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Agenda

▪ History, Background and Singapore’s challenges

▪ Singapore’s Smart Nation Initiative and Urban Mobility 2040 

▪ Connected Mobility

▪ Shared Mobility

▪ Autonomous Mobility

▪ Some experience sharing of my own autonomous vehicle project
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Some facts about Singapore
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▪ Population: 5.6 Million

▪ Land area: 719.9 km²



Some facts about Singapore
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▪ Population ranking: 114th in the world as of 2017

▪ Land area ranking: 123rd in the world

▪ Population density: 3rd in the world

Bangkok Metropolitan Region: 5,900 per square kilometer



Some facts about Singapore
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▪ Excellent 
Infrastructure 

▪ Road network 
expansion is limited 
by land area (12%)

▪ On the other hand, 
Singapore’s GDP per 
capita grow from 
29,869 USD in 2005 
to 57,722 USD in 
2017

▪ GDP doubled, how 
about car ownership? 

2005 2017

Express way

Collector road

Arterial road

Local road



Can a wealthy society also be a car-lite society?

▪ China GDP per capita 
increases more than 4 times 
from 2005 to 2017.

▪ New and better infrastructure

▪ Car ownership:   24/1000 
people in 2005

▪ Car ownership:   173/1000 
people in 2018

▪ Car ownership: increase by 
7.2 times

China National Highway 110 traffic jam. The China National Highway 110 traffic jam was a recurring
massive traffic jam that began to form on August 13, 2010, The traffic jam is more than 100
kilometres long and lasted for two weeks. Many drivers were able to move their vehicles only 1 km
per day, and some drivers reported being stuck in the traffic jam for five days.
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Some facts about Singapore
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▪ Excellent 
Infrastructure 

▪ Road network 
expansion is limited 
by land area (12%)

▪ On the other hand, 
Singapore’s GDP per 
capita grow from 
29,869 USD in 2005 
to 57,722 USD in 
2017

▪ GDP doubled, how 
about car ownership? 

2005 2017

Express way

Collector road

Arterial road

Local road

110,506 vehicles 
or 12.9% 
Increase
In 10 years

Car ownership:   
200/1000 people in 
2005
Car ownership:   
170/1000 people in 
2018



How did we control the number of cars?



Toyota Corolla Altis 800,000 – 1,000,000 Baht 

In Thailand

Toyota Corolla Altis 2,000,000 – 2,400,000 Baht 

In Singapore

COE price in 2017: 1,200,000 Baht 



Moving forward…

▪ COE itself cannot solve our problem !

▪ Zero growth policy for motor vehicle in Singapore for now

▪ Likely negative growth in the future

▪ LTA (Land Transport Authority) publishes Future Mobility Plan 2040: 

1. 8 in 10 households living within 10 minutes' walk of a train station

2. 85% of public transport journeys under 20km completed within 60 minutes

3. 75% of all journeys during peak hours undertaken on public transport

▪ Singapore’s vision: to become a car-Lite society

▪ Our challenge: how do we meet the increasing demand in personal mobility 
with our limited road infrastructure?
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Smart Nation: Smart Urban Mobility Initiative

▪ Strategic National 
Projects that drive 
pervasive adoption of 
digital and smart 
technologies throughout 
Singapore, including 
healthcare, living, 
mobility and service.
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Smart Nation: Smart Urban Mobility Initiative
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▪ Autonomous vehicle technology 
is the key enabler to realize 
“Smart Urban Mobility”

▪ Smart Urban Mobility is not just 
about autonomous vehicle. 

▪ Connectivity, shared, assistive 
and green



Connected Mobility
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Vehicle-to-everything (V2X) Communications: Passing of information from a vehicle to any entity that 

may affect the vehicle, and vice versa.

✓ V2V (Vehicle-to-Vehicle)

✓ V2P (Vehicle-to-Pedestrian)

✓ V2D (Vehicle-to-Device) 

✓ V2H (Vehicle-to-Home)

✓ V2G (Vehicle-to-Grid)

✓ V2I (Vehicle-to-Infrastructure)

✓ Etc…



Connected Mobility
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Why do we need V2X?

❖ Improve the safety

✓ Reduce vehicle collisions and crashes

✓ Traffic hazard warnings

❖ Increase the traffic efficiency

✓ Regulatory/contextual speed limits 

✓ Traffic light optimal speed advisory

✓ Traffic information and recommended 

itinerary

✓ Enhanced route guidance and navigation 

❖ Others

✓ Point of interest notification 

✓ Automatic access control/parking access 

✓ Local electronic commerce

✓ Car rental/sharing assignment/reporting 

✓ Map download and update

✓ Instant messaging



Connected Mobility
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Left turn driver assistant Pedestrian crossing warning



Connected Mobility
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Lane Change Warning System Emergency electronic break light system



Connected Mobility
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V2X allows road safety, efficiency applications such as (non-exhaustive list):

• Forward collision warning

• Lane change warning/blind spot warning

• Emergency Electric Brake Light Warning

• Intersection Movement Assist

• Emergency Vehicle Approaching

• Road Works Warning

• Platooning: Grouping vehicles into platoons is a method of increasing the capacity of roads.

V2X is 

perceived as a 

key enabler for 

autonomous 

driving.



Connected Mobility
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Connected Mobility
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The basic main components of VANET 
(Vehicle Ad-hoc Network) 
❖ On Board Unit (OBU)  Communication 

units mounted on vehicles. 
❖ Road Side Unit (RSU)  Communication 

units located on the roadsides 
❖ Application Unit (AU) 

The application reside in vehicles. 



Connected Mobility
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Challenges (uncertainty):

1. Infrastructure Cost: RSU (Road Side Unit)

2. Vehicle cost: OBU (On-board Unit)

3. Use cases and applications can be realized using alternative technologies: 

• Forward collision warning: radar-based ADAS

• Road and traffic conditions: apps

• Traffic light, speed camera: apps 

• Traffic monitoring: satellite-based, camera-network, highway induction loop detector, etc. 

4. Standard

5. VANET vs. 5G 

US: WAVE ("Wireless Access for Vehicular Environments")
Europe: ETSI ITS-G5



Connected Mobility: VANET vs. 5G
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Shared Mobility
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Shared mobility refers to the shared used of a vehicle, bicycle, or other transportation mode

It is a transportation strategy that allows users to access transportation services on an as-needed basis.



Shared Mobility
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Impacts of shared mobility:

❖ Enhanced transportation accessibility as well as reduced driving and decreased personal vehicle 
ownership.

❖ Environmental, social, and transportation system benefits
❖ Expand the reach of public transportation by addressing gaps in existing public transportation systems.
❖ Cost savings



Shared Mobility: E-hailing
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Ride-hailing (E-hailing) is a process of ordering a car, taxi, limousine, or any other form of transportation pick 
up via a computer or mobile device. The E stands for electronic and hail refers to the traditional process of 
signalling an approaching taxi/cab to stop.



Shared Mobility: rental car
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BlueSG



Shared Mobility: rental car
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Autonomous Mobility Initiative
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Gov.

AcademiaIndustry



Autonomous Vehicle in Singapore

29

Singapore Autonomous Vehicle Initiative (SAVI)
Joint partnership between LTA, JTC and A*STAR to provide
a technical platform for industry partners and
stakeholders to conduct research and development (R&D)
and test-bedding of AV technology, applications and
solutions.
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National University of Singapore

▪ The 1st AV program in 
Singapore.  

▪ Joint collaboration between 
NUS and MIT (Singapore-MIT 
Alliance)

▪ Started with golf buggy and 
deployed at Chinese Garden

▪ ROS-based
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NUS: autonomous golf buggy 
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NUS: Nissan Autonomous Vehicle
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Nanyang Technological University

▪ Started with electric vehicle research by ERI@N (Energy Research Institute)

▪ Many intelligent transportation testbeds & initiatives

1. CETRAN (Centre of Excellence for Testing & Research of AVs)

2. Autonomous guided shuttle
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Centre of Excellence for Testing & Research of AVs

1. CETRAN

▪ World's biggest test track for AVs, dedicated to supporting the Singapore’s
efforts in the introduction of these vehicles on public roads.

▪ Furthermore, ERI@N (CETRAN’s host institute) has partnered with LTA to develop
an electromobility roadmap for Singapore in 2015. ERI@N is also involved in
the R&D process of Singapore's first large-scale electric-vehicle (EV) sharing
programme by Blue SG, and is responsible for designing and testing high power
(150kW) charging of their vehicles.
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Centre of Excellence for Testing & Research of AVs

1. CETRAN AV testbed: 1.8-ha 
CETRAN Test Circuit provides a 
simulated road environment for 
the testing of AVs prior to their 
deployment on public roads, 
and it complements the AV 
testbed in one-north.
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CETRAN AV Testbed
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Autonomous Guided Shuttle

1. Group Rapid Transit autonomous vehicles (Dutch autonomous vehicle
technology company 2getthere )

2. Campus Shuttle
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Institute of Infocomm Research (I2R)
Agency of Science, Technology And Research (A*STAR) 

▪ A*STAR is Singapore’s 
national research institute, 
I2R covers many areas 
including wireless, robotics, 
AI and machine learning, 
network, information 
security, etc. 

▪ I2R started AV program by its 
robotics department in 2014

▪ Many spin-offs later on.
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Industry players: Start-ups, MNCs and GLCs 

▪ Start-ups

▪ Government Linked Company 

▪ Multinational company 
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MIT Autonomous Vehicle Spin-off

▪ nuTonomy, founded in 2013. based in Boston, Zurich and Singapore

▪ Launched a pilot robo-taxi service in Singapore

▪ Acquired by Delphi for 450 M$ in 2017
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A*STAR Autonomous Vehicle Spin-off

▪ Moovita: inherited most of the technologies/capabilities from A*STAR AV 
team. Working on general purpose AV, AI, first/last-mile AV

▪ SingPilot: by-wire conversion/retrofitting of AV

▪ IIM (International Intelligent Machine), headquarter in ShenZhen, China, R&D 
office in Singapore: AI and robotics

▪ Red Dot Robotics: autonomous utility/service vehicle
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A*STAR Autonomous Vehicle Spin-off
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ST (Singapore Technology) Engineering

1. Autonomous bus: ERI@N in partnership with LTA (Lad Transport Authority) will
test and develop their self-driving vehicle technology with two electric hybrid
buses.
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ST (Singapore Technology) Engineering
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ST-Kinetics (Singapore Technology Kinetics)

▪ Singapore Technology is one of the biggest engineering company in Singapore. ST 
groups consists of ST Electronics, Marine, Aerospace and Kinetics.

▪ Deployed mini AV shuttle at Garden by the Bay.

▪ Trial of ST AutoBus in Sentosa Island  



My Experience in Autonomous Vehicle

▪ Started an R&D program in 2014

▪ Focus on first/last-mile vehicle, campus 
shuttle, community transport, etc.

▪ Major achievements: autonomous campus 
navigation, auto-parking, etc.

▪ Successful translation of IP to commercial 
product

▪ Local and international events and activities
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driverless

bus
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Hardware Architecture: vehicle platform

▪ Toyota COMS Electric Vehicle

▪ Modified for drive-by-wire/steer-
by-wire

• Good platform for campus shuttle
• Good platform for R&D experiment
• Not allowed on public road
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Hardware Architecture: Sensors

obstacle detection, 
localization and mapping 

geo-referenced 
positioning

speed 
measurement

long range obstacle 
measurement

attitude sensing

Perception and mapping

encoder

parking
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System Integration
System Integration: 6 months

Some experience sharing:

▪ Computing power

▪ Battery capacity

▪ Power management

▪ Automotive inspection

3D LIDAR

Camera

2D LIDAR
Encoder 

Computer, GNSS, IMU, Battery

GNSS 
Antenna
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Software 

▪ Inter-process communication (IPC) framework 

▪ SLAM: Simultaneous Localization And Mapping for vehicle localization

▪ Control: throttle, brake and steering control

▪ Navigation and Path Planning: driving and parking scenarios

▪ Perception: Deep learning 
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Software: Inter-process communication framework 

▪ Autonomous vehicle has many software components.

▪ Failure of one software component should not result in 
catastrophic system failure.

▪ Inter-process communication framework allows 
processes (software components) to synchronize, 
manage shared data, exchange information, etc. 

▪ Message passing interface (IPC) 
middleware

▪ Remote procedure calls

▪ Distributed systems

▪ Robot-specific features/libraries

▪ Debugging tools

Whole graph
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Software: SLAM

▪ Challenges:  

1. High-resolution, large-scale map’s memory footprint is large. 
Construction of map is slow. Loading regional map data to a 
vehicle is slow.

2. Long-term map maintenance. (removing temporal objects)

3. Tedious data collection process.

Top-down view 
3D Map

(0.5 km by 2 km)

Localized Vehicle in Map

Orbital view of part of 3D Map

1

1st map patch
(25 m by 25 m)

2

2nd map patch
(25 m by 25 m)

Rotation R12 and 
translation matrix 

T12

3

3rd map patch
(25 m by 25 m)

Rotation R23

and translation 
matrix T23

1 n2 3

R12&T12 R23&T23
Rij &Tij
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Software: Vehicle Control

▪ Vehicle Control: throttle, brake and steering control (Velocity and steering control)

▪ Throttle and brake (velocity control): 

1. First attempt: implemented PID controller in C++ and tune parameters on the real car. It works (up 
to 15 km/hr)!

2. Cons: difficult to compare with other types of controller such as LQR, MPC, etc.

3. Cons: difficult to reproduce on other types of vehicle.

4. Current approach: modelling, identification, simulation and deployment.
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Software: Vehicle Control

▪ MATLAB model

▪ Design controller in 
MATLAB

▪ Tune gains in MATLAB

▪ Compile into ROS-
compatible C code 

▪ Seamless transition from 
Design to Deployment

Control output interface

Velocity Set point and Feedback 
input interface
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Background: Simulator

▪ Vehicle Simulator

▪ ROS

▪ VREP

▪ Physics engine

▪ Standard control 
algorithm 
interface

▪ Gazebo (currently 
used)
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Demonstration

▪ 3D mapping and 
localization

▪ Planning

▪ Perception

▪ Vehicle control

▪ Sensor fusion

▪ Campus 
navigation
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Software: Deep learning based Perception

▪ Detection/recognition of 
road users: car, bike, 
pedestrian, traffic police, 
etc.

▪ Detection/recognition of 
traffic signs.

▪ Situation awareness: 
sensor-fusion or AI-based? 

▪ Decision making: rule-
based or AI-based?

Deep learning model: VGG 16
Detector: SSD
Data set: Pascal VOC 2012
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Autonomous driving: Logic vs AI?

▪ Detection/recognition of road 
users: car, bike, pedestrian, traffic 
police, etc.

▪ Detection/recognition of traffic 
signs.

▪ Situation awareness: sensor-fusion 
or AI-based? 

▪ Decision making: rule-based or AI-
based?

AI-based autonomous driving
Sensor used: camera
Deep learning model: ResNet-50
Dataset: human driving inputs and image recording of lanes



Thank you.
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