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DESCRIPTION

TECHNICAL FIELD

[0001] The present invention relates to low power wireless communication, and especially to
power controller, including power regulation. The invention relates specifically to a hearing aid
system comprising a first hearing aid device and a mobile device, each comprising a transmit
and receive units for establishing a short range wireless link between the devices.

BACKGROUND

[0002] First generation wireless link systems for portable listening devices, such as hearing aid
devices and mobile devices, have typically been based on fixed transmitted power between the
devices. The transmitter current is, €.g. In the production phase, (conservatively) aligned to the
minimum current with which the system always can achieve internal communication, taking into
account component tolerances, different operational distances between devices because of
variation in head sizes placement of the mobile device relative to a hearing aid device, etc. The
overhead in current in a particular setup represents a waste of power for those devices.

[0003] EP2211579 B1 describes a communication system comprising a first and a second
portable communication device, each comprising transmit and receive units for establishing a
wireless link between the devices, wherein at least the first communication device Is a portable
istening device and comprises a control unit for dynamically adjusting the transmit power of its
transmit unit (TX) based on a measure (LQ) of the quality of the link provided by a link quality
evaluation unit. The link quality evaluation unit of the receiving device Is adapted to combine
one or more link quality measures for determining an appropriate transmit power level for the
transmitting device.

[0004] For example, the AGC settings are combined with a CRC-check, e.g. in such a way that
only AGC settings for error-free frames are stored and used for the estimate of link quality, or
the AGC settings are combined with a BER measure.

[0005] US2013/0108058 A1 discloses a hearing device comprising at least one microphone, at
least one analog-to-digital converter (ADC), a signal processing unit, a communication unit for
establishing and/ or maintaining a communication link to a second hearing device, and a
detection unit for determining a communication link quality. The at least one microphone is
operationally connected to the signal processing unit via the at least one ADC, and the
communication unit is operationally connected to the signal processing unit. By providing said
detection unit, which iIs operationally connected to the communication unit, together with a
processing scheme selectable Iin the signal processing unit in accordance to a determined
communication link quality, a binaural hearing system with two hearing devices was rendered
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able to adjust its mode In line with the communication link quality, and thereby its capacity.

[0006] US2015/0048976 A1 relates to a portable electronic system comprising a first electronic
device and an auxiliary device. The first electronic device comprises a first antenna defining a
first spatial direction, and a first wireless unit operationally coupled to the first antenna. The
auxiliary device comprises a second antenna defining a second spatial direction, the second
antenna comprising a multitude of antenna elements, each defining a specific spatial direction,
a second wireless unit operationally coupled to the second antenna, a direction detector
configured to provide a direction-signal indicating an estimate of a current value of said second
spatial direction relative to a reference direction, and a control unit configured to selectively
control the connection of said multitude of antenna elements of the second antenna to said
second wireless unit based on said direction-signal from the direction detector. Thereby a
wireless link between a hearing assistance device and an auxiliary device can be optimized.

SUMMARY

[0007] An object of the present disclosure Is to provide a hearing aid system including a power
controller configured to control power consumption in a short range wireless link.

[0008] An object of the Invention Is achieved by a hearing aid system comprising a first hearing
ald device and a mobile device, wherein each of the devices comprises a transmit unit and a
receive unit for establishing a short range wireless link between the devices, wherein at least
one of the devices comprises:

» a microphone configured to receive an acoustical audio signal,

e a signal processing unit configured to process an audio signal based on the acoustical
audio signal,

e a first link quality estimator, where the first link quality estimator Is configured to
determine a phase error of an information packet transmitted from the other device and
received by the receive unit of the at least one of the devices and determine a link
quality signal based on the phase error, and wherein the phase error i1s determined by
averaging the phase error of the multiple samples/bits of the information packet, and the
average phase error per information packet iIs further averaged Iin between several
Information packets, and wherein the at least one of the devices is configured to transmit
the link quality signal to the other device, and the other device Is configured to determine
the power level of the transmission of the information packet based on the link quality
signal via a power controller comprised by the other device, wherein the other device
which comprises the power controller is configured to adjust a power level of the
transmission of the information packet based on the link quality signal transmitted by the
at least one of the devices which comprises the first link quality estimator.



DK/EP 3454575 13

[0009] The at least one of the devices may comprise a power controller configured to adjust a
power level of the transmission of the Iinformation packet based on a link quality signal
transmitted by the other device comprising the first link quality estimator.

[0010] The power controller may adjust the power level of the transmission within a maximum
power level and a minimum power level.

[0011] This has the advantage of enabling an adaptation of the power consumption to the
current needs. In an embodiment, a minimization of power consumption of the short range

wireless link 1s enabled.

[0012] It i1s known to use an automatic gain controller or a signal strength controller for
controlling the power of a short range wireless link in a communication system. By using gain
controller and/or signal strength controller the distinguishing between whether the
Increase/decrease In gain or signal strength in the link is due to either the noise or the actual
signal in the wireless link i1s not present

[0013] The advantage of using phase error detection Is that a change in the signal-to-noise
ratio 1S detectable. Thereby, 1t Is possible to distinguishing between whether the
Increase/decrease In gain or signal strength in the link i1s due to either the noise or the actual
signal in the wireless link.

[0014] If the hearing aid system Is In a noisy environment Including for example a monitor
screen acting as a noise source, and the mobile device transmits an information packet to the
first hearing aid device via the short range wireless link, the noise emitted by the noise source
will interfere with the signal including the information packet. The receiving unit, which in this
example Is the first hearing aid device, detects via the power controller an increase In the
signal strength or in the gain of the transmission including the information packet, when the
noise from the noise source Interferes with the transmission. In known solutions, the
transmitting unit, which in this example is the mobile device, will reduce the power level of the
transmission of the information packet or increase the power If the power level of the interferer,
l.e. the noise source, Is high enough to dominate the receiver power and the noise is so high
that it is breaking the link. However, In present disclosure, the transmitting unit will keep the
power level of the transmission constant even though the noise starts to interfere with the
signal (i.e. the power level of the transmission has not changed). The receiving unit transmits
the link quality signal to the transmitting unit. The transmitting unit controls the power level of
the transmission of the information packet based on the received link quality signal. In this
specific example, the power level is Increased due to the noise provided by the noise source.

[0015] The first link quality estimator determines the phase error based on phase error
detection, phase offset detection, frequency error detection or based on a modulation scheme

of the information packet.

[0016] The information packet may be a data packet and/or an audio packet transmitted by the
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mobile device or the first hearing aid device.

[0017] The first hearing aid device and the mobile device may comprise an antenna coll, and
where the short range wireless link may be an inductive coupling between the first hearing aid
device and the mobile device.

[0018] The mobile device may be a second hearing aid device or an auxiliary device, such as
a smartphone or an intermediate streaming device.

[0019] The advantage of the mobile device being a second hearing aid device Is that an
adaptation of the power consumption to the current needs In a binaural communication
between the first and second hearing aid device has improved.

[0020] The term 'a measure of the quality of the link' is In the present context also termed 'link
quality’ and abbreviated 'LQ'. It is understood that an increase In link quality means a better
and more reliable link, whereas a decrease In link quality means a worse and less reliable link.

[0021] The power controller is further configured to dynamically adjust the transmit power of

the transmit unit for transmitting the information packet based on a measure of the quality of
the link.

[0022] At least one of the devices In the hearing aid system has a local energy source, e.g. In
the form of a battery. The devices may be a low power device comprising an energy source,
which - without being exchanged or recharged - is of limited duration (the limited duration
being e.g. of the order of hours or days, such duration being limited compared to the expected
ife time of the device). The maximum supply voltage of the energy source may be less than 5
V, such as less than 4 V, such as less than 3 V, such as less than 1.5 V. The typical duration of
the energy source of the device Is less than 2 weeks, such as less than 1 week, such as less
than 2 days, such as less than 1 day, such as less than 8 hours.

[0023] In general, the wireless link can be of any type used under power constraints such as In
a portable (typically battery driven) hearing aid device. In an embodiment, the wireless link Is a
ink based on near-fleld communication, e.g. an inductive link based on an inductive coupling
between antenna coils of the first hearing aid device and the mobile device. In another
example, the wireless link Is based on far-field, electromagnetic radiation. In a further example,
the communication via the wireless link Is arranged according to a specific modulation scheme,
e.g. an analogue modulation scheme, such as FM (frequency modulation) or AM (amplitude
modulation), or a digital modulation scheme, such as FSK (frequency shift keying), PSK (phase
shift keying) or FH-SS (frequency hopping spread spectrum).

[0024] The measure of the quality of the link I1s extracted in the receiving communication
device, for example In the first hearing aid device, based on the signal, including the
Information packet, received from the transmitting communication device.
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[0025] The power controller may be configured to determine the power level of the
transmission of the information packet according to a first threshold and a second threshold.

[0026] The link quality signal comprises estimates of the phase error, where the estimate of
the phase error may be determined by averaging the phase error of the multiple samples/bits
of the Information packet, and furthermore, the average phase error per information packet is
further averaged In between several information packets with, for example, a low pass filter.
The average In between the several information packets i1s denoted as a link quality phase
metric. The link quality signal comprises the link quality phase metric which expresses the
average phase error of several information packets.

[0027] If the link quality phase metric i1s below the first threshold then the power controller is
configured to decrease the power level of the transmission of the information packet, and/or If
the link quality phase metric is above the second threshold then the power controller is
configured to increase the power level of the transmission of the information packet.

[0028] Additionally, If the link quality phase metric is between the two thresholds then the
power controller is configured to keep the power level constant.

[0029] Small variations of the phase error may not affect the audible signal in the information
packet in such a way that the user is able to hear it. However, the variations in the phase error
may cause unnecessary variations in the power level of the transmission of the information
packet, since the first link quality estimator 1s configured to transmit the link quality signal
Independent of the level of the phase error, 1.e. the level of link quality phase metric. Then, by
applying the teaching of that the link quality phase metric has to be between the first threshold
and the second threshold will prevent the transmitting device, for example the first hearing aid
device or the mobile device, to perform unnecessary power adjustment of the power level of
the transmission of the information packet.

[0030] The power controller may further be configured to increase the power level with a first
power step size based on the link quality signal if the link quality phase metric is above the
second threshold, and/or the power controller may be configured to decrease the power level
with a second power step size based on the link quality signal if the link quality phase metric is
below the first threshold, and where the first threshold i1s smaller than the second threshold.

[0031] So, the value of the first threshold is less than the second threshold.

[0032] The first power step size may be larger or smaller than the second power step size, or
the first power step size may be equal to the second power step.

[0033] The first and the second power step size increases or decreases based on a ratio
between the amount of the link quality phase metric and a time period.

[0034] In an example, only control signals, e.g. concerning settings of an individual device
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defining its current state or the link quality signal, are transmitted via the wireless link. In
another example, full or partial audio signals (e.g. certain frequency ranges of the audio
signal), possibly including control signals, are transmitted via the wireless link.

[0035] The measure of the quality of the link may be extracted in a link quality evaluation unit
In the receilving communication device, for example the mobile device, based on the signal
received from the transmitting communication device, for example the first hearing aid device.

[0036] The hearing aid system may be adapted to transmit and receive signals according to a
digital protocol, wherein the transmitted and received signals may comprise data arranged In
packets according to said protocol.

[0037] In an embodiment, the receiving communication device may be adapted to transmit the
measure of the quality of the link to the transmitting communication device, e.g. the first
hearing aid device or the mobile device, and the transmitting communication device may be
adapted to receive the measure of the quality of the link and to adjust the transmit power
based on the received measure of the quality of the link.

[0038] The actions of regulating the power level of the transmitter of the transmitting device
may be performed after a delay corresponding to the action in question, the delay possibly
depending on the current power level, and/or the intended future power level, and/or a value
and/or a rate of change of the link quality measure, a fast rate of change and/or a relatively
large intended change Iin power level (e.g. more than one power level step) e.g. resulting In a
low or no delay in the consequent regulation.

[0039] In an embodiment, the link quality measure may be averaged over time. By adjusting
the time over which the link quality may be averaged, the speed of reaction of the power level
adjustment can be Iinfluenced, an increased averaging time resulting in a reduced speed of
reaction and vice versa.

[0040] The first hearing aid device and/or the mobile device and/or a server connected to the
mobile device or the first hearing aid device may comprise a memory for storing the link quality
signal and/or position of a user wearing the hearing aid device and/or the mobile device.

[0041] The at least one of the devices, the first hearing aid device and/or the mobile device,
may be configured to determine the link quality signal based on the position of the user
wearing the hearing aid device and/or the mobile device. In this example, the mobile device
may communicate with a server with the position of the user of the first hearing aid device. The
first hearing aid device, the mobile device or the server may comprise a memory unit. The first
hearing aid device may be connected either directly or indirectly via the mobile device to the
server. The memory unit may comprise a noise map which defines locations of noise sources
and noise fields of the noise sources. The mobile device or the first hearing aid device may
recelve status information from the server of the noise sources based on the position of the
user. The status information includes for example whether the noise source is turned on or off,
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l.e. whether the noise source emits noise or not. The mobile device, the first hearing aid device
or the server may include the first link quality estimator for determining the link quality signal
based on the position of the user and the noise sources and the noise fields of the respective
noise sources.

[0042] By detecting the position of the user has the advantage of that the hearing aid system is
able to predict when phase error in the transmission may occur due to external noise sources.
Thereby, the power controller of the transmitting device, for example the mobile device, may
Increase the power of the transmission before an actual phase error starts to occur.

[0043] The at least one of the devices, the first hearing aid device and/or the mobile device,
may comprise a second link quality estimator, where the second link quality estimator may be
configured to determine whether one or more information packets are lost and/or to determine
a number of bit errors, and the second link quality estimator may be configured to determine
the link quality signal based on the determined number of lost information packets and/or the
determined number of bit errors.

[0044] The at least one of the devices, for example the first hearing aid device, may comprise
the power controller configured to adjust the power level of the transmission of the information
packet based on the link quality signal transmitted by the other device comprising the second
link quality estimator or based on the link quality signal transmitted by the second link quality
estimator of the device comprising the power controller.

[0045] Detecting phase error reduces the risk of getting phase error and/or missing packets In
the transmission between the first hearing aid device and the mobile device, and by combining
the two quality estimators a suddenly phase error and/or a missing packet can still be detected
and rectified by the power controller of the transmitting device.

[0046] The hearing aid system may combine multiple link quality measures for determining an
appropriate transmit power level of the transmitting device, i.e. the device transmitting the
Information packet. The combination of the first link quality estimator and the second link
quality estimator, 1.e. the combination of for example phase error detection and BER detection,
are used separately for determining an appropriate transmit power level for the transmitting.

[0047] The first link quality estimator and the second link quality estimator are both configured
to determine continuously the link quality signal. The link quality signal may comprise the
iInformation about number of lost information packets and/or the determined number of bit
errors and/or the determined phase error.

[0048] The at least one of the devices may be configured to determine continuously the link
quality signal based on the determined number of lost Iinformation packets and/or the

determined number of bit errors and/or the determined phase error.

[0049] The first link quality estimator and the second link quality estimator are both configured
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to determine continuously the link quality signal in parallel or sequentially.

[0050] Ina preferred example, the first link quality estimator and the second link quality
estimator are both running simultaneously.

[0051] The power controller may be configured to adjust the power of the transmission of the
Information packet according to a power step size. The power controller may be configured to
Increase the power level with a first power step size If the link quality phase metric i1s above the
second threshold, and/or the power controller may be configured to decrease the power level
with a second power step size If the link quality phase metric is below the first threshold, and
where the first threshold is smaller than the second threshold.

[0052] The power controller may further be configured to increase the power level of the
transmission of the information packet with a third power step size based on the link quality
signal based on the link quality signal and the second link quality estimator. The third power
step size Increases or decreases based on a ratio between the number of lost information
packets and a time period or a ratio between the number of bit errors and the time period.

[0053] If for example the time period between each bit error decreases or frequency
Increased, then the third power step size has to be Increased In order to obtain a faster
response to the escalation of the number of bit errors occurring in the transmission of the
Information packet.

[0054] The power controller may be configured to increase or decrease the first step size and
the second step size If the phase errors starts to increase more rapidly. So In order to obtain a
faster response to the rapidly growing of phase error then the first/second step size has to be
Increased.

[0055] As a unclaimed example, merely useful for understanding the present invention, it Is
mentioned a method configured to determine the power level of a transmission of an
Information packet between a first hearing aid device and a mobile device, wherein the method
comprising;

o transmitting an information packet via a transmit unit to at least one of the devices from
the other device

e receiving the information packet via a receive unit of the at least one of the devices,

o detecting a phase error of the information packet received by the receive unit,

e determining a link quality signal based on the phase error,

o transmitting the link quality signal to the other device,

e determining a power level of the transmission of the information packet based on the link
quality signal in the other device.

[0056] The first link quality estimator and/or the second link quality estimator may be
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configured to evaluate the link quality and provide the link quality signal according to a
predefined scheme, e.g. at regular intervals in time, e.g. =2 every 100 s, such as 2 every 10 s or
such as = every 1 s. Alternatively, the time instances of evaluating the link quality may be
dynamically determined, e.g. dependent upon the current and/or an intended future
transmission power level or based on recorded link qualities or power levels for a preceding
time Interval, such as the last hour or the last 10 minutes or the last minute or the last 10 s or
the last 1s or less. The time between evaluations of link quality and possible regulation of the
transmission power level may decreases when transmission power level increases.

[0057] The link quality may be continuously monitored. The transmission power level may
continuously be regulated. The transmission power level I1s regulated (if changes are
necessary) according to a predefined scheme, e.g. with a delay of 1 sor5 s or 10 s or 20 s or
dependent upon the current link quality or the rate of change of link quality (a large rate of
change of link quality inducing a rapid change of transmission power level).

[0058] The power controller i1s configured to raise its own transmitter power, when several
packets are lost. If the first hearing aid device has lost several packets from the other device In
a row, most likely the other side Is not able to receive the link quality signal from the first
hearing aid device, and therefore the power controller of the first hearing aid device Is
configured to increase the power of the transmission of the link quality signal.

BRIEF DESCRIPTION OF DRAWINGS

[0059] 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 detalls are left out. Throughout, the same reference numerals are used for identical
or corresponding parts. The individual features of each aspect may each be combined with any
or all features of the other aspects. These and other aspects, features and/or technical effect
will be apparent from and elucidated with reference to the illustrations described hereinafter in
which:

Fig. 1, illustrates a hearing aid system,
Fig. 2, illustrates a hearing aid system including a second link quality estimator,
Figs 3a and 3b, illustrate measurements of a hearing aid system,

Figs 4a and 4D, illustrate measurements of a hearing aid system including a second link quality
estimator,

Fig. 5, lllustrates a first threshold and a second threshold,

Fig. 6, lllustrates a hearing aid system,
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Fig. 7, lllustrates a hearing aid system,

Fig. 8, lllustrate an example of a hearing aid system.

DETAILED DESCRIPTION

[0060] The detailed description set forth below In connection with the appended drawings Is
Intended as a description of various configurations. The detailed description includes specific
details for the purpose of providing a thorough understanding of various concepts. However, It
will be apparent to those skilled in the art that these concepts may be practiced without these
specific details. Several aspects of the apparatus and methods are described by various
blocks, functional units, modules, components, circuits, steps, processes, algorithms, etc.
(collectively referred to as "elements”). Depending upon particular application, design
constraints or other reasons, these elements may be implemented using electronic hardware,
computer program, or any combination thereof.

[0061] A hearing aid device Includes a hearing aid that is adapted to improve or augment the
hearing capability of a user by receiving an acoustic signal from a user's 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. The
hearing aid device Is adapted to be worn In any known way. This may include 1) arranging a
unit of the hearing aid device behind the ear with a tube leading air-borne acoustic signals or
with a receiver/ loudspeaker arranged close to or in the ear canal such as in a Behind-the-Ear
type hearing aid or a Recelver-in-the Ear type hearing aid, and/ or i) arranging the hearing
device entirely or partly in the pinna and/ or in the ear canal of the user such as in an In-the-
Ear type hearing aid or In-the-Canal/ Completely-in-Canal type hearing aid, or iii) arranging a
unit of the hearing device attached to a fixture implanted into the skull bone such as in Bone
Anchored Hearing Aid or Cochlear Implant, or iv) arranging a unit of the hearing device as an
entirely or partly implanted unit such as in Bone Anchored Hearing Aid or Cochlear Implant.

[0062] A hearing aid device Is part of a "hearing aid system”, which refers to a system
comprising one or two hearing devices, disclosed In present description, and a "binaural
hearing system" refers to a system comprising two hearing devices where the devices are
adapted to cooperatively provide audible signals to both of the user's ears. The hearing aid
system or binaural hearing system further includes mobile device(s) that communicates with at
least one hearing aid device, the mobile device affecting the operation of the hearing aid
devices and/or benefitting from the functioning of the hearing aid devices. A wireless
communication link between the at least one hearing aid device and the mobile device Is
established that allows for exchanging information (e.g. control and status signals, possibly
audio signals) between the at least one hearing aid device and the mobile device. Such mobile
devices may Include at least one of remote controls, remote microphones, audio gateway
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devices, mobile phones, public-address systems, car audio systems or music players or a
combination thereof. The audio gateway Is adapted to receive a multitude of audio signals
such as from an entertainment device like a TV or a music player, a telephone apparatus like a
mobile telephone or a computer, a PC. The audio gateway Is further adapted to select and/or
combine an appropriate one of the received audio signals (or combination of signals) for
transmission to the at least one hearing aid device. The remote control is adapted to control
functionality and operation of the at least one hearing aid devices. The function of the remote
control may be implemented in a Smartphone or other electronic device, the Smartphone/
electronic device possibly running an application that controls functionality of the at least one
hearing aid device.

[0063] In general, a hearing aid device Includes 1) an input unit such as a microphone for
recelving an acoustic signal from a user's surroundings and providing a corresponding input
audio signal, and 1) a receiving unit for electronically receiving an input audio signal. The
hearing aid device further includes a signal processing unit for processing the input audio
signal and an output unit for providing an audible signal to the user in dependence on the
processed audio signal.

[0064] The input unit may Include multiple input microphones, e.g. for providing direction-
dependent audio signal processing. Such directional microphone system Is adapted to
enhance a target acoustic source among a multitude of acoustic sources In the user's
environment. In one aspect, the directional system Is adapted to detect (such as adaptively
detect) from which direction a particular part of the microphone signal originates. This may be
achieved by using conventionally known methods. The signal processing unit may include
amplifier that 1s adapted to apply a frequency dependent gain to the input audio signal. The
signal processing unit may further be adapted to provide other relevant functionality such as
compression, noise reduction, etc. The output unit includes an output transducer such as a
loudspeaker/ receiver for providing an air-borne acoustic signal transcutaneously or
percutaneously to the skull bone or a vibrator for providing a structure-borne or liquid-borne
acoustic signal. In some hearing aid devices, the output unit may include one or more output
electrodes for providing the electric signals such as in a Cochlear Implant.

[0065] Fig. 1 illlustrates the hearing aid system 1. The hearing aid system 1 comprising a first
hearing aid device 2 and a mobile device 3, wherein each of the devices (2, 3) comprising a
transmit unit 9 and a receive unit 9 for establishing a short range wireless link 10 between the
devices (2,3). At least one of the devices 2 comprises; a microphone 5 configured to receive
an acoustical audio signal, a signal processing unit 4 configured to process an audio signal
based on the acoustical audio signal, a first link quality estimator 8, where the first link quality
estimator 8 I1s configured to determine a phase error of an information packet transmitted from
the other device 3 and received by the receive unit 9 and determine a link quality signal based
on the phase error, and wherein the at least one of the devices 2 Is configured to transmit the
link quality signal to the other device 3, and the other device 3 I1s configured to determine the
power level of the transmission of the information packet based on the link quality signal via a
power controller 7 comprised by the other device 3.
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[0066] In this specific example, the first hearing aid 2 comprises a power controller 7
configured to adjust a power level of the transmission of the information packet based on a link
qguality signal transmitted by the other device 3 comprising a first link quality estimator 8.

[0067] Fig. 2 illustrates the hearing aid system Including a second link quality estimator 13.
The at least one of the devices (2, 3), the first hearing aid device 2 and/or the mobile device 3,
may comprise a second link quality estimator 13, where the second link quality estimator 13 Is
configured to determine whether one or more information packets are lost and/or to determine
a number of bit errors. The second link quality estimator is configured to determine the link
quality signal based on the determined number of lost information packets and/or the
determined number of bit errors.

[0068] The second link quality estimator 13 may comprise Bit-Error detection and/or detection
of lost information packets, CRC error detection or packet loss.

[0069] In this specific example, the first hearing aid device 2 comprises the second link quality
estimator 13. The first hearing aid device 2 1s then configured to determine continuously the
ink quality signal based on a determined number of lost information packets and/or the
number of bit errors via the second link quality estimator 13, and via the first link quality
estimator 8, the first hearing aid device 2 i1s configured to determine continuously the link
quality signal based a determined phase error.

[0070] Figs. 3a and 3b show measurements of the hearing aid system 1 which illustrates the
functionality of the first link quality estimator 8 together with the power controller 7.

[0071] The measurements are provided on the transmission of the information packet
comprising multiple samples, and the link quality estimator 8 Is configured to estimate the
phase error of each received sample/bit and averages the phase error over the whole
Information packet.

[0072] The averaged phase error of each received sample is denoted as the link quality phase
metric. In 20, the link quality phase metric is less than the first threshold th1, and in 21, the link
quality phase metric is being larger than the second threshold th2.

[0073] The power controller is adjusting the power level 23 of the transmission according to
the link quality phase metric estimated by the first link quality estimator 8. In 24, the power
controller 7 decreases the power level 23 since the link quality phase metric i1s below the first
threshold th1. The power controller 7 i1s configured to not decrease the power level 23 below a
predefined minimum. The power controller 7 may decrease the power level 23 with the second
power step size Aso.

[0074] In 25, the power controller 7 of the transmitting device (2 or 3) Increases the power
level 23 of the transmission, since the link quality phase metric is above the second threshold
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th2, 1.e. the amount of phase error is critical with respect to destroying for example the audio In
the Information packet. The power controller 7 increases the power level 23 with the first power
step size As1q. In this specific example, the first power step size is larger than the second power

step size due to a CRC error
The power controller 7 Is configured not to increase the power level 23 above a predefined
maximum.

[0075] Figs. 4a and 4b show measurements of the hearing aid system 1 which illustrates the
functionality of the second link quality estimator 13 together with the power controller 7. In 20,
the link quality phase metric is less than the first threshold th1, and in 21, the link quality phase
metric Is being larger than the second threshold th2. It is seen that the power controller 7
reduces the power level in corresponds to the link quality phase metric being less than the first
threshold th1, and the power controller 7 increases the power level due to the link quality
phase metric being larger than the second threshold. In 27, the transmission experiences
either bit error or missing information packets, and the respond of the power controller 7 i1s to
Increase the power level 23 with a third power step size As3 which Is larger than the second

power step size As, being used for decreasing the power level 23.

[0076] In 27, multiple of missing Information packets or bit errors have occurred, and the
power control 7 increases the power level 23 of the transmission significantly and within a short
time period. The missing of information packets stops and the power controller /7 decreases
the power level 23 to a minimum power level.

[0077] Fig. S illustrates the first threshold th1 and the second threshold and how the power
controller 7 1s varying the power level 23 of the transmission in respect to whether the link
quality phase metric i1s between the two thresholds (th1, th2) or below and above the first
threshold and the second threshold, respectively. Between time 0 and t1 a variation in the link
guality phase metric is seen. The power controller does not change the power level between O
and t1 since the power of the transmission is already at the minimum level. At time t1 it is seen
that the power controller increased the power since the link quality phase metric has increased
above the second threshold th2. At time t2 the power controller 7 increases the power even
more since the first increase Iin power at time t1 did not reduce the amount of the link quality
phase metric. At time t3 the power controller 7 increases the power of the transmission once
again, and at time t4, the link quality phase metric is now between the two thresholds (th1,
th2), and the power controller 7 keeps the power of the transmission constant. At time t5 the
ink quality phase metric has dropped below the first threshold th1, and the power controller
reduces the power In the transmission.

[0078] Fig. 6 illustrates the hearing aid system 1, where In this example at least one of the
device (2, 3), 1.e. the first hearing aid device 2 and/or the mobile device 3, comprises the first
link quality estimator 8 and/or the second link quality estimator 13. In this specific example both
estimators receive the received information packets from the receiving unit 9. The first link
quality estimator 8 estimates the phase error of each received sample/bit of the information
packet, and averages the estimated phase error for each sample/bit over the whole packet.



DK/EP 3454575 13

Then, the average phase error per information packet is further averaged in between several
Information packets with a low pass filter 30. This further averaged phase error i1s denoted as
the link quality phase metric 35. The link quality phase metric 35 Is then checked against the
two thresholds (th1, th2). If the metric 35 I1s under first threshold th1, the link quality Is
unnecessary too high, and therefore, the power controller will transmit the link quality signal
(31, 9) to the mobile device 3, and the power controller 7 of the mobile device Is then
configured to lower its power 23 of the transmission. If the metric is over the second threshold
th2, the link quality is too low, and therefore, the power controller will command (32,9) the
mobile device 3 to raise its power by transmitting the link quality signal. The first hearing aid
device 2 may also be configured to command itself in order to increase the power of the
transmit unit 9 in the first hearing aid device 2 with the purpose that the other device 3 can
receive the link quality signal.

[0079] The thresholds may dynamically change according to a desired bit error rate range of
the transmission between the two devices. The desired bit error rate range may be between

10" and 10°/. Alternatively, the thresholds may be predetermined according to the desired bit
error rate range.

[0080] The power controller 7 of the first hearing aid device 3 or the mobile device 3 may
further be iInformed about CRC 33 errors or packet loss 34 via the second link quality estimator
13. The power controller 7 will then request the other device 3 to raise its transmission power
23. If the first hearing aid device 2 i1s not able to communicate to the other device 3, then the
power controller 7 of the device 2 is configured to raise the power of the transmit unit 9 of the
first hearing aid device 2 If the first hearing aid device does not experience any effect of the link
quality of the transmission when transmitting one or more link quality signals.

[0081] The mobile device 3 may be the transmitting or receiving device of the information
packets and the features of the first hearing aid device may be the transmitting or receiving

device of the information packets.

[0082] Fig. 7 illustrates that at least one of the devices (2, 3) of the hearing aid system 1 may
comprise a memory 12 for storing the link quality signal and/or position of a user wearing the
hearing aid device and/or the mobile device. The hearing aid system 1 may comprise a server
which may be connected to the mobile device or the first hearing aid device via a wireless link.
The server may comprise the memory 12. Additionally, at least one of the devices may
comprise an antenna coil 11 configured to receive and/or transmit wirelessly. The antenna coll
11 may be configured to short and/or long range communication via a wireless link.

[0083] Fig. 8 lllustrates an example where at least one of the devices, the first hearing aid
device 2 and/or the mobile device 3, Is configured to determine the link quality signal based on
the position of the user (40A,40B) wearing the hearing aid device 2 and/or the mobile device 3.

[0084] In this example, one of the users 40A I1s wearing the hearing aid system 1 where the
mobile 3 Is a second hearing aid device 3 configured to communicate with a server 41, and the
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other user 40B 1s wearing another hearing aid system 1 where the mobile device 3 Is a
smartphone 3 configured to communicate with the server 41. Both hearing aid systems 1 of the
two users (40A, 40B) communicate with a server with the position 43 of the respective users
(40A, 40B). The first hearing aid device 2, the mobile device 3 and/or the server 41 may
comprise a memory unit 12. The memory unit 12 may comprise a noise map which defines
locations of noise sources (42A, 42B) and respective noise fields (44A, 44B). Both hearing aid
systems receives the status information from the server 41 of the noise sources based on the
position 43 of the respective users (40A, 40B). The status information includes for example
whether the noise sources (42A, 42B) are turned on or off, i.e. whether the noise sources
(42A, 42B) emit noise or not. The first respective link quality estimators of the respective
hearing aid systems determine the link quality signal based on the position of the respective
users (40A, 40B) relative to the noise sources (42A, 42B) and the respective noise fields (44A,
44B).

[0085] In this specific example, one of the users 40A walks through the noise field 44A of one
of the noise sources 42A, and it is clearly seen that the phase error 21, expressed as the link
quality phase metric, of the transmission of the Iinformation packets increases above the
second threshold th2. Then the power controller 7 of the hearing aid system 1 of the user 40A
Increases the power 23 of the transmission In order to improve the link quality of the wireless
link between the two devices (2,3) of the hearing aid system 1. Then due to the increase of the
power 23, the phase error in the transmission of the information packets decreases to a level
being between the first threshold th1 and the second threshold th2. The power controller 7
does not change the power 23. The phase error 20 decreases to below the first threshold th1,
and then the power controller 7 starts to decrease the power 23 with a certain power step size,
.e. a first power step size or a second power step size, In order to reduce the power
consumption of the hearing aid system, and thereby, in order to obtain a long lifetime of the
battery within the first hearing aid device 2 and the second hearing aid device 3.

[0086] The user continues with his/hers walking, and while the user 40A is walking towards the
other noise source 42B, the power controller 7 reduces the power 23 even more until the user
40A reaches the noise field 44B of the other noise source 42B. The power controller 7
Immediately compensate for the poor link quality by increasing the power 23. The power 23 Is
again reduced when the user 40A Is outside the noise field 44B of the other noise source 42B.
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Patentkrav

1. Hereapparatsystem, der omfatter et farste hereapparatsystem og en mobill
anordning, hvor hver af anordningerne omfatter en sendeenhed 0g en
modtageenhed til at etablere en tradlas forbindelse med kort reekkevidde
mellem anordningerne, hvor | det mindste en af anordningerne omfatter:

» en mikrofon, der er konfigureret til at modtage et akustisk audiosignal,

 en signalbehandlingsenhedq, der er konfigureret til at behandle et audiosignal,
som er baseret pa det akustiske audiosignal,

. en forste forbindelseskvalitetsestimator hvor den farste
forbindelseskvalitetsestimator er konfigureret til at bestemme en fasefejl for en
INformationspakke, der sendes fra den anden anordning og modtages af
modtageenheden af den | det mindste ene af anordningerne og bestemmer et
forbindelseskvalitetssignal, som er baseret pa fasefejlen, hvor fasefejlen
pestemmes ved midling af fasefellen af de flere prever/bits af
INformationspakken, og den gennemsnitlige fasefe|l per informationspakke er
yderligere midlet imellem flere informationspakker, og hvor den | det mindste
ene af anordningerne er konfigureret til at sende forbindelseskvalitetssignalet
il den anden anordning, og den anden anordning er konfigureret til at
pestemme effektniveauet af overf@eringen af informationspakken, som er
baseret pa forbindelseskvalitetssignalet via en effektstyreenhed, der er
omfattet af den anden anordning, hvor den anden anordning, der omfatter
effektstyreenheden, er konfigureret til at Indstille et effektniveau for
overfaringen af Informationspakken, som er pbaseret pa
forbindelseskvalitetssignalet, der sendes af den | det mindste ene af
anordningerne, der omfatter den ferste forbindelseskvalitetsestimator.

2. Horeapparatsystem ifalge et hvilket som helst af de foregaende krav, hvor
den ferste forbindelseskvalitetsestimator bestemmer fasefejlen, som er
baseret pa fasefejldetektion, faseoffsetdetektion, frekvensfejldetektion eller
baseret pa et modulationsskema i informationspakken.

3. Horeapparatsystem ifalge et hvilket som helst af de foregaende krav, hvor
INformationspakken er en datapakke og/eller en audiopakke, der sendes af
den mobile anordning eller det ferste hereapparatsystem.

4. Hereapparatsystem ifelge et hvilket som helst af de foregaende krav, hvor
hver af det ferste hereapparatsystem og den mobile anordning omfatter en
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antennespole, og hvor den tradl@se forbindelse med kort reekkevidde er en
Induktiv kobling mellem det ferste hereapparatsystem og den mobile
anordning.

5. Hareapparatsystem ifelge et hvilket som helst af de foregaende krav, hvor
den mobile anordning er et andet hereapparatsystem eller en
hjeelpeanordning, sasom en smartphone eller en mellemliggende streaming-
anordning.

6. Hareapparatsystem ifalge et hvilket som helst af de foregaende krav, hvor
hareapparatsystemet yderligere omfatter en server, der er forbundet til den
mobile anordning eller det ferste hereapparatsystem, hvor det ferste
hareapparatsystem og/eller den mobile anordning og/eller serveren, der er
forbundet til den mobile anordning eller det ferste hereapparatsystem,
omfatter en hukommelse til at lagre forbindelseskvalitetssignalet og/eller
positionen af en bruger, der beerer hereapparatanordningen og/eller den
mobile anordning.

/. Hereapparatsystem ifelge krav 1, hvor den bestemte fasefejl er angivet som
en forbindelseskvalitetsfasemaling, og hvor effektstyreenheden er konfigureret
il at bestemme effektniveauet af overfaringen af informationspakken til at
veaere konstant, hvis forbindelseskvalitetsfasemalingen ligger mellem en farste
teerskelveerdi og en anden teerskelveerdi, og/eller effektstyreenheden er
konfigureret til at forage effektniveauet med en ferste effekttrinsterrelse, som
er pbaseret pa forbindelseskvalitetssignalet, hvis
forbindelseskvalitetsfasemalingen ligger over den anden teerskelveerdi
og/eller effektstyreenheden er konfigureret til at mindske effektniveauet med
en anden effekttrinstarrelse, som er baseret pa forbindelseskvalitetssignalet,
hvis forbindelseskvalitetsfasemalingen ligger under den farste teerskelveerdi,
og hvor den farste teerskelveerdi er mindre end den anden teerskelveerdi.

8. Hereapparatsystem Ifelge krav 6, hvor den | det mindste ene af
anordningerne, det ferste hareapparatsystem og/eller den mobile anordning
er konfigureret til at bestemme forbindelseskvalitetssignalet indbefattende
positionen af brugeren, der beerer hereapparatanordningen og/eller den
mobile anordning.
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9. Hareapparatsystem ifelge et hvilket som helst af de foregaende krav, hvor
den 1 det mindste ene af anordningerne, det farste hareapparatsystem og/eller
den mobile anordning omfatter en anden forbindelseskvalitetsestimator, hvor
den anden forbindelseskvalitetsestimator er konfigureret til at bestemme,
hvorvidt en eller flere iInformationspakker er tabt og/eller til at bestemme et
antal bitfejl, og den anden forbindelseskvalitetsestimator er konfigureret til at
bestemme forbindelseskvalitetssignalet, som er baseret pa det bestemte antal
af tabte informationspakker og/eller det bestemte antal af bitfejl.

10. Hereapparatsystem ifelge krav 9, hvor den 1 det mindste ene af
anordningerne er konfigureret til at bestemme forbindelseskvalitetssignalet
kontinuerligt, som er baseret pa det bestemte antal af tabte informationspakker
og/eller det bestemte antal af bitfe|l og/eller den bestemte fasefejl.

11. Hereapparatsystem felge Krav 10, hvor den anden
forbindelseskvalitetsestimator er baseret pa Bit-fejldetektion og/eller detektion
af tabte informationspakker, CRC-fejldetektion eller pakketab.

12. Hereapparatsystem ifalge et hvilket som helst af kravene 9 til 11, hvor
effektstyreenheden er konfigureret til at forage effektniveauet af overferingen
af informationspakken med en tredje effekttrinstarrelse, som er baseret pa
forbindelseskvalitetssignalet.

13. Hereapparatsystem Iifelge krav 12, hvor den tredje effekttrinstarrelse
forages eller mindskes baseret pa et forhold mellem antallet af tabte
iINformationspakker og et tidsrum eller et forhold mellem antallet af bitfejl og
tiasrummet.

14. Hereapparatsystem Iifelge krav 9, hvor den 1 det mindste ene af
anordningerne omfatter effektstyreenheden, der er konfigureret til at indstille
effektniveauet af overferingen af informationspakken, som er baseret pa
forbindelseskvalitetssignalet, der sendes af den anden anordning, der omfatter
den anden forbindelseskvalitetsestimator, eller som er baseret pa
forbindelseskvalitetssignalet, der sendes af den anden
forbindelseskvalitetsestimator af anordningen, der omfatter
effektstyreenheden.
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