EP 2 911 415 A1

(19)

Europdisches
Patentamt

European

Patent Office

Office européen
des brevets

(12)

(43) Date of publication:
26.08.2015 Bulletin 2015/35

(21) Application number: 14156438.5

(22) Date of filing: 24.02.2014

(11) EP 2 911 415 A1

EUROPEAN PATENT APPLICATION

(51) IntClL:
HO4R 25/00 (2006.07)

(84) Designated Contracting States:
AL AT BE BG CH CY CZDE DK EE ES FI FR GB
GRHRHUIEISITLILT LULV MC MK MT NL NO
PL PT RO RS SE SI SK SM TR
Designated Extension States:
BA ME

(71) Applicant: GN ReSound A/S
2750 Ballerup (DK)

(72) Inventors:
¢ Gudiksen, Ole
3520 Farum (DK)
» Jorgensen, Karsten Filsg
2942 Skodsborg (DK)

(74) Representative: Guardian
IP Consulting I/S
Diplomvej, Building 381
2800 Kgs. Lyngby (DK)

(54)

(57) A hearing aid is provided comprising a power
supply connected to power supply a hearing aid circuit
including a wireless communication unit configured to
communicate with another device and a scheduler con-

d

Power supply management for hearing aid

figured to receive communication requests from commu-
nication tasks and schedule each of the communication
tasks based on communication task priorities and a state
of the power supply.

Request 1
i —
ty end
time,
b
Request 2
e
tz end
time;
Request 3
(Task1)

Fig. 4

Printed by Jouve, 75001 PARIS (FR)



1 EP 2911 415 A1 2

Description
FIELD OF TECHNOLOGY

[0001] A new hearing aid is provided that is configured
to perform wireless communication with other devices
while taking the state of a power supply of the hearing
aid into account.

[0002] The wireless communication may be performed
in a wireless network facilitating interconnection of a plu-
rality of devices in the network, such as hearing aids,
remote controllers, fitting instruments, mobile phones,
headsets, door bells, alarm systems, broadcast systems,
etc.

BACKGROUND

[0003] WO 2004/110099 discloses a hearing aid wire-
less network with a communication protocol thatis simple
thereby requiring a small amount of code and with low
power consumption during operation. Further, the acqui-
sition time is low, and the latency is low.

SUMMARY

[0004] A new hearing aid is provided that is capable of
performing wireless communication in accordance with
a plurality of different wireless communication protocols.
[0005] A new hearing aid is provided, comprising a
hearing aid circuit with

an input transducer configured to output an audio signal
based on a signal applied to the input transducer and
representing sound,

a hearing loss processor configured to compensate a
hearing loss of a user of the hearing aid and output a
hearing loss compensated audio signal, e.g., the hearing
aid may aim to restore loudness, such that loudness of
the applied signal as it would have been perceived by a
normal listener substantially matches the loudness of the
hearing loss compensated signal as perceived by the
user,

an output transducer, such as a receiver, an implanted
transducer, etc., configured to output an auditory output
signal based on the hearing loss compensated audio sig-
nal that can be received by the human auditory system,
whereby the user hears the sound, and

a wireless communication unit configured to communi-
cate with another device.

[0006] A power supply is connected to supply power
to the hearing aid circuit.

[0007] The hearing aid may further comprise a proc-
essor with an operating system configured to manage
hearing aid hardware and software resources, e.g. in-
cluding the hearing loss processor and possible other
processors and associated signal processing algorithms,
the wireless communication unit, memory resources, the
power supply, etc., and to provide common services for
tasks to be performed. The operating system may sched-
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ule tasks for efficient use of the hearing aid resources
and may also include accounting software for cost allo-
cation, including power consumption, of processor time,
storage, wireless transmissions, and other resources.
[0008] For various tasks, such as wireless communi-
cation and memory allocation, the operating system acts
as an intermediary between the tasks and the hearing
aid circuit although the application code of the tasks is
usually executed directly by appropriate hearing aid
processing circuitry and will frequently make a system
callto an operating system function or be interrupted by it.
[0009] The processor may be the hearing loss proces-
sor, or, the wireless communication unit may include the
processor with the operating system, or the operating
system may be distributed between various processors,
such as the hearing loss processor and a processor of
the wireless communication unit and possibly one or
more further processors.

[0010] In particular, the operating system may be con-
figured to control the wireless communication unit to per-
form communication with other devices in accordance
with a plurality of communication protocols and priorities
of the communication tasks.

[0011] The operating system may comprise a sched-
uler, or the operating system may be constituted by a
scheduler. The scheduler may be configured to receive
communication requests from communication tasks and
may schedule each of the communication tasks based
on task priorities and a state of the power supply, such
as a de-charged state of a battery of the power supply
and/or of a capacitor of the hearing aid circuit.

[0012] A new method is also provided of scheduling
wireless communication of a hearing aid comprising a
hearing aid circuit with

an input transducer configured to output an audio signal
based on a signal applied to the input transducer and
representing sound,

a hearing loss processor configured to compensate a
hearing loss of a user of the hearing aid and output a
corresponding hearing loss compensated audio signal,
an output transducer configured to output an auditory
output signal based on the hearing loss compensated
audio signal that can be received by the human auditory
system resulting in the user hearing sound,

a wireless communication unit configured to communi-
cate with another device,

apower supply connected to supply power to the hearing
aid circuit, and

an operating system configured to control the wireless
communication unit to communicate with other devices
in accordance with respective communication protocols
and priorities.

[0013] The new method may comprise receiving com-
munication requests from communication tasks, and
scheduling the communication tasks based on task pri-
orities and a state of the power supply.

[0014] A transducer is a device that converts a signal
applied to the transducer in one form of energy to a cor-
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responding output signal in another form of energy.
[0015] The input transducer may comprise a micro-
phone that converts an acoustic signal applied to the mi-
crophone into a corresponding analogue audio signal in
which the instantaneous voltage of the audio signal var-
ies continuously with the sound pressure of the acoustic
signal.

[0016] The input transducer may also comprise a tel-
ecoil that converts a varying magnetic field at the telecaoil
into a corresponding varying analogue audio signal in
which the instantaneous voltage of the audio signal var-
ies continuously with the varying magnetic field strength
at the telecoil. Telecoils may be used to increase the
signal to noise ratio of speech from a speaker addressing
a number of people in a public place, e.g. in a church, an
auditorium, a theatre, a cinema, etc., or through a public
address systems, such as in a railway station, an airport,
a shopping mall, etc. Speech from the speaker is con-
verted to a magnetic field with an induction loop system
(also called "hearing loop"), and the telecoil is used to
magnetically pick up the magnetically transmitted speech
signal.

[0017] The input transducer may further comprise at
least two spaced apart microphones, and a beamformer
configured for combining microphone output signals of
the at least two spaced apart microphones into a direc-
tional microphone signal.

[0018] Theinputtransducer may comprise one or more
microphones and a telecoil and a switch, e.g. for selection
of an omni-directional microphone signal, or a directional
microphone signal, or a telecoil signal, either alone or in
any combination, as the audio signal.

[0019] Typically, the analogue audio signal is made
suitable for digital signal processing by conversion into
a corresponding digital audio signal in an analogue-to-
digital converter whereby the amplitude of the analogue
audio signal is represented by a binary number. In this
way, a discrete-time and discrete-amplitude digital audio
signal in the form of a sequence of digital values repre-
sents the continuous-time and continuous-amplitude an-
alogue audio signal.

[0020] Throughout the present disclosure, the "audio
signal" may be used to identify any analogue or digital
signal forming part of the signal path from the output of
the input transducer to an input of the hearing loss proc-
essor.

[0021] Throughoutthe presentdisclosure, the "hearing
loss compensated audio signal" may be used to identify
any analogue or digital signal forming part of the signal
path from the output of the hearing loss processor to an
input of the output transducer possibly via a digital-to-
analogue converter.

[0022] The wireless communication unit may comprise
a transceiver.

[0023] The wireless communication unit may be a de-
vice or a circuit comprising both a wireless transmitter
and a wireless receiver. The transmitter and receiver may
share common circuitry and/or a single housing. Alter-
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natively, the transmitter and receiver may share no cir-
cuitry, and the wireless communication unit may com-
prise separate devices with the transmitter and the re-
ceiver, respectively.

[0024] The wireless communication may be performed
according to a frequency diversification or spread spec-
trum scheme, i.e. the frequency range utilized by the
hearing aid is divided into a number of frequency chan-
nels, and wireless transmissions switch channels ac-
cording to a predetermined scheme so that transmissions
are distributed over the frequency range.

[0025] Afrequency hopping algorithm may be provided
that allows devices in the network to calculate what fre-
quency channel the network will use at any given point
in time without relying on the history of the network, e.g.
based on the present frequency channel number, apseu-
do-random number generator calculates the next fre-
quency channel number. This facilitates synchronization
of a new device with the hearing aid, e.g. the new device
comprises the same pseudo-random number generator
as the hearing aid.

[0026] Thus, upon receipt of the current frequency
channel number during acquisition, the new device will
calculate the same next frequency channel number as
the hearing aid.

[0027] Every device in the network has its own identi-
fication number, e.g. a 32-bit number. Globally unique
identities are not required since the probability of two
users having hearing aids with identical identifications is
negligible.

[0028] Preferably, a new device is automatically rec-
ognized by the network and interconnected with the net-
work.

[0029] It is an advantage of a network operating ac-
cording to a spread spectrum scheme that the commu-
nication has a low sensitivity to noise, since noise is typ-
ically present in specific frequency channels, and com-
munication will only be performed in a specific frequency
channel for a short time period after which communica-
tion is switched to another frequency channel.

[0030] Further, several networks may co-existin close
proximity, for example two or more hearing aid users may
be present in the same room without network interfer-
ence, since the probability of two networks simultane-
ously using a same, specific frequency channel will be
very low. Likewise, the hearing aid network may coexist
with other wireless networks utilizing the same frequency
band, such as Bluetooth networks or other wireless local
area networks.

[0031] The hearing aid may advantageously be incor-
porated into a binaural hearing aid system, wherein two
hearing aids are interconnected, e.g., through a wireless
network, for digital exchange of data, such as audio sig-
nals, signal processing parameters, control data, such
as identification of signal processing programs, etc., etc.,
and optionally interconnected with other devices, such
as a remote control, etc.

[0032] Typically, only a limited amount of power is
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available from the power supply of a hearing aid. For
example, power is typically supplied from a conventional
ZnO,, battery in a hearing aid.

[0033] In the design of a hearing aid, the size and the
power consumption are important considerations. The
size of a hearing aid is dependent on the size of the bat-
tery used, and to ensure compact and inconspicuous
hearing aids, small battery sizes, such as the types "312"
and "13", are used. However, small batteries have a rel-
atively large internal resistance. For example, a "312"
battery typically have an internal resistance of 5 ohm
which is two orders of magnitude higher than an internal
resistance of an AA type battery. The high internal resist-
ance leads to significant drop in output voltage at in-
creased output current. This may be critical for the oper-
ation of parts of the hearing aid circuit.

[0034] The wireless communication unit of the hearing
aid may be comprised in a radio chip, such as the Nordic
Semiconductor radio chip "nRF24101", commonly oper-
ating at voltages above those available in a conventional
ZnO,, battery. Therefore it may be required to supply pow-
er to the radio chip via a voltage doubler (voltage ampli-
fier). Furthermore, a radio chip draws significant amounts
of current during transmission and reception. A conven-
tional ZnO, battery is only capable of supplying the re-
quired amount of current drawn by the wireless commu-
nication unit during transmission and reception for a lim-
ited time period, typically 1 millisecond. In the event that
the battery continues to supply the required amount of
current for longer time periods, the supply voltage will
decrease, and below a certain threshold, the hearing aid
circuitry, in particular digital parts of the hearing aid cir-
cuitry, will not operate properly.

[0035] Further, the ZnO, battery will require time to
recover after having supplied current, even for limited
time periods, to the radio chip during communication.
Typically, the radio chip duty cycle, i.e. the percentage
of radio turn-on time with respect to the sum of the radio
turn-on and radio turn-off time, must be kept below 10 %.
[0036] This problem may be alleviated by connection
of a circuit with a resistor and a capacitor between the
power supply of the hearing aid circuit and a supply volt-
age input of the wireless communication unit, e.g. be-
tween the output of the voltage doubler and a power sup-
ply input of the radio chip. The capacitor will deliver peak
currents to the wireless communication unit so that peak
currents drawn from the power supply is lowered, and
the resistor will limit currents drawn from the power supply
by the wireless communication unit during capacitor volt-
age drops.

[0037] The scheduler may be configured to calculate
an earliest possible start time for performing a next com-
munication task based on an estimated power consump-
tion of the current or most recent communication task, in
order to provide a recovery time period for the power
supply, such as the above-mentioned battery and/or ca-
pacitor, between finalization of the current or most recent
communication task and start of the next communication
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task.

[0038] The recovery time period to be applied after fi-
nalization of a communication task performed by the
wireless communication unit may be calculated as a con-
stant multiplied by an estimate of a duration, or an actual
duration, of the communication task performed by the
wireless communication unit.

[0039] The estimated duration may be constituted by
the added time periods of pre-processing, transmission,
reception, and post-processing of the communication
task.

[0040] The actual duration may be constituted by the
added time periods during which the wireless communi-
cation unit is actually powered during the execution of
the communication task. Thus, possible powered down
periods of the wireless communication unit during exe-
cution of the communication task do not add to the re-
covery time period, when the actual duration is used for
calculation of the recovery time period.

[0041] The constant may range from 0.5 to 2, prefer-
ably from 0.6 to 1.8, more preferred from 0.7 to 1.5, most
preferred from 0.8 to 1.4. For example, the constant may
be equal to 1.125.

[0042] The recovery time period to be applied after fi-
nalization of a communication task performed by the
wireless communication unit may be calculated from the
charge or current drawn from the power supply during
performance of the communication task.

[0043] The scheduler may take battery state, i.e. the
state of de-charge of the battery, into account when cal-
culating the recovery time period. For example, the
above-mentioned constant may be increased as a func-
tion of a de-charged state of the battery.

[0044] The communication request may contain a pri-
ority of the communication task.

[0045] The communication request may contain a re-
quested start time for performing the requested commu-
nication task.

[0046] The communication request may contain dura-
tion of performing the requested communication task.
[0047] The scheduler may determine that the request-
ed start time is not available and may communicate to
the requesting task that another start time has to be re-
quested.

[0048] The scheduler may determine that an already
scheduled task cannot be performed at the scheduled
starttime, e.g. due to a request with a higher priority, and
may communicate to the already scheduled task that a
new start time must be requested.

[0049] The scheduler may be configured to allow a
communication task with a lower priority to perform com-
munication before a communication task with a higher
priority provided that the communication task with the
lower priority will finalize its communication in time for
the associated recovery time period of the lower priority
task to elapse before start of the communication task with
the higher priority.

[0050] The scheduler may also schedule other tasks
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than wireless communication tasks, and thus, the sched-
uler may be configured to receive task requests from oth-
er tasks than wireless communication tasks and may
schedule each of the tasks according to task priorities
and a state of the power supply.

[0051] The scheduler may also take power consump-
tion of other tasks than wireless communication into ac-
count when scheduling. Examples of other tasks include
power consuming algorithms, storage in flash memory,
etc. The recovery time period for such other tasks may
be calculated in the same way as explained above with
relation to the recovery time period for wireless commu-
nication tasks. The constant may be different for different
types of tasks, e.g. due to differences in power consump-
tion.

[0052] The scheduler may be configured to power
down one or more parts of the hearing aid circuit to avoid
excessive power consumption due to simultaneous op-
eration of power consuming circuits.

[0053] For example, the scheduler may be configured
to turn off the wireless communication unit for a sleep
time period, e.g. during writing to and/or reading from a
flash memory, during performance of power consuming
algorithms, etc.

[0054] Preferably, the scheduler is configured to
schedule one next start time of each requested task , i.e.
the scheduler is not configured to schedule a plurality of
start times for a given task even though a plurality of start
times may easily be determined, or already has been
determined, for repeated performance of the given task,
e.g. streaming audio. In this way, the number of sched-
uled task is kept low, whereby the scheduler is kept sim-
ple and dynamic since little re-scheduling will be required
in response to a new request.

[0055] In the event that a communication task is final-
ized or terminated earlier than scheduled, the scheduler
may be configured to re-calculate the recovery time pe-
riod based on the actual duration and/or the actual power
consumption of the communication task in question. After
elapse of the re-calculated recovery time period and until
the scheduled starttime forthe next scheduled task, there
may be sufficient time to execute another task, and as
mentioned above, the scheduler may be configured to
allow another task, even with a lower priority than the
next scheduled task, to be performed provided that the
task will finalize in time for the associated recovery time
period to elapse before start of the next scheduled task.
[0056] Signal processing in the new hearing aid may
be performed by dedicated hardware or may be per-
formed in one or more signal processors, or performed
in a combination of dedicated hardware and one or more
signal processors.

[0057] A protocol is a system of digital rules for data
exchange within or between devices, e.g. in a network.
A protocol defines the syntax, semantics, and synchro-
nization of communication. A protocol can be implement-
ed in hardware, software, or both.

[0058] A communication task includes the actions re-
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quired to perform communication, e.g. transmission of a
data package to the hearing aid. A communication re-
questmay be performed by anotherdevice ora processor
in the hearing aid requiring co-operation with the com-

munication unit of the hearing aid.

[0059] As used herein, the terms "processor", "signal
processor", "controller", "system", etc., are intended to
refer to CPU-related entities, either hardware, a combi-

nation of hardware and software, software, or software
" on

in execution.

[0060] Forexample, a"processor", "signal processor",
"controller", "system", etc., may be, but is not limited to
being, a process running on a processor, a processor,
anobject, an executablefile, athread of execution, and/or
a program.

[0061] By way of illustration, the terms "processor",
"signal processor", "controller”, "system", etc., designate
both an application running on a processor and a hard-
ware processor. One or more "processors", "signal proc-
essors", "controllers", "systems" and the like, or any com-
bination hereof, may reside within a process and/or
thread of execution, and one or more "processors”, "sig-
nal processors", "controllers", "systems", etc., or any
combination hereof, may be localized on one hardware
processor, possibly in combination with other hardware
circuitry, and/or distributed between two or more hard-
ware processors, possibly in combination with other
hardware circuitry.

[0062] Also, a processor (or similar terms) may be any
component or any combination of components that is ca-
pable of performing signal processing. For examples, the
signal processor may be an ASIC processor, a FPGA
processor, a general purpose processor, a microproces-

sor, a circuit component, or an integrated circuit.
BRIEF DESCRIPTION OF THE DRAWINGS

[0063] In the following, the new method and hearing
aid is explained in more detail with reference to the draw-
ings, wherein

Fig. 1 Schematically illustrates a hearing aid accord-
ing to the appended claims communication in
a wireless network,

Fig. 2 Is a schematic diagram of one new hearing aid
according to the appended claims,

Fig. 3  lllustrates slots and frames,

Fig. 4 lllustrates various task requests, and

Fig.5 Shows a booking list and a list of prioritized

tasks.
DETAILED DESCRIPTION OF EMBODIMENTS

[0064] In the following, various examples of the new
method and hearing aid are illustrated. The new method
and hearing aid according to the appended claims may,
however, be embodied in different forms and should not
be construed as limited to the examples set forth herein.
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[0065] It should be noted that the accompanying draw-
ings are schematic and simplified for clarity, and they
merely show details which are essential to the under-
standing of the new method and hearing aid, while other
details have been left out.

[0066] Like reference numerals refer to like elements
throughout. Like elements will, thus, not be described in
detail with respect to the description of each figure.
[0067] Fig. 1 schematically illustrates a binaural hear-
ing aid 10L, 10R with a left ear hearing aid 10L and a
right ear hearing aid 10R, each of which has a wireless
communication unit for connection with a wireless net-
work interconnecting the two hearing aids, and intercon-
necting the hearing aids 10L, 10R and a plurality of other
devices inthe wireless network. Inthe example illustrated
in Fig. 1, a doorbell, a mobile phone, a cordless phone,
a TV-set, and a fitting instrument are also connected to
the wireless network.

[0068] An ID identifies every device. The ID is unique
within the network.

[0069] The illustrated hearing aid network of Fig. 1 op-
erates in the 2.4 GHz industrial scientific medical (ISM)
band. It comprises 80 frequency channels of 1 MHz band-
width. A frequency hopping time division multiplexing
schemeis utilized. During acquisition, the frequency hop-
ping scheme comprises a reduced number of frequency
channels, e.g. less than 16 channels, preferably 8 chan-
nels, for faster acquisition. Members of the reduced set
of frequency channels are denoted acquisition channels.
Preferably, the acquisition channels are distributed uni-
formly throughout the frequency band utilised by the net-
work.

[0070] Fig. 2 shows a schematic diagram of a new
hearing aid 10.

[0071] The hearing aid 10 has a ZnO, 12 battery that
is connect for supplying power to the hearing aid circuit
14.

[0072] The hearing aid circuit 14 includes an input
transducer 16 in the form of a microphone 16. The mi-
crophone 16 outputs an analogue audio signal 18 based
on an acoustic sound signal arriving at the microphone
16 when the hearing aid 10 is operating.

[0073] An analogue-to-digital converter 20 converts
the analogue audio signal 18 into a corresponding digital
audio signal 22 for digital signal processing in the hearing
aid circuit 14. In particular in a hearing loss processor
24A that is configured to compensate a hearing loss of
a user of the hearing aid 10. Preferably, the hearing loss
processor 24A comprises a dynamic range compressor
well-known in the art for compensation of frequency de-
pendent loss of dynamic range of the user often termed
recruitment in the art. Accordingly, the hearing loss proc-
essor 24A outputs a digital hearing loss compensated
audio signal 26. The hearing aid may be configured to
restore loudness, such that loudness of the hearing loss
compensated signal as perceived by the user wearing
the hearing aid 10 substantially matches the loudness of
the acoustic sound signal arriving at the microphone 16
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as it would have been perceived by a listener with normal
hearing.

[0074] A digital-to-analogue converter 28 converts the
digital hearing loss compensated audio signal 26 into a
corresponding analogue hearing loss compensated au-
dio signal 30.

[0075] An output transducer in the form of a receiver
32 converts the analogue hearing loss compensated au-
dio signal 30 into a corresponding acoustic signal for
transmission towards an eardrum of the user, whereby
the user hears the sound arriving at the microphone; how-
ever, compensated for the user’s individual hearing loss.
[0076] The hearing loss processor 24A forms part of a
processor A executing a part 36A of the operating system
36A, 36B of the hearing aid, and a memory 38A.
[0077] The hearing aid circuit 14 further includes a
wireless communication unit B with a radio 34 that is
configured to communicate wirelessly with other devices
in a hearing aid network as illustrated in Fig. 1 for a bin-
aural hearing aid system. The wireless communication
unit B includes a processor executing a part 36B of the
operating system 36A, 36B of the hearing aid, and a
memory 38B and a processor 24B performing the various
communication protocols and other tasks.

[0078] The operation of the hearing aid 10 is controlled
by the operating system 36A, 36B. The operating system
36A, 36B is configured to manage hearing aid hardware
and software resources, e.g. including the hearing loss
processor 24A and possible other processors and asso-
ciated signal processing algorithms, the wireless com-
munication unit B, memory resources 38A, 38B, the pow-
er supply 12, etc., and the operating system 36A, 36B
allocates the hearing aid resources to the tasks to be
performed.

[0079] The operating system 36A, 36B schedule tasks
for efficient use of the hearing aid resources and may
also include accounting software for cost allocation, in-
cluding power consumption, processor time, memory lo-
cations, wireless transmissions, and other resources.
[0080] For various tasks, such as wireless communi-
cation and memory allocation, the operating system acts
as an intermediary between the tasks and the hearing
aid circuit hardware although the application code of the
tasks is usually executed directly by appropriate parts of
the hearing aid circuit and will frequently make system
calls to respective operating system functions or be in-
terrupted by it.

[0081] In particular, the operating system 36B controls
the radio 34 to perform wireless communication with oth-
er devices in accordance with various respective com-
munication protocols and priorities of the various respec-
tive communication tasks.

[0082] The operating system 36B comprises a sched-
uler 40 that receives requests, including communication
requests, from tasks to be performed. A communication
request includes a priority of the communication task, a
requested start time for performing the requested com-
munication task, and expected duration of performing the
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requested communication task.

[0083] Inresponse to the task requests, the scheduler
40 schedules each of the tasks based on task priorities
and a de-charged state of a capacitor 42 supplying power
to the radio 34 and being re-charged by the battery 12
through a resistor 44.

[0084] The circuit with the resistor 44 and the capacitor
42 may be omitted, i.e. the resistor 44 may be substituted
with a short-circuit and the capacitor 42 may be substi-
tuted by an open-circuit, and in this case, in response to
the task requests, the scheduler 40 schedules each of
the tasks based on task priorities and a de-charged state
of the battery 12.

[0085] The scheduler 40 calculates an earliest possi-
ble start time for performing a next communication task
based on an estimated power consumption of the current
or most recent communication task, in order to provide
a recovery time period for the power supply, in the illus-
trated example the combination of the battery 12 and the
capacitor 42, between finalization of the current or most
recent communication task and start of the next commu-
nication task.

[0086] The recovery time period to be applied after fi-
nalization of a communication task performed by the ra-
dio 34 may be calculated as a constant multiplied by an
estimate of the duration, or the actual duration, of the
communication task performed by the radio 34.

[0087] The estimated duration may be constituted by
the added time periods of pre-processing, transmission,
reception, and post-processing of the communication
task.

[0088] The actual duration may be constituted by the
added time periods during which the radio 34 is actually
powered during the execution of the communication task.
Thus, possible powered down periods of the radio 34
during execution of the communication task do not add
to the recovery time period, when the actual duration is
used for calculation of the recovery time period.

[0089] In the illustrated hearing aid 10, the constant
may be equal to 1.125.

[0090] In another example, the recovery time period to
be applied after finalization of a communication task per-
formed by the radio 34 may be calculated from the charge
or current drawn from the power supply during perform-
ance of the communication task.

[0091] Further, the scheduler 40 may take power sup-
ply state, i.e. the state of de-charge of the battery 12
and/or the capacitor 42, into account when calculating
the recovery time period. For example, the above-men-
tioned constant may be increased as a function of de-
charge of the battery 12.

[0092] The scheduler 40 may determine that the re-
quested starttime is not available and may communicate
to the requesting task that another start time has to be
requested.

[0093] The scheduler 40 may determine that an al-
ready scheduled task cannot be performed at the sched-
uled start time, e.g. due to an incoming request with a
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higher priority, and may communicate to the already
scheduled task that a new start time must be requested.
[0094] The scheduler 40 may be configured to allow a
communication task with a lower priority to perform com-
munication before a communication task with a higher
priority provided that the communication task with the
lower priority will finalize its communication in time for
the associated recovery time period to elapse before start
of the communication task with the higher priority. This
may for example be useful in the event that a task is
terminated or finalized in shorter time than the requested
duration. This may leave room for another task to be ex-
ecuted before start of the next scheduled task.

[0095] The scheduler 40 may also take power con-
sumption of other tasks than wireless communication into
account when scheduling. Examples of other tasks in-
clude power consuming algorithms, storage in flash
memory, etc. The recovery time period for such other
tasks may be calculated in the same way as explained
above with relation to the recovery time period for wire-
less communication tasks. The constant may be different
for different types of tasks, e.g. due to differences in pow-
er consumption.

[0096] The scheduler 40 may be configured to power
down one or more parts of the hearing aid circuit to avoid
excessive power consumption due to simultaneous op-
eration of power consuming circuits, such as the radio
34, flash memory, signal processors executing signal
processing algorithms, etc.

[0097] For example, the scheduler 40 may be config-
ured to turn off the radio 34 for a sleep time period, e.g.
during writing to and/or reading from a flash memory,
during performance of power consuming algorithms, etc.
[0098] Preferably, the scheduler 40 is configured to
schedule the next start time of each task only, i.e. the
scheduler 40 is not configured to schedule a sequence
of start times for a given task even though a plurality of
start times may easily be determined, or already have
been determined, for repeated performance of the given
task, e.g. streaming audio. In this way, the number of
scheduled task is kept low, whereby the scheduler 40 is
kept simple and dynamic since little re-scheduling will be
required in response to a new request.

[0099] In the event that a communication task is final-
ized or terminated earlier than scheduled, the scheduler
40 may be configured to re-calculate the recovery time
period based on the actual duration and/or the actual
power consumption of the communication task in ques-
tion. After elapse of the re-calculated recovery time pe-
riod and until the scheduled start time for the next sched-
uled task, there may be sufficient time to execute another
task, and as mentioned above, the scheduler 40 may be
configured to allow another task, even with a lower priority
than the next scheduled task, to be performed provided
that the lower priority task will finalize in time for the as-
sociated recovery time period of the lower priority task
to elapse before start of the next scheduled task.
[0100] One exemplary protocol is illustrated in Fig. 3,
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wherein the time is divided into so-called slots that have
alength of 1250 s (twice the length of a minimum Blue-
tooth™ slot). The slots are numbered from 0 to 255.
[0101] 256 slots, i.e. slot 0 to slot 255, constitute a
frame. Frames are also numbered.

[0102] Among factors influencing selection of the
length of a slot, is the required lower latency of the system
and a desired low overhead with respects to headers and
Phase-Locked-Loop (PLL) locking.

[0103] Preferably, the slot length is a multiple of 625
wS, facilitating (i.e. does not prevent) that the protocol
according to the invention can be implemented on BLUE-
TOOTH™ enabled devices.

[0104] Each slot (except slot 128) is used for transmis-
sion by one specific device so that data collisions inside
the network are prevented. Any slave device may trans-
mit data in slot 128 and hence collisions may occur in
this slot. The master device transmits timing information
in slot 0. The slot and frame counters of a slave device
are synchronized with the respective counters of the
master device of the network.

[0105] A device may use one or more slots for trans-
mission of data. Slots may be allocated during manufac-
ture of a given device, or, slots may be allocated dynam-
ically during acquisition. Preferably, the allocation table
is stored in the master device.

[0106] Operation of the scheduler 40 is illustrated in
Figs. 4 and 5.

[0107] Fig. 4 illustrates communication requests made
by two communication tasks, namely Task 1 and Task
2. Task 1 may be a communication task relating to audio
streaming, e.g. from a TV-set to the hearing aid per-
formed in accordance with a hearing aid network com-
munication protocol, and Task 2 may be a communica-
tion task relating to communication between a smart
phone and the hearing aid performed in accordance with
a Bluetooth Low Energy protocol. Each communication
request contains start time, duration, and priority of the
communication task to be performed. The duration in-
cludes pre-processing, transmission, reception, and
post-processing of the communication task. In Fig. 4, the
hatched areas indicate pre-processing and post-
processing.

[0108] In the illustrated example, communication task
1 has made two communication requests so that audio
data can be re-transmitted in the event that a first trans-
mission (request 1) does not succeed. The second re-
quest has been made with high priority so that the prob-
ability of performing the second communication task at
the requested time is high. In the example of Fig. 4, Com-
munication task 1 has priority 2, communication task 2
has priority 3, and communication task 3 has priority 1.
The highest priority has the lowest priority number.
[0109] Having received the communication requests,
the scheduler 40 calculates the end times for each com-
munication request as the sum of the requested duration
d and the recovery time period allowing for power supply
recovery. In the illustrated example, the recovery time
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period is equal to 9/8 times the duration.

[0110] Thus, endtime,=t; +d;+9/8*d;andendtime,
=t, + d, + 9/8*d, and end time; = t3 + d3 + 9/8*d3.
[0111] Some communication tasks may not be active.
For example, the remote controller may not have been
used for some time. Active and non-active tasks are
flagged as indicated in the Request List shown in Fig. 5.
The parameters of a non-active task may be the now
obsolete parameters of the most recent communication
request.

[0112] AsshowninFig.5,the scheduler40 now sched-
ules the communication tasks in accordance with the Re-
quest List and forms the shown priority list by listing the
active communication requests in order of priority. Then,
the scheduler identifies tasks with requests having end
times earlier than the start time of the communication
task with the highest priority (communication request 3
in the illustrated example). In the illustrated example,
both communication request 1 and communication re-
quest 2 have end times earlier than t5, in such a way that
one of the corresponding tasks could be performed be-
fore start of the task with communication request 3. In
this case, the communication task with the highest prior-
ity, namely the task with communication request 1 is per-
formed.

[0113] In the event that the task with communication
request 1 is performed successfully, the scheduler 40
deletes communication request 3, i.e. the second book-
ing of communication task 1, since the audio data has
now been successfully communicated. The scheduler 40
also determines that communication task 2 cannot be
performed atthe requested time; since end time is larger
than t,, and a message is send to the requesting task
that a new communication request must be made.
[0114] In the event that communication task 1 ends
shortly afterty, e.g. inthe eventthat no headeris detected
due to noise, then a new end time is calculated based
on a updated calculation of a correspondingly shorter
recovery time, and in the event that the start time t, of
communication request 2 is later than the new end time
of communication task 1, then communication task 2 is
performed because end time, is before start time t5 of
the higher priority communication request 3. If end time,
had been later than t; then communication task 2 would
have been re-scheduled, i.e. the scheduler 40 would
have sent a message to the requesting task that a new
communication request must be made.

[0115] In the event that communication task 1 ends
shortly after t1; however later than the previous example
so that the new end time is later that t, then again, com-
munication task 2 is re-scheduled, and the communica-
tion task of communication request 3 is performed.

Claims

1. A hearing aid comprising a power supply connected
to supply power to a hearing aid circuit with
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an input transducer configured to output an audio
signal based on a signal applied to the input trans-
ducer and representing sound,

a hearing loss processor configured to compensate
a hearing loss of a user of the hearing aid and output
a hearing loss compensated audio signal,

an outputtransducer configured to outputan auditory
output signal based on the hearing loss compensat-
ed audio signal that can be received by the human
auditory system resulting in the user hearing sound,
and

a wireless communication unit configured to com-
municate with another device, and

an operating system configured to control the wire-
less communication unit to perform communication
with other devices in accordance with a plurality of
communication protocols and priorities, wherein the
operating system comprises

a scheduler configured to receive communication re-
quests from communication tasks and schedule
each of the communication tasks based on task pri-
orities and a state of the power supply.

A hearing aid according to claim 1, wherein the hear-
ing aid circuit comprises a capacitor for supplying
current to the wireless communication unit.

A hearing aid according to claim 2, wherein the hear-
ing aid circuit comprises a resistor connected be-
tween the power supply and the capacitor.

Ahearing aid according to any of the previous claims,
wherein the scheduler is configured to calculate an
earliest possible start time for performing a next com-
munication task based on an estimated power con-
sumption of a current or most recent communication
task in order to provide a recovery time period for
the power supply.

A hearing aid according to claim 4, wherein the re-
covery time period is a constant multiplied by dura-
tion of the current or most recent communication
task.

A hearing aid according to claim 4, wherein the re-
covery time period is a function of the current drawn
fromthe power supply during performance of the cur-
rent or most recent communication task.

Ahearing aid according to any of claims 4 - 6, wherein
the power supply comprises a battery, and wherein
the recovery time period is a function of a state of
the battery.

Ahearing aid according to any of the previous claims,
wherein at least one of the communication requests
contains a priority of the communication task.
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9.

10.

1.

12.

13.

14.

15.

16.

17.

Ahearing aid according to any of the previous claims,
wherein at least one of the communication requests
contains a start time for performing the requested
communication task.

Ahearing aid according to any of the previous claims,
wherein at least one of the communication requests
contains duration of performing the requested com-
munication task.

Ahearing aid according to any of the previous claims,
wherein the scheduler is configured to allow a com-
munication task with a lower priority to perform com-
munication before a communication task with a high-
er priority provided that the communication task with
the lower priority will finalize its communication in
time for an appropriate recovery time period of the
power supply to elapse before start of the commu-
nication task with the higher priority.

Ahearing aid according to any of the previous claims,
wherein the scheduler is configured to turn off the
communication unit for a sleep time period.

Ahearing aid according to any of the previous claims,
wherein the scheduler is configured to determine that
the requested start time is not available and to com-
municate to the requesting task that another start
time has to be requested.

Ahearing aid according to any of the previous claims,
wherein the scheduler is configured to determine that
an already scheduled task cannot be performed at
the scheduled start time, and to communicate to the
already scheduled task that a new start time must
be requested.

Ahearing aid according to any of the previous claims,
wherein the scheduler is configured to take power
consumption of other tasks than wireless communi-
cation into account when scheduling.

A hearing aid according to anyone of the previous
claims, wherein at least a part of the operating sys-
tem is contained in the hearing loss processor.

A method of scheduling wireless communication of
a hearing aid comprising a power supply connected
to supply power to a hearing aid circuit with

an input transducer configured to output an audio
signal based on a signal applied to the input trans-
ducer and representing sound,

a hearing loss processor configured to compensate
a hearing loss of a user of the hearing aid and output
a corresponding hearing loss compensated audio
signal,

an output transducer configured to output an auditory
output signal based on the hearing loss compensat-
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ed audio signal that can be received by the human
auditory system resulting in the user hearing sound,
a wireless communication unit configured to com-
municate with another device, and

an operating system configured to control the wire-
less communication unit to communicate with other
devices in accordance with a plurality of communi-
cation tasks with respective communication proto-
cols and priorities, the method comprising
receiving communication requests from the commu-
nication tasks,

scheduling an order according to which the commu-
nication tasks with the communication requests are
to be communicated by the wireless communication
unit based on task priorities and a state of the power

supply.
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