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VIBRATION GENERATING APPARATUS AND which the fundamental brain activity was more deteriorated
METHOD INTRODUCING HYPERSONIC than in a background noise state when he or she was listening
EFFECT TO ACTIVATE FUNDAMENTAL to a sound containing no super-high-frequency component
BRAIN NETWORK AND HEIGHTEN (See, for example, the Patent Documents 1 to 4 and the

AESTHETIC SENSIBILITY 5 Non-Patent Documents 1 and 2).
In addition, the present inventor and others have revealed
TECHNICAL FIELD that, by contrast to the fact that the natural environmental

. oo . sounds of the tropical rain forests, which are the most pow-

The present invention relates to a vibration generating  erful candidate of the environments where the human genes
apparatus and method for generating a vibration that can 10 had been formed through evolution, abundantly contained
introduce an effect (hereinafter refqred to as a hyp;rsonjc super-high-frequency components that largely exceeded 20
effect) of comprehensively enhancing _mental activity and kHz at the human audible frequency upper limit and had a
physical activity by increasing the regional cerebral blood complicatedly changing structure capable of introducing the

flow of the fundamental br aip including the‘brain stem, thala- fundamental brain activation effect, environmental sounds in
mus and hypothalamus, which are the regions that bear the 15 cities where the modern people lived contained almost no
fundamental functions of the brain, and the neuronal projec- such super-high-frequency components and deteriorated the

tion from the fundamental brain to various areas in the brain fundamental brain activity (See, for example, the Patent
(these are hereinafter collectively referred to as a fundamental Document 5 and the Non-Patent Documents 3 and 4).

brain network system) and by activating these regions with a The fundamental brain activated by the hypersonic sound
hypersonic sound, which is a sound having a non-stationary 20 serves as an important base of the neural circuit inclusive of
structure that abundantly contains super-high-freq the monoamine nerve system and the opioid nerve system
closely related to the control of human emotions and behav-
iors. Therefore, it has been discovered that the activity disor-
and method for discriminating the vibration. That is, the  derofthe fundamental brain and the neural network projected
on the entire brain from there leads to various mental and
isorders. Further, the fundamental brain, whichis
enter of the autonomic nerve system and the
, controls the immune system via them and
to maintain the homeostasis of the whole
ese and a biophylactic function. Therefore,
the fundamental brain activity has a close :
duction of the lifestyle-related diseases that
creasing in the modern society by incurring
the homeostatlc function and the blophylactlc :

present invention relates, in concrete, to a vibration generat- 25
ing apparatus and method for generating a vibration that can

brain wave, heightening the aesthetic se;
sensory inputs inclusive of receiving of
beautifully and movingly, thereby heightening 1
eiTects of composite sensory inform'ltion inc

actmtles of the emotional system, the behavi
tem, the autonomic nervous system, the end
the immune system located in the fundamen
system, thereby reducing stress and
improving lifestyle-related diseases of metabolic synd;
such as hypertension, hyperlipidemia and diabetes, c
cerebrovascular disorder and cardiopathy, 1n1mune
malities including pollinosis and atopic dermatitis
mental disorders such as depression, schizophreni

fore, paymg attention to the fact that the aforemen—
| mental and behavioral disorders and the lifestyle-re-
lated diseases and the like are increasing specifically and
rapidly in the modern society, it is highly possible that a cause
is ascribed to the fact that the sound environments surround-
ing the modern people largely deviate from the specific sound
tructure characterizing the environmental sounds of the
opical rain forests, which are the most powerful candidate of

tia, chronic fatigue syndrome and attention-deficit hyperac-  the environments where the human genes have been evolu-

tivity disorder, behavioral abnormalities such as suicide and tionally formed, and particularly the complicatedly changing

self-injurious behaviors, abnormal exaltation of aggressive- super-high-frequency components drop out, consequently
ness and so on, which are caused by the abnormality of the 45 causing the disorder of the fundamental brain activity.

fundamental brain activity and pose serious problems, in the On the other hand, reproducing the tropical rain forest

modern society, and relates to a vibration discriminating ~ natural environment as it is in the modemn cities does not

apparatus and method for discriminating the vibration. become a realistic solution method counterbalancing the

urgency of the aforementioned problems that the modern

BACKGROUND ART 50 societies confront in terms of climate and biological condi-

tions and also in the aspect of the needed time and the amount

The present inventor and others discovered that a hyper- ofasocial investment cost. Accordingly, a method for solving

sonic sound, which was a non-stationary sound abundantly the aforementioned problems in the aspects of psychosomatic
containing super-high-frequency components exceeding the health that the modern people confront is proposed by using
audible frequency upper limit, introduced a fundamental 55 a vibration signal having a specific structure to introduce the
brain activation effect of increasing the regional cerebral fundamental brain activation effect and a vibration generating
blood flow of the fundamental brain, including the brain stem, apparatus capable of generating it, generating a vibration to
thalamus and hypothalamus, and the fundamental brain net- introduce the fundamental brain activation effect in a manner
work (fundamental brain network system) of a human being similar to that of the tropical rain forest environmental sounds
listening to the sound and boosting o rhythm of the brain 60 suited to the design of thehuman genes and applying the same
wave power of an index of the fundamental brain activation, to the modern people, thereby introducing the fundamental
and had the effects of heightening the aesthetic sensibility brain activation effect (See, for example, the Patent Docu-
inclusive of receiving of sounds pleasantly, beautifully and ment 5).

movingly, reducing stress, rationalizing the activities of the However, almost all of the audio signals in the digital
autonomic nerve system, the endocrine system and the 65 formats outputted from compact discs (CD), mini discs (MD)
immune system, and comprehensively improving the mental and those recorded in solid memories of portable players,
and physical states, i.e., a hypersonic effect, by contrast to which are audio information media widely popularized in the
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3 4
modern society, and the audio signals in the digital formats Patent Document 3: Japanese patent No. JP 4009660;
distributed and delivered via broadcastings and telecommu- Patent Document 4: Japanese patent No. JP 4009661;
nications can neither record nor reproduce super-high-fre- Patent Document 5: Japanese patent laid-open publication
quency components, and therefore, they are unable to gener- No. IP 2005-111261 A;

ate a hypersonic sound and to activate the fundamental brain. 5
On the other hand, it is recently becoming possible to use
digital media, which have formats capable of recording,
transmitting and reproducing to a range that largely exceeds
the audible range upper limit, such as super audio CD
(SACD), DVD audio, soundtracks of blu-ray disc (BD) and

Patent Document 6: Japanese patent laid-open publication
No. JP 2002-015522 A; and

Patent Document 7: Japanese patent laid-open publication
No. JP 2006-132054 A.

network distribution by high-speed optical communications 10 Non-Patent Documents

or the like. However, the vibration signals recorded in the

recording media, i.e., the contents contain no super-high- Non-Patent Document 1: Oohashi, T. et al., “Inaudible high-
frequency component in these due to limitations in the vibra- frequency sounds affect brain activity: hypersonic effect”,
tion generating function owned by the sound sources and Journal of Neurophysiology, Vol. 83, pp. 3548-3558, June

limitations in the capability of the recording and editing appa- 13 2000;

ratuses and the like, and therefore, it is customary that the N . : «ry:
. > ’ on-Patent Document 2: Ochashi T. et al., “High-Frequency
hypersonic sound cannot be generated and the fundamental Sound above the Audible Range Affects Brain Electric

brain activation effect cannot be introduced. L N . . o
Further, the present inventor and others revealed that, when Activity and Sound Perception”, An Audio Engineering
Society Preprint, 3207, October 1991;

an artificial signal of a white noise or the like was applied as 20 )
super-high-frequency components to a listener with the Non-Patent Document 3: Tsutomu Oohashi, “Sound and
audible range components, or the vibration componen e Civilization”, Iwanami Shoten, pp. 53-113, October, 2003.

audible frequ.ency range, the hypersonic effect t Non-Patent Document 4: Emi Nishina, “Progress in
induced even if sufficient super-high-frequency components Researches on Development Mechanism of Hypersonic
are contained (See, for example, the Non-Patent Document »5  Effect”, Journal of Acoustical Society of Japan, Vol. 65, pp.
2). Moreover, none of a sine-wave-like signal having a peak at 40-45, January, 2009.;

a specific frequency, its harmonic sound and sup
quency components of a quantization nois
high-speed sampling 1-bit quantization s
similarly produce the hypersonic effect. Furthe
revealed that super-hlgh frequency componen
composed of a sine-wave-like signal baving
cific frequency and are generated from arti
electronic equipment aud the like, introduce
of unpleasant sensation, escape behavior and
beings and animals to which they are appli
used as an apparatus for rejecting young peop
ratus for repulsing mice (See, for example, the Non-P:
Documents 5 and 6).

These findings suggest that, in order to introduce t
damental brain activation effect by the hypersonic eff:
not proper to merely apply super-high-frequency co

ument 5: Kaoru Ashihara, “Factual survey of
quency Sounds Existing in Surroundings

nt Document 7: Mikio Hmo “Spectrum Andlys1s
kura Shoten, pp. 210-217, October, 1977.

DISCLOSURE OF INVENTION

Problems to be Solved

exceeding the audible range upper limit, but it is necessary First of al, there is such a problem that, since the structural
that those super-high-frequency components have a certain ~ feature of super-high-frequency components that can intro-
specific structural feature, whereas the vibration of the super- ~ duce the fundamental brain activation effect has not been

high-frequency components having a certain peculiar struc- 45 conventionally identified, it is impossible to estimate whether
ture different from it has a risk of possibly exerting a negative a sound applied to a listener can actually introduce the fun-
influence on the physiological states of human beings and damental brain activation effect from the structure itself of the

animals. However, such a structural feature that the super-  vibration signal even if it contains super-high-frequency
high-frequency components of the vibration that can intro- ~ components as observed in an example in which super-high-
duce the fundamental brain activation effect should have has 50 frequency components artificially synthesized from, for
not been clarified thus far. Therefore, even if the digital for- example, a white noise or the like do not introduce the hyper-

mats capable of recording, transmitting and reproducing sonic effect. That is, as to whether a certain vibration intro-
super-high-frequency components in a manner similar to that duces the fundamental brain activation effect, it is necessary
of the super audio CD (SACD), soundtracks of blu-ray disc to actually observe whether the fundamental brain is activated
(BD) and network distribution utilizing high-speed optical 55 by applying the vibration to the listener in each case and
communications and the like are made usable, it is unclear ~ measuring the activation of the fundamental brain of the

what sort of structural feature should be owned by the vibra- listener by a strict physiological experiment using advanced
tion signals recorded and transmitted there in order to intro- functional brain measuring means such as a positron emission
duce the fundamental brain activation effect. tomography or an electroencephalograph. It is unreal to carry
60 out such a physiological experiment for every vibration, mea-

PRIOR ART DOCUMENTS sure the fundamental brain activation and thereafter link them

to practical use. Therefore, it is necessary to specify the

Patent Documents structural features of the vibration signal that can introduce

the fundamental brain activation effect in order to estimate

Patent Document 1: Japanese patent laid-open publication 65 whether a specified vibration can introduce the fundamental

No. JP H09-313610 A; brain activation effect without carrying out a physiological
Patent Document 2: Japanese patent No. JP 3933565; experiment.
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Secondly, there is such a problem that a vibration contain-
ing super-high-frequency components that can introduce the
fundamental brain activation effect cannot be artificially syn-
thesized since the structural feature of the super-high-fre-
quency components that can introduce the fundamental brain
activation effect has not been conventionally identified. In
particular, considering the uncovered existence of a problem
in the safety aspect such that a definite kind of artificial
super-high-frequency components produces a negative effect
in the physiological states of human beings and animals, a
vibration generated from a specific inartificial natural vibra-
tion generating source of which the effectiveness and safety
have been proven by the past results, such as the environmen-
tal sounds of tropical rain forests and a definite kind of native
musical instrument sound are to be recorded and used as the
vibration that can introduce the fundamental brain activation
effect. However, the kinds and the amount of inartificial natu-
ral vibration generating sources that can introduce such a
fundamental brain activation effect are limited, and collection
and recording of them are frequently accompanied by
immense difficulties and sometimes even risks. Therefore, i
order to artificially abundantly synthesize various
vibrations that can introduce the fundamental brain a
effect without relying on the limited inartificial natural
tion generating sources, it is necessary to identify the struc-
tural feature of the vibration that can introduce the
tal brain activation effect. .

Thirdly, there is such a problem that, s
feature of the super-high-frequency co:
introduce the fundamental brain activation effe
conventionally identified in spite ofa variety of’
of band expanding methods as one method
ing a vibration signal from which the super
components drop out with super-high-fre:
nents, it is necessary to carry out a physiolog
each case and confirm every vibration wh
high-frequency components artificially expanded by su
conventional band expanding method introduce the fir
mental brain activation effect. In particular, consideri
reported examples in which the hypersonic effect do
occur or conversely produce a negative effectin th
definite kind of artificially synthesized super-high-frequency
components as described above, it is very important to dis-
criminate whether the structure of the super-high-frequency
components artificially expanded by the band expanding
method is able to introduce the fundamental brain activation
effect, i.e., whether it is effective and safe for human beings.

Fourthly, due to the existence of such wide variety of
problems, there is such a problem that the vibration generated
by the vibration sources of the existent vast amount of record
library and the vibration generating apparatus not only sig-
nificantly impair the sensuous artistic value but also rather
invite various modern diseases due to a deterioration in the
fundamental brain activity failing in introducing the funda-
mental brain activation effect, and this leads to a high possi-
bility of significantly threatening the comfort and safety of
modern people. There is a growing demand for a technique to
overcome such limitations and prevent the risks.

Fifthly, there is such a problem that, in contents compre-
hensively working on multiple sensory systems of visual
sensation, auditory sensation and so on, such as video and
audio contents recorded in a large-capacity package media of
DVD, Blu-ray Disc and the like popularized recently rapidly
and video and audio distributed and delivered by using high-
speed large-capacity communication lines such as high-defi-
nition television and high-speed optical communications, the
recording media have restrictions in the recordable informa-

bt
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6

tion capacity and restrictions in the information transfer rate
(transmittable information capacity per unit time) in the case
of reading the recorded information from the recording media
and transmitting through communication lines, which there-
fore leads to a trade-off relation between the information
capacity usable for video and the information capacity usable
for audio, resulting in an antinomy between the image quality
and the sound quality of the contents. That is, data volume
assigned to audio data is reduced when a large information
capacity is assigned to video giving priority to the image
quality, and therefore, it is necessary to perform processing
such as limitation or compression of the sound frequency
domain, reducing the sensuous artistic value like impairment
of an expressive effect as a consequence of a deterioration in
the sound quality. Conversely, data volume assigned to image
data is reduced when a large information capacity is assigned
to sound information giving priority to the sound quality, and
therefore, it is necessary to perform processing such as a
reduction in resolution by saving or compressing images,
reducing the sensuous artistic value like impairment of an
expressive effect as a consequence of a deterioration in the
image quality.

Sixthly, there is a problem of the phenomenon of an anti-
nomy between the fact that “necessary information cannot be
caught unless sound volume is increased” and the fact that
ecomes bothersome and unpleasant when the
increased” on the other hand when a sound
tion transmission such as sound-reinforce-
g coexists with another sound that disturbs

such as a significant background noise. . .
bling this exist under various situations, and,
sound effects of audio and video contents and
of theatrical performance have the problem of -
y between the fact that “the intended artistic effect
obtained unless sound volume is increased” and:
becomes unpleasant when the sound volume is
increased” on the other hand.

It is an object of the present invention to solve the afore-
mentioned problems by clarifying the detailed structural fea-
ture of a vibration that can introduce the fundamental brain
activation effect and thereby provide an apparatus and
method for generating a vibration that can introduce hyper-
sonijc effect and an apparatus and method for discriminating
the vibration. It is a further object to provide an apparatus and
method capable of enhancing the aesthetic sensibility to sen-
sory inputs other than sounds and heightening the expressive
effect in the entire sensory system by generating a vibration
that can introduce the hypersonic effect in complex sensory
information generating means for comprehensively working
on multiple sensory systems and activating the fundamental
brain including the reward system (fundamental brain net-
work system) as its application. It is a further objectto provide
an apparatus and method for developing or intensifying both
sensitization and comforting of sound perception in a coex-
istent state by applying the effect of enhancing the activity of
the entire fundamental brain network system.

Means for Solving the Problems

A vibration generating apparatus according to a first aspect
of the present invention includes means for generating a
vibration or a vibration signal, which contains audible range
components that are vibration components in an audible fre-
quency range and super-high-frequency components within a
range exceeding the audible frequency range up to a prede-
termined maximum frequency and has an autocorrelation
order, which is the internal correlation property which is




US 8,167,826 B2

7

widely contained in natural conformation, represented by at
least either one of a first property and a second property. The
vibration generating apparatus is able to introduce a funda-
mental brain activation effect for activating a fundamental
brain network system of a human being into a fundamental
brain including brain stem, thalamus and hypothalamus that
are regions to bear the fundamental brain function and a
fundamental brain network of neuronal projection from the
fundamental brain to various brain regions by applying the
vibration or an actual vibration generated from the vibration
signal to the human being.

The first property has a fractal nature such that a shape of a
three-dimensional power spectrum array of time, frequency
and power of the components exceeding the audible fre-
quency range is a complexity having a self-similarity. A local
exponent of fractal dimension is a value obtained, upon cal-
culating the fractal dimension of a curved surface of the
three-dimensional power spectrum array by using a box-
counting method, by inverting the sign of an inclination of a
straight line that interconnects two mutually adjacent points
when logarithms of a necessary minimum number of refer-
ence boxes for covering the curved surface are plott
respect to a logarithm of a size of each one side of thi
ence boxes. The local exponent of fractal dimension is a value
that represents a self-similarity of the shape, and the local
exponent of fractal dimension has a value of not sm:
2.2 and not greater than 2.8 in a range in whi
temporal index defined by normalizing o
ence box is 27" to 27° and a fluctuation
exponent of fractal dimension within 0.4 when
temporal index changes in a range of 27" to 2

The second property is defined such thata
predictability and irregularity of time serie;
signal changes with time except for the ti
vibration signal that are completely predic
and for the time series of the vibration signal-
pletely unpredictable and random. An information en
density representing the irregularity of time series data,
value in a range of not smaller than -5 and smaller tha:
and an entropy variation index (Entropy Variation
EV-index), which is a variance of the informati
density and represents a degree of time variance, has a value
of not smaller than 0.001 for 51.2 seconds.

A vibration generating space apparatus according to a sec-
ond aspect of the present invention generates a vibration
having the autocorrelation order by radiating the vibration
generated by at least one vibration generating apparatus
installed in a space into the space or by making the vibrations
become added together or mutually interfere in the space or
by making things constituting the space resonate with the
vibrations.

A vibrating object or body according to a third aspect of the
present invention is a vibrating object in a vibrational state
generated by at least one vibration generating apparatus.

A vibration generating method according to a fourth aspect
of the present invention includes a step of generating a vibra-
tion or a vibration signal, which contains audible range com-
ponents that are vibration components in an audible fre-
quency range and super-high-frequency components within a
range exceeding the audible frequency range up to a prede-
termined maximum frequency and has an autocorrelation
order represented by at least either one of a first property and
a second property. The vibration generating method is able to
introduce a fundamental brain activation effect for activating
a fundamental brain network system including a fundamental
brain including brain stem, thalamus and hypothalamus that
are regions to bear the fundamental brain function of a human
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being and a fundamental brain network of neuronal projec-
tion from the fundamental brain to various brain regions by
applying the vibration or an actual vibration generated from
the vibration signal to the human being.

The first property has a fractal nature such that a shape of a
three-dimensional power spectrum array of time, frequency
and power of the components exceeding the audible fre-
quency range is a complexity having a self-similarity. A local
exponent of fractal dimension is a value obtained, upon cal-
culating the fractal dimension of a curved surface of the
three-dimensional power spectrum array by using a box-
counting method, by inverting the sign of an inclination of a
straight line that interconnects two mutually adjacent points
when logarithms of a necessary minimum number of refer-
ence boxes for covering the curved surface are plotted with
respect to a logarithm of a size of each one side of the refer-
ence boxes. The local exponent of fractal dimension is a value
that represents a self-similarity of the shape, and the local
exponent of fractal dimension has a value of not smaller than
2.2 and not greater than 2.8 in a range in which a spectro-
temporal index defined by normalizing one side of the refer-
ence box is 27! to 27° and a fluctuation range of the local
exponent of fractal dimension within 0.4 when the spectro-
temporal index changes in a range of 27" to 27>,

The second property is defined such that a degree of one of
redictability and irregularity of time series of the vibration
with time except for the time series of the
that are completely predictable and regular
series of the vibration signal that are com-
table and random. An information entropy
ing the irregularity of time series datahas a -
e of not smaller than -5 and smaller than zero,
py variation index (Entropy Variation Index;
which is a variance of the information entropy
d represents a degree of time variance, has a value
smaller than 0.001 for 51.2 seconds. i
The vibration generating apparatus of the first aspect of the
present invention further includes addition means for adding
a complementing vibration signal that has the autocorrelation
order and is generated by the vibration generating apparatus,

‘to an original vibration signal not having the autocorrelation

order, and outputting a vibration signal of an addition result is
included.

Moreover, the vibration generating apparatus further
including band expanding means and addition means. The
band expanding means performs band expanding so that a
band of the original signal exceeds the audible frequency
range with respect to the original vibration signal not having
the autocorrelation order, and outputting a band-expanded
vibration signal that contains the band exceeding the audible
frequency range and the band of the original vibration signal.
The addition means adds a complementing vibration signal
that has the autocorrelation order and is generated by the
vibration generating apparatus, to the band-expanded vibra-
tion signal, and outputting a vibration signal of an addition
result.

Further, the vibration generating apparatus further includes
high-pass filter means, which is provided between the vibra-
tion generating apparatus and the addition means, for per-
forming high-pass filtering of the complementing vibration
signal having the autocorrelation order.

Furthermore, the vibration generating apparatus further
includes attenuation means for comparing the signal level of
the original vibration signal or the band-expanded vibration
signal with a predetermined threshold value, and attenuating
by a predetermined attenuation amount the complementing
vibration signal that has the autocorrelation order and is
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inputted to the addition means or its high-pass filtered signal, and olfactory sensation other than auditory sensation, thereby
when the signal level is smaller than the threshold value. enhancing also an aesthetic sensibility to sensory inputs from

Further, the vibration generating apparatus further includes other than auditory sensation and heightening expressive
level changing means for detecting the absolute value of the effects of sensory information other than auditory sensation.
signal level of the original vibration signal or the band-ex- 5  Furthermore, the vibration generating method activates a
panded vibration signal and performing amplification or fundamental brain network system including a fundamental
attenuation of the signal level of the complementing vibration brain including a reward system neural circuit that is a brain
signal that has the autocorrelation order and is inputted to the function region being unitarily comprehensively responsible
addition means or its high-pass filtered signal, in accordance for the generation of all reactions of pleasure, beauty and
with the magnitude of the absolute value of the signal level. 10 emotion and a fundamental brain network in a human being

Further, in the vibration generating apparatus, the comple- by applying a vibration generated by the vibration generating
menting vibration signal, that has the autocorrelation order apparatus to the human being while applying predetermined
and is inputted to the addition means, contains a plurality of ~ information to the human through at least one of visual sen-

kinds of vibration signals each having the autocorrelation sation, gustatory sensation, somatic sensation and olfactory
order. The vibration generating apparatus further includes 15 sensation other than auditory sensation, thereby enhancing
control means for selecting at least one kind of complement- also an aesthetic sensibility to sensory inputs from other than
ing vibration signal from among the plurality of kinds of  auditory sensation and heightening expressive effects of sen-
complementing vibration signals in correspondence with at sory information other than auditory sensation.

least one of the original vibration signal and the band-ex- A computer-readable recording medium according to a
panded vibration signal, and outputting the signal to the addi- 20 fifth aspect of the present invention records the vibration
tion means. signal generated by the vibration generating apparatus.

A communication apparatus according to a sixth aspect of
includes first processing means for calculating an au the present invention includes communication means for
lation coefficient of a reference vibration signal having the transmitting the vibration signal generated by the vibration
autocorrelation order, and performing convolution calcula- 25 generatmg apparatus via a communication medium.
tion of the original vibration signal not having the discriminating apparatus according to a sev-
lation order with the calculated autocorre]ati e present invention includes discrimination
thereby generating a vibration signal having minating whether or not an inputted vibration
tion order. dible range components that are vibration
Furthermore, the beratlon generatlng app an andible frequency range and super-high- ..
includes second processing means for calculal onents within a range exceeding the audible
function of the reference vibration signal hav ge up to a predetermined maximum frequency
relation order, and multiplying the original ocorrelation order represented by at least either
nothaving the autocorrelation order by the ca irst property and a second property. The discrimi
function, thereby generating a vibration si; means discriminates whether or not a fundamental
autocorrelation order. twork system of a human being ¢an be introduced into
Further, the vibration generating apparatus include: a fundamental brain including the brain stem, thalamus and
elastic vibrating object, first transducing means, and s hypothalamus that are regions to bear the fundamental brain
transducing means. The first transducing means tran: 3 fanction and a fundamental brain network of neuronal pro-
the vibration signal having the autocorrelation orde jection from the fundamental brain to various brain regions,
vibration signal not having the autocorrelation by applying an actual vibration generated from the vibration
vibration and applying the vibration to the elastic vibrating signal to the human being,.
object. The second transducing means transduces the vibra- The first property has a fractal nature such that a shape of a
tion of the elastic vibrating object into an electric signal. At three-dimensional power spectrum array of time, frequency
least either one of the first property and the second property 45 and power of the components exceeding the audible fre-
on the autocorrelation order in the vibration signal is quency range is a complexity having a self-similarity. A local
enhanced or imparted by processing the applied vibration exponent of fractal dimension is a value obtained, upon cal-
using a vibration characteristic owned by the elastic vibrating culating the fractal dimension of a curved surface of the
object, and vibration components not introducing the funda- three-dimensional power spectrum array by using a box-
mental brain activation effect and being existable as an elec- 50 counting method, by inverting the sign of an inclination of a
tric signal but not existable in the natural elastic vibrating straight line that interconnects two mutually adjacent points
object are attenuated or removed, thereby emphasizing or when logarithms of a necessary minimum number of refer-
imparting the effect of a vibration that can introduce the ence boxes for covering the curved surface are plotted with
fundamental brain activation effect. respect to a logarithm of a size of each one side of the refer-
Furthermore, in the vibration generating apparatus, the 55 ence boxes. The local exponent of fractal dimension is a value
elastic vibrating object is installed in a container filled with a that represents a self-similarity of the shape, and the local

Furthermore, the vibration generating apparatu

predetermined vibration transmission medium. exponent of fractal dimension has a value of not smaller than
Furthermore, in the vibration generating apparatus acti- 2.2 and not greater than 2.8 in a range in which a spectro-
vates a fundamental brain network system including a funda- temporal index defined by normalizing one side of the refer-

mental brain including a reward system neural circuitthatisa 60 ence box is 27! to 27° and a fluctuation range of the local
brain function region being unitarily comprehensively exponent of fractal dimension within 0.4 when the spectro-

responsible for the generation of all reactions of pleasure, temporal index changes in a range of 27 t0 27°,
beauty and emotion and a fundamental brain network in a The second property is defined such that a degree of one of
human being by applying a vibration generated by the vibra- predictability and irregularity of time series of the vibration

tion generating apparatus to the human being while applying 65 signal changes with time except for the time series of the
predetermined information to the human through at least one vibration signal that are completely predictable and regular
of visual sensation, gustatory sensation, somatic sensation and for the time series of the vibration signal that are com-
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pletely unpredictable and random. An information entropy
density representing the irregularity of time series data has a
value in a range of not smaller than -5 and smaller than zero,
and an entropy variation index (Entropy Variation Index;
EV-index), which is a variance of the information entropy s
density and represents a degree of time variance, has a value
of not smaller than 0.001 for 51.2 seconds.

In the above-mentioned vibration discriminating appara-
tus, the discrimination means includes first, second and third
partial discrimination means, and final discrimination means.
The first partial discrimination means discriminates whether
or not the inputted vibration signal is a vibration signal con-
taining audible range components that are vibration compo-
nents in the audible frequency range and whether or not the
signal contains super-high-frequency components within a
range exceeding the audible frequency range up to the maxi-
mum frequency. The second partial discrimination means
discriminates whether or not the inputted vibration signal has
the autocorrelation order represented by the first property.
The third partial discrimination means discriminates whether
or not the inputted vibration signal has the autocorrel 1011
order represented by the second property. The final di
nation means discriminates whether or not the inputte
tion signal has the feature of a hypersonic sound based on the
discrimination results of the first to third discrimination
means.

A vibration monitoring system accordin
aspect of the present invention includes
criminating apparatus. The vibration m
includes at least one of alarm generating mean
means. The alarm generating means outputs
the discrimination result of the dlscmnmatl,
cates that the inputted vibration signal cann
fundamental brain activation effect. The add:
the complementing vibration signal, that ha
tion order and is generated by the vibration g
ratus, to the inputted vibration signal when the discrimin
result of the discrimination means indicates that the inp
vibration signal cannot introduce the fundamental bra
vation effect.

A vibration discriminating method accordin;
aspect of the present invention includes a discrimination step
of discriminating whether or not an inputted vibration signal
contains audible range components that are vibration compo-
nents in an audible frequency range and super-high-fre-
quency components within a range exceeding the audible
frequency range up to a predetermined maximum frequency
and has an autocorrelation order represented by at least either
one of a first property and a second property. The discrimi-
nation step discriminating whether or not a fundamental brain
network system of a human being can be introduced into a
fundamental brain including the brain stem, thalamus and
hypothalamus that are regions to bear the fundamental brain
function and a fundamental brain network of neuronal pro-
jection from the fundamental brain to various brain regions,
by applying an actual vibration generated from the vibration
signal to the human being.

The first property has a fractal nature such that a shape of a
three-dimensional power spectrum array of time, frequency
and power of the components exceeding the audible fre-
quency range is a complexity having a self-similarity. A local
exponent of fractal dimension is a value obtained, upon cal-
culating the fractal dimension of a curved surface of the
three-dimensional power spectrum array by using a box-
counting method, by inverting the sign of an inclination of a
straight line that interconnects two mutually adjacent points
when logarithms of a necessary minimum number of refer-
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ence boxes for covering the curved surface are plotted with
respect to a logarithm of a size of each one side of the refer-
ence boxes. The local exponent of fractal dimension is a value
that represents a self-similarity of the shape, and the local
exponent of fractal dimension has a value of not smaller than
2.2 and not greater than 2.8 in a range in which a spectro-
temporal index defined by normalizing one side of the refer-
ence box is 27! to 27° and a fluctuation range of the local
exponent of fractal dimension within 0.4 when the spectro-
temporal index changes in a range of 27! to 27°.

The second property is defined such that a degree of one of
predictability and irregularity of time series of the vibration
signal changes with time except for the time series of the
vibration signal that are completely predictable and regular
and for the time series of the vibration signal that are com-
pletely unpredictable and random. An information entropy
density representing the irregularity of time series data has a
value in a range of not smaller than -5 and smaller than zero,
and an entropy variation index (Entropy Variation Index;
EV-index), which is a variance of the information entropy
density and represents a degree of time variance, has a value
of not smaller than 0.001 for 51.2 seconds.

In the above-mentioned vibration discriminating method,
the discrimination step includes first, second and third partial
discrimination steps and a final discrimination step. The first
artial discrimination step discriminates whether or not the
. ion signal is a vibration signal contalmng
mponents that are vibration components in
ency range and whether or not the signal
igh-frequency components within a. range
ndible frequency range up to the maximum
second partial discrimination step discrimi-
or not the inputted vibration signal has the -

ial discrimination step discriminates whether or not
e inputted vibration signal has the autocorrelation order
represented by the second property. The final discrimination
step discriminates whether ornot the inputted vibration signal
has the feature of a hypersonic sound based on the discrimi-
nation results of the first to third discrimination steps.
A computer-executable program according to a tenth
aspect of the present invention includes the steps of the above-
mentioned vibration discriminating method.

A computer-readable medium according to an eleventh
aspect of the present invention stores the above-mentioned
program.

Effects of the Invention

According to the present invention, by clarifying the
detailed structural feature of the vibration that can introduce
the fundamental brain activation effect, the apparatus and
method for generating a vibration that can introduce a hyper-
sonic effect, i.e., a hypersonic sound, and the apparatus and
method for discriminating the vibration can be provided.

As an advantageous effect, in order to first know whether a
certain vibration introduces the fundamental brain activation
effect, it is not necessary to apply the vibration to a listener in
each case and to examine the activation of the listener’s
fundamental brain by a strict physiological experiment as
conventionally performed, and it becomes possible to know
whether the vibration introduces the fundamental brain acti-
vation effect by only examining the structural feature of the
super-high-frequency components of the vibration.

Secondly, it becomes possible to artificially synthesize
various kinds of vibrations that can introduce the fundamental
brain activation effect without relying on the inartificial natu-
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ral vibration generating sources, of which the effectiveness
and safety have been proven by the past results, in order to
generate a vibration that can introduce the fandamental brain
activation effect.

Thirdly, in order to know whether the super-high-fre-
quency components, which are artificially expanded by the
conventional band expanding method that hardly expects pre-
vention of the deterioration in the fundamental brain activity
and cannot deny the possibility of causing a safety problem
depending on circumstances, are safe and possible to intro-
duce the fundamental brain activation effect, it is not neces-
sary to apply the vibration to a listener in each case as con-
ventionally performed and examine the activation of the
listener’s fundamental brain by a strict physiologic experi-
ment, and it becomes possible to know whether the vibration
is safe and able to introduce the fundamental brain activation
effect by only examining the structural feature of the super-
high-frequency components of the vibration.

Fourthly, by activating the fundamental brain network sys-
tem responsible for the generation of all reactions of pleasure,
beauty and emotion by generating a vibration to whi
super-high-frequency components having the featur:
autocorrelation order are added or enhanced, it becor
sible to increase the expressive effects, heighten the se;
artistic value and concurrently promote the safety of the
already accumulated record library of sound sources, which
are currently voluminously accumulated ir
quality and quantity and are unable to in
mental brain activation effect because they cont
almost no super-high-frequency component h
ture of the autocorrelation order.

Fifthly, in the contents comprehensively
tiple sensory systems such as video and
recorded in large-capacity package media .
popularized in recent years and video and
distributed and delivered by using Internet
is the problem of a trade-off relation between the inform
capacity usable for video and the information capacity
for audio, and consequently, this leads to the problem
antinomy between image quality and sound quality.
the problems, by heightening the activity of the
brain network system being unitarily responsible for the gen-
eration of all reactions of pleasure, beauty and emotion by
generating a vibration to which the super-high-frequency
components having the feature of the autocorrelation order
are added or enhanced, it becomes possible to enhance also
the aesthetic sensibility to sensory inputs other than sounds in
parallel and heighten the expressive effects in the entire sen-
sory system.

Sixthly, in order to solve the problem of the antinomy
occurring in information transmitting sounds in spaces hav-
ing significant background noises, the sound effects of artistic
productions and so on, i.e., such a problem that “necessary
information cannot be caught unless sound volume is
increased” whereas “the sound becomes bothersome and
unpleasant when the sound volume is increased” on the other
hand without contradiction, by complementing a vibration
containing super-high-frequency components having the fea-
ture of the autocorrelation order, it becomes possible to
heighten the activity of the entire fundamental brain network
system and activate the thalamus and the brain stem that is
included in this system and have operation to sensitize the
sensibility to general sensory information inputs (excluding
olfactory sensation) and concurrently activate the reward sys-
tem neural circuit that is included in the same system and has
operation to generate pleasant sensation and alleviate the
unpleasant sensation in parallel, thereby allowing both the
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sensitization and comforting of sound perception to be devel-
oped or reinforced in a coexistent state.

Ifthe above is generalized, it becomes possible to generate
vibrations that can introduce the fundamental brain activation
effect voluminously and easily in terms of both quality and
quantity, and by applying them to a human being, activation
of the fundamental brain network system constituted of the
fundamental brain and the fundamental brain network includ-
ing the reward system neural circuit of the brain being uni-
tarily comprehensively responsible for the generation ofreac-
tions of pleasure, beauty and emotion in the human being is
induced, consequently making it possible to enhance the aes-
thetic sensitivity to various general sensory inputs inclusive
of sounds and heighten the sensuous artistic value of input
information. In addition, an effect of heightening the physical
activation such as homeostatic maintenance and biophylaxis
of the whole body managed by the fundamental brain network
system is introduced, and it consequently becomes possible to
introduce the effects of comprehensively remedying lifestyle-
related diseases of metabolic syndromes such as hyperten-
sion, hyperlipemia and diabetes, cancer, cerebrovascular dis-
order and cardiopathy, immune abnormalities including
pollinosis and atopic dermatitis, various mental disorders
such as dementia, depression, schizophrenia, chronic fatigue
syndrome and attention-deficit hyperactivity disorder, behav-
ioral abnormalities such as suicide and self-injurious behav-
altation of aggressiveness and so on, which
abnormality of the fundamental brain activ-
us problems in the modern society

F DESCRIPTION OF DRAWINGS

a'spectral dlagram showmg a frequency spectrum: :
ion that contains audible range components of
components in the audible frequency range and
sup gh-frequency components exceeding the audible fre-
quency range;

FIG. 2 is a chart showing a three-dimensional power spec-
trum array of a gamelan instrument sound;

FIG. 3 is a chart showing a three-dimensional power spec-
trum array of a tropical rain forest environmental sound;

FIG. 4 is a graph showing an example of a local exponent
of fractal dimension of a spectro-temporal structure of a
vibration that satisfies a first property on an autocorrelation
order according to the present invention;

FIG. 5is a table showing a local exponent of fractal dimen-
sion of a vibration that satisfies the first property on the
autocorrelation order of the present invention within a range
in which the spectro-temporal index (ST-index) is 2" to 277;

FIG. 6 is a graph showing an example of the local exponent
of fractal dimension of the spectro-temporal structure of a
vibration that does not satisfy the first property on the auto-
correlation order of the present invention;

FIG. 7 is a table showing a local exponent of fractal dimen-
sion ofa vibration that does not satisfy the first property on the
autocorrelation order within a range in which the spectro-
temporal index (ST-index) is 27" t0 27%;

FIG. 8 is a graph showing an example of the information
entropy density and its time change of a vibration that satisfies
a second property on the autocorrelation order of the present
invention;

FIG. 9 is a graph showing an example of the information
entropy density and its time change of a vibration that does
not satisfy the second property on the autocorrelation order of
the present invention;

FIG. 10 is a graph showing an example of the entropy
variation index (EV-index) of vibrations that satisfy the sec-
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ond property on the “autocorrelation order” of the present current has an irregular configuration and is irregularly
invention and vibrations that do not satisfy it according to the arranged according to the first preferred embodiment;

present invention; FIG. 28 is a perspective view and a sectional view showing
FIG. 11 is a spectral diagram of the average power spec- an example (horizontal path) of a vibration generating appa-
trum of the gamelan instrument sound; s ratus that generates a vibration (hypersonic sound) capable of

FIG. 12 is a graph showing a local exponent of fractal introducing the fundamental brain activation effect by using a
dimension of the gamelan instrument sound; liquid current according to the first preferred embodiment;

FIG. 13 is a graph showing an information entropy density ) FIG.29 is.a block diagram showing an exa.mp]e? ofavibra-
of the gamelan instrument sound; tion generating apparatus that generates a vibration (hyper-
FIG. 14 is a graph showing ;m entropy variation index 10 son}c spund) capable ~of .introducing the fundamental brain
(EV-index) of the gamelan ins hid ent sound: activation effect by dripping water according to the first pre-

FIG. 15 is a block diagram of a vibration generating appa- ferred embodiment;

includi 5 ion of . . FIG. 30 is a perspective view showing an example of a
ratus including a configuration of a positron emission tomog- vibration generating apparatus that generates a vibration (hy-
raphy (PET) and a brain wave measurement apparatus used in

N 5 . 15 personic sound) capable of introducing the fundamental brain
the first preferred embodiment of the present invention and a activation effect by an airflow passing through gaps according
perspective view showing a room for generating a vibration to the first preferred embodiment;
by the vibration generating apparatus; FIG. 31 is a side view showing an example of a vibration
FIG. 16 is a projection chart showing brain regions where  generating apparatus that generates a vibration (hypersonic
the regional cerebral blood flow in an FRS condition is sig- 20 sound) capable of introducing the fundamental brain activa-
nificantly increased by contrast to an LFC alone condition, in tion effect by flipping a metal piece according to the first
which (a)is a projection chart (sagittal projection chart along preferred embodiment;
the sagittal suture of a human cranium, (b) is a projection FIG. 32 is a block diagram of an apparatus that amplifies an
chart (coronal projection chart) along the coronal suture, and input signal in a vibration signal amplifier and generates a
(c) is a horizontal plane projection chart of them, or experi- 25 vibration from a vibration generating mechanism according
mental results measured by the apparatus of FIG. 15; to the ﬁrst preferred embodiment;
i i lock diagram of an apparatus that amplifies a
reproduced by using a vibration signal
producing apparatus in a vibration signal
nerates a vibration from a loudspeaker
e first preferred embodiment; :
lock diagram showing an example ofavibra-
ng apparatus having a function to adjust the
ibration by using a reproduction vibration char-
tic adjuster according to the first preferred embodi--

of spontaneous a rhythm of brain wave
normalized to each frequency component,
tal results measured by the apparatus of FIG.

FIG. 18 is a chart showing a cross section
brain network image extracted as a second p
ent by a principal component analysis of r
blood flow data, or the experimental results
apparatus of FIG. 15;

FIG. 19 is a chart showing a scalp distrib
lation coefficient between the normalized electric poten
spontaneous brain wave 0.2 band component and chan
the activity intensity of the fundamental brain networ]

FIG. 35 is a side view showing an example of an apparatus
that applies from a body surface a vibration (hypersonic
sound) capable of introducing the fundamental brain activa-
experimental results measured by the apparatus of F tion effect via a solid vibration generating mechanism accord-
FIG. 20 is a block diagram showing a configu: ing to the first preferred embodiment;
vibration generating apparatus that is an earphone experi- FIG. 36 is a block diagram of an apparatus that generates a
mental apparatus used in the first preferred embodiment; vibration (hypersonic sound) capable of introducing the fun-
FIG. 21 is a graph showing a deep brain activity index damental brain activation effect via a plurality of vibration
(DBA-index) of each case, or experimental results measured 45 generating mechanisms from signals diverging from a single
by the system of FIG. 20; vibration signal according to the first preferred embodiment;
FIG. 22 is a perspective view and a sectional view showing FIG. 37 is a front view of a headphone type vibration
an example of a vibration generating apparatus that generates generating apparatus according to the first preferred embodi-
a vibration (hypersonic sound) capable of introducing the ment;
fundamental brain activation effect by using a liquid current 50  FIG. 38 is a diagram of an accessory type vibration gener-
according to the first preferred embodiment; ating apparatus according to the first preferred embodiment,
FIG. 23 is a sectional view showing examples of the shape in which (a) is its front view, (b) is its right side view, and (c)
of protrusions served as an obstacle of the liquid current of  is its rear view;

FIG. 22; FIG. 39 is a diagram of a clothes embedded type vibration
FIG. 24 is a sectional view of an example in which the 55 generating apparatus according to the first preferred embodi-
position control of the protrusion is systematized and inter- ment, in which (a) is its external view, and (b) is its internal
related according to the first preferred embodiment; view;
FIG. 25 is a perspective view showing an example in which FIG. 40 is a sectional view and a block diagram of a body

the arrangement of protrusions served as the obstacle of the surface attachment type vibration generating apparatus
liquid current is not regular according to the first preferred 60 according to the first preferred embodiment;
embodiment; FIG. 41 is a block diagram showing an example in which
FIG. 26 is a perspective view and a sectional view showing audible range components are presented from a portable
an example in which a structure served as the obstacle of the music player or the like by an earphone or the like, and
liquid current has a bump shape or a dimple shape according super-high-frequency components provided for a vibration
to the first preferred embodiment; 65 signal separately from the audible range components are pre-
FIG. 27 is a perspective view showing an example in which sented by a loudspeaker or the like, according to the first
a protrusion structure served as the obstacle of the liquid preferred embodiment;
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FIG. 42 is ablock diagram showing an apparatus according
to a modified preferred embodiment of FIG. 41;

FIG. 43 is a perspective view and a sectional view of a
portable terminal plus pendant type vibration generating
apparatus according to the first preferred embodiment;

FIG. 44 is a perspective view showing an example of a
sauna type vibration presenting apparatus according to the
first preferred embodiment;

FIG. 45 is a side view showing an example of a vibration
presenting apparatus in a vehicle according to the first pre-
ferred embodiment;

FIG. 46 is a side view showing an example of a vibration
presenting apparatus in a driver’s seat or a cockpit of public
transportation according to the first preferred embodiment;

FIG. 47 is a perspective view showing an example in which
the walls themselves constituting a space vibrate to generate
super-high-frequency components according to the first pre-
ferred embodiment;

FIG. 48 is a plan view showing an example of a space in
which portable players are combined with a vibration gener-
ating apparatus that simultaneously applies a super-high-fre-
quency to a plurality of persons according to the e-
ferred embodiment; !

FIG. 49 is a plan view showing a modified preferred
embodiment of the apparatus of FIG. 48;

FIG. 50 is a perspective view showing a shower
tion presenting apparatus according to tk
embodiment;

FIG. 51 is a spectral diagram of the a ge
trum of an urban district environmental sound a
rain forest environmental sound for comple:
sured in the first preferred embodiment;

FIG. 52 is a graph showing a local ex
dimension of the tropical rain forest envi
applied to an urban district space, measure
ferred embodiment; ,

FIG. 53 is a graph showing an information entropy d
of the tropical rain forest environmental sound applied
urban district space, measured in the first preferred e;
ment;

FIG. 54 is a graph showing an entropy vari
(EV-index) of the tropical rain forest environmental sound
applied to the urban district space, measured in the first pre-
ferred embodiment;

FIG. 55 is a block diagram showing a method for generat-
ing a vibration (hypersonic sound) capable of introducing the
fundamental brain activation effect in an urban district space
according to the first preferred embodiment;

FIG. 56 is a graph showing a deep brain activity index
(DBA-index) in a case where only the urban district environ-
mental sound is applied and a case where the tropical rain
forest environmental sound capable of introducing the fun-
damental brain activation effect is added to it, measured in the
first preferred embodiment;

FIG. 57 is a side view showing an example of a vibrating
object in a vibrational state satisfying the feature of a prede-
termined autocorrelation order according to the first preferred
embodiment by vibrating air surrounding persons in the
super-high-frequency band exceeding the audible range
according to the first preferred embodiment;

FIG. 58 is a sectional view showing an example of a vibrat-
ing object in a bathtub according to the first preferred embodi-
ment;

FIG. 59 is a block diagram of an apparatus that generates an
output signal (hypersonic sound signal) capable of introduc-
ing the fundamental brain activation effect by adding a vibra-
tion signal, which has a predetermined autocorrelation order
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and can introduce the fundamental brain activation effect, to
an original vibration signal that does neither have the prede-
termined autocorrelation order nor introduce the fundamental
brain activation effect according to a second preferred
embodiment of the present invention;

FIG. 60 is a block diagram showing a modified preferred
embodiment of the apparatus of FIG. 59;

FIG. 61 is a perspective view showing an example of a
vibration complementing apparatus to add a vibration signal
that can introduce the fundamental brain activation effect to
an original vibration that does not introduce the fundamental
brain activation effect according to the second preferred
embodiment;

FIG. 62 is a perspective view showing an example of a
vibration complementing apparatus to add a vibration signal
(hypersonic sound signal) that can introduce the fundamental
brain activation effect to an original vibration that does not
introduce the fundamental brain activation effect and is out-
putted from a portable player or the like according to the
second preferred embodiment;

FIG. 63 is a perspective view showing an example of a

" vibration complementing apparatus to add a vibration signal

(hypersonic sound signal) that can introduce the fundamental
brain activation effect to an original vibration signal that does
not introduce the fundamental brain activation effect and is
outputted from a broadcasting receiver or the like according
preferred embodiment;

ock diagram showing an example of a vibra-
ting apparatus using the band expanding
xisting technology together with addition .
ion (hypersonic sound) capable of introduc--
nental brain activation effect accordmg to the,
ed embodiment; -
a block diagram showmg an example of a v1bra-; :

ing the
second

effect as an output signal by adding a signal obtamed by

extracting the super-high-frequency components of a vibra-
tion signal (hypersonic sound signal) capable of introducing
the fundamental brain activation effect to an original vibra-
ion signal according to the second preferred embodiment;
FIG. 66 is a block diagram showing an example of a
complementing type vibration signal generating apparatus
capable of introducing the fundamental brain activation effect
concurrently using the circuits of a band expander, a high-
pass filter, a gate apparatus and a voltage-controlled amplifier
(VCA) according to the second preferred embodiment;

FIG. 67 is a block diagram showing an example of a vibra-
tion complementing apparatus that can add a plurality of
vibrations (hypersonic sound) capable of introducing the fun-
damental brain activation effect according to the second pre-
ferred embodiment;

FIG. 68 is a block diagram showing a vibration signal
generating apparatus that imparts the predetermined autocor-
relation order of a vibration (hypersonic sound) capable of
introducing the fundamental brain activation effect by per-
forming processing based on an autocorrelation coefficient
representing the property of the autocorrelation order owned
by a reference vibration signal capable of introducing the
fundamental brain activation effect to a vibration signal that
does not introduce the fundamental brain activation effect
according to the second preferred embodiment;

FIG. 69 is a block diagram showing a modified preferred
embodiment of the vibration signal generating apparatus of
FIG. 68;

FIG. 70 is a block diagram showing an example of an
apparatus that generates a vibration (hypersonic sound)
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capable of introducing the fundamental brain activation effect
by processing the 1-bit quantization noise owned by a high-
speed sampling 1-bit quantization system according to the
second preferred embodiment;

FIG. 71 is a block diagram showing a vibration signal 5
generating apparatus that imparts the predetermined autocor-
relation order owned by a vibration (hypersonic sound)
capable of introducing the fundamental brain activation effect
by performing processing based on a transfer function repre-
senting the property of the autocorrelation order of a refer-
ence vibration signal capable of introducing the fundamental
brain activation effect to a vibration signal that does not
introduce the fundamental brain activation effect according to
the second preferred embodiment;

FIG. 72 isablock diagram showing a vibration (hypersonic
sound) generating apparatus (exemplified apparatus employ-
ing a moving magnet type fluctuation detector device)
capable of introducing the fundamental brain activation effect
using an elastic vibrating object according to the second
preferred embodiment;

F1G.73isablock dlagram showinga vibration (hypersonic
sound) generating apparatus (exemplified apparatus eimplc
ing a capacitor type fluctuation detector device) capable
introducing the fundamental brain activation effect using an
elastic vibrating object according to the second preferred
embodiment;

FIG. 74 isablock diagram showing a vibrati
sound) generating apparatus capable of intr
damental brain activation effect using a sp:
elastic vibrating object according to the sec
embodiment; .

FIG.75isablock dlagram showing a vibra
sound) generating apparatus (exemplified
makes an elastic vibrating object functio
detecting coil) capable of introducing the fun
activation effect using an elastic vibrating obj
the second preferred embodiment;

FIG. 76 is ablock diagram showing a vibration (hyp
sound) generating apparatus (exemplified apparatus
makes an elastic vibrating object as a fluctuation d
coil) capable of introducing the fundamental brain:
effect using an elastic vibrating object according to the sec-
ond preferred embodiment;

FIG. 77 isablock diagram showing a vibration (hypersonic
sound) generating apparatus (exemplified apparatus that con-
currently uses a plurality of vibration generating apparatuses
each employing an elastic vibrating object) capable of intro-
ducing the fundamental brain activation effect using an elas-
tic vibrating object according to the second preferred embodi-
ment;

FIG. 78 is a spectral diagram showing a power spectrum of
a vibration signal recorded on the soundtracks of a “DVD
version AKIRA” and a “Blu-ray Disc version AKIRA” mea-
sured in the second preferred embodiment;

FIG. 79 is a graph showing a local exponent of fractal
dimension of the vibration signal of the “Blu-ray Disc version
AKIRA soundtrack” measured in the second preferred
embodiment;

FIG. 80 is a graph showing an information entropy density
of the vibration signal of the “Blu-ray Disc version AKIRA
soundtrack’” measured in the second preferred embodiment;

FIG. 81 is a graph showing an entropy variation index
(EV-index) of the vibration signal of the “Blu-ray Disc ver-
sion AKIRA soundtrack™ measured in the second preferred
embodiment;

FIG. 82 is a graph showing a deep brain activity index
(DBA-index) recorded from a listener under a high-cut sound
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condition and a full-range sound condition generated by
using the “Blu-ray Disc version AKIRA soundtrack™ mea-
sured in the second preferred embodiment;

FIG. 83 is a graph and a table showing an impression
evaluation of sounds evaluated by a listener on the high-cut
sound condition and the full-range sound condition generated
by using the “Blu-ray Disc version AKIRA soundtrack” mea-
sured in the second preferred embodiment;

FIG. 84 is a perspective view showing an example of an
apparatus that leads to an increase in the impression of image
representation and an improvement in image quality by using
a hypersonic sound as a sound to be recorded on the
soundtrack in a video-and-audio complex package media
such as a Blu-ray Disc according to a third preferred embodi-
ment;

FIG. 85 is a graph and a table showing an impression
evaluation of screen images evaluated by a listener on the
high-cut sound condition and the full-range sound condition
generated by using the “Blu-ray Disc version AKIRA
soundtrack™ according to a third preferred embodiment;

FIG. 86 is a perspective view showing an improvement in
aesthetic sensibility at the time of watching TV by the fun-
damental brain activation effect according to the third pre-
ferred embodiment;

.. F1G. 87 is a flow chart showing a derivation control process

ing to a modlﬁed preferred embodiment of the second
ed embodiment; )

FIG. 90 is a graph showing a reglonal cerebral blood flow
rate normalized to each frequency component, or the experi-
mental results measured by the apparatus of FIG. 15, in which
(a) is a graph showing a regional cerebral blood flow rate in
the position of the brain stem, and (b) is a graph showing a
regional cerebral blood flow rate in the position of the left
thalamus region;

FIG. 91 is a perspective view showing an example of a
vibration generating apparatus provided with a function to
generate a hypersonic sound or the vibration of its super-high-
frequency components by only giving an independent vibra-
tion generating function to a loudspeaker system itself and
connecting it to certain equipment or by itselfaccording to the
first preferred embodiment;

FIG. 92 is a block diagram of a vibration generating appa-
ratus applied to portable equipment or a distribution network
to it according to the first preferred embodiment;

FIG. 93 is a perspective view of a vibration generating
apparatus applied to a portable telephone according to the
first preferred embodiment;

FIG. 94 is a perspective view of a vibration generating
apparatus applied to a portable music player according to the
first preferred embodiment;

FIG. 95 is a perspective view of a vibration generating
apparatus solely of an earphone according to the first pre-
ferred embodiment;

FIG. 96 is a perspective view showing an example in which
a vibration (hypersonic sound) capable of introducing the
fundamental brain activation effect because it has a predeter-
mined autocorrelation order and contains super-high-fre-
quency components at a close distance to audiences in the
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space of a theater, a hall, an auditorium, or the like according by using a public-address system having a faithful response
to the first preferred embodiment; performance according to the fourth preferred embodiment;
FIG. 97 is a perspective view showing an ordinary prior art FIG. 109 is a block diagram showing an example in which
4-channel surround loudspeaker arrangement; a transmission sound (audible sound) and a hypersonic sound
FIG. 98 is a perspective view showing a double helical 5 or jts super-high-frequency components are generated by
matrix loudspeaker arrangement according to the first pre-  ysing different public-address systems with different sound
ferred embodiment; sources according to the fourth preferred embodiment;
FIG.99 is a perspective view showing an arrangement such FIG. 110 is a block diagram showing an example in which

that the double helical matrix loudspeaker arrangements are 3 transmission sound (audible sound) and a hypersonic sound
consecutively arranged in two directions according to the first 10 or its super-high-frequency components are synthesized on

preferred embodiment; . . o . the spot and generated from one public-address system
FIG. 100 is a perspective view showing a six-dimension according to the fourth preferred embodiment;

consecutive matrix loudspeaker arrangement according to the FIG. 111 is a block diagram showing an example in which

first preferred embodiment; a background noise (audible sound) is collected by a micro-

FIG. 101 is a perspective view showing an arrangement 15 phone, the feature of the background noise (audible sound) is
such that six-dimension consecutive matrix loudspeaker  measured based on the collected vibration signal, and a trans-
arrangements are consecutively arranged in two directions  mission sound (audible sound) and a hypersonic sound or its
according to the first preferred embodiment; super-high-frequency components are adjusted in conformity

FIG. 102 is a table showing major differences between a to measured data according to the fourth preferred embodi-
hypersonic therapy according to the first preferred embodi- 20 ment;
ment and the conventional musicotherapy; FIG. 112 is a perspective view showing an example in

FIG. 103 is a block diagram showing an examplc of a which the vibration generating apparatus of the fourth pre-
vibration complementing apparatus to add a vibrati 2 ferred embodiment is installed in a station yard;

(hypersonic sound signal) that can introduce the fundamental FIG. 113 is a perspective view showing an example of an
brain activation effect to an original vibration signal that does 25 application to an electric vehicle according to the fourth pre-
not introduce the fundamental brain activation effect and is ent;

outputted from an electronic musical instru perspective view showing an example of a
inclusive of a digital synthesizer accordi oring system that performs adjustment of
preferred embodiment; ) ting setting by feedback to the vibration gen-

FIG. 104 is a perspective view showing an . s by using a judgment result on the autocor- -
vibration complementing apparatus to add a
(hypersonic sound signal) that can introduce
brain activation effect to an original vibration
not introduce the fundamental brain activa
outputted from an electronic musical ins
inclusive of a digital synthesizer accordi
preferred embodiment;

FIG. 105 is a graph showing an effect of making a
more clearly recognize sensory information of a soun
the like by sensitizing the sensibility to a sensory info

diment; and
a block diagram showmg an example of a -

g apparatus by using the Judgmcnt rcsult on the auto-
correlation order owned by the vibration according to the fifth
preferred embodiment.

BEST MODE FOR CARRYING OUT THE

input by heightening the activities of the thalam PRESENT INVENTION

brain stem included in the listener’s fundamental brain net-

work system among the two effects of the hypersonic sound, Preferred embodiments of the present invention will be
or psychological experimental results according to a fourth described below with reference to the drawings. It is noted
preferred embodiment; 45 that like components are denoted by like reference numerals

FIG. 106 is a graph showing an effect of making a listener in the following preferred embodiments.
feel a vibration input of a large sound volume comfortable by
increasing the aesthetic sensibility to sensory information by First Preferred Embodiment
inducing activation of the reward system nerve circuit
included in the listener’s fundamental brain network system 50  Inthe first preferred embodiment of the present invention,

among the two effects of the hypersonic sound, or the psy- a vibration generating apparatus and method are described
chological experimental results of the fourth preferred below.
embodiment; The vibration generating apparatus and method of the first

FIG. 107 is a graph indicating that the effect of increasing preferred embodiment is characterized in that it generates a
the aesthetic sensibility to sensory information and thereby 55 natural vibration, an artificial vibration, a synthesized vibra-
making the listener feel the vibration input of a large sound tion and the like, which are vibrations having the essential
volume comfortable appears more intensely when the super- conditions that they contain the audible range components of
high-frequency components contained in the hypersonic the vibration components within a range of 20 Hz to 15 kHz
sound are heightened by inducing activation of the reward or 20 kHz in the audible frequency range perceivable as a
system nerve circuit included in the listener’s fundamental 60 sound by human beings and super-high-frequency compo-
brain network system among the two effects of the hypersonic nents within a range exceeding the audible frequency range
sound, or the psychological experimental results of the fourth up to a predetermined maximum frequency (e.g., 88.2 kHz,
preferred embodiment; 96 kHz, 100 kHz, 176.4 kHz, 192 kHz, 200 kHz, 300 kHz,

FIG. 108 is a block diagram showing an example in which 500 kHz or 1 MHz), and the vibrations have an “autocorre-
a transmission sound (audible sound) and a hypersonic sound 65 lation order” (i.e., internal correlation property which is
or its super-high-frequency components are recorded in mix- widely contained in natural conformation) represented by at
ture by a predetermined balance, and the signal is reproduced least either one of a first property and a second property

wned by a vibration accordmg to ﬂ1e ﬁﬁh, S
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described in detail hereinbefore and immediately hereinafter,
and therefore, they can introduce the effect (fundamental
brain activation effect) of activating the fundamental brain
including the brain stem, thalamus and hypothalamus, which
are the regions to bear the fundamental functions of the
human brain and the neural network (fundamental brain net-
work) projected from the fundamental brain to the various
other brain regions.

The first property has the feature of the following fractal
nature such that the shape of the three-dimensional power
spectrum array of the components exceeding 20 kHz of a
vibration signal has a complexity with a self-similarity. That
is, a “local exponent of fractal dimension™ that represents the
self-similarity of the shape consistently has a value of not
smaller than 2.2 and not greater than 2.8 unlike the number of
dimensions two of the “topological dimension” ofa plane and
also unlike the number of dimensions three of the “topologi-
cal dimension™ of a cube within a range in which a “spectro-
temporal index” serving as a scale for measuring local expo-
nent of fractal dimension is within a range of 27! to 27°, and
the local exponent of fractal dimension does not largely
change and falls within a fluctuation range of 0.4 evet
the spectro- temporal index changes in the range of 2

In this case, it is assumed that the three-dimensional power
spectrum array of a vibration signal is obtained by digitizing
a signal for 51.2 seconds of a vibration served as di
of the vibration that can introduce the fun
activation effect with a sampling frequency:
quantization bit count of 24 bits or 12 bits, no;
variance of the whole signal, dividing the whol
analysis interval duration of 200 millisecor
analysis interval overlap of 50%, performing p
estimation by an autocorrelation model of te!
each interval by using the Yule-Walker m
band components ranging from 20 kHz to 9
the human audible range upper limit from th
spectrum and three—dlmenslonally extracting its time ch
with the transverse axis (from left to right) served as i
representation of frequency, the anteroposterior axis
this side to the depth) served as linear representation
and the vertical axis (from downside to upside)
logarithmic representation of power at each time point of each
frequency component.

Moreover, the “local exponent of fractal dimension” is a
value obtained by inverting the sign of the inclination (i.e.,
local inclination of the graph) of a straight line that intercon-
nects two mutually adjacent points when the logarithm of the
length of one side of a reference box (i.e., a cube or rectan-
gular parallelepiped serving as a “measure”) for use upon
calculating the fractal dimension of a curved surface by using
the box-counting method is plotted on the transverse axis, the
logarithm of a necessary minimum number of reference
boxes for covering a three-dimensional power spectrum array
curved surface with the reference boxes of the size is plotted
on the vertical axis, and the necessary number of reference
boxes is plotted with respect to the reference box of a different
size.

Further, the “spectro-temporal index” is a normalized rep-
resentation of the length of one side of the reference box used
upon calculating the local exponent of fractal dimension of
the three-dimensional power spectrum array curved surface
by using the box-counting method as a ratio to the entire
frequency bandwidth (transverse axis) and the entire time
(anteroposterior axis) of the three-dimensional power spec-
trum array of the analysis object.

The second property means that the time series of a vibra-
tion signal is neither completely predictable and regular nor
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completely unpredictable and random, and the degree of the
predictability or the irregularity changes with time. That is, it
means that the “information entropy density” representing
the irregularity of time series data has neither a value smaller
than -5 expressed by a completely determinate regular signal
like a sine wave nor zero expressed by a completely random
signal like a white noise but consistently has a value within a
range of not smaller than -5 and not greater than zero, and in
addition, the value does not have a temporally constant value
like a sine wave and a white noise, whereas the “entropy
variation index” (hereinafter abbreviated as EV-index),
which represents the degree of time change of the information
entropy density, has a value of not smaller than 0.001 for 51.2
seconds.

In this case, the “information entropy density” of the time
series data of a vibration signal is defined as obtained by
digitizing a signal for 51.2 seconds of a vibration served as a
candidate of the vibration that can introduce the fundamental
brain activation effect by a sampling frequency of 192 kHz
and a quantization bit count of 24 bits or 12 bits, dividing the
whole into a unit analysis interval duration of 200 millisec-
onds and a unit analysis interval overlap of 50%, performing
power spectrum estimation by an autocorrelation model of
ten dimensions for each interval by using the Yule-Walker
method, and being calculated from the obtained power spec-
ver, the “entropy variation index (EV-index)” is
11 the analysis object intervals of the infor-
ensity for each unit analysis interval.
preferred embodiment is characterized by
so that a vibration having the feature of the
order is generated by radiating the vibration
ne or more vibration generating apparatuses.
ace into the space or by making the vibrations

ng the entire space resonate with the vibrations.
ver, the first preferred embodiment provides a vibrat-
ing object, or body, that is gas, liquid, solid or a complex of
them in a vibrational state having the feature of the autocor-
relation order. Further, the generated vibration signal that can
introduce the fundamental brain activation effect is recorded
preferably in, for example, a recording medium such as an
optical disk, a memory or a hard disk, a network server or the
like, which can be read by a computer or transmitted by a
communication apparatus, a communication system, a broad-
casting system or the like preferably by wire, wirelessly or
infrared-ray communications.

Next, an implemental example of fundamental brain acti-
vation by a vibration generated to have a predetermined prop-
erty is described below. First of all, the super-high-frequency
components of the essential condition is described below.

FIG. 1 is a spectral diagram showing a frequency spectrum
of a vibration that contains audible range components of
vibration components in the audible frequency range and
super-high-frequency components exceeding the audible fre-
quency range. That is, with regard to an example of a vibra-
tion having components in the audible frequency range from
20 Hz to 15 kHz or 20 kHz perceivable as a sound by human
beings and super-high-frequency components within a range
exceeding the audible frequency range up to a predetermined
maximum frequency (the maximum frequency is 100 kHz in
FIG. 1), its power spectrum obtained by the FFT method is
shown in FIG. 1.

Reference is next made to the “autocorrelation order”. An
additive set of elements inclusive of atoms and molecules
constituting the inorganic material world has such a feature
that the thermal entropy, i.e., “randomness” unidirectionally
increases with time in conformity to the second law of ther-
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modynamics. On the other hand, complex structures existing
in the natural world including lives are ingenerated as a con-
sequence that the elements including atoms and molecules
having such features are self-organized according to a certain
“order” different from the deterministic regularity repre-
sented by the Euclidean geometry and the Cartesian math-
ematics. Such a feature is typically observed in the vital
phenomena of cells and the living bodies constituted based on
the mechanisms of, for example, the hierarchies of biomol-
ecules, control of vital activities by genes and energy utiliza-
tion using adenosine triphosphate and structures generated by
them. Similar tendencies can be found in, for example, the
compositions of rocks, geographic formations and crystal
structures also in the native structures besides the vital phe-
nomena. Further, similar structures can be found also in arti-
ficial objects highly adaptive to the senses and sensibilities of
“human beings as living matters™ ingenerated as one of the
self-organized native structures, such as Japanese gardens of
high naturalness and folk instrument sounds.

The concept representing such a “structurized order that is
complex but not random” widely seen in the structures of high
naturalness concerning the vital phenomena is referre
an “autocorrelation order”. This is a concept comp
sively representing the universal phenomena of organizing in
accordance with the correlation internally contained or
ingeneration of a structure by organizing. The
ingenerated by the autocorrelation order possib
the features of, for example; self-similarity exp:
fractal dimension, a time series structure repr
information entropy density in a moderate ran
ther completely random nor completely regul
temporal structural transformation and chao
lation order is the concept that includes the fe:
these complex systems. ;

Reference is next made to the first properts
relation order. The intricate complex structures.
native structures of the natural world often exhibit she
when its details are magnified, quite similar to the unm:
fied shapes (e.g., branches oftrees, veins of leaves, coas
human internal blood vessel distribution, and puln
alveolus distribution in the lung). As described
case where resembling structures are recurrently duplicated
from a rough level to a detailed level within a definite range,
a fractal dimension that represents the configurational com-
plexity and self-similarity within the range has a constant
value different from the topological dimension.

The present inventor and others discovered that, when the
spectro-temporal structure of a vibration signal in the super-
high-frequency range exceeding the upper limit at 20 kHz of
the human audible range was indicated as a three-dimen-
sional power spectrum array curved surface, the structure had
arecurrent complexity in a manner similar to that of the native
structures, and therefore, when the fractal dimension was
obtained by using a “measure” having a size within a definite
range, the vibration capable of introducing the fundamental
brain activation effect had a property that the local exponent
of the fractal dimension fell within a definite range even if the
size of the “measure” changed.

On the other hand, the fractal dimension of the three-
dimensional power spectrum array of a vibration not having
the fundamental brain activation effect, such as the vibration
signals of a white noise or a sine wave has a value of two,
which is the topological dimension of a plane, or a value close
to it, and the local exponent of the fractal dimension largely
varies depending on the size of the “measure”.

In this case, the “local exponent of fractal dimension” is a
value obtained by inverting the sign of the inclination of a
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straight line that interconnects two mutually adjacent points
when the logarithm of the length of one side of a reference
box (i.e., a cube or rectangular parallelepiped serving as the
“measure”) for use upon calculating the fractal dimension of
a curved surface by using the box-counting method is plotted
on the transverse axis, the logarithm of a necessary minimum
number of reference boxes for covering a three-dimensional
power spectrum array curved surface with the reference
boxes of the size is plotted on the vertical axis, and the
necessary number of reference boxes is plotted with respect to
the reference box of a different size.

In general, when the fractal dimension is obtained by using
the box-counting method, the value obtained by inverting the
sign of the inclination of a regression line obtained from the
aforementioned graph becomes the fractal dimension. There-
fore, the local exponent of fractal dimension becomes the
local inclination (i.e., derivative) of the graph. The derivative
value is obtained from a difference in the case of discretized
data.

FIG. 2 is a chart showing a three-dimensional power spec-
trum array of a gamelan instrument sound, and FIG. 3 is a
chart showing a three-dimensional power spectrum array of a
tropical rain forest environmental sound. In this case, FIGS. 2
and 3 show examples of three-dimensional power spectrum
arrays ranging from the human audible range upper limit of
20 kHz up to 96 kHz produced for examining
on the autocorrelation order of a vibration
high-frequency components. These are
zing a signal for 51.2 seconds of a vibration
equency of 192 kHz and a quantization bit ..
s or 12 bits, normalizing the variance of the
viding the whole into a unit analysis interval -
iseconds and a unit analysis interval overlap of
rming power spectrum estimation by an autocor-
nodel of ten dimensions for each interval by using.
e-Walker method, extracting band components rang-
ing from 20 kHz to 96 kHz exceeding the human audible
range upper limit from the obtained power spectrum and
three-dimensionally extracting its time change with the trans-
verse axis (from left to right) served as the linear representa-

tion of frequency, the anteroposterior axis (from this side to
" the depth) served as the linear representation of time, and the

vertical axis (from downside to upside) served as the loga-
rithmic representation of power at each time point of each
frequency component.

FIG. 4 is a graph showing an example of a local exponent
of fractal dimension of a spectro-temporal structure of a
vibration that satisfies the first property on the autocorrelation
order according to the present invention. In this case, the local
exponent of fractal dimension of the obtained three-dimen-
sional power spectrum array curved surface is calculated by
using the box-counting method. It is noted that a calculation
method is described in a “supplementary explanation of the
calculating formula” described later. Referring to FIG. 4,
regarding these vibrations, the local exponent of fractal
dimension that represents the complexity and self-similarity
of the shape of the three-dimensional power spectrum array of
the components exceeding 20 kHz consistently has a value of
not smaller than 2.2 and not greater than 2.8, which is greater
than the dimension number two of the topological dimension
owned by a plane-like figure even when the “spectro-tempo-
ral index” (ST-index) that serves as a reference to measure it
changes within a range of 27! to 27%, and its fluctuation range
falls within 0.4. The local exponent of fractal dimension
within a range in which the “spectro-temporal index™ (ST-
index) of the vibration that satisfies the first property on the
autocorrelation order is 27 to 27> is shown in FIG. 5.
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Although the maximum value of the data exemplified in this
case is 2.709, the value changes depending on how to take a
sample to be analyzed and possibly has a value up to 2.8.

In this case, the “spectro-temporal index” (ST-index) rep-
resents the length of one side of a reference box used upon
calculating the local exponent of fractal dimension of the
three-dimensional power spectrum array curved surface by
using the box-counting method, the length being normalized
as a ratio to the entire frequency bandwidth (transverse axis)
and the entire time (anteroposterior axis) of the three-dimen-
sional power spectrum array of the analysis object.

FIG. 6 is a graph showing an example of the local exponent
of the fractal dimension of the spectro-temporal structure of a
vibration that does not satisfy the first property on the auto-
correlation order according to the present invention. As is
apparent from FIG. 6, examples of vibrations that do not
satisfy the first property on the autocorrelation order among
vibrations having the super-high-frequency components are
shown. In these examples, the local exponent of fractal
dimension has a value smaller than 2.2 when the spectro-
temporal index is within the range of 27* to 27°. That is, the

white noise, when the spectro-temporal index is 27 and.
the case of a pink noise and a 1-bit noise or when the spectro-
temporal index is 27*, 273, 27* and 27° in the ca

value greater than 0.4. Moreover, the local
dimension of the vibration that does not satisfy t
erty on the autocorrelation order when the sp
index is within the range of 27" to 27 is show

Reference is next made to the second p
autocorrelation order. Many of time series
correlation order observed in the natural wor
ture that is neither completely random nor co
That is, they are neither the time series that are comp
random and have no predictability like a white noise n
time series that are completely predictable and have
minate regularity like a sine wave, and they coexistent]
inherent predictability and irregularity commensu.
the autocorrelation order.

The present inventor and others discovered that the vibra-
tion capable of introducing the fundamental brain activation
effect had its signal coexistently having moderate predictabil-
ity and irregularity and the autocorrelation structure changed
with time. In contrast to this, a vibration of which the time
series is completely irregular and which does not have pre-
dictability at all, such as a white noise, does not introduce the
fundamental brain activation effect. Likewise, a vibration of
which the time series is completely regular and the predict-
ability is determinate, such as a sine wave, does not introduce
the fundamental brain activation effect.

Therefore, when the “information entropy density” that is
the index of the irregularity of the signal is obtained, the
vibration that can introduce the fundamental brain activation
effect indicates a value within a definite range between the
vibration like, for example, a white noise that is completely
irregular and unpredictable and the vibration like, for
example, a sine wave that is completely regular and determi-
nate. In contrast to this, the information entropy density theo-
retically consistently has a maximum value in the case of a
vibration constituted of a completely irregular signal like, for
example, a white noise among the vibrations that do not
mtroduce the fundamental brain activation effect, and like-
wise, it theoretically consistently has a minimum value in the
case of a vibration constituted of a completely determinate
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signal like, for example, a sine wave among the vibrations that
do not introduce the fundamental brain activation effect. Fur-
ther, in contrast to the fact that the information entropy den-
sity indicates fluctuations temporally in excess of a definite
range since the autocorrelation structure changes with time in
the case of the vibration that can introduce the fundamental
brain activation effect, it consistently indicates a constant
value in the case of the vibration like, for example, a white
noise that does not introduce the fundamental brain activation
effect.

FIG. 8 is a graph showing an example of the information
entropy density and its time change of a vibration that satisfies
the second property on the autocorrelation order of the
present invention. In this case, the information entropy den-
sity of a vibration are obtained by digitizing a signal for 51.2
seconds of a vibration served as an analysis object by a
sampling frequency of 192 kHz and a quantization bit count
of 24 bits or 12 bits, dividing it into a unit analysis interval of
200 milliseconds and a unit analysis interval overlap of 50%,
performing power spectrum estimation by an autocorrelation
model of ten dimensions of the time series signal for each
interval by using the Yule-Walker method, and being calcu-
lated from the obtained power spectrum based on a predeter-
mined calculating formula (See the “supplementary explana-
tion of the calculating formula” described later). It is noted
at the si capable of introducing the fundamental brain
ivati t has its information entropy density consis-
value within a range of not smaller than -5
zero and has a large time change as described
h reference to FIG. 10. .. :
ph showing an example of the information
and its time change of a vibration that does -
e second property on the autocorrelation order of -
avention. As is apparent from FIG. 9, among the
otis that do not introduce the fundamental brain acti-=
effect, the information entropy density of the white
noise consistently has a value of zero, and that of the sine
wave consistently has a value of not greater than -5, also
exhibiting flat forms with no time change. The pink noise and
the 1-bit quantization noise have a value of not smaller than
5 and smaller than zero and exhibit almost no time change.

Regarding the vibrations shown in FIGS. 8 and 9, the
“entropy variation index” (EV-index) that represents the
degree of temporal change of the information entropy density
is indicated by the graph of FIG. 10 where the vertical axis
represents the logarithm. That is, FIG. 10 is a graph showing
an example of the entropy variation index (EV-index) of
vibrations that satisfy the second property on the “autocorre-
lation order” of the present invention and vibrations that do
not satisfy it according to the present invention. The entropy
variation index (EV-index) is the variance of the information
entropy densities for the unit analysis intervals across all the
analysis intervals. In contrast to the fact that the entropy
variation index (EV-index) has a value of not smaller than
0.001 in the case of the vibrations that satisfy the second
property shown in FIG. 8, the entropy variation index (EV-
index) has a value smaller than 0.001 in the case of the
vibrations that do not satisfy the second property shown in
FIG. 9. It is noted that the theoretical upper limit value of the
entropy variation index (EV-index) is observed in such a case
that the information entropy density alternately has the values
of -5 and zero and it is 6.2622 under the conditions described
above.

As described above, the vibration has such essential nec-
essary conditions as having audible range components of
vibration components in the audible frequency range perceiv-
able as a sound by the auditory sensation of human beings,
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and as having super-high-frequency components within a
range exceeding the audible frequency range up to a prede-
termined maximum frequency. The vibration also has the
feature represented by at least either one of the first property
and the second property, can introduce the effect (fundamen- 5
tal brain activation effect) of activating the fundamental brain
including the brain stem, thalamus and hypothalamus, which
are the regions that bear the fundamental functions of the
human brain to which the vibration is applied, and then, can
introduce the same effect of activating the neural network 10
(fundamental brain network) projected from the fundamental
brain to the various other brain regions. Therefore, the vibra-
tion has the same meanings as a hypersonic sound.

Next, an implemental example, in which the gamelan
instrument sound of a percussion instrument made of bronze
in Bali of Indonesia, or a typical aerial vibration that satisfies
the essential conditions and the first property and the second
property on the autocorrelation order is applied to a human
being to introduce the fundamental brain activation effect is
described below.

FIG. 11 shows the average power spectrum of the aerial
vibration of the gamelan instrument sound, obtaine:
FFT method. The sound sufficiently has super-
quency components having an upper limit reaching 100 kHz
and satisfies the essential conditions of the present invention 2
with regard to the frequency components.

FIG. 12 shows the local exponent of fi
obtained by a predetermined method wit
property on the autocorrelation order of
ment sound. Since the local exponent of fract:
consistently has a value of not smaller than 2
tuation range is not greater than 0.4, the
satisfied. &

FIG. 13 shows the information entropy de
a predetermined method with regard to the
onthe autocorrelation order of the gamelan i
As is apparent from FIG. 13, the information entropy der
consistently has a value of not smaller than -5 and s
than zero. FIG. 14 shows the entropy variation inde:
index) obtained by a predetermined method. As is aj
from FIG. 14, the entropy variation index (EV-indk
value greater than 0.001. For the above-mentioned reasons,
the gamelan instrument sound satisfies the second property
on the autocorrelation order.

FIG. 15 is a block diagram of a vibration generating appa-
ratus including a configuration of a positron emission tomog-
raphy (PET) and a brain wave measurement apparatus used in
the present implemental example and a perspective view
showing a room 20 for generating a vibration by the vibration
generating apparatus.

As shown in FIG. 15, an instrument sound obtained by
giving a performance with a gamelan 1 is collected by a
microphone 2. The microphone 2 transduces the inputted
instrument sound into an analog electric signal, and outputs
the transduced analog electric signal to an AD converter 4 via
apreamplifier 3. The AD converter 4 performs AD conversion
of the inputted analog electric signal into a digital signal by a
sampling frequency of 1.92 MHz by, for example, a high-
speed sampling 1-bit quantization system devised by Dr.
Yoshio Yamasaki, and outputs the resulting signal to a mag-
netic recording part 11.

A magnetic recording and reproducing device 10 is a so-
called digital signal recorder that includes a magnetic record-
ing part 11, a magnetic recording head 12, a magnetic repro-
ducing head 14 and a magnetic reproducing part 15 to record
a digital signal on a magnetic tape 13 or to reproduce and
output the digital signal recorded on the magnetic tape 13. In
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this case, the magnetic recording and reproducing device 10
has a uniform frequency characteristic in a frequency domain
reaching 150 kHz with a prior art DAT in which a digital
signal having undergone AD conversion by the high-speed
sampling 1-bit quantization system devised by Dr. Yoshio
Yamasaki is recorded. The magnetic recording part 11 modu-
lates a carrier wave signal in accordance with the digital
signal inputted from the AD converter 4 by a predetermined
digital modulation system and records the modulated signal
on the magnetic tape 13 running in the predetermined direc-
tion 16 indicated by the arrow by using the magnetic record-
ing head 12. Meanwhile, the magnetic reproducing part 15
reproduces the modulated signal recorded on the magnetic
tape 13 by using the magnetic reproducing head 14, demodu-
lates the reproduced modulated signal by a digital demodu-
lation system reverse to the aforementioned digital modula-
tion system and takes out the digital signal.

The demodulated digital signal is subjected to DA conver-
sion into the original analog signal by a DA converter 5 and
thereafter outputted via a reproducing amplifier 6. An output
analog signal from the reproducing amplifier 6 is inputted to
a right side loudspeaker 9aa and a left side loudspeaker 9ab
capable of generating a signal in a frequency domain of 20
kHzto 150kHz via a switch SW1, a high-pass filter 7a having
a cutoff frequency of 22 kHz and a power amplifier 84 and
also mputted to a right side loudspeaker 9ba and a left side
b capable of generating a signal of not higher
a switch SW2, a low-pass filter 75 having a
of 22 kHz and a power amplifier 85. There-
er frequency of the two ﬁlters Taand 7bis 22 :

kers 9aa;, 9ab 9ba aud 9bb are placed in th :
sound insulation room that is acoustically
and the loudspeakers 9aa, 9ab, 9ba and 9bb are
a listener 30 who is the test. human subject by :
cing the inputted signal into a vibration.

Detection electrodes are placed at, for example, twelve
scalp points (Fpl, Fp2, F7, Fz, F8, C3, C4, TS, Pz, T6, O1,
02) conforming to the International 10-20 method on the
scalp of the listener 30, and a brain wave detecting and trans-

“mitting apparatus 32 connected to the detection electrodes
- convert the brain waves detected by the detection electrodes

into a wireless signal and transmit it from an antenna 33
toward an antenna 34. The wireless signal of the brain waves
is received by the antenna 34 and thereafter outputted to a
brain wave data receiving and recording apparatus 31. In the
brain wave data receiving and recording apparatus 31, the
received wireless signal of the brain waves is converted into a
brain wave signal and recorded in a magnetic recording appa-
ratus. Further, the brain wave signal is analyzed by an analysis
computer, while changes in the brain wave are recorded and
outputted by using an output device such as a CRT display
and a pen recorder. On the other hand, the head portion of the
listener 30 is placed held between two detecting parts of a
tomographic detector apparatus 42, and a detection signal
from the tomographic detector apparatus 42 is transmitted to
a tomographic apparatus 41. Subsequently, the tomographic
apparatus 41 executes predetermined tomographic analysis
processing based on the inputted detection signal and dis-
plays a tomographic chart of the analysis result on a built-in
CRT display.

In the vibration generating apparatus and the room 20
configured as above, when the switches SW1 and SW2 are
both turned on, an instrument sound performed by using the
gamelan 1 is recoded on the magnpetic tape 13 in the magnetic
recording and reproducing device 10. Subsequently, when it
is reproduced, the reproduced vibration substantially identi-




