METHOD AND APPARATUS FOR STI MULATI NG A HAI R CELL USI NG AN ACQUSTI C

SI GNAL BACKGROUND OF THE | NVENTI ON [ 0001] Exanpl e enbodi nent of the
present invention relates to a nethod and an apparatus for
stinulating a hair cell using an acoustic signal. Mre particularly,
the presenyETHEDIARD APPARSSTUY FORBIIONBATING APRARGEHE] fI9SING AN
di agnosi ng accurately hearing ability of a user and inproving the
hearing ability through the dia a7l 0002] Every organ for
delivering sound to a brain is gé ersgggﬁgbggug heari ng organ. [0003]
The hearing organ is divided into an outer ear, a mddle ear and an

i nner ear. Sound inputted froman outside through the outer ear is

vi brated by a tynpani c nenbrane, and then the vibrated sound is
delivered to a cochlea of the inner ear via the mddle ear. [0004]
Auditory hair cells are dis of the

cochl ea. Here, the nunber og%iﬁgG%wﬁf%W@ﬁthe basenent
menbrane equals to approximately 12,000. [0005] The basenent nenbrane

has | enghoqf BRREAX HRbSIiMheat %ftﬁeﬁlﬁ'ébenviﬁvg?ﬁdn gﬁhies!t%céhfﬁgtﬁﬁﬁ & an

initial part of the basement nenbrane senses soun avi ng

frequenc e hair.cell, | ed.on_an end. of the basenent

menbr ané 3%2'855 %s}o‘ﬁﬁ@ulﬁ%@g r?ghefugﬁ rugaﬂ[ge?’ri)?poqsglicssggaqr e%quce@r{lgﬂggy, the
frequency specificity of the hair cell. Generally, resqlutiqgn of the
fr equendi)/'e%%édp’f"?%tiqlﬂ/ relates etopantictipd; and AsaBPRAAMS| i SRShatiag siccyrately
equals to approximately 0.2nm. (0.5 sem tone) on the basenent

menbr anéicafin@@bility of pesemddimponing the beafingalpbitst thibbweshetho dsdgnosetbrasale.
has been increased and

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

[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. The hair
cell located on an initial part of the basement membrane senses 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 specificity corresponding to ideal stimulation
intensity equals to approximately 0.2mm (0.5 semitone) on the basement membrane.

[0006] In recently, since use of a portable acoustic device has been increased and
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1 people are exposed to various noi ses, many peopl e have neural
hearing | oss di sease. [0007] The neural hearing loss is a hearing
ability degeneration phenonenon caused by danmage of the hair cell,
and is generated by agi ng, noise exposure, adverse drug reaction, and
genet i c peapieare etposed QOOF outhniseshahy peasle hgve A& al Icaing 10&0ikduke.
mld hearing | oss, noderate hearing | oss, severe hearing | oss and

pr of oungoddgRr MAY rlefPd heRR | %:a héarley Sbilily 8 énefa?ioﬂ%n@n{égf)%used

f
talk inthe noderate hearlgég%soss, t he “severe aring loss an

pr of oung_hearin SS..:[ Q0Q9 w1t ig.esti.mated. that about.ten

Per cent Dy Rt of S5t SEll b By errcatel S5 8 B8t igpBLE. haveih dve
peopl e feel, degeperation of his hearing ability. In addition, it is
esti mat é‘%ﬂcﬁlﬂﬁi&”&&@@??ﬁﬁ‘ﬂs@b §i°260, 000, 000 peopl e or nore have the
noderate hearing | oss, the severe hearing | oss or the profound

heari ng [00985 The orimal Heargigloshiy dividad intesnild bedrig ldewenaderata hertihg thss,
of curing the hearing | oss disease is not existed, but only a hearing

ai d is pewrttdedriag 1ashend ipiefaind keringeldse! aGeﬂeIﬁn¥,t heish@@mang b 2ose a
[ 00111 The hearing aid anplifies outside sound so that the sound is

hi ghl , t oo ' o n '
of 'the ASEEE G 11k InbiBaleTRAHE BhS R0l RERHR lost FER" ficbiobng
heari ng,abi.l i of a user using the hearing aid is nore degenerated

due to tf fied sound. [0012] Accordingly, a nethod of curing

radically the_hearing | oss disease wi thout using the hearing aid has
been re(ha:qq%d_Now, it 1s” 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 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. Specially, a
problem exists in that the hearing ability of a user using 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.

[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.

[0014] The common pure hearing test method divides uniformly the basement
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[0013] On the other hand, a pure hearing test nethod as a nethod of
di agnosing the hearing loss is wdely used as international standard
hearing ability test nethod, wherein the pure hearing test nethod
uses the frequency specificity of the hair cell. [0014] The conmopn

pure heahdiBraneSintdRLN QA thidleh WAk f Qe iftBRaPaefIBen, MIHEASes the

into six parts through one octave interval resolution, and observes
the fre I f el g | k I t n.each.of, th .
i par COpkey BRI B (86 MF oPR: o Pu' BB, SEAR ST080 blEn six
4 Hz i l.s.- L0 I t | fr

cpeci 11 Ao oS erparl Batodal 1000 SR <bdF hod SRR i,
reaction corresponding to the frequency specificity of the hair cell
may be ilfHStedn Fasertbgipongal tfr@qg@nmp@mf@rtyimobmwcf//bmwmglemm ¢ell is not

sound pressure. [0016] For exanple, in case that the frequency

speci f i clataged, tehetitracorrespondigy teetpofidiurgict apeOFRHE dfSthediai®tell may be
el ectrical reaction about pure stimulation may be induced in the hair

cell, =B ; i i i i ndi ti on of
00" el i RpBHcto ST Siferloty OB 1L RAEI B0 L onal

techniq odlagn hearing. ahiliLy, skilled e ] ner ovj des

audi o silfgonlgﬁ s@%rgﬁéﬁp@ﬁtji g ctagetﬁqglt pfﬁrét f%“@?%dsl?ﬁcﬁm nelo %vjéalr cell
resolution to an exam person usjng. a_ conpl ex_exam ning device. In
this ca§81,'fe$1?%1%€38a199 ﬂ@ﬁ]o?%e F%B‘Pﬁ’ﬂr"@a?le’}cgﬁél Kaghen sbgphparecHimalation maygbe
to each of the parts, and then pushes a response button in accordance
wi t h t hendusediimthe baintell, wlearein, the purs stitithfationlis ptavidédagmdes ¢he condition of

accurately the hearing ability because the resolution is |ow

Addi t i ongDONz and - stdB emEpteshiredéagnose the hearing ability.
SUMVARY OF THE | NVENTI ON 001853 Accordingly, the present invention is

o) SR RSB ighe, RS RO, SR e
provides audio signals corresponding to the parts divided with one octave resolution to
an examined person using a complex examining device. 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 difﬁcuit to diagnose

accurately the hearing ability because the resolution is low. Additionally, it is

inconvenient to diagnose the hearing ability.

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.

[0019] Itis a feature of the present invention to provide a method and an apparatus for
stimulating a hair cell using an acoustic signal so as to improve hearing loss disease.

[0020] It is another feature of the present invention to provide a method and an



[0019] It is a feature of the present invention to provide a nethod
and an apparatus for stinmulating a hair cell using an acoustic signal
so as to inprove hearing | oss disease. [0020] It is another feature
of the present invention to provide a nethod and an apparatus for

sti mul atappgratushfvrrstiehlating i Gancell asisigl §n Sicoiidc bi@half&0AREHOEnFIN6re
accurately hearing ability of a user. It is still another

feature t. to provide a nethod and an appar at us
a@%ur {2 Héa%%g%ﬂhgl ENIES

for stimulating a ir c usi ng an acoustic signal for diagnosing
accurately heari.ng.ability.of a r at a, tenot.e place .and providi

a service for BI::[ rlﬁagtb@ ?ﬂ% l\ég‘?einﬁﬁ 9@@8 pa?sggggg{enﬁon r%o R@‘Q@%P&gﬁ@oﬁ@&ﬂgm
readabl e by a djgital processor and, having a program of comrands
execut edPBYratusof sEmulating e 61 usig ahaCoisip signabiosdingnosng Ascusately
cell wusing acoustic stinulation, the recording nedia performng. (a)
di scri mbeanggbitityt ofgusaray avamdtequlaceapbpaividing a sdavieafed ilmprovicghtaring
region in accordance with preset algorithm (b) determ ning the

f r equengysshiadedsecor respondi ng to the damaged hair cell region as a
target frequency band; and (c) outputting an acoustic signal having

gi ven intensiky d q CW: i -yl

damaged hair %eﬁe{:&r(j g%eg%e@w%acfaﬁ% ygc%ogﬁ?%g%ﬁé%sg&r%gddgg?ﬁe{gb@%goé Qﬁ of
di gital processor and,havi.ng,a.pyogram of.cq nds execut ed h he

i o t a1 BrOEEES GixepdPd ekt BBl PR fof 2T Ryttt olcsiilai gatt cell
acoustic stinmulation, the recording nmedia performng: outputting
cochl easigt a¢qustie stHanladpng theyirecerding rr@gﬁ@ nperbeigEngdi(e) destnminating la
octave resolution, wherein the k is positive integer of above 2;

out put t ifrequentyabands torrespogdalg ©f dandgeeiohsen cyllhegdncior aeoptamde vaith praet
| east one region selected fromthe above hair cell region inages; and

det ect i BErodiROES) dadrimifRlg theeBdRiRnOP bhhE cBﬁ‘%%pgm‘dfng ﬂﬁtﬂés@iéﬁag%ed hair cell

response on the outputted acoustic signal. [0021] A netho

provi di : ir I i ' [ [ er ver.: -
By OV it B8 bkl bl SR REL! SRR EIEEGC B baee iven
bl i cattemrd e oS aansron Bt Tupdlfi et ate ARPERRbhT Coheeiam
t he application outputs cochlear interface having hair cell region

A recording media readable by a digital processor and having a program of

commands executed by the digital processor for the purpose of stimulating hair cell
using acoustic stimulation, the recording media performing: outputting cochlear
~ interface including hair cell region images divided with 1/k ocfave resolution, wherein
the k is positive integer of above 2; outputting an acoustic signal of a frequency band
corresponding to at least one region selected from the above hair cell region images;
and detecting damaged hair cell region on the basis of the user’s response on the
outputted acoustic signal.
[0021] A method of providing a hair cell stin_lulating service in a server connected
electrically to a client through a network according to one example embodiment of the
present invention includes (a) transmitting application for diagnosis of hearing ability to

the client, wherein the application outputs cochlear interface having hair cell region
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i mges 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 | east one of the hair cell region
i mges; (c) determ ning a frequency band correspondi ng to damaged

hai r celilnab@gHRIIEBwaRh A B6lave TQIUR el [ERRRAA
i nformati g%; and (d) transm Fti?\% aﬁﬁgé%s%t?lc S%"%rs]% gflﬁt he tﬁgrrlg?gta user

frequenc Vi i i it i 02 AR

appar at o eofotdpita e ol A6EY LR #ediRub Bat cPRbsncp b ftTspst one of
accor di 0 _one exanple e i ment .of the present_inventign includes
S heari i b BT gL ReE nte) SR o aReHoRY GRS UPRIRES Agaged
ability threshold about a hair cell region by using response

i nf or natiadncal} regios s 4 target Gieduersy handusipgcthei respange dnfirgradbn; and (d)

stinmulation part detecting section configured to determ ne a

f r equenaeanbmitting anraespniediiggnl of tateapge drefatrcydfind Haeoivas irtelsiyadthe
frequency band using the neasured hearing ability threshold; and a

sti mul atsf;eRp curing section configured to output an acoustic signal
having preset intensity to the determ ned target frequency band.

St mul a0 dch aBraaE o Grnpflata? BN R 0eRE, SROSSE ebntiiny speargimaty

easily and accurately hearing ability through caochlear interface.

[ 0024] IORE£XARPHoeMAndmet &ﬁ%&rﬁr@a@twwmm@mﬁ@a hearing ahility diggnosieg
present invention, a user may verify visually acoustic signal

st i mul atssedromerhfigyedto mgasuae bearinghaklitynhreshold dhout a[lBOAF]] rAgivattyodsing
and an apparatus of stinulating a hair cell of the present invention

gg}& V\; &p Gg@sp@nfsel ifarmaicd by ahser imdcahidddeywith BRb&ic RdfeRbBRAION Emulkfon
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 a stimulation curing section configured to output an acoustic signal

having preset intensity to the determined target frequency band.

[0023] As described above, in a method and an apparatus of stimulating a hair cell of
tﬁe present invention, a user may diagnose easily and accurately hearing ability through
cochlear interface.

[0024] 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 rate of hearing
ability.

[0025] A method and an apparatus of stimulating a hair cell of the present invention

may improve fundamentally hearing ability.



[ 0026] Exanpl e enbodi nents of the present invention will becone nore
apparent by describing in detail exanple enbodi nents of the present

I nvention with reference to the acconpanyi ng drawi ngs, in which:
[0027] FIG 1l is a block diagramillustrating an apparatus for.
stinmulating a hair cell according to one exanghg enbodi nent of the

present invention; [0028]B%D§gcglgT¥ﬁ)H&Fa PRAWINGSt r ati ng an

apparatus for stinulating a hair cell according to one exanple

enmbodi f r - han. . i i

st r SeSE ExaRp R RS inl PUEEE E8hressD BlegBhfTar BecBimt Bl mampusne by
of the present inyention; [0030],.,FIG4 is a flowchart iJ]Justrating a
process %?Cﬂﬁﬂ%wo‘ﬁﬂg e¥%p]%§§93q4gérn§%qS|qftt§e BCERIdHEios ‘B‘rﬁ]!é r%é&’i‘ﬁ? to the
enbodi nent of the present invention; [0031] FIG 5 is a flow chart

i || ust r ac¢argpanyprHeasdngs, iswihiall ati ng the hair cell according to one

exanpl e enbodi ment of the present invention; [0032] FIG 6 is a view

i |1 ustr 002y BlGiehis bdblodk didgyarh ntusttiting Sebypass Vo Siinataiedi hgirt @il
one exanpl e enbodi rent of the present invention; [0033] FIG7 is a

g} e(v)vnial g@%a% gﬂg’g?g%%@% A fRichNEf (e ReREAHVRgHGxam nation result
[0028] FIG. 2 is a block diagram illustrating an apparatus for stimulating a hair cell
according to one example embodiment of the present invention;

[0029] FIG. 3 is a view illustrating cochicar interface according to one example
embodiment of the present invention;

[0030] FIG. 4 is a flow chart illustrating a process of diagnosing the hearing ability
according to one example embodiment of the present invention;

[0031] FIG. 5is a flow chart illustrating a process of stimulating the hair cell according
to one example embodiment of the present invention;

[0032] FIG 6 is a view illustrating a hearing ability improving service system
according to one example embodiment of the present invention;

[0033] FIG. 7 is a view illustrating a graph indicating pure hearing examination result
of one examined person;

[0034] FIG. 8 is a view illustrating the target frequency band determined for the
examined person in FIG. 7,

[0035] FIG. 9isa vi¢w illustrating schedule for acoustic signal stimulation;

[0036] FIG 10 is a view illustrating a table in which hearing ability result measured
before providing acoustic signal stimulation to a right éar is -compared with that

measured after the acoustic signal stimulation is provided to the right ear for ten days;



[0034] FIG 8 is a viewillustrating the target frequency band
determ ned for the exam ned person in FIG 7; [0035] FIG9 is a view
i1lustrating schedule for acoustic signal stinulation; [0036] FIG 10
is aviewillustrating a table in which hearing ability result

measur eqogay| OFEGPI DYy 8lividy ANastEHinG £ tMMekin WHIOM hakiR) abBitd rédulefired
IS 'corrpgrdsgiwi th that rréasured gfn?er t he rétcoust I C Si gﬁal §:€§wl a??%%‘e

IS provi he.:rl : . - days; o 7 1,] Vi ew
1 st r APEh b st tigfRuSeEls bSRIIS, creylt G ?Eﬁ%%nsﬁéyisﬁaw%nared
acoustic .gignal stimylation is provided to the right ear for te ays
o conpatiBHE AHFRCHAR sk dhf BcPRTie Stenan sigalation i TSPl o Shetiekt s or
Is provided to the right ear for fifteen days; [0038] FIG 12 is a
view il Iﬁf@@ﬁ&ﬂyﬁg a graph showi ng hearing ability threshold of the
right ear before and after the acoustic signal stinulation is

provi ded0038D0BY0. B2 G a Vaew sllastritiog d praphtshetsing hestesl dbiity @ireshold of the
verifying whether or not inproving of the hearing ability is

continu ar B Hiedin i i | i x4l at i on about
the ri gﬁitgﬁggr s st Ogggtﬁ%%%cﬁfﬁFﬁgﬁﬁﬁngmgﬁg?g-sv&)rléﬂdgtél,[ rating a

table s Lhg agyrenent |.t. of 1he hearing.ability about the .
ri ght ei‘rﬁﬂgr t g?Gt f}jéisa ousY iﬂiﬁslsfﬁaslﬁ Iscé?(?]ﬂﬁ&g]f y%%fy?%g gvtbgﬁlﬁ&?ff Nohgrproving
of the hearing ability is continuously maintained after the acoustic signal stimulation
about the right ear is stopped;
[0040] 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

[0041] FIG. 151s a view illustrating a graph corresponding to the table in FIG. 14.

DESCRIPTION OF SPECIFIC EMBODIMENTS

[0042] Example embodiments of the present invention are disclosed herein. However,
specific structural and functional details disclosed herein are merely representative for
purposes of describing example embodiments of the present invention, however,
example embodiments of the present invention may be embodied in many alternate
forms and should not be construed as limited to example embodiments of the present
mvention set forth herein.

[0043] Accordingly, while the invention is susceptible to various modifications and
alternative forms, specific embodiments thereof are shown by way of 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



[0041] FIG 15 is a viewillustrating a graph corresponding to the
table in FIG 14. DESCRI PTION OF SPECI FI C EMBODI MENTS [0042] Exanple
enbodi nents of the present invention are disclosed herein. However,
specific structural and functional details disclosed herein are

nerely ceptr@geihiedhistRidnok t¢ u6aRstismollifiat6hd, RhiivaRxaahe aREPAHEERAllMe
of the present invention, however, exanple enbodi nents of the present

inventi %ﬂﬁ@?%ﬁq@%ﬂ%ogﬁp c{fgﬁbé y RHORT ileOhIBbBRI B0 qil&%lteﬁﬁnts

construed as limted to ex e Iments of the presént invention
set forth herein [0043]. Aceqrdingly, while the invention is
suscept iﬁgpgﬁl{m utglat? ﬁ%ﬁ&?ph%lofﬁteaﬁ?%ﬁé and alternative forns, -specific

enbodi nents_thereof are shown by way of exanple _in the draw ngs and

wi L1 hel@41 b& wakbeiwulrstopdiy i althoughhe deans Ersinsrsend.oeld, movis ased
that there is no intent to limt the invention to the particular

forms dhsuingedeschibe verioahelementst thesy elentents shoeid hotrbd lsmited by\bgseatims.
nodi fi cations, equivalents, and alternatives falling wthin the

spirit dmdses &Rt £t dnlte uk& e tistilguish kihers1EReS o/ Bhother. | IHR ex_amIple, a
el enents throughout the description of the figures. [0044] It wll be

under st ¢og Qﬁéntbc?duthlf' gd %hﬁetqaa E@crogg efl‘%rhéﬁt an® S éﬁts Sec %gﬁ rg:o%%r;t%%uld

herein to describe various €l enen ese el’enen

limted, by these te . These ter re anly used to distinguish one
ol onront PG BHST CpstoN anelhaRine SPn e Specoiulnd HEH Asdog.
second el enent, and, simlarly, a second elenent could be terned a
first elsnisgd hepginndettednpand/prgintluges eny: asd aPecasnbinaigons efsenst or more of
i nvention. As used herein, the term"and/or" includes any and all
conbi nathoasouhtedistaritems.e of the associated listed itens. [0045] It
wi || be understood that when an elenent is referred to as being

" conneci@d’] olt wilPy®hfderstcddanst Ween ah &@AEnt ik trefeARIRS 2§ ihrelﬁfgt Ydbnnected"

connected or coupled to the other elenment or intervening el enents may

b b . 1
i Poct Py couple®? R piTher HOEEAEY Sl R Wnnchly EUBEERE, S-S BRI P prper

are no intervening el enents present.. O her rds used to, describe the
el at | of TG 8 WETROPEre RS By Db @msinbr JPeeRtiarh Uhey g8 PRDRibs

(i.e., "between" versus "directly between", "adjacent" versus
"direct rfgfeggﬁi & anpeingedgestly 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.). |

[0046] 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 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 ﬂm presence or addition of one or more other features,

integers, steps, operations, elements, components, and/or groups thereof.
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[ 0046] The term nol ogy used herein is for the purpose of describing
particul ar enbodi nents only and is not intended to be limting of the
invention. As used herein, the singular forns "a", "an" and "the" are
intended to include the plural forns as well, unless the context

clearly '[ondi;anﬁfes%H%rWis%edeﬂﬁqgi%H:tﬁ%%su %E-I-‘ﬂﬁlﬁ, ):%g?lﬁ{cét 9{%&' 3_Eiéﬁiiﬁfshr§ré1rals)

ternms "conprises", "conprising,", I ncluding”, W

dh L1 ' f d.f ' 3 oy
ot eps. - optrheraR e e B SRERGE o coREhaL BB oG SP G hary st in
St apt. OBt FORBICTLANY BHESUCR BASBRRt 5 wikias GH UG GRS S(9ney oY torns, such

[0047] Unless otherw se defined, all terns (including technical and
sci ent i f at thesenddfingdein bemsionlyaned deticranies,nelamild deamterpratedlag having a
understood by one of ordinary skill in the art to which this

i nvent i omebeingriat is lconyikieht Wethfthgit hetaninddier tht etk of tHeefeldans &€ And will
those defnmed in comonly used dictionaries, should be interpreted as

havi ng a i h Sy C i 1 ir i i n
of 'the rafeuERetel i RRAEER! oty I soRREhRg: o Raleady §eDlettiea
overly fﬁrnal sense unl ess expressly so defined herein. [0048] FIG I

is ablo ?BH¥agran1illustrating an apparatus for stinulating a hair

cel l accordingFto one exanpl e enbqodi nent of the present invention.
[0049] | HO#8IG FHo. k Kea blork: diagean adusitating) an apipretys famstimalatingos heiecell
present enbodi nent includes a hearing ability diagnosing section 100,
a sti nul atdooting 4o pnelexsmopleranizelimentofitB2 peesentinsentbod. at i on curi ng
section 104. [0050] The hearing ability diagnosing section 100

provi des[(aR9RURN PIi1gHR afREstas m@mm@%&&eﬁaﬁ k&l bf ﬁ%‘;ﬁi@%‘c RatishdiBent

a user, and neasures hearing ability of the user about the frequency

band thr S 1 - - 0 Mt R I .
audi o o1 SRalieS FERRARE Sl aliink ReARRCLOTHE Sublcho Hf HEEHHRE section
pure ton udionetry PTA, _an otoac tic em ssion OAE and an evoked
response?%%ﬁ?%ﬁgﬁwya@ﬁﬂ,d%.sef%ﬁﬁI n one exanpl e enbodi nent of the
present invention, the hearjng ability diagnosi n& section 100 .
provi des[00A@] alilg oheariga  abslityt thagnostige rfeytiomnd 00l pravédeswiam audio signal
resolution smaller than one octave resolution in a related art to the

user, andortizspendingltospedifin fefquandabaybth haser, ard meandea hdatmg ebilitpbethe
of the hair cell in accordance with the provided audi o signal. [0052]

Pref er abhger dboet fieafieqdeddyi badd/ tiebagin sdpiss QFt the st On Riceyiddase theh the

audi o si gnal ‘
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.

[0051] In one example embodiment of the present invention, the hearing ability
diagnosing section 100 provides the audio signal of the frequency band divided with
resolution smaller than one octave resolution in a related art to the user, and detects
location of a damaged hair cell and a damaged rate of the hair cell in accordance with
the provided audio signal.

[0052] Preferably, the hearing ability diagnosing section 100 provides the audio signal

of the frequency band having 1/k (is positive integer of above 2) octave resolution,
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of the frequency band having 1/k (is positive integer of above 2)
octave resolution, nore preferably 1/3 to 1/24 octave resolution to
the user as an exam ned person, and di agnoses hearing ability of the
user in accordance with the provided audio signal. Here, in one

exanpl e ngireqatefeRibly A3 td18/20 688W rdsOURIYN @Ntheti@r A4!dh @xahd& person, and
provided to the user corresponds to a nediumfrequency in a range of

250Hz t q; ' : i eqf . di vi di :
rodi Um FrEaency e 2o R okt B Ahcanck, SABCHR pifV I Bsb Mgl
hair ce region of the user. ma di vi ded i nt.o 4 frequen band
(1 equentsg e Bralicybediats) of frerbrstb mvsRlifh i g HRe HL brafgacd o
ability, the audio signal of gpecific frequency band selected from
134 fredifeHis) WAFFERONdS tor dunefium: Fequancysiara rangs ohasUderto ilF000Hz, ie. a
response information in response to the provided audi o signal of

whi ch vobadimeni seqrthogt el c4sd@F4lividhes thesmedimen ifrefjoenmt fange iwith maximum
accordance with the volune adjustnent is stored as hearing ability

t hr esholigh 4 g a0s Resthfich, t WhélBehAHEER BEbMALS Ble Lie SaLasd aflilseausncy
band. Here, the hearing ability threshold nmeans a hearing ability

t hresho r%h?an I ﬁgﬁllll ! . ing frequency specificity about
t he sel Iéf%tqg%n req@glrg%?/ aﬁ&fbgﬁ%g%fﬁﬁhe sinmul ati on part detecting

section det ect s simul atjon part using the_ heari abi l.i.ty

thr esholWabolit St huarBring ghameBing sty e RGdiP gL A¢ spesiagiequency
Here, the detection of the sinmulation part jndicates detection of the
hai r celbang sglestigdt fsomnl It frggeensyi bargisga girosidediv ahe awer, anddbpeaser inputs
provi ded. Particularly, the detection of the sinulation part

det er m nespohsre ifoeqaidne yn aspbnse rto ethp gndivitdgdt audio digradest Waidh ©ehime is
region. [0056] The sinulation curing section 104 outputs the acoustic
si gnal Igaﬂlisf@g_ preset intensity to the frequency band of the damaged
hair cell” region in accordance with the detection of the stinulation

A oY) 98l Pl MISAHRUNR B PR Wbl
hearing as hearing ability threshold corresponding to the audio signal of the selected frequency
band. Here, the hearing ability threshold means a hearing ability threshold of the hair
cell region having frequency specificity about the selected frequency band.

[0055] The simulation part detecting section 102 detects a simulation part using the
hearing ability threshold about the audio signal of each of the frequency bands. Here,
the detection of the simulation part indicates detection of the hair cell region to which
acoustic signal stimulation is to be provided. Particularly, the detection of the
simulation part determines the frequency band corresponding to a damaged hair cell
region.

[0056] The simulation curing section 104 outputs the acoustic signal having preset
mtensity 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 predetermined level than the hearing
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ability threshold of pre-stored correspondi ng frequency band. [0057]
I n one exanpl e enbodi ment of the present invention, the acoustic
signal correspgnds to at | east one of anplitude nodul ated tone,
frequency nodul ated tone, pul se tone and anplitude nodul at ed

nar r owbgpgit{ réshol @bf fém'bfb@tdo%sﬁén iﬁ%ﬁ%ﬁﬁé&:ﬁéﬁﬁdﬁ he noi se. [0058]
Furthernore, in case that a plurality of hair “cell regions are

damaged, t] I.an 2 I . i | ]
regt ons 167E BE S, bprif BnoBtndt GLAE BGRehf il TA aepfiule Som
damaged hair cell regqgions, or_be provided simnmultaneously to th
danagedCﬁaPSrPOé@ﬁ |t0raé§%%§sqne[%@§pﬁmeda9 ulpieal tonRe TegBerioy; BodRlgted tans,
provided to the damaged hair cell regions of the user with various

i nt ensi pubse tong adbamplimidganedulaied rasamibagd abisei oycarhbinhtion o thatepeband
i mproved. [0060] Hereinafter, the apparatus of stinulating the hair
cel |l of tidwoipr.esent enbodi nent will be described in detail with
reference to acconpanying drawing FIG 2. 100611 FIG 2 is a bl ock

di agr amgg S i i i At i r gl o]
one xS ELAhLAGE, BFlcape thit £ IR ofthelb el B RS e ey e
hearing_abi l.ity diagnasing sect.i 00 of ,the present enbodien

el udegeatteisteril AR M vEBa P e SggeBrihal® oB EShs FRCRHET Pbfamage
storing section 202. [0063] .In one exanpl e enpodi rent . of the present

i nvent i &S th§e Poavided pandpmdy stec the dararsedi dpiragell crsgimsaron Mee Praidded
shown in FIG 3 on a displaying section 232 so that the exam ned

per son sohultenskildly ¢ol thexgrenageddmidicdlgregrmshi s hearing ability by
“hinself. [0064] As shown in FIG 3, the cochlear interface of the

pr esent [@Fbpdinrese thasthaadoiReesi3A ﬁ%rb@iﬂ@@@@ﬂﬁ&dérﬁa%é&?hmbéll @&dibns of
regions divided with high resolution. Here, since whole frequency

om0 e LA Pk R SERIER AR, LR
hai v Celirlnproved.

[0060] Heremafter, the apparatus of stimulating the hair cell of the present
embodiment will be described in detail with reference to accompanying drawing FIG. 2.
[0061] FIG. 2 is a block diagram illustrating a hair cell stimulating apparatus according
to one example embodiment of the present invention.

[0062] InFIG 2, the hearing ability diagnosing section 100 of the present embodiment
includes an UI outputting section 200 and a response information storing section 202,
[0063] In one example embodiment of the present invention, the Ul outputting section
200 displays cochlear 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.

[0064] As shown in FIG. 3, the cochlear interface of the present embodiment has an
image 300 corresponding to the hair cell regions divided with high resolution. Here,

since whole frequency range for diagnosing the hearing ability corresponds to the

medivm frequency, i.e. 250Hz to 12000Hz, the cochlear interface may have 134 hair cell
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regi on i mages 300 in case of dividing the nmedium frequency range wth
1/ 24 octave resolution. 100651 In case that the user selects one of
the hair cell region images 300 in order to neasure the hearing
ability, an audio signal of a frequency band nmatched with the

sel ect edegdiah limaged 30@Gh @Asd bRAB/idingOE phédiagh fEQidcytBed KEALENEYoctave
band matched with the hair cell region i mage neans a frequency band
havi ng QéﬁﬂMﬁﬂfy specificity corresponding to the hair cell region
related to the image. In addition, the hair cell region i nage 300 nmay

be sele by_usin key button, a se or t ouch. scre net hqd
otc. 1 0GR 'to BB P et SHibER ol P Bl oo isBitioiaioe SO ot o
adj ust intensity of the audio signal .through volunme control 302, and

i nput s FeEASHISs Hie hgesigathibly, Momidia signal e¥is? teqyene band vpatehed meth the
audi o signal is not heard. [0067] The response information storing
sect i on s@leeted dmai valk raghen esgmsseuntpnfiet. meiéen theofregesmoydiand maiched hvith
of the audio signals froma user inputting section 220, and stores
the recehy/eflir esPARERN RAhQEdTBRhéAR- a"ﬁ‘étﬁ.\enwe‘bdiﬂe haiziﬁgurﬁeqlﬁ%oﬁxegﬁécﬁﬁbity
220 may be a keypad, a nouse or a touch screen. In one exanple

Cored SOreRoRLt: M BRoRly PN SPRbAIddr s SRARAR, (i RRAR doF s G

to correspondin i 0 signal as nti oned ahoye. [0068] The hearin
ability! 8%9”@%8%@&1?13}5@%54@3‘7%%%% %g‘e Pe%l TRPYSS LA {OREN$55
met hod. [0069] In FIG 2, the stinulation part detecting section 102
i ncl ude@lﬁh%@ttq-ng ability threshold conparing section 204 and a
target frequency band determ ning section 206. [0070] The hearing

abi | i ty [a066Es holcdsecthap thrd mglis agdriabis 0fputtedipthe escit hayhahudtigieabity bf yhe
t hreshold of the user stored in the response information storing

sect i on 28R ?rf?@%ﬂ tr&@IeEReR: BeAEAINI0RDILJ hn\puTtshfe%ﬁBﬂéeFjinfoﬁﬁﬁﬂi aﬁaﬁ an

heari ng abi | t hreshol d conpari ng section 204 discrim nates whet her

or not t i: L4 . - .Qf nmeasur ed frequency band
is hi ghﬁgﬁ%qlﬁgﬁts’@]gItéynecéemggg%%ﬁglsaOlt %ll ;(/1 t hreshol d.

[0067] The response information storing section 202 receives the response 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
mvention, the response information may be stored as the hearing ability threshold of the
frequency band related to corresponding audio signal as mentioned above.

[0068] The hearing ability about the hair cell regions may be measured through the
above method.

[0069] In FIG. 2, the stimulaﬁon part detecting section 102 includes a hearing ability
threshold comparing section 204 and a target frequency band determining section 206.
[0070] 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.
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[0072] The target frequency band determ ning section 206 determ nes a
frequency band which should be cured in accordance wth the conparing
result as a target frequency band. Here, the determ nation of the
target frequency band indicates detection of damaged hair cell

region, fodit Menhd ﬁéﬂﬁi% Abifie 8REShod@ REmPaYIn Sested £ LOE AR infinftel Mitetir or

1/k octave resolution Tike in the hearing ability diagnosing section

100. Ho . defef: | ngk |\

i ea S8 P afisBeALE BREARN OF hOTpeRUAR mEhSREIRR R HichSr B0 e
correspondi ng to damaged hair || regions having high hearing

ability Fﬁ@@gﬁﬁﬁﬁﬂﬁﬁﬁﬂﬁwaéﬁﬁﬁh@gntinuously may be deternined as the

t ar get freguenc band. [0073] Information concerning the determ ned
one tar g0 ﬂréﬁﬁ%ﬁ@%eb§WQU@ﬁﬁhbméldﬁ@ﬂ@ﬂﬁég seption PA6i defeimings Goggneney
wi th damage rate are stored in the nenory 208 with matched with user

i denti fi baid evhitlnfshonkl bercuréd Qi 4dccdhianse immbommm rédtt bom {hdet
of the present enbodi nent includes an acoustic signal intensity

det er m nﬁeﬂ%éiﬁ t HaH. 218 erc NthACMEthRagbe NG tkd Qﬁggﬁtﬁ‘é%%ﬂé;{‘%aﬁgpﬁgfr%ites

212, a stinulafion order determ ning section 2147 an acoustic si

out put ti f] 6 ti.m ng tion 8, .and .pravi des t.h .
cconst i cOEegRE P aTR, Ao B¢ i 8ol HognBLofied hAY B gofrmined
menory 208. [0Q07 The acousti ¢ signal intensity determning section
210 det eHh tpﬁhéﬁgpﬁayedfﬂsc{l%orh dhj the higgring ahalifyediggnsias geelepn HEO0.
user. [0076] It is desirable that the acoustic signal intensity
det er m nHowyeyes tthe detdintsionr of thestarget dnsjuenchibgheris impt Jintdésd b the sbove
20 deci bel than the hearing ability threshold of each of the target
f r equencineliydds Fes dxagplelt £ f&iguiynf bahd rage séirespdndihal to dSmag@PRdir cell
In case that the target frequency band is determ ned as the frequency
band rang&; GRI hesReNHid0 HeQrik Hea gy eghgn at.ed
conti nuoﬁ%ﬁy, tﬁe gcoﬁgl?i cgrsl]{il n%q] %t@%ﬂﬁ?@ e?e%ﬁlhﬁlﬁng&gle%%oiugw ﬂ%y be
may determn LNt ensit i gher deci bel to 20 deci bel than
aver age 9%‘6@89#@%“&%??&?@“%% "thresholds of the hair cell
regions as_the intensity of the acgusti_c gi gnal .

[0073] Information Concerning the determined one target frequency band or more and

order information in accordance with damage rate are stored in the memory 208 with
matched with user identification information.

[0074] The stimulation curing section 104 of the present embodiment includes 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.

[0075] The acoustic signal intensity determining section 210 determines intensity of
the acoustic signal to be provided to the user.

[0076] It is desirabie that the acousﬁc signal intensity determining section 210
determines intensity higher by 3 decibel to 20 decibel than the hearing ability threshold

of each of the target frequency bands as the intensity of the acoustic signal.
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[0078] Preferably, the intensity of the acoustic signal may be
determned in a range of 3 decibel to 10 decibel. [0079] The acoustic
signal kind determ ning section 212 determ nes kind of the acoustic
signal to be provided to the user considering selection of the user,
heari ng[0079p [micaseothat hie ysget fiequioshbaid indefesmireduiy éd feqiidiey band
target frequency band. [0080] In one exanpl e enbodi nent of the
resent 4 } ¢ Stal I P
p rdtBeCRrtRBonGAK (6 h PR &dil %ég@n%;%ﬁ@g_?%g%&ﬁ&aaﬁslg%e%ﬁﬁsm signal

anpl i tude nodul ated tone, frequency tone, contli nuous ton&,

pul se t 1tude Ix t narr nd.noi.se.. £fc, e e
Pooust| SErd AR E R A0 Gl A GMBRD By ARl Thighb y STl If 20
of the tones, .the conti nyous.tone and the nois conbi nation of the
Lones, CREDELHEPAYSEEe (GHRE 8 i  ahuliigthpeboldsopotheiad eelhremionsias
provided to the user. [0081] The sinulation order determn ning section
214 det Srainieansity of phetaconster sighalt he acoustic signal about the target
frequency bands considering selection of the user, hearing loss rate
of the (8] t Brofbriably, che intehslis delﬁl@lhécﬁﬂti@rsi%?hdl anste dabeniabd iMe range of
target frequency band. [0082] Preferably, the stinulation order
determ BidéGib%Ffbti(PHec%ﬂéi. may determ ne the output order so that the
acoustic signal Is outputted in sequence fromthe frequency band

corresp Lot 0 host..dama .hair cel.l .reqiaqn. er, the .above
oot put  STel b8 PSbc MBHP daRE o ainel S, d 25t ning 1250 6 the
exanpl e, the acoustic signal rnat%1 be randomy outputted, or be

si nul t aAEHFECIENGt fube BEPided toethe asgiotomsidegingrielectipamidhe peryghiarigdoss
acoustic signal outputting section 216 outputs the acoustic signal
havi ng tdfe ofl &tearsei toeerhicht camisigtiy reduiived cartlce trgktfreghiencey bamd. case t hat
the target frequency bands are existed and the acoustic signals of

the tar grBof r BoweBCyxaildSeabedinisht Vafdta) byesent Pikidngdn, QutuRE! tolkNSF &

each of the acoustic signals nay be set. The timng section 218 :

det ect Sa&%&iﬁeﬁi £el d%gnt Ge O%@Fiéld%i H‘ﬁ)d‘aiat@c?cten@f ﬁteg B%({}{)EIE(% Wfiated tone,

signals 1s ftini , contr the acoustic Sign I ng
section 6 in accordance with,the,detection.result so that th
Scousti Eou iyl LR Fonth it pERUSH Blocblhe Birbudind M B Hgre,
next target frequencwggd or . finishes qutput qof the acoustic signal.
the acoustic signal etermining section 212 determines at least one of the tones, the

continuous tone and the noise or combination of the toﬁes, the continuous tone and the
noise as the acoustic signal to be provided to the user.

[0081] 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.

[0082] Preferably, the stimulation order determining section 214 may determine the
outiaut order so that the acoustic signal is outputted in sequence from the frequency
band corresponding to most damaged hair cell region. However, the above output
order is not lumited as the order mentioned above. For example, the acoustic signal

may be randomly outputted, or be simultaneously outputted to the target frequency
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[0084] In one exanpl e enbodi ment of the present invention, the UT

out putting section 200 displays information on the cochlear interface
when the acoustic signal for curing the hearing ability of the user

i s outputted, wherein the user senses visually fact as to whether or
not thepgg@ustic signal is outputted, intensity and kind, etc through
the information. [0085] For exanple, the UT outputting section 200

Corr espaiiho 15 Lhete Befiu PRl e bh AP BReTRY Soeie enehunine

acousti ¢ _signal. oyt.putt.ed now i n accordance with control of a
control &4 3’6“.’”3?805'@}151% %HCFH Lt hE ke 8y 63sedhal @ﬁé@fgﬁ%ﬁ?%ncy bands
anplitude nodul ated tone, the U outputting section 200 may change

col or olrsicxistast andrthe sgsonstin gignalsr Ogé]hﬁt targgi Sieqiiennyebdeds wiet individually
synchroni zing with anplitude change of the anplitude nodul ated tone.
[0087] botpsted, binput tihe efceuthtdfahs iagoastic Sgiidie nfayespiency Thedishiag&dction
tone, the U outputting section 200 may change col or or size of the

hai r cebl 3T RUQNWHERGS 3t W gﬁg@@ ggﬁétﬂgg E?ch"‘of IROMRAEHC ggﬁggqgofﬁgs_hed,

synchroni zed with frequency requency nodu

99551, 0S5 s IRURSRL GBS ORLLRHR IR ok,

acoustic sjgnal provided nowtq the user is the continuous tone or

the pul Ut tha the growstisnysna fOHPHEAS ety & 1 §F0WpRE d@prneuste Sigant of

cell region imge 300. [0089] In one exanpl e enbodi nent of the

pr esent ngxttarget drequeny basdrorfmishesroutputiofithe adowstiy sighalbugh t he

cochl ear interface whether or not the hearing ability of each of the

hai r cel[¢084pgi008e egampler @Mestiment of the present invention, the UT outputting section
200 displays information on the cochlear interface when the 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.
[0085] For example, the UI outpuiting section 200 may change color or size of 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.
[0086] In case that the acoustic signal is the amplitude modulated tone, the UI
outputting section 200 may change color or size of corresponding hair cell region image
300 with synchronizing with amplitude change of the amplitude modulated tone.
[0087] 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.

[0088] In casc that the acoustic signal is the continuous tone or the pulse tone, the Ul
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[ 0090] The U outputting section 200 shows the cochlear interface so
that the hair cell region image 300 of the target frequency band
determ ned in accordance with diagnosis of the hearing ability is
separated fromother hair cell region imge. Additionally, the U

out put t bngpustes seetior Q00 Heay sehowvitial ehe ADBESHSAEnApritided ashasdhdaidr is the
cell region wth color or size varied in accordance wi th damage rate.

[0091] Zhgiddow %I&uéltﬁ Pud&Clohe ‘ﬂn%ﬁgh g%%i%%eéf éb%lotgr Qbe 3%‘/\” Eﬁ&hon@g hair

correspondi ng hair cell “region i nag n accor dance

i nprove r.at e of h of the hair cell regions after the above
sti mul a??@%e%lﬁiﬁéﬂ}%em acoustic signal (hereinafter, referred to as

"acoustic sigpal stinulation") so that the user verjfies inprovenent
rate of [§4%8] hgramﬁge@mnlﬁ tepubddimeny ofihe Epieay drrationatthe gser may verify
hearing ability may be discrim nated by nmeasuring again hearing

abi | i t yinthiteshothdoeglothte tdbletaimetfader whethac gr hanthe h&BF] ability of each of
Hereinafter, a nethod of diagnosing the hearing ability and a net hod

of i npr e ngr tdlbrdaaisii®empRivedt y of the present invention will be
described in detail with reference to acconpanying drawi ngs FIG 4 and

FIGS. gl gﬁh%ﬁodtgmg&%'s&‘é\ﬁ&{‘%(ﬁ slgﬂﬁdﬁgsa{erc%tcmggr ﬁt%#%%ﬁ%%%ﬁhﬁél%# cell

di agnosi ng earin Tty accor 1o one exa

the present invention re he di spl ayin ectjon 232 of the .. X

appar at LEAPRIEE 10 BF e eiehs redyned et 8RBt Brpipfiabee pdfdiognosis
screen. 0095] . Referring to FI.G 4, the apparatus for stinulating the
hai r cePf the kearingabilily is separatsd frometherdwisemtlwegion image. 3 Additiprally, the
touch screen 232 in case that the user requests diagnosis of his

hear i ng UHhutputying rection® 084006y shisw ¢he inmepeciithdfithe dantaged aie chidsegion with
plurality of hair cell region inmages in which frequency bands

gener at eglopyr diz¥ veliiBg i REHoBrE SEHEMGNagH fafe. MBXi UM 1/ 24 octave
resolution are visually sensed. [0096] 1n step S402, it is

Ot IR HE SR ke 27 S g o oibnd S cn
region image 300 in accordance with improvement rate of each of the hair cell regions
after the above stimulation through the acoustic signal (hereinafter, referred to as
“acoustic signal stimulation™) so that the user verifies improvement rate of the hearing
ability.

[0092] The improvement rate of the hearing ability may be discriminated by
measuring again hearing ability threshold about the target frequency band.

[0093] Heremafter, 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.

[0094] 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.
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[0097] In step S404, in case that the user selects the hair cel

regi on i mage 300, an audi o signal of the frequency band correspondi ng
to the hair cell region related to the selected image 300 is
outputted. [0098] In step S406, the apparatus for stimulating the

out put ted. [ 0098] > ' ating t
deer in SOCSR GRERLAR B9 FAE Ty abpRalus RRONMARalN: Ah TRRO5y P HiE s e

may adj ust , vol i cor.d with result as whet her .or not the
User heariRe i d BPERATIENS e e ST o ER At e Blardts Ui apiles
an intengiit q>,£s0i t. at.whjch the audio signal is not heard. [00100]_ In
step S408ia sP8nbearingr abikhy 1B nsteR -edl@s, the mededrniptemage hes a
threshol d of the frequency band corresponding to each of the audio

si gnal s. plueditp Kf hair seldpegonomaghe impplichtfosquency dahdsganératpdt e didding
cell conpares the hearing ability threshold of the user with the

r ef er enceeliai freguedy witly nidvi@ahol /d4aktae residitiorniretisuall§RAGSEE
information is fmshed. [00102] In step S412, the target frequency

band is r NN tdyneugh .t i t rej [
ot anal " stoch o Sep LIRS s ASEraRA RCES drinol AELELNs01RSs FEHI e
In step S414,. inf ..gn concerning the target frequency band is
stored i??gf%u?@%(@aéﬂg?‘y ‘?Ié,ﬁjetcr‘?él%ie?ﬁlmﬁﬁﬁgon concerning the target
frequency band may have user identification information, hearing
ability ElOﬂPHShI@I #ep a9t cese Bt the pegjussireys theahair £eBuegioni Epagent00, an
hearing ability is diagnosed, target frequency band information,

or der i niwhowigmh of thatfrequatmydmnd ddiredpomdiag tattes heir cell[1@gitddicldted to the
case that the audio signals corresponds dividedly to the frequency

bands hayl@@ed imddgotiRSUERRRGUL | On, the target frequency band nay be
determ ned in each of the frequency bands. However, the determ nation

f the t t I | :

o the PO L8130, B RuaP T AR 16 OB I
th hol d f the f bands is. high t har ferer | ue,
B K AR R

of nmeasuring the hearing ability using each of the audio signals
corres poW@P%g The v mavadiasicyolangds ascomignoswithoreswlo asizo wiliether or not the
interval), 6093Hz to 6272Hz (second interval) or 6272Hz to 6456Hz
(third iwdeeheals)thg endioatigmhl banddinputi ihegresprenseadformation abeocyn witekitd/ jRint
octave resolution, the target frequency band may be determned in a

unit of amyigick @Saiio siznAEW dofhesrdal having the above three
intervals, i.e. 5920Hz to 6456Hz.

[00100] In step S408, the response information is stored as the hearing ability threshold

=

of the frequency band corresponding to each of the audio signals.

[00101] In step S410, the apparatus for stimulating the hair cell compares the hearing
ability threshold of the user with the reference hearing ability threshold after input of
the response information is finished.

[00102] 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.
[00103] 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

17



[00105] FIG 5 is a flowchart illustrating a process of stinulating
the hair cell according to one exanpl e enbodi nrent of the present

I nvention. [00106] The apparatus for stinmulating the hair cel

determ nes intensity, kind and order, etc of the target frequency

band af befid bheutt whightthé hessesn e¥iland diagneide tifsBefle @font® Hah@N8fhrmation,
above, and outputs the acoustic signal for inproving the hearing

abili tyofﬁerrtillﬂﬁrﬁﬁﬁén. %Bgﬁhgﬁ%ﬁl M%e&lsa&f ggct ermnation result.

[ 00107] Referring to e appar or ‘stimulating the hair
cell re I..nf-or mat i oncer ni n he target f.requenc and fromthe
merror y SUROAT IR B R, GRS stebelsCortPbilRcs abSGRETaY: B2 Hepnahci batias
the target, freguency band in step S502 in case that the user requests
provi di AgViBE Y3 oglabe sesolutinng the target dregyesnoband pryds) datemynegdhin esdvof
and S506, |cind and output order of the acoustic signal are

det er m fedfreqid@ydahdfs Hewevehdik déterrninatibe ofhe targetr flequeaty bhad is not
acoustic signal nmay be determ ned in accordance with damage rate, or

be det elifiif@thsRe hbd¥e RERICOUHat G, ShERAL HeRubRYISHMrafke in which average

si mul t aneously outputted. [00110] I'n step S508, "t he acoUstic signa

7 00 PHE 1A pARRTHRBRAI ok TR SUREP SRl FLPA R
oMLPULt o1 SRERURILE it DgSPIIE Ao, fn, ondanl QUL Lo
not out ?I;Jet héaa*irxrlg a%];ﬁtgz nginagce%lélsltoif?:hg iu?dr}glsiginsélsf cizorll'i’eséggr?ding to the frequency bands
of 5920Hz to 6093Hz (first interval), 6093Hz to 6272Hz (second interval) or 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 unit of intervals or
in new interval having the above three intervals, i.e. 5920Hz to 6456Hz.
[00105] FIG. 5 is a flow chart illustrating a process of stimulating the hair cell
according to one example embodiment of the present invention.
[00106] The apparatus for stimulating the hair cell determines intensity, kind and order,
etc of the target frequency band after the targef 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.
[00107] Referring to FIG 5, the apparatus for stimulating the hair cell reads
mformation 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.
[00108] In steps S504 and S506, kind and output order of the acoustic signal are

determined.
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[00112] In step S512, in case that the output tine is finished, an
acoustic signal of next target frequency band is outputted. [00113]
On the other hand, in case that the acoustic signal is outputted, the
apparatus for stinmulating the hair cell synchronizes the cochl ear

i nterf aggiobf haQHERMbed 2BBYL HHE BupIR Btk off&ﬁ'&@&% Eiglﬁﬂlgﬁa?ﬁ)teﬁfé\t fined

period of the acoustic signal, and changes co ze 0

cell reg j 300 of the cochlear interface | cgordance. with . .
t he syn%%‘%ﬁ{)%?%rw ﬁf‘ d%ﬂa%e ﬁ‘ﬁ%’ Rléftﬁ:oge%fmﬁl et gp%nélet ﬁgolfé]icr sigh} is
of the present enbodjnent is provided through a conputer or a :
por t abl &% pasRaktanoopsly cmitedhe user or in a hospital, etc. In
addition, the nethod may be provided through a network at a renote

pl ace. [@O19b]InFisEpe S598a the esedustiastignali my catpdtedi my adviokdange with the
i nproving service system according to one exanpl e enbodi rent of the
pr esent dereviridddntens@QXifd ahdofdee. 6, the hearing ability inproving
service system of the present enbodi nent includes a hearing ability

i mprovi r npe tr at n .
i ent CUATF IS eE0RSTOTRECHE AR, BE'4ohEMC ighth BlodniR BRtcIAGhce wit
net wor k ;havi n n Internet and ivate line and a wrel ess network
havi ng ga%ag%%gges Ofrﬁse]iaﬁ‘a?r,“?% W&H‘&{eél’ %ﬂrﬂﬂi’?’@é‘ﬁ i ﬁ'éﬂﬂg'“}twgamf i{‘m cell
satellite network. hggll?] The hearing ability inproving server 600
provi de$iSSHEPHES vAeihsn of 9pt YupBULME o thercopsehsignal ip dce shown
in FIG 3 to the user client 602 in accordance with request of the
user. H§012) e skemBbhYy inlkoatd thyt thepounputrigme & fiwish&d) Anraeyustiosipold dfivext
application through various nethods such as a downl oad nethod or a
met hod wfg&m@@hagbgﬁ@im@bﬁt@ﬁi on into a webpage, etc. [00118] In
case that the user” selects a certain hair cell region inmage 300

t hr ough I {0t e I i 0 jt. apdi

! g%(ﬁgi’;f 95h ke E)tﬂeg Alﬁé&,aﬁl cask Har3RR gacﬁlgstt{chéggiﬁéfail? %&1@3@@%5@0 paratus

si gnal requency correspondi n

sel ect e?orb%h}l&%ﬁﬂg he hair cell synchronizes the cochlear interface with output, amplitude
change, frequency change or pulse period of the acoustic signal, and cﬁanges color or
size of the hair cell region image 300 of the cochlear interface in accordance with the
synchronization.
[00114] 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 through a network at a remote piace.
[00115] FIG. 6 is a view illustrating a hearing a_bility improving service system
according to one example embodiment of the present invention.
[00116] In FIG. 6, the hearing ability improving service system of the present
embodiment includes a hearing ability improving server 600 connected elecirically 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 wireless network having a wireless

Internet, a mobile communication network and a satellite network.
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[00119] Subsequently, in case that the user inputs the response
infoul l ati on about an intensity point at which the audio signal is
not heard in accordance with volune control of the audio signal, the
user client 602 transmits the response infornation to the hearing

abi |'i ty [00myPVIRY IeafiMer a6ifey i&ﬂ%a&ge%@ebe@m NeroRRieki hY hﬁm{daﬁbﬂglfocr;

server 600 has the stinulation part tecting section as shown in

1 and Fhfpufind i c%%ﬁ]qun%ﬁ'gac:eh&o%r %efégfr rLHYRRCYsel %;ﬁgn{ 8(?2 Miac?%brgzﬁg;e

curing is‘required using t ransm rresponse 1 nfor matTon o

user. [00121] Additjonally,,the, hearin ility inprovin rver 600
otor es. PARRRMETIGH E AT 1 ER HE TEM O AR JBEhG Ao 604 Bt mogide
intensity, kind, order, etc of the target frequency band in

accor dateanplioatips ¢hwsgh srarions mefbeds sy py avdaredoad aetlerd ot iacmethgd0f
of the target frequency band to the user client 602 through the

net wor k insertagrthe dppleationtihtot hweblgdger eicned result. [00122] The user
client 602 may be enbodied with a term nal which operates the

appl i cajdraISpITH 38 tieat SREMSE sel@diél al deetakifiRai HRSKERR, intige B UPRwodeh the
nobi | e communi cation termnal, etc. [00123] The uSer client 602

stinmula t he. hakr c ] S tRUELI he-ac i

si gnal tﬁ(r?%\l/elaae r%ﬁi f‘dﬁ% zﬁjgélﬁz?ﬁ%ryaﬁ@f%y%?n%éi %g“ ileggeq’ Ofg%{e(ﬁcy band
[00124] Hearing.abiljty . ovi.ng rate t he apparatus for

sti mul aPPHSSHOH&%PFh%é@Fg%irq%ﬁ$1§§§%B¥%W-mnt may be verified
through an experinment. [00125] FIG 7 is a view'illustrating a graph
i ndi cat MY 1PLrbsequenty, bk easeriiint the wses anputs the nespersmirdferngtems apout an
Particularly, FIG 7 shows result generated by exam ning hearing

abi | i t ymtendityepointngeviath A008idio sen8DRGIE heartdhin bc2drdataéawithra@hahs tosifol

using the hearing ability diagnosing section.
of the audio signal, the user client 602 transmits the response information to the hearing
ability improving server 600.
[00120] The hearing ability improving server 600 has the stimulation part detecting
section as shown in FIG 1 and FIG. 2, and determines the target frequency band for
which curing is required using the transmitted response information of the user.
[00121] 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.
[00122] 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.
[00123] The user client 602 stimulates the hair cell of the user by outputting the
acoustic signal provided from the hearing ability improving server 600.
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[00126] As shown in FIG 7, right ear of the exam ned person has fl at
type hearing loss in a frequency band of 3000Hz to 7000Hz. [00127]
FIG8 is aviewillustrating the target frequency band determ ned for
t he exam ned person in FIG 7. Particularly, a frequency band range

of 5920Hgyt el i il . '

SodBrL 12 de] oricytage, AN iR Rd by the Mol bhEs 16 St pBRE YR 1AL 8 1
person ving the result. in EILG 7 0128] The acoustic signal such
as freq 3@%@#%5@%‘%@@@%@ g? V%'E‘Fé SEENBH SFBEEGCRGr r owband t one
related to the target frequency. band determned in FIG 8 is provided
to the MPYRBI BIG. {708 a pwrlush dinges graphyipdicang Prts hassing exanmisatinpaiesult
fifteen days. Here, the acoustic signal has intensity of 5 dB SL
(sensat iocdrade ¢xeanaingd tpersod. d Barticuylay 2BIG. F1 €héws sesult generaledulsy easmirgng
schedul e for acoustic signal stinulation. Particularly, hearing

abi | i t y Hegrif@abiliite th ﬂféﬁ@.ﬁ%e bPEOGUIRU S BOOSHAWLh $LUNBHAle RBolufion using the
provided (first case), after providing the acoustic signal

sti mul atﬂe%g%gtﬁilig ?%ﬁﬂg%ﬁ%%é‘ﬁfb%pd case), and after providing the

acousti c Si or fifteen days (third case), and then
heari ng L1ty thresho orrespongding to.the neasyrepgent are
conpar e&‘?‘ﬁﬁéb 1%61999‘@ a3 iR A gt OF e Sremipsibpainon has, flpttye dsgriagloss
ten tines with 1/24 octave resol uti on and then average of the

measur edn ¢arageengysbanskef HO0HAtonEWOHAg ability so as to prevent
experinmental error. [00131] FIG10 is a viewillustrating a table in
whi ch hde012ap Bl | 8 tiy ar efesst lluse@sing efhebafget efrédienayg Gasitli detsirginell for the
stinmulation is provided to a right ear is conpared with that neasured

after t @gm@ﬁfeaasérgorﬁmm. 75t PR ol FeleB¥ Bﬁlg%fe&gefb? 5f9'29ﬁ2 8B40z

for ten days. FIG 11 is a view illustrating at e1n whic

st e T
e R B U b R B

hearing ability threshold of the target frequency band beconmes snall
af ter t h@0138bukhe acaistiaaignst suel astfrequengy prasdrilated forie er. arpplétude amddwdated
ability is inproved. '

narrowband tone related to the target frequency band determined in FIG. 8 is provided

to the right ear for thirty minutes in the moming and evening over fifteen days. Here,
the acoustic_signal has intensity of 5 dBSL (sensational level) to 10 dBSL.

[00129] 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 stimulation for five days
(second case), and after providing the acoustic signal stimulation for fifteen days (third
case), and then hearing ability thresholds corresponding to the measurement are
compared.

[00130] In each of cases, the hearing ability is measured ten times with 1/24 octave
resolution and then average of the measured values is used as the hearing ability so as to

prevent experimental error.
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[00133] FIG 12 is a view illustrating a graph show ng the hearing
ability threshold of the right ear before and after the acoustic
signal stimulation is provided. 100134] In FIG 12, hearing ability
threshold (right ear) of a frequency band of 592011z to 6840Hz before

the acoumuse] FIGNaD i§taixﬂy¢vamh9@aﬂgfgh@m\1é e e Bt sidCatitfityredBifimeasured

However, the hearing ability thr old of the frequéency Band after

t he aco I.C aSi St | i S -pr Oy r. S

a6, 2 dppors U ARiE sla bR uRbLEES % q R BoEPHR IR thac
addi tion, the heari,ng abil.ity threshol.d after .t he acoustic si.gnal

2t mul aBIoaES b Ut Stenel SERUaHpY Yo pinded 1 Tiser (O Cp days.
the hearing ability threshold is nore |owered. [00135] This may be
ment i onEHCGakl isemwmicng illnstiating lat tabledosbichthehearing abilijy esgult measured after
schedul e for verifying whether or not inproving of the hearing

abi | i t yatoustonignalistitabationisp@ivived taftherightear dooidatdags & @mdbpared with that
stinul ation about the right ear is stopped. [00137] The hearing

abi ity O di V@ dAYS ! :
o1 Y RO (o i a5 g 98V O B B8 oy ien

iIIustrﬁa'Sng a table show ng neasurenent result of the hearing
ability out the right ear after the acoustic signal stinmulation is
raph caor.respo to the

abl o i 008 Reterinriont il CARlIC 81 S Rastmanab HOHS ol dbs et
effect of the hearing ability is maintained after the acoustic signal
st i nul afticguency tanddwedmesddialli afteaithe acoustic signat stinethtionds prévadéddel thy
ability is inproved by approximately 7.9 dB after |apse of eighteen
days fr hearsteogbilify ishepasadst i ¢ signal stimulation.
[00133] FIG. 12 is a view illustrating a graph showing the hearing ability threshold of
the right car before aﬁd after the acoustic signal stimulation is provided.
[00134] In FIG. 12, hearing ability threshold (right ear) of a frequency band of 5920Hz
to 6840Hz before 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 38.2 dBHL, ie. the hearing ability
threshold is lowered. In addition, the hearing ability threshold after the acoustic signal
stimulation is provided for fifteen days equals to 34.2 dBHL, i.e. the hearing ability
threshold is more lowered.
[00135] This may be mentioned as meaningful result.
[00136] 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.
[00137] The hearing ability is measured from five days to eighteen days after the

acoustic signal stimulation is stopped.
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[00140] Any reference in this specification to "one enbodi nent,” "an
enbodi nent, " "exanpl e enbodi nent,"” etc., neans that a particular
feature, structure, or characteristic described in connection with

t he enmbodi nent is included in at | east one enbodi nent of the

i nvent i @fqof N p n o} hr sinh various places in t
speci filgghtsﬁgnﬁlﬁ e%gg adnglges slg}’l?t%ﬂjﬁo? @g eﬁ]il%"&mlgon}eﬁ%mg% result O?er'he
enbodi nent.. Further, en, artjcular feature, structure, or

char actEaiag ARl aé%@‘évﬁF pight Fa7 f%ﬁé%@@%ﬁﬂ&ﬂglaahﬁyn%ﬁeai%tﬁpped-t HIg.
submtted that it is within the purview of one skilled in the art to
af f ect ISush viewtlnsratiogmgraph egrresposiimgdottee table in FIG. ddnnection with
ot her ones of the enbodi nents. [00, 141] Al though enbodi nents have
been dgeer3op eHefﬁrﬁh% e fRiGe N4 earidoFEG. 1Sy Heiproding| dfttst oftthy heafibe dbimOtis
thereof, it should be understood that numerous other nodifications
and enggipBS ' - [ in ; b
fall within theaisziq}l??Cgﬁﬁcﬁg%ag)éo“%mﬁ%@rgiértfl’| pfjés"% ! 3 vefifibd
di sclo e, re._parntij.cul arl vari ous vari at.i d.modificati.o

o o podditcing WfinB el ismrontd b iy Sttty ahd L el Goserd eidfien
subj ect cog;i nation, arrangenment within the scope of the disclosure,
the dr #fyh&OMpEPdhepuste sigapkstirulalign.addi ti on to variations and
nodi fications in the conponent parts and/or arrangenents, alternative
uses will also be apparent to those skilled in the art. WHAT IS
CLAIMED IS: 1. A recording nedia readable by a digital processor and
havi ng [6010P0ARR efereFRNMSs SFREGERTONDY tdiR ehBbdiaent 0eRS&AbodiRlent,”
t he purpose of stimulating hair cell using acoustic stinulation, the
recordi« j i, e gk i 40 i r o
band co?rg%[ggggn%}jﬁg to ?a%g:g’e%e%% trhag:g%pflﬂir%gﬁ&ofﬁ&q}?\é’ astic}g%tr%r air?g gﬂgmﬁt% ﬁenstlc
preset algorit.h . ). det er m ni th requency. band )

Por r es shting Hovonnectionuiiing SPofiometis il 4B 88 Probgisnesy of

band; and, i . . .
the invention. The appearances of such phrases in various places in the specification are

not necessarily all referring to 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.

tﬁ(),lt_ll] .‘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 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.
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(c) outputting an acoustic stinulation signal having given intensity
to the target frequency band so as to stinulate the danmaged hair cel
regi on, wherein the acoustic stinulation signal corresponds to
at | east one of anplitude nodul ated tone, frequency nodul ated tone,
pul se tone, continuous tone, and anplitude nodul ated narrowband

noi se, or conbination of the tones and the noi se, wherein in
the step (c), the acoustic stinmulation signal is outputted with
intensity higher approximately by 3dB to 20dB than hearing threshol d
of the damaged hair cell region. 2. The recording nedia of claim1,

wherein in cesgaAlps c3SVEVIRD @i r cell regions are damaged, the step

(b) determines a frequency band range corresponding to hair cell

regi ons | ocated continuously anong the damaged hair cell regions as
the target frequency band. 3. The recording nedia of claima1,
wherein in case that several target frequency bands are determ ned,
the step (c) lout patrscerdingmediespadabia by actighsli prostssowdrst honng b gnagram of
in order of damage severity, or outputs randomy the acoustic

sti mul athPmnamidg8RbSuted by the digitalTﬁ}%cés%pfcgitﬂapﬁ%is@oﬁéﬁrﬁhﬁinﬂg hair cell using
wherein in case that several "target frequency bands are determ ned,

cor r espareiihg HBRIRE S iR SRR Betia pBeRpang | ¢ St A on stonals

(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 stimulation signal having given intensity to the target
frequency band so as to stimulate the damaged hair cell region,

wherein the acoustic stimulation signal corresponds to at least one of amplitude
modulated tone, frequency modulated tone, pulse tone, continuous tone, and amplitude
modulated narrowband noise, or combination of the tones and the noise,

wherein in the step (c), the acoustic stimulation signal is outputted with intensity
higher approximately by 3dB to 20dB than hearing threshold of the damaged hair cell

region.

2. The recording media of claim 1, wherein in case that several hair cell
regions arc damaged, the step (b) determines a frequency band range corresponding to
hair cell regions located continuously among the damaged hair cell regions as the target
frequency band.
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5. The recording nedia of claiml1l, wherein the step (a) includes:

out putting cochlear interface conprising hair cell region inmages
divided with 1/k octave resolution, wherein the k is positive integer
of above 2; and in case that a user selects at |east one of the
hair cell region imges, outputting an acoustic signal with a
frequency band corresponding to the selected hair cell region inage
and determ ning hearing threshold using the user's response
information on the outputted acoustic signal. 6. The recording
media of claimb5, wherein the k is a positive integer anong 3 to 24.
7. The recording nedia of claim5, wherein the step (b) determ nes a
frequency band of a hair cell region of which hearing threshold is

and wher o n tho. nEEh S IPERSRCHE Y o gl B iy CER TR seR§ET e

hair cell region imge corresponding to the determ ned target )
f r equenEGAUERGY, banlsr arg defmingdbutheegtepais) osinuty dhe oporespgeding acoustic
visual i zed.

stimulation signals in order of damage severity, or outputs randomly the acoustic

stimulation signals.

4, The recording media of claim 1, wherein in case that several target
frequency bands are determined, the step (¢) outputs simultaneously the acoustic

stimulation signals corresponding to the target frequency bands.

5. Therecording media of claim 1, wherein the step (a) includes:

outputting cochlear interface comprising hair cell region images divided with 1/k
octave resolution, wherein the k is positive integer of above 2; and

in case that a user selects at least one of the hair cell region images, outputting an
acoustic signal with a frequency band corresponding to the selected hair cell region
mmage and determining hearing threshold using the user’s response information on the

outputted acoustic signal.

6.  The recording media of claim 5, wherein the k is a positive integer among 3

to 24.
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8. The recording nedia of claimb5, further performng:

outputting the hair cell region inmage corresponding to the frequency
band of a anplitude nodul ated tone in case that the type of the
acoustic stinulation signal is the anplitude nodul ated tone, wherein
anplitude variation of the anplitude nodul ated tone is visualized on
the hair cell region imge. 9. The recording nedia of claimb5,
further perform ng: outputting the hair cell region imge
corresponding to the frequency band of a frequency nodul ated tone in
case that the type of the acoustic stinulation signal is the

frequency nodyl at gt RRErdiMDONERIA bf QIMBNCY, Vidklddt | @B f’[t% tgﬂ determines a
frequency nodul ated tone is visualized on the hair cel Pe I'on | mage.

Lone had GuraohPid B haltedl Reof SIRLE ptatrif oG W ViR 1of) By

media of claim5, further perform ng: outputting the hair cell
regi on iteEECEsRtessdheltargetitequRecy Panguency band of the acoustic
stinmulation signal in case that the type of the acoustic stinulation

signal is theagbwhéreuothe ha&hed Qirthdrefohamg:one, wherein it is sensed
through the hair cell region inmage that the acoustic stinulation

signal correspendsnifndind f%eRN8eRh ﬁﬁ%ec&%ﬁésﬁgféﬁg 9 A0 MR target

pul se tone.

frequency band, wherein the outputted hair cell region image is visualized.

8.  The recording media of claim 5, further performing:

outputting the hair cell region image corresponding to the frequency band of a
amplitude modulated tone in case that the type of the acoustic stimulation signal is the
amplitude modulated tone, wherein amplitude variation of the amplitude modulated tone

1s visualized on the hair cell region image.

9. The recording media of claifn 5, further performing:

outputting the hair cell region image corresponding to the frequency band of a
frequency modulated tone in case that the type of the acoustic stimulation signal is the
frequency modulated tone, wherein frequency variation of the frequency modulated tone

1s visualized on the hair cell region image.

10.  The recording media of claim 9, wherein the frequency modulated tone has
a resolution less than 1/3 octave.
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12. The recording nedia of claim5, wherein the hair cell region
image is outputted with different color or size depending on the
extent of hearing ability inprovenent. 13. A nethod for
providing a hair cell stinulation service in a server connected
electrically to a client through a network, the nethod conpri sing:
(a) transmtting application for hearing diagnosis to the client,
wherein the application outputs cochlear interface including hair
cell region imges divided with 1/k octave resol ution; (b)
receiving response information of a user in accordance with an
acoustic signal of a frequency band corresponding to at | east one
regi on selected fromthe above hair cell region i mges; (c)
determ ni ng fr r 1,51 i &? hai r cel
region as a g%' f@#ﬁ%ﬁ*ﬂ?@%ﬁgﬁ@gﬁﬁgﬁﬁﬂggﬂﬁhéﬁgggﬂﬁﬂﬁ- t he response
i nformation; and (d) transm{ting an acoustic stinmulatiaon

signal of theWPaigRg the oy eslk jegiemamage Forgrspendingttaihe fipquencyrand of the

client,

acoustic stimulation signal in case that the type of the acoustic stimulation signal is the

continuous tone or the pulse tone, wherein it is sensed through the hair cell region image

that the acoustic stimulation signal corresponds to at least one of the continuous tone and

the pulse tone.

12.  The recording media of claim 5, wherein the hair cell region image is

outputted with different color or size depending on the extent of hearing ability

improvement.

13. A method for providing a hair cell stimulation service in a server connected

electrically to a client through a network, the method comprising:

(a) transmitting application for hearing diagnosis to the client, wherein the

application outputs cochlear interface including hair cell region images divided with 1/k

octave resolution;

(b) receiving response information of a user in accordance with an acoustic signal

of a frequency band corresponding to at least one region selected from the above hair cell

region images;

(¢c) determining a frequency band corresponding to damaged hair cell region as a
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wherein the acoustic stinulation signal corresponds to at |east one
of anplitude nodul ated tone, frequency nodul ated tone, pul se tone,
conti nuous tone, and anplitude nodul at ed narrowband noi se, or

conbi nati on of the tones and the noi se, wherein the transmtted
acoustic stimulation signal has intensity higher approximtely by 3dB
to 20dB than hearing threshold of the damaged hair cell region. 14.
An apparatus for hair cell stinmulation by acoustic signals

conpri si ng: a hearing diagnosis section configured to neasure
hearing threshold of a hair cell region on the basis of a user's

r €SPONS Rt RIgNBAS PRarorfthe MAeHs lf ehEfeRPSiseGnhr@Afbn; and @
stinul at ir%n ré]gi on detecting sgcti on confsi gur ed ton éltern‘i ne a
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stimul ation treatnment section configured to output an acoustic
sti mul agiven 1efensitd toihe Bligiteset intensity to the deternined target
frequency band, wherein the acoustic stinulation signal of the

target frequefitteinahe acsuddi! @imilagen aknal cdapondN e HRAG MELT hidBude
nodul at ed tone, frequency nodul ated tone, pulse tone, continuous tone
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signal is higher by i . .
modulafed narrowband noise, or combination of the tones and the noise,

wherein the transmitted acoustic stimulation signal has intensity higher

approximately by 3dB to 20dB than hearing threshold of the damaged hair cell region.

14, An apparatus for hair cell stimulation by acoustic signals comprising;

a hearing diagnosis section configured to measure hearing threshold of a hair cell
region on the basis of a user’s response information on a specific acoustic signal;

a stimulation region detecting section configured to determine a frequency band
corresponding to damaged hair cell region as a target frequency band using the measured
hearing threshold; and

a stimulation treatment section configured to output an acoustic stimulation signal
with preset intensity to the determined target frequency band,

wherein the acoustic stimulation signal of the target frequency band is determined
as at least one among amplitude modulated tone, frequency modulated tone, pulse tone,
continuous tone and amplitude modulated narrow noise, or combination of the tones and
the noise,

and wherein the intensity of the acoustic stimulation signal is higher by
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approximately 3dB to 20dB than hearing threshold of the danaged hair
cell region. 15. The apparatus of claim 14, wherein the
hearing di agnosi s section includes: an interface output section
configured to output cochlear interface conprising hair cell region

i mages divided with 1/k octave resolution, wherein the k is positive

i nt eger of above 2; and a response informati on storage section
configured to store the user's response information on the acoustic
signal as the hearing threshol d. 16. The apparatus of claim

15, wherein the stimulation treatnent section determ nes a frequency

band of agprbginiatelgl3dBreP0dB than Wedridy thegshbRboftthe damabed Biir @ region.
correspondi ng frequency band selected fromthe hair cell region

i mges is higher than a preset reference value as the target
frequency band. 17. The appar at us of claim 14, wherein the
stinmulation treatent sectlon det rmn at | east one anong
intensity, type arif WPaEuL “tﬁ@ ]%QTF’@ ¢ haamng d@ﬁn%smgmloafmqlﬁ@es
target frequency band.

an interface output section configured to output cochlear interface comprising

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

information on the acoustic signal as the hearing threshold.

16. The apparatus of claim 15, wherein the stimulation treatment section
determines a frequency band of a hair cell region in which hearing threshold of the
corresponding frequency band selected from the hair cell region images is higher than a

preset reference value as the target frequency band.
17. The apparatus of claim 14, wherein the stimulation treatment section

determines at least one among intensity, type and order of the acoustic stimulation signal

of the target frequency band.
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