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WD 2004/ 100607 PCT/ DK2003/ 000309 1 HEARI NG Al D

SYSTEM A HEARI NG Al D AND A METHOD FOR PROCESSI NG
WRRIDHDBITENALS The present invention rel ates tPCTBERI0AH00309

aids. The invention further relates to hearing aid 5

systens and to a nethod for processing audi o signals.

More specifically the invention relates to hearing

ai d systens capabl e of processing signals fromnore

than one type of signal sourck, such as a microphone

in conbination with any one of a radi 0 wave receiver,

%%ARgtg{dl oy let%rEoll\(?,\é' SRR 243? ANP S WHiefmaB"ror PROCESSING

% Arish @ further aspect, relates to a nethod
or en anC| ng the signal-to-noise ratio 10 (SNR) in a
conposite hearing aid system Heari ng ai ds havi ng nore

PREBEAF Bk Rl b 58BN e s
g@@hﬂ nal esla 6RMeaTort obesing agdiaisitnals AViee spreifitally the invention relates

rticularly well known exanples c h
i o s oo S8 IR, PGP og8 type of signal

R:lét sudfEas39 q‘]ﬁg’x% EndteStn! Q2@5inAich AP ahP &8t W2 AGREFER Yeceiver, an
apfed for plug-1n connection to a earing aid in

mdwternptlt) d«pmw |actele@pﬂr edpiyer; o epptird rreesayra P g tnfrareﬂh @nd the like. The
r e Ver 3 r as edct bPélatng Q%?e':[ﬁ&lgfo?'e%mi \%e —to—n01se ratio
era apt e

BELS R St Ure T adi o T ecel
(fSNR)CiﬁlamempbsiireheMgemdheﬂtenmg aid fitted with an
additional |oop antenna. A switch permts changing the
bal ance between mni crophone i nput and radi o i nput. 20

HERA 888 hbisd hoddhaRl ¥ dH% fe RRIISEIMIN. RAAhNEidSiItdving inputs for

system The hearing aid system interfaces with

éliﬁemnt fxpeh eéslgwgs diegrin dasigrptacheomppsite feqrmgrapdy plsg exigt. Particularly
1%8 ;1 ErGi e 5 k}fnﬁl%f f@a?mgsﬂ&t &1 GORREbpteRe put and with a telecoil

mcrop one, nsmtter connected to the

ipat. 0)3116@8@,313 dlscbml aediaureictivéroaccessonyi adaptgd forspluygrinl connection to a

Lromth ansmtter

- d.a hear.i. ' ith.
cprmg i HLFrars § Previte ot GEPPUR TORDINADE v gh € powered by the
haAG i OPhteRO IS FTHA I 7iteli fteses A ehidbird 10610 ré@Svelr A@apted for connection
signal fromthe induction |oop and transnits an audi o

& hearing 08 fteclevith % FHBI007EOSH BWENA. AHAThgermits changing the balance
E&Q%%?ﬁ%ﬁoﬁ%ﬁ%ﬁmd%dlg%ﬁger ation with a

conven rin din "T"'-swtch node,
including a mcr ophone and an i nduction

US patent 6,307,945 provides a personal hearing aid system. The hearing aid system
interfaces with existing hearing aids using the “T” facility (i.e. a telecoil capability). The
system comprises a microphone, an FM radio transmitter connected to the microphone, a
receiver unit for receiving a signal from the transmitter unit, and a hearing aid with a “I”
facility. The receiver unit connects to an induction loop, and the hearing aid receives the

signal from the induction loop and transmits an audio signal.

US patent 6,516,075 shows a hearing enhancement system for co-operation with a
conventional hearing aid used in “T”-switch mode, including a microphone and an induction
loop. The induction loop is worn around the body of a speaking person. The induction loop
generates an electromagnetic signal that may propagate some distance away from the

speaking person to be picked up by a telecoil enabled hearing aid.
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30 | oop. The induction loop is worn around the body of
a speaki ng person. The induction | oop generates an

we@b@atiownrgnet i ¢ signal that may propagate SOnMBCT/DK2003/000309

di stance away fromthe speaking person to be picked

up by a telecoil enabled hearing aid. W 2004/ 100607

PCT/ DK2003/ 000309 2 US patent 5,615,229 provides a

short range wi rel ess comunicati ons system enpl oying a

belt worn receiver coupled viaZza cord or cable to a

| oop which is worn under the clothing of the hearing

aid user. The hearing aid in turn has an inductive

pick up coil for picking up the 5 loop signal. The

ﬁ§ 3)?1 [HE5 T8 %0h %&b}f&@ aﬁﬁlo %ﬁgev%e& E&Pﬁlﬁ%c&fbn@'s?&eﬁ’l%mploymg a
convertan to an au requenc

lmlltemnm recdivesicguiéd vian ca>rd: onpbki toey 19913 tv@mh i h\@m under the clothing of

félg S\H%{ng%g gﬁérsy\*%lgl gal a%lflg SI té'n:aggl(? c1j g&?{]eeﬁck up 5 L8 bor picking up the

lﬁﬁgrsigﬁﬂl' FTIND dbdebr IHDQ'I MtldeaRF rébaveadidcuidryytoqiick up and convert an RF
ormation fromthe 10 transmtter to the receiver,

B & svancandicireqvengieadedtigsl sigpAi red i ndi vi dual ' s hearlng

aid, wll thus permit the audibility of the distant

sound sources. The main use for a conposi te hearing

i a cempposim Systeing tisd traxstittersis iymeadlyt Meltpmeql @eqreg distant sound source

oustigc. sou an orat or
‘(Xﬁﬂ H lﬁﬂé\ﬂﬁ“ g @F%S%Hgnlalp\% ed lendgfdtgﬁil (he a Hg%c’r 'of ]grg ?xlt{réatlon from the
heRHikg 1Bitk ficeiveponesteil 3o tadaringgapaired ikdividuas hearing aid, will

heari ng-i npaired, these situations ipg¢lude edycational
thas perﬁgfsthe fgdlh;é]@f pfr@g dlSEﬁﬁlb pquad SPUEEH tnl" g? F@ngse%ﬂ{ﬁ 8(?.}npos1te hearing

2if's gﬁ@ﬁ @'ﬂgsﬁlﬂﬁoﬁé ¥here bt $:BREGA Bbdudat kORSe, ®.9Mah Rk RS has a remote,
recélver is beneficial in order to achi eve an

bppwelbrinete, Spaatiomtand wirde pdditientlebssenfl disebediing aid microphones is
ﬁgf?,gt%algl el gg:lg tlé% Iflgeran}lg ?mgﬁﬁ%{éllg gﬂersglcgfu\léggﬂswn%cﬁu Ieqducauonal settings,
Aleetings] PiHc pISSeﬁgtlblliBe chéah isegnems cind 2 itkerlo ph@snesstuaﬁcms a wireless
exposes song .i.nher probl ens in use.

rob
R PToi EaTh A P1rgPT P GO BRI S il 6t fppneteased specch

hﬂgpgbpgeﬁmQe“ﬂgnﬁggdggﬁectIy into the transmtter,
comments from parts of the audi ence outside the

range of the transmtter mcrophone. This can inpair

fé]gveé e elsét s1n§e% Wetlésg 'rgc%iv%r 'vﬂth Fq{e tnlﬂkg%ﬂn%ﬁho@rhm ﬁ the hearing aid

I oria ting he ‘1'nc to ask a
fliephones alks expmdesemmefmmmmt paobiois ineae. Oresprobleings tlm\mduced ability

g%ﬁ:ﬁw&g%aﬁ%ﬁa?oggrg( B {a It%ﬁlgﬁ-‘loigeg ﬁ?x%g gégfddli,ec rl)(eJ gﬁtlovtﬁg transrmtter e.g.

comments from parts of the audience outside the range of the transmitter microphone. This

can impair the ability to participate in, for instance, an educational setting, as the inclination

to ask any questions is modest if one cannot hear his or her own voice.

The hearing aid user may have a receiver for both hearing aids (left and right) or for just one
of them. When using receivers on both hearing aids, the signals reproduced by the two
receivers can be presumed to be identical and mutually in phase, i.e. they are perceived as a

diotic signal.

In research dealing with determining perception of signals in noise, both the noise source and

the desired signal source are often controlled to a great extent. The noise level and the
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of them When using receivers on both hearing aids,
the signals reproduced by the two receivers can be

w@e@snowd? t o be identical and nutually in phaseCT/DKe003/000309

they are perceived as a diotic signal. 30 In research
dealing with determ ning perception of signals in

noi se, both the noise source and the desired signa
source are often controlled to a great extent. The

noi se level and the WD 2004/ 108607 PCT/ DK2003/ 000309

3 bal ance between the noise and the desired signa
determ ne the conditions under which experinents are

balpngeckptwenn tereoissopmde theodrstied gignal Agfermpak dhe FRndiiiosaynder which

la[b ?ﬁ}{éﬁts% cartB§ ot Thf; heketah& ﬁ’s%@ﬁ% SfhsBs {E@%Kgﬁé} in some way, and is
erent properties |ke intelli [Tty or "hearing

tmreémhdedotbéa eﬂlaskemylffaeene Yoopertisd 11&;{@1 nntﬂlg gilggl or hearing threshold level

:f( i rents, .inclu oinn urfﬁ!: tloag d’iébﬁsdl otic
By R e RS TP e R B Snditionset o
both ears, MOSO where M denotes a masker and S
denotes a desired signal of the conbined stinu

Brilistic gigailmsh be 8 SHURESFESgRed it Hii SRed™ 5t onb et {a@ars MoSo, where M
H%Qés' £ rxﬁ&&g iahd %“denm@ deBirsd LiBh1 T R BSERLES siBual eThlS condition
ear and fromthe dichotic condition, where the

slmu;hbbm dlstlsglpsh@é drone thedndriogie epndifion, Mphe a skiuies prasested to one ear

I
it Rt BRSSP AR s o e o

shrgrag. MiB), MSEVfSietd. Maisiekdained fn fartbirgleadil inshe following, where S
presented binaurally in a honopha3|c condition (the
denpiessheypignaljad N depetes e maskeran j dentical formto both

ears), this signal can be denoted So, where the suffix
O indicates the 15 lack of phase difference between
fesignd iaprepmésidrinandaltydn kadtomoeham canditioni (the, Same§I@ln]alIS presented in

BharghrE onp Bihedt BErgeul Pa b asea o TG BBk b haicates e

GRRObfephdsh alifferehqhB&iveer! Eleabiighdl Stesented! webstht &igs. t Miewise, a signal
signals. In the dichotic conditions, one of the two

reseried 189° eut of phasedpene e Whersenmraged;ior the g 1o ¢2g be denoted Sr,
t he t ear

i A pLR EBb R eI ANC o e Ty P R

masker is presented 180 out - of - phase blnaurally) A

wel | - known net hod for inproving percﬁlved SNR ex

an pheyichetie sorditiuspere RSB BYP stimuli (i.e. the tone) is presente d%lif%es'fently to the

two ears, binaurally (e.g. SzSo, where the speech is presented in phase binaurally while the

masker is presented 180° out-of-phase binaurally).

A well-known method for improving perceived SNR exploits a psychoacoustic phenomenon
known as the binaural masking level difference (BMLD). Listening tests have revealed that a
difference in masking level can improve the ability to detect a tone presented to the listener
in competing noise. The BMLD is evaluated where tones are presented to both ears at the
same time that a masking or competing noise is being delivered binaurally (Licklider, 1948).
See table 1. The listener is tested under two conditions, a homophasic and an antiphasic
condition. In the homophasic condition the speech or tones are presented either monotic to

one ear, Mp,Sp,, or diotic to both ears in phase, MoSo.
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known as the binaural masking |evel difference (BM.D)
Li stening tests have revealed that a 25 difference in

wWore@KilogoT evel can inprove the ability to det eRCT/RK2@3®00309

presented to the listener in conpeting noise. The BMLD
is evaluated where tones are presented to both ears at
the sane tine that a masking or conpeting noise is
bei ng delivered binaurally (Licklider, 1948). See
table 1. The listener is testefi under two conditions,
a honophasic and an antiphasic condition. In the
honmophasi ¢ conditi on the speech or tones are presented
&der nonotic to 30 one ear, MBm or diotic to both
earQmﬁmu@hmé@mcN@@@MKMG#ROO4/1¢®6®Mm@@ngK2@ﬁ@#@00309
4 FHbE, dodc Mt e agg al VEgdl ti ompgenpar ed to MS MD
(masking level difference) Mnagtjic, diotic Mm MS0O
0 AR BPEhoti o M| ¥6 dB i choPiE MOBm 9 dB DI Ghot i c
M SOicdicdB Di chotMs, MKS, 15 dB9vAen the signal and
maskel @re presented in this anygphasic fashion, a
naxiné?_release from masking ils obtained, i.e. the

| | stidhetic i s abl e ™Sconprehend |&fne | evel that woul d
ot herwi se 5 have been buried by the masker. The

di fference in threshol ds between the honophasi c and
A¥iten pheas geal end diaslken arerpressated in Hus BNiphasicfashion ahepaxigg] release from

L L

Uivel eeld DudlBd by tiee mpsket| Biei differeficeniar threshdldsbeweersthe homophasic and

(Table 1). The BM.D o] in le 1, js.ligted

Gt Ehig e wommDoe SAEB e e oA 68 Pvchotogy
BHLeRERARMAP0IS, HRLYL-463)hadd BerhHits@aRATABROLT Offect Of up to 15 dB in a
explain the principles behind the invention.

oopulaivn| of norhal listankisr(dabled| Thei B¥EDs g shaygyingable 1, is limited to deal
o?fzaec{eYe%qoﬁ e g&%&%ﬂ& i %En%d&lrd*eyl bqgfdbglfnd hde oﬁﬁ?ﬁﬁt“ﬂe incorporated to
Aids s equi pped wth a wreless receiver, and where
ehslainAhaprincidésbeamdaheinaattione, " ON', corresponding to

the dichotic condition MoSm thus giving a theoretica

benefit of 9 dB 15 if pure tones are used for the

@uﬁ@ﬁﬂly, the masking level difference may be observed in systems where only one of two

hearing aids is equipped with a wireless receiver, and where the HA microphones are active,
“ON”, corresponding to the dichotic condition MoSr, thus giving a theoretical benefit of 9 dB

if pure tones are used for the signal.

Green and Yost verified these values with white noise with a spectrum density level of 60 dB
as the masker and a low-frequency sinusoid, e.g. 500 Hz, presented intermittently to the
listener at brief durations of approximately 10-100 ms, as the signal. The conclusions drawn
from the experiments are that the BMLD is never negative, but, for some binaural conditions,

may be zero dB, i.e. no improvement.

A more practical approach may be taken by applying a different type of measurement, known
as the binaural intelligibility level difference, or BILD. This test is based on the fact that the
recognition of speech can be measured by presenting nonsense, one-syllable words, denoted
logatomes, to a listener at varying sound pressure levels to determine the degree of syllabic

recognition. This is measured as the percentage of syllables in a spoken sentence that are
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Green and Yost verified these values with white noise
Wth a spectrumdensity |level of 60 dB as the nasker

wa@pa4a0deon- f r equency sinusoid, e.g. 500 Hz, prEGEDKe@3/000309

intermttently to the |istener at brief durations of

approxi mately 10-100 ns, as the signal. The

concl usions drawn 20 fromthe experinents are that the

BMLD i s never negative, but, for sone binaura

conditions, may be zero dB, i3e. no inprovenment. A

nore practical approach may be taken by applying a

different type of neasurenent, known_ as the bi naura

pegedYqd; Ty tpe |sghlablc I&Feﬂlfé’é‘PlLlfYclé‘,’dd? deffeph 25 ik oUppiEssure level of
dpse aﬁlegorﬁﬁ@ ddiewlicintihat sildie degter, 186,088 | @NsyPhbic intelligibility is
gbeec can be mbasur ed by” presenti ng nonsense,
shiedy(Blatsitet vady SpatiabHemtngd TholaT &ss, 1976)a | i st ener

at varying sound pressure levels to determ ne the

degree of syllabic recognition. This is measured as
Inhereeblifeetituatien, efers g magbstdmprayementyis BN dwm a FRMLPpita BILD may
are. WO 2004 007 oy =Y i

Rl RO B LoD B Fheeth RSUER Qffions. See table 2
Oaé iensdplasoft heitaationdwhere sspaech hrel elaskifig ®peemh present is that of an

connectjon . with which a given degree, s 50 % of
SrmL it n iR e SeRhE S Tipre R g dhept gt of the room and
fhere mBPBE iRtantBaITindGe fUMe ofbr stlicd®sSor G 4he erfvirbimant which make it
real -11fe situation, even a_ nodest inprovenent in SNR |
diffirnlta eppcllyr fos tepims-ivenpired radivideals, fafierl Wh o Rsimpaid by the
QP Tl Hoflind Byl Hicles SREEETo! 8 DARONIGNG s e prefereed fn
thesk siamkbmyinnoidsetoapemirtbs dalivery of laegusti¢ characteristics of distant sound
educatiogal s?tt%n%. ln this situation, the teacher is
SLGes; Wk AS R ARRCTS OIS WA & the room and there may
be instances of noise fromother students or fromthe
ﬁgﬁbronnent whi ch make it 10 difficult, especially for
earing-inpaired individuals, to hear what is being
Lurferngyoithe  t eacher. For heal PRG-Mrpaired |isteners,

Wik 165€ 79fB a conposite systemgaeften preferred in
LDS G ShAIRLE P18 )0, Osler to bsgut the delivery of

ousti'c chardctertstics of distant sound sources,
enctkinggoieche t eacher's voice, {6&3the ear. 15 Table 2

L Pepdido@bitOwikOh&® Bl LD, M So|sWaete noise, 75 dB 7,2
sBpeakll\I/lngiIclilllcea-;[n%%ul\Qég& vtvhelte gocfsl,ese fm ::S,Qdﬁlz’ m= 62%5,5 dB

2 speaking voices 9,0dB
2 speaking voices + white noise 6,4 dB
2 speaking voices + modulated white noise 6,6 dB

The use of a composite system will thus improve the perceived SNR and facilitate the
comprehension of the teacher’s voice. However, in order for the hearing-impaired individual
to monitor his/her own voice and the immediate acoustic environment, the hearing aid
microphones are usually activated in the composite system together with the transmitter
microphone, and this combination has a negative influence on the S/N ratio when compared

to the wireless receiver on its own.

However, a moderate release from masking may be obtained in a composite system where

the hearing aid microphones are activated, but where a wireless receiver is connected to only
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1 speaking voice 4,3 dB 1 speaking voice + white
noise 5,7 dB 1 speaking voice + nodul ated white noise

WG 2@40d8602 speaki ng voices 9,0 dB 2 speaki ng POT/DES003/000309

white noise 6,4 dB 2 speaki ng voices + nodul at ed
white noise 6,6 dB The use of a conposite systemw ||
thus inprove the perceived SNR and facilitate the
conprehensi on of the teacher's voice. However, in
order for the hearing- i npai red®individual to nonitor
hi s/ her own voice and the i medi ate acoustic

envi ronment, the hearing aid 20 m crophones a

s theytwadiehtieg ads. |Tﬁ19tq5?€e@@ﬁ%%@|th“el\@§xs P@wtths’gl@tt#é? 1. This approach
Wn%b@nets & Béﬁﬂ%&s élfz[ desThifE & ?ﬁﬂi%ﬁ {é‘ of V\ﬁfé@é\ﬂﬂf&)l@@ Also, this

as a negative®influence on t S/'Nratio
@@mah &l prdvidih g eomp st agseme [SGCFQDSIIOID practiee byvpractitioning audiologists

weve rate rel egse.from maski ng may be
%@ﬂhPﬁ%ﬁ‘ﬁﬁ“ﬁa%ﬁ §{?@“'V§?%Wiwhere 25 the hearing
aid mcrophones are activated, but where a wireless
receiver is connected to only WO 2004/ 100607 ) .. !
BETnEKEE0IT00dS0D heaging fil Histephpcludinga Hrst Bgaripieid cqppdsing a first
ﬁ?crgp%%ﬁgrﬁ oﬁ&f& ol}{ﬁ Blel,| Ofkst AediRIMEredeivelthd Iil |£1rSt processor,

roac I nes antages of a desirable S
:aiilﬂflrm prdcessongem)g adnpeédsto @v@eessoinceutpy] sggnal frapingthe first microphone and

?}f ( oacﬁhg gql ?glﬁg %Fq] %{%Ilﬁcﬁra oz'le]ctegxiegérlls é}?cng t &é&%ﬂgl% the first output

LR dERr 86 ARRINE Sibndl GRS Gher atiph s, Hseddiel }ndabmgl deGmmpnsmg a second
provi des a hearing aid systemincl udi

Picapphoye o @pce%ﬁqquglcr@ltgutfqalngc uceqnacspgfaﬁcﬁi@troglcfrf?eé\{er and a second
?1‘69&@&1 Caifl %&'ﬂﬁ 1 p L SROSHYERE addbtdd trosﬂro@elsﬁ ah b@PuEsignal from the second

ecelver and rst processor, said first processor
inéiroghond aqnﬂsadl Dl@tpptr s;glm sfrcmm they ﬁmld Sglqgﬁgnmfrp@qwqrﬁg order to output
&r%@ tg]ﬁlc -~ g tra{lsn ugerr &%‘igst%{ﬁgﬂtl 1{1:9 ghér%eleﬁ' eraﬁtan electronic
frhﬁs&htt&tﬂy@!éhl é&pteﬁaﬂ srhueeit aagigimd dosbeing $eo@nzatl Hyathe dirst and second

glzgt;m);c Hq%@tﬁrég%{gr@gmgeglg@gﬁggg% q%%dgﬁ}egﬁya? recglved by one of the

FiF @135 d0RA ele@tr&ﬁ@ endivels 88 cbRBied 16 SR MRke 8Nthe iR ©AB G the first or
processor, sald second proceSsor being adapted to

smon@ébdamu©ung@BS|gnal fromthe second

The term “inverting the phase” should be considered the equivalent of a reversal of polarity
of the signal, as it will be understood by a person skilled in the art. An inversion of the phase
characteristics can also be made otherwise, for instance by changing the phase of the signal
by 180° by means of suitable electronic circuitry. In all instances, the phase reversal can be

thought of as a curve representing the signal and mirrored in the time axis.

The system according to the invention provides a composite hearing aid system with an
enhanced, perceived signal-to-noise ratio. The system has been tried in field tests where a
significant improvement has been observed. The improvement is ascribed to a release from

masking due to the phase reversal in one of the electronic receivers.

The microphone may be any acoustic hearing aid input transducer known in the field, e.g. a

hearing aid microphone, an array of microphones etc. The means for offsetting the phase
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m crophone and an out put signal fromthe second
el ectronic receiver in order to output through the

W@ ewanabeout put transducer an acoustic signal fBCT/RAK2003/000309

user's left ear, an electronic 15 transmtter system

adapted to transmt a signal for being received by the

first and second electronic receivers, and neans for

inverting the phase of the signal received by one of

the first or second electroni €t receivers as conpared

to the phase of the other one of the first or second

el ectronic receivers. 20 The term"inverting the .

hazasteTisigioRY JoRPEsH SPeaBY der iertmgyihgaplarity opf the signal, means for
; CLhy . it _ ' .

G s or R, Hehdior i 15 GrRebrogBSing T Llecktic receiver may

¢omyeise iany eleétrériie dphaesmpatdé af wetizingst figwl.cag adably, péelecoil antenna,

made ot herw se,. for Lnstaq e bg.chan ing the phase of

PRGN ANRPriFglFesy haLREcTIF esl,Yﬁrtl%% ® el ectronic

circuitry. In all instances, the phase reversal can be

t hought of as a curve representing the signal an

d, . .
By elloviae thaphaseof irersieaalifiom oBe b leciramit BCgiypiitn e fryerted in one
6%ﬁ'h@¥1%ﬂgt ﬁgy alloPUh e &5 118 iGPReR! Af irH]?%{}érﬂe_glt% @NRY pér8Fnance of at
with an “en d nal -to

anced, perceived si I -noise ratio.

Tehe 45y sliBerin kerse bawen uprtp eboutn3-PidH, can dst ashighed evey and above what is

significant inprovement h been. V, : -

Piogist b hbpERs SR Bho B FOhaRLeh. Sloraldlp me prigrare

to the phase reversal in one of the electronic

recei vers. 30 The m crophone nmay be any acoustic . .. f

e vaRtion dn jfpithert %Sa%om@élﬁe% i‘ﬁﬁfﬂ}gn [FEMPFIEing Switching means for

f'ham!ib?l?r A9 @A HE SVQRBANSE: thahhasd 8y tiRf sighdlr SPheasctive one of the

etc. The nmeans for offsetting the phase WO 2004/ 100607

elerdDik2eodr a9 0B fitinghar act eri stics may conpri se

nmeans for inverting the polarity of the signal, neans

for tenporal offset of the signal or neans for

Thigi dnangdaiant aBswnépr tHhphat ef tieosigeal frmoebneof thaelectronic receivers in

conprise any e| ectroni¢ device capable.of receiving a

SR ARPNE @ RfIr of Regpipg al fPe‘Pf‘e&f‘E?qﬂvglﬁt S&ﬁﬂfb,ﬁn 1%'1’5%?& Qg an” out-of-phase

Sﬁﬁdnv@ﬁringaﬁkﬁﬁgtth&ahloﬂﬁﬁ@ tENR he@bit@inc BMIRINYEhenfBABS activated by
By allow ng the phase of the Signal fromone of the

tleduter ohthe hewingiaikrs to be inverted in one of the

heari ng aids according to the invention, an

i mprovenent in SNR performance of at

The electronic receiver of the composite hearing aid system, i.e. the secondary audio input,

can be used in combination with the hearing aid microphone, according to the invention, or it
can be used alone. It is a part of fitting procedure to fit the hearing aid to the hearing loss of
the hearing-impaired user in order to ensure balance of loudness of the perceived response of
the primary audio input and the secondary andio input. Measurements required prior to fitting
the secondary input to a particular hearing aid may involve coupler measurements, i.e.
measurements of the acoustic reproduction system of the hearing aid including the acoustic

transducer and the tube or plug fitted to the ear of the user.

The invention, in a further aspect, provides a hearing aid comprising a microphone, an
acoustic output transducer, a processor, and means for interfacing with an electronic receiver,

the processor being adapted to process an output signal from the microphone and an output
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| east 4-5 dB, in sonme cases up to about 8-9 dB, can be
achi eved over and above what is provided by a

W@ ivpasicde systemin an MoSm confi gurati on, acPCIH/OK2ag3/000309

to the prior art. 10 The invention, in a further

aspect, provides a hearing aid conprising swtching

nmeans for manually activating the inversion of the

phase of the signal of a respective one of the

el ectronic receivers during fi%ting. 15 This

arrangenent allows for the phase of the signal from

one of the electronic receivers in _one apon g pair . .

segnah dwom ty eleettonicoreseivete| 38e tthe anepng for infe ngrf- ﬁﬁ?@gomc receiver
3 hob e BB PRULAT (R Cioht bl Pt fcciver.
actlvated by the fitter of the hearing aid. 20 The

BSEeg T SRR LB SRR B SRR Al gy bo naic
bya SRIdH diathE ABariMgtal, bhe cbﬁﬁi{dnﬂgro&i ﬁi pfﬁgﬁafrﬂﬁhl(grbex for programming the
according to the invention, or it can be used al one.

hearing aig, gt rempterGoptplng procedure to fit the hearing

aid to the hearing | oss of the hearing-inpaired user

in order to ensure bal ance of |oudness of the _

’ﬂleis hearmgcaid eydpo msel ipfcombinatipn vithraysimilesi heaiingdd veerin the means for

se aud i n asyr e
FEERR TR R SR B B 4R o o o
fhk drel¥B3e frBﬁthl‘dﬁqﬁ‘g)UIJ{eemnmi‘a&lM renahiesed iwhen using the hearing aid in a

measurenments of the acpustic.reproduction system of
omRbIngtion; Wigh HpQp- HHNE‘PH%IF‘ ‘acoustic transducer and

the tube or plug fltted to the ear of the user. The

i nvention, in a further aspect, provides a hearing aid
?Ehmpmegilcprg in arfustheplasneet, Rapvides0a dewing pid W@Eeﬁwompﬂsmg means for

a?ﬁlsngige{ getgctﬁ‘t 1ESen0e of %Pgecﬂfzﬁnrd ndi®¥ in HeSin lﬂcélgﬂal and activating

receil ver, processor el n
adapioachfite phiae€ assncast theitlpettonsd @nalverﬁ ifothe tlhtected noise level exceeds a

n1crophone and an ou 004/ 006Q7

pedsteriberslint 54 Co@ng‘&; F?av£ fQi?tS‘htF PRSI I8 oni ¢

receiver, and the neans for interfacing the electronic
receiver further has neans for inverting the phase o

This feitepaf tferinyantine makesct pessible foe thei hparing R SireHiER & lfflés?ﬂ the phase

ingé/ert TieN ﬁel}lﬁgg enagl?étg;eﬁﬁa | ShGhatl B Jntﬁhlﬁl S6VIRRY Frelease from

i ver a smntc on the hearing
ﬁiaﬁiqn@yvhaneﬁ/emhfmﬂlghfrbﬂnfa)emfngm temisery box f or
progranm ng the hearing aid, or by renote control.
The invention, in a further aspect, provides a method for processing audio signals derived
from a plurality of paired audio sources, where the phase of one of the audio sources in one

of the plurality of audio source pairs is inverted as compared to the phase of the other of the

audio sources in the same audio source pair.

The audio source pair may be any combination of one or more hearing aid microphones, a
pair of electronic receivers, a pair of telecoils, or a pair of direct audio input leads. In this
way, a release from masking may be attained independent of the source or sources of the

signal to be reproduced by the composite hearing aid system.
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This hearing aid, when used in conbination with a
simlar hearing aid wherein the neans for inverting

wo b@4pimse has been di sabled, will achi eve an poihBRe@d/000309

perceived SNR ratio due to 10 the release from

masking. The same will be achieved when using the

hearing aid in a conbination with a non-inverting

hearing aid. The invention, in a further aspect,

provides a hearing aid systenw%onprising means for

anal¥3|ng and detecting presence of speech and noise

in_the input signal and actjvating. 15 inversjon_ of . .

ABIBRBGIE TrRscaltcl Pbemeo e sh Mesiuatiouis Jdee i byl noise level i

%rfﬁlﬁ&t&?% nRé gﬁx 1ﬁ¥ﬁione8fct§§ G$abent RORESE ehdThéem gl didinticrophone, thus

hen conpare Po the detected speech |evel. ﬁ

fedating ethNRhedwamaemtouf ohe ReIRpesitet sypf@msﬂmeeprpblﬁmt }fe to some extent,

{l&gr Ieggli)f :;lng:re;algl(rgg e, s é/ é 1v1 (M:etilg gﬁ&ﬁ?%?mq}éj&é\é ]nHBGJ@vegf the invention

provigles siorekiffigien sbﬁlheﬂﬁeeyﬁﬂzﬁmd i Ghedesdiled pantiof ﬂexspcmflcauon

this mght be of benefit to the user. The invention,

in a further aspect, provides a nmethod for processing

’?nginQeIﬁicﬂnﬁil StuftBEd Apekt, Iﬁi}oferﬁprm: Wieahé fof afdlyfag keTldetecting presence

audi o sources, where t phase of one of tKe audi g

eloprebsnidmotsaén thefinpuk élgpﬂ@ﬂé Injegns £or agtiNatiBg ByETsiR 95 dhg ghase in one

Iﬁlt 1 etcrtoglg 18ceivard HhE qie[eg‘ﬁ:h NRiRNEsE Qbedib® REMBErnfied limit when
i'0 sources in & SAre audio source pair.

ddispaaeititooths detected padech hagl. Hletlﬁmylajactht) ph@eumrmn g bgractivated in
nor e_ he

prscef (}lgqg: lgg E,l&? lautg?nra{nglhlgclglal Ségnaé) Ianaéllysé%ld?m ectgalltrtec tphase inversion

A4 b8 of Pttt loQRIBsterleRint NkiSen WlMtiod rel ease from
maski ng may be attai ned i ndependent of the source or

sources of the 30 S|gnal to be reproduced by the

SRS AR, B o MO, 2PRAO0R Qi e s i

ﬁcmrctehpmﬂ ihs toae emong1 thei andimt Soors patre mathtthe highest allgnalrtg»rr@ese ratio. This

%Fﬁ%ﬁt]@ﬂ {n?aﬁlo TN eli ﬁgecﬁ é’i hlr%an%tléilﬁea{}tggz%d %f thet Iﬁeans for inverting the

[I)_E%QH oF 02 dubjfit S It ag@ioGbuich & the PreRula alis b@iite pair where the
roblemis, to sone extent, alle

d Db
Blg@z;lég@pﬁ;g ratigelsJrghest ﬂlwstgro@.fcntgh@ reéq:aé%/ {f]?)%ﬁp)@sl%;% in theroutput signal
}é‘ﬁ\‘rﬁé usel (1 | gcg\f e b g%@t be%eﬁ{ ﬁ’(\fﬂlqgélegse'mn?nﬁgl&h§ I ent

tiron as e In the detailed part of
speC|f|cat|on The invention, in a further aspect, may

&g n‘grb'g ﬁ]&ﬁ“f ﬁ(l)iﬁ’ég"%%lp%{%c@q%ﬁg l%%q)lfjtgtlg gfplcglg %#Uaﬁglﬁsg %ere the orator is

acd Hﬁéﬁhbé’lﬂommi@ﬁﬁbr@ﬂ afd olid& PH@IWiseRoMIES are in proximity to the listener,

for instance in an educational situation, where a teacher wearing a transmitter microphone is
addressing students in a classroom, and where communication between the students is
encouraged. Both the signal from the hearing aid microphones and the signal from the
electronic receivers have important functions here. The electronic receivers aid the hearing-
impaired student in hearing what the teacher is saying, and the hearing aid microphones helps
in reproducing the hearing aid user’s own voice, as well as picking up what other students are
saying, for instance, addressing the teacher with questions during the lesson or, if they are in

a cooperative group, working together solving a particular problem.
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of the electronic receivers if the detected noise
| evel exceeds a predetermined [imt when 10 conpared

w0 oooheocdet ect ed speech level. In this way, theCPDES@3/000309

i nversion may be activated in one of the hearing aids

automatically if a signal analysis decides that this

phase inversion may be of benefit to the listener in

a given situation. The invention, in a still further

aspect, provides a method of 98l ecting for the first

audio 15 source pair the one anong the audio source

iié rs mrth t he hi ghest signal-{o-noise ratiaq, i1 h
wetof dyo fifferent dnpat FXfFecnP?e PS B b%e*&sed? atcﬁ@PPﬂK?esﬁ(Pﬁe’B‘n will permit the

ﬁ’%ﬂj{d bd giserBY A '&%%s%ﬁé}smic hbﬁ'é’ Riched ﬁeetr@&hstﬁ’rﬂ%@@rc@fof interest will
e output signal fromthe u 0 source in the

lpmddrmmaﬂedrbyaspdeah §oﬂh&rm0m|ﬂne ¢nsing didhanicrophones will be dominated by

rl10é elg ]EJ},Cn y s m edmil#'l Sf?ehh h%%% Euli]éﬁs llﬁ%&gm th¥si al of interest is

e ou
pre&nted ith |theg&ianh§-ﬁn155n@9 gistenbreinef dlthdtlbpzmt@hasﬂad eraslmo‘nramdlthe noise is
maski ng. 20 The invention w | rov eﬁ
prageated; 8 iagligticy 9omﬂpftaﬁlﬁrcearhﬂer>t %é‘gt% fhe competing noise

IRt lafd a BbrrpQidil AlfRovenidint ﬁm\nh hfa%eebtaaﬁd one or

nore noi se sourges are’in proximty to the |istener,
for instance in an educati onal situation, where a

%Lﬁﬂ]%ggélb?%me ts ta{u%r%simlt éar '?110?1{ @19% e d%nt claims.

g s ssroon1 ere
conmuni cati on betmeen the students is 25 encouraged.

Both the signal from hear.i n j d.m crophagnes and.
iR vif AT BB Pt FOPOR a1 e SR g T ERings. where

i mportant functions here. The el ectronic receivers aid

t he hearing- inpaired student in hearing what th

F]gadhsémws gnsespinply, obA¢igngk ard arpagien iy tHY @F%I&goﬁé% with the signals

hﬂﬁ'lﬂéb Lgproducing the hearing aid user's own
vorcey el as pi cki ng up what other students are

sayi ng, for instance, addressing the teacher with

Hisoper BF Py D= tadt i ogupheiend iyl 480 o ofphase

partlcular probl em WD 2004/ 100607 PCT/ DK2003/ 000309
10 The use of two different input systenms, as.is the
Figs 8 s 2 whemsisospV of f/ypisal UsRr ISHW%‘@P yherg hélem’erg_edt%er can benefit

A transmitter mcrophone | ocated near a
gfg%anﬁ{éggrée of interest will be dom nated by
speech. Furthernore, the hearing aid nrcrophones wi ||

F}%eﬂﬁgggﬁ%gd.%p” Sﬁe‘g{‘r%etrqgeﬁnb‘épfn% rh:;]tg heél’rllva oy ﬁ%& 9he hearing aid
héHofdifSto thsieligdsent ed to the hearing-inpaired

listener in a dichotic, antiphasic condition and the
noise is

Fig 5 is a block schematic of the hearing aid according to the invention, and

Fig. 6 is an overview of a composite hearing aid system, comprising two hearing aids and a

transmitter.

The relationship between signal and masker under binaural listening conditions is illustrated
in figs. 1 and 2. Fig. 1 shows a signal Sp and a masker My presented to the right and left ears
of a listener in the case where both the signals Sg and the masker My are mutually in phase in

the two audio channels, MySo.
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presented in a diotic, honophasic condition, a release
from masking by the conpeting noise wll result, and

wa@2@anew@spondi ng i nprovenent in SNR nmay be obt BCTYBE2003/000309

Further enbodi ments and features will appear fromthe
i ndependent clains. 10 The invention will now be
described in greater detail with reference to the
drawi ngs, where Fig. 1 shows an exanple of a signa
and a masker in two hearing ailds with the signals
mutual Iy in phase, 15 Fig. 2 is the exanple simlar to
fig. 1, but with the signals nutually 180 out of

phase, Fig. 3 is a schematic view of a typical user

@h ugty po h‘é@%‘hgﬂ %dnﬁ@{nhgl&r Qlle% %s%ﬁtred ¢Rhe RRReSId Ieft BRI a listener in

hven 4 1s schematic of a
the e;ise fheck thﬂ‘hghttl sigmat is B0 m—quhmetvelth e éﬁébslgﬁﬁl,t@é the masker is still

he rln ai.d r to t 0

B SRS Mr e ! QNGO By om maskin
(5fnc}{§ ghaﬁ g)resélﬁgd tthe Mks@nerd aﬁcﬁarﬁmcﬁk‘{(ﬁfal/ p&veiedd idprovement of up to 4-5
conpo hearing aid system conprising two hearing

@& 8bRand a transnmitter. The rel ationship between

signal and masker under binaural |istening conditions

is illustrated 30 in figs. 1 and 2. Fig. 1 shows a
Alpgz[b&balﬁi@era;ﬁtdatﬂanﬂaslkﬁm hig Bewbere @disercd 1t fitwatefl dgha reome 44 is wearing

left ears ner .in wh t

ingalienses Sy Tt AL KL CRs RS RI GRS T 7 o dhfme room 44 an
586 60%iRMEd Qorhd ANKHES awhP Bdm tHARisEP B sl akixg into a rmcrophone 42
PCT/ DK2003/ 000309 11 In fig. 2, both the saé]?nal

@w@ecﬁ@ét@eac transanifiekcimdet aEnpAd3 AgPItHR Fdie Sl Eggpsenting the

s 0t S Rl el o 48 s
sltmg h path 0 pmamncmpbmtemz; Blren ea@s ofgh@sounH @rcrp@gaw& algiig paths 72 and
g? has r eV tog tlﬁi]é)%p{ ?t ?eafclée% «gﬁ?eg gg gf{ ei felale Still other
Eﬁfsc(ﬁ' tHE Qodnﬁ'ﬁfréﬁé@ﬂ@@bloﬁé thePpdtl 74; ®aching the user 61 dlrectly. The parts of
the sound travelling along the paths 71, 72, and 73 are picked up by the microphones in the
hearing aids 11, 31, and the resulting signals amplified by the hearing aids. The signal from
the transmitter 41 is picked up by both the electronic receivers 17, 37 and directed to the
hearing aids, each of the hearing aids mixing the received signals with the signals from the

respective hearing aid microphones.

Apart from the direct sound part propagating along the direct path 7 1 and the indirect sound
part propagating along the paths 72 and 73, two additional sound sources in the form of
orators 62, 63 adds to the total sound environment presented to the user 61 by the hearing
aids 11, 31. In case the user 61 wants to hear his or her own voice properly, or hear other
speakers in the room, the microphones in the hearing aids 11, 31 have to be left on when
using the composite system, although this is likely to introduce less wanted sound sources in

the form of room reflections and probably other occupants of the same room 44.

To alleviate the poorer signal-to-noise ratio in this situation, the phase of the signal from one
of the wireless receivers 17, 37 may be inverted according to the invention, resulting in a

release from masking as previously explained. The actual inversion of the signal may be
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dB SNR A practical user situation is shown in fig. 3,
where a user 61 situated in a room44 is wearing
whrwanowmb7 hearing aids 11, 31 with wrel ess el BCT/DEAI03/000309

receivers 17, 37. In the sane room44 an 10 orator 60
situated sonme di stance away fromthe user 61 is

speaking into a m crophone 42 connected to a

transmtter 41 and an antenna 43 transmitting a radio

signal representing the signdP fromthe nicrophone

42. Fromthe orator 60, a direct part of the sound

propagates along a path 70 to the_m crophone, 42, .

werfioanedh By pRe of thendectionirdreprisgadd 5 BnPUFicHe geyicg ot shown)

fo f @!nﬂ‘% jad 11€33N8s in the signal

%ﬁ%mggégggéwg%gh?%ﬁg&?ggg}QSP?P?1%§g%r %gggfs of the =

wockssing ciopatgpobmealf treghepting pids h1,21; reachi ng the user

61 directly. The parts of the sound travelling al ong

the paths 71, 72, and 73 are picked up by the

i€ TMRRGHE Sestlts hehe higadls F@naitss wirklessS dlectaordc trbegivers 17, 37 being
resulting signals anplified by the hearing aids. The

deligerarl in odirhatise antiphAsGifpshign. Jvhile dhe, P‘@Rﬂa%{%‘ g}? Bisgpphones of the

l% nglaﬁﬁt florylcbéiﬁ% QeMehSd 1 a AdhdRrd hebgifkRAfaEoA RAd the resulting
eartng al ds, each of the hearing aids mxing the ,

pecmvede diffstegpa bstwien hthe ragnslsg frams ther By diféeremosets of signal sources
respectj.v ar ' ] . -

PRt DR 0 o s AR e e BTy B ipprovements

éinéorh Bend aplto @dB asoattathableanytthpinvpatipmt i ng al ong t he

paths 72 and 73, two additional sound sources in the

formof orators 62, 63 adds to the total sound

FiigVA %HBWEEETM&&@Q QhfpRehehttibh &f s Shvdiikr gt 160 Reaatila gordise with the

ards 11, 31. In caSe the user 61 wants to hear his or _ _

perentionn Thoinpet sroinel fryis conneriag togmyayerting apre 19> phag pplifier 103

room. the i j ar ' : ifi i

8 unp AP fepantthg foondf NACINESplufty b ofubaiifer 103 i

adteanghby biwithge Hidpedeywond, preferebly centiodied asemvelthes alivider network
sources i

the form.of room.r ctions an r obapl :
WP hepmeted sahEsront PR e ARG P BT 37 P3N qopalpRY minal of the
LRBIRR0I08! aril 83 oirt OF; F,i 1B6pebibdl P TH foMtSV ), tisladrin@eted to the battery
the phase of the signal fromaone of the wre|ess
temminial/ Brisof 11re hegwingraid Yia aisiiteh detndaibe othar #Ry! ¢fghe Keltage drop network
[ ng | esul ting. i . | g@as om| [ h
APLSOERY LSRR nE nh S5O Ui TR B o oupu of e
singlifidr 108yis beniaCied 06 4h KOGHO IMPURNBKDOOBINGOBSOOK 103 which in turn is
perforned in one of. t ellectroniCc receive 11 L
Fermiared i op PuBiig it o ot odiiag FEEIFL & popting the gun s
COMHREEY bhebhBiel0REAL XET the Inferthg ifiput 1 0R oftha anplified 10S.
11, 31, or in the signa

The signal to be inverted by the inverter stage 100 is taken from the input terminal In and
presented to the inverting input 105 of the amplifier 103 via the input impedance matching
network 101. The signal is then amplified by the amplifier 103 and presented at the output
terminal Out through the output impedance matching network 108. The amplification gain
factor is chosen to be 1, equivalent to 0 dB, so as to achieve the option of switching the
inverter stage 100 without affecting net gain. The gain is determined by selection of the
parameters of the feedback loop network 106, and the voltage drop network 102 is used to
determine the operating point of the amplifier 103, preferably so as to allow the voltage

swinging about half the supply voltage. This latter feature maximizes the distortion-free
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processing circuitry of one of the hearing aids 11,
31. 5 This inversion results in the signals fromthe

woweeliens’ el ectronic receivers 17, 37 being deCT/DER@d/000309

in a dichotic, antiphasic fashion, while the signals
fromthe mcrophones of the hearing aids 11, 31 being
delivered in a dichotic, honophasic fashion and the
resulting perceived di f ference between the signal s
fromthe two different sets ofl3signal sources
represents the BILD of the conposite systemutilizing

the i nvention. Typical rove nts of from5 and
REPYLTON S inyeaten FRgs 00,18 b‘g}ff%lﬁ éﬁ?iso‘f?ed t [ the corrent drawn

5%81‘{{53 uﬁ*eﬂéﬁﬁ% L 2ho, | APhE R LA LRRNP Lo@inpRYE 'shSlld HedBt as low as
1 sui tabl e use wth the invention. The input
pmsibiamlprqlmg@ﬂcmﬂufect ed to an inverting input 105 of
an anplifier 103 via an input inpedance matching
network 101. The operating point of the anplifier 103
The twitclesemay Reldctbylya comktiathe piﬁmpvmﬁt taothk , bapewf @rminhly Bat of the
enbodi ed as a vol tage di vi der 1@%s conneafﬁ bles th
bearing @it Picior SrPyng: Go%eqt}ggmﬁlppnito suppttﬂ dhe Badfery {pgmimal Bat enables the
WREAAIG 08B! phi§ind Ml andflifleh @03 g ipbiver frlaﬁﬁ theARéhrinp@id battery.
poi nt Vsupp, respectlvely The point Vsu
Sommung&fsumow@mdwpmews th@rlquﬂi@F le\ﬁElOlbgy malﬂfé’é%'ihﬁ gignal to pass
Vi I t

a1%ht tﬁ o mv\qlgfo%%th %ﬁg d&%‘lpee a%h ?%gl% W?%gﬁgefeedback loop

hetpotk 1060 oid ﬂ]heompmllnfpem&@ﬁatcmng ne’lwalkltl%ftot @Qut, 20us makmg no

[ifi 03 i s _connect to an t i npedance
e e B0 (SRR S i ) B RGERRGE g s 5. o
thenQuithed 166 hmyn%%feﬁﬂﬂy bé rharedaskd |a9®§rtrk§ﬂ MtD[ﬂteglﬁk@d silicon chip
for controllingt ain is_connected between the
ecropwodatieg woffer inavierdl thy Hefing afoSTRRIY He Welh| g e switch 5 may
t f
0B LA 9 RS AT L Y ph DR AR AR, s ki
prpessibit edadtivatt loe déavtieate suggalumomwmgfprogremampg pffthe hearing aid.
103 via the input inpedance matching network 101. The
signal is then anplified by the anplifier 103 and
P{ELSaRb®8 a Bbartn3eri @0 thMbrisih €k Mifiaphdadt 1, bheledsglhs, tahwvitch 5, a processor
out put i npedance mat ching network 108. The
énzp1d| ] |hg§mgoﬁdgrgq:q§verf'bc$ orirglessc F,'l@gtgﬁnq 5e051é(elj_4 comprising a receiving
ai %néonh&tech Bne ﬁQarﬂ% aﬁ@9§&hh %&ﬁlet:th‘(ﬁl ﬁﬁjﬂnﬁf% Ofoth the receiver 4
Inverter Stage 100 w thout affectin
raadl t}gaelacoﬂr:h areg@nneckes] tdettc@ntmlﬂmidmbgrtes @tae@tlﬁ of thefkin ehown in fig. 4.

e GHREE go o S hetbre 107 haCE S fBhs e AoRp rcoiver 4 s

@P@iealet A8d BAIve! Wﬁnstfﬁﬁdﬁmhbdtingrthelﬁ&coﬂ)BGhﬁﬁ adtlbgersiluasated as they
to allow the voltage. sw nging about half the supply
W@Hbagbwomwwémwaﬁbﬁﬁ d ingthe gite maxi mi zes the

di stortion-free WO 2004/ 100607 PCT/ DK2003/ 000309

The controlled inverter stage 13 feeds an output to the processor 6 which also provides the
control of the inverter function. This makes it possible to invert the signals from the telecoil 3
or receiver 4 at will by providing the processor 6 with adequate control signals. In the
embodiment in fig. 5, it is not possible to invert the signal from the microphone 1. A
modification of the circuit to incorporate this feature in the signal path should, however, be

obvious to a person skilled in the art.
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13 output fromthe inverter stage 100. The current
[imter 107 is used to limt the current drawn by the

w0 pooagnown7 st age 100, as the overall current coPGIIDERI03/000309

shoul d be kept as Iow as possible to prolong battery
life. 5 The switch 5 may sel ectively connect the point
Vsupp to the battery termnal Bat of the hearing aid
or to ground. Connecting the p0|nt Vsupp to the
battery term nal Bat enabl es tthe inverter node by
supplying the anplifier 103 with power fromthe

hearing aid battery nnectl ng Vsu to

Thepprpesssa s, ima Tl cpde F%ﬁ%tﬁ Hﬁ’ﬂsﬁf HRaps angfo%é’WPP] for analysing and
|48 @ 6ighalt £ dchpating th lled

@tn%gg%ﬁ%egpr?r%? 2 Oﬂﬂegééltg{;\m/o% i&%gi{l te Eﬁguf e%g%lack Icog ng e contrete

ne¢rivo 1R if 06, desmwdtrmsequé grceeApa dEdEeTREed ﬁliﬁﬁbwﬁ@% Wkared to the

(iei 8 etzgl]ospeQJ tleveg uﬁlen%%{rg’l?ecg]?}/%rge? gg gxga)y' fed BE c&ﬁﬁ'ﬁ’l@% ggfnénlﬁ@ally by the

Ini1sn operating t
ﬁmtdsﬁ‘di &. pr?ﬁmbly nvBzihg rsosikadgad DOhystesesisr dépmabigyomehe presence of

manuf actured as part of an i rated.silicon chip
weedrArd agise HbthBtS’Ig@?ls A ?EreE}?P‘%eﬁg‘oﬁgiﬂlﬁg aid circuitry
as well, and the switch 5 may preferably be

control I ed by the software used for progranmm

Figabi Shgwaltwo hdaring ridsi Ay Al qofnpﬁlé@glfﬁnlcéoﬁh@n%?cﬂfv%ﬁ andpearing aid
deac tg,s \Y/ n ol f 1

ﬁacelv \ﬁ% §3 'Tgﬁr;ﬁl:aﬂn% aﬁﬂss'lf) 39%%5%?%8&3? g@%ggg@ngrglegcﬁ%mc wireless
feceivers Olp'h (3!7 e cc’h;nprasmg I smhllng 3neams slb, t38h aBd a.glaptp@c 553y A wireless

6 and a hear r g r 7. Awrel

fransEpeE, 4W&thn’g+ q’r? e?‘WIWg ZY)gan %%a §ed2§) Bhenfif!ffnals to be
£RONELH Plle ERcirbifC Iw@re)smcav&s 97\37a a connecti on

termnal 8. Both the receiver 4 20 and the telecoil 3

are connected to a controlled inverter stage 13 of the

F\ &gstl? I@%W Jﬁ'clkfeﬂ gxgl the HiRrdpBbRE 22 |a1'e'3cérﬁfeﬂéc§ &iH @ﬁ:@ﬁr&ﬂc signals by

circult whenever the receiver
nﬁanscafnﬁmc‘tvnreleasndeamrmw@anmaﬁs4i and d:rasl@@ﬁ@écb}i thy tﬂﬁ@nna 43. The

tel ecoil have .not il lustrated. V.

BN T et k. Py P o B8 e angd Yobi Eipeo o signal
SuMBIel B reploabéiohdyftBEe Hearng atitepeivert 03,t336n pifcoegmstve earing aids 11,
whi ch al so provides the Conttbsthl@WOf the inverter

Blreibspringrids 1 gk dave rtnews(gq) nyfor s %c}tltve]tyﬂgvegp%tgp phase of the
EIFR dJﬁEg f\ﬁ?&ﬁ@és elestrofit réc%ﬁ/%i*svﬁ 34 #d Hkdel m&Ms may be enabled in just

e processor 6 with adequate contr ol
shg nﬁlt]sa h¢aninghedds, itb @didtene provide g rel§asej fromsmpgking according to the
qu Lbl.e to inyert tdh%vsio P},a fromthe mcrophone 1. A
8??‘?“(:13 RS IR FEM P t 0 i ncorporate this
feature in the signal path should, however, be 30

obvious to a person skill [
The means for 1nvelpt1ng the phase of ehe s1gna{ Erom t{'le wireless electronic receivers 17, 37

may be implemented in other ways according to the invention. Means for detecting the
presence of both speech and noise may be integrated in the signal processor of the hearing
aids 11, 31, thus letting the signal processor decide whether it is beneficial to use phase
inversion in one of the hearing aids, 11, or 31, or not. This feature requires an additional step
in the fitting of the composite system to the user, i.e. deciding which one of the two hearing
aids 11, 31 should be fed the phase-inverted signal from its respective electronic receiver 17,

37 to gain the benefits of a release from masking.
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WD 2004/ 100607 PCT/ DK2003/ 000309 14 The processor 6,
in a further enbodi nent, conprises neans (not shown)

wo cvo4ammbysi ng and detecting the presence of BEE®ER003/000309

and noise in the input signal and activating the
controlled inverter 13 if the detected noise |evel
exceeds a predetermned limt when conpared to the
det ect ed speech | evel. The controlled inverter 13 may
then be controlled dynanicallf5by the 5 processor 6,
preferably utilizing some kind of hysteresis,

dependln on the presen f peech and _no se in, the
FSOSiTRE Tt B I H O B TYArTIon B (e RS fgpe! from the

ﬁ&ﬁfoh{&:}e@él%?s 11,373 buSQRRId R b dn&bOPNane $enlc3ce cS@raBd may be of
earing aid receivers 13, 33. The hearing aids 11,

31
the @ndcmﬂcb&r ebanging wtyeentdifferend|listeningrresrapes gxe haging aids 11, 31,
el vers ns 18, 38,
bt GrupdleanERTRONRIRR MEbREDMRIFRER 10, 2y
nicrophone 42 and antenna 43 is adapted to transmt

als to recei ved, by the el ectr.oni,.c. W r.el ess

Aarurercd e foreoing s imierpgirarer ek Lt M Gyt = rlesse from
Hﬂaﬁ«ﬁl%oi?? RRaflR o IR BPRNRN e thakiMifeEbe GtingRive sEbdadially Rdentical, but
15 nmeans of the wireless electronic transmtter 41 and

individally fisgd phyearing aidst smprg og. ofthe twe hegineofiflg Is adapted to permit a
0 GRS DR B P Hork e dcRoh R e ch LA BEbly oxplaned.
reproductlon by the hearing aid receivers 13, 33 in
the respective hearing aids 11, 31. The hearing aids
11, 31 have neans (not shown) for selectively
inverting the phase of the signal fromthe wreless
el ectronic receivers 17, 37, and these neans may be
enabled in just 20 one of the hearing aids, 11, or 31,
to provide a rel ease from naski ng according to the
invention in the way di scussed previously. The neans
for inverting the phase of the signal fromthe

W reless electronic receivers 17, 37 nmay be

i npl enented in other ways according to the invention.
Means for detecting the 25 presence of both speech
and noise may be integrated in the signal processor of
the hearing aids 11, 31, thus letting the signa
processor decide whether it is beneficial to use phase
inversion in one of the hearing aids, 11, or 31, or
not. This feature requires an additional step in the
fitting of the conposite systemto the user, i.e.
deci di ng which one of the two hearing aids 11, 31
shoul d be fed the phase-inverted signal fromits
respective electronic receiver 17,
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30 37 to gain the benefits of a rel ease from maski ng.
WD 2004/ 100607 PCT/ DK2003/ 000309 15 In one

weniadiwsent , t he neans for enabling the inver sSPOND&ER003/000309

the phase of the signal fromthe electronic receivers
17, 37 is built into a renote control 51. The renote
control 51 may be of the kind used for changi ng
between different |istening programes in the hearing
aids 11, 31, further equi pped®w th neans for
controlling the phase inversion. 5 Wth respect to the
foregoing it is inportant to enphasize that the

$t of a release from nasking by neans of the
invention is maxi m zed by using two substantially
identical, but individually fitted, hearing aids,
Whelicaring eidafysttineompasingar i ng ai ds is adapted to permt
a reversal of the polarity of the signal fromthe
el ectronic receiver as previously explained. 10 WO
2804 hdR0604d RehpRSRL A390RaBEPhoiE a fiksAlabfiisfic oAtpearnsdgcer, a first
aid systemconprising: 5 a fi[gt-hearin i d
Jentonicsiepyfve 1dr & fir RIPESETENEA élr%tinrg‘t‘esg% 3&%‘%& pdapped gy process an

; i | RioH 8l fréA @hePfidst E18dtronic receiver

%#@gégégﬁ%ﬂggﬁ%h%?%%¥&%§g%é§2%§n@§?néﬁadapted to L
inroodee s owput thuotphythedirsfremipuf ransledes an peoystiqFienad Herciiser’s right ear,
and an output signal fromthe first electronic
receiver in order to output through the first output
4 §RBEIINGEIng a1l RBQHSInga sséq@idahicfophoe, aserond acdugtit oeq@nt, transducer, a
10 a second hearing aid cogprisin afﬁecoq% beine adanted to
seeendhplEFFRRIC ECeivelLMe 2 8708 PEOCS?ngLFPl FEREGROEFSsor,emne adap

é&%g 0dn %Iuﬁﬁl{ 6i9R41 GrdrE GIRY $486ndPRitrébhdRE BRdla bAPESSi@ial from the second
ald second processor being adapted to process an

dedtpmic rsiejverlin ordsria pepWdbiongh e SPeFH P UA Fansgiods 3h gepustic signal

fignal,frﬁn1the second electronic receiver in order
B AYEESIE B ough t he second output transducer an

acoustic signal for a user's left ear, 15 an

electronic transmtter system adapted t ransmt a oy
an @lﬁg;omcb]xarggpﬁegr syslemy e\%ﬁ(e@)tzo ’g%ﬂsagtf:il Flg‘{lg tIor %emg received by said first

and second electronic receivers, and

means for inverting the polarity of the output signal of one of the first or second electronic
receivers as compared to the polarity of the output signal of the other one of the first or

second electronic receivers.

2. The system according to claim 1, comprising means for automatic activation of the means
for inversion of the polarity of the output signal of one of the electronic receivers in the said

hearing aid system when the first and second electronic receivers are both active.

3. The system according to claim 1, comprising switching means for manual activation of the

inversion of the polarity of the output signal of one of the electronic receivers.

4. The system according to claim 1, comprising a remote control adapted for communicating
with at least one of the hearing aids or with at least one of the electronic receivers for

activating inversion of the polarity of the output signal of one of the electronic receivers.
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and second el ectronic receivers, and neans for
inverting the polarity of the output signal of one of
w0 b@4fidee8t or second el ectronic 20 receivers BGI/DK2003/000309
conpared to the polarity of the output signal of the
other one of the first or second electronic
receivers. 2. The system according to claim1,
conprising nmeans for automatic_activation of the neans
for inversion of the polarityldf the output signal of
one of the electronic receivers in the said 25
hearing aid system when the first and second
el ectronic receivers are both active. 3. The system
?Aﬂ}% i fPOR di! 1) RGBS Bver@g the phase of
fra%gg t%ﬁ(gaﬁlk%l%ggﬂdl |drlll§le1r gllhgirll&%f tnlﬁﬁ% polarity gof P
thhveutput pighalsefgorel ofothe @&ﬁ@trofllctfh@l%qr%eﬁ losated in deeorespicsive electronic
30 4. The system according to claim1, conprising a
PN e contr ol adapted for comunicating wth at
| east one of the hearing aids or with at |east one of
t he electronlc receivers for _actjvating.inversion of :

@ HBhep b 9 GEoieRacSBIdR 1 FISHAI | (omaBings 4 pgatel Comecting the
%g&gﬁ\;eoeﬂé&% ROBEN 6 So thMRe2PA4id QBRI RieThdlne BR3AHREAROMe phase of
earing aid systemaccording to claim1,

thi entpirrsigrabofenernd theptledtiopisreqeingrs i @C@Wéé@ sl adaphes.

out put signal of one of the electronic receivers is

| ocated in the respective electronic receiver. 5 6.
Treheadnggd aysﬂerﬁ yisdoedingtwodaich hgvttegein kg meabs for inverting the phase of

conprising.a pt er. connecting the ect

P SBiPROHER! P o dhe e TONE THREATHG VIR Grop piog g aids.

means for inverting the phase of the output S|gnal of

one of the electronic receivers is located in sa

& Bhstheering id systmnacensaing g claite 1s yhereh e ElsFarHg retcswefs are adapted
eign the neans for inverting the phase of

%%ﬁ?%m#Mdﬁu? gnal of one of the electronic receivers

is Iocated in one of the hearing aids. 8 The hearing

system accordjn

8 Saekin o rrproere kiRl fnpdger, o processor, and

ReBRALS intekPichhg I SREIe& A @& GerPEdiS pfwe@oﬂbahﬁg)mmptmd to process an
an acoustic output tr ansducer, a processor,

neans
b@pu‘q gl ffeost thy wicrephane andap oL sieaelelrem th I%F‘aomc receiver, said
T3P &Eerggin%qxnﬂ'fjtﬂg LROrdR: ROGESSvEHE means for inverting the phase of the

output signal from the electronic receiver.

10. The hearing aid according to claim 9, comprising means for analysing and detecting
presence of speech and noise in the input signal and means for activating inversion of the
phase in one of the electronic receivers if the detected noise level fulfils a set of

predetermined criteria.

11. A method for processing audio signals derived from a plurality of paired audio sources,
comprising inverting the phase of the output signal of one of the audio sources in a first one
among the plurality of audio source pairs as compared to the phase of the output signal of the

other one of the audio sources within said first audio source pair.



out put signal fromthe m crophone and an out put signa
fromthe electronic receiver, said nmeans for

WO paoenbm@mei ng with the el ectronic receiver havi POI/DE2WS/000309
for inverting the phase of the 20 output signal from
the el ectronic receiver. 10. The hearing aid according
to claim9, conprising neans for anal ysing and
detecting presence of speech and noise in the input
signal and neans for activating i nversion of the
phase in one of the electronic receivers if the
detected noise level fulfils a set of . 2 . . .
bt dsmsthpdragqordme te clagn 11’1C.°n)ﬂ?fﬁ’é‘§r§8]&°tf‘k%é’b ths gt apfflg source pair the
Bkl Rorl B Mo HShbHsks WiRh@hiBhstk Silhdifo Rbisp adtioed audi o
sources, conprising inverting the phase of the output
signal of one of the audio sources in a first one

| i. 0 1O e ' ay .
5 ik sl ool cObya 1 cSRUGE, Renbucl SRRAN B0 o paie of
dlbctidiic aatdiversstoun dizst it bf adi@isourtés; s¢pradiding & signalepicked up by a
pair. ) 2004/.100607 PCT/ 003/,000309 18.12. The
RBrsbisuo SEBGIRAREE TR matd MBI P® S6P R roptse of the fist
baae of bhidib saMEEOwRRYEPECtRGIHtHe HiiSe oP iR ARENIIdId®uddetiithin said audio
source pairs wth the highest signal-to-noise ratio.
f@ueempaar- met hod according to claim11l, conprising
reproducing a signal froma pair of 5 electronic
receivers by a first pair of audio sources,
reproduci ng a signal picked up by a plurality of
i ndependent m crophones, and inverting the phase of
one audi o source of the first pair of audio sources
with respect to the phase of the other audi o source
within said audio source pair.




