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gAlgd EYLS 7FEY(Gartner)?t 20179E5H 2019@7HX] 39 dHA&Eo0=2 104
MF7le Eflcs AASIHA dAREH MAAR 52 w7 AASGIH. 7FEH =
20179 A8 Edo] AMgo= 104 AH7|ez A2 Al 20218714 i A=z
AAIY A¥b Frrt gAE EAE =4 Aoj2t AYstAal, 1o ©E wHalo]
oF 10% A Zez d&3itt. &, AR A2f d8 slab AAIF0f(Accenture)=
20219 50 Mrjaz Cxg EQLLS MASH up 9ict
ojet Zo] 4AE EYR vjgf 7[& Edlez XEAQ1 HAZ w Qlth AR
oM B0, AL, HE - TA] & Ut 2ofg A&

ALt 53], AIAl R[N =E-EAof] Higt OXE EY 9 =3o] 45| S76taL
Qltt. ABI research(2019)o] =™ 202587HA] A A|A] 5007 ©o]Ate] wA|ofA
A EYZ =T Aoz AYsilr). ofgl= HFd A7IZ=(Virtual Singapore)&
2o =271 £=2 dAE EAdE gE -TAo A&7 ¢l =3 9 J=it
220 gr|E EY AHAAZ AmH ottt

o
L
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HExY d7IEZ(Virtua Singapore)
A7tz=2x xg AA|(Digital Economy), TJX]|® A H(Digital Government),

A8 Atg](Digital Society) & 37 #(key pillars)2 7]H}O§ =27} grjg AgHS
=75l K} A0LE Yo d(Smart Nation) M=e saste] =7 Fo|c}. Ante
Ylojld AHS 95| M2F 27} m2AE (Strategic National Projects), TA] A&
(Urban Living), »-E(Transportation), 717} (Heath), A2 AX A8]A(Digital
Government Services), /\E}EOH‘L} H]| AU A(Startups and Businesses) S 67l 2oF=
oL X £ B(Initiatives)2 Aslol X% Zoln, o] & EA| A% PAlo] Ustom Wz
A7} 2 (Virtual Singapore) AlY-S FX151 T}

a1) Y pE=

| prme
t‘f“w Virtual
sin

A& https://www.nrf.gov.sg/programmes/virtual-singapore (2021. 3. 26 <)
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22 2 AR H(National Research Foundation)@]
Z2Eoto 3AFE T ] 293D city model)¥} Tjolg Z2iZ(collaborative
data platform)2 13lst= mZAEo|tt 2014W0] AJASY] 5EZ7E oF 73009 &a{7}t
FAtE]o] 2018\ 1} AMGo]l HREUTH HERE Jrtr=s 3Rd =A] R@S
o] &dll EAAE S AHstes T 7MY BAIE AT B M2 MU|AE $ HAE
ME2 FEst, 24 % BEARS 9% oAERAAT ATArE T AT

S~

i:l

FJOl

SARY 5 IR FQ 7)15S AFSHL UTH<E 1 &),
H1) HEY AIR2Q FQ J|s
’I's g o4
7t A& (Virtual 3G/4G HEY T HHEIR| 2GS HAMSL, HHE|Z| HAA|Hoj Tfgt
Experimentation) AZtah JHM 7ts o Oigt SHO|Et0|EE 3D EA|ZHEEZE A
E|AE H|E(Virtual A= HIY Al LA £HE s 32 240f TisE A|Z3o] A2t
Test-Bedding) Dogo €8 Jts

A" Y 2AZE A (Planning
and Decision-Making)
AL 7l (Research and

Development)
A= M7\ ESE 2020. 7HH=E A8 gt CXZER YIS 23p.
(https://www.nrf.gov.sg/programmes/virtual-singapore # ALO|E L{E H2|)

|o|

wE

=1 232 olF MEH 2MS gl OfEHA O T S

3D EARYS S5 M2 3DE AT L o wE

A HE2 24l 2o 271 AAZ 3R dolE B ZRBo2 AT vEY
Whmes Jepia 94 Az ARl gtk J2Y 201849 o] WaE A

glol5 9] 73Alup ZHE AAHUPO|A §5& oldfst= 1o ol && ZA7]1% oot
ol WY A7tz=rt 238 52 Yol 54 7|Y¥(Dassault Systems)?] A&
O

=
=8l s 7ol 1eAoR F49 Auz B

= 27 A& E(British National Digital Twin)")
=2 A Efdes AANo=z mfistrlo ofA 20119 BIM(Building
Information Modeling)S AH9] 7AAdXzFo g XjEHsIICH o]& 5l = HAE=
x}ow]sz} &7 BIM AFUYHBIM Task Group)2 tAlSto] AtdA|o] &S A|Qst,
2 AHEIE Z8s5tYich 2011 2" ﬁgﬁgg 2016W7IA] ZZHL @ aAEoq
l“.i_‘ 2 %9 BIM AM&S o] Retstes Sick. I Axt 20131dRE 2014A7HA] BIM
=g 53 o 89 84003t WMo AM T IES FUT 4 AYTh I
ol2ier 7] g vtgoz Hxr|depd A& #ES el A Ao &

||

stlon], Ad o l=2p WA gA|E ZierfgoA AA A7t He e SRR
SFATH 20159¥of= BIM A=olA oF ©A 2AAIR HA|E HE =& (Digital

Built Britain) ble} A=koz AAlsteth. CAE WE Belse gagsby 714
714, AOHE AlE], DAY A, A2E0] AAsHs Hdole S ol g5t 2
AR Qlmelet D50 AFste Mulac] MA-2E-0d D FT WAL WHAA

nje) g2 AtElE Q)R ST

1) 718t AaA, Aoxl. 2021. x| EY ZE FXS st Mk AL ARALR.

_2_



Zadst 2015\ 27Felmat]¥3](National Infrastructure

Commission, NIC)ES Asieitt. 27l 3= Qlmzato] st o]zl LAty
HuAS AAlshL ot w7zt dels dA|E HE B& A= R71 7|¢H
o=z 20179 gAg wWE HZ]E AME(Centre for Digital Built Britain, ©]s}
CDBB)Z A2l5tdr}. CDBBL o= AjoHo] x|9Jo0 2 7jolualx] chal uf -Aha
da 2 pAEct Tl olmel W AMAR Zo= 231 AR Aule} AMS]A
Holg FAshz] Yol 20173 =7F gA|d E(National Digital Twin, NDT) T &
T8 AA|SFITHNIC. 2017).

E];q]EJ H]E-‘_ HE',] xglk
LS|
=

(O3 2) =2 37t LX|E E2 Ef2fe

Gemini Principles

et B—
2023 2024 2025

IF growth and roll-out

2021

2022

2010 m 2z 2013 204

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

CDBB= 1;]7(]5—1 ﬁaﬂO]_CI)_:]E_
DFTG), Z=3%of ISO Xzt c} S (Public Sector ISO Transition Working
Group, PSITWG), BIM As&8A4 AX&7F JE5(BIM Interoperability Expert
Group), g9 Y7 T1E5(Home Nations Working Group), & 174 1%
(Buildings Client Group), A|¥HYAE 7] 1E(Local Authorities Working Group)
S 6719 Y158 TEo] FY¥stal ot o]%F DFTGw= 20189 Axehd(Built
Environment)2 ¢t AH 2] LAY I (Information Management Framework)e]
At 582 slol=apr] ¢is) 9T Aol ofs) APk ., A, AUA
A7t Pduol B2t gAY Edw dstel Sy o3 YL FYstn qck.

EjA~3 & (Digital Framework Task Group, ©]sf
o)
o

DFTGE 2018d A3t &4 A WA dut2 =71 gX|E Edy; ez
YIS g dAle=® 50| YA(Gemini Principles)Z AAIsHATE. 5 0] LAl
29 Y82 <& 2>¢t At} BE Ox|E EYQ] fLFols 2Ysh FXo] Qlojof sl
AlZ]& & Qlojof ofn, ¥tEA] §uA 02 7Z]5oljof sttt 37FA] A9 Al 97)9
AR 4A2g AAstaL lch. DFTGE % wia] Atz 20189 o] Auate]m
Y3 =55 st 2o st

2) https://www.cdbb.cam.ac.uk/DFTG/GeminiPrinciples, The Gemini Principles, CDBB. 2018.
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(E 2) 9= 7t OX|2 E¥ Gemini &

22l 231 (Public good) 7tz| ZFZ(Value creation) | £%&(Insight)
- NDT2 Z3 ¥ 3= - NDT&= A[&HQ 713 - NDT= dde8go ot
23y 243 B2 s FEI 45 WY, 90|l L QlAto|EE
ArEE|OOF & suﬁ*.?.' H%.“.:‘EI =i A|SoHoF &
g 330F 3
Hotd (Security) 71544 (Openness) E2(Quality)
N - NDT&= AtA| otd-dat | - NDT= 7tssh @F 2|High | - NDT= A&t 49
LR e HOAO0| & E|o{Of 3} Jjerdo|ojoF &t OO E 7|2
T2E0{0F &
HgHFederation) 20| M (Curation) ZI3kH(Evolution)
7|54 - NDTE EZO2 ®ZE |- NDTO| 2= HEse |- NDTE ZFyis
(R2Hd) YAl g0 =85 A[3HM AHEHA 711t AtR| O
7|grsljoF 3f T_%Zé% 713 SoHOF &
EXM: M7|2H 2 2021, CIX|E EQl IZE FXS 9Ist Matdqt, d25H (IEX: CDBB. 2018, The Gemini Principles, p18721)

Aol 27} gAY EYL gAl9t e AxH0| shite] A fxY EQoz
TE wdo] ofyz} 0431 7H4 78 OXE EHo] Holy 375 ol = dZ2%
AR L FOSIAT. T2 n F7h OAE E9o] JPHL & b WS <k 33}
Yol Aje] ZAAIY L 7 47bx] SwoR PRk gt
(E 3) g3 =7t OX[Eg Ee HY

& z8 g

ApElR BO| | ST OJSHTARAL 2] AOI, DS QT U MH|AE 53 B 37

BHA HA | Ades HEA QlZetz 27 Hikd

Aoz mop | MEE AIY, ML BIZUA DHO| oSt MRUYRISL DY QTS S b=

£ B84 YA U BN T4 O L2 AT} s

ez mo | MY BT Y WH| 24, O B2 AALO| JH5SHD] A1) B8N 7R £ ZA

e =T eEASH(net zero) A3
ZEX:  https://www.cabb.cam.ac.uk/what-we-do/national-digital-twin-programme

R7HA] Am d= AHle A7t229 ga] AR7F 3R =A] By ZHE2
TE5H710] b =7F gAE EQC] Ao B agt ¥A](Gemini Principles)at 41
M2HRoadmap) 5 52 AAS ST B =22 71gYcks 22 ¥ £ Yt
%, Oh2 FHEOAE CDBBES $4 02 coyst ZAI7F Aojshe il nesEes
FAlsto] OAE EYLS F9t mefo] 54 #elef &gt g v|g A0 53
st oy, olF Foll A2 EYUY s FFe6l A= hito] Hagh g
BotE AAISELAL A= &0]

3) hittps://www.ice.org uk/news-and-insight,/the-civil-engineer/april-2019/national -digjtal -twin-sounds-exciting
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(13 3) ¥= CDBBY] Digital Built Britain 271Xl&

This is Digital Built Britain

Build Operate Integrate

Use effecti

UNIVERSITY OF Cdbb

(¥ CAMBRIDGE

At&: https://www.cambridgewireless.co.uk/news/2020/mar/4/digital-twins-are-business/

33 27 gAY E<¢(Spatially Enabled Digital Twins)4

52% NAA FF= feE Holgy GA|(Data Economy)?} TIXE A gH(Digital
Transformation)ol]l tj-3-5t7] ¢Jslf HAIE EUZ g5t Aot 25 R+ loTH
dligolg 22 yA|E 7|= Z8&o g FAA Helo] At GDP 4AES] 0.5~1%
TE E7TE AoR FASIAT. 3+ 201490 oju] FRIT B/ HlolE o] Al
AR 7HR]9] &ato] AAZE 2509 sagRvt © Zloz ZASHC ©
A2 Bl 5ol fX(Gemini Principles)s 7|WHO 2 o0 Aot 94:¢
QFAES gt A FA WEE AAlSHITH F= ARlE Aagh o
grle Ede] A (Federation)E =7} HA|E Eo=w H1, 4Agd EH

R
i
of
A
5

st=s onfstn 9t
£735], 35+ 3P E7]9K(Spatial Data Infrastructure, SDI) UX|E EHZ
s g8l Bguelmel ML Wyt SERABS EAYEYUS
Australia and New Zealand Land Information Council, ANZLIC) Ate} Z7tA&H
Q¥ 3](Spatial Information Council)?} YA ofAstYth 3778 OA|E
Agat Alste] @A AIA RS0l 7HEEe] EY HojEf iH(spatial) X ¢
(positioning)d ¥.of| ofsff A% © A5 oJulsitt. I E7|8E OAE EYR 1) A4
/AIeHe] AR & AR (built and natural environment)S ©% &k, 2) AEHsh
X AAZE 71490 =Y, 3) 7]& R A= AFst= 3D/ADAIAIE Atw) dlolH,
3D Mesh Hlol&], 87t AlA8lm} A|g Bt wel(e]: BIM)S 5 mshi, 4) AR

4) ANZLIC the Spatial Information Council. 2019. Principles for Spatially Enabled Digital
Twins of the Built and Natural Environment in Australia.
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270 e MM 81 Wl(scale)old A olol dckn AtstAct. S,
TR gAY EQe EAste 5] WA 48 U BASS deshed]
283 Jue AFL o2 ofystact.

S5 OAY EY Y SRS Zastel A" =9 AL e
ot JlIEE AB] S8l 2ok AR E9 AR ANsEn Bt et
=A BE(OGC, 1S0, W3C 5)2 830 dlolel WAL kolL, RE AHEALY
Hole Fojestuat sheict

Objective

Public Good
Should deliver

Value
Should provide

ongoing value and
location-based insights

public good

Function and Form

Quality
Should provide
sufficient information to
data reliability
and quality

Governance and Accountability

Standards

Should have consistent
agreed standards to

Federated Model
Should be based on a

Security and Privacy Curation
Should be secure and Should have clear

shared, connected
environment between
data custodians

facilitate privacy responsibilities,
preserving role-based ownership and
access regulation

enable interoperability

At&: ANZLIC the Spatial Information Council. 2019. Principles for Spatially Enabled Digital Twins of the
Built and Natural Environment in Australia. p.14.

¥ A 3R T ONE 8 2aAne 27 215 9 g s
o2 2Rty WY AR YA(F. ZHA, 12, 217,

FelolH(Curation), BE, @gREE AT Zelct. 2479 Bxle] 7 BAE
pd

2o,

J

0 :lJJ
glo
g

- OHD) ORE B9 A, AR, A7 B AR} dx U AAEAS
o & olsfsty Welsted BLY & YuE FoRK 55 AAC A%H
L ER

- (B7) AFRANE ojmsl fol Walsto] 2, WY, HAY, AEAH, EUA,
AAl, A JbsA, A2AD 2o ZWe mest goleel Adm EAg
HIL 5 918



« (A8 HAlE EY dAE EY A= AAZE RIS A, 71&, AR
gede], dlojgutst, Atoly] HohFol mhat Aot WA 4 Qlojof &

o (1Y) dAl"e Edut A" EY AEjA= 7%@ g ZMACR AREE 4
Aojop & &, 37 BEol Qs VY £+ F& HolHE o]FojXof sta, GA|

S g =2 7RIS BAY 4 A ABAtElojof &

o (EQH} JIBE) dAIE Ed gAY EY AEAI= dlolg B JiQIZE
H oo} 03%7 g Aol 7hsotes Ao gt Hot(secure by design)ol

. (F2o1) DAY E9T ixje

fES = o
e AHEE AU Pl £YoID £YT 250 Auin, A Y e

mﬂ"
lrn
1
%
fu)
)
rr
ol
W
i)
i)
)
1
0%
%
e
i)
=)
o,

2)Ate dlojElet HulAE 9ol

. (AFRY) gA" EU LYxtet Hole
SOl Flold YHOR AZT FRY 4 Yt AYVDL AUoF &

WiEe, 93, 55 5 OAY 9 5o G4 BT I OAY Re
o{Al A A1rt EluAb st oS rtet MlEY ©f Lejufebs ofn x|
N L2777

QLR 1995URE BBYRAMS A on ik Ad 26U B3
dlolefe] +=1p 7441, o] 5 HEIF BEAIAR (YRR 2 AP BAAH B 1T
BEAIAR o2t Aeh) 59 5 o of b2 dof FRoato] EAHATG. 1t

dlolgjo] & AAIA 7AAS 52 2D |vroz HAEarsts Jloli, V-Worlde}
Zo| ARt 374 dlolE2 THSPIE sttt hA] sl RE-mAle Bs) AT

g 4 9lg otk Eah FRE T 192 A A9y 2ug
W R EYARNS LRSUT OAY EYL AW KUY lor} e
Mol FYRA, AR, BB/ 5 ARol Mo hstr] ¢sh w2 Folck.

H
20214 23} OAY £ ¥ ARdo] 100] A7t W, oAE 15009 ¥e EA
dolAlch. Jeig SejolAL ofg] AR Jlwe] AAste oY EY AAS 2
Wl @ ReplslolLt sl Setelo] Afgt 2ol sAolch alel AplA Bel %3
g OAlY EUS Tt slmo] FFstHete doels 28M0R B8E &
Q=S dolg] EEW ABdA 5 /P A slolsateli REWS WA 23

gcke Aotk @4 dolElg FEST BRHS FEHIE ARGl FoPIuct
+ 7

oIt AV At % Falo] $alslolol L Aolck & ek ) oo
21 32 AU BE FAAT 2E Yl =0lXY £45] 27} Ao] figjojo}
g
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NIC. 2017. Data for the Public Good.

CDBB. 2018. The Gemini Principles, p18~21

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

ANZLIC the Spatial Information Council. 2019. Principles for Spatially Enabled Digital Twins of
the Built and Natural Environment in Australia.

https://www.nrf.gov.sg/programmes/virtual-singapore

https://www.abiresearch.com/press/transformative-urban-digital-twin-and-city-modeling-deployme
nts-exceed-500-2025/

https://www.nrf.gov.sg/programmes/virtual-singapore

https://www.cdbb.cam.ac.uk/what-we-do/national-digital-twin-programme

https://www.cambridgewireless.co.uk/news/2020/mar/4/digital-twins-are-business/

https://www.ice.org.uk/news-and-insight/the-civil-engineer/april-2019/national-digital-twin-sounds-
exciting



