; e3eAl *9Ai 4456" 6868T* 9HMMAD 021 30150 1 A HEARI NG Al D W TH ADAPTI VE
MATCHI NG OF | NPUT TRANSDUCERS The present invention relates to a hearing
aid 5 wi twoaz2/siisecti onal characteristic, conprising at | eastr/nKw/s@aced
apart input transducers. Hearing aids conprising two input transducers and

havi ng a directi cteristic are well known in the art. A sound wave
t hat i npi ngesI‘EW&WW@@Wi ng aid of this type at a specific angle is
received by t ut” transducers with an arrival tinme difference
defined by the di $%¥¥e between the input, transducers, the velocity of

sound, and the inpinging angle. The out pu]t signals of the two input 15

transducers are conhined to form.t I ti racgteristi he
hearing aid. \ﬁ‘leﬁEggéNgutﬁiﬁ @?Eﬂap‘ség’r&ﬁg ib’%ﬂﬁ@nﬁug&?%&e%%%’g t he
sound wave fi rBUCERSdel ayed by an anount that is equal to the arrival tine
di fference of the correspondi ng sound 20 wave and subtracted fromthe

out put signal of the other input transducer, the two output signals wll
cancel each other. TAhe Rrefamth iBverkivBdredatis e e2t heaxing aid

characteristy Gypfht hg hegridit Rhiat dierd @k viPgcangeemprigiasgt i &t By
adjusting the delay 25 of the.input tr,ansg_uger signal before subtraction,
[

the angul ar posT3Font¥P PRECRG: BRAFF LARVG: FEeRSENAC T har act eri stic may be
adj ust ed correspondi Hglaxindg asdal sompdilskipwewbhainphe frremsehuwensesponse
of subtract ed gignalg, OLE0! 0l LOGLE 9BLA1 SOUAd A0 BRI N LNE e
surroundi ngs o he "hearrng ai d; " T.€’ €_transducer "signal s are correl ated
signal s, has &moWB/ dat atbepoxtiti va Sopd wave that f riapisgssesonr &

attenuat ed fPrn€QF1RGALEH SbPNBhss MR tdl Sai SRt Aihe £3§Fef 98 re-
non-correl ated sjgn nei ther "35 transducer noise nor wind nqQise is

, 1. e.
attenuated. THEFEYSS WEo B3¢ 368y St BREEPOUSSES 162 e SFGHAL (o

noi se rati o istimducHd figremgs | defaneddibyecthenaidtmardengbatdeenndreed t o
an omi directi l..h i i h r et on fegui.rgs t e ;two i nput
5 transducers %?%JFdg%%%g]u,%le%sé!\l%t&%ef%gl%ﬁ}ge%fi §§ Egér tg%gt éctrh% lé‘%fh as
sensi tivities RHagphasandsponThe. dugpuwtal Bigniadent PEalthe navaf damyted

i nput t_ransldf#'c@fénﬁéﬂi:é&*s sedsiddmiitiedidd ?f@ﬁﬁ?ﬁhef dtiE%cQﬁ%hIquk@ﬂB and
phase differences of the order of 10. 10 Directignal gﬂaraoterlstl,cs can
S

not be formed WrEReFLPRLCt CinddiR RS2 HIEH BSse 8i PP @Y erences
of this magni tuak. ofeltded | bmpot paansduceputrdaainsihg et Be mapunddweaard he

sensitivity di n d i f nges LC
still 15 n)(;t IEeggéﬁo%ﬁsztéﬁlgggﬁaﬁyg%Egﬁﬁgngi rée}g%tl?o%% éc a%lel\(lz\/?&e)r&s |2:/.
Further, agei mrwhyainckiese difdaradide epéncebeovedrrespondinyO=eynd169, a

hearing ai oM ydvadaid Ve umieidds OfrbAPWh I RABIRET &ibBadl S6F 0%tk
According 20 to the disclosure, differences jn sensitivity and pha
response are c%%%ﬁsm%tFFFEFﬁBcgﬁec%ec EW?Clﬁ‘{trRPtcoﬁgﬁﬂﬁgﬁsl"Vsﬁ
determ ni ng t heancél eresmtesoahdrcomiensat angudtorh t hemerdeeted f Lor érloes are
determ ned basgf Q0§ BRa3OWHL AW SHRFCLY L nRY HlE-idy 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 signals, i.e. neither
35 transducer noise nor wind noise is attenuated. There-
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25 put transducers. No additional signals are needed. Selection of input
transducers is elimnated and differences between circuitry processing each
of the rapgpaskeike | nput transducer signals and differencespErprOBEsIY

agei ng or other influences are autonmati 30 cally conpensated. In a hearing
aid with a plurality of input transducers, the output signals fromthe
respective i nput transducers may not be generated fromthe sane . sound
source. For exanple, when the hearing aid is 35 operated in a silent

envi ronnment, each of the input W O 02/ 3Q150 3 PCT/DKOL /006. 43 transducer
signal s contains only noise generated bythe respective input transducer
itself. Thus, in_thi S t he. out put.signals are genera by .

i ndependent and S0/ 8g, s‘:ﬁ'ben LIt 2t a8 GRar 258y &gsqrer?g‘}qu@ hedi RO dual

i nput transducers. dmﬁe&vumabllyearsngeaedr evepared Mo taw ompidirec-
transducers ingk n e. wind noise, are not correlated since
airflow at the hgzﬁr&:ingl%al&gmid%ludrbul ent. Thus, also inthis case, the output
signal s are gener at e&%@hn@rmmeme@w shatcesherutwher inpyE i nput

transducer si gnﬁ!r%n%ﬁ%c@ﬂQPSQeatlciBrgﬁdaﬂlpUt | avelshdy HaereN P&@ﬂuﬁeaws
converting the input transduce nal s todl |t,al Lsg}gg sf%/pl caII

signal s are cl PRPEYHSES 1 ePBR sar ndFRFeLaVIitEES, e?%‘?\?
i nput 15t ransduecess. sen'@:tcmalllyﬁsmeﬂtltamy mbnpﬁed:tm@uhlﬂmmt atsanbe
non- cor &1 at ed ARl APPegh ko Ay asnansT 3 adebiiadensedenl. shonal

sources. When t e |n u cer  si are gener at edb epend
si gnal sourcesoft e d%\@%ﬁhﬁ@ﬁedﬁoiﬁﬁltﬂn%ﬁ& pﬁpLﬁhQ réﬁéém‘ce?f maP&hi ng

techni que fabl papaide idhae, cMa%%'e'risttlh:% deghgr maed phager#Rd with
sen-sitivity di,fferences wi.ll be dom nated by di ferenc;eS| r1 the ?ggerat ed

signals and w FPPRS BEaPﬁfiHFSHSt It 5t ePBASES 3B i FETS A

par anet er s. 25| trensean oHj Ms)fmagmm@eemsalmﬂdmnofomammaﬂa sanpeataring
aldvmthadlr r c a nijoned
di sadvant a-g g%nt%%ﬂce% rggaﬁtr%ﬁééo jhgctse?l\sﬁf &Q{Eﬁi %h%f‘é)f)é’;ﬁe%% %b aid
wi t h30a di rect iOoPal dlah@mﬁctxehasel dififerenceas abgdi’e rwbnghnaﬁayt yp@llguch as

transducer RgQi $Rt M@anQbS%o§&¥n§%mn&E§€nf QN 8h80WIG-AU Gl Ogghed in
t he surroun-dings of the hearlngh storted signals, such asclaﬁped

signals, slew FECEOGHATST sFyhbher. e?@elétgc wEY 5 1HErEAREnddie S dlhhar ei n
si gnal processifegencdshevedVd Oa 30150 4 PCT/ DKGL/ 006: 43 hear i ng aid, such
as transducer matchi fid t eri i gnal i

according to the detgg?n rwedd ?llérqg)ll6§ 3 ‘g% ac%ﬂitﬁ’té& rggg}ge%
charact eri sti c WdFHEaS\RFE ch@ﬁutot§ﬁn§ﬁﬁpérﬁeéﬁ shgcBogedy a&@@@t@%ng when

3t Iteatst ongoofglot hehgnptatlsbn@@ﬁﬁcer d&?geééﬁfbt% d@mdnééﬁglbxvmgyseaitaa
istortion, and/or adaptive matching of inpu ans ers nm e on

hol d while at PERSE H%%ﬁ oRFfe i Hut qqr%qugq?c ésﬂé?nﬁ%s?’égdoﬁf’ﬁaggacby

noi se or di st ortiirami thfy Tmmtimmwmnx/e -derg rmaireiingndtloé hedibfbgeehsear e
fulfl)led by adhearddgaldacamp ksknananl | bl AL ASGRAN LppubetLansducer
for transformng a oustlc nal into resp ectrve firat and second
i nput transducé‘rlnﬁdgrﬁql%edaofll rtélte sﬁcg-ﬂ’éi w%%%%oreh‘mhfﬁgl PyIsEhe r 0-i nput

that is conpecirdt tertah@dhlclé&ts i NRYt dd@insibieeT Hidiall Andr@ Sgeeaddi nput
that is connec eci t he second g Eut trransducer si nal for eng %tl on of a
§Y adfg

third electric qn BY* prBRBSsFRERERHCELRLIHT iyt YRS ripdt aFs,

out put transdudereigre(oerweshochiragithg phppdsellexgt rdecdl of golaé reto an
acoustic out putsfp%cgﬂa}e a AL el @l plgdal.ector rflé’i[sde%ﬁ&t'ggr.férences
non-correl at ed st and second processor |np S an 0X generation
of one or nore E&ERESS QYgr?fSeslf}%cPEidloﬁéleé'f%lﬁg%uéﬁﬁ?ﬁola%ﬁ gﬁ‘atoinﬁt%
response tosbheadahecddnperssatd@d! transducer signal processing can be
adapted according to the detecti.on hear i ai further co i se an
adapti ve matching mi%uﬁ‘ \jaetaﬁlﬂgrsfll dquiégé %ﬂ pﬂd“ﬁ%ljt%t rel Bgﬁhect ed
with the respeddansdugans anttheecomcp80 engoeler afisducdhesi grapscanvefir st
and second out Al h@faﬁéeueefae%gdﬁog tie _&;Sﬁ@gaft'ezﬁe fidptadgapeond

pr ocessor |nputsu(%{ nodi ficatlion o i tud hase responses of the
first and secofPitt piPUEFE-  Fal §XPRP @spd’t’%‘“entt’}%t]é?ﬁfhaﬁl GHd ot s

di fference B8 Ipddeeadmplint wdesﬁnélnt;)haﬁmmmmes sachhalf tewe reapt WO
021 30150




5 PCT/DKO 1/006. 13 ting anplitude and phase responses of the first
andsecond output signals are adjusted to be substantial-ly identical, and
wherei n @ ogsyise! ati on det ect orgenerates a second controlpcsipgvaloodsbat i s
connected5to the adaptive matching circuit for inhibition ofadaptive

mat chi ng upon detection of non-correl atedsi gnals. The first and second
control signals may beidentical signals.10ln a hearing aid according to

t hi s enbodi ment of the present invention, transducer differences, such as
differences in sensitivities, phase respop-ses, etc, are conti nuously
determ ned when the trans-ducer signals are correlated, e.g. when the

t ransdu- 15cer si naIs are erated in_response to _a soundsour cated in
Lhe sur ound! nEE2BRCRRET nah i S GEBTPHEE (M LA Doate BRECHEEFMngYal g
conti nuousl yadehésrespekadges iinputr ansaharbicepar foeéefs. TWaen ron-tddrer el at ed
signals are detggted, PS %ut@ﬁft” é\%ﬁx&f&a @0 UL 8LANES e f0Mdat ed by
non-correl ated Ssi g-na t one transducer “sigha

i sdomi nat ed byand. ghus.ansanceprasilasedyi Wmﬁl)l sE0WiGfenal NaMeppi rfdie et c,

updating of detﬁammadayallueﬁtof&afﬁﬁﬁw | Di k&RNSAUCE ghananRjerless- i s not
per f or med25r at her, ggple t he transducer ar amet er co en- satl g

cCircuitry remafAg® get 3act’5 di hOt ot RBRE | & va uksS ‘Pn?‘ﬁe

di fferences. Theindyr dl.&.i omidét extiae ,Meareonpki &mm‘mlwﬂ:embremcgnadlﬂ eveI

detectors for ctj.0 3 I du i gngly

For exanpl e, tﬁf%‘%f |tar st\ﬂgténd{ug%%%1 c%ndi/contrg%b%&t%%sc C'ﬁ[lmatuébegﬁet to aI ogl C
"1" when the dehést eassi.gridie | evbbuts sgoaaier taeh aelpeeaeeér #Nnelendtehr eshol d

o S500mver sy MR e e et | PPUT PO CEhel ople Tamaa e

verti I npu sdu Si s iqi

bOT) DROL) 006, 4916 GRS BrerHal Topen o YRS SLEBHE doerls BY: pies A be

reset to a | ogcentv@rtebencoirredatieny ethesi paht | evahsduekur rs:tgma\mai ues beI ow
the predeterm esho Th V. te rth

hysteresis 5 s%ﬁgn Fit h%l% Fol erdltﬁel lﬂf %Egli‘set V\%gn tﬁi gﬁ%‘%ctaetd
signal |evel idififevens f$¥9;1tlabr dcﬁét@rﬁn ibéd!atlﬁﬁesﬁél 1 Eferennd immdt when

the det ecteﬁStgaﬁbdheéel gatéltefrvtelesvetﬂae beha\y a éﬁ%aédprﬁ@taq@n ned
threshol d | evel that ower than t%@? ﬁ‘-fiSt thresio hol gvel The S|gnal

| evel may be a‘ﬂa}imﬂjﬁ%d €| é?‘fe“'l1 crY aRPSqAPREREV O BaBBudeSkvel ,
etc, or the ragenebataaebysmnbtebevﬂlesltarsdgaadorsroeﬁ:pmuil ng reference
quantity e.g. |ndB Hey t er

speci fic frequency ran glr #’ne m%al %l{l/se e?ec%gnggrs Tﬂfﬁdﬁtﬁé‘!}ﬁ% rise
sl ew rate det ebYor‘ani%Pe@I@@eEt i %hgmlraﬁﬁlér%ﬁ%naltf@taﬁé@yestwlﬁ rate

limtati onsy@f pehibgUidsty th htpr'@;@%mcéf\pﬂ\fatfdlﬁ@@dUE@Ehﬁh&ﬁé' SEamenys

Compri e . o) eAPPEF O SEREBh TP i TR FEFSETLDRRy Bhade A et e g
to logic "1" isianvihgr dasdereradesolwitlel viad udonfinahedditlyf etichiserdratameen one
saml e and LhesRend Sy AERLELa " MAlMAN LU 9111 BLOWhEA NPSNO!

Typical |y, wi nd noise generates tr ucer si s at ver s even
at | ow wi nd sp8éd§erpuseswind inpuse WSWWCQQIFW% ect ed utilising a

signal |eveisdetectorrtasigdessdi e etoves &QaeThprleeehltnglﬁvenﬁwnf wd her

conprise a freguenc anaI ser_.for determnation,pf the fr nc ontent of
i nput transduc§F C¢tghal®, gaélnrgoraa sd’ﬁ‘ﬂt ndt i YhEBe %\Bﬁﬁ M C% For

exanpl e, w nd noss écandhad) mpecbcsneﬁtat]se mapotre - de&trmg:mdshiadsd:h&aed:aon WO

02/ 30150 7 PCTéQgO%%B thehr Irtequency content, and signal processing
may be adaptedTaccordingly. Furt t he signal Ievel det ectors may be used

for detection of thel lweroltﬁeet ansé@ﬁ@naFW ebyPSAFERE disev iy b
di stingui shed &ar eirgdnisshaler charaeteirigeict wWiend iy, trhasgddeer digise Is a

, low I evel signal W noise is a.hi | evel sig Lhus, according
to the pr esentgl nvePfP%dns‘Ql h |HAsTTERY e%c%pes %‘F Si gﬁ‘%l S r’?as 'b i
i dentified, i.emitbedrdiramcar swinsk smrgnmsloman@dtmeet@egrfahsqom

signal s from sgyf sswmlﬁeateﬁ lraltahe &LHE&M@& ng§?ﬁ51§hes gaf iy aid.
Further, disto suc aSCI slewrate linmited

:
si gnal s, etc, Frétj’rPB@ d; d’éﬁt’ia#sed sley jeatg &l ‘gytﬁ@nﬁ gRed st ehfyd RIS
signal s donthated datdrmainsstiiceandoivitsraimdshghad, mrstedsthgnah ditsd ortion
are not correlated since the signal sources are substantially independent
of each other. The opposite is true for transducer signals generated in 20
response to a specific sound source |located in the surroundi ngs of the
hearing aid. Such signals differ only by the arrival tinme difference caused
by the di stance between the transducers and by differences caused by
transducer differences, i.e. such signals



25 are highly correlated. Thus, signals of this type may be distinguished
by cal culation of cross-correlation values of input transducer signals.
Accor di ngvde2@mmsenbodi ment of the present invention, the ggrmekéiioess
detector conprises a second 30 signal processor that is adapted to
calculate a cross-correl ation value of signals derived fromthe transducer
signals. Qutput transducer signals with a cross-correlation value within a
predet erm ned range of cross-correlation values are treated as correl ated
35 signals. W O 02/ 30150 a PCT/DKO 1/ 00643 For exanple, a
cross-correlation value ro may be cal cul ated as an approximation to or an
estimate of a f4 ne, e 1 e 100 ~Xe ok Ye = Nt ~?t 2
_tIX) ) t~Y2 P_ié%@%:é) %eNLq\'l S&ﬁrélgn %é@%@ﬁggégggﬁél )‘(fe]ﬁ%(/%]an fomthe ,
first signal, ¥19g8a4 Sompiadtdiaghaleberi v&d ademhacheaccerddng diyrdte and N
is the nunber @étesfRhed. dilgr=3 Neyed.t Fak red=anges, ftaE -di d-digmgh that r
- 1 for identicgl signal.s Xand Y.and r - -1 for 10 inverted signals X and .
Y and r - 0O foP RFBREPEIRFER MY PTarYdbrPEratiDnaR P GHERCIRRAL t hat

t he equati orb i sharaptetietitowhsingret sleast ngnBC-ofl ties doupalt ttraeso, i.e.
EX = 0 and BY uflebn dhmemiationioddobbed RIPT LIS eobodiymn, of 4 he
present invention, the Torrelation value ro 1"s calcul ated Trom a

particul arly sPRPYeragsiedtive iertebingeosqdausn Wrreducene Saghdde X and
Y are digitisegutnoanewdlid WRITS, at- Qeakhte cHOLLf thbe isignal sraqaed Y are
in20 serted in_the eguail on. It |.%ﬁ§\§/ﬁn nore.preferred to cal culate the
correl ation vaftd F39881§ tEnAPRY VYl BONRFePF IS d®Rr mi ned val ue
Dl is addedl@o the shushertls @ifofe-menighofe and wbiRee kg qurtedeies m ned
value 25 ~Z is t u g5 ( ~_ S| ( . fqry, exanpl e,
a _ 1, and Ozfggg?g%%anggzaéegétg%\%glﬁés%%e%%rgﬁjﬁeg%ﬂahgl ?&%%‘é \?%ﬁav%

i dentical signSecand Anfdr dasrrssdewenrdfor wiansterming have appsiie

signs. Since neApGer rLigHAd shebalfesgatai @S FiaR8dUGR] BBEoAA SEn@it W nd
noi se, change |%n |ndegendently of each ot her thus, will have

i dentical signS*RBPPUCRE SRABANRI & STHFRE sSYERRt aPEACPRSPEs JEHES F a
speci WO 102/ 804560 9imETY DK HOOGS 3 chbnfieggedd sourtiee argihsghl input
correl ated and S ing bgt ialsl v t i e, _
enbodi ment of %ﬁgﬁ?‘%{\}g%ﬁ %rr%%nt%ﬁer%r?#s? %lgt&r?glfi plr cess%ﬁai&sq%da%{he%]?o
process the fi¥8€ hAdthessaspndelicwmyt coransdipaes Sognkdr fed aremsfram

omi di rectiongiofh¥yfcs ethstdc iRt HE¢£LLt E9Enal NPCpLhekakethssi ANl s,
e.g. by signal |eyel .det E?’%‘It Qn y Cros%];correl atton cal cul ation, 1ietc. The
ommi di r ect i onaf “CRaFAREe FISt it ph’g:y FeI e PHyCLEPBEL Fr‘f@n@%témﬁ'}"f'?%t or

t he second 2 etransfibrwiiggal the t hbitdl r élekecticadal sdiggredl wherebyarsi gnal
to noise rati OR~LScl BRI r to di ! C 1.St4 or,
the omi di rect?gﬁgftgﬁasﬁﬁ%ﬁg@ﬁﬁ% b% f%%ﬁ%%igggg{}ep%?%ge{ﬂﬁe ffé}_; st and
second el ectri €8Festépml S nomereryelafpdl figstoiard r aeFEnNMaPIRCERT t her

i nproved and ckbppiitu SigNeIat andi St t §ORer8EY6RD df . oher Xamde, only
one of the si gggl'ﬂ?r'oi Cs':féjrpa%.ds OEnEHSEQ’iESt ea lJ‘merégd'control signal in
25 response to the detection so that transducer signal
processing can be adapted according to the detection.
The hearing aid may further comprise an adapti-
ve matching circuit with first and second inputs that
are connected with the respective first and second
30 input transducer signals and first and second outputs
that are connected to the respective first and second
processor inputs for wmodification of amplitude and
phase responses of the first and second output sig-
nals in response to determinations of difference in
35 the amplitude and phase responses so that the resul-



Still other objects of the present invention 20 will becone apparent to
those skilled in the art fromthe foll owi ng description wherein the

i nvent i ogy@od/boike explained in greater detail. By way of exmmMoemnodibere is
shown and described a preferred enbodi nent of this invention. As will be
realised, the invention 25 is capable of other different enbodi nents, and
its several details are capable of nodification in various, obvious aspects
all without departing fromthe invention. Accordingly, the draw ngs and
descriptions will be regarded as illustrative in nature and not as 30
restrictive. In the drawing: Fig. 1 sho a bl ocked schematic of a hearing
aid according to the present invention, Fig. 2 shows_a bl ocked schenatic of
a second si gndifg ogBRsdEudecHY nheset FESHRSSR PhvERe ohirst V\E)ng;/ 30150
10 PCT/ DKA / 0Gfechrid douBpabtossgaabkoalkked stjhemrid cofva Lavstadetiattor, and
Fig. 4 shows bl oake .SC ematig ofhi ngut ‘i—,' rcui trF%/r gf tt.he fi rgt Ei ﬁnal
processor. 5 | Y Wi SSovi oB8% ofTh Mﬁergbeh SR Fed S ™" hge FE-Phat the
circuits showgenerdeesir aniserarey benteelli ssignssl nghdtgiitsal connasbedgue
civeutry op apy eqghl aalhenyheifiionddy | BeBeteniof Mot Mol gkl al
signal processing is enployed an tqhus, the sig 10 nal processing circuits
conpri se di gi tadaRt Rl Wioting nyray cdetsction spfipl peRtgorraéeaesd and
D/ A converter siafieal®! shown in the drawing. In the present enbodi nent, all
the digital circuitr¥ of the 1_[1eari g ad gay be fr vi ded %ﬂsa Si ngbe
digital sig 15 nal prBEesstHyr cAlS oPSCPRE cFPREFPTy SHHPHES &Rt i Bhted on
a plurality ofidenteical esignaksiit chips in any appropriate way. Fig. 1
shows a bl ggked schemgntic . heari. i ; i s a first LAput
transducerq%Z and a g‘g} saecﬂ(;én%if}llr;l%utal{a?a%%%%%lrﬁqgg?o?d%rgsangﬁ%é%&rr?sﬂgn
acoustic i nputthi g iPESeREpekRYSRtiPRst BRANSAveny | Apbferenrsqucer

signals 16, 18&udiealsnpadffépasceiserinsi 98akst 16iti8sar @ Hw erb8goho
digital signals by D converters anOt sho%/\e/g). A fI({ sth3| ggﬁl %5 Er ocessor
20 has a first®THputt%2 BhGt SPELBNTESIYd 15 94E15G Hhehpbke « FARSHacer
signal 16 and dusmcoailghapat a24 tdmtrekattedneet gd twhemhetlsecbndnsdput

transducer 1§ gnal i n apt.} hi J 6.-Jhe p sor 20
processes alsr%d conbiJSﬁLe@s{—la?hsg Sﬁceééiérgrgggfanpg% 3%%&#%8%8;030%{ o%gggﬁerati on
of a third el W< 1eFaRad 32. the suFRUNdingsd fRfertisa heanrsrgr Addt he

third electricad shgnal i82 iHED JRA=RCOYREI ChenitinYg Siidnabonthauadapii ve
mat chi ng ci rcuici 21:6 hgs fV\il"rSt and_35 secopd inputs 3%1 38 t@?t are
connected wit fIHR"Fe-° W'ergsr3els rf‘fﬁ%ﬁ%@ﬁ% Frpeltfle™PPrst and
second i nput teanselrked ssjgahds 18rel 8edrdtiid,ste .and wezmontheutpahs-40, 42
that are cegpn t Q. res ti j ang, s nd RLQ I Loputs 22,
24. The ci r%@uﬁﬂcg%r n%&H}‘%elsseagrrg%i t%%gi%égﬁg Bﬂ’asg&?‘eg onsglg%%?l tﬁggfi rst
and second outlRkS si §RENs agg Whem | 3t r £8p6ksENEo tdt GRN | DFenat is

di fferences i rdditenagd i byfecand phasediReRONfLsss0 wihad hbesa@ppkligude and
phase responses, f ﬁhepﬁii rst_eatnd’ seggng.out pu% ai gnal S 2%, \;%qsdaere adj ust ed
to be 10 subst'dfiti & IJ‘? Fi&nt iTHd . RPESFHEPatT 'on“GEEERt BF 944" %HnRéct ed to
the input tramtdiferentemalis téansdugrd detrectes quresienceobf pavhorwedel at ed
f;g{'ﬁ;sdgtng?g%ﬁéﬁ’s Ebrskxangieecend GOy HNG Saftér e #8cbRpERSPONSE
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 signal 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



15 tion so that signal processing in the hearing aid can be adapted
according to the detection. The first control signal 46 is connected to the

first sigpgbpiggessor 20 for controlling the way in whi clpciiiskdiionsis si gnal
processor conbines the first 20 and second processor input signals 28, 30 ,

e.g. by conmbining the first and second processor input signals 28, 30 for
omi di rectional 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 ada ﬁtlve mat chi ng upon detection of
non-correl ated signals. The adaptive matching circuit 26 has an inverter 50
connected in series mnth an adjustable gain 30 anplifier 52 that is
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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 1levels 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



(not shown) . In the present enbodinent, the A/D converters are sigma delta
converters having a slewrate of 0.5 for successive sanples (theoretical
limt: lwgodkasefore, the control output 46 is also set poT®KdIb@E3Cc "1"
if 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 processor 20. When the control signal 46 is a 10 logic "1", the

counter 402 is incremented fromO to one in 32 clock cycles, i.e. in 1 ns,
and when the control signal 46 goes |ow, 5t he counter 402 is decrenented
formone to O in 512 clock cycles, i . a . in 16 ns. The person skilled in

the art wll reciagte 15 that the nodified.signals 28 . 30 {denti cal
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signal s.

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



PCT/ DKOL1/ OOG. 43 16 5. A hearing aid according to any of the preceding
clains, wherein the first control signal (46) is connected to the first

si gnal prnwo@a3aese (20) for controlling the way in which thedypgéymsgnal
proces s sor conbines the first and second processor input signals. 6. A
hearing aid according to claim5, wherein the first signal processor (20)
conbines the first and second processor input signals for omidireclO
tional sound reception. 7. A hearing aid according to any of clains 46,
wherein the second processor (100) is adapted to calculate the
cross-correlation value ro as an approxinmation to or an estinmate of a val ue
r defined by 15 the &pllomﬁng i uation: ~x~~r ' =XY.- N t~it2 tE@; ) ty~2
- t~Y) ) N ~ N wher eFftX $¥28PL&m|2dCLP§RAFCTERTFE O ohREHE For 82% gnal |
Y is a sanpl edbsi gridlcudertiadkdabr @n t fppserbmatsognalo, endal iesstimatrinber
of sanples. 20_.8. i g LAl i | ai. , in the signals X
and Y are di gi??s%??%agng g%tfq\?%:dggfyd&%;f%&;lro@nlgrﬂg;e accngérgi ng to any of
clains 48, wherein the correlationyasbue ro is calculated as a running sum
wherein a predetermnm ned val ue Bl +s—gedded 25 to the sum when sign(X) - sign
(Y) and wherein a predetesmd-nadvalue 02 L.cadded to the sum when sign(X) $
sign (Y) . 10. A hearing &Bﬁjdi@gatogﬁlgiHIQ, wherein A is equal to
one and Z is equal to 2ero. 30N1f. A hear¥ng aid according to any of the
preceding clains, further conprising an adaptiyve tghin ircuit (.26) with
first and s£ond inpﬁlﬁ"?r@&r% Wb 21 a‘ﬁ(ﬁ?‘ /%65-1%§%1 ) 1él?f%\t are
connected wi t hfihstr edpeatli,ve¥f issk asinslesbnsigmplt derdredudaronsi goal s
(16, 18) and f} ngd . nd t.s, ( ected to the
respective firé%é%ﬂg géé@% ’pfggéggg%iqﬁ%né?%%égugﬁggé?éigghDdification of
anpl i tude and phase Aéspdhseeted Ehetfrrsangfg SseindlodPput anGnahat (28,

30) in respontSﬁ %Otﬁefsfn‘:i!a{ﬁrgﬁr&léfsﬁ@ﬁé@éeweaﬂd\ Yh%mth };udtq aftslrphased
responses s ha e .anpli e an e _responses e first and secon
out put sig ﬁ% ﬁﬁV?rFQQ,g%%n ® guﬁ%@%ﬁfi%?ﬁygidbﬁ%iggF,%%ﬁ?§$ﬁﬂ¥ﬂ t he
correl ati on dehectiutugd4rogerdreatiesi.a second control signal (48) that is
connected to the adagtl ve mgfggrgbgéﬁcggg (%@eféﬁugggggigéngfmpfggptive
mat chi ng upon detection of HON-COrT &l at e 55 S gnafs.

. AY9y. A59| . A39¥ipdofmr: signals having DC-values equal to zero, i.e.
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15 In a preferred embodiment of the present inven-

tion, the correlation value ry 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 value
25 A; 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 «r
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 speci-
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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 compared 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 va-
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,
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Fig. 3 shows a blocked schematic of a level de-
tector, and

Fig. 4 shows a blocked schematic of input cir-
cuitry of the first signal processor.

5 It will be obvious for the person skilled in
the art that the circuits shown in the drawing may be
realised using digital or analogue circuitry or any
combination hereof. In the present embodiment, digi-
tal signal processing is employed and thus, the sig-

10 nal processing 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-
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spective first and second input transducer signals
16, 18 and first and second outputs 40, 42 that are
connected to the respective first and second proces-
sor inputs 22, 24. The circuit 26 modifies amplitude
5 and phase responses of the first and second output
signals 28, 30 in response to determinations of dif-
ferences in the amplitude and phase responses so that
the amplitude and phase responses of the first and
second output signals 28, 30 are adjusted to be
10 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 signal 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
signals.

The adaptive matching circuit 26 has an inver-
ter 50 connected 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
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the direction of a line extending from the first in-
put transducer 12 to the second input transducer 14.
A matching controller 37 determines differences in
amplitude and phase of the input transducer signals
16, 18 and adjusts the amplifier 52 and the delay 54
in response to the determinations so that the ampli-
tude and phase responses of the first and second out-
put signals 28, 30 are adjusted to be substantially
identical.

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 wvalue r is calculated as a run-
ning mean value. The signals X, Y may be the input
transducer signals 16, 18 or band pass filtered ver-
sions of the signals 16, 18. The signals 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 A; = 1 is ad-
ded to the sum in adder 160 and if sign(X) =# sign (Y),

A = 0 1s 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~
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-
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 to a
logic “1” if one of the processor input signals 28,
30 is more than approximately 2.5 dB from the satura-
tion level (clipping 1level) of the A/D converters

% 3
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(not shown). In the present embodiment, the A/D con-
verters are sigma delta converters having a slew rate
of 0.5 for successive samples (theoretical limit:
+1) . Therefore, the control output 46 is also set to
5 a logic “1” if the increase in absolute wvalue of the
difference between one sample and the next is 0.375
or higher.
Fig. 4 shows an input circuit 400 of the first
signal processor 20. When the control signal 46 is a
10 logic “1”, the counter 402 is incremented from 0 to
one in 32 clock cycles, i.e. in 1 wms, 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 “0”, 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
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PATENT CLAIMS

1. A hearing aid comprising

a first and a second input transducer (12, 14)
for transforming an acoustic input signal into re-

5 spective first and second input transducer signals
(16, 18),

a first signal processor (20) having a first
input (22) that is connected to the £first input
transducer signal (16) and a second input (24) that

10 is connected to the second input transducer signal
(18) for generation of a third electrical signal (32)
by processing and combining the input signals,

an output transducer (34) for transforming the
third electrical signal (32) into an acoustic output

15 signal,

a correlation detector (44) for detection of
non-correlated first and second processor input sig-
nals (16, 18) and for generation of a first control
signal (46) in response to the detection so that sig-

20 nal processing in the hearing aid can be adapted ac-
cording to the detection.

2. A hearing aid according to claim 1, wherein
the correlation detector (44) comprises a first sig-
nal level detector (202) for detection of first sig-

25 nal levels.

3. A hearing aid according to claim 1, wherein
the correlation detector (44) further comprises a
second signal level detector (204) for detection of
second signal levels.

30 4. A hearing aid according to any of the pre-
ceding claims, wherein the correlation detector (44)
comprises a second signal processor (100)that is
adapted to calculate a cross-correlation wvalue of
signals derived from the first and second signals.
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is connected to the first signal processor (20) for
controlling the way in which the first signal proces-

5 sor combines the first and second processor input
signals.

6. A hearing aid according to claim 5, wherein
the first signal processor (20) combines the first
and second processor input signals for omnidirec-

10 tional sound reception.

7. A hearing aid according to any of claims 4-
6, wherein the second processor (100) is adapted to
calculate the cross-correlation value r, as an ap-
proximation to or an estimate of a value r defined by

15 the following equation:

ZXZY

XY -

{ZX)* (ZY)*
(=x2 - N (zy2 - -

wherein X is a sampled signal derived from the

"=

first signal, ¥ is a sampled signal derived from the
second signal, and N is the number of samples.
20 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 value ry is calculated as a
running sum wherein a predetermined value A; is added
25 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 claim 9, wherein
A; is equal to one and A; is equal to zero.
30 11. A hearing aid according to any of the pre-
ceding claims, further comprising an adaptive match-
ing circuit (26) with first and second inputs (36,
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respective first and second processor inputs (22, 24)
5 for modification of amplitude and phase responses of
the first and second output signals (28, 30) in re-
sponse to determinations of difference in the ampli-
tude and phase responses so that the amplitude and
phase responses of the first and second output sig-
10 nals (28, 30) are substantially identical, and
wherein the correlation detector (44) generates a
second control sigmal (48) that is connected to the
adaptive matching circuit (26) for inhibition of
adaptive matching upon detection of non-correlated

15 signals.
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