DESCRI PTION Title BEH ND THE- EAR HEARI NG Al D WVHOSE M CROPHONE |'S SET I N
AN ENTRANCE OF EAR CANAL Technical Field [0001] The present invention
rel ates to a behind-the-ear hearing aid whose nicrophone is set in an
entrance of an ear canal. Background Art [0002] As rel ated hearing aids,
the one is the behind-the-ear(BTE) hearing aids and the other is the
in-the-ear (I TE) hearing aid. The ITE hearing aid includes a

conpl etel y-i n-t he-canal hearingP%$? foha-type hearing aid and a
canal -type hearing aid. Recent earing ald users tend to prefer a BTE
hearing aid to an | TE type, becaus hhe BTE hearing aid is conpact and
unobt rusi ve when the user put it on behind a pinna. [0003] Sone

exanpl e, related-art behiﬁﬁm- pz gg Eave two constituent
el ements. The two consti 'ITZ’% aﬁbg%ﬁ d-t he-ear (Behind The
Ear: BTE) section and a co Ietel -in-the-canal rE)I etely In the Canal:

Cl C) secti onWHQSE MIGROE ﬁ)(SE \MW@NEW@ME AR Abky, and

signal processing unit; and a receiver is provided in an ear canal.
Hitherto, a sound has been transnitted froma hearing aid main unit to an
eardrum by way of an acoustic guide tube. The hearing 1 aid yields an
advantage of the ability to tranrehhicRPRiefiF | N W de frequency bands

[0001]
The present invention relates to a behind-the-ear hearing aid whose microphone is

set in an entrance of an ear canal.

Background Art
{0002]

As related hearing aids, the one is the behind-the-ear(BTE) hearing aids and the
other is the in-the-ear(ITE) hearing aid. The ITE hearing aid includes a
completely-in-the-canal hearing aid, a concha-type hearing aid and a canal-type
hearing aid. Recently hearing aid users tend to prefer a BTE hearing aid to an ITE type,
because the BTE hearing aid is compact and unobtrusive when the user put it on a
behind a pinna.

[0003]

Some example, related-art behind-the-ear hearing aids have two constituent
elements. The two constituent elements are a behind-the-ear (Behind The Ear: BTE)
section and a completely-in-the-canal (Completely In the Canal: CIC) section. The
BTE is equipped with a microphone, a battery, and signal processing unit; and a
receiver is provided in an ear canal. Hitherto, a sound has been transmitted from a

hearing aid main unit to an eardrum by way of an acoustic guide tube. The hearing



directly to an eardrum by way of placing a receiver in an ear canal (see;
for instance, Patent Docunent 1). The receiver to be placed in the ear
canal is referred to as a receiver in a canal (Receiver in Canal: R Q).
[ 0004] Anot her behi nd-the-ear hearing aid enables easy and specific
adjustnent for individual differences, such as the shape and size of a
pi nna of a hearing aid wearer. As shown in Fig. 8, the hearing aid is

made up of, amear. fittin to.he disposed in.a. dent in a pinna and a
o nd-t Rd. B8, dshlald A1 Re DU 6 FBRREF sbhR dn T frfpdp BBRDT anc
a receiver 803, and the behind-the-ear portion 810 has si gnal

o boass: Gl bRt DT vaY SR O EEvel i B EY B (55 B SIS0 | engt h
of the ear fitting 800 is adjustable in an extensible nmanner with respect
to the bBaenidDeeimentrl). pdheirecei@rco berplacad ndecapranalds seferred te ang i s
adjustable in a rotatable manner (see; for instance, Patent Docunent 2).
Rel at ed receivBeiner cmab@®ecPiaeem Cipat RFENt s [ 0005] Pat ent Docunent 1:
Japanese Patent No. 3811731 Patent Docunent 2: JP-A-10-56698 Summary of

the I nve[gooan Technical Problem [0006] Incidentally, since a person has
two ears, atine lag arises in the arrival of a sound at the right and

left ears frQfer SOdHcH-AfRULaSF ChedhiBg éic'l‘%nﬁﬂ'é@%ﬁ;?‘&h&esﬂeéiﬁ@i shedREnetorany 2
position in a horizontal direction other than just i'n front of or behind

the per S%i\g'a%ﬂ diﬁ’éfgﬁcésagucihsz%sct% lsﬁ&beaﬂ\di MLELAY i)ﬂ{natc;frgahégx{ngeari(? Yeliref! TD)
and utilize or estimating the
As shown in Fig. 8, the hearing aid is made up of an ear fitting 800 to be disposed in a
dent in a pinna and a behind-the-ear portion 810. The ear fitting 800 has a
microphone 801 and a receiver 803, and the behind-the-ear portion 810 has a signal
processing section 802 and a power source. In this hearing aid, the length of the ear
fitting 800 is adjustable in an extensible manner with respect to the behind-the-ear

portion 810, and an angle of the ear fitting is adjustable in a rotatable manner (see; for

instance, Patent Document 2).

Related Art References
Patent Documents
[0005] Patent Document 1: Japanese Patent No. 3811731

Patent Document 2: JP-A-10-56698

Summary of the Invention
Technical Problem
[0006]
Incidentally, since a person has two ears, a time lag arises in the arrival of a sound

at the right and left ears from a sound source when the sound source is disposed at any



hori zontal position of the sound source. Further, since distances fromthe
sound source to both ears are different fromeach other, a difference
arises in arrival sound pressure as well. The difference is called an
interaural |evel difference (ILD) and |ikewi se utilized for estimating
the position of the sound source. [0007] When the sound source |locates in
a vertical direction, such as front of, behind of, and directly above the
person, only a nom nal difference ori gi nat ed from as 'mretry of the head
exi sts i Rositeamias korizental gisetion ethersthamjygt mofrenttafer byinnd ke pereon. L Fhear di y
arise. In this case, in order to estimate the position of the sound
source, tine lpgis oalledsari imeresral time diffesance GH¥ andhetibzednfdr estimatingrthe

di fferences in frequency characteristic originated fromactions of such

as di f fr hedizonml pudition§ b elid ssurtiassieee. t IRurthe tsindeNdistnoel GORS theabslindt he
pi nnas. A characteristic of a transm ssion channel fromthe sound source

to drum siREDIPRAS eafs RetdHTERAB bR cRhIthé@da dAr@ence d1Radl if 8hrRlafSondansf er
function (HRTF). [0008] In many related behi nd-t he-ear-type heari ng aids,

a m cropPaRs i S WeaPoSl &efice Lf?Q?l'ie&ﬁér??lft&fau?al SRy |cf'ﬁ'er%h%, 'q}y it

namel y, an upper position on a pinn sound pi cke

E“hSLSEQ"Pﬁewsuﬁﬁﬁe??‘aaﬁﬂm%wgefﬁ oG PEPR D etk ¢ ﬁe”SLapZ‘f of the

pi nna. I@ fore, under the present situations, a person wearing a
behi nd- t BO94r - type hearing aid has difficulty in estimating the | ocation
of the sound source in front and back directions. [0009] Even in a
BTE-t ype hedWherythgisqundhsausrelocates i vertical ditectian: sugh as foot ebhohiadiof 3
placed in a dent of a ear as described in the Patent Docunment 2, a
det ect i oanddirectyabose the person, only a nominal difference originated from asymmetry of

the head exists in sounds entering both ears, and both the ITD and the ILD hardly arise.

In this case, in order to estimate the position of the sound source, the person estimates

the direction of the sound source by differences in frequency characteristic originated

from actions of such as diffraction and reflection caused the head, the shoulders, and

the pinnas. A characteristic of a transmission channel from the sound source to drum

membranes of both ears is referred to as a head related transfer function (HRTF).

[0008]

In many related behind-the-ear-type hearing aids, a microphone is disposed at an
upper area of a hearing aid main unit; namely, an upper position on a pinna. Namely,
sound picked up by a microphone of the behind-the-ear-type hearing aid does not
affect any changes in frequency characteristic originated from the shape of the pinna.
Therefore, under the present situations, a person wearing a behind-the-ear-type hearing
atd has difficulty in estimating the location of the sound source in front and back
directions.

[0009]

Even in a BTE-type hearing aid in which an ear fitting having a microphone is



m crophone is provided on a side of the ear fitting opposite to the drum
menbrane, and hence a sound cannot sufficiently experience a change in
frequency characteristic attributable to the shape of a pinna. [0010] As
rel ated conpl etely-in-the-canal -type hearing aids which are snmall and
exhibit a much superior aesthetic property, there have been CI C hearing
aids. However, the C C hearing aid nust have in an ear canal al

constituent el enmentspertainingto.the eary ng _ai such.as a,mcrophone,
o peakerated L RAY rBEat & Beifiptin (1 PaRRPBIpBhcY, SUFGRR RidTolack e
constituent el enents af fhe heari aidin alimted internal space of
Che- ear BAGRIONEH pEayled on 2 Af thatedr Jitng SRPRRE 10ath Srym UGS sral |
capacity. Since the user of the hearing aid nust frequently replace a
bat t er y, and hense ggoupd caos syificiantly experiansar chaegaisairequgney ehgsadenisties hi gh
conveni ence. Further, as the conpletely-in-the-canal-type hearing aid,

t her e haattriteabletacthstsbapedefsi gjinead hearing aid that is designed so as to

fit to the formof an ear of a hearing aid wearer. However, it is
necessar o0} obtain an ear nold of the hearing aid wearer and manufacture
a hearing aid shell in agreement with the ear nold. As conpared with a

ready- made AweRfatécdthpletelyli-theSdafitps hedtig @A whith 2& Imiall a4 RRABILVE.
[0011] The present invention has been conceived in |light of the above
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makes it easy r-a wearer 't stimate the [ocatio a sound source in
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hearing aid, such as a microphone, a speaker, signal processing unit, and a battery. In
order to place the constituent elements of the hearing aid in a limited internal space of
the ear canal, the battery is limited to a compact battery having a small capacity.
Since the user of the hearing aid must frequently replace a battery, it is not necessary
the case that the hearing aid provides high convenience.  Further, as the
completely-in-the-canal-type hearing aid, there has been a custom-designed hearing
aid that is designed so as to fit to the form of an ear of a hearing aid wearer. However,
it is necessary to obtain an ear mold of the hearing aid wearer and manufacture a
hearing aid shell in agreement with the ear mold. As compared with a ready-made
hearing aid, the custom-designed hearing aid is expensive.
[0011]

The present invention has been conceived in light of the above circumstance and
aims at providing a behind-the-ear hearing aid that makes it easy for a wearer to
estimate the location of a sound source in front and back directions and that can
exhibit a superior aesthetic property when worn.

Solution to the Problem

[0012]



A behi nd-the-ear hearing aid of the present invention is a behind-the-ear
hearing aid used while worn on an ear of a human body, including a

m crophone collecting an anbient sound and generating an input signal; a
main unit to be fitted to the ear and including at |east signal
processing unit for generating an output signal based on the input
signal; and a receiver reproduci ng out put sound based on the out put
signal. Wen the main unit is fitted to the ear, the m crophone is

di sposed i n Aabekindtlmes hefiring aideaf the pnesent inaéntidness a ehimd-thetean &eayimgof t he
ear canal and that is disposed closer to an eardrumthan to a pl ane

defined b el @ik, wérntonogiiéar ofiachuathnevdly Ofelud O Blicropiiierddile@ingant he
configuration, since a change in the frequency characteristic of the

pi nna i s mefdneShifid 4 gdhRrdtiiBUin RPUHendl! a nfaiARN 15 PeSitidd B tBe biYCand
direction of the sound source in front and back directions. Further, the

gﬁij ”a“Bio g,}cp;dgrig"gte Eelﬁﬁgig}gal Hrheksing \%ﬁ %@g&ae%%@wms{u fek ihblg . Ig,h rggg pi nna
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superi or . aest het oper Mor, eov e
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is fi tte&”'ieg1 he ear, the recejver i s dispgsed. id? t he, ear canal. [0015]

Accor di n READREIL ARG torhe earethe SURRPPOORSGISdISNOSEH 1R STEAPSSRf 3t d i s
directly transmtted to the drumsurface of the hearing aid wearer.

Accor di nghrycangl thasdiesgn anextensiosrofhthe ear wanpd apdribat 1s rdisposert gloser to an

characteristic can be provided. [0016] Further, in the behind-the-ear

heari ng aamdnoh thancoprpaendefinad bntaibehx, atragugnald 4n eaelobeonnected to the

m crophone and the signal processing unit is a twisted pair wire. [0017]
[0013]

According to the configuration, since a change in the frequency characteristic of
the pinna is reflected on the input sound, it is easy to estimate the direction of the
sound source in front and back directions. Further, the main unit of the hearing aid is
disposed at an upper portion of the pinna and a position behind the pinna, whereby a
hearing aid exhibiting a superior aesthetic property can be provided.

[0014]

Moreover, in the behind-the-ear hearing aid of the present invention, when the
main unit vis fitted to the ear, the receiver is disposed in the ear canal.
[0015]

According to the configuration, the sound output from the hearing aid is directly
transmitted to the drum surface of the hearing aid wearer. Accordingly, a hearing aid
which has a wide range frequency characteristic can be provided.

[0016]
Further, in the behind-the-ear hearing aid of the present invention, a signal line

connected to the microphone and the signal processing unit is a twisted pair wire.

[0017]



5 According to the configuration, the additive noise in a transm ssion

| ine between the m crophone disposed in the entrance of the ear canal and
the main unit of the hearing aid disposed on the upper portion of the
pinna is dimnished, so that a signal-to-noise ratio (hereinafter
abbreviated as an "SN ratio") of the input audio signal collected by the
m cr ophone can be inproved. [0018] In the behind-the-ear hearing aid of

the present | i i N pnect ed - -1 Gr d the
i anal pr ocARSEIhk o8 e SHedBliol {18 oRRNE B jnp trdd il B RGRE
configuration, the additiye ise in a transm ssi,on |jne between. the

i cr opholle et Fipdsed n 1Bt ERcatisrot 8 Bliatarihd WmeRaIRER e of
the hearing aid djsposed on the upper portjon of the pinpa is dimnished,
so that hRYIng\aid, gtSPBS%‘f oR ngiqi’ﬁﬁ’t PaTiNG of ithg, Rinnaos) &&lewhfﬂ: §nghat a

m crophone can be inproved. [0020] The behind-the-ear hearing aid of the
present isignalto-mmse gation her¢inafterdehbreniated ast an GAN mtio] ke of ithe) ippusj andia ng
froma signal Iine connected to the m crophone and the signal processing
uni t. [ OGighhl collected diynhe microplone@ah bgunptaved, the ni crophone can be stably
held in the entrance of the ear canal that is the center of the pinna. It
i's possipb@sjo reduce an inpact sound stemming fromthe m crophone
contacting the pinna as a result of novenent of the head of the hearing

ai d wearer. IhQQQBLhinE{Jlﬂﬁe&%mg&%g bR Sthe PRAEANAVERiBN S sikhA IRfe&D8Rdcted

invention further 1ncludes
to the microphone and the signal processing unit is a shielded wire.

[0019]

According to the configuration, the additive noise in a transmission line between
the microphone disposed in the entrance of the ear canal and the main unit of the
hearing aid disposed on the upper portion of the pinna is diminished, so that the SN
ratio of the input audio signal collected by the microphone can be improved.

[0020]

The behind-the-ear hearing aid of the present invention further includes at least
one projection projecting from a signal line connected to the microphone and the
signal processing unit.

[0021]

According to the configuration, the microphone can be stably held in the entrance
of the ear canal that is the center of the pinna. It is possible to reduce an impact
sound stemming from the microphone contacting the pinna as a result of movement of
the head of the hearing aid wearer.

[0022]
The behind-the-ear hearing aid of the present invention further includes a

soundproof material interposed between the microphone and the receiver when the



soundproof material interposed between the m crophone and the receiver
when the 6 main unit is fitted to the ear. [0023] According to the
configuration, it is possible to reduce the probability of occurrence of
a how i ng phenonenon in which the sound output fromthe receiver becones
the input sound for the m crophone, to thus forma feedback circuit.
[0024] In the behind-the-ear hearing aid of the present invention, the

m crophone is an MEMS m crophone. [0025] According to the configuration,
a nm cr opave uniit syfitetitoithe tdre entrance of the ear canal can be

m niaturized and thus render the m crophone unobtrusive. [0026] The
behi nd-t je623ar hearing aid of the present invention further includes the
m crophone which coll ects an anmbi ent sound and generates a first input

signal; an AReRrdingefo WY COnAFRAidA R IshBodsitleitol FeMEe SheNsbbAtygeNer at es
a second input signhal; and a signal processing unit which generates an

output  sigpaleREEh BBwIiP§ (@%ftfcﬁ-ﬂ&oni BPRhich' t%@asbugée %gﬁ%l} iﬁﬁﬁg gl?elf ﬁéc@ﬂent o the

configuration, the signa e m crophone can order to
| essen influence of vol t dro ue to extensi f the signal |ine of
the. i cRSEHERGTs fipt SR AR Behordoie s AR¢OH ndtediaet Bt 20t v ormgnet i ¢
i nducti ort bf a mcrophone signal line caused by a receiver signal |ine.
[0028]  (0024]

In the behind-the-ear hearing aid of the present invention, the microphone is an
MEMS microphone.

[0025]

According to the configuration, a microphone disposed in the entrance of the ear
canal can be miniaturized and thus render the microphone unobtrusive.
[0026]

The behind-the-ear hearing aid of the present invention further includes the
microphone which collects an ambient sound and generates a first input signal; an
amplifier which amplifies the first input signal and generates a second input signal;
and a signal processing unit which generates an output signal based on the second
input signal.

[0027)

According to the configuration, the signal of the microphone can be amplified in
order to lessen influence of a voltage drop due to extension of the signal line of the
microphone and influence of the additive noise due to electromagnetic induction in a
microphone signal line caused by a receiver signal line.

[0028]
In the behind-the-ear hearing aid of the present invention, a plurality of the

microphones are provided; and at least one of the microphones is disposed in an



In the behind-the-ear hearing aid of the present invention, a plurality of
the m crophones are provided; and at | east one of the m crophones is

di sposed in an 7 entrance of the ear canal when the main unit is fitted
to the ear. [0029] According to the configuration, since a plurality of

m crophones are utilized, the signal processing unit perfornms directivity
synt hesi s processing for enhancing an input audio signal in the front
direction of the face;, and suppresses a how i ng phenonenon which is heard
as for i nsenireoee of theieaycanabwben theunain soitasfitted tortboeate an out put sound
which is easy to hear for the hearing aid wearer, [0030] In the

behi nd-t hef082%] heari ng aid of the present invention, at | east one of the

m crophones is disposed in a rear of a pinna when the main unit is fitted

to the ear. M&ﬂng“@th@@bﬂﬂg&rﬁh@rh%ufc@@%lﬁtﬂl@ bPhicrdp Bk aly @§Iefed] the
utilizing the input audio signals fromthe m crophones separately

di sposed 'Bﬁﬁéﬂ‘iﬂ@d&hﬂé‘ﬁﬁlt gfarf&f}ﬁ‘s &fdctivit %!,mtﬂék‘i‘s céé%ﬁ fb?@:'iha%m@% 19;5&”3 s

possi bl e. e signal processing unit can easi |y perform detectron ‘of the
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in the beh e- ear nven

processi ng_un Q ensi t he | t si naI omthe phone
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signal fromthe mcro hone di sposed in the rear of the pinna, and Judges
how i ng baBbishaR oA do PeF Ipe therheadghpidrWeagst. [ 0033]

[0030}

In the behind-the-ear hearing aid of the present invention, at least one of the
microphones is disposed in a rear of a pinna when the main unit is fitted to the ear.
[0031]

According to the configuration, signal processing utilizing the input audio signals
from the microphones separately disposed in the entrance of the ear canal and at the
rear of the pinna is possible. The signal processing unit can easily perform detection
of the howling and suppression of the noise with high accuracy.

[0032]

Further, in the behind-the-ear hearing aid of the present invention, the signal
processing unit compares intensity of the input signal from the microphone disposed in
the entrance of the ear canal with intensity of the input signa! from the microphone
disposed in the rear of the pinna, and judges howling based on the result of
comparison.

[0033]

According to the configuration, it is easily judged whether howling occurs or not

by utilizing the fact that the probability of occurrence of howling in the line between

the microphone disposed at the rear of the pinna and receiver is low as compared with



According to the configuration, it is easily judged whether how ing occurs
or not by utilizing the fact that the probability of occurrence of
howing in the Iine between the m crophone di sposed at the rear of the
pi nna and receiver is |low as conpared with 8 that in the |line between the
m crophone di sposed in the entrance of the ear canal and the receiver.
[0034] In the behind-the-ear hearing aid of the present invention, the
signal processing unit corrects frequency characteristics of the input

si gnal s bathetdinathe hios ibetvosen thiaanierophene disposeg o hleserdranceliof pesed .cafd) @848
According to the configuration, a difference in frequency characteristic
due to a thefréceivence in transfer function is corrected through signa
processing utilizing the input audio signals fromthe m crophones

separ at el yjodsgposed in the entrance of the ear canal and at the rear of

t he pinna, so that the output sound which the hearing aid wearer easily

catches can beg, B{eol?{él-ﬁn?djthe[é%??h@lnnéc&dt SEthB§hésaf iR EntRa, tﬂ@%ﬁhﬂ%ﬂ@f:&sﬁ the

present invention sl gnal protessing ‘unit generates t ut put Si gnal
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configuratio the irectivity synthesis process ut|I|Z|ng the i nput
audi 0 si gn’é‘f‘g W%@ref WPFthe mi crophones individually disposed in the
entrance of the ear canal and the rear of the pinna, it is possible to
provi de t hE903 ek put sound having directivity as if a sound comng fromthe
front of the hearing aid wearer is

According to the configuration, a difference in frequency characteristic due to a

difference in transfer function is corrected through signal processing utilizing the input
audio signals from the microphones separately disposed in the entrance of the ear
canal and at the rear of the pinna, so that the output sound which the hearing aid
wearer easily catches can be provided.

[0036]

In the behind-the-ear hearing aid of the present invention, the signal processing
unit generates the output signal having directivity toward a predetermined direction
based on the input signals from the plurality of microphones.

[0037)

According to the configuration, in the directivity synthesis process utilizing the
input audio signals coming from the microphones individually disposed in the entrance
of the ear canal and the rear of the pinna, it is possible to provide the output sound
having directivity as if a sound coming from the front of the hearing aid wearer is
enhanced even in conversation among a plurality of persons. For instance, the
sensitivity for the sound from the major noise source direction can be made as close to
zero as possible, and directivity for maintaining sensitivity to the sound in the

direction of the front of the face high can be possible.



enhanced even in conversation anong a plurality of persons. For instance,
the sensitivity for the sound fromthe major noise source direction can
be nmade as close to zero as possible, and directivity for maintaining
sensitivity to the sound in the direction of the front of the face high
can be possible. 9 Advantage of the Invention [0038] The present invention
provi des a behind-the-ear hearing aid in which a mcrophone is disposed
in the entrance of an ear canal, thereby nmakes it possible to handle the

sound comdantiguefithe Inventibnsour ce as input sound on which a frequency
characteristic of the pinna is reflected. As a consequence, there can be

pr ovi ded [9038}ehi "[Firet s&ﬂrinmbh"tﬁoﬁid% ahsdhinBH#R et the &3/ afdon @hilﬁaii ng
aid wearer to estimate the position of a sound source in a verti cal

di rection,; - A9 : i i rectian: i r: i
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It is a v e oW ng, an .ex | e functional confiquration,of a.hearing aid
of &t r eSSl CpiRE AP Puec Al sGE oF Gt B! o pinfe Srplitty
schematic,vi ew of the hearin id of the first enbodi nent of the, present
i nvent i orPhaEacteristie of tasp gnethaciRct ng*Sat &omeﬂner}ﬂssﬂg& 4, be, PERYidRS 8 (i)

it is a schematic view of the hearing aid of the first enbodi nent of the
present ibhehindrthegay hearingraid ghat ragkss it epsy tolon Sparingeaid gyeagerjorestimateghe t he
hearing aid with respect to an ear canal area); and (c) it is a schematic
vi ew of tpesitivaandi gpuamidcsoufcetine vartiegl direbtich aemellals in achorpoetbdiredtionent i on
(a horizontal cross-sectional view of the hearing aid with respect to the
ear canalpasticigrly, ifa fronBbadktditeztionschenati c vi ew of an exanpl e hearing aid

of a second enbodi nent
Brief Description of the Drawings
[0039]

[Fig. 1] 1t is a view showing an example functional configuration of a hearing aid
of a first embodiment of the present invention.

[Fig. 2] (a) It is a schematic view of the hearing aid of the first embodiment of the
present invention (a front view of the hearing aid with respect to a pinna), (b) it is a
schematic view of the hearing aid of the first embodiment of the present invention (a
vertical cross-sectional view of a portion of the hearing aid with respect to an ear canal
area); and (c) it is a schematic view of the hearing aid of the first embodiment of the
present invention (a horizontal cross-sectional view of the hearing aid with respect to
the ear canal area),

[Fig. 3] It is a schematic view of an example hearing aid of a second embodiment
of the present invention.

[Fig. 4] It is a schematic view of an example hearing aid of the second
embodiment of the present invention.

[Fig. 5] It is a view showing an example functional configuration of the hearing

10



of the present invention. [Fig. 4] It is a schematic view of an exanple
hearing aid of the second enbodinent of the present invention. [Fig. 5]
It is a view showi ng an exanple functional configuration of the hearing
10 aid of the second enbodi nent of the present invention (howing
suppression processing). [Fig. 6] It is a view show ng an exanpl e
functional configuration of the hearing aid of the second enbodi nent of
the present invention (directivity synthesis processing). [Fig. 7] It is
a vi ew shabdv ofy tieen sexanidplembiodiméritonfil the opresentr mivemtioro f(hdvwhng) esmppregsiomi d of
the first enbodi ment of the present invention. [Fig. 8 It is a schematic
vi ew of q)rbﬁisgh%ﬂ-art hearing aid. [Fig. 9] It is a front view of an
exanpl e pinna of a hunman body. Description of Enbodi ments [0041]

Behi nd-t he-e is ' : ' ; ' ' wil |
be descri begq%%?%flgrgg?lécvgg}tl%htnﬁ;m ggdaa\?\? n'[%gmgf%%ﬂg]oﬂﬁ |rs(:)r,1 bg&%g?étafig of
the hearipf } i 1S fr h Sk ek . iLefly
descri bedﬂ %ygfr g?%?%h%ﬁeéte\éﬁ@dgljpgﬁ oglnglte gre:ggﬁtall r([)lﬁ{m \?@ é@vge(’l)‘fl{}znsyg{)’?gﬁ%)l e
pinna. A pLnna 10 is an outer peripheral portion of an auricle, is

posi ti ondi°H% 8Bt her side of the head, and is a shell-Ilike projection
surroundi ng an ear_ canal 220. A helix 901 is . a _soft area of .the quter
peri pheral pBigi Gnltds atwew shoWIRE Ancex3 fungtignal cqpfigureion ofithe heapiagus 902
is a promnence |ocated at the entrance of the ear canal 220. The ear
canal aid of the first embodiment of the present invention,

[Fig. 8] It is a schematic view of a related-art hearing aid.

[Fig. 9] It is a front view of an example pinna of a human body.

Description of Embodiments
[0041]

Behind-the-ear hearing aids of embodiments of the present invention will be
described by reference to the drawings.
[0042]

First, a portion of the hearing aid that is visible from the outside of an ear is
briefly described by reference to Fig. 9. Fig. 9 is a front view of an example pinna.
A pinna 210 is an outer peripheral portion of an auricle, is positioned on either side of
the head, and is a shell-like projection surrounding an ear canal 220. Ahelix 90l isa
soft area of the outer peripheral portion of the pinna 210 opposing a tragus 902. The
tragus 902 is a prominence located at the entrance of the ear canal 220. The ear canal
220 is a substantially-S-shaped tube extending from the entrance of the ear canal to an
eardrum. An earlobe 903 is a lobule and refers to a soft area hanging down from the
ear. A concha is a dent located at the entrance of the ear canal 220.

[0043] (First Embodiment)

11



220 is a substantially-S-shaped tube extending fromthe entrance of the
ear canal to an eardrum An earlobe 903 is a |obule and refers to a soft
area hangi ng down fromthe wear. A concha is a dent |ocated at the
entrance of the ear canal 220. [0043] (First Enbodinent) 11 A draw ng
showi ng an exanple configuration of a hearing aid of a first enbodi nent
of the present invention is provided in Fig. 1. The hearing aid of the
present invention can be broadly divided into two constituent el enents.
One is an ear Adrewingoshowir kA Cexahiple iconfififpiGedf ia) hedringeaslt ofhtfier t he
I nside of an ear canal or an entrance of the sane when a behi nd-the-ear

portion khbolindife o¥ahE prérehl indbfion & P¥BVided 3R FBF EarTheéRéhringCai@ldfehe i S the
behi nd-t he-ear portion 110 fitted to the ear so as to stay at an upper

portion %es%?@ngélﬁ% c%ﬂ%e%r@:&ﬁ{( Eiﬁdﬁdﬁﬁw B NGB MemdiE SOk ANGRaPT the

ear canal® refers to a portion ies in an extension of the ear canal
and cl oser, 1.0 m_t han . a_pl ane .def i;ned the helx,, the
tragus, (fﬁﬂé lt;ﬁ’gg %ﬁﬁggi’éﬁﬂ lfdgsi’fféé)llnngﬂeegg %%ﬁgfmepgltsi%‘%ow%ﬁari ésanélo?ﬁ ?‘bur ed
to include a mc¢ hone 101 and.a, .receiver 103. The, behi nd-the-ear
bor {1 o FRARGET B SSBE grhen paatientss wiriom b to Bedespet fbeks worn
connections, the m crthone 101 and t he signal &r ocessing unit 102 are
connect e®NAR eip addhe pther i the bebind-thergan prstian 4 A fitted ¢o thesan so anta stan2 and
the receiver 103 are connected by an electric wire 122. The electric wire
121 and tadhenappertpordompf the piR andea positil eshind theipgmral  [Theestraneemf thdi ch
various kinds of information are transmtted. [0045] Next, the process
f1 ow per fear pmdl bafeitsite apertionghanilds id ai ketepsion @fitheceds edhateantd clodet ko e
described by reference to Fig. 1. First, the m crophone 101 converts an
I nput eardrum than to a plane defined by the helix, the tragus, and the earlobe.

[0044]

The ear canal portion 100 is configured to include a microphone 101 and a

receiver 103. The behind-the-ear portion 110 includes signal processing unit 102.

As electrical connections, the microphone 101 and the signal processing unit 102 are

connected by an electric wire 121, and the signal processing unit 102 and the receiver

103 are connected by an electric wire 122. The electric wire 121 and the electric wire

122 are examples of signal lines along which various kinds of information are

transmitted.

[0045]

Next, the process flow performed by the hearing aid of the present embodiment

will be described by reference to Fig. 1. First, the microphone 101 converts an input

sound into an input audio signal. The thus-converted input audio signal is transmitted

to the signal processing unit 102. The signal processing unit 102 processes the input

audio signal so as to generate an output audio signal. The thus-generated output

audio signal is transmitted to the receiver 103, and the receiver 103 converts the output

audio signal into an output sound so as to reproduce an output sound for an hearing aid

12



sound into an input audio signal. The thus-converted input audio signal is
transmtted to the signal processing unit 102. The signal processing unit
102 processes the input audio signal so as to generate an output audio
signal. The thus-generated output audio signal is transmtted to the
recei ver 103, and the receiver 103 converts the output audio signal into
an out put sound so as to reproduce an output sound for an hearing aid 12
wearer. [0046] The process details of the signal processing unit 102 are
auxi | i ar ywexxggl ai ned. The process of the signal processing unit 102 differs
on whether the hearing aid is an anal ogue hearing aid or a digital
hearing g0046][ 0047] In the case of an anal ogue hearing aid, the signa
processing unit 102 anplifies the input audio signal based on a hearing

llevel of theTheprddass abtﬁlly\@ﬁftﬁé sigidl tpheesdmy uﬂﬂnﬁizahl%salﬁﬂ"lrﬁyt&wmﬁédd' 0
si gnal . Further in order to protect audibiTity of the hearing aid

wearer, eﬁfﬁéés%ﬂrg&ﬁgﬁzﬁr'p%&@él g Wit 109 diffths o[noxgﬂéheg tﬁ%'hkﬁl Sg“arﬁ higagase of

a drgrtal rrng ai e srgna processrng uni t cones’ possible to
anal yze refore, a nonlinear conpression
process ﬁghpﬁﬁl&&i RF ggﬁgﬁaﬁﬁ*‘é‘%a“ﬁ factor for each frequency signal
i's perforﬁ§g7 dependrng on a pattern of an audi ogram of the hearing aid
wear er éudrogranris a special graph for evaluating an auditory
organ. The degree g and progress of heari ng-i npaired _can
expressed byl the C&ﬁ%lp an apalogue hearigaaid ,pﬂ'sé&ei REPCGFRING wurd lo%éﬁmé)‘ﬁﬁ% a
how i ng suppression process for suppressing a howing sound that is likely
to arise thhenput Budineignahfasedn & heasing leweldiirthe hearing/aid ywearersind therebess f or
enhancing a

generates an output audio signal. Further, in order to protect audibility of the hearing

aid wearer, the maximum acoustic gain is limited.

[0048]

While in the case of a digital hearing aid, the signal processing unit 102 becomes

possible to analyze and synthesize frequencies. Therefore, a nonlinear compression

process which changes the amplification factor for each frequency signal is performed

depending on a pattern of an audiogram of the hearing aid wearer. The audiogram is

a special graph for evaluating an auditory organ. The degree, type, and progress of

hearing-impaired can be expressed by the audiogram. The signal processing unit 102

performs a howling suppression process for suppressing a howling sound that is likely

to arise when the hearing aid is worn, a directivity synthesis process for enhancing a

sound whose source located in a forward direction, and a wind noise suppression

process for suppressing grating wind noise.

[0049]

Although examples of the process detail of the signal processing unit 102 are

described, the processes are not limited to these examples.

[0050]

13



sound whose source located in a forward direction, and a wi nd noi se
suppression process for suppressing grating wi nd noise. [0049] Although
exanpl es of the process detail of the signal processing unit 102 are
described, the processes are not limted to these exanples. [0050] 13 Fig.
2(a) is a schematic view show ng an exanple hearing aid of the first
enbodi nent of the present invention and provides a front view of the

heari ng ai d..wi respegt to a .pin on which th earing.aid is rn. In
Fra oay. Tike 208nithar Sehemiate iy SfolRg 0h (e, BERInG" S of ¥ 81’ o
of the pinpa,210 apd a | ocation,behind the i nna. 210, Fyrther, .the ear
canal poFPOAITEsOf gwonrei?aggﬁemmha Proviles g {EonE Bigept e NepnE HIAMED so as
to assune a circular arc. Therefore, the hearing_ aid is unobtrusive from
t he out sirespeeirl agjara apwhichtherhearing aid sevora. pInPig 2(a)othethebindetheeay ai d
wearer. [0051] Fig. 2(b) is a schematic view of the hearing aid of the
first emnpodiomehloO isffittédeto pr eppert parhew of ithen pimnal 2 0 aanid e bocatiore behind the
cross-sectional view of the hearing aid with respect to the ear canal

ar ea whi lpinrfal®0he&uither, theckar sanabportion 100ds dRposeliig a déftcdt thscentersfiigsmat i ¢
view of the hearing aid of the first enbodi nent of the present invention

and  proyiffSsodasherds@itid alcirehaf arcs e thefiade, HeS¥aflhg afifisnARbirIEvFdmM t h
respect to the ear canal area while the hearing ard is worn on the ear.

In Fig. : | o £ i 0N er portion
of tlhg piglélé?\%mszl%ggdr)\g&aspg E[ &gﬁ%ggﬂs ? ?sg%i%g)ﬁ(ﬁbneé&t fgﬁe %ﬁ%&ﬁ@ﬁpf he g am::I
manner ai%%ﬂ'c])wn in Fig. 2(a). In Figs. 2(b) and 2(c), the ear canal

portion s provided at the entrance and inside of the ear canal 220.
Speci T cal |y, the, ol grophons. 104 of yLNg.880 LANR PRI boBodB%nt SefhePOSed
present invention and provides a vertical cross-sectional view of the hearing aid with
respect to the ear canal area while the hearing aid is worn on the ear. Fig. 2(c)is a
schematic view of the hearing aid of the first embodiment of the present invention and
provides a horizontal cross-sectional view of the hearing aid with respect to the ear
canal area while the hearing aid is worn on the ear. In Fig 2(b), the behind-the-ear
portion 110 is put on the upper portion of the pinna 210 and at the position behind the
pinna 210 in the same manner as shown in Fig. 2(a). In Figs. 2(b) and 2(c), the ear
canal portion 100 is provided at the entrance and inside of the ear canal 220.
Specifically, the microphone 101 of the ear canal portion 100 is disposed at the
entrance of the ear canal, and the receiver 103 is placed in the ear canal. The ear
canal portion 100 is connected to the behind-the-ear portion 110 by the electric wire
121, and the behind-the-ear portion 110 is connected to the receiver 103 by the electric
wire 122.
[0052]
In order to hold the microphone 101 in the entrance of the ear canal, a projection

201 sticking out from a sheath of the electric wire 121 is provided. The projection
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entrance of the ear canal, and the receiver 103 is placed in the ear
canal. The ear canal portion 100 is connected to the behind-the-ear
portion 110 by the electric wire 121, and the behi nd-the-ear portion 110
is connected to the receiver 103 by the electric wre 122. [0052] In
order to hold the m crophone 101 in the entrance of the ear canal, a
projection 201 sticking out froma sheath of the electric wire 121 is
provi ded. The projection 14 201 may al so be positioned in a dent of the

pi Nna 21606 taSaliPb@HosiIBnell fni 4 ALhtasr tAE ginnafmeso %ht% d%gﬂhéstc?reglﬁg%

assunes a col ummar shape having; for 1nstance, a dianmeter o

projecti 915%; L ?g@géoagctmiﬁg%a%r{{xeesgb?é ! thitar’ ;H%Siﬁé;%’r‘ AahLe, é%izﬂ?i@téro 40

mm and 1S dispo I'nt e ear 0 assune circular arc
shape. n, a nylan-based el astomer., or the Like, i sed as.a raw
ator i a Obmriepii Dl sBER Dr SAdE ot Raapeife g et 2 R s do e
predet erm ned_ position by contacting the dent of the ear by th

projectid EO‘i‘,SP%?e é%ﬁ}ee%enm the ¢a5 3P A6 te apsmeca pircy ﬁeafﬁiSE!‘PR?ph&IYzo%Gl S
acqui red. Even when the head of the hearing aid wearer has noved, an

i npact soulea-baseds glastomer.f erothetlikes, ¢ osasaoagawomatetak of therproiesiop2Aha can
be | essened. [0053] 1In the hearing aid of the present enbodi nent, an ear
chi p 202 Simcephohéaling aid isdixedawtarpreddtgrmhed pasiticrckey vetacting theldent efithechi p i s
present in order to hold the receiver 103 in the ear canal 220. Since

earwax bead Byphé préjb@iotar0 CaddesizedOinpui chéracteétid) of ¢he afidraplior@ni@als Wax
prevention filmon a chip portion of the ear chip where sound holes are

11 SeCachlp 1 oFS8 v AT SEBIAR S48 bl ocp i shpd o L1
chip 202résﬁltﬁltgeﬁcﬂﬁ‘ijhé)%icroﬁl{bﬁeqﬁﬁ cSJﬁia&iﬂﬁhg‘Bftﬁlaléﬁﬁagllessened.
[0053]
In the hearing aid of the present embodiment, an ear chip 202 is provided at an
extremity of the receiver 103. The ear chip is present in order to hold the receiver
103 in the ear canal 220. Since earwax buildup in the ear canal 220, it is useful to
attach an ear wax prevention film on a chip portion of the ear chip where sound holes
are provided. If the ear chip 202 is removable from the receiver 103 and the hearing
aid wearer can replace or clean the ear chip 202 when the ear chip 202 is stained by,
the ear chip is more useful.
[0054]
In the hearing aid of the present embodiment, the electric wire 121 that connects
the microphone 101 to the signal processing unit 102 may also be a twisted pair wire.
Influence of a noise stemming from electromagnetic induction caused by an electric
current change in the electric wire 121 can thereby be diminished. The electric wire
121 may also be a shielded wire. Influence of a noise stemming from external

electromagnetic induction other than the electromagnetic induction developed in the

electric wire 121 can be diminished. In the hearing aid of the present embodiment,

15



[0054] In the hearing aid of the present enbodi nent, the electric wre
121 that connects the m crophone 101 to the signal processing unit 102
may al so be a twisted pair wire. |Influence of a noise stemring from

el ectromagneti c i nducti on caused by an electric current change in the
electric wire 121 can thereby be dimnished. The electric wire 121 may
al so be a shielded wire. Influence of a noise stenm ng from external

el ectromagnetic i nduction other than the el ectromagnetic induction

devel opedsince thérmicrepbarter 10d ininadudedlin theedveanil porticrh i, thenwirbd 2 hesalongg ai d
of the present enbodi nent, 15 since the m crophone 101 is included in the

ear canalaspefipam®d Wil thet dase Whe the hicrdphemrglOlais isshudedrig dhabétind-tiR-eaase
where the mcrophone 101 is included in the behind-the-ear portion 110 as

the rel atﬁﬂi&?hiwdast R eahted MMt RLAr Heamgy Siid. Héw‘é%r”g)yahﬁlﬁ% atyBl ai ned
twisted pair wire or shielded wre, noises tend not to be added even if

the i npéég{g@?,}eg,@?tgggtg@igirieﬁéén bR BBIdRY Hflrd, HoRidg Rerdd fior th 1R alildd olPROhe TET -

t he soun ge In frequéency characteristic origlna
fromthe.pinna is .the.ipput .sound a he .m g¢y.ophone 101 is disposed in the
entrance’ ul Sf’“’éfggPﬁc}%ﬁg S.m“sl‘ﬁéejﬂEﬂ'éﬁ’g‘ Mt ﬁéquency characteristic i s not
changed uiﬁtﬁ% about 3kHz (mainly vowels) but changed in higher frequency
than it ( q I]y consonants). By wusing a twisted pair wire and a shi el ded
wire as the electric wire 121, the change in frequency characteristic by
the canal is adlareathelspund affseted thyda changet inelrequenelp kbaracteri9ic emginttedsi gnal
processing unit 102, and the noise added to the signal line through which
a signal fram theapian istthe input sewsxlcasatie aucriophonealD 15k disposanl ihahs egnarice tod- noi se
ratio) can be inproved. Mreover, although the consonants have smal |l

si gnal enk¢ gy canal. The ghardgedl fesqapn@schaeitpatsed inhéthchahgedvgpe) sboubBkHsi ng

the twisted pair wire and the.

(mainly vowels) but changed in higher frequency than it (mainly consonants). By
using a twisted pair wire and a shielded wire as the electric wire 121, the change in
frequency characteristic by the canal is accurately transmitted from the microphone
101 to the signal processing unit 102, and the noise added to the signal line through
which a signal is transmitted is lessened so that an SN ratio (a signal-to-noise ratio)
can be improved. Moreover, although the consonants have small signal energy and

- high frequency as compared with the vowels, by using the twisted pair wire and the-
shielded wire as the wire 121 so as to improve the SN ratio, when the hearing aid
wearer listens to a conversation sound, the consonants is easy to listen.

[0056]

The configuration of the electric wire 121 such as that mentioned above, is also
applicable to the electric wire 122 that connects the signal processing unit 102 to the
receiver 103, Specifically, the influence of a noise stemming from an
electromagnetic noise developed in the electric wire can be diminished by using a

twisted pair wire for the electric wire 122. Moreover, the influence of the noise

stemming from the electromagnetic induction developed outside can be lessened by
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shielded wire as the wire 121 so as to inprove the SN rati o, when the
hearing aid wearer listens to a conversation sound, the consonants is
easy to listen. [0056] The configuration of the electric wire 121 such as
that nmentioned above, is also applicable to the electric wire 122 that
connects the signal processing unit 102 to the receiver 103.

Specifically, the influence of a noise stemmng froman el ectronagnetic
noi se devel oped in the electric wire can be dimnished by using a tw sted
pai r wire tsng theshieldedtwire foritheelé@?ic vite E22ver, the influence of the noise
stenming fromthe el ectromagnetic induction devel oped outside can be

| essened bjo0$®] using the shielded wire for the electric wire 122. [0057]
Al t hough unillustrated in Fig. 2, the mcrophone 101 placed in the ear

canal  porti onihlgRM@illliRate8CiRl FRI 210 WAYrophse 061 TR AN tAE Geaf cBhd19! €
unit by nolding a shell or a nmold. Tt becomes thereby easy for the

o o rl5R100 b (RERLLS el 63 53k al6P0C bl b Bl driOPPhoidthen e

m cr ophone and the recelver 31((§'garyare asse

soundpr oof terial, m | so be, i nterposed,bet ween t.he m crgophgne, 101 and
the  recel VBN STASTOls dhRecoRs osrynrasuaticis daig el el g FEATIS IS &1 f ng
| eakage of th souqﬁerout put fromthe receiver 103 fromthe ear canal 220,
a hem sphefa"@LPOTHPN 1R9:shr oom shaped ear chip formed from silicone rubber
is provided. Although the silicone rubber is a soft material, the silicone
rubber may[OSéShi sposed as the soundproof material by nolding an ear nold

froman acryl which is a hard material in conformty with the ear shape
of the heari nfVhéndthewaczophome Hildand the reselvant@3 aieassembled into the single unit,

a soundproof material may also be interposed between the microphone 101 and the
receiver 103. As the sound proof material, with a view to preventing leakage of the
sound output from the receiver 103 from the ear canal 220, a hemispherical or
mushroom-shaped ear chip formed from silicone rubber is provided.

Although the silicone rubber is a soft material, the silicone rubber may be disposed as
the soundproof material by molding an ear mold from an acryl which is a hard material
in conformity with the ear shape of the hearing aid wearer in order to enhance the
sound proof effect. By disposing the soundproof material, the frequency of occurrence
of howling originated from the acoustic coupling between the microphone 101 and the
receiver 103 can be reduced.

[0059]

Also, an MEMS microphone may be used as the microphone 101. The MEMS
(Micro Electro Mechanical System) is a small system which acts with high precision
manufactured by a three-dimensional microprocessing technique based on a
semiconductor technology. The MEMS microphone is a silicon microphone utilizing
the MEMS technology and a condenser type is going a main stream. Recently, a

MEMS microphone of 1mm square in size has been developed. Accordingly, as
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sound proof effect. By disposing the soundproof material, the frequency of
occurrence of howing originated fromthe acoustic coupling between the

m crophone 101 and the receiver 103 can be reduced. [0059] Also, an MEMS
m crophone nmay be used as the m crophone 101. The MEMS (Mcro Electro
Mechani cal System) is a small system which acts with high precision

manuf actured by a three-dinensional m croprocessing techni que based on a
sem conductor technol ogy. The MEMS m crophone is a silicon mcrophone

utili zi ngonipasedViehth tacchsowigye aind ekctrendepsitor tryizeophdngoisngsed awithe
stream Recently, a MEMS m crophone of Immsquare in size has been

devel opednicfsphenégi 10! Yo mAsropHorkO@BeY A6t Wetdind® obaasivihaiReldN afll fthent
capaci tor mcrophone is used as the mcrophone 101, a mcrophone does not

becone o ldveq@n aesthetic property can be inproved. [0060]
Fig. 7 sﬁ;r\/\g % exarrpﬂﬁ) functlonal configuration of the hearing aid of the

first e 8 ]rrent of the present invention. Fig. 7 shows a configuration
i n which anplifier 701 is added to an electric wire 121 connecting the

m cr ophone 11 othe nal pro es i ng.unit, 102. cordin t he
configuratio h%hof” Sl e’ﬁ% ?"s'\ g‘gﬁ\}r@P‘E’%ﬂ’%WAﬁWémﬁi 3&&8&%@1@“&01 can
be arrpllfled bythe rrpllfler 701to enera second [ nput sign The
signal prise ‘Pﬁ'@f %ahe R’(‘}Zelﬂa‘ﬁv@gﬁ@r attég-ah BYVﬁuat C%’Pé\’&#“""b&béﬁ“‘g‘na@ he
second i nput si ?ﬁ conpared with the rel ated behi nd-the-ear hearing
ai d, si ncamplifter Odrlspﬁéﬁfdetqmehestrm winedad conneckiag dhe mieraphonsoktli terthe 00,
the length of the electric wire 121 is extended and a voltage drop in the
el ectri c sigmad pt@dessingarmita$@x. Atcordinguppthsecdnfigatatiohethiei fiest jinfutesigmal t he
el ectric current flow ng through the

converted by the microphone 101 can be amplified by the amplifier 701 to generate a

second input signal. The signal processing unit 102 can generate an output signal

based on the second input signal. As compared with the related behind-the-ear

hearing aid, since the microphone 101 is disposed in the ear canal portion 100, the

length of the electric wire 121 is extended and a voltage drop in the electric wire 121

increases. It is supposed that the time jitter of the electric current flowing through the

electric wire 122 of the receiver 103 causes the electromagnetic induction in the wire

and the electromotive force develops in the electric wire 121 connected to the

microphone 101. Against the voltage drop due to the extension of the wire and the

additive noise due to the electromagnetic induction, it is possible to transmit the

second input signal with a wave form which is close to that of the first input signal by

adding the amplifier 701, namely the microphone amplifier, as a constituent element.

Additionally, in the case where the MEMS microphone is used as the
microphone 101, as compared with the case where the electret condenser microphone
is used, there is a tendency to have a lower output voltage level for the same input

sound. Therefore, in the case where the MEMS microphone is used as the microphone

101, the SN ratio of the MEMS microphone is improved by adding the amplifier 701
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electric wire 122 of the receiver 103 causes the el ectromagnetic induction
in the wire and the electronotive force develops in the electric wire 121
connected to the mcrophone 101. Against the voltage drop due to the
extension of the wire and the additive noise due to the el ectromagnetic

I nduction, it is possible to transmt the second input signal with a wave
formwhich is close to that of the first input signal by adding the
anplifier 701, nanely the m crophone anplifier, as a constituent el enment.
Addi t i onalslayconstituentelagnet. where the MEMS ni crophone is used as the

m crophone 101, as conpared with the case where the el ectret condenser

m crophong0061§ used, there is a tendency to have a | ower output voltage

| evel for the sanme input sound. Therefore, in the case where the MEMS

m crophone i &sWafloA&d AHVeMhe beRin@IRe-edtearihp @idDY th@?fé%eﬁferﬁﬁlﬂim :
m crophone is inproved by adding the anplifier 701 18 as a constituent
|

el eent.. , b00GEn S TRAAQ IR ERONRile WIRRENHI e 8-(BE AR, 2infle OF ¢ e

present e Iment 1's e-ear ari ng al use e’worn on the

ol | oct s WA S BeCHEYs A i oh o ke Rliec BR abforl LB SR8 o an

i nput sigpal, the main unit (behind-the-ear portion 10) which ig
wonr b ¢ 15 thyscetgfied, bav dath RO gt Figagy Che, Bag) gnm(bérlaﬁ-&es-wgpqm?@ 102
generat i an out put signal based on the input signal, and the receiver

n
103 whi chﬁo) o teeasabieen dhe eartand dugladasas depsbithetsignab prosessing @it 02 Al so,
In the case where the main unit is worn on the ear, the m crophone 101 is
di sposed generating ant suputesighaltbasedan the anmit digral, drideshe recaver 02 vehicn of
the ear canal 220 and that is closer to the drum nenbrane than to a plane
defined hyprobiecesehe yufpd sovrddebdsed @ushd @dtputsignhlhAls®rihahe ce3wherdaher di ng

to such a behind-the-ear hearing aid, the hearing aid wearer can easily
main unit is worn on the ear, the microphone 101 is disposed in the entrance of the ear
canal that lies in an extension of the ear canal 220 and that is closer to the drum
membrane than to a plane defined by the helix 901, the tragus 902, and the earlobe 903.
According to such a behind-the-ear hearing aid, the hearing aid wearer can easily
estimate the sound source position in the front-back direction and the aesthetic
property while the hearing aid is worn is enhanced. Moreover, it is possible to distance

- -.~the microphone 101 from the receiver 103 and reduce the probability of occurrence of - - -
howling by disposing in the entrance of the ear canal that is closer to the drum
membrane than to the plane defined by the helix 901, the tragus 902, and the earlobe

903, and also disposed in the concha 904.
[0062] (Second Embodiment)

Figs. 3 and 4 are schematic diagrams showing an example hearing aid of a
second embodiment of the present invention and front views of the hearing aid with
respect to the pinna to which the hearing aid is worn. In Figs. 3 and 4, explanations

for the elements that are the same as those shown in Fig. 2(a) are omitted; however, a

new feature of the embodiment addresses to a plurality of microphones. Although
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estimate the sound source position in the front-back direction and the
aesthetic property while the hearing aid is worn i s enhanced. Moreover,

it is possible to distance the m crophone 101 fromthe receiver 103 and
reduce the probability of occurrence of howing by disposing in the
entrance of the ear canal that is closer to the drum nenbrane than to the
pl ane defined by the helix 901, the tragus 902, and the earlobe 903, and
al so di sposed in the concha 904. [0062] (Second Enbodinent) Figs. 3 and 4

ar e schemabi miclbpt@nesrares dovdribgd an eonasgion Wawhr Fige 3i hdo#, the sembédof
enbodi nent of the present invention and front views of the hearing aid

W th resggigfdphbiestif Bolimiéd tawei ch the hearing aid is worn. In Figs. 3
and 4, explanations for the elenents that are the sanme as those shown in

Fi g. 2(aﬁ0?63? omtted; however, a new feature of the enbodi nent addresses
to a plurality of m crophones. Although 19 two m crophones are descri bed

in connecti i th, Fi n 1.1 he nunber . m.crqphenes i s not
limted to ?fv;\lbﬂg[ 8306‘5:{?3“ Ith:)e %ng?‘.“ éél?é'ﬁﬂeﬂowﬁg %@fsng;itgﬂce{-g etglf %r ﬁeoﬁwollo is
fitted to the ear, the twq. m crophones. are arranged..in the enirance of
the car - CHFEPhORS %6 §TangSh i dhe SRIRCE GEUE Gar e HBKib: b1 B RO ¢ 1
respect to the front of a face is a mcrophone 101F, and what is disposed
at a reardhaderwisd pesiien withrespestjadhe frent of @ frpgista micrephoge 401K agd mihet ophone
101R. What is inportant is that the m crophone OF and the m crophone
101R ar e is dispesegend af rearwardpasibiqo kwith tespect $pdhst front ofiefdce ane mitraphend ace.

This is intended that the signal processing unit 102 perforns directivity
synt hesi sSIOpROC &¥isat tio ithgorthess ¢y thaethel raicesphoad d0 it endreie: miRkedphone IR tahe

hearing aid wearer enhances an audio signal coming fromthe front.
arranged front and back with respect to the front of the face. This is intended that the
signal processing unit 102 performs directivity synthesis process to be described later
and becomes useful when the hearing aid wearer enhances an audio signal coming
from the front.
[0064]

In Fig. 4, when the behind-the-ear portion 110 is fitted to the ear, at least one of a
plurality of microphones is arranged in the entrance of the ear canal, and at least
another microphone is arranged in a rear portion of the pinna. In Fig. 4, what is
disposed in the entrance of the ear canal (at a forward position) is assumed to be the
microphone 101F, and what is disposed in the rear portion of the pinna (at a rear
position) is assumed to be the microphone 101R. What is important here is that the
microphone 101F and the microphone 101R are spaced apart from each other by a
certain distance. In relation to the positions where the microphones are disposed, the
microphone 101F and the microphone 101R are arranged at front and back positions
with respect to the front of the face.

[0065]

Fig. 5 is a block diagram showing an exampled functional configuration of the
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[0064] In Fig. 4, when the behind-the-ear portion 10 is fitted to the
ear, at least one of a plurality of mcrophones is arranged in the
entrance of the ear canal, and at | east another m crophone is arranged in
a rear portion of the pinna. In Fig. 4, what is disposed in the entrance
of the ear canal (at a forward position) is assuned to be the m crophone
101F, and what is disposed in the rear portion of the pinna (at a rear
position) is assumed to be the m crophone 101R What is inportant here is
that the heasmgpndeé theosguond ¢mbadiment rof she peesemirventions pdbe deang aidfafom
each other by a certain distance. In relation to the positions where the
m cr ophonethegresedi epbedithent iseconfigured pb amdudeGhe naincbphbmesntiod FapHdOéR1heR ar e
arranged at front and back positions wth respect to the front of the

face. [0065pnalfprocesfing uinit 10206Kd tHea@teiversioawi ﬂ'@eagn@}égﬁbéﬁﬁlgfuﬂ‘mmmm|
configuration of the 20 hearing aid of the second enbodi nent of the

present i NyeAYDYdnversidnieaidmsD RiathoWling! dteedbioh S6&I0neIU30 8 ifFRNENndySanalysis
configured to include the m crophones I01F and 1018, the signal

processi ”gf)éé%h 5892 h&i)ﬁn&%]@g?\e%&i@&?é@%io&%é Ilgn%gg%rg:gféymﬂééﬁ Sefiof ggg,%l,ntdaloz

has an A/ D conver’sion s ow in on section

frequency LysLs.  .section 4, a how i ng suppression section 506, a
frequency g;tjzf&ﬁ?s“(esmggéﬁtgﬁ@ 7, and a D/ Aconversion section 509. [0066]

The procesi flj)w to be perfornmed by the hearing aid of the present

embodi ment 18961 now descri bed by reference to Fig. 5. The forward

m cr ophone 101F and the rearward m crophone 101R convert input sound into
an i nput anal dd@eressss owitgbs performpedsbyythe hepring aidaf the prasent ¢mbodiment is

now described by reference to Fig. 5.

The forward microphone 101F and the rearward microphone 101R convert
input sound into an input analogue audio signal. The signal processing unit 102
processes the input analogue audio signal, to thus generate an output analogue audio
signal. The receiver 103 converts the output analogue audio signal into an output
sound, and the output sound is reproduced for the hearing aid wearer.
[0067]

The signal processing unit 102 in Fig. 5 will now be described in detail.

The A/D conversion section 501 converts the input analogue audio signal into
an input digital audio signal. The input digital audio signal converted by the A/D
conversion section 501 is input to the howling detection section 503. Subsequently,
the frequency analysis section 504 converts the input digital audio signal from a time
domain signal into a frequency domain signal. Since the howling sound occurs in a
specific frequency range, for example 3kHz, it is effective to suppress the signal about
the 3kHz frequency range in_order to suppress the howling. The howling suppression
section 506 performs the howling suppression process based on the detection result of

the howling detection section 503. The frequency synthesis section 507 converts the

21



processes the input anal ogue audio signal, to thus generate an out put

anal ogue audi o signal. The receiver 103 converts the output anal ogue
audi o signal into an output sound, and the output sound is reproduced for
the hearing aid wearer. [0067] The signal processing unit 102 in Fig. 5

wi Il now be described in detail. The A/ D conversion section 501 converts
the i nput anal ogue audio signal into an input digital audio signal. The

i nput digital audio signal converted by the AAD conversion section 501 is
‘i nput t o sigealhafithe figqdenayaangmwhehtis bowlifg suphrbssamgpnotcesged inthe signatjofncy
anal ysis section 504 converts the input digital audio signal froma tine
domai n si garl donidie. Ehef sigill eowyertdd fifgb Mintd duadin isSihe@atpuld digival\bigngl and tinel
occurs in a specific frequency range, for exanple 3kHz, it is effective

to suppregFAlBRvEsBARLRINST9 cdnPertstieZout iRt PARE ¥ighalNad he iR hndlBgue
suppress the howing. The how i ng suppression section 506 perforns the

how i ng SHi%HEIGSSi on process based on the detection result of the howing
det ection Section 503. The frequency synthesis section 507 converts the
21 signal @ 85 he frequency range which is how ing suppressing processed
into a sié aﬁ of tinme domain. The signal converted into tinme domain is

the output digital signal and the D/ A conyersjon section 509 converts the
out put di gi téﬁq’esﬁ‘b‘?ﬁléffg PYRPAEESIOD RFQETHTtIS A% ﬁﬁﬁé‘{’e‘gi gﬁ&!ow?lf‘smFs w?‘ﬁ@ a
how i ng suppression process is now described. A howing arises _when a
f eedback E&edbagk ciraittip formedwhilecthe mictepbersp Hnemains in [PEOKiRity|te she
proximty to the receiver 103. In the hearing aid shown in Figs. 3. and
4, the m tecepienrl®3| Ol thelihspingdid shave inrffigand eandf 4.t the maoropkonel 11 t he
recei ver 103 disposed in the ear canal are in close proximty to each
ot her; hedisposedtin the altednce bf shecar canl andtheaecdivdrddBidigposed in the ear canal

are in close proximity to each other; hence, the probability of occurrence of howling

becomes high. In the meantime, since the microphone 101R is disposed; for instance,

behind the rear of the pinna, the probability of occurrence of howling becomes lower

as compared with the probability of occurrence of howling in the microphone 101F.

In the present embodiment, howling is detected (a determination is made as to whether

or not howling has occurred) by utilization of a difference in probability of occurrence

-.of howling attributable - to a difference in -positions where the: microphones are- - -

disposed.

[0069]

The howling detection section 503 is subsequently described in detail. The
howling detection section 503 compares the intensity of an audio signal from the
microphone 101F with the intensity of an audio signal from the microphone 101R. 1In
order to compare the intensity of the signal from the microphone 101F with the
intensity of the signal from the microphone 101R at this time, signals can be compared

with each other in terms of intensity without depending on symbols of audio signal

values by utilization of an absolute value or a squared value. It is possible to absorb
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becones high. In the neantinme, since the m crophone |I0OLR is disposed; for
I nstance, behind the rear of the pinna, the probability of occurrence of
how i ng becones |lower as conpared with the probability of occurrence of
how ing in the mcrophone 101F. In the present enbodi nent, howing is
detected (a determnation is nmade as to whether or not how ing has
occurred) by utilization of a difference in probability of occurrence of
how ing attributable to a difference in positions where the_ m crophones

are di spahednfliéiRe9f inshutdiewvld BBarfbRt RCthedBudieCiipm SD3hd TompRsemAUBHt | Y
described in detail. The howing detection section 503 conpares the

intensity s‘?ﬁooﬂﬂng"‘lldﬂ laQdD s?%iga'l irf & YiMel difectiBh G ORIEP S corbipdte Wghht ih{'b?nsft@tﬁ)ﬁgy ty

of an audi o signal from m crophone 101R In order to conpare

intensity ' ) r@aﬁlﬁ]ﬁ ' i [f-y_ of

t he signal é?)Itmrj}c')‘l ?n&t %'é%mﬁ(l‘é r%aglﬁ%nr? Ié %B?ﬁﬁ a 1 Pghet]f%%ge V\As fsgr‘? E’flh gmggﬁé E({eé&!cc gﬁ%ar ed
with each other in ter of | nsity wthaut dependi ng on symnbo]s,.of
Aud o o1 grisieratipn <dn o8 FPiafined ShERthe Gpmiohledilana e SamrE ot Geh B
value. It is possiple to absorb 22 the jnflyepce of instantaneous change
in the aucﬂ‘o“‘é‘i“@n%t[{3 IYADSYe 2pG BT oFesY ams&%‘ﬁﬂ"ﬁg‘”@ﬁe di Bredptgrmined "5
time direction in order to conpute signal intensity of a conputed

absol ut e \thragboldr valaeiahewling | seund Tipededgrariecd do haxp| ecchoed.i agd dethewlingg
operation can be perforned. Wen the conputed signals are conpared with

each ot herdetéationeflag of competedi t y Thedhowléng ssuppmessiomnsection f £0¢e npeefoeme eeds
a predetermned threshold value, howing sound is determ ned to have

occurred, @ockssingdut buppresdidigeliwiing dound by Tefepeniey tte the Hovelinpowdteditbn flag.
suppressi on section 506 perforns processing for suppressing howing sound

by referenpgofigh heWliklP W pphésid ipesdesing fth@Rowlidd) sippodsionwbitivh sU6NRARRS ON
processi ng, the how ing suppression section 506 reduces
signal intensity with regard to a specific frequency range (e.g., a frequency band where
howling is detected) of an input signal.
[0070]

Fig. 6 is a block diagram showing an example functional configuration of the
hearing aid of the second embodiment of the present invention. Directivity synthesis
processing is herein chiefly described. In the hearing aid of the present embodiment,
when the behind-the-ear portion 110 is fitted to the ear, the microphone 101F disposed
in the entrance of the ear canal and the microphone 101R disposed in; for instance, the
rear of the pinna, differ from each other in terms of a frequency characteristic because
of a difference in transmission function attributable to the shape of the pinna.
Therefore, processing for correcting the difference in frequency characteristic is
performed during directivity synthesis processing. Explanations are provided here
for a case where the hearing aid is equipped with two microphones as a plurality of
microphones. However, the number of the microphones is not limited to this number.

[0071] In Fig. 6, the microphones 101F and 101R, the A/D conversion section 501,

the D/A conversion section 509, and the receiver 102 are the same as those shown in

23



signal intensity with regard to a specific frequency range (e.g., a
frequency band where howling is detected) of an input signal. [0070]

Fig. 6 is a block diagram showi ng an exanpl e functional configuration of
the hearing aid of the second enbodi nent of the present invention.
Directivity synthesis processing is herein chiefly described. In the
hearing aid of the present enbodi nent, when the behind-the-ear portion
110 is fitted to the ear, the m crophone 101F disposed in the entrance of
t he ear CcHigals; herte] theimexptamatiomeare @hittted. s pAsectionnin the signabprapessingtunét r ear
of the pinna, differ fromeach other in terns of a frequency

char act er i 63 that Raftessedigil aadidl digeil Al ®eid@sdribedsm ssion function
attributable to the shape of the pinna. Therefore, processing for

correcti ”Eb()tﬁ difference in frequency characteristic is perforned during
directivi sgnt hesi s processing. Explanations are provided here for a

case where ¢ HGeIFRRKRG, By ool 308 oNAR 4Bl FEARNARES gBfu il 2 1LY

of m crophones. e nu nes 1's n rmted to

t hi s nunber. 0Q71] I n Fi 6, the m.cr opes 101F and 1018, the A/D
conversi off et RTLHE AT Honkrofoubtioh S BER 7 dfme S8maln bk e fei ver
102 are the sane as those shown in 23 Fig. 5; . .hence, their explanations
are om tt T8GUeACK QMR Signalhe Subsegwentivode Sonlipean, FRmpression Hisction fflles a
digital audio signal will be described. [0072] The frequency anal ysis
secti on Soempressgerand amplifieputhedfrequeacy domain sigaplafor instaude, it suchue ey from
the A/ D conversion section 501, froma tine domain signal into a

f r equencythap assignat ifgmalthe Hitrophoren10dR dispoged inntharrearoop thespinon beemhéson 601
conpresses and anplifiers the frequency domain signal; for instance, in

such a V\/ah’%ual beita dgitdl drath thé efcfophond ¢O TP R@mbOIRh legi@9charactdpistic. ear of
t he pi nna becones
For example, since the microphone 101F is disposed in the entrance of the ear canal
that is the center of the pinna, the microphone experiences a frequency characteristic
of the pinna, whilst the microphone 101R does not undergo the influence. Further,
since the microphone 101R is disposed; for instance, behind the rear of the pinna, the
frequency characteristic of the microphone 101R differs from the frequency
characteristic of the microphone 101F. The nonlinear compression section 601
corrects the frequency characteristic difference.
[0073]

The frequency synthesis section 507 converts the signal corrected by the
nonlinear compression section 601 from a frequency domain signal into a time domain
signal.

[0074]

The directivity synthesis section 605 subjects the time domain signal to

directivity synthesis processing. Through directivity synthesis processing, there is

performed processing for converting a signal input by way of a high pass filter or a

phase delay filter and computing a signal pertaining to a difference between one signal
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equal to a signal fromthe m crophone 101F in terns of a frequency
characteristic. For exanple, since the m crophone 101F is disposed in the
entrance of the ear canal that is the center of the pinna, the m crophone
experiences a frequency characteristic of the pinna, whilst the

m cr ophone 101R does not undergo the influence. Further, since the

m crophone 101R i s disposed; for instance, behind the rear of the pinna,
the frequency characteristic of the m crophone 101R differs fromthe

f r equencyandchaothei sighalt | & méthdd fornmoumiplganiteating kid ihbladeoa ktatiemry array
conpression section 601 corrects the frequency characteristic difference.

[0073] Thé&hbd 86Uy &Wﬁi&?&h&aﬁ?é& URBctiRIMAl SRRty Ss bbdetddInadl] GRes ect ed
by the nonlinear conpression section 601 froma frequency domai n signal

[nto a tigR £UBbive ffhHethod 4/ Hbans oY fh 36 hefeink 59 N ASS Saffiction 005

subj ects maln signa directivity syfthesis processing.

Through det b ViR eR) GRSA PninkRBES Adee BRFHEE -Bp0GfESL

for conver%qng a signa y o pass ase
delay filfer .and uting a. si I rt.aining to a difference between one
Signal | 2AIERHOT X SirRgHons] R SA he.dd58live iy, hANERh 8°cardiRg 19 e e
I ncl udes g statjonary_ array _nethod by neans of which unchanged ]
di r ect i orfithe apise- i I thy case ofcan adaptiveprray,|a signaddrom the micrephopeilOER 48 r ay
met hod by means of which the hearing aid is made adaptive to an anbient
envi r onmesubtragied ulzoma theaysignal tHomi therimisrephaoe st 1donn neprsidsnations 9éca f i ¢
direction. A directional pattern of the adaptive array changes according
t o the orprgdetermified dedayrdirepwheneby directivdty syhthesisadaqessing isperformed. sAgnal
fromthe mcrophone 101R is subtracted fromthe signal fromthe
m cr ophongiskiiié; thé predeterdiedtdeldy tithe % made variable with allowance for influence
on directivity in the direction of the front of the face. Sensitivity to sounds from
directions of the principal noise sources is made as closely to zero as possible, so that
sensitivity to sounds from the front of the face can be maintained at a high level.
Thus, the directivity synthesis section 605 generates, from the signal from the
microphone 101F and the signal from the microphone 101R, an output signal
exhibiting directivity toward a predetermined direction. A signal in a desired
direction is enhanced by means of directivity synthesis processing, so that an
advantage of the ability to control directivity of incoming sounds is yielded.
[0075]
Although the present invention has been described in detail and by reference to
the specific embodiments, it is manifest to those skilled in the art that the present
invention can be subjected to various alterations and modifications without departing
form the spirit and scope of the present invention.
The present patent application is based on Japanese patent application No.

2008-138198 filed on May 27, 2008 in Japan, contents of which are incorporated

herein for reference.
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predeterm ned delay tinme, whereby directivity synthesis processing is
performed. At this tine, the predeterm ned delay tine is nade variable
with allowance for influence on directivity in the direction of the front
of the face. Sensitivity to sounds from directions of the principal noise
sources is made as closely to zero as possible, so that sensitivity to
sounds fromthe front of the face can be maintained at a high |evel.

Thus, the directivity synthesis section 605 generates, fromthe signal
fromthe mcrophone 101F and t BedésteiabAppli€ibilitge m crophone 101R, an

out put signal exhibiting directivity toward a predeterm ned direction. A
signal in gepired direction is enhanced by means of directivity

synt hesi s processing, so that an advantage of the ability to control

directivity ofadn } S ikBa Vi d..;k 0Q¥5 g resent
i nvention haslgteﬁggggggi%ggqgnt%%tg§+g§ndu%ygfepgréﬁggﬂfo&vg g"ﬁp%c%fic
enbodi nent db S nifest. -those skilled in,.the art that the.present
Tvent fon. BelinbaSerlRObe Bk d, MR GaRKHontPhs 1P et ffanky BERE &8
wi t hout departin ormthe spirit d scope of, the present ipventjon. The
b eoont patetl Higebtals cRFomahe 0wt Gom SARRY fehs SETETERFOroRY
2008- 138198 filed on May 27, 2008 in Japan, contents of which are ]
i ncor por at sepndristlesting » fregeqnsy chakactepisti¢ afiths pinaz. ADPRiCORIAANERGE, tHeppB6] As
menti oned above, the hearing aid of the present invention is a )
behi nd- t heyzidedt ypeadventagagofaitht persdnawhpcwemiothe behind-thwesazdheaningnaid
entrance of an ear canal, whereby the incom ng sound fromthe sound
source i s bedonsing edsy né @stimitetthe posinidnr«ff the sound) saurkce enuenatical direction;
characteristic of the pinna. As a consequence, there is
particularly, a front-back direction, as well as in a horizontal direction. Thus, the
hearing aid is useful as a behind-the-ear hearing aid, or the like, exhibiting high
aesthetic property.
Descriptions of the Reference Numerals and Symbols
[0040) 100 EAR CANAL PORTION
101 MICROPHONE
102 SIGNAL PROCESSING UNIT
103 RECEIVER
110 BEHIND-THE-EAR PORTION
101F (FRONT) MICROPHONE
101R (REAR) MICROPHONE
201 INVERTED SPINAL HOOK
202 EAR CHIP
210 PINNA
220 EAR CANAL
501 A/D CONVERSION SECTION

503 HOWLING DETECTION SECTION
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yi el ded an advantage of the person who wears the behind-the-ear hearing
aid becomng easy to estimate the position of the sound source in a
vertical direction; particularly, a front-back direction, as well as in a
hori zontal direction. Thus, the hearing aid is useful as a behind-the-ear
hearing aid, or the like, exhibiting high aesthetic property.
Descriptions of the Reference Nunerals and Synbols [0040] 100 EAR CANAL
PORTI ON 101 M CROPHONE 102 SI GNAL PROCESSI NG UNIT 103 RECEI VER 110

BEHI ND- THE- EAR PORTI4GREGOENG FREMDY SISGRPHOE 101R (REAR) M CROPHONE
201 | NVERTED SPI NAL HOOK™ 202 EAR CHI P 210 PINNA 220 EAR CANAL 501 A/D

CONVERSI ON SECTI ON O3 %Pﬁ@égh@N 1 26 504 FREQUENCY
ANALYSI' S SECTI ON 506 ﬂm UPPRESSI SECTI ON 507 FREQUENCY SYNTHESI S

SECTION 509 DA W@W%@%ISWWR COVPRESS| ON SECTI ON

509 D/A CONVERSION SECTION

601 NONLINEAR COMPRESSION SECTION
605 DIRECTIVITY SYNTHESIS SECTION
701 AMPLIFIER

800 EAR FITTING

801 MICROPHONE

802 SIGNAL PROCESSING UNIT

803 RECEIVER

810 BEHIND-THE-EAR PORTION

901 HELIX

902 TRAGUS

903 EARLOBE

904 CONCHA
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605 DI RECTIVITY SYNTHESI S SECTI ON 701 AMPLI FI ER 800 EAR FI TTING 801

M CROPHONE 802 SI GNAL PROCESSI NG UNIT 803 RECEI VER 810 BEHI ND- THE- EAR
PORTI ON 901 HELI X 902 TRAGUS 903 EARLOBE 904 CONCHA 27 CLAIMS [1] A
behi nd-t he-ear hearing aid used while worn on an ear of a human body,
conprising: a mcrophone which collects an anbi ent sound generates an

I nput signal; a main unit to be fitted to the ear and including at |east a
signal processing unit which generates an output signal fromthe input
signal ; angdagwsecei ver whi ch reproduces output sound fromthe out put
signal, wherein, when the main unit is fitted to the ear, the m crophone

s arran in . : : ; ' 1S . ngl of
the car Shal AmphifiiteRal fofting Bid°Rled Al WP T 1P ehlofl IRANGIEY

hel i x, actor us, .and an earlobe. [2] The behi nd-the-ear hearing aid
accordi ng é}&rml, wherein, when the main wunit is fitted to the ear,

the receiver is arranged in,the ear canal, [3], The behi nd-the-ear hearin
i'd acoor ding AGMITOATR WhiHesoTeR an GRUFER spyKgeRerates an Tt Signal ’

a main unit to be fitted to the ear and including at least a signal processing
unit which generates an output signal from the input signal; and

a receiver which reproduces output sound from the output signal, wherein,

when the main unit is fitted to the ear, the microphone is arranged in an
entrance of an ear canal which is in an extension of the ear canal and closer to an

eardrum than to a plane defined by a helix, a tragus, and an earlobe.

2] The behind-the-ear hearing aid according to claim 1, wherein, when the main

unit is fitted to the ear, the receiver is arranged in the ear canal.

[3] The behind-the-ear hearing aid according to claim 1, wherein a signal line

connected to the microphone and the signal processing unit is a twisted pair wire.

[4] The behind-the-ear hearing aid according to claim 1, wherein a signal line

connected to the microphone and the signal processing unit is a shielded wire.

[5] The behind-the-ear hearing aid according to claim 1, further comprising at
least one projection projecting from a signal line connected to the microphone and the

signal processing unit.

[6] The behind-the-ear hearing aid according to claim 2, further comprising a

28



connected to the m crophone and the signal processing unit is a tw sted
pair wire. [4] The behind-the-ear hearing aid according to claim1,
wherein a signal Iine connected to the m crophone and the signal
processing unit is a shielded wire. [5] The behind-the-ear hearing aid
according to claim1l1, further conprising at |east one projection
projecting froma signal |ine connected to the m crophone and the signal
processing unit. [6) The behind-the-ear hearing aid according to claim 2,
further commﬁsﬂon% materdd iotenpaspd dotweent thei raicr«i)p%toec pod glie secenees rwhdnethe
m crophone and the receiver when the main unit is fitted to the ear. [7]
The behi ndmaimeimtis fiteedrto bl ear.d according to claim 1, wherein the
m crophone is an MEMS m crophone. [8] The behind-the-ear hearing aid
according to claim11, conprising: a m crophone which collects anbi ent
sound and generates a first input signal; an anplifier which anplifies
the first gnput 1§ B : LR oS |t ] j Guaal
pr ocessi ng[ﬂni t %?@ﬂlnggﬂﬁgf gfgés‘aﬁrggeaz%? f)ﬁctﬁ&@ gﬂﬂ@%ﬂ%ﬂéﬁ%%" P?%ﬁt
signal. [9 i hd- -ear hearing aid according to claim1l, wherein a
plurality %’fax{lﬁ%%hé‘%gé}abgjﬁes are provided; and at |east one of the
m crophones is arranged in an entrance of the ear canal when the nmain
unit is fitted to the ear. [10] The behi nd-the-ear hearing aid according
to claim9, wherein at |east one of , the m crophones is arranged in a rear
of a pinnal8lhen Thedehiaeriheraas heasing pid asgordins o g 1 COMPIiFinghe
behi nd-the-ear hearing aid according to claim 10, wherein the signal
processi ng unit &aYgraphens whiehsollgetsormbinet sonpdiand gepesates g Hrst input pigaalophone
arranged in

an amplifier which amplifies the first input signal and generates a second

input signal; and
signal processing unit which generates an output signal from the second input

signal.

9 The behind-the-ear hearing aid according to claim 1, wherein a plurality of the
microphones are provided; and at least one of the microphones is arranged in an

entrance of the ear canal when the main unit is fitted to the ear.

[10] The behind-the-ear hearing aid according to claim 9, wherein at least one of

the microphones is arranged in a rear of a pinna when the main unit is fitted to the ear.

[11] The behind-the-ear hearing aid according to claim 10, wherein the signal
processing unit compares intensity of the input signal from the microphone arranged in
the entrance of the ear canal with intensity of the input signal from the microphone
arranged in the rear of the pinna, and judges howling in reference to a result of the

comparison.
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the entrance of the ear canal wth intensity of the input signal fromthe
m crophone arranged in the rear of the pinna, and judges howing in
reference to a result of the conparison. 29 [12] The behi nd-the-ear
hearing aid according to claim10, wherein the signal processing unit
corrects frequency characteristics of the input signals in reference to
positions where the m crophones are arranged. [13] The behi nd-the-ear
hearing aid according to claim 12, wherein the signal processing unit
generates the output signal having directivity tomard a predeternined

|'s. f he pl I r.ophon
directi Or[l&f om{. bglggéj-tthesil a4 he a?‘mgrzﬁT atccgrdP gu{oaclaux 10 whe?el?l thg s?gnal
processing unit corrects frequency characteristics of the input signals in reference to

positions where the microphones are arranged.
[13] The behind-the-ear hearing aid according to claim 12, wherein the signal

processing unit generates the output signal having directivity toward a predetermined

direction from the input signals from the plurality of microphones.
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