18 Cct ober 2005 WD 02/ 085066 PCT/ DKO2/ 00248 1 DI RECTI ONAL CONTROLLER AND A
METHOD OF CONTROLLI NG A HEARI NG Al D The present inventii@mcg®eer@sd y rel ates
to hearing aids and to nmethods of controlling hearing aids. 5 Mre
specifically, the invention relates to hearing aids with a directional
capabi | i tWO 024%86¢l on reception of sound in at |east tVvRCIRKROBIHAONes. Still.
nore specifically, the invention relates to noise reduction, and,
particularly, to the reduction of the noise received by a hearing aid user,
through a hearing aid being of the type with multiple mcrophones. The
invention still nore particularly relates to a systemfor controlling the
directional characteristic of sound input systems. 10 Hearing aids having a
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omidir ﬁ%@@@@&% feRtn g OmiaRY §FF8Y i ¢, offering the
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environments with only a low noise level or no significant speech signals the hearing aid nser will

normally prefer an ommidirectional or spherical sound receiving characteristic, offering the same

20  perception of sound irrespective of the direction, from which it arrives.

WO001/01732-A1 provides a hearing aid with a controllable directional characteristic, which may
change from an ommnidirectional to a directional characteristic and vice versa. The hearing aid has
two spaced apart microphones and a directional controller including a delay device for delaying the
25  signal from one of the microphones. The hearing aid may be changéd between a directional mode
and an opmidirectional mode. The delay may be adjusted in order that the direction of the canceling

effect is controlled.

WO001/01731-A1 provides a method for confrolling the directionality of the sound receiving
.30 characteristic of a hearing aid comprising spaced apart microphones, wherein the sound receiving
* characteristic may change between an omnidirectional characteristic and a directional characteristic.
In this hearing aid, an adjustable time or phasc delay may be iroposed. The directional characteristic
may be created by adjusting the delay of the delay device to be the same as the acoustical delay
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characteristic my change between an omidirectional characteristic and a
directional characteristic. In this hearing aid, an adggrtqR}l 2ods me or
phase delay may be inposed. The directional characteristic may be created
by adjusting the delay of the delay device to be the same as the acousti cal
del ay CONFI RVATI ON COPY 18 Gctober 2Q05 2 between the back m crophone and
the front mcrophone. Wth this delay, the signals, that are first

received at the back m crophone and are later received at the front

m crophqne, are suppressed in the addln%WCIrCUIt where the del ayed signal
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However, it would be an advantage if the hearing aid it- self would be able
to'control the directional characteristic. Accordingly, it is an objective
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pr ocessis¢gifjwauidbe ablesp@atrdl e dirvkotiviapétanetrissic.gnal s in order to output a signal
according to the formula: Y = Xfrow* (1 - Omi * e-j W) + X back * (omi
- e-'zT ) where ommi is a control paraneter and T is a predeterm ned

acoust i Acerafingly, itdeamvbicétiye ofthe presantiimvgntion heeproidepiearinig gidatithfan arerhdtie del ay

Pr 0Cess QfntroPdtth MaddiSndl Qaragidiidist i Ng the control paraneter omi in order to
m nimze the output signal fromthe delay processor. The invention, in a
second aspect, provides a method of controlling a hearing aid with at |east
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respectlve mlcrophone signals in order to output a signal according to the formula:

Y=X,, *AQ-omni*e ™)+ X,  *(omni—e™")

where ommni is a control parameter and T is a predetermined acoustic delay, means for estimating
the output signal from the delay processor, and means for adjusting the control parameter omsi in

order to minimize the output signal from the delay processor.

The invention, in a second aspect, provides a method of controlling 2 hearing aid with at least a
front microphone and a back microphone, comprising processing the respective microphone signals

in order to output a signal according to the formula:
Y=X,,. *(-omni*e?™y+X, . *(omni—e’™)

where omni is a control parameter and T is a predetermined acoustic delay, estimating the output
signa} from the delay processor, and adjusting the control parameter omni in order to minimize the

output signal from the delay processor.

The invention, in a third aspect, provides a noise reduction system for a hearing aid with a
directional controller, wherein the hearing aid has an adjustable directional characteristic for the

sound receptive property of the microphone system, and an adaptive controller for control of the




where omi is a control paraneter and T is a predeterm ned acoustic del ay,
estimating the output signal fromthe del ay processorig aa@dbad?ossti ng the
control paraneter omi in order to mnimze the output signal fromthe
del ay processor. The invention, in a third aspect, provides a noise
reduction systemfor a hearing aiddynth a directional controller, wherein
the hearing aid has an adjustable %rectional characteristic for the sound
receptive property of the m crophone system and an adaptive controller for
control of the 18 COctober 2005 2a .. paraneters that adjust the di recti onal
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out put nsdigialk ife@bifutsRgal dbrmekd duefinhalcaon®l | er. The invention, in a fourth

- aspect, provides a nultichannel directional controller for a hearing aid,
conprising multiple mcrophones, multiple adjustable directional
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channel . The invention, in a seventh aspect, provides a method for reducing
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from the multiple microphones in the corresponding channel.

The invention, in a seventh aspect, provides a method for reducing noise in a hearing aid with a
multichannel directional controller, comprising the following steps: processing acoustical signals in
a multichannel adjustable directional controller, and, adaptively controlling, in each channel, the
parameters that control the directional characteristic in each channel, in order to minimize the

output of the directional controller in each corresponding channel.

In further embodiments of the invention both the main-direction and the directional characteristic
are controlled adaptively, whereby further advantages in the reduction of the influence of noise

sources may be obtained.

Even though it is particularly advantageous to utilize this multichannel directional controller in a

hearing aid with adaptive control of the directional controller, this multichannel controller may also




out put of the directional controller in each corresponding channel. In
further embodi nents of the invention both the main-direégcetbendohst he
directional characteristic are controlled adaptively, whereby further
advantages in the reduction of the influence of noise sources maybe

obt ai ned WEPISShough it is particularly advant ageous RG@MKRP2%e t his

mul tichannel directional controller in a hearing aid with adaptive control
of the directional controller, this nultichannel controller nmay also 1 8
Oct ober 2005 WO 02/ 085066 PCT/ DKO2/ 09248 3 be utilized in other types of
hearing aids, e.g. hearing aids with user control of the directional
characteristic. This is due to the fact that noise sources oftenhave a
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i nvent i dat theumike botree i) eléasQuartiily, bephiaed M@s@ieipRhdyepectimt he drawi ngs, where:
Figure 1 shows a directional controller for a hearing aid, according to
US-A-5,757,933, Figure 2 shows a directional controller for a hearing aid,
accor di fibe ihenbi@oEl Odwiz2xplhined it-fuggher detal, ﬁwmﬁct'anwﬁkﬂﬂﬁéseripmbnaf di recti onal
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char act rrstic par amet er cont er of recti onal
control Wbgre: Figure 6 shows a rrultl channel delay processor, and Fi gure 7
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Figure 1 sho directional controller, accor 757, 933 Th| S
system conp?lg@@%@WWﬁPﬂﬁq%f%a@e%ﬁ@ a?PP%ilIBtOWﬁ)UiUﬁlﬂéiﬁé-r a switch

SW a summ mgh 8988w ex jrdab-anbgn BhAs&isudel ay device and an adjustable
gain device. The switch SWis provided in order to enable the user to
15 Figure 4 shows another example of a directional characteristic,

Figure 5 shows a parameter controller of a directional controller,
Figure 6 shows a mmltichannel delay processor, and
Figure 7 shows an adaptive control of a multichannel directional controller.

20  Figore 1 shows a directional controller, according to US-A-5,757,933. This system cormprises two
| microphones mic F and mic B, an inverter, a switch SW, a sumining node SN, a adjustable phase
_delay device and an adjustable gain device. The switch SW is provided in order to enable the user to
switch between a directional mode and a ommi-directional mode.
Whereas the output signal from the front microphone is supplied directly to the hearing aid signal
25 - processor via a sumuming node SN, the signal from the back microphone is supplied to the summing
node SN via the inverter, the adjustable phase delay circuit and the attenuator with adjustable gain.
Switching the switch info conductive state places the directional coniroller in directional mode. In
this mode, the directional controller effectively applics a phase delay to one of the microphone
signals and subtracts the delayed signal from the other one of the microphone signals, whereby
30  acoustic signals from some directions are enhanced compared to signals from other directions. The
direction where the sound receptive property will be enhanced is determined by the value of the

phase delay relative to the acoustic delay between the back microphone and the front microphone,




switch between a directional node and a omi-directional node. Wereas the
out put signal fromthe front m crophone is supplied di necdaobet 20dshe hearing
aid signal 25 processor via a summ ng node SN, the signal fromthe back

m crophone is supplied to the summ ng node SN via the inverter, the

adj ust abMO BAB¥ES del ay circuit and the attenuator w t PCARKIZEEH e gai n.
Switching the switch into conductive state places the directional
controller in directional node. In this node, the directional controller
effectively applies a phase delay taot one of the m crophone signals and
subtracts the del ayed signal fromthe other one of the m crophone signals,
‘wher eby 30 acoustic signals from some di rections are enhanced conpared to
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descri bed in US 5,757,933. Thus, the function of the directional

controller is to provide the user with a possibility of reducing the sound
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with the first and second attenvators 18 and 19 for addition of the s1gnals therefrom to provide the
20  overall consbined signal to be supplied to the signal processor.
The micrephones used are preferably omnidirectional microphones.

The properties of this controiler, which will be described in the following text, are such that it may
advantageously be utilized in conpection with the present invention. The combined signal Y from
25  adding circuit 20 is

Y =Ko * (1 - omni * €9™7) + Koo * (ommni - 63°7)
where omni is an adjustable parameter, controlling attenuators 18 and 19 and having preferably a

30  value in the range from 0 to 1. If 2 mode of operation is chosen with omni = 0, the combined signal

. Y becomes




attenuation of this signal by a factor (1 + omi )12, whereas a third addi ng
circuit 20 is connected wth the first and second att ¢noeigdes2d3 and 19
for addition of the signals therefromto provide the 20 overall conbined
signal to be supplied to the signal processor. The m crophones used are

pr ef er abMP BMBI6ER r ect i onal m crophones. The properti ePCHPROAPE4EONt rol l.er,
which will be described in the followng text, are such that it my

advant ageously be utilized in connection with the present invention. The
conbi ned signal Y from 25 adding ciggcuit 20 is Y = Xfo;,t * (1 - omi *
6j"T) + Xacck * (ommi - ei W) where ommi is an adjustabl e paraneter,
-controlling attenuators 18 and 19 and having preferably a 30 value in the
range from OY'g__?( 1 ¢l fos@rymode of operation is chosen with onini =0, the
conbi ned si gnal ™Y becorfes 1 8 Oct ober 2005 WD 02/ 085066 PCT/ DK02100248 5 Y
= Xhant*(1-e' m(A} T} If the delay T is selected equal to the delay A
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achieved. I'n Figure 3 the directional characteristics of the controller of

Fi gure ei“aﬁagte%sﬁﬁ)g&??‘mf‘%arca@ﬁ%ﬁhﬂ?‘ft%ﬁ‘@ﬁt‘chlef’/eé} ues of the parameter Omi,

ranging fromomi =1 to 0. Fromthis Figure it can be seen that for 10 omni

= 1.0 th%,char erjstic is.omi-directional. For., oomi = 0.1, there is sone
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15 However, according to the invention, the parameter omni may assume values outside the range 0 to
1. Thus, Figure 4 shows other characteristics of the controller of Figure 2, for some other omni
values. From this Figure it can be seen that when omni is reduced below zero, there will appear two
nuli-directions, symmetrical about the 180° direction. Increasingly negative values of omni will
move the null directions forther away from the 180° direction. E.g., at ommni = -1.5 the null-

20  directions will be at 80 and 280 degrees.

Conclusively, by adjusting the parameter omni it will be possible to move the mnll-directions of the
directional controller. This can, according to the invention, advantageously be exploited in an
adaptive confrol of the directional controller as shown in Figure 5.
25

In Figure 5 a delay processor 7 is conirolled by a parameter controller 8. The parameter controller 8
adjusts the parameter gmni — illustrated with the control line 10 — in order to mintmize the ountput
signal 9 from the delay processor 7. It is well-known to a skilled person how to provide such an
adaptive control, e.g. by applying a LMS-algorithm in the parameter controller, Examples on a

30 parameter controller with an LMS-algorithm can be found in e.g. US-A-3,259,033 or US-A-

5,402,496, however, these adaptive control systems do not control a delay processor.




nul | -directions, symmetrical about the 180 direction. Increasingly negative
val ues of ommi will nove the null directions further agaeidhepomdshe 180
direction. E.g., at ommi = -1.5 the null 20 directions will be at 80 and

- 280 degrees. Conclusively, by adjusting the parameter omi it will be

possi bl e WQUMEHES t he nul | -directions of the directi orR(IT/IR0248 | er. This
can, according to the invention, advantageously be exploited in an

adaptive control of the directional controller as shown in Figure 5. 25 In
Figure 5 a delay processor 7 is contgolled by a paraneter controller 8. The
paranmeter controller 8 adjusts the paraneter omi - illustrated with the
control line 10 -- in order to mnimze the output signal 9 fronlthe del ay
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be foundidh ﬂvo%ﬂmpﬂd&s’%tﬁtr%? % \Q.ﬁ%e 93’310;1]&0 a skxﬁedgn or oW o éﬁk&ﬁ?z&ﬁrﬂﬁn&t hese adaptive

controlsﬁystens do not contr el ay processor. 2005 WO
02/ 0850 &¥tmeTityarsy o agmicephanes) gndashes typestofidslay pensarirodis comiinedy st em of

Figuse %wmaﬁmecdmx&ra&eQOééﬁﬁalﬁsﬁlsasﬂauﬂoaﬁemxs PiPRfESOr of the type
shown on Figure 2, the invention is not limted in scope to delay

process&ﬂ?eWﬂT#W*ﬂﬁsﬂ?%#gﬁﬁﬁﬁ@§n Contrary, it will be obvious to a skilled
person, how ot her m crophone systens (wWwth nore than two m crophones) and
ot her types,. of del pr cessor e be conbined w th an adaptive control
accor di %’ngfﬁép ﬁ% %ﬁﬂ?ﬂﬁ&&??@ﬁ@w§ﬁﬁﬂﬁﬁmﬁ5iebe

consi dec@ﬁmﬁbvﬂhﬁbd—ﬂﬂﬁadﬁﬁl@pﬁo@ﬁsofshﬁ okdaii6 BAplathe WAEE Pirdiphfretelende T ef er r ed
enbodi f.the invention, the adaptive c tro advan ously be
cong?ne %ﬁ(E@%ﬁa?“ﬁ??%ﬁﬁ®%?5§“$$8@8§%8W? h@ﬁ f%?%ﬁn t he basic
pr|nC|pmgkm&ﬁEWQM@amm@Mthlrst made to Flgure 6, whereln a system
according to an enbodi ment of the invention, with band- linmited delay

processors is shown. Jn Figure 6 the two nlcrophones 11 and 12 (which may
i ncl uden/Afgorectohs/tavo migrephenseil irdnd A2 (Fhivhanay ineludheromicrters intisyicraphenec onnect ed t o

band- s pluhithidgl didk@Sare él:ﬁile@tgcfjto bl SRAREL] 14 %@/14 re-lép&ﬁ\%lg 'I'lléscﬁ%ﬁcrsddxy heqfc t h e 15
frequency spectrum of the m crophone signals fnto a ee, of
chathel @eq(lw soserug af glgpncrophone. signals into a number, e.g. three, of channels (on the output-

lines 13a~13c, respectively 14a-14c) with respective limited frequency ranges. Bach of the band-

limited channels is handled by a corresponding delay processor (7a-7c), whereby each delay

processor operates in a band-limited channel. This system allows the directional characteristics to

be different among these channels, such that noise sources that are separated both spatially and in
20 frequency may be attermated by controlling each delay processor independently.

The outputs 15a~15c of the delay processors may be combined to a single output signai ina
combining unit 15, which may comprise means such as a hearing aid processor for processing
signals for compensation of the hearing impairment. According to an embodiment of the invention,
25  the number of channels in the adaptive dircctional system is equivalent to the murriber of channels in
a sultichannel hearing aid, whereby each output 15a—15¢ may be processed separately in a
corresponding channel in the hearing aid processor for subsequently being combined with other

processed channel signals.

30  Since such a system requires adjustment of mmultiple delay processors, an adaptive control,
according to an embodiment of the invention, may advantageously be exploited. This is shown in

Figure 7. In this system, each of the channels is provided with a respective delay processor 7a-7c




| ines 13a--13c , respectively 14a-14c) wth respective limted frequency
ranges. Each of the band- Iimted channels is handl ed by righerr@spondi ng
del ay processor (7a-7c), whereby each delay processor operates in a
band-limted channel. This systemallows the directional characteristics to
be di f f eMeme2/@Fohg t hese channel s, such that noi se sowrGrEXoREIS ar e
separated both spatially and in 20 frequency may be attenuated by
controlling each del ay processor independently. The outputs 15a-15c of the
del ay processors nmay be conbined to~a single output signal in a conbining
unit 15, which may conprise neans such as a hearing aid processor for
processing signals for conpensation of the hearing inpairnment. According

t ' f ' i0n.. 25, th 119 f. ch s in th
ncapt | vk et o bAoA e fiie 7 20dodE DB R il R B el s 10 a
mul t i cheamireller Breinreaspegt ofi just, ongwidheshannelg)cBaciy uft ntidiers 160¢ ivagntdoBedpyacessed
M sl e ene ws i

S Eftgl B nﬁlg th% A erso C all m%ﬁc atienmtated ined

subsequ el ng conbi ned Wi processed chrannel "signals. 30 Since
such a gipsnckds deserihied ehoven the blockiSimay b eithat 4 jopbiping eddayr pheaiigsgbr s, an adapti ve
contgol . .ageording to an enbodi nent of the invention, may advantageously
be exploited. This is shown in Figure 7. In this system each of the
channels is provided with a respective delay processor 7a-7c 18 Cctober

2005 mt@?doﬁﬁmﬁ@efﬁiggﬂlg%v@;ﬁi%ﬁﬁas%eé'ﬁ@scﬁbeﬁ%%ﬁo\ﬁ%vilﬁ%&l%ﬁ&ésoﬁ0nt roller

8a-8c (Fjg.. 7.shows a del ay, processor 7a and a paraneter ™ controller 8a in
r espect VRFe i § dberghy dhatthe pap disgqtion (e dipectignl pntqfedmginug gainyis figedks by a- 7¢ i s

cont r ol 4cegk dbthe dventioSMOMY hot Be P IEBH a HHELIOKIRE pBan S8 beMBRREDY NOi se
sour.ces are autogﬁggc Ih%?féfenua%ﬁg i.n each channel ., As descri bed above,
t he 1bI oWRETSYEY PerB el -drechonts; APl 58y grovidmg anadditignal i § 5 processor .
It is rmiceghont vadse en@isigdabis ghinbidee withthe Biith: bf thadirelRaAl sghesthiylied in

connectj o i th del a QCessor, where . it Ls.inherent that_the

o e i vl P Sy FRUGTES, flidien hOShSallbe b g ey e BEa, ¢ ne
scope ofzit-figectionraaytbe comirelled iy al pavonietep eonkrblive, tiechclh Owayibdn tha camdiedm A ski |l | ed
person v B2k Gl fid B SHOAGR bir S SHRTR RIS Dol TRIA L fiECU T ON 1S

adj usta , €.g. by providing an addi i‘onal nlcrgphone oSé out put signal
i s &bnbinfiegeanl ndiscspraces witlut anerhactdptabld irsduction trfed resptive propérty feghe  anot her del ay
process&gmdgg&&hernnre, a skilled person will be able to suggest neans
wher eby t he




main direction may be controlled by a paraneter controller, in such a way
that the conbi ned adaptive control of both nmain-directg@tisbeedoghy ecti onal
characteristic is exploited to mnimze the 15 influence of noise sources
~W thout an unacceptable reduction in the receptive property for the
desired sWgHAHISS6¢83 Oct ober 2005 WO 02/ 085066 PCT/ DKO2 IBIIZDED20@4CL Al VS 1. A
directional controller for a hearing aid with at |east a front m crophone
and a back m crophone, conprising a delay processor for processing the
respective m crophone signals in order 5 to output a signal according to
the formula: Y =XJ. k * (1 - omi * c&T) + XbOk * (ommi - eiT) where omi
is a control paraneter and T is a predeterm ned acoustic delay, neans for
esti mat idmr%{gle out put signal fromthe del ay processor, and neans for
adjusting the control paranmeter ommi in order to mnimze the output

signal fromthe delay processor. 10 2. The directional controller according
to claiml, yhey&lnidhdlCodtBih for b ManAtid N 9&?]2 RA[ ter omi is
adapted for contrgflfo?l%gothe par aneterajgl?rﬂﬁ#g\?\n&? fmrﬁ' t Elr gnge Ifa%m 1.0to -

1.5. 3. Dyepherer eompritingA delepprovesior ©F prageesng dhieneppectivehierophone signple neveder t he means

for adj wutpﬂgagiﬁglac&ﬁﬁﬁgrtghlg%_ﬂget er ommi is adapted for controlling the

parameter omi to achieve g pair of null 15 directions, symetrical about

the 1800 dir &t teen: (4 0mfe™ dir&et
wher ei N vh&e oMM @ Scohted] paahhetsd ridMGs &

Temal-<Cont rol | er according to claim 1,

etefiABdd R busRATR TR A MmatiSy didlapt ed f or
romthe delay processor by applying an

m nim zing.the_ the output signal ] A
LVS- al gS‘r‘t]g{th\gn%’.L'mﬂi*m?%ﬂFW%@ﬁs P e £ SUPSHPE he ot ol iPRIGTEE orrHip S99 wher ei n

t he del aymipitrieeaiRsatpuipil fos@s deldPpibandr.spl it filters with respective del ay
pr ocessors rameter controllers.fo epar.at el rpcessi ng respective
frealﬁency b%g@? e%%c?wg@?&%?r&?éfos‘fla‘%i“a\lmr?g‘ttﬁeotﬂe%"ff"%&‘fft’rngl i ng a hearing
ai d wi t boutrol paeasttr @it is adaptedioccontpdiibnyahegnoinated ek within e ppgedoem 1.C0OAPri Si ng
processiiBg the respective mcrophone signals in order to output a signal

3. The directional controller according to claim 1, wherein the means for adjusting the
control parameter ormni is adapted for controlling the parameter ommi to achieve a pair of il
15  directions, symmetrical about the 180° direction.

4. The directional controller according to claim 1, wherein the means for adjusting the
control parameter omni is adapted for minimizing the the output signal from the delay processor by
applying an LMS-algoritm.

5. The directional controller according to claim 1, wherein the delay processor comprises
20  band-split filters with respective delay processors and parameter controllers for separately
processing respective frequency bands of the input signals.

. 6. A method of controlling a hearing aid with at least a front micrephone and a back
tnicrophone, comprising processing the respective microphone signals in order to output a signal
according to the formmla:

Y = Xpon * (1 - ommi * €°T) + Kyaex * (omni - £9°7)

where omni is a control parameter and T is a predetermined acoustic delay, estimating the output

25

- signal from the delay processor, and adjusting the control parameter ompi in order to mintmize the
output signal from the delay processor.
_ 7. The method according to claim 6, comprising controlling the parameter omni within the
30  range from 1.0 t0 -1.5.
8. The method according to claim 6, comprising controlling the parameter omni to achisve a

pair of null directions, symmetrical about the 180° direction.




according to the fornula: 25 Y = Xf.od * (1 - ommi * e W) ~ Xi.c * (omi -
ei DT) where onnai is a control paraneter and T is a pnedetdeppgmd acoustic
del ay, estimating the output signal fromthe delay processor, and
adjusting the control paranmeter omi in order to mnimze the output

si gnal f wWnhe2R®we@el ay processor. 7. The met hod accor dirog/pxo2/ad2eé m 6,
conprising controlling the paraneter onini within the 30 range from1.0 to

- -1.5. 8. The method according to claim®6, conprising controlling the

paranmeter ommi to achieve a pair ofg null directions, symetrical about the
180 direction. 18 Cctober 2005 WO 02/ 085066 PCTI DKO2100248 9 9. The net hod
according to claim®6, conprising mnimzing the the output signal fromthe
del ay proce or it.m d cording to
cl ai m 6, co?sp%%rgér@o%%?%ge gocﬁ%mls?%@m?? 'Re 'mg]fﬁ)eﬂflc ou%u{geaﬁn Ay a%@or ding to
separ at@laﬁ'w@q@embeammgpLMSdlgpnmEesm ng t he band limted signals with

respective \VA <1 ¥ eTof ] =~ o} fl ! &f imze the

out put si gnallggfiﬁn ré’s%e%ﬁ@é cﬁﬁgﬁeﬁ%@ %?08&%&1% néts)lfléu? @e uction system
for a Hesggrdipgfogendrals frepueacedndaand proresmedhetbansd-Yirited sighalswithrespdatéve hearing ai d
has an &%?ﬁ%&@r@mﬁbﬁr@rﬁ&&@%ﬂ%%ﬁﬁ 8 et gﬂa]s §&HDH eptive
property 0O m crophone system and an adaptive ontro for control
of -the §¥8%anmeters that adjust the 10 directional characteri st ic, the

adaptive cor1t1rAeh&@redaaioﬂgys@%&taqﬁar&gﬁld%ﬂalam:&h&mcbﬂfou%m&nﬁe gnal  from
the directional contraoller. he 'noi se reduction system according to

claim 1@%]’@??Patdﬁétalﬁ‘??@W%%ﬁc@ﬁ?ﬁf%ﬁeémﬁ%%W%‘é’em% for adj ust nent

of the mioﬁhode ﬁy@ﬁinj @ﬂanﬂcﬁphva_hﬁtrﬁlﬁt ﬁ:ﬁcdn&ﬁltwthb Pitarieyeid R GEC@E di ng to claim
ntro s _for controlllngthe

12, wh
o 1 O e R U R oD A T P RA0F G R A { or
noni t orfrongthé diecicngivotittoiler. of t he desired signal.

"12. The noise reduction system according to claim 11, wherein the directional controller

=

comprise means for adjustment of the maiv-direction.
13. The noise redaction systemn according to claim 12, where the adaptive controller
15 comprises means for controlling the main-direction, the adaptive controller fusther having means
for monitoring the magnitnde of the desired signal.

14. A nmltichanne] directional controller for a hearing aid, comprising nmltiple
microphones, rmiltiple adjustable directional controllers, nultiple means for dividing the
microphone output signals into multiple channels, said directional controllers being connected to

20  the nmltiple channels in such a way that each channel comprise one directional controller.
15. A method for reducing noise in a hearing aid with a directional controller, comprising
the following steps:
| receiving an acoustical signal in a microphone system,
processing the outputs of the microphone system in an adjustable directional controller, and,
25  adjusting the pararneters that control the directional controller with an adaptive controller in order to
~ minimize the output signal from the directional controller.

16. A method for providing a mmitichanne] directional control of a hearing aid, comprising

the following steps:
Receiving acoustical signals in mmltiple microphones,
30  Dividing the ontput of cach microphone in multiple channels, and,
~ Operating an adjustable directional controller in cach channel, said directional controller receiving
the cutputs from the rmitiple microphones in the corresponding channel,




"14. A multichannel directional controller for a hearing aid, conprising
multiple mcrophones, nmultiple adjustable dlrectlonal1gqmﬂﬂﬁ&2@f§,
mul ti pl e neans for dividing the mcrophone output signals into nultiple
channel s, said directional controllers being connected to 20 the nultiple
channel s WO02408%h6 a way that each channel conprise one RUTRKRc¢EARI
controller. 15. A nethod for reducing noise in a hearing aid with a
directional controller, conprising the follow ng steps: receiving an
acoustical signal in a mcrophone sygtem processing the outputs of the
m cr ophone systemin an adjustable directional controller, and, 25

adj usting.the paraneters that control the directional controller with an
adaptive congr 1.0 t t he

i roct i onal, donte o b AlgEholdln s Babhd i Lokl Sk IR onl b5
d|rect|%W%mﬂ%&#ﬂﬁﬂﬂwwﬁﬂﬁﬁhearlng aid, conprising the following steps:
Recei Vi pice@iRhsduktcdl si @ nidchh b |a&;hd94bfe MB&P&QQ@I% a) Dividing the

out put - of each m crophone in nultiple channel "Qpérating an

adj ust abtaRtvsvceptpgen 2 hapish fepamycters SRt copfeoh e ﬁuecwlcfhmqteé@m%nm

cont§ ol dagH chb@eR in\brddEito niilliz0 the Btk of thO Bt alPhiol R ife Bigs in the
corresg&gdlng channel . 18 October 2005 WD 02/085066 PCTI 2 /00248 10
17. A M8d f or reducing noise in a hearing aid with a multichannel
directional controller, conprising the follow ng steps: Processing
acoustical signals in a nultichannel adjustable directional controller,
and, Adaptively controlling, in each channel, the paraneters that contro
the directional characteristic in each channel, in order to mnimze the
out put of the directional controller in each corresponding channel.






