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Description

[0001] The present invention relates to a hearing de-
vice or hearing aid with analog filtering and associated
method. In particular, the present invention relates to a
hearing aid having improved wind noise reduction.

BACKGROUND

[0002] Wind noise is experienced as very unpleasant
by a hearing device user and considerably reduces the
userfriendliness of a hearing device. Known methods for
reducing wind noise in hearing devices include filtering
in the digital domain. Further, it is known to reduce the
gain of a preamplifier to remove the uncomfortable sound
levels. This however is at the expence of normal sound
processing basically getting destroyed rendering the
hearing device somewhat unusable.

[0003] US 2004/175012 A1 discloses a method for
manufacturing an acoustical device. A filter arrangement
with adjustable high-pass characteristic has a control in-
put for the characteristic.

[0004] US 5,170,434 A discloses a hearing aid that
generally provides greater amplification for speech sig-
nals than noise signals. The hearing aid includes a mi-
crophone, variable highpass filter, transducer, and sen-
sor assembly. The sensor assembly detects the ampli-
tude of a band of low frequencies of the highpass filtered
microphone signal, and provides a feedback signal to the
variable filter to influence its cutoff frequency based on
the characterisics of the highpass filtered microphone
signal.

[0005] WO 2011/006496 A1 discloses a processing
unit that adaptively suppresses wind noise in a hearing
aid. The output of a first A/D converter is operationally
connected to a first input of a subtraction node. The out-
put of a second A/D converter is operationally connected
to the input of an adaptive filter.

[0006] EP 1258 865 A2 discloses a variable high-pass
filter that can be altered in its cut-off frequency, for which
purpose it has a controlling input where a control signal
can be applied to alter the cut-off frequency.

[0007] US 2012/0207315 A1 discloses an audio
processing apparatus including first and second audio
pickup units. The second audio pickup unit includes an
audio resistor provided to cover a sound receiving portion
to suppress external wind introduction while passing an
external audio.

[0008] Afirstfilter attenuates asignalhavingafrequen-
cy lower than a first cutoff frequency of the output signal
of afirst A/D converter. A second filter attenuates a signal
having afrequency higher than a second cutoff frequency
of the output signal of a second A/D converter. A third
filter is provided between the first audio pickup unit and
the first A/D converter to attenuate a signal having a fre-
quency lower than a third cutoff frequency for suppress-
ing the wind noise.
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SUMMARY

[0009] Despite the known solutions, there is still a need
forimproving the hearing device processing during windy
conditions and to improve the signal to noise ratio (SNR)
in the hearing device.

[0010] Accordingly, a hearing device is provided, the
hearing device comprising: a microphone for converting
audio into an audio signal; a preprocessing unit for analog
processing of the audio signal and having an input and
an output, wherein the input is connected to an output of
the microphone; an A/D converter for converting a proc-
essed analog audio signal into a digital audio signal, the
A/D converter having an input and an output, wherein
the input is connected to the output of the preprocessing
unit; and a processing unit for digital processing of the
A/D converter output, wherein the processing unit is con-
nected to the preprocessing unit. The preprocessing unit
is configured to apply a first transfer function to the audio
signal in a first mode of operation and a second transfer
function with a second cutofffrequency to the audio signal
in a second mode of operation, depending on a control
signal from the processing unit.

[0011] Alsodisclosed is a method for operating a hear-
ing aid comprising a microphone, a preprocessing unit,
an A/D converter, and a processing unit is provided, the
method comprising: applying, in the preprocessing unit,
a first transfer function to an audio signal from the micro-
phone; converting a preprocessed audio signal to a dig-
ital audio signal; determining one or more noise param-
eters including a first noise parameter of the digital audio
signal, and applying, in the preprocessing unit, a second
transfer function, e.g. with a second cutoff frequency, to
the audio signal from the microphone depending on a
noise

criterion, e.g. a first noise criterion, based on the one or
more noise parameters. The method may comprise de-
termining the one or more noise parameters while apply-
ing the second transfer function, and applying, in the pre-
processing unit, the first transfer function or a third trans-
fer function to the audio signal from the microphone de-
pending on a noise criterion, e.g. a second noise criterion.
[0012] Itis an advantage of the present invention that
saturation of A/D converter of the hearing device is re-
duced thereby providing improved SNR in the hearing
device processing.

[0013] Further, the hearing device and method enable
a more efficient use of signal processing ressources by
removing undesired noise at an early stage in the signal
processing of the hearing device. Thereby, improved
power management is provided.

BRIEF DESCRIPTION OF THE DRAWINGS

[0014] The above and other features and advantages
of the present invention will become readily apparent to
those skilled in the art by the following detailed descrip-
tion of exemplary embodiments thereof with reference to
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the attached drawings, in which:

Fig. 1  schematically illustrates an exemplary hearing
device,

Fig. 2  schematicallyillustrates an exemplary preproc-
essing circuit of the hearing device in Fig. 1,

Fig. 3  schematicallyillustrates an exemplary preproc-
essing circuit of the hearing device in Fig. 1,

Fig. 4 shows an exemplary resistance circuit with a
variable resistance value,

Fig. 5 shows an exemplary capacitance circuit with a
variable capacitance value,

Fig. 6 shows exemplary first and second transfer
functions,

Fig. 7 is a flow diagram of an exemplary method,

Fig. 8 is aflow diagram of an exemplary method, and

Fig. 9  shows an exemplary processing unit.

DETAILED DESCRIPTION

[0015] The figures are schematic and simplified for
clarity, and they merely show details which are essential
to the understanding of the invention, while other details
have been left out. Throughout, the same reference nu-
merals are used for identical or corresponding parts.
[0016] The preprocessing unit processes the audio
signal from the microphone and has an input and an out-
put. The input comprises a first input terminal connected
to an output, e.g. a first output terminal, of the micro-
phone. The preprocessing unit may comprise one or
more control terminals for receiving and/or sending con-
trol signal(s) from/to the processing unit.

[0017] The preprocessing unitmay comprise a first ca-
pacitor circuit with a first capacitance value. The first ca-
pacitance value may be variable, e.g. the first capaci-
tance value may depend on the control signal from the
processing unit. The preprocessing unit may comprise a
second capacitor or second capacitor circuit having a
second capacitance value. The second capacitance val-
ue may be variable, e.g. the second capacitance value
may depend on the control signal from the processing
unit. A variable first and/or second capacitance circuit
may reduce the microphone requirements with regard to
DC biasing or drifting. A capacitor or capacitor circuit has
a first and a second terminal having a capacitance value
therebetween.

[0018] The preprocessing unit may comprise a first re-
sistor circuit with a first resistance value. The first resist-
ance value may be variable, e.g. the first resistance value
may depend on the control signal from the processing
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unit. The preprocessing unit may comprise a second re-
sistor circuit with a second resistance value. The second
resistance value may be variable, e.g. the second resist-
ance value may depend on the control signal from the
processing unit. A resistor or resistor circuit has a first
and a second terminal having a resistance value there-
between.

[0019] The preprocessing unit may be a passive unit
or an active unit. Accordingly, the preprocessing unit may
comprise an amplifier. The amplifier has a first and op-
tionally a second input terminal and an output terminal.
The preprocessing unit may comprise a first part or unit
and a second part or unit, where the first part is a passive
filter part with adjustable filter parameters via the control
signal and the second part is an active part with an am-
plifier. Accordingly, the preprocessing unit may comprise
a passive adjustable filter unit followed by an active am-
plifier unit with adjustable gain.

[0020] The processing unitcomprisesaninputwithone
or more input terminals including a first input terminal.
The processing unit comprises one or more control ter-
minals connected to corresponding control terminals of
the preprocessing unit for sending and/or receiving con-
trol signal(s) indicative of mode of operation to/from the
preprocessing unit.

[0021] The processing unitis configured to send a con-
trol signal to the preprocessing unit indicative of a mode
of operation. The control signal may comprise one or
more bits, e.g. depending on the number number of
modes/transfer functions. The control signal may have a
first value indicative of the first transfer function (e.g. Bit1
=0) and a second value indicative of a second transfer
function (e.g. Bit1=1). The processing unit may comprise
adetector unit configured to determine one or more noise
parameters including a first noise parameter and/or a
second noise parameter. The noise parameter(s) may
be indicative of the amount of wind noise in the audio
signal. The processing unit may be configured to send a
control signal indicative of mode of operation to the pre-
processing unit depending on a noise criterion based on
one or more of the noise parameters. The detector unit
may be configured to determine a saturation parameter
indicative of whether the A/D converter is close to or in
saturation. The processing unit may be configured to
send a control signal indicative of mode of operation to
the preprocessing unit based on the saturation parame-
ter.

[0022] A noise criterion may be applied for determining
the mode of operation. For example, a first mode (first
transfer function) may be selected when a noise criterion,
e.g. a first noise criterion, based on noise parameter(s)
is not fulfilled, e.g. if a first noise parameter is less than,
equal to or larger than a noise threshold (e.g. a first noise
threshold). Further, a second mode (second transfer
function) may be selected when a noise criterion, e.g.
the first noise criterion or a second noise criterion, based
on the noise parameter(s) is fulfilled, e.qg. if the first noise
parameter is less than, equal to or larger than a noise
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threshold (e.g. the first noise threshold or a second noise
threshold). Different criteria may be applied depending
on the mode of operation.

[0023] Inanexemplary hearing device, a noise param-
eter may be based on the sound pressure level (SPL) of
the digital audio signal and/or the sound pressure level
(SPL) in one or more frequency bands of the digital audio
signal, e.g. a first frequency band F, and/or a second
frequency band F,. It is contemplated that a noise crite-
rion and/or the noise parameter may be based on SPL
or other suitable input signal properties determined by
the detector unit or other sound classification units in the
hearing device.

[0024] In an exemplary hearing device, a noise crite-
rion in the first mode of operation is given by

S P I—total > T1

where the first noise parameter SPL,, is the sound pres-
sure level of the digital audio signal and T is a first noise
threshold. A first transfer function is applied (first mode
of operation) if the noise criterion is not fulfilled (false,
indicative of no or little wind noise) and a second transfer
function is applied (second mode of operation) if the noise
criterion is fulfilled (true, indicative of wind noise present).
[0025] In an exemplary hearing device, the noise cri-
terion in the first mode of operation is given by

SPLF1 > T1

where the first noise parameter SPL, is the sound pres-
sure level of the digital audio signal in a first frequency
band F4 and T, is a first noise threshold. A first transfer
function is applied (first mode of operation) if the noise
criterion is not fulfilled (false, indicative of no or little wind
noise) and the preprocessing unit switches to applying a
a second transfer function (second mode of operation) if
the noise criterion is fulfilled (true, indicative of wind noise
present).

[0026] The noise criterion may be based on a plurality
of noise parameters. In an exemplary hearing device, the
noise criterion in the first mode of operation is given by

(SPLiota > T1) AND (SPLrq > To)

where the first noise parameter SPL,, is the sound pres-
sure level of the digital audio signal, T, is a first noise
threshold, the second noise parameter SPLg; is the
sound pressure level of the digital audio signal in a first
frequency band F,, and T, is a second noise threshold.
[0027] A first noise criterion may be applied in a first
mode of operation and a second noise criterion different
from the first noise criterion may be applied in a second
mode of operation. The hearing device may be config-
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ured to operate in the second mode for a predetermined
time period and then switch back to the first mode. For
example, the second noise criterion may consist of or
include whether the hearing device has operated in the
second mode for a certain period of time. A noise criterion
may comprise one or more logical expressions.

[0028] The preprocessing unit may be configured to
apply a third transfer function with a third cutoff frequency
to the audio signal in a third mode of operation depending
on the control signal from the processing unit.

[0029] The preprocessing unitis configured to apply a
plurality of different transfer functions including a first
transfer function and a second transfer function to the
output signal from the microphone in different modes of
operation, e.g. depending on control signal(s) from the
processing unit.

[0030] The first transfer function may be a high pass
filter function having a first cutoff frequency f;. The first
cutoff frequency may be selected in the range from 5 Hz
to 1 kHz. Exemplary first cutoff frequencies are 20 Hz,
50 Hz, 80 Hz, 100 Hz, 200 Hz, 400 Hz, 600 Hz, 1 kHz or
any ranges therebetween.

[0031] The second transfer function may be a high
pass filter function. The second cutoff frequency f, may
be selected in the range from 50 Hz to 2 kHz. Exemplary
second cutoff frequencies are 50 Hz, 80 Hz, 100 Hz, 200
Hz, 400 Hz, 600 Hz, 800 Hz, 1 kHz, 2 kHz or any ranges
therebetween. The first cutoff frequency may be less than
the second cutoff frequency, e.g. f;=80Hz and f,=400
Hz .

[0032] The transfer functions applied in different
modes may be band-pass filter functions with lower cutoff
corresponding to the first and second cutoff frequencies,
respectively.

[0033] The processing unit may be configured to send
a control signal indicative of a second mode of operation
to the preprocessing unit when a first noise criterion is
fulfilled in a first mode of operation where a first transfer
function is applied. Additionally or as an alternative, the
processing unit may be configured to send a control sig-
nal indicative of a first mode of operation to the preproc-
essing unit when a second noise criterion is fulfilled in a
second mode of operation where a second transfer func-
tion is applied.

[0034] The method according to the presentinvention,
as defined in independent claim 12, comprises applying,
in the preprocessing unit, a second transfer function with
a second cutoff frequency to the audio signal from the
microphone if the noise parameter fullfils a criterion. The
method may comprise determining the noise parame-
ter(s) while applying the second transfer function, and
applying, in the preprocessing unit, the first transfer func-
tion or a third transfer function to the audio signal from
the microphone if the noise parameter(s) fullfils a criteri-
on. A first criterion may be applied when the first transfer
function is applied in the preprocessing unit and a second
criterion different from the first criterion may be applied
when the second transfer function is applied in the pre-
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processing unit.

[0035] The hearing device according to the present in-
vention, as defined in independent claim 1, provides im-
proved degree of freedom in the design of the hearing
device by reducing the requirements to microphone per-
formance.

[0036] Further,the presentinvention allows for utilizing
low frequency audio signals for secondary applications
not necessarily related to hearing loss compensation.
[0037] Fig. 1 schematically illustrates an exemplary
hearing device. The hearing device 2 comprises a micro-
phone 4 for converting audio into an audio signal 5, and
a preprocessing unit 6 for analog processing of the audio
signal 5. The preprocessing unit has an input 8 for audio
signal 5 and an output 10, wherein the input 8 is connect-
ed to an output 12 of the microphone 4. Further, the hear-
ing device 2 comprises an A/D converter 14 for converting
the processed analog audio signal 16 into a digital audio
signal 18, the A/D converter 14 having an input 20 and
an output 22, wherein the input 20 is connected to the
output 10 of the preprocessing unit 6. The hearing device
comprises a processing unit 24 for digital processing of
the digital audio signal 18. The processed digital audio
signal 26 is fed to a receiver device (not shown) for con-
version of the processed digital audio signal 26 into a
compensated audio signal. The processing unit 24 is con-
nected to the preprocessing unit 6 on connection 28 for
feeding and/or receiving control signal(s) to/from the pre-
processing unit.

[0038] The preprocessing unit 6 is configured to apply
a first transfer function H, to the audio signal in a first
mode of operation and a second transfer function H, with
a second cutoff frequency to the audio signal in a second
mode of operation, depending on a control signal 30 on
connection 28 from the processing unit 24.

[0039] Fig. 2 shows an exemplary preprocessing unit
6’ of the hearing aid 2. The preprocessing unit 6° com-
prises a first capacitance circuit 40 with a variable first
capacitance value C1 depending on a control signal on
control terminal(s) 42. Further, the preprocessing unit 6’
comprises a second capacitance circuit 44 with a second
capacitance value C2. The preprocessing unit 6° com-
prises a first resistance circuit 46 with a variable first re-
sistance value R1 depending on a control signal on con-
trol terminal(s) 42’. The preprocessing unit 6’ is an active
unit comprising an amplifier or amplifier circuit 48 having
a first input terminal 49A, a second input terminal 49B,
and output terminal 50 coupled to the capacitance and
resistance circuits 40, 44, 46. The first capacitance circuit
40 is coupled between a first input terminal 47 of the
preprocessing unitinput 8 and the first input terminal 49A.
The second capacitance circuit44 and the firstresistance
circuit 46 are coupled in parallel between the first input
terminal 49A and the output terminal 50. The second in-
put terminal 49B is connected to virtual ground.

[0040] Fig. 3 shows an exemplary preprocessing unit
6" of the hearing aid 2. The preprocessing unit 6" com-
prises a first resistance circuit 46 with a variable first re-
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sistance value R1 depending on a control signal on con-
trol terminal(s) 42’. Further, the preprocessing unit
6" comprises a second resistance circuit 52 with a vari-
able second resistance value R2 depending on a control
signal on control terminal(s) 42". The preprocessing unit
6" is an active unit comprising an amplifier or amplifier
circuit 48 having afirst input terminal 49A, a second input
terminal 49B, and output terminal 50. The first resistance
circuit 46 is coupled between the second input terminal
49B and the output terminal 50. The second resistance
circuit 52 is coupled between the second input terminal
49B and the second input terminal 47" of the preproc-
essing unit. A capacitance circuit (not shown) is coupled
external to the preprocessing unit between the second
input terminal 47’ and ground. As an alternative orin com-
bination, a first capacitance circuit (C1) may be incorpo-
rated in the preprocessing unit 6" in series with the sec-
ond resistance circuit 52 between ground and the second
input terminal 49B.

[0041] Fig. 4 shows an exemplary resistance circuit
with a variable resistance value. Different resistance val-
ues may be selected by controlling the switches 56 (open
or closed) with a control signal in order to couple or de-
couple resistors 54.

[0042] Fig. 5 shows an exemplary capacitance circuit
with a variable capacitance value. Different capacitance
values may be selected by controlling the switches 56
(open or closed) with a control signal in order to couple
or decouple capacitors 58.

[0043] Fig. 6 shows exemplary first and second trans-
ferfunctions applied to the audio signal in firstand second
modes of operation, respectively. The first transfer func-
tion 90 is a high pass filter with a first cutoff frequency f,
of about 100 Hz. The second transfer function 92 is a
high pass filter with a second cutoff frequency f, of about
400 Hz.

[0044] Fig. 7 illustrates an exemplary method for op-
erating a hearing aid comprising a microphone, a pre-
processing unit, an A/D converter, and a processing unit
according to the presentinvention. The method 100 com-
prises applying 102, in the preprocessing unit, a first
transfer function H, to an audio signal from the micro-
phone and converting 104 the preprocessed audio signal
to a digital audio signal with the A/D converter.

[0045] Further,the method comprises determining 106
one or more noise parameters including a first noise pa-
rameter and/or a second noise parameter of the digital
audio signal, and applying 110, in the preprocessing unit,
a second transfer function H, with a second cutoff fre-
quency f, to the audio signal from the microphone de-
pending on a noise criterion 108 based on the one or
more noise parameters. In the method 100, the noise
criterion applied in 108 depends on the mode of opera-
tion. If the preprocessing unit applies a first transfer func-
tion corresponding to the first mode of operation, a first
criterion based on sound pressure levels is applied. If the
first criterion is fulfilled, e.g. one or more sound pressure
levels (total and/or selected bandwidths) are larger than
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respective thresholds, a control signal indicative of sec-
ond mode is fed to the preprocessing unit and the pre-
processing unit applies a second transfer function 110.
If the first criterion is not fulfilled (indicative of no wind
noise), the preprocessing unit continues applying the first
transfer function corresponding to the hearing device op-
erating in the first mode of operation. If the preprocessing
unit applies a second transfer function corresponding to
the second mode of operation, a second criterion is ap-
plied in 108. The second criterion may be fulfilled if the
hearing device has operated in the second mode for a
certain time period, i.e. if t,>T, where t, is the present
time of operationinthe second mode and T, isathreshold
time, e.g. in the range from 1 second to 60 seconds. If
the second criterion is fulfilled, a control signal indicative
of first mode is fed to the preprocessing unit and the pre-
processing unit applies a first transfer function 102. If the
second criterion is not fulfilled (indicative of wind noise
present), the preprocessing unit continues applying the
second transfer function and the hearing device contin-
ues operating in the second mode of operation.

[0046] Fig. 8 illustrates an exemplary method for op-
erating a hearing aid comprising a microphone, a pre-
processing unit, an A/D converter, and a processing unit
according to the present invention. The method 100’
comprises applying 102, in the preprocessing unit, a first
transfer function H, to an audio signal from the micro-
phone and converting 104 the preprocessed audio signal
to a digital audio signal with the A/D converter.

[0047] Further,the method comprises determining 106
one or more noise parameters including a first noise pa-
rameter and/or a second noise parameter of the digital
audio signal. Further, an operation mode of the hearing
device is determined based on the one or more noise
parameters and the current mode of operation in 106.
The operation mode may be selected from two or more
operation modes with corresponding transfer functions.
In 110, the transfer function corresponding to the mode
of operation determined in 106 is applied to the audio
signal and the method returns to determining the mode
of operation and accordingly the transfer function to be
applied in the preprocessing unit.

[0048] Fig. 9 shows an exemplary processing unit 24.
The processing unit 24 receives the digital audio signal
18 atinput 93. The digital audio signal 18 is fed to detector
unit 94 and hearing compensation processing unit 96.
The detector unit 94 is configured to determine at least
a first noise parameter of the digital audio signal 18. The
noise parameter(s) are fed to mode selector 98 config-
ured to determine the mode of operation of the hearing
aid, e.g. based on the noise parameter(s) and/or current
mode of operation. The mode selector 98 may be em-
bedded in the hearing compensation processing unit 96.
The mode selector 98 is configured to send a control
signal 30 indicative of mode of operation to the preproc-
essing unit via processing unit control output 25.
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LIST OF REFERENCES

[0049]

2 hearing device

4 microphone

5 audio signal

6 preprocessing unit

8 preprocessing unit input

10 preprocessing unit output

12 microphone output

14 analog-digital (A/D) converter
16 processed analog audio signal
18 digital audio signal

20 A/D converter input

22 A/D converter output

24 processing unit

25 processing unit control output
26 processed digital audio signal
28 connection

30 control signal

40 first capacitance circuit
42,42, 42"  control terminal(s)

44 second capacitance circuit
46 first resistance circuit

47 first input terminal

48 amplifier

49A first input terminal of amplifier
49B second input terminal of amplifier
50 output terminal of amplifier
52 second resistance circuit

54 resistor

56 switch

58 capacitor

90 first transfer function

92 second transfer function

93 digital audio input

94 detector unit

96 hearing compensation processing unit
98 mode selector

Claims

1. A hearing device (2) comprising:

- a microphone (4) for converting audio into an
audio signal (5);

- a preprocessing unit (6) for analog processing
of the audio signal (5) into a processed analog
audio signal (16), the preprocessing unit (6) hav-
ing an input (8) and an output (10), wherein the
input (8) is connected to an output (12) of the
microphone (4);

- an A/D converter (14) for converting the proc-
essed analog audio signal (16) into a digital au-
dio signal (18), the A/D converter (14) having an
input (20) and an output (22), wherein the input
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(20) is connected to the output (10) of the pre-
processing unit (6); and

- a processing unit (24) for digital processing of
the digital audio signal (18), wherein the
processing unit (24) is connected to the preproc-
essing unit (6) for sending a control signal (30)
indicative of a mode of operation to the preproc-
essing unit (6) based on at least a first noise
parameter of the digital audio signal (18);

wherein the preprocessing unit (6) is configured to
apply a first transfer function to the audio signal (5)
in a first mode of operation and a second transfer
function with a second cutoff frequency to the audio
signal (5) in a second mode of operation, depending
on the control signal (30) from the processing unit
(24).

A hearing device according to claim 1, wherein the
preprocessing unit comprises a first capacitor circuit
with a variable first capacitance value, wherein the
first capacitance value depends on the control signal
from the processing unit.

A hearing device according to any of claims 1-2,
wherein the preprocessing unit comprises a first re-
sistor circuit with a variable first resistance value,
wherein the first resistance value depends on the
control signal from the processing unit.

A hearing device according to claim 3, wherein the
preprocessing unit comprises a second resistor cir-
cuit with a variable second resistance value, wherein
the second resistance value depends on the control
signal from the processing unit.

A hearing device according to any of the preceding
claims, wherein the preprocessing unit comprises an
amplifier.

A hearing device according to any of the preceding
claims, wherein the processing unit comprises a de-
tector unit configured to determine one or more noise
parameters including a first noise parameter, and
wherein the processing unitis configured to send the
control signal indicative of the mode of operation to
the preprocessing unitdepending on a noise criterion
based on the one or more noise parameters.

A hearing device according to any of the preceding
claims, wherein the processing unit is configured to
send the control signal indicative of the mode of op-
eration to the preprocessing unit as indicative of a
second mode of operation when afirst noise criterion
is fulfilled in a first mode of operation, and as indic-
ative of the first mode of operation when a second
noise criterion is fulfilled in the second mode of op-
eration.
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10.

1.

12.

13.

A hearing device according to any of the preceding
claims, wherein the preprocessing unit is configured
to apply a third transfer function with a third cutoff
frequency to the audio signal in a third mode of op-
eration depending on the control signal from the
processing unit.

A hearing device according to any of the preceding
claims, wherein the first transfer function is a high
passfilter function and having afirst cutoff frequency,
wherein the first cutoff frequency is selected in the
range from 100 Hz to 1 kHz.

A hearing device according to claim 9, wherein the
second cutoff frequency is larger than the first cutoff
frequency.

A hearing device according to any of the preceding
claims, wherein the second transfer functionis a high
pass filter function and wherein the second cutoff
frequency is selected in the range from 100 Hz to 2
kHz.

A method (100, 100’) for operating a hearing aid (2)
comprising a microphone (4), a preprocessing unit
(6) for analog processing, an A/D converter (14), and
a processing unit (24), the method comprising:

- applying (102), in the preprocessing unit, a
transfer function to an audio signal from the mi-
crophone, for analog processing the audio sig-
nal into a processed analog audio signal (16);
- converting (104) the processed analog audio
signal to a digital audio signal,

- determining (106) one or more noise parame-
ters including a first noise parameter of the dig-
ital audio signal, and

- sending from the processing unit, a control sig-
nal (30) indicative of a mode of operation to the
preprocessing unit depending on a noise crite-
rion based on the one or more noise parameters;

wherein the transfer function applied in the preproc-
essing unit is a first transfer function in a first mode
of operation and a second transfer function with a
second cutoff frequency in a second mode of oper-
ation, depending on the control signal (30) from the
processing unit (24).

Method according to claim 12, the method further
comprising determining the one or more noise pa-
rameters while applying the second transfer func-
tion, and applying, in the preprocessing unit, the first
transfer function or a third transfer function to the
audio signal from the microphone depending on the
noise criterion.
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Patentanspriiche

1.

Hérgerat (2), umfassend:

- ein Mikrofon (4) zum Umwandeln von Schall
in ein Audiosignal (5);

- eine Vorverarbeitungseinheit (6) zum analo-
gen Verarbeiten des Audiosignals (5) zu einem
verarbeiteten analogen Audiosignal (16), wobei
die Vorverarbeitungseinheit (6) einen Eingang
(8) und einen Ausgang (10) aufweist, wobei der
Eingang (8) mit einem Ausgang (12) des Mikro-
fons (4) verbunden ist;

- einen A/D-Wandler (14) zum Umwandeln des
verarbeiteten analogen Audiosignals (16) in ein
digitales Audiosignal (18), wobei der A/D-Wand-
ler (14) einen Eingang (20) und einen Ausgang
(22) aufweist, wobei der Eingang (20) mit dem
Ausgang (10) der Vorverarbeitungseinheit (6)
verbunden ist;

- eine Verarbeitungseinheit (24) zum digitalen
Verarbeiten des digitalen Audiosignals (18), wo-
bei die Verarbeitungseinheit (24) mitder Vorver-
arbeitungseinheit (6) verbunden ist, um ein ei-
nen Betriebsmodus anzeigendes Steuersignal
(30) an die Vorverarbeitungseinheit (6) basie-
rend auf zumindest einem ersten Rauschpara-
meter des digitalen Audiosignals (18) zu sen-
den;

wobei die Vorverarbeitungseinheit (6) dazu ausge-
staltet ist, in einem ersten Betriebsmodus eine erste
Ubertragungsfunktion auf das Audiosignal (5) anzu-
wenden und in einem zweiten Betriebsmodus eine
zweite Ubertragungsfunktion mit einer zweiten
Grenzfrequenz auf das Audiosignal (5) anzuwen-
den, abhangig vom Steuersignal (30) der Verarbei-
tungseinheit (24).

Hérgerat nach Anspruch 1, wobei die Vorverarbei-
tungseinheit eine erste Kondensatorschaltung mit
einem variablen ersten Kapazitatswert umfasst, wo-
bei der erste Kapazitatswert vom Steuersignal der
Verarbeitungseinheit abhangig ist.

Hérgerat nach einem der Anspriiche 1-2, wobei die
Vorverarbeitungseinheit eine erste Widerstands-
schaltung mit einem variablen ersten Widerstands-
wert umfasst, wobei der erste Widerstandswert vom
Steuersignal der Verarbeitungseinheit abhangig ist.

Hérgerat nach Anspruch 3, wobei die Vorverarbei-
tungseinheit eine zweite Widerstandsschaltung mit
einem variablen zweiten Widerstandswert umfasst,
wobei der zweite Widerstandswert vom Steuersignal
der Verarbeitungseinheit abhangig ist.

Hérgerat nach einem der vorgehenden Anspriche,
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10.

1.

12.

wobei die Vorverarbeitungseinheit einen Verstarker
umfasst.

Hoérgerat nach einem der vorhergehenden Anspri-
che, wobei die Verarbeitungseinheit eine Detektor-
einheit umfasst, die dazu ausgestaltet ist, einen oder
mehrere Rauschparameter, umfassend einen ers-
ten Rauschparameter, zu bestimmen, und wobei die
Verarbeitungseinheit dazu ausgestaltet ist, das den
Betriebsmodus anzeigende Steuersignal an die Vor-
verarbeitungseinheit abhangig von einem auf dem
einen oder mehreren Rauschparametern basieren-
den Rauschkriterium zu senden.

Hoérgerat nach einem der vorhergehenden Anspri-
che, wobeidie Verarbeitungseinheit dazu ausgestal-
tet ist, das den Betriebsmodus anzeigende Steuer-
signal an die Vorverarbeitungseinheit als einen zwei-
ten Betriebsmodus anzeigend zu senden, wenn ein
erstes Rauschkriterium in einem ersten Betriebsmo-
dus erflllt ist, und als den ersten Betriebsmodus an-
zeigend zu senden, wenn ein zweites Rauschkrite-
rium im zweiten Betriebsmodus erflllt ist.

Hoérgerat nach einem der vorhergehenden Anspri-
che, wobei die Vorverarbeitungseinheit dazu ausge-
staltet ist, in einem dritten Betriebsmodus eine dritte
Ubertragungsfunktion mit einer dritten Grenzfre-
quenz auf das Audiosignal abhdngig vom Steuersi-
gnal der Verarbeitungseinheit anzuwenden.

Hérgerat nach einem der vorgehenden Anspriche,
wobei die erste Ubertragungsfunktion eine Hoch-
passfilterfunktion ist und eine erste Grenzfrequenz
aufweist, wobei die erste Grenzfrequenz im Bereich
von 100 Hz bis 1 kHz gewahlt ist.

Hérgerat nach Anspruch 9, wobei die zweite Grenz-
frequenz gréRer als die erste Grenzfrequenz ist.

Hoérgerat nach einem der vorgehenden Anspriche,
wobei die zweite Ubertragungsfunktion eine Hoch-
passfilterfunktionist, und wobei die zweite Grenzfre-
quenz im Bereich von 100 Hz bis 2 kHz gewahlt ist.

Verfahren (100, 100°) zum Betrieb eines Horgerats
(2), umfassend ein Mikrofon (4), eine Vorverarbei-
tungseinheit (6) zur analogen Verarbeitung, einen
A/D-Wandler (14) und eine Verarbeitungseinheit
(24), wobei das Verfahren Folgendes umfasst:

- Anwenden (102), in der Vorverarbeitungsein-
heit, einer ersten Ubertragungsfunktion auf ein
Audiosignal des Mikrofons zum analogen Ver-
arbeiten des Audiosignals zu einem verarbeite-
ten analogen Audiosignal (16);

- Umwandeln (104) des verarbeiteten analogen
Audiosignals in ein digitales Audiosignal,
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- Bestimmen (106) von einem oder mehreren
Rauschparametern, umfassend einen ersten
Rauschparameter, des digitalen Audiosignals,
und

- Senden eines einen Betriebsmodus anzeigen-
den Steuersignals (30) von der Verarbeitungs-
einheit an die Vorverarbeitungseinheit, abhan-
gig von einem auf dem einen oder mehreren
Rauschparametern basierenden Rauschkriteri-
um;

wobei die in der Vorverarbeitungseinheit angewen-
dete Ubertragungsfunktion eine erste Ubertra-
gungsfunktion in einem ersten Betriebsmodus und
eine zweite Ubertragungsfunktion mit einer zweiten
Grenzfrequenz in einem zweiten Betriebsmodus ist,
abhangig vom Steuersignal (30) der Verarbeitungs-
einheit (24).

Verfahren nach Anspruch 12, wobei das Verfahren
ferner das Bestimmen des einen oder mehrerer
Rauschparameter wahrend der Anwendung der
zweiten Ubertragungsfunktion und das Anwenden,
in der Vorverarbeitungseinheit, der ersten Ubertra-
gungsfunktion oder einer dritten Ubertragungsfunk-
tion auf das Audiosignal des Mikrofons abhangig
Rauschkriterium umfasst.

Revendications

1.

Prothése auditive (2) comprenant:

- un microphone (4) pour convertir 'audio en un
signal audio (5),

- une unité de prétraitement (6) pour le traite-
mentanalogique du signal audio (5) en un signal
audio analogue traité (16), 'unité de prétraite-
ment (6) ayant une entrée (8) et une sortie (10),
dans laquelle I'entrée (8) est connectée a une
sortie (12) du microphone (4);

- un convertisseur numérique analogique (14)
pour convertir le signal audio analogique traité
(16) en un signal audio numérique (18), le con-
vertisseur numérique analogique (14) ayantune
entrée (20) et une sortie (22), I'entrée (20) étant
connectée a la sortie (10) de l'unité de prétrai-
tement (6); et

- une unité de traitement (24) pour le traitement
numeérique du signal audio numérique (18), I'uni-
té de traitement (24) étant connectée a l'unité
de prétraitement (6) pour envoyer un signal de
commande (30) indicatif d'un mode de fonction-
nement a l'unité de prétraitement (6) sur la base
d’au moins un premier parameétre de bruit du
signal audio numérique (18);

dans laquelle I'unité de prétraitement (6) est confi-
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gurée pour appliquer une premiere fonction de trans-
fert au signal audio (5) dans un premier mode de
fonctionnement et une deuxiéme fonction de trans-
fert avec une deuxiéme fréquence de coupure au
signal audio (5) dans un deuxiéme mode de fonc-
tionnement, en fonction d’'un signal de commande
(30) provenant de I'unité de traitement (24).

Prothése auditive selon la revendication 1, dans la-
quelle 'unité de prétraitement comprend un premier
circuit de condensateur avec une premiére valeur
de capacité variable, la premiére valeur de capacité
dépendant du signal de commande provenant de
I'unité de traitement.

Prothése auditive selon’'une quelconque des reven-
dications 1 a 2, dans laquelle I'unité de prétraitement
comprend un premier circuit de résistance avec une
premiére valeur de résistance variable, la premiére
valeur de résistance dépendant du signal de com-
mande provenant de l'unité de traitement.

Prothése auditive selon la revendication 3, dans la-
quelle I'unité de prétraitement comprend un deuxié-
me circuit de résistance avec une deuxieéme valeur
de résistance variable, la deuxiéme valeur de résis-
tance dépendant du signal de commande provenant
de l'unité de traitement.

Prothése auditive selon’'une quelconque des reven-
dications précédentes, dans laquelle I'unité de pré-
traitement comprend un amplificateur.

Prothése auditive selon’'une quelconque des reven-
dications précédentes, dans laquelle I'unité de trai-
tement comprend une unité de détection configurée
pour déterminer un ou plusieurs paramétres de bruit
comprenant un premier parameétre de bruit, et dans
laquelle I'unité de traitement est configurée pour en-
voyer le signal de commande indicatif du mode de
fonctionnemental'unité de prétraitement en fonction
d’un critére de bruit basé sur I'un ou plusieurs para-
meétres de bruit.

Prothése auditive selon’'une quelconque des reven-
dications précédentes, dans laquelle I'unité de trai-
tement est configurée pour envoyer le signal de com-
mande indicatif du mode de fonctionnement a 'unité
de prétraitement étant indicatif d’'un deuxi€me mode
de fonctionnement lorsqu’un premier critére de bruit
est rempli dans un premier mode de fonctionnement
et étantindicatif du premier mode de fonctionnement
lorsqu’un deuxiéme critére de bruit est rempli dans
un deuxieme mode de fonctionnement.

Prothése auditive selon’'une quelconque des reven-
dications précédentes, dans laquelle I'unité de pré-
traitement est configurée pour appliquer une troisie-
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me fonction de transfert avec une troisieme fréquen-
ce de coupure au signal audio dans un troisieme
mode de fonctionnement en fonction du signal de
commande provenant de I'unité de traitement.

Prothése auditive selon'une quelconque des reven-
dications précédentes, dans laquelle la premiéere
fonction de transfert est une fonction de filtre passe-
haut et ayant une premiére fréquence de coupure,
la premiére fréquence de coupure étant sélection-
née dans la gamme de 100 Hz a 1 kHz.

Prothése auditive selon la revendication 9, dans la-
quelle lequel la deuxiéme fréquence de coupure est
supérieure a la premiére fréquence de coupure.

Prothése auditive selon'une quelconque des reven-
dications précédentes, dans laquelle la deuxiéme
fonction de transfert est une fonction de filtre passe-
haut, etdanslaquelle la deuxieme fréquence de cou-
pure est sélectionnée dans la gamme de 100 Hz a
2 kHz.

Procédé (100, 100’) pour faire fonctionner une pro-
thése auditive (2) comprenant un microphone (4),
une unité de prétraitement (6) pour le traitement ana-
logue, un convertisseur numérique analogique (14),
et une unité de traitement (24), ledit procédé com-
prenant:

- l'application (102), dans l'unité de prétraite-
ment, d’une fonction de transfert vers un signal
audio provenant du microphone pour le traite-
ment analogue du signal audio en un signal
audio analogue traité (16);

- la conversion (104) du signal audio analogue
traité en un signal audio numérique,

- la détermination (106) d’'un ou de plusieurs pa-
rametres de bruit incluant un premier paramétre
de bruit du signal audio numérique, et

- 'envoi a partir de l'unité de traitement, d’'un
signal de commande (30) indicatif d'un mode de
fonctionnement a l'unité de prétraitement en
fonction d'un critere de bruit basé sur 'un ou
plusieurs paramétres de bruit;

dans laquelle la fonction de transfert appliquée dans
I'unité de prétraitement est une premiére fonction de
transfert dans un premier mode de fonctionnement
et une deuxieme fonction de transfert avec une
deuxiéme fréquence de coupure dans un deuxieme
mode de fonctionnement, en fonction du signal de
commande (30) provenant de I'unité de traitement
(24).

Procédé selon la revendication 12, le procédé com-
prenant en outre la détermination d’'un ou de plu-
sieurs parameétres de bruit lors de I'application de la
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10

deuxiéme fonction de transfert et I'application, dans
'unité de prétraitement, de la premiére fonction de
transfert ou une troisiéeme fonction de transfert au
signal audio provenant du microphone en fonction
du critére de bruit.
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