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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 [3B-wave was shown statistically significant to
significance probability of 0.006 and between a-wave and [3-wave were showed a negative correlation(r=-0.190).
Also, Both the top of left and the bottom of center were showed lower [B-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 [B-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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Fig. 1. HUD and HDD Display
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Table 1. Experimental Protocol(Laboratory)

El
z?psed Procedure Experiment contents
time
. Basic survey for EEG
1 min 1
measurement
3 min 2 Reference EEG measurement
30 sec 3 EEG measur.ement by different
display location
1 min 4 resting

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

Elapsed .
e.lpse Procedure Experiment contents
time
10 min ) Prepa.n'ng an EEG measurement
experiment
. Basic survey for EEG
1 min -
measurement
3 min 1 Reference EEG measurement
7 min 2 EEG measured from between
10 sec Maegok and Donghwa station

2 3. A W3 SRR Al
Fig. 3. EEG measurement of Subject (Laboratory)
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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
eta Sig. 049
N 108 108
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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 |\ 36 | 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
Comelation | »5e. | 1,000 | 410%| 200
coefficient

Fp2 Sig. 039 003 | .086
N 24 | 24 | 24 | 24
Comrelation | 5ol 410+| 1,000 | 240
coefficient
F7 .
Sig. .000 | .003 051
N 24 | 24 | 24 | 4
Comrelation | 37| 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 |} 10 | 145 | 156 | 355+
coefficient

Fpl Sig. 161 | .143 | .008
N 24 | 24 | 24 | 24
Comelation |45 1 1 000 | 352+ | 3415+
coefficient
Fp2 Sig. 161 008 | 010
N 24 | 24 | 24 | 4
Comrelation | ;56| 3504|1000 | 526+
coefficient
F7 .
Sig. 143 | 008 .000
N 24 | 24 | 24 | 4
Correlation | ;ss.vv| 341|526+ 1.000
coefficient
k8 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
dar F Sig.
Squares Square *
Between | 2 | 5 400 | 372 | 867
Groups
Fpl ithi
pli Within | )18 | 114 | 1.077
Groups
Total | 124.820 | 119
Between 4.628 5 926 | 1.002 | .420
Groups
Fp2 ithi
P2| Within |05 35 | 14 1 g4
Groups
Total 109.951 | 119
Between | 1000 | 5 | 20982 |3492| 006
Groups
F7 ithi
Within 97.348 114 854
Groups
Total 112.257 | 119
Between 9.171 5 1.834 | 1.676 | .146
Groups
F8 ithi
Within | 51703 | 114 | 1.005
Groups
Total 133.965 119
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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
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E 7. F7 Welte] A A4 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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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 S
Between | 0580 | 2 | 144.794 | 4.024 | 033
Groups
Fpll Within o5 sig | 21 | 35.978
Groups
Total | 1045.137| 23
Between | o ) 2 | 43.736 | .513 | .606
Groups
Fp2) Within | 1290991 | 21 | 85.285
Groups
Total |1878.462| 23
Between | 55 004 | 2 | 20047 | 388 | 683
Groups
F71 Within |} 01 268 | 21 | 77.203
Groups

Total 1681.162 | 23

Between | 10,672 | 2 | 95836 | 1.085| 356
Groups

F8| Within | o) g00| 21 | 88324
Groups

Total |2046.474 | 23
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Table 9. Verify the homogeneity of variance
Levene Statistic df1 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& BAF
Table 10. Descriptive statistics for Fpl Beta wave

F7 N Mean S.t d'. 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 wlelgke] AL 734 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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Fig. 7. Beta wave average graph for all subjects on Fpl
channel

WAL Sl Ze® vepyta, A AlEely A
M= gzt Zh, ek} 2 Aol Sl Ao
vhebsdet. A7 AdellA 23dAE2 61 913l 1]
s 1, SR S el wEelrE o ) e, A

A EYolE] Aldox]= Fe}url= 2] HUDZ}
$1A5k5S w welglr} A relyiek

v. Z2 B
& od9~= HUD®| A3} 945 =53 o, 9}
oF AR S o83 AR S Al]kaisich A
P2 A7 2 Ax AEHelH R vre] AYS Al

Patolek vlole] ¥4 BAK R folahA vehd
A HE o] gslgrh. A Aglelde F7 M
B, A AlEHolEellA = Fpl WERLE o8}
ki ATE B FAelA|wt HukE o4}
of FgAEe] A9 S A+ Qgdek 3t
At wopp w= 93]l wel A eZ felsHl
vrehtA] eastet A Agelxs mafe]
1 24 dlelele] Al#de =%
& ZAelet ekt
FF g 2 AgelE 02 Hut 34 7)%e]
e, Ay L2 egs oS A b wet
AR o7 A2k #A2] HUDSIAE =5 5 3l
I gekEle) gk B TS ke AR AddlellA
= HUDAHIE Aot Whall=l#] s AdAsta, A
d Zeeds AAEse] 23S Akl vt

b
>

References

[1] R. Kim, J. P. Lee, and B. S. Kim, “A study
on interface of head up display system for
automotive,” KSAE 2004 Ann. Fall Conf., vol.
3, pp. 1283-1288, Gunsan, Korea, Oct. 2004.

[21 I B. Yang, H. K. Lee, and B. W. Kim, “A
study of head-up display system for
automotive application,” Trans. KSAE, vol. 15,
no. 4, pp. 27-32, 2007.

[31 H. B. Son, H. J. Ban, K. Yang, and Y. C.
Rhee, “A study of head-up display system for
vehicle application,” in Proc. KICS Int. Conf.
Commun. 2010, pp. 317-321, Seoul, Nov. 2010.

[4] S. H. Yun, H. B. Son, and Y. C. Rhee, “A
study of head up display system for next
generation vehicle,” J. KICS, vol. 6, no. 3, pp.

91



The Journal of Korean Institute of Communications and Information Sciences

’14-11 Vol.39C No.11

[5]

[6]

[7]

[8]

9]

[10]

[11]

[12]

[13]

[14]

992

106-111, Jun. 2011.

B. J. Park, W. E. Kang, and T. H. Kim, “The
decision of order priority of HUD contents for
public transit,” J. Korean Soc. Road Eng., vol.
15, no. 1, pp. 135-141, Feb. 2013.

M. H. Park, H. J. Kim, and C. Y. Chong,
“Deduction & weight analysis of scenario-
based variable information elements for front
window display(head-up display) in a car,” J.
Digital Design, vol. 12, no. 1, pp. 459-468,
Jan. 2012.

M. H. Jung, J. B. Song, Y. S. Han, and Y. S.
Yu, “Design and fabrication of holographic
head-up display system,” The J. Optical Soc.
Korea (Korean Edition), vol. 5, no. 2, pp.
225-230, Jun. 1994.

B. W. Kim, H. D. Cho, and Y. S. Lee, “A
study on the characteristics of recognition
regarding automotive head up display,” J.
Semiconductor & Display Equipment Technol.,
vol. 7, no. 3, pp. 23-27, Sept. 2008.

S. L. Kwak, “A comparative study on railway
accident safety statistics among nations and
other transportation modes,” J. Korean Soc.
Railway, vol. 15, no. 2, pp. 193-198, Apr.
2012.

H. K. Lee and I. B. Yang, “A study of
head-up display system for HVL” 2009 Fall
Conf. Ergonomics Soc. Korea, pp. 245-248,
Daegu, Korea, Nov. 2009.

S. H. Kim and C. K. Seong, “A study on ERP
and emotion by movement changes of graphic
images,” J. Korean Soc. Design Sci., vol. 24,
no. 4, pp. 143-154, Nov. 2011.

H. J. Lee, D. 1. Shin, and D. K. Shin, “The
classification algorithm of users’ emotion
using brain-wave,” J. KICS, vol. 39, no. 2, pp.
122-129, Feb. 2014.

H, K. Kwon and J. S. Cho, “EEG 3-way
repeated ANOVA of prefrontal lobe of left
and right brain which influences brain activity
by the science learning types,” J. Korean Data
Anal. Soc., vol. 9, no. 3, pp. 1107-1118, Jun.
2007.

K. H. Chon, H. J. Choi, “A Study on

[15]

[16]

[17]

(18]

[19]

[20]

2} X

Ubiquitous Psychological State Recognition
Model Using Bio-Signals” J. KICS, vol. 35,
no. 2, pp. 232-243, Feb. 2010.

H. C. Ahn, J. H. Yeon, and W. H. Lee,
“Emotion evaluation analysis of EEG using
stimulus of motion picture,” in Proc. Korean
Soc. Internet Inf. Conf., vol. 7, no. 2, pp.
315-318, Gunsan, Korea, Nov. 2006.

B. K. Min,
oscillatory activity,” Korean J. Cognitive Sci.,
vol. 20, no. 2, pp. 155-181, Jun. 2009.

M. C. Whang, E. K. Ryu, E. H. Beyn, and C.

J. Kim, “Normalized sensitivity using EEG as

“Spectral analysis of brain

objective emotional index,” in Proc. Korean
Soc. Emotion & Sensitivity Conf., pp. 80-84,
Seoul, Korea, Nov. 1997

C. S. Kim, “A study on the estimation
ergonomics index for evoked potential,” in
Proc. KIMICS Spring Integrated Conf., vol. 8,
no. 1, pp. 434-438, Apr. 2004.

T. Musha, Y. Terasaki, H. A. Haque, and G.
A. Ivanisky, “Feature extraction from EEGs
associated with emotions,” Int. Symp. Artificial
Life and Robotics, vol. 1, no. 1, pp. 15-19,
Dec. 1997.

T. Yoshida, “The estimation of mental stress
by l/f frequency fluctuation of EEG,” Int.
Congress Series, Topography, pp.
771-777, Amsterdam, Netherlands, 1998.

Brain

2 & 2| (Chang-won Wang)

T F3pt Akt
<FA ol AAAZAE, 2

3}, 2vkEA



w5 o143 2k 242) HUDSIA %7}

Z & 7 (Yong-Kyu Kim)

1987'd 24 skl of s}
< Azkgstak s Ah
1993 94 : =g~ 2l
3 (INPL) Al o] 53} 2

(DEA)

199741 74 : =2k 2=
3HIANPL) Alotg-32 (33t
HEAR)

1997<~3A) : A =T A7 AT

<FlRol AREAIARA] 7)E, FAEA N
2kAe] 7|, AEASI|E

12

81 Nl & (Se-Dong Min)

2001 29 e $-%
AAAg-shat gakat

20043 2% :dAEtn ABA
Fesaby FEAAl

20101 2% : AAIE . A7)
HAAgeta} yahaal

Al A st o BIT-3-3}
I g

<ol AAAZ D A5AR], sohEso]

993



