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ABSTRACT 
A hearing aid includes a microphone to convert sounds into 
electrical signals , a transceiver configured to communicate 
with a computing device through a wireless communication 
channel , and a processor coupled to the microphone and the 
transceiver . The hearing aid further includes a memory 
accessible to the processor and configured to store a table 
including plurality of hearing aid profile identifiers ( IDs ) . 
Each of the plurality of hearing aid profile IDs corresponds 
to a respective one of a plurality of hearing aid profiles . The 
memory stores instructions that , when executed by the 
processor cause the processor to identify a hearing aid 
profile ID from the table based on a sound sample , retrieve 
a hearing aid profile from the computing device using the 
hearing aid profile ID , and apply the hearing aid profile to 
modulate an audio output signal . 
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HEARING AID , COMPUTING DEVICE , AND sent a combination of a sound - shaping algorithms and 
METHOD FOR SELECTING A HEARING AID associated coefficients for providing a customized audio 

PROFILE compensation for the user . 
Unfortunately , merely providing multiple stored hearing 

5 profiles to the user may be insufficient to provide a satis Matter enclosed in heavy brackets [ ] appears in the factory hearing experience . In particular , the limited number original patent but forms no part of this reissue specifica of such hearing aid profiles may not take into account the 
tion ; matter printed in italics indicates the additions variety of acoustic frequencies and amplitudes of a particu 
made by reissue ; a claim printed with strikethrough lar acoustic environment of the user . Thus , in some 
indicates that the claim was canceled , disclaimed , or held 10 instances , it is possible that none of the various stored 
invalid by a prior post - patent action or proceeding . hearing aid profiles will accurately reflects the user ' s actual 

acoustic environment . Alternatively , even if an appropriate 
CROSS - REFERENCE TO RELATED profile is available , the user may not know that a more 

APPLICATION ( S ) suitable hearing aid profile is available for the particular 
15 acoustic environment and / or the user may make a less than 

This application is a reissue application for U . S . Pat . No . ideal selection by choosing the wrong hearing aid profile for 
8 , 538 , 049 , issued from U . S . patent application Ser . No . the particular acoustic environment . 
13 / 024 , 309 , filed Feb . 9 , 2011 , which is a non - provisional In higher end ( higher cost ) hearing aid models , sometimes 
patent application of and claims priority from U . S . Provi logic is incorporated that can select between stored hearing 
sional Patent Application No . 61 / 304 , 390 entitled “ Hearing 1304 300 entitled “ Hearing 20 aid profiles . Since robust processors consume significant 
Aid Including Hearing Aid Profile Selection Logic and battery power , such logic may consume power and reduce 
Remote Storage , ” and filed on Feb . 12 , 2010 [ , which is ) . The battery life . Accordingly , hearing aid manufacturers often 
foregoing applications are incorporated herein by reference choose lower - end and lower - cost processors that consume 

less power but also have less processing power , which may in [ its entirety ] their entireties . 25 be insufficient to reliably characterize the acoustic environ 
FIELD ment in order to make an appropriate selection . 

BRIEF DESCRIPTION OF THE DRAWINGS This disclosure relates generally to hearing aids , and more 
particularly , to hearing aids configured to communicate with 30 FIG . 1 is a block diagram of an embodiment of a system 
a computing device and methods for selecting a hearing aid including a hearing aid and a computing device adapted to 
profile . store a plurality of hearing aid profiles . 

FIG . 2 is a cross - sectional view of a representative 
BACKGROUND embodiment of a hearing aid , such as the hearing aid of FIG . 

35 1 , including logic to generate a request for a hearing aid 
Hearing deficiencies can range from partial to complete profile from the computing device . 

hearing loss . Often , an individual ' s hearing ability varies FIG . 3 is a flow diagram of an embodiment of a method 
across the range of audible sound frequencies , and many of selecting a hearing aid profile from a memory using the 
individuals have hearing impairment with respect to only system of FIG . 1 . 
some acoustic frequencies . For example , an individual ' s 40 
hearing loss may be greater at higher frequencies than at DETAILED DESCRIPTION OF ILLUSTRATIVE 
lower frequencies . EMBODIMENTS 

Hearing aids have been developed to compensate for 
hearing losses in individuals . Conventionally , hearing aids Embodiments of a hearing aid are described below that 
range from ear pieces configured to amplify sounds to 45 include a microphone adapted to convert sounds into sound 
configurable hearing devices offering adjustable operational related signals , a processor coupled to the microphone and 
parameters that can be configured by a hearing specialist to adapted to modulate the sound - related signals , and a speaker 
enhance the performance of the hearing aid . Parameters , to reproduce the modulated signals as an audible output at or 
such as volume or tone , often can be adjusted , and many within the ear canal of a user . The processor applies a 
hearing aids allow for the individual users to adjust these 50 hearing aid profile to shape the sound - related signals to 
parameters . produce the modulated output signal that is adjusted to 
However , such hearing aids generally do not permit the compensate for the user ' s hearing deficiency . By compen 

user to adjust other parameters or response characteristics , sating the output signal for the user ' s hearing deficiency , 
including , signal amplitude and gain characteristics , and playback by a speaker of the hearing aid produces an audible 
parameters associated with signal processing algorithms , 55 sound that is compensated for the user ' s hearing deficit . 
including signal frequency transforms . Instead , a hearing The hearing aid further includes a radio frequency ( RF ) 
health professional can adjust the hearing aid , by taking transceiver coupled to the processor and adapted to selec 
measurements using calibrated and specialized equipment to tively communicate with a remote computing device 
assess an individual ' s hearing capabilities in a variety of through a wireless communication channel . The processor is 
sound environments , and then by adjusting the hearing aid 60 configured to selectively update the hearing aid profile of the 
based on the calibrated measurements . Subsequent adjust hearing aid by retrieving a new hearing aid profile ( as 
ments , other than adjustments to volume or tone , can require needed ) from the computing device through the wireless 
a second visit to and further calibration by the hearing health communication channel . By offloading the storage of at least 
professional , which visit can be costly and time intensive . Some of the available hearing aid profiles , a storage capacity 

In some instances , the hearing health professional may 65 of a memory of the hearing aid may be kept small while still 
create multiple hearing profiles for the user for use in providing a wide - selection of hearing aid profiles suitable 
different sound environments . Such hearing profiles repre - for different acoustic environments . 
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In some instances , the hearing aid captures audio samples ated with a particular hearing aid profile for hearing aid 150 , 
of the acoustic environment and determines when a new such as a serial number , a memory location , a name , other 
hearing aid profile is needed based on the audio samples . In data , or some combination thereof , which can be sent to 
an example , the hearing aid can reduce the audio sample to computing device 102 as part of a trigger / request to uniquely 
a value and compare the value to a threshold . When the 5 identify a hearing aid profile . In a particular example , the 
value exceeds the threshold for a period of time , the hearing hearing aid profile ID can be a multi - part ID stored in a look 
aid determines that a new hearing aid profile is needed . In a up table in memory 158 for providing context - based selec 
particular example , the value can be used to identify a better tion of hearing aid profiles for the current acoustic environ 
hearing aid profile from a set of hearing aid profiles using a ment . Each hearing aid profile ID uniquely identifies one of 
look up table including comparison values and correspond - 10 a plurality of hearing aid profiles . Further , each hearing aid 
ing hearing aid profile identifiers . By reducing the hearing profile ID is associated with one or more parameters or 
aid profile selection to a lookup in a table , both the process - values ( sometimes referred to as “ usability values ” ) and 
ing power and the data storage capacity of the hearing aid other data associated with an acoustic environment for 
can be kept relatively low , allowing for reduced power which the hearing aid profile is appropriate . In some 
consumption , thereby enhancing the battery - life of the hear - 15 instances , the hearing aid profile ID further includes a 
ing aid , without limiting the number of available hearing aid memory address identifying a location in memory where the 
profiles and without sacrificing the user ' s acoustic experi - hearing aid profile is stored . In an example , the look - up table 
ence . Embodiments disclosed below provide systems and may specify a memory address within memory 158 of the 
methods of storing , identifying and using a variety of hearing aid where hearing aid profile 164 is stored . In other 
hearing aid profiles stored within a memory of a hearing aid 20 instances , the look - up table 162 may specify a memory 
and / or within a memory of the computing device commu - address within a memory of computing device 102 ( such as 
nicatively coupled to the hearing aid . memory 110 ) . 

FIG . 1 is a block diagram an embodiment of a system 100 The usability value of the hearing aid profile ID represents 
including a hearing aid 150 and a computing device 102 one or more values ( or , in some instances , a vector ) , which 
adapted to store a plurality of hearing aid profiles . Hearing 25 can be used to determine a suitable hearing aid profile from 
aid 150 includes a transceiver 152 that is configured to a plurality of hearing aid profiles for a particular acoustic 
communicate with computing device 102 through a wireless environment . The value may represent a frequency content 
communication channel . Transceiver 152 is configured to range , an average amplitude range , an average background 
send and receive radio frequency signals , such as short range noise range , a peak amplitude , a vector , a compressed value 
wireless signals , including Bluetooth® protocol signals , 30 derived from a number of characteristics , one or more other 
IEEE 802 . 11x family protocol signals , or other standard or values , or any combination thereof . The usability value may 
proprietary wireless protocol signals . Hearing aid 150 also also include sound pressure and / or durational information . 
includes a processor 154 connected to transceiver 152 and to In an example , the usability value could be a frequency 
a memory device 158 . range derived from frequency content of the acoustic envi 

Hearing aid 150 further includes a microphone 156 con - 35 ronment for which the hearing aid profile is appropriate . 
nected to processor 154 and configured to convert sounds When the hearing aid profile is created or used , a micro 
into electrical signals . Microphone 156 provides the elec - phone , such as microphone 156 , can be used to capture a 
trical signals to processor 154 , which shapes the electrical series of sound samples of the acoustic environment , which 
signals according to a selected hearing aid profile associated sound samples may be characterized to generate the suit 
with the user to produce a modified ( modulated ) output 40 ability values for the hearing aid profile . Such sound samples 
signal that is customized to compensate the user ' s particular provide a “ snap shot ” of the acoustic environment appro 
hearing deficit and optionally for the particular acoustic priate for the particular hearing aid profile . In an example , 
environment . As used herein , the term “ hearing aid profile ” hearing aid 150 may communicate such " snap shots ” to 
refers to a collection of acoustic configuration settings for computing device 102 for further processing . 
hearing aid 150 , which are used by processor 154 to shape 45 Computing device 102 can be any electronic device 
acoustic signals to compensate for the user ' s hearing deficit . having a processor capable of executing instructions , a 
In addition to volume and tone , the acoustic configuration memory for storing data ( such as hearing aid profiles ) , and 
settings can include directionality adjustments to focus the a transceiver capable of communicating with hearing aid 
directionality of microphone 156 by filtering other sounds 150 . Examples of computing device 102 include a personal 
based on their corresponding sound pressure for example . 50 digital assistant ( PDA ) , a smart phone , a portable computer , 
Further , the acoustic configuration settings can include or another data processing device . The Apple iPhone® , 
noise - filtering features that may utilize signal - to - noise which is commercially available from Apple , Inc . of Cuper 
ratios , sound pressure , and other acoustic features to modu - tino , Calif . , is an example of a suitable computing device 
late the audible output . Additionally , the hearing aid profile 102 . Another representative example is a Blackberry® 
may include frequency specific gain adjustments and filters 55 phone , available from Research In Motion Limited of Water 
to compensate for the user ' s hearing deficit and optionally to loo , Ontario Canada . Other types of mobile computing 
reduce undesired background noise . devices with short range wireless capability can also be 
Memory device 158 stores instructions that are executable used . 

by processor 154 , including at least one hearing aid profile Computing device 102 includes a processor 106 con 
164 including instructions that , when executed by processor 60 nected to a memory 110 . Computing device 102 further 
154 , cause processor 154 to shape the electrical signals to includes a transceiver device 104 connected to processor 
produce the modified output signal , which can be repro - 106 for sending data to and receiving data from transceiver 
duced as an audible signal for the user via a speaker 157 . device 152 of hearing aid 150 through the wireless commu 
Memory device 158 stores hearing aid profile selection nication channel . Computing device 102 may also include a 
instructions 160 and a lookup table 162 including one or 65 speaker and a microphone ( not shown ) . 
more hearing aid profile identifiers ( IDs ) . As used herein , the Memory 110 stores a plurality of instructions that are 
term “ hearing aid profile ID ” refers to an identifier associ - executable by processor 106 , such as hearing aid profile 
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retrieval instructions 112 and stores a plurality of hearing aid As used herein , the term “ sound sample ” refers to a digital 
profiles 114 . Memory 110 may also store other instructions , representation of the user ' s current acoustic environment 
such as operating system instructions , instructions for cre - derived from the electrical signals produced by a micro 
ating or modifying hearing aid profiles , instructions for phone , such as microphone 156 . In an example , microphone 
identifying a suitable hearing aid profile , alerting instruc - 5 156 captures analog sound from the user ' s environment and 
tions , and so on . Each of the hearing aid profiles 114 stored converts the analog sound into an analog electrical signal , 
in memory 110 are based on the user ' s hearing characteris which is sampled to produce sound samples . Such sound 
tics ( the user ' s particular hearing deficiencies ) and are samples can be captured periodically , randomly , or in 

designed for execution by processor 154 of hearing aid 102 response to a trigger . In some instances , the sound sample 

to compensate for the user ' s hearing loss or to otherwise se 10 may be processed to produce a digital value or a vector 
shape sound - related signals that are reproduced by speaker representing the acoustic environment at a point in time . 
157 within hearing aid 150 . Each of the hearing aid profiles The trigger may be a user - initiated trigger , a trigger from 

processor 154 ( for example , based on a period of time or a 114 includes one or more parameters that can be applied to scheduled event ) , or a trigger based on a signal received 
shape or otherwise adjust the sound - related signals for a 15 from computing device 102 . The sound - related electrical 
particular acoustic environment to produce a modified out signal is converted to a digital signal by an analog - to - digital 
put signal for playback by speaker 157 . In addition to overall converter ( not shown ) or a sample - and - hold circuit ( not 
adjustments to volume and tone , such sound - shaping adjust shown ) to produce a sound sample that consists of a digital 
ments can include frequency - specific adjustments and active representation of the acoustic environment . As use herein , 
filtering . Preferably , the modified output signal is shaped so 20 the term “ baseline ” is a stored sound sample , a digital value , 
as to enhance the user ' s listening experience , by compen - or vector representative of a " snap shot ” of an acoustic 
sating the audio signal for the user ' s hearing deficiency and environment . In a particular example , the baseline may be a 
optionally by adjusting the audio signal to filter undesirable stored sample or a digital value representative of the user ' s 
audio content from the acoustic environment . most recent acoustic environment . In some instances , rather 

Each of the hearing aid profiles includes one or more 25 than storing a sound sample , the sound sample may be 
parameters that can be configured by the user or by an interpolated to produce a statistically relevant or unique 
audiologist to customize the sound shaping and to adjust the digital value that can be used to represent the acoustic 
response characteristics of hearing aid 150 , allowing signal environment of the user . 
processor 154 to apply a customized hearing aid profile to a If processor 154 of hearing aid 150 determines that the 
sound - related signal to compensate for hearing deficits of 30 difference between the sound sample and the baseline 
the user . Such parameters can include signal amplitude and exceeds the threshold , then processor 154 detects a change 
gain characteristics , signal processing algorithms , frequency in the acoustic environment that differs from the acoustic 
response characteristics , coefficients associated with one or environment for which the current hearing aid profile was 
more signal processing algorithms , or any combination originally selected . In particular , processor 154 detects a 
thereof . Further , such adjustments can include directional 35 difference that is sufficiently different ( that has a suitable 
adjustments to adjust the directionality of the microphone ' s margin or difference ) to justify changing the hearing aid 
reception of sounds by filtering the electrical signals so as to profile . When the difference exceeds the threshold , proces 
remove or suppress the amplitude of peripheral sounds . sor 154 executes hearing aid profile selection instructions 

In an embodiment , hearing aid 150 detects when sounds 160 to begin a hearing aid profile selection process . The 
captured by microphone 156 exceed a threshold indicating 40 hearing aid profile selection instructions 160 cause processor 
that a different hearing aid profile would be more suitable for 154 to compare the sound sample ( or a value derived from 
the particular acoustic environment than the hearing aid the sound sample ) to values in lookup table 162 stored in a 
profile currently being applied by processor 154 to shape the look - up table in memory 158 . Hearing aid 150 may identify 
audio signal . In an example , hearing aid 150 periodically one or more of the hearing aid profiles having an associated 
samples the sound - related electrical signals and compares 45 hearing aid ID with a value that substantially matches that of 
parameters associated with each sample to at least one the sound sample ( for example , that differs from the sound 
baseline parameter . When one or more parameters of a sample by less than the threshold ) . Alternatively , processor 
sample differ from the baseline by an amount greater than a 154 may iteratively compare the sound sample to each value 
threshold , hearing aid 150 begins the hearing aid profile in lookup table 162 to select a best fit hearing aid profile . In 
selection process by executing hearing aid profile selection 50 some instances , the values in lookup table 162 may represent 
instructions 160 . The threshold may be a frequency differ multiple parameters of a previously recorded sound sample , 
ence threshold , an amplitude difference threshold , a back and the best fit may be based on a comparison of corre 
ground noise threshold , a time threshold , or any combination sponding parameters of the current sound sample relative to 
thereof . The time threshold may represent a period of time those of the previously recorded sound sample . In other 
over which the parameter differs from the baseline by more 55 instances , processor 154 may determine suitability of one or 
than a pre - determined amount , which time period is more hearing aid profiles by determining if the values 
exceeded before the hearing aid profile selection process is derived from the sound sample fall within threshold ranged 
initiated . In an embodiment , the threshold amounts and included in the values in the look - up table . For example , the 
types can be selected and modified by the user . values in the look - up table may include frequency ranges for 

In general , the threshold represents a difference that is 60 which the values derived from the sound sample are suitable 
significant enough to justify switching to another hearing aid if they fall within the ranges . 
profile . As a user moves around , sounds may temporarily Once hearing aid 150 has identified at least one hearing 
intrude on the user ' s listening experience , such as when an aid profile ID from lookup table 162 that is acceptable for 
outside door to a busy street opens and closes . The threshold the current acoustic environment , processor 154 retrieves 
prevents such intrusions from causing the hearing aid to 65 and applies the identified hearing aid profile . If the identified 
switch hearing aid profiles unnecessarily , such as by requir - hearing aid profile is stored in memory 158 , processor 154 
ing the intrusion to last for a period of time before switching . retrieves it from hearing aid profiles 164 in memory 158 and 
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applies it to shape subsequently received sound - related In an example , processor 154 may collect a series of sound 
signals . If the identified hearing aid profile is stored in samples using microphone 156 . The series of sound samples 
hearing aid profiles 114 of memory 110 within computing can then be utilized to determine the frequency content of 
device 102 , processor 154 uses transceiver 152 to send a the acoustic environment appropriate for the hearing aid 
request to computing device 102 that includes the hearing 5 profile , capturing a range of acceptable frequencies , ampli 
aid profile ID to retrieve the hearing aid profile from tudes , background noise levels , and other parameters of the memory 110 of computing device 102 . Alternatively , pro acoustic environment . The sound samples may be processed cessor 154 may not identify an acceptable hearing aid profile to reduce the sound samples to their frequency content , and ID . If processor 154 is unable to locate a suitable hearing aid then the frequency content of each sound sample could be profile ID , processor 154 uses transceiver 152 to send an 10 further processed to determine the frequency range param alert to computing device 102 including data related to the eter . In another embodiment , the amplitude of each sound sound - related signal , such that computing device 102 may 
utilize the data to select or generate a suitable hearing aid sample could be determined , and then a range of suitable 
profile for the current acoustic environment . amplitudes could be determined from the amplitude data , 

Once computing device 102 the request , retrieves the 15 creating an acceptable range for the amplitude . A similar 
hearing aid profile associated with the hearing aid profile ID process could be used to determine the background noise , 
from hearing aid profiles 114 , and sends the hearing aid and then to create an acceptable background noise average 
profile that matches the hearing aid profile ID to hearing aid range . In particular , known audio signals can be provided to 
150 through the communication channel . Once hearing aid processor 154 for modulation using a selected hearing aid 
150 receives the requested hearing aid profile from comput - 20 profile . The resulting modulated signal can be used to derive 
ing device 102 , processor 154 will apply it to shape sounds the various ranges or other values . The resulting range or 
from microphone 156 . When hearing aid 150 receives the other values can be provided to computing device 102 and 
requested hearing aid profile , it may store the received stored in memory 110 with the hearing aid profiles 114 , and 
hearing aid profile in memory 158 , replacing or supplement the range or other values and the associated hearing aid 
ing one or more hearing aid profiles 164 already stored in 25 profile ID of the hearing aid profile can be uploaded to the 
memory 158 . lookup table in memory 158 of hearing aid 150 through the 

In a particular example , computing device 102 receives wireless communication channel . 
the request including the hearing aid profile ID at transceiver I n an alternative embodiment , hearing aid 150 may pro 
104 and provides the hearing aid profile ID ( a unique vide the sound samples to computing device 102 when one 
identifier ) to processor 106 , which executes hearing aid 30 or more parameters exceed a threshold . In this instance , 
profile retrieval instructions 112 to retrieve the hearing aid processor 106 of computing device 102 processes the sound 
profile corresponding to a hearing aid profile ID from samples and identifies an appropriate hearing aid profile for 
hearing aid profiles 114 . Once processor 106 has retrieved the hearing aid 150 based on the sound samples . In this 
the hearing aid profile , processor 106 sends the hearing aid instance , memory 110 may include a lookup table , such as 
profile to hearing aid 150 through the communication chan - 35 lookup table 162 , which can be used to identify a suitable 
nel via transceiver 104 . hearing aid profile in response to receiving the sound sample 

By utilizing a look - up table 162 , hearing aid 150 store from hearing aid 150 . Once identified , computing device 
data about many more hearing aid profiles than memory 158 102 provides the hearing aid profile to hearing aid 150 to 
has the capacity to store . In particular , memory 110 may update the selected hearing aid profile of hearing aid 150 . 
have significantly more storage capacity than memory 158 40 In operation , any one value or range of values could be 
of hearing aid 150 . Thus , the number of hearing aid profiles used as part of a usability value to compare with parameters 
that can be stored and used by the hearing aid system 100 of a given sound sample of the user ' s current acoustic 
can be greatly increased , as compared to hearing aid devices environment by processor 154 executing hearing aid profile 
that store a small number of profiles internally in a memory selection instructions to determine an appropriate hearing 
of the hearing aid itself . Further , logic within hearing aid 150 45 aid profile . Processor 154 can then produce the request 
can be used to retrieve a different hearing aid profile , as including the hearing aid profile ID for a desired hearing aid 
needed , providing the user with a much more enjoyable and profile based on a substantial match between one of the 
individually tailored hearing experience . parameters of the given sound sample and one of the values 

In this example , processor 154 or a microcontroller may o r range of values of a particular one of the hearing aid 
be configured to power on or off transceiver 152 , as neces - 50 profiles . In one particular example , a substantial match may 
sary to conserve battery life . Transceiver 152 is configured be determined by comparing a value associated with or 
such that it is not required to continually search for a signal derived from the sound sample to a corresponding value 
or to be active at all times . Batteries in hearing aids are within lookup table 162 to identify a " closest ” or “ best ” 
typically small because size is a primary design feature for match . 
hearing aids . Many transceivers , such as a Bluetooth® 55 It should be understood that system 100 depicted in FIG . 
transceiver , consume power rapidly and would quickly 1 makes it possible to retain a large number of customized 
deplete a battery in hearing aid 150 . Processor 154 activates hearing profiles that can be accessed as needed by the user 
transceiver 152 when necessary to communicate with com - to configure hearing aid 150 . In particular , by storing the 
puting device 102 . In this manner transceiver 152 is only hearing aid profiles in memory 110 of computing device 
active during the time starting when hearing aid 150 sends 60 102 , a larger storage capacity may be used to host a 
a request to computing device 102 and ending when hearing multitude of hearing aid profiles without having to alter the 
aid 150 receives the hearing aid profile from computing memory capacity of the hearing aid 150 . Further , allowing 
device 102 . In this manner transceiver 152 is not always on hearing aid 150 to update the hearing aid profile applied by 
and consuming precious battery power allowing hearing aid processor 154 to shape sounds , hearing aid 150 is dynami 
150 to operate for extended periods of time . 65 cally configurable during operation as the sound environ 

In one embodiment , processor 154 may create a hearing ment changes , without the user having to visit a hearing 
aid profile ID for each hearing aid profile when it is created . professional . 
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FIG . 2 is a cross - sectional view of one possible represen Moving to 306 , a value related to the sound sample is 
tative embodiment 200 of an external hearing aid , which is compared to a stored value to determine one or more 
a representative example of hearing aid 150 in FIG . 1 , differences . In an example , the value related to the first 
adapted to select a hearing aid profile . Hearing aid 150 sample may be a unique value derived from the first sample , 
includes a microphone 156 to convert sounds into electrical 5 such as a statistically unique value , a numeric value repre 
signals . Microphone 156 is communicatively coupled to senting some combination of parameters associated with the 
circuit board 221 , which includes processor 154 , transceiver sample , or some other value . In another example , the value 
152 , and memory 158 . Further , hearing aid 150 includes a may be a vector including one or more parameters derived 
speaker 157 coupled to signal processor 154 and configured from a recorded version of the first sample . Proceeding to 
to communicate audio data through an ear tube 217 to an ear 10 308 , if the one or more of the differences are less than one 
piece 202 , which may be positioned within the ear canal of or more corresponding thresholds , the method 300 returns to 
a user ' s ear . Further , hearing aid 150 includes a battery 219 304 and the continuous electrical signal is sampled to 
to supply power to the other components . In an alternative produce another sample . 
embodiment , speaker 157 may be located within ear piece It should be understood that the corresponding threshold 
202 and ear canal tube 217 can be replaced with a wire for may include more than one threshold value and that block 
communicating the audio signals from processor 154 to 306 may include a series of threshold comparisons . Further , 
speaker 157 . the result of any one of the comparisons at 306 may be 

During operation , microphone 156 converts sounds into weighted based on a pre - determined importance of any one 
electrical signals and provides the electrical signals to signal 20 of the parameters to the overall hearing experience of the 
processor 154 , which processes the electrical signals accord user . As such , at 308 , in some instances , only one threshold 
ing to a selected hearing aid profile associated with the user needs to be exceeded to advance to 310 . In other instances , 
to produce a modified output signal that is customized to a multiple thresholds are exceeded before advancing to 310 . 
user ' s particular hearing ability . The modified output signal The threshold sensitivity may be configured by the user 
is provided to speaker 157 , which reproduces the modified 25 through a configuration utility accessible through user inter 
output signal as an audio signal and which delivers the audio face 108 of computing device 102 . Further , threshold sen 
signal to the ear of the user . sitivity may vary based on a context associated with the 

Further , as discussed above with respect to FIG . 1 , hearing particular hearing aid profile . For example , the background 
aid 150 is configurable to communicate with a remote sound at a sporting event or a concert may vary significantly , 
device , such as computing device 102 , through a commu - 30 but it may be undesirable to change the hearing aid profile 
nication channel to selectively retrieve hearing aid profiles during such an event unless a time threshold is also 
from a memory of the remote device . Processor 154 is exceeded . In such an instance , threshold sensitivity may be 
adapted to apply the retrieved hearing aid profiles to shape reduced or modulated according to a time parameter to 
sound signals . ensure that the hearing aid doesn ' t change from the concert 

It should be understood that , while the embodiment 200 35 profile to a more sound - sensitive profile too soon . 
of hearing aid 150 illustrates an external “ wrap - around ” At 308 , if the one or more differences are greater than the 
hearing device , the user - configurable signal processor 154 corresponding thresholds , the method 300 advances to 310 
can be incorporated in other types of hearing aids , including and processor 154 executes hearing aid profile selection 
hearing aids designed to be worn behind the ear or within the instructions 160 . Proceeding to 312 , processor 154 compares 
ear canal , or hearing aids designed for implantation . The 40 the usability value of a selected one of the hearing aid ID in 
embodiment 200 of hearing aid 150 depicted in FIG . 2 lookup table 162 to the value related to the sound sample . 
represents only one of many possible implementations with Continuing to 314 , if the hearing aid profile is not suitable 
which the user - configurable signal processor may be used for the sound environment based on the comparison , the 

FIG . 3 is a flow diagram of an embodiment of a method method 300 proceeds to 316 and another one of the hearing 
300 of selecting a hearing aid profile from a memory using 45 aid IDs in lookup table 162 . The method 300 returns to 312 
the system 100 of FIG . 1 . In the illustrated embodiment , the and the selected hearing aid ID ' s usability value is compared 
method 300 can be performed by hearing aid 150 to generate to the value related to the sound sample . Blocks 312 , 314 , 
a request for a hearing aid profile from computing device and 316 may be repeated until a suitable hearing aid profile 
102 . At 302 , sound is converted into a continuous electrical is determined . 
signal using a microphone 156 . Advancing to 304 , the 50 Returning to 314 , if , however , the hearing aid profile is 
continuous electrical signal is sampled to produce a sound suitable for the sound environment , the method 300 
sample . In one embodiment , the sound sample is produced advances to 318 and the hearing aid profile is requested from 
using an analog - to - digital converter ( not shown ) , creating a computing device 102 using the hearing aid profile ID . 
digital representation of the sound ( i . e . , the sound sample ) . Alternatively , the request provides a name , a numeric value , 
In an alternative embodiment , the electrical signals may be 55 or some other unique identifier , which can be used by 
sampled by an analog sample - and - hold circuit . The continu - computing device 102 to identify the hearing aid profile . 
ous signal may be sampled periodically , randomly , or in In this instance , suitability of a particular hearing aid 
response to a trigger . The trigger may be a user - initiated profile may be determined in any of a number of ways . In 
trigger or an automatically generated trigger . For example , one instance , the comparison in block 312 may produce a 
the trigger may be based on a peak amplitude of the 60 difference value , which can be compared to a threshold to 
continuous electrical signal , which , when it exceeds a see if the hearing aid profile is within a desired margin of 
threshold , causes the trigger to be generated . In another error . In another instance , the comparison in block 312 may 
example , the trigger may be automatically generated based produce a quality metric , which can provide an indication of 
on a sound pressure or other parameter not directly associ - the suitability of the particular hearing aid profile . In still 
ated with the continuous electrical signal . In still another 65 another embodiment , the comparison in block 312 may 
example , a user may interact with a user interface of include applying the hearing aid profile to the sound sample 
computing device 102 to initiate the trigger . to produce a modified sound output , that is analyzed to 
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determine its suitability , such as by comparing parameters of Although the present invention has been described with 
the modified sound output to a threshold . reference to preferred embodiments , workers skilled in the 

It should be understood that usability value may include art will recognize that changes may be made in form and 
more than one parameter . For example , the usability value detail without departing from the scope of the invention . 
can include an average frequency parameter and an average 5 What is claimed is : 
amplitude parameter . Further , it is contemplated that one or 1 . A hearing aid comprising : 
more of the parameters of may be weighted or determinative a microphone to convert sounds into electrical signals ; 
in either the determination of whether to trigger a hearing aid a transceiver configured to communicate with a comput 
profile selection process or in the selection process itself . In ing device through a wireless communications channel ; 
the illustrated example , the value that is compared to deter - 10 a processor coupled to the microphone and the trans 
mine the suitability of a hearing aid profile may include ceiver ; 
multiple parameters , each of which may have to be less than a memory accessible to the processor and configured to 
a threshold or within a margin of error of the corresponding store a lookup table including a plurality of hearing aid 
threshold amount for the hearing aid profile to be selected as profile identifiers ( IDs ) and a plurality of usability 
a suitable hearing aid profile . 15 values , each of the plurality of hearing aid profile IDs 

While the above - examples depict a hearing aid 150 hav corresponding to a respective one of a plurality of 
ing a single processor 154 configured to shape sounds and to hearing aid profiles and each of the plurality of usabil 
process hearing aid profile selection operations , in alterna ity values corresponding to one of the plurality of 
tive embodiments , a separate microcontroller may be pro hearing aid profile IDs , the memory configured to store 
vided ( which can be included within transceiver 152 ) for 20 instructions that , when executed by the processor cause 
processing hearing aid profile selection operations , for sam the processor to perform operations of : 
pling sounds , and for selectively communicating requests / comparing a value related to a sound sample to a 
alerts to computing device 102 . In one instance , the separate baseline value to determine a difference ; 
microcontroller may be a microprocessor that can be selec when the difference is greater than a predetermined 
tively activated by processor 154 in response to detecting a 25 threshold for a predetermined period of time , 
modulated output signal parameter that exceeds a threshold . [ identify ] identifying a hearing aid profile ID from the 

In conjunction with the systems and methods disclosed lookup table based on [ a ] the sound sample by 
above with respect to FIGS . 1 - 3 , a hearing aid and an comparing a parameter associated with the sound 
associated computing device are disclosed that are configu sample to at least one of the plurality of usability 
rable to communicate through a wireless communication 30 values to identify an approximate match : ) , 
channel to provide a customized hearing experience for the [ retrieve ] retrieving a hearing aid profile from the 
user . In particular , the computing device includes a memory computing device using the hearing aid profile ID [ : ] , 
that is configured to store a plurality of hearing aid profiles , and 
each of which are designed for execution by a processor of [ apply ] applying the hearing aid profile instead of a 
the hearing aid to shape sound - related signals to produce a 35 previously selected hearing aid profile to modulate 
modified sound signal that compensates for the user ' s hear an audio output signal ; and 
ing deficits . The hearing aid is configured to detect a change when the difference is not greater than the predetermined 
in the acoustic environment and to select a desired hearing threshold for the predetermined period of time , 
aid profile for the acoustic environment from a plurality of applying the previously selected hearing aid profile to 
hearing aid profile identifiers within a lookup table in a 40 modulate the audio output signal , and 
memory within the hearing aid . The hearing aid is further repeating the operations performed by the processor by 
configured to determine a hearing aid profile ID from the comparing a value related to another sound sample 
lookup table that is associated with the selected hearing aid to the baseline value to determine the difference . 
profile and to send a request to the computing device that 2 . The hearing aid of claim 1 , wherein each of the 
includes the hearing aid profile ID for retrieving the selected 45 usability values includes one or more values for determining 
hearing aid profile from the memory of the computing suitability of a hearing aid profile to the sound sample . 
device . The computing device retrieves the hearing aid 3 . The hearing aid of claim 1 , wherein the usability values 
profile based on the hearing aid profile ID and provides it to include an average volume . 
the hearing aid through the communication channel , and the 4 . The hearing aid of claim 1 , wherein : 
hearing aid applies the hearing aid profile to shape sound - 50 the memory includes a first plurality of hearing aid 
related signals . In an alternative embodiment , the computing profiles ; 
device determines the hearing aid profile ID from a lookup the computing device includes a second plurality of 
table in its memory based on the sound sample . hearing aid profiles ; and 
Embodiments of the hearing aid systems and methods the plurality of hearing aid profiles includes the first and 

disclosed above provide a mechanism for storing multiple 55 second pluralities of hearing aid profiles . 
hearing aid profiles on a remote device , which already has 5 . The hearing aid of claim 1 , wherein the memory 
available memory so that all of the hearing aid profiles need includes second instructions that , when executed by the 
not be stored within a memory of the hearing aid . However , processor , cause the processor to : 
in some embodiments , a limited number of hearing aid detect a change in an acoustic environment based on the 
profiles may be stored in the memory of the hearing aid , such 60 electrical signals ; and 
as a list of three or five of the most recently used hearing aid identify the hearing aid profile ID from the plurality of 
profiles , and a complete data file of all of the hearing aid hearing aid profile IDs in response to detecting the 
profiles can be retained in the memory of the remote device . change . 
In these embodiments , the hearing aid may selectively 6 . The hearing aid of claim 1 , wherein the processor stores 
retrieve the hearing aid profile from one of the memory 65 the hearing aid profile as an active hearing aid profile in the 
within the hearing aid or a memory of the remote device memory in response to receiving the hearing aid profile from 
based on the hearing aid profile ID in the lookup table . the computing device . 
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7 . The hearing aid of claim 1 , further comprising : sending the alert to the computing device through the 
a speaker including an input coupled to the processor for communication channel . 

receiving the audio output signal ; and 16 . The method of claim 8 , further comprising : 
the processor applies the hearing aid profile to the elec receiving the hearing aid profile from the computing 

trical signals to produce a shaped output signal , 5 device through the communication channel is response 
wherein the shaped output signal is reproduced as to sending the request ; and 
sound by the speaker . applying the hearing aid profile to [ the ] a sound - related 

8 . A method comprising : signal using the processor of the hearing aid . 
receiving [ a ] one or more sound [ sample ] samples ; 17 . A hearing aid , comprising : 
comparing values related to the sound samples to a at least one memory and processor ; 

baseline value until a value associated with one of the means for receiving and converting sounds into electrical 
signals ; and sound samples differs from the baseline value by a means for wirelessly communicating with a remote com predetermined amount for a predetermined period of puting device , 

time ; 15 wherein the memory is configured to store instructions identifying a hearing aid profile identifier ( ID ) from a that , when executed by the processor , cause the pro 
table including a plurality of hearing aid profile iden cessor to perform operations comprising 
tifiers ( IDs ) and a plurality of usability values by comparing values related to sound samples received by 
comparing a parameter associated with the one of the the means for receiving and converting sounds to a 
sound ( sample ] samples to at least one of the plurality 20 baseline value until a value associated with one of 
of usability values to identify an approximate match , the sound samples differs from the baseline value by 
each of the plurality of hearing aid profile IDs corre a predetermined amount for a predetermined period 
sponding to a respective one of a plurality of hearing of time ; and 
aid profiles and each of the plurality of usability values identifying a hearing aid profile identifier ( ID ) from a 
corresponding to one of the plurality of hearing aid 25 lookup table stored in the memory by comparing a 
profile IDs ; and parameter associated with the one of the sound 

sending a request including the hearing aid profile ID to samples to one or more usability values and identi 
a computing device through a communication channel fying an approximate match , wherein each usability 
to retrieve a hearing aid profile that corresponds to the value corresponds to a selected hearing aid profile 
heating aid profile ID during operation . 30 ID ; and 

9 . The method of claim 8 , further comprising : applying a hearing aid profile corresponding to the 
receiving the one or more sound [ sample ] samples at a identified hearing aid profile ID to shape acoustic 

processor of a hearing aid ; signals and produce a modified audio output signal 
comparing a value related to the sound sample to a for playback . 
baseline value to determine a first difference ; and 35 18 . The hearing aid of claim 17 wherein : 

when the first difference is greater than a threshold , the memory is configured to store a first set of hearing aid 
executing instructions to compare one or more param profiles ; 
eters of the sound sample to parameters corresponding the remote computing device is configured to store a 
to each of the plurality of hearing aid profile IDs to second set of hearing aid profiles ; and 
identify the hearing aid profile to request from the 40 the operation of applying a hearing aid profile corre 
computing device . sponding to the identified hearing aid profile ID com 

10 . The method of claim [ 9 ] 8 , wherein the [ parameters prises selectively retrieving the hearing aid profile from 
corresponding to each of the plurality of hearing aid profile one of the memory of the hearing aid or a memory of 
IDs ] usability values are representative of suitability of a the remote computing device . 
hearing aid profile to the one of the sound [ sample ) samples . 45 19 . The hearing aid of claim 18 wherein the remote 

11 . The method of claim [ 9 ] 8 , wherein the [ parameters computing device is a smart phone . 
corresponding to each of the plurality of hearing aid profile 20 . The hearing aid of claim 18 wherein the second set of 
IDs ] usability values and the hearing aid profile IDs are hearing aid profiles includes a greater number of profiles 
stored in a lookup table . than the first set of hearing aid profiles stored . 

12 . The method of claim [ 9 ] 8 , wherein the [ parameters 50 21 . The hearing aid of claim 17 wherein the usability 
corresponding to each of the plurality of hearing aid profile value associated with each hearing aid profile ID represents 
IDs ) usability values include at least one frequency range . one or more characteristics associated with an acoustic 

13 . The method of claim [ 9 ] 8 , wherein the [ parameters environment of the one of the sound samples including 
corresponding to each of the plurality of hearing aid profile frequency content range , an average amplitude range , an 
IDs ) usability values include a frequency average . 55 average background noise range , a peak amplitude , sound 

14 . The method of claim 8 , wherein sending the request pressure , durational information , an average volume , or any 
comprises : combination thereof . 

generating a hearing aid profile request including the 22 . The hearing aid of claim 17 wherein the hearing aid 
hearing aid profile ID and associated instructions ; and profile comprises a set of acoustic configuration settings , 

sending the hearing aid profile request to the computing 60 configured for use by the processor , to shape the acoustic 
device through the communication channel to retrieve signals , and wherein the acoustic configuration settings 
the hearing aid profile from a plurality of hearing aid include directionality adjustments to focus the directionality 
profiles stored in a memory of the computing device of the means receiving and converting sounds . 

15 . The method of claim [ 9 ] 8 , wherein , when the hearing 23 . The hearing aid of claim 17 wherein the hearing aid 
aid profile is not identified , the method further comprises : 65 profile comprises a set of acoustic configuration settings , 

generating an alert including data related to [ the ] a configured for use by the processor , to shape the acoustic 
sound - related signal ; and signals , and wherein the acoustic configuration settings 
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include noise - filtering features configured to utilize signal match , wherein each usability value corresponds to 
to - noise ratios and / or sound pressure to shape the acoustic a selected hearing aid profile identifier ( ID ) stored in 
signals . a lookup table in memory of the hearing aid ; 

24 . The hearing aid of claim 17 wherein the memory selectively retrieving , during operation of the hearing 
includes second instructions that when executed by the 5 aid , a hearing aid profile corresponding to the iden 
processor , cause the processor to perform operations com tified hearing aid profile ID . 
prising : 27 . The method of claim 26 , further comprising producing storing the hearing aid profile corresponding to the a modified audio output signal for the user by applying , via identified hearing aid profile ID as an active hearing a processor of the hearing aid , the hearing aid profile to a aid profile in the memory of the hearing aid . sound - related signals . 25 . The hearing aid of claim 17 wherein the sound 28 . The method of claim 26 wherein selectively retrieving samples are received periodically by the means for receiving the hearing aid profile comprises retrieving the hearing aid and converting sounds . 

26 . A method , comprising : profile from memory of the hearing aid . 
receiving one or more sound samples , via a hearing aid , 15 29 . The method of claim 26 wherein selectively retrieving 

from a current acoustic environment of a user ; the hearing aid profile comprises retrieving the hearing aid 
comparing values related to the sound samples to a profile from a memory of a remote computing device . 
baseline value until a value associated with an indi 30 . The method of claim 26 wherein selectively retrieving 
vidual one of the sound samples differs from the base the hearing aid profile comprises retrieving the hearing aid 
line value by a predetermined amount for a predeter - 20 P 20 profile from a memory of a smart phone . 
mined period of time ; and 31 . The method of claim 26 wherein selectively retrieving 
comparing a parameter associated with the individual the hearing aid profile comprises retrieving the hearing aid 
one of the sound samples to at least one of a plurality profile from a memory of a mobile computing device . 
of usability values and identifying an approximate * * * * * 


