c

Systems Thinking In
Public Transportation

Ngien Hoon Ping | Chief Executive, Land Transport Authority




We kegpworld moving
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OQur work begi nsé
the moment you step out of your home

* 603,763 cars
143,966
goods vehicles

143,052
102,800 Motorcycles

street lights E:

17,554 buses a4 4,961 Bus stops &
E Taxi stands

. 119 MRT stations
9,232 Kilometres 43 |RT stations

of roads
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Land Area is a
constraint.
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Singapore

Land Area:
721.5 kn?

Road Use:
12% of Land Area

Population:
5.64mil

Nominal Gross Domestic
Product : S$4471llion

Annual Tourist Arrivals:
17.4mil



The land constraint presents many challenges.

New Pedestrian Linkway
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More Populous Ageing Population

D r " n 0.7 citizens entering to one exiting workf@eerall population will grow by 1 to 1.4M; Elderly accounts for 60% of population
IVI g higher travel demand

Forces

SAVE OUR SINGAPORE

Ow Neturs  Owr Weritnge Our Lang

SAVE BUKIT BROWN

Greater aspirations Ageing Assets Disruptive Technologies

Commuters are more vocal but also morégeing of key roads/rail assets and transpptapid advancement of faster and smart
willing to contribute & operational technical systems transportation technology is reshaping j
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The Land Transport Ecosystem

@ MINISTRY OF FINANCE

Public
Transport
Operators

Government
Agencies

Political
Office
Holders

Overseas
Players
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OP u bl 1 ¢ tengineerng problerncreithe nebvork has to b
mapped out to have the right connections and coverage, and (
effective maintenance. |eoaismirproblerere the various play
like operators, asset owners, Government and commuters will
Incentives to do the right things. And at an even more difficult
'S soclopolitical probiesm economic mobiliser and soclar equal

O

-PM Leeds views on pub
d abstract from SUTD ministerial Forum, 5 April 2018
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Systems Thinking

0 Sy s Thankmsenablesyou to grasp and managesituation®f complexity
and uncertaintyin whichthere are no simpleanswersl taomay of learning
your way to effective action by looking at connectedwholesrather than
separatepartso

0 Sy s Thenkagyis a framework for seeinginterrelationshipsather than
things.for seeingpatternsrather than staticsnapshoidt is a set of general
principles spanning fields as diverse as physical and social sciences,
engineering@and managemerxi

-International Council on Systems Enginet
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Feedback
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Large Scale
Transport
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Stakeholders
\4 / J
Optimisation B Critical Systems Desig
Considerations
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Walk Cycle Ride SG as our strategy

WCRSG envisions a land transport system that mneeteed®f commuters and
businesses througthost of quality options.
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We are working with operators to improve rall reliability,
with targeted Mean KM Between Failure (MKBF)
for MRT lines at 1 mil by 2020.

As of Nov 2018 MKBFO MRT

LTA is taking over assets from operations as a move to achieve:

More responsive Focus on More competitive
to increased providing reliable rail industry
ridership

Iimim
I
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Including sleeper replacement, signaling
system, new trains, power supply works,
and so on.
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o al Upgrading and renewal of power supply system
Rene ®

* Reduce power-related faults
- ’ * Real-time monitoring

* Better fault prediction, detection and
identification

Track circuit replacement
* Detect location of trains on the track

* Speedier recovery from a signalling
system failure

6 Core Systems
- 3 Done, 3 to Go!

Sleeper Replacement o011 CL

* 188,000 wooden sleepers replaced
with concrete sleepers

66 first-generation trains

To be replaced

New trains will have:

Power Rail Replacement [e1,1 11T

* 12,000 pieces of power rail replaced « Sefisors 10 fHoAor BAHEINOE

* Imaging sensors and laser scanners to detect
Resignalling early signs of anomalies
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Early Closure Late Opening

@ smrr

CHANGES TO
OPERATING HOURS IN OCTOBER 2018
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East-West Line Stations Early Closure at around Every

From 11.00pm Friday &

Clementi to A i Saturday

Tiong Bahr FERLAS in October 2018°

s 115 2m

FRESMERIS 20185108 "%

BN RIGE EQBE#D

hEGIS E1

E%HE

-
* [ENE

MON TUE |WED| THU | FRI | SAT | SUN

1 2 3 O T ]
8| 9 fo| 1fC 12[C 13y 14
15 16 17 18[¢ 19(¢ 20(% 21

22| 23| 24| 25(¢ 26[¢ 27[% 28




Improvements to enhance maintenance

<. Condition Monitoring Venhicle

| Reattime monitoring of rall

| network to predict and fix faults
before they occur

0O Smar t earelkequipped with condition
monitoring tools; tapping on data analytics
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Design for O&M

Embedded inputs from PTOs eavlyen designing and building new railway systems.

Exar(;\ple flgwc_hart for a PTO workshop PTO involvement in PTO participation in e PTO jointly conduct
epot design engagements design acceptance project delivery handover/takeover
review inspection & acceptance
Conceptualisation of Depot Design Depot Design System Interfacing Works Completion of Debpot
RTS 1 Development g Acceptance ' P P

PTO jointly review
enhancement proposal

Depot Enhancement O&M
: Assessment &
I S 1 feedback by PTO
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Design for O&M

A
.....

Tuas West Depot Mandai Depot

Workshopinspection pit to ado@.55mclear height from Mechanised Overhead Cranes that are able to lift up to
the rail to thegrating provisioncompared to varying 10tonand improve workflown depot, compared to 8ton in
height in the past. previous depots
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Enterprise Asset Management

Design

Intelligent BIM

Life Cycle Costs Life Cycle
2w Management

Design for Operations
& Maintenance

Maintenance
Management System

Rail Systems Data

{ S T U S O O |

Sensor Data For
Condition Monitoring &
Predictive Maintenance

Beyond good engineering design, it is important to bring fore the needs of the O&M Phase
to achieve and deliver the full life cycle performance of the rail network.

L

I EE-I BN il BB Il uE i1

22






We are building more rall lines
to Improve connectivity.

Rail Lines Opening

» North South Line: Canberra Station Stage 2 Stage 3

==} 2019 2020 2021
» Thomson-East Coast Line Stage 1 » Thomson-East Coast Line » Thomson-East Coast Line
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2023

2024
@ /j » Thomson-East Coast Line Stage 5 » Thomson-East Coast Line!
=L » Downtown Line 3 Extension Stage 4

1

Tuas West.
Extension
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2025 2026-2028 2030
Circle Line 6 » Jurong Region Line » North East Line Extension
Stages 1-3** » Cross Island Line
] | |
[
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Thomson-East Coast Line

Jurong

ReglonLine North East Line
[

tension

Downtown Line

~—— Existing Rall Lines
Circle Line 6 Land Transport Maste
<<+« Land Transport Maste

360km
Ralil network
by 2030

81in 10

Households will live
within 10 minutes
walking distance of a
train station
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