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vibration generating apparatus varied depending on different
sound sources. They can be independently controlled in level.

(3) A modified preferred embodiment of the case (2), in
which an audible sound and a hypersonic sound or its super-
high-frequency components are synthesized on the spot and
generated from one vibration generating apparatus.

Next, a fourth implemental example, in which the coexist-
ence of the two effects of a vibration that can introduce the
hypersonic effect, i.e., a hypersonic sound is utilized for
safety measures, is described below. The following is an
implemental example applied to an electric vehicle.

Recently, in place of the gasoline powered vehicles, devel-
opment of electric vehicles (including hybrid cars, fuel cell
powered cars, solar powered cars, etc.) has been rapidly pro-
moted, and they have many advantages that the exhaust is
clean and environment friendly, they have no engine noise,
and so on. However, there is such an emerging serious prob-
lem that the electric vehicles, which use motors producing
small noises in place of internal combustion engines that
generate blast sounds, have quiet running noises, and there-
fore, the pedestrians bicycle riders, car drivers and th
tend to fail in perceiving approaching electric ve
increasing the risks of traffic accidents, and urgent counter-
measures need to be devised.

Accordingly, measures to generate a sort of 5o
 electric vehicles are considered for easy
approaching electric vehicles. However, >
at a level perceivable by the pedestrians and thi
significant background noises on roads inevitab
problem of the “unpleasant” and “noisy” reac

This problem can be solved by utilizing the
the two effects of a hypersonic sound that int
sonic effect and enhances the fundamental
generating a hypersonic sound from an elec
complementing with the super-high-frequency compo;
of the hypersonic sound, the pedestrians’ sensibiliti
sounds are sensitized, thereby inducing an effect thaf
sounds generated from electric vehicles can be easxly
even in an environment having significant traffic nms
the other hand, the reward system of the brain is a¢
improve the comfort of the sounds, and the level of the sound
generated from the electric vehicle 490 can be raised up to a
height sufficient for making a person 488 of the pedestrian or
the like recognize the existence and approach of the vehicle
and assure his or her safety without causing his or her
“unpleasant” and “noisy” reactions. By the coexistence of the
two effects, the comfort and safety can be remarkably
improved (See FIG. 113). In FIG. 113, reference numeral 490
is an electric vehicle, in which a vibration generating appa-
ratus 491 is installed.

A vibration generating apparatus and a sound source for
achieving this can be provided by applying the vibration
generating apparatuses described in the first to third preferred
embodiments of the present application. Moreover, this
vibration generating apparatus may be previously incorpo-
rated into the vehicle body, tires, window panes and thelike or
externally attached. Moreover, it is acceptable to generate a
hypersonic sound having the predetermined autocorrelation
order and contains an audible sound and a super-high-fre-
quency vibration from a single vibration generating apparatus
or to generate an audible sound and a super-high-frequency
vibration from separate vibration generating apparatuses and
make the levels and balances of them freely adjustable. Fur-
ther, the sound source may be recorded in a recording medium
or transmitted by broadcasting or a telecommunication sys-
tem.
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Further, the following advantages are also obtained in this
implemental example. By radiating the hypersonic sound
generated from the electric vehicle into a space of footways
and motorways, the effects of inducing activation of the fun-
damental brain and the fundamental brain network of the
pedestrians, bicycle riders, and the like existing in the space,
leading the autonomic neural system, the endocrine system
and the immune system responsible for the homeostatic
maintenance and biophylaxis of the body to satisfactory
states and enhancing comfort can be expected.

Further, by applying this vibration generating apparatus,
an individual vehicle discrimination system can be made as
follows. That is, in manufacturing an electric vehicle into
which the vibration generating apparatus is incorporated, a
signal structure having an individual frequency and time
structure for each car is added into a vibration signal in the
super-high-frequency range that exceeds the audible range
upper limit and is not perceivable as a sound generated from
it. This becomes a super-high-frequency unperceivable
“vibration fingerprint”, and it becomes possible to make it
bear an individual vehicle identification function.

Then, a “vehicle super-high-frequency vibration finger-
print automatic reading apparatus” that automatically reads
the “super-high-frequency vibration fingerprint” of each
vehicle passing on a road is installed at each strategic spot on
be expected to utilize this system as a clue of
igations such as pursuit of wanted vehicles and
good use of it for crime prevention.
tions of this effect are shown. By comple-
ypersonic sound or its super-high- frequency
1 an office, the effects of enhancing the sensi-
degree of awakemng 10 sensory mformatmn i

ngh -frequency components in houses and facilities where
senior citizens reside, there are the effects of enhancing the
senior citizens’ sensibilities to sensory information inputs. As
a result, the effect of preventing dementia is consequently
expected, and the effect of heightening the comfort and main-
aining and promoting psychosomatic health is provided.

By complementing with a hypersonic sound or its super-
high-frequency components in classrooms in classrooms of
schools, there are effects of improving the learning effect by
enhancing the learners’ sensibility to sensory information
inputs, alleviating the irritative feelings of students and teach-
ers, reducing school violence, and supporting the healthy
growth of children and comfortable school lives.

By complementing with a hypersonic sound or its super-
high-frequency components in the working environments of
doctors and nurses who work in hospitals and clinics, there
are the effects of enhancing the sensibilities to sensory infor-
mation inputs and alleviating the tiredness and stress, thereby
reducing medical errors.

By complementing with a hypersonic sound or its super-
high-frequency components in the National Diet Building
and other spaces that hold conferences, there are the effects of
enhancing the conference attendees’ sensibilities to sensory
information inputs and alleviating angry feelings and irrita-
tive feelings due to conflicts of opinions, thereby reducing
futile antagonisms and promoting smooth parliamentary pro-
ceedings.

Fifth Preferred Embodiment

A vibration discriminating apparatus and method accord-
ing to the present invention is characterized by discriminating
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whether or not a given vibration signal is a vibration, that has
components (audible range components) within the range of
20 Hz to 15 kHz or 20 kHz, or the audible frequency range
perceivable as a sound by human beings and contains super-
high-frequency components within the range exceeding the
audible range up to, for example, 1 MHz, discriminating
whether or not the given vibration signal has the autocorre-
lation order represented by the first property, discriminating
whether or not the given vibration signal has the autocorre-
lation order represented by the second property, and discrimi-
nating whether or not the given vibration signal has the fea-
ture of the vibration signal by colligating the discrimination
results by the above-mentioned three means.

An implemental example of the vibration discriminating
apparatus and method is described below.

FIG. 87 is a flow chart showing derivation control process-
ing of the fundamental brain activation effect according to the
fifth preferred embodiment. That is, FIG. 87 shows the flow
chart of a method for discriminating whether or not a given
vibration signal is a variation that contains audible range
components and super-high-frequency components having
the predetermined autocorrelation order and can int
the fundamental brain activation effect.

Referring to FIG. 87, a vibration signal is first inputted in
step S1, and the power spectrum of the given vibration signal
is calculated in step S2 by usmg the FFT method ora power
spectrum estimation method using an autoc
such as the maximum entropy method an
method. Next, it is discriminated in step S|
given vibration signal contains componen
referred to as audible range components) wit
audible frequency range of not lower than
higher than 20 kHz based on the obtained
and it is judged that it is a vibration signal
introduce the fundamental brain activation
audible range components are contained (step'S19).
audible range components are contained, it is judged i
S4 whether or not the vibration signal contains freq
components (hereinafter referred to as super-high- freq
components) that exceeds 20 kHz, or the human
range upper limit and ranges up to a maximum freqi
for example, 1 MHz. When no super-high-frequ comp!
nent is contained, it is judged that it is a vibration that cannot
solely introduce the fundamental brain activation effect.
When super-high-frequency components are contained, the
program flow proceeds to a first property discriminating pro-
cess (steps S5 to S10) and a second property discriminating
process (steps S11 to S16) on the autocorrelation order.

Regarding the first property evaluation on the autocorrela-
tion order, a three-dimensional power spectrum array of the
vibration signal is first drawn in step S5 by using the afore-
mentioned method. Next, the local exponent of fractal dimen-
sion of the obtained three-dimensional power spectrum array
is obtained in step S6 by using the aforementioned method,
and it is discriminated in step S7 whether or not the minimum
value of the local exponent of fractal dimension is not smaller
than 2.2 within a range in which the spectro-temporal index
ranges from 27" to 27°. When the minimum value of the local
exponent of fractal dimension is smaller than 2.2, it is judged
that the first property is not satisfied (step S10). When the
minimum value of the local exponent of fractal dimension is
not smaller than 2.2, the program flow proceeds to evaluation
ofthe fluctnation range of the local exponent of fractal dimen-
sion. It is judged that the first property is satisfied (step S9)
when the fluctuation range (absolute value) of the local expo-
nent of fractal dimension is not greater than 0.4 when the
spectro-temporal index is within the range of 27" to 2™% in step
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S8, or it is judged that the first property is not satisfied (step
S10) when the fluctuation range (absolute value) similarly
exceeds 0.4 (step S10). Then, the program flow proceeds to
step S17.

On the other hand, regarding evaluation of the second
property on the autocorrelation order, an information entropy
density is calculated in step S11 by using the aforementioned
method. Next, when the information entropy density obtained
in step S12 is zero or not greater than -5, it is judged that the
second property is not satisfied (step S16). When the infor-
mation entropy density is smaller than zero and not smaller
than -5, the program flow proceeds to evaluation of the
entropy variation index (EV-index) that is the time variance of
the information entropy density. It is judged that the second
property is satisfied when the entropy variation index (EV-
index) calculated in step S13 by the aforementioned method
is greater than 0.001 (step S15), and it is judged that the
second property is not satisfied when it is not greater than
0.001 (step S16). Then, the program flow proceeds to step
S17.

In step S17, by colligating the above-mentioned results, it
is judged that a vibration that satisfies either one of the first
property and the second property on the autocorrelation order
among vibrations that contain both the audible range compo-
uper-high-frequency components is the vibra-

5

ibration that cannot mtréduce the fundamental,;
tivation effect (step $19). Then, the present process-
ends. It is acceptable to replace the order of execution of
“step S3” with “step 4 to the step just before step S17.
Moreover, it is acceptable to replace the order of execution of
“step 837" with “step S8”.

It is also acceptable to constitute the processing step of
FIG. 87 of a computer program that can be executed by a
computer, record it into a recording medium such as an opti-
cal disk that can be read by a computer and reproduce it by a
drive apparatus. Moreover, it is acceptable to transmit the
program of the processing by using a communication appa-
ratus or a communication system.

FIG. 88 is a block diagram showing a structural example of
a hardware circuit that carries out derivation control process-
ing of the fundamental brain activation effect according to the
fifth preferred embodiment. That is, FIG. 88 shows an
example of an apparatus that discriminates whether a vibra-
tion signal satisfies the conditions as a vibration that contains
audible range components and super-high-frequency compo-
nents having the predetermined autocorrelation order and can
introduce the fundamental brain activation effect. This appa-
ratus is constituted mainly of the three constituents of a power
spectrum judgment circuit 880, a first property judgment
circuit 884 of the autocorrelation order, and a second property
0 judgment circuit 890 of the autocorrelation order described
below, and these processes are constituted in correspondence
with the processing of FIG. 87.

The power spectrum judgment circuit 880 is constituted of
an AD converter circuit 881 that digitizes an inputted vibra-
tion signal, a fast Fourier transform circuit 882 that carries out
fast Fourier transform by using the output result thereof, and
outputs a power spectrum, and a level judgment circuit 883
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that judges whether or not the outputted power spectrum has vidual mechanisms constituting it satisfies the conditions of
a predetermined level in the audible range and the super-high- the vibration signal that contains the audible range compo-
frequency range. nents and the super-high-frequency components having the
The first property judgment circuit 884 of the autocorrela- predetermined autocorrelation order and can introduce the

tion order is constituted of an AD converter circuit 885 that 5 fundamental brain activation effect. Moreover, the character-
digitizes an inputted vibration signal, a high-pass filter 886 istics of the vibration generating apparatus or the individual
that has a cutoff frequency of, for example, 20 kHz, a three- mechanisms constituting it can also be adjusted by feeding
dimensional power spectrum array calculating circuit 887 the judgment result back to the vibration generating apparatus
that carries out power spectrum estimation of the vibration or the individual mechanisms constituting it. Furthermore, by
signal by using an autocorrelation model and draws a three- 10 discriminating the vibration signal outputted from a given

dimensional power spectrum array based on it, a local expo- equipment, it becomes possible to evaluate whether or not the
nent of fractal dimension calculating circuit 888 that calcu- equipment has a function to appropriately process the vibra-
lates the fractal dimension of a three-dimensional power  tionsignal thatcan introduce the fundamental brain activation
spectrum array curved surface, and a numerical value judg- effect.

ment circuit 889 that judges whether the obtained local expo- 15 Next, an apparatus having a function to discriminate
nent of fractal dimension and its fluctuation range have a whether or not the conditions of the vibration that can intro-
predetermined property. duce the fundamental brain activation effect by monitoring

The second property judgment circuit 890 of the autocor- the actual vibration, and feeds it back to the vibration gener-
relation order is constituted of an AD converter circuit 891 ating apparatus as a practical application of the aforemen-
that digitizes an inputted vibration signal, an information 20 tioned vibration discriminating apparatus is described below.
entropy calculating circuit 892 that calculates the info When it is judged that the vibration signal served as an
entropy density of the vibration signal and the entropy - object to be discriminated does not satisty the conditions that
tion index (EV-index) that is its time variance by usi e it “contains the audible range components and the super-
autocorrelation model, a numerical value judgment circuit high-frequency components having the predetermined auto-
893 that judges whether the obtained information entropy 25 correlation order in a vibration discriminating apparatus, an
density has a value within a predetermined ran, ngenerated from the v1brduon slgnal hasahlg,h

s

w

tion index (EV-index), and a numerical val
cuit 895 that judges whether the value of the obta
variation index (EV-index) is not smaller t
mined value. = - ‘
Upon receiving inputs of the judgment r
three circuits 880, 884 and 890, a logic jud,
in the final stage judges whether the inputte:
(1) has the audible range components and ‘the super-
frequency components, which are the essential conditio
be owned by the vibration signal that can introduce t
damental brain activation effect, (2) has the first prop
the autocorrelation order, or (3) satisfies the second pri
on the autocorrelation order, and judges wheth

71G. 114 is a perspecnve view showmg an unplementa]
example of a vibration monitoring system 500 for adjusting
the vibration generating setting by feedback to the vibration
generating apparatus by using the judgment result on the
40 autocorrelation order owned by the vibration according to the
fifth preferred embodiment, and FIG. 115 is a block diagram

conditions of the vibration signal that can introduce the fun- showing a detailed configuration of the vibration monitoring
damental brain activation effect are satisfied based on the system 500 of FIG. 114.
result. The vibration monitoring system 500 shown in FIG. 114 is

The vibration discriminating apparatus of FIG. 88 may be 45 constituted of a vibration generating apparatus 501, a vibra-
configured of, for example, a DSP (digital signal processor), tion signal input apparatus 502 configured of a microphone

a digital calculator or computer. 911 and a microphone amplifier 912, a vibration discriminat-

Moreover, the vibration signal inputted to the vibration ing apparatus 503, a discrimination result-based control sig-
discriminating apparatus of FIG. 88 may be inputted by trans- nal generating apparatus 504, an alarm generator 506, a vibra-
ducing the signal recorded in a storage medium such as a 50 tion complementing apparatus 507, and a discrimination
magnetic tape, a solid memory, an optical disk, a magnetoop- result monitor apparatus 505. Referring to F1G. 114, an actual

tical disk, and a hard disk into an electric signal or an electric vibration generated from the vibration generating apparatus
vibration that is transduced and inputted from a receiver of an 501 is transduced into an electric signal by the vibration
electromagnetic wave, light, an electric signal, or the like. signal input apparatus 502 and thereafter inputted to the
Further, the inputted vibration signal may be an electric vibra- 55 vibration discriminating apparatus 503. The vibration dis-
tion transduced from an aerial vibration by a microphone or criminating apparatus 503, which is configured similarly to
an electric signal transduced from a vibration of a solid or a the vibration discriminating apparatus of FIG. 88, discrimi-
liquid by a transducer. nates whether the inputted vibration signal has the conditions

Although FIG. 88 shows the example in which the vibra- of the vibration that can introduce the fundamental brain
tion signal is inputted in parallel to the power spectrum judg- 60 activation effect, and outputs the discrimination result to the
ment circuit 880, the first property judgment circuit 884 and discrimination result-based control signal generating appara-
the second property judgment circuit 890, these three circuits tus 504 and the discrimination result monitor apparatus 505.
880, 884 and 890 may be connected in series or only two the When it is discriminated that “the inputted vibration signal
three circuits 880, 884 and 890 may be connected in parallel. does not have the conditions of the vibration that can intro-

By using the discriminating apparatus of FIG. 88, it 65 duce the fundamental brain activation effect, i.e., the inputted
becomes possible to judge whether or not the vibration signal vibration signal cannot introduce the fundamental brain acti-
outputted from the vibration generating apparatus or the indi- vation effect”, the discrimination result-based control signal
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generating apparatus 504 outputs a control signal to the alarm that is the following equation holds:
generator 506 to generate an alarm, and/or outputs a control
signal to the vibration complementing apparatus 507 to gen-
erate a hypersonic sound or its super-high-frequency compo-
nent signal, and adds the generated signal to the signal of the 5
vibration generating apparatus 501 to generate an addition log N(r)=Dxlog(r)+log(C) ®).

signal. The discriminati sult itor & tus 505 dis- . L
;11‘%;2 the ;S;;f;?;?;;oig;f monitor apparatus 505 dis The Equation (5) indicates that the fractal dimension is
By the vibration monitoring system 500 as described formed by multiplying -1 by the.inclinanon ofa gtmlght line
above. the listener becomes able to confirm whether the 10 WhenthenumberN(r) of cubes with respect to various lengths
: ris obtained in the curved surface S, and r and N(r) are plotted

vibration to which he or she is currently listening has the N RS
conditions ofthe vibration that can introduce the fundamental by do}lble logarithm. How:ever, it is infrequent that the actu-
ally given curved surface S takes a complete fractal structure.

brain activation effect and becomes able to receive the hyper- N o DS . .
Accordingly, a sign-inverted inclination of a regression line

sonic sound when the conditions are not satisfied, and this . . .
obtained when the number N(r) with respect to various

produces the positive effects of ameliorating and improving 15 R X ; .
the psychosomatic state through the activation of the funda- lengths r 18 plotted by double’ lqganthm n tI}e gtven curved
surface S is regarded as a statistical fractal dimension.

mental brain network system in addition to preventing the . . .
deterioration in his or her fundamental brain activity and (5) On the abF’ ve basis, the thre.e-d1me'ns1ona} power spec-
trum array obtained by the Equation (4) is considered to be a

assuring safety. . 8 .
& ty three-dimensional curved surface SA, and the transverse axis

Supplementary Explanation of Formula 20 . -
Hereinafter, the calculating formulas that derive the first and the anteroposterior axis are first severally scaled so that

d 4 de the maximum width along each axes of the curved surface SA
g;: %zrgjggdthgls;:o;} £;Olt)§:¥022;[1 ;i;ﬁ?:;rgefliﬁ H each becomes one. In the vertical axis direction, the ampli-

dimension of the temporospatial structure is described below. tpde is scaled by the geometric mean O,f the scales of contrac-
In this case, with regard to the three-dimensional power spec- 25 t{omeqlargement on the transverse axis and the anteroposte-
trum array of vibration signal data, the local ex; flor axis,
fractal dimension (box count dimension) t
obtained according to the following proced:

(1) It is assumed that unit analysis interval ti
obtained by dividing the time series data X
having a total duration of T seconds sampled
frequency 2f), (fN is the Nyquist frequency, o
frequency of the ob_]cct signal) into interva
tionof Tz seconds are X,(t) (i=1,2, ..., ,n;t=
Inthis case, it is assumed that Xi(t) and X
interval of T./2 seconds corresponding to a
analysis interval duration. That is as follows:

N(F)y=CxrP(where Cis a constant) 4).

Ifthe logarithms of both members are taken in this case, the
following equation is obtained:

nbe B, obtained by equally dividing each side
has a side length of one and a bottom surface
hogonal projection of the curved surface SA
constituted of the transverse axis and the

gth of one side of the cube B,isq” Moreover, o
the number of cubes B - hecessary for covering.
ed surface SA ‘with the cubes B, is M(k), then
M(k), and r=q"* in the Equatlon (5). When these are
ubstituted into the Equation (5) paying attention to the fact
that D is an inclination obtained from the regression line, the
following equation is obtained:

X Q=X 4/oxT)

Itisnoted thati=1,2,...,n-1;t=1,2, ..., fix
case, one-side power spectrum Q,(f) of the time'series data
X,(t) for each unit analysis interval is obtained by using the .
Yule-Walker (Yule-Walker) method of a 10-dimension log M(k+1)~Dxlog(g"*")+log(C) @
autoregression model. 45 (7)Inthis case, assuming that the value of local D between

(2) From the one-side power spectrums Q,(f), components k and k+1 is L(k), then the following equation is obtained.
exceeding 20 kHz at the human audible range upper limit is
extracted, and the same expressed in dB is assumed to be a

log M(k)=Dxlog(g")+og(C) (6).
Likewise, the following equation is obtained.

power P,(f). That is as follows: Lik) = (logh (k + 1) ~logM (k) / (loglg**") - log(g" )) ®
P(f)=10xI08,00,() @ = (logM (k + 1) ~ logh (k) /log(g).

It is noted that 20 kHz=f=f,.

(3) Next, a plot in a three-dimensional space, of which the 1t is herein defined that q* is the spectro-temporal index of
transverse axis represents the frequency f (20 kHz=f{=1,), the curved surface SA, and L(k) is the local exponent of
the anteroposterior axis represents the interval “I” 55 fractal dimension of the curved surface SA at the spectro-
(i=1,2,...,n), and the vertical axis represents the power P,(f), temporal index q~*.
is called a three-dimensional power spectrum array. It is noted (8) The local exponent L(k) of the fractal dimension cor-
that the vertical axis is a logarithmic representation of the responds to the derivative value of the graph in the Equation
power spectrum Q,(f). (5) obtained by a difference and can be calculated in a curved

(4) In general, it is assumed that the number of cubes 60 surface of which the fractal dimension cannot be strictly
necessary when a curved surface S is covered with cubes each defined. When the curved surface SA takes a fractal structure
having one side length of r is N(r). When D such that N(r) is within a definite range of the spectro-temporal index, L(k) has
proportional to 12 exists, D is called a fractal dimension (box a value close to a constant value that is not an integer (two in
count dimension) of the curved surface S. That is, when the the case of a flat surface) corresponding to the topological
curved surface S has the fractal structure, 65 dimension. Accordingly, the fractal structure of the curved

surface SA was analyzed by examining the behavior of this
N()erD 3 local exponent.

xis, by g” is considered. In this case, gisa .
satisfying q>1, and k is an mteoer sansfymg} .
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In the preferred embodiments and the implemental
examples ofthe present invention, calculations are performed
by using the above-mentioned method on the conditions:
=96 kHz, T=51.2 seconds, Tz=0.2 seconds, qg=2, and k=1,
2,3,4,5. 5

Next, the calculation method of the information entropy
density of the vibration signal is described below. In this case,
the information entropy density of the time series data of a
vibration signal was obtained according to the following pro-
cedures.

(1) It is assumed that the time series data X of a vibration
having a total duration of T seconds sampled by a sampling
frequency 2£,, (f, is the Nyquist frequency, or the maximum
frequency of the object signal) into intervals having a dura-
tionof T secondsare X (1) (i=1,2,....n;t=1,2,..., 2f,xTy).

(2) Assuming that the two-side and one-side power spec-
trums of X,(t) are S,(f) and Q,(f), when the probability density
function of X,(t) has a Gaussian distribution, the information
entropy density b, is expressed by the following equation
(See, for example, the Non-Patent Document 7):

10

1 N 1
hi = mj:f’vb&gi(f)df + EIOEZfV
25
1 N
= mj(: loglfv X QN df

(3) If the one-side power spectrum Q,(f) is ol
the time series data X,(t) for each unit analysi
using the Yule-Walker method of a 10-dimen:
lation model and substituted into the Equatio
information entropy density b, for an interv:

(4) With regard to the information entrop
assumed that a variance var(h,) from an
interval n is the entropy variation index (EV
present preferred embodiment, calculations are perfo:
under the conditions: f,=96 kHz, T=51.2 second
Tz=0.2 seconds.

INDUSTRIAL APPLICABILITY

As described in detail above, according to the present
invention, the detailed properties of the hypersonic sound are
clarified, and the apparatuses and methods that can introduce
the hypersonic sound and the apparatuses and methods for
discriminating the vibration can be provided. With the above-
mentioned arrangement, it becomes possible to induce the
activation ofthe fundamental brain and the fundamental brain -
network (fundamental brain network system) including the
reward system neural circuit of the brain unitarily compre-
hensively responsible for the generation of reactions of plea-
sure, beauty and emotion in a human being, consequently
boost the aesthetic sensibility to various general sensory
inputs inclusive of sounds, and enhance the pleasure, beauty
and emotion. Moreover, it becomes possible to not only
induce the effects of invigorating the physical activation such
as homeostatic maintenance and biophylaxis of the whole
body managed by the fundamental brain but also comprehen-
sively remedying lifestyle-related diseases of metabolic syn-
dromes such as hypertension, hyperlipemia and diabetes,
cancer, cerebrovascular disorder and cardiopathy, immune
abnormalities including pollinosis and atopic dermatitis,
various mental disorders such as depression, schizophrenia,
dementia, chronic fatigue syndrome and attention-deficit 65
hyperactivity disorder, behavioral abnormalities such as sui-
cide and self-injurious behaviors, abnormal exaltation of
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aggressiveness and so on, which are caused by the abnormal-
ity of the fundamental brain activity and pose serious prob-
lems in the modern society, also making, it possible to induce
the effect of maintaining healthy and comfortable life. These
effects owned by the present invention are expected to be used
in the following various industries.

First of all, the present invention directly provides techno-
logical innovations for various industries relevant to the infor-
mation and communication technology.

In the audio equipment industry, many of the existent audio
apparatuses and audio and video (AV) apparatuses used in
home theaters and the like, which have been rapidly popular-
ized in recent years, can neither record nor reproduce super-
high-frequency components essential for introducing the fun-
damental brain activation effect due to the signal formats and
limitations in the performance of the reproducing apparatuses
and therefore unable to introduce the fundamental brain acti-
vation effect. The present invention makes it possible to gen-
erate a vibration that introduce the fundamental brain activa-
tion effect even when these existent apparatuses are used and
provide the listeners with beauty, emotion, health and com-
fort. By the present technological innovation, it is expected to
open a new market in the audio equipment industry.

In the contents industry, the majority of huge amount of
contents, which have been audio recorded or audio and video
in the field after the 1980’s, have recordable and
and upper limits limited to 22 kHz to 24 kHz in
gital contents standard used in the contem-
ping with the changeover in the mainstream
edia to the digital media of CDs and the like, .
introduce the fundamental brain activation '
sent invention makes it possible to generate a -
can introduce the fundamental brain activation
'such contents. This makes it possible toheighten -
tic values of the huge amount of existent contents -
es and safety. In addition, by making it possible to
generate the fundamental brain activation effect even in the
video and audio contents such that an image and a sound are
simultaneously presented, the present invention overcomes
such a conventional technological problem that image quality
and sound quality are in a trade-off relation due to restrictions
in the recordable and transmissible information capacity and
the information transmission rate, thereby enhancing the lis-
teners’ aesthetic sensibilities to images and sounds in parallel
to introduce an effect substantially equivalent to an increase
in the information capacity and making it possible to produce
contents of which the sensuous artistic values are comprehen-
sively heightened.

In the broadcasting and distribution industries, most of the
audio signals that are transmitted and distributed via the cur-
rent television broadcastings and Internet communications
cannot activate the fundamental brain since they use formats
that can neither record nor reproduce super-high-frequency
components essential for introducing the fundamental brain
activation effect. The present invention makes it possible to
generate a vibration that can introduce the fundamental brain
activation effect from these vibration signals that are broad-
casted and distributed. Moreover, if a format capable of trans-
mitting super-high-frequency components will be adopted in
the future, the present invention makes it possible to produce
and transmit contents containing vibration signals that can
introduce the fundamental brain activation effect. Further,
similar to the effects expected in the contents industry, means
for transmitting a plurality of different kinds of sensory infor-
mation such as videos and images in a manner similar to that
ofthe television broadcasting and moving picture distribution
overcomes such a conventional technological problem that
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image quality and sound quality are in a trade-off relation due
to restrictions in the information transmission rate of the
communication lines, thereby enhancing the viewers’ aes-
thetic sensibilities to videos and sounds in parallel to intro-
duce an effect substantially equivalent to an increase in the
information capacity transmittable per hour and making it
possible to distribute contents of which the sensuous artistic
values are comprehensively heightened.

In addition to the uses in various industries relevant to the
information and communication technologies described
above, the present invention makes it possible to improve
vibration information of the environment that surrounds
human beings to make it able to introduce the fundamental
brain activation effect. This new information environment
creating technique is expected to be used in various indus-
tries.

First of all, in the medical industry field, by improving the
vibration information in the spaces where modern people live
to make it able to introduce the fundamental brain activation
effect, it becomes possible to conduct the prevention and
remedy of various disorders, which are generally call
moderndiseases such as various lifestyle-related dis
mental and behavioral disorders considered to be
influenced by the deterioration in the fundamental bra:
ity on the onset and transition of the diseases and cause
serious problems in the modem society. Further, i
possible to heighten the immunity, reduce stres
lish and maintain a healthy comfortable 1i
the fundamental brain activity.

Next, in the city planning and building ind
improving vibration information in urban distri
spaces and the like in the current cities to
introduce the fundamental brain activation e
possible to conduct improvements and preve
lifestyle-related diseases and mental and bel
symptoms due to the deterioration in the
activity, which causes serious problems under the moj
urban environments, and maintain healthy lives of
who reside or commute to work or study in cities. Furt
actualizing towns that people want to visit again, mole
make shopping happier, prosperous paths, and
somehow attract people, it becomes possible to improve the
comfort and ability to pull in more customers and conduct the
activation of districts.

In the child care and educational industrial field, improving
vibration information in domestic spaces and school spaces to
make it able to introduce the fundamental brain activation
effect conducts prevention of autism that is caused by the
malfunction of the fundamental brain activity and is rapidly
increasing in recent years, conducts improvement and pre-
vention of various mental and behavioral disorder symptoms
such as bullying, truancy, suicidal and self-injurious behav-
iors, eating disorders and classroom disruption and has large
industrial applicability in achieving child’s psychosomatic
healthy growth.

In the public transportation and automobile industry field,
by improving vibration information at driver’s seats and
cockpit seats of railways, airplanes, automobiles and the like
to make it able to introduce the fundamental brain activation
effect, it is expected to heighten the attention arousal level,
which is one of the important functions that the fundamental
brain bears and prevent the occurrence of accidents caused by
human errors, doze and the like of pilots and drivers. In
addition, by improving vibration information in stations and
airports or vehicles and airplanes to make it able to introduce
the fundamental brain activation effect, it becomes possible to
remarkably improve comfort in customer gathering and pre-
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vent the violent behaviors of passengers and suicidal cases,
which have increased particularly in the railroad industry in
recent years causing serious problems. Further, it is expected
to prevent or remedy the onset of passengers’ modern dis-
eases by utilizing the public transportation system and
achieve a public transportation that can maintain healthier
lives.

By being linked to not only the aforementioned industries
but also any and all environment creation industries of indi-
vidual spaces and public spaces, such as living spaces, duty
spaces, public institution spaces, and urban district spaces,
the present invention is expected to be linked to the rise of a
new industry, which should be called an “information envi-
ronment creation industry” that creates a vibration informa-
tion environment to heighten the comfort and safety of people
who use those spaces.

The present invention leads to full-fledged restructuring of
the contents and vibration generating apparatuses of vibration
information that has conventionally been accumulated and
used in all the aforementioned industries and the environmen-
tal creation techniques that utilize them.

The industrial economical effects, which are produced by
the practical applications of the present invention that can be
developed to expansive domains as described above, are
immeasurable.

REFERENCE NUMERALS

icing amplifier

ass filter (HPF). . -

- low-pass filter (LPF)"

8a, 8b: power amplifier

9aa, 9ba: right loudspeaker

9ab, 9bb: left loudspeaker

10: magnetic recording and reproducing device
11: magnetic recording part

~12: magnetic recording head

13: magnetic tape

14: magnetic reproducing head

15: magnetic reproducing part

16: magnetic tape running direction

20: room

30: human being (listener)

31: brain wave data receiving and recording apparatus
32: brain wave detecting and transmitting device

33, 34: antenna

41: tomographic apparatus

42: tomographic detecting device

70: vibration signal amplifier

71, 71A: loudspeaker

72: vibration signal recording and reproducing apparatus
74: microphone

75: audible range sound characteristic measuring instrument
76: reproduction vibration characteristic adjuster

77: BGM reproducing apparatus

81, 82, 83: Listener

81p: portable music player

90: human being (listener)

91: chair

92: vibration generating device

101: brainstem

102: thalamus
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110: head portion 332: full-range loudspeaker
110a: external auditory meatus 333: woofer
111: headphone 334, 3344, 334b: earphone
111a, 1114: headphone housing 335: power distribution network
112: headband 5 340: listener
115: signal band dividing circuit 341: listener’s head
116, 117: signal amplifier 350: full face helmet
118: signal input plug 360: sound insulation full body coat
120: super-high-frequency vibration generating device 370: vibration generating apparatus
121: audible range loudspeaker 10 371: connection type super-high-frequency vibration gener-
124: ear pad ating device
125: small battery 372, 373: super-high-frequency vibration generating device
160: broach type signal generating apparatus 374: super-high-frequency vibration generating device inte-
161: battery socket cover grated cable
162: memory socket cover 15 375: signal source memory
163: clasp fastening portion 376: amplifier unit
164: clasp 377: power supply unit
170: flat plate 380: signal transmitter
171, 171a: liquid current generating apparatus 381: transducer
172, 172a-172i: protrusion 20 382: signal reconstruction circuit
173, 174, 175: transducer 383: signal transmission circuit

176: actuator 390: distribution network

177: depth variable circular dimple 391: signal reconstruction circuit

178: height variable circular protrusion ' 400: portable signal receiver

179: protrusion 25 401: signal receiving circuit

180: vibration signal generating apparatus ignal reconstruction circuit

181: vibration signal preamplifier

182: high-pass filter

183: super-high-frequency component’
amplifier

184: super-high-frequency component vibrati
device

185: low-pass filter

186: audible range component vibration sig

187: audible range component vibration gen:

200: signal reproducing apparatus

201: memory

202: micro amplifier

high-frequency vibration generating devic
+ piezoplastic sheath i
: portable music player

: earphone

203: battery : cable

210: shirt 3: vibration generating apparatus

230: horizontal waterway : super-high-frequency vibration generating device
231: floor surface 425: memory

240: apparatus housing 426: micro amplifier

241: water droplet generator 427: battery

242: liquid 45 430: concert hall

243, 244: transducer 431: stage

245: microphone 432: wireless vibration signal transmitter

246: mixer 433: wireless vibration signal receiver and vibration generat-
250: apparatus housing ing apparatus

251-255: partition plate 50 434: pendant type vibration generating apparatus

256: compressed air generator 435: ceiling hanged type vibration generating apparatus
257, 258, 259: partition plate position variable direction 436: chair mounted type vibration generating apparatus
260: metal piece 437: chair embedded type vibration generating apparatus
260a: metal piece vibration direction 440: electronic musical instrument apparatus

261: cylindrical member 55 441: electronic musical instrument

262: protrusion 442: complementing vibration source

300: signal source disc 443: adder

301: player ‘ 444: digital synthesizer

302: preamplifier 450: space

310: left channel circuit 60 451: vibration generating apparatus

311: high-pass filter (HPF) 460: vibrating wall

312: low-pass filter (LPF) 461: listener

313, 313a, 3135: earphone amplifier 470: vibration signal reproducing apparatus

314, 3144, 314b: power amplifier 470d: recording medium

320: right channel circuit 65 471: vibration signal amplifier

330: loudspeaker system 472: public-address system

331: tweeter 473: microphone
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474: vibration signal addition adjuster

475: microphone

476: vibration measuring instrument

480: Station yard

481: pillar mounted type vibration generating apparatus

482: signal receiver

483: super-high-frequency vibration signal receiver

484: loudspeaker (public-address system)

485: vibration generating apparatus

485m: memory

486: hypersonic sound generating apparatus

487: loudspeaker (public-address system)

488: person

489: super-high-frequency vibration generating apparatus

490: electric vehicle

491: vibration generating apparatus

500: vibration monitoring system

501: vibration generating apparatus

502: vibration signal input apparatus

503: vibration discriminating apparatus

504: discrimination result-based control signal generating
apparatus

505: discrimination result monitor apparatus

506: alarm generator

507: vibration complementing apparatus

511: vibration signal analyzing apparatus

512: risk judgment apparatus

513: vibration complementing apparatus

540: vibration generating space

541: vibration signal storage device

542: vibration generating apparatus

560: vibration generating space

561: sound source

562: chair

563: listener

570: vibration generating space

571, 572: vibration generating apparatus

581, 582, 584: amplifier

583: adder

610: CD player

611: signal complementing apparatus

612: amplifier

613: loudspeaker

620: portable player

621: signal complementing apparatus

622: earphone

623: super-high-frequency vibrating object

624: listener

630: television receiver

631: signal complementing apparatus

632: loudspeaker

641, 643: reproducing circuit

642: band expanding circuit

644: adder

645: high-pass filter

651, 661, 661-1-661-4: original vibration signal storage
device

652, 662, 662-1-662-4: reproducing circuit

653: band expanding circuit

654: adder

663: high-pass filter

664a, 6645, 6674, 667b: switch

665: voltage-controlled amplifier (VCA)

666: attenuator

670: comparator

671: absolute value signal detector circuit

672: control signal generator circuit
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673, 674: AD converter

673a: frequency converter

675, 675A: active processing circuit

675a: convolution calculator

675b: autocorrelation coefficient controller
675¢: multipliers

675d: transfer function controller

675e: time series converter

676: autocorrelation coefficient calculator
676a: transfer function calculator

677: reproducing circuit

678: high-pass filter

679: adder

680: controller

680m: memory

681-688: switch

691, 692: adder

693,694 filter

695: Super Audio CD (SACD)

696: SACD player

697: low-pass filter

698, 699: high-pass filter

700: vibration transmission medium filled container
701: actuator

702: elastic vibrating object

703: movin. magnet type fluctuation detector device

¢ vibrating object 3

ation detecting coil with elast:c v1bratmg obJect :

: permanent magnet '

7 50 elastic vibrating object

751: vibration detector device

800, 800a, 8005, 800c: super-high-frequency vibration gen-
erating apparatus

12: listener

812a: head portion

8125: body surface

830p: pendant type vibration generating apparatus

832: transducer

832A: super-high-frequency vibration reproducing apparatus

832a: super-high-frequency transducer

833: micro amplifier

834: memory

835: battery

850: portable music player

851: headphone

852: display

853: Blu-ray Disc

854: Blu-ray disc player

855: AV amplifier

856: 5.1 ch surround loudspeaker system

860: super-high-frequency vibration presenting apparatus

860S: signal generating apparatus

860C: bathtub

860L: liquid

870: loudspeaker

870A.: full-range loudspeaker

881: AD converter circuit

882: Fast Fourier transform circuit

883: level judgment circuit

884: first property judgment circuit
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885: AD converter circuit

886: high-pass filter

887: three-dimensional power spectrum array calculating cir-
cuit

888: local exponent of fractal dimension calculating circuit 5

889: numerical value judgment circuit

890: second property judgment circuit

891: AD converter circuit

892: information entropy density calculating circuit

893: numerical value judgment circuit 10

894: EV-index calculating circuit

895: numerical value judgment circuit

896: logic judgment circuit

900: audible range vibration generating apparatus

900a: headphone 15

910: vibration signal input apparatus

911: microphone

912: microphone amplifier

915: analysis result monitor

916: alarm generator 20

950: vibration generating apparatus

952: sauna type super-high-frequency vibration pr
apparatus "

952a: super-high-frequency transducer

954: cockpit of airplane etc. 23

954a to 954d: super-high-frequency vibrati
apparatus

955: super-high-frequency vibration showe

955a: shower type super-high-frequency v
apparatus

961: vibration complementing apparatus

962: detection generating apparatus

9624: vibration generating apparatus

962b: premises sound detector apparatus

SW1, SW2, SW3, SW4: switch

The invention claimed is:

1. A vibration generating apparatus comprising:

a device for generating one of a vibration and a vib:
signal, the one of the vibration and the vibration
containing (i) audible range components that
tion components in an audible frequency ra
super-high-frequency components within ng
exceeding the andible frequency range up to a predeter-
mined maximum frequency,

wherein the one of the vibration and the vibration signal 45
has an autocorrelation order represented by at least one
of a first property and a second property,

wherein the vibration generating apparatus introduces a
fundamental brain activation effect into (i) a fundamen-
tal brain of a human including a brain stem, a thalamus 50
and a hypothalamus, the brain stem, the thalamus and
the hypothalamus being regions performing fundamen-
tal functions of the fundamental brain of the human and
(ii) a fundamental brain network of neuronal projection
from the fundamental brain to various brain regions, the 55
fundamental brain activation effect being introduced by
applying one of the vibration and an actual vibration
generated from the vibration signal to the human,

wherein the first property has a fractal nature, such that (i)

a shape of a three-dimensional power spectrum array of 60
time, frequency and power of components of the one of
the vibration and the vibration signal exceeding the
audible frequency range is a complexity having a self-
similarity, (ii) a local exponent of fractal dimension rep-
resents the self-similarity of the shape, (iii) the local 65
exponent of fractal dimension is obtained by calculating
a fractal dimension of a curved surface of the three-
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dimensional power spectrum array using a box-counting
method and by inverting a sign of an inclination of a
straight line that interconnects two mutually adjacent
points when logarithms of a necessary minimum num-
ber of reference boxes for covering the curved surface
are plotted with respect to a logarithm of a size of each
one side of the reference boxes, (iv) the local exponent of
fractal dimension is 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 a reference box of the
reference boxes is 27! to 27° and (v) a fluctuation range
of the local exponent of fractal dimension is within 0.4
when the spectro-temporal index changes in the range of
27110275, and
wherein the second property is defined, such that (i) a
degree of one of predictability and irregularity of a time
series of the vibration signal changes with time, except
for the time series of the vibration signal that is com-
pletely predictable and regular and except for the time
series of the vibration signal that is completely unpre-
dictable and random, (ii) an information entropy density
representing an irregularity of time series data has a
value in a range of not smaller than -5 and smaller than
zero and (iii) an entropy variation index (EV-index),
which is a variance of the information entropy density
sents a degree of time variance, has a value of
han 0.001 for 51.2 seconds.
generating space apparatus for generating a
an autocorrelation order by radiating the
ed by one of (i) at least one vibration gener-
s installed in the vibration generating space
orming a vibration generating space, into the
erating space apparatus, (ii) applying one of
1d mutual interference to vibrations in the vibration
space apparatus, and (iii) making elements con-
g the vibration generating space apparatus resonate

with the vibrations, the vibration generating space apparatus
comprising:

a device for generating one of a vibration and a vibration
signal, the one of the vibration and the vibration signal
containing (i) audible range components that are vibra-
tion components in an audible frequency range and (ii)
super-high-frequency components within a range
exceeding the audible frequency range up to a predeter-
mined maximum frequency,

wherein the one of the vibration and the vibration signal
has the autocorrelation order represented by at least one
of a first property and a second property,

wherein the vibration generating space apparatus intro-
duces a fundamental brain activation effect into (i) a
fundamental brain of a human including a brain stem, a
thalamus and a hypothalamus, the brain stem, the thala-
mus and the hypothalamus being regions performing
fundamental functions of the fundamental brain of the
human and (ii) a fundamental brain network of neuronal
projection from the fundamental brain to various brain
regions, the fundamental brain activation effect being
introduced by applying one of the vibration and an
actual vibration generated from the vibration signal to
the human,

wherein the first property has a fractal nature, such that (i)
a shape of a three-dimensional power spectrum array of
time, frequency and power of components of the one of
the vibration and the vibration signal exceeding the
audible frequency range is a complexity having a self-
similarity, (ii) a local exponent of fractal dimension rep-
resents the self-similarity of the shape, (iii) the local
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exponent of fractal dimension is obtained by calculating
a fractal dimension of a curved surface of the three-
dimensional power spectrum array using a box-counting
method and by inverting a sign of an inclination of a
straight line that interconnects two mutually adjacent
points when logarithms of a necessary minimum num-
ber of reference boxes for covering the curved surface
are plotted with respect to a logarithm of a size of each
one side of the reference boxes, (iv) 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-tem-
poral index defined by normalizing one side of a refer-
ence box of the reference boxes is 27" to 27° and (v) a
fluctuation range of the local exponent of fractal dimen-
sion is within 0.4 when the spectro-temporal index
changes in the range of 27! to 27°, and

wherein the second property is defined, such that (i) a
degree of one of predictability and irregularity of a time
series of the vibration signal changes with time, except
for the time series of the vibration signal that is com-
pletely predictable and regular and except for the time
series of the vibration signal that is completel
dictable and random, (ii) an information entrop,
representing an irregularity of time series data has a
value in a range of not smaller than -5 and smaller than
zero and (iii) an entropy variation index (EV= mdex),
which is a variance of the information
and represents a degree of time vari
not smaller than 0.001 for 51.2 seconds.

3. A vibration generating method comprisi

a step of generating one of a vibration a
signal, the one of the vibration and the v
containing (i) audible range componen
tion components in an audible frequen
super-high-frequency - components
exceeding the audible frequency range up to a pred
mined maximum frequency,

wherein the one of the vibration and the vibration
has an autocorrelation order represented by at lea
of a first property and a second property,

wherein the vibration generating method introd
damental brain activation effect into (i) a fundamental
brain of a human including a brain stem, a thalamus and
a hypothalamus, the brain stem, the thalamus and the
hypothalamus being regions performing fundamental
functions of the fundamental brain of the human and (ii)
a fundamental brain network of neuronal projection
from the fundamental brain to various brain regions, the
fundamental brain activation effect being introduced by
applying one of the vibration and an actual vibration
generated from the vibration signal to the human,

wherein the first property has a fractal nature, such that (i)
a shape of a three-dimensional power spectrum array of
time, frequency and power of components of the one of
the vibration and the vibration signal exceeding the
audible frequency range is a complexity having a self-
similarity, (ii) a local exponent of fractal dimension rep-
resents the self-similarity of the shape, (iii) the local
exponent of fractal dimension is obtained by calculating
a fractal dimension of a curved surface of the three-
dimensional power spectrum array using a box-counting
method and by inverting a sign of an inclination of a
straight line that interconnects two mutunally adjacent
points when logarithms of a necessary minimum num-
ber of reference boxes for covering the curved surface
are plotted with respect to a logarithm of a size of each
one side of the reference boxes (iv) the local exponent of
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fractal dimension is 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 a reference box ofthe
reference boxes is 27" to 27 and (v) a fluctuation range
of the local exponent of fractal dimension is within 0.4
when the spectro-temporal index changes in the range of
27 t027%, and

wherein the second property is defined, such that (i) a
degree of one of predictability and irregularity of a time
series of the vibration signal changes with time, except
for the time series of the vibration signal that is com-
pletely predictable and regular and except for the time
series of the vibration signal that is completely unpre-
dictable and random, (ii) an information entropy density
representing an irregularity of time series data has a
value in a range of not smaller than -5 and smaller than
zero and (iii) an 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.

4. The vibration generating apparatus as claimed in claim
1, further comprising an adder for adding a complementing
vibration signal that has the autocorrelation order and is gen-
erated by the vibration generating apparatus to an original
i not having the autocorrelation order, and for
tion signal of a result of the adding.

n generating apparatus as claimed in clalm

ncy range with respect to an orlgmal V1brat10nf‘ :
al not having 1he autocorrelat]on order, and for out-
tting a band-expanded vibration signal that contains
the band exceeding the audible frequency range and the
band of the original vibration signal; and

an adder for adding a complementing vibration signal that
has the autocorrelation order and is generated by the
vibration generating apparatus to the band-expanded
vibration signal, and for outputting a vibration signal of
a result of the adding.

6. The vibration generating apparatus as claimed in claim
4, further comprising a high-pass filter device, which is
located between the vibration generating apparatus and the
adder, for performing high-pass filtering of the complement-
ing vibration signal having the autocorrelation order.

7. The vibration generating apparatus as claimed in claim
5, further comprising an attenuator for comparing a signal
level of one of the original vibration signal and the band-
expanded vibration signal with a predetermined threshold
value, and attenuating, by a predetermined attenuation
amount, one of the complementing vibration signal that has
the autocorrelation order and is inputted to the adder, and a
high-pass filtered signal thereof when a signal level is smaller
than the predetermined threshold value.

8. The vibration generating apparatus as claimed in claim
5, further comprising alevel changing device for detecting an
absolute value of a signal level of one of the original vibration
signal and the band-expanded vibration signal and perform-
ing one of amplification and attenuation of a signal level of
one of the complementing vibration signal that has the auto-

s correlation order and is inputted to the adder, and a high-pass

filtered signal thereof in accordance with a magnitude of the
absolute value of the signal level.
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9. The vibration generating apparatus as claimed in claim
53
wherein the complementing vibration signal that has the
autocorrelation order and is inputted to the adder con-
tains a plurality of kinds of vibration signals each having
the autocorrelation order, and
" wherein the vibration generating apparatus further com-
prises a controller for selecting at least one kind of
complementing vibration signal from among the plural-
ity of kinds of complementing vibration signals in cor-
respondence with at least one of the original vibration
signal and the band-expanded vibration signal, and out-
putting the selected signal to the adder.
10. The vibration generating apparatus as claimed in claim
1, further comprising a first processor for calculating an auto-
correlation coefficient of a reference vibration signal having
the autocorrelation order, and performing a convolution cal-
culation of an original vibration signal not having the auto-
correlation order with the calculated autocorrelation coeffi-
cient, so as to generate the vibration signal having the
autocorrelation order.
11. The vibration generating apparatus as claimed i
1, further comprising a second processor for calcu
transfer function of a reference vibration signal having the
autocorrelation order, and multiplying an original vibration
signal not having the autocorrelation order by the calculated
transfer function, so as to generate the vibratio; ing
the autocorrelation order. .
12. The vibration generating apparatus as<cla
1, comprising:
an elastic vibrating object which elastical
utilizing physical characteristics inclu
natural vibration, and stress strain;

afirst transducer for transducing one of the
having the autocorrelation order, and
not having the autocorrelation order into a vibration, ;
applying the transduced vibration to the elastic vib
object; and
a second transducer for transducing the vibration
elastic vibrating object into an electric signal

wherein one of enhancement and imparting is
on at least one of the first property and the s¢
erty on the autocorrelation order in the vibration signal
by application of the vibration signal to the elastic
vibrating object by the first transducer, and

wherein one of attenuation and removal is performed on

vibration components not introducing the fundamental
brain activation effect and existing as an electric signal
but not existing in the elastic vibrating object, so as to
perform one of emphasizing and imparting an effect of a
vibration that can introduce the fundamental brain acti-
vation effect.

13. The vibration generating apparatus as claimed in claim
12, wherein the elastic vibrating object is installed in a con-
tainer filled with a predetermined vibration transmission
medium.

14. The vibration generating apparatus as claimed in claim
1, wherein the vibration generating apparatus introduces the
fundamental brain activation effect into (i) a fundamental
brain of the human including a reward system neural circuit,
which is a brain function region being unitarily comprehen-
sively responsible for a generation of all reactions of pleasure,
beauty and emotion and (ii) the fundamental brain network,
the fundamental brain activation effect being introduced by
applying a vibration generated by the vibration generating
apparatus to the human while applying predetermined infor-
mation to the human through at least one of visual sensation,
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gustatory sensation, somatic sensation and olfactory sensa-
tion other than auditory sensation, so as to enhance aesthetic
sensibility to at least one piece of information, which is
applied to the human at a same time as the vibration and is
selected from visual sensation, gustatory sensation, somatic
sensation and olfactory sensation other than auditory sensa-
tion, and enhancing reactions of pleasure, beauty and emo-
tion.
15. The vibration generating method as claimed in claim 3,
wherein the vibration generating method includes:
introducing the fundamental brain activation effect into (i)
a fundamental brain of the human including a reward
system neural circuit, which is a brain function region
being unitarily comprehensively responsible for a gen-
eration of all reactions of pleasure, beauty and emotion
and (ii) the fundamental brain network, the fundamental
brain activation effect being introduced by applying a
vibration generated by the vibration generating appara-
tus to the human while applying predetermined infor-
mation to the human through at least one of visual sen-
sation, gustatory sensation, somatic sensation and
olfactory sensation other than auditory sensation, so as
to enhance aesthetic sensibility to at least one piece of
information, which is applied to the human at a same
time as the vibration and is selected from visual sensa-
tion, gustatory sensation, somatic sensation and olfac-
tion other than auditory sensation, and
eactions of pleasure, beauty and emotion.
itory computer-readable recording medium
ibration signal generated by a vibration gen-
s, the vibration signal being recorded onto the
computer-readable recording medium by a

‘the vibration generating apparatus comprises a
ice for generating one of a vibration and a vibration
signal, the one of the vibration and the vibration signal
containing (i) audible range components that are vibra-
tion components in an audible frequency range and (ii)
super-high-frequency components within a range
exceeding the audible frequency range up to a predeter-
mined maximum frequency,
wherein the one of the vibration and the vibration signal
has an autocorrelation order represented by at least one
of a first property and a second property,
wherein the vibration generating introduces a fundamental
brain activation effect into (i) a fundamental brain of a
human including a brain stem, a thalamus and a hypo-
thalamus, the brain stem, the thalamus and the hypo-
thalamus being regions performing fundamental func-
tions of the fundamental brain of the human and (ii) a
fundamental brain network of neuronal projection from
the fundamental brain to various brain regions, the fun-
damental brain activation effect being introduced by
applying one of the vibration and an actual vibration
generated from the vibration signal to the human,
wherein the first property has a fractal nature, such that (i)
a shape of a three-dimensional power spectrum array of
time, frequency and power of components of the one of
the vibration and the vibration signal exceeding the
audible frequency range is a complexity having a self-
similarity, (ii) a local exponent of fractal dimension rep-
resents the self-similarity of the shape, (iii) the local
exponent of fractal dimension is obtained by calculating
a fractal dimension of a curved surface of the three-
dimensional power spectrum array using a box-counting
method and by inverting a sign of an inclination of a
straight line that interconnects two mutually adjacent
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points when logarithms of a necessary minimum num-
ber of reference boxes for covering the curved surface
are plotted with respect to a logarithm of a size of each
one side of the reference boxes, (iv) the local exponent of
fractal dimension is 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 ofa reference box of the
reference boxes is 27! to 27° and (v) a fluctuation range
of the local exponent of fractal dimension is within 0.4
when the spectro-temporal index changes in the range of
27 10 27%, and

wherein the second property is defined, such that (i) a
degree of one of predictability and irregularity of a time
series of the vibration signal changes with time, except
for the time series of the vibration signal that is com-
pletely predictable and regular and except for the time
series of the vibration signal that is completely unpre-
dictable and random, (ii) an information entropy density
representing an irregularity of time series data has a
value in a range of not smaller than -5 and smaller than
zero and (iii) an entropy variation index (EV-index),
which is a variance of the information entrop,
and represents a degree of time variance, has a v;
not smaller than 0.001 for 51.2 seconds.

17. A communication apparatus comprising:

acommunication device for transmitting a vibrat
generated by a vibration generating appara
munication medium,

wherein the vibration generating apparatus
device for generating one of a vibration a
signal, the one of the vibration and the
containing (i) audible range component;
tion components in an andible frequenc
super-high-frequency components
exceeding the audible frequency range
mined maximum frequency,

wherein the one of the vibration and the vibration s
has an autocorrelation order represented by at le
of a first property and a second property,

wherein the vibration generating apparatus intro
fundamental brain activation effect into (i) a
tal brain of a human including a brain stem, a thalamus
and a hypothalamus, the brain stem, the thalamus and
the hypothalamus being regions performing fundamen-
tal functions of the fundamental brain of the human and
(11) a fundamental brain network of neuronal projection
from the fundamental brain to various brain regions, the
fundamental brain activation effect being introduced by
applying one of the vibration and an actual vibration
generated from the vibration signal to the human,

wherein the first property has a fractal nature, such that (i)
a shape of a three-dimensional power spectrum array of
time, frequency and power of components of the one of
the vibration and the vibration signal exceeding the
audible frequency range is a complexity having a self-
similarity, (ii) a local exponent of fractal dimension rep-
resents the self-similarity of the shape, (iii) the local
exponent of fractal dimension is obtained by calculating
a fractal dimension of a curved surface of the three-
dimensional power spectrum array using a box-counting
method and by inverting a sign of an inclination of a
straight line that interconnects two mutually adjacent
points when logarithms of a necessary minimum num-
ber of reference boxes for covering the curved surface
are plotted with respect to a logarithm of a size of each
one side of the reference boxes, and, (iv) the local expo-
nent of fractal dimension is not smaller than 2.2 and not

5

10

—

N

20

45

50

=3
wn

134

greater than 2.8 in a range in which a spectro-temporal
index defined by normalizing one side of a reference box
of the reference boxes is 27" to 27> and (v) a fluctuation
range of the local exponent of fractal dimension is within
0.4 when the spectro-temporal index changes in the
range of 27 t0 27°, and

wherein the second property is defined, such that (i) a
degree of one of predictability and irregularity of a time
series of the vibration signal changes with time, except
for the time series of the vibration signal that is com-
pletely predictable and regular and except for the time
series of the vibration signal that is completely unpre-
dictable and random, (ii) an information entropy density
representing an irregularity of time series data has a
value in a range of not smaller than -5 and smaller than
zero and (iii) an 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.

18. A vibration discriminating apparatus comprising:

a discriminator for discriminating whether or not an input-
ted vibration signal (i) contains audible range compo-
nents that are vibration components in an audible fre-
quency range (ii) contains super-high-frequency
components within a range exceeding the audible fre-

range up to a predetermined maximum fre-

(iii) has an autocorrelation order represented

e of a first property and a second property,

iscriminator further discriminates whether or

mental brain activation effect can be intro- .

(i) a fundamental brain of a human including:

m, a thalamus and a hypothalamus, the brain

he thalamus and the hypothalamus being regions

rming fundamental functions of the fundamental
of the human and (ii) a fundamental brain network

“of neuronal projection from the fimdamental brain to

various brain regions, by applying an actual vibration
generated from the vibration signal to the human,

wherein the first property has a fractal nature, such that (i)
a shape of a three-dimensional power spectrum array of
time, frequency and power of components of the one of
the vibration and the vibration signal exceeding the
audible frequency range is a complexity having a self-
similarity, (ii) a local exponent of fractal dimension rep-
resents the self-similarity of the shape, (iii) the local
exponent of fractal dimension is obtained by calculating
a fractal dimension of a curved surface of the three-
dimensional power spectrum array using a box-counting
method and by inverting a sign of an inclination of a
straight line that interconnects two mutually adjacent
points when logarithms of a necessary minimum num-
ber of reference boxes for covering the curved surface
are plotted with respect to a logarithm of a size of each
one side of the reference boxes, (iv) the local exponent of
fractal dimension is 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 a reference box of the
reference boxes is 27! to 27° and (v) a fluctuation range
of the local exponent of fractal dimension is within 0.4
when the spectro-temporal index changes in the range of’
27110275, and

wherein the second property is defined, such that (i) a
degree of one of predictability and irregularity of a time
series of the vibration signal changes with time, except
for the time series of the vibration signal that is com-
pletely predictable and regular and except for the time
series of the vibration signal that is completely unpre-
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dictable and random, (ii) an information entropy density
representing an irregularity of time series data has a
value in a range of not smaller than -5 and smaller than
zero and (iii) an 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.

19. The vibration discriminating apparatus as claimed in

claim 8, wherein the discriminator comprises:

a first partial discriminator for discriminating whether or
not the inputted vibration signal contains (i) components
in the audible frequency range and (i) the super-high-
frequency components within the range exceeding the
audible frequency range up to the predetermined maxi-
mum frequency;

a second partial discriminator for discriminating whether
or not the inputted vibration signal has the autocorrela-
tion order represented by the first property;

a third partial discriminator for discriminating whether or
not the inputted vibration signal has the autocorrelation
order represented by the second property; and

a final discriminator for discriminating whether
inputted vibration signal has the autocorrelatio;
based on discrimination results of the first partial dis-
criminator, the second partial discriminator and the third
partial discriminator.

20. A vibration monitoring system comprisi

discriminating apparatus, '

wherein the vibration discriminating appara
a discriminator for discriminating whett
inputted vibration signal (i) contains aud
ponents that ‘are vibration components
frequency range (i) contains super-
components within a range exceedin
quency range up to a predetermine
quency and (iii) has an autocorrelation order repres
by at least one of a first property and a second pro

wherein the discriminator further discriminates whe
not a fundamental brain activation effect can b
duced into (i) a fundamental brain of a human in
a brain stem, a thalamus and a hypothalamu
stem, the thalamus and the hypothalamus being regions
performing fundamental functions of the fundamental
brain of the human and (ii) a fundamental brain network
of neuronal projection from the fundamental brain to
various brain regions, applying an actual vibration gen-
erated from the vibration signal to the human,

wherein the first property has a fractal nature, such that (i)
a shape of a three-dimensional power spectrum array of
time, frequency and power of components of the one of
the vibration and the vibration signal exceeding the
audible frequency range is a complexity having a self-
similarity, (ii) a local exponent of fractal dimension rep-
resents the self-similarity of the shape, (iii) the local
exponent of fractal dimension is obtained by calculating
a fractal dimension of a curved surface of the three-
dimensional power spectrum array using a box-counting
method and by inverting a sign of an inclination of a
straight line that interconnects two mutually adjacent
points when logarithms of a necessary minimum num-
ber of reference boxes for covering the curved surface
are plotted with respect to a logarithm of a size of each
one side of the reference boxes, (iv) the local exponent of
fractal dimension is 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 a reference box of the
reference boxes is 27! to 27> and (v) a fluctuation range
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of the local exponent of fractal dimension is within 0.4
when the spectro-temporal index changes in the range of
27110 27%, and
wherein the second property is defined, such that (i) a
degree of one of predictability and irregularity of a time
series of the vibration signal changes with time, except
for the time series of the vibration signal that is com-
pletely predictable and regular and except for the time
series of the vibration signal that is completely unpre-
dictable and random, (ii) an information entropy density
representing an irregularity of time series data has a
value in a range of not smaller than ~5 and smaller than
zero and (iii) an 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, and
wherein the vibration monitoring system comprises at least
one of the following:
an alarm generator for outputting an alarm when a dis-
crimination result of the discriminator indicates that
the inputted vibration signal cannot introduce the fun-
damental brain activation effect; and
an adder for adding a complementing vibration signal
that has the autocorrelation order and is generated by
the vibration generating apparatus claimed in claim 1
to the inputted vibration signal when the discrimina-
sult of the discriminator indicates that the
vibration signal cannot introduce the funda-
rain activation effect.
n discriminating method comprising: . .
on step of discriminating whether or not an
ibration signal (i) contains audible range com-
that are vibration components in an audible
ncy range, ii) contains super-high-frequency
niponents within a range exceeding the audible fre-
quency range up to a predetermined maximum fre-
quency and (iii) has an autocorrelation order represented
by at least one of a first property and a second property,
wherein the discrimination step further includes discrimi-
nating whether or not a fundamental brain activation
effect can be introduced into (i) a fundamental brain of a
human including a brain stem, a thalamus and a hypo-
thalamus, the brain stem, the thalamus and the hypo-
thalamus being regions performing fundamental func-
tions of the fundamental brain of the human and (ii) a
fundamental brain network of neuronal projection from
the fundamental brain to various brain regions, by apply-
ing an actual vibration generated from the vibration
signal to the human,
wherein the first property has a fractal nature, such that (i)
a shape of a three-dimensional power spectrum array of
time, frequency and power of components of the one of
the vibration and the vibration signal exceeding the
audible frequency range is a complexity having a self-
similarity, (ii) a local exponent of fractal dimension rep-
resents the self-similarity of the shape, (iii) the local
exponent of fractal dimension is obtained by calculating
a fractal dimension of a curved surface of the three-
dimensional power spectrum array using a box-counting
method and by inverting a sign of an inclination of a
straight line that interconnects two mutually adjacent
points when logarithms of a necessary minimum num-
ber of reference boxes for covering the curved surface
are plotted with respect to a logarithm of a size of each
one side of the reference boxes, (iv) the local exponent of
fractal dimension is not smaller than 2.2 and not greater
than 2.8 in a range in which a spectro-temporal index
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defined by normalizing one side ofa reference box of the
reference boxes is 27* to 27° and (v) a fluctuation range
of the local exponent of fractal dimension is within 0.4
when the spectro-temporal index changes in the range of
27110 27%, and

wherein the second property is defined, such that (i) a
degree of one of predictability and irregularity of a time
series of the vibration signal changes with time, except
for the time series of the vibration signal that is com-
pletely predictable and regular and except for the time
series of the vibration signal that is completely unpre-
dictable and random, (ii) an information entropy density
representing an irregularity of time series data has a
value in a range of not smaller than -5 and smaller than
zero and (iii) an 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.

22. The vibration discriminating method as claimed in

claim 21, wherein the discrimination step further comprises:

a first partial discrimination step of discriminating whether
or not the inputted vibration signal contains (i)
nents in the audible frequency range and (i) th
high-frequency components within the range exceeding
the audible frequency range up to the predetermined
maximum frequency;

a second partial discrimination step of di
whether or not the inputted vibration si
correlation order represented by the first p

a third partial discrimination step of
whether or not the inputted vibration signal
correlation order represemed by the s
and

a final discrimination step of discriminating,
the inputted vibration signal has th
order based on discrimination results of the first P
discrimination step, the second partial discrimin
step and the third partial discrimination step.

23. A computer-executable program product, the p

product causing a computer to execute a vibration di
nating method comprising:

a discrimination step of discriminating whether or not an
inputted vibration signal (i) contains audible range com-
ponents that are vibration components in an audible
frequency range, (ii) contains super-high-frequency
components within a range exceeding the audible fre-
quency range up to a predetermined maximum fre-
quency and (iii) has an autocorrelation order represented
by at least one of a first property and a second property,

wherein the discrimination step further includes discrimi-
nating whether or not a fundamental brain activation
effect can be introduced into (i) a fundamental brain of a
human including a brain stem, a thalamus and a hypo-
thalamus, the brain stem, the thalamus and the hypo-
thalamus being regions performing fundamental func-
tions of the fundamental brain of the human and (ii) a
fundamental brain network of neuronal projection from
the fundamental brain to various brain regions, by apply-
ing an actual vibration generated from the vibration
signal to the human,

wherein the first property has a fractal nature, such that (i)
a shape of a three-dimensional power spectrum array of
time, frequency and power of components of the one of
the vibration and the vibration signal exceeding the
audible frequency range is a complexity having a self-
similarity, (ii) a local exponent of fractal dimension rep-
resents the self-similarity of the shape, (iii) the local
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exponent of fractal dimension is obtained by calculating
a {ractal dimension of a curved surface of the three-
dimensional power spectrum array using a box-counting
method and by inverting a sign of an inclination of a
straight line that interconnects two mutually adjacent
points when logarithms of a necessary minimum num-
ber of reference boxes for covering the curved surface
are plotted with respect to a logarithm of a size of each
one side of the reference boxes, (iv) the local exponent of
fractal dimension is 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 ofa reference box of the
reference boxes is 27* to 27° and (v) a fluctuation range
of the local exponent of fractal dimension is within 0.4
when the spectro-temporal index changes in the range of
27110275, and
wherein the second property is defined, such that (i) a
degree of one of predictability and irregularity of a time
series of the vibration signal changes with time, except
for the time series of the vibration signal that is com-
pletely predictable and regular and except for the time
series of the vibration signal that is completely unpre-
dictable and random, (ii) an information entropy density
representing an irregularity of time series data has a
value in a range of not smaller than -5 and smaller than
(iii) an entropy variation index (EV-index),
variance of the information entropy density
ents a degree of time variance, has a value of
r than 0.001 for 51.2 seconds.
itory computer-readable recording medium
gram product recorded 1hereon, the program
xecuted by a computer and causing the com-
cute a v1brat10n dlscrlmlnatmg method compns-

mination step of dlscnmmatmg whether or not an

“inputted vibration signal (i) contains audible range com-
ponents that are vibration components in an audible
frequency range, (ii) contains super-high-frequency
components within a range exceeding the audible fre-
quency range up to a predetermined maximum fre-
quency and (iii) has an autocorrelation order represented
by at least one of a first property and a second property,

wherein the discrimination step further includes discrimi-
nating whether or not a fundamental brain activation
effect can be introduced into (i) a fundamental brain of a
human including a brain stem, a thalamus and a hypo-
thalamus, the brain stem, the thalamus and the hypo-
thalamus being regions performing fundamental func-
tions of the fundamental brain of the human and (ii) a
fundamental brain network of neuronal projection from
the fundamental brain to various brain regions, by apply-
ing an actual vibration generated from the vibration
signal to the human,

wherein the first property has a fractal nature, such that (i)
a shape of a three-dimensional power spectrum array of
time, frequency and power of components of the one of
the vibration and the vibration signal exceeding the
audible frequency range is a complexity having a self-
similarity, (ii) a local exponent of fractal dimension rep-
resents the self-similarity of the shape, (iii) the local
exponent of fractal dimension is obtained by calculating
a fractal dimension of a curved surface of the three-
dimensional power spectrum array using a box-counting
method and by inverting a sign of an inclination of a
straight line that interconnects two mutually adjacent
points when logarithms of a necessary minimum num-
ber of reference boxes for covering the curved surface
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are plotted with respect to a logarithm of a size of each
one side of the reference boxes, (iv) the local exponent of
fractal dimension is 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 a reference box of the
reference boxes is 27! to 27° and (v) a fluctuation range
of the local exponent of fractal dimension is within 0.4
when the spectro-temporal index changes in the range of
27110 27°, and

wherein the second property is defined, such that (i) a
degree of one of predictability and irregularity of a time
series of the vibration signal changes with time, except
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for the time series of the vibration signal that is com-
pletely predictable and regular and except for the time
series of the vibration signal that is completely unpre-
dictable and random, (ii) an information entropy density
representing an irregularity of time series data has a
value in a range of not smaller than —5 and smaller than
zero and (iii) an 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.
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