WO 03/ 007654 PCT/ DKO2/ 00465 1 HEARI NG AID AND A METHOD OF PROCESSI NG A
SOUND SI GNAL FIELD OF THE | NVENTI ON The present invention relates to

heari ng awo3anwsd o net hods of processing sound sighals. Paa/DKmwesssi on
nore specifically relates to a hearing ajd with a conpressor that is active
at very low 5 sound levels. The invention, still nore specifically,
relates to a hearing aid that alerts the user of the occurrence of a
sudden sound in a stationary sound environnment. BACKGROUND OF THE | NVENTI ON
As used in HAARNG®AISHND A MERHODOEPROCESSINGEY §OORD saeNgener al |y
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input signal into a first electrical signal, a signal 10 processor for
generati ng HELDQRGHERYENTIN i gnhal based on the first electrical signal,
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hearing ai d¥. er?féurb%%%fs"’ssﬂi e\?hs?‘lnddlé?}%t?téﬂn ’?Sﬂg‘ SBUPYBEY or processing the

el ectric signal in order that the resulting acoustic output signal
conpensat eSBACKGROUND OFSHEINVENTION a user. US-A-4, 777,474 provides an

al arm system for the hearing inpaired, conprising a base station 20 radio
transmtter ada to tra smt L si gnal
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and/ or an otnthsdltcesfommivetrevmbf thm@cmdamrmlnqosmdwﬁp@aﬂmtondlﬂpmwngepm i ed
by 25 the in response to the detected sound | evel by

control li ng{ﬁggém gm%esg “the heari ng aid towards an actual desired val ue of
the output sound | evel. The gain control is effected at increases and

decr eases, Tyspdytdheeting aidliaspfheusinghotdingdhmidpitevdibe byipeidiagsinianghe batteryai n
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electric signal in order that the resulting acoustic output signal compensates a hearing

deficiency of a user.

US-A-4,777,474 provides an alarm system for the hearing impaired, comprising a base station
20  radio transmitter adapted to transmit, upon detection of an alarm state, a signal to a portable
unit. The portable unit includes all parts of an ordinary hearing aid together with a radio

receiver to receive the signal transmitted by the base station.

WO 99/34642 discloses a hearing aid with an automatic gain control, effected by detecting an
input sound level and/or an output sound level and adapting the output sound level supplied by

25  the hearing aid in response to the detected sound level by controlling the gain of the hearing aid
towards an actual desired value of the output sound level. The gain control is effected at
increases and decreases, respectively, of the input sound level by adjusting the gain towards the
actual desired value with an attack time and a release time, respectively, which are adjusted in
response to the detected sound level to a relatively short duration providing fast gain

30  adjustment at high input and/or output sound levels and to a relatively long duration providing

slow gain adjustment at low input and/or output sound levels.



sl ow gai n adjustnment at |ow i nput and/or output sound |levels. WO 03/007654
PCT/ DKO2/ 00465 2 It is well known in the art to provide a hearing aid

havi ng a wormpnemsor with a characteristic that has two | iPegayKeamsent s
that are interconnected at a knee-point., The knee-point is typically

pl aced at 50 dB SPL input level, close to the I evel of normal speech in
order to allow a high |level of anplification of speech. Bel ow the knee
point, the |inear segnent has substantially no 5 conpression, i.e. the gain
is a const ams\gfdmoyaatp%aﬁfwo‘e%ﬁd@ﬁ%%&al%%ﬂﬂsé CRBRIFSRE Vith a shasgeterisy | nput
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the gain of the hearing aid tao acconplish this but then the hearing aid

user 15 maythFshyld pndparepsespoppplyat Righ syad piyssUffe st ati onary sound

envi ronnent, such as the sound of a ventilator, traffic noise, etc, that

m ght tien MafPhdafngip bieks ®ihetsPuddripastablt bainb edidofigerdt e hobdhble td hearhear i ng
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heari ng ai drérRimpiekemgiat hap@sshdatifg idusek ity dedQe téSrable@o haa thata Bady Btarts sudden

sound occurring in a stationary sound envirtonnment w thout i ._bat hered
ot st at | oG & R aEe SeBaR g TE GO AT o P G5 1oRRGTE Py
aspect, theusbamendi®sd the psifl opthehatihgfid edjceaiydishthes but thed the hedinp yidtuse
provision of a multichannel hear.i ai.d having a.conpressor with a
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invention, the gain may generally be increased as high as feasible in view

of the m cRUPIMARY ICFSEHE NeVENTION whi ch shoul d preferably be kept bel ow
the hearing threshold. Thus the user of the hearing aid according to the

I nvention W IisI an %Peg{ c?flﬂllélprgac‘&eln\;elr}t‘iaonqg E)II’O(\:’)I e gilea?"ing hid Qheali makes it possible for the
20  user to hear a faint, sudden sound occurring in a stationary sound environment without being

bothered with stationary sounds.

According to the present invention in a first aspect, the above-mentioned and other objects are
fulfilled by the provision of a multichannel hearing aid having a compressor with a
compression threshold at an output level below the hearing threshold. With this compressor, the
25  amplification of low signal levels may be increased compared to the prior art, as the
compressor kicks in to generally suppress steady noises. In the hearing aid according to the
present invention, the gain may generally be increased as high as feasible in view of the
microphone baseline noise, which should preferably be kept below the hearing threshold. Thus
the user of the hearing aid according to the invention will generally have the option of a higher

30  gain of low level sounds than generally feasible with prior art hearing aids.

According to the invention in a second aspect, the above-mentioned and other objects are

fulfilled by the provision of a method of processing a sound signal in a hearing aid, comprising



30 gain of low |level sounds than generally feasible with prior art hearing
aids. According to the invention in a second aspect, the above-nentioned
and ot herwolpmetss4 are fulfilled by the provision of a nmerladKR/opescessi ng
a sound signal in a hearing aid, conprising WO 03/007654 PCT/ DKO2/ 00465 3
the steps of converting an acoustic signal into an electric signal,
processing the electric signal in a signal processor having in at | east
one frequency channel a conpressor with a conpression threshold at an
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nore. The Ssﬁawoﬁ&emlﬁléﬂr&%sd@@gigmﬁltoagoaﬂqs&igmﬁ. sounds to be anplified
wi thout distortion to be clearly perceptible to the user. The conpressor

may have a long release tine, .e.g. 10 tinmes the attack tine, far recovering
the gaih uBBFORREstAHirsideg " afloghatiagk/ane Seliiaan atpgk ipe phova R istagats ant
advant age OprefelBlyibeRENecdnay, e6tick iplt Dadcohidi®r 8RN TR siétddR Bk pgnasd i s hi gh
at low signal levels while the mcrophone noise is still kept just bel ow

t he heari ngtrisicBSRY to bagmplificd withybdisteign i Ryclegrly PereqrEble SUMYUSE anpl i fi ed

with the current large gain to provide an output signal above the hearing

t hreshol d Sond deadprdsior @i he ahaardedty tibe. ) @akimbgthahthck Lk, fol fecdving theidden
sound persists for a Iongger time than.the attack tine of the conpressor,

the gain wi B0 Yeendhecyapisufie of high leyehgounds o qual 1y 1 owering the hearing aid
out put signal as far as permtted by the conpression ratio, and possibly

causi ng1d heltfigdnitnpartddenasgendthe prebent hvedtion get thapyih bf thehkasbpyid is Higteathear i ng

threshol d. Thus the su sound. can be. h d by .the heari.ng.aid. user for
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advat ageous _enhodi t, the heari [ i.gnal .prgcessor may. have
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10 b Sh | AT YRR R e RE R bk SPEP R Areliu B 45
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deficiency glglgedtb@%hgsioﬁﬁc{ ng rule.

20  According to an advatageous embodiment, the hearing aid signal processor may have a
plurality of channels, preferably more than 6 channels, more preferred more than 8 channels,

most preferred more than 10 channels, e.g. 15 channels.

According to another advatageous embodiment, the knee point is situated at 10 dB SPL input
level. Typically, the knee-point is situated below 25 dB SPL input level, more often below 20
25  dB SPL input level, for example below 15 dB SPL. This allows for a maximum of gain at
sound levels close to lowest level audible to people with normal hearing. The maximum of gain
selcted for a particular user will depend on his particular hearing deficiency and the fitting rule.
Generally a complete compensation of the hearing deficiency is not feasible for reasons such as
user comfort. The amount of faint sounds that may be amplified sufficiently to be audible to the
30  user may vary according to the specific circumstances. However, sounds at 25 dB SPL input
will generally not be amplified so much as to be audible to a hearing impaired person using a

hearing aid tuned according to standard fitting rules.



Generally a conpl ete conpensation of the hearing deficiency is not feasible
for reasons such as wuser confort. The anount of faint sounds that may be
anplifi edweuBidwsent|ly to be audible to the 30 user may vacy/maaeosssng to

t he specific circunstances. However, soupds at 25 dB SPL input wll
generally not be anplified so nmuch as to be audible to a hearing inpaired
person using a hearing aid tuned according to standard fitting rules. WO
03/ 007654 PCT/ DKO2/ 00465 4 O her advant ageous enbodi nents of the invention
appear fr onPtheeadyanieesenssmbedisents of thy jnyventigh prpcardinethe depspdanhdaip¥esent
invention wll become apparent to those skilled in the art from the
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capabl e of nodification in various, obvious aspects all w thout departing

from the i nialifed.dhe invenipnis grrableyt otherdliffrenfPmbadinents. anbits eyral dAilSaT s | be
regar ded ascdphbislst heHifidaBor il vEddudf Bvidiasp&ts ASwithotSdepdrihd ¥&m theinveft@ndr awi ng:
BRI EF DESCRI PTI ON.OF THE DRAW NG 10, Fig. 1 shows a_priqr art conpressor

char act er i sffeerdingly) thexrayipgaand desppiioas Wi bedpearded puilpstiafive i natyreind gotiag ¢ he
present i NVREiL®R, Inftheddrawing:| | ustrates anplification by a hearing aid
according to the present invention of a sudden sound in a stationary sound

envi r onnent ﬂ“ﬁ é%%? (H_a,n%; cgi agram of a hearing aid according to
t he present]'3 b%ﬁ? I%ﬁ 5 Ig. is an enlarged view of a conpressor
characteristic according to the invention with illustration of the

processihg Big. b sdowe a ptiorraticomprefdpiehiataperifleSCRI PTI ON OF PREFERRED
EMBODI MENTS Fig. 1 shows a plot of a prior art conpressor characteristic,

i.e. a pl Otpigfz t N& oGP BEAFROL: AbthAlstic L&Y RnedS 1@ pleWhf lvatiod! the i nput

| evel , both n SPL. This characteristic may be for a general 20 conpressor
or it may be for one anong a bank of narrow band conpressors in a hearing
ai d si gnal Figrbc eidlagrates Thplifisatien by hepringrpad aceerding &2 the Pisgspt BEsIEAR O t he

fitting to a partQuAbutdSRE staticldf sSXM MRV FodnRnf he figure assumes the
hearing aid has been tuned to conpensate a particular hearing deficiency,

as parti al |1¥' illustrated by the hearing threshold Iline at 70 dB. The
fitting to Figthershowep blogked dygragirfgdetrig ap\aceqidiagtodhs preseat inyeotiens a2 t  of
hearing aid fitting. 25 The characteristic conprises two |inear segnents 5,
6, that 194rerigNs er gQRBAGEATvia} 0fa doRPRsHR cidracteristic according to the invention with

illustration of the processing of a sound stimulus.
DETAILED DESCRIPTION OF PREFERRED EMBODIMENTS

Fig. 1 shows a plot of a prior art compressor characteristic, i.e. a plot of the compressor output
level as a function of the input level, both in SPL. This characteristic may be for a general

20  compressor or it may be for one among a bank of narrow-band compressors in a hearing aid
signal processor. The particular characteristic may depend on the fitting to a particular user.
The example in the figure assumes the hearing aid has been tuned to compensate a particular
hearing deficiency, as partially illustrated by the hearing threshold line at 70 dB. The fitting to
other users may be suggested by those skilled in the art of hearing aid fitting.

25  The characteristic comprises two linear segments 5, 6, that are interconnected at a knee-point
10 (CT - Compression Threshold) typically positioned at 50 dB SPL input level. At sound
levels below the knee point 10, as evidenced by the linear segment 5, there is substantially no
compression, i.e. the gain is a constant gain, suitable for compensating the hearing loss at low

input signal levels. In Fig. 1, this gain is 30 dB as illustrated at the line G5 at 15 dB input level



10 (CT - Conpression Threshold) typically positioned at 50 dB SPL i nput

| evel . At sound |evels below the knee point 10, as evidenced by the |inear
segnent 5wotlkee®s4 s substantially no conpression, i.e. tRETPHM/ODBSA
constant gain, suitable for conpensatingsthe hearing |oss at |ow input
signal levels. In Fig. 1, this gainis 30 dB as illustrated at the Iine GL5
at 15 dB i nput |evel WO 03/007654 PCT/DKO2/ 00465 5 and identically 30 dB
as illustrated at the line G50 at 50 dB input |level. Normal speech is about

50 dB i nput andddeaticallx30 B 2 Hlstratesleat Prsiling Gsp@t S4B wppidevsk ey speseh SaboRint 6,
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of 70 dB, |nput | evel s bel ow 40 d not be audible to this heari ng aid

user. | or e of gherstops of e ﬁ‘?&ﬁﬁ@aﬁlvﬁnF&’i“fﬂnd%’@d’éﬁo € apfbiehearing fhesshodd ef 0
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characteristic _shown in upwardly in the direction of the axis. In
that 10 cas@“%&%’i’ﬁeﬂble tBP‘??éF‘f‘T‘%hSPf’cde‘é&‘H"ﬁ%FsmlﬂPF sopd eé‘f"é?ﬁ‘??ﬁhrs‘ils 26 iden

envi r onment occiitsilde 38a falh€souad Mk Hohrirdk aid/ @81 dah &dcfase the @dif bIOhORIafifk ai@ terebivi | |
al so be anplified, possibly to a |eyvel above . the hearin t hreshol d causi ng

an an noyanc@sﬂ?cué?rfh%ﬂ{?@ﬁ‘lﬁﬁ?ttc%?"e“ iitag | rpYHdl pfhedifeetgn gl the prayis. Ip thap 5 5

conpr ess®r &hRamewbeF,iofel fair® fouadLia MY sRESy AU EdirdGmén®, sh&]easmﬁeessem of a
i nventi on.

I n t he se nts 5, orr ¢ t he segnents 5, 6
shown in Fi éﬂnﬁ?t"r’F‘Fa@%“e‘f’%ﬁ& §5 “’%@Fw‘b‘?ﬁam@g PHSQE%P gﬁﬁfae’é’%‘? BRDFEPE o that s
greater thathrekhdld catlilg alnOy Rt LIrah BEhbmfort SR UNGESIcOBf thatdep substantial |y
equal to 2. O her values of the corrpression rati o may be used i f

appropriate_ It .is the gist, of esent invent e out put |evel
075t *he knEie: bR = 5wt b8 arbirt P SERbmie A e R e e b,
t hreshol d 8F1gl 7) e sggmehts 3, Iﬁ&oﬂ(&kﬁ@dpﬁ)tbﬁkegjn&n&iﬂ 6l stioaal 1ﬁF1gab(Rn¢ferilﬂy, seiBndnnput
| evel i hn t he | ow end f .t he ra‘ﬂ%el‘ﬁud%b e to p(gg e wWth nor ma mal
hearing! Th8 Fh EmPESH" PR &H%%fe?}‘é‘ hA D BITPTE Eh G RE B T4
illustrat Edsdbytaﬁlaﬁy eqliabtor2. @theﬂ.ﬁhﬂBof thfttmprevieh ratio ARG be udel éf dpp@pripailnt t he
gain rolls rned b he resso about 30 dB at 50 dB
i nput | evel §‘S??fl SRIFSEPe V D&ﬁ%ﬁﬂﬁgt ][eh% g&ﬁk%ﬁ% b”i? Heio"8pa8%h | evel is
simlar to thahold isllb\uatﬂiaattMehrﬁngElngshoIH 8. QlFl‘ghaeﬂﬁtkh&r pdimnmkimhled gabeutils
substanti al I he Si | evel s n_ for . or ar, .
conpr essor . %?P?%év‘“‘ﬁ‘réﬁr‘flﬁbe 8‘%;"3&16 fares e le?‘h%mBIFé’g r{’f’r %EWPF 1h1 °#8Y have
a m cr ophonex thélaice-geine:mabeiswas dbowy 40| dBve lillvetrated 0 @, eaven 2105 9B .inplitilevdlear i ng
aid signal R{)g et eS lgnge pm}{t t{}ea g\;/a(lan ra()llg l)fli‘l rgg'\llelrr;[ex by {hc%gr?ipressor reaching about 30 dB at
50 dB input level as illustrated by Gso. Thus the gain at normal speech level is similar to that
illustrated in Fig. 1. On the other hand the gain is substantially higher at low signal levels than

for the prior art compressor.

25  The hearing aid according to the present invention may have a microphone that generates a low
level of microphone noise. The hearing aid signal processor may have a plurality of channels,
preferably more than 6 channels, more preferred more than 8 channels, most preferred more
than 10 channels, e.g. 15 channels. Since noise in each channel is substantially proportional to
channel bandwidth, an increase in the number of channels leads to a reduction of the noise in

30  each channel. Thus, in spite of the increased gain, the noise in a channel is still maintained
below the hearing threshold. In the present example, the knee point is situated at 15 dB SPL
input level. Typically, the knee-level is situated below 25 dB SPL input level, more often below
20 dB SPL input level, for example below 15 dB SPL.



preferably nore than 6 channels, nore preferred nore than 8 channels, nost
preferred nore than 10 channels, e.g. 15 channels. Since noise in each
channel iwoshsteanti ally proportional to channel bandw dtPloT/Da2iomssease in
t he nunber of channels leads to a reductégon of the noise in 30 each
channel . Thus, in spite of the increased gain, the noise in a channel is
still maintained belowthe hearing threshold. In the present exanple, the
knee point is situated at 15 dB SPL,  input | evel. Typically, the knee-|evel
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illustrates anpllflcatlggag%&a hearing aid accordlng to the present
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di sappearing at 13. The steady sound background is processed in the
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conpresgr Wild solfddigalsk Perbits €2 GN@RSEIhd WBarOBé RtRN Bine 1 6 BEthd SorbResgéradeial |y
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nod:jonger be, &m@dm thé tlﬁahcﬁbemgafgﬁgem@ah Hd'pngi_iﬁighfnet_sﬂﬁr;hgilin’lmlle;c of lthe sidwel, eoeampllh}le L he
sudden soun can ear the hearjng aid user for. supstanti t he
StTack ¢ ot TR R SRS ORP ChE a et thea o BRI PRE: { he
us Ier to be3mb eadgadsdayd IMnseuagh by the EaaﬁEQ aiaamh eor@ﬁbstdﬂea@qwzrl ni'acwmelh éerund

ulse at_1 roduces g .down step taking t utput level to the point
D The BompPB eSO Rt o P B RS at dasblb el B g et .
GL adual |y, lBL‘s@p}jl’edEﬁl;ﬁ ork B EQiRreOMHVP kR ;pﬁllsdr z&llle@ﬁﬁuctei(s) ﬁﬁovaﬁdmed gap fakigg Fws t odt ake
the output | eve ack to initia eve ) Ref er ence i 0 nmade to
H'o. 5 For Spiiields dewempi Frecompressor ot f5m FRoRE o d LD S agr am
Thi's pl ot i Glaasdilaicesrdinh @ hOtdHfiesboratlehsEtifB, th1@iCaWPE BIFRthCbtpt€levathi Ch
represent stead st@ﬁe ituations, whereas the points B and D, which
represent tPaghdq BR Eféﬁf are defined by a respective starting point and
by a step height (up or down).

20  Reference is also made to Fig. 5 for a plot of the points A, B, C and D in the input-output

diagram. This plot illustrates the points A and C on the compressor curve, which represent
steady state situations, whereas the points B and D, which represent transient states, are defined

by a respective starting point and by a step height (up or down).

Generally, it is assumed that the human ear has a time constant for loudness perception in the
25  order of 0.2 to 0.3 seconds. This is the minimum duration required by a human ear for a full
perception of the loudness of the signal. Shorter signals may also be perceived, however the

loudness of shorter signals tend to be underestimated.

Fig. 4 shows a schematic block diagram of a hearing aid 20 according to the present invention.
It will be obvious for the person skilled in the art that the circuits indicated in Fig. 6 may be

30  implemented using digital or analogue circuitry or any combination hereof. In the present
embodiment, digital signal processing is employed and thus, the processor 28 consists of digital

signal processing circuits. In the present embodiment, all the digital circuitry of the hearing aid
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| oudness of shorter signals tend to be underestimated. Fig. 4 shows a
schemati c bl ock diagram of a hearing aid 20 according to the present
invention. It will be obvious for. the person skillgd,in,the art that the
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may be distributed _on a,plur%hh%g of inte rﬁgfd.circuis chiBs.in anot her
way. | n Y heSHadsipnag The heasige aid 20imay SURRITE 2 PRy O iaRpt HARIYEE 2¢8@8pt i on of a
Slound si glrlaJaPpadpé?te@@w@igsipwaes@ﬂ‘ng E&i%e&ﬁbﬁlﬂe zﬁa@ﬂbﬂ fuﬁdﬁgﬁhli&y, e.cglrtbeprﬁqaﬁ'g ag

el ectrical signal representing the receiyve 5 sound signal. The hearing
aid 20 may @b%‘m CBIGVeGPRAPEIY ¢ °8¥°f?Pﬁﬁ%&2?ﬁ°aYF§taH{?éP@d2%%%l "R ABHHBPT i at e

i nput st ageclpitAcaessi. The idloghd\@edprit’ P0GEis edmpeitked dfgitied bpaaAIlt donvesteg24 f or

providing a, _directi.on nsitive. cqpability. The mcr ne.22 converts the
sound si gnal™ %‘E‘%‘ta;ﬁg% 268’(5 figttal sjeagprocessmegh e ?‘eaﬂ‘?é a‘&%ﬁpﬁﬁf ta) gl %66{:

signal e s wd danel stingll frécz&dr 28/foimpNioatidIvf efetntiéropitbne biith@ sinali2gi t al
signal 26 for digital signal processing in the hearing aid 20. The digital
St onal 26 16reulied i i Rue RS R 4 seatenr baPoR HRGN M e on of

t he m cr ophagel Busuitelile for goiapensifing the hedrip Aefidiac pofiRSuse dhé owepiit@Igaal 30 is
characteristic conpressor, function to provide an output . siqgnal 30

Uit abl 6 f oPIduR BTG 37 Al e Shoshess Sy REBYEr s+ bl Sonatto

si gnal 30 i e ofitpet sighalBOBhtAag adougictoatputdzenand further to an output transducer
34, i.e. a receiver 34, that converts the output signal 30 into an

acousti output sjgnal . The si | r.0c or, 28 .co is afirst filter
bk 56 3 ¢ HesisnalaRsor PeenbhsR R mBr GRESE Slin SingbRI Bl 36 i didife ' o
into a set wf echarichpaigsal 26 lntes etoff handfassefileeddriirgalectsica) nighal dedivatigdtsi26es 261,

262,...,26;,, Further, the signal progcessor. 28 i ses a set of
corrpressorsz%%hd’%fﬁlégfr’ §%P§fp Oé:Fsgor ff’mglé?,s?.S&?gg{;;coéné’(rzﬁs%?an\%%gt i's
connect ed t am@lifidtsf3Re et . IBanadiparsehifh ik t@med&ltp a ddte2ent band@s fik@ 1364, ndi vi dual

conpr essi on, of . cor.respondi ng. bapdpass filtered signal —derivatives 20
S0 9e. 3 Tl Aot e BDOR RS ReseamgpE b E e HBer FERA YhAITE o s
381, 382 ..26,38,. 1,06tHg 4 ilespecte vengressopan offsdh anplHie36B,, 3862.,38; in.the36,

havi ng Conpge%)se%t?\;e f?eﬁl?‘gn%}g Eg{&é ?él,l §6S ,.‘I.,9616}1%%111)1£ gg‘n%:rgssor characteristics in accordance

with the present invention.

The illustrated compressor characteristics 38; and 38, correspond to the characteristic shown in
Fig. 2. In the present example, 36, and 36, are low frequency bandpass filters, e.g. with

25  passbands below 500 Hz. 36, may have a passband below 300 Hz and 36, may have a passband
between 300 Hz and 500 Hz. For simplicity, compressors are not illustrated in every frequency
band. Compressors with characteristics in accordance with the present invention may be

included in any appropriate frequency channel.



with the present invention. The illustrated conpressor characteristics 381
and 382 correspond to the characteristic shown in Fig. 2. In the present
exanpl e, 86b3anm5862 are | ow frequency bandpass filters, @CF/DRKRHOMRS
passbands bel ow 500 Hz. 361 may have a pgassband bel ow 300 Hz and 362 nmay
have a passband between 300 Hz and 500 Hz. For sinplicity, conpressors are
not illustrated in every frequency band. Conpressors with characteristics
in accordance with the present invention may be included in any

appr opri at eCkABM¥ency channel . WD 03/ 007654 PCT/ DKO2/ 00465 8 CLAIMS 1. A
mul ti channel hearing aid with a m crophone, an output transducer and a

si gnal processOfmltichAR @kddink AR vﬁtlﬁﬂﬂicro@licﬁﬁeaﬁﬁﬂfpuh@&sdﬂceﬂ A8 kighN@rdceLEIENCY
channel having a conpressor with a conpression threshold at an out put

| evel bel ow t W@eﬁe‘a@? tignaf proessesigs "érleSté’He HPqUERY chanpe! hgvigp 8 Gemesessor ds

wher eby hear i ngmfesstonThddRn 5 Qb Bidpiit Teval belod thORAFiYg SedRdld em/arnraarumme is
facilitated. 2. he heari ng aid according to claim1, V\/nerer n

conpr essdr hagbavedhbiecqnds wherehyheamngf asuddghsovad ges stgstonyy sppnd F%W@Pmem is
preferably belmwi#@ddB SPL i nput |evel, and nore preferably below 15 dB
SPL. 10 3. The hearing aid according to claim1l or 2, wherein the

conpressor has_an attack ti above 0.5 seconds, refe a above .1
seconds, anét |1ﬁleﬁmgé‘ﬂla&?°rge%'8€g"ﬁ'8§"ﬁlrer%fn&corﬂp.’mfﬁrehaﬁégr“ eﬁélnéflﬁatﬁgcordr ng
to claimil, 2 welowds dBBRLEhputidvel, profepibBEiv 10a1B SPIL b@ase], idhore pfaferablyb
seconds, pref ];bldlyéﬁcs%e 10 seconds, and in particular 20 seconds or nore.
5. The heari ng’ ing to any of the preceding clainms, wherein the
conpressor has a 15 conpression ration above 1.4, and preferably about
2.0. 6. 10he3henk heginghid aacedingliontpithd oaﬂywlmfeiﬂ the cgmaessali iagjarcdtacktbme atloes ei n
t he signal progessor r set.o sgrs. and of fset anplifiers,
each of whi chcb 56568%34?1@56?”%’1{' °ve?rs%°§'ﬂ)desc?nrd\}lép r{lcu? rgss’esCo 1Y &% or i ndi vi dual
conpressi on of the correspondi ng bandpass frltered signal derivatives. 20
7. The hear nngrmmchMgai@lradfm@ngtoddirailrﬁﬁﬁ wherigithe dolpressoghal a rglease tss or

conpri ses a pla%r al n8{1gre?§wgo§/e %(pge%n%% aalﬂll {cﬁla} Jﬂﬁ fgmﬁ gl S, nore

preferred nore ?Y’u nne erre m)re annels and
still nore preferred 15 channel s. 8. A nmet hod of processing a sound signal
in a hearin§ aihdhexmgpidiasiondjng teany piths profeding claims, wherein the compressor has a

15 compression ration above 1.4, and preferably about 2.0.

6. The hearing aid according to any of the preceding claims, wherein the signal processor
comprises a set of compressors and offset amplifiers, each of which is connected to a
respective bandpass filter for individual compression of the corresponding bandpass

filtered signal derivatives.

20 7. The hearing aid according to claim 6, wherein the signal processor comprises a plurality of
channels, preferably more than 6 channels, more preferred more than 8 channels, most

preferred more than 10 channels, and still more preferred 15 channels.
8. A method of processing a sound signal in a hearing aid, comprising the steps of
converting an acoustic signal into an electric signal,

25 processing the electric signal in a signal processor having in at least one frequency channel
a compressor with a compression threshold at an output level below the hearing threshold and

an attack time above 0.5 seconds, and

converting the processed signal into a sound signal.



converting an acoustic signal into an electric signal, 25 processing the
electric signal in a signal processor having in at |east one frequency
channel woasmpreéssor with a conpression threshold at an @crmKozioeissl bel ow
the hearing threshold and an attack ting above 0.5 seconds, and converting
the processed signal into a sound signal. WO 03/007654 PCT/ DKO2/ 00465 9 9.
The met hod according to claim8, conprising conpressing the signals above a
knee point situated below 25 dB SPL input |evel, preferably bel ow 20 dB
SPL i nput | &véihe mghgd aespwlingdp glpiah & SPPPHBISRRTPE SHER tgPE&“iiﬂ“Wﬂ%P%B*d
according to il R0 25%UB SRRt vEY pRRBlyawiEh JHSPIS nghtalsl, YRPRodhe
expiry 5 of an attack tine above 0.5 seconds, preferably above 1 seconds,
and in parti curderady bdewdsdB SBE nore. 11. The nethod according to claim 8,
9 or 10, conprising relinquishing conpressing the signals upon the expiry
of a rel easep. ThETheRO Y& oRIiHA6 BAMSS oY, 2b:prtlls)oRBRYE1iRe SEERNSA the 8Kyl N
particul ar 20 seconds or nore. 10 The nmet hod according to of the

12. an
clains 8- 11,°fabMBFF 4mnepoye iy seroadsn Breterdlyabayral eengs.gnd E’cﬂ‘?ﬁ%‘édo nratio
above 1.4, anden&femad.y about 2.0. 13. The nethod according to any of the
clainms 8 - 12, conprising processing the electric signals in a signal
processor having a set of conpressaqors and offset anplifiers, each of which
i s connect ed! 1§ éPCFhQE peretdingdo Famyf At 1P OPF‘BFSI'FWII?‘H%}‘W GO BE M essi on of
the 15 corresppnss GgbnARE PR 6f £ delch@ ti® a5o@Fadecaiay, iphidraBlesbovd 70 seddi@s,met hod
according to any. of the é£ain5 8 - 13, conprising processing the electric
signals in a é?éﬁﬁ?“ﬁ?%& SEMRAVPHG a plurality of channels, preferably
nore than 6 channels, nore preferred nore than 8 channels, nost preferred
nore tham 102.cCihamnrelod accatdihg te tmyl df tsoil@mpB el Brcomprisidy cohpresshgsthe signals to a

compression ratio above 1.4, and preferably about 2.0.

13. The method according to any of the claims 8 - 12, comprising processing the electric
signals in a signal processor having a set of compressors and offset amplifiers, each of
which is connected to a respective bandpass filter for individual compression of the

15 corresponding bandpass filtered signal derivatives.

14. The method according to any of the claims 8 - 13, comprising processing the electric
signals in a signal processor having a plurality of channels, preferably more than 6
channels, more preferred more than 8 channels, most preferred more than 10 channels, and

still more preferred 15 channels.



