g ol el HMDARgo] elAlel u]3le
Aol B AT

o|&tal" . Mxls5l"

2 %

B Ao M PDS A2 -HMDS$} 7)€} VDU-9] 71384 oA Q1o oj w3 J3E v X =7HE 24T
stach A7 BEE 489S HMDY VDUE 43t 342 =9 321 A& 3 23E E43i4oh
A 24 ¢ BN £ 3725 SSQ9 RSSQ, A ¥ A4 Hl£E, 18|x A1zt g2 E7F A=A
A Ade 3 AEA AAA ol YA T AA HAHA H2E Aol SSQ o RSSQ TS 3He]
A adE AL ¢ 5 AAch HMD9] SSQ, RSSQ 9] TSE VDU TS Kt} 158 £33, 53] Y&
Alok& 7}- MRG 3C8) TSE SSE g0z 7ol 2uivt wakeh Al &3 olEl o] 4 B %o ©& Sickness
BEE XA Y8t 524 8§47 553 #7404 4898 Ao PDST #94L HolA ggon
2o §739 A FYE T3] sickness F& 750 A RAolgte AL foAde] Ax Fur)
Hhak7bz AbA ZAEE bR EE B E4TY TS A4 JEhden 3 RSSQE 3t 714/93
Z479 TSE 4 vebith ole 713 gEe =& NN H T8 8% sickness 7Hs A& s v
FEE = UdAk

The Study on an Using Effect of Head Mounted Display
to the Body in Virtual Environments

Chang-Min Lee and Jin-Hee Jeong''

ABSTRACT

The focus of this study is to investigate how personal display system - Head Mounted Display(HMD)
and VDU- affect to the body in virtual environments. This prediction was tested by a comparing of playing
3D games while wearing a HMD and monitoring a VDU for an hour. As quantitative measuring and
analyzing tools, SSQ, RSSQ, pre and post posture stability test and vision test are used.

The results showed that SSQ and RSSQ total score (TS) are related with the results of pre and post
posture stability test and SSQ and RSSQ TS of HMD is higher than TS of VDU by one point five
times. Especially, TS of MRG 3C, having large field of view, has a possibility by two times of simulator
sickness (SS). And in order to investigate the degree of SS regarding to the simulator control condition,
two conditions, subjective-passive and subjective-active environments were compared. However, there
was no significant difference between two environments. The repetition of the same environment has
no effect to reduce the SS. Disorientation and oculomotor scores of the SSQ and RSSQ are higher than
that of another symptoms. In addition, RSSQ score of strain/confusion is higher than that of nausea.
Therefore, we assume that personal fear could possibly increase the simulator sickness in virtual
environments.
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.M B

A EHolE, 7HdE4A 59 7THEL QU] AA
AAMANAN BEE & gle HEH 8AF S BHF
o082 ARFo A HA @A HIr] A A¥E
g £ ok FU ol M T FAN FF, 2, 28 F9
Hopo A 7R H o} 1 Ful o ti g side] AP F
o)z YR E A3 thA o] QAT opF e 1 AFRA
o Bof thgt RAgof A3 E A7t B3] 1Y
Hoj dR e Zh FAL FF Hopd e HA £
o Hg87] Y A EHCIEHE Bol gFIEE 1
o} ¥ 3 sicknessZFAE el 771 HolH g
v H P EARS w0)7] Ad ARiE dEA
= o}F] wlug @A olrt.

Simulator Sickness(SS)E A %3} A7 = Uy
2 349 g W2l dE ol T2 checklist7}
Mg HAAH O o) &5 903 o) HAA M
RO E ALE E o] 2 A E2 Kellogg, Kennedy &
Graybiel©} 7}¥3t Pensacola Motion Sickness Ques-
tionnaire (MSQ)0) A1, HZoll & SSot #¥E 4
TEY ARE AFs £ & UA¥ Simulator Sick-
ness Questionnaire(SSQ)7F dg] o] &5 i Yt}

T AFHD YE BorES AHEY Al B o]
B &5 A - ol SSQEF o] &3 sicknessE A
Ao 2 PYrE 3 A cybersicknessE &3 3}7)
2] 3t HMD(Head Mounted Display)$} VDU(Visual
Display Unit)do| A9l dA A1t ALE 338t
Ay A FE nFgozN PSR Aty &
737t Aol H@H o7 Hriske= Wigel ok 1
Ay o]H AFEL HMDY F 7, Alckol] #3lo
Aoz Fo] old @3] VDU HMDE Hl &
3t A 87 =& Fo] S0 dis fo4 F
ol B3t B9 & a7 e HEEAE
< ¥ol7] A% vl F9] 3l HMDE AH8-3to
3D ALDE FRE B$ AA N A FTF) B3
ZAeH ™ Kennedy 9] 975 A3 X9, Sickness
o] 43S Y3l SSQE °1 &3t AEHH &
% Fo AF Wgtol B3 G ¥luy, G2 g4
S 3l AF3RAEE £ AFAME ZAME sick-
ness % 7He A 82 ES 457 A8 2 &7
3 Bl B43) 2% 7 2] HMDE ARS8t chakst
7HgE Ao g QA v 54 F F=EAe 4

2.1 Simulator Sickness(SS) &4t
SSE A B8 A 250 flox dold =

= AL A9sla= Hrl(motion sickness)$t A
9] vls=&}t}h. Kennedy and Fowlkes (1992)+ 2 &
4e 27 A AF G FTAE YY) W E 3T
olgtn ¥ex, 1 FA tdFg @i SSE
"Poly-symptomatic(th33 &) oletal RH AT
(Kennedy, 1991; Knerr, Lampton, Bliss, Moshell &
Blau, 1993; Regan, 1993).

SS9 F83 AFE TE W2AE, A, AL
5 dulEA e} vk o] W AR E YEF
T AE5Y =@, Hyrt 3 =4, BE Aok«
of 27t I dFAEN 3 EAd o
82E8L AA AR EFEHEH, Yoy 4Ed
2e el #AE 29 (Reason & Brand 1975),
3} A A(Frank, Casali & Wierwille, 1988), A] ¢}
(Kennedy, Lilienthal, Berbaum, Baltzley & Mc-
Cauley, 1989)9F o] AlEdolEs} #dd 2%, 1
gl upx)eto 2 7] 7 (Duration)d A4 £ 9} o)
2 sy ddd gUdEoth

MAH AL BA 2 A& olE 0] &<
A, FE AT AL, g3 A 8l F AA
A 53 2o} SSe oy 94 FAEE VA
I UtHCrowley, 1987). 3 2] A&, 3 /%
(Baltzley, Gower, Kennedy, Berbaum, & Lilienthal
1989), =2l ¢ W& (Shift in Dark focus), &< 7
2, 183 3= Ml 53 go| AEHoHE ¥
sFo2A A7le FFAR] ¥R AT

AEHolE &% F9 443 9F F9 3hte
S5 A2 F(ataxia)o)| B = A BRI &
Ao} Bt n FHARSE 1 FfHF0] 6413 ©
A AEHT, oW B 1247 o4 A&7 o
Foll et 71 ZA #REG YT ol =
Z Aol AA Ade) A dEel ZRigtty
sl X449 98k 53] 24 (flashbacks)olu &
FAZZH 22 L A EHolHY AHEAES] <
#el 2o} Hr}(Baltzley et al. 1989).

S
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2.2 Simulator Sickness XMkl T

2.2.1 Simulator Sickness Questionnaire (SSQ)
AEFol} F4 checkliste 71 BHF Q) SS9
23 Fdolny, ole SS9 tEAHH (poly-sym-
ptomatic) 54 W} Fof &7}A] Az F4& S35t
= AegzE 3E3A gH(Kennedy & Fowlkes,
1992). 9003 o] H 7R 71 A5 ALEEojL HF
2 MSQololth o] HE-& 2872 =44l thalo] 474
HE(0=olF- 3R] g}, 1=9F7F 2=0F, 3=4l3lth &
H o8 3t A7t Fhs WAl o 2 FofQir) n &
MSQe] T4 A7t 244 & a=stas UA
g SS Aol 837 RET e dY AW Hy
7}t sickness®] E3tFo]x &7} 715% 2ol o
& R AFo] E=3lrh= Aojth(Kennedy & Fow-
lkes, 1992).

SSQE 107HA] Al EHole ol 3| 111971 ]
MSQE 8QE43le dojHed 2 F4EL 43
HER (0=t E A gt 1=27F 2=2.%, 3=43}c})
2 goly ® 16717 2402 ¥} Kennedys
MSQ9] 28709 Z4 & 127 H4S AAD ol &
o2 o] A9t

AA, BAH 42 Wt UE 3 340%
gk o L FE A ERNIELG A3 AR A H
37t e T A ZFRE ARE F U FY
E(d A2 i3t 2984 A3} o] F ol
233 4= (Total Severity Score) ¥7} o}y g} 37} %]
9] Z4 9l 45 Nausea : ™ 2278, Oculomotor
: e ¢ %8, Disorientation : &7tz AH4)S
e} SSQY Ha AANA e Al 4%
AEE vehl = SFH(TRT ole} o] & 7}
F4Tel g ARH e AT o
SSQe] Fdre] HAee Zt FA4EE 0~371419
A2 #ol"HB s Faksted 2L A BAgAS
F38he Pk £33 TS 2t AT oA 4t
Hol' P &8 BF o Fo ERAS 3
F3o FIEE S 8 58 194 B
upe} Zho] [1], (2], [312 2}2te] ST E 2 goje ¢
el ola 7 H 4+ H4E N=[1]1x945, 0=[2]
X758, D=[31X13.922 4 Z4+E BA A+E F
ol 742X E FHEAU = TS 94 [1], 2], [3]&
FHAREE Fholl A A A Z2dol st F 48 81] sl

mo i m My

H 1. SSQo Altt® (Kennedy et al. 1993)

% Fd g AE

Ho
oft
ol
o
ol
N

2 N o
2,3 AR T

124 1

bt b st ME‘“O
o
o>
>

wAAE
Azdn zag
w7t 3 =7
a Aok 1
o 947)%
o

— b e
—_

—_ = e b

E
A (1] [2] (3]

3.749] ERZAFE &t At 94714 AL

HE SR ASR &2 B4 )88 111999 55Q
WEEo) 2L BUE 2ES 2YHFE JTL 3

=

4 F4EE 0~371A 9] AR HolHE #$S ¢
Areted o HA O] ERAE F8te Fa e =
TSE ZF $4wolA &t sHold dby gL w
T A% Fo SR3AS gE FId FIHEE &Y
. q7M AR EE B Al B F4 o
9111999 SSQ AFEc] 2L EAE A= E 24
HFE 98-S 3 Foh

Folzl Ao A SSQ 7t dol’ Huokd 1
A3e o8 Wy o2 »Y 4 3ok Kennedy, Lane
etal (1993)2 T HF= S99 Awrd 43 A
T & el Fo13 A E# ol eI} sickness F A
E MR deAE #Ee Y NEE AT
Holgta A H3AT SSQY E{HF EXE 0|8
Ho g -2363-M 2367 7AA Y AL EL AR 2
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gt a28d AAHo2E 0HAM 90 B
F & sickness AL Q7 AA o F3g A== of
Yk 90 o]de AFoME 1 AHEA oFE
ZAMSoF & Aol A o2 7 ST HAFE
2 sickness 239 A v ADF JRE AT
g 5 Atk o] AEY MR HgE 0LF FAE
AL ZFA T Q3 2 3re) FTMEFE AR A=
7} F74eb7) W 2ol gdEo e vEdE ¢ Uk £
Kennedy, Lane et al. {1993)& 9 dlo]Ed) 712314
NS Ao wRe Mol AARE & U FdFH
EEAA7 Blng 5 UEE 27) do|EHE A s 3}

EUR I

2.2.2 Revised SSQ(RSSQ)

A SSQE Al B ool A dojube SS wrt o}
Ygt 713848304 ojubi= cybersicknessE 3
Zalsled de] o] 891 2lth(Kennedy, Dumlap,
Stanney, Jones, 1996). 711} Stanney, Kennedy,
Drexler(1997)+= 738 Ao Mol cybersickness&
SSQE 24387 A AHE SSeh wimstd B
W cybersickness?] FHHFE SSo FHHT B
tulaE HA Y Ao otk ot ol F
A cybersicknesse SS¢ thE H4EX AFE B
olal glv] W A=3 9 (1998)¥ Kennedy et
al. (1993)9] SSQ$} 19 HFAA A &3 2& F
Aol vk AFH3AH.

A, SSQel A+8d F4E
A E#olE ol XHHA F3F
WEE 5 de T2 FHE] AS
#2439 2T A58 FA ) LFE ojof st
b 71&9] SSQ A3 BAoME o] & 1wdtA
Wk g FAET Fgo) AFHA

T WA, SSQE FAEL 53 W) HsiA
MSQ29] 287}R] FAtol vigS FAX T, @A 7HA
Ay SS B ZAHE FolAH MSQY 2870 FHE
o T3IHA e FAE] Utk dF Eof Y,
$E 2% (Ataxia) 0] ok EF MSQol = X3
HA AW SSQA e AAZ FAE Folle SSE
HES e SAET TFH] Uk 2 9yt &
o]t} Kennedy et al. (1993)2 TEE SSQolA W
olfrE 1200 FolM FEE dog Aol &3
2ol 7] W Eolen A3ty o

o rir
o
)
o
2
2
T

Astth

vl A £48 SSE T3] gaiMe g5 M
SSQ9t g4 F9) SSQE Z+zt Fa 1 Aol & Hlw
4= glojof sh=d SSQolME BeF Y tlolEve
2 8SQ9) A4E =t} Kennedy et al. (1993)2
AT FREC|BR BT o}F Za}o) gitk= 7H
S 3P 7] W Ed) obF FA vk FFAT, €
Hhel S o2 e e gedy a7t
Mz g7 i g Fo SSQE T Hlu
& 2=7} 9] o]k grh(Kolasinski, 1995). 2131} SSQ
o] 7} ZA4po] tht FolEo] 43 HE(0=o}FHA
ot} 1=9k7), 2=R.%, 3=418lthH 9] M ¥ (Ordinal) ¥
=2 Folx g7 & AR datel o g5
g3 SSQE vind ¢ gl

Atk RSSQOIA S zt 349 4% A=E 71E9
SSQAlM HE3 HEHEQ 4% = thale AL
Asto)] 758 5 A H 5 11H A& (0=o1F %A
gtk 10=01F At 1A 5 174)E FE&3Ah

RSSQY Z28-4 EXE o830 g -1353
M 13508 F4 ZL A H4FH o2& 9 -104
~807 o] B¥E o o 0HFH 2037 A=
A 2A% glo] ALt HE 9 sicknessE WHEF
g3 20~407 7 A& ZTF A=Y sickness, 407 ©]
A AL vig A3 FAE 34T

RSSQe] EATEL SSQ2| 37HA] F4dd U
/¥ 8+ (Strain/Confusion)d] E4-7<] F7H=<] Q1
o} RSSQ ®F 7t FATo) FEH £FE AL
SSQSt AR 2 QEA o8 EHFHUAI #
Fojth

® 2% RSSQY Ay X2 vehd RUH
SSQst w st RSSQANME #4ze F4ES] 8
ol&® Aol }E A& F3td A4tslo] Mk, o] ¥
A 7tEA7 A48 4 SHEL FATHE £/
o] WlAAS, BNz A, FeE BR, AT
3 79 Ao B FATEH SERASFIT A 85
I TSE 7 247 A5 3749 SHAFEo]
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B 2. RSSQe| AIttE (Hx3|, 1998)

Zt 34 4 b

% N D 0 | aa
(§% ¥ RSSQ A+ W87
- 9% 2 RSSQ H%) %

=3

SR g
H 0.00932 | 0.00932

2
o
I,

r

Kot )
e
L2
=)

B ot i kU
<
=
12

ot U
e
N

0.00450

Pl Hr
e ] o

Hr
o,

0.04297 | 0.04297
3 Bu 27} 0.00602
T3 00143 00143

LBy R 0.091%5
A e AFer 23g 003391
Azt B3 =g 0.02909
W Ao} 003132

L Ee q 1% 006847
L A% q ANE 005927
T =Y oA E 008426
Az w4 003412 | 003412
2ok 1003130

A%l dig Bgg 1003228
28 001765
EY 0.00622
TE 0.17786
ol 003572

4
d 0.03252
A (1] (2] (3] {4]

2.2 dETY Hx

HAPA = 7HGEAEC &= 43 HMD A}
L7550l B 20HEA HEA AEE G FHol
e A% A st st 53 oo
Z Liquid Imageiit ¢l MRG 3C¢} Sonyit &l PLM-50
¢ HMD, 183 17" RYEE& o] &3t VDU 4
£ ZAsA T MRG 3C¢] AlokKfield of view)e 84°
(H) %65 (V)Z 7}4 W3 Sonyite] PLM-502 51°

(H) X417 (V)9 dual screen® & A%k 743 & A1 zH3
A2 AHEHE 3 F %9 HMDo|th 48 43 4
3, & %, e 30 A =4 4 e 33
AYE 1A &2 A28 A0 AddAE Z2H2e
37bA| 3o 3] HES Ses FoHe A
He AAEA

2YS HMD #&3 ZHEold.

a8 1. MRG 3Ce| 38 =&

% 2. PLM-50 8 2%

Ay A8y e fAgRe) A g 2337 9
sted AE Aol AAM(AAE B 2E 2 OPECT 2000
Vision Testerg ©]-&3] A EHAE AAs ) =
Al oA HlAENHE HFsE & Oy E F4L
2 A e AR HE3A ¥ F Y s AR
M e A Wk Bog AAEE A gle A, Bt
g oz MM He A, 71E3FH w1X HEES
41 33 8} A tH Kennedy, Rowlkes & Lilienthal, 1993).
E£3 A4F A, 9 A1g AAE OPECT 2000 Vision
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Testerg ©] &3l &, & 79 2A, €A Al g
3 Aol 2H %Y 2 Vertical A& 52 Bl2EE 4
33 8} 9 THOPTEC 2000 VISION TESTER, Instruc-
tion Manual, 1984).

B2 AYL #9357 ¢4 AE3]71 AEg RSSQ
AEE s 177 B9k 33 AYA A
YUt A¥3ge g FFE FHIEE 3}
At Ao £ =W oA AA(A A Bl 2E S A
HHA a8 AFH SAWEA RSSQS Ken-
nedy2| SSQE FA3l=E st 1A T4 3
A4 AYLE FAF Fo Al Al E HALE A S e
W AY de EHA 9 vlwdted 11 X7t ol
A% 158, 308 1HF & Fol dA Al A& A%
o Ay A FH R Folrle AHE delrdd.
AR AP SAANE A7) 3 9B AgAE A53)
o 4ES WESA G o dged dTFE v A
%A 2-39 He A

3. A

3.1 SSQ RSSQel ZHZHTS) &4

SSQet RSSQE 53 33 ¥ PDSY A
= ¥ 34 B £ ) ole 594 SAdPAEY
SSQ % RSSQY] 2834 HdS vehd Blojrh
SSQ#-& Au¥ g 4w H HMD A&o] VDU Ab
£Al Bk & 45 YUY HMD FellM =
Alor7h W& MRG 3C7F SonyAtel PLM-50%.th
1.188], VDU Rth&= 148 AE & FX 2 ey
P ©1& MRG 3C% VDU $3 9] T-test 2% T
AAEAF ko] 2.22850]11, o]0l EH= /K%
£ Prob > |T|& 0.034l°|t} ol 0.05ET}+ zHo
22 §94F o = 0.05904 MRG 3C7 VDU At
&9 ¥&) sickness”} A= AL FAHOZ YE
J Aol E& Sonyel PLM-503% VDU 23T
H oo A% Fo38 Pros> [T 019160122 &
o|F& ¢=020914 T=1.3383%.2 PLM-50% VDU
AHg-Al = BAF R o] e AR YET.
ole 4% F-A9) RSSQ(o]3} RSSQ)ANME ]
F5F 005904 A48 2.0924 MRG 3Ce H47}
VDU Boe 28] A4 YeEhUd L S-S ¢ F Aok
& Sony <] PLM-503 VDU &7 & vl waldelx
oF 80%2] Al AI-E 7FRA| 3L 1,580 o) A4H9] sickness&

A

FEY 54 S YD ok £9 AP A - £
RSSQ #ol7} 12~159 & Yt ol 49
A JAYAEe] 4 2 5 Ak e AF
SFAA o] 22| F5 thi AR 2A BRG]

t 42 guelse uE Aue ¥ 4 o

¥ 3. HMD&} VDUQ| SSQ2t RSSQ2| TS

PDS MRG 3C Sony PLM-50 VDU
RSS RSSQ RSSQ RSSQ
Ae3} | SSQ Q (A% | SSQ RSSQ| (2% |SSQ RSSQ (A4
LR £7) F4)
TS |1140.37,5840| 46.02 [119.6850.43| 3517 1100233521 | 2287

MRG 3C & VDU | T=222%6 | p = 0031

SSQ
PLM-50 & VDU | T = 13383 | p = 01916

T-Test
' Rssq | MRG 3 & VDU | T= 2092 | p = 00458

(485! pM 0 & VDU | T= 12672 | p - 0215%

3.2 43 &dol & SSQY RSSQ

2 AT E AlEHE SAAT tgt z}o]
E Yolry] g8 AuidR 59 A 7hA o A
a4 AAEAh A WA B AP A
ole] ik e HH e} FAFdte AdS #5H A&
A 2ZA AARE B4 otk A& &4 7 viwstr] 9
35 A 208 22 AYE AdFdRE] A
SRR 43t ole HdPAEl FAH 5
PP Aol visted TY 2ol vEE & F¢ 4
¥ 48 437 Aottt

ol HAAANAY AlEHolH APE EdE
g ol&d 7103 Ao gM 55 H FRRdE F
2 7o) A1) AH] A}-0] sickness 4|7} 2 A o]
B A, e 8739 vhE A8 A AlEHolH
3 H8& 7Hgsle S A9 B ks d4g 3
St e X9 HE sickness T4 FAE A
olgle MR o2 AYE AAFHTL
oz A3 Ao spAgE o e 2t Ut
53 gl A 55 H JANAY 4F
H R 49 ¥ 404 Bis vk} o] TS 2o

103 o)’ F7hstet.

olg Ry HuE Fa AHRW SSQY AFE-
AR EAF T=-0.7529, P-value?} 045798 fl4
F 45%71A) AAsie et F 23D Afolrt ol

oroale -y
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¥ 4. @0 g SSQ2 RSSQY W

AR | 18:5% 28 %% |38 %% uE
%3} | SSQ |RSSQ| SSQ |RSSQ| SSQ | RSSQ
LKy 11419 | 2878 | 12891 | 37.27 | 117.19 | 3801

% & 5F|T=-07529| p=04579
SSQ =X &
S T= 07529 p=04578
T-Test
TE & 5% T=-08199| p=04192
RSSQ| %% &
SEwE T=-00739| p=0%19

o Uik /A& BAIHCE IF5E § jivh =%
RSSQ ZAAE AHHY Fo4F ¢=0.4192914
A% T=-08199% Jet 22 40% 4 AF7H4
4% gtk F 554 #3743 s34 #4H
9] o]+ SSQ % RSSQ EF o)yt glthe 50%3
T o] A ez ey o TSHEF7 554
AN adsitets 54 $HEY 5534 B
Aol A 9] sickness % 7HEAdo] Atk g 9%
3l7] olgrh.

ES LS BN NE AEe ¥ A 1 84
€ A H3te AR vEHQ] %9 sickness
7t a2 Hojgte S vmdtHeh 1 A
SSQY) FA 32 NHE Ayl AT 74
AT RSSQ & AN A vhE d48 dRrt o
ES FAE AT o8 9] g 43
Ao 9f3lH SSQE 5 T A¥HL f+ES
45%014 Eodol AR Y T=0.75205 M whEoj o g
sickness7} A e AL YeER FHek RSSQ
ZA o) 3t T v Ay A FAFE o=
0.941991 4 T=-0.07392 4 SSQ €L RSSQ A+ & %
&tad 9kE.o] o3 sickness 24 7H5A L YF3H)
ogct & 22 Ao gty wE =&HUEE
T 40 A B upe} Zol gAdA gGethe Aojth

Yo} e Age A9 A 7R HdA dis 2
T dukE HEE el Aot o) tidte % 7t
A g FAElA Byt WA =EH B T
54 87349 sickness FEvisAdo] & Aol
e 7H3E 714EE FAEL AP0 Feg A4
A5 BAlelY Br 9 BEE gt dRlo g A
< ¥ UAt

AA A 3 A HAPAEL $53 FH A

MY e =g B0 ARFGe R 3 &
7V EojA R IR AE AP § U EYFel
EEant. =3 A A PAE9] HAF Aol o3t
F5A B3 FAHRRT 554 BFAAM
23 3ko) SSQ9 A% 20~108% S 71843 RSSQ
A 9A 05~543871A Frre . E3] Aol
AP Hel wret SSQ L RSSQS /A7 F7H3t
€ JAFARE e ol A g A A A}
o2 M Ay & Felgo] 83 /MG EAH =
A B 4TS Fo ddes B 4 gtk

AIEHolEl ] B (X E)ol BE o]EE AR
2L 873E vHE AU A% sickness Fd 7He A
o] FFaHolot st 7HEE Ak ey SSQ A
FeAddYd 2 vEH 8 AR H4rh 34
FA T RSSQE U F7ket AAE E 5 U Ko-
lasinski®] A7 &3t AlF zolrt glemz
REE A 88 o il s A vt @ J48 71A
A E Bt grth £ A7 ME Kolasinski
o] o] &3} o] A Aol UL E B F YA
T A7 LA Aol FAMAY HEEI 2R
B B 4 doh &, A4 gate 4 23 dis)
2AE Hgo] V] W] FY A HEF
=EdT I AHrt FE2AA sickness®] TFAE
VERA] gt d2ojth a8y Hgo] #H wE
o WEg HEL FAre ol e AHE =E T
7hs/de] Stk

3.3 B4dzY &

1x

TSH4E F3tad HMD7} VDU AH4-A] Btk SS
7t e AL YFEAE L FolA Aoyt \We
MRG 3C7} 91Al4l v 2] = g 3Fo] 714 atte AL
Gttt B do A Auly AlS 2t Zte] ST ES
EAs) Htth SSQY AE-oE v 278 1 N (Nausea),
urekztzt AbA o D (Dis orientation), $H1 4% B3
:O(Oculomotor)®] 3712 ZAZ o2 B F7} 5o
213 RSSQE SSQ9] F4kwell 7148/%3% : C (Strain/
Confusion) 8] F/470] F7t5lo] BF =] Itk ¥
55 SSQ9 RSSQE 53l R/ E SATY 552
= Jed Zeloh

HMD % VDUAAN E5 302 Yetve $4L&
SSQell A& Wakztzt 44 470 1203 o) g ez
Vg & & JeEdide a8y RSSQY AR
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E 5. PDSY z} ZM4F Mo W
PDS MRG 3C Sony PLM-50 VDU
Factor N D O C N D ¢ C N D (6] C
SSQ 110.66 | 173.54 | 101.54 - 9155 | 14477 | 90.96 - 71.87 | 12157 | 79.84 -
RSSQ | 3234 | 3630 | 53.96 | 5381 | 2655 | 31.23 | 51.40 | 4265 976 | 2147 | 31.79 | 2849
Rating | 20.07 | 2667 | 2567 | 2253 | 1387 | 2007 | 2327 18 6.8 15 1567 | 11.67

(N: w27, D: W3zt 44, 00 e7d%5 £9, C: 718/93D) Rating

FTEE BW F4TO 07 oo A4 2A
vhebsT

RSSQS 7HEXE HEA7A e Aol Bgkel
A9-E MRG 3C AHgl A 75 2BZ vl
14 Aol Awk g F47ol 26672 1R
2 ge Jeec,

SSQY| ¢ chreE ¥H S4F Hrke Bay
7ol ol @ o] B2 oA B olfe A elH
& 972 2R5E wH ol W Tl BIUH 44
B2 A @ SAAL AL sl AR

azA% 'rr}*}?fl'?l
Yerh ek

3.4 Sk

SSQF RSSQe| A #std FaEol MU AA
2 TR BAE dotr 7] skl TS AAQL
B4 HZE Atelo] FaAFE A8t TR
6]. RSSQ 7%= MRG 3CH PLM-50% #&-& HMD
AHE0] 07 oo 2 H& A& YEPd .24 HMD
AREA] AA S Fa g FE vAE AL L F Y
% & VDUE ©] &4 725 Bdoly w3z
A T QA Rl FFES vIAE F=7F60%
o @3tk e Az e A 3o HMDE

6. XAl tEMT TS|

0

|

AR AL AR 71X = sickness7t 20~30% =
7 slo] 75% o)A HEE Foe Aotk

4. 42 U 2% 4y

E AFdrs A EHClE Y 2 HEEE =
2% 49 doluA H+&= Simulator SicknessE &
FHo g 2337 Y3ty 71E9] Pase ALEH
SSQ9 RSSQE o] &3t 2% F 2] HMD$} VDU AF
A QA njR= Aol 3 ZASIATH ER
HMD$} VDU 59 A& A1zt gul ] A|okej u}z}
Ztzt & B4 3L Fol 2 &olol dElex =
Arst T

71E ATELS AEHHE "dsfosn F
vi} Wl 2 8 2ol UEldthe A& YA Al
EYolE 7} obd AL Al Fuid HMD AH4-4]
go W A8 SR WEgz e ¢F
T% BHo 71 & d¥oE e

Zuld SSQ A4 MRG 3C7F 1403724 714
=4 YeEbgta PLM-50 7129 HMD7} 119.68, L&
3 gt PC AHERIE S 2] il VDUSl B 9=
100.232. 2 Uelgth o] A4 £2E HMDS %%
A &3 FFE FE AFUYEA Alopr) Y&
MRG 3C9] B¢+ Sickness7} 7F3 2 A velg A
o]t}

RSSQ9] AT+ o 043 e 20 AA = A4
EHF Qlo] AL AE 9 sicknessE UERR L

AA A Bl 2ES TS 4d#A

20~40HNA e E7F AE Y sickness, 404 o] 42

A% W AP ZFAE 2T FP B AP
M said Age] AAE AHEH VDU AHEA]
22879 A= & YA A7 HMD 7[1E<! MRG

3CE 4002, PLM-50E 351724 2% 308 & 27
3tk MRG 3C9) 4971 408 S 293l B 8 1 Z4

MRG 3G 0.7944

SSQ Sony PLM-50 0.5088
VDU 0.8676

MRG 3G 0.8444

RSSQ Sony PLM-50 0.7538
VDU 0.5944

7 etk A & F Utk Aoz o
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APAE] 1A7 5¢He] HMD AHEA A12HA 32
T E28olAUS w9 23] B AL Ate] A
of met 7M@) e Beo] =g e &
T AR 1213 7S B Pl oy d4d
A A het 2 =T 42 gFoF HMD AHg-o] ¥y
FF ool A Yol o) B2 HIEAHOR F
THE RV el AHE SHAU

2kX HMD71E-& A& 3% 718 43
A2 e 34 oz B Fo s AAol vA]= 3
e vl ava & 5 Ak AAF Aols URA
o AlZE Al g T E B iE Sl
7t AA vebsn o9 wEzoly 13/3 %
o] FAIg o] FEC] At A% Fly TE,
2AE F4ol Uehd ot 28g 7t 2t 4
A B AT 498 AT 3 dFAEY FAS
d& W HES Y F A E FUL 43 BF
2 EFHEH AR 2F2E AA 2 5ol B
tt2A 2850 o kX ERES sasAn.

£ d7dA s3d dgoz BE AR e
Bt & e QAT @4 1070 28 este avt
o] ZHlQl HMDAME Fx o H2tg A 24d4-E
BAAA QA FaT FFE A= AAE D
& B 2HA AT ol Bl s o] Ut AHEAFE 0] Eof
Ui e A7tE AFY Beele 1 9%l b 2

Al YehA] Fe7t s}% et dn B dolA
AA HMD7} obd 3 de JjFog 599
o 4345 tﬂ*&gi AT &5 9 484
Z et & X EAV E = A o gL
o AEAE 2R A7t o] FoAoF & Aol
3 A FHAXY Hox nesjor @ A
olt}.

F%ol= VDT w3 Zo] HMD®l| thgh -84
B7E7E ol F oA A9 AHE FEol e 2]
TR = o & Rojch. HMDE ©] &3 44 24 &
g 7H3S & o HMDE AH&3he Aol dig

& ShA] v A9 Aol W 7HE ol
L33 AFEF] & 754l A Aol
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