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“~. {57} Abstract: A multichannel hearing aid (20) comprises at least one frequency channel having a compressor (38) with a com-
pression threshold at an ontput level below the hearing threshold and an attack time above 0.5 seconds whercby hearing of a sudden

- sound in a stationary sound environment is facilitated. With this compressor, the amplification of low signal levels may be increased
o compared 1 the priorart, as the compressor kicks in to generally suppress steady noises. The gain may generally be increased as high
as feasible in view of the microphone baseline noise, which shoald preferably be kept below the hearing threshold. Thus the user of
the hearing aid will generally have the option of a higher gain of low level sounds than generally feasible with prior art hearing aids.
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as feasible in view of the m crophone baseline noise, wh UENAA
preferably be kept bel ow the hearing threshold. Thus the user of the
hearing aid will generally have the option of a higher gain of |ow Ilevel
sounds than generally feasible with prior art hearing aids 9 January
2006 WO 03/ 007654 PCTI DK02144465 | HEARI NG Al
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hear i ng=ards and to methods of —~processTtng sound sigrats—The T Tvernti on

nor e specrfrcally relates to a hearing aid with a conpressor that is active
at very T o8 s Gl é’f”%"’"”fﬂé’”’ "ﬁ‘?ﬁé’ﬁ Fﬁfﬁ”‘*’eg‘t’ﬁz‘ pepablepiaorst i i idy g gt es

to a bear |jia,nsd,§e’i,d o e rcg{rb dm ihe ev%nh recesvt o Notes on Co S@H,E JEer'evm ons apearmgat:]gg%n sound
in a stationary sound envrronnent BACK ND"OF TH INVENTICN As used in
this context, a hearing aid is understood as generally conprising a device
with an input.transducer for transform ng an acoustic input signal into a
first electrical signal, a signal 10 processor for generating a second

el ectrical signal based on the first electrical signal, an output
transducer for conversion of the second signal into sound, and a battery
for supplying energy to ‘the signal processor. Typically, a hearing aid has
a housing holding the input and the output transducer, the battery and the
si gnal processor.. The housing is adapted to be worn, i.e. behind the ear,
in the ear, or in 15 the ear canal, and the output of the output transducer
isled to the eardrumin a way that is well- known in the art of bearing
aids. The processor will generally be adapted for processing the electric
signal in order that the resulting acoustic output signal conpensates a
hearing deficiency of a user. US-A-4,777,474 provides an al arm system for
the hearing inpaired, conprising a base station 20 radio transmtter
adapted to transmt, upon detection of an alarmstate, a signal to a
portabl e




unit* The portable unit includes all parts of an ordi nary'343%i394%ai d
together with a radio receiver to receive the signal transmtted by the
base station. WD 99/34642 di scloses a hearing aid with an autonmatic gain
control, effected by detecting an input sound |evel and/or an output sound
| evel and adapting the output sound |evel supplied by 25 the hearing aid in
response towhenigtected sound | evel by controlling thecgakiwedssthe hearing
aid towards an actual desired val ue of;the output sound | evel. The gain
control is effected at increases and decreases; respectively, of the input
sound | evel by adjusting the gain towards the actual desired value with an
attack -time and a rel ease tine, resp ectlvem(g whi ch are adjusted in

Fesponse to t HEARBIGNPAN b MFIHPR PEPRPGESS A EPYNREENhor t - dur ati on
providing fast gain 30 adjustnent at high input and/or output sound |evels
and to a rel atFiBL®IGF THEIYVENFIEN on providing slow gain adjustnent at | ow

i nput and/or output sound levels. 9 January 2006 2 It is well known in the
art to provi deheapnkaamnifdagmaadeshaﬂrmgmas DO PIEBSS Of protskiie @urd @ acther i stic

that has two L0881 g Te%m%ﬂ iy hlale Al 16 & aoc%ag,&ggq,aaz Tcévés{\@gmp' nt. The

knee-point is ty ut leve ose to the
l'evel of ndrmagu» lﬁ‘éécwemeﬂawéﬁ"nioﬁswﬁw &1 19 heqriggad g PleIsMSISF | cati on of
speech. Bel owef tieocttinee paistdden shdb@ id ai sadasry segisiitondi@s substantially no 5
conpression, i,e. the gain is a constant gain adapted for conpensating the

hearing | oss ghckarounbpetrugngiditidievel s. Above the knee point, the segnent
has a corrpressi on ratio above 1, typically 2:1, for conpensating for

recrui t ment. ﬁs@yﬁiﬁ%ﬁﬁteﬁ 308 ASRIALLARHE & pollRR) LAB:LAI iR BDY | oudness

increases rapl I ncreased sound. pressure *hust bove the hearing
t hr eshol d and“F’ﬁé‘f"é%?é%“f%‘Ff?ﬁ‘Pf%ﬁn "t°“5H?'QPF‘ gt presktretsied @ sty heari ng
di d users fei pgcessot frsdesthtingn scosd drotrien] 8 oulnvdse@onsha fosn etednicaldigsd, meowtrot be able to

hear a faint "aréaage@?opco%meafalpscéota@smmwso@aavanathesmmﬁyﬁkgeaé Ao sudden
occurrence of a falnt sound For exanple, being at home,” a hear i ng aid

user may desi &SRB %Wl e to hear that a baby starts crying, or that
water starts running, that sonebody is present at the door, etc. The
hearing aid &gérleabraiinseiddesdorshe hgditethedfput sndhhednt Hgdeiedhe bttt conpl i sh
this but thenaddie sRRAploRoigd hisRE ,sléptemybeb@nboé baimathe by, i0hb@r, osOUNS i N
the stati o]rgar Xle %acr) lélarxllg a%cli] Ic:Eu(t)pu{‘ﬂ':i‘r rt]'lte outpulflp ansda ucer is ﬂ:@ to%l?e earqrumma 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.




ventilator, traffic noise, etc, that mght then al so be ga‘r'ﬁﬂ”faﬁzeogeto
surpass the hearing threshold. The hearing threshold is the | owest sound
| evel at which sound is perceptible. SUMVARY OF THE | NVENTI ON One

enbodi ment of the present invention proyides a hearing aid that nmakes it
possi ble for the 20 user to hear a faint, sudden sound occurring in a
stationary sound environnent w thout being bothered with stationary

sounds. ACftordip to.tﬁleFQ esent i,nventi. {;I in a first eGt tth ,
above. ment FOnEST Soy R e PR SiTades HEIrE 3 brvng SR SPRYS SotegeBicor o
mul t i channdiat lee o Igaedegnents that arerihtercoplactiadat akneapiipUThetkheeqmit Gaypicaind a

si gnal progcesso in the signa ro sor .has .at |.east, one frequency
channel haVi*fig ags%%gg%]?rﬁl wdesh ?lo%{}g#lg@?v E?efjlglanﬁl FPePFE oF %08%%? glgéor is
provi ded wetél ofl asopliffpaiissif speetih Bels i alhedmad poisnthe liidqatdeginent &hs sobdtzavialiyne hear i ng
threshold, with a kne Qi nt situated bel 25 dB SPL input . 1level and
wthan at ¢ CeRad e B s EALAPREARRGE N Snelor e PBPba oot Sound
in a st at inpuaignaldeeisd Above ithedmesgmlint the fegment htiod @thprédfidrratidateve bnpr essor ,

t he anplif] hon.of | ow signal |evels e increased ¢ ared to the 30
ot or art, DEEME ForcoPbelier ey SRR H SRR L EBBRER S, o ses.

| n t he heawheargbydbutinassderelsas gapidly ileinpreesd ndund preesatel josn abavia the hedring may

general ly ' P:ﬁ’l s feasible in view of the m crophone

basel i ne n@%ﬂgi&é\ﬁﬁgﬁ%ﬁ%ﬁ gragl?l%hr%obuﬁé/prﬁses"ﬁ?%pt bel ow t he hearing 9 January
2006 3 threshold. Thus the user of the hearing aid according to the

i nvent 1n Mahy heganeaidders baing eitiated in gstilospund eryvirbinginedesiaiorbe able kolwat e v el
sounds t hag. I i P ' ri | ing to
the. i myent g SOERblabed A3 B dlit bl Blon 34 sl SRR RT s SO 02 e
ful filled Foyexdeplpboing stibome.of hearingmidwser rody desiorte ds aigtocheardbatd bahiygstras i N a

hearing aig,; i Si LAg; verti ap a i ' | into

an electri %yus] ’8"%&% Q%tf&%?ggm ngﬁ,%tﬁa@?carﬁ%g?ﬁ%gﬁeg%né%gﬁle [ ﬁr’%%@eghna %?agcessor

havi ng i n wser dap agtrcagrthe faiedftlsrieyringtrichie ebcomptisintbis dsishen, thelwdriggaideset i ng t he

processed sj | ' racter. z i ressor
has a ¥'::S(“§rrpr$iéi ssﬁjé) ﬁﬂe%%ygtsb%gﬁ%g&g%{ tgg gk%i)tlij n%%’?’ O‘ﬁ"ceavee}'mb“%%%tw °ﬁg&h%%’ﬁlﬁ%§fjm

t hr eshol d, veatilatog draffinoise, sic, thattraightiisdnailyo 26 aniflifERlto surprstithe havieg threshald.an

attack ti rﬁe%% tﬂfcéml%qg {8 go%v‘est sound level at which sound is perceptible.

SUMMARY 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



10 The conpressor is provided with a slow attack tine, vy 986 at ¢ ack
time above 0.5 seconds, or, in sone enbodi nents, above | second, for
exanpl e 2 seconds or nore. The slow attack tinme permts transient sounds
to be anplified without distortion to be clearly perceptible to the user.
The conpressor may have a long release tine, e.g. 10 tinmes the attack tine,
for recovering the 15 gain upon the vanishing of high level sounds. It is
an inportant t age of re ent on t hat t n,of the

oar | h. o ot ks W uset ool ot oe e B iTien ILF SRR R Bee | <
still kept ogtios bfi)lﬁglcev\/gatiineﬂbeammuﬁdwmigai@huy fodbible withuideiethanngidsoccur s,
the sound is anplified with the current large gain to provide an out put

si gnal aboye arin threshol so_ tha e by the hearing
o ser. Yot SERIARI e AP RS botim G Pt Ga SR RAR" e at  ack
time of t hialfdledpy éis$m\n,s1ohloéa mathod mﬁﬂrbcessﬁigcarseﬁﬁiemgmitﬂﬂaheamg agr @ﬁhpahlhg(
Ioweri e hear.in id out t Si

conpr oot ol FER e RS RLPBINy B B oSl R, P {rRs BEeifa’ bz no

| onger anpdm@mhmnab@mhmmmhemﬁeannmgﬁquQﬁ&mmﬁla&hm3m$mmmﬂudﬂenmgdmnd can be
heard by tQ%:Qe r?%§ |d us§ %ﬁfr su sta Ikﬁ#h% the a tﬁgck tine :
conpr essorPRAT RuIres °Baé? BT “UEEFo aB%""%eséi"&r t ed by

t he soundth&ﬂﬁahuanwﬂ@ﬁm®d3akﬁamehﬂwmgﬂM£mﬂma&ﬂmanMﬁgﬁm&ﬂbdnhddﬁBéﬁL t he
hearing ai d pr.Q plurality of channels, preferably
nore than BPC ﬁ%ﬁ@mpanaﬁﬁgénﬁﬁggépré‘mn ‘e than 8 channels, nost preferred
nore than 10 channels, e.g. 15 channels. According to another advantageous
enbodi ent Thetchmpiesseris pmwitﬂbd wgh g slbwattadt tate, $0h elBmIRkckitimpaboved).§ sealds,

Typi cal |y, , for
exanpl e b r 19%(11?9%%)0%&69{8%@%3 1 %er"!gﬁde E)]I Q} m%Yg 22s%cc91§s §P r%[ore %’étslo%veagtg%{n d I evel s

cl ose to |towestmitsivabicd gelinds ebb@mph&@lptlélowdlsiuommrtbe clhaafrpertgptlb‘rm theaxi num
of gain selected for a particular user will depend on his particular
hearing deficiency and the fitting rule. CGenerally a conplete conpensation
of the hearing deficiency is not feasible for reasons such as user
confort. THe campugssor wdy Haxé mtong olgasistind€ etghH timesythdottacktiphd, fareetovauivg thei ent | y

to be 1%Udié&in%p%ﬂth%gﬁﬁéﬁ&rofmagﬁlé@fs%u@cﬁpordi ng to the specific

It is an important advantage 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.




circunstances. However, sounds at 25 dB SPL input will ¢GefR@Ha¥3P%ot be
anplified so much as to be audible to a hearing inpaired person using a
hearing aid tuned according to standard fitting rules. 9 January 2006 WO
03/ 007654 PCT/ DKO2/ 00465 4 . Ot her advanjageous enbodi nents of the invention

appear, fromthe dependent clainms. Still other objects of the present
invention wll becone apparent to those skilled in the art from the
foll owi ng description wherein the invention will be explained in greater

dreﬂt) aijl : ByA\t?ydiﬁg‘to aft ¥haixhgeoud éaﬂfoein}elﬁt, %Bﬂ%n@ﬂild siéﬂaq)s-dcﬁﬁ@k Hayitaed £1 1 ed

enbodi nent of .t i nventign. As w 5 realized, e invention is
capabl e of R A T e H@ﬂégﬁaﬂaﬂa W%pfggw? BB PG
capabl e of mBgtefdrRd ot thanl (MBsineM S.g. 0PWHaaktds. aspect s al | wi thout departing.
fromthe invention. Accordingly, the drawi ngs and descriptions will be

regarded ag il].ustrative. in natur d not as restrictiy he draw ng:
B B DESCRRIEHITE e et B AR et e Kafhrotet 3 Sphretal 59 48 Bripuss or
char act®r i ktél CTyplehlfy, the kadugysnt & siroat@l RBH020 dHhSPakmhne dvel, fe caaplytdiougist o t he

resent in i ig..3 illustrates anpljfication.b hear j. ai d
P eeor di ng 455t dbis allas o s iiiin ear 2 3omsJenelse BaveRed St ishnr y sound
envi r onmengepplEwdth ndmimhheasing The maXSdmdif g4h sdkcedd for Ay@aiculagusat willalegmddhng to

e e

pr ocessi noheafingadeficitingt isshot faatibls for Radadk kich aDESORINE . Qe @nokREF ERREnds

EVMBODI VENT.S Fi 1 | ot of a.priaor art conpressqr charact.eristic,
o el ot g pr e e sulicBpisn B ity b e e P R he IR RER ot

| evel , botdircumst&ies. HoWewr, shakiaat2e dBSPL npuawillenérally ot feamplidied &0madiapr essor
or it may be for . one . anmong a.bank of narrow band c ressors, i heari ng
o st ondp SpPEC S AR R P g R g AP ute AR e D e
fitting tditdngralek.i cul ar user. The exanple in the figure assunes the
hearing aid has been tuned to conpensate a particul ar




hearing deficiency, as partially illustrated by the hearlJr?Eu?WrzogRol d 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 conprises two |inear
segnents 5, 6, that are interconnected at a knee-point 10 (CT -

Conpr essiwo oduresahol d) typically positioned at 50 dB Shtrpr@mbssevel . At
sound |evels below the knee point 10,4 as evidenced by the |inear segment
5, there is substantially no conpre55|on i.e. the gain is a constant
gain, suitable for conpensating the hearing loss at low input signal
levels. In Fig. 1, this galn is 30 dB as illustrated at the line G5 at 15
dB i nput | ¥ advagagsorsebosionets st Bkt pPeafey hedepgmertstainst ustrated at the
line G0 at 50 dB input level. Normal speech is about 50 dB input |evel.
Above the lgigempaibiits dfhe ;@éiclﬁﬂivdﬂﬁwﬁm bbb fappase@gm&ie sBlledlifn e at frém a

ovel o b Pl s gon B UR GG ML PR ettt S By cosi on

ratio of a eﬁﬁgimﬂi‘erehshmh ddseribedeprefecédeinbediiner ofbd it ntidn. Ash«allbé ope of the

segnent aén. .a Iow i t hr Id of 70 dB,

i nput e‘svelr B%I%Wn h?eogg?ler%ggen "%10%1’}'3'6 P‘h“ng”é’&f‘%%‘gs aid user. In
order to bealablcefmmi:ﬂimaunmvahmsmbvmuuhdmtsamxmmt deparfidgdrogabmidveetivri r onnent
such as a s CUI . , er can
nor ease.t Aoy, S hlER 68 ook Alilee RpAY; WARORT b B buds 2T, TN
shown i n Firgtrictiveupntlzrdddwing: n t he direction of the y-axis. In that 10 case,
however, other faint sounds in the stationary sound environnent, such as
t he sound qfrisrpréERPTORIORTHE brAKiNGC Nnoi se, etc, will also be anplified,
possibly to a Ievel above the hearing t hreshol d causi ng an annoyance or an
unconf ortag;l tur bance, of 2 shows a conpressor
charact &ri 415 & °35%51?%?r&%°§]8’fm§ E%I}a%ﬁlﬁg’to the present invention. In Fig.
2, the segnents 5 6 correspond to the segnents 5, 6 showmn in Fig. 1.
Prefer abIy#’i&égnﬁnwswmﬁrebsaechaa@@h@cr@sfsﬂimorl&ﬂnr@ntihmﬁ@s greater than 1.4,
and, nore preferred, a conpression ratio substantially equal to 2. Oher
val ues of co rgg%n? f f; ofd 1S the gist
of the preg;g% |irilﬁe§eu%tél§%‘%“{i%g%ﬂ%he ou %S?&%gc/degtogpg}%&ﬁ%@%%gei poi nt or
conpr essi on t hr B8fgiserafl & gstiienaryspipd cR@MA@hr i ng threshold 8. In Fig. 2,
the knee-point is situated at about 15 dB input level, i.e. in the |low end
of the rangg aAuditvea ﬁl&k&ﬁlﬁg{'aﬂldﬁhh&nﬂ@ézﬂ?&coﬁﬂ@fdtﬂﬁxesaﬂﬁﬁwgﬁbm 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




20 at the knee-point and below is about 40 dB as ill ust rga'{aend‘agyzogf& dr awn
at 15 dB input level. Above the knee-point the gain rolls off governed by
t he conpressor, reaching about 30 dB at 50 dB input level as illustrated
by G50. Thus the gain at normal speech 4evel is simlar to that

illustrated in Fig. 1. On the other hand the gain is substantially higher
at low signal levels than for the prior art conpressor. 25 The hearing aid

according t he jnvention have m cropho hat _gene at es a
low |evel® r@rléﬁwleﬁagﬁgﬁés Hyttgted aﬁ#epa%‘é &y g ﬂf‘@fﬁlaNow%&pée%% have a
plurality sf dEH@ﬁtﬂ@JeB Abowteé ieleapdint lf(ﬂDaEs%vidBﬁb@d By &b aégﬁehtas tHeRY iSa pr ef er red

nore than 8 channel s referred myre. t-han _1Q c nels e.
channel s. @W&ee?mﬂ‘bfa% al?ot’fe i’é c@ﬁédmgﬂ weping the gaip %trll’t‘g%d'll BEld Wf’?‘f"ﬁ‘ﬁtﬁ %Ort 0

channel bagaipeslating forretafif &R SEhe bﬁnﬁrﬁﬁldﬂﬂlﬂhﬁﬂﬁ@égn&hﬁ@ &ﬁialsto |ﬂ%?écﬁ%rbéhl a g
reduction o n 30 ea C anne T In .S Ite (0] e |ncrease
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substantlally equal to 2. Other values of the compresswn rat10 may be used if appropnate Ttis

the gist of the present invention that the output level 9 at the knee-point or compression

threshold is lower than the hearing 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 ofien below
20 dB SPL input level, for example below 15 dB SPL




C, below the threshold of hearing. Thus, depending on thejdmanisosge of the
signal, eventually the sudden sound may no | onger be anplified above the
hearing threshold 14. In the exanple, the sudden sound 13 can be heard by
the hearing aid user for substantially the attack tine 16 of 15 the

conpr essowowharbs4i s a sufficient period for the user techexkadmigsed by the
sound. Disappearence of the square waye sound pul se at 13 produces a
downward step taking the output level to the point D. The conpressor
recovers fromthis new lower |evel only slowy. Gadually, according to
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present iny lon. It will be obvious for the person skilled in the art
‘that the circuits indicated in Fig. 6 may be 30 inplenented using digital
or anal ogue circuitry or any conbination hereof. In the present
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15  the compressor which is a sufficient period for the user to be alerted by the sound.
Disappearence of the square wave sound pulse at 13 produces a downward step taking the
. output level to the point D. The compressor recovers from this new lower Ievel only slowly.
Gradually, according to the compressor release time, the gain grows to take the output level
back to the initial leve] A.

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 mininmm duration required by a human ear for a fall
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




conversion of the sound signal into a correspondi ng el ecd Jarzaly 2i0gnal
representing the received 5 sound signal. The hearing aid 20 may conprise a
plurality of input transducers 22 with appropriate input stage processing
for the purpose of added functionality, e.g. for providing a direction
sensiti vewpap@e®kss ty. The m crophone 22 converts the segnokei@sal i nto an
anal ogue electric signal. The anal ogug electric signal is sanpled and
digitized by an AID converter 24 into a digital signal 26 for digital
signal processing in the hearing aid 20. The digital signal 26 10 is fed to
a drgrtal signal processor 28 for agglrfrcatron of the nlcrophone out put

si gnal TByhe ipregjidedonce sipgls igka) SipRabRrOcSHiELs CRIR OF SE CEPY AL Yoy g conpr essor

" functi On tOdlaﬁaMddtiﬁ ?m:aqwom{egraea@ﬁﬁtdﬁ;@umbﬂlama for conpensating the
heari ng defici ency of the user. The output signal 30 is fed to a DA

converter 3 furt t put nsdu er 34 | a.receiver 34,
that conver pﬁ&t W@W%%H Vﬁkggéﬁxg’8%§?F@mgﬂF%UFﬂsrgnal 15 The
si gnal proceﬂ&ﬁmmﬂﬁ&eaﬁmﬂuﬁﬁﬁmaabhﬁsmm&ngﬂ@mmham&ﬂﬂﬁmmmmmﬂhaaﬂpaks filters
36; for ividr electr dpass filtered
first elgctiTe ﬁgg‘%! -er?gf’anﬂé?lr ¢ °mg?§fp%mh§é’gmpu Ug'fglfgmé) er t he signal
processor Zﬁnpmpmmmaa@pmeassmwhemméswﬁma:mdaluf égef@rprcamlpigiafi ers 381,

382, ..., ty g lter 361,
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362, ... conpr sion o corr ondi ng bandpass
filtered sr destric sigaali The nnelogyr elep@ic gl is gg@led and digtized By ap A/R cprvirtps 24 at es t he

conpressor iﬁﬂ%s tiSfhal @gﬁk hl&l'ta%@nﬁﬁgtessﬁg fur the hem%%ald' 20, T igicdi GERESF | Ve

frequency ban 61,” 36 avin or characterrstrcs in

accor dam@e isfidtan digital sgnakneqepssqr ﬁ&&m@rﬁcaﬁm the migepphone eput BsmpY s sor

characteri Satcl:cﬁéin%g% d@r}ai r%aa’en hﬁﬁéﬁﬁﬁtdanﬁ CorhfA8sor ARERA Iidvide af oliiowWn in  Fig.
2. In the present exanp 62 are 'l ow frequengéwbandpass filters,
51

e.g. with zwﬁégwahla@rmma%@eﬁrzmsé@cm°ﬁ§rees= 2385w 300 Hz

and 362 nmayredawd/a cRR&EDatd AlRBENMERT bR Cratinanth, DA rdcliver BN thatdofifetit Ci t Y,
conpressors_are nqt illustrated in every frequency band. Conpressors with

char act er i s'f ®¢Pf fign 0410 apreerstis U $88alh esent i nvention may be i ncl uded
in any appropriate frequency channel. 9 January 2006 8 CLAI M5
15  The signal processor 28 comprises a first filter bank 36 with bandpass filters 36, for dividing

the electrical signal 26 into a set of bandpass filtered first electrical signal derivatives 26y,
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.




of fset anpli

1. Anultichannel hearing aid with a nicrophone, an out pat@Yahéffer and a
signal processor, wherein the signal processor has at |east one frequency
channel having a conpressor, characterized in that the conpressor is
provided with a conpression threshold ag an output 5 | evel below the
hearing threshold, with a knee point situated bel ow 25 dB SPL i nput |evel,
and with an attack tinme above 0.5 seconds, whereby hearing of a sudden
sound in a il gionary sound environnent is facilitated. 2. The hearing aid
accordi ng Fo cllaim1, wherein the conpressor has a knee point situated
bel ow 20 dB SPL i nput level, and nore preferably below 15 dB SPL. 10 3. The
heari ng-. ai & acuoltidhangelthearipg aidwith agnic@phavksmeintput tedsduoerpnd s sipmal h@sessor, at t ack
ti me above C . i t ar seconds gr._nore. 4. The hearing
ai d accordinéﬂ?%%gﬂgﬁﬁgﬁgngg%gﬁ%?u&%%Pg?nﬂPﬁgwggﬁ%gé%§%§aﬁ?gmngEIease tine
above 5 secordsactgized mrthdskhe cabpresodi peetiohdrih a asropressiop dir¢shald hiean @fuseconds
or nores S. -[Q/%l lne?o% h04 a%hgth%gﬁcgcﬁ,%i&gd lgn%)e S of ! tédr%)eelo%rﬁcd%d#igngult?é Qi‘,; !
wherein the conpressor Kasea conpress?on ration apove L. 4. Pand
preferably abBodwitRagattagk tifihebolied s isergndsi ehadydeatinggf & sudderysoofid inlae pr ecedi ng
cl ai s, wher¢j | onprises a set of conpressors and
?kggggﬂgggﬁggkmﬁﬁﬁgﬁ%%gﬁ%%ﬁnected to a respective bandpass

filter for individual conpression of the-correspondi ng bandpass filtered
signal der?-vdhp heasing 2id ageorditrgdo Rleim {.rvgheinithe conpressordhas okrsk point spatwher ei n t he

St anal processgl MW St vél] 4t Hlokd ot RLuby BN spit ef erabl y more fhan 6

channels, nore preferred nore t ann , nost  preferred nore than 10
channels, and still nore preferred 15 channels. 8. A method of processing a
sound ¥ gnhl Thahearingaid pergrdingdo cleivnbet 3 inhgreinttke eompprssoshas apetickitimeraoven

acousti ¢ si gNaboohftald AhaRichat  dcfor Bbre. 25 Processing the electric signal -
in a signal processor having in at |east one frequency channel a

conpressor, and converting the processed signal into a sound signal,
char act eri t& ed s hearipg pid gecordingde 9121139@@ og 3, wherein the compressor has a release time

above 5 seconds, preferably above 10 seconds, and in particular 20 seconds or more.

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




the conpressor has a conpression threshold at an out puf J3W#R 2998 ow t he
hearing threshold, a knee point situated below 25 dB SPL input |evel, and
an attack tine above 0.5 seconds. 9. The nethod according to claimS8,
conpri sing conpressing the signals above a knee point situated bel ow 20 dB
SPL input |evel, and nDre preferably below 15 dB SPL.' 5 10. The net hod
according to cIa|n18 or 9, conprising conpressing the signals upon the

LY 11 e b RS SRR o B} g BRSRIES
rel i nqui shkkgepoiipsivasd bdow DedB SPT iphsleveh@nd dh@iadXiithd 3bood 0.8 sdcohd®ase ti me
above 5 seconds, preferably above 10 seconds, and in particular 20 seconds
or nore. (ac to any of .t cl ai 8 - 11, .

co rr?r is |b Inch ors? e:%: g i}acw{bﬁ ' Clc&%ﬁé::ggméng cgﬂ: fﬁbl;ﬁ%ﬂg?%jgﬁﬁg?@%%é ancli ,
preferably abiudtedheldw 203B SHeinpe amlan@e ghic chawy cl ai ns - ,
conprising processing the electric signals in a signal processor having a

set of gonp n ' cted to a
Fespect | vertiaa il pitoftine bRl ¢ g dbupdenely Gftels S B0SES
correspondi ngafblaatt:hplatsme fholve &pa@dnds hghalpaldarlanﬂasleconésor nlete. The net hod
according to any of the clains 8 - 13, conprising processing the electric

signals in I.anal i -al | : ggﬂg . ef erably
nore than %QJ%%gﬁﬁgFQ&Bﬁﬁéﬁggre é??% %@ﬁﬁﬁgﬁMgﬁ%ﬁggne s%éﬁ%gk preferred
more than 10 siehalnneinghe expigy OfStIPk#SC timeabgieSfseqondsd preSrabhycabred K seconds,

and in particular 20 seconds or more,

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.




