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A Study on Collaborative Support for 3D City Models
using Mixed Reality
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Abstract

In this paper, we describe the development of collaborative functions required when multiple users
perform common tasks by utilizing a 3D city model by applying mixed reality technology to spatial
information, which is one of the technologies that implements the metaverse. The 3D city model is
visualized by converging virtual buildings and roads on real physical objects using mixed reality
technology, and is used for city planning through interaction between users and virtual objects. In the
past, it was mainly applied to the same space and a single user, but in this study, we developed a
technology that provides an environment in which remote users in different spaces or multiple users in
the same space can work together. Viewpoints are exchanged for collaboration between remote and
multi-users, and users are expressed as avatars for mutual identification. The developed technology
operated without performance degradation even for 6 simultaneous users.
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keywords : city model, three dimension, mixed reality, multiple users, avatar, collaboration

FRAAENATY EA-FHCTA T2 1. M B
w5 S 5pA 28]

WA AR 614 (email: eddol2@etri.rekr) i
) _ _ -
Aol ah 20221212, AAFSHE: 2022.12.19. 20199 A WA SEU9 7 Gk o)

AlA = 2022.12.20. & I Wu oluel AAAE A A ATV

- 209 -


http://dx.doi.org/10.29056/jsav.2022.12.21

o}

;Ot

il

o} o dlo

=

7}ol

5

HIth W AL 2 s = 3o viehs 22kar

SATHB].

‘vt

yH
7

-

&
A3l

1. ‘O
L

3

& o

(meta)' e} AAl, 57, AA A

o

o

ol

2

ZgotoltH1]. by
}

(universe)'e] &t

Ea

ul
=

roul

—

2 AA} 1

oj

?_

=2
— =

b Ebe

3|
“

o} o]y
&= A4S WESYZ, ¥ dolH, ¢

g olg3to] 7}

3}aL, HoloLens 2

EFRFAA A
At

N9k 484 Apole] Qe dA

%

b, by

0]

(<3}
=

o

& VMo bF AgAsh 97 A7

Foh

5

ICT 7]%0] 28

el
<

]
—t

ol A AREX

B

ofulel 2

=
=

A7

al
=

]-

A =
=4 5

o
T

F# 2714 (XR, eXtended Reality)

pim

= 7S e

Mixed

(MR,

2

?;sﬂl-

x

Augmented Reality),

33T

X

i
=

N
o

gofo]tH2]. XRolz}

L
L

3

Ky
R

71E AAE

]

=9

olA VR¥} AR

=2
=

20179 AZ%2

T
.

2

=is}

A2 TH].

P
"o

|
1o

kel BIM

3

&

]
A

ofe]

|

oA

=
=

il

AR 7E QAEH6]. o] el A=

Kls

?_

B

ol

el

Alel]

T

N~

1+

JEol

SFA
5}

wr

ol

bl

gaow §

=
=

Aol wEod A8 shy

af

Bopi 47 271

2ol

e BELES

S

At} E3H HoloLensZ

al

- 210 —



c

X H182 2

e =&

47t}

pAY S
=k=X=]

=4 ZEQ0f

S
)

2022 128

| AHEAHE Atole] A

3]

AgAel @ AAe 9

cg9 o) 4R BUHY

A Ujel A

»AD
H

oji
A]E

ol

<_0t
i

-

At 2

=
=

o] okl 7hge] oln)A

2 A]2Elo

5
i

T 713}
w3 QATHS]. FAFaEgAel A

o}J

.wvf

H]-§-0]

L
L

f

ete]

HMD(Head Mounted Display)

Table 1. comparison of virtual convergence

H

EABES] 7PN G R

T T3
&W__ ﬂuﬂJu7A£o
o R
”_Ot <M %0 AR ]
BN W = R’ %o
" ; . ;
()
8 TX X ®
gl |~ 7 T om° Mo
S| e o= X
B | Hoo W 5 T %
= | N .lEL.OzTL.o
fo | % < )
R R TR
WO @ odo
W ,WL@roﬂuﬂﬁ
_1_ O )|
ARERE
= < <9
N —_ =~
B %7%%
(L G L e B U
].]] o =
ﬁ,_.m‘_oouo_e‘.ﬂo‘/.%
4:|,_tmm%mﬁﬂrx
o T~ W TL 90
Mo o =
~y KR roa sl ot I
7.@|_1,m.1_k051_ﬁm1rp
R
T B oM DO oK
MI oﬁa . = re 4_0% ho - or
e I R
N ) o © = < & o
au7oLATJm.L1__/|HEMi]o
m.%%yﬂ = Mo ®
T
SR T R DR
! ~ T
m,mﬂ%ﬂeaor&.EWﬂ
TN ol @y
R WBRN XAy
HTRE g PR
WO we % T oM K W ow

ﬂmo
~~

Ho
0
<

Bl
e

ol

o
Bl

:ll

B

b

o

<
e

2 J7Polu| A= AFEA}l Al

Ao

HolFe

F Atk 2y, 7]

Aol F2 o] Fol A,

A 7=
o & dAellM= 94 AHA 2 v AHEA

=
=

o AHgA

BN

i
o

<
22

- 211 -



rlok

EEAE 0|88 3D TAZE EY X2

Bt 17

Head-Up Display, 72 S#&, AnfEE Fol

AL Ao THelvAIE HA Hole
AT FAAT, AFEAT AR

S FdskE 3lo] Aotk £9d
371 Y84 = Microsofte] HoloLens
HMD A& 283t

MicrosoftA}¢] Hololens, Magic LeapAl¢] Magic
Leap 1, Meta(Facebook)AFe] Oculus Quest 2 &
o] qutt o]Yd EgtdA FHEL uH, A9,

A4, g, AFA, FEEE, AW, Fu, F

Ozl 1, ojo[ERAZE 22X
Fig. 1. Microsoft's HoloLens 2

[N
|o

(N

M ox o

TS

LT o [y T
N

Mot Kt dlo

o>
ki

& L
0% N

?_

@ % Apsela AHAe £E A
A AN 24T 5 Uk =9, &
#e3t taEdel, 2rjest vhola

A=, A4 (94,

= Ed
A2 o|&ls J o
Zhel| A AAA 85} 71

i)

Aol 2, 74, %

T) Tor TAE Jor, HA Z

E 2. HMD Zhx| H|
Table 2. comparison of HMD devices

HoloLens?2 Magic Leap 1
3] A} Microsoft Magic Leap
FAEE 2019 2018
74 $3,500 $2,295
Rl 5 A
Bl 3 gk
Hand/Eye
] v Hand/eye
tracking, )
S 0] tracking,
/0 e 543914,
Windows: | e gege,
Hello(&-3} 914]
HE)
)
Windows
(O8] Holographic Lumion OS
0S
) 2048+1080
Y= 1280+960
32 3 ax
RAM 4G 6G
/\] o]:71-
522 50°
(FOV)




c

X H182 2

[=]

(VWorld)ol| /] A1 FE ) Boldel o A

3.2 20|2E= HO|H

el =

11
=L

s

2]

I

pAYS|
oo o

= AZEQO

| Cf|o[E]

-
a

2022 128

o R O MT R MO H &YW AN TR e W W E W
vimﬂﬂn_m‘“ _,irOEt‘M ‘.lv.AiD..;\_ Eﬁa‘mwlﬁr_lm_.ﬁloﬁeﬂail ™ Ne ﬂﬂ&_mdl o )
T o Wy = W — T ol T < x> T o}/
R T rR EExpamlTe g% g T om0
=R a3l nE QxRS T oA B o
ﬁto,.ﬂrmﬁE Mo Mo % 5 ﬂ,m‘_z_on\/ i Tﬂﬂqﬁoil
o,_ﬁﬁﬁ?._] o M o= dll,o_,__lEﬂ]Jl,l,nlﬂ o Hi = A
o Mo R A oo Moo O o ok oo 0 X & o = W O T g
= N N N T ST e -
" w2 o N Sl o omo ® TP TS E T OB
et S A AR B R I B T L S DT B
e T = o My o o A o TG SO i~ i e e = o o L
,zﬂm.@ox%%W@E%%%Wﬁﬂ&.ﬁwﬁ?%AT%%7E_ﬁ_m¢wmmz_.rm
L%E,%ﬁr%ﬁdr.o_Wﬂmﬂmﬁwo_ﬁ%%%?ﬂﬁﬁW@ﬁrﬂwﬂﬂwxﬂa_a%ﬂ
Mo = = % o iy R AR R SR N TR o
Ax e e REY AR s RN T e S ety "o e
Fox MT BT mﬂﬁﬂogﬁm.wmld%ﬂﬂ%ﬁd,m T o M
@o@oﬂ_za%ﬂm"ﬁmmmow_ﬂﬂ = o m,moYmo‘z_onnﬂuré%ﬂﬂ_B,
T T O A i O ) WH BT S G e ELXNTT gl oy
R = R S N A T T v B - = il = T
wR o HLTE T H C m w2 ° R 5 - Fwalr®ohE g
(I Y L R N ST - B A Ny LR
i e BT B R R e BN - T B B A
= oMo Mo Mol 3 = 3 " N O B> BT O S S R X W B Ao
J@_ELHLGEWE.Lmv%ﬂr.mﬂ:tﬂﬂﬂmu otu,_ﬂmow%a,ﬂ%éﬁbﬁo.nﬁo_mﬂqio
o o =n iy . — <0 P — .
pEE P55 8 s els Trlrs T T idsatoys
Dy oy T _EHTEllEeg 2T x"mg & 5w el ™R g
tE o ME BRI RE I m N g CFE ame W T gy~ Mg
gl TN ER BRI Mg Ry Fet b T XEN o < o ®
FHBE LT iy uldPer - a¥BPTOsoTgT gBber
— fl o Jars <! ol w5 . — —
ol mo W — X - - L — P um,... i
%%%M%ngomaﬁﬂmﬁ_]ﬂm@ ol e g PN
TRHETTHUPEE T By T s TN EST P ST ae P e
eI gl Lo FeMgepe R e R w T T gy d g m N
o HaRET N R P g e el ol w R g W L —
iy oy 7 o o T opropl o E o WoR om L O oo - .Y TS
.OI@MO_LHEE ]:iw ‘|7‘L|‘LIOEEE._,|:A . o © ‘M_IZ_L d_ﬂaf __ o
%ﬂwﬂun_/n%r;omW.@B%WA%& 7Nac€%ug%§rgm§rn®uﬂ%ﬂhw%
ﬂﬂ&%gﬂwﬂﬂgr.ﬁ TR BT o W wog Ry, T YN
%EAﬂuiuﬂoM%h‘_%%wuﬂdlﬁﬂuaouhaumﬂﬂwuluﬁiﬂ wuimﬂﬂmo_a
o Ho XX o < - — e Ky A X s " o oo Zm
aadﬂ»eﬂo,ﬂ%ﬂ .oﬂéalﬁ.o%rm T o X _ﬂoﬂo_eé]gdulraa
RO g @ERw NG D@ F AT e e N m g <
TP TN TRADFTRITT OB R WP RN M PR ol T

- 213 -



ZAIZE(UE X, .. d0lH
(ex, EO|HE)

EA2YHOlH

Visual Studio 7l &2t

Mixed Reality
Toolkit

—L HoloLens —

Open API

M 229 UE

ETRI Asset #1

JHshEM) 71

QUE{F O] A(HY

H|OolEf AA/HS -

a2l 2. AlA" = 3 Hole &8
Fig. 2. system structure and data flow

4 Hse] FERE Ueha 8lem, Vertex
Count= A% AAE w3 W& FA45a
¥ HElxe £ Vertext: Bel2x9 37+ F
¥, Indexed Count¥ <18l F4 Indexed: <!
A2 3, Colore= AAe] A4, ImageLevel ©]
u|x]¢] LOD #l* ImageNamelLen& ®l23 o]
uz] o]29] Zo| ImageName ©l 23z o|1]|A|

o olg< 77 vhehdrt.

F 3 3% o4 Hlolgf =
Table 3. data structure of 3D mesh

Name Size(byte) Type
Vertex Count 4 u32

Vertex Vertex Count S3DVertex
Indexed Count | 4 u32
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Color 4 u32
Imagelevel 1 byte
ImageNamelLen | 1 byte
ImageName ImageNamelen | charx
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Table 4. data structure of S3DVertex

Name Size(byte) Type

POS 12 vector3df
Normal 12 vector3df
uv 8 vector2df
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Table 5. data structure of vector2df

Name Size(byte) Type
X 4 float
y 4 float

E 6. vector3df H|o|E{f 7=
Table 6. data structure of vector3df

Name Size(byte) Type
X 4 float
y 4 float
z 4 float
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