9 January 2006 WO 03/ 007654 PCT/ DKO2/ 00465 | HEARI NG Al B JA¥AK 3%+ oF
PROCESSI NG A SOUND SI GNAL FI ELD OF THE | NVENTI ON The present invention
relates to hearing aids and to nethods of processing sound signals. The
invention nore specifically relates to a hearing aid with a conpressor that
is active at very low 5 sound | evels. The invention, still nore

speci ficall woémbRt€s to a bearing aid that alerts the Pd$@ko200fss t he
occurrence of a sudden sound in a statipnary sound environnent. BACKGROUND
OF THE I NVENTION As used in this context, a hearing aid is understood as
generally conprising a device with an input transducer for transform ng an
acousti-c input. signal into a first electrical signal, a signal 10 processor

for generatln@EéRgébHﬁU”ﬂ?é&??ﬁ@%P*§F@9§ﬁ“ﬁ%éé9UﬁﬂSFﬂﬁﬁf|rst electrica
signal, an output transducer for conversion of the second signal into
sound, and a IFHELOGRTHEGNVENPPNYi ng energy to the signal processor.
Typically, a hearing aid has a housing holding the input and the out put

t ransducer, t hree ;kaatﬂt mtze;ﬁnmaadestxchearﬁ:ig 6Kcund 19 HBBES SOfrocesTilEsoli@ Wighaligi: s adapt ed

to be worn, m%%ntmn Tore g cctﬁkc':?ll eg} dés to aq:tcsinqg in? @ a c%r I Qor:h'?:t I:ngveg?\rcrqual and

t he out put of the out ucer. e eardrumin a way that is
wel | - knowd i reupdievelsr eWeﬂs@aﬂ"ﬁtgrcarcaéca"YFFré%P@éé%wd W prsenEtal |y be
adapt ed for pehEessiHAge: bfrgudial eat in aGaGdngn sund eiviehdar. t hat t he resul ting
acoustic output signal conpensates a hearing deficiency of a user.

US- A-4, 777, 47 4 APKENOERS o naveRTist em for the hearing inpaired,
conprising a base station 20 radio transmtter adapted to transmt, upon

detection of aq,a} 00 Shal &y eaﬁngsdmﬂﬂtﬁtoqdésg@,stratl%tlr@n;t@lafammﬁ] gor tabl e unit

_|ncludes all parts of an ordi nar arlqg her with a radio
recei ver to ré’é‘éltf%duﬁﬁé”é‘?‘ﬁﬁ%{t"”gtaf‘é‘ﬁgsﬁ’f inprlgenpynte S‘H&%‘B‘”Et%tt‘tac?ﬁm‘m 99/ 34642
di scl oses @ he@atesatforcettrating 4ve@nd dedtiioiainalbagdontheoNn Eleadcy! sighd, ecéugdt by

detecting an tr!nﬂ&bgr fo?QdﬁC'éi’san%)”ﬁl sm9!1%£1 nﬁ‘pso%t zQJULbzﬁthy ﬁ)dsulpﬁ @cn@'ﬁﬂo adapting
t he out put sound | evel supp he hearlng aid in response to the

det ect ed soun&ePEVBW“HV“controlIlng the gain of the hearing aid towards an
actual desired value of the output sound level. The gain control is
ef fected at = iTyriebasksingid baredpising badding teedappicond %t’“}ﬁm ippsdpasiethy bYEY sound
| evel by adj usddim@ighdfro@abTheQMBIES adaPi€d to be worn, i.e. behind the ear, in the ear, or in
. 15  the ear canal, and the output of the output transducer is led to the eardrum in a way that is well-
known in the art of hearing aids. The processor will generally be adapted for processing the
electric signal in order that the resulting acoustic output signal éompensatcs a hearing

deficiency of a user.

US-A:4,777,474 provides an alarm systemi 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 pdrtablc vnit 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 scund level and adapting the output sound level supplied by
25  the hearing aid int response to the.detcctcd sound level by controfling the gain of the hearing aid
towards ap actual desired valne of the output sound level. The gain control is effected at
increases and decreases, respectively, of the input sound level by adjusting the gaih towards thé
- 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/er cutput sound levels.




actual desired value with an attack tinme and a rel ease tqw,”a\:yéo&gctivel Y,

which are adjusted in response to the detected sound level to a relatively
short duration providing fast gain 30 adjustnent at high input and/or

out put sound levels and to a relatively2long duration providing slow gain
adj ustnment at | ow input and/or output sound ]Jevils. 9 January 2006 2 It is
well known in the art to provide a hearing aid having a conpressor with a

characteri stic hat .has | i.near se ts that are inter,connected at a
o por nt Liel ke et Wbrovdh s Heatted i B vihees Folp Pisgr Wil SHERPRRE ool
cl ose to tthet haswed iighr segnentd tha pedathrcommeciedigna khee-mlidt OMlicd&ndepint id tepiedliy of

anplificatign 0 . | oW t h nee I nt, .the l.inear, seqment. has
subst anti aP i‘/‘“’_dﬁg5@%-%%?‘8‘?3?"8#"?&85“?%"8?‘3]5‘1"?’%1 §pe_8°héﬁﬂr %ﬂtaﬁ%‘éf nggdapt ed
for conpenkatliofigmplifecativacuf spegel. Balswalie knestpoint/theilineai gaaént hassebssantidlhowe t he
for conbentIRESRar PEEPLIEGRREN FELT IR e T SR BT B a1 ng

| oss wher mpyt signaldeetss Above tledksespairmphddepment hhs 4 coapeadatrasoatnde pr essur e j ust

above the [ hreshol.d and increases nornally at hi sound

o essur os. DBUNAL thaaRRag el kMR R LR T Rt Pt BB, 1 g

envi r onnmenwhetelyi lowlnts ilpecasds Fapidiyowttiemereased faind pressaregoke abovhthedearing t he sound
envi ronnen currence of a faint sound. For exanple,

bei ng at h%ﬂﬁ?ﬁ%%@ﬁg%gés@%%%%@&ﬁ%ym 4 SPeto be able to hear that a baby
starts <crying, or that water starts running, that sonmebody is present at
the dodr, Mewy hefting diduyersibging sighated sreq stahdewount enyiramndnhédesyaiorbeeble tdlgatear i ng
aid to ac Cﬁma!shédéﬁklﬁhhge i?.lt'ﬁc bl bnbila ALY ?éu‘&ge%so%&r%ﬁce%g #iﬁ’t shalaher ed by
ot her sounds’in the stationary sound ehvironnent, such as e sound of a
vent i | at orFortexaxfifflé, being dtdome.at bearirtgtait usai gyt desineto ba bigotodeardhgy b bibyethris o

sur pass thﬁ ) ' 9[ g h ' r 0 i sound
| evel at ' cﬁ’aoé g{&ﬁv&&lﬁ%&%gr cepg’i@%m%%ﬁ%é%&%@@@w%

enbodi ment userf can frerqasebegin offthadmbbingraidio avdodphistethis datr thengheliedringvad usrakes it
possi b f r fal nt den u C ' In a
stati oins:r yr%syo%ér}) thézﬁe\g ib %ﬁlﬁ%stﬁﬁ"d\%m%ﬁhg%n %%L?ﬁ; Sm%%glf”ﬁoélfn egt’ %%]{1 %S tg%jgaot%ggfadr y
sounds. Aceotidiongrafis moise, ey thatanightithenaisbibe amplifica té sursss the peacihg thtdskold.

above- nentoned. | ect I fubfilled.by th rovision of a
mul ti channe I}hea%{lﬂrﬁ& tg{&ﬁé%??ohv%gai S?nm?rl%ﬁh%gvgfclhas?\mgﬁst i rlgnsducer and a
signal processor, wherein the signal processor has at |east one frequency
channel haSVMYARY OF THE INVENTION

One embodiment of the present invention provides a hearing aid that 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 with a microphone, an output transducer
and a signal processor, wherein the signal processor has at least one frequency channel having a

25  compressor, characterized in that the compressor is provided with a compression threshold at
an output level below the hearing threshold, with a knee point situated below 25 dB SPL input
level, and with an attack time above 0.5 seconds, whereby hearing of a sudden sound in a

stationary sound environment is facilitated.

With this compressor, the amplification of low signal levels may be increased compared to the
30  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




25 conpressor, characterized in that the conpressor is &J&Wﬂ‘é’cgo\??th a
conpression threshold at an output |evel below the hearing threshold, with
a knee point situated below 25 dB SPL input |level, and with an attack tine
above 0..5 seconds, whereby hearing of s sudden sound in a stationary
sound environnent is facilitated. Wth this conpressor, the anplification
of low signal |levels may be increased conpared to the 30 prior art, as the

conpressor Kic in to generally suppress steady noises. In.the hearing aid
T G o st Thih s e ey D R 0 4 R e B s A B nd a6
hi gh as f egsiohbea hifher ydievf 16w 1dvBlsolihds Hie emeal ) dsebiewathipfiosft hashhgdidsshoul d

r ef er abl be kept bel ow the hearing 9 January 2006 3 threshold. Thus the
p y p g y

user of the hearing aid according, to e inventi.on will qgenerally have the
oot on of " Booafie R hednnERIRR ook diBect B VRGO atd B Raee 0O0°
prior art futfdlei hythaipdeisicAof o metihod)of podebsing anvoenitsighel ih a heariag aidnebnpsigpiegct , t he

above- nentjoned and ot.her objects ar fyulfilled by the pravisian of a

ot hod o 5 DEB L Py SHRE I RAUEF it i en il e, Bibereoiie i SR PP
steps of cosiget procegsoahavirgdu sitlest eiedirqientyndhanieha edngtéssorcand icomatting fireocessi ng
the electric signal .in a signa rocessor having in at. | east one frequency .
channel o vosrEotu s Sl 108 PG GRaPm PE e a3t SR ound
signal , chéresielidatiag edtputhevitiziow the haanptheshad, atkas: @it eigpted dslow2s dBiPEshol d

at an out qtﬂtutlle%vpl dl%%lagggktt.h%a gv%roiﬂ%g reshol d, a knee point situated bel ow
25 dB SPL Pnpu PP AR A AR A ack T e above 0.5 seconds. 10 The
conpressor is provided with a slow attack tine, such as an attack tine

above B. 5 Becompsssor igprovidad wihe slewhatahkrierst sich adrmagadk teecboet 0.5 scomlzanpl e 2

seconds or__nor. T ' per m r i ent o be
anplified %mgﬁgmu er@)ﬁ)gﬁ-%e:ﬁg %tﬁ£7ag§ﬁ%&défgg§’;a?£f mpiesr%ggélg?:&ﬁ%‘%e'tlgl%g fég’%ﬁﬁgsker . The
conpr essortimegerhigstemsicit smgds ©lbe asplifiedrethort djstorfiéh tbiberelsartyhercaptitdeto the me, f or
recoverin élhe 15 gain upon the vanishing of high | evel sounds. It is an

i mportant advantage of the present invention that the gain of the hearing
aidis high at lowsignal |evels while the m crophone noise is still kept
j ust bel owhelrembrgssot may hae & bing kalkase tithe v-gal Glirdksdle atteckting fanecoyeringthesound i s

anpl i fj.ed Lok RE lg-gr];f ] in to provide an output signal above

t he heari n%Mntlﬁrer]hgf%ggs t#fp G?J?lsggllﬁdgbe heard by the hearing aid user. If
the 20 sudden sound persists for a longer tinme than the attack tinme of the
conpr essorlt istah énpgatiart agyanfage of the present invention that the gain of the hearing aid is high at

low signal levels while the microphone noise is still kept just below the hearing threshold.
When a sudden sound occurs, the sound is amplified with the current large gain to provide an
- output signal above the hearing threshold so that it can be heard by the hearing aid user. If the -

20  sudden sound persists for a longer time than the attack time of the compressor, the gain will

decrease with time, gradually lowering the hearing aid output signal as far as permitted by the

compression ratio, and possibly causing the faint sudden sound to be no longer amplified above

the hearing threshold. Thus the sudden sound can be heard by the hearing aid user for

substantially the attack time of the compressor which is a sufficient period for the uvser to be

25  alerted by the sound.




decrease with time, gradually |owering the hearing aid AU3EYERal as far
as permtted by the conpression ratio, and possibly causing the faint
sudden sound to be no longer anplified above the hearing threshold. Thus

t he sudden sound can be heard by the hgaring aid user for substantially the
attack tine of the conpressor which is a sufficient period for the user to
be 25 alerted by the sound. 9 January 2006 3a According to an advant ageous
enbodi ment, the hearing aid signal processor nmay have a plurality of

channel s, p&@mﬁgb laiy advaﬁ@gdoh@éanb@dmamme béarmgﬁﬂalgaﬁlq,ff@es’s@dnmaee 4 han 8

channel s, referred re th channel s chanpe '
Accor di ng ﬂﬁmgﬁﬁgﬂ@PmﬁﬁPﬁ H?ﬁéﬁﬁm”?ﬂﬁgﬁgﬁﬁmﬁgﬁﬁﬁ pgméﬁtuated at .
10 dB SPL inBfipteferfed heveethan fb}bﬂhrﬁﬁfde)(g 15 8Benkdkee- point is situated bel ow 20 dB
SPL i nput level, for exanple belom115 dB SPL This allows for a maxi mum of
gain at souynd vels close to | ev audi ble to I th nornmal
heari ng. Ffl!i?ﬁtf’rﬁ’f‘ﬂﬂbelr %Vé'fltﬁgeé’gsl 'Hleflto e&“??d’rofqt @Lﬂtﬁartedtfgg&d]gfﬁ ¥send on
his pargi cle%/_ar'rﬂpeamy, @ kdefpoiit & sityated talowan ch SHIL ingut level for Gempletcloy 15
conplete c tign of the . hearin def| cy is ,not sihle for
Fonbons. s s atsafiSwCiv sPEmRet P st BIRHL T Sy be
anpl i fied moplkiwith@atay hdatind) Thadtihe of @aih Eaeouﬁl&br dmytxcuafgsemm@bphnﬂgnt o the
specific gcircu wever. unds 5.dB SP ut nerally
ot Cbe anpiit PR BARRE Rerelehe G R Rt SowbY hedipesg st S < on
using a h%anmeﬁmehdym&ﬁ feasible fad ir¢agonk mcataaﬁuéamfoxfumﬂamgmn of faiit sd@ndsanuar y

2006 076 00465, 4 advant ageous nment.s of the
ovont oo Gt aEspe apedpEoRRoR heaid G e S RS R e PR 1 e
pr esent | mnemhstmmesszbWedm cownHds ams dBEPL ifpat WhDgeaerallst okt Béiamp’llﬁbdhﬁ) mtdh afrom

t he foIIo i ption.wherein the.in enIio wi .l be ex aiped in

o eat er - aep 37 PO o fier sAEed pen teine s et SR e apeartiat PRE o

pref erred fpdiesrent of the invention. As will be 5 realized, the invention
is capable of other different enbodinments, and its several details are
capabl e of nodification in various, obvious aspects all w thout departing

fromthe invention. Accordingly, the drawi ngs and descriptions wll be
regarded as illustrative in nature and not as




restrictive. In the drawing: BRI EF DESCR PTI ON OF THE DRARKEYZPRig. |
shows a prior art conpressor characteristic, Fig. 2 shows a conpressor
characteristic according to the present invention, Fig. 3 illustrates
anplification by a hearing aid according to the present invention of a
sudden somo@dszimesa stationary sound environnent, Fig. 4pchipm@nasdl ocked

di agram of a hearing aid according to ghe present invention, and 15 Fig. 5
is an enlarged view of a conpressor characteristic according to the
invention with illustration of the processing of a sound stinul us.

DETAI LED DESCRI PTI ON OF PREFERRED EMBODI MENTS Fig. 1 shows a plot of a
prior art (hsedesageorssabodimeatsiobty invenfionappeer fprphe depeqdspt cifpr essor out put

| evel as a function of the input level, both in SPL. This characteristic
may be L Ordﬁﬂg&&%fél:ts 3&11@1@63%%@&16611ﬁillb'b&onﬁaypabﬁtl%mbse@ﬂﬂedamag’;]ﬁmbank ofI
narrow band, coppr.essors.in,a heating. ai si gnal, .processor., The .particul ar
charact eri sﬂf“ifffﬂ%ﬁ’g}g BV?BWB?{E‘P%“?VF Pﬁ’gu’["ﬁxfgﬂ% &fﬁ%i“?ﬂ‘h@-‘é‘r”?ﬁ’%he exanpl e
- in the fi gukfnds Hsrpasshbdieant @acdbada prefdrrdiiembbdaent biltdavenioncAnpiibsat e a
particul_ar earing defi.cie S rtjally illustrated .t he hearing
Uhr eshol’d ITHERHRe Ftfen € paber ot iRt Shpotfmpne, R0 S0 BB ot cd by

t hose ski | lceghblef mixtificatidn infarimaadbivions @apedts Bl tithangdeptmg Tloen txhiavealginer i st i
conprises t | . . i knee- poi nt
10 (CT < Ao e SRAIEHrmegipen: L1 B} o Blbea PhEREARTERL G nBhacdy 0

| evel . At gotistve. Indhegdrawvidgel ow t he knee point 10, as evidenced by the linear
segnent 5, there is substantially no conpression, i.e. the gainis a

const ant ggrikr fHstkIEPO] oF9LE SRAWARSat i ng the hearing |l oss at | ow input
signal levels. In Fig. 1, this gainis 30 dB as illustrated at the line G5

at 15 dB input level 9.January 2006 apd identically 30 dB as illustrated
at the ]I%i n%PgGéso %Pwﬁﬁplﬁ’éup??%{essfne%@a&qﬁg‘f’ml speech is about 50 dB input
| evel . Above the knee point 10, as evidenced by the segnent 6, there is a

conpr essi offig &t i showbosamptessot ghpriacteristiqactordipg to Gwresantinydntongai n at hi gh i nput
| evel s as approriate for conpensating for recruitnment. The conpression

rati o of apgegnefihsdafs ﬁ%ﬂ%aﬁ&@bﬂaﬁ%&gfn GlARERRRAs tomY pibddft ikntlo8f S| ope of the

segnent. G ven a | ow end gain of B and a hearing threshold of 70 dB,
i nput | evel s bel Bifeagoradingstationigytsound eBN¥@MBI% to this hearing aid user.

Fig. 4  shows a blocked diagram of a hearing aid ;ccording to the present invention, and

15 Fig.5 is anenlarged view of a compressor characteristic according to the invention with

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

Fig. 1 shows a plot of a prior art compressor characteristic, 1.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 ‘baﬁk 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 be;an 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
comipression, i.¢. the gain is a constant gain, suitable for compensating the heaﬁng loss at low
input signal levels. In Fig, 1, this gain is 30 dB as illustrated at the line Gys at 15 dB input level




In order to be able to hear a faint sudden change in theg‘éaontﬁjﬁa(zeorg)\?i ronment,

such as a sudden occurrence of a faint sound, the hearing aid user can

i ncrease.the gain of the hearing aid thereby displacing the characteristic
shown in Fig. 1 upwardly in the directi9on of the y-axis. In that 10 case,
however, other faint sounds in the stationary sound environnment, such as
the sound of a ventilator, traffic noise, etc, will also be anplified,

possibly to a.level ve. the heari t hreshol d causj ng an annoyance or an
unconf or t a%déd%rlga?kﬁr’@gﬁeélllaﬂfat 3t e e Grplpl 4B iapis s elaNpdeh PReed s about

char ﬁCt er i 81 d¥ingiit 1&vel QBPYeabsSialke Qﬁﬁtqloﬁésrbgidbﬁbecﬂ BEth k@SRALE, tHaxani i:o n. Iln Fig.

2, the segnents 5, 6 correspan 0 e segnents 5, 6 sho in Fig. 1.

Pr ef er abl ySOrPEGHAMh faq Bbage ﬁégpl%q’e‘f éﬁpi"é‘@g% © gaip pldughygput Peg% PERPRFAEfIn 1. 4,

anfl, rmrfe whnqjﬁwaruegrm RerOiiigit SRS ic@fﬂpr@@tdneatio?msémhd iskbdud] to@artcifrocal . ﬁther

val ues of the npression ratio_ my be used if_appropriate. It js e gist

bf the r cGirol TRGIORE PHRC 1HaEn GO p S pay bt G En g deatant 7hr

conpr essi odB, ifput RediObetbv £0 dBWEY not bedudibieto iealidangy diaRshol d 8. In Fig. 2,

the knee-point is situated at about 15 dB input level, i.e. in the |ow end
|

of the range_ audi.bl 0, peopl 1.t h _nornal hearing. The n 20.at the
cnee. poi SR et afieCaBEd firt sttt g SRR opp et Soiepe 15 ae
I nput | evedccurrshboafen fhiftsolonk thehodritp aldhRergan creask ks gafnfof g@hedrgdidalerttye
conpressor .. reachi ng about. 30 dB 50 dB input. | evel. as illuystrated by
GB0" Ths. Gt S aa i o B 1 B0urdy B Bl et s R o B et v at b

I n Fi glo 1.cak) hdeven biherfainbdodndsliethg atationasy ssutiisheindninghd, yuch bgthe sovad of ©W si gnal
| evel s - than .for .t rior ant . conpre r. 2 he, h in i d.according to
the presen enﬁliﬁk?érﬁa%ﬁ‘gﬁﬁf ch‘g\}lealsg%ﬁiaﬁ’wz%%oﬁoémglﬁl aﬁ%ﬁ%ﬁ"é’? g’sea}’iari‘% | evel of
m cr ophonehreghobkcausifieanw@adyang od bthnRbgfvadablp ddmeasa of ysdtave a plurality of -
channels, preferably nore than 6 channels, nore preferred nore than 8

channel s, referred nore .than 10 channels. .e.d...15 channel.s. .Si nce
Rt o IR RE L S Bl seid R s SoPRRA Sara e 4 d Brefel ARG o 1 S0
an i ncr easigiMtheheznruisied coofespohdtonbd ghesds, 6tshown indiigl dt Preferably, édamentoi se 1 n

ftthcfAlQn%reased aeld the n in a

- 30 eac{;_ 9 nrs‘%'c'm-l;'@syslso réilt{(]) tGaQEst g a?er 9 mOTe P d¢o rI])r 18' 2 10
channel® i s° & PIPORETIPATIOS e OW}{ Re“heart ng feﬁr eSHordr Thot e pr esent

exanpl e, tdobstdatielly qmoalnd 2.i¢hgivbiluatcf theabmpessitid 8 may bepuséd if eppedpriaibhieis
knee- | evel,, | s_al s situated bel ow 25 d gP@gl nput .l evel . nore often bel ow
50 aB St ThEat PR NG P e St 16 2ot s 8Bt boigy ™S SHIREFY%006 VD
03/ 007654 tREIHoLIO Bi@Dwabthe Bearing threshold 8. In Fig. 2, the knee-point is situated at about 15

dB input level, i.e. in the low end of the range audible to people with normal hearing. The gain

20 . at the knee-point and below is about 40 dB as illustrated by G,s, drawn at 15 dB input level.

Above the knee-point the gain rolls off governed by the compressor, 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 cham:_xels. 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. The knee-level is always situated below 25 dB SPL input level, more often below
20 dB SPL input level, for example below 15 dB SPL. |




Fig. 3 illustrates anplification by a hearing aid accordj jhubfy 008 Present
invention of a sudden sound in an otherw se steady sound background 11.
The sudden sound is illustrated by a square wave pulse rising at 12 and
di sappearing at 13. The steady sound background is processed in the

heari ng awo ob/m7ggaoduce an output signal at the | evel Apchekexwotdse hearing
t hreshold. The 5 conpressor is provideg with a slow attack tinme, such as |
or 2 seconds. Transient signals are anplified |inearly. Wen the sound
pul se occurs at 12, the sound pulse is anplified with the current Iarge
gain in order to produce initially an output sound sjgnal at vel B.

the exanpl €& 3 lustiatos amplificpiion B2 & peeris Adaceuies ta the prosent iy nf‘%‘f‘fés"tﬁ t he
signal is idgeRegauattihietchdy shia bhfkgxbtﬂagl Thie ehdmebundmmstratkdr@ asqurd pul se
persists for a | onger tlrre(ﬁsanthe ackthi %6 of tdeco .essor, the
conpr essor Yave PrlseirEins i 2 pyl é@”%ét e g packAnd 5P g R dual |y
arrive at tthﬂ:emﬂgmutto inedaueé an rﬁtput@nﬁl\m ﬂhdnEvdl hrtehhahahemingh‘ﬂwhblﬂghe Thus,
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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 Hlustrates 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 minin®m duration required by a humaﬁ ear for a full
perception of the loudness of the signal. Shorter signals may also be perceived, however the
loudaess 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, 2ll the digital circuitry of the hearing aid




enbodi ment, digital signal processing is enployed and thugnuahe2qisocessor
28 consists of digital signal processing circuits. In the present

enbodi ment, ~all the digital circuitry of the hearing aid 9 January 2006 WO
03/ 007654 PCTI DKO2/ 00465 7 20 may be provided on a single digital signal
processi ngoWi@esy , the circuitry may be distributed eoraxplwial ity of
integrated circuit chips in another way. In the hearing aid 20, .a

m crophone 22 is provided for reception of a sound signal and conversion
of the sound signal into a corresponding electrical signal representing the
received 5 sound signal. The hearing aid 20-may conpris lurality of
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Processor 2.4 38 edirafin fadterEQIIRE SsiSidssor ARlioRtd B&ide amblRbuk f 1 €rs 381,

382, ..., 38; eacﬁgﬁﬁ mhicﬁﬁisqéggnected to a di{fergntI%?%épaggﬁtilter 361,

362, ... , 36%80plc0 spilship for eempenselingthcdeaing Aefisiengy9E the Bier dbs,mYt Y28 fdpasss
filtered sigaalagtinvater Yomd fdfllerd®ab oupbAransduceR$, ie. Hre@eived 34, Hatishvertt s t he

conpressor and offset anplifie[s 383, 382,...,38, in the respective
frequency bHnePugHanal 304e0 an acoustic oupitAENAl - onpressor characteristics in
accordance wth the present invention. The illustrated conpressor

char act @5 i SThe@ignad Prbceasesl 2 Bddahprises & Arsyfibiercbahl3 6t with balipasa 6ty I6sfor dvidilgpwn in Fi g.
2. 10 the PN AR fio 10 B et ol QLI RGN RIS 11 er s,

' 26,,...,26;. Purther, the signal processor 28 comprises a set 38 of compressors and offset
amplifiers 38;, 38,,...,38; each of which is connected to a different bandpass filter 36,,
36,,...,36; for individual compression of the corresponding bandpass filtered signal derivatives
20 26, 26;,...,26; Fig. 4 illustrates the compressor and offset amplifiers 38;, 38,,...,38; in the

respective frequency bands 36, 36;,...,36; having compressor 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.




25 passbands bel ow 500 Hz. 361 may have a passband bel ow’ 88208 362 nay
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 inventiof may be included in any
appropriate frequency channel. 9 January 2006 8 CLAIMS 1. A nultichannel
hearing aid with a m crophone, an output transducer and a signal processor,
wherein th%LﬁhﬂEal processor has at |east one frequency channel having a
conpressor, characterized in that the conpressor is provided with a
conpression threshold at an output 5 |level below the hearing threshold,
with a kneé pomnltickinnel htanlg bl vaill a2bicehBhdblel ani onfput tranednedr,and asignalpiobesson, at t ack
ti me above O. c ri f a sudden.sound in a stationary
sound envi r onsiir 826l MBSLER Y1 REL A Rloules UEAED SR edibrBonrs ' ) &Pt
wher ei n t he cbaprassdm the thegompresopis prvidsd with t ecmprizsion vir@Bold Bt &8Rtpunput

| evel , and | ; 15.dB SPL.. 1 . 1he rd ai ccordi ng
to clai %1 1 g? é"gl Mﬁ%@éﬁ%n%%g&%g%%r“&hsa?? e?l%%ntas%mgetdtbg(? K jtgi%%eéfg‘%%ué?ev%’ second,
and ‘i n parti cod wrth 2n gaclotids alwve Kb seconds, widvebytheairignga aidderawond diang to cl ai m

1, 2 or 3, “Qﬁﬁ&h &ﬂ&i&&ﬁ&ﬁ&%f%%mﬁ%ﬁaﬁ rel ease tine above 5 seconds,

preferably above 10 seconds, and 1 n particular 20 seconds or nore. 5. The

hearing aid according to any of the preceding clains, wherein the
conpr essor2-hdde hearingaid geperdinastv chin htwhsreimthe venpresdor hapalknse edietrsitbited about

$2.0. 6. The helixanail e RLd! Ad ol Akl b BIB0941 no clai s, wherei n

the signal processor conprises a t npressors and offset anplifiers,
each of which is connected to a respective bandpass filter for individual
conpr e¥si oh dhe hepaing aiel pecoplingdp Alginb bordd adisrein the eomprkssor hisean atleskitimetaboves. 20

7. The heari nge@hd 288 EPaichigr 3 RcGld@bihbie. Wherei n the signal processor
conprises a plurality of channels, preferably nore than 6 channels, nore

preferred nore than 8 channels, nost preferred nore than 10 channels, and
still noretprbsbieringaid sccoplingie plaim B 2 on3nwhaseie the toppreseiches ptFlassidond si gnal

in a hearingapivds sCQRBY, profefiBlyl MB6veST0RPSH NS, anFi PYEELIADS s@n@RUBEL. C Si gnal
into an electric signal,

5. The hearing aid according to any of the preceding 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 ciaim 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, and

converting the processed signal into a sound signal, characterized in that




25 processing the electric signal in a signal processor %éﬁ'ﬂ”ﬁ@’?q{mat | east
one frequency channel a conpressor, and converting the processed signal
into a sound signal, characterized in that 9 January 2006 9 . the
conpressor has a conpression threshold @t an output |evel below the hearing
threshold, a knee point situated below 25 dB SPL input level, and an
attack time above 0.5 seconds. 9. The nethod according to claim S8,

conpr.i sing coppressi ng,the si nals a a knee po i fuated bel ow 20 dB
oLl ot 1 B R orER e B i sarg A epow B¢ bRt hog

accordi ng t&nelpaintiifated bdow CHAP BPE irpgt leRiphE Stk tﬁﬂ%abﬁk@@lﬁls&omon t he
expiry . of an attack tine above 1 second, and in particular 2 seconds or

nore. 11. Th acco aim8, 9 or .CO i Si .

ol + naqui shingegiepa a8t Bint  shaPi e smpiRioa RO eemint i e
above 5 seconitsgtedirebiel0ail SPLalbopy devil) aslanara pieferabiyiskidwnl SodB SPIC Ul ar 20 seconds
or nore. 10 12. The nethod according to any of the clains 8 -

conp = oo D LA e e SRS BN S,

conpri si-ng praﬁelemk\gnetlwvelle@:bnd,andmlpgmadl&Zisaccmdsmgmb. processor having a
set. of conpressors and offset anplifiers, each of which is connected to a

respective i Vi ® i :

Cor T eapond Ho DaRied s o dhigl €301 Gy SIREARRLAR, MrghBind e
according to Smsrls @rﬁontﬂtrﬁeemirzaofrmreﬁase g abogipriosdsagreferabbesbevaty setradel ectri c
signals in aaﬁ%gﬂ’q 109[5%%&915551?{\( LH9 a plurality of channels, preferably

nore than 6 nore preferred nore than 8 channels, nost preferred

nore than 10 channels, and still nore preferred 15 channel s.
10 '12. The method according to any of the claims 8 - 11, comprising compressing the 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 prefetred more than 10 channels, and

still more preferred 15 channels.






