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(57) Abstract: Embodiments relate to a hearing aid with measurement, correction, and etror circuitry. The measurement circuitry
is configured to measure an environmental state and transmit environmental state data. The correction circuitry is configured to
adjust a parameter of a hearing aid component at least partly based on the environmental state data. The error circuitry configured
to receive the environment state data and provide an error signal to a hearing aid user if the environmental state data crosses a pre-
determined threshold.
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DESCRIPTION

HEARING AXD WITH ENVIRONMENTAL COMPENSATING CIRCUXITRY

Embodiments relate to a hearing aid with measurement,

correction, and error circuitry.

Hearing aids are used throughout the world in varied
environmental climates, most of which differ significantly
from the factory conditions the hea ring aids were manufactured
and tested in. Performance of a hearing aid’s components may
vary significantly when exposed to environmental factors such
as pressure, humidity, temperature, and electromagnetic

radiation.

An embodiment of the invention provides a hearing aid that

includes measurement circuitry, correction circuitry, and
error circuitry. The measurement circuitry is confi gured to
measure an environmental state, wherein the measurement

circuitry 1is further configured to transmit environmental
state data. The correction circuitry is configured to adjust
a parameter of a hearing aid component, the adjustment being
at least partly based on the environmental state data. The
error circuitry is configured to receive the environment state
data, wherein the error circuitry 1is further configured to
provide an exror signal to a hearing aid wuser if the

environmental state data crosses a pre-determined threshold.

In some embodiments, the measurement circuitry is configured
to transmit environmental state data if the measured
environmental state crosses a pre—determined threshold. In
some embodiments, the measurement circuitfy is confi gured to
transmit env ironmental state data if the measured
environmental state crosses a pre—determined threshold for a

pre-determined period of time.



10

15

20

25

30

35

WO 2010/120243 PCT/SG2009/000141

2
In some embodiments, the mmeasurement circuitry is configured
to measure an environmental state of a hearing aid cavity. In
some embodiments, the measurement circuitry is configured to
measure an environmental state of a hearing add compcnent. In
some embodiments, the meas urement circuitry i s located on the

exterior of the hearing aid.
In some embodiments, the environmental state comprises
humidity level, temperature level, pressure level, and/or

electromagnetic radiation level.

In some embodiments, the hearing aid compoment comprises a

transducer. In some embodiments, the transducer comprises a
microphone. In some embodiments, the transducer comprises a
loudspeaker. In some embodiments, the hearing aid component

comprises an antenna.

In some embodiments the coxrection circuitry further comprises

a signal processor. In some embodiments, the parameter
comprises gain level. In some embodimentts the parameter
comprises signal output of the hearing aid cormponent. In some

embodiments, the parameter comprises signal input of the
hearing aid component. In some embodiments, the parameter
comprises resonant frequency. In some -embodiments, the
resonant frequency is adjusted at least partly by frequency

shifting a signal.

In some embodiments, the correction circuitry is further
adapted to independently adjust the gain level of two or more

frequency bands.

In some embodiments, the hearing aid further idncludes a memory
device configured to store the environmemtal state data
generated by the measurement circuitry. In some embodiments,
the hearing aid further includes a memory device configured to

store hearing aid component compensation data. In some
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embodiments, the hearxing aid componemt compensation data

comprises scalars.

In some embodiments, the error circuitry 1s coupled to a 1 ight
emitter, the 1light emitter configured to provide a Vi sual
signal when the envirxonmental state data crosses the pre-
de termined threshold. In some embodiments, the error
circuitry is coupled to a loudspeaker, the loudspe aker
configured to provide an audible signal when the environme ntal

st ate data crosses the pre-determined threshold.

In some embodiments, the hearing &aid includes wire less
transmitting circulitry configured to transmit the
environmental state data. In some embodiments, the wire less

transmitting circuitry is further configured to receive a

second hearing aid environmental state data.

Some embodiments of +the invention provide a method for a
hearing aid to communicate a warning to a hearing aid user.
The method includes measuring an environmental st ate,
generating environmental state data, adjusting a parametexr of
a hearing aid component, the adjustment being at least partly
based on the environmental state data, and providing an e rror
signal to a hearing aid user if the enwvironmental state data

crosses a pre-determined threshold.

In some embodiments, +the method further comprises wirelessly
transmitting the environmental state data to a second hea ring
aid, wherein the second hearing aid prowvides the error si gnal
to the hearing aid wuser if the environmental state data

crosses the pre-determined threshold.

The drawings are not necessarily to scale, emphasis ins tead
generally being placed upon illustrating the principles of the

invention. In the fol lowing description, various embodiments
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of the invention are described with reference to the following

drawings, in which:

Figure 1 is a block diagram of hearing aid circuitry in

accordance with an embodimeent of the invention;

Figure 2 is a graph showing for il lustrative purpose s only the
change of sensitivity of a microphone as humidity

increa ses;

Figure 3 is a block diagram of measurement circuitry in

accordance with an embodiment of the invention:

Figure 4 is a flowchart of a process for adjusting a parameter
of a hearing aid comporient 1in accordance with an

embod iment of the invention;

‘Figure 5 is a flowchart of providing an error signal to a

hearing aid user in accoxdance with an embodiment of

the invention; and

Figure 6 is a flowchart of providing an error signal to a
heari ng aid user in accoxdance with an emb odiment of

the invention.

FIG. 1 is a Dblock diagram of hearing aid circuitry in
accordance with an embodiment of the invention. Hearing aid
cavity 102 may be any enclosure or partial enclosure housing
hearing aid components. Hearing aid cavity 102 of hearing aid
100 houses battery 104, antenna 106, microphone 108, amplifier
110, 1loudspeaker 112, 1light 114, measurement circuitry 116,

memory 118, correction circuitry 120, and error circuitry 122.
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Battery 104 provides power to the hearing aid components and

may be housed in a battery compartment (not shown). Battery

104 may be a rechargeable battery.

Antenna 106 may be configured to communicate with a base unit
placed, for example, in a user’s pocket. Anterana 106 may also
be used to communicate with other hearing aid devices. For
example, antenna 106 may be a part of an eZ2e (ear-to-ear)

wireless™ system made by Siemens.

Microphone 108 receives acoustic informattion which is
amplified from a microphone level to a line level by amplifier
110. The amplified signal is transmitted +*o the user by

loudspeakexr 112.

Environmental factors such as pressure, humidity, temperature,
and elect romagnetic radiation may negatively affect the
performance of hearing aid components, e.g., battery 104,
antenna 106, microphone 108, amplifier 110, and loudspeaker
112. For example, high temperatures and/or humidity decrease
microphone sensitivity by at least a few decilbbels (dB). High
temperatures also increases noise received by &an antenna, thus
resulting in a lower signal-to-noise ratio. Other hearing aid
components experience similaxr drifts in performance. In some
cases, hearing aid components may cease furictioning or be

permanently damage if operated in extreme environments.

FIG. 2 is a graph 200 showing for illustratiwve purposes only
the change of sensitivity of a microphome as humidity
increases. Line 202 is the sensitivity curve of a microphone
in an environment of 4 percent relative humidity. Line 204 is
the sensit ivity curve of a microphone in an emnvironment of 96

percent relative humidity. It can be seen tthat sensitivity
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increases as humidity dincreases. Sensiti vity changes of 6 dB

or more have been observed when comparing output of a
microphone in a 0% relative humidity env ironment with output
of & microphone in a 100% relative humid ity environment. As
humidity increases, it has also beemn obs.erved that a

microphone’s resonance frequency lowers and damping increases .

As explained in further detail by FEFIG. 3, measurement

circuitry 116 may include sensors confi gured to measure an

environmental state. Environmental states include, but are
not limited to, pressure, humidity, temperature, arnd
electromagnetic radiation. When measurement circuitry 116

measures an environmental state, it may generate environmental

state data.

Environmental state data may include, but is not limited to,
pressure level, humi dity level, temp erature level, ard
electromagnetic radiation level. Environrmental state data may
be measured from a hearing aid component, a hearing aid cavity,
or the exterior of a hearing aid. For example, measurement
circuitry 116 may measure the temperature of battery 104,

heaxring aid cavity 102, or the exterior of hearing aid 100.

Measurement circuitry 116 may transmit environmental state
data to correction circuitry 120. In some embodiments,
mea surement circuitry 116 may transmit environmental state
data to correction circuitry 120, or elsewhere, only after a
mea surement crosses a threshold. Correction circuitry 120 may
adjust a parameter of a hearing aid component based at least
partially on environmental state data. In some embodiments,
cor rection circuitry imncludes signal processor circuitry (not
shown) . In one example 1in accordance with an embodiment,

cor rection circuitry 120 may increase the gain level, input
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level, or output level for microphone 108 (or other hearing

aid components) in response to a humidity level data

transmitted by measurement circuitry 1lle.

In another example in accordance with an embodiment of the
invention, the change of internal noise of amplifier 110 or
speaker 112 due to humidity or temperature may be compensated
by correction circuitry 120 adjusting or reducing the noise.
Another example includes increasing the gain for antenna 106
due to high levels of electromagnetic radiation, humidity,

and/or temperature.

Correction circuitry 120 may also adjust a parameter such as
frequency response. For example, correction circuitry 120 may
frequency shift an input or output signal of a hearxing aid

component in order to adjust the resonant frequency of the

hearing aid Component. A combination of both fregquency and
gain adjustments may be adjusted. The gain may also Dbe
adjusted independently in differemt frequency bands. For

example, sensitivity curve 204 of F'IG. 2 shows a large dip in
the frequencies abbove 10 kHz. In s ome embodiments, correction
circuitry 120 may adjust those frequencies differenitly than
the frequencies below 10 kHz. For example, the frequencies
above 10 kHz may be Dboosted in relation to the other
frequencies to compensate for a xroll-off in a microphone’s
frequency response. It is one aspect of the invention that
the signal processing capab'ility'of correction circudtry 120
utilizes the envizxonmental state da ta generated by measurement
circuitry 116 to adjust relevant parameters in compensating

for changes or drift in a component of a hearing aid.

In one embodiment of the invention, memory 118 stores hearing

aid component compensation data. Hearing aid component
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compensation data includes data pertaining to compensating for

known hearing aid component characteristics (e.g., frequency
response, noise levels, etc...) at certain pressure, humidity,
temperature , and/or electromagnetic radiation levels. When
measurement circuitry 116 recoxds such levels, memory 118 may
provide the data to correction circuitry 120. Correction
circuitry 120 may then use tthe data to adjust a relevant
parameter(s) of a hearing component(s). Thus, measurement
circuitry 116 may adjust one or more parameters off one or more
hearing aid components 1in response to one or more recorded
levels by measurement circuitxry 116. In one embodiment, a
memory may be located within correction circuitry 120. The
memory may store the hearing aid component compernisation data.
In one embodiment, the hearing aid component compensation data

comprises s calars.

Measurement circuitry 116 may also transmit environmental
state data to error circuitry 122. If envirommental state
data crosses a pre-determined threshold (e.g., hurmidity level),
error circuaitry 122 will provide an error signal to a hearing
aid user. In some embodimentts, an environmental state data
must cross and stay above or below the pre-determined
threshold o©over a pre-determiend period of time before error
circuitry 122 will provide an error signal. The error signal
includes, but is not limited to, light 114 flashing, an error
tone played by loudspeaker 122, a combination of 1light and

sound, or a vibration means (not shown).

Error signals may be specific to the type of environmental
state data received. For example, an error signal for high
humidity may include a certain color of 1light. A spoken
warning may be played by loudspeaker 112, indicating

performance may be less thern optimum or to turn off the
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hearing aid to prevent damage. Error signals may also

indicated that the hearing aid is in need of servicing.

Measurement circuitry 116 may also transmit environmental
state data to memory 118. This may be especially useful for a
technician to evaluate when determining which hearing aid

component may have failed.

It will be understood that the architecture shown in FIG. 1 is
only one possible architecture for hearing aid 100, and that
there may be many variation or additions to the architecture.
For example, hearing aid 100 may include & digital-to-analog
converter, and measurement circuitry 116 masy be located on the

exterior of hearing aid 100 or on individual components.

Figure 3 is a block diagram of measurement circuitry 116 in
accordance with an embodiment of the invemtion. Measurement
circuitry 116 includes pressure sensor 302, temperature sensox

304, humidity sensor 306, and electromagneti c sensor 308.

Pressure sensor 302 senses and may provide environmental state
data pertaining to atmospheric pressure. Temperature sensox
304 senses and may prowvide environmental st ate data pertaining
to temperature. Humidity sensor 306 senses and may provide
environmental state data pertaining to humidity levels .
Electxromagnetic sensor 308 senses =nd may provide
environmental state data pertaining to electromagneti c

radiation 308.

Sensors may measure enwvironmental state data for a hearing aid
cavity, a hearing aid exterior, or an inddvidual hearing aid

component.
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All sensors may wor k in parallel or separately in time. That

is, one, several, oxr all sensors may be operating at amy given
time. In some embodiments, measurement circuitry 116 only
transmits sensor measurements if the measurements «ross a

threshold.

It will be understood that the archit ecture shown in FIG. 3 is
only one possible architecture for measurement circuitry 116,
and that there may be many variation or additions to the
architecture. For example, some sens ors may be located on the

exterior of a hearing aid (not shown) -

Figure 4 is a flowchart of a process for adjusting a parameter
of a hearing aid component in accordance with an emboddiment of
the invention. At 402, process 400 starts. At 404,
measurement circuitry measures an emvironmental state. The
environmental state may be measured f rom a hearing aid cavity,
a hearing aid component, or an exterior surface of a hearing

aid.

At 406, measurement circuitry transmits environmental state

data to correction circuitry. At 408, correction circuitry
receives environmental state dataa. At 410, coxrection
circuitry adjusts a parameter of a hearing aid component. At

412, process 400 ends.

Figure 5 1is a flowchart of providimg an error signal to a
hearing aid user in accordance with an embodiment of the
invention. At 502, process 500 starts. At 504, mea surement

circuitry measures an environmental s tate.

At 506, measurement circuitry transmits environmental state

data to error circuitry. At 508, error circuitry receives
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environmental state data. At 510, error circuitry provides an
error signal to a hearing aid user. At 512, process 500 ends.

Figure 6 is a flowchart of providing an error signal to a
hearing aid user in accordance with an embodirment of the
invention. At 602, process 600 starts. At 604, measurement

circuitry measures an environment-al state.

At 606, measurement circuitry +transmits environmental state
data to error circuitry. At 608, error circuitry A receives
environment al state data. Error circuitry A may be located in
a left hear ing aid of a user; er ror circuitry B may be located

in a right hearing aid of a user.

At 610, error circuitry A provides environmental s tate data to
error circuitry B. In some embbodiments, environmental state
may be provided by transmittimmg the data over an antenna
located in a left hearing aid and received by an antenna
located in the right hearing aid. One advantage of process
500 is that if a left hearing aid is unable to produce an
error signal due to a malfunction, a right hearing aid may be

able to not ify a user of the left hearing aid’s status.

At 612, exror circuitry B provides an error signal to a

hearing aid user. At 614, process 600 ends.

While the Ainvention has been paxrticularly shown and described
with refexence to specific embodiments, it should Dbe
understood by those skilled in t he art that varioas changes in
form and detail may be made therein without departing from the
spirit and scope of the invention as defined by the appended
claims. The scope of the invemtion is thus indi cated by the

appended claims and all changes which come within the meaning
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and range of equivalency of the claims are therefore intended

to be embraced.
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CLAIMS
WHAT IS CLAIMED IS:
1. A hearing aid comprising:

measurement circuitry configured to measure an
environmental state, wherein the measu rement circuitry is
Further configured to transmit environmmental state data;

correction circuitry configured to adjust a parameter of
a hearing aid component, the adjustment being at least partly
Ibased on the environrnental state data; and

error circuitry configured to receive the environmert
State data, wherein the error circuitry is further configured
to provide an error signal to a hearing aid user if the

environmental state data crosses a pre —determined threshold.

2. The hearing aid of claim 1, wherein the measurement
circuitry is configured to transmit environmental state data
if the measured envi ronmental state cr osses a pre-determined

threshold.

3. The hearing aid of claim 1, wherein the measurement
circuitry is configured to transmit environmental state data
if the measured envi ronmental state crosses a pre-determined

threshold for a pre-determined period of time.

4. The hearing aid of claim 1, wherein the measurement
circuitry is configu red to measure an environmental state of a

hearing aid cavity.

5. The hearing aid of claim 1, wherein the measurement
circuitry is configured to measure an environmental state of a

hearing aid componen t.

6. The hearing aid of claim 1, wherein the measurement

circuitry is located on the exterior of the hearing aid.
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The hearing aid of claim 1, wherein the

environmental state comprises humidity level.

8.

The hearing aid of claim 1, wherein the

environmental state comprises temperature level.

9.

The hearing aid of claim 1, wherein the

environmental ~state comprises pressure. level.

10.

The hearing aid of claim 1, wherein the

environmental state comprises electromagnetic radiation level.

11.

component

12.

comprises

13.

comprises

14.

component

15.

circuitry

16.

comprises

17.

comprises

18.

comprises

The hearing aid of claim 1, wherein the hearing aid

comprises a transducer.

The hearing aid of claim 11, wherein the transducer

a mi crophone.

The hearing aid of claim 11, wherein the transducer

a loudspeaker.

The hearing aid of claim 1, wherein the hearing aid

comprises an antenna.

The hearing aid of claim 1, wherein the correction

comprises a signal processor.

The hearing aid of claim 15, wherein the parameter

gain level.

The hearing aid of claim 15, wherein the parameter

sigrnal output of the hearing aid componemt.

The hearing aid of claimm 15, wherein the parameter

sigrnal input of the hearing aid component.
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19. The hearing aid of claim 15, wherein the parameter
comprises resonant frequency.
20. The hearing aid of claim 16, where in the correction

circuitry is further adapted to independently adjust the gain

level of two or more frequency bands.

21. The hearing aid of claim 19, where in the resonant
frequency is adjusted at least partly by frequency shifting a

signal.

22. The hearing aid of claim 1, furthex comprising a
memory device configured to store the environmental state data

generated by the measurement circuitry.

23. The hearing aid of claim 1, further comprising a
memory device configured to store hearing aid component

compensation data.

24. The hearing aid of claim 23, where in the hearing aid

component compensation data comprises scalar s.

25. The hearing aid of claim 1, whereimn the error
circuitry is coupled to a light emitter, the light emitter
configured to provide a visual signal when t he environmental

state data crosses the pre —determined threshold.

26. The hearing aid of claim 1, wherein the error
circuitry is coupled to a loudspeaker, the 1l oudspeaker
configured to provide an audible signal when the environmental

state data crosses the pre —determined threshold.

27. The hearing aid of claim 1, further comprising
wireless transmitting circuitry configured t o transmit the

environmental state data.
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28. The hearing aid of claim 27, wherein the wireless
transmitting circuitry is further configured to receive a

second hearing aid environmental state data.

29. A method for a hearing aid to communicate a warming
to a hearing aid usex, the method comprising:

measuring an enwironmental state;

generating environmental state data:

adjusting a parameter of a hearing aid component, the
ad justment being at Jdleast partly based ©on the environmental
st ate data; and

providing an erxor signal to a heaxing aid user if the

environmental state data crosses a pre-determined threshold.

30. The method of claim 29, wheredin the method further
comprises wirelessly transmitting the emvironmental state data
to a second hearing aid, wherein the second hearing aid
provides the error signal to the hearing aid user if the

environmental state data crosses the pre-determined threshold.
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FIG 3
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