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DESCRIPTION

FIELD

[0001] The present disclosure relates to binaural hearing instruments and more particularly to
reducing processing time required in a binaural hearing aid system.

BACKGROUND

[0002] It 1s a problem with currently available solutions that binaural transmission, 1.e.
transmission between the two hearing instruments of a binaural hearing aid system, creates an
additional latency to the hearing aid processing because of signal buffering, quantization,
coding, synchronization, etc. Typically, the hearing instruments may either only transmit or
receive audio signals at a given time instant. This means that in order to have hearing
Instruments operate synchronously within a time slot, the hearing instruments are required to

wait until the audio signal packages have been transmitted and received at both hearing
Instruments.

[0003] By only transmitting the audio signal in one direction, such processing delay may be
reduced, because waiting for an audio package, which is transmitted in the opposite direction
will not be necessary. Therefore, in order to design binaural signal processing algorithms (e.g.,
binaural noise reduction algorithms) which make use of signals sent only in one direction, there
IS a need to provide a solution to the problem of how to decide, at any given moment, in which

direction (1.e. from which hearing instrument to which hearing instrument) the signal is to be
sent.

[0004] WO2014048492 relates to a method for operating a binaural hearing system with two
hearing devices operationally interconnected by means of a bidirectional link which improves
hearing perception in windy listening situations. The method comprises determining the level of
wind noise present at each of the two hearing devices and sending the audio signal picked-up
at the first hearing device to the second hearing device via a link and then providing an output
signal derived from the received signal to the electrical-to-mechanical output converter of the
second hearing device If the level of wind noise at the second hearing device exceeds the level
of wind noise at the first hearing device by a pre-set threshold value. Furthermore, a binaural
hearing system capable of performing such a method is given.

[0005] WO2010022456 relates to a sound processing device with a binaural input and binaural
output, The device Iincludes at least one microphone In or near each ear for the transduction of
the sound at each ear; a signal-to-noise estimation module to estimate the signal-to-noise ratio
present at each ear; a comparison and selection module to compare the signal-to-noise ratios
present at the two ears and select the ear with the greater signal-to-noise ratio; a noise
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reduction control module that uses the spectral and temporal information from the selected ear
signal to control two identical noise reduction modules; two identical noise reduction modules
that process the signals from the two ears, under the control of the control module; and two
output modules that amplify the output signals from the noise reduction modules appropriately
for each ear and present the amplified signals as sound or other signals to each ear of the
device user.

[0006] US20100172506 relates to a hearing aids comprising a microphone, a signal
processor, and a receiver, and have a constitution in which the microphone generates an input
signal from an Iinput sound and generate an output signal and send it to the ear on the
opposite side only when a specific condition Is satisfied with respect to the input signal at the
signal processor, and the receiver reproduces an output sound from the output signal.

SUMMARY OF THE DISCLOSURE

[0007] The hearing Iinstrument, according to the disclosure, includes a hearing aid that Is
adapted to improve or augment the hearing capability of a user by receiving an acoustic signal
from a users surroundings, generating a corresponding audio signal, possibly modifying the
audio signal and providing the possibly modified audio signal as an audible signal to at least
one of the user's ears. Such audible signals may be provided in the form of an acoustic signal
radiated into the user's outer ear, or an acoustic signal transferred as mechanical vibrations to
the user's inner ears through bone structure of the user's head and/or through parts of middle
ear of the user or electric signals transferred directly or indirectly to cochlear nerve and/or to
auditory cortex of the user. Thus, the hearing instrument may be selected from an acoustic
hearing aid, bone conduction hearing aid and cochlear implant. The binaural hearing aid
Includes a combination of these hearing instruments such as a binaural cochlear implant,
bimodal hearing aid, binaural acoustic hearing aid, binaural bone conduction hearing aid or
other combinations that would be apparent to the person skilled in the art.

[0008] VWhen performing binaural signal processing, it is critical that the audio signals are
correctly time-aligned at both hearing instruments. Otherwise, the spatial perception may be
destroyed or at least disturbed, and consequently also most of the benefit of listening with two
ears will be lost or at least deteriorated. Bi-directional communication between the hearing aids
provided at the two ears of a user adds some delay to the processing chain, and typically the
communication system cannot transmit and receive at the same time. Hereby bi-directional
signal processing adds more delay to the processing chain compared to mono-directional
(unidirectional) communication, as Illustrated In the detailed description of an exemplary
embodiment of the present disclosure.

[0009] Accordingly a first embodiment, a method for selecting a transmission direction In a
binaural hearing aid system comprising two hearing instruments is disclosed. The method
Includes buffering a first frame of signal samples, at a first hearing instrument, based on a
sound signal picked up by one or more Iinput transducers such as microphones of the first



DK/EP 3410744 T3

hearing instrument. Similarly, at a second hearing Iinstrument, a second frame of signal
samples Is buffered based on the sound signal picked up by one or more Iinput transducers
such as microphones of the second hearing Iinstrument. Thereafter, at the first hearing
Instrument, determining a first quantity characterizing the presence of usable information
content in the sound signal picked up by the one or more input transducers of the first hearing
Instrument. Similarly, at the second hearing Instrument, determining a second quantity
characterizing the presence of usable information content in the sound signal picked up by the
one or more Input transducers of the second hearing instrument. The second quantity Is
comparable to the first quantity. A comparison I1s then made between the determined first
guantity and the second quantity. Lastly, based on the determined first quantity and/ or second
qguantity and/ or the compared first quantity and second quantity, determining the transmission
direction for transmitting audio information between the first hearing instrument and the second
hearing instrument.

[0010] In the disclosure, the quantity refers to presence of usable information content in the

sound signal picked up by a microphone(s) whereas the audio information refers to the first
frame and/ or second frame.

[0011] The one or more Input transducers such as microphones of the first hearing instrument
are positioned at a first ear or in the vicinity of the first ear. Similarly, the one or more input
transducers such as microphones of the second hearing instrument are positioned at a second
ear or In the vicinity of the second ear. In the vicinity may include a) positioning of microphones
InN a housing of behind the ear type hearing aids or in the ear/ canal type hearing aids, or b)
positioning of microphones In external speech processor of cochlear implant, the speech
processor typically sitting behind the ear or mounted externally at head over the temporal bone
or implanted within the head at temporal bone, or ¢) positioning of microphones In speech
processor of a bone conduction hearing aid such as In softband based solutions/ known
percutaneous solutions/ known transcutaneous solutions.

[0012] In one embodiment, the transmission dependent on the determined transmission
direction Includes transmitting the audio information from the first instrument to the second
Instrument. Such transmission includes

1. a) coding and transmitting the first frame from the first hearing instrument to the second
hearing instrument,

2. b) performing binaural processing of the second frame and a decoded received first
frame at the second hearing instrument, thereby providing a binaurally processed output
signal from the second hearing instrument and processing the first frame at the first
hearing instrument, thereby providing a processed output signal from the first hearing
Instrument, and

3. ¢) performing time alignment at the first hearing instrument for synchronizing the output
signals.
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[0013] In another alternative embodiment, the transmission dependent on the determined
transmission direction includes transmitting the audio information from the second instrument
to the first instrument. Such transmission includes

1. a) coding and transmitting the second frame from the second hearing instrument to the
first hearing instrument,

2. b) performing binaural processing of the first frame and a decoded received second
frame at the first hearing instrument, thereby providing a binaurally processed output
signal from the first hearing instrument and processing the second frame at the second
hearing Instrument, thereby providing a processed output signal from the second
hearing instrument, and

3. ¢) performing time alignment at the second hearing instrument for synchronizing the
output signals, or

[0014] In yet another embodiment, the transmission dependent on the determined
transmission direction Iincludes not transmitting (i.e. preventing transmission of) the audio
Information between the first instrument and the second instrument. This may occur for
example, If both the first quantity and the second quantity are above a predefined high value.

[0015] The transmission of the audio information, according to the disclosure, I1s unidirectional
(monodirectional) within a time slot starting from picking of the sound at the first hearing
Instrument and second hearing instrument until producing the synchronized outputs. The
direction of unidirectional transmission is dependent upon the first quantity and/ or the second
quantity satisfying a predetermined criteria. This i1s in contrast with the known methods, where
during the time slot, the transmission of the audio information Is bi-directional, 1.e. is both from
the first hearing instrument to the second hearing instrument and also from the second hearing
Instrument to the first hearing instrument.

[0016] In one embodiment, the quantity characterizing the presence of usable information
content 1s a local signal-to-noise ratio (SNR) estimated at each of said hearing instruments
respectively. In another embodiment, the quantity characterizing the presence of usable
Information content i1s a local voice activity detection indication such as a flag set at each of
sald hearing instruments respectively. In yet another embodiment, the quantity characterizing
the presence of usable information content is a local level estimated at each of said hearing
Instruments respectively.

[0017] In yet another embodiment, the quantity characterizing the presence of usable
Information content is a speech intelligibility estimate that i1s estimated for each ear of binaural
hearing aid user. In yet another embodiment, the quantity characterizing the presence of
usable information content is a local hearing threshold at each ear of the binaural hearing aid
user. In yet another embodiment, the quantity characterizing the presence of usable
Information content iIs a combination of any of the previously recited embodiments. The
disclosure 1s presented In relation to the SNR or speech intelligibility estimate but the skilled
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person would realize that the principles are equally applicable to other or combination of
guantities that characterize the usable information.

[0018] Thus, In case of a one-directional (mono-directional) audio information transmission,
according to an embodiment of the disclosure, the direction of the transmission Is made
depending on a comparison between the comparable first quantity and second quantity, for
example local SNR estimated at each hearing instrument (i.e. at the left and right hearing aid
of a binaural hearing aid). A local SNR can e.g. be found using a two-microphone-based
single-channel noise reduction system, although other systems or methods may alternatively
be used. The local SNR could e.g. be found as a slowly changing frequency weighted average
of the SNR estimated in each time-frequency tile.

[0019] When listening binaurally to speech in noise, the binaural speech intelligibility is typically
determined by the speech Intelligibility at the ear with the best signal-to-noise ratio. For
example, In noisy situations, people tend to turn one ear towards a talker (sound of interest),
which Increases the local SNR or sound level of the speech from the talker at one ear,
compared to the ear that is on the shadow side of the head relative to the talker or compared
to If the HI user faced the talker directly and listened with both ears with nearly equal
SNR/sound level. Consequently, from a binaural noise reduction point of view, it makes most
sense to spent most effort on enhancing the sound on the high-SNR ear such as the ear
turned towards the talker. However, iIn some Instances, for example If the ear having higher
SNR demonstrates close to 100% speech intelligibility, then the efforts may applied to the ear
having the lower SNR. Therefore, in an illustrative scenario, where each hearing instrument of
the binaural hearing aid system includes one microphone each, the total speech intelligibility
may be improved by sending the sound from the high SNR ear to the low SNR ear. In general
the highest improvement of local SNR may be expected on the side with relatively poor local
SNR, 1.e. sending the data information from the poor SNR side to the better SNR side will yield
a minor improvement at the better SNR side but sending data information from the high SNR
side to the relatively poor SNR side will provide a large improvement on the poor SNR side.
However, In situation of hearing instrument includes more than one microphones, the more
than one microphones may still Improve local SNR even In absence of receiving frames from
the other hearing instrument. Spatial cues also assist the listener in understanding speech and
consequently, lack of spatial cues reduces the speech intelligibility. In cases, where the listener
cannot benefit from spatial cues due to a too poor signal to noise ratio at the ear having the
lowest signal to noise ratio, it 1s attempted to enhance the audio signal at the ear that will result
In a higher speech intelligibility, thus assisting in determining the transmission direction.

[0020] Thus, a relevant factor in determining whether enhancing the ear with the poor SNR or
the ear with the high SNR is dependent upon whether the speech intelligibility may be
enhanced. For example, if the better ear has an SNR corresponding to close to 100%
Intelligibility, there might be no reason to improve intelligibility any further at the better ear by
binaural transmission because such transmission may degrade spatial perception but listening
effort may still be improved. Therefore, improving the SNR at the instrument with the poor SNR
makes more sense. On the other hand, If the SNR at better ear does not yield close to 100%
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speech intelligibility and the SNR at the other ear is even worse, then it is better to improve the
SNR at the better ear, hereby maximizing the possibility of obtaining 100% speech intelligibility
at the better ear. Accordingly, the following section recites the predetermined criteria according
to different embodiments of the disclosure and selection of transmission direction In
accordance with the predetermined criteria.

[0021] In following embodiments, a difference between the first quantity Q1 and the second
quantity Q2 refers to |Q1 - Q21 or [Q2 - Q1|, and threshold T Is a positive value.

[0022] In one embodiment, when a difference between the first quantity and the second
quantity 1s below a predefined threshold value (T), the transmission direction Includes
transmitting the audio information from the first hearing instrument to the second hearing
Instrument or from the second hearing instrument to the first hearing instrument. In the prior
situation, local processing of the first frame occurs at the first hearing instrument and binaural
processing of the second frame and decoded received first frame occurs at the second hearing
Instrument. In the latter situation, local processing of the second frame occurs at the second
hearing instrument and binaural processing of the first frame and decoded received second
frame occurs at the first hearing instrument. Alternatively, when a difference between the first
quantity and the second quantity i1s below a predefined threshold value (T), the transmission
direction includes not transmitting audio information between the first instrument and the
second instrument. In this situation, the first frame and the second frame are locally processed
at the first hearing instrument and the second hearing instrument respectively. Alternatively,
when a difference between the first quantity and the second quantity is below a predetermined
threshold value (T), a transmission direction from a previous time slot 1s maintained. The
previous time slot is defined as a time slot preceding the time slot in which synchronized output
IS to be generated. The predefined threshold value (T), for example may be defined as a gap
between the two quantities such as SNR gap of 5 dB.

[0023] In another embodiment, when the difference between the first quantity and the second
quantity 1s at least the predefined threshold value (T), the transmission direction includes
transmitting the audio information from the first hearing instrument to the second hearing
Instrument If the first quantity is higher than the second quantity and the first quantity is at least
a predefined high value (H). In this situation, local processing of the first frame occurs at the
first hearing instrument and binaural processing of the second frame and decoded received
first frame occurs at the second hearing instrument. Alternatively, when the difference between
the first quantity and the second quantity is at least the predefined threshold value (T),
transmitting the audio information from the second hearing instrument to the first hearing
Instrument If the second quantity i1s higher than the first quantity and the second quantity Is at
least the predefined high value (H). In this situation, local processing of the second frame
occurs at the second hearing instrument and binaural processing of the first frame and
decoded received second frame occurs at the first hearing instrument. The predefined high
value (H), for example may be defined as a high SNR such as 10 dB and/ or close to 100%
speech Intelligibility. It is apparent that other predefined values may be also be used. In these
embodiments, no further enhancement (binaural) may be required at the hearing instrument
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having the higher quantity but the quantity at the hearing instrument having the lower quantity
may be improved using binaural processing. In yet another embodiment, when the difference
between the first quantity and the second quantity is at least the predefined threshold value
(T), the transmission direction includes transmitting the audio information from the first hearing
Instrument to the second hearing Iinstrument If the second quantity is higher than the first
quantity and the first quantity is below a predefined low value (L) and second quantity is below
the predefined high value (H). In this situation, local processing of the first frame occurs at the
first hearing instrument and binaural processing of the second frame and decoded received
first frame occurs at the second hearing instrument. Alternatively, when the difference between
the first quantity and the second quantity is at least the predefined threshold value (T) the
transmission direction includes transmitting the audio information from the second hearing
Instrument to the first hearing instrument If the first quantity is higher than the second quantity
and the second quantity is below the predefined low value (L) and the first quantity is below the
predefined high value (H). In this situation, local processing of the second frame occurs at the
second hearing instrument and binaural processing of the first frame and decoded received
second frame occurs at the first hearing instrument. The predefined low value (L) for example
may be defined as a low SNR such as O dB or -5 dB. It is apparent that other predefined values
may be also be used. In these embodiments, no further enhancement (binaural) may be
performed at the hearing instrument having the lower quantity but the quantity at the hearing
Instrument having the higher quantity may be improved in order to achieve a higher speech
intelligibility.

[0024] Asymmetric data transmission between two hearing instruments will be described in the
detailed description of an exemplary embodiment of the present disclosure. Based on e.g. a
comparison between the local SNR estimates from both hearing instruments, a determination
of the direction of the audio information transmission between the hearing instruments of the
binaural hearing aid system i1s made.

[0025] In an embodiment, the local SNR Is determined as a slowly changing frequency
weighted average of the SNR estimated in each time-frequency tile. Additionally or
alternatively, the speech intelligibility estimate 1s determined based on the local SNR estimated
at each of said hearing instruments and corresponding local hearing threshold at each ear of
binaural hearing aid user. The local hearing threshold reflects the hearing ability of the user In
different frequency bands and may be based on the user's audiogram for each ear.

[0026] In an embodiment, the transmission direction i1s maintained as the one determined In a
previous time slot If the difference between the first quantity and the second quantity i1s within
the predefined threshold (T). This i1s useful because a change of transmission direction is likely
to affect spatial perception without substantially increasing the speech intelligibility.

[0027] Even though the audio information transmission may abruptly change direction, it does
not necessarily mean that the perceived audio information will have abrupt changes. VWhen a
microphone from the opposite hearing instrument becomes available, it may slowly be faded
Into the local audio processing and similarly when the transmission direction is about to
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change, the microphone may slowly be faded out resulting in two hearing instruments with
local processing when the audio stream Is reversed.

[0028] According to an embodiment, in order to enable the binaural hearing aid system quickly
to decide In which direction (from the first to second hearing instrument or from the second to
first hearing Iinstrument) audio information transmission is most beneficial, small data packets
containing decision Iinformation such as quantity characterizing the useable information iIs
exchanged. This decision Information may Include, for example local SNR, local sound
pressure level, local voice activity detection, Iinformation on the expected directional
performance (based on the cross correlation between the microphone signals), etc., are
exchanged binaurally. The binaural exchange of these very small data packets only increases
the total binaural system delay by a very small amount. The binaural exchange of these small
data packets and the predetermined criteria enables the binaural hearing aid system to
synchronously agree on the audio information transmission direction.

[0029] In an embodiment, the quantity characterizing presence of usable information content
and the audio information is transmitted using same transmission technique such as using an
Inductive link. Alternatively, the quantity characterizing presence of usable information content
and the audio information is transmitted using different transmission techniques such as using
an Inductive link for transmitting the audio Iinformation and transmitting the quantity
characterizing presence of usable information content using a bluetooth link.

[0030] In an embodiment, the data packets or blocks Iincluding the usable information are
exchanged binaurally prior to transmission of associated audio information that are comprised
IN a separate data packets or blocks. The data packets or blocks containing the usable
Information 1s of shorter duration than the separate data packets or blocks containing the audio
iInformation.

[0031] According to a second embodiment, a hearing instrument for use in a binaural hearing
Instrument system Is disclosed. The hearing instrument includes a transmitter configured to
send first data blocks to a second hearing instrument of said binaural hearing aid system. The
first data blocks Include a first audio and/or a first information including a first quantity
characterizing the presence of usable information content in a sound signal picked up by one
or more Iinput transducers of the hearing instrument. The hearing instrument further includes a
receiver configured to receive second data blocks from the second hearing instrument of said
binaural hearing aid system. The second data blocks include a second audio and/or a second
Information comprising a second quantity characterizing the presence of usable information
content in a sound signal picked up by one or more Iinput transducers of the second hearing
Instrument. The hearing Instrument also Includes a comparator, a decision unit and a
processor. The comparator i1s configured to compare the first information with the second
Information, the second information being comparable to the first information. The decision unit
IS configured to, based on the first information and/ or second Iinformation and/ or the
compared first information with the second information, decide whether the hearing instrument
sends the first data blocks to the second hearing instrument of the binaural hearing aid system.
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The processor Is configured to either provide local processing of the signal or signal frames
picked up by the hearing instrument or to provide binaural processing of the signal or signal
frames picked up by the hearing instrument and the signal or signal frames received from the
second hearing instrument of the binaural hearing aid system. The decision unit, which may be
part of the processor, Is configured to instruct the transmitter to send the first data block
unidirectionally or instruct the receiver receive the second data block unidirectionally within a
time slot starting from picking of the sound at the first hearing instrument (2) and the second
hearing instrument (3) until producing the synchronized outputs, the direction of unidirectional
transmission being dependent upon the first quantity and/ or the second quantity satisfying a

predetermined criteria.

[0032] In different embodiments, whether the processor performs local processing or binaural
processing Is dependent upon the first information and/ or second information and/ or the
comparison between the first information and second information and the predetermined
criteria.

[0033] In an embodiment, the hearing Iinstrument also iIncludes a time-alignment unit
configured to provide time alignment or time delay to the signal processed at the hearing
Instrument such that synchronization of the output signals provided by the hearing instrument
and the second hearing instrument of the binaural hearing aid system is achieved.

[0034] In an embodiment, the quantity characterizing presence of usable information content
and the audio Information i1s transmitted using same transmission technique or different
transmission techniques.

[0035] In an embodiment, the first Information and the second information Is selected from a
group consisting of local SNR, local voice activity detection indication, local level, local speech
Intelligibility estimate, local hearing threshold, and any combination thereof.

[0036] The decision unit may be configured to decide that only one of either transmission of
the first data blocks from the first hearing instrument or receiving the second data blocks from
the second hearing instrument within a time slot is performed. The time slot starts from picking
of the sound at the first hearing instrument and second hearing instrument until producing the
synchronized outputs. Additionally or alternatively, the decision unit may be configured to
decide for the time slot, either transmission of the first data blocks to the second hearing
Instrument or receiving the second data blocks from the second hearing Iinstrument In
accordance with the first quantity and/ or second quantity and/ or the compared first quantity
with the second quantity satisfying the predetermined criteria.

[0037] According to an embodiment, the hearing instrument includes a two-microphone single-
channel noise reduction system configured for estimating the local SNR at the hearing
Instrument. In yet another embodiment, the local SNR is determined as a slowly changing
frequency weighted average of the SNR estimated in each time-frequency tile.
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[0038] According to a third embodiment, a binaural hearing instrument system including two
hearing instruments 1s disclosed. Each of the hearing instruments may include one or more
features that are described above In connection with the hearing instrument of the second
embodiment of the disclosure. For example, the second hearing instrument may also include a
second transmitter, a second receiver, a second comparator, a decision unit and a second
processor. The second hearing instrument may also include a second time alignment unit.
Each hearing instrument iIs configured to carry out the method according to the present
disclosure as described above.

[0039] In an embodiment, the binaural hearing instrument system is configured such that data

packets or blocks comprising the usable Iinformation are exchanged binaurally prior to
transmission of associated audio information comprised Iin data packets or blocks, the data

packets or blocks being of shorter duration than data packets or blocks.

[0040] Thus, the disclosure describes a technique for reducing the overall processing delay In
a binaural system. This is achieved by designing a binaural signal processing algorithms (e.g.,
binaural noise reduction algorithms) that make use of signals sent only in one direction based
on the predetermined criteria. Thus, there Is provided a method and a system that is able to
decide, at any given moment, in which direction (1.e. from which hearing instrument to which
hearing instrument) the signal should be sent.

BRIEF DESCRIPTION OF DRAWINGS

[0041] 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:

Figure 1A lllustrates transmission of signals between two hearing Iinstruments, where a
bidirectional transmission is used, which adds more delay to the processing than if the audio
frames are only transmitted in one direction (mono-directional transmission);

Figure 1B illustrates mono-directional transmission that reduces the processing delay between
the two hearing instruments according to an embodiment of the disclosure;

Figure 2 illustrates audio transmission between two hearing instruments enabling the binaural
hearing aid system to quickly decide Iin which direction (left-to-right or right-to-left) audio
Information transmission is most beneficial bases on the transmission of small data packets
containing decision information exchanged between the two hearing instruments according to
an embodiment of the disclosure;
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Figure 3 Illlustrates different transmission techniques for transmission of audio information and
transmission of small data packets containing decision Information according to an
embodiment of the disclosure;

Figure 4A illustrates the predetermined criteria showing transmission direction from the second
hearing Instrument to the first hearing Instrument according to an embodiment of the
disclosure;

Figure 4B illustrates the predetermined criteria showing transmission direction from the first
hearing Instrument to the first hearing Instrument according to an embodiment of the
disclosure.

Figure SA lllustrates transmission direction for hearing instruments each having a single
microphone with a specific first quantity and a specific second quantity respectively, and
transmission direction for hearing instruments each having a microphone array with the
specific first quantity and the specific second quantity respectively according to an embodiment
of the disclosure;

Figure 5B Illustrates transmission direction for hearing instruments each having a single
microphone with a specific first quantity and a specific second quantity respectively, and
transmission direction for hearing instruments each having a microphone array with the
specific first quantity and the specific second quantity respectively according to another
embodiment of the disclosure;

Figure 5C Illustrates transmission direction for hearing instruments each having a single
microphone with a specific first quantity and a specific second quantity respectively, and
transmission direction for hearing instruments each having a microphone array with the
specific first quantity and the specific second quantity respectively according to yet another
embodiment of the disclosure;

Figure 5D Illustrates transmission direction for hearing instruments each having a single
microphone with a specific first quantity and a specific second quantity respectively, and
transmission direction for hearing instruments each having a microphone array with the

specific first quantity and the specific second quantity respectively according to yet another
embodiment of the disclosure;

Figure © lillustrates a hearing instrument as part of a binaural hearing instrument system
according to an embodiment of the disclosure.

DETAILED DESCRIPTION

[0042] 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
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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 system and method 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.

[0043] As described above, when doing binaural signal processing, it i1Is important that the
audio signals are correctly time-aligned at both hearing instruments. Otherwise, the spatial
perception may be destroyed or at least disturbed, and consequently also most of the benefit
of listening with two ears will be lost or at least deteriorated. Communication between the
hearing instruments provided at the ears of a user adds some delay to the processing chain,
and typically the communication system cannot send and transmit at the same time. Hereby bi-
directional signal processing adds more delay to the processing chain compared to mono-
directional communication, as illustrated by figures 1A and 1B.

[0044] Spatial cues also assist the listener in understanding speech and consequently, lack of
spatial cues reduces the speech intelligibility. In cases, where the listener cannot benefit from
spatial cues due to a too poor signal to noise ratio at the ear having the lowest signal to noise
ratio, It I1s attempted to enhance the audio signal at the ear that will result in a higher speech
Intelligibility, thus allowing In determination of the transmission direction. A relevant factor In
determining whether enhancing the ear with the poorest SNR or the ear with the highest SNR
IS dependent upon whether the speech intelligibility may be enhanced.

[0045] In the case of a one directional (monodirectional) audio information transmission,
according to an embodiment of the present disclosure the direction of the transmission I1s made
depending on a comparison between the local SNR estimated at each hearing instrument. A
local SNR can e.g. be found using a two-microphone-based single-channel noise reduction
system, although other systems or methods may alternatively be used. The local SNR could
e.g. be found as a slowly changing frequency weighted average of the SNR estimated in each
time-frequency tile.

[0046] As an alternative to the local SNR it Is also possible to use the local level estimate, the
local voice activity detection indication or any combination hereof.

[0047] Figure 2, which (will be described in more detall below) shows such an asymmetric data
transmission between two hearing instruments. Based on e.g. a comparison between the local
SNR estimates from both hearing instruments, the direction of the audio Iinformation
transmission Is determined.

[0048] Even though the audio transmission abruptly may change direction, it does not
necessarily mean that the perceived audio will have abrupt changes. Wwhen a microphone from
the opposite hearing instrument becomes available, it can slowly be faded into the local audio
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processing and similarly when the transmission direction i1s about to change, the microphone
can slowly be faded out resulting in two hearing instruments with local processing when the
audio stream is reversed.

[0049] Now, referring to figure 1A, when transmitting signals between the two hearing
Instruments 2 and 3, provided at either ear of the user's head 4, a bidirectional transmission 1
adds more delay to the processing compared to If the audio frames only were transmitted In
one direction as illustrated in figure 1B, because the transmission line i1s shared. The Illustrated
binaural transmission comprises transmission 11 from hearing Instrument 2 to 3 and
transmission 13 from hearing instrument 3 to 2.

[0050] For bi-directional transmission 1 as illustrated in figure 1A, the hearing aids 2 and 3
exchange information according to the following procedure:

1. (a) The two hearing aids 2 and 3, comprising microphones 5 and 6, respectively, buffer a
frame of signal samples (e.g. 20 samples) In functional blocks 7 and 8, respectively,
based on the sound picked up at the microphones 5 and 6 respectively. It would be
apparent to the skilled person that the audio frame (information) transmission may also
be performed In the frequency domain.

2. (b) Hearing aid 2 encodes and transmits its frame to hearing aid 3 as lllustrated by
functional block 9 and signal transmission 11.

3. (c) The transmitted frame Is received and decoded at hearing aid 3 Iin the functional
block 10 provided herein.

4. (d) Hearing aid 3 encodes and transmits its frame In functional block 12 provided herein.

5. (e) The frame of the hearing aid 3 Is transmitted 13 to the hearing aid 2, where 1t Is
received and decoded in functional block 14 provided herein.

6. (f) Meanwhile, hearing aid 3 waits for hearing aid 2 to receive the frame. This Is
accomplished by means of the time-alignment functional block 15 provided In hearing
aid 3.

/. (g) Both hearing aids 2 and 3 process their own and the received signal frame. This
binaural processing takes place in functional blocks 16 and 17, respectively.

8. (h) Finally, the processed signals provided by functional blocks 16 and 1/, respectively,
are provided at the outputs 18 and 19 of hearing aild 2 and 3, respectively, time-
synchronously.

[0051] Now, referring to figure 1B, mono-directional transmission is illustrated by an example
embodiment of the present disclosure. Hearing aid 2 transmits information to hearing aid 3
according to the following procedure:

1. (a) The two hearing aids 2 and 3, comprising microphones 21 and 22, respectively,
buffer a frame of signal samples (e.g. 20 samples) In functional blocks 23 and 24,
respectively, based on the sound picked up at the microphones 21 and 22 respectively. It
would be apparent to the skilled person that the audio information (frame) transmission
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may also be performed in the frequency domain.

2. (b) Hearing aid 2 encodes its frame in functional block 25 and transmits it as indicated by
reference numeral 27.

3. (¢) The transmitted frame Is received and decoded In functional block 26 In hearing aid
3.

4. (d) Meanwnhile, hearing aid 2 waits for hearing aild 3 to receive the frame. This Is
accomplished by means of the time-alignment functional block 28 provided In hearing
aid 2.

5. (e) Hearing aid 2 processes Its frame In its local processing block 29, while hearing aid 3
processes Its own and the received signal frame (reference numeral 27) in the binaural
processing block 30.

6. (f) Finally, the processed signals provided by functional blocks 29 and 30, respectively,
are provided at the outputs 31 and 32 of hearing aild 2 and 3, respectively, time-
synchronously.

Now, referring to figure 2 there is Iillustrated audio information transmission between two
hearing instruments 35 and 40, of a binaural hearing aid system. Hearing instrument (HI) 35
comprises two microphones 33 and 34 and hearing instrument (HI) 40 comprises two
microphones 41 and 42 as shown. By means of the respective two microphones a local SNR
can be found using the two-microphone-based single-channel noise reduction system,
although other systems or methods may alternatively be used. The local SNR could e.g. be
found as a slowly changing frequency weighted average of the SNR estimated in each time-
frequency tile.

[0052] At a given time Instant, the audio information 1s only transmitted in one direction (i.e.
following the scheme Illustrated In figure 1B). This I1s done to reduce the total delay of the
binaural hearing aid system (i.e., to avoid the scheme Illustrated in figure 1A). To enable the
binaural hearing aid system to quickly decide in which direction (left-to-right, 1.e. from HI 35 to
HI 40 or right-to-left, 1.e. from HI 40 to HI 3%5) audio information transmission i1s most beneficial,
small data packets 38, 45", 46 and 4/ containing usable information such as local SNR, local
sound pressure level, local voice activity detection, etc., are exchanged binaurally. The binaural
exchange of these very small data packets only increases the total binaural system delay by a
very small amount compared to the transmission used in conventional systems as described In
Fig. 1A. In different embodiments, the very small data packets (Fig. 3, 38 and 46) and the
audio information (Fig. 3, 37 or 44) are transmitted using same transmission technique such as
using an inductive link or are transmitted using different transmission techniques such as using
an inductive link (Fig. 3, 48) for transmitting the audio information and transmitting the quantity
characterizing presence of usable information content using a bluetooth link (Fig. 3, 49). The
binaural exchange of these small data packets enables the binaural hearing aid system to
synchronously agree on the audio information transmission direction. The larger data packets
(37, 44, 45") Include actual audio information. Based on determined direction of transmission,
either the large data packets 37 is sent from hearing instrument 35 to the hearing instrument
40 or the large data packet 45', 44 are sent from the hearing instrument 40 to the hearing
Instrument 35. Each hearing instrument may contain more than one microphone signal for
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example 2 microphones. For the hearing instrument transmitting audio information, only the
local microphones will be available for the audio processing. However, for the Iinstrument
receiving the audio information, both the local audio frame and the received audio frame will be
avallable for processing. It iIs important that the transmitted audio information (frame) is time
aligned with the local audio information (frame) in order not to disturb the spatial perception
more than necessary.

[0053] Figure 4A illustrates the predetermined criteria showing transmission direction from the
second hearing instrument to the first hearing instrument according to an embodiment of the
disclosure. In different embodiments, satisfying a predetermined criteria determines if the
transmission direction for transmitting the audio information is from the first hearing instrument
(2) to the second hearing instrument (3). In one embodiment (left column of illustrated table),
the criteria includes that the difference (A) between the first quantity (FQ) and the second
quantity (SQ) I1s equal or greater than a predefined threshold value T, the first quantity is
greater than the second quantity, and the first quantity is at least equal to or greater than the
predefined high value (H). This scenario may be visualized as having the first ear having an
SNR corresponding to close to 100% intelligibility, therefore there is no reason to improve it any
further at the first ear. Therefore, improving the SNR through binaural processing at the
second Instrument with the poor SNR makes more sense. In another embodiment (right
column of Illustrated table), the criteria includes that the difference (A) between the first
quantity (FQ) and the second quantity (SQ) Is equal to or greater than a predefined threshold
value T, the second quantity (SQ) i1s greater than the first quantity (FQ), the first quantity is
lower than the predefined low value (L) and the second quantity is lower than the predefined
high value (H). This scenario may be visualized as having the second instrument having an
SNR that does not yield high such as close to 100% speech intelligibility and the SNR/ speech
Intelligibility at the first ear 1s even worse, then it is better to improve the SNR at the second ear
through binaural processing, hereby maximizing the possibility of obtaining 100% speech
Intelligibility at the second ear.

[0054] Figure 4B illustrates the predetermined criteria showing transmission direction from the
first hearing instrument to the first hearing instrument according to an embodiment of the
disclosure. In different embodiments, satisfying a predetermined criteria determines If the
transmission direction for transmitting the audio Iinformation Is from the second hearing
Instrument (3) to the first hearing instrument (2). In one embodiment (left column of illustrated
table), the criteria includes that the difference (A) between the first quantity (FQ) and the
second quantity (SQ) I1s equal or greater than a predefined threshold value T, the second
guantity is greater than the first quantity, and the second quantity is at least equal to or greater
than the predefined high value (H). This scenario may be visualized as having the second ear
having an SNR corresponding to close to 100% Intelligibility, therefore there Is no reason to
improve 1t any further at the second ear. Therefore, improving the SNR through binaural
processing at the first instrument with the poor SNR makes more sense. In another
embodiment (right column of Illustrated table), the criteria includes that the difference (A)
between the first quantity (FQ) and the second quantity (SQ) is equal to or greater than a
predefined threshold value T, the first quantity (SQ) is greater than the second quantity (FQ),
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the second quantity i1s lower than the predefined low value (L) and the first quantity I1s lower
than the predefined high value (H). This scenario may be visualized as having the first
Instrument having an SNR that does not yield high such as close to 100% speech intelligibility
and the SNR/ speech Iintelligibility at the second ear is even worse, then it Is better to improve
the SNR at the first ear through binaural processing, hereby maximizing the possibility of
obtaining 100% speech Iintelligibility at the first ear.

[0055] Figure 5 Iillustrates transmission direction for different scenarios for a first hearing
Instrument comprising one microphone and a second hearing Iinstrument comprising one
microphone. The figure further illustrates transmission direction for different scenarios for the
first hearing instrument comprising a microphone array and the second hearing instrument
comprising a microphone array. A line 505 represents the comparable quantity wherein the
higher quantity is in increasing direction of the quantity. For example In Fig. 5B, as represented
In the | column, the quantity R relating to an instrument is higher than the quantity L relating to
the another Instrument of the binaural hearing aid system. Thus, L and R represent the
measure of quantity at the first hearing instrument (such as left microphone/ microphone array)
and the second hearing instrument (such as right microphone/ microphone array) before
directional processing. Column | represents the measure, before directional processing, of the
guantity at the first hearing instrument and the second hearing instrument respectively and the
transmission direction. Column |l represents the effect of the transmission on the first quantity
and the second quantity respectively. For Illustration purpose, the quantities In these
embodiment are explained as speech Intelligibility. However, the skilled person would realize
that other quantities may also be considered and the disclosed embodiments would be
applicable for such other quantities as well.

[0056] In Figure 5A, a high local speech intelligibility estimate 1s available at both left and right
side. In such case, It Is not necessary to apply binaural processing, as the local speech
Intelligibility 1s sufficiently high. In the case of a single microphone at each ear, there is no Si
Improvement based on local processing. However, in case of two (or more) local microphones,
S| iImprovement may be achieved based on the local directional enhancement, defining after/
post local processing. The value of quantity such as S| estimate before local directional
enhancement is referred as "before local processing".

[0057] For a one microphone embodiment, both the first quantity (L) and the second quantity
(R) are higher than the high value (HV) and no transmission is performed (col. |). Thus, the
resulting quantities are unchanged (col. Il). For a microphone array embodiment, despite no
transmission (col. |), the quantities are improved locally because of the local SNR improvement
provided by the individual microphone arrays available at the first hearing instrument and the
second hearing instrument. Thus, the quantity L 1s increased to L' 510 and R to R" 515 as
llustrated in col. |I.

[0058] In Figure 5B, the estimated speech intelligibility on the right hearing instrument is above
a predefined high value, while the intelligibility estimate on the left instrument is below the
predefined high value. In this case, the audio information from one of the microphones Is
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transmitted from the right instrument to the left instrument. In the case of a single microphone,
all the sound data will be available on the left instrument, and hereby the local speech
Intelligibility may be improved to a level at least as good as at the right instrument. In the case
of two or more microphones, where one of the right microphone signals 1s transmitted to the
left iInstrument, the speech intelligibility on the left instrument can be improved to a level at
least as good as the level at the right instrument, while the speech Iintelligibility on the right
Instrument i1s Improved solely by use of local directional processing.

[0059] For a single microphone embodiment, as shown In col. |, the quantity R I1s higher than
the high value HV and quantity L i1s below the high value HV. The transmission direction 520 Is
from the hearing instrument having the quantity R to the hearing instrument having the quantity
L. As a result, as shown In col. Il, the quantity L is increased to L' 525 that is higher than the
high value, whereas the quantity R is maintained at its original value. For a microphone array
embodiment, the transmission direction 520" is from the hearing instrument having the quantity
R to the hearing instrument having the quantity L as shown in col. . This results In increasing
the value L to L' 525' that is higher than the high value. However, the microphone array of the
hearing instrument having quantity R will still provide local improvement to the quantity R,
which is Increased to R' 530.

[0060] In Figure 5C, the speech Intelligibility on the left instrument is very poor, and the speech
Intelligibility on the right instrument 1s poor. In the case of a single microphone In each
Instrument, the sound Is preferably transmitted from the right to the left instrument as the left
Instrument has the highest potential for mproving the intelligibility. However, for some users, it
becomes unnatural to have the highest intelligibility on the ear that turns away from the user,
and for those, it may be a better choice to improve the intelligibility on the right ear (better ear).
In the case of two (or more) microphones on each side, there will be a situation, where it Is
better to transmit one of the microphone signals from the left (very poor-Sl) side to the right
(poor Sl) side as it hereby I1s possible to achieve a high Sl on at least one ear rather than an
iImprovement to a less high Sl level on both sides, which would be the case If the sound was
transmitted from the better ear to the less good ear.

[0061] For a single microphone embodiment, as shown in col. |, the quantity R is lower than
the high value HV and quantity L is below the lower value LV. The transmission direction 535 Is

from the hearing instrument having the quantity R to the hearing instrument having the quantity
L.

[0062] As a result, as shown In col. ll, the quantity L is increased to L' 540 that is closer to the
high value, whereas the quantity R Is maintained at its original value. Alternatively, the
transmission direction may be reversed In order to increase the quantity R such that the
Increased quantity R i1s higher than or closer to the high value whereas the value L iIs
maintained at its original value. For a microphone array embodiment, the transmission
direction 535" Is from the hearing instrument having the quantity L to the hearing instrument
having the quantity R as shown In col. |. This results in increasing the value R to R' 550, thus
Increasing at least one of the quantities beyond the high value HV. This is particularly beneficial
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to have at least one of the value higher than the high value for improved speech intelligibility.
However, the microphone array will provide local improvement to the quantity L, which is
Increased to L' 545.

[0063] In Figure 5D, an almost equally low level of Sl exists on both sides. In this case, there
may be an advantage of transmitting the audio information from one side to the other, but as
the Sl on both sides are close to equal, the transmission direction should not be changed, as a
change of transmission direction is likely to give an audible change In the spatial perception.
Hereby some hysteresis effect may be allowed in the change of transmission direction.

[0064] For a single microphone embodiment, as shown In col. |, both quantities L and R are
below the high value, the transmission direction 555 may include transmitting from one hearing
Instrument to another, typically from hearing instrument having a lower value. This results In
iImproving the quantity R to R" 560. For a microphone array embodiment, the transmission
direction 555" results in Iincreasing the quantity R to R' 570 closer to the higher value whereas
local microphone array increases the quantity L to L' 565. In view of very close value of the first
quantity and the second quantity (within the threshold), the transmission direction may be
continued as the one determined in the previous time slot.

[0065] In view of Fig. 5, the transmission direction of the audio information iIs dependent upon
Increasing at least one quantity higher than or closer to the predefined high value. The phrase
higher than the high value refers to increasing a quantity having value below the predefined
high value such that receipt and processing of the audio information would result in improving
the quantity more than the predefined high value. The phrase closer to the predefined high
value refers to Increasing quantity having value below the predefined high value such that
receipt and processing of the audio information would result in an increased quantity relative to
the quantity and the difference between the high value and increased quantity is lower than the
difference between the high value and the quantity/ high value and local quantity improvement
such as by using locally available microphone array. Additionally or alternatively, the
transmission direction includes transmitting audio information from the hearing instrument
having a higher quantity to the hearing instrument having the lower quantity if the determined
higher quantity is higher than the high value.

[0066] For a one microphone on each side embodiment, two local speech intelligibility (Sl)
estimates (or similar comparable quantities such as SNR, listening effort, voice activity) are
avallable. In one embodiment; If both estimates are high such as above the predefined high
value, then there 1s usually no need to transmit any audio information. In another embodiment,
If the Intelligibility estimate is low such as below predefined high value on one of the sides and
significantly lower than the other side such as below the predefined low value, then the
transmission may be made from the side with the higher Sl to the side with the lower Sl In
order to achieve acceptable speech intelligibility on both sides. Alternatively, in yet another
embodiment, If the intelligibility estimate i1s low such as below predefined high value on one of
the sides and significantly lower than the other side such as below the predefined low value,
then the transmission of the audio information from the lower Sl side to the higher Sl side may
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be implemented, hereby Iincreasing S| to highest possible value at the ear that iIs turned
towards the talker.

[0067] For hearing instruments individually including more than one microphone, two local
speech Intelligibility estimates are available, 1.e. estimates before local processing and after/
post local processing. In this set up, the transmission direction may depend on which ear Is
expected to provide the highest local speech intelligibility. If only a single audio signal is
transmitted between the hearing instruments, not all data will be available on any instrument,
and the resulting speech intelligibility on each side will thus also depend on the local speech
Intelligibility improvement, due to local directional noise reduction. In one embodiment, If both
estimates are high such as above the predefined high value, preferably there i1s no need to
transmit any audio information. In another embodiment, the audio Iinformation may be
transmitted from the high-SI side to the low Sl side, when no further improvement is expected
on the high-Sl instrument such as when the high Sl is above the predefined high value. In yet
another embodiment, the audio information may be transmitted from the low-S| instrument to
the high-Sl instrument, when it is expected that the resulting Sl on the high-Sl instrument would
be higher than or closer to the predefined high value or higher than the expected resulting SI
on the low-3l instrument If the transmission direction is from the high-Sl side to the low-SI side.
In a particular microphone array embodiment, the audio information is always transmitted from
the low-Sl instrument to the high Sl-instrument in order to maintain that the ear turned towards
the talker also have the highest increased Sl.

[0068] In an embodiment of two or microphones set up, the method includes 1) comparing the

post processing quantity 1.e. local improvement Iin quantity because of microphone array
avallable at a hearing instrument and improvement estimated because of receiving the audio
Information from another hearing instrument, 1.e. improvement Iin quantity because of the
disclosed binaural processing, and i) not performing the disclosed unidirectional transmission
of the audio information from the another hearing instrument to the hearing instrument if the
comparison result is below a pre-assigned threshold. In this scenario, the transmission
direction from a previous time slot may be maintained. However, If the comparison result Is
equal or above the pre-assigned threshold, then the transmission direction may include the
direction that i1s determined based on any of the other binaural processing embodiments of this
disclosure.

[0069] In yet another embodiment, the audio transmission direction 1s always from the high-Si
Instrument to the low-Sl instrument, as the highest local improvement will be achieved at the

low-SI side.

[0070] The skilled person would realize that in different implementations, the predefined
threshold value, predefined high value and predefined low value may be readjusted.
Furthermore, these values may also be a function of frequency dependent hearing threshold of
the user of the binaural hearing system. Finer classification within the originally proposed
threshold, high and low values Is also possible in order to determine the transmission direction
and is within the scope of this disclosure.
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[0071] Figure © Illustrates a hearing Instrument 2 as part of a binaural hearing instrument
system 600 according to an embodiment of the disclosure. The hearing instrument 2 includes
a transmitter 25 configured to send first data blocks (37, 38) to a second hearing instrument
(3) of said binaural hearing aid system. The first data blocks includes a first audio and/or a first
Information comprising a quantity characterizing the presence of usable information content In
a sound signal picked up by one or more input transducers 625 of the hearing instrument 2.
The hearing instrument further includes a receiver 605 configured to receive second data
blocks (44, 45', 45", 46, 47) from the second hearing instrument (3) of said binaural hearing
ald system, the second data blocks comprising a second audio and/or a second information
comprising a quantity characterizing the presence of usable information content in a sound
signal picked up by one or more input transducers of the second hearing instrument. The
hearing Instrument 2 further includes a comparator 610 configured to compare the first
Information with the second information, the second information being comparable to the first
Information, a decision unit 615 configured to, based on the first information and/ or second
Information and/ or the compared first information with the second information, decide whether
the hearing instrument 2 sends the first data blocks to the second hearing instrument 3 of the
binaural hearing aid system. The hearing Iinstrument 2 also Includes a processor 620
configured to either provide local processing of the signal or signal frames picked up by the
hearing instrument (2) or to provide binaural processing of the signal or signal frames picked
up by the hearing instrument (2) and the signal or signal frames received from the second
hearing Iinstrument (3) of the binaural hearing aid system. The decision unit 615 i1s further
configured to Instruct the transmitter 25 to send the first data block unidirectionally or instruct
the receilver receive the second data block unidirectionally within a time slot starting from
picking of the sound at the first hearing instrument (2) and the second hearing instrument (3)
until producing the synchronized outputs, the direction of unidirectional transmission being
dependent upon the first quantity and/ or the second quantity satisfying a predetermined
criteria. The skilled person would appreciate that the comparator 610 and/ or decision unit 615
may be part of the processor 620. Additionally, the time alignment unit may also be part of the
processor 620.

[0072] In the embodiment, the processor 620 Is configured to deliver the locally processed
signal or signal frames picked up by the hearing Iinstrument (2) or to deliver binaurally
processed signal or signal frames to an output transducer 630 such as a speaker in order to
produce stimulation.

[0073] In an embodiment, the quantity characterizing presence of usable information content
and the audio Information i1s transmitted using same transmission technique or different

transmission techniques.

[0074] Different components of the first hearing aid (2) are configured to communicate with
one another using the communication channel 635.

[0075] In an embodiment, a binaural hearing instrument system 600 including two hearing
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Instruments (2, 3) 1s disclosed. Each of the hearing instruments (2, 3) may include one or more
features that are described above In connection with the hearing instrument (2). For example,
the second hearing instrument (3) may also include a second transmitter 25, a second
receiver 605', a second comparator 610', a decision unit 615" and a second processor 620",
The second hearing instrument may also Iinclude a second time alignment unit. The second
Instrument may also include a microphone 625 and a communication channel 635'. Each
hearing instrument i1s configured to carry out the method according to the present disclosure as
described above.

[0076] In particular, the hearing instrument 3 Iincludes the transmitter 25" configured to send
second data blocks to the first hearing instrument 2 of said binaural hearing aid system 600.
The second data blocks includes a second audio and/or a second information comprising a
qguantity characterizing the presence of usable information content in a sound signal picked up
by one or more input transducers 625’ of the hearing instrument 3. The hearing instrument 3
further includes a receiver 605" configured to receive first data blocks from the first hearing
Instrument (2) of said binaural hearing aid system, the second data blocks comprising a first
audio and/or a first information comprising a quantity characterizing the presence of usable
Information content in a sound signal picked up by one or more input transducers of the first
hearing instrument.

[0077] The comparator 610" I1s configured to compare the first information with the second
Information, the second information being comparable to the first information, a decision unit
615 configured to, based on the first information and/ or second information and/ or the
compared first information with the second information, decide whether the hearing instrument
3 sends the second data blocks to the first hearing instrument of the binaural hearing aid
system. The hearing instrument also Iincludes a processor 620' configured to either provide
local processing of the signal or signal frames picked up by the hearing instrument (3) or to
provide binaural processing of the signal or signal frames picked up by the hearing instrument
(3) and the signal or signal frames received from the first hearing instrument (2) of the binaural
hearing aid system. The decision unit 615 s further configured to instruct the transmitter 25" to
send the second data block unidirectionally or instruct the receiver 605’ to receive the first data
block unidirectionally within a time slot starting from picking of the sound at the first hearing
Instrument (2) and the second hearing instrument (3) until producing the synchronized outputs,
the direction of unidirectional transmission being dependent upon the first quantity and/ or the
second quantity satisfying a predetermined criteria. The skilled person would appreciate that
the comparator 610 and/ or decision unit 615 may be part of the processor.

[0078] In the embodiment, the processor 620" Is configured to deliver the locally processed
signal or signal frames picked up by the hearing instrument (3) or to deliver binaurally
processed signal or signal frames to an output transducer such as a speaker 630" In order to
produce stimulation.

[0079] In an embodiment, the binaural hearing instrument system is configured such that data
packets or blocks comprising the usable information are exchanged binaurally prior to
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transmission of associated audio information comprised In data packets or blocks, the data
packets or blocks being of shorter duration than data packets or blocks.

[0080] It i1s understood that 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.

[0081] [t 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.

[0082] The claims are not intended to be limited to the aspects shown herein, but iIs 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.

[0083] Accordingly, the scope should be judged in terms of the claims that follow.
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Patentkrav

1. Fremgangsmade til valg af en transmissionsretning i et binauralt
hareapparatsystem, der omfatter to hereapparater (2, 3; 35, 40), hvor
fremgangsmaden omfatter
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ved et ferste hereapparat (2, 35), opfangelse af et lydsignal med en
eller flere indgangstransducere (21) pa det farste hareapparat;

ved et andet hareapparat (3, 40), opfangelse af lydsignalet med en eller
flere indgangstransducere (22) pa det andet h@reapparat;

ved det f@rste hereapparat (2, 35), bestemmelse af en ferste maengde
(FQ), der karakteriserer tilstedeveerelsen af anvendeligt
iINformationsindnold | lydsignalet, der er opfanget med den ene eller de
flere indgangstransducere (21) pa det farste hareapparat (2, 35);

ved det andet hareapparat (3, 40), bestemmelse af en anden meaengde
(SQ), der karakteriserer tilstedeveerelsen af anvendeligt
iInformationsindhold 1 lydsignalet, der er opfanget med den ene eller de
flere indgangstransducere (22) pa det andet h@reapparat (3, 40), hvor
den anden mangde (SQ) kan sammenlignes med den ferste meengde
(FQ);

at transmittere den farste maengde (FQ) til det andet h@reapparat (3,
40) og/eller transmittere den anden meengde til det farste hareapparat
(2, 39);

ved det ferste hareapparat (2, 35) og/eller andet hareapparat (3, 40),
sammenligne den ferste maengde (FQ) med den anden maengde (SQ);
Og

baseret pa den bestemte farste maengde (FQ) og/eller anden maengde
(SQ) og/eller den sammenlignede farste maengde (FQ) med den anden
maengde (SQ), bestemmelse af transmissionsretningen for at
transmittere audioinformation mellem det farste hereapparat (2, 35) 0og
det andet hereapparat (3, 40),

hvor transmissionen af audioinformation er ensrettet inden for et
tidsrum, der begynder ved opfangelsen af lydsignalet ved det farste
hareapparat (2, 35) og andet haereapparat (3, 40), Indtil de
synkroniserede outputs er frembragt, hvor retningen af ensrettet
transmission er afheengig af den ferste meengde (FQ) og/eller den
anden meaengde (SQ), der opfylder forudbestemte kriterier.

2. Fremgangsmade ifalge krav 1, der yderligere omfatter:

ved det ferste hereapparat, buffering af en ferste ramme af
signaleksempler baseret pa lydsignalet, der er opfanget med den ene
eller de flere iIndgangstransducere; og

ved det andet hereapparat, buffering af en anden ramme af
signaleksempler baseret pa lydsignalet, der er opfanget med den ene
eller de flere transducere

hvor transmission, der er afheengig af den bestemte
transmissionsretning, omfatter

at transmittere audioinformationen (37) fra det ferste heareapparat (35)
til det andet hereapparat (40), der omfatter a) at kode og transmittere
den ferste ramme fra det ferste hereapparat til det andet hereapparat,
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b) at udfere binaural behandling af den anden ramme og en dekodet
modtaget ferste ramme ved det andet hereapparat, hvilket derved
tilvejebringer et binauralt behandlet udgangssignal fra det andet
hareapparat og behandling af den ferste ramme ved det ferste
hareapparat, hvilket derved tilvejebringer et behandlet udgangssignal
fra det farste hereapparat, og ¢) at udfere tidsindstilling ved det ferste
hareapparat til synkronisering af udgangssignalerne; eller

at transmittere audioinformationen (44, 45') fra det andet hareapparat
(40) til det ferste hereapparat (35), der omfatter a) at kode og
transmittere den anden ramme fra det andet h@reapparat til det farste
hareapparat, b) at udfare binaural behandling af den farste ramme og
en dekodet modtaget anden ramme ved det ferste hareapparat, hvilket
derved tilvejebringer et binauralt behandlet udgangssignal fra det farste
hareapparat og behandling af den anden ramme ved det andet
hareapparat, hvilket derved tilvejebringer et behandlet udgangssignal
fra det andet hereapparat, og c) at udfere tidsindstilling ved det andet
hareapparat til synkronisering af udgangssignalerne, eller

Ingen transmission af audioinformationen mellem det ferste
hareapparat (35) og det andet hereapparat (40).

3. Fremgangsmade ifalge krav 1, hvor hver af den farste og anden maengde,
der karakteriserer tilstedeveaerelsen af anvendeligt informationsindhold, er valgt
fra en gruppe, der bestar af et lokalt signal-til-stagjforhold (SNR), som er
estimeret ved det tilsvarende af det ferste og andet hareapparat (2, 3), en lokal
stemmeaktivitetsdetektionsindikation, der er indstillet ved det tilsvarende af det
ferste og andet hareapparat (2, 3), et lokalt niveau, som er estimeret ved det
tilsvarende af hereapparaterne (2, 3), et taleforstaelighedsestimat, der er
estimeret for et tilsvarende @re for en bruger af et binaural h@reapparat, en
lokal hareteerskelveerdl ved det tilsvarende @are for brugeren af det binaurale
hareapparat, og enhver kombination deraf.

4. Fremgangsmade ifelge krav 1, hvor, nar en forskel mellem den farste
meaengde og den anden meaengde ligger under en foruddefineret teerskelveerdi
(T), transmissionsretningen omfatter
at transmittere audioinformationen (37) fra det ferste h@areapparat (2) til
det andet hereapparat (3) eller fra det andet hereapparat (3) til det
forste hareapparat (2); eller
Ingen transmission mellem det farste hereapparat (2) og det andet
hareapparat (3); eller bibeholde en transmissionsretning fra et tidligere
tidsinterval.

5. Fremgangsmade ifelge krav 1, hvor, nar forskellen mellem den farste
meengde og den anden meengde er | det mindste den foruddefinerede
teerskelveerdi (T), transmissionsretningen omfatter
at transmittere audioinformationen (37) fra det ferste h@areapparat (2) til
det andet hereapparat (3), hvis den farste maengde er h@jere end den
anden meengde, og den ferste meengde er |1 det mindste en
foruddefineret h@j veerdi (H); eller
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at transmittere audioinformationen (37) fra det andet hareapparat (3) tll
det farste hereapparat (2), hvis den anden maengde er hgjere end den
forste meengde, og den anden meengde er | det mindste den
foruddefinerede heje veerdi (H).

6. Fremgangsmade ifelge krav 1, hvor, nar forskellen mellem den farste
meengde og den anden meengde er | det mindste den foruddefinerede
teerskelveerdi (T), transmissionsretningen omfatter
at transmittere audioinformationen (37) fra det ferste h@areapparat (2) til
det andet hereapparat (3), hvis den anden maengde er hajere end den
ferste maengde, og den ferste maengde ligger under en foruddefineret
lav veerdi (L), og den anden maengde ligger under den foruddefinerede
haje veerdi (H); eller
at transmittere audioinformationen (37) fra det andet hareapparat (3) tll
det farste hareapparat (2), hvis den farste maengde er hajere end den
anden mengde, 0og den anden meengde ligger under den
foruddefinerede lave veerdi (L), og den farste meengde ligger under den
foruddefinerede h@je veerdi (H).

/. Fremgangsmade ifelge krav 2, hvor transmissionsretningen af
audioinformationen (37) er afhaengig af
at forage 1 det mindste en maengde, der er h@jere end eller neermere
ved den foruddefinerede haje veerdi; og/eller
at transmittere audioinformation (37) fra hereapparatet med en hgjere
meengde til hereapparatet med den lavere meaengde, hvis den
forudbestemte hejere maengde er hgjere end den h@je veerdi.

8. Fremgangsmade ifelge krav 1, hvor den ferste og anden maengde, der
karakteriserer tilstedeveerelsen af anvendeligt Informationsindhold o0g
audioinformationen (37), transmitteres ved anvendelse af samme
transmissionsteknik eller forskellige transmissionsteknikker.

9. Fremgangsmade ifelge hvilke som helst af de foregaende krav, hvor
datapakker eller -blokke (38, 45", 46 og 4/), der omfatter den anvendelige
Infformation, udveksles Dbineert forud for transmission af tilknyttet
audioinformation, der er omfattet | datapakker eller -blokke (37, 44, 45'), hvor
datapakkerne eller -blokkene (38, 45", 46 og 47), der omfatter den anvendelige
Information, har kortere varighed end datapakker eller -blokke (37, 44, 45,
der omfatter den tilknyttede information.
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