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(54) HEARING AID FOR INDICATING A PATHOLOGICAL CONDITION

(57) According to an embodiment, a hearing aid
adapted to indicate a pathological condition of a user of
the hearing aid when the hearing aid is in use is disclosed.
The hearing aid includes an input transducer, a process-
ing unit, an output transducer and a feedback measure-
ment unit. The input transducer is adapted to transform
an input sound signal into an electrical input signal. The
processing unit adapted to generate an electrical output
signal by processing the electrical input signal. The out-
put transducer is adapted to transform the processed
electrical output signal to an acoustic output signal and
to direct the acoustic output signal towards a tympanic
membrane of the user. The feedback measurement unit
is adapted to measure an acoustic feedback produced
by the tympanic membrane in response to the acoustic
output signal. During a time duration, a feedback path

logger is adapted to continuously track the measured
acoustic feedback and a feedback path modeller is
adapted to generate a base pattern across a plurality of
frequencies of the tracked acoustic feedback. During a
subsequent time duration, the feedback path logger is
adapted to continuously track the measured acoustic
feedback and the feedback path modeller is adapted to
generate a measured pattern across the plurality of fre-
quencies of the tracked acoustic feedback. The hearing
aid further includes a comparator and a state classifier.
The comparator is adapted to determine a variation be-
tween the measured pattern and the base pattern and
the state classifier adapted to identify at least one path-
ological condition corresponding to the determined var-
iation.
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Description

FIELD

[0001] The disclosure relates to a device having an ear
monitoring functionality. In particular, the disclosure re-
lates to a hearing aid adapted to indicate a pathological
condition of a user of the hearing aid based on non-in-
vasive in-situ monitoring of the middle ear status.

BACKGROUND

[0002] The middle ear is a cavity located behind the
eardrum (tympanic membrane). For normal operation,
the middle ear is maintained at the same pressure as the
atmospheric pressure through pressure equalization via
the Eustachian tube. However, in some cases such as
Eustachian tube dysfunction, the pressure of the middle
ear becomes different from that of the atmospheric pres-
sure. Variation in middle ear pressure such as negative
pressure or alternating periods of negative, normal and
positive pressure may be a risk factor or symptom for
middle ear problems. Most middle ear problems result in
stiffening of the tympanic membrane due to pathological
difference in pressure between the middle ear and the
atmospheric pressure. This can interfere with the ability
of the middle ear to transfer sounds from the outer ear
to the inner ear. When the tympanic membrane is stiffer
than normal, it reflects more sounds than it would nor-
mally do back to the outer ear. The negative middle ear
pressure often is a forerunner to Otitis Media. Although
anyone can develop an ear infection, ear infections are
much more prevalent among children than in adults. For
example, 80% of infants and young children will experi-
ence Otitis Media. Of these, many children suffer from
Otitis Media for weeks and months before it is detected
in a clinic. Otitis Media can cause temporary hearing loss.
If left untreated, it can cause permanent hearing loss. A
hearing loss itself delays development of language skills,
and children who already have a hearing loss are more
affected and delayed in their development if an untreated
hearing loss is caused by Otitis Media occurs. An early
detection of Otitis Media would limit the detrimental ef-
fects caused by the hearing loss and limit the associated
discomfort and pain. Unfortunately, parents, teachers
and other people around the child typically fail to notice
the exact condition of the child’s middle ear. Therefore,
parents would be relieved if they were advised on when
to seek medical help for deductive diagnosis of a potential
middle ear problem.
[0003] There exists a need for not only identifying con-
dition of the middle ear in a simpler way but also to ad-
dress the issue of monitoring other pathological condi-
tions. For example, the parts of the inner ear that con-
tribute to hearing and balance are filled with clear and
odourless fluid. This fluid is linked through the cochlear
aqueduct to the fluid that surrounds and supports the
brain. Healthy cochlear fluids are vital to good hearing

and balance while healthy cerebral fluids are vital to life.
Changes in these fluids may occur. For example,
Meniere’s disease is caused by changes in cochlear flu-
ids. Conventionally, an analysis of the pressure of the
cerebral fluid is used to diagnose brain-related conditions
such as cerebral malaria (swelling of the brain due to
malaria-filled blood cells blocking cerebral blood supply),
meningitis (infection of the outer layers of the brain), and
subarachnoid haemorrhage (bleeding around the brain).
The traditional approach for measuring cerebral fluid
pressure is the lumbar puncture (also called spinal tap)
which is invasive and has significant risks. It involves
local anaesthesia, insertion of a hollow needle in the
spine, and the measurement of the pressure in the spine.
[0004] The deductive and decisive identification of
such pathological condition for curative purposes is pos-
sible only through a trained medical professional. How-
ever, such deductive and decisive identification is de-
pendent upon the potential patient visiting the medical
professional for tests and the analysis and such visits are
typically infrequent. Therefore, there is a need to provide
a preliminary indication of pathological condition such
that the user of the hearing aid is alerted to make an
appropriately timed visit to the medical professional for
diagnosis and treatment.

SUMMARY

[0005] The disclosure relates to indication of a patho-
logical condition based on an in-situ and non-invasive
technique. In particular, such indication is implemented
using a hearing aid that is in operating position at a hear-
ing aid user. As indicated earlier, a variation in middle
ear affects pressure equalization and in effect, affects
such as increase the stiffness of the tympanic membrane.
This change such as increase in the stiffness of the tym-
panic membrane affects acoustic feedback detected in
response to an input sound signal, which may either in-
clude the sound received from the user’s auditory envi-
ronment or a predefined signal with or without the sound
received from the auditory environment. Measuring the
acoustic feedback determines the middle ear condition
and forms the basis for detecting pathological condition
using a state classifier. The disclosure further refers to a
pending application EP14176716.0 titled "Hearing de-
vice with ear monitoring Function", which is incorporated
here by reference.
[0006] According to an embodiment, a hearing aid
adapted to indicate a pathological condition of a user of
the hearing aid when the hearing aid is in use is disclosed.
The hearing aid includes a signal generator, an output
transducer and a feedback measurement unit. The signal
generator is adapted to generate an electrical output sig-
nal. The output transducer is adapted to transform the
electrical output signal to an acoustic output signal and
to direct the acoustic output signal towards a tympanic
membrane of the user. The feedback measurement unit
adapted to measure an acoustic feedback produced by
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the tympanic membrane in response to the acoustic out-
put signal. During a time duration, a feedback path logger
is adapted to continuously track the measured acoustic
feedback and a feedback path modeller is adapted to
generate a base pattern across a plurality of frequencies
of the tracked acoustic feedback. During a subsequent
time duration, the feedback path logger is adapted to
continuously track the measured acoustic feedback and
the feedback path modeller is adapted to generate a
measured pattern across the plurality of frequencies of
the tracked acoustic feedback. The hearing aid further
includes a comparator and a state classifier. The com-
parator is adapted to determine a variation between the
measured pattern and the base pattern and the state
classifier adapted to identify at least one pathological
condition corresponding to the determined variation.
[0007] According to an embodiment, a hearing aid
adapted to indicate a pathological condition of a user of
the hearing aid when the hearing aid is in use is disclosed.
The hearing aid includes an input transducer, a process-
ing unit, an output transducer and a feedback measure-
ment unit. The input transducer is adapted to transform
an input sound signal into an electrical input signal. The
processing unit adapted to generate an electrical output
signal by processing the electrical input signal. The out-
put transducer is adapted to transform the processed
electrical output signal to an acoustic output signal and
to direct the acoustic output signal towards a tympanic
membrane of the user. The feedback measurement unit
adapted to measure an acoustic feedback produced by
the tympanic membrane in response to the acoustic out-
put signal. During a time duration, a feedback path logger
is adapted to continuously track the measured acoustic
feedback and a feedback path modeller is adapted to
generate a base pattern across a plurality of frequencies
of the tracked acoustic feedback. During a subsequent
time duration, the feedback path logger is adapted to
continuously track the measured acoustic feedback and
the feedback path modeller is adapted to generate a
measured pattern across the plurality of frequencies of
the tracked acoustic feedback. The hearing aid further
includes a comparator and a state classifier. The com-
parator is adapted to determine a variation between the
measured pattern and the base pattern and the state
classifier adapted to identify at least one pathological
condition corresponding to the determined variation.
[0008] The term "hearing aid is in use" refers to that
the hearing aid is positioned at the user in its operating
position. As an illustraive example, the term hearing aid
in use is explained by way of a behind the ear aids (BTE)
that includes a case, an earmould or dome and a con-
nection between them. In use, the case sits behind the
pinna with the connection from the case coming down
the front into the ear, where the earmould sits. This in-
cludes i) use of the hearing aid during a fitting session,
or ii) using the hearing aid during normal operation where
the hearing aid is used to amplify sound for the wearer,
usually with the aim of making speech from auditory

(acoustic) environment more intelligible, and to correct
impaired hearing. Thus, the hearing aid provides an in-
situ monitoring of the pathological condition of the user.
In case where the hearing aid includes a health monitor
wearable, the wearable unit is in position at or in the ear
in order to be used as monitoring the stiffness of the tym-
panic membrane in accordance with the disclosure. In
this implementation, the hearing aid in use refers to po-
sitioning the wearable at or in the ear of the user of the
ear as an ear level monitoring unit without an amplifica-
tion of the input sound signal as is the case in conven-
tional hearing aid. Thus, when the wearable unit is in use,
the processing unit is adapted to generate an electrical
output signal by processing the electrical input signal.
The processing unit may be adapted to process the elec-
trical input signal. This may include processing other than
amplifying the electrical input signal. However, the am-
plification or other processing does not correspond to the
hearing impairment of the user.
[0009] The input transducer includes a microphone
and may also include a microphone array. The process-
ing, using the processing unit, may include band pass
filtering the electrical input signal into a number of fre-
quency bands to obtain a number of band limited signal
and amplifying the band limited signal by frequency spe-
cific gain factor. The processing unit may be adapted to
perform a number of other operations such as compres-
sion, noise reduction, microphone array beamsteering,
etc. The output transducer typically includes a speaker,
usually also referred as receiver. The output transducer
may be positioned in a mould that is positioned in the
ear, ear canal or bony part of the ear canal. Alternatively,
the speaker may be positioned in a BTE casing and the
acoustic output signal is delivered to the tympanic mem-
brane via a sound tube that directs the acoustic output
signal from the output transducer to the tympanic mem-
brane.
[0010] In one embodiment, the input sound signal in-
cludes a sound signal that the input transducer receives
from acoustic environment when the hearing aid is in use.
In another embodiment, the input sound signal includes
a predefined sound signal of predefined characteristics
with or without the sound signal that the input transducer
receives from acoustic environment when the hearing
aid is in use. Thus, in this latter embodiment, the prede-
fined sound signal may be considered as a probe signal
that may either be provided independently or in combi-
nation with the sound that the input transducer receives
from the auditory environment when the hearing aid is in
use.
[0011] The hearing aid may include a signal generator
that is adapted to generate the predefined sound signal
of the predefined characteristics. The predefined char-
acteristics is defined by a specific frequency and specific
level. In various embodiments, the specific frequency is
selected from a range between 100 Hz to 4 KHz. For
example, the predetermined frequency may include a fre-
quency such as 250 Hz, or 500 Hz, or 1000 Hz, or 2000
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Hz, or 4000 Hz. Other frequencies within or outside the
range is also possible. The predefined frequency may be
implemented as a frequency sweep. In an embodiment,
the predefined sound signal may include one or more of
a broad band noise, narrow band noise and clicks. In one
embodiment, the specific level when amplified or unam-
plified is below the perceivable level of the user. In an-
other embodiment, the specific level when amplified or
unamplified is above the perceivable level of the user. In
these embodiments, the "perceivable level" is defined by
the predefined sound signal having a characteristic signal
pressure level such that in unamplified or amplified form,
the signal pressure level or amplified signal pressure lev-
el is such that the user starts perceiving the predefined
sound signal as sound. Thus, an unamplified predefined
sound signal is related to frequency specific hearing
threshold of the user whereas the amplified predefined
sound signal is related to 0 dB SPL (20 micropascal
sound pressure). In the previous embodiment of below
perceivable level, the predefined sound signal may be
used to obtain feedback measurement for identification
of pathological conditions without distorting the signal of
interest, such as speech signals during normal operation
of the hearing aid. In order to obtain feedback measure-
ment for generating the base pattern and the measured
pattern, a predefined frequency specific amplification to
the feedback signal may be applied before performing
feedback measurement. In the latter embodiment of the
above perceivable level, the feedback measurement is
relatively more reliable.
[0012] In either embodiments of level being above or
below perceivable level, the processing unit may be
adapted to process the sound signal received from the
auditory environment such that the deterioration in sound
quality or negative affect in speech intelligibility because
of the predefined sound signal is minimized. Similarly, in
either embodiments of level being above or below per-
ceivable level, the feedback measurement unit may be
adapted to separate out the feedback corresponding only
to the predefined sound signal only.
[0013] Thus, in one embodiment, the isolated feed-
back measurement relating to the predefined sound sig-
nal alone may be used to generate the base pattern and
measured pattern. In another embodiment, the base pat-
tern and the measured pattern are generated in accord-
ance to the feedback measurement corresponding only
to the sound signal received at the input transducer from
the auditory environment. In yet another embodiment,
the base pattern and the measured pattern are generated
in accordance to the feedback measurement corre-
sponding to a combination of the sound signal received
at the input transducer from the auditory environment
and the predefined sound signal.
[0014] Acoustic feedback problems typically occur
when the output loudspeaker signal of an audio system
is partly returned to the input microphone via an acoustic
coupling through the air. Thus, the sounds leaked from
the vent or seal between the ear mould and the ear canal

may cause the feedback. When in-situ gain of the hearing
aid is sufficiently high, or when a larger than optimal size
vent is used, the output of the hearing aid generated with-
in the ear canal may exceed the attenuation offered by
the ear mould/ shell. The disclosed hearing aid is adapted
to measure the acoustic feedback.
[0015] In one embodiment, the feedback measure-
ment unit includes a feedback estimator adapted to es-
timate the acoustic feedback. Such estimation is based
on conventionally known feedback estimation algorithms
such as in known feedback cancellation techniques using
adaptive filters, where an estimation the acoustic feed-
back path is made to create a signal to cancel the feed-
back signal. Other estimation techniques are available
in Guo Meng, Analysis, Design, and Evaluation of Acous-
tic Feedback Cancellation Systems for Hearing Aids, Aal-
borg University (2013); A. Spriet et al., Adaptive feedback
cancellation in hearing aids, Journal of the Franklin In-
stitute 343 (2006) 545-573; etc.
[0016] In another embodiment, the feedback measure-
ment unit includes a measurement microphone and a
level estimator. The measurement microphone is housed
in an ear mould of the hearing aid and the ear mould is
adapted to be placed within the ear canal of the user.
The measurement microphone is adapted to receive the
sound reflected from the tympanic membrane in re-
sponse to the input sound signal and to transform the
reflected sound to a reflected electrical sound signal. The
level estimator is adapted to estimate the level from the
reflected electrical sound signal. The level estimator may
rely on peak or average amplitude, on the root mean
square level of the signal, or on some statistical property
of the signal. For example, in one aspect, the level is
based on magnitude or magnitude squared of the respec-
tive reflected electrical signal. The determination may be
based on a short term basis, such as a level based on a
short time interval, such as for example the last 5 ms to
40 ms or such as the last 10 ms. The level may then be
converted to a domain such as a logarithmic domain or
any other domain. The skilled person would find it rea-
sonable to implement the comparator for determining lev-
el difference using a number of conventionally known
techniques.
[0017] The term "continuously tracking" refers to re-
cording data whenever the feedback measurement unit
produces feedback measurements. The functioning of
the feedback measurement unit such as feedback esti-
mator is generally pre-configured such as during a fitting
session.
[0018] In an embodiment, for each frequency or sam-
pled frequencies across the plurality of frequencies, the
base pattern comprises average or weighted average of
feedback values as available through continuous track-
ing at different measurement points during the time du-
ration. Also, for the specific frequency or sampled fre-
quencies across the plurality of frequencies, the meas-
ured pattern comprises average or weighted average of
feedback values at different measurement points during
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the subsequent time duration. The "sampled frequen-
cies" refer to discretely chosen frequencies within a plu-
rality range comprising the plurality of frequencies.
[0019] In an embodiment, the different measurement
points are defined as measurement separated by essen-
tially the same time period. This implementation may in-
clude a time counter in order to identify distinct measure-
ment points. Additionally or alternatively, the different
measurement points are defined as environment classi-
fied measurement points such that auditory environment
specific measurements are obtained. This implementa-
tion may include an environment classifier that is adapted
to classify the auditory environment such as loud, medi-
um, soft, etc. in accordance with the sound received at
the input transducer of the hearing aid. Once an environ-
ment for which the measurement is to be obtained is de-
tected, the measurements are made. Furthermore, the
different measurement points are defined as activity clas-
sified measurement points such that the activity specific
measurement points are obtained. This implementation
may include an activity classifier that is adapted to clas-
sify a user’s activity such as sleeping, running, etc. in
accordance with the detection signals received from sen-
sors available at the hearing aid or external sensors.
These sensors may include Electroencephalography
sensors, heart rate monitors, etc. Measurements over
the time duration such as a week or a month or more
than a month to generate base pattern, and subsequent
time duration such as a week or a month or more than a
month would account for daily variation in middle ear
measurements originating from variability of the hearing
aid positioning especially that of mould in the ear canal,
growth of the child’s ear canal, variations in temperature,
activity level, sweat, jaw movement and ear wax build up.
[0020] In an embodiment, a receiver of transmitter-re-
ceiver unit comprising within the heairng aid receives an
instruction signal for defining a start point and end point
of the time duration and the subsequent time duration.
Alternatively, the start point and end point of the time
duration and the subsequent time duration may be pre-
defined at a fitting session. In yet another embodiment,
the hearing aid is programmed to adaptively define the
start point and end point for the time duration and the
subsequent time duration based on predefined rule such
as based on environment classification rule i.e. when the
a specific identified environment repeats more than x
number of times like user already been exposed to loud
environment 10 times. Other rules for defining the time
duration and subsequent time duration specific to a user
would be apparent to the skilled person.
[0021] In different disclosed embodiments, the subse-
quent time duration follows the time duration. Also, the
base pattern is the primary pattern - one or more measure
patterns generated based on feedback measurements
as obtained from one or more subsequent time durations
are compared against the base pattern. In some embod-
iments, if no pathological condition based on variation
between the measured pattern and the base pattern is

detected, then the modeller may update the base pattern
(available in the memory) by incorporating the data points
of the measured pattern (available from the memory or
logger) into the base pattern for creating an updated base
pattern. The updated base pattern may then be used as
a base pattern for comparison with measured patterns
from other subsequent time durations. The figure in later
sections does not show a communication channel be-
tween the modeller and the memory. However, the mod-
eller may be communicatively connected to the memory.
[0022] The base pattern and the measured pattern rep-
resents a feedback level curve at each or at sampled
frequencies across the plurality of frequencies. Addition-
ally or alternatively, the base pattern and the measure
pattern represent a feedback level curve for a specific
frequency at different measurement points during the
time duration and subsequent time duration respectively.
The base pattern and the measured pattern may also be
represented as mathematical functions, i.e. base func-
tion and measured function.
[0023] In an embodiment, the hearing aid includes a
derivative unit adapted to determine a first order and/ or
higher order derivative of the base pattern and/ or the
measured pattern. The derivative may include time
based derivative or frequency based derivative. The de-
rivative unit may include derivative techniques that are
well-known in the art like Laplace derivative operator. In
an embodiment, the functioning of the derivative unit may
be included in the comparator.
[0024] According to an embodiment, the comparator
is adapted to determine the variation between the base
pattern and the measured pattern. Such determination
may include a number of implementations. For example,
it may be suitable that variation relating to particular fre-
quency may be preferentially "weighted" compared to
other frequencies to provide improved statistical analy-
sis. In this manner, important frequency values or ranges
can be afforded more weight.
[0025] In one embodiment, determining the variation
includes evaluating difference, for a specific frequency,
between the measured pattern comprising feedback val-
ues at the measurement points during the subsequent
time duration and the base pattern comprising feedback
values at the measurement points during the time dura-
tion. In another embodiment, determining the variation
includes evaluating difference, at at least one frequency
across the plurality of frequencies, between the meas-
ured pattern comprising feedback value for each frequen-
cy across the plurality of frequencies and the base pattern
comprising feedback value for each frequency across
the plurality of frequencies.
[0026] In one embodiment, determining the variation
includes evaluating difference, for a specific frequency,
between a time derivative value of a first order and/ or
higher order derivative of the measured pattern compris-
ing feedback values at the measurement points during
the subsequent time duration and a time derivative of a
first order and/ or higher order derivative of the base pat-
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tern comprising feedback values at the measurement
points during the time duration. In another embodiment,
determining the variation includes evaluating difference,
at at least one frequency across the plurality of frequen-
cies, between a frequency derivate value of a first order
and/ or higher order derivative of the measured pattern
comprising feedback value for each frequency across
the plurality of frequencies and a frequency derivative
value of a first order and/ or higher order derivative of the
base pattern comprising feedback value for each fre-
quency across the plurality of frequencies.
[0027] In one embodiment, determining the variation
includes evaluating difference, for a specific frequency,
between a parameter of a feature of the measured pattern
comprising feedback values at the measurement points
during the subsequent time duration and a comparable
parameter of a comparable feature of the base pattern
comprising feedback values at the measurement points
during the time duration. In another embodiment, deter-
mining the variation includes evaluating difference be-
tween a parameter of a feature of the measured pattern
comprising feedback value for each frequency across
the plurality of frequencies and a comparable parameter
of a comparable feature of the base pattern comprising
feedback value for each frequency across the plurality
of frequencies. In these embodiments, the parameter
may include width, height, depth, slope, etc. and the fea-
ture may include peak, valley, crater, etc. as represented
in the pattern. The skilled person would appreciate that
other parameters and features may also be included.
[0028] In one embodiment, determining the variation
includes evaluating difference, for a specific frequency,
between a parameter of a feature of first order and/ or
higher order time derivative of the measured pattern com-
prising feedback values at the measurement points dur-
ing the subsequent time duration and a comparable pa-
rameter of a comparable feature of first order and/ or
higher order time derivative of the base pattern compris-
ing feedback values at the measurement points during
the time duration. In another embodiment, determining
the variation includes evaluating difference between a
parameter of a feature of a first order and/ or higher order
frequency derivative of the measured pattern comprising
feedback value for each frequency across the plurality
of frequencies and a comparable parameter of a compa-
rable feature of a first order and/ or higher order frequency
derivative of the base pattern comprising feedback value
for each frequency across the plurality of frequencies. In
these embodiments, the parameter may include width,
height, depth, slope, etc. and the feature may include
peak, valley, crater, etc. as represented in the patterns.
The skilled person would appreciate that other parame-
ters and features may also be included.
[0029] In one embodiment, determining the variation
includes evaluating difference, for a specific frequency,
between shape and/ or size of the measured pattern/ a
section of the measured pattern and shape and/ or size
of the base pattern/ corresponding section of the base

pattern. The measured pattern comprising feedback val-
ues at the measurement points during the subsequent
time duration and the base pattern comprising feedback
values at the measurement points during the time dura-
tion. In another embodiment, determining the variation
includes evaluating difference between shape and/ or
size of the measured pattern/ a section of the measured
pattern and shape and/ or size of the base pattern/ cor-
responding section of the base pattern. The measured
pattern comprising feedback value for each frequency
across the plurality of frequencies and the base pattern
comprising feedback value for each frequency across
the plurality of frequencies.
[0030] In one embodiment, determining the variation
includes evaluating difference, for a specific frequency,
between shape and/ or size of a first order and/ or higher
order derivative of the measured pattern/ a section of the
measured pattern and shape and/ or size of a first order
and/ or the higher order derivative of the base pattern/
corresponding section of the base pattern. The measured
pattern comprising feedback values at the measurement
points during the subsequent time duration and the base
pattern comprising feedback values at the measurement
points during the time duration. In another embodiment,
determining the variation includes evaluating difference
between shape and/ or size of a first order and/ or higher
order derivative of the measured pattern/ a section of the
measured pattern and shape and/ or size of a first order
and/ or higher order derivative of the base pattern/ cor-
responding section of the base pattern. The measured
pattern comprising feedback value for each frequency
across the plurality of frequencies and the base pattern
comprising feedback value for each frequency across
the plurality of frequencies.
[0031] In the preceding embodiments, the patterns
may be generated using known curve fitting techniques,
and the patterns may be compared for variations using
conventional statistical analysis techniques.
[0032] The hearing aid according to any of the preced-
ing claims, wherein the comparator is adapted to cate-
gorize the determined variation in a variation type in ac-
cordance to the determination of the variation between
the measured pattern and the base pattern. The variation
type may include categorization based on a predefined
dictionary of vibration types.
[0033] In an embodiment, the hearing aid includes a
memory. The memory is adapted to store a plurality of
predefined variations and/ or a plurality predefined vari-
ation types. The memory further stores associations of
each of the stored plurality of predefined variations and/
or stored plurality predefined variation types with one or
more possible pathological condition.
[0034] The memory is adapted to store the base pat-
tern and/ or first order and/ or higher order derivative of
the base pattern as generated after the time duration.
The comparator is adapted to access the memory to re-
trieve the base pattern for determining the variation be-
tween the measured pattern and the base pattern.
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[0035] The pathological conditions that may be
screened for, identified or monitored may include one or
more conditions like Otitis Media, meningitis, subarach-
noid hemorrhage, cerebral malaria, attention-deficit Dis-
order, dyslexia, Parkinson’s Disease, Heart Disease,
Alzheimer’s Disease, Juvenile Diabetes, Autism, etc., in-
dication for loss of hearing or loss of hearing of certain
frequencies.
[0036] The state classifier may be adapted to access
information stored in the memory and to identify the path-
ological condition by comparing the determined variation
with pathological condition associated with the stored
predefined variation and/ or predefined variation type that
represents the determined variation/ determined varia-
tion type. The predefined variation and/ or predefined
variation type thus defines a variation / variation type that
is linked to at least one pathological condition. This may
be implemented via a search module that is adapted to
search a look up table stored in the memory. Many way
of implementing are known for associating or indexing
the variation/ variation type with the pathological condi-
tion and searching the pathological condition in accord-
ance to the measured variation and variation type.
[0037] In order to indicate the identified pathological
condition, the hearing aid may further include a notifica-
tion generator adapted to generate and transmit an indi-
cator signal, corresponding to the identified pathological
condition, to an indicator module for producing a perceiv-
able effect. The perceivable effect may be selected from
a group consisting of a visual signal at the hearing aid
device/ remote device like a smartphone, a vibration of
the hearing aid device/ remote device like the smart-
phone, an audio signal using the receiver of the hearing
aid device/ speaker of a remote device like a smartphone,
text signal at the remote device like smartphone.
[0038] The notification generator may be adapted to
produce the indicator signal and thus perceivable effect
at the indicator module that is a function of the magnitude
or type of variation or identified pathological condition.
For example, for a hearing aid having an LED for status
indication, if the pathological condition is a generally con-
sidered less dangerous, then the indicator produces an
ORANGE LED light whereas for a pathological condition
that is considered dangerous, the indicator produces a
RED LED light. It may also be envisaged that the notifi-
cation generator may also be adapted to generate a pos-
itive indicator signal representative of non detection of
any pathological condition-such as a GREEN LED light.
[0039] In an embodiment, the details of the indicator
signal is stored in the memory and/ or cloud server via
transmission of the details from the hearing aid to the
cloud server. Such details may include one or more of
determined variation / variation type, identified patholog-
ical conditions, time stamp of the identification of the path-
ological condition, environment class or activity class cor-
responding to the time stamp. The time stamp defines
time as an identifier of when an event occurred.
[0040] In an embodiment, the hearing aid may be

adapted to track the measured feedback measurements
during the time duration and the subsequent time dura-
tion respectively. The measured feedback may then be
transmitted form the hearing aid to the external electron-
ics such as a smartphone and/ or automatically uploaded
to user’s profile in a cloud server. The smartphone and/
or a cloud service may include features that offer func-
tioning of the following features disclosed above such as
functionalities of the data modeller, comparator, state
classifier, memory, and notification generator, in order to
indicate the pathological conditions. Thus, the skilled per-
son would envisage implementing these features exter-
nally to the hearing aid. In a specific implementation, the
user’s doctor or medical service provider is also alerted
when any pathological condition is identified.
[0041] In one embodiment, the processing unit is
adapted to adjust at least one parameter, such as gain,
of the hearing device based on the determined variation
between the measured pattern and the base pattern.
[0042] According to another embodiment, a method for
indicating a pathological condition of a user of the hearing
aid when the hearing aid is in use is disclosed. The meth-
od includes measuring an acoustic feedback, using an
acoustic feedback measurement unit, produced by a tym-
panic membrane of the user in response to an acoustic
output signal directed towards a tympanic membrane of
the user. This method further includes i) continuously
tracking, during a time duration, the measured acoustic
feedback and generating a base pattern across a plurality
of frequencies of the tracked acoustic feedback; and ii)
continuously tracking, during a subsequent time dura-
tion, the measured acoustic feedback and generating a
measured pattern across the plurality of frequencies of
the tracked acoustic feedback. Lastly, a pathological con-
dition is determined in accordance with a variation be-
tween the measured pattern and the base pattern.
[0043] In one embodiment, the base pattern and the
measured pattern is transmitted from the hearing aid to
an external electronic device. The external electronic de-
vice being adapted to determine a variation between the
measured pattern and the base pattern; and to identify
a pathological condition corresponding to the determined
variation. Additionally or alternatively, a comparator com-
prised within the hearing aid, is used to determine a var-
iation between the measured pattern and the base pat-
tern; and identifying, using a state classifier comprised
within the hearing aid, a pathological condition corre-
sponding to the determined variation.
[0044] The external electronic device and/ or the state
classifier may be adapted to identify the pathological con-
dition by comparing the determined variation with path-
ological condition associated with the stored predefined
variation and/ or predefined variation type that represents
the determined variation/ determined variation type.

BRIEF DESCRIPTION OF DRAWINGS

[0045] The aspects of the disclosure may be best un-
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derstood from the following detailed description taken in
conjunction with the accompanying figures. The figures
are schematic and simplified for clarity, and they just
show details to improve the understanding of the claims,
while other details are left out. Throughout, the same
reference numerals are used for identical or correspond-
ing parts. The individual features of each aspect may
each be combined with any or all features of the other
aspects. These and other aspects, features and/or tech-
nical effects will be apparent from and elucidated with
reference to the illustrations described hereinafter in
which:

Figure 1 illustrates a hearing aid in position according
to an embodiment of the disclosure;
Figure 2 illustrates a hearing aid for indicating a path-
ological condition according to an embodiment of the
disclosure;
Figure 3 illustrates a base pattern and a measured
pattern according to an embodiment of the disclo-
sure; and
Figure 4 illustrates a method for indicating a patho-
logical condition according to an embodiment of the
disclosure.

DETAILED DESCRIPTION

[0046] The detailed description set forth below in con-
nection with the appended drawings is intended as a de-
scription of various configurations. The detailed descrip-
tion includes specific details for the purpose of providing
a thorough understanding of various concepts. However,
it will be apparent to those skilled in the art that these
concepts may be practised without these specific details.
Several aspects of the apparatus and methods are de-
scribed by various blocks, functional units, modules,
components, circuits, steps, processes, algorithms, etc.
(collectively referred to as "elements"). Depending upon
particular application, design constraints or other rea-
sons, these elements may be implemented using elec-
tronic hardware, computer program, or any combination
thereof.
[0047] The electronic hardware may include micro-
processors, microcontrollers, digital signal processors
(DSPs), field programmable gate arrays (FPGAs), pro-
grammable logic devices (PLDs), gated logic, discrete
hardware circuits, and other suitable hardware config-
ured to perform the various functionality described
throughout this disclosure. Computer program shall be
construed broadly to mean instructions, instruction sets,
code, code segments, program code, programs, subpro-
grams, software modules, applications, software appli-
cations, software packages, routines, subroutines, ob-
jects, executables, threads of execution, procedures,
functions, etc., whether referred to as software, firmware,
middleware, microcode, hardware description language,
or otherwise.
[0048] The disclosed hearing aid is typically adapted

to improve or augment the hearing capability of a user
by receiving an input sound signal from a user’s surround-
ings, generating a corresponding audio signal, possibly
modifying the audio signal and providing the possibly
modified audio signal as an audible signal to at least one
of the user’s ears. The "hearing aid" may further refer to
a device such as an earphone or a headset adapted to
receive an audio signal electronically, possibly modifying
the audio signal and providing the possibly modified au-
dio signals as an audible signal to at least one of the
user’s ears.
[0049] The hearing aid is adapted to be worn in any
known way. This may include arranging a unit of the hear-
ing device behind the ear with a tube leading air-borne
acoustic signals into the ear canal or with a receiver/ loud-
speaker arranged close to or in the ear canal such as in
a Behind-the-Ear type hearing aid, and/ or ii) arranging
the hearing device entirely or partly in the pinna and/ or
in the ear canal of the user such as in a In-the-Ear type
hearing aid or In-the-Canal/ Completely-in-Canal type
hearing aid. In these conventional hearing aid, the hear-
ing aid is also adapted to amplify the incoming sound
signal in order to address hearing impairment of the user
of the hearing aid. In another embodiment, hearing aid
includes an ear level monitoring unit that is arranged en-
tirely or partly in the pinna and/ or in the ear canal of the
user such that feedback measurements as disclosed
herein are made but without the need of conventional
hearing aid processing such as amplification of incoming
sound signal to address hearing impairment of the user
of the ear level monitoring unit.
[0050] In an embodiment, the disclosed hearing aid
may be positioned bilaterally at two ears as part of a
"binaural hearing system". The hearing aids are adapted
to cooperatively provide audible signals to both of the
user’s ears. In this case, a further comparison between
the left ear variation and right ear variation may be per-
formed in order to categorise as similar indication or dif-
ferent indication.
[0051] The binaural hearing system may further in-
clude auxiliary device(s) that communicates with at least
one hearing aids, the auxiliary device affecting the oper-
ation of the hearing aids and/or benefitting from the func-
tioning of the hearing aids. A wired or wireless commu-
nication link between the at least one hearing aid and the
auxiliary device is established that allows for exchanging
information (e.g. control and status signals, possibly au-
dio signals) between the at least one hearing aid and the
auxiliary device. Such auxiliary devices may include at
least one of remote controls, remote microphones, audio
gateway devices, mobile phones, public-address sys-
tems, car audio systems or music players or a combina-
tion thereof. The audio gateway is adapted to receive a
multitude of audio signals such as from an entertainment
device like a TV or a music player, a telephone apparatus
like a mobile telephone or a computer, a PC. The audio
gateway is further adapted to select and/or combine an
appropriate one of the received audio signals (or combi-
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nation of signals) for transmission to the at least one hear-
ing aid. The remote control is adapted to control func-
tionality and operation of the at least one hearing devices.
The function of the remote control may be implemented
in a SmartPhone or other electronic device, the Smart-
Phone/ electronic device possibly running an application
that controls functionality of the at least one hearing de-
vice.
[0052] Figure 1 illustrates a hearing aid in position ac-
cording to an embodiment of the disclosure. The figure
shows a behind-the-ear type hearing aid where an output
transducer is positioned in the ear or ear canal. The be-
hind-the-ear housing 102 is positioned behind the ear
114 and includes components like input transducer,
processing unit, etc. An ear mould 104 includes the out-
put transducer and may also include a measurement mi-
crophone at 106. The input transducer and the output
transducer are communicatively connected using a con-
necting wire 116. Although the illustration shows a be-
hind-the-ear type hearing aid but other conventionally
known hearing aid types are within the scope of this dis-
closure.
[0053] The hearing aid directs an acoustic output sig-
nal 108 towards a tympanic membrane 120 of the user.
A part of the acoustic output signal 108 gets reflected as
a reflected sound 112. The level of the reflected sound
is a function of the stiffness of the tympanic membrane
120. Such stiffness is dependent on the pressure equal-
ization capabilities of the middle ear 110. It is apparent
that the feedback will increase with an increase in the
stiffness of the tympanic membrane provided other con-
ditions affecting the feedback such as vent specification,
positioning of the mould, sealing of the mould with the
canal, etc. are same across different feedback measure-
ments. The ear mould may further include at least a vent
118, specification of which is based on obtaining a bal-
ance between occlusion and feedback problems. In this
implementation, the measurement microphone 106 is
adapted to capture the sound reflected from the tympanic
membrane and feedback can then be measured from
electrical signal corresponding to the reflected sound re-
ceived at the measurement microphone 106. However,
the feedback measurement may also be obtained using
a feedback estimator.
[0054] Figure 2 illustrates a hearing aid for indicating
a pathological condition according to an embodiment of
the disclosure. The embodiment is disclosed in relation
to a typical hearing aid that is adapted to address hearing
impairment of the user. However, the skilled person
would appreciate that the disclosure is useable for health
monitoring wearable that are adapted to be positioned
at or in ear, the wearable are not adapted to amplify sound
signal as would be the case with conventional hearing
aids. Other processing may preferably be included in the
wearable devices such as noise reduction especially
when the input sound signal includes sound from user’s
auditory environment.
[0055] The disclosed hearing aid 200 is adapted to be

located in or at the ear of the user. The hearing aid in-
cludes an input transducer 204 adapted to convert an
input sound signal 202 into an electrical input signal. In
the illustration, the sound received from the user’s audi-
tory environment is indicated as the input sound signal
202. However, in other implementations, a signal gener-
ator 216 is adapted to provide a predefined sound signal
of predefined characteristics. In this implementation, the
input sound signal includes the predefined sound signal
with or without the sound signal that the input transducer
receives from acoustic environment when the hearing
aid is in use. The electrical signal is typically converted
to a digital signal using an analog-to-digital converter AD.
A forward signal path is defined between the input trans-
ducer 204 and output transducer 208, and comprising a
processing unit 206.The electrical signal is processed in
a processing unit 206, which is adapted to generate an
electrical output signal by processing the electrical input
signal such as band-pass filtering, amplification, noise
reduction, etc.. The processed electrical signal is typically
coverted to an analog signal using a digital-to-analog
conveter DA. An output transducer 208 is adapted to
transform the processed electrical output signal to an
acoustic output signal 108 and to direct the acoustic out-
put signal towards a tympanic membrane (refer 120, Fig.
1) of the user. During the operation of the hearing aid, a
part of the delivered acoustic output signal 108 is fed
back into the input transducer 204, as shown as the feed-
back path 112, because of acoustic coupling between
the output transducer and input transducer.
[0056] In an embodiment, the hearing aid includes a
feedback estimator 210 for determining feedback along
the feedback path 112 from the output transducer 208 to
the input transducer 204. The feedback estimator may
include an adaptive filter, which includes a variable filter
part and an algorithm part. The variable filter part is con-
trolled by a prediction error algorithm, e.g. an LMS (Least
Means Squared) algorithm, in the algorithm part in order
to predict the part of the microphone signal that is caused
by feedback from the loudspeaker of the hearing aid. The
prediction error algorithm uses a reference signal to find
the setting of the adaptive filter that minimizes the pre-
diction error when the reference signal is applied to the
adaptive filter. Many known techniques are also useable
to estimate feedback. A few such techniques, incorpo-
rated here by reference, are available in US2015063614,
US2015043764, US2014146977, US2014146977,
US2013188796, US2013070936. The feedback estima-
tor 210 may be part of the a feedback cancellation system
further comprises a sum unit (’+’) operatively coupled to
the input transducer and the output of the feedback es-
timator, and wherein the feedback path estimate is sub-
tracted from the electric input signal from the input trans-
ducer. In an alternative embodiment, the feedback meas-
urement may be obtained by a combination of a meas-
urement microphone that is adapted to receive the signal
reflected from the tympanic membrane in response to
the input sound signal and a level detector adapted to
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detect level of the reflected signal.
[0057] The hearing aid may further include a feedback
path logger 212 and a feedback path modeller 214. The
logger 212 is adapted to continuously track the measured
acoustic feedback and the modeller 214 is adapted to
generate a measured pattern across the plurality of fre-
quencies of the tracked acoustic feedback. During a time
duration, the feedback path modeller is adapted to gen-
erate a base pattern based on the measured feedback
and during a subsequent time duration, the feedback
path modeller is adapted to generate a measured pattern
based on the measured feedback. The modeller may be
generated using known curve fitting techniques.
[0058] The hearing aid may further include a derivative
unit 230. The derivative unit is adapted to determine first
order and/ or higher order derivative of the base pattern
and measured pattern. The derivative may include time
based derivative or frequency based derivative. The de-
rivative unit may include derivative techniques that are
well-known in the art like Laplace derivative operator.
[0059] The hearing aid may further include a compa-
rator 218 that is adapted to determine a variation between
the measured pattern and the base pattern. The compa-
rator may be based on statistical analysis algorithms that
are suitable for comparing patterns (curves). The com-
parator may be further adapted to categorize the deter-
mined variation in a variation type in accordance to the
determination of the variation between the measured pat-
tern and the base pattern.
[0060] The hearing aid may further include a memory
220 that is adapted to store, among other information, at
least one of i) a plurality of predefined variations and/ or
a plurality predefined variation types, ii) associations of
each of the stored plurality of predefined variations and/
or stored plurality predefined variation types with one or
more possible pathological condition; iii) the base pattern
as generated and/ or first order and/ or higher order der-
viative of the base pattern after the time duration; and iv)
an identified pathological conditions with a time stamp.
The memory is in bi-directional communication with a
state classifier 222.
[0061] The hearing aid may further include a state clas-
sifier 222 adapted to identify a pathological condition cor-
responding to the determined variation. The state clas-
sifier is adapted to i) receive the variation and/ or variation
type from the comparator and ii) access information
stored in the memory and to identify the pathological con-
dition by comparing the determined variation with path-
ological condition associated with the stored predefined
variation and/ or predefined variation type that represents
the determined variation/ determined variation type.
[0062] The hearing aid may further include a notifica-
tion generator 224 adapted to generate and transmit an
indicator signal, corresponding to the identified patholog-
ical condition, to an indicator module 226 for producing
a perceivable effect. The perceivable effect thus allows
to produce an alarm to notify the user or others like par-
ents, medical professional, etc.

[0063] The hearing aid may further include a commu-
nication exchange module 228 comprising a transmitter-
receiver unit to communicate with auxiliary devices. In
one embodiment, the notification signal is transmitted to
an auxiliary device such as a smartphone to produce the
alarm. In another embodiment, the identified pathological
condition is transmitted to a cloud server for storing the
identified pathological condition. In yet another embodi-
ment, the receiver receives an instruction signal for de-
fining a start and end of time duration and subsequent
time duration.
[0064] In an embodiment, the hearing aid may be
adapted to track the measured feedback measurements
during the time duration and the subsequent time dura-
tion respectively. The measured feedback may then be
transmitted using the exchange module 225 form the
hearing aid to the external electronics such as a smart-
phone and/ or automatically uploaded to user’s profile in
a cloud server. The smartphone and/ or a cloud service
may include features that offer functioning of the following
features disclosed above such as functionalities of the
data modeller, comparator, state classifier, memory, and
notification generator, in order to indicate the pathological
conditions. Thus, the skilled person would envisage im-
plementing these features externally to the hearing aid.
In a specific implementation, the user’s doctor or medical
service provider is also alerted when any pathological
condition is identified.
[0065] The hearing aid may further include a manually
operable user interface such as a push button PB, allow-
ing a user to control a function of the hearing aid, e.g. its
processing or a volume setting.
[0066] Figure 3 illustrates comprising a base pattern
and a measured pattern according to an embodiment of
the disclosure. The graph 300 illustrates a base pattern
304 showing how feedback across a plurality of frequen-
cies (frequency range) varies during a time duration. The
frequency specific feedback (example 306) is average
or weighted average of feedback for that specific frequen-
cy (f2) during the time duration. The graph 300 also illus-
trates a measured pattern 302 showing how feedback
across the plurality of frequencies (frequency range) var-
ies during a subsequent time duration. The frequency
specific feedback (example 312) is average or weighted
average of feedback for that specific frequency (f1) dur-
ing the subsequent time duration. The comparator (refer
218, Fig. 2) is adapted to determine variation between
the illustrated measured pattern and the base pattern.
[0067] The comparator may be adapted to compare a
parameter of a feature such as height of a feedback peak
as shown by 306 for the base pattern and 312 for the
measured pattern. Based on the comparison, the com-
parator may determine the frequencies at which same
heighted feedback peaks occurred, i.e. f2 and f1 respec-
tively. Additionally or alternatively, the comparator may
compare the feedbacks at a specified frequency. For ex-
ample, change in feedback at 314 for the base pattern
to 308 for the measured pattern at frequency f3 and from
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316 of the base pattern to 310 of the measured pattern
at frequency f4. Other comparison in order to determine
variation between the base pattern and the measured
pattern may also be performed such as comparing rate
of change of feedback in the measured pattern (slope
310-308) with that of in the base pattern (slope 316-314)
for frequency range f3-f4.
[0068] Figure 4 illustrates a method 400 for indicating
a pathological condition according to an embodiment of
the disclosure. The pathological condition is indicated for
a user of the hearing aid when the hearing aid is in use.
At 402, an acoustic feedback is measured using an
acoustic feedback measurement unit, produced by a tym-
panic membrane of the user in response to an acoustic
output signal directed towards a tympanic membrane of
the user. During a time duration at 404, the measured
acoustic feedback is tracked and a base pattern across
a plurality of frequencies of the tracked acoustic feedback
is generated. During a subsequent time duration at 406,
the measured acoustic feedback is tracked and a meas-
ured pattern across the plurality of frequencies of the
tracked acoustic feedback is generated. At 408, variation
between the measured pattern and the base pattern is
determined and lastly at 410, a pathological condition is
determined in accordance with a variation between the
measured pattern and the base pattern.
[0069] In an aspect, the functions may be stored on or
encoded as one or more instructions or code on a tangible
computer-readable medium. The computer readable me-
dium includes computer storage media adapted to store
a computer program comprising program codes, instruc-
tions etc. By way of example, and not limitation, such
computer-readable media can comprise RAM, ROM,
EEPROM, CD-ROM or other optical disk storage, mag-
netic disk storage or other magnetic storage devices, or
any other medium that can be used to carry or store de-
sired program code in the form of instructions or data
structures and that can be accessed by a computer. Com-
binations of the above should also be included within the
scope of computer-readable media. In addition to being
stored on a tangible medium, the computer program can
also be transmitted via a transmission medium such as
a wired or wireless link or a network, e.g. the Internet,
and loaded into a device for being executed at a location
different from that of the tangible medium.
[0070] According to an embodiment, a computer read-
able medium is disclosed. The computer readable me-
dium is adapted to include instructions which when exe-
cuted by a device such as hearing aid and/ or external
electronic device adapts the device to

i) measure an acoustic feedback using an acoustic
feedback measurement unit, produced by a tympan-
ic membrane of the user in response to an acoustic
output signal directed towards a tympanic mem-
brane of the user;
ii) continuously track the measured acoustic feed-
back during a time duration and generate a base

pattern across a plurality of frequencies of the
tracked acoustic feedback.
iii) continuously track the measured acoustic feed-
back during a subsequent time duration, and gener-
ate a measured pattern across the plurality of fre-
quencies of the tracked acoustic feedback; and
iv) determine variation between the measured pat-
tern and the base pattern and identify a pathological
condition in accordance with a variation between the
measured pattern and the base pattern.

[0071] It is intended that the structural features of the
devices described above, either in the detailed descrip-
tion and/or in the claims, may be combined with steps of
the method, when appropriately substituted by a corre-
sponding process.
[0072] As used, the singular forms "a," "an," and "the"
are intended to include the plural forms as well (i.e. to
have the meaning "at least one"), unless expressly stated
otherwise. It will be further understood that the terms "in-
cludes," "comprises," "including," and/or "comprising,"
when used in this specification, specify the presence of
stated features, integers, steps, operations, elements,
and/or components, but do not preclude the presence or
addition of one or more other features, integers, steps,
operations, elements, components, and/or groups there-
of. It will also be understood that when an element is
referred to as being "connected" or "coupled" to another
element, it can be directly connected or coupled to the
other element but an intervening elements may also be
present, unless expressly stated otherwise. Further-
more, "connected" or "coupled" as used herein may in-
clude wirelessly connected or coupled. As used herein,
the term "and/or" includes any and all combinations of
one or more of the associated listed items. The steps of
any disclosed method is not limited to the exact order
stated herein, unless expressly stated otherwise.
[0073] It should be appreciated that reference through-
out this specification to "one embodiment" or "an embod-
iment" or "an aspect" or features included as "may"
means that a particular feature, structure or characteristic
described in connection with the embodiment is included
in at least one embodiment of the disclosure. Further-
more, the particular features, structures or characteris-
tics may be combined as suitable in one or more embod-
iments of the disclosure. The previous description is pro-
vided to enable any person skilled in the art to practice
the various aspects described herein. Various modifica-
tions to these aspects will be readily apparent to those
skilled in the art, and the generic principles defined herein
may be applied to other aspects.
[0074] The claims are not intended to be limited to the
aspects shown herein, but is to be accorded the full scope
consistent with the language of the claims, wherein ref-
erence to an element in the singular is not intended to
mean "one and only one" unless specifically so stated,
but rather "one or more." Unless specifically stated oth-
erwise, the term "some" refers to one or more.
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[0075] Accordingly, the scope should be judged in
terms of the claims that follow.

Claims

1. A hearing aid adapted to indicate a pathological con-
dition of a user of the hearing aid when the hearing
aid is in use, the hearing aid comprising:

an input transducer adapted to transform an in-
put sound signal into an electrical input signal;
a processing unit adapted to generate an elec-
trical output signal by processing the electrical
input signal;
an output transducer adapted to transform the
processed electrical output signal to an acoustic
output signal and to direct the acoustic output
signal towards a tympanic membrane of the us-
er;
a feedback measurement unit adapted to meas-
ure an acoustic feedback produced by the tym-
panic membrane in response to the acoustic out-
put signal;
during a time duration,

a feedback path logger is adapted to con-
tinuously track the measured acoustic feed-
back and a feedback path modeller is adapt-
ed to generate a base pattern across a plu-
rality of frequencies of the tracked acoustic
feedback;

during a subsequent time duration,

the feedback path logger is adapted to con-
tinuously track the measured acoustic feed-
back and the feedback path modeller is
adapted to generate a measured pattern
across the plurality of frequencies of the
tracked acoustic feedback;

a comparator adapted to determine a variation
between the measured pattern and the base pat-
tern; and
a state classifier adapted to identify at least one
pathological condition corresponding to the de-
termined variation.

2. The hearing aid according to any of the preceding
claims, wherein the input sound signal comprises
a sound signal that the input transducer receives
from acoustic environment when the hearing aid is
in use; or
a predefined sound signal of predefined character-
istics with or without the sound signal that the input
transducer receives from acoustic environment
when the hearing aid is in use.

3. The hearing aid according to claim 2, further com-
prising a signal generator adapted to generate the
predefined sound signal of the predefined charac-
teristics, the predefined characteristics comprises a
specific frequency and a specific level whererin
the predefined characteristics comprises a specific
frequency and a specific level which when amplified
or unamplified is below the perceivable level of the
user; or the predefined characteristics comprises a
specific frequency and a specific level which when
amplified or unamplified is above the perceivable lev-
el of the user.

4. The hearing aid according to any of the preceding
claims, wherein the feedback measurement unit
comprises
a feedback estimator adapted to estimate the acous-
tic feedback; and/ or
a measurement microphone housed in an ear mould
of the hearing aid wherein the ear mould being adapt-
ed to be placed within the ear canal of the user and
the measurement microphone is adapted to receive
the sound reflected from the tympanic membrane in
response to the input sound signal and to transform
the reflected sound to a reflected electrical sound
signal, and a level estimator adapted to estimate the
level from the reflected electrical sound signal.

5. The hearing aid according to any of the preceding
claims, wherein for a specific frequency or sampled
frequencies across the plurality of frequencies
the base pattern comprises average or weighted av-
erage of feedback values at different measurement
points during the time duration; and
the measured pattern comprises average or weight-
ed average of feedback values at different measure-
ment points during the subsequent time duration.

6. The hearing aid according to any of the preceding
claims, further comprising a derivative unit adapted
to determine a first order and/ or higher order deriv-
ative of the base pattern and/ or the measured pat-
tern.

7. The hearing aid according to any of the preceding
claims, wherein the determining the variation be-
tween the base pattern and the measured pattern
comprises
evaluating difference, for a specific frequency, be-
tween the measured pattern comprising feedback
values at the measurement points during the subse-
quent time duration and the base pattern comprising
feedback values at the measurement points during
the time duration; and/ or
evaluating difference, at at least one frequency
across the plurality of frequencies, between the
measured pattern comprising feedback value for
each frequency across the plurality of frequencies

21 22 



EP 3 139 638 A1

13

5

10

15

20

25

30

35

40

45

50

55

and the base pattern comprising feedback value for
each frequency across the plurality of frequencies;
and/ or
evaluating difference, for a specific frequency, be-
tween a time derivative value of a first order and/ or
higher order derivative of the measured pattern com-
prising feedback values at the measurement points
during the subsequent time duration and a time de-
rivative of a first order and/ or higher order derivative
of the base pattern comprising feedback values at
the measurement points during the time duration;
and/ or
evaluating difference, at at least one frequency
across the plurality of frequencies, between a fre-
quency derivate value of a first order and/ or higher
order derivative of the measured pattern comprising
feedback value for each frequency across the plu-
rality of frequencies and a frequency derivative value
of a first order and/ or higher order derivative of the
base pattern comprising feedback value for each fre-
quency across the plurality of frequencies; and/ or
evaluating difference, for a specific frequency, be-
tween a parameter of a feature of the measured pat-
tern comprising feedback values at the measure-
ment points during the subsequent time duration and
a comparable parameter of a comparable feature of
the base pattern comprising feedback values at the
measurement points during the time duration; and/ or
evaluating difference between a parameter of a fea-
ture of the measured pattern comprising feedback
value for each frequency across the plurality of fre-
quencies and a comparable parameter of a compa-
rable feature of the base pattern comprising feed-
back value for each frequency across the plurality of
frequencies.
evaluating difference, for a specific frequency, be-
tween a parameter of a feature of first order and/ or
higher order time derivative of the measured pattern
comprising feedback values at the measurement
points during the subsequent time duration and a
comparable parameter of a comparable feature of
first order and/ or higher order time derivative of the
base pattern comprising feedback values at the
measurement points during the time duration; and/ or
evaluating difference between a parameter of a fea-
ture of a first order and/ or higher order frequency
derivative of the measured pattern comprising feed-
back value for each frequency across the plurality of
frequencies and a comparable parameter of a com-
parable feature of a first order and/ or higher order
frequency derivative of the base pattern comprising
feedback value for each frequency across the plu-
rality of frequencies; and/ or
evaluating difference, for a specific frequency, be-
tween shape and/ or size of the measured pattern/
a section of the measured pattern across the subse-
quent time duration and shape and/ or size of the
base pattern/ corresponding section of the base pat-

tern across the time duration and/ or
evaluating difference between shape and/ or size of
the measured pattern/ a section of the measured pat-
tern across the plurality of frequencies and shape
and/ or size of the base pattern/ corresponding sec-
tion of the base pattern across the plurality of fre-
quencies; and/ or.
evaluating difference, for a specific frequency, be-
tween shape and/ or size of a first order and/ or higher
order derivative of the measured pattern/ a section
of the measured pattern across the subsequent time
duration and shape and/ or size of a first order and/
or the higher order derivative of the base pattern/
corresponding section of the base pattern across the
time duration, and/ or
evaluating difference between shape and/ or size of
a first order and/ or higher order derivative of the
measured pattern/ a section of the measured pattern
across the plurality of frequencies and shape and/
or size of a first order and/ or higher order derivative
of the base pattern/ corresponding section of the
base pattern across the plurality of frequencies.

8. The hearing aid according to any of the preceding
claims, wherein the comparator is adapted to cate-
gorize the determined variation in a variation type in
accordance to the determination of the variation be-
tween the measured pattern and the base pattern.

9. The hearing aid according to any of the preceding
claims, further comprising a memory adapted to
store at least one or more of
a plurality of predefined variations and/ or a plurality
predefined variation types;
associations of each of the stored plurality of prede-
fined variations and/ or stored plurality predefined
variation types with one or more possible patholog-
ical condition;
the base pattern as generated and/ or first order and/
or higher order derviative of the base pattern after
the time duration; and
an identified pathological conditions with a time
stamp.

10. The hearing aid according to any of the preceding
claims, wherein the state classifier is adapted to ac-
cess information stored in the memory and to identify
the pathological condition by comparing the deter-
mined variation with pathological condition associ-
ated with the stored predefined variation and/ or pre-
defined variation type that represents the deter-
mined variation/ determined variation type.

11. The hearing aid according to any of the preceding
claims, further comprising a notification generator
adapted to generate and transmit an indicator signal,
corresponding to the identified pathological condi-
tion, to an indicator module for producing a perceiv-
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able effect, the perceivable effect selected from a
group consisting of a visual signal at the hearing aid
device/ remote device like a smartphone, a vibration
of the hearing aid device/ remote device like the
smartphone, an audio signal using the receiver of
the hearing aid device/ speaker of a remote device
like a smartphone, text signal at the remote device
like smartphone.

12. The hearing aid according to any of the preceding
claims, wherein in the processing unit is adapted to
adjust at least one parameter, such as gain, of the
hearing device based on the determined variation
between the measured pattern and the base pattern.

13. A method for indicating a pathological condition of a
user of the hearing aid when the hearing aid is in
use, the method comprising:

measuring an acoustic feedback, using an
acoustic feedback measurement unit, produced
by a tympanic membrane of the user in response
to an acoustic output signal directed towards a
tympanic membrane of the user;
continuously tracking, during a time duration,
the measured acoustic feedback and generating
a base pattern across a plurality of frequencies
of the tracked acoustic feedback;
continuously tracking, during a subsequent time
duration, the measured acoustic feedback and
generating a measured pattern across the plu-
rality of frequencies of the tracked acoustic feed-
back; and
determining a pathological condition in accord-
ance with a variation between the measured pat-
tern and the base pattern.

14. The method according to claim 13, further compris-
ing
transmitting, from the hearing aid, the base pattern
and the measured pattern to an external electronic
device, the external electronic device being adapted
to determine a variation between the measured pat-
tern and the base pattern; and to identify a patho-
logical condition corresponding to the determined
variation; and/ or
determining, using a comparator comprised within
the hearing aid, a variation between the measured
pattern and the base pattern; and identifying, using
a state classifier comprised within the hearing aid, a
pathological condition corresponding to the deter-
mined variation;

15. The method according to any of the preceding claims
13-14, wherein the electronic device and/ or the state
classifier is adapted to identify the pathological con-
dition by comparing the determined variation with
pathological condition associated with the stored

predefined variation and/ or predefined variation
type that represents the determined variation/ deter-
mined variation type.
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