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DESCRIPTION

SUMMARY

[0001] The present disclosure relates to hearing devices, e.g. hearing aids, in particular to
feedback detection and control in hearing devices.

[0002] In modern hearing aids, a feedback control system is used to minimize the negative
effects from the acoustic feedback problem.

[0003] Information about the current feedback situation is a useful knowledge to the feedback
cancellation system. A feedback detector is often used to determine critical feedback
situations, and it provides this information to the feedback control system to control its
behaviour, to ensure the best possible feedback performance.

[0004] EP2613566A1 deals with monitoring feedback and in particular with comparison of a
cur-rent estimate to a reference estimate of the feedback path to be able to warn a user that
the hearing aid it not properly mounted (and/or to modify a current gain profile).

[0005] US20040252853A1 deals with detection and suppression of oscillations due to
feedback.

[0006] US 2005/047620 A1 discloses a hearing aid with feedback suppression, where a phase
difference is determined over different delay values, including a forward path delay and an
entire loop delay comprising forward and feedback paths.

[0007] The present disclosure presents a method of detecting critical feedback situations by
estimating the open loop magnitude function and the open loop phase function.

A hearing device:

[0008] In an aspect of the present application, a hearing device, e.g. a hearing aid, comprising
a forward path for processing an electric signal representing sound as defined in claim 1 is
provided.

[0009] Thereby an improved feedback detection may be provided.

[0010] Acoustic feedback is taken to mean feedback that propagates as sound (in air) from an
output transducer to an input transducer of the hearing device. Electrical feedback may e.g. be
in the form of noise induced in conductors (cross-talk) or picked up from the coil of the
loudspeaker. Mechanical feedback is taken to mean feedback that propagates as mechanical
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vibration of a housing or other physical parts of the hearing device from an output transducer
to an input transducer as vibration.

[0011] A (feedback) loop is defined as an external (e.g. acoustic) path, where loop delay D is
taken to mean the time required for a signal to travel through the loop consisting of the forward
path of the hearing device and the feedback path from output transducer to input unit of the
hearing device from an output transducer to an input unit and an internal (e.g. electric,
processing) path from the input unit to the output transducer. The (feedback) loop defines (or
exhibits) a loop delay D.

[0012] In an embodiment, the loop consists of said forward path and the acoustic feedback
path, the loop exhibiting a loop delay D,. In an embodiment, the loop consists of said forward

path and the mechanical feedback path, the loop exhibiting a loop delay D. In an

embodiment, the loop consists of said forward path and the electric feedback path, the loop
exhibiting a loop delay De.

[0013] The term 'repeatedly determining’ (magnitude, Mag, etc.) is in the present context
taken to mean, determine according to a certain scheme, e.g. a predefined scheme, e.g. with a
certain frequency, e.g. every time frame of the input signal, or every fraction of a time frame
(e.g. where the time to time-frequency conversion involves overlapping time frames). In an
embodiment, the term 'repeatedly determining' is associated with feedback loop delay D (see
definition below), e.g. to ensure that values of the parameters in question are available (at
least) with a distance in time corresponding to one or more loop delays D (i.e. to zD, where z is
an integer). In an embodiment, the term 'repeatedly determining' is taken to include
determining the parameters in question at points in time ... m'-2D, m'-D, m', or at points in time
..., m'-zD, m', where z is a positive integer, and m' is a specific time instant of the hearing
device. The term 'repeatedly determining' (magnitude, Mag, etc.) may include every previous
successive time instant..., m-2, m-1, m, but may alternatively e.g. be taken mean every second

(i.e. at ... m-4, m-2, m) or every fourth (i.e. at ... m-8, m-4, m), or every D" time instance (i.e.
at... m-2D, m-D, m).

[0014] In an embodiment, a time unit of the hearing device is the length in time between two
time instants, and in the present context of loop delay and parameters related to the loop, e.g.
equal to the length in time tg of a time frame (e.g. one or more ms; a time frame may e.g.

comprise Ng = 64 audio samples, which with a sampling rate f5 of e.g. 20 kHz has a duration of
Ne/fs, e.g. 64/20 ms =3.2 ms), or to a fraction Ng_ thereof, e.g. a fourth (t/4) or an eighth
(te/8) of time frame (e.g. in case over overlapping time frames, where a new spectrum of the
electric input signal is determined every Np/Ng_ audio sample, or every time unit TU=
(NE/NoD/fs (= 0.8 ms in for Ng=64, Ng =4, fs=20 kHz). In this example, new values of loop

magnitude, Mag, etc., may be determined every TU=0.8 ms. In an embodiment, loop delay D
is 8 ms.

[0015] In an embodiment, the magnitude and phase analysis unit is configured to repeatedly
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determine magnitude, Mag, and phase, Phase, of said electric input signal IN in dependence of
the feedback loop delay D, e.g. with a frequency of 1/D. An update of the loop magnitude,
Mag, etc., with a frequency of 1/D as opposed to 1/TU would save processing power (and
possibly memory) in that only 1 as opposed to D/TU values (in the above example D/TU =
8/0.8 = 10) are determined (and possibly stored).

[0016] The term 'to provide feedback detection signal, FbDet(k,m), indicative of feedback or a
risk of feedback’ is in the present context taken to include to provide feedback detection signal,
FbDet(k,m) that indicates whether or not a level of feedback in frequency band k at time unit m
is larger than or smaller than a threshold value (a binary indication).

[0017] In an embodiment, the first and/or second threshold levels are frequency band specific
(i.e. may dependent on frequency band index k). In an embodiment, the first and/or second
threshold levels can be time dependent (i.e. may depend on time index m).

[0018] In an embodiment, the hearing device comprises an analysis filter bank for converting
said electric input signal IN to a number of frequency sub-band electric input signals IN(k,m),
where k and m are frequency sub-band and time indices, respectively. In an embodiment, the
filter bank is used to divide a time domain input signal into time-frequency domain (frequency
sub-band) signals. For each time-frequency domain signal, feedback detection is separately
determined.

[0019] In another embodiment, however, the feedback detection is done in the time-domain
rather than time-frequency domain. In such case, the frequency and sub-band and time
indices (k,m) are not used, and instead the full-band time index (n) applies.

[0020] In yet another embodiment, a band-limited signal (or signal(s)) is(are) used for
feedback detection. In such case band index 1 and the time index m, i.e. (1,m), can e.g. be
used (where one index 1' may cover one or more corresponding indices k (e.g. k', k'+1, k'+2).

[0021] In the time-frequency domain, the function of the magnitude and phase analysis unit
and the feedback conditions and detection unit, respectively may be expressed as

» a magnitude and phase analysis unit for repeatedly determining magnitude Mag(k,m)
and phase Phase(k,m) of said frequency sub-band electric input signals IN(k,m) and
further configured to determine values of loop magnitude (LpMag), loop phase
(LpPhase), loop magnitude difference (LpMagDiff), and loop phase difference signals
(LpPhaseDiff), respectively, based thereon; and

» a feedback conditions and detection unit configured to check criteria for magnitude and
phase feedback condition, respectively, based on said values of loop magnitude
(LpMag(k,m)), loop phase (LpPhase(k,m)), loop magnitude difference (LpMagDiff(k,m)),
and loop phase difference signals (LpPhaseDiff(k,m)), respectively, and to provide
feedback detection signal, FbDet(k,m), indicative of feedback or a risk of feedback.
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[0022] In an embodiment, the magnitude and phase analysis unit is configured to determine

the loop magnitude at time instant m as

LpMag(k,m) = Mag(k,m) — Mag(k,mp),

where Mag(k,m) is the magnitude value of the electric input signal IN(k,m) at time m, whereas
Mag(k,mp) denotes the magnitude of the electric input signal IN(k,mp) one feedback loop

delay D earlier, and to determine the loop phase LpPhase (in radian) at time instant m as
LpPhase(k,m) = Wrap(Phase(k, m) — Phase(k, mD)),

where wrap(.) denotes the phase wrapping operator, the loop phase thus having a possible
value range of [-m, 1], and where Phase(k,m) and Phase (k,mp) are the phase value of the

electric input signal IN, at time instant m and at one feedback loop delay D earlier, respectively.

[0023] The feedback loop delay D is in the present context taken to mean the time required for
a signal to travel through the loop consisting of the (electric) forward path of the hearing device
and the (acoustic) feedback path from output transducer to input unit of the haring device (as
illustrated in FIG. 3). The loop delay is taken to include the processing delay d of the (electric)
forward path of the hearing device from input to output and the delay d' of the acoustic
feedback path from the output transducer to the input unit of the hearing device, in other
words, loop delay D = d + d'. In an embodiment, the feedback loop delay D is assumed to be
known, e.g. measured or estimated in advance of the use of the hearing device, and e.g.
stored in a memory or otherwise built into the system. In an embodiment, the hearing device is
configured to (adaptively) measure or estimate the loop delay during use (e.g. automatically,
e.g. during power-on, or initiated by a user via a user interface, or continuously, e.g. according
to a predetermined scheme or when certain criteria are fulfilled). In an embodiment, the
hearing device is configured to provide one value of loop magnitude and loop phase for each
time index m, or for each time period corresponding to a current feedback loop delay (D), i.e.
at times m'=p-D, where p=0,1, 2,....

[0024] In an embodiment, the magnitude and phase analysis unit is configured to determine

the loop magnitude difference LpMagDiff(k,m) at time instant m as
LpMagDiff(k,m) = LpMag (k, m) — LoMag(k, mp)
, where LpMag(k,m) and LpMag(k,mp) are the values of the loop magnitude LpMag at time

instant m and at a time instant mp, one feedback loop delay D earlier, respectively, and to

determine the loop phase difference LpPhaseDiff(k,m) at time instant m as

LpPhaseDif f (k,m) = wrap(LpPhase(k, m) — LpPhase(k,mp))

where LpPhase(k,m) and LpPhase(k,m-D) are the values of the loop phase LpPhase at time
instant m and at a time instant mp (m-D), one feedback loop delay D earlier, respectively.

[0025] In an embodiment, the loop delay D used for calculating LpMag, LpPhase, LpMagDiff
and LpPhaseDiff is a frequency dependent value of loop delay D(k), where k is the frequency
sub-band index. In an embodiment, the delay d' of the acoustic feedback path from the output
to the input of the hearing device is frequency dependent. In an embodiment, the delay of the
hearing device itself, i.e. the processing delay d of the (electric) forward path of the hearing
device from input to output is frequency dependent. In an embodiment, the processing delay
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varies with frequency. In an embodiment, the processing delay increases with frequency (e.g.
when the forward path comprises IIR filters). In an embodiment, a group delay of the acoustic
feedback path is frequency dependent.

[0026] In an embodiment, the criterion for the loop magnitude feedback condition is defined
as:

LpMagDet(lk,m) = min(LpMag(k,m), o, LpMag(l, my.p)) > MagThresh,

where N is a number of loop delays, my.p is the time instant N feedback loop delay D earlier,
and MagThresh is a loop magnitude threshold value. In an embodiment, example values of N
are 0, 1, 2,... In an embodiment, the magnitude threshold value MagThresh is equal to -3 dB,
or -2 dB, or -1 dB, or 0 dB, or +1 dB, or +2 dB, or +3 dB. In an embodiment, the magnitude
feedback detection signal LpMagDet is a binary signal (0 or 1).

[0027] In an embodiment, the criterion for the loop phase feedback condition is defined as:
LpPhaseDet(k, m) = abs(LpPhase(k, m)) < PhaseThresh,
where PhaseThresh is a threshold value. In an embodiment, the loop phase threshold value

PhaseThresh is smaller than or equal to 0.5, 0.4, 0.3, 0.2, 0.1, 0.05, or 0.01... (radians). In an
embodiment, the phase feedback detection signal LpPhaseDet is a binary signal (0 or 1).

[0028] In an embodiment, a criterion for feedback detection is determined based on a
combination of the criteria for loop magnitude and loop phase feedback conditions as
FbDet(k,m) = and(LpMagDet(k, m), LpPhaseDet(k, m)).

[0029] In an embodiment, the feedback detection signal FbDet is e.g. a binary signal (0 or 1).
The expression and(crit1,crit2) is taken to mean that for the expression to be true criterion 1
(crit1) as well as criterion 2 (crit2) have to be fulfilled.

[0030] In an embodiment, a criterion for feedback detection is determined based on a
combination of criteria for loop magnitude (LpMag) and loop phase difference (LpPhaseDiff)
feedback conditions,

FbDet(k,m) = and (LpMagDet(k, m), LpPhaseDif fDet(k, m))

[0031] where a criterion for the loop phase difference feedback condition is defined as
LpPhaseDif fDet(k,m) = abs(LpPhaseDif f (k,m)) < PhaseDif fThresh.

[0032] In an embodiment, the loop magnitude threshold value MagThresh is equal to -1.5 dB,
and the loop phase difference threshold value PhaseDiffThresh is equal to 0.3 (cf. e.g. FIG.
4B).

[0033] In an embodiment, the feedback detection unit further comprises a loop transfer
function estimation and correction unit receiving as inputs the signals loop magnitude LpMag
and loop phase LpPhase, and provides as an output the complex signal LtfEst representing an
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estimate of the complex loop transfer function. The complex signal LtfEst comprises magnitude
(LpMagEst) and phase (LpPhaseEst) of the estimated loop transfer function. In an
embodiment, the complex signal LtfEst is an output signal of the feedback detection unit.

[0034] The loop transfer function estimation and correction unit is configured to receive an
input related to a correction of the loop transfer function, e.g. due to actions initiated in
response to a change of the feedback detection signal FbDet.

[0035] The loop magnitude estimate LpMagEst(k,m) is computed as the linear combination of

a number P of latest values of loop magnitude LpMag(k,m),
P-1

LpMagEst(k,m) = Z o, - LpMag(k, m — p),

p=0
where ap are non-negative scaling factors, and 2 ay=1. Example values of P and aj, can be P =
2, and ag= 01=0.5. In an embodiment, P=4 and ap=0.5, 01=0.25, 05=0.125, a3=0.125. Similarly,
the loop phase estimate LpPhaseEst(k,m) is in an embodiment computed as the linear

combination of latest Q values of loop phase LpPhase(k,m),
Q-1

LpPhaseEst(n) = Z ay - LpPhase(k, m — q).
q=0

where aq are non-negative scaling factors, and Z ag=1.

[0036] The hearing device, e.g. a hearing aid, further comprises an action information unit
configured to take as inputs the feedback detection signal FbDet and the loop transfer function
estimate LtfEst from the feedback detection unit and to provide as an output an action
information signal ACINF. The action information unit ACT is configured to receive information
about the current (estimate) of the loop transfer function (LtfEst) AND the current feedback
detection (FbDet, 0 or 1). Based on this information the action information unit ACT decides on
appropriate actions (reduction of gain, increase adaptation rate of the feedback estimation, the
application of frequency shift in the forward path, frequency transposition, notch filtering, half-
wave rectification, etc.) and initiates such actions. The action information signal ACINF is fed to
the loop transfer function estimation and correction unit and is configured to correct the loop
transfer function. Such correction may be due to an action initiated in response to a change of
the feedback detection signal FbDet. Such action may relate to the change of a parameter of a
feedback cancellation system, to a modification of a frequency shift applied to a signal of the
forward path, to a modification of the applied forward gain of the forward path, etc.

[0037] The action information unit ACT comprises an input control signal CTRL configured to
activate actions that may influence the feedback detection. The action information unit ACT is
configured to receive control signals related to activation of one or more of the following:
magnitude/phase changes, application of probe noise, changing adaptation speed, etc.

[0038] The action information unit ACT is configured to test actions activated via the control
signal of the action information unit ACT. The feedback detection unit can be used to test the
effect of different actions, e.g. actions intended to reduce feedback, such actions being e.g.
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activated via the control signal of the action information unit ACT. The test may e.g. comprise
the following steps: A) the initial feedback is estimated with the feedback detection unit (UFFE),
B) the CTRL signal to the action information unit ACT imposes an action to modify feedback
(e.g., Gain reduction, phase modification, frequency transposition, compression, half-wave
rectification, notch filtering, etc.), C) the feedback detection is re-estimated. These two
subsequent measurements are then used to determine feedback (and the influence of the
applied action).

[0039] In an embodiment, the feedback detection unit comprises different parallel processing
units for providing a feedback detection signal FbDet(D;j), each being configured to use a

different loop delay Dj, j=1, 2, ..., Np, where Np is the number of different parallel processing

units. In an embodiment, the feedback detection unit is configured to apply a (e.g. logic)
criterion to the feedback detection signals FbDet(D)), j=1, 2,..., Np, to provide a resulting

feedback detection signal FbDet. In an embodiment, the resulting FbDet=OR(FbDet(Dy)), j=1,
2,..., Np, i.e. FbDet equals to '1' (corresponding to feedback detection) if any (i.e. one or more)
of the different feedback detection signals FbDet(D;) detects feedback. In an embodiment, the

criterion is that resulting feedback detection signal FbDet is equal to '1', if more than one of the
different feedback detection signals FbDet(D;) detect feedback.

[0040] In an embodiment, the hearing device comprises a listening device, e.g. a hearing aid,
e.g. a hearing instrument, e.g. a hearing instrument adapted for being located at the ear or
fully or partially in the ear canal of a user, e.g. a headset, an earphone, an ear protection
device or a combination thereof. In an embodiment, the hearing device comprises a hearing
aid, a headset, an earphone, an ear protection device or a combination thereof. In an
embodiment, the hearing device is or constitutes a hearing aid.

[0041] The signal processing unit is configured for enhancing the input signals and providing a
processed output signal. In an embodiment, the hearing device (e.g. the signal processing
unit) is adapted to provide a frequency dependent gain and/or a level dependent compression
and/or a transposition (with or without frequency 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. Various aspects of digital hearing aids are described in [Schaub; 2008].

[0042] The hearing device comprises an output transducer adapted for providing a stimulus
perceived by the user as an acoustic signal based on a processed electric signal. In an
embodiment, the output transducer comprises a receiver (loudspeaker) for providing the
stimulus as an acoustic signal to the user. In an embodiment, the output transducer comprises
a vibrator for providing the stimulus as mechanical vibration of a skull bone to the user (e.g. in
a bone-attached or bone-anchored hearing device). In general, the term 'stimuli perceivable as
sound to a user' is taken to include acoustic stimuli (sound, e.g. from a loudspeaker), electric
stimuli (e.g. from an electrode array of a cochlear implant for stimulating the cochlear nerve)
and mechanical stimuli (e.g. from a vibrator of a bone conducting hearing aid).



DK/EP 3291581 T3

[0043] The hearing device comprises an input transducer for providing an electric input signal
representing sound. In an embodiment, the hearing device comprises a directional microphone
system adapted to enhance a target acoustic source among a multitude of acoustic sources in
the local environment of the user wearing the hearing device. In an embodiment, the
directional system is adapted to detect (such as adaptively detect) from which direction a
particular part of the microphone signal originates. This can be achieved in various different
ways as e.g. described in the prior art.

[0044] The hearing device comprises antenna and transceiver circuitry for wirelessly receiving
a direct electric input signal from another device, e.g. a communication device or another
hearing device.

[0045] The hearing device is (or comprises) a portable device, e.g. a device comprising a local
energy source, e.g. a battery, e.g. a rechargeable battery.

[0046] The hearing device comprises a forward or signal path between an input transducer
(microphone system and/or direct electric input (e.g. a wireless receiver)) and an output
transducer. The signal processing unit is located in the forward path. In an embodiment, the
hearing device comprises an analysis path comprising functional components for analyzing the
input signal (e.g. determining a level, a modulation, a type of signal, an acoustic feedback
estimate, etc.). In an embodiment, some or all signal processing of the analysis path and/or the
signal path is conducted in the frequency domain. In an embodiment, some or all signal
processing of the analysis path and/or the signal path is conducted in the time domain.

[0047] An analogue electric signal representing an acoustic signal is converted to a digital
audio signal in an analogue-to-digital (AD) conversion process, where the analogue signal is
sampled with a predefined sampling frequency or rate fg, f5 being e.g. in the range from 8 kHz

to 40 kHz (adapted to the particular needs of the application) to provide digital samples x, (or
x[n]) at discrete points in time t, (or n), each audio sample representing the value of the
acoustic signal at t, by a predefined number Ng of bits, Ng being e.g. in the range from 1 to 48
bit, e.g. 24 bits. A digital sample x has a length in time of 1/f5, e.g. 50 ps, for f5 = 20 kHz. A

number of audio samples are arranged in a time frame. A time frame comprises 64 audio data
samples. Other frame lengths may be used depending on the practical application.

[0048] The hearing devices comprise an analogue-to-digital (AD) converter to digitize an
analogue input with a predefined sampling rate, e.g. 20 kHz. The hearing devices 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 transducer.

[0049] In an embodiment, the hearing device, e.g. the microphone unit, and or the transceiver
unit comprise(s) a TF-conversion unit for providing a time-frequency representation of an input
signal. In an embodiment, the time-frequency representation comprises an array or map of
corresponding complex or real values of the signal in question in a particular time and
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frequency range. In an embodiment, the TF conversion unit comprises a filter bank for filtering
a (time varying) input signal and providing a number of (time varying) output (sub-band)
signals each comprising a distinct frequency range of the input signal. In an embodiment, the
TF conversion unit comprises a Fourier transformation unit (e.g. a DFT or FFT unit) for
converting a time variant input signal to a (time variant) signal in the frequency domain. In an
embodiment, the frequency range considered by the hearing device from a minimum
frequency fqin to a maximum frequency fmax comprises a part of the typical human audible

frequency range from 20 Hz to 20 kHz, e.g. a part of the range from 20 Hz to 12 kHz. In an
embodiment, a signal of the forward and/or analysis path of the hearing device is split into a
number N/ of frequency bands, where N/ is e.g. larger than 5, such as larger than 10, such as
larger than 50, such as larger than 100, such as larger than 500, at least some of which are
processed individually. In an embodiment, the hearing device is/are adapted to process a
signal of the forward and/or analysis path in a number NP of different frequency channels (NP
< NI). The frequency channels may be uniform or non-uniform in width (e.g. increasing in width
with frequency), overlapping or non-overlapping.

[0050] The hearing device comprises a level detector (LD) for determining the level of an input
signal (e.g. on a band level and/or of the full (wide band) signal). The input level of the electric
microphone signal picked up from the user's acoustic environment is e.g. a classifier of the
environment. In an embodiment, the level detector is adapted to classify a current acoustic
environment of the user according to a number of different (e.g. average) signal levels, e.g. as
a HIGH-LEVEL or LOW-LEVEL environment.

[0051] The hearing device comprises a voice detector (VD) for determining whether or not an
input signal comprises a voice (e.g. speech) signal (at a given point in feedback reduction unit
time). A voice signal is in the present context taken to include a speech signal from a human
being. It may also include other forms of utterances generated by the human speech system
(e.g. singing). In an embodiment, the voice detector unit is adapted to classify a current
acoustic environment of the user as a VOICE or NO-VOICE environment. This has the
advantage that time segments of the electric microphone signal comprising human utterances
(e.g. speech) in the user's environment can be identified, and thus separated from time
segments only comprising other sound sources (e.g. artificially generated noise). The voice
detector is adapted to detect as a VOICE also the user's own voice. Alternatively, the voice
detector is adapted to exclude a user's own voice from the detection of a VOICE.

[0052] The hearing device comprises an own voice detector for detecting whether a given
input sound (e.g. a voice) originates from the voice of the user of the system. In an
embodiment, the microphone system of the hearing device is adapted to be able to
differentiate between a user's own voice and another person's voice and possibly from NON-
voice sounds. The hearing device comprises an acoustic (and/or mechanical and/or electrical)
feedback suppression system. Acoustic feedback occurs because the output loudspeaker
signal from an audio system providing amplification of a signal picked up by a microphone is
partly returned to the microphone via an acoustic coupling through the air or other media. The
part of the loudspeaker signal returned to the microphone is then re-amplified by the system
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before it is re-presented at the loudspeaker, and again returned to the microphone. As this
cycle continues, the effect of acoustic feedback becomes audible as artifacts or even worse,
howling, when the system becomes unstable. The problem appears typically when the
microphone and the loudspeaker are placed closely together, as e.g. in hearing aids or other
audio systems. Some other classic situations with feedback problem are telephony, public
address systems, headsets, audio conference systems, etc. Adaptive feedback cancellation
has the ability to track feedback path changes over time. It is based on a linear time invariant
filter to estimate the feedback path but its filter weights are updated over time. The filter update
may be calculated using stochastic gradient algorithms, including some form of the Least Mean
Square (LMS) or the Normalized LMS (NLMS) algorithms. They both have the property to
minimize the error signal in the mean square sense with the NLMS additionally normalizing the
filter update with respect to the squared Euclidean norm of some reference signal.

[0053] The hearing device further comprises other relevant functionality for the application in
question, e.g. compression, noise reduction, etc.

A method:

[0054] In an aspect, a method of detecting feedback in a hearing device as defined in claim 14
is provided by the present application.

[0055] It is intended that some or all of the structural 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 substituted by a corresponding process and vice versa.
Embodiments of the method have the same advantages as the corresponding devices.

[0056] In an embodiment, the magnitude and phase analysis unit is configured to repeatedly
determine magnitude, Mag, and phase, Phase, of said electric input signal IN in dependence of
the feedback loop delay D, e.g. with a frequency of 1/zD, where z is a positive integer. In an
embodiment, z=1.

[0057] In an embodiment, the magnitude and phase analysis unit is configured to determine
magnitude, Mag, and phase, Phase, of said electric input signal IN so that values of the
relevant loop parameters (magnitude and phase, etc.) are available with a distance in time of
D, e.g. at m'-2D, m'-D, m' (or more generally at m'-2zD, m'-zD, m'). In an embodiment, the
magnitude and phase analysis unit is configured to determine magnitude, Mag, and phase,
Phase, of said electric input signal IN so that values of the relevant loop parameters are
available with a distance in time of a time unit TU of the time-frequency representation of the
electric input signal IN.

[0058] In an embodiment, the loop consists of said forward path and the acoustic feedback
path, the loop exhibiting a loop delay D,. In an embodiment, the loop consists of said forward
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path and the mechanical feedback path, the loop exhibiting a loop delay D. In an

embodiment, the loop consists of said forward path and the electric feedback path, the loop
exhibiting a loop delay De.

[0059] In an embodiment, the method comprises providing an electric input signal IN in a
number of frequency sub-band electric input signals IN(k,m), where k and m are frequency
sub-band and time indices, respectively.

[0060] In an embodiment, the method comprises providing that the loop magnitude and the

loop phase at time instant m are determined as
LpMag(k,m) = Mag (k,m) — Mag(k, mp),

LpPhase(k,m) = wrap (Phase(k, m) — Phase(k, mD)),
respectively, where Mag(k,m) and Phase(k,m) are the magnitude and phase (in radians)
values, respectively, of the electric input signal IN(k,m) at time m, whereas Mag(k,mp) and

Phase(k,mp) denotes the magnitude and phase values, respectively, of the electric input signal
IN(k,mp) one feedback loop delay D earlier, and where wrap(.) denotes the phase wrapping

operator, the loop phase thus having a possible value range of [-m, m].

[0061] In an embodiment, the method comprises providing that the loop magnitude difference
LpMagDiff(k,m) and the loop phase difference LpPhaseDiff(k,m) at time instant m are

determined as
LpMagDif f (k,m) = LpMag(k,m) — LpMag(k, mp).

LpPhaseDif f(k,m) = me(LpPhase(k, m)— LpPh,ase(k,mD)).

where LpMag(k,m) and LpMag(k,mp) are the values of the loop magnitude LpMag at time
instant m and at a time instant mp one feedback loop delay D earlier, respectively, and where
LpPhase(k,m) and LpPhase(k,mp) are the values of the loop phase LpPhase at time instant m

and at a time instant mp one feedback loop delay D earlier, respectively.

A computer readable medium:

[0062] In an aspect, a tangible computer-readable medium storing a computer program
comprising program code means for causing a data processing system to perform at least
some (such as a majority or all) of the steps of the method described above, in the 'detailed
description of embodiments' and in the claims, when said computer program is executed on
the data processing system is furthermore provided by the present application.

[0063] By way of example, and not limitation, such computer-readable media can comprise
RAM, ROM, EEPROM, CD-ROM or other optical disk storage, magnetic disk storage or other
magnetic storage devices, or any other medium that can be used to carry or store desired
program code in the form of instructions or data structures and that can be accessed by a
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computer. Disk and disc, as used herein, includes compact disc (CD), laser disc, optical disc,
digital versatile disc (DVD), floppy disk and Blu-ray disc where disks usually reproduce data
magnetically, while discs reproduce data optically with lasers. Combinations of the above
should also be included within the scope of computer-readable media. In addition to being
stored on a tangible medium, the computer program can also be transmitted via a transmission
medium such as a wired or wireless link or a network, e.g. the Internet, and loaded into a data
processing system for being executed at a location different from that of the tangible medium.

A data processing system:

[0064] In an aspect, a data processing system comprising a processor and program code
means for causing the processor to perform at least some (such as a majority or all) of the
steps of the method described above, in the 'detailed description of embodiments' and in the
claims is furthermore provided by the present application.

Definitions:

[0065] In the present context, a 'hearing device' refers to a device, such as e.g. a hearing
instrument or an active ear-protection device or other audio processing device, which is
adapted to improve, 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. A 'hearing device' further refers to a device
such as an earphone or a headset adapted to receive audio signals electronically, 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, acoustic signals transferred 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 as well as electric signals transferred directly or
indirectly to the cochlear nerve of the user.

[0066] The hearing device may be configured to be worn in 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
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 attached to a fixture implanted into the skull bone, as
an entirely or partly implanted unit, etc. The hearing device may comprise a single unit or
several units communicating electronically with each other.

[0067] More generally, a hearing device comprises an input transducer for receiving an
acoustic signal from a user's surroundings and providing a corresponding input audio signal
and/or a receiver for electronically (i.e. wired or wirelessly) receiving an input audio signal, a
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(typically configurable) signal processing circuit for processing the input audio signal and an
output means for providing an audible signal to the user in dependence on the processed
audio signal. In some hearing devices, an amplifier may constitute the signal processing circuit.
The signal processing circuit typically comprises one or more (integrated or separate) memory
elements for executing programs and/or for storing parameters used (or potentially used) in
the processing and/or for storing information relevant for the function of the hearing device
and/or for storing information (e.g. processed information, e.g. provided by the signal
processing circuit), e.g. for use in connection with an interface to a user and/or an interface to
a programming device. In some hearing devices, the output means may comprise an output
transducer, such as e.g. a loudspeaker for providing an air-borne acoustic signal or a vibrator
for providing a structure-borne or liquid-borne acoustic signal. In some hearing devices, the
output means may comprise one or more output electrodes for providing electric signals.

[0068] In some hearing devices, the vibrator may be adapted to provide a structure-borne
acoustic signal transcutaneously or percutaneously to the skull bone. In some hearing devices,
the vibrator may be implanted in the middle ear and/or in the inner ear. In some hearing
devices, the vibrator may be adapted to provide a structure-borne acoustic signal to a middle-
ear bone and/or to the cochlea. In some hearing devices, the vibrator may be adapted to
provide a liquid-borne acoustic signal to the cochlear liquid, e.g. through the oval window. In
some hearing devices, the output electrodes may be implanted in the cochlea or on the inside
of the skull bone and may be adapted to provide the electric signals to the hair cells of the
cochlea, to one or more hearing nerves, to the auditory brainstem, to the auditory midbrain, to
the auditory cortex and/or to other parts of the cerebral cortex.

[0069] A 'hearing system' refers to a system comprising one or two hearing devices, and a
'‘binaural hearing system' refers to a system comprising two hearing devices and being
adapted to cooperatively provide audible signals 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 device(s) and affect and/or benefit from the function of the
hearing device(s). Auxiliary devices may be e.g. remote controls, audio gateway devices,
mobile phones (e.g. SmartPhones), public-address systems, car audio systems or music
players. Hearing devices, hearing systems or binaural hearing systems 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 capability and/or conveying electronic audio
signals to a person.

[0070] Embodiments of the disclosure may e.g. be useful in applications such as hearing aids,
headsets, ear phones, active ear protection systems, etc. The disclosure may further be useful
in applications such as handsfree telephone systems, mobile telephones, teleconferencing
systems, public address systems, karaoke systems, classroom amplification systems.

BRIEF DESCRIPTION OF DRAWINGS
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[0071] The aspects of the disclosure may be best understood 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 corresponding 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 technical effect
will be apparent from and elucidated with reference to the illustrations described hereinafter in
which:

FIG. 1 shows a simplified block diagram of an embodiment of a hearing device comprising a
feedback detector according to the present disclosure,

FIG. 2 shows a block diagram of a first embodiment of a feedback detector according to the
present disclosure in a sound processing environment,

FIG. 3 schematically illustrates the composition of loop delay in an audio processing device,
e.g. a hearing device,

FIG. 4A shows a criterion for feedback detection determined based on a combination of the
criteria for loop magnitude and loop phase feedback conditions as FbDet(km) =
and(LpMagDet(k, m), LpPhaseDet(k, m)), and

FIG. 4B shows a criterion for feedback detection determined based on a combination of criteria
for loop magnitude (LpMag) and loop phase difference (LpPhaseDiff) feedback conditions,
FbDet(k, m) = and(LpMagDet(k, m), LpPhaseDiffDet(k, m)), and

FIG. 5 a simplified block diagram of an embodiment of a hearing device comprising a feedback
detector according to the present disclosure when used to control various processing parts of
the hearing device,

FIG. 6 shows a hearing system comprising a hearing device and an auxiliary device in
communication with each other,

FIG. 7 shows a block diagram of a s embodiment of a feedback detector according to the
present disclosure in a sound processing environment, and

FIG. 8 shows a flow diagram for a method of detecting feedback in a hearing device not falling
under the scope of the appended claims.

[0072] 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.

DETAILED DESCRIPTION OF EMBODIMENTS
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[0073] The detailed description set forth below in connection with the appended drawings is
intended as a description of various configurations. The detailed description includes specific
details for the purpose of providing 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
constraints or other reasons, these elements may be implemented using electronic hardware,
computer program, or any combination thereof.

[0074] The electronic hardware may include microprocessors, microcontrollers, digital signal
processors (DSPs), field programmable gate arrays (FPGAs), programmable logic devices
(PLDs), gated logic, discrete hardware circuits, and other suitable hardware configured to
perform the various functionality described throughout this disclosure. Computer program shall
be construed broadly to mean instructions, instruction sets, code, code segments, program
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, hardware
description language, or otherwise.

[0075] The present application relates to the field of hearing devices, e.g. hearing aids. The
disclosure deals in particular with concepts for ultrafast feedback estimation. The estimation is
based on the amplitude, phase, and their variations over time and frequency of the forward
path of a hearing device, e.g. a hearing aid.

[0076] Time and frequency:

» time index n is generally used for a (digital) time domain signal, e.g., IN(n) means the
signal IN at time index n;

e the time/frequency domain index m is generally used as a time frame index and k is
used as a frequency index;

« for analogue signals (before A/D-conversion), t is generally used (e.g. IN(t)), where t
denotes the continuous time.

[0077] FIG. 1 shows a simplified block diagram of an embodiment of a hearing device
comprising a feedback detector according to the present disclosure. The simplified block
diagram of hearing device (HD) illustrates a forward path (from input transducer (IT) to output
transducer (OT)) for processing an input sound signal and providing a processed output signal.
The hearing device further comprises a feedback cancellation system FBC for estimating and
cancelling (at least decreasing) the contribution of feedback from output to input transducer in
the signal of the forward path. The feedback cancellation system FBC comprises a feedback
estimation unit FBE for estimating a current feedback path from output transducer to input
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transducer (through the feedback path FBP) and providing a feedback estimate signal w. The
feedback cancellation system FBC further comprises a combination unit (here summation unit
'+') for combining the feedback estimate signal w with the electric input signal y from the input
transducer IT (here subtracting w from y) to provide a feedback corrected signal err, which is
fed to the signal processing unit SPU and the feedback estimation unit FBE. The hearing
device HD further comprises feedback detection unit UFFE for detecting critical feedback
situations based on a signal of the forward path UIN (here tapped from signal processing unit
SPU) and providing feedback detection signal UOUT. The hearing device HD further comprises
signal processing unit for processing feedback corrected signal err and providing a processed
signal u which is fed to the output transducer OT for presentation to the user and to the
feedback cancellation unit FBC. The feedback detection signal UOUT may e.g. be used in the
signal processing unit SPU (e.g. to control a gain in the signal processing unit) and/or in the
feedback cancellation unit FBC (e.g. to control an adaptation rate of the feedback estimation
unit FBE).

[0078] FIG. 2 shows a block diagram of a first embodiment of a feedback detector according to
the present disclosure in a sound processing environment. The block diagram of FIG. 2 may
form part of a hearing device receiving an electric, time-variant input signal IN(n) representing
sound, where n is time, e.g. a time index. The hearing device comprises an analysis filter bank
FBA for converting the time variant input signal IN(n) to a number of (time-variant) sub-band
signals IN(k,m), where k is a frequency index (k=1, ..., K) and m is a time (frame) index. The
hearing device may e.g. comprise a gain unit G for applying a frequency and/or level
dependent gain IG (0 = IG = IGqx), ©.9. adapted to a user's needs, e.g. hearing impairment.

The gain unit provides a processed signal OUT(k,m) that is fed to a synthesis filter bank FBS
and converted to a time variant (full-band) output signal OUT(n), which may be forwarded to
another device and/or presented to one or more users. In a hearing aid setup, the input signal
IN(n) may e.g. be provided by an input unit, e.g. an input transducer IT (cf. FIG. 1). Likewise,
the output signal OUT(n) may be fed to an output transducer OT (cf. FIG. 1). The signal path
from the input transducer to the output transducer (IN(n) to OUT(n)) constitutes a forward path
of the hearing device. The hearing device further comprises a feedback detector, Ultra Fast
Feedback Estimator (UFFE), according to the present disclosure for providing a feedback
detection control signal UOUT and a loop transfer function control signal LtfEst, and an action
unit ACT for performing an action based on the inputs UOUT and LtfEst from the feedback
detector. The action unit ACT provides an action information signal ACINF that is fed back to
the feedback detector UFFE and may be used to improve the feedback detection. The action
information signal ACINF may be used by other parts of the hearing device as well to modify
conditions or modes of operation of the hearing device (indicated by its connection to
processing unit SP, cf. dashed input to the SP unit). Actions taken based on the signals from
the feedback detector (e.g. to reduce feedback), cf. signal AC to the processing unit SP may
e.g. include a gain reduction in the forward path (cf. signal GCtr to gain unit G), and/or the
introduction or modification of a (small) frequency shift in the forward path to de-correlate input
from output, etc.

[0079] In some of the calculations performed in the feedback detector UFFE, subsequent
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values of parameters such as loop magnitude and loop phase are determined at time
instances in units of one loop delay. Hence, knowledge (e.g. an estimate or a measurement) of
the length of one loop delay is assumed to be available.

[0080] The loop delay is defined as the time required for the signal travelling through the
acoustic loop, as illustrated in FIG. 3. The acoustic loop consists of the forward path (HD), and
the feedback path. The loop delay is taken to include the processing delay d of the (electric)
forward path of the hearing device from input transducer to output transducer and the delay d'
of the acoustic feedback path from the output transducer to the input transducer of the hearing
device, LoopDelay D =d + d".

[0081] Typically, the acoustic part d' of the loop delay is much less than the electric
(processing) part d of the loop delay, d' << d. In an embodiment the electric (processing) part d
of the loop delay is in the range between 2 ms and 10 ms, e.g. in the range between 5 ms and
8 ms, e.g. around 7 ms. The loop delay may be relatively constant over time (and e.g.
determined in advance of operation of the hearing device) or be different at different points in
time, e.g. depending on the currently applied algorithms in the signal processing unit (e.g.
dynamically determined (estimated) during use). The hearing device (HD) may e.g. comprise a
memory unit wherein typical loop delays in different modes of operation of the hearing device
are stored. In an embodiment, the hearing device is configured to measure a loop delay
comprising a sum of a delay of the forward path and a delay of the feedback path. In an
embodiment, a predefined test-signal is inserted in the forward path, and its round trip travel
time measured (or estimated), e.g. by identification of the test signal when it arrives in the
forward path after a single propagation (or a known number of propagations) of the loop.

[0082] The function of the individual units of the feedback detector (UFFE) is described in
following.

The magnitude and phase analysis unit M&PANA:

[0083] The magnitude and phase analysis unit M&PANA takes as an input signal frequency
sub-band signals of the forward path, here the signal IN(k,m), and comprises an accumulation
and downsampling unit and a linear to log domain transformation unit (not shown in FIG. 2).

[0084] First, the magnitude and phase of the frequency sub-band signals are determined.

[0085] The outputs from the magnitude and phase analysis unit M&PANA are loop magnitude,
loop phase, loop magnitude difference, and loop phase difference signals (i.e. signals LpMag,
LpPhase, LpMagDiff, and LpPhaseDiff, respectively).

[0086] The loop magnitude (in the log domain, also termed 'loop gain') LpMag(k,m) at the

frequency index k and time index m is computed as:
LpMag(k,m) = Mag (k,m) — Mag(k, mp),
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where Mag(k,m) is the current magnitude value of the signal, whereas mp denotes the index
one feedback loop delay earlier (the correct time frame index mp can be a decimal number,
and a rounding might be needed to obtain the closest integer frame index of mp). The

corresponding output signal of the M&PANA unit is termed LpMag in FIG. 2.

[0087] The loop magnitude difference LpMagDiff(k,m) is computed as
LpMagDiff (k,m) = LpMag (k,m) — LoMag(k, mp).

[0088] The corresponding output signal of the M&PANA unit is termed LpMagDiff in FIG. 2.

[0089] The loop phase (in radian) is computed as

LpPhase(k,m) = wrap(Phase(k, m) — Phase(k, mp)),

where wrap(.) denotes the phase wrapping operator, the loop phase thus has a possible value
range of [-1r, ], and Phase(k,m) is the current phase value of the signal. The corresponding

output signal of the M&PANA unit is termed LpPhase in FIG. 2.

[0090] The loop phase difference LpPhaseDiff(k,m) is computed as
LpPhaseDif f(k,m) = wrap(LpPhase(k, m) — LpPhase(k,m — D)).

[0091] The loop phase difference thus has a possible value range of [-m, 1], and the
corresponding output signal of the M&PANA unit is termed LgPhaseDiff in FIG. 2.

[0092] In an embodiment, several of subsequent magnitude and phase values and/or loop
magnitude difference or loop phase difference over a period corresponding to the feedback
loop delay are accumulated and decimated so that there is one magnitude and phase value
and/or loop magnitude difference or loop phase difference value for each time period
corresponding to the feedback loop delay.

The feedback conditions and detection unit FBC&D:

[0093] The feedback conditions and detection unit FBC&D takes as inputs, signals LpMag,
LpPhase, LpMagDiff, and LpPhaseDiff, respectively, from the magnitude and phase analysis
unit M&PANA. The output from the feedback conditions and detection unit FBC&D is the
feedback detection signal (signal FbDet or UOUT).

[0094] The feedback conditions and detection unit FBC&D is configured to check magnitude
and phase conditions for feedback.

[0095] The magnitude feedback detection, based on the magnitude condition, is defined as:
LpMagDet(k,m) = min(LpMag(k,m), ..., LoMag (k,my.,)) > MagThresh,
where MagThresh is a threshold value close to zero, such as -3,-2,-1,0,1,2,3... The index my.p
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denotes the time index N feedback loop delays earlier Example values of N can be 0,1,2,...
The magnitude feedback detection signal LpMagDet is e.g. a binary signal (0 or 1).

[0096] The phase feedback detection, based on the phase condition, is defined as:
LpPhaseDet(k, m) = ahs(LpPhase(k,m)) < PhaseThresh,

where PhaseThresh is a threshold value close to zero, such as 0.5, 0.4, 0.3, 0.2, 0.1, 0.05,
0.01... The phase feedback detection signal LpPhaseDet is e.g. a binary signal (0 or 1).
Alternatively, the phase feedback detection, based on the phase difference condition, is
defined as:

LpPhaseDet(k,m) = abS(LpPhaseDif f (k,m)) < PhaseDiffThresh,

whereas PhaseDiffThresh is a threshold value close to zero, such as 0.5, 0.4, 0.3, 0.2, 0.1,
0.05,0.01...

[0097] In principle, for the phase feedback detection, we should ideally use the loop phase
signal LpPhase, i.e., the loop phase has to be close to 0. However, due to the loop phase
estimation is highly depended on the feedback loop delay, and small deviation in loop delay
can cause a significantly biased loop phase estimate. Hence, we can use the loop phase
difference LpPhaseDiff to compensate for the possible bias in loop phase estimate.

[0098] The feedback detection is then determined based on magnitude and phase feedback
detections as
FbDet(k,m) = and (LpM agDet(k,m), LpPhaseDet (k, m)).

[0099] The feedback detection signal FbDet is e.g. a binary signal (0 or 1).

[0100] Two example feedback detection zones are illustrated in FIG. 4A and FIG. 4B. In the
FIG. 4A, the detection is based on LpMag and LpPhase, with the respective range LpMag > 0,
and abs(LpPhase) < 0.2. FIG. 4B illustrates an example of detection based on LpMag and
LpPhaseDiff, where LpMag > -1.5, and abs(LpPhaseDiff) < 0.3.

[0101] The feedback detection signal FbDet(k,m) can be further modified by considering the
loop gain difference signal LpMagDiff(k,m). Table 1 illustrates how different values of
LpMagDiff(k,m) can be interpreted and used to improve the feedback detection.

Table 1. The indications from the loop magnitude signal LpMagDiff(k,m).

LpMagDiff(k,m); Explanation Possible Actions

>0 The loop magnitude {Confirm feedback detection
IS raising

~=0 The loop magnitude {If a preventive action was already applied,
is constant we expect a change in loop magnitude, this

can indicate false-detection

<0 The loop magnitude {No feedback detection necessary
is decreasing
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[0102] The loop transfer function estimation and correction unit EST&C:

[0103] The loop transfer function estimation and correction unit EST&C takes as inputs the
signals LpMag and LpPhase, and provides the output complex signal LtfEst comprising
magnitude (LpMagEst) and phase (LpPhaseEst) of the estimated loop transfer function. The
input ACINF is used to correct the loop transfer function estimate, if a preventive action is
applied upon feedback detection, and this action affects the loop transfer function.

[0104] The loop transfer function consists of two parts, the loop magnitude and phase.

[0105] The loop magnitude estimate LpMagEst(k,m) is computed as the linear combination of
latest P values of LpMag(k,m),

P-1

LpMagEst(k,m) = Z a, - LpMag(k, m — p),
p=0
where ap, are non-negative scaling factors, and  a,=1. Example values of P and aj, can be P =

2, and ag= a4=0.5. In an embodiment, P=4 and ag=0.5, a1=0.25, 05,=0.125, 03=0.125.

[0106] Similarly, the loop phase estimate LpPhaseEst(k,m) is computed as the linear

combination of latest Q values of LpPhase(k,m),
0-1

LpPhaseEst(k,m) = Z aq - LpPhase(k, m — q).
g=0

[0107] The (complex) estimate of the loop transfer function can then be written as
LtfEst(k,m) = LpMagEst(k, m)ej-LpPhaseEst(k,m)

[0108] The above expressions are stated in the time-frequency domain (indices k,m) but may
alternatively be expressed in the time domain (index n) by substitution.

[0109] The signal ACINF is used to correct the loop transfer function estimate, when a
potential action upon feedback detection can affect the estimate itself. More details are given in
the section ACT.

[0110] The function of the activation unit ACT is described in following.

[0111] The action information unit ACT:

[0112] The action information unit ACT takes as inputs the feedback detection signal FbDet
and the loop transfer function estimate LtfEst and provides as an output an action information
signal ACINF.
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[0113] Whenever some actions are taken due to feedback detection, this action can potentially
affect the feedback detection itself. E.g., when the frequency shift is applied, it modifies the
loop phase, and hence this information should be taken into account when detecting the phase
feedback.

[0114] Or the action information is used as part of the feedback detection, e.g., as a "gain-
reduction-test” or "phase-change-test" method. In this case, a gain reduction or a phase
change of a certain amount is applied in the forward path upon feedback detection. In the case
of a correct feedback detection based on the loop magnitude and loop phase estimates, a
reduction of loop magnitude or a phase change by the same amount should be observed. This
can be used as a confirmation of feedback detection.

[0115] However, in the case that a false feedback detection due to incorrectly estimated loop
magnitude and/or phase, as a consequence of, e.g., autocorrelation in the incoming signal of
the hearing device, we would very likely not observe a gain reduction or a phase change, at
least not by the same amount of the reduced gain or modified phase. In this case, we would
declare false detection.

[0116] Generally, the action information signal can be used to improve the feedback detection
(e.g. its confidence or validity). The actual use of the action information signal in order to
improve the feedback detection signal depends on the action.

[0117] The action information unit ACT is configured to receive information about the current
(estimate) of the loop transfer function (LtfEst) AND the current feeback detection (FbDet, 0 or
1). Based on this information the action information unit ACT decides on appropriate actions
(reduction of gain, increase adaptation rate of the feedback estimation, the application of
frequency shift in the forward path, or the like) and initiates such actions.

[0118] The action information unit ACT takes also as the input control signal CTRL, which can
be used to start/stop actions independent of the feedback detection signal FbDet.

[0119] FIG. 5 shows a simplified block diagram of an embodiment of a hearing device
comprising a feedback detector according to the present disclosure when used to control
various processing parts of the hearing device. The embodiment of hearing device of FIG. 5 is
similar to the embodiment of FIG. 1. In the embodiment of FIG. 5, however, a processing part
of the forward path around the signal processing unit SPU is carried out in frequency sub-
bands. The forward path hence comprises a filter bank (analysis filter bank FBA before the
signal processing unit SPU and synthesis filter bank FBS before the output transducer OT).
The forward path further comprises a configurable decorrelation unit FS in the forward path,
e.g. in the form of a frequency shift Af (e.g. Af < 10 Hz). The feedback detector is configured to
provide individual control signals UOUT4, UOUT,, and UOUT3 to the signal processing unit

SPU, to the frequency shifting unit FS and to the feedback estimation unit FBE, respectively.
Based on the current feedback detection signal (and other parameters available in the
feedback detection unit UFFE), the control signals UOUT,, p=1, 2, 3 are e.g. configured to



DK/EP 3291581 T3

control 1) a gain (in one or more frequency sub-bands) applied by the signal processing unit,
2) whether or not to apply a frequency shift (and/or an amount of frequency shift) by the
decorrelation unit FS, and 3) whether or not to update a current feedback estimate (and/or to
control an adaptation rate of an adaptive algorithm) by the feedback estimation unit (FBE).

[0120] FIG. 6 shows a hearing system comprising a hearing device and an auxiliary device in
communication with each other. FIG. 6 shows an embodiment of a hearing aid according to the
present disclosure comprising a BTE-part located behind an ear or a user and an ITE part
located in an ear canal of the user.

[0121] FIG. 6 illustrates an exemplary hearing aid (HD) formed as a receiver in the ear (RITE)
type hearing aid comprising a BTE-part (BTE) adapted for being located behind pinna and a
part (/TE) comprising an output transducer (e.g. a loudspeaker/receiver, SPK) adapted for
being located in an ear canal (Ear canal) of the user (e.g. exemplifying a hearing aid (HD) as
shown in FIG. 1 or 5). The BTE-part (BTE) and the ITE-part (/TE) are connected (e.g.
electrically connected) by a connecting element (IC). In the embodiment of a hearing aid of
FIG. &, the BTE part (BTE) comprises two input transducers (here microphones) (/T4 IT2)

each for providing an electric input audio signal representative of an input sound signal (Sg7g)
from the environment. In the scenario of FIG. 6, the input sound signal Sgrg includes a

contribution from sound source S. The hearing aid of FIG. 6 further comprises two wireless
receivers (WLR4, WLR») for providing respective directly received auxiliary audio and/or

information signals. The hearing aid (HD) further comprises a substrate (SUB) whereon a
number of electronic components are mounted, functionally partitioned according to the
application in question (analogue, digital, passive components, etc.), but including a
configurable signal processing unit (SPU), a beam former filtering unit (BFU), and a memory
unit (MEM) coupled to each other and to input and output transducers via electrical conductors
Wx. The mentioned functional units (as well as other components) may be partitioned in
circuits and components according to the application in question (e.g. with a view to size,
power consumption, analogue vs. digital processing, etc.), e.g. integrated in one or more
integrated circuits, or as a combination of one or more integrated circuits and one or more
separate electronic components (e.g. inductor, capacitor, etc.). The configurable signal
processing unit (SPU) provides an enhanced audio signal, which is intended to be presented to
a user. In the embodiment of a hearing aid device in FIG. 6, the ITE part (/TE) comprises an
output unit in the form of a loudspeaker (receiver) (SPK) for converting the electric signal
(OUT) to an acoustic signal (providing, or contributing to, acoustic signal Sgp at the ear drum

(Ear drum). In an embodiment, the ITE-part further comprises an input unit comprising an input
transducer (e.g. a microphone) (/T3) for providing an electric input audio signal representative

of an input sound signal S;7g from the environment (including from sound source S) at or in the

ear canal.

[0122] In another embodiment, the hearing aid may comprise only the BTE-microphones (/T,

IT>).
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[0123] In another embodiment, the hearing aid may comprise only the ITE-microphone (/T3).
In yet another embodiment, the hearing aid may comprise an input unit (/T4) located elsewhere

than at the ear canal in combination with one or more input units located in the BTE-part
and/or the ITE-part. The ITE-part further comprises a guiding element, e.g. a dome, (DO) for
guiding and positioning the ITE-part in the ear canal of the user.

[0124] The hearing aid (HD) exemplified in FIG. 6 is a portable device and further comprises a
battery (BAT) for energizing electronic components of the BTE- and ITE-parts.

[0125] The hearing aid (HD) may e.g. comprise a directional microphone system (beam former
filtering unit (BFU)) adapted to spatially filter a target acoustic source among a multitude of
acoustic sources in the local environment of the user wearing the hearing aid device. In an
embodiment, the directional system is adapted to detect (such as adaptively detect) from which
direction a particular part of the microphone signal (e.g. a target part and/or a noise part)
originates. In an embodiment, the beam former filtering unit is adapted to receive inputs from a
user interface (e.g. a remote control or a smartphone) regarding the present target direction.
The memory unit (MEM) may e.g. comprise predefined (or adaptively determined) complex,
frequency dependent constants (W) defining predefined or (or adaptively determined) 'fixed'

beam patterns (e.g. omni-directional, target cancelling, etc.), together defining the
beamformed signal Ygf.

[0126] The hearing aid of FTG. 6 may constitute or form part of a hearing aid and/or a binaural
hearing aid system according to the present disclosure. The hearing aid comprises a feedback
detection unit as described above. The processing of an audio signal in a forward path of the
hearing aid may e.g. be performed fully or partially in the time-frequency domain. Likewise, the
processing of signals in an analysis or control path of the hearing aid may be fully or partially
performed in the time-frequency domain.

[0127] The hearing aid (HD) according to the present disclosure may comprise a user
interface Ul, e.g. as shown in FIG. 6 implemented in an auxiliary device (AUX), e.g. a remote
control, e.g. implemented as an APP in a smartphone or other portable (or stationary)
electronic device. In the embodiment of FIG. 6, the screen of the user interface (Ul) illustrates
a Feedback Detection APP, with the subtitle 'Configure feedback detection. Display current
feedback' (upper part of the screen). Criteria for detecting feedback can be configured by the
user via the APP (middle part of screen denoted 'Select feedback criteria'). The feedback
criteria can be selected between a number of criteria, here between 'Loop Magnitude', 'Loop
Phase' and 'Loop Phase Difference’. In the screen shown in FIG. 6, criteria 'Loop Magnitude'
and 'Loop Phase' have been selected (as indicated by solid symbols m), and the user can then
set threshold values for these two criteria, increasing or decreasing selected values by
activating black arrows to the right, A =increase, ¥ =decrease). The user has selected a loop
magnitude threshold value of 0 dB, and a loop phase threshold value of 0.1 (rad). The current
feedback situation determined using the selected criteria is displayed (lower part of screen,
denoted 'Detected feedback [0,1,]'). A value between 0 and 1 is used to indicate a degree of
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severity of the current feedback (overall, although determined on a frequency sub-band level).
The legend is indicated as OK (

(©)

) for values below 0.5 and as critical (

(®)

) for values above 0.8. The current value of (relative) feedback is illustrated by a number (here
0.5) at a corresponding location on the horizontal grey bar (to a value between a minimum
value (Min corresponding to 0) and a maximum value (Max corresponding to 1) with a medium
value (Med corresponding to 0.5) there between). The arrows at the bottom of the screen
allow changes to a preceding and a proceeding screen of the APP, and a tab on the circular
dot between the two arrows brings up a menu that allows the selection of other APPs or
features of the device. In an embodiment, the APP is configured to provide an (possibly
graphic) illustration of the current feedback detection (e.g. signal FbDet(k,m)) on a frequency
sub-band level, e.g. relative to a current feedback margin.

[0128] The auxiliary device and the hearing aid are adapted to allow communication of data
representative of the currently selected direction (if deviating from a predetermined direction
(already stored in the hearing aid)) to the hearing aid via a, e.g. wireless, communication link
(cf. dashed arrow WL2 in FTG. 6). The communication link WL2 may e.g. be based on far field
communication, e.g. Bluetooth or Bluetooth Low Energy (or similar technology), implemented
by appropriate antenna and transceiver circuitry in the hearing aid (HD) and the auxiliary
device (AUX), indicated by transceiver unit WLR5 in the hearing aid.

[0129] FIG. 7 shows a block diagram of a second embodiment of a feedback detector
according to the present disclosure in a sound processing environment. The embodiment of
FIG. 7 comprises the same elements as the embodiment of FIG. 2. In the embodiment of FIG.
7, the feedback detection unit comprises different parallel processing units (cf. light gray
shaded, overlapping units FBD;, j=1, 2, ..., Np) for providing a feedback detection signal

FbDet(Dj), and optionally a signal (LtfEst(D;), j=1, 2, Np representing an estimate of the

complex loop transfer function. Each parallel processing unit is configured to use a different
loop delay D, j=1, 2,..., Np, where Np is the number of different parallel processing units. This

embodiment may be of special value in situations, where the delay (d') of the acoustic
feedback path is significant compared to the delay (d) of the electric forward path of the
hearing device, so that the assumption that d' << d (cf. FIG. 3) is no longer valid or valid to a
smaller degree. Such situation may e.g. occur when a (acoustically) reflecting surface is
(brought) in the vicinity of the user, e.g. less than 1 m from an ear of the user. In such case, a
parallel estimate of the feedback situation for different assumed values of loop delay D, is of

value. In an embodiment, the feedback detection unit (UFFE) is configured to assign values of
loop delay from a minimum value (D4) to a maximum value (Dynp) according to a predefined or
adaptive scheme, where Dq < Dy ... < Dyp. The embodiment of a feedback detection unit
shown in FIG. 7 further comprises a weighting unit (WU) configured to provide output feedback
detection signals (FbDet and LtfEst) based on input signals from the parallel processing units
FBD;, j=1, ..., Np), e.g. according to a predefined or adaptively determined criterion (e.g. a
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logic, e.g.

[0130] Boolean, criterion). In an embodiment, the weighting unit (WU) is configured to select
one of the feedback detection signals (FbDet(D;), and LtfEst(D;)) as the output feedback

detection signals (FbDet and LtfEst). In an embodiment, the weighting unit (WU) is configured
to provide a weighted combination of the feedback detection signals (FbDet(D;) and LtfEst(D)))

from the individual processing units FBD;, j=1, 2,..., Np. In an embodiment, the feedback
detection unit is configured to apply a (e.g. logic) criterion to the feedback detection signals
FbDet(Dy), LHfEst(D;), j=1, 2, ..., Np, to provide resulting feedback detection signal FbDet,
LtfEst. In an embodiment, the resulting FbDet=AND(FbDet(Dy)), j=1, 2, Np, i.e. equal to "1’
(corresponding to feedback detection) if any (i.e. one or more) of the different feedback
detection signals FbDet(D;) detects feedback. In an embodiment, the criterion is that resulting
feedback detection signal FbDet is equal to '1', if more than one of the different feedback
detection signals FbDet(D)) detect feedback. In an embodiment, the feedback detector (UFFE)
has access to a measured or estimated (current) value of loop delay and is configured to give
particular weight to (e.g. to select) the value(s) of the feedback detection signal (and possibly
the estimate of the complex loop transfer function) provided by the processing part FBD; for

which D; comes closest to the measured or estimated value Deg; of loop delay.

[0131] FIG. 8 shows a flow diagram for a method of detecting feedback in a hearing device not
falling under the scope of the appended claims.

[0132] In the method of detecting feedback in a hearing device, the hearing device comprises
a forward path for processing an electric signal representing sound. The forward path
comprises

e an input unit for receiving or providing an electric input signal IN representing sound,

= a signal processing unit for applying a frequency- and/or level-dependent gain to an
input signal of the forward path and providing a processed output signal, and

» an output transducer for generating stimuli perceivable as sound to a user.

[0133] The method comprises

» detecting feedback or evaluating a risk of feedback via an acoustic or mechanical or
electrical feedback path from said output transducer to said input unit; by

o repeatedly determining magnitude (Mag) and phase (Phase) of said frequency sub-
band electric input signals IN; and

o determining values of loop magnitude (LpMag), loop phase (LpPhase), loop
magnitude difference (LpMagDiff), and loop phase difference signals (LpPhaseDiff),
respectively, based thereon;



DK/EP 3291581 T3

o checking criteria for magnitude and phase feedback condition, respectively, based on
said values of loop magnitude (LpMag), loop phase (LpPhase), loop magnitude
difference (LpMagDiff), and loop phase difference signals (LpPhaseDiff), respectively,
and

o providing feedback detection signal, FbDet, indicative of feedback or a risk of
feedback.

[0134] It is intended that the structural features of the devices described above, either in the
detailed description and/or in the claims, may be combined with steps of the method, when
appropriately substituted by a corresponding process.

[0135] As used, the singular forms "a," "an," and "the" are intended to include the plural forms
as well (i.e. to have the meaning "at least one"), 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
thereof. 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 elements may also be present, unless expressly stated otherwise. Furthermore,
"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 is not limited to the exact order stated herein,
unless expressly stated otherwise.

[0136] It should be appreciated that reference throughout this specification to "one
embodiment” or "an embodiment” or "an aspect” or features included as "may"” means that a
particular feature, structure or characteristic described in connection with the embodiment is
included in at least one embodiment of the disclosure. Furthermore, the particular features,
structures or characteristics may be combined as suitable in one or more embodiments of the
disclosure. The previous description is provided to enable any person skilled in the art to
practice the various aspects described herein. Various modifications to these aspects will be
readily apparent to those skilled in the art, and the generic principles defined herein may be
applied to other aspects.

[0137] The claims are not intended to be limited to the aspects shown herein, but is to be
accorded the full scope consistent with the language of the claims, wherein 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 otherwise, the term "some" refers to
one or more.

[0138] Accordingly, the scope should be judged in terms of the claims that follow.
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Patentkrav

1. Hereanordning (HD), der omfatter en fremadgaende vej til behandling af et
elektrisk indgangssignal (IN; vy), der repreesenterer lyd, hvor den
fremadgaende vej omfatter

» en indgangsenhed (IT) til modtagelse eller tilvejebringelse af det elektriske
indgangssignal (IN; y), der repreesenterer lyd,

+ en signalbehandlingsenhed (SPU) til at anvende en frekvens- og/eller
niveauafheengig forstaerkning til et indgangssignal pa den fremadgaende vej
og til at tilvejebringe et behandlet udgangssignal (u), og

* en udgangstransducer (OT) til at generere stimuli, der kan opfattes som lyd
for en bruger baseret pa det behandlede udgangssignal (u);

hvor hereanordningen (HD) yderligere omfatter

» en feedback-detektionsenhed (UFFE), der er konfigureret til at detektere
feedback eller evaluere en risiko for feedback via en akustisk eller mekanisk
eller elektrisk feedbackvej fra udgangstransduceren (OT) til indgangsenheden
(IT),

hvor feedback-detektionsenheden (UFFE) omfatter en amplitude- og
faseanalyseenhed (M&P ANA) til gentagne gange at bestemme amplituden
(Mag) og fasen (Phase) af det elektriske indgangssignal (IN; y), eller en
behandlet version deraf (UIN), og KENDETEGNET VED, AT amplitude- og
faseanalyseenheden (M&P ANA) er yderligere konfigureret til at bestemme
veerdier af henholdsvis slgjfeamplitude (LpMag), slgjfefase (LpPhase),
slegjfeamplitudeforskel (LpMagDiff) og slejfefaseforskelssignaler
(LpPhaseDiff), der er baseret derpa og pa en slejfeforsinkelse D, der udvides
af en slejfe bestaende af den fremadgaende vej og feedbackvejen

 hvor slgjfeamplitudeforskellen (LpMagDiff) og slejfefaseforskellen
(LpPhaseDiff) er forskellene mellem veerdier af parametrene, henholdsvis
slgjfeamplitude (LpMag) og slejfefase (LpPhase), pa et givet tidspunkt m og et
tidspunkt mp, en feedback-slgjfeforsinkelse D tidligere;

+ en feedbackbetingelses- og -detektionsenhed (FB C&D), der er konfigureret
til at tjiekke kriterier for henholdsvis amplitude- og fasefeedbackbetingelserne,
der er baseret pa veerdierne af henholdsvis slgjfeamplitude (LpMag),
slgjfefase (LpPhase), slejfeamplitudeforskel (LpMagDiff) og
slejfefaseforskelssignaler (LpPhaseDiff), og til at tilvejebringe et
feedbackdetektionssignal, FbDet (UOUT), der indikerer feedback eller en
risiko for feedback.
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2. Hereanordning (HD) ifelge krav 1, der omfatter en analysefilterbank (FBA)
til at konvertere det elektriske indgangssignal IN til et antal
frekvensunderbands elektriske indgangssignaler IN(k,m), hvor k og m er
henholdsvis frekvensunderband og tidsindeks.

3. Hereanordning (HD) ifelge krav 2, hvor amplitude- og faseanalyseenheden
(M&P ANA) er konfigureret til at bestemme slgjfeamplituden pa tidspunktet m
som

LpMag(k,m) = Mag{k,m) — Mag{k,mp),

hvor Mag(k,m) er amplitudeveaerdien af det elektriske indgangssignal IN(k,m)
pa tidspunkt m, hvorimod Mag(k,mp) angiver amplituden af det elektriske
indgangssignal IN(k,mp) en feedback-slgjfeforsinkelse D tidligere, og

at bestemme slgjfefasen LpPhase (i radianer) pa tidspunktet m som
LpPhaselk,m) = ‘yvm_;:-(Ph.ase(_ &k m) ~ Phase(k, mD)),

hvor wrap(.) angiver faseomviklingsoperatoren, idet slgjfefasen saledes har et
muligt veerdiomrade pa [-m, ], og hvor Phase(k,m) og Phase(k,mp) er
henholdsvis faseveerdien af det elektriske indgangssignal IN pa tidspunktet m
og ved en feedback-slgjfeforsinkelse D tidligere.

4. Hereanordning (HD) ifalge krav 3, hvor amplitude- og faseanalyseenheden
(M&P ANA) er konfigureret til at bestemme slgjfeamplitudeforskellen
LpMagDiff(k,m) pa tidspunktet m som

LpMagDiff(k.m) = LpMog(k, m) — LpMag(k 2 Bm b,

hvor LpMag(k,m) og LpMag(k,mp) er veerdierne af slgjfeamplituden LpMag pa
tidspunktet m og pa et tidspunkt mp, henholdsvis en feedback-slgjfeforsinkelse
D tidligere, og

at bestemme slgjfefaseforskellen LpPhaseDiff(k,m) pa tidspunktet m som
LpPhaseDif f (k,m} = wrap{LpPhase(k,m) — LpPhase(k 2 Pk

hvor LpPhase(k,m) og LpPhase(k,mp) er veerdierne af slgjfefasen LpPhase pa
tidspunktet m og pa et tidspunkt mp, henholdsvis en feedback-slgjfeforsinkelse
D tidligere.
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5. Hereanordning (HD) ifelge et hvilket som helst af kravene 1-4, hvor
slgjfeforsinkelsen D estimeres adaptivt under brug af h@reanordningen.

6. Hereanordning (HD) ifelge et hvilkket som helst af kravene 1-5, hvor
slgjfeforsinkelsen D til beregning af LpMag, LpPhase, LpMagDiff og
LpPhaseDiff er en frekvensafhaengig veerdi af slgjfeforsinkelse D(k), hvor k er
frekvensunderbandsindekset.

7. Hereanordning (HD) ifalge et hvilket som helst af kravene 3-6, hvor kriteriet
for slgjfeamplitudefeedbackbetingelsen er defineret som:

LpMagDet(k,m} = ’mi?’i(LpM aglk,m), .., LpMag(k,my.p)) > MagThresh,

hvor N er et antal slgjfeforsinkelser, mn.p er tidspunktet for N feedback-
slgjfeforsinkelsen D tidligere, og MagThresh er en
slejfeamplitudeteerskelveerdi.

8. Hereanordning (HD) ifalge et hvilket som helst af kravene 3-7, hvor kriteriet
for slgjfefasefeedbackbetingelsen er defineret som:
LpPhaseDet{k,m} = abs{LpPhase(k, m}y < PhaseThresh,

hvor PhaseThresh er en teerskelveerdi.

9. Hereanordning (HD) ifelge krav 8, nar det er afheengigt af krav 7, hvor et
kriterium for feedbackdetektion bestemmes baseret pa en kombination af

kriterierne for slgjfeamplitude- og slejfefasefeedbackbetingelserne som
FbDet{k,m) = and(LpMagDeﬁ(h m), LpPhaseDet(k, m)).

10. Hereanordning (HD) ifalge et hvilket som helst af kravene 7-9, hvor et
kriterium for feedbackdetektion bestemmes baseret pa en kombination af
kriterierne for slgjfeamplitude- (LpMag) og slejfefaseforskels- (LpPhaseDiff)
feedbackbetingelserne,

FbDet(k,m) = and (‘ij MagDet{le,m}, LpPhaseDif f Dot (k, m)}

hvor et kriterium for slgjfefaseforskelsfeedbackbetingelsen er defineret som
LpPhaseDif fDet{k,m) = abs(LpPhaseDiff (k, m)} < PhaseDif fThresh.

11. Hereanordning (HD) ifglge et hvilket som helst af kravene 1-10, hvor
feedback-detektionsenheden (UFFE) yderligere omfatter en
slgjfeoverfarselsfunktionsestimerings- og -korrektionsenhed (EST&C), der
som input modtager signalernes slgjfeamplitude LpMag og slgjfefase
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LpPhase, og som et output tilvejebringer det komplekse signal LtfEst, der
repreesenterer et estimat af den komplekse slgjfeoverfarselsfunktion.

12. Hereanordning (HD) ifglge et hvilket som helst af kravene 1-11, hvor
feedback-detektionsenheden (UFFE) omfatter forskellige parallelle
behandlingsenheder (FBDj) til tilvejebringelse af et feedbackdetektionssignal
FbDet(Dj), som hver er konfigureret til at bruge en forskellig slejfeforsinkelse
Dj, j=1, 2, ..., Np, hvor Nper antallet af forskellige parallelle
behandlingsenheder, hvor feedback-detektionsenheden (UFFE) er
konfigureret til at anvende et kriterium til feedbackdetektionssignalerne
FoDet(Dj), j=1, 2,..., Nbp, for at tilvejebringe et resulterende
feedbackdetektionssignal (FbDet).

13. Hereanordning (HD) ifalge et hvilket som helst af kravene 1-12, hvor
hgreanordningen er eller omfatter et hareapparat.

14. Fremgangsmade til at detektere feedback i en hereanordning (HD), hvor
hereanordningen omfatter en fremadgaende vej til behandling af et elektrisk
indgangssignal (IN; y), der repraesenterer lyd, hvor den fremadgaende vej
omfatter
» en indgangsenhed (IT) til modtagelse eller tilvejebringelse af det elektriske
indgangssignal (IN; y) der repreesenterer lyd,
+ en signalbehandlingsenhed (SPU) til at anvende en frekvens- og/eller
niveauafheengig forstaerkning til et indgangssignal pa den fremadgaende vej
og til at tilvejebringe et behandlet udgangssignal (u), og
* en udgangstransducer (OT) til at generere stimuli, der kan opfattes som lyd
for en bruger baseret pa det behandlede udgangssignal (u),
hvor fremgangsmaden omfatter
+ detektering af feedback eller evaluering af en risiko for feedback via en
akustisk eller mekanisk eller elektrisk feedbackvej fra udgangstransduceren til
indgangsenheden, hvor en slgjfe, der bestar af den fremadgaende vej og den
akustiske eller mekaniske eller elektriske feedbackvej, defineres, idet slgjfen
udviser en slgjfeforsinkelse D; ved

o gentagne gange at bestemme amplitude (Mag) og fase (Phase) for det

elektriske indgangssignal (IN; y) eller en behandlet version
deraf, KENDETEGNET VED YDERLIGERE
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o bestemmelse af veerdier af henholdsvis slgjfeamplitude (LpMag),
slejfefase  (LpPhase), sl@jfeamplitudeforskel (LpMagDiff) og
slojfefaseforskelssignaler (LpPhaseDiff), der er baseret derpa og pa
slejfeforsinkelsen D, hvor slgjfeamplitudeforskellen (LpMagDiff) og
slejfefaseforskellen (LpPhaseDiff) er forskellene mellem veerdier af
parametrene henholdsvis slgjfeamplitude (LpMag) og slgjfefase
(LpPhas) pa et givet tidspunkt m og et tidspunkt mp, en feedback-
slgjfeforsinkelse D tidligere;

o at tiekke kriterier for henholdsvis amplitude- og
fasefeedbackbetingelse, der er baseret pa veerdierne af henholdsvis
slgjffeamplitude (LpMag), slejfefase (LpPhase), slgjfeamplitudeforskel
(LpMagDiff) og sl@jfefaseforskelssignaler (LpPhaseDiff), og

o tilvejebringelse af et feedbackdetektionssignal, FbDet, der indikerer
feedback eller en risiko for feedback.

15. Databehandlingssystem, der omfatter en processor og
programkodemiddel til at fa processoren til at udfgre trinene i
fremgangsmaden ifalge krav 14.
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A method of detecting feedback in a hearing device from
an output transducer to an input unit,
the method comprising

Detecting feedback or evaluating a risk of feedback via an acoustic or
mechanical or electrical feedback path from said output transducer to said input
unit; by

Q1

A 4
Repeatedly determining magnitude (Mag) and phase (Phase) of said
frequency sub-band electric input signals IN;

S2 7\

L 4
Determining values of loop magnitude (LpMag), loop phase (LpPhase),
S3°\ loop magnitude difference (LpMagDiff), and loop phase difference signals
(LpPhaseDiff), respectively, based thercon;

A 4
checking criteria for magnitude and phase feedback condition,
respectively, based on said values of loop magnitude (LpMag), loop phase
S4/7(LpPhase), loop magnitude difference (LpMagDiff), and loop phase
difference signals (LpPhascDiff), respectively, and

v
providing feedback detection signal, FbDet, indicative of feedback or a
risk of feedback.

S577

FIG. 8
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