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Abstract

Background  The study proposes a new system to find a preferred exterior design of a building using
VR. It allows survey respondents to create the most favorable building design model by combining exterior
elements in an evaluation system. The researcher can save time and effort by not making as many models
as combinations of exterior elements of a building. Furthermore, the survey respondents do not have to
spend much time reviewing the models before choosing their preferred model.

Methods This system consists of three parts. 1) Modeling building elements in BIM authoring
software_ (Autodesk® Revit®) and importing them into a game engine_ (Unreal Engine 4) to integrate
different types of exterior elements. 2) Developing two modules to replace the materials and shapes of the
exterior elements in the game engine with 'material change' and 'model show/hide' menus. 3) Creating a
user interface for respondents to choose the types of exterior elements and compose a preferred exterior
design model.

Results Through a survey, the proposed system was assessed regarding preferences of the survey
respondents and compared to an existing design evaluation system that also utilizes VR. The survey
results found that the proposed system preferred to the existing system when there are relatively many
exterior element types.

Conclusions  After the exploration of the existing evaluation method, in this study a progressive system
to evaluate architectural design was proposed. While retaining authenticity, a survey questionnaire can be
included simultaneously within the same system. It is hoped that a more advanced and tangible system
will be developed so that this evaluation system can be used in actual architectural assessment plans in the
future.
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2. 1. VRS &8¢ & Yoloj| &st Ay
Table 1 Research Trends in Building Evaluation Using VR
Author Content VR Software BIM Use

Lee After the VR experience, understanding, participation and interest in

(2018) design were improved Unreal Engine NO

Lee Evaluation of Technology Development Using VR Technology in Unit VES
(2020) Architectural Design Stage Y
Umair Use different methods to search for the deposits in the design, so as Unity NO

(2022) to verify the effectiveness of VR in evaluating buildings

Lim Use VR technology to restore the scene of the smart city, allowing Unreal Engine NO
(2019) citizens to use VR to evaluate the city scene g
(P;(;;U Observe and compare the exterior of the building Unity NO
VRE &85 18 B7F A4 g FHAA oFofA JARt AF HARL giet Bbe] 28 &
W& AFE RS Table 12 71E AZA VRS B4 OAl Brto] Bt AF B2 ehdih,
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ol&Hl(Lee, 2018)= =&olA LuS tFo2 +33 VRE E83 A% fAeds Adst= 2AE
=t VR A olA FaE o A wA s oF R F7 SAl= VR A9 o] F o] EEE £ o]
7t dA A FARE] BYETt stEE Yk Umair(2022)+ stuhe] AE AAEe] Hrkg Al 7HA
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EA2E S AlFsE] Sl A% o 4 4] et AR AFE 245kt A8 Kim, 2017)2

ushd e A(FH, AR, 9, AhHE EF751L, BY, 25, HlE] A4 43S AHEste] AE JAA
So] 2948 B4} o)A (Lee, 2006)2F godér(Oh 2008)& 2u 9 AYE A&l AHEE=
T2, FH, T2 9 olF, F3)ek FA(R AL, AHE, 2H)S oW 948 Rk FY4(Chio,

2011)2 32 949 555 sty U 849 75 141”3 TIYE 2t ¥ F(Bian, 2012)9]
AFAFEAAAAD A= AE &7 dH 845 A5 @FH AR), st M), 2UH(AE T4,
2 U, AT, 91R, A, AAR), FEAE, FH, 27 5 A 47HAE 2. o] E(White,
1983)9] (AEME L FefolD oAM= AEY 7 YW 845 AEstotHA 84HE & F4S
At F94(Liu, 20220 2AF BARRe] AE A thet Ao g 2 9FE WAL 847
olu o] AT} P o] FEQS HARY, E5k T ARG FnaEs Ao AR 2T, A AR}
Za% TS Sp= AL I

B ATE AW ATE 7122 A8 AL AHeHE o AU Q48 AR, ¥, 3UT, e BetL,

7 y E

BN A4

2.3.VRQ| AZES|0] 35}
d dAA VR B E 75T 5 e AZEole wif AR, T1FolA Unreal Enginet Unity7h
744 wo] Ab&E 3 9t Unreal Engine(UE) Epic AYA} /a3t AYE AZE O A=
Bofo M5 &851 glom 33y AR IHW, T, dl, EF 7|5 D C++ oot v|FY AaYE
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7|5 (Blueprint)& A ¥k, Unity= FHE HIZE2A A Nt AY Aoz 220 9 334 1239,
S, i, EF 715 9 C# Aol ALtk Unity A 2EA A vl-9- #2]star st=gof Apekol gt
875 A=A ¢t SHARE LR 02 Unitye UES] vlsf AH24go] BojA)7] tiZof A& A%
AHEA e g yehlZlole AdskA] ¢kal vt oo A4S UEZF o Helshr] hizof o dtolA= UES

A2 A w7 A

Table 2 Unreal Engine vs Unity

Unreal Engine Unity
Logo
UNREAL i
EncinE unity
Physically-Based Rendering, Global Illumination, Physically-Based Rendering, Global Illumination,
Graphics Volumetric lights after a box, Post Processing, Volumetric lights after a plugin installed, Post
Material Processing
Unique .
Features Rich 2D support Al, Network Support
Target AAA-game studios, Indies, Artists Mostly indies, Coders
Audience
scripting C++, Blueprint C#
Languages

3. VR HIIA|AH C|Xplap 7HE
3. 1. HIHAH- Cixped

a) Previous approach I

Composition by Researcher Selection by Respondence

Exterior \ Multiple \
Elements Models

b) Proposed approach

Composition by Respondence

Test
Environment

Test
Environment

Exterior Response

Elements

Analysis

Figure 1 Designing Integrated Framework for VR

2 AFolA AtE AARL 7|E9 VRE A&t Ao AMAL JIFH | AUDE WHEE ZR Y
714E AEZSt] g% #A2lsh gRiel Bdo] tigt AT LS AR, o] AJARA A& SEARE= Y
7|12 Bdo] o)R W 245L WAst ATsts tARl BEdS WHE £ vk 24 FESG 22
AL 97 du Q4 E At A& 99 (main model)E BIM &ZEJojoA THE3, Data Export
71%-% o]&5to] B7FA A" (main system) & 7HAZITE 97 W QA (option models)E-S B7} BA 4
9A A= o] BIM AZESJofoflA 5ol A 3l AlY AZEojofA AE SHA7 A 4= §l= Pt
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SHAE B7M A" (main system) o & HfAl o W 2455 VR FH| 2 AEsH]
A& et & =8olA Adste FrHAAE Y Y TJrZéF’Jr g4 A(Park, 2021)9]
w20l A ARERE 71E Al AEl o] Ae IS vl alst Figure 13 2

21 329 AR RdY ATEY O E AutodeskAl9] Revitd} 7HAFAA AU Q AZE o] & Unreal
EngineS AA 5o BrIAAES F23519ch AutodeskArY] RevitS @A A Rofof| Al BIM(Building
Information Modeling, AZA BRI 0T 714 ghilstA| AFLE a1 9l o Revite AxA7 A& 9%
U 249 Ap(parameter) & 28T A9, 4522 A2 9F W 849 3D Bdo] AgHT 2
ol A+= AutodeskAre] Revit2021 HA-E AHEsFATH B Lo A= Unreal Engine 4.26& 0|43}
THYEAE :rL——'fﬁ}‘ﬁ‘:]'

Z} Bofo] AL EJJol 52 dlo|H FAlo] AR TFE | Gh=t}. mEtA] AL Eo] HA e 9] 7|5}
to]El §g 7H5Adol EHOJ golo] T3kt BIM AA Z2T3<l Revitd WiH4E o]83te] mdlFo]
7}55}11, o]l ¥k API(Application Programming Interface)E £ A AZE o] 2 tlo]€ S A4d
T s gRlstgrt. ol A AZE o dloJe £ Bigko| 7Hee UES] Datasmith 7]5-& A8k
A2 o2 W BdS UER 7S 4 9l o] Bd EE M4 9 glAE- R HAdste] 79 Wy ¢
Z224& Aot 3 4= At

3. 3. GIRAAH i
7MEAA(VR) B7HA29] StES o] 42 PC, U E, Head Mounted Display(HMD)2 +-4€th. PCE
TeEle] AgsHA 1dE 5 e A5 PC(NVIDLA RTX 3060 Tiol=] HMD+= Het FAE2(Meta Quest
25 AMESIATh A5 20|28, nheA, 7|RES T AR 5 1% ST

UE= BIM 22& o]-gstoiA VR &oA &9 Bgd HolFil, 28 v]of thefdt o g 845
T3tk UElA = VR &34 154 2471 @47 Hqid 7k 4 A=%
z 51¢4 XHZE‘# é“‘ 04 #E}Ulﬂe AR 2 AolA A 3 Mi%‘e mAA AR 179k
ANEAAE 2715 Zech vAA AR dolE REW fEAd RES Eobsta At HolH
EES Revito| A &3 29 dlo[HE Eatelal glon, ofEeAold & A 2L wEo] VR
HMD(Head-mounted Display)& §dll EoFrh A HAA”|= ZF BIM BAA

Engine &% A BA|AF 0] glon], 744l A2 Figure 29 Tt

www.aodr.org 111



2D Building Floor Plans&Building external data ---~,

Building Building facad:
layout information

BIM Model System
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Model
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Main Model
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&
g Options by Featurg
g . -
ﬁ Game Engine(UE4) Setting
g System Setting
P | Character setting |
) - -
= | Lights setting | Elements Units
@ N
g | Camera sefting | | Element A [ Option 1| [Option 2] [Option 3 | |
Model Setting | Element B [ Option 1 | [Option 2| [Option 3 | |

World Setting Project |
Sett | Element C [ Option 1 | [Option 2] [Option 3 | |

Y

User Interface

Y 254
g Form change Core module L-» L - -
g . "
£ i
% | Element Type | | Element Number ‘ Model View
G Element Size |  w
=

Material change Core module

Material ] [ Color RS &- J < -

* Controllers

Figure 2 The framework of the evaluation of building exterior design elements system

3.3.1.BIM 22 MEA|AH
BIM =¥ AEAIAHAE BIM 29 do]gE Ts
AZE ]2 Y 5= 9t} BIM AZE oA Rdy
UH 845 Aot Game Engine &% ABAIAR A3} AZE o] Atolo] Hgo] o|FE w 3
i d¢ Fa% a4ch DatasmithE ©]-8sto] BIM H&9| #3xA 98L& UES] gt o]+ 4
Ldo] EEH o] o] 7|EH o0& L-EHr].

o] APIQl Datasmith® £3] BIM R9& r}2
St oz do] ‘Option’ W5 F3 chast 9

S

Ay

3. 3. 2. Game Engine MEA|AH

H A AL Game EngineS -8 AH-S @35t a User Interface(UDZE 37F5ke] VR 74 whEth
o]9} 7l Game Engine> AlAlo] $AZ w] A9 M3tE AATC = A e FE|A g}

AAZE AEE) B8 UEE 283ttt &9 Aol g2 <o #dS v v UE: tE AlY A=)
S5 A5S 7MY, SAo Ad et AL o2 AT Eo]of H|F] o AR olet H7} gh=r(lee,
2020).

Game Engine A/ BA|AEIS T23517] 9djAE ¢4 Game EngineollAl WS 3DE Attt &, Game
Engineol Al 7] AHE IO R o]Fsly Hdit uE ¢4 4= A ek BIM BE A HA|A” A
‘Option” MF2 2dL 7hA et A LH(0, 0, 0L 71E22 VR &4 YAA7H, A& 2 dd
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QaE A BHo wel deHor =Ygt thEo R VR @A o]Fste ‘Character’ 9 2o
AW E = ‘Camera’ 7} 571t} Game Engine®] )-8 ol A AbgAeL Al Adle] Foat-gat 7Hd A el
AHE 0171 98l UEY ‘Interactive Mode'of] B3] UIE— AR oko] AA 9 A AL A F oke
979l 'VR B8 LA AE'S ) F|oF VR 38 72S ShAIsE 2 9}

REH SEAAL 7
VR B4 SGAAH alkmg 2%, HMD(Head-mounted display) &%, Elements Change =&, Survey
Data B 5 &85t VR 4L #5531t

3.4.1. Walking 25
AHEAE Walking BE5S 59 VR @4& AAT 4= 1, JEEZHE ©]83l ‘Character’s VR 2754
o [e]

o
= = H
OEAA ARG EalB % 9lrt. o]0 AHIZS Hal7] 99 QlBo] S uf WAL el e Firk,

3. 4. 2. HMD(Head-mounted display) &
AT AEE U8 ul AME Fol7] Sl Q1A o5& Alolot= ATt oA AHEARY] vig]of whet
+4 Y 4= 9= HMD R&& 5718ttt HMD RE-2 AMAHY] d=o] 3ol Wkl what 3H-& vehdtt.

3. 4. 3. Elements Change 2&
Elements Change B&(24 ¥ BE)2 A8 §g HE'7 ‘A He BE5' S 2o}, AMSA= ARSAL
e o] Ao s HES Eéﬁ Q40 geot Aug WAL 5 Aok AAA 75
27 FH O A& QR gH 845 A 9uet Aot AHATE ARehe 2 A 18 5 9
OH’% 485 9% g¥ 84 ?_P—,’v:—%] &A= Ao] oflet, Aao wet FH 9| Uy ohE

8485 WP EH mH(Fo] 7)) HHA 2 A= UES Blueprint’ 715 %_l%éﬂ 84 A v 7
E0thFigure 3). 84 A9 dl7e A9 vwolA F d¥ a49] npx|dt
AZot= 488 A0 £ A9 oA A MA P08 Fold 5 YIEE St

N

:10
_\TL
>
i
&
e
ol
2 3
b

r_ur

ofll

Greater than or
equal to "5"

Y

Whether the

Start with « aterial number is grea Less N cor(rz\sleot:(?in
material "0" [ A” than or equal than "5" ponding
to "5" material
N
Material Interact )
number +1 ctagain

Figure 3 Elements change module works

3. 4. 4. Survey Data 2 &
AR 2G17} WA AEL o] &5l Wrlet & A Ax AT AZ Q40 2 AL x| AElY] o
‘Spreadsheet To Code’ Z8]1%1& 53l “xlsx’ tlo]e] P4 o2 et Frh Mo Zagt &I
Excel FA1& A5, A4 A Y& UER 71HA% thE o] #et YA At 71 v Blueprint' &

Al o
=1 a= =
3l Hlol=9] dloly A& dAstal A8 AE glolad G ARt upAgr o oA G20 & A7t
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B C o B F

Select Area Select Result

0
D [Roof  |WallbaverfSenrs  [Window _[sombination}
B

2

Roof [ RoofA P

s S a [ o [ | o o
Wall Material User Wall Material-B | [ | -
_>Selecliu|1_b e ~ @ : 5
| Stairs | Stairs-C . ol
121
:
1

l I I |
Unreal Engine Excel

Figure 4 Export the select result

4, 22|87t

4.1, 2oH7} C|xj2l

Table 3 Option classification

Element (Bian) Options (White)
Roof Roof form Flat Roof Vaulted Roof Pitched roof
Brick Concrete Steel
Wall Wall Material -
Wood Plastic
Entrance Stairs One Side Stairs No Stairs Two Side Stairs
Window Window form High Low Middle

£ Ao A= At A ARG AAAE AS 5] o HHrt g A= R Sl AT f-4d
= A9 EHS AFSA A5 dETY P2 ASHAR vy goir}, spA|Rt
S 553 FHIE /AL YA 71 Ao o2 P} vlash] gl AF % 2po| 7} Flste
Loyt it A&l Adtotrhal wetshgith Table 37 Zo] & A= AFAYGAIAE g d oA dEst=
4 84 d4et f-YALiu, 2022)9] 9+ AR FIASHEE A5 FE|(Flat Roof, Vaulted Roof, Pitched
roof), ¥ A = (Brick, Concrete, Steel, Wood, Plastic), &9 +(One Side Stairs, No Stairs, Two Side
Stairs), 22 FH|(High, Low, Middle)S & % ¥ 842 FLE3te] ‘Option’o]l A2

O

Wall Material
"Brick [ Concrete
Wood |
“Steel || Select Model
[ Control
Panel

Stairs

Two Side Stairs l

No Stairs

Window

Finish

Figure 5 A scene of VR survey application
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: W 7P s A%
2 QW R4% BRUS FRole] BEot RUSE UR AL 7, 7
2

a5 st HAH ‘a4 A2et 7447 Akl :Lﬂi Ule]] ‘21*‘2

A A A5 A oI, 5 AL
B 0ge BASL 99 948 WA AFH B Agel
& 24U T A2 BE SAW HHMeta Quest2)9h BAIYR ATAS At £

L A8 Pefol wlo] B tiAlo] W A0 wekE A% 34 155 69, o4 9
ISR BATIE ANTen, ol S Hef] U 2T VR 23 AGHL VR R A0
A AT 4 gt BB AR Ao] SHAIA molBt

#4090 0 AL DR A5 F BAS 47 BTk ol RO $HAZE VR AU 14

Figure 6 Model Quantity Comparison of Two Systems

Bog 7k & 4o 2A APE et F AL

Figure 59F Zo| Al¢ket F7HAI A ] 9laL &+ W

w215k -S4 B A0l Aot AEA Q] B AH Y] AE 45 dA BoF7] $15) Figure 7.8.99F
Zol e Yuvt AARe F Al A" BEll =5 vl ek A2 Figure 63} 2t

e

Roof

Flat Roof Vaulted Roof

Exterior Wall
Brick

A WA Bl o F W 84 F A8-S 37HA R Bd™sto] A BrA A" 7|E GrpA Ao R
AR AAEHget 71& *lAEéMW AE SEAE A% Fefel et A7t vlE vl &£ 3719
AE 29 shte] VR 7oA v wstdthFigure 7). Bt Al 7R A A= shuo] A& A5
A7 AEshe AE BES WEY
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A et A U A4 B A% A FeE Doy 9EE ST ARz 29 s
HREAE QAT 712 BAALEAN SHAL O AR JARE TTIN BE 1579 B
2L VR B5IA HatsiciFigure 8). A H/AARO AL 2w R2]7}9} o] el 1]
A3} 2ol A g AN HESHe 28 RDE WA

Exterior Wall

Brick | Wood Steel Concrete Plastic

Flat Roof

Roof
Pitched Roof

Vaulted Roof

Figure 8 VR Scenes of the Existing System at Test 2 with Roof(3) and External Wall(5) Alternatives

trance Exterior Wall

Concrete Plastic

Flat Roof

Roof
Pitched Roof

Vaulted Roof

Figure 9 VR Scenes of the Existing System at Test 3 with Roof(3), External Wall(5), and Entrance(3) Alternatives

A A BB AR 4E 84 F ARS 37H FHE, ANL 7 ARE, A% ARE MR
29y stk 71E BAHAADNA SUAL 2 9% dH 048 ZPote] BE 45749 A WS VR
3014 vl TotsickFigure 9). A BAHI AW AL o) ¥ mogslsh 2L WHOR HBTHE AR
BES HEt

uhur RO J1E BANLGAN 9% 9E 84 F BE IS F7hstel WSl 13579 A%
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