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Abstract

This study produces mixed reality (MR) interactive content that mixes motion capture-based virtual avatars in real space and
interacts in real time. First, an integrated development environment is established for producing interactive content using the
OptiTrack motion capture system and Meta Quest 3 MR HMD (Head Mounted Display) in the Unity 3D engine. Then,
voice and action synchronization functions are implemented in a way that a virtual avatar expressed by full-body tracking of
an actor wearing a suit with markers attached through optical motion capture and a MR user communicates and interacts in
real time. Based on this, an interactive content about medication assistance is produced for the purpose of practical
application of an experiential environment where a virtual avatar and a MR user communicate through conversation and share
emotions and situations. Finally, the user experience of the produced content and the MR environment composed of motion
capture-based virtual avatars are analyzed through survey experiments to compare the effects on immersion and satisfaction
compared to GUI-based interactions with a fixed pattern. As a result, it was confirmed that a MR experience environment
composed of a virtual avatar that can flexibly cope with a given situation and communicate naturally through an actor can
provide an interesting experience to users and allow them to immerse themselves more in the purpose of the content and
increase overall satisfaction with the content.
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Figure 1. An actor wearing a suit with markers attached and
a skeleton is created for human motion estimation in Motive
software.

Figure 2. A skeleton in motive software synchronized with an
actor wearing a full body suit with markers attached (left), a
humanoid character model with motion capture plugin applied
in Unity 3D (right).
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Figure 3. Visualizing stored space information using Meta XR
All-in-One SDK in Unity 3D.

Figure 4. A motion capture based virtual avatar and V1rtual

information expressed on the desk's physical structure based
on stored space information: in Unity 3D (left) scene and
perspective of MR user (right).
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Figure 5. A humanoid character model for the motion capture
user with PUN(Photon Unity Networking) 2 and Photon Voice
2 plugin provided by Photon Engine applied in Unity 3D.

Figure 6. A motion capture user wearing the motion capture
suits with markers attached and wireless earphones proceeding
the content with checking MR user on screens in the Motion
Tracking Studio.

3. o Bg & el

- 130 -



H AFoE BA AX 716k 7P olbtele} £3H9 A AL Table 1. Example scenario of the produced medication
827} W Bolele AR TEE Fsto] F15} s assistance content
= X% ST e 7k, oE VWer AR Dialogue Description
A A 7L O AE 1l s Ao =lu 515 =z0] = Actor : Hi! I'm the scary Lion!
AL AAzte s 27 B AeAE s dely 2o 26 But I'm scared of taking medicine... The content proceeds
= AZ 288 EFor ¢ BEQ mL2ojgt= FAE AA Aren’t you, too? as a story that can
1 o] C o ma _ R o1 HoL =06 o1 MR user : Yes. build empathy based
Atk ol oF Bgof tist ok £2 VY, ARY & # Actor : But if it’s a magic medicine, on the MR user's
= I think I take it. inf ti

A DAY e A oJdelE oz dth A |k Tanwed Lo information
SEE F385 = 7MY ohulEre] olokr|E wlgo® oF g Actor : If you help me,

5 = = 5 k i dicine! Activate circular effect
SR TR FAAY AL AFRD AFA | U5 O Ike gt Rt | A el
AR AL =9 + 9= o] you character

on the shiny spot here?

Ho] ARRALY] AT, 7 5L vl g B HA Create a magical
719ke] 7 ohbteElE FE RdEHE Aoy 23 dF MR user : (Put the model medicine Ee%rigiﬁeo\tii?ﬁ? I object
7 TN ZHlxE 53 255 A= Ao o li)r?ttflr?)n(tmo;hfhgcégifgefffeﬁ character and another
Bgolels gHze) 24L ARdon AYse o 8 B e o e hotlc
< FEF sty gul 2 A3 Al oF B8 =% Actor : Wow! It's a magic medicine!

ZHlz2e oA FHo] ofd AP FH2E A oFs %"}thgytﬁ:: f;ﬁi)n of picking up the Activate healing effect
AHEshe Al SRRk ARl B2 AEFS AMSS, &% Zrllla:igi;: akl}:}egdiicti)ne in front of the character | around the character
So=7 YAsYEt 283, ZHxE JAYPste= Tk Ho MR user : Okay

B e AEATL At HABA ART 4 Qs | Actor : Now its your tumn.

You don’t need to be scared!
YA MR user : (Take the action of picking
up the magic medicine and taking it)
Actor : You did great!

It wasn’t scary, right?

MR user : It wasn’t scary Activate healing effect
Actor : Now, think about what you did around the MR user
with me every time you take the

medicine

We FHA 2L Selsht Aol #Y Bxols] wpRol

o HE7FE o oj®olE tide® AAl oF 589

% ARg 98 2HE 4SS AL ok wEA, Al

e ARBAel B AeA AW, BER, BHEol B3

AREAL B EFEAT BA A 5 A el dist

JJelEst AHoR e 4L taor AWsk, o

olgl BHEE aon Tz ZAd B F@A AT
Figure 7. A MR user wearing a mixed reality HMD and 715 435ttt 28l Ao tist A® A] AQloA
experiencing medication assistance content in front of a web = FF ZElz ojolE YAlo g AAHISL o}
camera, and a mixed reality user’s perspective. Ath. Table 12 NEj9} B4 A1&x} Alolo] i3t ule

3 Q% Mg ohlEtsly) oloby] 3EL T £ U=
4. 4% 8 ¥4 = gea ol

AREAE B7F AR Aldske A@SAl e vl Bt
4.1 A3 AA £ Slste] T 7 AP PAoR Uiro] AT

L AEZL Saske =4 AR 79 A ohilele) @

o B8 = ety T Zdxs 24 U4 76 7} Fojat] A5 Ages EEAL AR

o_?:, d
o
£
i)
K
o
1o
L2
>
o
oy
folr
_
oo
o
ot
A
ui)
>,
>
o
Y
=2
X

= 2. A A2 7129 GUI 4oz AHojd HE
= < Bl

e 23§ 2Hzo BAS EHAow AYHUA r=w Apdol] AolE BET At A

Aol xR ATste Ae A fAstol A%t #Ad A A Figure 8)
8 Agolth. &, o3Hd BANTE M ohlEele] EF
A A8 3 ABAEe] e AY, BE, B9 So)  HEZF SRR A8 BF, W

S, thistell 3t st
Al olop71E o]Ee] 7t U 4 e AdeE2 Fsl

-131-



A R A5l B 2Has AWsE A9 Ul W
Az} vlmstel Ag Al N L was) A%
sAolth, A% AR U2/ AT ANAd R
e 24T ERAA ARBReINY BEF 293 A
9 EHzst B4 24s o Qo] A Az 4
sAE Aol AAE BEES R4S g5 37 AE
A% Bgsel AR $A, 83 AW BAs 7]
27 147e] 4F 2gom AR GEQGame

Experience Questionnaire)[21]¢] In-game EE= 7|90 =2
57 AEE SEWETh B8 B4 A4 AW 7H ohwe
S GUL W4 2ol thek R-847 BEEE wa 245
7] $}5te] USE (Usefulness, Satisfaction, Ease of use)[22]
HEAE B USE 47H4 &% 7] Usefulnesss)
Satisfaction ¥-2o] 3L AMElFFon, 74 Az oot
wort). mpAute R, @RS B9A8t7] 18] PQ (Presence
Questionnaire)[23] AEA|E &8sttt 24709 &%, 770
o FHor FAH AEA 7Red TFHEA AFSANA
o ES #A437] $I38 Readlism 53} oJopr|E Tl A
TAE o= AAAY dES Hlwstr] 93 Sounds ¥

T E‘
o F 10709 &= st 71 HEE Sl A%

ee)

e i

AN A AR AR WE HAE 3 HMDE
Zgsta = 7R AFE PS4 AEsk o GEQ
USE, Z18]3 PQ A-EAe g¥she JFgo=z JAydch 4

A7 T A2 Abshe BA AA 719 7R3

Uz Zak2 GUI %

Ao AFHFES HWA AYshe Yoz AT A
|

=B AA A HE 48 2 A4 A4 maes)
% PEoH o4, 200 $A)ow FACn, GUI B4

oA 7Hg ALH S w35kl &4 ABsolaz &
8317 918l % Wol e Badz Sk

ol o Aok,

< pter Ba 20

Figure 8. Content screens of the GUI environment from the
perspective of a MR user wearing an HMD.
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Table 2. Comparative analysis results on the proposed motion
capture-based virtual avatar experience environment and the
existing GUI experience environment.

| owr | aqu
Mean(SD)
Competence 3.21(1.12) 2.96(0.89)
Sensory and
Imaginative yImmersion 3.29(1.01) 2.67(1.07)
Flow 3.25(0.97) 2.29(0.86)
GEQ Tension 029(1.01) | 038(0.71)
Challenge 2.21(1.10) 2.21(0.50)
Negative affect 0.54(0.86) 1.13(1.00)
Positive affect 3.17(1.21) 2.96(0.81)
USE Usefulness 6.02(1.59) 5.42(1.17)
Satisfaction 5.75(1.64) 5.24(1.48)
PQ Realism 5.74(1.41) 5.44(1.23)
Sounds 4.97(1.71) 5.36(1.19)
Pairwise Comparison (z-value, p-value)
Competence (0.61, p=0.55)
Imagi?lzltlisvzryhilrﬁarsion (147, p=0.16)
Flow (2.56, p<0.05)
GEQ Tension (:0.23, p=0.82)
Challenge (0.00, p=1.00)
Negative affect (-1.53, p=0.14)
Positive affect (0.49, p=0.63)
USE Usefulness (1.06, p=0.30)
Satisfaction (0.80, p=0.43)
PQ Realism (0.55, p=0.59)
Sounds (-0.65, p=0.52)
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4 4 Jodthe 23E HojSF+= Flow dEo|A= E3] f+ Table 3. Comparative analysis results on experience
Just 2ol B 4 Ak environments according to experience order.
thee AY Al hE AP AP Aol Hm 2 [ ow | cu
- - = = w Mean(SD Our first
AsTh B ATAE BANE T IFOE ol B D) U1 i
A A 71 7 obbber Al@EEAE T GUL WA Ald s 2.92(1.53) 3.08(0.92)
Competence
73% Z_]].Z]]. k}]_;ﬂ 3_]_6?)46 t HOL’L]..QE ,\474]—5-]_0:]];]_ Table 32 S 5 350(045) 283(093)
) N [SINe) an . . . .
AY £A mE ANE U Ao, 2L AFRAL Tmaginative 2802 2802
AW «A] Wt T 1808 o] golHE wadt 2 Immersion iggﬁ’fg iiiﬁﬁiﬁi
HE 235t Ul APE SAAe A7 =4 vE Flow 3:42(0:80) 2:25(0:82)
v e AT Atk B4 QX EE AP obtEr | g . 0.58(1.43) 0.50(0.84)
Q Tension
AAsA AL 23], GUI HAL HFsT Wt o]F 9] 7 0.00(0.00) 0.25(0.61)
. = 1.67(1.13) 2.25(0.42)
o] & = ed A RN o] = 7V} oluleER) AlE
| Tf\?ﬂ'ﬂ] ajj/]'u f— T/]’ o] 7 ohuterzt ﬂo St Challenge 2750.82) 2.17(0.61)
= AEAgo] dAF FARIL AREARY] BHA HE A Neaative aff 0.42(0.80) 0.92(0.86)
oL BUY & =S fEdin 2z 545 ddet ceative affect 0.67(0.98) 1.33(1.17)
€ o #8392S GUIE UA AR ok FHEA = Positive affect 285(1.69) 3.08(0.66)
A58 dehihe Aoz $AT S ek o 4, AY ¢ 33008 3]
Aol we BAY FAE A Asel SR Y| | Uselies 6.71(0.28) 5.50(1.23)
(Levene’s test)S 33 A3 A F4A] 74k 7}% old}e} D 5.19(2.25) 5.36(1.70)
Satisfaction
9k AFERA AHE AP} 7+2dl GEQY Sensory and 6.31(0.28) 5.12(1.37)
_ . 5.24(1.86 5.29(1.48
Imaginative Immersion} USE®] Satisfaction &5l A2t <= Realism 6.2 450 s 4; s 6051 0 4;
Aol mhg Aot FE4te]l MR A k2 AIH(p<0.05)F PQ Sound 3.72(1.29) 5.22(1.54)
"ok thuh ghe] Xpolr} =A| okw, A7kR Auke] 2} ounes 6.22(1.00) 5.50(0.84)
Ao WL 73] Student’s t-testS a3y, 1 A, Pairwise Corgparison (t-value, p-\(')alglz)e) T TRy
GUIE WA AR AHEA 259 24 A4 714 M of oy i A
vhel AN AP LAlo] W2 PQY Sounds FHE lImaginaﬁve (-1.70, p=0.12) | (0.52, p=0.61)
mmersion
- Fale] 9 5 xfol= Flolat 2 9] o)
(&=-3.75, p<0.05)°l] Fz}to] o] u]gh X_}Ol S AT £ A - Flow (058, p=057) | (0.16, p—0.88)
o ol= AefE diAE 7o R JYHY elopr] F2F Tension (1.00, p=0.34) | (0.59, p=0.57)
WAl APt F o]l HAE|e} AAXHA tisE o]oi7}t Challenge (-1.90, p=0.09) | (0.28, p=0.79)
L ARBAS ARsAL W F4A A2 Holg =27 Negative affect | (-0.48, p=0.64) | (-0.70, p=0.50)
LAY Aoz ghsich Positive affect (-0.95, p=0.37) (0.52, p=0.62)
nREte R, AP AR AP el B APoME 2 | USE ;Jj?f;‘“jss Eigi Pzgg («?22; Pzg-j;))
_ o _ atisfaction -1.21, p=0. 27, p=0.
mo] of ZE 22 A6l 1y = 30
° o AE7F 2d2g Aty AN 2d2e 542 . Realism (-1.26, p=0.24) | (-0.42, p=0.68)
Ao r AGE7] YolA= o]ofr|E o]&o]rl= AEY Q Sounds (-3.75, p<0.05) | (-0.39, p=0.71)
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Table 4. Comparative analysis results on experience Table 5. Subjective survey questions used in user evaluation
environments by actor. of children and parent.
| Our GUI # Questions
Mean(SD) with Al 1 Have you ever had a negative experience
with A2 : with taking medicine?
2.67(1.37) 2.67(0.98) If you had a negative experience.
1-1. g >
Competence 3.75(0.42) 3.25(0.76) why did it happen?
Sensory and 2.83(1.25) 2.25(1.08) 2 Between a virtual avatar and a doll, which content did
Imaginative ' : - : ) you feel more immersed in?
Immersion 3.75(0.42) 3.08(0.97) 3 Between a virtual avatar and a doll, which content do
3.08(1.16) 1.75(0.76) ) you think would be more helpful for taking medicine?
Flow 3.42(0.80) 2.83(0.61) 4 Between a virtual avatar and a doll, which content do
GEQ ' 0.58(1.43) 0.75(0.88) ) you thiI.]k would leave a more lasti'ng memory?
Tension 0.00(0.00) 0.00(0.00) 5 Between a virtual avatar and a doll, which content would
: : : : ) you like to experience?
Challence 2.00(1.48) 2.33(0.61)
g 2.42(0.58) 2.08(0.38) = E E —
. 0.83(1.13) 1.75(0.76) .
Negative affect 0.25(0.42) 0.50(0.84) |
.. 2.67(1.60) 2.58(0.92) e
Positive affect 3.67(0.26) 333(0.52) = e"ff.-"r
5.42(2.12) 5.02(1.40) o
USE Usefulness 6.63(0.41) 5.81(0.81) ;
Satisfaction 5.12(2.16) 4.45(1.64) s -
6.38(0.50) 6.02(0.79)
. 5.38(1.95) 4.83(1.47)
- Realism 6.10(0.50) 6.05(0.52) ]
Sounds 4.22(1.72) 4.78(1.24) i
! 5.72(1.45) 5.94(0.88) : : , . -
Pairwise Comparison (-value, p-value) Figure 9. A video showing a user engaging in medication
Competence (-1.86, p=0.09) | (-1.15, p=0.28) assistance content using a doll.
S d . S =] - S L ‘ T
Tmaginative (170, p=012) | (140, p=0.19) | ~AFo=Hl AL £ Sl AP == wAA JOLOL% L
Imimesion o] ZHlz A% ARS POz AJAAT. F 489
GEQ Pl 08 po05D | 270009 |1 o g @i daew Adsan, 42
Tension (1.00, p=0.34) | (2.09, p=0.06) o )
Al A3 R A A A =g B3lo]| Ztxle] o
Challenge (0.64, p=0.54) | (0.85, p=0.41) ]E’ % = Table 50“ 1 AR T_°°ﬂ B H_ .
Negative affect | (L19, p=026) | (2.71, p<0.05) Ads 7153tk &, 71 opterete] ZeAtge] mAl=
Positive affect (-1.51, p=0.16) | (-1.75, p=0.11) = st ﬁﬁ}oi ojglo] Aol wo] 2ol Walo
USE Usefulness (-1.37, p=0.20) | (-1.20, p=0.26) 2 93g o F1u Ay fdlelo] e WAL
Satisfaction (-1.39, p=0.19) | (-2.11, p=0.06) A JAro T A &S] Ad o %L%ﬁ]_ﬁqﬂslgure 9). =,
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