Fundamental Data for
Cities of the Future

SLA._ Cities of the Future — Smart, Resilient

SINGAPORE

LAND AUTHORITY and SUStainabIe

Intelligont Transportation
System (ITS) ~

Biomass fuels

mmmmm

EVear
sharig
s
sharing
Smart House:
- Electicbus
Smart House

wwwwww

23/05/2017



: §mart Nation

I NG AP ORE

Many Smart Ideas - One Smart Nation

Smart Diamond 1o Define Smart City

SmrTonmne * Singapore is building the World's first

e st Smart Nation by harnessing technology
4 and gathering insights from data to the
— fullest with the aim of
OfliD-~  Tlestwintheamor
: — improving the lives of citizens,

Sman Technology ‘Smart Mobitky

— creating more opportunities, and

s — building stronger communities.

Source: Frost & Sullivan

Measurement + Prediction = Performance

SLA. Resilient and Sustainable Growth -

SINGAPORE
LAND AUTHORITY

Growing Needs for 3D Information

Urban Heat Island
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SLA

SINGAPORE
LAND AUTHORITY

Singapore Land Authority (SLA)

Limited Land e Unlimited Space

"] Optimise and Manage Land Resource

| Administer Property Transaction System

Bl Manage Geospatial Information

SLA

SINGAPORE
LAND AUTHORITY
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What is the Problem?
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SLAL

SINGAPORE Fu ndamental Data

LAND AUTHORITY

|
Positioning
Data

e National
Positioning
Infrastructure

e CORS Network

e Cm-level
accuracy

\ 4
Geospatial
Data

¢ Reliable

e High quality

e High
resolution

e Homogeneous

SLA.. SiReNT - Precise GNSS Infrastructure in

SINGAPORE

LAND AUTHORITY Si n ga p O re

LS
: : —
0 5 10 @
@’ Kilometers

- SiReNT GNSS Reference Stations

- National Reference System for Surveying,
Mapping and GIS

- Support real-time precise navigation and
monitoring
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SLA.. Smart Applications Need Precise

LAND AUTHORITY POS it i O n i n g

SL/‘\; New Upgraded SiReNT based on GNSS

LAND AUTHORITY

Enhanced satellite availability
Enhanced positioning efficiency

Qigps

e
Visibility

Number of Satellites
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SLAL

- @GNSS Assisted Piling System

LAND AUTHORITY

o SPRING s ¢ ANG

* Incorporated SiReNT into %*uv M_.-m
the development of GNSS
assisted piling system.

SLA-

- Smart Crane for Precast Building

LAND AUTHORITY

R NANYANG
BT UNRTRSITY  buidingand Construction
» Development of a
satellite assisted
Smart Crane
system

* Made possible by
introducing the
RTK technique

» Authority
K
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SLA Intelligent Transport Systems

SINGAPORE
LAND AUTHORITY

. Land Transport Authority e
Junction Safety System: ot R

SNGAPORE

The development of an in-
vehicle and roadside units
positioning solution for
crash detection and early
warning.

S!@ﬁ%Development of Driverless Vehicles

LAND AUTHORITY

* SiReNT provides precise navigation C)v”a‘i‘wo%‘% Hl:;:::::’;em )k
bility for Self-Driving vehicl g
Capa | Ity or Se ‘D”Vlng venicle I;m(lTmn<pnr&’\mhomy DELPHI TSy

implementations in Gardens-by-
the-Bay and LTA’s Driverless Vehicle
trials in One-North.

Gardens By The Bay — Auto Riders

Delphi --Audi SQ5 prototype.
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SLA-prones Navigation (POC projects)

SINGAPORE
LAND AUTHORITY

» Real-time autonomous
navigation

» Post processing of flight
path

» Post processing of data
acquired from flight

Reference Station
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Receive DGPS error

314 STEngineering %.% ST Aerospace

) L. IGPS Accuracy
<lm

AV receives error correction data
and correctsits position to be more
accurate

Send error corruction
datato UAV as well as
uplink commands to

control UAV /

correeiondata [ und Control
Station (GCS)

Connectedtointemet to
collect DGPS error
correction data from SLA

SLA

SINGAPORE
LAND AUTHORITY

» To collect ZTD and IPWV data
from GNSS measurements and
incorporate this information in a
numerical weather prediction
model to improve the solar

irradiance forecasting

Solar Irradiance Study

SERIS oW

Solar Energy Research
Institute of Singapore
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- Fundamental Geospatial Data

* Survey Control Information
* Cadastral Survey Information
* Mapping Data

— Terrain

- Building

- Road

N —

SLA : :
- National Coordinate System

Northing (N)

(28000, 36000),

s T —
O: :ﬁg ;;l - Easting (E)

23/05/2017



SLAL

SINGAPORE
LAND AUTHORITY

Integrated Survey Network (ISN) - Primary
Control Network

ISN - Primary Control Network

SLA-.

SINGAPORE
LAND AUTHORITY

Integrated Survey Network (ISN) —
Secondary Control Network

z
a
k3
=
]
2
2
[T}
z
>
Q
>
=
3
[
o
[
2
©
Z
o
Q
2
=

1:250,000

23/05/2017

10



23/05/2017

SLA
== Fundamental Bench Mark (FBM)

SL/‘\A Precise Levelling Bench Mark Network

LAND AUTHORITY

(PLBM)

1:250,000

Precise Levelling Bench Mark Network (PLBM)
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SLA..  Using GNSS for heights measurement -

SINGAPORE

LAND AUTHORITY G e O i d M O d e I

SLA.. “The Map” - Cadastral Survey Information

SINGAPORE
LAND AUTHORITY
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SLA.. Cadastre Information is Important

SINGAPORE
LAND AUTHORITY

* Property Title Registration
* Property Ownership
* Property Transaction
* Property Tax

* Sustainable Development
* Road Reserved Line
* Reserved zone
* Compulsory Acquisition
¢ Government Land Sales

* Planning
* Master Planning

& * Infrastructure Planning

SLA Smart Cadastre System

LAND AUTHORITY

* 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

¥, Source: Frost & Sullivan

Smart infrastructure

23/05/2017
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LA~ pata - Electronic to Digital

SINGAPORE
LAND AUTHORITY

Hardcopy Electronic Digital
*Manual Submission *Electronic Submission +Digital Submission

*Scanned raster images
sLandXML

*Online cadastre information and
policy
*Pre-submission check

*Semi-Automatic Processing of
—— Jobs

SLA.. Data Capturing using Rapid 3D Mapping

LAND AUTHORITY Te c h n 0 | Ogy

Phase 1 - FY13 to FY15 Phase 2 - FY14 to FY16

Airborne Laser Scanning & Imaging Mobile Laser Scanning & Imaging

FY14 FY15 | FY16

FY13

Phase 1

2 |
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SLA-. " Digital Surface Model (DSM) /
Digital Terrain Model (DTM)

LAND AUTHORITY
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SLA.. Photo Map from Airborne Images

SINGAPORE

LAND AUTHORITY

Photo Map (Orthophoto)

SL/‘\—\ Building Modelling using Imagery
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LA 3D Building Modelling

LAND AUTHORITY

Ojects View Eath | () @) OB 40 9 | S (5 B9

©OSLA 2016

SL/‘\; Mobile Mapping System Components

LAND AUTHORITY

IMU — Inertial
Measurement Unit (inside)

.

360 Spherical Camera -
Ladybug 5

Mobile Laser Scanner — Riegl
VMX-450

DMI - Distance Measuring
Instrument

36
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SLA- Mobile Laser Scanning Point Cloud

SINGAPORE

LAND AUTHORITY

SLA._ 3D Modelling — Transportation and

weaner Street Furniture
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SL/‘\—\ Data Management Strategies

LAND AUTHORITY

Collect once, use by many

1. Single point of truth (SPOT) is managed and maintained in Open
Source Data Format and Data Schema

— Embrace international open standard (e.g Open Geospatial
Consortium (OGC) standard, I1SO standards)

— Ensure government data is technology-independent

2. Data standard

— Establish 3D data standard to ensure interoperability and support
inter-agency data sharing

— Actively contribute and influence international 3D standard

. Multiple source / technology _—

SLA._  Benefits for Whole-of-Government

3D Data

Airborne Laser Scanning Data

Airborne Vertical / Oblique Images
" s . e

3D Building Models and
Building Height Information

== » S Photo Map
Digital Terrain Model & Digital Surface Model Road Surface and 3D Road Models
Applications
pp Coastal Protection Map Flight Safety Planning Tree Mapping &
Flood Risk Map @ PUB_ bt ey CAAS b
Underground Master Plan Planning . Urban Heat Island Study Driverless Vehicle Development
o ] - C‘\)}‘&‘A‘Qi‘»é‘i? Land Transport §Q Authority
National Geological Map Virtual Singapore SolarNova Project
s st i Ay N SLA~ iDA EDB =‘s
Slope Risk Analysis Map fl e ooy A SHGARORE 3D Cadastre )
i s
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SLA.. Data Model - CityGML Modelling 0G

SINGAPORE
LAND AUTHORITY I h e m e

CityGML

WaterBody

CityFurniture

Vegetation

Tunnel

Building Sz
Transportation

© KIT - Karlsruher Institute of Technology

Themes to describe the City

SLA~ cityGML 3D Building (LoD2)

SINGAPORE
LAND AUTHORITY

roof surface

wall surface

ground surface

32 Geometry + + Semantics +

23/05/2017
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SL/‘\A Where is the Data?

LAND AUTHORITY

* Government play an important role
— Providing fundamental data
— Ensuring standards
— Build and sustain ecosystem
* Fundamental Data
— Collect Once — Use by Many
— Open Standard

\ — Future-proof
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