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V¥R NA @A fARE AE8E AlEsts 7HMEAA (Virtual Reality)
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MR Zleo] HHos W Pe B e HEH A (Metaverse)
2= 8ol Neal Stephenson®] 8t A4 "Snow Crash” (Stephenson,
1992)l4 Fef=gler ol= &84 AlAl 925 H 7MF AAE |
Bhdict,. =49] onlE 7H ‘meta’?t AA, +FE °JW|StE universe’ o] %
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A, AR, 23 dute= ZWA 28 3 WHE Uth(Sweeney, 2019)
ole} welste], =UY ZR=9} WEtH L FH=E AFSty §85h= A+
=°] A, AHHJIHES} Z2 Fob= 28 At 7IWAE, AHAE =9t
Sh= AAA BHAA HEtH A F2E A|gtslal glow st HHA ZrE
S 1#stE A4 (Duan et al, 202DY A5 g s} 7Fojzt Aol
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WIMP(Window, Icon, Menu, Pointer) 02 X L= Qe H o] AofA

U ALA Q4L FNOR SHe post-WIMP SlE|so] 27t HAE T gk
(van Dam, 1997). 7V3@4, 3384 5 443 714 288 293 714
AN gAY BYS Rl TR BEL Apaoln AUHOR E
A% 4+ At AFER, A, & o 5 AAE JF BEAHREAT,
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© 84% e BEWsAY Qe dE, BY = FARH ZRstE Tt
% ottEl = ool EE §-85F71% ftth(Pelechano et al., 2008). ol2fgt

ik ARG opHtEhY ool Ess TS oA ARGRReEe] AT A
1 FeAg2 Algcte] AlAE dHH oA e "SR jitt
AP 7HIEA NN ALY 2= Eole 848 BA
AE A& HIg- 7]HE ofHtERe} 73*5‘1] 54 7|4F oftetE 3-&ote W
Aottt WA mA FHHE ARRRP Hle Z]RF opulErel Rt AFE|
(FSM, Finite—State Machine) 7]‘* NPCE EUZ Az &
Ll e BUTE WZRAsd. 598 AUeRN AeR
PC, HH}d, VR= uio] NPCe} vl 7|5F ofrjere} Ao AF-8-61H A
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3 FHAAXR, eXtended Reality)o]l oigh d-Egt opyzy, AAw}
ddo] A, AR, 235 wEsk 7P AAl 7+ FAE AASHE 7
= Z8oto] HgHAE EI 38 At MAET JIoH(Cho et al,
anHoz JMFAHd] AeAgste
AF7E AP ok ol EX QU= HEERE AREote] Bi-doA] 2kt
g S et al, 2022), AH8AF9] o]

&o] TP 2N § APAocr AT A8 4 A=
= she Mz A2 &8 7lee AYstalPe et al, 2022), AT} & &

Adste] 4o 280 agidyt 2o HodS Blustal #A% A

71 AAH Mutasim et al.,, 2021), (Wagner et al., 202D)]. 1 gJo%
N7toz2 558 EA5H= AirRes ufAIS Addozn 2Hel Autele
= 754 @9l(Tatzgern et al., 2022)5t= 59 F7F AH|E At
8357, H-HFE AEHo]ABCI, Brain—Computer Interface)S AR5}

of 7ME Aol A tigt ARgARS] A7 HAsti RYste WHE F
off 4T AgolA = EAFE FHAZIE HHE AjbsAUYe &
Long, 2022) AHgAHe] F g AW|AR FXE Fof BEs] fgt |
Hde AMstE W (Kang et al, 2020)% AQFEQdct, #ub opzt Az
Z7Z}(visuo—haptic) lE]m|o] A~
(Yun et al.,, 2020) A7 Z‘ﬂﬁ/ﬂ% 7]‘%‘}9—?-_ ok 7MY 7—|_ﬂ—‘== o8 =
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BY 7M2HE(CVE, Collaborative Virtual Environments)o] tigt A=



VR % ARY} &2 7|&& Zoote] 29499 7HES 5ot 9% AT
E Z9AZH(Chalil Madathil & Greenstein, 2017). o]ggt AFE2S 53
A A2 O opFefiz]al Qloh PCeF Hupd 717], AR ARgARet

&
22 HEUYE AR VR HMDE 285 293 ARgAret avpzos 4
o2gshr] AT o7 7] WSl AIFE AT (Gugenheimer et al,,
2017), (Jansen et al., 2020) (Lee et al., 2020)]. =3+ VR ¥ AR AR&2H7}
A Fdste B 7HIEES fldl =12 AR QIEHEolAE AA
k= d7E P AT (Cho et al, 2021). oA} FASHA, 5FH 7H
BolA ZAYS U or AAsh= WAolA B THIEHE Y anE
oF A dtH(Chakraborty, 2022). 93-S 55 HEYS ARt}
VR =49 AMARY] HHA &4 VR AlY QuarantivityVRE AAste] H]
i 7S BN EAR ARAE UHEe AlEchke A4k olFofRH
(Yassien et al., 2022).

PFRAOIA AFgA Zhe] AFelM XA G, etnact 2o s
B e S8l B A7k Sk AP FAL WO of
FG ALY ol Ag Hse P WAL Astel olF Bl crord E
Evb 329 AR WA BAelT 5 UEF ShALHFeld & Weyers, 2021),
slebel ol o] VR AHIAS 18 AMED dAUZE ZHAAYLE Aotst

19

om(Xu et al, 2022), A% WEANA ks MY BEE BEote] 7

% TS Qe Do) 42 A3 AT G2y WA TR
o

gk VR 3 ART’} @% & 719 dF= EActe A7t 9
et al., 2023).

T3 IS Folsls Al g
ofyzl Mgt Wil 7 XS] deAtg
BollA HHE offtel = ofo]AELY] AAAR] 54U A2 Ag2 ABAst

sty LdueElES AlstA U (Narang et al., 2018), VRIF A 744 9]
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FstAU(Metha et al., 2020), AH-& &2HZ} SFo AlA HAERZ
A WA ALEE g8ste] B 91X 349 A4S =ol7] AT
(Chatzitofis et al., 2022)5°] XY= At T+ a3t MA O H4s
HA 1F5de] A HolHE du W i dFEE AFEHJATNI et
al., 2021). 1831 o]H§ BA A E &-8oto] 7 woA =
gslole] HESIIA}; k= 5(Zhang et al, 2022)9] §802% Ho
Folz1 1 Qleh. o=, A7t BA A A9l 7[YEE 283 A
BLAE ofyHlold A AR et AFE AREAF AN E O AAE Al
tar, A AHEEeRe] AeAgs AALHA Adste RS

Ao, oA, dHla, 2022). ERE, AR ARE A9 ofjyH|
O = HE AR ZAIeE FARRE AHEE AAME HASHe] ARES
71eS Ajtst7| = ShATt(ElA, o2, Aok, HRlA],
ATl older B AAE &-8oto] AR 9= #=°17] fIvt
ol 7|5 ofEterE §-85tal, BEXor TH) oflEe] FAE S5t &

o]y 7AstA 283t
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2.3 olulere} ofoldE

MR, SAAe TR 2949 7HEEAA A &4
7] §1F A== 7MY oftet B o] Ee] et dA-Eo] A

o 7PF@ANA 7Y 91ZF (Virtual Human, VH)ol o3t A2 @4 A

?l = 7H A7} ot AFE darEEe] s As

o] AHEE oo|HEES EHFSI7|E tch(Pitten et al., 2010). o3t M4

MEE QA 7MY BAE slFe 8424 AHA

= EolAYU TMIRA AN At st

HHE Aol Aot olsfele s kS Frt olz|gh oplEtE Foll AR

AoflA Hep &2 =29d=S AFst] Ash o8 34 23004 w2 F

o offyuoldo]l Bagtz|el HHH AF7F o]FoHH(Yun et al, 2023).
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I. =AY 7MEd= At B4 A o8&

4 A8 WA A1 4 ale WY SRS o . o
oA A mRxE FHsH ES

o7} ok, mlel Aeldl WV A et BESHE optert 4T 48T
% oleh. ole] wet thewt e BALIAL AL

3.1.1 4

of
o
:\é
rka

S PC ¥ mutY 77|19 e HEYY ZUET e FA
AXE 2 ( Oculus Quest 2) HMDZE AFgst= 299 AF&AE0] 9HA 2o
o] =

& 5 e FEE AU o7]of o] = BA HAHE ARG iS¢

7§t oputetE FAsH] 98l 167He] OptiTrack Prime 17W  Zjd|2ket
Motive ﬁ:&E%ﬂ‘ﬂ(Natura Point, 2023)2 FA4H ARUQE &8st [1
g 112 f4E 3D xS 4 == ARESh= Aljteh= el

=

[e)
o 22 aostel, PC ¥ BAtY 71712 JNIOR Stk HBYY B 0B
i AAE 29 22 VR BYP A8 BT 4 Uk SIAE

oA AAS AL 7MY ohilete] 8 WHE HolETh Bl B A
94 9 AARle] dubdel pAS [E 1)9] eht gt



) Studio & System

= actorbased virtual avatar
= studio composition:

116 OptiTrack Prime 17W cameras & Projector motion information

) Integrated Development Environment

= Unity 3D engine
= multi-users+virtual avatar

= control player & interaction process

=l F B R R R E RSN E B R RN R
CHCR

_) Software

= motive software
= pperatevirtual avatar from captured

Gimport plug-in packages

Y Cross—platform Users

= pnon-immersive users: PC & Mobile
= immersive users: VR
= asymmetricvirtual environment

-
..,_d;
7

(2" 1] Atste T A &4 +=

Development Kit

Tool

Unity 3D engine (ver. 2021.3.7f1)

Network Photon Unity Networking (PUN) package
Virutal Avatar
Software Motive software
System 16 OptiTrack Prime 17 W cameras & projector
Users
Device Device Intel Core i7-11800H, 16GB of
PC ¥ RAM, and a Geforce RTX 3050 GPU
Input Keyboard and mouse
Device Samsung Galaxy S8
Mobile Screen touch and GUI (virtual joystick,
Input
button, etc.)
) Oculus Quest 2 HMD and touch
Device
VR controller
Input Controller key button and thumbstick

[# 1] & MY 230 Al2d 244

_9_




54
4 PlayStation} %*% oheet %‘Dﬂi%oﬂ A 4711 = Z% ’%“éf’é # NEF
¥t giok 2 Jet
sto] fYE 3D AL o —‘%%ﬂ%oﬂ A4z =99 %EJZ Ao s =
T8 &gtk

Aot AE #7482 PC

]

1

2 metel A28 sNes o HBYE A
87449 VR HMDE AHgst 299 Ag4E 450l gk o] F2 o]
A AFd AAR 2z BRE Sl Wy M 49 XAVE(Cho

et al., 2023)° 7|retal vk, XAVEE et AFgAr FolE arefsto] ]

94 7P BFL TES, LAY FA 8T AP oS O S§ T
228 95 A8A 54 B4 2L BAE 9EH 4T 48L 9 95T
25 Aogth APste ABRL Mo of APHE PC, it o
VR AH§AE Fofot 249 M BR0lH A 2T
WA, BE EAE ASAL U AHoR TAHG ok fUF
3D A9 Fhiet @ Eefole] 44 2 9 FHAIY 2 @IE SMoR
JHE B oohes ER SE HA 2 23 9UL Fo) EAAE PEYE

il = =
0 A8 desols oMES Aojgozn SR, ololA EUY A
‘A= LE3s H2AE 29 A8 HEEHE $51 VR HMDE AR5}
FAqth 2FHA T AZEHo](Oculus Integration Software, Facebook
Technologies, 2021)+= FUYE] 3D <A FA 7]7], Aoy @ ot
o Ate AU P AR AFEL oBeA B ALEolE f
g 3D K AN g0 Ft= dAlskem VR ARARY] FE2 w7
2] A Al-got= 715 (OVRCameraRig, OVRPlayerController ¥ OVRInput
)= &8ote] TAEUTGIE 2 (b)]. Afoll= EHF H H52E AJolg

_10_



sisty] 98] 7 BABES QB 1SS A0 BAE W2 AGsH
FAsHL ol (19 219] 950 Aol YIrk PCE WPIE A olo]
sulolzntz AEsty npe AT Fa) AWS Ak merde] A9 by
MES Fo gdoln M HES FEb oz LT Sdshd sHe
ZofolEst Ao AFS SFolt) uxutoR VRE AEZHe] g
g2 &l 23w HEZEH AAH 7I€ Sl FA=Zsty HMDE 2#-go}
of IHE Belk Aoz AW 2
T Event SYSEeM uy
iﬁeylﬂa‘ﬂ]
oucn e
-{Gustom Input
Components
7 Transform——==e=g
Colliden -
- Rigidbody : -
2 - cmesuLNATACIET CONtrONlET o “Reyboard
- mouse
I ' Functions ™
I sy - ¥ I hEFlEi{&%ﬁﬂECTBSSES
BasiciPlatform: PG, Mobile it Moblle User: Seeetelr
W FVID & Gomtrailer
-
= Oculus VR ——
Bnmngﬂﬁegts i _
: {
VR input Module . . .
Prefabs | “”""m”.ﬂ%i?.ﬂ’n;u!w
- CameraRig |
e
\ e i
- Hand U E E]l?r‘ifttrgﬂhﬂgtnusack

sImport Oulus Intedrationtor. VA Tempiate)

(7% 2] §Ue 3D 7ol B T4 8
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&M
I &/ Motive software
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3.1.4 AAZF AEZY

167119 A A itz e WA E w52 2A JHE= Motive &
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4 seeEo] 1 3D WA Foleols ot NGOz A9
t}. OptiTrack Prime 17W ZiH|2tE AFgste] A A 4d &4 5
StA7] wWiZell, Motive £2ZEfJo}E Fdff 2= HolHE FYE 3D 4
Moz AEsWSlUA 2714 2B Z2awg AgeA uslt o

NPCo] && L5t omteteAl  OptiTrackolA  AlFste  7%e
(OptitrackSkeletonAnimator, OptitrackStreamingClient)-& HIFE
(Component) = &Fetey. [1¥ 4]= o] & HoErh T2 o
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Real-time streaming

)0 0000 O @

“OptiTrack Unity 3D plugin
T I I I I Tm T TMMTM T T T Y YT Y
BN

(29 4] Motive A2ZEo] 9 SUE 3D <lzle] AAZE AEZY
IZAA

2 A7olA Agkshe wl$ Z]u obulel NPCe} 714
9 R4 98 et 2

lﬂ‘ﬁé AFg2Ee} VR 78 Eolg AL&xrt A %+

1__E

_,_,
_|.4
é
o
oz
fot
2
ofo
ol
=4

rlo
ri
e
[
il
>
2,
_?L
4%
)

_15_



9010 A, Teln o A ohikel NPCS] W %a& 43
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Destination position

: Gates
Pass = —  Randomly place
= . gatekeepers
(NPC or virtualfavatar)
Starting position
Participate cross=platformiusers
[PC, mobile;and VR

Virtual Avatar
(0rNPC)

VR User

L
1

MobiletUser
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NPCE= Fo|ZRJE Bo M AREA] YAE A|ASHAL 7]E]

=

ol H¢ &
22 we} exelr)
dre]lE 1] NPC il 9] 3h5 e 42
procedure A 2JH go]EE 7]dt NPC 35 ufel
L plle— Ho|ZIE 917 i vjd
2. p[l& &l AHE HEE o]F
3. d,— °l'F A A=
4. d,— 54 A A
5. d)— AL NPC Atele] 7z
6. if d < d,, then
7. if !p[].contain(p,) then
8. 1 — @2 fJo]ZRIE Q¥ A
9. plilet pli+1] Afolell p, & AY
10. olF Hx 7t
11.  end if
12. else
13.  if p[].contain(p,) then
14, oA p, & AA
15. end if
16. end if

17. if dY<d, then
18. NPC ¥4 &% 43
19. end if

end procedure
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AZgt ZelzolH AFge] AUHAQl Y 55 HolTh ALgAY} Zelx

o
W PC, WHtel, VRO A 7H 2B 5 shiE Aeste] A

th 293 £ pEe Fiuste] 2K sdetd 18] gRA. T
LS J) obutetel NPCTF RarglE BAZ2 @@t of wgelA A
871

Assign Randomly
"' il (NPCorvirtual avatar)

attack the user

" Select Start pass

. ; | * | Encounter Encounter | P2S
Start Platform Mobile ‘ Content Q ‘ 1 End
]

t Gatekeeper Q " 2nd Gatekeeper|

/

cktheuser

Starting Point ———————————— Repeat 10times

33 49 2 24

3.3.1 Aded +

o,

2 Aol Atste &% N 22 Intel Core i7-11800H, 16GB
RAM, 1831 Geforce RTX 3050 GPU ApFe] PColA 3= Qict. TG
16tHe] OptiTrack Prime 17W ZHH[2tE ARgSto] @4 899 2= 344
sh=d) ARgsHAn A4 Bl¢E 7.8m x 7.8mo| Fito|A FAE 45}
T OHEYY 2 2YF ARSAE HebsHA gAY A S 4 e 15m
1.5mo] F7rel|A Zel=o] Frofsigitt. 7MY &7 9 Z
Unity 2021.3.7f1 (64-bit)2 7|§to=2 ¢t QFHA F

H}el, VR AHSAPY AZE 299 ZAEE A@sks 2L Helzo,



[evhoam + Mouse- -

87 A A

AFolde A HAHE AHgste] AAte s ARGARe} AJoz8ste

e As Aom whebA AAIRE ARgS SRt 2EEY A
FAoltt, [ 2]e ZH2 AARE 2EY 45& HoETh A
s =48 PCE Intel Core i7-9700K, 32GB RAM, 12|11 Geforce
RTX 2080 GPUZ FA=|gict. v 715t outet = NPC7l 444¥ PCE
Zldrez 1ol 109744 A&5A 8 =27ty 22 f9] FPSE 54
Stk ol Ao H&EAE 21 1032 7Hdste] S4H Zolrh o714 ARg:
A7t @ B Agols vl 719k ofuter T NPCRbo] A2H 712 AHe]
o 54 23 dlg 76 opHtERE AR wjeh NPCE AMED o] FPSO
Zpol7k oF 10~15FPS =0l 22 Zolg =gt olzH & AFolA A
etshe ¢ 7|9k ofutetE Hgsloi EU| Ml ol ARgAE
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shelstirt.
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Frame Per Seconds (EPS)
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S 7]t ofilelel NPCE 8% 4 99tk 53] NPCO| % e 2
oA NPCTF A9l TS Hjsoz 47 Suete 242 udd,
A oA ARe gl EART BAY AYES BAGL A7E 10
N e}

wol AY Fot HolASo] sHd ofutetel

sto] @Age] ZfolE WEod Zojeke Zoln AR ML 5 Aold] %
o7} EABHA e Ao At AL 1089 AW F A WA,
S WA, R AP Sud § SAe AR wEslA wetark. of

A4= AT TEE HES Sl el (Witmer et al., 2005)9]
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Presence Questionnaire®] YH-E AF85FTE Presence Questionnaires @4
ZRealism), Y& 7FsAd(Possibility to Act), AEHo]A EA(Quality of

Interface), ZAF 7FHsAd(Possibility to Examine) % As ZA 7t

(Self-Evaluation of Performance)eh= B4 7HA] 4] Q¢ 7|Hto= S+
19719 d72 Foll A ZEH e Frlste= d AREH o] ATs

Presence Questionnaire®] B4 Q91 F AREZLO] &=
o ]?l— (—')J.
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= A
(ANOVA, Analysis of Variance)& 435 23t BE ZHEA §HE 315
oF PARC] Fefet Aot WEEIY. ol=24 AT THES Aoz H
7F Folshs 7MY 2ol UREAQl NPCHU Aoa-gof ot ddgdofA

g Aol FAE 2 AFHU

o8 55

B EEEA) 1 5 10

PC Our 5.460 (0.813) | 5.619 (1.145) | 5.524 (1.197)
NPC 3.619 (0.777) | 2.762 (1.170) | 2.524 (1.197)

Mobile Our 5.095 (0.913) | 5.556 (1.277) | 5.698 (1.442)
NPC 3.032 (0.563) | 2.571 (0.893) | 2.238 (0.921)

VR Our 6.222 (0.462) | 6.048 (1.015) | 6.016 (0.733)
NPC 3.794 (1.459) | 3.016 (1.423) | 2.810 (1.357)

#38 H] 1 (Pairwise Comparison) (Our vs NPC)
F(1,16) = 21.452, | F(1,16) = 24.365, | F(1,16) = 25.120,

HAH 00 p < 0.001* p < 0.001* p < 0.001*
247 (Mo) F(1,16) = 29.597, | F(1,16) = 29.337, | F(1,16) = 32.724,
e p < 0.0001% p < 0.0001* p < 0.0001*
AAZHVR) F(1,16) = 20.154, | F(1,16) = 24.076, | F(1,16) = 34.580,
CE p < 0.001* p < 0.001* p < 0.0001*

[ 3] 24 BA Fu)E AT ALste B Au ofuleret NPCTre)
@47 vz 24 A

o

o

o A
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w2 35

1 5 10
PC Our NPC Our NPC Our NPC
. 2.667 1.944 2.889 1.667 3.611 1.833
e (0.577) | (0.896) | (0.614) | (1.080) | (0.485) | (1.106)
7Y ap AHAte 2.889 1.944 2.944 1.556 3.167 1.278
29 (0.936) | (0.896) | (0.984) | (1.117) | (0.816) | (1.108)
Hop] 2.167 1.056 2.389 1.000 2.556 0.833
- (0.782) | (0.896) | (0.994) | (0.850) | (1.066) | (1.000)
S 0.778 0.444 0.833 0.167 1.111 0.333
e (0.853) | (0.550) | (0.745) |(0.333) | (0.994) | (0.408)
[ 2.500 1.056 2.778 0.722 2.722 0.667
(2.047) | (1.005) | (2.406) | (0.839) | (1.998) |(0.972)
s g 0.500 1.944 0.444 1.944 0.222 2.389
(0.722) | (1.890) | (0.631) | (2.073) | (0.981) | (2.307)
2 A 3.056 1.889 3.278 1.556 3.167 1.444
(2.413) | (1.785) | (2.568) | (1.735) | (2.273) | (1.466)

H] 1 (Pairwise Comparison) (Our vs NPC, number of cycles: 5)

F(1,16) = 7.744, p < 0.05*

i)

o
ox
lo

F(1,16) = 6.963, p < 0.05*

F(1,16) = 9.025, p < 0.05*

F(1,16) = 5.333, p < 0.05*

F(1,16) = 14.077, p < 0.005*

F(1,16) = 13.018, p < 0.005*

ol || H PN M| i |12 o
oot P o2t |40 z0, N |offh | il
N

Y

of|of
o] o0l

F(1,16) = 13.978, p < 0.005*

P

e
!
I
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w2 35

1 5 10
Mobile Our NPC Our NPC Our NPC
. 3.111 2.000 3.111 1.833 3.389 1.667
e 0.737) |(0.972) | (0.567) | (1.000) | (0.906) | (0.913)
FaSaS NPAONTS 3.000 1.667 3.167 1.222 3.333 1.167
29 (0.667) | (0.972) |(0.913) | (0.749) | (0.745) | (0.850)
Hop] 2.167 0.889 2.222 0.889 2.389 0.611
- (0.972) | (0.994) |(0.786) | (0.774) | (0.994) | (0.737)
I 0.944 0.278 1.000 0.222 1.000 0.167

e (1.091) | (0.248) | (1.027) |(0.342) | (1.000) | (0.333)

2.556 1.222 2.444 0.889 2.556 0.611
(1.988) | (1.417) | (1.700) | (1.100) | (1.856) | (0.953)

0.389 2.111 0.556 2.2718 0.500 2.389
(0.720) | (2.138) | (1.054) | (2.311) | (0.957) | (2.502)

e
o2
)
of
]

3.111 1.778 3.111 1.722 3.444 1.444
(2.337) | (1.820) | (2.198) | (1.865) | (2.517) | (1.578)

o[l
o
i)
of,
]

H] 1 (Pairwise Comparison) (Our vs NPC, number of cycles: 5)

F(1,16) = 9.888, p < 0.01*

=
o
ox
lo

F(1,16) = 21.681, p < 0.001*

F(1,16) = 11.695, p < 0.005*

F(1,16) = 4.126, p = 0.0591

F(1,16) = 12.346, p < 0.005*

F(1,16) = 11.683, p < 0.005*

ol || H PN M| i |12 o
oot P o2t |40 z0, N |offh | il
N

)
of|of
ol o2k

F(1,16) = 9.615, p < 0.01*
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B2 AHE AR AlStshs B¢ 71N opuberel mutd EE
718k NPC 7He] A9 Hlal 24 A

a0
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w2 35

1 5 10
VR Our NPC Our NPC Our NPC
. 3.389 2.389 3.278 1.178 3.278 2.000
e (0.614) | (0.906) | (0.749) | (0.885) | (0.749) | (0.972)
7Y ap AHAte 3.611 2.111 3.444 1.889 3.444 1.611
29 (0.458) |(0.936) | (0.497) | (0.875) | (0.598) | (0.906)
By 3.000 2.056 2.944[1.111 2.833 1.000
= (0.624) | (0.926) | (0.956) | (1.173) | (0.782) | (1.054)
S 0.889 0.389 1.111 0.444 1.222 0.611
- (0.567) | (0.393) | (0.906) | (0.546) | (0.946) | (0.698)
= 3.000 1.167 3.167 1.056 2.944 0.833
- (2.371) | (1.331) | (2.135) | (1.357) | (1.838) | (1.103)
s g 0.111 1.389 0.444 1.889 0.722 2.111
(0.805) | (1.329) | (0.927) | (1.753) | (0.961) | (1.976)
2 A 3.500 2.500 3.389 1.833 3.389 1.722
(2.715) | (2.429) | (2.382) | (1.711) | (2.313) | (1.478)

H] 1 (Pairwise Comparison) (Our vs NPC, number of cycles: 5)

F(1,16) = 13.376, p < 0.005*

k-
A=F
71—71—1}_ M—/x]-_q
%;ﬂ] °° F(1,16) = 19.122, p < 0.001*
=971 F(1,16) = 11.741, p < 0.005*
0% F(1,16) = 3.165, p = 0.094
=3 F(1,16) = 19.781, p < 0.001*
F44 9F F(1,16) = 11.912, p < 0.005*
34 IF F(1,16) = 13.0124, p < 0.005*
(3 6] B4 A HH|E ARESE Aljtsh= vil-¢- 7|8F opvteret 7HddA

e

AE

A 74 HAD

7|8k NPC 7+o] 79 vl 4 2

upRuro s, ALgA7E NPCSE #S 74 oplelt £47] q3g st &
VRS B d ALt ALS EFA ool ha Ak [E 7)) =
Aslo] glon], @A FANHl Y B, S FAAY A B, A
W A A7l J1SHT. ARz NPCe} Hlg )4t ofubet 7ho] Wt
g Aot 9lge AT & ek W AN opbehs 5T & gk BF
e 23 gom, F7] 47 FAstEetE A7l folud Folst gint.
yrgle] ol Moz PFott NPCE 53t Alzto] HE5E Bgg 1l
oh EQ A WE A AMEOR 3] ol whet gast Aol
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WS 79t ohuteto] Ae 7k A wAA o]

Gl
B L NEER)

EIES 1 5 10 A (FH )
T Our NPC Our NPC Our NPC Our NPC
PC 17.79 | 7.50 15.73 | 5.26 15.21 4.50 115.25 | 14.60
(17.79) | (7.50) | (12.66) | (5.24) | (10.62) | (4.45) | (6.01) | (3.00)
Mobile 16.26 | 7.43 16.20 | 4.57 15.71 3.77 173.05 | 11.88
(16.26) | (7.43) | (13.47) | (5.40) | (11.20) | (4.89) | (5.94) | (2.98)
VR 15.19 | 4.53 15.56 | 2.36 15.80 | 3.50 172.25 | 11.70

(15.19) | (4.53) | (11.38) | (3.46) | (9.04) | (3.50) | (5.96) | (2.92)

[ 7) Altste A A 1S I S 75 ofulere}

NPC 7+e] A1zt =7 Wlw 23}
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2 QEC| wet oo AA7 2L B A4S 4 oPEt] 6DoF (Degree
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ABSTRACT

Motion Capture—Based Virtual Avatar Applications
for Immersive Virtual Environments

Park, Myeongseok
Major in Computer Engineering
Dept. of Computer Engineering

The Graduate School

Hansung University

This study proposes the application of motion capture—based virtual
avatars as a method to enhance the immersion of virtual reality users and
provide diverse experiences in immersive virtual environments. To achieve
this, we established an integrated development environment where both
non—immersive users, such as those using PCs or mobile devices, and
immersive users using VR headsets could participate together. This
environment allows real-time interaction with motion capture—based
virtual avatars in the virtual space through streaming motion capture
data. To analyze the positive effects of the proposed actor—based motion
capture avatars on virtual reality users, interactions were conducted
sequentially with non—player character (NPC) avatars that follow

predetermined patterns in a virtual environment. Based on the results of
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user surveys conducted after these interactions, it was confirmed that the
actor—based avatars utilizing motion capture provide wusers with
unpredictable and diverse experiences, leading to high immersion and
positive experiences. While actor—based avatars offer high immersion to
users, they require the attachment of markers to actors, specific capture
locations, and capture equipment, resulting in high costs. To address this,
we additionally propose rigid—body tracking—based avatars as a method
to provide high immersion to virtual environment users while mitigating
the cost. For this purpose, we estimate the motion of virtual avatars in
real-time based on inverse kinematics using rigid—body tracking, which is
not based on tracking and recording the bodily information of actors but
is a more cost—effective solution. To experimentally and analytically apply
the proposed rigid-body tracking—based avatars to immersive virtual
environments, we created scientific educational content. We compared and
analyzed immersion and educational effects through auditory education,
whole—body tracking methods, and user surveys. As a result, it was
confirmed that the use of rigid—body tracking—based avatars can achieve
higher immersion and educational effects than traditional auditory
education, providing a positive experience without the need for extensive

work on whole—body tracking.

[Key words] Motion Capture, Virtual Avatar, Rigid-Body Tracking,
Immersive Virtual Environment, Virtual Reality

_58_



