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* £35|, A7 (Virtual Singapore), 9= (National Digital Twin)3@} Zro] =7}
At ARFEEA] LS I3t QIZet2= A A EY S F&55talx} 3RH

TR 75 5 B AN B 98

ofH, RE|U2t=E 2017E E U-CityRlS "A0IETA| 2 H MATISO| 2ot ©E
(Ol5t ADIELAIR)" 2 101, ADE EAISEIARC] 3 & 2180] I7H4 2
= 712011 Us

* 2019 8] 71 FQ A3R} AnPE EAIFHAZ S FRIAI ] uk2t AlF
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FE|o} AAIAS 23t 7]uto 2 CIREEYS 10t B A= AR

o] BollA] ofdl WS

1) ADIEZAY 5859l XY, 22 - 2 U 4 SIS IO TNl BYRAS FUA|D
Ri&7Kse WA SRgOBM 2010 Ao I ST 27t FHUH omwc* sxo2 3
2) 3t K|, 3t QIBAH, Xt ALY U KB 52
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« FUe] HAEESY 79 AnfEEA] FRAECIM TREEY FHF S
sl FEsford EAIEY FAE AHEL 7] A Wt AT ARA
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O CX2ER G TS LR B 7HMS flofl 7|129| 23 eSS HTHEY,
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S L A2 FI7HE S HESI 7IE SIS R 712y 82l i
O
=

C R0 T WER BEER 718 2 5 A, SEAYERAY 3rk

FEFIRTERGTH, AERA S| 9IS

[0 =LHR| At =AY

¢ S AEA] 5188, A o SUERAE, ARhE SMEAE A8, 3]
NEA] AR 5 YREEY 37 Al

o 29| A7}FE(Virtual Singapore), %3=+(National Digital Twin Programme)
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02 CIRHES TS Y &g 20}

1. IHHCHY Hek C|X|S CiEE

O ZE9| CX[E X2t FA= i MAIE 2AHH9| B0|X|=dk= oFdE KT Hdot

X3t
7| 2lol HHIE Ffstok= HIM SRS

[¢]

1% AFEY 5oz 2A91d(scanning) ¥ HRJEFO]7 (digitizing) & &5

RS TiREst A ORI Y FEAES B8 AL 2

2

o

WRSlT, WA AAIE o JEeln
] o

1 20164 MAIAMIE=Z(World Economic Forum)2 7|2 =281 Q= 4R} A4S
Y 7=2 2 WEHO 2T FAGHH 1 E9| CIX[E LiMetS MoiN7 = 7|2 O

[y}

+ 20004} & ofn] TIXE FEDL Afo]i FED 7ol thst 0]} Zlaye
uh glou, WAl 71&0izo] A%aka] Ral A BE S50l vE

3
dlo

* 20008t %54t Ubiquitous computing 7§'@& EAJo] H-&3F U-City7l 5
BotRaL, AFe tiRd E7|9E AntEAJE|SL FAFSE 7HEo] =2]H

)

o

« 2010t FEHEE o83 dolg 9] AAIZE £ -AY-BA 9 A4S
V5614 sk 4xF AHdEW 7)< (10T, Big Data Analytics, Al, 5G
Network, Cloud Computing 5)¢| 57d5FaA TIXE th5igke] 7]dto] nfig

1) ZEe 9| 2000. H2At 7t GIS7|=AE 4 97 (CIKYRE 7ES Y5t Xk MM WOt
2) AYE 9| 2001, CIXIZAICHO THHISH AO|HRE PEHEF o1, BEXTR,

M2E CXIZER JHE H M8 20F- 11



AF20|H, SFH HUE| Y LA Refiti= 5517t 02i= 22 Ot
12 AlZHHIZO0| A ZFH SHF0| 0|Xj= J&0| iR F

£5|, 3E= oFdE
m]
s - OO

I—I 2t 7= *lot

1&7Fs3HA o1& &#25t7] 2l

x af A
EY 752 A AlEHolAE %311 o]

R s DER Xt
Fojo} sld], 22| AL
AL 7151 B A

CES, 7MY RE FUS 9% ONYES
RIE S ol B, B 2okl Uxd thag

2. CIX|[HERIo| SXt

|_OO

O §Oi&QI CIX[HER 10| S&SE Al7|= 20023 Michael Grieves W47} O]
AlZ4 CH&0IA Product Lifecycle Management(PLM)E AJHGHHMSE{Q3)

o 1% 2-13} Zo] FAAMA| (Real Space) 2t 7H3A| A (Virtual Space) 2] A7+
MZ2 Ad=o] AAA dlolE](Data) 7t 7HIAAZE AGEaL, 7HIAIAIS] 3
H (Information) 7} AXAIL} SHE 7HEAIA| = 2= o] AAAA ZA 9] Aol
F71(Lifecycle)oll &= vIxl= 7Hdd

020104 UIE%—S——?—’F— (NASA)° KE7tSet STHAS flet 2EMO| XM 25

BIRI HET| SO 52Xl 9| B4S I8 CIKHER Huint 80iZ o
« $xgolehe AR EAE wEs] AF F WSk A dulg 4
YES 27 50| UAHENS B0l djE D Algelolie ol TS A9

3) Challenge Advisory. https://www.challenge.org/insights/digital-twin-history/ (20204 4% 23 Z4A)
4) Michael Grieves. 2016. Origins of the Digital Twnin Concept.
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a3 2-1 | PLMY HE

Xt&: Michael Grieves. 2016. Origins of the Digital Twnin Concept.

dEolgh= 7ol 57gsk7] FA oFel 1970\ 4
€ Apollo 135.9] & } PFE A Ash7] sl AR A s 3 et QL

* Apollo 13T Az} A] g0] A4S A A7l 2ot Algdolds

W50l S ow X TolA 48, X|2e] TRIEEY Hde Bald PAlow
LA I

[ BIZHIM= 20143 GE(General Electric)7} S120]| CIX|HERIS &L KIALO| AiAt
AL 7 [HIE 7SO E 551, it -t HIES H|0- 22|5k= Hlo 28

& 32719] QUElo] o] AME Hfslo]
o] g9 AHehE tlolelR AlEsto] ol

5) Techworld. 2019. ¥4 & CXE E2 Mg Al 68 199
http://www.epnc.co.kr/news/articleView.html?idxno=90787 (2020 42 20 ZA)
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O CXEHERO|2H= &

T JH0] ZUROR SAIE APl 20174 L JEEL Gartner
742018 1004 H2P7 |4 EU0 CIRZENS HEA7|BN HEIO
- o3 GE9] ARz} ALY T

kst gizk 7]

ot (54 Siemens, H|=r Honeywell
A Total 5)FC1 RHAZE 712l A3AMAI AR 714 &
:'_7]-51,]. 1 d) A2 :rLgﬁT

= AlES 3R 7
A B, BT BUHY £
(Lifecycle) 2 Aol - T&]sk= dlof R HEY S

AZ] Aol

ug
FIEHANE A7 ZF0] TNEEY EA/F7 HS AT =97t A1
Folnl, AR 2rte] 75 Alel7t AAIS) BAIS WR G

1) LIXIZER I

O 7tEY(Gartner)= &AMAIQl ZA|(entity)Lt AlAE(system)S
(representation)st g CIX[HELI0|2tT 7H25| Ho[))514T

* o]7] 5(2018)2 “TIA|
A2 9 A A=

CIREZ BA}

9 E9)

(digital twin) o]+ &% A (KM, L2
s) =0l gt gX[d BA|(s0o)EA, 8571 Hxldl 4

M o AR RAF9 §A-FHE FXIsHH o]g0] LA FHEoh=A] SF
‘A e BASH=E 7Hde] mdolgtal Bol(Od 2-2 X))
s YRHEYo

Eo] 7VIAMAIL] Aloj7]5& FAANALL HFsl] 28 AlAa"S
AoJgtc= ol A Cyber—Physical System(CPS) I SARH 71E <

6) Gartner. 2017. Top 10 Strategic Technology Trends for 2018.
7) Gartner. 2017. Top 10 Strategic Technology Trends for 2018
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[] GE2| AIHIS S CIXIESI 40| 7|2 QAR 22|% XkM(physical asset),
7HA0] 0| B(3D model), XFIOl BEIE MA(sensor), MMZEE] AAE G|
OlEi(date), +EE GOJE M2 95t R(analytic model)T} Z2Z(cloud

o = A0l

based platform)2 & 5= U3

J32-3 | OX2ER HE:

2g ME0E((=A) ZXs IYTH/AE S

sazcro)
= V=]
29 0/
Physical Asset A4 0/H Digital Twin

CAD 2%
DYHEF = OAMAIZY RES
FMEA) +8ejsju Bas
952 481 + Ex mUS
(FEA) 22 + 71k

A= 01Z7] 2. 2018. LA Edl Vi LTUS: SRV IsT7 2.

O CIXEHEAS 7156k= 0| AMAZEE AAIZICZ £S5t HI0[HE 26K AP0
TIMAO] & (simulation)5I7{Lt O|E GiZ(prediction)dle S SSXQ1 HIZQ|

DL 22X o= FHE HlS F & V| =

* Market Research Future®] A|A| TXHEYA AR Aol w2 2016 18%]
o] fFRoA 2023E7HK] ¢F 1579 © 2 A 3798 AFES 9
A8) (19 2-3 &)

8) S| 2. 2018. EAI/UA 20 TXE ER & 718 ¢ =ddrIsd+. 32p.
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J2 2-4 | OXIHEH MAMZE 1Y

1%
pﬁ"“ >
C

2016 2017 2018 2019 2020 2021 2022 2023
Xlz: Market Research Future. 2018.

Market Size (USD Billion)

2) 7t ZE vs. CIX[Y EQIRE

O 7K 2E"= CXIHESID| JiES 2E 2710 Y5t 202 7|Z0
R SEjZ BHEH 26 2712 3R ZZIHO[EE HEE0| 236 2E4T

m
Ja
H
N
pall
o o

0 “CIXS EYIRE"2H S WP EXHSHS KIOIK- QkZX0! R0 THat 3XI I
o Y, SAHHIE Taist D7D R TR TKy 2ER Hojst 4 Yon, 2 3
20| B39l 7H BE0| T2 HE0| CIXY EXREY
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03 CIXIHES S AR L AARY

1. 22| CXIZEA ST AH

O 22 27+ xHl0M CINEERIS 2E EE TA0 HB517| 93 B MY
Sl= 27h= WEXO R Al7IZE0L 20| e
- g7k

2= Virtual Singpored £3l TA| U 2E A} EX2ES 3XMY ¢
AEEYS

2 Jotal glom,
e gL 27} Qx| A3] (British National Infrastructure Commission,

NIC)OIN BlolE] 24, <t 7ix] B Alsls el Spabg BR 27} oAl
H E ¢ (National Digital Twin, NDT)= H1-Fx &

1) Virtual Singapore?)

O HEY A7FEE(Virtual Singapore)= EA|IZ7121 A7t 2 MA|E 3XH&2| L
XEERLR XlotiIXt o= 2

U|0]A4 (Smart Nation) Z2AE Asto g rlost FAE

]_
ol YUT 4 Y= 7MY FE FAFL 75

1) S&T GPS. 2020. [0lf+24 1335] F2=2| CX|E E FE S8} AL,
https://now.k2base.re.kr/portal/issue/ovsealssued/view.do?polilsueld=ISUE_000000000000931&
menuNo=200046&pagelndex=1 (20204 42 8 Z4AH)

2) Virtual Singapore. https://www.nrf.gov.sg/programmes/virtual-singapore (2020 42 8 ZjAH).

HBY CXZER =T A 2 AR -



* 20145 E AJ7txz FHATLR G (National Research Foundation, NRF)

ZEe Wiy ArlEe nedes Az

* A FE9 7SS ol A AR (Dassult Systemes) 2t @, 3xt
BEE 7|HHo & SHOXHEYS FEshL, ¥ E A& St EAES 5

e
ol
N
N

* 20187HX] ©F 7, 3008k €& Tl MF L 7IE2E FEII o o]
]

71 s7W 3t wlole] Aol XU Bl-& e 7= Allo] dA] ST v 3l

o,
N
N
i
[
N

Axe] 3D RAFH AZSHE Bl Tt A BHRSE BAISH

L HEY PIEEE o) o) TupEel FN FAu OAEE, ULt /1Y
B7 24, ATALE 9B HAE HE, 2T ARYE BT 2 TRt
Aol ATE 71T 5 9

o4
N
ol
i
o
>,
o
&
o
r
ol
ol
2
b
P
1o
offt
ol
=
it
i)
i
)
v
ne
o
Y
iy
o
e

MW
o

3) Govlnsider. 2018. Meet Virtual Singapore, the city’s 3D digital twin.
https://govinsider.asia/digital-gov/meet-virtual-singapore—citys-3d-digital-twin/(accessed  April
20, 2020)

4) KBS News. 2019. [ADIEAIE(D] A7IE2, 3D 7MAGIMZ ADIE 27t 744, 48 6.
http://news.kbs.co.kr/news/view.do?ncd=4174908 (20209 42 9 ZiA)
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O HEY AVHEE= T 3-11 20| 71 A& (Virtual Experimentation), HIAE HE
(Virtual Test-Bedding), A2 & 2AFZ&(Planning and Decision—Making), S
7H2f(Research and Development)2| U] 7IXIE T2 7[s2Z HA|

H3-1 | HEY Y7IE=2o FR VIS

Ils X OfJAl
7Hat MEi(Virtual 3G/4G HEQZS AHHZX| X|ds E”‘”Ofﬂ FHE|X| FIAXIH0]| CHSE AlZE
Experimentation) 3, M ks 0| CHSH SIO|2I0|EE 3D TA|ZHZ HA|
EIAE HIZ(Virtual =0 HiY Al THIAR! +=ES 2loi =52 01| THEH AIZ2|0|M 1t R0
Test-Bedding) %rg s

AZ ¥ 2AZEH(Planning
and Decision—Making)

A7 JHL(Research and
Development)

uE S5 E¥X 0|5 IHEH A4S AT HEZA0IM JHE S

3D EAIZES Fdll 22 3DE A7 ¥ il 8

Xt=: Virtual Singapore. https://www.nrf.gov.sg/programmes/virtual-singapore (2020 4% 82 Z{AH)

[ B ADIE20| 50 BRARYE T2l 3-12H 20| EHilt ONZE, M 24
U SAPIE] S EAIQ| Cist 20| 28

« M Y A] AA] Al F3E AR AlEEolA Qfoll® Bl R 22
AIAPE oUR] kAT ] uiix] £4(3" 3-1 49),

L Ths §E3 2L 7] AFoINe) i AR Algeeld 5 AAishel T
SIME T SelolM (1% 3-1 818

[0 = 47122 31 =Q T|O|E

A A71E2 3DRES RE A= oJn|AH (Semantic Information) 7}
o] Qlof, AE RV A2 FEE o] SE] XEH

iy E

= Jy

HGE CIREER 27 AR L ANE - 2



J3 31 | HEY Y72 £ AL

@VIHUEH
Singapore §

from fhae Solar Photo WVoltel =
part of ihe Green Print indiathee

- wﬂﬁ;h‘f;
——=h—-.____ ’ ‘_ T

Emergency Service

Gas eaks con be simulated n Wirual Sing
e ey the alfeched areas fo the st res
BN rapieg GECHRe routes for e nrsicer

m\mual
Singapore

At&E: KBS News. 2019. [AOEAIE|@D)] AVIEZ) 3D 7HMGIAR ADIE 27t 24M 48 6.
http://news.kbs.co.kr/news/view.do?ncd=4174908 (20203 4% 9 ZiM)

O AHHEA

c HEL A7IEZE Z2REd e J7IEE A, F7584, SEH
(Singapore Land Authority, SLA), 7]&%(Government Technology
Agency of Singapore, GovTech) S thofst FA7} ZHosha ¢l&
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< 7leR e BREA 7le 2o

& wole] AE7FE AFske 5 ot 5FAE o
SAOA Fofstal 1o

1 20179 9= =27} 21Z212|43|(British National Infrastructure Commission)=

AL LY QIZE2to] ik Skt S CHIOIE] 7182 4 & "-%”SS_ZI— FUSH HUI=M CIX|
2 DTt =7} LXRER FES MA (23 3-2 H1)

J¥3-2 | ¥ 7t CIXIZERC| EfYaiol

=2— =

25% Information Management Framewark

2010 2om 202 20013 2014 2015 2016 2020 2021

2022 2023 2024 2025

growth and roll-out

15k Z3RollA Qlze} Foke] W 57} <l

7
2 ERF AL 7Iop
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=

c O & EH,
AZE slla, HE 5 9171 &%l digt g

o=z 3}

« g=o] A7t gREEYL 20119 7% 7ol BIM
task group®] F& ©]o] 2015\ =7} Q1T (NIC) 2] HF o 2 o]ojRa,

UKL SRk S0] A ALET olF, i 5EL WG BE
22 F, Al A0 B e B

S Ag3luA 3+ BIM

= 1o

* 2017 Centre for Digital Built Britain(CDBB)©¢] AHEHA X]52] =27}

HREEN H7ix| niE s
(2) 7 HRLEH 74d6)
(National Digital Twin)2 SiLe| 2 20| OfL|2f Ctst
5| 9l GII=2

0 g=2 =7t OX|
21Z2t HESR=F9| O

055t =7}

SHEX
HE ZXelold, 72

SHERI0| &S AAE0] AlA

=2—1

7t55Hl oh= LIXIRER 2t HAIE 2|bjoh=7HE (I3 3-3 E1)

B} 9l z]0] TR/ ES0] A o] o

&, A7} RYEYS TRt
2 W HEE YT 5 Qe A2de] 19g BRoz ¢
72 3-3 | g9= 27} C|X|HE®2 - Connected twins
Working with
Q.BSDUf?s,fb@

connected
digital twin
assets
A

Highway
maintenance
MNew water
treatment
works

Treatment and
distribution of

water

At&: CDBB. 2020. The approach to delivering a National Digital Twin for the United Kingdom.

5) NIC. 2017. Data for the Public Good. NIC Report.
6) CDBB. 2020. The approach to delivering a National Digital Twin for the United Kingdom.
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- CDBB= 7} WAle] 15 2 A1t 7ol it tlole] walg B4 Faoks
E X|5}7] Y3l Information Management Framework (IMF) & &|A|5}1,

o 27} OXEHEYS ¢t IMFe] H2 ®5ko 24 Foundation Data Model
(FDM), Reference Data Library(RDL), Integration Architecture(IA) A<t
(1" 3-4 F1)

% FDM: TR EEY eI 29 2 B8 7F5 dole 72 vk

% RDL: SPA18 368 913 vlo|ele} LRI ESo] e 359 reference, W 5

=1

J& 3-4 | IMF9 Integration Architecture?] 24

I want to know
something Data owners
[Authorisation
23 ! 2
e I
e i -
ey [ Submit

Result -

/ T Distributed
/ messaging

’/’, system

/7 Secure | | Publishing
/{_, s ) | data including
g | | transformation

v ¢  and validation

| /

Y
What information i
can luse or get

authorisation for \
iscovery
protocol

———
Foundation Data Model

Xt=: CDBB. 2020. The approach to delivering a National Digital Twin for the United Kingdom.

[0 CDBBY| =7} LIXZERZ U= SE(FH/JY/UYE U=, MalV|EAE, US,
O], +=AHH, MARHE S M YFSts Fdotks ZE =214 &d= 28
oh= ZHE)0H AU Tf 220|111 HEE QJARAY X200 SHS & (I8 3-5 F1)
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72 3-5 | CDBBQ| CIXHEY T

This is Digital Built Britain

Xt&: Mark Enzer. 2019. Introducing the National Digital Twin. NDT Day 2019 ZHXt=.

O =27} CIXIZERIO| Of5 74X D2 U937

- O7NE HAEEQS] S 55 ¥, @F= dloly dZ 3 WS 8%, Ol
olE|¢] ATolE F7], @AM AR AHset 58, @AE 01 7]

5, ©UXIE oy 2 FHE| g, O tREEY SE 4
oA O B AT 0)L, @HATEES gt A4 AlAl9] ol Aol
s AoRle HREEY dEof| 7%t & 2 4 =S o 7RIS Zd
HAE A<t

(3) DAIEES AudL

[0 CDBB S&i2| =7t LIXIZER &= XA

cHole 8-S st oXE ZHYYAY] W1 AAE Y3 BAA
(Office for National Statistics; ONS), HAI7]Z A (UK Regulators
Network, UKRN), 7]9FA]AAB|KF1E (Infrastructure Client Group, 1GC),

7) Kirsten Lamb. 2019. Principle-based digital twins: a scoping review. CDBB
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AN FE AT (Construction Leadership Council, CLC), X2 (Ordinance
Survey, 0S), S/WAX583](Open Data Institute, ODI) 5 thFst 7]34o]
%Fo] (Digital Framework Task Group)

[ CHft 7 [210] ZOYGHs T TRFE 458

* URd HE B2E AEet ¥d 7 AD(Alan Turing Institute, ATI)S] 5
L& ZgEE AEEY HUR Z2AE| F37|81 FAK, 7RI
HstATt P (Infrastructure Transitions Research Consortium, ITRC),
2ntEZHIAIA gl AN ME(Centre for Smart Infrastructure and
Construction, CSIC), A% A&, FH, A7, iz HELQA, 7|4 &
ThFet FA7F 7 AF o2 A Fo{ (1" 3-6 Fan)

J23-6 | BT CIXIZES M3 TEN Hoisks Cie T4

Utilities
Metwork operators

CDBB/ATI

Al companies
Research institutions
University network

Local authority, business
and citizen participation

Xt=: NIC. 2017. Data for the Public Good. NIC Report.
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(4) 27} OADES TRL 15 AR
O CIXEES 7152 9I6H S2EP ORI Cist 3 o 7l 7 2351,
2020)

20199 27} CIXRES S 913 ARl 9% (Gemini Principles) & A1
1 RG] S =9

« Al 9518 254 (Purpose), AEM (Trust), 7154 (Function) oleHs 7}x]
ofeloll k2t A 74K, % oFF 7HRlo) 9l AN (T 3-7)

+ 37} TRIESle] Waol weh tRdEe] WS Alshe Ay 93]
£ Rl4A 02 WA o

J33-7 | Mol &3

The Gemini Principles

Purpose: Public good Value creation Insight

Must have Must be used to Must enable Must provice

deliver genuine public value creation determinable nsight inta

penellt in perpetuity and performance the bullt environment
Improvement

clear purposa

Trust: Security Openness Quality
Mt be Must enable security Must be a3 apen Must be built on data of

and be secure tself as possible an appropriste qualty
trustworthy

Function: i Curation
Must function S ¢ Bbust hﬂr' clear

i ownership, governance
SN and regulation

Xt=: Gemini Principles. 2019. https://www.cdbb.cam.ac.uk/DFTG/GeminiPrinciples (accessed on
April 9. 2020)
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[] CDBB:= LCIXHES & =2 5t CIXEOH YT HAI IZ(Digital
Framework Task Group, DFTG)2| &gtg 2o 2 HIA|(T2 3-8 )8
« 2O HaubM (approach), YA (governance), YWHARH commons), &%
AH(enablers), sH(change) 2 Lol 7} Ro] Zlslo} & Al ThAEe
= A
* UAEESY 75S A HARA ARE 2Eg dWARY (commons) o] FF
DA FAISHR oH,

CwE3 CREES] 1Ed] Asto] H: A
legislation) &] 7§41 %= Z8 X} (enablers) F-&2] npx]at

M3 (regulation and
AZA ALt

g

i

13 3-8 | CDBBL| DFTG 2=

AAAAAAAA

DESIRED
FUTURE STATE

e

0=
Goveranceand

CURRENT ——

Xlz: Centre for Digital Built Britain.
https://www.cdbb.cam.ac.uk/news/2019April8RoadmapPressRelease (2020 42 222 ZiAH)

8) Centre for Digital Built Britain.
https://www.cdbb.cam.ac.uk/news/2019April8RoadmapPressRelease (2020 4% 22 Z{Af)
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(020202 &M w31 =0 T2t A|=i0] 21 S0|H, CDBB= HXZ2ER o2 7

|
SLIE| SAZ90| ZOIS 2AAGI0] BIH3

- RGeS 3 ulR ALS T3k W =olely] sl TR EY
()]

B G OSTARFEA, FAVL BRI B)E T AAS Uk & Y
S8 ARUE 29

L RIEES B2 %ﬁ&ﬂw EPRIER RS B A, Holiof &y 5l

(5) BIM 719t X2 EY dlo]E

O 715 4o CX[E HAHZ Qlol CIX[HERIQ| 7|92 M BIM(Building Information
Modelling)2| =2! & X3 X|&

* BIM2 15%9] AoliF7]o] 24X A5E FE #] 3 AArdRs xde +
e 3D 78k 2 :’7%% ‘3101\51 22, BIM =& Sl A2 Abatol] ot &
o=

-

* CDBBe 7153 JHY AAH A 29 2 EdH(operate & integrate) & ${5H
BIM Level 3~ 4E 85t AL st e

[ CIX[EELIO| 7|8t HIO|E{2A] BIMT} I'-PE18}0:| A SIE A3l

o

ol ACH, Za=
AYESK| Lisk2 wlf ZE=0f tioll BIM 7152 &5 (23 3-9

I-J_l_)

M

1]

9) DT Hub Community. https://digitaltwinhub.co.uk/ (2020 7€ 102 ZAt)
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33 3-9 | BIM 752 S8t 115 #ale Hol

Benefits of BIM implementation on
University of Cambridge construction projects

The use of AD with precast helpedtokeep
the project on budget andon schedule ™ ﬁs |

—— Budget
completed on budget  ----------d

Digital fabrication
allowed Improvement

lm detection u |lelIM alowed a
uction in the number of enrc

The results are dear: from nothing

was utilised to get
that could be
with varying

ding

1y building in just 24 months
Schedule Material

Through coordination and planning, savings
deliveries were reduced by 750 from initial :
estimates and worker hours were halved ™77 [R——
‘compared with a traditional approach H
i Health and safety
Use of precast. fabrication Health

contributed to a 20-weekreductionin by using BiM for phase planning
fei byl

dertify activith
and sustainability performed in the coming weeks

Xt=: CDBB. https://www.cdbb.cam.ac.uk/CDBBResearchBridgehead/BIMUoCEstate
(2020 6% 18 ZAH)

-

o I A ] Ao 7 AEEC] BIMS L&dk= gXA|dst Meke XI5
o, AHtedo] BIM =] 2 &8 7Hs/d3 Hels Ak
RAE oz 7551 Z2AER WEAIZ

ol

y

* BIM 7|&& A& o2H A5F ol dis A=l Aled|o]do] 7hsst

o AZE9] ofx] AFLEF F7}, To]Z Alo|E Ba], AZEo] =H 170
ozl 9 871 S BM= 885t ot #E7]s 74
(6) OXIEEQ ] 7|t a3t

(] CDBBO{IAM HIA|SH 27} CIX|HERIC| F1t10)

o 27} 912242 913]+= Data for the public good E1AE E3)], Hlojg] 285
E35l AnjEQIZEle] HolSs 5009 -t (eF 76% )2 FAH

10) Mark Enzer. 2019. Introducing the National Digital Twin. NDT Day 2019 @HXIZ.
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< MBI We): Qlatel S B 2F AR O B A B, ol
WARES Hol 5 5
AAE Be]: S} AP B3, HR B Y

LA AR AT AEI, HIAUA B9 HE, wlmy A glo] 23
A s 9 9171k st

c B W AR W B, A AEE 5

- w3, AntEQmete] gHlon DLE-A] SO AN g PaR A%
Abg 2ol A7), @oluR] Abg 7o Q1% 87 BT, QUiIFLE I,
@ATKEAE AR 5 AA(TF 3-10 Fa)

J23-10 | GloJE| SR thet %3 37+ QImatelelslo] oy He) U 3t

REALISING THE BENEFITS OF A SMART THE IMPACT OF IMPROVED DATA SHARING

INFRASTRUCTURE THROUGH DATA SHARING o o —

Population growth, economic

growth and climate change are LOWER -

straining our infrastructure. ' CONSUMER IMPROVED ¢ :
TRANSPORT

SHARE DATA £ 5 O "
. REDUCED

bl|||0n IMPACT ON

tothe

maintainand plan nationl systems better

kRail upto

£770

SMART CITIES million
CAN BECOME ‘over the next 8years
AREALITY

]
I\I\I\III\I\MIEH

jenenesamennet ' £ 8 9
£840 .
PRT NP — o billion
THE TECHNOLOGY IS (o) million m —
ALREADY AVAILABLE o in2014justfrom using Buiding public sector open data

Information Modelling

Artifcilinteligence (Al) and machine
a elp get

The Commission recommends:

A COORDINATED
APPROACH ® :
A closed attitude and an array of e learni

regulatory, commercial and

cutural brriers prevent more TR A
effective data sharing A Digital Framework for secure

sharing of nfrastructure data
B hmugha Digital Framework
Task Group

dole] 6o} oy we) dlolel 349 gkl L 9l Arkg

Xt=: NIC. 2017. Data for the Public Good. NIC Report.
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3) 7|E} TIZHZ0F AR
DIZI0M = CIXEHERS A1 15010 AAKRIL| 22| X|0| SOf| 2&0k= A=
i’igl—h UL 7|U2 CIXHEZS T750l1! 70N 2AS = U= S2MS T
517 | &t
« & EH GE9 Predix, BFO]|AEAIZE (MicroSoft; ©|5F MS)2e] AZURE
Digital Twins, HEXAGON$] Operational Twin 5°] 1<

CBIZZIQ9] CIRGEY SRHE A9 7)7lo] S B, IRPEY 7
£g B3 771l WASH SBe Yol S 245 71719 B8R
Aol 9 23 Fart sk 2

(1 GES| Predix= 2016'30]| 2Het SR 7|21C| CX|2ER SR4E=, MY 71A|
OliA EIOIES 7 25101 71719 28X01 s K|

* Predixi= AIQIE0FE TPFOR M £7H0E, Aule] £9g
e 9]0 H1-S BT, 29 = Y 5O EUE ER

_VE

°
N

1710 A Ao AR R Thke] Holelg 4
Fol 2e9C UROM MEsh st Bl B4 29 V)5 52 B8

= A5 (a4 3-11 Fa)

ek mlo

11) GE2IZE H2/0t 2016. T2 dA, Al HH0|E SHE - AAAHU SAFAUHO| AR
https://www.gereports.kr/ge-opens—-industrial-internet-platform—predix-to—everyone/(20204 4&
202 ZH)
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J213-11 | GE Predix?| +x

Predix Edge Predix Cloud Applications

Predix Industrial Services

EEEEE]
Platform as a Service /\/\/\
Cloud Foundry »

Infrastructure as a Service b
Data Infrastructure

At&: GE Predix.

https://www.ge.com/digital/documentation/predix—platforms/Chunk1397809114.html (20204
48 202 ZM)

(] OO|3Z2ATEE AXP7t CIXHEY E”'% 2™ A=5H| gt S2HRE 7|4t
£2MO2A ‘AZURE Digital Twins'E HZ02A 212

* AZURE Digital Twinst A= AREAFS] tluto| Ao st 7M1t
MEE AOtE A&, FY, AY O, ZAZHK] BHEAsHA &L 7

j;,

S, AZURE Digital TwinsE &3l 5% 7HdSH7 oA E2lgE el A
5 93t sk 719, R F, AAls 59 7ss &8 4+ UL

Fol, Willow AH= Thyssenkrupp @efH|o]E] 152 A=jslols g2
ol it txdEAS REY (Y 3-12 7

12) Microsoft AZURE. https://azure.microsoft.com/ko-kr/ (2020 42 202 ZAH)
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13 3-12 | AZURE Digital Twins2| & GA|

Be 0

At&: MylOTLearningCenter. 2018. Announcing Azure Digital Twins: Create digital replicas of spaces
and infrastructure using cloud, Al and loT. September 24.
http://www.myiotlearningcenter.com/announcing-azure—digital-twins—create-digital-replicas—o
f-spaces—and-infrastructure-using—cloud-ai—and-iot/ (20203 4& 21! Zii)

- Aefulo]e] AR E9lo) mRlolM 7120) BE AAE THst, 7 RE
At 23 AR, AT 71, Hrd B BE PHE Tl el

23 /A - B2 g 28X 0= A
[0 HEXAGONZ| ‘Operational Twin'13)

* Operational Twin< UA[HEHS Tl Al g3 Te ool tlolg
(operational data) & 44 -&-&

C 2EREY) F AL SUAYIL EEHOE AT 4 YEF J|E 5
48 clepe] HlolElE 73000 YR, A8 2ol Bash Oxld 24 75

‘18 391 2REE B 40l BY 29 I OUNE Cplolag 3
Sl 2 4 9la, o] HRE BEslo] AL Folw, AL 5L & Y

13) HEXAGON. https://hexagonppm.com/offerings/solutions/operational-twin (2020 4% 202 ZAl)
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* Operational Twin®] &-& o2, Deepwater Subsea LLC2] Janus24 AIA|Zt
TUEY ZEE0] 9l

* Janus24 AAZF BUEE EHE2 X0 = EESHER] 2 4% FJH
o] Af-7tx &5 AXE BUERSH] Sst 5502 AFEGlon, 7|E
wAlo] RUEY 3o H|s] 95% ©]49] At 70% ©)/de] vlg-& Bt

oft

_—

O VU.CITYAR= 8E, HHAH S =129 £ TAIS YO 2 X STHYEE 15

VU.CITY SSHES Soll S8t TS HYCE R= AMH|IA MIS

* TANE 7193} 3D ZEI= 7]Ho] §A AERE TA] E=igo R, 3D 7N 7MY
v|A Al (29 3-13 Fa)1d)

b1
>,
b
i)
-
i
o
offt
o
k1
>,
Ho
of
k=)
_>|i'4
~
N,
It
X

T
#de] 3D 5 1% W vl 9T ¥

Xt=: Placetech. https://placetech.net/products (2020 42 9 Z{AH)

14) Z2|2L. 2019. KB XA HIEIRL: DI2HE OB 7|&, CXIE EJQ| 3ot & AlY. KB F8XAIF ZYgT4
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2. AU CIXHES 27 38

[ = _—_—o

1) CIXIEEE 7|8t Hole 75

(1) Vworld 75 AHl

« 7oA Aakshe 2%}%-3%}%0 @

__L

A &g3t 5 JEE 2011 = Az
* B 3R ERET Aol FIRIE, WBAA, AFE, MiERE 2 &
EXGRTE, AEARIPE 5 23+ SR Qo 3at SPYEE AlF
13 3-14 | V-world2| %1
2018
2ot6 s
BFAIS 1374
2014 3D AHIA [-)
N @z 22 L
DA SRR 20T 2019cus

2012 - UL AHIA ° - A7}RRD HTYT S
- ME L S AR GIOIE{ API S XIZ o ARRE2 S

3D MH|A ° 2017

- EEAHIA, 3DX|E s

S8 . (-] - 71 MHIA A 2

2010 7 | 2015 5wy
-3DT/F - ZBAMS 2170
° (-] 3D Aftilx
2013 - ALl R AfHIA,
AT DHIRIAPI S RB
o 3D AHIA
A 2011 wg,
— e RIEAHIA S KB

g ZYEEQTZNZ  http://www.vworld.kr/vdpo_inthis_a001.do (20208 8% 252 ZiAH)

15) BIPHEQEZME http://www.vworld.kr/v4po_main.do (2020 8& 252 ZjAl)
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[0 V-world®| 3xt SZFEE= 2R FETI 0[5 AES 1 wEAIM HIO[EE HIS

5111, DEM(Digital Elevation Model) 7|8t MK H T SI7H| HiZ

* V-worldo|A Algsh= 3Rk 31V E= ZAA|e] U=l ufgt LoD (Level
of Detail) 1~49] & AlFotH, x|Fo) wheh 75 o) zlo]7t e

« XM IR E FEXAYPRYY BAHZEZIPR 1SRRI 119 ‘3
x4 AETole] AT 9 ZIAsPg R AlE7|E of whek 15 (a2 3-15 2

« Me&s R 671 FFA 5 L7 R FS ALt A= AFEl tisiAE

A

o =
FEX| 2 PE YA AJ4HsE LoD 1 £=F9] 33 AEPEE AT

33 3-15 | 3XI ASHI0IE MU K 7HASPEE HIZPIE

MEE HIE7 |2 Hi=t off
L 25 >
L K0S T ElAK S
Level 1 PO <
AN ZER I =5 0AHE |
CO, M S JWA O AR
.22 T olnss E
P KIZBS MZ EE HAA HAR
Level 2 N sy O o
._'_J%II_-! ==T ;'<| ol:ll-E_[_ |:||X-||II-
ST BA EE AR OB AR
« CES H
Lovel 3 * XISTR(BAH) M=
\/ — =
2NN S22 U HELIK
CObE O TS AN B AR
* 3RHH HAIZH
Lovel 4 * XISTR(GAH) M=
eve — =
CARESEN S5 U BSRIK HE
S AU Gy AR

A2 SXYZEDZHHEIERANTXN 2019, ZEXZEELTA| X2019-1465(58 232 UHINE)
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« ASEEA| 67] FolA] 9 AESEARIAL 870 AlRe] Al Ko YR 2
ERol KR} B LoD 4 59| 3319 AEHRE A1 3-16 B1)
el Al Fele AloJA AAHe LoD 3 529 31k ABARE AT
+ LoD 4 5:%9] 3719 AZHRE AT AANNE 5m Bole] nalE

DEME 53l 331 AlPrds AlF

J& 3-16 | V-world?| LoD 3, 4 & 3x2 37HH[0|H

Al LoD 3 =& HZ HI0IH Al

LoD 4 & A

- 41
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0 V-world2] 3% B2t LIOJE(ZIS/KIZ)= Horel X2 APIZEH KB, A
59 240| 7K53t HOJEIS HEZSIX] 24T 01 220 Hfo| US

« JEEHAIE V-world?] 31 7AE 2 X8 lo]ElS APIZ A|Zato} 3x}

=
Y TP EALE S FHsIA ME|A F

« SHHEXFHZALY] 21U B ST EE V-world®] 3xH AEH
HE APIZ ¥, B EE AlZolR ot AR 231 R Alx

+ SKT 5G FAI%o] Aabdg 8742 E4sl7] 91l V-worlde] 3514 712
RS T8, YAEQ Ol FEAY Bt 37 9 Au|s Aol So] B

 olglolE g REARIAS S5 iR EL 3RH AR Bl Slat B
o2 tjoet 3T % W 71ROl V-worlde] 331 B3} Hlo|EIS 1)

il
o

16) ZFEEMRARISR. http://www.spacen.or.kr/vworld_mgm/business_info.do (202014 8% 252! ZiAt)
17) SUWHEQEZME http://www.vworld.kr/v4po_apiappl_s001.do (2020 8 252 Z{At)
18) H2 1. Vworld 3Atd S7HE &2 g &
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(2) HFEY AL (Virtual Seoul)19)20)

O MEAI= CIXEES TZ2HE QAUSI02 ‘H=A MES(Virtual Seoul) E8F ZA=E 1
S FXISH QOM, Solf = Y752 LESIUL, 20217 264 A=l

=
== T

« 20199 R EHEF FHS AlEGIReH, EHE 7sL
1A ], Az 3D M) ZElx Al wa), B

A A9, BAARA BY 71 5L =Y
£ 20201 1958 EAAZ9IALI0) Braolo] A Aasigon, o
A% BB WAk ohjet MABE, USRS, Hid ABeold
Tl Boki S o (2% 3-17 2w

o 401.

Jd-3-17 | HEL NS SAIZASE E3E GAl

PE HXRIE. 2020. EE SHAQ| £ HIFUME AAR = 18 192
https://m.etnews.com/20200117000200 (20201 6% 17 ZiAt)

19) FRRIZ. 2020. £ otLtQ] £ ‘HIFYUMS AAH 7= 18 19Y.
https://m.etnews.com/20200117000200 (2020F 6& 17 )

20) HoMFA. 2020. XI&7tsSh ADIEAIE] 2 ‘CIXE E&N Al HSET. 2¢€ 92.
https://www.boannews.com/media/view.asp?idx=86197 (2020 6& 17 ZAt)
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(3) FEAIZFEY 3xH I ol 5
O SEXZEEH2 ADEAE| S| L0 ME 3x1H HXE SIFEES 2 HSS
loH 2021 A2E] 2RO 3R STHH|OE] 7= Al FXIS 0|05k U432V

* 7|E0] FEXZPEYS YEAATE o2 3R] U= ¥ X3 (Digital
Elevation Model, DEM)H|o|E|& &3} $FoL},

« 20217 A=g O E vid 12ema F3AHNE 7IRIC R &/dRRE
Z5FsH LoD 13 LoD 2 £%9] 3%} A& % DEM &8 F7

« EX TAIX]E= LoD 3 39| 3xkd dlolelE &8 ARG XA, |l
7t 7190] o]Z 7]HFO 2 LoD 3 T 1 o]Ake] glolEE &5 E K1Y

H3-3 | ZEX2IYE 3kt S 715 Ul

T2 -‘r'—-"EEH” =
HY $XET2H(0.2m) R VSE
AL AL SIEARIEY
LN -
3DYUHMEE(LoD3) TS
- £X|XIFE=(1/1,000)
5= MY AXEDD(1m) st 0| K&
MZEAIEA SHRARRIZY
HIEMX]| o o
3DYXEH(LoD2) CSHH0H &2
2X|X[EE(1/5,000)

Az REXZYEE. 2020. UXIE ER =& M TFE Atz =

[0 3Xt& SZFYE2 —_rLTEﬂ% 6H ADEAE| H X257 S Hidet Lt Z0[0M2|

28 SUIS Woi0|, 221 A1 2010 S4S KIRISHK &
 ARE) Aol thet TS, 788 olux] A, wE Roke] Aol 5
TR B B W o)y
21) SEXZFE Y. 2020. OXE EY =& FHH TFE Xz F=
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2) LXZEA HE AlHAY

(1) RFA] LX 2A0LEAE] UXHEY ALY

o
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SUMMARY

Policy Direction and Institutional Basis for National Digital Twin

Kihwan Seo, Changwha Oh

Key words: Digital Twin, National Digital Twin, Policy Direction, Smart City, Institutional Basis

The purpose of this study is to suggest a policy direction and institutional
basis for establishing a national digital twin. In addition, as the infrastructure
of a smart city, it was intended to establish an institutional basis for the digital
twin to be connected with the smart city. To this end, the concept of the digital
twin was defined, and problems and limitations that appeared in the digital
twin establishment process were derived through investigations of domestic and
overseas cases and status.

On the other hand, by analyzing the relevant laws that can serve as the basis
for the promotion of the digital twin, a proposal to improve the legal system
as the basis for the government's promotion of the digital twin was presented.
In addition, by presenting an amendment(draft) of laws related to smart cities,
the basis for linking the digital twin and smart cities was prepared. This study
presented not only the legal and institutional grounds, but also the basic
direction necessary when the Korean government wants to fully promote the

establishment of a national digital twin in the near future.
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