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{57) Abstract: The present invention relates to a hearing aid with a directional characteristic, comprising at least two spaced apart
“~. input transducers (16, 18) and 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, is
determined, and wherein signal processing in the hearing aid, sach as transducer matching, filtering, signal comibination, etc, is
adapted according to the determined signal type. For example, the directional characteristic may be switched to an omnidirectional
characteristic when at least one of the input transducer signals is dominated by noise or distortion, and/or adaptive matching of inpat
transducers may be put on hold while at least one of the input transducer signals is dominated by noise or distortion.
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(16, 18) and wherein transducer signal type, such as transducer noise, w nd
noi se, sound emtted froma sound source |l ocated in the surroundings of the
hearing aid, distorted signals, such as clipped signals, slewrate limted
signals, etc, is determ ned, and wherein signal processing in the hearing
.aid, such as transducer matching, filtering, signal conbination, etc, is O
adapt ed according to the determ ned signal type. For exanple, the
directional characteristic nay be switched to an omi directional
characteristic when at | east one of the input transducer 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 transducer
signals is dom nated by noise or distortion. 29 March 2005 WO 02/ 30150 A2
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DUCERS The present invention relates to a hearing aid SoyhkRoslsr ectional
characteristic, conprising at |east tw spaced apart i nput transgucers.
Hearing aids conprising two input transducers and having a directional
characteristic are well known in the art. A sound wave that inpinges on a
10 hear WRZ3Y of this type at a specific angle is rRCTREQIBH by the two

i nput transducers with an arrival tine difference defined by the distance
between the input transducers, the velocity of sound, and the im pinging
angl e. The output signals of the two input 15 transducers are conbined to
formthe.directional cha- racteristic of the hearing aid. Wen the output
sig- nal of the input transducer recdiving the sound wave first is del ayed
by an anount that is equal to the arrival tinme difference of the
correspondi ny BRARNG R1ia VL Th RDAFB T VE CMATCHEING ¢heIMRIITh IRAISgnal of the

ot her i nput ffaggducer, 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

i nput - transducer sSigmabrdmendr énsehtiactraipted e andwaringositdi on of the
notch in tde,diy ecli ofx ectﬁBﬁéfCt&{éﬂdt%r%)fige agbﬂﬁ.#iesqn%or Lespondi ngly.

It is also [T known that _the frequency re- SponSe of subtracted signals
ori gi nati ngvf% Eveo fRaced ARGt dBPPR §¥RnadWceg8ndi ngs of the hearing aid,
i .e. the transducdlestigial sidy ecagrieiagedws ghahs, tednslucerdB/ oct ave

posi t1ve slagg T4Segl oW faeQURRChEs abe-hlenuplgd for casel ated
signals while this is~no Jhe case tor non-correla (_aaa5| gnal's, i.e.
nei t her 35 tigwadublr thei setnod vigvddhograse i khalt t dmDiRgRE Theke

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-




29 March 2005 WD 02/ 30150 PCT/ DKO1/00643 2 fore, the si gnahid@ Bgsse ratio
Is reduced in a prior art directional hearing aid conpared to an
omidirec- tional hearing aid. Notch formation requires that the two input

5 transguc re identical, i.e. they have identical rangters, such as
sensi ti%tﬁ?égls nd phase respon- ses. Typically, i den{)?@ﬁ?@‘)%nuf actured

I nput trans- ducers exhibit sensitivity differences of the order of 6 dB
and phase differences of the order of 10. 10 Directional characteristics
can not be formed with input transducers with phase and sensitivity diffe-
rences of this magnitude. Sel ection of paired input transducers nmay reduce

the sensitivity differences to 0.5 dB and phase differences to 2 which may

still 15 not |ead to notch formation in the directional cha- racteristic.
Further, agefRE®maihe rtidide trhBeEsYi Fatieienaedugetr 10 3T 4% WO 01/ 10169,
a hearing ai drwi tbhrecaptdane heﬁ&iﬁ:_ljllm donipapet tbansdoaeidided:-di scl osed.

According 2Q;t9-4 t}?ea}qcl g@l ?&# differences in sensitivity and phase
response are conpensate |S|ng specific circuitry continuously

“deternining the di Fpeelendesmabien c5ppueRtes i ddpatortheeivo THEWHES f er ences are
deter- mi antbaﬁ&ﬁhﬁrd hers oudshisicana! si reecedn@d Bnd hegdntiZa1put

t ransducers. |onal I gnal s_ar el.ection of input
transducers 1ps erfll m At eséfm%dg [ ?en?etrwﬁ%éfgsbeﬂfieppa(ﬁer cifi¥ ro)? processi ng
each of the #es.sperigaldvi.npdentiemsidusmnudeaghared atmpwi ffzansnces created
by ageing oragtbes bRhiMANCESHAEAULOMRHFardlced! by GRRPEIREEd.
of 6 dB and phase differences of the order of 10°.
10 Directional characteristics can not be formed with
input transducers with phase and sensitivity diffe-
rences of this wagnitude. Selection of paired input
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. 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




In a hearing aid with a plurality of input transducers,zégg Qbgust signals
fromthe respective input transducers may not be generate ?}on1the sane
sound source. For exanple, when the hearing aid is 35 operated in a silent
envi ronnment, each of the input 29 March 2005 3 transducer signals contains
~only noise generated by the respect3ve input transducer itself. Thus, in
this case, the output signals are generated by independent and thus,
non-correl ated signal sources, nanely the individual input transducers.

Li kew se, sé%naljcf gener at gld b tthe t wo_input Iransducerts | n_response to
wind, i. e “WHENSiseEr *hot” oY el ated sTHCE af T ° 11 oW at? t he hearing
aid is turbthentespHmdvealisput ntréamsducasa tsteid.ofhpat snghlals are

generated by, indey, pendent §ignal s SOU CoS; o FYNGL, 1hBE,EARML, t T ansducer
at I y the D ch

signal s are cli'ppe igh input |eve nverters converting
the input tiechsHeer BPgnavsrelgteadi gitwalsi ymadess Typinaly ythaignal s are

clipped at ;ghiffierent signal |evehsabecayse pirdifderensignpuy transducer
sensitivities and, thus, cllpged signals may al so be non-correl ated and

appear to MRS PdefrBFatsy bYPTHhdEERBIRETS gRaF S SBYREest® When t he
i nput transdiucer isi gnalwsirar evcjerer atred noy comrdependentistgnal r sources, the

above-mentiplned 6ptri or. dgrétlminn ug.&rgsnsg&gg&leqlatt ch}hn teé:_Lhni que falls apart
since, typi cal'l Y, t Fe® det eF M hedt phase and sensitivity ditferences will be
doni nat ed bhigi fdaseendds iontrie sganelat edesiognatsterhdowi Ehderot be rel at ed

to differgngpsnkn JinaUl LHARSMUICER, PAIATELELS i dhuri $:aR8BEECt Of an
- enbodi nent of the présent invention to provide a hearing aid with a
directi onalsignals are clipped at high input levels by the A/D
converters converting the input transducer signals to
digital signals. Typically, signals are clipped at
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-menticoned
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




characteristic that overcomes the above-nentioned di sadygapigaeso’f the
prior art. This object is fulfilled by an enbodi nent of a earing aid with
a directional characteristic wherein transducer signal type, such as
transducer noise, wind noise, sound emtted froma sound source |ocated in
the surroundings of the hearing aid4 distorted signals, such as clipped
signals, slewrate limted signals, etc, etc, is determ ned, and wherein
signal processing in the 29 March 2005 4 hearing aid, such as transducer

matching, filtering, . signal conbination, etc, .i.s adapted according to the
det er mi ned 4P %Vﬁ%. égﬁi eXanpf &8ns qﬁfrdiwiﬁﬁﬁlBHal%g&ﬁﬁFéEQEristi(: may be

;vm' t ched tmia;ma@mﬁod@aieatimal et@,haiachaapmd .Ca(tl\df’rﬁd‘dial.tg Iteas;he)ne of the
oot ve meseriifihed! 003D | 3400N HRLOLANoD0) S8na" HLBLAILRON  Aand ol

adaptive matching of Input transducers nay ut on hol Ile at | east
one of the $haFacterhiisidu-meer bsi gwdltshed doniarat enpislingotsenay distortion.

Thus, the ahouaceepidoned,and ot helaabj 86d Sofr ene f uhbit | eday one aspect of
the present inventjon, where there is provided a hearing aid having a
di r ect i onal9uEhar AAEr tst 1T, OBIPRFE n§Yspiisd apar tdisitPEtiad  second

i nput transdhdyers ddaptiesemnut agi nespect hyer f tFsisdndssegondacousti c i nput

signals fraom.the surr.oundings nd_transform the acoustic¢ input signals
- into respé%?ﬁ&glﬁV¥%ﬁ W%% es@éo% aF%pﬁPetPgn ggcéPpgfgﬁﬁTgfg%. first signal
"processor lrad sgoaais rist dompoudteabiyeobise dm dieterviort.he first input

t d [ nd &, dl t iive the second input
ransducer signal,,and . S8EQA mbﬂ? ne inér}‘gnce%éro. éﬁfeedt‘é. é% > P

transducer signal for generation of at ctrica sign y
processi ng BAd1ebedity Myet REPRAPURT Sitgn&irgsent invention, where

there is provided a hearing aid having a directional
characteristic, comprising spaced 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




received at the first and second inputs, an output transguggty 56ds
transformng 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 control signaldain 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
conpri se an“ @Yt STe Wlﬁ%t ctﬂ'ieng&cslpre(?ﬁ??ewftlﬁs?i pEf ﬁﬁﬂog‘écbﬂﬁuﬁ: nputs that
are 29 MarcitrC0hcda conmedtedndl tthrshe andspecbhnie olikpsts andassecond i nput
transducer gignalanandedi rel and seeand.quipukg Lhat,areccoppected to the
respective tirst "and secon processor 1 nputs tor modi fi gation of anpl i tude
and phase PrspFe$oss biputfe frrsmogiidisatorr odt purpkitgpdenairdin response
to determ natdQnsrfpdiddserancend nsitdie 2Pl LEugdes apge Sgigesponses So
that the resul 29 March 2005 WO 02/ 30150 PCT/ DKO1/ 00643 ting anplitude and
phase respotfses bt TREPPIFRt tandeteERbprl putf sPAgharLeRfi% Bdj usted to be
subst ant i al thd yamshentidealancanthasberneispohfies cosr ehati @Redekeglor generates
a second control signal that is connected 5 to the adaptive matching
circuit for inhibition of adaptive nmatching upon detection of
non-correlated signals. The first and second control signals may be

i denti cal signals. '




10 In a hearing aid according to this enbodi ment of the,phgsgnsodsnvention,
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
r espons¥OU8 ound  source located in the surroundi RGEPRHHE hearing aid
so that in this case the hearing aid continuously adapts to changes in
transducer paraneters. Wien non- correlated signals are detected, e.g. when
the trans 20 ducer signals are dom nated by non-correlated sig- nals, such
as when at |east one transducer signal is dom nated by, e.g. transducer
noi se, wi nd noise, sig- nal clipping5etc, updating of determ ned val ues of
di fferences in transducer paraneters is not performed 25 rather, for
exanpl e, t hetingnachicendearade phaseomeeponsasi af checdikrsy sedni ns set
according { Gsddind Fephe HBGMEM Al Uenuatohng, dhl fananegs afhe correl ation
nore signa P etectors

detector may, conpri se"qne O S eve y or detection of
respec- 30 t3¥elfAptical.andpdic#hesrinalthreverrrelpsicex Sa5eEtothe first and
the second cgaearalteautsp iy demisel tsigaall @Bkt i%' cdpgectbe detected

[ [ [, 1 . Lned.th d | I h 2 dB
oL 0nel T euelsd ot Bty LhopoRt SIS EE ALY gl do LSt Sppoueh, 2 2, d

be- | ow the saturation : conver
i nput t r ans ARRRL W¥iegadtehiaadi weeal deterbien 2§05heap @rredased
PCT/ DKOL/ 006G#iyfalsdi.gnal s. The first and the second control outputs may be
reset to a Iogic'g%é wpen t he etecteg signal ;I e-, vels returg?to val ues
Th

|
bel ow the predet erfil ned tHr e8¢ hESFERATHENEPS HEFELE o™ RayFur t her have

hysteresi s i1dentical signals.

10 In a hearing aid according to this embodiment
of the 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




5 so that the control outputs may be set when the de- teg} | evel
Is above a first predetermned threshold |evel and reset en t e det ect ed
signal level returns to a value bel ow a second predeterm ned threshold

| evel ‘that is |ower than the first thres- 10 hold | evel; The signal |evel
may be WROZAPM t ude Ievel, a root nean square | evel PCEDRUNEM3 | evel , etc,
or the ratio between such |levels and a corresponding refe- rence quantity,
"e.g. in dB. Further, the level may be 15 determned within a specific
frequency range. The signal |evel detectors may further conprise slewrate
detectors for detection of rapid signal changes since slewrate
limtations of circuitry that processes input transducer signals may
distort these 20 signals. The signal |evel detector may for exanple

conpri se a stikymalat.e Ther €shat dasd theatsdadondf icoatrotomitmltsoutaput is set

€. g. tologige desdd @ 4 NP 90 tvtteﬁb%%Utaﬁtgé‘tétf Aol 11 ference

bet ween one §an e and the next is_greater than or to the 25 slew
rate thresholes HPFER I5P Vaim@snoiedevwgdher W@éeF?W&h’@sg nal s at
very hi gh | evzlds evEre atevte&)v\dmtemi:csqoeﬁcis furltther hawel pdisarasiilsl typically

be detect agl 48 | Lhsl nne 2osianl duaysldsotyr At dRss ihed above. 30 The

hear i ng ai d urt nprise a anal yser eterm nati on
of the f requ“e‘?ﬁt;?‘%oﬁlgltaelnt 1%‘1’&]1 npit aPPHﬁscﬁJcétr%ﬁ gﬁﬁ?@etféfn&neﬁor di scrimi -
nation bet weehresigiadl leid. 4ol exeep| Ghe RtlendiRctald glgnpped signal s
mmy be di stinanehad iagedoon 2 M 0% sboblis frldsiggLcontent,  and
res%old level that is lower than the first thres-
10 hold level.

The signal level may be an amplitude 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




adapted accordingly. Further, the signal level detectors,§Ry,/Bergtsed for
detection of the |level of a noise signal whereby w nd nolise nay be

di stingui shed fromtransducer noise since, typically, transducer noise is
a lowlevel signal while wind noise is a high |evel signal. Thus,
according to an enbodi ment of the present invention, at |east three types
of signals may be identified, i.e. transducer noise signals, w nd noise
signals, and signals from sound sources |located in the surroundings of the
hearing aid. Further, distorted signal types, such as clipped signals,
slew rate Fh54% eredUgREY s CoBERUt medhes it rosass 9 ardeddy nenti oned,
transducer glgnalsadvaingat,ed by transducer noise, w nd noise, and/or
signal distortion are not correlated since the signal sour- ces are
substantial |y i nfdepérdentthef ségepl ottheel Fheecpposiar be vsed for

transducer 0nalcaenRr Bkednin 14E2P8R5E LR 3eSRALHLE C.aaung, sour ce

| ocated in the surroundings of the hearing aid. Such signhals differ only

by the arri%did thawsedimeyekencl scangetsind thondi tragsdineer baeien t he

transducer ssapd, by difdangnces...cansed by, fdansducer differences, i. e.
such signals are highly Correlated. Thus, signals of this type may be

di sti ngui shei@™y ehikulvdndonobde drogshedh rlevatli shonakd ues of i nput

transducer signajig.s AGCRIGNA gt @02RneBRAGLIREL+ Of £ t A PELSE&NE 1 N- vention,
the correlation detector conprises a second signal processor that is

‘adapt ed to dHiediligte adtr dsesteothkdcat Fweabfie sépbrsignalay derived fromthe

transducer gigRaksSeq QUL PUL LFANRANCET n3lighalss Wil a,; L4 0fssLorrel ation
value within a predeterm ned range of cross-correlation values are treated
as correl atd@gnals, and signals from sound sources 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.




signals. 29 March 2005 WO 02/ 30150 PCT/ DKO /00643 8 For %M&HEI?ZO(B
cross-correlation value rO may be calculated as an approxinmation to or an
estimate of a value r defined by the followi ng equation: 2XY r= N (~N}2)
(VU2 - N (2K 5 wherein X is a sanpled signal derived fromthe first

si gnal , WP 828013 sanpl ed signal derived fromthe secoRe/BEKYM4H3 and N is the
nunber of sanples. It is noted that r ranges from-1to 1 and that r =1

for identical' signals X and Yand 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 having DC-values equal to zero,

i.e. XX =0and ZY = 0 in the equatifon. 15 In a preferred enbodi ment of
the present inven- tion, the correlation value r0O is calculated froma
particul arly sinplEcrapprampimt i ancrossirommlation wlleeeima tmhy¥ signals X
and Y are dijgetéseshldteNendi dn WOhhinat8ont Be JOhPfeddifagbonal s X and Y
are in- 20 se{ted I.n the eguatéd%p. ht S, even nore %eferred to calcul ate
the cor- rel3tidVarhfus PETERed Bk ?né‘)]rr]eoiﬂ%le@é‘a @tein a predeternined
value Al is added to the sumwiﬁgij sign(X) = sign (Y) and wherein a
- predeterm ned value 25 A2 izsY a to the sumwhen sign(X) # sign (Y). If,

F= STIL SIL
e

5 wherein X is a sampled gignal derived from the

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

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




for exanple, Al =1, and. A2 = 0, r increases towards t when X
and Y have identical signs, and r decreases towards %ng#@&g%"aﬂgv have
opposite signs. Since non-correlated signals, such as transducer noi 30 se
or wi nd noi se, change sign independently of each other and thus, wll have
i dent i c‘é’P"éfPQjﬁ% hal f the tinme while signals generat Bgl/PKI08Eonse to a

- speci 29 March 2005 WO 02130150 PCT/ DKOL/ 00643 9 fic sound source are
highly correlated and have the sane sign substantially all the tine. In an
enbodi mrent of the invention, the first signal processor is adapted to
process the first and 5 second electrical signals for formation of an

omi di rectional characteristic upon&etection of non- correlated signals,
e.g. by signal level detection, by cross-correlation calculation, etc. The
omi di rec- tfbmakoahdrscterd sdate Imgghllye doareddtby sebetkiagthbe 10 first or

the second elggd rdicRl sﬁbgﬁ‘&ﬁt m?;r e%hﬁﬂ@l t1 ectrical signal whereby signal

to noise ration is._ inproved ITectional characteristic, or,
t he ommi directi onat™ cRRr &E‘P@FI%%IF”C #hy tBe rigveBRiony &ber 4¢FRE the first
and second ebtigtal gatocsisgoal $s15dupesdbno sp:g:nftlsst a@HeoifSestabhg may be

further | e ougshq ANdcELoRl oL Blasl ST aLeadlalpdd ol Leduged 1f. Lor
ew

exanple, only o the s S Fate |mted Still
ot her obj ect¥e@fiqnse p%ﬁ?tﬁw orPPC’ZJO V@eltlecbé@l?neoﬁppﬁpént to those
skilled in tdfmcﬁjxatfeﬁormghtaestolel Wi hg cbqsa@arallpt:ueaﬁélv\/r@ét@dﬁlbh? i nvention

Wil be ex L [ det.al y_of exanple,. ..there is shown
and descri bgﬂ’d‘?a preéf grog %i‘é@ Yolo[ éaalculagxo etd. HERoniairEE

tional character:.st:.c 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,




of this invention. As will be realised, the invention 255} aggﬂje of
other different enbodinents, and its several details are capabl e

nodi fication in va- rious, obvious aspects all w thout departing fromthe
i nventi on. Accordlngly, the drawi ngs and descriptions wll be regarded as
i 11 ust r¥QAYEBH nature and not as 30 restrictive. |PCVPEMGPHR ng: Fig. 1
shows a bl ocked schematic of a hearing aid according to the present

i nvention, Fig. 2 shows a bl ocked schematic of a second signal processor
according to the present invention, 29 March 2005 WO 02/ 30150
PCT/ DKO / 00643 10 Fig. 3 shows a bl ocked schematic of a |level de- tector,
and Fig. 4 shows a bl ocked schematicl8f input cir- cuitry of the first
signal processor. 5 1t will be obvious for the person skilled in the art
that the circuits Bhow? ishavise adbdvocked nohebeticeafi setewsli mip-di gi tal or
anal ogue ciredbtéy, Gine@ny conbination hereof. in the present enbodinent,

digi- tal signal pgoces I s enpl oyed and thus, the sig 10 nal processing
circuits conprise %}%1t§Jn@? q¥V5¥:ge??ﬁﬁ@aEiq(ﬁﬂt%ﬁpé£nc%ﬁ’nplicity, t he
A/ D and D A cugbrwertt éhs &mesuoslgsiadv\promséte: drawing. In the pre- sent
erbod ments 2l | hfe Jhgh AbeCldubliy Ok he dsathnGaldemy e provi ded

on a single dh |taI %%&a processi ng t he C|rCU|try may be
distri- bute§™on®&" gt tﬂ"‘?y%f—”"?h’%*‘eg?*ﬁ’f”@d 18| E-El ii‘—’%‘mliﬂs way beny
appropri ate mglld?acg udirghodisyicalll eakethdohasntdiecaitgyhear iang aid 10
conpri si ng acBﬁBfﬁaﬂﬂ&N“he&%@@?dﬁﬁeEhéngggeﬁE embodiment, digi-
tal signal processing is employed and thus, the sig-
10 nal processging circuits comprise digital signal pro-
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-




20 second input transducer 14 for transform ng an aCOUStQ?h&%@Pﬁ I gnal
Into respective first and se- cond i nput transducer signals The
~input  transducer signals 16, 18 are converted to digital S|gnals by A/D
converters énot shown). A first signal 25 processor 20 has a first input 22
that isWOMIYted to the first input transducer sigheIPHY/4HE a second
I nput 24 that is connected to the second input trans- ducer signal 18 via
an adaptive matching circuit 26. The processor 20 processes and conbi nes
t he processor 30 input signals 28, 30 for generation of a third electrical
signal 32. An output transducer 34 trans- forns the third electrical signal
32 into an acoustic output signal. ¥he adaptive matching circuit 26 has
first and 35 second inputs 36, 38 that are connected with the re 29 March
2005 WD 02/ 36as0-iveT/ Baaly 00643 sktospedmpue fliresisdandrsexigmdlisnput

transducer sjgnals aﬁcﬁ fl%@%ciléééorﬁn%&ﬁﬁeg%eut RY! $138. 59¢ that are

connected to_the [es e first apd second proces- sor Inputs 22, 24. The
circuit 26 rﬁ)%‘%? d5@93ﬁ81%a§E§%§5%s‘ﬁC%d ROESrst and second
out put  si gneds anutEOZBn 12dsp dhee ctiocdet e2 6 medi fiss admpdiiftudker ences in

the anpl i taidg, Andy ANAS L LESRANS€SF SPhd Nk s hgn?m%l 'g'bﬂgo o%'% uphase

responses of the flrst and second out put _si adj usted to be
10 subst ant iSt9%*de8ri S8 10A TesPPBRAL nd%ﬁﬁﬁﬂﬁﬁﬁtl$$sl§fc§ﬂﬁe0ted to the

i nput - transﬁhnawcesugnathelﬁmpﬂituﬁ@dadatpnagepwégpaﬂy%s @b maempccorrel ated
signal s and tﬁf‘eneérﬁ’ﬁﬁq:ud'er ShNghs&s FONLERR 'Y S9Ng,5.#6,,48 I n response

to the dete )
second output signals 28, 30 are adjusted to be

10 substantially iden;ical.

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




15 tion so that signal processing in the hearing aid canjgRhg,afdsmnised
according to the detection. The first control signal 46 1s connected to the

first signal processor 20 for controlling the way in which the first

si gnal r conbines the first 20 and second processor input signals
28, 30 g%ﬁ&@igﬁy combining the first and second prob®¥EHMHput sig- nals

28, 30 for omidirectional sound reception upon detection of

non-correl ated transducer signals. The second control signal 48 is
connected to 25 the adaptive matching circuit 26 for inhibition of
adapti ve matchi ng upon detection of ngn-correlated signals. The adaptive
matching circuit 26 has an inver- tef450 connected in series with an

adj ust abl e ggﬁn 30 mplif%er 2 that is connected in series with an ad
justable del &y° sHTeHEFoMnA aPXbENGERG sFEM hejefiggptsdnequal s t he

di stance betBeentrdmsducest lando theoredcbnfiuinpianseuesiuck?, 144 divided by
the vel oci - AY mkcB9HRA $2+LRR < NQH .the directional cha 35
racteristic of g egr idng a?d %ron?'Z} %éaex.r%%lg'l% idr%f%ér cr:'%ﬁ 2805 wWo

02/ 30150 PCT?‘EEgtCh 1 PRafe BT cblig oWt atFarrdusereraligngler om t he fir st

in- put trank@ucks ARl tadjuisessenendmpIpfiert NS @helbelah Bt Ching
control ler 3 dgl |aes differ .in . anplituyde a hase ,of the input
et S Be e e EREFIARE i PRERd B iPhe del ay 4

transducer signals 5 16, 1 ‘
in response ¥4 FEdPPePERI Karprress oLt hhe Chestinpid -seamhd @uti-phase

responses ofputhesfdreils are) SRrCoieh Oaliudtdls YWY Ssdfstai 1@ngyadi usted to
be substantigld¥icai.

10 Fig. 2 shows a blocked schematic of a second
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




identical. 10 Fig. 2 shows a bl ocked schematic of a secong 53&%@5
processor 100 according to the present inven- tion and |nclM ed 1n the
correlation detector 44 whe- rein the correlation value r is calculated as
a run- nin an value. The signals X, Y nay be the input 15 transducer

si gnal s %19/3% or band pass filtered ver- sions of t¥e/2XYM%* 16, 18. The
signals- X, Y are in- put to sign blocks 110, 120 that output sign (X) and
sign (Y), respectively, to the conparator 130 and if sign(X) = sign (Y) a
predeterm ned value Al = 1 is ad 20 ded to the sumin adder 160 and if
sign(X) ~ sign (YY), A2 =0 is added.to the sumin adder 160. The | ow pass
filter 170 averages the sumoutput fromthe adder 160 in an appropriate

time interv If AL =1 and A2 = - cl oser
appr oxi nat i SL wn?(‘)bgﬁ hg s pREgeRy ?’F}%"Cgt‘ﬂ?ﬁitngt#@aﬁ/l?arcﬁﬁ Fig. 3 shows
a bl ocked sé’f@?@tﬁsca@ﬁ aighgrgltd evelvedberstlavi2@ a milewdedten t he

correl ation gfet @¢s @iy 44ucEOPP}S| %Qmﬁléérs(tthébﬂéﬁica{levﬁ mygt ector 202
that is conne irst input tfransducer Il 16 and a second

te
signal |evel® g‘ré"teb”fetf%ﬁ' thEe FLETn RNl 6 fLﬁea%é%oﬁﬁtl RPut transducer
signal 185 aTHlngle—vé‘ll"d&fecther i86Peset sim alpniluak eulpet of6the a logic "1”

I f one of t o] n 0] roxi mtely
2.5 dB from@%ﬁﬁ?aﬁ%ﬁgﬁn %v%]ga}fﬁ%l %%‘lf)ngﬂl?ev {“je E? 29%/ D converters

29 March 206% 8¥30150 PCT/ DKO1/ 00643 13 (not shown). In the present
embodi ment, the AFDgcod- shewseas angusi @ghcudel aocemverkeEsyBavi ng a sl ew

rate of 0.3G0k1SUCEESSIYE FRMNES (USSR shiflf 46 35 a
10 logic ™1”, the counter 402 is incremented from 0 to
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

¢




1). Therefore, the control output 46 is also set to 5 a be@ifch d0osi f the
increase in absolute value of the difference between one sanple and the
next is 0.375 or higher. Fig. 4 shows an input circuit 400 of the first

si gnal r 20. When the control signal 46 is ic "1", the
counteraﬁﬁgﬁﬁgpincrenented fromO to one in 32 clocﬁmgégﬂh@ghﬁ.e. in 1l ns,
and when the control signal 46 goes |low, the counter 402 is decre- nented
formone to 0 in 512 clock cycles, i.e. in 16 ns. The person skilled in
the art will appreciate 15 that the nodified signals 28 , 30" are identical
to the respective processor input sggnals 28, 30 when the counter output
signal 404 is logic "011, and in general that: signal 28 = signal 28 +
counter out s A¥ed20n (¥4 919348 + signal 30) - signal 28), and signal
30" = signal 30 + counter out'put 404 (34(signal 28 + signal 30) z-1 -
signal 30), whereby a snmooth transition froma directional characteristic
to an omidirectional characteristic 25 and vice versa is obtained. In the
first signal pro cessor 20, the signals 28, 30" are sumed into the third
el ectrical signal 32. It will be appreciated that when the counter output
404 is equal to 1, the circuitry 406 sinmulates that an acoustic signal cor
30 responding to the average of signals 28, 30 inpinges on the hearing aid
froma frontal direction whereby an omidirectional characteristic is
obtained. In an alternative enbodi nent, the directional characteristic of
the hearing aid is controlled by 35 adjustnment of an attenuation control
paraneter as 29 March 2005
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CLAIMS 1. A hearing aid having a directional characteristic, conprising
spaced. apart first and second input transducers for receiving respective
first and second acoustic input signals fromthe surroundi ngs and
transform ng said acoustic input silgnals into respective first and second
i nput transducer signals, a first signal processor having a first input
connected to receive the first inpyhlysansducer signal and a second input
connected to receive the second input transducer signal for generation of
athird electrical signal by processing and conbining the input signals

received at saidifirst andaseg®nd aiidpuhsvigd OW putait-eapsgucer for
transformng the thirg, electri.cal signal into an acoustic output signal,
char act eri Z8F 5T CHAC “ACEoT P E 84 detector is provided for detection of
non-correl at ed inputedsiagraalts fiatstsaind fdagcehdaridpsecardnsapodss and for

generation f; 8ellislndoRLEBLosl ANAk L0, ESRONSESP, Sald defection,  said
first control” signa bel ng suppried to sai d i rst " signal processor for
adapt at i on BPW gridinagsode®si ridie i naneeindéaghngrdi dravededning t o said

detection ofaiNPrcce@khel ahpde i P S GRS redpeBLhear engsai gh@according to
claim1, wherein .the correlation detector conprises a first signal |evel

det ect or foiePECedfPBh bFaR it TspdAaflfevel s.

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 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




3. A hearing aid according to claim1, wherein the corrg}jiiQhdet ector
further conprises a second signal |evel detector for detection of second
signal levels. 4. A hearing aid according to any of the preceding clains,
wherein the correlation detector conprises a second signal processor that
is adapted to 29 March 2005 16 cal cdlbate a cross-correl ati on val ue of
signals derived fromthe first and second signals. 5. A hearing aid

according to, Y e theroPLecsdidg Gha 081w NSF &liybhg E{eme&ontrol si gnal
is connected to the first signal processor for controlling the way in

which the ffr<t ?ﬁegﬁéFStp?%%é§§ﬁmdcéhﬁpﬁb% the first and second processor

input signals. 65, A hearjdagiahd ACE0r QARG AgC! @b M3,y Waereip. the first
si gnal processor conbines the first and secdnd procéssor input signals for

omi di r ect i BFRACdiggurd aiBe epvhoreim the Hdasitngoaitdoacebgmihgiso any of
claim 4 G.pheneln the sesand processq qfs;adapled fe, calgulate the

cross-correlation valué ro as an ~appr oxi o Or ~an estinate of a
val ue r defearedrdiyinghethel | eayngiequahion: 2X¥ 2ZXE¥t Ns6a@at i )3) (2V2 N

N wherei n is a sampl e i gnal . derjved fro t rst signal, Yis a
sarrpl ed SI ggﬁqceds&;}r\r/rgaor%;s héh %1rst g] seconci processor

input signals.

6. 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.




second signal, and N is the nunber of sanples. 8. A hearbogatilz@scor di ng
to claim7, wherein the signals X and Y are digitised in one bit words. 9.
A hearing aid according to any of clains 4- 8, wherein the correlation
value ro is calculated as a running sumwherein a predeterm ned val ue A
is added to the sumwhen sign (X) =7%ign (Y) and wherein a pre- determ ned
val ue A2 is added to the sumwhen sign (X) # sign (Y). 10. A hearing aid
according to clajm 9, Wgsei; E Ly is.equal to zero.
29 March 2005 17”1711. I}A heé"?ﬁﬂ% Q%h&ac%%gr%idﬁget gﬁgnsﬁ fAt%ﬁe tg?gecedi ng
cl ai ms, furk¥rgeddoapricdbemygsan fdaptéwe comtrdlsiing ciancuiadawicihefirst and
second i np . t with the respective first_and second
i nput traﬁg%tu%hg%gs?é%%‘f%ogﬁga ief?lsrtStaﬁBdsa?:%%n oluntpb%tsstbﬁgt 8%%re connect ed
to the respestrieceefli mdthantiesecopedctprocEssot bnPuisscbaa mmagufi cation of
anpl i tude a{ld phase resEo ses gf the first and second out gut signals in
response t ot WBIEH hati-8R&LDf 287 £ f&Fahc82fn SERENd afPFPELRIe tAAY phase
responses s#rd habonhberadplddt Udgeandesphaseer espensesf thecfdrst and
second output signals are substantially identical, and wherein the
correl ati orPXRESEEPEr Horvérat &3r a Moslddhdatbnt r 6f simnditudehagnds connect ed
to the_ adapéﬂa\é% %‘éﬁgﬁ&ﬂs erif Cﬂﬂet E'Qﬁrst 'aHH' Qééérﬂ:ﬂ &Itp%qaggb}{glémt ching upon
detection of non- correlated si gneﬁ S.

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.




