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HEARING TESTING PROBE WITH
INTEGRATED TEMPERATURE AND
HUMIDITY SENSORS AND ACTIVE

TEMPERATURE CONTROL

CROSS-REFERENCE TO RELATED
APPLICATIONS/INCORPORATION BY
REFERENCE

[0001] The present application is a divisional and claims
priority under 35 U.S.C. §121 to co-pending U.S. patent
application Ser. No. 13/753,320, filed on Jan. 29, 2013, which
claims priority under 35 U.S.C. §119(e) to provisional appli-
cation Ser. No. 61/592,359, filed on Jan. 30, 2012.

[0002] The entire contents of each above-mentioned prior-
filed application is hereby expressly incorporated herein by
reference.

FEDERALLY SPONSORED RESEARCH OR
DEVELOPMENT

[0003] This invention was made with government support
under contract number N00014-10-M-0267 awarded by the
Office of Naval Research. The government has certain rights
in the invention.

MICROFICHE/COPYRIGHT REFERENCE

[0004] [Not Applicable]
BACKGROUND OF THE INVENTION
[0005] The present invention relates generally to hearing

testing probes placed within ear canals that are coupled to an
instrument that monitors the condition within the ears. More
specifically, the present invention provides a hearing testing
probe with integrated sensor(s) configured to measure envi-
ronmental conditions. The present invention further provides
a hearing testing probe with integrated heating element(s)
configured to provide active temperature control.

[0006] Hearing test devices that monitor the condition
within a human ear are known. Such test devices generally
require that the person performing the test (the “operator™)
place a test probe of the device within the ear canal of a test
subject. Once the probe is placed properly within the ear
canal, the operator activates the device, usually by pressing a
button or the like. The device then emits test signals into the
subject’s ear through the probe in the ear canal. In response to
the test signals emitted, the device receives response signals
from the ear, likewise through the probe in the ear canal. Such
response signals received are then used to determine whether
the ear is functioning properly.

[0007] Audiological testing for hearing impairment com-
monly requires an acoustic, air pressure, and/or vibratory
stimulus to be presented to the test subject. Several of the
methods for hearing evaluation require the use of a probe to
generate and couple the stimulus directly to the subject’s ear
canal. Examples of hearing tests using these probes include
otoacoustic emissions, acoustic immittance, acoustic reflex,
reflectance, and, in some cases, auditory brainstem response.
For each of these tests, certain characteristics of the stimula-
tions need to be applied accurately in order to provide an
accurate evaluation of the results.

[0008] In order to provide an accurate evaluation of the
results, frequency response, magnitude, distortion, and other
characteristics of the stimulus should be presented appropri-
ately and measured accurately. However, environmental con-
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ditions, such as varying humidity levels, temperatures, and
barometric pressures, for example, typically found in human
ear canals can cause performance changes in microphone and
speaker components commonly used in hearing testing
probes.

[0009] An exemplary problem encountered when using
existing hearing probes is the stability of the pressure
response relative to the environmental humidity. The materi-
als typically used in the diaphragms of certain types of micro-
phones are hydroscopic, causing a shift in pressure sensitivity
corresponding to changes in humidity. The change in sensi-
tivity is often in the range of 0.02 to 0.06 dB per percent
change in humidity. The change in sensitivity creates a dif-
ference between the calibrated and measured acoustic levels
indicated by the microphone. This error adds a degree of
uncertainty to the measurements.

[0010] Another problem encountered when using existing
hearing probes is the risk of condensation on the internal
components of the transducer(s). The high humidity levels
commonly found in the ear canal can cause condensation to
develop on the colder probe elements. This condensation may
cause minerals or dirt to be irrecoverably deposited and cause
a permanent and degrading change in performance of the
transducer.

[0011] Barometric pressure at a given location typically
changes no more than 3% from day to day. However, a system
calibrated at one altitude and then put into service at a location
of a different altitude may not provide the intended or indi-
cated stimulus or measurement. The barometric pressure dif-
ference between sealevel and a high-altitude location, such as
La Paz, Columbia at roughly 12,000 ft. above sea level, can
result in an apparent increase in the volume of the ear canal,
as measured by the probe, by as much as 60%. This apparent
change in volume could cause a 4 dB reduction in stimulus
and measurement levels if a correction is not applied.
[0012] Hearing tests commonly rely on the coupling of
stimulus into the inner ear, and some hearing tests also require
a measurement of corresponding emissions from the ear to
make proper diagnostic determinations. A seal to the ear canal
is typically desired or required to properly perform the test
function. During the insertion of the eartip to the ear canal, the
air in the ear canal may be compressed. This pressure differ-
ential may cause a shift in the apparent stiffness of the tym-
panic membrane, causing a change in the conduction of the
stimulus and emissions from the middle ear to the ear canal,
adversely affecting the accuracy of the hearing test.

[0013] Further limitations and disadvantages of conven-
tional and traditional approaches will become apparent to one
of skill in the art, through comparison of such systems with
some aspects of the present invention as set forth in the
remainder of the present application.

BRIEF SUMMARY OF THE INVENTION

[0014] Certain embodiments provide a hearing testing
probe with integrated sensor(s) configured to measure envi-
ronmental conditions, substantially as shown in and/or
described in connection with at least one of the figures, as set
forth more completely in the claims.

[0015] Various embodiments provide a method for correct-
ing a transducer response in a hearing testing system com-
prising a testing probe that comprises a transducer coupled
with an acoustic channel, substantially as shown in and/or
described in connection with at least one of the figures, as set
forth more completely in the claims.
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[0016] Certain embodiments provide a hearing testing
probe with integrated heating element(s) configured to pro-
vide active temperature control, substantially as shown in
and/or described in connection with at least one of the figures,
as set forth more completely in the claims.

[0017] Various embodiments provide a method for actively
controlling a temperature of a testing probe comprising a
transducer coupled with an acoustic channel, substantially as
shown in and/or described in connection with at least one of
the figures, as set forth more completely in the claims.
[0018] Certain embodiments provide a method for indicat-
ing an elevated barometric pressure in an ear canal, substan-
tially as shown in and/or described in connection with at least
one of the figures, as set forth more completely in the claims.
[0019] These and other advantages, aspects and novel fea-
tures of the present invention, as well as details of an illus-
trated embodiment thereof, will be more fully understood
from the following description and drawings.

BRIEF DESCRIPTION OF THE DRAWING(S)

[0020] FIG. 1 illustrates a block diagram of an exemplary
hearing testing system comprising a hearing testing probe
with integrated environmental sensor(s) used in accordance
with an embodiment of the present technology.

[0021] FIG. 2 illustrates a block diagram of an exemplary
hearing testing system comprising a hearing testing probe
with integrated environmental sensor(s) and heating element
(s) used in accordance with an embodiment of the present
technology.

[0022] FIG. 3 illustrates a block diagram of an exemplary
hearing testing system comprising a hearing testing probe
with integrated environmental sensor(s) and heating element
(s) used in accordance with an embodiment of the present
technology.

[0023] FIG. 4 illustrates a block diagram of an exemplary
hearing testing system comprising a hearing testing probe
with integrated environmental sensor(s) and heating element
(s) used in accordance with an embodiment of the present
technology.

[0024] FIG. 5 illustrates a block diagram of an exemplary
hearing testing system comprising a hearing testing probe
with integrated environmental sensor(s) and heating element
(s) used in accordance with an embodiment of the present
technology.

[0025] FIG. 6 illustrates a block diagram of an exemplary
hearing testing system comprising a hearing testing probe
with integrated environmental sensor(s) and heating element
(s) used in accordance with an embodiment of the present
technology.

[0026] FIG. 7 is a flow diagram that illustrates an exem-
plary method for correcting at least one transducer response
in a hearing testing system comprising a testing probe that
comprises at least one transducer coupled with at least one
acoustic channel in accordance with an embodiment of the
present technology.

[0027] FIG. 8 is a flow diagram that illustrates an exem-
plary method for actively controlling a temperature of a test-
ing probe comprising at least one transducer coupled with at
least one acoustic channel in accordance with an embodiment
of the present technology.

[0028] FIG. 9 is a flow diagram that illustrates an exem-
plary method for indicating an elevated barometric pressure
in an ear canal in accordance with an embodiment of the
present technology.
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[0029] The foregoing summary, as well as the following
detailed description of embodiments of the present invention,
will be better understood when read in conjunction with the
appended drawings. For the purpose of illustrating the inven-
tion, certain embodiments are shown in the drawings. Tt
should be understood, however, that the present invention is
not limited to the arrangements and instrumentality shown in
the attached drawings.

DETAILED DESCRIPTION

[0030] Embodiments of the present technology provide a
hearing testing probe with integrated sensor(s) configured to
measure environmental conditions. Embodiments of the
present technology provide a hearing testing probe with inte-
grated heating element(s) configured to provide active tem-
perature control.

[0031] Various embodiments provide a hearing testing sys-
tem 100 comprising one or more transducers 111, 113, one or
more environmental sensors 115, and one or more processors
118, 120. The transducer(s) 111, 113 are coupled with one or
more acoustic channels 112, 114. The environmental sensor
(s) 115 are coupled to the acoustic channel(s) 112,114 and are
configured to measure one or more environmental condition
(s) of the acoustic channel(s) 112, 114. The processor(s) 118,
120 are coupled to the environmental sensor(s) 115. The
processor(s) 118, 120 are configured to receive the measured
environmental condition(s) from the environmental sensor(s)
115, and apply, based on the measured environmental condi-
tion, correction data 141, 142 to one or more transducer
responses to generate one or more corrected transducer
responses.

[0032] Certain embodiments provide a method 700 for cor-
recting one or more transducer responses in a hearing testing
system 100 comprising a testing probe 110 that comprises
one or more transducers 111, 113 coupled with one or more
acoustic channels 112, 114. The method 700 comprises mea-
suring 710, by one or more environmental sensors 115
coupled to the acoustic channel(s) 112, 114, one or more
environmental conditions of the acoustic channel(s) 112, 114.
The method 700 comprises receiving 720, by the processor(s)
118, 120 coupled to the environmental sensor(s) 115, the
measured environmental condition(s) from the environmen-
tal sensor(s) 115. The method 700 comprises applying 730,
by the processor(s) 118, 120 and based on the measured
environmental condition(s), correction data 141, 142 to one
or more transducer responses to generate one or more cor-
rected transducer responses.

[0033] Various embodiments provide a hearing testing sys-
tem 100 comprising one or more transducers 111, 113, one or
more environmental sensors 115, one or more heating ele-
ments 116, and one or more processors 118, 120. The trans-
ducer(s) 111, 113 are coupled with one or more acoustic
channels 112, 114. The environmental sensor(s) 115 are
coupled to the acoustic channel(s) 112, 114 and are config-
ured to measure a temperature of the acoustic channel(s) 112,
114. The heating element(s) 116 are disposed in a testing
probe 110 and are operable to heat the testing probe 110. The
processor(s) 118, 120 are coupled to the environmental sen-
sor(s) 115 and the heating element(s) 116. The processor(s)
118, 120 are configured to receive the measured temperature
from the environmental sensor(s) 115, and actively control,
based on the measured temperature, the heating element(s)
116.
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[0034] Certain embodiments provide a method 800 for
actively controlling a temperature of a testing probe 110
comprising one or more transducers 111, 113 coupled with
one or more acoustic channels 112, 114. The method 800
comprises measuring 810, by one or more environmental
sensors 115 coupled to the acoustic channel(s) 112, 114, a
temperature of the acoustic channel(s) 112, 114. The method
800 comprises receiving 820, by processor(s) 118, 120
coupled to the environmental sensor(s) 115, the measured
temperature from the environmental sensor(s) 115. The
method 800 comprises actively controlling 830, by the pro-
cessor(s) 118, 120 and based on the measured temperature,
one or more heating elements 116 of the testing probe 110.
[0035] Various embodiments provide a method 900 for
indicating an elevated barometric pressure in an ear canal.
The method 900 comprises measuring 910 an ambient baro-
metric pressure. The method comprises measuring 910, by
one or more environmental sensors 115 coupled to one or
more acoustic channels 112, 114 of a testing probe 110, a
barometric pressure of the acoustic channel(s) 112, 114. The
method 900 comprises comparing 920, by one or more pro-
cessors 118, 120, the measured ambient barometric pressure
to the measured barometric pressure of the acoustic channel
(s) 112, 114 to detect a change in barometric pressure. The
method 900 comprises providing 930 anindicator 117,131 if
a change in barometric pressure exceeding a predetermined
threshold is detected.

[0036] FIG. 1 illustrates a block diagram of an exemplary
hearing testing system 100 comprising a hearing testing
probe 110 with integrated environmental sensor(s) 115 used
in accordance with an embodiment of the present technology.
FIGS. 2-6 illustrates a block diagram of an exemplary hearing
testing system 100 comprising a hearing testing probe 110
with integrated environmental sensor(s) 115 and heating ele-
ment(s) 116 used in accordance with an embodiment of the
present technology.

[0037] Referring to FIGS. 1-6, a hearing testing system 100
comprises a testing probe 110, external instrumentation 120,
and a user interface 130. The testing probe 110 can be directly
or indirectly coupled to one or more of the external instru-
mentation 120 and the user interface 130, among other things.
Thetesting probe 110 comprises transducers 111, 113, acous-
tic channels 112, 114, and environmental sensor(s) 115, for
example.

[0038] The transducers 111, 113 can include one or more
microphones 111 and one or more speakers 113. The micro-
phone(s) 111 can be configured to convert acoustic energy
received in one or more microphone acoustic channels 112 to
electrical energy that is provided to external instrumentation
120, as illustrated in FIGS. 1-3, and/or to an embedded con-
troller 118, as illustrated in FIGS. 4-6. The microphone(s)
may be dynamic, condenser (externally or pre-polarized),
piezo ceramic, silicon, or any suitable microphone, for
example. The speaker(s) 113 may be configured to convert
electrical energy received from external instrumentation 120,
as illustrated in FIGS. 1-3, and/or to an embedded controller
118, as illustrated in FIGS. 4-6, into acoustic energy that is
provided to one or more speaker acoustic channels 114. The
speaker(s) 113 can be dynamic, balanced armature, or any
suitable speaker, for example.

[0039] The acoustic channels 112, 114 may include one or
more microphone acoustic channels 112 and one or more
speaker acoustic channels 114. The microphone acoustic
channel(s) 112 are operable to direct sound from an ear canal
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to the microphone(s) 111. The speaker acoustic channel(s)
114 are operable to direct sound generated by the speaker(s)
to an ear canal. In various embodiments, the acoustic chan-
nels 112, 114 may be provided in a sound tube coupled to a
detachable eartip, for example.

[0040] Theenvironmental sensor(s) 115 may be any device
capable of measuring an environmental condition. An envi-
ronmental condition may include any suitable air quality
measurement, such as air temperature, relative humidity, and/
or barometric pressure, for example. Sound pressure level is
not considered an environmental condition measured by envi-
ronmental sensor(s) 115. Instead, sound pressure level and/or
acoustic energy is measured by microphone(s) 111, for
example. The environmental sensor(s) 115 may be resistive-
based, capacitive-based, or any suitable environmental sensor
(s). The environmental sensor(s) 115 can be analog and/or
digital sensor(s), for example.

[0041] In various embodiments, the environmental sensor
(s) 115 are configured to measure environmental condition(s)
in one or more of the acoustic channels 112, 114. For
example, an environmental sensor 115 may be coupled
directly to a microphone acoustic channel 112 such that the
temperature, relative humidity and/or barometric pressure
proximate the microphone 111 can be measured. Addition-
ally and/or alternatively, an environmental sensor 115 can be
coupled directly to a speaker acoustic channel 114 such that
the temperature, relative humidity and/or barometric pressure
proximate the speaker 112 can be measured. In certain
embodiments, the environmental condition(s) measurement
data can be provided, substantially in real-time, to the exter-
nal instrumentation 120, as illustrated in FIGS. 1-3, the dis-
play 131, and/or an embedded controller 118, as illustrated in
FIGS. 4-6, for example. In various embodiments, an elec-
tronic compensation of the in-situ pressure sensitivity may be
provided by the external instrumentation 120 and/or an
embedded controller 118 based on a substantially instanta-
neous measurement of environmental characteristics, by the
environmental sensor(s) 115, to which the hearing testing
probe 110 is exposed.

[0042] Theexternal instrumentation 120 may comprise one
or more central processing units, microprocessors, microcon-
trollers, and/or the like. For example, the external instrumen-
tation 120 may be a personal computer or an embedded
microcontroller of a dedicated instrument, among other
things. The external instrumentation 120 may be an inte-
grated component, or may be distributed across various loca-
tions, for example. The external instrumentation 120 may be
capable of receiving, processing and/or storing microphone,
speaker, sensor and/or heating element information, as dis-
cussed below. The external instrumentation 120 can be
capable of receiving input information from a user input
device 132 and generating an output displayable by a display
131, among other things. In various embodiments, the exter-
nal instrumentation 120 may apply correction factors
retrieved from a memory 140 to one or more microphone
responses and/or one or more speaker responses based on
environmental condition(s) measurement data received from
the environmental sensor(s) 115, as discussed below.

[0043] Referring to FIGS. 4-6, certain embodiments pro-
vide that the testing probe 110 comprises an embedded con-
troller 118. The embedded controller 118 may be one or more
central processing units, microprocessors, microcontrollers,
and/or the like. The embedded controller 118 may be capable
of receiving, processing and/or storing microphone, speaker,
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sensor and/or heater element information, as discussed
below. In certain embodiments, the embedded controller 118
can be capable of providing testing probe information to
external instrumentation 120, and receiving operating
instructions and hearing test information from the external
instrumentation 120, for example. The embedded controller
118 may be capable of controlling various components of the
testing probe 110, such as the microphone 111, speaker, a
heating element 116, and an indicator 117, among other
things. In various embodiments, the embedded controller 118
may apply correction factors retrieved from a memory 140 to
one or more microphone responses and/or one or more
speaker responses, as illustrated in FIG. 6 and discussed
below.

[0044] Referring again to FIGS. 1-6, the user interface 130
canbe directly or indirectly coupled to, or integrated with, the
external instrumentation 120. The user interface 130 may
comprise a display 131 and a user input device 132. The
display 131 may be any device capable of communicating
visual information to a user. For example, a display 131 may
include a fluorescent tube display, a liquid crystal diode dis-
play, a light emitting diode display, an organic light emitting
diode display, and/or any suitable display. The display 131
canbe operable to display information from testing probe 110
and/or external instrument 120, among other things. In vari-
ous embodiments, the display 131 may display hearing test
results, temperature measurements, humidity measurements,
barometric pressure measurements, and/or any suitable infor-
mation.

[0045] Theuserinputdevice(s) 132 may includeany device
(s) capable of communicating information from a user and/or
at the direction of the user to the external instrumentation 120
and/or testing probe 110, for example. The user input device
(s) 132 may include button(s), a touchscreen, motion track-
ing, voice recognition, a mousing device, keyboard, and/or
any other device capable of receiving a user directive. In
certain embodiments, one or more of the user input devices
132 may be integrated into other components, such as the
display 131, for example. As an example, user input device
132 may include a touchscreen display.

[0046] Referring to FIGS. 3, 5 and 6, certain embodiments
provide that the hearing testing system 100 comprises a
memory 140. The memory 140 may be one or more com-
puter-readable memories, for example, such as a hard disk,
floppy disk, CD, CD-ROM, DVD, compact storage, flash
memory, random access memory, read-only memory, electri-
cally erasable and programmable read-only memory and/or
any suitable memory. The memory 140 may include data-
bases, libraries, tables, or other storage accessed by and/or
incorporated with the external instrumentation 120 and/or an
embedded controller 118, for example. The memory 140 may
be able to store data temporarily or permanently, for example.
[0047] Various embodiments provide that the memory 140
stores correction data 141, 142. For example, the memory 140
may store microphone correction data 141 and speaker cor-
rection data 142. In various embodiments, the correction data
141, 142 may be a correction factor based on a characteristic
response of the microphone(s) 111 and/or speaker(s) 113 in
temperature, relative humidity, and/or barometric pressure
conditions. The characteristic response may be based on a
nominal performance of the sensitivity of the transducers
111, 113 to temperature, relative humidity, and/or barometric
pressure, for example. The nominal performance of the trans-
ducer sensitivity may be indicated by manufacturer specifi-
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cations, an average of sample or production measurements,
and/or a measurement of the transducers 111, 113 built into a
particular testing probe 110, for example. The correction
factors 141, 142 may be stored in memory 140 at the time of
manufacture or calibration, for example, to be read and
applied by the external instrumentation 120 and/or an embed-
ded controller 118 during a hearing test.

[0048] In various embodiments, a correction factor 141,
142 may be generated based upon the measured sensitivity
response in two or more discrete temperature, relative humid-
ity, and/or barometric pressure conditions. The correction
factor 141, 142 can be applied to the response of microphone
(s) 111 and/or speaker(s) 113 as a linear fit correction, for
example. In various embodiments, application of the correc-
tion factor 141, 142 by one or more of the external instrumen-
tation 120 or embedded controller 118 may reduce a theoreti-
cal change of transducer pressure sensitivity from as much as
6 dB or more to a compensated 2 dB or less over operating
temperature and humidity extremes, nominally +15 degrees
Celsius to +35 degrees Celsius and 10% to 90% relative
humidity, for example.

[0049] In certain embodiments, the correction data 141,
142 may be stored as a lookup table corresponding to a series
of measurements of the sensitivity of the transducers 111,113
through a range of temperatures, relative humidities, and/or
barometric pressures, for example. The sensitivity measure-
ments may be used directly for correction of the transducer
response, or may be interpolated to create a correction factor
for a specific level of temperature, relative humidity, and/or
barometric pressure, among other things. In certain embodi-
ments, the sensitivity measurements can be mapped using a
polynomial or other curvilinear regression analysis to create
a non-linear equation for correction across a range of sensi-
tivity measurements.

[0050] Certain embodiments provide that the hearing test-
ing system 100 can programmatically determine the exist-
ence of an ear canal at the entrance of the hearing test probe
110 to provide automatic operation or verification, among
other things. For example, the environmental sensor(s) 115
can measure the temperature, relative humidity, and/or baro-
metric pressure in an acoustic channel 112, 114 for compari-
son with measured ambient temperature, relative humidity,
and/or barometric pressure. The external instrumentation
120, embedded controller 118, or the like, can detect that the
testing probe 110 has been inserted in an ear canal by deter-
mining that a difference between measured environmental
conditions in an acoustic channel 112, 114 and ambient envi-
ronmental conditions exceed a predetermined threshold, for
example. In certain embodiments, the user interface display
131 can display information regarding whether testing probe
110 insertion is detected. In various embodiments, an indica-
tor 117 of the testing probe 110 may be activated when testing
probe 110 insertion is detected. In certain embodiments, other
methods of detecting insertion of a testing probe 110 inan ear
canal, such as acoustic and/or air pressure methods of detec-
tion, for example, may be used in conjunction with determin-
ing the difference between acoustic channel 112, 114 and
ambient environmental conditions to improve insertion
detection accuracy and/orto detect a proper seal, among other
things.

[0051] Referring to FIGS. 2-6, certain embodiments pro-
vide one or more heating element(s) disposed within a body
of the hearing test probe 110. The heating element(s) may be
any device capable of generating heat energy and transferring
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the heat energy to the hearing test probe 110. The heating
element(s) 116 may be comprised of an electrically resistive
material that converts electrical energy into thermal energy.
For example, the electrically resistive material can be a thick-
film, thin-film, carbon, and/or wire-wound resistor. As
another example, the electrically resistive material may be
resistive elements in the form of etched traces on a variety of
substrates. In various embodiments, any suitable form of
heating element may be used. The heating element(s) 116 are
mounted in the hearing test probe 110 in a manner that pro-
vides short thermal paths to the microphone(s) 111, speaker
(s) 113, and environmental sensor(s) 115.

[0052] The heating element 116 may provide the hearing
testing probe 110 an elevated temperature relative to the
ambient temperature. An elevated temperature could prevent
condensation on transducer 111, 113 elements in the hearing
test probe 110 when exposed to high humidity environments,
particularly as found in mammalian ear canals. By raising the
temperature of the hearing testing probe 110 to be near the
temperature of the ear canal, the temperature gradient that
would cause condensation in the hearing test probe 110 can be
eliminated.

[0053] In various embodiments, the external instrumenta-
tion 120 and/or the embedded controller 118 may actively
control the heating element(s) 116 to maintain a desired tem-
perature based on temperature measurements of the environ-
mental sensor(s) 115. For example, the temperature may be
maintained using the feedback from the environmental sensor
(s) 115 to control the application of electrical energy to the
heating element 116. The active control of the probe tempera-
ture provides a maintained probe temperature at a selected
elevated temperature irrespective of the ambient temperature.
In certain embodiments, the temperature may be maintained
consistently while the hearing testing system 100 is active or
may be activated when a hearing test procedure is in process.
For example, the heating element(s) 116 can be activated
when the probe is coupled to an ear canal, which may be
determined through either automated detection or by a
manual indication provided by a user of the hearing testing
system 100, among other things. In various embodiments, the
heating element(s) 116 may be used to substantially match
the temperature of the probe 110 to the temperature of an ear
canal as measured by the environmental sensor(s) 115. Sub-
stantially matching the hearing testing probe 110 temperature
to an ear canal temperature may minimize a change in micro-
phone pressure sensitivity between the ambient environment
and the environment of the sealed ear canal, for example.
[0054] Certain embodiments provide calibrating and per-
forming hearing test functions using the testing probe 110
heated to substantially the same temperature. Performing
hearing test functions using the testing probe 110 heated to
substantially the same temperature that the testing probe was
calibrated at can minimize measurement errors caused by
sensitivity shifts.

[0055] Referring to FIGS. 2-6, certain embodiments pro-
vide that the testing probe 110 comprises one or more indi-
cators 117. The indicator(s) 117 can be any indicator on a
testing probe 110 capable of providing information to a user
of the testing probe 110. For example, the indicator(s) 117
may be visual indicators, audible indicators, or any suitable
indicator or combination of indicators. Visual indicator(s) can
include light emitting diodes, lamps, or any suitable visual
indicator. Audible indicators may include tones, voice mes-
sages, or any suitable audible indicator. In various embodi-
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ments, the indicator 117 provides an indication when prede-
termined probe conditions, such as temperature conditions,
probe insertion detection conditions, or any suitable condi-
tions, are satisfied. For example, a hearing testing system 100
that detects that the testing probe 110 is sealed in an ear canal
can provide an indication to that effect by activating a light
emitting diode or sequence of light emitting diodes, among
other things.

[0056] Incertain embodiments, increasing the temperature
of the hearing testing probe 110 may also be used to decrease
the level of discomfort for a subject of a hearing test. In
various embodiments, increasing the temperature of the hear-
ing testing probe 110 can also limit or eliminate the startle
effect of a cold hearing test probe 110 when applied to a
newborn or infant, particularly when it is deemed beneficial
that the newborn or infant be asleep during the test, and
waking the newborn or infant on application of the hearing
test probe 110 would be not desirable.

[0057] FIG. 7 is a flow diagram that illustrates an exem-
plary method 700 for correcting at least one transducer
response in a hearing testing system 100 comprising a testing
probe 110 that comprises at least one transducer 111, 113
coupled with at least one acoustic channel 112, 114 in accor-
dance with an embodiment of the present technology. Refer-
ring to FIG. 7, at step 710, one or more environmental con-
ditions of one or more acoustic channel(s) 112, 114 may be
measured by one or more environmental sensors 115 coupled
to the acoustic channel(s) 112, 114. At step 720, the measured
environmental condition(s) from the environmental sensor(s)
115 can be received by the external instrumentation 120 and/
or the embedded controller 118, for example. At step 730,
based on the measured environmental condition(s), the exter-
nal instrumentation 120 and/or the embedded controller 118
may apply correction data 141, 142 to one or more transducer
responses to generate one or more corrected transducer
responses.

[0058] In various embodiments, the environmental condi-
tion(s) comprise barometric pressure and the correction data
141, 142 corresponds to a change in altitude correction. In
certain embodiments, the environmental condition(s) com-
prise relative humidity and the correction data 141, 142 cor-
responds to a relative humidity correction applied to the trans-
ducer response(s) to generate the corrected transducer
response(s). In various embodiments, the external instrumen-
tation 120 and/or the embedded controller 118 can detect
whether the testing probe 110 is inserted in an ear canal based
on a determined difference between the measured environ-
mental condition(s) and one or more corresponding ambient
environmental conditions. Although the method is described
with reference to the exemplary elements of the systems
described above, it should be understood that other imple-
mentations are possible.

[0059] One or more of the steps of the method 700 may be
implemented alone or in combination in hardware, firmware,
and/or as a set of instructions in software, for example. Cer-
tain embodiments may be provided as a set of instructions
residing on a computer-readable medium, such as a memory,
hard disk, DVD, or CD, for execution on a general purpose
computer or other processing device.

[0060] Certain embodiments of the present invention may
omit one or more of these steps, and/or perform the steps in a
different order than the order listed, and/or combine certain of
the steps listed above. For example, some steps may not be
performed in certain embodiments of the present invention.
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As a further example, certain steps may be performed in a
different temporal order, including simultaneously, than
listed above.

[0061] FIG. 8 is a flow diagram that illustrates an exem-
plary method 800 for actively controlling a temperature of a
testing probe 110 comprising at least one transducer 111, 113
coupled with at least one acoustic channel 112, 114 in accor-
dance with an embodiment of the present technology. Refer-
ring to FIG. 8, at step 810, a temperature of one or more
acoustic channels 112, 114 may be measured by one or more
environmental sensors 115 coupled to the acoustic channel(s)
112, 114. At step 820, the measured temperature from the
environmental sensor(s) 115 can be received by the external
instrumentation 120 and/or the embedded controller 118, for
example, coupled to the environmental sensor(s) 115. At step
830, based on the measured temperature, the external instru-
mentation 120 and/or the embedded controller 118 can
actively control one or more heating element(s) 116 of the
testing probe 110.

[0062] In certain embodiments, in response to the mea-
sured temperature, the external instrumentation 120 and/or
the embedded controller 118 actively controls the heating
element(s) 116 to substantially maintain a pre-defined tem-
perature of the testing probe 110 and/or a pre-defined tem-
perature range of the testing probe 110. The pre-defined tem-
perature of the testing probe 110 and/or the pre-defined
temperature range of the testing probe 110 can be pre-defined
in firmware of the processor(s) 118,120 and/or selected using
a user interface 130 coupled to the processor(s) 118, 120, for
example. In various embodiments, during a hearing test pro-
cedure and/or after the testing probe 110 is coupled to an ear
canal, the external instrumentation 120 and/or the embedded
controller 118 may activate the heating element(s) 116. The
external instrumentation 120 and/or the embedded controller
118 can detect that the testing probe 110 is coupled to the ear
canal based on a determined difference between the measured
temperature and an ambient temperature, for example.
Although the method is described with reference to the exem-
plary elements of the systems described above, it should be
understood that other implementations are possible.

[0063] One or more of the steps of the method 800 may be
implemented alone or in combination in hardware, firmware,
and/or as a set of instructions in software, for example. Cet-
tain embodiments may be provided as a set of instructions
residing on a computer-readable medium, such as a memory,
hard disk, DVD, or CD, for execution on a general purpose
computer or other processing device.

[0064] Certain embodiments of the present invention may
omit one or more of these steps, and/or perform the steps in a
different order than the order listed, and/or combine certain of
the steps listed above. For example, some steps may not be
performed in certain embodiments of the present invention.
As a further example, certain steps may be performed in a
different temporal order, including simultaneously, than
listed above.

[0065] FIG. 9 is a flow diagram that illustrates an exem-
plary method for indicating an elevated barometric pressure
in an ear canal in accordance with an embodiment of the
present technology. Referring to FIG. 9, at step 910, an ambi-
ent barometric pressure and a barometric pressure of one or
more acoustic channels 112, 114 may be measured. For
example, one or more environmental sensors 115 coupled to
the acoustic channel(s) 112, 114 can measure the barometric
pressure of the acoustic channel(s) 112, 114. An ambient
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environmental sensor (not shown) may be included in the
testing probe 110, external instrumentation 120, or any suit-
able location for measuring ambient barometric pressure. At
step 920, the measured ambient barometric pressure and the
measured acoustic channel barometric pressure can be com-
pared to detect a change in barometric pressure. At step 930,
if a change in the barometric pressure exceeds a predeter-
mined threshold, an indication may be provided to auser at a
user interface display 131, testing probe indicator 117, or any
suitable indication mechanism. Although the method is
described with reference to the exemplary elements of the
systems described above, it should be understood that other
implementations are possible.

[0066] One or more of the steps of the method 900 may be
implemented alone or in combination in hardware, firmware,
and/or as a set of instructions in software, for example. Cet-
tain embodiments may be provided as a set of instructions
residing on a computer-readable medium, such as a memory,
hard disk, DVD, or CD, for execution on a general purpose
computer or other processing device.

[0067] Certain embodiments of the present invention may
omit one or more of these steps, and/or perform the steps ina
different order than the order listed, and/or combine certain of
the steps listed above. For example, some steps may not be
performed in certain embodiments of the present invention.
As a further example, certain steps may be performed in a
different temporal order, including simultaneously, than
listed above.

[0068] Various embodiments provide a hearing testing sys-
tem 100 comprising one or more transducers 111, 113, one or
more environmental sensors 115, and one or more processors
118, 120. The transducer(s) 111, 113 are coupled with one or
more acoustic channels 112, 114. The environmental sensor
(s) 115 are coupled to the acoustic channel(s) 112, 114 and are
configured to measure one or more environmental condition
(s) of the acoustic channel(s) 112, 114. The processor(s) 118,
120 are coupled to the environmental sensor(s) 115. The
processor(s) 118, 120 are configured to receive the measured
environmental condition(s) from the environmental sensor(s)
115, and apply, based on the measured environmental condi-
tion, correction data 141, 142 to one or more transducer
responses to generate one or more corrected transducer
responses.

[0069] In certain embodiments, the transducer(s) 111, 113
comprise one or more microphones 111 operable to receive
acoustic energy in the acoustic channel(s) 112 and convert the
acoustic energy to the transducer response(s).

[0070] Invarious embodiments, the transducer(s) 111, 113
comprise one or more speakers 113 operable to receive the
corrected transducer response(s) and convert the corrected
transducer response(s) to acoustic energy provided in the
acoustic channel(s) 114.

[0071] In certain embodiments, the hearing testing system
100 comprises a testing probe 110 that comprises the trans-
ducer(s) 111, 113, the environmental sensor(s) 115. and the
acoustic channel(s) 112, 114.

[0072] In various embodiments, the processor(s) 118, 120
are integrated with external instrumentation 120 operable to
perform a hearing test using the testing probe 110.

[0073] Incertain embodiments, the testing probe 110 com-
prises the processor(s) 118.

[0074] In various embodiments, the environmental condi-
tion is air temperature, relative humidity, and/or barometric
pressure.
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[0075] In certain embodiments, the hearing testing system
100 comprises a display 131 operable to display the measured
environmental condition(s).

[0076] Invarious embodiments, the hearing testing system
100 comprises a memory 140 configured to store the correc-
tion data 141, 142. The correction data comprises one or more
of microphone correction data 141 and speaker correction
data 142.

[0077] In certain embodiments, the correction data 141,
142 comprises one or more correction factors based on a
characteristic response at a plurality of environmental condi-
tions for one or more of the transducer(s) 111, 113, a same
type as the transducer(s) 111, 113 as indicated by a manufac-
turer specification, and sample transducers of the same type
as the transducer(s) 111, 113, where the characteristic
response is an average of the sample transducers.

[0078] Invarious embodiments, the correction factor(s) are
applied by the processor(s) using one or more of a linear fit
correction, a lookup table, and a non-linear equation gener-
ated using a curvilinear regression analysis.

[0079] In certain embodiments, the processor(s) 118, 120
are configured to determine a difference between the mea-
sured environmental condition(s) and one or more ambient
environmental conditions to detect whether the testing probe
110 is inserted in an ear canal.

[0080] Invarious embodiments, the testing probe 110 com-
prises one or more indicators 117 configured to provide an
indication when the testing probe 110 is inserted in an ear
canal.

[0081] Certain embodiments provide a method 700 for cor-
recting one or more transducer responses in a hearing testing
system 100 comprising a testing probe 110 that comprises
one or more transducers 111, 113 coupled with one or more
acoustic channels 112, 114. The method 700 comprises mea-
suring 710, by one or more environmental sensors 115
coupled to the acoustic channel(s) 112, 114, one or more
environmental conditions of the acoustic channel(s) 112, 114.
The method 700 comprises receiving 720, by the processor(s)
118, 120 coupled to the environmental sensor(s) 115, the
measured environmental condition(s) from the environmen-
tal sensor(s) 115. The method 700 comprises applying 730,
by the processor(s) 118, 120 and based on the measured
environmental condition(s), correction data 141, 142 to one
or more transducer responses to generate one or more cor-
rected transducer responses.

[0082] In certain embodiments, the environmental condi-
tion(s) comprise barometric pressure and the correction data
141, 142 corresponds to a change in altitude correction.
[0083] In various embodiments, the environmental condi-
tion(s) comprise relative humidity and the correction data
141, 142 corresponds to a relative humidity correction
applied to the transducer response(s) to generate the corrected
transducer response(s).

[0084] Incertain embodiments, the method 700 for correct-
ing one or more transducer responses in the hearing testing
system 100 comprises determining a difference between the
measured environmental condition(s) and one or more ambi-
ent environmental conditions to detect whether the testing
probe 110 is inserted in an ear canal.

[0085] Various embodiments provide a hearing testing sys-
tem 100 comprising one or more transducers 111, 113, one or
more environmental sensors 115, one or more heating ele-
ments 116, and one or more processors 118, 120. The trans-
ducer(s) 111, 113 are coupled with one or more acoustic
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channels 112, 114. The environmental sensor(s) 115 are
coupled to the acoustic channel(s) 112, 114 and are config-
ured to measure a temperature of the acoustic channel(s) 112,
114. The heating element(s) 116 are disposed in a testing
probe 110 and are operable to heat the testing probe 110. The
processor(s) 118, 120 are coupled to the environmental sen-
sor(s) 115 and the heating element(s) 116. The processor(s)
118, 120 are configured to receive the measured temperature
from the environmental sensor(s) 115, and actively control,
based on the measured temperature, the heating element(s)
116.

[0086] In certain embodiments, the testing probe 110 com-
prises one or more indicators 117 configured to provide an
indication when the measured temperature is substantially
matched with a pre-defined temperature and/or within a pre-
defined temperature range.

[0087] In various embodiments, the processor(s) 118, 120
actively control the heating element(s) 116 to substantially
maintain a pre-defined temperature of the testing probe 110
and/or a pre-defined temperature range of the testing probe
110 in response to the measured temperature received from
the environmental sensor(s) 115.

[0088] In certain embodiments, the processor(s) 118, 120
are configured to activate the heating element(s) 116 and
control a temperature of the testing probe 110 during a hear-
ing test procedure and/or after the testing probe 110 is
coupled to an ear canal.

[0089] In various embodiments, the processor(s) 118, 120
are configured to detect that the testing probe 110 is coupled
to the ear canal based on a determined difference between the
measured temperature and an ambient temperature.

[0090] Certain embodiments provide a method 800 for
actively controlling a temperature of a testing probe 110
comprising one or more transducers 111, 113 coupled with
one or more acoustic channels 112, 114. The method 800
comprises measuring 810, by one or more environmental
sensors 115 coupled to the acoustic channel(s) 112, 114, a
temperature of the acoustic channel(s) 112, 114. The method
800 comprises receiving 820, by processor(s) 118, 120
coupled to the environmental sensor(s) 115, the measured
temperature from the environmental sensor(s) 115. The
method 800 comprises actively controlling 830, by the pro-
cessor(s) 118, 120 and based on the measured temperature,
one or more heating elements 116 of the testing probe 110.

[0091] Invarious embodiments, the actively controlling the
heating element(s) 116 substantially maintains one or more of
a pre-defined temperature of the testing probe 110 and a
pre-defined temperature range of the testing probe 110 in
response to measured temperature.

[0092] In certain embodiments, the pre-defined tempera-
ture of the testing probe 110 and/or the pre-defined tempera-
ture range of the testing probe 110 are pre-defined in firmware
of the processor(s) 118, 120 and/or selected using a user
interface 130 coupled to the processor(s) 118, 120.

[0093] In various embodiments, the method 800 for
actively controlling the temperature of the testing probe 110
comprises activating, by the processor(s) 118, 120, the heat-
ing element(s) 116. The activating occurs during a hearing
test procedure and/or after the testing probe 110 is coupled to
an ear canal.

[0094] Incertain embodiments, the method 800 for actively
controlling the temperature of the testing probe 110 com-
prises detecting, by the processor(s) 118, 120, that the testing
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probe 110 is coupled to the ear canal based on a determined
difference between the measured temperature and an ambient
temperature.

[0095] Various embodiments provide a method 900 for
indicating an elevated barometric pressure in an ear canal.
The method 900 comprises measuring 910 an ambient baro-
metric pressure. The method comprises measuring 910, by
one or more environmental sensors 115 coupled to one or
more acoustic channels 112, 114 of a testing probe 110, a
barometric pressure of the acoustic channel(s) 112, 114. The
method 900 comprises comparing 920, by one or more pro-
cessors 118, 120, the measured ambient barometric pressure
to the measured barometric pressure of the acoustic channel
(s) 112, 114 to detect a change in barometric pressure. The
method 900 comprises providing 930 an indicator 117,131 if
a change in barometric pressure exceeding a predetermined
threshold is detected.

[0096] While the present invention has been described with
reference to certain embodiments, it will be understood by
those skilled in the art that various changes may be made and
equivalents may be substituted without departing from the
scope of the present invention. In addition, many modifica-
tions may be made to adapt a particular situation or material
to the teachings of the present invention without departing
from its scope. Therefore, it is intended that the present inven-
tion not be limited to the particular embodiment disclosed,
but that the present invention will include all embodiments
falling within the scope of the appended claims.

What is claimed is:

1. A hearing testing system comprising:

at least one transducer coupled with at least one acoustic

channel;

atleast one environmental sensor coupled to the at least one

acoustic channel, the at least one environmental sensor
configured to measure a temperature of the at least one
acoustic channel;

at least one heating element disposed in a testing probe and

operable to heat the testing probe; and

at least one processor coupled to the at least one environ-

mental sensor and the at least one heating element, the at

least one processor configured to:

receive the measured temperature from the at least one
environmental sensor, and

actively control, based on the measured temperature, the
at least one heating element.

2. The apparatus of claim 1, wherein the testing probe
comprises at least one indicator configured to provide an
indication when the measured temperature is at least one of:

substantially matched with a pre-defined temperature, and

within a pre-defined temperature range.

3. The apparatus of claim 1, wherein the at least one pro-
cessor actively controls the at least one heating element to
substantially maintain at least one of a pre-defined tempera-
ture of the testing probe and a pre-defined temperature range
of the testing probe in response to the measured temperature
received from the at least one environmental sensor.
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4. The apparatus of claim 1, wherein the at least one pro-
cessor is configured to activate the at least one heating ele-
ment and control a temperature of the testing probe at least
one of:

during a hearing test procedure, and

after the testing probe is coupled to an ear canal.

5. The apparatus of claim 4, wherein the at least one pro-
cessor is configured to detect that the testing probe is coupled
to the ear canal based on a determined difference between the
measured temperature and an ambient temperature.

6. A method for actively controlling a temperature of a
testing probe comprising at least one transducer coupled with
at least one acoustic channel, the method comprising:

measuring, by at least one environmental sensor coupled to

the at least one acoustic channel, a temperature of the at
least one acoustic channel;
receiving, by at least one processor coupled to the at least
one environmental sensor, the measured temperature
from the at least one environmental sensor; and

actively controlling, by the at least one processor and based
on the measured temperature, at least one heating ele-
ment of the testing probe.

7. The method of claim 6, wherein the actively controlling
the at least one heating element substantially maintains at
least one of a pre-defined temperature of the testing probe and
a pre-defined temperature range of the testing probe in
response to measured temperature.

8. The method of claim 7, wherein the at least one of a
pre-defined temperature of the testing probe and a pre-defined
temperature range of the testing probe is at least one of:

pre-defined in firmware of the at least one processor, and

selected using a user interface coupled to the at least one
processor.
9. The method of claim 6, comprising activating, by the at
least one processor, the at least one heating element, the
activating occurring at least one of?
during a hearing test procedure, and
after the testing probe is coupled to an ear canal.
10. The method of claim 9, comprising detecting, by the at
least one processor, that the testing probe is coupled to the ear
canal based on a determined difference between the measured
temperature and an ambient temperature.
11. A method for indicating an elevated barometric pres-
sure in an ear canal, the method comprising:
measuring an ambient barometric pressure; and
measuring, by at least one environmental sensor coupled to
at least one acoustic channel of a testing probe, a baro-
metric pressure of the at least one acoustic channel;

comparing, by at least one processor, the measured ambi-
ent barometric pressure to the measured barometric
pressure of the at least one acoustic channel to detect a
change in barometric pressure; and

providing an indicator if a change in barometric pressure

exceeding a predetermined threshold is detected.
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