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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 receiﬁng a signal from the transmitter unit, and a hearing aid with a “T”
25  facility. The receiver unit connects to an induction loop, and the hearing aid receives the

signal from the induction loop and fransmits 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
30  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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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.

30

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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stimuli (i.e. the tone) is presented differently to

the -

In the dichotic conditions, one of the two stimuli (i.e. the tone) is presented differently to the

20  two ears, binaurally (e.g. S-S0, 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
25 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

30  one ear, MinSy, or diotic to both ears in phase, MpSo.
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explain the principles behind the invention.

Currently, 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 MS., thus giving a theoretical benefit of 9 dB

15  if pure fones 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
20  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
25  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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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
microphonés 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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The eenlnngn gmgtt}?edphase" Sfl(?lﬁ(? ges coanrs]idgrlélé &%tequivalent 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.

Example embodiments may provide a composite hearing aid system with an enbanced, 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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According to a second aspect of the present invention, there is provided a hearing aid comprising a

microphone, an acoustic output transducer, a processor, and means for interfacing with an electronic
receiver, said processor being adapted to process an output signal from the microphone and an

output
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phase of the signal of a respective one of the

ectronic re |vers ring fittin Thi.s arrangenent
e A g oF LRSS ol ft@ﬂalir% LF Yo BRI PR aebe cnabled by @
switgh em the (hmrmg laelce_y a/@ingndnd foiea pragmgniy HRifSr pddgrdifding B¢ hearing aid,
elselectlvely set in an in-phase or an
Sse position during fitting, thus all ow ng
the SNR perfornance enhancenent to be activated by the

Thﬁ earln% al%bSI {‘,}gus?? ﬁrgbtgﬁii)%svg] gm%hﬁtr éga%?llﬁ %1 Eg%hr\ég]:e f(r)lfbodlments
wheaaint ihe m&apufo: inaninp ehe ptsscthds rbeéiOdﬁEHb[bﬂI wiNachict-§lakt Bthanced, perce:ved

snif B35 4000 B Gy RPURE R TG e BRI i phnepscfe goin th v aid n
a coptbopatuwith 4 vorfintertidpcheldmy dihg ai d to t he heari ng | oss

of the hearing-inpaired wuser in order to ensure

bal ance of | oudness of the perceived response of the
Alspdisctosey i téaving ajpludystamcconpkieing emamdar ¥naidihic and @pwéting presence of

asur enent u.re rior to. fitti t he secondar
spoq!R AR hETPR e IpHLEF o dcBiarig it e pr e (26 g Herclectonic
receimesssifl ttenierettsd nolselevm&édﬁﬂpféﬂaexﬁﬁneﬂhﬁxﬁﬁﬁﬁéiﬁddnﬁ)ared to the detected
'Sp&mﬁgwqductlon system of the hearing aid including the

ACOUSti ¢ transducer and the tube or plug fitted to the
ear of the user. According to a second aspect of the

i AP RN oS S BAR e Rl B e m o ot two
hearirtga?lli]dsdeiemlvelyanc}bmﬂmﬂﬂ&@lﬂy, aﬁhﬂuﬂpﬁﬁﬁm@ Qlielbddé &bﬁlgﬁ‘dsﬁﬁg whenever this

- WM. t n ectronic receiver, sai rocessor bein
‘mgﬁﬁﬁﬁfg%mﬁ“°§F&EéSS an out put S|gnalpfrontthe )
_ m crophone and an output 8 signal fromthe

el.ectropi.c recei nean far interfacin

AcofHBEAT R SRR o atty PefrasREE) 2 PRUB EF Aipoessing auio
signglly derphdﬁem@tfplﬁrlﬂﬁy ofiigired asdi@fvatced, E:&’ﬁpﬂidi@ ﬁte@tﬁ-‘r{gr tﬂfmy}ﬁse of the output
sionhESEL Vel ns for |nvertéws hase of

£ gna‘t ? 16e at“H% S8tf8?§t P TEt PBE AMTRE teeR/ tyeftfa%‘fl@ds%ve pairs as
comparedsti the iphasa of the dugar sipgal af the diher dn€ ONMIBRAIID KO within said first
au&Erlgranntng box for programm ng the hearing aid, or

Eite control .

or bg remot? co

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.



This hearing aid, when used in conbination with a
simlar hearing aid in exanplge enbodi nents wherein
the nmeans for inverting the phase has been di sabl ed,
wi || achieve an enhanced, perceived SNR ratio due to

Ambibg robegaentt raoprobeskionge litleger SAMKRuAohd wheeakrd b@é&‘ﬁﬂ noise level is
a

us hear | in ination wth
con B RO PR RST pbe abhiens S e drubie ] Siomeas g reducing
the SNR sg:ahtage oOMR cahmgitRHMen.f Diic pRBleMSIsNG aBde extent, alleviated by

t sence of eech and noi se in the, input
mcf%ﬁ“@ﬁ@? AR T ey EOW%%é?‘éﬁfﬁowert RETRH SR ol incg igreyfde a more
effididne sebtatak amlﬁnedrlﬁﬂﬁld\ﬂﬁﬂéﬂ paft of BR spkeifReficnd noi se | evel

exceeds a predetermined limt when conpared to the
detected speech level. In exanple enbodi nents, it is

AIscpdsﬂbst erd mears Her h&@l‘sm@ganalcﬁteeﬂu{gc}ﬂbsfeﬁdé dfOspkdd¥Qinll nbRE in the input

s B S G . BhE U e e i

detenm Inmﬁtglevdﬂ emﬁ a pﬂadﬁemﬁﬂeg himib@h@f cobpmed td tht Aefedigd speech level. In

this wa ?ﬁga% nthré t o b I a'gg)%%t‘ ! &tearhmgllg%iﬂesggg%rg ﬁ:ély if a signal
analas]sjdlamdesﬂhg:nmls phedehivmeﬁn 29 B af tneltad iht Yistoker RAd £i06h situation.
audi o sources, conprising inverting the phase of the
output signal of one of the audio sources in a first
Alscodieclasmi) iga tnkeehod| afrsaletting fof tiRUGKIO@RUOGR e PRIrItBe 88 among the audio

o S P AR oLl oo o e

invegtingi the ﬁkﬁlﬂdf Oﬁthﬁ aJIut’put dibeal diteel e 046 @alr&ahlrthé'@ym&ﬂaradﬁmo source pair
ne cro hones

0 ear.i n [
eI BRH R ey B 2ol B ariets R ffors pant ndhe pmt sl
whea: thauser will gdi the biggaubkinefii fagnlh rdl@ediBom haskidd. s way, a
rel ease from masking may be attained i ndependent of
the source or sources of the signal to be reproduced

Exalbyletehbochmﬂiﬁﬁsadtﬁud‘tﬁﬁbfdvﬁ gpRtldint gy i9typRaliit@ftonf Qe the orator
% R Q em the listener in situations where
is at By ?rg{nl ¢ %E? T F‘%‘e © 4 SOTHYMPRTET BY ™ prgximity to the listener, for
1nst®rmin| dhicGahiimial gfuatidhg whEb ia @dathad Sleshgal traﬁ-lElﬁlttBleﬁfckdﬂﬂmﬂa‘ ifladdressing
qm.crophone, t hu educi t he SNR advant age of th
studgiy 508 P PRy P R EOBPOBICe v Tisoiiledi o Rtcouraged. Both the
&gnﬁilﬂoﬁ!/lhahéﬂﬂmbyud ﬂnﬁtbbﬁﬁﬁi; agl thdgse ﬁﬁﬂn}thé/élécﬁofgﬁ: récBfers have important
tro cel ver. exanpl| e enpo i nents
ﬁm"g?‘%?\cheﬁeﬂé ?8‘“" Seeives éﬁﬁh%%qaﬁ% “Bpaed ydsptin hegrine whahbe teacher
is saglmg,amﬂ ﬁd: H&aﬁﬂg adid midaephsie Giklpk ﬁﬂ%pr@ﬂhcmg'tﬁ@he@hﬁ%h@ S04k aﬁﬂ voice, as

Weunean%_ nau%3|q$ and dete%tln presence of speech
. §ﬁ Bekps g%w eﬁ 0 ]ésl}l ﬁ[ﬁtare saying, 1or instance, addressing the teacher with questions

during the lesson or, if they are in a cooperative group, working together solving a particular

problem.



signal and neans for activating inversion of the phase

in one of the electronic recgjqvers if the detected

noi se | evel exceeds a predetermned limt when

conpared to the detected speech level. In this way,
Thetub€oftva sefferay Bipst @nerﬂayls b&he&féﬁé matce@lpd;sﬁte eyx&end) fwill femit the BILD to

eari,ng aids automatic anal ysi s
be clER e t&aﬁ%?l“fffmngfgglv% il a?agﬁéﬁtaﬁwuﬁe Sbfitssefite dpginated by
spedch eFurihst@ne Itllld l'ﬁ:aﬂn&}il?! &ﬂcr&%ﬂoﬂ}&twmrbe déhx&&d_ tedibyGloRs @0ktht Ficaity of, or
sel ectin of. .1 he t audio source pair . .
benf e ?f‘éangﬁb‘ﬁﬁfmieﬂ IRGner 15 gl ol S NareRiEh i B Jpsiagimpaired
hsteﬁelgtmah -didhoﬂit()laﬁ&plfa&blcﬁndﬂfdiﬂ ands HeflideOR pres¢ed Wt ial d16’tfbd homophasic
%Y for %g q;tlng thel?hase of. the out
cond %aﬂ rqlFESPIEoE TG P olhF crommpR B, cotdr a5 G gpresponding
impgeuheae PSR mawbebeaihte si gnal -to-noise ratio is
hi ghest, thus producing a release frommasking in the
out put signal where the user will get the biggest
Furthereefbbdinfefito andfestatce adleagpea MofBthK indepenfonatpng.
enbodi nents can thus i nprove speech intelligibility in
typi cal situations, where the orator is at a distance
Exafnplerenbbdimkeits tvilhsow Baodks@ibed Or gréaer detaid ndth referdiice @Stha AR wirys, where
proximty to the listener, for instance in an
educati onal situation, where a teacher wearing a
Fig.tir showsrut &xenphd @fraoghahand smastelri@ $%6 Bgaring taldd @ithShd figrals mutually in
haSclassroom and where comuni cati on between the
PU¥€t udents is encouraged. Both the signal fromthe
hearing aid m crophones and the signal fromthe
tron| ei.vers ve i nportant u ons,_ here
ris 35 0k PR B, B B P R S il

student |n hearing what the teacher is saylng, and

ald m_cr.ophones hel i n reproduci ng the
 Fig 8 oG G SRR P gt hers & S A Bt g e fom e
inventi@i, ot her students are saying, for instance,
addressing the teacher with questions during the
| esson or, if they are in a cooperative group, working
Fig.tged bpck Seeitatig of a padftrraUdnitiodinhO b €18 indditer Tage US@e Yearing aid
t%p di Lferent i nput systens, as is the case in a
LGRSO BV eem will pernit the BILD to be
observed. A transmtter n1crophone | ocated near a
. distan our ce tere t will dom nat ed by
pie § sk SEPEER s MRt 0 fedineg® e dNTPerohbnos vi | |
be dom nated by noise in the vicinity of, or behind,
t hearin aired |i tener If the signal of
Fig.| gr:fse?‘bgi’ef‘(lgwpql}p EoTrRAsE eﬂ”ﬁ‘% Ffb 351y - ‘iOH’,BgFIF‘%aWO hearing aids and a
trandohiérener in a dichotic, antiphasic condition and the

noi se is presented in a diotic, honophasic condition,
a rel ease from maski ng by the conpeting noise wll

The k€@@1dhthip Bételech sGMAT £d ROBEH: Bfder bRRIAMERRMy cbidiRINR i BNstiRfd in figs.

1 angg 1?ig 1 gwws a signal S, and a masker M, presented to the right and left ears of a listener in
the case where both the signals S, and the masker M, are mutually in phase in the two audio
channels, M,S,. ‘



Furt her enbodi nents and features will appear fromthe
i ndependent cl ai ns. Exanpl e enbodi nents will now be
described in greater detail with reference to the
rawi ngs, where Fig. 1 shows an exanple of a signa
Sﬂ@z 4&%@%%r in two hearing aids mﬁtﬂpthe si gridy1E¢2003/000309
mutually in phase, Fig. 2 is the exanple simlar to
fig. 1, but with the signals nmutually 180 out of
phase, Fig. 3 is a schematic view of a typical user
situation where a hearing aid gger can benefit from
the invention, Fig. 4 is a block schematic of a
preferred enbodi nent of the inverter stage in the
hearing aid according to the invention, Fig 5is a

an
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hethe tazg whbe tisyrighesipnatis 1B sitofphase with theileftsignall gndihe masker is still
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é\%@ﬁ! is Q?&gease from masking
I naur enrng condrtions is

| | $fBd igha8 Prebenteldit the listbn@ghd2n Adligional pabével impsivgmneart of up to 4-5

SWﬂgggF? masker M presented to the right and | eft

ea "a listener in the case where both the signals

S. and the masker M are nutually in phase in the two

audi o channels,, MS, . W _2004/100607 . . . .

ch/PEﬂ%E BHesHe lsf‘_l‘wf"rf“fffzgg. - whergpsr PHAEPY i rogR g s wearing

t einsRaesrinaals A1 cHorittedirdless elderdnigbteiarol 7l 81. in thasanofoom 44 an

a listener i t he_.case where the right. signal.is 180

o et OB R o T AP ey By vsek A0 it FREHIBE JET o Fickophone 42

S]tc édr%ectédlﬁﬁfmﬁnﬂtt& Aioind aharned 43 voseidisg a Bl dgaldepresenting the

of this phase revers s a,rel ease from maski 5 0

© nee! Sl O s P oFOROE L a'dg TR of e Souflh propagates

adglohg £pah r@ﬁtﬁ&hibﬁ@hbﬂfmzo@ﬁﬁﬁpﬁﬁts of the 901?16 péopBeated BloB)Raths 72 and

A practical _user situation | 0 [ i g. ere .

o2l s o R tgh Abertireies P i 1 i B i “Se other

Esgﬁt;;a ﬂi% sband propaphtewialohg ierrteBl rekkag thenisar 61aliettse Mhe parts of
. ln the sane_roo 4 an orator, 6Q situate .

sofhe saynsh tavelime glgue the gaths ﬁb T @1‘1173’1@ gw@ﬂ&é‘a%mbe Ph‘if%?q'g‘ws in the

M GE-0RRaiEe 14,23 1C ainee teedtih®signdly angdifiel be thedbarbpchidsnThe signal from
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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 71 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 niay 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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signal fromthe m crophone 42. Fromthe orator 60, a

direct part of the sound propagates along a path 70

to the mcrophone 42. Qther parts of the sound

\%(??@ggfatg_l al ong paths 72 and 73, bounces off t he

1**he room 44 and reaches the user RGP ROPr000309

rear. Still other 15 parts of the sound propagat es

along the path 71, reaching the user 61 directly. The

parts of the sound travelling along the paths 71, 72,

and 73 are picked up by the m g¢gophones in the

hearing aids 11, 31, and the resulting signals

anplified by the hearing aids. The signal from the

t renformadt imrond of itle glediontd wepeibyrs bat 1, tthen dliebring rﬂezv:lce (not shown)
r e d teds a

A chhpeotfy Mebe 1D o) O aheatR LA PSS i the signl
vvinrhcesmcsiicgmaloﬁoﬁemfrﬂmheennﬁﬁdsrJelsébct ive heari ng al d

m crophones. Apart fromthe direct sound part

propagating along the direct path 71 and the indirect

s olhisl invession 1esuipcyahe pignald Grog theewipdesh Slep@orin dec@erst Wp 37 being
ad h 0

o e o FRAGGE, AHHEEE eifich) Rt s el B nfiophones of e
t higeatisge md§1[1b91 fohag helveretyin2 b dadhdtic, MmOBl!aSICIﬁasmtals end the resulting
user want s ) [

or peﬁ%agvr erence gbee a%;el ] tiua ng?xtaln hﬁ&m OLK\@ t\¥tﬁ él&?ﬁr%& gsgﬁ oéﬁf}(; gignal sources
[ mepﬂa&ntsahm Bﬁgp af the cQﬁ:.pom shedene utlhznt@thb gfvention. Whevﬂl improvements
u3| &&Q%qc r{gg%t LEm y%J;et houah, this is likely to

i ntroduce 1 ess want ed sound sources i'n the form of

room reflections and probabl y other occupants of the

om. 44, h rer

SI § ﬁa{ ows A rgch%?la Ipk Ieﬁéﬁ ﬁtltn gf é[ll ?n 1? Iq osﬁage IRO smhable for ]pse with the
t hmvmtgnal“hefmpmwnmlal bf istdoenegied ¢ es mveriog inpat 10'05161’ anZmplifier 103
may._he.i nvert ce n t V§ e

i n¥13 an llgliUY Tiny e?i?nr g r%a?éh% 1%‘5\;/%% llgr? ei‘/l{éo %@{aﬁﬁ%&mﬁt &*{Lé hitBhifier 103 is
Théetaratingd| byi a1valtage dmpoietwhk, priefprably q:ml;od@é as\@ voltagc divider network
20 1006Q7, PCT/ .00

el PR R pEER b0 oS b7, ERARNET R sy Bhminel o e
dewhpléfief 103, ané dherpoint Siph, arbipectively. Thnprutt Vg it ¢vanected to the battery
;??%q\ﬂ%r%art 8% félg gll arl]‘lél% a}dh \%a Q%%ltéhn\? a%h gx% 1gh:le{ ﬁ)?&l(ﬁ Iy vdlﬁgé &%p mnetwork
ai 182 ilzdnneétéd 1 thEhnn- mmmng fivgpr rleé; wtf ttse pmplifire B]3g ﬂ’ab sutput of the

20f t I ’
d;glﬂbh L a : %secg%ns Sc’:teﬁ 6:? G roggjluf mgp‘%éSI g hﬁ% ne&yo\f\g ?P@ QIth.ﬁ:h in turn is
si gommbged todhm dutpat winging Mg Seedback kewp nbtwark 1§ fai aotrdlling the gain is
31 PR O% ARoA eSSl L 508k Fanp AP BIRE bipi 2 T02"

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 fo achieve the option of swiiching 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



percei ved di fference between the signals fromthe two
different sets of signal sources represents the BILD
of the conposite systemutilizing the invention.
i cal |inprovenents 10 of from5 and up to 9 dB
&%?gﬁﬁgﬁﬁgpby the invention. Fig 4 shows a prd@??%%wymm“”
i npl ementation of an inverter stage 100 suitable for
use with the invention. The input termnal Inis
connected to an inverting input 105 of an anplifier
103 via an input inpedance matighi ng network 101. The
operating point of the anplifier 103 is 15 determ ned
y a voltage drop network, preferably enbodied as a
votntteuj &onl 196 phwerten etasmtqo Theyourrenbhmitert1fd i usechtodipi Extcurrent drawn
[i EH%@
i e@mmﬁg?vaé} @%%é(l It%lig] EPI& c{ulré{tﬁ ?Aﬁgﬁg% E %e kept as low as
reﬁﬁe@?ﬂV@P&mgbﬁenddbnt V,"p, is connected to the
battery termnal Bat of the hearing aid via a switch
5, and the other end of the voltage drop. network 102
- 5 cofimesvitsh I cay relertoielyi panaedtithe phinh ¥iwr1©@4the foatidsp terminal Bat of the
a 0 [
. gﬁéﬁke%% gg ot 53 %rﬁl-ﬂgiﬁ t(%g{l&%n%&% Bﬂl@ vﬁlﬁpttg@n%af n1§:r tel:lagﬁal Bsaé enables the
whingérter rqug rhy jugplyingrthe @treuﬁerolﬁfiheltb wopert frowy this giring aid battery.
Qu b ' .
gaflﬁmtlécstfn%e\ﬂ a&%r!)xgﬁ thI;] J]énggtltj{r%r%cﬁ%fgi ?\Ldeﬂlﬂ%s ttlnaeﬂgnal to pass
i netepight figgmi hpﬂlrougbaheinptlh enmdghqefmwhmg)sewﬂrel@i (fhea feedback loop
10! OBl MY bt Vi ﬁ%‘tﬁhéeﬁlﬁm O 1188 (B HSR, b0 Baking no

t he 1 nput term nal res nte to the
i ndtengs inghé nlrm@ of 08 signal. Net mplm hoteaffeqted by ioperatirg thaswitch 5. The

. Lo - .
a%@&?&? Cs%g #a@%%t]@faaﬂ%g?é( ﬂ%@}f %rag %?Jg cf'n 1n{e?ﬁaﬂzd silicon chip
ou@q@gmmtl@mmcmlw Pats qftth@t;gﬂmngtﬁed oirepiy af pdld and ghe switch 5 may
ma e
B

15ac hlpevévletthecto’pteloe demﬁvwlgr@hmngsmh duririgpregraamingtof ge hearing aid.
100 without affecting net gain. The gain is determ ned
by selection of the 30 paraneters of the feedback | oop
n eFi&)ﬁ khOI&(B@ hegring A compprisinge wicophenet e tétecvD 3, b switghe a processor

eé 1[;% tdt}gce%? r7atA EBQQ % 66‘9&111# pe%eiqgip Ji- Ct) 81[18111 a recelvmg
pre ysoastoa ow’'the voltage swn gg
ab@mt@nnh &li$ carmected ffophe/hapoing aiged vﬁmcgnneammwetpmﬁe%lti%u Beth the receiver 4
ma

20 DR 8 s AR QR IA0B0Ts e o .4
10@he Teeoid (& isedisconpeeiedeiromOtie ihgaringedd toirewif mllenQVIqe the receiver 4 is
cu E&%P%t éjﬁa\%ﬁvebﬁé{em%& cﬂ%gﬂﬁe@ﬁ dgﬁtltxé‘%gec&lgg hadhot F@en illustrated as they

tron's

overa current consu ept as OW as
will be obvious to those skllled in the art.

25  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 circuif to incorporate this feature in the signal path should, however, be

30  obvious to a person skilled in the art.
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possible to prolong battery life. 5 The switch 5 may
sel ectively connect the point V pp to the battery
term nal Bat of the hearing aid or to ground.

necting the point Vsupa to the battery term nal Bat
gﬁ@%ﬁ%&" i nverter node by supplying the alpl/PKza3000309
103 with pomer fromthe hearing aid battery.
Connecting VS'n, to ground suppresses the inverter
function by and allows the signal to pass straight
fromlIn through the input inpedance matchi ng network
101, the feedback | oop 10 network 106, and the out put
i npedance matching network 108 to Qut, thus nmaking no
c h&ikegerogessor Reinphfistberofmbodimest, gﬁmpnsewa@aﬁnnt ghewpbtor analysing and

af
ot SN A ARRL U Pph L IR thmp gl BNl fiing e contoted
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th rg
S SR iS40 Gl R e ot Bty by e
prmgmmnﬁwgmftreblheaﬂmg sqing hnmg%hmm depeniling on the presence of
po I al inversion
n‘%agr é%?eg%ﬁens?ﬁ}s%%gﬁﬁﬁ%ﬁ#%g&sa b Fig. 5 shows a
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a C S a I MM oaring =3
2 B gy oho REBRESAN 11 o RERRIAPAL, 1£08) HA e i
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| ntmsnﬁter 4l aigh mcrglﬁhmh &2 kand centemoa3 iis afldpipd @, tranping signals to be
te SG0Ld b\kﬁhé Sedtofic WHIREE k{019, ke hearing aid
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actlve. Means for disconnecting the telecoil 3 have
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The means for inverting the phase of the signal from the 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.



The processor 6, in a further enbodi nent, conprises

means (not shown) for analysing and detecting the

presence of speech and noise in the input signal and
%@éivﬂtin the controlled inverter 13 if the detected

noP éRMYOE| exceeds a predeternined Iimit wheffT/DK2003/000309
conpared to the detected speech level. The controlled
inverter 13 may then be controlled dynam cally by the

5 processor 6, preferably utilizing sone kind of

hysteresi s, depending on the pigsence of speech and

noi se in the signals and a predefined noise limt.

Fig. 6 shows two hearing aids 11, 31, conprising

mi rowp kohedimen, thg meawcfomubhmgthgmdersm ©Ethgehese 1B the3ignat from the
Th&eéﬁ%% rivals Ci% I bﬁt ifto % rGhGE 8&@@9‘5%?11& Faldee &An\&@l 51 may be of
el ectronic W relgss recervers , , conpri
swihe kinil nepd ferahengify be@Geenaiffbrent iieangsproFamass inghe heanng aids 11, 31,
Wi . ' and ant enna
4 Sfulié&%gmééegga %Ho ar%g ﬁog %nm%%ogl?lé n actglgtgg%%l&rz ecei ved by

Sthe electronic wireless receivers 17, 37. Acoustic

si I - 7]

R gl S8R gty e 4Pl A e P B IBKEN LEH relens trom
eI waskingriycoeama of mhet ingentigd isamklmaada bmusmg dwb )substaatlally identical, but

r ¢ Vv
ot VR e Bl Qe ot LPUAE s HEEBlE" Bt iapelfio pemie &
si gn@chal okthe p@ibtlﬂe' of the sxgeérfmdubt ¢leiropic redeiven aeprévigpshyi edplamed
jpr €ceivers 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 from
the wireless electronic receivers 17, 37, and these
means nmay be enabled in just 20 one of the hearing
aids, 11, or 31, to provide a rel ease from masking
according to the invention in the way discussed
previously. The neans for inverting the phase of the
signal fromthe wreless electronic receivers 17, 37
may be inplenented in other ways according to the
i nvention. Means for detecting the 25 presence of
bot h speech and noi se nay be integrated in the signa
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 additiona
step in the fitting of the conposite systemto 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, 30 37 to gain
the benefits of a rel ease from masking.



WD 2004/ 100607 PCT/ DK2003/ 000309 15 In one
enbodi nent, the neans for enabling the inversion of
t he phase of the signal fromthe electronic receivers
4 uilt into a renote control 51. The renote
é%ﬁfﬁblhélpnay be of the kind used for changh$RjPK2003/000309
between different |istening programes in the hearing
aids 11, 31, further equipped with neans for
controlling the phase inversion. 5 Wth respect to the
foregoing it is inportant to epphasi ze that the
benefit of a release from nasking by neans of the
invention is maxi m zed by using two substantially
i debhAIMRAl , but individually fitted, hearing aids,
where one of the two hearing aids is adapted to permt
a reversal of the polarity of the signal fromthe
el bo haaringaid eyséiny egmpaisingr evi ousl y expl ai ned. 10 WO
2004/ 100607 PCT/ DK2003/000309 16 CLAIMS 1. A hearing
aid systemconprising: 5 a first hearing aid
5 comfirst beamiyg aid cqrsnnsmgcﬁr figghwiseophenet i fisst agewstis Phipuigtanpdyper, a first
L' BORAHE Shceir ohd Bl i te%sgewop Nafa £iSF ﬁlloxc%gor%glgaadfaﬁtﬁé to process an
processor, rocessor ada
pr oups sigaal ﬁouulthp lfltSt mlcgo[&llonq‘ and an phigutf algnsl frml diredjsiivetronic receiver

an u t

t ear,
r egle)%b é? 3“?%% %{' 0 o%‘l{k&f‘% rug% aﬁ%(ﬁﬁﬁ‘% ﬁgﬂa? focr) it Selrj § right oar
transducer an acoustic S|gnal for a user's right ear,

10 10a &c3 cﬁ%glqngsa E&Rﬁgﬁi&c SR Eﬂnﬁb n@ asecoql Qeonstic ougput transducer, a

m Ccr op one Seco oustic o ut transducer, .
s esegmﬂ @tce@mcame@er ewbh ve:pndamceascsem abcmd)pre%m being adapted to

%? %Qn.ﬂg{i{r ﬂ%eée%dglg&@éﬁgletagd a® b &Sﬁ prrom the second

sign e secon rophone an art out put
: SI glntatonfcrrmwehel Q;é@m'm dutpus|teonghdhs ssconsdomitppé frafisduasy gfegeoustic signal

toﬁggggggl&@&gugh t he second out put transducer an
oustic'signal for a user's left ear, 15 an

15e|ectron|c transn1tter syst em adapt ed to transmt a

Si 0@k oRlc RekRe! §SBILVAL Y 103AhS i b sfhat for being 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
20 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

25  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.

30 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.-



and second el ectronic receivers, and neans for
inverting the polarity of the output signal of one of
the first or second electronic 20 receivers as
I the polarity of the output signal_of the
0 e@ﬁtgﬂ)g&'gf the first or second el ectronic PCTDK2003/000309
receivers. 2. The system according to claim1,
conprising nmeans for autonmatic activation of the neans
for inversion of the polarity of the output signal of
one of the electronic receivers$7in the said 25
hearing aid system when the first and second
el ectronic receivers are both active. 3. The system
according to claim1, conprising sw tching neans for
Mo Gl néfrinb YR %%co}c{ﬁ?g tolcPR 1S ivR&eif ithd 1&nP R &ivblitg B phase of
the out put “sighal of one of the electronic receivers. i
30thg outphesigyad 08 wra of Sedilashonie redelier it locgisApn ithei sggpegiive electronic
reaptpecontrol adapted for communicating wth at
| east one of the hearing aids or with at |east one of
S5the electronic receivers for activating inversion of
t | @ar.ls L [ 0 - Of ;
ol SRRy oL ol s B, 780 40 BB P S ine e
1 Trefpectivecldstramic prgeiatrdo $pdeainsait whetpin ghe means &ir ffverting the phase of
S Sﬁtﬂuttsgﬁm]lrg%ﬂpéotf e el%c@r\ﬂﬁf: tdcBSeds I?selo&!ﬂ@lsiﬁ szﬁtﬁ adaFQﬁ_
out put®sighal of one of the electronic receivefrs is
| ocated in the respective electronic receiver. 5 6.
10 TNe TERLINY o HsEhIERRBALEUAN NI whein! il Hahs for inverting the phase of
conprising-an adapter connecting the respective =
el the pwtpwfi stgnpleaf one eff the Jectrpic eaivins és laraied i ereoiithe hparing aids.
means for inverting the phase of the output signal of
one of the electronic receivers is located in said
ad®Jihe thearing ad syFise dseuding ép dbich bywdersin the elspiaumirreeeivers are adapted

cl gl el MBSL the neans for inverting the phase of
t he out put S|g%a of one of the electronic receivers

15is located in one of the hearing aids. 8. The hearing

| . ! | . a proce
. 2: e'c‘? frﬁegm a?t?&g{l]g{esp% a ﬂlcﬁlggbﬂy i 20RSECoHH bt REnsdnc £, a processor, and

recel are adapted to receive ra
si yeas $or inSrfgcing\witle an ¢legironicdeastnep siid ipragessonfieinsogriedicto process an

ano&ﬁlﬁ Léf’énialcfrgﬁittﬂé" Lmér&p"]'lgﬁedﬂﬁle&r mﬁplﬁ rs%@lsﬁ&ﬁ the8éktronic receiver, said

means for interfacing with the electronic receiver having means for inverting the phase of the

20  output signal from the electronic receiver.

10. The hearing aid according to claim 9, cbmprising 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

25  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

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



means for interfacing wth an el ectronic receiver,
sai d processor being adapted to process an out put
signal fromthe m crophone and an out put signal from

I nic receiver, said neans for interfacin
hﬁ?ﬁ&?ﬁ@%g?ectronic recei ver having neans fort¢T/DK2003/000309
inverting the phase of the 20 output signal fromthe
el ectronic receiver. 10. The hearing aid according to
claim9, conprising neans for anal ysing and detecting
presence of speech and noi se irnn8the input signal and
nmeans for activating inversion of the phase in one of
the_ electronic receivers if the detected noise |evel )
f ul3-The mgthod peqordingiy clia d bicomprisiag selgcting for the first audio source pair the
e bR Andn@ theuBoRSSbAEhi YHih Anehi gt sSendPlbLRE rfibom a
plurality of paired audi o sources, ~conprising
inverting the phase of the output signal of one of the
augs OTIROMEMES abddrding td SthinP1€, cHRRMo BFoMdHA) igial Htom a pair of
audi o source pairs as conpared to t he phase "of the
outlpeironis; eRiYerpPY aHiEst I of adio ¥wrcehfreprducigg gignal picked up by a
S ogﬁlﬁﬁ Hikddbthdsat ngcxfogﬁcﬁt‘:s Min@eﬁﬁ#fh@ Shi8 bf oneWRliio source of the first
2004/ 100607 PCT/ DK2003/ 006309 18 12. The method .
acBdr i #rglia sveen with Taspect dorBiei iipsegPishe etber aygiofsepreg péthin said audio
fi Echlceqpdfll © source pair the one anong the audio
source pairs with the highest signal-to-noise ratio.
13. The nmethod according to claim11, conprising
reproducing a signal froma pair of 5 electronic
receivers by a first pair of audi o sources,
reproduci ng a signal picked up by a plurality of

~independent m crophones, and inverting the phase of

one audi o source of the first pair of audio sources
Wth respect to the phase of the other audi o source
within said audio source pair.



