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acoustic feedback suppression Field of the invention
The invention relates to the field of hearing aids.

The invention, nore specifically, relates to a

hearing aid having an adaptive filter for generating a
f ecuipaokoeancel | ation signal, to a nethod of PCEERIGBEMEY301
acoustic feedback of a hearihg aid and to an
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IFedinvBeRe ifventar noul d and the ear canal. In nost cases,
acoustic feedback is not audi ble. But when in-situ
gain of ‘the hearing aid is sufficiently high or when
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many users and t he peopl e around such audi bl e

. Fpsd bforfsgedback is an annoyance and even an

e_mﬁﬁh'_éssrenent. In addition, hearing instrunents that

are at the verge of feedback, |I. e. sub-oscillatory
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instrument and lead to intermittent whistling.

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. I, in a certain frequency range, the product of the gain G (including
transformation efficiency of microphone and receiver) of the processor 3 and .
attenuation p is close fo 1, audible acoustic feedback occurs.



transformati on efficiency of m crophone and receiver)
of the processor 3 and attenuation Ris close to 1,
audi bl e acoustic feedback occurs. W 2005/ 020632

PCT/ EP2003/ 009301 2 To suppress such undesired
feedback it is well known in the art to include an
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f It t he_feed th i di
oSS 13 eRalicE dErGan Fieatoiie albf 5ohdIYrom
Sfﬂhalnlmbeeﬂof Seidlfed ko amadaptivatfilten 55Ag‘l1ta+ cordrof) enit Gatantiols the

Sl 60 o, AR o081 Iy B, A0y i o
eﬂawhvnaﬂi@r Zoosiantlycmoritoth tekfeedtrask eeidip torovédingc sl gstlrnate of the

W el L e
IRQr

Ahichvip rﬁ@erafedl signgjpatpot the hearinipaidfin Qsﬂ@b ths regiipe or in the

fifal Sas® to BimitRELadolaE bbbk, Ludvigsen and Kaul berg,
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gives a comprehensive overview of the phenomenon of acoustic feedback with
‘hearing instruments and strategies to suppress this feedback.

Nevertheless, there remain problems associated with adaptive feedback
cancelling. The correlation analysis is performed fo 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 cotrelation is observed, but the duration of the correla?ion
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 comelation analysis on speech and music



Neverthel ess, there remain problens associated wth
adaptive feedback cancelling. The correl ation
analysis is perforned to estinate the feedback path.
This is based on the assunption that a feedback
signal is a highly correlated version of the origina
signal. If higher correlation is observed, but the
duration of the correlation analysis is short, the
system may suggest the presente of feedback when
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Summary of the invention

Embodiments of the present invention provide a hearing aid with feedback
cancellation and a method of reducing acoustic feedback of a hearing aid having
improved feedback-cancellation properties.

One aspect of the present invention provides 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



f eedback cancell ation signal which no | onger is needed
for signal cancelling. In this case the adaptive
filter actually generates an undesired feedback
instead of renoving it. Summary of the invention
Enbodi ments of the present invention provide a hearing
aid wth feedback cancellation and a nethod of

re LG f earin id h

: n‘%?éo%it/ I cﬁﬁﬁ%%@h@ n(tg %ﬁl %ﬁﬁ?u&thg H%HF t aptﬁqz'\ff%rg’gre%qneratmg
of & édmﬁﬁ@ellamgnahra p@r@ve@tmatar floe genanafingi adfirst norm signal
g gcﬁt{aﬁt@?‘n@rﬁbmi rm(m!r; g}etd%itﬂﬁﬁgﬁﬁut sfg?ntélrelir{gﬁ&séléﬁéﬂlﬁbga 88cond nom
S| 5@@ 1ng| f) v&qgts a %P%&,"S&? af@pg eqaai;q. eg%lncal input signal, a
el ecmpacddr omhpartngsﬁhgrfabt ncarm mgnpuwlthttharssdmmienorfnorszgnal and
tr RALAGRY AYiffeRficé vah§ efa{é‘eﬂ e OIS ind PeloAR-cancelied

acousti c out put si
ge MAUAPIORY ang “F%@ifﬂh@fléh%alﬁétéwl e Rigaalgans a decisien wit disabling

estrne‘rmmbatfoﬁrof g%rféé(mablﬂ%rﬂ:eﬂatibﬁtsllg‘h@{lﬁfo&hééléﬁai p?th of the rl*ueanng
m rical Input signa
%‘@%E\égﬁgerngei’%gé 3@ E%\éeo%‘ae%ﬁ{es ?Iaﬁ'ﬁ ©Cndi cative of

a norm Nfc of a feedback-cancelled el ectrical input

si gnalwitfithe IR ﬁé Qfdoécc&‘%]m@%'tﬂg eHBSdltrieﬁFﬁ lsg]%sg‘of%-' B"@mpare a

with the secon orm Si generatin

di PR e elpsinicel Ingul Sign W"l!aetl\/te@qibach E0MmBeRaEeN wiffea norm of the
f e Gabiobadk carnoléd eldctritan IDWUt §t§@ﬂ3énd3d]§hﬂlé"ﬂlef’f@édﬁa@ﬁ chi@llation in

©L 55 bbb A L BB g

i npartitiiar tbreghtdd vaag, . gf latgeethiae & The hearing aid thihdetects a situation
di v |

o LR B B ol 005 3 10 B0 oo
pod&dipne! tesdeanimpiatend.of Snmrﬁssmg it Aied emayes thedeedbapkicancellation

Q

‘Si goml affettiriaané sihes gap Gkinegdparesation with a nor m of

the feedback controlled electrical input signal and
di sabl e the feedback cancellation in the signal path
of the hearing aid if the difference of the two norns

is | arger clarth shol.d va

 or gor EriaRE e el it SRR KE e yePcorol crcut in
si Duter taoepntrakibe adaptivé Bted bverkif terfeedtagk cantetation af thg main signal
| Nef @aFREriAdWd & iiBlegnor m thus i ntroduci ng

The result of the decision process of the hearing aid according to the
embodiment may also be used as an input parameter of the adaptation algorithm of
the adaptive filter. It is e. g. possible to increase the adaptation speed when the
feedback cancellation signal is switched off in the signal path, as in this situation
artifacts caused by a fast adaptation will not be audible.

According to a preferred embodiment the norm signals are calculated according
to the general formula:
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addi ti onal feedback instead of suppressing it and
renoves the feedback cancellation fromaffecting the
signal path in these cases. The feedback cancell ation
signal is still supplied to the filter control circuit
in order to control the adaptive filter even if the
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fading in and out of the feedback cancellation signal
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eug thus allowmg enablong 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.

An alternate aspect of the present invention 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 Ng. of the feedback-cancelled input signal, comparing the
first norm signal with the second norm signal and thereby generating a difference
value Ngy - Ny, and disabling application of the feedback cancellation signal into the
signal path of the hearing aid if the difference value Np- N, is above a certain
threshold value c,.



According to a preferred enbodi nent the deci sion

whet her or not the feedback cancellation signal is

i ntroduced into the signal path may be carried out

i ndependently for different frequency bands or

frequency channels of the hearing aid thus allow ng
enabl i ng feedback cancellation in one frequency band
whil e disabling feedback caneellation in a different
frequency band. The hearing aid can so advantageously
be adapted to the feedback conditions of the acoustic
envi r O alernateembgdinmeant erpvides e ownuier preowesas meited in claim 26.
alternate aspect of the present invention provides a

met hod of reducing acoustic feedback of a hearing aid
conprising an input transducer for transformng an
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An al ter nat e enbodi nent provides a conputer program as
recited in claim26. An alternate aspect of the
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heari ng al ri'si'ng -an-el'e
hedgimpg ai d conprising: a signal processor for
processing an el ectrical input signal, derived from an

a ou?ti c .ipput signal, and generating an el ectrical
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generfﬁé ;ﬂgse%t fnvér?t onr?a% 'Pur?ﬁeg ?é%tures and advantages thereof will be more
readily apparent from the following detailed description of particular embodiments of
the invention with reference to the drawings, in which:

| Fig. 1 is a block diagram of a hearing aid according to a first embodiment of the
present invention;
Fig. 2 is a block diagram of a feedback control unit of an embodiment of the
hearing aid according to the present invention;
Fig. 3 is a block diagram of a second embodiment of the hearing 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. 5is a schematic block diagram illustrating the acoustic feedback path of a
hearing aid;



indicative of a normN. of the electrical input signa
and for generating a second norm signal indicative of
a normN,t of a feedback-cancelled electrical input
signal, a conparator for conparing the first norm
signal with the second normsignal and generating a
difference value NN,~ - N between the norm of the

f eedback-cancel l ed input signal and the norm of the
electrical input signal, and a decision unit disabling
the application of the feedback cancel | ati on signha
into the signal path of the hearing aid if the
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2th%prasmtmmragram of a feedback control unit of an
enbodi nrent of the hearing aid according to the
present invention; Fig. 3 is a block diagramof a
second enbodi nent of the hearing aid according to the
. present invention; Fig. 4 is a third enbodi nent of a-
hearing aid according to the present invention
enbodyi ng a nultichannel hearing aid; Fig. 5is a
schematic bl ock diagramillustrating the acoustic
feedback path of a hearing aid; 6a Fig. 6 is a block
di agram 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 enbodi nent
of the present invention.



Detai |l ed description of Preferred enbodi nents Fig. 1
shows a bl ock diagramof a first enbodi nent of a

. hearing aid according to the present invention. W
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~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 subtracted at the summing node 12 (together with
inverter for signal 110 forming a s_ubtractor) outputting comparison signal 106 which



decides that it provides an inprovenent of the hearing
aid signal. An enbodi nent of the feedback control wunit
10 is shown in detail in Fig. 2. The decision unit 10
conprises normestinmators 11b, 1la for estimating a
norm of the electrical input signal 101 and the

f ecdbawkoneancel | ed el ectrical input signal 2O2ep2003/009301
respectively, over a certainmtine wi ndow. The
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polynomial functions. As mentioned the fading need not be symmetrical; the fading in
can occur at another time rate than the fading out. A fading function with hystereses
is also an option; the condition for switching the feedback cancellation either on or off
must be satisfied for some time before the fading is initiated in order to avoid an

- 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 sfill 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



switching off operation with the same or with a
different tinme constant. Instead of a |I|inear fading
functi on many ot her fading functions are possible, e.
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klaj feedback cancellation signal may be (1)
for triggering the enabling/disabling

whereby p € N is the power of the norm. The most simple case is the 1-norm
- (p = 1) in which equation (1) can be expressed as follows:

L
Nxzkz;Fk'lku. (2)

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

N () = ] x|+ {1- 2N, (k—1) 3



The norm of a signal x(t) varying over tine t and
assum ng positive as well as negative values is a

non- negati ve val ue indicative of the size or quantity
of the signal x. According to the invention the

signal normis cal cul ated over a particular tinme

Wi neioegoshosxe. a particul ar nunber L of sanpl eermkacidoossor
1..., L) of signal x. The w#ighting of the sanples xk
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generalised normo

follows: ' —(FFkakIP) (1) k=l V\herebypele
t he MVEQone(ﬁrﬁﬁorPPlﬁ@esgﬁb%s@ﬁ.&thér k kS tth& maximum
l1-norm (p = i n"whi ch equati on e exp

Mol | ows: L N' SjFk'1 xk (2) k-1 1In a preferred
enbodi nent the filter function Fk can be expressed by
a recursive gefi nition: N (k)=~ xkl+(1-,%9N, (k-1) (3)
w0 2BosPoks2 PCT/ EP2003/ 009301 10 wherein X is'a  (4)
normal i sati on constant havi ng possi bl e val ues between
0 and 1. For p--> co equation (1) describes a further

ext wfmtheap@ssubrr § thd SiRiafevd 2N icBiveNf B
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(p=2) i ndi cative of the si gnal energy: MNx =(t (LFk xk

2)1/ 2 ( i )2

- Ne=l 2R Xk) (5)
k=1 ‘ .

For the present invention any suitable norm and time window may be used. The
norm estimator caiculates the norm Nge = 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 ¢y,

Nie —Nyx > o ? _ (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 md!tip!ication 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
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Fur tAttl.chrd{n tB tHe pa arF cularrvanatlon of tl"?e{ preg Ittlrtn}err]l on E&e decmlon signal
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 fiter 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 x, by microphone 2
in method step S1. In subsequent method step S2 a feedback-canceliation signal is
produced by adapfive filter 5 which is then subtracted from the electrical input signal
resulting in feedback-cancelled input signal yi (step S3). In next step 84 a norm Ny of
input signal x and norm N, of input signat yy is calculated, as has been described in



f eedback cancellation signal into a plurality of
frequency conponents, which are then sw tched on and
of f separately by each of the plurality of feedback
control units 10, which correspond to the feedback
control unit shown in Fig. 2 operating in the
spego tdgozbgsequency range. It may al so be posgipkPodsRoeso:
provide a plurality of adaptizve filters 5 for
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enbodi ment of the nethod of producing acoustic

f eedback of a hearing aid according to the present

—invention. 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 83). In next

step S4 a norm Nx of input signal xk and norm Nkx of

i nput signal yk is calculated, as has been descri bed

in WO 2005/ 020632  PCT/ EP20031009301 12 detail before.

The difference of the normsignals, i. e. NPoO - Nx is

then conpared with a threshold value Gh in nethod

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

i f



the difference of the two nornms 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 signal path of the hearing aid is
enabl ed (nmethod step S7). The present invention
provides a hearing aid with a# adaptive filter for

f eedback cancellation and qggkhod of reducing
acoustic feedback of a hearing aid effectively
preventing the adaptive filter fromactually

i ncreasing feedback at a relatively |low conputationa
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into-the signal path of the hearing aid if the difference value is above a certain
threshold value ..

2. Hearing aid according fo claim 1, wherein the feedback cancellation signal is

supplied to an adaptive filter control unit irrespective of the decision resuilt of the
decision unit.

3. Hearing aid according to claim 2, wherein an adaptation speed of the
adaptive filter is increased if the difference value N - Ny is above the threshold
value ¢,

4. Hearing aid according to one of claims 1 to 3, wherein the norm estimator
calculates the norm signals Ny, (m = x, y) of input signal x and feedback-
cancelled signal y according to the general formula: '

N, -_{ZFA mJ | .

k=1



2. Hearing aid according to claim1, wherein the
feedback cancellation signal is supplied to an
adaptive filter control unit irrespective of the
decision result of the decision unit. 3. Hearing aid
according to claim2, wherein an adaptati on speed of
the adaptive filter is increased if the difference
value Nft - N is above the threshold value cfr 4.
Hearing aid according to one!df claims 1 to 3, wherein

t he nehereiashi isah®@k-th sahplel(Rtes..t l_f)g)gm&f(ﬁgﬁélgﬂ&:@ ylmMwhith the |
= s fee - ncel |l e

<17 toBe collitods FOtBBen A i 5 vl qumber
o P(iEtheipower ofidae narm. wherein Mk is the k-th sanple (k =
1,... L) of the signal m= x, y of which the normis

to b | cul at.ed, Ek represents a wi ndow or filter )

f unktd SedPe A aRtrdnoiR et wherein pRueiR;Tid @ng the fikgr function
ndé+ mdeSnedHinethe folioveingireaasive €ormaglat 0 ¢l ai m 4, wherein

power =1 and t Ilter function Fk is defined by

t he foﬁh%“ﬁaxﬁﬂé[‘ﬁ?{rﬂ%"}-orwl a: Nmk) =

X XK1 +ohegein ) MEdondebnt g £L7, X TS a constant wi th 0

< X<_ 1. 6. Hearing ai“é according to one of claims 1

to 5, wherein threshold value c,r, is a constant

val ues. Hearirdeald ao@rdvgdloane ef ckimg 1t@5 Ghiddréh thresNBRIVAILB ¢, is a
t%&ns t‘é%ﬂ%l d value c.th = 0. 8. Hearing aid according
to 0 lainms | to 5, conprising a threshold val ue
generator for generating a variable threshold val ue

ct h, ok - f : ' ' I
il 1 o R T e AR R P oo P iR S
according to one of claims 1 to 8, conprising a fading

uni t & fearing aid according to one of claims 1 to 5, comprising a threshold value
- generator for generating a variable threshold value ¢, as a norm of the feedback
cancellation signal multiplied by a threshold factor.

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

10. Hearing aid according to claim 9, wherein the fading unit 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 is selected from a linear function, trigonometric or polynomiat
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.
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fading in and out of the feedback cancellation signa
into the signal path depending on the decision result
of the decision unit. 10. Hearing aid according to
claim9, wherein the fading unit operates with a
fading tinme constant between 0.1 s and 5 s,

preferrably between 0.5 s and 2 s. 11. Hearing aid
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15. The method according to claim 13 or 14, wherein the norm estimator

calculates the norm signals Ny, (m = x, y) of input signal x and feedback-cancelled
signal y according to the general formula:

oSl |

wherein X is the k-th sample (k = 1,... L) of the signal of which the norm is to

be calculated, F, represents a window or filter funktion and natural number p is the
power of the norm.

—1

16. The method according to claim 15, wherein power p = 1 and the filter
function Fy is defined by the following recursive formula:



14, The nmethod of claim 13, wherein an adaptation
speed of the generation of the adaptive feedback
cancel lation signal is increased if the difference
value NA, - Nx is above the threshold value ct,. 15.
The met hod according to claim13 or 14, wherein the
normestinmator calculates the normsignals N (m = x,
y) of input signal x and feedback-cancelled signal y
according to the general fordla: N N =[EFklnklP/ 1
k=1 wherein xKis the k-th sanple (k = 1,... L) of the
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21. The method according to claim 20, wherein the fading time constant is
between 0.1 s and 5 s, preferrably between 0.5s 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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