1 METHOD AND APPARATUS FOR STIMULATING A HAIR CELL USING
AN ACOUSTIC SIGNAL BACKGROUND OF THE INVENTION 5 [0001]
Example embodiment of the present invention relates to a method and an
apparatus for stimulating a hair cell using an acoustic signal. More
particularly, the present invention relates to a method and an apparatus for
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sound to a brain is @Iﬁ:e]_[_e Qﬁi;ap[ﬁ @)@@ﬂt @&QR{ ] The hearing

organ is divided into an outer ear, a mi e ear and an_Inner ear. Sound
inputted from an outside through the outer ear is vibrated by a tympanic
membrane, and then the vibrated sound is delivered to a cochlea of the inner

ear via the middle ear. 2(5A2¢B ROKDYCET I INENTHENPsed on a

basement membrane of the cochlea. Here, the number of the hair cells
sdisposed on the basement membrane equals to approximately 12,000.
[0005] The basement membrane has length of approximately 2.5 to 3cm. 2
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an apparatus for stimulating a hair cell using an acoustic signal. More
particularly, the present invention relates to a method and an apparatus for
diagnosing accurately hearing ability of a user and improving the hearing ability

10  through the diagnosed result.

[0002] Every organ for delivering sound to a brain is referred to as a hearing

organ.

15 [0003] The hearing organ is divided into an outer ear, a middle ear and an
inner ear. Sound inputted from an outside through the outer ear is vibrated by
a tympanic membrane, and then the vibrated sound is delivered to a cochlea

of the inner ear via the middle ear.
20 [0004] Auditory hair cells are disposed on a basement membrane of the
cochlea. Here, the number of the hair cells disposed on the basement

membrane equals to approximately 12,000.

[0005] The basement membrane has length of approximately 2.5 to 3cm.



sound having high frequency, and the hair cell located on an end of the
basement membrane senses sound having low frequency. This is referred to
as frequency specificity of the hair cell. Generally, resolution of the frequency
5 specificity corresponding to ideal stimulation intensity equals to
approximately 0.2mm (0.5 semitone) on the basement membrane. [0006] In
rec tIy sm nece yse. of 3 portable %c?ust iy d]BYICE has beep |ncr ased and
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phenomenon mage o the hair cel IS generated by aging,
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The neural hearing loss is divided into mild hearing Ioss moderate hearing
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to have a normal talk in the moderate hearing loss, the severe hearing loss

sancspeifcrjoturtbbeainagdassdes KIRadhiNewnibisiesmaiRashasmbiidriy
percent of total world population has the mild hearing loss in which people
feeDdage (teBatmmitohkisohehe bg sepildyt niemdcatien, it is estimated that
approximately 260,000,000 people or more have the moderate hearing loss,
the severe hearing loss or the profound 3

[0006] In recently, since use of a portable acoustic device has been increased
and people are exposed to various noises, many people have neural hearing

10 loss disease.

[0007] The neural hearing loss is a hearing ability degeneration phenomenon
caused by damage of the hair cell, and is generated by aging, noise exposure,

adverse drug reaction, and genetic cause, etc.

15
[0008] The neural hearing loss is divided into mild hearing loss, moderate
hearing loss, severe hearing loss and profound hearing loss. Generally, it is
difficult to have a normal talk in the moderate hearing loss, the severe hearing
loss and the profound hearing loss.

20

[0009] Now, it is estimated that about ten percent of total world population has
the mild hearing loss in which people feel degeneration of his hearing ability.
In addition, it is estimated that approximately 260,000,000 people or more

have the moderate hearing loss, the severe hearing loss or the profound



hearing loss in only developing countries. [0010] However, a method of
curing the hearing loss disease is not existed, but only a hearing aid is
provided as a hearing aid device related to the hearing 5 loss. [0011]The
hearing aid amplifies outside sound so.that the sound is highly heard, and
thus the hearing aid may not prevent degeneration of the hearing ability.
Sp%%igﬂx joggolglgm e&gggﬁcjni that thn IrIf(\aearing ability of a user using 10 the
hearing a? iIS‘more &egener%[‘gdcaﬂe 163he amplified sound. [0012]
Accordingly, a method of curing radically the hearing loss disease without
using the hearing aid has been required. 15 [0013] On the other hand, a pure
heayagdpsbmaaod ArmorespagAg HlaMRaRNgItes Bieasagilss: Sxuidahbut

used as international standard hearing ability test method, wherein the pure

heasilg feabanptaf userdtadicas eNrYashg dlicienéshe Brib a8lkndOnsHky

The common pure hearing test method divides uniformly the basement
smepggane into six parts through one octave interval resolution, and observes
the frequency specificity of the hair cells located on each of the six parts
through six frequency (for example 250, 500, 1000, 2000, 4000 and 8000Hz)
signals. 4 [0015] In case that normal frequency specificity is observed
bedf044ltheehhraded githatnoklifieg) edisidacsioundosre $paintie gstaitideis highly
frequency specificity of the
heard, and thus the hearing aid may not prevent degeneration of the hearing
ability. Specially, a problem exists in that the hearing ability of a user using

10  the hearing aid is more degenerated due to the amplified sound.

[0012] Accordingly, a method of curing radically the hearing loss disease

without using the hearing aid has been required.

15 [0013]On the other hand, a pure hearing test method as a method of
diagnosing the hearing loss is widely used as international standard hearing
ability test method, wherein the pure hearing test method uses the frequency

specificity of the hair cell.

20 [0014] The common pure hearing test method divides uniformly the basement
membrane into six parts through one octave interval resolution, and observes
the frequency specificity of the hair cells located on each of the six parts
through six frequency (for example 250, 500, 1000, 2000, 4000 and 8000Hz)

signals.



5

hair cell may be induced in response to stimulation intensity having small 5
sound pressure. [0016] For example, in case that the frequency specificity of
the hair cell corresponding to 1000Hz is normal, electrical reaction about
pure stimulation may be induced in the hair cell, wherein the pure stimulation
is provided under 10 the condition of 1000Hz and -1.4dBSPL (sound
pressure level). [0017] In conventional technique, to diagnose hearing ability,
a skilled examiner provides audio signals corresponding to the parts divided
wit C resoluti ' : ' :
AT PR SRR DRLRETE SSUORELRRG g hai

oI0R3IPIE ISP EAARALS, (REAGH ESHASHRAHMCPIIRFLBUSHED SHERTRADSS the

button in accordance with the hearing result. Hence, it is diificult to diagnose
acoERIRWItHECBENA R D P63 0T RHANIIAR S 1R8HG HIITRY Kt
inconvenient to diagnose the hearing ability. 20 SUMMARY OF THE
INVEoIHd @Pe48(rE3] Accordingly, the present invention is provided to
substantially obviate one or more problems due to limitations and
disadvantages of the related art. 5 [0019] It is a feature of the present
invention to provide a method and an apparatus for stimulating a hair cell
usifi@0dBlacvusKansig@airs casstdhatptive dremmiiny lepsciliséasd. the hair cell

corresponding to 1000Hz is normal, electrical reaction about pure stimulation

may be induced in the hair cell, wherein the pure stimulation is provided under

10  the condition of 1000Hz and -1.4dBSPL (sound pressure level).

[0017]In conventional technique, to diagnose hearing ability, a skilled
examiner provides audio signals corresponding to the parts divided with one

octave resolution to an examined person using a complex examining device.

15 In this case, the examined person hears the audio signals corresponding to
each of the parts, and then pushes a response button in accordance with the
hearing result. Hence, it is difficult to diagnose accurately the hearing ability
because the resolution is low. Additionally, it is inconvenient to diagnose the
hearing ability.

20

SUMMARY OF THE INVENTION

[0018] Accordingly, the present invention is provided to substantially obviate

one or more problems due to limitations and disadvantages of the related art.



5 [0020] It is another feature of the present invention to provide a method and
an apparatus for stimulating a hair cell using an acoustic signal for
diagnosing more accurately hearing ability of a user. 10 [0021] It is still
another feature of the present invention to provide a method and an
apparatus for stimulating a hair cell using an acoustic signal for diagnosing
accurately hearing ability of a user at a remote place and providing a service
for improving hearing loss disease. 15 [0022] A method of stimulating a hair
cell AN 8 90s feagnie, GROOWMSRNALING RIFSAIL BYERIRR apk dss
an

(a) discriminating a frequency corresponding to damaged hair ce

regian N AGE 5 NRRIMIL I GRAT AIPOSIYLA A HaLETBIG taeLagYeRive

band corresponding to the damaged hair cell region as a target frequency

bangh g (63PuduHERg an acoustic signal 20 having given intensity to the
target frequency band so as to stimulate the damaged hair cell region. [0023]

5A method of stimulating a hair cell according to another example
embodiment of the present invention includes outputting snail model interface
6 Haoeae] hais celbtegidaatmagestes mledenitmidktactavepregditiometiodram
the k is positive integer of above 2; outputting an audio signal of a frequency
bararh spparsponifingtirouatiogst baie eellesting Boracaupibupigralifey dirghagingl|

region images; and detecting damaged hair cell region through response of
a ugrmaccurately hearing ability of a user.

10 [0021] Itis still another feature of the present invention to provide a method and
an apparatus for stimulating a hair cell using an acoustic signal for diagnosing
accurately hearing ability of a user at a remote place and providing a service for

improving hearing loss disease.

15  [0022] A method of stimulating a hair cell according to one example
embodiment of the present invention includes (a) discriminating a frequency
band corresponding to damaged hair cell region in accordance with preset
algorithm; (b) determining the frequency band corresponding to the damaged
hair cell region as a target frequency band; and (c¢) outputting an acoustic signal

20 having given intensity to the target frequency band so as to stimulate the

damaged hair cell region.

[0023] A method of stimulating a hair cell according to another example

embodiment of the present invention includes outputting snail model interface



5 accordance with the outputted audio signal. [0024] A method of providing a
hair cell stimulating service in a server connected electrically to a client
through a network according to one example embodiment of the present
invention includes (a) transmitting appljcation for 10 diagnosis of hearing
ability to the client, wherein the application outputs snail model interface

having.hair cell region i divided, with 1/ tion;.(b) .
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of a iequencypand cpriespondig ia Al least ane of e hai el egion,
images; &c de?ergmnlng a frequenc ‘band corresponding to damage hair
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(d) transmitting an acoustic signal of the target frequency band having given

inteneibelo 4he HE%Eiﬁ%ﬂa%é&m%lm&%ﬁ%ﬂ%Q%@{@g@%e& a user in
ecte

performing the method in 20 accordance with one selec rom a group

shavibgotderebaviehrietbagmitedueNigdetni]026] An apparatus of stimulating a
hair cell using acoustic stimulation according to one example embodiment of

the present invention includes a 7 hearing ability diagnosing section
configured to measure hearing ability threshold about a hair cell region by
usingpds ponsethfdrofatoovadiagisehimr acdbreamokatiith spewific audicerver
signal; a stimulation part detecting section configured to determine a

freqanegieshals dorallpendint ot daipkgied hetiver according to one example

embodiment of the present invention includes (a) transmitting application for
10  diagnosis of hearing ability to the client, wherein the application outputs snail
model interface having hair cell region images divided with 1/k octave
resolution; (b) receiving response information of a user in accordance with an
audio signal of a frequency band corresponding to at least one of the hair cell
region images; (c) determining a frequency band corresponding to damaged hair
15  cell region as a target frequency band using the response information; and (d)
transmitting an acoustic signal of the target frequency band having given

intensity to the client.

[0025] A recoding media read by a computer performing the method in
20 accordance with one selected from a group having the above methods is

provided.

[0026] An apparatus of stimulating a hair cell using acoustic stimulation

according to one example embodiment of the present invention includes a



5 region as a target frequency band using the measured hearing ability
threshold; and a stimulation curing section configured to output an acoustic
signal having preset intensity to the determined target frequency band.
[0027] As described above, in a method and an apparatus of stimulating a
10 hair cell of the present invention, a user may diagnose easily and

te bility th il model interf 002 h
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DESCRIPTION OF THE DRAWINGS [0030] Example embodiments of the
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embodiments of the present invention with reference to the accompanying

sdrawisigs, 46 aaight &clRRA3Y blad hisim:hleck disgr@mlusisadingt@nhreshold;

apparatus for stimulating a hair cell according to one example embodiment
of theduesenilnientionnd €082 Eddighiisdtdloctpaliagracoubtistsaing l&ving
apparatus for stimulating a hair cell according to one example embodiment
of theepreséetsity éntlend (o33} ddl @rgidraquiewylkmstdating snail model
interface according to one example embodiment of the present invention;

[0027] As described above, in a method and an apparatus of stimulating a
10 hair cell of the present invention, a user may diagnose easily and accurately

hearing ability through snail model interface.

[0028] In a method and an apparatus of stimulating a hair cell of the present
invention, a user may verify visually acoustic signal stimulation and improving

15 rate of hearing ability.

[0029] A method and an apparatus of stimulating a hair cell of the present

invention may improve fundamentally hearing ability.
20 BRIEF DESCRIPTION OF THE DRAWINGS
[0030] Example embodiments of the present invention will become more

apparent by describing in detail example embodiments of the present invention

with reference to the accompanying drawings, in which:



10 [0034] FIG. 4 is a flow chart illustrating a process of diagnosing the
hearing ability according to one example embodiment of the present
invention; [0035] FIG. 5 is a flow chart illustrating a process of stimulating the
hair cell 15 according to one example gmbodiment of the present invention;
[0036] FIG. 6 is a view illustrating a hearing ability improving service system
according to one example embodiment of the present invention; 20 [0037]
FIG. 7 is a view illustrating a graph indicating pure hearing examination

g R PRl ol SR o SR Bl
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is a view illustrating a table in which hearing ability result 5 measured before
providing acoustic signal stimulation to a right ear is compared with that
measured after the acoustic signal stimulation is provided to the right ear for

sten[days; (PR3 k& bbtrsdryiam illustriingan aiparktusiisrshearitgpbihisir
result 10 measured after acoustic signal stimulation is provided to the right
eardelt denowitrys tis amrparapsviimbodimeasstities @Heetheaadisstic signal
stimulation is provided to the right ear for fifteen days; [0042] FIG. 12 is a
view illustrating a graph showing hearing ability threshold of

[0033]FIG. 3 is a view illustrating snail model interface according to one
example embodiment of the present invention;

10

[0034] FIG. 4 is a flow chart illustrating a process of diagnosing the hearing

ability according to one example embodiment of the present invention;

[0035] FIG. 5 is a flow chart illustrating a process of stimulating the hair cell

15  according to one example embodiment of the present invention;

[0036] FIG. 6 is a view illustrating a hearing ability improving service system

according to one example embodiment of the present invention;

20 [0037]FIG. 7 is a view illustrating a graph indicating pure hearing examination

result of one examined person;

[0038] FIG. 8 is a view illustrating the target frequency band determined for the

examined person in FIG. 7;



15 the right ear before and after the acoustic signal stimulation is provided;
[0043] FIG. 13 is a view illustrating schedule for verifying whether or not
improving of the hearing ability is continuously maintained after the acoustic
signal stimulation about the right ear isstopped; 20 [0044] FIG. 14 is a view
illustrating a table showing measurement result of the hearing ability about
the right ear after the acoustic signal stimulation is stopped; and 10 [0045]
FIG. 15 is a view illustrating a graph corresponding to the table in FIG. 14.

PERfORIFIIOY 08 Rbr i EtGnl SARINEIT 200400 S Rl on:

ents of the present invention are disclose n. However,
specific structural and functional details disclosed herein are merely
representative for purposes of describing example embodiments of the
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may be 10 embodied in many alternate forms and should not be construed as
slimitesbisuredabyitecciphntiingniolishe Rigsanistivention set fpriigheredt. is
[0047] Accordingly, while the invention is susceptible to various modifications
anctaitganativeifiotive, repasifrec afteodhe etsulitier sighat estiihalationyi sverp dtieth
example in the drawings and will herein be described in detail. It should be
to the right ear for ten days;

[0041]FIG. 11 is a view illustrating a table in which hearing ability result
10  measured after acoustic signal stimulation is provided to the right ear for ten
days is compared with that measured after the acoustic signal stimulation is

provided to the right ear for fifteen days;

[0042] FIG. 12 is a view illustrating a graph showing hearing ability threshold of

15  the right ear before and after the acoustic signal stimulation is provided;

[0043]FIG. 13 is a view illustrating schedule for verifying whether or not
improving of the hearing ability is continuously maintained after the acoustic
signal stimulation about the right ear is stopped;

20

[0044] FIG. 14 is a view illustrating a table showing measurement result of the
hearing ability about the right ear after the acoustic signal stimulation is

stopped; and



understood, however, that there is no intent to limit the invention to the
particular forms disclosed, but on the contrary, the invention is to cover all
modifications, equivalents, and alternatives falling within the spirit and scope
of the invention. Like numbers refer to ljke elements throughout the
description of 20 the figures. [0048] It will be understood that, although the
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useg to distinguish one element 11 from another. For example, a first
element could be termed a second element, and, similarly, a second element
could be termed a first element, without departing from the scope of the
present invention. As used herein, the term "and/or" includes any and all

combinations of one pERCEPFIDR BFSSPRINEIC EMBOIRIMSNIPS49] It will be
understood that when an element is referred to as being "connected" or

5'coupled” to another element, it can be directly connected or coupled to the
other element or intervening elements may be present. In 10 contrast, when
an §dede]ntisarafderechbmdisbats @f dire ¢ty semt nectatiroaréddiscitys e nalesit’.
to another element, there are no intervening elements present. Other words
usedaveayescsiprcifiestalatioakhip Hensémnaketetadsdisclsattescinterpratedin

a like fashion (i.e., "between" versus "directly between", "adjacent" versus
"direRIpadjiateatorgposes of describing example embodiments of the present
invention, however, example embodiments of the present invention may be
10  embodied in many alternate forms and should not be construed as limited to

example embodiments of the present invention set forth herein.

[0047] Accordingly, while the invention is susceptible to various modifications
and alternative forms, specific embodiments thereof are shown by way of
15 example in the drawings and will herein be described in detail. It should be
understood, however, that there is no intent to limit the invention to the
particular forms disclosed, but on the contrary, the invention is to cover all
modifications, equivalents, and alternatives falling within the spirit and scope of
the invention. Like numbers refer to like elements throughout the description of

20  the figures.

[0048] It will be understood that, although the terms first, second, etc. may be
used herein to describe various elements, these elements should not be

limited by these terms. These terms are only used to distinguish one element



15 [0050] The terminology used herein is for the purpose of describing
particular embodiments only and is not intended to be limiting of the
invention. As used herein, the singular forms "a", "an" and "the" are intended
to include the plural forms as well, unlgss the context clearly indicates
otherwise. It wiII be further 20 understood that the terms "comprises”,

COP’ICPHSIH hl? g%sar%n /or f|r Ccla edrln cou%qbustggmree e'@ecgec‘fl trﬁgnt
presence o sated ea ure egers steps operations, elements /or

CO@R?”%%@W 905%%9598\891%},? cRNESBOR AN AR L RGO Witfout

other features ntegers, steps, operatlons elements, components, an

9roHBSHRRE RNt 400 P a%s GlbsrisR deiiied. Al HahErRGLMOterm

technical and scientific terms) used herein have the same meaning as

comanardy” inelgasio a8l oINSk IBnd @@ &padiiehetRissociated

invention belongs. It will be further 5 understood that terms, such as those
sdefirgstinggagnmonly used dictionaries, should be interpreted as having a
meaning that is consistent with their meaning in the context of the relevant
art and will not be interpreted in an idealized or overly formal sense unless
expressly so defined herein. 10 [0052] FIG. | is a block diagram illustrating an
apdee49K tfoviktiveu lantleysiobdirthed | vduoraingleonent isxagfestedricbadirbeiny
of the present invention. [0053] In FIG. 1, the apparatus for stimulating the
hair G¥INEERR S PlethbecRMRifeiRIRMEestahearimg aiaslieemsasiag or
section 100, a stimulation _ _
coupled to the other element or intervening elements may be present. In
10  contrast, when an element is referred to as being "directly connected" or
"directly coupled" to another element, there are no intervening elements
present. Other words used to describe the relationship between elements
should be interpreted in a like fashion (i.e., "between" versus "directly

between", "adjacent" versus "directly adjacent", etc.).
15
[0050] The terminology used herein is for the purpose of describing particular
embodiments only and is not intended to be limiting of the invention. As used
herein, the singular forms "a", "an" and "the" are intended to include the plural
forms as well, unless the context clearly indicates otherwise. It will be further
20 understood that the terms "comprises", "comprising,", "includes" and/or
"including", when used herein, specify the presence of stated features, integers,
steps, operations, elements, and/or components, but do not preclude the

presence or addition of one or more other features, integers, steps, operations,

elements, components, and/or groups thereof.



15 part detecting section 102 and a stimulation curing section 104. [0054]
The hearing ability diagnosing section 100 provides an audio signal
corresponding to specific frequency band to a user, and measures hearing
ability of the user about the frequency band through response of the user in
20 accordance with the provided audio signal. Here, the hearing ability may
be measured through a pure tone audiometry PTA, an otoacoustic emission
OAE and an evoked response audiometry ERA, etc. [0055] In one example

SR sl U AR R
respliian KBale AR [REHIEIENRISHOLHNG 43 BJRIRIGTATHIR H oHSS) GHad

detects location of a damaged hair cell and a damaged rate of the hair cell in

accordamaaryigriing RFRViSe tawdienstaralnvelnChElERGI ably vineodermhar

ability diagnosing section 100 provides the audio signal of the frequency
sbanghberstoad thtsiarossiivadntagancsabiofited) ipdanensasoliskandivliortaries,
preferably 1/3 to 1/24 octave resolution to the user as an examined person,
ancshoadphdse siitegmietpdbdityhaiving @wsenéaiogothainde wothsikietitevatiovitieid
audio signal. Here, in one example embodiment of the present invention, the
audiesiyngl iprdvideentexthef iber retevasp@ndend avithediube frégraegted iin an
range of 250Hz to 12000Hz, i.e. a medium frequency. In case of dividing the

melflapiZeeicrveyYdomeahrenacaxVaBPrexassaociediser nerein.

10 [0052] FIG. 1 is a block diagram illustrating an apparatus for stimulating a hair

cell according to one example embodiment of the present invention.

[0053]In FIG. 1, the apparatus for stimulating the hair cell of the present
embodiment includes a hearing ability diagnosing section 100, a stimulation

15  part detecting section 102 and a stimulation curing section 104.

[0054] The hearing ability diagnosing section 100 provides an audio signal
corresponding to specific frequency band to a user, and measures hearing
ability of the user about the frequency band through response of the user in
20 accordance with the provided audio signal. Here, the hearing ability may be
measured through a pure tone audiometry PTA, an otoacoustic emission OAE

and an evoked response audiometry ERA, etc.

[0055] In one example embodiment of the present invention, the hearing ability



whole hair cell region of the user may be divided into 134 frequency bands
15 (frequency band regions). [0057] In case of examining the hearing ability,
the audio signal of specific frequency band selected from 134 frequency
bands is provided to the user, and the user inputs response information in
response to the provided audio 20 signal of which volume is adjusted. [0058]

The response information in acc nce Wi the vo‘ e stment is
store% %%e%rﬁlegcg |I|tl)f/6¢1rgs?1o coprees%%n 0 hg}aﬁgl(l)f S Calfttﬁand
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102 detects a simulation part 5 using the hearing ability threshold about the

audigisienah Aceauptdnateausoe&RadS; galthe detection of the
simulation part indicates detection of the hair cell region to which acoustic

ssignal stimulation is to be provided. Particularly, the detection of the
simulation part determines the frequency band corresponding to a damaged
hai[@esbjetyefarably| @06 Ok Atireg sibilitiat g easing sedtivon 00pavipessibeaudio
acoustic signal having preset intensity to the frequency band of the damaged
haisigsidrefjibr frequsrmyibace bathingd/tdieoositivf thiegrinod laltove piroctave
detecting section 102.
resolution, more preferably 1/3 to 1/24 octave resolution to the user as an
examined person, and diagnoses hearing ability of the user in accordance with
10  the provided audio signal. Here, in one example embodiment of the present
invention, the audio signal provided to the user corresponds to a medium
frequency in a range of 250Hz to 12000Hz, i.e. a medium frequency. In case
of dividing the medium frequency range with maximum 1/24 octave resolution,

whole hair cell region of the user may be divided into 134 frequency bands

15  (frequency band regions).

[0057] In case of examining the hearing ability, the audio signal of specific
frequency band selected from 134 frequency bands is provided to the user,
and the user inputs response information in response to the provided audio

20  signal of which volume is adjusted.

[0058] The response information in accordance with the volume adjustment is
stored as hearing ability threshold corresponding to the audio signal of the

selected frequency band. Here, the hearing ability threshold means a hearing



Here, the acoustic signal may be provided with intensity (decibel) higher by
15 predetermined level than the hearing ability threshold of pre-stored
corresponding frequency band. [0061] In one example embodiment of the
present invention, the acoustic signal ggrresponds to at least one of
amplitude modulated tone, frequency 20 modulated tone, pulse tone and

amplitud mo%ul ted narrowband noise, or .combination of the.tgnes and.the
BB e o (R IS BAST rSE RORE) Shrefetl e ang

dargggg%d ngéggﬁegr%ﬁf&%nal may be provided to the damaged hair cell

regions in an amage rate, be provided randomly to the
damaged hair cell regions, or be provided simultaneously to the damaged
hair cell regions. [0063] In case that the acoustic signal is provided to the

da T sPfurat69IRRR QfRRMESHAHY LY BIRRSHESinkiMstRRT part

orders, the hearing ability of the user may be improved. [0064] Hereinafter,

sthe @pfaredeshebaig Wpiing thedraidcab@btthrepmarot seimdlogimehwit biee
described in detail with reference to accompanying 10 drawing FIG. 2. [0065]
FIGr&yissadyloblrdisgrahenéystretintptettion cefl stiesatinigtapparartusndicates
according to one example embodiment of the present invention. 15 [0066] In
FIGig2ectiernehitirey Rdiiliogitregiwsitegvgeicticrcagliofsibaghrefsvnlatianbe dimient
includes an Ul outputting section 200 and a response information
provided. Particularly, the detection of the simulation part determines the
frequency band corresponding to a damaged hair cell region.
10
[0060] The simulation curing section 104 outputs the acoustic signal having
preset intensity to the frequency band of the damaged hair cell region in
accordance with the detection of the stimulation part detecting section 102.
Here, the acoustic signal may be provided with intensity (decibel) higher by

15 predetermined level than the hearing ability threshold of pre-stored

corresponding frequency band.

[0061]In one example embodiment of the present invention, the acoustic
signal corresponds to at least one of amplitude modulated tone, frequency
20  modulated tone, pulse tone and amplitude modulated narrowband noise, or

combination of the tones and the noise.

[0062] Furthermore, in case that a plurality of hair cell regions are damaged,

the acoustic signal may be provided to the damaged hair cell regions in an



storing section 202. [0067] In one example embodiment of the present
invention, the Ul outputting 20 section 200 displays snail model interface
shown in FIG. 3 on a displaying section 232 so that the examined person not
a skilled expert can diagnose his hearing ability by himself. [0068]As shown
in FIG. 3, the snail model interface of the present 16 embodiment has an
image 30Q gorresponding to the hair cell regigns, divided with high resolution.
oo GRS ) PHRa fo GO R sy coiens.
corresponds. um f [ 7 t , the snail
oL R o bt Seh TN e o
dividing the medium frequency range with 1/24 octave resolution. [0069] In
case that the user selects one of the hair cell region images 300 in order to
mepsuE8] inecasartnst ahiitycans At dig g R beb Adsacieeney Ransdgdnaiehecs!
with the selected hair cell region image is outputted. Here, the 10 frequency
sbanddioaicoethwitRdhevitaveRILsepite ASIRY KiNRAGISARIERS] URE Gl MR Chbility
having frequency specificity corresponding to the hair cell region related to
the ofithg@skr adgiterimbevedr cell region image 300 may be selected by
using a key button, a mouse or a touch screen method, etc. 15 [0070] In case
that the audio signal is outputted, the user may adjust intensity of the audio
signal through volume control 302, and inputs response information about an

inti998#Homneinaliaticinenanpauriusigpfasigwintingatie hair cell of the present

embodiment will be described in detail with reference to accompanying

10  drawing FIG. 2.

[0065] FIG. 2 is a block diagram illustrating a hair cell stimulating apparatus

according to one example embodiment of the present invention.

15 [0066]In FIG. 2, the hearing ability diagnosing section 100 of the present
embodiment includes an Ul outputting section 200 and a response information

storing section 202.

[0067] In one example embodiment of the present invention, the Ul outputting
20  section 200 displays snail model interface shown in FIG. 3 on a displaying
section 232 so that the examined person not a skilled expert can diagnose his

hearing ability by himself.

[0068] As shown in FIG. 3, the snail model interface of the present



[0071]The response information storing section 202 receives the response 20
information corresponding to each of the audio signals from a user inputting
section 220, and stores the received response information. Here, the user
inputting section 220 may be a keypad, @ mouse or a touch screen. In one
example embodiment of the present invention, the response information may

be stored.as the hearing abili reshold of the frequency band relateéioto 1
coreinsaenthas 20 hade ol ReanaRans (S anedentuacd

E)bo%mﬁé% .eg,Sft!F]ﬁSH!‘?rﬁ ?ysﬂ%éﬂﬁ(ﬁéllérﬁ%éné%?Wa%ﬁ?ﬁﬁggé%;gﬁg-tﬁe

e stimulation part detecting section aring

ab”ﬁé(a‘r_*ﬂﬁﬁ%mfﬁb‘?&r}%@g&%é%ﬁ% 4R8N BRIRRE]T S e 1Pt 20001,
determining section 206. 10 [0074] The hearing ability threshold comparing

seciinsAa cRaNI AR e hagnneahiinhreEnyRiie Storeoasther

response information storing section 202 with a reference hearing ability

sthrefitialdg [Pe fhétiherheadinhapitivgb ieeholdiacoreney kg session 204
discriminates 15 whether or not the hearing ability threshold of the measured

frequency band is higher than the reference hearing ability threshold. [0076]
The target frequency band determining section 206 determines a frequency
barl@@68idh sheelthalctiveinezbirsalects duecef it hhi celinfegitngimages 300 in

order to measure the hearing ability, an audio signal of a frequency band
matched with the selected hair cell region image is outputted. Here, the
10 frequency band matched with the hair cell region image means a frequency
band having frequency specificity corresponding to the hair cell region related
to the image. In addition, the hair cell region image 300 may be selected by

using a key button, a mouse or a touch screen method, etc.

15 [0070] In case that the audio signal is outputted, the user may adjust intensity
of the audio signal through volume control 302, and inputs response

information about an intensity point at which the audio signal is not heard.

[0071] The response information storing section 202 receives the response
20  information corresponding to each of the audio signals from a user inputting
section 220, and stores the received response information. Here, the user
inputting section 220 may be a keypad, a mouse or a touch screen. In one
example embodiment of the present invention, the response information may

be stored as the hearing ability threshold of the frequency band related to



20 result as a target frequency band. Here, the determination of the target
frequency band indicates detection of damaged hair cell region, and the
target frequency band may be determined in a unit of 1/k octave resolution
like in the hearing ability diagnosing section 100. However, the determination
of the target frequency band is not limited as the above method. For
examp Ie a 18 freqyenc nd range co ondlng to damaged hair cell
reglons %c\’/rllng ng%g'ﬁezﬁpr?ga rFteyrﬂ res(%eP %id located continuously may
be determined as the target frequency band. 5 [0077] Information concerning
the determined one target frequency band or more and order information in
6715 LHBARE20R AUBRARIPSA IS SRS HRE OB ML RtG
W|th user identification information. [0078] The stimulation curing section 1 4
of the RIssRNERMABadiment includes 10 an acoustic signal intensity
determining section 210, an acoustic signal kind determining section 212, a
sstimulation order determining section 214, an acoustic signal outputting
section 216 and a timing section 218, and provides the acoustic signal to the
us€i00ZBjdrieGniyrthatstimstatiod pathdeteeting g&Qidn1 0 0E]dELeacwenBiy
signal intensity determining section 210 determines intensity of the acoustic
sigrdllity bthrasivite dctparingers§oi80] 204 derxirabletanggtthiseacenstic sansal
intensity determining section 210 determines intensity higher by 3 decibel to
20 detepeinharsesianedfhg ability 20 threshold of each of the target
frequency bands as the intensity of the acoustic

10 [0074] The hearing ability threshold comparing section 204 compares the
hearing ability threshold of the user stored in the response information storing

section 202 with a reference hearing ability threshold.

[0075] The hearing ability threshold comparing section 204 discriminates
15  whether or not the hearing ability threshold of the measured frequency band is

higher than the reference hearing ability threshold.

[0076] The target frequency band determining section 206 determines a
frequency band which should be cured in accordance with the comparing
20 result as a target frequency band. Here, the determination of the target
frequency band indicates detection of damaged hair cell region, and the target
frequency band may be determined in a unit of 1/k octave resolution like in the
hearing ability diagnosing section 100. However, the determination of the

target frequency band is not limited as the above method. For example, a



signal. [0081] In case that the target frequency band is determined as the

frequency band range corresponding to the hair cell regions located

continuously, the 19 acoustic signal intensity determining section 210 may

determines intensity higher by 3 decibe}to 20 decibel than average value of

the hearing ability thresholds of the hair cell regions as the intensity of the

acoy stic s l. 5 082] Preferabl intenSit fth oustic na ma
% %al Dl ddha

be Jef]erm A'a Tatige of §p(9e0|'bgl &gc ef. 3F¥RE aco\(i'g Jigh
signal] ﬁ@ ﬁiﬁ% Flegﬂo?c?%ti%]lgéa%e%eﬁ%mmi éb}gﬁ% tlﬂg Hﬁ'ii‘éé'gg'%éo

be provi e user considering selection earing loss
ratqaqéé@eé@eéﬁ&\gg@ curing is required or the target frequency band.
[0084] In one example embodiment of the present invention, source tone of
the acoustic signal may have amplitude modulated tone, frequency
modulated 15 tone, organ point, pulse tone and amplitude modulated

snar[oermNediaistoeicotitinh arRc desienfigaabki thetse fratiisacsetng or
212 determines at least one of the tones, the organ point and the noise or
comimratod ofdbeitdo@satibe iomzionpamtcawitttamaipe @sctlaecastorstiin the
signal to be provided to the user. 20 [0085] The simulation order determining
sectiem2iy2d8twithinmedcbeathwitbrekear idetifcationdtitogiypi@nabout the target
frequency bands considering selection of the user, hearing loss rate of the
user to which curing is required or adjacent

[0078] The stimulation curing section 104 of the present embodiment includes
10  an acoustic signal intensity determining section 210, an acoustic signal kind
determining section 212, a stimulation order determining section 214, an
acoustic signal outputting section 216 and a timing section 218, and provides

the acoustic signal to the user using the information stored in the memory 208.

15 [0079] The acoustic signal intensity determining section 210 determines

intensity of the acoustic signal to be provided to the user.

[0080] It is desirable that the acoustic signal intensity determining section 210
determines intensity higher by 3 decibel to 20 decibel than the hearing ability
20  threshold of each of the target frequency bands as the intensity of the acoustic

signal.

[0081] In case that the target frequency band is determined as the frequency

band range corresponding to the hair cell regions located continuously, the



rate of the target frequency band. 20 [0086] Preferably, the stimulation order
determining section 214 may determine the output order so that the acoustic
signal is outputted in sequence from the frequency band corresponding to
most damaged hair cell region. Howevgy, the above output order is not
limited as the order mentioned above. 5 For example, the acoustic signal
may be r ndomlé/ out%%t ed, or be. simultaneou?%outgyt(tj% to the target

freqt?é’Hg)}Coesl'r%]s.l [56 @h%ea%%g{?gs?geﬁg ou puttmg section 26 du %rl].l gy

the aepUsHG siopaliaving ihgdatermined intensity. [ad,ang ofder Helgyl
‘glﬁ %? Olﬁ %an§§ >% gan ? eg

casethat the target equency are existe the acousti signals

of thedargrisEMERaY PANRRRIS i@iﬁ@%ﬁ%é&?%@%&%ﬁé@ﬁﬂ%lpf each

of the acoustic signals may be set. The timing Section 218 detects whether
or not the output time of each of the acoustic signals is finished, and controls
the acoustic signal outputting section 216 in accordance with the detection

srespinsethasiEhanhh MeOMEBGSRIDDALIR HBJUSKE Seeli@MIZ\OCRLIERIESMNed in a
acoustic signal of next target frequency band or finishes output of the
acouastie s akdidess)] 10 daekmtample embodiment of the present invention,
the Ul outputting section 200 displays information on the snail model
interface when the 20 acoustic signal for curing the hearing ability of the user
is outputted, wherein the user senses visually fact as to whether or not the

acd@9¥SkIdeAcousligsignral Kintbasieymintainectiae Hrbdgietneassmetidhe
acoustic signal to be provided to the user considering selection of the user,

10 hearing loss rate of the user to which curing is required or the target frequency

band.

[0084] In one example embodiment of the present invention, source tone of the
acoustic signal may have amplitude modulated tone, frequency modulated
15 tone, organ point, pulse tone and amplitude modulated narrowband noise, etc.
Here, the acoustic signal kind determining section 212 determines at least one
of the tones, the organ point and the noise or combination of the tones, the

organ point and the noise as the acoustic signal to be provided to the user.

20 [0085] The simulation order determining section 214 determines output order
of the acoustic signal about the target frequency bands considering selection
of the user, hearing loss rate of the user to which curing is required or adjacent

rate of the target frequency band.



[0089] For example, the Ul outputting section 200 may change color or size
of 21 the hair cell region image 300 corresponding to the frequency band
(target frequency band) of the acoustic signal outputted now in accordance
with control of a controller 230. 5 [009Q},In case that the acoustic signal is
the amplitude modulated tone, the Ul outputting section 200 may change

I [ f ding hair cell ion,i 300 with. izi
RN e BBt AR b RS, 760081 oty
it SAPRUEE Echg=E o1y e
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change of the frequency modulated tone. 15 [0092] In case that the acoustic

SignvRiae HeABRRIBUIPINBraBISE HRANTRS B4 HERHEHIGReFRRFEBdvaY

sense that the acoustic signal provided now to the user is the organ point or

sthe parsextemgld)rabgh sbargie ofigator afasizesf rapdsmaonslinaiteadr cell be
region image 300. 20 [0093] In one example embodiment of the present

inveitiolaribeusseouittectiohmtatyee fyetrencghitiedsnail model interface

whether or not the hearing ability of each of the hair cell regions is improved.
[0094] The Ul outputting section 200 shows the snail model interface so that
2 [0087] The acoustic signal outputting section 216 outputs the acoustic signal
having the determined intensity, kind and order. Here, in case that the target

10  frequency bands are existed and the acoustic signals of the target frequency
bands are individually outputted, output time of each of the acoustic signals

may be set. The timing section 218 detects whether or not the output time of
each of the acoustic signals is finished, and controls the acoustic signal
outputting section 216 in accordance with the detection result so that the

15  acoustic signal outputting section 216 outputs an acoustic signal of next target

frequency band or finishes output of the acoustic signal.

[0088] In one example embodiment of the present invention, the Ul outputting
section 200 displays information on the snail model interface when the
20  acoustic signal for curing the hearing ability of the user is outputted, wherein
the user senses visually fact as to whether or not the acoustic signal is

outputted, intensity and kind, etc through the information.

[0089] For example, the Ul outputting section 200 may change color or size of



the hair cell region image 300 of the target frequency band determined in
accordance with diagnosis of the hearing ability is separated from other hair
cell region image. Additionally, the Ul outputting section 200 may show the
image 300 of the damaged hair cell regjpn with color or size varied in 5
accordance with damage rate. [0095] The UI outputting section 200 changes
col(gr or size OIT corres,|cxond|ng?1 air cell re gian mgq &O in accorda (Eﬁ with

|mproevehreH(r-:-rcfterae eacﬁ%ef e ﬁgj"[’ecs regl ns a er ﬁguano es tﬂ?t
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stimul tlon he user verl provement rate o t earing ability.

[OO@@M'(;]%fry%?]\(mrgsr@te of the hearing ability may be discriminated by
measuring again hearing ability threshold about the target frequency band.

15 [0097] Hereinafter, a method of diagnosing the hearing ability and a
method of improving the hearing ability of the present invention will be

sdeoogeylincaisalaviterateissicsigharromp aningdl aiia g teZode b RIG .
5. 20 [0098] FIG. 4 is a flow chart illustrating a process of diagnosing the
heasutputtibdityemtioar@0@) toagnehargen pleaz nob ailim eiftaoktbsp pnelgentair cell
invention. Here, the displaying section 232 of the apparatus for stimulating
the regiprdinageeAtfoditd syithheoniziol ydteampitujeodwirRefefring eonpliGide,

the apparatus for stimulating the hair cell displays
modulated tone.

10  [0091] In case that the acoustic signal is the frequency modulated tone, the Ul
outputting section 200 may change color or size of the hair cell region image
300 corresponding to a frequency changed by synchronized with frequency

change of the frequency modulated tone.

15 [0092] In case that the acoustic signal is the organ point or the pulse tone, the
Ul outputting section 200 may sense that the acoustic signal provided now to
the user is the organ point or the pulse tone through change of color or size of

corresponding hair cell region image 300.
20 [0093]In one example embodiment of the present invention, the user may
verify intuitively through the snail model interface whether or not the hearing

ability of each of the hair cell regions is improved.

[0094] The Ul outputting section 200 shows the snail model interface so that



the snail model interface shown in FIG. 3 on the touch screen 232 in case
that the user requests diagnosis of his hearing ability in step S400. Here, the
snail model interface has a plurality of hair cell region images in which
frequency 5 bands generated by dividing medium frequency with maximum
1/24 octave resolution are visually sensed. [00100] In step S402, it is

discri ted wheth t ts, the hair cel ion 00
i B ok d S o e SR D el R R
di he Sl e imerfae 8o 5D T LSS
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stimulating the hair cell discriminates whether or not response information of

theiH%SJ’ei%@OC%dm@%éMH@é'&e el Qe ORRYibn rareiVeslofO8L &}el Narkkerin
may adjust volume in accordance with result as to 20 whether or not the user

sheagsdhraisdiovriotahageringut the response information about an intensity
point at which the audio signal is not heard. [00104] In step S408, the
response information is stored as the hearing ability threshold of the
frequency band corresponding to each of the 24 audio signals. [00105] In
step08AN hia e b mpdpattisofeestionuiithghérrghaicalell or size of corresponding

hair cell region image 300 in accordance with improvement rate of each of the
hair cell regions after the above stimulation through the acoustic signal
10 (hereinafter, referred to as “acoustic signal stimulation”) so that the user

verifies improvement rate of the hearing ability.

[0096] The improvement rate of the hearing ability may be discriminated by
measuring again hearing ability threshold about the target frequency band.

15

[0097] Hereinafter, a method of diagnosing the hearing ability and a method
of improving the hearing ability of the present invention will be described in

detail with reference to accompanying drawings FIG. 4 and FIG. 5.

20 [0098]FIG. 4 is a flow chart illustrating a process of diagnosing the hearing
ability according to one example embodiment of the present invention. Here,
the displaying section 232 of the apparatus for stimulating the hair cell is

embodied with a touch screen.



compares the hearing ability threshold of the user with the reference hearing
5 ability threshold after input of the response information is finished. [00106]
In step S412, the target frequency band is determined through the
comparing result, wherein the acoustic.signal stimulation is required for the
target frequency band. 10 [00107] In step S414, information concerning the
tar quency.band s stored in the memory 208 Here, the informatio
corlORSh RS LTaAP e S BARE TR, Moo el HhreahoR Gopys
nfagmaion. headnaaRILY SR e mAN Al Leduany s ;
Wh(i}(ﬂugt%é% heasr)ﬁ]égqﬁ)l itéﬁés(sl ﬁﬁelgnos%de: %ﬁrge%r}@gﬁeér?%%b;%z inﬁ%%rr%ﬁ%%,
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the audio signals corresponds dividedly to the frequency bands having 1/24

OCtAYSHER SRILHISE: thestargrlrSivgLeHar Rand&omdh zﬂé%@éimammﬂéaﬁ@y

of the frequency bands. However, the determination of the target frequency
sbarshisipajdinsistens fhehadinyenmeathodirdadrisy spectiaiagrendibasdve
range in which average of hearing ability thresholds of the frequency bands
is higbautibarae seedigcensdde may be determined as the target frequency
band. For example, in case of measuring the hearing 25 ability using each of
the audio signals corresponding to the frequency bands of 5920Hz to

6093Hz (first interval), 6093Hz to 6272Hz (second interval) or
[00100] In step S402, it is discriminated whether or not the user

selects the hair cell region image 300 displayed on the snail model interface.

10
[00101] In step S404, in case that the user selects the hair cell region
image 300, an audio signal of the frequency band corresponding to the hair
cell region related to the selected image 300 is outputted.

15 [00102] In step S406, the apparatus for stimulating the hair cell

discriminates whether or not response information of the user in accordance

with the audio signal is received.

[00103] The user may adjust volume in accordance with result as to
20  whether or not the user hears the audio signal, and input the response

information about an intensity point at which the audio signal is not heard.

[00104] In step S408, the response information is stored as the

hearing ability threshold of the frequency band corresponding to each of the
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6272Hz to 6456Hz (third interval) generated by dividing the medium
frequency with 1/24 octave resolution, the target frequency band may be
determined in a 5 unit of intervals or in new interval having the above three
intervals, i.e. 5920Hz to 6456Hz. [001Q9] FIG. 5 is a flow chart illustrating a
process of stimulating the hair cell according to one example embodiment of
the é)urg%esrllt ri}nYSention. 10 [00110] The apparatus for stimulating the hair cell
determines’intensity, kind and order, etc of the target frequency band after
the target frequency band is determined as mentioned above, and outputs
the acoustic signal for improving the hearing ability of the user in accordance

withgprogpterminglioeh5 sasult. ROLIMRATRITRG terFiGathdhtaPRaratus:

for stimulating the hair cell reads information concerning the target frequency

bang#paE eHE RN P 8B BN B ICe IRENGSe iR tHe FetBRAC Wlifing

signal of the target frequency 20 band in step S502 in case that the user
requBiiity previsinpafkihepacotsis reigoasdirFemaRi0s[NdAE].In steps S504
and S506, kind and output order of the acoustic signal are determined. 26
[00113] As described above, the output order of the acoustic signal may be
determined in accordance with damage rate, or be determined so that
[00106] In step S412, the target frequency band is determined through
the comparing result, wherein the acoustic signal stimulation is required for the

target frequency band.

[00107] In step S414, information concerning the target frequency band
is stored in the memory 208. Here, the information concerning the target
frequency band may have user identification information, hearing ability
threshold information of a frequency band about which the hearing ability is
diagnosed, target frequency band information, order information in accordance

with damage rate, etc.

[00108] In case that the audio signals corresponds dividedly to the
frequency bands having 1/24 octave resolution, the target frequency band may
be determined in each of the frequency bands. However, the determination of
the target frequency band is not limited as the above method. That is,
specific frequency band range in which average of hearing ability thresholds of
the frequency bands is higher than a reference value may be determined as

the target frequency band. For example, in case of measuring the hearing



5

10

15

20

the acoustic signal is randomly or simultaneously outputted. 5 [00114] In step
S508, the acoustic signal is outputted in accordance with the determined
intensity, kind and order. [00115] In step S510, in case that the acoustic
signal is outputted in accordance with gamage rate or is randomly outputted,
the apparatus for 10 stimulating the hair cell discriminates whether or not

output time.of the ac tic sjgnal is finished. [00116] In step S512, in case
B e e R e S R S oS o e R a2a R o
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signalis outputted, the apparatus for stimulating the hair cell synchroni
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or pulse period of the acoustic signal, and changes color or size of the hair

cel\irgipn28dmagr308RInhashalenadglaveliBard rmagass drmseME the

synchronization. [00118] The method of stimulating the hair cell of the

pregatiofimbadigieniniheriiterinaual heaByeiret anpsitalbe.é BT,
established by the user or in a hospital, etc. In addition, the method may be

protodb@7,.through a network at a remote place. [00119] FIG. 6 is a view
illustrating a hearing ability improving service system according to one
example embodiment of the present invention.

[00109] FIG. 5 is a flow chart illustrating a process of stimulating the

hair cell according to one example embodiment of the present invention.

[00110] The apparatus for stimulating the hair cell determines intensity,
kind and order, etc of the target frequency band after the target frequency band
is determined as mentioned above, and outputs the acoustic signal for
improving the hearing ability of the user in accordance with the determination

result.

[00111] Referring to FIG. 5, the apparatus for stimulating the hair cell
reads information concerning the target frequency band from the memory 208
and then determines intensity of the acoustic signal of the target frequency
band in step S502 in case that the user requests providing of the acoustic
signal in step S500.

[00112] In steps S504 and S506, kind and output order of the acoustic

signal are determined.



5[00120] In FIG. 6, the hearing ability improving service system of the
present embodiment includes a hearing ability improving server 600
connected electrically to at least one user client 602 through a network.
Here, the network includes a wire netwgrk having an Internet and a private
line and a 10 wireless network having a wireless Internet, a mobile

icati t tellit twork..[00121] The heari bilit
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or a method of inserting the application into a webpage, etc. 20 [00122] In
case that the user selects a certain hair cell region image 300 through the
snail model interface, the application outputs an audio signal of a frequency

sbard@epragsponding dehesusr aed roigicalrpigddytisutserin [@6detdhnce

Subsequently, in case that the user inputs the response 28 information about
an iniibrtbiydptamaied menditg, airdi@sigorakls not heard in accordance with
volume control of the audio signal, the user client 602 transmits the response
information to the hearing ability improving server 600. 5 [00124] The hearing
ability improving server 600 has the stimulation

[00115] In step S510, in case that the acoustic signal is outputted in

accordance with damage rate or is randomly outputted, the apparatus for

10  stimulating the hair cell discriminates whether or not output time of the acoustic

signal is finished.

[00116] In step S512, in case that the output time is finished, an
acoustic signal of next target frequency band is outputted.

15
[00117] On the other hand, in case that the acoustic signal is
outputted, the apparatus for stimulating the hair cell synchronizes the snail
model interface with output, amplitude change, frequency change or pulse
period of the acoustic signal, and changes color or size of the hair cell region

20  image 300 of the snail model interface in accordance with the synchronization.

[00118] The method of stimulating the hair cell of the present
embodiment is provided through a computer or a portable terminal established

by the user or in a hospital, etc. In addition, the method may be provided



part detecting section as shown in FIG. | and FIG. 2, and determines the
target frequency band for which curing is required using the transmitted
response information of the user. 10 [00125] Additionally, the hearing ability
improving server 600 stores informatiop concerning the target frequency
band, determines intensity, kind, order, etc of the target frequency band in
acct%rdanﬁ% W(IBtRN rer&]La(lj?stroHQt% user, and provides the acoustic signal of the
targe{cﬁquuency BEhT fo e Us&rCient 602 through the network in
accordance with the determined result. 15 [00126] The user client 602 may
be embodied with a terminal which operates the application and has a
Spepngin Inclugcn sigskiopdRRIPRI SRRl GBIy HRARM [PLEIa
etc. 20 [00127] The user client 602 stimulates the hair cell’of the usér by
outyiing therarusicorERRLRIY EabEamMdRehaR asblibvERRERVINg
server 600. [00128] Hearing ability improving rate by the apparatus for
sstimulating 29 the hair cell of the present embodiment may be verified
through an experiment. [00129] FIG. 7 is a view illustrating a graph indicating
purf0be20ing examifEE06, réwu hedrogeabidmimgtopers cerReaticydtty, il Be 7
shows result generated by examining hearing ability in the range of 2000Hz
to goeeeit emhddlitrigat duthuwesesbhatiing abitiy theosindrrea/eilifPdiegmsiteg
section.
electrically to at least one user client 602 through a network. Here, the

network includes a wire network having an Internet and a private line and a
10 wireless network having a wireless Internet, a mobile communication network

and a satellite network.

[00121] The hearing ability improving server 600 provides an
application for outputting the snail model interface shown in FIG. 3 to the user
15 client 602 in accordance with request of the user. Here, the hearing ability
improving server 600 may provide the application through various methods
such as a download method or a method of inserting the application into a

webpage, etc.
20 [00122] In case that the user selects a certain hair cell region image
300 through the snail model interface, the application outputs an audio signal

of a frequency band corresponding to the hair cell region selected by the user.

[00123] Subsequently, in case that the user inputs the response



[00130] As shown in FIG. 7, right ear of the examined person has flat type
hearing loss in a frequency band of 3000Hz to 7000Hz. 10 [00131] FIG. 8 is a
view illustrating the target frequency band determined for the examined
person in FIG. 7. Particularly, a frequengy band range of 5920Hz to 6840Hz
having hearing ability threshold of approximately 50dBHL is determined as

the tar etgrequ ncy band for.the examined person having the resuylt in FJG.
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intensity of 5 dBSL (sensational level) to 10 dBSL. [00133] FIG. 9 is a view

illustrating schedule for acoustic signal stimulation. Particularly, hearing
ability is measured before the acoustic signal stimulation is provided (first

scasm0 g providing theapagusttintpi gnpiaithg bawiatieodaidiy endaysniareiond
case), and after providing the acoustic signal stimulation for fifteen days
(thiphtaistectimgl Sbetivhearghgwbility 1Brdshodds| & @ resp aetbngite shtee target
measurement are compared. 5 [00134] In each of cases, the hearing ability is
me#&sgremey rbantk Soithidi2aubogais egotad orsimgdthise transsnitps adponse

measured values is used
information of the user.

10 [00125] Additionally, the hearing ability improving server 600 stores
information concerning the target frequency band, determines intensity, kind,
order, etc of the target frequency band in accordance with request of the user,
and provides the acoustic signal of the target frequency band to the user client
602 through the network in accordance with the determined result.

15
[00126] The user client 602 may be embodied with a terminal which
operates the application and has a speaker, and include a desktop, a laptop, a

mobile communication terminal, etc.
20 [00127] The user client 602 stimulates the hair cell of the user by
outputting the acoustic signal provided from the hearing ability improving

server 600.

[00128] Hearing ability improving rate by the apparatus for stimulating



as the hearing ability so as to prevent experimental error. [00135] FIG. 10 is a
view illustrating a table in which hearing ability 10 result measured before the
acoustic signal stimulation is provided to a right ear is compared with that
measured after the acoustic signal stimylation is provided to the right ear for
ten days. FIG. 11 is a view illustrating a table in which the hearing ability

resgh easulg%fter aco stlcs aIS|mu tion Isfhgd%'ded to the ri ht eﬁ\tr

for t&n 6{98"13 comp [ee Wlt%n} measuré/d fter U ¥ agousrh &3 grllrla?le
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hearlng ability is improved. 20 [00137] FIG. 12 is a view illustrating a graph

Shogy\é'ﬁ‘&élf& W%ﬁﬁbﬁﬁéﬁ@@“@lﬂﬂ@f iMtheghh§aobebosiang afigsinaith
acoustic signal stimulation is provided. 31 [00138] In FIG. 12, hearing ability

sthresboldolsgh tandafseq erdedrmaroaoflibodibortddighefore the

acoustic signal stimulation is provided equals to 45.4 dBHL. However, the
hearing ability threshold of the frequency band after the acoustic signal
stimulation is provided for ten days equals to 5 38.2 dBHL, i.e. the hearing
abili@9#3@shold is feswarednlin &dditibrrigheesicalrithg abdinyintdestrsiohdfasr ftak

acoustic signal stimulation is provided for
type hearing loss in a frequency band of 3000Hz to 7000Hz.

10 [00131] FIG. 8 is a view illustrating the target frequency band
determined for the examined person in FIG. 7. Particularly, a frequency band
range of 5920Hz to 6840Hz having hearing ability threshold of approximately
50dBHL is determined as the target frequency band for the examined person
having the result in FIG. 7.

15
[00132] The acoustic signal such as frequency modulated tone or
amplitude modulated narrowband tone related to the target frequency band
determined in FIG. 8 is provided to the right ear for thirty minutes in the
morning and evening over fifteen days. Here, the acoustic signal has

20  intensity of 5 dBSL (sensational level) to 10 dBSL.

[00133] FIG. 9 is a view illustrating schedule for acoustic signal
stimulation.  Particularly, hearing ability is measured before the acoustic

signal stimulation is provided (first case), after providing the acoustic signal



fifteen days equals to 34.2 dBHL, i.e. the hearing ability threshold is more
lowered. 10 [00139] This may be mentioned as meaningful result. [00140]
FIG. 13 is a view illustrating schedule for verifying whether or not improving
of the hearing ability is continuously majntained after the acoustic signal
stimulation about the right ear is stopped. 15 [00141] The hearing ability is

df five d to eight fter th ic signal .. .
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acoustic signal stimulation’is stopped. FIG. 15 is a view illustrating a grap

Cor@%@m;ﬁtéhﬁéﬂ%ﬁéﬂrgﬁniéré%@r&femng to FIG. 14 and FIG.

15, improving effect of the 32 hearing ability is maintained after the acoustic
signal stimulation is stopped. Additionally, it is verified that the hearing ability
is improved by approximately 7.9 dB after lapse of eighteen days from stop

sof tj@oagapstic signal sitnuwatizreb, [HELAdAAY sefiErRcambntliesreaifipaon
to "one embodiment,” "an embodiment,” "example embodiment,” etc., means
thaindtipdrid dataleatase|utitruahddehen elvaragteoitie desasilred vat@snsaissa
with the embodiment is included in at least one embodiment of the invention.
Theaaipeheariogabiiushas to prevent experimental error.

[00135] FIG. 10 is a view illustrating a table in which hearing ability
10 result measured before the acoustic signal stimulation is provided to a right ear
is compared with that measured after the acoustic signal stimulation is
provided to the right ear for ten days. FIG. 11 is a view illustrating a table in
which the hearing ability result measured after acoustic signal stimulation is
provided to the right ear for ten days is compared with that measured after the

15  acoustic signal stimulation is provided to the right ear for fifteen days.

[00136] Referring to FIG. 10 and FIG. 11, the hearing ability threshold
of the target frequency band becomes small after the acoustic signal
stimulation is provided, i.e. the hearing ability is improved.

20

[00137] FIG. 12 is a view illustrating a graph showing the hearing
ability threshold of the right ear before and after the acoustic signal stimulation

is provided.



phrases in various places in the specification are not necessarily all referring
to 10 the same embodiment. Further, when a particular feature, structure, or
characteristic is described in connection with any embodiment, it is submitted
that it is within the purview of one skilled in the art to affect such feature,
structure, or characteristic in connection with other ones of the embodiments.
15 Although iments have been described with reference to a
o k5 e e e R RS
nu ifications odi ‘R’ﬁ ISE
it R e A U
dislasaierdMare BBHICUIAik YatioUS VLIRS FRda PR Rlbncy
possible in the component parts and/or arrangements of the subject
compainpineaanaIna WHRAD SimseReR & PiewieeasHRntie drayings to
and the appended claims. In addition to variations and modifications in the
sCondgaIBHIariseartt o madang eibiititSthadishoRtive ses el alsododiappateat
to those skilled in the art. 33 WHAT IS CLAIMED IS: 1. A method of
stinmelaimy abiidyr tted sheldgadien thBcattnstiatgnalhstimettitimos demprisdeg!. for
(a) discriminating a frequency band corresponding to damaged hair cell
regfdiedn atsysrdanets iithdgra s ldigorith the(bedengrmability thiesheltguénoyore
band corresponding to the damaged hair

lowered.
10  [00139] This may be mentioned as meaningful result.
[00140] FIG. 13 is a view illustrating schedule for verifying whether or

not improving of the hearing ability is continuously maintained after the
acoustic signal stimulation about the right ear is stopped.

15
[00141] The hearing ability is measured from five days to eighteen

days after the acoustic signal stimulation is stopped.

[00142] FIG. 14 is a view illustrating a table showing measurement
20 result of the hearing ability about the right ear after the acoustic signal
stimulation is stopped. FIG. 15 is a view illustrating a graph corresponding to

the table in FIG. 14.

[00143] Referring to FIG. 14 and FIG. 15, improving effect of the



cell region as a target frequency band; and (c) outputting an acoustic signal
having given intensity to the target 10 frequency band so as to stimulate the
damaged hair cell region. 2. The method of claim 1, wherein in case that a
plurality of hair cell regions are damaged, the step (b) determines a
frequency band range corresponding to hair cell regions located

continuously qf the damaged hajr 15 cell regions.as the target frequenc
o £ Gl ek S e S e
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bands are determined, the step (C) outputs simultaneously thé acoustic
signal to the target frequency bands. 34 5. The method of claim 1, wherein
the acoustic signal corresponds to at least one of amplitude modulated tone,

sfreqoensg)modulatady tasterapidts entarie, sp@afichadit ®ntbagphibegirmsdulasad
narrowband noise, or combination of the tones, the point and the noise. 5 6.
Theemietkodent &l aéxainpieh erefiodirecste’p €& imobatas thatitpyiinigudaaifeatads|
interface having a hair cell region image divided
structure, or characteristic described in connection with the embodiment is
included in at least one embodiment of the invention. The appearances of such
phrases in various places in the specification are not necessarily all referring to
10 the same embodiment. Further, when a particular feature, structure, or
characteristic is described in connection with any embodiment, it is submitted

that it is within the purview of one skilled in the art to affect such feature,

structure, or characteristic in connection with other ones of the embodiments.

15 [00145] Although embodiments have been described with reference to
a number of illustrative embodiments thereof, it should be understood that
numerous other modifications and embodiments can be devised by those
skilled in the art that will fall within the spirit and scope of the principles of this
disclosure.  More particularly, various variations and modifications are

20 possible in the component parts and/or arrangements of the subject
combination arrangement within the scope of the disclosure, the drawings and
the appended claims. In addition to variations and modifications in the
component parts and/or arrangements, alternative uses will also be apparent

to those skilled in the art.



with 1/k octave resolution, wherein the k is positive integer of above 2; and
outputting an audio signal of a frequency band corresponding to a 10
selected hair cell region image in case that at least one of the hair cell region
images is selected, and determining hegring ability threshold using response
information in accordance with the outputted audio signal. 7. The method of

claim 6, wherel @1 l; lected from a 15 group of 3 to 24. 8. The
PR S GRS

method of Claim ‘step (b) determines a frequency band of a
hair cell region of which hearing ability threshold is more than a preset
reference value as the target frequency band, 20 and wherein the method

further comprisings (L@ NEHRRY L AhiFSHPR SNGISC0LRSBRNHISELH

the determined target frequency band, wherein the outputted output hair cell
regifg meassisofigsensed. 35 9. The method of claim 8, wherein in the
step (c), the acoustic signal is outputted with intensity higher by about 3dB to

sabout 20dEathasctmeinbtagiagrafiléidimesiotdrieskidniiieg roetheagdclamdail
further comprising: outputting the hair cell region image corresponding to the
frequgiotyintzcdrdative adtbystsediglyarithroase that the acoustic signal
corresponds to the amplitude modulated tone, wherein change degree of the
amplitude thbdefertething the frequency band corresponding to the damaged hair
cell region as a target frequency band; and
(c) outputting an acoustic signal having given intensity to the target

10  frequency band so as to stimulate the damaged hair cell region.

2. The method of claim 1, wherein in case that a plurality of hair
cell regions are damaged, the step (b) determines a frequency band range
corresponding to hair cell regions located continuously of the damaged hair

15  cell regions as the target frequency band.

3. The method of claim 1, wherein in case that a plurality of target
frequency bands are determined, the step (c) outputs the acoustic signal in
accordance with damage rate, or outputs randomly the acoustic signal.

20

4, The method of claim 1, wherein in case that a plurality of target

frequency bands are determined, the step (c) outputs simultaneously the

acoustic signal to the target frequency bands.



tone is visually sensed in the hair cell region image. 10 11. The method of
claim 6, further comprising: outputting the hair cell region image
corresponding to the frequency band of a frequency modulated tone in case
that the acoustic signal corresponds to,the frequency modulated tone,
wherein change degree of the 15 frequency modulated tone is visually
sensed in g1e hair. eII reqgl ?hémage 2 The method of a|m 1luv%}erem the
frequency modulated toné" has a 2 reSSiUTon Iessqgan 1/3'6ctAR 213K
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corresponding to the frequency the acoustic signal’in case that t
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sensed through the hair cell region image that the acoustic signal

COreRFRSINEEAS GHHRABNABEIN MISPERNMOIBIS and the pulse tone. 14. The
method of claim 6, wherein the hair cell region image is outputted with color

sor size varied depending on improving rate of the hearing 5 ability. 15. A
method of stimulating a hair cell, the method comprising: outputting snail
model intefface hanimgbtiodell ciion, ivtegres dnadéep (@ifintilkdestave
resolution, wherein the Kk is positive integer of above 2;

outputting snail model interface having a hair cell region image divided
with 1/k octave resolution, wherein the k is positive integer of above 2; and
outputting an audio signal of a frequency band corresponding to a

10  selected hair cell region image in case that at least one of the hair cell region

images is selected, and determining hearing ability threshold using response

information in accordance with the outputted audio signal.

7. The method of claim 6, wherein the k is one selected from a

15  group of 3 to 24.

8. The method of claim 6, wherein the step (b) determines a
frequency band of a hair cell region of which hearing ability threshold is more
than a preset reference value as the target frequency band,

20 and wherein the method further comprising:

(d) outputting the hair cell region image corresponding to the

determined target frequency band, wherein the outputted output hair cell

region image is visually sensed.



10 outputting an audio signal of a frequency band corresponding to at least
one selected from a group having the hair cell region images; and detecting
damaged hair cell region through response of a user in accordance with the
outputted audio signal. 15 16. A methogLof providing a hair cell stimulating
service in a server connected electrically to a client through a network, the

method co prlsmﬂ1 e( [)Htr%n%ml t| ng, apgllc t‘laor‘ralI Ig‘]or di %eﬁ Sis @L@Earigg)agtiiléty

to the cllen wherein thé appllca?lon ou’tputs Shail mo aving
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response Into atlon O a user | ce WI an audio signal o

freqlrg%‘rpﬁé lagn@qg,régﬁgfandmg to at least one of the hair cell region images;
(c) determining’a frequency band corresponding to damaged hair cell region

as a target frequency band using the response information; and 37 (d)
transmitting an acoustic signal of the target frequency band having given

sintensity tofthe clighb métifodasianking 6)ediheeashintisitgmputer performing
the method in 5 accordance with one selected from a group having claim 1
to claim lGutguthngaiheanait el stignriamipa baresplbnging wcthesticequency
stimulation comprising: a hearing ability diagnosing section configured to
meagocbdﬁémiagoustic signal in case that the acoustic signal corresponds to the
amplitude modulated tone, wherein change degree of the amplitude modulated
tone is visually sensed in the hair cell region image.
10
1. The method of claim 6, further comprising:
outputting the hair cell region image corresponding to the frequency
band of a frequency modulated tone in case that the acoustic signal

corresponds to the frequency modulated tone, wherein change degree of the

15  frequency modulated tone is visually sensed in the hair cell region image.

12. The method of claim 11, wherein the frequency modulated tone

has a resolution less than 1/3 octave.

20 13. The method of claim 6, further comprising:

outputting the hair cell region image corresponding to the frequency
band of the acoustic signal in case that the acoustic signal corresponds to the
organ point or the pulse tone, wherein it is sensed through the hair cell region

image that the acoustic signal corresponds to at least one of the organ point



10 ability threshold about a hair cell region by using response information of a
user in accordance with specific audio signal; a stimulation part detecting
section configured to determine a frequency band corresponding to
damaged hair cell region as a target freguency band using the measured
hearing ability threshold; and 15 a stimulation curing section configured to
outgH}jz;[\}qeaclﬁgsttic séignal having preset intensity to the determined target
frequency BaRg. ‘28 The apparatus of claim 18, wherein the hearing ability
diagnosing section includes: 20 an interface outputting section configured to
output snail model interface having hair cell region images divided with 1/k

octave reslution TR RIEIRINSK RO B Y EHGIH O 1BROVEI 78I dmage is

response information storing section configured to store the response
'nf%méﬂ@é?dabi%l%ﬂm @#@i@é@?@@&%@wb%rmﬂiﬁ@ﬂﬂyiﬁ@r&ﬁa%ﬂtlf’@h@@r-ing
The apparatus of claim 19, wherein the stimulation part curing section
sdetgpmipes a frequency band of a hair cell region in which hearing ability
threshold of the frequency band corresponding to one selected from a 5
group having the hair cell region images is more than a reference value as
the target frequency band. 21. The apparatus of claim 18, wherein the
stimulation!éuringAgeetivd géstimilagisga lbaisicohdhsf inedradtgorindsingd order
of the acoustic
outputting snail model interface having hair cell region images divided
with 1/k octave resolution, wherein the k is positive integer of above 2;
10 outputting an audio signal of a frequency band corresponding to at
least one selected from a group having the hair cell region images; and
detecting damaged hair cell region through response of a user in

accordance with the outputted audio signal.

15 16. A method of providing a hair cell stimulating service in a server
connected electrically to a client through a network, the method comprising:

(a) transmitting application for diagnosis of hearing ability to the client,
wherein the application outputs snail model interface having hair cell region
images divided with 1/k octave resolution;

20 (b) receiving response information of a user in accordance with an
audio signal of a frequency band corresponding to at least one of the hair cell
region images;

(c) determining a frequency band corresponding to damaged hair cell

region as a target frequency band using the response information; and



10 signal of the target frequency band. 22. The apparatus of claim 21,
wherein the acoustic signal of the target frequency band is determined as at
least one of amplitude modulated tone, frequency modulated tone, pulse
tone, organ point and amplitude 15 mogulated narrow noise, or combination
of the tones, the organ point and the noise, and wherein the intensity is

higher by approximately 3dB o approximately 2 n the hearing abili
threshold. ?ﬁf{ AL 0B.10, 2RP TP IS B R, IS PBERY AR

given intensity to the client.

17. A recoding media read by a computer performing the method in

accordance with one selected from a group having claim 1 to claim 16.

18. An apparatus of stimulating a hair cell using acoustic
stimulation comprising:

a hearing ability diagnosing section configured to measure hearing

10 ability threshold about a hair cell region by using response information of a

user in accordance with specific audio signal,
a stimulation part detecting section configured to determine a
frequency band corresponding to damaged hair cell region as a target

frequency band using the measured hearing ability threshold; and

15 a stimulation curing section configured to output an acoustic signal
having preset intensity to the determined target frequency band.
19. The apparatus of claim 18, wherein the hearing ability
diagnosing section includes:
20 an interface outputting section configured to output snail model

interface having hair cell region images divided with 1/k octave resolution,
wherein the k is positive integer of above 2; and
a response information storing section configured to store the response

information about the audio signal as the hearing ability threshold.
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20. The apparatus of claim 19, wherein the stimulation part curing
section determines a frequency band of a hair cell region in which hearing
ability threshold of the frequency band corresponding to one selected from a
group having the hair cell region images is more than a reference value as the

target frequency band.

21. The apparatus of claim 18, wherein the stimulation curing
section determines at least one of intensity, kind and order of the acoustic

signal of the target frequency band.

22. The apparatus of claim 21, wherein the acoustic signal of the
target frequency band is determined as at least one of amplitude modulated
tone, frequency modulated tone, pulse tone, organ point and amplitude
modulated narrow noise, or combination of the tones, the organ point and the
noise,

and wherein the intensity is higher by approximately 3dB to

approximately 20dB than the hearing ability threshold.



