(19 DANMARK (10 DK/EP 3672283 T3

(12) Overseettelse af
europaeisk patentskrift

Patent- og
Varemeaerkestyrelsen

(51) Int.Cl.: G10L 21/0216 (2013.01) G 10 L 21/0364 (2013.01) H 04 R 25/00 (2006.01)
(45) Overseettelsen bekendtgjort den: 2022-04-11

(80) Dato for Den Europaeiske Patentmyndigheds
bekendtgerelse om meddelelse af patentet: 2022-01-26

(86) Europaeisk ansggning nr.: 18215540.8
(86) Europaeisk indleveringsdag: 2018-12-21
(87) Den europeaeiske ansggnings publiceringsdag: 2020-06-24

(84) Designerede stater: AL AT BE BG CH CY CZ DE DK EE ES FI FR GB GR HR HU IE IS IT LI LT LU LV
MC MK MT NL NO PL PT RO RS SE SI SK SM TR

(73) Patenthaver: Sivantos Pte. Ltd., 18 Tai Seng Street , No. 08-08 , 18 Tai Seng, Singapore 539775, Singapore

(72) Opfinder: AS'AD, Hala, 704-210 Woodridge Cres, Nepean, Ontario K2B8E9, Canada
BOUCHARD, Martin, 42 Du Centenaire, Cantley, Ontario J8V 3L9, Canada
KAMKAR-P ARSI, Homayoun, Friedrich-Bauer-Str. 10, 91058 Erlangen, Tyskland

(74) Fuldmaegtig i Danmark: CHAS. HUDE A/S, Langebrogade 1, 2. B2, 1411 Kgbenhavn K, Danmark
(54) Benaevnelse: Fremgangsmade til forbedring af den rumlige horeperception for et binauralt hereapparat

(56) Fremdragne publikationer:
EP-A1- 3 148 217
EP-A1- 3 252 764
JEUB M ET AL: "Model-Based Dereverberation Preserving Binaural Cues”, IEEE TRANSACTIONS ON AUDIO,
SPEECH AND LANGUAGE PROCESSING, IEEE, US, vol. 18, no. 7, 1 September 2010 (2010-09-01), pages 1732-
1745, XP011310967, ISSN: 1558-7916, DOI: 10.1109/TASL.2010.2052156



DK/EP 3672283 T3



DK/EP 3672283 T3

DESCRIPTION

[0001] The invention is related to a method for improving the spatial hearing perception of a
binaural hearing aid, said binaural hearing aid comprising a first local unit and a second local
unit, according to either claim 1 or 2.

[0002] The invention is further related to a binaural hearing aid, comprising a first local unit
and a second local unit, said binaural hearing aid being configured to perform the method of
either claim 1 or 2.

[0003] Current state of the art binaural beamformers can provide noise reduction and preserve
efficiently the binaural cues of the target speaker. Binaural cues enclosure all the acoustical
information available to both ears of a listener for localizing a sound source. Now for an
application in a binaural beamformer in which noise reduction is performed via the
beamforming, the binaural cues of the target source are typically preserved, as the
beamforming enhances sound from this direction. However, the typical sound environment
does also comprise residual noise, which is to be reduced by the noise reduction, so that the
binaural cues of the residual noise may be distorted. In particular, this may happen
independently of whether the residual noise of the sound environment being a directional noise
source or a superposition of few directional noise sources, or diffuse background noise. The
distortion of the binaural cues of the residual noise causes a negative impact on the perception
of the resulting acoustic scene.

[0004] Current state of the art solutions to this problem typically require information which may
not be available neither measureable in real time applications. E. g., a solution based on the
multi-channel Wiener filter requires a knowledge of statistics of the noise signals, which due to
the presence of the target signals may not be available neither open to estimation. Likewise,
solutions employing the interaural transfer functions assuming that for the type of noise
present, the interaural transfer function is available, which in dynamic acoustic environments
also is very often not the case. Another class of proposed solutions preserves the binaural
cues of the noise as well as the target by applying a single real valued scalar common gain to
each of the reference microphones on both sides of a hearing aid or a hearing system in order
to produce the binaural outputs. However, the noise reduction is significantly reduced
compared to normal beamforming methods.

[0005] In EP 3 148 217 A1, there is disclosed a method for operating a binaural hearing
system, said binaural hearing system comprising a first hearing aid and a second hearing aid,
wherein the first hearing aid generates a first reference signal from a sound signal by a first
microphone, wherein the second hearing aid generates a second reference signal from a
sound signal by a second microphone, wherein the first reference signal and the second
reference signal are both used to derive a first binaural beamformer signal and a second
binaural beamformer signal. Furthermore, the first reference signal and the second reference
signal are used to determine a common gain, and from the first reference signal and the
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common gain a first common gain signal is derived, and from the second reference signal and
the common gain a second common gain signal is derived, wherein at least for a number of
frequency bands the first binaural beamformer signal is compared with the first common gain
signal for classification with respect to a noise reduction, and the first binaural beamformer
signal and the first common gain signal are mixed in dependence of said classification in order
to obtain a first output signal.

[0006] It is therefore an object of the invention to find a method for operating a binaural
hearing system, which permits the performance of noise reduction while still preserving as
much as possible the binaural cues of the residual noise in the presence of a target sound
signal. The method shall preferably achieve said object with no restrictions on the acoustic
environment or on a signal-to-noise-ratio (SNR).

[0007] According to the invention, this object is achieved by a method for improving the spatial
hearing perception of a binaural hearing aid, said binaural hearing aid comprising a first local
unit and a second local unit, wherein in the first local unit, a first input signal is generated from
an environment sound by a first input transducer, and a first reference signal is derived from
the first input signal, wherein in the first local unit, a first supplementary input signal is
generated from the environment sound by a first supplementary input transducer, wherein in
the second local unit, a second input signal is generated from an environment sound by a
second input transducer, and a second reference signal is derived from the second input
signal, wherein in the second local unit, a second supplementary input signal is generated from
the environment sound by a second supplementary input transducer, wherein from the first
reference signal and the second reference signal, a first binaural beamformer signal is derived,
wherein from the first reference signal and the first binaural beamformer signal, a first
coherence parameter is derived, wherein from the first coherence parameter, a first local
mixing parameter is derived, and wherein the first reference signal and the first binaural
beamformer signal are mixed by means of the first local mixing parameter in order to generate
a first output signal according to either claim 1 or 2.

[0008] According the invention, the first reference signal is generated from the first input signal
and the second reference signal is generated from the second input signal, a first local
beamformer signal is generated in the first local unit from the first reference signal and the first
supplementary input signal, a second local beamformer signal is generated in the second local
unit from the second reference signal and the second supplementary input signal, and the first
binaural beamformer signal is derived from the first local beamformer signal and the second
local beamformer signal.

[0009] According to an alternative implementation of the invention, the first reference signal is
generated in the first local unit from the first input signal and the first supplementary input
signal as a first local beamformer signal, the second reference signal is generated in the
second local unit from the second input signal and the second supplementary input signal as a
second local beamformer signal, and the first binaural beamformer signal is derived from the
first reference signal and the second reference signal.
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[0010] Embodiments which show particular advantages and may be inventive in their own
respect are given by the dependent claims as well as in the subsequent description.

[0011] In the context of the invention, a signal in particular is generated from the environment
sound or from a given set of other signals (i.e., from at least one other signal) if there are no
other contributions to the generated signal apart from the environment sound or the signals
from the given set. In this respect, a signal in particular is derived from the environment sound
or from a given set of other signals (i.e., from at least one other signal) if the environment
sound or the signals from the given set enter as signal contributions into the derived signal,
while there may possibly exist further signal contributions to the derived signal apart from the
environment sound or the signals from the given set.

[0012] In particular, the first local unit and the second local unit, respectively, are to be worn by
the hearing aid user on his left year and on his right ear, respectively. In this respect, the first
local unit may be given either by the local unit one at the left year of the user of the binaural
hearing aid, or by the unit one at the right ear of the user. Each of the first and the second local
unit comprises at least one input transducer - i.e., at least the first and the second input
transducer, respectively - for converting the environment sound into an electric input signal, i.e.
into the first or the second input signal, respectively. In particular, each of the first and the
second local unit may comprise at least two input transducers so that in each of the local units,
two different input signals are generated from the environment sound by the respective input
transducers. An input transducer is in particular given by an electro-acoustic transducer
configured to convert the environment sound into and electric input signal, e.g. a microphone,
wherein an A/D conversion may be considered to be incorporated into the input transducer.

[0013] In particular, the first reference signal may be derived directly, i.e., without signal
contributions from any other signal, from the first input signal generated by the first input
transducer in the first local unit, or may be taken directly as the first input signal. The first
reference signal in the first case may be generated from the first input signal by pre-processing
such as dynamic compression. As an alternative, the first reference signal may be derived from
the first input signal and a first supplementary input signal, the latter generated by a
supplementary input transducer in the first local unit. For example, the first local unit may
comprise a front input transducer as a first input transducer and a rear input transducer as said
supplementary input transducer, generating from the environment sound a front input signal as
the first input signal and a rear input signal as said first supplementary input signal,
respectively, and the first reference signal may contain signal contributions from these two
signals, possibly after some pre-processing, such as frequency-dependent gain adjustment.
Similar conditions may hold for the second reference signal generated in the second local unit.

[0014] Preferably, the number of input signals in the first local unit used for deriving the first
reference signal corresponds to the number of input signals in the second local unit used to
derive the second reference signal. Most preferably, the algorithms to generate the first
reference signal and the second reference signal from the respective input signals are
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consistent to each other. This comprises that if the first reference signal is generated from two
input signals, i.e., from the first input signal and from a first supplementary input signal, in the
first local unit by sum-and-delay beamforming, then the second reference signal is generated
in the second local unit from two input signals, i.e., from the second input signal and a second
supplementary input signal, also by a sum-and-delay process.

[0015] Preferably, the first output signal is converted into a first output sound by a first output
transducer of the first local unit. For the present invention, an output transducer may in
particular be given by an electrical-acoustic transducer configured to convert and electric signal
into sound, in particular by means of mechanical vibrations stimulated by the electrical signal.
The first output signal may be generated from the first binaural beamformer signal and the first
reference signal taking these two signals directly, e.g., as a superposition, or generated from
the first binaural beamformer signal and the first reference signal as intermediate signals, to
which further hearing aid specific signal processing, such as frequency dependent gain factors,
but also feedback suppression may be applied prior to generating the first output signal. Said
hearing aid specific signal processing and/or feedback suppression may also or alternatively
be applied to the first output signal prior to converting it into an output sound by the first output
transducer.

[0016] The first coherence parameter preferably is derived in such a way that it contains
information about the coherence, in particular about the complex coherence function, of the
first reference signal and the first binaural beamformer signal. In particular, the first coherence
parameter may be taken as a function of the complex coherence function whose absolute
value is monotonous in the absolute value of the complex coherence function. The first mixing
parameter may be a function which depends in a monotonous in particular a linear way on the
coherence parameter or on its absolute value. The first mixing parameter may be frequency
dependent or dependent on a particular frequency range or on a set of given frequency bands.
The mixing parameter in particular may assign values for the mixing of magnitudes of the
signals to be mixed and for the mixing of phases or an assignment of one of the signals to be
mixed.

[0017] The proposed method takes into account the coherence of the first reference signal -
preferably generated "locally”, i.e., only from the first local unit's input signals - and the first
binaural beamformer signal, in order to "restore” the binaural cues for spatial perception by
means of the mixing of these two signals. The first binaural beamformer signal is typically a
sort of main signal for generating the first output signal, as it may incorporate strong and
efficient noise reduction techniques via the binaural beamforming, however possibly at the cost
of a loss of spatial perception resolution. As a local signal, the first reference signal contains
more information on the spatial cues, however also more noise in most cases. If the first
binaural beamforming signal's phase and/or magnitude information differ substantially from the
corresponding information of the reference signal, i.e., if these two signals loose "coherence”,
this means that the phase and/or the magnitude component, respectively, of the first binaural
beamformer signal are somewhat "distorted" with respect to the "correct” spatial cues and
perception given by the first reference signal. In this case, the "distorted” phase information of
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the first binaural signal may be restored by taking int account the "correct” phase information of
the first reference signal, and/or the "distorted" magnitude information of the first binaural
signal may be restored by taking int account the "correct" magnitude information of the first
reference signal, respectively, in order to generate the first output signal. This is done by
properly mixing the first reference signal and the first binaural beamforming signal, in particular
frequency band-wise, and in particular for phase information and magnitude information
independently.

[0018] Preferably, the method is performed in the first local unit and in the second local unit in
a symmetrical way, i.e., from the first reference signal and the second reference signal, a
second binaural beamformer signal is derived, from the second reference signal and the
second binaural beamformer signal, a second coherence parameter is derived, from the
second first coherence parameter, a second mixing parameter is derived, and a second output
signal is generated from the second reference signal and the second binaural beamformer
signal by mixing them by means of the second mixing parameter. The second output signal is
preferably converted into an output sound by a second output transducer of the second local
unit. Preferably, also further signals such as supplementary signals which characterize
preferred embodiments, are generated, derived and processed in an analogous way in the
second local unit.

[0019] In an embodiment, the first reference signal is derived from a set of first input signals,
each of which is generated from the environment sound by a corresponding input transducer in
the first local unit. In particular, this means that the first reference signal contains only signal
contributions from input signals generated in the first local unit by the respective input
transducers (or only from the first input signal), and in particular no signal contributions from an
input signal generated in the second local unit by a respective input transducer (e.g., by the
second input transducer). Thus, the spatial information of the first reference signal is limited to
the first local unit, allowing the first reference signal to serve as a true "spatial cues reference"
for the first binaural beamformer signal, which contains signal contributions from input signals
generated in both of the local units.

[0020] In another embodiment, at least for a number of frequency bands, a magnitude of the
first output signal is obtained as a linear superposition of a magnitude of the first binaural
beamformer signal and a magnitude of the first reference signal, and wherein in said linear
superposition, the magnitude of the first binaural beamformer signal and the magnitude of the
first reference signal are mixed according to the first mixing parameter. The mixing may be of

the form
|Zout] = b -|zoin1] + (1 = b) -|Zrer],
wherein Z, 11 denotes the first output signal, Z,cf1 denotes the first reference signal, and Zp;q

denotes the first binaural beamformer signal. The mixing parameter b may be chosen as a
function of |Crerq pin1l, preferably a monotonously decreasing and in particular a linear function

with function values between a maximal mixing parameter bmax (for |Crer1 pin1| = 0) and a
minimal mixing parameter bmin (for |Crerq pin1l = 1), wherein Cygrq pin1 denotes the complex

coherence function between Z.¢r1 and Zping.
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[0021] Preferably, in dependence of the first coherence parameter, a first magnitude threshold
value is derived, wherein the first mixing parameter is obtained in dependence of a comparison
of the first coherence parameter with the first magnitude threshold value. If, e.g., the
magnitude |Crerq pint| Of the first coherence parameter is smaller than said first magnitude

threshold thpag1, i-€., [Crert,bint| < thmagt, @ first mixing parameter of by may be assigned, while
for the contrary case, i.e., |Crer1,pin1| 2 thmag1, @ first mixing parameter of b, with bq > bp, and in

particular by > 0.5 > by, may be assigned.

[0022] Said first threshold value may in particular be obtained by calculating the first
coherence parameter for a plurality of subsequent time-frequency bins, taking a time average
of the time-frequency bins of the first coherence parameter for a given frequency band. The
first magnitude threshold for said frequency band may then be taken as said time average of
the corresponding time-frequency bins of the first coherence parameter, i.e., thpags = mean,

{ICrer1 bin1 (n,K)|}, wherein Crerq pint (n,K) is the complex coherence function in time-frequency
domain with discrete time index n and frequency band index k.

[0023] If for a given time-frequency bin, the magnitude |Crerqpin1 (n,k)| of the complex
coherence function is higher than the first magnitude threshold value thpags, this normally

indicates a relatively strong local similarity between the first binaural beamformer signal and
the first reference signal, with its cues essentially preserved. In other words, the noise
reduction achieved by the first binaural beamformer signal is more likely comparable to the
noise reduction achieved in the first reference signal, at the given time-frequency bin.
Therefore, if these two signals are more likely to have similar noise reduction levels, mixing can
then include a significant proportion of the first reference signal (with the spatial cues
preserved). At the opposite, if the magnitude [Cyer1 pin1 (n,k)| of the complex coherence is lower

than the threshold value thpag4, this is an indication that the first binaural beamformer signal

differs from the first reference signal. Therefore, the first binaural signal is more likely to have
more noise reduction than the first reference signal, and a mixing of both can then put more
emphasis on the first binaural beamformer signal for better noise reduction.

[0024] In particular, the magnitude of the first output signal may be applied only in a certain
frequency range, preferably above 1 kHz, or preferably above 1.5 kHz, or most preferably
above 2 kHz.

[0025] In an embodiment, a first phase threshold value is compared to a phase of the first
coherence parameter, and at least for a number of frequency bands, in dependence of said
comparison a phase of the first output signal is obtained from a phase of the first reference
signal and/or from a phase of the first binaural beamformer signal. Preferably, the phase of the
first output signal is obtained from either the phase of the first reference signal, or from the
phase of the first binaural beamformer signal. The first phase threshold value thpys may be

defined as a deviation from the zero phase, i.e. in terms of thppg = pm with p < 0.2, preferably
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M<0.1.

[0026] Then, if the absolute phase (i.e. the absolute value of the phase) of the first coherence
parameter is bigger than the first phase threshold value thy,q, the phase of the first output

signal is obtained from the phase of the first reference signal, preferably by taking said phase
identically. For the opposite case, i.e., if the absolute phase of the first coherence parameter is
smaller than or equal to the first phase threshold value thpn, the phase of the first output

signal is obtained from the phase of the first binaural beamformer signal, preferably by taking
said phase identically.

[0027] In particular, for low frequency components, i.e. below 2 kHz or below 1.5 kHz or below
1 kHz, when the absolute phase of the complex coherence function as the first coherence
parameter is higher than a threshold value, this indicates significant differences between the
phases of the compared signals. Therefore, the first binaural beamformer signal is more likely
to have strong phase distortion locally, and the phase of the first reference signal is used, as it
offers a better cues preservation. Otherwise, if the absolute phase of the complex coherence
function is lower than a threshold value, the phase of first binaural beamformer signal can be
used, as it more likely to have low distortion locally.

[0028] For the high frequency components, i.e. preferably above 1 kHz, more preferably
above 1.5 kHz, most preferably above 2 kHz, only the phase of the first binaural beamformer
signal may be used, since the phase information does not have a significant role in preserving
the binaural cues for those frequency components, especially in terms of an interaural level
difference. In addition, this choice allows keeping more noise reduction.

[0029] According to the invention, a first supplementary input signal is generated from the
environment sound by a first supplementary input transducer in the first local unit, wherein the
first binaural beamformer signal is derived from at least the first supplementary input signal.
This is particularly useful for local units with at least two input transducers each, as it allows for
including two input signals from each side into the formation of the respective first and second
binaural beamformer signals for better noise reduction in combination with the proposed
method.

[0030] In particular, the first reference signal is generated from the first input signal, the
second reference signal is generated from the second input signal, and the first binaural
beamformer signal is generated from the first reference signal, the second reference signal
and the first supplementary input signal. This means that only the second reference signal
needs to be transmitted from the second local unit to the first local unit, and in particular, the
first supplementary input signal is not transmitted from the first local unit to the second local
unit. The first local unit thus receives only the second reference signal as "non-local” signal for
generating the first binaural beamformer signal. This is particularly useful in cases where
battery power is an issue (e.g. due to size restrictions), as the present embodiment allows for a
two-local-input noise reduction while saves battery power with only one signal being
transmitted.
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[0031] According to the invention, in the second local unit, a second supplementary input
signal is generated from the environment sound by a second supplementary input transducer,
and the first binaural beamformer signal is derived from the second supplementary input
signal. This offers the additional advantage of the first binaural beamformer signal being
dependent on two local input signals and to "non-local” input signals from the second local unit,
thus allowing for a very detailed beamforming in the noise reduction process.

[0032] According to the invention, the first reference signal is generated from the first input
signal, wherein the second reference signal is generated from the second input signal, wherein
in the first local unit, a first local beamformer signal is generated from the first reference signal
and the first supplementary input signal, wherein in the second local unit, a second local
beamformer signal is generated from the second reference signal and the second
supplementary input signal, and wherein the first binaural beamformer signal is derived from
the first local beamformer signal and the second local beamformer signal. In particular, this
means that in each local unit, a local beamformer signal is generated for local pre-processing
such as enhancing the frontal hemisphere or similar, and the first binaural beamformer signal
is generated from these pre-processed local beamformer signals, while one of the two local
input signals of the first local unit is taken for the first reference signal in order to restore the
spatial cues.

[0033] As another form to implement the invention, in the first local unit, the first reference
signal is generated from the first input signal and the first supplementary input signal as a first
local beamformer signal, wherein in the second local unit, the second reference signal is
generated from the second input signal and the second supplementary input signal as a
second local beamformer signal, and wherein the first binaural beamformer signal is derived
from the first reference signal and the second reference signal. This takes the pre-processed
local beamformer signals for the generation of the respective reference signals. This process is
particularly useful if a single input signal in one of the local units with two input signals each
contains a lot of noise, so that the pre-processing reduces this noise while still mostly
preserving the spatial cues in the reference signal.

[0034] Another aspect of the invention is given by a binaural hearing aid, comprising a first
local unit with at least a first input transducer for converting an environment sound into at least
a first input signal, and a second local unit with at least a second input transducer for
converting the environment sound into at least a second input signal, and a signal processing
unit configured to perform the method described above. The advantages of the proposed
method for noise reduction in a binaural hearing aid and for its preferred embodiments can be
transferred to the binaural hearing aid itself in a straight forward manner.

[0035] The attributes and properties as well as the advantages of the invention which have
been described above are now illustrated with help of a drawing of an embodiment example. In
detail,
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figure 1
shows a schematical top view of a conversation hearing situation including a user of a
state-of-the-art binaural hearing system and five speakers,

figure 2
shows a schematical top view of the conversation hearing situation according to figure 1,
as well as the acoustical localization of the speakers as perceived by the user of the
binaural hearing system,

figure 3
shows a schematical block diagram of a binaural hearing aid with two local units, each of
which comprising a single input transducer,

figure 4
shows a schematical block diagram of a binaural hearing aid with two local units,
wherein the binaural signals are generated with only one non-local signal,

figure 5
shows a schematical block diagram of a binaural hearing aid with two local units,
wherein the binaural signals are generated with two nonlocal signals from the respective
other unit, and

figure 6
shows a schematical block diagram of a binaural hearing aid similar to the embodiment
shown in figure 5.

[0036] Parts and variables corresponding to one another are provided with in each case the
same reference numerals in all figures.

[0037] In figure 1, a schematical top view of a hearing situation 1 corresponding to a
conversation is shown. A user 2 of a state-of-the-art binaural hearing system (not shown) is
surrounded by his conversational partners, given by the speakers 4, 6, 8, 10, 12, while
directing his view towards the target speaker 4 for a given moment.

[0038] If the state-of-the-art binaural hearing system is applying a noise reduction in which
noise from directions other than the one of the target speaker 4, at least partially, is aimed to
be reduced via the binaural beamforming of the binaural beamforming system, the target
speaker 4 will be perceived by the user 2 in the proper direction. However, the other, non-
target speakers 6, 8, 10, 12, apart from having an attenuated signal volume in the output
signal of the binaural beamforming hearing aid as perceived by the user 2, due to the binaural
beamforming may show their binaural cues distorted when talking to the user 2 which is
focused on the target speaker 4, leading to an improper perception of the acoustical
localization of the non-target speakers 6, 8, 10, 12 in the perception of the user 2.

[0039] This is displayed schematically in figure 2. The attenuation of the signal volume of -
possibly occasional - conversational contributions of the non-target speakers 6, 8, 10, 12 with
respect to the signal volume of the contributions of the target speaker 4 in the output signal of
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the binaural hearing system is displayed by a miniaturization of the non-target speakers 6, 8,
10, 12 compared to figure 1. The loss of the binaural cues may lead to a wrong acoustical
perception of the positions of the non-target speakers 6, 8, 10, 12 by the user 2. This means,
the user 2 can see the actual positions of two intervening non-target speakers 6, 12 as
spatially well separated from the target speaker 4, but due to the state-of-the-art binaural
beamforming, displayed by the beam 14, and the loss of binaural cues of the non-target
speakers 6, 12 caused by the noise reduction processes, the user 2 "hears" contributions from
the non-target speakers 6, 12 as if those were located much closer to the target speaker 4.

[0040] Figure 3 shows a schematical block diagram of a binaural hearing aid 20 with a first
local unit 21 and a second local unit 22. The first local unit 21 comprises a first input transducer
24 for converting an environment sound 25 into a first input signal 26; the second local unit 22
comprises a second input transducer 28 to convert the environment sound 25 into a second
input signal 30. The first input signal 24 serves as a first reference signal 32 for the first local
unit 21, while the second input signal serves as a second reference signal 34 for the second
local unit 22. For the sake of simplicity, additional signal processing steps such as a frequency
dependent amplification of the input signals or dynamic compression are not represented in
figure 3. The first input transducer 24 and the second input transducer each may be given by a
microphone, e.g., an omni-directional microphone.

[0041] The first reference signal 32 is transmitted to the first local unit 21, e.g., via a wireless
link, bluetooth or via near-field IR communication. In the first local unit 21, a first binaural
beamformer signal 36 is generated from the first reference signal 32 and the second reference
signal 34, e.g., by sum-and-delay beamforming, binaural Generalized Sidelobe Canceller
(GSC)-based beamformers, binaural Minimum Variance Distortionless Response (MVDR)-
based beamformers, Linearly Constrained Minimum Variance (LCMV)-based beamformers, or
other adaptive methods known in the art. From the first binaural beamformer signal 36 and the
first reference signal 32, a coherence parameter 38 such as the complex coherence function,
is derived. From said coherence parameter 38, a first mixing parameter 40 is derived, which
may be frequency-bandwise. Finally, the first reference signal 32 and the first binaural
beamformer signal 36 are mixed according to the first mixing parameter 40 in each frequency
band, in order to generate a first output signal 42 which is converted into a first output sound
44 by a first output transducer 46 of the first local unit 21. In particular, the mixing in different
frequency bands may affect the phase and magnitude components of the first binaural
beamformer signal 36 and the first reference signal 32, and their respective contributions to
the phase and magnitude components of the first output signal 42, in a different way.

[0042] In a similar way, in the second local unit 22, a second binaural beamformer signal 48 is
generated from the first reference signal 32 and the second reference signal 34, and a second
coherence parameter 50 and a second mixing parameter 52 are derived from the second
binaural beamformer signal 48 and the second reference signal 34. Finally, the second
reference signal 34 and the second binaural beamformer signal 48 are mixed according to the
second mixing parameter 52 in each frequency band, in order to generate a second output
signal 54 which is converted into a second output sound 56 by a second output transducer 58
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of the second local unit 21. In this embodiment and in the following, each of the first and the
second output transducer 46, 58 may be given, without any restriction, by a loudspeaker, a
balanced metal-case receiver or the like.

[0043] Figure 4 shows a schematical block diagram of a different embodiment of a binaural
hearing aid 20 as an extension of the embodiment shown in figure 3. Here, the first and
second local units 21, 22 each comprise a front input transducer and a rear input transducer.
The front input transducer of the first local unit 21 acts as the first input transducer 24, so its
generated input signal is taken as the first reference signal 32. The rear input transducer of the
first local unit 21 acts as a first supplementary input transducer 60, generating a first
supplementary input signal 62. In the second local unit 22, the front input transducer acts as
the second input transducer 28, generating the second input signal 30 which is taken as the
second reference signal 34, while the rear input transducer acts as a second supplementary
input transducer 64, generating a second supplementary input signal 66. The first binaural
beamformer signal 36 is generated from the first reference signal 32, the first supplementary
input signal 62 and the second reference signal 34. The second binaural beamformer signal 48
is generated from the second reference signal 34, the second supplementary input signal 66
and the first reference signal 32. The mixing of the first reference signal 32 and the first
binaural beamformer signal 36 in dependence of the first coherence parameter 38 and
according to the first mixing parameter 40 in order to generate the first output signal 42 is
implemented in an analogous way as represented in figure 3. The same holds for the
generation of the second output signal 54 of figure 4.

[0044] The binaural hearing aid 20 is shown in figures 3 and 4 for preparing the general
concepts of the invention, which is shown with help of figures 5 and 6. The particular beam
forming techniques named above may be transferred to the embodiments of the invention
shown above accordingly.

[0045] Figure 5 shows a schematical block diagram of yet another embodiment of a binaural
hearing aid 20 as an extension of the embodiment shown in figure 4. Here, the first input signal
26 as the first reference signal 32 and the first supplementary input signal 62 are used to
generate a first local beamformer signal 68, i.e., a monaural beamformer signal using the front
and rear input signals of the first local unit for pre-processing and preliminary directional noise
reduction. Likewise, the second input signal 30 as the second reference signal 34 and the
second supplementary input signal 66 are used to generate a second local beamformer signal
70. The first binaural beamformer signal 36 is then derived from the first local beamformer
signal 68 and the second local beamformer signal 70, containing signal contribution from all of
the four input signals 26, 30, 62, 66. Thereby, the first binaural beamformer signal 36 can be
generated only from the first local beamformer signal 68 and the second local beamformer
signal 70. However, in certain beamforming applications such as Minimum Variance
Distortionless Response (MVDR) beamforming, three input signals are used. Applied to this
embodiment, the first supplementary input signal 60 may be used as said third signal to the
beamformer generating the first binaural beamformer signal 36. This is indicated by a dotted
line.
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[0046] The second binaural beamformer signal 48 is derived in a similar way from the first
local beamformer signal 68 and the second local beamformer signal 70, and in particular, with
the possibility of adding the second supplementary signal 66 as a third signal to the second
binaural beamformer signal 48 (dotted line). The first and the second output signal 42, 56 is
then generated from the first or second binaural beamformer signal 36, 48 and from the first or
second reference signal 32, 34, respectively, in an analogous way as shown in figure 3. Note
that the reference signals 32, 34 for generating the mixing parameters and for the mixing
process itself contain only signal contributions from one input signal 26, 30, respectively.

[0047] Figure 6 shows a schematical block diagram an embodiment of a binaural hearing aid
20 similar to the embodiment shown in figure 5. However, now the first and second local
beamformer signals 68, 70 are taken as first and second reference signals 32, 34, respectively,
for the generation of the first and second output signals 42, 56. The first input signal 26 is only
used to generate the first local beamformer signal 68, while the latter now takes the role of the
first reference signal 32. Again, the dotted lines represent the possibility of adding the first and
second supplementary input signals 62, 66 directly into the beamformers which generate the
respective first and second binaural beamformer signals 36, 48.

[0048] Even though the invention has been illustrated and described in detail with help of a
preferred embodiment example, the invention is not restricted by this example.

Reference numeral

[0049]

1
hearing situation

user (of a binaural hearing system)
target speaker

6-12
non-target speakers

14
beam
20
binaural hearing aid
21
first local unit
22

second local unit
24



25

26

28

30

32

34

36

38

40

42

44

46

48

50

52

54

56

58

60

62

64

66

first input transducer

environment sound

first input signal

second input transducer

second input signal

first reference signal

second reference signal

first binaural beamformer signal

first coherence parameter

first mixing parameter

first output signal

first output sound

first output transducer

second binaural beamformer signal

second coherence parameter

second mixing parameter

second output signal

second output sound

second output transducer

first supplementary input transducer

first supplementary input signal

second supplementary input transducer
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second supplementary input signal
68

first local beamformer signal
70

second local beamformer signal

REFERENCES CITED IN THE DESCRIPTION

Cited references

This list of references cited by the applicant is for the reader's convenience only. It does not
form part of the European patent document. Even though great care has been taken in
compiling the references, errors or omissions cannot be excluded and the EPO disclaims all
liability in this regard.

Patent documents cited in the description

o EPG148217A% [QUOE]




10

15

20

25

30

DK/EP 3672283 T3

PATENTKRAV

1. Fremgangsmade til forbedring af den rumlige hareperception for et binauralt
hareapparat (20), hvorved det binaurale hgreapparat (20) omfatter en farste lokal

enhed (21) og en anden lokal enhed (22),

hvorved, i den farste lokale enhed (21), et farste inputsignal (26) gene-
reres ud fra en omgivelseslyd (25) ved hjeelp af en farste inputtransducer
(24), og et farste referencesignal (32) genereres ud fra det ferste input-
signal (26),

hvorved, i den farste lokale enhed (21), et ferste supplerende inputsignal
(62) genereres ud fra omgivelseslyden (25) ved hjeelp af en ferste sup-
plerende inputtransducer (60),

hvorved, i den anden lokale enhed (22), et andet inputsignal (30) gene-
reres ud fra omgivelseslyden (25) ved hjeelp af en anden inputtransducer
(28), og et andet referencesignal (34) genereres fra det andet inputsignal
(30),

hvorved, i den anden lokale enhed (22), et andet supplerende inputsignal
(66) genereres ud fra omgivelseslyden (25) ved hjeelp af en anden sup-
plerende inputtransducer (64),

hvorved, ud fra det farste referencesignal (32) og det andet referencesig-
nal (34), et ferste binauralt straledannersignal (36) afledes,

hvorved, ud fra det ferste referencesignal (32) og det ferste binaurale
straledannersignal (36), en ferste kohaerensparameter (38) afledes,
hvorved, ud fra den farste kohaerensparameter (38), en farste blandings-
parameter (40) afledes, og

hvorved det farste referencesignal (32) og det farste binaurale straledan-
ner-signal (36) blandes ved hjeelp af den farste blandingsparameter (40)
med henblik pa at generere et ferste outputsignal (42),

kendetegnet ved, at

i den farste lokale enhed (21), et ferste lokalt straledannersignal (68) ge-
nereres ud fra det farste referencesignal (32) og det farste supplerende

inputsignal (62),
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2

i den anden lokale enhed (22), et andet lokalt straledannersignal (70)
genereres ud fra det andet referencesignal (34) og det andet supple-
rende inputsignal (66), og

det farste binaurale straledannersignal (36) afledes fra det farste lokale

straledanner-signal (68) og det andet lokale straledannersignal (70).

2. Fremgangsmade til forbedring af den rumlige hereperception af et binauralt
hgreapparat (20), hvilket binaurale hareapparat (20) omfatter en ferste lokal en-
hed (21) og en anden lokal enhed (22),

10

15

20

25

30

hvorved, i den farste lokale enhed (21), et farste inputsignal (26) gene-
reres fra en omgivelseslyd (25) ved hjeelp af en farste inputtransducer
(24), og et farste referencesignal afledes fra det ferste inputsignal (26),
hvorved, i den farste lokale enhed (21), et farste yderligere inputsignal
(62) genereres fra omgivelseslyden (25) ved hjeelp af en ferste yderligere
inputtransducer (60),

hvorved, i den anden lokale enhed (22), et andet inputsignal (30) gene-
reres fra omgivelseslyden (25) ved hjeelp af en anden inputtransducer
(28), og et andet referencesignal (34) genereres fra det andet inputsignal
(30),

hvorved, i den anden lokale enhed (22), et andet yderligere inputsignal
(66) genereres fra omgivelseslyden (25) ved hjeelp af en anden yderligere
inputtransducer (64),

hvorved, ud fra det farste referencesignal (32) og det andet referencesig-
nal (34), et ferste binauralt straledannersignal (36) afledes,

hvorved, ud fra det ferste referencesignal (32) og det ferste binaurale
straledannersignal (36), en ferste kohaerensparameter (38) afledes,
hvorved, ud fra den farste kohaerensparameter (38), en farste blandings-
parameter (40) afledes, og

hvorved det farste referencesignal (32) og det farste binaurale straledan-
nersignal (36) blandes ved hjeelp af den farste blandingsparameter (40)
med henblik pa at generere et ferste outputsignal (42),

kendetegnet ved, at
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3

I den farste lokale enhed (21), det farste referencesignal (32) genereres
fra det farste inputsignal (26) og det farste yderligere inputsignal (62) som
et forste lokalt straledannersignal (68),

I den anden lokale enhed (22), det andet referencesignal (32) genereres
fra det andet inputsignal (30) og det andet yderligere inputsignal (66) som
et andet lokalt straledannersignal (70), og

det farste binaurale straledannersignal (36) afledes fra det farste referen-

cesignal (32) og det andet referencesignal (34).

3. Fremgangsmade ifalge krav 1 eller krav 2,
hvorved det ferste referencesignal (32) afledes fra et seet af ferste inputsignaler
(26, 62), som hvert genereres ud fra omgivelseslyden (25) ved hjeelp af en tilsva-

rende inputtransducer (24, 60) i den farste lokale enhed (21).

4. Fremgangsmade ifglge et af de foregaende krav,

hvorved, i det mindste for et antal frekvensband, en sterrelse af det farste out-
putsignal (42) opnas som en lineaer superposition af en starrelse af det farste
binaurale straledannersignal (36) og en sterrelse af det farste referencesignal
(32), og hvorved, i den lineaere superposition, starrelsen af det ferste binaurale
straledannersignal (36) og sterrelsen af det farste referencesignal (32) blandes i

henhold til den farste blandingsparameter (40).

5. Fremgangsmade ifalge krav 4,

hvorved, i afhaengighed af den farste kohaerensparameter (38), en farste
starrelse-teerskelveerdi afledes, og

hvorved den ferste blandingsparameter (40) opnas i afheengighed af en
sammenligning mellem den ferste kohaerensparameter (38) og den far-

ste storrelse-taerskelveerdi.

6. Fremgangsmade ifelge krav 5,
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4

hvorved den ferste koheerensparameter (38) beregnes for en flerhed af
pa hinanden falgende tids-frekvens-bins, og

hvorved den ferste sterrelse-teerskelvaerdi for et frekvensband afledes fra
en tidslig middelveerdi af de tilsvarende tids-frekvens-bins for den ferste

kohaerensparameter (38).

7. Fremgangsmade ifelge et af de foregaende krav,

hvorved en farste fase-teerskelveerdi sammenlignes med en fase for den
ferste kohaerensparameter, og

hvorved, i det mindste for et antal frekvensband, i afheengighed af sam-
menligningen, en fase for det ferste outputsignal (42) opnas fra en fase
for det farste referencesignal og/eller fra en fase for det ferste binaurale

straledannersignal (36).

8. Binauralt hereapparat (20), omfattende en farste lokal enhed (21) med mindst
en farste inputtransducer (24) til konvertering af en omgivelseslyd (25) til mindst
et farste inputsignal (26), og en anden lokal enhed (22) med mindst en anden
inputtransducer (28) til konvertering af omgivelseslyden (25) til mindst et andet
inputsignal (30), samt en signalbehandlingsenhed, der er konfigureret til at udfere

fremgangsmaden ifglge et af de foregaende krav.
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