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Evaluation for Optimal HUD Location on a Train Using EEG
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ABSTRACT

This paper suggested a new evaluation method for optimal HUD position through a correlation based on
between biological signal as and statistical analysis which using (Electroencephalogram, EEG) and ANOVA. This
experiment was conducted two kinds of method to evaluate the optimal HUD position. At first, visual stimulus
suggested from six different positions(the top and the bottom of the left, the top and the bottom of the center
and the top and the bottom of the right on the screen) in laboratory and an object image was shown for 30
seconds in a screen which has 235 X 197 cm2 size. And second, HUD image was configured from three
different positions and an object image was shown for 30 seconds in a screen. EEG, which used a-wave and 3
-wave for evaluate an emotional stability, were measured from Fpl, Fp2, F7 and F8 channel based on ten to
twenty electrode system. From the result in laboratory, F7 [3-wave was shown statistically significant to
significance probability of 0.006 and between a-wave and [B-wave were showed a negative correlation(r=-0.190).
Also, Both the top of left and the bottom of center were showed lower [3-wave than the bottom of right. From
the result in railway simulator, Fpl [3-wave was appeared statistically significant as significance probability of
0.033 and it was showed lower [3-wave than center. The outcome of this study will be helpful about evaluation
of optimal HUD position through correlation between alpha wave and beta wave.
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Table 1. Experimental Protocol(Laboratory)

El
e}psed Procedure Experiment contents
time
. Basic survey for EEG
1 min 1
measurement
3 min 2 Reference EEG measurement
30 sec 3 EEG measurfement by different
display location
1 min 4 resting

a2l 2. SEAe) sk 2T
Fig. 2. EEG measurement of Subject(Laboratory)
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Table 2. Experimental Protocol (Railway simulator)

Elapsed .
a.lpse Procedure Experiment contents
time
10 min ) Prepaﬁng an EEG measurement
experiment
. Basic survey for EEG
1 min -
measurement
3 min 1 Reference EEG measurement
7 min ) EEG measured from between
10 sec Maegok and Donghwa station

S8l 3. WAl W5 2 AEole)
Fig. 3. EEG measurement of Subject (Laboratory)
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T2 4. wjshede) AHeE A3 917
Fig. 4. Electrode location on EEG analysis
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Fig. 5. Proposed location of visual stimulation (left :
Laboratory, right : Railway simulation)
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Table 3. Correlation of Alpha wave and Beta wave
located on F7

Spearman’s rho Alpha Beta
Correlation 1.000 -.190
coefficient

Alpha Sig. 049
N 108 108
Correlation -190 1.000
coefficient
B
cta Sig. 049
N 108 108

3.1.2 Ex AlEaole A

H] 24 71AQ] Spearmand AL o830 nE A
deo| odujule} welule] AHEAS F3siin) 1
73} Fpl ¥¥loh= Fp2, F7, F82] dojsle} o)t
0.039, 0.000, 0.013°.2 Yehfrix A2 AkAdo]
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Table 4. Correlation of Alpha wave and Beta wave

Kendall’s tau_b correlation coefficient

Alpha wave Fpl | Fp2 F7 F8
Correlation |\ 06 | 258+ | 500%+| 327+
coefficient

Fpl
P Sig. 039 | .000 | 013
N 2 | 24 | 24 | 24
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Kendall’s tau_b correlation coefficient

Alpha wave Fpl | Fp2 F7 F8
Correlation | 50, |1 000 | 410%+| 200
coefficient

Fp2 Sig. 039 003 | .086
N 2% | 24 | 24 | 24
Correlation | 5o, 410+ 1.000 | 240
coefficient
F7 .
Sig. 000 | .003 051
N 2% | 24 | 24 | 24
Correlation | +7. | 200 | 240 | 1.000
coefficient
F8 Sig. 013 | .086 | .051
N 24 | 24 | 24 | 24
Kendall’s tau_b correlation coefficient

Beta wave Fpl Fp2 F7 F8
Correlation |} 500 | 145 | 156 | 355+
coefficient

Fpl Sig. 161 | .143 | .008
N 2% | 24 | 24 | 24
Comelation |45 1 1 000 | 352+ | 3412+
coefficient
Fp2 Sig. 161 008 | 010
N 2% | 24 | 24 | 24
Correlation | | 5| 3554 1.000 | 526+
coefficient
F7 .
Sig. 143 | .008 1000
N 2% | 24 | 24 | 24
Correlation | 5scul 3415|526+ 1.000
coefficient
F8 Sig. 008 | .010 | .000
N 24 | 24 | 24 | 24
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Table 5. Result of variance analysis for Beta wave
(Laboratory)

Sum of Mean
daf F Sig.
Squares Square *
Between 2.002 5 400 372 | .867
Groups
Fpl ithi
phi Within 1) 818 | 114 | 1077
Groups
Total | 124.820 | 119
Between 4.628 5 926 1.002 | .420
Groups
Fp2 ithi
P Within 105.323 114 924
Groups
Total | 109.951 | 119
Between 14.909 5 2.982 |3.492 | .006
Groups
F7 ithi
WIthin o7 348 | 114 | 854
Groups
Total 112.257 | 119
Between | o 1) 5 1.834 | 1.676 | .146
Groups
F8 ithi
Within |14 703 | 114 | 1.095
Groups
Total 133965 | 119
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Table 6. Descriptive statistics for F7 Beta wave

F7 N Mean S.td'. Std. Error
Deviation
location 1 18 -.2531 1.15454 27213
location 2 18 .1032 91779 21633
location 3 18 -.0530 74089 17463
location 4 18 -.1303 .52359 12341
location 5 18 -.2489 1.09245 25749
location 6 18 .9569 97562 22995
Total 108 .0625 99682 .09592
989

www.dbpia.co.kr



The Journal of Korean Institute of Communications and Information Sciences ’14-11 Vol.39C No.11

E 7. F7 el A5 A A7 (Scheffe)
Table 7. Result of F7 Beta wave Post-Hoc Test(Scheffe)

N subset for beta = .05
1 2
location 5 18 -.2385
location 1 18 -.2244
location 3 18 -.0403 -.0403
location 4 18 -.0156 -.0156
location 2 18 .0820 .0820
location 6 18 .8606
Sig. 953 131
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A= BAASE FJ3HA Ael7| Rl A
29, 39, 4Wl $JA= Aol7} v AT ®olAt
FAALEE= A7t vA] ose] B i

F7A1d¢] dutatel weld=s A2 29 A3
7} o5& EIElda 1, 51 $1A17F 61 $1A]el] Bl
3] wetgrl A veldcl mEkd S35 19,
59 912171 61 f1A]e wlsl] v Al7e] who] 2ro]aL
A3 sh= 7oz AlsEthad 6).

1,00

080

050

040

F7_beta® B

020

000

020

T T T T T T
Location 1 Location 2 Location 3 Location 4 Location 5 Location 6
fact

T2 6. FrAdel gk mE 3720 wielst A7 ez
Fig. 6. Beta wave average graph for all subjects on F7
channel
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Table 8. Result of variance analysis for Beta wave
(Railway simulator)

Sum of Mean

Squares a Square i B
Between | 00580 | 2 | 144.794 | 4.024 | 033
Groups
Fpll Within | o5 508 | 21 | 35978
Groups
Total | 1045.137 | 23
Between 87.471 2 43.736 | 513 | .606
Groups
Fp2| Within 1790.991 | 21 85.285
Groups

Total 1878.462 | 23

Between 59 894 2 29.947 | .388 | .683
Groups

F71 Within |} 01 268 | 21 | 77.203
Groups
Total |1681.162| 23
Between | 191672 | 2 | 95.836 | 1.085 | 356
Groups

F8| Within

1854.802 | 21 88.324
Groups

Total |2046.474 | 23
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Table 9. Verify the homogeneity of variance
Levene Statistic dfl df2 Sig.
Fpl 1.063 2 21 .363
Fp2 2.115 2 21 .146
F7 170 2 21 .845
F8 .621 2 21 547

®10. 7I& SAF
Table 10. Descriptive statistics for Fpl Beta wave

F7 N Mean S.td'. Std. Error
Deviation
center 7 40.8787 6.93318 2.45125
right 7 39.8125 6.54372 2.31355
left 7 33.0350 4.12871 1.45972
Total 21 | 37.9088 6.74097 1.37600

E 11 Fpl welgke] A 7344 A3KScheffe)
Table 11. Result of Fpl Beta wave Post-Hoc Test
(Scheffe)

subset for beta = .05
N
1 2
left 7 32.7914
right 7 40.1429 40.1429
center 7 41.9371
Sig. 11 .863
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T T T
center right left
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Fig. 7. Beta wave average graph for all subjects on Fpl
channel
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