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DESCRIPTION

[0001] The present disclosure relates to a hearing device with suppression of comb filtering
effect and related method. In particular, a method of operating a hearing device is disclosed.

BACKGROUND

[0002] Hearing devices, and in particular hearing devices with open fittings generally suffer
from the so-called comb filter effects. On the other hand, forming a perfect sealing of the ear
canal leads to highly unpleasant occlusion effects.

[0003] JP 2000102098 relates to an external sound processing apparatus for ear attachment,
such as a hearing aid, and more particularly, to an apparatus which reduces interference
caused by an external leak sound.

[0004] WO 2009/010095 relates to a method for producing a signal which is audible by an
individual. In WO 2009/010095, audible signals which are transmitted via an uncontrolled
transmission path to an individual's ear wearing the control signal processing path of a hearing
device are compensated by audible signals which are produced by an additional controlled
signal processing path. Signal processing parts are commonly exploited by both controlled
signal processing paths.

[0005] US 9,392,366 relates to magnitude and phase correction of a hearing device, EP 2 023
664 relates to active noise cancellation in hearing devices, and US 2014/050340 relates to a
hearing aid having level and frequency-dependent gain.

SUMMARY

[0006] Accordingly, there is a need for devices and methods overcoming or at least reducing
the comb filtering effect.

[0007] Thus, a hearing device is provided, the hearing device comprising an input module for
provision of a first input signal, the input module comprising a first microphone; a processor for
provision of a processor output signal based on the first input signal; a suppressor for provision
of a first suppressor output signal based on one or more suppressor input signals including a
first suppressor input signal; a first adder coupled to the suppressor, the first adder configured
for provision of a first adder output signal based on at least a part of the processor output
signal and the first suppressor output signal; and a receiver for converting an output signal
based on the first adder output signal to an audio output signal. The suppressor is a comb
suppressor configured to apply a first delay and a first filter with a first gain to the first
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suppressor input signal, and wherein the first delay is in the range from 4 ms to 10 ms or in the
range from 8 ms to 20 ms, wherein the comb suppressor comprises a primary suppressor part,
the primary suppressor part having a first primary input connected to the input module for
receiving the first suppressor input signal or connected to the processor for receiving the first
suppressor input signal or connected to an output of the first adder for receiving the first adder
output signal as the first suppressor input signal, the primary suppressor part configured to
apply a first primary delay as the first delay and a first primary gain as the first gain to the first
suppressor input signal to form a first primary output signal, wherein the first primary output
signal forms at least a part of the first suppressor output signal.

[0008] Also disclosed is a method of operating a hearing device comprising an input module
and a processor, the method comprising converting an audio input to a first input signal;
providing a processor output signal based on the first input signal; and providing a first
suppressor output signal based on one or more suppressor input signals including a first
suppressor input signal. Providing a first suppressor output signal comprises applying a first
delay and a first filter with a first gain to the first suppressor input signal. The method
comprises providing a first adder output signal based on the processor output signal and the
first suppressor output signal; and converting an output signal based on the first adder output
signal to an audio signal, the first delay being in the range from 4 ms to 10 ms or in the range
from 8 ms to 20 ms, and wherein the first suppressor input signal comprises or is based on the
first input signal, the first adder output signal, or the processor output signal.

[0009] The present devices and methods provide improved suppression of the comb filtering
effect in a hearing device. Thus, the listening experience for hearing device users is improved.

[0010] A hearing device includes: an input module for provision of a first input signal, the input
module comprising a first microphone; a processor for provision of a processor output signal
based on the first input signal, a suppressor for provision of a first suppressor output signal
based on one or more suppressor input signals including a first suppressor input signal; a first
adder coupled to the suppressor, the first adder configured for provision of a first adder output
signal based on at least a part of the processor output signal and the first suppressor output
signal; and a receiver for converting an output signal based on the first adder output signal to
an audio output signal; wherein the suppressor is configured to apply a first delay and a first
filter with a first gain to at least a part of the first suppressor input signal.

[0011] Optionally, the suppressor comprises a suppressor controller configured to control the
first delay and the first filter.

[0012] Optionally, the suppressor comprises a suppressor controller, and wherein the
suppressor controller is configured to control the primary suppressor part based on the first
input signal.

[0013] Optionally, the suppressor controller is configured to control the first delay and the first
filter.
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[0014] Optionally, the input module comprises an ear canal microphone for provision of an ear
canal input signal, and wherein the suppressor controller is configured to control the first delay
and the first filter based on a second input signal from the input module, the ear canal input
signal being the second input signal.

[0015] Optionally, the suppressor controller is configured to control the first delay and the first
filter based on a control signal from the processor.

[0016] Optionally, the suppressor comprises a suppressor controller, and wherein the
suppressor controller is configured to determine a suppressor mode and apply a first
suppressor scheme if the suppressor mode is a first suppressor mode and a second
suppressor scheme if the suppressor mode is a second suppressor mode.

[0017] Optionally, the primary suppressor part is configured to apply a second primary delay
and a second primary filter to at least a part of the first suppressor input signal to form a
second primary output signal, wherein the second primary output signal forms at least a part of
the first suppressor output signal.

[0018] Optionally, the input module comprises a second microphone and a first beamformer,
wherein the first beamformer is connected to the first microphone and the second microphone
and is configured to provide a beamform signal based on first and second microphone signals
as the first input signal.

[0019] Optionally, the hearing device comprises a filter bank and a second adder, the filter
bank connected to the processor for filtering the processor output signal into at least a first
filter output signal and a second filter output signal;, wherein the first adder is configured to
receive the first filter output signal, and the second adder is configured to receive the second
filter output signal and the first adder output signal; and wherein the second adder is coupled
to the receiver for provision of a second adder output signal to the receiver.

[0020] A method of operating a hearing device comprising an input module and a processor,
the method includes: converting an audio input to a first input signal; providing a processor
output signal based on the first input signal; providing a first suppressor output signal based on
one or more suppressor input signals including a first suppressor input signal, wherein the act
of providing the first suppressor output signal comprises applying a first delay and a first filter
with a first gain to at least a part of the first suppressor input signal; providing a first adder
output signal based on at least a part of the processor output signal and the first suppressor
output signal; and converting an output signal based on the first adder output signal to an
audio signal. Optionally, the first suppressor input signal comprises, or is based on, the first
input signal, the first adder output signal, or the processor output signal.

[0021] Optionally, the method further includes controlling the first delay and the first filter based
on an input signal from the input module and/or a control signal from the processor.
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BRIEF DESCRIPTION OF THE DRAWINGS

[0022] The above and other features and advantages will become readily apparent to those
skilled in the art by the following detailed description of exemplary embodiments thereof with
reference to the attached drawings, in which:

Fig. 1 schematically illustrates an exemplary hearing device,

Fig. 2 schematically illustrates an exemplary hearing device,

Fig. 3 schematically illustrates an exemplary hearing device,

Fig. 4 schematically illustrates an exemplary hearing device,

Fig. 5 schematically illustrates an exemplary hearing device,

Fig. 6 schematically illustrates an exemplary hearing device,

Fig. 7 schematically illustrates an exemplary hearing device,

Fig. 8 schematically illustrates an exemplary hearing device,

Fig. 9 schematically illustrates an exemplary primary suppressor part,
Fig. 10 schematically illustrates an exemplary primary suppressor part,
Fig. 11 schematically illustrates an exemplary primary suppressor part,
Fig. 12 schematically illustrates an exemplary primary suppressor part, and

Fig. 13 illustrates the principle behind the comb effect suppression.

DETAILED DESCRIPTION

[0023] Various exemplary embodiments and details are described hereinafter, with reference
to the figures when relevant. It should be noted that the figures may or may not be drawn to
scale and that elements of similar structures or functions are represented by like reference
numerals throughout the figures. It should also be noted that the figures are only intended to
facilitate the description of the embodiments. They are not intended as an exhaustive
description of the invention or as a limitation on the scope of the invention. In addition, an
illustrated embodiment needs not have all the aspects or advantages shown. An aspect or an
advantage described in conjunction with a particular embodiment is not necessarily limited to
that embodiment and can be practiced in any other embodiments even if not so illustrated, or if
not so explicitly described.
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[0024] The hearing device may be a hearing aid, e.g. of the behind-the-ear (BTE) type, in-the-
ear (ITE) type, in-the-canal (ITC) type, receiver-in-canal (RIC) type or receiver-in-the-ear
(RITE) type. The processor may be configured to compensate for hearing loss of a user. The
hearing aid may be a binaural hearing aid.

[0025] The hearing device may be a hearable. A hearable may be defined as anything that
anything that fits in or on an ear that contains a wireless link, whether that's for audio, or
remote control of audio augmentation.

[0026] The hearing device comprises an input module for provision of a first input signal. The
input module comprises a first microphone for provision of a first microphone signal. The first
microphone signal may be the first input signal. The input module may comprise a second
microphone for provision of a second microphone signal. The input module may comprise a
first beamformer for provision of a beamform signal. The first beamformer may be connected
to the first microphone and the second microphone and configured to provide a beamform
signal based on the first microphone signal and the second microphone signal. The beamform
signal from the first beamformer may be the first input signal. Thus, the input module optionally
comprises a second microphone and a first beamformer, wherein the first beamformer is
connected to the first microphone and the second microphone and configured to provide a
beamform signal based on first and second microphone signals as the first input signal.

[0027] The input module may comprise an ear canal microphone for provision of an ear canal
microphone signal.

[0028] The hearing device comprises a processor for processing the first input signal and
provision of a processor output signal based on the first input signal.

[0029] The hearing device comprises a comb suppressor for provision of a first suppressor
output signal based on one or more suppressor input signals including a first suppressor input
signal and/or a second suppressor input signal. The comb suppressor is configured to apply a
first delay to at least a part of the first suppressor input signal. The comb suppressor is
configured to apply a first filter with a first gain to at least a part of the first suppressor input
signal. In one or more exemplary hearing devices, the comb suppressor is configured to apply
a first delay and a first filter with a first gain to at least a part of the first suppressor input signal.
The first delay of the comb suppressor is also denoted d_1 and the first gain of the comb
suppressor is also denoted g_1. In one or more exemplary hearing devices, the first gain d_1
may be set to -1. The first gain may be in the range from -1 to -0.5.

[0030] The hearing device comprises a first adder connected to the comb suppressor. The first
adder is optionally configured for provision of a first adder output signal based on at least a

part of the processor output signal and/or the first suppressor output signal.

[0031] The hearing device comprises a receiver for converting an output signal to an audio
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output signal. The output signal may be based on an adder output, such as the first adder
output signal and/or a second adder output signal.

[0032] The comb suppressor comprises a primary suppressor part.

[0033] The primary suppressor part may have a first primary input connected to the input
module for receiving the first suppressor input signal. Thus, the first input signal from the input
module may be used as the first suppressor input signal. The primary suppressor part is
configured to apply a first primary delay as the first delay and a first primary gain as the first
gain to at least a part of the first suppressor input signal to form a first primary output signal
based on the first suppressor input signal. The first primary output signal forms at least a part
of the first suppressor output signal.

[0034] The first delay may, e.g. with the first input signal as the first suppressor input signal, be
about twice the delay in the processor. Thus, the first delay may be in the range from 8 ms to
20 ms.

[0035] The primary suppressor part may have a first primary input connected to the processor
for receiving the first suppressor input signal. Thus, the processor output signal may be used
as the first suppressor input signal.

[0036] The first delay may, e.g. with the processor output signal as the first suppressor input
signal, be about the same as the delay in the processor. Thus, the first delay may be in the
range from 4 ms to 10 ms.

[0037] The primary suppressor part may have a first primary input connected to an output of
the first adder for receiving the first adder output signal as the first suppressor input signal.

[0038] The comb suppressor may comprise a suppressor controller configured to control the
first delay and/or the first filter, e.g. based on one or more controller input signals. The
suppressor controller may be configured to control the primary suppressor part based on the
first input signal, i.e. the first input signal from the input module may be used as a controller
input signal to the suppressor controller.

[0039] In general, the suppressor controller may be configured to control the first delay and/or
the first filter based on an input signal, such as the first input signal and/or a second input
signal, from the input module, i.e. one or more input signals from the input module may be
used as a controller input signal to the suppressor controller. As noted above, the input module
may comprise an ear canal microphone for provision of an ear canal input signal. The
suppressor controller may be configured to control the first delay and/or the first filter based on
a second input signal from the input module, the ear canal input signal being the second input
signal. Thus, an ear canal input signal from the ear canal microphone may be used as a
controller input signal to the suppressor controller.
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[0040] The suppressor controller may be configured to detect presence of the user's own
voice, e.g. based on the second input signal, and upon detection of presence of the user's own
voice, deactivate comb suppression (e.g. second suppressor mode).

[0041] The suppressor controller may be configured to control the first delay and/or the first
filter based on a control signal from the processor, i.e. a control signal from the processor may
be used as a controller input signal to the suppressor controller. The control signal from the
processor may be indicative of one or more processor gains applied in the processor. The
control signal may comprise a gain parameter based on one or more processor gains G_1,
G_2, ..., G_N applied in the processor. The gain parameter may be a function of processor
gains or a subset of processor gains. For example, the gain parameter may be a maximum
value of processor gains or a mean value of processor gains. The suppressor controller
enables power-efficient comb suppression, e.g. by allowing the hearing device to switch off
comb suppression when not needed, e.g. when the processor gain(s) is/are large enough to
shout down the comb filtering effect.

[0042] The suppressor controller may be configured to determine the first delay, e.g. based on
one or more controller input signals, such as one or more input signals from the input module
and/or a control signal from the processor. The processor output signal may be used as/form a
controller input signal.

[0043] The suppressor controller may be configured to determine the first filter, e.g. the first
gain, e.g. based on one or more controller input signals, such as one or more input signals
from the input module and/or a control signal from the processor. The processor output signal
may be used as/form a controller input signal.

[0044] The first gain g_1 may be the same or substantially the same (£10%) as the gain of the
acoustic path, e.g. in the range from 0.5 to 1.0.

[0045] The first gain g_1 may be the same or substantially the same (£10%) as the difference
between the acoustic path and the hearing device path, i.e. g_1 = g_acoustic - Gpearing device-

For example, if the hearing device is set to (operates with) a +20dB gain and the acoustic path
provides -6dB gain, g_1 should be -26dB.

[0046] The first gain g_1 of the comb suppressor may be given as:

_ =6+ G+
gl=——

where G is the gain of the hearing device or a function of one or more hearing device gains
G_1,G_2,..

[0047] The first delay d_1 may correspond or be equal to twice the delay in the hearing device.
For example, the first delay d_1 may be in the range from 1.8*d_HD to 2.2*d_HD, where d_HD

is the delay in the hearing device.

[0048] The first delay d_1 corresponds or is equal to the delay in the hearing device. For
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example, the first delay d_1 may be in the range from 0.8*d_HD to 1.2*d_HD, where d_HD is
the delay in the hearing device.

[0049] The delay in the hearing device comprises hardware delays, e.g. from transducers and
D/A converters, and delays related to the hearing device processing.

[0050] The suppressor controller may be configured to determine a suppressor mode and
apply a first suppressor scheme if the suppressor mode is a first suppressor mode. The
suppressor controller may be configured to apply a second suppressor scheme if the
suppressor mode is a second suppressor mode. The second suppressor scheme is different
from the first suppressor scheme. A suppressor scheme may define delay(s) and/or
gain(s)/filter coefficient(s) used in the comb suppressor. A suppressor mode, such as the
second suppressor mode may be a non-suppression mode, i.e. no first suppressor output
signal is fed to the first adder and/or the first suppressor output signal is zero. In other words,
the suppressor controller may deactivate comb suppression, e.g. if a processor gain criterion is
fulfilled for a second suppressor mode. The processor gain criterion may be based on one or
more processor gains of the processor. For example, the processor gain criterion may be
fulfilled (second suppressor mode) if a first processor gain, also denoted G_1, of the processor
is larger than a first processor threshold.

[0051] The suppressor controller may deactivate comb suppression, e.g. if an input signal
criterion is fulfilled for a second suppressor mode. The input signal criterion may be based on
one or more input signals from the input module, such as the first input signal and/or the
second input signal. The input signal criterion may be fulfilled if the power of the first input
signal and/or the second input signal is larger than a first power threshold.

[0052] The hearing device may comprise an environment detector, the environment detector
providing an output signal indicative of the environment. The output signal from the
environment detector may be used as a controller input signal to the suppressor controller.

[0053] The primary suppressor part may be configured to apply a second primary delay and/or
a second primary filter with second primary gain to at least a part of the first suppressor input
signal to form a second primary output signal based on the first suppressor input signal. The
second primary output signal may form at least a part of the first suppressor output signal. For
example, the primary suppressor part may comprise a suppressor adder for adding primary
output signals to form the first suppressor output signal. The primary suppressor part may
comprise a low-pass filter for low-pass filtering the first suppressor input signal.

[0054] The primary suppressor part may comprise one or more delay units respectively
connected to one or more gain units. The respective delay unit(s) may apply a primary delay to
at least a part of the first suppressor input signal. The respective gain unit(s) may apply
primary gain(s)/primary filter(s) to the delayed first suppressor input signal from the respective
delay unit(s).
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[0055] The primary suppressor part may comprise a first delay unit and a first gain unit. The
first delay unit may apply a first primary delay (first delay) to at least a part of the first
suppressor input signal, such as a low-pass, high-pass, or a band-pass part of the first
suppressor input signal. Subsequently, the first gain unit may apply a first primary gain/first
primary filter (first gain) to the delayed first suppressor input signal from the first delay unit. The
output of the first gain unit forms a first primary output signal. The first primary output signal
may form the first suppressor output signal. The first delay unit/first delay and/or the first gain
unit/first gain are optionally controlled by a control signal from the suppressor controller. The
first delay unit may be arranged after the first gain unit, i.e. the output of the first gain unit may
be fed to the input of the first delay unit.

[0056] The primary suppressor part may comprise a second delay unit and a second gain unit.
The second delay unit may apply a second primary delay (second delay) to at least a part of
the first suppressor input signal, such as a low-pass, high-pass, or a band-pass part of the first
suppressor input signal. Subsequently, the second gain unit may apply a second primary
gain/second primary filter (second gain) to the delayed first suppressor input signal from the
second delay unit. The output of the second gain unit forms a second primary output signal.
The second delay unit/second delay and/or the second gain unit/second gain are optionally
controlled by a control signal from the suppressor controller. The second delay unit may be
arranged after the second gain unit, i.e. the output of the second gain unit may be fed to the
input of the second delay unit.

[0057] The primary suppressor part may comprise a suppressor adder. The first primary
output signal and the second primary output signal may be added or otherwise mixed in the
suppressor adder to form the first suppressor output signal. It is to be understood that any
suitable number of delay units/gain units may be implemented in the primary processor part.
Multiple delay unit/gain unit pairs allow for a frequency dependent comb suppression. The
second delay unit/second delay and/or the second gain unit/second gain are optionally
controlled by a control signal from the suppressor controller.

[0058] The hearing device may comprise a filter bank and a second adder. The filter bank may
be connected to the processor for filtering the processor output signal into at least a first filter
output signal and a second filter output signal. The first adder may be configured to receive the
first filter output signal, i.e. the first filter output signal may be fed to the first adder. The second
adder may be configured to receive the second filter output signal and the first adder output
signal, i.e. the second filter output signal may be fed to the second adder together with the first
adder output signal. The second adder may be connected to the receiver for provision of a
second adder output signal to the receiver. Thereby, the comb suppressor can operate on
selected frequencies or frequency band(s). The first filter output signal may be a low-pass
signal, e.g. with a cutoff frequency in the range from 500 Hz to 1500 Hz. The second filter
output signal may be a high-pass signal, e.g. with a cutoff frequency equal to the cutoff
frequency of the low pass filter.

[0059] In the method of operating a hearing device, the hearing device may be a hearing
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device as described herein.

[0060] In the method, converting an audio input to a first input signal may comprise converting
an audio input to a first microphone signal and a second microphone signal and forming a
beamform signal based on the first microphone signal and the second microphone signal, the
beamform signal forming the first input signal.

[0061] In the method, the first suppressor input signal may be selected from the first input
signal, the first adder output signal and the processor output signal. Thus, the first suppressor
input signal may comprise, or be based on, the first input signal, the first adder output signal,
or the processor output signal.

[0062] The method may comprise controlling the first delay and/or the first filter, e.g. the first
gain. Controlling the first delay and/or the first filter may be based on an input signal from the
input module and/or a control signal from the processor. The method may comprise
determining the first delay and/or the first filter, e.g. the first gain, e.g. based on an input signal
from the input module and/or a control signal from the processor.

[0063] Fig. 1 shows an exemplary hearing device. The hearing device 2 comprises an input
module 4 for provision of a first input signal 6, the input module comprising a first microphone 8
for provision of a first microphone signal 10. The first microphone signal 10 may be used as
the first input signal 6. The input module 4 optionally comprises a second microphone 12 and a
first beamformer 14, wherein the first beamformer 14 is connected to the first microphone 8
and the second microphone 12. The first beamformer 14 is configured to provide a beamform
signal 16 as the first input signal 6, the first beamform signal 16 being based on first
microphone signal 10 and the second microphone signal 18.

[0064] The hearing device 2 comprises a processor 20 for processing the first input signal 6
and provision of a processor output signal 22 based on the first input signal 6.

[0065] Also, the hearing device 2 comprises a comb suppressor 24 for provision of a first
suppressor output signal 26 based on one or more suppressor input signals including a first
suppressor input signal 28. The comb suppressor 24 is configured to apply a first delay d_1
and a first filter with a first gain g_1 to at least a part of the first suppressor input signal 28.

[0066] The hearing device 2 comprises a first adder 30 connected to the comb suppressor 24.
The first adder 30 is configured for provision of a first adder output signal 32 based on at least
a part of the processor output signal 22 and the first suppressor output signal 26. The hearing
device 2 comprises a receiver 34 for converting an output signal based on the first adder
output signal 32 to an audio output signal.

[0067] The comb suppressor 24 comprises a primary suppressor part 36, the primary
suppressor part 36 having a first primary input connected to the input module 4 for receiving
the first input signal 6 as the first suppressor input signal 28. The primary suppressor part 36 is
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configured to apply a first primary delay as the first delay d_1 and a first primary gain as the
first gain g_1 to at least a part of the first suppressor input signal 28. Thereby a first primary
output signal is formed based on the first suppressor input signal. In the hearing device 2, the
first primary output signal from the primary suppressor part 36 forms the first suppressor
output signal 26.

[0068] The first gain g_1 is the same as the gain of the acoustic path, e.g. in the range from
0.5t01.0.

[0069] The first delay d_1 corresponds to twice the delay in the hearing device. The delay in
the hearing device comprises hardware delays, e.g. from transducers and D/A converters, and
delays related to the hearing device processing.

[0070] Fig. 2 shows an exemplary hearing device. The hearing device 2A comprises an input
module 4 for provision of a first input signal 6, the input module comprising a first microphone 8
for provision of a first microphone signal 10. The first microphone signal 10 may be used as
the first input signal 6. The input module 4 optionally comprises a second microphone 12 and a
first beamformer 14, wherein the first beamformer 14 is connected to the first microphone 8
and the second microphone 12. The first beamformer 14 is configured to provide a beamform
signal 16 as the first input signal 6, the first beamform signal 16 being based on first
microphone signal 10 and the second microphone signal 18.

[0071] The hearing device 2A comprises a processor 20 for processing the first input signal 6
and/or provision of a processor output signal 22 based on the first input signal 6.

[0072] Also, the hearing device 2A comprises a comb suppressor 24 for provision of a first
suppressor output signal 26 based on one or more suppressor input signals including a first
suppressor input signal 28. The comb suppressor 24 is configured to apply a first delay d_1
and a first filter with a first gain g_1 to at least a part of the first suppressor input signal 28.

[0073] The hearing device 2A comprises a first adder 30 coupled to the comb suppressor 24.
The first adder 30 is configured for provision of a first adder output signal 32 based on at least
a part of the processor output signal 22 and the first suppressor output signal 26. The hearing
device 2A comprises a receiver 34 for converting an output signal based on the first adder
output signal 32 to an audio output signal.

[0074] The comb suppressor 24 comprises a primary suppressor part 36, the primary
suppressor part 36 having a first primary input connected to the processor 20 for receiving the
processor output signal 22 as the first suppressor input signal 28. The primary suppressor part
36 is configured to apply a first primary delay as the first delay d_1 and a first primary gain as
the first gain g_1 to at least a part of the first suppressor input signal 28. Thereby a first
primary output signal is formed based on the first suppressor input signal. In the hearing
device 2A, the first primary output signal from the primary suppressor part 36 forms the first
suppressor output signal 26.
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[0075] The first gain g_1 is the difference between the acoustic path and the hearing device
path and, i.e. g_1 = g_acoustic - Ghearing device: FOr €xample, if the hearing device is set to

(operates with) a +20dB gain and the acoustic path provides -6dB gain, g_1 should be -26dB.

[0076] The first delay d_1 corresponds or is equal to the delay in the hearing device. The
delay in the hearing device comprises hardware delays, e.g. from transducers and D/A
converters, and delays related to the hearing device processing.

[0077] Fig. 3 shows an exemplary hearing device. The hearing device 2B comprises an input
module 4 for provision of a first input signal 6, the input module comprising a first microphone 8
for provision of a first microphone signal 10. The first microphone signal 10 may be used as
the first input signal 6. The input module 4 optionally comprises a second microphone 12 and a
first beamformer 14, wherein the first beamformer 14 is connected to the first microphone 8
and the second microphone 12. The first beamformer 14 is configured to provide a beamform
signal 16 as the first input signal 6, the first beamform signal 16 being based on first
microphone signal 10 and the second microphone signal 18.

[0078] The hearing device 2B comprises a processor 20 for processing the first input signal 6
and/or provision of a processor output signal 22 based on the first input signal 6.

[0079] Also, the hearing device 2B comprises a comb suppressor 24 for provision of a first
suppressor output signal 26 based on one or more suppressor input signals including a first
suppressor input signal 28. The comb suppressor 24 is configured to apply a first delay d_1
and a first filter with a first gain g_1 to at least a part of the first suppressor input signal 28.

[0080] The hearing device 2B comprises a first adder 30 coupled to the comb suppressor 24.
The first adder 30 is configured for provision of a first adder output signal 32 based on at least
a part of the processor output signal 22 and the first suppressor output signal 26. The hearing
device 2B comprises a receiver 34 for converting an output signal based on the first adder
output signal 32 to an audio output signal.

[0081] The comb suppressor 24 comprises a primary suppressor part 36, the primary
suppressor part 36 having a first primary input connected to the first adder 30 for receiving the
first adder output signal 32 as the first suppressor input signal 28. The primary suppressor part
36 is configured to apply a first primary delay as the first delay d_1 and a first primary gain as
the first gain g_1 to at least a part of the first suppressor input signal 28. Thereby a first
primary output signal is formed based on the first suppressor input signal. In the hearing
device 2B, the first primary output signal from the primary suppressor part 36 forms the first
suppressor output signal 26.

[0082] To achieve the goal of reducing the comb filtering effect, the target in hearing device 2B
is to make the power spectrum of the total transfer function of the hearing device flat like an all-
pass filtering as follows:

e
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Hlw) = ¥

[0083] Under the condition gain g < 1, we can expand the formula into a series:

Hw)=g+(g=g -1 ) g" @e /o™

n=1

Hw)/g=1+(@g+g—1D/ge "+ (g*g—1/g Z g Hw)e /o

n=2z2

[0084] In the transfer function formula above, the first item on the right side of the equation
represents leakage of the direct sound and the second item for the processed sound. The last
item is the generated sound for comb effect suppression from the feedback loop. We represent
the right hand side as H{(w):

H, ((u) =14+ (g * g — 1)/ge—jwr + (g “g— 1)/92971—1(w)e—jwm

n=2

g _ e—jwr
Hw) =H(w)*g = 1=geJor

[0085] If we remove the direct sound component from the Hq(w), the remaining components of

Hi(w) is what need to implement to achieve flat magnitude response. The transfer function of

the sound processor is (g+g-1)/ge?*’ and its gain

1— 2
G=12
g

The total gain of Hy(w) is

1

;r

i.e. the gain for the hearing device processing. The gain g is the first gain of the comb
suppressor. Therefore, the first delay d_1 i.e. 7is equal to the accumulated delay of the signal
processors, such as beamforming and sound processor. The first gain g_1 is equal to g. The
gain g is optionally less than 1.0 for stability. Therefore, there is some prescribed gain for the
hearing aids. For example, a gain of 1dB for the hearing device is equivalent of g=0.89.

[0086] The first gain g_1 may be given as:

—GH+/G?+a
g1=="=,

where G is the gain of the hearing device or a function of one or more hearing device gains
G_1,G_2,..

[0087] Fig. 4 shows an exemplary hearing device. The hearing device 2C comprises an input
module 4 for provision of a first input signal 6, the input module comprising a first microphone 8
for provision of a first microphone signal 10. The first microphone signal 10 may be used as
the first input signal 6. The input module 4 optionally comprises a second microphone 12 and a
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first beamformer 14, wherein the first beamformer 14 is connected to the first microphone 8
and the second microphone 12. The first beamformer 14 is configured to provide a beamform
signal 16 as the first input signal 6, the first beamform signal 16 being based on first
microphone signal 10 and the second microphone signal 18.

[0088] The hearing device 2C comprises a processor 20 for processing the first input signal 6
and/or provision of a processor output signal 22 based on the first input signal 6.

[0089] Also, the hearing device 2C comprises a comb suppressor 24 for provision of a first
suppressor output signal 26 based on one or more suppressor input signals including a first
suppressor input signal 28. The comb suppressor 24 is configured to apply a first delay d_1
and a first filter with a first gain g_1 to at least a part of the first suppressor input signal 28.

[0090] The hearing device 2C comprises a first adder 30 coupled to the comb suppressor 24.
The first adder 30 is configured for provision of a first adder output signal 32 based on at least
a part of the processor output signal 22 and the first suppressor output signal 26. The hearing
device 2C comprises a receiver 34 for converting an output signal based on the first adder
output signal 32 to an audio output signal.

[0091] The comb suppressor 24 comprises a primary suppressor part 36, the primary
suppressor part 36 having a first primary input connected to the input module 4 for receiving
the first input signal 6 as the first suppressor input signal 28. The primary suppressor part 36 is
configured to apply a first primary delay as the first delay d_1 and a first primary gain as the
first gain g_1 to at least a part of the first suppressor input signal 28. Thereby a first primary
output signal is formed based on the first suppressor input signal. In the hearing device 2, the
first primary output signal from the primary suppressor part 36 forms the first suppressor
output signal 26.

[0092] The first delay and the first gain d_1 and g_1 are the same as for the hearing device
2B.

[0093] The comb suppressor 24 of hearing device 2C comprises a suppressor controller 40
connected to the primary suppressor part 36 and configured to control the first delay d_1
and/or the first filter of the primary suppressor part 36 via control signal 42. In one or more
exemplary hearing devices, the first delay is preset, e.g. during manufacture, and the
suppressor controller is configured to control the first filter (first gain) of the primary suppressor
part. Optionally, as shown in Fig. 4, the first suppressor input signal 28 is fed to the suppressor
controller 40 as a controller input signal, and the suppressor controller 40 is configured to
control the primary suppressor part 36 based on the first suppressor input signal 28.

[0094] In the hearing device 2C, the input module 4 optionally comprises an ear canal
microphone 44 for provision of an ear canal input signal 46. The ear canal input signal 46
forms a second input signal 48 from the input module 4. The second input signal 48 is fed to
the comb suppressor 24 (suppressor controller 40) as a second suppressor input signal 50.
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The suppressor controller 40 is configured to control the first delay and/or the first filter based
on the second input signal 48 from the input module 4 (second suppressor input signal 50).
Thus, the ear canal input signal 46 may form a controller input signal to the suppressor
controller 40.

[0095] In the hearing device 2C, the processor 20 is connected to the comb suppressor 24 for
feeding a control signal 52 from the processor 20 to the comb suppressor 24. Advantageously,
the control signal 52 is indicative of one or more processor gains G_1, G_2, ..., G_N applied in
the processor 20 (N is the number of frequency bands in the hearing aid processing.
Optionally, the suppressor controller 40 is configured to control the first delay and/or the first
filter based on the control signal 52 from the processor 20. Thus, the control signal 52 from the
processor 20 may form a controller input signal to the suppressor controller 40.

[0096] Fig. 5 shows an exemplary hearing device. The hearing device 2D comprises an input
module 4 for provision of a first input signal 6, the input module comprising a first microphone 8
for provision of a first microphone signal 10. The first microphone signal 10 may be used as
the first input signal 6. The input module 4 optionally comprises a second microphone 12 and a
first beamformer 14, wherein the first beamformer 14 is connected to the first microphone 8
and the second microphone 12. The first beamformer 14 is configured to provide a beamform
signal 16 as the first input signal 6, the first beamform signal 16 being based on first
microphone signal 10 and the second microphone signal 18.

[0097] The hearing device 2D comprises a processor 20 for processing the first input signal 6
and/or provision of a processor output signal 22 based on the first input signal 6.

[0098] Also, the hearing device 2D comprises a comb suppressor 24 for provision of a first
suppressor output signal 26 based on one or more suppressor input signals including a first
suppressor input signal 28. The comb suppressor 24 is configured to apply a first delay d_1
and a first filter with a first gain g_1 to at least a part of the first suppressor input signal 28.

[0099] The hearing device 2D comprises a first adder 30 coupled to the comb suppressor 24.
The first adder 30 is configured for provision of a first adder output signal 32 based on at least
a part of the processor output signal 22 and the first suppressor output signal 26. The hearing
device 2D comprises a receiver 34 for converting an output signal based on the first adder
output signal 32 to an audio output signal.

[0100] The comb suppressor 24 comprises a primary suppressor part 36, the primary
suppressor part 36 having a first primary input connected to the first adder 30 for receiving the
first adder output signal 32 as the first suppressor input signal 28. The primary suppressor part
36 is configured to apply a first primary delay as the first delay d_1 and a first primary gain as
the first gain g_1 to at least a part of the first suppressor input signal 28. Thereby a first
primary output signal is formed based on the first suppressor input signal. In the hearing
device 2D, the first primary output signal from the primary suppressor part 36 forms the first
suppressor output signal 26.
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[0101] The comb suppressor 24 of hearing device 2D comprises a suppressor controller 40
connected to the primary suppressor part 36 and configured to control the first delay d_1
and/or the first filter of the primary suppressor part 36 via control signal 42. In one or more
exemplary hearing devices, the first delay is preset, e.g. during manufacture, and the
suppressor controller is configured to control the first filter (first gain) of the primary suppressor
part.

[0102] In the hearing device 2D, the input module 4 optionally comprises an ear canal
microphone 44 for provision of an ear canal input signal 46. The ear canal input signal 46
forms a second input signal 48 from the input module 4. The second input signal 48 is fed to
the comb suppressor 24 (suppressor controller 40) as a second suppressor input signal 50.
The suppressor controller 40 is configured to control the first delay and/or the first filter based
on the second input signal 48 from the input module 4 (second suppressor input signal 50).
Thus, the ear canal input signal 46 may form a controller input signal to the suppressor
controller 40.

[0103] In the hearing device 2D, the processor 20 is connected to the comb suppressor 24 for
feeding a control signal 52 from the processor 20 to the comb suppressor 24 as a third
suppressor input signal. Advantageously, the control signal 52 is indicative of one or more
processor gains G_1, G_2, ..., G_N applied in the processor 20 (N is the number of frequency
bands in the hearing aid processing. Optionally, the suppressor controller 40 is configured to
control the first delay and/or the first filter based on the control signal 52 from the processor
20. Thus, the control signal 52 from the processor 20 may form a controller input signal to the
suppressor controller 40.

[0104] Optionally, as shown in Fig. 5, the first input signal 6 from the input module is fed to the
suppressor controller 40 as a controller input signal (fourth suppressor input signal to the comb
suppressor 24), and the suppressor controller 40 is optionally configured to control the primary
suppressor part 36 (first delay and/or first gain) based on the first input signal 6.

[0105] Fig. 6 shows an exemplary hearing device, where the hearing device 2E uses the
processor output signal 22 as a controller input signal in the comb suppressor. The comb
suppressor 24 receives the first adder output signal 32 as the first suppressor input signal 28
and comprises a suppressor controller 40 connected to the primary suppressor part 36 and
configured to control the first delay d_1 and/or the first filter of the primary suppressor part 36
via control signal 42. In one or more exemplary hearing devices, the first delay is preset, e.g.
during manufacture, and the suppressor controller is configured to control the first filter (first
gain) of the primary suppressor part.

[0106] In the hearing device 2E, the input module 4 optionally comprises an ear canal
microphone 44 for provision of an ear canal input signal 46. The ear canal input signal 46
forms a second input signal 48 from the input module 4. The second input signal 48 is fed to
the comb suppressor 24 (suppressor controller 40) as a second suppressor input signal 50.
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The suppressor controller 40 is configured to control the first delay and/or the first filter based
on the second input signal 48 from the input module 4 (second suppressor input signal 50).
Thus, the ear canal input signal 46 may form a controller input signal to the suppressor
controller 40.

[0107] In the hearing device 2E, the processor 20 is connected to the comb suppressor 24 for
feeding a control signal 52 from the processor 20 to the comb suppressor 24 as a third
suppressor input signal. Advantageously, the control signal 52 is indicative of one or more
processor gains G_1, G_2, ..., G_N applied in the processor 20 (N is the number of frequency
bands in the hearing aid processing. Optionally, the suppressor controller 40 is configured to
control the first delay and/or the first filter based on the control signal 52 from the processor
20. Thus, the control signal 52 from the processor 20 may form a controller input signal to the
suppressor controller 40.

[0108] Optionally, as shown in Fig. 6, the processor output signal 22 from processor 20 is fed
to the suppressor controller 40 as a controller input signal (fourth suppressor input signal to the
comb suppressor 24), and the suppressor controller 40 is optionally configured to control the
primary suppressor part 36 (first delay and/or first gain) based on the processor output signal
22.

[0109] Fig. 7 shows an exemplary hearing device, where the hearing device 2F uses the
control signal 52 and the first input signal 6 as controller input signals in the comb suppressor
24. The comb suppressor 24 receives the processor output signal 22 as the first suppressor
input signal 28 and comprises a suppressor controller 40 connected to the primary suppressor
part 36 and configured to control the first delay d_1 and/or the first filter of the primary
suppressor part 36 via control signal 42. In one or more exemplary hearing devices, the first
delay is preset, e.g. during manufacture, and the suppressor controller is configured to control
the first filter (first gain) of the primary suppressor part.

[0110] In the hearing device 2F, the input module 4 optionally comprises an ear canal
microphone 44 for provision of an ear canal input signal 46. The ear canal input signal 46
forms a second input signal 48 from the input module 4. The second input signal 48 is fed to
the comb suppressor 24 (suppressor controller 40) as a second suppressor input signal 50.
The suppressor controller 40 is configured to control the first delay and/or the first filter based
on the second input signal 48 from the input module 4 (second suppressor input signal 50).
Thus, the ear canal input signal 46 may form a controller input signal to the suppressor
controller 40.

[0111] In the hearing device 2F, the processor 20 is connected to the comb suppressor 24 for
feeding a control signal 52 from the processor 20 to the comb suppressor 24 as a third
suppressor input signal. Advantageously, the control signal 52 is indicative of one or more
processor gains G_1, G_2, ..., G_N applied in the processor 20 (N is the number of frequency
bands in the hearing aid processing. Optionally, the suppressor controller 40 is configured to
control the first delay and/or the first filter based on the control signal 52 from the processor
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20. Thus, the control signal 52 from the processor 20 may form a controller input signal to the
suppressor controller 40.

[0112] Optionally, as shown in Fig. 7, the first input signal 6 from input module 4 is fed to the
suppressor controller 40 as a controller input signal (fourth suppressor input signal to the comb
suppressor 24), and the suppressor controller 40 is optionally configured to control the primary
suppressor part 36 (first delay and/or first gain) based on the first input signal 6.

[0113] Fig. 8 shows an exemplary hearing device, where the hearing device 2G comprises a
filter bank 54 and a second adder 56. The filter bank 54 has an input connected to the
processor 20 for receiving and filtering the processor output signal 22 into at least a first filter
output signal 58 and a second filter output signal 60. The first adder 30 is configured to receive
the first filter output signal 58, i.e. the first filter output signal 58 is fed to the first adder 30. The
second adder 56 is configured to receive the second filter output signal 60 and the first adder
output signal, i.e. the second filter output signal 60 is fed to the second adder 56 together with
the first adder output signal 32. The second adder 56 is coupled to the receiver 34 for
provision of a second adder output signal 62 to the receiver. The first filter output signal 58 is a
low-pass signal, e.g. with a cutoff frequency in the range from 500 Hz to 1500 Hz. The second
filter output signal 60 is a high-pass signal, e.g. with a cutoff frequency equal to the low pass
filter.

[0114] The comb suppressor 24 receives the first adder output signal 32 as the first
suppressor input signal 28 and comprises a suppressor controller 40 connected to the primary
suppressor part 36 and configured to control the first delay d_1 and/or the first filter of the
primary suppressor part 36 via control signal 42. In one or more exemplary hearing devices,
the first delay is preset, e.g. during manufacture, and the suppressor controller is configured to
control the first filter (first gain) of the primary suppressor part.

[0115] In the hearing device 2G, the input module 4 optionally comprises an ear canal
microphone 44 for provision of an ear canal input signal 46. The ear canal input signal 46
forms a second input signal 48 from the input module 4. The second input signal 48 is fed to
the comb suppressor 24 (suppressor controller 40) as a second suppressor input signal 50.
The suppressor controller 40 is configured to control the first delay and/or the first filter based
on the second input signal 48 from the input module 4 (second suppressor input signal 50).
Thus, the ear canal input signal 46 may form a controller input signal to the suppressor
controller 40.

[0116] In the hearing device 2G, the processor 20 is connected to the comb suppressor 24 for
feeding a control signal 52 from the processor 20 to the comb suppressor 24 as a third
suppressor input signal. Advantageously, the control signal 52 is indicative of one or more
processor gains G_1, G_2, ..., G_N applied in the processor 20 (N is the number of frequency
bands in the hearing aid processing. Optionally, the suppressor controller 40 is configured to
control the first delay and/or the first filter based on the control signal 52 from the processor
20. Thus, the control signal 52 from the processor 20 may form a controller input signal to the
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suppressor controller 40.

[0117] Optionally, as shown in Fig. 8, the first input signal 6 from input module 4 is fed to the
suppressor controller 40 as a controller input signal (fourth suppressor input signal to the comb
suppressor 24), and the suppressor controller 40 is optionally configured to control the primary
suppressor part 36 (first delay and/or first gain) based on the first input signal 6.

[0118] The suppressor controller 40, e.g. in one or more of the hearing devices 2, 2A, 2B, 2C,
2D, 2E, 2F, 2G, may be configured to determine a suppressor mode and apply a first
suppressor scheme in the primary suppressor part if the suppressor mode is a first suppressor
mode and a second suppressor scheme in the primary suppressor part if the suppressor mode
is a second suppressor mode.

[0119] Fig. 9 illustrates an exemplary primary suppressor part 36, e.g. of hearing devices 2,
2A, 2B. The primary suppressor part 36 comprises a first delay unit 64 and a first gain unit 66.
The first delay unit 64 applies a first primary delay as first delay d_1 to the first suppressor
input signal 28. Subsequently, the first gain unit 66 applies a first primary gain as the first gain
g_1 to the delayed first suppressor input signal. The output of the first gain unit 66 forms the
first suppressor output signal 26.

[0120] In one or more exemplary hearing devices, such as hearing device 2 shown in Fig. 1,
the first primary delay is about twice the delay in the hearing device, e.g. in the range from 4
ms to 20 ms, and/or the first primary gain is in the range from -1.5 to -0.2, e.g. in the range
from-1.1 to -0.5.

[0121] In one or more exemplary hearing devices, such as hearing device 2A shown in Fig. 2,
the first primary delay is about the same as the delay in the hearing device, e.g. in the range
from 2 ms to 10 ms, and/or the first primary gain is in the range from -1.5 to -0.2, e.g. in the
range from-1.1 to -0.5.

[0122] In one or more hearing devices, the delay in the hearing device is in the range from 0.5
ms to 2 ms, such as in the range from 1 ms to 2 ms. In one or more hearing devices, the delay
in the hearing device is in the range from 2 ms to 10 ms.

[0123] In one or more exemplary hearing devices, such as hearing device 2B shown in Fig. 3,
the first primary delay is about the same as the delay in the processor and the beamforming
processing, e.g. in the range from 2 ms to 10 ms, and/or the first primary gain is may be given

as
~G+VG2+4

gl=—"7—,

where G is the gain of the hearing device or a function of one or more hearing device gains
G_1, G_2,.... Thus, the first gain may be given as a function of one or more hearing device
gains.

[0124] Fig. 10 illustrates an exemplary primary suppressor part 36, e.g. of hearing devices 2C,
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2D, 2E, 2F, 2G. The primary suppressor part 36 comprises a first delay unit 64 and a first gain
unit 66. The first delay unit 64 applies a first primary delay as first delay d_1 to the first
suppressor input signal 28. Subsequently, the first gain unit 66 applies a first primary gain as
the first gain g_1 to the delayed first suppressor input signal. The output of the first gain unit 66
forms the first suppressor output signal 26. The first delay unit 64/first delay d_1 and/or the first
gain unit 66/first gain g_1 are controlled by control signal 42 from the suppressor controller.

[0125] Fig. 11 illustrates an exemplary primary suppressor part 36, e.g. of hearing devices 2C,
2D, 2E, 2F, 2G. The primary suppressor part 36 comprises a first delay unit 64 and a first gain
unit 66. The first delay unit 64 applies a first primary delay as first delay d_1 to the first
suppressor input signal 28. Subsequently, the first gain unit 66 applies a first primary gain as
the first gain g_1 to the delayed first suppressor input signal. The output of the first gain unit 66
forms the first suppressor output signal 26. The first gain unit 66/first gain g_1 is controlled by
control signal 42 from the suppressor controller.

[0126] Fig. 12 illustrates an exemplary primary suppressor part 36, e.g. of hearing devices 2C,
2D, 2E, 2F, 2G. The primary suppressor part 36 comprises a first delay unit 64 and a first gain
unit 66. The first delay unit 64 applies a first primary delay as first delay d_1 to the first
suppressor input signal 28. Subsequently, the first gain unit 66 applies a first primary gain as
the first gain g_1 to the delayed first suppressor input signal. The output of the first gain unit 66
forms a first primary output signal 67. The first delay unit 64/first delay d_1 and/or the first gain
unit 66/first gain g_1 are optionally controlled by control signal 42 from the suppressor
controller. The primary suppressor part 36 comprises a second delay unit 68 and a second
gain unit 70. The second delay unit 68 applies a second primary delay to at least a part of the
first suppressor input signal 28. Subsequently, the second gain unit 70 applies a second
primary gain/second primary filter to the delayed first suppressor input signal from the second
delay unit 68. The output of the second gain unit 70 forms a second primary output signal 72.
The first primary output signal 67, and the second primary output signal 72 are added in
suppressor adder 74 to form the first suppressor output signal 26. It is to be understood that
any suitable number of delay units/gain units may be implemented in the primary processor
part. The second delay unit 68/second delay and/or the second gain unit 70/second gain are
optionally controlled by control signal 42 from the suppressor controller.

[0127] Fig. 13 illustrates the comb suppression of hearing device 2, where Fig. 13 B) shows
the processing part of the hearing device 2 and Fig. 13 C) shows the comb suppression part of
hearing device 2. The gain (optionally frequency dependent) applied in the primary suppressor
part 36 should be chosen such that the sound pressure 80 generated by the first suppressor
output signal 26 at the ear drum 82 equals the magnitude of the direct sound 84 at the ear
drum 82. The processor output signal 22 generates a sound pressure 86 at the ear drum 82.

[0128] The direct sound 84 is frequency amplified (and/or attenuated) by the ear canal and
any obstacle in the path. This amplification between the sound pickup 88 and the eardrum 82
is also denoted gpjrect(w) and phase of the direct sound component is denoted apjrect=0.
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[0129] The processing of the signal between sound pickup with microphones 8,12 to sound
generation with receiver 34 adds a processing delay, which is described by Agpgjqy(w) relative

to the phase of the direct sound. This delay can be frequency dependent. The phase shift
between receiver 34 and ear drum 82 can be neglected due to ear channel dimensions/length
much shorter than wavelength.

[0130] Thus, for the processing part in Fig. 13 B), gprocessed = 9Direct * AYpelay(wW) and
OProcessed(w) For the comb suppression part in Fig. 13 C), the first suppressor input signal 28

should be delayed by twice the processing delay of the hearing device. The signal has been
matched to the direct sound 84 by applying a filter, which matches the magnitude of the
compensating signal to the direct sound signal. Additionally, the signal should be inverted.

[0131] Thus Jdcomb suppressor(®W) = -Opirect(w), Where geomb suppressor(w) is the frequency-
dependent gain in the primary suppressor part 36. In relation to Fig. 13, all stated gains are in
amplitude and not in dB scale. Further, in relation to Fig. 13, all gains and phases are defined
as the relation of the signal picked up by the ear drum 82 to the signal at sound pickup 88.

[0132] The use of the terms "first", "second”, "third" and "fourth”, etc. does not imply any order,
but are included to identify individual elements. Moreover, the use of the terms first, second,
etc. does not denote any order or importance, but rather the terms first, second, etc. are used
to distinguish one element from another. Note that the words first and second are used here
and elsewhere for labelling purposes only and are not intended to denote any specific spatial
or temporal ordering. Furthermore, the labelling of a first element does not imply the presence
of a second element and vice versa.

[0133] Although features have been shown and described, it will be understood that they are
not intended 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
appended claims. The specification and drawings are, accordingly to be regarded in an
illustrative rather than restrictive sense.
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HOREINDRETNING MED UNDERTRYKKELSE AF KAMFILTRERINGSEFFEKT

PATENTKRAV

1. Hagreindretning (2, 2A, 2B, 2C, 2D, 2E, 2F, 2G), der omfatter:

et indgangsmodul (4) til tilvejebringelse af et fgrste indgangssignal (6), hvilket
indgangsmodul omfatter en fgrste mikrofon (8),

en processor (20) til tilvejebringelse af et processorudgangssignal (22) baseret
pa det farste indgangssignal (6),

en suppressor til tilvejebringelse af et fgrste suppressorudgangssignal (26)
baseret pa et eller flere suppressorindgangssignaler, der indbefatter et farste
suppressorindgangssignal (28),

en fgrste adder (30), der er koblet til kamsuppressoren (24), idet den fgrste
adder (30) er konfigureret til tilvejebringelse af et fgrste adderudgangssignal (32)
baseret pad processorudgangssignalet (22) og det fgrste suppressorudgangs-
signal (26), og

en receiver (34) til konvertering af et udgangssignal baseret pa det fgrste
adderudgangssignal (32) til et lydudgangssignal,
kendetegnet ved, at suppressoren er en kamsuppressor (24), der er konfigureret til
at anvende en fgrste forsinkelse (d_1) og et forste filter med en fgrste
forstaerkning (g_1) pa det fgrste suppressorindgangssignal (28), og hvor den fgrste
forsinkelse er i intervallet fra 4 ms til 10 ms eller i intervallet fra 8 ms til 20 ms, hvor
kamsuppressoren (24) omfatter en primaer suppressordel (36), hvilken primaar
suppressordel (36) har en fgrste primaer indgang, der er forbundet med indgangs-
modulet (4) til modtagelse af det forste suppressorindgangssignal (28) eller forbundet
med processoren (20) til modtagelse af det fgrste suppressorindgangssignal eller
forbundet med en udgang af den fgrste adder til modtagelse af det fgrste adder-
udgangssignal som det fgrste suppressorindgangssignal, idet den primaare
suppressordel (36) er konfigureret til at anvende en fgrste primaer forsinkelse som
den fgrste forsinkelse og en fgrste primaare forstaerkning som den fgrste forstaerkning
pa det farste suppressorindgangssignal (28) med henblik pa at danne et fgrste
primaert udgangssignal (67), hvor det fgrste primaare udgangssignal udggr i det
mindste en del af det fagrste suppressorudgangssignal (26).
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2. Hgreindretning ifglge krav 1, hvor kamsuppressoren (24) omfatter en suppressor-
styreenhed (40), der er konfigureret til at styre den forste forsinkelse og det fgrste
filter.

3. Hgreindretning ifglge krav 2, hvor suppressorstyreenheden (40) er konfigureret til
at styre den primaere suppressordel (36) baseret p3 det fgrste indgangssignal (6).

4. Hgreindretning ifglge et hvilket som helst af kravene 2-3, hvor suppressorstyre-
enheden (40) er konfigureret til at styre den fgrste forsinkelse og det fgrste filter
baseret pa et indgangssignal fra indgangsmodulet (4).

5. Hgreindretning ifglge krav 4, hvor indgangsmodulet (4) omfatter en gregangs-
mikrofon (44) til tilvejebringelse af et gregangsindgangssignal (46), og hvor
suppressorstyreenheden er konfigureret til at styre den fgrste forsinkelse og det fgrste
filter baseret pa et andet indgangssignal (48) fra indgangsmodulet, idet gregangs-
indgangssignalet er det andet indgangssignal.

6. Hgreindretning ifglge et hvilket som helst af kravene 2-5, hvor suppressorstyre-
enheden (40) er konfigureret til at styre den fgrste forsinkelse og det fgrste filter
baseret pa et styresignal (52) fra processoren (20).

7. Hgreindretning ifglge et hvilket som helst af kravene 2-6, hvor suppressorstyre-
enheden (40) er konfigureret til at bestemme en suppressortilstand og anvende en
forste suppressormetode, hvis suppressortilstanden er en fgrste suppressortilstand, og
en anden suppressormetode, hvis suppressortilstanden er en anden suppressor-
tilstand.

8. Hgreindretning ifglge et hvilket som helst af kravene 1-7, hvor den primaare
suppressordel (36) er konfigureret til at anvende en anden primaer forsinkelse og et
andet primaert filter pa i det mindste en del af det fgrste suppressorindgangssignal
med henblik pa at danne et andet primaert udgangssignal (72) baseret pa det fgrste
suppressorindgangssignal, hvor det andet primaare udgangssignal udggr i det mindste
en del af det fgrste suppressorudgangssignal (26).

9. Hgreindretning ifglge et hvilket som helst af kravene 1-8, hvor indgangsmodulet (4)
omfatter en anden mikrofon (12) og en fgrste straledanner (14), hvor den fgrste
strdledanner er forbundet med den fgrste mikrofon og den anden mikrofon og er
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konfigureret til at tilvejebringe et stradledannersignal (16) baseret pa farste og anden
mikrofonsignaler (10, 18) som det fgrste indgangssignal (6).

10. Hgreindretning ifglge et hvilket som helst af kravene 1-9, hvor hgre-
indretningen omfatter en filterbank (54) og en anden adder (56), idet filterbanken er
forbundet med processoren (20) til filtrering af processorudgangssignalet til i det
mindste et fgrste filterudgangssignal og et andet filterudgangssignal,

hvor den fgrste adder (30) er konfigureret til at modtage det fgrste filter-
udgangssignal, og den anden adder (56) er konfigureret til at modtage det andet
filterudgangssignal og det fgrste adderudgangssignal, og

hvor den anden adder er koblet til receiveren (34) til tilvejebringelse af et
andet adderudgangsignal til receiveren.

11. Fremgangsmade til betjening af en hgreindretning, der omfatter et indgangs-
modul og en processor, hvilken fremgangsmade omfatter:

konvertering af et lydinput til et fgrste indgangssignal,

tilvejebringelse af et processorudgangssignal baseret p3 det fgrste indgangs-
signal,

tilvejebringelse af et fgrste suppressorudgangssignal baseret pa et eller flere
suppressorindgangssignaler, der indbefatter et fgrste suppressorindgangssignal,

tilvejebringelse af et fgrste adderudgangssignal baseret pa processorudgangs-
signalet og det fagrste suppressorudgangssignal, og

konvertering af et udgangssignal baseret pa det fgrste adderudgangssignal til
et lydsignal,
kendetegnet ved, at handlingen til tilvejebringelse af det fgrste suppressorudgangs-
signal omfatter anvendelse af en fgrste forsinkelse og et fgrste filter med en fgrste
forstaerkning pa det farste suppressorindgangssignal, idet den fgrste forsinkelse er i
intervallet fra 4 ms til 10 ms eller i intervallet fra 8 ms til 20 ms, og hvor det fgrste
suppressorindgangssignal omfatter eller er baseret pa det fgrste indgangssignal, det
forste adderudgangssignal eller processorudgangssignalet.
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