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(54)  Active noise cancellation in hearing devices

(57) Disclosed is a hearing device system compris-
ing at least one hearing aid circuitry and at least one
active noise cancellation unit, the at least one hearing
aid circuitty comprises at least one input transducer
adapted to convert a first audio signal to an electric audio
signal; a signal processor connected to the at least one
inputtransducer and adapted to process said electric au-
dio signal by at least partially correcting for a hearing loss
of a user; an output transducer adapted to generate from
atleast said processed electric audio signal asound pres-
sure in an ear canal of the user, whereby the generated

Fig. 2

sound pressure is at least partially corrected for the hear-
ing loss of the user; the at least one active noise cancel-
lation unit being adapted to provide an active noise can-
cellation signal adapted to perform active noise cancel-
lation of an acoustical signal entering the ear canal in
addition to said generated sound pressure, wherein the
hearing device system further comprises a combiner unit
adapted to combine the processed electric audio signal
with the active noise cancellation signal, to obtain a com-
bined signal and to provide the combined signal to the
output transducer.
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Description

Field of the invention

[0001] Thisinvention generally relates to a hearing de-
vice and to methods for providing a better audible signal
to the user of the hearing device. More particularly, the
invention relates to a hearing device comprising a hear-
ing aid circuitty and an active noise cancellation (ANC)
system. A hearing device may be such as a behind-the-
ear (BTE), in-the-ear (ITE), completely-in-canal (CIC) or
receiver-in-the-ear (RITE) hearing device or cochlearim-
plant (Cl).

Background of the invention

[0002] Previously active noise cancellation (ANC) sys-
tems and hearing aids have not been used in combina-
tion. ANC and hearing aids work in opposite ways, since
a hearing aid amplifies sound and ANC attenuates
sound. But by combining a hearing aid and an ANC in a
suitable way as in this invention, it is possible to obtain
the advantages and technical effects of both systems.
[0003] WO05052911 relatestoahearingaidwhich can
perform active noise cancellation. The hearing aid in-
cludes a signal processor which produces a compensa-
tion/cancellation signal that can attenuate acoustic sig-
nals that bypasses the signal path of the hearing aid and
enters the ear canal.

[0004] DE 1033219 also relates to a hearing aid which
can perform active noise cancellation. The active noise
cancellation is performed by processing signals from one
or more microphones and loudspeakers arranged in the
hearing aid vent. The microphone signals are transmitted
to a filter unit in order to attenuate unwanted acoustic
signals.

[0005] WOO06003618relatestoan earplugwith acircuit
for active noise cancellation. When a noise signal is re-
ceived in the earplug, a cancelling signal is processed
by means of the circuit to cancel the noise signal.
[0006] US6567524 concerns a hearing protective ear-
plug with an audio communication terminal for obtaining
speech signals of high quality while attenuating noise.
The earplug performs noise attenuation automatically
adapted to the noise conditions and communication
modes.

[0007] US6181801 and US6021207 relate to a com-
munications earpiece which receives audio signals,
wired and wireless, respectively, sent from an external
device such asamobile phone. Ambient sounds are used
fornoise cancellation. The communications earpiece can
be used by both hearing impaired and non-hearing im-
paired users.

[0008] When a hearing device user is in a noisy envi-
ronment, it is advantageous that the hearing device can
perform active noise cancellation. But it is a problem of
the prior art that when the hearing device operates as
active noise cancellation, sound signals, both the unde-
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sired and the desired, will be attenuated due to the active
noise cancellation. This may not always be desirable.
[0009] It therefore remains a problem to provide a
hearing device which improves active noise cancellation
(ANC) and thus may provide a better audible signal to
the user.

Summary

[0010] Disclosed is a hearing device system compris-
ing at least one hearing aid circuitry and at least one
active noise cancellation unit, the at least one hearing
aid circuitry comprises at least one input transducer
adapted to convert a first audio signal to an electric audio
signal; a signal processor connected to the at least one
input transducer and adapted to process said electric au-
dio signal by at least partially correcting for a hearing loss
of a user; an output transducer adapted to generate from
atleastsaid processed electric audio signalasoundpres-
sure in an ear canal of the user, whereby the generated
sound pressure is at least partially corrected forthe hear-
ing loss of the user; the at least one active noise cancel-
lation unit being adapted to provide an active noise can-
cellation signal adapted to perform active noise cancel-
lation of an acoustical signal entering the ear canal in
addition to said generated sound pressure; wherein the
hearing device system further comprises a combiner unit
adapted to combine the processed electric audio signal
with the active noise cancellation signal, to obtain a com-
bined signal and to provide the combined signal to the
output transducer.

[0011] Consequently, itis an advantage that the proc-
essed electric audio signal is combined with the active
noise cancellation signal, since by providing the com-
bined signal to the output transducer, all noise signals
that have entered the earcanal by eithera hearing device
vent, by leakage between the hearing device and the ear
canal wall, through an input transducer etc. will be can-
celled or reduced.

[0012] Theinterference between the noise signals that
have entered the ear canal and the cancellation signal
in the combined signal occurs in the residual space de-
fined between the hearing device in the ear canal and
the tympanic membrane.

[0013] Itis an advantage that all undesired sound sig-
nals will be attenuated, when the active noise cancella-
tion (ANC) system is active.

[0014] Typically, a hearing device vent channel is in-
cluded in hearing devices for user comfort, since a vent
enables sound pressure equalisation between the ambi-
ent space surrounding the hearing device user and the
residual space in the ear canal, at low frequencies. But
the vent allows sound signals from the surroundings to
enter into the ear canal even when the hearing aid cir-
cuitry is turned off, and this may be very unpleasant and
annoying for the user.

[0015] In the hearing device of the present invention
the ANC systemmay attenuate sound signals constantly,
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even when the hearing aid functionality is turned off, and
therefore the user may avoid noise from all undesired
sound signals.

[0016] Traditionally, if a hearing aid circuitry is operat-
ed as an ANC, the hearing aid circuitry will consequently
reduce, attenuate or block out audio signals. The user of
the hearing device may therefore loose desired audio
signals, since they may be attenuated as the undesired
audio signals. Therefore it is an advantage of the present
invention that the hearing device may comprise both a
hearing aid circuitry with hearing aid functionality and an
ANC system with noise cancelling abilities.

[0017] A further advantage of using both ANC and a
hearing aid circuitry is that noise contributions from a
specific frequency range may be reduced. Aconventional
hearingaidcircuitry can not reduce acoustic signals more
than what is achieved by turning off the amplification in
aparticular frequency band. But when combining a hear-
ing aid circuitry and an ANC system, the ANC makes it
possible to reduce the amplification to an even lower level
or lower response than the "occluded" response, which
is the sound pressure level in the residual space, when
at least a part of the hearing device is inserted into the
ear canal and the gain turned off.

[0018] An example to illustrate this: if in the occluded
response the frequency range from 700 to 1100 Hz is
dominated by a noise signal of 80 dB SPL (sound pres-
sure level), and the frequency range above 1100 Hz is
dominated by a desired signal, i.e. speech, at 60 dB SPL,
then aconventional hearing device would need to amplify
the signals above 1100 Hz with 30 dB to get 10 dB SNR
(signal-to-noise ratio). If the ANC reduced the direct
sound by 15 dB, then the occluded response from 700
to 1100 Hz would be 65 dB SPL, and then the hearing
device would only need to amplify the bands above 1100
Hz with 15 dB gain instead of 30 dB gain to get 10 dB
SNR. Or alternatively if the hearing device amplifies 30
dB, then the SNR becomes 25 dB. Additionally, an im-
proved dynamic range is achieved, since the dynamic
range is the ratio between noise and the most powerful
signal.

[0019] In one embodiment the hearing device system
may further comprises an audio streaming control unit
adapted to receive, and optionally process, a second au-
dio signal from an audio streaming device. Alternatively,
the hearing device system may comprise an audio
streaming device for generating the second audio signal.
[0020] Consequently, it is an advantage that the hear-
ing device system may comprise both a hearing aid cir-
cuitry, active noise cancellation and means for receiving
an audio signal from an audio streaming device. Noise,
such as background noise from e.g. cars, aircrafts etc,
can be a problem to hearing device users. When a user
isinanoisy environment, the hearing device may perform
active noise cancellation, and at the same time it may be
advantageous for the user to listen to music, radio etc
from the audio streaming device. In some embodiments,
the combiner unit may thus further be adaptedto combine
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the, optionally processed, second audio signal with the
active noise cancellation signal.

[0021] The noise cancellation performed by the ANC
system will together with the streamed audio signal result
in an improved signal-to-noise ratio (SNR) for the user,
since unwanted audio noise will be cancelled or reduced
while a desired audio signal is streamed directly to the
output transducer(s), e.g. loud speaker(s), in the ear ca-
nal(s) of the user.

[0022] The audio streaming device may be such as a
radio transmission, a music player such as a MP3 player,
amobile phone, audio transmission from a TV and/or the
like.

[0023] The audio streaming device may e.g. be wire-
lessly connected or wire-connected to the hearing de-
vice.

[0024] The hearing aid circuitry may be fully functional
when the ANC system is active. The hearing aid circuitry
may also be in a condition where the audio streaming
device transmits audio signals to the hearing device, so
that the user can listen to e.g. music.

[0025] The user may choose to listen to e.g. music
when there is much noise in the surroundings, but the
user may also choose to listen to music, radio, TV etc.
even though there is not any noise in the surroundings.
It is understood that the audio streaming device may be
used for any purpose at any time, e.qg. listening to music,
mobile phone usage etc.

[0026] Furthermore, it is understood that the hearing
device may be used by hearing impaired users and/or
non-hearingimpaired users. If the hearing device is used
by a hearing impaired user, the signal processor is adapt-
ed to process all received audio signals, both from the
input transducer(s) and from the audio streaming device,
according to the user’s hearing loss. In addition to this,
the ANC system will cancel noise from the surroundings.
[0027] Applications for hearing-impaired users may
be:

- hearing aid circuitry and ANC,
- hearing aid circuitry, ANC and audio streaming de-
vice in order to improve SNR.

[0028] If the hearing device is used by a non-hearing
impaired user, the ANC system will cancel noise from
the surroundings, andthe usermay use the audio stream-
ing device for mobile phone usage, listening to music,
radio etc.

[0029] Applications for non-hearing impaired users
may be:

- ANC,

- ANC and audio streaming,

- security personal,

- headset(s) in the ear(s),

- for people in noisy environment,

[0030] In one embodiment a hearing device system is
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disclosed wherein the at least one active noise cancel-
lation unit may be analogue.

[0031] An advantage of this embodiment is that the
analogue ANC will cancel, reduce or attenuate the direct
sound, which is the sound through the hearing device
vent and possible leakage between the ear mould and
the ear canal, and this will result in a reduced comb filter
effect. The comb filter effect occurs when a delayed ver-
sion of a signal is added to the signal itself, which causes
constructive and destructive interference. The comb filter
effect occurs in digital hearing devices, because the de-
lay through the digital hearing device processing path
andthe direct sound through the vent will result in acous-
tic interference, since some frequencies are cancelled
out due to same level and opposite phase of direct sound
through the vent and the delayed sound through the dig-
ital hearing device.

[0032] Another way to solve the problem of the comb
filter effect would be by reducing the vent size, but a side
effect of reducing the vent size is that occlusion is in-
creased. When the hearing device user speaks there will
be a build-up of low frequency sound conducted via the
skull and head tissue to the residual space in the ear
canal behind the hearing device. This build-up of sound
produces the so-called occlusion effect.

[0033] So by using the effect of the ANC to reduce the
direct sound though the vent and thereby reducing the
comb filter effect, reduction of vent size may not be nec-
essary and occlusion may thereby be avoided.

[0034] Furthermore, if a digital hearing aid circuitry is
operated as an ANC system, the delay through the elec-
tronics should be very low due to the sound parsed
throughthe vent, because the delay inthe signal process-
ing should be comparable with the delay of sound enter-
ing through the vent in order for the noise cancellation to
take place. In an analogue ANC system there is a low
delay, which is an advantage for achieving a well-func-
tioning ANC system. So by having an analogue signal
path as in this embodiment, the delay will be low.
[0035] In some embodiments the hearing device sys-
tem may further comprise a digital feed-back cancellation
unit. In one embodiment, the digital feedback cancella-
tion unit is adapted to adjust gain in the active noise can-
cellation filter.

[0036] The gain in the ANC filter may need to be ad-
justed according to the openness, vent size and/or leak-
age ("effective vent") of the individual hearing device in
a specific ear, and these parameters can be dynamically
changing. The digital feed-back cancellation (DFC) is a
dynamic system that continuously estimates the feed-
back path ofthe hearing aid circuitry, which is the transfer
function through the output transducer into the vent, out
of the vent and through the input transducer.

[0037] An advantage of this embodiment is that the
transfer function contains information about how open
the vent is and may therefore be used to update the gain
of the ANC filter.

[0038] This application may be used for ANC systems
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like analogue feed-forward ANC systems, analogue
feed-back ANC systems, digital feed-forward ANC sys-
tems, digital feed-back ANC systems and/or combina-
tions thereof.

[0039] In one embodiment a hearing device system is
disclosed which further may comprise a digital feed-back
cancellation unit adapted to adjust the filter characteris-
tics of the active noise cancellation filter.

[0040] An advantage of this embodiment is that the
filter characteristics, such as frequency response, of the
ANC filter may be adjusted according to the DFC. This
application may also be used for ANC systems like an-
alogue feed-forward ANC systems, analogue feed-back
ANC systems, digital feed-forward ANC systems, digital
feed-back ANC systems and/or combinations thereof.
[0041] Typically, in conventional hearing devices an
adaptive and adjustable system is obtained by imple-
menting an extra microphone, a so called error micro-
phone, which can receive and communicate "error sig-
nals" in the hearing device. By implementing a DFC sys-
tem, which may adjust and adapt gain and/or filter char-
acteristics in the ANC filter, an error microphone in the
hearing device may be omitted.

[0042] It is to be understood that any suitable kind of
acoustical feedback path estimator may be implemented
in order to obtain the feedback estimation and cancella-
tion.

[0043] In one embodiment the hearing device system
may further comprise an output automatic gain control
(AGC) unit. In a conventional hearing aid the vent limits
how powerful the sound pressures generated by the out-
puttransducer may be at low frequencies. The maximum
output from the output transducer will easily be reached
at low frequencies, e.g. 90-95 dB at 200 Hz and 100-115
dB at 1 kHz. Consequently, it is an advantage of this
embodiment that by implementing an AGC in the hearing
device, it may be ensured that the output transducer does
not cut at powerful sound pressures in the low frequency
region, and at the same time a high dynamic region is
retained at high frequencies.

[0044] In one embodiment the hearing device system
may further comprise a pulse width modulation unit
adapted to perform pulse width modulation of the com-
bined signal.

[0045] In one embodiment the hearing device system
may further comprise a pulse density modulation unit
adapted to perform pulse density modulation of the proc-
essed electric audio signal.

[0046] An advantage of these embodiments is that
pulse width modulated signals and pulse density modu-
lated signals allow the exploitation the benefits of class
C/D operation, thus providing increased efficiency and
low power consumption.

[0047] Further embodiments are disclosed in the de-
pendent claims.

[0048] Accordingto one aspect a method of improving
noise cancellation in a hearing device system, the meth-
od comprising the steps of converting a first audio signal
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to an electric audio signal by an input transducer;
processing the electric audio signal by at least partially
correcting for a hearing loss of the user by a signal proc-
essor; generating from at least said processed electric
audio signal a sound pressure in an ear canal of the user
by an output transducer, whereby the generated sound
pressure is at least partially corrected forthe hearing loss
of the user; providing an active noise cancellation signal
adapted to perform active noise cancellation of an acous-
tical signal entering the ear canal in addition to said gen-
erated sound pressure by at least one active noise can-
cellation unit; wherein the method further comprises the
step of combiningthe processed electric audio signal with
the active noise cancellation signal by a combiner unit to
obtain a combined signal and providing the combined
signal to the output transducer.

[0049] The present invention relates to different as-
pects including the hearing device described above and
in the following, and corresponding methods, devices,
and/or product means, each yielding one or more of the
benefits and advantages described in connection with
the first mentioned aspect, and each having one or more
embodiments corresponding to the embodiments de-
scribed in connection with the first mentioned aspect
and/or disclosed in the appended claims.

Brief description of the drawings

[0050] The above and/or additional objects, features
and advantages of the present invention, will be further
elucidated by the followingillustrative and nonlimiting de-
tailed description of embodiments of the present inven-
tion, with reference to the appended drawing, wherein:

Fig. 1 shows a schematic view of a hearing device.

Fig. 2 shows a schematic view of feed-forward active
noise cancellation in a hearing device.

Fig. 3 shows a schematic view of feed-back active
noise cancellation in a hearing device.

Fig. 4 shows a schematic view of active noise can-
cellation and audio streaming in a hearing device.

Fig. 5 shows a schematic view of digital feed-back
cancellation in a hearing device.

Detailed description

[0051] In the following description, reference is made
to the accompanying figures, which show by way of illus-
tration how the invention may be practiced.

[0052] Figure 1 showsahearing device 100 combining
a digital hearing aid circuitry 101 and an analogue ANC
system 102.

[0053] The hearing aid circuitry part 101 comprises a
signal path comprising one input transducer 103, e.g. a
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microphone, which points towards the ambient space
surrounding the hearing device user and which converts
an ambient sound entering the ear of the user from the
ambient space to an electric signal. Even though one
input transducer is shown in the figure, it is understood
that there can be more than one input transducer and
more than one signal path.

[0054] The electric signal is communicated to a gain
stage (G1) 104 in which the electric signal is amplified.
Fromthe gain stage (G1) 104 the signal is communicated
to an analogue-to-digital (A/D) converter 105, which con-
verts the amplified analogue electric signal to a digital
signal. The digital electric signal is communicated to a
digital signal processing (DSP) unit 106 being adapted
to process the digital electric signal in accordance with
a desired correction of the hearing loss specific for the
user of the hearing device. The digital electric signal is
communicated to a digital-to-analogue (D/A) converter
107, which converts the digital electric signal to an ana-
logue pulse density modulated (PDM) electric signal. The
analogue electric signal is communicated to a multiplexer
108, and then to a low output impedance output driver
109.. Finally the analogue PDM electric signal is com-
municatedto an output transducer 110, e.g. a loudspeak-
er, which converts the electric signal to a sound pressure
signal affecting the tympanic membrane in the residual
space (not shown).

[0055] The active noise cancellation (ANC) system,
which is part 102 of the hearing device 100, comptrises
an analogue signal path that is implemented in parallel
of the hearing aid circuitty input transducer (microphone)
channel. The ANC system may have its own input trans-
ducer(s) and output transducer, but in a hearing device
application the existing input transducer(s) 103 and out-
put transducer 110 may be reused.

[0056] A first analogue signal path comprises a gain
stage (G2) 111 and an ANC unit 112, which can be con-
figured to perform active noise cancellation by means of
an ANC filter. This first signal path provides a first signal.
Even though two gain stages, 104 and 111 are shown in
figure 1, itis understood that gain stage 104 in the hearing
aid circuitry microphone channel, part 101, may be re-
used in the ANC system, part 102, and hence only one
gain stage may be needed, as indicated by the dashed
lines in fig. 1.

[0057] The ANC filter unit is configured to provide ac-
tive noise cancellation of the noise fromthe surroundings.
Noise may be unwanted audio signals which disturb the
hearing device user. The analogue system has the ad-
vantage of an extremely low delay, which is essential to
a well functioning ANC system. In one embodiment the
ANC system can be afeed-forwardtype, where the noise
cancellation is based on a signal from an external input
transducer, e.g. a microphone. The external input trans-
ducermay e.g. be the inputtransducer 103 infig. 1 and/or
it may be a second input transducer positioned close to
the vent opening pointingtowards the ambient space sur-
rounding the hearing device user.
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[0058] In another embodiment the ANC system may
be afeed-back type, where the noise cancellation signal
is based on an internal input transducer, e.g. a micro-
phone, sensing the sound experienced by the hearing
device user. The internal input transducer may e.g. be
placed in the end of the hearing device pointing towards
the residual space in the ear canal.

[0059] In athird embodiment the ANC system may be
a combination of a feed-forward type and a feed-back
type.

[0060] A second signal path comprises a digital-to-an-

alogue (D/A) converter 113 and an anti-aliasing filter 114
to convert a digital signal from the DSP 106 to an ana-
logue signal.

[0061] In one embodiment a digital signal may be
streamed/communicated from an external device (not
shown) through the DSP 106 into the signal path 102.
The external audio streaming device may be e.g. a di-
rectional microphone array, a TV connection, a mobile
phone, a radio, a music player such as an MP3 etc.
streaming an audio signal.

[0062] The external audio streaming device may be
wire-connected or wirelessly connected to the hearing
device e.g. by means of point-to-point communication,
broadcasting, cellular networks and/or other wireless
network.

[0063] The audio signal from the external device may
be streamed, when the hearing device user is e.g. in a
noisy environment, such as near cars, aircrafts etc. and
the user therefore wishes to listen to e.g. music or radio
instead of hearing noise in the hearing device.

[0064] The ANC system may cancel or reduce the sur-
rounding noise, while the streamed signal from the ex-
ternal device may be processed through the DSP 106 of
the hearing aid circuitry part 101 in order to correct or
compensate for any hearing loss that the user may have.
The function of the ANC system together with the
streamed signal will result in an improved signal-to-noise
ratio (SNR), since unwanted audio noise will be cancelled
or reduced while a desired audio signal is streamed di-
rectly to the output transducer 110 of the hearing device
100.

[0065] Since the same DSP unit 106 may be used for
correcting all input signals in the hearing device, both
from the input transducer 103 and from the external de-
vice, only one DSP unit is needed.

[0066] In another embodiment the streamed signal
may be processed in the external device before being
transmitted to the hearing device 100, and then the ex-
ternal device will therefore have to be configured for a
specific hearing loss.

[0067] The ANC signal and the processed, hearing
loss corrected signal are then combined at the combiner
unit 116 before being fed to a pulse width modulation
(PWM) stage 115, or a stage that provides the analogue
signal with low output impedance, whereby the signal
may be communicated to the output transducer 110 di-
rectly. The PWM stage has low delay and high power
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efficiency.

[0068] Inthe hearing aid circuitry part 101 of the hear-
ing device 100 the output transducer 110 is driven using
apulse density modulated signal" and inthe ANC system
the signal is pulse width modulated in the PWM stage
115. Pulse width modulated and pulse density modulated
signals have the benefit of allowing class C/D operation
in the output stage, thereby providing high efficiency and
low power consumption.

[0069] Since both signals, from signal path 101 and
102, therefore are present as a pulse modulated signal
("1-bit signal"), they may share the output driver (ampli-
fier) 109, described above. By using the multiplexer 108
it is possible to switch between the two signal paths. Al-
ternatively, the system may be constructed in a way
where the two paths 101 and 102 have separate drivers
or where the PWM stage (115) drives the output trans-
ducer 110 directly.

[0070] The digital hearingaid circuitry 101 may be fully
functional when the ANC system 102 is active, or it may
be in a condition where the audio signal comes from an
external device (not shown), e.g. an audio streaming de-
vice, such as a radio, an MP3 music player or from ex-
ternal microphones.

[0071] Eventhough the figure shows a digital hearing
aid circuitry and an analogue ANC system, it is under-
stood that the hearing aid circuitry may be analogue
and/or that the ANC system may be digital.

[0072] Fig. 2 shows a hearing device 200 performing
feed-forward active noise cancellation (ANC) by means
of an ANC unit 201.

[0073] External noise signals 202 may enter the ear
canal through the vent 203 and/or by means of leakage
204 between the hearing device and the ear canal wall.
The noise signals may also be detected by an external
input transducer 205. It is understood that there may be
one or more external input transducers 205. The external
input transducer(s) 205 may be the conventional hearing
aid circuitry input transducer(s) and/or dedicated ANC
input transducer(s) placed e.g. on the external side of
the hearing device, i.e. pointing towards the surround-
ings.

[0074] The ANC unit 201 filters the audio signal com-
municated fromthe inputtransducer205. Whenthe audio
signalis convertedto sound by means of an output trans-
ducer 206, this sound signal will interfere with the noise
signals from the noise signal paths, that entered the ear
canal though the vent 203 and/or by means of leakage
204, and this will result in a cancelled or reduced sound
pressure in the residual space 207 of the ear canal be-
tween the hearing device 200 and at the tympanic mem-
brane 208.

[0075] The ANC unit may be analogue or digital or a
combination of both. The output transducer 206 may be
the conventional hearing device output transducer or it
may be a dedicated ANC outputtransducer. Eventhough
only one output transducer 206 is shown in the figure, it
isunderstood thatthere may be one or more outputtrans-



1 EP 2 023 664 A1 12

ducers in the hearing device.

[0076] Fig. 3 shows a hearing device 300 performing
feedback active noise cancellation by means of an ANC
unit 301.

[0077] External noise signals 302 may enter the ear
canal through the vent 303 and/or by means of leakage
304 between the hearing device and the ear canal wall.
The noise signals may be detected in the ear by an in-
ternal input transducer 305. It is understood that there
may be one or more internal input transducers 305.
[0078] The ANC unit 301 filters the audio signal com-
municated from the internal input transducer 305. When
the audio signal is converted to sound by means of an
outputtransducer 306, this sound signal will interfere with
the noise signals from the signal paths, that entered the
ear canal through the vent 303 and/or by means of leak-
age 304, and this will result in a cancelled or reduced
sound pressure in the residual space 307 of the ear canal
between the hearing device 300 and at the tympanic
membrane 308.

[0079] The ANC unit may be analogue or digital or a
combination of both. The output transducer 306 may be
the conventional hearing device output transducer or it
may be a dedicated ANC output transducer. Even though
only one output transducer 306 is shown in the figure, it
is understood that there may be one ormore output trans-
ducers in the hearing device.

[0080] Fig. 4 shows a hearing device 400 with active
noise cancellation and streaming of audio signals 409.
[0081] The hearing device 400 performs feed-forward
active noise cancellation (ANC) by means of an ANC unit
401.

[0082] External noise signals 402 may enter the ear
canal through the vent 403 and/or by means of leakage
404 between the hearing device and the ear canal wall.
The noise signals may also be detected by an external
input transducer 405. It is understood that there may be
one ormore external input transducers 405. The external
inputtransducer(s) 405 may be the conventional hearing
aid circuitry input transducer(s) and/or dedicated ANC
input transducer(s) placed e.g. on the external side of
the hearing device.

[0083] The ANC unit 401 filters the audio signal com-
municated fromthe inputtransducer405. Whenthe audio
signal is converted to sound by means of an output trans-
ducer 406, this sound signal will interfere with the noise
signals, that entered the ear canal though the vent 403
and/or by means of leakage 404, and this will result in a
cancelled or reduced sound pressure in the residual
space 407 of the ear canal between the hearing device
400 and at the tympanic membrane 408.

[0084] The ANC unit may be analogue or digital or a
combination of both. The output transducer 406 may be
the conventional hearing device output transducer or it
may be a dedicated ANC output transducer. Even though
only one output transducer 406 is shown in the figure, it
is understood that there may be one ormore output trans-
ducers in the hearing device.
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[0085] The streamedaudio signal 409 may be received
in any other way than acoustical in order to ensure that
only acoustical signals, i.e. the external acoustical noise
signals 402, is cancelled or reduced and that the
streamed audio signal 409 remains in the residual space
of the ear canal 407.

[0086] The streaming may via a direct audio input
(DAI), telecoil, RF etc., and it may be analogue or digital,
e.g. nearlink or bluetooth.

[0087] The controller unit 410 receives the streamed
signal 409 and performs signal processing of it, i.e. filter-
ing, gain, correction etc. before communicating it to the
output transducer 406. For example, the controller unit
may be implemented as a part of DSP 106 shown in fig.
1 or as a separate unit feeding its output signal via DSP
106 to the combiner unit 116 of fig. 1.

[0088] Even though the figure shows a feed-forward
ANC system, it is understood that the system may be
implemented in a feedback ANC system. In a feedback
system, the streamed signal could be detected by an
internal feedback microphone and thereby attenuated.
However, this could be accounted for in the control unit
410.

[0089] Fig. 5 shows a hearing device 500 with a digital
feedback cancellation (DFC) system 511. Information
from the DFC system 511 may be used to optimize or
adjust the ANC filter unit 501. The DFC system 511 may
be a part of the digital signal processing unit 512 in a
digital hearing aid circuitry, e.g. DSP 106 shown in fig.
1, and is used for detection and suppression of howling
caused by acoustical feedback. The DFC continuously
estimates the acoustical feedback path, which is the
transfer function of the output transducer 506 in the ear,
the vent 503 and the external input transducer 505. In-
formation from this transfer function may be used to ad-
just the gain andthe frequency response of the ANC filter
for optimal ANC performance.

[0090] All embodiments shown in the figures and de-
sctibed above may apply for both in-the-ear hearing de-
vice styles (e.g. ITE, CIC, ITC, MIC etc), behind-the-ear
hearing device styles (BTE) and receiver-in-the-ear hear-
ingdevice styles (RITE). Forthe BTE andthe RITE styles,
the input transducer, e.g. microphone, may be placed
behind the ear like the conventional microphone location
for the particular styles in a feed-forward ANC setup, or
the microphone may be placed inthe ear, like the position
of an ITE hearing device microphone.

[0091] Although some embodiments have been de-
scribed and shown in detail, the invention is not restricted
to them, but may also be embodied in other ways within
the scope of the subject matter defined in the following
claims. In particular, it is to be understood that other em-
bodiments may be utilised and structural and functional
modifications may be made without departing from the
scope of the present invention.

[0092] In device claims enumerating several means,
several of these means may be embodied by one and
the same item of hardware. The mere fact that certain
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measures are recited in mutually different dependent
claims or described in different embodiments does not
indicate that a combination of these measures cannot be
used to advantage.

[0093]

It should be emphasized that the term "com-

prises/comprising” when used in this specification is tak-
en to specify the presence of stated features, integers,
steps or components but does not preclude the presence
oraddition of one or more other features, integers, steps,
components or groups thereof.

Claims

1.

A hearing device system comprising at least one
hearing aid circuitry and at least one active noise
cancellation unit, the at least one hearing aid circuitry
comprises:

- at least one input transducer adapted to con-
vertafirstaudio signalto an electric audio signal;
- a signal processor connected to the at least
one input transducer and adapted to process
said electric audio signal by at least partially cor-
recting for a hearing loss of a user;

-an outputtransducer adapted to generate from
at least said processed electric audio signal a
sound pressure in an ear canal of the user,
whereby the generated sound pressure is at
least partially corrected for the hearing loss of
the user;

the at least one active noise cancellation unit being
adapted to provide an active noise cancellation sig-
nal adapted to perform active noise cancellation of
an acoustical signal entering the ear canal in addition
to said generated sound pressure,

wherein the hearing device system further compris-
es a combiner unit adapted to combine the proc-
essed electric audio signal with the active noise can-
cellation signal, to obtain a combined signal and to
provide the combined signal to the output transduc-
er.

A hearing device system according to claim 1,
wherein the hearing device system further compris-
esan audio streaming control unitadaptedto receive
a second audio signal from an audio streaming de-
vice.

A hearing device system according to claim 2,
wherein the combiner unitis further adapted to com-
bine the second audio signal with the active noise
cancellation signal, to obtain a combined signal and
to provide the combined signal to the output trans-
ducer.

4. A hearing device system according to any one of
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10.

11.

12.

13.

14.

15.

claims 1 to 3, further comprising a feed-back estima-
tion unit adapted to adjust gain in the at least one
active noise cancellation unit.

A hearing device system according to any one of
claims 1 to 4, wherein the at least one active noise
cancellation unit comprises an active noise cancel-
lation filter.

A hearing device system according to claim 5,
wherein the feed-back estimation unit further is
adapted to adjust the filter characteristics of the ac-
tive noise cancellation filter.

A hearing device system according to any one of
claims 1 to 6, wherein the at least one active noise
cancellation unit further comprises an output auto-
matic gain control.

A hearing device system according to any one of
claims 1 to 7, wherein the hearing device system
further comprises a pulse width modulation unit
adapted to perform pulse width modulation of the
combined signal.

A hearing device system according to any one of
claims 1 to 8, wherein the hearing device system
further comprises a pulse density modulation unit
adapted to perform pulse density modulation of the
processed electric audio signal.

A hearing device system according to any one of
claims 1 to 9, wherein the at least one active noise
cancellation unit is analogue.

A hearing device system according to any one of
claims 1 to 10, wherein the at least one active noise
cancellation unit is digital.

A hearing device system according to any one of
claims 2 to 11, wherein the audio streaming device
is digital.

A hearing device system according to any one of
claims 2 to 11, wherein the audio streaming device
is analogue.

A hearing device system according to any one of
claims 1 to 13, wherein the at least one active noise
cancellation unit is a feed-forward type active noise
cancellation unit, where noise cancellation is based
on a signal from the at least one input transducer.

A hearing device system according to any one of
claims 1 to 13, wherein the at least one active noise
cancellation unit is a feedback type active noise can-
cellation unit, where noise cancellation is based on
a second input transducer adapted to convert a sec-



16.

17.

18.

19.
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ond audio signal from residual space.

A hearing device system according to any one of
claims 1to 15, wherein the at least one active noise
cancellation unit is a combination of feed-forward-
type and feedback type active noise cancellation
unit.

A hearing device system according to any one of
claims 2 to 16, wherein the hearing device system
is wirelessly connectable to the audio streaming de-
vice.

A hearing device system according to any one of
claims 2 to 16, wherein the hearing device system
is wire-connectable to the audio streaming device.

A method of improving noise cancellation in a hear-
ing device system, the method comprising the steps
of:

converting afirstaudio signal to an electric audio
signal by an input transducer,

processing the electric audio signal by at least
partially correcting for a hearing loss of the user
by a signal processor,

generating from at least said processed electric
audio signal a sound pressure in an ear canal
of the user by an output transducer, whereby
the generated sound pressure is at least partially
corrected for the hearing loss of the user;
providing an active noise cancellation signal
adapted to perform active noise cancellation of
an acoustical signal entering the ear canal in
addition to said generated sound pressure by at
least one active noise cancellation unit;
wherein the method further comprises the step
of combining the processed electric audio signal
with the active noise cancellation signal by a
combiner unit to obtain a combined signal and
providing the combined signal to the output
transducer.
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