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REAL EAR MEASUREMENT ADAPTOR WITH INTERNAL SOUND CONDUIT

Abstract
Methods and apparatus for a hearing assistance device housing for use in real ear
measurements. The methods and apparatus for configuration of a hearing assistance
device using an apparatus including an opening to receive a sound tube for real ear
measurements and providing an opening for connection of a sound hook to a housing of

the hearing assistance device.
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Regulation 3.2

AUSTRALIA

Patents Act 1990

COMPLETE SPECIFICATION

STANDARD PATENT

CONVENTION

APPLICANT: STARKEY LABORATORIES, INC.
Invention Title: REAL EAR MEASUREMENT ADAPTOR WITH INTERNAL
SOUND CONDUIT

The following statement is a full description of this invention, including the best
method of performing it known to me:
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REAL EAR MEASUREMENT ADAPTOR WITH INTERNAL SOUND CONDUIT

Field of Technology
[0001] This application relates generally hearing assistance devices and more
particularly to apparatus for making real ear measurements with a hearing assistance

device.

Background
[0002] Hearing assistance devices are used to improve hearing for wearers. Such
devices include, but are not limited to, hearing aids. Real ear measurements attempt to
measure the actual sound produced by the hearing assistance device in an ear canal of a
wearer of the device. Without real ear measurements, the fitting software of the hearing
assistance device estimates the sound pressure level in the ear canal based on average ear
geometry. This may be highly inaccurate.
[0003] What is needed in the art is an improved system for real ear measurement.
The system for real ear measurement should be available for use with various hearing

assistance devices, such as hearing aids.

Summary
[0004] The present subject matter provides method and apparatus for real ear
measurement using a hearing assistance device fitted with an apparatus to pass sound
sampled from an ear canal of a wearer to a microphone of the hearing assistance device.
One embodiment provides a method for configuration of a hearing assistance device,
comprising placing a cover onto the hearing assistance device housing, the cover
including a sound tube port adapted for an acoustic connection to a microphone of the
hearing assistance device, and attaching an earhook to the hearing assistance device
housing, the earhook and housing mating using an opening in the cover.
[0005] One embodiment provides an apparatus for attaching to a hearing assistance
device housing, comprising a first opening adapted to cover a portion of the housing, a
port to receive a sound tube, and an opening for connection between the housing and an

earhook. A number of variations for each of the embodiments are provided herein.
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[0006] This Summary is an overview of some of the teachings of the present
application and not intended to be an exclusive or exhaustive treatment of the present
subject matter. Further details about the present subject matter are found in the detailed
description and appended claims. The scope of the present invention is defined by the

appended claims and their legal equivalents.

Brief Description of the Drawings
[0007] FIG. 1A shows a behind-the-ear hearing assistance device with a Real Ear
Measurement (REM) adaptor according to one embodiment of the present subject matter.
[0008] FIGS. 1B and 1C show different views of a REM adaptor according to one
embodiment of the present subject matter.
[0009] FIG. 2 shows an example of a coupler for measurements according to one

embodiment of the present subject matter.

Detailed Description
[0010]  The following detailed description of the present invention refers to subject
matter in the accompanying drawings which show, by way of illustration, specific aspects
and embodiments in which the present subject matter may be practiced. These
embodiments are described in sufficient detail to enable those skilled in the art to practice
the present subject matter. References to “an”, “one”, or “yarious” embodiments in this
disclosure are not necessarily to the same embodiment, and such references contemplate
more than one embodiment. The following detailed description is, therefore, not to be
taken in a limiting sense, and the scope is defined only by the appended claims, along
with the full scope of legal equivalents to which such claims are entitled.
[0011] FIG. 1 shows a behind-the-ear hearing assistance device with a Real Ear
Measurement (REM) adaptor according to one embodiment of the present subject matter.
FIG. 1 shows a BTE type hearing assistance device 100, a cut-away view of aREM
adaptor 101 and a partial view of an attached, thin sound tube, or REM tube 102. The
sound tube for the BTE device is not shown, but connects to ear hook 104 and may
terminate in any number of ear buds or ear molds (also not shown). FIGS. 1B and 1C

show isolated views of the REM adaptor 101. The illustrated BTE type hearing
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assistance device 100 of FIG. 1 includes a main body 103, a ear hook 104 connected to a
ear hook port, a rear microphone port 105 under a microphone hood 106 and a front
microphone port 107 located near the earhook port. In general, the REM adaptor 101 is
attached to a BTE hearing assistance device to assist in conducting real ear measurements
of a user of the device using REM tube 102. Such real ear measurements use REM tube
102 to transfer sound from a user’s ear canal to a microphone situated in the BTE
housing. Real hear measurements provide more accurate results when ambient sound is
isolated from the microphone, or microphones, used to make the measurement. More
accurate results are also obtained when unused microphone(s) are acoustically sealed.
The REM adaptor 101 provides a convenient way to convert the BTE hearing assistance
device 100 to a real ear measurement device. Some materials and dimensions of REM
tubes and connectors include, but are not limited to, those that are found in U.S.
Provisional Patent Application Ser. No. 60/912,343, filed April 17, 2007, entitled: REAL
EAR MEASUREMENT SYSTEM USING THIN TUBE, the entire specification of
which is hereby incorporated by reference. Thus, variations design and use may occur
without departing from the scope of the present subject matter.

[0012] In the illustrated embodiment, the REM adaptor 101 is formed to fit tightly
over a portion of the main body 103 of the BTE housing. The tight fit of the REM
adaptor 101 provides isolation of acoustically sensitive components, such as
microphones, enclosed in the BTE housing covered by the REM adaptor 101. The REM
adaptor 101 includes a REM tube port 108 (FIG. 1B). The REM tube port 108 forms an
airtight, acoustic seal around an inserted REM tube 102. Internally, (see FIGS. 1B and
1C) the REM adaptor 101 provides an acoustic conduit 109 from the REM tube port 108
to a desired microphone port of the BTE type hearing assistance device. Some BTE type
hearing assistance devices include multiple microphones and microphone ports. In
various embodiments, the REM adaptor 101 simultaneously seals unused microphone
ports of the BTE type hearing assistance device while channeling sound from the REM
tube 102 to a microphone used for real ear measurement. In the illustrated embodiment,
the REM adaptor 101 seals the front microphone port using adaptor material located
between the REM tube port 108 and an opening for the earhook port 1 10. The REM

adaptor channels sound received using the REM tube 102 to the rear microphone port 105
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using an acoustic conduit 109 formed in the adaptor 101. Additionally, the adaptor 101
insulates both microphones/microphone ports 105, 107 from undesirable ambient sound
about the BTE type hearing assistance device 100. Variations of such designs include,
but are not limited to an adaptor 101 that channels sound from the REM tube 102 to the
front microphone port 107 while simultaneously isolating the rear microphone port 105
from ambient, as well as, REM tube sounds. Other embodiments of an REM adaptor
provide acoustic conduits for channeling sound from the REM tube to multiple
microphones and microphone ports enclosed in the BTE housing.

[0013] In various embodiments, the REM adaptor 101 is made from flexible and
stretchable material for providing a tight fit when the REM adaptor 101 is applied to a
BTE housing. For instance, rubber and elastomers are some examples of flexible,
stretchable materials for making an REM adaptor 101.

[0014] The present subject matter presents a way to realize the REM functionality by
employing a removable REM adaptor. REM can be measured when the REM adaptor is
installed. Normal hearing aid functionality is supported when the REM adaptor is
removed. One way to perform real ear measurement is to provide a way to get sound
played in the ear canal back to a microphone on the device. This can be performed in a
variety of ways, including, but not limited to, using a sound tube in the ear canal to route
sound back to a microphone on the behind-the-ear or over-the-ear microphone. Since
many hearing assistance devices include multiple microphones it is also beneficial to
include a way to block sounds to any microphones that are not in use in order to isolate
received sound to a single microphone and to eliminate unwanted room noise or other
interferences during the reall ear measurement. One way to perform this is to
mechanically block any unwanted sounds by the use of an acoustical shield or cover.
[0015] In one embodiment of the present subject matter, real ear measurement (REM)
is performed by first making a coupler response measurement and then following that
with a real ear coupler difference measurement or RECD. Once an RECD is obtained, it
can be used in a fitting to provide the audiologist accurate information as to the actual

sound in the wearer’s ear canal.
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COUPLER RESPONSE MEASUREMENT

[0016]  Before doing a REM, a coupler response measurement is performed at the
factory or audiologist’s office. In one embodiment, the coupler response is generated as
follows: REM adaptor 101 is placed on the over or behind the ear unit and REM tube 102
is connected to REM tube port 108; a coupler response is calculated by connecting a
coupler 202 to the BTE ear hook 104 and then the other side of the coupler is connected
to the REM tube 102, as shown in FIG. 2; sound is played by the BTE 100 and sent to
the earhook 104 using programming of the hearing assistance device and measured at the
REM tube 102 and microphone of the hearing assistance device to which it is coupled;
and the measured sound is subtracted from the sound that was played to get the coupler
response.

[0017] Thus, Coupler Response = microphone response using sound tube in the
coupler minus the sound played. In one embodiment, sound is played at 0-8 KHz at 100
Hz intervals, creating an 80 point matrix. However, this is just one example. Other
intervals and ranges are possible without departing from the scope of the present subject

matter.

REAL EAR COUPLER DIFFERENCE MEASUREMENT
[0018] A real ear coupler difference measurement (RECD) is performed by: (1)
placing the real ear measurement adaptor 101 over the hearing assistance device; (2)
inserting the REM tube 102 into the port 108 of the REM adaptor 101; (3) placing the
other end of the REM tube 102 inside any opening of an open ear mold/ear bud (or
alongside a closed ear mold) so as to avoid bending the tube; (4) playing sound into the
wearer’s ear canal using a sound tube 200 connected to the earhook 104 of the BTE while
recording sound received by the real ear microphone tube using the microphone on the
behind-the-ear device; and (5) generating the real ear coupler difference (RECD) by the
equation:

RECD = Real-ear response minus the Coupler Response.
Where the Real-ear response is given by:

Real-ear response = microphone response using sound tube in the real-ear minus

the sound played.
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[0019] In one embodiment, sound is played at 0-8 KHz at 100 Hz intervals, creating
an 80 point matrix. However, this is just one example. Other intervals and ranges are

possible without departing from the scope of the present subject matter.

REAL EAR MEASUREMENT

[0020] When performing a real ear measurement, the REM adaptor 101 is installed to
seal any unused microphone ports (e.g., seal the rear microphone port if the front
microphone is being used to record real ear sounds and the directional device utilizes a
static directional module). The real ear measurement microphone (e.g., front
microphone) is coupled to the real ear measurement tube using an acoustic seal, and

bending of the tube is minimized to avoid changing the response of the tube.

NORMAL OPERATION MODE

[0021] In normal operation all of the microphones are coupled to their respective
sound ports. In some embodiments the hearing assistance device includes default ear
hook information stored on the device and the coupler response information based on the
standard ear hook. The coupler response for each device can be obtained in the

production line. A flag is included to indicate that a calibration has been performed.

INITIALIZATION

[0022] When the hearing assistance device is first used with a default ear hook in the
field, the following occurs according to one embodiment: the default ear hook
information is used in the fitting software, the coupler response remains the same in some
embodiments; and REM is performed such that the firmware uses the default REM
stimulus. The stimulus is constructed to achieve similar signal-to-noise ratios across
frequency The stimulus level is chosen to provide sufficient signal-to-noise ratio, but is
still within the linear range of the receiver. The stimulus duration is chosen so that
random interferences during the measurement can be reduced to a sufficient level via
time-domain averaging. The default quality control values are used with the REM
response to accept valid measurements and reject invalid measurements due to improper

placement of the sound tube, improper coupling between the sound tube and the
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microphone or between ear hook and device, or a pinched or blocked sound tube. The
RECD is calculated as the REM response minus the stored coupler response and the

fitting is adjusted using the measured RECD.

EARHOOK AND/OR RECEIVER TUBE REPLACEMENT

[0023] If a thin receiver tube of a particular length is used in the field for an open
fitting, fitting is performed using the following steps, according to one embodiment:

the user selects the thin receiver tube of the correct length in the fitting software. In one
approach the existing RECD values in the non-violatile memory, if any, are cleared. The
firmware adjusts the REM stimulus to maintain a sufficient signal to noise ratio in the
REM across frequencies. The stimulus level is adjusted to provide sufficient signal-to-
noise ratio, but is still within the linear range of the receiver. The stimulus duration is

chosen so that random interferences during the measurement can be reduced to a

sufficient level via time-domain averaging. The new coupler response is derived using

the default ear hook coupler response and the correction from the ear hook to the thin
receiver tube in the fitting software. New quality control values can be used with the
REM response to accept valid measurements and/or reject invalid measurements due to
improper placement of the sound tube, improper coupling between the sound tube and the
microphone or between ear hook and device, or a pinched or blocked sound tube. A new
RECD is generated from the REM response minus the adjusted coupler response. Fitting
is adjusted using the new RECD and the thin receiver tube information.

[0024) It is understood that different fitting systems and processes including different
steps, order of steps, and apparatus can be derived from the present teachings that remain
within the scope of the present subject matter. Processes for enhancing the real ear
measurement data include, but are not limited to those fitting processes included in U.S.
Provisional Patent Application Ser. No. 60/912,343, filed April 17,2007, entitled: REAL
EAR MEASUREMENT SYSTEM USING THIN TUBE, the entire specification of
which is hereby incorporated by reference.

[0025] This application is intended to cover adaptations and variations of the present
subject matter. It is to be understood that the above description is intended to be

illustrative, and not restrictive. The scope of the present subject matter should be
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determined with reference to the appended claim, along with the full scope of legal
equivalents to which the claims are entitled.

[0026] Throughout this specification and the claims which follow, unless the context
requires otherwise, the word "comprise", and variations such as "comprises" and
"comprising", will be understood to imply the inclusion of a stated integer or step or
group of integers or steps but not the exclusion of any other integer or step or group of
integers or steps.

[0027]  The reference to any prior art in this specification is not, and should not be
taken as, an acknowledgement or any form of suggestion that the prior art forms part of

the common general knowledge in Australia.
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What is claimed is:

1. A method for configuration of a hearing assistance device, comprising:

placing a cover onto the hearing assistance device housing, the cover including a
sound tube port adapted for an acoustic connection to a microphone port of the hearing
assistance device; and

attaching an earhook to the hearing assistance device housing, the earhook and

housing mating using an opening for the earhook port in the cover.

2. The method of claim 1, wherein placing includes acoustically sealing a second

microphone port of the hearing assistance device.

3. The method of any of the preceding claims, further comprising coupling a first end of

a sound tube with the sound tube port.

4, The method of claim 3, further comprising coupling a second end of the sound tube to
a coupler.
3. The method of claim 4, further comprising coupling a second sound tube between the

coupler and the earhook.

6. The method of ¢laim 3, further comprising positioning a second end of the sound tube

in an ear canal of a wearer.

7. The method of ¢laim 5, wherein positioning includes inserting the second end of the

sound tube through an opening of an ear bud.

8. The method of any of the preceding claims, further comprising generating a real ear

coupler difference (RECD) using the recorded sound.

9. The method of any of the preceding claims, further comprising playing a plurality of
sounds having a frequency between 0 and 8000 hertz.

10.  The method of claim 9, wherein the frequency of each sound of the plurality of

sounds is separated in increments of about 100 hertz.
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11. The method of any of the preceding claims, further comprising playing sound within a

linear range of a receiver to provide a substantially equal signal-to-noise ratio across a range

of sound frequencies.

12, An apparatus for attaching to a hearing assistance device housing, comprising:

a first opening adapted to cover a portion of the housing;

a port to receive a sound tube and adapted to pass sound to a first microphone port of

the hearing assistance device housing when the apparatus is placed on the hearing assistance

device housing ; and

an opening for the earhook port, the opening for the earhook port adapted to provide

connection between the housing and an earhook
13, The apparatus of claim 12, further comprising the sound tube coupled to the port.

4. The apparatus of any of claims 12 to 13, further comprising a portion adapted to

acoustically seal a second microphone port.
15. The apparatus of any of claims 12 to 14, comprising a flexible material.

16. A method for configuration of a hearing assistance device substantially as

hereinbefore described.

17. " Anapparatus for attaching to a hearing assistance device housing substantially as

hereinbefore described.
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