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T 3-1] o7 9 B e A7)

Error level level 1 level 2 level 3
Error distance & (cm) | 0.5<e<1.5|1.5<¢<3.0|3.0<¢<5.0
Category Target Output
Visual Color of
feedback | brush handle yellow orange red
’égg}ifgg E;EBS slow moderate fast
aplie | ety of | weak | moderate | strong
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c29) 0A% 24T Agolth. F mAlY 4E TP 4P AL 52
o Bug v a2E Agols Wy 2] S4u webq Heue] of
2 ang dasls d "ad DAY oxf vge BAY oxo A% A%
2 3 melg £ ol FRestact 9AE exe] A A5 wE
(frequency)ol i 012 % Ll 42 e gl 9AE 0% vge A vl

I (relative frequency)o]tt.

GAE 2} A= [F 3-1]9A4 3EARE &9t o2 ¢ ¥R S
o7 194= lem, 2941E 2.25cm 183 39A= 4cmolH o] ke ©A
H QA vl Foto] e BHd o2 AYE AXeH [ 3-2]=
z e 47F 1008 ®, eaE SAste] dAE & HE Sp
(frequency of error level), @A™ @2} H|&Ql A ¥k (relative frequency
of error level) 133l @2p A2t Ao RHIEO] F5 ALl oAjolt. =
A o 23 Ad(mean error distance)x= WHAE HO] FrEo o<l

0.3475cmeo| o] S Aoz FASHH v gt

—1

o

3
mean error distance = 261177;
i=1

[ 3-2] @2 72jet Al Rk F& A A4

disance & | ofarror | requeney. of| Product of

(cm) level error level | € and Pi
Symbol & 1 pi=t; /N & X pi
No error 0 75 0.75 0.0000
Level 1 1.00 20 0.20 0.2000
Level 2 2.25 3 0.03 0.0675
Level 3 4.00 2 0.02 0.0800
Total N=100 1.00 0.3475
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Proportion of error levels(%)
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(2 3-3] 2 R A A7pke] gt o4k A9

(9 cm)
No Auditor Haptic Visual
feedback  feedbac feedback  feedback

[ line 0.51 0.35 0.07 0.16

S line 0.35 0.27 0.16 0.24

Circle 0.48 0.20 0.29 0.15

Square 0.27 0.24 0.14 0.17

Slanted S line 0.49 0.41 0.26 0.31
Donut shaped

circle 0.27 0.25 0.22 0.17

Spiral 0.26 0.47 0.25 0.33

Arbitrary line 1 0.43 0.25 0.20 0.20

Arbitrary line 2 0.30 0.26 0.27 0.22
Chair shaped

line 0.39 0.39 0.17 0.20
Flower shaped

line 0.34 0.20 0.30 0.19
Average error

distance 0.37 0.30 0.21 0.21
Error distance

reduction (%) 100.00 80.63 56.75 57.29
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weR i,
HSV 373h9l A Ae7]= HSV A 5719 gha2 oozl f& 29
A AdEZ]old. ARgAPE AdEiRt Mg

A g7re] grom Wl To] Waste] WS Tt 7

C=TXxS§8
X=C1—-12L—1])x 8

(CX,0), 0° <H<60°
X, C0), 60° <H<120°
0,CX), 120° < H<180°

E

(7,G.B)= 0,X,0), 180° < H<240°
(X,0,0), 240° < H<300°
(C0,X),300° <H<360°

m=V—-C

( G’,B)Z(R,—I-m,G’,%-m,B,—I-m)

ASsd A 25

(19 4-6]7} [1¥ 4-7]2 RGB 2219 AMAF Aeiz|2 M-S zrol AERsH
E AdS AYstA-S o] gk ARgate] AY Axtolct, [1F 4-6]o4 1H
Kol

HH ox}rt oF 0.1530%2 & HHo &5t 3HA Ao oxf=
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oF 0.05302 #-2 o &sht [1% 4-7lelA 19AIS 394 Agg B
Mg Frop Melstet] Ad AR oF 18.34%, 20.27%8 H|XsHA AY A
& AT 5 Ak mEb A earet Mg sk dele AR A
gol WEHA oh5e FAT & vk Adshe Azto] e Az expt
2 $& 9u wE Fg 5 Y

G.16 -p-i8y7isapy 9152614903
0.144630564

0.120312094

o
e

0.08445709
007553145 0:078651128

Color Error
o
o
00

0.06 0.053037722

1 2 3 4 5 6 7 8
Number of experiments

(1% 4-6] 3 A% A7hAke] RGB 2449 A Aei]z
Z47to] Al Fol ASYS wo A4 o3} Tz

65.80379

60 56.78558
50
43.99143
z 40
o 32.76299
£
F 30
25.35531
20.26886 21.48998
20 1833595
10
0
6 7 8

1 2 3 4 5
Number of experiments
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AR APT ) AP WIS FASZ Fold A wlsg Ao 2
Aol HSVAA7L o Felrl= stglont uag Me] TAo| WA
3G Fo £ Aol AolE Foly] sl U ARE FASE BES AP
S ootk B9, 49 el 444 A AErY B A7 vaHe
W R A7kl HZshA SREGch AW WA AW WEe vt
2 ol WA o AW AW AL UkE Agel oleled L7 A
Hesletn 421g 5 9 ol

(2% 4-81 RA9R Fold Ayt AHGA} HHG Me] QAFES

1
71e] Mg ekt BE A AHAEY] BIS ANstel 1dze B
g Aolth, A obe] WFZEe HSV 22k A Ael7], RGB 3349 4
AE7), RGB 2291 A4 A9l7] o3 HSV 3349 Al Algy] o2
[s1g
=

ox gl N

W

0.181417633

0.160203975 0.159072093

0.14 0.130092886

Average Error
o
il

o
o
®

0.06
0.04

0.02

2-dimensional RGB  2-dimensional HSV ~ 3-dimensional RGB  3-dimensional HSV
cube model cone model

Color picker
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715 AHES 490 A oxk= oF 0.1302 7P 29kl HSV 33H¢
P Ao A et oF 0.1812 7F Zith RGB 3
A A Aez]e] MAF QA= RGB 2219 AAF Aelr]o] MAl o apETh
°F 0.001 9 ZA S =t

Ay AEE AL
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39.42669032

35.56416145

w
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27.1220627

Average Time(s)
-t | ol N N
w o w o w

(=]

2-dimensional RGB  2-dimensional HSVY ~ 3-dimensional RGB 3-dimensional HSV
cube model cone model

Color picker
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0.25
0.234542371

0.2

0.172366328
0.162549482

0.152345396
0.15 0.146841906 0.144974684  0.14515466

0.102798348
0.1

0.05

Average of errors for all color pickers

0
Experimenter Experimenter Experimenter Experimenter Experimenter Experimenter Experimenter Experimenter
1 2 3 4 5 6 7 8

(27 4-10] 8 F7b0E mE Ay Adsle] Ay
oxte] B 1A=

[ 4-8]0] A4 AEE RE A Asbare] A4 oxpe] W 19
R BY HSV 3349 A4 Adsle] A4 oxtel Wil b AAW nE
A WY A extel Bael A A 49 AL otk (13
4-1119) Gh) 2eH=5 ®el RGB 2349 A4 Aer)uct tulz] 3759 A
A AEsle] A 92 el W M%) tekgth (29 4-1119] (W)
Jelmt RGB @9 BEAE 339 A Ady|7h HSV de mdelat

sy 3]
22k A A=) o] A eat Batol WA yebdth [2F 4-1119 (T
TE 22 A AR 33 A AEr]e] A eaf gato] ¥
A Yebdy RGB ZAe| 2d3 HSV Ay 29 7he] Jefjmo] meFo] 2214
o 32 A4 g7l A HSsA] Bl mixete g [1F 4-1119] (Bh
A mo A= A exp7h 2709 22k A AEZ]ol A= HISSHA] e
Aek 271 9] 33k A el e B2 Aolrh yrETh
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ABSTRACT

User interface study for art activities in virtual
reality

Kim, Ji-Eun

Major in IT Convergence Engineering
Dept. of IT Convergence Engineering
The Graduate School

Hansung University

This paper studied the 3-dimensional color picker and the feedback
on 3-dimensional drawing as a user interface for art activities in virtual
reality.

The first topic suggests an effective way to provide feedback on the
user's 3-dimensional drawing in virtual reality, and measures its
performance to see if providing feedback helps the user enter the exact
position. The error of the position entered by the user is measured
through an experiment that follows a given line model. According to the
measured error, a single feedback of visual, auditory, and haptic was
provided in three stages, and which feedback was most effective was
analyzed. As a result of analyzing the accuracy of position input,
providing feedback could reduce input errors of a certain size or more,

and visual feedback and haptic feedback were more effective than
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auditory feedback.

The second theme is to use a 3—dimensional color picker implemented
in the form of a color space model in a 3—-dimensional space of virtual
reality. To check the performance of the 3-dimensional color picker, an
experiment was conducted to pick the same color as the given color
using the 2-dimensional color picker and the 3-dimensional color picker,
and the performance was analyzed. As a result of the experiment, the
average of color errors was large in the order of HSV 2-dimensional
color picker, RGB 3-dimensional color picker, RGB 2-dimensional color
picker, and HSV 3-dimensional color picker.

Through the study of user interface for art activities in virtual reality,
the importance and usefulness of multi—sensory feedback in virtual reality,
where realistic experiences are possible, were confirmed. In addition, the
importance and usefulness of effective and natural 3-dimensional
interaction and interface design in virtual reality, where 3—dimensional

interaction is possible, were confirmed.

(Keywords] Virtual reality, 3-dimensional drawing, Visual feedback,

Auditory feedback, Haptic feedback, 3—dimensional color picker.
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