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Perspective of “sound therapy” as an application of hypersonic effect.
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A preliminary research on  “sound therapy”

as an application of hypersonic effect.
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Hypersonic sound track for Blu-ray Disc “4KIRA”
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and awe that is moving and intoxicating at the same time. The authors reported the making

Abstract: The hypersonic Blu-ray Disc “4KIRA”, an animation film directed by OTOMO Katsuhiro, created to deliver superior content,
born of an unprecedented level of information density, offering lush visuals and mind-blowing sound that transports the
di to a place of pl
process of its sound track for Blu-ray Disc to discuss the new requirement of the sound reproduction system in home theater.
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1. Introduction

The animation film “4KIRA”, directed by Japanese famous
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 after its release,
we see that the near future it depicted—one of concerted
terrorist attacks, the destruction of Earth’s environment,
natural disasters, widespread strife, and an array of ailments
of the soul, eroding at the hearts of mankind—has steadily
become reality. The film’s apocalyptic vision has proven
acutely prophetic.

This animated film was published as Laser Disc and
VHS video in 1988 with stereo sound track. For its
transition to DVD in 2001, 5.1ch sound track has re-
mastered by YAMASHIRO Shoji, the composer of the
music in this film. In 2009, AKIRA on Blu-ray disc offers

Figure 1: Bly-ray Disc “4KIRA™
directed by OTOMO Katsuhiro

the film’s original Japanese audio in 5.l1ch sound,
maximizing the potential of the media’s 192 kHz sampling /
24 bit coding audio specs to capture hypersonic 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 AKIRA 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-

pled / 24 bit-quantized audio was selected with the
finding of “Hypersonic Effect” by OOHASHI Tsutomu, that
is the real name of Composer YAMASHIRO.

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 components
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
carefully observing listeners being showered with
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Figure 2: The fundamental brain network significantly
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hypersonic sounds, OOHASHI and his colleagues came
upon the activation process of the neural reward system,
which is at the core part of the fundamental brain network
(functional center of the brain), which, in turn, generates the
pleasure function (Figure 2).

We have learned that when the fundamental brain
network is activated, dramatic psychological effects for the
better emerge, such as sounds perceived as more pleasurable,
beautiful and emotive, and an intensified desire to hear sounds
more loudly as a result of the ignition of the neural reward
system, which, again, is the function of the brain that regulates
pleasure. There is also a heightened physiological state, such
as an enhanced alpha-EEG (alpha rhythm of brain waves),
increased immune activity, and a decrease in the level of stress
hormones. We call the overall composite effect the
hypersonic effect.

At the core of brain functions, the fundamental brain
network resembles a computer’s CPU. This includes the
brainstem, thalamus and hypothalamus, all of which regulate
the most basic activities of the brain. As mentioned above, it
is the center of the neural reward system that regulates the
emotional response to beauty, pleasure and wonder. At the
same time, it resides as the highest center of the autonomic
nervous system, the immune system and the endocrine
system, all of which control homeostasis and self-
preservation. The activation of the brain in this manner
enhances mind and body functions and raises the level of
awareness and sensitivity to stimulus response, thus creating
the possibility of heightened aesthetic perception of both
pleasure and beauty—not only for sound, but visually as
well.

The paper in the Journal of Neurophysiology on the
discovery of the hypersonic effect can be downloaded from
the website of the publisher, the American Physiological
Society. In number of downloads, this research article was
ranked among the Top Five for more than four years and
ranked in first place for 24 months during that period. Such
response from readers around the world surely points to
exceptional attention now being accorded the concept of
hypersonic effect.

Hypersonic sound, that is, sound that contains the
hypersonic effect, is found in the environmental sounds in
tropical rain forests, most probably the place on Earth where
human DNA evolutionally took form. Hypersonic sound
likewise resides in the Gamelan and Jegog music of Bali, the
traditional chorus music of Bulgaria and Georgia, and the
traditional musical instruments of Japan and other countries. It
is in such places that AKIRA music was born! At the same
time, it should be noted that a sound structure that can retreive
the hypersonic effect could scarcely be located in the noise of
rotating or the envirc | sounds in urban areas,
nor even in modern Western European musical instruments
such as the piano.

Moreover, these marvelous effects are not reproducible
on popular digital media such as CDs (transmission band: up to
22 kHz), MDs (22 kHz) or DVDs (24 kHz). Neither is the
transmission band of DVD-Audios (48 kHz) sufficiently high.
Rather, hypersonic BD AKTRA has emerged from our long and
continuing research into this transcendant realm of ultra sound.

Based on these findings, Hypersonic BD AKIRA was
created.

Photograph 1 : Recording of Balinese .Ig
played by Geinoh Yamashirogumi
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3. Making process of Hypersonic BD
AKIRA

3.1. Examination of Media format

AKIRA’s transition to BD comes at the same time as the
implementation of the hypersonic effect has become
possible. Including hypersonic surround sound on video
media requires a tremendous amount of space, nearly as
much as that of the video data, and a high-speed transfer rate.
The BD medium boasts an order of magnitude with more
high-speed storage than DVDs, so YAMASHIRO thought
that perhaps the implementation of the hypersonic effect
would be possible. With that in mind, he began to look into
the BD medium in earnest. It is well known that two-layer
BD disc holds over ten times as much information as a DVD
(50 GB), with transfer rate over five times as fast as a DVD
(54 Mbps). However suffice it to say that hypersonic data
proved too great even for the BD’s 50 GB of storage and 54
Mbps transfer rate: it would be impossible to record the
sound data in linear PCM format. At the end of a string of
discussions with the technology team from industry-leading
media firms, however, the conclusion arose that, in theory,
using variable transfer rate signal processing for both the
video and audio information might make hypersonic sound
possible.



The perfectly timed release of the Dolby True HD
format for sound track, which allows for a transfer rate of up
to 18 Mbps, proved to be the deciding factor. This lossless
(ie, reversible) compression format is both variable and
highly efficient, bringing within reach the possibility of
communicating the incredible subtleties of AKIRA through
full-HD video and 192 kHz-sampled, 24 bit-quantized,
5.1ch hypersonic sound on a single BD. That said, the
possibility remained theoretical—it was still early to be
counting the chicks. It was entirely possible that the space
and transfer rate requirements of the video and sound would
conflict, or that the signal processing system would be
unable to keep up with these new, harsh demands. At this
point, the technical team began to cooperate in a
comprehensive effort to clear those hurdles.

3.2. Remaking audio track from the original
analogue master tapes

Even with the adoption of the Dolby True HD format,
however, there can be no hypersonic effect if the audio
content itself contains no signal elements sophisticated
enough to surpass the 100 kHz range. From that standpoint,
the vast majority of BDs with 192 kHz audio on the market
today fall short.

With the music of AKIRA, YAMASHIRO composed
all music using computer, and made synthesized data was
painstakingly translated during step recording into live-
recorded Jegog, Gamelan, full choral and percussion music
rich in ultra-high-frequency sounds and performed by
equally painstakingly selected musicians, Geinoh
Yamashirogumi. The most important bits were captured with
multi-track-analogue recording, so we used these analogue
master tapes reserved in the stock yard in the recording
studio, and carefully digitized them not to ruin its high
frequencies. The finished product was constructed with
original technology newly developed for the film’s
translation to BD. The details of that technology, however,
are probably best left for another discussion.

3.3. Difficulties in sound remixing

From its birth, AKIRA’s composition has repeatedly been
granted flight through an uncanny luck in coinciding with
epoch-making developments in media technology, and the
appearance of the Dolby True HD format at the outset of the
film’s transition to BD is no exception. Nonetheless, the
path opened up by these new technologies has always been a
difficult one, laden with hurdles made harder for their lack
of precedent.

First and foremost, we were confronted with a need to
revise the postproduction environment. The bulk of a sound
editing environment is supplied by a mixing console. In
order to handle hypersonic sound, an analogue console well-
suited to frequencies over 100 kHz is ideal. However,
existing MA (master audio) studios do not have consoles
capable of supporting ultra-high-frequency sound. In most
cases, they use monitor amplifiers and speakers that simply
can’t reproduce ultra-high-frequency sound, thus making the
search for an editing studio incredibly difficult. Ultimately,
we were driven to give up the search. As a final recourse,

MA functions were installed in our studio which is used for
academic research as Oohashi Laboratory. The reason was
the unique analogue console, a top-of-the-line AMEK 9098i
designed by Rupert Neve, a sort of demigod among
recording console designers. Mr. Neve customized the
console for OOHASHI’s research by making all of the 64ch
modules flat to 200 kHz—an astounding level of frequency
response, raising it to an unparalleled standard in both
response and sound quality. It was on that one-of-a-kind
custom console that we set about to perform the mixing of
BD AKIRA’s hypersonic sound track.

Photograph 3 : Mixing console AMEK 9098i

Considering that the Geinoh Yamashirogumi’s music
has always had an omni-directional spread, and given
Director OTOMO’s request that the composition be a
seamless combination of music and the sound of the real
world, AKIRA'’s sound world has always been well-suited to
surround sound. Both all the compositions and the original
recording tape are full surround. The initial 1988 release
was condensed into two channels, but with the 2001 DVD
release and the production of the DVD-Audio Symphonic
Suite AKIRA 2002, it was edited into 5.1ch surround sound,
and the multi-dimensional sound space that had always
existed within AK7RA was set free.

For the BD release, surround sound space effect was
pursued even more thoroughly. Over the course of that
process, there were countless detailed adjustments at the
mastering phase to match the dramatic increase in sound
quality that accompanied the transition to hypersonic sound,
working from a remix furnished by the chief of Victor
Studio, TAKADA Hideo himself. Wrestling with
pinpointing the causes and developing solutions to the
parade of unforeseen technological issues cost time and
effort beyond our expectations time and again, but with the
earnest and extremely skilled support of the other people on
the project, it was able to arrive at a finished product that
met YAMASHIRO’ standards. Especially, the commitment
of Bandai Visual made this project succeed to prioritizing
the highest level of quality attainable, even at the expense of
a significantly delayed release schedule.



4. Physiological and psychological effect of
Hypersonic BD “AKIRA”

‘When Hypersonic BD AKIRA is played back on appropriate
equipment, the fundamental brain network is activated
causing sounds and images to be perceived in a more
beautiful, sensual, and emotive manner. We will introduce
these effects through excerpts of explanations by the artist
YAMASHIRO Shoji (Dr. OOHASHI Tsutomu) as
contained in a booklet accompanying BD AKIRA. Please see
that booklet for details.

“Figure 1 compares the frequency spectrum of a
segment from a hypersonic BD AKIRA with that of the same
segment from a DVD version. Whereas the signal recorded
on the DVD is limited in frequency to 20 kHz, the BD
contains ultra-high-frequency elements in excess of 90
kHz.”

“Next, we conducted a questionnaire-based
experiment, grounded firmly in psychological methodology,
asking subjects to comment on the audio and visuals of
AKIRA on BD. The results we received showed that, when
compared to the DVD-range viewing experience, subjects
chose responses such as ‘I felt moved by the music,” ‘the
sound quality was high,” ‘the sound had more volume,” ‘the
bass was rich,” ‘the audio felt good to the ear,” ‘the sound
remained clearly differentiated, even at high volumes,’ all
with a p<0.05 level of significance.”

“Furthermore, we came to a shocking additional
conclusion sure to overturn the conventional wisdom held
by many people. Throughout these experiments, participants
were shown the same BD HD video, but when asked their
impression of the visual experience, they reported, “I felt
moved by the video,” and “the video quality was high,” to a
higher degree (with p<0.05 significance) after watching the
segment while listening to the hypersonic audio than when
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Figure 3: Rich ultra-high-frequency component
contained on a hypersonic BD AKIRA.

“We compared the brain state of subjects listening to
a BD to that of the same subjects listening to audio limited
to the DVD-range (from which any frequencies above 24
kHz have been cut) using the DBA (deep brain activity) -
index, an index of the activation of the fundamental brain
network derived from a potential map of alpha 2
components of an electroencephalogram (Figure 2). The
result is clear. The subjects expressed a markedly higher
DBA-index score while listening to the BD than when
listening to the DVD-range audio. BD AKIRA’s audio
demography activates the fundamental brain network, a
critical engine in regulating the body’s health and sensations
of beauty, pleasure, and emotion. The data maintain a high
statistical significance level of p<0.05 (less than 5%).”

Fundamental Brain Network Activity
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Figure 4: Fundamental brain network activation
taking place via a hypersonic BD AKIRA.

1 ing to the DVD-range sound. When viewers were
relaxed to a statistical significance standard of p<0.10, the
data also support findings that viewers found, to a greater
degree, that ‘the animation is smooth,” ‘the visuals are
detailed,” ‘the backgrounds are realistic,” ‘the picture is
crisp,” ‘the art is richly nuanced,” ‘the picture has depth,’
and ‘the colors are vibrant’. Our other experiments also
corroborated this phenomenon, in which a hypersonic sound
results in a statistically significant improvement in the
perception of the same video signal. We call this
phenomenon the Hypersonic Visual Effect.

“These remarkable effects stem from the ability of
hypersonic sound to activate the fundamental brain network,
raising the body’s level of awareness and thereby our
perceptual sensitivity. At the same time, this also stimulates
the reward-generating nervous system, leading to a greater
sensation of beauty, pleasure, and emotion; enough to make
not just the audio, but also the video more enjoyable as well.
One could hardly ask for a clearer demonstration of the
ability of the hypersonic effect to activate the fundamental
brain network, the core of the sensory response system.”

(Quoted from explanations by YAMASHIRO Shoji (Dr.

OOHASHI Tsutomu) in the special booklet attached to

each BD [AKIRA, “See AKIRA on Blu-ray, a hypersonic

experience that pairs visuals with astounding sound that
stimulates the fundamental brain network directly.”)

All the effects explained here are introduced by
audio-visual expressions realized for the first time as BD
content on our hypersonic BD AKIRA.

4. Plauditory voices to BD AKIRA

Hypersonic BD AKIRA was put on the market
simultaneously in the United States and Japan on February
2009. The popularity of this BD was especially high in US,
and AKIRA was ranked by second place of the Top 10 Pre-
orders of blu-ray.com after the new movie of the famous
007 series “Quantum of Solace”. AKIRA was sold out only
by the reservation in US, so did not ranked BD hit chart.

Here are some plauditory voices from newspaper,
magazines and web sites.



“Akira has appeared on home video several times before
(including a Criterion laserdisc from 1993 treasured by
anime buffs), but this Blu-ray release from Bandai
Entertainment not only improves the image quality but also
offers an insanely high-definition version of the Japanese
soundtrack (5.1 channel Dolby True HD at 192 kHz/24 bit,
to be excessively precise) that will test the limits of your
system and alienate your neighbors forever.”

(from The New York Times, February 20, 2009)

A Sundance Film Before Sundance

by DAVE KSR
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Figure 5: New York Times web version on February 20,2009

“If I could pick one area where this Blu-ray truly shines, it
would be the audio. The default Japanese language track is
presented in Dolby TrueHD 5.1 surround sound. There are
also Japanese tracks in Linear PCM 2.0 and Dolby Digital
5.1, but I only spent a brief time with these inferior tracks.
Getting back to the TrueHD track, this is easily the most
noticeable improvement I've heard in the transition to
lossless sound. It was as if a blanket was lifted from each of
my speakers, and clarity took an instant jump. Spatial
separation is dynamic, dialogue is appropriately balanced,
and there was an unbelievable level of clarity throughout the
film. This is one of those tracks that uses every speaker to
envelope you in the on-screen action. A helicopter pan
across the soundstage is appropriately loud, but never noisy,
and the rumble of the film's many explosions resonates with
an oomph you'll feel in your chest.”
(Dustin Somn, http://www.blu-ray.com/movies/
movies, pho?id=1872&show-review)

“In addition to the super fine images, also noteworthy is the
music by Geinoh Yamashirogumi. By introducing the
theories of brain scientist Dr. Tsutomu Oohashi, aka
composer Shoji Yamashiro, which state that high frequency
sound activates a certain brain area and brings about
pleasure and ecstasy, nearly original sounds of music,
including inaudible high frequency components, are
recorded on the disc. By taking advantage of the huge
capacity of Blu-ray disc, Yamashirogumi’s music records
sounds including high frequency components from 20 kHz
up to 96 kHz, which used to be cut off in movies, CDs or
even DVDs. This allows us to be “exposed” to high
frequency sounds.”

(from Asahi Shimbun, February 13, 2009)

“It was as if the extremely fine particles of sound were
thrown out of a bucket: strong sound that I have never
experienced. Although the sound had great volume, it was
not noisy at all because of its high fidelity. Even if the
volume was high, each sound was firmly described,
resulting in a comfortable feeling. This good separation of
sound may be one of the components that cause the
impression of a wide sound field.”

(from AV Watch, http://av.watch.impress.co.jp/docs/

20081020/akira.htm)
“Of course the improved image quality resulting from the
huge capacity of the next-generation media was beautiful
enough, but the full recording of sound including inaudible
frequency components, much higher than 20 kHz (even
reaching nearly 100 kHz) that vigorously “stroke the brain™
has important meaning for this special work, making us
“experience” it rather than “watch” it. The challenge of this
unprecedented quality of sound even caused the delay of the
release schedule, but the results successfully bring out the
fascinating attraction of this work, which you can
immediately feel from the opening motorcycle scene.

(from Sound & Recording Magazine, March 2009)
“I never expected that increasing the sampling rates would
change the value of a work, but I can honestly say that
AKIRA is entirely different from what it was.”

(By Mr. YOKOTA Kazuki of Sony PCL Inc, in Sound

& Recording Magazine, March 2009)

“This is the revolutionary sound work to indicate the future
of the sound track of movies.”

(By Mr.ASAKURA Reiji, AV Critic)

5. New requirement to the audio system in
home theater

To experience the marvelous the hypersonic effect by BD
AKIRA, there is one simple thing users must do: we have to
play the disc with an audio system (comprising of a disc
player, amplifiers and speakers) to be able to reproduce the
urtra-high-frequency components, some of which reach
almost 100 kHz, that are recorded in the disc.

Speakers must be used rather than earphones or
headphones to play the high-frequency components that
exceed the upper limit of the audible range of 20 kHz. This
is due to the fact that the surface of human body has high
frequency sensors that bring about the hypersonic effect.

‘Whether or not you are able to enjoy the hypersonic
effect of BD AKIRA to its full extent depends on whether
your audio system can convert the recorded hypersonic
signals that reach almost 100 kHz properly into air vibration.
It should be a new requirement to the audio system in the
home theater.

‘What is required in an audio system to playback BD
AKIRA and reproduce hypersonic sound ?

5.1. BD players (including BD recorder)

BD player must have an analogue signal outputting at least
5.1 ch of Dolby True HD 192 kHz 24 bits or must be able to
output an HDMI signal to send the same analogue signals
through an AV center/AV amplifier. Most early BD
recorders (up to 2007 or so) do not meet these standards in
that they cannot reproduce the hypersonic and 5.1 ch
surround playback signals of BD AKIRA as they have



limitations in the way of frequency range or the number of
channels (for example, providing only two output channels
of 192 kHz 24 bits).

5.2. Pre-amplifier and power amplifier

It is needless to say that the amplifiers must reproduce high-
frequency components with exceptional quality. Most
brand-name amplifiers that are available commercially
supposedly have no problem, however there are exceptional
amplifiers, regardless of whether they are digital or analogue,
that have a sharp decline in response characteristics at high-
frequencies. Special attention must be paid to dig ital
amplifiers that are designed to cut off high-frequencies that
exceed the audible range. Some amplifiers which degrade
the dynamic response as the input frequency become higher
may often fail in driving super tweeters sufficiently.
However, there arc outstanding amplifiers among the first-
class ones available in the world.

5.3. AV center/AV amplifier

AV center or AV amplifiers receiving HDMI signals from
the HDMI output of BD players are required to equip a
decoder which perfectly meets the standards of Dolby True
HD 192 kHz 24 bits / 5.1ch.

5.4. Speaker system

Currently, speaker models that are capable of reproducing
hypersonic sound of BD AKIRA are extremely rare in
comparison to players and amplifiers. Moreover, it is much
the same for the data to estimate their real performance of
speakers. It is rather general that world famous “super
tweeters,” designed especially for playback of high-
frequencies, have limitations in performance for reproducing
high-frequency components up to 96 kHz contained in BD
AKIRA. 1t is extremely important to know how to construct a
speaker system in order to fully experience the hypersonic
effect of BD AKIRA.

The frequency responses of a speaker usually outlined
in the specifications provided by the manufacturer are
generally measured using sine sweep method. The
procedure used is as follows: 1) the response to an input
signal of a certain single frequency of sine wave is
measured; 2) the single frequency of the signal is gradually
increased or decreased and responses to them are measured
respectively; 3) the resulting frequency response curve is
illustrated according to the series of the measured responses.
Yet, it is extremely difficult to find such a situation where a
single sine wave appears in the actual playback of music.
Especially, audio signals recorded in BD AKIRA indicate the
dynamic appearance and disappearance of almost every
frequency component which should be called as a band tone
with continuous frequency components. Such a sound
presents a very heavy load on amplifiers and speakers.
Thereby, there is no guarantee that a speaker system can
realize the performance expected from its catalogue data.

Therefore, we set ourselves to collect popular super
tweeters from around the world, and to test their
performance among the conditions of playback of ultra-
broadband and highly complex sound data of BD AKIRA.
That is, we created white noise (random noise with whole
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frequency components) and input it to each super tweeter
and measure air vibrations from the super tweeter.

These characteristics suggest that by just adding two
of the super tweeters, one to the left and the other to the
right of the front speaker, we will be able to enjoy the sound
experience of BD AKIRA in a way never experienced before.

6. Conclusions

BD AKIRA is now unlocking the boundless energy of
director OTOMO’s epoch-making masterpiece, which
succeeded in changing the history of world anime, and
granted it new dimension, thanks to this cutting-edge new
media technology. We believe this success was led by
uniting the media art and brain science, and will innovate
the audio-visual entertainment.
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The number of children in Japan exhibiting mental and behavioral disorders has greatly increased recently. This burgeoning
social problem has attracted scholarly attention both in humanistic fields such as pedagogy and developmental psychology and
in natural science fields such as behavioral science, molecular psychiatry, and brain science making use of biological
methodologies. There remains, however, a paucity of studies informed by recent breakthroughs in genetic and brain science that
might well throw light on appropriate ways of child-rearing by taking advantage of the genetic makeup and brain structure of all
humankind. In this study, we have attempted to formulate a multi-disciplinary approach, termed "biological-cultural
anthropology", that incorporates the insights of biology in the field of cultural anthropology in search of an optimum life-style
for our human species in its primeval environment and one that thus constitutes a perfect fit for humankind’s genetic makeup
and brain functionality. It is expected that the results of this study will provide useful suggestions for how to cope with the
serious challenges of raising children in today’s society.

‘We began this investigation by undertaking extensive fieldwork in how traditional societies around the world engage in their
child-rearing activities. Here we report on the extent and effectiveness of "biological cultural anthropology" by introducing
research results concerning the Baka Pygmy, an hunting-and-gathering people inhabiting the tropical rainforest of southeast
Cameroon. We argue that this ethnic polity represents a primeval society of our human species whose genetic activity can be
likened to that of the traditional Balinese community of Indonesia, which constitutes a notable Asian polity based on paddy
agriculture in a sustainable society.
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