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(54) HEARING AID

(57) This hearing aid comprises a microphone (1) for
collecting sounds, an A/D converter (2) for converting an
analog signal outputted from the microphone (1) into a
digital signal, a hearing aid processor (3) for performing
hearing aid processing on the digital signal outputted
from the A/D converter (2), a D/A converter (4) for con-
verting the signal that has undergone the hearing aid
processing into an analog signal, and a receiver (5) for
outputting the analog signal outputted from the D/A con-
verter (4) as an acoustic signal to the surroundings. A

FIG. 1

mixer (6), in which a first input is connected to the output
of the hearing aid processor (3) and its own output is
connected to the input of the D/A converter (4), is inter-
posed between the hearing aid processor (3) and the D/A
converter (4). The output signal of an alert sound shaper
(8) that shapes the alert sound signal produced by an
alert sound producer (7) is connected to a second input
of the mixer (6). The mixer (6) is connected to a controller
(9) that produces a mix ratio signal for mixing the output
signals of the hearing aid processor (3) and the alert
sound shaper (8).
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Description
TECHNICAL FIELD

[0001] The present invention relates to a hearing aid
that emits an alert sound.

BACKGROUND ART

[0002] A conventional hearing aid comprises a micro-
phone, a hearing aid processor for performing hearing
aid processing on the sounds collected by the micro-
phone, a receiver for outputting the output signal of this
hearing aid processor as an acoustic signal, a memory
for storing a voice message, a voice reproducer for re-
producing this voice message, a battery for supplying
electrical power to these components, and a voltage
monitor for monitoring the voltage of the battery.

[0003] When the voltage matches a preset condition,
a voice message stored in the memory is reproduced by
the voice reproducer. The reproduced voice message is
supplied to the receiver after being added to the output
signal of the hearing aid processor (see Patent Citation
1, for example).

[0004] Consequently, the user can be alerted by voice
that it is time to replace the battery when the battery volt-
age has dropped.

PRIOR ART PUBLICATIONS
PATENT CITATIONS
[0005]

Patent Citation 1: Japanese Laid-Open Patent Ap-
plication H9-018997

DISCLOSURE OF INVENTION

[0006] The technology discussed above is very effec-
tive as long as their is only one piece of information to
convey to the user, that is, when there is only one kind
of alert sound.

[0007] Meanwhile, morerecenthearing aids come with
more functions, and convey a wide variety of information
to the user. These hearing aids vary the voice or sound
rhythm depending on the information being conveyed.
The user distinguish between these differences in voice
or sound rhythm and thereby recognizes the information
being conveyed by the hearing aid, so it is necessary for
the user to be able to clearly distinguish between the
various alert sounds.

[0008] Prior art, however, has not met that goal ade-
quately. Specifically, with a conventional hearing aid, an
alert sound is merely reproduced by adding to a voice
signal that has undergone hearing aid processing. The
frequency bands that are hard to hear will vary with the
user, and for this and other reasons, a problem has been
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that some users cannot clearly hear the alert sound.
[0009] In view of this, it is an object of the present in-
vention to improve the clarity of an alert sound regardless
of the characteristics of each user.

[0010] To achieve this object, the hearing aid of the
present invention comprises a microphone, an A/D con-
verter, a hearing aid processor, a D/A converter, a re-
ceiver, an alert sound producer, an alert sound shaper,
a mixer, and a controller. The microphone collects am-
bient sounds. The A/D converter converts an analog sig-
nal outputted from the microphone into a digital signal.
The hearing aid processor performs hearing aid process-
ing on the digital signal outputted from the A/D converter.
The D/A converter converts the signal that has under-
gone the hearing aid processing into an analog signal.
The receiver outputs the analog signal outputted from
the D/A converter as an acoustic signal to the surround-
ings. The alert sound producer produces an alert sound
according to a specific condition. The alert sound shaper
shapes the alert sound signal produced by the alert sound
producer. The mixer is provided between the hearing aid
processor and the D/A converter, with a first input con-
nected to the output of the hearing aid processor, and its
own output connected to the input of the D/A converter.
The output of the alert sound shaper, which shapes the
alert sound signal produced by the alert sound producer,
is connected to a second input of this mixer. The control-
ler produces a mix ratio signal used by the mixer to com-
bine the output signals of the hearing aid processor and
the alert sound shaper in a specific mix ratio, and is con-
nected to the mix ratio signal input terminal of the mixer.
The alert sound shaper has a table converter, an alert
gain decider, and a multiplier. The outputs a gain table
used in the hearing aid processing of the hearing aid
processor after converting for alert sound signal use. The
alert gain decider decides an alert gain corresponding to
an alert sound signal from the output signal of the table
converter. The multiplier applies the alert gain outputted
from the alert gain decider to the alert sound signal out-
putted from the alert sound producer.

[0011] This improves the clarity of the alert sound.
Thus, the user can distinguish between a plurality of kinds
of alert sound emitted by the hearing aid, and can prop-
erly recognize the information being conveyed.

[0012] Furthermore, the hearing aid of the present in-
vention comprises a microphone, an A/D converter, a
hearing aid processor, a D/A converter, a receiver, an
alert sound producer, a mixer, and a controller. The mi-
crophone collects ambient sounds. The A/D converter
converts an analog signal outputted from the microphone
into a digital signal. The hearing aid processor performs
hearing aid processing on the digital signal outputted
from the A/D converter. The D/A converter converts the
signal that has undergone the hearing aid processing
into an analog signal. The receiver outputs the analog
signal outputted from the D/A converter as an acoustic
signal to the surroundings. The alert sound producer pro-
duces an alert sound according to a specific condition.
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The mixer is provided between the hearing aid processor
and the A/D converter, with as first input connected to
the output of the A/D converter, and its own output con-
nected to the input of the hearing aid processor. The alert
sound signal produced by the alert sound producer is
inputted to a second input of this mixer. The controller
produces a mix ratio signal used by the mixer to combine
the output signals of the A/D converter and the alert
sound producer in a specific mix ratio, and is connected
to the mix ratio signal input terminal of the mixer.
[0013] The hearing aid processor has a frequency an-
alyzer, a gain adjuster, a frequency combiner, a power
calculator, and a gain controller. The frequency analyzer
performs frequency analysis on the digital signal inputted
to the hearing aid processor, and outputs the result as a
frequency information signal. The gain adjuster adjusts
the gain of the frequency information signal outputted
from the frequency analyzer. The frequency combiner
combines the frequency information signal that has un-
dergone gain adjustment with the gain adjuster into a
time axis signal. The power calculator inputs the frequen-
cy information signal outputted from the frequency ana-
lyzer, and calculates a power value for the digital signal
inputted to the frequency analyzer from the frequency
information signal. The gain controller inputs the power
value outputted from the power calculator, and decides
the gain at the gain adjuster on the basis of this power
value and outputs it to the gain adjuster.

[0014] The gain controller has a table memory, a table
selector, and a gain decider. The table memory stores a
plurality of gain tables for performing hearing aid process-
ing on ambient sounds collected by the microphone, and
alert sound tables for performing hearing aid processing
on the alert sound signals produced by the alert sound
producer. The table selector reads from the table memory
either the gain tables or the alert sound tables according
to the mixing situation at the mixer. The gain decider de-
cides the gain at the gain adjuster on the basis of the
power value outputted from the power calculator by using
the gain tables or the alert sound tables read by the table
selector.

[0015] This improves the clarity of the alert sound.
Thus, the user can distinguish between a plurality of kinds
of alert sound emitted by the hearing aid, and can prop-
erly recognize the information being conveyed.

BRIEF DESCRIPTION OF DRAWINGS
[0016]

FIG. 1 is a function block diagram of the hearing aid
pertaining to Embodiment 1 of the present invention;
FIG. 2 is a function block diagram of the hearing aid
processor of the same;

FIG. 3 is a function block diagram of the alert sound
shaper of the same;

FIG. 4 is a function block diagram of the hearing aid
pertaining to Embodiment 2 of the present invention;
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FIG. 5 is a function block diagram of the hearing aid
processor of the same;

FIG. 6 is a graph of the sound pressure level of am-
bient sound versus the time axis;

FIG.7isagraph of an alert sound and ambient sound
over a frequency band;

FIG. 8 is a graph of the sound pressure levels of an
alert sound and ambient sound versus the time axis;
and

FIG. 9 is a function block diagram of the hearing aid
pertaining to Embodiment 6 of the present invention.

DESCRIPTION OF EMBODIMENTS

[0017] Embodiments of the present invention will now
be described in detail along with the drawings.

Embodiment 1

[0018] First, the constitution of a hearing aid will be
described through reference to FIG. 1. FIG. 1is a function
block diagram of the hearing aid.

[0019] The hearing aid of this embodiment, as shown
in FIG. 1, comprises a microphone 1, an A/D (analog to
digital) converter 2, a hearing aid processor 3, a D/A (dig-
ital to analog) converter 4, and a receiver 5.

[0020] The microphone 1 collects ambient sounds.
The A/D converter 2 converts an analog signal outputted
from the microphone 1 into a digital signal. The hearing
aid processor 3 performs hearing aid processing on the
digital signal outputted from the A/D converter 2. The D/A
converter 4 converts the signal that has undergone the
hearing aid processing into an analog signal. The receiv-
er 5 outputs the analog signal outputted from the D/A
converter 4 as an acoustic signal to the surroundings.
[0021] As shown in FIG. 1, the hearing aid of this em-
bodiment further comprises a mixer 6 and a controller 9.
[0022] The mixer 6 is provided between the hearing
aid processor 3 and the D/A converter 4, with a first input
connected to the output of the hearing aid processor 3,
and its own output connected to the input of the D/A con-
verter 4. The output of an alert sound shaper 8, which
shapes the alert sound signal produced by an alert sound
producer 7, is connected to a second input of this mixer 6.
[0023] The controller 9 produces a mix ratio signal
used by the mixer 6 to mix the output signals of the hear-
ing aid processor 3 and the alert sound shaper 8 in a
specific mix ratio, and is connected to the mix ratio signal
input terminal of the mixer 6.

[0024] The microphone 1 collects ambient sound
around the hearing aid, converts it into an analog elec-
trical signal, and outputs this signal.

[0025] The A/D converter 2 converts the electrical sig-
nal outputted from the microphone 1 into a multi-bit digital
signal and outputs it.

[0026] The configuration of the hearing aid processor
3 will now be described through reference to FIG. 2. FIG.
2 is afunction block diagram of the hearing aid processor
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3.

[0027] As shown in FIG. 2, the hearing aid processor
3 has a frequency analyzer 10, a gain adjuster 11, a fre-
quency combiner 12, a power calculator 13, and a gain
controller 14. The frequency analyzer 10 inputs the out-
put signal of the A/D converter 2. The gain adjuster 11
performs gain adjustment on the output signal of this fre-
quency analyzer 10. The frequency combiner 12 com-
bines the signal inputted from the gain adjuster 11 into a
time axis signal. The power calculator 13 calculates the
power value outputted from the frequency analyzer 10.
The gain controller 14 decides the gain for gain adjust-
ment by the gain adjuster 11 on the basis of the power
value outputted from this power calculator 13.

[0028] The frequency analyzer 10 converts the output
signal of the A/D converter 2 inputted in time series from
a time region signal into a frequency region signal. The
frequency analyzer 10 splits the frequency region signal
into a plurality of frequency regions and outputs a fre-
quency information signal. This can be accomplished by
splitting the result of a Fourier transformation, by sub-
band splitting, or another such method.

[0029] The gain adjuster 11 multiplies the gain output-
ted from the gain controller 14 by the frequency informa-
tion signal outputted from the frequency analyzer 10, and
outputs the result.

[0030] The frequency combiner 12 combines the gain-
adjusted frequency information signal outputted from the
frequency analyzer 10 from a frequency region signal
into a time region signal, and outputs a signal that has
undergone hearing aid processing. This combination
may be inverse Fourier transformation when the conver-
sion by the frequency analyzer 10 is performed using
Fourier transformation. On the other hand, subband com-
bination may be employed when the above-mentioned
conversion is performed using subband splitting.
[0031] The power calculator 13 calculates the power
value for the frequency of each band of the frequency
information signal outputted from the frequency analyzer
10, and outputs the result to the gain controller 14. The
power value referred to here is the electrical power of the
signal inputted to the frequency analyzer 10, and is cor-
related with the sound pressure level of the ambient
sound collected by the microphone 1. That is, the lower
is the sound pressure level, the lower is the power value,
and the higher is the sound pressure level, the higher is
the power value.

[0032] The gain controller 14 decides the gain with re-
spect to the frequency information signal for each band
on the basis of the power value for each band outputted
from the power calculator 13. A gain table is used to de-
cide the gain. The dynamic range of hearing varies from
user to user, so nonlinear gain adjustment suited to each
user is necessary for the inputted sound pressure level.
In view of this, a gain table listing the gain for each power
value is produced on the basis of the gain characteristics
needed for a user as determined by audiogram or the
like. The gain controller 14 decides the gain by referring
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to this gain table, and outputs the decided gain to the
gain adjuster 11. Furthermore, this gain table is outputted
to the alert sound shaper 8.

[0033] Aplurality of kinds of these gain tables are read-
ied, each being partially different from the others, using
the required gain characteristics for a user as a reference.
For example, if the user is in a noisy environment, this
noise is reduced, or wind roar during movement is re-
duced. In this embodiment, three types are readied: a
gain table A that takes into account only the gain char-
acteristics of the user, a gain table B used in noisy situ-
ations, and a gain table C used during movement. A con-
trol signal (not shown) from the controller 9 switches be-
tween these tables.

[0034] These gain tables are produced ahead of time
by a fitting apparatus or other such external device, and
are stored in a memory (not shown) inside the hearing
aid. The gain controller 14 extracts the desired gain table
from the memory and refers to it, according to a switching
command from the outside.

[0035] We will now return to FIG. 1 to describe the
mixer 6.

[0036] The mixer 6 inputs a signal that has undergone
hearing aid processing and has been outputted from the
hearing aid processor 3, and a signal outputted from the
alert sound shaper 8. The mixer 6 mixes these input sig-
nals on the basis of a mix ratio signal outputted from the
controller 9 connected to a mix ratio signal input terminal,
and outputs the result to the D/A converter 4. For in-
stance, if we assume a mix ratio of 0:10 between the
output signal of the hearing aid processor 3 and the out-
put signal of the alert sound shaper 8, then only the output
signal of the alert sound shaper 8 is outputted. If the mix
ratio is 5:5, for example, then the output signal of the
hearing aid processor 3 and the output signal of the alert
sound shaper 8 are mixed at the same level and output-
ted. This mix ratio can be set according to the user’s
preferences during fitting or the like.

[0037] The D/Aconverter4 converts the multi-bit digital
signal outputted from the mixer 6 into an analog signal
and outputs it to the receiver 5.

[0038] The receiver 5 is a speaker that converts the
analog signal outputted from the D/A converter 4 into an
acoustic signal and outputs it to the surroundings.
[0039] Next, the alert sound producer 7 and the alert
sound shaper 8 will be described.

[0040] The alert sound producer 7 produces an alert
sound according to a command from the controller 9, and
outputs it as an alert sound signal. This alert sound signal
is made up of monotones in a predetermined alert pat-
tern.

[0041] In this embodiment, a "pee-, pee-" sound with
a frequency of 2 kHz is produced as alert pattern A, a
"peep" sound of 1 kHz as alert pattern B, a "peep, peep"
sound of 1 kHz as alert pattern C, and a "peep, peep,
peep" sound 1 kHz as alert pattern D. The volume is the
same for all of these alert sound signals, at 110 dB SPL.
[0042] Next, the configuration of the alert sound shaper
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8 will be described through reference to FIG. 3. FIG. 3 is
a function block diagram of the alert sound shaper 8.
[0043] As shown in FIG. 3, the alert sound shaper 8
comprises a table converter 15, an offset memory 16, an
alert gain decider 17, and a multiplier 18. The table con-
verter 15 converts the gain table used in hearing aid
processing by the hearing aid processor 3 into alert sound
signal use, and outputs the result. The offset memory 16
stores an offset amount for adding a different character-
istic for each alert sound signal. The alert gain decider
17 decides the alert gain according to the alert sound
signal on the basis of the output signal of the table con-
verter 15 and the offset amount outputted from the offset
memory 16. The multiplier 18 applies the alert gain out-
putted from this alert gain decider 17 to the alert sound
signal outputted from the alert sound producer 7.
[0044] A gain table that takes into account only the
gain characteristics of the user (in this embodiment, gain
table A) is inputted from the gain controller 14 inside the
hearing aid processor 3 to the table converter 15. The
table converter 15 extracts from this a gain corresponding
to the band of the alert sound signal produced by the
alert sound producer 7, produces an alert sound table,
and outputs to the alert gain decider 17. In this embodi-
ment, gains of 1 and 2 kHz are selected from the gain
table A to produce the alert sound table.

[0045] The offset memory 16 stores offset values cor-
responding to various alert patterns, which are values
multiplied by the volume of the alert sound signal. For
example, we will assume that the offset value of alert
pattern A is 0.8, and the offset value of alert patterns B,
C,and Dis 0.5. An offset value corresponding to the alert
sound signal produced by the alert sound producer 7 is
outputted to the alert gain decider 17 at a command (not
shown) from the controller 9.

[0046] The alert gain decider 17 selects from the alert
sound table the gain corresponding to the volume ob-
tained by multiplying the offset value with the volume of
the alert sound signal on the basis of a command (not
shown) from the controller 9, and this selected gain and
the offset value are outputted as alert gain to the multiplier
18.

[0047] Withahearing aidthathas avolume adjustment
function, the volume value set in this alert gain decider
17 is inputted and is multiplied by the offset value. The
alert gain decider 17 selects a gain on the basis of the
offset value multiplied by this volume value, and outputs
the offset value multiplied by this volume value to the
multiplier 18.

[0048] The multiplier 18 multiplies the offset value and
the gain outputted from the alert gain decider 17 by the
alert sound signal outputted from the alert sound produc-
er 7, and outputs the result. In this way, the output from
the multiplier 18 changes the volume and frequency for
each alert sound signal, and this volume is adjusted to
suit the gain characteristics of the user.

[0049] At this point the alert gain decider 17 clips the
selected gain and offset value so that the volume of the
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alert sound signal outputted from the multiplier 18 will be
neither too loud nor too soft. This is done so that the user
will recognize the alert sound reliably and comfortably,
and is particularly important with a hearing aid equipped
with a volume control.

[0050] Specifically, an alert sound that is too loud is
unpleasant for the user, but if the sound is too soft the
user may not catch it. To prevent these, the alert gain
decider 17 adjusts the gain and offset value so that the
volume of the alert sound signal outputted from the mul-
tiplier 18 falls within a specific range. For example, if the
volume of the input signal to the multiplier 18 is 110 dB
SPL, the adjustment is made so that the volume of the
output signal to the multiplier 18 will fall within a range of
40 to 80 dB SPL.

[0051] We will now return to FIG. 1 to describe the
controller 9.
[0052] The controller 9 outputs commands to output

an alert sound signal and to select an alert pattern to the
alert sound producer 7 and the alert sound shaper 8 when
an alert is conveyed to the user. The controller 9 outputs
a select signal to the mixer 6 so that the alert sound signal
outputted from the alert sound shaper 8 is selected. Fur-
thermore, the controller 9 outputs a control signal (not
shown) to the hearing aid processor 3 for switching be-
tween the gain tables A to C.

[0053] The selection of the alert pattern and the deci-
sion of the timing at which this alert is performed are
carried out as follows.

[0054] When the remaining power of the power supply
that supplies power to the various electrical parts of this
hearing aid drops below a specific value, alert pattern A
is selected. The gain controller 14 selects alert pattern B
when the gain table to be used is switched to gain table
A, alert pattern C when the switch is to gain table B, and
alert pattern D when the switch is to gain table C.
[0055] With the above constitution, usually, when no
alert is to be conveyed to the user, the sound collected
by the microphone 1 is subjected to hearing aid process-
ing and outputted from the receiver 5. If an alert is to be
conveyed to the user, on the other hand, this sound that
has undergone hearing aid processing is mixed with
sound produced by the alert sound producer 7 that has
undergone the same extent of processing as the hearing
aid processing, and the result is outputted from the re-
ceiver 5.

[0056] Thus, in this embodiment, alert sounds with dif-
ferent frequency and volume are provided for each type
of information to be conveyed to the user. Consequently,
the clarity of the alert sounds is improved, and the user
is able to distinguish between a plurality of kinds of alert
sound of the hearing aid. Thus, the user can properly
recognize the information being conveyed.

Embodiment 2

[0057] First, the constitution of the hearing aid of this
embodiment will be described through reference to FIG.
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4. FIG. 4 is a function block diagram of the hearing aid.
[0058] As shown in FIG. 4, the hearing aid of this em-
bodiment comprises the microphone 1, the A/D converter
2, a hearing aid processor 19, the D/A converter 4, and
the receiver 5. The microphone 1 collects ambient
sounds. The A/D converter 2 converts an analog signal
outputted from the microphone 1 into a digital signal. The
hearing aid processor 19 performs hearing aid process-
ing on the digital signal outputted from the A/D converter
2. The D/A converter 4 converts the signal that has un-
dergone the hearing aid processing into an analog signal.
The receiver 5 outputs the analog signal outputted from
the D/A converter 4 as an acoustic signal to the surround-
ings.

[0059] The hearingaid of this embodiment further com-
prises the mixer 6 and the controller 9. The mixer 6 is
provided between the A/D converter 2 and the hearing
aid processor 19, with a firstinput connected to the output
of the A/D converter 2, and its own output connected to
the input of the hearing aid processor 19. An alert sound
signal produced by the alert sound producer 7 is inputted
to a second input of this mixer 6. The controller 9 pro-
duces a mix ratio signal used by the mixer 6 to mix the
output signals of the A/D converter 2 and the alert sound
producer 7, and is connected to the mix ratio signal input
terminal of the mixer 6.

[0060] The only difference in this embodiment from the
constitution of Embodiment 1 given above is that the mix-
er 6 that mixes and outputs the output signal of the A/D
converter 2 and the output signal of the alert sound pro-
ducer 7 is provided at a point ahead of the hearing aid
processor 19.

[0061] More specifically, when a mix ratio signal is out-
putted from the controller 9, the mixer 6 mixes the output
signal of the A/D converter 2 with the output signal of the
alert sound producer 7 and supplies the result to the hear-
ing aid processor 19. Just the hearing aid processor 19
is accordingly different in its constitution and operation.
Thus, the rest of the components will be numbered the
same and not described again.

[0062] Next, the configuration of the hearing aid proc-
essor 19 will be described through reference to FIG. 5.
FIG. 5is afunction block diagram of the hearing aid proc-
essor 19.

[0063] As shown in FIG. 5, the hearing aid processor
19 comprises the frequency analyzer 10, the gain adjust-
er 11, the frequency combiner 12, the power calculator
13, and a gain controller 20. The frequency analyzer 10
performs frequency analysis on the digital signal inputted
to the hearing aid processor 19, and outputs the result
as a frequency information signal. The gain adjuster 11
adjusts the gain of the frequency information signal out-
putted from the frequency analyzer 10. The frequency
combiner 12 combines the frequency information signal
that has undergone gain adjustment by the gain adjuster
11 into a time axis signal. The power calculator 13 inputs
the frequency information signal outputted from the fre-
quency analyzer 10, and calculates the power value out-
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putted of the digital signal that is inputted to the frequency
analyzer 10 from this frequency information signal. The
gain controller 20 inputs the power value outputted from
the power calculator 13, decides the gain at the gain ad-
juster 11 on the basis of this power value, and outputs
the result to the gain adjuster 11.

[0064] The gain controller 20 further has a table mem-
ory 21, a table selector 22, and a gain decider 23. The
table memory 21 stores a plurality of gain tables for per-
forming hearing aid processing on ambient sounds col-
lected by the microphone 1, and alert sound tables for
performing hearing aid processing on the alert sound sig-
nals produced by the alert sound producer 7. The table
selector 22 reads from the table memory 21 either the
gain tables or the alert sound tables according to the
mixing situation at the mixer 6. The gain decider 23 uses
the gain tables or the alert sound tables read by the table
selector 22 to decide the gain at the gain adjuster 11 on
the basis of the power value outputted from the power
calculator 13.

[0065] Thus, the difference in the hearing aid proces-
sor 19 from Embodiment 1 above is in the constitution
and operation of the gain controller 20. Therefore, com-
ponents other than the gain controller 20 will be num-
bered the same and not described again.

[0066] First, a plurality of gain tables used by the gain
decider 23 to decide the gain used by the gain adjuster
11 are stored in the table memory 21. In this embodiment,
justas in Embodiment 1 above, we will assume that three
gain tables A to C and four alert sound tables A to D are
stored.

[0067] The alert sound tables A to D correspond to the
alert patterns A to D outputted from the alert sound pro-
ducer 7. These alert sound tables A to D are produced
ahead of time by afitting apparatus or other such external
device, and are stored in the table memory 21, just as
with the gain tables A to C, etc. The algorithm by which
these alert sound tables A to D are produced by the ex-
ternal device is the same as the operation of the alert
sound shaper 8 in Embodiment 1 above.

[0068] Specifically, from the gain table A, algorithms
the same as the operation of the table converter 15, the
offset memory 16, and the alert gain decider 17 are used
to produce the alert sound tables A to D corresponding
to alert patterns A to D.

[0069] The table selector 22 selects one gain table
from among the gain tables A to C and the alert sound
tables A to D on the basis of a command from the con-
troller 9, this is table out of the table memory 21, and
outputs it to the gain decider 23.

[0070] The gain decider 23 performs the same opera-
tion as the gain controller 14 in Embodiment 1 above
when what the table selector 22 selects is one of the gain
tables A to C. However, if the table selector 22 has se-
lected one of the alert sound tables A to D, then the op-
eration is the same as part of the operation of the alert
gain decider 17 in Embodiment 1 above.

[0071] Specifically, when gain is selected by referring
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to an alert sound table on the basis of the power value
outputted from the power calculator 13, and this gain is
applied at the gain adjuster 11, the gain is clipped so that
the volume of the signal outputted from the frequency
combiner 12 will fall within a specific range. If the hearing
aid is equipped with a volume control, this volume is also
taken into account in selecting the gain.

[0072] With the above constitution, usually, when no
alert is to be conveyed to the user, the sound collected
by the microphone 1 is subjected to hearing aid process-
ing and outputted from the receiver 5. If an alert is to be
conveyed to the user, on the other hand, the alert sound
signal produced by the alert sound producer 7 is selected
and inputted to the hearing aid processor 19 instead of
the sound collected by the microphone 1, and this is sub-
jected to the same extent of processing as the hearing
aid processing and outputted from the receiver 5.
[0073] Thus, in this embodiment, alert sounds with dif-
ferent frequency and volume are provided for each type
of information to be conveyed to the user. Consequently,
the clarity of the alert sounds is improved, and the user
is able to distinguish between a plurality of kinds of alert
sound of the hearing aid. Thus, the user can properly
recognize the information being conveyed.

[0074] In this embodiment, an example was given in
which alert sound tables were produced by an external
device and stored ahead of time, but gain tables may
instead by converted every time to produce an alert
sound table, just as in Embodiment 1 above. In this case,
the blocks of the alert sound shaper 8 shown in Embod-
iment 1 above may be provided inside the gain controller
20.

Embodiment 3

[0075] Next, the constitution of a hearing aid in which
the volume of an alert sound is adjusted according to the
sound pressure level of the ambient sound will be de-
scribed through reference to FIGS. 1 and 6.

[0076] The hearing aid in this embodiment differs from
Embodiment 1 above in that, regarding the function
blocks ofthe hearing aid shown inFIG. 1, the digital signal
outputted from the A/D converter 2 is also inputted to the
alert sound producer 7.

[0077] The alert sound producer 7 subjects the digital
signal outputted from the A/D converter 2 to frequency
analysis just as with the frequency analyzer 10 and the
power calculator 13 shown in FIG. 2, after which the pow-
er value is calculated for each band. The alert sound
producer 7 then sums the power values for all bands to
find the sound pressure level of ambient sound, and de-
cides the sound pressure level of the alert sound signal
to be produced according to the sound pressure level
thus found.

[0078] FIG. 6 is a graph of the change in the sound
pressure level of ambient sound found by the alert sound
producer 7 on the time axis. For example, if alert sound
generation is needed at time T1, an alert sound signal is
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produced so that the volume of the alert pattern selected
at a command from the controller 9 will be LV1 dB SPL.
[0079] If alert sound generation is needed at time T2,
an alert sound signal is produced so that the volume of
the alert pattern will be LV2 dB SPL. The alert sound
signal that is produced is outputted to the alert sound
shaper 8.

[0080] Thus adjusting the volume of the alert sound
signal according to the sound pressure level of the am-
bient sound prevents fluctuation in the ease of hearing
an alert sound according to the volume of ambient sound.
[0081] Inthis example, the sound pressure level of am-
bient sound and the volume of the alert pattern were set
to the same level, but that is not necessary, and the vol-
ume of the alert pattern may be varied so as to be pro-
portional to the sound pressure level of ambient sound,
according the hearing ability and preference of the user.
[0082] As to the volume of the alert pattern, it may be
adjusted by clipping so that the alert sound signal pro-
duced is neither too loud nor too soft.

[0083] In this embodiment, a power value calculated
by a power calculator included in the hearing aid proc-
essor 3 may be inputted to the alert sound producer 7
instead of a power value for each frequency band in the
digital signal outputted from the A/D converter 2 by the
alert sound producer 7.

[0084] Similarly, with the hearing aid shown in FIG. 4,
the digital signal outputted from the A/D converter 2 may
be outputted to the alert sound producer 7, an alert sound
signal with a volume corresponding to the sound pres-
sure level of ambient sound may be produced by the alert
sound producer 7, and the produced alert sound signal
may be outputted to the mixer 6. Here again, this prevents
fluctuationinthe ease of hearing an alert sound according
to the volume of ambient sound.

Embodiment 4

[0085] Next, a hearing aid with which the frequency of
an alert sound is decided according to the frequency of
ambient sound will be described through reference to
FIGS. 1and 7.

[0086] The hearing aid in this embodiment differs from
Embodiment 1 above in that, regarding the function
blocks ofthe hearing aid shown in FIG. 1, the digital signal
outputted from the A/D converter 2 is also inputted to the
alert sound producer 7.

[0087] The alert sound producer 7 subjects the digital
signal outputted from the A/D converter 2 to frequency
analysis just as with the frequency analyzer 10 and the
power calculator 13 shown in FIG. 2, after which the pow-
er value is calculated for each band and a frequency dis-
tribution is produced. A band in which no sound has been
generated, or the power value of the sound is low, is
detected from the frequency distribution thus produced,
and an alert sound signal is produced so that the fre-
quency of the alert pattern selected at a command from
the controller 9 will be within this band.
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[0088] That is, if the frequency of the selected alert
pattern does not overlap the frequency of ambient sound,
an alert sound signal of the selected alert pattern is pro-
duced directly. On the other hand, if these frequencies
do overlap, the frequency of the alert pattern is shaped
and an alert sound signal produced so that there is no
overlap. More specifically, the frequency of the alert pat-
tern is shaped so that the lowest incidence of frequency
distribution within a specific range is achieved, using the
frequency of the selected alert pattern as the center.
[0089] FIG. 7 is a graph of the frequency distribution
produced by the alert sound producer 7. In FIG. 7, digital
signals over a specific sound pressure level are clustered
around 1 kHz, and the band above 2 kHz is small. In this
case, whenthe frequency of the alert pattern first selected
is 1 kHz, an alert sound signal shaped to a band of 2 kHz
or higher is produced. The alert sound signal thus pro-
duced is outputted to the alert sound shaper 8.

[0090] Thus deciding the frequency an alert sound ac-
cording to the frequency of ambientsound makesiteasier
for the user to hear the alert sound, without it being buried
in the frequency band of the ambient sound.

[0091] In the shaping of the frequency of the alert pat-
tern, if the occurrences of a specific frequency range are
all over a specific value, that is, if the sound pressure
level for all bands is high, then the volume of the alert
sound may be adjusted according to the sound pressure
level of the ambient sound just as in Embodiment 3
above.

[0092] Also, in this embodiment, a power value calcu-
lated by a power calculator included in the hearing aid
processor 3 may be inputted to the alert sound producer
7 instead of a power value for each frequency band in
the digital signal outputted from the A/D converter 2 by
the alert sound producer 7.

[0093] Also, just as with the hearing aid shown in FIG.
4, the digital signal outputted from the A/D converter 2
may be outputted to the alert sound producer 7, an alert
sound signal may be produced by the alert sound pro-
ducer 7 so that its frequency is different from that of the
ambient sound, and the produced alert sound signal may
be outputted to the mixer 6. Here again, this makes it
easier for the user to hear the alert sound, without it being
buried in the frequency band of the ambient sound.

Embodiment 5

[0094] Next, a hearing aid in which the timing of alert
sound generation is adjusted according to the sound
pressure level of ambient sound will be described through
reference to FIGS. 1 and 8.

[0095] The hearing aid in this embodiment differs from
Embodiment 1 above in that, regarding the function
blocks of the hearing aid shown in FIG. 1, the digital signal
outputted from the A/D converter 2 is also inputted to the
alert sound producer 7.

[0096] The alert sound producer 7 subjects the digital
signal outputted from the A/D converter 2 to frequency
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analysis just as with the frequency analyzer 10 and the
power calculator 13 shown in FIG. 2, after which the pow-
er value is calculated for each band. The alert sound
producer 7 finds the sound pressure level of the ambient
sound by summing the power values for all bands, and
produces an alert sound signal and generates an alert
sound at the timing at which the sound pressure level
thus found is below a specific level.

[0097] FIG. 8 is a graph of the alert sound generation
timing and the change in sound pressure level of ambient
sound found by the alert sound producer 7, on the time
axis. T3 is the intended alert sound generating timing,
and T4 is the timing at which the alert sound was actually
generated.

[0098] First, when a command to produce an alert
sound arrives from the controller 9, the calculated sound
pressure level of ambient sound is confirmed (T3). If the
sound pressure level at this point is high (LV3 dB SPL),
no alert sound signal is produced. When no alert sound
signal is produced, the sound pressure level of ambient
sound continues to be monitored. An alert sound signal
is produced (T4) atthe timing at which the sound pressure
level drops under TL1 dB SPL, which is set ahead of time
as a level at which there is little ambient sound effect.
[0099] In monitoring the sound pressure level of am-
bient sound, it is preferable for there to be a time limit so
that no problems are encountered such as the generating
timing being too late.

[0100] After the alert sound signal thus produced has
been outputted to the alert sound shaper 8 and shaped,
this alert sound signal is mixed by the mixer 6 with the
output signal outputted from the hearing aid processor 3
at the timing at which the shaped alert sound signal was
inputted, and this mixed signal is outputted to the D/A
converter 4.

[0101] Thus generating an alert sound at a timing at
which the sound pressure level of ambient sound is low
allows the alert sound to be generated at a timing at which
the surroundings are quiet, and allows the generation of
an alert sound that is easy for the user to hear.

[0102] Also, ratherthan using the sound pressure level
of ambient sound to confirm the timing of alert sound
production, the alert sound producer 7 may use whether
or not the ambient sound is voice, and the alert sound
signal may be produced at a timing at which there is no
voice. This voice evaluation can be accomplished by sub-
jecting the digital signal outputted from the A/D converter
2 to cepstrum analysis, and making a determination from
the extracted characteristic quantity.

[0103] Thus generating the alert sound at a timing at
which the ambient sound is non-voice allows the alert
sound to be generated without disrupting the conversa-
tion of the user.

[0104] Also, if the alert sound producer 7 generates an
alert sound under a time limit, then the volume of the alert
sound may be adjusted according to the sound pressure
level of the ambient sound just as in Embodiment 3
above, or the frequency of the alert sound may be ad-
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justed according to the frequency of the ambient sound
just as in Embodiment 4 above.

[0105] In this embodiment, a power value calculated
by a power calculator included in the hearing aid proc-
essor 3 may be inputted to the alert sound producer 7
instead of a power value for each frequency band in the
digital signal outputted from the A/D converter 2 by the
alert sound producer 7

[0106] Similarly, with the hearing aid shown in FIG. 4,
the digital signal outputted from the A/D converter 2 may
be outputted to the alert sound producer 7, and the timing
at which the alert sound is generated may be decided by
the alert sound producer 7. Here again, the alert sound
can be generated at a timing at which the surroundings
are quiet, and an alert sound that is easy for the user to
hear can be generated.

Embodiment 6

[0107] First, the constitution of a hearing aid will be
described through reference to FIG. 9.

[0108] In this embodiment, a switching component 30
and a controller 31 are different from Embodiment 1
above. Specifically, the switching component 30 is pro-
vided in place of the mixer 6. The controller 31 is num-
bered separately from the mixer 6 because it operates
differently. The rest of the constituent elements are the
same as in Embodiment 1 and will therefore not be de-
scribed again.

[0109] The switching component 30 has at least three
input components and one output component. Of the
three or more input components, the first input compo-
nent is connected to the output of the hearing aid proc-
essor 3. The second input component is connected to
the output of the alert sound shaper 8 that shapes the
alert sound signal produced by the alert sound producer
7. The third input component is connected to the output
of the controller 31 that selects the output of the hearing
aid processor 3 or the alert sound shaper 8 and decides
whether to output. The output component of the switching
component 30 is connected to the D/A converter 4.
[0110] The controller 31 normally controls so the out-
put of the hearing aid processor 3 is selected and the
voice signal inputted from the microphone 1 is outputted.
On the other hand, if an alert sound has been outputted
from the alert sound producer 7, the controller 31 controls
so that the output of the alert sound shaper 8 is selected,
and only the alert sound is outputted.

[0111] With the above constitution, usually, when no
alert is to be conveyed to the user, the sound collected
by the microphone 1 is subjected to hearing aid process-
ing and outputted from the receiver 5. If an alert is to be
conveyed to the user, on the other hand, this sound that
has undergone hearing aid processing is switched to
sound obtained by subjecting the sound produced by the
alert sound producer 7 to the same extent of processing
as the hearing aid processing, and this is outputted from
the receiver 5.
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[0112] Thus, in this embodiment, the output signal of
the hearing aid processor 3, or the output of the alert
sound shaper 8, is switched and outputted by the switch-
ing component 30.

[0113] Consequently, atthe pointwhen the alert sound
is outputted, only the unadulterated alert sound can be
heard, and this improves the clarity of the alert sound.
Thus, it is easier for the user to distinguish between the
plurality of alert sounds of the hearing aid, and the con-
veyed information can be properly recognized.

[0114] Inotherwords, the mixer6included inthe above
embodiments is not an essential part of the constitution,
so the present invention can also be designated as fol-
lows.
[0115]
es:

A hearing aid of the present invention compris-

a microphone configured to collect ambient sounds;
an A/D converter configured to convert an analog
signal outputted from the microphone into a digital
signal;

a hearing aid processor configured to perform hear-
ing aid processing on the digital signal outputted from
the A/D converter;

a D/A converter configured to convert the signal that
has undergone the hearing aid processing into an
analog signal;

areceiver configured to output the analog signal out-
putted from the D/A converter as an acoustic signal
to the surroundings;

an alert sound producer configured to produce an
alert sound according to a specific condition;

an alert sound shaper configured to shape the alert
sound signal produced by the alert sound producer;
a switching component configured to have at least
three input components and one output component,
in which the first input component is connected to
the output of the hearing aid processor, the second
input component is connected to the output of the
alert sound shaper, and the output component is
connected to the D/A converter; and

a controller configured to select the output of the
hearing aid processor or the alert sound shaper and
decide whether to output, in which its own output is
connected to the third input component of the switch-
ing component,

wherein the alert sound shaper has a table converter
that outputs a gain table used in the hearing aid
processing of the hearing aid processor after con-
verting for alert sound signal use, an alert gain de-
cider for deciding an alert gain corresponding to an
alert sound signal from the output signal of the table
converter, and a multiplier that applies the alert gain
outputted from the alert gain decider to the alert
sound signal outputted from the alert sound produc-
er.

[0116] Furthermore, a hearing aid of the present in-
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vention comprises:

a microphone configured to collect ambient sounds;
an A/D converter configured to convert an analog
signal outputted from the microphone into a digital
signal;

a hearing aid processor configured to perform hear-
ing aid processing on the digital signal outputted from
the A/D converter;

a D/A converter configured to convert the signal that
has undergone the hearing aid processing into an
analog signal;

areceiver configured to output the analog signal out-
putted from the D/A converter as an acoustic signal
to the surroundings;

an alert sound producer configured to produce an
alert sound according to a specific condition;

a switching component configured to have at least
three input components and one output component,
in which the first input component is connected to
the output of the hearing aid processor, the second
input component is connected to the output of the
alert sound shaper, and the output component is
connected to the D/A converter; and

a controller configured to select the output of the
hearing aid processor or the alert sound shaper and
decide whether to output, in which its own output is
connected to the third input component of the switch-
ing component,

wherein the hearing aid processor has:

a frequency analyzer configured to perform fre-
quency analysis on the digital signal inputted to
the hearing aid processor, and output the result
as a frequency information signal;

a gain adjuster configured to adjust the gain of
the frequency information signal outputted from
the frequency analyzer;

afrequency combiner configured to combine the
frequency information signal that has under-
gone gain adjustment with the gain adjuster into
a time axis signal;

a power calculator to which the frequency infor-
mation signal outputted from the frequency an-
alyzer is inputted, and that calculates a power
value for the digital signal inputted to the fre-
quency analyzer from the frequency information
signal; and

a gain controller to which the power value out-
putted from the power calculator is inputted, and
that decides the gain at the gain adjuster on the
basis of this power value and outputs it to the
gain adjuster, and

the gain controller has:

a table memory configured to store a plu-
rality of gain tables for performing hearing
aid processing on ambient sounds collected

10

15

20

25

30

35

40

45

50

55

10

by the microphone, and alert sound tables
for performing hearing aid processing on
the alertsound signals produced by the alert
sound producer;

a table selector configured to read from the
table memory either the gain tables or the
alert sound tables according to the mixing
situation at the mixer; and

a gain decider that decides the gain at the
gain adjuster on the basis of the power value
outputted from the power calculator by us-
ing the gain tables or the alert sound tables
read by the table selector.

INDUSTRIAL APPLICABILITY

[0117] The hearing aid pertaining to the present inven-
tion improves the clarity of an alert sound regardless of
the characteristics of each user, so it is also useful in
acoustic devices that convey information to the user by
sound.

EXPLANATION OF REFERENCE
[0118]

1 microphone

2 A/D converter

3 hearing aid processor
4 D/A converter

5 receiver

6 mixer

7 alert sound producer
8 alert sound shaper

9 controller

10 frequency analyzer
11 gain adjuster

12 frequency combiner
13 power calculator

14 gain controller

15 table converter

16 offset memory

17 alert gain decider

18 multiplier

19 hearing aid processor
20 gain controller

21 table memory

22 table selector

23 gain decider

30 switching component
31 controller

Claims
1. A hearing aid, comprising:

a microphone configured to collect ambient
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sounds;

an A/D converter configured to convert an ana-
log signal outputted from the microphone into a
digital signal;

a hearing aid processor configured to perform
hearing aid processing on the digital signal out-
putted from the A/D converter;

a D/A converter configured to convert the signal
that has undergone the hearing aid processing
into an analog signal;

areceiver configured to output the analog signal
outputted from the D/A converter as an acoustic
signal to the surroundings;

an alert sound producer configured to produce
an alert sound according to a specific condition;
an alert sound shaper configured to shape the
alert sound signal produced by the alert sound
producer;

a mixer that is provided between the hearing aid
processor and the D/A converter, in which a first
input is connected to the output of the hearing
aid processor, a second input is connected to
the output of the alert sound shaper, and its own
output is connected to the input of the D/A con-
verter; and

a controller that produces a mix ratio signal used
by the mixer to combine the output signals of
the hearing aid processor and the alert sound
shaper in a specific mix ratio, and that is con-
nected to the mix ratio signal input terminal of
the mixer,

wherein the alert sound shaper has a table con-
verter that outputs a gain table used in the hear-
ing aid processing of the hearing aid processor
after converting for alert sound signal use, an
alert gain decider configured to decide an alert
gain corresponding to an alert sound signal from
the output signal of the table converter, and a
multiplier that applies the alert gain outputted
from the alert gain decider to the alert sound
signal outputted from the alert sound producer.

The hearing aid according to Claim 1,

wherein the alert sound shaper has an offset memory
configured to store an offset amount for adding a
different characteristic to each alert sound signal,
and

the alert gain decider decides the alert gain corre-
sponding to the alert sound signal on the basis of
the offset amount outputted from the offset memory
and the output signal of the table converter.

The hearing aid according to Claim 1 or 2,
wherein the alert sound producer produces a plural-
ity of kinds of sound of different frequency and sound
generation intervals as alert sound signals.

A hearing aid, comprising:
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a microphone configured to collect ambient
sounds;

an A/D converter configured to convert an ana-
log signal outputted from the microphone into a
digital signal;

a hearing aid processor configured to perform
hearing aid processing on the digital signal out-
putted from the A/D converter;

a D/A converter configured to convert the signal
that has undergone the hearing aid processing
into an analog signal;

areceiver configured to output the analog signal
outputted from the D/A converter as an acoustic
signal to the surroundings;

an alert sound producer configured to produce
an alert sound according to a specific condition;
a mixer that is provided between the hearing aid
processor and the A/D converter, in which a first
input is connected to the output of the A/D con-
verter, the alert sound signal is inputted to a sec-
ond input, and its own output is connected to the
input of the hearing aid processor; and
acontroller that produces a mix ratio signal used
by the mixer to combine the output signals of
the A/D converter and the alert sound producer
in a specific mix ratio, and that is connected to
the mix ratio signal input terminal of the mixer,
wherein the hearing aid processor has:

a frequency analyzer configured to perform
frequency analysis on the digital signal in-
putted to the hearing aid processor, and out-
puttheresultas afrequency information sig-
nal;

a gain adjuster configured to adjust the gain
of the frequency information signal output-
ted from the frequency analyzer;

a frequency combiner configured to com-
bine the frequency information signal that
has undergone gain adjustment with the
gain adjuster into a time axis signal;

a power calculator to which the frequency
information signal outputted from the fre-
quency analyzer is inputted, and that calcu-
lates a power value for the digital signal in-
putted to the frequency analyzer from the
frequency information signal; and

a gain controller to which the power value
outputted from the power calculator is input-
ted, and that decides the gain at the gain
adjuster on the basis of this power value
and outputs it to the gain adjuster, and

the gain controller has:

a table memory configured to store a
plurality of gain tables for performing
hearing aid processing on ambient
sounds collected by the microphone,
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and alert sound tables for performing
hearing aid processing on the alert
sound signals produced by the alert
sound producer;

a table selector configured to read from
the table memory either the gain tables
or the alert sound tables according to
the mixing situation at the mixer; and
a gain decider that decides the gain at
the gain adjuster on the basis of the
power value outputted from the power
calculator by using the gain tables or
the alert sound tables read by the table
selector.

The hearing aid according to Claim 4,

wherein the alert sound producer produces a plural-
ity of kinds of sound or voice of different frequency
and sound generation intervals as alert sound sig-
nals.

The hearing aid according to Claim 1 or 4,

wherein the mixer changes the mix ratio of the two
signals inputted to the mixer when the alert sound is
generated, and returns to the original mix ratio upon
completion of the generation of the alert sound.

The hearing aid according to Claim 1 or 4,

wherein the alert sound producer produces an alert
sound signal with a volume corresponding to the
sound pressure level of the digital signal outputted
from the A/D converter.

The hearing aid according to Claim 1 or 4,

wherein the alert sound producer decides the fre-
quency of the alert sound signal so that it will be
different from the frequency of the digital signal out-
putted from the A/D converter.

The hearing aid according to Claim 1 or 4,

wherein the alert sound producer produces an alert
sound signal and generates an alert sound ata timing
at which there is little effect of ambient sound, ac-
cording to the digital signal outputted from the A/D
converter.

The hearing aid according to Claim 9,

wherein the timing at which there is little effect of
ambient soundis an interval in which the sound pres-
sure level of the digital signal outputted from the A/D
converter is low.

The hearing aid according to Claim 9,

wherein the timing at which there is little effect of
ambient sound is a non-voice interval with respect
to a voice interval detected on the basis of the digital
signal outputted from the A/D converter.
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