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Digital Twins
A digital twin is a virtual representation of a physical object or system across its
lifecycle, using real-time data to enable understanding, learning and reasoning.



Origin of Digital Twin

Conceptual Ideal for PLM

Data Concept: Digital Informational Construct

Vision: Create, Test, Build

<Source: Dr. Michael Grieves, University of Michigan, Lurie Engineering Center, Dec 3, 2001>



Analog(?) Twin
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Examples of Digital Twin

1 encoder (main shaft rot.)

2D
e
1 inclinometer and 1 IMU

8«

1 inclinometer Real-time

communication N

1 inclinometer

Sensors with high accuracy
and sampling >20Hz

<Source: https://www.youtube.com/watch?v=u7DqoX9PrnY >




Examples of Digital Twin

Universe evolution recreated in lab

By Pallab Ghosh
Science correspondent, BBC News

O 7 May 2014 ® ¥ [ <« Share
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Pallab Ghosh explains the significance of the visual simulation <Source: http://www.bbc.com/news/science-environment-27299017 >

An international team of researchers has created the most complete visual
simulation of how the Universe evolved.



http://www.bbc.com/news/science-environment-27299017

Levels of Digital Twin

<Source: Use the loT Platform Reference Model to Plan Your loT Business Solutions, Gartner>



Smart City as a Digital Twin

‘Digital Twin’ is the new ‘Smart City’
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‘Digital Twin’ is the new ‘Smart City’. It’s a term that has little consensus on its meaning, @ :
SR AYEN RS + I ESA ACELY AStEAIE) w29
@ but critical importance for those who understand its significance and role in a it ey e
prosperous future for the UK. 2NN
3

f P XHEFYA
Earlier this month, at the Digital Twin Data Challenge, we saw academics and [ @58 48R B OISHAR ANsAGLCL. e
professionals compete to create a digital model of Bristol: a virtual ‘echo’ or projection @ ” ®
of the city, created in digital form. E:i,::r;ﬁms :s;‘u::::u‘:”g i
QoI RN IR cMREAGR Mgy AoMamEIan
BUNSPAMA o CUBRURGSAREY oo

& u
[ 22x9l 20183 AlckE o Paauict
z L0 .
@ - @ -
S SR8 AR TERTNAUY DR UAMPAANIR T
TRAEYA £9 RN WY MICNFECE2BJON - ~ D
OYR BZP2WE o X5 USRI YY :'i‘gr,,f:np C Esomct -
uE ANNYE 24 AR RvaNes AeoiwEY . erEETED
- - 4
PR e e
AURBUL| YU
AU AU E M W2 SYSBISLICL
CIAE =20 S40] S2otH #8E=E = A SH(Digital Twin) 2|2 JHE 6,
NE S MHEE 012 Ha4s S B8 I2KAS IS50C A0EDEE Zas

SOLLHACH O "sald

o M2 9liel g=0 =

B0 2ER FRE "2
x

The University of Manchester shown in the emerging 3D context model based on point clouds derived from aerial




The Rise of Digital Twins in Smart Cities

The rise of digital twins in smart cities

NS L RN T RV RELIORE by Sue Weekes: News editor, Smart Cities World

2019 could see virtual 'twins’ help to make smart cities a reality.
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The digital twin of Amaravati, a smart city being built in India

<Source: https://www.smartcitiesworld.net/special-reports/special-reports/the-rise-of-digital-twins-in-smart-cities >



https://www.smartcitiesworld.net/special-reports/special-reports/the-rise-of-digital-twins-in-smart-cities

Smart Spaces

Intelligent Digital

Autonomous Things Digital Twin

Augmented Analytics Empowered Edge

Al-Driven Development Immersive Experience

Privacy and Ethics

Quantum Computing

Gartner.

Smart Space

Smart spaces are not some sort of virtual reality, but rather physical environments
decked out with technology. They are implemented with monitors and sensors that
enable humans and integrated technological systems to interact.



Examples of Smart Spaces

Smart Home

Smart Factory
\ Smart Station /

Smart City e Va/Zl. e Smart Airport

/ Smart Mall

Smart Hospital

Smart Office



Digital Twin + Smart Spaces
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Digital Twin + Smart Spaces
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<Source: https://eu-smartcities.eu/news/rotterdams-digital-twin-redefines-our-physical-digital-social-worlds >



https://eu-smartcities.eu/news/rotterdams-digital-twin-redefines-our-physical-digital-social-worlds
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Introduction — mago3D

go3D = 3D+ Web + Open Source

mago3D is a platform for ...

G Visualizing massive and complex 3D objects including BIM
on a web browser

e Seamless integration of BIM/AEC and 3D GIS in a single space

e ‘Digital Twin’ that can create parallel worlds in a virtual reality
with numerous loT, sensor data

° Web based collaborative issue/process management



Introduction — mago3D
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mago3D runs on any device



Results: BIM(Indoor/Outdoor) Integration
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Scene from indoor to outdoor through windows Scene from outdoor to indoor through windows

Seamless integration of indoor and outdoor space
on the same platform




Results: AEC Integration
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Integration of large size AEC and 3D GIS on a web browser



Results: CityGML Integration
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Integration of large size CityGML and 3D GIS on a web browser



Results: Point Cloud Integration
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Integration of large size Point Cloud and 3D GIS on a web browser




Results: OGC WPS Integration
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Integration of OGC Web Processing Service




Cases — Digital Twin based Ship Building Monitoring

* Project Name: Ship Building Management System

« 3D Models in Service
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Cases — Seoul C-ITS

* Project Name: Seoul Autonomous Vehicle Monitoring and Command Center
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Cases — KOPRI(Korea Polar Research Institute)

* Project Name: King Sejong Antarctica Research Base Facility Management System
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Cases — National Institute of Advanced Industrial Science and Technology, Japan
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Cases — OpenindoorMap Project

Basic Operation
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Cases — Others




Lessons Learnt

Benefits of Digital Twin and Smart Spaces are still unclear.

* Visualizing large and complex objects is still challenging.
« Many clients just want to see *PRETTY?* picture!

« 3D analysis, 3D simulation are among wish list that clients want to see on top of full of mago3D
platform.

« It’s still doubtful how 3D gives any real benefits over 2D.
« 3D is expensive and Digital Twin is more expensive!
« Standards are not widely accepted across industries.

« Standard based modular and distributed architecture is very important for extensible system.
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