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possibility to act
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quality of interface
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possibility to examine
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Qb AdCFZAIIEIMALDAFY sV OYY «P%
FAECArRTAL JRImMNOPErSTUVUWXYXTYZ?F
SE=
==
1x1x102400
28x28x1  24x24x32 20x20x1024 10x10x1024 T
// 1 — .
88 | = — 1 x1x512 1X1x512
i " | = p— 1x1362
’/‘ s . — B _ _7 = N
28 by 28
Image input
conv2d conyzd MaxPooling2d Flatten DENSE Layer Dropout Output Layer
Fiters = 32@55  Fiters = 32@5,9 Pool size = 2.2 units = 512 50% Dense = 62
Activation = Relu Activation = Relu Activation = Relu Activation = SoftMax

(28 13] Mor et al.(2019)2] EMNIST 7]48F & 2] <14 CNN Zdl 1x

Z4AY A8 HAE Aeuolx oA AN AHgRe] A2 A

sl amEUs Bt G4 BEATHA 1 20 @, Hx
+ EMNIST slo]g] Al Fagshy] ue] mijol Lupsin
WS AoRThL St 200~9 S, b BaRANY GAE F
shte] Avtz FEo] Wk [FueE 4= 62719 Selxold AU A
8ol WEL Sl TheEE mAe LupEl shed) sz Alge] AEHE
S 4AG Zolh F2Y B F sbedel 2 Lupue skl ol

5

2 5 gl @ushe Txoltk
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[SFel% 4] Z4AA A8A Sud He 9 A% 22 94
procedure FoH PFut dupulo] 3= FEGC= AL
L p;: 62709 ==t Bl et 22 &5 F oo 49 SEH
2. apt m7fe] @] teEE dupEl 2
GaRA TR A BEL B¢ F 140 L e 2g
3. p) = prwt A 24 F ale] Suilo] Qokw 745
e Mol ARATl e Fe F SEe 4
HAER BE 2L Anon A
5. A BB p/ S olo) 02 A
end procedure

b

& 8l g5 & 8l U &2 g
— —

[ Back

[ communication

O cathering

O implement

O ricture
O settings

FPFRAY AFgAL 3L AFSAY ERCH, A 5 e

gelde BET Aesolas AAT ol& Fotol whA sy
Aol Mze APFAL MA@ AF SN vihy guAgsst 2
BE AgAE 2 ATNIA SYE 482 /M. Jeln 35 B
£ Fys] oI FY. 45 59 45 FAY & Uk AAskE ey
FEF W) BRI ATEY, FHEA AR BRIt BE

|
W
~
|

-

ol

=2

(]
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Aol YAl FxA HashE GUL U2e B9 T d5e 5
T 4 9Es e 5T 598 deuels g T2E fX5Hs Al
Aolet. AElol g ol JEASIE HHL WHTI Lol ST
FHe BastAst sA5kd welsky R8stk 54 wdstna ot

(Cho et al., 2022, in press).

ofZEAlol AL 7HE TS Wi eR THIEA, SAEA AL F
oMol dshs FHR3lo] wjASIL, BE AREAONA T7HA 9] FFS Aot
oh. v AoH 77HA BEFe F4(Back), A4S (Communication), 43
(Gathering), ZZ(Implement), ©]&(Movement), -&F(Picture), A
(Settings) 2.2 Aot ZZAHE ¢ AL Ee & SHE 8T 9
E Jd8S 9t duplor 7F wholo] A wA dupdil B
SE ettt dayde T8esh H|tA JHAERAL Al 7)HE AFS RFSo)| A

= =20

L #H2Back): AR $AT P5g Aest 27w WA

2. 9JArAE (Communication): AFEARE miA % Y-S GAJ3)sto] HAXE 5
T AL

3. %7 (Gathering, T= F71/A8): 7M@A AEAE &8 ALgste] 23 A

1 =
A SA(EE A7), ZHEA A§AE 7P AAE o BAE B 43

5. o's(Movement): 7H3AA A= €S AFESHY] Yot YA R &110]
55 A AREATE JHRHE W 3D opHtERS HiA|She] TP ROjHEE
&3t olF2



6. & (Picture): @A AREALS] AlAFHHEh oA Hol= g o AMEARet
i
7. 47 (Settings):  7HIEAF oA S AFUI A, WiF& 5)= ¥
(19 151 7744 B&& 7P ARgAret S04 ARSAZE Alqtet
e O]AE Fol 143]3}? THg& UERdE Aol olnfl, 7HIEA AR A=
772 Psoll st AAAHB, C, G, I, M, P, Ho|r|AE ZYstal o]F,

S, 2] 59l e o) S5 }oq - 4.5149] Hole] A1 PR,
2]

2
>
24
g
o
i -
1
rsh
g
o> ©
mlo
09‘:
&l
%8
_r;

ﬂ(Imp ement) “% = o]/\O}H]E NMg

2H=2 74 (Gathering) W5 Tl 242 5+

4. 7}”0’]” ARgAReE SR AR EdttH sEES A, 5
gollA Fast HAXE A (At4F, Communication)stAL 7
(Picture), @A FES A (Back)she = thoksl H=o 458

5. Baof wt wiFek, gof, Ul bl 52 A4 Getting) FFo=2 WA
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] A2 AlaA QIEH|A (W) AL AREAR]

grE QlEuo]2

i)
ol
N
=
N
o2
ral
e

(2% 161 Held 79 uig sHed AEe S8 A e
oldo] HAAS AW A% AL e Aol
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(29 16 713 5% MACR AR ofEeAola At
Oh fBeiAela AAAL FW 1Y (D) AL A AP
(th ZFAA Mg AW 7

45 A9 2 24
45.1 A9 74
PR, ZAAY AL W Aolsh Helde BeT v by

280 dit Ad ®H AR 24e Sstd AAt cHEEAelEL Unity

2019.2.3.f1(64bit), Oculus SDK, Vuforia 8.5.92 &-&s5}3ct 1211 7PA
A

AA AFEAH= Oculus Quest 2 HMDE #H8stal & 4 755 5o AA
£ 8ot doagota, A AR A YAl S20+ RHp
ol ARgote] ARde] ot oju|z] BHZl-E wix|ote] AFoAR-giitt ofuf
77y ARg2Ee] gl Z1EE QlE o] Ao A-gE CNN 22 Python 3.7°]
HE3H Anaconda 3, conda 4.6.12¢} Tensorflow 3.6.87fE3H4S Fd ++&
skaith. B ided 5 9 Ao AMEE PC Intel Core i7-10875H,

16GB RAM, Geforce RTX 2060 GPUS =835ttt
AEATS gl Hriet AAgAEL (19 819 Adshd FAoA e &
o] Zyzto] ZE L QlEHo|A Ao dbA] Holstal ofZE]Alo]ME A
o2

Folzl AEAe| eHste WAer A UPstAet. 122
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TS ok HAHA 71£9] GUISH Aotet= dEHo|A0] A4S
2ol & HERd Zott, o] Foll ZF el Hitt AR & vl
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[ 17] 22 W5 3= st 712 GUI F4(e)3 AlStshe=

I H ol A (o) Apole] o Oh) SARLA A (W) M

aa A1

[ 384 48R | 3434 AEA

HH(EEHA)
A& gur | A=A Je gur | 9&=
- QIE ¥ o] & = AE o]~

usefulness 5.813(1.093) 6.021(1.128) 5.802(0.844) | 6.156(0.271)
ease of use 5.705(1.054) 5.712(1.342) 6.129(0.770) | 6.235(0.445)
ease of learning 6.146(0.681) 5.854(1.431) 6.417(0.562) | 6.396(0.710)
satisfaction 5.774(1.223) 6.274(1.093) 5.929(1.095) | 6.464(0.535)
# v)al (Pairwise Comparison)
usefulness F(1,22) = 0.195, p = 0.664 F(1,22) = 1.757, p = 0.199
ease of use F(1,22) = 0.0002, p = 0988 | F(1,22) = 0.157, p = 0.696
ease of learning F(1,22) = 0373, p = 0548 F(1,22) = 0.006, p = 0.940
satisfaction F(1,22) = 1.022, p = 0.323 F(1,22) = 2126, p = 0.159
A va: 7P EA Al2A AHIH o2 vs TFHEA HAE QEHH| 2
usefulness F(1,22) = 0.150, p = 0.702
ease of use F(1,22) = 1504, p = 0.233
ease of learning F(1,22) = 1.265, p = 0.273
satisfaction F(1,22) = 0.296, p = 0.609

[3 3] AIgter Had 716k Qg o] A8t 7|&E GUI HHAlatke] QIEF oA

WEE Ha B2 544 $o04 W5A)
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\ 7H3d A A& R \ T84 A&
Ha(EFHA)
total 6.132(0.390) 6.092(0.471)
realism 6.143(0.593) 6.050(0.545)
possibility to act 5.900(0.718) 5.988(0.731)
quality of interface 6.300(0.526) 6.433(0.507)
possibility to examine 6.400(0.663) 6.067(0.478)
self-evaluation of performance | 5.900(0.718) 5.975(0.798)
& vl (Pairwise Comparison)
total F(1,38) = 0.059, p = 0.809
realism F(1,38) = 0.253, p = 0.618
possibility to act F(1,38) = 0.139, p = 0.712
quality of interface F(1,38) = 0633, p = 0.431
possibility to examine F(1,38) = 3.156, p = 0.084
self-evaluation of performance F(1,38) = 0.093, p = 0.762

[ 4] 9o BEY AhA ARl ARG WL BAEH
(*FAZ o4 GAD

ohel 4BARS A8AE Aole] Asld Bl dig B4R,
olA= /\]_

=
ARSI Qe ol A5 JoR @ ABBAL B HFEY, A

1 1 =
|27 @A Folots oA AeE-g ARlH TAE 5% T ¢
A EAstAt sttt o]E 98l Networked Minds Measure of Social

Presence A&A % WT Fof(behavioral engagement)®] 3712 LA (FF

A} 22 (behavioral interaction), AS A Y(mutual assistance), 2<% Y

S(dependent action))Z &-835to] AHgA 7t % AP eIt} o] A
7R Arr ge 7155, A HolHE EdE Hl 24& 55k
[ 5= AMRld A& A224TE Ueid Zoloh. 7Mddd ARgAret 574
A AMgAE Z4H7Fe] QIHHolAE SO AolH WES S 1y
o] Mo Mz st =ZxE GAStE AHeA BAE 2=t shAR
A o] afol2 Qlste] FRsohe AEY &5, oF 59 s 2t #
o7} AT 4 U, TMIAAH AR ASS AR R sty mdst
£ A AR ERE ol PFS ot FEEe] Wol AxAd
(mutual assistance) Q4of Aoz Z Zro] 7|25 ct Z7AA AL

Z.

>

e A AT B, A ARA FeAg
34 el

[e] =

e HSAA 7HAL of7]o] ofESt



35 (dependent action)ol] & Ftol 71522 =I5ttt One-way ANOVA
E B $AE f948S ALte Ax BE 84S0 Wl felnlgt Zol=
e AT 4 99l
\ 7Ha A A8 \ T84 ALEA

HT(EEHA)

behavioral interaction 4.508(0.777) 4.500(0.850)

mutual assistance 4.700(0.897) 4.675(0.926)

dependent action 3.975(1.978) 4.050(2.018)

& W]l (Pairwise Comparison)

behavioral interaction F(1,38) = 0.001, p = 0.975

mutual assistance F(1,38) = 0.007, p = 0.933

dependent action F(1,38) = 0.013, p = 0.909

[ 5] AF8A Aolo] ABArES B8 Asld A2 v £4E

*EAA el BAD

~~

453 Gl 718 QETo|x0] W F2 AFE LHAR
gelde BEY Wty JHEe] olsks A4, 44 A8
o QIETolat Helde Ba WFS FEshe WAo] SAHE wE A
ahe Aes) AAste] Aue FEshe Zo] Fasith webd, el AS
£ WEL FAske AN Jrg BAstdn gA HEAES B9
APste FAolA AgAE Ong gelo] theEe sk A% go] &
Yl A2 lEstdnt. [ 6, 71 /AL AgAet AU AR 9
Hulols RS 247 AN Az AHHo| A Baf Lupyl ofuly
(2 A2A 3007 B 7 GAE dold 15077 JAUAL o) hgEe
U, C, G, [ M, P, $9 o€l T7H4 Lupl shed] shhoz 24
FERS V15T Roltt
99 1 %
B C G I M P S

S R 90.697 | 100 | 97.783 | 98.550 | 97.904 | 99.460 | 100
71 AR | 5% | 95789 | 100 | 98.857 | 98511 | 98480 | 100 100
& 10% | 97.706 | 100 | 99.404 | 99.687 | 98776 | 100 100
PERA AFAe] AZA Quolse] B% FE AEE BAEH

Bl
&
N
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92.000 | 72.666 | 85.333 | 66.666 | 89.333 | 97.142 | 66.000
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ABSTRACT

User Interface Design for Immersive Interaction
in Asymmetric Virtual Environment with Virtual
Reality and Augmented Reality

Cho, Yun-Sik

Major in Computer Engineering
Dept. of Computer Engineering
The Graduate School

Hansung University

This study designs a wuser interface for immersive interaction
with new experiences that can provide improved presence and
satisfactory  experiences in an  asymmetric  virtual = environment
consisting of virtual reality users and augmented reality users. The
key goal of the proposed experience environment is to increase
accessibility and versatility by considering the wuser's participation
method and characteristics and minimizing the wuse of additional
equipment. In addition, we propose an intuitive and immersive user
interface  based on  effective = communication  between  virtual
environments or users and direct interactions using the body. First of
all, the viewpoint—based asymmetric interaction is designed in
consideration of the difference between the virtual reality and the
augmented reality experience environment and each characteristic.
Virtual reality users who participate in the virtual environment using
head mounted display (HMD) design first—person interactions
corresponding to gestures and object controls based on interfaces that
correspond to controllers and hand gestures to provide intuitive
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interactions with virtual environments and objects. When augmented
reality —users perceive a virtual scene through a third—person
perspective in a mobile platform environment, they judge the situation
and design an interface and third—person interaction that allows direct
communication with users as well as virtual environments by using a
touch input method. Next, we propose asymmetric virtual
environments using deep learning to minimize decision—making
processes through input equipment such as controllers or GUI to
provide fast and intuitive interactions. Virtual reality users use real
hands rather than controllers to interact directly with the virtual
environment and design gesture interfaces that quickly connect from
hand gestures to actions based on deep learning. Augmented reality
users design text interfaces that directly connect actions from
handwriting by applying deep learning to touch input methods. By
designing interfaces and immersive interactions based on perspective
and deep learning, the experience environment is formed with virtual
reality and augmented reality users to propose a new asymmetric
virtual environment that provides improved presence and satisfactory
experiences. In addition, an application suitable for each experience
environment is produced to conduct a survey experiment for users.
The survey analyzes interface satisfaction through usefulness (USE),
presence  inquiry  (PQ), user—specific  presence  analysis  using
networked Minds Measure of Social Presence, and game experience
questionnaire  (GEQ). In the new asymmetric virtual environment
composed of the interface proposed through this process, it was
confirmed that the wuser has a positive effect on both virtual and
augmented reality wusers without a statistically significant difference
from the characteristics and role of the experience environment to the
improved presence.

Key words: asymmetric virtual collaboration environment, virtual

reality, augmented reality, immersive interaction, user interface, deep
learning
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