WO 2004/ 103020 PCT/ DK2003/000330 1 A hearing aid The
present invention relates to hearing aids and to
woretrao®2of acquiring and processi ng sound si gpCEDRad08/000330
in hearing aids. The invention, nore specifi cally,
relates to a hearing aid conprising a housing, at
| east a first m crophone for receiving anbient sound,
processi ng neans for processing a signal from the
first mcrophone, and an outpyt transducer as 10 wel |
as to a nethod of acquiring and processing a sound
si ghaled M8y hephing aid. It is a known problemthat
transducers, such as mcrophones, in electronic
devices give rise to prob- lens with wind noise. 15 In
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lems with wind noise.

15 In hearing aids there are two prime sources of
this wind noise. One is the direct influence of the
wind on the membrane of the transducer. Another 1is
acoustic noise from turbulence around the head, the
outer ear, and the housing of the hearing aid itself.

20 In an ear with normal hearing the first source
is not very pronounced because the membrane, i.e. the
eardrum, is buried deep in the inner ear at the end
of the ear canal.

This is not the case in hearing aids. Con-

25 versely, in hearing aids the transducers are for
various reasons such as frequency characteristics,
sound pressure sensitivity, directional phase charac-
teristics etc., mounted as far in the open as possi-
ble in the attempt to achieve an optimum acoustic re-

30 sponse of the transducer.

In many cases the wind influence directly on
the membrane results in so large signals from the

transducer to the signal processing circuitry in the



transducer to the signal processing circuitry in the

WO 2004/ 103020 PCT/ DK2003/ 000330 2 hearing aid that
wagaadnedoe@n occurs. Wien parts of the processPOIDK2003/000330

circuitry such as anal ogue/digital con- verters (ADCs)

in a digital hearing aid, anplifier stages in an

anal ogue hearing aid or even the mcro 5 phones

t hensel ves saturate the output signal produced by the

hearing aid will be inpaired. ;Attenpts have been nade

to reduce the problenms wth w nd noises in hearing

ai dseatind- 2002£0987088urbel 8hSobeus8Y Ak nPHa0 AIdf the
attenpts, and states in 10 ter alia that in order to
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is achieved by using two or more microphones at pre-
determined locations on a hearing aild, would suffer
if the microphones were not in the open. Moreover,
US-A-2002/0037088, does not elaborate on how to pro-
20 tect these openings, as it takes another approach to
overcoming wind noises than external measures.
US-A-3,875,349 provides a hearing aid possess-
ing a first microphone having spherical sensitivity
characteristics and a second microphone with direc-
25 tional sensitivity characteristics, and a switch for
switching the amplifier selectively to either one of
both microphones. The switch may be automatically
controlled depending on the signal. This document
seeks to resolve different listening situations and
30 does not deal with wind influences.
US-A-5,201,006 shows a hearing aid with a pri-

mary and a secondary microphone. The primary micro-

phone serves to provide the signal to be amplified.



US- A-5, 201, 006 shows a hearing aid with a pri- mary
and a secondary m crophone. The primary mcro- phone

W@ eonaa3ok@ provide the signal to be anplified. PBDDK2003/000330
2004/ 103020 PCT/ DK2003/ 000330 3 The secondary
m crophone is provided for feedback conpensation
pur poses and is adapted to receive sound through a
secondary duct, said sound mainly originat- ing from
parts of the shell between thg shaped por 5 tion and

the wall of the auditory nmeatus. As the pur- pose is
f eeflhacks campensat Inﬁrbraﬂi%ﬁcq%dapxo%aéa 989n9§eé8ﬁack
not intended to Teceive an nbi en sounds.
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Accoedlsng to a first preferred enbodi nent of the
i nvention_the hearing aid . conprises a hou5|£$ Pﬁvln

a concave ASFAHCEY sd s T adHpeREITr W gect  is
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15 paragraph, characterized in that at least one further
microphone for receiving ambient sound to be ampli—
fied by the hearing aid is disposed in said hearing
housing at a location which, during normal use of the
hearing aid, is sheltered against wind influences.

20 The further microphone disposed at a location,
which, during normal use of the hearing aid, is shel-
tered against wind influences, can be used under cir-
cumstances, where the main microphone or microphones
of the hearing aid are disturbed by wind influence.

25 According to a first preferred embodiment of
the invention the hearing aid comprises a housing
having a concave surface, so as to adapt it for wear-
ing behind the ear of a user, said at least one fur-
ther microphone being disposed on said concave por-

30 tion of the hearing aid. Having the microphone lo-
cated in this position allows it to lie in the gap
between the ear and the housing during use, whereby

it is protected from the wind.



ther m crophone bei ng di sposed on said concave por 30

tion of the hearing aid. Having the m crophone | o-
w@atoedoiomo t hi s position allows it to lie in theChRE2003/000330

bet ween the ear and the housi ng during use, whereby

it is protected fromthe wi nd. WO 2004/103020

PCT/ DK2003/ 000330 4 According to a second preferred

enbodi mrent the hearing aid has a housing with a shell

portion adapted for partial gnsertion in the ear

canal of a wuser, said at |east one further m crophone

bei ng di spbcppsellyadpacenicsaidl shetbrpett ietiboddadintd the
the m cro- phone _in the housing effectively protects
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has the advantage that no wres need to be drawn from

t hehnetiwntles hedaieot effersivalvheromestepionerom the
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manual | y. HA¢togdichg tolerdnlrarer l epdoeld neathdai dhe hous-
furfDer a1mCropNgRE GAAPT LSRR RAN L phBrbeAUr @56 fhent
t he ousing and a canal from'the poPt 0 an

18l edteomic 2@ phesrohgt hednicompphiere wirt i ledthatnics mod-

hOL{ﬂQg. %y ggfd Lﬁ%ftq{era ﬁ&g@o Lg%eWi {‘Q ri%icsa eldc’ on the
danped. “Thie Ude%0f a ~'Caha proi?l es further design
optebast reuicds asosipde .ci @hishdapes fhe tadvargdde whad no

101354 TLUERSE OB Lot hohene B PLeE Al ke co

hastlan ifakcehern nsiadxbhoiacethfis obviating the need for

15 the delicate work of drawing the wires, which is gen-
erally performed manually.

According to a further embodiment said further
microphone comprises a port 1in the surface of the
housing and a canal from the port to an electronic

20 part of the microphone within that housing. By the
use of a canal the wind noise is damped. The use of a
canal provides further design options, such as spe-
cial shapes for tuning the wind noise influence on
the microphone.

25 Preferably, according to still a further em-
bodiment, said canal has an inlet in said surface of
the housing and said inlet is positioned go in said
surface that it 1lies essentially in the transition
between the concha and the ear canal, when said hear-

30 ing aid is positioned in the ear for which the hear-
ing aid is adapted. By having the inlet of the canal

at this place, which is as deep as practically possi-



t he housing and said inlet is positioned so in said

surface that it lies essentially in the transition
wheimaein2d he concha and the ear canal, when saPdI/bE2603/000330

30 ing aid is positioned in the ear for which the

hear- ing aid is adapted. By having the inlet of the

canal at this place, which is as deep as practically

possi WO 2004/ 103020 PCT/ DK2003/000330 5 ble in the

ear, the ear itself aids in pgotecting the further

m crophone fromthe wnd. According to another

prefes red enbodipentnthearl evee1gUtHRld i gauanest Blg the
said further mcrophone is 5 substantially higher

t hafl gt gee oot fiFe iRyl - said at | east one

first mciophoRengThis Lioad¥an-piaeeouss a8nbhRBiment the
majority of the energy in the noise spectrumfrom
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ke, fecording Lo vel anouhel, onbodi et Lhe Jept |10, s
ampthtécehboprekeauet bY andddhsabking said at |east 25
poe first NG oRiaTe 100258 SFMrAlOnDE D88 fur-
ther microphone is above approximately 1 kHz. The
cut-off frequencies for the main microphones in mod-
ern hearing aids may be as low as 20 Hz. The sensi-
tivity of the further microphone will thus, depending
20 on the frequency of course, be several dB lower for
frequencies below 1 kHz.

According to yet another embodiment the hearing
aid comprises means for detecting saturation of the
amplification circuitry and disabling said at least

25 one first microphone in case saturation has been de-
tected. Such detection could then be used to switch
to the further microphone.

According to another aspect, the invention re-
lates to a method of acquiring and processing a sound

30 signal in a hearing aid, comprising acquiring a first
sound signal through a £first microphone opening

placed in the hearing aid at a first position, which

is selected for good acoustic rendering on conditions



tected. Such detection could then be used to switch

to the further m crophone. According to another
W@3@eav3o2d he i nvention re- lates to a nmet hod oPCT/DK2003/000330

acquiring and processing a sound 30 signal in a

hearing aid, conprising acquiring a first sound signa

through a first m crophone opening placed in the

hearing aid at a first position, which is selected

for good acoustic rendering gn conditions WO

2004/ 103020 PCT/ DK2003/ 00033 6 not exposed to w nd,
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met hod, . .it conprises.selectjng for the first
T CPBBGAE™S GRBORRR: fFondl T QFoRane. e igjrt sfrom the
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is not sdifectedt PWLS £ HRh B0 ALERYGF hgTt §°a 11"
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the second m crophone a m -
15 not subjected to wind influences.
According to a first embodiment of the method,
it comprises selecting for the first microphone a di-
rectional microphone.
Hereby is achieved that the directional sensi-
20 tivity is maintained under conditions where the main
microphone is not subjected to wind influences.
According to a second embodiment the method
comprises selecting for the second microphone a mi-
crophone with less sensitivity to low frequencies
25 than is the case with the first microphone.
Hereby is achieved that the hearing aid is even
less prone to wind influences, because the second mi-
crophone or the circuit connected thereto will satu-
rate later than the first microphone.
30 According to a different embodiment the method
comprises customizing the hearing aid to adapt it to

the auditory meatus of an individual user and to re-



crophone with | ess sensitivity to |low frequencies 25

than is the case with the first m crophone. Hereby is
wa@elwavmado t hat the hearing aid is even |ess ppPONBKR@3/000330

wi nd i nfluences, because the second m - crophone or

the circuit connected thereto wll satu- rate later

than the first m crophone. 30 According to a different

enbodi ment the method conprises custonizing the

hearing aid to adapt it to the auditory nmeatus of an

i ndi vi dual user and to re WO 2004/ 103020
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opening as far as feasi for  the Tndividual user.
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i | arsdied£d. whdihe hearing aid conprises a housing 2.

The housing 2 essentially conprises four sides, vi AN

two substAmpg- 1 1s a scliematic side view, partially in
section, illustrating typical positions of the micro-

15 phones in a BTE hearing aid (BTE = behind-the-ear),
and

fig. 2 is a partial cross section schematically
illustrating typical positions of the microphones in
an ITE hearing aid (ITE = in-the-ear).

20 In fig. 1 a BTE hearing aid 1 is illustrated.
The hearing aid comprises a housing 2. The housing 2
essentially comprises four sides, wviz. two substan-
tially flat parallel sides 3 and two curved sides,
where the curved sides comprise a convex side 5 and a

25 concave side 4. During use, the substantially £flat
sides 3 are located between the pinna and the head.
The convex side 5 is exposed behind the ear, and the
concave surface 4 faces the transition between the
outer ear and the head.

30 A front microphone 6 and a rear microphone 7
are located on the convex surface 5. In the following
the front microphone 6 and the rear microphone 7 will

generally be referred to as main microphones. In this



tially flat parallel sides 3 and two curved sides,
where the curved sides conprise a convex side 5 and a
wQ@30osamvave side 4. During use, the substanti abCyDKR@EBE/000330
sides 3 are | ocated between the pinna and the head.
The convex side 5 is exposed behind the ear, and the
concave surface 4 faces the transition between the
outer ear and the head. 30 A front m crophone 6 and a
rear mcrophone 7 are located on the convex surface
S. In the followng the front m crophone 6 and the

reapspLerophons, 4, I be gepenalhycbedaferdedi 49 asthout
mai n ' m crophones. In this WD 2004/ 103020
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§eﬂgggkﬁét¥- f,the 5 hearing aid 1. As already
ment 1 oned, f'he i n m crophones 6 and 7 are placed as
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characteristic. _Th are.thu hi.ghl bj ect .
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direct wwnd |nfluyences._ In qrder_to fur-_ther suppress
wi H8ePnfiRenoesrifge arﬁdcr%pﬁéne%%%%%seéengf tlip ez of

segoRd yesrephong &dvithhejBousdRged MY BBe pinna, the

15 head, the transition between these, and the concave
surface 4 of the hearing aid housing. The further mi-
crophone 8 faces this cavity and is thus well pro-
tected from direct wind influences. In order to fur-
ther suppress wind influences, the microphone opening

20 of the second microphone 8 in the housing 2 may be
flared (not shown).

Experiments ‘have shown that even though the
frequency characteristics of the further microphone 8
may be inferior to the frequency characteristics of

25 the main microphones it is still acceptable, in par-
ticular when considering the alternative of a signal
from the main microphones 6 and 7 that is influenced
by wind noise or distorted, e.g. due to saturation.

Fig. 2 illustrates another embodiment of the

30 invention. In the description of this embodiment the
same reference numerals as in fig. 1 have been used

for the same or corresponding features.



flared (not shown). Experinents have shown that even

though the frequency characteristics of the further
wore@rapteone 8 nay be inferior to the frequencRCT/DK2003/000330

characteristics of 25 the main mcrophones it is stil

acceptable, in par- ticular when considering the

alternative of a signal fromthe nmain m crophones 6

and 7 that is influenced by w nd noise or distorted,

e.g. due to saturation. Fig. illustrates another

enbodi ment of the 30 invention. In the description of

this embogiment,the A ﬂ?f @56NCe NYRr als 81 Rousing
fig. 1 have been us%d he Sane or correspondi ng
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electronics module 12, which protrudes slightly £from

the faceplate 9. Preferably, the electronics module

12 also contains all the necessary signal processing

circuitry, except the output transducer 13. The out-

20 put transducer 13 is located separately in the hear-

ing aid housing and connected to the electronics mod-

ule 12 by means of flexible leads 14. The sound is

emitted from the output transducer 13 through a

transducer outlet tube 15 ending in a transducer out-

25 let plug 16 in the bottom 17 wall of the hollow shell
part 10 facing the inner part of the ear canal.

In the embodiment of fig. 2 the electronics

module 12 furthermore comprises a further microphone

8. The further microphone 8 1s located on a part of

30 the electronics module 12 spaced from the faceplate

and not facing the exterior. That is to say, the fur-

ther microphone comprises an electronic part located

on a part of the electronics module 12, which, in the



20 put transducer 13 is |located separately in the

hear- ing aid housing and connected to the el ectronics
worea4/10d020 12 by nmeans of flexible | eads 14. TheCEDK2@3/000330

is emtted fromthe output transducer 13 through a

transducer outlet tube 15 ending in a transducer out

25 let plug 16 in the bottom 17 wall of the holl ow

shell part 10 facing the inner part of the ear canal.

In the enbodi nent of fig. 2 the electronics nodule 12

furthernore conprises a further mcrophone 8. The
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t he, shel | rface while the electronic part of the
furt$er ?ﬁhé ©phone is located in the el ectron- ics
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nodul e, as well as of the she in the canal.

%%etromﬁgﬁ meei ise and de01des the optimum locatlon and
orientation of the electronics module, as well as of
the shell in the canal. The shell will then be
printed tailored so as to contact parts of the sides
of the auditory canal. However, an outer part of the

20 shell will not contact the auditory canal. It is a
part of the customizing to decide which part will
contact the canal and to establish the demarcation
line to the outer shell part.

Because the CAMISHA® shell part 10 of the hous-

25 ing of the hearing aid 1 is individually manufac-
tured, it is possible to locate the inlet 20 of the
canal 18 just outside the demarcation line 22 in such
a way in the shell part 10 of the housing that it is
just exposed, when the hearing aid is inserted to the

30 wearing position in the ear canal 11. Thereby it 1is
achieved that the inlet 20 of the canal 18 is located
as deeply as possible in the ear without the ear ca-

nal wall 1la blocking the inlet 20. The demarcation



printed tailored so as to contact parts of the sides

of the auditory canal. However, an outer part of the
w@0ooghedoko wi | | not contact the auditory canal . PCT/DK2008/000330

part of the custom zing to decide which part wl|

contact the canal and to establish the demarcation

line to the outer shell part. Because the CAM SHA(r)

shell part 10 of the hous- 25 ing of the hearing aid 1

is individually manufac- tur it is possible to

| ocate the inlet 20 of the canal 18 just outside the
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m crophone 8. Because the further_mcrophone 8 is
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defi nednpostdéOpiatd horesped af0olBe thrcephai® 98 to be
This allows_the canal 18 to be 15 integrally forned

Wi tHeper Tl SHIOSTRE | Widtt §be CAMISHA® shell part 10

during the individualised computer aided manufactur-
ing.
Thus, by the use of the CAMISHA® shell part 10
it is possible to locate the canal 18 optimally with
20 respect to the positions of its inlet 20 and outlet
21. That is to say, to have the inlet 20 retracted oxr
recessed as deeply as possible 1in the ear, where
least wind influences are present, and to have the
outlet 21 arranged to feed the sound into the further
25 microphone 8, which is placed on the electronics mod-
ule 12, obviating the need for further wires to be
drawn. In the preferred embodiment, the inlet 20 to
the microphone is flared. Flaring the inlet reduces
the noise input into the canal by any crosswind.
30 Though the present invention has in the above
been embodied in ITE and BTE hearing aids only, the
skilled person would realise that it would also in a

CIC hearing aid (CIC = completely in the canal) be



during the individualised conputer aided manufactur-
ing. Thus, by the use of the CAM SHA shell part 10 it
WO soopas®edl e to | ocate the canal 18 optimally BET/DK2@6/000330
respect to the positions of its inlet 20 and outl et
21. That is to say, to have the inlet 20 retracted or
recessed as deeply as possible in the ear, where
| east wind influences are present, and to have the
outlet 21 arranged to feed the,sound into the further
25 m crophone 8, which is placed on the el ectronics
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i nf bRAatPYn TEFGMERRY R iR TRt B GHER W drtnd BAHSE ofrom
pasghéi | feFrimdr t @iexbipdehe the IOWS rREYENSY achieved in

informati on without wind noise from
15 several ways e.g. by introduction of fixed high and
low pass filters upon detection of saturation, or by
smooth switching. This then allows suppression of
wind noise from the main microphones 6 and 7, while
maintaining at least some degree of directional sen-
20 sitivity. In other embodiments, the signals from the
respective microphones can be combined or balanced
according to a weighting factor, selected according
to the prevailing conditions.
Depending on the type of hearing aid, wvarious
25 criteria for detection of wind noise exist. One is
low frequency comparison between the signals from the
further microphone 8 and the main microphones 6 and
7. Another is detection of saturation of the ana-
logue/digital converter. Typically in wind noise con-
30 ditions the slew rate could be detected, as the sig-
nal would erratically switch from full positive sig-
nal to full negative signal and vice versa. Still an-

other criterion could be the detection of the low-



the further m crophone 8. This may be achieved in 15
several ways e.g. by introduction of fixed high and

wo ovw4paem30 fi |l ters upon detection of saturati onPCDYDKDRY03/000330
snooth switching. This then all ows suppression of
wi nd noise fromthe main m crophones 6 and 7, while
mai ntai ning at | east sone degree of directional sen 20
sitivity. In other enbodi nents, the signals fromthe
respective mcrophones can be;gonbined or bal anced
according to a weighting factor, selected according

to hegREewd biRe eendidd RsmaBensndi rx%l&nmél‘ﬁ lt[ﬁ(?foﬁltlone

hearlng aid, various 25 criteria for tection o
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much [ ater than the main m crophones, even if they
were to be exposed to the sanme noi se. WO 2004/ 103020
w03/ 000330 14 PATENT CL Al M SPAT/DR2003/000330

hearing aid conprising a housing, at least a first

m crophone for receiving anbi ent sound, proc- essing
nmeans for processing a signal fromthe first 5

m crophone, and an output transducer, c har ac -t

er i zedinthat at |east e further mcro- phone

for receiving anbient sound to be anplified by the

hearing aid is gdigpesedy &/ sa:Cd pearing Bousing at a

| ocation, which, during normal use of the hear- 10 ing

aid, is sHel terhepuigyl msid wambiifingermdouing, at least
heagi ind | 1,31 031 ncf D i
z ead['E}igr%%;l:hzglﬁtEl th Og%rff%grcallaéé{glgv&n@&fi ses %amﬁo%%litlrrlfg’ pkoc
haveAgiagcomeave Eorf arecessingdaptsigndbr fwear itige first

behj r r af eL...and in_15 it hat said | east _
o%e{ngg%ﬁ% g?ﬁ%’c%glp oérﬁ% {Dgtgﬁlgplgs%g‘&%gﬁfceé‘ﬁai d go}ﬁcgvg & c
por ti enrofi £he Heariing @hat 3t Adwesr i ageaifhradeor dingro-
to ' e C .r.act. er i ze.din.that the_.
heaﬁlhglg?g]aiJf * hrags]ceg“ﬁlon%siannébﬁ?% ERte] Fopgretiaor?Pﬂfled by
adaphed Hearipay 20dt ial disgerdddnimnsthd éafarcianal hofising

a user,_ and in that. said Least one further mcraphone
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in that sajd processin 25 npans conpri ses an )

el ectroni ?s rm%ul gl,eaﬁﬁggi n %fat %%‘F‘Bir.JcFF‘-?helto claim 1,
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hearing aid according,to claim3 or 4, c har act
e r CPTPTESES| ndt hAPUILRY i i - concave surface, to

adapt it for wearing behind the ear of a user, and in
15 that said least one further microphone is disposed on
said concave portion of the hearing aid.

3. A hearing aid according to «claim 1,
characterized in that the hearing aid
has a housing with a shell portion adapted for par-

20 tial insertion in the ear canal of a user, and in
that said least one further microphone is disposed
adjacent said shell portion.

4. A hearing aid according to claim 3,
characterized in that said processing

25 means comprises an electronics module, and in that
said further microphone is located on the electronics
module.

5. A hearing aid according to claim 3 or 4,
characterized in that said further mi-

30 crophone comprises a port in the surface of the hous-
ing and a canal from the port to an electronic part

of said further microphone within that housing.



30 crophone conprises a port in the surface of the
hous ing and a canal fromthe port to an electronic
w@aood/103p0 sai d further m crophone within that POUPK2E3/000330

WD 2004/ 103020 PCT/ DK2003/ 000330 15 6. A hearing aid
according toclaim5, characteri zedin

that said canal has a port in said surface of the
housi ng and that said port is positioned so in said
surface that it lies 5 essenthslly in the transition

bet ween the concha and the ear canal, when said

hearing ai-d is, posLti dinsth Lk ich ;
heari ng aFd i?xadgg%ggggl %&%magfﬁg gﬁggaggg?di%gg%% >
anycoheaof &he tpeetedi mgecBai nsin cthata saadc ¢ame¥ has a
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din that7.the peeeessi ngideaasordiadapedah9or one of the
detecting.zo sa&unation of tge anplification, circuitry
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d
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hearing aid at_a _first position, which is selected,
for good d&ousticheperideri mién E6RETELAAs re? expdidd 7.

to wiRdg acgUirt e r i z e d in that the cut off-
15 frequency of said further microphone is above ap-
proximately 1 kHz.

9. A hearing aid according to any one of the
preceding claims, characterized in
that the processing means is adapted for detecting

20 saturation of the amplification circuitry and dis-
abling said at least one first wmicrophone in case
saturation has been detected.

10. A method of acquiring and processing a
sound signal in a hearing aid, comprising

25 acquiring a first sound signal through a first
microphone opening placed in the hearing aid at a
first position, which is selected for good acoustic
rendering on conditions not exposed to wind, acquir-
ing a second sound signal through a second microphone

30 opening placed in the hearing aid at a second posi-
tion,VWhich is selected to be, during normal use, at
least partially sheltered against direct wind expo-

sure, detecting the level of noise picked up by at



ing a second sound signal through a second m crophone
30 opening placed in the hearing aid at a second posi -

wWo 2@a/103020 ch is selected to be, during normal BSEDKa03/000330
| east partially sheltered against direct w nd expo-
sure, detecting the |l evel of noise picked up by at WO
2004/ 103020 PCT/ DK2003/ 000330 16 | east one of the
first and the second mi crophone, se- lecting for
processing on conditions not gxposed to wnd nainly
the signal fromthe first m crophone, and selecting
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asrﬁeaﬂpﬁmnéor the individual user. 14. The met hod
accordlng ﬁ%‘ %gﬁﬁg qgrls- ing flari t he second
n1crophon T At hPb & by, compris-
]EWOBﬁmnﬁélectlng for the second microphone a microphone
with less sensitivity to low frequencies than is the
case with the first microphone.
13. The method according to claim 10, compris-
ing customizing the hearing aid to adapt it to the
15 auditory meatus of an individual user and to recess
the second microphone port as far as feasible for the
" individual user.
14. The method according to claim 13, compris-
ing flaring the second microphone port to reduce any

20 turbulence by crosswind.



