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[Abstract]

This study proposes a novel approach to enhancing the social inclusion and participation of
individuals with developmental disabilities. Utilizing cutting-edge virtual reality (VR) technology, we
designed and developed a metaverse simulator that enables individuals with developmental disabilities to
safely and conveniently experience indoor handicapped handball sports. This simulator provides an
environment where individuals with disabilities can experience and practice handball matches. For the
modeling and animation of handball players, we employed advanced modeling and motion capture
technologies to accurately replicate the movements required in handball matches. Additionally, we ported
various training programs, including basic drills, penalty throws, and target games, onto XR (Extended
Reality) devices. Through this research, we have explored the development of immersive assistive tools
that enable individuals with developmental disabilities to more easily participate in activities that may be
challenging in real-life scenarios. This is anticipated to broaden the scope of social participation for

individuals with developmental disabilities and enhance their overall quality of life.
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I. Introduction
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II. Preliminaries

2.1 Developmental Disabilities
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Table 1.
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III. The Proposed Scheme
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3.2 Rigging of characters of Blender
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3.3 Work for Unity
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Fig. 12. Implementation of ball speed control
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IV. Conclusions

g ozt = 7idE0] a2 7171 Hsh AlHs)
+ J8Z F557] H8l Unity Al X2 HiERH A XR
7le2 Age Aot ol &ofl e 2T Y
gt 252 MY 4 Qe 32 53T UnityE o&
gAY oM+ & ©X]7], AA, Penalty Throw 52
Tee AUPCE JIY 2 s AT HEof, B
Ejojtjo] BAIES MY S E85to] o] Fojatzo] &
N 2s= 4 5 e &= Alssitt ol2fst A2
HER A AJRFS] A7t} sHA| XR 7142 S35l Thofet AR

& ARSI 7151 A3 lolck £
S5 R 7|42 BE3l0] 252

Ao
=22

713 AR o2 Fof7]e]l S @7 EQlHh o] A
A7 = a5t @42 AF83 7102 J|tjgch w3t
gtozo] A Wsfoze 71fe] opfelel AN 77)E
golsh= RHEE 715 &5k 2ol AlRtEQl of

%OH _,_% l—aﬂ okl\}ﬂﬂn} o}L,]a} }\}QXJ 1\1—27&_9_)_} x}
of A 7|3)E AlEg & U2 A= 7|HHnh

ook

Fl

S Hill:l

ACKNOWLEDGEMENT

This work was supported by the Ministry of
Education of the Republic of Korea and the
National Research Foundation of Korea
(NRF-2023S1A5A2A03089545)

REFERENCES

[1] P. Hartling, "Scalable VR application authoring," IEEE Virtual
Reality, 2003. Proceedings., Los Angeles, CA, USA, 2003, pp.
301-, DOL: 10.1109/VR.2003.1191177.

[2] Mangina; Eleni, "The IEEE Global Initiative on Ethics of Extended
Reality (XR) Report--Extended Reality (XR) Ethics in Education,"
in The IEEE Global Initiative on Ethics of Extended Reality (XR)
Report--Extended Reality (XR) Ethics in Education , vol., no.,
pp-1-27, 15 Dec. 2021.

[3] J. Kang, S. Kim and Y. Yoon, "The Strategy of Digital Twin
Convergence Service based on Metavers," 2023 IEEE/ACIS 21st
International Conference on Software Engineering Research,
Management and Applications (SERA), Orlando, FL, USA, 2023,
pp. 326-330, DOI: 10.1109/SERA57763.2023.10197772.

[4] P. Chen, B. Chen, M. Wang, S. Wang and Z. Li, "Visual Data

Standard, and

2023 IEEE International Conference on Metaverse

Compression for Metaverse: Technology,
Challenges,"
Computing, Networking and Applications (MetaCom), Kyoto,
Japan, 2023, pp. 360-364, DOIL: 10.1109/MetaCom57706.2023.00
069.

[5] M. Ariful Islam Mozumder, A. Tagne Poupi Theodore, A. Athar
and H. -C. Kim, "The metaverse applications for the finance
industry, its challenges, and an approach for the metaverse finance
industry," 2023 25th International Conference on Advanced
Communication Technology (ICACT), Pyeongchang, Korea,
Republic of, 2023, pp. 407-410, DOL: 10.23919/1CACT56868.2023.
10079695.

[6] M. Qu, Y. Sun and Y. Feng, "Digital Media and VR Art Creation

for Metaverse," 2022 2nd Asia Conference on Information



38 Journal of The Korea Society of Computer and Information

Engineering (ACIE), Haikou, China, 2022, pp. 48-51, DOL: 10.
1109/ACIE55485.2022.00018.

[7] R. Guarese, E. Pretty and F. Zambetta, "XR towards tele-guidance:
mixing realities in assistive technologies for blind and visually
impaired people," 2023 IEEE Conference on Virtual Reality and
3D User Interfaces Abstracts and Workshops (VRW), Shanghai,
China, 2023, pp. 324-329, DOI: 10.1109/VRW58643.2023.00074.

[8] G. Minopoulos and K. E. Psannis, "Opportunities and Challenges
of Tangible XR Applications for 5G Networks and Beyond," in
IEEE Consumer Electronics Magazine, vol. 12, no. 6, pp. 9-19,
1 Nov. 2023, DOI: 10.1109/MCE.2022.3156305.

[9] T. Klein, G. J. Geldetblom, L. de Witte and S. Vanstipelen,
"Evaluation of short term effects of the IROMEC robotic toy for
children with developmental disabilities," 2011 IEEE International
Conference on Rehabilitation Robotics, Zurich, Switzerland, 2011,
pp. 1-5, DOI: 10.1109/ICORR.2011.5975406.

[10] Y. Ogoshi, S. Ogoshi and A. Emoto, "Development of an
Education Support System for Children With Developmental
Disabilities : - Suggestion the special supported room using
information technology -," 2018 IEEE 10th International
Conference on Engineering Education (ICEED), Kuala Lumpur,
Malaysia, 2018, pp. 45-48, DOI: 10.1109/ICEED.2018.8626897.

[11] D. Huamanchahua et al,, "Educational Augmented Reality Serious
Games for People with Developmental Disabilities: A Brief
Review of the Research Literature," 2022 IEEE 13th Annual
Ubiquitous Computing, Electronics & Mobile Communication
Conference (UEMCON), New York, NY, NY, USA, 2022, pp.
0217-0222, DOI: 10.1109/UEMCON54665.2022.9965733.

[12] M. Gelsomini, F. Garzotto, D. Montesano and D. Occhiuto,

"Wildcard: A wearable virtual reality storytelling tool for children

with intellectual developmental disability," 2016 38th Annual

International Conference of the IEEE Engineering in Medicine

and Biology Society (EMBC), Orlando, FL, USA, 2016, pp.

5188-5191, DOI: 10.1109/EMBC.2016.7591896.

S. Angra, B. Sharma and A. Sharma, "Analysis of Virtual Reality

and Augmented Reality SDK’s and Game Engines: A

[13

—_

Comparison," 2022 International Conference on Edge Computing
and Applications (ICECAA), Tamilnadu, India, 2022, pp.
1681-1684, DOI: 10.1109/ICECAA55415.2022.9936111.

[14] J. Y. Mambu, Rismayani, J. I. Sihotang and V. P. Rantung, "VR
REAL RUN: An immersive Oculus Quest 2-Based Virtual Reality
Exergaming," 2022 4th International Conference on Cybernetics
and Intelligent System (ICORIS), Prapat, Indonesia, 2022, pp. 1-6,
DOI: 10.1109/ICORIS56080.2022.10031600.

[15] D. Cui and C. Mousas, "Estimating the Just Noticeable Difference
of Tactile Feedback in Oculus Quest 2 Controllers," 2022 IEEE
International Symposium on Mixed and Augmented Reality
(ISMAR), Singapore, Singapore, 2022, pp. 1-7, DOI: 10.1109/
ISMAR55827.2022.00013

Authors

Byong-Kwon Lee received the B.S., M.S. and
Ph.D. degrees in Computer Science and
Engineering from Hanbat, Hannam and
Chungbuk University Korea, in 2000, 2003
and 2007, respectively.

My main areas of interest are embedded systems, virtual and
augmented reality(VR.AR), and artificial intelligence(Al). The
field currently being studied is the construction of an
exhibition hall using virtual reality. It is a technology that
combines Al with cultural uniform restoration technology as

a future research field.

Sang-Hwa Lee is currently a professor in the
Department of Webtoon Contents at Seowon
University and previously served as a
professor at Chungkang College of Cultural

Industries. She received a doctorate in applied

arts from Hanyang University Graduate School My main
areas of interest are webtoon content production and VR
webtoons. The field I am currently researching is technology
to produce webtoon comics using VR webtoons and

generative Al



