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ol TR AF= FAA Fh HAn et al, 2023).
SF(Science Fiction) &=8tof|A et 2 7HAF AlAIQl dEfH A (Metaverse)
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21 v9d @Y Mg B4

2ufERES] W] WE mulel JPyEAT muled Z3A4 7]71e) B,
chet M@ HMDO] Bgoz o) ofe] At S9dst b 32
Az o2 EAT Fo] 5] =2 73ste] tiorst deEilR @9 9 A
28shs 7 el et A7 AY= A ek (Grandi et al., 2018). &uf
d SdAHANAM 3D AAE TEor A5 gt AEDE 7Hre] QlH

Hol~E Atshe A7 7HE E700M €4 AR HZAEE St Mzl

=

HHle Algtshal, 1 aedT 294k =2 A9, e 45k 7L
2P0t (Madathil et al., 2017). o]8] AMgA7F ZLSH 717], Ao g b
e AMgShe AP 7MY @49 2 AR oE EE] AHATE 94
oA tgRt WA o r Aoargsh= HIOY 7 &0 B A+ F
3 Qlek 7HE AAlel tie 35 22 Aol Hurd S EAN TS
A AREAE didote @00 Hee EA5he A7t 2ol HgiA ¥
A Ao digt 2ol AFE T AHGrandi et al., 2019). o7]o= A=}
o] 71719} ZHE Aozg HbAlo] ZpolHut ofyal, AREALS] EAJof dh=
ME g 554 9 Foiste] AEste Fda FgE A Asst
= Az HIHe dF4EE ZdEd. gEo], HYd dY - S84
W FFAA)ANA oY AlZeHFoV(Field-of-View) frustum, Eye—gaze ray,

Head-gaze ray)7} 35 Zrdzte] Fojof diFeo] Fagt HHE AFsh=A
= BASH= A d3n AR it (Piumsomboon et al., 2019). RHFY
SHAL AREASE MR AR 3E Ade Y o AR
Ao ARkt A2Ag 2 dHH|AE AAISkHE AF7E AU (Cho et
al., 2021), ol HEUYD, =UF AREAHETE ofyzt A FHA (Motion
Capture) & &85 7MY oHIEl7IA] oA Xrofsh= e vy 7MY €74
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= Adst= WRlo] "astth I8y ook A HiE, 245 7R T
S mH Blendertt 3Ds Max®F 22 AXLEAE o]gsto] A&st= A
2 ZBAA0lR] gk & oyt AXtHorE T2 H|-go| TRt} olzjh
o2 MCMC(Markov chain Monte Carlo) ¥12|&3 &2 &4

—]_l = E 1 et
3 A HAst 2AE A A v daEs 5= g

A U g
Stof Aue] W b AEste] wek A7t o] FofX| i itk ZH- HiA] 9]
s ZHAHSE Aorgt Ao A= Metropolis—Hastings Ae] AA dAIE &
0}01 ol A (simulated annealing)2 35 H]-& -5 2|H3lste] 2
288 AW AL AYstct EsE Ey7IEE AEZ8(Monte Carlo
sampler)a AMgSte] A b w2 AlEYste] folokg ALY

(Merrell et al.,, 2011), ¢1FY3I= A2 MCMC &18&2 A¢tste] <
£ 4E gojolx A FAloll Hitt 7 BMSH | Shlth(Yeh et al,
2012). oldfol=, FEEA A3}t HA] Hagd F2E JETS FHL
=2 =9 7|Hre] A% Flojokx I Tlee Aljtshe AR (Weiss et al.,
2018), Helda S-&cto] AAe] A7y BYf g2 &4 7fte=s AAE
TFAHos Audstr] At 7lee Adste A7 AAYEUAT(Zhang et
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al., 2020). o]e} H&of, Axte] FA}t AR5k 7HE Foloka AAdSt
= Ay FHel A 2dQl MIMEMining Interaction and Movement to
infer 3D Environments)= A¢tsh= AF7F P JATHYi et al,, 2023). F
Tole FAR YA SRS of FHE FHste] AU AW Yoloka
| Ag}str] fs AS et shkse A8 dFE AYEHUAFCun et al,
2024). SEA|RF, A 9 AyE diFEY] YHES AdEE 7HE A
o Qlok Ajtste T dYaEs 9
=)

Moz A4 Aug BAste 7}

2R AR AA AAel M BuE FAstel q g 27e A
ZHi%

d4 AAE A € 5 e Mobi3DSketch9‘r ze *15%]01 At Aok
(Kwan et al., 2019). a}# 7|4t Z274dA Ade =71 959 oA (u}#, o]
oz B2l $)E Sl 7MY 33 AAl AAIE ddskeT, ol fsi ti®
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oltt. Lang(Lang et al, 2019) 52 £dd4 77| &l 7V olo]HdEL}
BOAES o AA FHY ou|E A1gsto] ARgARel Ao ARS =
A oo]HES] QA5 A Hot= M2 HHES AT E3E, Qian(Qian
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AA AREATE B M @S O 294 X HAE EYs A
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Scene Understanding Observers

= WHsts AY fEe sk SRz 29
£y z 42 AdP5PH Scene Understanding A7 7]%50] 2Kt
1 e HARE Ve E I T de @A Tt Hg

715k AHE "FASH, 11 Adte 34 3XhE WES - fA[(World
mesh)& XZgste] H(Wall), H=(Floor), % (Celling), Ah=(Platform),
73 (Background) 59 A7} SceneObjectz® AolHtt, ole= ZHZF o
Aoz TALY, AP (Quad)ez FAAH HA(Mesh)@t SceneObject]
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3.2 A9 ou|EZ s

Falelz] wast= 2ol " Qs Scene Understanding@re 2= @A F
& sk AAG FRClr A, 9, HF 5 AAHeRE TR
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w75+ SceneObject 2HHl2 tha 2b2 FHuE Zx[sh= AA|(e]: =EE,

TWE ehllo] ANHA ] dhRe] £ A P FrbshFe,

Platform

1. SceneObject 28!
2. Ef3 2| A E oA

e

Wi

1. Ef 21 2| A o] 24 ! Ro i ELECCTPNE S EITEY)

rad YRR &

(19 3] 2hde A
(a) Scene Understanding®.2 TH50]%1 SceneObjectet X ot A e 1
HAEO] il JH WA
(b) AA| ®7L ZAEoA QIAH Bl A" T 2pdl A4, HjX]

U .
= Z2U=9 Window Device Portalthttps://(ZZ#:= [P(Internet
Protocol))) F4E &l &<l 7155ttt

_14_



FEE 0[5 FE 2ol

M File explorer

oo | S8 BHAMYEE smpnessen s 8@
A 7N HE(END, 2HE)oon 2305 00m ke

3.3 A AF i

Ay Buel JSr 2AS T 9 @4 FU A0 FREIY
ScencObjecteh)oh Aol onle] sj4e Fo) 28 A4 FR(HLe}
3AY WE FEIAE vigoz sbg Fue FAUG. @ AY gAY
AR M FEe AAS] Slstel @4 AAet e sbg AR

sl HARQlstal,  AFejE  Eel wHAl AAE ERske AR Ao

=
dasirh. a9 59 "o 33y W ARE EdiE 7MY AHe
Tk AAE AeoR viz|ohs S FAT o]H IHPE Fof 2
A Fboll Hit ARSI o]F o8 M AAl AT A HPe Sl
Ol & AMgeiA 7HE ARS AR wtEsd AHlehe ARE Eole
ks AAsELAL shglet. o] el AA e =27], W FH SOl Hivt
oAt 282 "aed 4 Qlth SshARE ol HAAQD M FIE A
ARE 7¥tog Yot Aol7] wiRol Aoty wE AW BES &
T ok O9 5e FEY A4 FERE 7Nter AFor wix" W

_15_



3
2
>
[
=)
7

e

B
_,AO

wAO

F

}

[ 5] 7}

_16_



D ARgApsh AR ALg AL

aeofolen ARt o @ el A8

T

T8O

A AMEARE g A

b, 7

o)

o

AHgsto] A4 AA 9
2 (Meta Quest 2) HMDE

25

=

==

E

S 7]Hto 2 PUN(Photon Unity Networking) I7|A|&

Gl

il +4E 3D <l

]

<]

o~

B!

Ile]
ol

o

M_a

A
=

ot

=]
=1

Aeofo]E B ART el Zol

Z o
I

o =

ol

olu

o

FHFTT

=

ol

Zk

Ho

ey
T8O

mj

A% 1% NP oot

=g IolHE AFYyeo| mixdE YAz

J)
~

13

Z
=

Apgtel Rl Mg

=
=

HJE &3

-
o

Fol2l

ol
B

T

~X
X

oy

o

oAA, 7 AH8AE

1

A4

_17_



AAE Al WiHgt, Aol Akt e Fog daky AFE 3D
nee, WO B¢, B2, WA, 123 FAolth 1Y 62 ol ety
A ERAA AR TP AgAe] PO o] HolEch
ETEY AR AR dEd AAE BEst] @Y AANA BEL
S, A AgAAE BgEs Jb AR el Fe
5 LS MR ASAE UIR Fe) el ofe

N
o
9
K
o
a3
oF, it
L

HeQIE £5

TS 657 2= T VR

(19 6] A ARgALe} 7HAFAA ALEAEO] Al HoA HE distd A
(F=], ZA, = 3D THE, HAE =)

e WA, EFAY L oBg BN Az
oE age @ B ERdz 28 89 Al A8AE weA
AAe SPst &2 BEe] MY Yot =TEL 2AEA A
S BES A ALV WY, PRY A8 DAL EFAY
AgAZE ST WEe Witk 1Y 7S B Q74 AZE dY

_18_



HolE

=
=
dHz 2ds

e ARgn

tols

H

73l

A
A5

5t

oju

B

zzste] 3D

o
Hlo

A

1o

e

il

)
—_
fIfe)
NI
N

ool
NI
mju

X
=

—_
fife)

_19_



(Unity) 2020.3.12f1-& 7]¥te
a2 T SDK(Oculus Integration SDK)E AHgste] F@Asteich. A4
=

Azt Erd= 22, JIAFAA AeAtE e HAE 2 HMDE ARSsit

AL H?} PC #7-& Intel Core i7-10875H, 16GB RAM,

F

Eo1— 7H

mE
o
ol
L

o
re
-
rr
ol
el
rﬁh
>
2

Zi

kgL

o,
lo

g

)
9
X
2

g
_?,

e =920 Bt z%

Algtohs e ¥ae A 749 7)6ked A A 9] ofn|EA o4 9
T ZEAcz PN olE fls) ulolaRAZEA A FSt= Scene
Understanding SDKE A-&oto] @4 F7Ho] 7]oleh4 E—’%% et 19
Azure ALE HIH AL AH|AE E-gsto] 24 9] ofn|E4] A& ARt &
Aol Ael= sl AAe Aeofolg B ARt = F 107H94 A B—L(3D
DU, K, oz, A4, 7], L ER, AW Heolg, 379, THE o
=8, ol= 45AE AA B d4d FtollA 2 RHE AAoh= AAE S ¢4
== skt ZF 81 41~537]9] o|m|RE Hste] F 472709] ou|Z]
= o5& st A Sl AREE Aol E ARTQ F7Ho] WA

_20_



8m x 10me]x, 10719 g1z

o

—

=

7AO
"

5570(3D =&E 77, B3 270, oA+ 147,

&

ARSReR=}
370, HA A7), L EE 174, Abt 374, =]

[e]
&

s
L

Tod
~

12

A

171714 o]

. ol
5

o
87

1370, A 270) o]

.6‘;']_
=l
Ediz AREATE 2

=

=

14s Edi= 2t

o

67, &
o2 3t =2 x|

1=}
=

S

=
=

3} 47| 9] ofn] A

€

Fick. ol QE Am

T
o

|

oA A

A(desk)o] 378 A
7}

H

pd
20

stof 2t

o

tol H8-=

efae] 210 ]
(set) 0.2 Ql1A]

B A|&S
o] f=of H=|

al

ol

ol
%

ol

]_

%

°

Scene
198 H& 7t

= 04 24

o @xjel 33

=
1

}

s

A 7=

o
2 ARK

2= HARQlely #4YE 3D

oA 27

na
71} AA A5 o7 Hjz|5HE A7

o=

O
=

&

A <]

=
=
2

Il

T 12 4= 285 o] =
F=57]

A ] wAl FE AofA

h A

Ay W
24

Hel

1

Aol =133 271 gk

F
A

il Al

| (position) Tk

[}

B

o

=

5]

of 7} AAe] g1 et 7}

Understanding

o

—

0

<+
H
o

w

0
h

=

7AO

o] whef th2s] uo]

<

__Ov_

T

QTE H|o] 2o

_21_



A7
47
=]

HA

(s}

etz A8}

#o] g}

=

=

=

 olg 7uro.= 37

JER

oA 7 AHEAE] Al
o

[e)

PR D
=

o]
S 270 At

=]
A

SHA]
L
Al

=

[

3|

WA 2y 3y

9 A 2

7]
214))

~

A
A wA 24 (1A, 271 A5 =

A =
E]oj&kt}. Sra et al.[Oasis]

A
%

Ftt. Wang et al.[PointShopAP]-2 &

°

2

)
%

<k

ol

B2 Tz EEls}

=
=

ofe]t]of

afetoll At ARQl
PointShopAR-S Aletstect. & ¢ n&: &

.
A

A

—_
Ife]

557091 WHA Wang et al.[]9]

___’]_L..

_22_

4

=

PointShopAR-2 B+ 107H(F|t 267]) 2 2~58) Zpol7}

PointShopARY} H]

AlIA



Al7roltt. PointShopAR-S A A 74

(Fd 38% 48%)7F et Aoz 7=

= 26%

o 21
£ PointShopAR

Hiks Al

b

17171

S

< iAol o

Al

file)
ol

okt

Stof Al

rolc}, ojo] ut
14 79747

ksl

14 4

te

)

flo] ofm)&4

L oon-
= Ax

g5t

13 ARE T4

[e)
A

|

=

o 23%°] &85

74

+ 74

Atk Sra et al.[19] Oasis

2] 2ol At o]

A

e
1—

o7} 155 Wol7] R

L
1

T A, AR Aol HARIt 47

tt. 199

ki

)

Bae s 7t

__ﬂ

ol
ol
o
o

Al

L 1T
— =

kst

to] PointShopARY} 2ol A|

o)

<]

52 A AeA ¥

Bl

Ak 7R A

el

)

o7 &

_23_



o2 Aot AltE Zdl== 3D THE wSI FE Y w50 F 7t
2 FAZ FAEY, TFAH AR FA 716He] WsAto| 1l THFAA AR
e Hug2tz ZHlzo] Fofditt, £ dE d4dS 7|Nte R A T @
ofxo] o] 7HIAA AREAA w|A|= 0363% 24517 flste] A= A
Zegstlet. 18 82 AREARS] AR ol
ZRI=0 W& S HojEr, Stdd ARg }% AA FFl A AA| At
= % Sto] WS g, THFAA AR dAE 7Tt s AAEE
oAl Ay}t tf-3E o] Fatsh= A AMARS] PE= Tl 2|
AdstHA et o] A& ol 7HIEA ARSATE @A
A 5 QAo dis £
= AL AZe] AREH
Eo](Asset Store)o] 1ej® gAAE F85HYTH

7
o
=

1
-+
il

]_

N
O,>~
0>~l

=

i

I
< Lo

=

7]

o =
r

El

N

i

N
-

¢}

iy

o ox Ko
HU ok
L fr ol ox rlEL

=,
>
114
=)
<
o
o,
o
o
Ir
N,
Jil
El
Ho
fol
|
il

|z HPF
(o]

K
i)
Mo
Y
[>

BRI

o

Aol oot A7 T2 22415 2041712]9] F

(011} 3%, 94 61 % dgo s AP, A7 5 P 2R Xﬂ

Aol Sl AMEARE TEolRlH A AEE AAl Ao s HEsto] 7
Y= et WA, 7HSAAANA S =9, AT, 1Al 7MY om0 A3E 74
5171 91350 PQ(Presence Questionnaire)(Witmer et al., 2005)2] }= = &
(realism), B2 7FsA(possibility to examine), 12|11 #7] H7}t
(self-evaluation of performance) &5 7F2d] 77HE A=slo] B AGLo] ZE& o
SA AA s ST A2 TH AR E AgEow, Aol oigt

Mb}

A

gt
oXx M
BN g

_24_



RS

G

T |2 <+
=) =y &y
= W T R le) o~
T 3 g AN b
i) o =} u | T -
kA B A £l B Az
o ) T = v | L %
1l =T ) _
el O A
S z = 2 mH ="
El = = 0 ay K
2 N _— O#
2 — ! = | o -
i 2 o 5 X =l
<A NI =3l ) 2 =
ﬂo oTu o_ ] iy O_ ] ;Qn_ ,UI
~ NI =<7 1_w|
N ol e a ,UI 3
< il To o B = 3
o " oo o W ~ | 7 W =
" N XNz T K| B o
~ o DleE o|T 3| X . T
N To- D = &
T o Bl N e £ | @ & o
o 3 (o ol H I
R N E R OR| R R T | %
RU B B Mo Mo oM | R | R B o <
i G G ) w e 5
— N o <t 7 & =
© g |7 s
Jjo 70
g ~ 8 _
) IS >
= ~ £ 3
S Z ™ = S
S = P & <
R & = © E
3 2l T
._mv.o B m S ﬂ = ﬂ%\ %L

| ApgAiste] 4

a4

WA R A

i

=

Bl

ohd

Z

12t &1

A 7

ol 7}

Al
4

o

a4 At @

St
H

ofd, &

_25_



il
al !
el
~

N}
B

~
,_OL

=

d=of gt A (12 5.667, 24}

g (12 6.333, 22} 6.444)°014

=
1—

(1=} 5.711, 22} 6.333),

5

6.000), 181 A of

N A AA S AREAT 2H

o]

HH
o
ot

of & o W=7 2-s

=73

12,

o]
HH

= Aipel

olo14]

_26_



= A Q12 A A 1z &
19 5.889 6.444
29 5.778 6.000

_ ) 34 5.222 6.111

A7+ ‘— . :

ddd (realism) 49 [5.778 6.667
5H 5.889 6.444
=% | 5711 6.333

g 7V

(possibility to| 69 |5.667 6.000

examine)

A7 B A

(self-evaluation | 7¥ | 6.333 6.444

of performance)

Pairwise Comparison

A A7 (realism) F(1, 16) = 3.1360, p = 0.0956
A 7H5/ (possibility  to
) F(1, 16) = 2.0000, p = 0.1765
examine)
271 37t E
(self-evaluation of | F(1, 16) =0.1081, p = 0.7466
performance)
[ 3] @4 9AE JoR & JMAY A8 A9 v 24 A

523 F9H4 AR 24

A2 Wl B Tgel A fojue 2fol7h WAgstA] Bt olgE, B Ay
A48 F]utolabe AL AgkSolE Al WS} gl AIHSe] Fee v
2 Zlolekx Pestelch wetd, B A7 @A) ek A7 AR A

vob Al A Shelet. The

X,
19
-0,
>,
&
N @
4z
=
> -
e
N
r.l
oy
ol
el
filo
0{0 r
il o
nE



ﬁo
B
l

=

oF
ol

2A =AE=A, T

|

=
-

S 99k o 1 o]t o

Gl

5

SHA| Q..

A Me

s

A7

Al

R = =i R e R

9

a1

HH
i

o=

olo
"I

oA

%
,_lr.ul
o
el

o

1

R

an
=

<
vl
o
To°
Bo

—_

o)

stet

Fdehs Aol Aelg 7t of

0

g

o X
= T

%

AHEATL mEAZA ofdtete]

o]
XA

]

o91e] gA= ¢

ShAl 7Tk

SHA|

g 2714 EF el v

Bl

ol AL 7Ifte R St Qlokal st W

%

of o

5

A F

mjn

o] 7Hsdto] 2 Wi

=
-

gt Ayt 4

W%

S7te] QANA WS

)
1—

L BFHOE AR A8R

s

o1fE B9t E

el

_28_



A7F EAsAT. o

?_]_’

33 ARSAL 7ol A 2

[e]

s

EIEE e

W&ol

5

o)

ol

3

as

6.1 TlAl =7 ZAoA 9

o] Fte} AAAtel
Holc}. wrapa, ulA] 2%

z

s
1—

olet
AAZRE 225 A4 41 71w

oy

Z+
A

J)

<k

__OE

=0

T

A

ol whet Zpol7t 2A &

21jo] 9] &

<

°o]7] AsfiM= A

e
SHA|

10
=

3

o
=

L)

sfst

4 71

= 3%

ok @

Aske Zo] Bas

S|
=

=

7+ 91 (position) el

A

A Sy 27] ARE

SH
=1

o}

i

AL AGAY o

o A AHgAFel

M $7

L Zl0] 8 Bolgleh. Teiut, A%
2}

%

zol 4 AL AHE

-
—

ok ZHFEA AgAe] 5] @

S5 A
I

Bl Al

) R=
=

23

_29_



ol

—

A4 ALgA

ol

gt

317t

8m x 10m= Ak

s

i A7to]

5]

= QWA T A Rof|

ol
!
Ho
150
T

oF

—

o)

Al

o d
= ZEld =

=)
-
]

+ ARF HA] o] o
ot mrebA, A

Al
=

ApAdolut 3]o)

L=
1—

(‘)l.

O Jr-
=2 T -

Al

“d

N

_30_



]_

T EHAY AR Fe] AU FHOZRE A AR 5
o

dHIE A

Tor
—_
1jo

o

T

s

o
o=

_]

toirt. 254

B4 A8 2

°

)

Fct. o] dgellA fyE 3D

°

b e

A% WO Scene Understanding SDKQ}F Azure AAE H|Z-S ZHgclo] @A A

1)

=]

Foet. mhebA,

—

o

Fot Bge 7
=

at

Al B
= T

Sl
o

Apgel A 371 Mg AAE B A B A
@]

=

ol
o8

<
N
ﬂNO
oA
o
ﬂAlO
_z_ﬁ

N

oy
NI

fife)

oF
fife)
o)
o
i
il

&

Al

1

1—

o

°

A o]

PRI, AERHEE AR e] e

o

@4 g7}

o
o

1

-

o] @75

A
=

A 7

bl by

o] AL A8 AFel 1)

A<

A

9/]

ﬂo.o
ald
1))

—

Q

<}
ol
ey
Tor
ol
olo
R

B

Ko

—

NI
i
ol
ToH
ol
A

T

st
il

SEERE

_31_

5}

6

2 74

(€]



<

ol

o

AL
;OO

Atk 53], A4 AlAL 7 AiAIl BRIt F71ekd

A<
% 9]

ol
oA
Tor
oy
)
%

Al
=

I

171 o5&

S

A5 Fofl dHANA A

)

o
bo

oo

51

4 9l Aoz F|diFc) Mat ofal, ch}

312 7hAe % glov] AgA

ol

= AE

g 34

CEEReEY

o
L

ANA Ert

=
=

il

]

ol

_32_



i

1. =9&d

Carlsson, C., Hagsand, O. (2002). DIVE A multi—user virtual reality
system, Published in: Proceedings of IEEE Virtual Reality Annual
International Symposium, 394-400.

Cheng, L., Ofek, E., Holz, C., Wilson, A. D. (2019). VR oamer :
Generating On—The-Fly VR Experiences While Walking inside
Large, Unknown Real-World Building Environments, Published
in: 2019 IEEE  Conference on Virtual Reality and 3D User
Interfaces (VR), 359-366.

Cho, Y., Kang, J., Jeon, J., Park, J., Kim, M., & Kim, J. (2021).
X-person asymmetric interaction in virtual and augmented
realities. Computer Animation and Virtual Worlds, 32(5), e1985.

Cho, Y., Park, M., & Kim, J. (2023). XAVE: Cross—platform based
Asymmetric Virtual Environment for Immersive Content. IEEE
Access. 11, 71890—-71904,

Duval, T., Fleury, C. (2009). An asymmetric 2D Pointer / 3D Ray for
3D Interaction within Collaborative Virtual Environments, Web3D
2009, Jun 2009, Darmstadt, Germany. 33-41,

Feld, N., Weyers, B. (2021). Mixed Reality in Asymmetric Collaborative
Environments: A Research Prototype for Virtual City Tours,
Published in: 2021 IEEE Conference on Virtual Reality and 3D
User Interfaces Abstracts and Workshops (VRW), 250-256.

Francisco J. R. R., Rafael, M. S., Rafael, M. C., (2018). Speeded up

detection of squared fiducial markers, Image and Vision

_33_



Computing 76, 38-47.

Grandi, G. J., Debarba, G. H., Hemdt, I., Nedel, L., Maciel, A. (2018).
Design and Assessment of a Collaborative 3D Interaction
Technique for Handheld Augmented Reality, Published in: 2018
IEEE Conference on Virtual Reality and 3D User Interfaces (VR),
49-56.

Grandi, G. ]J., Debarba, G. H., Maciel, A. (2019). Characterizing
Asymmetric Collaborative Interactions in Virtual and Augmented
Realities, Published in: 2019 IEEE Conference on Virtual Reality
and 3D User Interfaces (VR), 127-135.

Ibayashi, H., Sugiura, Y., Sakamoto, D., Miyata, N., Tada, M., Okuma,
T., Kurata, T., Mochimaru, M., Igarashi, T. (2015). Dollhouse
VR: a multi-view, multi—user collaborative design workspace
with VR  technology, SIGGRAPH Asia 2015 Emerging
Technologies, November 2015, Article 8, 1—-2.

Kumaravel, B. T., Anderson, F., Fitzmaurice, G., Hartmann, B,
Grossman, T. (2019). Loki: Facilitating Remote Instruction of
Physical Tasks Using Bi—Directional Mixed—Reality Telepresence,
UIST '19: Proceedings of the 32nd Annual ACM Symposium on
User Interface Software and Technology, October 2019, 161-174.

Kwan, K. C., Fu, H. (2019). Mobi3DSketch: 3D Sketching in Mobile
AR, CHI '19: Proceedings of the 2019 CHI Conference on
Human Factors in Computing Systems, May 2019, Paper 176, 1
—-11.

Lang, Y., Liang, W., Yu, L. F. (2019). Virtual Agent Positioning Driven
by Scene Semantics in Mixed Reality, Published in: 2019 IEEE
Conference on Virtual Reality and 3D User Interfaces (VR),
767-T75.

Madathil, K. C., Greenstein, J. S. (2017). An investigation of the efficacy

_34_



of collaborative virtual reality systems for moderated remote
usability testing, Volume 65, November 2017, 501-514.

Merrell, P., Schkufza, E., Li, Z., Agrawala, M., Koltun, V. (2011).
Interactive furniture layout using interior design guidelines, ACM
Transactions on Graphics, Volume 30, Issue 4, Article 87, 1-10.

Ning, B., Pei, M. (2024). Task and Environment—Aware Virtual Scene
Rearrangement for Enhanced Safety in Virtual Reality, Published
in: IEEE Transactions on Visualization and Computer Graphics,
Volume 30, Issue 5, May 2024, 2517 - 2526.

Qian, X., He, F., Hu, X., Wang, T., Ipsita, A., Ramani, K. (2022).
ScalAR: Authoring Semantically Adaptive Augmented Reality
Experiences in Virtual Reality, Proceedings of the 2022 CHI
Conference on Human Factors in Computing Systems, Article 65,
1-18.

Oppermann, L., Buchholz, F., Uzun, Y. (2023). Industrial Metaverse:
Supporting remote maintenance with avatars and digital twins in
collaborative XR environments, CHI EA '23: Extended Abstracts
of the 2023 CHI Conference on Human Factors in Computing
Systems, April 2023, Article 178, 1-5.

Piumsomboon, T., Dey, A., Ens, B., Lee, G., Billinghurst, M. (2019). The
Effects of Sharing Awareness Cues in Collaborative Mixed
Reality, Front Robot Al 6:5.

Schott, E., Makled, E. B., Zoeppig, T. ]., Muehlhaus, S., Weidner, F.,
Broll, W., Froehlich, B. (2023). UniteXR: Joint Exploration of a
Real-World Museum and its Digital Twin, VRST '23:
Proceedings of the 29th ACM Symposium on Virtual Reality
Software and Technology, October 2023, Article 25, 1-10.

Sra, M., Sergio, G. ]J., Maes, P. (2017). Oasis: Procedurally Generated
Social Virtual Spaces from 3D Scanned Real Spaces, Published in:

_85_



IEEE Transactions on Visualization and Computer Graphics,
Volume 24, Issue 12, 01 December 2018, 3174 — 3187.

Sun, J. M., Yang, J., Mo, K., Lai, Y. K., Guibas, L., Gao, L. (2024).
Haisor: Human-aware Indoor Scene Optimization via Deep
Reinforcement Learning, ACM Transactions on Graphics, Volume

43, Issue 2, Article 15, 1—-17.

Tian, H., Lee, G. A., Bai, H., Billinghurst, M. (2023). Using Virtual
Replicas to Improve Mixed Reality Remote Collaboration,
Published in: IEEE Transactions on Visualization and Computer
Graphics, Volume 29, Issue 5, May 2023, 2785 — 2795.

Tycho T. D. B., Angelica, M., Tinga and Max, M. (2021). Learning in
immersed  collaborative  virtual — environments:  design  and
implementation, 5364-5382.

Wang. Z., Nguyen. C., Asente. P., Dorsey. ]. (2023). PointShopAR:
Supporting Environmental Design Prototyping Using Point Cloud
in Augmented Reality, Proceedings of the 2023 CHI Conference
on Human Factors in Computing Systems, April 2023, Article 34,
1-15

Weiss, T., Litteneker, A., Duncan, N., Nakada, M., Jiang, C., Yu, L. F,,
Terzopoulos, D. (2018). Fast and Scalable Position—Based Layout
Synthesis, Published in: IEEE Transactions on Visualization and
Computer Graphics, Volume 25, Issue 12, 01 December 2019,
3231 — 3243

Yeh, Y. T, Yang, L., Watson, M., Goodman, N. D., Hanrahan, P.
(2012). Synthesizing open worlds with constraints using locally
annealed reversible jump MCMC, ACM Transactions on
Graphics, Volume 31, Issue 4, Article 56, 1-11.

Yi, H., Huang, C. H. P., Tripathi, S., Hering, L., Thies, J., Black, M. J.
(2023). MIME: Human-Aware 3D Scene Generation, Proceedings

_36_



Zhang,

of the IEEE/CVF Conference on Computer Vision and Pattern
Recognition (CVPR), 2023, 12965-12976.

. F., Yeung, S. K., Tang, C. K., Terzopoulos, D., Chan, T. F,,

Osher, S. J. (2011). Make It Home: Automatic Optimization of
Furniture, ACM Transactions on Graphics (TOG) — Proceedings
of ACM SIGGRAPH 2011, v.30, (4), July 2011, article no.86, v.
30, 3767-3777.

Z., Yang, Z., Ma, C., Luo, L., Huth, A., Vouga, E., Huang, Q.
(2020). Deep Generative Modeling for Scene Synthesis via Hybrid
Representations, ACM Transactions on Graphics, Volume 39,

Issue 2, Article 17, 1-21.

Zhu, E., Hadadgar, A., Masiello, 1., Zary, N. (2014). Augmented reality

in healthcare education: an integrative review, Peer] 2:e469.
Arrangement, ACM Transactions on Graphics (TOG) -
Proceedings of ACM SIGGRAPH 2011, v.30, (4), July 2011,
article 86, 3767-3996.

2. 78t A=

Microsoft. (2022). Mixed Reality, Design, Scene Understanding.

Microsoft. (2022). Mixed Reality and Azure Service. Azure Custom

Vision.

Microsoft.  (2022). Mixed Reality, MRTK2, Spatial awareness, Scene

Understanding observer.

Meta. (2022). Meta quest. Meta Technologies, LLC.
UnityTechnologies. (2019). Unity engine. Unity Technologies.

_87_



ABSTRACT

Framework of Scene Synthesis for
Collaborative XR:

From MR-based Real Scenes to VR-based
Virtual Scenes

Na, Gi—Ri

Major in Computer Engineering
Dept. of Computer Engineering
The Graduate School

Hansung University

To facilitate sophisticated and organic collaboration and interaction
between mixed reality (MR) users based on real-world environments and
virtual  reality (VR) users operating within  computer—generated
environments, the seamless alignment and generation of corresponding
spaces and scenes between reality and virtuality are essential. This study
proposes a scene synthesis framework aimed at accurately and effectively
generating  virtual scenes from real-world scenes. The proposed
framework  comprises  geometric  analysis to  understand  the
three—dimensional structure of the real space and semantic interpretation

to classify objects by type and features, facilitating the calculation of
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information necessary for virtual scene generation. To analyze the
three—dimensional ~geometric information of real spaces, Microsoft
HoloLens 2 device and Scene Understanding SDK are utilized to scan real
scenes and extract mesh information of objects (such as walls, ceilings,
and objects). Subsequently, semantic interpretation is performed using
Azure Custom Vision to recognize and classify object types. Objects’ types
(features) in the real space are classified into tags, and labeling tasks are
conducted to connect the geometric information (position) of all classified
objects. Leveraging the object data (tags, transformations) from the real
space, three—dimensional virtual objects are automatically placed, followed
by fine adjustments for rotation and size, resulting in the creation of
virtual scenes corresponding to reality. Based on this, the efficiency and
performance of the proposed framework are evaluated by measuring the
time required for each task, revealing the ability to effectively generate
virtual scenes based on reality in approximately 10 minutes. Furthermore,
this research aims to create educational content in creative studio spaces,
fostering collaboration and interaction between MR and VR users in the
same space. Additionally, a survey experiment is conducted to analyze the
impact of the virtual environments created through the proposed
framework on VR user experience. The results confirm the positive effects
of real-based virtual scenes on user immersion, concentration, and

adaptation, highlighting their potential for enhancing user experiences.

[(Key words) Scene Synthesis, HoloLens, eXtended Reality, Digital Twin,

Virtual Environment
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