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WO 2007/025569 PCT/EP2005/054311 | TUW 064 WO METHOD AND
APPARATUS FOR CONTROLLING BAND SPLIT COMPRESSORS IN A
HEARING AID 5 BACKGROUND OF THE INVENTION 1. Field of the
WRENIBAMS The present invention r]elates to controlling sodﬁ%@?@’?\%ﬂs“su
and, more particularly, to methods and hearing aid devices that process
sound signals, in particular for hear- ing impaired persons by controlling
TUWLi4eV&s of band split compressors in a hearing aid. 15 2. Description
of the related art Hearing loss of a hearing impaired person is quite often
frequency-dependent. This means that the hearinﬁ%loss of the person

varies depeNHAGIORtAGHFPHERAA TR ERRCHMaREYhFsating for

hearing lossganbeap e aYRIHRESBISHS vill perAOArafe gy dependent
amplification and compression in a wide dynamic range. Hearing aids

therefore often provide to split an input sound signal, and especially
speech signals recgnek BRavNpubFansdusareitheKearing aid, into
various fre- quency intervals, which are also called frequency bands. In
this way it is possible to adjust the input sound signal of each frequency
1. Feld cbirideviduadifiode pending on the 25 hearing loss in that frequency band.
The frequency dependent adjustment is nor- mally done by implementing
a band split filter and compressors for each of the fre- quency bands,
Thedvested ibaattioplitdatapreseort iR ETHEY BigsalnAtisagT® rarticularly, to

meRBlisbandrkampsesatieickispibitposeiie ta@diustifng886iar for hear-
~individually in each frequency band depending on the hearing loss as well
NG MPRITRHUERIGRNEBURBTE SRl SYRiT LRSS SRS HERIRIRYS M 2
he&@iglaldor example, a band split com- pressor may provide a higher gain

for a soft sound than for a loud sound in its fre-

2. Description of the related art

Hearing loss of a hearing impaired person is quite often frequency-dependent. This
means that the hearing loss of the person varies depending on the frequency.
Therefore, when compensating for hearing losses, it can be advantageous to utilise
frequency-dependent amplification and compression in a wide dynamic range.
Hearing aids therefore often provide to split an input sound signal, and especially
speech signals received by an input transducer of the hearing aid, into various fre-
quency intervals, which are also called frequency bands. In this way it is possible to
adjust the input sound signal of each frequency band individually depending on the
hearing loss in that frequency band. The frequency dependent adjustment is nor-
mally done by implementing a band split filker and compressors for each of the fre-
quency bands, so-called band split compressors, which may be summarised to a
multi-band compressor. In this way it is possible to adjust the gain individually in
each frequency band depending on the hearing loss as well as the input level of the
input sound signal in a respective frequency band. For example, a band split com-
pressor may provide a higher gain for a soft sound than for a loud sound in its fre-

guency band.
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guency band. WO 2007/025569 PCT/ P2005/054311 2 Figure 1is a

block diagram of a conventional multi-band compression processing

system 100. The system 100 includes a filter bank 102 that separates an
W#c@mmff“%und signal into differenléfrequency bands. The iRERRIAP AT

split signals for the 5 frequency bands are then supplied to band split

compressors 104-1, 104-2, ..., 104- n. The compressors 104 amplify the

level of the band split signals and then supply the amplified signals to

o s o ko PR A AR A S prgpossing

systemcEONithe e eatemiEd Siuped esve Bty pranlud@Ahphirepating afyingeming
souM adeer idd L9R RUPedRE AR Iisd SoHNd iBIg0RS JOIRIRALER 3 AP the

sound signal. In order to adjust the hearing loss of a person

frequegsumande sEn desn, SERPIRIL 28204 RBGCRIERPERR TN didnadPid a- 104-
n. ‘]tiﬂfcg@diﬂmbd%d?éfg@@@ﬂ@!&f_?_@ﬁg%mw,bﬁlrﬁlﬁ@pﬂ@i@!@nais and then supply
requency-dependent amplification and compression, care must he 1s
the SR 15 S e DA S o L oo T R EER g 2
plifpan-linemugeodesssognd parttteldoptobleariddteqiencguapéadent in accor-
amplification and.com- pression.is the so-cal tr eall i
S T R R AR AR e
108igtereribesaimphitespemotd spettiane aredinesre @ vip ¥rivoigetignal due to
the individual gain adjustments of the various band split com 20 pressors.
A way to cope with this problem would be to reduce the number of fre-

In Qisandy BaiES, aRHsRIISSS alsd BearRAITaRtReKIRBRSP AR thEHsHEus ad-
vadlitgg&?ﬁdt;]@ é@iﬂﬁﬁéi%ﬁﬂgtﬁﬂeﬁ fsegweneyriepsneentditingrahadeadngver,
oss of a hearing im- paire rson. ﬁSQFLéJS atent 6,873,709 describes
WORBaHAG TG SRS TSI B SR EGMBPeioR Gpus! be
takeound=sigidalsnEbe sdesg riteidrtiveth adtem d sppaattd srattemplt itb aachieveliacar
P T AR Al e e S R e Hala R R Bland com-
serve spectrum contrast at high levels by constraining the gain amount for
prezstindé the so-called spectral smearing which may cause a loss of speech intei-
ligibility since, e.g., the spectral differences in the speech spectrum are smeared or
smoothed out due to the individual gain adjustments of the various band split com-
pressors. A way to cope with this problem would be to reduce the number of fre-
quency bands, although this is also a disadvantage since it wili then not be possible
to provide a detailed frequency-dependent fitting of a hearing loss of a hearing im-

paired person.

US patent 6,873,709 describes hearing aid devices that provide improved filtering
and compression of sound signals. The described method and apparatus attempt to
achieve a better speech audibility and inteliigibility at low levels and also to pre-
serve spectrum contrast at high levels by constraining the gain amount for each of
the frequency bands against gain amounts associated with at least one neighbour-
ing frequency band based on the corresponding estimated signal levels. As a result,
the input sound signals will not be amplified by the gain amount adjusted by the

compressors but with a constrained gain amount. This means that at first each



the frequency bands against gain amounts associated with at least one
neighbour 30 ing frequency band based on the corresponding estimated
signal levels. As a result, the inpgt sound signals will not be amplified by
the gain amount adjusted by the tompressors but with a constrained gain
band splihamopteFis nerdraistibe acivet daidialpaianio Sphitreshanidesdraspiansg band

based ont@ﬁea&ymué@'sl@%vai%m SRR frastip BenBantebased oM thejustment

estimated signal level in this frequency band. After the gain adjustment

SUIMa by
by each e iii\ilIAd RreBrRpPeEsdiand iimha Gl SRS aRi e oRRRSiFRInsY &Y @
succeediﬁ#(@ﬂhi@d%&lgmmﬁirﬁitﬁslmitﬂé[@iniﬁ&h@@iﬂ am@istiexaaats @ tedsinold

thresh- leyel. Nevertheless, there remain disadvantages with.speech, .
ovel. NSRS T BB R I SRR AR, oSt W g e in
telligibilityneinictidhinitabgeituaniocatstuzinimg @atiyecopdividihathinifsdcgiain amounts
cannot réangaé%aaﬁf?\c%%\6@&%\6%%@%&5&%@@%{9%%iﬂ-%d. non-

individual band split compressors. The restricted capability of constraining

linear progessitigligahedniividiueheans SR T PRBrESTYarcibyapiEisieg fapability of

constraind@MtA Mk YeanSHNetcondc e signahievel ippredreduietiay fandhat a
in amcSE oS, Ahresholg IeveLsinceydbis & specium conirast on il e

gain amc}%’if)&%@ﬁ'%@? i8ﬂa¥| "e0&1S Wilfbe preserved. THE |m[}fementat|on of a

thresholdyiénaosiswaitydtbisitahepefdrermapntictist apal it pespart e higheih signal

levels wif BREBrdddeelIefRdSASIEREIRGIDRTEY ﬁ%ﬁﬁh%%f%@@ﬁ@ﬁ@rgfgre may

~ multi-band compression processing of sound signals. SUMMARY
not copeyifh APTEIREr RN EIAFIPISIEAASSSiments can provide a method and

hearing aid for processing sound signals by band split compressors

e, RO R GO LSRR PR G

processisgidimethrelssgnaiising: a) filtering an input sound signal into a number
of frequency bands to obtain band split signals; b) estimating a signal

level for each of the band split signals; c) arran in}ithe frequency bands
in at least two grotiINWg Q*‘eéﬁfﬁ%f@ﬁ(@%ﬂ@ es signal levels of at

least two frequency

Example embodiments can provide a method and hearing aid for processing sound
signals by band split compressors having improved gain control propetties.

In a first aspect of the invention, there is provided a method for processing sound
signals in a hearing aid, said method comprising: a) filtering an input sound signal
into a number of frequency bands to obtain band split signals; b) estimating a signal
level for each of the band split signals; ¢) arranging the frequency bands in at least
two groups, wherein each group comprises signal levels of at least two frequency
bands; d) calculating a compressor input level for each band split signal, wherein the
compressor input level for a respective band split signal is calculated based on the
signal levels of the group arranged for said respective band split signal, e)
determining a compressor gain for each band split signal based on the respective
compressor input level; and f) amplifying each band split signal with the determined
compressor gain for said respective band split signal.



bands; d) calculating a compressor input level for each band split signal,
wherein the compressor input level for a respective band split signal is
calculated based on the signal lgvels of the group arranged for said
respective band split signal; e) determining a compressor gain for each
In a secobdrabppiit St indion, theredparnvided mmersuiaiposizen apataining
executabR Y B eRsHPARTE AP HRionaluidRete L UBIBHSOBRERER SRR 0d
~ said respective band split signal. 3a In a second aspect of the invention,
accordingrigih & 15RSAGREA computer program containing executable program
code which, when executed on a computer, executes a method according
.10 the first ect. In a third,aspect of the invention, there is proyvided
In & i e o e Bl e iR G A PO oS o duct
containing/keraxebitcprograrcarngateiskesihes axeetied ercorimptianceisguies
2 metho@é@@&dfﬂ&&qﬁé@i?ﬁpﬁ%&mhe invention, there is provided a system for
processing sound signals comprising means configured to carry out a
method according to the first aspect. 4 In a fifth aspect of the invention,
in a fourthergpsdirevidediajeestng Midrcamprisingdn inmibirFosduroeevdieh dound
anal configured to transform.an aco st&cai,rrmutu O%n(rjn %it%rc])%l igégoari}mele%riﬁ]e first
signais ¢ 56%(5“5?&93;%08 BRIt Rt BhiPWhich 1S con igured to fiter the
aspect. electric input sound signal into a number of frequency bands thereby
obtaining band split signals; a signal level estimation unit which is
configured to determine a signal level for each of the band split signals; a
grouping control unit which is configured to arrange the frequency bands
into at least two groups, wherein each group comprises signal levels of at
least two frequency bands, and to calculate a compressor input level for
each band split compressor, wherein the compressor input level for a
respective band split compressor is calculated based on the signal levels
of the group arranged for said respective band split compressor; a band
split compressor for each



frequency band each of which is configured to determine a compressor
gain based on the respective compressor input level, and to amplify each
of the band split signals with the compressor gain determined by the
respective band split compressdt; a summing unit which is configured to

In a fifth aSHBLERE BERkiedksandisill Hanaladesns elegHifg spunebantpeiraigaalinput
and an output %ransd [c%()ar which is configured to tran@;orm the ele

transduce B s B0 RGPS AT RS Ao A AR U6 Bl e AR SRR
electric inpotl Seaningajdah exdmapie griibditienams, Wwisgossildertiganemde titer the

i . . A . >
ol n USR8 BT BB LSO o
split signajgoapeignaldane! sghigraéoasdiiit ¥iupyivGoale wied ndeiRreinameignal
level for eSMBASROPAIRVEIaNAliipRach gidhgiRg RS riRH GAMMIABROES cHiFiganstl to

split compressors being used to determine or calculate a _compressor .
arrange L IFeRISLBHAFAII BIR SpIRaR. MR PRTeVeh RPELEAL AP L pomPrises
signal levengfressenis thus Galgutateyl barttie, barsis fof tadignal fevehiptbesor input

level for Gaan N frsﬁgﬂ 688%8?&%@? Wle?éigntﬁ%e 88!%&5%&%’&{3' Efal -Uglla#?r a

a )
Sighal evéis e’group Into’ account. Since not only the signal level o

respectivetth@respelitiveniesent ysrauiics| 6 sethasigaaigal xpisiakdha gpup

arranged RSCOMBLWESESRICWAHBGHIR HaphbieuehrSBESHAL SPIRVIAGFAESRE for each
avoided even if the input sound signal is split into a large number of
frequency Rt A DL Ao ARG T S BN B P A BBl a5

on the respetily dbenfaeistat ithutdetedl sightd lavelldy @deyoettoy hamdl s Etidignals
: considered w j cam- - ' .
T
summing sudcebithdsconsfiginegtorsure Gemamliieddanslisplissiepaisder iy Fectric
sound oulBEiSiGRhIewRls ahfwinstdieaenfePande N ReRlFtgUIEGING thensform the

_compreéssor input_level. In example embodiments, the arrangement of the
electric OWRIEFOHBY SiFRR! JHAAY RSP UL EBHTIAPHIRHE $i88Re of the input sound

signal and/or the degree of hearing loss of the impaired person. Each
With the GHHBA" aar}/dcr?gga%%eail&qﬁi%ﬁgmérg%%'&ﬁ%gﬂ@ ﬁfiérﬁossible fo arrange
the frequency bands into groups which means that the signal levels determined from
the band split signals in each frequency band are grouped and the signal levels in
each group are then used to calculate a compressor input level for each of the band
split compressors, the band split compressors being used to determine or calculate a
compressor gain for each band split signals. The input level for each band split
compressor is thus calculated on the basis of the signal level in the respective
frequency band as well as on the calculation result taking all signal levels in the group
into account. Since not only the signal level of the respective frequency band but also
other signal levels are taken into account when calculating the input level, spectral
smearing can be avoided even if the input sound signal is spiit into a farge number of
frequency bands.

An advantage with respect to prior art technique may be seen by the fact that the
actual signal level of a frequency band is still considered when calculating the com-
pressor input level for this frequency band when determining the compressor gain
without any succeeding constraining on the gain adjustment but also considering



respective band split compressor, at least one neighbouring frequency
band. The neighbouring frequency band is either an adjacent frequency
band or at least one lower or higher frequency band that is in proximity to

. e frequenc Ran of the respective band, split compressor. In example
the signel NGl b TRD EORSRSC AR R ANE] s B Vet it A e et
level.  compressor is calculated by weighting a determined or estimated signal
level in the group. Weighting could, e.g., mean that the signal level of the
respective frequency band is weighted by a higher factor than for

In exampigagiphetiaspalie ar@naeagat &t thequeney sdRRRkH agandkis set
accordind/&iaRied RV Righes fastardbandeaigharasianst inved frtedravarigiehsts of
. not adjacent t% ﬂ]ﬁ frequenc%g(band of thebbanﬂ s#)lsb cgm ressorbln d of th
the impajed RS A Boifith R RHD T pGRIRRER for ST thE Bty Sy Pand of the
respectiveogmdssplis opledated bty lepslymgeameaghbmatiogl fieueterciothed. The
. : ft 0. : T : )
reionoodP RS HBAULINE TPOSBRMRIFD R RNEI N Wt on
lower or dhighegrsapuacenrimetidiat dnbbdrashin iy donthdraatieachansh rf dhe

respectivE®SASIRTBRISFes8EY the output to that signal level of the group which
has the maximum value. In other words, all the input levels calculated for

that group of frequency bands will be set to the maximum level of the
In exampigrahevditsanthetgeouprrandsheniapuhtividLidgaacivitebp etsigneahid split

compres T (SIRY P - O PSS SR 0

group. V¥eightngrepeltteguncyasihdiatiiiensidsellemsl seidthe dpeeaelNe frequency
band is ﬂ@%ﬁwéyiwﬁ@@fa#qaﬂwfﬁw%%%m6@&1@@@@%{3&,&taﬁradjaoent

mathematical functions like a. min or a mean function are implemented
frequend, GRaT B R LE U oich ARG e S ACEby AUGHEE Sonal fovel
of the groupingiemplatendd ad@gaia fredhenéebaeddytobame oombre grangds split

compres%gg a decision rule for each group. The grouping template, according to

an émbodiment, may be a number

In example embodiments, the input level for each of the band split compressors is
calculated by applying a mathematical function o the signa! levels of the group. The
mathematical function is a function which as an output generates the compressor
input level out of the signal levels of the group. According to an embodiment, the
mathematical function is a max function which sets the output to that signal level of
the group which has the maximum value. In other words, all the input levels
calculated for that group of frequency bands will be set fo the maximum level of the
signal levels in the group, and then an individual gain will be assigned to each
frequency band by the respective band spiit compressor according to the i'nput level.
In this way, smearing is avoided since individual gains for the single frequency bands
will not be increased, respectively decreased, independently. According to further
embodiments, other mathematical functions like a min or a mean function are
implemented.



defining how many frequency bands are arranged in a group or a function
defining which frequency bands are grouped together. For example, the
grouping template may be equal to 3 starting from the highest or lowest
frequency band so that every thl%e neighbouring frequency bands are
in exampéeranmged imendeptrategtbop s r@f bearky, itk pasyigasup graythen template
ontal ly on regue L ;
to arrang& ﬁ%}%’%%@ 6 a;"?ﬁgé] S)Wé BFWQ%QGEQ%@QaOBéB%s&Y?@g for each

num frequenc sS. In example embodiments, the decision rule

group. The @seHRINGUER BIteaResRTAiRal tRumiticiaRAsmaHe Ao REwhidrgber

defining ROWIRGEY thedianalleunia ofdhe dregiugaeinbangs ielongifaretibe gefiing
hich freOf the freb(gqﬁ cy band of thgniorre ?n |cr)1 band I|tt comgressor. Inm late
whie PlebanR e ATS WRETh SR thedh SURLBEK G HERHRNKY fRmP

may be alassifyifysthdingpinosouthd sighalistiotolseast tepsescyntethe rsprindtiegery

three nei%ﬁ[ﬁ@ﬁ%&%@%&qg@é@%ﬂ% r?@t%ws @8&%@@3%%. Of course,

ass. In this way an adaptive grouping and input level

the last grgivIEBN AR FrENiaEY AMCANR NV SiapEesel baiiris SaprrfiBmRthe

overall n@nddlesisienutlecaeprignised to the incoming sound giving the optimum
result for the hearing aid user. For example, for speech and music signals
more groups may be an advantage for assuring audibility in all frequency

in examplandsniidaithe etk disiowiselsidonlsdeveggraups diesoftidiematical

function é@méé%%éf QB&%%FR&WQ@%@&QD%% fﬁﬁiﬁéigl%é%‘?mnﬁgd’ﬁigﬁcy

unction as decision rule result in giving the feeling of an _
bands belgeginmisbecdintp et dha frRausmatbrRENToi FoPeRERRAAM GBS eplit
compresddexample embodiments, the degree of hearing loss is also taken into
account by the method and hearing aid. According to an embodiment, the
degree of hearing loss is provided or determined and then classified into
In exampieampddsastdsstwesnahatiof thedntain fmand isngatssnatass ay graggsingng

ne o SRR SO0 e NG O MG e
and/or the decision ruie according to the determined sound class. in this way an
adaptive grouping and input level calculation are provided which means that the
selected grouping template and decision rule are optimised to the incoming sound
giving the optimum result for the hearing aid user. For exampie, for speech and
music signals more groups may be an advantage for assuring audibility in all
frequency bands. On the other hand, for noise signals fewer groups are sufficient,
since there is no need for audibility and, e.g., fewer groups combined with a max
function as decision rule will resulf in giving the feeling of an overall noise reduction
and thus a better comfort for the hearing aid user.

In example embodiments, the degree of hearing loss is also taken into account by
the method and hearing aid. According to an embodiment, the degree of hearing loss
is provided or determined and then classified into hearing loss classes so that for a
certain hear-



gain adjustment. For mild hearing losses fewer groups are needed to get
a satisfying gain. In example embodiments, the grouping and/or the
selection of the decision rule is made adaptive and optimised to the
incoming sound. In this way the best grouping and/or decision rule are

ing loss ciways getegtind, tfumdptseanshiatuandesisiofortie iseRrmydad. bssreranmie,

i irae, ' PBEJBA R ALKt
the more %‘i’g{ 6@%%&% g %%@?e)ide gios!%?pq%ﬁ%%eﬁdgg’n?ﬁcti%%gvith tk?gelﬂ SHihg

gain adjugkeRtp ARy AREAAGE RHIES IRNELEOHP AP REKARTIR JRE 2 satisfying
gain. principles of the invention. BRIEF DESCRIPTION OF THE DRAWINGS
The invention will be readily understood by the following detailed
description in conjunction with the accompanying drawings, wherein like
in examplefererizainentsalthelgsiomeitglikadiondha s elephontHialig ido@isten rule is

made adgéﬂwg 38 3inskdiegramoha Gath %@Q@@.W'fﬁ@%ﬁ?qm@@%oqpmg
processing system. WO 2007/025569 PCT/EP2005/05431 Flgnure 21s

8 _
and/or degisigrHIB G Wrayp S&IRfIeHd S dfy B BREB Rt DG gRyIng aid

user. present invention. Figure 3 is a flow diagram of a method according to one
embodiment of the 5 present invention. Figure 4 is a flow diagram of a
method according to another embodiment of the present invention. 10

Other adFapiegSsiohithbekaingesndbedimarnis will becorammasepient from the

foliowing SIRPALM SR S1HEPIGREAU INVESHIORHIBLIG D 1#ha ISREBRePUAYIEDIREings
diagram of functional units for use’in a hear- ing aid according to an

which illusiisdienByIhexgiaskn eaTisples of the invention.

BRIEF DESCRIPTION OF THE DRAWINGS

The invention will be readily understood by the following detailed description in
conjunction with the accompanying drawings, wherein like reference numerals
designate like structural elements, and in which:

Figure 1 is a block diagram of a conventional multi-band compression
processing system.
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Figure 7 is a block diagram of a hearing aid according to still another
embodi- ment of the present invention. 20 DETAILED DESCRIPTION OF
THE INVENTION The present invention relates to improved approaches
w8 ?ﬂ?@fﬁ?ﬁﬁ(ﬁt sound signals into a nymber of frequency ban8§ t6-bHaf+311
band split signals and to compress the band split signals for hearing
impaired persons in a hearing aid so as to achieve not 25 only speech
FicauidiBility dmdhibtetiigifidigyaputodlsohieeredu eaispentrdlrsmearimg émthediment of
output soumg E@gg tlﬂg@at ows a block diagram of a first embodiment of
a hearing aid according to the present invention. The signal path of the
hearing aid 200 comprises an input trans- 30 ducer or microphone 214
Figlrasforming andrayiatieainpyt somrehsignaldptaiag elesHEiGInBHLERALRCof the
signal 226, a band split filter 202 receiving the electric input sound signal
and splittif tRROEIBERESApUt sound signal into a number of frequency
bands WO 2007/025569 PCT/EP20051054311 9 to obtain band split
. signals 218-1, 218-2, ..., 218-n. The individual band split signals are then
o 0 A R A0 R T A B0 A e Sor iRl the
timating thersegmdliteeetifor. each of the band split signals. The individual
signal lev- els 220-1, 220-2, ..., 220-n are then supplied to a grouping
control unit 212 to de 5 termine or calculate a signal level referred to as
Fidtompressds mplitdieviiasoreashaonea tizhagpiceditipeetsengthen eptwgiment
., 204-n for grchreldheifiraiency bands. The compressor input levels
are referred to by reference signs 222-1, 222-2, ..., 222-nin Fig. 2. To
calculate the compressor input levels 222-1, 222-2, ..., 222-n for each
Fiaraa split eompisss@ntthegupngsgatrobanindlidrairangesdhaessignal hear-

levels 220 10 1, 220-2, ..., 220-n into gr h that for each band split
comprossdP AT oY B0 ANS PAPC 1 Bela R G AR e

compressor input level for this band split compressor is calculated based

. t i |l in. ) ] i .
P e S et SR RS Eftfler emboci-
ment of the present invention.

DETAILED DESCRIPTION OF THE INVENTION

The present invention relates to improved approaches to filter input sound signals
into a number of frequency bands to obtain band split signals and to compress the
band split signals for hearing impaired persons in a hearing aid so as to achieve not
only speech audibility and infelligibility but also to reduce spectral smearing in the

output sound signal.

Fig. 2 shows a block diagram of a first embodiment of a hearing aid according to the
present invention. The signal path of the hearing aid 200 comprises an input frans-
ducer or microphone 214 transforming an acoustic input sound signal into an elec-
tric input sound signal 226, a band split filter 202 receiving the electric input soeund

signal and splitting this electric input sound signal into a number of frequency bands
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The individual compressor gains produced by the band split processors
are referred 15 to by reference signs 224-1, 224-2, ..., 224-n in Fig. 2.
Multi }l%r% 206-1, 206-2, ..., 206-n are provided in the signal ath for each
vt %H re\quency bands to ampllfy egich band split signal 2187 g’fgoifo-mu
218-n with its corresponding compressor gain 224-1, 224-2,..., 224-n to
produce amplified band split signals 230-1, 230-2, ..., 230-n. A summing

io obtatrpDeenEnasalie?dihplifddBand SPR-sighzgsingivrbdlband spll signals

are ﬂ%ﬁg%&ﬂ@%@ggﬁ%@%&%m@mg@b@ frapvformed DypaN for es-

output transducer 21 0 an acoustic sound output S|gnal F&; shows

t!maéma\xm.ég%% 880 Hrsermtudigiaparst sRYII PR EtfitiEntEoftealgtional lev-

els Dithtband.or bangbsplitpernsesagisieacyy dingréamng esnhodinnent of thede-
invention. 25 The sou si néaﬂlé)r essing is, accordln to
el

termia, BRI FrIte B TF BTl HeYh el iongagh of a
banﬂ@bllimm;be@swbl:@cm Jieodethad gEpBid esbuwfdisgratpeocessinds. The

300 an |n ound sign initiall 3 iltered
com ress ﬁequgn%% t’)%én s o%gya{%?gg%%ggg\%{%t Sig n1al% %‘hg; in| %@@n n
Fig Sauﬁ”@ mgh:allaéethhe divitira 600 vmiﬁdg\fﬁéﬁqé’é’ri’cﬁ' ni’t%?v%;ls wiiéB- arénr each

bandAVERt eé%n (9, RRchAther AR Whigh Mgkesibnragsinletis 220-

adjust eac frequenc d individually dep endlrgj? on the hearing loss in

g %%%ru?pw VR TOTHRISS69 P BB OISTOSA SN @Wu’éﬁ%{'ﬂﬁ@?ﬁ@héygmup of
fre d@@@@ﬂ@ﬁ%@ﬁ%&%ﬁ@ SéﬁﬁaﬂH@V@HQi@Q@Berﬁﬂw m«??ﬁplmflmwa split
IS estimate e estimatio termination I nal lev b
COTRRSGhS FEIALb DY o B UREPIEAF Beth b PHCo P Gh o it
conheatgralekr200tcbni heémuﬁmsﬁhﬁr@smb%bdmarutammdanﬁ&onmpwt tevel.
Theﬂ@%ﬁ\{s H}i%%@psrg s§r4o Ar ra tggft(}%%éﬁrg 30 éﬁ:@?g 'ég o?‘@é?éjpeferred

s assigned
to b tb’&trgrmepsmeﬂéﬁémmf@f&é’counﬂ%énfdgﬂerrﬁlrﬁﬂkﬁéﬂﬁlﬁsc%ﬁaﬂe%&ﬂ?

2061P ‘étrée‘ﬁ%ﬂBHbaFrgfiﬂgps@%%%i{ﬂgf&? anemhogingaah B bands to ampﬁfy
each band split signal 218-1, 218-2, ..., 218-n with its corresponding compressor
gain 224-1, 224-2, ..., 224-n to produce amplified band split signais 230-1, 230-2, ...,
230-n. A summing unit 208 then sums the amplified band split signals to produce
and electric sound output signal 228 which may then be transformed by an output

transducer 2186 into an acoustic sound output signal.

Fig. 3 shows a flow diagram 300 of sound signal processing by efficient control of
multi-band or band split compressors according {o one embodiment of the invention.
The sound signal processing is, according to an embodiment, performed by a

hearing aid device such as the hearing aid 200 illustrated in Fig. 2.

in method step 310 of sound signal processing 300 an input sound signal is initially
received and in step 320 filtered into a number of frequency bands to obtain band
split signals. The input sound signal is thus divided into various frequency intervals
which are advantageously adjacent to each other and which makes it possible to

adjust each frequency band individually depending on the hearing loss in that par-
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1o rangement of the frequency bands into one or more groups, i.e. which
frequency band is assigned to which group, is done, for example,
de ing on the nature of the input sound signal or according to a _
“%régé%e%#%% ep 350, a compressor ipput level is determined ?o‘?%%%ﬁ%g’ﬁésn
split compressor 15 based on the signal levels of the corresponding
roup. The corresponding group means that group which has been
ﬁcugaraff@wﬂmﬁ@rsgda gplexonfnesoradianitie didenrasiesddpmpand split

sigrRYelissderreiriminee hirlatrrminalingrinidangn fof @@m@%z R¥el of a band
calculating the compressor input level based on the signal levels in the

splif HapRLS R HERE. Hin® SreanS'BIAVBYLAREPAIS Pt i Rerratias aid
20dunctions. Ac 20 cording to a particular embodiment, a frequency band
may be arranged into more then one group so that the signal level in that
frequency band will be used to deter- mine a plurality of compressor input
Théefretyjeramdiyralbthat tomnpressgehpuiblevesonticte ayeodeteimmiten] 340. Ar-

e taonpecss o |
b e R e T S R D s of

thecfigaeeRMEasSISIASEIRSE 2 ATl T Pedive P BARD BoROUAcHRpaRERMIN-
ingQRY Basere b inRIESReEl e flanatderelaBcbrdi o HNeIRSHBRME the ar-

frequency band but also on all signal levels of the group arranged far this
rangegiN Y PR EALRRRY3BHNES dBIRRESSOr GHiFEiT &t r8q %9 BgAyency

bang thensdriesth edHaserbap, thedopre fapantinga atopeesibay optitdenature of
and iEitiaI Igjain values in ac ance with the 3o hearing loss of the

theH@BH @Oéﬁ ugar quﬁ%\géﬁéﬂt%grﬁﬁ?g%or gain amounts for each

frequency band are then used to amplify the respective band split signals

In l%ct]g\év 60%7é§§§§%§s€ﬁﬁéﬁﬁ%98?(&éé%lr&\eﬁ&%ﬂgﬁ?QaHﬁ RSP SSAERN SRR sor

the a and split signals are summed to produce an output
basedieth Sl Sigspelaralspielitn oATRSERIG e aIRYBIlik ErersiséaeRding group
metel '{ag%i'&%ﬁs%?qmg%%maﬁ%gmgtﬂ@5%@@%@@%@@@@ for which
e

groups and determmygg/calculating,t respec- tive co_mpf(),ressor ianut level |
thengREREH AR BRIAP K i oA fE BURR sHOR AR TRIRTIOT iR (Uiip 85 S8R MP1e:
by iRVl Mayctieprossuseathinridesemautgdhetisdivigaalieasts in the group

using a max, min, mean , or even further appropriate mathematical functions. Ac-
cording to a particular embodiment, a frequency band may be arranged into more
then one group so that the signal level in that frequency band will be used to deter-
mine a plurality of compressor input levels, namely all that compressor input levels
which are determined based on a group to which the signal level was assigned in
step 340. As a result, an individual compressor input level for each frequency band,
e.g. compressor input level 220-1 for frequency band 1, is calculated not only based
on the respective signal level, e.g. 218-1, of the respective frequency band but also
on all signal levels of the group arranged for this frequency band. In step 360 a
compressor gain for each frequency band is then determined based on the corre-
sponding compressor input level and initial gain values in accordance with the
hearing loss of the hearing aid user. The individual compressor gain amounts for

each frequency band are then used to amplify the respective band split signals in
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pressor gain for each of the band split compressors 204-1, 204-2, 204-n,
since the calculation of the compressor gains are not calculated on the
W%%nal level in the re 1o spective frequency band only. Therefore, the

corﬁ%7 S5 gain amounts will not 0{}Iy be increased or dech%@E?%?@éﬁsn

on the signal level of the respective frequency band but also based on the
other signal levels in the corresponding group. How- ever, the gain

SeRIdUnts sreuitnpearulstea Fifivide Ayniiethienthapibsemetsbaadsraplitd to

profUBRERSERLAR dadividsighgpmpressor input level is determined so that e.g.
dif 15 ferent hearing losses in certain frequency ranges can still be

handled by individual initial gain values in the band split compressors to

Spgetransmeralicsatisting vainatbinstaenipEBercaicationPEsRR & M8ed by
arr§]M rgt%seogrlrgﬁut Iev%ls b se{j on the signal levels of 20 the group,

S ERTBoHIRTENT R HOYE B e RFHRHG HRSL G Rna s fisspec-

ac or%hng to a
tivgyroumEes@xanppl s the wrapressbe injgnbleleskis déttrnined asodding group.
' - ' irst the, signal levels in the group
T R DR S D I I
pragRhefiatieacaieragiherens sedifeersigreridey @Bdsip@dérthéd4en, since the

calEBISHIAR PFRSENING: EQMPRRRO TP HLIGYE AREArdINGHIO 233 MRS the re-

embodiment, one group of signal levels is used to determine the compres-
SPREMA FGAIRARY RATSEOBN DafTaTepnt BsniproRssonaRcaBewpradsit only
be imputisedels wstiingtraradbatenegrepayiliiharberetdadbgtive frequency

imum level of the signal levels of this group implementing a so-called
Do R Bl B E T BT SREle T oS R Gk How-
evenither gaeaarfunctisasasdll belduiptethentiediashBtheardingttat for each bands
' Dr ti ion.. 007/02 9 . ,
sel S A e R e L o iningt a0
fergmé Bapinddossesfivetpouiaswnw tayke folowilgheataiditshhyliedividual
initdNEERINgoMNg SighRY i§JiiH%@ﬁdrggsE€£k@§g¥a%a&%& g-aﬁsffi}ie;’%lxin ad-

~corresponding to band split compressors 204-1, ..., 204-n-1, 204-n an
justmerhiculation step comprises:

The calculation of each of the compressor input levels based on the signal levels of
the group, according to an embodiment, is done by weighting the signal levels in the
group. For example, the compressor input level is determined as a weighted aver-
age which means that at first the signal levels in the group are scaled according to
the applied weighting function and then a mathematical average on the scaled sig-
nal levels is performed to calculate a resulting compressor input level. According to
a further embodiment, one group of signal levels is used to determine the compres-
sor input levels for several band split compressors. All these compressor input lev-
els resulting from that one group will then be set to the maximum level of the signal
levels of this group impiementing a so-cailed max function. It should be noted that
other mathematical functions like min or mean functions may be implemented ac-

cording to embodiments of the present invention.
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5 calculating the compressor input level 222-1 of compressor 204-1 by
0.5*signal level 220-1 of frequency band 1 plus 0.5*signal level 220-2 of
fre- quenc band 2; calculating the compressor input levels 222-2

W?zzé’ compressors 10 204-2, ,,, 204-n-1 by 0.25*sign5?@@gf%’§6§fsn
" 220 n-2 of frequency band 1, ..., n-2 plus 0.5*signal level 220-2, ...,

220-n-1 of frequenqy band 2, nl plus 0.25*signal level 220-3, ...,
Acgardipdopfrsyeshegivaent. 3he waitidépee! thesigaadiewtutitmethsup is done

by GRRIRHAA Ieafeblgﬁsh%%?envmé;@m%%eaa%ar@f,&%.'-‘eélgﬂa'ﬁ%\ﬁemy
220-n- 1 of re% ency band n-1 plus 0.5*signal level 220-n of frequenc

bapfih n' Such-a WefGHERRPANERBIPNRAPDERIA SaUMIERSE SIFQHthe acttRt-n-1,

204igraldenelseidhetiresprgliventiameency band is still considered by a factor
0.5 but also the neighbour- 20 ing frequency bands are considered by a
factor of 0.25 (or also 0.5 if there is only one neighbouring frequency
bandaIwkhm]mgeteﬁnicmrngaﬂeesimpum:&uel{émethémm pressopreastirer204-1 by

S O A NS R BRI i ot e

ban@gefa"djét%ﬁi 8t in proximity or, depending on the nature of the input
soupglcDRkiky2heTesiH s FresRecire Sreagency hand.qf whighiBi@ssors

input level for the band split compressor is then determined. A frequency

bantC4dfacentBfHA-proXithiy AR fner #relenoydsahtrsUig geency band
understoedzasias fegusmey kv agoich is nezs-ant @Mﬁqfu@ﬂg?'b@m@@nd -1

but not a neighbourin fre cy ba%jp| Its Id also noted that other
ol G A TEL 2 e LA BT 4 5 PR 30 1 resmec:
disttibeittpandould be used to calculate a compressor input level based on

the Ea‘i’”&'fb Gyeln ot Eh‘?#)r%%BoP"’ gin iR aistange of pé&?é.'ﬁ?&s%f 2204-n by

frequency &hd 1o the fre quency ando the present compressor input

leved é&wﬁah@yfthgme"ghtﬂféféﬂv&@ﬁmzsit)@g@@ﬁm%%@q n of

frequency band n.

Such a weighting function may be an advantage since the actual signal level of the
respective frequency band is still considered by a factor 0.5 but also the neighbour-
ing frequency bands are considered by a factor of 0.25 (or also 0.5 if there is only
one neighbouring frequency band) when determining the input level for the com-
pressor. Further weighting schemes may be implemented which not only considers
the signal levels of neighbouring frequency bands but also further frequency bands
adjacent or in proximity or, depending on the nature of the input sound, not in
proximity of the respective frequency band of which the input level for the band spiit
compressor is then determined. A frequency band adjacent or in proximity to an-
other frequency band should be understood as a frequency band which is near an-
other frequency band but not a neighbouring frequency band. It should also be
noted that other weightings, mathematical or distribution functions, e.g. a normal
distribution, could be used to calculate a compressor input level based on the signal
levels of the group, wherein the distance or proximity of a frequency band tc the

frequency band of the present compressor input level determines the weighting of
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13 the signal levels. For example, and as a rule of thumb, the more distant
a frequency band is from the frequency band of the calculated
01 input level the less weight is put to the signal level, e.q. by
“ﬁ@gﬁﬁ% gglow weighting factor in the com- pressor input IeE\)/%Fmp%m%"1311
calculation. 5 After the compressor input levels have been calculated in
step 350, each band split compressor will determine an individual
the &ighpHdRIP faih RefRBleespe@rve siRRS thugterity mue distritafrequency

barBdiiskial GRINBGEEHINGIAdNST bR d SBlilReNBIISERIdSo ATHUNRELLP #RCR s

frequency band which is then used to individually amplify the band 10 split
weightg1euhe e signal iRiBIiG ity RSN @R/ LN s dangiisikg com-
presitenppeeirel chifferemneas in the speech spectrum can be maintained and
are not smoothed out or smeared due to the controlled but still individual
gain adjustments. Fig. 4 is a flow diagram of an alternative embodiment
Aftef henathpde480niimch imejslmbe pesfonziedibiet eartepaids acedndiagdaplit
of t ! e . ) " Figs. &
e A R e O R O oy e G RS RAIRE Shgle

freqiepessinpann timtiaiy ndislvebapisoasrpEighalardin Aanitropheaspsassor is
as<idBd féBeéécmét%@@in&%@dW@ bemaf deroienaRands &iemd208 band
e si

and determines gnal level for each fre quency band (step 430). In
spikiaignpld, fferESinayaiitsand arss Ui BALE Faoh RIS since
spetieut drfeamorg envirteanapatandipethrihearing ssmihisgrodiping siep not
may be done even before the actual sqund signal.processing and couyld
SR aHE B FBEE SBRAE EORTS e A B o T RO et
even done sepa 25 rately. The sound environment may be classified by

Fig?ﬁ%’%&%@%i%ﬁﬁ?%‘f’%ﬂ 38 alo0 L e URGASOHAd RANEANE W HlaP $nay

according to typical sound environment situations as it is Illustrated in

be prif&omaAdB byahieosaids depridbihie sttt smbatibre tisiebte: Bresent inven-
tiorFSGERRIeSIpE BRicAl SR £aMkanMent situations serving as reference

sound envi-

Similar to the method illustrated in Fig. 3, the sound signal processing 400 initially
receives a sound signal from a microphone (step 410}, filters the sound into a num-
ber of frequency bands (step 420), and determines the signal level for each fre-
guency band (step 430). In step 440, the frequency bands are then grouped based
on information about the sound environment and/or the hearing loss. This grouping
step may be done even before the actual sound signal processing and could there-
fore be placed elsewhere before step 450 in the flowchart 400 or even done sepa-
rately. The sound environment may be classified by analysing the input sound sig-
nal and deriving a sound environment class according to typical sound environment
situations as it is illustrated in Figs. 5 and 6 by the sound environment classification
unit 506.

Exarmples of typical sound environment situations serving as reference sound envi-
ronment classes in which the current input sound signal can be classified, i.e. sound

environment templates, may comprise, but are not limited to, the following sound
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ronment classes in which the current input sound signal can be classified,
i.e. sound environment templates, may comprise, but are not Iimited to,

wt(f))emfac,)jlll[?\g\g(‘g sound WO 2007/025569 PCT/EP2005/054311 1

enV|ronment situations: speech In O]HIet SUI'I’OUI’]dII’]gS S|C)eeCf('ljTJ{EPZOﬂ‘m}msEI

stationary, non- varying noise, speech in impulse-like noise, noise without
speech, or music. After the input sound signal or signals are classified
enviroroaet ofi thelinfn Rkt O e - SWEPHIEMIS assesothe g RbaiRRgof non-

varW%fFﬁ%@rhﬁye@émﬁ ﬁzgﬁré\éeﬂ(gqmségemtfﬁ?%%é%%“ F%usm After

example, the f requency bands may be arranged in fewer groups for noise

the (RBHSISP UMHARE 196 RERIR6R AReSHIBTARARR AADHESRIARST SRS on-
wrofﬂhgﬁp@é@@@sﬂtﬁ@'@%tﬂﬂﬁgsbﬁm@ fragliigitilitydatsneentiand framichd clas-

fthe rou Eﬂg also) derive fro the hearin aéoss e.g., less fre uency,
i 'C@é'ﬁ’ BE A BIged Tn 81"@88?&%9 Fang"f}é’ % RearigJods €Wer
gromthf@fg@@ﬁfﬁr@@t@sob‘eﬂwegrbﬁt&adegndermfdmhnm:gd@smsjmnebe an ad-

u bands. oth
e e B R o R i e
15 After the frequency bands have been grouped a decision rule is

If tﬁepg’.lsgpﬁﬂge%ha;g&%méae%ﬁ%h?egﬁﬁgméuL@ gnapalsedediasedands

he sound environment classification and the de%)ree of hearing loss

WolAPBEAFAPRAACAEN By A PHAM N ARIAP FisnBEBANE 1S Witk 3ras “giferences

betiEaNHNgEgRavHrssriRg thabayaif kN OvIGIRGED Bﬁrﬂmt(odlme@&hﬁf\aﬁand
output of the decision rule is th pressor input level Whl h is fed t,fo
fevig LR B BTRES SR HARR/BEPEEIVE GO, B Rl 2 A chon i
andSlappbedracessdisg to the deC|S|on rule and all compressor input lev- els
relating to that group are set equal to the maximum signal value in the
group (step 460). The band split compressors then calculate the
Afteothprésspiegain hastep 25 Pedmsselondha ptisievetihitRentfrto each

gro%? %f%[b%'%cijefhfeeﬁé%rbﬂ%%eﬂ{aﬁ AL NeariRg dassn The salddlaledronment

mpressor gain amount of the band split compressor is then multiplied

claggttceionand Spticsigies of lﬂ@@fp@gé@ﬁ,@@qrgad@pmﬁgc@)éa mathematicai

function, e.g. a max, min, or mean function as described above.

According to an embodiment, the output of the decision rule is the compressor input
level, which is fed to all band split compressors in the respective group, e.g. when a
max function is applied according to the decision rule and all compressor input lev-
els relating to that group are set equal to the maximum signaf value in the group
(step 460). The band split compressors then calculate the compressor gain in step
470 based on the input level and the initial gain function derived from the degree of
hearing loss. The calculated compressor gain amount of the band split compressor
is then multiplied with the band split signal of the respective frequency band (step
480). The sound signal processing is completed in step 480 by summing all the

band split signals to produce an output sound signal.

Fig. 5 illustrates a hearing aid according to an embodiment of the invention similar

to the one as described with respect o Fig. 2 that further comprises a sound envi-
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480). The sound signal processing is completed in step 490 by summing
all the band spilit signals to produce an output sound signal. 30 Fig. 5

“;l(!)uzs(tl}r%%e§ia9hearing aid according to an embodiment of the invention
STilar 10 the one as described with yespect to Fig. 2 that fUbEFF2005/054311

comprises a sound envi WO 2007/025569 PCT/EP2005/054311 15
ronment classification unit 506 and a hearing loss unit 508. The sound

rONgHYNOHATERICHIASSHERHRR 2t BOeadesilRss tHeil $G: Ibwnspuigthanzzenment
cladafieahernm seaneachioess 204 Apdidasailierthng soBnFAMAO MBS fransducer

based on the input sound signal as de- scribed in connection with method

) b . !
21 R8T RS RS STRIRL R TAIMEThEASED @it oS s g as de-
scrmfmirrbi uaitla%bﬁd?yr\;aiﬁigﬂattﬁwstéﬁatm loee WnkbBBAtorcredhe Rediee sub-
. aring_loss of the hearing aid.user. The r f hearing loss, i
e L S LAY 21 A Sl I AR T AR08 sores
thetliepies] dfdvetringelach e theehephanaidf tsehdarndaicaser iwaring loss is
- The.de i I ' 0 i : in
oM 0 RS DRy 55 B PATHE VR0 U e
in epasisRoYCatHbang osthefbrrineaiAgsed s iRvRrIEeHe the gegessf of hearing

losEeRHRY Q9siNieash fFRAUSIERAFRRY RIS beSUbsuterfiomileaiiG ome

loss unit 508 to each respective band split compressor (not shown in Fig.
PoiB) tiHRY (Re e TERIES Plethsivbitidee Anfirdeainganichhisamiseihe de-
greléig)f&iil&hiﬂﬁ%ﬂ@@ﬁém@t@id@i@di&érf@pWtﬁﬁgm@oamﬁ&.@ﬁﬁtm;aﬂ@@waﬁ@aring
500 ac-,cording to an empodiment of the present inyention, Each pban
osg SR Go BOIBERIA I b ST ARG R . 5) to be
useddpectivelaigitet myelopstiteatemmess2t @din240e2724.0-3, 210-n-1, and
210-n to produce respective signal level values 604-1, 604-2, 604-3,

~ 604-n-1, and 604-n. The frequency bands have been 20 arranged, e.g., in
Figg® uipsbftasce agacdataieguencsssatilone . dasds A, 2 hesd® @ithW0 ac-

corGRAIRING, RIHB AR} fé@%@@%@%@%@%ﬁd@a@ﬁcsaqmmtta%nai 602-1,
60%I n%lg%%lhoeinggz}rﬂtog?jéhgoszqg nag ?Q(Y Itrg nr;n ?ensfp%lgtsi\?g I%?gt:'"zoaq lIjenvlei5(33€sstémate
units 210-1, 210-2, 210-3, 210-n-1, and 210-n to produce respective signal level
values 604-1, 604-2, 604-3, 604-n-1, and 604-n. The frequency bands have been
arranged, e.g., in groups of three adjacent frequency bands, e.g. bands 1, 2, and 3
with a remaining group of two frequency bands n-1 and n according to the signals
510 and 512 from the sound environment classification unit 506 and from the hear-
ing loss unit 508 to grouping contro! unit 212. As illustrated in Fig. 6, the grouping
control unit 212, according to an embodiment, comprises decision rule units 610-1,
.., 610-m to calculate the compressor input levels 606-1, .., 606-m. The decision
rule units 610-1, .., 610-m utilise, as exemplary illustrated in Fig. €, a max function
to calculate the compressor input levels 606-1, ..., 606-m. The applied max function
may be derived from the signals 510 and 512 submitted by the sound environment
classification unit 506 and hearing loss unit 508, respectively. The signal levels 604-
1, 604-2, and 604-3 arranged in group 1 are submitted to decision rule unit 610-1 to
produce compressor input level 606-1 which is then supplied to the respective band

split compressors 204-1, 204-2, and 204-3 of the respective frequency bands 1, 2,
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ing loss unit 508 to grouping control unit 212. As illustrated in Fig. 6, the
grouping control unit 212, according to an embodiment, comprises

“%)eg{i)siﬁn r_uﬁle units 610-1, 25 .., 610-m to calculate the compressor input
evels gﬁ@i .., 606-m. The decision, rule units 610-1, .., 618%’%&%&8{83@”

exemplary illustrated in Fig. 6, a max function to calculate the compressor

input levels 606-1, ..., 606-m. The applied max function may be derived
anGron{QHIREISNSIOdN SAPRIBSRATEF By AMOYBIESirditRehtand 608-3.

Sinflangifiertisnnmilsen ndrbeasing I9ssdai-50hdesaeativehartieignthroup
levels 60%30 1, 604-2, anfi 604-3 arranged in group 1 are submitted to
™ YESUBRIER (SRR 51 Hot D8RRGS P daensBe i iisermeans

thatrewasspibléechtaithemesipeatile blasfcsigpdit leariBressars! 284 5204 -2, saistted
:3.0fthe r ctive frequenc ds WO 2007/02556 .

A T £ ey B8 s T spligmpres-

sorardBris! 698112G68- £ arods8-Soramikary, i signaidy dlg®htlequerdye-n

whiBAngE thdrANA 1HahaserA NS dBiIPHRN 0218 Spmjisted to decision

rule unit 610-m applying the max function which means that always the
maximum signal level of signal levels 604-n-1 and 604-n is selected 5 and

AcdBring RecRMBrRSRBEHIREHE YS! B96BiRthe Keshepivedanrteplifate group
com%tei\%fors 204-%1 and 204-n to produce compressor gain amounts

of 1668 FHORIRY RARGT AV iR AR SinthiRtl tRET SEPECERM sampressor
204t sigrtds) dcagrpling toitanothedieiind dicreptefeneagiubangispiie-1, ..., 222-
compressor a separate group 10 of respective frequency bands will be
" arranged so that each band split compressor 204-1, ..., 204-n is supplied
with an individual compressor input level 222-1, ..., 222- n. Fig. 7

i . ; AR
Flg:’sﬁl%@éﬁrgégli% eéhﬁh%’?“&’?ﬁ&&%%ﬁ?%%%‘%@ Y %’%SEEHWEGQ%%}’GWEM is

[ t sti es advantage ofat least one or more of tf

sinpfifisrpled! sttith&akae selvemiagatiohatrise Heam §ramorerintrggprnciples of the
predisRansestyihthe setimation gbthe: signaldeyrlfescash ipausnexnRangr the

. The compressor input levels 606-1, .., and 606-m are rather determined
S| dERiCR BRETRIYERSY, Dandn d Ho oM irRRERy put levels 606-1, .., and

606-m are rather determined by decision ruie units 702-1, ..., and 702-m directly
from band split signals 218-1, ..., 218-n. The hearing aid 700 comprises at least two
of these decision rule units 702-1, ..., 702-m (m>=2) each for one group of fre-
guency bands1, ..., m. Those of the band split signals 218-1, ..., 218-n that are as-
signed fo group 1 are supplied to the decision rule unit 702-1. The decision rule unit
702-1 then processes the supplied band split signals 218-1, 218-2, ..., 218-a to re-
spective signal levels and applies a mathematical function to the signal levels as
already described herein to determine a compressor input level 606-1 for band split
compressors 204-1, 204-2, ..., 204-a as exemplary illustrated in Fig. 7. Accordingly,
decision rule unit 702-m determines a common compressor input level value 606-m
for band split compressors 204-c, ..., 204-n-1, 204-n based on band spiit signals
218-¢, ..., 218-n-1, 218-n. The embodiment as iliustraied in Fig. 7 may in particular
be appropriate in a dedicated sound environment, e.q., speech in almost quiet sur-
roundings, so that the grouping can be fixed before hand only based on the degree
of hearing loss and the expected input speech signals.
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from band split signals 218-1, ..., 218-n. The hearing aid 700 comprises at
least two 20 of these decision rule units 702-1, ..., 702-m (m>=2) each for

wahe groun of fre- quency bandsl, ..., m. Those of the band split signals
e , ...‘,‘5918-n that are as- signed,to group | are supplied GHERLE o

rule unit 702-1. The decision rule unit 702-1 then processes the supplied
band split signals 218-1, 218-2, ..., 218-a to re- spective signal levels and
applies a mathematical function to the signal levels as 25 already

Prefiesedizecbbereinnte detRemiReencamprasaalitipiiieMahBRRNEE BaNoviding
a sipll't gor psrelsgr%294-lé 2 Arf-2, .....204-a as I%empla,ry illustrated in Fig.
IRcedraingly, “AEESSRYuIR GREFGE M PR RIER A fBRtrolied not only
by denaigessirvisinmit ey ebophai GO Gayuborhanchsiticarmpesaata04propriate
: =N - it,signals-218-c, ..., 218-n-1, 218-n. The
SO B e R R e b aC T e o o
splifjcarmisgssutire envronakieerg. tepersthah cimprssidet may foeirfditigs, re-

gar88dhad Hie sHoMmiRg.CaNtRe Breskhetareand aRke %é%i%aﬁ%ﬂ%’éggb may

of hearing loss and the expected input speech signals. WO 2
thu@&er f8P2005/054311 17 Preferred embodiments of the present invention
distinguish themselves by providing a single band split compressor for

h f band which is controlled not only by the signal level of the
P B i Ly e T BBy VPG PO RADS SrpiaEuEagon o

heaping. giddjacent frgdoeheyebambniEhes fdes thiskthevitontielrof teetd ang present
: | rs | f; efore the actual compression may b

R a0 o S s e bt
notigagh ergantingypnibe Heweien rolButtcesenivantagdsofdnequesding o the

predBRNHOBMAY e annby the Jnplemeriatinn.ot epingrids . aqeardl Iéﬁoid

the embodiments described with reference to the present invention w
has BEENEIEEE 1R AUERE and have a low power consumption. Last but not
least, depending on the decision rule, the control mechanism according to

the,. present invention may.always be active independently whether a
Accgégtté)% {%rggﬂ%rae em ogament o? the present anentaon),/ methods, systems

and hearing aid devices described herein are implemented on signal processing
devices suitable for the same, such as, eg., digital signal processors, ana-
logue/digital signal processing systems including field programmable gate arrays
(FPGA), standard processors, or application specific signal processors (ASSP or
ASIC).

According o a further embodiment, the invention is implemented in a computer
program containing executable program code. The program code may be stored in
a memory of a digital hearing device or a computer memory and executed by the
hearing aid device itself or a processing unit iike a CPU thereof or by any other
suitable processor or a computer executing a method according fo the described
embodiments. The computer program may be embodied by a computer program
product like a floppy disk, a CD-ROM, a memory stick or any other suitable memory

medium Tor storing program code,
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15 has been exceeded or not. According to preferred embodiments of the
present invention, methods, systems and hearing aid devices described
Wﬁ;g@@#nplemented on signal processing devices swta? 59&/{} 311
same, such as, e.g., digital signal pggcessors, ana 20 logue |g|ta signa
processing systems including field programmable gate arrays (FPGA),

tandard processors, or applicatio ecific s ocessors (ASSP or
Al Ré?apAcgo?alngl?g %‘)ﬂﬁtﬁ& (%% %@ﬁ?‘%ﬁgﬁﬁﬁ%@%&rﬁﬁl&%%ﬁﬁ as
belangingptadhe2 Fiyzotramesentditiry deeeutall@qrogranicivdecthsbed in their
corﬂB?f%ﬁHhCOde may be stored in a memory of a digital hearing device or a

computer memory and executed by the hearing aid device itself or a
processing unit like a CPU thereof or by any other suitable processor or a

HaO@@%@rWﬁ'@%@s’P&%@%@ﬁWﬂ@@lé@ %}qﬁ@a?é%‘rﬂ Iﬁ%*a%m&rgﬁnbom—
The computer program may be embodi a computer program 3
e ST & T SRR EEIRNNos e e Lot present in-

verstwtam@gms@wmydm@ﬁlmnafmr@@ﬁmpm&mtﬁwdﬁtwg 2QQ4MRE%EM such
'I'/EP 05/05431 ébg roprla e combinations of features

p""a% cribed Abgve A& 13 @éré“ﬂ 0 HafoRGRRG 8 tRSHASHRoN, iBveRtion
maif theyrizie withdaatepslivitlfroastébedii memcfomhinﬂtmpréséiavmgentmn
: t es of the present invention in
moeg%%r??%%&(@%@ %té gﬁ gd?é%ge’%jpparent to those skilled in the art that
the present in- vention may be modified in arrangement and detail without
departing from such principles. Changes and modifications within the
scope of the present invention may be made without departing from the
spirit thereof, and the present invention 1o includes all such changes and
modifications. -19- CLAIMS



5 1. A method for processing sound signals in a hearing aid, said method
comprising: a) filtering an input sounglesignal into a number of frequency
bands to obtain band split signals; 10 b) estimating a signal level for each
of the band split signals; c) arranging the frequency bands in at least two
groups, wherein each group comprises signal levels of at least two
frequency bands; d) calculating a compressor input level for each band
split signal, wherein the compressor input level for a respective band split
signal is calculated based 15 on the signal levels of the group arranged
for said respective band split sigigtAd¥Hetermining a compressor gain for
each band split signal based on the respective compressor input level,
and f) amplifying each band split signal with the determined compressor
gain for 20 said respective band split signal. 2. The method according to
1. Alaishbavberpitsait gl esbs G ged H@é@ﬂé’aiéhgd}@ﬁ(&ﬁwe
input sound signal and/or the degree of hearing Ioss of a earing
SRS erson. 3. The method according to claim 1 or 2, wherein each
Gioneeargriierpat AR WeramabaL AR BeReRSY baRAS Aol i
method according to claim 3, wherein the neighbouring frequency %an S
comiSeeRiifeighaise frequency band that is adjacent to one of the at

opsetmmafiesependeds brediraeiiastaraiingdngam 3 or

\éﬁherein the neighbouring frequency bands comprise at least one lower or

gREBRENIEHS TEemiceiiat RamndsBxmhilyast two groups, wherein

each group comprises signal levels of at least two frequency bands;

d) calculating a compressor input level for each band spiit signal, wherein the
compressor input level for a respective band spiit signal is calculated based
on the signal levels of the group arranged for said respective band aplit
signat;

e) determining a compressor gain for each band split signal based on the
respective compressor input level: and

f) amplifying each band split signal with the determined compressor gain for
said respective band split signal.

2. The method according to claim 1, wherein said groups are arranged based on

the nature of the input sound signal and/or the degree of hearing loss of a
hearing impaired person.

3. The method according to claim 1 or 2, wherein each group comprises at least
two neighbouring frequency bands.
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to one of the at least two neighbouring frequency bands, 10 6. The
method according to any one of claiggs .1 to 5, wherein step d) further
comprises controlling the compressor input level by weighting the signal
levels in the group 157. The method according to any one of claims 1 to

furth rls lter ou aI |nto frequency bands 1, .
4. Tﬁé lL%)r e%% ﬁ%t{? Eb ﬁ’&fﬁ*fﬁr dieighbousing fregessy %ﬁ’é}@s

cmmr@mtnmsmm@sagammmﬂgye%@%ea@%o%% eRlHdaINg 488w
com res?EJ Wﬁr’?gm level of compressor 1 by 0.5*signal level of frequency

fr%gn *signai level of frequency band 2; calculating the
compressor input levels of compressors 2, ..., n-1 respectively by
0.25*signai level of frequency band 1, ..., n-2 plus 0.5"signal level of
frequency band 2, ..., n-1 plus 0.25*signal level of frequency band 3, 25

5. The medhddcatmdading toectsim B essprimiurblevelcoheRMBERFRY fddlency
%h%ss nal level ffregghenc band n-1 Ius .5*signai level of frequency

SR a1 eI Fﬁ'@"@f‘%?ﬁé‘qﬁ {63 i e REpimity

t%a@@lmmm%tmowméaﬂh@ﬂ%@&ﬂbmﬁmg) comprises: -21-
d1) determining a decision rule for each group; and d2) applying the
decision rule to the signal levels of the frequency bands belonging to the
group. 5 9. The method according to any one of claims 6 or 8, wherein

5. Tﬁéi%g% %ron rule,is mathematlcal functlg{1 n such as a max, min,
u

ey TRt A AR ORI R i Fr‘ﬁ@mwaigrﬁ%ﬁt%%ﬁhﬁ’&r@rof
conepsiggmbavietsiinghbagoonmpassier input leval by weighting the sighal ievels in

the group.

7. The method according o any one of claims 1 to 6, further comprising filtering the
sound signal into frequency bands 1, ..., n-1, n corresponding to band split
compressors 1, ..., n-1, n and said step of determining said compressor input
teveis comprises:

caiculating the compressor input level of compressor 1 by 0.5*ségna'§ level
of frequency band 1 plus 0.5*signal level of frequency band 2:

calculating the compressor input levels of compressors 2, ..., p-1
respectively by 0.25%signal level of frequency band 1, ..., n-2 pius 0.5"signal
level of frequency band 2, ..., n-1 plus 0.25%signal levei of frequency band 3

., N and

H

calculating the compressor input level of compressor n by 0.5"signal level

of frequency band n-1 plus 0.5*signal ievel of frequency band n.

8. The method according to any one of claims 1 to 5, wherein said calcuiation of
the compressor input level in step d) comprises:
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compressor input level. 10 10. The method according to any one of claims
2 10 9, wherein the method further .cpmprises: determining the nature of
the input sound signal by classifying the input sound 15 signals into
sound classes; and providing for the arranging step c) a grouping template

‘i C(%din%#o the determined sound class. 20 11. The method according to
f‘%/ PESRIOME 996'5I8N THierah 8 @RBR faRfer comprises:

aep\adipyitietiegiecigibhaaris lars siass PR Ve aUEES Bhinds
hearing loss jnto hearing loss classes; and providing for the arranging
%‘t%?)n@%égiﬂj%ﬁﬁrﬁzf (Pé‘ﬁrplate according to the 25 determined hearing loss
class. 12. The method according to claim 10 or 11, wherein the grouping
template comprises a number of frequency bands per group. -22- 13. The
method according to any one of claims 8 to 12, wherein the method

9. Thethestreamyusediketeranpivadhe saiie ofdhe ipmseavadisighalddn rule is
aclasfz]i%in%.thzin%uésoung‘ si%nals into sound classes; and 5 providing a
JRRK BT ARPA LLBRERIY IR SR B A Bl s e epds &uncfiornassistrig the
rreodoTdingridramy on@ohriamsidhtl benvbersindim aneied rthe group as the
<Som élses:.mﬁmw%ng the degree of hearing loss; classifying provided
%eé) ces of e, eg sses into hearing loss classes; and providing a
decision rule according to the determined hearing loss class. 15 15. The
method according to any one of the preceding claims, wherein the
arranging
10. The method according to any one of claims 2 to 8, wherein the method further.

comprises;

determining the nature of the input sound signal by classifying the input sound
signals info sound classes; and

providing for the arranging step ¢) a grouping template according to the
determined sound class.

11.The method according to any one of claims 2 to 10, wherein the method further
comprises:
providing the degree of hearing loss;
classifying provided degrees of hearing loss into hearing loss classes: and
providing for the arranging step ¢) a grouping template according to the
determined hearing loss class.

12. The method according to claim 10 or 11, wherein the grouping femplate

comprises a number of frequency bands per group.



in step c) is made adaptive to the current input sound signal. 16. The
method according to any one of the ppeceding claims, wherein the method
20 further comprises: summing the amplified band split signals to an
output sound signal. 17. Computer program containing executable
13 T%ro?éag} cgocde which, when executed 25 on a computer, executes a
- TR NG QEBTAG RF RPN POF SRS S 18. s Wherminirepmoited further
cpraghisescontaining executable program code which, when executed on a
c%r{%uter,. executes a m(%hod according to any one of Claims 1 to 30 16.
SSRGS TR 86 APB SRR R B R oM e viRae input sound
sepigunesl dowaadryigstsemaifod according to one of Claims 1to 16. 5
20.A hearing aid, comprising: an input transducer which is configured to
R 2 RGN i R

1TSS n SRS T R ESRT AR S HAE B RS RIRPHICRR R

signal; a band split filter unit which is configured to filter the electric input
sound signal into a number of frequency bands thereby obtaining band
split signals; 10 a signal level estimation unit which is configured to

14. Thetenstinedeasignalineye 40y earh@dfdRahaRd SRS SIHBISHAMHBINGY further
Ccontrol unit which is configured to arrange the frequency bands into at

‘groups, wherein each group comprises signal levels of at least

tworfreidirenitie ngpiecasicdhigaerigutaie; a compressor input level for each

and.15 split compressor, wherein the compressor input level for a
%Las%é%w\‘/% B édgg{if*%ﬁﬁ?égs%‘?%’%ﬂlﬂﬁ%&‘d‘%@é@@%mﬂw@%ﬁaﬁ%@ﬂd
optheigiraup decisgedrits seidrenpeetite: ke SRICOMINRREA6:R band
split compressor for each frequency band each of which is configured to
determine a compressor gain based on the respective compressor input
20 level, and to amplify each of the band split signals with the compressor

ain .
15. 792 hethod according to any one of the preceding claims, wherein the arranging
in step c) is made adaptive to the current input sound signal.

18. The method according to any one of the preceding claims, wherein the method
further comprises:

summing the amplified band spiit signals to an cutput sound signal.

17. Computer program containing executable program code which, when executed

on a computer, execuies a method according to any one of Claims 1 to 16.

- 18. Computer program product, containing executable program code which, when
executed on a computer, executes a method according to any one of Claims 1 to
16.
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20-AQRA 1B9&18s ¢

determined by the respective band split compressor; a summing unit
which is configured to sum the ampled band split signals to an electric
sound output signal; and an output transducer which is configured to
transform the electric output 25 sound signal into an acoustic sound

aid according to claim 20, wherein the

19, p0uL tsignal. 21. The hearin I
ARG EbRESERING YOHRG SRAIg. RS /B MAABS RRRIEveR tmcary out

aaaelthgroapderdriguttiender 3aamaresse. input levels. -24- 22. The
hearing aid according to claim 20 or 21, wherein said band split filter unit

is further configured to filter the electric input sound signal into frequency
bands 1, ..., n-1, n corresponding to band split compressors 1, ..., n-1, n,
nd the grouping control unit is further configured so that: 5 compressor
8%8?@%%% 1 is calculated by 0.5*signal level of frequency

bardidrpltisdhStsigaalikic of fmeRanes banthRsRAMNASSASIBANIRYR!und
com re§sors 2f oy N-1 1S alcu;g/ed by 0.25*signal level of frequency
%‘QE@i’,‘ o g5 Bﬁfg'(b!gpéi HaHi® & Bitequency band 2, ...: n-1 plus
o.ammaplkmmffm?adtmgyi%@?@@ urlelcm to]ﬁ(ﬂtf'elfﬂﬂn@@t&éﬁ’ﬁ{b@ﬁrﬂgut sioulnd
compressor n is calculate .5*signal level of frequency band n-1 plus

D 8 R OUPSr Rl R S SIS FRRY RERIA G BanbaRling 865
arg Sigeadisleiresitidtid?unhaeichseidamynieg wonehiidsughel level

onfigured to determine a decision rule for each group, and to apply the
%’erc%si n?%ﬁé%]ﬁ{bdssf ﬁ%ﬁ%@%’of the frequency bands belonging to the

gragnoQpidd chherdleatingrichacasdftgitedimrdhgeheeiRaiiency bands

rouping coptrol unit further comprises a function ynit implementing the
%é% ié)}c?ﬁ%r%ﬁ) gwéjs%{%lfgt?'ie\ﬂ%f@éﬂ" acsh group comprises s%nal leveig of at ieast

two frequency bands, and to calculate a compressor input level for each band
split compressor, wherein the compressor input level for a respective band split
compressor is calculated based on the signal levels of the group arranged for
said respective band split compressor;

a band split compressor for each frequency band each of which is configured
to determine a compressor gain based on the respective compressor input
level, and to amplify each of the band spiit signals with the compressor gain
determined by the respective band spiit compressor;

a summing unit which is configured to sum the amplified band split signals {o
an electric sound output signal; and

an output transducer which is configured to transform the electric output

sound signal into an acoustic sound output signal.

21. The hearing aid according to claim 20, wherein the grouping control unit is

further configured to weight the signal levels in each group 1o calculate the
compressor input levels.
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function such as a max, min, or mean function which assigns the
maximum, minimum, or mean signgtdevel of the signal levels in each
group as the 25 compressor input levels for the band split compressors of
the frequency bands of each group. 25. The hearing aid according to any
wherein the hearing aid 30 further comprises a

f claims 20 to 24, | ) furt
22, T R A ERE o SR ot 5y B R GeBhs ernt s

furatiaecoh i flepUbsItidisionRbRCaRESIYBGTRS iR FeY Rt g2ensioBalss 1,
into sound classes, and to provide to the grouping control unit a grouping

“teRiplate RLES BRI IAGHER R SN ABRMREsRISS | 5 26N ThéthaRdibegrouping

caot@idingt io AimthenemimRlains 20 #9225, wherein the hearing aid further
comprises a hearin%l"ﬁss nit which is configured to evaluate the degree

of heRfY T35S o R YieMiRGd PRERSch s GRldap bR Ristsimmbieyel of
of fieerasng)lassiat hlearing sign slassesopiiddodieyigada the grouping
contrgl unit a groupin tem%ate according to the determined hearing loss
clasgpﬂpﬁeﬁs% r\‘? ?Fﬁ Lt} SRERRRG IS cfaim: 35 bisXpIGHaeMH e
grogSrgiganiae sioapisera bamaber of FegurieY BRERMBRYEWR- 15
28f.rThe hearin%élﬁi accor%lngfto agg*one of claims 25 to 27, wherein the _
solmAU RN BARE At cladsihiRdin R itSoRtHeYL R iRRe IS RS0 N

thargtouping control unit a decision rule according to the determined

sound gﬁﬁsﬁioﬁg' The hearinﬁ aid a;\:{?ording ta any one of claims 25 to
28, Wil HEhBAMRGSTSY ik FlaHRe E o ar&ioraplevRiotdraruency
grbapihg-dopitrelubisyderisian olieaceorsinsaiedihe determined hearing
loss class. 25 30.The hearing aid according to any one of claims 25 to 29,
wherein the sound

23. The hearing aid according to any one of claims 20 to 22, wherein said grouping

control unit is further configured to determine a decision rule for each group, and

to apply the decision rule to the signal levels of the frequency bands belonging
to the group.

24.The hearing aid according to claim 23, wherein said grouping contro! unit further

comprises a function unit implementing the decision rule as a mathematical
function such as a max, min, or mean function which assigns the maximum,
minimum, or mean signal level of the signal levels in each group as the
compressor input levels for the band split compressors of the frequency bands
of each group.

25.The hearing aid according to any one of claims 20 to 24, wherein the hearing aid

further comprises a sound environment classification unit which is configured to

determine a nature of the input sound signal by classifying the input sound



10

15

20

25

30

environment classification unit receives the electric input sognd signal and
is further configured to provide the g®uping template adaptive to the
current electric input sound signal. 30

signals into sound classes, and to provide to the grouping control unit a grouping
template according fo the determined sound class,

26. The hearing aid according o any one of claims 20 {o 25, wherein the hearing aid
further comprises a hearing loss unit which is configured to evaluate the degree
of hearing loss of a hearing impaired person, to classify provided degrees of
hearing loss info hearing loss classes, and to provide to the grouping control unit

a grouping template according to the defermined hearing loss class.

27. The hearing aid according to claim 25 or 26, wherein the grouping template
comprises a number of frequency bands per group.

28. The hearing aid according to any one of claims 25 to 27, wherein the sound
environment classification unit is further configured to provide to the grouping

control unit a decision rule according to the determined sound class.

29.The hearing aid according tc any one of claims 25 to 28, wherein the hearing
loss unit is further corfigured to provide to the grouping control unit a decision

rule according to the determined hearing loss class.

3C. The hearing aid according to any one of claims 25 to 29, whersin the sound
environment classification unit receives the electric input sound signal and is
further configured to provide the grouping template adaptive to the current
electric input sound signat.



