continuous dabery of an ompromise ot

comotes sslom v hes oo afloc) o e vcRASH of e 18 ek n SnGEGre: G0 1ocated Wl of BTl h SGoDore

11 critical sectors providing essential services

+ Instead of a
compliance mind-set
organisations should
reframe and view
cybersecurity
govemance as a risk-
baosed approach




Cybersecurity is investment, not Cost Center

Drswwek’s
00S atack

&

B O30I0F 1t DY SHrdeen Sngg g

» Cyber attacks on rail services can delay
operations, disrupt commuters' daily routine

and affect organisation's reputation

+ e.g DDo3 attack conducted on D38 in May

Adopt a Security-by-Design mindset

Why adopl Security-by-Design?

= Mulliple new initiatives are caried out for smarter rail systems

* In most cases, heterogeneous IT fechnolegies and software solutions are used
= Protection of such environments become increasingly complex

« Adopt a security-by-design mindset lo combat new cybersecurity threats

Conclusion

Cybersecurity deserves attention at the highest level of every organisation

Consequences of a cyber breach can be dire, ranging from high costs of
resolution 1o loss of credibility and damaged reputations

Cybersecurity should be regarded as a board room issue

Adequale aftention and sufficient resaurces should be allocated 1o ensure

cybersecurity measures are deployed to protect critical systems and networks

Cybersecurity is investment, not Cost Center

« Generally lesser costs lo invest in cybersecurity than fo remediate or clean up
our computer systems after a cyber breach

+ A lrusted cybersecurity posture can create a competitive edge for businesses

= According 16 PwC, 74% of executives in Singopore have reporled increased
spending on cybersecurity as a resull of digitalisation

+ Cybersecurily act as animportant enabler for organisations to confidentty
connect, interact and drive innovation

8o

Adopt a Security-by-Design mindset

How to implement Security-by-design?

Assess, build and configure our systems with security in mind from the start

Check for intrusions alter implementation, dispose assets securely at the end of
their life span

Educate end-users to be cyber-smart

Avoid piecemeal security implementation and the need for costly and often
ineffective refrofitting

“Security i a process, not a product"—Bruce Schneier, CTC of IBM Resilient

a1
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Artificial Intelligence in Mass Public Transport: o
What is the future for arlificial intelligence in
public fransport sysiems?

“ CENTRE FOR
TRANSPORT

UITP exceLLence

A& FACIFIC

INF Asics Faacific

5 S LRRE L-"_': 2%, ymp

Why should public fransport care about
Al?

How is Al changing our industry?
What steps we need to take to

successtully deploy Alinto PT
operations?

What is the fulure of Alin P12

We are entering into Fourth Industrial Revoliution....
also known as Arfificial Intelligence Era

Machine learning in image recognition

y wias astabiishe
n Lond Transport
Lp

fransport it Asia-Paciiic region,

fr: 2016, TR ame:
prOgramTie t
cantra of ¢

Why should public fransport care about

Qur environment is fostering the growth and maturity
of Al{echnologies

AR BET ey

L Best A syt
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= Human

10 Eat
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Voice recognilion in virtual Assistants

Naotyral fangucge
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Als already integrated in our daily live Al is predicted to multiply economic gains
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Source: 1ACraecunomIC Impact of A Techescol veport, Pu, Februsty 2018

Our Approach: Collective The term ‘Adificial Infelligence’ is subjective,

Insights debatable and confusing,

Quanfiative Survey

45 companiss across Pl I1is the science and engineering of inaking hifeligeni :nad hines, especially inteligent computer programs. I is
related fo the similar task of using computers fo understand human inleligence, buf Al does not have fo

E:xperi ggundjabie in i(m-jsmhe confine ilself 1o methods thal are biologically observable

{Protessor Johin tcCarthy from Stanford University. founded field of Ariificial Inlelligence, 2007)

s A suhhela of compuﬁer science, arfificial inteligence (Al deverops compulers that can do Kdngs
2 ldeation Workshops (Hong Kong & froh 0 by propie. 1 sohilicri corssRie or percatia I wedd and ookt dali
Séngapcre} lnh:mnmron collection: and oc! independently — ail underpinned by the abibty 10 1k oieh srfetpt ouet ling.
{World Economic Farum)

Artificial Inteligence refers lo methods and approaches thal wiitate cady infeligent betaviouns lo solve
problems and can be divided info fwa broad calegories: [u} sy ¢ hich focuses an the development of
knowledge-based systems (KBS). and (b] connvia ganca, wmch m..ludes such methods as neural
networks WN] fuzzy sysfems (£S5, ond evolutionary anpur.ng which & e 151 Heanr set algonthns for

? exparls b§ag entiies (Transport Resedrch Board, 2007)

el [ vews
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Eateption of
g

A techaioiopive in PT

f oigan

The expectation and competency of Al evolves with
time.

1967 |

Mac Hack Vi

io1e%1
DART {(Dynamic
Analysis and

Replanning Tool)

sethedul

Al is increasingly being adopted by PT...

Fast imgpsom

bt Al prnijest

How is Al changing our industry?

fraanspo

Our PT experts say.....

cansist of the tollcawing

Arfificial infelligence shou

it vty

r: Al may be altempting to mimic human behaviour at specific fask bt the s
only unloched when computes car stort io become creative by themselves.

Mot curre
antial o

We had 4 key areas of focus...

e R
~
_;/_-C‘ 1 Cuslomer Excellence the deployment of Al for achieving better customer service
\\Lﬂ‘// and intelligence omaongst authorifies and operators:

Operafional Excellence: the use of Al brings system and operational efficiencies through
aptimisation

Engineering Excelience: inventory 8 osset management and predictive
maintenance

Securily ond Sofely Prevenfion: the Al opplications providing the selutions for improving
operational safety and security measures. this includes offences involving revenues and
VA property.

Top 6 current Al applications in PT

ARANAARY

2
S

Predictive Maintenance 17%

Schaduling & Timetsbling  [KES

Customer Analytics 25%

Real-fime Operations
Management

N
E Inteffigent Ticketing S ol 2 1% Muflimodal Journey Planner [REsA




Application of Al will have the greatest impact on
Customer Service KPlis

shes indive

tive impact on Cusiorer Serdce KOG

Cuslomer Safisfaction Index

Nb of Complaints

HNb of Inquiries per Staff at Stalions

b of Inciries ab Call Centres

Call Response Time

Fast Time-to-Maikel

Low Psychological Banier & Ease of use
DRI i 4

pesent G

initial Problem fo Sclve:

i tion D] sur

INPUTS

-
£ o T
External Gate
(a9 public holiday)

Ease of gecess o ready -mmade solutions

Relafively Low Technology investment
n e s

13"} RATE DEV s s

[] Disectimpact {1 indirect Impact

Low hanging fruits: Chatbots

Things to consider

A :
500G ;

ophoifomm can

...Ieading to operational and cost efficiencies

! procis ough ko urdetslons Ihe

QUTCOMES

SIEMENS requasl inerar

Al empowers customer service staff to provide an
attentive and efficient service

Uses of {Fa g Pl o I

apalily.

Digital Assistants

Chatbot {Integraled ¢y 0o integrated In-station i
'"w into MTR Mobile App  Communleation Robot i
gt
i il o Wt
Multdingual cuslomer
Chatbot on MTR Maobile Call Centre Support via
TR TraveiBot service robots In Tokyo
App T IBM Watsons
Transport for London MTR Corporation JR East JR East
Al gives operators a better understanding of mobility
patterns.....
Using PAachine to improve customer analytics,

Al-Powered Customer Analytics Systems

Mass Transit Data Analytics System Journey Planning Analylics Syatem
Projact launched: Project launched:
- CTVH (tram and bus operator — BVG and VBB (transpori operators) in
Valenclennes. France} Berlin,

.
Partarnship with HaCon { Hatas' software
provider - Siemens subsidiary)

Stemens

- CagaTram (Tram operator -
Casablanca. Moroceo

RATP Dev

and better mobility planning of the city.

Projecl ebjechive

pasengerns

BT DL,

come:
At o

=emnt el




Al will allow PT operations to become more agile and
dynamic...

isina i for aulonomous dispatching and schedulng

Autonomous Dispatching and Scheduling Agent

Digital twin logy and deap learning lo ta high
performancs simulation

g e
Project started in 2013 and still on-going.
Data coliected 7 years ago.

& o d tmatabl il i

by 2020,

shunting

Swiss Federal Railway (SBB)

Al can improve the efficiency in safety & security
management.

s [ol BT <1 for responsive o

icient deteciions.

Predictive Maiptenance Fraud Detection

Automatic real-time video
analytics system

R i

Automatic Datection of Defects

Tunnel Lining Crack Datection Method Deteciot system of fare evason in
uging Deep Leaming Barcalona
Railway Technical Ressarch institute A
{Japan)

A robust data ecosystem is the key
enabler to deployment of Al

Top § challenges faced by PTAs and PTOs

i @

S ﬁgi Q 9 ? ‘o ouo !.

gy £ = Nt “!

%&ﬂ»@ \-0 = l ‘
Data Quality Data Velume  Data Privacy Knowledge & Commitment from

capacity in Al top management

...meaning railway operators can react quickly to
customers’ needs, disruption events, etc.

inifict Problem {o Soive:

: = g T R
o ¥,

on € by robaerk wit
e T o »{"”“”""‘1

TR ains g
HEA0AR on Seflzodomct ralety svsios

signal and nuer £

Project Expectations e o 5 ;
o Saularion &=

et Tinchs estanky Tanoaciee

What steps we need to take to
successfully deploy Alinto PT
operations?

Develop long term data management
strategy for Al

+ bafwesn stabeholien forn areater gairsn the {utus



Deployment of Al is a collaboration process

More than
0%
of PT stakeholders who deployed / provided Al
technologies through COLLABORATION with
third pardy stokeholders

Adopt mulli-stakeholder collaboralive appreach

g + Buldan

 tatrea] shoke

aal andfes

s ot Al
orone learn

y slage working

Build a tech-oriented business culture

1

confident de

3. i inek
¥ Eessuse o fiest ingpacied. |
4. staff s well s to aclapt o
skilizeds of 8 5%, i
Emg s Ups creabive and volue -

irdesd roles

! will lead fo.,

in the next 5 years

e B R AL

“We don't have a computer that can function with the capabilifies of a six year old. or even a three
year old, and so v +

Oxen Efzioni, CEO of the Allen Instifule for Atlificial Intelligence in Seattie.

Adopt an innovation mindset: do not be
afraid to fail

ioBes seicnl, acdopl @ caop b and gt
2 E i 1o aecomrnedale firne it takes 1o commercialise Al outcomes
3 Cornsidar < support e cpecific requirenents of Al &g FATP Dev ared D o §1EY

gabn launch o for start ues.
4 Ensure }

& frial aned error eardy phases and uncerkal

BlEsive

ciollar invesirments: «

ane of openrsoure

What is the future of Al in PT?

Qur PT & IT Experis believe in 5 yearstime ...

tis about rec: ising pattenn in o § vear time. At
wilf recognise more patts than it cumently does”

"Al iz foking away lasks, not jobs”

H create more [job] profifes . it will unlock other jobs"

evervone will tube part und have responsibifity {0 the train Al

because Al live a child

“Ai will be incorporated into every incustry”

way rol be growing of the e,
slowed down be

it reate
af pitvacy

"Governm
for ¢

ponsiviity 12 set a framewart
2 growtn of A"




Possible future concepts for PT

ing and empaower us 1o ba

Ajto be e B LY o tor real-tme moni

our opermalions.

dynamic

“Sentiment Tracking”
Realbme customer salisfachion analysis

“Smart Stations”

S on pltoeT so
of g e

"we have to change from now on... in the past, it's the
manufacturing driven... the future, if's not about the competition of
knowledge, it's the competition of creativity, competition of
imagination... . it's nof knowledge driven, if's the wisdom driven,
axperience driven...Jand] creativity driven”

Jack Ma , founder of Alibaba, Hong Kang University Honorary
Graduation Speech 2018

Possible fulure concepts for PY
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Parallel session 15: Artificial Intelligence for Railways and Beyond

Vies Chasernan, sl Japan Roiw,
Honorary P

e T e
i. f Inn ionin JR
=

{*} DX Digital Transformatian
STTY
- Door-to-Doar
sl - Ondemand train
Digital . personalized APPs

Train Controt System -

Opera 3
= £ 5 ¢ - Automatic Opetation
ATOS XXX Collanorativ BT
Snead un Autonomaous
o ecantralizad T AT
peration Application of Al
pre  controf system) :
e (Prograntect /
Route Control] Digitalization

£y
]
J At

r'ie-méﬁcai:‘on?

{Centralized
Traftic Control)

Station Dhigitization Autowmatic info

Control

DXisajo
‘not a destin.

(U Innovate itself O
a Safety

Effici

2 Innovate the way of life

h 20385 PTia
The higher mobility of people, Gt
The beller qu £

GROW e

3 Innovate society
Economic Growih,
Reduction of congestion,

I Innpvatiof

{ cBM Picture

E235 Recognition ‘Cl 0 U d
IoT .—oData

| nvariant Smart Sensor | Autonomous

\_AnalysesA, Inteligent /  Driving
 Monitoring
System

T R
g

Big Data

Analyses
el v
1BM Watson

Al

Deep Learning

- Robot

| JRE Robotics LLP
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ng forces for Al

rrocess/gecision

for deploying Al in the railways

l

Sifferent pel ctives friom outside

ldea Creation

] [8}':!11.‘ itexibiliy. coliaborative rafalionshit

Agile Development

|

[ Partnership: Alliance Type

Door to Door WG|
Smart City WG i
| Robot Application WG |

LPartng Partner

Partnership: Asset Sharing Typ&:

Hackathon lt

Field j
| ideathon

Experiment

JR East

Advanced ICT Fits Public T;'ﬁn‘:-;pm;tn\f\\!étllﬂu
Public Transport fits Advanced ICT well

Advanced ICT

Public transportissues

'Safety loT, Sensor ZERY T
Secunty forcimes  Graphic Recognition
Various issues 1o oplimize Al

rous i ic 5 Bi
Numerous ec.;unpment & devices loT, Sensor, Big data ng
management i ata

Huge user dalasets __Bigdata 4§ al
Real ime information for customers and Mobile Device

employees Robot ;
Robot L
Robat s
L

Open Innovation of Mobility

¥ PT must lead Maa$ by Open Innovation
R

1 Creating platform for mobility 1

'[ Establishing Eco-system together with partners]
T T

L “Mobhility Innovation Consortium” j

Established in JRE in Sepl2017
%121 partoers of various field §

4. Application of Al: Examples




lake the left behind

licketing Additional |
machine for self-purchasing

arai
by Papper and s

1

« Call center support system using Al
* Shorten the time to answer the inquiries
v Standardize & enhance the response quality,

vy
— Dictionary C‘:{
Customer — Operator ~ recegnition, =l

& &UW & Texts Analysis of | Searching for
{=mm w g el

candigates Dats Base
Response

: o
N T G
Tank

Possible responses/ J/

Example {(5): Iimage R

¥ 9

Security monitoring cameras
- detecting people at the platform edge / suspicious objecls
- counting numbers of people

B Analyzing the picture data ® ALARM

orting staff

Related materials
Faed back of responses Learni o

LPictureNideo Recognition

W—=i

+ Information provided
- Transportation status

« Automatic response

- Automatic answer to the customer’s
questions

%What is your question? | ]

Office hour of Shibuya
station ticket office

ilability in stations

it
Please see below. ‘

Anything else? i

JR East Information X Amazon Platform (Alexa)
API
Tell me about e
“Yamanote-Line” ‘g

Amazon Echo

PUSH notification ¢

ava

Yamanote-Line is delayed.
because of heavy snow

w Introduction of Al

.Juu'%izing the implicit knowledye & experiences of experts.

Complicated through-operation

Smooth and Smart
sion sysiem turn-around

Automatic proposal system after disruption:

~ Proposed train diagram including smart turn-around

- Fleet & crew scheduling after disruption.
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Preventive Asset

Monioring Devic

B g

-

oy T

G

gnostic iag

§ Kl

Management
58

L

nosis

¥

Tor maimntenance

BigData

Al

\ |DB| Value B

Example (éf»}.' Autonomous Train ALFA-X
Deep Learning BigData Analysis

Image Recognition Invariant Analysis

Dynamic Diagram Network Technology

Real-time data processing

Intelligent Monitoring by Smart Sensors
ATO

Type: E956,10 Cars
Maximum test speed: 400ka/h

Smart Vision

Coming in Spring, 2019




anggst av B RGN §it§% _g_";_mm?;.l,;mw;’:,.:,, SR S SRR B
_ ) i's 10pm, do you know where your trains and
Al in Railways and Beyond commuters are?

e i TR SRR T
éltc% 511 Juby 2018 | Singopere b
EEONER

Presented by
Dr Yu-Xi Lim
Lead Data Scientist In association with

'", TERALYTICS Land Transport Autthority

93 X Satipy
Introducing the Tracking train movement in the
Commuter Analytics System network

Metadata from
Cellular networks

B¢

B

Train KPis - Stations — Stations
Arrvatidepature time [} T o L
Speed and hastway ; !

Load 2 " SED

:.J____,—) Station & Platform KPls

Comunuter entryierdt

Train fault causes rush-hour
disruption on North-East Line

B crowris ?
orm crowd 3
Meatadata from Unabie-to-haaid (UTR) “’
Wi-Fi APs in stations Machine learning Commuter Movements ¢
6 Statistical models Route shoices g 4
o Firstiastnuie Qo Q0 g
B % g
ko]
Seeing demand at and around the Getting more people to use the
stations subway

FoefEl N e ™ Conmmiter entry

Firsthast-mie tiavel time

Catchment area of station

Fomata T s e Light blue. Fow short travel limes
o Dark 1ed, Many iong tr
Prownmwn Line Jop
Wicswty crtmat - e
TR

Platierm load

Unable-to-toard {UTS)




+ Big Data technologies
+ Real-time stredm processing

Bringing cutting edge tech to the
government

s
Grafana

AVAY
VAVAY

APACHE

s
x5 MESOS
¥

Spark’
& % A dumbulnd sireaming plotform

Flink 1.0 @ Ceph

architectures

+ Data Science (R&D)
+ Data Visualization (R&D)

Where to next?

« More subway lines
+ More users in LTA

« Early warning of disruptions

ot uiialy s o b wssed i st
commmter toalic e,
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RAILWAYS AND ITS INTERFACES TO
THE CITY AND THE LOCAL MOBILITY
SYSTEM

Mr. Jean-Pierre LOUBINOUX, General Director of UIC

yrc/

e g - R T i St Z Taciia s i i
EI TC 511 x 2018 | Sngascrs élt(‘.’: %11 v o181 Smaonore
=SCHES EOER

International Union of Railways (UIC), The Worldwide Railway Organisation International Union of Railways (UIC) today

UIC, & long history et the service of member railways and internationa] railwey cooperstion.

o) ,/-.

1921 intargovernunantal {diplamalic)

conference in Portoross, Haly

welime g TR ump

. oo s
LTABE Sngarep irerartiona g dd Sengress o Bditlber LTAZIER Singoons inlaanathio T
=t e 501 by 208 | Sngance St 17 a8 | o
O _ EONE

Evolution of the Passenger Railway Activity

UIC Members all around the World

Passenger rail (bilion pkm)

= Increase in mobility demand /
needs

= Demography & urbanization
= Modal shift
= Promotion of intermodality

= Development of international
railway networks

* More affordable

%3 o IB sirp
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Shift from the traveled distance to the travel time model

BEFORE  “*

NOWADAYS \ i — /-

95
away from ...

L4 ymp E Lang

s and Exoition

z S i - g
"::C UEA-BITE Tirgapass infsmaiorl anspoif O
11 July 2018 | Sngapore
=2 O

UIC's commitment to the New Challenges

SUSTAINABLE
DEVELOPMENT

RESU

Sitce,

LS

Stations at the heart of the mobility « web »

+ Station as the interface between
various modes of transport

+ Station as multi-dimensional hubs
where modern meet historical

« Station can represent a dream of
future mobility, for the smart mobility

= 2018 Memarandum of Understanding
between UITP and UIC.

S U8 TE g

i o e
Y o o VTSI Singgor - e Indenraiorel e E s ond Eabinition
é E: 911 by 2018 | Sngopors
ErLIEs

New Challenges & New Paradigms

e o
o . gue O AATRpY

<o misd e img : .
It‘:ea LTAHIE Sircpano nterrvational Tiansnot Congrens and EAbition
E %11 July 2018 | Sngopors
@O

Train Stations, railway interface with various functionalities

“From UIC Wiarking Gioup.
Sation Managers Global Group (MGG

e Evbidbation

Smart Stations
in Smart Cities

= 2017 UIC
NEXSTATION
international event

= UIC defined what is a
Smart Station:
+ Smart Management
« Smart Design & Infra
+ Smart Mobllity

" UIC Hanbook, NEXTSTATION 2017 1% vy TR s
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UIC supports urban renewal through Transit-Oriented Developement

i
LEASOITP Smgscspees Faleenesthna T
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Smart Mobility: the people at the heart of digitalization

= Smart mobility as key for the new intermodality FASTER Landscape
i transformation
chain
+ Mobility as a service for shared maobility solutions BMAREMOBILITY CIENT
¥ v Fo Evenvaony @ ———> EFFICENT
= Digitalisation ticketing system
{ EASIER
i ®
i ; ikt
weds M :
fristd B @
:
- WE Leatier 9187
g 3.-;3 . Lhengs “UIC Passenger Depanment, Station & Intermodal Hubs

ata Sl TA-HES Siman inlera
EIC%% 911 oy 2018 | Singmere
UIC Conclusion

= National scale turns into regional and regional becomes local

= Digitalization on the mobility aspect will modify deeply the behavior of travelers
« New travel experience adapted to the digital era’s standards

= Smart Stations are boosting new forms of local maobility system

= To make us dream, to dream of the smart maobilities of tomorrow, by inviting younger
generations to dream even higher and smarter than the heritage our forefathers left us

www.uic.org

(v Jind @) £ RUTube)

#UICrail
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Rapid urbanisation creates a need
for innovative local and regional
transport development to deliver
connectivity and economic growth

TC Chew iking
Director. Global Rail Business
te.chew@@arup.com

i BT ARUP

Urbanisation lrends. . (outiurn and {orecash

Urban and rural population of the world, 1950-2050

7000 4
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s
E
E
<
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s
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Source: United Nations, 2014

£

The inereasing pace of urbanisation will place added stress on Clobal consumption of resources will pearly triple to 148 billion
alveady straining city systems and infrastructure fons per year by 2050

Constraints on
available resources
and high and volatile
prices, may limit
economic growth.




In thie VK it is estimated that congestion costs the economy
£20bn a year

haow long do you wait?
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Fig 2: Transgort mode compan
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I fas Anzcles a study by the Toxas

& | e estimates that buurs fost
per yeay to prak congestion have abmost
tripled between 1982 and 2800

congestion ARUP

Smart and Integrated Mobility
International Transport Forum =

v Passenger mobility will incicase by 200 10 300%
« Fraight activity will incresse by 150 10 200%
Intelligent and more integrated systems

Big Data and the intemet of things

Smart communications

Personalisation

In denscly populated areas, per capita emissions are lower, due to
the viahility of mass transit and non-motorised transport

*®
- E e
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Fig 1: Urben deasity and mode splil
TITR 2018

Transport investnicnt, under the right clrcumnstances, ¢can drive
eeonomic performance

Butter ransport ¢onno,
cessibility can fssprove
Jobs. aacrase the namisr of
custons hat buaneses can reguil
and reduecs baniors o e sod
Eopipetition

Souve:
htlps/arsportknowledgehub ong ok




Benefits Economic Benefits

- Enhance social and economic integration with
connected regions

- Increases mobility > job opportunities / options

- Promotes service industry - commerce, tourism etc.

- Fosters development and regeneration of cities

- Improves efficiency of the city

~ alieviate road congestions

« release airport capacity for long haut flights

Page 16
Indirect Benefits — Economic
Environmental Benefits

; ; 5 - Enhances social and economic integration with connected regions
+ Environmental friendly mode of transportation 9 SRInEGIRd Tedio

+ Reduce gas emission and noise nuisance as well as
minimise traffic volume

* Reduce traffic congestion and road accidents - Promotes service industry - commerce, tourism etc.
+  More fuel efficient than other modes of transportation Examples Lyon in France, 7 i Spai

- Increases mobility - job opportunities / options

- Fosters development and regeneration of cities

Exarn g0 Lt in Francs, Kol in Genmany

Erverg aaimption s et

s 0 - Improves efficiency of the city

G 158 15

Page 17
Indirect Benefits — Environmental

*Most environmentai-friendly mode of transportalion
*Reduced green-house gas emission and noise nuisance

*Reduce petrol consumption and read maintenance cost

Energy consamplion per soal

Tokaido Shinkansen 18 of
{Serie=700 "Nazomi") o aimianes
Airplane
(8777-200)

] 200 400 600 800 (MJseat)
COZ2 emiasions per seat

Tokaido Shinkansan
(Series 700 “Nozomi"}
Arplane

(B777-200)

o 10 20 30 40 50 (kg/seal)
Source: Tokaido Shinkansen, Contral Japan Rallway Company, 2000




Fhe link between transport investment and economic growth is

. Future drivers of rail demand — Tong-term
clear Local and vegional railways must evolve to enable growth g

High impact, low uncertainty High impact, high uncertainty

© . 6 © @ ©

Growing and
ageing society seaniiess
i mabifity
What is \ W ;

changiog snd
shaping futnre

br reased focns

ser centric & ” Enipleyineit Demand !
Jobs Growth Paiterns i

Maagenent

2 282

Trahiional

At mous Disposable
s I o 5 s Income
onwelibeng v ATRAT)
TRSAMEEEE 00090909090 EEETAEEREEE 00000000 e
soarces are
Felreating
Saurce: Tronds identified throngh desktop research und stakeholder workshops wndertaken by Arup: Arup analysis
ARUP = ARUP

Guangzhou-Shenzhen-HK Express Rail Link
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Direct Transport Benefits

+ 16,000 km National High-speed Rail
Network

* 60 million people within a 4-hour
journey zone

FUTURE SOUTHEAST ASIA

CURRENT AND PROPUSEO BAILWAYS IV SOUTHIAST ASIA
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10 08 b e v e e

Q > - i
Lt :wc-wnhmm o %
AWEASN ’ hnghaur St
Eaifing-Glisngzhou Pee sager Ling i — ;x:g;;:l.m e
hergzhou (7 s

NL:'MW-FWWWUH Passenger

&5 g Other Proposed Passenger Line
! PanPearl Rivar Dela Rogion "9+2" Aea
AL (US0
Aian (9 hes) .
RELL 1A
Changdu (12 hie)
O

S (i 193
bt Lkl A (1R
Hangshou
Wl n fne
Chergang (10he) 15065 35) YT m‘_mf
Crangaha {4y Manchang (5 hvs) Y
Wi (1)
Fuzhou (5 hve]
o
R ik A L




The increasing pace of urbanisation creates a need

for innovative local and regional transport development I h a n k YO u

to deliver connectivity and economice growth

TC Chew rEcg

te.chew(@arup.com TC Chew rren
July 2018 te.chew@ arup.com
Juky 2018
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1 ntroduction of Beijing New Airport Line

02 FAQ System in the Regional Railway

03 Innovation

Mo Jm U2 mep
# Rapid Reglonal Railway - Beijing New Rirpert
Line
Approximately d1km; inter-connect to the i .

Beijing urban transit network, to realize the
“half-hour” non-stap ride.

Advanced PPP mode: "Civif Construction +
Facitities + Operation”,

Total investment is 41 hillion RME around,
Two phases: south part and north part

Kick off tn 2016 Dec, and revenue service in
2019 Sept.

z S . . .
’I:(::% LA Sngg rIrdaenationel Boeer - ] Defmecs a1 @
g 7-11 auly 2018 | Smpapere
BUNE

The Implementation of High Speed FAD System

- New Rirpert line of Beijing Regional Railway

Hedlen
018011

== T L P b P FP e s e
E":C% tllM?ﬂ;\el‘in.o;Dc;pl . ey
O

01 inroduction of Beijing New Rirport Line

The new airport line is a rapid regional railway with the 160
km/h high speed and fully automatic operation

~ o Anp

Beijing New Rirport Line - Rolling steck

The ralling stock of Beljing New Alrport Line is aplimized for the high speed FAO system and

combing the advantages of melo and raitway:

- High Passenger Volume - High Spesd
- Fast Stant and Stop - Comfortable
Convenient

Cappakiblewith (RIS and fAC Bearcauphng, oe liiesaer

Pt
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02 rno Sysiem onThe Regional Railway

The FAQ system in Beijing New Airport Line will show some

differences, such as GoA level and integration level.

Beijing New Airport Line - FAO and Driveriess

een FAQ and Drivedess?

. -With deeply intagration Letween differer

oty
s, Lo realize autoinatic inleractions for emerge

ney handiing and miu

Riple professionals cooper
atiti.

~Deeply integiafe the ¢

tion ietated systems,

sitch as SIG, RST, SCADA. PS5, CCTV, PSD. ACS,

LEA-l e Sirggar - s g Budenmnabooe) o=t L orieds g Edy
=11 Juby 2008 | Singapare

03 mnovation

More systems will be integrated, and new construction mode,
multiple carrying communication and new interactions will be

deploved.

N mb fred g

Beijing Hew Airport Line - A Hew FAD Operation
Mote

GoA3+, the nev
finproved an

eQUitenets,

livn grade is

Thes defirition ¢f FAO o €ITP

T T

Auteniation

% Hann Cperatisn
sadde

GoAlL

GuA2 Saptta 4D T G Ton LY

Gohl

GaA3+

GoAd

Beijing New Alrport Line and Beijing Rirport
Bxpress

The New Aleport Line - A Sampling project for the future Regional Railway
< with [he application of new techeolopy, operation performance will be Improved.

x Baijing New Alrport Line Beljing Alrport Exprass

S

Innovation - More systems will be deeply
integrated to Train integration Automation system

Integration method £
- Unified SW
» Same severs @

1dats

- Unified Backhone

Integration method 2

SW an HI

Inificd Ba

14 systeiny will be imegrated
{ogether!



innovation - Demenstration Scenarip in YIAS - innovation - new construction mode to hiuild 2 FAD

Station Fire sysiem
o T(C|TE2EE |
comand - warares i Contes Zachnuiogy hozama the leaser qnis
O tegtatan of :
( ch fe 3 bl ek el ol il 7 T 5L
I
! =—'.r i
s | Az rozzeaenmonees DINGHAN BENNING
o p— 8 -
Ghaten & - \\\w $
Innevation - LTE-M based Multiple carrying innovatien - Luggage Transport interaction
communication for FAD system with Airport

Advantages:

UEM Lt - CNC  Ewegescrinh

Thanks

For Better Rail Transpartation !
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ASEAN’S RAIL CONNECTIVITY AS A CATALYST

FOR REGIONAL GROWTH

SESSION 16
Impact of Railway on Regional Connectivity and Economy

AZMI ABDUL AZIZ
CEO Rail Division, YTL Malaysia
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THE ASEAN COMMUNITY
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THE CHAL

CONNECTING...

* MORE THAN B0 MILLION PEOPLE;
ARQUND 9% 0F THE ENTIRE FARTH'S POPULATION

i

U ALAND AREA cOVERING OVER 4,48 MILLION cunic
KILOMETERS. AROUND 3% 0F THE EARTI'S LAND MASS

* CONNECTING AN GCEAN AOUND THREE TIMES LARGER
THAN THE LAND.
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THE MASTER PLAN ON ASEAN CONNECTIVITY IS
THE ROADMAP 1O ACHIEVE THIS WiTH A FOCUS

ON THREE KEY DIMENSIO!

@ @ PHYSICAL NPRIVING INFRASTRUCTLRE CRITICAL 10 THA N K YG U

CONNECTIVITY THANSPORT, COMMUNICATIONS AND ENERCY
—————————— armi.aziz@ytl.com.my

FRHOVIEENG THE TRADE INVESTMER! AND
ALGUEATORY FRAMEVCRK 10 £ LE GPTiMAY
TOONOMIC SROWTH AND PROSPESITY

et 3 L ORFORTUAITIES AM0
3 PEOMETDPEOPLE OMONING HUMAN RESCURCE DEVELUPMENT,
& CORNECTIVITY

< TOURISM ALROSS T PFGINN







