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HEARI NG Al D FOR SUPPRESSI ON OF PERCEI VED OCCLUSI ON Th%3gke%en%r%ﬂ%pntion
relates to a fitting method for a hearing aid. The inventLBnn#hr er
relates to a hearing aid with neans for suppression of perceived

~ occl usi M ezpRwsdecl usi on ef fect denotes the | ow frequeonpkehancenent in

t he perceived | oudness | evel due toiocclusion of the ear canal Sone
hearing aid users having an earnold or a hearing aid in the ear canal,

. blocking the canal, conplain that they have a perception of the sound
environment as that of being in a barrel. In particular, their own voice
sounds asFITFINGMETHORAND A HEARDEE ASD FORGUBBRASKIONIGFRERERIVED a person' s
throat preopapgaéent 0 the person's ear canal by air as well as by bone
conduction. Sound waves from speech propagated through air fromthe nouth
and around the head to the car are denoted air conducted speech. Sound
waves fr ohedFeat Rveniopiliiss g fitingmesthgh for pdeagpgaid  The msentipn Righentslatest | ssue i n

the ear cRabarbapeid il Aeie fYedpleBfns pddlcfe@6shiC Waves in the ear canal
are denoted bone conducted speech. 15 It has been suggested to suppress the

occlusjon_effect by inserti t he hearing aid earnold or housing deeply in
the ea 29%3?%”#?5&“?ﬂﬁ?ﬁ%$gﬁﬁfmﬁﬁﬁwqﬁ“”ﬁﬁgmé5@@@§ﬁ§ﬁﬂkmﬁﬁﬁﬂ?@buces t he
occl usi ondue ef deetotionsif feeartch). Sedd RdringQlid ivers Bfvirlghe efMbld 6 RhridsSid 80! at ed from

the carti] agi no tissuye transform one conducted speech to acoustic
waves. Ho‘i'ﬁe%é? ; f‘ﬂ%‘*ﬁ%‘éﬁv%ﬂﬁ?" i W@“@a?‘ﬂééﬁacw@fﬂ%f’wl ly very

sensi t i vepvizmohegas thtti of hétmpgin @barel. &t partictlaf, feir bwHbEde sbuhdé Kiihdyapdaxef t he ear
canal is,,4 in many cases, not confortable to the user. It has al so been
suggestedito provide a vent in the earnold or hearing aid housing, allow ng
bone conducted sound to escape fromthe ear canal inner portion. The vent

i s tyB calopsds grogigsdin aprrsenyihme prapegstedg the perscaisreamdanhi by aitw svelt mpyai d housi ng,
facil it atyoltohdRm S | ' e other so
that the ear canal i@ﬁ%g?mggﬁ%§§?§&§ﬁﬁ?ggégﬁ$ﬂE@ﬁ%@§§?§¥ﬁ§”§§°vgnt may give
rise to d&eehesd te s assendeiair confactpt spesicl fioprd veavesdromspeclepragradtédc at i on of a

vent is thb@hihesR hnSRHHE SRS HINe dOSHa bt fRSSRY HEAMERLEOT ough the

vent. This is drawback, -due to the increased power consunption needed to
conpensaﬁ@“Fd?&?ﬁF§m@HE?$?mVU§§?“ﬁﬂﬁ?ﬁé@“@onplication is the tendency of
the vent to give rise to acoustic feedback. Acoustic

15 Ithasbeen suggested to suppress the occlusion effect by inserting the hearing aid earmold or

housing deeply in the ear canal, i.e. in the bony part of the ear canal. This reduces the occlusion
cffect since the sealed volume of the ear canal is isolated from the cartilaginous tissue

transforming bone conducted speech to acoustic waves. However, the bony part of the car canal
is typicaily very sensitive, and positioning of a structural memiber in this part of the ear canal is,

20  inmany cases, not comfortable to the user.

It has also been suggested to provide a vent in the earmold or hearing 2id housing, allowing
bone conducted sound to escape from the ear canal imner portion. The vent is typically a tube
extending through the earmold or hearing aid housing, facilitating transmission of acoustic
waves from one side to the other so that the ear canal js not completely blocked. However, the
25  ventmay give rise to other complications. One problem related to the application of a vent.is
the inherent sound energy loss to the environment through the vent. This is a drawback, due to

the increased power consumption needed to compensate for this energy loss.

Another complication is the tendency of the vent to give rise to acoustic feedback. Acoustic
feedback occurs when the microphone of a hearing aid receives the acoustic output signal

30 gencrated by the receiver (hearing aid parlance for the output transducer, which is a miniature
loud-speaker). Awplification in the hearmy 2id of the signal received by the microphone may
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f eedback occurs when the m crophone of a hearing aid receives the acoustic
out put signal 30 generated by the receiver (hearing ai ar.l anc r the
out put transducer, which is a mniature Ioud-speaker).gsgﬁ%l3 Fr?adogon in
the hearing aid of the signal received,by the m crophone may CONFI RVATI ON
COPY 23 Septenber 2005 2 |l ead to generation of a stronger acoustic output
signal, and eventually the hearing aid may oscillate. In hearing aids

resi di ng coppst&ldubdbs i i e ri . distance

bet ween micr o_ptﬁgne g_nlﬂ) _rggtgoé]ﬁf%gr t%%@“%%%’o@ﬁﬁ%@%ﬁaﬂt}% on %?%a%agusti c waves
“transni t t edostifidenin hedrmg pideresidngeonplet¢lihe tricana PR bhwaring @ds)gheashdriistanhe

attenuati on,j.nereases W I A AEL g@ﬂ I.0G i ng vent

“length. However, prog’v(gl\r%ﬁdgﬁcgggli&ﬁsgb%cﬁ\&ﬁ{é%tgﬂol npogée‘g the O%%ﬁl e

r equi r ement e wereivetie the irrophensfienerally, the attbragtioh emassargthdsdrasing ventc ount er

occl usi on eff.eet .by; | i N1 frequency
bands. Such a sol ut?%%gﬁé?%%n\éggﬁ%? g%[ﬁ?%a&lqhe:%ﬁa{r}séésngglg{m%esound quality
as it i nflcrpestte squitsmestoutnt vim galdetenvi ronnent s, i ncl udi ng t hose
‘environnents, where there is no occlusion. W9934642-Al provides a

mul ti channey 1 RealiAgaldo Wik ' eck r; Cy
" channels. A corrpresg%or i% Suﬁ%@@&%&%&ﬁg&%ﬂ%@%e o'ﬁ\ﬁ%&ar{f)lgﬁggﬁ%\g a
hearing i nisnengebandy fena selstionass kaweverenst optintal ingespast dflsjusd tualify 2sife  ermrbodi ment
of the invephicafs iR sRh® M A AohEdkd RGudhSMethlisi | i,ng nmeans for
suppression of the Ber c}eﬁ vgﬁ occ%?]éé{lﬁoﬁ eﬁéﬂg%w elglgs’gh%@%ﬁ%?mobj ect of
anot her enbwdisiemt of the invention to provide a fitting method |eading to
a suppression of a hearing aid user's perception of the occlusion effect.
- The i nvent oggobaee. g ﬁ&ﬁ&eﬂsaﬁﬁh&@mh&ﬁﬁ%mgkmé&@%sgwsvﬁwsy@ﬁéeons1 hearing
aid users perceive an_ I nprovenent in sound quality en 1 ow frequency
bands are dffqamerdhamids vanpresion issuitrble forthearosest eompetpatitigtadsaringns, e. g.
during convghbsahdnORowh §8kdignead d Users may perceive an inprovement in sound
qual ity when | ow frequency bands are attenuated, probably for reason of
~avoi di ng superinposing an anplified acoustic signal on top of bone
conduct ed dpaesbiect ofene ephodigisehvéthainventionisprovisieeedring aid wépsiberh” becones | ess
noti ceabl e.prddassthg frehrit bor@RPREGon Jr e plrBRALEARRERY des a fitting method for
a hearing aid w fgh at least one |ow frequency channel having an
i ndi vi dual llééadj ust abl e conpressor, conprising the steps of determning

initial valltieafgherobiegtiofgyethgrembpdimpnt of the iverien topravidg a fifige mEkod onpr essi on

rati o of  leadingto a suppression of a hearing aid user's perception of the occlusion effect.

- The inventors have discovered that in some listening situations, hearing aid users perceive an
improvement in sound quality when low frequency bands are enhanced. However, in some
other listening situations, e.g. during conversation, hearing aid users may perceive an
improvement in sound quality when low frequency bands are attenuated, probably for reason of
avoiding superimposing an amplified acoustic signal on top of bone conducted speech, i.e.

the above-mentioned “barrel perception” becomes less noticeable,

In a first aspect, the invention provides a fitting method for a hearing aid with at least one low
frequency channel having an individually adjustable compressor, comprising the steps of
determining initial values of settings of the hearing aid, including the compression ratio of
the compressor, that will cbmpensate the hearing loss, and increasing the compression ratio

over the initial value of the compression ratio in the at least one low frequency band.

In a second aspect, the invention provides a hearing aid having a microphone, a signal
processor and an output transducer, wherein the signal processor comprises a filter bank

“having at least a low frequency band and a high frequency band with respective compressors




.the conpressor, that will conpensate the hearing | oss, and increasing the
conpression ratio over the initial value of the conpr ion ratigo_in the
at | east one | ow frequency band. In a second aspect, tgggﬁﬁ9@h?Fgﬁ5provides
a hearing aid having a mcrophone, a ;ignal processor and an output
transducer, wherein the signal processor conprises a filter bank having at
| east a | ow frequency band and a high frequency band with respective
conpressors . . ..t t ffs lifier in
OO €0t Sy IRE LR Al A SRS P
conpre55|pnmmﬁﬁmaﬂmhmnMEﬁm@ect, the invention provides a nultichannel
hearl?g aid CE;E;ISIPg.ag | east ;ge i nput %iansdu§§: for.iignsfgrnLng.?R
acoustic in Sl . : el . : r ank wi
bandpass fi?%ersa%%?JH%@f%?ﬁa&?ﬁe ?lysgﬁék%cfpﬁ%%? sﬁﬁﬁﬁéﬁuntSm% set of
bandpass f i inpu fraigductr fprgransieronsieran ecvlustisiimprisigsal isto pfictedesival sigoal, afdimer at i on of
a second el i ggﬂé#f ki : S he
bandpass fi te&gg&#ﬁ%st e é%??%@%%%igﬁgﬁngﬁgﬁgﬁggggﬁg&?%gégﬁg%ﬁ%he
pr?cefSSd eﬁ@kQQﬂngﬁmgmﬂEEEWQﬁiwﬁxngﬁigse&undmébbfnwt?gmﬂT?qynwmm}apgtgnan

out pu ra ; . i

T A L e e
"~ conpressor sk I I S ¥ s filter for
conpressi o EHE 99%@?9 . i erein at

| east one QFB%%e g%%%%éggbrs IS gﬁﬂ§§?%§§%5é% &ggﬁﬁﬁgégégF%Q%%Emed to
conpr ess | cwmpriggushefrompricsybrs.leachelf whish iynernsctedde e mrmtctngbyndpoméltefidsodi nent  of
a hearing ai ! i iLtii.nq. ording to

t he invent?%ﬁmﬁgﬂ%ngg8%§§@?%%g%§§%%%%%§é§§mgﬁkéhggﬁﬁﬁ%%%g%ﬁ%§%channel t hat
conpr esses whgresshs ise low frequeeny gempresemrdatditomwmpess low fegrenahitidetvhve been set
according tg o known fitting methods. The increased conpression ratio
according to an enbodi ment of the invention attenuates occlusion effects
wi thout general |y attenuating |ow frequency signals, whereby the sound
qual i ty i n Adcerdiagly.oms empadinenioofe edring fid fhaidfef besn fifies! withphediténg metiods, accor di ng
to an enbodj : j i . L1l ng- i i for a

heari ng aigJC Wﬁ%ﬁgg?l gggﬁﬁéﬁ%h@%a???%%%%%%%zgﬁgaﬁngﬁgg%ﬁéagﬁgindividually
adj ust abl e conistsessigmals wihalargersethpessipnagtiodhammoild bave begn fet acserdisgtep of adj usti ng
the char actigpi skt nfnolihe conpressor according to the hearing loss to be
conpensat ed by fﬁ% he§r$ng aid. The nethod may further conprise the step

of increasing the conpression ratio of the characteristic of the conpressor
i n.the | ow The increased compression ratio according to an embodiment of the invention attenuates

occlusion effects without generally attenuating low frequency signals, whereby the sound

quality in situations with no occhusion effect is improved.

Thus, according to an embodiment of the invention, a fitting method is provided for a hearing aid
with at least one low frequency channel having an individually adjustable compressor. The
method may comprise the first step of adjusting the characteristic of the compressor according to
the hearing loss to be compensated by the hearing aid. The method may further comprise the
step of increasing the compression ratio of the characteristic of the compressor in the low

frequency band.

Accor&ing to another embodiment of the invention, a hearing aid is adjusted with a specific
emphasis on attenuating a user's own speech at low frequencies. As the hearing aid processes
air conducted sound signals, this will attenuate solely the air conducted part of the sound.

: Howevef, this improves the user comfort as the sum of air conducted and bone conducted
speech is attenuated. A suppression of the ocelusion effect during conversation is hereby

obtained since the sum of bone and air conducted speech has been reduced to a level that is




frequency band. According to another enbodi nent of the invention, a hearing
aid is adjusted with a specific enphasis on attenuati a user' wn
speech at | ow frequencies. As the hearing aid processeggsg?tfmgmgt ed
sound signals, this will attenuate solgly the air conducted part of the
sound. However, this inproves the user confort as the sumof air conducted
and bone conducted speech is attenuated. A suppression of the occlusion

effect durigg.Gom ' ' ' ' he. f; bone and
ai r conduct e% speggﬁéﬁg% edgﬁoﬁgﬁ%ga%gﬁgléﬁg%&%{}ﬁ%fﬁ?gls%ﬂ%gegterrber 2005
4 cl oser t ofrerhanofgrnefsensipedchbathnogretievaigday Bapercgnal . The user's own speech
is discrimnated from another person's speech by the signal |evel at |ow

1 CqUNCI €Sy oA SAAHIE By B L EDANIEL, SR Ahlcth GOTDY [ 55 at
or orm ng

| east one input transducer r trans an acoustfic 1 nput signal into
a first el cenprovisaspognie inpe sighdl intra fiss plkctidat skentcafidiontmsk with bapdpess for
divi ding thlieiribvidile @ik G8licHl A tnd e Buifhs lorel ARARRRRA Sl ier ed i st
el ectrical signals, ~a processor for generation of a second efectrical

si gnal by i3wbogssenderizensraionafgissrgndeiecticed kigmat bytindividugbmetpwsing of dathtafthed fir st

el ectrical sj ohird i.fleall i { i £ IS, and adding
t he process%la&)g?gﬁg?rl c.alta'le_ésu?cgrgalr]a SL’ie' ttg t gﬂcéﬁ%novﬂglq%ﬁ'%cg{ |dﬁd&g%al, and an
out put t r ariberyesssed detrical pignasfige We srgondislectdest dgndl, @idet putput winsdcgifial i nto an
acoustic oyl.putsi nir s i o . X . conpri ses a set
of conpressor s‘?m]g{ggﬁi%?ndvﬁc%‘h%?l c%%riagg%og%g?%ﬁhgm es'glgt@?lﬁe\%ngbagn %)ass filter
f or conpr essicenorgpmprises ageiof emposisngciod mitivh s sorfinedtedde adspsitigmbdndpaFhe

frequency r i ls. In a
sinmpl e errbogl ment &EIFSS%OEgftpﬁé&gfg%?%drﬁgll{aﬁﬂggﬁgg%?dn%gﬁg%%a‘g&%ﬁ%@g annel

heari ng ai dhe bandpasstififers ath elae dengfecdbanpls.ocesses i nconing signals in two
frequency bands only. Thus, the first filter bank consists of a single
bandpass fi dhs: S - S L ﬁssﬁ'&?ﬁfl ed by the
bandpass fiﬂll%girfnp%te%g% [ s%ﬁﬁ%@eﬁtlgﬁﬁggﬁgﬁ%%g%%?{%%%r curt, ilé{é’é no speci al
citcuitry phesippaidgropdss ingeawinipumals initwe equencnbani eilveFive diafen fiwbankhe heari ng
aid, the SIBEIR oPf AfRIARHaE iRk {ahd £ELindd Wit ifer o SO GRLRARH ulche OUt puL o

the processor. I's presently preferfed t e’conpression ratio is
i ncreased thendngss filkes that is inkiprengif ghelgeternic girexfté e medpeciol diradinameddes the conpr essi on

ratio to apRLoXE fRd G dis2mbddifent GheRAL SR G s&@@@%@&seﬁ%ﬁ&tﬁéﬁ%@ﬁ@s conprise an
offset anplifier adding an offset gainto t onpressor characteristic,
and t he netrreatedayheaiprtrdhiepwngsiorse the step of adjusting the offset gain

- in the range from-20 dB to 20 dB.
o It is presently preferred that the compression ratio is increased to at least 1.4, and more

preferred to increase the compression ratio to approxitnately 2.

The low frequency channel may further comprise an offset amplifier adding an offset gain to
the compressor characteristic, and the method may further comprise the step of adjusting the
offset gain in the range from -20 dB to 20 dB.

It is a characteristic feature of a compressor characteristic having been adjusted in accordance
. with the fitting method according to one embodiment of the invention that the compression
ratio, e.g. a compression ratio equal to 2, is maintained for a large range of the signal lé\}ei at
the input of the compressor. It is preferred that the signal level range starts at 30 dB SPL, more
preferred at 25 dB SPL, still more preferred at 20 dB SPL, and even more preferred below 20
dB SPL. Preferably the range ends at 60 dB SPL, preferably at 70 dB SPL, more preferred at 80
dB SPL,-and even more preferred above 80 dB SPL. The range may vary from one frequency

band to another.




It is a characteristic feature of a conpressor characteristic having been
~adjusted in accordance wth the fitting net hod accord odi nment
of the invention that the conpression ratio, gﬂgf’%@@g @gb

equal to 2, is maintained for a |arge J,ange of the srgnal | evel at the

i nput of the conpressor. It is pref err@d that the signal |evel range starts
at 30 dB SPL, nore preferred at 25 dB SPL, still nore preferred at 20 dB
SPL, and ev fer low dB SPL efer abl range ends at
60 dB SPL, %1?" efer a%epm% %% 02f9rrlgrmew’rf)hroeI (fnéetoo%'ﬁgd %Q%PL, and even
nore prefer p@@pmmwme 8&hudiBn SRict is @u@dbﬂﬂgﬂsmwmqmélesmmm&eﬁummency band
to anot her. er 2005 rdance with I odi nent of

t he inventi on ﬁ)f%el%% rﬁnormé%egger%?“z’le@%t a%velflﬁ%repmn?un% 18}5(88(?%% occl usi on
effect is ca:ﬂismnierbynoencgdhélmaIOHzo%u[sraempumrgmémenﬁumnemsfﬁwmﬁnemhes bel ow
. 1600 Hz, no beI QW 800 Hz,
still nore %r%o 19@9 %Segg%q CIESE%W?%Q(%ICZ Feq ﬂi) nbodi ment of
the i nvent|mnfmaibelow0®ﬂemémgtplbﬁnd1®mm00ﬂes frequenC| es beI ow 1600 Hz,
preferably bel ow 1000 Hz, nore preferred bel ow 800 Hz and nost preferred
bel ow 500 t tl heco apparent to
t hose stal :_%t 1?%‘?1&{)4%%5? (r?’%lrtﬁ ﬁ%ﬁlb%% nfegﬁ%reﬂ%gglegecsrﬁfu I or?aa/r%epglrln t he

i nventi on woldwihgdaestplien Wbd:lntlmgveemremllheemlained B)gmmayde@ﬁl Bewamfl e, there is
shown and d f fﬂ} £t |nve n will be
‘realized, % Plrel\t/%g |(S:)n(”|%sa&{:‘£e§°§8 € 8%3 ltnb‘% ?"Per ent en Og‘rsrren s, and its
- several detl&alized &lemvemmp&bhrablebfaﬂmmﬁemtembmﬁmmwardmssmferakﬂemilms aspects
~all without, t C the dravvl ngs and
descripti ong Egm’?ﬁaqrf%ﬁl%cgtlogg eorp%gisog‘l\éﬁ[g a“,? lll‘yllgml ne%ag?lgﬁomthe not  as

restricti veAGCDndmglbrehdhwmgsgnd desegptiohs mﬂibe\s:gquledtasﬂludnammdume&mmase | evel
(SPL) ‘in th t&ﬁ% ‘]'ﬁjrﬁgdr?nd nonoccl uded ear canal, respectively, as a
function of Trequency tor~a specific sound, Fig. 2 shows plots of SPL of
speech generated by the person hinself and of speech generated by another .
person, resPedt i shewsplots of saundprasoe leva P Lpiatheoathaled g nanotduvied ¢ao canalf

frequency, for t enber 2005 WO 02/ 085063
PCTI DKO2I 00247 @wg‘ggy’fggﬁaﬂaﬂggp%ﬁ?%rgﬂoﬁj%éﬁ%sfﬁdgor characteristic,

Fig.2 shows piots of SPL of speech generated by the person himself and of speech generated
by another person, respectively, in a nonoccluded ear canal as a function of frequency,

for a long-term speech spectrum,




Fig. 4 shows a conpressor characteristic according to the invention, Fig. 5
illustrates fine tuning of the conpressor characteri stizrq1 ccorbdi 2(295[0 t he
invention, and Fig. 6 shows a bl ock diagram of a heari gg%me SEEOrding to
the invention. 5 Fig. 1 shows plots of sound pressure level (SPL) in the
ear canwoemssaeif unction of frequency for a sound w tdrmpesayfi c frequency
spectrum SPL is the quantity of soungd energy relative to a reference

. pressure: 20 Pa. The plotted SPL is neasured in two situations. Curve 1
shows SPL neasured in the occluded ear canal, and curve 2 shows SPL

measur ed hp ‘I?]h non- occl uded ear. canal. By conparison of these curves, it
maybe seer & hat"°Fdf PrORF FrRmEeReEetensthe SPL is 10 approxi mately 10-30 dB
hi gher for an occluded ear canal than for a nonoccl uded ear canal. The

pl otted cFigvésshawea enhppdsed caraotaishd heeodif) kootie ivedntién, occl usi on effect”, M
Killion, Fig. 6, "Hearing aid fitting", L Jensen, p.231, 13Th Danavox

Synposi Uump; 1988 ,.kh QMEBI .t e fact that_the eardrum of a user
receives tﬁé user" sggﬁvfh S edef%‘:%@%?drf@\%&gew éren gg?%%lélﬁ“ ?I'Oﬁﬂdpat hs. In
addition to the bone conducted speech nentioned above, 15 sound waves al so
pr opagat e Figh? otigHs aiblpckfdiagrrm o @ heppng #d aeaefdiag ukrdoteniioshead to the ear where

it is received by the hearing aid. For air conducted speech, |ow
frequesci @ BhewebEBLOEhITrdIaE: Iovel SPIOUA 18 darRMalas A udRi ARABALERP s hT Ough t he

air around the head attenuates hi gh freguencies, favoring |ow frequencies.
This is fﬁf‘f“ﬂ‘g?'ﬁf?fpﬁ’é’%“‘r %ﬂﬂﬂ’%ﬂ%‘. SPleéﬁ’GW&YﬁFW Frreplativedo 3
non--occl uederepressianal p@s. The RO SAT tsingasved i RGHRAGHK. v 1aneRWHd With a
specific fr n spectrum rve 3.i.s SPL of speech enerat ed by the
person hi %@éﬂ?@gﬁﬂ%og@g%fiﬁrca 1 caty & shoys Sjgl‘@ﬁm‘g‘?’%é% “preolyd ted by
anot her  pwalsBincomierisbiood thesequres dtines be $dae thet foislod fekubdcixs Alp@PLIiN SPL of

appr oxpmat el w10 son' speec dth eech of
~anot her erlfyson. Il—y:‘@“n#t ﬁ%%?%‘%?&e%ar ﬁglt%\évlr}?rgv?f%oﬁg%%gmf hS*can be
made: 25 Pticyursaradonttffran e bollowveie selpsivmttfegh ModiilieeRigthe two curves 3
and 4 on g, aﬂﬁittiﬁg”,tﬁ?f‘enécﬁ,"iﬂ.z3f1,r1§ﬂﬂ§‘aﬁﬁ%x@gﬂ&?h&?m%@.oo Hz.). The frequency

0

di stribution characteristic of the curve gure 2 generally resenbles
that of curve | of FLgure 1 in that there is an enphasis of |ow frequency
signal s: 2% TSEHOR RIS Sscfact (e e 2prdnigins 2 upe T eifes feogPa v gecFhEiPm i s a si gnal

| evel sepsvoditictunt fbpapioh pARAMAAGERSo REbIMR GohdhAG PSEK Serd¥iRa SOECh and the
Do s st e b0 PSR A o B 12 o 0 A the it 5 5 cor ot |0 Y 2
is received by the hearing aid. For air conducted speech, low frequenciss are enhanced since
the curved path of propagation through the air around the head attenmates high frequencies,

favoring low frequencies.

This is further illustrated in Fig. 2 showing plots of SPL in a non-occluded ear canal as a

20 fonction of frequency for a sound with a specific frequency spectram. Cutve 3 is SPL of speech
generated by the person himself or herself, while curve 4 is SPL of speech generated by another
person. At low frequencies, there is a difference in SPL of approximately 10-15 dB between a

person’s own speech and the speech of another person.
From these two figures the following deduetions can be made:

25  InFigure 2, there is a level separation between the two curves 3 and 4 on 10-15 dB in the low
frequency range (0-1000 Hz.). The frequency distribution characteristic of the curve 3 of Figare
2 generaily resembles that of curve 1 of Figure 1, in that there is an emphasis of low frequency
signals. |




~anplification of high I evel sounds - and thus in the sound | evel of sounds

generated by the user and propagated around the users dinto '
hearing aid for anplification - will reduce the, 5 | evgp%(a?f’tegik’ﬁﬁa&@enpl ified

and propagated by the output transducer. Although this may not danpen the
bone cowéuesssdesspeech, it will reduce the total sounacraxetenis t he users
eardrum whereby the users perceptign of occlusion of the ear canal wll
be reduced. This fact points to the solution according to the invention, by
whi ch the probl em of perceived occlusion of the ear canal is solved by

provi di ng ,si gnal . cessing to. effectivel rovide one 10 anplification
setting f er?ﬁ\ﬁ/s'lgg%gelws§‘Tp§??§‘fnsa?5’ﬁcfmg‘ﬁ8‘f‘?‘?g’%’e‘%&b§é¥?fs RIPPCR ‘on setting for
hi gher | epethisichnfalcsaverfatiph prRasi soged@VISEB. McbitinglyCirediagaba | ity is a
conpressor, co essor . has, be suggested in th rigr..art for the

pur pose ofamgor?f)tggﬁrgé?% Ho LAk r fl%%gh‘fsr‘f%tg?sroﬁ% VCL‘E}-S%‘?& m&@é’l” dedEnt | |
However, tahiprepagated agmnd themssers beadsniigebdneu didhfeor usplifiafion- witd mdue simor f or 5

def eat i-ng r . i ccl usi . Therefore, according
to thesi n\llgﬁto?%h tﬁgﬁg%%?&g#%f%yﬁ%%ﬁ’g%@%%% ‘L\g@%ﬁgﬁec S’ln\:'iaglnﬁ’/t per cei ved
occl usi on despifca g bonejcppdndted spesal, drvalhrcon thsitital awindlevel atithe usos delrease gain in
the hi gh- liaely it Rhechllf of SRRRECHHRGRA AHELLSLEC. Fi 0. 3 shows a plot
e. ap

of a prior art conpressor characteristic, 1i. ot of the conpressor
output level as a function of the input l|evel, both in SPL. The

char act er (T8 fagt ROBiE the todntiop preardigp oy fhednvsutiongpyehichheprobles of presivednnect ed at a
knee- poi Nbeckidion byl catdahal isROSEA Ty@rRdind bighfd pdBssaiplio biBiNely pRMRL one Bel ow t he
knee pﬁi nt ]]% 1lihere i.S sugsiant' al(ln%l no conpressiqn, i.e, the gainis a
const ant FEPHcation gettng for g leye 85‘547&? otherrjawsr. ampifctien ssting oy bighst e f or
conpensat long sitieés. Aemcdstige deoins willl subloswpdbilipeis a cahr@das. A @vplessor AbBYE t he knee
point 10, there.is a conmpression ratio exceeding.unity, e.g. 1.2:1, as
i |lustrat 5“&‘%%{‘/3‘?{%@0%18{9&&%&% BPUTROST Y SBRERF a@ﬁ?‘ﬁf‘%h‘@%ﬂ%‘@@"&%aﬁ ecr ui t nent .
Recr ui t nereerifemd Howe R thelpeosfflaciot ofgestedBaswpf naupaksohbadefaadng oss t hat the
per cepti OBﬁ?ﬁE‘"’!fg‘%@ﬁ?§f‘=ﬁj’ﬁ%§§°l‘%}?ﬁ1€p' y with increasing sound pressure just
eshol d, [

above the hearing t S eit rises normally at high sound
pressures. The hearing threshold is the | owest sound | evel at which sound
i s peréei Visgpiore, Terardig i ke singor hagofugonyp thy peoblormed subjetively merteited t he

reci pr ocabeckabat@re@l- id heconbidiaBormibe. is foASREES da¥thin &@H%ﬁ-ib%r pabPorigd FI Q. 3,
segnent 5 has a conpression ratio of 1, and segnent has™a conpressi on
rati o i n PHEESPLHFETESpproxi mately 1.0 to 1.4:1, e.g. 1.2:1. Generally,
the gain and the conpression characteristic will be adapted in order that
si gnal s aFig!Bisivera ploeufed raioxdrt domp@isolbarG@mptic 56 @ gllof if thelctiéssorB@p@wW t he i nput

level, exfeRks o iriéh Bk Spte SRR RO SPL. MR Warlllollic SHShS S ol £TDEr 2005
20 6, that are interconmected at a knee-point 10, typically positioned at 50 dB SPL input level.

Below the knee pomt 10, there is substantially no compression, i.c. the gain is a constant gain,
as fllustrated by the linear segment 5, suitable for compensating the hearing loss at low input
signal levels. Above the knee point 10, there is a compression ratio cxcecdi‘ng unity, e.g. 1.2:1, '
as illstrated by the segment 6, suitable for compensating for recrnitment. Recruitment denotes

25  the effect of a sensorineural hearing loss that the perception of loudness rises steeply with
increasing sound pressure just above the hearing threshold, while it risés normally at high
sound pressures. The hearing threshold is the lowest sound level at which sound is perceived.
The compression ratio of a segment is equal to the reciprocal value of the slope of the
respective seginent.

30  InFig. 3, segment 5 has a compression ratio of 1, and segment 6 has a compression ratio in the
range of approximately 1.0 to 1.4:1, e.g. 1.2:1. Geperally, the gain and the compression
characteristic will be adapted in order that signals at higher levels will not be compressed to
levels below the input level, except for a safety capping at very high levels.
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a conpressor for use according to the invention. In acgcordance wth the

i nvention, signals at a high level, i.e. above signal Izé\ﬁé’PEen%Fr%%ech from

~anot her person, are conpressed. In Fig. 4, the segnents 5, 6 are identical
to the wegnessoes 5, 6 shown in Fig. 3. Preferably, segimmrby:zdras a
conpression ratio that is greater than 1.4, and, 5 nore preferred, a
conpression ratio substantially equal to 2. O her values of the conpression
ratio may be used if appropriate. It is the gist of the invention that
COonpr essors ﬁler ating at | ow f,r,eclruenci es enhance | ow | evel si %;lal s and

at tenuat e rﬁ-g O PP racteRia s gmRiES ¥ LB ATeostng 16 e ryegtion 17 s
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| evel s, in thg@present exw frt?m 20 dg GSPL,to_ 00 dB SPL. 10 Users

bot her ed BYPTSEPEIFEIBRET s e &f FEtEpLon Peb 75 iribigtl i the g g b 2 nild or
nmoder at e stwsaria Fig 3| Braferably, segnheaié fak e Crupregjonrratiogeat ispaatestiat add) ent s, t he

generally favored.fitting net.ho w | | Sali be a caonpressar

char acter "8 pééf?/l\'nm{i (i ccémﬁ’r%‘\?\}o% Basr?f) Fe g’itgl,m‘éfgy eﬁ‘éﬂog); th?re‘talugs °§&?ﬁ?‘8‘§§$‘8‘h ratio

cl ose to Zatio Ty be wmplif ippepaath ftighthd gstef theihvey@énrthdt conirgbord @urelingzt igwal s wher eby

t he above-ﬁgﬁg I i I arise. The.invention,
however, a s%%%?%%cﬁfe&%ﬁg@e%&t%%glﬂcallgt%%bmtn%ﬁ%@e{w?%P’?Jr%%]ﬁeﬁbhgﬁfep?%é’{ | eads to an

increase @fclusiopisgerpysesed Thogempeesdion ratie igconsgtant in acadepings of signaldevtls,on t hat i s

greater tRaRedrforafpidfoR @ SB100 400 d@ DY | ow frequency, high |evel

signals are” attenuated, alleviating the perceived occlusion effect. Hereby
high level signals, i.e. signal _|evels exceeding the signal |evel of

nor mal10s pMsTHPodiesdbirserelysa occlagion Adedsars Bpical% peeraitiamuid or mpdsraal conver sat i on

si t uat i Onheakif BRMANI16® Fegheidy ridde Fbﬁﬁbﬁﬂa@éﬂﬁ,&ﬂ&@én&rﬂﬂgﬁﬁorm&ﬁlg&ﬁth@dsr eduction 20
in the |ev of _percei ved occ| usion. of the ear canal is obtained, as

~ expl ai ned™ gbe peomiprgssor Shamacierstin Wiy I9F CRIESSIPR RYC-dit CREFFBR IS0 ng st eps

heed to belogpes f.Ahiveghlies alMiphdave] of gait tddigh daelisizaeld Wisseb R the aboteHBRiondal
frequenci es Progr ! the comaressors, (fitti m, wth paranmeters
correspondi ng e?%(;][g%%aﬁe ctgg 48 g'ﬁilg V%n%ﬁ%gé%eaert %ﬁg%ﬁﬁﬁgtﬁ%aﬁ%%asured
heari g | Gtisg @8hddohatldadisyto fui ingetsuefitivgopressionrmge rgabiacnmpksbaatier i stic In the
mul ti changgl:. [ [ ISt i1l be adjusted in
a channel ?%éy-géﬁﬁcr%}r]\l?g'@’ae%br géﬁgﬁﬂ%@gﬁg‘g’ﬁ%{éﬁyﬁﬁé@ﬁ rrséég@sur ed auditory
char act er ptigpyated, alleyipting,®e iresivpd oqelysipr dffsel. Hamcba bigh tedel nizpalani-¢ Mizwahe audi ol ogi st's
suggest i opgeARetediflan LiSe & - Sl onpr essor,

: é@?l & bt E%@e%h prb&hc&ﬂé’t A\ %cQJIvefi.lanoﬁ h?ﬁlgﬁ%ig

this would conprise entering the val ue of knee- pol the 30
conpr essi WRCHAIIVESa TR By ieseamiresrd inflede fegRensyrapay whisebd 8 rrdudsign per f or mi ng

one Okp Mingheével df Perceived occlusion of the car canal is obtained, as explained above.
For the programming of a hearing aid the following steps need to be performed:
Measuring the hearing loss at a2 onmber of frequencies

Programming the compressors (fitting them) wifth parameters corresponding to the

characteristic needed to compensate the measured hearing loss
25 Possibly fine-tuning the cornpensation characteristic

In the multichanne} hearing aid the compressor characteristics will be adjusted in a channel-by-
channel approach in accordance with the measured auditory characteristics, and possibly
modified in accordance with the audiclogists suggestions and the users preferences. In case of a
simple compressor, this would comprise entering the value of the knee-point and the

‘30 compression ratio in every channel. Fine-tuning may be done by performing one or more of the

following steps: adjusting the output level of the knee-point, adjusting the input level of the




follow ng steps: adjusting the output |evel of the knee-point, adjusting
the input level of the 23 Septenber 2005 WO 02/ 085063%?99{33(0% 0%47 8
knee-point, or adjusting the. over-all gain of the co trmoe
characteristic (i.e. changing gain at all signal levels with the sanme
anmount ) wdfeseence i s made to W99/ 34642- Al concer ni g T/iResAPREr gui dance
about types and settings of hearing a d conpressors. \Wen fitting a
conpressor, the audiologist will take into account the measured auditory 5
characteristics, e.g. the hearing threshold and the upper confort |evel
(UCL). The upper confort level is the maxi mum signal |evel the user can
accept wi BRSPS Rroverzaitea of oy coppirsrchaiperisiad pripEns Gt | evel can
be ‘1 mi tecbutaggnm&oafmeh@ersaﬁl& ﬁﬁdui&)'l{é&ren&igﬂlacﬁ% Waohidabiadoncaiagn ¢ range of
t he i nput out put converter. . uggesting the hearing aid paraneters,

t he audi ol °§¥“’ qeﬁb@%wwsﬁ?%éf g%‘@@ﬁ's‘“@f’fﬁﬁﬁférr ds 10 (sometinmes denot ed
fitting rules) that suggest suitable hearing aid transfer functions in
dependencyWih fitthie a clugrasi, ¢l aodiolbgie wilthkedhto hesdnt g mkassd aulih@y conpr essor
characteri blis enteri trlc data in a
fitti ng“’e pci%r%c?egsm 2 %@e%'? etﬁIﬁtﬂeI?fm%me armrfg@fttktveﬁﬁﬁégo YPPRi s i nfornmation
to the reqlquoadc dosﬁbwmmsigﬂablpwbmeusas@n@ccgmwahmtmygaammdama@rﬂgramred in
the hearing,, &ae&%&ﬁ&&&g@%@&%&&&&@ PRUL el occlusi on
of the ear canal or a system 1 0 sf the setting
of the hi gﬁmweeﬁhvmmymmmem n a nunber of channel s Preferably,
time adjustnents for occlusion reduction is done as the first process. This

nmay be d(lﬁ'ﬁlg%&tu@@ielﬂ%ﬁ'ﬂd bISGQIT B BRI ﬁﬁtrbl? of AfscAafieditGBnlasSi gnal
| evel s_in eac t he_rel evant channel s, in a pr ef erred enbodi nent the

conpr e¥si éwqﬁ%fPﬁsge”BFdﬁﬁ‘Egﬁ‘?@ﬁhﬂtWWtW‘ihﬁzﬁmgél gpansfen fqgctiops B0 dB, is pre-set
t o a conprdegadeady of it tiradler ¢ (1@ actddl hearibglodshi s preferred enbodi nent the final
fitting to the users preferences is done by adjustnent i n each channel of

t he over- hann e a conpr.ess

char act er ?Ilg% oo %glngcs an|an[{]"1¥hJ ﬁ%a Zﬁhgl,egﬁyyena%f% Y E‘(‘J’mfe ngat%%%ﬁi‘“ﬁcat i on at
each si gnamglﬁelﬁéierewthfkﬁtamg ﬂaqglamta@mﬁqm:s thigfosthasiom toi tiee redpdred dognpressot hi s has t he
ef fect of c&}g@g garﬁlﬂ@er%%éﬁﬂo%&n@mﬁﬂ@h&%%ﬁdby addi ng (or subtracting)

equal amounts aln to ol nt on the curve. O course, it nust be
ensured that the UCL is still respected, e.g roviding a limter at
the ouPputNoBrinewer to Wipress & grrosphonsf opusion phile Qah@ﬂ?]efp AEchof syge it indj ust nent s.
In this re&;ﬂﬁa&o adjubt theSsetkiRgF ifeRibh 16v8l chBfrBsioh AAS inlaHBhBer3f GamRMer al ways of
f|tt|nga rlstlc As mentjoned above, one preferred way

e char act
is to ent& Lv'imf‘ﬁuﬁ‘mﬁ&%ﬁr B i 5 dome a5 the fus: process. This ey be

dune by adjusting the compression ratio for a range of signal levels in each of the relevant

channels, but in a preferred embodiment the compression ratio of the high level section, e.g.
20  over 50 dB, is pre-set to a compression ratio of e.g. 2:1. In this preferred embodiment the final
fitting to the users preferences is done by adjustent in each channel of the over-all channel
| gain (the gain scale) of the compressor characteristic, as shown in Figure 5, by adjusting the
amplification at each signal level .witlh an equal amount. As shown in the figure this has the
effect of changing the position of the curve by adding (or subtracting) equal amounts of gain to
25 any point on the curve. Of course, it must be ensured that the UCL is still respected, é. g by
providing a limiter at the output of the compressor or by limiting the range of gain adjustznents.

In this respect, it is important to note, that there are several ways of fitting a compressor
characteristic. As mentioned above, one preferred way is to enter the amplification needed at
three points (fix-points), whereby the fitting equipment translates these settings to suitable

30  parameters to be programuned in the heasing aid. It will be obvious to a skilled person that
several other methods for this programming can be applied without dcpai'ting from the scope of
the invention. Regarding a block-mode fitting approach, it is possible to specify that changes to




three points (fix-points), whereby the fitting equi pnent translates these
settings to suitable 30 paraneters to be progranmed in*&e he 2&05?

will be obvious to a skilled person that several other R hi's
progranmm ng can be applied w thout departing fromthe scope of the

i nvent i wo.o2/begesr di ng a bl ock-node fitting approach, ircTipkopassi ble to
speci fy that changes to 23 Septenmber 2005 WO 02/ 085063 PCTI DK02100247 9 a
conpressor setting is specified as a change to the gain at each of the
fix-points. In this way, even different settings in a block of channels
wi Il be changed with an equal anmount - contrary to be changed to the sane
amount - EGRRPTESEsetingds sPeqilzed pg e cliypgefeibe et prch hithednpointy i 2% hough  t he
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for adjustin he “conpressor characteristic ow frequency
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adj ust rent s_as | acenent of the conpréssor characte In Fig. 5,
char adf er Py Y,’lﬂl‘-’ssl’e%‘?’?r@%ﬁﬁgﬁgs f?f@ﬂ%ﬂﬁenasﬁ@w&wle?ﬁ@w@cawmnw Fig. 4, and
t he characteristics 14 and 15 illustrate possible displacenents in
response Inmng aliﬂlihdﬂﬂhw&fsﬂﬂﬂﬁipﬁﬁerd dre ja@wwdemﬂ}ﬁﬁﬂg e c@ﬁ;@e\ek&l alaﬁa@ﬁ@ﬁﬁhes sor
characteristi,c jl ment in t#ebrang % HF 20 dB, It should
be not ed %“r%r}f\"ﬁﬁlg OW/IISANERYY PACT SIS g’tcgﬁp‘ﬁs’ﬁ%’ et ?ng’n(?fth???é""’ﬁtﬁ’ﬂpr essor
char act er pfStetlgsionf the sl emalaRig aitkhoed smrttonszfessbmmfﬁmmﬁymmeam enhancenent

Pt cqoonc; UghacthdP R BAbkeat: LSRN Ll 3 bk ik N Son 2B Bl (1O

frequenci e v npressor aes opera 6 shows a
schemdf.i cchl@tﬂefeﬂistld‘shagn'mrﬁlg;ﬂ Badﬁleakamgnamilmdéiﬂm&m@sibb t he i nvention It

wll be s I e circuits
i ndi cat ed&%ﬁdc@ﬂéﬂs Hesr‘?g&gt&) I np e%l!rl]t% eﬁgﬁéﬁ‘;& r%&ec ngltres alhnal ogue circuitry

or any co?FBTaFFa%ﬁ“@)?ﬂJ%@PE‘G#meF%gﬁtﬂfreﬂp?‘e%ﬁﬁZﬂﬂBenbodl ment, digital signal
processing is enployed and thus, the processor 28 consi sts of digital

it shouid be noted from Fig. 4 that the illustrated fine tuning of the compressor characteristic

G

pprovides an adfustment of the balance between ephancement of low level signals and
20  attenuation of high level signals at the frequencies at which the compressor in question

operates.

Fig. 6 shows a schematic block diagram of a hearing aid 20 according to the invention. It will
be obvious for the person skilled in the art that the circuits indicated in Fig. 6 may be
implemented using di gital or analogue circuitry or any combination hereof. In the present

25  embodiment, digital signal processing is employed and thus, the processor 28 consists of digital
signal processing circuits. In different implementations of this embodiment, all the digital
circuitry of the hearing aid 20 may be provided on a single digital signal processing chip or, the
circuitry may be distributed on a phirality of integrated circuit chips in an appropriate way.

In the hearing aid microphone 22 is provided for reeeption of a sound signal and conversion of
30  the sound signal into an electrical signal representing the received sound signal. The hearing
aid microphone 22 may commprise a plurality of input transducers, e.g. for the purpose of

iroplementing directional sensitivity characteristics. The microphone 22 converts the sound




signal processing circuits. In different inplenmentations of this

enbodi nent, all the digital circuitry of the hearing aid, 20

provi ded on a single digital signal processing chip or§3'§kr?8te“'g’i%¥%€(%t ry
maybe distributed on a plurality of integrated circuit chips in an

appr oprwatoe/ossass. | n the hearing aid m crophone 22 is gormausogestss or reception
of ‘a sound signal and conversion of ,30 the sound signal into an electrical
signal representing the received sound signal. The hearing aid m crophone
22 may conprise a plurality of input transducers, e.g. for the purpose of

i npl ement | sensitivity characteristics., The m crophone 22

.ng_directional
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Al D converter. . 24 .inta di itaﬂ I nﬁk 26 for digital signal Erocessi ng in
t he heari %lsg‘?dé“ ?6‘?‘1“%'?@%0?@{1%?5 szf”ga%‘%? cagien qf the pricqophayie outpptsienal 26 5 gnal

pr ocessor ak&ding to edeyited freqaicy oluraferittandi@ipRRo oMk o Ptivids b@fidhut 26

o ovi db SRRt RS B e S R e R sy SL B LY S8 RBar i g
def i ci enciedtf antIA coyerter 374nd fiothtpto tan ety SrdnsBCer i34 thaf cedbettothabuyik A converter 32
.and furthgéna}%tggn%gmgﬁu ngg&aijrucer 34 that converts the output signal 30

to-.an acoustic outpu he signal processor 28 conprises a filter
bank 36 with bandpass filters 36; for dividing the electrical signal 26

into a sefhesizodlarrapees 38 eqmpriess @ dilter hash S6eridormdpasafiltosy rfat §vidiedthe 262, . . ., 26, .
Further, d@tddaeigaiin ko DleORFBHAPLss A GO S8S) Song€ b6, 3%, 0f 2£ RlRlLESSOr s and
of fset anplifiers 381, 382,...,381 each of which Is cOnnected to a

di f f er®nt DpsiErsberacssspy J8amprisgsa seafof compreggprs i pifsetyamplfiete 38 38z omdr essi on of

the corr eapsfhinig iRAGRAEE aldiffctat Rddghisginaed 36264,,... 36 &r individe@ , the conpressor
uency bands 361 and 362

and offset anplifiers 381 and 382 in the |lowfre

havi ng co‘f%‘l}’éﬁg%no"rﬁfhe F%Tefp(%dmgcqfﬂ%aﬁfa@té“gé‘@?‘fl ?%3%6{&@%1&‘? HPIREEWF #dnce with the
i nvent i onoffsétGumiphiferd 38| a8 B8,4h e lvohRpas$ HndCITaiAGhhvid donPredsioh rafdd 382
correspo the.chargcteristic shown in Fig. 4, and the characteristic
381 corrgtgagt(l)l%ﬁ)V sl)cﬁndmtr%aseeac’%aéurméi %er‘i“gﬂﬁ%m‘éeﬁg%h in Fig. 3. Filters 361 and 362
are | ow frequency bandpass filters or |owpass filters, e.g. filters with
passbéhd s%g'ﬂt@wtedmrmqr chriractepisticd 84 and3B; baaspspord tp fe slvantiifsielslown300 Hz and

362 may haye adRRSERARARSEWEERp0mPR ﬂié]{chﬂabqaﬂéﬁ‘zndd&-m%g 4 @ s her

embodi ment _of the invention, the set of conpressors cGnprises four

conpr ess o 36 agdew frgguensy handerapFltesses foveprar istserd: Sligrewigh passhands hebv shown i n

Fig. 4, i500Hz888836)fmal Bve b pRRANESow %Slﬁrahfpﬁ% r[hfha%g'@paggﬂd RS egmENt 1S
a

divided further_ into two frequency bands wt
300 Hz and 500 tHz g y
20  Inanother embodiment of the invention, the set of compressors comprises four COMPIESsOrs,
each with a compressor charactesistic of the type shown in Fig. 4, i.e. each of the two bands
described in the previous segment is divided further into two frequency bands with a

compressor operating in each band.

During fitting and/or fine tuning, compressors in neighboring bands may be grouped together
25  for siomltaneous adjustment of respective parameters. Por simplicity, it is preferred that

corresponding parameters of compressors in a specific group are adfusted by the same value.

As mentioned above, the use of an occlusion mana ger according to the invention is particularly
advantageous in conversation situations. On the other hand, since the dynamic compression is
enhanced when the occlusion manager is active there may be situations where it is desirable not
30 tfouse the manager. Since multi-program hearing aids is well-known it will thus be an obvious
solution to include the occlusion manager in at least one of these programs, such that the user

has at least one program optimized for conversation - with occlusion reduction - available.




conpressor operating in each band. During fitting and/or fine tuning,
conpressors in neighboring bands may be grouped togeth 25 for

~ simul taneous adj ustnment of respective parameters. For Zpﬁ%PF@ﬁFQZOQ% i'S
preferred that correspondi ng paraneters of conpressors in a specific group
are adj wetoedsdss t he sane val ue. As nentioned above, thmamxe€eRi7 an occl usi on
manager according to the invention ig particularly advantageous in
conversation situations- On the other hand, since the dynam c conpression
is enhanced when the occlusion manager is active there maybe situations
where it is desirable not 30 to use the manager. Since nmulti-program
heari ng aEdaMPsEwWel | -known it will thus be an obvious solution to include
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" EXAMPLE One speC|f|c exanpl e of the fitting according to the invention
shal | be @hahswringdoss ipitiedafiear ofleae faticnt haddrednomrgsuirad at 4vgintbef df frequenaiyh aone pat i ent
had been ppgsdred at a nunber of frequencies as follows: Frequency
Hz2505001000150020003000400060008000 Hearing | oss dB202020304045505560 5 A
first flttlng rule, identified as NAL-NL1, 2000 Scott Brewer Nati onal

Acoust i c PEBERIEEr i 20 AJEP r 21008 F@%rlﬁ808é¥WPce§mowa§MQppWW8d on this set

of dat a. freq nC|e conpressi on_t hreshol ds and
conpre55|§ g F%@ é est (1h|sih|tt ng rifl e wete: #equency Hz 400

1 250 29 00 %QSQ ang%mae T (a3 MLCLILSI?Z&E! Scott Brewer National Acoustic Laboratories

Australian Hearing Services, was applied on this set of data. Set-points for frequencies,

compression thresholds and compression ratios as suggested by this fitting rle were:

Freguency Hz 400 1250 2000 4000
Comp. Threshold 52 51 57 59
Comp. Ratio 116 203 268 111

A second fitting rule, identified as DS). Hearing Health Care Research Unit, The University of
‘Western Ontario, was applied to the same set of data. Suggested set-points regarding
10 frequencies and compression ratios as suggested by this fitting rule were:

FrequencyHz 250 500 750 10060 1500 2000 3000 4000 6000

Comp. Ratio 14 14 14 14 1.6 1.9 21 2.4 29

A third fitting rule, identified as CamPFit, Brian C. Moore 2002, was applied to the same set of
. data. Suggested set-points regarding frequencies and compression ratios as suggested by this
fitting rule were:

Frequency 125 250 500 750 1000 1500 2000 3000 4000 6000
Hz

Comp. 100 100 111 126 141 164 173 1.98 231 261
Ratio ‘

Common to all of these settings is, that the compression ratios suggested are moderate in the

15  low frequency range, where the hearing loss of this patient is moderate.

These settings have all been tested. When interviewed, the patient complained about an

annoying perceived occlusion effect.




57 59 Conp. Ratiol.162.032.681.11 A second fitting role, identified as DSL
Hearing Health Care Research Unit, The University of 1Q0Western Ontario, was
applied to the same set of data. Suggested set-points ﬁ@éﬁ?ﬁ?ﬂﬁr?Q%huencies
and conpression ratios as suggested by this fitting rule were: Frequency

Hz 25050%0600806515002000300040006000 Conp. Rati ol. 41. 4trhkedderel. 92. 12. 42. 9
A third fitting rule, identified as @ganFit, Brian C. More 2002, was
applied to the same set of data. Suggested set-points regarding
frequenci es and conpression ratios as suggested by this fitting rule were:
Frequency 5250500750100015002000300040006000 Hz Conp.

1. 001. 001.‘*11“% 0 .“zf’f‘i“:q’éﬂll"." teg herein e geflingspsispesestitenrdes tagerh ofithet hese
settings ififling fula twetchediioNMprifGakiog he adnidésiclig g@ Tiverbqidnty ARKEIahe in the 15
Iom1frequenqﬁmfangb.mqﬁri%ﬁq% hearin%ﬁ%oss Of'tq%%k atient is noderate.
These set fTRGE Have artoh 2R ASEPTAREH A foRRg P he RAHERE B4t | ent

conpl ai nedgaireiiderieweh Thenptiay iepgtef di egiested caok 6l thesidoral isecthat tR3 Sept enber
2005 0 5 002 12 Additional tests have been conducted
mhereyg)tﬁ%gg%g?%ﬁg%zggﬁgééﬁﬂgééﬁm%%gﬁ?ﬂ?%ﬁmﬁﬁmtach of the fitting rules
were nodified by increasing the conpression.in the | ow frequency range,

i.e. the range bel ow approximately 1000 Hz, to a conpression ratio setting
of 2.0. The patient was again interviewed. The patient reported, in '
- respect of each of the additional tests, that the 5 hearing aid operated

well with no problens of perceived occlusion. 23 Septenber 2005 WO
02/ 085063 :




PC 1 DK02100247 13 CLAIMS 1. Afitting nethod for a hearing aid with at

| east one | ow frequency channel having an individually adjustable
conpressor, conprising the steps of determining initial23vEplsadepe0iettings
of the hearing aid, including the conpression ratio of the conpressor, that
w il 5 oopessst e the hearing | oss, and increasing theraR@hsessi on ratio
over the initial value of the conpression ratio in the at |east one | ow
frequency band. 2. The fitting nmethod according to claim1l1, wherein the at
| east one | ow frequency channel further conprises an offset anplifier
addi ng an offset gain to the conpressor characteristic, and further
conpri si ngishgsstep of adjusting the offset gain in the range from-20 dB
to 20 10 dB. 3. The fitting method according to claim1 or 2, wherein the

i ncreased, conpr.essi ratio. i s eater than 1.4. 4. The fitting method
accordingltdgEWﬂﬁ?Wﬁﬂiﬁua%?“ﬂﬁ@??%ﬁ”ﬁﬁ@“?ﬁ WEQ@E%W€UWHﬂQ§@%Hﬁ ratio is
substgpti al :iyqiﬁmmyaaﬁl@taaecoi@mﬁm,fmt ﬁfsin%ﬂieﬂﬁ)smﬁﬂleﬂﬂﬂl. d'na;gh@ﬂ;taﬂmgsmo any of the
precedi ng cl_ai.ns, rei n.each.of the heari id channel s conprises an
e i1
met hodSacco $» @fing thi eonipeeadien ratio os'e: itihtewied & a ic
the conpressi .S B e rom 30 dB.SPL to 60 dB SPL. 7.
The-fitting%%%gﬁggéggg%%ﬁﬁ%ﬁé%%ggfﬁ§%1(?mﬁﬁ%P%in the range of signal |evels
at which the 20 conpression is active extends from 25 dB SPL, and nore
pr ef er r ed?f @pfitsias s Facapiogm claigidg whegeir Ge etlbagpns lowdegepyehended to 80 dB
SPL. 8. The fiifef doBfridtPinlo@ch AGHMEHaBYy borfebe3hillothe WG &bitn 1ge of

se

signal |evels_at ich the conpression is active I ected in
respective PREHTRHemPEsipaestap of adiusting the offig spia ibrrangediomd2AdB to20c| ai m 1,
wher eiiq t he agow frequency band conprises 25 frequenci es bel ow 1600 Hz,
preferably bel ow 1000 Hz, nore preferred bel ow 800 Hz, and nost preferred

bel ow 500 A heari i d.havi a m.cr.ophone, a signal, processor and
o out put >t T3 Qe B8 it <G o P AR FORBTPT Bk h 11 er bank
havi ng at | emsterthanligw f r equency band and a high 23 Septenber 2005 WO

02/ 085063

4. The fitting method according to claim 1 or 2, wherein the increased compression ratio is

substantially equal to 2.

15 3. The fitting method according to any of the preceding claims, wherein each of the hearing
aid channels comprises an individually adjustable compressor and an offset amplifier.

6. The fitting method according to claim 1, wherein the range of signal levels at which the
compression is active extends from 30 dB SPL to 60 dB SPL.

7. Thefitting method according to claim 1, wherein the range of signal levels at which the
20 compression is active extends from 25 dB SPL, and more preferred from below 20 dB SPL
and to 70 dB SPL, more preferred to 80 dB SPL.

8. ‘The fitting method according to claim 1, wherein the range of signal levels at which the

compression is active is selected in respective frequency bands.

9. The fitting method according to claim 1, wherein the low frequency band comprises
‘25 frequencies below 1600 Hz, preferably below 1000 Hz, more preferred below 800 Hz, and
most preferred below 500 Hz.

10. A hearing ajd having a microphone, a signal processor and an output transducer, wherein

the signal processor comprises a filter bank having at least a low frequency band and a high




PCTI DKO2/ 00247 14 frequency band with respective conpressors and with at

| east one offset anplifier in respect of the IOM/frqugggg b%nd2 ressor
for increasing the conpression. 11. The hearing aid acéordP¥JPEb*¢Pai m 10,
wherein the | ow frequency band extends bel ow 500 Hz. 5 12. The hearing aid
accor di p@ d2@sseézai m 10, wherein the filter bank has appasihasdspel ow 300

Hz, a passband extending from 300 Hz,fo 500 Hz and at | east one passband
extending above 500 Hz, and with a conpressor in respect of each passband.
13. A multichannel hearing aid conprising at |east one input transducer for
transform ng an acoustic input signal into a first electrical signal, a
filter bank WeIFEpHBESSPecHT wrgressers andwigh ay jeaif png offerb amplifistine| ect ri cal

signal i nto rapsebs Rf1BRBERaRSbdnl biir&Shr fir iR lea@lpAicbinglsionl gnal s, a

processor for generation of a second electrical signal by individual

processin ach of the bandpass filtered first electrical sjgnals and
addi ng togh'?'ir]?@ "’af%a‘{ﬁcﬁ"é‘g%tgéa‘gr e her el"?’i%ﬂ'ﬁ?@’ﬁ‘*ﬁ‘ﬂ"&@ﬁ‘f&”’é’@’éﬁ?}d

el ectrical dmgnal, and an output transducer for transformng the second
el ectrical signal into an acoustic output signal, wherein the processor

conpri ges el esso eac i.ch is connect to a
respec?ivggﬂg% g%@%mﬁﬁCﬁﬁ@g?gﬁﬂﬂﬁﬁﬁ%ﬁgg§F§%ﬂ§$ﬂ§¥ﬁfQﬁ%iﬁﬁggﬁﬁﬁﬂ%g bandpass
filtered si diat pasdomd cpibraiing tnm300 Hews00 Hnandaf ledshee posdmpd esmding i s a | ow

frequency CoppSEFRY, ARG Clrled HMRGES 3 aBpalbiUENCY. high Tevel

si gnal s.
13. A multichannel hearing aid comprising at least one input tcasducer for transforming an
acoustic input signal into a first electrical signal, a filter bank with bandpass filters for
10 dividing the first electrical signal into a set of Eandpass filtered first electrical signals, a
processor for gencration of a second electrical signal by individual processing of each of
the bandpass filtered first electrical signals and adding together the processed electrical
- signals into the second electrical signal, and an output transducer for transforming the
second electrical signal into an acoustic output signal, wherein the processor comprises a
15 set of compressors, cach of which is connected to a respective bandpass filter for
compression of the corresponding bandpass filtered signal, and wherein at least one of the
compressors is 4 low frequency compressor adapted to compress low frequency, high level

signals,






