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Figure 1. Calculation of the EEG alpha power time series (APTS) and intrinsic mode functions (IMFs).

A: Afier removal of the M'RI and ballistocardiogram artifacts, the EEG data from the four bipolar

channels were subjected to frequency analysis using fast Fourier transform (FFT) for each 3-second

segment (gray in the upper papel). The powers of the alpha band across the four bipolar channels were

averaged. The averaged power values were then temporally aligned as the APTS, as shown in the bottom

panel. A scalp topography of alpha power of a single subject is shown in the right middle panel. Note that

the topography is described by EEG data of a unipolar induction, and L indicates the left side of the brain.

B: An example of the IMFs for a single subject, An APTS of a single subject is shown in the upper panel.

Next, the IMFs separated by the empirical mode decomposition (EMD) from the APTS were shown from

the first to the fifth IMF.
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Figure 2. Averaged power spectrums of the IMFs during 20 minutes of fMRI1 scanning. A: Distribution of
the frequency of all IMFs for each subject. Color illustrates the power of the IMFs from 0-0.01. Each line
within IMFs represents the frequency spectrum of each subject (total of 20 subjects). B: The averaged
power spectrum of the APTS and the IMFs across all subjects. The dashed line represents the averaged
power spectrum of the detrended APTS across all subjects. The colors of the profiles represent the
spectrum of each IMF as follows. IMF : blue, IMF2: green, IMF3: red, IMF4: cyan, IMFS: violet. Slow
and Fast indicate the frequency ranges of the siow and fast fluctuation components, respectively. 0.04 Hz

was the border of the segmentation.



Positive
correlation

Negative -t
correlation = 35

Figure 3. Group analysis of the correlations between alpha power fluctuation and the BOLD signal on
MRI. A: The positive (red-white) and negative (blue-green) correlation maps in the multiple axial planes
are superimposed on a standard brain template according to the Montreal Neurological Institute (MNI)
coordinate [61]. The number in the bottom right of each slice indicates a Z coordinate in the MNI space.
B: The positive and negative correlation maps in the sagiftal planes at an X coordinate of +8 mm in the
MNI coordinate. Only the areas with a peak-level uncomrected p < 0.001 and a cluster-level FWE 0{0.05
by random-effect analysis are shown. The color bars show t-values between 3.5 and 6.5, The letters in the

figure indicate the direction of cach brain image (L: left; R: right; P: posterior).

IMF1 IMF2 IMF3 IMF4 IMFS
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correlation
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Figure 4. Group analysis of the correlations between IMFs and the BOLD signal on fMRI. In the upper
panel, the positive (red-yellow) correlation maps in the multiple axial planes are superimposed on a
standard brajn template according to the Montreal Neurological Institute (MNI) coordinate [61]. The
positive correlation maps for each IMF are shown in the sagiftal planes at an X coordinate of +2 mm, a’Y

coordinate of -10 mm, and a Z coordinate of 10 mm and -16 mm in the MNI coordinate. In the bottom
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panel, the negative (blue-green) correlation maps for each IMF are rendered on a standard template brain
image. Only the areas with a peak-level uncorrected p < 0.001 and a cluster-level FWE of 0.05 by
random-effect analysis are shown. The color bars show t-values between 3.5 and 6.5. The letters in the

figure indicate the direction of each brain image (L: left; R: right; P: posterior; D: dorsal).

Fast ﬂuciuation

Figure 5. Positive correlation maps between the slow and fast fluctuation of the APTS and the BOLD
signal. Only the areas with a peak-level uncorrected p < 0.001 and a cluster-level FWE of 0.05 are shown
in the random-effect analysis, Statistical results are superimposed on an averaged MRI. The green and
orange colors on the brain images indicate the correlation between the BOLD signals and the slow and
fast fluctuation components, respectively. The color bars at the bottom of the figure show t-values
between 3.5 and 6.5. Numbers in the bottom right of each slice show the coordinates according to the
MNI space. Upper: Sagittal and coronal planes. Lower: Multiple axial planes. The letters in the figure

indicate the direction of each brain image (L: left; P: posterior).
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Figure 6. Comparison between the brain regions positively correlated with the slow and fast fluctuation
components. Statistical results are superimposed on an averaged MRI (Uncorrected p < 0.00], a cluster
level FWE of 0.03). The yellow-red color on the brain images indicates the significant difference between
the slow and fast fluctuation components (slow > fast). The color bars at the bottom of the figure show
t-values between 3.5 and 6.5. The number in the upper right of each slice indicates 2a MNI coordinate. The

letters in the figure indicate the direction of each brain image {L: left; R: right; P: posterior).



Tables

Table 1. Brain regions whose activity correlated with the power of the EEG alpha rhythm (p-value,
cluster-level FWE of 0.05).

Local maximum point

Correlation Brain region Side t-value X Y 4 P value Cluster
‘ size
positive brainstem - 9.65 4 26 -18 < 0.001 4136
thalamus bilateral 7.47 2 <2210 < 0.001
7.07 2 -6 2 < 0.001
anterior cingulate bilateral 6.36 4 34 22 < 0.001 686
cortex
cerebellum left 5.65 -10 54 40 < 0.001 395
cerebellar vermis right 5.34 4 -56 =32 < 0.001
negative superior parictal lobule,  bilateral 7.94 34 50 56 <0.001 28926

cupneus, middle

occipital gyrus

middle frontal gyrus left 7.32 -44 46 0 < 0.001

rectal gyrus bilateral 6.46 -12 44 -16 <0.001 608
middle fromtal gyrus right 5.68 24 30 44 0.00} 211
Inferior temporal gyrus  bilateral 5.52 56 -54  -12 <0.001 299

Inferior temporal gyrus  right 5.19 62 -12 -26 <0.001 162
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Table 2. Brain regions whose activity positively correlated with the IMFs components of the EEG alpha

power (p-value, cluster-level FWE of 0.05).

IMF Brain region Side Local maximum point
components
t-value X Y Z Cluster
P-value )
size
IMF1 thalamus bilateral 6.31 20 -14 14 <0.001 1159
anterior cingulate . bilateral 6.24 4 34 26 <0.001 1007
cortex
dorsolateral right 6.07 28 60 14 <0.001 519
prefrontal cortex
cerebellum left 5.69 -36 -58 -38 0.001 202
caudate nucleus right 4.68 20 12 14 0.032 106
IMF2 anterior cingulate bilateral 5.47 2 18 36 <0.001 543
cortex
thalamus left 4.90 -8 -10 0 <0.001 382
right 4.75 6 -12 10
IMF3 left 6.47 -6 -10 0 <0.001 1332
thalamus
right 6.14 4 -12 0
brain stem - 4.82 2 -24 -16
IMF4 bilateral 7.46 -4 -12 12 <0.001 1248
thalamus
left 7.32 -4 -4 4
IMFS thalamus bilateral 7.20 0 -20 10 <0.001 2513
left 6.68 =22 -16 10
brain stem - 5.43 4 -28 -26
cerehellum left 5.66 -2R =70 -32 0.003 225
supramarginal gyrus  right 5.00 56 -38 42 0.014 171
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Table 3. Brain regions whose activity negatively correlated with the IMFs components of the EEG alpha

power (p-value, cluster-level FWE of 0.05).

IMF Brain region Side Local maximurm point
components
t-value X Y Z Cluster
P-value )
size
IMF] inferior frontal left 4.73 -52 24 18 0.011 132
cortex
IMF2 superior parietal lobe  left 6.07 -38 -48 58 <0.001 320
right 5.05 48 -30 42 <0.001 555
precentral gyrus right 5.57 30 -2 48 0.032 145
left 4.78 -28 -6 52 0.004 222
IMF3 occipitoparietal right 10.35 30 -60 32 <0.001 31596
cortex
inferior frontal cortex  lefi 7.14 -46 4 30 <0.001 1937
orbitofrontal cortex left 6.70 -12 50 -10 <0.001 441
middle temporal right 6.1 64 -12 -16 <0.001 300
gyrus
IMF4 occipito-parietal right 7.73 n -R6 1R <0.001 11545
cortex
inferior temporal right 6.30 52 -50 -10 0.006 266
gyrus
inferior frontal gyrus  right 5.16 46 10 22 0.036 180
IMF3 middle occipital left 9.43 -44 -76 6 <0.001 17145
gyrus
precentral gyrus right 1.73 -40 -14 58 <(.001 433
medial temporal pole  right 5.62 46 12 -40 0.002 253
middle orbital gyrus 514 -4 54 -10 0.041 134

bilateral




Table 4. Brain regions whose activity correlated with the slow and fast fluctuation components of the

EEG alpha power and the comparison between the slow and fast fluctuation components (p-value,

cluster-level FWE of 0.05).

28

Fluctuation Brain region Side Local maximum point
component
t -value X Y Z Cluster
P-value .
size
slow thalamus bilateral 7.58 6 -24 10 <0.001 2861
brainstem bilateral 5.69 0 -22 -22
anterior cingulate  bilateral 7.29 6 32 20 <0.001 658
cortex
amygdala right 7.18 24 -4 -8 0.004 258
left 7.09 -6 0 -8 0.004 261
cerebellum bilateral 5.38 -10 -54 -36 0.006 241
fast cerebellum left 7.51 -10 -38 ~26 0.024 134
anterior and bilateral 5.95 6 18 38 <().001 489
middle
cingulate cortex
superior frontal right 5.37 28 54 24 0.002 222
cortex
thalamus right 5.07 18 -16 16 <0.001 487
left 4.67 -12 -8 0
slow > fast thalamus bilateral 7.97 4 -26 8 <0.001 848
5.35 -4 -10 -8
brainstem bilateral 5.79 2 -20 -22 0.045 139
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Abstract:

To address complaints about irritating sounds inside railway passenger cars, we focused on the fact that hypersonic effect,
namely the positive effects produced by sounds containing complex high frequency components (HFCs) above the audible
range on human physiology and psychology through the activation of the fundamental beain, can induce the positive
acceptance of the sound, and applied the hypersonic effect to the improvement of car-interior acoustic environments whose
noise level was beyond the limitation of conventional noise reduction approaches. We created a virtual car-interior acoustic
environment inside a stable railway car simulator with high fidelity. We obtained HFCs from a rainforest environment where
we had confirmed the induction of the hypersonic effect and made it so that it can be added o car-interior acoustic
environments. We also developed a hypersonic public announcement containing the HFCs. We evaluated the psychological
and physiological effects of the presentation of hypersonic contents simultancously played alongside a virtual car-interior
acoustic environment simulated in a testing car under several conditions. Subjects showed a significantly greater alpha 2-
electroenchephalography potential in hypersonic conditions, suggesting an increase in the activation of the fondamental brain.
Subjects also showed a significantly more positive impression of the sounds. These findings confirmed the emergence of the
hypersonic effect and suggested the more positive acceptance of the car-interior acoustic environments with HFCs than those
without HFCs that have identical audible components. The results demonstrate the validity of our approach, that is, by
manipulating the sound scnsitivity, we can improve the pleasantncess of the cnviconments. Qur research supports the efficacy
of this novel technique in ameliorating the unpleasantness of 2 noisy environument inside a railway car by means of media

content technology.

Keywords:

1. Introduction

The interior of a railway car is teeming with a cacophony of
sounds originating from train itsclf, the rail lines aond
machinery parts and from the passengers. Passengers canmot
avoid being bombarded by such noises, especially in Japan,
where public announcements arc customary on trains to
notify passengers of the destination. The cars are thus filled
with a mishmash of discordant sounds that generate an
acoustic environment unpleasant for the passengers.
Previously, the major factor causing the unpleasant
auditory sensations in the railway car is thought to be due to
the high level of discordant sounds. Therefore, in order to
physically reduce noise levels, various attempts have been
madc including suppression of the source of the sound and

by reducing sound transfer from outside by insulation or

absorption [Kitagawa et al_, 2012).

However, other factors also contribute to the
unpleasantness of the acoustic environment— physical
factors of sound itself such as its noise level, frequency
structure, and duration as well as social factors depending
on the public pature or necessity of the sounds, health
_ condition of the passengers, their individual taste or
sensitivity to a sound based on past experience of the
passengers [Yamamoto et al., 1990].

81

railway cars, hypersonic effect, high-frequency components

People have conflicting responses to  public
announcements played through speaker devices mside a
moving train; it seems loud and noisy to some, yet low and
inaudible to others. The announcements must be clear
enough to be heard by all under extremely noisy conditions,
while at the same time it has to be received by the
passengers without seeming unpleasant or excessively loud.

Figure 1: “Smart Station Lab” in Research & Development
Center of East JR Group.



The “hypersonic effect” has aftracted attention as a
possible measure by which to mitigate this complex poise
issue. The hypersonic effect is a phenorsenon by which non-
stationary sounds containing a wealth of inaudible high
frequency components (HFCs) above the buman audible
range, namely hypersonic sound, activate the fundamental
brain, which is made up of the midbrain and diencephalon
and neural projections from these areas to other parts of the
brein, and evoke wvarious positive physiological,
psychological, and behavioral responses [Oohashi et al.
2000, 2013].

It has been reported that the hypersonic effect induce a
psychological response rendering sounds more pleasant for
listeners [Oohashi et al. 1991, 2000], improve the acuteness
of the sensitivity [Nishiva et al, 2010], and improve the
cognitive function [Suzuki, 2013], which is bring about
through the activation of the fundamental brain network.
Therefore, if the hypersonic effect can modulate the state of
the brain of the person hearing the sounds and imprave the
pleasant acceptance and acuteness of the sounds, it can be a
possible breakthrough in improving car-interior acoustic
enviconments whose noise level was beyond the limitation
of conventional noise reduction approaches. This hypersonic
sound also induces a positive behavioral response, ‘that is,
the listener adjusts o a Comfortable Listening Level (CLL)
of sounds of a greater magnitude [Yagi et al., 2003).

Further more, many physiological effects have been
reported such as an lpcrease in regional cerebral blood flow
of the midbrain and the diencepbalon [Oohashi et al., 2000],
an increase in alpha electroencephalogram (EEG) which is
an index of pleasanimess [Oohashi et al, 1991, 2000),
reduced concentration of the stress hormone adrenaline, and
activation of NK cells [Nishina et al., 2005]. These results
suggest that hypersonic sounds also have positive eifect on
physical health, which is additional effect expected in
addition to the improvement of car-interior acoustic
eavironments.

Since this effect is based on the physiological activation
of the reward-generating system in the fundamental brain
network by the presentation of HFCs, it js likely to be
universal and unlikely to depend on interests or preferences
of individuals, thus making hypersonic sound suitable for
the improvement of public acoustic enviconments. In fact,
successful urban environmental designs have succeeded in
ameliorating  tbe urban acoustic  environment with
hypersonic sound [Nishina et al., 2007]. We have already
demonsirated significant increase in alpha 2 potential of
EEG related to the activation of the fundamental brain
network and a more pleasant acceptance of sound by adding
inaudible HFCs extracted from hypersonic sound to the
station platform acoustic environment [Onodera ct al., 2012,
2013].

Therefore, we executed experiments to confum that, by
induciug hypersonic effect to passengers and activating the
reward system in their brain, we can improve the acceptance
of the identical sounds, and thus cap contribute to the
improvement of car-interior acoustic environments.

However, it is unrealistic to test this effect on passengers
in an actual moving frain due to difficulties in coping with
passengers to precisely control experimental conditions and
so on. Therefore, we employed an East Japan Railway
Company (JR East) testing train. This car simulator is in
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“Smart Station Lab” io Research & Development Center of
JR East Group (Figures I, 2). The simulator is stable and

- therefore there is no change in the sudio-visua! environment

and no vibrations are noticeable inside the railway car,
moreover, it is not necessary for the simulator to run the
route on a predetermined timetable carrying a large number
of unspecified passengers, experiments can be easily
controlled and reproduced.

We decided to test tbe improvement of the acoustic
environment using this simulator by setting up a highly
realistic, virtual car-interior acoustic environment. We
designed a reproduction system for such an environment.
We created a “hypersonic shower” of inaudible HFCs,
samples of which were obtained from a tropical rainforest
environment in which we had previously confirmed the
induction of the hypersenic effect. We also develaped a
hypersonic public announcement sound by adding the above
hypersonic shower to existing public announcements. The
system reproduced these high frequency sounds with high
fidelity in the simulator.

Using these sound materials and reproduction system,
we tan experiments in which we presented complex HFCs
extracted from hypersonic sound simultaneously with the
virtual car-interior sound. In this paper, we will describe the
resulls of these experiments.

2. Method

21. How to produce a virtual
environment in a moving train

acoustic

2.1.1. Ulfra wide-range recording of sounds in
a moving train

The usual simple way of dealing with audible sound alone is
not appropriate for a virtual reproduction of a moving car-
intertor acoustic environment in a raitway passenger car
simulator. It is necessary to record sounds with high fidelity
in an ultra wide range in an actual moving train, then
reproduce the acoustic environment with high fidelity and
reality using the recorded material.

First, it was necessary to record sound in the moving
{rain at an extremely high level of actualily. The [requency
response characteristics had to be flat over an extremely

Figure 2: The railway car simulator in “Smart Sation Lab”,



ligh range of up to 100 kHz, which is well beyond the upper
limit of the bumao audible range. It was necessary to have
digital recordings of two chanpels or more with low noise
level and high actuality. If we were to smoothly make
recordings in a train actually moving with many passengecs
on board, the system, io addition to meeting the above
specifications, had to be small, light, portable and operated
by a small staff. It also had to have a DC battery with a long
runniog time so that there would be no AC power cables.

We constructed a recording system that satisfied the
above-mentioned strict specifications. We employed a small
multi-track PCM  recorder (SX-R4, SONOSAX,
Switzerland) having 4 channels with a sampling frequency
of 192 kHz and quantization of 24 bits. The gsystem weighed
800g and was battery-operated. We selected a small, light,
portable non-directional compact condenser microphone
(4033, DPA, Denmark) that had frequency characteristics
well over 20 kHz, which 1s known as the upper limit of the
human audible range.

Using this recording system, we recorded the
environmental sounds in a moving train going out of Tokyo,
which had relatively longer intervals between stations, in the
evening on a typical weekday. To record the sounds ingide
the railway car running at high-speed, we made 2 new
microphone arrangement using four microphones; cach
microphone was directed front, rear, left, and right relative
to the direction in which the train was moving. We also
measured the equivalent continuous A-weighted sound
pressure level with a battery-operated compact iotegral
sound-level meter (LA-5111, Ouvosokki, Kanagawa, Japan)
duripg recording time, and used that measurcment as a
reference when we reproduced the acoustic environment for
the experimeats.

2.1.2 Editing of sound material to reproduce
the acoustic environment in a moving
passenger train

We created sound material to reproduce acoustic
environments using the car-ipterior environment recordings.
Using a digital audio workstation (PCMS, SADIE, UK), we
removed unexpected noises and public announcements that
may interfere with the experiment, and created a 24-minute
sound material. We then input these 4 channels signals into
a mixing consolc (90981, AMEK, UK) that has a supcr-widc
bandwidth. Using the surround editing function of the
console, we edited the wvirtual car-interior acoustic
environment so that sounds onginally recorded 1n the front,
rear, lefl, and right microphone in the direction the train was
running were localized to correspond to the arrangement of
the speakers, which were set in the front left, front right, rear
feft, and rear right.

The public announcement was removed from the car-
fnterjor environment recordings. In its stead, an actual
public anpouncement joade by a female speaker that had
been uscd ip a railway car wag converted to a format with a
sarapling frequency of 192 kHz and quantization of 24 bits
by means of a SADIE audio workstation. Since the upper
limit of the frequency included in the announcement did not
exceed 22.05 kHz even after format conversion, we call
these sounds a “high-cut announcement”. The combined
replay of the virtual car-interior acoustic environment and
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the high-cut announcement virtually realized the acoustic
environment of a moving passenger traip.

21.3. Reproduction of sound

materials

system

During the experiment, subjects sat in two rows of seats
facing each other in the room in which the sound
reproduction system for the virtual car-interior acoustic
environment was set up. Virtual car-interior environmental
sounds were presented in the raitway car simulator through
four full-range speakers (PS-10, NEXO, France), each of
which corresponded to oue of the four channels. Taking into
consideration the rich lower frequency components in the
car-interior acoustic environment, we added two subwoofers
(System5000, APOGEE, USA) to reproduce the low
frequency sounds. For the presentation of the control high-
cut announcement, we used originally developed full-range
speakers (OOHASHI Monitors Op.5) that could also
reproduce HFCs, as described below.

Using this sound reproduction system, the virtual car-
interior sound was reproduced iu the experimental space in
which subjects felt as though they were actually seated io a
moving railway car (Figure 3).
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Figure 3; Sound presentation system.

2.2. How hypersonic sound was added and
presented

2.2.1. Creating of ‘hypersonic shower’ and
‘hypersonic announcement’

The hypersonic sound used in this experiment, as in
previous research, had to be rich in complex HFCs that
would be sure to increase the cerebral blood flow in the
fundamental brain. In addition, the safety of the sound had
to be guaranteed. A sound source that satisfied these
conditions was found, in a previous study, in a tropical
ranforest. High fidelity recordings of natural environment



sounds of a rainforest, where human genes evolutiooarily
developed, were veported to increase the alpha 2 EEG
potcntial [Nishina ct al, 2007]. Therefore, in this
experiment, we used the environmental sounds of a fropical
rainforest recorded with a sampling frequency of 5.6448
MHz and quantization of 1 bit From this sound that
wcluded frequencies over 100 kHz, we extracted HFCs
above the buman audible range using an apalog high-pass
filter with a cutoff frequency of 20 kHz (-80dB/oct), and
recorded with a sampling frequency of 192 kHz and
quantization. of 24 bit. We called these extracted
components a hypetsonic shower. We excluded the audible
contents to climinate the effect of individual preferences for
sounds and to avoid adding audible sounds to an alrcady
extremely noisy car-interior environment.

We then mixed a high-cut annauncement with this
hypersonic shawer correlating it with the sound pressure
level of the announcement. We called this mixed sound a
bypersonic announcement.

2.2.2. Sound presentation system

Speakers should have favourable frequency characteristics
over a wide range and be small enough to mimmize the
visual feeling of pressure to reproduce the hypersonic
shower and hypersonic announcement. We used super
twesters (PT-R9, Pioneer, Japan) to present the hypersonic
shower in the acoustic environment. For the presentation of
the Thypersonic announcement, we used full-range
OOHASHI Monitors Op.5 speakers and FI-RY super
tweeters. We presented the hypersonic announcement and
the high-cul announcement with identical speakers (Figure
3).

2.3. Experimental condition and design

Using the sound material and presentation system described

above, we sct up the following three experimental
conditiops: full-hypersonic condition in which the virtual
car-interior  sound, hypersonic  announcement and
hypersonic  shower were presented  simultaneously;

hypersonic shower condition in which the virtual car-interior
sound, higli-cul aunouncemnent and hypersonic shower were
presented simultaneously; and control condition in which
the virtual car-interior sound and the high-cut announcement
were presented simultancously (Table 1).

Figure 4 shows the frequency power spectrum of the
electric signals of sound material for the virtual car-interior

Table 1: Three experimental conditions and sound material.

condition sound maleriat
full-hypersonic  virtyal ‘hypersonic  hypersonic
condition car-interior announcement shower
soud
hypersonic virtual high-cut hypersenic
showar ‘car-nferior anpouncement shower
condition sound =

g4

sound (the upper panel) and that of the reproduced sounds
measured by microphone (the lower panel) (4939, Briiel &
Kjzr, Denmark) located near the subjects. We analyzed the
data with an FFT analyzer (CF-5220, Onosokki, Kanagawa,
Japan).
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Figure 4: Frequency power spectrum of the eleciric signsts and
the reproduced sound.

The power of the sound recorded inside the moving train
showed prominent audible coroponents below 20 kHz but its
upper limit occasionally and instantaneously reached over
20 kHz. The configuration of the spectrum of the electric
signals and replayed sound of car-ipterior sound and
hypersonic sound at the subject’s location agree well with
cach other, suggesting the car-interior sounds was
reproduced with high fidelity. In the full-hypersonic and
hypersonic shower conditions, sounds up to almost 80 kHz
were confirmed to reach the subjects.

Using these experimental conditions, we performed five
experiments as follows:

Experimoent 1: Investigation of the efect ol a full
hypersonic condition
(nvestigation of the effect of a hypersonic
shower condition
Investigation of the duration of the
hypersonic sound presentation
Examination of the effect of the order of
sound presentation

Experiment S: Hypersonic effect on earphone-wearers

‘I'he duration of the sound presentations differed across
experiments, but never exceeded 21 minutes.

Experiment 2:
Expenment 3:

Experiment 4:

2.4. Physiological evaluation

For the physiological evaluation of the hypersonic effect, we
measured the alpha 2 frequency component (10-13 Hz) of a
spontarieous EEG potential which has been shown to
correlate with the cerebral blood flow of activity in the
fundamental  brain  region  through  simultaneous
measurement of Positron Emission Tomography and EEG
[Oohashi ef al., 2000).

We measured spontaneous EEGs of the subjects during
the presentation of the sounds by the use of a teleinetry EEG
raeasurement system, which bad less movement restriction



(EEG-9100 and WEE-1000, Nihon-Kohden, Tokyo, Japan,
and Synact MT-11, NEC Corporation, Tokyo, Japan, and
originally developed wearable EEG system supported by
JST-CREST, Kawaguchi, Japan). We used EEG caps with
all the clectrodes sewn on beforchand in the intcrnational
10-20 system arrangement.

Sixteen bealthy subjects with normal hearing ability
{(nipe males and seven females, rapging in age from 34 to
G2) participated in one or more of the five experiments.
None of the subjects had any history of veurclogical or
psycbiatric  disorders. Written informed consent was
obtained from each of them before tbe experuments. The
experiments were performed in accordance with the
approval of the Ethics Committee, National Center of
Neurology and Psychiatry. Subjects, bowever, were not
informed of the specific purposc or conditions of the
experiments in which they participated. Subjects were asked
10 sit in a relaxed manser on the seat in the simulator car
with their eyes closed.

To detect the diffecence between the sound containing
HFCs, namely, the full hypersonic and the hypersonic
shower conditions, and that without HFCs, namely the
control condition, subjects were first presented with the
control condition, and then with either the full-hypersomc or
the hypersonic ghower condition. Backgromnd to the
presentation order is noted below. Previous studies have
shown that an increase in alpha power caused by the
hypersonic effect is delayed by tens of seconds after the
onset of the hypersouic sound, and remaing until about 100
seconds after the {ermination of the hypersonic sound
[Oohashi et al., 1991]. Therefore, if the presentation is short
and the hypersonic condition is preseoted first, the effect of
the full-hypersonic or hypersonic shower conditioo may
remain and overlap with the effect of the control condition
following it. Therefore, in the present study, we employed a
relatively long presentation of at least 12 minutes, and the
control condition without HFCs was always presented first
for all the subjects.

The power spectrum of the EEG at each electrode was
calculated using FFT analysis, and the square root of the
averaged power level i a frequency range of 10.0-13.0 Hz
at each electrode position was calculated as the equivalent
potential of CIGs in the alpha 2 band. To eliminate inter-
subject variability, the EEG data were nommalized with
respect to the mean value across all time epochs and
conditions for each subject. After excluding epochs
contaruinated by artifacts, the data obtained from 7
electrodes in the centro-parieto-occipital region were
averaged and compared between the two conditions, Paired
Student’s t-test between 2 conditions was performed for
statistical evaluation.

2.5. Psychological evaluation

All subjects taking part in the psychological experiments
also participated in the physiological experiments. In each
experiment (Experiment I, 2 and 5) we first presented a
control condition, then a full-hypersopic or a hypersonic
shower condition and finally the coutrol condition again to
confirm the initial impression. Each presentation was two
minutes in duration.

After the presentation of each sound, the subjects
marked their reaction to the presented sounds on a five-step
scale questionnaire, It consisted of five items evaluating the
announcement in the railway car, two items evaluating the
sound of the moving traip, six items evalvating their overall
impression of the acoustic enviconment. In Experiment 5,
two items evaluating the music heard through earphones
were added to the above 13 items. There was an interval
between the conditions to give the subjects enough time to
fill out the questionnaire (Table 2). The results were tested
using the Wilcoxon signed rank sum test.

Table 2: Construction of the questionnaire

The public apnouncement was noisy
The public annonncement was difficult to hear

The voice of the public announcement was not pleasan(
The public announcement sounded cold and mechanical
The publi ement w

SOU

The atmosphere was unpleasant

} was feeling tired

The sound was not clear

1 was annoyed

Unable (o listen to the sound for a long time (not bearable)

Musie from earphone sounded worse than usual
Music from earphone was difficult 10 hear

" The public

{

; 2 ‘The
The sound inside the train was unpleasant

The sound made me irritated -

aniounceent was nol noisy
The public announcement was easy to hear

The voice of the public snnouncement was pleasant
The public announcement sounded warns and human
The public announcement was calm

The sound inside the rain was unex pec'redly pleasant

The sound did not make me irsitated
Tbe atmosphere was not unpleasant
[ was not feeling tired

The sound was clear

I waos not annoyed

Able to listen to the sound to some degree (bearable)

Music from earphone sounded better than usual

- Music from earphone was easy {o hear



3. Result

3.1. Experiment 1: Investigation of the effect
of a full hypersonic condition

3.1.1. Overview

In our first experiment, we investigated whether the
hypessonic  effect would emerge in a full-hypersonic
condition 1a which both the hypersonic announcement and
hypersonic shower were presented in a railway car. For this
experiment, we designed and compared two conditions: a
full-hypersonic condition in which virtual environmental
sounds in a rajlway train, a hypersonic announcenent and a
hypersonic shower were presented, and a control condition
in which virtual environmental sounds in a railway train and
a high-cut announcement were presented. Fourteen subjects
with normal hearing ability (cight males and six females,
ranging in age from 34 to 62) participated in the
physiological experiment, and sixteen subjects (nine males
and seven females, ranging ip age from 34 to 62)
participated in the psychological experiment,

3.1.2. Results of the physiological experiment

Increase in alpha 2 EEG potential was greater in the full-
hypersonic conditiop tban in the coutrol condition with a
high statistical significance of p = 0.006 (Figure 5), which
indicates activation of the fundamental brain of the subjects
through the emergeonce of the hypersonic effect.
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Figure 5: Mean and SD of the increase in alpha 2 potentials
under two conditions in Experiment 1.

3.1.3 Resulis of the psychological experiment

The subjects reacted negatively to twelve of the 13 items on
the questionnaire in the control condition. In contrast,
reaction to twelve of them was positive in the full-
hypersonic condition. That is to say, as many as eleven of
the thirteen items jndicated that full-hypersonic condition
brought less unpleasant and more positive feelings than the
control condition with statistical significance (Figure 6). The
items that showed statistical significance were “the public
aomouncement was opot poisy” (p < 0.01), “the public
anpouncement was easy to hear” (p < 0.03, same value
hereinafier), “the voice of the public announcement was
pleasant”, “The public announcement sounded warm and
human”, “the sound inside the train was not noisy”, “the
sound inside the frain was unexpectedly pleasant”, “the
sound did not make me irritated”, “the atmosphere was not
uopleasant”, “the sound was clear”, “T was not awnoyed” and
“I was able to listen to the sound to some degree”.
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As observed above, we found that the addition of
bypersonic sounds to a car-interjor acoustic environment
caused a hypersonic effect in the [undarental brain of the
subjects resulting 10 a more pleasant feeling about the car-
interior acoustic environment (Figure 6).
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Figure 6: Mean score of each jtem in the questionnaire in
Experiment 1.

3.2. Experiment 2: Investigation of the effect
of a hypersonic shower condition

3.2.1. Overview

Public announcements vary according to the railway line, so
it would be too costly in terms of time and mooey to convert
all of them into hypersoni¢ announcements. On the contrary,
if we could bring about the hypersonic effect just by adding
ounly HFCs to car-interior acoustic eoviroument, the general
application of the effect would be enhanced because this
would oot require customization to individual public
announcements and the expense would be greatly reduced.
As a result, we conducted a second experiment in which we
investigated the effect of the hypersonic shower condition in
which only HFCs were added to the acoustic epvironment.
Twelve subjects with normal hearing ability (scven males
and five females, ranging io age from 37 to 62) participated
in the physiological experiment, and thirteen subjects (seven
males and six females, rapging in age from 37 to 62)
participated in the psychological experitent.

3.2.2. Results of physioclogical experiment

Increase in alpha 2 potential was greater for the hypersonic
shower condition with a statistical significance of p < 0.05
than for the control condition (Figure 7). That is, the
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Figure 7: Mean angd 8D of the increase in alpha 2 potentisls

under two conditions in Experiment 2.
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