size of the difference in power regardless of increase or decrease, were summed across all
frequencies, from 0 to 48 kHz. The summed values were then integrated across all the analysis
epochs of 500 msec and represented as the lst SDVM. This index is thought to represent not
only minor changes at the macro temporal Jevel corresponding to musical notes, but also maore
complex changes at the micro temporal level that cannot be described by musical notes, such as

reverberation and attack.

Second order differentisl of ME spectra

Time resolution : 10msec
L Frequency resolution :500Hz

Firsl order differenlial of ME Spectra

Sum of absolute values
of second order differential
Time length : 500msec
Frequency band: 0-48kHz

First order differential of ME Spectra
after 10msec

Fig. 2 The Second Order Summed Differential Variaton of ME Spectra (2nd SDVM)

Although the Ist SDVM reflects the size of changes in power spectra, it does not
reflect the complexity of such changes. In other words, the 1st SDVM shows a greater value for
a monotonic increase, monptonie decrease or instantaneous major change corresponding to a
musical note. To evaluate the complexity of changes in power spectra at the micro-temporal
level, namely, the complexity in ups and downs of the power spectral array, we developed a
second index, The Second Order Summed Differential Variation of ME Spectra (2nd SDVM)
(Fig. 2). Similar to the st SDVM, these second order differentials were caleulated and their
absolute values were summed across the whole frequency range of 0 to 48 kHz ang at the time

epochs of 500 msec.

3. Resnlts

Figure 3 shows ME spectral arrays of solo singing of traditional Georgian polyphony and that of
solo singing of traditional Western opera. The traditional Georgian singing voice contains a rich,
inaudible high-frequency component even beyond 40 kHz. In addition, even while a single
keynote continues, the inaudible high-frequency component remains non-stationary and changes
in complex ways. By contrast, the operatic be/ canto singing voice does not contain any
inaudible high-frequency components and is characterized by a periodical change of power

spectra in an audible range, originating from a vibrato.
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Fig. 3 ME spectral array of traditional Georgian singing voice and bel canto singing voice (s0!0)

Figure 4 shows lst SDVM and the 2nd SDVM of Georgian and bel canto singing.
Both indcxcs show greater valucs in Georgian singing than in el canto. Such cvidence supports

the notion that traditional Georgian singing offers a more complex power spectral change.

a.

The First Order Summed
Differential Variation of
ME Spectra (15! SDVM)

0.

The Second Order Summed
Differential Variation of ME
Spectra (2nd SDVM)

Traditional Georgian  Bel canlo singing
singing voice (solo) voice (solo)

Fig.4 Summed Differential Variation of ME Spectra
of traditional Geargian singing voice and bel canto singing voice (s010)

Figure 5 compares ME spectral arrays of solo and trio singing of traditional Georgian
polyphony. We selected Khasanbegura for the trio. This piece contains more inaudible
high-frequency components than does the solo. Moreover, spectral changes appear more
prominent in the trio performance. Figure 6, with greater 1st SDVM and 2nd SDVM in the trio
than in the solo corroborates such an interpretation. This finding suggests that the combination
of three voices of traditional Georgian polyphony produces a more complex fluctuation in sound

structure than does a solo performance.
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Fig.5 ME speclral amray of solo and trio singing in traditional Georgian polyphony
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4. Discussion

In this study, we have developed indexes for the quantitative evaluation of fluctuation of sound
structure utilizing our previously developed ME spectral array method. The tst SDVM Index
includes both rough changes at the macro temporal level corresponding to musical notes and
more subtle changes at the micro temporal level, such as reverberation and attack. At the same
time, the 2nd SDVM more directly reflects the complexity of fluctuation of the ME spectral

array at the micro-temporal level.

Using these two indexes, we compared traditional Georgian singing and bel canto
singing both in solo performances. We found that both the Ist and 2nd SDVM showed greater
values for traditional Georgian singing than for bel canto. In addition, such complexity was
enhanced in trio performances in which three different voices sang together. The epochs

analyzed in the present study comespond to a single musical note and thus did not contain any



changes in musical interval. Since bel canto singing contains vibrato, the rough change of the
ME spectral array in the audible range below 20 kHz, upon visual inspection, seems more
pronounced than in the Georgian singing. Nevertheless, both the Ist and the 2nd SDVM show
greater values in traditional Georgian singing than in be/ canto. This suggests that traditional
Georgian singing contains an extremely rich fluctuation structure at the micro-temporal level,

which surpasses the simple, periodic change of power spectrum in bel canto.

These characteristics of the sound structure of traditional Georgian singing correspond
well to the biological concept of music proposed by Oohashi, which postulates that the essential
characteristic of music is a non-stationary, continuously changing informational structure at the
micro-temporal level. The Western European concept of music regards music as characterized
by articulated musical tones with a stationary sound signal structure as a basic component;
music and musical score can be mutually transposed. By way of contrast, as Georgians say, a
Georgian folk singer never sings any phrase exactly the same way twice [5]. It is interesting that
non-Western styles of singing, including the Georgian, emphasize the importance of
improvisation by the singer rather than the musical score of the composer. The improvisation
component may thus contribute to the unconsciously perceived, extremely complex fluctuations

of the sound structure at the micro-temporal level .

Recent auditory physiology has revealed that the stationary character of sounds, such
as stationary pitch and strength, is processed at an earlier stage in the auditory nervous system,
whereas the non-stationary, complex character of sounds, such as fluctuation wn amplitude and
frequency, is processed throughout the whole auditory system including the higher brain system,
which includes the thalamus and cerebral cortex [6]. Notably, the expressional strategy of
traditional Georgian polyphony seems quite musically appropriate because it provides the
listener with extremely rich non-stationary fluctuation that strongly activates the whole auditory

nervous syster,

5. Conclusion

We have developed two Summed Differential Variation of ME Spectra indices, which makes it
possible to quantitatively evaluate the complexity of the fluctuation of the sound spectrum.
Using these indices, we quantitatively compared the complexity of fluctuation of the power
spectra at the micro-temporal level of traditional Georgian polyphony with that of the bel canto
vocal performance. The power spectra of traditional Georgian polyphony are shown to offer

more complex fluctuation than does a be/ canto performance. This finding endorses the singular

6



importance of complex fluctuation as an expressional strategy of traditional Georgian

polyphony.
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Development of a Brain PET System, PET-Hat:
A Wearable PET System for Brain Research

Seiichi Yamamoto, Member, IEEE, Manabu Honda,

Abstract—Brain functional studies using PET have advaniages
over fMRI in some areas such as auditory research in part be-
cause PET systems produce no acoustic noise during acquisition.
However commercially available PET systems are designed for
whole body studies and are not optimized for brain functional
studies. We developed a low cost, small, wearable brain PET
system named PET-Hat dedicated for brain imaging. It employs
double counter-balanced systems for mechanical supports of the
detector ring while allowing the subject some freedom of motion.
The motion enables subject to be measured in the sitting position
and move relatively freely with the PET during acquisition. The
detector consists of a Gd, SiO05 (GSO) block, a tapered light guide
and a flat panel photomultiplier tube (FP-PMT). Two types of
GSO are used for depth-of-interaction (DOJ) separation allowing
the use of a small ring diameter without resolution degradation,
The tapered light guide allows the use of larger GSO blocks with
fewer FP-PMTs. Sixteen detector blocks are arranged in a 280 mm
diameter ring. Transaxial and axial field-of-view (FOV) are 20 cm
and 4.8 cm, respectively. Erergy resolution of the block detectors
was ~ 15% full width at half maximum (FWHM) and timing
resolution was ~ 4.6 ns FWHM. Transaxial resojution and axial
resolution at the center of the FOV were ~ 4.0 mayn FWHM and
~ 3.8 mm FWHM, respectively. Sensitivity was 0.7% at the
center of the axial FOV. Scafter fraction was ~ 0.6, Hoffman
brain phantom images were successfully obtained. We conclude
that the PET-Hat is a promising, low cost, small, wearable brain
PET system for brain functional studies.

Index Terms—Rrain, GSQ, PET, PSPMT, wearable.

1. INTRODUCTION

N the early stage of human activation studies, positron
I emission tomography (PET) was used and many interesting
brain funciional insights were obtained [1]-[4]. After the intro-
duction of the functional magnetic resonance imaging (fMRI)
(5)-[6], mast of these brain functional studies were shifted
from PET to fMRI because the latter does not require positron
radionuclides and thus does not require injections and has no
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radiation exposure. Furthermore, the activation sensilivity 1o
the stimulation is generally higher than PET.

One drawback of the fMR] studies is the acoustic noise from
the gradient sequence which makes it difficult to use for audi-
tory experiments in human studies, Acoustic noise in MRI is
usually more than 100 dB sound presser level (SPL) requiring
headphones or bone conduction speakers for the auditory stim-
ulation for fMRI studies, making it quite different from natura)
auditory conditions

Another drawback of the fMRI studies is that subject needs
to lie in narrow and deep tunnel of the MRI making most of
subjects uneasy, especially for subjects of claustrophobic show
difficulty in measuring in MR1[7] and [8].

Brain functional studies vsing PET have advantages over
fMRI in some areas such as auditory research of the brain be-
cause recent PE'T" systems basically produce no acoustic noise
with acquisition. However commercially available PET systems
are designed for whole body studies and are not optirized for
brain functiona) studies. Most of the commercial available PET
systems are for imaging human body thus the diameter of the
detector ring is large enough to image the human whole body
increasing the cost and reducing the sensitivity of the PET
system [9]-[12]. In addition, these commercially available PET
systems measure subject lying on the bed in the tunnel of the
PET. In the case of PET/CT system, the length of the tunnel
became longer [9], [11] and the similar drawback to MRI
system may be serious for claustrophobic subjects.

In the brain functional studies using delicate auditory stimu-
lation, fMRI may not be a candidate for the imaging modality
because of the serious acoustic noises and narrow spaces in the
MRI measurements. PET will have an advantage for these appli-
cations. Commercially available whole-body PET systems are
better, but like the MRI, subjects are measured while lying on
the bed in the relatively long tunnel. In addition, the acoustic
noise level in the tunnels of PET systems 1s much smaller than
in MRI but relatively high from such as the cooling fans of the
electronics in the gantry of the system.

For the measurements of sensitive stimulation such as the de-
tection of hypersonic effect [13], subject must be measured in
a silent and relaxed condition where the only 1arget stimulus
activates the subject. For the relax condition, it will be better
to be measured in the sitting position. And if the detector ring
can move with the subject’s head, the subject may feel more
relaxed during PET measurement while minimizing the head
movement.

Some PET systerns dedijcated for brain measurements have
been developed (14} 18]). However in most of the PET system,
subject must be lying on the bed during measurement while one

0018-9499/$26.00 © 2011 {EEE
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Fig. 1. Conccptual drawing of the PET-Hat,

of the PET systems can measure in the sitting or standing po-
sition [18] but subject cannat move freely during measurement
with the PET system. If the subject can move relatively freely
while measurement, new neurological data that are impossible
to measure such as measurements of blood flow changes during
body or heads movement may become possible. Trying to sat-
isfy these demands on the PET brain swdies, we have developed
a low cost, small and wearable PET system named PET-Hat.

II. MATERIALS AND METHODS

A. Conceptual Design of the PET-Hai

Fig. 1 shows the conceptual drawing of the PET-Hat. The
PET-Hat employs double counter-balanced systems in the me-
chanical supports. The detector ring of the PET system is sup-
ported by arms around which the detector ring can freely ro-
tate during acquisition because the detector ring is balanced in
the arms. The arms are supporied by a stand and the detector
weight is counterbalanced, which allows flee op and down mo-
tion. In addition, the stand can freely rotate around the base of
the stand. These three motions enable subject to move relatively
freely with the PET detector ring during acquisition by softly
connecting the detector ring with the subject head.

B. GSO DOI Detector Block of the PET-Har

The block detector for the PET-Hat consists of a GdoSi0s
(GSQ) block, a tapered light guide and a flat panel photomul-
tiplier tube (FP-PMT). GSO was selected for the scimillators
because the decay times can be conuolled by the Ce concen-
tration. Two types of GSO are stacked in the depth direction to
form the depth-of-interaction (DOI) detector [19] and [20]. The
DOI detection makes it possible to minimize the ring diameter
of the PET system because it can reduce the spatial resolution
degradation at off-center of the field of view (FOV). The tapered
light guide is used to increase the size of the GSO blocks and
reduce the number of FP-PMTs used for the PET-Hat.

The sizes of the GSO scintillators are 4.9 mu X 5.9 mm x
7 muu for inner layer (GSO with 1.5 mol% Ce: decay time of
40 ny) and 4.9 mm x 5.9 mm x 8 mm for outer layer (GSO
with 0.4 mol% Ce: decay time of 80 ns), respectively. The inner
layer means the layer closer to subject and the onter closer 0
the PSPMTs Light output difference between these two types
of GSO were within 5%.

Depth length of these GSO scintillators was reduced to min-
imize the weight of the block detector for increasing the safety

IEEE TRANSACTIONS ON NUCLEAR SCIENCE

Fig. 2. Photograph of GSO block detector (from the 1op. GSO block, 1apered
light guide and FP-PMT) used for the PET-Hat. In photograph, printed boards
of weighted summing amplifiers are shown under FP-PMT.

and decreasing the inertia of the PET-Hat. These GSO scintilla-
tors are combined into 1| X 8 matrix to form a block with size 55
mm (transaxial) X 48 mm (axial) . The GSO block is optically
coupled to a FP-PMT through the tapered light guide. For the
FP-PMTs, Hamamatsu H8500, 2-inches 8 x 8 multi-anode type
[21]) were used. The tapered light guide has 48 mmx48 mm area
in the bottom {near to the FP-PMT) surface and 55 mm x 48 mm
in the top (near to the GSO block) surface and 8 x 8 tapered cells
are combined with multi-layer optical film (ESR: 3M) between
them, Fig. 2 shows the assembled GSO block detector with GSO
block, tapered light guide and FP-PMT.

C. Configuration. of PET-Hat

Sixteen GSO DOI block detector was arranged in a ring with
diameter 280 mm. The signals from each GSO block detector
is weighted summed and 1s fed to 100 MHz analog to digital
(A-D) converters of the data acquisition system [22] and sig-
nals are integrated with two different integeation time (120 ns
and 320 ns) [23], calculating the position using the Anger prin-
ciple by field programmable gate array (FPGA). Also coinci-
dences are measured digitally among eight groups (2 block de-
tectors for 1 group) and stored in list mode to the personal com-
puter (PC). The data acquisition system is basically the same as
that used for small animal PET systems [22]. Time window was
set to 16 ns and lower energy window to 350 keV. The gain of
the FP-PMTs was manually tuned to be similar level before ac-
quiring the position map of the block detectors for setting the
position boundaries and energy windows, Data for normaliza-
tion was measured using a 24 cm diameter nng source phantom
containing F-18 solution.

Fig. 3 shows the developed PET-Hat system. It consists of a
detector ring with double counter balanced arm, reclining chair
and a notebook PC. End-shields made of two layers of 2 mm
thick tungsten comtained rubber were pasted at the lower edge
of the detector ring. The end-shield covered scintillator blocks
and the length was 2 cm.

The data acquisition system is encased under the detector
ring. The control of the PET-Hat as well as data processing in-
cluding image reconstruction is controlled by the notebook PC
by wireless communication with a desk-top PC under the de-
tector ring,

Fig. 4 shows photograph of the PET-Hat with a subject. Sub-
ject can sit on the reclining chair and the PET-Hat can be set
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Fig. 3. Developed PET-Hat system.

Fig. 4. PET-Hatsystem with subject: front view (left) and side view (right).

from the top. By softly connecting the subject’s head to detector
ring using such as a straw hat that is attached at the detector ring
of the PET-Hat, the subject can move relatively freely with the
detector ring of the PET-Hat during acquisition.

Parts of a movie showing the movement of the PET-Hat with
subject are shown in Fig. 5. The horizontal movement of the
head and detector ring of the PET-Hat is shown in Fig. 5(a),
the vertical movement in Fig. 5(b). The subject and the detector
ring were connected with a straw hat that was connected with
the detector ring of the PET-Hat.

D. Performance Evaluation of PET-Hat

1} Spatial Resolution: Spatial resolution measurements were
made using a | mm diameter spherical shape Na-22 point source
(radioactivity: 300 kBq) positioned at the center. 0 cm, 4 cm, 6
cm and & cm from the center of the FOV. Random coincidences
were subtracted using the delayed data. At each position, more
than 100 k counts were accumulated. List mode data were sorted
into sinograms, after single slice rebinning with maximum ring
difference of 4 and 2D filtered back-projection with ramp equiv-
alent real space filter was used {or reconstruction. [mages were
made with and without DOI correction.

2} Axial Resolution: Axial resolution was measured using
the same Na-22 point source (I mm diameler spherical shape
point source, with radioactivity of 300 kBq). Images of the
point source were reconstructed using 2D filtered back-projec-
tion with ramp equivalent real space filter and coronal images
were re-sliced and evaluated.

3) Sensitivity: Sensitivity was measured by moving a Na-22
point source (L mm diameter spherical shape point source. with

(@) {®)

Fig. 5. Parts of a movie showing movement of the PET-Bat with subject; hor-
izontal movement (3) and vertical moverment (b).

radioactivity of 300 kBg) in the axial direction and true coinci-
dence rates were measured as a function of axial position.

4) Scatrer Fracrion: Scatter fraction was measured using a
National Electrical Manufacturers Association (NEMA) 20 di-
ameter. 70 cm long phantom using F-18 solution (radioactivity:
~ 10 MBq) contajned in the tube. The phantorn was positioned
at the center of the FOV. Scatter fraction was evaluated inside
the FOV (20 c¢m). Scatter fraction was evaluated based on the
NEMA NU 2001 standard [24].

3) Count Rate Performance: Count rate performance was
measured using a NEMA standard 20 cm diameter, 70 cm height
phantorn contained ~ 74 MBy F-18 solution. Following the
decay of F-18, prompt, delayed and prompt minus delayed count
rate were measured.

Noise equivalent count rate was also evaluated using the fol-
lowing formula with k — 2 because we used delayed coinci-
dence for random correction.

TxT
NECR = (’f%-kR_—’zS)
where
T true count rate
R random rate
k Delayed coincidence fraction
S scatter rate

6) Hoffinun Brain Phantom Imaging: The Hoffrman brain
phantom [25] contained 20 MBq of F-1§ solution was posi-
tioned at the center of the FOV of the PET-Hat and measure-
ments were made for 2 hours and total counts of ~ 50 Mc
were acquired. Data were reconstructed by 2D filtered back-pro-
jection using the normalization data. Analytical correction and
single value subtraction were used for attenuation correction and
scater correction, respectively.
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Fig, 6, Ponsition map of the GSO block detector with position boundary (2)
energy spectrum (b) paise shape spectrum (¢) and timing specteum (d) of the
GSO DOI block detector.

III. RESULTS

A. Performance of the GSO DOI Block Detector

Fig. 6(a) shows the position map of the GSO block detector.
Gamma photons form Cs-137 {661-keV) were irradiated from
~ 5 cm from the top of the GSO DOI block detector. The po-
sition map showed clear separation of all the GSO scintillators,
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Fig. 7. Transaxial resolulion as a function of distance from center.

The separation is good enough to divide each GSO scintillator
using square boundaries. Fig. 6(b) shows an energy spectrum
for one of the GSO scintillators in the block detector for Cs-137
gamma photons. The spectrum showed a single peak although
the GSO scintillators consist of dual layer GSO with different
decay times. Energy resolution was 15% full width at half max-
imum (FWHM).

Fig. 6(c) shows a pulse shape spectrum of one of the GSO sc-
itnillators of the block detector for Cs-137 gamma photons. The
pulse shape spectrum showed good separation of these two types
of GSO with different decay times, The right peak in Fig. 6(c)
is the GSO with 1.5 mol % Ce and left is the with 0.4 mol% Ce.
The peak to valley (P/V) ratio among these peaks was 14. With
this P/V rativ, the percent error in separation of two layers is al-
most zero.Fig. 6(d) shows the timing spectrum measured vsing
a positron source between GSO block detectors. Timing reso-
lution was 4.6 ns FWHM. The timing spectrum showed wider
distribution at the bottom area so time window was set relatively
wider (16 ps).

B. Performance of PET-Hat System

1) Spatial Resolution: Fig. 7 shows transaxial resolution as
a function of distance from the center. Transaxial resolutions at
the center of the FOV were 4.0 mm FWHM with DOI correction
and 4.3 mm FWHM without DOI correction at the center of
the FOV and 4.2 mm FWHM with DOI correction and 5.0 mm
FWHM without DOI correction at 8 cm from the center of the
FOV.

2) Axial Resolution: The axial resolution at the center of the
FOV was 3.5 mm FWHM.

3) Sensitivity: Sensitivity profile as a function of the axial po-
sition is shown in Fig. 8. Sensitivity for point source was 0.72%
at the center of the axial FOV. The count rate outside the axial
FOV (48 mm) is from the scatter coincidence between detector
blocks when the source is outside FOV.

4) Scatter Fraction: Scatter fraction as a function of slice
number is shown in Fig. 9. Average scaiter fraction was 0.6.

5) Count Rate Performance: Count rate characteristic is
shown in Fig. 10. The maximum prompt minus delayed count
rate was ~ 12 keps and NECR was 0.82 keps within the
measured activity range.
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6) Images of the Hoffman Brain Phaniom: Images of the
Hoffman brain phantom at the central 9 slices are shown
in Fig. 11. In the images we can observe the small structures of
the gray matter regions of the phantom.

IV. DISCUSSION

We successfully developed a wearable brain PET system. The
PET-Hat could move relatively freely with subject movement,

Fig. 11, Hoffman brain phantom images contained F-18.

Hawever the rotation or sideways neck motion produced the sift
of position in the straw hat {connecting part of PET-Hat and
head) that may produce image degradation from subject move-
ments. For more free movement, rotation of the detector ring
with the subject can add one more free movement of the subject
with some sacrificing of the increase of the weight of the de-
tector ring. The increase of the weight increases the inertia thus
increases force for starting and stopping the movement of the
detector ring.

The sensitivity of the system can be increased by several
ways; increase the depth of the scintillators, use of the dense,
high atomic nomber scintillators such as LGSO, LYSO, or LSO
and increase the axial FOV. These attempts to increase the sen-
sitivity also increase the weight of the detector ring that will re-
quire more safety mechanism for the mechanical support such
as counter balanced system.

In this PET-Hat system, the effect of DOI detection was not
very obvious because the depth of the GSO scintillators were
relatively short, 7 mm and 8 mm. If we select GSO scitnillators
with longer depth, the difference of the spatial resolution with
and without DOI detection would be more attractive. However
in thjs case, the weight of the detector ring would more heavy,

The scatter fraction of the system was relatively high, higher
than the whole body PET systems [9]-[12]. The reasons are the
end-shield of the detector ring is set only the lower side of the
detector ring and its thickness and length are small. For the brain
studies, only the scatter from the lower side of the ring will be
important because there is no activity on the vpper side of the
delector ring. Thus the scatter contribution of the human studies
will be smaller than that used NEMA phantom. The use of an
additional gamma shield from the body such ay gamma absorb
apron may be useful for the human studies.

The image quality of the Hoffman brain phantom shown in
Fig. 1 was not very attractive. One reason is the low sensitivity
of the system with the small axial FOV (44 mm) and the short
scintillators depth (15 mm). The other reason is the low NECR
of the system because of the high scatter fraction and random
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rate. Using the filtered back-projection for the image reconstruc-
tion is another reason of the limited quality of the phantom im-
ages. Optimization of the system parameters such as lower en-
ergy level or time window may improve the image quality in
somehow. Also applying an iterative image reconstruction will
improve the image quality of the PET system.

V. CONCLUSION

We have successfully developed the PET-Hat for brain re-
search. The PET-Hat could be measured in the sitting position
of the subject and could move with the subject. We conclude
that the PET-Hat is promising. low cost, small size. wearable
brain PET system for brain functional studies.
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Abstract: The hypersonic Blu-ray Disc “4K/RA™. an animation film directed by OTOMO Katsuhiro, created to deliver superior content,
borm of an unprecedented level of information density, offering lush visuals and mind-blowing sound that transports the
audience 1o a place of pleasure and awe that is moving and intoxicating at the same time. The authors reported the making
process of its sound track for Blu-ray Disc to discuss the new requirement of the sound reproduction systemn in home theater.

Keywords: Hypersonic Effect, Animation movie, Sound track, High frequency components

1. Introduction

The animation film “4KIRA ™, directed by Japanese farmous
manga creator OTOMO Katsuhiro, swept across the world,
flooring audiences everywhere in the blink of an eye after its
1988 theatrical release, and this historic film retains a
massive fan base to this day. Some 20 years afier its release,
we sce that the near future it depicted—one of concerted
terrorist attacks, the desiruction of Earth's environment,
natural disasters, widespread strite, and an array of ailments
of the soul, eroding at the bearts of wankind—has steadily
become reality. The film’s apocalyptic vision has proven
acutely prophetic.

This animated film was published as Laser Disc and
VHS wvideo in 1988 with stereo sound track. For its
transition 10 DVD in 2001, S.1ch sound track has re-
mastered by YAMASHIRO Shoji, the composer of the
music in this film. In 2009, AKJRA on Blu-ray disc offers

directed by OTOMO Katsuhiro

the film's original Japanese audio in S5.ich sound,
maximizing the potential of the media’s 192 kHz sampling /
24 bit coding auvdio specs 1o eapture Jiypersonic sound, a
source of sound that includes ultra-high frequencies
exceeding 90kHz.

In this paper, as the member of this project, we would
like to report the making process of the sound track of Bly-
ray Disc AK/RA to discuss the new requirement of the sound
reproduction system in home theater.

2. What is the “Hypersonic effect” ?

For the film’s transition to Blu-ray Disc (“BD”), 192 kHz-
sampled / 24 bit-quantized audic was selected with the
finding of “Hypersonic Effect” by OOHASHI Tsutomu, that
1s the real name of Composer YAMASIIIRO.

As is widely known, the upper limit of audible
frequency for aerial vibration is approximately 15 kHz
(15,000 cycle per second) for ordinary people. There are
only a few people who can recognize a frequency of 20 kHz
or higher. However, there are myriad sounds on Earth that
generate intricately changing, high-frequency cotoponents
above the so-called audible range. Gamelan music of Bali
Island and environmental sounds in tropical rain forests are
examples of such sounds; these data are extremely rich in
high frequency components of more than 100 kHz By
carcfully observing listeners  being  showered  with

prefrontal

anterior cingu
late cortex
brainstern alamu
; midbrain

Figure 2: The fundamental brain network significantly
activaled by the sounds containing high [requency components
ahove the human andible sanee



