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Study on Simulator Sickness Measure on Scene Movement Based Ship Handing
Simulator Using SSQ and COP
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L ok 1 B AFoME A4 FoE y|wow sl Auke-d AlE#o]E](ship handling simulator)oll Al AlE#o]E] Hn] AHE(SSQ,
simulator sickness questionnaire)¥} 942 41(COP, Center Of Pressure)< ©]-&3}o] Al &g O] B 2u|(simulator sickness)E A& F =
7IHE At AdE 9lste] AdukedA B olEolA FAFAE AIGH T REHEE AT 3 S (sea state) & 3TAE PFCﬂ
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Ik A& o] &-3te] I A PAe] COPE F73tdth Al44 58, SSQ, 183 COPY HloJE] &4 E3}o] *]%Eﬂ o]
4@ Ae] COP Atele] Adds nasigint. A3 2 F45 Fate] siddelol mE SSQ Aot I Adx COPel tish 22t #A A& #

A, S AFAS FBF COPZF ABACIE 2o ASS A% A5 349 5 9L nArh
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8ol - A T, AEHlE Er, dud AlEdelE, AEdely A A, o T4, AATa% 258
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Abstract - In this paper, it is proposed that the eflects of simulator sickness due to scene movement in ship handling simulator can be
measured by using center of pressure (COP) and a simulator sickness questionnaire (SSQ). For experiments of simulator sickness, twelve
participants are exposed to scenes movement from ship handling simulator according to three steps of sea states. During experiments,
COPs or subjects are measured by force plate. Affer exposure to scenes movement, subjects describe their sickness symptoms by
answering the SSQ. Throughput analysing the results of scene movement, SSQ, and COP, the relation between the simulator sickness ana
COP is investigated. It is suggested that formulations or SSQ score and COP with respect to sea state are obtained by the curve fitting
technique, and the longitudinal COP can be used for measuring the simulator sickness.

Key words - scene movement, simulator sickness, ship handling simulator, simulator sickness questionnaire, center of pressure, pitch and roll
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Fig. 1 Ship handling simulator in KRISO

Table 1 Sea state of WMO code 3700

Sea o Significant waves height
Descriptive Terms

state [meter]
0 Calm(Glassy) 0
1 Calm(Rippled) 0-0.1
2 Smooth(Wavelets) 0.1-0.5
3 Slight 0.5-1.25
4 Moderate 1.25-2.5
5 Rough 2.5-4
6 Very Rough 4-6
7 High 6-9
8 Very High 9-14
9 Phenomenal Over 14

AQel @HE 69 Felareh 60 durlow 1A
Rom), A7barel AL 2808 + 235 Aolch. A e Hol
FHnormal) 91419 F.9 Aeo] AYH = Fok A Fa
= S48t A9 A A9 F 2300 A SSQol Sl

TF Stk AA 2 FAE 9% COPY AZLE Fig. 29
22 A HnrEte A (force place)E AHE3FGoH, A g ollA
+ Bertec 2] AM6800 28 o] 83} th
j Fol FAZEA(body frame)= Auke] FA F4ld o
Ae M AnsEAR Aoldrh oju dute] o=
(nose) IS x-%22 31 x-Fo tist 3H& E(roll) &
o g Holgr} ek Mute] & (starhoard) WIS y-FO

Fz

P

COP-x = Mx/Fz
COP-y = My/Fz

Fig. 2 Force place coordination and center of pressure

- 486 -



2 skl y-Fol et & AA(pitch) WEFo2 ol i, 6. F EHlel Sk 7027, 8 maAE, 9. JEeh] &
O AR AE o] &3 ddolM= Fig. 29 Awnbady @9l 10, wErk B 3 =24, 1L B Aok 12, =& e o
Al x-5 W& y-5 WS A x5 W@ y-5 0 9 @V, 18w A%e "o @1, 14 9 Ee =4
ol AAA7I AL FE PR = AR A oA duke] x- o] o X2l 16, 9]0l thF et 16, EHow EErh A
5 WEe Avos SAGES St B A 3 F AES S A= uet 4§l 03, mAE F
BA IFAAE aEste] vAddAe] o] oyl v F& 14, BEe FEe 24, aga 5% L 3w
= 4= : L=

COP AlEF71= 37HA weke =z Hztd ~Ed QA o]X] FR ¥ A= v 274 S (nausea), SH1-$-F(oculomotor), L
(strain gauge)E E st dorw Huo] Hwo diste] 4 3 WEk7zE AR (disorientation) Al 7FA 9] F8 Z4Fo) F)
WER GESla, Table 29 7FEXE ol &3t 4

A 7t AWRAASE) RS melske] 4 A
5} o) WS o] gale] BASAT. Fig. 3004 Al 744

HolF 1 glon Fig 4 1<

@R Ak o F W dd WS A AT gan, 2 2y #9959 ss(sea state)s A3 FHE
COPxeh Bhal x5 Wasl #4%& AN TWE guge, saze 55Q 94E VU Fig 33 Fig 4=
(longitudinal) &2 Bel@deh. E& FASHA y-5 BZel gopngo) =1ete) wel SSQoll o8 WH =4 W 2ha

HlEh SPE Azl ARE COPyel shat vo= WRA ) fojs) Sk melZTHR<005)
29e <A FF(ateral) FLeF Ao g

o,
ol

O

3. SSQ U COP ZI} 24 +

SSQE Table 29} o] AA 9] F44ol| diste] 44 HE= 80 -
TARY 24 BE 16712 T gon 1. Add . X // —e—diaiia
Q1 B, 2 W2 3 FE 4w 2, 5 £ 2P BRI a4 s
40 //, /
Table 2 Simulator Sickness Questionnaire 20 /
symptoms Weight of each symptom g ,\A/’
(0~3points) Nausea Oculomotor Disorientation = = =
1 1 1 0 Fig. 3 Symptoms of SSQ
2 0 1 0
3 0 l O 1122
4 0 1 1
5 0 1 0
6 1 0 0
7 1 0 1 .
8 1 0 0 R e
9 1 1 1
10 0 0 1
11 0 1 1
12 0 0 1 5 5
13 0 0 1
14 0 0 0 Fig. 4 Total scores of SSQ
15 1 0 0
i X 0 X QA FLE 245 Aste] ARuLAAZ Mg
Total 1) ©) 3) ol AAdEAE Ade FYste < Fig 29 22 33 9
of AA Aol AstHA =W FAFAES olEstA HW AW
Symptoms | Nausea=(1#954 | Oculomotor=(2)+7.58 | Disorientation=(3)+1392 WA s BAES s AEAS 8
Total Score {(D)+(2)+(3)}*3.74 ok B3 919 JAHAE Fig. 2004 x-5 W3S B A Q)
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Fig. 5 Definition of body axis for ship

Fig. 6 Experiments in training ship "Hanbada”

AEbel AW skE Fig. 59 9X4% &7+ vehdiy 4
A Ao e #AZ4 A (Inertial  Measurement  Unit,
IMU)E E3to] A=99t} Fig. 73 Fig. 8& A4 2304
AAA skt FASA T AB-AdS sty fske Axt
3t 53] 2 2 (coherence)E YEFATE Z+ZF COP-x9F COP-y
of g slojd2E ERATH

-

Coherece Estimates for Rdl Ande and Gop X

Magritude (dB)
o
(%))

o

Frequency (Hz)

0 2 4 6 8 10 12 14 16 18 2

Coherece Estimates for Ritch Andeand Cop X

Magritude (dB)

Fig. 7 Coherence between attitude and COP-x

A& 2 2] (signal processing) EoFollA] 513]0]
ZAFolS] AH}TAE FA4317] flste] A-EE L

HAr= F oA

54 Fu

oM e mEloldsE ATk, Autel pAAsst s
FoprR MASHE A%l BAFN Fo0t 598 Fos
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Ao FAFA 25 e JoE AERE T A5
I3 H2E ALted AdBdE FAF 4 S Aol Fig.
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Fig. 8 Coherence between attitude and COP-y
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Fig. 9 Coherence between attitude and COP-x in ship
handling simulator

Fig. 9141 3l 7Fs3tol T34 GooA Andol
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1 o] o QIzke] Z7bol| VIRIgH FRE WAA 7| ERZ
AAe frd 5 A wepd BAsE Aew Add
Ttk AlEHolE A A QA9 FAFAH T8E AZA
2zbo| tl-gate] A L] TS HddE = wAUeR B 5
Atk olelg FAAS FHAFGA] MEA] A|ZHA 27t
AEot P wpEbA AR H oy 542 wkgol
ek A7 A vk &R0 WMES fuste] Ao
Tk Ao e MR E§HA ok a2y B S B
g FATAEL B AT e o adEs ¥FEHA|
gormz Fukp e B R a1y 4 gloh

Fig. 1022 COP-x Wakel tiste] 3id/defol whah vhebd
et F Al o] dolE yehith COP—x7} sl aatelol whebA
ofgt o ® FUkE I 9 SSQe A#e} fAre Aaks

o
RojFErh, Table 39 #ARHEA(ANOVA, analysis  of
variance)= F310] S S El 4(ssd) 9t Bl dE 6(ssb) 1E
I 3 S(ssh)et EAdEl 6(ss6) el Felgh Abel
(p<0.05)7} &= At Fig. 112> COP-y Wakol thate]
FAY W E YETE COP-y+= sl deled oel gt
W3S Holx] ¢t} Table 4& E3bo] s e 5(sshH)t
B E 6(ssb)itol = g el wet Frlske Adge B

m 0016

0.014

0.012

0.010

0.008

0.006

0.004

0.002

0.000

C o - A

Aot o8 Aol el gtk AL Slstan
00123
"Um-_—_-_-—-__- 0.0091
ss4 555 =56

Fig. 10 COP-x according to sea state

Table 3 ANOVA of COP-x according to sea state

Paired Differences
t p-value
Mean STD SE
ss4 - ssb| -0.00072 | 0.002215 | 0.000369 | -1.95 | 0.059
ssd - ss6| -0.00394 | 0.006563 | 0.001094 | -3.61 | 0.001
ssb — ss6] —0.00323 | 0.006406 | 0.001068 | -3.02 | 0.005
m 0.016
0018 00136
0012
0.010 T0I00
D.co8
0.0067
0.006
0.004
o.002
0.000 T
ssd 555 =s6

Fig. 11 COP-y according to sea state

Table 4 ANOVA of COP-y according to sea state

Paired Differences
Mean STD SE ' b-value
ssd - ssH | 0.006866 | 0.018858 | 0.003143 | 2.18 | 0.036
ssd - ss6 | 0.003591 | 0.010533 | 0.001755 | 2.05 | 0.048
ssb - ss6| -0.00327 | 0.011507 | 0.001918 | -1.71 | 0.097

Fig. 12 @22 60lA
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