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EEG Analysis of Human exposed to interior noise of
KTX and Saemaul—ho
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F880] . HINEEG), el (relative B power), UlH-4(interior noises), FFT(Fast Fourier Transform)
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1. Introduction

Recently, there have been many advances in the
railroad industry. Because the railroad industry
became a high-tech industry to combine the most
advanced technologies. Especially, the investment
for speeding up of conventional railroads made a
great accomplishment.
named KTX(Korea Train
introduced to Korea and the

High-speed train,
Express),  was
transportation service started from 2004. The
Gyeongbu line among the KTX lines is connected
between Seoul and Busan and is the major means
The travel

between Seoul and Busan was reduced from 2

of transportation in Korea. time
hours 40 minutes to 2 hours 18 minutes because of
complete opening of Busan-Daegu section for

KTX in 2010. To increase running speed and
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straight section, the number of tunnels was
increased. The interior noises of the high—speed
trains are generated by several reasons. There
have been many researches of the interior noise
for high-speed train by types of railroad, speed of
train, driving conditions and degree of noises' ™%,
The degree of noises have been analyzed by
various quantitative methods. The interior noises
had influences on passengers’ comfort when they
use the trains. Ultimately, it 1S necessary to study
the influence of the passengers by the interior
noises.

According to precedent study, interior noises in
the KTX and the Saemaul-ho were different in
and frequency distribution® ™ ?’.
Different interior noise characteristics can make
different EEG (Electroence

phalography) might be changeable by the different

loudness level

external stimulus.
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external stimulus. Therefore, in our experiments,
we used with stimuli to subjects the interior
noises of the KTX and the Saemaul-ho when they
passed through tunnels. At that time, we measured
and analyzed the EEG due to the interior noises.
Human brain activity have been estimated with
measurement and analysis of the EEG. The EEG
frequency bands is useful for the estimation to be
categorized as delta(l to 4Hz), theta(4 to 8Hz),
alpha(8 to 13Hz) and beta(13 to 30Hz). It was
reported that the power of the 8 band reflected to
disquietude, receiving tension and stress® ™ 7.
Therefore, we carried out the experiments to
measure the EEG of the subjects when the interior
noises of the KTX and the Saemaul-ho were
presented with stimuli and analyzed the variation
of the B waves in the EEG. Finally, we presented
the experimental results that the variation of the B
waves could be related with the degree of stress.

2. Experimental procedure and method

2.1 Analysis of interior noises

It takes 48% of the total running time to go
through tunnels in Busan - Daegu section of the
KTX. The
measured 70dB in open area(normal railroad), 80dB

interior noises of the KTX was

in tunnel. In case of the Saemaul-ho, it was
measured about 60dB in open area, about 70dB in
tunnel. The case of the KTX was about 10dB
higher than that of the Saemaul-ho. According to
these results, we know that the loudness levels of
the interior noises were different in each cases.
We also analyzed the interior noises in frequency
domain. Fig. 1 shows the frequency spectra in 1/3
octave band. The results in frequency domain
represents that the component of lower 250Hz
affected the total noises. It was generally known
that the frequency band below 250Hz have
relatively low transmission loss in case of a
vehicle®.

In the KTX, there were distinct differences at
250Hz and 400Hz. In the Saemaul-ho, there were
distinct differences at 400Hz and 4000Hz. We

detected peak frequencies in lower 2kHz when the

trains passed through a tunnel using the method

o 9)
of sector space averaging”’.

yln] = zln] — = kzl{x[nfk]+x[n+k]} (1)
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Fig. 2 shows the peak frequencies of the KTX

; | imin | 3min min min
and the Saemaul-ho respectively. In the |
Saemaul-ho, there were high peaks at 50Hz and MM | Stimulus MM Stimulus
90Hz. In the KTX, there were high peaks at 25Hz, state | (KT%) state | (sapmaul-ho)

200Hz and 270Hz. From those results, we are able

. . . Fig. 3 Sti | tati thod
to assume that the interior noises of the KTX and ' fmuus presentation metho

the Saemaul-ho are caused by the different

reasons. We used the interior noises to be subject | [::)ei;::’
analyzed above for our EEG experiments. l
2.2 Experimental Methods PolyG-A
The measurement system called PolyG-A by
Laxtha was used for recording EEG. The EEG l
activity was recorded at F3, Fz, F4, C3, Cz, C4, EEG signals
P3, Pz and P4 according to the extended
international 10-20 system'?’. The sampling rate l
was selected to 256Hz. The channel data were FFT
produced by monopolar derivation. Subjects were 5 l .
male university students and all subjects reported FaRtvep e
being free of neurological or psychiatric disorders. power ﬁﬁ“ﬁ"%

1 2 25. i
Their ages were from 23 to 25. Our experiments Fig. 4 A schematic diagram of EEG experiment

were  progressed In open eyes for preventing
drowsiness.

. . . . 0.35
The stimuli to present were recorded the interior
03

noises when the trains were passing through o

tunnels, and the noise levels were set by
80dB(KTX) and  70dB(Saemaul-ho), equal to
actual level. The interval between the stimuli was

0.2

015 |- - — — —

01 |- _— = — _— — —

separated by the state without noises. Meditation 005

music was presented during the state without 0

noises. 1 2 3 4 5 6 7 8 9
The MM state in Fig. 3 means that subjects are (X Bssemactho

listening to the meditation music. It is to stabilize (a) Subject 1

the EEG and intended to minimize the effect of

prior stimulus. To avoid rapid changes of the 035

sound level, we applied fade-in and fade-out to 03

the beginning and the end of the stimulus and the 025

0.2

meditation music. The procedure of our EEG
0.15

experiment is shown in Fig. 4.
0.1

. . i 005 T+
3. Experimental results and discussion Nl B B I I I I I I

EEG is classified into delta wave, theta wave, KTX ESaemaul-ho

alpha wave and beta wave in frequency band. (b) Subject 2
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Fig. 5 The relative 3 power of subjects according
to the channel
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Fig. 6 The differences of the relative B power
between the KTX and the Saemaul-ho

The spectrum of the EEG is computed using Fast
Fourier Transform (FFT). Then the B relative
power 1s calculated as the ratio of [ band power
and the whole EEG spectrum power. The B
relative power is calculated as follows:

o ﬂpower
Brp = FEG 2)

power

Fig. 5 shows the relative 3 power of 5 subjects
to calculate at each channels when the stimuli of
the interior noises were presented. Four subjects
have the larger relative B power of the interior
the KTX than that of the Saemaul-ho.
One subject only has the large relative B power

noises by

of the interior noises by the Saemaul-ho.

Fig. 6 shows the differences of the relative 3
power between the KTX and the Saemaul-ho. The
upper direction of the horizontal axis represents
the large B power of the KTX and the lower
direction of the horizontal axis represents the large
B power of the Saemaul-ho. The difference values
of the relative B power for four subjects are
012723, 0.07759, 0.08989 and 0.10271. The
difference value of the relative B power due to the
-0.0198.

In our experiment results, it can be shown

interior noises of the Saemaul-ho is

clearly that the relative B power of EEG due to
the KTX 1is large at the most. In the larger
relative 3 power due to the interior noises by the
Saemaul-ho, the difference of the relative 3 power
1s very small.

4. Conclusions

In this study, we analyzed the interior noises of
the KTX and the Saemaul-ho. The results showed
that the interior noises in the KTX and the
Saemaul-ho were different in loudness level and
frequency spectrum. The interior noises of the
KTX was about 10dB higher than that of the
Saemaul-ho. In the KTX, there were distinct
250Hz and 400Hz. In the
Saemaul-ho, there were distinct difference at
400Hz and 4000Hz. These results show that how

differences at
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much is the difference of the interior noises
between the KTX and the Saemaul-ho and the
interior noises of each train are caused by the
different reasons. The studies of positive and
negative effect with the EEG spectrum have been
studied by M. C. Whang et al(1997), J. Y. Kim et
al(2001) and D. H. Kyon et al(2009)'' ~**). The
previous studies have found the results that the (3
activity was correlated with  discomfort of the
subjects.

Therefore, nextly we measured the EEG signals
when the interior noises by the KTX and the
Saemaul-ho were presented the stimuli and
calculated the relative B power from the EEG
80% of
subjects have the large relative 3 power of the
mnterior noises by the KTX. 20% of subjects have
the large relative B power by Saemaul-ho, but

signals. In the experimental results,

there is a small difference between the relative 3
power of the Saemaul-ho and that of the KTX.
The difference value 00198 is 255% of the
smallest value among the relative 8 powers. This
result means the case to have the similar 8 power
for two types of the trains. It could be assumed
that most of people felt more discomfort in the
KTX than in the Saemaul-ho from the relative (3
powers of the experimental results.

However it is thought that the difference of the
relative B powers may be not caused from the
difference of loudness level in the interior noises
because one subject have the similar response for
the stimuli from the two types of trains. Therefore
we need to find the reasons to cause the larger (3
power in the KTX based on this study. Especially
considering there are many tunnels in Busan-
Daegu section of the KTX, it requires to find and
reduce the reasons of the interior noises in the
KTX for a comfortable ride.
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