
DESCRIPTION  Title BEHIND-THE-EAR HEARING AID WHOSE MICROPHONE IS SET IN
AN ENTRANCE OF EAR CANAL  Technical Field [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 1 aid yields an
advantage of the ability to transmit sounds in wide frequency bands  



directly to an eardrum by way of placing a receiver in an ear canal (see;
for instance,  Patent Document 1). The receiver to be placed in the ear
canal is referred to as a  receiver in a canal (Receiver in Canal: RIC).
[0004]  Another behind-the-ear hearing aid enables easy and specific
adjustment for  individual differences, such as the shape and size of a
pinna of a hearing aid wearer.  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 2
position in a horizontal direction other than just in front of or behind
the person. The  time lag is called an interaural time difference (ITD)
and utilized for estimating the  



horizontal position of the sound source. Further, since distances from the
sound  source to both ears are different from each other, a difference
arises in arrival sound  pressure as well. The difference is called an
interaural level difference (ILD) and  likewise 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 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  aid 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  3
placed in a dent of a ear as described in the Patent Document 2, a
detection hole for a  



microphone is provided on a side of the ear fitting opposite to the drum
membrane,  and hence a sound cannot sufficiently experience a change in
frequency characteristic  attributable to the shape of a pinna. [0010]  As
related completely-in-the-canal-type hearing aids which are small and
exhibit  a much superior aesthetic property, there have been CIC hearing
aids. However, the  CIC hearing aid must have in an ear canal all
constituent elements pertaining to the  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] 4 



A behind-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
microphone collecting an  ambient sound and generating an input signal; a
main unit to be fitted to the ear and  including at least signal
processing unit for generating an output signal based on the  input
signal; and a receiver reproducing output sound based on the output
signal.  When the main unit is fitted to the ear, the microphone is
disposed in an entrance of an  ear canal that lies in an extension of the
ear canal and that is disposed closer to an  eardrum than to a plane
defined by a helix, a tragus, and an earlobe. [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
is 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 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 a  signal-to-noise ratio (hereinafter
abbreviated as an "SN ratio") of the input audio  signal collected by the
microphone can be improved. [0018]  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 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 6 main unit is fitted to the ear.  [0023] According to the
configuration, it is possible to reduce the probability of  occurrence of
a howling phenomenon in which the sound output from the receiver  becomes
the input sound for the microphone, to thus form a feedback circuit.
[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  7 entrance of the ear canal when the main unit is fitted
to the ear.  [0029] According to the configuration, since a plurality of
microphones are utilized, the  signal processing unit performs directivity
synthesis processing for enhancing an input  audio signal in the front
direction of the face; and suppresses a howling phenomenon  which is heard
as for instance grating a beep sound so as to provide an output sound
which is easy to hear for the hearing aid wearer, [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
signal 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 8 that in the line between the
microphone disposed 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
signals based on positions where the  microphones are disposed. [0035]
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. 9 Advantage of the Invention [0038] The present invention
provides a behind-the-ear hearing aid in which a  microphone is disposed
in the entrance of an ear canal, thereby makes it possible to  handle the
sound coming from the sound source as input sound on which a frequency
characteristic of the pinna is reflected. As a consequence, there can be
provided a  behind-the-ear hearing aid that makes it easy for a hearing
aid wearer to estimate the  position of a sound source in a vertical
direction as well as in a horizontal direction;  particularly, in a
front-back direction. Brief Description of the Drawings  [0039] [Fig. 1]
It 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 aid of the second embodiment of the present invention (howling
suppression  processing). [Fig. 6] It is a view showing an example
functional configuration of the hearing  aid of the second embodiment of
the present invention (directivity synthesis  processing). [Fig. 7] It is
a view showing an example functional configuration of the hearing  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. A helix 901 is a  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 A drawing
showing an example configuration of a hearing aid of a first  embodiment
of the present invention is provided in Fig. 1. The hearing aid of the
present invention can be broadly divided into two constituent elements.
One is an ear  canal portion 100 that is disposed in at least either the
inside of an ear canal or an  entrance of the same when a behind-the-ear
portion 110 to be described later is worn  on an ear, and the other is the
behind-the-ear portion 110 fitted to the ear so as to stay  at an upper
portion of the pinna and a position behind the pinna. The entrance of the
ear canal refers to a portion that lies in an extension of the ear canal
and closer to an  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
wearer.  [0046]  The process details of the signal processing unit 102 are
auxiliary explained. The process of the signal processing unit 102 differs
on whether the hearing aid is an  analogue hearing aid or a digital
hearing aid. [0047]  In the case of an analogue hearing aid, the signal
processing unit 102 amplifies  the input audio signal based on a hearing
level of the hearing aid wearer and thereby  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 Fig.
2(a) is a schematic view showing an example hearing aid of the first
embodiment of the present invention and provides a front view of the
hearing aid with  respect to a pinna on which the hearing aid is worn. In
Fig. 2(a), the behind-the-ear  portion 110 is fitted to an upper portion
of the pinna 210 and a location behind the  pinna 210. Further, the ear
canal portion 100 is disposed in a dent at the center of the  pinna so as
to assume a circular arc. Therefore, the hearing aid is unobtrusive from
the outside and does not impair an aesthetic property of the hearing aid
wearer. [0051]  Fig. 2(b) is a schematic view of the hearing aid of the
first embodiment of the  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 14 201 may also be positioned in a dent of the
pinna 210 so as to assume a circular arc  shape. The projection 201
assumes a columnar shape having; for instance, a diameter  of the
projection201 about 1 mm and a length is ranging from about 20 mm to 40
mm,  and is disposed in the dent of the ear so as to assume a circular arc
shape. Nylon, a  nylon-based elastomer, or the like, is used as a raw
material of the projection 201.  Since the hearing aid is fixed to a
predetermined position by contacting the dent of the  ear by the
projection 201, a desired input characteristic of the microphone 101 is
acquired. Even when the head of the hearing aid wearer has moved, an
impact sound  resulting from the microphone 101 contacting the pinna can
be lessened. [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 since the microphone 101 is included in the
ear canal portion 100, the wire 121 is long  as compared with the case
where the microphone 101 is included in the behind-the-ear  portion 110 as
the related behind-the-ear hearing aid. However, by using above  explained
twisted pair wire or shielded wire, noises tend not to be added even if
the  input sound signal is transmitted through the wire 121. [0055] Here,
the sound affected by a change in frequency characteristic originated
from the pinna is the input sound as the microphone 101 is disposed in the
entrance of  the ear canal. The change in frequency characteristic is not
changed up to about 3kHz  (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 16 using the shielded wire for the electric wire 122.  [0057]
Although unillustrated in Fig. 2, the microphone 101 placed in the ear
canal  portion 100 and the receiver 103 may also be formed into a single
unit by molding a  shell or a mold. It becomes thereby easy for the
hearing aid wearer to handle the ear  canal portion 100. [0058]  When the
microphone 101 and the receiver 103 are assembled 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 Imm square in size has been
developed. Accordingly, as 17 compared with a case where an electret
capacitor microphone is used as the  microphone 101, a microphone does not
become obtrusive; namely, an aesthetic  property can be improved. [0060]
Fig. 7 shows an example functional configuration of the hearing aid of the
first  embodiment of the present invention. Fig. 7 shows a configuration
in which an  amplifier 701 is added to an electric wire 121 connecting the
microphone 101 to the  signal processing unit 102. According to the
configuration, the first input signal  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  18 as a constituent
element.  [0061] As mentioned above, the behind-the-ear hearing aid of the
present embodiment is  a behind-the-ear hearing aid used while worn on the
ear of the human body. The  hearing aid includes the microphone 101 that
collects an ambient sound and converts  the thus-collected sound into an
input signal, the main unit (behind-the-ear portion  110) which is
wearable on the ear and includes at least the signal processing unit 102
generating an output signal based on the input signal, and the receiver
103 which.  reproduces the output sound based on the output signal. Also,
in the case where the  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  19 two microphones are described
in connection with Figs. 3 and 4, the number of  microphones is not
limited to two. [0063]  In Fig. 3, when the behind-the-ear portion 110 is
fitted to the ear, the two  microphones are arranged in the entrance of
the ear canal. In Fig. 3, what is disposed  at a forward position with
respect to the front of a face is a microphone 101F, and what  is disposed
at a rearward position with respect to the front of a face is a microphone
101R. What is important is that the microphone IOIF and the microphone
101R are  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 I10 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 IO1F and the microphone IO1R are spaced apart from
each other by a  certain distance. In relation to the positions where the
microphones are disposed, the  microphone IOIF 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  20 hearing aid of the second embodiment of the
present invention. The hearing aid of  the present embodiment is
configured to include the microphones 101F and 1018, the  signal
processing unit 102, and the receiver 103. The signal processing unit 102
has  an A/D conversion section 501, a howling detection section 503, a
frequency analysis  section 504, a howling suppression section 506, a
frequency synthesis section 507, and  a D/Aconversion section 509. [0066]
The process flow to be performed by the hearing aid of the present
embodiment 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 signal of the frequency range which is howling suppressing processed
into a signal of  time domain. The signal converted into time domain is
the output digital signal and the  D/A conversion section 509 converts the
output digital signal into the output analogue  signal. [0068]  The
howling suppression process is now described. A howling arises when a
feedback circuit is formed while the microphone 101 remains in close
proximity to the  receiver 103. In the hearing aid shown in Figs. 3. and
4, the microphone lOiF  disposed in the entrance of the ear canal and the
receiver 103 disposed 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 IO1R 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. In  order to compare the
intensity of the signal from the microphone 1O1F 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 22 the influence of instantaneous change
in the audio signal on the comparison by  smoothing an audio signal in a
time direction in order to compute signal intensity of a  computed
absolute value or squared value. Therefore, a stable howling detecting
operation can be performed. When the computed signals are compared with
each other  in terms of intensity and when a resultant difference exceeds
a predetermined  threshold value, howling sound is determined to have
occurred, and a howling  detection flag is computed. The howling
suppression section 506 performs  processing for suppressing howling sound
by reference to the howling detection flag.  Through howling suppression
processing, the howling 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 1018, the A/D
conversion section 501,  the D/A conversion section 509, and the receiver
102 are the same as those shown in 23 Fig. 5; hence, their explanations
are omitted. A section in the signal processing unit  103 that handles a
digital audio signal will be described. [0072]  The frequency analysis
section 504 converts an input digital audio signal, which  is output from
the A/D conversion section 501, from a time domain signal into a
frequency domain signal. Subsequently, a nonlinear compression section 601
compresses and amplifiers the frequency domain signal; for instance, in
such a way  that a signal from the microphone 101R disposed in the rear of
the pinna becomes  



equal to a signal from the microphone 101F in terms of a frequency
characteristic.  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 24 and the other signal. A method for mounting a hearing aid
includes a stationary array  method by means of which unchanged
directional sensitivity is achieved at all times  and an adaptive array
method by means of which the hearing aid is made adaptive to  an ambient
environment in such a way as to minimize a noise coming from a specific
direction. A directional pattern of the adaptive array changes according
to the origin  of the noise. In the case of an adaptive array, a signal
from the microphone 101R is  subtracted from the signal from the
microphone 101F in consideration of a  



predetermined delay time, whereby directivity synthesis processing is
performed. At  this time, the predetermined delay time is 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. 25 Industrial Applicability  [0076] As
mentioned above, the hearing aid of the present invention is a
behind-the-ear-type hearing aid, and a microphone is disposed in an
entrance of an ear  canal, whereby the incoming sound from the sound
source is converted into input  sound reflecting a frequency
characteristic of the pinna. As a consequence, there is  



yielded an advantage of the person who wears the behind-the-ear hearing
aid  becoming easy to estimate the position of the sound source in a
vertical direction;  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  26 504 FREQUENCY
ANALYSIS SECTION  506 HOWLING SUPPRESSION SECTION  507 FREQUENCY SYNTHESIS
SECTION  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 27 CLAIMS  [1] A
behind-the-ear hearing aid used while worn on an ear of a human body,
comprising: a microphone which collects an ambient sound generates an
input 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 soundproof material interposed between the
microphone and the receiver when the  main unit is fitted to the ear. [7]
The behind-the-ear hearing aid according to claim 1, wherein the
microphone  is an MEMS microphone. [8] The behind-the-ear hearing aid
according to claim 1, comprising: a microphone which collects ambient
sound and generates a first input signal;  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. 29 [12] The behind-the-ear
hearing aid according to claim 10, wherein the signal  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. 30 


