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B2 BRER: (k%K (virtual representation)

® A digital twin is a virtual representation that serves as the real-time digital counterpart of a
physical object or process. ----Wikipedia *

® A digital twin is a virtual representation of an object or system that spans its lifecycle, is
updated from real-time data, and uses simulation, machine learning and reasoning to help
decision-making. ----IBM **

® A digital twin is a digital representation of a physical object, process or service. A digital twin
can be a digital replica of an object in the physical world, such as a jet engine or wind farms, or
even larger items such as buildings or even whole cities. ----TW[***

® Digital Twin is most commonly defined as a software representation of a physical asset,
system or process designed to detect, prevent, predict, and optimize through real time analytics to

deliver business value. ---GE*™***
® A digital representation that can depict the production process and product performance. ----
SIEMENS

*https://en.wikipedia.org/wiki/Digital twin
*xhttps://www.ibm.com/blogs/internet-of-things/iot-cheat-sheet-digital-twin/
sxxhttps://www.twi-global.com/technical-knowledge/faas/what-is-digital-twin
*x*x https://www.ge.com/digital/applications/digital-twin

Copyright © Mitsubishi Research Institute 10
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BRRBRESE: YZIa1L—YarvDihiE

® A multi-physics, multiscale, probabilistic, ultra-fidelity simulation that
reflects, in a timely manner, the state of a corresponding twin based on the
historical data, real-time sensor data, and physical model. (Glaessgen and
Stargel, 2012*(NASA)

® A special simulation, built based on the expert knowledge and real data
collected from the existing system, to realize a more accurate simulation in
different scales of time and space. (Gabor et al 2016™*)

*https://arc.aiaa.org/doi/abs/10.2514/6.2012-1818
*xhttps://ieeexplore.ieee.org/documen t/7573168
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- Large scale(X##&): a simulation studies on one particular process, while a digital twin can itself run
any number of useful simulations in order to study multiple processes.

- Dynamic recalibration (B89 F+v!1JJ L —</32): simulations usually don’t benefit from having real-
time data while a digital twin can recalibrate the environment with dynamic information.

HE:IBM#tR—LALAR—T https://www.ibm.com/topics/what-is-a-digital-twin (2021.10.12%#:%)
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2002F NYATI-TV—TABL(IVHAVRZHEEF))

TIZIVIADRERBE B 71T 7 %, Product Lifecycle Management (PLM) & U TR

Product Lifecycle Management (2002)
—Mirrored Spaces Model (2002)
—Information Mirroring Model (2006)
—Virtually Perfect (2011)

X EEBEZE. I3 - Ty h—XEK(NASA) N

[TI5IIA21ERT CNDRERICHID D

Conceptual Ideal for PLM

Data
19913E ?‘E“VF°§IED9—EE(MirrOF World)tl]\’j Information y
EFE:E) @ L) Process

1960£Eﬁ NASAZ RO13ERAEZEETOIIINIHITS
ST-UTEMIEVWDSEREHY

) ]IDigital Twin; Mitigating Unpredictable, Undesirable Emergent Behavior in Complex Systems (Excerpt), M. Grieves and J. Vickers, 2016.8

https://www.researchgate.net/publication/307509727 Origins of the Digital Twin Concept (2021.10.12#3%)
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o HADTIFIVIAUMBRRIFI2020FIC3T1EARFIL(K3,400EH) , 2026 F X TIC
482fAKRIV(KIS5. 3 ICETDETFE (6FRTISELL)

™ Attractive Opportunities in the Digital Twin Market

]
50
g ; B The digital twin market is expected to grow from USD 3.2 billion
§w APAG I8 expected 10 record 8'?/.3 in 2020 to USD 48 .2 billion by 2026
3 the highest CAGR of 81%
o duringthe forecast period. o .
Do Post-COVID-19, the e |‘aq[] With the widespread of COVID-19, , Merger & acquisitionandnew
£ manufacturing industryis %= the industryplajyers are planning m praduct launches would offer
z expectad 1o be the early o adopt lr'!e dlgllﬂ_l lw'ﬂl lucrative opportunities for
o adopter of digital twin technologyto minimize future matket players inthe next five
solutions in APAC. joases: years.
/___J@ The market in North America heid The dense population, gErowing
10 ‘1ﬂ_l:|[l the largest share of XX% of the i/ percapita income with large-
T oweral| digitaltwin market in 2019, scale industrializtion and
it wasvalued at USD XX billion in urbanization, and increasing
7 2019 and is projected to reach USD adoption of the |oT am the key
2016 017 2018 2028 2020 an2, AL ey e = Algs X billion by 2026, factors driving the growthof the
Rl st Soenano (PestCOWD 19)  — — PreLOVD 13 ———— Opteriztic Senarlo (FostCOVD 19) digital twin market inthe
Rasliste Sognario (Fost (0D 19) = Fepsimistic Scenario (FostCOWD 18] region.

Source: Investor Presentation, Expert Interview, Industry Journal, Magazine, and MarketsandMarkets Analysis e-estimated, p-projected

H#) Digital Twin Market, Markets and Markets#L R—Fk, 2020.9, https://www.marketsandmarkets.com/Market-Reports/digital-twin-market-225269522.html
(2021.10.128:3)
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H#)Digital Twin: Values, Challenges and Enablers From a Modeling Perspective(Rasheed et al., (2020) , IEEE)
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Prototyping a Digital Twin for Real Time Remote Control Over Mobile Networks: Application of Remote Surgery (Laaki
l., (2020) , IEEE)
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Simulate
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DA

1

Forecasts

HE#:SSMIS F18 observations, bias, and backgorund with/without the bias
https:

TR T L
c} Backgrownd without bias correction

e
e Background with blas correction

correction for July 3, 2013, JCSDA

cisess.umd.edu/observing-system-simulation-experiments-osses

(2021.10.12%33)
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GSSE System

Calibration

Verification

NR:Nature Run(BARDEIE)
DA: Data Assimilation(Z—%[&Elt)

H#E:Future Observing System Simulation Experiments (Hoffman and
Atlas 2016, American Meteorological Society Journals)
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Master Models
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Simulation
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Data st
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Data Monitoring ~ Offline
_ & Optimization I 2
Model
i Other Data Building
Commands Real Twin Digital Twin
On-Location Edge Private/Public Clouds

HEe:Digital Twin and Asset Administration Shell Concepts and
Application in the Industrial Internet and Industrie 4.0 (Boss
et.al, 2020, Plattform Industrie 4.0 and the Industrial Internet
Consortium’s Digital Twin Interoperability Task Group)
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Real Twin Digital Twin

Commands

Hei:Digital Twin and Asset Administration Shell Concepts and Application
in the Industrial Internet and Industrie 4.0 (Boss et.al, 2020, Plattform
Industrie 4.0 and the Industrial Internet Consortium’s Digital Twin
Interoperability Task Group)
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GE’s Digital Wind Farm
For Onshore Wind

App Suite

HH) GERR—LR—T

. . . . H#)ANSYS Twin Builder Used to Create a Digital Twin of GE Offshore Wind
https://www.ge.com/renewableenergy/storles/lm_prowng—wmd— Turbine https://www. youtube. com/watch?v=3Y1InF4 pKY (2021.10.12%:3)
power-with-digital-twin-turbines (2021.10.12%3:2)
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® MOOC: Massive Open Online Courses

® FUSAUTREULNINDERZEEARL. R
TREEREZUVEZZRBEEBICETIAZRMEGE

coursera | v

\e_ X . % canvas

Y ED En oll!
|

coursera €% W

uderry JJlme- [ l | 55
. MASSIVE OPEN COURSE
coursera () vosny y P
i [here moy be Anyone, MOOCs are W
& .‘X LA 100,000+ anywhere very similar
SEMovoED t students in @ ;

MOCC,

B 25000Y

courses

HE:MOOC facebookm—LR—2
https://www.facebook.com/MOOCEnrollandShareyourexperience/
(2021.10.12%%2)
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HOME > BR-PTEE > WENCBRER > F2Ir-EEE > KRRRRAYI72EE (Moor)

AIRELRRA >~ ~##E (MOo0C)

} English

FARWLMA 5 AME (MOOC=Maszsive Open Online Course) 13, A ST THTLEATHRATIS I A+HNUTIV LT, BF TSR THEURB TR TR
BTEEY, BRbCTISAOAE - BRICL T ERD-200 NTWET. Coursera (A—1F) | TedX (TF¥H2] ) ~nOFBBERGHIE AklE
KRLTED, MODCEAALLERREOREEA TSy F 7 —LY ThTLET. BXRAXRNOEAE LT, 9 & DCoursera T2 0 — 2 E HEEL L TLAE,
HRVFARMETEI93—2 (Coursera 33—, edX 103—2) EHEMLELE. SRERIEROE - HESrSBRHSTAATEASMBEETEDRT.

HEERRERAER—LR—I https://www.u-tokyo.ac.jp/ja/society/visit-
lectures/mooc.html (2021.10.12#3%3)
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(Manchester City Model: An OGC standard approach, Nagel, 2019, ISO/TC211)
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Solar Radiation Report
Radiation per month

- thffusa
direct

(k)

Radiation

Month

2313062.02 kWh (Year)

|Direct [1100243 20 kWh (Year)
Diffuse[1212818 82 kWh (Year)

SVF  [Min° D.04% | Mean 0 41% | Max 0 96 %

irradiation
analysis
| (CityGML)

Contains Ordnance Survey Limib D Crown and 0S
copyrignt and datatiace rights 2015 For Manchester| tee larms and condiions

(Manchester City Model: An OGC standard approach, Nagel, 2019, ISO/TC211)
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Contans Ordnance Survey Limile: ;EE Crown and 05

copyright and database rights 201

Wanchester see {gims g0d condiions. = Y

~ (Manchester City Model: An OGC standard approach, Nagel, 2019, ISO/TC211)
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Urban microclimate and heat islands

With trees

3 > o WL e AN 0 A - -
e '_._ = - - — . . r
s et

(Manchester City Model: An OGC standard approach, Nagel, 2019, ISO/TC211)
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Urban wind fields and turbulence simulation
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Manchester City Model: An OGC standard approach, Nagel, 2019, ISO/TC211)
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3D flooding simulation and damage forecast

~ (Manchester City Model: An OGC standard approach, Nagel, 2019, ISO/TC211)
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® 2018T—JVRAYT(OV7)EKY. VAR(ETA7ZI XYL TT)—) EPTSZEA

EPTS Electronic performance and tracking systems

FIFATV

1)Data Resources,Inc,Digital 2)FIFATV, The Future of Football: Wearable Technology,2016-11-
Twin,<https://www.dri.co.jp/dri forum/?p=5273>,(&8 23,<https://www.youtube.com/watch?v=Jmn5dfZX1u4>,(&82021-09-03)

2021-09-03)
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ZREZETAN—(RB)ZEMICBIRT ST ITIVIIVICKY, ZFOPRIEPAY—bI T4
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SRTREET —F

HE)ETRET I TSV T —LR—LR=T
https://www.mlit-
data.jp/platform/showcase/case-3.html H#)Project PLATEAUR—LR—T
(2021.10.12%%3) https://www.mlit.go.jp/plateau
(2021.10.12%:R)

Copyright © Mitsubishi Research Institute 38



MRI!
2. TIZIVIA1 U DERIKS
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He:Project PLATEAUR—AM—3F
https://www.mlit.go.jp/report/
press/toshi03 hh 00D079.html
(2021.10.128K)
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Transportation
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BTZERLIDEIVTZAEALARTRE BTEIWOIDLICIIZBTUARDRERET AX—h 722 EFBLIE3DRYTERRE

ARDBIPEAHRE P DERFZ3DTHBIEL., ARDBENML
BEL.ZOLBHZ £EFEZZD 79TT—bF9 B,
: FA771 2 EE TIRNIA 2

HERRBTIINVAIURETOITIMR—LAR—I http://info.tokyo-
digitaltwin.metro.tokyo.lg.jp/ (2021.10.12#32)
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[Construction 2025 1DERL- A3 (20135F)
v BIMDOE b EHEE, DX Mgk, THA%EHE. COHEHHIBRE

{8 : https://www.gov.uk/government/publications/construction-2025-strategy (2021/8/27F%s)

[Digital Built Britain IOEEEERE (20155F)
v A7V AR SECOLHREDELR. BIMET IV, T2 T #HHiT.
RERT—IE/RIVITDERICKLDEEC AR EETER

H88 : https://assets.publishing.service.gov.uk/government/uploads/system/uploads/attachment_data/file/410096/bis-15-
155-digital-built-britain-level-3-strategy.pdf (2021/8/27%)

h 4
[Data for the Public GoodID{ERk /A3 (20175)
v T3 FrITFIYIVIADER
v The National Digital Twin Program®{Erk &

H 88 : https://nic.org.uk/app/uploads/Data-for-the-Public-Good-NIC-Report.pdf (2021/8/27F1E5)

H 8 : https://www.cdbb.cam.ac.uk/

https://www.cdbb.cam.ac.uk/ne

ws/dt-toolkit-making-business-
case-dt (2021/8/27RE)

CDBB (Center for Digital Built Britain) Di%&E(20175)
v EESEEICLDITIIIVYAUDER SERRE

v Digital Twin Hub®M&i&(2020F)

v Digital Twin ToolkitD{ERk-F#1T(20215F)
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Construction 2025

e 2011&ICBIM Mandate(Government Construction Strategy)%=2%. BIMEA[C
FU. BHEICHVWTIRMEZ20%HIBTACEZBEEBEUVUTHRTE HIBOHEEEZIBIRT D=
HDEEBFIEFED20%ZEHICRT & ZiCih

e BIMOBEMMNRHEINTETIZHRT.2016FE(CITConstruction 20251 A%,
fConstruction20251Tl&. 2016 FxTCICBIMODEFHIERUBIMULARIL 2 &EZER L., BERE
ED20%DNFEALZHZFEEHEZRTE

® 2025FFTIC. BIMULARILIDEKRZRITIXMHIREI33% . THAEMES50% D BIRIEZER

Lower costs Faster delivery  Lower Improvement
O O emissions in exports

33%  50% 50%  50%

reduction in the inttial cost of construction recuction in the overall time, from inception to O O

and the whole iife cost of bult assets completion, for newbuid and refurbished assets e-du [.c,n greerm S8 gas emissions reduction in the um‘?‘;?’;am);ag?;mixg

HE8 : mERR (HM Government) [Construction2025] (2013.7) (R%52021.9.2)
https://www.gov.uk/government/uploads/system/uploads/attachment_data/file/210099/bis-13-955-construction-2025-industrial-strategy.pdf
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BIMMDERHZER (Crossrailz’OoI o)
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Route Map

https://www.crossrail.co.uk/benefits/innovation/driving-industry-standards-for-design-innovation-on-major-infrastructure-projects

Key benefits

Reduction of risks from greater visibility into design and

construction interfaces and activity
Improved safety through increased construction awareness from

easy review of complex details or processes on site

Reduced errors from using a trusted “single source of truth”
approach to data management, for example ensuring only the most
appropriate version of models, drawings and documentation is used
Improved collaboration through linked data sets and integrated
3D models that create a “virtual” Crossrail before the physical Crossrail is
constructed, allowing design and construction refinement

Reduced information 0SS between project phases, ensuring we
capture and hand over full asset information into the Operations and
Maintenance phases

Improved project delivery leveraging technology advances
including data interoperability and mobility

Copyright © Mitsubishi Research Institute 50

Crossrail's BIM approach in numbers

1 centralised set of linked databases
25 design contracts

30 main works contracts

60 logistics main works contracts
1,000,000 (1 million) CAD files

created, approved and integrated within
centralised information model

88 ; Crossrail HP (http://www.crossrail.co.uk/)
(P9E52018.10.19)
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e HS2(High Speed 2)X. RETERPDE e
E#EJOYIT O

e F1HTISHFIO VR ~N—ZUHL(2017~
2025%F)  F2HMIRIF/N—ZHL~TY
FT 29— A)—ZX(E_H)

e ORI T#ElizabethS1 & ST ERT %
B (CrossrailX)BRTOVIONTEHERR
ZHEIC TFull BIMITERETELIZEHE

L-

Diverse Data Needs

Suppaorting reference design simulation and models Supporting stakeholder engagement
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Data for the Public Good(2017%)

e ‘National Infrastructure Commission(NIC) W{ERUT=BIFADENSE

e F—YDME. 1 VI SEXDHEET—9 7)Y . National Digital Twin’ ICEIT 7=
O—RYYTHEZREBL, TIYINYAUDEREEHE

Data for the Contents E1E:
public good —— . T—INEZELET D
New Technology Study: Data for the public good %Zﬁ:
& ; ‘ Chapter 1. Data creates value 20 7___913‘4 3732 1\5 79‘_17_
== __"-'J!_l_ ) ' C.haf)l.et 2 Data |? |'nfra~.tru<!ure ‘? %3%:
b : ’:: Jata is Infrast 4 e ?_9 w;i\ﬁ
. 4 = Chapter 3. Sharing data 40 [
2= e | | mam:

Chapter 4. A coordinated approach

TYHBEDERZEFIHIC
WHEILEEO7TO0—F

poE:
TIZIWIA I (ER. BRI D
ey, #REteRICAEER U= 4R E)

Copyright © Mitsubishi Research Institute i @ https: /Faic.org.uk/app/uploads/Data-for-the-Public-Good-NIC-Report.pdf (2021/8/2783E5)
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CDBB(Centre for Digital Built Britain) Ds&%i&

e 1UIJSDTIVIVBEKRDEFEEIEZHIEL,. [UK BIM Task GrouplZ#&d 3 T.
201 7FEICT TV IKEZERAIZCCDBB(Centre for Digital Built Britain) Z&&%i&

® National Infrastructure CommissionD&E %217, BFFIZCDBBICIThe National
Digital Twin Programlz#¥ 3 3% E Z5

201 2=2017 National Infrastructure Commission

: [Data for the Public Goodl

g]
|

UK BIM Task Group

2017-

The National Digital
Twin Program ] D#tE

cdbb

Centre for Digital Built Britain
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2021FEICCDBBIE. TV A1IHEEDTEHDXEEUT.  IDigital Twin Toolkit
Developing the business case for your digital twinl] Z317

E_

Twin Toolkit
INess case

HE S < 2889+~

0

Doparmmart &

B'm:swm-.nrm it
SF CAMBRIDGE ety m

X

What is a Digital Twin?
Use Case Framework
Case studies

Business case

Recommendations for
the DT journey

Next steps
Glossary

APPENDIX1—Overview
of a smart energy
digital twin

Business case template

[FI)IVIA & FAH 7 IDRRER
I1—2AT—2ADRHEH DR
T—AZARIT 1 DERT
EIRRT—2ELTOFHTE(VFM)

(79912 DI DIz DHEREIR

SRDRERH
FIEE. 25308

SE —-AI—PFIRIVF—DTI5)IL'IA
OO MDBE

EIRRT—RERDI=HD T T —b

HE : https://www.cdbb.cam.ac.uk/ https://www.cdbb.cam.ac.uk/news/dt-toolkit-making-business-case-dt (2021/8/275E)
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National Digital Twin®DTimeline&EZ A
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DT Hub established

w + 20%, Informa

CDBB established

i . &

An integrated approach to information management

Hourishing Syste

1 ! 0
) ! !

d!n'mnigem ent Framework
i '

—

- & _dé Jul

affe--

-

'
. &l - o lu

1014 2015 2016 | ,

Budget statement: 2016

o e
2017 2018 2019

(et Zero aw passed

[

d
2020 2021 2022

National Data Strategy
National Infrastructure Strategy

Connected digital twin (assets)

Stakehoer y

Benefit

Activity
Function
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Stakeholder

Benefit

Activity

Function
55

Hi:https://time.graphics/line/306868 (2021/9/245&)
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