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ABSTRACT

This study developed a digital twin simulator using a game engine to perform real-time simulations of
environmental sustainability focusing on heat island reduction and securing vegetation shade coverage within
the landscape design. The simulator's usability were verified through a heuristic evaluation conducted by
experts. The results showed that while overall usability received positive feedback, the heuristics "Match
between system and the real world" and "Usability and potential’ received relatively low scores. Furthermore, it
was confirmed that discrepancies exist in the simulator's applicability depending on the stage of the design
process. This suggests the need to establish a standard database that includes composite data for professional
practice and a differentiated development process that separates quantitative analysis modules from
decision—support visualization modules. This study holds significance in that it specifically identified the gap
between digital twin technology development and its users and presented future development directions
through an integrated research methodology linking digital twin development with usability evaluation in the
field of landscape architecture.
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@(bw ding design+construction), AW 7% HARI(interior design+construction), 2% 3=](operations+main—
tenance), AR H(residential), TA] @ A 9AFS](cities+communities), A1 recertification) S-0& o] JTHAS
S A 2020). ©fFR LEEDe= 758 959] JekA W7FE 2 ofF el & dolAl= LEEDS] A
= TRV H7RHQIelA gt vt w7t S Adsle] tiAld EY ] Agsigick
HhA SITES:= LEEDelA RE30d <ff57te] digh 318k Br7ke SH0= ot SRl 87t s
2 AR Byl Aladeldt n=e] SITESE ul=27%7183)(American Society of Landscape Architecture,
ASLA), v A=A (United States Botanic Garden) 5 9] J= 7|1TE0] F=lolo] /et 2|4 7155t 24 &
7+ ZAE Q) 9= A|AEloR2 A ° oE Arto|| EglE [EEDERL o]oﬁol- 4= 9lch SITESE A=Wt of
et 39, s, F4 @2, AY AT 5 A0l AU gl BE 9F Xt TeAEd AJ8d £ ot
(ASLA, 2005). 274 RopllA 214 7hs/dS A or ekl S9oke 3418 = 71Eo® SeEy gl
(o]%=;, 2016). SITESOIA Fohe Al Fie 214 71set B4 i 9 e wege Aefola, ‘40}7} 28
HA AHIAE Hookr APgAchks Aol ofF Bote] 71} the, Ak e, A T 34, ek
o, AHAe] 8 5 TR 7HE AR & ArHESE A, 2020). SITESOA = <5571 @74], ALE,
e 5 AAAES Edok= 24 7Rset o ebgat #H Site Context, Pre-Design Assessment+Planning, Site
Design(water), Site Design(soil+vegetation), Site Design(material selection), Site Design(human health+well-being),

Oo|.

Construction, Operation+Maintenance, Fducation+Performance Monitoring, Innovation or Exemplary Performance
5 & 107] FEof disle] it B o SITESOIA B3] 27344 9AlRt BAW site design

(soil +vegetation) F-2ollAl9] H7t B2 H7} =S Aot A ELS st

22 A E

cfsl B9 W §BER 4 937 284 WA e OAE s 9 ARk Aol
Aol glo] T EQS 483 S7E BET 5 ok oY EAL @4 Al B4 AR, Aad, meA
5 U0l doleE 7K B0e] SUsH 2A4slo] @I Bo] A A5olE Tk kol
5 000, 53 Bl FAY EHE URa A el S B AeYE 2 49
Bl Aol FABL 2732 ABoleh Aolol ABAS theck wet
7& IS 2812 Bent e el AR ol ARk S8 e 4, Al e A v, 1

48 | g2 Zste|A| Al 533 62 (SH 232%)



1 olo] wE n|7|e] WgL 54X B HRtE AlEEloldd 4 glojok Stk olld 1fet EAS Ad
ot 2 wEd Aot AFE StEglolet ATEe] Vet 9 HFE & TPl AARke R ule- 7t
7k @S Aok Aol 75 st Ruohomiki et al., 2018). HA[E E9Re e-37ks 7pdos
ShL Algeflolds Fofl TRt W7t S AldSHA EAT 4= 9l E-EREe] okt A AR E AlEe
ol & Sl S ARSI olF Foll HHY] A dickE: BT 4+ QItkAtwa et al, 2019). TR EY
2 A7 DARE TRt Al a4 Bl diRh F3k2 vl digste] AAl 3k sk Aol o= Alue|e
£ Hlu EAoto] 714 WTiet vlE At A& 7hsAdE Bl 4 4 IcKRafsanjani et al,
2023). Eg 2 EQS oRart e 9 oAl Au] el oigt ARE 2ol n AAA]] HAloR
AN AREE 4 9loH ol Folo] Al SFERS Aok TRt ol TARNES] S
2 FolMe eREtt A AR 283 4 Sl tAE EY AlE
golElE ZHdsto] 27344 84 WA ulE} teel A4 Alue|eE AARE Algeleldstal ofof uiE X1gHEA]
H7} el diet B7F ATE BRI 4 Q=R it
O2d ESS Ag gAe} Hlolele] AF Sl w2t 19 BAKmirroring), 2944 ¥All(monitoring), 3T
19)(modeling & simulation), 49 $A8H(federated), 5TA A+&{autonomous) 5 TRISH S92 FEHTHSAA
T 79, 2022). GEEARl HAE E9Re 248 9 k] dAlRlA ToTet 22 AR A Hlolelel dEsh= &
A mes xgisie] AARE dlole] mjed, 4 8 Algeold, &4 B4 A3} 55 EYRICE opARt 2 ¢
TolA ideks vAE EY AlEEolEs HEA ojnje] 29 2 ] @A9] tAE Eflo] opd A
gAelA 9] SRFAA S A ohr] SIet A AlEElold 4] tAE EY A3 AlgeolHEA HAE ES]
@ ol Qlofx 1l fAE EQE ofrt o= AARI A HolelE Z|WtoR JHEe] Auke] el oigt

=
A W AUE AZSHe U 2ol Wold 29 U Pelg oD Efie st 542 Zid

2.3 RE|AE T}

FEAE Whs A0 FFES WeR Hsfole] Au|AY] A 27)of wEA AP oR ARYS Bt
o= ot Quinones and Rusu, 2017). fFelAg B7h W o Hope] M/t 353t ZAdS Higo=
=40z Pkt ¥ e HYoks WaleR 3~599] Frpmtegr FEq BARES WA 4 )l
ARl AL Zh QItkNielsen and Molich, 1990). &|AE Hrle] 7]&o] &= YREL
(heuristics)= 7I¥FO2 P (Nielsen, 1994), SE43F AHIA0] 75a Bao] w2} Fe|res
S e Ik, 2020).

A" B2 o] AIAE] AHIARA] ©6] 7ol ks Zo] ofet A8 H71E Soll A&l o
o] DasthAheleroff et al., 2021). T EAS] AGE B7lohs 22 AlA"e] @577} QA Alofsh]
FeA T AFAY] BARS sk Zugt ofet o] BARES JHAT 4 l=E AT e ARG
o U AR A E 284S Alshy] 91zt Fa3 TgolthStone et al., 2005). TR 2 ATl HA]
g EQl Algdlolele] ZART /MAEE EESP] ffole] felad w7t e S8oigith felaE wF 25
of wizt Fi A=e] 14do] Wi 27344 et 498 tWdeR H7tE ZIsksiglrt

L

30

e oma RN

3. gHe] Y

3.1 &5 e

B Qe Ao ASAuA $AZ AR Adslel tiAY ESS et Mgt A5
wAl @A) Tee] B A ghe thARIRA S1Ee) R A Alkeloo] gk ARd Aol
w7} Tl Waskl Ee ALtishn ASHMAL WA AT AN 9 9 AuARE st A
FRsat 18 AP Lash dpAloln] AntEEAS Agste] Ol Sl thet AlEelold W AV o
HFAoR A ASS SRR B A7) AP telct

o 1 %2

w

UM WS 2N Y

2=

0
S
rx
'EO

>
rx
ox

2
B Aot $azoz ARER] ABIES W 4 ot WE 2 487 BHIF AAS 24



E2I NZ20[E THzat AZY =4

o A EQoq 78T =52 EEsI9H. £ AoldE vl LEED VAL BD+C B71905 A2

X
)
>

3t W7} RE ZoA QR Et 2AMAR TEE ‘dXaT AT “QEANolA” By =S MAsINT,
SITES V2 B7RIF A|BolMe “GHant 2R3 A 85t A5 ouix] Ag 248 37t FRES A8
SITHE 1 32, ofd 7t FEES A & ke W7 71 SARIES ot 23449 2, AR
S 78 A AA 945N 71496 A=, txE EQ9] Jled ARdat Feect ‘gdant A e 3
7F P52 9] SR(solar reflectance)ghat T2 A9 BH E/0] 7|5kt Bt PHoR of= AYARI &
2] 7|5t Acfy 7]eg Bolo] avpdos Azt 2] At

2 gk G QEARol, S B 1B o

§ B80F 1 G0 O 0 24 83 €4 8 W lee S B0 A 2E De
2 ISt Ao A5t Ae] S2e Bo) A W S ANk AEslo] A §Eolet wepd
B Aol Az Hen AR el e efdlel B *‘ZH A4S Fa ARl T
o AAslo] Het A &4 sl T SRB1I0] Ay AR BAS At

33 E_IzIE_-I E_?_ H F

2 Ae dAE EY AEEelHE e Hﬁk’% A 2D 17I5(Unreal Engine 505 ARt
At A e et AYddesA 2T AldRor et ofd tifRt A FopelMe] tAlE EY 7=
FEoE FEHT Sl £ delqe] gAE EY 7 H k= 3D B, Held dF 3 AARE AR A
Al S AARE AlERelA A, oAk UL i 5 DA olFolRIcad 1 2.

3.3.1 3D &g

B Aol ALt ARSHmA opAEEH ASRS 7INEo R SketchUp 23S ARESo] ol o
2ol ohgt 3D RERS Zasigict 3D B IelA tE EQ AZEle] HREY it a8 AvE 95t
o] B2 LOD(level of detail)’S AAsle] 3D Rl Asigict. Fma 8] Yo sjgus A4 g
F7He OGC A HZ CityGML 3.0004 AXSH= LOD3 ©HAo] sidsl= telds Hw2] &2 [ODE 3D &
93S Aty Ama B o] sdEhs T F7R> LOD1 BAld digsh= Hlwd vk LODE 3D
RePS Agsle] 29 tAd EY A4Sl AR Aol &S Alusiolrt

3.3.2 HO[E{Q| = T HARF AlZ{S}

2 olde o @AM SketchUpoz ZIaget dydz] 3D RElY] HoEE Hlojel 2|2 (Datasmith)
Zios FEoe] d|dele] dsisitt. dlolean]ie AR AGE 3D HEE Qv ot Aele] 2% A

B 1. A5t LEED v4.1 BD+C, SITES v29| zIgtdM Wt ot 2 Got 7|2

Wi 3% Wi 7

LEED v4.1 BD+C

EHant A

(SS credit: heat island reduction)

2716 BN 01 2 0332 ZHUE ASSHIL

" 712 $28 UBSLL 41 % 104 Ol N U 23 750K 22 2 ohol 258 Bum
e Sl 43 APISHIA. AlY BREIR ASHIALD. DE APH ABS%I AR 43P} G200
S0, 912 k= B 4 YU

- Ay 7222 B30 152 YBHIR.

REAHO|A

(SS credit: open space)

o Sl QF S22 24 25%= AM(AITIE AYOR QRISH| R)SIILY, 4R Al IS SHESHOF BILICE

SITES v2

CA| EMat Azt . 7I—Z~ ‘I"E'_ 2E5PALL AR F 102 O|Loll ChalA] L =2 7 (S0 =8l T o] J52 i
(Credit 4.9: reduce urban heat island U= £FS AMAHIAIR. A SHEIS HABIUAIR. BE A= ABS2! AIEWI a7} 2I=E[0{0F
effects) 8HJJI, QIx = ket & giELIC

o ZJ| EHY HIALE(SR) 7*0| ZIA 0.339] ZAMWE ARBSHIAIR.

- Ay 7222 $830 152 YBHIR.

AMS 285 1F OlLfR| AE 248t
(Credit 4.10- use vegetation to
minimize building energy use)

« A E AW RBS ASSI0], AR 3 104 OLYOH 243 BO| 30% / 60%H HPEl= 152 ABSHIA

50 | sH=22Zs8k5|2] A 533 62(E& 2323)



A0S, A, O, olR4|

DYy
EREIE
EEE LOD 4%
SketchUp QITLCH4X| L LOD3
O A X] 2|5 LOD1 ENEES]
UE GO|E{A D] A
7 g M =ZEEE
Alg2 o] WA
FEEETT
S
geHgu 5 S ed e TN SR EE
SR 2t A eY BN Hlg
i +5
UEEE) 315 e =5
UE 9% tm EEEE] EDPIES EEEE]
UESZZRE AAIZE B3t gl F[ETEE Ee=pen

O3 1. AYURS 71 DR BRI HE Z2AA 3 R

A ofgeAerdes ARt dlole ol HAE A dxlor The 4 Sl E 2 ERad BEolth oF
Zgsto] 3D BEF HolEE TedeR Aol defd 4= 9lk 3D 2EF Fleld 4 & Azl
A A (material) & ARYsIaL 3D Z2EFe] A Ho[EE o B UV Mappinge &3t AHE2Rl 3D 22
Mg e AAREeR s

3.3.3 & S8 2AR AZR(0kE THE
= AeIME 9A AR onatt 2 AARE BEE A9 Wt dREe viEes B 2 A 84
S Aso] SR o] thE TRt B 2 A A Agelolids Aidsiit HAE EY Algwleld i
38783 7F 242 LEED vAl 9 SITES v29] %7} 71e2 7INtes 3F 4] 7|t darelgo s FAs3i,
TAACR AR Mgt ZAAo] SR Fho] Z1Egke] 0.33 o ¢ LEED v4.l 9 SITES v29] S
A Bt P=o] A8 5 daxis $55 LEED vA.19] “gHayt A7 Brt P=olA 238E 958
4 ST, SITES v2¢] “@iavt A" 37} FEoe 4de 952 4 it B 24 A7 4ede 234
=°] SR ZREqh ofjet AV, AR, U Alelz, niAE], & A 27381 et 2gAES] A
7| AESHAC.
A A FA Aol el oM 5w o] AoR Algste 29 WA viggke TIeeR 7}
7} 25%, 35%, 60% & 37FA el Sigsle AAl A 2SS TSI, AR ATElRt AR AA &4l
AR o) Ao Algste 29 WA vlagkol 25%°] % LEED v4.19] " Amo]A" 8l SITES v2°]
A B8R A2 oA ARE HS) B2 FEA B HRE 95T 4 Q1AL 35%9] ¢ LEED v4.19]
2wl gl SITES v29] “AP¥& 83 A2 o] AH Hasy 7} IR 2 132 D5l
60%2] 73%- LEED v4.19] “QEAwol2 o= 14, SITES v2o] “AP3& B-83t g o 7] ARG Z|28f oA
T 24s 452 £ Sloh AA A 3% Oﬂ/ﬂ“ ?“W EH‘Eﬂ APPoe Ashs 59 WA HlEghegt ohdet

289 £, JH|, AdHst oA, A 24 T § REEe A At ad 2 H2).

i}

© T
=

3.34 ASAE Ul i

2 AP E AR, GEt AL A 5 ot FA0] AAREo] diF TRl EY AlEHClEE HAl
ARG 7RSSl AARE AREdolide 4386 Siste] ARgAIeE AdeAkge] 7hsst ULE 76t ARt tAl
g E9l AlEglold oM 950 Ul ide Fofl 214 AEigt 24 9 A A 400 oiet dartos AlEe
olf] o] ek H7h 22o] AEwlo] 3 S04 LEED v4.19] “HEAT ISLAND REDUCTION’,
“OPEN SPACE” 9 SITES v29] “Reduce urban heat island effects”, “Use Vegetation to minimize building
energy use” 5 _\_117]— ﬁ]-Eoﬂ EHL T A _L]— Z—]A /\]XH E}j\_ %Eo]: /\]J— 7]—7—‘1 X‘U.j_ H]-i o]— 2~ O]q-
(39 3 2. AR Aoz Us ool 24 9 A A4 SAE5S ZAhaA 282 & 2 oo we

S22 4515(2| A 53 65 (52 2328) |51



i TS 9ISt CIXE B9 AISRI0[E] THLTH ARRY B

| U LD2|F:LEED V4.1 &SITESV2 7| |

A A g8 YR

P

=
=)

YEl  |2¥ EAHHE | AZE

|

|

YES a NO

A 29 o bl 25%

Al SY WA HIE 35%

A4 8% B b & 60%

LEED v4.1: Q ZATH 0| A
%)

LEED v4.1: QE AT 0| A
(+13)

LEED v4.1: Q ZATH 0| A
+13)

LEED v4.1: Gdld MY
(+23d)
(o]
SITESv2: @ oid M2
(+4H)

SITESv2: A Mg 28
HE U X| AL A&

(03

SITES v2: Al A2
AE ol X| AL #|

+13)

SITESv2: AlAM S st
HE o X| AL &|A&
(+23)

33 2. 24| S0 M2 2egy BVt 23 2 A2 [t eieiE

——

Texture

Ginkgo ﬁFIm
,’ ] _‘!

LEED v4.1 BDC
Heat Island Effect

TAD g dE|E Al
(LEED v4.1 & SITES v2 7| &)

2

certificed rating /
2
(e ]

= |

Open Space =
P

total points

., Cost (KRW)
1‘paving‘ 200,730,844 4
‘tree

588,000,000 "+

5 797,730,844

T2 3 B U AR AIBHOI A e Ul T U 2B Tt AIBRI0l Zuiy

A oy Al 9 AARteR 2Risto] ol AA dijbES WA H|

34 B2AS WiE £8% TN £ ASY T}

2 AFelie R gAY EY AlEFelE oigh AR 2 8445 w7k Slote] sie] 2A4A =
ofe] MEVIES mYslo] Fa|AE W71 494519t Nielsen and Molich(1990)ofl @2 Fa)Ag Brl= 3~
599 A HEiteRE A ARSA BAIS] 15% oVdE AT & o7l B Aol 4ol 234A A
TES YRR sttt RE e thazte] 355, 9RdA 5 2384 Hokel e AYx

52 | e=z2selA] A 533 6=2(8d 23239)

El
el



:d

{2, 22, Oz, olR0|

J

‘ certheed eting
LEED va.1 80C

AEHO}

M S Hist O] 232|E =

C A AfgRloK

84 LELI2( 8%

A4 |E 35%)

201 oz

*—.1H Afg?-ilolﬁ 4 2 '—f—'?— (A 2 T Hfg 60%)
02 4. CIRIZ E21 ABIOJE] B3 U A AV B4 H20) 2 A7) chet bl
S1ovi(B3E 1459 A2 she] 2394 maAES|d LEED @ SITES WiIF B9 U498 490 Fgo] Utk
WA tig 2ol A,
WAL WS sl AFE efstel 11 HfE FA02 APt WIS S4 oF 2087 8

o] 3441 A4 gl S} AT A

EQ A8

ahgg olgr}. o]% “mA W A AA o4 WAL

Aluzle 7[Hh gaas
e ILhE ARESle] F
B2 st
7oA Jakob Nielsen®]

§ 7FsH WisAe nefslel 1079

E HEAE 2619t 2

status),

minimalist design),

RS JLAISHO]
2 A

s A8 U}
st
F7foB welsl,
4. 70 2t 2 24

[L 8

Felag W A & gag =9

Sasie] A8

107K Flag 7t A pat

olalell 2SI A QlERE

Al

2dllEE

pSh=

2dlojE ] 7]z

e

E3} [FED /M4
22 ofF 94 BAE AE(: M8 194 gl 93
A5 dete]

-lo
)

S 2 Adele] A8 BHEll S5 B A

1
= 74

B Bslog JAIGIITHE

1AL

of FElag Bt Hwe] Hele] o] g
WIS SatoRA 7 W Aol die Bk el ke Wl AWE AT 4 9o
242t ot el detel 3Rl
#o] oieh 7 As A 2 9t Aol sl o) ARnt Auge] BagloR 4
£ Bajo] ol TAd E9 A2

334 9 SITES W7}A2 64 8="olat

il

]_

RRTERCLES

Feag Wt A s JRkeg # AT txE EY AlEeelH B4 € &
S|~ grl Aes JAISH
Gl e FeAd W A AAR AEje] AlZKvisibility of system
A2ET A A AX]|(match between system and the real world), AF8AF Aol 2 ZkfHuser control
and freedom), ¥ Econsistency and standards), -
rather than recall), §54% &84 (flexibility and efficiency of
=t A8 (help and documentation), A%

107 2 ZH2 95150t olshh202009] Aol

om Z¥2+ H7} Ao sdEl= AF=A

25 WA (error prevention), 79X} 14 (recognition

use), L AnlA HAlQl(aesthetic and
2849 9 A (usability and potential) 5

°©
=i
i

=

2 35). el & 10719 47

22lojEfe] it &8 7Fs A 2 e

Joll Tholis AEHoR AR BE
2RSSR A 53H 65(EH 2325) 153



ZHEA | 2ty

IE SIS CIAE ER AIEH0E Tt AEY 24

B2 32108 W HE U S WA 23

ot B2AE TG A Al T} 42 25 L
= 2|84 I 79 al M (o] 7 5] HSIAM
AAE] Aefo] Alzts ) |1 R w2 o AR e
1 i o || M gskol Aiet o 3w 2 TIsHe| M W | 1.2 U1 02 ARl By
(visibility of system status 1.3 ARRH 20 Chst =214 T
A|AEID} SIAL A U 1 SA M| R Ao ek
| :H—I' = 1'7“ I = | M%XHHIHI QlAj %01/7H|E1 A}-% 01—'?’— E—-Ll @g A‘"HIQI‘ 21 = "7“ (=] A;ﬂ'é_ | Cai=]
2 | (match between system and the OBl 3 A 4 T} 2.2: Ngalolp| =5t 804, THE A
L o
SAeh= o= Ao T e 23 T 91 2o} 3141 Zzjo] OIRR x|
NSH ALY AR | MEAVH CY B8 NS EA Aol ¥ 2xg 4 | T S BO HERIIRS
3 ( ootrol and fe:d ) ) - —;r TR T A3 wimap U e Tt 2l ofs
user control a reedom, 8 I
33 AIS2I0IM AlBY/Z|A0| AT
. ASHE HE e So| LRI ARk
ASA RIS YRGBl CIRIE E91 AlAGIo] oipty 5| | S2HS HIS, 328 89 DTl 2
4 , 4 <oncord) ot 1 42: AV SN MelDl| W2 T|EHo| kY
(consistency and standiards =TT 43 QA AERI0I 715 1S BEO| 75 B0[
D 0| LA S QI Aks S
QF ks HIXBIEE CRIE QI AJARI] 0| 20| 5.1 el =2 ;M"_ T T
5 ( o S 01 5.2: Bk % 7HS0l Chet Zfasst Ay
eITor prévention S e 5.3 AIB20K SN Aeto] HE 2/l
6.1: S AMetEl AJS2jopd M A mot ol
6 | vocourition rathe than recaly [ EX 712 S8 HABIIS 22K Aiet 2 749 B2 6.2 o] A0 Hold 52 v
recognition rather than reca 6.3 AIBHOWN 715/SM Aetol] ARz ARZH
. 7.1 ZEASE A2 AR ZEH
sS4 584 ) . s R L JlesEe
7| oty o ey of usey | EZHE SRR 41 SEHOR NG JHSE WH 7.2 NEAPL BBH: 471 NEHOL Hael 58
exipiity an IClency Of use, _
ty y 7.3 2EA 7j0|E A2 ofF
: HIAE/O[0JRISO| D|L|Z, AlD[A CJRQ!
. o _ | |81s SHAS/OIRISS| DI, 0l TR
8 retc and it ey | 22 5 901 125K Aol CRl 4 Wt |82 HaS ot 2T L
(aesthetic and rinimalst design 8.3 HIE/7k50| TR A U oy 78
[ ) 0.1: ¥ sl =2Ee 1 o
9 el e conmentaton £99 9 AJ8 AT0| H TR0 QLA BUF (0.2 AR Y TS| Chet 2 201
ant jocumentation - -
P 9.3 AIgH 2 =22 Cist Ofs) 20K
;A TIHAIE [0 12401 CHSH E2 A
R 10.1: AAZH 7Y AISRI0I/ONZA0 LS £2 HE
10 i, anct ooentil) ) TR0 AR B Tl U AN T | 10,2 71R HIA Ci] ARYHIR 22 7
usapiiity an entia _
Ly and pot 10.3: A% 29 off
SHE 3, 5 1 D). 2 JdPNE =29 W7t 208 4 FElAE Aed gagh] meh AR1(7.3 o),
59(6.5~7.3), 365 tFhe] Al IFo=r FEslo] EASIE A9 IEell= “AReAt Alo] 9 ZH(7.75),
“A2E Al AlZEEKT.50)7, “V19EEE 914](7.33)7, “adat AWA|(7.33)77 EEERIE ol & fxd EY
AEO[E7E ARl BA] Al 34 WA ARl o W2 AgkgA Wrt AuE AdEog Mdsie, At
87} el A7) SAE AGEA SR 2219 e W sl Jle] 2] 98 e Atn AE
7Fee A4 XS 7Rteg oF 1EAL] AATE AE it AATARE UlZF ARSARe] ZA| whE JgkgA] 7t
ANE 407 HolFEe A =o| W/t T3 AR EXet niRds 7|98 B8 §lo], ShHo| Hol
L Al g4 ABAoR Qsled 2 4 Slrke HE 9 Aoz Uk 2 g E9 AgdplEe)
S A S AARE A &4 Aol 9 1984 ) 23 ) fso] HEdlon TREINES A
=9 IEol= “§549 884(7.0007, ‘LTt 126.92)°, “F WR(6.67)7, “MulA TjA}RI6.58)" 59|
ZEQILE o= E OxE EY AEHOJE Q] 7[EA0] AAH JF oML SR EQ O HMREIME TR A Y]
A 75 WA B A8 FE ] SRS Y st 99 AR 491 T e A48 e
o] NZeP et g, tiFu HE A9 tARRIE Wrkehs “olUEsh Aujd TRl 6.58HoR Atideg o
L s kit ol oY oliflo] AlEsk= AMdZel 3D ity e s 1 Yo AR AE o
Yo} 24 HES] tjzRlo] it EXSIAL AlZFY 54 Welie o7t &S Sujsitt. “oF WA Havt
54| 32278151 M 53 65(SH 2323)



B3 F21A8 T e 2t 0o

al FEAE W Ergi(Mean) | HEZHRKSD)
1 KA AEfO| AlZtSHvisibility of system status) 7.50 0.50
2 A AR SHA NAIQ] 2| (match between system and the real world) 6.42 0.83
3 AREAL A0 2 AR (user control and freedom) 7.75 043
4 kMt H2(consistency and standards) 6.92 0.92
5 Q2 HIX|(error prevention) 6.67 0.82
6 7|AEC} Q14 (recognition rather than recall) 7.33 0.58
7 BN 284 (flexibility and efficiency of use) 7.00 091
8 OJL|3 MO CIQl(aesthetic and minimalist design) 6.58 0.76
9 S22t YA (help and documentation) 7.33 0.58
10 AT 284 2 24 (usability and potential) 6.00 2.32

S| MEE AL, AR} =R oR BUhs A §4S AEFE of AlAge] ofF AR
sz Hold A7 7150] ot FEo] TR (o] thEoR BAE. ol T A8 ALESo] 0
2 WsE] Slal theFet Alue| o] digh dle] Hz] 22 Bito] Haghs AARith
of9] Igolhs “AlAE @A AAIL] 4X)(6.42)79F AT 284 2 FAI6.00)70] SPEICE o= £ o
g EQ) AlEHOlEll 97§ TREERLS o] AR 2 Aasly] Sl sfdstior & s BAIE AARIT
A, A2"T @A AAL] AT FEe] 2 Ha= @A) tAE EY AEFelEoA Agche dlolE ] e
Adak AR Aol B 7o) FElelA ZIIgt AR QIEIROA HErHEe @A Asthie 24 9 A A4
o] HlwH TeslElo] 91 Arg=h= HE dlofE Q] Zolrt FEsirtar 2| Hsiolet. ARl 2] SRl Al
=% 94 Hlg 5 EYy SNt opet Zpe] et Rt AR s B4, A WSk B 8
g, fAEE HelY, AlE dolk 5 ot Bigvt Befog weElofof gtk SiA|gE @A)9] AlEHolE oAl
o AA Aol gt JRES 0] FHdER] ook, @At F2jE AlEeelde] 1 4 Sl
+ FEF APIESIE &, @Ae] Algelolelrt 27 A TEe] A SAFAT el Bagt Hlolele] @4zto] H]
WA HEsto] AR Agol= AL QheS HofErt
A4, AR 84 9 AW 5L A Bt F oK W2 B A56.0008 715 Al 7HY =2
EEAH23DE 3, O9 5 AX). ok WHE Aloleld] tE EY AlEdlolE|] a8/ thet &
O} o]Fejz]7] %‘3’18‘% omfgitt. AR QIEIRE Foto] AA| Z2AA tAo] wet i AlEdolEH o] 884
] Zlort YQlos EAHHE 4 HR). AA 27] A9 AAE BAS FAKE A2 A& s o
S AAE Slol Al 7] DACIA nrle, X v, 94 S5 5 AR E4o] "asitial Bold) of
A5k 2 tze EY AEHo[Eoe ol et 35 24 JleHks AARE AlEdlo)A AlZeiet oAk
of AF=lo] Qlol, AAl 27 DAPlAC] 84S Vot BRIt vhE A 54 E’r?%H SR IS FAI
She At £ g EY *l@“—lolEH Q0 1A AARE AZstet ARl AdsAkg AlEEelA Ths
o] AA 25t SAllA e S Adohal Frleldih. AR RE AAVA SAeIAe] 2 A 5
A Azl v, 7kxg8Hvalue engineering, VE) IollA A oijte] X3 s 2 HlE 5 Hlw BHE F
gk FAeE wE TEju WA R AR 5 HEET LA AR 1A JIxE Ao sty A5
She OAMAE TEA] he- §-83 Aot SHILE 5, £ tAE EQ AlEdolHE A Z2AA 2] B
O] guet BN =R SHPE EAGHY, A Z2AlA o5t BA0] AF 9 ORFAA A EpEAle] S
g3k A2 A B7F=lQlct.

™

5 ZE

B Q7o QS FutoR opzie] Mg Wk W=t ¢
sh 1 ATE A7 4 9l tAY B9 AgdlHE s o L
2 B2 W] 98 23 DRSS tor Felad Wie St Wk Ad & oxg

r-;[](Jh
_|0II
o
2
=
2]
(O8]
rH
(o]
-
r:H
N
w
N
o
o
(3]



E2I NZ20[E THzat AZY =4

ar Mk

Snwhano N\ ©

b: 227t 2 c =713 d: 42t 4 e 5t

33 5. REAE Ft Zat AO|E (spider) AE

4 AEQ

B LHE & 55 2 U 40| oA

=t

Q oA gl 3

N

%
0|

1o
[

OfR1 ORI T|ito] AR AP2iat 0| 45101 HRZTIO| ORASSP| 48
ot 2000 291 9 BUSS R 22t 20) 8

BN AISHOIY ZIIS AARIOR BOMH 4 Q0] THot B2 EBA0| 52

S ARSElE AREOK 24| 40| bl st
AH], ARSH|, FARE], Al 45 E4, AS HO|= S 250l Tt it Y=Y
LEED %! SITES &7t &5 & 7IEt B7t E=0i| Lt AMZ2oii: 2712 2adt
Ul 2! UXOf| CHeh Hwdh 47 3 ClE20] 228t

=]

AN
gt

ol oA

(R z4t ChAy|

SA)

HA| 24 TAO] FAR 2M, 0P|, BiEZ & 221 Y2 24 71S0| 2
Yok P Y 7150 FAfsio] ARoke| 2#8-o | EYE

JE
(&A=t A

SA)

HAEA, VECRRISE) TACIMS A7 et BlmojM E840] =2
A SHo| WA Hu, 301 4T S Ot FARIO| AMAS =EA 80| =3

56 | o=z

o AlgdelEE A Alelet AoAlEgoln % 4;—% Hou, Asse g HlolE Q] gojo} i 284

o oA APt SlEe ERIsISI. Wrlelld wEhd A% 2849 2 waks & A EY AlgeelErt 4
Al Z2AL A2 % TP |Heks, AR ARl ? b A obay At wdEzele] AT kA
2aelsle] Skae ARRIL of=fet 7&45 UAE Eflo] 7led] & Hol 2347 elMe] 474 7ile g1
3P lsted EHﬂBHOF g gER IAES ARSI AE B A R A Sekde AR,

2 O7E ot g2 gt °P74}— At 2 delde gy B7F d52 LEEDS} SITESS] 4 %7}

EED]— o]-X—]o OﬂOu:] ] ] ﬂ%% /27;“ %l._r_ ___111;7\1- E!J Mxﬂ 1-”@-Qo1 /U;(] i}ﬂE_,] 53_70-0]— tﬂ E’_—r

Higole X =2 & tAE EY AREEelElE ARl dEE A4 diofEE Tiler AEsie] diRtes
REShe 2], AR, frAREE] dio S 54 AEE Eshs kel HAE EQCR Uop ] RS,

£ 979 HIE S5kl 27 ok UAE Bl 71e] A8RlE ] flete] AEA 545 G 9 A
= 7ol Aasi OF Tatt A F shie “AxEht @A AAY QAT BAE shEske Aol Bl
W FRe] 2E SR e Hol, AFA hEAel Baadl 274 59t S RS Edlole BF
o]z 7o) Easi, o] HlofeHol o= A, kefE] D, AR fFAE W7F 5 AR A4 0] 7hs
g 9] AV Holer, B 71, WY 87, WES) AR § 29 v 2AelM &8 & Sl A
o dole”, ARl WE £ g F4% el A £ 5 AUkt IR s AS0] TFstt “AAIE A
Hlolef” 5o ZEeksoof fhet. ol /i o 2hede Hol o] B FaI FEo HEet Aol Al o Al
YUAE o et 4 ok 2 Aok LEEDS) SITESS] A4 45 whdols ol d9olle wi7ls £
A, CFDE 83t vl o5, 4% 72 AEEleld, A Y 29 5 &)l 2214 &8 848 AlEeelds

© A2 EY A28 dEse o T2yt asit off F9 WM Hol o= J% 4149}7} 7F~ i3
ek HAd Edlo® WA et ok Eo AErhee] At 28 @9 &
aff A S HEe] & et Sltk P e dlolH S n7lE, ovA|, 2% 5 éam ﬂﬁ“—’ﬂ
e 9 Ahe 2E AT U] SRR E OE WdeRe 2 d7elM AiEtt bAd B9 AEelH
O] AR AR Algdleld, aEE Aol AeAReS Sielsiod, VE, WEA Bl ARl o] F HldEst

24st3|A| A 53H 63 (W 2323)



=
=
o
oy
=
ot
o
=2
m
i=)
Jo
a

ko] opAge EstE BE AT o] At

B A7 27497 Bollld tAE EQ At A4 BKE ARt B9 AT RS AEste] fEa
g W B9 AR AFA ATo= gAY EQ JiE A ARgAL 7kl 19 Ao R AEsie] A
AFCR= HolA 82 7127} 9tk o= 3kS. 24 Holo| tjA|e Mgk Ao|A 7|% A AReAF F4] Bt
7} WaElofof gk AXfRITE EoF B oA AEHQ CADY AEHlold AT Ege]rt obd, 1 Az
Ayt Aeakgo] el AYNRE 274949 1?3‘*3 Wt 290z Aedcke HollA 71e7 S
BRIsIALE ol Bitet 34 diolHE AkgAllA AdH oz ARl A%k GiEA A9 =TRA A
Mzl 2 7Fs/dS AR

References
HAERQ019) ZAARl 27 AAIE 1R 27387 RElo] 28, Agiehy et vkl
220200 TFAE HARt 7157 A FElaE Tlel=skl At =TARIEAIEE] 53): 81-93,

. AERQ013) 2 7Vt TAIRA AN Bt A7 ASLA Sustainable Landscape Case StudiesE F4O=.
SHEEAVAABES]R] mAVA 14(1): 97-108.

4. QatA, SAFEQ005) TARERE 3840t TAGHRYR] TR AT REAEARKEIA] =AKEA 6(1):
47-63.

5. fP3E, BAH, TAY, ATEQ012) e 2R WRISAA S ot BRE & =AKRA
13(6): 41-54.

N

6. +A, AXR(2022) HAE EY A7 9 BF9} 5 4. BEdsdstalA 12(1): 31-47.
7. olshH2020) ©lE71719] AMAY Al S1RE FElaE BrE AT A =RAEI1719 lEEPIAE A

o2 JFRTRIIESISHS]R] 26(2): 447-455.

8. o[@%(2016) vl LF-g7t e JIF(EITES) AREAs 53t 2ebd 24714 9 B7HA| A7 =24
g37] 44(3): 56-64.

9. A5E ArBQ020) =Hie] eF-E7te] A& 7K ASAE 2 VIR RludE = BEY % AW w7t

=S SR~ AT 29(6): 430-440.

10. A5E, A-dQ021) 719971 Ot 9F-87te] 24 7K W] HE 2 v YTt 3000):

93-412.

3, AR, £44(2020) Digital Twin 7dS 283 X ARgelold Be Al =AlEeloldst
=4 29(2).

12. Aheleroff, S., X. Xu, R. Y. Zhong and Y. Lu(2021) Digital twin as a service(DTaaS) in industry 4.0: an
architecture reference model. Advanced Engineering Informatics 47: 101225,

13. American Society of Landscape Architects(2015) SITES v2 Rating System For Sustainable Land Design
and Development. Green Business Certification Inc.

14, Atwa, S. M. H, M. G. Tbrahim, A. M. Saleh and R. Murata(2019) Development of sustainable landscape
design guidelines for a green business park using virtual reality. Sustainable Cities and Society 48: 101543,

ool

W
—_

11.

ol

e}

15. Bucchignani, E., A. L. Zollo and M. Montesarchio(2021) Analysis of expected climate extreme variability
with regional climate simulations over Napoli Capodichino Airport: A contribution to a climate risk
assessment framework. Earth 2(4): 980-996.

16. Gomaa, M., T. A. R. E. K. Farghaly and Z. E. L. Sayad(2021) Optimizing a life cycle assessment—based
design decision support system towards eco—conscious architecture. WIT Transactions on Engineering
Sciences 130: 39-50.

17. Kober, C, F. G. Medina, M. Benfer, J. P. Wulfsherg, V. Martinez and G. Lanza(2024) Digital twin
stakeholder communication: Characteristics, challenges, and best practices. Computers in Industry 161:
104135.

18. Nielsen, J. and R. Molich(1990) Heuristic evaluation of user interfaces. In Proceedings of the SIGCHI
Conference on Human Factors in Computing Systems.

19. Nielsen, ].(1994) Enhancing the explanatory power of usability heuristics. In Proceedings of the SIGCHI

22 45I5[] A 533 65(E3 2323) |57



ZPEA Q| 2EY FIIE 2 DRI E2 AIS20[E Tt ALY =4

Conference on Human Factors in Computing Systems.

20. Quinones, D. and C. Rusu(2017) How to develop usability heuristics: A systematic literature review.
Computer Standards & Interfaces 53: 89-122.

21. Rafsanjani, H. N. and A. H. Nabizadeh(2023) Towards digital architecture, engineering, and
construction(AEC) industry through virtual design and construction(VDC) and digital twin, Energy and
Built Environment 4(2): 169-178.

22. Ruohomiki, T., E. Airaksinen, P. Huuska, O. Kesiniemi, M. Martikka and J. Suomisto(2018) Smart city
platform enabling digital twin. 2018 International Conference on Intelligent Systems(IS).

23. Stone, D., C. Jarrett, M. Woodroffe and S. Minocha(2005) User Interface Design and Evaluation. Morgan
Kaufmann,

24, United Nations. Sustainable Development Goals. https://sdgs.un.org/goals

25. U.S. Green Building Council. LEED rating system. https://www.usgbc.org/leed

Appendix
BE 1. MM F2|AE WIh AIE Zat
:_::i';i 1 2 3 4 5 6 7 8 9 10
M2 =5t |11 1.2[1.3] 21| 22| 23| 3.1] 32| 33| 41| 42| 43| 5.1| 5.2| 53| 6.1| 62| 63| 7.1| 7.2| 7.3| 8.1| 8.2 83| 9.1| 9.2/ 9.3|10.110.210.3
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P | 7077|577 7|7|7|8|7|8|7|7|6|7|8|8|5|5|7|7|7|7|5|8|8|4|2]3
%3 |8|8|8|7|8(8|8|8|8|8|7|7|8|/8|6|7|8|8[8|8|8|6[8/6[/9|8|8[9]9]|09
M |50 7|9|5|/6[8[8|8|8|6[5|5|5/6/5|6/6|7|8|6|6|5[6[/5|77|7|5|4]|5
MM | 800 533 8.00 7.33 7.33 7.67 7.67 7.33 7.00 7.33
s H27R | 7.00 6.33 7.00 7.67 6.67 7.67 5.67 7.00 7.00 3.00
B M| 800 7.67 8.00 7.33 7.33 7.67 8.00 6.67 8.33 9.00
H2M| 7.0 6.33 8.00 533 533 6.33 6.67 533 7.00 4.67
T 7.50 6.42 7.75 6.92 6.67 7.33 7.00 6.58 7.33 6.00
HE 0.50 0.83 043 0.92 0.82 0.58 091 0.76 0.58 2.32
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