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[Abstract]

Supporting multi-user collaboration across diverse heterogeneous XR devices remains challenging in extended reality technology,
primarily because of compatibility and interoperability issues. XR content creators are tasked with considering various input devices and
platforms across XR devices to facilitate user interactions. However, it is difficult to determine the practices for cross-platform design
and XR content development. In this paper, we set up a cross-platform development environment based on OpenXR and XR
development tools and develop XR collaboration content designed to support interactions across four different XR devices.
Furthermore, this paper introduces XR content and discusses cross-platform development based on the Mixed Reality Toolkit. The
experiment empirically demonstrates that users of diverse XR devices can interact with virtual objects and other users using various

input methods such as gestures and touchscreens.
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Table 2. Platform and I/O information of XR devices
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Windows OpfA )
Desktop PC 10 I|Ee Immersive VR
&=ZEH Optical
HoloLens 2 WMR 24, AlIM | see-through | AR
Galaxy Tab S8 | Android 12 | E{xl~32! Video AR
see—through
Meta Quest . &SE, -
Pro Android 10 HE =g Immersive VR
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(® Implementation A
In case “Select”, then move drone PP
@ Define action & binding
____________________________________________________ N MRTK

{Action “Select”

i /right/hand/input/trigger/ for MOP : : @
io /right/hand/input/squeeze/ for HL 2

 f

XR Content

AR Foundation

“Select” => Move drone

XR Subsystem
4

@
@ Register OpenXR Interaction Profile OpenXR Plugin
- Meta Quest Touch Controller Profile
- MSFT Hand Interaction Profile 4 R

2 I @ Trigger action “Select”
@ -

@ Create OpenXR session at runtime

® OpenXR Binding H/W

OpenXR Runtime

® Event
- /user/hand/right/input/trigger for MOP or
- /user/hand/right/input/squeeze for HL 2

¥
[,
R

O3 9. OpenXR UM 7[dto| o|7|F U Zx| X[l 2I& oHE Xzl =hy
Fia. 9. Event processing process for supporting heteroaeneous input devices based on OpenXR action
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E 3. 7kt =20 H|3 HolS I3t %M Feof
Table 3. Actions for controlling flight of virtual drone
Action | Type | Axis State Description
X Degree Control sensitivity
) Dual
Lift Axis v Up Drone ascends upward
Down Drone descends downward
X Right Drone turns right
Left Drone turns left
Move | Dual
Axis v Forward Drone moves forward
Backward Drone moves backward
= On Start the flight control of drone
Control Digital -
Off Stop the flight control of drone

Xbox Controller - Input Action Assignment

Touch Screen Cantrolli None

Mone

Mone

ﬁ Mone
g None

Mone

Mone
Xbox Controller

MNone

Mone

4 44 4 4444 d e d e

Mone

J8 10. MRTK 23 A|ARIS] WM HEER 7t ojg Ao
Fig. 10. Define mappings between actions and controllers
in the MRTK input system

38 11. Xbox HEEHE 0|85t 7tk E229| ™ H| o]
Fia. 11. Flight control of virtual drone with Xbox controller

V. 324 ZUE XR ZHX 43
B M g2 ZYE N
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©] Photon §713} Ao} Ae=r] 24 FY 3k oA

Synchronization Server

= =
- o= e
SNE Py Remote i e -
2 - ~ ®
User 1 < User3 - -

[Galaxy Tab 58] ; [HoloLens 2] Userd User 3
User 2 [Desktop PC] [Meta Quest Pro]
[HoloLens 2]

‘Workroom A
J8 12. XR Y HAEHE
Fig. 12. Testbed for XR collaboration

Workroom B

(a) &322 0|82 &EEE

(a) Interaction using hand gesture
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WiFiE &3l F4lg) & 5789 ARSA7E 4529 XR tnfe]
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3 o2 HoloLens 2 AF&AF 293} Galaxy Tab S8

AREAF 178 0] Fhefah, Al 3k 7 AAE A
A3 QR I=7F FAE T HY 7 BE VR 7Rk Y &
7427 Desktop PC9} Meta Quest Prog ©]-&3h= A&}
20| Fofgit}.

4-20|7|Z XR C{H[O| A& 7|4 XR EHE Al U 2528 24

3 Fo27} XR Tulo] 2ol A XR 2el=E Adshd 1
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v, z 3| F] wFo] =20 x|} 3|HS FHsmE AR
tlrlo] s AFEAE-& )3 F7le] £A3 x| Ho|| vjx|E =

pud

o N

Drone Ex p'nrer

(b) ZEERE 0| BT HEEE

(b) Interaction using controller

(c) 23BIERX E 0|8t MG EE
(c) Interaction using screentouch
33 13. 43 XRC|Hlo|AS| ALSA}L el AX|E 0|88 Tt Zix|ete] MASAkR
Fia. 13. User interaction with virtual obiects usina 4 tvpes of XR devices

0.

(d) ofRALt 7|HEE 0| 88 MSEHE
(d) Interaction using mouse and keyboard
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I8 15. 01715 ClBjolA 7|t CHE AFBR} Aled
Fig. 15. Multi-user demonstration with heterogeneous
devices

a9 15 ¥¢ %{PAoﬂ
A YA 479 3
7} - dE2 2850
HoloLens 2 AF&A=

= Egﬁ /\LEHX-IO H ‘]

Android Tablet AH&-2}]
ulEhe o 4o 91|
A F7hol %ilf& + e
A7 AR}
M 9 159014

L
L

m[o %,

1__

L

L

AR HHhol s AHgAE 7 PES <
B0 Sl sle), Lol sl vls) o) 4 el

7} 7V AA 9] A5 A28
Aol $1A7F QRAEE 7)Eow AFE, 7 AHeA @ 7
g AAle] FRHQ 957} AAgkoR FrgE . /)wy
QA A A oR ST 5 AT AN A
gEAgol B 3ol Bk A9 Wl Qo) olelg
st Algidbe] VR tlulo] 2 ARExjo] ALt 914 A}
A A9, A ZelxE tutol s xRk EASL &= 9
L= Fglomg AA HE O]Eo] AR

el AAE o 3
UIEH] efeif 23

Lo

°]

i

E

0]

o

(

A

l
£oglo 2 #%
_{

o g ast
ol
-
A}

yo my 2
ol 32 Mo
m R rlr
> ro
jocs

e r\r

offt Bl

AR tjupo] 2 AREAL 3F S AR
A& Jouz Hrp gt

alaxy Tab AFgA}e} A5 2k-8
3= Aol s 2hg gl eo
'l("rt'e‘*?fL A7} Tab AH&-#F
= ]'7 | 0134-# 857}

iia

oy
%
o
o2
do

2

N
N
olr
o
2
Au)

M
v2)

SEEEREE u-°4 A e »}%}uq A9 o
£ AL8A%} A8 sl o2l gol gtk

AS Fol T XR thilelsE o] 8 4 AR 2

B} ARgARote] A ARE-S AFTho#M FR s TUE A
o] f-8243 ©]7]F XR tjHte] o] &g 7l~ 35 Ysskd
o v 49 A 2 XR tabo] o] Sl wht Y
= % &8 7 A7t deS & 9‘913}.




t} & Al A= OpenXRE
£3] tulo| 2o Yo :rL

[e]
ﬂi"ﬁ 0]7]% XR tjufo] 29} thofsh A-8-2} 1= Z}X]
#Zdl>=7} Android,

Adaigink. A¥S S8 7" XR
Windows, UWP 3%9] Z3F o2 745 4F2] XR tn}o]
2ol AH 0% FEH L, AH§ATE 0]7]% Tlutel o] o)
Fgste] 73 B L vk ALgAske] 4
AT 4 oled AFIS, olelw
- o] uk B3O e
g3to] XR Zel2s zﬂw F9le

slow X g
2}-go] AFRA}

afarzt gk

=

=
=
ol m

AMo 2

Booj= 9029 % JJrﬂﬂﬁE—XéE A ] Al o

= 7}3}8} 7|4 A -3 OiXR (OXR) §3AT7AY (No. CRC
210119 X 4& wo} % AF2A], FAFA | TA=
Elsi=8

ko

[1] M. Speicher, B. D. Hall, and M. Nebeling, “What Is Mixed
Reality?” in Proceedings of the 2019 CHI Conference on
Human Factors in Computing Systems, Glasgow, Scotland,
Uk, Paper No. 537, pp. 1-15, May 2019. https://doi.org/10.1
145/3290605.3300767

O.-Y. Kwon and J.-M. Yu, “Development of a Mixed
Reality Systems

2]
for Damaged Artifacts via Tactile
Interaction,” Journal of Digital Contents Society, Vol. 22,
No. 1, pp. 1-12, January 2021 (In Korean). https://doi.org/10
.9728/Dcs.2021.22.1.1

M. Nebeling and K. Madier, “360Proto: Making Interactive
Virtual Reality & Augmented Reality Prototypes from
” in Proceedings of the 2019 CHI Conference on
Human Factors in Computing Systems, Glasgow, Scotland,

Paper,

2543

I

0|7|& ClHo| A X Y-S E =

flet A=A ZHE J|HEXR

UK, Paper No. 596, pp. 1-13, May 2019. https://doi.org/10.1
145/3290605.3300826

M. Nebeling, K. Lewis, Y.-C. Chang, L. Zhu, M. Chung, P
Wang, and J. Nebeling, “XRdirector: A Role-Based
Collaborative Authoring  System,”  in
Proceedings of the 2020 CHI Conference on Human
Factors in Computing Systems, Honolulu, HI, USA, Article
No. 508, pp. 1-12, April 2020. https://doi.org/10.1145/3313

831.3376637

N. Ashtari, A. Bunt, J. Mcgrenere, M. Nebeling, and P.K.
Chilana,
Applications: Challenges, and
Opportunities,” in Proceedings of the 2020 CHI Conference
on Human Factors in Computing Systems, Honolulu, HI,
USA, Article No. 593, pp. 1-13, April 2020.
https://doi.org/10.1145/3313831.3376722

W. Bi, Y. Ma, D. Tian, Q. Yang, M. Zhang, and X. Jing,
“Demystifying Mobile Extended Reality in Web Browsers:
How Far Can We Go?,” in Proceedings of the ACM Web
Conference, Austin, TX, Usa, pp. 2060-2069, April 2023.
https://doi.org/10.1145/3543507.3583329

J. Choi, S. Jeong, and J. Ko, “Emulating Your Extended
for XR App
of 2022 IEEE 19th
International Conference on Mobile Ad Hoc and Smart
Systems, Denver, CO, USA, pp. 131-139, October 2022.
https://doi.org/10.1109/Mass56207.2022.00025

J. Levy and D. Liu, “Extended Reality (XR) Environments
for Flood Risk Management with 3D GIS and Open Source
3D Graphics Cross-Platform Game Engines: Advances in

(4

—_

Immersive

—_

“Creating Augmented and Virtual Reality

Current  Practices,

World: An Emulation Environment

Development,” in Proceedings

Immersive Sea Level Rise Planning Technologies for

Student Learning and Community Engagement,” in
Proceedings of 7th Asres International Conference on
Intelligent Technologies, Jakarta, Indonesia, pp. 271-285,
December 2022. https://doi.org/10.1007/978-981-99-1912-3
25

V. KrauB, F. Jasche, S.M. Saimannshausen, T. Ludwig, and
A. Boden,

Mixed Reality Design Different Perspectives from the

“Research and Practice Recommendations for

Community,” in Proceedings of the 27th ACM Symposium
on Virtual Reality Software and Technology, Osaka, Japan,
Article No. 24, pp. 1-13, December 2021. https://doi.org/10.
1145/3489849.3489876
[10] D. B. Rawat and H. El Alami, “Metaverse: Requirements,
Architecture,  Standards, Status, Challenges,
Perspectives,” IEEE Internet of Things Magazine, Vol. 6,
No. 1, pp. 14-18, March 2023. https://doi.org/10.1109/Iotm
.001.2200258

and

http://www.dcs.or.kr



CIX |2 28 = 5t5|=&X|(J. DCS) Vol. 24, No. 10, pp. 2533-2545, Oct. 2023

[11] M. Nebeling and M. Speicher, “The Trouble with
Augmented Reality/Virtual Reality Authoring Tools,” in
Proceedings of 2018 IEEE International Symposium on
Mixed and Augmented Reality, Washington, DC, USA, pp.
333-337, October 2018. https://doi.org/10.1109/Ismar-Adj
unct.2018.00098

[12] V. KrauB, A. Boden, L. Oppermann, and R. Reiners,
“Current Practices, Challenges, and Design Implications
for Collaborative AR/VR Application Development,” in
Proceedings of the 2021 CHI Conference on Human
Factors in Computing Systems, Yokohama, Japan, Article
No. 454, pp. 1-15, May 2021. https://doi.org/10.1145/3411
764.3445335

[13] Microsoft. Mixed Reality Toolkit 2 [Internet]. Available:
https://learn.microsoft.com/en-us/windows/mixed-reality/
mrtk-unity/mrtk2/.

[14] Unity. AR Foundation [Internet]. Available: https://unity.c
om/unity/features/arfoundation.

[15] Khronos Group. OpenXR overview [Internet]. Available:
https://www.khronos.org/api/index 2017/openxtr.

[16] Google. AR Core [Internet]. Available: https://developers.
google.com/ar.

[17] Monado. OpenXR Runtime
https://monado.dev/.

[18] Apple. ARKit [Internet]. Available: https://developer.apple
.com/kr/augmented-reality/arkit/.

[19] Meta. Oculus Integration SDK [Internet]. Available:
https://developer.oculus.com/downloads/package/unity-int

[Internet].  Available:

egration/.

[20] Unity. Oculus XR Plugin [Internet]. Available: https://docs
.unity3d.com/kr/2023.2/Manual/com.unity.xr.oculus.html.

[21] Unity. OpenXR Plugin [Internet]. Available: https://docs.u
nity3d.com/kr/2023.2/Manual/com.unity.xr.openxr.html.

[22] Unity. XR Plugin Architecture [Internet]. Available:
https://docs.unity3d.com/Manual/XRPluginArchitecture.ht
ml.

[23] Photon Engine [Internet]. Available: https://www.photonen
gine.com/.

http://dx.doi.org/10.9728/dcs.2023.24.10.2533 2544

&3]l (Heejin Jang)

2001 : POSTECH 7 3] & 8tv}
(F33tAh)

20034 : POSTECH 7 7€) 2387}
(FEA1AD)

2003 ~2009: A4 E 87

l&d AdA+d
2010 ~2011: =7FROH ) EA T4 A
20129 ~& A B8] AR AFAEKISTD Add+d

@A H ok 1 Augmented Reality, Mixed Reality, Human
Interaction, Object Detection

0|d38] (Sunghee Lee)

19951 @ A heta d4kshat

(o] 3FstA})
L@ e) 49 DelF MBA

(73 g3 Ah

2006

20159 ~&d A xR A

2 AKISTI) Al 79
HPA R A0 AFE | 4E

8 (HCD), UI/UX

*-ﬂ

D KAIST 7118313} (Z33
D KAIST 71418313} (Zg44

d D KAIST 71 A 33554129
S (Fepubak-A g e

20159 ~& A Sk} l*ﬂi@% (KISTD #dA+4
Jole] 2 Q1A T 79 A&

@
ra

21 (Seungmin Lee)

2003 : POSTECH #3FE &g
)

2006%d : POSTECH #3FE] &g
(814

006 ~F A B AR 7Y A AT
o : BFANXR), ARETZ ABeold, Fepe=
S

=

o



0|7|= ClHjo|A X|2US 2

2010k (Min Ah Kim)

19984 1 Fakesba ARt (o] shabap)
19984 1 Fakeota AR Aot (o] 3h4AD)

1998'd ~20001: LGH RE A

2000 ~2003d: (F)2 & =

20049 ~2005: TR 2P

2005 ~& A =7 E AR ATAEKISTD AYA7<
A EoE: XR 9 FAF

=S8 (Dukyun Nam)

1999 : POSTECH 7 %€ ¥t} (88t}
L T 2001 : KAIST it (38244}

I‘\ /| 20061 : KAIST th&hel (F&Fuhab-aba] 2= al)

20161 ~ 20184 e EARATY 4o ARESWATA A%

20183 ~2021'3: National Center for Supercomputing Applications, Visiting Scholar
2004d ~2022\d: A EARATY AdATd

20223~ A AEdsta ITHE HAFE e zase

# ¥ A F-oF : High Performance Computing, Distributed System, Software Optimization

2545

stazA

A

http://www.dcs.or.kr



	이기종 디바이스 지원을 위한 크로스 플랫폼 기반 XR 콘텐츠 개발
	요약
	Abstract
	Ⅰ. 서론
	Ⅱ. 관련 연구
	Ⅲ. 크로스 플랫폼 지원 XR 콘텐츠 개발
	Ⅳ. 크로스 플랫폼 XR 콘텐츠 실증
	Ⅴ. 결론
	참고문헌


