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(54) METHOD AND DEVICE FOR STREAMING COMMUNICATION BETWEEN HEARING DEVICES

(57) Disclosed is a method and a hearing device for
audio communication with at least one external device,
the hearing device comprising: a processing unit for pro-
viding a processed first signal; a first acoustic input trans-
ducer connected to the processing unit for converting a
first acoustic signal into a first input signal to the process-
ing unit for providing the processed first signal; a second
input transducer for providing a second input signal; an
acoustic output transducer connected to the processing
unit for converting the processed first signal into an audio
output signal for the acoustic output transducer; wherein
the second input signal is provided by converting, in the

second input transducer, at least the audio output signal
from the acoustic output transducer and a body-conduct-
ed voice signal from a user of the hearing device; a user
voice extraction unit for extracting a voice signal, where
the user voice extraction unit is connected to the process-
ing unit for receiving the processed first signal and con-
nected to the second input transducer for receiving the
second input signal; wherein the user voice extraction
unit is configured to extract the voice signal based on the
second input signal and the processed first signal; and
wherein the voice signal is configured to be transmitted
to the at least one external device.
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Description

FIELD

[0001] The present disclosure relates to a method and
a hearing device for audio communication with at least
one external device. The hearing device comprises a
processing unit for providing a processed first signal, a
first acoustic input transducer connected to the process-
ing unit for converting a first acoustic signal into a first
input signal to the processing unit for providing the proc-
essed first signal, a second input transducer for providing
a second input signal, and an acoustic output transducer
connected to the processing unit for converting the proc-
essed first signal into an audio output signal for the acous-
tic output transducer.

BACKGROUND

[0002] Streaming communication between a hearing
device and an external device, e.g. another electronic
device, such as another hearing device, is increasing and
bears even greater potential for the future, e.g. in con-
nection with hearing protection. However noise in the
streamed or transmitted audio signals often decreases
the signal quality.

SUMMARY

[0003] Thus there is a need for an effective noise can-
cellation mechanism for external acoustic audio signals
while transmitting or streaming communication between
devices is enabled. Effective noise cancellation may be
provided while the user’s own voice is picked up. Fur-
thermore, effective noise cancellation may be provided
while also providing two-way communication, where the
user’s own voice is picked up.
[0004] Disclosed is a hearing device for audio commu-
nication with at least one external device. The hearing
device comprises a processing unit for providing a proc-
essed first signal. The hearing device comprises a first
acoustic input transducer connected to the processing
unit, the first acoustic input transducer being configured
for converting a first acoustic signal into a first input signal
to the processing unit for providing the processed first
signal. The hearing device comprises a second input
transducer for providing a second input signal. The hear-
ing device comprises an acoustic output transducer con-
nected to the processing unit, the acoustic output trans-
ducer being configured for converting the processed first
signal into an audio output signal of the acoustic output
transducer. The second input signal is provided by con-
verting, in the second input transducer, at least the audio
output signal from the acoustic output transducer and a
body-conducted voice signal from a user of the hearing
device. The hearing device comprises a user voice ex-
traction unit for extracting a voice signal, where the user
voice extraction unit is connected to the processing unit

for receiving the processed first signal and connected to
the second input transducer for receiving the second in-
put signal. The user voice extraction unit is configured to
extract the voice signal based on the second input signal
and the processed first signal. The voice signal is con-
figured to be transmitted to the at least one external de-
vice.
[0005] Also disclosed is a method in a hearing device
for audio communication between the hearing device and
at least one external device. The hearing device com-
prises a processing unit, a first acoustic input transducer,
a second input transducer, an acoustic output transducer
and a user voice extraction unit. The method comprises
providing a processed first signal in the processing unit.
The method comprises converting a first acoustic signal
into a first input signal, in the first acoustic input trans-
ducer. The method comprises providing a second input
signal, in the second input transducer. The method com-
prises converting the processed first signal into an audio
output signal in the acoustic output transducer. The sec-
ond input signal is provided by converting, in the second
input transducer, at least the audio output signal from the
acoustic output transducer and a body-conducted voice
signal from a user of the hearing device. The method
comprises extracting a voice signal, in the user voice
extraction unit, based on the second input signal and the
processed first signal. The method comprises transmit-
ting the extracted voice signal to the at least one external
device.
[0006] The hearing device and method as disclosed
provides an effective noise cancellation mechanism for
external acoustic audio signals while transmitting or
streaming communication is enabled, at least from the
hearing device to the external device.
[0007] The hearing device and method allow transmit-
ting or streaming communication between two hearing
devices, such as between two hearing devices worn by
two users. Thus the voice of the user of the first hearing
device can be streamed to the hearing device of the sec-
ond user such that the second user can hear the voice
of the first user and vice versa.
[0008] At the same time the hearing device excludes
external sounds from entering the audio loop in the hear-
ing devices, thus the user of the second hearing device
does not receive noise from the surroundings of the first
user, as the external noise at the first user is removed
and/or filtered out.
[0009] Thus the voice of the user of the first hearing
device is transmitted or streamed as audio to the second
hearing device while the surrounding noise is removed.
The user of the first hearing device may also receive
transmitted or streamed audio from the second hearing
device or from another external device while surrounding
noise at the user of the first hearing device is cancelled
out.
[0010] Surrounding noise can be cancelled out due to
the provision of the first acoustic input transducer, e.g.
an outer microphone in the hearing device, which may
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work as reference microphone for eliminating the sound
from the surroundings of the user of the hearing device.
[0011] The hearing device may also prevent, eliminate
and/or remove the occlusion effect for the user of the
hearing device. This is due to the provision of the second
input transducer, e.g. an in-canal input transducer, such
as a microphone in the ear canal of the user.
[0012] The hearing device may be configured to cancel
the acoustic signals. A first transmitted or streamed sig-
nal to the hearing device, e.g. from the at least one ex-
ternal device or from another external device, and the
body-conducted voice signal, or possibly almost the en-
tire part of the body-conducted voice signal being a vi-
bration signal, may be outside the acoustic processing
loop in the hearing device. Thus a first transmitted or
streamed signal and the body-conducted, e.g. vibration,
voice signal may be kept and maintained in the hearing
device and not cancelled out.
[0013] The hearing device may be a hearing aid, a bin-
aural hearing device, an in-the-ear (ITE) hearing device,
an in-the-canal (ITC) hearing device, a completely-in-
the-canal (CIC) hearing device, a behind-the-ear (BTE)
hearing device, a receiver-in-the-canal (RIC) hearing de-
vice etc. The hearing device may be a digital hearing
device. The hearing device may be a hands-free mobile
communication device, a speech recognition device etc.
The hearing device or hearing aid may be configured for
or comprise a processing unit configured for compensat-
ing a hearing loss of a user of the hearing device or hear-
ing aid.
[0014] The hearing device is configured for audio com-
munication with at least one external device. The hearing
device is configured to be worn in the ear of the hearing
device user. The hearing device user may wear a hearing
device in both ears or in one ear. The at least one external
device may be worn, carried, held, attached to, be adja-
cent to, in contact with, connected to etc. another person
than the user. The other person being associated with
the external device is in audio communication with the
user of the hearing device. The at least one external de-
vice is configured to receive the extracted voice signal
from the hearing device. Thus the person associated with
the at least one external device is able to hear what the
user of the hearing device says, while the surrounding
noise at the user of the hearing device is cancelled or
reduced. The voice signal of the user of the hearing de-
vice is extracted in the user voice extraction unit such
that the noise present at the location of the hearing device
user is cancelled or decreased when the signal is trans-
mitted to the at least one external device.
[0015] The audio communication may comprise trans-
mitting signals from the hearing device. The audio com-
munication may comprise transmitting signals to the
hearing device. The audio communication may comprise
receiving signals from the hearing device. The audio
communication may comprise receiving signals from the
at least one external device. The audio communication
may comprise transmitting signals from the at least ex-

ternal device. The audio communication may comprise
transmitting signals between the hearing device and the
at least one external device, such as transmitting signals
to and from the hearing device and such as transmitting
signal to and from the at least one external device.
[0016] The audio communication can be between the
hearing device user and his or her conversation partner,
such as a spouse, family member, friend, colleague etc.
The hearing device user may wear the hearing device
for being compensated for a hearing loss. The hearing
device user may wear the hearing device as a working
tool, for example if working in a call centre or having many
phone calls each days, or if being a soldier and needing
to communicate with colleague soldiers or execute per-
sons giving orders or information.
[0017] The at least one external device may be a hear-
ing device, a telephone, a phone, a smart phone, a com-
puter, a tablet, a headset, a device for radio frequency
communication etc.
[0018] The hearing device comprises a processing unit
for providing a processed first signal. The processing unit
may be configured for compensating for a hearing loss
of the hearing device user. The processed first signal is
provided at least to the acoustic output transducer.
[0019] The hearing device comprises a first acoustic
input transducer connected to the processing unit for con-
verting a first acoustic signal into a first input signal to
the processing unit for providing the processed first sig-
nal. The first acoustic input transducer may be a micro-
phone. The first acoustic input transducer may be an out-
er microphone in the hearing device, e.g. a microphone
arranged in or on or at the hearing device to receive
acoustic signals from outside the hearing device user,
such as from the surroundings of the hearing device user.
The first acoustic signal received in the first acoustic input
transducer may be acoustic signals, such as sound, such
as ambient sounds present in the environment of the
hearing device user. If the hearing device user is present
in an office space, then the first acoustic input signal may
be the voices of co-workers, sounds from office equip-
ment, such as from computers, keyboards, printers, cof-
fee machines etc. If the hearing device user is for exam-
ple a soldier present in a battle field, then the first acoustic
signal may be sounds from war materials, voices from
soldier colleagues etc.
[0020] The first acoustic signal is an analogue signal
provided to the first acoustic input transducer. The first
input signal is a digital signal provided to the processing
unit. An analogue-to-digital converter (A/D converter)
may be arranged between the first acoustic input trans-
ducer and the processing unit for converting the analogue
signal from the first acoustic input transducer to a digital
signal to be received in the processing unit. The process-
ing unit provides the processed first signal.
[0021] A pre-processing unit may be provided before
the processing unit for pre-processing the signal before
it enters the processing unit. A post-processing unit may
be provided after the processing unit for post-processing

3 4 



EP 3 188 508 A1

4

5

10

15

20

25

30

35

40

45

50

55

the signal after it leaves the processing unit.
[0022] The hearing device comprises a second input
transducer for providing a second input signal. The sec-
ond input transducer may be an inner input transducer
arranged in the ear, such as in the ear canal, of the hear-
ing device user, when the hearing device is worn by the
user.
[0023] The hearing device comprises an acoustic out-
put transducer connected to the processing unit for con-
verting the processed first signal into an audio output
signal for the acoustic output transducer. The acoustic
output transducer may be loudspeaker, a receiver, a
speaker etc. The acoustic output transducer may be ar-
ranged in the ear, such as in the ear canal of the user of
the hearing device, when the hearing device is worn by
the user. A digital-to-analogue converter (D/A converter)
may be arranged between the acoustic output transducer
and the processing unit for converting the digital signal
from the processing unit to an analogue signal to be re-
ceived in the acoustic output transducer. The audio out-
put signal provided by the acoustic output transducer is
provided to the second input transducer.
[0024] The second input signal is provided by convert-
ing, in the second input transducer, at least the audio
output signal from the acoustic output transducer and a
body-conducted voice signal from a user of the hearing
device. The second input transducer may receive more
signals than the audio output signal and the body-con-
ducted voice signal. Thus the second input signal may
be provided by converting more signal than the audio
output signal and the body-conducted voice signal. For
example the first acoustic signal may also be provided
to the second input transducer and thus the first acoustic
input signal may be used to provide the second input
signal. Thus the first acoustic signal may be received in
both the first acoustic input transducer and in the second
input transducer.
[0025] Thus the second input transducer is configured
to receive both the audio output signal from the acoustic
output transducer and the body-conducted voice signal
from the user of the hearing device.
[0026] The body-conducted voice signal may be a
spectrally modified version of the voice or speech signal
that emanates from the mouth of the user.
[0027] The hearing device comprises a user voice ex-
traction unit for extracting a voice signal. The user voice
extraction unit is connected to the processing unit for
receiving the processed first signal. The user voice ex-
traction unit is also connected to the second input trans-
ducer for receiving the second input signal. The user
voice extraction unit is configured to extract the voice
signal of the user based on the second input signal and
the processed first signal. When the voice signal is ex-
tracted, it is configured to be transmitted to the at least
one external device. The extracted voice signal of the
user is an electrical signal, not an acoustic signal.
[0028] An analogue-to-digital converter (A/D convert-
er) may be arranged between the second input transduc-

er and the user voice extraction unit for converting the
analogue signal from the second input transducer to a
digital signal to be received in the user voice extraction
unit.
[0029] The audio signals arriving at the second input
transducer, which is for example an inner input transduc-
er, may be almost only consisting of the body-conducted
voice signal, as the filtering in the hearing device, see
below, may remove almost entirely the audio output sig-
nal from the acoustic output transducer. Thus the audio
output signal from the acoustic output transducer may
be removed by filtering before entering the second input
transducer. The audio output signal from the acoustic
output transducer may consist primarily of the first acous-
tic signal received in the first input transducer.
[0030] In some embodiments the body-conducted
voice signal emanates from the mouth and throat of the
user and is transmitted through bony structures, carti-
lage, soft-tissue, tissue and/or skin of the user to the ear
of the user and is configured to be picked-up by the sec-
ond input transducer. The body-conducted voice signal
may be an acoustic signal. The body-conducted voice
signal may be a vibration signal. The body-conducted
voice signal may be a signal which is a combination of
an acoustic signal and a vibration signal. The body-con-
ducted voice signal may be a low frequency signal. The
corresponding voice signal not conducted through the
body but only or primarily conducted through the air may
be a higher frequency signal. The body-conducted voice
signal may have more low-frequency energy and less
high-frequency energy than the corresponding voice sig-
nal outside the ear canal, i.e. than the voice signal not
conducted through the body but only or primarily con-
ducted through the air. The body-conducted voice signal
may have a different spectral content than a correspond-
ing voice signal which is not conducted through the body
but only conducted through air. The body-conducted
voice signal may be conducted through both the body of
the user and through air. The body-conducted voice sig-
nal is not a bone-conducted signal, such as a pure bone-
conducted signal. The body-conducted signal is to be
received in the ear canal of the user of the hearing device
by the second input transducer. The body-conducted
voice signal is transmitted through the body of the user
from the mouth and throat of the user where the voice or
speech is generated. The body-conducted voice signal
is transmitted through the body of the user by the user’s
bones, bony-structures, cartilage, soft-tissue, tissue
and/or skin. The body-conducted voice signal is trans-
mitted at least partly through the material of the body,
and the body-conducted voice signal may thus be at least
partly a vibration signal. As there may also be air cavities
in the body of the user, the body-conducted voice signal
may also be at least a partly air-transmitted signal, and
the body-conducted voice signal may thus be at least
partly an acoustic signal.
[0031] In some embodiments the second input trans-
ducer is configured to be arranged in the ear canal of the
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user of the hearing device. The second input transducer
may be configured to be arranged completely in the ear
canal.
[0032] In some embodiments the second input trans-
ducer is a vibration sensor and/or a bone-conduction sen-
sor and/or a motion sensor and/or an acoustic sensor.
The second input transducer may be a combination of
one or more sensors, such as a combination of one or
more of a vibration sensor, a bone-conduction sensor, a
motion sensor and an acoustic sensor. As an example
the second input transducer may be a vibration sensor
and an acoustic input transducer, such as a microphone,
configured to be arranged in the ear canal of the user.
[0033] In some embodiments the first acoustic input
transducer is configured to be arranged outside the ear
canal of the user of the hearing device, and the first
acoustic input transducer may be configured to detect
sounds from the surroundings of the user. The first acous-
tic input transducer may point in any direction and thus
may pick up sounds coming from any direction. The first
acoustic input transducer may for example be arranged
in a faceplate of the hearing device, for example for a
completely-in-the-canal (CIC) hearing device and/or for
an in-the-ear (ITE) hearing device. The first acoustic input
transducer may for example be arranged behind the ear
of the user for a behind-the-ear (BTE) hearing device
and/or for a receiver-in-the-canal (RIC) hearing device.
[0034] In some embodiments a first transmitted signal
is provided to the hearing device from the at least one
external device, and the first transmitted signal may be
included in the first processed signal and in the second
input signal provided to the user voice extraction unit for
extracting the voice signal. The first transmitted signal
may be a streamed signal. The first transmitted signal
may be from another hearing device, from a smart phone,
from a spouse microphone, from a media content device,
from a TV streaming etc. The first transmitted signal may
be from the at least one external device and/or from an-
other external device. The first transmitted signal may be
one signal from one device and/or may be a combination
of more signals from more devices, e.g. both a signal
from a phone call and a signal from a media content etc.
Thus the first transmitted signal may be or comprise mul-
tiple input signals from multiple external devices. The first
transmitted signal can be a mixture of different signals.
The first transmitted signal may be a first streamed signal.
If the first transmitted signal is transmitted from the at
least one external device, e.g. a first external device, then
the hearing device is configured for transmitting to and
from the same external device. If the first transmitted sig-
nal is transmitted from another external device, e.g. a
second external device, then the hearing device is con-
figured for transmitting to and from different external de-
vices. The first transmitted signal may be provided to the
hearing device, for example added before the processing
unit, at the processing unit and/or after the processing
unit. In an example the first transmitted signal is added
after the processing unit and before the acoustic output

transducer and user voice extraction unit.
[0035] In some embodiments the user voice extraction
unit comprises a first filter configured to cancel the audio
output signal from the second input signal. The second
input signal is provided by converting, in the second input
transducer, at least the audio output signal from the
acoustic output transducer and a body-conducted voice
signal from a user of the hearing device. Thus the second
input signal comprises a part originating from the audio
output signal from the acoustic output transducer and a
part originating from the body-conducted voice signal of
the user. Thus when the audio output signal is cancelled
from the second input signal in the first filter of the user
voice extraction unit, then the body-conducted voice sig-
nal remains and can be extracted to the external device.
The first filter may be an adaptive filter or a non-adaptive
filter. The first filter may be running at a baseband sample
rate, and/or at a higher rate.
[0036] In some embodiments the hearing device com-
prises a voice processing unit for processing the extract-
ed voice signal based on the extracted voice signal and/or
the first input signal before transmitting the extracted
voice signal to the at least one external device. Thus
before transmitting the extracted voice signal, this ex-
tracted voice signal is processed based on itself, as re-
ceived from the voice extraction unit, and based on the
first input signal from the first acoustic input transducer.
The first input signal from the first acoustic input trans-
ducer may be used in the voice processing unit for filtering
out sounds/noise from the surroundings, which may be
received by the first acoustic input transducer, which may
be an outer reference microphone in the hearing device.
This embodiment may be used or may be relevant when
two users, each wearing a hearing device, are in audio
communication with each other.
[0037] In some embodiments the voice processing unit
comprises at least a second filter configured to minimize
any portion of the first acoustic signal present in the ex-
tracted voice signal. The first acoustic signal may be the
sounds or noise from the surroundings of the user re-
ceived by the first acoustic input transducer, which may
be an outer reference microphone. When the portion of
the first acoustic signal in the extracted voice signal is
minimized, the sounds or noise from the surroundings of
the user received by the first acoustic input transducer,
which may be an outer reference microphone, is mini-
mized, whereby this sound or noise from the surround-
ings may not be transmitted to the external device. This
is an advantage as the user of the external device then
receives primarily the voice signal from the user of the
hearing device, and does not receive the surrounding
sounds or noise from the environment of the user of the
hearing device. The second filter may be configured to
cancel and/or reduce any portion of the first acoustic sig-
nal present in the extracted voice signal. The second filter
may be an adaptive filter or a non-adaptive filter. The
second filter may be running at a baseband sample rate,
and/or at a higher rate. If the second filter is an adaptive
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filter, a voice activity detector may be provided. The sec-
ond filter may comprise a steep low-cut response to cut
out very low frequency energy, such as very low frequen-
cy energy from e.g. walking, jaw motion, etc. of the user.
[0038] In some embodiment the voice processing unit
comprises a spectral shaping unit for shaping the spectral
content of the extracted voice signal to have a different
spectral content than the body-conducted voice signal.
The body-conducted voice signal may be a spectrally
modified version of the voice or speech signal that em-
anates from the mouth of the user, as the body-conducted
voice signal is conducted through the material of the body
of the user. Thus in order to provide that the body-con-
ducted voice signal has a spectral content which resem-
bles a voice signal emanating from the mouth of the user,
i.e. conducted through air, the spectral content of the
extracted voice signal may be shaped or changed ac-
cordingly. The spectral shaping unit may be a filter, such
as a third filter, which may be an adaptive filter or a non-
adaptive filter. The spectral shaping unit or third filter may
be running at a baseband sample rate, and/or at a higher
rate.
[0039] In some embodiments the voice processing unit
comprises a bandwidth extension unit configured for ex-
tending the bandwidth of the extracted voice signal.
[0040] In some embodiments the voice processing unit
comprises a voice activity detector configured for turning
on/off the voice processing unit, and wherein the extract-
ed voice signal is provided as input to the voice activity
detector. The voice activity detector may provide ena-
bling and/or disabling of any adaptation of filters, such
as the first filter, the second filter and/or the third filter.
[0041] In some embodiments the extracted voice sig-
nal is provided by further converting, in the second input
transducer, the first acoustic signal. Thus besides receiv-
ing the first acoustic signal in the first acoustic input trans-
ducer, the first acoustic signal is also received in the sec-
ond input transducer. Accordingly the first acoustic signal
may form part of the second input signal, and thus the
first acoustic signal may form part of the extracted voice
signal.
[0042] According to an aspect, disclosed is a binaural
hearing device system comprising a first and a second
hearing device, wherein the first and/or second hearing
device is a hearing device according to any of the aspects
and/or embodiments disclosed above and in the follow-
ing. The extracted voice signal from the first hearing de-
vice is a first extracted voice signal. The extracted voice
signal from the second hearing device is a second ex-
tracted voice signal. The first extracted voice signal
and/or the second extracted voice signal are configured
to be transmitted to the at least one external device. The
first extracted voice signal and the second extracted
voice signal are configured to be combined before being
transmitted. The first hearing device is configured to the
inserted in one of the ears of the user, such as the left
ear or the right ear. The second hearing device is con-
figured to be inserted in the other ear of the user, such

as the right ear or the left ear, respectively.
[0043] Throughput the description, the terms hearing
device and head-wearable hearing device may be used
interchangeably. Throughput the description, the terms
external device and far end recipient or far recipient may
be used interchangeably. Throughput the description,
the terms processing unit and signal processor may be
used interchangeably. Throughput the description, the
terms processed first signal and processed output signal
may be used interchangeably. Throughput the descrip-
tion, the terms first acoustic input transducer and ambient
microphone may be used interchangeably. Throughput
the description, the terms first acoustic signal and envi-
ronmental sound may be used interchangeably.
Throughput the description, the terms first input signal
and microphone input signal may be used interchange-
ably. Throughput the description, the terms second input
transducer and ear canal microphone may be used in-
terchangeably. Throughput the description, the terms
second input signal and electronic ear canal signal may
be used interchangeably. Throughput the description,
the terms acoustic output transducer and loudspeaker or
receiver may be used interchangeably. Throughput the
description, the terms audio output signal and acoustic
output signal may be used interchangeably. Throughput
the description, the terms user voice extraction unit and
compensation summer with/plus/including compensa-
tion filter may be used interchangeably. Throughput the
description, the terms extracted voice signal and hybrid
microphone signal may be used interchangeably.
[0044] Acquiring a clean speech signal is of consider-
able interest in numerous two-way communication appli-
cations using a variety of head-wearable hearing devices
such as headsets, active hearing protectors and hearing
instruments or aids. The clean speech signal, such as
the extracted voice signal, supplies a far end recipient,
receiving the clean speech signal through a wireless data
communication link, with a more intelligible and comfort-
ably sounding speech signal. The clean speech signal
typically provides improved speech intelligibly and better
comfort for the far recipient e.g. during a phone conver-
sation.
[0045] However, sound environments in which the us-
er of the head-wearable hearing device is situated are
often corrupted or infected by numerous noise sources
such as interfering speakers, traffic, loud music, machin-
ery etc. leading to a poor signal-to-noise ratio of a target
sound signal arriving at an ambient microphone of the
hearing device. This ambient microphone may be sensi-
tive to sound arriving at all directions from the user’s
sound environment and hence tends to indiscriminately
pick-up all ambient sounds and transmit these as a noise-
infected speech signal to the far end recipient. While
these environmental noise problems may be mitigated
to a certain extent by using an ambient microphone with
certain directional properties or using a so-called boom-
microphone (typical for headsets), there is a need in the
art to provide head-wearable hearing device with im-

9 10 



EP 3 188 508 A1

7

5

10

15

20

25

30

35

40

45

50

55

proved signal quality, in particular improved signal-to-
noise ratio, of the user’s own voice as transmitted to far-
end recipients over the wireless data communication link.
The latter may comprise a Bluetooth link or network, Wi-
Fi link or network, GSM cellular link etc.
[0046] The present head-wearable hearing device de-
tects and exploits a bone conducted component of the
user’s own voice picked-up in the user’s ear canal to pro-
vide a hybrid speech/voice signal with improved signal-
to-noise ratio under certain sound environmental condi-
tions for transmission to the far end recipient. The hybrid
speech signal may in addition to the bone conducted
component of the user’s own voice also comprise a com-
ponent/contribution of the user’s own voice as picked-up
by an ambient microphone arrangement of the head-
wearable hearing device. This additional voice compo-
nent derived from the ambient microphone arrangement
may comprise a high frequency component of the user’s
own voice to at least partly restore the original spectrum
of the user’s voice in the hybrid microphone signal.
[0047] A first aspect of the invention relates to a head-
wearable hearing device comprising: an ambient micro-
phone arrangement configured to receive and convert
environmental sound into a microphone input signal,
a signal processor adapted to receive and process the
microphone input signal in accordance with a predeter-
mined or adaptive processing scheme for generating an
processed output signal,
a loudspeaker or receiver adapted to receive and convert
the processed output signal into a corresponding acous-
tic output signal to produce ear canal sound pressure in
a user’s ear canal,
an ear canal microphone configured to receive and for
convert the ear canal sound pressure into an electronic
ear canal signal,
a compensation filter connected between the processed
output signal and a first input of a compensation summer,
wherein the compensation summer is configured to sub-
tracting the processed output signal and the electronic
ear canal signal to produce a compensated ear canal
signal for suppression of environmental sound pressure
components. The head-wearable hearing device further-
more comprises a mixer configured to combine the com-
pensated ear canal signal and the microphone input sig-
nal to produce a hybrid microphone signal; and a wireless
or wired data communication interface configured to
transmit the hybrid microphone signal to a far end recip-
ient through a wireless or wired data communication link.
[0048] The head-wearable hearing device may com-
prise different types of head-worn listening or communi-
cation devices such as a headset, active hearing protec-
tor or hearing instrument or hearing aid. The hearing in-
strument may be embodied as an in-the-ear (ITE), in-the-
canal (ITC), or completely-in-the-canal (CIC) aid with a
housing, shell or housing portion shaped and sized to fit
into the user’s ear canal. The housing or shell may en-
close the ambient microphone, signal processor, ear ca-
nal microphone and the loudspeaker. Alternatively, the

present hearing instrument may be embodied as a re-
ceiver-in-the-ear (RIC) or traditional behind-the-ear
(BTE) aid comprising an ear mould or plug for insertion
into the user’s ear canal. The BTE hearing instrument
may comprise a flexible sound tube adapted for trans-
mitting sound pressure generated by a receiver placed
within a housing of the BTE aid to the user’s ear canal.
In this embodiment, the ear canal microphone may be
arranged in the ear mould while the ambient microphone
arrangement, signal processor and the receiver or loud-
speaker are located inside the BTE housing. The ear
canal signal may be transmitted to the signal processor
through a suitable electrical cable or another wired or
unwired communication channel. The ambient micro-
phone arrangement may be positioned inside the hous-
ing of the head-worn listening device. The ambient mi-
crophone arrangement may sense or detect the environ-
mental sound or ambient sound through a suitable sound
channel, port or aperture extending through the housing
of the headworn listening device. The ear canal micro-
phone may have a sound inlet positioned at a tip portion
of the ITE, ITC or CIC hearing aid housing or at a tip of
the ear plug or mould of the headset, active hearing pro-
tector or BTE hearing aid, preferably allowing unhindered
sensing of the ear canal sound pressure within a fully or
partly occluded ear canal volume residing in front of the
user’s tympanic membrane or ear drum.
[0049] The signal processor may comprise a program-
mable microprocessor such as a programmable Digital
Signal Processor executing a predetermined set of pro-
gram instructions to amplify and process the microphone
input signal in accordance with the predetermined or
adaptive processing scheme. Signal processing func-
tions or operations carried out by the signal processor
may accordingly be implemented by dedicated hardware
or may be implemented in one or more signal processors,
or performed in a combination of dedicated hardware and
one or more signal processors. As used herein, the terms
"processor", "signal processor", "controller", "system",
etc., are intended to refer to microprocessor or CPU-re-
lated entities, either hardware, a combination of hard-
ware and software, software, or software in execution.
For example, a "processor", "signal processor", "control-
ler", "system", etc., may be, but is not limited to being, a
process running on a processor, a processor, an object,
an executable file, a thread of execution, and/or a pro-
gram. By way of illustration, the terms "processor", "sig-
nal processor", "controller", "system", etc., designate
both an application running on a processor and a hard-
ware processor. One or more "processors", "signal proc-
essors", "controllers", "systems" and the like, or any com-
bination hereof, may reside within a process and/or
thread of execution, and one or more "processors", "sig-
nal processors", "controllers", "systems", etc., or any
combination hereof, may be localized on one hardware
processor, possibly in combination with other hardware
circuitry, and/or distributed between two or more hard-
ware processors, possibly in combination with other

11 12 



EP 3 188 508 A1

8

5

10

15

20

25

30

35

40

45

50

55

hardware circuitry. Also, a processor (or similar terms)
may be any component or any combination of compo-
nents that is capable of performing signal processing.
For examples, the signal processor may be an ASIC in-
tegrated processor, a FPGA processor, a general pur-
pose processor, a microprocessor, a circuit component,
or an integrated circuit.
[0050] The microphone input signal may be provided
as a digital microphone input signal generated by an A/D-
converter coupled to a transducer element of the micro-
phone. The A/D-converter may be integrated with the
signal processor for example on a common semiconduc-
tor substrate. Each of the processed output signal, the
electronic ear canal signal, the compensated ear canal
signal and the hybrid microphone signal may be provided
in digital format at suitable sampling frequencies and res-
olutions. The sampling frequency of each of these digital
signals may lie between 16 kHz and 48 kHz. The skilled
person will understand that the respective functions of
the compensation filter, the compensation summer, and
the mixer may be performed by predetermined sets of
executable program instructions and/or by dedicated and
appropriately configured digital hardware.
[0051] The wireless data communication link may
comprise a bi-directional or unidirectional data link. The
wireless data communication link may operate in the in-
dustrial scientific medical (ISM) radio frequency range or
frequency band such as the 2.40-2.50 GHz band or the
902-928 MHz band. Various details of the wireless data
communication interface and the associated wireless da-
ta communication link is discussed in further detail below
with reference to the appended drawings. The wired data
communication interface may comprise a USB, IIC or
SPI compliant data communication bus for transmitting
the hybrid microphone signal to a separate wireless data
transmitter or communication device such as a smart-
phone, or tablet.
[0052] One embodiment of the head-wearable com-
munication device further comprises a lowpass filtering
function inserted between the compensation summer
and the mixer and configured to lowpass filter the com-
pensated electronic ear canal signal before application
to a first input of the mixer. In addition, or alternatively,
the head-wearable communication device may comprise
a highpass filtering function inserted between the micro-
phone input signal and the mixer configured to highpass
filter the microphone input signal before application to a
second input of the mixer. The skilled person will under-
stand that the each of lowpass filtering function and the
highpass filter function may be implemented in numerous
ways. In certain embodiments, the lowpass and highpass
filtering functions comprise separate FIR or IIR filters with
predetermined frequency responses or adjusta-
ble/adaptable frequency responses. An alternative em-
bodiment of the lowpass and/or highpass filtering func-
tions comprises a filter bank such as a digital filter bank.
The filter bank may comprise a plurality of adjacent band-
pass filters arranged across at least a portion of the audio

frequency range. The filter bank may for example com-
prise between 4 and 25 bandpass filters for example ad-
jacently arranged between at least 100 Hz and 5 kHz.
The filter bank may comprise a digital filter bank such as
an FFT based digital filter bank or a warped-frequency
scale type of filter bank. The signal processor may be
configured to generate or provide the lowpass filtering
function and/or the highpass filter function as predeter-
mined set(s) of executable program instructions running
on the programmable microprocessor embodiment of the
signal processor. Using the digital filter bank, the lowpass
filtering function may be carried out by selecting respec-
tive outputs of a first subset of the plurality of adjacent
bandpass filters for application to the first input of the
mixer; and/or the highpass filtering function may com-
prise selecting respective outputs of a second subset of
the plurality of adjacent bandpass filters for application
to the second input of the mixer. The first and second
subsets of adjacent bandpass filters of the filter bank may
be substantially non-overlapping except at the respective
cut-off frequencies discussed below.
[0053] The lowpass filtering function may have a cut-
off frequency between 500 Hz and 2 kHz; and/or the high-
pass filtering function may have a cut-off frequency be-
tween 500 Hz and 2 kHz. In one embodiment, the cut-
off frequency of the lowpass filtering function is substan-
tially identical to the cut-off frequency of the highpass
filtering function. According to another embodiment, a
summed magnitude of the respective output signals of
the lowpass filtering function and highpass filtering func-
tion is substantially unity at least between 100 Hz and 5
kHz. The two latter embodiments of the lowpass and
highpass filtering functions typically will lead to a rela-
tively flat magnitude of the summed output of the filtering
functions as discussed in further detail below with refer-
ence to the appended drawings.
[0054] The compensation filter may be configured to
model a transfer function between the loudspeaker and
the ear canal microphone. The transfer function between
the loudspeaker and the ear canal microphone typically
comprises an acoustic transfer function between the
loudspeaker and the ear canal microphone under normal
operational conditions of the head-wearable communi-
cation device, i.e. with the latter arranged at or the user’s
ear. The transfer function between the loudspeaker and
the ear canal microphone may additionally comprise fre-
quency response characteristics of the loudspeaker
and/or the ear canal microphone. The compensation filter
may comprise an adaptive filter, such as an adaptive FIR
filter or an adaptive IIR filter, or a static FIR or IIR filter
configured with a suitable frequency response, as dis-
cussed in additional detail below with reference to the
appended drawings.
[0055] According to yet another embodiment of the
head-worn listening device, the signal processor is con-
figured to:

- estimate a signal feature of the microphone input
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signal,
- controlling relative contributions of the compensated

ear canal signal and the microphone input signal to
the hybrid microphone signal based on the deter-
mined signal feature of the microphone input signal.
According to the latter embodiment, the signal proc-
essor may control the relative contributions of the
compensated ear canal signal and the microphone
input signal to the hybrid microphone signal by ad-
justing the respective cut-off frequencies of the low-
pass and highpass filtering functions discussed
above in accordance with the determined signal fea-
ture. The signal feature of the microphone input sig-
nal may comprise a signal-to-noise ratio of the mi-
crophone input signal - for example measured/esti-
mated over a particular audio bandwidth of interest
such as 100 Hz to 5 kHz. The signal feature of the
microphone input signal may comprise a noise level,
e.g. expressed in dB SPL, of the microphone input
signal. The signal processor may in addition, or al-
ternatively, be configured to control the relative am-
plifications or attenuations of the compensated ear
canal signal and the microphone input signal before
application to the mixer based on the determined
signal feature of the microphone input signal. One
or both of these methodologies for controlling the
relative contributions of the compensated ear canal
signal and the microphone input signal to the hybrid
microphone signal may be exploited to make the
contribution from the compensated ear canal signal
relatively small in sound environments with a high
signal-to-noise ratio, e.g. above 10 dB, of the micro-
phone input signal and relatively large in sound en-
vironments with a low signal-to-noise ratio, e.g. be-
low 0 dB, of the microphone input signal as discussed
in further detail below with reference to the appended
drawings.

[0056] A second aspect of the invention relates to a
multi-user call centre communication system comprising
a plurality of head-wearable communication devices, for
example embodied as wireless headsets, according to
any of the above described embodiments thereof, where-
in the plurality of head-wearable communication devices
are mounted on, or at, respective ears of a plurality of
call centre service individuals. The noise-suppression
properties of the present head-wearable communication
devices make these advantageous for application in nu-
merous types of multi-user environments where a sub-
stantial level of environmental noise of is present due
numerous interfering noise sources. The noise suppres-
sion properties of the present head-wearable communi-
cation devices may provide hybrid microphone signals,
representing the user’s own voice, with improved comfort
and intelligibility for benefit of the far-end recipient.
[0057] A third aspect of the invention relates to a meth-
od of generating and transmitting a hybrid microphone
signal to a far end recipient by a head-wearable hearing

device. The method comprising:

- receiving and converting environmental sound into
a microphone input signal,

- receiving and processing the microphone input sig-
nal in accordance with a predetermined or adaptive
processing scheme for generating an processed out-
put signal,

- converting the processed output signal into a corre-
sponding acoustic output signal by a loudspeaker or
receiver to produce ear canal sound pressure in a
user’s ear canal,

- filtering the processed output signal by a compen-
sation filter to produce a filtered processed output
signal,

- sensing the ear canal sound pressure by an ear canal
microphone and converting the ear canal sound
pressure into an electronic ear canal signal,

- subtracting the filtered processed output signal and
the electronic ear canal signal to produce a compen-
sated ear canal signal,

- combining the compensated ear canal signal and
the microphone input signal to produce the hybrid
microphone signal; and transmitting the hybrid mi-
crophone signal to a far end recipient through a wire-
less or wired data communication link.

[0058] The methodology may further comprise:

- estimating a signal feature of the microphone input
signal or a signal derived from the microphone input
signal,

- controlling relative contributions of the compensated
ear canal signal and the microphone input signal to
the hybrid microphone signal based on the deter-
mined signal feature of the microphone input signal
or the signal derived therefrom.

[0059] One embodiment of the methodology further
comprises:

lowpass filtering the compensated ear canal signal
before combining with the microphone input signal
and/or highpass filtering the microphone input signal
before combining with the compensated ear canal
signal. The skilled person will understand the low-
pass filtering and/or the highpass filtering may com-
prise the application of any of the above-discussed
embodiments of the filter bank to the microphone
input signal and the compensated ear canal signal.

[0060] The present invention relates to different as-
pects including the system described above and in the
following, and corresponding system parts, methods, de-
vices, systems, networks, kits, uses and/or product
means, each yielding one or more of the benefits and
advantages described in connection with the first men-
tioned aspect, and each having one or more embodi-
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ments corresponding to the embodiments described in
connection with the first mentioned aspect and/or dis-
closed in the appended claims.

BRIEF DESCRIPTION OF THE DRAWINGS

[0061] The above and other features and advantages
will become readily apparent to those skilled in the art by
the following detailed description of exemplary embodi-
ments thereof with reference to the attached drawings,
in which:

Fig. 1 schematically illustrates an example of a hear-
ing device for audio communication with at least one
external device.

Fig. 2 schematically illustrates an example of a hear-
ing device for audio communication with at least one
external device.

Fig. 3 schematically illustrates an example of a hear-
ing device for audio communication with at least one
external device.

Fig. 4 schematically illustrates an example of a hear-
ing device for audio communication with at least one
external device.

Fig. 5 schematically illustrates an example of a hear-
ing device for audio communication with at least one
external device.

Fig. 6a-6b) schematically illustrate an example of a
hearing device for audio communication with at least
one external device.

Fig. 7 schematically illustrates an example of a hear-
ing device for audio communication with at least one
external device.

Fig. 8 schematically illustrates that the body-con-
ducted voice signal emanates from the mouth and
throat of the user and is transmitted through bony
structures, cartilage, soft-tissue, tissue and/or skin
of the user to the ear of the user and is configured
to be picked-up by the second input transducer.

Fig. 9 schematically illustrates a flow chart of a meth-
od in a hearing device for audio communication be-
tween the hearing device and at least one external
device.

DETAILED DESCRIPTION

[0062] Various embodiments are described hereinaf-
ter with reference to the figures. Like reference numerals
refer to like elements throughout. Like elements will, thus,
not be described in detail with respect to the description

of each figure. It should also be noted that the figures are
only intended to facilitate the description of the embodi-
ments. They are not intended as an exhaustive descrip-
tion of the claimed invention or as a limitation on the scope
of the claimed invention. In addition, an illustrated em-
bodiment needs not have all the aspects or advantages
shown. An aspect or an advantage described in conjunc-
tion with a particular embodiment is not necessarily lim-
ited to that embodiment and can be practiced in any other
embodiments even if not so illustrated, or if not so explic-
itly described.
[0063] Throughout, the same reference numerals are
used for identical or corresponding parts.
[0064] Fig. 1 schematically illustrates an example of a
hearing device 2 for audio communication with at least
one external device 4. The hearing device 2 comprises
a processing unit 6 for providing a processed first signal
8. The hearing device 2 comprises a first acoustic input
transducer 10 connected to the processing unit 6 for con-
verting a first acoustic signal 12 into a first input signal
14 to the processing unit 6 for providing the processed
first signal 8. The hearing device 2 comprises a second
input transducer 16 for providing a second input signal
18. The hearing device 2 comprises an acoustic output
transducer 20 connected to the processing unit 6 for con-
verting the processed first signal 8 into an audio output
signal 22 for the acoustic output transducer 20. The sec-
ond input signal 18 is provided by converting, in the sec-
ond input transducer 16, at least the audio output signal
22 from the acoustic output transducer 20 and a body-
conducted voice signal 24 from a user 26 of the hearing
device 2. The hearing device 2 comprises a user voice
extraction unit 28 for extracting a voice signal 30, where
the user voice extraction unit 28 is connected to the
processing unit 6 for receiving the processed first signal
8 and connected to the second input transducer 16 for
receiving the second input signal 18. The user voice ex-
traction unit 28 is configured to extract the voice signal
30 based on the second input signal 18 and the proc-
essed first signal 8. The voice signal 30 is configured to
be transmitted to the at least one external device 4.
[0065] Fig. 2 schematically illustrates an example of a
hearing device 2 for audio communication with at least
one external device 4. The hearing device 2 comprises
a processing unit 6 for providing a processed first signal
8. The hearing device 2 comprises a first acoustic input
transducer 10 connected to the processing unit 6 for con-
verting a first acoustic signal 12 into a first input signal
14 to the processing unit 6 for providing the processed
first signal 8. The hearing device 2 comprises a second
input transducer 16 for providing a second input signal
18. The hearing device 2 comprises an acoustic output
transducer 20 connected to the processing unit 6 for con-
verting the processed first signal 8 into an audio output
signal 22 for the acoustic output transducer 20. The sec-
ond input signal 18 is provided by converting, in the sec-
ond input transducer 16, at least the audio output signal
22 from the acoustic output transducer 20 and a body-
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conducted voice signal 24 from a user 26 of the hearing
device 2. The hearing device 2 comprises a user voice
extraction unit 28 for extracting a voice signal 30, where
the user voice extraction unit 28 is connected to the
processing unit 6 for receiving the processed first signal
8 and connected to the second input transducer 16 for
receiving the second input signal 18. The user voice ex-
traction unit 28 is configured to extract the voice signal
30 based on the second input signal 18 and the proc-
essed first signal 8. The voice signal 30 is configured to
be transmitted to the at least one external device 4.
[0066] A first transmitted signal 32 is provided to the
hearing device 2 from the at least one external device 4
and/or from another external device. The first transmitted
signal 32 may be included in the first processed signal 8
and in the second input signal 18 provided to the user
voice extraction unit 28 for extracting the voice signal 30.
The first transmitted signal 32 may be a streamed signal.
The first transmitted signal 32 may be from the at least
one external device 4 and/or from another external de-
vice.
[0067] The first transmitted signal 32 may be provided
to the hearing device 2, for example added before the
processing unit, at the processing unit as shown in fig. 2
and/or after the processing unit as shown in fig. 3. In an
example the first transmitted signal 32 is added after the
processing unit 6 and before the acoustic output trans-
ducer 20 and user voice extraction unit 28 as shown in
fig. 3.
[0068] Fig. 3 schematically illustrates an example of a
hearing device 2 for audio communication with at least
one external device 4. The hearing device 2 comprises
a processing unit 6 for providing a processed first signal
8. The hearing device 2 comprises a first acoustic input
transducer 10 connected to the processing unit 6 for con-
verting a first acoustic signal 12 into a first input signal
14 to the processing unit 6 for providing the processed
first signal 8. The hearing device 2 comprises a second
input transducer 16 for providing a second input signal
18. The hearing device 2 comprises an acoustic output
transducer 20 connected to the processing unit 6 for con-
verting the processed first signal 8 into an audio output
signal 22 for the acoustic output transducer 20. The sec-
ond input signal 18 is provided by converting, in the sec-
ond input transducer 16, at least the audio output signal
22 from the acoustic output transducer 20 and a body-
conducted voice signal 24 from a user 26 of the hearing
device 2. The hearing device 2 comprises a user voice
extraction unit 28 for extracting a voice signal 30, where
the user voice extraction unit 28 is connected to the
processing unit 6 for receiving the processed first signal
8 and connected to the second input transducer 16 for
receiving the second input signal 18. The user voice ex-
traction unit 28 is configured to extract the voice signal
30 based on the second input signal 18 and the proc-
essed first signal 8. The voice signal 30 is configured to
be transmitted to the at least one external device 4.
[0069] The audio output signal 22 may be considered

to be transmitted through the ear canal before being pro-
vided to the second input transducer 16 thereby providing
an ear canal response 56.
[0070] A first transmitted signal 32 is provided to the
hearing device 2 from the at least one external device 4
and/or from another external device. The first transmitted
signal 32 may be included in the first processed signal 8
and in the second input signal 18 provided to the user
voice extraction unit 28 for extracting the voice signal 30.
The first transmitted signal 32 may be a streamed signal.
[0071] The first transmitted signal 32 may be provided
to the hearing device 2, for example added before the
processing unit, at the processing unit as shown in fig. 2
and/or after the processing unit as shown in fig. 3. In an
example the first transmitted signal 32 is added after the
processing unit 6 and before the acoustic output trans-
ducer 20 and user voice extraction unit 28 as shown in
fig. 3.
[0072] The user voice extraction unit 28 comprises a
first filter 34 configured to cancel the audio output signal
22 from the second input signal 18. The second input
signal 18 is provided by converting, in the second input
transducer 16, at least the audio output signal 22 from
the acoustic output transducer 20 and a body-conducted
voice signal 24 from a user 26 of the hearing device 2.
Thus the second input signal 18 comprises a part origi-
nating from the audio output signal 22 from the acoustic
output transducer 20 and a part originating from the body-
conducted voice signal 24 of the user. Thus when the
audio output signal 22 is cancelled from the second input
signal 18 in the first filter 34 of the user voice extraction
unit 28, then the body-conducted voice signal 24 remains
and can be extracted to the external device 4. The audio
output signal 22 comprises the processed first signal 8
from the processing unit 6 and the first transmitted signal
32. In fig. 4 it can be seen that a combination of the proc-
essed first signal 8 and the first transmitted signal 32 is
provided to the first filter 34 as input to the voice extraction
unit 28.
[0073] Fig. 4 schematically illustrates an example of a
hearing device 2 for audio communication with at least
one external device 4. The hearing device 2 comprises
a processing unit 6 for providing a processed first signal
8. The hearing device 2 comprises a first acoustic input
transducer 10 connected to the processing unit 6 for con-
verting a first acoustic signal 12 into a first input signal
14 to the processing unit 6 for providing the processed
first signal 8. The hearing device 2 comprises a second
input transducer 16 for providing a second input signal
18. The hearing device 2 comprises an acoustic output
transducer 20 connected to the processing unit 6 for con-
verting the processed first signal 8 into an audio output
signal 22 for the acoustic output transducer 20. The sec-
ond input signal 18 is provided by converting, in the sec-
ond input transducer 16, at least the audio output signal
22 from the acoustic output transducer 20 and a body-
conducted voice signal 24 from a user 26 of the hearing
device 2. The hearing device 2 comprises a user voice
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extraction unit 28 for extracting a voice signal 30, where
the user voice extraction unit 28 is connected to the
processing unit 6 for receiving the processed first signal
8 and connected to the second input transducer 16 for
receiving the second input signal 18. The user voice ex-
traction unit 28 is configured to extract the voice signal
30 based on the second input signal 18 and the proc-
essed first signal 8. The voice signal 30 is configured to
be transmitted to the at least one external device 4.
[0074] The audio output signal 22 may be considered
to be transmitted through the ear canal before being pro-
vided to the second input transducer 16 thereby providing
an ear canal response 56.
[0075] A first transmitted signal 32 is provided to the
hearing device 2 from the at least one external device 4
and/or from another external device. The first transmitted
signal 32 may be included in the first processed signal 8
and in the second input signal 18 provided to the user
voice extraction unit 28 for extracting the voice signal 30.
The first transmitted signal 32 may be a streamed signal.
[0076] The first transmitted signal 32 may be provided
to the hearing device 2, for example added before the
processing unit, at the processing unit as shown in fig. 2
and/or after the processing unit as shown in fig. 3 and
fig. 4. In an example the first transmitted signal 32 is
added after the processing unit 6 and before the acoustic
output transducer 20 and user voice extraction unit 28
as shown in fig. 3 and fig. 4.
[0077] The extracted voice signal 30 is provided by fur-
ther converting, in the second input transducer 16, the
first acoustic signal 12. Thus besides receiving the first
acoustic signal 12 in the first acoustic input transducer
10, the first acoustic signal 12 is also received in the
second input transducer 16. Accordingly the first acoustic
signal 12 may form part of the second input signal 16,
and thus the first acoustic signal 12 may form part of the
extracted voice signal 30. In fig. 4 the first acoustic signal
12 is shown as added together with the body-conducted
voice signal 24 before provided to the second input trans-
ducer 16. However it is understood that the first acoustic
signal 12 may be provided directly to the second input
transducer 16 without being combined with the body-con-
ducted voice signal 24 before. The first acoustic signal
12 may also be transmitted through the surroundings 38
before being provided to the second input transducer 16.
[0078] The hearing device 2 comprises a voice
processing unit 36 for processing the extracted voice sig-
nal 30 based on the extracted voice signal 30 and/or the
first input signal 14 before transmitting the extracted
voice signal 30 to the at least one external device 4. Thus
before transmitting the extracted voice signal 30, this ex-
tracted voice signal 30 is processed based on itself, as
received from the voice extraction unit 28, and based on
the first input signal 14 from the first acoustic input trans-
ducer 10. The first input signal 14 from the first acoustic
input transducer 10 may be used in the voice processing
unit 36 for filtering out sounds/noise from the surround-
ings, which may be received by the first acoustic input

transducer 10, which may be an outer reference micro-
phone in the hearing device 2.
[0079] Fig. 5 schematically illustrates an example of a
hearing device 2 for audio communication with at least
one external device 4. The hearing device 2 comprises
a processing unit 6 for providing a processed first signal
8. The hearing device 2 comprises a first acoustic input
transducer 10 connected to the processing unit 6 for con-
verting a first acoustic signal 12 into a first input signal
14 to the processing unit 6 for providing the processed
first signal 8. The hearing device 2 comprises a second
input transducer 16 for providing a second input signal
18. The hearing device 2 comprises an acoustic output
transducer 20 connected to the processing unit 6 for con-
verting the processed first signal 8 into an audio output
signal 22 for the acoustic output transducer 20. The sec-
ond input signal 18 is provided by converting, in the sec-
ond input transducer 16, at least the audio output signal
22 from the acoustic output transducer 20 and a body-
conducted voice signal 24 from a user 26 of the hearing
device 2. The hearing device 2 comprises a user voice
extraction unit 28 for extracting a voice signal 30, where
the user voice extraction unit 28 is connected to the
processing unit 6 for receiving the processed first signal
8 and connected to the second input transducer 16 for
receiving the second input signal 18. The user voice ex-
traction unit 28 is configured to extract the voice signal
30 based on the second input signal 18 and the proc-
essed first signal 8. The voice signal 30 is configured to
be transmitted to the at least one external device 4.
[0080] The audio output signal 22 may be considered
to be transmitted through the ear canal before being pro-
vided to the second input transducer 16 thereby providing
an ear canal response 56.
[0081] A first transmitted signal 32 is provided to the
hearing device 2 from the at least one external device 4
and/or from another external device. The first transmitted
signal 32 may be included in the first processed signal 8
and in the second input signal 18 provided to the user
voice extraction unit 28 for extracting the voice signal 30.
The first transmitted signal 32 may be a streamed signal.
[0082] The first transmitted signal 32 may be provided
to the hearing device 2, for example added before the
processing unit, at the processing unit as shown in fig. 2
and/or after the processing unit as shown in fig. 3 and
fig. 4 and fig. 5. In an example the first transmitted signal
32 is added after the processing unit 6 and before the
acoustic output transducer 20 and user voice extraction
unit 28 as shown in fig. 3 and fig. 4 and fig. 5.
[0083] The extracted voice signal 30 is provided by fur-
ther converting, in the second input transducer 16, the
first acoustic signal 12. Thus besides receiving the first
acoustic signal 12 in the first acoustic input transducer
10, the first acoustic signal 12 is also received in the
second input transducer 16. Accordingly the first acoustic
signal 12 may form part of the second input signal 16,
and thus the first acoustic signal 12 may form part of the
extracted voice signal 30. In fig. 5 the first acoustic signal
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12 is shown as added together with the body-conducted
voice signal 24 before provided to the second input trans-
ducer 16. However it is understood that the first acoustic
signal 12 may be provided directly to the second input
transducer 16 without being combined with the body-con-
ducted voice signal 24 before. The first acoustic signal
12 may also be transmitted through the surroundings 38
before being provided to the second input transducer 16.
[0084] The user voice extraction unit 28 comprises a
first filter 34 configured to cancel the audio output signal
22 from the second input signal 18. The second input
signal 18 is provided by converting, in the second input
transducer 16, at least the audio output signal 22 from
the acoustic output transducer 20, the first acoustic signal
12, and a body-conducted voice signal 24 from a user
26 of the hearing device 2. Thus the second input signal
18 comprises a part originating from the audio output
signal 22 from the acoustic output transducer 20, a part
originating from the first acoustic signal 12 and a part
originating from the body-conducted voice signal 24 of
the user. Thus when the audio output signal 22 is can-
celled from the second input signal 18 in the first filter 34
of the user voice extraction unit 28, then the body-con-
ducted voice signal 24 and the first acoustic signal 12
remains in the second input signal 18 which is provided
to the user voice extraction unit 28. The audio output
signal 22 comprises the processed first signal 8 from the
processing unit 6 and the first transmitted signal 32. In
fig. 5 it can be seen that a combination of the processed
first signal 8 and the first transmitted signal 32 is provided
to the first filter 34 as input to the voice extraction unit 28.
[0085] The hearing device 2 comprises a voice
processing unit 36 for processing the extracted voice sig-
nal 30 based on the extracted voice signal 30 and/or the
first input signal 14 before transmitting the extracted
voice signal 30 to the at least one external device 4. Thus
before transmitting the extracted voice signal 30, this ex-
tracted voice signal 30 is processed based on itself, as
received from the voice extraction unit 28, and based on
the first input signal 14 from the first acoustic input trans-
ducer 10. The first input signal 14 from the first acoustic
input transducer 10 may be used in the voice processing
unit 36 for filtering out sounds/noise from the surround-
ings, which may be received by the first acoustic input
transducer 10, which may be an outer reference micro-
phone in the hearing device 2. The extracted voice signal
30 at least comprises a part being the body-conducted
voice signal 24 from the user 26 and a part being the first
acoustic signal 12. Thus in the voice processing unit 36
the first acoustic signal 12 may be filtered out, corre-
sponding to filtering out the surrounding sounds and
noise from the environment of the user 26 of the hearing
device 26.
[0086] The voice processing unit 36 comprises at least
a second filter 40 configured to minimize any portion of
the first acoustic signal 12 present in the extracted voice
signal 30. The first acoustic signal 12 may be the sounds
or noise from the surroundings of the user 26 received

by the first acoustic input transducer 10, which may be
an outer reference microphone. When the portion of the
first acoustic signal 12 in the extracted voice signal 30 is
minimized, the sounds or noise from the surroundings of
the user 26 received by the first acoustic input transducer
10, which may be an outer reference microphone, is min-
imized, whereby this sound or noise from the surround-
ings may not be transmitted to the external device 4. This
is an advantage as the user of the external device then
receives primarily the voice signal from the user of the
hearing device 2, and does not receive the surrounding
sounds or noise from the environment of the user 26 of
the hearing device 2.
[0087] Fig. 6a) and 6b) schematically illustrate an ex-
ample of a hearing device 2 for audio communication
with at least one external device 4. The hearing device
2 comprises a processing unit 6 for providing a processed
first signal 8. The hearing device 2 comprises a first
acoustic input transducer 10 connected to the processing
unit 6 for converting a first acoustic signal 12 into a first
input signal 14 to the processing unit 6 for providing the
processed first signal 8. The hearing device 2 comprises
a second input transducer 16 for providing a second input
signal 18. The hearing device 2 comprises an acoustic
output transducer 20 connected to the processing unit 6
for converting the processed first signal 8 into an audio
output signal 22 for the acoustic output transducer 20.
The second input signal 18 is provided by converting, in
the second input transducer 16, at least the audio output
signal 22 from the acoustic output transducer 20 and a
body-conducted voice signal 24 from a user 26 of the
hearing device 2. The hearing device 2 comprises a user
voice extraction unit 28 for extracting a voice signal 30,
where the user voice extraction unit 28 is connected to
the processing unit 6 for receiving the processed first
signal 8 and connected to the second input transducer
16 for receiving the second input signal 18. The user
voice extraction unit 28 is configured to extract the voice
signal 30 based on the second input signal 18 and the
processed first signal 8. The voice signal 30 is configured
to be transmitted to the at least one external device 4.
[0088] The audio output signal 22 may be considered
to be transmitted through the ear canal before being pro-
vided to the second input transducer 16 thereby providing
an ear canal response 56.
[0089] A first transmitted signal 32 is provided to the
hearing device 2 from the at least one external device 4
and/or from another external device. The first transmitted
signal 32 may be included in the first processed signal 8
and in the second input signal 18 provided to the user
voice extraction unit 28 for extracting the voice signal 30.
The first transmitted signal 32 may be a streamed signal.
[0090] The first transmitted signal 32 may be provided
to the hearing device 2, for example added before the
processing unit, at the processing unit as shown in fig. 2
and/or after the processing unit as shown in fig. 3 and
fig. 4 and fig. 5. In an example the first transmitted signal
32 is added after the processing unit 6 and before the
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acoustic output transducer 20 and user voice extraction
unit 28 as shown in fig. 3 and fig. 4 and fig. 5.
[0091] The extracted voice signal 30 is provided by fur-
ther converting, in the second input transducer 16, the
first acoustic signal 12. Thus besides receiving the first
acoustic signal 12 in the first acoustic input transducer
10, the first acoustic signal 12 is also received in the
second input transducer 16. Accordingly the first acoustic
signal 12 may form part of the second input signal 16,
and thus the first acoustic signal 12 may form part of the
extracted voice signal 30. In fig. 5 the first acoustic signal
12 is shown as added together with the body-conducted
voice signal 24 before provided to the second input trans-
ducer 16. However it is understood that the first acoustic
signal 12 may be provided directly to the second input
transducer 16 without being combined with the body-con-
ducted voice signal 24 before. The first acoustic signal
12 may also be transmitted through the surroundings 38
before being provided to the second input transducer 16.
[0092] The user voice extraction unit 28 comprises a
first filter 34 configured to cancel the audio output signal
22 from the second input signal 18. The second input
signal 18 is provided by converting, in the second input
transducer 16, at least the audio output signal 22 from
the acoustic output transducer 20, the first acoustic signal
12, and a body-conducted voice signal 24 from a user
26 of the hearing device 2. Thus the second input signal
18 comprises a part originating from the audio output
signal 22 from the acoustic output transducer 20, a part
originating from the first acoustic signal 12 and a part
originating from the body-conducted voice signal 24 of
the user. Thus when the audio output signal 22 is can-
celled from the second input signal 18 in the first filter 34
of the user voice extraction unit 28, then the body-con-
ducted voice signal 24 and the first acoustic signal 12
remains in the second input signal 18 which is provided
to the user voice extraction unit 28. The audio output
signal 22 comprises the processed first signal 8 from the
processing unit 6 and the first transmitted signal 32. In
fig. 5 it can be seen that a combination of the processed
first signal 8 and the first transmitted signal 32 is provided
to the first filter 34 as input to the voice extraction unit 28.
[0093] The hearing device 2 comprises a voice
processing unit 36 for processing the extracted voice sig-
nal 30 based on the extracted voice signal 30 and/or the
first input signal 14 before transmitting the extracted
voice signal 30 to the at least one external device 4. Thus
before transmitting the extracted voice signal 30, this ex-
tracted voice signal 30 is processed based on itself, as
received from the voice extraction unit 28, and based on
the first input signal 14 from the first acoustic input trans-
ducer 10. The first input signal 14 from the first acoustic
input transducer 10 may be used in the voice processing
unit 36 for filtering out sounds/noise from the surround-
ings, which may be received by the first acoustic input
transducer 10, which may be an outer reference micro-
phone in the hearing device 2. The extracted voice signal
30 at least comprises a part being the body-conducted

voice signal 24 from the user 26 and a part being the first
acoustic signal 12. Thus in the voice processing unit 36
the first acoustic signal 12 may be filtered out, corre-
sponding to filtering out the surrounding sounds and
noise from the environment of the user 26 of the hearing
device 26.
[0094] The voice processing unit 36 comprises at least
a second filter 40 configured to minimize any portion of
the first acoustic signal 12 present in the extracted voice
signal 30. The first acoustic signal 12 may be the sounds
or noise from the surroundings of the user 26 received
by the first acoustic input transducer 10, which may be
an outer reference microphone. When the portion of the
first acoustic signal 12 in the extracted voice signal 30 is
minimized, the sounds or noise from the surroundings of
the user 26 received by the first acoustic input transducer
10, which may be an outer reference microphone, is min-
imized, whereby this sound or noise from the surround-
ings may not be transmitted to the external device 4. This
is an advantage as the user of the external device then
receives primarily the voice signal from the user of the
hearing device 2, and does not receive the surrounding
sounds or noise from the environment of the user 26 of
the hearing device 2.
[0095] The voice processing unit 36 may comprises a
spectral shaping unit 42 for shaping the spectral content
of the extracted voice signal 30 to have a different spec-
tral content than the body-conducted voice signal 24. The
first input signal 14 maybe provided to the spectral shap-
ing unit 44. The body-conducted voice signal 24 may be
a spectrally modified version of the voice or speech signal
that emanates from the mouth of the user 26, as the body-
conducted voice signal 24 is conducted through the ma-
terial of the body of the user. Thus in order to provide
that the body-conducted voice signal 24 has a spectral
content which resembles a voice signal emanating from
the mouth of the user 26, i.e. conducted through air, the
spectral content of the extracted voice signal may be
shaped or changed accordingly. The spectral shaping
unit 42 may be a filter, such as a third filter 42, which may
be an adaptive filter or a non-adaptive filter. The spectral
shaping unit 42 or third filter 42 may be running at a base-
band sample rate, and/or at a higher rate. The first input
signal 14 maybe provided to the spectral shaping unit 44.
[0096] The voice processing unit 36 may comprises a
bandwidth extension unit 44 configured for extending the
bandwidth of the extracted voice signal 30 before it is
transmitted to the external device 4. The first input signal
14 maybe provided to the bandwidth extension unit 44.
[0097] The voice processing unit 36 may comprise a
noise filtering 48, such as a noise filtering 48 of very low
frequencies and/or of very high frequencies.
[0098] The voice processing unit 36 may comprise an
Automatic Gain Control (AGC) 50.
[0099] Fig. 6b) schematically illustrates that the hear-
ing device 2 may comprise a voice activity detector 46.
The voice activity detector 46 may be part of the voice
processing unit 36 in fig. 6a). The voice activity detector
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46 may be configured for turning on/off the voice process-
ing unit 36. The extracted voice signal 30 is provided as
input to the voice activity detector 46. The voice activity
detector 46 may provide enabling and/or disabling of any
adaptation of filters, such as the first filter 34, the second
filter 40 and/or the third filter 42, see fig. 6a).
[0100] Fig. 7 schematically illustrates an example of a
hearing device 2 for audio communication with at least
one external device 4 (not shown). The hearing device
2 comprises a processing unit 6 for providing a processed
first signal 8. The hearing device 2 comprises a first
acoustic input transducer 10 connected to the processing
unit 6 for converting a first acoustic signal 12 into a first
input signal 14 to the processing unit 6 for providing the
processed first signal 8. The hearing device 2 comprises
a second input transducer 16 for providing a second input
signal 18. The hearing device 2 comprises an acoustic
output transducer 20 connected to the processing unit 6
for converting the processed first signal 8 into an audio
output signal 22 for the acoustic output transducer 20.
The second input signal 18 is provided by converting, in
the second input transducer 16, at least the audio output
signal 22 from the acoustic output transducer 20 and a
body-conducted voice signal 24 from a user 26 of the
hearing device 2. The hearing device 2 comprises a user
voice extraction unit 28 (not shown) for extracting a voice
signal 30, where the user voice extraction unit 28 is con-
nected to the processing unit 6 for receiving the proc-
essed first signal 8 and connected to the second input
transducer 16 for receiving the second input signal 18.
The user voice extraction unit 28 is configured to extract
the voice signal 30 based on the second input signal 18
and the processed first signal 8. The voice signal 30 is
configured to be transmitted to the at least one external
device 4.
[0101] The audio output signal 22 may be considered
to be transmitted through the ear canal before being pro-
vided to the second input transducer 16 thereby providing
an ear canal response 56.
[0102] A first transmitted signal 32 is provided to the
hearing device 2 from the at least one external device 4
and/or from another external device. The first transmitted
signal 32 may be included in the first processed signal 8
and in the second input signal 18 provided to the user
voice extraction unit 28 for extracting the voice signal 30.
The first transmitted signal 32 may be a streamed signal.
[0103] The first transmitted signal 32 may be provided
to the hearing device 2, for example added before the
processing unit, at the processing unit as shown in fig. 2
and/or after the processing unit. In an example the first
transmitted signal 32 is added after the processing unit
6 and before the acoustic output transducer 20 and user
voice extraction unit 28 as shown in fig. 3 and fig. 4 and
fig. 5.
[0104] The extracted voice signal 30 is provided by fur-
ther converting, in the second input transducer 16, the
first acoustic signal 12. Thus besides receiving the first
acoustic signal 12 in the first acoustic input transducer

10, the first acoustic signal 12 is also received in the
second input transducer 16. Accordingly the first acoustic
signal 12 may form part of the second input signal 16,
and thus the first acoustic signal 12 may form part of the
extracted voice signal 30.
[0105] The user voice extraction unit 28 (not shown)
comprises a first filter 34.
[0106] The voice processing unit 36 (not shown) com-
prises at least a second filter 40 configured to minimize
any portion of the first acoustic signal 12 present in the
extracted voice signal 30. The first acoustic signal 12
may be the sounds or noise from the surroundings of the
user 26 received by the first acoustic input transducer
10, which may be an outer reference microphone. When
the portion of the first acoustic signal 12 in the extracted
voice signal 30 is minimized, the sounds or noise from
the surroundings of the user 26 received by the first
acoustic input transducer 10, which may be an outer ref-
erence microphone, is minimized, whereby this sound or
noise from the surroundings may not be transmitted to
the external device 4. This is an advantage as the user
of the external device then receives primarily the voice
signal from the user of the hearing device 2, and does
not receive the surrounding sounds or noise from the
environment of the user 26 of the hearing device 2.
[0107] The first filter 34 may be updated. The second
filter 40 may be updated. The update of the second filter
40 may depend on multiple aspects, such as for example
signals, models, constraints, etc.
[0108] The first filter 34 and/or the second filter 40 may
be adaptive. For the second filter 40 to be adaptive, the
first filter 34 may need to be adaptive as well. However,
the first filter 34 may be adaptive without the second filter
40 being adaptive,
[0109] The adaptation of the first filter 34 and/or of the
second filter 40 can be done online and/or offline, thus
the adaption may be an offline adaptation fitting or opti-
mization.
[0110] Fig. 8 schematically illustrates that the body-
conducted voice signal 24, see figures 1-7, emanates
from the mouth and throat of the user and is transmitted
through bony structures 58, cartilage, soft-tissue, tissue
60 and/or skin of the user to the ear 52 of the user and
is configured to be picked-up by the second input trans-
ducer (not shown), see figures 1-7. The body-conducted
voice signal 24 may comprise a tissue conducted signal
part 24a from the tissue parts 60 of the ear canal and a
bone conducted signal part 24b from the bony parts 58
of the ear canal. The ear drum 62 is also illustrated. The
body-conducted voice signal may be an acoustic signal.
The body-conducted voice signal may be a vibration sig-
nal. The body-conducted voice signal may be a signal
which is a combination of an acoustic signal and a vibra-
tion signal. The body-conducted voice signal may be con-
ducted through both the body of the user and through
air. The body-conducted voice signal is not a bone-con-
ducted signal, such as a pure bone-conducted signal.
The body-conducted signal is to be received in the ear
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canal 54 of the user of the hearing device 2 by the second
input transducer. The body-conducted voice signal is
transmitted through the body of the user from the mouth
and throat of the user where the voice or speech is gen-
erated. The body-conducted voice signal is transmitted
through the body of the user by the user’s bones, bony-
structures, cartilage, soft-tissue, tissue and/or skin. The
body-conducted voice signal is transmitted at least partly
through the material of the body, and the body-conducted
voice signal may thus be at least partly a vibration signal.
As there may also be air cavities in the body of the user,
the body-conducted voice signal may also be an at least
a partly air-transmitted signal, and the body-conducted
voice signal may thus be at least partly be an acoustic
signal.
[0111] The second input transducer is configured to be
arranged in the ear canal 54 of the user of the hearing
device 2. The second input transducer may be configured
to be arranged completely in the ear canal 54.
[0112] The second input transducer may be a vibration
sensor and/or a bone-conduction sensor and/or a motion
sensor and/or an acoustic sensor. The second input
transducer may be a combination of one or more sensors,
such as a combination of one or more of a vibration sen-
sor, a bone-conduction sensor, a motion sensor and an
acoustic sensor. As an example the second input trans-
ducer may be a vibration sensor and an acoustic input
transducer, such as a microphone, configured to be ar-
ranged in the ear canal 54 of the user.
[0113] Fig. 9 schematically illustrates a flow chart of a
method in a hearing device. The method in the hearing
device is for audio communication between the hearing
device and at least one external device. The hearing de-
vice comprises a processing unit, a first acoustic input
transducer, a second input transducer, an acoustic out-
put transducer and a user voice extraction unit. The meth-
od comprises the following:

In a step 801 a processed first signal is provided in
the processing unit.

[0114] In a step 802 a first acoustic signal is converted
into a first input signal, in the first acoustic input trans-
ducer.
[0115] In a step 803 a second input signal is provided,
in the second input transducer.
[0116] In a step 804 the processed first signal is con-
verted into an audio output signal in the acoustic output
transducer.
[0117] The second input signal is provided by convert-
ing, in the second input transducer, at least the audio
output signal from the acoustic output transducer and a
body-conducted voice signal from a user of the hearing
device.
[0118] In a step 805 a voice signal is extracted, in the
user voice extraction unit, based on the second input
signal and the processed first signal.
[0119] In a step 806 the extracted voice signal is trans-

mitted to the at least one external device.
[0120] Although particular features have been shown
and described, it will be understood that they are not in-
tended to limit the claimed invention, and it will be made
obvious to those skilled in the art that various changes
and modifications may be made without departing from
the scope of the claimed invention. The specification and
drawings are, accordingly to be regarded in an illustrative
rather than restrictive sense. The claimed invention is
intended to cover all alternatives, modifications and
equivalents.
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[0121]

2 hearing device
4 external device
6 processing unit
8 processed first signal
10 first acoustic input transducer
12 first acoustic signal
14 first input signal
16 second input transducer
18 second input signal
20 acoustic output transducer
22 audio output signal
24 body-conducted voice signal
24a tissue conducted signal part of voice signal
24b bone conducted signal part of voice signal
26 user of the hearing device
28 user voice extraction unit
30 extracted voice signal
32 first transmitted signal
34 first filter
36 voice processing unit
38 transmission path of surroundings
40 second filter
42 spectral shaping unit
44 bandwidth extension unit
46 voice activity detector
48 noise filtering
50 Automatic Gain Control (AGC)
52 ear of user
54 ear canal
56 ear canal response
58 bony parts of ear canal60 tissue parts of ear canal
62 ear drum
801 a processed first signal is provided in the
processing unit.
802 a first acoustic signal is converted into a first
input signal, in the first acoustic input transducer.
803 a second input signal is provided, in the second
input transducer.
804 the processed first signal is converted into an
audio output signal in the acoustic output transducer.
805 a voice signal is extracted, in the user voice ex-
traction unit, based on the second input signal and
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the processed first signal.
806 the extracted voice signal is transmitted to the
at least one external device.

Claims

1. A hearing device for audio communication with at
least one external device, the hearing device com-
prising:

- a processing unit for providing a processed first
signal;
- a first acoustic input transducer connected to
the processing unit, the first acoustic input trans-
ducer being configured for converting a first
acoustic signal into a first input signal to the
processing unit for providing the processed first
signal;
- a second input transducer for providing a sec-
ond input signal;
- an acoustic output transducer connected to the
processing unit, the acoustic output transducer
being configured for converting the processed
first signal into an audio output signal of the
acoustic output transducer;

wherein the second input signal is provided by con-
verting, in the second input transducer, at least the
audio output signal from the acoustic output trans-
ducer and a body-conducted voice signal from a user
of the hearing device;

- a user voice extraction unit for extracting a
voice signal, where the user voice extraction unit
is connected to the processing unit for receiving
the processed first signal and connected to the
second input transducer for receiving the sec-
ond input signal;

wherein the user voice extraction unit is configured
to extract the voice signal based on the second input
signal and the processed first signal; and
wherein the voice signal is configured to be trans-
mitted to the at least one external device.

2. A hearing device according to claim 1, wherein the
body-conducted voice signal emanates from the
mouth and throat of the user and is transmitted
through bony structures, cartilage, soft-tissue, tissue
and/or skin of the user to the ear of the user and is
configured to be picked-up by the second input trans-
ducer.

3. A hearing device according to any of the preceding
claims, wherein the second input transducer is con-
figured to be arranged in the ear canal of the user of
the hearing device.

4. A hearing device according to any of the preceding
claims, wherein the second input transducer is a vi-
bration sensor and/or a bone-conduction sensor
and/or a motion sensor and/or an acoustic sensor.

5. A hearing device according to any of the preceding
claims, wherein the first acoustic input transducer is
configured to be arranged outside the ear canal of
the user of the hearing device, where the first acous-
tic input transducer is configured to detect sounds
from the surroundings of the user.

6. A hearing device according to any of the preceding
claims, wherein a first transmitted signal is provided
to the hearing device from the at least one external
device, and wherein the first transmitted signal is in-
cluded in the first processed signal and in the second
input signal provided to the user voice extraction unit
for extracting the voice signal.

7. A hearing device according to any of the preceding
claims, wherein the user voice extraction unit com-
prises a first filter configured to cancel the audio out-
put signal from the second input signal.

8. A hearing device according to any of the preceding
claims, wherein the hearing device comprises a
voice processing unit for processing the extracted
voice signal based on the extracted voice signal
and/or the first input signal before transmitting the
extracted voice signal to the at least one external
device.

9. A hearing device according to the preceding claim,
wherein the voice processing unit comprises at least
a second filter configured to minimize any portion of
the first acoustic signal present in the extracted voice
signal.

10. A hearing device according to any of claims 8-9,
wherein the voice processing unit comprises a spec-
tral shaping unit for shaping the spectral content of
the extracted voice signal to have a different spectral
content than the body-conducted voice signal.

11. A hearing device according to any of claims 8-10,
wherein the voice processing unit comprises a band-
width extension unit configured for extending the
bandwidth of the extracted voice signal.

12. A hearing device according to any of claims 8-11,
wherein the voice processing unit comprises a voice
activity detector configured for turning on/off the
voice processing unit, and wherein the extracted
voice signal is provided as input to the voice activity
detector.

13. A hearing device according to any of the preceding
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claims, wherein the extracted voice signal is provid-
ed by further converting, in the second input trans-
ducer, the first acoustic signal.

14. A binaural hearing device system comprising a first
and a second hearing device, wherein the first and/or
second hearing device is a hearing device according
to any of claims 1-13, wherein the extracted voice
signal from the first hearing device is a first extracted
voice signal, and wherein the extracted voice signal
from the second hearing device is a second extract-
ed voice signal, and wherein the first extracted voice
signal and/or the second extracted voice signal are
configured to be transmitted to the at least one ex-
ternal device.

15. A method in a hearing device for audio communica-
tion between the hearing device and at least one
external device, the hearing device comprises a
processing unit, a first acoustic input transducer, a
second input transducer, an acoustic output trans-
ducer and a user voice extraction unit, the method
comprising:

- providing a processed first signal in the
processing unit;
- converting a first acoustic signal into a first input
signal, in the first acoustic input transducer;
- providing a second input signal, in the second
input transducer;
- converting the processed first signal into an
audio output signal in the acoustic output trans-
ducer;

wherein the second input signal is provided by con-
verting, in the second input transducer, at least the
audio output signal from the acoustic output trans-
ducer and a body-conducted voice signal from a user
of the hearing device;

- extracting a voice signal, in the user voice ex-
traction unit, based on the second input signal
and the processed first signal; and
- transmitting the extracted voice signal to the
at least one external device.
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