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EQUALI ZATI ON APPARATUS AND METHOD BASED ON AUDI OGRAM
TECHNI CAL FI ELD The present invention relates to an
wequmlegasi on appar atus and met hod based on audCTMKR2M05/000766

and nore particularly, to an equalization apparatus
and nmet hod based on audi ogram in which individua
audi ogramis tested per personal frequency band using
self-calibration and a Random Bekesy tracing
algorithm and equalization is perforned based on the
tested audiogramto obtain an optimal sound and an
opti mal hearing protection function. BACKGROUND ART
Statistically, it is assuned that 0.1%to 0.2% per
popul ati on corresponds to profound hearing | oss that
cannot be heard, 1%to 2% per popul ati on corresponds
to noder aEQUALKRATION APHARANISS ANBPd 10% to 15%
corresponds to mld hearing | oss. People correspondi ng
to the raMETHODBASER Q&AUWQGB&A%W a
difficulty in hearing a sound of 2GdB to 40QdB but can
make conversation with another people close to them
wi thout difficulty. Therefore, nost of the people
TECHNICAEJHIBEDNg to the range of the nmild hearing |oss
rarely go to hospital because they do not recognize
S EThOpBE@S Snvehtidhfilatedadr agaliosion ddpweatsrandirethdibbased on
peopl e corresponding to the range of the mld hearing

audidg?asfﬁ,Rgxgpﬁfo%) BZrﬁ@ularly, to an equalization apparatus and method based on
audiogram, in which individual audiogram is tested per personal frequency band using
self-calibration and a Random Bekesy tracing algorithm, and equalization is performed

based on the tested audiogram to obtain an optimal sound and an optimal hearing

protection function.

BACKGROUND ART

Statistically, it is assumed that 0.1% to 0.2% per population corresponds to
profound hearing loss that cannot be heard, 1% to 2% per population corresponds to
moderate and severe hearing loss, and 10% to 15% corresponds to mild hearing loss.
People corresponding to the range of the mild hearing loss have a difficulty in hearing a
sound of 20dB to 40dB but can make conversation with another people close to them
without difficulty. Therefore, most of the people corresponding to the range of the mild
hearing loss rarely go to hospital because they do not recognize seriousness of their

hearing loss. However, if the people corresponding to the range of the mild hearing loss
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continuously use an audio player wth excessively
great volune, their hearing | oss may becone the

woudmsroagashearing | oss. In worst case, their hearikr2005/000766
| oss may becone the severe hearing | oss or the

prof ound hearing | oss. In nodern society, many people

use various audi o players, such as TV, the AMFM Radi o

CD pl ayer, MP3 pl ayer, audio cassette, PC, and ’

| anguage player. The audio players currently selling

in the market have a vol ume anplifying function enough

to cause hearing loss. Since nost of users of the

auﬁlo pI;yers Eend to listen to nusic with high

VOl ulE. hidi leP YithaS@ eRREBESatS@iraethéin heaingdoss ma
ComPH@:ﬁfﬂE E@arlngﬂ%%ss. Particularly, since people who ¢

muc | music tend to |iste I oRRYY |
bese dherofBEe L Egssa bt s gt Befridl It Bcbecome the

_ noder ate hearing | oss or profound hearin

sevdreearinBHessros tha pefernd heardslop): ayer P has caused nor g

serious hearing |oss because it played audio
r eqanabdEssdicty,din phoale wa droesandioplgyessycas TY, fie AM-

a cochl ear canal have frequency bands and vol une,

en i MUAED B BlagGt RIPS M8ghr, ANt @gscas) P, mddasguagdple]
gg?ss pg?t?rﬁqueﬂgyﬁ%f the auditory ce?ls,gmhifﬁnigf
ned.. , : , _
i KERg AR PRt oiediRe L AP hfe Uka uevallgicogifitting

be varied due to agin or,exgégrs'esufg aUdiFQran1nay
funeseampionzh s s e R RES SipsrBoR oL dars ot ST BleyCigitend t
a frequency of IkHz at the
listen to music with high volume, their hearing loss becomes serious to cause the mild
hearing loss. Particularly, since people who much like music tend to listen to music with
high volume, those people are more serious in hearing loss to cause moderate hearing
loss or profound hearing loss.

The related art audio player has caused more serious hearing loss because it
played audio regardless of individual audiogram.

Auditory cells of a cochlear canal have frequency bands and volume, which are
determined. Audiogram is a distribution of sense per frequency of the auditory cells,
which is obtained by hearing test. People have unique audiogram like fingerprint or
DNA structﬁre. Such audiogram may be varied due to aging or excessive great volume.
For example, supposing that anyone listened to a sound of a frequency of 1kHz at the

intensity of 80dBHL or greater for several hours, its particular auditory cell that handles

the sound of 1kHz is exposed to an excessive sound, thereby causing sudden hearing
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intensity of 8CGdBHL or greater for several hours, its
particular auditory cell that handl es the sound of
WORbG/068348Xposed to an excessive sound, ther ebpPCTERDIFY00766
sudden hearingl oss. Supposing that anyone who |ikes a
sharp and stinmulus sound repeatedly listens to a sound
of a frequency of 1CkHz with high volune, its hearing
may cause a functional hearing |oss for the frequency
band of 1CkHz. Meanwhile, FIG 1 illustrates the
result of volune control of the related art audio
player. In FIG 1, a first group 100 and a second
group 102 are shown. The first group 100 has a
loss. Isuppdsidgdthatf an@dit-ivha nidesna sHakgand stiramlue sdund rbgdatedtelistens to a
group while the second group 102 has a threshol d of
souﬁ@dﬁ'dLﬁeq%'ewof *ﬂékﬂ,@ knaﬁlen%g%m&ed iR @aﬁﬂgemalg,l dA88 b Yunctional

control s volune, 'y that the first group 100

I.n e if volune is
heagBéll?SSIf?ra%gagfeql&ﬁ%ﬁ%n&b%m\ﬁg%cond group 102 may feel
| ess fatigue because it is expgsed at 60dBH.. However,

t heMeppveltiley Figpl 9lbk§trat5§/ﬂxsée%§r9£gebl%@nﬁrel Qlofihg pglated art audio

distortion and fatigue because it is overexposed at
plagd BHEIG. Toa dirsti gtolp 460 ahd & secomd dirowr Y02 adel shpwnhThé findgroup
be caused by linear volune control of the audio

10(PhRY-LihresBSIH A 0ABHI OdtoiiRY 1108, Rl iérathit R11886) ®hile the second
i ndi vi dual volume control per frequency band.

groﬁﬁ'fﬁéﬁllsa)’thx%ﬂoﬁ oijBef allows a user to listen to

esire sound tone. For exanple, anyone who

likes a _cle nd el und can volu
fr egﬁé‘ﬁ@}? refla’ced?l art aud{% P ayer 1%ear y controls Volmrane it 1shhkge§1y that the

first group 100 may be damaged. In other words, if volume is controlled at 90dBHL, the
second group 102 may feel less fatigue because it is exposed at 60dBHL. However, the
first group 100 may be damaged due to volume distortion and fatigue because it is
overexposed at 90dBHL.

To avoid loss of the auditory cells, which may be caused by linear volume
control of the audio player, equalization may be performed to enable individual volume
control per frequency band.

Generally, an equalizer allows a user to listen to music at a desired sound tone.
For example, anybne who likes a clear and elegant sound can volume the hign frequency
band of the equalizer up to listen to a desired sound. Anyone who likes a magnificent
and powerful sound can volume the low frequency band of the equalizer up to listen to a

desired sound.
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band of the equalizer up to listen to a desired sound.
Anyone who |ikes a magnificent and powerful sound can
woabesroesibe | ow frequency band of the equal i zePCUKR2005/000766
listen to a desired sound.In addition to nmaking user's
desired sound tone, the equalizer is used for nedica
treatnment such as an aural aid and an artificial
cochlear canal. In case of hearing |oss patients who
need an aural aid or an artificial cochlear canal, the
equal i zer shoul d essentially be controlled dependi ng
on their audiogramafter 5 testing their hearing per
frequency. This is because that hearing becones worse

i@ aﬁgi%h Yl RFS A1k 88irell BMIHAGORE) Y @iblikeas ised fbomsdical
for~a frequency band of 1CkHz is supplied with a sound

t hr ou an aural .aid. and..an [ oy cochl ear canal
treatti‘fa’i‘t Sﬁ&ﬂ%%%%i‘ﬁ@?% %%gﬁp%gﬁcg{]é %e rred to as
"fitting" in acoustics) for a frequency. band of. Hz.
|| ClokasoBhcarize 106 paidnit Shdged 81 GRGY KSboain SHUEGH Cochlear
pl ayer based on audi ogramof a user using the
can@ljtigd dqualizerishouldl edsetinityibe cantropled vieprndingctn theirzudiogram after
pl ayer according to an equalization nmethod based on

tesA RBTARLD Joh SrRubisdyi Meisald Hea@isa nhiteindaring theosmediworse if a
fﬁg rel at edgg;re? aegldilgglramtest nmet hod, a particular

ST G AL B PR g o

subed R, oMb S8R G ALY AL GV el et did o
determine an auditory threshold in the particul ar

peiffoieg equedigatian drefiried: to s “fitting” in acoustics) for a frequency band of

10kHz.

However, if it is intended to provide an audio player based on audiogram of a
user using the equalizer, it is difficult to provide such an audio player according to an
equalization method based on audiogram in the existing audiogram test method.

Tn the related art audiogram test method, a particular frequency band is selected
by manipulation of a tester based on six frequency bands of 250Hz, 500Hz, 1000Hz,
2000Hz, 4000Hz, and 8000Hz. Afterwards, the intensity of a test sound is manually
controlled to determine an auditory threshold in the particular frequency band. In this
way, another frequency band is selected to determine its auditory threshold.

In other words, in the related art audiogram test method, since the step of

selecting a frequency of the tester, the step of suggesting a test sound, and the step of

determining the auditory threshold depending on response of the test sound of a testee
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way, another frequency band is selected to determ ne

its auditory threshold. In other words, in the rel ated
wanbocdgi4ogr am t est nmet hod, since the step of BeTAER2005¢00766

a frequency of the tester, the step of suggesting a

test sound, and the step of 20 determ ning the

auditory threshol d dependi ng on response of the test

sound of a testeeare separately perfornmed, naxinmm

time as nuch as 50 minutes is required to determ ne

the auditory threshold in six frequency bands as

above. Therefore, if the related art audi ogramtest

nmethod is applied to the audio player, it is difficult
aref gaparafaly ugserormed.s elagimumhtimer e weuvby aof50t henatesliio required to

pl ayer, receive the test sound, and determ ne the

detamtlné altiey abditces nbtesholfPan i€ Weahibnoy Band® af 8HBYE.COhdrSfore, if the
testing the auditory threshold becones |ong as a

. Vi Ther T

RN n il (TR LY ol Ly ot o
egualization is orned pased on the related art )

usef Ao i PR ey b e p By TrsPi teiedt euicognd defgrine the
i.s provided by controlling the intensity only in a

audifogtthrasheld. a particul ar frequency is sel ected, a test
error may greatly occur due to adaptation and

sel Particulerlpt tirnatrequired ffoit testing te, audher abieshBlki Bigo3@ ng as a
audi ogramtest difficult. BRI EF DESCRI PTION OF THE

fre DR KNSR QAP a¥ieRthe Ot AW G 1t w?ﬁ&l&r fhe ?ﬁilicy %%%r in
o provide a further understanding o e invention
whith %ql?arh%a%icr)]l% Psrrfé(r) o%g based on ecrce):{]a%et(f atrtuatu%ioagrgrg rtést %Ietﬁorgll. S
Furthermore, if the test sound is provided by controlling the intensity only in a
state that a particular frequency is selected, a test error may greatly occur due to

adaptation and selective attention of the user, thereby making exact audiogram test

difficult.

BRIEF DESCRIPTION OF THE DRAWINGS

The accompanying drawings, which are included to provide a further
understanding of the invention and are incorporated in and constitute a part of this
specification, illustrate embodiments of the invention and together with the description
serve to explain the principles of the invention.

In the drawings:

FIG. 1 illustrates the result of volume control of a related art audio player;
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specification, illustrate enbodi nents of the invention
and together with the description serve to explain the

wonrbwsmegd4es of the invention. In the draw ngs: PETGR2005/000766
illustrates the result of volune control of a related
art audio player;FIG 2 illustrates an equalization
appar at us based on audi ogram according to the
preferred enbodi nent of the present invention; FIG 3
illustrates a nodule of a controller according to the
preferred enbodi nent of the present invention, FIG 4
illustrates the standard for determning a fina
auditory threshold according to the preferred

emyad; Qﬁﬂﬁst%ftestdﬁeeq%l%ﬁﬁﬁ abﬁ‘éf@tﬂﬁ b&8d oﬁ'a@dm%ram according to the
illustrates the result of volune control of an audio

pre@h"élg %bogldrjﬁlt SP%lgﬁye%%ﬁtZlﬁﬁénqgnb ased on audiogramis

ormed acco e preferred enbodi rrent of the

d fl
P e s I R Sa0s protsmlesssdRaiodor afarebmehodiment

to the preferred errbodl ment of the present invention.
of tidFEALdnEDNVEORBARI PTI ON OF THE | NVENTI ON TECHNI CAL
PROBLEMS Accordingly, the present invention is

di regct eq fis@dies qhal stamdbido ford @BRfmihitg AN @inAE hditbrb amedhold
on audi ogramthat substantially obviates one or nore

acc&fdn{gl'}g thd 81@"&1(5% B diment of the present invention;

FIG. 5 illustrates the result of volume control of an audio player in which
equalization based on audiogram is performed according to the preferred embodiment of
the present invention; and

FIG. 6 is a flow chart illustrating equalization based on audiogram according to

the preferred embodiment of the present invention.

DETAILED DESCRIPTION OF THE INVENTION

TECHNICAL PROBLEMS

Accordingly, the present invention is directed to an equalization apparatus and
method based on audiogram that substantially obviates one or more ef the problems due
to limitations and disadvantages of the related art.

An object of the present invention is to provide an equalization apparatus and
method based on audiogram, in which an optimal sound and an optimal hearing

protection function can be given to a user while minimizing audiogram test time.
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to limtations and di sadvantages of the related art.
An object of the present invention is to provide an
weqoumluicgasi on apparatus and nethod based on auBCDEKR2NS/000766
in which an opti mal sound and an optimal hearing
protection function can be given to a user while
m ni m zing audi ogramtest time. Another object of the
present invention is to provide an equalization
apparatus and net hod based on audi ogram in which tine
required for audiogramtest can be mnimzed even in
case that a frequency band i s subdivi ded. Another
obj ect of the present invention is to provide an
eqUR R dtHELt BB PR Brlcbidht 3EntTB DO HrasRId Mnequulizatigh apparatus
in I ch anloptlna test start sound can be set
aut tica X [ - Al : [
and i BT RSl AlloB fCPHED (RN EE fOF ol Rt b be
_required for audi ogramtest.. .Another, object of the
mingpized Vo1 MLepk 1‘iﬁéétna‘ §q‘feé‘°¥)§?3\9]ilﬂ%u% Vlg?fgajl i zation
appar at us and net hod based on audi ogram in which an
audAhathgr ¢tjea i chel present finesption ésytoppreyidesandequalization rpparatus
for volunme control so that a clear sound nmay be

andPRRMiodeBhsdd drovudiemer, iAnehibieranokyjtianil wbt ttagt guedenn be set
invention is to provide an equalization apparatus and

aut%ﬁ%ltgc%ﬂx %ﬁm%gt r?lgm?all' %a%%felﬂa{ﬂonio? a"ﬁ@érclh sEﬁ_@tincé & 16 sound, so as to

g a user to sel'ect a frequency is omtted so as
not .to cause _adaptati on of hearing or selective
redyge; tHRE ToHITe #graé‘g&?g@%fﬂsf'ng exact audi ogram test.
TECHNI CAL SOLUTI ONS
Another object of the present invention is to provide an equalization apparatus

and method based on audiogram, in which an auditory threshold per frequency band is
determined for volume control so that a clear sound may be provided at low power.

Another object of the present invention is to provide an equalization apparatus
and method based on audiogram, in which the step of allowing a user to select a
frequency is omitted so as not to cause adaptation of hearing or selective attention,
thereby enabling exact audiogram test.

TECHNICAL SOLUTIONS

To achieve these and other advantages and in accordance with the purpose of
the present invention, as embodied and broadly described, in an equalization method
based on audiogram using an equalization apparatus including a sound source memory
calibrated at a constant step of dBHL and storing sound source data having a plurality of

frequency bands for one dBHL, a sound chip, a controller calling the sound source data,
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To achi eve these and ot her advantages and in

accordance with the purpose of the present invention,
waowrmessds ed and broadly described, in an equaPCT&R2005/000766

nmet hod based on audi ogram usi ng an equali zation

apparatus including a sound source nenory cali brated

at a constant step of dBHL and storing sound source

data having a plurality of frequency bands for one

dBHL, a sound chip, a controller calling the sound

source data, a speaker, and an equalizer, the

equal i zati on nethod includes the steps of a)

outputting a reference sound having reference
a splehIRG Va1 canslidenttBe sqializiin mEhe® Kiclmies tiRssepIl apoutphtting a

auditory threshold, b) determning a start sound

o SRR R RS el By dmiono
o o o, G B SR RS TR e o

the reference sound is received, c) outputting a first |
the tagditoyolireshold owbile seldingi & yound having antpesity diffgrep figan a prior
set prior to the start sound, having the reference
souhd atjaengd,sodkce G@dnhorg deperidast onswhithertravansyefing sigsaltof a user to
and frequency different fromthose of the prior sound

the abfehdiRe SOURY i$ qwe@»eed?%wuxbu@tﬁ%eadmg 10 sohed Kkgfo_sé Btensity is

answering signal of thé user to the test sound is

received, storing reception data.on the answerin
conlipfifd A Brvafire S i e B B SinEohAasE A BB By per o
steps d) to e), @) determining the auditory threshold
calling a gesh\suigd hgvigstintepstiuanc febwney dififergnt fiem thewpef gis prior
data of the answering signal, and h) performng
souad wa thez stund odiep encthony deperidigz o tvérethendble ansferiag\signal of the
threshol d per frequency, wherein the controller calls

usePtoS@H Rt SRMAGErebbivEE o) IRHAR Tt eStiR@HtAOn i answering signal of the

user to the test sound, f) repeating the steps d) to €), g) determining the auditory
threshold per previously set frequency band using the reception data of the answering
signal, and h) performing equalization depending on the determined auditory threshold
per frequency, wherein the controller calls a sound source while randomly changing the
frequency depending on a predetermined Random Bekesy tracing algorithm.

In another aspect of the present invention, an equalization apparatus based on
audiogram includes a sound source memory calibrated at a constant step of dBHL and
storing sound source data having a plurality of frequency bands for one dBHL, a
controller calling a reference sound for approximate assumption of user’s auditory

threshold and a sound source from the sound source memory during audiogram test, the
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frequency depending on a predeterm ned Random Bekesy
tracing algorithm In another aspect of the present
wonverssan, an equal i zation apparatus based onPCT/KR2005/000766
audi ogram i ncl udes a sound source nenory calibrated at
a constant step of dBHL and storing sound source data
having a plurality of frequency bands for one dBHL, a
controller calling a reference sound for approxi mate
assunption of user's auditory threshold and a sound
source fromthe sound source nenory during audi ogram
test, thesound source having intensity and/ or
frequency controlled dependi ng on whether an answering
sount Hofice qavf\?\llguﬁl%nsit_\? 2 @BL ifgHencyt @hirolled degpidingnonl atteether an
on the answering signal of the user to determ ne

user's. auditory th ; i
e S ity S0 QB af B BN s R mworing sl o

audi tory threshold, a sound,chjp ,whose_ aqut put b S
thec Bearr 9 [d&igITRINCS, VRS s @E‘ﬁfor%ttgf?sb&daﬂero eﬁ‘l{ﬁ&? eP/z!éI}%\’/ Perlotming

cont !rol program receiving an output |evel changing
equilligativn deperidieg amtierdstdrminet auditery garesindd. guroprd 011118\)’\2110,53 output

and an equali zer equalized by the controller, wherein
leVEE% GRRbIE hied c6mdthr stdpebys @i Batpaplavekcatiol erogrmdprecyiving an

%aangl n% Lhe frequency dependi ng on a predeterm ned

0 e t ' '

LS SN AR, 8 SRLANE O e e
audi ogram accordin t he present.inpventi .
cor oA S e P EeR BRSSO e v

output intensity controlled at a predetern ned
randomly changing the frequency depending on a predetermined Random Bekesy

tracing algorithm.

APPLICABLE ADVANTAGES

The equalization apparatus and method based on audiogram according to the
present invention has the following advantages.

Since both a sound chip having output intensity controlled at a predetermined
step and a sound source file based on an equal loudness contour of ISO226:2003 are
used, audiogram can exactly be tested and time required for setting a first test sound can
be reduced.

Further, since a frequency band is randomly changed during audiogram test,
adaptation or selective attention for a particular frequency band can be removed to
determine exact auditory threshold.

Further, since an audio player is provided in which equalization based on exact
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step and a sound source file based on an equa
| oudness contour of |SO226: 2003 are used, audi ogram
woaneexemas| y be tested and time required for seCrKRI0E/000766
first test sound can be reduced. Further, since a
frequency band is randomy changed during audi ogram
test, adaptation or selective attention for a
particul ar frequency band can be renoved to determ ne
exact auditory threshold. Further, since an audio
pl ayer is provided in which equalization based on
exactand pronpt auditory threshold is perforned, an
optimal sound and an optinal hearing protection
an lgﬁlﬁﬂt a9 esLol g pérPorhfd, bis ©ptimbi svahdl yand sinnuptinidh dicaring
auditory threshold is determ ned per frequency band

for. val une contr ol sound can be provi ded at
prq;@g\l/oggw@.’ﬂ?n ST“F Nﬁ)E%é%E%E&CARRYl NG QUT THE | NVENTI ON
ef erence W no [ [
ermbinafnt snest e gicgont Siestay dh i apg) BEfisfty B for
which are illustrated in the acconpanyi ng draw ngs.

vofuh& codtrbl, hueidar sdvesl cam bepresidedzat low Paypfar at us based on
audi ogram according to the | o preferred enbodi nent of
t he present invention. As shown in FIG 2, an
equal i zati on apparatus based on audi ogram i ncl udes a
BIESINYIODE BORPOARRY BIGLOU TSHHIE dN VIBNTION 202, a t est
sound generator 204, a speaker 206,

Reference will now be made in detail to the preferred embodiments of the

present invention, examples of which are illustrated in the accompanying drawings.

FIG. 2 illustrates an equalization apparatus based on audiogram according to the
preferred embodiment of the present invention.

As shown in FIG. 2, an equalization apparatus based on audiogram includes a
controller 200, a sound source memory 202, a test sound generator 204, a speaker 206,
an a11sweﬁng switch 208, a memory 210, and an equalizer 212.

The controller 200 receives a start signal for testing audiogram of a user and
calls a predetermined reference sound from the sound source memory 202 to output the
reference sound to the outside through the test sound generator 204 and the speaker 206.
A microprocessor may be used as the controller 200.

The controller 200 calls a sound source of different intensity dBHL from the
sound source memory 202 depending on whether an answering signal is received from

the answering switch 208 while audiogram test continues. Then, the controller 200

10
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an answering switch 208, a nenory 210, and an
equal i zer 212. The controller 200 receives a start
woeigsaesdsr testing audi ogram of a user and 15PCEKRR0@/000766
predeterm ned reference sound fromthe sound source
menory 202 to output the reference sound to the
out si de through the test sound generator 204 and the
speaker 206. A m croprocessor maybe used as the
controll er 200. The controller 200 calls a sound
source of different intensity dBHL fromthe sound
source nenory 202 dependi ng on whet her an answering
signal is received from 20 the answering switch 208

prod¥dids BhceBioad adbwlefiif sighMlth MEREMinERA ANditde tigesHIlObT 18 user.
200processes the received answering signal to

det ' '
parter R ne ek 2 Ry hatel 4 elqpency of the sound
freguen of the sou sour ce, dependi ng, on_a Random ..
sontsei oIt P KPR SAARY et BB i SeiGa B, e auditory
threshol d. The step of determ ning the auditory
thresholéshol d wi |l be described later in nore detail. The
sound source nenory 202 stores the sound source given
t 0 THeestets 6f defefminhiey the emdhbry thyeshsldon]l B destibsbia in more
calibrated at a step of 2.5dBHL is stored in the sound
Spurce menory 202 per frequency band. The test sound
generator 204 corresponds to a sound chip, and decodes

t2 Bgl“lfegs%ggii %g{ilrrcg %éecr:r?og% ?8% 5{92%? E S(& 3 src])glrcséogl’ll\rfgnetorrt%rer%rs% In the

present invention, a test sound calibrated at a step of 2.5dBHL is stored in the sound
source memory 202 per frequency band.

The test sound generator 204 corresponds to a sound chip, and decodes the
sound source called from the sound source memory 202 to output the test sound through
the speaker.

The sound source memory 202 and the test sound generator 204 according to the
present invention are designed to enable self-calibration in which an optimal test start
sound can be selected during audiogram test.

Hereinafter, self-calibration and the Random Bekesy tracing algorithm according
to the present invention will be described in more detail.

Self-Calibration

Generally, in a sound chip which uses an AC97 (that is a standardized sound

chip built in a main board of a PC in a chip on board type) audio codec and an audio

11
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t he speaker. The sound source nenory 202 and the test
sound generator 204 according to the present invention
wanreacthesisgned t o enabl e sel f-calibration i n WwhPCI/KR2005/000766
opti mal test start sound can be sel ected during
audi ogramtest. Hereinafter, self-calibration and the
Random Bekesy tracing al gorithmaccording to the
present invention will be described in nore detail.
Self-Calibration Generally, in a sound chip which uses
an AC97 (that is a standardi zed sound chip built in a
mai n board of a PCin a chip on board type) audio
codec and an audi ocodec simlar to the ACO97 audio

cod&ﬁgﬁﬁlar idf the A UERIIS 86ddcOflasfol@tle Sori@illet 6h alvoatral lwkrd of the
t is used, it is inmpossible to finely control the

PC %ruég‘g dtis I r%%@g?s]sltl Itl¥ to énél orﬁpcﬂrﬁge @ﬂfgﬂ tyi]sq{ fQﬁ@souhH €hip.

on een i nt ontrol the

out intensity of the d chi -
Ui ML e LB o SR B A i
application programof the controller 200. Al so, the

of the batridorhip et wetp afhiddBubased onemehCh quiphk confry Alscsigiypdn an
pressure has been set as shown in the follow ng Tabl e

app%catﬁ,ﬁqﬁbgraﬁ% of Ref @heoner JaneAlso, tht adlatid bettvens itheyowput level
) Aftervvards a wave file list is prepared,

t
and%] a%‘QB“%°%ﬁ b §B5 %{@kg ased egns ggaﬁsggg%gﬁl ﬁ% l? glrl%%‘g@l (:Pﬂ(;ll meolu r of
I 8(2'12‘8%162?93 .

WAVE OUTPUT LEVEL dB SPL(sound pressure level)
10000 104
3100 94
1000 84
310 74
100 64
31 54
10 44
1 24

(Reference Tone = relative intensity of 1kHz, 0dB)

Afterwards, a wave file list is prepared, which is calibrated at a step of 2.5dBHL
on the standard of dBHL based on an equal loudness contour of ISO226:2003.

As described above, the test sound calibrated at a step of 2.5dBHL is stored in

the sound source memory 202. At this time, the test sound is preferably stored in a wave

file type.
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As descri bed above, the test sound calibrated at a
step of 2.5dBHL is stored in the sound source nenory
waQte/0b8345hi s tinme, the test sound i s preferabPgTA&R20@MH00766

in a wave file type. For exanple, the sound source
menory 202 is provided with wave file folders from
5QdBHL to OdBHL at a step of 2.5dBHL. The test sound
di vided into sound sources per frequency band (for
exanple, 6, 11, 17, and 34 bands) used in audi ogram
test is stored in each of the wave file folder. dBHL
(dB hearing |l evel) neans that a dB sound pressure

| evel (dB SPL), i.e., the physical standard of sound

I S EeNYEeIRE theteudd@upsyBbabegioeak paaadal with stavedie dolders
hi the present |nvent|on t he sound source data is

0 0 o)
fronf SUBER B ORAEC, OB 4d3cof Z- #LA%%E@ 588y a’%d@% fnto, sound
out put i ntens t he
sou%cﬁ%p%fre%q%%%eﬁélf ?h@dia‘ﬁﬁ 43 e@sa“%wgm
cont our of 1SOR226 is stored as descrl bed above,
testsestbredan emrhatfitomwiee flerfbllenred to determ ne the opti nal
test start sound for approxi mate assunption of |eft

and dBHgh{dBhhiring Myvelhimeatioihaisa dBison@d presfure level (dB SPL), i.e.,
self-calibration, the original AC97 output intensity

the éﬁ)\/sﬁ% 'S%n&% of Q@%Fgls%&ntv%dniﬁfﬂ e ﬁbﬂbﬁiﬁcaﬁ Qé/cﬁllsncy ﬁhﬁ@ard In

see this tine, the mave fil
e R O U SR S0y i
contour of ISO226:2003 finally revised on August, 2003.

After the output intensity of the sound chip is controlled and the wave file
prepared based on the equal loudness contour of ISO226 is stored as described above,
self-calibration is performed to determine the optimal test start sound for approximate
assumption of left and right auditory thresholds.

In case of self-calibration, the original AC97 output intensity level is 100 (based
on the maximum output level value of 10000, see Table 1). At this time, the wave file
first called from the sound source memory 202 by the controller 200 is 1kHz, S0dBHL
(reference sound).

In the audiogram test according to the present invention, if the user does not
hear the reference sound, the test sound higher than the previous test sound by 10dBHL

is suggested. To this end, the controller 200 changes the AC97 output intensity level

from 100(64dB SPL) to 10000(104dB SPL). In this case, the test sound higher than the
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In the audi ogramtest according to the present
invention, if the user does not hear the reference

weawsthssdhe t est sound hi gher than the previ ouBCTAR2005/000766
sound by 1QdBHL is suggested. To this end, the
controll er 200 changes the AC97 output intensity |evel
from 100(64dB SPL) to 10000(104dB SPL). In this case,
the test sound higher than thefirst test sound by 4CdB
is provided. Then, the controller 200 calls a wave
file of IkHz, 2GdBHL. If the output |evel is changed
from 100 to 10000 as above to output a file of 2CGdBHL,
a sound having the intensity of 6QdB hi gher than the

first 18§tQbBRE By SOIB & pryvilicd Biflen| the@oneslldr@0Dhallsis enayve file dhEHz,
user does not answer to the sound of 6CdBHL, the 5

t Pkl j
20458l 1Pl hasp o Bt hd RpAOAIN o000 B oot B a2 e of
that the yser.can hear the sound of 7CdBHL. 1f the
2038ty aiseuingin g sy s Qi Ehen FAE Nt rEferBre sgnd by
gi ves the sound to the user while increasing the
10dBHHeissgiven tofthe weers Huthe usgr does Bej answise te: HigtsoBnd af 6OFBHL, the
determ nes the sound corresponding to the first
con@roB&EZ0MNGutpitg ied s@indt somrcesed 3EBHIhen ststate that thesoutput level is
and stores the start sound in the nenory 210.

mail¥RAA 16000, bo gﬁﬁkﬁaﬁ& GRNRHAhE Sond® fFOIBAILL Ng Si gnal
to the sound of |kHz, 5CdBHL output at the first

out | evel of 100, the controller kS,
sou &?d’lﬁf’rc‘%eoeé 1“0511 EXFBRE“F f}}ee?ﬂfgﬁ?fctbe §P %t??a}—?% ?Op rgg;rﬁg t% g, sound to
sound source nenory 202 w thout changing the_out put

the [ugeteWhile finqrepsingnthreintengits pg ik squadiie 1 b Theicemrejfer 200
40dBHL is not received, 15 the controller 200

detetatiggsrthe samdhverrespomdirpotorthe fiess ahdweersigasignat ofithd us@yas the start
contrast, if the

sound and stores the start sound in the memory 210.

Meanwhile, if the user generates the answering signal to the sound of 1kHz,
50dBHL output at the first output level of 100, the controller 200 calls the sound source
of 40dBHL (frequency of 1kHz) from the sound source memory 202 without changing
the output level. If the answering signal to the sound source of 40dBHL is not received,
the controller 200 determines the sound source as the start sound. By contrast, if the
answering signal to the sound source of 40dBHL is received, the controller 200 outputs
the sound source of 30dBHL (frequency of 1kHz) without changing the output level.
The controller 200 repeatedly performs the step of determining the start sound or the
step of lowering the intensity of the test sound.

As described above, the controller 200 performs self-calibration that determines
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answering signal to the sound source of 40dBHL is
recei ved, the controller 200 outputs the sound source
woho@deHE (frequency of | kHz) w thout changi ngCTH®R2005/000766
out put level. The controller 200 repeatedly perforns
the step of determining the start sound or the step of
lowering the intensity of the test sound. 20 As
descri bed above, the controller 200 perforns
self-calibration that determ nesthe start sound by
differently outputting the test sound at a step of
10GdBHL dependi ng on whet her the user has recognized
the test sound. Therefore, the step of determ ning the

the $tadf dous @ b dliFaBnide oipattingnBdtest sovatihern stqr ¢5510dBHILL depending
rel ated art audi ogramtest nethod, inconvenient nmanua

on WRAhAUhahiP R é)fecB%ﬁn o h?erst QAfd! bﬁ?e?et%?es ds'té%' Afydetermlnmg the

reqU|red to e er e test start soun However,

vention, the output intensity of the
“méﬁﬂﬁﬁl%ﬁﬁﬁ%%§&@831r0||ed at a step of 10dB and the

optimal test start sound can_easi I{ﬂqbe found by
chadgiothyr teedso i Php relasedprt grdipgrant tost methog IHEQ@V enient manual
Therefore, in the present invention, the audi ogram

maitipslatibn 8Bthe devter@nmbkabdsyerially eduied to déttintngthei tbstBast sound.
been described that AC97 is used as the sound chip and

HowBfer\RMUfe {% ekt iSvanaes RS oﬁtP ARG, SOME Gudd dtp 1st &%troned at

present ventlon I's not n1ted t'o such case.
o s 7ol LB, Grepi e e e e e ARG Y Bbte e
output level of the controller 200. Therefore, in the present invention, the audiogram test
time can remarkably be reduced.
Although it has been described that AC97 is used as the sound chip and the
wave file is used as the sound source file, the present invention is not limited to such

casc.

Random Bekesy tracing algorithm

In the present invention, after self-calibration is performed, the Random Bekesy
tracing algorithm is used in testing audiogram.

The Random Bekesy tracing algorithm in testing audiogram is to provide a pure
tone and test audiogram depending on whether a testee answers to the pure tone.
However, as described above, in the related art audiogram test method (Bekesy method),
the intensity of the test sound is only controlled and the controlled intensity of the test

sound is given to the testee in a state that the tester previously sets a frequency band. If
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tracing algorithmis used in testing audi ogram The

Random Bekesy tracing algorithmin testing audi ogram
wO0temegr4dVi de a pure tone and test audi ogr am #epaERIDITY00766

on whether a testee answers to the pure tone. However,

as described above, in the related art audi ogramtest

nmet hod (Bekesy nethod), the intensity of the test

sound is only controlled and the controlled intensity

of the test sound is given to the testee in a state

that the tester previously sets a frequency band.

Ifthe auditory threshold is finally determned in the

correspondi ng frequency band, the next frequency band

IS set. i shéepsrrespendie @dhoy band, the
e R e R e 1 me (o t oo

this tase, it takes nu tinme to test

di d ati i ; :
nexg %@b}?e%ircg g‘fupfg ?St sgg?]%f 1%3}&'@22’%1}% 'ggrg% gjtegg Bfae\s%@%@a%cﬁ}n bé&1¥6tmed. In this

ot to obtain
the reliable test result. Particul.arl l eft ..and..ri.aght
caseuidiasgs weh GMGie ek diogioen A8 PORPBLLTAPT HEE PPl peour
art Bekesy tracing algorithm the expenditure of tine

in A8 SesPEdticheylbarml donmtnot to dbddie shettetiatde krstilesult.| n t he
present invention, the controller 200 provides the

t estp,souRd Y fdiergmt Andiseeirhé g Ihbards eednstyd based on the
basePcf?%n a }Ergdet er mgl%ed acfggori thm during the

audi ogr am test  wi | | £Ed inlihenit takes
regid ko Ernd Yt TRUPHARE fhe hitcess

determ ne the auditory threshold in a particul ar
three bgwency band dependi ng on whet her the user receives

the test sound. hi nore detail, as described above, i

the hese $treveht Sovmmtionetter wonicelldsy2Q® prevesh the i 6% sound by
differently setting the frequency band based on a predetermined algorithm during the
audiogram test without manipulation of the user. Then, the Random Bekesy tracing
algorithm is used to determine the auditory threshold in a particular frequency band
depending on whether the user receives the test sound.

In more detail, as described above, if the test start sound determined by self-
calibration is stored in the memory 210, the controller 200 calls a sound (first test
sound) of 1kHz from the sound source memory 202 and provides the user with the
sound. In this case, the sound corresponds to the intensity higher than that of the prior
start sound by a predetermined value of 0dBHL to 15dBHL. Preferably, a predetermined
value of 15dBHL is used for exact audiogram test.

For example, if the first test sound is provided at the intensity higher than that

of the start sound by 15dBHL, the controller 200 outputs a test sound (second test
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is stored in the nmenory 210, the controller 200 calls
a sound (first test sound) of IkHz fromthe sound
weawemesaaenory 202 and provides the user with PO®KR2005/000766
sound. In this case, the sound corresponds to the
intensity higher than that of the prior start sound by
a predeterm ned value of OQdBHL to 15dBHL. Preferably,
a predeterm ned val ue of 15dBHL is used for exact
audi ogram test. For exanple, if the first test sound
is provided at the intensity higher than that of the
start sound by 15dBHL, the controller 200 outputs a
tesl{sound (second testsound) snaller or greater than
s 1er Ster %’rﬂﬁe IBYst 25BEbufdeREe FERIY deperdsdon Sépoise of
Ouhﬂg ?Esté%éﬁiu this tinme, the cgﬁfroller@g%émgglls Fhe
the g;cond test sound of a frequency band fromthe sound
f chEEn?LytZOZ tPe frequengy gan? bﬁlng dlfferent
romlkHz that is a re uenc an the first.te
Sound thingimey fis erOlFA L @S dhe Py 175t MBS S drfgedusncy band

source intensity of the test sound b{ 5dBHL dependi n
fromanhe @epd seerce indoery 262y the Sreraqnebend being differsetelien dé}glz that
threshol d and a descending threshold of the auditory

is atﬂ%aﬁéia bhend@beiHéairetBitRechdper predet ernined frequency
9 _ _
he controller 200 determ nes a p0| nt

223%"?1%?‘9%@@ e b, 8 doifa FHEE0M BRI IR0 Assqund by
ol e pfeauency band et :-q;fegg;{ga %g ta*gcgﬁ Ol 8ot and o

descending threshold of the auditory threshold are determined per predetermined
frequency band, the controller 200 determines a point corresponding to 2.5dBHL of the
ascending threshold and the descending threshold as the auditory threshold at the
frequency band.

If the auditory threshold is determined as above, the controller 200 controls the
output of the equalizer 212 to play the sound based on audiogram of the user.

Meanwhile, although not shown, the equalization apparatus according to the
present invention may be provided with a user interface portion that can select the
number of frequency bands for determining the auditory threshold. Therefore, the user
can select the number of frequency bands to be tested, and the controller 200 can
determine the auditory threshold depending on the selected frequency band.

As described above, since the controller 200 of the present invention randomly

changes the frequency band of each test sound and calls the changed frequency band
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15

out put of the equalizer 212 to play the sound based on
audi ogram of the user. Meanwhile, although not shown,

wOheoegesali zat i on apparatus accordi ng to the pPETAR2005/000766
i nvention may be provided with a user interface
portion that can sel ect the nunber of frequency bands
for determning the auditory threshold. Therefore, the
user can select the nunber of frequency bands to be
tested, and the controller 200 can determ ne the
auditory threshol d dependi ng on the sel ected frequency
band. As descri bed above, since the controller 200 of
the present invention randomy changes the frequency

fror? aedofhd 88fHRe hRfHory 20 dheisdr’s ahdrspull iRnbALIgRGing the frequency

requency bandfrom the sound source nmenory 202, the

is ng e%éilfr%%%i ,;:Lll(t):?sI i)(?ggibfleo{o &Jb?zg ?ig%l&h 6f B%Cﬁggl%{‘}f: dud B ARbtation

I'S pPOSS to avol stortion o

audi ogram due adaptatjon .and s ctive.attent.jon.of,.
andghlecH BB of e TFRRRele B oaR o Ein MEPHUR rhypicn

in which audiogramis tested by varying only the
audiogtaem i testedby mevirgmm&ndthaﬂntgmétyqu@w@nn@ atrnsdreagengydangd.

illustrates a nodule of the controller according to

t hepps eheimaeagebodhs@nt of teheomidiee Mecortienttd othe preferred
shown in FIG 3, the controller 200 of the present

emli%? Yrgeﬂngtio(fﬂlqixgr\%geq%gﬁﬁfe ioaqund source calling nodul e 300,

put contr nodul e 302, an answeri ng

et eANRGH R G g P R e SR Ch Bes a sound

cal cul ati ng nodul e 308. The sound source calling . .
sounedallgng30@dulst 30 sneoutpitdeed contolumadyle $02, prigaswering signal

reception module 304, an auditory threshold determining module 306, and an
equalization calculating module 308.

The sound source calling module 300 outputs a reference sound (eg., 1kHz,
50dBHL) and a test sound previously set depending on response of the user from the
sound source memory 202 if the audiogram test start signal of the user is received
thereto.

Particularly, the sound source calling module 300 outputs the sound source
having the intensity different from that of the prior test sound depending on response of
the test sound of the user in the step of determining the auditory threshold and calls the
test sound of a frequency band from the sound source memory 202, the frequency band
being different from a prior frequency band given to the user.

The output level control module 302 controls the output level of the sound chip
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5GdBHL) and a test sound previously set dependi ng on
response of the user fromthe sound source menmory 202
wofRodslesasidi ogram test start signal of the usePCIA&R2005/000766
received thereto. 15 Particularly, the sound source
call'ing nodul e 300 outputs the sound source having the
intensity different fromthat of the prior test sound
dependi ng on response of the test sound of the user in
the step of determining the auditory threshold and
calls the test sound of a frequency band fromthe
sound source nmenory 202, the frequency band being
different froma prior frequency band given to the

.user.. q)Th out put | evel control nodule 302 controls
dunPﬁgﬂgu%bI?u ével of the sound chi p66 duri ng

self-calibration..In the . & '
t heln bsPressBiavHLioPnly HEVige | S ﬂg%tlsg%&/ %]g%‘a{%ﬁégﬁ%%%l@d "
| oudness contour of |SO226: 2003, e soun %

(he bz Lardadssaontoue DS G2 W B segl?fﬂﬁoumg Xt Pfe a? 25fp of
5GdBHL as a maxi num val ue. As descri bed above,

2.5 DN GisHRU Gavefild 50 eneensoonm wlug. mde%@Hgl—Ebove the

(based on the maxi mum out put | evel of 10000) is called

soun F&%cé ta? d feflreRUsBittd beVialz, F0IBAD, (basedasethefmaximum output
cali ratl on. However, i f the answeri ng signal of

levesléﬁ ﬁgaﬁé)dﬁ 8?’1 ﬁlgﬁ%{tﬁ 81 Sut?ﬁylrégel 8? 160 fn 5&6 %f B’(ﬁﬂcalﬂ)ratmn.

prior soun

eqreg Siace e source sopid 1 o SORBE 4088 i o

controls the
received, a sound higher than the prior sound by 10dBHL is required. Since the source
sound file of 60dBHL does not exist, the output level control module 302 controls the
output level to 10000 to provide such a test sound. The sound source calling module 300
calls the sound source of 1kHz, 20dBHL to provide the user with the test sound of
60dBHL.

The answering signal reception module 304 receives the answering signal of the
user who has recognized the test sound, which is output through the answering switch
208. Then, the answering signal reception module 304 transmits the received answering
signal to the sound source calling module 300 or the output level control module 302.

Furthermore, if the answering signal of the user is not received for a
predetermined time after the test sound is provided, the answering signal reception

module 304 determines such no-answering signal to the sound source calling module

300 or the output level control module 302.
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out put level to 10000 to provide such a test sound.
The sound source calling nodule 300 calls the sound
weawemesafs | kHz, 20dBHL to provide the user w POTIR2005/000766
test sound of 6QGdBHL. The answering signal reception
nodul e 304 receives the answering signal of the user
who has recogni zed the test sound, which is output
t hrough the answering switch 208. Then, the answering
signal reception nodule 304 transmits the received
answering signal to the sound source calling nodul e
300 or the output level control nodule 302.
Furthernore, if the answering signal of the user is

not i Leiin &dufc cafinB RERIE 300 Aebthk sipmafiewl cbitgoltresdule 302

r
sound Is provided, tThe answering signal reception

ule 304 .determnes s ng- i ' t -
ool SRt B ol SR Srghtitel B R0 e off e Sigmal
control nodul e 302. The sound source_calling nodul e 300
tran%mldtetifﬁr@nbﬁxewﬁwré%geﬂlgf@érﬁCPBtw%%@Hﬁ@é‘gz cal | different
sound source data or control the output |evel )
dep€heianditary thiesheldydalerindngs miodirted 3p6 odatermingsn igericagling
signal reception nodule 304. The auditory threshold

threSHAI® LA fhe s ¥RinE ehrdéifoldpérafduaiRy bahé desueiidi oigresponse of the
threshol d and the descendi ng threshold per frequency

v R SR B0 R P SR RCASSS andomly

chasasf Lot ST Ry FOFPBE R ROP SRS S f i vlue
val ue between the ascendi ng threshold and the

betvebes ctha disnendity ésesblotil asd tthe déscerding flreslnlg as the final auditory

threshold of the corresponding frequency band.

FIG. 4 illustrates the standard for determining the final auditory threshold
according to the preferred embodiment of the present invention. As shown in FIG. 4, the
auditory threshold determining module 306 can determine the auditory threshold per
frequency band depending on six standards.

In FIG. 4, a vertical line represents a step of SdBHL, a horizontal line represents
the number of test sounds, O represents answering, and 1 represents no-answering.

In more detail, a first example 400 represents no-answer(0), answer(1), and no-
answer(0) in order. If the first test sound of 30dBHL is provided at a frequency band of
250Hz, the first example 400 represents no-answer(0). If the test sound is greater than

the prior test sound by 5dBHL (35dBHL), the first example 400 represents answer(1). If

the test sound is lower than the prior test sound by 5dBHL (30dBHL), the first example
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t hreshol d of the corresponding frequency band. FIG 4
illustrates the standard for determ ning the final
waunaictoesdsst hr eshol d according to the preferredPCI/KR2005/000766
enbodi nent of the present invention. As shown in FIG
4, the auditory threshold determ ning nodul e 306 can
determ ne the auditory threshold per frequency band
dependi ng on six standards. In FIG 4, a vertical line
represents a step of 5dBHL, a horizontal |ine
represents the nunber of test sounds, O represents
answering, and 1 represents no-answering. In nore
detail, a first exanple 400 represents no-answer (O,

400 qg@%@ ho-aﬁ%@e?’@ arpuenitsdy thitskéldedeterhfinthBembdulé 306 stores

sound BHL |s prow ded at a frequency band

50Hz, the f
datargy, R e pegt sepdliqfo SR 8 iR thepy 238l eqch spquency and
prior test d 5dBHL (35dBHL), .the, f
intelRi. A R SEHBRATEAL Q§OH§ i REEALPE SRR & ffgpined as

than the prior test sound by 5dBHL (3CQdBHL), the first
30dBKANThe 48@ndiap rthesheld isodetersived( @) 35dBHLagnd tthy final auditory
t hreshol d determ ning nodul e 306 stores data on the

threé}{b‘id\%fde%ﬁﬂea%bz%@m? user in the nenmory 210 with

each frequency and intensity. At the frequency band of

250 e cen [
te%{ 80uél S 3@@B¥-IET g’j%ﬁgklg. g‘ndd g?gdﬁ%lzgaré%andomly(not
35dBHL and the fi naI aydi tory threshol I s deter
sucqgssivglylprgiaded 1o theruset dugnmiis aB@lO@@HBﬁE PSnEne Onéﬂ% Ghdom
32.5dBHL are random y(not successively) prow ded to

Bekehetracses aldonithmg t he audi ogram t est dependi ng on the

Random
A second example 402 represents answer(1), no-answer(0), and answer(1) at a

particular frequency band. At this time, the auditory threshold determining module 306

determines the middle value among the test sounds in case of answer(l) and no-
answer(0), and answer(1) as the final auditory threshold.

A third example 404 represents no-answer(0), answer(1), and answer(1). In the
third example, the user who does not respond to the first test sound at least twice
responds to the test sound having the same intensity as that of the first test sound.

In this case, the auditory threshold determining module 306 determines the test
sound lower than the final test sound by 2.5dBHL as the final auditory threshold.

In a fourth example 406, the user irregularly represents answer(1) and no-
answer(0) to the test sound equal to the first test sound without responding to the first

test sound. In this case, the auditory threshold determining module 306 determines the
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Bekesy tracing algorithm A second exanple 402
represents answer(l), no-answer(O, and answer(l) at a
weoaondeiosgd4ar frequency band. At this tine, the RAUIKR2005/000766
t hreshol d determ ni ng nodul e 306 determ nes the m ddl e
val ue anong the test sounds in case of answer(l) and
noanswer( O, and answer(l) as the final auditory
threshold. A third exanple 404 represents
no- answer (O), answer(l), and answer(l). hi the third
exanpl e, the user who does not respond to the first
test sound at |east twi ce responds to the test sound
having the sanme intensity as that of the first test

ﬁnag Zﬁ%’ég :gounld,nast tﬂé %gﬁ(%é&iggtthﬁslﬁﬂ&i lah®@ a¥tekAles ied thlue greater than the

n ning no 6 determ nes the test sound | ower

cestrmestiysiai By Acth g B Y CRRETIRFRI0E T 0

t he user
irregularly represents answer(l) and noapswyer t
t he Messwhipind &usranpethd the pder TERORIS LG ffﬁ’t%% 5pund but
responding to the first test sound. In this case

[ th
doc@udt feapond thrteshalt dest sowrdtianingghersatne intgoEYy @6 that of H\?sf%St test
thefinal test sound as the descending threshold and

t 8 L AeS il emV i @ag e anditdranhtdiRoldedatendiing module 306
So"ﬂ r%sﬁ%‘ﬁgé%y 2. 5d|13HLaas the final auditory threshol d.

Meanwhi | e, in a;fif Pist bOdUBED. Ja8FHORIShe final
det?‘iEmPFFe{hFi tegfy squad & g%grngé@%é gggs not resg%nd to the

next test sound having the same intensity as that of
auditeey thresholdi est sound at |east twice hi this case, the

auditory threshold determ ning nodul e 306 determ nes :

t he Tiaslly, soanikihyeaampte 419athetuser taspendsttedhe S igst gound twice

2.5dBHL as the final
among three times. In this case, the auditory threshold determining module 306
determines the first test sound as the ascending threshold and determines the test sound
lower than the first test sound by 2.5dBHL as the final auditory threshold.

The aforementioned six determining standards include all of possible cases, and
audiogram test subject to the Random Bekesy tracing algorithm is available in
accordance with the standards.

If the auditory threshold per frequency band is determined by the auditory
threshold determining module 306 as described above, the equalization calculating
module 308 performs equalization based on the final auditory threshold.

Since the equalizer is well known, its description will be omitted in the present

invention.

FIG. 5 illustrates the result of volume control of the audio player in which
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auditory threshold. Finally, in a sixth exanple 410,
the user responds to the first test sound tw ce anong
wohoe@esisses. I n this case, the auditory thresROTKR2005/000766

determ ning nodul e 306 determ nes the first test sound

as the ascending threshold and determ nes the test

sound |l ower than the first test sound by 2.5dBHL as

the final auditory threshold. The aforenentioned six

determ ning standards include all of possible cases,

and audi ogram test subject to the Random Bekesy

tracing algorithmis available in accordance with the

standards. If the auditory threshold per frequency
equ%?z!aﬂoﬁ Fasdl@ bR &ﬁhi%gﬂmbié g%ﬁ@nﬁé!ﬂddc_@fcﬁ’ng farte pefdred embodiment of

ete{n1n|ng nDdF e 306 as descri bed above, the

equal i zati.on cul at i I 8 Of 115 : i
the é’g?iﬁ‘?ti S3erE oectts Rl o el b PEICOf Wl e doporibed in

ince the equalizer is well known, its description
compiariporpwitly that 0EBIG- -t he present invention. FIGF 5

illustrates the result of volunme control of the audio

pl aye volumenkomthe qoftthez eelaterh abfagedio anayeudsipes apjume control is

performed according to the preferred enbodi nent of the

lineQﬂ%?@ffbrnﬁéalV e5tt &x@ipld e lies W incedasstbidip@dRIBntat all thé frequency
FI 5 Wil be described in conparison with that of

Fl | j -
v Gy Ly RO CEEUR  H0Epl 1 h

for exanple, volume is incr : ) .
cell (@%6??%) 100). However, in' fhe pergge% 1}1\(/)en 1(c>)rjl,Bls_{|r'1cea tVOﬁ'lll‘Ille 8ol is

performed after equalization, volume control in the range of 75dBHL can be performed
respectively in the first group 100 and the second group 102. In this case, cell groups
susceptible to intensity are protected while cell groups less susceptible to intensity may
be provided with sound of stronger intensity to allow the user to listen to a desired
sound.

FIG. 6 is a flow chart illustrating equalization based on audiogram according to
the preferred embodiment of the present invention.

Referring to FIG. 6, the controller 200 outputs a reference sound of 1kHz,
50dBHL in step S600, and determines whether the answering signal of the user to the
reference sound is received in step S602. If the answering signal is received, the
controller 200 outputs a sound having intensity lower than that of the reference sound by
10dBHL in step S604. The controller 200 determines whether the answering signal of

the user to the sound of 40dBHL is received in step S606. If the answering signal is
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gg;ds (see FIG 1), distortion of sound and fatigue
occur in a particular auditory cell (first grou
waa)/oesdasever, in the present invgntion,(sincecgmmugsmmwas
control is performed after equalization, volume
control in the range of 75dBHL can be perforned
respectively in the first group 100 and the second
group 102. In this case, cell groups susceptible to
intensity are protected while cell groups |ess

susceptible to intensity may be provided with sound of
stronger intensity to allowthe user to listen to a
desired sound. FIG 6 is a flow chart illustrating

recgt?egc? ili}efcgoglitrgﬂgxg%:ﬁnlgﬁ% 1R dep H6om HeeDidivegng sighdlds not received,

t of the present invention.

Referring to FI G the cont.roll
therconieplisn o SBtsst diadpy SoSRfsfin e FolRe SRHA fnd sores the
det erm nes whet her the answering signal of the user to

test soand &f e encreory AUAdN 58P PBERI ved in step S602. If the
answering signal is received, the controller 20
out pUbSvhikD instep S60DGE ihetnweting Figndlis npfaisoeined, thg controller
the reference sound by 10GdBHL in step S604. The

20§ SR B ABvisletRERD astieh e efat b heanfovec nourEi gnkIdBHL

e user to the sound of 4CdBHL is received in step

in gg&? J@HCP% rg]é%r%%&it%%% aé.ts%ﬂ?ﬁ"%}éérzfé% %%g%g%g%l al 6CRleMBE: to the

, , _ t he
A IR AT R R
sound and stores the test sound in the menory 210 in
stept SPL0SBiLthe answering signal is not received, the controller o repeats the step
S608. If the answering signal is received, the controller 200 determines the sound at that
time as the start sound in step S612.

Tf the start sound is determined as above, the controller 200 outputs the first test
sound having intensity greater than that of the start sound by 15dBHL in step S614 and
determines whether the user responds to the first test sound in step Sé616.

If the user responds to the first test sound, the controller 200 determines
whether all the auditory thresholds have been completely determined per previously set
frequency band in S618. If the auditory thresholds have not been completely determined,
the controller 200 provides the user with the test sound having intensity lower than that
of the prior test sound by 5dBHL in step 5620.

Meanwhile, if the user does not respond to the test sound in step S616, the

controller 200 determines whether all the auditory thresholds have been completely
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Meanwhile, in step S602, if the answering signal is
not received, the controller 200 outputs a sound

waavierngsisnt ensi ty hi gher than that of the refePemam®2005/000766
sound by 1CGdBHL in S608. The controller 200 determ nes
whet her the answering signal of the user to the sound
having intensity higher than that of the reference
sound by 1QdBHL is received in step S610. If the
answering signal is not received, the controller 200
repeats the step S608. If the answering signal is
received, the controller 200 determ nes the sound at
that time as the start sound in step S612. If the

detePhkd BOMBH s&zd qf QlMhResuBHrAIN¢sholdshBawonbT GkbeoRPRtely
outputs the first test sound having intensity greater

detetgrﬁglgg,e{] At ol IQ ot\flcfeg YR w0y Vil Bd-¢ Ps&hﬁpha%?}g‘lmtensﬁy

erm nes e user respon S toth

test sound jn step S616 user ponds to the
greater than thalqf thgprer, tost seumd %‘i#ll%:? Séigfer i nes

whet her all the auditory threshol ds have been

conpk etestribedestmrvi alet fher tepir sanndueonjroed af pegfal rmfySdBHL in

band in S618. If the auditory threshol ds have not been

confpRARNek Bh Yhdlptie tedtRethd isherotidad tothearser? e pemvEElasio tS620 or
user with the test sound haV| ng intensity |ower than

the %}Egsl %ﬁ% "€t élgrreﬂe%ﬁéh es %Xn SeRHer it a?ﬁs%n%? %%;nal of the

e, 1t the user respond to the
sound_lg step S616, the controller 200 determ nes
USCREIREL al | the auditory threshol ds have been

conpl etel ydeterm ned in step S622. If all_ the auditor g

t hr Esibthgsauditory Wishelde areenmpletebl Jeteraiiagdimibg, stepsS618 and

controll er 200 provides the user wwth the test sound
S62nath Rentrslle2 290 syores the auditory threshold per frequency band in the memory

210 and performs equalization depending on the auditory threshold stored in the
memory 210 in step S626.

As described above, the equalization apparatus and method based on audiogram
according to the present invention has the following advantages.

Since both the sound chip having the output intensity controlled at a
predetermined step and the sound source file based on the equal loudness contour of
1S0226:2003 are used, audiogram can exactly be tested and time required for setting the
first test sound can be reduced.

Further, since the frequency band is randomly changed during the andiogram
test, adaptation or selective attention for a particular frequency band can be removed to

determine the exact auditory threshold.
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greater than that of the prior test sound by 5dBHL in
step S624. As described above, after the test sound
woamieroesd4ed at a step of 5dBHL i n conpari son WPCHI/KR2805/000766
prior test sound is provided to the user, the steps
S618 to S620 or the steps S622 to S624 are repeated
dependi ng on whet her the answering signal of the user
is received. If all the auditory thresholds are
conpletely determined in the steps S618 and S622, the
controller 200 stores the auditory threshold per
frequency band in the nmenory 210 and perforns
equal i zati on depending on the auditory threshold

st O\ Bfhel, RiddeShdRITS ?1_a§réﬂs ipFovadcRidn SAiéh eqdaligstonriabaiion exact
above, the equalization apparatus and net hod based on

audi Qqr aceor di r ' t 4. an : ;
and FiTrg e SR04 ds b BB Rl BXER Sy ek hearing

the out put intensit ontrolled at a predeterm ned
pﬂﬂ%ﬁ@pf@ﬁ@°ﬂﬁé“§6&ﬁ@“£%ﬁ@d@e$iIe based on the equa

| oudness contour of |SO226:2003 are used, audi ogram

carFiexlaygt digcebthet ewditdy ghegsholdds rdstpuinined perr figaeanpydand for

the first test sound can be reduced. Further, since

volunfiEednt8H Uy shmddah He pasidasd ot lehgoged during the
audi ogram test, adaptation or selective attention for

a ﬁiﬂecfﬁle%reggn?qﬁ%ﬁggﬁ?ag%&?meggrhﬁgﬁgﬁi@ﬁlds@rated herein with

det m-ne e exact audit _ _ .Further,_5|nce
refe%gg%g)utg% 8@%lgt§¥deermﬁo%irgggt\s{ Itfgeef\gof,l it w\{\mag Qppeaggne%ltlo 25 Qlted in the

art that various modifications and variations can be made therein without departing from
the spirit and scope of the invention. Thus, it is intended that the present invention
covers the modifications and variations of this invention that come within the scope of

the appended claims and their equivalents.
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and pronpt auditory threshold is performed, an opti nal
sound and an optinal hearing protection function can
woeowicsgast o the user. Finally, since the audi POTKR2005/000766
threshold is determ ned per frequency band for vol une
control, a clear sound can be provided at | ow power.
Wil e the present invention has been described and
illustrated herein with reference to the preferred
enbodi nents thereof, it will be apparent to those
skilled in the art that various nodifications and
vari ations can be nade therein w thout departing from
the spirit and scope of the invention. Thus, it is

VﬂﬂkﬁﬁSQﬂggﬂhﬁﬁﬁs;he present invention covers the
and variations of this invention that

co ithin the sc of &he - ¢lai bdraty
caulAR EnpR P R el AR oG o (PRl oh Wpbdratus
met hod based on audi ogram usjng an equal i zafi .
incladipaatoysd isaece Aoy wbbriek diug 6%“5693}%“3? ngi%?a?‘éjd storing
at a constant step of dBHL and storing sound source .
souriibécardeaddtaavangh phahiityyofdteqfiersy tends fos aned sIBIHy, ageand chip, a
dBHL, a sound chip, a controller calling the sound
conPAWr CB11HR! Be sBuRPSAIEE datdNd speake uad ianegqualitee, the equalization
equal i zatm on net hod conprising the steps of: a)
ufputtin ref ergnce sound havi ng reference
Hmébig%gﬂ@vg%ﬁﬁs§3§8ﬁsity for approxi mate assunption of
auditory threshaol d; b) determ ni a start sound. .
cor PeSHHHNEG: FaoRhe A 038 THaoTgRes FEt et By yntensity for

approximate assumption of auditory threshold;

b) determining a start sound corresponding to an assumed value of the auditory
threshold while calling a sound having intensity different from a prior sound at a sound
source memory depending on whether an answering signal of a user to the reference
sound is received,

c) outputting a first test sound whose intensity is controlled at a value set prior
to the start sound, having the reference frequency,

d) calling a test sound having intensity and frequency different from those of the
prior sound at the sound source memory depending on whether the answering signal of
the user to the test sound is received;

¢) storing reception data on the answering signal of the user to the test sound;

f) repeating the steps d) to e);

g) determining the auditory threshold per previously set frequency band using
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threshol d while calling a sound having intensity
different froma prior sound at a sound source nmenory
wdepwsrndsiag on whet her an answering signal of aPAsER20a5/000766
the reference sound is received; c) outputting a first
test sound whose intensity is controlled at a value
set prior to the start sound, having the reference
frequency; d) calling a test sound having intensity
and frequency different fromthose of the prior sound
at the sound source nenory depending on whether the
answering signal of the user to the test sound is
recelred; E%ﬁstoring recepti on data on the answering
the SLanal, Qf, d UsSlerih® st gt sound; f) repeating the
ig%bsrggigasﬁi;sgt ?gtgﬁhining t he auditorypthres%old
reque I [
N S
equal i zati on depending on the determ ned auditory
frequemayshol d per frequency, wherein the controller calls
a sound source while randomy changing the frequency
depegidng tien canpokatetallsm rretndRaatism Bg' egyndomly; Fhgnging the
algprlthn1 2. The equalization nethod based on
frecfligiid RS 605 PrdiidrRired Hafidm Bukesyetraviiggarithmd chi
(has)ﬁ%§%ﬁh out%ut intensity and nig?ﬁunfgﬁ%put P
intensity which are divided at a constant step by an

output intensity control algorithm the output
Intensity = | . . . .
2. The equalization method based on audiogram according to claim 1, wherein

the sound chip has maximum output intensity and minimum output intensity which are
divided at a constant step by an output intensity control algorithm, the output intensity
being changed by a predetermined output level, and the sound source memory stores the
sound source data calibrated at a step of 2.5dBHL from 50dBHL to 0dBHL (50dBHL to

0dBHL mean that intensity of corresponding dBHL is heard at a particular output level).

3. The equalization method based on audiogram according to claim 2, wherein
the step b) includes the steps of i) outputting a sound having intensity greater than the
prior sound by 10dBHL if the answering signal of the user to the reference sound is not
received, and storing a sound of corresponding intensity if the answering signal is
received (the stored sound corresponds to a start sound), and j) outputting a sound
having intensity lower than the prior sound by 10dBHL if the answering signal of the

user to the reference sound is not received, and storing a sound of corresponding
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bei ng changed by a predeterm ned output |evel, and the
sound source nenory stores the sound source data

woabichweetsed at a step of 2. 5dBHL from 5CdBHL t eCO&BA05/000766

(5QdBHL to GdBHL nmean that intensity of correspondi ng
dBHL is heard at a particular output level). 3. The
equal i zati on net hod based on audi ogram according to
claim2, wherein the step b) includes the steps of i)
outputting a sound having intensity greater than the
prior sound by 1GdBHL if the answering signal of the
user to the reference sound is not received, and
storing a sound of corresponding intensity if the

. an i NQg._Sj l: 0-S1 j d tihe sotdlr ®idnd oommesponds to a start

lnte%}fy\rl\@@}?o% %vegggglé&ﬁlgrgt%?gﬁﬁlg?’ (and j) outputting a
sound having intensity |ower than the prior sound by

sounddBHL if the answering signal of the user to the
reference sound is not received, and storing a sound
of correspondi ngintensity if the answering signal is
not received (the stored sound corresponds to a,st?rt .
soundype dqualhatiesmiticidasahomeudiograpraseerdsg QuUUMBYF afere™
according to claim 3, wherein the controller calls the

sound SO An® ot EtaataS6d Bz f S@IBHIN éros dined sound source
thes rgléern%ﬁrﬁrlt%)styg?sg outS(r)Jut the reference sound of |kHz,

5QdBHL to the user at the fikst tenl Ak first ¢
megway fooPWpytHae g Faee 5 IOf; ltl«{fgz, ﬁlﬁglﬁﬁ to 18V Bder a irst outpu

evel to output a
sound having intensity great an the sound

r.t .. .
leveDdiBcontiols Hke antpne tavghatsy | leggl oA &S(}L‘lgd Jjaying intensity
reference sound is not received in the step i).

5. Th
oré&afid dhdnZ@k iseiindrof S0dBHASE theomsweding gieash efche vaFmy 1 reference
claim1, wherein

sound is not received in the step 1).

5. The equalization method based on audiogram according to claim 1, wherein
the first test sound corresponds to a sound having intensity greater than that of the start
sound by 15dBHL, the test sound controlled in the step d) has the intensity difference of
5dBHL from that of the prior test sound, and the controller determines a final auditory
threshold at a band of 2.5dBHL between an ascending threshold and a descending
threshold in a particular frequency band depending on whether the answering signal of

the user is received.

6. The equalization method based on audiogram according to claim 1, further

comprising the step of determining the number of frequency bands for determining the
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the first test sound corresponds to a sound having
intensity greater than that of the start sound by
wQ3askeg345 he test sound controlled in the stepPd)/KR2805/000766
the intensity difference of 5dBHL fromthat of the
prior test sound, and the controller determ nes a
final auditory threshold at a band of 2.5dBHL between
an ascendi ng threshold and a descending threshold in a
particul ar frequency band dependi ng on whet her the
answering signal of the user is received. 6. The
equal i zati on net hod based on audi ogram according to
claim1, further conprising the step of determ ning

IREHPAURBRI denfiing PUSRGHp R &S] 6Othe dsdrewhereimthe controller calls
aum%ﬁgauditorfﬂ%ﬁrgghold epe%%?ng on an input signal of

t he .user erej I S
the o sn S0 i b A SL L b f bt Qi pond o the
correspond to éhe nunber of the determ ned frequency
numferpfdhe determpped FEAITSRPIWS: net hod based on audi ogr am
according to claim®6, wherein the nunber of the
frequency bands corresponds to any one of 6 bands, 11
bands, 17 bands, and 34 bands. 8. An equalization

appArietsulBEAdnahetaod! begd am auditgtins begrdiaggowtuim 6, wherein
source nenory calibrated at a constant step of dBHL

far . :
the gﬁ}gbc% S 8 %%%gﬁ@o?&gg ggggﬁﬁ;ﬁdgﬁy Yok B Wr Bdnids Y1 0bands, 17

requency a conitroller calling a
reference sound for approxi mate assunption of user's

tmn@hﬂm%%49m¥ﬁreshold and a sound source fromthe sound
source nenory during audi ogram

8. An equalization apparatus based on audiogram comprising:

a sound source memory calibrated at a constant step of dBHL and storing sound
source data having a plurality of frequency bands for one dBHL;

a controller calling a reference sound for approximate assumption of user’s
auditory threshold and a sound source from the sound source memory during audiogram
test, the sound source having intensity and/or frequency controlled depending on
whether an answering signal of a user is received, storing reception data on the
answering signal of the user to determine user’s auditory threshold per frequency band,
performing equalization depending on the determined auditory threshold;

a sound chip whose output level is controlled at a constant step by an output
level control program, receiving an output level changing signal of the controller to

change the output level; and
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test, the sound source having intensity and/or
frequency control |l ed dependi ng on whet her an answering
WOeusasas a user i s received, storing recepti 8aTHR20805/000766
on the answering signal of the user to determ ne
user's auditory threshold per frequency band,
perform ng equalizati on dependi ng on the determ ned
auditory threshold; a sound chip whose output level is
controlled at a constant step by an output |evel
control program receiving an output |evel changing
signal of the controller to change the output |evel;
andan equal i zer equalized by the controller, wherein

themp&@taﬁiéresﬁa1fz@h*b§tﬁé"&n&@wé}d source while random y
changi ng the frequency dependlng on a predeterm ned

Rand m Bekes G 0 g]J]J(fblndl Al f th
appg s Q§?'§n%gu g%r%ﬁ%@?%ggzlng to clali 21 Hing the
wherei n t he sound source_ pne a p ur ty of
frequenehideradingeongapredpisyningd Balg‘f é%BS]tFeSf B2 30 50dBHL

to OGJdBHL based on an equal | oudness contour of

| SO226: 2003, and the controller calls the sound source
data of I kHz, 5CdBHL fromthe sound source nenory to

out putrhk h&u’éﬁia@foﬁn GfhaS RN Bagldl bk HrndidiliBHiccbalifidh do usiaim 8,
at the first output level and controls the output

Wheﬂ saotun S[)llllrgp#l %;(&J?' Jr% ut@ ?Mﬂlﬁ s@'u%@ RiafeChdvids a step

ase oul d be greater

of Elgg]gH%Ojfr%% 50dBHL to OdBHL based on an equal loudness contour of

IS0226:2003, and the controller calls the sound source data of 1kHz, 5S0dBHL from the
sound source memory to output the reference sound of 1kHz, S0dBHL to the user at the
first output level and controls the output level at a high level if the test sound given to

the user based on the first output level should be greater than S0dBHL.
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