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Description
Field of the invention

[0001] The presentinventionis generally related to the
field of ear-level audio processing devices and methods
for adjusting one or more characterizing parameters of
such devices.

Background of the invention

[0002] Traditionally, devices providing hearing aid
functionality have to undergo periodic device character-
ization tasks. This is usually done via a hearing instru-
ment test (HIT) box, which performs a series of tests to
characterize the device. These tests are described in
Hearing Aid standards like ANSI S3.22-2003/ IEC
60118-7 (2005) (pure tone testing), ANSI S3.42 part 1
(1992) / 1IEC 60118-2 (1996) (noise and speech testing),
ANSI S3.42 part 2 (2012) and IEC 60118-15 (2012)
(noise and speech testing), ANSI S3.25 (2009) and IEC
60318-4 (2006) (wideband performance) or Audiometer
Standards like EN 60645-1:2012 and ANSI S3.6-2010.
The tests measure device properties, such as the max-
imum gain the device can undergo, the frequency re-
sponse, etc. The mentioned electroacoustic standards
do not make a distinction between usage by a trained
person and usage by a layperson. Emphasis is put on
enforcing that the device be used as intended. For in-
stance, an instruction manual is often required to ensure
correct operation of the device. Allowing usage by a lay-
person may put more constraints on the labelling and
instructions to be provided or on the built-in safeguards
to be implemented for proper device operation.

[0003] Inorderto test the performance of a hearing aid
device, the latter device is plugged into the test box by
using a 2cc coupler, as it is often mandated by standards
(e.g. ANSI/ASA S3.55-2014/Part 5/ IEC 60318- 5:2006).
These couplers provide a standardized volumetric cavity
that resembles the average human ear’s acoustical prop-
erties.

[0004] After a hearing aid device has been calibrated,
its characteristics may degrade during normal use. Com-
mon causes of performance degradation include :

- degradation of the sensitivity of the microphones,
speaker or other input and output transducers com-
ponents

- obstruction of the pathway connecting the hearing
aid device speaker and the ear canal : a notable is-
sue hearing aid users can face is ear wax accumu-
lation. By continued use of the device, the tips can
become clogged, thus severely impairing the ability
of the device to perform correctly

- obstruction of the microphones : grease, dust and
debris can obstruct the pathway between the envi-
ronment and the microphone and reduce their ability
to measure the environment acoustic pressure. Ad-
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ditionally, feedback microphones located close to
the device speaker and the user ear canal may be
affected by earwax

[0005] Consumer devices such as smartphones and
headsets have taken an important role in the life of most
people nowadays. These devices provide sufficient com-
putational power and capability to handle complex audio
processing. Recently devices referred to as smart head-
sets have been hitting the market. Smart headsets are
technically advanced, electronic in-the-ear-devices de-
signed for multiple purposes, ranging from wireless trans-
mission to communication objectives, medical monitor-
ing and so on. Smart headsets combine major assets of
wearable technology with the basic principle of audio-
based information services, conventional rendition of
music and wireless telecommunication. In order to be
able to handle a variety of complex audio tasks, smart
headsets contain tiny but capable processing units.
[0006] Modern headsets are equipped with a system-
on-chip (SoC) that includes one or several central
processing units (CPU) and digital signal processing
units (DSP), random access memory (RAM), flash mem-
ory and a wireless connectivity, e.g. Bluetooth connec-
tivity, chipsetthat can perform very complex tasks. These
headsets have reached a sufficient level of processing
power and battery life to allow running complex hearing
aid algorithms on them on demand. This makes them a
suitable alternative for the mild to moderate hearing loss
market.

[0007] One example of such a modern headsetis a set
of True Wireless Stereo (TWS) earbuds. TWS refers to
a technology which allows pairing two audio devices via
Bluetooth, meaning that the L channel (left) and the R
channel (right) can be transmitted separately.

[0008] Such headsets often come in a case that com-
prises a battery. This allows the headset to provide on-
demand charging and also allows for a convenient way
of storage with minimal chance of losing the device. Cer-
tain devices adapted for performing Active Noise Can-
celling (ANC) have a multiple microphone configuration,
with at least two microphones per ear side.

[0009] Headsets with Active Noise Cancelling func-
tionality have already been described in the prior art. Just
to mention some examples, reference is made to
US2020/058287.US2020/058287 discloses active noise
cancelling headphones in the form of a part of a headset
or as in-ear headphones that reduce acoustic adaptation
by providing an electrodynamic speaker in a housing with
ventilation openings and an acoustically permeable front
panel. These components form a module that can be
integrated into ANC headphones. The module reacts to
a reduction of the impermeability situation, whereby an
impedance change of the speaker takes place below 100
Hz.

[0010] There is a need for improved techniques for ad-
justing one or more features of a hearing device, which
are also suitable for being applied by the hearing device
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user.
Summary of the invention

[0011] It is an object of embodiments of the present
invention to provide for a method for adjusting at least
one characteristic of an ear-level audio processing de-
vice wherein the availability of an auxiliary device is ex-
ploited.

[0012] The above objective is accomplished by the so-
lution according to the present invention.

[0013] Inafirstaspecttheinvention relatesto a method
for adjusting with aid of an auxiliary device at least one
characteristic of an ear-level audio processing device.
The ear-level audio processing device comprises at least
one outputtransducer and the auxiliary device comprises
at least one input transducer and/or output transducer.
The method comprises :

a) selecting a test signal

b) playing the test signal using an output transducer
of the ear-level audio processing device or an output
transducer of the auxiliary device,

c) recording, by means of at least one input trans-
ducer of the ear-level audio processing device or of
the auxiliary device, the test signal from the output
transducer,

d) collecting test data from signals obtained from the
recording,

e) adjusting the at least one characteristic of the ear-
level audio processing device based on the collected
test data.

wherein in steps b) and c) at least once the auxiliary de-
vice is used.

[0014] The proposed solution indeed allows for adjust-
ing a characteristic of the ear-level processing device. At
least one of the ear-level audio processing device and
the auxiliary device is arranged to play the test signal. At
least the input transducer of the device not used for play-
ing the test signal captures the latter signal. Test data is
then collected from the recorded signals. From the col-
lected data an adjusted value of a characteristic of the
ear-level audio processing device can then be deter-
mined. It is to be noted that this adjusting of a character-
istic in practice comes close to performing calibration, or
at least a part thereof, the ear-level processing device.
The proposed method lends itself for use in a procedure
wherein the ear-level audio processing device is in a pos-
sibly automated and possibly periodic way kept up-to-
date. For example, the method may be carried out a first
time at manufacturing time. Once an end user has pur-
chased the ear-level audio processing device, the meth-
od can be repeated at regular or irregular times.

[0015] In preferred embodiments the step of collecting
test data comprises determining a noise profile of the
output transducer used for playing the test signal and/or
ofthe atleastone inputtransducer used for the recording.
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[0016] Inoneembodimentcollecting testdata compris-
es labelling the test data with a time stamp to track an
evolution over time. Comparing the noise profile of a giv-
en input transducer of the ear-level audio processing de-
vice or the auxiliary device.

[0017] Advantageously, the method comprises deter-
mining a correlation between two distinct input transduc-
er noise profiles.

[0018] In one embodiment In one embodiment the
method comprises anonymizing the collected test data.
[0019] In a preferred embodiment the signals obtained
from said recording are stored. The signals obtained from
said recording are in some embodiments processed be-
fore being stored.

[0020] In preferred embodiments the ear-level audio
processing device has audiometer and/or hearing aid
functionality.

[0021] In embodiments of the present invention the
ear-level audio processing device is an earbud of a pair
of earbuds and the auxiliary device is a charging box
arranged for charging the pair of earbuds. The charging
box may comprise in some embodiments at least one
input transducer and at least one output transducer.
[0022] In advantageous embodiments the test signal
is also recorded with a feedback input transducer of the
device used for playing the test signal.

[0023] In another aspect the invention relates to the
use of the method as previously described in a, possibly
automated, procedure for obtaining an updated charac-
terization of the ear-level audio processing device or of
the auxiliary device. Advantageously said updated char-
acterization is exploited to produce one or more updated
digital calibration tables associated with the ear-level au-
dio processing device or of the auxiliary device.

[0024] In another aspect the invention relates to the
use of the method as previously described for configuring
a sound personalization or hearing loss compensation
of a used of said ear-level audio processing device.
[0025] In yet another aspect the invention relates to a
hearing assistive system comprising at least one ear-
level audio processing device and an auxiliary device.
The auxiliary device may in some embodiments be, for
example, a charging box or may be implemented rather
as a distributed system comprising a charging box and
an ear bud of a pair of earbuds, the other one being cal-
ibrated.

The hearing assistive system may also comprise a further
ear level audio processing device and/or an accessory
to an ear level audio processing device, e.g. a remote
microphone (which is not carried at ear level). The charg-
ing bow could then contain a placeholder for the remote
microphone in addition to a placeholder for the ear level
audio processing devices. The input transducer of the
remote microphone can then be used in the method for
calibration as described herein.

[0026] For purposes of summarizing the invention and
the advantages achieved over the prior art, certain ob-
jects and advantages of the invention have been de-
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scribed herein above. Of course, it is to be understood
that not necessarily all such objects or advantages may
be achieved in accordance with any particular embodi-
ment of the invention. Thus, for example, those skilled in
the art will recognize that the invention may be embodied
or carried out in a manner that achieves or optimizes one
advantage or group of advantages as taught herein with-
out necessarily achieving other objects or advantages
as may be taught or suggested herein.

[0027] The above and other aspects of the invention
will be apparent from and elucidated with reference to
the embodiment(s) described hereinafter.

Brief description of the drawings

[0028] The invention will now be described further, by
way of example, with reference to the accompanying
drawings, wherein like reference numerals refer to like
elements in the various figures.

Fig.1 illustrates an outside-facing side ofa TWS ear-
bud.

Fig.2 illustrates a head-facing side of a TWS earbud.
Fig.3 illustrates an output pathway view of a TWS
headset.

Fig.4 illustrates a TWS headset enclosure and some
internal components (excluding speaker canal and
ear tip for clarity).

Fig.5 illustrates internal elements of a charging box.
Fig.6 illustrates a possible physical configuration for
inter-earbud verification of speaker and micro-
phones.

Fig.7 illustrates an acoustic chamber design forinter-
earbud verification of speaker and microphones.
Fig.8 illustrates an acoustic canal design for inter-
earbud verification of speaker and microphones en-
closed in a charging box.

Fig.9 illustrates a charging and calibration box with
left and right-side earbuds installed.

Detailed description of illustrative embodiments

[0029] The presentinvention will be described with re-
spect to particular embodiments and with reference to
certain drawings but the invention is not limited thereto
but only by the claims.

[0030] Furthermore, the termsfirst, second and the like
in the description and in the claims, are used for distin-
guishing between similar elements and not necessarily
for describing a sequence, either temporally, spatially, in
ranking or in any other manner. It is to be understood
that the terms so used are interchangeable under appro-
priate circumstances and that the embodiments of the
invention described herein are capable of operation in
other sequences than described or illustrated herein.
[0031] It is to be noticed that the term "comprising”,
used in the claims, should not be interpreted as being
restricted to the means listed thereafter; it does not ex-
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clude other elements or steps. It is thus to be interpreted
as specifying the presence of the stated features, inte-
gers, steps or components as referred to, but does not
preclude the presence or addition of one or more other
features, integers, steps or components, or groups there-
of. Thus, the scope of the expression "a device compris-
ing means A and B" should not be limited to devices con-
sisting only of components A and B. It means that with
respect to the present invention, the only relevant com-
ponents of the device are A and B.

[0032] Reference throughout this specification to "one
embodiment” or"an embodiment" means that a particular
feature, structure or characteristic described in connec-
tion with the embodiment is included in at least one em-
bodiment of the present invention. Thus, appearances
of the phrases "in one embodiment" or "in an embodi-
ment" in various places throughout this specification are
not necessarily all referring to the same embodiment, but
may. Furthermore, the particular features, structures or
characteristics may be combined in any suitable manner,
as would be apparent to one of ordinary skill in the art
from this disclosure, in one or more embodiments.
[0033] Similarly it should be appreciated that in the de-
scription of exemplary embodiments of the invention, var-
ious features of the invention are sometimes grouped
together in a single embodiment, figure, or description
thereof for the purpose of streamlining the disclosure and
aiding in the understanding of one or more of the various
inventive aspects. This method of disclosure, however,
is not to be interpreted as reflecting an intention that the
claimed invention requires more features than are ex-
pressly recited in each claim. Rather, as the following
claims reflect, inventive aspects lie in less than all fea-
tures of a single foregoing disclosed embodiment. Thus,
the claims following the detailed description are hereby
expressly incorporated into this detailed description, with
each claim standing on its own as a separate embodi-
ment of this invention.

[0034] Furthermore, while some embodiments de-
scribed herein include some but not other features in-
cluded in other embodiments, combinations of features
of different embodiments are meant to be within the
scope of the invention, and form different embodiments,
as would be understood by those in the art. For example,
in the following claims, any of the claimed embodiments
can be used in any combination.

[0035] It should be noted that the use of particular ter-
minology when describing certain features or aspects of
the invention should not be taken to imply that the termi-
nology is being redefined hereinto be restricted toinclude
any specific characteristics of the features or aspects of
the invention with which that terminology is associated.
[0036] In the description provided herein, numerous
specific details are set forth. However, it is understood
thatembodiments of the invention may be practiced with-
out these specific details. In other instances, well-known
methods, structures and techniques have not been
shown in detail in order not to obscure an understanding
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of this description.
[0037] Firstanumber of terms are explained which will
be used throughout the rest of this document.

Ear-level audio processing device

[0038] In the context of the present invention the term
ear level audio processing device is used to refer to any
device thatresides atear-level and has at least one audio
output and some means for standalone processing (a
DSP, a CPU). Throughout this description the terms 'ear
level audio processing device’ and ’'hearing device’ are
used as synonyms.

Input and output transducers

[0039] Hearing devices typically include a set of input
and output transducers, for instance microphones and
speakers. Input acoustic transducers convert variations
of the sound pressure level (SPL) into electrical signals
which are then sampled by an analog-to-digital converter
(ADC) and converted in the digital domain. Other trans-
ducers such as microelectromechanical systems
(MEMS) can convert SPL variation into a digital signal
without the need for an external ADC. In a similar fashion,
acoustic output transducers coupled with a digital-to-an-
alog converter, can convert a digital signal into variation
of the SPL.

[0040] In this description input and output transducers
are specifically defined as follows:

- anoutput transducer converts a digital signal into an
acoustic signal, either via vibration of material or via
air conduction. Examples of output transducers are
a DAC coupled with a speaker and a DAC coupled
with a piezoelectric actuator.

- aninput transducer converts an acoustic signal into
a digital signal. Examples of input transducers in-
clude a MEMS microphone, an electret microphone
coupled with an ADC, a piezoelectric sensor coupled
with an ADC.

Digital calibration tables for input and output trans-
ducers

[0041] Each input or output transducer is associated
with one or more digital calibration tables containing cor-
rection factors to input or output gains to be applied to
the frequency response of the associated transducer.
Such correction factors are stored in a digital format. A
given transducer may be associated with several digital
calibration tables for various reasons, for example :

- to store the digital calibration table of a transducer
at several points in time, for instance during manu-
facturing, on the first use of the device after it has
been purchased, one year after the first use etc.

- to store the digital calibration table of an acoustic
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transducer for generating or recording stimuli at dis-
tinct input or output levels, for SPL in the case of an
acoustictransducer. While itis often possible to mod-
el a transducer as behaving linearly, the presence
of non-linear effects may require the availability of
several digital calibration tables to correct the acous-
tic transducer behaviour when generating or record-
ing acoustic signals at distinct SPLs.

[0042] Calibrationtables constitute a set of adjustment
factors to be applied to a digital signal so that:

- the output digital signal represents the measured
physical quantity (for instance SPL in a certain fre-
quency range) with acceptable tolerance in the case
of an input transducer.

- theresulting SPL generated by an output transducer
matches the expected frequency response with ac-
ceptable tolerance, given the input digital signal.

Digital Calibration

[0043] A digital calibration is defined as the action of
adjusting one or more correction factors contained in one
or more digital calibration tables corresponding to one or
more input or output transducers in order to represent
the relationship between digital control signal and gen-
erated vibration or sound pressure (output transducer
case) or to represent the relationship between measured
vibration or sound pressure level and the output digital
representation of this measurement (input transducer).
A digital calibration may be, but is not necessarily, linked
to a given standard. The calibration can be performed by
an end user or by a professional.

Self-testing

[0044] Self-testing is an automated procedure involv-
ing the electro-acoustic interaction between a hearing
device (be it made of a single physical object as in an
over-the-ear headphones form factor, or of several phys-
ical objects as in a pair of TWS earbuds, whereby the
self-testing is performed first on one of the earbuds and
next on the other) and its user and enabling the assess-
ment of the user hearing profile and/or hearing loss
and/or audiogram, that can be used to configure a sound
personalization and/or hearing loss compensation de-
vice or system.

Self-assessment

[0045] Self-assessmentis an automated procedure in-
volving one or more hearing devices and/or associated
devices producing an updated characterization of the be-
haviour of the considered hearing devices and/or asso-
ciated devices, represented in a digital format.
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Self-calibration

[0046] Self-calibration is an automated procedure in-
volving one or more hearing devices and/or associated
devices, which uses the output of one or more previous
self-assessment procedures as well as other information
available to the set of devices to produce updated digital
calibration tables associated with the set of devices input
and/or output transducers.

Auxiliary Device

[0047] With an ’auxiliary device’ is meant a single de-
vice (e.g. another hearing device or a charging box) used
for assistingin a self-assessment or a self-calibration pro-
cedure as associated device. In some embodiments the
auxiliary device can be part of a distributed system. Other
components of the distributed system can be active (i.e.
they can generate signals via output transducers, record
signal via input transducers, and/or perform computa-
tion), but they can also be passive, for instance, in the
case of a storage box with no active electronics.

[0048] The presentinvention aims to provide a method
for adjusting a characteristic of an ear-level audio
processing device (i.e. a hearing device) with the aid of
an auxiliary device via which the ear-level audio process-
ing device can be adjusted, for example be calibrated.
Once calibrated the ear-level audio processing device is
capable of detecting various types of malfunction, as will
be detailed later in this description. The ear-level audio
processing device in some embodiments offers audiom-
eter and/or hearing aid functionality. Preferably both
hearing aid and audiometer functionality are then provid-
ed in the ear-level audio processing device. In other em-
bodiments the ear-level audio processing deviceis a con-
sumer headset which does not have hearing aid func-
tionality or audiometer functionality.

[0049] A first embodiment of the approach according
to the invention is now described. The ear-level audio
processing device is in this embodiment implemented as
a pair of TWS earbuds, which is one example of what
hereafter is also referred to as a headset. Note that a pair
of earbuds is here to be considered as a pair of hearing
devices, i.e. each earbud is seen as a hearing device on
its own. Fig.1 to Fig.4 provide a schematic representation
of a modern TWS earbud enhanced with a hearing aid
and/or audiometer functionality. The earbuds of the pic-
tured headset each comprise, by way of example, two
external microphones (see Fig.1) to capture signals from
the acoustic environment and one feedback microphone
(see Fig.3) to record variations of acoustic pressure in a
speaker pathway and ear canal. Note that the presence
and placement of the external and feedback micro-
phones in the device shown in the figures are merely
given as an example. The invention is in no way limited
hereto. The TWS earbud charging connectors as shown
in Fig.2 make contact with the charging connectors of
the charging box when the earbuds are inserted into it.
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[0050] Furthercomponentsofa TWS earbud comprise
a System-on-Chip comprising amongst other things in-
put/output ports, a CPU and storage and offering wireless
connectivity (including but not limited to Bluetooth), and
a battery. The TWS earbud internal components are
shown in Fig.4. Additionally, the ear-level audio process-
ing device may optionally include sensors such as bio-
metric sensors, contact conduction sensors, capacitive
touch sensors, accelerometers, gyroscopes and buttons.
[0051] Whenitis needed, the pair of TWS earbuds can
be inserted in its charging box. The receiving enclosure
of the charging box includes charging connectors that
make contact with the TWS earbuds when they are
placed into the box enclosure. Existing charging boxes
include a connector to an external power supply (typical-
ly, but not necessarily, USB), a microcontroller arranged
to handle the charging process, and charging connectors
which allow making contact with the each of the TWS
earbud connectors when they are placed in the box en-
closure.

[0052] In some embodiments hearing aid functionality
can be provided in the headset, i.e. in each of the ear-
buds, in the form of a pure software solution that runs on
the headset, e.g. on the CPU comprised in the headset.
The particular hearing characteristics of the user can then
be compensated for by adjusting parameters that affect
that audio processing. These adjustments as a function
of frequency, called fitting, can range from a small am-
plification to very high levels of amplification. Sometimes,
for a given user having substantially different levels (e.g.
60 dB HL) of hearing loss at different frequencies, alarge
range of required amplification levels can be found. Such
solutions obviously need to be acoustically calibrated.
On the other hand, audiometer functionality, if present,
allows measuring user hearing thresholds based on the
presentation of auditory stimuli at a controlled sound
pressure level and frequency. As such, solutions allowing
audiometer functionality need to be acoustically calibrat-
ed as well.

[0053] Headsets that allow for self-testing (for exam-
ple, resulting in an audiogram) and adjustment of built-
in hearing aid functionality have already been proposed
in the prior art. For instance, headsets featuring Active
Noise Cancellation (ANC) may allow adjusting individual
earbud characteristics. The left or right-side earbud gen-
erates a test signal using its speaker and records the
signal entering the feedback microphone located close
to the loudspeaker acoustic pathway while also recording
the signal entering the external microphones which are
less sensitive to the acoustic pressure variations origi-
nating from the loudspeaker because of their position.
The processing means can analyse the recorded signals
and adjust the relative relationship between loudspeaker
and microphones gains and digital filters to allow for a
fine-tuning of the ANC.

[0054] A hearing assistive system according to the
present invention comprises apart from an ear-level au-
dio processing device, possibly with hearing aid and/or



11 EP 3 905 721 A1 12

audiometer functionality, also an auxiliary tool which is
used in the calibration process. In case a pair of earbuds
is used, each earbud being an audio processing device
on its own, the charging box takes in an advantageous
embodiment the role of auxiliary device employed for cal-
ibration purposes. In other embodiments one of the ear-
buds is the audio processing device of which a charac-
teristic is to be adjusted and the other earbud acts as
auxiliary device. The charging box is then part of a dis-
tributed system that further comprises the other bud.
[0055] Various embodiments of the approach of this
invention implement calibration and self-adjusting and
self-diagnostic scenarios by means of the charging box.
One option is to provide in the charging box a volumetric
cavity (similar to a 2cc coupler) and a central DSP using
a configuration with one or more microphones and trans-
ducers for converting between electrical and acoustic sig-
nals. This set-up allows for a self-testing of one or both
of the two TWS earbuds when they are placed into the
charging box, either with the purpose of charging or not.
In this case the charging box may produce test signals
through its output transducer and record the response to
these signals using its input transducers.

[0056] A charging box manufacturer may want the
manufactured charging box to perform electroacoustic
measurements that meet the maximum allowed uncer-
tainties of a standard to be covered. The example is taken
of compliance with ANSI S3.22-2003/ IEC 60118-7
(2005), which - among other requirements - specifies the
uncertainties allowed for a testing device sound source.
Firstly the sound source (pure tone), in combination with
a pressure-calibrated controlling microphone, must be
capable of producing at the test point the requisite sound
pressure levels between 50 dB and 90 dB, with a mini-
mum step size of 5 dB, within a tolerance of = 1,5 dB
over the frequency range 200 Hz to 2000 Hz and within
+2,5 dB over the range 2000 Hz to 5000 Hz. Require-
ments for the pressure-calibrated controlling microphone
measuring the hearing device output must also be met.
The equipment for measuring the coupler sound pres-
sure level produced by the hearing device must fulfil the
following requirements :

a) the sound pressure level measurement system is
accurate within =1.0 dB at the frequency of calibra-
tion;

b) the indication of the sound pressure level in the
acoustic coupler relative to the indication at the fre-
quency of calibration is measured with an expanded
uncertainty of no more than =1.0 dB in the frequency
range 200 Hz to 5000 Hz.

Verifying that a hearing device with self-testing capabil-
ities meets the requirements mandated by a given stand-
ard requires the use of laboratory equipment and meth-
odologies also mandated by standards. For instance, the
reference microphone used to verify the sound output
characteristics of self-testing device transducer must be
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calibrated using a sound calibrator that complies with
standard IEC 60942, with validated calibration proce-
dure.

[0057] In summary, if the charging box manufacturer
aims at certifying that the manufactured device meets a
given standard from the list already mentioned in the
background section, it can be demonstrated the criteria
of methodology, maximum allowed uncertainties, and
measurements traceability are met, and the manufactur-
er may ask a third-party entity to audit the manufacturing
and calibration process to certify the charging box. In
addition to certifying the manufactured device character-
istics, the manufacturer must make sure that the charging
box is used in the intended way (either by a layperson or
a trained specialist), for instance by providing complete
instructions of use adapted to the targeted user. For the
sake of brevity, a manufactured device meeting the re-
quirements given above is labelled as "standard-compli-
ant".

[0058] The charging box may be certified as standard-
compliant for a given electroacoustic audiometer or hear-
ing aid standard. A periodic maintenance performed by
the charging box manufacturer or a certified technician
may be required. The method of the present invention
can advantageously applied as another step towards
compliance with a standard. Given that the charging box
itself is standard compliant, it can be used to perform the
self-assessment and self-calibration of the ear-level au-
dio processing device for this standard, provided that the
self-assessment or self-calibration is performed in an en-
vironment that is compatible with the intended use of the
device. The self-assessment and self-calibration per-
formed are then comparable to a laboratory testing in-
strument such as a Hearing Instrument Testing device.
Doing so provides several advantages :

- only the charging box needs manual calibration,
maintenance and certification from time to time, the
earbuds are calibrated in an automatic way by the
charging box

- the charging box is not worn in-ear by the user,
hence, it is less prone to obstruction issues by ear
wax or debris

- lessneed for miniaturization of ear-level device com-
ponents that need calibration, so allowing for a
broader selection of components in the ear-level de-
vice and reduction of cost

[0059] The above-sketched scenario requires the ap-
plication of several clauses in the ANSI S3.22 (2014) and
IEC 60118-7 (2005) quality control-related standards
specify acceptable tolerances for test equipment accu-
racy. The charging box operates in some embodiments
of the invention as a calibration tool that calibrates the
earbuds when they are placed in the charging box. The
calibrated earbuds so allow measuring sound pressure
levels in the ear. Hence, in this scenario the auxiliary
device, i.e. the charging box, fulfils an active role in the
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calibration of the earbuds.

[0060] The proposed set-up allows for offering hearing
aid characterization of the ear-level audio processing de-
vice in accordance to the list of standards already given
in the background section.

[0061] In a variant embodiment the auxiliary device,
e.g. the charging box, itself may not be certified as stand-
ard-compliant by the manufacturer, forinstance toreduce
the regulatory and manufacturing costs associated with
the compliance with a standard usually applied to labo-
ratory test equipment. In this case the charging box still
allows for self-assessment of the enclosed earbuds, the
presence of one or more input or output transducers or
both input and output transducers enabling the detection
of anomalies in the hearing devices components (input
and output transducers) and their associated acoustic
pathways, and allowing cross-device measurements to
be made. Also additional redundancy is provided. This
approach may provide enough robustness to be a useful
alternative to a standard-compliant solution. Also in this
scenario the auxiliary device fulfils an active an active
role in the calibration of the earbuds.

[0062] Another scenario is now considered, wherein
the auxiliary device is rather part of a distributed system.
This system comprises a charging box so designed that,
when the earbuds are placed into the charging box, either
with the purpose of charging or not, the two earbuds face
each other’s back end. This allows one earbud to act as
the sound generating device, while the other earbud acts
as sound recording device. Hence, the charging box and
one of the earbuds form the distributed auxiliary system
used to characterize the other earbud of the pair, which
is the device to be tested. The charging box provides a
coupling between the two earbuds and/or allows locating
the earbuds with respectto one another, i.e. when placed
in the charging box the exact position of the two hearing
devices relative to each other is known. Both hearing
devices’ feedforward and, if present, feedback micro-
phones can be used as control means to identify possible
malfunction of the earbud being tested. Self-testing of
the ear-level audio processing device is so possible,
while keeping the cost reduced (no additional transduc-
ers or microphones need to be included in the charging
boxinthis case). Whereas in the embodiments discussed
above the charging box was an active component in the
calibration process, the charging box is now rather used
as a tool to enable the self-assessment and self-calibra-
tion. It is in this scenario that the other earbud plays an
active part in the self-assessment and self-calibration.
[0063] Now some possible designs for a charging box
suitable for use in the above-described approaches are
presented. Fig.5 illustrates the main internal components
of a TWS earbud charging box, including a SoC, battery
and a power supply connector. To accommodate for sce-
narios wherein the charging box is actually used as an
active part in the self-calibration process, the charging
box also includes one or more output transducers able
to generate sound or vibration and input transducers
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such as measurement microphones, as shown in Fig.8.
Note thatthese features are not strictly necessary in case
a calibration process is adopted wherein the charging
box is not actively used.

[0064] Fig.6 shows how TWS earbuds can be spatially
arranged so that a device speaker acoustic pathway fac-
es the other earbud’s external microphones acoustic
pathway. By placing the earbuds in a suitably designed
charging box, this spatial arrangement may readily be
obtained. An acoustic signal generated via an output
transducer of one earbud can be detected and recorded
by the other earbud input transducers, such as the ex-
ternal microphones. This allows for inter-device acoustic
measurements in the scenario wherein the charging box
as such is not actively used.

[0065] Fig.7 shows the design of an acoustic chamber
(in the enclosing box) that allows the placement of TWS
earbuds as shown in Fig.6. For each earbud side, an
acoustic canal connecting one device speaker acoustic
pathway to the other device (earbud) is provided. Fur-
thermore, for each TWS earbud, the designed acoustic
canal includes at least an opening for connecting it to an
external reference microphone (note only one of the two
openings is depicted in Fig.7).

[0066] Fig.8 shows a charging box design in which the
acoustic chamber depicted in Fig.7 can be implemented,
using the box main structure and closing lid when the lid
is closed. To allow for scenarios wherein the charging
box actively takes part in the calibration procedure, the
charging box includes at least two reference micro-
phones, at least one of each being located at the end of
each of the two speaker canals. The acoustic canal
chamber bottom half also includes charging connectors
for each of the two TWS earbuds. A physical constraint
with respect to the location of the charging connectors
of the TWS earbuds needs to be applied for the connec-
tors to be able to contact the box main structure in the
proposed physical configuration.

[0067] Fig.9 shows the charging box depicted in Fig.8
with the left and right earbuds installed.

[0068] An algorithm for adjusting one or more features
of an ear-level audio processing device with use of em-
bodiments of the auxiliary device as described above is
now presented in a number of variants.

[0069] Possible test signals may come from the set of
test signals mentioned in one or more of the various
standards listed in the background section of this docu-
ment. The test signals may include a warble tone, a pure
tone, random noise, pseudo-random noise, band limited
white noise, chirp, ICRA noise, Real Speech.

[0070] In the present invention the ear-level audio
processing device comprises at least one output trans-
ducer. In advantageous embodiments the ear-levelaudio
processing device also comprises at least one input
transducer. The auxiliary device comprises at least one
input transducer or output transducer. In some embodi-
ments the auxiliary device comprises at least one input
transducer and at least one output transducer. In some
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embodiments the auxiliary device comprises at least one
transducer which is the opposite of atransducer available
in the ear-level audio processing device, e.g. if the ear-
level audio processing device contains an output trans-
ducer then the auxiliary device has an input transducer.
If the ear-level audio processing device comprises both
an input transducer and an output transducer, the auxil-
iary device contains an input transducer or an output
transducer or one or more of both.

[0071] Inoneembodimentthe testsignalcanbe played
back by a speaker of the auxiliary device (i.e. belonging
to either the charging box or a hearing device not being
tested, if e.g. a set-up with a headset is considered) and
the response to the acoustic pressure derived from play-
back is recorded via one or more microphones of the
hearing device to be tested, assessed or calibrated. Two
options are available for storing the microphone recorded
signal. In the first option the raw digital signal coming
from the microphone is stored. In the second option post-
processing of the raw digital signal is applied so that sta-
tistics describing the recorded signal are computed by
either the auxiliary device (e.g. the charging box) or the
hearing device, and only those statistics are stored. An
example of statistics that can be computed are the en-
ergies in a third-octave frequency filter bank (those en-
ergies having been computed in either the temporal or
spectral domain), which have been used in the past to
implement sound level metering devices. In the remain-
der of this document statistics computed on the recorded
audio signal are referred to as a "noise profile".

[0072] In case the procedure to collect test data uses
a speaker of the hearing device to be tested to play the
generated test signals, the resulting variations of the
sound pressure level can be measured by at least one
of, the external microphone(s) of the other hearing device
(e.g. in case a pair of earbuds is used) and the same-
side reference microphone of the charging box if it is in-
cluded in the design. Further the sound pressure level
may also be measured by a feedback microphone of the
sound generating device, if present. In case a speaker
of the other hearing device (not being tested) is used,
the external microphone(s) or the feedback microphone
ofthe hearing device being tested are used for measuring
the sound pressure level or an input transducer of the
charging box.

[0073] In case the test data collection procedure uses
test signals generated via a transducer of the charging
box, the resulting variations of the sound pressure level
can be measured by the hearing devices input transduc-
ers (in an implementation with a pair of earbuds, both
earbuds can be tested simultaneously or sequentially in
this use case), and possibly also by the charging box
input transducers. In this latter case a reference record-
ing can so be obtained with which the recordings of the
tested devices input transducers can be compared.
[0074] Depending on the implemented scenario, the
test data collection procedures described above may fur-
ther involve the synchronization of the devices involved
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(for example, the charging box and each of the two TWS
earbuds). Playback on one device must be synchronized
with the recording on the other device(s). Data commu-
nication between the devices enables the exchange of
synchronization messages. Data communication can be
implemented using for example data transfer over the
charging connectors or wireless Bluetooth Low Energy
connectivity or any other wireless connectivity protocol.
[0075] The data collection steps described above can
be performed at several points in time to extract statistics
that allow understanding the evolution over time of trans-
ducers (including speaker and microphones) response,
and the current obstruction state of their acoustic path-
ways.
[0076] In an advantageous embodiment the data col-
lection sequence s first performed at manufacturing time,
where the device characteristics and state of the path-
ways are as close as possible to the nominal values given
the tolerances of the manufacturing process. Character-
ization before use can also be verified using additional
measurement material, as described above. The data
collected at this time is stored for the tested device and
can be labelled as "factory data".
[0077] After the device has been purchased and taken
in use, a data collection sequence can be scheduled (ei-
ther manually by the user or in an automated, possibly
periodic way), and this data collection sequence will be
executed for example the next time the hearing device
is placed into the charging box. The parameters related
to the sound generation part of the test sequence are the
same as the ones used for generating the factory data.
[0078] A general method is provided for data collection
of test sequences to be used for self-assessment and/or
self-calibration using one or more hearing devices cou-
pled with an associated auxiliary device, which in some
embodiments can be implemented as a charging box. In
other embodiments one of the earbuds of a pair serves
as associated aucxiliary device. The general method en-
compasses the use cases described above.
[0079] The devices’ output transducer labelling is giv-
en as follows. Each hearing device output transducer
t
Ss is labelled with an index s ranging from 0 to S-1,
where S is the number of hearing devices, and another
index t ranging from 0 to T-1, where T is the number of
output transducers per hearing device or per accessory
to a hearing device. In a minimum set-up T may be 0,
provided that the auxiliary device comprises an output
transducer. It is assumed for simplicity that each hearing
device comprises one output transducer (e.g., T = 1).
Note however that this is not strictly needed and hearing
devices may in certain embodiments also have more than
one output transducer (e.g., T > 1). For simplicity of ex-
planation however hereinafter embodiments of the pro-
posed method are considered with one output transducer
per hearing device. Each charging box output transducer
b is labelled with an index ranging from 0 to B-1, where
B is the number of output transducers in the charging
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box. Forinstance, considering the use case with hearing
device (e.g. earbud) speaker-generated test signals,
whereby a speaker of either the hearing device to be
tested or the other hearing device generates the test sig-
nal, S equals 2, T equals 1, and a possible index labelling
would be :

o soo: leftearbud speaker, which, consideringthat T=1,
will be denoted s, hereafter

. s10: right earbud speaker, which, considering that
T=1, will be denoted s, hereafter

In the use case with test signals generated via a charging
box output transducer, and assuming only one speaker
is included in the charging box, then B equals 1 and the
index labelling is:

* by charging box speaker

This approach can readily be extended to handle a case
in which the charging box is equipped with more than
one output transducer, in which case the sound sources
attached to it would be labelled by, by,..., bg_4, with B the
number of transducers included in the charging box.

In the case a solution is considered encompassing both
use cases (i.e. with hearing device speaker-generated
test signals and with test signals generated via a charging
box transducer), S equals 2 and B1 and a possible la-
belling is:

*  sp left earbud speaker
* sy right earbud speaker
* by charging box speaker

[0080] The input transducer labelling in this example
is given as follows. Each microphone m is labelled with
an index ranging from 0 to M-1, where M is the number
of microphones of each device mh; being used during
datacollection. If ause case with hearing device speaker-
generated test signals is taken and assuming each hear-
ing device is equipped with three microphones (e.g. two
external microphones and one feedback microphone),
then, for each hearing device, M equals 3 and a possible
labelling of the microphones would be :

e mhy% mhy! mhy? denoting the feedback micro-
phone, front-facing external microphone and back-
facing external microphone of left hearing device,
respectively, with associated sound source labelled
Sp-

e mh,% mh,: mh,2 denoting the feedback micro-
phone, front-facing external microphone and back-
facing external microphone of right hearing device,
respectively, with associated sound source labelled
St

Furthermore, if a use case with test signals generated
via a charging box output transducer is considered, each
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hearing device charging box acoustic chamber mb; is
equipped with N microphones, and the corresponding
charging box acoustic chamber microphones may be la-
belled as follows :

o mbyo, ..., mbyN-: denoting the charging box micro-
phones located in the acoustic chamber connected
to the left hearing device

e mb,9 ..., mbN-: denoting the charging box micro-
phones located in the acoustic chamber connected
to the right hearing device

Note that this use case can be implemented for N > 1.
[0081] Below a general account is given of the data
collection procedure that is applicable to either the use
case with hearing device speaker-generated test signals
(hence, where a hearing device is used as auxiliary de-
vice) or the use case with test signals generated via a
charging box output transducer (hence, where the charg-
ing box is used as auxiliary device) or any combination
of these use cases. For a test sequence initiated at a
giventimestampt, theresponse to a testsignal generated
by sound source s;or bjcan be recorded by microphones
mhgk, mhk, mby, mb/,for0<i<S,0<j<B,0<k<M,
and 0 < | < N. The microphone signals can be recorded
simultaneously or sequentially, given that the generated
signal is constant during the recording sequence. The
recorded signal is analysed either during recording or
afterrecording (as explained previously), and allows gen-
erating any of the following noise profiles :

N(mh,t): noise profile of left hearing device micro-
phone at index k (0 < k < M), for a test procedure
initiated at time t.

N(mhKt): noise profile of right hearing device mi-
crophone at index k (0 < k < M), for a test procedure
initiated at time t.

N(mb/,t): noise profile of charging box microphones
atindex 1 (0 <1< N) located in the acoustic chamber
connected to the left hearing device.

N(mb /,t): noise profile of charging box microphones
atindex 1 (0 <1< N) located in the acoustic chamber
connected to the right hearing device.

[0082] At any given time t that a test sequence is initi-
ated, the following procedure is initiated:

- Selecting characteristics of the test signal to gener-
ate (including but not limited to: waveform type, start
and end amplitude, start and end frequency), label-
ling this configuration G and storing it.

- Selecting one sound source used to play the test
signal, among s; (0 <i< 8) or b/(O <j<B)

- Selecting one or more recording microphones
among on the entirety or a subset of the available
microphones mhy kK, mh X, mb/, mb,, for 0 <k < M,
and0<I<N

- Starting generation of the test signal using the se-
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lected sound source

- During playback of the sound source, storing the
samples recorded using the selected microphones
or computing the noise profiles N(mhk,t), N(mh /K t),
N(mby't), N(mb,t) corresponding to the received
signals from the one or more selected microphones
and storing them.

- Ifitis necessary to compute statistics (such as av-
erage and standard deviation) over time, during play-
back, performing subsequent computations of the
noise profiles N(mhyX t+a*Dt), N(mh /K t+aDt),
N(mby,!, t+a=Dt), N(mb,, t+a*Dt) corresponding to
the one or more selected microphones at subse-
quent time intervals and store them. Dt and a hereby
denote a small time interval so chosen that a higher
temporal resolution is achieved and a counting in-
dex, respectively.

- Waiting for completion of playback of the signal at
the selected source.

- Stopping recording signal on the selected micro-
phones.

- Collecting the stored information for this test se-
quence, and timestamping the resulting data collec-
tion corresponding to time t. Parts of the stored test
signal characteristics, stored audio samples or
stored noise profiles may have been stored on dif-
ferent devices (be it the left hearing device, the right
hearing device or the charging box). The stored data
can be copied from one device to another so that all
the data corresponding to the collection created for
this experiment is available on one device storage.
The stored data collection for a given test sequence
is labelled Test_sequence(G, t).

[0083] The hearing devices and charging box can be
connected to a device with increased storage and com-
putational power and possibly with internet connectivity.
This is, for instance, the case for existing hearing aids or
wireless headsets orearbuds connected to asmartphone
and arranged to exchange information with an authorized
application installed on the user smartphone.

[0084] The timestamped data obtained after data col-
lection can be analysed to track the evolution over time
of the noise profiles obtained after recording a test se-
quence. To perform this assessment, for a given gener-
ator configuration G wherein the test signals are gener-
ated, it is possible to compare several test sequences
thatwere performed for the same generator configuration
G, taken at different timestamps. The resulting list of data
collections is noted [Test sequence(G, ty), ...,
Test_sequence(G, tr_4)], where T is the number test se-
quences corresponding to a particular generator config-
uration, and {, ..., ty_; are the timestamps at which these
test sequences where produced.

[0085] Given the list of collections [Test_sequence(G,
to), ..., Test_sequence(G, t_4)], a first method of self-as-
sessment is to compare the noise profile of a given input
transducer of a hearing device and/or auxiliary device at

10

15

20

25

30

35

40

45

50

55

1"

different timestamps, allowing for detecting a change in
the transducer characteristics. Several similarity metrics
can be used to measure the similarities between noise
profiles, including, but not limited to, Root Mean Square
error (RMS), Earth-Moving Distance (EMD), Manhattan
Distance (MD).

[0086] A second method of self-assessment is to com-
pute the correlation of distinct input transducers noise
profiles in a test sequence performed at time t, and also
to compute this correlation between successive test se-
quences produced attime t, ..., ty.;. Several metrics can
be used to measure the correlations between noise pro-
files, including, but not limited to, cross-correlation, Mu-
tual Information, KL-Divergence.

[0087] The computation of similarity and correlation
metrics between noise profiles allows detecting outliers,
highlighting a faulty input transducer or its associated
pathway. Likewise, if the noise profiles of several input
transducers are correlated but present some modifica-
tion between successive timestamps, this may indicate
adefectin the output transducer involved. Detecting out-
liers can be performed in various ways. Some examples
are the following :

- comparing the noise profiles recorded by several in-
put transducers for a signal played back by a given
output transducer at a given timestamp to,

- comparing the noise profiles recorded by a given in-
put transducer for a signal played back by several
output transducer at successive timestamps within
a self-assessment session (i.e. t = ty+a*Dt, and Dt
does not exceed a few seconds),

- comparing the noise profiles recorded by a given in-
put transducer for a signal played back by a given
output transducer at successive timestamps belong-
ing to successive self-assessment sessions (e.g.
to+a*Dt, and Dt is superior to a day),

- cross reference the data given in above items. For
instance, to compare the noise profiles recorded by
two input transducers to the signal generated by four
output transducers during a self-assessment ses-
sion, and between successive measurement ses-
sions performed every week. In another example,
measurements can be grouped between all output
and input transducer pairs to represent pathway
measurements.

In all cases, various statistical outlier detection tech-
niques can be used and their results compared. Unsu-
pervised and clustering techniques allow isolating meas-
urements that do not belong to a group of measurements.
In addition, predictive modelling techniques coupled with
cross-validation can build a predictive model based on a
subset of the measurements (called training set) while
the measurements corresponding to a given transducer
or acoustic pathway (called validation set) are left apart
forvalidation. The error of the validation data to the model
derived from the training set can be computed. Cross-
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validation is repeated for all transducers and/or pathways
to be tested, resulting in an error score to the predictive
model. Transducer or pathways with an error score
above a certain threshold can be considered as outliers.
If an input transducer is identified as an outlier, the devi-
ation of its noise profile with respect to the predictive mod-
el based on all other measurements can be computed,
resulting in correction factors to be applied to it.

If an output transducer is identified as an outlier, the de-
viation with respect to the predictive model based on all
other measurements can be computed, resulting in cor-
rection factors to be applied to it.

If a pathway is identified as an outlier, the deviation of
the input transducer noise profile with respect to the pre-
dictive model based on all other measurements can be
applied to it only for measurements originating from the
pathway output transducer. Alternatively, correction fac-
tors can be applied to the pathway output transducer and
applied to it only for measurements performed by the
input transducer belonging to said pathway.

The information provided by the noise profiles can then
be used to determine e.g. frequency response correction
factors. Hearing thresholds provided to the user can be
controlled by setting appropriate parameter values
wherein the information obtained from the method as de-
scribed above is taken into account.

[0088] The timestamped data obtained after collection
from each user’s device(s) can be anonymized and for-
warded to a companion application installed on a user
smartphone, which can apply further processing onitand
upload it to a remote server operated by the device man-
ufacturer or distributor. As a consequence, timestamped
data related to self-testing and calibration for all devices
manufactured will be available for further processing. Pri-
vacy issues can be addressed provided the collected da-
ta does not contain personal information and solely re-
flects the state of calibration of the device. For instance,
such processing may allow answering questions like, for
example,

* which components are prone to variability of speci-
fications (between devices, and over time), or

e which pathways are prone to obstruction (between
devices, and over time)

[0089] Performing such crowd-based verification can
bring along the following improvements:

e Computation of corrective calibration constants for
each microphone or speaker to be applied to the
entirety of devices

* Identification of components with change of charac-
terization during lifetime, hinting at their possible re-
placement in the next generation of devices

* Identification of acoustic pathways that get obstruct-
ed during lifetime, hinting at possible improvements
of the mechanical design in the next generation of
devices
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[0090] In another embodiment the headset is a classi-
cal headset, i.e. a set of headphones joined by a band
(e.g. placed over the head). The headphones have at
least one microphone attached per ear side, and option-
ally any number of external or feedback microphones per
ear side. When the two earcups of the headphones are
brought close enough into each other’s neighbourhood
in a way that the acoustic pathways between one earcup
output transducer and the other earcup microphones can
be controlled in a reproducible way, the methods as de-
scribed above can readily be applied. The two earcups
can be brought into each other’s neigbourhood by using,
for instance, a folding mechanical design in which, when
the over-the-ear headphone is folded, the two earcups
are in vicinity of each other or face each other.

[0091] In yet another embodiment the ear-level audio
processing device is a hearing aid. The hearing aid de-
vice includes at least one microphone per ear side and
can further also include any number of external or feed-
back microphones per ear side. The hearing aid is further
provided with a processing means, for example a digital
signal processor or a CPU. The hearing aid is capable
of exchanging data, synchronizing playback and record-
ing with an auxiliary tool, for example a charging box or
the hearing aid at the other side, using a wireless com-
munication protocol, for example Bluetooth, WiFi or
Near-Field Magnetic Induction (NFMI), or using a wired
communication protocol via the charging connector.
[0092] In yet another embodiment the ear-level audio
processing device is a hearing aid that uses replaceable
batteries, as thisis the case in several hearing aid models
currently distributed on the market. In the methods ac-
cording to the present invention the enclosing box is then
not meant for charging but has the purpose of storage,
self-assessment and self-calibration of the hearing aids.
[0093] In yet another embodiment the ear-level audio
processing device includes at least a feedback micro-
phone per ear side in addition to other transducers. The
role of the feedback microphone, in addition to estimating
the output level of the speaker and participating in the
self-assessment and self-calibration process described
above, is also to provide an estimation of the filtering
taking place in the user ear canal due to the user ear
canal specific shape, thus yielding an estimate of a Real
Ear Measurement (REM). The self-assessment and self-
calibration method presented here can be focused at pre-
serving a good approximation of a REM using the feed-
back microphones included in the hearing devices.
[0094] In yet another embodiment the ear-level audio
processing device includes at least a speaker per ear
side in addition to other transducers. The speakers in-
cluded in each side come from a matched pair, which
means they have been manufactured and adjusted to
have similar characteristics. The self-assessment and
self-calibration method presented above can be focused
at preserving the matching between the matched speak-
ers.

[0095] While the invention has been illustrated and de-
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scribed in detail in the drawings and foregoing descrip-
tion, suchillustration and description are to be considered
illustrative orexemplary and notrestrictive. The foregoing
description details certain embodiments of the invention.
It will be appreciated, however, that no matter how de-
tailed the foregoing appears in text, the invention may be
practiced in many ways. The invention is not limited to
the disclosed embodiments.

[0096] Other variations to the disclosed embodiments
can be understood and effected by those skilled in the
art in practicing the claimed invention, from a study of
the drawings, the disclosure and the appended claims.
In the claims, the word "comprising" does not exclude
other elements or steps, and the indefinite article "a" or
"an" does not exclude a plurality. A single processor or
other unit may fulfil the functions of several items recited
in the claims. The mere fact that certain measures are
recited in mutually different dependent claims does not
indicate that a combination of these measures cannot be
used to advantage. A computer program may be
stored/distributed on a suitable medium, such as an op-
tical storage medium or a solid-state medium supplied
together with or as part of other hardware, but may also
be distributed in other forms, such as via the Internet or
other wired or wireless telecommunication systems. Any
reference signs in the claims should not be construed as
limiting the scope.

Claims

1. Method for adjusting with aid of an auxiliary device
at least one characteristic of an ear-level audio
processing device, said ear-level audio processing
device comprising atleast one outputtransducer and
said auxiliary device comprising at least one input
transducer and/or output transducer, the method
comprising :

a) selecting a test signal

b) playing said test signal using an output trans-
ducer of said ear-level audio processing device
or an output transducer of said auxiliary device,
c) recording by means of atleastone input trans-
ducer of said ear-level audio processing device
or of said auxiliary device said test signal from
said output transducer,

d) collecting test data from signals obtained from
said recording,

e) adjusting said at least one characteristic of
said ear-level audio processing device based on
the collected test data.

wherein in said steps b) and c) at least once said
auxiliary device is used.

2. Method as in claim 1, wherein said collecting test
data comprises determining a noise profile of said
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output transducer used for playing said test signal
and/or of said at least one input transducer used for
said recording.

Method as in any of the previous claims, wherein
said collecting test data comprises labelling said test
data with atime stamp to track an evolution overtime.

Method as in claim 3, comprising comparing said
noise profile of a given input transducer of said ear-
level audio processing device or said auxiliary de-
vice.

Method as in any of claims 2 to 4, comprising deter-
mining a correlation between two distinct input trans-
ducer noise profiles.

Method as in any of claims 3 to 5, comprising ano-
nymizing the collected test data.

Method as in any of the previous claims, wherein
said signals obtained from said recording are stored.

Method as in any of the previous claims, wherein
said signals obtained from said recording are proc-
essed before being stored.

Method as in any of the previous claims, wherein
said ear-level audio processing device has audiom-
eter and/or hearing aid functionality.

Method as in any of the previous claims, wherein
said ear-level audio processing device is an earbud
of a pair of earbuds and said auxiliary device is a
charging box arranged for charging said pair of ear-
buds.

Method as in claim 10, wherein said charging box
comprises at least one input transducer and at least
one output transducer.

Method as in any of the previous claims, wherein
said testsignal is also recorded with a feedback input
transducer of the device used for playing said test
signal.

Use of the method as in any of the previous claims
in a procedure for obtaining an updated characteri-
zation of said ear-level audio processing device or
of said auxiliary device.

Use of the method as in claim 13, wherein said up-
dated characterization is exploited to produce one
or more updated digital calibration tables associated
with said ear-level audio processing device or of said
auxiliary device.

Use of the method as in any of the previous claims
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for configuring a sound personalization or hearing
loss compensation of a user of said ear-level audio
processing device.

10

15

20

25

30

35

40

45

50

55

14



EP 3 905 721 A1

Back external
microphone

Removable ear
tip

Headset casing

Front external
microphone

Fig.1

Biometric
sensors

Charging
connectors

15



EP 3 905 721 A1

Feedback
microphone

Speaker and
protection layer

System on chip

Battery

16



EP 3 905 721 A1

System on chip

Transducer {scenario Al, A2)

Battery

Connector for
power supply

Left side TWS
earbud

Right side TWS
‘

17



EP 3 905 721 A1

Acoustic canal
mold for left ear
earbud

Opening for
enclosing box
reference
microphone

Acoustic canal
mold for right
ear earbud

Acoustic canal
chamber —top
half

Connectors for
left-side TWS
earbud

Reference
microphone for
right-side
earbud speaker
canal

Acoustic canal
chamber —
bottom half

18



EP 3 905 721 A1

Left-side earbud

Charging and
calibration box

Right-side
earbud

19



10

15

20

25

30

35

40

45

50

55

EP 3 905 721 A1

Européisches
Patentamt
European
Patent Office
Office européen

des brevets

[

EPO FORM 1503 03.82 (P04C01)

EUROPEAN SEARCH REPORT

DOCUMENTS CONSIDERED TO BE RELEVANT

Application Number

EP 20 20 3622

Category Citation of document with indication, where appropriate, Relevant CLASSIFICATION OF THE
of relevant passages to claim APPLICATION (IPC)
X US 2011/222696 Al (BALACHANDRAN NIKHIL 1,2,6-9,[ INV.
[US] ET AL) 15 September 2011 (2011-09-15)(11-15 HO4R25/00
A * paragraphs [0020], [0021], [0025], 3-5,10 | HO4R29/00
[0062], [0087], [0089]; claim 10; HO4R1/10
figures 4b, 6b *
X CN 109 246 517 A (GOERTEK TECH CO LTD) 1,3-6,
18 January 2019 (2019-01-18) 10,13-15
A * paragraphs [0011] - [0014], [0025], 2,7-9
[0048], [0052], [0056], [0070] -
[0076], [0089] - [0100] *
A WO 20197152729 Al (CIRRUS LOGIC INT 1-15
SEMICONDUCTOR LTD [GB]; ALDERSON JEFFREY
[US] ET AL.) 8 August 2019 (2019-08-08)
* paragraphs [0027] - [0034] *
A CN 110 784 804 A (GOERTEK TECH CO LTD) 1-15
11 February 2020 (2020-02-11)
* the whole document * *
_____ TECHNICAL FIELDS
A US 2012/269356 Al (SHEERIN JOHN [US] ET  |1-15 SEARCHED P9
AL) 25 October 2012 (2012-10-25) HO4R
* paragraphs [0022] - [0034] *
The present search report has been drawn up for all claims
Place of search Date of completion of the search Examiner
The Hague 17 March 2021 Pigniez, Thierry

CATEGORY OF CITED DOCUMENTS

T : theory or principle underlying the invention

E : earlier patent document, but published on, or

X : particularly relevant if taken alone after the filing date
D : document cited in the application
L : document cited for other reasons

Y : particularly relevant if combined with another
document of the same category

A : technological background

O : non-written disclosure

P : intermediate document document

& : member of the same patent family, corresponding

20




EP 3 905 721 A1

ANNEX TO THE EUROPEAN SEARCH REPORT

ON EUROPEAN PATENT APPLICATION NO. EP 20 20 3622

This annex lists the patent family members relating to the patent documents cited in the above-mentioned European search report.

10

15

20

25

30

35

40

45

50

55

EPO FORM P0459

The members are as contained in the European Patent Office EDP file on
The European Patent Office is in no way liable for these particulars which are merely given for the purpose of information.

17-03-2021
Patent document Publication Patent family Publication

cited in search report date member(s) date

US 2011222696 Al 15-09-2011 CN 103026247 A 03-04-2013
JP 2013523014 A 13-06-2013
TwW 201202676 A 16-01-2012
US 2011222696 Al 15-09-2011
WO 2011115836 A2 22-09-2011

CN 109246517 A 18-01-2019  NONE

WO 2019152729 Al 08-08-2019 CN 111902861 A 06-11-2020
US 2020005759 Al 02-01-2020
WO 2019152729 Al 08-08-2019

CN 110784804 A 11-02-2020  NONE

US 2012269356 Al 25-10-2012 US 2012269356 Al 25-10-2012
US 2014369511 Al 18-12-2014

For more details about this annex : see Official Journal of the European Patent Office, No. 12/82

21




EP 3 905 721 A1
REFERENCES CITED IN THE DESCRIPTION
This list of references cited by the applicant is for the reader’s convenience only. It does not form part of the European
patent document. Even though great care has been taken in compiling the references, errors or omissions cannot be
excluded and the EPO disclaims all liability in this regard.

Patent documents cited in the description

* US 2020058287 A [0009]

22



	bibliography
	abstract
	description
	claims
	drawings
	search report
	cited references

