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(57)  Ahearing aid comprising aninputunit, a wireless
interface for providing one or more external audio sig-
nals, and a processor. The processor is configured to
determine one or more firstinput levels, determine one or
more second input levels, determine one or more first
output levels based on the one or more first input levels,
determine one or more second outputlevels based on the

HEARING AID WITH ADAPTIVE LEVEL STEERING

one or more second input levels, determine a perceptual
measure associated with the one or more external audio
signals, determine a first gain correction based on the
perceptual measure, and process the one or more input
audio signals based on the first gain correction to provide
an output signal.
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Description

TECHNICAL FIELD

[0001] The present application relates to the field of
hearing aids.

TECHNICAL FIELD

[0002] Modern hearing aids are typically able to collect
audio input via other paths than microphones associated
with the hearing aid. One of the most common alternative
paths being streaming audio signal from an external
device, such audio signals may be associated with music
or other media being played via an external device.
[0003] The potential for the presence of multiple input
paths brings challenges too, since most hearing aid users
tend to focus only on one of the sound sources at any
given time, and the rest are normally considered as
distraction.

[0004] Thus, it is important to make sure the audibility
of distracting sounds is reduced while the audibility of a
sound of interest is increased or at least maintained.

SUMMARY

[0005] Inanaspectofthe presentapplication a hearing
aid is provided. The hearing aid may comprise an input
unit for providing one or more input audio signals repre-
senting sound in an environment of the hearing aid. The
hearing aid may comprise a wireless interface for provid-
ing one or more external audio signals. The hearing aid
may comprise a processor. The processor may be con-
figured to determine one or more first input levels based
on the one or more input audio signals. The processor
may be configured to determine one or more second
input levels based on the one or more external audio
signals. The processor may be configured to determine
one or more first output levels based on the one or more
first input levels. The processor may be configured to
determine one or more second outputlevels based on the
one or more second input levels. The processor may be
configured to determine a perceptual measure asso-
ciated with the one or more externals audio signals based
on the one or more first output levels and the one or more
second output levels. The processor may be configured
to determine a first gain correction based on the percep-
tual measure. The processor may be configured to pro-
cess the one or more input audio signals based on the first
gain correction to provide an output signal.

[0006] Thereby an improved hearing aid may be pro-
vided. The presented solution calculates a perceptual
measure using the input and "unadjusted" output levels
for a target and a background sound. Based on the
resulting score, several action may be taken to produce
"adjusted" output levels, e.g., if the background sound is
not distracting, based on the perceptual measure, no
adjustmentsis necessary to be applied, if the background
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sound is likely to interfere with the target, its volume will
be reduced to a less disturbing level without overly at-
tenuating it.

[0007] The hearing aid may be adapted to provide a
frequency dependent gain and/or a level dependent
compression and/or a transposition (with or without fre-
quency compression) of one or more frequency ranges to
one or more other frequency ranges, e.g. to compensate
for a hearing impairment of a user. The hearing aid may
comprise a processor for enhancing the input signals and
providing a processed output signal.

[0008] The hearing aid may comprise an output unit for
providing a stimulus perceived by the user as an acoustic
signal based on a processed electric signal. The output
unit may comprise an output transducer. The output
transducer may comprise a receiver (loudspeaker) for
providing the stimulus as an acoustic signal to the user
(e.g. in an acoustic (air conduction based) hearing aid).
The output unit may be configured to output the output
signal determined by the processor.

[0009] The hearing aid may comprise an input unit for
providing an electric input signal representing sound. The
input unit may comprise an input transducer, e.g. a mi-
crophone, for converting an input sound to an electric
input signal. The input unit may be configured to provide
one or more input audio signals representing sound in an
environment of the hearing aid. The input unit may com-
prise a plurality of microphones for providing a plurality of
input audio signals.

[0010] The hearing aid may comprise a wireless inter-
face. The wireless interface may be configured to receive
and/or transmit an electromagnetic signal in the radio
frequency range (3 kHz to 300 GHz). The wireless inter-
face may be configured to provide one or more external
audio signals.

[0011] The wireless interface may comprise antenna
and transceiver circuitry allowing a wireless link to an
entertainment device (e.g. a TV-set), a communication
device (e.g. a telephone), a wireless microphone, a se-
parate (external) processing device, or another hearing
aid, etc. The hearing aid may thus be configured to
wirelessly receive a direct electric input signal from an-
other device. Likewise, the hearing aid may be config-
ured to wirelessly transmit a direct electric output signal to
another device. The direct electric input or output signal
may represent or comprise an audio signal and/or a
control signal and/or an information signal.

[0012] In general, a wireless link established by the
wireless interface of the hearing aid can be of any type.
The wireless link may be a link based on near-field
communication, e.g. an inductive link based on an in-
ductive coupling between antenna coils of transmitter
and receiver parts. The wireless link may be based on
far-field, electromagnetic radiation. Preferably, frequen-
cies used to establish a communication link between the
hearing aid and the other device is below 70 GHz, e.g.
locatedin arange from 50 MHz to 70 GHz, e.g. above 300
MHz, e.g. inan ISMrange above 300 MHz, e.g. in the 900
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MHz range or in the 2.4 GHz range or in the 5.8 GHz
range or in the 60 GHz range (ISM=Industrial, Scientific
and Medical, such standardized ranges being e.g. de-
fined by the International Telecommunication Union,
ITU). The wireless link may be based on a standardized
or proprietary technology. The wireless link may be based
on Bluetooth technology (e.g. Bluetooth Low-Energy
technology, e.g. LE audio), or Ultra WideBand (UWB)
technology.

[0013] The hearing aid may comprise a signal path for
processing an audio signal between an input and an
output of the hearing aid. A processor may be located
in the signal path. The processor may be adapted to
provide afrequency dependentgain accordingtoauser’s
particular needs, e.g. hearing impairment. The hearing
aid may comprise an analysis path comprising functional
components for analyzing signals and/or controlling pro-
cessing of the signal path. Some or all signal processing
of the analysis path and/or the forward path may be
conducted in the frequency domain, in which case the
hearing aid comprises appropriate analysis and synth-
esis filter banks. Some or all signal processing of the
analysis path and/or the forward path may be conducted
in the time domain.

[0014] The hearing aid may comprise an analogue-to-
digital (AD) converter to digitize an analogue input (e.g.
from an input transducer, such as a microphone) with a
predefined sampling rate, e.g. 20 kHz. The hearing aids
may comprise a digital-to-analogue (DA) converter to
convert a digital signal to an analogue output signal,
e.g. for being presented to a user via an output transdu-
cer.

[0015] The hearing aid may comprise a hearing instru-
ment, e.g. a hearing instrument adapted for being located
at the ear or fully or partially in the ear canal of a user.
[0016] The processor may comprise one or more pro-
cessing units. The processor may be configured to obtain
a signal, e.g., an audio signal, a sensor signal, an in-
formation signal, and/or a control signal. The processor
may control one or more functionalities of the hearing aid.
The user of the hearing aid may provide signals to the
processor via an input interface on the hearing aid, or via
an app on an auxiliary device communicatively con-
nected to the hearing aid. The processor may be config-
ured to obtain a signal via the input unit. The processor
may be configured to obtain a signal via the wireless
interface.

[0017] The one or more input audio signals may com-
prise a speech component and a noise component. The
speech component may be a part of the one or more input
audio signals desired to be amplified to correct for a
hearing loss of the hearing aid user, e.g., speech of an
interlocutor. The noise component may be part of the one
ormore input signals desired to be supressed or reduced,
e.g., background noise or interfering speech. The one or
more input audio signals may interfere with a target
signal, this may especially be the case if the hearing
aid user is listening to a streamed audio signal, then
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the one or more input audio signals may be viewed as
an interference. Thus, the one or more input signals may
in some cases be atarget signals and in others may actas
interference. The one or more input signals may be
derived from microphone signals obtained by one or
more microphones comprised by the hearing aid.
[0018] The one or more external audio signals may be
a streamed audio signal. The one or more external audio
signals may be received from an auxiliary device com-
municatively connected to the hearing aid. The one or
more external audio signals may be a target signal for the
hearing user if the hearing user is streaming the one or
more external audio signals to the hearing aid. The one or
more external audio signals may be associated with
music or other media content streamed by the hearing
aid user.

[0019] The output signal may be a signal to be out-
putted to the user of the hearing aid. The output signal
may be based on processed versions of the one or more
input audio signals and the one or more external audio
signals. The output signal may be based on a combina-
tion of the one or more input audio signals and the one or
more external audio signals.

[0020] Determining the one or more first input levels,
based on the one or more input audio signals, may be
carried out by a level unit comprised by the processor.
The one or more firstinput levels may be determined fora
plurality of frequency bands, e.g., the one or more input
audio signals may be separated into a plurality of fre-
quency bands and for each of the plurality of frequency
bands a first input level may be determined. The one or
more firstinput levels may be determined as one or more
decibels measures for the one or more input audio sig-
nals.

[0021] Determining the one or more second input le-
vels, based on the one or more external audio signals,
may be carried out by a level unit comprised by the
processor. The one or more second input levels may
be determined for a plurality of frequency bands, e.g.,
the one or more external audio signals may be separated
into a plurality of frequency bands and for each of the
plurality of frequency bands a second input level may be
determined. The one or more second input levels may be
determined as one or more decibels measures for the
one or more external audio signals.

[0022] Determining the one or more first output levels,
based on the one or more firstinput levels, may be carried
out by determining the one or more first output levels
according to a compression curve. The compression
curve may be a personalized curve customized to the
hearing loss of the hearing aid user. The compression
curve may determine a relationship between input and
output levels to facilitate an increase in the dynamic
range of the hearing aid user. The compression curve
may be stored on the hearing aid as a look-up table.
[0023] Determining the one or more second output
levels, based on the one or more first input levels, may
be carried out by determining the one or more second
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output levels according to a compression curve. The
compression curve used for determining the one or more
first output levels may be identical or differ from the
compression curve used for determining the one or more
second output levels.

[0024] Determining the one or more first and second
output levels may be viewed as a compression scheme
facilitating an increase in the dynamic range of the hear-
ing aid user.

[0025] The perceptual measure may be viewed as a
measure of speech intelligibility of the one or more ex-
ternal audio signals if it was output together with the one
or more input audio signals according to the one or more
first output levels and the one or more second output
levels. The one or more external audio signals may be set
as the target when determining the perceptual measure.
The perceptual measure may be a speech intelligibility.
[0026] The perceptual measure may be determined as
a speech intelligibility index (Sll). Determining the per-
ceptual measure may comprise obtaining the target and
noise levels in sub bands. If the perceptual measure is
SllI, the Sl may be determined as follows:

where the summation is performed over all the N sub
bands, and A;and y; are the band audibility and the band
importance for subband i, respectively. The band impor-
tance coefficients y; may be a set of weights summing to
one. The band’s importance coefficients determine the
relative contribution of each band to the SllI score. In
calculating the band audibility values may disregard
self-speech masking and spread of masking for simpli-
city. A more accurate implementation of the SlI calcula-
tions that takes the masking effects into account is pos-
sible at the cost of extra complexity. The target and
background output levels may be denoted in dB at sub-

band i by Lti and Lti),respectively. The target output

levels may be the one or more second output levels, and
the background levels may be the one or more first output
levels. We define:

Ji & LY — max(L?, Ty),

where T;is the hearing aid user’s threshold of hearing in
quiet, derived from an audiogram of the hearing aid user.
The band audibility can then be approximated as:

o max i (35=1).0)
i & max{min | ——,1),

substituting the approximation of the band audibility into
the equation for Sll yields the Sl score. Further informa-
tion on how to estimate Sll may be found in ANSI-

10

15

20

25

30

35

40

45

50

55

S$3-22-1997, "Methods for calculation of the speech in-
telligibility index," American National Standard Institute,
1997. Since the observed target and background levels
are calculated and updated instantaneously, the resulting
Sll score can be changing rapidly as a function of time as
causing audible artifacts. A more reliable score can be
calculated by smoothing the instantaneous score as
follows.

S(k) = uS(k — 1) + (1 — Sk,

where S(k)and S(k) are the instantaneous and smoothed
SlI scores attime instant k, respectively,and0<u<1isa
fixed coefficient inversely related to the time-constant for
smoothing.

[0027] The processor may determine the first gain
correction from a look-up table, e.g., different values or
ranges of the perceptual measure may be associated
with different first gain correction values. The first gain
correction may be determined via a parametric formula
utilizing the perceptual measure as an input. The para-
metric formula may be empirically determined by one or
more audio engineers. The first gain correction may be
user dependent, i.e., tailored to fit the preference of the
user.

[0028] The first gain correction may be viewed as a
gain to be applied to the one or more input audio signals
or signals deriving therefrom which purpose is toimprove
the perceptual measure associated with the one or more
external audio signals. The first gain correction may be
viewed as an additional gain to applied besides the gain
decided by a compression scheme of the hearing aid.
[0029] Ifahigh perceptual measure is determined, i.e.,
a perceptual measure indicating a high speech intellig-
ibility of the one or more external audio signals, the first
gain correction may be determined as a zero gain as no
changes are needed. If a low perceptual measure is
determined, i.e., a perceptual measure indicating a low
speech intelligibility of the one or more external audio
signals, the first gain correction may be determined as a
non-zero gain as changes are needed. What constitutes
a high perceptual measure, and a low perceptual mea-
sure may be based on user preference. If a low percep-
tual measure is determined the first gain correction may
be set so to suppress the one or more input audio signals
or signals derived from the one or more input audio
signals.

[0030] An example of how to determine the first gain
correction based on the perceptual measure is presented
in the following, again S| is used as the perceptual
measure. Let us define the target Sll St as the threshold
for labelling the background sound as non-disturbing. In
other words, when the observed Sl is larger than S, no
background level adjustment is needed. Given S(k), the
observed Sll score at time instant k, we define the re-
quired SlI correction as follows:
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AS (k) = max{0, p(Sr — S(k))},

where 0 < p < 1 is a constant determining the correction
proportion. Setting p = 1 (full correction) implies enough
background level reduction to remain above the target Sl|
at all times regardless of the circumstances. A p value of
less than unity (partial correction) allows for better pre-
servation of the dynamics of the background noise while
still reducing the noise levels when needed. The value of
p may be set by a user of the hearing aid based on the
preference of the user. The background level adjustment
in dB corresponding to 4S(k) can be calculated using our
prior measure of band audibility as follows:

ALP (k) ~ —304S(k),

where the approximation is due to disregarding the im-
pact of the max(-) and min(-) operators. Combining this
with the required SlI correction, the following mapping of
the observed Sll score S(k) to the level adjustment ALP(k)
at any time instant k is obtained:

ALP (k) ~ —30 max{0, p(S; — S(k)}.

[0031] Processing the one or more input audio signals
to provide the output signal may comprise applying the
first gain correction to the one or more input audio signals
and/or a processed signal derived from the one or more
input audio signals. The output signal may be combina-
tion of processed versions of the one or more input audio
signals and the one or more external audio signals. The
output signal may be a combination of the one or more
input audio signals processed according to the first gain
correction with the one or more external audio signals.
The first gain correction may be applied as an additional
gain on-top of a gain determined by a compression
scheme of the hearing aid, e.g., first corrected gain =
first compression gain + first gain correction. The output
signal may be a combination of the one or more input
audio signals processed according to the first gain cor-
rection with the one or more external audio signals pro-
cessed according to the second gain correction. The
second gain correction may be applied as an additional
gain on-top of a gain determined by a compression
scheme of the hearing aid, e.g., second corrected gain
= second compression gain + second gain correction.
[0032] In an embodiment the processor is configured
to determine a second gain correction based on the
perceptual measure, and process the one or more ex-
ternal audio signals based on the second gain correction
to provide the output signal.

[0033] Thus, both the one or more input audio signals
and the one or more external audio signals or signals
derived therefrom may be adjusted to improve speech
intelligibility.

[0034] The processor may determine the second gain
correction from a look-up table, e.g., different values or
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ranges of the perceptual measure may be associated
with different second gain correction values. The second
pain value may be determined via a parametric formula
utilizing the perceptual measure as an input. The para-
metric formula may be empirically determined by one or
more audio engineers. The second gain correction may
be userdependent, i.e., tailored to fitthe preference of the
user.

[0035] The second gain correction may be viewed as a
gain to be applied to the one or more external audio
signals or signals deriving therefrom which purpose is
to improve the perceptual measure associated with the
one or more external audio signals.

[0036] In an embodiment the processor is configured
to determine a loudness based on the one or more first
input levels, determine a second gain correction based
on the loudness, and process the one or more external
audio signals based on the second gain correction to
provide the output signal.

[0037] Incertain situations, forexample when the hear-
ing aid user uses an open dome, a significant portion of
the ambient sound can directly reach the eardrum
through the openings in the dome. Since this component
does not go through the hearing aid, it will not affect the
Sll, and level adjustment calculations described above
and cannot be attenuated. This effect can be particularly
significant when the hearing loss is mild, and the back-
ground noise is very loud. In such cases, it might be
desirable to increase the target by a small or moderate
amount.

[0038] The determined loudness may be determined
by estimating a sound level of the one or more input
signals. The loudness may be determined in dB. The
loudness may be determined by utilizing a loudness
model taking into account the hearing loss of the hearing
aid user.

[0039] For example, the target level adjustment in dB
may be defined as follows:

ALE(K) = y(Q2pui(K) — Qr),

where ALl(k) is the adjustment to the target level and

b .
Qinput(k) is a measure of loudness for the background

sound. Constant Qis the threshold for loud background
noise, and () is a nonnegative-valued and monotoni-
cally increasing function that maps loudness difference to

level correction. The measure Qinput(k) can be as
simple as the level in dB or as complex as a perceived
loudness model.

[0040] In an embodiment the processor is configured
to determine one or more first compression gains based
on a hearing loss and the one or more first input levels,
and determine the one or more first output levels based
on the one or more first compression gains and the one or
more first input levels.

[0041] The hearing loss may be provided in the form of
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an audiogram measured on the hearing aid user.
[0042] In an embodiment the processor is configured
to determine one or more second compression gains
based on a hearing loss and the one or more second
input levels, and determine the one or more second
output levels based on the one or more second compres-
sion gains and the one or more second input levels.
[0043] In an embodiment the perceptual measure
comprises a speech intelligibility index.

[0044] Alternatively, or additionally, the perceptual
measure may comprise the hearing aid speech percep-
tion index (HASPI) and/or the hearing aid speech quality
index (HASQI).

[0045] In an embodiment the processor is configured
to determine a second silence measure based on the one
or more second input levels, and determine the percep-
tual measure based on the second silence measure.
[0046] In an embodiment the processor is configured
to determine the second silence measure by comparing
the one or more one or more second input levels to a
second silence threshold.

[0047] During the natural pauses of the target signals,
the observed levels for the perceptual measure may drop
momentarily. Left untreated, this may lead to unrealistic
dips in the determination of the perceptual measure. One
example of how to address this is to use a silence
detector, and to determine the perceptual measure
based on the second silence measure.

[0048] The second silence measure may be a binary
measure, i.e., a measure indicating whether there is
silence or not.

[0049] One example of implementing the silence de-
tector while utilizing the above presented measure for a
smoothed Sl may take the following form:

St = S(k—1), if silence detected
" wSk — 1)+ (1 — w)S(k), otherwise

[0050] In other words, during pauses in the target
sound, the SlI score update will be paused too. The
second silence measure may be implemented by com-
paring input levels for the target sound with a threshold
value.

[0051] In an embodiment the processor is configured
to release the first gain correction from the one or more
input audio signal according to a release rate based on
the second silence measure.

[0052] Thus, if the user pauses the one or more ex-
ternal audio signals there will be a release on the first gain
correction, as the hearing aid user might have paused
streaming of the one or more external audio signals as
the hearing aid user actually wants to hear the environ-
ment.

[0053] Release of the first gain correction may be
understood as the processor over a period of time re-
moving the first gain correction from being applied to the
one or more input audio signals or signals derived there-
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from.

[0054] The release rate may be in the order of one dB
persecond, or alternatively, the release rate may be setto
fully release the first gain correction in the time span of 5
seconds, or 10 seconds. The release rate may be cus-
tomizable by a user of the hearing aid.

[0055] In an embodiment the processor is configured
to determine a first silence measure based on the one or
more first input levels, and determine the perceptual
measure based on the first silence measure.

[0056] In an embodiment the processor is configured
to determine the first silence measure by comparing the
one or more one or more firstinput levels to a first silence
threshold.

[0057] If no audio signals are provided the perceptual
measure may reach a maximum value, which can make
the estimation of the perceptual measure unstable, thus,
to overcome this it may be to paused estimating the
perceptual measure if a first silence measure is detected
as presented above in conjunction to the second silence
measure.

[0058] In an embodiment the processor is configured
to determine the perceptual measure based on a hearing
loss.

[0059] In an embodiment the processor is configured
to obtain an external control signal via the wireless inter-
face, wherein the external control signal indicates a pre-
ference of the user of the hearing aid, and determine the
first gain correction based on the external control signal.
[0060] Thus, the hearing aid user may customize the
first gain correction to suit their preference.

[0061] The control signal may be provided via an aux-
iliary device communicatively connected to the hearing
aid. The auxiliary device may be provided with an APP
allowing the hearing user to control one or more settings
of the hearing aid.

[0062] An example of a parameter which could be
adjusted via the external control signal is the parameter
p that weighs how much you want to hit the target SII Sy.
Another parameter which could be controlled by the user
is a target perceptual measure, such as a target SllI.
[0063] In an embodiment the external control signal
controls an aggression of the first gain correction.
[0064] Inan aspect of the present disclosure a hearing
aid is provided. The hearing aid may comprise a proces-
sor. The processor may be configured to determine one
or more first input levels based on the one or more first
audio signals. The processor may be configured to de-
termine one or more second input levels based on the
one or more second audio signals. The processor may be
configured to determine one or more first output levels
based on the one or more firstinputlevels. The processor
may be configured to determine one or more second
output levels based on the one or more second input
levels. The processor may be configured to determine a
perceptual measure associated with the one or more
second audio signals based on the one or more first
output levels and the one or more second output levels.
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The processor may be configured to determine afirstgain
correction based on the perceptual measure. The pro-
cessor may be configured to process the one or more first
audio signals based on the first gain correction to provide
an output signal.

[0065] Inan aspecta method of operating a hearing is
provided by the present disclosure. The method com-
prises obtaining one or more external audio signals,
obtaining one or more input audio signals, determining
one or more first input levels based on the one or more
input audio signals, determining one or more second
input levels based on the one or more external audio
signals, determining one or more first output levels based
on the one or more first input levels, determining one or
more second output levels based on the one or more
second input levels, determining a perceptual measure
based on the one or more first outputlevels and the one or
more second output levels, determining a first gain cor-
rection based on the perceptual measure, and proces-
sing the one or more input audio signals based on the first
gain correction to provide an output signal.

[0066] Itis intended that some or all of the features of
the device described above, in the 'detailed description of
embodiments’ or in the claims can be combined with
embodiments of the method, when appropriately substi-
tuted by a corresponding process and vice versa. Embo-
diments of the method have the same advantages as the
corresponding devices.

[0067] In an aspect, a hearing system comprising a
hearing aid as described above, in the 'detailed descrip-
tion of embodiments’, and in the claims, and an auxiliary
device is moreover provided.

[0068] The hearing system may be adapted to estab-
lish a communication link between the hearing aid and
the auxiliary device to provide that information (e.g. con-
trol and status signals, possibly audio signals) can be
exchanged or forwarded from one to the other.

[0069] The auxiliary device may be constituted by or
comprise a remote control, a smartphone, or other por-
table or wearable electronic device, such as a smart-
watch or the like.

[0070] The auxiliary device may be constituted by or
comprise a remote control for controlling functionality and
operation of the hearing aid(s). The function of a remote
control may be implemented in a smartphone, the smart-
phone possibly running an APP allowing to control the
functionality of the audio processing device via the smart-
phone (the hearing aid(s) comprising an appropriate
wireless interface to the smartphone, e.g. based on Blue-
tooth or some other standardized or proprietary scheme).
[0071] The auxiliary device may be constituted by or
comprise an audio gateway device adapted for receiving
a multitude of audio signals (e.g. from an entertainment
device, e.g. a TV or a music player, a telephone appara-
tus, e.g. a mobile telephone or a computer, e.g. a PC, a
wireless microphone, etc.) and adapted for selecting
and/or combining an appropriate one of the received
audio signals (or combination of signals) for transmission
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to the hearing aid.

[0072] The auxiliary device may be constituted by or
comprise another hearing aid. The hearing system may
comprise two hearing aids adapted to implement a bi-
naural hearing system, e.g. a binaural hearing aid sys-
tem.

[0073] In the present context, a hearing aid, e.g. a
hearing instrument, refers to a device, which is adapted
toimprove, augment and/or protect the hearing capability
of a user by receiving acoustic signals from the user’s
surroundings, generating corresponding audio signals,
possibly modifying the audio signals and providing the
possibly modified audio signals as audible signals to at
least one of the user’s ears. Such audible signals may
e.g. be provided in the form of acoustic signals radiated
into the user’s outer ears and/or acoustic signals trans-
ferred as mechanical vibrations to the user’s inner ears
through the bone structure of the user’'s head and/or
through parts of the middle ear.

[0074] The hearing aid may be configured to be wornin
any known way, e.g. as a unit arranged behind the ear
with a tube leading radiated acoustic signals into the ear
canal or with an output transducer, e.g. a loudspeaker,
arranged close to or in the ear canal, as a unit entirely or
partly arranged in the pinna and/or in the ear canal, as a
unit, e.g. avibrator, attached to a fixture implanted into the
skull bone, etc. The hearing aid may comprise a single
unit or several units communicating (e.g. acoustically,
electrically or optically) with each other. The loudspeaker
may be arranged in a housing together with other com-
ponents of the hearing aid or may be an external unit in
itself (possibly in combination with a flexible guiding
element, e.g. a dome-like element).

[0075] A hearing aid may be adapted to a particular
user’s needs, e.g. a hearing impairment. A configurable
signal processing circuit of the hearing aid may be
adapted to apply a frequency and level dependent com-
pressive amplification of an input signal. A customized
frequency and level dependent gain (amplification or
compression) may be determined in a fitting process
by a fitting system based on a user’s hearing data, e.g.
an audiogram, using a fitting rationale (e.g. adapted to
speech). The frequency and level dependent gain may
e.g. be embodied in processing parameters, e.g. up-
loaded to the hearing aid via an interface to a program-
ming device (fitting system) and used by a processing
algorithm executed by the configurable signal processing
circuit of the hearing aid.

[0076] A ’hearing system’ refers to a system compris-
ing one or two hearing aids, and a ’binaural hearing
system’ refers to a system comprising two hearing aids
and being adapted to cooperatively provide audible sig-
nals to both of the user’s ears. Hearing systems or
binaural hearing systems may further comprise one or
more ’auxiliary devices’, which communicate with the
hearing aid(s) and affect and/or benefit from the function
of the hearing aid(s). Such auxiliary devices may include
atleast one of a remote control, a remote microphone, an
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audio gateway device, an entertainment device, e.g. a
music player, a wireless communication device, e.g. a
mobile phone (such as a smartphone) or a tablet or
another device, e.g. comprising a graphical interface.
Hearing aids, hearing systems or binaural hearing sys-
tems may e.g. be used for compensating for a hearing-
impaired person’s loss of hearing capability, augmenting
or protecting a normal-hearing person’s hearing capabil-
ity and/or conveying electronic audio signals to a person.
Hearing aids or hearing systems may e.g. form part of or
interact with public-address systems, active ear protec-
tion systems, handsfree telephone systems, car audio
systems, entertainment (e.g. TV, music playing or kar-
aoke) systems, teleconferencing systems, classroom
amplification systems, etc.

BRIEF DESCRIPTION OF DRAWINGS

[0077] The aspects of the disclosure may be under-
stood from the following detailed description taken in
conjunction with the accompanying figures. The figures
are schematic and simplified for clarity, and they just
show details to improve the understanding of the claims,
while other details are left out. Throughout, the same
reference numerals are used for identical or correspond-
ing parts. The individual features of each aspect may
each be combined with any or all features of the other
aspects. These and other aspects, features and/or tech-
nical effect will be apparent from and elucidated with
reference to the illustrations described hereinafter in
which:

FIG. 1isablock diagram of a hearing aid according to
the present disclosure.

FIG. 2 is a flow diagram according to the present
disclosure.

FIG. 3 is a flow diagram of an adaptive gain block
according to the present disclosure.

[0078] The figures are schematic and simplified for
clarity, and they just show details which are essential
to the understanding of the disclosure, while other details
are left out. Throughout, the same reference signs are
used for identical or corresponding parts.

[0079] Further scope of applicability of the present
disclosure will become apparent from the detailed de-
scription given hereinafter. However, it should be under-
stood that the detailed description and specific examples,
while indicating embodiments of the disclosure, are given
by way of illustration only. Other embodiments may be-
come apparent to those skilled in the art from the follow-
ing detailed description.

DETAILED DESCRIPTION OF EMBODIMENTS

[0080] The detailed description set forth below in con-
nection with the appended drawings is intended as a
description of various configurations. The detailed de-
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scription includes specific details for the purpose of pro-
viding a thorough understanding of various concepts.
However, it will be apparent to those skilled in the art
that these concepts may be practiced without these
specific details. Several aspects of the apparatus and
methods are described by various blocks, functional
units, modules, components, circuits, steps, processes,
algorithms, etc. (collectively referred to as "elements").
Depending upon particular application, design con-
straints or other reasons, these elements may be imple-
mented using electronic hardware, computer program, or
any combination thereof.

[0081] The electronic hardware may include micro-
electronic-mechanical systems (MEMS), integrated cir-
cuits (e.g. application specific), microprocessors, micro-
controllers, digital signal processors (DSPs), field pro-
grammable gate arrays (FPGAs), programmable logic
devices (PLDs), gated logic, discrete hardware circuits,
printed circuit boards (PCB) (e.g. flexible PCBs), and
other suitable hardware configured to perform the var-
ious functionality described throughout this disclosure,
e.g. sensors, e.g. for sensing and/or registering physical
properties of the environment, the device, the user, etc.
Computer program shall be construed broadly to mean
instructions, instruction sets, code, code segments, pro-
gram code, programs, subprograms, software modules,
applications, software applications, software packages,
routines, subroutines, objects, executables, threads of
execution, procedures, functions, etc., whether referred
to as software, firmware, middleware, microcode, hard-
ware description language, or otherwise.

[0082] Itis intended that the structural features of the
devices described above, either in the detailed descrip-
tion and/or in the claims, may be combined with steps of
the method, when appropriately substituted by a corre-
sponding process.

[0083] ReferringtoFIG. 1 showing ablock diagramofa
hearing aid 1 according to the present disclosure. The
hearing aid 1 comprises an input unit 10 configured to
provide one or more input audio signals 110 representing
sound in an environment of the hearing aid 1. The hearing
aid 1 comprises a wireless interface 11 for providing one
or more external audio signals 120. The one or more
external audio signal 120 may be streamed from an
auxiliary device 2 communicatively connected to the
hearing aid 1. The hearing aid 1 comprises a processor
12. The processor 12 is configured to determine one or
more firstinput levels 112 based on the one or more input
audio signals 110. The processor 12 is configured to
determine one or more second input levels 122 based
on the one or more external audio signals 120. The
processor 12 is configured to determine one or more first
output levels 115 based on the one or more first input
levels 112. The processor 12 is configured to determine
one or more second outputlevels 125 based onthe one or
more second input levels 122. The processor 12 is con-
figured to determine a perceptual measure 132 asso-
ciated with the one or more external audio signals 120
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based on the one or more first output levels 112 and the
one or more second output levels 122. The processor 12
is configured to determine a first gain correction 116
based on the perceptual measure 132. The processor
12 is configured to process the one or more input audio
signals 110 based on the first gain correction 116 to
provide an output signal. The processor 12 may be con-
figured to determine a second gain correction 126 based
on the perceptual measure 132. The processor 12 may
be configured to process the one or more external audio
signals 120 based on the second gain correction 126 to
provide the output signal. The processor 12 may be
configured to determine a loudness 139 based on the
one or more first input levels 112. The processor 12 may
be configured to determine a second gain correction 126
based on the loudness 139. The processor 12 may be
configured to process the one or more external audio
signals 120 based on the second gain correction 126 to
provide the output signal. The processor 12 may be
configured to determine one or more first compression
gains based on a hearing loss and the one or more first
input levels 112. The processor 12 may be configured to
determine the one or more first output levels 115 based
on the one or more first compression gains 114 and the
one or more first input levels 112. The processor 12 may
be configured to determine one or more second com-
pression gains 124 based on a hearing loss and the one
or more second input levels 122. The processor 12 may
be configured to determine the one or more second out-
put levels 125 based on the one or more second com-
pression gains 124 and the one or more second input
levels 122. The perceptual measure may comprise a
speech intelligibility index. The processor 12 may be
configured to determine a second silence measure 137
based on the one or more second input levels 122. The
processor 12 may be configured to determine the per-
ceptual measure 132 based on the second silence mea-
sure 137. The processor 12 may be configured to deter-
mine the second silence measure 137 by comparing the
one or more one or more second input levels 122 to a
second silence threshold. The processor 12 may be
configured to release the first gain correction from the
one or more input audio signal 110 according to arelease
rate based on the second silence measure 137. The
processor 12 may be configured to determine a first
silence measure 135 based on the one or more first input
levels 112. The processor 12 may be configured to de-
termine the perceptual 132 measure based on the first
silence measure 135. The processor 12 may be config-
ured to determine the first silence measure 135 by com-
paring the one or more one or more firstinputlevels 112 to
a first silence threshold. The processor 12 may be con-
figured to determine the perceptual measure 132 based
onahearingloss. The processor 12 may be configured to
obtain an external control signal via the wireless interface
11. The external control signal may indicate a preference
of the user of the hearing aid 1. The processor 12 may be
configured to determine the first gain correction 116
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based on the external control signal. The external control
signal may control an aggression of the first gain correc-
tion 116.

[0084] FIG.2isaflowdiagramaccording to the present
disclosure. The flow diagram depicts how a processor 12
according to the present disclosure handles one or more
input audio signals 110 and one or more external audio
signals 120. Optional features of the flow diagram are
indicated with dashed lines. The one or more input audio
signals 110 may be obtained by an input unit 10 of the
hearing aid 1, e.g., by one or more microphones com-
prised by the hearing aid 1. The one or more microphone
input audio signals 110 are provided to a first input level
detector 111. The first input level detector 111 is config-
ured to receive the one or more input audio 110 signals
and determine one or morefirstinputlevels 112 of the one
or more input audio signals 110. The one or more first
input levels 112 may be determined as dB measures
within different bands of the one or more input audio
signals 110. The one or more first input levels 112 are
provided to a first compression gain map 113. The first
compression gain map 113 is configured to determine
one or more first compression gains 114 based on the one
or more first input levels 112. The first compression gain
map 113 may comprise a compression scheme for con-
verting the one or more first input levels 112 to the one or
more first compression gains 114. The one or more first
compression gain 114 are combined with the one or more
firstinput levels 112 to determine one or more first output
levels 115. The one or more first output levels 115 are
provided to an adaptive level correction block 130. Op-
tionally, the one or more first input levels 112 may be
provided to the adaptive level correction block 130. The
adaptive level correction block 130 will be described in
greater detail in relation to Fig. 3. The one or more
external audio signals 120 may be obtained via the
wireless interface 11 of the hearing 1. The one or more
external audio signals 120 may be audio signals asso-
ciated with media content being streamed on an auxiliary
device 2 communicatively connected to the hearing aid 1.
The one or more external audio signals 120 are provided
to a second input level detector 121. The second input
level detector 121 is configured to receive the one or
more external audio signals 120 and determine one or
more second input levels 122 of the one or more external
audio signals 120. The one or more second input levels
122 may be determined as dB measures within different
bands of the one or more external audio signals 120. The
one or more second input levels 122 are provided to a
second compression gain map 123. The second com-
pression gain map 123 is configured to determine one or
more second compression gains 124 based on the one or
more second input levels 122. The second compression
gain map 123 may comprise a compression scheme for
converting the one or more second input levels 122 to the
one or more second compression gains 124. The one or
more second compression gains 124 are combined with
the one or more second inputlevels 122 to determine one
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or more second output levels 125. The one or more
second output levels 125 are provided to an adaptive
level correction block 130. Optionally, the one or more
second input levels 122 may be provided to the adaptive
level correction block 130.

[0085] FIG. 3 is a flow diagram of an adaptive level
correction block 30 according to the present disclosure.
The adaptive level correction block 130 comprises a
perceptual measure block 131. The perceptual measure
block 131 is configured to determine a perceptual mea-
sure 132 based on the one or more first output levels 115
and the one or more second output levels 125. The
perceptual measure 132 may be an Sll score determined
where the one or more second output levels 125 are
viewed as the target and the one or more first output
levels 115 are viewed as background noise. The percep-
tual measure block 136 may obtain a first silence mea-
sure 135 determined by a first silence detector 134. The
first silence detector 134 may be configured to determine
the first silence measure 135 based on the one or more
first input levels 112. The first silence measure 135 may
be determined by comparing the one or more first input
levels 112 to a first silence threshold. The first silence
measure 135 may be determined as a flag indicating
silence or no silence, e.g., if the one or more first input
level does not exceed the first silence threshold the first
silence measure may be determined as a flag indicating
silence. The perceptual measure block 130 may be con-
figured to pause estimation of the perceptual measure
132 in response to receiving the first silence measure
135, if the first silence measure 135 indicates silence.
The perceptual measure block 136 may obtain a second
silence measure 137 determined by a second silence
detector 136. The second silence detector 136 may be
configured to determine the second silence measure 137
based on the one or more second input levels 122. The
second silence measure 137 may be determined by
comparing the one or more second input levels 122 to
a second silence threshold. The second silence measure
137 may be determined as a flag indicating silence or no
silence, e.g., if the one or more second input levels 122
does not exceed the second silence threshold the second
silence measure 137 may be determined as a flag in-
dicating silence. The perceptual measure block 130 may
be configured to pause estimation of the perceptual
measure 132 in response to receiving the second silence
measure 137, if the second silence measure indicates
silence. The perceptual measure 132 is provided to an
adaptive gain block 133. The adaptive gain block 133 is
configured to determine a first gain correction 116 based
on the perceptual measure 132. The adaptive gain block
133 may be configured to determine a second gain
correction 126 based on the perceptual measure 132.
The adaptive gain block 133 may receive a loudness 139
from aloudness detector 138. The loudness detector 138
is configured to receive the one or more first input levels
112 to determine a loudness 139 of the one or more first
input levels 112. The adaptive gain block 132 may be
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configured to lower the first gain correction 116 in re-
sponse to the loudness 139 exceeding a loudness
threshold. The second silence measure 137 may be sent
forward along the processing path to another block to
allow for the processor 12 to start releasing the first gain
correction in response to the second silence measure
137 indicating silence.

[0086] The processor 12 of the hearing aid 1 is con-
figured to determine an output signal by processing the
one or more input audio signals 110 based on the first
gain correction 116. The processor 12 of the hearing aid 1
may configured to determine an output signal by proces-
sing the one or more input audio signals 110 based on the
first gain correction 116. The processor 12 may be con-
figured apply the first first gain correction 116 to the one or
more input audio signals 110 or processed versions
thereof. The processor 12 may be configured to release
the first gain correction 116 from the one or more input
audio signals 110 or audio signals derived from the one or
more input audio signals 110 in response to the second
silence measure 137 indicating silence in the one or more
external audio signals 120. The processor 12 may re-
lease the first gain correction 116 according to a gain
release rate.

[0087] As used, the singular forms "a," "an," and "the"
are intended to include the plural forms as well (i.e. to
have the meaning "atleastone"), unless expressly stated
otherwise. It will be further understood that the terms
"includes," "comprises," "including," and/or "comprising,"
when used in this specification, specify the presence of
stated features, integers, steps, operations, elements,
and/or components, but do not preclude the presence or
addition of one or more other features, integers, steps,
operations, elements, components, and/or groups there-
of. It will also be understood that when an element is
referred to as being "connected" or "coupled" to another
element, it can be directly connected or coupled to the
other element, but an intervening element may also be
present, unless expressly stated otherwise. Further-
more, "connected" or "coupled" as used herein may
include wirelessly connected or coupled. As used herein,
the term "and/or" includes any and all combinations of
one or more of the associated listed items. The steps of
any disclosed method are not limited to the exact order
stated herein, unless expressly stated otherwise.
[0088] Itshould be appreciated that reference through-
out this specification to "one embodiment" or "an embo-
diment" or "an aspect" or features included as "may"”
means that a particularfeature, structure or characteristic
described in connection with the embodiment is included
in at least one embodiment of the disclosure. Further-
more, the particular features, structures or characteris-
tics may be combined as suitable in one or more embodi-
ments of the disclosure. The previous description is
provided to enable any person skilled in the art to practice
the various aspects described herein. Various modifica-
tions to these aspects will be readily apparent to those
skilled in the art.
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[0089] The claims are not intended to be limited to the
aspects shown herein but are to be accorded the full
scope consistent with the language of the claims, where-
in reference to an element in the singular is not intended
to mean "one and only one" unless specifically so stated,
but rather "one or more." Unless specifically stated other-
wise, the term "some" refers to one or more.

Claims
1. A hearing aid comprising

an input unit configured to provide one or more
input audio signals representing sound in an
environment of the hearing aid,

a wireless interface for providing one or more
external audio signals,

a processor configured to:

determine one or more first input levels
based on the one or more input audio sig-
nals,

determine one or more second input levels
based on the one or more external audio
signals,

determine one or more first output levels
based on the one or more first input levels,
determine one or more second output levels
based on the one or more second input
levels,

determine a speech intelligibility associated
with the one or more external audio signals
based on the one or more first output levels
and the one or more second output levels,
determine a first gain correction to improve
the speech intelligibility of the one or exter-
nal audio signal based on the determined
speech intelligibility, and

process the one or more input audio signals
based on the first gain correction to provide
an output signal, wherein the output signal
is based on the one or more processed input
audio signals and the one or more external
audio signals.

2. A hearing aid according to claim 1, wherein the
processor is configured to:

determine a second gain correction based on
the speech intelligibility, and

process the one or more external audio signals
based on the second gain correction to provide
the output signal, wherein the output signal is
based on the one or more processed external
audio signals.

3. Ahearing aid according to claim 1 or 2, wherein the
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4.

5.

10.

processor is configured to:

determine a loudness based on the one or more
first input levels,

determine a second gain correction based on
the loudness, and

process the one or more external audio signals
based on the second gain correction to provide
the output signal.

A hearing aid according to any of the preceding
claims, wherein the processor is configured to:

determine one or more first compression gains
based on a hearing loss and the one or more first
input levels, and

determine the one or more first output levels
based on the one or more first compression
gains and the one or more first input levels.

A hearing aid according to any of the preceding
claims, wherein the processor is configured to:

determine one or more second compression
gains based on a hearing loss and the one or
more second input levels, and

determine the one or more second output levels
based on the one or more second compression
gains and the one or more second input levels.

A hearing aid according to any of the preceding
claims, wherein the speech intelligibility comprises
a speech intelligibility index.

A hearing aid according to any of the preceding
claims, wherein the processor is configured to:

determine a second silence measure based on
the one or more second input levels, and
determine the speech intelligibility based on the
second silence measure.

A hearing aid according to claim 7, wherein the
processor is configured to:

determine the second silence measure by compar-
ing the one or more one or more second input levels
to a second silence threshold.

A hearing aid according to claim 7 or 8, wherein the
processor is configured to:

release the first gain correction from the one or more
input audio signal according to a release rate based
on the second silence measure.

A hearing aid according to any of the preceding
claims, wherein the processor is configured to:

determine a first silence measure based on the
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one or more first input levels, and
determine the speech intelligibility based on the
first silence measure.

11. A hearing aid according to claim 10, wherein the
processor is configured to:
determine the first silence measure by comparing
the one or more one or more firstinput levels to a first
silence threshold.

12. A hearing aid according to any of the preceding
claims, wherein the processor is configured to:
determine the speech intelligibility based on a hear-
ing loss.

13. A hearing aid according to any of the preceding
claims, wherein the processor is configured to:

obtain an external control signal via the wireless
interface, wherein the external control signal
indicates a preference of the user of the hearing
aid,

determine the first gain correction based on the
external control signal.

14. A hearing aid according to claim 13, wherein the
external control signal controls an aggression of
the first gain correction.
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