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An Integrated telephone and hearing aid that has a single in-ear speaker Is disclosed. The illustrative embodiments automatically
adapt the operation of the hearing aid based on whether a telephone call is In progress or not. For example, when the user Is not
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(57) Abrege(suite)/Abstract(continued):

engaged In a telephone call, the lllustrative embodiments function as a normal hearing aid. But when the user does become
engaged In a telephone call, the illustrative embodiments alter the hearing aid function so that the user can hear the telephone call.
For example, the illustrative embodiments attenuate the hearing aid function while a call is In progress so that the user can hear

both the telephone call and retain some, albeit diminished, auditory input from the environment. This enables, for example, the user
to still hear loud sounds (e.g., a car horn, a fire alarm, a person screaming, etc.).



O 00 ~3 O\ Wi P LN

CA 02433476 2003-06-25

Abstract

An integrated telephone and hearing aid that has a single in-ear speaker is disclosed. The
illustrative embodiments automatically adapt the operation of the hearing aid based on whether a
telephone call 1s 1n progress or not. For example, when the user is not engaged in a telephone call, the
illustrative embodiments function as a normal hearing aid. But when the user does become engaged in
a telephone call, the illustrative embodiments alter the hearing aid function so that the user can hear
the telephone call. For example, the illustrative embodiments attenuate the hearing aid function while
a call 1s 1n progress so that the user can hear both the telephone call and retain some, albeit diminished,
auditory mput from the environment. This enables, for example, the user to still hear loud sounds

(e.g., a car horn, a fire alarm, a person screaming, efc.).
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TELEPHONE WITH INTEGRATED HEARING AID

Field of the Invention

[0001] The present invention relates to telecommunications equipment in general, and, in

particular, to a telephone with an mntegrated hearing aid.

Background of the Invention

[0002] Telephones have become ubiquitous, and hands-free headsets that rest in a user’s ear
are gaining in popularity. Furthermore, with the advent of electronic mimaturization and wireless

standards such as “Bluetooth,” entire telephones that rest in and/or on a user’s ear are becoming

available and will surely be popular.

[0003] Since such hands-free headsets typically employ an in-ear speaker — one that fits in
the external auditory meatus and/or outer ear — some individuals with hearing loss might be prohibited
from having both a hearing aid and a hands-free headset in an ear at the same time. Therefore, the
need exists for a single apparatus that physically enables a user to have both a hearing aid and a hands-

free headset in an ear at the same time.

Summary of the Invention

[0004] The present invention enables the mtegration of a telephone and a hearing aid mnto a
single apparatus having a single in-ear speaker, and, therefore, ameliorates the problem of wearing a
hearing aid and an m-ear telephone simultancously.

[0005] The illustrative embodiments automatically adapt the operation of the hearing aid
based on whether or not the user 1s engaged in a telephone call. For example, when the user is not
engaged n a telephone call, the illustrative embodiments function as a normal hearing aid. But when
the user does become engaged in a telephone call, the illustrative embodiments alter the hearing aid
function to enhance the use’s ability to hear the telephone call.

[0006] Furthermore, the inventors of the present invention recognize that completely
turning off the hearing aid while a call is in progress might be dangerous or disadvantageous because
it diminishes the user’s awareness of his or her environment. Therefore, the illustrative embodiments

attenuate the hearing aid function while a call is in progress so that the user can hear both the
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telephone call and retain some, albeit dimmished, audrtory input from the environment. This enables,
for example, the user to still hear loud sounds (e.g., a car horn, a fire alarm, a person screaming, efc.).

[0007] In some embodiments of the present invention, the hearing aid function is
attenuated by reducing the gain of the hearing aid uniformly across all frequencies of the amplified
acoustic signal. In contrast, some embodiments of the present invention attenuate some frequencies
more than others. For example, the incoming sound of a telephone call is bandwidth limited to a range
of between f; and /, Hz. In a typical telephony system f; = 300 Hz and ;5 = 3000 Hz. Therefore, some
embodiments of the present invention reduce the gain of the hearing aid more for frequencies between
) and /> Hz than for frequencies below f; or above f;. This also helps the user to hear both the ongoing
telephone call and to be aware of his or her environment.

[0008] The first illustrative embodiment comprises: a microphone for converting a first
acoustic signal into a first electromagnetic signal s;(%); a receiver for receiving a second
electromagnetic signal s,(?); a processor for generating a third electromagnetic signal s;(?) based on
a,(t)-s,(t) and a,(¥)-s,(t), wherein | a,(t,)/ a,(t,) | changes based whether the apparatus is
engaged 1n a telephone call or not; and a speaker for converting the third electromagnetic signal s3(#)

into a second acoustic signal.

[0008.1] In one aspect of the present invention, there is provided an apparatus
comprising: a microphone for converting a first acoustic signal into a first electromagnetic signal
5,(1); a recelver for receiving a second electromagnetic signal s,(¢); a processor for generating a third
electromagnetic signal s;(f) based on a,(?) - s5,(f) and a,(¢) - 5,(¢), wherein a,(¢)/a,(¢) is based on
whether or not said apparatus is engaged in a telephone call; and a speaker for converting said third
electromagnetic signal s,(f) into a second acoustic signal; wherein a,(f) > 0; and wherein a,(f) > 0;
and wherein a,(¢) > 0 when said apparatus is engaged in a telephone call.

[0008.2] In another aspect of the present invention, there is provided a combination
telephone and hearing aid comprising: a first microphone for converting a first acoustic signal into a
first electromagnetic signal; a second microphone for converting a second acoustic signal into a
second electromagnetic signal; a receiver for receiving a third electromagnetic signal that represents
a third acoustic signal; and a speaker for converting a fourth electromagnetic signal into_ a fourth
acoustic signal, wherein said fourth electromagnetic signal is based on said first electromagnetic

signal, said second electromagnetic signal, and said third electromagnetic signal.

-20f11 -
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Brief Description of the Drawings
[0009] FIG. 1 depicts a rendering of telephone/hearing aid 100 in accordance with the first

llustrative embodiment of the present invention.

[0010] FIG. 2 depicts a block diagram of the salient components of telephone/hearing aid 100

in accordance with the first tllustrative embodiment of the present invention.

[0011] FIG. 3 depicts a rendering of telephone/hearing aid 200 in accordance with the second

illustrative embodiment of the present invention.

[0012] FIG. 4 depicts a block diagram of the salient components of telephone/hearing aid 200

in accordance with the second illustrative embodiment of the present invention.

Detailed Description

{0013] FIG. 1 depicts a.rendering of telephone/hearing aid 100 in accordance with the first
llustrative embodiment of the present invention. As depicted in FIG. 1, telephone/hearing aid 100

comprises: housing 101, microphone 102, speaker 103, and volume control 104. In accordance with
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the first illustrative embodiment, telephone/hearing aid 100 1s a wireless telephone (e.g., a cordless
telephone, a cellular telephone, efc.) that operates with the telephone system via radio rather than via a
wire. It will be clear to those skilled 1n the art, however, how to make and use embodiments of the
present invention in which telephone/hearing aid 100 is a wireline telephone.

[0014] Housing 101 is designed like a hearing aid so that it can be worn within the external
auditory meatus and outer ear. It will be clear to those skilled in the art how to make and use
housing 101. Microphone 102, speaker 103, and volume control 104 are all described 1n detail below.

[0015] FIG. 2 depicts a block diagram of the salient components of telephone/hearing aid 100
in accordance with the first illustrative embodiment of the present invention. As depicted mn FIG. 2,
telephone/hearing aid 100 comprises: microphone 102, speaker 103, volume control 104, antenna 105,
wireless transmitter 106, receiver 107, processor 108, and amplifier 109, interconnected as shown.

[0016] Microphone 102 picks up an acoustic signal within the vicinity of housing 101,
converts it to an electromagnetic signal, s,(7), and feeds signal s,(f) to processor 108, in well-known
fashion. In accordance with the first illustrative embodiment, signal 5,(¢) is a wideband signal with a
frequency band in excess of [/1, 2.

[0017] Recetver 107 receives an incoming electromagnetic signal (e.g., a telephone call, etc.)
via antenna 105 from a remote transmitter (not shown), demodulates the incoming signal, and passes
the demodulated signal, s,(7), to processor 108, in well-known fashion. In accordance with the first
illustrative embodiment, signal s,(7) represents a band-limited acoustic signal with a frequency range
of {1, f2].

[0018] Speaker 103 receives a third electromagnetic signal, s1(f), from processor 108 via
amplifier 109 and converts it into an acoustic signal, in well-known fashion. How processor 108
generates signal s3(f) 1s described 1n detail below.

[0019] Amplifier 109 receives signal s3(¢) from processor 108 and amplifies it in well-known
fashion. The gain of amplifier 109 is controlled by volume control 104, which enables a user of
telephone/hearing aid 100 to affect the volume (i.e., the amount of acoustical energy) of the sound
output of speaker 103. Furthermore, the gain of amplifier 109 is not affected by whether a telephone
call 1s in progress or not.

[0020] Transmitter 106 recetves an outgoing electromagnetic signal from processor 108,
modulates the outgoing signal, and transmits the modulated signal via antenna 105, in well-known
fashion.

[0021] Processor 108 receives:
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(1) signal s,(f) from microphone 102, and

(2) signal s,(f) from receiver 107,

and generates based on those signals:

(1) the output to transmutter 106, and

(2) signal 55(2).

[0022] When there is no call in progress (i.e., so(f) = 0), telephone/hearing aid 100 functions
solely as a hearing aid and, therefore, processor 108 generates signal s3(¢) based solely on signal 5,(¢).

For example,
50 =a,@)-5,(0) (Eq. 1)
wherein a;(?) is a coefficient that affects the gain or contribution of signal s,(f) to signal s3(¢).
[0023] In contrast, when there is a call in progress (i.e., s2(f) # 0), telephone/hearing aid 100
functions both as a hearing aid and as a telecommunications device. In this case, processor 108
combines, as described below, signal s,(7) and signal s;(¢) to produce signal s3(f). For example,
$.(t)=a () s,() +a,(1)-s,() (Eq. 2)
wherein a,(f) is a coefficient that affects the relative contribution of signal s5(f) to signal si(f).
[0024] To ensure that the total sound energy entering the user’s ear is a constant regardless of
whether a telephone call is in progress or not, the total energy of signal s3(f) 1s maintained at a constant
level both when a telephone call is in progress and when it is not. This is accomplished by having
processor 108 automatically vary the coefficients a;(f) and a,(¢), or the ratio of ai(f)/ax(f), based on
whether a telephone call is in progress or not. In other words, the absolute value of the ratio of
a(H)/ax(f) is less when a call 1s in progress than when a call 1s not in progress (i.e., when signal s,(¢) 1s
less than a threshold).
[0025] Furthermore, processor 108 filters — in the frequency domain — signal s5,(¢) from
microphone 102 so that the frequency components in signal s,(?) in the frequency range [/}, ;] are
more attenuated than the frequency components below £; or above f>. In particular, processor 108
generates signal s3(¢) based on:

5;(1) = f(a () -[A() * 5,(D)]+ a, (1) - 5,(2)) (Eq. 3)
wherein A(f) is the impulse response of a frequency-domain notch filter with a notch band of
[/, /2]. It will be clear to those skilled in the art how to filter signal s,(¢) in this way.
[0026] Furthermore, while a call 1s 1n progress, processor 108 feeds the mput from

microphone 102 — which includes the user’s voice — into transmitter 106 for transmission via antenna

105 and - for the purposes of sidetone — into signal s3(7).
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[0027] FIG. 3 depicts a rendering of telephone/hearing aid 200 in accordance with the second
illustrative embodiment of the present invention. As depicted in FIG. 2, telephone/hearing aid 200
comprises: housing 201, microphone 202-1, stalk 210, microphone 202-2, speaker 103, and volume
control 104. In accordance with the second illustrative embodiment, telephone/hearing aid 200 is a
wireless telephone (e.g., a cordless telephone, a cellular telephone, ezc.) that operates with the
telephone system via radio rather than via a wire. It will be clear to those skilled in the art, however,
how to make and use embodiments of the present invention in which telephone/hearing aid 200 1s a
wireline telephone.

[0028] Housing 201 is designed like a hearing aid so that it can be worn within the external
auditory meatus and outer ear. It will be clear to those skilled in the art how to make and use
housing 101. '

[0029] Stalk 210 is a structural member that positions microphone 202-1 closer to a user’s
mouth than microphone 202-2, which enables microphone 202-1 to pick up more of the user’s voice
during a telephone call than does microphone 202-2. Although both microphones will typically pick
up many common sounds, microphone 202-1 is designed to pick up the user’s own voice, whereas, 1n
contrast, microphone 202-2 is designed to pick up all sounds in the vicinity of housing 201. The
purpose for having two different microphones that are designed to pick up different sounds 1s
described in detail below. Microphone 202-1, microphone 202-2, speaker 203, and volume
control 204 are also all described in detail below.

[0030] FIG. 4 depicts a block diagram of the salient components of telephone/heanng
aid 200. As depicted in FIG. 4, telephone/hearing aid 200 comprises: microphone 202-1, microphone
202-2, speaker 203, volume control 204, antenna 205, wireless transmitter 206, recetver 207,
processor 208, and amplifier 209, interconnected as shown.

[0031] Microphone 202-1 picks up an acoustical signal at the end of stalk 210, converts it to
an electromagnetic signal, s,(f), and feeds signal s,(f) to processor 208, in well-known fashion. In
accordance with the second illustrative embodiment, signal §,(¢) is a signal with a frequency band of
/1, /2l

[0032] Microphone 202-2 picks up an acoustic signal within the vicinity of housing 201,
converts it to an electromagnetic signal, sx(f), and feeds signal s,(f) to processor 208, in well-known
fashion. In accordance with the illustrative embodiment, signal s,(f) is a wideband signal with a
frequency band in excess of [f;, £2].
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[0033] Receiver 207 receives an incoming electromagnetic signal (e.g., a telephone call, erc.)
via antenna 205 from a remote transmitter (not shown), demodulates the incoming signal, and passes
the demodulated signal, s3(7), to processor 208, in well-known fashion. In accordance with the
illustrative embodiment, signal s3(¢) represents a band-limited acoustic signal with a frequency range
of {11, /2]-

[0034] Speaker 203 receives signal s4(f) from processor 208 via amplifier 209 and converts it
into an acoustic signal, in well-known fashion. How processor 208 generates signal s4(f) 1s described
in detail below. |

[0035] Amplifier 209 receives signal s4(f) from processor 208 and amplifies it in well-known
fashion. The gain of amplifier 209 is controlled by volume control 204, which enables a user of
telephone/hearing aid 200 to affect the volume (i.e., the amount of acoustical energy) of the sound
output of speaker 203. Furthermore, the gain of amplifier 209 is not affected by whether a telephone
call is in progress or not.

[0036] Transmitter 206 receives an outgoing electromagnetic signal from processor 208,
modulates the outgoing signal, and transmits the modulated signal via antenna 203, in well-known
fashion.

[0037] Processor 208 receives:

(1) signal, s,(f), from microphone 202-1,

(2) signal, s5(¢), from microphone 202-2,and

(3) signal, s3(¢), from recerver 207,

and generates based on those signals:

(1) the output to transmitter 206, and

(2) signal s4(?).

[0038] When there is no call 1n progress (i.e., s3(f) = 0), telephone/hearing aid 200 functions
solely as a hearing aid and, therefore, processor 208 generates signal s4(¢) based sclely on signal s5().

For example,

5,(t) = a,(t)- 5, (1) (Eq. 4)
wherein a,(¢) 1s a coefficient that affects the gain or contribution of signal s,(¢) to signal s5(¢).
[0039] In contrast, when there is a call in progress (i.e., s3(f) # 0), telephone/hearing aid 200
functions both as a hearing aid and as a telecommunications device. In this case, processor 208
combines, as described below, signal s,(¢), signal s5(f), and signal s3(¢) to produce signal s4(¢). For

example,

~-60f11 -
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5,(1) = a (1) - 5,(t) + a,(2) - 5,(1) + a;(t) - 5,(1) (Eq. 5)
wherein a,(1) is a coefficient that affects the gain or contribution of signal s,(f) to signal s4(?)
and wherein as(f) is a cocfficient that affects the gain or contribution of signal s3(f) to signal s4(¢).

[0040] To ensure that the total sound energy entering the user’s ear is a constant regardless of
whether a telephone call 1s in progress or not, the total energy of signal s4(f) 1s maintained at a constant
level both when a telephone call is in progress and when it 1s not. This is accomplished by having
processor 208 automatically vary coefficients a,(), a:(f), and as(#) or the ratio of a;{f)/ax(f) and
a,()/as(?) based on whether a telephone call 1s in progress or not.

[0041] Furthermore, processor 208 filters — in the frequency domain - signal, 5,(¢), from
microphone 202-2 so that the frequency components in signal s,(¢) in the frequency range [fi, £;] are
more attenuated than the frequency components below f; or above /. In particular, processor 208
generates signal s4(f) based on:

s,(O) =a () s,(t) +a,()- [h({) * 5,(O))+ a,(O) - 5,(F) (Eq. 6)
wherein A(¢) is the impulse response of a frequency-domain notch filter with a notch band of
[/1, ~2]. Tt will be clear to those skilled in the art how to filter signal s,(¢) in this way. Furthermore,
while a call is in progress, processor 208 feeds the input from microphone 202-1 (i.e., the user’s voice)
into transmitter 206 for transmission via antenna 205 and - for the purposes of sidetone — into signal
s4(1).

[0042] 1t is to be understood that the above-described embodiments are merely illustrative of
the present invention and that many varniations of the above-described embodiments can be devised by
those skilled in the art without departing from the scope of the invention. It i1s therefore intended that
such variations be included within the scope of the following claims and their equivalents.

[0043] What is claimed is:

-T7of 11 -
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Claims

1. An apparatus comprising:
a microphone for converting a first acoustic signal into a first electromagnetic signal

a receiver for receiving a second electromagnetic signal s,(t);

a processor for generating a third electromagnetic signal ss(t) based on a,(¢) - s,(¢)

and a,(t)-s,(¢), wherein a,(t)/a,(t) is based on whether or not said apparatus is engaged

In a telephone call; and

signal;

si(t);

a speaker for converting said thirdelectromagnetic signal s3(t) into a second acoustic

wherein g, (¢)is a time-varying coefficient that is always greater than zero; and
wherein a,(#)is a time-varying coefficient that is always non-negative; and

wherein a,(t) > 0 when said apparatus is engaged in a telephone call.
2. The apparatus of claim 1 wherein at least one of g,(¢) and a,(¢) is based on s;(t).

3. The apparatus of claim 1 wherein a,(¢,)/a,(t,) < a,(t,)/a,(t,) when:

(i) said apparatus is not engaged in a telephone call at time ¢;, and

(i) said apparatus is engaged in a telephone call at time ¢,.

4. An apparatus comprising:
a microphone for converting a first acoustic signal into a first electromagnetic signal

a receiver for receiving a second electromagnetic signal s,(t);

a processor for generating a third electromagnetic signal s3(t) based on

a,(t)-[h() *s,(¢)] and a,(t)-s,(t), wherein a,(t)/a,(t) is based on whether or not

said apparatus is engaged in a telephone call; and

signal;

a speaker for converting said third electromagnetic signal s3(t) into a second acoustic

wherein n(¢)is the impulse response of a frequency-domain filter; and
wherein a,(¢)is a time-varying coefficient that is always greater than zero; and
wherein a,(t)is a time-varying coefficient that is always non-negative; and

wherein a,(t) > 0 when said apparatus is engaged in a telephone call.
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5. The apparatus of claim 4 wherein at least one of q,(f) and a,(¢) is based on s;(t).

6. The apparatus of claim 4 wherein a,(t,)/a,(t,) < a,(t,)/a,(t,) when:

(i) said apparatus is not engaged in at telephone call at time ¢, and

(il) said apparatus is engaged in a telephone call at time ¢,.
7. The apparatus of claim 4 wherein said frequency-domain filter is a notch filter.

8. The apparatus of claim 7 wherein s,(t) is bandpass-limited to a frequency band

[f;, /-] and said notch filter has a notch band of [f;, f>].

9. An apparatus comprising:

a first microphone for converting a first acoustic signal into a first electromagnetic

signal s;(t);
a second microphone for converting a second acoustic signal into a second

electromagnetic signal s,(t);
a receiver for receiving a third electromagnetic signal s3(t);

a processor for generating a fourth electromagnetic signal s;(t) based on

a,(t)-s,(t), a,(t)-s,(t), and a,(t)-s,(¢), wherein a,(¢)/a,(t) is based on whether or

not said apparatus is engaged in a telephone call; and
a speaker for converting s,(t) into a third acoustic signal;

wherein a;(t) is a time-varying coefficient that is always greater than zero; and

wherein a,(t)is a time-varying coefficient that is always greater than zero; and

wherein a,(f)is a time-varying coefficient that is always non-negative; and

wherein a,(¢) > 0 when said apparatus is engaged in a telephone call.

10. The apparatus of claim 9 wherein at least one of q,(¢), a,(¢), and a,(¢) is based

on at least one of s;(t) and s,(t).

11. The apparatus of claim 9 wherein a,(¢,)/a,(t,) < a,(t,)/a,(t,) when:

(i) said apparatus is not engaged in at telephone call at time &;, and

(ii) said apparatus is engaged in a telephone call at time ¢, .



CA 02433476 2007-09-04

12. An apparatus comprising:

a first miCrophone for converting a first acoustic signal into a first electromagnetic
signal s;(t);

a second microphone for converting a second acoustic signal into a second
electromagnetic signal s,(t);

a receiver for receiving a third electromagnetic signal s3(t),

a processor for generating a fourth electromagnetic signal s4(t) based on a,(¢t)-s,(?),
a,(t)-[h(t) *s,(2)], and a,(¢)-s,(¢t), wherein a,(t)/a,(t) is based on whether or not said

apparatus is engaged in a telephone call; anad

a speaker for converting s4(t) into a third acoustic signal,

wherein A(t)is the impulse response of a frequency-domain filter; and

wherein a;(t) is a time-varying coefficient that is always greater than zero; and

wherein a,(t) is a time-varying coefficient that is always greater than zero; and

wherein a,(t)is a time-varying coefficient that is always non-negative; and

wherein a,(f) >0 when said apparatus is engaged in a telephone call.

13. The apparatus of claim 12 further comprising a transmitter for transmitting

Sz(t).

14. The apparatus of claim 12 wherein at least one of a,(¢), a,(t), and a,(?) is

based on at least one of s;(t) and s,(t).

15. The apparatus of claim 12 wherein a,(¢,)/a,(t,) < a,(t,)/a,(t,) when:

(i) said apparatus is not engaged in at télephone call at time £, and

(ii) said apparatus is engaged in a telephone call at time ¢,.
16. The apparatus of claim 12 wherein said filter is a notch filter.

17. The apparatus of claim 16 wherein s3(t) is bandpass-limited to a frequency band
[f;, 5] and said notch filter has a notch band of [f;, f5].

- 10 -



CA 02433476 2007-09-04

18. A combination telephone and hearing aid comprising:

a first microphone for converting a first acoustic signal into a first e'lectromagnetic
sighal;

a second microphone for converting a second acoustic signal into a second

electromagnetic signal;

a receiver for receiving a third electromagnetic signal that represents a third acoustic
signal; and

a speaker for converting a fourth electromagnetic signal into a fourth acoustic signal,
wherein said fourth electromagnetic signal is based on said first electromagnetic signal, said

second electromagnetic signal, and said third electromagnetic signal.

19. The combination telephone and hearing aid of claim 18 further comprising a

transmitter for transmitting said first electromagnetic signal.

20. The combination telephone and hearing aid of claim 18 wherein the relative
contribution of said first electromagnetic signal, said second electromagnetic signal, and

said third electromagnetic signal to said fourth electromagnetic signal is based on whether

said combination telephone and hearing aid is engaged in a call.

- 11 -
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