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Challenges and Opportunities

Hong Kong

Opportunities
Tapping into Smart City Development



Challenges and Opportunities (Con’t)

Hong Kong
Smart City
B | uepri nt ’ 3D digital map

o Opportunities Tapping into Smart City Development

Progress
The pilot project for 3D digital map in East Kowloon ° October 2020
Geospatial Lab commenced in October 2020 I
Finalising the project brief to invite bids from potential ° December 2020 The pilot project for indoor map including 160 selected ° October 2020

buildings in East Kowloon, Tsuen Wan and Central

operators in December 2020
commenced in October 2020

Common Spatial Data Infrastructure (CSDI) . . . . . . . .
Building Information Modelling (BIM) implementation and integration with
Geographic Information System (GIS)
Preparations for CSDI portal architecture design and °

data standardisation underway, with on-going liaison Design of the road map and use cases of BIM Data °
encouraging B/Ds to release as many spatial data as Repository underway
possible. Enhancing Map Application Programming I
Interface, conducting system analysis and design of Study of harmonization of BIM standards for works °
Geo-tagging Tool, and preliminary design of District- departments underway
based Spatial Information Dashboard and Address Explore the develop t of positioning infrastructure for smart city applications
Data Infrastructure (GeoAddress)
Conduct a pilot project in a designated test site to ° Q32021

Launch of Map API in Dec 2020, while design for the ° Dec 2020 study, evaluate and showcase the requirements and
ther th ick wi d benefits enabled by a precise and seamless positioning
otherthree quick wins underway infrastructure using Global Navigation Satellite

Systems, Wi-Fi and other advanced positioning
technologies in smart city applications
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U l:{i\\l%{ls{llll;(i)i Study at Cambridge About the University Research at Cambridge Quick links

I What we do / National Digital Twin Programme

Centre for Digital Built Britain

Home Who we are - Whatwedo * Research = Resources - Events - Blog Connect

Gemini Principles

The Gemini Principles paper, released in 2018, proposes principles to guide the national digital twin
and the information management framework that will enable it.

What are the Gemini Principles?

Resources: The Gemini Principles [Download the report]

> Background to the Gemini Principles As an industry we are beginning to understand that data needs to be valued, managed effectively and shared
securely. We now need a common set of definitions and principles that can be adopted across the sector to
underpin the development of the national digital twin. The Digital Framework Task Group is bringing together
stakeholders from government, industry and academia to build a2 consensus on these definitions and values,
which it has called the Gemini Principles.

Explaining the Information
Management Framework (IMF)

Digital Twin Hub The Gemini Principles report was published by the Centre for Digital Built Britain in December 2018 to begin
enabling alignment on the approach to information management across the built environment, as establishing

agreed definitions and principles from the outset will make it easier to share data in the future.
Resources: The Roadmap

These principles are effectively the conscience of the information management framework and the national
Resources: Pathway Towards an IMF digital twin. To ensure that these two initiatives are - and remain - for the public good, they need strong
founding values to guide them.

Resources:Top-Level Ontologies and Enshrined in these values is the notion that all digital twins must have clear purpose, must be trustworthy and must function effectively.

Industry Data Models All the Gemini Principles flow from this. They are deliberately simple, but their implications are far-reaching and challenging. They are
descriptive of intent, but agnestic on selutions, to encourage innovation and development over time.

Resources: Approach to Delivering an



The Gemini Principles

Purpose:
Must have
clear purpose

Trust:
Must be
trustworthy

Function:
Must function
effectively

Public good
Must be used to

deliver genuine public

benefit in perpetuity

Security
Must enable security
and be secure itself

Federation

Must be based on a
standard connected
environment

Value creation
Must enable
value creation
and performance
improvement

Openness
Must be as open
as possible

Curation

Must have clear
ownership, governance
and regulation

Insight
Must provide

determinable insight into
the built environment

Quality
Must be built on data of
an appropriate quality

Evolution

Must be able to adapt
as technology and
society evolve




Digital Twin for A Smart City

Data Sources

: . : Maturity Spectrum
Physical Asset @ Digital Twin ety SpecTum -
Element 0
| Reality Capture |

Element 1

Consumers and Stakeholders I
3D Model (Visualization Map)

I . Resident . . I
0
I . Supply Chain . PP . I

I . . Enginear . I
I Manager . . I

Element 2
| Connect to Persistent Data and
I BIM (Data Standardization)

Element 3
I Enrich with Real-time Data

Planner Government /I

|

I @ > Local authority | Element4 |
e o o o o o e o e o o) Two-way Integration and

l Interaction l

Element 5 I

Autonomous Operations and I

@ | Maintenance |

Source: ATKINS (2019). “Digital Twin for the Built Environment” J DGi‘CI ACCGSS _——mmm =
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Smart City Index 2020 - Institute of Management Development

(IMD) and Singapore University for Technology and Design (SUTD)
https://www.imd.org/smart-city-observatory/smart-city-index/

* IMD compared and ranked total 109 cities in the
world

 Evaluated five key areas : health, mobility,
activities, opportunities and governance of a city

* Assess the perceptions of residents on 1ssues
related to existing infrastructures and technology
applications available to them 1n their city

- e e e e e e
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City Smart City Change Smart City Smart City Smart City

Rank 2020 Rating 2020 Rank 2019 Rating 2019
Singapore 1 AAA 1 AAA
Helsinki 2 A (+6) AA 8 A
|2urich 3 v (-1) AA 2 AAA
| Hong Kong | 32 | A (+5) | BEB | 37 | BBB |

Source: Institute for Management Development (IMD) World Competitiveness Center — Smart City Index 2020


https://www.imd.org/smart-city-observatory/smart-city-index/

Smart City Index 2020

Smart City
Smart City .
Change Rating
- Renieiet - 2020

2020

1 AAA Gothenburg ¥ (-3) BBB Paris
2 A (+6) AA (Hong Kong A (+5) BBB | Zhuhai 62 v (22) EET
3 ¥ (-1) AA Hanover 33 Y (-7) BBB Tianjin 63 V¥ (-22) CCC
A (+2) AA Dublin 34 Y (4) BBB Chongging 64 v (-22) Ccc
Oslo World Ieadlng Simartvcﬂnes AA Denver 35 Y (-2) BBB Hangzhou 65 v (-21) ccc
Copenhagen AA Boston 36 v (4) BBB Nanjing 66 v (-11) CCC
Geneva T (3) AA Seattle 37 ¥ (-3) BBB Shenzhen 67 ¥ (-24) CccC
Taipei City 8 ¥ (-1) A Berlin 38 A (+1) BBB Guangzhou 68 ¥ (-11) CCC
Amsterdam 9 A (+2) A Phoenix 39 BBB Chengdu 69 V¥ (-11) CCcC
New York 10 A (+28) A Bimingham 40 A (+12) BBB Bologna 70 ¥ (-52) CCC
Munich 11 A Chicago 41 A (+12) BBB Bangkok 71 A (+4) ccc
Washington D.C. 12 A (+19) A Abu Dhabi 42 A (+14) BB Medellin 72 A (+19) CCC
Dusseldorf 13 ¥ (-3) A Dubai 43 A (+2) BB St. Petersburg 73 CCC
Brisbane 14 A (+13) A Prague 44 ¥ (-25) BB Milan 74 Vv (-52) CCC
London 15 A (+5) A Madrid 45 v (-24) BB Lisbon 75 A (+1) cce
Stockholm 16 A (+9) A Busan 46 A (+4) BB Bratislava 76 A (+8) Ccc
Manchester 17 A Seoul 47 BB Budapest 77 A (+6) CCC
Sydney 18 v (4) A Zaragoza 48 A (+1) BB Marseille 78 CCC
Vancouver 19 Y (-6) A Barcelona 49 Y (-1) BB Tokyo 79 V¥ (-17) CCcC
Melbourne 20 A (+4) A Tel Aviv 50 Y (4) BB Osaka 80 Y (17) CCC
Montreal 21 Y (-5) A Lyon 51 ¥ (-28) BB Shanghai 81 v (22) cCc
Hamburg 22 A Philadelphia 52 A (+2) BB Beijing 82 v (-22) cc
Newcastle 23 A Riyadh 53 A (+18) B Ho Chi Minh City 83 ¥ (-18) cC
Bilbao 24 ¥ (-15) BBB Kuala Lumpur 54 A (+18) B Hanoi 84 v (-18) cc
Vienna 25 ¥ (-8) BBB Warsaw 55 A (+6) B Hyderabad 85 ¥ (-18) cC
Los Angeles 26 A (+9) BBB Moscow 56 A (+16) B New Delhi 86 v (-18) cc
San Francisco 27 Y (-15) BBB Ankara 57 A (+17) B Bucharest 87 v (-2) cc
The Hague 28 A (+1) BBB Krakow 58 A (+11) B Buenos Aires 88 ¥ (-1) cc
Rotterdam 29 A (+7) BBB Tallinn 59 B Sofia 89 cC
Toronto 30 V¥ (15) BBB Brussels B0 | A (+4) B Mexico City 90 V(2 cc

Source: Institute for Management Development (IMD) World Competitiveness Center - Smart City Index 2020



Findings: Areas that Hong Kong

R i Effort

e q U Ires m o re o r For group 1 [highest HDI guartile], scale AMA-AA-A-BBB- BB
For group 2 |second HDI quartile], scale A-BBB- BB-B-CCC
For group 3 [third HDI quartile], scale BB-B- CCC-CC-C
For group 4 [lowest HDI quartile], scale ccc-cc-c-D
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Road Congestion

Air Pollution

Affordable Housing

| -—

T /4'

ﬂ& Recycling Services

Source: IMD World Competitiveness Center - Smart City Index 2020

Cltlzen Engagement Green Space

1n Decision Making
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World No. 1 Smart City - Singapore makes use of Spatial Data

to Tackle Road Congestion
https://www.smartnation.gov.sg/what-1s-smart-nation/initiatives/Transport/open-data-and-

analytics-for-urban-transportation-1

Trffic

Condition Availakility
Dataset
Ay 4
Aokt lle
: 4 Passenger —
Road Works Volume of i

Stations


https://www.smartnation.gov.sg/what-is-smart-nation/initiatives/Transport/open-data-and-analytics-for-urban-transportation-1

Singapore Traffic Watch
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World No. 2 Smart City - Helsinki makes use of
Spatial Data to show Svuitable Living Areas for Family
with Children

Oletko harkinnut naita?

Torkkelinmaki €€ € -
a Myytavia asuntoja: 9
i Palvelut: @ & B M & =

4@.‘1 Siitasaari € €€ -

' Myytavia asuntoja: &
«T b ‘&‘ Palvelut: @ & B M A& =
4 s ” R Vilhonvuori €€ € -

Myytavia asuntoja: 10

Loyda uusi asuinalueesi!

Uusi karttapalvelumme nayttaa Helsingista juuri sinun perheellesi
sopivimmat asuinalueet, joissa hinta, palvelut ja liikkumisen
helppous yhdistyvat.

Aloita kertomalla perheestasi
valitse perheenjasenten maara kiikkaamalla

Palvelu: @ & B M a4 =

Linjat €€€ ->
Myytavia asuntoja: 13
Palvelut: @ & B M A =

Source: Helsinki Region Infoshare



World No.2 Smart City - Helsinki makes use of Spatial

Data to Monitor Air Quality

Dust from

» Different spatial data in Helsinki are related to air quality Construction Sites

» Metropolitan area air quality index, pollutant statistics

» Area where annual limit of NO2 has been exceeded
* Air quality measurement device installed on trams

A i,
N wuTe b »"‘\Jt |
PUNATUVANTIE
% twm% AULUTIE
N *
Rz N i"‘ ' e el PAKILA My i
Streets with high NO- \ B Map with High Pollutant o

Source: Helsingin seudun ympéaristopalvelut HSY - Air Quality and Climate & Helsinki Region - Open Data Service
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World No. 3 Smart City — Zurich makes use of Spatial
Data to Support Recycling

— n

Karte Satellit

®

@

P

®-

8600 Dubendorf
Hauptsammelstelle Usterstrasse 105 Z

iR |

Loacker Swiss Recycling AG Usterstrass [i#

1P (@ (© @

Migros MM Unterdorfstrasse 7

List of Recycle
Center

1 Nord) Neugutstrass

CIGICISISIGISIENEEIQ

Recycle Centers based | (€
on Material Selected =

Source: Recycling Map, IGORA Cooperative

) BYSSICN I CONCHIONEANCY
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PE-Milchproduktflaschen
Photovoltaik-Module

Pneus

Sonderabfélle (Chemikalien)
Sperrgut

Tintenpatrone

7ot/ 40 7;
it 5

fﬂl”fgé:
Waffen + Munition

Wasserfilterkartusche



The Geospatial Contribution
to Digital Twin

Common Spatial 3D Digital Map BIM Data
Data Infrastrutcure Repository

iim Survey and Mapping Office
=t Lands Department






What is Infrastructure?

General purpose infrastructure like water pipe, gas pipe, electricity network and

broadband that are fundamental for daily life activities

Lighting Network

10104004 004045
wietoidar | Data as Infrastructure

ojejoflofllerlorlonls - A strong data infrastructure would enhance the efficiency for data consumption
___ and sharing

iim Survey and Mapping Office
=t Lands Department



Spatial Data

Topographic
Basemaps

&%
Disaster é

Management

Health Care

>85% data refers to location and their value can be
greatly enhanced through geo-enabling and integration ...

all sectors of human activities

Lk& |H\

‘O,

Utility Management

Land Records Telecommunications

Urban & Regional '.' Census

Environmental

Planning Management
>
\ ®
— — Economic
Education Logistics Development




Need for Common Spatial Data Infrastructure

A map-based information infrastructure leveraging GIS technology

Spatial data based on agreed
standards can be stored,
searched, shared, explored,

assimilated and analyzed

iim Survey and Mapping Office
=t Lands Department



Generic Digital Framework for Smart City

-
SMART Smart Smart . Smart ! ri 5 ah Smart
SERVICES FEeonomy Mohility [N/ Environment Prople mI Government
A | } —

Data Laver

entre
lication Architecture}

i
Digital Persona

Data

(Cloud & Ap

Identity and [oT [ SCADA

Int egral ion Layer Aecess Control Network

DIGITAL
INFRASTRUCTURE

Standards

Fixed Networks Mobile Networks Wi-Fi 7 ) LPWAN

Datn ﬁ‘on: S'emrs :nd M tc:rs ~ ™ Data from B/D or Public/Private
Jf" 4’!‘ ﬁ Q‘:} [ .Y & ?‘-‘ Databases
DATA
S0URCES

Built Environment Power ‘Water Public Spaces

iim Survey and Mapping Office
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Architecture of a Common Spatial Data Infrastructure (CSDI) Platform

i User groups include B/Ds (Phase 1); Business/Professionals, Academics
and General Public (Phase 2). User authenication will be required for
accessing restricted data.

DataOwner  Data

¥ —

{ CSDI Portal }n»
Application shared with other CSDI Platform (eg cxan)
B/Ds can be accessed through Cloud-based
CSDI Portal Frontend Functions Geospatial Web Services (e.g. GeoServer)
— —
f ’ Q Data Portrayal Processing
Applications developed and 5 Services Services Services etc.
shared by individual B/Ds = Dataset a rry C lised Map Viewer (e.g. WFS, WCS) (e.g. WMS, WMTS) (e.g WPS) =
Other Policy Areas £ Publishing Tool  Publishing Tool  Search/Queries 3 §
= E o Z
Enviromental-relatelf - = &
= '3l |Backend Functions g >
a8 £
< Geopspatial N 5
<
= Catalogue Data Format Data Dow Wi i § 2
€ Services Conversion Validation Sen;:':e:d ::;a:ﬁ:: . Gesz:vri\::ilng S“(:,Ch SEO'P‘“' etc. @
< . . 9 n -
E (e.g. GeoNetwork) Services Services Services ‘§ 2
< =
g o <
o ~
Applications § Repository for F undi«jn;u;-i P,dld ‘”“’,"[”ﬂdif Phtfothuppm Tools § g
= Sp;ﬁal i Admi i ankard Logging Application ='_' g
[ —— NoSQL e
B/Ds' specific business Database Dalabgse Dashboard Tool Tool P:":‘:"'“T’o"olc' etc. | i S
applications can access spatial File / Object | (@9 FosiGis) ] R " = i i
data and services through CSDI ____Storage = s
Platform §
Distributed Data Sources
B/DA B/DB B/DC B/DD B/DN
g E @ Spatail Data and Services @
% % % shared by individual B/Ds
Data Data Dy e Data
APL Source APl Source o Source APl Source
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3D Digital Map
3 Stages of 3D Digital Map Development

3D Maps 3D Maps for Unit-based 3D Maps for
for Visualization Indoor Applications City Modelling

iim Survey and Mapping Office
=t Lands Department



HONG KONG GEODATA STORE

Stage 1 - 3D Maps for Visualization

iim Survey and Mapping Office
=t Lands Department



Acceptance of BIM Format for
General Building Plan (GBP) submission by BD

BIM
Building Information Modelling

Feasibility Study on integration of @ Collaboration with Construction Industry
BIM/GIS by LandsD ' Council (CIC) on BIM Standards Phase 2

Setting up a BIM Data @ @ Mandatory use of BIM of Works

Repository Prototype by LandsD Project over $30M by DevB

iim Survey and Mapping Office
=t Lands Department



Government Policy on BIM Adoption

FENBATRERE
The Government of the Hong Kong Special Administrative Region

LandsD is commissioned to establish

l...... n.-.““hhs‘_
| Tem - e the BI Data Repository for storing
BEURTEN IS :‘T'::.'“:—l"-’:." S
Howg Koy Iba i
R iy g, BIM models from Works Departments
Grouwp : 25,6 18 in
23 December 2020 fécj]' B
i
Development !-mn as W, ¢ l‘be O)()d
Technical Circular (Works) No. 122020 (S n ¢
U as the teé’latjo . N “onga,
K. —— 19 Y elopgy ey 5 h
L 771 eny Of(}? BIA/[QD;fbnhathn
- et ey, Mgy e Ceoq” of 4
This Circular sets out the policy and requirements on the adoption of Sl’re 0 7, Spat' apblc ! as,
Building Information Mo&llug(Ble .tbat th Illtate s Shy /i 1al n Iaff)zb) A Setg B
This Circular applics to works cither by government staff, consultants or 4 8 B p OVI'de tl()n Sys ch

contractors.

Effective Date
3 This Circular takes cffect on | January 2021 M
Effect on Existing Circulars and Circular Memoranda d
4. This Circular supersedes DEVB TC(W) No. 92019. g £ "
OPed b
'4) dy vV
€ for

DEVB TC(W) Ne. 122020

=t Lands Department



BIM Horizontal Harmonisation for BIM/GIS Integration

Ly s

Kwu Tung North  Fanling North

Selection of Kwu Tung North & Fanling North NDA for the Study
+ Auvailability of design BIM model data (Advance Works and First Stage)
» Contain Different Types of Infrastructures from é Nos. of Works Departments
» ArchSD - Visitor Centre of the Nature Park
» CEDD - Slope
» DSD - Drainage, Sewerage, Sewage Pumping Station

- it
« EMSD - Reprovisioning of Temp Wholesale Market e X =
v Rocmnes i 1133 R (@

KWU TUNG NORTH / FANLING NORTH

+ WSD - Waterworks, Fresh Water Services Reservoir, Flushing Water Services Reservoir New Development Areas

iim Survey and Mapping Office
==t Lands Department




Establish BIM Data Reposntory ) Sharing of BIM data across WDs

ii'l Survey and Mapping Office
=t Lands Department



‘BIM:Data Repository Consultancy.

* Define Development Roadmap of BIM Data Repository
System

e Recommend Data Formats
* Provide functional requirements

* Develop a Proof-of-Concept application of BIM/GIS
integration

iim Survey and Mapping Office
=t Lands Department






SIX CHALLENGES FACING 30 DATA AS A PLATFORM

State of the Art in
3D City Modelling

30D city models, as digital represantations

of urban areas, can be used to faclitate
many applications, such as urhan wind and
dispersion simulations, energy studes, nokse

placed In s
shadow anays:

studies and various types of analysis that
require a planned architectural design to be

ext (eg. ine of sight and
clash datection with cables

-
 Figure 2. Part of the 30 city model of Vatkenbu g, the 1

can be rep
i 3 30 oty modsl inclode: beiidings vegetation, water bodies, bui¥-up amas gmen amas roads efc
(Courtesy: Dotk Nadasier)

and ppelines in the underground, Impact

of ulation, see Figure 1). These

3D models, which aiso contain semantics,

are different from 3D meshes (as found In
computer graphics and the gaming warld) and
from raw point clouds. These can be used

for visualization and visual analyss, but they
are not suitable for most cther spatial analysis
purposes.

In order to aliow for the development of
advanced applcations, 2 3D city model
should describe the geometry and attributes
of all the Individual elements that are typically
present in a city, e.g. the terrain, roads,

water bodies and buldings (Figur:
addtion, refevant semantic information can
be included with the geometnes, such as the
year 2 buliding was constructed, the numbes
of people Iving In & and the construction
matenals It is made of - al mportant
Information to optimize circular econormy flows
or energy consumption. Such semanticaly
enriched 3D city models potentially represent
powerful hubs of integrated information to

be used for computer-based urban analysls
purposes, includng in the contexdt of broader
developments such as smart cities and digital
twins.

Advances in tachnologies for the coliection

of 3D elevation information through Lidar
and photogrammetry have made £ relatively
easy for practitioners in different fialds to
automatically reconstruct 30 city models (see
Figure 3 for a couple of examples). These
models typically contain manly bulidings,

but cther object types are increasingly being

ABOUT THE AUTHORS

Prof Dr Jantien Stoter chairs the 3
research group at Delft University o
als

eoinformation
hnology. She

antien did her PhD on 3D Cadastre
nal grant from the Dutch

50 modelling (2011) and was
a grant from the European Research Council
her current research on urban modelling in higher
dimensions

< J.e.stoter@tudelft.nl

rks as innovations researcher at both Kadaster

Consistency between

models

6 Challenges
Facing 3D
DataAsa

Platform

Data maintenance/

governance

Source: https://www.gim-international.com/content/article/state-of-the-art-in-3d-city-modelling-2

Standardization

Data quality

Data interoperability




Evolution of Digital Map from 2D to 3D

« Invite International Experts to develop the international / national mapping standard for 3D city model (e.g.
Open Geospatial Consortium (OGC) Standards)

« Market research of technology edge on 3D mapping

« Interview stakeholders

oGC

Making location count.




In the future (Stage 3) — 3D Maps for City Modelling

(Object-Oriented 3D Model)

3D City Modelling Standards - OGC CityGML & IndoorGML

* Urban Planning / Operations

* Emergency Mgt / Response

» Transportation / Routing / Logistics
* Indoor navigation

« Retail Site analysis

» Sustainable / Green Communities
» City Services Management

* Noise abatement

» Telecommunications placement
* Many other uses...

Source: www.directionsmag.com

Source: http://www1.nyc.gov/site/doitt/initiatives/3d-building.page

ji{{] Survey and Mapping Office - 4
I-'L@ Lands Department 34




UN-GGIM

UNITED NATIONS
COMMITTEE 'OF EXRERTS ON

GLOBAL GEOSPATIAL
INFORMATION MANAGEMENT

Future trends in geospatial
information management:
the five to ten year vision
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This document was produced by Ordnance Survey of Great Britain at the request of the United
Nations Committee of Experts on Global Geospatial Information Management.

Lead author: Christin Walter, Ordnance Survey of Great Britain

All parts of the report may be reproduced provided the source ‘Future Trends in geospatial

information management: the five to ten year vision -

Source:

Third Edition, August 2020’ is cited.

https://ggim.un.org/future-trends/



Technology plays a prime role in disrupting the
geospatial industry

Airborne
UAVSta Data Capture

Aerlal Photos Airborne LiDAR data Capture




3D Digital Map — High-Level Use Cases

for the purpose of ®
preservation

Making location count.

from diverse or

to determine properties unlimited points of view
and characteristics of for the purpose of
the modelled publishing the
environment environment and its

compaonents elements

H i g h _ Leve I High-Level Use Cases |
The top-level use cases for CityGML models can be divided into five groups:
Use Cases

® Archive is creation and use of a model for the purpose of preservation of the former or current state of an
or the pre of a proposed for example an existing city, an archaeological site.
or a new airport. Even though the principle reason for modelling is to capture an environment, archived models
will normally aiso be used in one or more of the following top-level use cases

e.g. viewsheds, lines-of- to convey the overall o Visualisation is generation of views of a modelled environment from diverse or unfimited points of view for the
. . . purpose of publishing the andits elements in a way that is well integrated with native
sight, heating potential, nature of a modelled human perception of a three-dimensional world, optionally with the flow of time. Visualisation is often the best

etc. environment way 10 convey the overall nature of a modelled environment

 Navigation is the guidance of people or vehicles through a modelled environment. It may also include the
derivation of guidance data, such as IndoorGML. from a model for the purpose of navigation. Semantic structure
enables route-finding and guidance in terms of object categories that are directly meaningful to humans. For
example. a door can afford transition between two enclosed spaces and a roadway is strong enough, large
enough. and smooth enough to afford motion of wheeled vehiles.

o Simulation is the use of a model as a substitute for the corresponding real-world environment for the purpose of

conducting experiments relating to its behaviour in terms of electromagnetic wave propagation, sound
propagation, flooding effects, blast effects, ighting, earthquakes. and other physical processes.

o Analysis is the use of 2 model to determine properties and characteristics of the modelled environment such as

for th-e pumos‘? of gulda‘nce of people or solar electric and heating potential, viewsheds and lines-of-sight. obstructions to flight. parcel contents, and other
conducting experiments vehicles through a intrinsic joint properties of the modelled elements.
relating to its behaviour modelled environment

Source: https://github.com/opengeospatial/CityGML-3.0CM
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Abstract: In the last decades, 3D city models appear to have been predominantly used for
visualisation; however, today they are being increasingly employed in a number of domains
and for a large range of tasks beyond visualisation. In this paper, we seek to understand
and document the state of the art regarding the utilisation of 3D city models across multiple
domains based on a comprehensive literature study including hundreds of research papers,
technical reports and online resources. A challenge in a study such as ours is that the ways
in which 3D city models are used cannot be readily listed due to fuzziness, terminological
ambiguity, unclear added-value of 3D geoinformation in some instances, and absence of
technical information. To address this challenge, we delineate a hierarchical terminology
(sparial aperarions, use cases, applicarions), and develop a theoretical reasoning to segment
and categorise the diverse uses of 3D city models. Following this framework, we provide
a list of identified use cases of 3D city models (with a description of each), and their
applications.  Our study demonstrates that 3D city models are employed in at least 29
use that are a part of more than 100 applications. The classified inventory could be
useful for scientists as well as stakeholders in the geospatial industry, such as companies and
national mapping agencies, as it may serve as a reference document to better position their

operations, design product portfolios, and to better understand the market.

29 use cases
>100 applications

ISPRS Int. J. Geo-Inf. 2015, 4

2851

Table 1. Overview of the documented use cases of 3D city models, divided into two groups:

non-visualisation and visualisation use cases.

§ Use Case

Example of an Application

4.1.1 Estimation of the solar irradiation

Determining the suitability of a roof surface for
installing photovoltaic panels

4.1.2  Energy demand estimation Assessing the return of a building energy retrofit
4.1.3  Aiding positioning Map matching
4.14  Determination of the floorspace Valuation of buildings
4.1.5  Classifying building types Semantic enrichment of data sets
4.2.1  Geo-visualisation and  visualisation Flight simulation
enhancement
4.2.2  Visibility analysis Finding the optimal location to place
a surveillance camera
423 Estimation of shadows cast by urban Determination of solar envelopes
features
424  Estimation of the propagation of noise in Traffic planning
an urban environment
4.2.5 3D cadastre
4.2.6  Visualisation for navigatig
4.2.7  Urban planning

Applications of 3D City Models: State of the Art Review




Google Is
Improving
Android’s
Urban GPS
Accuracy
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t Android, we want to make it as casy as possible

for developers to create the most helpful apps

for their users, That's why we aim to provide the

best location experience with our application.
programming interfaces (APls) like the Fused Location
Provider (FLP).

However, we've heard from many of you that the biggest
location issue is inaccuracy in dense urban areas, such as
wrong-side-of-the-street and even wrong-city-block errors.

This is particularly critical for the most-used location apps,
such as rideshare and navigation. For instance, when users
request a rideshare vehicle in a city, apps cannot easily locate
them because of the GPS errors.

The Last Great Unsolved GPS Problem
This wrong-side-of-the-street position error is caused by
reflected GPS signals in cities, and we embarked on an
ambitious project to help solve this great problem in GPS. Our
solution uses 3D mapping-aided corrections, and can only
be done at scale by Google because it comprises 3D building
models, raw GPS measurements, and machine learning.

December’s Pixel Feature Drop (for Pixel smartphones)
adds 3D mapping-aided GPS corrections to Pixel 5 and Pixe!
4a (5G). With a system API that provides feedback to the
Qualcomm Snzpdragon 5G Mobile Platform that powers
Pixel, the accuracy in cities— also known as urban canyons —
improves spectacularly.

The two images on the next page show that without 3D
mapping-aided corrections, the GPS results frequently wander

Apps
Google Play Services

30 mapping aided .,

~
commections RFLE)

GNSS HAL & Framework

§
i

\
\§)
\&/

= 3 - CORRECTIONS MODULE: Tiles with
PEDESTRIAN TEST. Equipped with a Pixel 5 phone, a pedestrian walks along one 3D models will be downloaded

side of the street, then the other. Yellow = path followed, red = without 3D and cached on the phone.
mapping-aided corrections, blue = with 3D mapping-aided corrections.

With the December Pixel Feature Drop, we are releasing
version 2 of 3D mapping-aided corrections on Pixel 5 and
Pixel 4a (5G). This reduces wrong-side-of-street occurrences
by approximately 75%.

Other Android phones, using Android 8 or later, have
version 1 implemented in the FLB, which reduces wrong-side-
of-street occurrences by approximately 50%. Version 2 will
be available to the entire Android ecosystem (Android 8 or
later) in early 2021. We will also soon support more modes,
including driving.

Android’s 3D mapping-aided corrections work with signals
from GPS aswell as other GNSS: GLONASS, Galileo, BeiDou

_ and QZSS. m



3D Spatial Data of Lands Department (2012)

~2000 models
~90 major roads |
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3D INDIVIDUAL BUILDING MODELS
(L2/L3 - PHOTO REALISTIC MODELS)




3D INDIVIDUAL BUILDING MODELS
(L2/L3 - PHOTO REALISTIC MODELS)




>90%

3D INDIVIDUAL BUILDING MODELS
(L1 - BLOCK MODELS)




<10% >90%

3D INDIVIDUAL BUILDING MODELS 3D INDIVIDUAL BUILDING MODELS
(L2/L3 - PHOTO REALISTIC MODELS) (L1 - BLOCK MODELS)




3D Digital Mapping Project

The 3D digital mapping project comprises

» Full-fledged 3D visualisation map

» 3D indoor maps for 1 250 nos. of buildings

» 3D pedestrian network

To be completed by end 2023
i suve and apoig ofice T s




_ . ¢ gl HONG KONG GEODATA STORE
Stage 1 — 3D Maps for Visualization ekiyetivirr S
— T

1
]

@ ggg[? Aﬁr‘gORE 3D Visualisation Map

Tolo Harbour Chung Wan

Three
Fathams
Cove

T
IN|
NI
IT
Sha Tin Haita Onishan

© The Government of the Hong Kong SAR

Showing 1 - 20 of 20 Record(s)

Mesh Index Area Code English Name Chinese Name Sheet No 0BJ 0SGB

1 7-NE-17B-1 P10,R23 Tai Po Kau,Chun Ma 7-ME-17B View Download Download
2 7-NE-17B-2 P10,R23 Tai Po Kau,Chun Ma AEERS 7NE-17B View Download Download
3 7-NE-17B-3 P10,R23 Tai Po Kau,Chun Ma 7-NE-17B Wiew Download Download
4 T-NE-17B-4 R23 Chun Ma 25 T-NE-17B View Dovinload Dowinload
5 T-NE17BS R23 Chun Ma #E T-NE-178 View Dovinload Download
5 7NE17B-6 PI0,R23 TaiPoKauChunMa  #2E 5= 7NE17B View Dovnload Download Viewable

iim Survey and Mapping Office
aJ Lands Department




20% Area
Covered

3D MESH MODELS
(NOW AVAILABLE)




3D Activities

GOOGLE & SINGAPORE

I — I I
GOOGLE STREET 3D 3D NATIONAL STREET-LEVEL VIRTUAL
VIEW GOOGLE MAP MAPPING SURVEYS SINGAPORE
(HONG KONG) (HONG KONG) (SINGAPORE) (SINGAPORE) PLATFORM

March 2010 October 2015 January 2016 June 2016 2018
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== Netherlands

Rotterdam’s 205,000 buildings
and bridge 3D models were
created in 2017

» Around 550,000 LoD2 building objects created
within the whole city area (890 km?) in 2015

» The models are free of charge, available for
download in the Berlin 3D download portal

€ 8 8 rouing wialitysystema de o ap c — wE 3 Ad =
[ Memst bumchd = Aandwsg  Kooge  Tmiko Moo Googe NG MwAmel CJ0OM - (D3 Tue - GO - OpnOws - G0 @A~

virtualcityMAP

XANDER




» The USD53 million Virtual Singapore
scheme is part of the government’s @
“Smart Nation” plan, data-rich, live digital |* snswore
replica of the actual city - “

Singapore

» Integrates data from government
agencies, information from loT devices
and sensors

K3 switzerl

S

and

K

» Switzerland, the only country to have
switched entirely to 3D for its national
object-oriented topographic database

» It took ten years to build an object-
oriented topographic database in 3D,
with the last objects having been
completed in 2019 50



What mainland China is doing in 3D map?
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http://main.sgg.whu.edu.cn/keyan/gaoduanzhiku/gaoduanluntan/2019/0401/4120.html
http://www.glac.org.cn/index.php?m=content&c=index&a=show&catid=2&id=1016

Countries and Cities in 3D mapping

* * B
*
»*

BERLIN ROTTERDAM VIRTUAL SWITZERLAND SHENZHEN
(GERMANY) (NETHERLANDS) SINGAPORE (CHINA)
PLATFORM
2015 2017 2018 2019 2020

How about Hong Kong?




Where do we come from?
What are we?
Where are we going?

Where Do We Come From? What Are We? Where Are We MO zhe shntou uohe
Going? 9 5

French: D'ou venons-nous ? Que sommes-nous ? Ou allons-nous ? ?% 75. /6 7 ’j“ / I B

Artist Paul Gauguin

Year 18971898 - .

Medium Qil on canvas CrOSSIng the rl ver by
Movement Post Impressionism Py

Dimensions 139 cm x 375 ¢m (55 in x 148 in) feel’ng the stoneS?
Location Museum of Fine Arts, Boston



Down to Earth...What LandsD is doing

Consultancy Services 1D 01/2020 (SD)

(Kowloon East) THE GENERATION OF
Start from Oct 2020 (8 months) &%\?JE&%JLEWQFT’ !.N

DESIGN AND CONSTRUCTION
» Stakeholder Interviews

» Market Research

» Recommendation strategy for KE

=t Lands Department




Stakeholder Interviews

Agriculiure, Fisheries and Conservation
Department

Architectural Services Department
Buildings Department

Census and Statfistics Department

Civil Engineering and Development
Department

Department of Health

Development Bureau

Drainage Services Department

Efficiency Cffice, Innovation and Technology
Bureau

Environmental Protection Department
Fire Services Department

Highways Department

Home Affairs Department

Hong Kong Observatory

Housing Department

Land Administrative Office, Lands Department
Legal Advisory and Conveyancing Office,
Lands Department

Marine Department

Rating and Valuation Department
Survey and Mapping Office, Lands
Department

Transport Depdrtment

Warter Supplies Department

Airport Authority Hong Kong

Hong Kong Productivity Council

Urban Renewal Authority

Construction Industry Council

The Hong Kong Institute of Architects
The Hong Kong Institution of Engineers
The Hong Kong Institute of Planners

The Hong Kong Institute of Surveyors

The Hong Kong Institute of Urban Design
The Hong Kong Institute of Building Information
Modelling

The Hong Kong Institute of Civil and Building
Information Management

Smart City Consortium

The University of Hong Kong

The Hong Kong University of Science and
Technology

OGCIO, Innovation and Technology Bureau .- 38 Interviewee Groups

Planning Department

Government B/Ds (24)

Quasi-Government (4) Institutions (10)
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ana Katzner (TUM, Geri
at OGC Singapore

Dr. Filip Biljecki (NUS)
at OGC Singapore

Visit at Shenzhen

Visit af\Shenzhen




Key Comments from International Experts — “Ambitious” & “Forefront”

Prof. Lutz Plumer

(Professor in Geoinformation at Universitat Bonn, Germany)

> Trend tallies with international 3D mapping development

> Photorealistic model is significant improvement

> LOD3 is challenging as model production cannot be automated, and Hong Kong environment is
also challenging

> Follow CityGML v2.0 in LOD2 for now

> Updating can be demanding and costly — if two master datasets are produced in parallel

> Applications should lead the quality requirements. Do not limit applications to visualization as
semantic models can bring broader use of data

Prof. Christian Heipke

(Professor in Photogrammetry and Remote Sensing at Leibniz Universitat Hannover, Germany)

> Trend tallies with international 3D mapping development

> Germany, Rotterdam, Helsinki, Singapore is currently at LOD2, higher LOD will be useful if data
extraction and respective analytics are further developed ,

> There is no data accuracy (on position) standard, may be a good exercise for HK to create and ______—
contribute the best practices/lesson learnt to global community

> Accuracy, LOD, semantic information and update frequency should be aligned with intended
application




Singapore Mainland China

Hong Kong

VS

Aerial data only (LOD2 mainl Aerial & Ground data integrated (LOD3 mainl|
“ 1 Survey and Mapping Office
Lands Department




Hong Kong’s 360° Panorama




-3

@& sENEAS
= TLE HOKG KONG
LU_U UNIVERéITY OF SCIENCE

AND TEGHNOLOGY Data-Enabled Scalable Research Laboratory

AI Enabled

-Definition 3D Urbanf‘jMap’




Generation of the 3D Digital Map involves:
1) data capturing, 2) data post processing and 3) data modelling

Data
Capturing

2 Imagery
’ (Aerial/Street-level)

&
A

a

- Data Post
Processing

']

3D Digital Map %

*

m Data capturing includes aerial survey and street-level Mobile Mapping
Modelli
System (MMS) survey which may be operated on vehicles or backpacks. ——



Recommendation Strategy for KE

THREE KEY STRATEGIES

INCREMENTAL VARIOUS ASPECTS OF DIGITAL MAPPING AND TECHNOLOGICAL
CAPABILITIES CAN BE TESTED OUT USING THE PILOT BEFORE FULL

IMPLEMENTATION SCALE IMPLEMENTATION

OUTCOME-BASED, THE MAPPING PRODUCT WOULD ADDRESS USER EXPECTATIONS BY
PROVIDING DELIVERABLES TO DIRECTLY ADDRESS THE APPLICATION
NOT OUTPUT-BASED OF 3D SPATIAL DATA

SET OUT BEST THE EXPERIENCE GAINED FROM THE KE PILOT HELP SHAPE THE
PRACTICE AND REQUIREMENTS FOR IMPLEMENTATION IN THE NEXT MAPPING AREA
EXEMPLARS AS WELL AS SETTING OUT BEST PRACTICES

ARUP

=t Lands Department




Recommendation Strategy for KE

Stage 1 (This Contract) Stage 2
e Non-CityGML tiled-based | » CityGML models
mesh modal (Ver2.0) for

(OBJ/OSGB/Cesium Tile) remaining buildings

Data o Individual models in 7 and infrastructures
THREE KEY STRATEGIES Daia |+ Individalmocels
* CityGML models (Ver2.0)
for 3 buildings and 3

infrastructures
e Sub-structure dimension for individual based model
B RN TAL CAPABILITIES CAN BE TESTED OUT USING THE PILOT BEFORE FULL (ALL building and infrastructure): 0.5m
IMPLEMENTATION SEAE MRPLERIETATIEK e Photorealistic textures accurately attached on ATLL
Data types

Accuracy | ¢ Backpack MMS to cover peripheral area of 10
selected buildings (total length 50km)

e Accuracy requirements — Absolute accuracy 0.3m (H)
and 0.5m (V), relative accuracy 0.2m(H) and 0.2m (V)

Stage 1 (This Contract) Stage 2

e Provide attributes / ¢ More detailed
semantics for the 3 attributes/semantics
selected buildings (Choi provided for
Wui House, Hong Kong CityGML

Children's Hospital, Kai * Test out OGC
Tak Cruise Terminal) and compliance

Dat ;
atd 3 selected infrastructures mechanism
Features
(Kwun Tong Bypass,
ARU P crossroad of Wai Yip
Street and Lai Yip Street,

footbridge at Kwun Tong
Bypass) in CityGML
model

iim Survey and Mapping Office
=t Lands Department




Recommendation Strategy for KE

THREE KEY STRATEGIES

OUTCOME'BASED, THE MAPPING PRODUCT WOULD ADDRESS USER EXPECTATIONS BY
PROVIDING DELIVERABLES TO DIRECTLY ADDRESS THE APPLICATION
NOT OUTPUT-BASED ES TO DIRECTLY ADE

Survey and Mapping Office
Lands Department

Use Cases

Valuation Section of Lands Department used the 3D spatial data
to produce 3D animations of the subject land sale sites to
facilitate Valuation Conference members' study and assessments.

Hong Kong Observatory used the 3D spatial data for impact
assessment of inundation arising from storm surges.

Housing Department integrated the 3D spatial data with their in-
house 3D geo-referenced models and BIM to support the quality
3D presentation of the proposed housing project.

Water Supplies Department used the 3D spatial data to produce
high-definition 3D animations for illustrating raw water treatment
processes.

Civil Engineering and Development Department used the 3D
spatial data to produce 3D animations for the future development
projects.

Civil Aviation Department has acquired the 3DSD around the two
airports (Chek Lap Kok and Shek Kong) to assess any obstacles
when enhancing the flight path information.




3D Digital Map - Applications




Recommendation Strategy for KE

THREE KEY STRATEGIES

SET OUT BEST
PRACTICE AND
EXEMPLARS

Survey and Mapping Office
Lands Department

THE EXPERIENCE GAINED FROM THE KE PILOT HELP SHAPE THE
REQUIREMENTS FOR IMPLEMENTATION IN THE NEXT MAPPING AREA
AS WELL AS SETTING OUT BEST PRACTICES

ARUP

3D Digital Mapping
Technical Specifications

Preamble

This Technical is to set out detailed
Mapping with reference to the following publications:

For 3D Digitel

1. OGC City Geography Markup Languags (CityGML) Part I: Conceptual Modsi Standard

2 OGC City Gaography Markup Language (CiyGML) Encoding Standard

5 150 ion Matsrials and Building /a

4 BS ISO 6707-1:2017 Buildings and civil engineering works — Tocabulary, Part 1.

Overview and principles, Part 1: General ierms

150 19115-1:2014 Geographic injormation - Matadata - Pare 1: Fundzmentals

150 19157:2013 Geographic information - Data Quality

CHT 0016.2012 Specifications for the producing of thres-dimensional model on

geographic information. National Bureau of Surveying and Mapping (veplased by

Ministry of Natural Resources), China

& CHT 9015-2012 Specifications for the digital products of thves-dimensional model or:
aphic. National. (replaced by Ministry of Natural

[

Rasourcas), China

9. Standard and Specificasions for 3D Topographic Swrveving (Mapping) in Singapore
(Vivsion 1.0, November 2013)

. Andersom, J.R. (18761, 4 feai with remots
senzor data (YL, 064). US Government Printing Office.

. 1:1900 Basic Mapping Specifications. (Version 4.2, Getober 2017). Suwvey & Mapping

Office. Lands Deparmen, Government of Hong Kong SAR.

iBI000 Data Dictionary Digital Topographic Map File Geodatabase. (Vercion 0.3.1,

January 2018}, Swvey & Mapping Office, Land: Departman, Goversment of Hong Kong

SR

Biljscks, F, et al. (2014). Formalisation of the level of detail in 3D eity modelling

Camputers. Envirorment and Urban Systams, 45, 1-15.

14. Stoter, J, stal (2010). i D 016. The

Archives of Photogrammerry, Remocs Sencing and Spatial Information Sciences, 41, 653,

s

5

=

This Technical Specification intends to ensure standardised and consistent quality of
output using best practices standard and ? ble in future industry
surveys.

Prepavation of the data used in this Technical Specification needs a collaborative effort
from different data sources providers, including various government departments
namely Architectural Services Department, Buildings Department, Census and
Statistics Department, Housing Department, Lands Department, Planning Department

8

Contents

INTRODUCTION,

LIST OF ABBREVIATIONS

LIST OF GLOSSARIES

AERIAL SURVEY

41, Camera System,

42, Celibration

43 Flight Operation

44, Imagery.

4.3. Photo Control Points and Checkpoints ......c..ooooceeeoierceccerees e
4.6, Aerial Triangul

47, Posti Device

48.  Aerial Lidar

VEHICLE-BASED MOBILE MAPPING SYSTEM SURVEY .....
31, Vehicle

32 VAIMS Equi it

PORTABLE MOBILE MAPPING SYSTEM SURVEY

6.1, PMMS Equi t

PRODUCTION STANDARDS.

11 G

7.2. Logical C )

73. Positional Accuracy

T4 D ion Accuracy

7.5, Attribute Accuracy

7.6, Temporal Quality.
7.7, Data Storage

7.8. Format Fesolution and Accuracy

3D INDIVIDUAL PHOTO-REALISTIC MODELS
8.1. Categories of 3D Indi Photo-realistic Model:

82. Building Model
83. Transportation Model

84 Model

83, Ve ion Medel

85, Waterbady Model

8.7, Site Model

8.8, Temram Model

89 Genenc (Others) Model




3D Digital Mapping Project Schedule

Land Area (km’) | Road Length Infrastructure Number of
(About) (km) (About) | Length (km) (About) Buildings (About)
232 304.7 496 6,300
1045 1,207.2 1816 37,500
9824 35576 5599 176,700

Kilomatres 5
L

To be completed by end 2023

15 Kilometres
iy

S ———2

P.67



3D Indoor Map (Pilot Project)

Data conversion (tO be cqmpleted in Q1 2021) Acce55|b|I|ty to floor and unit information

2 <\\-9 \
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To CLOAK ROOM

From TEA ROOM = ‘ Support 3D visualization, enquiry and analy5|
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Lands Department
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Potential location-based applications

- Integration with loT and Systems

Instant & handy access to location based
information with VLC location identification for
operation maintenance purpose

Facility
Maintenance

nnnnnnnnnnn
555555

ooooooooooooo
333333333333333
OP. Manual:




Potential location-based applications
= Empowermg aII of use cases on top
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- 3D Indoor Map
f Emergency Operatlng EfflClency
~ (Fire Evacuation) (Building Management / Facility Management)

Better Service Quality
(Digital Directory)




3D Pedestrian Network (Attribute-based 3D Objects)

Launched on
3 Dec 2020

- For supporting the routing services used by the general public and needy-groups, in particular to the
visually impaired

- Adopt “universal design” approach in designing the 3D pedestrian road network model, concepts like
weather proof, elderly-friendly, barrier-free, etc would be taken in consideration in the design

m Survey and Mapping Office
=t Lands Department



@SHHSII(S | TOPICS DATA METHODOLOGY EVENTS . PUBLICATIONS ABOUT
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<7 UN-GGIM

Future Trends in Geospatial Information Management

Source: https://ggim.un.org/future-trends/

Annual sessions

© Tenth session
© Ninth session
© Eighth session
© Past sessions

Overview

© Mandates

© Aims and Objectives

© Bureau

© Regional Committees

© Expert and Working Groups
© Thematic Groups

Quick links

Previous Reports ~ Consultation (August 2019)  Documents © UN-GGiM Events

© Fast Events

© Group of Experts on Geographical Names
At its esghth session in August 2018, the Committee of Experts requested that a third review be undertaken to understand the future trends that © Pnoto gallery
impacts geospatial information managemant over the coming five to ten years. The United Kingdom of Great Britain and Northem Ireland, through © UN-GGIM Quarterly Volume 2

the Ordnance Survey of Great Britain, whom led the previous editions of the Future Trends report, and supported by the UN-GGIM: Europe, led this
third review in close collaboration with the Secretariat. The third edition highlights changes to the trends identified in the previous two reports,
showing how geospatial information and technology underpin national governments, and documenting the increasing role that geospatial
information will play as part of the 2020 Agenda for Sustainable Development.

In 2018, an inclusive global engagement and consultative process was initiated that sought views on the future trends that will impact geospatial
information management over the coming five to ten years. This provided the global geospatial information community the cpportuniy to inform the ™ UN-GGIM:Americas
third edition of the report. In response to the many challenges and interests faced by Member States and stakeholders. it was vital to ensure that @UNGGIMAmericas
the Future Trends report assist countries in their efforts to successfully develop, augment and maintain the:
information management. P - .
a This document was produced by Ordnance Survey of Great Britain at the request of the United
The Secretariat has initiated 3 broad global consultation process on the draft Future Trends report (third ed B B . -
g P % Nations Committee of Experts on Global Geospatial Information Management.

relevant stakeholders. Please provide your coniributions to the Secretariat no |ater than 28 June 2020. The
comments, feedback and suggestions, will ready and then provide the Future Trends report to the Committ

adoption Lead author: Christin Walter, Ordnance Survey of Great Britain

B All parts of the report may be reproduced provided the source ‘Future Trends in geospatial

information management: the five to ten year vision - Third Edition, August 2020’ is cited.
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Drone solutions collect accurate, geo-tagged data quickly, while
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Mobile laser scanning, becoming a
newly established way in measuring
road and urban environments

’
Trimble and Hilti collaborate to test robotic reality capture " Yhsks dgn

Data Collégwon .

CARLA LAUTER ON NOVEMBER 27, 2019 .

CONFERENCES, RELATED & NEW TECHNOLOGIES DUSTRIES: ARCHITECTURE ENGINEERING & CONSTRUCTION (AEC)
BOSTON DYNAMICS, HILTI, SURVEYING & MAPPING, TRIMBLE

Source: https://www.spar3d.com/news/related-new-technologies/trimble-and-hilti-collaborate-to-test-robotic-reality-capture/
https://www.hk01.com/%E7%A4%BE%E6%9C%83%E6%96%B0%E8%81%9E/565722/%E5%9C%IF%E6%IC%AB%ES%B7%A5%E7%A8%8B%E8%99%95%E9%95%B
7%E6%BD%98%E5%81%89%E5%BC%B7%E9%80%80%E4%BC%91%E5%9C%A8%ES5%8D%B3-
%E9%9B%A3%ES%BF%98%E7%A2%A7%E7%91%A4%E7%81%A3%E4%BA%8B%E6%95%85-
%E5%BC%95%E5%85%A5%E6%A9%9IF%E6%A2%B0%E7%8B%97%E5%8A%A9%E7%9B%A3%ES%AF%IF
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:* National
Mapping

“A high quality trusted and authoritative national Agencies can
base map leads to a geospatially enabled nation;

one that shares, integrates, and uses a wide range help tranSform
of data to achieve economic, social and eCOnOmieS

by providing

environment benefits...

...and thereby help us tackle some of trusted data David Henderson

the biggest challenges the world faces, Chief Geospatial Officar
today and in the future.” that can at Ordnance Survey

be used by
anyone.: : R

Y &
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We will share you... )

Current BIM Data Repository Prototype

Roadmap of Territory-wide BIM Data Repository development

Recommendations from the BIM Data Repository Consultancy
* Sharing of CEDD’s BIM Horizontal Harmonisation for BIM / GIS Integration
* Sharing of CIC’s Consultancy Services for the Development of Digital Hong Kong
* Suggestion on the Simplified and Shareable BIM
* Vision of the BIM Data Repository

New development of Building Plan (BP) Checking Tool

iim Survey and Mapping Office
=t Lands Department




BIM Data Repository Prototype

[ BIM Data Repository ]

EEE
1
[\

Lands Department
ih B AR E

iim Survey and Mapping Office
=t Lands Department



Problems Hinder the Data Sharing

* More and more quality BIM Data are available at government and private
development projects, but they are not easy to exploit in a broader context
* Fragmentation in sharing of BIM Data
* Problems of identifying, accessing or using data
* Gaps in standard BIM Data

* Those problems hinder the sharing of BIM data across Bureaux and
Departments (B/Ds) as well as integration of BIM Data and 3D Map of Lands
Department

ii@ Survey and Mapping Office
=t Lands Department
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Conceptual Diagram of the BIM
Data Repository Solution

GIS Data

3D Web Viewer
(BIM + GIS)

y '\
\
'
b
| '
s
J
Ji s 14
¥
&
) 4 —
W
2
s o
4

Data Conversion

M Portal

Engine

BI
BIM Models from ‘
Works Departments

BIM Data Repository
(Native Format / IFC /
CityGML)

BIM Web Service

iim Survey and Mapping Office
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Timeline of Development of BIM Data Repository

Phases of
Development

=l N
| I
| |
| I
I 1
| l
‘ v
As at today Full Launch of BIM integrated BIM API for WDs
BIM DR with 3D Map & Construction

Industry
'l Survey and Mapping Office
Lands Department



BIM Data Repository Consultancy to Define the Roadmap

Related Deliverables
BIM Horizontal * Horizontal aligned BIM
Harmonisation Consultancy Standards

(NDO, CEDD) ¢ SharableBIM : .
Subject Deliverables
Standards Tt
Iy — BIM Data * Implementation Road
Repository Map
Consultancy * Data Model/Data

Related Deliverables (LandsD)
3D Map Consultancy * 3D Map Requirements
(LandsD) for Smart City

Content/Data Format

* Functional Requirements
of BIM Data Repository

* Open BIM + Open GIS

e PoC of a Use Case
n Legend

Related Deliverables 1 ISk 2 Nask2ay 3 NaskSs 4 Naskd
Digital Hong Kong e 10 Use Cases for

Consultancy Construction Industry
(cIC)

:> Offer expert study & professional support

Convert into functional requirements

iim Survey and Mapping Office
=t Lands Department
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Scope of the Study )

e Carry out a BIM horizontal harmonisation study to formulate an aligned BIM
standard under the First Phase development of KTN and FLN NDA.

* Revamp the design BIM models under the First Phase development of KTN and FLN
NDA in accordance with the aligned BIM standard.

* Design and develop data conversion engines to convert the revamped BIM models
to shareable format to facilitate effective information exchange among Works
Departments (WDs)

 Establish a BIM Data Repository (BIM DR) to store the revamped BIM models for
efficient information sharing among LandsD and WDs

 Establish a BIM Object Library for aligned BIM objects

* Formulate BIM standards for WDs to adopt in their future projects

(Courtesy of CEDD and AECOM)

iim Survey and Mapping Office
aJ Lands Department




BIM Harimonisation Guidelines )

* To address data policy initiatives at the DEVB and WDs, local professional bodies,
construction industry and GIS industry professionals;

* To enable submission, sharing, dissemination and maintenance of BIM models and
BIM attribute across the WDs and LandsD under the Study;

* To ensure coherence with LandsD’s 3D digital map and the forthcoming 3D Land
Information System;

* To provide a basis for DEVB to request WDs to adopt BIM standards formulated
under the Study in their future projects

(Courtesy of CEDD and AECOM)

iim Survey and Mapping Office
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Workflow of Data Conversion Engine )

The configuration can be managed by

BIM DR Departmental Users / System subi T
i i ject to the open format limitation
IFCas an independent input for Administrator

------------------- . the Conversion Engine T e e e e e e e e e e e — —————————
Shareable 3D GIS Open Format

TEEE_ =

Attribute list is pre-defined before conversion and

Conversion

Engine /"'.:::ﬁ- Full Set

Feature Manipulate Engine || L 1

Using the existing
IFC 4 Export
Function in Revit
and Civil 3D

A
I Geometry Extraction o o
|
|
|

Shareable BIM models

I
1
[ Geometry
c Civil 3D R Revit | .
= ! Extraction Extracted

]
1
1
1
1
1
1
1
| Revamped BIM model ﬁ
1
1
1
1
1
1

I .
from First Phase L el “;‘;"\‘;D]
1 eTinition
Development of KTN | gxractor developed
| and FLN NDA | byAEcoMm
------------------------ d
Legend
If IFC is used as input, this * Extracted IFC could be converted by both routes
conversion is not necessary subject to the input file format

=t Lands Department



BIM Data Repository )

Design
BIM Models
e e Customized
Web Application
Admin. Panel, Statistical Dashboard
Q —=. =

Llhlh‘kll.u

{
{
i
{

puain’ uig
<7
v

Conversion :
Engine

RVT Civil3D

R

BIM
Harmonization
Guideline

The BIM DR will be handed over to Lands
Department upon completion of the Study
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Scope of the Study )

* Propose the best approach for CIC to accelerate the development of 3D Digital Hong
Kong for the construction industry.

* Collect 3D & BIM data use case requirements of the construction industry in order
to tie in with the Smart City initiative.

e Recommend suitable actions for the collection of 3D & BIM data from the local
construction industry

* Further recommend the relevant data standards for the industry to adopt

* Develop a BIM GIS Solution (the Solution) to facilitate the BIM data sharing, BIM
and GIS integration and support 3D Map

(Courtesy of CIC and AECOM)

iim Survey and Mapping Office
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Top 10 Use Cases )

Underground Utilities Study and Space Management
Visualisation of Construction Project Lifecycle
Geotechnical Study

Traffic Impact Assessment (TIA)

Foundation Design

Excavation Permit (XP) Application

Environmental Impact Assessment (EIA)

Building Energy Monitoring and Facility Management

L 0 N oL kB WwWwNRE

Air Ventilation Assessment

10. Premium Assessment and Property Valuation

(Courtesy of CIC and AECOM)

ii@ Survey and Mapping Office
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Top 10 Use Cases )

Underground Utilities Study and Space Management
Visualisation of Construction Project Lifecycle
Geotechnical Study

Traffic Impact Assessment (TIA)

Foundation Design

Excavation Permit (XP) Application

Environmental Impact Assessment (EIA)

Building Energy Monitoring and Facility Management

L 0 N UL kA WwWwNPR

Air Ventilation Assessment

10. Premium Assessment and Property Valuation

(Courtesy of CIC and AECOM)

iim Survey and Mapping Office
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Underground Utilities Study and Space Management )

Current Situation

Poor _ Extra cost
management of including both Vs
underground time and money

utilities for repairing

Postpone of Smart Ci
- ——TAY | o .

development

\‘ \
A H Accidental
tenet destruction and Declta)¥|sotfrl‘:(|;ir<‘:rl|ed
a deterioration of SGraRime
services prog

(Courtesy of CIC and AECOM)
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Underground Utilities Study and Space Management )

Recommended Potential Development — Provision of Centralized Data Platform for UU

_/

N/
Ability of Data Exchange Utilities Strike Avoidance by Clash Analysis
*  Ability to upload and to view UU data for reference. + Centralized data platform hosts different UU models to
_ _ ' be viewed, navigated, measured and generate a
*+ Data should be easily uploaded with various types of combined model to be downloaded for further design
attributes including pipes’ 3D coordinates, dimensions, and analysis e.g. clash analysis.

models in 3D and any other attributes important for
utilities undertakers to plan for their next UU project.

(Courtesy of CIC and AECOM)
iim Survey and Mapping Office
=t Lands Department




Underground Utilities Study and Space Management )

Clash Analysis Application with Centralized Data Platform

(Courtesy of CIC and AECOM)

iim Survey and Mapping Office
and Lands Department



Standardizing UU Records

Underground Utilities Study and Space Management )

Presentation of as-built UU record varies among different utility owner

Different
Legend

Different Different
Base map Annotations

-

A standardized format is necessary to fit-in the digital data platform, for example:

oGC

Making location count.

iim Survey and Mapping Office
=t Lands Department

MUDDI
(Model for Underground Data Definition and Interchange)

The OGC’s (Open Geospatial Consortium) underground
information initiative is intended to provide an open
standards-based way to share information about the below
ground.

MUDDI is adopted in the UK’'s NUAR project

(Courtesy of CIC and AECOM)




Premium Assessment and Property Valuation )

Building Age

Recent Transaction

Property
Valuation

GFA and Saleable Area

The market value of a property is estimated mainly by
comparing the information and recent transactions
with similar buildings in the neighbourhood.
Valuation is carried out from time to time as the price
of property in Hong Kong is fluctuated.

Transportation

(Courtesy of CIC and AECOM)
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Current Constrain

* The location and boundary of the property kept
in LandsD does not directly link with the
information stored in LR. The data from RVD is
also stored in another system.

* Land or property owners have to go through
three different online systems to inquire,
purchase and obtain his property details.

* Data downloaded from LR are in html or pdf,
which is not structured and consumable.

iim Survey and Mapping Office
=t Lands Department

Premium Assessment and Property Valuation )

= 2 GEOINFO MAP
= O eERAeN

—
\

T rr—— T ¥
T e\ 7 Foliw) 2
C \/ \ / /t' Ihotssth

- \ < ol =
\ ey /5

in to display the Lot Layer

flock 2

BloaRl

SEARCH

w Rating and Valuation Department

Text S
2
. Property Information Online
. Enquiry on Property Information (Age, Area and Permitted Use)
Step 1 Main Search Screen
L Please select the search path below
® Development / Building Name
O Street / Village Name and Building Number
Step 3 Lot Detaits
Make Payment et by
o G Land Registry's Property Reference Number
Acknowledge Payment R T
(1) This Department only allows the above FIVE search functions an 'd the saxd procedures to search the Property Information Onfine
(2) Any automated process to download the Property Information Orline data is stnctly prohibited
View Shopping Cart
m
Enquire Order Status /

(Courtesy of CIC and AECOM)



Premium Assessment and Property Valuation )

Recommended Potential Improvement — Establish a 3D GIS Web Property Information Platform

Neighbourhood
Information

e g

Property Information

Census Data
e.g. Population density by TPU,
Average household income

Floor Plan

Lot No., Building Name,

I Transaction Record
l — -

Other Land/Property Base Map
Information . -
-, + Lease conditions g l@ el

Land Status Plan (iC1000) = - Outline Zoning Plan (OZP)

4 + STT boundaries & conditions 3D:
Saleable Area,

- Tolerated squatter structures g m 3D Spatial Data /
s data Photo-realistic 3D
Permitted Use - ete IZI Bulldings ..

Building Age,

“ 1 Survey and Mapping Office

Lands Department

Access Level

Proposed
Platform Functions

Level 1: For Public

* LR and RVD data upon purchase

Level 2: For professionals

Level 3: Government with registered account
»  With more sensitive data
* e.g. Floor plan from BD, tax record etc.

« Search by address/PRN/Lot No.
(align with GeoAddress by CSDI)

« Display attributes & floor plans

+ Sunlight and shadow simulation
(e.g. summer and winter solstice)

* Viewshed analysis

(Courtesy of.CIC and AECOM)
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Why Simplify?

 City-level analyses typically do not require high LOD

/3

===
Univ. of AntWerp. B2 | & o = A unityviz A L EDE City Platform F
Shadow Analysis (LOD200) Employment Analysis (LOD100) Electricity Consumption Analysis (LOD100)

C _strategic
mEm

(Courtesy of bimScore) gyiidinginnovatton e SCORE
“ 1 Survey and Mapping Office
Lands Department




Simplification of LOD-I (IFC + loT Scenario) )

- ¢
o 0]
N o AL
» 7 — —0
] "
g =B
Source: https://dlpng.com/png/6868392 Source: https://www.pngitem.com, Source: https://www.phytec.com/

Tender Construction Operation

v

p
Workforce Y
Tracking . -

Cument  Frand Time Span
wanon . S-: M. A .
e time womn @ (8 wH

Manerue Aoy Fiter

b

Tag 10 | Subcontractor
1701 | Mow's Drywal
1702 |Mow's Drywall
1703 |Mow's Drywall
Level G 1651 | €d's Plumbing

Tanya| 1652 | Ed's Plumbing | Plumber | Active
0 Jenna | 1657 | Ed's Plumbing | Plumber

Plumber

Molly | 1658 | Ed's Plumbing | Plumber |
Sandy| 8100 | USAHVAC HVAC
EalbAl et

Paul | 8101 USA HVAC HVAC
8102 | USAHVAC
8103 | USAHVAC |Electrician’

} <° RFID Card

Al

\u

Name: Joe Sample Sample Data of Space Activity
TagID: 8103 Tag 1D Entry Point Entry Time Exit Point Exit Time Tag ID: 9950

Worker ID: 1234100 8103 | Main Gate [11/27/2012 07:30:12 | Buckhoist 1 Worker ID: 1234201
g USAHVAC | 9950 | Main Gate [11/27/2012 07:35:12| Main Gate [11/27/2012 07:35:12 Subcontractor: Georgia Tech

Trade: Electrician 8103 | Buckhoist 1 [11/27/2012 08:15:48| LevelC1 |11/27/2012 08:18:10 Trade: Visitor |°T deViceS |0T deViceS
Status: Active 8103 Level C1 11/27/2012 16:05:35 | Staircase C2|11/27/2012 16:11.01 Status: Inactive —_— —_—

Job Function: Crew A 9103 | Staircase A2| 11/27/2012 16:17.01| Main Gate |11/27/2012 16:21:47 Job Function: Researcher (RF'D readers) at turnstile at ConStrUCtion zone entry

AN i

N Name: Aaron Costin

[ Area] violations ’
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Simplification of LOD-G (IFC Scenario) )
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A

Electricity Consumption Analysis
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LOD100
(CityGML LOD2)

Feature Manipulation Engine

Simplification

(Adapted from Jusuf et al. (Singapore Institute of Tech.), 2017)
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Recommended LOD for CIC 10 Use Cases )

L 0 N oL kB WwWwNRE

Underground Utilities Study and Space Management — LOD300
Visualisation of Construction Project Lifecycle — LOD100/200
Geotechnical Study — LOD200

Traffic Impact Assessment (TIA) — LOD200

Foundation Design — LOD200

Excavation Permit (XP) Application — LOD300

Environmental Impact Assessment (EIA) — LOD100

Building Energy Monitoring and Facility Management — LOD200
Air Ventilation Assessment — LOD100

10. Premium Assessment and Property Valuation — LOD200

Survey and Mapping Office
Lands Department

(Courtesy of bimScore)
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4D-based Decision Support System

During an urban planning stage, a 4D model can be developed on an abstract level

City-Scale 4D Model - Qatar Economic Zone

=} A decision support system used in the planning stage can rely on ballpark estimates
| and a low Level of Development (LOD)

Rough coefficient metrics can be linked with a 4D model

/PI]uIEQ  Government leaders and city planners can gain insights on different scenarios
\«? of urban planning and their impact on metrics (e.g., the growth of population,

jobs, construction workers, and energy demand)

This can help government leaders and city planners establish mid- to long-term
strategies

paateglc  ——ien® E)ci:rgns

(Courtesy of bimScore) pyiidinainnovation
=t Lands Department




Proof of Concept - 4D-based Decision Support System )

* Demonstrate the value of 4D to better support in making informed decisions for master plans




Vision of BIM Data Repository )

Government Agencies
hold the key to the data

(Not affected by software version and type)

Preserve the original data
as much as possible

Maintain and

provide the original
BIM and GIS data

Develop and
integrate open BIM

and open GIS data

(Courtesy of bimScore) gtatedic . (& Ellre

iim Survey and Mapping Office
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Open Standards — Adopted in other Countries )

* 8,700 buildings

¢ 32.5 km?
Revit Model Space program review
- j 3> g
//}’ s M
Bentley Model simple energy
7S load analysis
” < g~ ; ) ——
%lf ) -
ArchiCad , .
Model p
o Tt W I saas - review
Sl :'- 2 e - T IaT
,4( ’ S S m
Digital Project ' 3 a .
9 Meed e.°‘ ) common IFCfle b cogt estimate
format
” ~ . . .ps
SOt Provide significant
é’f ’ automated feedback for

early stage concept design

U.S. General Services Administration

GSA

iim Survey and Mapping Office
=t Lands Department

205,000 Buildings

The Netherlands: Digital Rotterdam

(Courtesy of bimScore) buildiniinnovailo SCOR

*3D Digital Twin
*BIM based permit checking

Proof of concept

Estonia: BIM-based Building Permit Check

_strategic
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Phase 1 — Cloud-based BIM
Data Repository

Implement a Cloud-based BIM Data Repository System
Establish scalable and sustainable system infrastructure
Facilitate BIM data sharing and collaboration

Provide a centralized platform for managing BIM data in Object-
based approach

Support integrating BIM and GIS data in a single environment

iim Survey and Mapping Office
=t Lands Department



Conceptual Diagram of the BIM DR Solution ) b Iuw -

|
Tools |
Data Conversion |
Engine I
Y CityGML I
|
BIM Data
Repository Open BIM Open GIS I
With C3D, RVT, Server Repository |
RVT / C3D CityGML & IFC
From WDs |
Validation/Checking I
Open 3D Web |
AU Map Service
3D Visualization & pE— |
Data Hosting e |
Application / Web 3D GIS Viewer
Interface ISWE I
2D/3D BIM Viewers I

Integration with Web Services

=t Lands Department




Phase 2 — Creation of 3D Map with BIM

e Extract BIM model elements for 3D Map creation and
updating

e Automate and streamline the workflow from BIM to GIS

* Enrich the 3D Map features and analytical capabilities

iim Survey and Mapping Office
=t Lands Department



Enrichment of 3D Map using BIM Models )

o5 Generic
““:’:":&\\\{\» Models
&9
Door :::::::‘}}:3'
: Plumbing
wall Fixtures

Window Window

Window Grill AC Platform  Laundry Rack S|mp||f|ed BIM for
Source BIM indoor mapping purpose
BIM helps to enrich 3D Maps
Ji{l] Survey and Mapping Office nz




3D Digital Map Streamlines the Construction Life Cycle )

Inspection with
indoor 3D map

Optimum route finding In different
development stages with Intelligent

Re developme’nf Sfudy Pedestrian Network
@ L L
Planning & Design Construction Operation &
Design Options

e S Maintenance

i e T

Opacoung e

:\ T\ /\.\ t"\

Progress monitoring with loT and
UAV integration

ececef
&

I; el

[REREE]

Efficient asset locates for on-going

Visualisation / Simulation maintenance

“ 1 Survey and Mapping Office




Phase 3= Development of BIM API

» Sharing of BIM elements with open standard web services
Application Programming Interface (API)

* Enhance the BIM data adoption and integration
* Provide BIM analytical features
 Access rich BIM context without the need of BIM software

* Simplify system integration with BIM

iim Survey and Mapping Office
=t Lands Department



Provide Flexibility of Accessing BIM Data )

IFC Data import & export

IFC geometry
Web API IFC data query

IFC data extraction

Floors
IFC data management

Database of BIM
Data Repository

Curtain Walls Panels

Stairs Doors

iim Survey and Mapping Office
=t Lands Department




Potential Use Cases of BIM API

1 Office Zone
] - y i
> i Ay
I | 4
x 4l - Medical Zone
Commercial Zone -i* | o. | e~
5 o
Underground =

" Car park

And more...

iim Survey and Mapping Office
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3 Phases Connecied To

Create-Digital Twin of
Hong Kong

BIM APIs

facilitate BIM
The object-based BIM data access

down to object
elements enables level for
creation of 3D map application
objects development

BIM Data Repository
establishes a centralized
platform for managing

object-based BIM

elements
iim Survey and Mapping Office
=t Lands Department
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Building Plan Checking )

* Flow of Electronic Building Plan Data in BIM Format from Authorized Persons to LandsD

SMO
3D Map & CSDI

BPU

O Area calculations

O Compliance checks

O Other information
extracted from BIM

Developer Developer
Internal BIM Model BIM Model for GBP DLO/DSO
Submission For future
wavier/modification
applications

iim Survey and Mapping Office
=t Lands Department




Project Program of the Building Plan Checking Tool Development )

| Project for
Currently in Tendering Stage New

O
‘ « Target to be awarded in March 2021 BUiIding Plan
O 1stPhase Implementation Checking Tool

m + Mar 2021 - Jun 2022
+ For the requirements of Lands Department

O 2nd Phase Implementation =@ Major deliverables:

- Mar 2022 -Jun 2023 B  New Practice Notes and
sUlLsincs + For the requirements of Buildings BIM Data Guidelines
Department

B Checking Tools in form of
BIM Software Plug-in

iim Survey and Mapping Office
aJ Lands Department



Concept for New Building Plan Checking Tool )

‘ RESIDENTIAL AREA

[l DEDUCTED AREA WITHIN
p B GFA ACCOUNTABLE AREA

| =

> ° Y
N
N
J% thod = el
3 :ﬁ \_,BA"_\
] |I | AUTODESK'
-l REVIT
OUTSIDE GFA GRAPHISOFT.
ACCOUNTABLE AREA
ARCHICAD
2 3
New practice notes and BIM Plug-in tool in BIM Area calculation results
data guideline for regulating software environment for for verification with
eBP submission area computations lease conditions

iim Survey and Mapping Office
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The Geospatial Contribution
to Digital Twin

3D Digital Map BIM Data
Repository

iim Survey and Mapping Office
=t Lands Department
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