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(57) Abstract: A directional controller for a hearing aid with at least a front microphone (11) and a back microphone (12), comprises

. a delay processor (13,14} for processing the respective microphone signals, which is controlled according to a control parameter,
and means (8a) for adjusting the control parameter in order to minimize the output signal from the delay processor. The control
parameter may be adjusted to change smoothly the function mode of a hearing aid between omnidirectional mode, a directional
mode and a directional mode with a pair of nufl directions, symmetrical about the 180° direction. The directional controller may be

a implemented in a muitichannel version. The invention provides a directional controller, a method of controlling a hearing aid, and
a noise reduction system.
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and neans (8a) for adjusting the control paraneter in order to nmnimze the
out put signal fromthe delay processor. The contro




paranmeter may be adjusted to change snoothly the function node of a hearing
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The i nverWQ &¥P360ovi des a directional controller, a nmetHI@EROEShtrolling a
hearing aid, and a noise reduction system 18 Cctober 2005 WO 02/ 085066 A
[PTiii-111111112121 322 a1apPaaeereerert et et rrir1121111H 11111111111

[ 1111111! Published: For two-letter icodes and ot her abbreviations, refer to
the "Guid- with international search report ance Notes on Codes

andAbbrevi ati ons " appearing at the begi n- before the expi rati on of the

time |igg (E’ﬁf) ;ﬂb@@llﬁhi ! hep PCT Gazette:
.cl ai nms ar%%E e reglrg Es“%lg n e event 0 reé:glh(|§51§".‘SL arrendrrents 18
Cct ober 2005 WO 02/ 085066 PCT/ DK02/ 00248 1 DI RECTI ONAL CONTROLLER AND A

METHOD @, g&g\% éaﬂﬁé%eé\lﬁh g?th},%nﬁo%% sdf%&rﬁ:@iﬁ?@am@%&% al | y rel ates

to hearin hods o ontrol l'ing hearin

specif i &prg Symﬁcﬁbf ﬁﬁ@é@?ﬂ?@ﬂbﬁeﬁﬂﬂé}?@@g tids Wibardirpgions] @P@amlttfﬂa@d o rect | onal

capabi | ide¥tioP &SGR it res‘s@%tﬂnaepuaﬁesssaﬂa%re ?ecﬁatcaﬂyeaé hv&ﬂﬁi@nfﬁaﬁf, gRbanes. Still.
nore specifically, .the invention relates {0 noi'se _reduction, and,

parti culFedprqtiyn, a’éd@PaF‘H"élafl%&UE? segntion of fhy@oiprgpesived eadiearing ahpses, drevghitng ai d user,

t hr ough hérind BEGiRS1 @k @p@@iﬂﬂﬂlﬂﬁﬂe m@pﬁaﬁ&emﬁﬂnﬁwlsﬁu b piftiGlz@phones. 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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normal Iy prefer an omidirectional or spherical sound receiving
characteristic, offering the sane 20 perception of soungQctdespessti ve of
the direction, fromwhich it arrives. WO01/01732-Al provides a hearing aid
with a controllable directional characteristic, which may change from an
omidirectional to a directional chakacteristic and vice versa. The hearing
‘aid has two spaced apart m crophoneS and a directional controller

i ncluding a del ay device for delaying the 25 signal fraom one of the

m crophqnes. The hearing aid nmay be changed between a directional node and
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may exesdf seldbeabioad donicdl drgaectiviet chaatage@n an  onmi di recti onal
characteristic and a directional characteristic, substantially w thout
changi ng the phase relationship or tine delay and the anplitude

char act éyciadipgly, difis anjvbieetivg nithspresgufctvertiodita motideorimbring idtwit lan prowitides t he user

Wt h t he,RAssildibdi¥nPinaabdSsi Ny the sound receptive property of the
hearing aid, whereby It is possible to reduce the influence of a noise

source on the wusers perception of a desired sound source. However, it

woul d behainveatvd it a5 adpbot!fieideeadlitdGbnall Dntdiler 16:0 Heart@Wladvii@e BRE £ t O control
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~a directional contrgller for g hearing aid with at least a front
m cr ophone and= pack! iPerbphond,* Lenpregthgea dkl ay processor for

Process Iwﬂg‘e F)rgnei 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
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respective m crophone( signals in order to output a signal according to the
formula: Y= Xfrow* (1 - Omi * e-j W) + X back * (ogictobec2doicf1 T )
where omi is a control paraneter and T is a predeterm ned acoustic del ay,
means for estimating the output signal fromthe delay processor, and neans
for adjusting the control parameter,omi in order to mnimze the out put
signal fromthe delay processor. The invention, in a second aspect,
provi des a nmethod of controlling a hearing aid with at least a front
m crophone and a back m crophone, conprising processing the respective
i cr op RYRRSIET Gtariyst thefirggtigesl chta&fw'amﬂﬁﬁfe a&ﬂ@avgwavol§&‘aeargdﬁw&dtf@' the formula: Y
= X fr @iimizing Iire o0 sighal @orm te)dirkct¥nd @6dtroller( OMMi - €' where omi is a control
- paranmeter and T is a predeterm ned acoustic delay, estimating the output
signal fromthe delay processor, and adjusting the control paraneter omi
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Cct ober 2005 2a .paraneters that adjust the directional characteristic, the
adapti et rol | er bei ng adapted for mnimzing the output signal form
the directional controller. The invention, in a fourth aspect, provides a
mul ti channel .directional controller for a hearing aid, . conmprising nmultiple
i r op A0, B oh Pt P eGP Ko BRAPORURE PRFPEL YREl £ 1 pl'e moans
for dilivdcdénalobtadienyt@ipoigihpthe fuliobipy best @evilig an Atonsticallsighgliea channel s, sai d
directjon rollers ! connected ta the nult.i channel s in such a
oyt hFPE A Bl SnclBl M CRRGH Epd S B R SFORRRE' T et on,
in a fedfrplienapdatustigrtbypagestes thateduirol thegtireetiogal contrglian @itk en adaptehear i ng ai d
Wit acndhife fldr PRl miiide HRlouBhe sign QTR B Bcohf Spbhi@W Ng steps: receiving
an acoustical signal 1n a mcrophone system processing the outputs of the
m crophone systemin an adjustable directional controller, and adjusting
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pr ovi dmivgpphones) dividiigairnetputdif eh hii@otbnedo misltiple channels, and, operating an

adjustable directional controller in each channel, said directional controller receiving the cutputs

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




of a hearing aid, conprising the follow ng steps: receiving acoustic
signals in nultiple mcrophones, dividing the output 0§ Ceédar @y ophone in
mul ti pl e channel s, and, operating an adjustable directional controller in
each channel, said directional controller receiving the outputs fromthe
mul ti pl e WR &¥®8fMbnes in the correspondi ng channel . TheGIMKRP2H, in a
sevent h aspect, provides a nethod for reducing noise in a hearing aid with
a nultichannel directional controller, conprising the follow ng steps:
processi ng acoustical signals in a sultichannel adjustable directional
controller, and, adaptively controlling, in each channel, the paraneters
that control the directional characteristic in each channel, in order to
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mul t i ch&merien Fhileappthe meife sewrr Pay| Yedisturbingdn theigh froqyengy ehapgelsiodigapt i ve cont r ol
of the didiReditcoival THiO Ridokd] Rfultichanhd diadlidnkICBRANG! Wil HHoYiiOhé REr Wilk¥heal SO 1 8
Cct ober ZQ@@ V§)02/D85 66 PCT/DKO%[OOZAS 3 be utilized in other types of
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char act eéiat thd sofse sobiflesSaré, 8t Iehisepattally, bpah@Cin ticlaipengispeusgur ces of t enhave a
limted frequency spectrum such that one noi se source may be di sturbing
inthe | ow frequency channels and in one particular direction, while

anot her Thokwgtigotill cev mypliiesddn Sirtherldetnit) in condedtion vithy the Hesedpiiemery channel s and
in an I I I t.his novel Lchannel directiona
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i nfluenwéeresf nultiple noise sources in a nultitude of directions, given
‘that the nog; 1 g-al . at btx the frequency
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connect i on Sigwrt2 taes ydssetiony comieliesfor pheasipgfid pecading i WO HBHBS-ALf t he

i nvention, @Bafe i SosPARSALHIOR o hidol\@ad@sEhid Ption of the drawi ngs, where:
Figure 1 shows a _directional controller for a hearing aid, according to

us- A 5, 757, 8epse 4 sheyympthersxamppn g 2 direstipnatahprasicaibticeont rol | er for a hearing ai d,

accor di ng tmgidPhtRsla/RAneler confrdlBE6R diecibVenleeXanpl e of a directional

characteristlic, .
. slszgure 6 shows a mmitichannel 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,




15 Figure 4 shows another exanple of a directional characteristic, Figure
5 shows a paraneter controller of a directional controliR@ciobef200F e 6 shows
a mul tichannel delay processor, and Figure 7 shows an adaptive control of a
mul ti channel directional controller. 20 Figure 1 shows a directional
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adding circuit 12 connecte % front and back m crophones Fnmic and

B & anffedive P comatitddbsrogpd @ese@m& diviee 13 Alﬁﬁfl“%‘ﬂé?b}%st@t‘i‘tﬂ?em PetHut
connect @dhs¥idnh firehd Jecvnd adﬂlﬂé&:ﬁ&ﬁtQB%rEmuﬁat@ﬁlﬁttﬁs HeERy MEerdr P UmiygONNect ed
with the _back ntcrﬁﬁpone f First gmg second phase del ay, devi ces 14 and
15 ar e and a second controllable attenuator 19 acts on the si from the second subtraction ciréuit 17 for
' attenuation of this signal by a factor (1 + omni)/2, whercas a third adding circuit 20 is connected
with the fist and second attenvators 18 and 19 for addition of the signals therefrom to provide the
20  overall combined 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




connected with the first subtraction and adding circuits 13 and 12,
respectively. A second adding circuit 16 is connect ed]svichbehEods r st
subtraction circuit 13 and the first phase delay device 14 and a second
subtracting circuit 17 has its positive input connected with the first
addi ng cMX3i0g564® and its 15 negative input connect ed PRILEKIZeE#d phase
del ay device 15. Afirst controll able attenuator 18 acts on the signal
fromthe second adding circuit 16 for attenuation of this signal by a
factor (1- omi)/2 and a second controllable attenuator 19 acts on the
signal fromthe second subtraction circuit 17 for attenuation of this
signal by a factor (1 + ommi )12, whereas a third adding circuit 20 is
connect ed ' hg fdaigt and second attenuators 18 and 19 for addition of
t he signals the?é?@o provi de the 20 overal |l conbined signal to be
supplied to the signal processor. The nlcrophones used are preferably

omi di 1 gGid %E@IT Egééfe éh:" B %0 mMB1a ?W&?ecﬁ;! ﬁ&ﬁ aEl{ ﬁc?%ﬂ&ﬂe%éﬁrﬁoﬂ!"h' ch will

be descri ownng tex are ‘suc ant ageously be
utili ze@lcromh@enhéfﬁmwomltnwd% h%owraétg@rthenl fh@/em p%ﬁhe saueé sm@ﬂﬁi aewingi gnal Y

from 28ref 08 ®é et ds %0 ube? 1¥sﬂ' R th the fodxismABRent” afd a -ﬁzrecﬁoﬁg@CCk *

“(omi - ei W) where ommi _is an a J ust abl e paraneter, contro I'ing
at t enuatigfgoric beym 1o aripidrhvpdigisirierdieadt y a 30 value in the range fromo
to 1. 'If a node of operation is chosen with onini = 0, the conbined signal

Y beconei?l 8 (Cct.ober 2005 W) 02/.085066 PCI/ DK02100248 5 Y =
Xhant * (P-FER ireqtiong] pharagigpstics of thecontraller of Kignre.g iy shovpotor soge didfessht A directly
fromt hﬁld&ﬁéﬂ{hd’ﬁaﬁﬁﬂﬂwmerahgng ﬂﬁn&rﬁﬂ&tlmmf@d@iﬂiﬂﬂg&mhﬂaﬁMeﬂjm&ﬁ'l onal node

of operatio the. part the sound. si coming . diyectly fromthe
bac of ”f"ﬁeql?sf% E?rgc 816“? E‘éwﬁ’ﬁ&‘l °’¢?>%SLS§WPE‘ Hgangnﬁérecti onal

char actmna]stﬂiomtkm%mmnathearedmomlodpcﬂimhmé@fmeal| cis achi eved. In Figure 3
e EF bR GORLAGLE LB e Oloud U6 RRRLLRLISH OLBLOMG LD Shown, for

~sone dif érent PG T ronlonnl =1 to O.
Fr om t hin§eRR@f directipy. Tbiarﬂeb*eass:eaduets Ioﬁdamn‘t providQerahmily increse@ diréréiophigr act eri sti c
is omi-directional. For omi 0.1, there is sone attenuation of signals

close to 180 direction (the dlrectlon opposite the users face).
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.




For ommi = 0.0 the directional characteristic shows very high attenuation
(a so-called null-direction) in the 180 direction. Thu$QOctiher BRS ng val ues
of omi provide gradually increased directionality. 15 However, according
to the invention, the paranmeter omi may assune val ues outside the range 0
to 1. THR02/48%¢6re 4 shows other characteristics of tEE/MMN0MS | er of
Figure 2, for sonme other oomi values. Fromthis Figure it can be seen that
when omi is reduced bel ow zero, there will appear two null-directions,
symetri cal about the 180 direction.glncreasingly negative values of omi
will nove the null directions further away fromthe 180 direction. E. g.,
at omi = -1.5 the null 20 directions will be at 80 and 280 degr ees.
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processor 7 is contr par amet er par anet er
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processor 7. wel | -known to a skil person how to provide such an
adapt i vé““(’:‘é‘ﬁfdr‘iﬁlfs‘degleémp%‘ifﬂﬁﬂﬂeﬁt}% a LAB- aI gorithmin the paraneter
controller. Exanples on a 30 paraneter controller wi th an LMsS-al gorithm can
be found in.e.g. US-A-5, 259,033 ar 5,402, 496, however, these adaptive
control g%‘i?rg}]f%ﬁg a ESf%ﬁ%temB?ﬁsfP%? ﬂé“ﬂY?P'é‘i}"’ tB? Hlaiive gfntrol sy efapipgepusiGS WO
02/ 08506&bRET kB NifRflcly proceksdrsNRiofTds to bipRdin BRI bR@HB retR@icssy St em of
Fi gyge Grop hones 11 and 12 a .ocessor of the type
sho&g oﬁm geFEI%HQ% “ v@ﬁ??ﬁﬁman%%Pn?ﬂ%F?@% %ﬁ¥§€§$ Higgpay
processhnMﬂi%&thMQMMMMdMNmphones. Contrary, it will be ObVIOUS to a skilled
person; how ot her m crophone systens (wWth nore than two m crophones) and
ot her types of delay processors may be conbined with an adaptive control
accor di %d“l&ﬂ@ G thestwio myesephpnon 1t aRf 12 (Wisrh oy okl A/Davirongs stdeni¢rophast  be
consi de,gjgghi&;g;rglh & QG0 EPR Barfdf eferred

| e tgﬁa.r g sgﬂtlfgtmls rl\é%ﬂ{ 14(} Pecﬁ\“’cﬁprlﬂéspgtc&so ifdethd

enbodi the 1 nventi on, aptive con my a van ageously be
conbi e@ewﬁsmﬁquﬁﬁﬂ%h@@ﬁ@@lﬁﬁ@@@g@@r§g thige, of dhepnels ¢ondhadutiol t he basi ¢

princi pk®s 13138 rr&@@cﬁvélﬁlﬂ-ﬁﬁ)'wﬁtﬁtresﬂ&ﬁl@ Hn@redrd fdidrey ﬁu%emghedf theBamy St €M
according to an_enbodi ment of the invention, wth band-
liniited channels 1s 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




limted delay processors is shown. Jn Figure 6 the two m crophones 11 and
12 (which may include Al D converters and m crophone mag¢itdhgr ghgscuits) are
connected to band-split filters, 13 and 14 respectively. These filters

di vide the 15 frequency spectrum of the m crophone signals into a nunber,
e.g. thr&0)ogRseéhannel s (on the output- |ines 13a-- 13®CHEdpeess vel y
1l4a-14c) with respective limted frequency ranges. Each of the band-
limted channels is handl ed by a correspondi ng del ay processor (7a-7c),
wher eby each delay processor operates in a band-limted channel. This
systemallows the directional characteristics to be different anong these
channel s, such that noise sources that are separated both spatially and in

20 freq tte t by..cant r ol l.i,n each rocessor
indepen %§&B¥H outpu 3ﬁéﬁ%ﬁiﬁﬁggfﬂvﬁédéeﬂgvm%?% {3%4%Hﬁ%9 be conbi ned
to a si ng:lrelleoﬁﬁlpcﬁspesncgw&iontafﬂ&chmdk)iBdchg’thnﬁontroll&ﬂwrcshonnrauedmgapr| se neans
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t he hear al rnmen ccor ingto an e e rnvention, 25 the
number éﬁm@h@ﬁﬂewﬂmﬂﬁwﬂhémhhdoﬁuvebdmﬂetﬁmmhmh%sybbemhxswﬁqu|vaIent to the
nunber ﬁ%még@nnels in a multichannel hearing aid, whereby each output
15a- 15c may be processed separately in a corresponding channel in the
hearing aid processor for subsequently being combined with other processed

- channel 1% BR& 5 ev3i sl &R nHftidn Bas HYSHIdRINiH A Foh RS AN M SLIERbcQbs MUl ti pl e
del ay processors, an adaptive control according to an ‘enbodi ment of the

i nvent i ‘BWI"’%Wﬁ%%ﬁ%%%@“%%%@%%@ﬂmﬂmw figefl i gure 7. In
thi's sysbgmstheaftiof shbil@nd: bemaiRkiSo dush PeySvh dLekinel hdisod wiEsNBRY Ve del ay
processor 7a 7c 18 Qctober 2005 WO .02/ 085066 P DK02/ 00245 7 and a
resE%ct nds s fiegn $adggaiep.g by proxidpgan aidgigrly pr ocessor 7a
and a pmrcmpmnemhosemputﬁgﬂaascammemwrmmpeaputofm¢aettioﬁﬂeys&iuihbe channel s) .
Each of _t ntrollers.7a-7c i ontrol.l ed a respectiv ar anet er
cont r ol T€¢ Eﬂ% %%mce\si\s?ﬁr Ot % eoﬁ‘ﬂrt%"é‘gmgﬁeeabg%‘l Brgstt I‘@mﬁﬁf ‘gﬁuat ed in
each ohamﬁeknmﬁﬂwﬁegmnwhéﬂyapmmmmﬂtmmmm#omkmﬂéwnHMHBEc@ﬂmmﬂr a conbi ni ng
node or, i t .though the

i nvent i Qaﬁ @gﬁ éescrl&%g %agégﬁﬁgﬁé%%ﬁ%m cm%{ﬁ%mf% ”?eséggs where it
is iihhen@ww%mmﬂecw&w@hnmmw@hle@ﬂh@MMWegropvrtrtfmhbed maxi mum
gai n) i &sifeli X the - scope of the invention should not be limted to such a
system A skilled person will be able to
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10 suggest systens wherein the main direction is adjustable, e.g. by

provi di ng an additi onal m crophone whose out put signahgistsepbogsed W th
the output of the directional systemin yet another delay processor.
Furthernmore, a skilled person will be able to suggest neans whereby the
mai n di r ¥PPUWAy be controlled by a paraneter contr dRCEDK204SUCh a way
that the conbined adaptive control of both nmain-direction and directional
characteristic is exploited to mnimze the 15 influence of noi se sources
wi t hout an unacceptabl e reduction imgthe receptive property for the
desired signal. 18 Cctober 2005 WO 02/ 085066 PCT/ DK02100248 8 CLAIMS 1. A
directional controller for a hearing aid with at |east a front m crophone
and a bggknpe 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 * (omi - ei T) where ommni
is a controlpay aEt ARdned 1o gmg)% : ] i nmeans for
estimating t%ie%[ out‘pfﬁ%lcm gneafdrflrlom Zﬁﬂ%’ﬁ%ﬁ?‘%’%@%ﬁ@%@ﬁ%ﬁns for

adj ust i FicIerheceRPFENE 4kleR pregeator hPprPeepsing Hredespectivegniprppliond sigmals ieerdsut put

si gnal ﬁJ&%{W@tg)@éma: 10 2. The directional controller according
to claim1, wherein the neans for adjusting the control parameter omi is

i [

adapt ed for Eontwo! (- agHtEe JatentoBri-6imi within the range from1.0 to -
1.5. 3. wh&eombilis dohteod Bdrarke@P hrida ik £ predbfefiBinsll DShsh ey, et ¥or cHBBER (e t he Means
for adjusti %g?aige cor]trol arameter omi is adagt ed for contralling the
par amet 872 o £ A REOCESSpFpnf Y5t fiog jagusting the pombael pprameter oBKHHABYR cal about
the 180@ whhiireethetintpurkigna emdicrdelay progador.cont rol l.er according to claim 1,
wher.ein t he ns for .adjusting.th control .paraneter omi i s adapted for
i ni1§n' zi ng t@? eec%oﬂ‘?lﬁ‘f}{m@ef ﬁ?‘fglidmgg’ocm S PRESAABFmg e annl yving an
LMS- al gomirblparageteridwen © adapgtied foorvatrolinriber pataheter wvod ittdn herabe fohai.0ml, wherein
the del a¢ processor conprises 20 band-split filters with respective delay
processors and paraneter controllers for separately processing respective
frequency bahdie difectiond contrpiler acsprgimg toglaim 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:

25 Y = Xgon * (1 - ommi * ) + Ky * (omni - 63T
where omni is a control parameter and T is a predetermined acoustic delay, estimating the output
. - signal from the delay processor, and adjusting the control parameter ompi in order to minimize 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.




6. A nethod of controlling a hearing aid with at |east a front m crophone
and a back m crophone, conprising processing the respegiQcudep2gyOphone
signals in order to output a signal according to the formula: 25 Y = Xf. od
*(1 - omi * eW) ~ Xi.c * (ommi - ei DI) where onnai is a contro

par amet eWQ#tdd8F6é s a predeterm ned acoustic del ay, estrOoTaEozgp28the out put
signal fromthe delay processor, and adjusting the control paranmeter omni

- in order to mnimze the output signal fromthe delay processor. 7. The

met hod according to claim®6, conprising controlling the paraneter onini
within the 30 range from1l.0 to -1.5. 8. The nmethod according to claim®6,
conprising controlling the paranmeter omi to achieve a pair of null

021 085006 PCTH BREE0R Y efah Rl e el P B0 s i g

~m ni m zdetay prohessar b applinyen LESgigafitf. r om t he deI ay processor by applying an

LMS-al gorit I | processi ng
splitting tﬁg'ﬁﬁﬁﬁﬁggfgngﬁggcggﬁgrgﬁﬂ%ué§ng%p§$%@nmgﬂggﬁ %@gbands and

pr oces sicayding e SWEHWB@@P@WP@S%%@W beesbsipuitst smt@ls V&étwcp‘reoc essors and
par aﬁEt&iay‘ﬁfbﬁésEd?é 4r prarh@er T dRbiBrZ6 nfBRi-OHE B&lgu lséﬁvé ﬁéﬁ&gt ive freuency

bands. noi se reduction system for I rectional
cont roI‘?’J‘E‘?5 vvherel n the hearing aid has an adj ust abI e d| rectional

characteri st1uCA§1a£er&daam§@mQ1faﬁqﬁmngm wWith QRRSctidhaRbnttdEr, Wik G @phone system
and an adaptive controller for control of the paraneters that adjust the 10

di r ect i R5PEE s apAdiusiphl duectiops) ghazgienistic i the Sopnd EFF?PEYC myesetf fifapt ed f or
M ni M zhio@phoRe systafnPasll ab gt confré]RATok btr6li of 6 biriteks B Mjusdhb er . 12, The

n0| redyction syste acordln o claim wher ei the di recti onal
ot ol i Hons] B haPey S n St e o gt e ORPB E6PEn, 53 The
n0| se rienuib¢ dientiaylsberdlaccording to claim 12, where the adapti ve controller
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controller avil
comprise means for adjustment of the main-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,




‘for nmonitoring the magnitude of the desired signal. 14. A multichannel
directional controller for a hearing aid, conprising nu§Gcpiber 2005Cr ophones,
mul ti pl e adj ustable directional controllers, nmultiple means for dividing
the mcrophone output signals into nultiple channels, said directional
control | 8¥&0498506g connected to 20 the nultiple channel BCDK®RGEHS a way t hat
each channel conprise one directional controller. 15. A nethod for reducing
noise in a hearing aid with a directional controller, conprising the
foll owi ng steps: receiving an acoustpcal signal in a mcrophone system
processi ng the outputs of the m crophone systemin an adjustable
directional controller, and, 25 adjusting the paraneters that control the
di rectional sgog ﬂ%&ﬁfreéﬂdcﬁa@ 5% iR 8 ARkhY Eq SR A0k Bl ol i borkler M Ni M 28
the output signal fromthe ditectional contro R for

provi di eegpesieg fhe folleyapgsips:di recti onal control of a hearing aid, conprising

the fol poMkdly aSSuiRal sigBRERla i tOhARQ UShdr AR dirdi 9&@}@ difdy, 9, L1 pl € mi crophones,
30 E]V|d|n;ﬁ%ﬁé out %ﬂ ofaeach ﬁle%% hone in i g%:Hhannels and,

Qper at | AdPaYL Yéﬁ]“ﬁ%ltnéw echitharnst, thsmapoeters fhetsopteat the ﬁtreetawal cBrentaneicin s ai d

di r ect | QEdhaGRD infdddet BmikiREE hY bitBut of S aiRefidbcontoll @ daPEcofdpbidle€ M crophones
i'n the éfrresponding channel . 18 COctober 2005 WD 02/ 085066 PCTI DKO2/ 00248
10 17. hod for reducing noise in a hearing aid with a nmultichannel
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.




