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Singapore - City in a Garden

Size - 719 sq km

Population - 5.5 million 

Density – 7500/sq km



Highly Populated - Well Organised



Creating  Space Above and Below

Industry Space Above Roads

(Source: JTC)

Underground Science City Jurong Rock Caverns

Source: ST Singapore



Optimise and Manage Land Resource 

Administer Property Transaction System 

Manage Geospatial Information

Limited Land     Unlimited Space 

Singapore Land Authority (SLA)



Cities of the Future

SustainableSmart Resilient



Title

• Singapore is building the World's first 
Smart Nation by harnessing technology 
and gathering insights from data to the 
fullest with the aim of 

– improving the lives of citizens, 

– creating more opportunities, and 

– building stronger communities.

Measurement + Prediction = Performance

Source: Frost & Sullivan



Smart Technologies and Applications 

Smart Mobility 2030

NTU Proposed concept for UAV air traffic 
management

Smart Construction     
Source: Geospatial World

Sensors Network



Sustainable and Resilient 

Urban Heat Island Solar Potential Study

DTM for Flood Management

Telecommunication Coverage

Urban Air Flow Dynamic

3D Geological Map Underground Utilities

Underground Infrastructure

Development Planning



Digital Geoinformation for Cities of the 
Future

• Your Location 
(coordinates)
– Coordinate system
– Geodetic system
– Differential GNSS 

services

• Your Surroundings 
(maps 2D+3D)
– Cadastre Maps
– Topographic Maps
– Thematic Maps

Your 
Location

Your 
Surroundings

Digital 
Geoinformation



Role of Surveyors

• To create, maintain and provide Digital 
Geoinformation that underpins the 
development of a Sustainable, Resilient
and Smart Singapore



Model

ManageDeliver

Capture

Geomatics Framework

• Establish and maintain 
survey reference 
system 

• Define accuracy
• Deploy capturing 

technology

• Produce fundamental 
datasets

• Develop data models
• Develop and deploy 

modelling techniques 
and workflow

• Manage and maintain 
GIS and Database

• Detect changes and 
manage updating 

• Deliver specific products 
• Participate in solutioning
• Provide data services
• Create new thematic datasets



PositioningPositioning
Cadastral 

Survey
Cadastral 

Survey

Focus Areas

MappingMapping

Digital DatabaseDigital Database

Data ModelsData Models

StandardStandard
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Integrated Survey Network (ISN) - Primary 
Control Network



Integrated Survey Network (ISN) –
Secondary Control Network



Enhancing Smart Nation 
with SiReNT

Enhancing Smart Nation 
with SiReNT



SiReNT - Precise GNSS Infrastructure in 
Singapore

- National Reference System for Surveying, 
Mapping and GIS
- Support real-time precise navigation and 
monitoring

https://theta360.com/s/shJSAPl9H8OLmF5xYHaiKGoVw
http://tobsat.com/wp-content/uploads/2011/08/GPS-Navigation-GLONASS_SatelliteDoomsday1983.jpg
http://news.bbc.co.uk/2/hi/science/nature/6634285.stm


GNSS - Real-Time Kinematic (RTK) 



Using GNSS for heights measurement -
Geoid Model



Utility Assets Mapping

• Using DGNSS as part of 

the Mobile GIS Data 

Capture System 

(MGDCS) under the 

Water Supply (Network) 

Department.



Smart Construction - Height 
Monitoring

• Enforcement of  height 
restrictions on a 
construction site

• Other methods mainly 
require line of sight to 
work

• Using RTK allows accurate 
machine height 
monitoring and 
enforcement

No-go zone

Restricted zone

Safe zone



GNSS Assisted Piling System

• Incorporated SiReNT into 

the development of GNSS 

assisted piling system.



A*Star SME Day 2016

Development of New Solutions



Smart Crane for Precast Building

• Development of a 

DGNSS-BIM 

guided precast 

element hoisting 

system

• Made possible by 

introducing the 

RTK technique



Location Positioning Pilot



Unmanned Surveillance System

SiReNT RTK supports the 
development of Unmanned 
Surveillance System



Development of Driverless Vehicles

• SiReNT provides precise navigation capability for Self-Driving vehicle 
implementations in Gardens-by-the-Bay and LTA’s Driverless Vehicle trials 
in One-North. Gardens By The Bay – Auto Riders

ST PHOTO: KUA CHEE SIONG

A*Star – iiRAV Autonomous Vehicle

Delphi - Audi SQ5 prototype



Autonomous vehicle 1

Autonomous vehicle 2

Gardens by the Bay

▪ Requires accurate navigation and real-time localization (up to 0.2-0.5m accuracy).

Driverless Vehicles in Garden by the Bay



• Real-time autonomous 

navigation 

• Post processing of flight 

path

• Post processing of data 

acquired from flight

Drones Navigation (POC projects)



Smart Cadastre System

• What is Smart Cadastre?
– Fully Digital Data Management  
– Automated and Intelligent Processing 
– Adopt Open Source Standard
– Expanded into 3D and 4D 
– Data Analytics

• Key Components
– Smart Data Model 
– Standard (LandXML)
– IT system - CSMS 



3D Cadastre – Subterranean 

Land Survey Division, SLA



3D Cadastre – Building Subdivision



3D Mapping for City Models



3D National Mapping

2014 2015 2016 2017

Phase 1

Phase 2

Phase 2
Mobile Laser Scanning and Imaging

(completed: 2017)

Phase 1
Airborne Laser Scanning and Imaging

(completed: 2015)

Partners



Optech Pegasus ALTM

Aerial Laser Scanning



Aerial Photogrammetry Technique

Leica RCD 30 Oblique Camera



Building Modelling using Imagery



3D Building Models

©SLA 2016



2D – 3D Photo-Realistic Map



Aerial Vertical and Oblique Images



Working with Partners and Agencies

• Partners
– PUB – terrain model for flood 

management 
– CAAS – building height information for 

flight safety

• Internal SLA
– Identify Priority Area for Tree 

Maintenance in State Land
– Identify illegal dumping and 

unauthorised uses of state land

• Other Agencies
– Environmental
– Energy
– Transport



Mobile  Point Cloud Data

Mobile Mapping System

360 Spherical Camera -
Ladybug 5 

Mobile Laser Scanner – Riegl
VMX-450



3D Modelling using Point Cloud data



Airborne Laser Scanning Data

360 Camera Imagery

Mobile Laser Scanning Data

Road Surface and 3D Road Models

Airborne Vertical / Oblique Images

Digital Terrain Model & Digital Surface Model

3D Building Models and 
Building Height Information

Photo Map

Flood Risk Map

Flight Safety Planning

Urban Heat Island Study 

SolarNova Project

Underground Master Plan

National Geological Map

Slope Risk Analysis Map

Driverless Vehicle DevelopmentPlanning

Tree Mapping 

3D Cadastre

Virtual Singapore

3D Data 3D Data 

3D Products3D Products

Benefits for Agencies

ApplicationsApplications
Coastal Protection Map

http://www.iqpc.com/ShowEvent.aspx?id=116810&details=117010


Heritage Preservation using Terrestrial 
Laser Scanners



Interoperability 

• Adopt standards

• Sharing

– capture once, use by many

– Spatial data infrastructure

BuildingBuilding

CityFurnitureCityFurniture
ReliefRelief

TransportationTransportation

WaterBodyWaterBody

TunnelTunnel

BridgeBridge

© KIT – Karlsruher Institute of Technology

VegetationVegetation



Integrated Above and Underground 3D 
Map 



Singapore BIM Roadmap 



BIM Models as a Source for City Model (3D GIS)



Owner: John 
Location: 30 Black 
Pepper Prawn Street
Lease expiry: 31 Dec 
2099
…..

Owner: Alan
Location: 78 Good Food 
Avenue
Lease expiry: 1 Jan 2199
…..

Owner: Steven
Location:  62 Chilli
Crab Road #15-01
Lease expiry: 15 
June 2050
3D view:
….. 

3D Convergence - Ubiquitous Cadastre



3D Mapping_Publish.mp4

