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Fig. 5 shows a simple block diagram of a hearing aid comprising an input
transducer or microphone 2 transforming an acoustic input signal into an electrical
input signal, a signal processor 3 amplifying the input signal and generating an
electrical output signal and an output transducer or receiver 4 for transforming the
electrical output signal into an acoustic output signal. The acoustic feedback path of
the hearing aid is depicted by broken arrows, whereby the attenuation factor is
denoted by B. If, in a certain frequency range, the product of the gain G (including
transformation efficiency of microphone and receiver) of the processor 3 and

attenuation B is close to 1, audible acoustic feedback occurs.
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Nevertheless, there remain problems associated with adaptive feedback
cancelling. The correlation analysis is performed to estimate the feedback path. This
is based on the assumption that a feedback signal is a highly correlated version of
the original signal. If higher correlation is observed, but the duration of the correlation
analysis is short, the system may suggest the presence of feedback when actually} no
such feedback has occurred. This is an artifact of the feedback analysis algorithm. In
real-life, most speech and music signals are highly correlated on short-term basis but

not on a long-term basis. Thus, short-term correlation analysis on speech and music
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Summary of the invention

It is therefore an object of the present invention to provide a hearing aid with
feedback cancellation and a method of reducing acoustic feedback of a hearing aid

having improved feedback-cancellation properties.

This problem is solved by a hearing aid comprising an input transducer for
transforming an acoustic input signal into an electrical input signal, a signal processor

for generating an electrical output signal, an output transducer for transforming the
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adaptive filter. It is e. g. possible to increase the adaptation speed when the feedback
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According to a preferred embodiment the norm signals are calculated according

to the general formula:
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enabling feedback cancellation in one frequency band while disabling feedback
cancellation in a different frequency band. The hearing aid can so advantageously be
adapted to the feedback conditions of the acoustic environment in different frequency

ranges.

The present invention further provides a method of reducing acoustic feedback
of a hearing aid comprising an input transducer for transforming an input signal into
an electrical input signal, a signal processor for generating an electrical output signal
and an output transducer for transforming the electrical output signal into an acoustic
output signal, comprising the steps of: generating an adaptive feedback cancellation
signal, subtracting the feedback cancellation signal from the electrical input signal
generating a feedback-cancelled input signal, generating a first norm signal indicative
of a norm N, of the electrical input signal and a second norm signal indicative of a
norm N, of the feedback-cancelled input signal, comparing the first norm signal with
the second norm signal and thereby generating a difference value Npc — Ny, and
disabling application of the feedback cancellation signal into the signal path of the

hearing aid if the difference value Ng,c — Ny is above a certain threshold value ci.



The present invention further provides a nethod of
reduci ng acoustic feedback of a hearing aid
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claimsij gnal into the signal path of the hearing aid if the
difference value Nfbc - NX is above a certain
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Brief desthiptionoétiie drawingsa further aspect, provides a
conmputer programas recited in claim26. The
inventi on, in yet another aspect, provides an
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ERCANd £ARRA! N an? bf hRcBR&Enbin@nBef icth8gring aid according

to the present invention;

Fig. 4 is a third embodiment of a hearing aid according to the present invention
embodying a multichannel! hearing aid;

Fig. 5 is a schematic block diagram illustrating the acoustic feedback path of a
hearing aid;

Fig. 6 is a block diagram showing a prior art hearing aid.

Fig. 7 is a flowchart illustrating a method of reducing acoustic feedback of a

hearing aid according to an embodiment of the present invention.

Detailed description of preferred embodiments

Fig. 1 shows a block diagram of a first embodiment of a hearing aid according to
the present invention.
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feedbacl&J canceﬁjatlon improves or deteriorates the signal quality of the hearing aid
signal and outputs a decision signal 104 which in turn operates a switch 15 switching
on or off the supply of the feedback-cancelled input signal 102 to a summing node 9
in the signal path of hearing aid 1. The feedback cancellation signal is therefore
applied to the signal path only in those cases in which the feedback control unit 10

decides that it provides an improvement of the hearing aid signal.
An embodiment of the feedback control unit 10 is shown in detail in Fig. 2.

The decision unit 10 comprises norm estimators 11b, 11a for estimating a norm
of the electrical input signal 101 and the feedback-cancelled electrical input signal
102, respectively, over a certain time window. The resultant first norm signal 109 and
second norm signal 110 are subiracted at the summing node 12 (together with

inverter for signal 110 forming a subtractor) outputting comparison signal 106 which
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erratic switching operation.

The present invention aims to avoid a generation of additional feedback by the
feedback cancellation algorithm itself, e. g. in the case if a high feedback
environment abruptly changes into a low feedback environment whereby the
adaptation filter with a rather slow adaptation speed still tries to cancel the no longer
existing, strong feedback by introducing into the signal path the feedback
cancellation signal which is modelled as the inverted signal of the estimated



enpl oyed providing a fading signal 105 instead of

decision signal 104 to a switch 15 consisting of a
woredosiopleBrat or as shown in Fig. 3. The sw t chi PQI/EP2003/009301

operation can e. g. be acconplished by a ranp voltage

i ncreasing the fading signal 105 fromO to the
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feedback by introducing into the signal path the
feedback cancellation signal which is nodelled as the
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norm &f §igA4l x tén bbex@rgald awfollows: | ncreased by feedback
cancellation it is assuned that additional feedback

IS produced instead of being renoved. In these cases

t he feedback control unit 10 according to the present

|nv Cides to disable the application of the
§§|ﬁxag cellation signal into the signal path of (1)

the fiearing ai d. The feedback cancellation signal is

then only fed back to the filter control unit for the

pur poses of adaptation of the adaptive filter output.

viter8b$ puS 3¢ % MeYSwer of the norm. The most simple case is the 1-norm
(p = 1) in which equation (1) can be expressed as follows:

Nx:;Fk'lel' 2)

In a preferred embodiment the filter function Fy can be expressed by a recursive

definition:

N, (k) = 4| x|+ (1= A)N, (k= 1) (3)



a constant value other than O or a threshold val ue
dependi ng on a feedback cancellation signal may be
weppsoyess2 f or triggering the enabling/di sabl i nBCT/EP2003/009301
deci sion. The norm of a sidfhal x(t) varying over tine
t, and assum ng posi.tive as well as ative val ues
vEhersim é@@twm&ﬁ@ﬁn%n cApstant h@\én@;po’@ﬂb esyaldey petween 0 and 1.
quantity of the signal x. According to the invention
the signal normis calcul ated over a particular tinme
Rernglexwe equatiom (hroescrbes anfurther ektrees eagd eis exkhé kmaximum
.., L) of signal x. The weighting of the sanples xk
is expressed by the filter function Fk. The
generalised normof signal x can be expressed as
follows: PI L P NX = 1Fkl xklI , (1) k=1 whereby p e
N =sMbke xpower of the norm The nost sinple case is (4)
the®#Horm (p = 1) in which equation (1) can be
expressed as follows: L NXsjFk'l xk j. (2) k=1 1In a
preferred enbodi nent the filter function Fk can be
A fptres podsibjlity is thelspiave nodef(pH2 X indicatii Ok Jie2signal energy:
XKl +(1-2) NX(k-1) (3) WD 2005/ 020632 PCT/ EP2003/ 009301
10 wherein X is a normalisation constant having
possi bl e valiues between O and 1. For p-->00 equation
N1k |degckibes a further extreme case, i. e. the (5)
naxil gt “hofm NX = Max | xk (4) (k=1.... L) A
further possibility is the square norm (p=2)
i ndi cative of the signal energy: L 112

norm:;

For the present invention any suitable norm and time window may be used. The
norm estimator calculates the norm Ny = Ny of the feedback cancelled input signal y
as well as the norm Ny of the electrical input signal x. In the decision unit 13 the

difference between the two norms is compared with a threshold value cy:

Nioc — Ny > ¢t ? (6)

If the difference between the norm of the feedback-cancelled input signal and
the input signal itself is larger than the threshold value it is assumed that the
feedback cancellation generates more feedback than it cancels and is therefore

removed from the hearing aid signal path.

Fig. 3 illustrates a second embodiment of the hearing aid according to the
present invention. The switch is replaced by a multiplication element which receives
the fading signal 105 from fading unit 16 as shown in Fig. 2. With the embodiment of
Fig. 3 a soft fading in or out of the feedback cancellation signal into the signal path of
the hearing aid between input transducer 2 and signal processor 3 can be performed
smoothly at the summing node 9.

It is particularly advantageous to perform the decision operation of the feedback
control unit 10 independently for a number of frequency bands of frequency
channels. Fig. 4 shows third embodiment of a hearing aid according to the present



Nx = Y Fk xk2 (5) k=1 For the present invention any

sui table normand tine wi ndow may be used. The norm
w@saosneesr cal cul ates the norm Nf, 0 = Ny of theCT/EP2003/009301
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104 may be used as an input parameter to the adaptation algorithm of the feedback
cancellation system illustrated by dotted arrow 104 in Figs. 1, 3 and 4. A possible
application is to increase the adaptation speed of adaptive filter 5 when the
cancellation signal is switched off or faded off in the signal path as in this situation

artifacts caused by a fast adaptation will not be audible.

In Fig. 7 is a flowchart illustrating an embodiment of the method of producing
acoustic feedback of a hearing aid according to the present invention. The received
acoustic input signal is transformed into an electrical input signal xx by microphone 2
in method step S1. In subsequent method step S2 a feedback-cancellation signal is
produced by adaptive filter 5 which is then subtracted from the electrical input signal
resulting in feedback-cancelled input signal yy (step S3). In next step S4 a norm N, of

input signal xx and norm Ng,c of input signal yy is calculated, as has been described in



f eedback cancellation signal into a plurality of

frequency conponents, which are then swtched on and
wo@bdosezpar at el y by each of the plurality of fercihRR}003/009301

control units 10, which cd2respond to the feedback
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faded off in the signal path as in this situation
compyiafipRalGastcaused by a fast adaptation will not be

audible. In Fig. 7 is a flowhart illustrating an

enbodi nent of the nmethod of producing acoustic

f eedback of a hearing aid according to the present

i nvention. The received acoustic input signal is

transfornmed into an el ectrical input signal Xk by

m crophone 2 in nmethod step S1. In subsequent nethod

step S2 a feedback-cancellation signal is produced by

adaptive filter 5 which is then subtracted fromthe

el ectrical input signal resulting in

f eedback-cancel l ed i nput signal yk (step S3). In next

step S4 a norm Nx of input signal Xk and norm Nt h of

i nput signal Yk is calcul ated, as has been descri bed

in WD 2005/ 020632 PCT/ EP2003/ 009301 12 detail before.

The difference of the normsignals, i. e. Nf,c - NXis

then conpared with a threshold value Cth in nethod

step S5. If the conparison result is positive, that is

if the difference of the two norns is |arger than the

given threshold value, it is decided in nethod step

S6 that feedback cancellation is disabled. If, on the

ot her hand, the



difference of the normsignals is equal to or smaller
than the threshold value feedback cancellation in the
wae@aatospat h of the hearing aid is enabl ed ( NePCIDEPIDEMI301

S7). The present inventionlprovides a hearing aid with

an adaptive filter for fe back cancel | ation and a

nmet hod of reduci ng acoust+ edback of a hearing aid

effectively preventing the adaptive filter from

actual ly increasing feedback at a relatively | ow

conmput ati onal cost. WD 2005/ 020632 PCT/ EP2003/ 009301

LA Bealing aidlcomphigiagi ng ai d conpri sing: an i nput

trans Heer ransf or m n an acoustic. i npu .

an @Rgﬁj rpﬁgg&%g%{ (é%)(gi’xrﬁng rmmg@ @@Pﬁ%l”%ié’ﬂ)"aﬂé‘% an electrical
lnput§lgﬁaa{1ml)ocessor (3) for generating an electrical

out put si gnal , an output transducer (4) for

a signst pravesgon (% fel ganerating anelqsiicaliogimut signat, an

ERPT S RUter a3 waRRR WS ol Gyl Hgnal into an

acougm@rdntmttS@ppélor (11) for generating a first norm signal
indicative of a norm Nx of the electrical input

aj) gﬂ%ptl\@q@terrdﬁ) frsenatating afessbask caseelatiogriigngl {103),
4 PG AbL Y Rafy t15“?(5 %iﬁé)d&‘ fiLGSHRATK; aq}'%n‘i?qgfﬂ}d|catlve of a

electrlca I'np a conpar
norm d,\tgrrpfather@ed:mealf inpat sngnalnamd forager(ek@ing & $dvondencrac sigghal (110)

TR ETNG L A
d %BH{apfa?réﬂi?'a@ 2§‘ggrc Fgﬁgﬁﬂﬁg‘tﬂé ( 13? nglhilg hélg tq]ggRHFth the second
norm a[gﬂal ¢311]®band)fgelnlamtmgeai lda‘ﬁ&renwweanaNrbeﬁ Nj dpetveer lEBhorm of

the fegffbfe-Eincd B Tnetidndl and e Mein Athe dieddalitpdiianal, and
acaecns%n Lhﬁ@'(m‘)gdléétﬂln@%@rébﬁﬁ@aﬁ& @f ménebdb%@bsheenéﬂi%n signal
cancel l'ation signal is supplied to an

(103)aat§>ptha/§|gm|al Peth ebithe deatng taid ) ) iifr thes giference valuehis above a
certaifl §5lesh Sy \magl&h of the decision unit (13).

2. Hearing aid according to claim 1, wherein the feedback cancellation signal is
supplied to an adaptive filter control unit (6) irrespective of the decision result of the

decision unit (13).

3. Hearing aid according to claim 2, wherein an adaptation speed of the
adaptive filter (D) is increased if the difference value Np — Ny is above the threshold
value cy.

4. Hearing aid according to one of claims 1 to 3, wherein the norm estimator
(11) calculates the norm signals N, (m = X, y) of input signal x and feedback-

cancelled signal y according to the general formula:

-1

N, = (Zﬁi mkf]



3. Hearing aid according to claim?2, wherein an
adapt ati on speed of the adaptive filter (5) is

wo pwsezser i f the difference value Nfbc - NX | BCHBP2063/009301
the threshold value ctn. 44 Hearing aid according to
one of cl.ains erein the norm estimator

to 3,
veharel Bids th%—thoﬁ%wpolﬁgﬂa?é Nmb) Jrarhg signal gp 5 ﬁthO(fW'ich the
rorm B8] o8 pBken(RR SRR o pchr o€ Rl gt fumber

genera
pis théQﬂﬂl/é}ZﬁfﬁBé ne@n, EP2003/ 009301 14 wherein M is the
k-th sanple (k =1, ... L) of the signal m= x, y of

V\,hi ch the normis to be calculated, Fk represents a

g}f)éldf adddRding 46 lﬁla\n5hn4 afferah Wodler pHEDEANd Bhé Siltehfunction
ovver the norm 5. Hearing aid accord| ng to claim
Fk is deflnﬁﬁehyeﬁhﬁ fpﬂﬂwlﬂgﬁe@fﬁlvﬁrfefmﬁ@ filter function Fk is

defi ned wi g recursive formula: Nmk)=?,I
len(-'()l f’erfr 1‘17)?\1 (%hﬁa n k is a constant with 0 < 2,
<<-1. Hearln gto one of clainms 1 to
\ﬁhem?”e'lsr?‘ ?‘Pﬁsé gﬁ@ h is a constant val ue.

7. Hearing aid accordlng to claim6, wherein the

threshold value Cth = 0. 8. Hearing aid accordin

@riéearing: hini ascording tG ,onemfmlaimSn‘gtcag:wh@@liroltfcreebq)lae/alue Cin is @
ConS1:8enerator (14) for generating a variable threshold

®th as a normof the feedback cancellation

signal multiplied by a threshold factor. 9. Fbaring

aid according to one of clains | to 8, rising

T.ddearinaipic aqeosying e clairadi, wharaindhe ’fbiﬁshe?}) 3lge i =

f eedback cancell ation signal (103) into the signa

path depending on the decision result of the decision

8NHeafiAg)aid B@cordiray tongneliod cainsr tito®, tcomyrising 8,threshold value

wh
generEan 140 e BUIR SATIBble lasta: VSIu St ARBTL! he feedback

cancdlBtidh &yt it By § threshold factor.

9. Hearing aid according to one of claims 1 to 8, comprising a fading unit (16) for
fading in and out of the feedback cancellation signal (103) into the signal path
depending on the decision result of the decision unit (13).

10. Hearing aid according to claim 9, wherein the fading unit (14) operates with
a fading time constant between 0.1 s and 5 s, preferrably between 0.5 s and 2 s.

11. Hearing aid according to claim 9 or 10, wherein the fading function of the
fading unit (16) is selected from a linear function, trigonometric or polynomial

function.

12. Hearing aid according to one of claims 1 to 11, wherein the decision on
enabling or disabling the application of the feedback cancellation signal into the
signal path of a hearing aid is carried out independently for different frequency bands

of the input signal.



11. Hearing aid according to claim9 or 10, wherein

the fading function of the fading unit (16) is
wa@edosoems2 from a |inear function, trigononetriBCDEP2003/009301

pol ynom' al function. 12. HRari ng aid according to one
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signal, %@Hﬁprtsirfq?ﬁﬁtéiéps of) for transfor m ng an input signal
into an el ectri cal |nput si gnal , S|gnal processor

g@)erating gerasientive feadh @k@@mpewiowgwt 183hnal and an
T gab%{tmgttﬁé‘ éjcl}br%'kc(aﬁ):elflé’tro §|@H§lf(?b§} ﬁsnftﬂ% eﬁé@cﬁ&él‘ ifBlit signal

i'gna 0 an acous
(101) gemeratiigng féd‘c&na‘skmcelled gmmes@hahgm&l) adapt ive
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SIgnal r(ﬁ’U‘i rﬁin%' s éé&%)no@ﬁﬁ%\’gﬂdlp@ﬂé) fiRgE R &aécﬁbr‘n@debc of the

generating a’first norm signal
feedb(al‘,@&)ancaﬁbd:mpmmgoél @020r m NX of the electrical i nput

I d d
A a0 Rrise! o ma dalBho i BiCeredd Pt g i and
thereﬁ}@%ﬁer&ﬁ@@ﬂﬁt@%ﬁd@e@véluéNfbcnﬂﬁl{naﬁdgnm (109) Wlth t he
second norm signal (110) and thereby generatin

disabling mpplicatiane ofthsr feedpackagrnagllatien .%y%dﬂpagmtpowe signal

patn & e BHAATH TR RGN, Rl i o
valuev@l.ue NfbC - NX is above a certain threshold val ue

ctn. 14. The method of claim 13, wherein an adaptation
speed of the generati on of the adaptive feedback

3?”?%%&&%88 s m% Q/ﬁé@yﬁ einn§ %ﬁ&'n 's[)eﬁﬁ‘%f the generation of

erence va ve the thresho
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15. The method according to claim 13 or 14, wherein the norm estimator (11)
calculates the norm signals N, (m = x, y) of input signal x and feedback-cancelled

signal y according to the general formula:

N, = [gm mk|pJ _1

wherein Xy is the k-th sampie (k = 1, ... L) of the signal of which the norm is to
be calculated, Fy represents a window or filter funktion and natural number p is the

power of the norm.

16. The method according to claim 15, wherein power p = 1 and the filter

function Fy is defined by the following recursive formula:



cal culates the normsignals Nm (m= x, y) of input

signal x and feedback-cancelled signal y according to
wo b@sgzweer al fornmula: pl L P Nm= EFkl nkl k=RCT#P2003/609301

Xk is the k-th sanple (k =14, ... L) of the signal of

which the normjgs. t e calculated, Fk represents a
\/\Nmﬁl@)ﬁrekxkﬂﬁl@t‘e* Nruo?ﬁk‘tﬁon and natural nunber p is the

power of the norm 16. The nmethod according to claim
15, wherein power p = 1 and the filter function Fk is

i cursive fornmula: WO
‘gﬁ%ﬁfﬂg%o%%%&%%%lzpzoos%ggm 16 Nm(k)= %

Xkl+(1a)N(k 1), wherein a, |saconstant with 0 <2.

%, Topereingd; alSabsfophe Yol 1€ 1" PidRinthe hreshold
value\t3| i9& cdridtanti@lueet hod accordi ng to claim 17, wherein

the threshold value cth = 0. 19. The net hod accordi ng
to one of clainms 13 to 16, wherein the threshold

16t iR oB FlnoeBitin P L Q0o AT MR S = 0
accordlng to one of clainms 13 to 19, wherein t he
enabl i ng/ di sabl in

h I
tandbe| rmethed §9@fgln9(§%9§e?ﬁ§f 6"851%%'1%2#(8{4@}’ %fﬁﬁg § freshold
valuepg FAdHh 6‘l'tf1e Jée@@éél@éd’@c%ll?ﬁﬁﬁs@@%mgltl lied by a threshold factor.

i ng-1n/ I ng- out ccording t
cl ai m20 vvhere| n the fading time constant is between

02 Tt B o S U B 40D 25, e e

enablr ISEH[WQ? bPthe dbp lké’u@ﬁ’%@ﬂ‘ﬁi fée@lbﬁélﬂ@éhéélla‘ﬂbn%lgnal (103) into the
nom functi on I's used as a fading function.

signaTI'pethm‘tthem%dog@ﬁl isgperéoromesl by aso#i fadingan{fadipg-out.
wherein fading in and fading out is perforned
symretrically.

21. The method according to claim 20, wherein the fading time constant is
between 0.1 s and 5 s, preferrably between 0.5 s and 2 s.

22. The method according claim 20 or 21, wherein a linear ramp function, a

trigonometric function or a polynomial function is used as a fading function.

23. The method according to one of claims 20 to 22, wherein fading in and

fading out is performed symmetrically.

24, The method according to one of claims 20 to 22, wherein the fading-in and

fading-out is performed asymmetrically.

25. The method according to one of claims 13 to 24, wherein the decision on
enabling or disabling the application of the feedback cancellation signal into the
signal path of a hearing aid is carried out independently for different frequency bands
of the input signal.
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