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[Abstract]

This paper introduces the cooperating space that connects users who are participated with their VR (Virtual Reality) devices or
AR (Augmented Reality) devices. Any interactions between the object and the user are synchronized in the cooperating space,
which makes every user see the same state of the space. When the user enters the cooperating space, a shared frame that
represents the origin of the space is used for synchronizing the location of objects and interactions. For communicating between
heterogeneous devices such as HoloLens and Moverio, we define the shared frame and the interactions for each device, and the
protocols of the network. With the systems that we build, users can create the object and share their interactions, and see the
other users as the avatar. For the validation, four users participate in the proposed cooperating space with various devices such
as HMD, HoloLens, Moverio.
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Fig. 1. The system diagram of the cooperating AR-VR
space.
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Fig. 2. Configuration of the cooperating space when the
physical space that users are participated in is
separated. With the shared frame in each space,

every object and interaction are synchronized.

o
ol

AT M AT S AAS Adse A=
Zﬂf\lfﬂv} gt 71718 AH8-eh= ARAL 1He

ko] Zkxte] F3tel Adw 7 Aol o
o] g}, thre] ARgALE] OPH}EM AREAR7E Do
ArREo® RUA HYshs AEE Al2Fe
&2k ko] Hglel ﬁg*é% Folal “AHF e m|

(110 Brp vp77hs 713]71 E Aojth

mlo
i
=

N

T

2
™

r
ek ol Fo
¢ B o

o mlo
S
o oX Fo e

ol oft
o
o

>°F0£
o Y

i
ﬁ%‘,m
>~
o oo
tlo r<t

oo i L B ok

. 3% 3z 44

T Bl A& o2 o) TAME FA 7171 s
o) M E B3l B MR Fale A2 dE FHE
7WTY. o] T F3H 17 2 A The F1ho] YA AL
7H e BN R A A AN A ES T
FEAZ A5t A52L2 T7)3) slo] shte] 27
283 E= Ghe) w3k Pl Tl FoIdh T2 ALEALE o}

BIE Fskatn $49S S71sksho] gl gt =7g ol

2} AR WY B LS W Aol THE B
HEAE Bh wol vhE AHgASE T FRAT Z, TH
HFAE WY FHo] TR ALGAL) T AHAAT
= 347} ek o] 1] ALATE A ZRE AT W FH 3
FARE AHgAe) 8730 mheh R 5 ok A} e B
214 B EATHE A 191 57 @A 7118 AR 1)
DAL AT 5 9 A ol ek TH ABAS Y3
= o] Lhr o el s ALgAe] 7% A 7 A
2 LPro] 2 M o] B A B4 S AN,

1) B2 F1to] 2ov] 9% $3S 4T F P71
FAREAL 915 B A4S 5 9 71718 AR 1,

ae el P 2L AAE Erkvl 1 91 SAslo}

A}, o)t FAF B2 A 91K T AHAZ DAelolof
2 oujgit, o] =Rel N T HIAS AXSaA She 2

214 TS 33 EA A feature descriptor)S 7]7] 7t
T o 2N o5 dlAst) T Ago 2 H&ES r|Ve
Aprlo] FfraAlE gk 542 AW (2 =81 o]

e 5 X}E— e gl

t

o3

Sa :F(IA) 1
FEALSAIAS) oA 1, 20 B4Ry, & FEeE T
A

S=o]t}, o] F5= SIFT[18] 7} & 4= Utk AMEA} BE A}2lo]
B oA 2 R 7,k el 558 £, & laste]

a3te] e 3tE 7k TEA & Sl
e=G(f4f5) (2

4= G 54 £, 9 £, 5 Blashsd BE fEEYd
7 2](Euclidean distance)E ©]-&-3lt}. 0|5 F3f| A2} B7} &
2 58] F1tl QlvhA AR8AL A 7 558 SRR o] &3l 2
2 YAl T FEAE AT 5 ULk

o AFeAE &5 IAS ME F e TR
Microsoft Hololens & AH&-3}5] 0. 2. 2 317
% WH.© 2 Hololens Toolkit=- ©]-8-3}31 Tk

2) 97 S AL F =71
S BE AR F G 7171 23 4] A 5
A ole 5 g1 a2l AHgate] 1< 910 F )
S g, YRSl 71 28T S A AR 243
& Q= a4z A7k 3 0] Slek. 71717k A9k Wl
A =R

wrebA] #1574 AllA (inertial measurement unit)LF 717 W
e s &gk 9 2219 4 (inside-out tracking)d}e]

2 ZpA| o] ®skE 28 ¢ Qlnk meba] A4 A
& A A FHFREAIE ARSI EE 71719 AA =4 A4
ks =4 1ol AT = Ak et fle 7

0O

2 Al o] 83kl vl TRl fAE HE =
(1o ehuton sl ige-e e 2 VAU
A 4 7155 AHgete] % SEA diE) 71719 AAE
e ].Oﬂl:]- qrek 71719] o) FAS B ¢ e e
23} 9L wj= E]—ﬂ(marker)'— o]-&3t 27| THH{IEAE
g1x15tiek.

http://www.dcs.or.kr



CIX| & 28l = 5+5] =& X|(J. DCS) Vol. 21, No. 11, pp. 1913-1920, Nov. 2020

Interactions

— T~

ObjectO/—’
9
L ellay

Sa

User A Avatar B

Cooperating space A

O3 3. J82 oMo HY 372t AQl 25, S7 EHEA A 7t
Hol=lof A2n| x| O} EFAHOl| p, 2 RISt
Qlct 22 32oll= AR BE LiER= OPHPEP B7t
QUon ARSAL Bof|lA| A O =tE pE METICh

Fig. 3. Describing cooperating space A in Fig 1. There is
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transferred to the user B.
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the avatar seen from the shared frame A.
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Table 1. the type of interactions and arguments.

Interactions IArguments Realtime
enter the space user ID no
creation object ID, pose no
e object D,

modification transformaion matrix no
cooperating Spaceevent ID, amount no
event
the position of avatar |user ID, position yes
the pose of avatar user ID, pose yes
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Fig 11. The Latency when transferring interactions from
mixed reality devices to augmented reality devices
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