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(57) Abstract: Methods and systems of interactive online fitting of a hearing aid by a non-expert consumer without requiring a clin -
ical setup are disclosed. In one embodiment, the system includes an audio generator for delivering test audio signals at predeter -
mined levels to a non-acoustic input of a programmable hearing aid in-situ, and a programming intertace for delivering programming
signals to the hearing aid. The consumer is instructed to listen to the output of the hearing device in-situ and to interactively adjust
fitting parameters according to a subjective assessment of audible output representative of the test audio signal. In one embodiment,
the online-based fitting system comprises a personal computer, a handheld device connected to the personal computer, and a fitting
application hosted by a server. In one embodiment, remote customer support personnel may communicate with a hearing aid worn
by the consumer and interactively control fitting parameters.
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ONLINE HEARING AID FITTING SYSTEM AND METHODS FOR NON-
EXPERT USER

CROSS-REFERENCE TO RELATED APPLICATIONS

[001] Thas application claimy the benefit wnder 353 US.CL 119 of the earlier filmg date of
LS. Provisional Appheation 617847 032 entitled "ONLINE HEARING AID FITTING
SYSTEM AND METHODS FOR A NON-EXPERT USER,” filed July 16, 2013 and this
apphcation also claims the benefit of and 15 2 continuation of U8, Non-Provistonal
Application 14/011,607 entitled "ONLINE HEARING AID FITTING SYSTEM AND
METHODS FOR NON-EXPERT USER” filed Avpuost 27, 2013, The aforementionsd

apphications ave hereby wcorporated by reference n thewr entirety, for any purpose.

TECHNICAL FIELD

j002] Examples described herem relate to methods and svstems of online hearing aid
futing and more particularly rapid futing andfor self-fitting of hearing mids by von-
experts. This apphication is related o US. Patemt No. 8467556, tiled, "CANAL
HEARING DEVICE WITH DISPOSABLE BATTERY MODULE” and US, Pending
Patent Application Serial Nos. 13/424242 utled, "BATTERY MODULE FOR
PERPENDICULAR DOCKING INTO A CANAL HEARING DEVICE.” filed on March
19, 2013; and 13/787.639, utled, "RECHARGEABLE CANAL HEARING DEVICE AND
SYSTEMS,” filed on March 6, 2013; all of which are mcorporated heremn by vefevence m
thetr entivety for any purpose. This apphication 15 also related to concurrently filed 11.S.
Patent Applicattons: Company Docket No. IHI3, utled HEARING AID FITTING
SYSTEMS AND METHODS USING SOUND SEGMENTS REPRESENTING
RELEVANT SOUNDSCAPE, histing Adnan Sheontb as the sole mventor; Company
Docket No. {H14, ttled HEARING PROFILE TEST SYSTEM AND METHOD, hsting
Adnan Shenntb as the sole wmventor; and Company Docket Noo [Hi6, iled
INTERACTIVE HEARING AID FITTING SYSTEM AND METHODS, hsting Adnan
Shenmb as the sole wventor; which are incorporated herem by reference in their entirety

for any purpose.
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BACKGROUND

[603] Carrent hearing ard fittig systems and wmethods are generally complex, relving on
spectalized instruments for operstion by hearmg professtonals i chimeal settings. For
example, 8 typical fittng system may include an audiometer for conducting a hearmg
evalustion, a software program for compuoting preseriptive formulae and corresponding
fittmg parameters, a hearing mid programmnung instrument to program the computed Hiting
parameters, a real ear measurement {REM} mstrument for in-situ evaluation of the hearing
aid, a hearing aid analvzer, calibrated acoustic transducers, sound proof mom, ete. These

systems and methods for asmy them ave generally oot suttable for self-adpumsteation by a

hearing aid conswner v home settmgs.

{604} Charactenizatton and verification of a heanng aid are generally conducted by
presenting acoustic stimul {sound) to the microphone of the heanng device, referred to
herein generically as a “microphonic” or “acoustic” input. The hearing aid may be worn in
the ear (in-sitg) dunmng the fitting process, for what 13 referred to as “real ear”
measwrements (REM), using an REM mstrament. The hearing mid may also need 1o be
placed in a test chamber for charactenization by a hearing aid analvzer. The acoustic
stimulus used for hearing mid and fiting assessment s generally tonal sound, but may
include synthesized speech spectrum noise, or other speech-tike signals sometimes referred
to as “digital speech.” Real life sounds are generally not emploved for determining a
hearmg aid prescription or for adjustment of the fitting parameters with the user’s
subjective agssessment. Hearing aid consumers are generally asked to return to the
dispensing office to make adjustments following real-hfe listeing experiences with the
hearing device. When simulated “real Life” sounds are employed for heanng aid
evaluation, calibration of the real hife mput sounds at the microphone of the hearing aid is
generally required, tnvolving probe tube measurements, of a sound level meter (SLM).
Regardless of the particular method used, conventional fitting generally requires clinical
settings to employ specialized mstruments for admmistration by tamed  hearing
professionals. Throughout this application, the term “consumer” generally refers to a

person being fitted with a hearing device. thus may be imterchangeable with any of the

b3
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terms “user,” Yperson,” “chiem,” “hearing topatred,” eto. Furthermore, the term “hearmg
device” 13 used herein to refer o all types of hearmg enhancement devices, includmng
hearing aids presenibed for heanng impatrment and personal sound amplification products
{PSAP) generally not requining a prescription or a medical watver.

{005} Programmable hearing ards rely on electromic adjustments of electroacoustic
settings, referred (o heremn generally as “fitting parameters.” Sumilar to hearing assessments
and hearing ard charactenization, the programming of a hearing aid generally requires
specialized mstnioments and mvolvement of a hearing professional to deal with a range of
complexities related to programmung fitting parameters,

{606] Resorting to consumer computing devices for hearing evaluation and fitting, such
as personal computers, smartphones and tablet computers, to produce test stumult 1s
generally problematic for several reasons, mcluding the varnaluhity of sound output
characienistics with consumer audio components emploved therewith. For example mternal
speakers or external headphones may not be sasily calibrated and/or may not meet audio
standards of audiometric and hearing awd evalvations, such as total harmowe distortion
{THD), accuracy of amplitudes, notse levels, frequency response, and the like,

1607} Furthermore, conventional fitting processes are generally too technical and
cumbersome for administration by a non-expert person. For the aforementioned reasons,
among others, the fitting process for a programmable hearing device is generally not
avalable to consumers for self-admmistration at home. A hearing aid dispensing
professtonal 15 typically required for conducting one or more steps of the fitting process,
from hearing evaluation to hearing aid reconwnendation and selection to prescription and
programming of the fitting parameters mio the hearmg device. This process often regquires
multiple visits to the dispensing office to incorporate the user’s subjective assessment from
hstening expertences after the imtial fating. As a result, the cost of a professionally
dispensed hearing aid can easily reach thousands of dollars, and almost double that for a
pair of hearing awds. Thus expense represents 8 major barvier o many potential consunmers.
Even though cost of parts and labor to manutactwe a hearmyg device 15 generally under

3100, the average retarl price for a progranwnable hearing md i3 well over 31000, largely

o
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due to the cost of fithing by the dispensing professional. In additton 1o the cost, another
obstacle for potential hearing aid costomers 1s the inconvenience of the multiple visits to a

dispensing office that are required for hearing aid testing, selection and fitting.

SUMMARY

[008] The present disclosure relates to methods and systems for interactive fitting of a
hearing device online by a non~expert user, without resorting to clinical setups and
instramentation. I one embodmment, the onbne fiting system may inclade an audio
generator postioned on g client side, the andio generator configured to deliver calibrated
test audio signals to an audio mput of a programmable hearing device me-situ, The test
audio signals correspond to sound segments at varied sound pressure levels and frequency
charactenistics. The onhine fiting system may also mchude a programming interface
configared to interactively deliver progranuming signals to the hearing device m-sita. The
online fitting method generally mvolves wstructing the heanng device consumer to listen
to the andible output of the hearing device sty and adjust fitting parameters of the
hearing device mteractively by delivering a sequence of test audio signals and
programming signals accordmg to the subjective assessment of the consamer from the
audible output of the hearing device m-situ. In one smbodiment, the user iterface is
browser-based and generally configured to allow the consumer to adiost fitting parameters
gsing controds presented in subjective lay terms, such as volume, auditnlity, clarity, and the
fike, rather than generally objeciive methods, techmceal terms and complex graphical tools
conventionally used by hearing professionals i chinical settings.

{009 In some embodiments, the online fitting system mcludes a handheld fitting device,
a personal computer, and web-based {itting software applications hosted on a remote web
server. The handheld fitting device mcludes the audio generator configured to generate fest
audio signals and deliver the test audio signals to an mput of the hearing device n-situ.
The handheld fitting device 1s generally handheld-sized and mayv be worn on the body of
the consumer or placed m the vioinity of the consumer’s ear during the online fiting

process, The handheld fitting device also comprises the programming circuitry configured
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to mteractively deliver progranuming <ipnals to the heanog device tn-situ. The fitting
device n one embodiment s provided with USBH connectrenty for interfacing with a broad
range of personal computing devices, including smartphones and tablet computers.

{010} In one embodiment, the online fitting systemy further comprises an earphone fo
condact a hearing evaliatton. In another embodiment, the hearing evaluation may be
conducted by delrvering acoustic test stgnals 1o an andio mput of a hearmyg device m-situ,
The online fitting system may also include 8 mucrophone configured to sense sound m the
vicinity of the conswmer.

{011] The onlme fitting system and methods disclosed berein allow consumers to
inexpensively and wteractively test thewr own heasing abildy, develop their own
“prescription”, and fing-tune the fitting parameters at home, withoul requiring conventional
prescriptrve methods, speciahized fitting instruments and clinical software that are typically
fimited to chimcal seitings. In some embodiments, by delivering audio signals directly to
an audio nput of the hearing device, calibration of test sounds at the fitting site may be
ehimmnated. The audio signal may be delivered directly, either electrically ot wirelessly, to
the heartng aid mput. Stmlarly, the programming signal mayv be delivered electrically or
wirelessly.

[012] The disclosed systems and methods generally allow consumers fo manipulate
hearing aid parameters based on the subjective audibility of m-situ hearing aid output. In
one embodiment, test audio segments are presented to the hearing aid input sequentially
untl all corresponding fitting parameters are manipulated and adjusted according to the
consumer’s preference. Subsequent adjustments afler the minal fitting may be readily
admunistered to refine the personally developed futing prescription. Test audio segiments
used herein are preferably designed with nunimal overlap v level and freguency
characteristics to nuninuze overlap o fthing parameter control and to vesult m a
convergent and expedited fiting process for self-administration by a non-expert hearing
unpaired cousunier, or non~expert person assisting the heating impasved customer.

{13 In some embodiments, the online hiting system enables home heanng aid

dispensing, moluding home hearmg evaloation and home prescription and programnnng.
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The online process may be selfadmunistered, resulting m redoced cost by ehnunating
expenses associated with professional services m chintcal settings. In one embodiment, the
home fitting system positioned i3 connected online to a remote castomer support computer,
allowing for remote hearing aid configuration, remote fitting parameter control, and audio
streaming of mstractions from customer support personnel. The audio streamung also

atlows for onhine delivery of test signals to the hearing aid of the consumer.

BRIEF DESCRIPTION OF THE DRAWINGS

014} The above and stll further objectives, features, aspects and attendant advantages of
the present mvention will become apparent from the following detaled description of
certain preferred and alternate embodmments and method of manufacture and use thereof]
including the best mode presently contemplated of practicing the mvention, when taken m
comjanction with the accompanying drawings, in which:

{015] FIG. 1 s a representation of an online fitting systern, clading a handbeld device
meorporating an audio geperator, a programnung signal generator, 8 programmuble
hearing ard, a personal computer, an earphone, and a server hosting web-based fitting
applications, according to one embodiment.

{016} FIG. 2 15 a detatled view of certain aspacts of the onhine fitting system of FIGL. 1,
depicting a block diagram of the handheld device and a divect electrical audio mpuwt to the
programmable hearing device, shown outside of the ear for clarity.

{017} FiG. 3 15 a block diagram depicting a programmable heaning aid, showing audio
mput options mehwling mucrophone (acoustic) mput, electiical audio mmput, and wireless
awdio yput, for unplementing calibrated audio signal delivery, according to one
embodunent,

[018] FIQ. 4 is a representation of a wireless onlime fitting system configured to perform
wireless audio streaming and wireless programming using a smariphone with wireless

features, according to one embodiment.

6
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{019 FIG. S 15 a represemtation of a aser interface for a web-based hearmg evaluation,
meludmg  mstroctions, controls, mdicators, and progress status, accordmy to one
embodiment.

[020} FIG. 6 is a representation of @ user interface to adjust foudness and corresponding
high-level gain dormg a presentation of loud male speech for an online bearmyg md fitting
apphication, mcloding mstructions, controls, indicators, and process status, according to
one embodiment.

{021} FiG. 7 15 a block diagram depicting example software components and an example
process flow for an example online fiting system, mcluding web service components
across the chient and the remote sides, according to one embodiment.

{622} FIG. 8 1s a representation of an online customer support svstem configured to
remotely perform hearmg aid programming and control and onlme streaming of voice

mstructions (o the conswmer posiioned on the client side, accordimng to one embodiment.

DETAILED DESCRIPTION

{023} Certain detads are set forth below to provide a safficient understanding of
embodiments of the invention. Some embodiments, however, may not mclade all details
describad. In some mstances, wall known structures may not be shown i order o avoud
unnecessarly obscuring the deseribed embodiments of the mvention.

{024} The present disclosure describes example online fitting svstems and methods,
shown i FIGS, 1-8, for automatically admumistering a hearing aid fitting by a nop-expert,
meluding self-fiting by a hearing device consumer I, without resorting to clinical
instrumentation, visits to hearing aid dispensing offices, or wvolvement of a hearing
professtongl,  In an example embodiment, shown in FIGS. 1 and 2, the onhine fitting
system 100 mcludes components on a “client side™ 3 and on a “remote side”™ 4, with
tespect to a consumer | posiioned on the client side 3. On the chient side 3, the fitting
system 100 includes a personal computer 10, a portable futing device 20 {also referred 1o
as a “handheld device™), a programmable hearing device 50, and softwarg components 30

that may be readily available online over the Internet 63 from a server 6 positioned on the

~3
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remote side 4, The software components 30 on the chemt stde may weclude a fithing web
application 32, a hearing test web appheation 33, a web service layer 41 (FIG. 7)., sound
segments 34, an audio laver 37 and a progranuming laver 36, The web service layer 41 on
the client side 3 comprises a Chient API 35

{025 On the remote side 4, the server 60 generally hosts software components 61, which
may mclude a fitting website 62 serving a fitting web application 63, a hearing test web
appheation 64, and a web service laver 68 comprising a server fitting API 69 and
Command Dispatcher 66, The fitting system 100 on the chent side 3 mclades an audio
signal generator 22 and a progranmmng signal generator 23, mcorporated within the
handheld fitting device 20, which may be wormn on the body of the consumer 1 or placed w
the vicinity of the consumer’s gar 2. The audio signal generator 22 may be configured to
deliver audio stgnals 21 directly to an mput 31 of the hearmng device 50.

{026} During the heanng aid fitting process 71, andwo signals 21 produced by the audio
signal generator 22 correspond to sound segments 34, each of which generally has vnique
sound charactertstics. The programnung signal generator 23 may be configured to deliver
progranuming signals 24 to the hearing device input ST vig a programming cable 26, or
wirelessly to a wireless mput, as will be described further below. The online fitting method
generally involves instructing the consumer 1 to histen to hearmg device outpat 55 {also
referred to herein as "acoustic test signal”) o interactively adjust fitting parameters 80
according to the subjective assessment and response to the hearing device output 33, As
will be described in the example of FIG. 6, whereby the consumer 1 15 offered famihiar
consumer-friendly perceptual controls, such as volume, audibility, clanty, and the ke,
mstead of techical terms used in conventional fitting methods for operstion by heating
professionals.

{027} In one embodiment, the audio signal generator 22 may be a single chip audio
system designed for converting digital audio streams from a personal computing device 10
to audio signals 21 for delivery to an audio nput of the beanng device 50 mwesitu. Sound
sepments 34 are typreally represented by digatal avdio Biles stored i memory withm the

fittiag system 100 and presented as test audio signals 21 at the client side 3. The
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progranuning signal generator 23 may include IO (inter-integrated cirenit) circnitry and
firmware o implement °C communication protocols as known in the art of electronics and
progranumable hearing aids. The fitting device 20 m the example embodiment of FIG. |
and 2 may mclode USB connectivity 38 for interfacing with a broad range of general
purpose consomer computing devices 10, mclodmg a standard personal computer, a
smartphone 13 {(FIG. 4) or a tablet computer {not shown}. The term “personal compter,”
as used herem, includes any type of computing device, mcluding bat not hmited o those
mentioned above.

1028] The delivery of programming signals 24 and test audio signals 21 directly to an
input of a hearing device 30 may be electrical, as shown in FIGS. 1 and 2. For example,
programmung signals 24 andfor test audio signals 21 may be transnutied electuically by the
programming cable 26 and a fitting connector 85 (FIG. 2} In one example, the fitting
connector 83 may be mserted mio a mam module of a modalar hearing device during the
fitting process, as shown 1 FIG. 2. The fitting connecter 85 mayv be subsequently removed
from the mamn module to msert 3 battery, or battery module, for example as per the
disclosures of ULS. Patent No. 8, 467 336, incorporated heremn by reference,

{629 in the example embodiments shown m FIGS. 1 and 2, the futting system 100
mcludes an earphone 17 coupled to the fitting device 20 via earphone connector 19. The
earphone 17, comprising a speaker {receiver) recerver within, may be configured to deliver
calibrated test sounds 18 to the ear 2 of the consumer 1 for conducting a hearing
evaluation. The hearing evaluation may alternatively be conducted by delivering acoustic
test signals 35 from the hearing device 30 mesitu. In some embodiments, acoustic test
signals 35 are presented at supra-threshold sound levels, generally above 20 dB HL to
enable hearing testing in quiet home environments, without requuring an ultra~quiet setting,
for example a sound room i a chimcal audiotogy setting.

030} FIG. 3 15 a block diagram of an example hearing aid to lustrate audio tnput
alternatives, for example acoustic mput, sometmes referred o heren as microphome
mpat. The acoustic signal geverally refers to signals related to a hesrmg asd microphone

foe

39, for example microphone signal S8 produced by the hearmg aid micvophone 539, or test

9
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sound 53 presented to the hearing axd mucrophone 39 A pop-acoustic input generally
refers to alternate audio mputs for the hearmg aid 38, which may be a wired mput St or a
wireless mput 32, The wired input 51 may be configured to directly recetve audio signals
2t or programmung signals 24 electrically. Alternatively, the wireless mput 32, m
congunction with a wireless recetver 34, may be confipuwred o recerve wireless andio
signals 28 andfor wireless programming signals 29 asing a wireless signal protocol, for
example Bluetooth. FIG. 3 also shows components incorporated within a typical modem
hearing device, moluding a digital signal processor 36 (DSP), a memory for stormg Hiting
parameters 80 and other data, and a spesker 37 {also known as a “recerver”), typacally for
delivering amplified sound to the heaving mpawed consumer 1. Although FIG. 3 depicix
an embodiment whergin acoustic, wired and wireless andio mnput options co-gxisting, some
or all these mput options may or may not co~exist in a typical hearmyg aid apphication, and
the vartous oplions are shown heremn as co-existing to demonstrate alternatives to acoustic
mput for delivering test audio signals for a hearing aid during fitting and hearing
evaluations according to the present disclosures.

j031] By delivering audio signals directly to a non-gcoustic input of a hearing device 50,
delivery and cabibration of a test sound 53 from an external speaker {not shown) to the
hiearing aid microphone 59 may be clininated. For example, if a 120 pV audio signal 21 is
determuned to correspond to 60 dB SPL for a sound segment, referenced to hearing aid
merophone 59 input, simulation of other sound inpuwt levels may be readily computed by a
software appheation and presented usmg proper scaling factors. For example, to prasent
the sound segment equivalent to 80 dB SPL, the audio signal 21 may be delivered at 1.2
mV (+20 dB = 10« eleciricallvy. Similar correlation and intrinsic calibration characteristic
also apply t© wireless audio signals 28, In other embodiments {not shown), delivery of test
acoustic signals to the hegring aid may be mmplemented with a calibrated circumanral
headphone with 1ts speaker posttioned i proximity to the microphone of the n-situ
hearing device 50, for example a canal hearing aid as shown in FIGS. 1 & 2.

1632} FIG. 4 shows a wireless embodiment of the online fitting system whereby wireless

audio signal 28 and wireless programmmng signal 29 are transnutted from 3 smartphone 158

10
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with wireless features to mnplement the onhue fitting process, i conjunction with a
wiretess embodiment of the programmable hearning device S8 comprising a wireless input
52 as 1 FIG. 3. The consumer | may follow mstructions presented thereto, for example on
a touch screen 13 of the smartphone 15, and register a subjective assessment of audinbity
of test signals 35 from the hearing device 30 mn the ear 2, using an mput interface provided
within smartphone 13, for example a key or the touch screen 15, The hearmg device 50
being fitted may be of any type and configuration, inchuding a canal hearing aid, in the ear
(ITE) hearing aid, receiver i the canal (RIC) hearmg aid, or behind the ear {BTE) heanng
axd.

{033} I some embodiments, a fitting system wmicrophone 235 may be mceorporated into the
fitting system 100, such as on the handheld fitting device 20 {FIG. 1), within any of the
cablimg (not shown), or on the personal computer 10, The microphone 23 may be
configured {0 sense or measure sound 5 1n the vicinity of the consamer 1. For example, the
microphone 25 may be configured to measure the level of ambient background noise
during a hearing evaluation, The microphone 25 may also be configured to measure and
indicate noise levels to the conswmer | durimg the fitting process. The mucrophone may
also be configured to relav audio signals mcluding speech signals 16 (FHG. 8} from the
consumer | to a remotely located customer support personnel 6. The microphone 23 may
also be configured to detect oscillatory feedback {whisthng) from an mn-situ hearing aid 50.
The detected oscillatory feedback may be mitigated by the online fitting system 100
antomatically, or by the consumer 1 by adjusting a fitting parameter relsted to the
ovaurrence of feedback,

j034] The online systems and methods disclosed herem may allow consumers to
inexpensively and interactively test thew own hearing abihity, and self-{it a hearing device
at home, without requuring conventional fitting instraments and complex methods himited
to hearing professionals and clinical setting. FIGS. § and 6 show examples of a browser-
based wser mterface (Ul) for hearing and ting using a personal computer 10 with a

generic web browser. In the example embodunents, the fitting process 71 meludes a

11
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hearing profile test {heartog evaluation) process 72, matial fitting process 73, I-week
adjustment process 74, 2-week adpustment process 75, and L-month adrastment process 76,

{035] FIG. 5 shows one embodiment of a hearing evahiation user mterface {U1) 70 for an
onhine hearing profile test process 72 as part of an example fitting process 71, The hearing
evaluation Ul 70 inchudes user instroctions 77, paonse control 78, test presentation statas 79,
process status 83, onbine conpection status 81, and futing device 20 connection status 82
In this embodiment, the consumer 1 1s generally mstructed o listen to test signals 88
presented from the hearing device 50, or test sounds 18 presented {from the earphone 17,
and press the spacebar 11 when a test sound 1s heard.

{036} FiG. 6 shows an embodiment of an intial fitting U 90 for an sunial fitting process
73, mchuhing volume control 91 to adjust a particular gam fitting parameter for the hearing
device 50, Smmtlarty, mitzal fitting U 90 mcludes user mstructions 93, pagse control 78,
save control 92, process status 96, online connection status 81, and friting device 20 USB
connection status 82. In this Ul example, the user 115 generally mstructed to histen to a
relatively loud sound segment presented by deltvering test audio signal 21 to an audio
mput and adjust the volume control 91 until in-situ hearing ard output 35 is percerved loud
but comfortable as per instruction 93, The response of the consumer 1 10 test signals by
hearing awl output 5§ within the ear canal 2 is generally according to a subjective
assessment, without resorting to specialized wnstruments, such as a probe tube microphone
inside the ear, which generally uses REM instrumentation to obtain an objective
measurements of acoustic signals outside and within the ear canall The subjective
assessment and response i the example of FIG. 6 deals wih “volume™ (loudness)
assessment using the volume control 91, Other examples, shown in the process status Ul
90 of FIG. 6. relate to other subjective aspects of andibihity, such as audibility and clarity
of a “Soft Female Voice,” annovance of an “Ambient Nowe,” and audibnlity of a hgh-
frequency “Bird Chirp” Sound.

1037} FIG. 7 sllustrates an example software infrastructore and process flow for an online
fittmng system. The server 60 on the remote side 4 s configured to host a Fitting Website

62 and serve Fitting Web Apphication 32 and Hearing Test Web Application 33 to the
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computer 10, for example when requested by a browser 31 positioned on the chent side 3.
When the mtial fitting process 73 15 launched by the browser 31 and corresponding stial
fitting U1 90 1s displayed, as shown in FIG. 6, adjustment of one or more heanng ad fitting
parameters 80 may be made by the consumer | osing the provided U controls. For
example, the consumer I may use volume control 91 1o adjust a gam parameter associated
with a “Loud Male Voice.” A test andio signal 21 corresponding to “Loud Male Voice™ 15
dehivered to an audio mput of the hearing device 50 for digital signal processing (for
example DSP 56 m FIG. 3) by the hearmg aid according to Htling parameters 80
programmed within. The consumer 115 mstracted, for example by mstructions 93, to listen
to hearing aid ouiput 55 and accordingly to adjust volume control 91, The Ul adjustment
causes Filting Web Application 32 on the chient side 3 to call a procedure from a Server
Fitting AP 69 on the server 60 on the remote side 4 to tnigger a corresponding set of Client
APT 35 calls using the Command Dispatcher 66, The Chent APL 33 on the chent side 3
processes commands from the Command Dispatcher 66 and forwards calls to the
programumung 1aver 36 on the client side 3. In the example embodiments, the programming
laver 36 produces I'C conumands for the fiting device 20 via USB connection 38, which
subsequently delivers programming signals 24 to the hearing device 50 to mmplement
adjustment of fitting parameters 80 according to a Ul conmrol adjustment made by the
consumer I, or a person assisting the consumer, or a customer support personnel 6 on a
remote side 4, as will be further described below. The interactive process of delivering test
audio signals 21 representing test sound sepments 34 may be substannally similar to the
aforementioned process for delivering programming signals 24, ssing audio layer 37 1o
deliver digital audio streams to the fittng device 20 through USB connection 38, The
fitting device 20 subsequently produces audio signals 21 from the audio sipnal generator
22 to deliver to an andio mput of the hearmng device 50,

[038] The disclosed online fitting svstem 100 in the example embodiments allows
consumers to manipulate complex hearing axd fitting parameters 80 provarily based on the
subjective assessment of audibthity of heanng and output 33 produced by the m-situ hearng

aid with the server hosted fitting application accessible from a personal computer with a
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generie browser, The interactive ondine process of fitting parameter adjustment 18 repeated
for each sound segment untd all session fittng parameters 80 are adjusted accordmg to the
consumer’s preference, thus fornung an mdivideahzed “preseription”™ without relymg on a
professional to determine or program the prescription for a consumer. Subsequent
adjpustments o fitting parameters 30 may be admistered afler the minal fitting process 73,
for example to fine tene fitting parameters 30 after adaptation and gainmg hstening
experience with the hearing device 30, or after expenencing a difficult histening scenarnio
with a particalar subscription. In some embodiments, multiple sets of fitting parameters are
provided for the consumer fo deal with a vanety of bistening conditton. In some
embodiments, test audio segments 34 are selected with nunimal overlap i amplitude and
frequency characteristics, thus mumninuzing overlap m fiting parameter control, and
expediting a convergent fitting process for admimstration by a non-expert user, mcluding
set~fttng. Various data and software components of the Hiting software system, such as
digital audio files representing sound segments 34, cabbration data for producing
calibrated levels of test sounds, patient mfo, test results, and the hke, may be stored on the
personal computer 10, the handheld fiting device 20, the server 60, and/or a database
server 84, For example, sound segments 67 may be stored on the remote server 60, as
shown m FIG. 7.

1639} In one embodiment, shown in FIG. 8, the fitting system 100 is connected onhine to
a remote customer support computer 7 configured as @ customer support control system
allowing for remote hearing aid control and adjustment by fitting parameter control API 14
hosted on a web server 60 for executing by a browser 99 on costomer support computer 7.
For example, the customer support persomnel & may operate a user inferface associated
with fitting parameter control APL 14 to send conirol commands onhne to the fitting
system 100 at the chent side to remotely adjust one or more fitting parameters of the
hearing device 50. The customer support control system also alows audio streaming from
customer support computer 7 to dehiver test audio signals to the consumer’s bearing device
50 as descrbed above, or to deliver verbal {votce) conumameations from costomer support

personnel 6. For example, the castomer support control systers may be used to dehver

14



WO 2015/009564 PCT/US2014/046335

voree mstrections § from a headset 9 worn by customer support personnel 6 on the remote
side 4 to the consemer | positioned on the chient side 3 through the aforementioned method
and processes of delivering aundio signal 21 o non-acoustic mput, and subsequently to
hearing aid output 55 of the m-sity hearing device 30, for andibiiity by the consumer L
The onhine streammng of audio signals from customer sepport compoter 7 to the chent
computer 10 may be achieved, in one embodiment, using voice over internet protocol
{VOIP) through a VOIP service 39 (FIG. 7) at the chent side 3 in communication with a
VOIP service and server (not shown) on the remote side 4. FIG. 8 also shows two-way
commuamcations method between the heanng mpawed customer 1 posiioned on the chent
side 3 and 8 customer support personael 6 positioned on the remote side 4 using & Hitting
system microphone 23 to ok up customer voice 16 and speaker 37 of the heanng device
50 on the chent side to deliver customer support voice 8 recerved by the headset 9 of
customer support personnel 6 positioned on the remote side 4, using VOIP i one
embodiment. The fitting system 100 15 essentially configured to receive commands from
the customer support persomnel 6, where a command tnggers a wansmission of
progranuming signal 24 from the fitting system 100 to the programmable hearmg device 50
to adjust one oy more fitting parameter 80 of the programmable hearing device 50. in the
preferred embodments, the online fitting application, fitting parameter control application,
and customer support application are at least parnially hosted by one or more remote
Servers.

{640} Using the web-based applications and processes described above, consumer data
including ftting parameters, may be readily stored asnd retnieved by the conswmer 1,
customer support personnel 6, or the manufacturer of a hearing device. Furthermore, any of
the aforementioned processes may be performed from virtually any location with a
computer and online access, stmply by connecting the handheld fitting device 20 w0 an
available online connected personal computer via a standard USB port. In one
embodiment, a consumer may login o a personal account 10 access the aforementioned
web-based fitting services, as well as other services related to the dispensmg of & hearmng

device, such as ordering hearing aid parts, sahsertbmg, payments, and the ke The
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hearmg device 3 may be commauonicatively coupled to the Riting system for admunistering
a fitting process mvolving hearing aid parameters 80, to recerve test andio signals 21 to an
input, and to recerve programnung signals 24, The online-based fitting system may also
allow for real-time as well as recorded monitoring of an onlie fitting session.

{041} The onhne fitting system and methods disclosed herein enable home hearing aid
dispensmg, includmg delivery of a hearmg aid 50 to the consumer’s home, by mad for
example, and to adnumister home hearing evaluation, prescription, and fitting using the
fitting device 20 and the onlme ftting process. Additionally, the online fitting systemn and
mteractive methods disclosed herein may enable self-fitting for a consumer 1 with mumal
computer skills, or by 8 non-expert parson assisting the consumer 1. This allows for a more
affordable and accessible hearing aid solution for the rapidly growing aging population
with increased access to the Internet 63, and utilization thereof

{042 Although embodiments of the mvention are described herein, variations and
muodifications of these embodiments may be made, without departing from the true spuit
and scope of the invention. Thus, the above-described embodiments of the inveation
should not be viewed as exhaustive or as linuting the mvention to the precise
configurations or techmiques disclosed. Rather, it 1s intended that the mvention shall be

timited only by the appended clams and the rules and principles of applicable taw,

16
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CLAIMS

What 1s clammed s

1. An online fitting svstem for fitting a heanng device for a consumer, the
system comprismg;

a programmable hearing device comprising an audio input configured to receive a
calibrated audio signal and deliver an output m~sitg in response to the cabibrated audio
signal, wherein the output i1s representative of the cabibrated audio signal according to
fittmg parameters programmed mto the programmable heanng device;

an audio signal generator configwred to produce the cabibvated audio signals,
wheremn the calibrated audio signals corespond to sound segments at  predetermuned
sound pressure levels;

a programming interface configured to deliver a programmiung signal to the
progranmumable heanng device in-sttu; and

a computer configured to execute a fitting application at least partially hosted by a
remote servet,

wherein the fiting application 15 configured to mteractively adjust fitting
parameters according to a subjective assessment of the consumer listening to the output of
the programmable hearing device and deliver the programming signal to the programmable

hearing device in-situ via the programming interface.

2. The online futing system of Claim 1, wherein the system is configured for

self-admimstration by the consumer,

3 The onlme fittmg system of Clatm {1, wherem the system s configured for

adnunistration by a non-expert operator.

4. The onlme fttmg system of Clasm 1, wherem the fittimg application s

executed as a web application,

17
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s The online fHitting system of Claym 1, wherain the futing apphication i

executed from a web browser,

6. The onlme fOtting system of Clamm 1, further comprising an earphone

confteured 1o delrver a cahibrated audio signal to admimster a hearing evaluation.

7. The onlme fHting system of Clamm 1, further compnrsing a mucrophone

configured {0 sense sound in the vicimity of the consamer.

8. The onling fitting system of Claim 1, firther comprising a handheld device

configured to delrver at least one of the calibrated audio signal or the programmmg signal.

9, The onling fitting system of Claim 8, wherein the handbeld device 18

commuicatively coupled to a personal computer by a USB connection,

19, The onling fitting svstem of Clamm 1, wheremn at least one of the calibrated
audio signal or the programming signal is delivered to the programmable hearing device by

b=

an electrical connection.

11, The online fitting system of Claim 1, wherein at least one of the calibrated
audio signal or the programming signal is delivered 1o the programmable bearmg device by

e

a wireless connection.

12, Anonline fitting system, comprising
a programmable hearing device configured to be worn in an ear of § consumer;
a handheld fitting device, compnising:

an audio signal generator configured 1o outpat 8 cabibrated audio signal; and
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a progranurung nterface configured to dehver programuwommg signals to the
programmable hearmg aid mw-situ, wherem the progranmung signals are delivered to the
progranunable heaving device according to 8 perceptual assessment and response theveto of
the consumer to the output of the programmable hearing device;

a personal computer configured to execute a fittimg appheation at least partially
hosted by a remote server and commanicatvely coupled to the handheld fitting device; and

a recetver configured 1o receive the cahbrated sadio signal from the handheld
fitting device and deliver an acoustic test signal to the ear of the consumer to admunister a

hearing evalaation.

13, The online fiting system of Claim 12, wherein the recetver is mcorporated

within an earphone.

14, The online fittng system of Claim 12, wherain the recerver is incorporated

within the programmable hearing device,

15 An online customer support svstem for remuotely supporting a customsy with
hearing device fitting, the online customer support system comprising;

a customer support computer configured for operation by a customer support
personnel at a customer support site remotely located from the customer;

a programmable bearing device worn by the customer, the programming hearing
device comprising an audio mwput for recetving sn asdio input signal and delivenng an
audible output me-situ, wherem the audible output s representative of the gudic wput
sipnal; and

a personal computer st the customer side commuuncatively coupled 1o the
progranumable hearing device,

wherein the personal computer is connected ouline to the customer support

computer, wheremn the customer support computer 13 conhigared to execute a customer

19
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support application at least parttally hosted by a remote server and stream audio signal to
the personal computer, and

wherein the personal computer s configured to recerve the support audio signal to
deliver the support asdio signal to the audio mpwt of the programmable hearing device for

andibility of the sepport audio signal by the customer.

i6. The onhine customer suppornt system of Claim 13, wherein the suppont audio

signal a voice of the customer support personnel.

17. The onhing customer support system of Claim 13, wherein the support audio

signal s a test signal.

18 The online customer support system of Clamm 15, wherem the suppont audio
signal is transmitted to the personal computer by a voice over intemet protocol (VOIP).

19, An online hearing device fitting system for a customer wearmg a
programmable hearing device, the system comprising:

a programmable hearing device worn by a customer in an ear, the programming
hearing device comprising an audio input configured 1o veceive a calibrated audio signal, a
progranuning input configured to receive a programnung signal, and a plurality of fitting
parameters configured to determine settings of the progranumable hearing device; and

a personal computer at the customer side commuonicatively coupled to the
programmable heartng device, wherem the personal computer is connected onlime to a
customer support computer operated by a customer support personnel at a customer
sapport site remotely focated from the customer,

wherein the customer support computer s configured to execute a hearing device
control application at least partially bosted by a remote server, wherem the customer
support compuoter 15 conbgared fo control one or more fithng parameters of the

programmable hearing device.

20
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20 A method of online heanng device fitting for a client, the method
COMPTISING:

execating a fitting application by a fitting svstem at the chiem side, wherein the
fitting application 13 at least partially hosted on a remote server;

delivering an audio mput signal from the fitting system o an asdio mput of a
programmable hearing device in-situ at the chient side;

delivermyg an acoustic ouiput from the programmable hearing device m-situ,
wherein the acoustic output is representative of the audio mpat signal according to fittig
parameters progranuned within the programmable hearing device;

adjusting the fitting parameters of the programumable hearing device according to a
subjective assessment and response thereto by the chent histening to the acoustic output
from the programmable hearing device m-sita; and

delivering a programuming signal from the fiting system to adjust the ftting

parameters of the programmable hearing device in-situ.

21, The method of Claim 20, further comprising admunistering a heanng
evaluation by delivering an acoustic test stumulus to an ear of the client by the fitting

system,

22, The method of Claim 21, wherein any of the steps are self-administered by

the chient,

23 The method of Clamm 21, wherein any of the steps are administered by a

non-expert person assisting the client.

24, The method of Clann 20, wherein the fiting systemt comprises a personal

computer confipured to execute the fithing appheation.
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25 The method of Claim 20, wheremn the fitting application iy execoted from a

web browser.

26, A method of online futting of a programmable hearing device of a chient, the
method comprising:

executing a server-hosted heanng test apphication by a fitting system located at the
chient side, wherein the fiting system is configwred to deliver calibrated test acoustic
signals to an ear of a chient for a hearing evaluation;

executing a server hosted fiting apphication by the fitting system, wherein the
fitting system s configured to deliver calibrated audic mput signals and adjust fitting
parameters of the programuable hearmng device m-situy

delivering an output by the programmable heanng device me-sity, wherem the
output 15 representative of the cabibrated aundio input signals according to the {itling
parameters programuned within the programmable hearing device; and

adjusting the fiting parameters by the Hthing system executing the fitting
application by delivering programming signals from the fitting system according to a
response of the client Hstening to the output delivered by the programmable hearing device

181,

27.  The method of Claim 26, wherein any of said steps are self-admimistered by

the client,

28, The method of Claim 26, wherem any of said steps are administered by a

non-expert operator assisting the chent.

29, The method of Claim 26, wherein the fitting system comprises a personal
computer configured to execute any of the heanng test appheation and the Huting

apphcation.
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3. The method of Clanm 27, wherem the fitting system comprises a handheld
device configured to deliver any of the calibrated audio mput stgnals and the programmmg

signals.

31, The method of Claim 26, wheremn any of the hearng test spphication and the
fitting apphcation are configured to execute from a web browser.
gnals are

)
=

3z, The method of Claim 26, wherein the calibrated fest acoustic si

configured to be delivered to the ear of the client by an earphone.

33 The method of Claim 26, further comprising sensing sound in the vicingty of

the client by a mucrophone mcorporated within the hitting systenm.

34, The method of Claim 33, wheram the sensing of sound in the vicinuty of the

chient is incorporated in the process of administering the hearing evaluation.

35, A method of online customer support for a hearmng ard chient, the method
comprising:

connecting a fitting system at the chent side onbne 1o & customer support computer
system at a remote custoner support site;

communicatively coupling the fitting system to 3 progranumable hearing device in-
sit, wherem the programmable beanng device comprising an audio mpot configured o
receive an audio tput signal from the fitng system, and wherem the programmable
heanng device is configured to receive progranmuming signals from the finting systeny;

recetving support sudio signal by the fitting system from the custormer support
computer system;

generating the audio input sagnal by the fitting system, wherein the audio nput

signal 18 representative of the support avdio signal;

¥
Lk
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debivering the audio mput signal to the audio mput of the programmable bhearing
device m-sity; and
debivering an audible output from the programmable hearing device 1n-sity,

wherein the audible output 1s representative of the support audio signal.

36, The method of Claim 35, wherem the support audio signal represents voice

commuancations from a costomer support personnel at the customer sapport site.

37 The method of Clamm 33, wherein the sappost audio signal represents a test

38. The method of Clasm 33, wherem the fitting svstem comprises a personatl

computer.

39, The method of Claim 35, wherein the fiting system comprises 8 handheld
device configured to deliver at least one of the support audio signal or the programming

signal to the programmable hearing device.

40, The method of Claim 33, wheremn the fitting system s configurad to recaive
a conmmand from the customer support personnel, wherein the command tngpers a
transmission of the programming signal from the fitting system to the programmable
hearing device, and wherein the progranuung signal adjusts at least one fiting paraneter

of the programmable heanng device.

41, A method of onhne customer support for a hearing device chent, the
method comprising

comecting onling a fithng system at the clieat side 0 a customer support computer
remotely posiioned, wheram the fithng system 18 conunumcatively coupled {0 a

programmable hearing device, wherein the fitting system 1 configured to deliver audio

24
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signals 1o an mpot of the bearmg device and programuming signals configured to program
fitting parameters thereof, wherein the customer support computer i1s configured 1o execute
a hearmg device control application at least partially hosted by a remote server; and
adjusting one or more hearing aid parameters by the fithing system according to
contmands sent by the hearing device control apphication executed by the customer support

compiler,

42. The method of Clanm 41, wheremn the fiting system comprises a personat

comygnter.

43, The method of Claim 41, wherein the fiting svstem comprises a handheld

device configured to deliver at {east one of the audio signals or the programming signals.

g
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