A method and a device for real ear measurements The present invention
relates to hearing aids. The invention more specifically relates to an
adapter S for coupling a probe tube for real ear measurements to a
microphone of a hearing aid, a device comprising such an adapter and a
method for real ear measure- ments. Real ear measurements are of great
advantage 10 when fitting hearing aids to the individual user. Though the
general characteristics of a hearing aid are normally known from
measurements with a model ear, known as a coupler, these may not fully
reflect the actual characteristics when the hearing aid is 15 placed in a
real @gamaslibereamay=be sigiiicaidinrdaidual watiedionsdmeia gar
canals. This is in particular the case with children, but also with peo- ple
who have a damaged or deformed ear canal,.e.g. due to surgery. 20
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10 when fitting hearing aids to the individual user.
Though the general characteristics of a hearing aid
are normally known from measurements with a model
ear, known as a coupler, these may not fully reflect
the actual characteristics when the hearing aid is

15 placed in a real ear, as there may be significant in-
dividual variations in the ear candls. This is in
particular the casge with children, but also with peo-
ple who have a damaged or deformed ear canal, e.q.
due to surgery.

20 Also, when fitting a hearing aid for children,
the real ear measurement of the actual sound pressure
level in the ear is of interest. This is because the
replies from children as to comfort and sound percep-
tion are less reliable than those from adults. Thus,

25 a difference between the actual characteristice of
the hearing aid, when placed in the ear, and those
measured with a coupler might go undetected. This
again could lead to incorrect fitting, e.g. a fitting
with too much gain, 1likely to cause uncomfortably

30 loud sound levels, or toc little gain, likely to
causge too soft levels of sounds that do not compen-

sate the users hearing deficiency.



sate the users hearing deficiency. 2 For performing such measurements,
it has been suggested to use the hearing aid itself. US-A-6,154,546
suggests connecting a sound conducting tube, referred to as a probe
tube, from the cavity between the earplug and the tympanic membrane to
one or more of the external input migrophones of the hearing aid. It is
stated that the probe tube may be connected to the external microphone
via an adapter. However, the adapter is only illustrated schematically and

not desasibed i any detal; otherdhan a-sehematie siggestion of.a:shofeen

length of rigid pipe. How. this adapter itself wou|d be connected tq the
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ndQ Afirshasnect of the inyention, therg is provided an.adanter for coupjing,, .

a probe tube for real ear measurements to a microphone of a hearing aid,
Dige a PR tetr | BN HRAL it compliSesa BV LadaptedEd BBAarrdhged: ™

2 @5puRg the heysing.of a hearing aigdy said sleeve.compyising a sounRd: rated
opening allowing sound to pass from the probe tube to the microphone. In

S e Ebodiffentd Yuches Sfeev8hot DnRFalIcE- préeis8 Hhghment s 2
s Betwaen thesmicrophone of thezhearingaid anglthe probeitybe, butkalso How

t.{%Vipiéggﬁﬁgggé%%eﬂgﬁld be connected to the housing or the
microphone is also not described.

Example embodiments may provide an adapter for
coupling a probe fube to a microphone of a hearing aid.

Example embodiments may provide a device for real ear
measurements incorporating such an adapter.

Example embodiments may provide a method for
performing real ear measurements.

According to a first aspect of the invention, there
is provided an adapter for coupling a probe tube for real
ear measurements to a microphone of a hearing aid,
characterilized 1in that it comprises a sleeve
adapted to be arranged arocund the housing of a hearing aid,
said sleeve comprising a sound opening allowing sound to
pass from the probe tfube to the microphone.

In example embodiments, such a sleeve not only allows
precise alignment between the microphone of the hearing aid
and the probe tube, but also prevents the probe tube from
becoming detached from the Thearing aid during the

measuremeaents.,



becoming detached from the hearing aid during the measurements. 3
According to a first embodiment, the sleeve comprises a tubular member
arranged in connection with said sound opening and adapted for

engaging the inner wall of said probe tube. Using such a tube is
advantageous as the tube may easily be secured to the sleeve by
embedding it in the mould, when manufacturing the sleeve. Moreover the
use of a tube allows for easy fitting and removal of the probe tube. It is
particuiaripacaritageods i 1he fulsuar teraber it nataftive. Betansaes

a Oktherigidity, ametal tube faciiates,the fitting-and rempmal of dhe prabe g
tube. In example embodiments, the sleeve is made of a resilient material.

HYAVING ahcevé SrRTeLilidit matefal Aitdwsthe usé st bné'and tie'safife
padapteraccording tg theainveation:tegether aithodifferentheasing aick tube
constructions, e.g. with different housings. According.to a particularl
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«Jaellitates fhe positioning of the; adapter opdhe Jhearing aidkheusing, « e .
because it allows visual inspection of the match between the microphone
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isAceordingdo spegific embedinent, she sleeve is giate: ©f silicone rubbefube

a furthérembodimeént, thekadaptents, the sleeve 1is made of a
resilient material. Having a sleeve cf a resilient material
allows the use of one and the same adapter according to the
invention together with different hearing aid constructions,
2.9, with different housings.

According to a particularly preferred embodiment, the
sleeve 1s at least partially made of transparent material.
Using a transparent material for at least a part of the
sleeve facilitates the positioning of the adapter on the
hearing aid housing, bkecause 1t allows visual inspection of
the match betwgen the microphone opening in the hearing aid
housing and the sound copening in the slieeve.

According to specilific embodiment, the sleeve 15 made
of silicone rubber. The use of silicone rubber is
advantageous. It allows ail the above, preferred embodiments

to be realised in ocone single adapter.

According to a further embodiment, the adapter

comprises a positioning means for the sleeve. The use



comprises a positioning means for the sleeve. The use 4 of a positioning
means allows for even better positioning of the adapter with respect to
the microphone opening, than simple visual inspection through a
transparent sleeve. According to a specific embodiment, the sleeve
comprises a visual positioning means. The use of a visual positioning
means in conjunction with the transparency of the sleeve facilitates the
positioning of the adapter by the visdal inspection through the transparent
sleeve. According to a preferred embodiment, the positioning means
comprises a groove. A groove is advantageous in that it may serve both
as an engaging, means for a hearing aid housing provided with =~
© T tre¥pontTg ehgagEmenit fnean& sucif a8 rotrusions o theikeor-48 a°*
thasuatippsitioning tine if cthedwearing aidrdoes hot baverstichgagagementan

a{Jig30s. Accarding (a2 fyrther aspect of the invention, there. s pipyided a
énéillce or real ear measurements, co prlsing ap?o e tube and an’
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.inteag{al.unit. Thtis may,_from a ma}rlwuf cturing view pe %dvantageous.
visu lnspec n-’t Ou T T ATl ren 3 eve, .
ccording another prerferr%g embodimeént, fhe probe Tibe comprises
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méﬂ%@”Sﬂ%ﬁ&%@ggég%Puéﬂeé@%P“zx groove 1ls advantageous in Tthat
it may serve both as an engaging means for a hearing aid
housing provided with corresponding engagement means such as
protrusions or the like or as a visual positioning line if
the hearing aid does not have such engagement means.

According to a further aspect of the invention, there
is provided a device for real ear measurements, comprising
a prcobe tube and an adapter for connecting the probe tube
to a microphcne, charactezxrized in that said
adapter comprises a sleeve adapted to be placed around the
housing of a hearing aid, said sleeve comprising a sound
opening alliowing sound to pass from the probe tube tc the
microphone,

Aecording to a preferred embodiment, the sleeve and
the probe tube constitute an integral unit. This may from a

manufacturing view be advantageous.

According to another preferred embodiment, the probke
tube comprises positioning means for correct positioning in
the ear. Such a positioning means is advantageocus in that it
aids in ensuring the correct positioning of the free end of
the probe tube in the cavity between the ear plug of the

hearing aid and



aids in ensuring the correct positioning of the free end of the probe tube
in the cavity between the ear plug of the hearing aid and 5 the tympanic
membrane, e.g. in order to ensure that it does not touch the latter and
thereby cause discomfort to the user. Preferably, the positioning means
comprises a collar slidable along thesprobe tube. This allows the
positioning means to be placed at a given distance from the end of the
probe tube, where said distance e.g. corresponds to a predetermined

ClfisthEe Horfi tREBeSREE meastring pdsitish of thefibe h theTavity 9oes

ndetwerrrtheeas plug-and thentympanie piembiane algngsaid €ar plug tane
the outer surface thereof. Thus, by visually aligning the positioning means
"0t “said probe tube with the outer surface of the hearing aid plug, the
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method for performing real ear measurements using a built-in‘microphone
nyiachédringfaid e iedlr a'e tte Bivee dlintthersteéps sPprovidingactievicene

plokeal earemeagurements, ;comMprising-a proke, tube and an-adapter for, 4
connecting the probe tube to a microphone, where said adapter

P LOMTees 4 Steete Hokptéd toTh8 placéd arourd® the"feieing b aftiering™™
ofid; said slesve comprising-avsayndapenirg alloningesound topassiftomhe

t%%%&?rrzo%e fubg 19 the E‘i%rﬁgh%%‘ig’ iting said device argund the housing.,
e hearing aid so that the sound openin |s%laced over the built:in
timgicrsphonéofthechyeaririraith placingning the positioning means of
said probe tube with the outer surface of the hearing aid
plug, the correct positioning of the probe tube, in
particuliar the free end therecof, in the ear is ensured.
According to another aspect co¢f the invention, a
methed for performing real ear measurements using a
built-in microphone of a hearing aid, characterzr -
i z e d in the steps of providing a device for real ear
measurements, comprising a probe tube and an adapter for
connecting the probe tube tTo a microphone, where said
adapter comprises a sleeve adapted to be placed arcund
the housing of a hearing aid, salid sleeve comprising a
sound opening allowing sound to pass from the probe tube
te the micreophone, fitting saild device around the housing
of the hearing aid so that the sound opening is placed
over the built-in microphone of the hearing aid, placing
the probe tubke in the ear in such a way that a free end
thereof presents an opening in the cavity between the
earplug and the tympanic membrane, detecting the sound
pressure from scunds produced by said hearing aid in said

cavity using sald microphene.



the probe tube in the ear in such a way that a free end thereof presents
an opening in the cavity between the earplug and the tympanic
membrane, detecting the sound pressure from sounds produced by said
hearing aid in said cavity using said microphone. 5a In example
embodiments, precise real ear meast#ements may be performed with a
well-defined coupling between the microphone of the hearing aid and the
cavity in the ear via the probe tube, without the risk of the probe tube
becoming detached from the hearing aid. 6 According to a preferred
emboldiment, th stepﬁgfgetectinég the sound pressLAire is recededﬁ%/ a
calibrationi &t&p, in WRICH tHE fré6 enfd 6t tha probe tubé Ts Piated™ i closa
mEpnjunctioniwitmthe eutput ranstliegrof thed hearipd iaid, ard iewthicinthe
sound.pressure is,measured_based on predetermined acoustic output _ .
e By Lo Beatng St Pooreby cobiLcaned s g™ vi
thesponsecof-tiiee heating @id andeadjustmertt dftthe frevrencyirespenseing
aday-hesachigyed; Eora QPE% undgrstanding, a detailed description
based on non-limiting exemplary embodiments will now be given with
reference to the accompanying schematic drawings, on which fig. 1 is a
perspective view of an adapter according to the invention, fig. 2 is a side
view of the adapter of fig. 1, fig. 3 is a top plan view of the adapter of fig.
1,



fig. 4 is a cross sectional view of the adapter of fig. 1 taken along the line
IV-IV in fig. 3, fig. 5 is a perspective view of the adapter of fig. 1 mounted
on a first hearing aid, fig. 6 is a side view corresponding to that of fig. 5
with the adapter mounted on the first hearing aid, fig. 7 is a perspective
view of the adapter of fig. 1 mounted;on a second hearing aid different
from the first hearing aid of fig. 5, fig. 8 is a partially cut away side view
corresponding to that of fig. 7 with the adapter mounted on the second
hearing aid, 7 fig. 9 is a detail of the partially cut away side view of fig 8,

fig. 10 js-a sross-sectionakvigyy-ofa posk tiening Means:on the probedube, £
for correct position- 5 ing thereof in an ear, and figs. 11 and 12 are views,
AopespBAdInG o SYE D dHictS BFAR eftbddiifie h&Adaptef withration

stadditional pasitioningmeans for thesslegve: Referencr isdirglanade torfigzed
. Fig. 1 shows 10 a perspective view of a preferred embodiment of an

1 . !
TRd&pteP T atEBrAHY o thE inténflon”the Adapter 1 Coffpidasah ©F the

heassemblysofdhregparts, vizhasleevee2,aninger pad3:20d 8s measured
connection part 4 for con- necting the adapter to a prohe tube 6, seen onl

P3349% figE. 2657 SBRYE Tis prétardbly ofal Biddes fiHBE ateffrar -3 ve
baperieire 2a i mhich ahearing aid is to be placed, as best seen in figs.

>-8. Thereby good control over the response o¢f the
hearing aid and adjustment of the freguency response may
be achieved.

For a better understanding, a detailed description
pased on non-limiting exemplary embodiments will now be
given with reference to the accompanying schematic
drawings, on which

fig. 1 18 a ©perspective view of an adapter
according to the invention,

fig. 2 is a side view of the adapter of fig. 1,

fig. 3 1s a top plan view of the adapter of fig. 1,

fig. 4 is a cross sectional view of the adapter of
fig. 1 taken along the line IV-IV in fig. 3,

fig. 5 is a perspective view of the adapter of fig.
1 mounted on a first hearing aid,

fig. € is a side view corresponding to that of fig.
5 with the adapter mounted on the first hearing aid,

fig. 7 i1s a perspective view of the adapter of fig.
1 mounted on a second hearing aid different from the
first hearing aid of fig. 3,

£ig. 8 is a partially cut away side view
corresponding to that of fig. 7 with the adapter mounted

on the second hearing aid,



Other embodiments with fewer or more parts may of cause be realised, in
particular the insert part 3 20 may be omitted, depending on the choice of
materials. Also, according to one embodiment, the insert and the metal
tube may be manufactured integrally from one piece of metal, by
appropriate machining, e.g. by .turning on a lathe. 25 In the preferred
three part embodiment, how- ever, the oval sleeve 2 is made of an elastic,
resil- ient material such as silicone rubber, the insert 3 is made of a rigid
plastic material, and the tube 4 is a metal tube, e.g. of surgical steel of the
kind 30 used for syringes. The metal tube 4 is generally ar- ranged

perpendiculariy i, the aperture 2 inithe csleque.2, as it ishest seen infigy
4. 1t sgogld bg@nogetd at depending on the elastic properties of the 8
matefial of the Sleéve gn&/br the shape of.the. hearing aid with which it
is intended toBeused thes . shapeasfehessieeier® bouibtiffarfrom tresi-

“oval shapensgentiicngd ahovednpastieuleniibe eeptrabap&-ertyes2a ion-

co ld be ci{ lélgé. 'ghe sleeve 2 is agggted for being slid over the hearing

ai housﬂqng fo be et i a Stitablé posi- tion where it will be retained by
friction betweéhSthe sideverBfd the hausing blefesilicrtsaspATA L Rg theo

sleeve Theladapter mayrhe-manrisciireehy anronsmbandidpeuldingi th
:E:rg'gﬁlie%g!\i%&g?éﬁ rgé&%%%%&é 3round g mefal tuhe 43t one end
Reference is first made to fig. 1. Fig. 1 shows

10 a perspective view of a preferred embodiment of an
adapter 1 according to the invention. The adapter 1
comprises an assembly of three parts, viz. a sleeve
2, an insert part 3, and a connection part 4 for con-
necting the adapter to a probe tube 6, seen only in

15 figs. 5-9. The sleeve 2 is preferably oval and de-
fines a central aperture 2a in which a ‘hearing aid is
to be placed, as best seen in figs. 5-8.

Other embodiments with fewer or more parts may
of cause be realised, in particular the insert part 3

20 may be omitted, depending on the choice of materials.
Also, according to one embodiment, the insert and the
metal tube may be manufactured integrally from one
piece of metal, by appropriate machining, e.g. by
.turning on a lathe.

25 In the preferred three part embodiment,  how-
ever, the oval sleeve 2 is made of an elastic, resili-
ient material such as silicone rubber, the insert 3
ig made of a rigid plastic material, and the tube 4
ig a metal tube, e.g. of surgical steel of the kind

30 used for syringes. The metal tube 4 is generally ar-
ranged perpendicularly to the aperture 2a in the
sleeve 2, as it is best seen in fig 4. It should be

noted that depending on the elastic properties of the



length of metal tube 4 projecting from the insert 3, 15 and leaving a free
passage through the metal. tube 4. Then, on the other hand. moulding

the elastic sleeve 2 with an appropriate cavity in the form of a through

hole 5 for the insert. After the two parts have been formed, be it by
moulding in one or two pieces or ma 20 chining as described above, the
insert 3 is inserted into the through hole, where it may be held solely by

the friction and elastic forces between the elastic sleeve 1 and the insert

3. If desired, it may of course be additionally secured by means of glue

or, 25 the like. As best seen in fig. 9, the through hole 5 fur- thermore
serveswsacbaimunicatior padsagesforzheasayod frepethepsgbe whe €he
10 the icrophgne fa. 4n 1o e micronons B isplaced ydera dome,
30 sha%(?(il}jsprotruslon 7 having a microphonge port 7a, but” the microphoné
sa might Juet aswelliifin S5 orfed ithd Fligtophag péfi theal
form ofBahsleaotsbond) abtheshousing 8:0f achaating vitk LdAASESap-

wheye dhe mierophons 4 isplaced i der a protrusion, the through hole 5
may aid in the Tcﬁ)rrec{%‘:’gsitionir1g of the adapter with respect to the

ScauseSorihe s id98 PEheSIedirover the

microphone 8a becaus
combif&FeH-with 26 shape bighe edgelss thesthroagh hokeS.cRraferahby i -
the sleever? ismrade of @ ianspagentmatatial sugh ashe slicong . yeen

rubber,_already men- tioned. Also, the insert 3 may be made of transparent
cHEeagy JIgf ang the housr}_ng by >:ri*esa‘.l:i_ent tens:?on in

10 the sleeve 2.

The adapter may be manufactured by on one hand
moulding the plastic material of the insert 2 around
the metal tube 4 at one end thereof, leaving a free
length of metal tube 4 projecting from the insert 3,

15 and leaving a free passage through the metal. tube 4.
Then, on the other hand. moulding the elastic éleeve 2
with an appropriate cavity in the form of a through
hole 5 for the insert. After the two parts have been
formed, be it by woulding in one or two pieces or ma-

20 chining as described above, the ingert 3 is inserted
into the through hole, where it may be held solely by
the friction and elastic forces between the elastic
sleeve 1 and the insert 3. TIf desired, it may of
course be additionally secured by means of glue or

25 the like. .

As best seen in fig. 9, the through hole 5 fur-
thermore serves as a communication passage for the
sound from the probe tube 6 to the microphone 8a. In
fig. 9 the microphone 8a is placed under a dome-

30 shaped protrusion 7 having a microphone port 7a, but
the microphone 8a might just as well lie in close
connection with a microphone port in the form of a

hole (not shown) in the housing 8 of a hearing aid.



10 material. The transparency of one or both of these materials allows the
position of the through hole S with respect to the microphone 8a or the
microphone port 7a to be visually inspected through the adapter, so as to
facilitate correct mutual positioning. 15, Further position indicating means
may be envis- aged. As' illustrated in fig."' 11 and 12, the transpar- ent
sleeve 2 could be provided with a marker 10, e.g. in the form of a

coloured line running along the in- ner circumference of the sleeve. Also,
the marker 20 could be provided in the form of an inner circumfer- ential
groove. Both such a groove and such a coloured line 10 would be readily
visible from the autside: shigughetheritansparenirsiaeve 2 S0:as,iQ,RLVIde, -
a posijtioning indicator. 25 The_use of a groqve, provides the further
advan%%%e%v%%%%%%stjh%?ﬁt rﬁ%ﬁ? c%%ﬁerﬁ%mﬁ%%pp?o&?—yatsld in the
protruSiBhE ¢Ast sRBRAY i tReheafing bRl hedephvg 8.\80¢h presmsions to
would tihpreseént-oplacgives haxing aid heusing8, engage thegve: i es
andzaigd 4n e t positigning.of the adapter. If the hear- ing aid is

of ?cognfstrﬁ%t%n,&vﬁ%%dggs r%c?t a\}leagﬁ%ﬁ pr%%&sic?r%? thse% gRSovB Wil e
simplye@%%% &%ﬁ%ﬁ#@hiﬁ@lﬁ ©On the free end of the metal tube 4,

a probe tube 6Hsdiftedafhe ater dinmeaier of the metl twhe.isslightly:-
Cioned. Also, the insert 3 may be made of transparent

10 material. The transparency of one or both of these
materials allows the position of the through hole 5
with respect to the microphone 8a or the microphone
port 7a to be visually inspected through the adapter,
so as to facilitate correct mutual positioning.

15 . . Purther position indicat_ing means may be envis-
aged. As illustrated in fig. 11 and 12, the transﬁar—'
ent sleeve 2 could be provided with a marker 10, e.g.
in the form of a coloured line running along the in-
ner circumference of the sleeve. Also, the marker

20 could be provided in the form of an inner circumfer-
ential groove. Both such a groove and such a coloured
line 10 would be readily visible from the outside
through the transparent sleeve 2 so as to provide a
positioning indicator.

25 The use of a groove provides the further advan-
tage over a line that it may cooperate with appropri-
ate protrusions {(not shown} on the hearing aid hous-
ing 8. Such protrusions would, if present on a given
hearing aid housing 8, engage the groove and aid in

30 the correct positioning of the adapter. If the hear-
ing aid is of a construction, which does not have
such protrusions, the groove will gimply serve as a
positioning line.



over the free end of the metal tube 4. Preferably the probe tube 6 is also
adapted to fit inside the sound output port 11 of the hearing aid. The
probe tube 6 may be interchangeable or be secured to the metal 10 tube
4 so as to form an integral part of the adapter. A probe tube 6 typically
has the following di- mensions: External diameter 1.5 mm, internal
diameter 0.6 mm and length 150 mm. With such dimensions the external
diameter of the metal tube 4 would prefera 15 bly be 0.63 to ensure the
secure fit mentioned above. Such dimensions of the probe tube 6 allow it
to withstand the pressure between the & canal and the earplug so that

the internal lurogn ehihe prabe whe 6is pakblaeked ortiyattied, Vé(h%ﬂ:*obe

during g real 2Q ear surement, the probe tube 6 is placed along the
earplug, g%g%ls i?fl?strgr?egj:l %%L'JsﬁiﬁS ; Tﬁﬁ%@%’éﬁﬁmﬁ? hdWveretal

does ridthelafe thitheedsdnembarsausitg e Misrophonergd.ofitheneter
hearingid iselfrang iscielconsidered prlgwantdapthesdeviceQhthe, 25
pregerglig\é%qtéqn [ ral. Evideptly,.the invention.is not restricted to

the use of the prob%%agglg ﬁlgthfgargea%ﬁaéf it"’}ge 5 !:ﬁrcf*ncf:ﬁe rhateFarfsY
the adGB& WRGthEFfife Prebefulds IBatd@dngsibe the crpligrebly the
passepB@araugieit dudrg Hiasteal @ap tecastsements, @siikils €8 sound
knownfrem,US:4:p643Q74, Due to the elastic properties of the.sleeve 2,
the adaptgrhis cg%able of ;Sapﬁ%tetoga% \%Ill&él ?anaglegéf 1 edii?err%lr)w? hqéléeﬁ%g ©

aids. ﬁﬁé’islﬂﬁjs&%‘?ﬁﬂﬁweab e or be secured to the metal

10 tube 4 so as to form an integral part of the adapter.
A probe tube 6 typically has the following di-
mensions: External diameter 1.5 mm, internal diameter
0.6 mm and length 150 mwm. With such dimensions the
external diameter of the metal tube 4 would prefera-

15 bly be 0.63 to ensure the secure fit mentioned above.

' Such dimensions of the probe tube 6 allow it to
withstand the pressure between the ear canal and the
earplug so that the internal lumen of the probe tube
6 is not blocked or throttled, when, during the real

20 ear measurement, the probe tube 6 is placed along the
earplug, e.g. as illustrated in US-A-4827525. This
document however does not relate to the measurements
using the wmicrophone 8a of the hearing aid itself,
and is not considered relevant for the device of the

25 present invention in general. |

Evidently, the invention is not restricted to
the use of the probe tube 6 in this manner, it is in
principle immaterial for the adapter whether the
probe tube 6 lies alongside the earplug or passes

30 through it during the real ear measurements, as it is
e.g. known from US-A-5645074.

Due to the elastic properties of the sleeve 2,

the adapter is capable of adapting to a wide range of



5 and 7, where the same adapter is used in conjunc- tion with two different
hearing aids with different housings 8. Thus, one and the same adapter
may be 5 used with various hearing aids, provided that a mi- crophone
port 7a is accessible at an appropriate place. In the example illustrated,
the rear micro- phone 8a of directional hearing aids of the behind- the-ear
type is used. 10 In figs. 5, 6 and 8, it is illustrated that a collar providing a
positioning device 9 is placed on the probe tube G. The positioning

device 9 itself is illustrated in cross secitifn in fig. 10. The posi- tioning
device is a generally cylindrical member with 15 a central bore 12. The
diametef Dfteacentealbnie 12 isadapied to theinrobe dube Sawith, which; .
tis (o beised, i alolhe pler digmetey theregf. The cens iatbore 12,
may be generafl cylindrical or it may -as | Ristrated comprlsejtwo
frustd-EBRicAIPas t0dbivhy B bdreas tageraightlytbiwards fiferent
middlecsettige ofghe mositoningdevies 9.he overdll leagitiss may be
approyimat ing ition- ing member e digitall .
gﬁ%pqgggﬁ% igl’g;glsg%i%ﬁgro%ge%tﬁﬁé% Qltlt gfeb?/reﬁ f&vgs) ett\c’(ij[rgSIIC % wi-
positiohiRy*38%haR ¥hbwr Bositi®nifg frsaachals tieruksb@rapgsate
illustrated in USA-4827526:anbith during die-=positjoningeopeeationmyyilie
nVisipigoHRARLnG, Angaree uyingLe ROSIRING.ARRralan, e PoRlh na-
tioning member 9 is slid along the probe tube 6 to a 30 selected place,
wheré'it is Tield Ty Bt by e tion. The fitter will select the place,
m€asuring thén figs. 5, 6 and 8, it is illustrated that a

collar providing a positioning device 9 is placed on
the probe tube 6. The positioning device 9 itself is
illustrated in cross section in fig. 10. The posi-
tioning device is a generally cylindrical member with
15 a central bore 12. The diameter of the central bore
12 is adapted to the probe -tube 6 -with_-which it is to
be used, i.e. to the outer diameter thereof. The cen-
tral bore 12 may be generally cylindrical or it may
as illustrated comprise two frusto-conical parts, al-
20 lowing the bore to taper slightly towards the middle
section of the positioning device 9. The overall
length is approximately 3 mm, allowing the position-
ing member to be digitally gripped and slid along the
probe tube 6. It thereby allows better positioning
25 than known positioning means, such as the rubber
rings illustrated in U8-A-4827525, which during the
positioning operation will be invisible under the
fingers. During the positioning operation, the posi-
tioning member 9 is slid along the probe tube 6 to a
30 selected place, where it is held in place by fric-
tion. The fitter will select the place, measuring the
length of fitting tube protruding from the collar 9
to the end 6a of the tube. When inserting the earplug



length of fitting tube protruding from the collar 9 to the end 6a of the tube.
When inserting the earplug 12 into the users ear canal, the probe tube
will be placed along the earplug with the collar 9 just out- side the
earplug. In this way the fitter will be able to verify that the probe tube free
end 6a protrudes 5 beyond the earplug by a suitable length. For
performing a real ear measurement, the adapter 1 will be slid over the
hearing aid housing 8 to a proper position, where it will be retained by
friction between the sleeve and the hearing aid hous- 10 ing. Before using
the hearing aid with the adapter 1 fitted orf the housing 8, be it in the form

ofa sleewa2 with an,atashed-prohe:iwbe, 6 fithed op,aspan ipfgdialyily pe
device, fgrareac.[ ear measuglements it may 15 pe cali ra(tﬁe;d. For this

calibral‘?o.nﬁﬁe free ai 64 of TREProBe Hide's 'GPl irf¥erdRHhaye-

sound Bifisuttitnt sRupive hedfinglaid: Tavhddringfaicdoemywnioll bee able

calibrated basedfop teferenerdnpifiatignals,iosthehearigg it or byoludes

referenge signals generated by the hearing ajd,it self. Because of the

direct cougling b%lgﬁegﬁ %ﬁg Lrlii}f/-.%).-*}feﬁces %fg%n%ilgng THe'$Bund pressures

measured, the F&aringeHETHENHven de caiblatedd deepmietant, the

transfertimstion though a signalpath iadudingdhe 28 esgives dheobsy s

tube and the microphone, i.e. the aggregate of. the transfer functions of

the respeqting) cor#pgng%%ﬁétmis@rhg‘ys%ﬁﬁ p%ssﬁqr]gl e\?%?opzéﬁtba‘f“ fit by
friction between the sleeve and the hearing aid hous-

10 ing.
Before using the hearing aild with the adapter 1
fitted on the housing 8, be it in the form of a
sleeve 2 with an attached probe tube 6 fitted or as
an integral device, for real ear measurements it may
15 be calibrated. For this calibration, the free end. sa
of the probe tube 6 is simply inserted into the sound
output port 11 of the hearing‘aid.
The hearing aid may now be calibrated based on
reference input signals to the hearing aid, or by
20 reference signals generated by the hearing aid it-
gelf. Because of the direct coupling between the ref-
erence signals and the sound pressures measured, the
hearing aid may then be calibrated to determine the
transfer function though a signal path including the
25 receiver, the probe tube and the microphone, i.e. the
aggregate of the transfer functions of the respective
component items. The sound pressure developed by the
hearing aid when placed in a standard coupler is de-
termined by a standard calibration procedure known in
30 the art,
For the real ear measurements themselves, the
hearing may be placed in its proper place behind the

ear. The probe tube 6 is placed between the ear canal



hearing aid when placed in a standard coupler is de- termined by a
standard calibration procedure known in 30 the art. For the real ear
measurements themselves, the hearing may be placed in its proper place
behind the ear. The probe tube 6 is placed between the ear canal 13 and
the earplug, so that it lies along the earplug, and the free end 6a of the
probe tube 6 is at an ap- propriate place in the cavity between the
tympanic membrane and the earplug. Test signals are then de 5 livered

to or produced by the hearing aid, and the resultant sound pressure is
measured in the cavity. The difference between the sound pressure
measwed irtthe eavity agd the sand pressuresdeveleped bidhe:iearing
aid in a dgqupler signifie 10.sired value, which is
traditifrﬁ Iyrﬁgi]{(%;ignatedee'frkﬁ%i ggaﬁgﬁ%%cgu%lgs Di ?‘égr%n\é,e ,lgb ﬁr%v?a?e& P
- REDHE *® feriSind dvalitfe SR%IRBaRfEHRS s ienopynic
the skitledippersen and wihaotdea-desgribet=any furgtherdhesee1554nP de-
T BN TGl MS LAnadapieclor souning aiebeybedar feghed,
measyrements tg a microphone of a hearing aid,characterizedin
that it Cormprsass & N8EVe RUGPRT o e arfERGEd Sfoutl thBhotaink ot
a heafitig afti, Szid sleew eloumersing aess aumechdp eniags alewirg sawsd tan
pass fom thePreke Whe (e Maund pressure developed by the

hearing aid in a standard coupler signifies the de-
10 sired wvalue, which is traditionally dJesignated the
Real Ear to Coupler Difference, abbreviated REDC. How
to perform and evaluate such measurements is known by

the gkilled person and will not be described any fur-
ther here.
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crophone. 2. An adapter accordingtoclaim1,char-10acterizedin
that, the sleeve comprises a tubular member arranged in connection with
said sound opening and adapted for engaging the inner wall of said
probe tube. 3. An adapter accordingtoclaim?2,char-15acterized
in that, the tubular member is a metal tube.' 4. An adapter according to
any one of the pre- ceding claims,characterizedinthat the sleeve

is made of a resilient material. 20 5. An adapter according to any one of

the pre- ceding claims,characteri e d in that the sleeve is at least
partially made of a transpar- ent material. 6. An adapter according to any
one of the pre- 25 ceding clamszah @ ra et e ri zred ig that the sleeve

is made of silicpne Agpbg;igp@anradfg}% %:gtﬁ{eq;rrf tg,any gne of the Pre- .

ceding claims,characterize

n eve comprises a

positiohfify mEaks. BB ke BERPRer BEcAtdiRg $6lyore ofthe plesaring
cedingedldims; dha ras te £i 2 exdin that the sleevelcomprisesawisliabs
posg'og'@l@@@@sagaég@acgat?cgerb%c%%gg}%@dc_lglr@%gdort ’el Cuhfnrgagf
terizedin that the positioning means comprises a groove. G K .

device® o151 Bl fichsufdhenlesks comprising a sound opening

10

15
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25

30

allowing sound to pass from the probe tube to the mi-
crophone.

2. An adapter according to claim 1, char -
acterized in that, the sleeve comprises a
tubular member arranged in connection with said sound
opening and adapted for engaging the inner wall of
said probe tube.

3. An adapter according to claim 2, char -
acterized in that, the tubular member is a
metal tube. | ' |

4. An adapter according to any one of the pre-
ceding claims, characterized in that
the sleeve is made of a resilient material.

5. An adapter according to any one of the pre-
ceding claims, characterized in that
the sleeve is at least partially made of a transpar-
ent material,

6. An adapter according to any one of the pre-
ceding claims, characterized in that
the sleeve is made of silicone rubber.

7. An adapter according to any one of the pre-
ceding claims, characterized in that
the gleeve comprises a positioning means.

8. An adapter according to any one of the pre-
ceding claims, characterized in that
the sleeve comprises a visual positioning means.

9. An adapter according to claims 7 or 8,



e

. steps of provi

prising a probe tube and an adapter for connecting 5 the probe tube to a
microphone,characterizedinthat said adapter comprises a sleeve
adapted to be placed around the housing of a hearing aid, said sleeve
comprising a sound opening allowing sound to pass from the probe tube
to the microphone. 10 11. A device according to claim 10,char-acter
i z e d in that the sleeve and the probe tube constitute an integral unit. 12.
A device according to any one of claims 10 to 11, characterizedin
that the probe 15 tube comprises positigging means for correct posi-
tioning in.the ear. 13. A device according to claim 12, char-acterize
d in tHat®hé& pBsitiofirly means gomplises d sledveaslidable alongitheéoning
proberidbas2@ddpAimethed farqisrforming real ear measure- ments
using a built-igmicr%phggg ocf:g_hﬁggngraidl characterizedinthe
viding a‘device 101 real €ar maasureftents, “Eomphsga <™
probeRGBE MY oah aHEplEt forEennastihgaps égmobe tulsertoennect ing
microphenepydiete saidadaptercamprisasaleeve adapted to beplaced -
aroung the_hgusing.of a.hearing aid, said, sleeve comprising a sound
openigl Qall?)w%ng sgh%d % 8%ssgﬁ%3fr?thg%erl tg ﬁub%?f%p tHe r%i’scro%hosnlee?eve
30 fitt ifYebReRpori@arInGFSHGSf tHee hbaragRad oF thathkering

sounchapenisg isiplated eyer-dhgbuitingmisrophene ofghe hearing Bidsing
;ﬂadnggggérggeggggi%yg%eggglgggggvﬁﬂge to the microphone.

10 11. A device according to claim 10, ¢ ha r -
acterized in that the sleeve and the probe
tube constitute an integral unit.

12. A device according to any one of claims 10
to 11, charactexrized in that the probe

15 tube comprises.Apositioning means for correct posi-
tioning in the ear.

13. A device according to claim 12, c¢c h a r -
acterized in that the positioning weans
comprises a sleeve slidable along the probe tube.

20 14. A method for performing real ear measure-
ments using a built-in wmicrophone of a hearing aid,
characterized in the steps of

providing a device for real ear measurements,
comprising a probe tube and an adapter for connecting

25 the probe tube to a microphone, where said adaptexr
comprises a sleeve adapted to be placed around the
housing of a hearing aid, said sleeve compriging a
sound opening allowing sound to pass from the probe
tube to the microphone,

30 fitting said device around the housing of the
hearing aid so that the sound opening is placed over
the built-in microphone of the hearing aid,

placing the probe tube in the ear in such a way



16 that a free end thereof presents an opening in the cavity between the
earplug and the tympanic membrane, detecting the sound pressure from
sounds pro- duced by said hearing aid in said cavity using said 5
microphone. 15. Method according to claim 14, char-acterizedin
that said step of detecting the sound pressure, is preceded by a
calibration step, in which the free end of the probe tube is 10 placed in
close conjunction with the output trans- ducer of the hearing aid, and in
which the sound pressure is measured based on known signals from the
hearing aid. 15 it 16

10C

15

that a free end thereof presents an opening in the
cavity_between the earplug and the tympanic membrane,

de#ecting the sound pressure from sounds pro-
duced by said hearing aid in said éavityiusing gaid
microphone,

15. Method according to claim 14, c har -
acteriszed in that said step of detecting
the sgound pressure, is preceded Dby a calibration
step, in which the free end of the probe tube is
placed in close conjunction with the output trans-
ducer of the hearing aid, and in which the sound

pressure is measured based on known signals from the

hearing aid.



