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report ning of each regular issue of the PCT Gazette. 23 Septenber 2005 WO
02/.085063 PCT/ DK02/ 00247 1 FI TTI NG METHOD AND A HEARI NG AI'D FOR SUPPRESSI ON
. OF PERCEI VED QOCCLUSI ON The present invention relates to a fitting nethod
for a hearing aid. The invention further relates to a hearing aid with
means forF METHOR AVD pIHEARING i o FORFIIPBRESSION GFFEROSIVED ef f ect denot es
the | ow fpHeaLesniey; enhancenent in the perceived |oudness |evel due to
occlusion of the ear canal Sonme hearing aid users having an earnold or a
hearing aid in the ear canal, blocking the canal, conplain that they have
a_per cept FRSHESFL opentianilates togfijiing anethef for 4 dearingaid. gbe iyesntion fusbearelesr el . | n

parti cul a a héddfj hid SR Qs 662 sFPHAELR oBferdelvel BRMsispeak in a barrel. 10 Sounds
produced in a person's throat propagate to the person's ear canal by air as

wel | bone cgnduction.. Sound waves from speech propagated through air
from ﬁebﬁﬁﬁfﬁimé?ﬂ&&% @%ﬂtas tﬂ? ]ﬁg%i“i@ﬁﬁ"yteﬂhﬁ”ﬁ‘éﬂeﬁ’é? the percedvef iudssdevel conduct ed
spee_clh. Smuncbcttmﬂmfﬂfe@mwﬁmsmbc Wsﬁdhﬁd@ﬁﬁ%ﬁdﬁ hET] @3 lakdGn _
cartil agifpous tissue.in the ear. ca and transforned there into acoustic
waves in ttheem (éag?l’sbi%{%ﬁﬁ %F%Wﬂéﬁ&%&ﬁgﬁ?gﬁ&ﬁrg@gaﬂ dfesetd 15 1t has been
suggest ecnriposegps tstf biieg ioe bl hoparteilhe dieir byr voi@ebindg it spRRE Ng ai d

earmol d qfy, ﬁousi ng deeply in the ear canal, i.e. in the bony part of the
ear canal. This reduces the occl usion

10 Sounds produced in a person’s throat propagate to the person’s ear canal by air as well as by
bone conduction. Sound waves from speech propagated through air from the mouth and around
 the head to the ear arc denoted air conducted speech..Sound waves from speech propagated
through the elastic cartilaginous tissue in the ear canal and trapsformed there into acoustic

waves in the ear canal are denoted bore conducted speech.

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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effect since the seal ed volune of the ear canal is isolated fromthe

cartil aginous tissue transform ng bone conducted speegg tq aﬁ %ﬁblc waves.
However, the bony part of the ear canal s typically ﬁypg TR and
p05|t|on|ng of a structural menber in éhls part of the ear canal is, 20 in
many cases, not confortable to the usef. It has al so been suggested to
provide a vent in the earnold or hearing aid housing, allow ng bone
conduct ed s\ i ig%.-T vent is
typically a tugg&ﬁg§?%% %ﬁ%@%ﬁ%%%ﬁcﬁ@ﬁﬁ%ﬁ%&%ﬁgﬁ%ﬁ%bﬂ%@%rI 5”5&% housi ng,
facilitati ngpeillata isivirg pidyresfnggonpletly v thewenad€1C hearing 6ide), thd sbiat diganche ot her so

that the e gﬁggﬁ t may give
‘rise to otﬁ%?ﬁ%gﬁ%rkgggg%ﬁggﬁgkg&ﬁ “ﬁgn1re afgg&ﬁyﬁ%ﬁ% appﬁlca lon of a
vent is t higeieprdiner te fhe micwphehcdiveergly, thargsnuttipn inkeaserwithrdemsasng vetthr ough t he

vent. This QUL ion needed to
conpensat e #J%?&?rﬁil’ls egag#%ygﬁpggéﬁHKh’g‘%ﬁg%%ngﬁépﬁﬂh |oﬁ°nﬁ§19%ﬁm% endency of

t he vent t oongpsite reiismentoondiwond tiometneedback. Acoustic feedback occurs when
't he ‘m crophone of a hearing aid receives the acoustic out put signal 30
generated DypiREnR&E! ansducer,
“which is a nlnlature ou -speaE&&F%#%xB?%%lca 1 on 1 it He %£§%|ﬁé aid of

t he signal ﬁ%@@ww@ﬁ¢b§m$hédWﬂmmobhﬁw@; Bpa gPtEENE rRMATI SN EORY28 it Sept enber
2005 2 | ead fn0eRetahh 0 P |, and
eventual ly the ﬁ%ar%ng g?% %%%?%ﬁimgﬁgg%&ﬁggggﬁbw%?%%&?%s|d|ng

conpl et el y deplusivpe canal (CIC hearlng aids), the short distance between

m crophone and receiver |leads to | ow attenuation of acoustic waves

~transm ttedeQ%MtﬂﬁprBﬁgﬁ'aYrﬂtwﬁeﬁ’m&h&nﬂ%%{lgﬁﬂf? es@?ﬂﬁﬁ ¢ Lhe

attenuation increases wth decreasin ter an ncrea5|ng vent

| engt h. Hoviesdeancy Pernglsvh pasmpresgor tsrwtabbéfpr@m rorposerpd exansnsating 2 hepipgsi t e
reqU|reneng§lgﬂm5h§mwggheg&A oEtry. It has been suggested to counter

occl usi on efFect by general l'y decreasing the gain in the low frequency
~bands. Such a solution is, however, not optimal in respect of sound quality

as it inf |1Uéﬁ%‘é§e°tq*f@n%@@mémew%mpwwwﬁ&mm%heqnnsmémthgmose

envi ronnen {Roce W8 FRarks RG GG pkSsiAQF tHE PEL ARk QB hsio@RR84642- Al provi des a
mul ti channel hearing aid with conpressors in respective frequency

channel s. A conpressor is suitable for the purpose of conpensating a

heari ng iﬁﬁé?ﬁW@ﬂFbWﬂ8ﬁﬁm@§TF@@FWPFﬁﬁﬁ%“Wﬁﬁmﬁ@PaﬂmébﬁE@gnﬁﬁm%ne enbodi nent
of the invaakingf 4 Qpiéavh S hearhe &t uitgs FrdptiMnloPths b&R@bn 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




processi ng nmeans for suppression of the perceived occlusion effect. It is a
further object of another enbodi nent of the invention Egs h %¥® fitting
met hod |eading to a suppression of a hearing aid user §§ Bt R of the
occlusion effect. The inventors have qiscovered that in sone |listening
situations, hearing aid users perceive an inprovenent in sound quality
when | ow frequency bands are enhanced. However, in sonme other |istening

Pt on, afyis S 90 RONNBRAA RcNFAL LIS ISR SR PRRCS, 18 °"

pr obabl y fommWE@SdﬁCOﬁmfﬁmmldlng superi nposi ng an anpllfled acoustic signal

on top of bone conducted speech, i.e. the above-nentioned "barrel

perception d gg?l A ntion

provi des a | tt| % tﬁiﬁV&P%ﬂr&a egﬂdrtllg al%héaﬁﬁ%ﬁé&%phsmég%ﬁgetg egw

frequency chpw fradsdusenfprignyformingah géodsiiglinpyt spline abisecletisgrigsdarditeconpr i si ng

the steps ienl ng aid,
:’%1 ank $h Gl @6} d}\ﬁc@l&ﬂ{?ﬁ:ﬁ%ﬁcﬁgﬂ ﬁgﬁa}S &B%gﬁt?eﬁl%&f{tﬁéfeh

i ncl udi ng e conpre55|on ratio e conpr conpensate
t he hear|ngﬁﬂwkenméﬁawbﬁmreaspﬂ@rﬁmemuenﬁaeeeﬂehdnedugmﬂmuehW¢hb initial
val ue of t ofala1s] %Pﬁn y band. In a
second as pre%t)& gﬁggt/gg%{bg%dpgsrsg&e €5 a h e%?tfsr%nﬁé‘&g ﬁﬂl\g% éﬂ{éﬁ%&cr ophone, a
~ signal prd@@@@@idqﬁﬁﬂammdﬂmp@wSﬁmaﬁéwmmaﬂ@mMW@ﬂenﬂﬂMhEmsﬁgﬂéh'processor
conpri ses a high
frequency ggnd£mnﬁﬁgresSgggﬁygg%gé%#ég%%?gmég%%ﬁ&g%#ber 3%@9§%§%d w th at
| east one ofofnpates asehdfichipressim, epchydwbich @tozmh@edt@wesueaq»{qémﬂyasbﬁlm fagonpr essor
for ~incre AS on provides
a nultlchaﬁﬁgﬁgﬁggﬁfﬁgag% ﬁ&%%ﬁ?& ﬁgm%@h %?ggpone |np %#gﬁgducer for
transfor m rtgmamssaxsmaﬁo\iv Eequap corgprgsaariadipted ¢ @nipressivw k@rnayi gl lewd gnal , a
filter w%th bandpass filters for dividing the first electrical signal
into a set andpass filtered first electrical signals, a processor for
generation of a second electrical signal by individual processing of each
of the band%ﬁ@@ﬂ@hﬁmemd@ﬂmmmeﬁaheteemﬂﬂ@ﬂaBh@nQdemhdﬁdﬁ@udmﬁ@dtogether t he
processed kg .9 I ﬁlgg and an
out put traﬁ% d%é?ﬁgg tgg% F%rntﬁg@%% %%%ﬁllsfh&k a S|gnal into an
acoustic oupmweﬁeﬁgmdbmeﬂeeepwmvﬁempmydeggemdheehwnﬁsesmdme@t of
CONPr €SSOr S A6 HheAfenttfld Ch 1S connected to a respective bandpass filter for
conpr essi on of the correspondi ng bandpass filtered signal, and wherein at
| east one of the conpressors is a |low frequency conpressor adapted to
conpress | fq(:@@ﬁgcéefglgpresﬁqngﬁuq asqasfling t9jagy eraly ent of the invention attenuates

occlusion effects without generally attenvating low ﬁequcncy signals, whereby the sound

~e

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.

: Howevet', 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




Accordi ngly, one enbodi ment of a hearing aid that has been fitted with the
fitting nmethod according to the invention is provided ¥%t a,co essor in
a |l ow frequency channel that conpresses signals with 5 5? %ﬁ%ression
rati o than woul d have been set accordipg to known fitting nethods The
i ncreased conpression ratio according to an enbodi nent of the invention
attenuates occlusion effects without generally attenuating |ow frequency
sLonals, | eRasEnY kU RO A ocliRhldden Dol AR MY, BAEGIS! O, &1 T ect
i's inproved according to an e odl of the 1hvention, a fitting
met hod is p&@nmﬁ@dnﬁaﬁn%wh@hbyﬁgmamUkWﬂWMMWﬁ@mﬁe&st one | ow frequency
channel havi ng an individually adjustable conpressor. The nethod may
conpri se t hg fdeStmmdbifRn Y A Stineg: ﬁﬂg onpr essor
according to the&%earlng Toss tg @Qm% e s&ggggﬁhﬁéh@ﬂﬁ%g&Pﬁé&éld The
met hod may mmﬁ@ﬁﬁmaeawympgemﬁheﬂH@F@%ﬂeﬁdmmkﬁ&%kﬁﬁﬂrhﬂkm@bMpﬁESS|on ratio
of the chargelgllaid uRfink DEuk A sel FFodnld Jﬁ&mﬁaﬁe@&&l@ﬁx nd.
Accordi ng to anot enbodlnent t he |nvent earing a s adj usted
with a spednmmﬁﬁmﬁnﬁnﬁﬁ@n@hS@mmbﬁnmmﬂﬁgmamug@mhﬂmemmmeﬁnﬁuﬁﬂwlow
frequenci e I orateliie} ng i gnal s,

Shandiass ERG e&lgc @alpegcon%%m egz!)nrmﬁ‘l t%ﬁsggun E

this will atténuate e alr art o However ,
this |nprov@%mvh@ﬁhﬁﬁmﬁdaﬂﬁbwmo@SKPW@ekﬁn@b&@@imﬂ@@qdmtmudhanﬁrbone

conducted  RRGhlhe bk AMALA R U RLESR LA Slndd RENOREIHOAAD. o1  oct

during conversat &n i s si nce pohe and air
conduct ed §W@€§thmgmﬁ@éﬁOf@mWGSﬁmU@daﬁh@mbhOmh@mﬁhga@@mﬁbprQMGw 2005 4

closer to tfie § 38l o+ Qﬁg wn speech
is .discrimnate bronlgnd% S?QBer aﬂ%ﬁ%&@%%ﬁ%%ﬂﬁ#%fﬁgﬁaﬁﬁﬁ&Fivgl at | ow

frequen0|e§hﬁmnﬂaﬁéﬁhemﬁeh%@mmﬁhMdea mul ti channel hearing aid conprises at
| east one input transducer for transform ng an acoustic input signal into

a first el ggf ﬂm@lem@adgﬁya ofﬂéufvlsdt&mfe%@d% M&Qd&ﬁ‘({:}%&g&f egnﬁag f ﬁltfor

dividing the first electrical signa INto a set ered first
electrlcal1@@@&&ﬂ@““$ﬁ$ﬁ@@@@§§mﬂsm@wo@@m@m&@m@nmb¢T@mgﬁﬁbﬂﬂm@beﬁtr|caI

si gnal by %&@k&bﬂw%'éEﬁmﬁﬁﬁhggm?%?lcatlo w%?gﬁnggpg&QQQM%pgh%red first

el ectrical signals ) erent gains, and adding
t he procesé@@%@$ﬁ@%ﬂﬁ@%&hﬁm@ﬁdm§bﬁﬁm@GmhéIQGQGMﬁMEQOmymcﬁmﬂémgnal and an

out put tranﬁﬂfg&@m&%m%&aﬁm{m&eﬁg %@%ﬂ@e%@&geﬁ fé&hcaﬁgl%mi into an

acoustic output signal. In this hearin processor rises a set
of conpr esgEpEtedadldpupbt officetecdsmr.connected to a respective bandpass filter
for conpression of the correspondi ng bandpass filtered signal. The

- frequency naRgeRnt 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.




t he bandpass filters are al so denoted channels. In a sinple enbodi nent of
the invention, the hearing aid is a dual channel heari 9 aid, . i. t he
hearing ai d processes incomng signals in two frequencg §5Wﬁ@bgﬁﬁ@§ Thus,
the first filter bank consists of a %jngle bandpass filter, and the single
bandpass filter may be constituted by fhe bandpass filter that is inherent
in the electronic circuit, i.e. no special circuitry provides the bandpass

filter. In [ odj, Ime of, t.-he ri.ng .aid,, the single,processed
el ectri cal SRRt IR e it enl\ERE iy e gt B B AEL AT
present |y ppefegtionedthe hafusivh effectinprued $y aipnatsat foo fieguehdicsr melsadietiendds | east
1.4, and no rred to in as conpression ratio approxi matel y
> “the | ow Toey R AR ma RS b Foohdf GSTRDEBEnaRelsRE R OERET T ey
addi ng an oftllsaire granoonded beldvh S00dOM e sis@rdingta thiscirbodistnt of thainekntidrea met hod nmay
. further co ' ep._of | USt I t ffset N 1 e range from
150" 08 1 o 2B el el B iRics ot POgpfh iriodBUG 1o 105
char act er i spreferribelomf0b Heranduolpa plefeced eloaci®0iHdance with the fitting net hod
according to one enbodi nent of the invention that the conpression ratio,
e.g. a conp ' L at | | |eSplIRl ined.for a |ar range of the
signal | evef’tﬁg(tﬁﬁepgmgéﬂloﬁ%ﬁ? q%‘?mﬂ%@ bc%f%)rr%{ﬁr% sso{r}%@o es‘l%éle%rngfeeap %é)%%ﬁat t he
si gnal | evefollowingdesaiptior whegetin BQinvBLi@RLi]! berenphinepinafater dethilaBy @4y ofB SPL, still
nore prefer t, 20 P ngd_ev re, preferred bel.ow,20...dB SPL.
"Preferably ‘% eplg’a{lﬁegeels gﬁ(‘ﬁ mgdtdegcﬁlg%% pgfgirf SIF% er %"g?f;tﬁ%]tm Ondés gf-J’]Lb,e nor e
"~ preferred atalBed, thd Biv8Rilon isaamible vBnthardifferepg cmbatiments, alddty ecv88l &BilSRE.. The range
. may vary fr ! . . nat her. Sept enber 2005 4a In
accor dance %ﬁ%ﬁﬂgﬁ%@%%%agﬁﬁgaﬁggﬁ?&%Fﬁ?ﬁ%gﬁﬁggﬁ%?%ﬁg%ﬁ?mﬁggnE%%%‘recognized

‘that the péwodptlyche difwitdsendoestipionowil bt fegmdediasillotraibe th ayresndmabs at | ow
frequenci es requencies bel ow 1600 Hz, nore pronounced bel ow 1000
Hz, even nn?%aﬁﬁgkgﬁﬁégﬁﬂ%eIOM/800 Hz, still nore pronounced bel ow 500 Hz.
Thus, according to this enbodi nent of the invention, a |ow frequency band .
conpri ses fFipdueshevadothbdbond 1800« ldve! (SPEpihdreabilydebai oot dGIed ¢4 canatpr e

f d bel 0 Hz. still oth
g[)jeeg'[;eof ?hgwiIﬁ%’%ﬁ?@%’ﬁgaﬁﬁn{ggé%%!ﬁg&g%%g?%’%h?%“%ﬁose st al : ed ion ?Le art

fromthe follow ng description wherein the invention will be explained in
greater detlagl2. sByvspgs GEPL efisperph geperatdvhy gheipsrsartirmwslf ambf shesahizesatbd a

preferred enbOdng;%H&h LRI Send BV, i AN i i nvention
_is capabl e of other de?%?er’enp er%gﬁia?rlg]}lot@?d andlﬂ'ﬂggs%glg?% %e%&%}res are
for a long-term speech spectrum,




capabl e of nodification in various, obvious aspects all w thout departing
fromthe . invention. Accordingly, the draw ngs and des%i;sot{' ons d be
3 septepiber fi

regarded as illustrative in nature and not as restric dr awi ng:
Fig. | shows plots of sound pressure level (SPL) in the occluded and
nonoccl wead/ogsass canal , respectively, as a function dcifp@guescy for a

specific sound, Fig. 2 shows plots ofs SPL of speech generated by the person
- himsel f and of speech generated by another person, respectively, in a
nonoccl uded ear canal as a function of frequency, for a |long-term speech
spect rum F23 S%gtenber 2005 WO 02/ 085063 PCT/ DK0O2/ 00247 5 Fig. 3 shows a
prior art "Ehpro¥EdPi AL PRSI SRrAct®8Pg. 4 shows a conpressor

characteristic according to the invention, Fig. 5 illustrates fine tuning
of the cofjx ¢ssows ¢bmmasioe thastietstia ocatl Rghd iaventien, | Nvention, and Fig. 6
shows a bl ock diagramof a hearing aid according to the invention. 5 Fig. 1
" shows plo f r I i.n. the ear canal .as function of
frequencth%bsr) ﬂlg&%%gﬁl% Wt fglegg%@%sf({rgf#‘}rcéeaﬂlgﬁgcfs et%@?llﬂlﬁnu%ﬁﬂ%i s the
gquantity of sound energy relative to a reference pressure: 20 ItPa. The

pl ot t ed” SBig ¢ sshawnsblpekdiagrim afe hepripg rad dcerding @ukaiavestiwhows SPL  neasured in

t he occl uded ear canal, and curve 2 shows SPL neasured in the non-occl uded

ear canalig. BihoROFPRHH HOHH padssukd IORESPLY N B8 carlchnal BY B cBR @R frifidey fRr | OW
frequenci es H‘%hglePL. s. 10 a gjr oxi nat el ﬁlﬁlo_ 30 dB hj gher for an occl uded
ear canal *tHERY ?SPBC”%‘I%%%‘E]F B PLeis g amantiiy of soppdsneravietiyeyes are adopt ed

f r om " The refipdnkomesnab:20 p@e. Ahelplbie Sef. fsaghsnredbh twislilatiR, Cdried shévs sPLHear i ng ai d

fitting", S . 231 13Th Danayaox Sypposi um ., 1988. The jnvention

expl oits F’hagquglélt%ﬁl%%%?%?ﬁ%c%nﬁ}*a‘i‘dﬁwgﬁﬁ'wﬁégﬁ%ﬁ‘g%\? “Pﬁ%cc{‘}ggrws own speech

from twocagilf Beogperispr offbegatures ipaaly s seeh thatdfokdb ¥ ifrequedcies teSPh@ne conduct ed
speech,nent.| s _al r.opagat rou ir fromthe

_ rio %#%%%%lfﬁgﬁﬁdgﬁgﬁfgﬁchﬁgf Sar can Q?agfor.angnocgu&cg' g8 ©

nout h and e ear ere i's recerv “the hearing
ai d. For Bpiedewnesnetadeptetfee fihe halew froiegerehepedfed!, M. doliam Egds, si nce t he

curved patftafiy £ @RAZAL §eQRn 3@,%9@16%0@#%?@&% gghe head attenuates high

frequencies, Tfavoring |ow frequencles. Is'further illustrated in Fig.
2 showi ng, pl.ots, of SPL in a _non-occluded ear canal as a 20 function of

f r equency “1eoPveRHoB SRS fertprt Gatreaidrampolp uesy frasive; theyeses pemspechfom 3 is SPL of
speech  gBwdaifRiathbYgiioe ple! BRMNERE borR Coldfh&Rplech WibRagsywe 4 is SPL of
Speec QS 9 e_s%e ! vga%gs a?s\é p%%ggaﬂ.%rough air from the mouth and around the head to the ear where it ‘

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. |




~person. At low frequencies, there is a difference in SPL of approximtely
10-15 dB between a person's own speech and the speech2 f apg‘%,geé O%Erson.
Fromthese two figures the fol |l owing deductions can be Bemper L1005k qur e
2, there is a level separation between the two curves 3 and 4 on 10-15 dB
i n the wowz2esse&quency range (0-1000 Hz.). The frequercy/paiosdoibuti on
characteristic of the curve 3 of Figye 2 generally resenbles that of
curve | of Figure 1, in that there is an enphasis of |ow frequency
signals. 23 Septenber 2005 V\D 02/ 085063 PCT/ DKO2/ 00247 6 There is a

si gnal | evel separaﬁ n at .l ow fre uenci es between the users own speech and
the speech™f EJEF BV S‘?&W@%’r%g’f”l cﬂ‘é‘?‘gtbﬁté’f’ CUSHHEVI e 8 ES  Accor dingl y,
a reducti @pbechievebufplcoﬁvemaaibnmma‘fofkuﬂghoLle\del Asouhgls, xred@ibntihius i n the sound

| evel of sg Shio ser n r t he users head
into the REAr ng a S‘Fe %O%qs utslmothesouwlg‘fcp&a%’ﬁ‘ésegcﬁ %}eé'@eél of sound
anplified aaimomga@;dag:an@ue@yrsmbwé uwﬁlphﬁanm,grearfsdamﬁcaum {vbintaghretﬂm S may not
danmpen st h uc Lot al sound | evel at

t he user S%;%igg%&ﬂf%ﬁéﬁﬂ@gﬁ%&&@er swlkaperc |Bf)%‘]% occﬁmagln%tn of the ear
canal wi | [dapesn fhe Hepseenducttd wmh@ﬁw%@mmew1mdbwmm@@m| ng to the

| vent i o i3y s biEpREAPLERLG! o RCESRUP I QEGhHST ON Of the ear canal is
sol ved by prOV|d|ng S|gnal processi ng to e ectlve y provide one 10
anplification setting for. low | evel signals and another, |ower,

anpl i fi catlPisfoipeintsitPe soljtion acsprding tofas igYentiquchyphich the pERblsEeS BirsrFedievi ce wi t h

such Capabtchisibﬂoﬂtﬁeaa:mrsﬂ$§ﬂfypro%dﬁ@ £ PROksikkas «RBBR1y pRvigest ed in the
atln a hear.ing i alrrrent known as

prior art f qr t he e of co
r ecr ui rreﬁ]PP ?Fg{f“g?‘?i wisrel g raf‘ fgbergreramplEcfignretipploplighenps o
conpr essotevél ana&e}x@ﬂ)t:&smjg depicobliiesish capdvaiteid a E@n;@@ﬁo@ A M6 HakiBde@n. 15

Therefore I i nvention th ution to t r obl em of

subj ect i vg]gﬁ %@‘r“gféﬁl’\%é %%%T%‘%?%GOIECW%W g‘ﬁqﬁ P’é"i@laﬁn situation -
is to decreaiteenydioweven ticlpeiortririgias xheemekﬁsmﬂlbu;afof:i Eveapressorior @&aiig

char act erPl%{ﬂhgsre@mgwpgmé{,},g\g@ch?m@hot of a prior art conpressor

characteristic e conpressor output level as a function
of the in | evel , both in SPL. The characteristic conprises two segnents

5, 2018, OI‘EP@OWWQ‘B?)WH@&?@B‘* gptutign (R Fhe@rohlsioref subfetively peresditefly posi ti oned
at 50 dB &felusibdydhebt - Llﬂﬂ@éonvers@%ﬂ%z{ubﬁ K ReR:PRd éﬁmﬁ&ehfgﬁ'ﬁﬁrﬁ hboripPst anti al ly

no .conpr essi on, |. he gain is a constant gain, as il Iustrat ed by the
| i near se‘@‘i‘?ﬁ’fﬁs"‘s" a‘?ﬁf’ffsﬁ‘bl e for conpensating the hear i ng | oss at |ow input

Pig. 3 shows a plot of a prior art compressor charzicteﬂsﬁc, 1.e. a plot of the compressor output
level as a function of the input level, both in SPL. The characteristic comprises two segments 5,
20 6, that are interconnected 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.




signal levels. Above the knee point 10, there is a conpression ratio
exceeding unity, e.g. 1.2:1, as illustrated by the segnent 6, sujtable for
conpensating for recruitment. Recruitnment denotes 25 t%ésﬁPF@ﬂ¥x%90%i
.~ sensorineural hearing | oss that the perception of |oudness rises steeply

with iworeeasoésg sound pressure just above the heari pgribkegsbal d, while it
rises normally at high sound pressures. The hearing threshold is the

| owest sound | evel at which sound is perceived. The conpression ratio of a
segnent is equal to the reciprocal value of the slope of the respective
segnent . gp IggFi . 3, segnent .5 has a conpression_ratio of 1, and segnent
6 has a cOtfpf SQEF HIPTPLETHIRICEIFEC of e crmRiessir Toryprassording ey imveqiop do 1 4: 1, e. g.
1.2:1. Cenedbbicy with fieingation, sipthid 4 £higIoRRY, £8 b8 sighllRYACIregebdhttioqm Wi | | be
adapted in aqrder that sig%%*ﬁﬂpt Q%%her Igwgls,mjjl not be conpressed to
level s bel BT FEp A oravet I s ot *opmasg. Cary dpyicel s wgm HBr y hi gh

| evel s. 23hcSeit Bgi3cPref@@RH, skifthend K8 5 Ofipreb¥ioh/ rhdle@at BQRdiér thahs 1, gnd, 4 shows a
conpressor_characteristic. of .a conpressor. for_use accqrding to the
ovent Pon moreped s enbiof ol spRERARRER oonDudP G e over 1. e.
above si gmaib napyeissl ibdppepaaies it i thogist oftheinirationihat sepressurcopeatingreeiesed. | n Fi g.
4, the SeguERR | 1 S shown.in Fig. 3.
Pref erabl vy, s%%ﬁgﬁfg%ﬁﬁggkgﬁﬁ%ﬁggggéﬁg%ﬁgﬁégggﬁ%&tW@%mgpgg?%?“¥han 1.4,
and, 5 nopehsioptsarpprsied. Thecompressiairgie iy opdtant ioalyideamize ef sigpaldsyelalint o 2. Ot her
val ues of glhe GOREASHERE af §61l B 16036 &g, used if appropriate. It is the gist
of the invention that conpressors operating at |low frequencies enhance | ow
| evel signals and_ attenuate high Ievelaﬁtgnals, wher eby perception of

C

occl udPon Ures tofhsisd igreregivedgrgtusion fifeetsas %P5eE 11 aggidor mpdersten o wi de range

of si gnal héafinEos in d 16w frédi@nch HAEE For LAGPIREL, tﬁé@ﬂér@@fﬂﬁm&ﬁkin% tedhf? dB SPL. 10

- Users bothgg&%lgx erceivq? ochuaagn effects, are Lypicalg%_users wth a
“mld or nd frEve 2 RUUPFGSTRg ChAFEienstl Wil p o cPPRGHRR Bo A rAfemPESionglieh pati ent s,

t he gener elbdeyo f.a4ioapilesfailitghileve] aipiiliodiiyh lantllsigndly @Sty e dtove BRioRES Or

characteristi i w . conpr.ession ratio, i.,.e. conpression ratio

close to R?Iémly%? é\écﬁi%ﬂaﬁfgggs% R geh'ﬁﬂeén\‘/’%qﬁo%ﬁwéeg?rhadtd%a ?ﬁsﬁg&‘?éﬁmﬂﬂgnal s wher eby

t he albveiimpmethyictiat lpdstc e meehsoofdicrsmprssief fatic te.gntay camnpresgion thtie | nvent i on,

however, %ﬁmﬁuﬁﬁh&Q§$%ﬁ£¢32N@b%ﬁﬁéfﬁ%@ﬁ%k?%%%gdgg%ﬁﬁgk that | eads to an

increase of the conpres rat’io, ( res ratio that is
gr eat er t iearatedsllevisting the priesived ercinsionfisetainebly bigh feve gigosie . simiahh | evel

signal s afefs @tdeRuad eall@s_}ciﬁ*ﬁbﬁﬁjﬁ&cﬁﬁ@@gﬁrbg%icgﬁgrsﬂ%ﬁkﬁﬁgﬂ#aeffeCt' Her eby

high | evel signals, i.e. signal |[|évels exceéding t rgnal |evel of
normal spWEEH P ERiEEE B4 womrerdiadiedr fupenerango whereby a reduction

20  inthelevel of perceived occlusion of the ear 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




typi cal conversation situation, is conpressed in the | ow frequency range,
whereby a reduction 20 in the | evel of perceived occl uszi on of th r canal
i s obtained, as explained above. For the progranm ng of 3 %@&?ﬁeﬁg("iﬁaa t he
followi ng steps need to be perfornmed: Measuring the hearing |loss at a
nunber ofo évespeenci es Progranmm ng the conpressors (fiddripi@2bd¢m wWth
paranmeters corresponding to the characteristic needed to conpensate the
nmeasured hearing | oss 25 Possibly fine-tuning the conpensati on
characteristic In the nmultichannel hearing aid the conpressor
characteristics wll be adjusted in a channel -by-_channel approach in
accor danc & R tOR dusEReb dve-all wair obibs commEssardarritsicd o changing gimitp| v

nodi fied idn s eraemiaansvamb arhdiar) R Db IInadeSo FDIBEMUE M So@Blink he users
preferenc this woul d conprise entering

es.. In.case of a sjnple conpressor,
t he val ue %@efWéﬁﬁé@PbW%fndé%”?H&%@g@@@%P%n ratio in every channel.
Fi ne-tuning nay be done by perform ng one or nore of the follow ng steps:
adj ust i ng Wiea figing p cdmpreesoe |theafidiblbgist kilbigkepiab Adcoundtily tedshe@adabeyi nput | evel of
the 23 Sep r,. 2005 02/.085063 CT/ DKO 247 knee- poi nt, or
adj ust i'ﬁg C%‘%zg? ot%/cség%atf]%/ﬁ%nal}gnﬂg 5&?‘[8? ﬁ%“%o“ﬁﬁ?;g% 8?0[?3(‘:'%@(?116)( 2%“3??0 (i.e.
changi ng gaifertdtvel isth¢ meligiadigiablvel e wict dan bdeept withvmt 2uypain by dambsef €F ence i s
made to  \VOIY §¢0a2ubh o ARREA B kb NAL. AihAARES, ABOMY RS and
settings of hearing ald conpressors. en Fitti ng a’ conpressor, the
audi ol ogi Stmapiq range gidbe inpit or qytpiiowpveritrthe measured auditory 5
characteristics, e.g. the hearing threshold and the upper confort |evel

(UCL) . Than sigpsting deRBRE hid pA¥Alterd, The bitBolsFRK WY 54 SR AEMlandie USEr can
O, course, ihe maxi mnum_ output |evel can

accept. wit hout aH Pa_ n_or_ damge. . e, 1

be |in% edoFyBE é}"cﬁfpﬁiﬂ%’&‘}e@r@%ﬂfgéﬁfs“%@ caing pigrapsfegfaoelipes igynami ¢ range of
the input degendtdyiithe RS df @ie acthdlh&HAISSE i Ng the hearing aid paraneters,
the audiologist will rely on mscellaneous standards 10 (soneti nmes denoted

fitting r h t i.tabl. arijn id.transfer. fynctions in
dependenc;il]1 %?L)"{P&%S%%%%rg%%?%m%% efcﬁagjhsg%ﬁaﬁnle‘%gga T HGopgLE d ﬁ'ﬂéqﬁ%ﬁf‘ ressor
char act er ipgigiag whergbyiske idanzighipséng tansfprosriiemfongatibh® teudquimdtonipessdat a i n a

fitting Qﬁg&&gﬁg%ﬁi%%pﬁg%wqgmggwﬁgt transfornms this information

to the require aracteristic paranmeters to be progranmed in
the hearing aid. 15 Now, in order to suppress the perception of occlusion
of t hellea™NoWgingrder 19 Fppress &g Pereaplion of gyclusion pithe qapepnil fasuehy sefrdtis t he setti ng
of the hi ghukQVEldusAREREERSIFaR hiphldval chiprassiop ARSI kB O IS,

Preferably, the adjustments for occlusion rednction is done as the first process. This may be

done 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




Preferably, tinme adjustnents for occlusion reduction is done as the first
process. This may be done by adjusting the conpression_ratjo.fo range
of signal levels in each of the rel evant channels, bu§3i pﬁmﬁ$ﬁégﬁied
enbodi ment the conpression ratio of the high | evel section, e.g. 20 over 50
dB, is woazesbext 0 a conpression ratio of e.g. 2:1. | mchbkszenef erred

embodi ment the final fitting to the yisers preferences is done by

adj ustnment in each channel of the over-all channel gain (the gain scale)
of the conpressor characteristic, as shown in Figure 5 by adjusting the
anplification at each signal |level with an equal apount. As shown in the
figure thRSORRESSerigtngdypEriiied a5 a ehangsdn the s 358 of the Brpets. inilis ¥a%.ve by addi ng
(or subt r aghidfglentuditinds iPABIHRIS ciRfineGHiMN bd Danged RAYanRGadkmAfk -Ihragr ve. O
cour se, i%.§vﬁt b Egsured t hat ﬁﬂg UCL i.s still .respected, ek%@ by

provi di ng “AeePHEREP BaFaeiBontf Bigk “at e RaTE e OB Y AU ng " t he
range of geiabsotueh sessifigyirthanged witHthé Smeea@aet, it 1S inportant to note, that
there are several ways of fitting a conpressor characteristic. As

ment i oped n referr iSs.to enter a i f.ication needed at
t hree goigts f??g%bﬁﬁ?§¥?ﬁﬁﬁ%%%@%*?n@WFﬁPF%ﬁé“%@3%6%@#@5@ﬁ§ﬁ St es these
settings €etinctly differkm efB0spa tha petetisn dfthelpechpiongifantbdefon, itihen hearing aid. |t
will be obyl ! e for this

Dt ogr s fo s et s bR AP R bl BEUALRY A BAIORE 1O

i nvent i onaddregat wighige advitessius torkeidispleqting idelp giffowutigpinsetiigs wpossi bl e to
Speci f 1 b GhRTagRabSudd. SRR T SI2006y HOIO2LARSARRPHTHQRZ) 00247 9 a

conpressor setting is specified as a change'to gain_ > of the

fi x- pdf nt bavdy With f5ipectifpspmpresspi forgrpigippnfnegrdiqtipyef mplifcaignseliingsf channel s
will be changed with an equal anobunt - contrary to be changed to the sane
amount - ELRE edidimeldefsethplifiorCarel pbHi@aaCamitsg 1B baldsae thapv@fkt hough  the
absol ute settings.is. changed with.the same amoynts, 5 Research has shown
fhat tvo PR AR gl e g Rere Ty disiin SRS BOGPIB.  have

di sti nct | yf cdilfifierof tht eap EAoelC Fig. Soshovhacipempegbi diraddristidudjuaeedttisiaon ef f ect
Thereforeg bt | Q. r.at ith filter bands and conpressors
to separa?g%%ﬂ%%egﬂm?ﬁééggégﬁgg%?mﬁgﬁug%gfﬁ%ﬁﬁ?ﬂ%1r%?ﬁﬁmﬁﬁngﬁvantageous to
avoi d18el eenmrimstioshden in Filf. fifaad B chagaicrisicet4 and iillistrate pessiglabor i ng f requency
bands. Thig:tB%BE ; &%%@gm%ﬁgmﬁéﬁﬁyfrh%%ﬁ PUNIRSomleoclyr €QUENCY 10 bands

Wi th respective conpressors for permtt ne graduati on of
anpl i fi cathe@ptessde adigspent ip the syee somodf Helatt 208Bf set anplifiers are provided
for adjusting the conpressor characteristic in each of the | ow frequency

channel s BuojhRGh esledfdnOOAARS S Mistratcd find AAHEL QR oRPred HONRELSQRL | ON  Of

occl usi on_of._the ear ca?%!- Fig 5 shows such_ conpressor characteristic
adj ust e nl?rgw%eé an adpustoent of the balanc between enhancement 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 redeption 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




di spl acenent of the conpressor characteristic. In Fig. 5 characteristic 13
corresponds to the 15 characteristic shown in Fig. 4, %Eﬂe
characteristics 14 and 15 illustrate possible displac “?br‘?r?%@ponse to
gain adjustnments- It is preferred to provide conpressor characteristic

adj ust nwotozisso¢she range from- 20 dB to + 20 dB. It Seawi@2besnoted from
Fig. 4 that the illustrated fine tunijgg of the conpressor characteristic
provi des an adj ustnent of the bal ance between enhancenent of |ow |evel

signals and 20 attenuation of high level signals at the frequencies at
[ operates Fig. 6 shows a schematic bl ock
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circuit c %:B?Bdtﬂﬁ&oﬁﬁ%u?p‘&ﬂi@faf way. In the hearing aid m crophone 22 is
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provi ded reception of" a sound signal and conversion of 30 the sound
signal into an electrical signal representing the received sound signal.
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characterjstic d_conptessor function to provide an output 5 signal. 30
sui tabl e %tr]la‘?ggn%é?%eﬁ%?nmgacf%em en thegmﬁé‘?‘i“ci ency of the user. The out put
signal 30 is fed to an DA converter 32 and further to an out put
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filters 36, tor dividing th ectrical signa nto a set 'of bandpass
filtered %P Poaredp® frequench pangpashilfess o ppr-pappilters, e.g. fillers wigh papdhands bl t he si gnal

gggcessO?é)?iglz-mBﬁliﬁ?hﬁeﬁ%ﬁssﬁgdﬁ’éloma{z%%%&aﬁﬁ‘a@e phdsatarml] fiers 381,

300 Hz and 500 Hz.

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.




each of which is connected to a different bandpass filter 361, 362,..., 36,
for individual conpression of the correspondi ng bandpass, fil ter si gnal

. 261, 262...,262, the conpressor and of fset anplifiersééé%ygﬁﬁméggwin t he

| ow frequency bands 361 and 362 having conpression. ratios that have been
i ncr easwe w2nssaescor dance with the invention. 15 The i |Hougikogt@gey conpr essor
characteristics 381 and 382 correspopd to the characteristic shown in Fig.
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Fig. 3. Filters 361 and 362 are |ow frequency bandpass filters or | ow pass
filters, e.g. filters with passbands below 500 Hz. Filter 361 nmay have a
passband "‘Bxhnwp. 800 Hz and 362 may have a passband between 300 Hz and 500
Hz. 20 In anot her enbodi nent of the invention, the set of conpressors
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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.




5 Afirst fitting rule, identified as NAL-NLI, 2000 Scott Brewer Nati onal
Acoustic Laboratories Australian Hearing Ser VI ces, plied on this set
of data. Set points for frequencies, conpression threszﬁ egemigy 2005
conpression ratios as suggested by thls fitting rule were: Frequency Hz 400
1250 200® o4f@63 Conp. Threshold 52 51 57 59 Conp. Raicrekedfnds032.681. 11 A
.second fitting role, identified as DL Hearing Health Care Research Unit,
The University of 10Western Ontario, was applied to the same set of data.
Suggest ed set-poi nts regardi ng frequenci es and conpression ratios as

suggest ed s fitti ng rul e were: Frequency

Hz25o5oo7§g§‘6%¥iﬂji B‘%@%ﬁ%@%%‘ﬂ@&tﬁ%&“ﬂ&f%@%?9?111‘8‘111692 12.42.9
A third f ifiting ﬁgasmieemdiﬁdﬂﬂmmérd:aﬁdg @S c&ﬁ&}iﬂ&h&nmﬁ’eﬂcﬁfﬁeﬁumﬁ@ﬁﬁ@ 208, was
applied to the same set, E Oﬂ%[ ested set '(Fts regar di ng

frequenci SEERHE 8%?@%51?’ ik 5°8§° %ﬁﬁ‘&%f@&gg& PPt ¥4 ng rul e were:
Fr equency agGae0Ee0r Mﬁ@lﬁﬁﬁ%&ﬁﬂ&ﬁlﬁ&@%ﬁm alttfitiéz@lsts, that the

1. 001. Q01 2. 61 Conmon to all of these

setti ngs P%aﬁﬂqﬁ@@peﬂé%wg}gﬁ%]? sr'?[’g emevesff&%%%‘l‘ed are moderate in the 15
| ow frequency range, where the hear| ng loss of this patient is noderate.




These settings have all been tested. Wien interviewed, the patient
conpl ai ned, about an annoyi ng percei ved occl usion effect. 23 Septenber
2005 WD 021085063 PCT/ DK02/ 00247 12 Additional tests HaWEPKERST é¥duct ed
wherein the settings as suggested according to each of the fitting rules
wer e nodidfazessoksy i ncreasing the conpression in the | gerfpk8aMeRcy range,
i.e. the range bel ow approxi mately 00 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 cPaviPK02/ 00247 13 CLAIMS 1. A fitting nethod for a hearing aid
wiith at |east one |ow frequency channel having an individually adjustable

conpressot, £ t he steps.of .deter ing initial values of settings
of the he;Ti[hg'%% dl‘ir&% mﬁﬁ’gﬂﬁtdﬁ‘ﬁtr"é‘g WEE‘?‘T'W“B“B‘? Thaing ®onpr essor, t hat
will 5hcorrpemﬁviﬂlﬁ11ﬁ iﬂﬁwtﬁﬂ?ﬁd@@ﬂoﬂ%ﬂﬁﬁ%&ﬁﬁs@ﬁﬁdﬁ@mﬁ@@n&@%&@&s' on raltl 0

Fr equency bartines ot Baligoost PG REPR G RERBH AL BB "iher ei 1 t he-at
| east 6Gne I@mnwmmmpﬂmﬁ@umgh&nnﬁhmx&umgmecmmmmmwnﬁmmmvaﬁmﬂﬁﬁﬂemnaﬁmIifier
addi ng an ofgs characteristic, and further
conprising t % %%bgpﬁ g'ust%%ga%ﬁa§g??se¥£ggln in the range from-20 dB
to 20 10 dB. 3. The fitting nmethod according to claiml or 2, wherein the
_|ncreasedzcGﬁ%ﬁ@@%P%WP@%mﬂﬂ@%mymmgﬂeHb@mﬂ@haﬁﬁiOﬁﬁm&ﬁdﬂmyyﬁmm@ﬂng met hod

accordi ng t%raielaao ﬁsepiuo%set ?ﬁldfﬂ&rﬁﬁﬁaﬂcﬁ 5@ 10 1S
substantially_e to 2. 15 The itting nethod gg to any of the
precedi ng cl&f CIWEP %%@Wfﬁmﬁwhﬁ%fﬁ?ﬁgﬁ@m‘h?%ﬂ&?@wﬁ@ tGfpri ses an

indivhduaIImBadjustable conpressor and an offset anplifier. 6. The fitting
nmet hod according to claim1, mherein the range of signal |levels at which

the conpgesgipn i SeRGhiSing i 093 of 5 O30 a5, 5Pk 410,60 .dB SPL.
' grcatertha.n 1.4.

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




7. The-fitting nmethod according to claim1, wherein the range of signal

| evel s at which the 20 conpression is active extends fr %255&’ gfok and
nore preferred frombelow 20 dB SPL and to 70 dB SPL, BIEHPEF €1'Ped to 80
dB SPL. 8. The fitting nethod according to claim1, wherein the range of

si gnal is@vRlosseést wWhich the conpression is active isperSHRboshed '
respective frequency bands. 9. The fifting nmethod according to claim1,
wherein the | ow 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 Hz. 10_ A hear| ng aid having a mcrophone, a signal processor and

an out put tr%%@b‘@#dWW@P@PWcom@ssgisgwhwtw&esé%@ﬁfs%@m@ﬁe@es a filter bank

havi ng at ée?&ct@ftﬁél%ﬁé QSHILDET cBARLAN iRrefiincedmpeRiognber 2005 WO
02/ 085063 PCT/ DKO2/ 00247 14 frequency band wi th respective conpressors and
[ es ect of the low fr ency band

w th at ne_of, seta I|f| e
corrpresso&?s@Pg?aﬁﬂﬁ'aé "’scf’q’i‘zj“ ‘?Pp?’%g%‘?@ﬁh frpqueggydaptexiendspelaw 38%CCOI’dI ng to
claim 10, whierein the | ow frequency band ext ends bel ow 500 Hz. 5 12. The
hearing aid according to claim 10, wherein the fil ter bank has a passband

bel ow 00 &?ﬁﬁ%@%ﬁ%{%&%ﬂ%@ﬁ?ndi@%ﬂgo e%ﬁgrbl_%c Oa ass Fnlazbﬁﬁl)pvggg | east one

passband exten h™a Cco ect of each
passband. 13%, Nwmeeth@imﬂébmﬁé&ﬂzW@%Hdm@nbﬁtwpg:smd«ng one i nput

- transducer fgx I jgnal into a first

el ectrical si Jﬁrg?mg@ Qgﬂ ﬁ&&%‘%ub 3&2‘%%?}% ters for 10 dividing the
first electrical_ si gnal | nto a set ofbandpass filtered first electrical
signal's, &- protigued hedre afepmpiineahlewt ong mpaidupduce! e kmpfeatiogtignal by

i ndi vi dual RERGR Sl K@ fint A8 Rotricd] Bigndd AR vtlthlbwcrp&g filthe§ fob €1 ectri cal

|gnals and addi n ether the processed el ectrical signals into the
second®el ectfidng tgf's#‘i‘j%ﬁ‘fm"a Featelanio a5t pihendepss Alereiiust cteghical PEREt br i ng t he
second el ecClprdc@adr i izg@@tionioNi Qc@id cREEILES tifiGl K}Uﬁ@ﬂdualﬁjr@?ﬁ&ﬁ owﬁe:{ &in the .
~ processor c r| r each o ich is connected to
a respecti vgh”% ?féglgﬁ?d%l?sfé Ct"? 8{51@%6%@%%5%?&8? et‘ﬁ%ceisB‘?‘?l%"é‘?f@ndl ng bandpass
filtered si gigsdlsintatid ssvbrdreleitricad bigdak and an@n@utmfansﬂimer foﬂmmbngms is alow
fr equency Cgéwﬁdeé&%al?igﬂpﬁﬁ%gc%us 'grt;rﬁp W\ﬂe ein li')leorées\édr Ilnlg'ﬁesl aevel

signal s _
15 set of compressors, each 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,




