A nmethod for controlling the directionality of the
sound receiving characteristic of a hearing aid and
a signal processing apparatus for a hearing aid with
a controllable directional characteristic BACKGROUND
OF THE INVENTION 1. Field of the Invention The
present invention generally relates to a hearing aid
with a controllable directional characteristic and
nore particular to a nethod for controlling the
directionality of the sound receiving characteristic
for mnimzing noise and to a signal processing
apparatus for carrying out the nmethod. 2. Description
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In hearing aids, acoustical signal-to-noise ratio can be significantly improved by e.g.
using of ded_icated directional microphones or equivalently by a pair of omni-
directional microphones followed by a delay and subtracting procedure to employ a
directional sound receiving characteristic. Hearing aids with more than two
microphones have also been déveloped in the pursuit of highly selective
directionality.

Hearing aids having a directional sound receiving characteristic are useful fo
improve speech percéption in noisy environments, where human speech may be
received simultancousty from different directions, as is the case e.g. in the noise
environment frequently referred to as the so-called cocktait party noise.



speech signal, the hearing aid user will normally
prefer an omi-directional or spherical sound
receiving characteristic offering the sane perception
of sound irrespectively of the direction, from which
it arrives. To further inprove the signal-to-noise
rati o, hearing aids with adaptive directiona
functionality have been introduced with the aimto
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and are later received at the front microphone, are suppressed in an adding circuit,
where the delayed signal of the back microphone is subtracted from the output
signal of the front microphone. The hearing aid may exercise a smooth change-over
between an omni-directional characteristic and a directional characteristic,
substantially without changing the phase relationship or time delay and the

amplitude characteristic of the signal.

Both the fixed and the adaptive directional functions however suffer from a reduced
signal-to-microphone noise ratio because of lack of low frequency sensitivity for
acoustical signals, since one consequence of adding a signal (from the front



frequencies is reduced al so for sounds presented
directly in front of the |istener. For a given del ay
and di stance between m crophones, the | ow frequency
sensitivity rolls off at a rate of 6 dB per octave.
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signal-to-noise ratio is improved by changmg the sound receiving characteristic
from an omni-directional mode to a full directional mode since the improvement in
signal-to-noise ratio (SNRY) is cotrelated to the directivity index (DI) of a directional
microphone.

Present adaptive systems like the directional controller disclosed in WO 02/085066-
A1 adjusts the directional characteristic by minimizing the output signal of the
system. Since signals coming from the frontal direction are not affected by changing
the directional characteristic of the system, a minimization of the output signal
results in damping of undesired noise and an improvement of the signal-to-noise-
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just leaves the envelope of the two microphone signals is not possible.

Another problem is that adaptive systems generally should adapt the output signal
relatively soon after the input signals have changed. If not, the system would adjust
the characteristic only after a certain delay in which the system is not correctly
adapted.

Furthermore, adaptive systems generally should receive the response to a
parameter change relatively soon after the parameter has changed. If not, the
system would change the parameter further in a certain direction, before getting the
response that the parameter change in this direction was in fact eroneously. As a



par anet er change rel atively soon after the paraneter
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Example embodiments can provide an adaptive directional function which minimizes
only undesired signals, e.g. undesired noise. Signals that comprise wanted signals
like speech signals are herein after referred to as desired signals.

According to a first agpect of the invention, there is provided a signal processing
apparatus for a hearing aid with a controllable directional characteristic comprising a
directional controller for receiving first and second microphone signals Xsort, Xpack
and outputting an output signal Y, and a signal analyzer for detecting whether at
least one of said first and second microphone signals are undesired signals, wherein
said directional controller minimizes the output signal by adapting the directional
characteristic only if the signal analyzer has detected undesired signals.



directional controller for receiving first and second
m cr ophone signals Xftrit, Xback and outputting an

out put signal Y, and a signal analyzer for detecting
whet her at |east one of said first and second
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I nput signals and further requires no nodification of
the fed back output signal. The additional contro
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sufficiently correlated, or distinguish between desired and undesired signals by
applying any other suitable decision rule.

The adaptive directional function is to be understood as a directional controller
receiving at least first and second microphone signals supplied by a first (front)
microphone and a second {back) microphone as input signals and which outputs an
output signal, wherein the output signal is generated by combining the first and



According to a third aspect of the invention, there
is provided a nmethod of controlling the directiona
characteristic of a hearing aid having spaced apart
first and second m crophones, a directiona
controller receiving first and second m crophone
signals supplied by said first and second
nicrophones respectively, and outputting an output
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In example embodiments, it is determined whether the first and/or second
microphone signals are undesired signals and the output signal is only minimized by
adjusting the directional characteristic if undesired signals have been detected.

In example embodiments, the directional controller receives first and second
microphone signals submitted by e.g. a front and a back microphone, respectively,
and outputs an output signal. The signal analyzer that effectively provides a desired
signal detector determines whether the first and/or second microphone signals are
undesired signals, and the directicnal controller minimizes the output signal by
adjusting the directional characteristic only if the desired signal detector has
detected undesired signals.



di rectional characteristic in order to mnimze the
output signal with the risk of suppressing the
speaker. 7a I n exanpl e enbodi mnents, the signa
processi ng apparatus with the desired signa

detector stays basically in omi-directiona
characteristic al so when the speaker nobves to one
side of the user, because the DSD forces the
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danped so that speech perception and sound quality is
i nproved. According to a fourth aspect of the
invention, there is provided a hearing aid carrying
out the nethod according to the third aspect.
According to a fifth aspect of the invention, there
is provided a hearing aid with a controllable
directional characteristic, conprising a signa
processi ng apparatus or system according to the
first aspect or the second aspect, spaced apart first
and second input transducers (Fmc, Bnmjc) supplying
first and second m crophones signals, and an out put
transducer for em ssion of sound signals in respond
to said output signal. In exanple enbodi nents, a
hearing aid with a controll able directiona
characteristic is provided. The hearing aid

conpri ses an adaptive directional function of which
the adaptation is stalled for a certain anount of
tinme if desired signals have been detected as i nput
signals submtted by spaced apart first and second
sound receiving neans. The processed i nput signals
are output as a conbi ned out put
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signal by the adaptive directional function. The
hearing aid further conprises an output transducer
for em ssion of sound signals in response to the

out put signal. According to the sixth aspect of the
invention, there is provided a conputer program
product conprising conputer program code which when
executed on a conputer or a digital signa
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In example embodiments, a hearing aid with a controllable directional characteristic
is provided. The hearing aid comprises an adaptive directional function of which the
adaptation is stalled for a certain amount of time if desired signals have been
detected as input signals submitted by spaced apart first and second sound
receiving means. The processed input signals are output as a combined output
signal by the adaptive directional function. The hearing aid further comprises an
output transducer for emission of sound signals in response to the output signal.

According to the sixth aspect of the invention, there is provided a computer program
product comprising computer program code which when executed on a computer or
a digital signal processing system enables said computer or digital signal processing
system to carry out a method according to the third aspect.



The acconpanyi ng draw ngs, which are incorporated in
and constitute a part of this specification,
illustrate an inplenmentation of the invention and,
together with the description, serve to explain the
advant ages and principles of the invention. In the
drawi ngs: Fig. 1 depicts a block diagramof a signa
processi ng apparatus for a hearing aid with a

c Oaearding el seventh asnschifde inveare: thers is pioyidad 8 pitwarg toc
acorfubrrs&tg saﬁma bMorﬁlfns‘fdiﬂn@érﬁérﬂﬂg oh B\EMblters sifphell- 2

| | ustr.at h
o PRera o REPaGr g I P b e E R R R accor di ng
anot her enbodi nent of the present invention; Fig. 3
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control used nal processing ap

aé’E‘%ﬁ“ﬂ“E}'} ﬁhaé?f:t%f h°'B% &ﬁ Qre*?ﬁh"ﬂfth? R (B Bk dyipe-epy n‘p Teﬁf?t 'Pé*ﬂﬁ**@""e'
Fi(IJC))4ordipdegic®s @f héainly Ichisag iragroas tha aditityi of @diser nalderstand
dgrgeor according to an enbodi ment of the present
invention; Fig. 5 depicts a flow diagramillustrating

a method according to an enbodi nent of the present
invention; Fig. 6 depicts a flow diagramillustrating
anot her nethod according to an enbodi nent of the
present invention; Fig. 7 depicts a signal diagram
which illustrates a signal envel ope and 11%

percentile estimator result of a speech signal of a
singl e speaker in connection with the desired signa
detector as shown in Fig. 4, Fig. 8 depicts a signha
diagramillustrating the directional paraneter

behavi or of an adaptive directional function

according to an enbodi nent of the present invention

in conparison to a prior art directional paraneter
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behavior Fig. 9 depicts a block diagramof a desired
signal detector according to another enbodi nent of

the present invention; Fig. 10 depicts a bl ock

di agram of a desired signal detector (DSD) according
to still another enbodi nent of the present

i nvention. DESCRI PTI ON OF THE PREFERRED EMBODI MENTS
The present invention will now be described with

reference to the acco nyin dr awi ngs 0 Fig, 1
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in Fig. 1). The directional controller 10 is capable
of applying an adaptive directional function 50
based on a processing of the first and second
m cr ophone signals 20, 30. As a result of the
BRIBE DESCRIFHON Qfn BHE YING® 50, the conbined out put
signal 40 is provided. The directiona
aracteristic of the adaptive directional function_ .
B ST ATy FhED SIS CRERG MATRPBRIS 3 par of s
ppecifiedtion SlifrateB4h inkpleragéntaiiont sfdhe haestivataen, ether witle the

fc!aegcription, serve to explain the advantages and principles of the invention. In the
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drawings:

Fig. 1 depicis a block diagram of a signal processing apparatus for a
hearing aid with a controllable directional characteristic according to a
first embodiment of the present invention;

Fig. 2 depicts a block diagram which illustrates a hearing aid having a signal
processing apparatus according another embodiment of the present
invention;

Fig. 3 depicts a block diagram of a prior art directional controller used in
a signal processing apparatus according an embodiment of the present
invention;



back out put signal 40. The signal processing
apparatus 100 further conprises a signal analyzer,
also referred to as a desired signal detector (DSD)
70, receiving first and second mi crophone signals
20, 30 and outputting second control paraneter 80.

I n anot her enbodi nent, not illustrated in Fig. 1, the
desired signal detector 70 may receive just one of
the first or second m crophone signals as input
signal. In operation, sounds fromthe environnent of

he hearln | i cked up by both the first
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anal ogL@:ﬂgé)p,gg(gﬁhﬁgmﬁ nverter. The resulting digital
signals is corresponding to the sounds picked up by
the m crophones are then submtted as first and
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according to the present invention. The di rectl onal
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signals to the output sign
directional function is adjusted by internal del ay
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par arrei) b sul
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parameters | n the adaptive directi onal function by
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Fig. 10 depicts a block diagram of a desired signal detector (DSD) according to
still another embodiment of the present invention.

DESCRIPTION OF THE PREFERRED EMBODIMENTS

The present invention will now be described with reference fo the accompanying
drawings.
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Exanpl es of such adaptive control wth an

LMS-al gorithmcan be found in e.g. US- A-5, 259,033 or
US- A-5, 402, 496, however, the adaptive control systens
provided in these references do not control a
directional controller. At the same tinme, the desired
signal detector 70 detects in operation 510 whet her
the first and second mi crophone signals as input
signals are undesired signals. In the neaning of the
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t he range of det ect ed
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signal s", the adaptation continues and the internal

L ST R oS P s BB pgton
$hbasedtoput precagsing of (repfestadridasecoitDinicrophone sigsaks 20, I0has a

%El{l? 8{ {h%nz%a 'ﬁ\'?@ d %&%Bélsﬂj (,ctloh S'500 %% F&gﬁg%@%g{p[xksgﬁal %:)IS

esire s as In
phdder. a bI ock di agram of a hearing aid 220 according
to an enbodi nent of the present invention. The
aid 220 conprises first

signal path of the hearin

Hirdiregtionsh gharageristie Péﬂ@oﬁf%@?@ direchenat tusrtiane) isradiustedcby
15&1 gt ée%ﬁﬁd %mdn DarfReTS i60, 80K St P!al%rdeﬂatr%of ik 1 fed

?n 4e l;rrl cal crophone si a,

l%qc ﬁ».axfpu signal 40. The signal processing appara us 100 furt'her comprises a
signal analyzer, also referred to as a desired signal detector (DSD) 70, receiving
first and second microphone signals 20, 30 and oufputling second control
parameter 80. In another embodiment, not illustrated in Fig. 1, the desired signal
detector 70 may receive just one of the first or second microphone signals as input

signal.

In operation, sounds from the environment of the hearing aid are picked up by both
the first front microphone Fre and the second back microphone By (not shown),
The electrical signals generated by the two microphones may then be preprocessed
by a sample unit on a sampling rate of e.g. 32 kHz and further analogue-digital
converted by e.g. a 24 bit analogue-to-digital-converter. The resulting digital signals
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processi ng apparatus 200 with a controll able
directional characteristic generating an electrica
out put signal 40 and an output transducer 210, e.g. a
| oudspeaker or receiver, for transform ng the

el ectrical output signal into an acoustic out put
signal. The signal processing apparatus 200
conprises a directional controller 10 with first and
second m crophone signals 20, 30 as input signals and
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el th Elg. 8Whiohshaws amidtiidd fcaramy to PR AERhERHvention.
controller 90 receives second control signal 80

supplied by desired signal detector 70. The desired
Bliggdisdctiored eortotler7® procasseethe first atd ssudns adaophone signals 20,

@urﬁ%&%%m@?o m& sct%c?g c% gnzﬂsch %EC () ala%agtlve directional

onpri ses ect or
ypetioncils erd combines ﬁhesezamcemdesxgmis ol thectudputssigria #DeThe

édabﬁ\!'re aldciPaP Tndibh " Bp%ﬂ@te&' &P%@g@[ el tea?]lg{ gﬁ%nélatlon

%_Bals or not. If the etector

plegy grtgmal &@@%ﬁﬁ%h te éaiag.@ﬁaﬁ%enuawh&e first and second
mn%heﬁéts@hialsqhmcuhdwnm PigOY). dee Qda%ﬁ@é)’aﬁe&féﬂélrﬂhctgg 50

|
it Sa e o i e e PG, ougpit g Gie riigimized.
Thenadupties cdritrel ofithe M’Steraalqrafémét&s ﬂtﬁwas idaggwim dlrefcg&m function
u .
i fitiaihg e BREGC e Rbartidlf ale Tt hedd):ilitnts Bidim i e et
ag-sk @nnlylognat Emcaﬂﬁdgﬁﬁs-a@nﬂ!hain thenatlaptivee slirédtienal function.
%W@tﬁrsugpgﬁé Bl Séntlgpwfilgat‘#Lﬁléq ogeorrﬁ{m éér'ﬁl::é tulﬂg N84 s

adapt ation mnrmze
AsPgRA033 gF uE&sm #P6,thewevrst the mdaptive coletrab amemg al‘omded in

tHedasicrdides HO A& contrbl HiredtichAPMhtralied] I ect i onal
control l er according to WO 01/01731-Al which may be

i mpl emented as directional controller 10 in a signal

Alrtioe eaae Iﬂ@leam@&fe@tréts s@m det%%r 78¢eRcEiin Gpé@u&mgm whether
|nvet|on In the, directiona controII

o84, BRR Ao, P00 microphorth SR U SaBAlS AP IS0 Singe. In
tike tnegniog of the poasentimentipm lah @dddsires signatlcemyfisestonly undesired

noise and no desired signals like speech signals. If the DSD 70 in operation 510
detects desired signals, then adaptation of the internal parameter is blocked or
frozen so that the adaptive directional function does not adjust the intemnal
parameters by adapting them according to the current fed back output signal.
Hence, the minimization of the output signal in operation 520 is stalled for a certain
amount of time since the output signal is generated in operation 540 without
adaptation of the intemal paramsters. The stall ime depends on the input signals
and the actual implementation of the DSD. For example, the stall time may have a
value inthe range of 3fo 30 ms .
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Xback fromfront and back m crophones Fmc and Bwc
corresponding to first and second m crophone signals
20, 30. The resulting signals are then conbined to an
out put signal corresponding to output signal 40. The
directional controller carries out an adaptive

di rectional function and conprises a first adding
circuit 12 connected with the front and back

m crophones Fmc and B ;0 and a first subtraction
circuit 13 having a positive input connected wth the
front mcrophone Fmc and a negative input connected
Wit i deteetedrin opergtiom &1®that tieiinput signdls see Surdegitedssignals”, the
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(oper=tioh8dow th the first subtraction circuit 13 and

the first phase delay device 14 and a second

subtracting circuit 17 has its positive input
88 rinaesudid ﬂv& dhedtiopalf chasactertbtic rig onlyr adaptedl ¥ #BADSD Sdetects

ted wi th second phase del ay
gg%?!:r%d/% Hstfm?st c%nfrol | abl e attenuator 18 acts

on the signal fromthe second adding circuit 16 for

E@]t 2%14@\&3 abioek diaBiain &f Qﬂéénnebtd Sod Q&foﬂzﬁnfgﬂ: an é?ﬁng m nt of

é} second control | abl e attenuat or acts

eg%‘a?e"t frwsvﬂonhéh% é@Bﬁ'ePaé'b Bt thedepang aidr 229 W“WStﬁ&)ﬁrSf and
sdchad et aanSfuckfi 6r Miceshbndy Fﬁ\lcf asd emid 1ra1ﬁLsforf=H’ﬂ§;I dcdustic

P eHeES i Tb aih Beuloceef Eeroope Sigrib, 59, #gfonal

mddaasmgrambramezm whialascantreifabfer dirsctishap chathéléristib @enerating

| d to the
si g ng[}»'k% roggﬁg gh"ﬂ gi?ﬁder% Ba%o?)l}etéa{t ?%gssdéjggrt% s & QSPIJ%L@?PWT or
eeeiverofar ensfprmingthh eldvrical outprd gigadhintotamgmousticyoutpat signal.

P él%ﬁa? grdﬁs%E@%HtmO@é@?‘ﬁE& %Eﬁje(!ﬁgﬁen %?ﬁtrotﬂ&p R e st

to t resent venti on
Adgirerad m*%?ﬂf@aa iskigaksiZ0¢ 9 @s input signals:ang puiput $igrel 40. The

S p?oc@séiﬁ-@ apba?g?t@éjﬁod ﬁﬁ‘lﬁ%mprﬁ@éﬂés:m&% dﬂgle&eef <{l’ 0 and

h Ie internal paraneter 95, contro
e aE Ol §0 A Speae: HORHASE Figenl parametor(ey 95 of
adaptiengtirdctidriad funefion/$d (Mldr@dri8 IminifNizeahd 3d!Badk butgt® signal 60

WGP lIugLR% parametelr controller 90. As a control signal, parameter controller
90 receives second control signal 80 supplied by desired signal detector 70. The
desired signal detector 70 receives first and second microphone signals 20, 30 as
input signals and further comprises a detector 71 and a update/stall-circuit 72.
Detector 71 detects whether first and second microphone signals are undesired
signals or not. If the detector 71 detects that the input signais are undesired signals,
the update/stali-circuit 72 provides a second control signal 80 which enables the
parameter controller 80 to adjust the internal parameter(s) 95 in order to minimize
the output signal 40. Otherwise, if the detector 71 detects that the input signals are
desired signals, the update/stall-circuit 72 provides a second control signal 80 that
indicates the parameter controller 90 to disable or stall the adaptation process and
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If the acoustical delay between the back m crophone
Bn,J'" and the front m crophone Fr"rc is designated
A, then Xback = Xfiont' O oA If an adaptive
directional function is chosen with ormmi = 0, the
out put signal beconmes Y = Xfrr r,t * (1 - e inxkA n).
where T is a further adjustable internal paraneter
95, controlling delay devices 14 and 15. If the
delay T is selected equal to the delay A directly

t he. bac m crophone_to the fron n1cro hone in
8 RyirpBrc e SHEHE SGRaopifiat iaH PorneasiofT deirets agein
tundegirad sigodist he sound signal X coming directly from
the back of the user is suppressed to the nmaxi mum
extent and a directional characteristic know as a
dig- doshawe eadiepstional sentrolled adsomlingub WG &378 6A1 iwhidhhaay be

1R0Omehte@ ek Hﬁ@ctbﬁa!%hfrzﬂl\é? ‘i‘O lrﬁ? @ﬁil %EJGE%@ngsapg)a'rAétuf 2S00

com ng part romthe sid ancel ['ed,
gQF |%?Pea¥ 'ﬂvﬂa_iioeawaéP idifectienal sentrayier agyshown in Fig. 3,
G:Ohttdllﬁlblb %ﬁemétbh &ntigiHase Ablay dpet%tloﬂﬂ‘)%VeﬁfpllecﬂﬁP Qf;ﬁiélg Ksronts
2@ @)F qn tr}el ter rreter ommi
sl A & Q sk 5 8'8" a’I’fg‘5' OO‘PFB"SEO"CW%F? Bhiand
isgcand duicrephde! signaly 24, [88c ;Iha\n'éslultlagg pigAdls ﬁtel\tile% combined to an
t .t .
ol S Sbircona By WBLLE Butal 818 phiFond egpgter, cpyries
Rl @nt ﬁtapmﬂ Idlradztmalt funetiorf wantl hmm'mesy af lﬁrsm adding1 8€cuit 12
@br’ir@%ﬂ%ﬁ th@fr&\t’ana'baamic O'ébhof're i 5“ rfgs‘i U Setion

be at 80 and degr

5&5?%}51& hayngrae ppfﬂff\@r lnaqrt qs’aﬁ%nm Wity tfw‘rc(r@ mq:mmmm.c and a
Yeddiivd BpulR@nReREE witl bﬁac\/rﬁlcﬁdbﬁoﬁélé s ﬁirét%‘ﬁﬁ 's@&%d‘ﬁha&@ Belay

irectiongl _controller can accor di n

RG50S SRIPEHEA D ths G tRublEsEgs Piceeiding Giuit 13 and
adapspectvely0Mhe ebcodfl atiting citduiteistis mbcté‘@wttﬁ HelfiRdt slbtraction
bG8 2 107 SRR G dP BRI P aRES A hBedinE orguit 17
Hassitsr pitive thpat caeested with #@ firstandidy oigeuitd 2aind its negative input
connected with second phase delay device 15. A first controllable attenuator 18
acts on the signal from the second adding circuit 16 for attenuation of this signal by
a factor (1 - omni) / 2 and a second controliable attenuator 19 acts on the signal
from the second subtraction circuit 17 for attenuation of this signal by a factor (1 +
omni) / 2, whereas a third adding circuit 21 is connected with the first and second
attenuators 18 and 19 for addition of the signals therefrom to provide the overall
combining signal to be supplied o the signal processor. The properties of this
directional controller are such that it may advantageously be utilized in connection
systems and methods according to the present invention. The combined output
signals from adding circuit 21 is

Y = Xgont* (1 - omini * €77T) + Xpae * (0mni - 7T

14



enbodi nent of invention. The desired signal detector
70 may be used in a signal processing apparatus 100,
200 as described with reference to Fig. | and 2. The
circuit structure of the desired signal detector
conprises an adding circuit 73 for adding first and
second m crophone signals 20, 30, which are connected
to the adding circuit 73. The output of the adding
circuit is connected to a signal envelope circuit 74
wm chfgroduc%é E@ na| envelo%e of the added i nput
LNGIRP8N AR aglugiable inEmakpasp@etes 98, tqntpllig attwa&airrgﬁ%and
d8val bpeng Inrthel irhpl&lﬂentﬁfoﬁhldﬁ WO Ded1rP-RObRaRe in the range from
@ parat or 77 and a percentile estimator circuit

he Ppercentile estimator circuit 76 generates a
percentile estimator result, e.g. a 10 %or 11 %

t l |
oy Sl G betfoen h8Ba LR et OAY By Bl tlyfionyiophone
Espﬁéﬁfgﬂﬂﬁééfmﬁﬁtor resul t mnth an percentile
estimator known in the art. Exanples of such
percentil e ors are known frome.g.

Us- A- %b%zxgwo eq%) 95/ 15668, or WD 98/27787,
however, these percentile estlnators are not part of

desi. r nal ector. Gener the percentile
@sﬁq ﬁ%el'pg'lye r@?gtf H‘Pﬁttﬂ" 5y Shogen FY\@@ P F &0, e@?i‘?iﬂ?%rs'gna'
O&omeg be any percent| |l e estimator result in the
range 0 - 100 % O % percentile estimator result

nmeans that all gnal s input to the percentile
est i maf ® Xea™ é1 de?" ched to be above the percentile
estimator result and will thus be considered as

speech. This neans the DSD detects desired signals
wheretThis & furtheraasiilistahie lmsmataarswtarrsé canffaliing teley devices 14

A 15.UR e d@l’a&r T P §el&&&ﬂe %’de]’ag A el tt?c?ngttiln%q Back

estimator resul S I's I’ np

HiCFRbARe F%theﬁpnh'atcmphweénaa@@cé@ pode oben»esamnr(emm 0)

tReh GRNpart of fh‘ét $JtRH YignbeR %ﬁ\ingTﬁil'e%ﬂW?r@Histhé ri)%clpgpthe user is
consi de ? E emln ut signals as, undesired signals so

stliﬁ’ﬁfesf' Bimu, £xEptand Andireghons é!"?'@ﬁteafﬂcamow as a

@undbid Hearacléristic with aalull-dikaibmini the 180° dircEtivh i@&cidvelhe
DSD was not present. However, although the
percentile estimator result is not necessarily

By adjostieig Tf-0A, smsid c@piNg edy fs ti sdibfthe ubsiivesitefied, the

0
09 rectf))nI o tﬁc’eeclza%%cta!m% effect being controlled by the ratio of T/ A.

However, according to the invention, the internal parameter omni may assume
values outside the range of 0 to 1. When omni is reduced below 0, there will appear
two nuli-directions, symmeftrically about the 180° direction. Increasingly negative
values of omni will move the null-directions further away from the 180° direction,
.g., at omni = -1.5 the null-directions will be at 80 and 280 degrees.

Conclusively, by adjusting the internal parameters 95 (omni and T), it will be
possible to move the null-directions of the directional controller. This can, according
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16 Accordingly, the percentage used for the DSD is
not limted to a specific nunber, but there are
however some practical limtation depending on the
surroundi ng noi se situation. The percentile
estimator result should generally present a good
border |evel between noise and speech (undesired and
desired signals), so that levels belowthe
percentile estimator result can be considered as

Eos§ent| al @/"b esired *)%nalé and | evel s above can

b eAET e PR ESTRYRY s P FXAlled dpy 2 grantye qontrplngl the

ﬂmcrhemil agatréler ethetsiynahp@bessin@praedtis afcotdi®) HPBE Gesent
?r'ﬂ is below the percentile estimator result and

Wi I'hcorrectly be considered as noise. The

adaptatl on wll therefore not be stalled in every

CASSYWE A %ﬁ}%b@iﬂventa Bl ah@é'éﬁ'gd tihal| Hét@&&t 25‘ a:Jccordmﬂ g an

a ap tati on sone gr ee react
%@P?d'@&"ft Pdnveptictie Th@ﬂﬁ?’f?@ sigitah deteptan 40 maly hem_sed in a srgnal

&@@iﬁgaﬂ@al'ﬁussﬁio 200 ok Q¥scriRBBvilAfforéice tH i)l &R 2. The
ove . per.centile estimator result and

Wﬁ“li *"?fH%tl-"@f %frfBe ﬁ'é' F oA (JeiSEtoE SREPERSE A 2ndlingeireul, 73 for
Jddingl sk ahd camind adlamb&bneaﬁgmeﬂs ©2bero,siigth ak wme&édl € the

f ' tation i,s.ther.ef
b ARER 25 S bt By BfnG SRR petsiy o 5 Higed <Oyplore
¢iguit @4 whichgiedveescibasigga goeelopmof the addsi inpat agnale The signal
I t it
$ihRIcpBNEE oBtput B0 16 sithbl ofieftthe E:‘F?uﬂoié?sb slitrRBkg 94 deffy
?qna%?éate'f ??s,a"do%%r&%“e eftirator shiguitstiy il Be eerentignestimator girguit
36 Qélﬂeré’céé b erRBAtIO REIMRr el Y. aHFnA%V&H 4 %V'etsﬁnér’tor l@% of
percentjle estimtor with percent |
168 el BivelosBulk i< el e teva SKilod borsgm bewrie pivids such an
pmcérlﬁlebéstlﬁf@hir %@ﬂlmzdgrms 3 ﬁller@tlﬁ'iafoii kn@ﬂ'dlnstﬁé? an CExampIes
) nal s
Gt BaRattue SRRaS ot Kni Talf B i FRET Sl hff Ry oss.
m‘sWQrﬂ&lBT?&?ehmmveasthmﬁ pertentife eétingders @e hot Part of a desired
4 BB Br 76 is supplied as second input signal to

npara of 77. Conparator 77 conpares the two-input
SI gnal s, the signal envel ope submtted by signal

@éﬁé@él@?ﬁe‘ﬁel‘dé%lé eZtﬂ'néi@ldreEJFou n}%ﬂrb‘}% bér@erﬁi&é.msﬂﬁa@é 76 may

resultf. The resul he conparison I's S

berany prieandlesasAmetor resgtin the sange: & h 197 %0 de senchrtils esisrator
reQiit mehndPMaBBP EBhHal8 Gnput to the percentile estimator are detected to be

above the percentile estimator result and will thus be considered as speech. This
means the DSD detects desired signals all the time and the DSD causes the
adaptation to not run at all. The other extreme, if the percentile estimator result is
100 %, all signals input to the percentile estimator are detected to be below the
percentile estimator result. This means the DSD considers the input signals as
undesired signals so that the DSD will not stall the adaptation at all, and the
directional adaptation will run as if the DSD was not present, However, although the
percentile estimator result is not necessarily limited, for most applications a number
between 5 - 90 % is selected.
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The function of the analyzer, also referred to as the
desired signal detector (DSD) 70, is now described
with reference to Fig. 6 showing a fl ow di agram of a
met hod according to the present invention. 17 In
operation 610, the signal envelope is generated from
said input signals. The input signals may be the
added first and second m crophone signals 20, 30
according to Fig. 4. In accordance to anot her

enbodi nent (not shown), the desired signal detector
does not conprise adding circuit 73 and the input

alcmhgls:o’chbfmmeﬁmac’dse@ WQIH@DSD% hsylirﬁnte?i“to'asspﬁéciré Slmber,
&@lflrst or the se ‘;P nllcrop one sj| gnal

4P RG ke paviever fpe Bipchical [migzgion deresdino .y th%swrf%mdmg noise
pitiesionpTheopertévdle attinkaarsieswinshoald géi@ralrplméetenf é@&bd border

i@vglr 9&%8&? nE &’ ang ﬁ%ﬁeélﬂﬁungﬁﬁr%g (ﬁr@ X «%(silrmq] %fg%gls)o SO tﬁat levels

'S a m GFophone W
belawdbe @emﬂi!l@ estimatoaresutiican Mecoogitiesd ssukssBtizlg undesired

%ﬁ&:@ RR9 W&etssétgﬁé'caﬁ %f&ﬁge&ga g 0591 h&}ﬁgc ?:8&!%9 s?é]n%@allfsthe

reac |ngt hat m Ccr op hone from an
Perecingmis seb FRPe'l"@*p)é‘Ome Raeof dlor ﬂaﬁeﬁ! glgarlsis babwdhﬁ geregntile

bﬁmaﬁefesma»nd o ﬂﬁﬁﬁ‘écﬁ&% EdrRideRBl & AGISe. MY Q&H%Hiﬁn will
in. or the overall circuitr
Befiife "ok nioled @ a3l nesoER, GE 2 o R ReNFa the directonsl
addptatioh ovill teesarhé de@eg redct bR 16 prsece gle@l ahsemta!rﬁ&bom the
n eration e S n
piCtm, iR EORgRE ot oL Biiedrat e noliBrih B above the
perceritie a$ttmat¢re“esmigm wdirth@b’bmemcm@:ﬂy be reonsidged asl spéech.
?W%&ﬁé&ﬂaﬁﬁ téti‘&npié%bﬁ%ltﬂéﬁl ts&ﬁﬁg.gaén%f gﬁﬁgn&gﬁw&) the

I nst ntaneous si gna
Yrpiatian inlaerefnse plewerthan necessary.iut wil shlésmjy teaghuh rlisso
when the instantaneous signal of the signal envel ope

s bel ow t he gercentl |e estimator result
RS perpr o BRSO R R mPlor 40, dR e ceRse & 28 % Wl find the noise

ilovs qaind aekmis iRl Gredkhdise ﬁh%ystﬂéea RkEEHH trdd-offs, because
resul t det ect or

he des
el o Riimierts Gy i SoRr brame veiiss Hatever. 4 2
D8 76dmwingla pecentiieteatimatd) with apbicentile astihdt@drebult between 10
Oﬁ)e‘/o qogr}e cobIH b%raqs% éc? B\ﬁér%l lssgnrg]efrs%d HtsaeE:ond rhicrophone

pdat®l'stalT-crrcurt
SIQnals 20, 30 supplying speech signals of a single speaker in a quiet room.

The percentile estimator result as output of the percentile estimator 76 is supplied
as second input signal to comparator 77. Comparator 77 compares the two input
signals, the signal envelope submitted by signal envelope circuit 74 and the
percentile estimator result. The result of the comparison is submitted to an
update/stall-circuit 72 which produces the second control parameter 80.

The function of the analyzer, also referred to as the desired signal detector (DSD)

70, is now described with reference to Fig. 6 showing a flow diagram of a method
according to the present invention.
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second control paranmeter 80 indicating to the
paraneter controller 90, or directly to the
directional controller 10, to disable adaptati on of
the directional characteristic by the adaptive
directional function 50. If in operation 640 it is
detected that the instantaneous signal is belowthe
percentile estimator result, the desired signa

det ect or concl udes "undesired signal” as input
signal and allows to update the control paraneter
adj ustnent in operation 660 by setting an

enab%rau@ tcfmlm@%[gaap@m:oﬁ@ {ié E;@rheirﬁt@ﬂ gmi %éud&f)pm %[gﬁdlapfrhe
ll‘Clon CeI‘SIC adj ustin

e SRS LERY B, tsondibll BF Ad SerilluSomoas Shals 50, 30
decoeding torEig. 4. fluacdordance fo armﬂfeabmbud:ﬁuéﬁt (néCshoingl), g deired

Qiﬁ%lhﬁtec‘?ﬁb@cgésrﬁﬁt ﬂfpnét—p gd@ﬁ%%‘?&}it 'H“éﬁ@tﬂl\e? ﬂ'gnép&%ﬁlql g the

esir e ect or
sional anvelppeveireuit F4sis c,eab%rtthe fitsh odtr@taengm Bﬁcrch;ébmelgnal The

Eﬂd]h% @iﬂﬂl’t'ﬂ% Bd Rl léﬁf]gdo@(%uignto tt[‘ib'epﬂeglﬂﬂﬁtwﬁ' tﬂé}%lt %agpone%g the

t detector_71 then
Efﬁb tgmtarewmeg-‘eucgr Hﬁéﬁ@oﬂdrpa&k FreRtioRe e tﬁfbﬁ@pophone with

BRBGHI-diteciional Q’ihél‘a%&ﬁﬁm;dsm that hiy/ em@r@pr&ina Nedbfnits tahﬁucrophone
ector concl udes ired si

i,tal
Shith Prreshdlidhig {5 ot Soas Gacerhdnal Siromang (fgm any
dmoeum dihug,lihe sigesaltenvélbed oftthe soumlmgnam gyivelisdisy e user may

' di gi,t al n
e ba5eR B St the MEFRRY R gmby B Kk e deiny
moterﬁif@plér ation 660. According to another enbodi ment
of the present invention, detector 71 detects the
| evel of the input si gnal and in an operation simlar
Fom ey ﬁﬂi“ﬂrﬁ"ﬁfﬁgp? ta pefoendis gelimatohhiesubre.gha 10c%eperggntile

éshﬁndtdtmiéuﬂs ||£<ﬂb’%énﬂu%dﬁh‘b\5€ra%n @ﬁb olWe%@ﬁf fe@él@ oPb&A Glgnals,
{evel he i nput ? ow t hat preset

Pviateeri b st st A0 the, RESE] PRYPRRS 368 e gorpared in
memat@ao&sovwrt i?arﬁtﬂﬁrﬁédn@f&rﬁ&W?aMeM‘s el QﬂiéS astaﬁlageouﬁ signal

di nent . of a d
TSPl 00 5 o e enfe g e s o et e
issfahtanedusveignal of det sigmalienvelnpd goenbeldwithe pdicehtile guliradtor

%@GI Bra‘i’igﬁ fﬁﬁﬁﬂ %dyﬁd&?é&e@thgf %Q%eﬁant;—ﬁb%ug ! gﬁﬁi |§ above

structure o
the percentile estimator result, the desired signal detector concludes “desired

signals” in the input signals and the control parameter adjustment is stalled in
operation 650. In order o stall the adaptation, update/stall-circuit 72 submits
second control parameter 80 indicafing to the parameter controller 90, or directly to
the directional controller 10, to disable adaptation of the directional characteristic by
the adaptive directional function 50.

if in operation 640 it is detected that the instantaneous signal is below the percentile
estimator result, the desired signal detector concludes “undesired sighal” as input
signal and allows to update the control parameter adjustment in operation 660 by
setting an enable-signal as second control parameter 80 to adapt the directional
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170 is simlar to the one of the DSD 70 descri bed
wth reference to Fig. 4. The DSD 170 conprises a
| evel generator 110 which replaces the percentile
estimator 76 of DSD 70. The |evel generator 110 does
not necessarily need any input, e.g. the envel ope
si gnal output by signal envelope circuit 74, but
provides a fixed signhal |level to the conparator 77
whi ch conpares the tmo i nput signals, the signa

envel ope subnitted Egnal envel ope 74 and the

Fearagtensiip Ry ?@Jaﬂ'rwh? el patrol geRBeter B theialaptiyedirectional

funstidntin 6perkiitsy 6700pari son is submtted to the
update/stall-circuit 72 which again produces the

second control paraneter 80. The function of the DSD
-AF@rding &l swther embeadiment df e: fresmtt irvantioh (hdtehben), e, desired
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%E?\?Eo"tﬁil‘“g% Vel pigaals; thpdioital sigpal defgotor gengluslps |"deswed signal”

@@pfsgéb@i‘f7mg@€@lgéftﬂt;]d?g6w Gﬂ?@vﬁb‘éshfftﬁéi dBtéEfoP W‘T%Bf&t@fhat the
e cha

BRG: Sorls 4805 8 Ak paleusvanpey e Udieb Flingadgigetor
¢dmlubm/‘hahdemésghaif andljrfceeadd m&taro]berﬁﬁ)mﬁﬁoa t hreshol d

and the update and stall criteria my be adjusted
accordingly. E g. the designer mght want to use this
Aegontind fotapother dinbedimentzd 4yt present invbrticoowdetector 71 detects the

!Q{}e‘?%ﬂr%ruﬂbxﬁ ehlaPWRA inf A S5 é..?m rtQ%PeJaﬁ?éH&P&?éaec.ded

dating In ‘environments ere

Fideeelgvel\pf the inpytsignakis @P@Wﬂ@lw g@’talmn@sﬁéevel and if
m m{ @vérrsgﬁglm}@ thalt Bfésé'ﬁ@veﬂ)fthé bs® GAAaR!s “uﬁaéstr signal” and

Rh 1 P aD SO BREs  oiat 1o i o
enV| r onment dom nat ed by W nd noi se or in.an
B SRS oo Biiink s AR08 her BbshE st i,

antmdmmt of the inyentioncin whith tsdn:ifm m:elafeteﬁﬁm i3 Fiplerbrtted to

@a@%%%@g i RO e S0 Sl g oo
179 ipgjopiiar te themne of the DSD 70 descnbed with reference to Fig. 4. The DSD
170 comprises a level generator 110 which replaces the percentile estimator 76 of
DSD 70. The level generator 110 does not necessarily need any input, e.g. the
envelope signal output by signal envelope circuit 74, but provides a fixed signal
level to the comparator 77 which compares the two input signats, the signal
envelope submitted by sighal envelope 74 and the level submﬁted by the level
generator 110. The result of the comparison is submitted to the update/stall-circuit
72 which again producés the second control parameter 80. The function of the DSD
170 is also similar to the function of the DSD 70, except for the fact, that the level
generator 110 outputs a fixed signal level which does not depend on the signal
envelope of the input signals 20, 30. Therefore, in operation 640, it is decided
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bel ow t he threshol d, and outputs a disable-signal if

the conparator indicates that the signal envelope is

above the threshold. However, in another enbodi nment

of DSD 170, the update and stall criteria could as

wel |l be reversed, i.e. the update/stall-circuit 72

outputs a disable-signal if the conparator 77

i ndicates that the signal envelope is equal to or

bel ow the threshold, and outputs an enable-signal if
the conparator indicates that the signal envelope is

%{B%ib%’ ngbve'mf gﬁwt@tan%'é siomrl ggvelepedn aboveror dptowtthersianal

eleliohtepsvebgaticrativent i on, detector 71 of DSD the
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If the comparator indicates that the signal envelope is above the threshold.

According to another embodiment of the present invention, detector 71 of DSD the
calculates a correlation coefficient of the input signals and the DSD concludes
“desired signal” if the correlation coefficient reaches a certain value and the second
control parameter 80 is adjusted accordingly.

Fig. 10 shows an embodiment of a desired signal detector 270 according fo still
another embodiment of the present invention. Also the DSD 270 may be
implemented in a signal processing apparatus 100, 200 as described with reference

fo Figures 1 and 2. The circuit structure of the DSD 270 comprises a correlation |
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m crophones. In this and other cases the correlation
coefficient indicates whether at |east one of the

m crophone signals is dom nated by noise or

di stortion. For exanple, the adaptation may be
stalled by transmtting a respective second contro
paraneter 80 when at | east one of the input signals
20, 30 is dom nated by noise or distortion, so that
conparator 77 detects falling of the correlation
coeffjcient under the signal |evel generated by

calGWpton el whicl) calegates &, sprrejaliosr ereficiept between ith¢ dwe tinput
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detector for detection of non-correlated first and second input signals and for
generation of a control signal is provided by way of example. Depending on the
desired performance of the DSD 270 and the choice of the DSD designer, the
update and stall criteria may be adjusted based on the value of the correlation
coefficient. |

According to an embodiment of DSD 270, the update/stall-circuit 72 outputs an
enable-signal if the comparator 77 indicates that the correlation coefficient is equal
to or below the threshold, and outputs a disable-signal if the comparator indicates
that the comrelation coefficient is above the threshold. However, in another
embodiment of DSD 270, the update and stall criteria could as well be reversed, i.e.
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detectors 71 in the DSD 70 dependi ng on the type of
signal. The selection may be based, e.g. on
statistical analysis, frequency shaping, detection of
certain non- linearities, or others. Fig. 7 shows a
signal diagramillustrating a signal envel ope and an
11 % percentile estimator result of a single speaker
over a tinme period of 20 seconds. The signa

envel ope and the 11 @6percenti|e estimator result

ave achi. ed by usfin taI i npl enent ati on
(1P SRRl et e Rlosioes o {7 Releeien
that itie somrelaicsi cpafibiedits eqiato JrQ)eW\AI the ﬁiﬂe@nb@nﬁd @nwﬂs ape

tina o]y 76 Aacc
Gl tbne § ool BR RS gl elBiston b RS i gre
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haV| or of the internal directional
parameter omi of a prior art directional controller
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@g{ﬁ directional function still
f e%{ogﬁg OEQgggqﬂ?ﬁ' 6}#1% directional characteristic
even if the speaker noves out of the frontal
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adaptwe directional function accordmg to the present invention with the DSD

included (parameter value of omni = 1 means omni-directional, 0.5 means cardioid
and 0 means bi-directional characteristic). In comparison to that, Fig. 8 also shows
the behavior of the internal directional parameter omni of a prior art directional
controlier without a DSD (dotted line). When comparing the directional parameter
behavior with and without DSD, the improved behavior of parameter omni when
applying a signal processing apparatus according to the present invention may
simply be recognized for a skilled person. According to the full line, the parameter
omni is adjusted between 1 and 0.97 over the enfire time frame of 20 seconds.
Even if the speaker moves to one side of the user after 5 seconds, the value of
omni stays in that range which means that the adaptive directional function still
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whole tinme frame since the directional characteristic
remains in nearly omi- directional node.
Furthernore, it can be seen fromthe directiona
paraneter behavior with DSD, that the adaptive
directional function tries to dunp undesired noise
by adjusting the internal paraneter omi bel ow the
value = | in speech pauses in order to mnimze the
out put signal 40. Contrary to that, a prior art
dir |onal controller wi t hout DSD adj usts the
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signal and a significan ation of the m crophone
noi se which is disadvantageous as described in the

b}@ﬁk@?wﬂﬂt $G5Hor an d@éct'bﬁ& cotRAEH Wittoat baD- ad%ﬁsotﬁéiﬂi?&tlonal

an, enbodi i nventi on,
PRE P, LG rsge STUSioR o i By e desegifipe In Fig. 8. In the
fiist sim sbconds sthg rirbatioRl, coBfol kR ytabeintinvii-drectiBYial mode. After the

5 e s b P gl 3
furiher @mimizeqitperwypu‘ta‘ﬁmelt by Esijusting theh paraanetbr| ormiitteca more
BIRERDRA Indde, HBRA 1d) Q@g‘ugd- @g dgsult\fli\ﬁ dn ﬁ%ﬁgéxﬁ&s rrgﬂ’%l of the

processj ng appar at us y eac
E%Q%F?fgswsaﬁ@ﬂ%r@mm@@nt mo@lmmﬂtmemmphone noise

GhRANR! dishiNantdpsolienasaldegiibel NR il HaE _qL section of the
char acterl stics to be different anong t ese channel's

Ry ¢ he anal ysis by which signals are
C|aSSIerd as desired and undesired signals and the

ﬂﬁg naI charact Ert@%i cs | f %@ust s done

&E‘%@% LAY |e91 imep B iRfesen Iy prtiopy the frgayency spectrum of
therfisstiand seeondavictophone sigreds 20)t30thayt be amusd o} dand-Ssit filters

%{ k k) ‘ﬂ' E’F Igg s, descri be

(et BT IeepGilb, hitta Hunpblt o (HERO0L B el il febeiive
lﬁ@yad frequency ranges. Each of the band-limited channels is then handled by a
corresponding signal processing apparatus 100, 200, whereby each signal
processing apparatus operates in a band-limited channel. This system allows the
directional characteristics fo be different among these channels, such that the
analysis by which signals are classified as desired and undesired signals and the
directional characteristics is adjusted is done independently in respective frequency
bands.

Finally, it may be pointed out that it is clear for a person skilled in the art that

embodiments described with respect fo the Figures of the present invention may
possibly be simplified in order to better describe the key features of the invention.
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possibly be sinplified in order to better describe
the key features of the invention. 23 According to
further enbodi ments of the invention, enbodi ments or
features of enbodi nents descri bed above nmay be

conbi ned in any conbi nation useful in a directiona
system for mnimzing noise. Furthernore, it is
apparent to one skilled in the art that features
described in this specification or in the clains
that follow, even if not explicitly described, may be
clainmed in any useful conbination. 24 CLAIMS. 1. A

ﬂcgmlnganﬂmlmmﬁbﬂmef Pveionahnbitimarhts o\“"féat’cur%s of

gg_&)trolel ﬁﬁb & d tional charaéierlstlc co %ISIH
SiiioaRa9oelind a8 mavohe FUBERGH injany ppoibEian ssebhin 2

Mrett:imphi@ystemfglmhmz{hg mise. Xk and outputting an

out put signal Y, and a signal analyzer for detecting

whet her at |east one of said first and second

rdhespeend is gpparanisoane siifleid i ﬂeoarsihghaemresmcmeu in this

S kil I
oL L R, ) 1Ll SR, v o

ip a Y1E59§‘i"§ﬂ inglip yzer has det ect ed undeS| red
signals. 2. The signal processing apparatus according
to claiml, wherein the signal analyzer conprises a
detector receiving at (east one of said first and
second m crophone signals and an
update/stall-circuit receiving the output of the
detector; wherein said update/stall-circuit outputs
an enable-signal if said detector detects undesired
signals as input signals, and outputs a
di sabl e-signal if said detector detects desired
signals as input signals. 3. The signal processing
apparatus according to claim1l or 2, wherein the
directional controller adapts the directiona
characteristic by adjusting an internal contro
paraneter of an adaptive directional function only
whi | e enabl ed by
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nmeans of a second control paranmeter submtted by the
signal analyzer. 4. The signal processing apparatus
according to claim 3, wherein the adaptive
directional function is defined by the formula: Y =
Xr" t * (1 - omi * e T) + Xback * (omi - e30T) 25
where omi is the internal control paraneter and T is
aC§£ 2term ned acoustic delay. 5. The signa
pr SSing apparatus according to one of the
preceding clainms, further conprising a paraneter
controller receiving a fed back output signal and a
second contr ol aranete and outp i nt erna
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generating a signal envel ope of said m crophone
signals; - a percentile estimator generating a
percentile estimator result of said signal envel ope;
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3. The signal processing apparatus according to claim 1 or 2, wherein the
directional controller adapts the directional characteristic by adjusting an intemal
control parameter of an adaptive directional function only while enabled by
means of a second control parameter submitted by the signal analyzer.

4. The signal processing apparatus according to claim 3, wherein the adaptive

directional function is defined by the formula:

Y = Xgon * (1 - omini * &™) + X * (0mni — &)
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7. The signal processing apparatus according to one
of claine 2 to 5, wherein said detector of said
signal anal yzer conprises: - a signal envel ope
circuit receiving said first and/or second m crophone
signals and generating a signal envel ope of said

m cr ophone signals; 26 a | evel generator generating a
signal level as a threshold; and a conparator

detera 97N igtibe itermal epndroiagteraid divp erefeterberde or
belsevustiaiddiay.t hr eshol d; wherein said
update/stall-circuit outputs either an enable- or a
di sabl e-signal, depending on the conparator result.
8. The signal processing apparatus according to one
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si gftEiINer CORPIIRIag A Farapmstar SeRtsT rereanp< fed bagkytpuhgignal and
shapisagpndrcoliol patmeter agl aftputingtsaidinteoal-cohtrol pamairietee,s

in . r - - '
app Sa i SaEf SRAANG SLAIEE Sl td el SRl SRR e
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fi | trRrsedridedhtrdl pamiicie? irdithied bh BHatsidkinal M cr ophone
signals in certain frequency bands, wherein said

update/stall-circuit outputs an enable-signal if
said detector only detects signals in undesired

fre . _ : oo . .
5T DRSSt L LA LA Byl A bl
bandetectornof sFid sigepkanalyzercoteEs8shg appar at us accor di ng
t 0 anez gign# kAlpe Ziréuit réoeiviMyRaRIfifst SR/SH seeR@aErophapk
sai d si.gnhal anal yzer cal cyl at es afcorrelatlon
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updat egignadd;| -circuit outputs either an enable-or a
di sabl gxsigRal ' . .
correl g? I on %oeesﬁﬁgtgp nnt%gaﬁﬁ? b%%%r?ﬁ%llnééﬁmgtg)[)%ggtsﬁfﬁ%‘d

syst ensignalehglopefiber of signal processing

appar ai bsfsarator comparing signal levels of said signal envelope and said
percentile estimator resuit;
wherein said update/stall-circuit outputs an enable-signal if the comparator
indicates that the signal envelope is equal to or below the percentile estimator
result, and outputs a disable-signal if the comparator indicates that the signal
envelope is above the percentile estimator result.

7. The signal processing apparatus according to one of claims 2 to 5, wherein said
detector of said signal analyzer comprises:
- asignal envelope circuit receiving said first and/or second microphone
signals and generating a signal envelope of said microphone
signals;
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according to one of the preceding clains and further
conprising band-split filters dividing the frequency
spectrum of the first and second m crophone signals
in said nunber of channels with respective linted
frequency ranges, 27 wherein each respective signa
processi ng apparatus enploys a directiona
characteristic by separately processing respective
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detected. 13. The nethod according to claim 12,
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an adaptive directional function in which at |east
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i nput signal corresponding to one

10.The signal processing apparatus according to one of claims 2 to 5, wherein said
detector of said signal analyzer calculates a correlation coefficient of said
microphone signals, wherein said update/stall-circuit outputs either an enable-or

a disable-signal depending on the value of the correlation coefficient.

11. A signal processing system having a number of signal processing apparatuses
according to one of the preceding claims and further comprising band-spilit filters
dividing the frequency spectrum of the first and second microphone signals in
said number of channels with respective limited frequency ranges,
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of said first and second m crophone signals or a sum
of said first and second m crophone signals; -
calculating a percentile estinmator result of said
envel ope; 28 conparing signal levels of said signa
envel ope and said percentile estimator result;
updating internal control paraneter adjustnent if

said conparing operation concludes that the signa
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13.The method according te claim 12, wherein said ouiput signal is generated by
applying an adaptive directional function in which at least one of said first and
second microphone signals are delayed or attenuated according to an intermal
control parameter and then combined to said output signal, and in which the
internal control parameter is adjusted in order to minimise the output signal onty

if undesired signals have been detected.

14. The method according to claim 12 or 13, further comprising:
- generating a signal envelope of an input signal corresponding to one
of said first and second microphone signals or a sum of said first and
second microphone signals;

- calculating a percentile estimator result of said envelope;
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- comparing signal levels of said signal envelope and said percentile
estimator result;

- updating internal control parameter adjustment if said comparing
operation concludes that the signal envelope is equal to or below the
percentile estimator result;

- stalling internal control parameter adjustment if said comparing
operation concludes that the signal envelope is above the percentile

estimator result.

15. A hearing aid carrying out the method according to one of claims 12 to 14.

16. A hearing aid with a controllable directional characteristic, comprising a signal
processing apparatus or system according to one of claims 1 to 11, spaced
apart first and second input transducers (Fpc, B} supplying first and second
microphones signals, and an output transducer for emission of sound signals in

respond to said output signal.

17.A computer program product comprising computer program code which when
executed on a computer or a digital signal processing system enables said
computer or digital signal processing system to carry out a method according to

one of claims 12 to 14.

18. A software tool comprising software code portions for implementing on a

computer a signal processing apparatus according to one of claims 1 to 11.
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