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ZA, ZW known “in the’ art. A sound wave that impinges on a
10 hearing aid of this type at a specific angle is re-
-ceived by the two input transducers with an arrival
time difference defined by the distance between the
input transducers, the velocity of sound, and the im-
pinging angle. The output signals of the two input
15 transducers are combined to form the directional cha-
racteristic of the hearing aid. When the output sig-
nal of the input transducer receiving the sound wave

first is delayed by an amount that is equal to the
arrival time difference of the corresponding sound
20 wave and subtracted from the output signal of the
other input transducer, the two output signals will

cancel each other. Thus, a notch is created in the

directional characteristic of the hearing aid at the

receiving angle in question. By adjusting the delay

25 of the input transducer signal before subtraction,

the angular position of the notch in the directional
characteristic may be adjusted correspondingly.

It is also well known that the frequency re-

sponse of subtracted signals originating from a sound

30 source in the surroundings of the hearing aid, i.e.

the transducer signals are correlated signals, has a

6 dB/octave positive slope. Thus, low frequencies are

attenuated for correlated signals while this is not

- the case for non-correlated sigmals, i.e. neither

35 transducer noise nor wind noise is attenuated. There-
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i nvention reF§RESS t BF athESr FAGRLTYPE 5 %]ter?t&"&l EctRoired cdfRRhct eri st c,
conpri si ng atrahsasterswmaypaeddcapiid saimitlkrﬁaysdmﬁeéﬁendelealtbng ai ds

conprising tyogi agugﬁlhr gﬁﬁ%léc%l§fe§ V{t:ﬁ a dini et Q) alstqlilgr acteristic

are well _known in t ound wave mpi nges hearing aid
of this typeRat a°8Bebrfmetahgfermatica in the directional cha-

racteristic. Further, ageing may increase these dif-
ferences over time.

In WO 01/10169, a hearing aid with adaptive
matching of input transducers is disclosed. According

20 to the disclosure, differences in sensitivity and
phase response are compensated utilising specific
circuitry continuously determining the differences
and compensating for them. The differences are deter-
mined based on the sound signals received by the in-

25 put transducers. No additional signals are needed.
Selection of input transducers is eliminated and dif-
ferences between circuitry processing each of the re-
spective input transducer signals and differences
created by ageing or other influences are automati-

30 cally compensated.

In a hearing aid with a plurality of input
transducers, the output signals from the Iesﬁective
input transducers may not be generated from the same
sound source. For example, when the hearing aid is

35 operated in a silent environment, each of the input




ceived by the two input transducers with an arrival i mg PF
defined by the distance between the i nput transducers %e ve OCIty of
sound, and the im pinging angle. The output signals of the two i nput 15
transducers are conbined to formthe directional cha- racteristic of the
~hearing aid. When the output sig- na® of the input transducer receiving the
sound wave first is delayed by an anount that is equal to the arrival
time difference of the corresponding sound 20 wave and subtracted fromthe
out put signal of . the otherl (put t.ransducer, the two out %)CiJ S|gnals wil |
cancel each BiHEMCoFhus 9% 1ot <H 534 "r st Rd T Thed e W %

charact eri sthe ofspaveilteainpgt at demddddrer iteedifvi Myuangie thnl:questi on. By
adj usting the. delae 2280 Bechapyt . 1L APSAICEL ShanakdsLoRE, subt ract i on,

t he angul ar position of th e nod in thée directiona aracteristic may be
adj ust ed corkéspowdi ngPy- CCPJErqlsat@IdsoSmall kProwre Shat namfel f riéiency re-

sponse of subirached Slﬂl’tﬁlts OEtQﬁMé%fromﬁeﬁﬁwd 39g89uUsce in the
surroundi ngs of the heari ai d, e. the transdycer ig;nal s are correl ated

si gnal s, ha%erhera6teﬂiBPé’cF59etY5‘6$3r‘E‘P‘x‘/% STYPEUCPRds 11 66 PP RYTeNCi es are
at t enuat ed wird,cars & atweichasirgrales el @othicerirg1808d &heccaser f or

non-correl ated. si.gnal s nej t her sdu noi se, nor. w nd noise is
att enuat ed. %]%here@ %lﬁvarrl%%r%SaV% b2/ %ﬁ 18{] /% 43 7% ore, the

si gnal to ndiise gatsi o tihe radwesed silgnalpr icoe ganer@lterCéclw ohaflehearing aid
compar ed t Q,aeAMNisdhet- sbhpdal NEAING aldhe NUHER fOLEBLLOR I equi res t hat

“the two input 5 transducers are identical, i.e. they have [dentical

par anet er s, SiSHEASaS *§erfdiPPoft fés el pHRvs r@é’ﬁéﬁ bé/esthel'y%('?:al ly,
i denti cal | yodrmeutags ur:@ﬂvéftrm; tﬁlﬁnsrnﬁﬂitCer%n@&hb@itsﬁgmﬁé|t/¢ty
d|fferences of ttl1e or der. @Lnd phase d|fferen(ies of the order of 10.
gita signals. Typlcal slgnals are ippe
different signal 1levels because of different input
transducer sensitivities and, thus, c¢lipped signals
may also be non-correlated and appear to have been

generated by independent signal sources.

When the input transducer signals are generated by
independent signal sources, the above-mentioned prior
art input transducer matching technique falls apart
since, typically, the determined phase and sensitivity
differences will be dominated by differences in the

generated signals and will not Dbe related to

differences in input transducer parameters.

It is an object of an embodiment of the present
invention to provide a hearing aid with a directional
characteristic¢  that overcomes the above-mentioned
disadvantages of the prior art.

This object is fulfilled by an embodiment of a
hearing aid with a directional characteristic wherein
transducer signal type, such as transducer noise, wind
noise, sound emitted from a sound source located in the
surroundings of the hearing aid, distorted signals, such
as clipped signals, slew rate limited signals, etc, etc,

is determined, and wherein signal processing in the




10 Directional characteristics can not be formed with g I{ﬁﬂgducers
wi th phase and sensitivity diffe- rences of this magnitude. Ege ection of
paired i nput transducers may reduce the sensitivity differences to 0.5 dB
and phase differences to 2 which may still 15 not lead to notch formation
in the directional cha- racteristic.4Further, ageing may increase these
dif- ferences over tine. In WO 01/10169, a hearing aid with adaptive

mat chi ng of input transducers is disclosed According 20 to the

di scl osure, dlfferences in.sensitivit Ig% e response are conpensated

utilising SPEEPEC 3¢ r UHTLY y* Lot R REni fgtREL T f erences and
conpensat i ngignad kh@hunihendlféemencesaaaptﬂftECeoﬂdmmm-mﬁsﬂdaon t he sound

signals reagloelihna thedkn 25, put Lransdegis. Naoadditiconalosignals are

needed. ection of ut t nsducers is e f erences
bet ween cerhﬂHPF?ep¢%%e%smﬁg bachFvdtche@ te- apeennidiriegpienak¥ ansducer

signal s and:littecences wsatad byasagelng oF ehbesq) @El Hepces are
automati - 30 call%ufonpensated In a hearing aid wt plurality of input

transducer SUERe SIS sTYn&ACELIRREA t h¥ ﬂé§ﬁ§tt?9e‘hﬁﬁﬁGFl?Wensducers may
not be genemmt/ed fardaprtme fAafEhimPpUaE SOPEEetrinddu@eanpley When the hearing

aidis 35 0 rate a.silen nV|ronnent ch.of th t 29 March 2005
Ry ated i & sy 2REN Gyt e Lae

3 transducer signal’s Hc8htarng onfy® o8 aen 3t 88PB Espective input

'rransducerCKusehﬁnaEhu§ dpmlnnt@dkoese;sehefohspurtsmgnals are generated by
i ndependent anqhhguswhgoqﬁgg%rﬁLg{fghég gﬂﬁ{ §9MLFe§b

i ndi vi dual | nput transducers. kew se, signals gene at ed %y the two i nput
transducer§1ﬂﬁlﬂe§%dﬁé§mﬁoasﬂﬁﬁﬁ of .the PwEREMhOIENtAPE, ndkeeor I el at ed

since air dHeew ats trevheasi ag reladlhg buabubenty Thugredlsohdin this case,

the output ?Jggg{nggﬁicge”%23£§951 glrgﬁgced apart first and
- second input transducers for receiving respective first
and second acoustic input signals from the surroundings
and transforming the acoustic input signals into
respective first and second input transducer signals, a
first signal processor having a first input connected
to receive the first input transducer signal and a
second input connected to receive the second input
transducer signal for generation of a third electrical
signal by processing and combining the input signals
received at the first and second inputs, an output
transducer for transforming the third electrical signal
into an acoustic output signal, characterized in that a
correlation detector is provided for detection of non-
correlated input signals at the first and second inputs
and for generation of a first contrel signal in
response to the detection, the first control signal
being supplied to the first signal processor for
adaptation of signal processing in the hearing aid
according to the detection of non-correlated input

signals.
The hearing aid may further comprise an adaptive

‘matching circuit with first and second inputs that are




pendent signal sources. Further, the input transducer si clipped
at high input levels by the AAD converters converting ?ggﬁ#Q%%?% :
transducer signals to digital signals. Typically, signals are clipped at
different signal |evels because of different input transducer
sensitivities and, thus, clipped sigmals may al so be non-correl ated and
appear to have been generated by independent signal sources. \Wen the

i nput transducer signals are generated by independent signal sources, the
above-nentioned prior . art i nput transdu%er natching te hniqge falls apart
since, typi TAMS, o Ehe  dét € mEFES54SEC andT8bndPEi VPEYR di FFet ences wil |l be
dom nat ed byraifduerencagnanst had genetated siegnabsoanduws | thaot be rel ated
to differe S in._i t.ran ce aneter [ n ject of an
enbodi nent %§§tﬁ%gg%gg§%t1&?n3g%ti%%£$% prgwigér%£hé§¥?n88§%g with a

di r ect i onal Pragdessact erittic thiat nogdiféonbson he fabavel ienls omed

di sadvant ages, &f 1dGgdHdQr & tendhEs:Ob) ged bacbih f bhigd: byian enbodi ment
of a hearing aid with a directional characteristic wherein ~transducer

si gnal typerdkuch® asefPaPsRuter IRORERINGT RS nof s8ifEetsRfemtted from a
sound sour cehd ogmblEdude tdhel SilaseouRdbbgsedf séhenhearhagrakdi-di storted
signals, such as clipped signals, slewrate limted signals, etc, etc, 1is
determ ned, and wherein signal processing in the 29 March 2005 4 hearing
aid, such as transducer matching, filtering, signal conbination, etc, is
adapted according to the determned signal type. For exanple, the
directional characteristic nay be switched to an omi directi onal
characteristic when at | east one of the input trans- ducer signals is

dom nated by noise or distortion, and/or adaptive matching of input
transducers may be put on hold while at | east one of the input transdu-
cer signals is dom nated by noise or distortion.




Thus, the above-nentioned and other objects are fquiIIggh@%dﬁﬂﬁwaspect of
the present invention, where there is provided a hearing ali aving a
directional characteristic, conprising spaced apart first and second

i nput transducers for receiving respective first and second acoustic input
si gnal sSMPY3 e surroundings and transform ng the BEBREY08643 nput signal s
into respective first and second input transducer signals, a first signal
processor having a first input connected to receive the first input
transducer signal and a second input connected to receive the second input
transducer signal for generation of a third electrical signal by
processi ng and conbi ning the input sixgnals received at the first and
second inputs, an output transducer for transformng the third electrical
si gnal i nt iy aaqisittivdeo aduiphsisgnalespohaeacter thed finst hahda

correl ati on e eed uchin PLOYALIEd S LBLELE 0D, A NADseAkGEh al ed T nput

signals at the first, nputs” and for _generation of a first
control signdl fReNEESHonsand o whgEedRt &b rprueiatiPrsdeE6REPEl si gna

bei ng suppl immttﬁheafigaiqrﬁi thgp@a@aan ftﬁaié a@amo@heefae@f si @JnalI g
processi ng it [ Lk t he detection o on-correl ate
i nput sig%a S.Q%ﬁegﬁég??ﬂg g?agﬁéﬁgfﬁggﬁéﬁ:cgﬁﬁrﬁggléﬁtﬁaép??ve mat chi ng
circuit w tPIaRtEVeaipEBEsad Wit sletRation e o9 nerirr2@d8tad connect ed
with the respegidlwe first and second input transducer signals and first

and second outputs.that._are_connected to the.respective first and second
processor inputs ?%¥an%l| |C%F?oﬁean§nﬁFP%58é éﬁﬁnagﬁaéﬁﬂﬁeéﬁonses of the

first and sekdsm¥icaipaigndle- nals in response to determinations of
differenag in therrampl héddidocand PhasRIRHFONLTIE IdbdiRent esul 29 March
2005 WO 02/3%}5% PCT/ DKO1/,00643 . .

) he ™ present  invention, transducer differences,

such as differences in sensitivities, phase respon-

ses, etec, are continuougly determined when the trans-

ducer sgignals are correlated, e.g. when the transdu-

15 cer signals are generated in response to a sound

source located in the surroundings of the hearing aid

80 that in this case the hearing aid continuously

adapts to changes in transducer parameters. When non-

correlated signals are detected, e.g. when the trans-

20 ducer signals are dominated by non-correlated sig-

nals, such as when at least one transducer signal is

dominated by, e.g. transducer noise, wind noise, sig-

nal clipping, etc, updating of determined values of

differences in transducer parameters is not performed

25 rather, for example, the transducer parameter compen-

sating circuitry remains set according to the latest
updated values of the differences.

The correlation detector may comprise one or

more signal level detectors for detection of respec-

30 tive input transducer sighal levels. For example, the

first and the second control outputs may be set to a

logic “1# when the detected signal level is greater

than a predetermined threshold level such as 2 dB be-

low the saturation level of the A/D converters for

35 converting the input transducer signals to digital




ting anplitude and phase responses of the first and secgggﬁga{ﬂﬂg signal s
are adjusted to be substantial- |y identical, and wherein e correlation
detector generates a second control signal that is connected 5 to the
adaptive matching circuit for inhibition of adaptive nmatching upon

det ect i WR%P¥bn-correl ated signals. The first and RSt rol signal s
may be identical signals. 10 In a hearing aid according to this enbodi nent
~of the present invention, transducer differences, such as differences in
sensitivities, phase respon- ses, etc, are continuously determ ned when the
trans- ducer signals are correlated, e.g. when the transdu 15 cer signals
are generated in response to a sound & source |l ocated in the surroundi ngs of
the hearing aid so that in this case the hearing aid continuously adapts
t o changes isignalisditer fpastnadérishe Wesondoront ool ebatpattssinguyal s ar e
detected, e g hed 0 4 A0 0dUGRELSHARALS BECodlamahed by

non- correl at edjegsi -. nals, such as _when at [east one transducer signal is
domi nat ed byV&€® g.ge‘?:‘i“%fhsiiﬂuc‘@}luﬁ@i Seloy kiensiredeteyyinedy thagsypi ng, et c,
updati ng of =iekds miThed lexkliedevéctalt frizar dmredeirnhbvansglicatfesiar aneters i s
not perfordreg, 2o, L@t BRL . oS X UG <t B8yt %n%%lﬂcg-{heﬂﬁg:g;erftgg— conpen-

sating circuitry remal ns set according to“the late . val ues of the
di f f er ences. taFfeE oF SNk | bPVeet et BPONRY *ofibFss epErdetrmimste si gnal

| evel det ectithisedinlddele@adli amdf reespeaheR0 thievaidtptibdt raRgdacer signal

l evel s. For gxanpl Lrst t.h econd control ,qutputs .may be set to
a logic "1" when lieer%ltrggt {é%t%dvgil]}gena eioz"’ve Sﬁgoﬁae%f%qeq:?ﬁ%ﬁ‘eg

pr edet er ni nddigartedifoligviedy dhasudh dowerdRbisa tHhew fivetsdtwesti on | evel of
the_A/D convies I nsvkear, 35. converting the input transducer signals to
digital 29 March 2ﬂ9e5 svj\%n%%/ eloe:\"rgg Iranglg;/ %éoj'a{nooa?nﬂp%itude level, a

root mean square level, a power level, etc, or the
ratio between such levels and a corresponding refe-
rence quantity, e.g. in dB. Further, the level may be

15 determined within a specific freguency range.

The signal level detectors may further comprise
slew rate detectors for detection of rapid siénal
changes since slew rate limitations of circuitry that
processes input transducer signals may distort these

20 gignals. The signal level detector may for example
comprise a slew rate threshold so that the Ffirst
control output is set e.g. to log;i.c *17 if an increa-
se in absolute value of the difference between one

. sample and the next is greater than or equal to the

25 slew rate threshold.

Typically, wind noise generates transducer sig-
nals at very high levels even at low wind speeds
thus, wind noise will typically be detected utilising
a signal level detector as described above.

30 - The hearing aid may further comprise a frequen-
cy analyser for determination of the frequency con-
tent of input transducer signals, e.g. for discrimi-
nation between signal type. For example, wind noise
and clipped signals may be distinguished based on




6 signals. The first and the second control outputs may pg/[d}?%ﬁosto a
| ogic "0" when the detected signal le- vels returnto va ues ow t he
predeterm ned thres- holds. The | evel detector may further have hysteresis
5 so that the control outputs may be set when the de- tected signal |evel
is above a first predetermned threshold |evel and reset when the detected
signal level returns to a value below a second predeterm ned threshold

| evel that is lower than the first thres- 10 hold | evel; The signal |evel
may be an anplitude level, a root nean square |evel, a power |evel, etc,

or the rat‘fltﬁlﬁet@%@hle%&hc%\?%‘ll@ AN Bl HFOREFAYNT SFRY PRnce quant| ty,
e.g. in dB ;ddprhehecdRElgyel may be 15 determned within a specific
frequency range. The signal |evel detectors may further conprise slewrate
detectors for de‘i‘@@ﬂ?ﬁén éher giosasi grakl dpbegferssimre B¢ ewsedt e

1 tationssqf Gludlibhy ckhdhe RLICESSES o ML [ABRdNCRR sbgpal s may

distort these 20 signals. The signal |evel detector may for exanple
conpri se a 'insy odse favedivol H ssanghbghachef oy skransdneedl noutput i s set

e.g. 10 loGGeel" fp@MinYor etramtil-0 20801 Jut €, val ye of, the,di fference
bet ween one sanple and the next is greater than or equal to the 25 slew

rate threshtlgaalTyhikaMipd wphee e sehjehcraedssigmmbsducer sig- nals at

very high | evel sppyen adeol-@wny R %ee@ﬂﬁodmyﬁ Y ngh Dop ses Wl | typical ly
be detected ut|I|S|ng a signal level detector as described above. 30 The

hearing ai d-n#8PH@Y he?t cAifpBits etrder eépaéﬁhi ey aiarpser mfagr Riet er mi nation

of the frequeheyrcom: ie@t Ofad IRt %@égug%ﬁigna&émden&sé or discrim -
nati on between si gnal type. For exanple, w nd noise nd clipped signals

may be di stiifgailshetnbasedads Z9oNaPeINDOOBIITES located in the

surroundings ©f the hearing aid. Further, distorted
signal types, such as <clipped signals, slew rate
limited signals, etc, may be identified.

As already mentioned, transducer signals domi-
nated by transducer noise, wind nocise, and/or signal
distortion are not correlated since the signal sour-
ces are substantially independent of each other. The
opposite 1s true for transducer signals generated in
response to a specific sound source leocated in the
surroundings of the hearing aid. Such signals differ
only by the arrival time difference caused by the di-
stance between the transducers and by differences
caused by transducer differences, 1. e. such signals
are highly correlated. Thus, signals of this type may
be distinguished by calculation of cross-correlation
values of input transducer signals.

According to an embodiment of the present in-
‘vention, the correlation detector comprises a second
signal processor that is adapted to calculate a cross-
correlation value of signals derived from the
transducer signals. Qutput transducer signals with a
cross-correlation value within a predetermined range
of cross-correlation values are treated as correlated

signals.




their frequency content, and signal processing may be a g@ﬁprdingly.
Further, the signal |evel detectors nay be used for detggﬁ%gﬁlo the | eve

of a noi.se signal whereby w nd noise may be distinguished fromtransducer
noi se since, typically, transducer noise is a low level signal while w nd
noi se | WOMR015h" | evel signal. Thus, according to an BSHPAN of the
present invention, at |east three types of signals nmay be identified,

i.e. transducer noise signals, wind noise signals, and signals from sound
sources located in the surroundings of the hearing aid. Further, distorted
signal types, such as clipped signals, slewrate limted signals, etc, my
be identified. As already nentioned, & ransducer signals domi- nated by
transducer noi se, wi nd noise, and/or signal distortion are not correl ated
since the signal St -exawpige subsessrtdadelaitndepandent vof medch ot her. The

opposite is bé ugal@ilddainsslICas %r@di%la%aﬁr ey n r&siAGALE 10 a
specific soqu squr.ce Iogaged{i tﬁ ﬁ%iﬁfundlgﬁi of the hearing aid. Such
signals di ffer 2 dANehy BRETEST iR¥albei WG eHatidsed by the di-
stance between the transducers gg¢ by differences caused by transducer

uch si gral-s—are highly correlated. Thus, signals of

- differences, i. e. s
this type nmay be rh-std | ation of cross-correlation values
of input transducer i@@ﬁL&Eﬁqug@diE%?go an enbodi nent of the present in-
vention, the correl at¥on det®ctor confrises a second . signal processor that

is adapted.to cal ¢yl ate_a.cr.oss- correlation .value of, signals derived from
t he trang%ucgr sﬁéﬁ%ﬁgp éﬁﬁﬁhﬁ-f?&ﬁiﬁ%c%%g%ﬁ%uéﬁ%?ﬁﬁdtﬁ&ﬁm the
cross- cor r el &nsdn Sigingd , witt tien aa serpdied esbdmrld desnigred dfromr bbs- correl ation

val ues are tgeaiRldsagne? r&hdtheds th8Nakdber2dsMabEP1£905 WO 02/ 30150

PCT/ DKQA /00643 It is noted that r ranges from -1 to 1 and that

r = 1 for identical signals X and Y and r = -1 for

10 inverted signals X and Y and r = 0 for signals with
no mutual correlation.

It is also noted that the equation is simpli-
fied for sigmals having DC-values equal to zero, i.e.
ZX = 0 and ZY = 0 in the equation.

15 In a preferred embodiment of the presgent inven-
tion, the correlation wvalue 1, is calculated from a
particularly simple approximation to the equation
wherein the signals X and Y are digitised in one bit
words, i.e. the sign of the signals X and Y are in-

20 serted in the equation.

It is even more preferred to calculate the cor-
relation value r, as a running mean value wherein a
predetermined wvalue A; is added to the sum when
sign(X) = sign (Y) and wherein a predetermined wvalue

25 Az is added to the sum when sign(X) # sign (Y). If,

for example, A; = 1, and A, = 0, r increases towards
the value 1 when X and Y have identical signs, and x
decreases towards % when X and Y have opposite signs.
Since non-correlated signals, such as transducer noi-
30 se or wind noise, change sign independently of each
other and thus, will have identical signs half the
time while signals generated in response to a specif




8 For exanpl e, ‘a cross-correl ation value r0 may be cal CE{)%&&&?@S‘B‘”
approximation to or an estimate of a value r defined by e folTéw ng

equation: 2XY r= N (~Nt2) (VU2 - N (2K 5 wherein X is a sanpled signal
derived fromthe first signal, Y is a sanpled signal derived fromthe
second WOJRAM0 and N is the nunber of sanples. It isP¢ERPEY/OPHAL r ranges

~from-1to 1 and that r =1 for identical' signals X and Y and r = -1 for
10 inverted signals X and Y and r = 0 for signals with no nutual
correlation. It is also noted that the equation is sinpli- fied for signals
havi ng DC-val ues equal to zero, i.e. XX =0 and ZY = 0 in the equation. 15

In a preferred enbodi nent of the present inven- tion, the correlation val ue
ro is calculated froma particularly sinple approxinmation to the equation
wher ei n t he EignabendX sodreé aare diigilysesbrirelanedbiahd Wwawdsthe. e. the sign

of the signabgne ARG !uﬁéﬁaﬁﬁal%& ??itﬁﬁjei dhe equation. It is even nore
h elati

preferred to cal cul/ate the_ cor- ation value ro as a_runni ng nean val ue
wherein a predet et ARd SFRPHaTRL | of afhed Weflﬁéoéumt%ﬁeﬁlr§ggn()() = sign
(Y) and whersignsl predekseos dedadapted 25 AXrdcecadded tfdrkBeag@m when
sign(X) # si I e = and. = [..1 ncreases
tO\?\al(’d)S t eg%/]%cf%@e elle\f/ﬁgﬁé aﬁg&@ﬁa\"}fgﬂ gﬁ%?%%?ns?fgﬁasn, Ogtr?&drl' decr eases
t owar ds % whePCEhéonid v oharachppbiliice sirgms. degiestécRono€or PeRat ed signal s,
such as transehslated s3Gmaeser eWgnd byoisiematharge 1si gdtdotdependent |y of

caCh ) 0 b B colk Ly 0Rte S ERbn 909, L] dllRasthl® v o
tional characteristic may be formed by selecting the
10 first or the second electrical signal as the third
electrical signal whereby signal to noise ration is
improved comparéd to a directional characteristic,
or, the omnidirectional characteristic may be formed
by averaging the first and second electrical signals
15 whereby signal to noise ratio may be further improved
and clipping or slew rate distortion reduced if, for
example, only one of the signals is clipped or slew
rate limited,
Still other objects of the present invention
20 will become apparent to those skilled in the art from
the following description wherein the invention will
be explained in greater detail. By way of example,
there is shown and described a preferred embodiment
of this invention. As will be realised, the invention
25 is capable of other different embodiments, and its
several details are capable of modification in wva-
~rious, obvious aspects all without departing from the
invention. Accordingly, the drawings and descriptions
will be regarded as illustrative in nature and not as
30 restrictive. In the drawing:
Fig. 1 shows a blocked schematic of a hearing
aid according to the present invention,
Fig. 2 shows a blocked schematic of a second
signal processor according to the present invention,




29 March 2005 WO 02130150 PCT/ DKO1/ 00643 9 fic sound sou§§gmﬂ&9‘ﬂkghly
correl ated and have the sane sign substantially all the tine. %n an

enbodi ment of the invention, the first signal processor is adapted to
process_the first and 5 second electrical signals for formation of an
omi di PORSPYALI characteristic upon detection of noPCTREMMOM3t ed signal s,
e.g. by signal level detection, by cross-correlation calculation, etc. The
omi-direc- tional characteristic may be forned by selecting the 10 first or
the second electrical signal as the third electrical signal whereby signa
to noise ration is inproved conpared to a directional characteristic, or,
the omidirectional characteristic mdf be formed by averaging the first
and second el ectrical signals 15 whereby signal to noise ratio may be
further inproved Eidg & iggwsgaobletkesd rathemdtstoofi enleeduckd if, for
exanpl e, onl ye8p8r Ofarddhe signals is clipped or slew rate limted. Stil

ot her objects of the present invention_. 20 will becone apparent to those
skilled in the art9$$o %ﬁﬁ¥§(ﬁfﬁiﬂ%%ﬁdd@QE???E%QNP@W&%RHW]qqﬁ?i nvention

will be expkaiveyl di tyeeliest defgmiall. pBycewgoaf exanple, there is shown
and descried a profepied sEPORIBAL 8L LhES JuBNliaN1 6 Wl | e
e of other di d

real i sed, the invention 25 is capa . erent enbodi nents, and
its several thetaFF Fhate thgpahreutts i éat £ba fRavEng mMesuLe obvi ous
aspects all weéhbesd depiarg i digyiftadmdrheandlvgaat icdircudeepr dirn@hy, t he

draw ngs and.dgscldRtd0 il | -he.reg S_1i | rative j.n nature and
not as 30 rgstr%%%qﬁﬁg.%%ﬁet ) &?a&ﬁ%g%Eggggéie%%%%g&gﬁﬁlo@f@d schemati c of
a hearing af@la8tIal myacesepagpiasenplovatermndorthus,g.the stigns a bl ocked

schemat i c10f nal speotehs isigy RAlr i eg ea6@br Bas ATt 1t sidiR1phRReNnt invention,
cessing circuits. For simplicity, the A/D and D/A
converters are not shown in the drawing. In the pre-
sent embodiment, all the digital circuitry of the
hearing aid may be provided on a single digital sig-
15 nal processing chip or, the circuitry may be distri-
buted on a plurality of integrated circuit chips in
any appropriate way.
Fig. 1 shows a blocked schematic of a hearing
aid 10 comprising a first input transducer 12 and a
20 second input transducer 14 for transforming an
acoustic input signal into respective first and se-
cond input transducer signals 16, 18. The input
transducer signals 16, 18 are converted to digital
signals by A/D converters (not shown). A first signal
25 processor 20 has a first input 22 that is connected
to the first input transducer signal 16 and a second
input 24 that is connected to the second input trans-
ducer signal 18 via an adaptive matching circuit 26.
The processor 20 processes and combines the processor
30 input signals 28, 30 for generation of a third
electrical signal 32. An output transducer 34 trans-
forms the third electrical signal 32 into an acoustic
output signal.
The adaptive matching circuit 26 has first and
35 second inputs 36, 38 that are connected with the re-




29 March 2005 WO 02/ 30150 PCT/ DKGO /00643 10 Fig. 3 shows @hﬂﬁ&ﬁ

schematic of a level de- tector, and Fig. 4 shows a bIoc%ed schemati c of
~input cir- cuitry of the first signal processor. 51t will be obvious for
t he person skilled in the art that the circuits shown in the drawi ng may
be real%¥d"dbing digital or analogue circuitry or BAYPKUBAHEnation
hereof. in the present enbodinent, digi- tal signal processing is enployed
and thus, the sig 10 nal processing circuits conprise digital signal pro-
cessing circuits. For sinplicity, the AD and DA converters are not
shown in the drawing. In the pre- sent enbodinent, all the digital
circuitry of the hearing aid nmay belprovided on a single digital sig 15
nal processing chip or, the circuitry may be distri- buted on a plurality
of integr at exPegtrigg tfx*:d’ﬂmsand serpndpEmepti dtensdynceli geighadkows a bl ocked

schematic of14, heardmg £ardt 10h& ORI Qﬂmﬁuéyﬁb | Ut phtansducer 12 and a
20 second i nput trags% §h§14 for transformng an acoustic input signal

into respectTESIF rﬁﬁ?ﬁﬂt?ﬁiu¥1¥§EuﬂﬂﬂuﬁﬁCQﬂQyRﬂQ$ef6 18. The
i nput  transshrcemmitgndl2s P&,. ITheardrcoive?d edodif ibsgidndlitsidgnal s by A/D

converten%(ggg $E3g01$éb§ﬂ§é§ St 9P %?rggogﬁas%%c%gp %%tﬁng'rSt I nput 22

that is connecteqé to t I'rst I nput transducer a second
i nput 24 t hat*9*¢ EorkfecB8d iFo HoFRRER okl ??ﬁﬁﬁm%ﬂ%§ﬁ§n3d@@eﬁl§rgnal 18 via
an adapti ve fetteriviesgini thei &m@bitudBhangr panfes%Q:rm@cweﬁaand conbi nes

the processqly,g30, &9B%hd%|q§§%ePﬁ%éF:%%g Uns gneEgtlont%Frgtthlrd el ectrical

signal 32. An output trans tra orns efECtri cal si gna
32 into an REREG covErRMuEisnghal .28Fhe3adEne vadimetddndcei bPeuit 26 has

first andl.o substantially identical.

A correlation detector 44 is connected to the
input- transducer signals 16, 18 and detects presence
of non-correlated signals and generates first and se-
cond control signals 46, 48 in response to the detec-

15 tion so that si:jnal processing in the hearing aid can
be adapted according to the detection.

The first control signal 46 is connected to the
first signal processor 20 for controlling the way in
which the first signal processor combines the first

20 and second processor input signals 28, 30 , e.g. by
combining the first and second processor input sig-
nals 28, 30 for omnidirectional sound reception upon
detection of non-correlated transducer signals.

The second control signal 48 is connected to

25 the adaptive matching circuit 26 for inhibition of
adaptive matching upon detection of non-correlated
signalsg,

The adaptive matching circuit 26 has an inver-

ter 50 comnected in series with an adjustable gain
30 amplifier 52 that is connected in series with an ad-
justable delay 54. The nominal delay of adjustable
‘delay 54 equals the distance between the first and
second input transducer 12, 14 divided by the veloci-
ty of sound so that, nominally, the directional cha-
35 -racteristic of the hearing aid contains a notch in




35 second inputs 36, 38 that are connected with the re 299 NaLehr@f05 WO
02/ 30150 ‘PCT/ DKO1/ 00643 11 spective first and second input transducer
signals 16, 18 and first and second outputs 40, 42 that are connected to

t he resg%(;' '\/1? first and second proces- sor inputs 22C 24. The circuit 26
nodi fi e %28? Yude 5 and phase responses of the firsPCHRPIO¥SNd out put

signals 28, 30 in response to determnations of dif- ferences in the
anplitude and phase responses so that the anplitude and phase responses of
the first and second output signals 28, 30 are adjusted to be 10
substantially identical. A correlatign detector 44 is connected to the

i nput - transducer signals 16, 18 and fet ect s presence of non-correl ated
signal s and enerateﬁg%jrst and ,se- cond _control signals 46, 48 in response

to the detectd® MR ot 3silgmal eFERAERT nrow e Hesti i@-ai d can  be
adapt ed accapeli ngransdurerddietb ahe Feeohdlr $hpGONtFohedic@nalia46 is
connected toat hatchihst ShgRal 1L 0686S ; controlling the way in

whi ch the first %ﬁggg IE{ocesso%gcgﬁb?%%§%?ﬁé8%irgﬁ%faegﬁ%gséPOnd processor
i nput si gnal ¥t and phage  ofobher HepwhetFansducerd slemedd processor

i nput si g-5nkés B, a8) ddjuseeniclier ampl Dhpdr SUNthd agRptdeanyusan detection
of non-correat gl tlRSAUCER Si The second.control signal 48 is
connected to 25 t%er@aédg%t f\t{]}lee r?%?% ?'%%a%%orncsgﬁo %é‘af%ortl}enlﬁnﬁgtlron of
adapt i ve mat'dfih@thHhage: sesperrast oforheoficthtart ssapmd sutThe adaptive

mat ching ci ot tsRfhdias 20) | IWedre t 4150 LOML RS s ibk 61631 th an
adj ust abl e gggéhg-%g+anplifier 52 that is connected in series Wwth an ad
j ust abl e del ay 2°%the noni nal del ay of adjustable delay 54 equals the

di st ance et ween tH@ 1 i sthewl a sbéorkled npohenatinsduten BBcofid di vi ded by
the vel oci - signal processor 100 according to the present inven-

tion and included in the correlation detector 44 whe-
rein the correlation value r is calculated as a run-
ning mean value. The signals X, Y may be the input
15 transducer signals 16, 18 or band pass filtered wver-
sions of the signals 16, 18. The gignals X, Y are in-
put to sign blocks 110, 120 that output sign (X) and
sign (Y), respectively, to the comparator 130 and if
sign(X) = sign (Y) a predetermined value Ay = 1 is ad-
20 ded to the sum in adder 160 and if sign(X}) # sign (Y),

A; = 0 is added to the sum in adder 160. The low pass
filter 170 averages the sum output from the adder 160

in an appropriate time interval, such as 10 ms. If A

= 1 and A; = -1, a closer approximation to r is obtai-

25 ned by the running mean value.
~Fig. 3 shows a blocked schematic of a signal
level detector 200 included in the correlation detec-
tor 44, comprising a first signal level detector 202
that is connected to the first input transducer sig-
30 nal 16 and a second signal level detector 204 that is
connected to the second input transducer signal 18.
The level detector 200 sets a control output 46 te a
logic “1” if one of the processor input signals 28,
30 is more than approximately 2.5 dB from the satura-
35 tion level (clipping level) of the A/D converters




ty of sound so that, nomnally, the directional cha 35 rgg&g&?g&%& of the
hearing aid contains a notch in 29 March 2005 WD 02/ 3015 /00643 12

the direction of a line extending fromthe first in- put transducer 12 to

t he secﬁ@p }ngut transducer 14. A matching controller 37 determ nes

di ffer eWCS¥HRY anplitude and phase of the input trafsdBM? gnals 5 16

18 and adjusts the anplifier 52 and the delay 54 in response to the
determ nations so that the anpli- tude and phase responses of the first and
second out- put signals 28, 30 are adjusted to be substantially identical.
10 Fig. 2 shows a bl ocked schematic ?ﬁ a second signal processor 100
according to the present inven- tion"and included in the correlation

detector 44 - rein.the correlation value r is calculated as a run- ning

nmean val ue. &%§:§¥6W§ps i? %Lﬁayrﬁﬁe??eaﬂﬁﬁﬁﬁmfg'tFEHSGZBeF°§anaIs 16, 18

or band passrentiersr effeveignaidmiteofcanversegmaiarilg, al&levheasegnal s X, Y

are I n- put dso $i,.gn @ﬁcﬁﬁcéé@six;ezosﬁﬂﬁieé)m(ﬁﬂraoft%g{'célx) 18RGe.sign (V),
=s

respectively, .to the conparator 130 and if _sign ign a
pr edet er m né*&)VaII&]@rﬁ&c’E 1 F ea%"‘?tbr‘gecf”’(t@uf:hégs&ﬁ phegd8eF ¥80 and i f
si gn(X) ~Ssigniqad)c, “1A2if @hesiaddedsé¢ oin hebsalmcienvadder of60he The | ow pass
filter 170 aMeragescLhg Ut pat t r . LN jaR,appropri ate
ok DB RUER Y LRETY! 8 ndE0 17508

time interval, .such as 1 a closer
approxinatiéﬁfpﬁg ©Fs obtai- 25 ned by the running nean value. Fig. 3 shows

a bl ocked schenmt ifdgof 4astbgnabn lirpet cidantonod00fi nebudedsin the
Chat i o contocray PeorReys gy sl Gl (el 908hat, 9081 14EA200%% Second
signal | éfelo@éCectOr 2b2 ©OREPLEE 4€3nAectsgrementnsd steahdd i Pput transducer
signal 18. one in 32 clock cycles, i.e. in 1 ms, and when the

control signal 46 goes low, the counter 402 is decre-

mented form one to 0 in 512 clock cycles, i.e. in 16

ms. The person skilled in the art will appreciate

15 that the modified signals 28’, 30’ are identical to

the respective processor input signals 28, 30 when

the counter output signal 404 is logic 07, and in

general that:

signal 28 = signal 28 + counter output 404
20 (¥%{(signal 28 + signal 30) - signal 28), and
signal 30’ = signal 30 + counter output 404

(%(signal 28 + signal 30) z™% - signal 30),
whereby a smooth transition from a directional
characteristic to an omnidirectional characteristic
25 and vice versa is obtained. In the first signal pro-
cessor 20, the signals 28’, 30’ are summed into the
third electrical signal 32. It will be appreciated
that when the counter output 404 is equal to 1, the
circuitry 406 simulates that an acoustic signal cor-
30 responding to the average of signals 28, 30 impinges
on the hearing aid from a frontal direction whereby
an omnidirectional characteristic is obtained.
In an alternative embodiment, the directional
characteristic of the hearing aid is controlled by
35 adjustment of an attenuation control parameter as

¢




The | evel detector 200 sets a control output 46 to a | 0§b§fardn 2005 one of
the processor input signals 28, 30 is nore than approxinmately 2.5 dB from
the satura 35 tion level (clipping level) of the A/D converters 29 March
2005 Q0 0 PCT/ DKO1/00643 13 (not shown). In t enbodi nment ,
the A/D cé@gﬂégrters are sigma delta converters havfﬁé”@&@ﬁﬁaﬁrate of 0.5
for successive sanples (theoretical limt: 1). Therefore, the control
output 46 is also set to 5 alogic "1" if the increase in absolute val ue of
the difference between one sanple and the next is 0.375 or higher. Fig. 4
shows an input circuit 400 of the figgt signal processor 20. Wen the
control signal 46 is a 10 logic "1", the counter 402 is increnented fromO
to one in 331A0ke@YEh8%0 d1rD17:7.1 M8, and when the control signal 46
goes low, the counter 402 is decre- nented formone to O in 512 cl ock
cycles, i.e. in 16 ns. The person skilled in the art wll| appreciate 15
that the nodified signals 28, 30" are identical to the respective
processor input signals 28, 30 when the counter output signal 404 is |logic
"011, and in general that: signal 28 = signal 28 + counter output 404 20
(% signal 28 + signal 30) - signal 28), and signal 30" = signal 30 +
counter output 404 (34(signal 28 + signal 30) z-1 - signal 30), whereby a
snmooth transition froma directional characteristic to an omidirectiona
characteristic 25 and vice versa is obtained. In the first signal pro
cessor 20, the signals 28, 30" are summed into the third electrica

signal 32. It will be appreciated that when the counter output 404 is
equal to 1, the ~circuitry 406 simulates that an acoustic signal cor 30
responding to the average of signals 28, 30 inpinges




on the hearing aid froma frontal direction whereby an kB 865t onal
characteristic is obtained. In an alternative enbodinent?amﬁﬂ&{lrectiona
characteristic of the hearing aid is controlled by 35 adjustnent of an
attenuation control paraneter as 29 March 2005 WO 02/ 30150 PCT/ DKO /00643
14 disclosed in WD 01/01731. 29 Mardly 2005 15 CLAIMS 1. A hearing aid
having a directional characteristic, conprising spaced apart first and
second input transducers for receijwipg respective first and second
acoustic input signals fromthe surroundings and transformng said
acoustic input signals into respective first and second input transducer

signals a first1sigmal aéggg§§orEﬂgwlngaalﬁgrstalngu&ecggaﬂgpted to
receive the first gﬁt transducer signal and a second input connected to

recei ve thelgﬁﬁﬁﬁﬁrl pht TS FdlEr signal for generation of a third
el ectrical 5|gnahnhwdpﬁqeessuhgsanaﬂ@ommd@mng1mbat itrpusdsegral S recei ved

at said flrggraggcgggﬂﬂf eQQQE@iv ggpugn&{a€§gﬂﬁgrFggﬁcéransfornlng t he

third electrical signal into an acousStic outpuf Signa iar act eri zed in
that a cor rigmt ori ahetlectiorn sther cwnfegnrtéroderadt itoanefompingorr el at ed

i nput signalsiqg %tco%%‘tgcfhh]'_éﬁtaE‘ﬂg1§£le0th1ﬂoanéts§>e@@gvé0519@@6&%'On of a
first control signal in response to said detection, said first contro

si gnal belrﬁf%ﬂﬂgpFPBHttBF%%ﬁQPqerr§ﬁgn§%©nal processor for adaptation of
signal processing finst heiberari pgoaksdsaccanding o siadst des@ed i on of non-
correl ated ég] ectehggal§ece1ve gﬁ%a%Hggtaiggu(H%¥2%sggcgg giéﬂé? 1, wherein
and a second input connected to receive the second
input transducer signal for generation of a third
electrical signal by processing and combining the
input signals received at said first and second
inputs,
an output transducer for transforming the third
electrical signal into an acoustic output signal,
characterized in that a correlation detector is
provided for detection of non-correlated input signals
at said first and second inputs and for generation of
a first control signal in response to said detection,
said first control signal being supplied to said first
signal processor for adaptation of signal processing
in the hearing aid according to said detection of non-
correlated input signals.
2. A hearing aid according to claim 1, wherein
the correlation detector comprises a first signal
level detector for detection of first signal levels.
3. A hearing aid according to claim 1, wherein
the correlation detector further comprises a second
signal level detector for detection of second signal
levels.
4. A hearing aid according to any of the
preceding claims, wherein the correlation detector

comprises a second signal processor that is adapted to




the correl ation detector conprises a first signal Ieveldgghgg; Ryosf or
detection of first signal levels. 3. A hearing aid according to claim1,
wherein the correlation detector further conprises a second signal |evel
detector for detection of second signal |evels. 4. A hearing aid according
to any of the preceding clains, whéfein the correl ation detector

conpri ses a second signal processor that is adapted to 29 March 2005 16
calcul ate acﬁcqﬁsdt%orr@kagg%e@l%l% shonal s¢ CLE?ern\éqg gbromdhe first and
second signals. 5. ear | according to any of the preceding clainms,
wher ei n thef¥¢?§¥“t5ﬁFPBla@ggﬁépnﬂSSléﬁﬁh%cted to the first signa

processor for controlling 4hg Walqi nMirghnthecdirsl, shgnalye processor
conbines the first and second processor input signal's. 6. A hearing aid
accordi ng tEFQﬂ%ﬁHﬂGSClﬂh@ﬁelWhem¢knfﬁh@ﬂfkﬁ%}n&bnpweéessgm&hOMblnes t he
first and igg%gﬁ r ocessor,,i.npu nal § o] ion sound
reception. A e§r|n§§al hgcco%d§%g tg %gﬁof CQ%S%%% 6§£mhere|n t he
second processorolilsngdaphed way cahcuhaﬁehthehero§$r96rrei@mabn value ro as
an apprOX|nat|on to or_an estl te_of a value r defined bg t he foll ow ng
equation: B R RPBXFES | ga) A NARAMNBT ST XPEECS* ¥ ¥l ed si gnal
derived frqnuhheslbba$g signal, Y is a sanpled signal derived fromthe
second signal, and Nis the nunber of sanples. 8. A hearing aid according

to claim?7, wher®in A hearing aid according to claim 5, wherein
the first signal processor combines the first and
second processor input signals for omnidirectional
sound reception.
7. A hearing aid according to any of claims 4-
6, wherein the second processor is adapted to
calculate the cross-correlation wvalue ro as an
approximation to or an estimate of a value r defined by

the feollowing eguation:

ZXTY

ZRY T TH

r= . o0 N

wherein X 1s a sampled signal derived from the

first signal, Y is a sampled signal derived from the
second signal, and N is the number of samples.

8. A hearing aid according to claim 7, wherein
the signals X and Y are digitised in one bit words.

9. A hearing aid according to any of claims 4-
8, wherein the correlation wvalue rp; is calculated as a
running sum wherein a predetermined value A; is added
to the sum when sign (X) = sign (¥Y) and wherein a pre-
determined value A; is added to the sum when sign (X) #
sign (Y).

10. A hearing aid according to c¢laim 9, wherein

A, is equal to one and A; is equal to zero.




the signals X and Y are digitised in one bit words. 9. Azbaadrbmgom d
according to any of clains 4- 8, wherein the correlation value ro is
calculated as a running sumwherein a predetermned value Al is added to
the sumwhen sign (X) = sign (Y) and wherein a pre- determ ned value A2 is
added to the sumwhen sign (X) # silgh (Y). 10. A hearing aid according to
claim9, wherein Al is equal to one and A2 is equal to zero. 29 March 2005

17 11. A hearing;fi d acgpging t9;any, the £&c 9.¢ aigs, further
conprising an adaptive mi_it (::thgng lcgléllr cauﬁorwgt% Ptlgrst %dosecgﬁ% i nputs that

are conneckegrafiing t lsdatespectivends r stompmd ssegondni npulaptivansducer
signal s andmggcrhgtﬂgaggrg&ctoqgit%ut QUL 'Eaplgt ar e cionnn%ct %g o_the respective
of "Modf ficati' e §f ﬁ%

first and second ~processor inputs | ftTde -and phase
responses oforreetidr stitAndheecangecotipet fsrghnabsd isBcobrRGpPaAAsELt O

determ nations of difference in_the anplitude and phase responses so that
the anplit U™ SHE e phas 8N ESpaASed 16FT t RBIS iSPSPRANnQUERRGhd tBEE put signal s

are substaniial lopnhdendd calo, and whesgidritBe repsd elald onedshgct or
generates a second control signal that is connected to the adaptive

mat chi ng ciRXAACESPEr 1RShi £9n Modiddaptiare wat chingi tiyden drdection of
non- Correlﬁﬂégé %%Qﬁéﬁ§és of the first and second output signals

in response to determinations of difference in the
amplitude and phase responses so that the amplitude and
phase responses of the first and second output signals
are substantially identical, and wherein the
correlation detector generates a second control signal
that is connected to the adaptive matching circuit for
inhibition of adaptive matching upon detection of non-

correlated signals.






