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Spatially Enabled Society with Al and Digital Twin(ll)
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Ecosystem of connected digital twins .
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National Digital Twin in UK

A cross-section through the National Digital Twin .

| want to do
something

Autharisatio
n
layer

02 &
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Publishing data including,

transformation and

wvalidation

Published digital

Discovery
protocol

Data from published digital
twvirss is mapped ba the Digital
Commaons RDL and FOM,

twins

The pathway towards an
Information Management
Framework

1. Foundation Data Model - a consistent, clear
understanding of what constitutes the world of
digital twins

2. Reference Data Library — the particular set of
classes and the properties we will want to use fo
describe our digital twins

3. Integration Architecture - the protocols that
will enable the managed sharing of data

P o
DIGITAL TWIN
PROGRAMME

The pathway towards an
Information Management
Framework

cabb
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Driven by values

Purpose: Public good Value creation Insight
Must have Must provide
determinable insight into

clear purpose
e fit in perpet per the built environment

Security Openness Quality
Must enabl L Must be as open Must be built on data of
a c = as possible an appropriate quality

Function: Federation Curation Evolution
Must function . Must

effectively

12



National Digital Twin in UK

Security-minded

information managesent
Orow new canser, business Smart contracts
and expoct opportunities and procuremant

Design
Use best practice, secure by default,

Paatiorm approach 1o design for
manulacture and assembly (P-DIMA}

Digital Smart asset
censtruction

i \\\_ 7
Build Operate
Exploit new and emerging Use effective information

of itrastnactirs and services
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Daliver better through-ilfe economic,
social and environmental yaiue from
our assets

Dightatisation of

Infrastructure existing assats

Integrate
Understand how the built environment can improve
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Cumulative adoption

Frogress or adoption
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Policy Directions of National Digital Twin
in Korea

2021 ICGIS International Conference on Geospatail Information Science

Hyejung Sung
hisung@krihs.re.kr

Policy Directions of National Digital Twin in Korea

KRIHS 9 i

About @ KRIHS

Research Division

- National Territorial Planning & Regional Research
- Urban Research

- Housing & Land Research

- Infrastructure Research

KRIHS(Korea Research Institute for Human Settlements)

» Think Tank of National Territorial Planning and Development in Korea

- Spatially enabled Society Research (Geospatial Information Research)
National Spatial Data Infrastructure, Smart City, Digital Twin, Spatial Analysis
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Contents
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0 Digital Twin in Korea 09
m The Concept of ‘Ecosystem of Digital Twin for Territory’ 3
m The barriers to Ecosystem of DT for Territory 19
) Direction & Principles 2

Korean New Deal
&

Digital Twin
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Policy Directions of National Digital Twin
in Korea

Main Policy for the Korean New Deal(2+1)

Digital & Green

4. Green and Smart School
5. Digital Twin

6. Digitalization of SOC

7. Smart and Green
Industrial Complexes

1. Data Dam
2. Al Government

3. Smart
Healthcare

Increase investment in human resol
create new jobs

s to

Stronger Safety Net

Industrial &
i technological Green New Deal
Digital New Deal e
Proriota Innovation Accelerate Transition
Digital Innovation and Dynamics Sowards Low-carbon and
in the Economy Eco-Friendly Economy

m D Korean New Deal
Korean New Deal Overview
From a Fast Follower to a
Vision From a Carbon-dependent to a
From a Socially-divided to an
© Background Digial New beal [ Green New Deal
| Md e | i 5wt
o need to overcome crisis of economy due to Pandemic J&w K ton |__ o iendy Economy
o need to rapid response to socio-economic changes [l o
[2+1] [ Shronger Safety Net
ople Country
©The Korean New Deal PO Instiutions! Improvement
5 ; Foaivie Mo Kiksikats & Domrarsd Accelerate Innovation and
- National Strategy for a Great Transformation fovesimentinthe Prate Secto
© Vision
e From a Fast Follower to a First-mover Economy
Projects
e From a Carbon-dependent to a Low-carbon Economy g —
e From a Socially-divided to an Inclusive Society ﬂr  Digital New Deal Green New Deal
I 5 Projects: )
Stronger Safety Net
<source ; The Korean New Deal English version.pdf »
m D Korean New Deal

8. Green Remodeling
9. Green Energy

10. Eco-friendly Mobili
of the Future

Strengthen Basis for a People-centered and Inclusive Country

Ingrease investment in human resources to
create new jobs

19
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@ Korean New Dea

Digital Twin Project in the Korean New Deal

( (a digital replica of an object that can be used for the analysis
and prediction of the future through simulation)
will be made for roads, underground spaces, harbors and dams to
lay the foundation for new industries such as drones and self-driving
vehicles, and to allow for the safe management of land and facilities.

Policy Target Timeline:
2020 2022 2025
High-definition road For all national For all For local roads with
mapping expressways national roads more than 4 lanes
Management system
on old underground on 10 km on 30 km on 130 km
utility-pipe conduit

Key Investments and System Reforms:

* Invest 0.5 trillion won from the treasury by 2022 and create 5,000 new jobs

" |nvest 1.8 trillion won (including 1.5 trillion won from the treasury) by 2025 and
create 16,000 new jobs

@ Korean New Dea

Korean New Deal 2.0 (7. 2021, presented)

w210
Change of i ) GE
New Deal Frame

Safety Net
L EL HE A4 Bt LR HE 74

HEEZY ZHFE, X5, ZAY AUE HxE

Metaverse Blockchain

Digital New Deal 2.0

Develop

Hyper-connected A
new industry QQ
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Digital Twin in Korea

o
Digital Twin related projects in National Government

@ National Digital Twin Space ISP(MOLIT) @ Digital Live Territory(R&D)

@ 0

B 3 L Y 7R

——
@ BIM Roadmap(MOLIT) |, s v s cat oo

{ﬂ-“ﬂ!“ W QN DAEEL B PN

Aaree s
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1]

Digital Twin City project by Local Governement

Seoul Metropolitan city - Virtual Seoul (S-Map)

Builiding & Land

2D Geospatial Data

NEAI CAIZSNE ADIESI0IA |

1]

S-Map, What can we do?

muncipal innovation i . comenlenoe of
(policy decision making support) LT~ e

@ Envionmentd Improverrent
. O%ix| 29 5)
O
I Urban
“ PREYC| MY §)
B UtenSeariy

“’ I EEREE)

use for

administrative

work Participation and Communication

22



Concept of

Policy Directions of National Digital Twin
in Korea

Digital Twin for Territory

0
Digital Twin Characteristics

Connect

Physics-Driven
Twin

oooooooooooo

Thasssesianas LT SRR R @ ............ e opes

Data-Driven
Twin

23
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0
What is Digital Twin for Territory?

Ecosystem of Digital Twins for Territory

prediction and contro
the circulation of material

Intelligent Data Ecosystem of Digital Twins which are federated

and interactive, prividing insights by syncronizing and Rea"ﬁ”:e De ~
representing assets, activities and process on the bidirectional networking B
hyperconnected platform., + P .
Intelligence Algorithm 3
- - T
XS EYZE / cyber Territory,
3 - 1

BT

\ 1

i 1 4 1
\lAvatary | Data:!
"‘ 'a \ e

ZE9 QI I X ASA Cdt K, 2, 2 (process) 0|

=
ZOZE SUS0 M= siM F7]8150] AMOIES MBoh= Ve Nl
W CIXE ERS0| ol 4o EZok= XIsatE HIO[E el it
= U “Virtualization” !
Real World Intell!geno_e o Safisor : Digital Replica of Human, Things, !
Synchronizing object with data 0 ; En\rlror'n_mentw i
+ (Simualtion, Experiment in the cyber world)) |

rannitarina tha flaue af anarm facerat mracae abe L

Ecosystem of Digital Twin for Territory

Data User
(Insight/Decision Making
/Control)

Basic Data
(eg: ID, Location, ..) D i Aggregation

ata Integrator (IoT/Cloud)
Data Creator 9

 Status Data Analysis Preciction/
Lo dibbamieats (each DTs) (Federation of DTs) Spsioril)

Attribute Data Visualization
(eg: matenal, color+) (30+@)

- n n . Natural Emironment Data ’ ﬂ u -

Building/Facility/Vehicle/Airplane/Human - | vegetation/animal
Infrastructure{Road, Railway, electric, netwark)
Underground Asset

24



Policy Directions of National Digital Twin
in Korea

Ecosystem of Digital Twins(CDBB)

Digital twins

Ecosystem of connected digital twins

o o

L. M/t/; o\

CAMBRICE

Connected digital twins

\

Ecosystem of connected digital twins

o
Maturity of DigitalTwin for Territory

g v 4y et sy

_— it

Data Integration
Analysis/Simuiation/Optimizztion

3. Optimization

&
BidirectionaReal (-) Digital) Data Integration
And Interaction

EARE W AIBHO[ DEES HSSI MBI Hohs

DI EHEON7 /7 17] S| HOJEHE S5t

Ofj /248t

L e RIOf (IR0 S215 Riof)

CI/E 21 7H0i 3 Gigl/ 28}

6. Autonomous

EOH BUBNB ISR U NSHIEAY

25
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The Barriers of

Ecosystem of Digital Twins for Terriory

()
The Barriers to Ecosystem of Digital Twins for Territory
Description g A FE/E8019 HHA014)
! 9 . 7 - MgRER
DTE B8 <Az 1O S 44 23440 L A
+ HHEEN A 2ETERE, TR « BRY UH M A SRR o B SCHEM SREHES 2A7HERET
+ DT SEP REROVXIB ARSI EPIOIAE 7Pt W 31 + BRSO/ EE SR8
B - T O R HOEEEOT RO e SO EIO B AR + HOIEI4TEIE BRS) + EO/E BSOS
Mol sssuonEcs - GO SAYS, BSEHAMD - CUB BARNOM DS Y HRIN ATERD|9F)
B A T + A213h FIAIEHRD BLRINRAR) o AZISH7HAIE 71 TR TR(OM ATER0| 94)
O - e sterls « IOTE U ARPIIERIS7)8
eIwWork
« DRI E= Y + SG/LoRaSCRRMHERT TIA U8
. - . MM + JIEG0E 2 SEEE 00
DDA 44451 O IEHAEL B4, T2MA-) PRI B
Data  [EEEESE LT © BDEIL BN - CO[E} AT (B PRSI 075
+ OB ARHEHEE) " HEROE Y ARHEE T8 * FURRA RN
-« ooy YBEE * AJGEE| TR0 MR . b t
stenderd [ . GO SUSSIEE, HOEERY RTATECE
+ Semantc Rule(i2] Y 2 712 of) s, A& SHS B EE GO Hom DAl - NESVIRREER
Security [RIEISERCE IR =SS « EEHRITIHOE W4-0U-gR « HORYCBHOIA B
Privacy [ ZEE=EnET] + B0 RE

26
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o
Barriers from Interview

E——— | — + Betveen Deparimentof - TN O ERSTNRRI= 3%
s ai - RN . || ST IR e

Interoperability Technological Level Education & Training Security/Privacy

+ HRIS2YSRBUBUR - NG EHMBRGUISNS - OXEERARS,HoERY, - DRISSROBNS3R84R

Vision & Principles
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(]
Vision & Goal
Sustainable Intelligent Society

Improving people's QOL & F : i
Alleviating gap between social Smart Ilanagar!'lanth. Improving ) Creat!ng new business mla_rkal &
position sustainability improving national competitiveness

“Create Service and Control Real world to optimize Territory System”

'

~ -

E Federation of Digital Twins

] =

: UNIT n s

: - _!{ :
i '| L 2 :
! A I ]
M L M N s i

Real-time monitoring status of
Human, Things, Assets, Process, and etc. P

Why do we need common principles?

+ When we works with common principles, could develop it step by step

Real World
Object

@ Digital Twin
Object

@ Optimization)]
Simulation

28



Policy Directions of National Digital Twin
in Korea

(V]
Nirartinne
2 2
“Public Good” - - - _
I

I~
Eco

Principles
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Thank you very much.
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Sharpening urban infrastructure
decisions with artificial intelligence
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Hoon Han Univ. of New South Wales
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with artificial intelligence

ASSOC. DIRECTOR- CITY FUTURES RESEARCH CENTRE

UNIVERSITY OF NEW SOUTH WALES, SYDNEY
H.HAN@UNSW.EDU.AU

2021 International Conference on GIS, Seoul, South Korea
22 July 2021

Market Research Blogs

Global Cryptocurrency
Market,
2020-2027

$5493.30
Eillicn by 2027

J_f
$ 674.50

Willion in 2019

SYDNEY

Value Australia: What is
value of Australia?

Stock Market/Labor Market/Cryptocurrency i /
Market __

There are 60 major stock exchanges in the world
witha total value of $69 trillion

Improve space value by high-quality, sustained, L ey ————
accessible infrastructure

t
-
"
-
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PART 1

Al for City Planning
PART 2

Transport Infrastructure
decision

PART 3

Building Infrastructure
decision

PART 4

Land use decision

§ UNSW va?ueaustralia

P P o muu-nJur e N e T NI T r-v-rrau---y

Sharpening our land and property decisions with artificial Intelligence
Value Australia will create scalable, efficient, secure and accurate tools that """ ' >
can respond to a variety of land and property types and uses across Australia,

including: *
NSW
-forgone tax revenues,

“disputed valuations, *)
@
“inconsistent lending and insurance risk decisions Crc SQ

(as highlighted in the Royal Commission into
Misconduct in the Banking, Superannuation
and Financial Services Industry), and

with export market potential. Va
The automated valuations will tackle industry identified shortcomings

Property
*sub-optimal and inconsistent urban and regional planning, NSW

LINKING PEOPLE AND INFORMATION

*the inability to easily capture land value uplift
to fund infrastructure. LIVERPOOL

CITY
COUNCILs

34



Sharpening urban infrastructure decisions
with artificial intelligence

SYDNEY

* Is a digital toolkit comprising a set of

* frameworks and methods to support

* collaborative city planning and user centred

* design.
|
' Next Generation Valuation Model
* Hybrid Model (Valuers + AVM)
* Online interactive scenario
Valuers Automated Valuations eqlrer ookt
= Comparison Sales Price = Hedonic Price Model * Incorporate rich and diverse data

= Hedonic Price
* Residual Land Price

= Market/Environmental Risk
(e.g. site auditing)

+

| * Machine Learning (with Big EEE
Data) ]

= CA Model

(incl. Big Data — temperature,
topology, irrigation, energy use)

* Collaborative decision-making
approach

* Automated valuation modelling
for land and property values

* Capture land value uplift on
properties in areas with new
_ infrastructure
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valueaustralia

ratueaustralia

Sharpening our land and
property decisions with
Artificial Intelligence

e LIVERPOOL I: i
W | prooert a e, B MNGIN
tqsw Nrso\ﬁer y COUNCILs ' it UNSW f g.wmm..n.mlom!s

o UNSW

SYDNEY

eaustralia

CITYFUTURES
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with artificial intelligence

RAISE Interface Screenshots Va?ueaustralia

Visualising value uplift with hypothetical train station

» RAISE
0 Toolkit 4 LANCELOT ST, BLACKTOWN NSW 2148 9

RAISE Interface Screenshots Va?ueaustralia

Visualising value uplift with multiple scenarios

RAISE
! Toolkit
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Al Performance in SA4 Geographic Segmentation vaVueaustraha
Sydney - Blacktown - Hit Rate & Forcast Standard Deviation - All Models
GBR3 I'\:andomForemS
o XGB3”LGB3 Note: Numbers (1,
1 CNN3 2,3) denotes the
Y RECEETE | algorithm version with
andomFores! eighbors 3
60% NNS;@E‘D&'P roaS-KNNeghbors3 different feature
GERZ.E ~_BayesianRidge3 selection
550% XGB Decision LGB2
il Lasspd’, L NN2
& Ridge3 /é' ] @m
e oLs3 Ri BayesianRidge2 GBR1
£40% e R%Lé:gElaslic;e y RandomForgstt x91;1
4 T
& LGBY "y, DveSEnRICGet
< 4 ARD3 .. Elastic1 [Ridge1
30% »  DecisionTreel 466017 KNeighborst
.
ARD2 CNN1 o
ost  SVRI
20%
10% .
ARD1
5% 15% 25% 35%
Forcast Standard Deviation

¥ vaappd LR SR
& C O & higpsifappvalusaustralindey/scensrios/craste Sk % i ‘ i
va?_qo SINARDE VALKTONS
CREATE SCENARIC
Sensp Sewnae IRETRCTIONS 2
ot 2 plave £ 5 v
s :
F N o Mg st
CARTE) © Cpmebirwatiig sty
0 v placed martar ik and 6 1 1 o g e g v e ke L, T ekt 3 phare] marker ik 0 ad ko e et
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TR W e M T T W -O BE R T F N el Nl e T Wl T et R e et D T N 10

desk)
* Decreasing retail sector

* Increasing work-at-home

seamlessly changing over time

school, law firm, motel)

* Increasing office vacancies due to COVID

* Increasing co-working places (e.g. hot-

* Vertical office space use (e.g. 3D);

* Push-and-pull patterns (e.g. coaching

anueaustralia

~ rr " LA™

anueaustralia
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Sharpening urban infrastructure decisions
with artificial intelligence

va?ueaustralia

U,‘UI IU)’ IS LUl IH /I

Agriculture Arts Indlustry {anchor tenants) Pull Push
Healthcare \ ’ sclentific Heusehold
Other Agriculture, forestry and fishing
Teansport, postal and warehousing Electricity, gas, water and waste.
services
Healtbcare and socil assistance
el
Vacard
Other services
Probessianal, scientific and Financlal and nsurance services Heusehold
technical services
Other Electricity, gas, wates and warste
Transpart, pastal ar g Ant i
Healthcare and soclal assistance Agriculture, focestry and fishing
T
Wacant
Maruilacturing
KT Professional, scientific and techrécal services  Household
et L : ;
e RNcIt o ety
Industry Industry Coefficient  pvalue
Top 10 pull industries
Financial and insurance services Professional, scientific and technical services 539 <.0001
Professional, sclentific and technical services  Other Ag <0001
Fnancial and Insurance services Other A <0001
Financial and insurance services Transport, postal and warehousing A7 < 0001
pull Transport, postal and warehousing Prafessional, scientific and technical services A4 <0000
Professional, scientific and technical services  Health care and social assistance a3 <0001
Anchor (9] Professional, scientific and technical services an < 0001
Push Financial and insurance services Heaith care and social assistance 337 <0001
KT Financial and insurance services kil <0001
Financial and insurance servires Varant n < 0t

§ UNSW va?heaustralia

commercial properties — tenancy mix strategy

other features integration (e.g. topology, building materials)

value uplift and scenario exploration (e.g. build-to-rent)

ﬂ building features (e.g., air quality, temperature, carbon etc) & productivity
and wellbeing
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Leaustralia

g UNSW anueaustralia

* Hignest Best Use (Floorspace Katio ana suiliding Heignt)
* Minimising Traffic Congestion
- Maximising Rental Yield

* Balancing Land Use Mix (Residential + Retail + Office)
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Computational Design: The land use responds to highest and best use

URBAN Al

Computational Design: The mix-use of the residential and commercial can be
easily altered

URBAN Al
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@ LW va?ueaustralia

R T T S T e

Collaboration means the parties are working
together to develop products and services
that will deliver benefits for all parties
involved in the collaborative effort

Partners to share investments and risks, as
well as the benefits and outcomes

Maximising the overall benefits to the
collaborators as a whole, rather than just
maximising individual interests.

¥

W City Futures Research Centre - Partners

AW

1 THE INDEPENDENT * Data i Sydney
—~ o ouannock  OCNES wwiamies ywatep 4N
AH U Ri Australlan Government Community Housing

o e R i Awstralian Research Council FRONTIERS
& Property '

@ CANTERBURY
NSW DEAKIN IR AT y
. RMIT &Qﬂ§" ,,,[m“ e UNIVERSITY ,/4 g:gﬂh » e

NSW STRATA .
UNIVERSITY (‘h [t SN The Sudney Morning Herald
* Office of the 2 e er IL"‘B LIVERPOOL @
. e NG| STt Scentt Gfith O . o OMINGRINK
stz [Ty — NSL LINKING PECPLE AND INFORMATION

-i...l UNIVEHSITY
T {‘:IJI‘\_'If"HI,Ii..(I]‘.‘\EJ(!NU
e L AUSTRALL
PLUS ALLIANCE Curtin University

LA gr M e | g | oo ] é
u AURIN ,.,-.‘.i? &G‘) .......... i i'.; ok .
ARDC v L0W CARBON LIVING . :"~.;_| {_.I . - THE UNIVERSITY 0F
. -~~~ ssROC " ) s SYDNEY
p. LE— P
e i e 5GCH

Health and Welfare

- NSW

Innevation and Sciener Aush ﬂﬁ‘d‘
Statistics
-
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Smart construction with BIM and
geospatial information
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Troy Rigby Trimble Asia-Pacific






@ Trimble

Presented By:
Troy Rigby
Asia Pacific Director of Sales

Smart Construction with

BIM and Geospatial
Information

The Impact Of Digitalization On The Civil
Construction Industry

Smart construction with BIM and
geospatial information

Trimble Snapshot

Company Innovation
_+ NASDAQ: W] 1,200
L.'FI—*’_' TRMB =] Patents

— Us$3.14B

\® ¢ |nRevenue

= :% 360 Construction Workflow
&1 & Technology Patents

34%+
Building & Infrastructure

o 14%
\® ¢ R&D re-invested

People

11,000+ Employees
in 35 Countries

800+ Construction
Professionals

Global Customers
in 150 countries

&-Trimble.
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Core Business Franchises

Qur core industries are global trillion $ industries which operate in demanding
environments, with technology adoption in the early phases

Yy yr

Civil Engineering
and Construction

Geospatial

Agriculture

Transportation
and Logistics

Buildings

&-Trimble.

Construction is a factory
Making customised products
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Smart construction with BIM

d

geospatial information

Construction Industry Challenges

o0
P
Unstable Workforce

"In Canada, about 25% of workers
whose construction jobs are
terminated find their next job in
sectors outside construction.”

omic Forum; The Be

Unique & Complex

®

Smart Construction with BIM
and geospatial information

* Global listed E&C companies have a
weighted average total shareholder
return of only 5% and are consistently
outperformed by most S&P 500

companies.”

®

Over-preference for Lowest
Bid
*The launch of a 17km (11 mile)
highway segment in Germany was
delayed by six months, as one bidder
raised objections to the tendering
process - the lowest bid had not been

chosen.”

Construction Industry Challenges

o

Stakeholders with diverse
goals

“Three different project owners are
involved in the construction of the
Berlin airport, Delays of 10 years and
cost overruns of about €5 billion

are expected. *

Source: World Economic Forum; The Boston Consu

Unique & Complex

L
F@-.
4 .
Highly Fragmented Industry

“The United States has 710,000 E&C
companies; only 2% of them have
more than 100 workers and 80% have

just 10 workers or fewer.”

Q
(it

Conservative Clients

“A minor problem with an innovative
rapid-hardening concrete during a
night shift almost brought a public
road project to a halt, as the project

owner lost faith in the new material.”
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Construction Industry Challenges

Despite having huge demand and scope, the
construction industry has always performed
inadequately. It represents 13% of the global GDP but
has experienced a productivity growth of only one
percent per year for the last 20 years.

Research by McKinsey

Construction Industry Challenges

Productivity in the highway, street and bridge
construction sector has actually reduced between 2007
and 2019.

Source: U.S. Bureau of Labour Statistics, Office of Productivity & Technology




Smart construction with BIM and
geospatial information

Impact of Digitization

$0.7-1.2 trillion

Potential annual global cost savings over a period of 10 years through the adoption of fultscale
digitalization in non - residential construction projects.
- ‘World Economic Forum’, ‘Shaping the future of Construction’

From concept to design, to build and maintain. Digital technology
gives customers true visibility and real-time control of their projects.

Between Stakeholders In the Office In the Field

s F
O o EoY TABLET =

INSTRUMENT

REPORTING

PROCUREMENT
O self Perform Contractor b

JOB COST SCHEDULING MATERIAL

) General Contractor

The Right Data to the Right Person at the Right Time
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Tyl El4 X @Digitalization

* E:
’
Continuous Operation, Rain Hail
or Shine

Tyl El4 X @Digitalization

Q

3D Visualization of Alignment
Options
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Tyl El4 X @Digitalization

o),

e
Continuous Operation, easily
picking up from last operator.

Tyl El4 X @Digitalization

pr
©

Estimate & Plan Earthworks
With Confidence
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Tyl El4 X @Digitalization

IS4

Increased capabilities of
workforce in shorter time.

Tyl El4 X @Digitalization

Less than one-third Much discarded material
of construction and demolition waste is currently could be recovered - for
recovered purposes of

" Other
Recyded or ;
reused | 20-30% |

Gypsum board Fertilizer additive
:(:T:-:i: Gravel, arosion control

11% Soilfines Reuse after treatment

Reduced Waste Hn 1 :
S Asphalt | R ik =
il pendic oad-building materials
Discarded
?:::; Luamibrer Wooden ficoring material

Construction and  Composition of
demclition waste discarded waste

Source: Ellen MacArthur Foundation; World Economic Forum; The Boston Consulting Group
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Tyl El4 X @Digitalization

Better Harmonization of
Scheduled Tasks

r
)
Sig
- - - -
Tyl El4 X @Digitalization
- W a
.‘J v.r” .-.°
— —
.:@ s
Improved Work Coordination
and Collaboration
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Tyl El4 X @Digitalization

o@r

Track & Assign Tasks In Near
Real-Time From The Office

Tyl El4 X @Digitalization

Q

Better Site Review and Changes
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Ty El4 X @Digitalization

e
(S)

Alignment Cost At A Glance

Ty El4 X @Digitalization

e
(S)

Just-in-Time pull of Resources
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Tyl El4 X @Digitalization

Frequency of es
changes in /7
traditional process V4

4t

Front-loaded Design
Review/Changes

Source: World Econamic Forum; The Boston Consulting Group

[
)
Q’vh
- - - -
Tyl El4 X @Digitalization
- penaer ) E— Jm—
. : Samatl Capital Funding Performance (Projects Below $5,000,000)
&5 J =
) o
Better Alignment of Resources f f
and Data. a— f— e

[
)
ﬁs;h
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Tyl El4 X @Digitalization

Transformation areas

1 People et

2 Adoption of new technol Lo

ogies, mate d tools SR

The Process towards
T2 P P T 3 Industry collaboration rmponant
Digitalization is a Journey

4 Business models prt
S Corporate strategies rmportant
& Maturity of business "
processes e
gt

8 Corporate cultures

9 Corporate organizations  urimportant

10 Creation of intellectual

Together we need to move the industry
From Traditional Construction
To Data Driven Construction, enabling Highly Automated
Processes

Visualize,
optimize,
connect, inform
and automate
construction
process

Constructing;
Better, Faster, Safer, Cheaper, Greener
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@ Trimble

crAZIE VINAKA L|
TERIMA KASIH Cf

Thank You THANK
- sYOUTAKK
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Autonomous train with Al and
3D Geospatial Data
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Gunho Sohn York Univ.
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3D Geospatial Data

alh

Dr. Gunho Sohn (gsohn@yorku.ca)

Ty
|
|

*Some slides of this presentation courtesy of Thales Canada (David Beach) LASSONDE

creative passionate rational confident

LY y N’
Lean and Green Future Cities

]\ "\\ll \
: ',, e 1

@l Reduce infrastructure

N/

el
S

L/
-

S

gy,

\, ol

Maintain highest safety standards

1.34 million
passengers a
day!
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AUTONOMOUS TRAIN

The first AT in London

Skv-Train in Vancouver

CONTROL (CBTC)

Power
management
Automatic Train Supervision

Traffic operation network

ik [r—
e —

Cxmmen 43
[} i — A E——— -

p—— i
L) T, i — e e ity "
[V e = o ——
PP

o o

T e comu T P
o ey w— L] s
— -

bttp://www.mitsubishielectric.com/bu/transportation/products/operation,/

[3] Smartrail40

AUTOMATIC TRAIN: COMMUNICATION-BASED TRAIN

[1] 1474.1-1999 - IEEE Standard for Communications-Based Train Control (CBTC) Performance and Functional Requirements.
[2] Train Operation Systems | products and Solutions | transportation Systems | mitsubishi Electric
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EVOLUTION OF TRANSIT AUTONOMY

Vehicle Situational
Awareness - LS

Vehicle Situational
Awareness - RS

LTE/5G PROTEUS Big Data / Digital Twin

Next-Generation
Paositionin
4 OA4

iwos  Full Operational Autonom
LOA3

S—— Line Speed Autonomy

g - Recovery Speed Autonomy

OA1

Autonomy-Ready Positioning

NEXT-GENERATION POSITIONING

Delivering SIL4 services to CBTC

Reducing wayside infrastructure by
removing/reducing track equipment

Reducing lifecycle costs with car-
body-mounted / COTS sensors

Positioning Odometry

Stationary
Binary indication of vehicle motion Status
With high-integrity reference map ...
... the backbone of safe transit autonomy
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THE AUTONOMOUS SENSING EVOLUTION

( Automated trains are safer and more reliable than w
traditional trains, making it possible to increase the
network’s global capacity; Autonomous Trains will be
the next upgrade.

Patrice Caine, Thales CEP

/ Level of Rail Autonomy \

@ Autonomous Vehicle
Recovery

Automated (GoAd4) trains: Autonomous (LoRA1) trains:

Protection of People and

Repeat set movements under Have situational awareness and
Property

centralized control can perceive their surroundings
Rely on wayside infrastructure * Rely less (or not at all) on wayside
Are ‘blind’ infrastructure

m'proceed beyond allowed Make human-like decisions
movement limit May proceed at low speed
Require hurn_an operator to beyond allowed movement limit
recover service to recover service

Full Autonomous Train
Control

@ Autonomous Line Operation

A 4

VEHICLE SITUATIONAL AWARENESS

DETECT SIGNS, SIGNALS &

SIGNAL ASPECT

« Detect signals & signs

= Classify signal aspect and
signage type

« Distinguish relevant
signals and signs

+ Track objects - Detect obstacles in time
to brake
==l a3 Measure range and
i m 3 speed

Resolve branching paths
Track obstacles

DETECT OBSTACLES

Autonomy depends on Al ... but it needs to be safe
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DEEP LEARNING FOR VISUAL ARTIFICIAL INTELLIGENCE

Object detection accuracy improvements

BI80% o350%
85% :

— = VOCO7 MAP ’B-SO‘V
VOC12 mAP 73.20% ),

=G COCO MAP@.5, .85] 70% 7 T4.90% 6 70

70% e COCO MAP@.S L 2040%

I\ 68.40%

58.50% 59.10%
60% 3 = / //52.90%

e | 59.20% [

mAP

48.40%
53.70% 46.50%

- 21%

Zou, Z., Z, Shi, Y. Guo, and J, Ye. "Object detection in 20 years: A survey. arXiv 2019." arXiv preprint arXiv:1905.05055,
Krizhevsky, Alex; Sutskever, llya; Hinton, Geoffrey E. "ImageNet classification with deep convolutional neural networks”

WHAT DOES “SAFE” MEAN?

Dictated and quantified by Safety Integrity Levels, with corresponding
probability of hazardous failure per hour of operation

&

2 10610 - 0
f 1.0E-08 - e

$ 10806

2 10604 + 204 a0

% 1.0E-02 - Hu' ' s ys 5:

£ 1.0E+00 - - : :

Current state of the art neural networks can outperform humans, but the
“integrity gap” to Safety Integrity Level 4 (SIL4) is immense!
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AUTONOMOUS TRANSIT VS. AUTONOMOUS VEHICLES

Autonomous transit has unique challenges

Require longer stopping distance

Not being able to change the direction of travel

Cause much larger degree of fatalities per
accident

. - Require longer stopping distance

Andr van Es. “2015 Overview Rail Transport Course"

AUTONOMOUS TRANSIT VS. AUTONOMOUS VEHICLES

Autonomous transit is much more constrained

Feasible reference maps

Restricted access and higher control

Less dynamic and less complex scene

4 - Higher performance and safety needs

Autonomous transit has unique challenges, but it will be realized before fully-
autonomous cars
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KEY CHALLENGES FOR AUTONOMOUS TRANSIT

Getting and using
the data

-

High-performance

sensors and processing Building frust in

perception

Certifying optimal
estimation

ONTRAC: ONTARIO TRAIN AUTONOMY COLLABORATION

?\]‘Télg Certifying Al

n Safe and robust Obstacle Detection, Classification and Tracking

» Supports all use cases for Autonomous Vehicle Recovery

» Suitable for all expected operational conditions

* Integrated on existing Autonomy Computing Platform

* Multi-sensor data-fusion approach, utilizing both Al and classical algorithms

$ To develop and demonstrate a prototype system of a high-performance
“Obstacle Detection, Classification and Tracking (ODCT) Solution”

. To support the Autonomous Vehicle Recovery capability of Level 1 (LoRA1)
trains

i!- THALES LUMIBI AVIN oneric @

LASSONDE MORE TH LASERS
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YDHR TEST SITE FOR AUTONOMOUS TRAIN

Durham Hirailer Test Vehicle

& : = 2.4km georeferenced LiDAR survey (1m
m ' accuracy)

__
""“'-""‘" — = | * Full 16.7km geo-referenced LiDAR survey

(~5 cm accuracy)
* Integration and verification testing on the
YDHR Hirailer rail vehicle platform
* Installation of TCTS position landmarks
. * Integration of RTK-based, UWB-based and

f - “ m Corrail ground truth system
o . e * Full integration onto Durham locomotive for

T- ol
multiple ODCT testing

MULTISCALE RAIL TRACK EXTRACTION

Track Modeling
Input MLS data based on Kalman Filter Turnout Object Labeling
Initialization + = Track model Prediction +
— Multi-track region
; stacking
ek wangow Classification
localization !
(track head/web/bed) l
Multi-track labeling
Y z (Merge/split, left/right
Classification Multi-track recognition opienfclose 'start/en d:;
(track head/web/bed) (single/multi-track) ’
X Y k4
Track modeling Track model update Toe point detection
.
Split to right {open) Split to right (close) Split to left (open) Split to left (close)
%iend =
Merge from right {open) Merge from right {close) Merge from left (open) Merge from left (close)
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MULTISCALE RAIL TRACK EXTRACTION

L3
Fin  Radbdcton  Evabastion
Ol 1 a0 &Y, ISS0000, » O¢ HaaM, ==:ix " S

o

Patent - Point cloud rail asset data extraction (Jung et al., 2020)

POSE: PATH, OBSTRUCTION AND SWITCH EXTRACTION

lio

Subject vehicle

Ovstranon Degres
Prabaivity o by oo somaciel
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PATH EXTRACTION (PE) FUNCTION

(L) ls“:;i‘“

LIDAR points l
from LiDAl
{from R) Rail pixels Path segments Rail paths
= o " (in 20 image) Path segment | (in 2D image) Creation of (in 3D space)
+ ) it a il

. Y Rail pixel eatraction extraction rail paths

Image
{from Camera)

Stage 1: rail pixel extraction Stage 2: path segment extraction Stage 3: rail path creation

<Overall diagram for PE sub-function>

Rail pixels Path segments Rail path graph

Stage 1: rail pixel extraction Stage 2: path segment extraction Stage 3: rail path graph creation

<Description of outcomes in each stage of PE sub-function>

PATH EXTRACTION (PE) FUNCTION

O Predicting centerness, corresponding left & right rails for each pixel
U Integrated semantic segmentation outcomes to reduce false positives in
centerness

L/R rail
i ; . Distance to a left rail Distance to a right rail
Example of training sample
Estimation of
leftinght rail pixels

Extraction of Triplet Points
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PATH EXTRACTION (PE) FUNCTION

1 Result Video for Triplet (Center and Left/Right) Point Extraction
* Teston test7/nrs2 of YDHR Oct 10 2019 Data

Input Image Semantic Segmentation Outcome

-

Centerness Outcome . Triplet Extraction Outcome

PATH EXTRACTION (PE) FUNCTION
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PATH EXTRACTION (PE) FUNCTION

U Testing in NYC Subway Images

= Video source: NYC Subway Front Window View - The Manhattan-Bound 7 Express Line [https://youtu.be/ukOHgdPbYYg]

Input Image Semantic Segmentation Outcome

’ "f{' & 5

Centerness Outcome Triplet Point Extraction O thme
y'

PATH EXTRACTION (PE) FUNCTION
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PATH EXTRACTION (PE) FUNCTION

Testing Path Extraction Sub-Function on Metrolinx Images

PATH EXTRACTION (PE) FUNCTION

* ASSIgNINg centerness correctly only the center oT area recognized as “"track
region”, leading to the following limitations:

Input image

Semantic

segmentation

Centerness

Triplets
{only local maxima)

Error cases in turnout regions
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LOCATION-AUGMENTED OBJECT DETECTION

Location-Augmented Object Detectfion is a [ “na High-Integrity Location and Motion
high-integrity detection chain that uses all ' Jp Informiclisn

available rail operation information

High-Integrity Infrastructure
Infermation

High-Integrity Detection of Objects

including
Obstacles, Switches, Signals & Tracks

High-Integrity Network and
s Routing Infoermation

-
Hybrid architectures, built on SIL4 positioning, are key to
addressing performance and integrity challenges @ High-Integrity Calibration
\_,/ Landmarks

LOCATION-AUGMENTED SIGNAL DETECTION

Annotation in Dense LiDAR Point Clouds I
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BIG DATA PLATFORM

Advanced sensors produce enormous Advanced algorithms need more data for
amounts of data development and verification
Hosts Status Everds in last 24-nours !
| i (R o s | |
JLRR ]
R
P B | w
|

=L e i I !I i :

Al provides new opportunities to explore data, discover corner cases, parse and purge large
datasets, and explore complex operational spaces to ensure test coverage

BIG DATA PLATFORM

Mours Cotectsd Mo Coflected in purs

200.158 2,328.424
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CONCLUSION

O Autonomous transit has unique challenges
O Artificial Intelligence is a critical enabling technology

O High-integrity (digital twining rail infrastructure and operations)
increase the safety of autonomous transit

O Safety-critical systems can be built on AISAFETY-CRITICAL
SYSTEMS CAN BE BUILT ON Al

21

Source from https://www.rallwaygazette.com/sponsored-content/thales-latest-product-in I form-journeys-in-and-around-cities/58978. article
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loT and Al based Smart Building/Energy
Twin Platform for Smart City

NTELS Cloud loT Business
Changsoo Park

Contents

Introduction of loT and Al based Smart Building/Energy Twin Platform
Introduction of Domestic and Overseas Cases
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83




Spatially Enabled Society with Al @and Digital TWin([[) e
QlEX|s1} CXHEZCE e SU™E(I)

Introduction of loT and Al based Sma‘rt
Building/Energy Twin Platforrn -y

® N-CSTP™ : NTELS Connected/Cloud Smart T‘Mn PIatf.orm ..

5G/XG & Cloudlzatlon

[5GX]
Cloud Platform
5GX Edge(lLocal Computing)
5GX Security

.. AutoMATA(Connected Intelligence )
@ Autonomous Connected Cloud Twin Building/City
@ Autonomous Connected Mobility
@ Autonomous Connected Cloud Twin Factory/Robaotics

SG/xG ;Connected Clty

'\.

""--,,,,5_'G/xé:l';mmecwﬂ"iﬂobliﬁt?‘ SG/xG tonnected Factory/Robotucs

EdgefLocal Comnutmg ""\
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loT and Al based Smart Building/
Energy Twin Platform for Smart City

Overview

= We have been offering the smart city platform for local municipalities and smart energy management services for public buildings.

i wp K B & & = AN & F & =
-
ra .

4 SmartGrid/

SMART CITY

4 Smaart Retail
I, Smart Energy \‘ Smart Agriculture Internet of Things
i -
\ ; @ @ @ Global Smart City Platform
) ',’

Capable of connecting with global smart cities like Santander,
Open Data Spain nnected platform and services

-

Smart Health Semart Mobility

Smart Home

O O

Smart Cloud Service

From a Transportation, Building, Energy and any services
are cloud-based specialized services for smart city

,r Data Intelligence

a-based intelligent a
up .
5L nable

Pangyo Alpha dome Smart City{Building/Energy)
* Daegu Smart City

* Suwon Smart City(Bullding/Energy)

* Busan Smart City{Building/Energy)

SK Telecom Smart City Flatform

S

Global oneM2M base loT Common Platform

N-MAS loT Platform

Smart Buding/Energy/Gty Platform's Basic core s O T cOmmon  Platform

4 4 4
v iy v
loT laT leT loT
o o o
Platform A Platform B Platform C Common
Platform
4: . A "
iy ty iy i
Device Device
A B

Silo Platform

i '™

C B
Device Device

A B

Commeon Platform Convergence
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Basic Structure of Smart City Platform

NTELS Smart City Platform
Open loT & Al Platform for Various Smart City Service

loT Based Smart City

Massive loT @ 6 @

Service

Transportation

Smart Building/Energy

Intelligent Edge

Twin Service
M Safety ‘?.
o Smart City : '
. F“L Platform

Dev. Tool

Intelligent Cloud

DevOps/SDK

Cloud Service

©--00000

2 o=

Basic Feature of N-CSTP™

*N-CSTP : Ntels Connected/Cloud Smart Twin Platform
NTELS Connected/Cloud Smart Twin Platform

Layer-1 Layer-2 Layer-3
*Machine/Data Twin (3D Urban MAP/BIM)

*Consolidation & Prediction
(Data Integration& Analyzing
& Learning/Inference)

Massive loT
with LPWAN/MYTHINGS

*Standardization
(Connectivity)

=

Classification
(Standard 1
Energy Prediction & Managing
(Energy | / Energy Prediction & Control/M&V)

Edge Gateway

” Predictive Asset
Cloud Smart Twin - Management
Platform 3

m RN 4
Devica R —0)
+ (RS, ) ~ S -
— B Vil
==l OFE0—0 ¥
mmwm. C E: L ¢ Al+Rule N f‘
KX, Metasys Engine (((.}}),' v,
v
Data Analyzing & AI-CEP Engine Building Integrated e
& Energy Prediction/Optimizer Management(TCO § fEfficiency t ) RAL;5pace 5
B Local Edge Data Collector *Data Normalizer {Environment) Service
Industrial Field Device -Protocol Handler & Data

Collector
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Basic Component and Value of N-CSTP™

*N-CSTP : Ntels Connected/Cloud Smart Twin Platform

Value of N-CSTP™ Connected Smart Twin Platform

Expansional Architecture

Value 1. Value 2. Value 3.
Hyper Connectivity Hyper Intelligence Hyper Expansional Service
All of things Connect/Translate Al-Rule base Context Awareness & Interoperability for Various &
& Standardization Active/Adaptable Service Sustanable/Profitable Service
Hybrid Smart Gateway Intelligence Engine Open loT Cloud Platform
BAS Device .
JOT  seeeccsssssnsnns
Device
.. NEW
- SERVICE
4G/5Gx . Mobile 5 ‘

1. BAS Protocol - BACnet, ModbusRTUfTCP.,.| | 1. Energy Prediction/Managing Service | | 1. Single Cloud Platform with web/mobile

2. loT Protocol - MQTT, REST | 2. M&V with IPMVP 2. Smart Tagging & Build Engine (IBMS)

3. Interoperability of Binding the new system
/Service and 3™ Party Service

3. 3" Party Interworking & Interface |

| IEX, Intellect-Dynamics, n-tuple 3. Tenant Service (IEQ & Energy & Occupancy)

Twin Map/BIM Architecture of N-CSTP™

*N-CSTP : Ntels Connected/Cloud Smart Twin Platform

® Basic Architecture of Energy Twin MAP/BIM

i 2D Map View UrbanMap 3D View BIM 3D View Building Info View |

3ds file 2D Twin Modeling 3D Twin Modeling ~ Bullding, Sensor
* Open layers 3 Cesium Bul::;or?“zrto'ap:ﬂy
Obj file Symbolizing of Of Building J Sensor Information
+ Building Location BIM ) = -
R T 3D Index Modeling Facity Information
A . Building Information. EEEEN  Dashboard
L (File Transform) 1
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Al Engine of N-CSTP™

*N-CSTP : Ntels Connected/Cloud Smart Twin Platform

® LSTM-RNN Model(Energy + Asset/Facility)

Long Short Term Memory Recurrent Neural Network Algorithm Feature of LSTM-RNN

* Recurrent Neural Network : Learn the sequential data to perform classification or prediction - Predict of the Energy (DR, Peak Elec. Demand, Optimal Control
%y Oyq of Power Electricity)
v E = Predict of the Asset/Facility Fault & Health
W,
# Successful application of Al depends on a sufficient data set
u
%41

A
|M~‘ﬁ-,__.r-—~“—-—-_._l
229299 22999 eRe---099
698 909 cirgs ' erede

'Y ) (X (X

Al & Rule Engine of N-CSTP™

*N-CSTP : Ntels Connected/Cloud Smart Twin Platform

e Response 7 Tax gm

Machine)

R =
B =

~
A
1)
-~
W

Y

A Engine
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loT and Al based Smart Building/
Energy Twin Platform for Smart City

M&V Engine of N-CSTP™

*N-CSTP : Ntels Connected/Cloud Smart Twin Platform

® Measurement & Verification Algorithms (Energy)

A i e M bl e T Item
| Local Bullding Area
WP ogton A iy |

i e P—— Connectivity Gateway MOTT, AMQP, REST
i | BN :ql.,;:;lw [V st smmeme A o of of —_— 1 Data receiver | Building Energy Data Collect & DB Loading
; a
ulbaten | : IPMVP based M&V Logic Running & data extraction
L) i

ME&V Analizer | ¥Input : JSON
| Qutput : CSV
REST

Visualization AMR chart/ELK

1BMS Cloud Server WEB Server

Connectivity P Visuslization

Data receiver

| ichemeson |
1 MEV Extraction Data
— )
[ i
et ey ot
M- Database
ME&V Logic

UX/UI Of N-CSTPTM — Urban Energy & Asset Management Map (2D)

® 2D Urban Energy & Asset Management Map System’s Screen

4 et g

Managing of Urban Managing of Urban ME&V
Energy MAP | P A Energy MAP
- o e

Managing of Urban Asset/Facility [« Swomesm
Mgmt MAP

7 P ,
!-
1l )
. V-
.8 : : il
‘ I..' B
=Ny M S
3 g‘ L] o
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UX/Ul of N-CSTP™ _ yrban Energy MAP & Building Energy Modeling (3D)

@ 3D Urban Energy Map & Building Energy Modeling System’s Screen

Log-In(S50)

UX/UI of N-CSTPTM_ Building Facility & Energy Modeling

@® (Cloud-based Integrated Building/Energy Management System’s Screens

Management of Group |
of Buildings

Managing of Building . Managing of Facility
Lighting Zone == Status -AHU

Managing of Facility Status
— Power Elec.(LV)
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UX/UIl of N-CSTP™ _ mobile

e Mobile Service

1
Mobile Intro : View of Energy Monitoring & Control the BAS

& <@

@ ¢ oigam

2 \jcbile Energy Management of SUWON
City

e

390.90

5 e
] e
2685705

v 0T | @

ewEneay e
O G e oN ofF )
e o mdmid S
Sl e
o~ @55 .

- U

iR

< 1EQ Trends
Moot

. o .
" sraam View of IEQ Monitoring
@

= jEQ Monitonng
Mastsrng Treny.

2% & 9

s
25

29 & 9

a5 e
29 B 9

P00 P90

n
oo MAV & Maintenance | ..
< e
M
e L

[rTRTECTIETY
Bttt

T

L T i B DA L
O A B T BEE
] WIS B33 ST LHELIC) o)
By

Introduction of Domestic and va—ir'séas
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Domestic Case - Korea Suwon City(2017.3~2019.3)

= Suwon City in Korea nhttp://trans.suwon.go.kr:7000/etgi/
As part of national research projects of Ministry of Science and ICT, urban 3D energy map-based Cloud Smart Building Management System was
implemented for 100 public buildings in Suwon City
Smart Building Management System to increase energy efficiency of
105 public buildings in Suwon City, Gyeonggi-do

Primary Contact ; Changsoo Park [cspark11@ntels.com]

10T & Al Smart Building and Energy City

Platform in Suwon City
(KOREA'GGVernment Project)

Government of KOREA's loT & Al Smart Buildings and
Energy City Initiative

NTELS Smart Building & Energy City Platform was deployed in

Smart Building/Eneray Eu_bli_c buildings in Suwon City to provide optimal management

Cloud Platform uilding facilities, environment, and ener&y using the urban 3D

: map and 3D spatial modeling. With the M&V engine as well as

data intelligence technology with deep-learning, the platform can

quickly measure energy performance and determine city energy
efficiency.

ntets

£ nipa

2,

ASFEFLR
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Domestic Case - Korea Suwon City(2017.3~2019.3)

Attend the USA GCTC2017/2018/2019, REALCOMM2017/2018, Spain SCEWC2018/2019, Singapore IFMA2018 Conference

ri"téls

-

SMARTCITY MARTMOBILITY
oo -c:m:mu

SN n-mnovas
Ve Wi BARCELONA

Suwon City (2019.1.21) 2017~2019 USA GCTC/REALCOMM 2018 Smart City Summit ASIA/Singapore IFMA

Domestic Case - Korea Suwon City(2017.3~2019.3)

» Suwon City Energy Twin Platform — System Architecture

Local Building BAS @ loT-Al Smart Building-Energy Cloud Platform
Energy DB Server

EHP

am P HVAC  Electricity ESS System Platform :
_ Lighting - T J Kircon >
E—— my i |
- o A L I
|- = - . El : suzan
| | | | HTTP(S)
1 ! ! ! Service
BACnet/IP PI orm  |AMGP Plat-frrn
Modbus TCP/IP ﬂ | . RESTful n.’*./
Modbus RTU Ethernet Encap / " . s
RESTful |
! RX/TX Serial o mMaTT ~ Mobile
= L : REST
Smart{Hybrid) Gateway Hub &
' \ .
Massive loT with LPWA(LTE) - '
External Service =
V= Q) \ : Local 22| %}
(]
(G = = RESTHul
e (’,E maQrT RESTful RESTful ﬂ/
' 2 o ) LTE TELCO 3 Party KEPCO o
F

Sensor WIFI WIFI/ Network _ Platform i-5i g_ b
LTE CAT. M1 | g
()] () () () ~ ’ ADMIN
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Domestic Case - Korea Suwon City(2017.3~2019.3)

= Suwon City Energy Twin Platform - UX/UI

P T T T T

Energy Prediction with Al, Energy Goal Management, M&V(Measurement & Verification) of Platform Performance

Overseas Case - CANADA Toronto QRC West (2016.12)

= ALLIED REIT

Allied is a leading owner, manager and development of urban office environments that enrich experience and profitability for business tenants
operating in Canada’s major cities. (Allied owns more than 150 buildings in Canada, and they has a rental business)

ALLIED

ALLIED REIT’s Head Quarter
Cloud Platform
e
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Overseas Case - CANADA Toronto Southcore (2019.11~)

= QUADREAL REIT

QuadReal has deep roots in the real estate industry with a foundation that was built from consolidating the assets and expertise of four seasoned players in the
Canadian real estate investment and management industry. Built upon a strong foundation, guided by long-term vision, QuadReal's team is formed from
diverse and complementary backgrounds in Canadian and international investment, development and real estate management.

O P | QASREAL CONMECT | CONTACT

OOdeeaI'

120

Bremner

ABOUT Us -

| -
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Next Direction of N-CSTP™ -Digital Twin based Metaverse Technology

=  Expanded from the unit building of energy twin technology to the complex community/city area

Energy twin technology is a new method of mirroring the physical world through digital technology, and real-
[@elil<loill  time mapping of the physical and digital worlds through energy twin modeling to realize a zero energy city
through consumption/generation balancing diagnosis/prediction/optimal operation in a digital environment

Energy Twin Unit Building/Energy
(Prediction-based Zero Energy Building

Energy Twin Complex (Community-based o
power generation/consumption balancing) Energy Twin City Platform (Urban energy

Implementation) twin diagnosis/prediction /Operation
optimization implementation)

01 02 03 04 05 06
Theresolution  geal-time delayed The digital world describes The digitalworldcan ~ Thedigital world can  The digital world isin
of energy data the physical world

Feature collectioﬂ has data transmission highly flexible and scalable realize a high level of accurately model, For
b':;"t:f'"ed between physical and  objects and relationships  precision visualization simulate and predict diagnosis/prediction
Wi =} A =
developmentof  digital spaces tothe physical world.  of the physical world. the physical world Ahirckgb ontiiweation
modeling Control possible
technology.

Appendix
Introduction of NTELS
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About NTELS

About NTELS

COMPANY OVERVIEW We have the agility to rapidly embrace the paradigm

shift of convergence with the vision to improve
customer experience and drive transformative

innovation.
With our i

n the era of ICT and

hyper-c

we deliver i i solutions and

services across verticals that can help accelerate convergence of IT and
traditional industries, such as manufacturing and energy,
We are on track to become the world’s leading converged service

provider by building best practices and pursuing bath new business

cultivati well as high igence creation.
Compary Name NTELS Co, Ltd. {(KOSDACLD69410]
CEQ Young-Lae Choi
Date Established July 19, 2000
Mumber of 225 (proportion of RED: B5%)
Employees
Corparate Geumha Bldg. Sth Floor, Hakdong-ro 401,
Gangnam-gu, Seoul, Korea
Address
N lakarta Indonesia
Regional Office
About NTELS
2000-2006 2008-2013 2014-Current
Positioned as a Solution Leader Expanded Business into New Developed Services for loT-
in telecommunications Areas as a Converged Service — driven Convergence of
Delivered the business support system Provider Industries

for commercial deployment of COMA.
services as well as communication and
network solutions for MNO/MVNO

Repositioned as a converged service
prowider in verticals based on experience
and expertise in communication solutions

2000 2007
Established the Company Listed on KOSDAQ,

Delivering transformative services and
solutions that help leverage the power
of the Internet of Things and
convergence of technologies as wellas
industries
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About NTELS

INDUSTRIES

We are expanding our product line to keep up with convergence on both the technology and
service sides and improving our service offerings to make it easier to do business with us

@

q ‘&.
B =Y =4

Energy Telecommunications Manufactu
Toemorrow's Energy Econoemy A Future Net Embs Digita o

NTELS provides energy infrastructure NTELS can connect urban NTELS provides agile smart network NTELS can help manufacturers
technalogies to effectively manage infrastructures using our platform, solutions from operations support respand 1o such challenges and
renewable and distributed energy collect and analyze data in real time by systems to network optimization and disruptions caused by the paradigm
resources for balanced energy adopting the internet of Everything i izati Auti shift in manufacturing and deliver
and to analy BY {1eE) that makes things smarter and that help you reconfigure the network cutting-edge customer experiences,
data for stahle snerov sunnl. neonke more canable. and nrovide ta arcommndate new service With indhustrial Internet technalogies.

About NTELS

BUSINESS AREAS

NTELS can get you on the pathway to Digital Transformation by helping you
enhance Customer Experience, improve Operational Efficiency and reinvent Business Models.

Internét of Things

w
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About NTELS

OVERSEAS REFERENCES

o iy

clish Ruanda networks celcom

We are expanding our business around the globe based on our references in Asia and United States

HATA Sprint

"“"--.._,

Dperator
M1
ALLED

QUADREAL

Urbekenergo
ORN

Celeom

Country
singapore
CANADA
CANADA

Usbekistan

Rwanda

Malaysia

OM
ALLIED

[ 1
& Service Platform

smart Bullding 10T Platform

Senart Building 10T Platform
EDM, Billing, CRM

055 & BSS

MM Billing

& Service Platform

b2t Billing

NTELS

www.ntels.com
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2021 ICGIS
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Urban 3D geospatial modelling for
Realistic Geospatial Data

[2HSACO[EIS 2ot A 3X}A X|[¥Z52A REY]

Si-yeong Lim Korea Research Institute for Human Settlements






........................................................................................................................................................ Urban 3D geOSpatial mode"ing for
Realistic Geospatial Data

’_‘ KRIHS

Geospatially Enabled Society Research Division

o 2=
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Google Earth vs V-world

R o —) |

From 2005, google earth

P a=ev
E Digital twin, Metaverse, & 3D ?
Pre feasibility study ===
<Digital twin> <Metaverse>
B Where are we now?
Coi[:tiac[t?on Maintenance Distribution Applications C:‘:algifm
* supplier > « customer >
2
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................................................................................................ Urban 3D geOSpatia' mode"ing for

Realistic Geospatial Data

-
_’ FEUIH

B some Questions !

How can we make 3D geospatial data more useful?

In advance, is it possible to know who will use the data ?

How can we create it quickly and inexpensively?

Would it make sense to update in the parts instead of making the whole thing?

At the same time, can the original purpose be maintained?

-
_’ FEUIH

B We made up our own answer!

’ We have to create what user wants.

* In disaster management, virtual moving object simulation, & tourism content fields

’ Multi- ministerial R&D project including demand-par.t

» Let's develop related technology.
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-
_’ FEUIH

B We made up our own answer!

Aerial Image => too expensive and too slow

B) UAV(Drone), MMS, Mobile... etc 5.5
Since we don't
Using UAVs is not as effective as we might think know exactly
what the

: . : consumer wants
* Flight path simulation

’ Efficient photographing(Gimbal, Antenna, shooting angle, supporting SW ) - ’
v
Many processes in 3D-construction are done manually So we must
have the raw
’ Automated Solid model generation from point-cloud data f'?" 3D
modeling

. Occlusion area processing by Al

5-4 Check the partial change and correct only that part

» Change-detection for 3D object

-
_’ FEUIH

B We made up our own answer!

At the same time, can the original purpose be maintained?

’ Make 3D object for the various sources we currently have
‘ Supply 3D object of the various formats
. Provide an functions that users create what they want

B  Make 4D(AR/VR) applicable for the future

And,

=

It is needed the Quality Assurance and Practices for proving our results
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Urban 3D geospatial modelling for
Realistic Geospatial Data

”~
) =
Supply Demand
MCST
(Ministry of Culture, Sports and Tourism)
MoTIE
MoLIT * (Ministry of Trade, Industry and Energy)
(Ministry of Land, Infrastructure and Transport) Open and 4 & o
share Virtual
— e training
e ST Realistic 3D
ags—+ Geospatial
data
”~
) =

VYWERLD

@ nNai

National Geographic
Information Institute

O MoTIE O MolS O MCST

Newly constructed 3D data

buildings

3D City Model

T}
facilities

SMART CITY
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7P =uvw

bartior frae waling tves

~ datacrty model -

Apphication .
layer MaTIE mest
i Fi

hre-satety v <virtusl Bmulstion sver < culture expanance svcr

= fumctioen for stenced applcations

ABERED Ao O

B daia Mgt 1%

s

7P =uvw

n UAVDrone), MMS, Mobde.. etc
B Before : Aerial Image = too expensive and 1o slow
! Using LWMS i not as effective a5 we might think
B Flight path simulation
W Efficient photographing(Gimbal, Amenna, shooting angle, supparting SW )

H How can we create it quicily and inexpensively?
W Automated Solid model generation from point-cloud
WP Occlusion acea processing by Al
Would it make sense to update in the parts instead of making the whobe thing?

B Change-detection for 3D abject

wp know exactly

Since we don't

what the
COMSUMEr wants

S0 we must
have the raw
data for 30
madekng
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Realistic Geospatial Data

_’ FEUIH

Drone), MMS, Mobde... etc

W Before : Aedal Image =>

oo expensive and 100 slow

Since we don't

@
o Efic

path simulation

1 photograph

Gémbal, Antenna, shoot

n How can we create it quickly and inexpensively? So we must
have the raw
W Automated Solid model generation from paint-cloud data for 30
modeling

W Occlusion area processing by Al

Would it make sense to update in the parts instead of mak

B Chang

g the whole thi

detection for 3D object

P =3

n UsWDrone), MMS, Mobile_. etc

ore : Agrial Image => 100 expensive and too slow

Since we don't

g LAV is not as tive s we might think ap Fnow exactly
what the
" consumen wants
» Fhight path simulation

W) Efficent phatographing(Gimbal, Antenna, shoating angle, supporting SW )

T e —— e
have the raw
B Automated Solid model generation from point-cloud, data for 30
modeling

B Occlusion area processing by Al

W) Change-datection for 30 shject

& to update in the parts imstead of making the whole th
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’_’ SEUIH

B At the same time, can the original purpose be maintained?

» Make 3D object for the various sources we currently have
‘ Supply 3D object of the various formats
‘ Provide an functions that users create what they want

* Make 4D(AR/VR) applicable for the future

And,
»

It is needed the Quality Assurance and Practices for proving our results

e ——

T wanes Tue

o

’_’ SEUIH

B At the same time, can the original purpose be maintained?

» Make 3D object for the various sources we currently have
‘ Supply 3D object of the various formats
’ Provide an functions that users create what they want

’ Make 4D(AR/VR} applicable for the future

And,

e

It is needed the Quality Assurance and Practices for proving our results

AAG ZHA =t

110



........................................................................................................................................................ Urban 3D geOSpatial mode"ing for
Realistic Geospatial Data

-
s ’ FEUIH

At the same time, can the original purpose be maintained?

‘ Make 3D object for the various sources we currently have
’ Supply 3D object of the various formats
’ Provide an functions that users create what they want

* Make 4D(AR/VR) applicable for the future

And,
e

It is needed the Quality Assurance and Practices for proving our results

2 0 O
ATY 30 SAI2Y ol
RAEYHIE

15
F’ FEUIH
MORE
MORE 10
Subdividable Participants
R&D In finding out
Demands
MORE
Various
Geospatial Data
16
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