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Abstract

ojHAATANA JH3EMe E]dsE 5 HS Aok (Field of view: 150° )¢} w2 P&= (70
km/sec)7t AlolHEHP & AsAItE ARE ARk JYA 90%7F F2 Aok (50° )% =d
THEE (30 km/sec)ollAl AlolgEn| F4to] AUk E AN HPAst A HA F8E
28 wuith wlojesl=d WHHE AREIA Alolw{EE] A MG (cybersickness
alleviating virtual environment, CAVE)S AAI% * 1 a3 & FA3AY. R AEE, D24
2, T28FF, ALE, £ 499, A9 HFES Yo e dFNEYeE FAHd 4
Azt du] &2 Al2d3 CAVE-AA F=w A2d-g 7530 o] Al2de A3 SAXNE
o] AtelHEn|o @& AsTurint HEW FHoZ FL JUA PAE SYPEEE YAHL
2 AZP 368 APAE YA o2 SSQ (simulator sickness questionnaires)®t A7]1B 1 E
o] &3tq Aol nl o] Nk HAEE XASIYTY BE YA §9F HFo=2 CAVE 273
non-CAVE XA F ¥ 7M4d4E& Zdeh Alojvjdn e ¥z HZ == non-CAVE
z7ARY CAVE 2294 FovstA Zastgdn. &, AV188 83 S5 7|9d AFAE%
o o3 ATH F& Aokt =™ Y9 AR L AlolHEr] FAES A FRAIA
olgd AAESL AANE =W A2WE o]&dd A A AR AE L FEE + U= T
548 B Aot}

Keywords: 7Hd@4, E1], A5, AFAA Y, vlojev=w

1. A & (head-mounted display)*t THl'd A|&=d& o] &3l 7}

Rge Qs AFH drdee w4 Az STFIN AL AANY =R EUe FE
2% wiAE  AFIG  (Elis, 1999, HMD ‘AU, #E AT ge ¥ AuE A8 AT
& 4 g Jle) "t A3RAs FRAE BT
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AFRZ7Y FHEEA S ol&ste AL WHEe M &
f9lo] AtolwEn] (cybersickness)olt}. ApolH{Hul:=
7V AA APt BrRIFHLE O dJeg Azt
Z1dez ol ARYHI AAVIHeE E0lE
FEAHALolo] BEYXZE Q3 A= AF-ANA &
dx] o]&o] 7MY FHsHA wolE A Ut (Strauss,
1995; Regan and Price, 1994).

89 o]d ATolA HFEAE o] &3e o]LA
E9A oA D7HEAS Bt ¢ s A

1 ¥ig7l dojdtie A 2)AlelHERE A Yst=

27t AtolHHEud] JFE v|AYd:s AHRE JU
(Kim et al., 2001; Kim et al, 2000). FOV: AMg%}9
AxAA £ F e Aok d=E onddg. /M4
Aol EYsts T PR 90%7F FL Aok 5
0° )% =¥ Y& oA Alolv{Hu] FAo] Ffu
Al FAFoEA Alobrt HEFE AlolHHuE A
A UG AE 4A HAS 281 LASET w
E4E Aloly] Hulryt Asdtte AT ¢ASAD
2 dFidME 7HEEAE ol &AdAA Aol d
g Yehiis 483 st dEddeit AAEH
F2 g9 =4 3 S22 A/ AlolHE
| 22 7F387 (cybersickness alleviating virtual
environment, CAVE)e] AA|ETIH ALL27F &
g =ZdRolgE 7MEE AN HEe AFE7 9
ZT2EFH, AYE, ¥

el

tjo

=]

3, AT E TFH L, el 7z
el HAgle] HFES oz = AFAFAY
(artificial neural network)2Z FA4H AAZF H9

82 Al2d3 CAVE-AA d=w xx"g 33
Ak o] AAHE AHH ZFAHXE9 AIgo] Alo
HEn e 2HE A58 auit el FHoz FL
s ZAid $YEHEEE GAFHoEZ AFEAUTH
CAVES] AXNZF AAZ 7H3EA o] §AE9 AtolH
Hul&  ZAAHERA dHE  SSQ
sickness questionnaires)®} 7| RS o] g3t ZHA}
FozA HAAZE dr &R Al2€3d CAVE-AA I
=l Axde] 588 HrHsATh

(simulator

2.%% 9

21, S @A} AF A4
18-26A419] tfgtAl 36 o] A Fo
189, o 189, HT 2234). 25 ¢
A Feofrt 1 Zd AlHeidt
107 A2 dolE & BiopacAtel MP-100 (16
bit analog-to-digital system)& A}&3le FE53R
. 107) A2 Fz (AF AFH), Cz (BF FAR),
Pz (A% FAH), 01 (& FFH), 02 (§+ F5F1)%
g9 JAHY (electroencephalogram: EEG) 570 @
7%, A= ECG), o¢AHY
&

(electroculogram: =

it}
ofj
i
o
£
>

(electrocardiogram:
EOG),

e

v

d

)

-lm
i

3 T
<

SKT), HRAEE

t

(photoplethysmogram: PPG),
(fingertip skin termperature:
(skin conductance level: SCL) 4zt & adyog
THHATG. 7HEEA A" KISTY 3D visual
and auditory environment generatorE ©] &3t (3
Ag, AE: 3840 X 1024, constant 30 frames/sec).
7HdEAE KISTY AE, =2, Ax dgs5es
Algdoldst B4 S Fdste RolUth

B

22. 7MEA Hot AEA

Motion Immersive
tendency questionnaire, Strong? =GN AXZE &
g AFAEHARE,

questionnaire,

history questionnaire,
Presence questionnaire, Simulator

sickness Flow questionnaire,
Questionnaire for user interface satisfaction& ©o]&
3t HEXE Estgd (Witmer and  singer.,
1998: Kennedy et al, 1992). AEA & 7Itd4d$
BEet7] Ml A= APAEEASG HFALE F
e oo A3t AAFEEAR FAHAS AHE
AEAe FgAEe du] o8, E]dE, JFE, @A
2G4, 33, 5¥5H & 2AEeEA AMEAE
o WJdA 20L& FAEIAR AFHEAES =9
T, 347, A¢d, 2ui 8Rlew JHAEAS
HEEAE HUEREE st A
Cronbach alphagte] 06 ©]/=+

2.3. AN Aol Hu] &2 A"} CAVE
Aol m| Alo] WElE = AYFAHANZAM H3 5
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Adel Nel, &3, e, Zekste] Addise], EOGH

ZHx}, ECGS heart period, SKTY H#, ¥FH
2}, PPGS B#, EFWx}, SCLY B, EFAAY
287 Mo g8y AFNBEE FAA. A
4712k Bul7|zke] olg WFEY ;e o &3to
training vectors® T %3}3 127] principal vectorsE
< HEHA AF3AE L dHHAHZE o] {3 [ ®E
Zd 8] backpropagation algorithm< 7[% 10 :=E=9
hidden layer® X %% 2-layer feedforward neural
networkS FHAFAT. AAGoz AYNITE &F
SHEA HollA BT AFTAUAELE ol &3 0-141
ole] B AFFS e AAZ AlojvEu] ©A A
2€9E FHeAY. Z2HAF 0.7 FAE 3o FAo]
4d @ CAVEZF AANHEE 3o CAVEE
vertical fielde 90° & A3l horizontal fielde
150° ¢ AjokellA 50° o Aok 3}¥o] o=+ 8}
Hel Wzlel £5& S0l HAEFS stge 24 A
A2 FAHS A

24. 4gHX}

AL 3GAZ AFRAEEA FA4DA, 7HEEA
HoA, AAFHER AHGAZ o}FojAL) 9F 0%
St APHE JMAEA 7 BN HIFAEL A EH
o] Ad KIST7HIdAS Pt 10719 ZEES 3
e AAZ FAE YA oA goly HrF4
7d =7 £33 FF RIE 3 ¥tk EE I3y
Ae $g 3R o2 CAVE ZA 3} non-CAVE 2
N F A JHEEA S FHet

Nlo W & ot o

25. "oy 3

ZM3EA AAA 28T AN E FAHsn M
Aol AAHE 98 30X, /MEAE AXNF 18
9 AgAEst FAZHNUY. AYAE HolHE 40
samples/secZ AEHHAU. EEG UlolE£ band
pass filter(0-50Hz)Z YE Y HJ2 FAY3} #HE
artifact2 A AsIYct. FFTE o] 43 59 ~HE
g BM& stn dE, AE, ¢, HE, #droige] 3
A2 AA 999 A9z UF3n 1008 FHA A
AR &S 7} ECGUlolHE R-peakE &3
o] heart rate, heart period (interbeat interval)E&

At ARG FAFLIEE 10/4e AH ZZES
N3 E AHF3] 23 & o|f3ld HFES AiE
i R=

3.4 #%

31 HulR s

CAVE ZZ9°] non-CAVE ZZA R Hr¢rt §
oulaAl EolEAY [F(1, 22)=18.15 p<.001] (¥
1). non-CAVE =AM IPAEL FT 83 o|49
4o g Budghed w3 CAVE ZPdAE Ha 3
32 "Hojrasgrt A FAERT

go|gas

non-CAVE CAVE

A=A

29 1. CAVEAA H=dd @& dErEx
4 H]I, #x : p <001, F(1, 22)= 1825

non-CAVE

CAVE

a9 2. HkF@ v
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30
25 T
20(
15
10 ¢

25

I & X 4=()

non—-CAVE CAVE
YHXAH

93 @47 v,

non-CAVE CAVE
AE=d

3 4. 7R A BERE HA
*x. p<.01

32 A7l ng HEAR} HH

BE 9¥A7 CAVE 287 non-CAVE 238&
AE3a7] fE F He std@ELol Y e F
Z27 FoA o= = Al o " e
At oj= A Aol o FLZAC] UAUTA
g AEFQ 2 A3 CAVE 230 ¢ A}3H
s gdx47 28802 JeEbg I non-CAVE %
Aol o HARDT THF HPAE 89z Eh}
A 7R EAd A ‘Bzt =Wl AAZA A
o =A vyt (2¥ 2). 283 CAVE 3] ¢

70.0
60.0
60.0
40.0
30.0 |
20.0
10.0
0.0

non—~CAVE CAVE
A=A

% b AAR ERZF B
skxl p< 001

FAZ Qo9 $8ET APAFI 1122 YERI
non-CAVE ZZeo] ¢ ¥4z Iz $& YA
t sEes YA ZHEEAdAY ‘gARE 3
= A 2AAM o A JdEIRT (29 3). A
nxe] ojHdE CAVE Ao ¢ Aot 8
98 9gA47t 17822 YeEs 3, non-CAVE
e 1999 A 9 AudActn §EFFezA
Zp3gAAY AnEd AME F 2AUD £
Aol 7t AT

ZH3EAN Aol did THEEA ALE UFEC
A Fede o FaHAst Yesd [F(1, 24)=7.95]
p<01l. #EF 623%2 CAVE =xZo] 538%2
non-CAVE 273t &7 J71gozn dvzda 3
=g AAG AGRES At o AH=Y7
Fr s (28 4). AAA EAR A E H=Ho
g FEIIL [F(, 24)=12.438, p<.001] VERRT)
AAAH EHNZ'S non-CAVE ZZAdAM H 59%
CAVE Z3 A 476%2A non-CAVE ZZ A
A EHZE o Bol vetld (2¥ 5).

M ol

3. =9
o] ¥wa3 vlwelA CAVE (BY] 4 =9 s
AZAo] WulyE 57t fojujsiAl ZAstant 7HH
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A B & Fol AAlste AMFAEAGA @Jq“’ﬂ
a4 Aol 42 "@rtel JHtEd
oA vetds AAH BRHRE A F a9
A CAVE Zz1°] non-CAVE
veEbch THda A S A A E CAVE
7ol non-CAVE ZZAxt} ¢ #Hbsthn {23
2 9 AlgEo]l SE3ATh ol o2 kA HALE
< Ao A
a3t

H =z
@ 27

BN

58

Aze] 7128 AFAFROR Fuzh AuHB £4%

g zolg
% 4EFE dee AN ANHE 200l Ale
nsh YEPA ARE W2 Az EFHo A

oMU E FAATE RAOE HoA
gy FPFEAAA Y AR BE JojME
nm{mwziﬂﬂ(mwziﬂiq 9 47 gz

@8 Asl b o @el Uit 2ol ga A=
dE 299 + gley A
s 2AHoz 80T naUY.
Hulg 90U M=) F4EAd B9
T3 2% e daz) 9
AARRe W WA
AeAg Bolum Wu) 7k 3
g Zoltd RAHOYENE BE W=
2 2% szuo] A@alA o|FolRTT ¥
o] mustach olde A% Wn B2 I
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Hul g Eole

= o
ox
oot

i
e =
o
o to o @ rlo
:?& (2
n\l

Lo

r i

pou)
ol
S
i)
o 3B

fu
ox
N

I g 2 o

>
pous

2

T

fr

A

)

L

n=h
N
H

=)
N
—_

o
=

e
L
>

it

In
wo =
L

i o> o8 ax g8 1o
2,
fu

po )
pa

jala)
i
n 3

a0
Ay
ol

A 3 H2E A " &
WA gt olaldt AFE was] mswle worris
ARGE v AYyT o Hwu|zt i
AA ool Al A o
= AE HAFEH
gozel ATNNE VLTS FHA/NEAE 84

A=Y
Fe EPNH FE APFEA A2de FEIE WY

29 l~>
ot
(s

Faga

Ellis, S. What Are Virtual Environments?. IEEE
Computer Graphics and Applications, 4(1):
17-22, 1994.

Kim, Y. Y, Kim, H. J, Chung, M. S, Lee, Y. H,,
Moon, S. J, Jin, C, Ko, H D, Park, B. K,

Park, K. S., and Kim, H. T. Psychophysiclogical

effects of navigation in a virtual reality. =%
Y83 2000FAedls =EF,  424-428

2000.

Kim, Y. Y, Kim, H. J, Ko, H. D, and Kim, H. T.
Psychophysiological changes by Navigation in a
virtual reality. I[EEE EMBS conference 2001,
187, 2001.

Regan, E. C. and Price, K. R. The frequency of
occurrence and severity of side-effects of
immersion virtual reality. Aviation, Space, and
Environmental Medicine, 6, 527-530, 1994.

Strauss, S. Virtual reality too real for many. Globe

& Mail, A1-A8, 199%.



