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(57) Abstract: The invention relates to a system
for providing binaural hearing assistance to a user,
comprising a left ear unit (10, 10A) to be worn at or in
the user's left ear, a right ear unit (10, 10B) to be worn at
or in the user's right ear, each of the left ear unit and the
right ear unit comprising means (18) for stimulating the
user's hearing and an inductive antenna (22) for enabling
bidirectional communication between the left ear unit
and the right ear unit via an inductive link, which
antenna has an axial symmetry axis which is oriented
substantially vertically and which is substantially
parallel to the antenna of the other one of the left ear
unit and right ear unit, the system further comprising at
least one device (26, 26A, 26B, 26C, 26D, 26E, 26F)
to be worn by the user which comprises an inductive
antenna (28) for enabling communication between the
device and at least one of the left ear unit and the right
ear unit via an inductive link, which antenna has an axial
symmetry axis which is oriented substantially vertically
and which is substantially parallel to the antennas of the
left ear unit and right ear unit.
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System for binaural hearing assistance

The present invention relates to a system for providing binaural hearing assistance to a user
comprising a left ear unit to be worn at or in the user’s left ear and a right ear unit to be worn
at or in the user’s right ear, wherein each of the left ear unit and the right ear unit comprises
means for stimulating the user’s hearing and an inductive antenna for enabling bidirectional

communication between the units via an inductive link.

DE 10 2004 016 573 B1 relates to such a binaural system wherein two in-the-ear (ITE)
hearing aids are provided with antenna coils in such a manner that the symmetry axes are
oriented substantially horizontally and coaxially with respect to each other when the hearing
aids are worn in the user’s ear canals in order to optimize the inductive coupling between the
two antennas. This is particularly important in view of the relatively restricted power budget

of hearing aids. A similar binaural system is described in DE 10 2004 019 353 B3.

It is also known to provide hearing aids with a coil antenna which is oriented substantially
vertical in order to pick up the inductive signals produced by the coil of the receiver of a
telephone headset. Such inductive coils in hearing aids are known as “T-coils”. Examples for
hearing aids equipped with T-coils are found in US 2006/0029248 A1, US 5,557,673 and
DE 10 2004 017 832 B3.

A vertical antenna integrated into the housing of a behind the ear (BTE) hearing aid for
bidirectional communication with a remote programming device is described in
DE 101 15 896 A1, wherein the hearing device may be part of a binaural system. The
receiver/transmitter unit connected to the antenna is removed from the hearing aid during

times when no communication with the remote programming unit is necessary.

DE 102 36 940 B3 relates to a hearing aid comprising an antenna coil wound around the
housing of the hearing aid microphone or the hearing aid loudspeaker for communication with

a remote device. The hearing aid may be part of a binaural system.

US 6,594,370 B1 relates to a wireless communication system comprising two ear pieces
which communicate wirelessly with a remote processor unit worn at the neck. A necklace is
provided into which patch antenna arrays are integrated for establishing a wireless link to the

ear pieces.
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It is also known to design a remote control for hearing aids as a wrist watch-like device,

wherein the antenna for providing a wireless link to the hearing aid is integrated within the

band of the wrist-watch. An examples for such a remote control is given in DE 36 42 828 Al.

It is an object of the invention to provide for a binaural hearing assistance system wherein
bidirectional communication between the left ear unit and the right ear unit and in addition

communication with a body worn device is enabled at a relatively small power budget.

According to the invention this object is achieved by a system as defined in claim 1 and in

claim 16, respectively.

The solution according to claim 1 is beneficial in that, by arranging the antennas of the right
ear unit and the left ear unit in a substantially vertical, parallel orientation and by arranging
the antenna of the body-wom device in a substantially vertical orientation parallel to the
antennas of the of the right ear unit and the left ear unit, the inductive coupling between the
body-worn device and the right ear unit and/or left ear unit is optimized while still an
acceptable inductive coupling between the right ear unit and the left ear unit is achieved.
Although the efficiency of the inductive coupling between the right ear unit and the left ear
unit is reduced compared to the case of a horizontal axially aligned arrangement of the
antennas, the overall performance of the system can be improved by such vertical antenna
arrangement. One reason is that the inductive coupling to the body-worn device can be
improved due to the fact that usually a vertical antenna arrangement can be realized more
easily in the body-worn device than a horizontal antenna arrangement. Another reason is that
for a vertical antenna arrangement the left ear unit and the right ear unit usually allows for
more antenna space, so that the reduced inductive coupling can be compensated by an
extended length of the antennas. Such extended antennas can be realized particularly easy for

BTE hearing aids.

The solution according to claim 16 is beneficial in that, by orienting the antennas of the left
ear unit and the right ear unit substantially horizontally and substantially aligned to each other
and by orienting the antenna of the body-worn device substantially horizontally and
substantially parallel to the antennas of the left ear unit and the right ear unit, an optimized
inductive coupling both between the left ear unit and the right ear unit and the body-worn

device is achieved.

Preferred embodiments of the invention are defined in the dependent claims.
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Examples of the invention will be illustrated by reference to the attached drawings, wherein:

Fig. 1 is a schematic view of a first embodiment of a binaural system according to the
invention comprising a left ear unit and the right ear unit and several examples

of body-worn devices;
Fig. 2 is a view like Fig. 1 of a second embodiment;

Fig.3 is a block diagram of an example of a left ear/right ear unit to be used in the

embodiment of Fig. 1 or 2; and

Fig. 4 is a block diagram of an example of remote device to be used in the

embodiment of Fig. 1 or 2.

Fig. 3 shows a hearing aid 10 which may be used as a left ear unit 10A and a right ear unit
10B, respectively, of the binaural hearing assistance system of Fig. 1 or Fig. 2. The hearing
aid 10 comprises a microphone 12 for picking up ambient sound, a central audio signal

processing unit 14, a power amplifier 16 and a loudspeaker 18.

The hearing aid 10 further comprises a receiver/transmitter unit 20 and an inductive antenna
22 for establishing a wireless inductive link for bidirectional communication with the other
one of the hearing aids 10 in order to realize a binaural system. The hearing aids 10A, 10B
may exchange audio signals captured by the microphone 12 of the other one of the hearing
aids 10A, 10B. Alternatively or in addition, the hearing aids 10A, 10B may exchange control
data generated by the audio signal processing unit 14 according to the audio signals from the
microphone 12 or control data received by the central audio signal processing 14 from a

control panel 24 provided at the hearing aid or from a remote control of the hearing aid.

The audio signal processing unit 14 usually will be able to perform auditory scene analysis in
order to adapt the audio signal processing to the presently detected auditory scene, for
example, in order to adjust the amplification and/or the degree of acoustic beam forming to
the auditory scene (usually the microphone 12 will be a microphone arrangement consisting
of at least two microphones which are spaced apart for acoustic beam forming). To this end,
the audio signal processing unit 14 usually will select one audio program from a plurality of

different audio programs depending on the presently captured audio signals.
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In order to determine the present auditory scene, audio signal processing unit 14 in addition to
the audio signals from the microphone 12 also may take into account audio signals received
by the receiver/transmitter unit 20 from the other one of the hearing aids 10A, 10B, i.e. audio
signals captured by the microphone 12 of the other one of the hearing aids 10A, 10B, in order
to render the result of the auditory scene analysis more reliable. Moreover, information
regarding the presently selected audio program may be exchanged between the hearing aids
10A, 10B, and such information regarding the presently selected audio program of the other
one of the hearing aids 10A, 10B may be taken into account when selecting the audio

program.

It is to be understood that the hearing aid 10 will include elements in addition to that shown in

Fig. 3, such as a battery, a data/program memory, etc.
An example of a binaural hearing system is found in EP 1 651 005 A2.

The antenna 22 preferably is. a coil which may comprise an elongated core such as a ferrite
core or which may a simple air coil. The antenna 22 of at least one of the hearing aids 10A,
10B, in addition to establishing a bidirectional inductive link to the other one of the hearing
aids 10A, 10B, also serves to establish an inductive link to a remote device 26 which is to be

worn at the user’s body.

In the embodiment of Fig. 1 the antenna 22 of the hearing aid 10A, 10b is oriented
substantially vertical in such a manner that it is substantially parallel to the antenna 22 of the
other one of the hearing aids 10A, 10B. In this case, the hearing aids 10A, 10B preferable are
of the BTE type, with the antennas 22 substantially extending in the longitudinal direction of

the hearing aid housing.

The communication between the hearing aid 10 and the remote device 26 via the inductive
link may be unidirectional from the remote device 26 to the hearing aid 10, or it may be
bidirectional if necessary. The remote device 26 may be a remote control for the hearing aid
10 in order to transmit manual control commands to the audio signal processing unit 14,
and/or it may serve as an audio signal source for supplying audio signals to be reproduced by
the loudspeaker 18 to the hearing aid 10. In the latter case, the remote device 26 may be a
music player, such as an MP3 player, and/or a radio broadcast receiver. Alternatively, the

remote device 26 may comprise a microphone for capturing audio signals from ambient sound
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and/or it may be electrically connected to an audio signal source to be worn at the user’s

body, such as a radio frequency (RF) receiver unit or a mobile phone.

Fig. 4 is a block diagram of an example of such a remote device 26 which comprises an
inductive antenna 28, which preferably comprises a coil which preferably has an elongated
core such as a ferrite core, a transmitter unit 30, a central processing unit 32, an audio signal
source 34 (for example, a digital audio data storage medium), a control panel 36 and an audio
signal input 38. The control panel 36 serves for manual input of control commands for the
hearing aid 10. The audio signal input 38 serves to connect the remote device 26 to an audio
signal source, such as a radio frequency receiver or a mobile phone, via a wired connection or
a wireless interface. The remote device 26 also may comprise a microphone 52 for capturing

ambient sound.

Fig. 1 shows examples of a binaural hearing assistance system comprising two hearing aids
10A and 10B wherein the antenna 22 is oriented substantially vertically and some examples
of remote devices 26A to 26F which are designed in such a manner that the antenna 28 is
oriented substantially vertically — and thus essentially parallel to the antennas 22 of the
hearing aids 10A, 10B - when the hearing aids 10A, 10B and the remote devices 26 are worn

according to specification.

As a first example, a remote device 26A is shown which is to be worn around the user’s neck
in such a manner that due to the action of gravity the antenna 28 of the device 26A is oriented

essentially vertical.

A device 26B has a pen-shaped housing which is to be worn in, for example, a shirt pocket,

with the antenna 28 extending along the longitudinal axis of the housing.

A device 26C is to be fixed at the user’s upper arm by a band 40 extending around the user’s

upper arm, with the antenna 28 extending perpendicular to the band 40.

A device 26D is designed to be worn at a belt 42 worn by the user, with the antenna 28
extending in the direction perpendicular to the belt 42.

The above-described devices 26A to 26D have an antenna 28 which may be designed as a coil
comprising an elongated core such as a ferrite core. However, in some cases the antenna 28
may be designed as air coil. For example, an inductive antenna may be integrated within the

band 40 in such a manner that an air coil is wound around the user’s upper arm when the band
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40 is worn by the user. This embodiment is shown in dashed lines in Fig. 1, with the remote
device being designated by 26E. According to another example, the air coil may be integrated
within the belt 42 in such a manner that the air coil is wound around the user’s hip when the

belt 42 is worn by the user. This device is designated by 26F.

According to Fig. 1 the system in addition may comprise a remote desktop device 261
comprising a printed circuit board 50 into which an inductive antenna 28 is embedded which
is formed by conductor turns within the plane of the printed circuit board 50, wherein desktop
device 261 is designed in such a manner that the printed circuit board 50 is oriented parallel to

the plane in which the desktop device 261 is placed.

The system also may comprise a handheld device 26] comprising a printed circuit board 50
into which a first inductive antenna 28 is embedded which is formed by conductor turns
within the plane of the printed circuit board 50 and a second inductive antenna 128, preferably
comprising a coil having an elongated core, having an axial symmetry axis which is oriented
along or parallel to a longitudinal axis of the handheld device 26J. Preferably, the axial
symmetry of the second antenna 128 is oriented in or parallel to the plane of the printed

circuit board 50.

In Fig. 2 an alternative embodiment of a binaural hearing assistance system is shown wherein
the antennas 22 of the hearing aids 10A, 10B are oriented essentially horizontally and aligned
with respect to each other. In this case, a remote device 26G may be used which is to be worn
at the user’s chest, where it may be fixed, for example, by an appropriate band (not shown),
wherein the antenna 28 is oriented essentially horizontally and parallel to the antennas 22 of
the hearing aids 10A, 10B. According to another example, the remote device 26H may have a
wrist watch-like design, with the band 44 of the wrist watch serving as an air coil, i.e. the coil

will be integrated within the band 44 in such a manner that it is bound around the user’s wrist.

In the case of Fig. 2 the hearings aids 10A, 10B preferably are of the ITE type, with the

antennas 22 extending in the longitudinal direction of the hearing aid housing.
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Claims

A system for providing binaural hearing assistance to a user, comprising a left ear unit
(10, 10A) to be worn at or in the user’s left ear, a right ear unit (10, 10B) to be worn at
or in the user’s right ear, each of the left ear unit and the right ear unit comprising
means (18) for stimulating the user’s hearing and an inductive antenna (22) for enabling
bidirectional communication between the left ear unit and the right ear unit via an
inductive link, which antenna has an axial symmetry axis which is oriented substantially
vertically and which is substantially parallel to the antenna of the other one of the left
ear unit and right ear unit, the system further comprising at least one device (26, 26A,
26B, 26C, 26D, 26E, 26F) to be worn by the user which comprises an inductive antenna
(28) for enabling communication between the device and at least one of the left ear unit
and the right ear unit via an inductive link, which antenna has an axial symmetry axis
which is oriented substantially vertically and which is substantially parallel to the

antennas of the left ear unit and right ear unit.

The system of claim 1, wherein each of the left ear unit (10, 10A) and the right ear unit
(10, 10b) is a hearing aid (10) comprising a microphone (12) for capturing audio signals
from ambient sound which are processed by an audio signal processing unit (14) and are

supplied to the stimulating means (18).

The system of claim 2, wherein each of the left ear unit (10, 10A) and the right ear unit
(10, 10B) is a BTE hearing aid (10). '

The system of one of the preceding claims, wherein the device (26, 26A) is to be wormn

around the user’s neck.

The system of one of claims 1 to 3, wherein the device (26, 26B) has a pen-shaped
housing, with the antenna (28) extending along the axis of the housing, and wherein the

pen-shaped housing is adapted to be fixed to the user’s clothing.

The system of one of claims 1 to 3, wherein the device (26, 26D) is a belt-worn device,

with the antenna (28) extending perpendicular to the belt (42).

The system of one of claims 1 to 3, wherein the device (26, 26C) is adapted to be fixed
at the user’s upper arm by a band (40), with the antenna (28) extending perpendicular to
the band.
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The system of one of the preceding claims, wherein the antenna (28) of the device (26,

26A, 26B, 26C, 26D) comprises a coil.

The system of claim 8, wherein the coil of the antenna (28) of the device (26, 26A, 26B,

26C, 26D) surrounds an elongated core.

The system of one of claims 1 to 3, wherein the device (26, 26F) to be worn by the user
is attached to a belt (42), wherein the antenna (28) is integrated within the belt in such a

manner that it is wound as an air coil around the user’s hip.

The system of one of claims 1 to 3, wherein the device (26, 26E) to be worn by the user
is attached to a band (40) to be worn around the user’s upper arm, wherein the antenna
(28) is integrated within the band in such a manner that it is wound as an air coil around

the user’s upper arm.

The system of one of the preceding claims, wherein the system comprises a desktop
device (261) comprising a printed circuit board (50) into which an inductive antenna
(28) is embedded which is formed by conductor turns within the plane of the printed
circuit board, wherein the printed circuit board is oriented parallel to a plane on which

the desktop device is to be placed.

The system of one of the preceding claims, wherein the system comprises a handheld
device (26J) comprising a printed circuit board (50) into which a first inductive antenna
(28) is embedded which is formed by conductor turns within the plane of the printed
circuit board and a second inductive antenna (128) having an axial symmetry axis which

is oriented along or parallel to a longitudinal axis of the handheld device.

The system of claim 13, wherein the axial symmetry axis of the second antenna (128) is

oriented in or parallel to the plane of the printed circuit board (50) .

The system of one of claims 13 and 14, wherein the second antenna (128) comprises a

coil.

A system for providing binaural hearing assistance to a user, comprising a left ear unit
(10, 10A) to be worn at or in the user’s left ear, a right ear unit (10, 10B) to be worn at
or in the user’s right ear, each of the left ear unit and the right ear unit comprising
means (18) for stimulating the user’s hearing and an inductive antenna (22) for enabling

bidirectional communication between the left ear unit and the right ear unit via an

8
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17.

18.

19.

20.

21.

22.

23.

24.

inductive link, which antenna has an axial symmetry axis which is oriented substantially
horizontally and which is substantially aligned to the antenna of the other one of the left
ear unit and right ear unit, the system further comprising at least one device (26, 26G,
26H) to be worn by the user which comprises an inductive antenna (28) for enabling
communication between the device and at least one of the left ear unit and the right ear
unit via an inductive link, which antenna has an axial symmetry axis which is oriented
substantially horizontally and which is substantially parallel to the antennas of the left

ear unit and right ear unit.

The system of claim 16, wherein each of the left ear unit (10, 10A) and the right ear unit
(10, 10B) is a hearing aid (10) comprising a microphone (12) for capturing audio signals
from ambient sound which are processed by an audio signal processing unit (14) and are

supplied to the stimulating means (18).

The system of one of claims 16 and 17, wherein the device to be worn by the user is a
wrist watch-like device (26, 26H), wherein the antenna (28) is integrated within the

wrist band (44) in such a manner that it is wound as an air coil around the user’s wrist.

The system of one of claims 16 and 17, wherein the device (26, 26G) to be wom by the
user is to be worn at the user’s chest and wherein the antenna (28) of the device

comprises a coil.

The system of one of the preceding claims, wherein the antenna (22) of each of the left

ear unit (10, 10A) and the right ear unit (10, 10B) comprises a coil.

The system of claim 20, wherein the coil of the antenna (22) of each of the left ear unit

(10, 10A) and the right ear unit (10, 10B) surrounds an elongated core.

The system of one of the preceding claims, wherein the means for stimulating the user’s

hearing is a loudspeaker (18) oriented towards the user’s ear drum.

The system of one of the preceding claims, wherein the communication between the
device (26, 26A, 26B, 26C, 26D, 26E, 26F, 26G, 26H) and the left ear unit (10, 10A)
and/or right ear unit (10, 10B) is bidirectional.

The system of one of the preceding claims, wherein the device (26, 26A, 26B, 26C,
26D, 26E, 26F, 26G, 26H) to be worn by the user serves as a remote control for the left
ear unit (10, 10A) and the right ear unit (10, 10B).

9
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25.

26.

27.

28.

29.

The system of one of claims 1 to 23, wherein the device (26, 26A, 26B, 26C, 26D, 26E,
26F, 26G, 26H) to be worn by the user serves as a remote audio signal source for the
left ear unit (10, 10A) and the right ear unit (10, 10B).

The system of claim 25, wherein the device (26, 26A, 26B, 26C, 26D, 26E, 26F, 26G,

26H) is a music player and/or a radio.

The system of one of claims 1 to 23, wherein the device (26, 26A, 26B, 26C, 26D, 26E,
26F, 26G, 26H) comprises a microphone (52) for capturing audio signals from ambient

sound which are transmitted to the right ear unit (10, 10A) and/or the left ear unit (10,
10B). '

The system of one of claims 1 to 23, wherein the device (26, 26A, 26B, 26C, 26D, 26E,
26F, 26G, 26H) is adapted to be electrically connected to an audio signal source to be

worn at the user’s body.

The system of claim 28, wherein the audio signal source is a radio frequency receiver

unit or a mobile phone.

10
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