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ABSTRACT

Objective: The aim of this study was to investigate the correlation between 3D visual fatigue and physiological measures
by canonical correlation analysis enabling to categorical correlation. Background: Few studies have been conducted to
investigate the physiological mechanism underlying the visual fatigue caused by processing 3D information which may
make the cognitive mechanism overloaded. However, even the previous studies lack validation in terms of the correlation
between physiological variables and the visual fatigue. Method: 9 Female and 6 male subjects with a mean age of 22.53+
2.55 voluntarily participated in this experiment. All participants were asked to report how they felt about their health sate at
after viewing 3D. In addition, Low & Hybrid measurement test(Event Related Potential, Steady-state Visual Evoked Potential)
and for evaluating cognitive fatigue before and after viewing 3D were performed. The physiological signal were measured
with subjective fatigue evaluation before and after in watching the 3D content. For this study suggesting categorical correlation,
all measures were categorized into three sets such as included Visual Fatigue set(response time, subjective evaluation),
Autonomic Nervous System set(PPG frequency, PPG amplitude, HF/LF ratio), Central Nervous System set(ERP amplitude
P4, 01, O2, ERP latency P4, O1, O2, SSVEP S/N ratio P4, O1, O2). Then the correlation of three variables sets, canonical
correlation analysis was conducted. Results: The results showed a significant correlation between visual fatigue and
physiological measures. However, different variables of visual fatigue were highly correlated to respective HF/LF ratio and
to ERP latency(O2). Conclusion: Response time was highly correlated to ERP latency(O2) while the subjective evaluation
was to HF/LF ratio. Application: This study may provide the most significant variables for the quantitative evaluation of
visual fatigue using HF/LF ratio and ERP latency based human performance and subjective fatigue.
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(photosensitive epileptic seizures), AlZ-r=4 1] (visually
induced motion sickness), A1Z}¥] & (visual fatigue) & ¥
ol Fel= Al FolA aEsfior & ARt A SW
R E 275k QITFAWASISO, 2005). ©]*¥ 3D tl~
Zdolg Foto] THl=E AT u TSk F=2gh <
TEo= THskE A2 H 23t ol AY, 78, E
v, oJX 2] S Rkt A A TEE s
shc} o]} 2 eSS 3] 3D F =2 HIWASIISO,
2005). o]} o] AFA}el| A BAYsh= 3D QA MY
A2l AlE otz HFE Z|Adsk=Aed sl HshAQl AT
EE ZARE 3R] Aol WEks] gshks Aol ofggo]
Atk A AselA st 212 3D ZERI= A Al A4
29 FA7} EA%= Feofl 9Ith(Li, 2010a; Li 2010b).

3D AlZ¥ & (Visual Fatigue) = 3D ZEl=E A3 E uj

714 RS LS A PAR 5 gE e By
2 9lek. olol weh AR kA AR S sk
FRAE Ropo] REFAL WS ©) WA Eahuolo} &
A5z 2w 9 FA SAET A A% Folse

Z= A% bl = ol epata glow of F 7hg 7]
wAQ e V= U FA 23 Wi 5E ol
3D Azt B G A el gEe 44
@ FEow AAT 2 QTSR o] Bk T3]
oF & Ugolm® 3D AZvEu FAE SHshs wiel
WA A H AR 0w mEslok she o] eelH o
= ehgelh webd 3D Az R ojw 54 2
Zohehn ghasheAel dg 2R 908 SIS of
2 Azs 37 99 AZRE A e ARG
sreolel] tigt A7k Agslofol ek e AR
Qe s $EAE 3D AAEEE FRHos Bk

T A WHEA A97F AdEoof $ivh wEbA ERP
(Event Related Potential) 5% T34 Q1] dkg-
o]u}, PPG(Photoplethysmogram), GSR(Galvanic skin
response), SKT(Skin temperature) 5] A-&2177 Wk
< 283 & 24K (Blinking rate) 52 A7 7155 E3)
AR EE JFHor Hristr] st A77F A gl
tH(Table 1).

Sumio Yano 5 (2002) ¢ AFolX e FHEES T3
3D G4 A|Hol g3t A g9z HEE F7t Frh Park
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Table 1. Visual fatigue measurement and evaluation division

Author & Year / Point
Yano et al., 2002, 2004; Takahashi, 2006;
Li, 2010; Kuze et al., 2008; Kooi et al., 2004;

Subject Hakkinen et al., 2002; Iwakiri et al., 2004

evaluation In general, Visual fatigue evaluated using
subjective test about Before and After viewing
content for about few hour
) Heo et al., 2010; Park et al., 2011;

Autonomic Naschitz et al., 2002;

nervous Kaneko, K. and Sakamoto, K., 2001

system

Component : PPG, GSR, SKT, ECG
Li et al., 2008; Trejo, 2007; Ishigure et al., 2004;

Central Lee et al., 2010; Lambooij et al., 2009;

nervous Nichols, 1999; Heo et al., 2008

system

Component: ERP(P700), SSVEP
Lee, 2011; Miyao et al., 1989;
Vision Nakaishi et al., 1999; Kaneko et al., 2001
Blinking rate, Pupil size

P700¢] Yel= WSS R8It Mun
TolAE ZAEA QA W& YERE ERPS} AAtd A
A= REZE] A :et & 4 9l SSVEP(Steady—state
visual evoked potential)% 3D Fel= A 3 Tof F
Alell 338t A 25 H718kglch Bt Lee(2011) 9
ATFoX = = ZErel %*&T 8 E5E 5o v IS
#Zosto] A A9 EE F7sIsith
o]X§ 3D FHl= Ao 3 FUEE AT EE
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Aol A Azl 9 XA Sasel 4 Al
5749 ARG o 5 9k ol 930 TR 1Tk A
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o] Westch web ¥ el 3D EHx Ao §
W A2 2] i A W A RS Skl
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L) A4S SR ke vlastelch Ee A
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2. Method

2.1 Participants

2.2 Experimental design
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Figure 1. Experimental procedure used in this study
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PlethysmoGram), %354k (GSR Galvanic Skin
Response) %! 3325 (SKT, Skin temperature) 2} <14
W35 Uehlles 54173719 A= 91 (ERP, Evoked-
Related Potential) 2} A4 91 (SSVEP, Steady State
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3t HESAIZES 7S5t (Mun et al., 2012). A3l A}

o 5
45 3D A 2 Ao Hojd Aoz dHA BE
Z (The Walt Disney Company, 2010)< A3} 40inch
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2.3 Data acquisition and extract effective parameters

=< Wb A AFE 7|Hko g Azbu] Z o}l s}
of fradt A WMFEE FESISATh olol A&A1A
% 11— Ql WuH(PPG), YFHAENS(GSR), JF%
(SKD) & &3l A9 2E 4 A7 (Park et al,, 2011a)
¢} PPG /‘]ioﬂ/ﬂ PRV (Pulse rate Variability) ¥4 %
3 w7 (LF, Low frequency), -4} (HF, High frequency)
kS-S olsk 5 (Park et al., 2011b) 9 <Xy 2 3%
2401]/‘1 ARIBEH L (ERP) & &3l A149 28 S4% <
T7F QAT (Mun et al., 2012). %4719 A75 E3 PPG
frequency, PPG amplitude, HF/LF ratio, ERP amplitude
(P4, 01, 02), ERP latency (P4, 01, 02), SSVEP S/N
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Park et al.,, 2011b).

Table 2. Prior research result used in this study

Advanced Effective Result —value
research parameters P
Cardiovascular
system .
(Park ctal., HF/LF ratio Decrease .005
2011a)
Autonomic PPG frequency Increase .005
nervous PPG amplitude Decrease .005
system
(Park et al., GSR mean Increase .005
2011b) SKT mean Decrease .005
P4 Decrease .013
ERP
amplitude (0]} Decrease .006
02 Decrease .004
r?eisgﬁl P4 Increase .037
system ERP 01 Increase .027
(Mun et al latency
2012) ? 02 Increase .002
P4 Decrease .010
SSVEP
S/N ratio o1 Decrease .050
02 Decrease .010
3. Analysis

3.1 Canonical correlation analysis

A oR e AR o FaE =7

A TR I FE A v ARt x4

A4S 5202 Hotelling(1935) ol &3l Ate F= g
2

(Canonical correlation analysis)< -’F?%* At (Lee,

_l

F

2002). A=AIEAE T ) 0129 71 ®S (multiple
criterion variable) &} F 7l o]xte] A+ ‘31 <= (multiple

predictor variable) & A}o]2] A3 HAE ATl vhA
A 7o)t}

ool we} B AT A7 ATE Ed G
b Ashgh eple] et WS AIZE A3k wedske <l

zZte] T2 A Zb R W o g AR o”%, PPG
frequency, PPG amplitude, HF/LF ratiox= A}F&417 7
W Heko 2 4 3k9al, ERP amplitude (P4, O1, 02),
ERP latency (P4, O1, 02), SSVEP S/N ratio (P4, 01, 02)
2 220744 WAooz AAstth AEATEA e
A T et oust S nA ke E]lstaat st

%7}

= 4%
=]
= 749

oR

ol7] wiEel olwle] 7l el A
S Sfal gof ot FEErh
1572] T8 2H(e] 9; Hit o] 22.534£2.55) dlo]
EE 7[R SPSS 17.0KE AHg3le] 248 At
Z47ke] T WS Aeke] A3 23t (linear combination) 7+
AAAAE 7 A e HAd 48 23 (maximum

linear combination) & Ztolujo] A|Zta] & W ety 245
A7A 2 %‘?*7374-4 T At Afo] o] s Elst
1, v WS AREAE B8] 2 Wi Hut

2 %

—r7} 5]EH7} 5171] st M4E ERlsgIT) Et AbE
A= F57457153| (standardized canonical weights) 9}
A= 24 A3 (canonical cross—loading) ol 71%3}0] 3jj4]

st

4. Results

4.1 Visual fatigue and autonomic nervous system

J
N

A2 2 ARG A A e Atole] A
A A3t Table 39} Table 43 v} =29 2709 F=+
AHskr 5 A MA SpelA fos Aot YERS e
= .048). ZFAFTFEA A T 19 T34 AAE =7}

Table 3. Result of canonical correlation analysis with
ANS(PPG, PRV) & VF

Functionl Funcion2

w C-L w C-L

1 Set(Visual fatigue) -

Response time 223 452 1.077 398
Subjective evaluation .887 749 -.650 -.100
2 Set(ANS) -
PPG frequency 110 .161 1.046 .195
PPG amplitude -414 -515 -435 -.126
HF/LF ratio -.660 -575 -303 013

W: canonical weight, C-L: canonical cross-loading

Table 4. Result of canonical correlations and
redundancy measure of shared variance(VF & ANS)

C-C er 1 er2 Slg
Function 1 765 .654 363 .048
Function 2 494 346 .097 228

C-C: canonical correlations, R,;: redundancy index
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0.887% =A YERH o HF/LF ratio’} —0.6604S &<l
skQlth st AEWAAAGS T304 AlZfF] ZelA 0.749,
PPG amplitude®llX] —0.515, HF/LF ratio°X] —0.575%
HER AT

4.2 Visual fatigue and central nervous system(ERP
amplitude)

A A (ERP amplitude) 2] ¥ ek
o] AEAIEA] A3l Table 58 &th =9 2709
24T 25 (p> .05) BAIFACRE [oskA] k2 A3

Table 5. Result of canonical correlations and redundancy
measure of shared variance(VF & CNS: ERP amplitude)

Cc-C R,d 1 R,d 2 Slg
Function 1 .646 494 641 221
Function 2 217 .506 313 714

C-C: canonical correlations, R,;: redundancy index

4.3 Visual fatigue and central nervous system(ERP
latency)

l

Ztu 2739} 37 A (ERP latency) o] W4 gk A
54924 A3l= Table 69 Table 73 2}l &=
27M8 B4R 5 3 AR FellA foe A
7} debgtHp = .013). EF4E7FeAA 3 19 ®F
SAIZke] —1.0322 A YeERt o, ERP latency (02) 7}
—3.281¢& EIsgivh 3t FFEwAA AL WA
el —0.997, ERP latency O1 XA —0.659, ERP

O

]O

HHN'
(i

Table 6. Result of canonical correlation analysis with
CNS(ERP latency) & VF

Funcion2
Y C-L w C-L
1 Set(Visual datigue) -

Functionl

Response time -1.032 -.997 =379 077

Subjective evaluation .084 -.345 1.096 939
2 Set(CNS) -

P4 latency 1.401 -.670 143 | -502

Ol latency 1.157 | -.659 | -3.084 | -.699

02 latency -3.281 -.823 2351 | -461

W: canonical weight, C-L: canonical cross-loading

Table 7. Result of canonical correlations and redundancy
measure of shared variance(VF & CNS: ERP latency)

C-C R,1 R;2 sig
Function 1 .807 .557 .520 .013
Function 2 .309 443 318 496

C-C: canonical correlations, R,;: redundancy index

latency P4 AAe|A —0.670, ERP latency 02 #]7gol|A
—-0.823 =02 =7 YElT)

4.4 Visual fatigue and central nervous system(SSVEP
S/N ratio)

Aol €] ek =3
o) BERTLAN FFHIAF 20> 05) BAA
FolAE He 5 gt

Table 8. Result of canonical correlations and redundancy
measure of shared variance(VF & CNS: SSVEP S/N ratio)

Wilk's Chi-SQ DF sig
Function 1 490 9.994 6.000 125
Function 2 .825 2.696 2.000 260

W: canonical weight, C-L: canonical cross-loading

5. Conclusion

ATollM= 3D FHl= AlFo® e AR o

*ﬁx] 4 SRSk AEAHAE ol Esle] ek

rhl

o N l-m rd'
_O|L
lﬂ J“

} }Oﬂr)r rtzs} = A}o]sﬂ 4% Aol & AT F

o] dads vehdlE A AsE & -

= 28, Al4Y 29 fE A AEE Fged A3
o]

|

T
iy o
rh
mko
bl

Zollek. w3t AFuwAA A" 43 737
%7} S7V84= HE/LF ratio®} PPG amplitude”}
sh= S YERlen, 3D A EE WYgsks b
7ro] Z7}3k+2 ERP latency ) 02 XA oA 7+4s})
B YERISIAL ERP latency @] P4 #1313 O1 A%
sk o] & B o | ol TR Al4T 2

>
Br
&
i

R r oo oy
>



790 Myeung Ju Won - Sang In Park - Mincheol Whang

J Ergon Soc Korea

9] A AEAAA el & o] e, 37 A
o] A% A HZE NYshe AAFY T &
wdol ASS ulgitt B3 F W HAdke] At
Ho7t A sh= W AR AP ATE 7@%7]"?
A2t ahe olist 2t MeES AT v iRl &
AT AE FElA AEAAEA Mg S HEF/LF ratio%}
SFA7AA W 5 ERP latency (02) 7} A1ZH] 29 713+
T TS vR= RS RIS o] AEAAEA wigl

HF/LF ratio”} PPG frequency £} PPG amplitude X.t} /\]
7o 2o} & Aol eSS grlsta, FFAEA W
Q1 ERP latency?] P4 #1383 01 AX@xT}t 02 X]7§.]°ﬂ’\1
A2 79l =& AFyAdo] 9ty sfAdek 4= it} B A
Av}o]| whe}, HE/LF ratio®} ERP latency (02) 7} A1 Z}9] 2
o A4 Hkg-& Fgsh] $1st £ sty 4
< fra A W s gl

2 ATl T34 ;\]71431:&_ A A S HE/LF
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