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[Abstract]

In this paper, we propose an extended reality-based simultaneous multi presence system in a process
of remote cooperative work. The proposed system generates a ring-shaped invisible screen which
surrounds a user, and it provides position and manipulation of remote workspace and personal
workspace. With the proposed system, the user easily navigates the several workspace for the remote
collaboration or he/she selects a specific space for immersion. The proposed system also provides
manipulation of personal workspace for the user during the remote cooperative work. We conducted a
user study to prove effectiveness of the proposed system. According to the results, the proposed system

increased understanding spatial information and usage of time during the remote cooperative work.

» Key words: Extended Reality, Multi Presence, Spatial Presence, Interaction, Virtual Reality,
Augmented Reality, Mixed Reality
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I. Introduction
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Table 1. Comparisons of Technologies

N
)3
<
Pl

AR MR XR

SE/=Y
=7ts
(84)
MR+A{H| A
’|&

a
_(I)‘]_I
>
ofl
N
2
N

Pzl | 2 5ot
o =H7ts
= (HAZHA)

J|m ok

oX Y
ON T

N
Ul

N
fo
N
L}
:

s A4 TlE | AZEIE | BTN

olo
o
Hr
©

A Y/SNS M =Of

o
ok
>

ol

\I

>+ rio
o)
oo

Dol

=,

= 5
Y
:L
>~

u ruz
o)
oo

ol

ol

oX oY
o lo nmlo

2 o

r@ 2
)
ry
[Sxl
a

ffa
o
fujo
=
of
o]l
=
o)
ofo
o
o Q0 Q.

> O ok
Da)
s}

=
)

2 oy ot
do rlo n
o
i)
ok g
oY

i)

LA

>,
)
)
ne,
iC)
>1 rg
>~
I-l-i?{l
4 o
fon
T}
1o
r
rZ
[
o M
b
l—O
=
o

®
I
%l
o S
>

gr%m

o

€0
QI

0

>

o

10 ox 4
>

)

o

1 502 79, CAD, At Alg#o|4, E&old 2 3D
3 clost Ropo] o ZalolHE S AR

I}, £l 20]= vjehs| A0} o] To] AFRAFSO] Fh
o Boletol A% ool £ oA T2 52
< AREA} ] AAV} R ssiRIEA o
b ojZalAlo] 4 Aol wAIskaL QIcHS, 7, 8, 9.
o}uq 221 SIAFES] W 301 JPAFRAl £2 A1835H 7|1E
o] vl eol B S BAs BE 2 £ 7t
Alo] pte mEd 3 WAk AF8ARS0] 2kt APl

YRR dd S0 tigt FEES 55 x“’*Oﬂ Hofsts

2l o>
5r Hu FU)“ 30
rlr

09

I

ABAE 39S Ak SAOITHIO0L £ WM
AFgAHE BEAY B70] Aol steAl FAlo] ARl
el RIS B3 Aol o]2 Tl BF UL
o ¥t st o] ok S Jefe) g sen

= O2oi{11]. sHR|gE 7]89] e egoAe] |
= Algoliae Aol ste] AFsiA Q= 7P &7l
AFEAPZE AASIA gighg AFdshy| mjEo] AF8XISQ]
7i019] ZIHES 5835 H| oj¥ui= EAS VK|
L} T2 o2 ARSAFEO] ZFAte] I7F

2_
=
o2 YR 35 Y WIS TS Al

& s Sshn B9} ofani)

2 ERolA ol2d 2H1Z S S ALgAT
35 %] U2 FolaS] Y2 BN Ut YRS
Tjolg SlRAE ALAL AIS] QIR F2tol ot g
T Z2]0] Tk sHHA] TE RIS & A 9l ER]A

O o _|I:]E

HE] T A(Simultaneous Multiple Presence) A AEl

= Attt Aot A| AR A Aofste ARAL
5 =2Me YRR A 3t Tl o7
55 Aol Fofste ALAREY] 052 A, Al ol
& =9 % FAE T 4 ol UEHES Al ARAL
© = ==0lM AE AlARS ARESte] AR 3
A g0l Aolske AolAkse] 33t 3 i AR Sk
= FESIL 2T 4 ok 55 AY ARAA ARAE

HMDE ARt AJEfolM WS SEHA g 5119

9IRIgt AL8RIeL ThetE SlRA Rl 2 4 9tk Al
QA2 SRR Qe TT7FEL AFRANY] A A AKS
E5)4 RARE & 9l

II. Preliminaries

1. Related works
AEHE ARESH 35 A $(CSCW: Computer
Supported Cooperative Work) YEY T 732 vied



Extended Reality-based Simultaneous Multi Presence for Remote Cooperative Work 25

o2 U] ARARE] 35 AYUS

12 71N Aoirte2 M2 et stHA 55 A
o et dlojE gte ¥7d st WgsEE 478 =Y
Bd shiA 2ueg 2RAIE 4 lH{13].

AL 2 VIR TR . B d
2 doll o7te Zlesdt ABlAE2 SRSt
o 53| ARAPE € off 120 g8 FEE ASE 4
At= oA M2 S84 Tde= 23S Ual 9
tHL. 2] S EoM e 271 Fd2 2429 €45
e T2 o]&2 3t AY, & Algdfold R CAD Y
HAE Eddat 22 SRIESS ol &8skt BEEARH
2, 6, 7]. 22fu} 2| @AYt S 2Lt 19A1EHRL T 2of A
Erte0l B2l Bojd Qo ARE T 4 Qe d™E
7|5t} e mefifila &gS0] FEE7] ARSIAT 3.

oA AL FEAY FEer 2GS W Al

lok
e
@ 5
>,
ot 1z

= O o 14
ASIAA SYAAL AFGSHE AFBAIS L FF Aol

Lo mepa gt 7l ool et &S ARSI
AlSo] gAlstal QITH6, 7]. Thalman et al. 9] AL
T2 £ A4 BN ASADE EELxeL AEALE

L |
o] 452 =ol] HaliME slig &80l ALgAPE 298

5 &5 ol F1to] AAet RAFSIL =74 4 Qlofof
St= Zx7HSense of Presence)d =2 4£&02 AlF

afi F{oF SITH8.

Spatial & o[2l3t P4 7]ute] Ale} BREF S
2 AMgAIS0] JPIRA £ 5794 HUDE A3t
APilo] 4% VR £ AR 704 A2 B4ste] 440
2 Fojg Ngsluin FE02 3 AHES Y L W
Ae ¢ 4 9k SUES ABHUCH4L SHIT Spatial
AFEAIES AT s ZPgRA 0l Sojz 4 9
£2 SR @7o]7] th2o] U0 9k ChE ABAISO

BUEL WPt ofrk

BA7F 35 AAS 4T 1) YA
L WA sie] B0 WRslo} 22 F ¥
2ol ERIElo] Qi B7HS TSIl B AUL AL
L AT ARISIACH14). o] YH| B9 T5 Al
ofst ALgATe] 471 SofutEl B2t Wil it 2w}
AP Soldtt. T3 M2 DIFRAN AUS SR 2

o] 2L

I

O

[‘Ol‘;] )0

2N HYS St A9 ke wer 2 $47t ol
McGill et. al & HMDO|| 7}ja}s =aks)
PRI RS ALg SEME Yokt B9

=2 Z83to] A 09 oujRE & 4 Qe WS
AAFSFATHIL. SHAIRE ol2feh WYL &5 Ade Aldst

A

Saraiji et al. & 543 s 7|2 &
st 35 Aol Fofste ¥4 AHEAE 2
Aol AxER TSk ol3g 7t wEep
BAAMA Bol= AARLZ AIRISHITH10]. AREAR= AFA

— a3

3
o
A15e) eES el uex

22 uv'T o0

S U2 3 AR o] ofiey,

III. The Proposed Scheme
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Fig. 1. Concept of the proposed system
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IV. Performance Evaluations
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(A) Conversation with remote participant
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V. Concluding Remarks
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