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Met hod for stabilizing an adaptive al gorithm and

device for carrying out said nethod 5 The present

invention is related to a nethod for stab|I|Z|n
adaptive algorithmaccording to the preanble mmmﬂm"mmmmmw
1, a use of the nethod, a device for carryi

the method as well as a use of the device. 10 Sour ce¥0000

of noise are increasingly perceived as enV|ronnentaI
pol lution and are regarded as: reductign_ of
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cAVE fkgtout sBhadenb@ reduce noi ses have al ready been
proposed whi ch are based on the principle of wave 15
cancelllng The principle of . active. noise _
cancelling . (ANC) is based on the cancelling of sound
waves by interference. These interferences are.
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IS . corrected qQn a.regular. As basis. for the

- theynqhhad @ weldf apha 'é?an%f d6y the

~electro-acoustic converters, 25. infornation i's used
that- is provided by one or several sensors. This is
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can e used records the sound to be

| L pf i qrileichy -OBercheset heursedeof alasies pESPMRERDNOT e
:zav01ded methods to reduce n01ses have already beengfd"
ﬁfproposed, whlch are based on the pr1nc1p1e of wave_*“r"

:cancelllng

"JThe pr1nc1ple of actlve n01se cancelllng (ANC) is based on. .
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-u-51gnal emltted by the electro- acoustlc ‘converters is

25

'dthe cancelllng of -sound waves by 1nterference These

‘interferences are generated by one or several electro—

acoustic converters, for -example by loudspeakers ‘The

-calculated on the basis of a suitable algorlthm -and is

corrected on a regular ba51s As basis . for the calculatlon

of the s1gnal emltted by the electro acoustlc converters,'

_lnformatlon is used that is provided by one or several '

.sensors. This is,. on the one side, information on the

composition of the sxgnal to be minimized. Thereto,ra'
mlcrophone,.for example, can be used that records the sound 1”

to be minimized. On the other side, also information is
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2 necessary on the remaining residual signal.
M crophones can also be used thereto. The. basic
principle inplenmented for active noise reduction 5
has been described by Dr. Paul Lueg in a patent
speci fication going back to the year.-1.935 having; a
publication no. AT-141 998. B. This printed
publication discloses . hownoise.. can be cancelled
in a tube by generating a signal having opposite
‘phase. - 1-0 . Further devel opnents | ead to a nunber of
specific algorithns, as for-exanple the LM5 (Least
neGa AL e ) Snéemﬁepaﬁ%dF%ﬁkﬂﬂﬁ%I$#§naés Hégrenkepte can
fggag@ddggdanqetggoNLNB 115 An algorithmfor active
nol se cancel |ng, needs. information. of at |east
one. sensor ('f' or exanpl e a n1crophone) whi ch
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ror sf dent™ “on inpl enen
'hasnﬁeﬁnemmedrabgdrbyhnr aPathﬂuag iansopatSntprOV|ded,.-
provides .information on ﬁﬁg ﬁg osition of
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.actuators (for exanple. in the manner of a
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':of at least one sensor (for example a mlcrophone), whlch

25 corresponding format” by an anal og-to-digital
converter. The signal is reconverted by a

3 B‘%Oggééiﬁgc by. the

acttiators. These -

®

--a gOfI transmtte

eaa 'Q;%%Eﬂlnng LEsggy ”@)fﬁn?ple the FXLMS . and the NLMS

‘An. algorlthm for actlve noise. cancelllng needs 1nformatlonj,_i“:

ffdetermlnes the resxdual error = .in- the follow1ng also
‘.fcalled error 31gnal Dependent on 1mplementat10n and
,lmplemented algorlthm, a- further sensor is. prov1ded that _:ot..
-provides informatlon on the composmtion of the SLgnal to be;f
'mlnlmlzed Furthermore, adaptlve noise reductlon system “

'_.needs one or several actuators (for example in the manner L

of a loudspeaker) in order to output the correctlng 51gnal

- The information of the sensors must be converted in a

corresponding format by an analog-to-aigital3converter The
signal 1is reconverted by a digital-to- analog converter S

after processing ‘by the algorithm, and transmltted to the

' actuators These converters are llmlted regardlng 1ts

;resolutlon as. well as regardlng its dynamic.

s asr €oki ﬁxarepllee@manﬁg (lueest Mesol Squareasand PR




.'fp;that has an 1nput 31gnal and an. actual output 31gnal, are R
20

N s1gnal is generated’ w1th the aid of an- adaptlve process by

25
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30 - 3 Many algorithns, in particular the
known- gr adi ent net hods, show several instabilities
for uncorrelated input signals. Together with the
limtations of the converters, this can lead to an.
uncontrol | ed behavior of the algorithmfor small 5.

i nput signals. This can result in |ow freguency noise .
or also in a general instabl®e behavior of the overal
system The present invention has therefore the
object to provide a method.-for. stabilizing an
-adapt.i ve algorlthn1that does not 10 have the
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claiml. Advantageous enbodi nents., a. use of

| Tq&ettfmd Wléhdébﬁcélmb\fa’ém'?%u% thet CoRgerBeRDd qu @n

A3 Rn%%ﬁtgéldigs gau Al Q'h\éealggriym he&lr small

or sta |Z|ng-anaatv

f_lmpqpmsﬂgmmls wrhhs' caheresukt(ﬁn\MdM:Kraqueunknmwwse or

transfer funct ti ted, t has_ an
alfiih & geliekn b barte i Loy slarnenfiefhy ' SPsten.
dlsclosed The nethod consists in that an estimted

; out put S|gnal is generated with the :  aid-of

%?da&iﬁsx?é‘t rovessigy hasi tReiHe i fhe QPgﬁﬁF o E?ﬂa‘fl% a
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signal and the estimated. output signal, and in that

havee theagifiore-pestiened drawhamltoved 25 on the basis of

the. error signal. According to the present '
invention., at. |least one of the follow ng signal-

,TKNHrubjedtsﬁareebnteedupwgmhqnekﬁmﬁna$ gi@epetniV@¢y,f"

?ng %%ﬁﬁgpﬁggg% ep?acfa1£nf QQRQH&Q%%ou§Oemb§ufﬁéHE§

or “sTgnal

RN ffluse of the method, a device for carrylng out - the method as:
hIIS owell as a. use of the dev1ce are given in further clalms
A method for stablllzlng an adaptlve algorlthm, w1th the

5a1d of Wthh an unknown transfer functlon 1s estlmated
*dlsclosed The method consists in that an estlmated output

_u51ng the 1nput srgnal Ain that an error 51gnal is.
ntgenerated from the actual output 31gnal and the estlmated
output 51gnal and in that the adaptlve process. 1s 1mproved-
on the basis of the error 51gnal According to the present

-1nvent;on, at least one of the following 51gnal paths "
. is/are interrupted or opened, respectively,'in dependence

" on at least one condition:

-~ a signal path carrying an error signal;.
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4 a signal path carrying an input signal; a signa
path. carrying the estimted output signal...
Therewith, a nethod is created for the first tine
that. is 5 in particular suitable for stabilizing an
adaptive algorithm . Thereby, non process-able signals
can be elimnated beforehand by the adaptive process
according to the present” iYnvention. As : A result

thereof, the system. -in its whole, will be
nor e-stabl e and nore robust. 10 A further enbodlnent .
~of the present invention consists in: that a given '

st gRalsipaeél Path acaji xaeimy @@dﬂ@ﬁvtsﬁgﬁaﬁlrpomer falls
~bel ow or -exceeds, res ectiyel 61,10
o oRareanal BRER adrrBrhare S5t RREFEY oltlh o
error signal 20 There fron1|t results that the nethod
~accor.di ng. - resent. invention.. controls.

‘Therswifhang aﬁ%ﬂ%ﬁw}o neptegh feg: they f1rst (tine tdat s

irf I@%&%ﬁ@ﬁ& &9@%1&*@@ A013189ngl anSédghatde 25 In
‘a still further enbodi ment of the present 'invention,

ahgtorltempr Bhpoelyt Han tHocessdiabilensigha bt R§ a _
elmplakeaabgfogapgwsqf%é &t gltqoe' E@éé%&daddl%ztdl'n% to

nal rov ded

-ith@n@mheenEHbodeHEnmn tkﬁua nasmémathergnéJ et ey e,

lesnt%rrupted 9r H%QEQ stable and more robust

.A further embodlment of the present 1nvent10n con31sts 1n'

fthat a glven 51gnal level or a. glven medlum sxgnal power.

- input signal;

. - estimated output signal;

.= .error signal. -

There-from it results that the method according to"thé'
: “present lnventlon controls itself and automatlcally adapts; o

t"flts structure to. the current 51gnal shape and 31gnal

| ’-;strength

9s

_is,provided that the condition for amending a signal path

In a still further emhodiment'of the present invention,'ft

depends_cngthe_sighai carried in thiersignal path.

Vbelow or exceeds, respectlvely, orie of the" follow1ngfrf"i’



respectively, at the sanme tinme. 5 Even though the
nmet hod™ according to the present invent-ion is
particularly suitable for the active noise cancelling,
ot her applications are not at all excluded. In
contrary: The nmethod according to the present
invention is excellently suitable for all adaptive
systens for the: 1:.0 inpdovenent of the stability
and the robustness. Furthernore, a device is an
subject .of the present invention, which device
conprises the follow ng features: -an adaptive
qu@ddessnnglanptoviiﬂd quualndéﬂ@ﬁh?ﬁaﬁmbﬁﬂtﬂentm5Qh@t
SRaTRLg Anodt thé'gf@'mt%%ub@eutor%g@ | ds being
e pr cessin means for det'ermining an
Lfsple«’:ltmlegya_l afrone amameadimml out put signal and the;
~estimated output: signal, the. . oerror. signar
" being. fed to the adaptlve proceSS|ng .20 unit. and-

5 '.Evaerxs\&’hb@l@hnghénméthéd adcdARENgORS Qhet bEeéé)tht OM\\metlon :
- signal -paths: a si naI ath carrx the err-or :

issipgraicularly guds H e ¢ie tﬂ%l?ﬁpﬂ§n%ﬁkﬁﬁﬂg’

o ot%_era aPlp g.'i@altlgﬁg haréat{cfﬁ"a'@ adihe eﬁ%ﬁ.hﬁégedlﬂ%&%rary
- al". . A further enbodinment conprises nmeans for

_'Tmetrr@rtmonlngcaordm@v@ e presentpdnEengion X$gnal, =
'ei&%%n@gnéu%sﬂge PQET AL AAldekueoByeERd oy atnd east:

S - .on€ swi-tchin 6 For a still forther enbodinent =
10 1mprdﬂemepme9énthenetﬂhlkwty aﬂWetm@amgbﬂétndeaern1n|ng a
- . level or a nean power of a :

Furthermore, a device is an sub]ect of the present

-1nventlon, whlch dev1ce comprlses the follow1ng features

o AN adaptlve proce531ng unit for. the determlnatf;n.of_;'”ﬁi'

.':_fan estimated output smgnal, an 1nput signal 1s'be1ng{:*'
: '1§fed to the proce551ng unlt, '
;hmeans for determlnlng an- error srgnal from an actual
output 31gna1 ‘and the - estlmated output 51gnal,_the
_ error. srgnal belng fed to the adaptlve proce551ng
:deif'._lunlt, and ' ) '
- HV?ela-sw1tch1ng unit in at least one of the follow1ng
' 331gnal paths
- a 51gnal path carrying. the error 31gnal,_
- a 51gnal path carrylng the 1nput signals;

25 '._ - a s1gnal ‘path. carrying: the estimated output sxgnal;

(A further embodlment comprlses means for- determlnlng a
"level or a mean power ‘of a signal, these meansubelng.

operationally connected to at least one switching unit.
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signal are operationally connected to the .
swtching. unit in .5 the sane signhal path. For a
further enbodi ment of the present invention, several
switching: units are activate-able at the sanme tine.
10 For a further enbodi nent. of the present invention
the switching unit conprises an adjustable _
characteristic ..switchimng eurve. Finally., for a
further enbodi nent of the present invention, 1:5 the -
switching units ;are operationally connected' . The
present invention will be further described Mﬁth the
‘hel p of exenpllflled enbodi nments by referring: to
Pl AVRY3 rukbnbf e c?d‘ﬂnér{’c ofztge ggesén@“irﬁfé?&ci'dﬁem
evicéYAceor di sent. invention
then malmmmrc deeprxesremgita dre,velFIOg a. meam mm idfi ed

25 S 20am el e, SOSATR 28 06D Sh T hsclan

tﬁgrggméwsq@nauopgtmlagran1of .oa. smntchlng unit. used
in Figs.. '1'and 2, and 30 7 Fig. 4 a signal course
for the illustration of a possi bl.e manner - of :

FJLU"éthLﬁrt'h'&Q ‘éfnb@d%%ﬁ@f'@:@Q:héll’;\iﬂes%ﬁﬁoﬂﬂvaﬂtidh,Fl.ieve?cal
g.

1 shows : an. enbodi nent of a device

_l_svaldc’dTlé!fgw'gmtl@St REe PCE LSRR ARt SReT BRTS ettt ng of

interference. noise. It is a so called adaptlve
noi-se cancel ling -system (ANC.), wth

' For a further embodlment of the present 1hvent10n the

sw1tch1ng unlt comprlses an ad]ustable characterlstlc

_sw1tch1ng curve.

Finally, for a further embodiment of the present invention,

' the switching units are operationally connected.

_”The present 1nventlon will be. further descrlbed w1th the“;t;f

ifIt is shown 1n

20,

Fig..l' an embodiment of a device accordlng to the

present.lnventlon, in schematlc representatlon,ﬂ

‘Fig. 2 | a simplified block diagram of the embodiment

depicted in Fig. 1, also in schematic.

 representation,

Fig. 3 a simplified block diagram of a switching unit.

used in Figs. 1 and 2, and
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S eﬁiﬁconnected to -an external mlcrophone unit 1, the addltlon RIS
) 15

the aid of which a interference noise is elimnated or
at least :reduced in aroom:R :by inplenenting of
the principal 10 O. signal elimnation. Central unit
of such an adaptive. noise cancelling systemis an
adaptive processing unit 3:, which is operationally
connected to an external microphone unit 1, the: _
addition. 15 "external" imdicating that the m crophone
unit is arranged outside the room R Therewith, an

~interference noi se- sou;rce. generally being outside

~the room R can be better recorded. Furthernore, two

Ficht dr nala mionephenBremi FF sthmd kNSt rrSha8pRakRr units
7 are prowdded el faamsrraanfﬁcmrﬁhguwfta e @igmapll
operati onally connected, tothe adaptive process Ong .
unit 3. .unissacgerdéngeen Fiom¥ g. 1, a switching ~
unit 2 4'; 6 is provided between one of the n1crophone_
units 1, and the adaptive processing unit. 3 .or

:Fﬁ@lWeemowenanoémbhelmémudﬂbeak@w1u3|Bscaranmbttmethe

adapti ve roceSS|n uni t 25 r.especti vel
PISA QﬁnﬁﬁfgﬁﬁﬂPnz r%ﬁ?ﬁﬂ&%;qﬁ §§§ BFSnc¥on?%ﬁ rr{ﬁnls
atJHfdé%ﬂ@%@bﬁ%@tSb@nﬂolééﬂéhnddll1nbh%ysﬁdﬂptAN© , with
processi ng.. -unit 3, a cancelling signal fed.into .-

theqaiboh rhyCch ?hénF%%%’b’e‘a‘F{eer%Ol?e ﬁst ﬁéllBa%?"se for'sad"
.'.1441& SeIRRled 8R0LIBAoRYR tHE RAIRARNRABGUBET tie gk St
o manner- t hat .a interference signal reaching the room:- .
oﬂzamqmahlaélwahatlen wi ndows is cancel'led or reduced,
"~ respectively, by signal elimnation or cancelllng

respectively. In-order that-thi's can be reached under

-Ceﬂtmay mmlaondlBuohsamnadaﬁtswzae&$e aaneelbxngltwﬁﬂems;SQ?

corded w cr.gphane gnltaf&and

on

_“external”'lndlcating that the mlcrophone unlt 1s arranged e

fout31de the room: R. Therewith, an 1nterference n01se source-fj

generally being out31de the room R can be better recorded

Furthermore, two. 1nternal mlcrophone unlts 5 and two

:.mtloudspeaker unlts 1 are prov1ded in the room R, whlch unltsd
20

':gunlt 3. As can ‘be, seen from Flg I, a switching unit 2 4w

are all operationally connected ‘to: the adaptlve process1ngijtjt

-6 ig prov1ded between one of the mlcrophone unlts 1 5 and

'dlﬁthe adaptlve processxng unlt 3 or between one of the ;e;

25

30

.loudspeaker unlts 7 .and the adaptlve processxng unlt 3
-respectively. The switching unit 2, 4, 6 makes it p0551ble_ -

-to interrupt the respective signal path

fInfthejadaptive processing unit 3, a cancelling signal is

fed into the room R via the loudspeakers 7 on the basis of

~the signal recorded by the microphone unit 1 in such a
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such that the cal cul ations of the reduction signal can
be "inproved in the adaptive processing unit 3, and,
in;the follow ng, an optinum signal cancelling or
signal 10 reduction, respectively, can be obtained. It
is expressly p0|nted out that any nunber of
m crophone. .units 1, 5 and | oudspeaker units 7 are
concei vabl e wi t hout Ieaviﬁg-the principle of :the
present invention. In 15- addition, other converting
units than the . mcrophone units 1, 5 and/ or the
| oudspeaker units 7 are conceivabl e. %i 2 shows a
e & the it & i@

e odi nent | Qye 0 Acuddi :
tq(awﬁ? 5 or Wind ccor qﬂ%dprésg%?g?%%entlorufiIﬁély'
bﬁls@@&blpé&hmtﬁmtm} |mt erarngmlddngv\hlrehpestsmm Vg aF@er

the switching unit 2, 4. S h \
gl B sqenpy B reqqpish i SRR LG pBatfLdns fuacn
sU@lss0! hadeRyokhgignal ues afeddirdear amehethe Tdmsdvcaﬁ u:eheof
t he paraneter 25 corres ogdsai for, exa

niaESRAgaS HPAE. SpRir feRrt B IPeDBrCS ST it 3

s 45N G HUNEL 1 Qw1 W Shs 1 5F aEneGRetiBn begneEncdhde
m crophone unit 1 and the adaptive proceSS|ng nit-

infhrdvedised ther aflapeiyeipRiRe IHO S UGh&l 3/ pahf s

ft % ada t%ﬁgongﬁSﬁsgfgnyf'éa&té¥ifH@0%ra§1g£91

Interference noise recordéd by the-

_réﬂuﬂﬂﬂﬂhqneeupettivéaylscéh -be itavikneedgi ven si gnal -

I .evel . 'The adaptive processing unit 3 does not. :
receive any interference noise anynore as a result of

_' 1t hes sd:gnalssnat BoiiAt edr oipt i tinat Asnya madelrt otfhmemm@m%
- adaptive processing. uni

- unieucki on aé‘ldgﬁérldéﬁﬁﬁﬁ?ﬁt‘t“o“ﬁ:? %afoﬁsj?fé’%%tﬁkng R ? ?‘O‘E
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_ denotes, in thlS case, a sw1tch that is controlled by the_'

value of a. parameter ‘The value:of the parameter

. o le;gﬁﬁb the prlnc1ple of the present invention, In. . . v
S1s ’addltlonr Other convertlng unlts than the. mlcrophone unlts o

.1 5 and/or the loudspeaker unlts 7 are concelvable

ing, 2?shows a:block.diagram-of’a simplifiedﬂeqdlﬁalenﬁ.
_circnitnof-the~embodiment_of-the-presént“inventionff' R
'haccording tO'Fig,ﬂl; According3to the-present invention, -
‘the signal path can be interrnpted, which-is:contrived by

_'the switching unit 2, 4, 6. A sw1tch1ng unit 2,. -4,v6

corresponds, for example, to the average input . power or the

11nput level. The sw1tch1ng unit 2, which is connected in

'between the mlcrophone unit 1 and the adaptlve proce331ng

unit 3, is used for interrupting the 31gnal:path.towards
the adaptive'prOCessing unit 3 as soonjas, for-example,'the'

interference noise recorded.by the microphone unit 1 falls
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.below Fhgsven : sipanal

_ :jhy_unlt 3 and the- loudspeaker unit . 7. Thus, no." srg al-w111 b“'

H“s] ;unlt 6 1nterrupts the 31gna1 path: to the 1oudspeaker unlt

ffed to the loudspeaker units. 7. as soon ‘as: the sw1tc¢1ng.

configuration nekes sense, for exanple, if an
interference noise below certain |oudness must not
actively be mnimzed because the walls or w ndows
already sufficiently reduced the interference-

noi se;. In. addition, and as. further 10 enbodi nent of
t he present i nvention, the signal path froma signa
generator generating t he=r &duct i on signal to the

| oudspeaker unit 7 can be controlled by the swtching
unit 6, which is connected in between the.

o _
adapt i ve- proceSS|ngﬁ%*q&;Fgebggga££§§1§¥aqé%§ keran
doe%“ﬂ89eg§8é19@'éfknihﬁ@%f%Q@HcaSn&hsesyngmﬂre PG a result

nterr s the signal path: to -the.
ofl chdspéghket paih . intepryuptiens Hay2. resﬂkﬁHQHqgeof the

BT ALhoRRer Oty YIS [pes, TEOEMERDIIRE e

.__.re'ﬂufcf&ﬂgh)/sb.@’ﬁabvawmdlﬂe dealsihlei tlyudfspehbeomnaq |7.yThis £
system pecause thi back d,
_ ...cqﬂfﬁgw§éope@6Eﬂ%dsens€y tf?og SR ggn J.Poar?elrlt%rference

SénS rs’i

é%r%Bﬁ%@ec59t5§n5ld&ths§ImmsthaotresttWEﬂyrhnsmanrﬂuged"
ditional .switching unit 9 '

' bempniseathe WAl4BpeRJEHIOEH et SHFEF SRR Mo e rs}’“’“‘ce“‘

arlnt%tr%"eggmfﬁt heisé.onal Ratilt icarnr xhadas heuenrem o
is causes that: the adaptive | qé?sfro% a

:'emhudAMbnaoes hbe presentyelnuerdriogy . TERgRAING
i Corre%@?%@b@%r”@&h@fﬁ%&“ﬁ 6HHtrééuctﬁghe§&§nalt@@ the

Focessing unit” assunes 't hat the systemis

o l@nisgwlde%t addpt @dcan bmecqmﬁladybysﬁheaﬁwb "Iy (4t
1S Naot nec
65 rfﬁ]%ﬁf’aﬁ"é’ﬁ%%? én &{t#gnzethfeuahgﬁtlve S?Poc'l&ssﬂhf

e above tioned

":7 Im thlS way, p0531ble background nOLSe, whlch is:

.'generated by the loudspeaker unit. 7 1tself, lS suppressed

’ﬁAlso thlS strongly 1mproves the. stablllty of the overaﬂ_ﬁﬁ*7”
system because this background noise is otherwise recordedﬁ”’

- by the sensors —-1 e. the microphone units 5 recordlng the’

residual noise. The- addltlonal sw1tch1ng unlt 4, whlch can“'

“also be activated 1n dependence on the 1nterference n01se,;

. can 1nterrupt the signal -path carrylng the error 31gnal

.25
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fThls causes that the adaptlve proce531ng unit 3 -does not

'recelve an error 31gnal of the' correspondlng mlcrophone

unit 5; therewith, the adaptlve processing unlt 3 assumes

fthat the-system 1snoptimally adapted’ to the- momentary y,

situation and that it is not necessary to optimize further. .



enbodi nents with a swwtching unit as well as a

conbi nation of two or nore of the above-nentioned
enbodi ments results in an essential inprovenment of
stability of the overall .5 system. because input
signal s being soft and therewith difficult to
process, are. elimnated. Therewi th, possible

i nsufficiencies of the anal®g=to-digital and :
digital-to- anal og converters necessary for. digital
systens or other: conponents | ose their influence.

1:0 A. Ilimt can also .:be defined for the residua
Thendmpdemantabion ¢HARAROE Fheagboye-rentionedel OMIthIS
dﬁo@&ﬁent%hﬁlehrQrswfﬂéH¥ﬂ g @nli%: a§“h&9fe£ECHfGObe%atlon
e signal path fromthe ™ i nternal n1cr0f one: unit 5
oft d:wphoradtapm o€ phocasiemganiipngdsendedinentey MEsdY s
Thi_s MA|| [ QLSS
1nbﬁpte§s ha%8££$éﬁé%¥ @k %Q%F§9§9§ ¥F ¥ 119

no error si present., Also

:sysuam tbeeaube { opliovesigriedts. uamwgssgﬁalsnd thamewith

L HEhE So e 0PRER 9 rBiabhnth e LR R

ﬂBﬂﬂir@th%ﬁeBgonthémhﬁﬁlogyﬂo3ﬁlg$tgmahn@ didmtal -to—
external m.crophone -unit

: cord"f;g' .
- anajogr P@Inéfﬁééeﬁél g@cesgammfioraéilgéﬁgllosyst%x%s/eorralo % S
cdiiieReakebsunthe: / mmc@nt rolled.. Such

w0

ol nflguratlons make:, for exanpl e, sense when the -
‘adaptive proceSS|ng unit 3 ° works only then, when a
QﬁhﬂQ %gheaﬁghdbazéef§n§¥QQﬁpQ%e'@eEQ@uéPoﬁone/¥h the.
eady . pol nted .out a swtching unit 2, 4
rdam & QMScabekefafshAim91Uﬁﬂnﬂu}hassﬂametthbmed%@%ﬁ@s

s#qhéﬁsoh?géw6f § He ift is ”%%e gﬁ%h&?”ﬁatﬁrfﬂﬁ?the

'.-tlnternal mlcrophone unlt 5 to the adaptlve proce351ng unit -

f3 is lnterrupted “This will be interpreted by the adaptlve-.'

'proce351ng unit 3 such that no error 51gnal € 1Is present.

Also from thls, 1t follows that low s1gnals, and thereforejn

51gnals that are dlfflcult to process, are eliminated from;'

' fthe calculatlons Dependlng on the mute sw1tch1ng of the .

\ﬁerror 51gnal e, the external m1crophone unlt l .whlch 1s

used to record 1nterference noise, as- well as_one-or_

.several loudspeaker units 7 can be controlled. Such .

conflguratlons make, for example, sense when the adaptlve

I ’.n-proce351ng unlt 3 works only then, when a glven threshold

25

'1s exceeded in the room R.

As already.pointediout, a switching unit 2, 4,_6-functions

like a switch having a state that depends on the input

“-value. It isunot.impo:tant for the functioning of a
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switching unit 2, 4., 6, whether the level, the
average power or another value is obtained of the

i nput signal. The basic functioning of a swtching
unit 2, 4, 6 will be 5 further explained in the
follow ng on the basis of Figs. 3 and 4. Fig. 3 shows
a swtching unit 2, 4, 6, to which an input ..signa

9 is fed. In the smﬁtchiﬁglhnTt 2, 4, 6, an output 10
signal 10 is generated that results, for. exanple,
from the input/output course according to Fig.

4. Ther eby, har act.er.i.sti rve n be uSe
SEeLea BriFort ofd . LHEDHAEE SRVRD of"a Sl ed”
pez CAULABRhEE Falde Dotdainedunift the Copeeisiarad ..

in order that the signal can also be 15 anpllfled or

danped:. The graphic depicted in: Fig. 4-:shows, on

| THJ“EJEFH %ﬁﬂkﬂhonﬁﬁg'éf dheyideuely ahithe, ,4Irwnu111 be

si gnal and he vertical axis:, the |evel of
futtderc expdepondi hy: theufplkowingnan the Fashs toe Hrasph 3

-asﬂqwh . the. following can be deducted: As soon as

e 'input signal.9 of the switching 20 unit :2:, 4, 6

falls below a given threshold, _the. output si gnal :

the SW tc uni t ) e ed

Flgtga shoyg, & SWIQSH‘QWI un gt gzrzfal pat’h\en\(?l ahf'ﬁ}g ‘asr\?vlthg%q‘r&ng

i-t;’Hatl 2 isdfedd I8 tnéeswmmg Thrdrebor ¢, 6hean omuqtpltt
gnal_ .10 shows. val ue if. the

t | I
o 0h SgARBRERPASHUT b TeSHET (RE BABPLET d_femmttﬁs o
_.léBU&%guﬁﬂd%n%bu%geCQ&&8§@9m@Std(Fld:hQ ‘Thepeby s i@ e

the input signal 9 exceeds the given threshol.

| 'Cﬁa.nétdteﬂrlérm@dlcntéﬁ? cansbe susgdo léhhagrceﬁeaarnfqdlgéwwq o

0 fﬁﬁgﬁfgﬁinf o%hgtsghgafY%dcﬁﬁdulﬂﬁyohagac4Ga§h Control)f;;:;

conpr ses

"'aunlt 1s‘conce1vable in oxder that the 51gnal can also be.

20

.ampllfled or damped The graphlc deplcted 1n Flg 4 shows, .

_hon the horlzontal ax1s, the level of the 1nput s1gnal*9;gﬂ_;f¥

-and, on the vertlcal axis, the level of the- correspondlng

'“output signal 10. From the graph shown, the . follow1ng can
fbe deducted As soon as the input SLgnal 9 of the sw1tch1ng:

'unlt 2 4 6 falls below a glven threshold the output

- 31gnal 10 of the: sw1tch1ng unit 2, 4, 6 w111 be sthche"””

25
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.zero, i.e. the 51gnal path via the- sw1tch1ng unlt 2 4, 67

s, 1nterrupted Therefore, the. output- 51gnal 10-. shows no

value if the- 1nput 51gnal 9 lies below. the given threshold '
On the other ‘side, the output 51gnal lO corresponds_to.the

input signal 9 if the input signal 9 exceeds the given

threshold.

A further embodiment - as is also envisioned in Fig. 4 -

consists in that the switching unit 2, 4, 6 comprises_a
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o : {The control output 13 and ‘the control 1nput 12 C"
B fZ,-4, 6 for example, at that tlme (i, e the - 31gnal path

control input 12. Via this control input 12, the

swtching.. wunit 2,4,6 can be controlled. A contro
signal is generated, for exanple., in the adaptive
processing unit 3 ox in one of the other sw tching
units 2:, 4, 6.. 5 A still further enbodi nent of-

the-present invention consists in that the swtching
unit 2, 4, 6 conprises a~ 12control output 13, via

whi ch al so other switching units 2,, 4, 6 can. be
controlled. It is also conceivable that the 10 states
of the switching unit re tran tted vi, t.he
copgFetol PBUE plif - 1514 d"hltshé’o&’i‘aﬁi vBPRF ojig']sstirheg i %tc

he “¢ontrol output.-13 and the control input 12 can.

gealesathd, f6ruseampkss iimyder agdaptiypapsoce g fitigjupit: 3
~_manner t Or 4 ex l e, at.
ox Ly on |ﬁg ?i% c%h&tg ttchﬁiﬁ;aﬁnlts ﬁ 4 EXgIp

: pat h via' the smntchlng
unit 2, 4., . 61is not |nterrupted),, when. the:

s Path vi Switching, dpi 6=is .
ﬁﬁﬂiﬂr&ﬁf& erTﬁ%P%§%F |st€Fo 8e8“9f%#3%§?3#%}e that
.cdrhsa.st% Qnt tHBtCalﬁle b@dﬁmmsthdmhhaQ i 4, t akesmpmidds tahe -

- switching unit : i nterrupts the S nal t
SeuBaiag The Vhaeb o BEREF oYL SR TG RIS 2,

2t hecatl B B8R P81 ACE USted:s Whiseh cohgenogBEd thyatt hfhe
smntc ing unit 2, 4, 6 to reopen the signal path. . .
stza;:te@r offalthlengwmetbwq henigi \Pen 4-hbedK8| Hrangmiktes HWds -
t he_advant a h h t .

the c&&gt 3 g%gu{: <F ﬁ%%&ﬁ% L8805 Ag @rﬁf&'ﬁj Qﬁ: B

pec Tve ching unit 2,

- atotheaf ma&candtahgemnetacfmzd’ttrtdwegrsglrngesﬂe@ ewi t.h, .
~ . “further instabilities of the overaII systen1can be R

. prevent ed by .the. invention.

used as 1nverted 51gnals In thlS manner, a sw1tch ng‘unltfﬁ;i=f

v1a the sw1tch1ng unit. 2, 4, 6 is not lnterrupted), when

.the 31gnal path v1a another sw1tch1ng unlt 2 4:t6.ESEl__.,_ S

1nterrupted Thereby,_lt is provided, for example, that theiize'f"'
?tlme can.‘be adjusted that it takes until the sw1tch1ng unltd'i'

:2,-4, 6. interrupts ‘the signal path after exceeding the _ o
-glven threshold Slmilarly, the time -can be adjusted which _

is needed by the sw1tch1ng unit 2, 4, 6 to ‘reopen the _‘

-ZSLgnal path after falling below the glven threshold ThlS
fhhas the advantage that the. 31gnal path i's not 1nterrupted

o Qr opened, respectlvely, by the sw1tch1ng unlt 2, 4, 6

before and after each zero crossing. Therewith, further"
1nstab111t1es of the overall system can be prevented by the,d

.1nvent10n

ningn."
| n%rt 2aoghe C@é%rﬁ{ﬂmem i EehtEYIt Hegndr aaessi ng.

“also beiff'~f“
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13 dainms 1. Method for stabilizing an adaptive
algorithm with the 5 aid of which an unknown.
transfer function (H) is. estinmated that has an i nput
signal (-x) and an actual output signal .'(;y)., the
met hod consisting in that an estimated output signa
(y) is generated by using &he i nput signal (x) wth
the aid of an adapti ve. 1b process (3), - that an
error signal (e) is generated from the. actua
output. signal (y) and the estimated output. signa
and that the adaptive process (3) is inproved on the
15 of the error signal (>e) , characterized in
::that at |east one of the following signal :.path
.is interrupted. in dependence on at |east : one
condition: - a signal path carrying the error signal:
1 .2Mhe ﬁods'fggalst%mm YA Gdabhe veNRUGoSi @@l Witk ,tha
si'gnal ‘path carrying the estimted output signal. 2. -
aivbtdfodhdebordi ngknow| tiansterciangsien s in a5t atipe

o R 2Bp ok gL B 3 BBYRRL putp e

R gltaleSmethodnpuhssithaj irx); - estimated out put

signal (9).; . -_error signal (e) .14 3, Method for

stamhé\tmarl?ge&ﬁlaﬂ'éﬁ@l%t%tgosr’-lgtnﬁ‘ﬂn (Wthst%%“erate by

u31ng the 1nput signal (x) with the aid of an adaptlve,y__-

process (3), . o
.;:.that an error signal (e) is generated frOm the.actual '
..Voutput 31gnal (y) and the estlmated output 31gnal (9),-
.and: _
- that the. adaptlve process .(3) is 1mproved on the ba31Sg-*

of the error sxgnal (€):,

';characterlzed 1n that at least one of the follow1ng SLgnal i'h,f!

}path is. lnterrupted 1n dependence on at least one

ondltlon

ca. 31gnal path carrylng the error 31gnalf(£),_-~ h

Ei a 51gnal path carrylng ‘the lnput 51gnal (x), 'f

l'uf~ a 31gnal path carrylng the estlmated output 31gnal

(9).

2. Method according to claim 1, characterized in that the
-condition that_afgiven'signal level or a given_mean-signalf
power falls below of one of the following signals:

— input signal (x) ;

—'estimated output signal (9»;

- error signal (e).



aid of which an unknown transfer function (H) :is
estimated that has an input signal (x) and an actua
out put signal 5 .(y), the method consisting in that.
an estimated output signal (.y) is generated by using
the input signal (x) with the aid of an adaptive,
process (3), that an error signal (e) is generated
fromthe. actual. 10 outpu% signal (y) and. ‘the
esti mated-output’' signal (y):, and that the. adaptive
process (3) is inproved on t-he:-basis of the error
signal (e), characterized in that at |east one.. of.
-the fol:lo.wing.,:signal. 5 path is opened |n_

3. delpehddnferoata}ailim ameadeetdivei ehgor it gl tipdtie

algg%&yyﬁgchagglﬁé gé%sb qn?ée% kuhctlgn éﬁpa{?‘ggélmated

th@@r haisn@nt Rapest sigied aut Eind amgaatuaiZéuEﬁpé-51gnal

Met hod according to claim3., characterized by the

(Yémn&Pﬁl ﬁtbﬁgtcan§+%%%P%lﬁhaJ level or a glven nmean

sig S 9Q§’ fqbho n %HEE b
|np3 SIgnQth%égfggi% tlnaﬁggl q?pu¥gs (f y
errumlsggnab iepub. Sﬁ@mmbdhacauﬁalmgetelén@foﬁntiﬂﬁptive
clains 1.to characterized in that the condltlon

for §ﬁ§ﬁafné é "signal 15

- that. .an error. signal (g) 4s generated from the actuaI

' :andﬁ”_

- 'that the adaptive process (3) is improvedtqn;thefbasis

of’ the error 31gnal €),

' characterlzed in that at least one of the follow1ng 31gnal f'

'75?gf;path 1s opened ins dependence- on at least. one- condltlon

S0

'hd; Method accordlng to clalm 3 _characterlzed by the-f

: '2}5

ff a sggnal path car:ylng,the*error.SLgnal.(e),_
- a signal path carrying the-input-signal-(k);
- a.signal path'carrying'the-estimated'outhut:signa1;

A

;condltlon that’ a glven signalk level or. a glven mean sxgnal. -

_power exceeds one of the follow1ng sxgnals

=~ input ‘signal {x)4
- estimated output signal (9);

— error signal (e).

5. Methoduaccordihgrto one of the elaims 1 to 4,

characterized in ‘that the condition for amending a signal

toutput 31gna1 (y) and. the estlmated output sxgnal (y),_h-“"
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fogi gihgl actkveenoige H

pat h depends on the signal (x., e, y) carried. in this
signal path. 6.. Method according to one of the
claims 1 to 5, 5 characterized in that several signa
paths. are' interrupted or opened, respectively, at
the sanme tine. 7:. Use of-the nethod according to one
of-the claims 1 to-6 for_the active noise reduction in
a room(R). 110 8. Device for carrying out. the method
according to one of the clains. .1 to 6 characterized
by ..an adaptive processing unit (3) for the

t ! tm:,fsél ast(ixakedy puspiitied gnalthis) sigaal
pa?ﬁpggﬁéﬁgaa %gabelngafedyto t he adaptive

. paphecessing .. unlt (3),, means . (19) for deternlning

~an error. signal. (‘e)' from the. act ual out put
signal . (y) . and the estinated output signal (9).-
6.t Nethodoacsooiialg (Yo beieng@f b cbaime-l ddupti ve

oBFSEEERL IR D e Ry A B0 ok

orSogeakdpatbspect Waly ! fut eheosaseghahe(e); a signal
path carrying the input signal .(x) ,; a si gnal’ path'
carrying the estimated out put S|gnal 2.5 ().

7. DejseC B FagRar défifod G edAdng t@hanacbertmdciamma: to 6.

means for detern1n|q9 a |l evel or a nmeap power of a

UGt oy éeEOO?hg Rheans being

operatively connected to at |east one switching unit -
(2, 4, 6). 1.0. Device according. to claim9,

8 cﬁ&waceefpzeQarnytmguouq|ﬁ§e met! od accordlng to one of

Lthe clalms 1l to- 6 characterlzed by

_ an adaptlve process1ng unlt (3) for the determlnatlon pt;_ﬁl“

';of an. estlmated output signal (§), an lnput 51gnal (x)_~5
_belng fed to the adaptive proce351ng unlt (3), '
_hﬁ~*means (19) for determlnlng an error 51gnal (s) from |
. 'the actual output 31gnal (y) and ‘the estlmated output .
'-s;gnal ()., the error 31gnal-() being fed to the_'p
'adaptiVe;proceasing-unit (3), and | o
- - a switching unit-(2 4, 6) in at'least.one-of:the'
o follow1ng signal .path: - N
- a signal path carrylng the error 51gnal () .
- a signal path carrylng the 1nput 51gnal (x),

- .a signal path carrylng the estlmated output s1gnal

(9

9 Dev1ce according to claim 8, characterized in that means

for determining a level or a mean power of a 31gnal (x, £,
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5 means for determning a level or a mean power of a
signal .(x, F, 9) in a signal path are operatively
connected to the. switching unit (2, 4, 6) in the
sanme signal path. 11. Device according to one of the
claims 8 to 110, 10 characterized in that severa
switching units ("2-, 4., f),_ are activate-able at
the sane tine. 12. Device according to one of the .
cleins 8 to 11, characterized in. that the swtching
unit. '(Z, 4:, 6) have an 1.5 adjustable swtching
) E?Ea ESG&&%ﬁC thelﬁ%ansD%%hﬁS oBEERE L1 ddnﬂ@@%e@fto
t 2, charactérized :in that the
ats\Wetshi oge wm1tehxm§,un4ﬁ 8p: 4reb) operational |y
i nterconnected. 2.0 1:4;. Us of. the device according

to one of the clains. 8 to.. 1.3 for the active noise -

10re050&benat@ofdimgnndF@lalm 9, characteriZed”in that“the.'ﬁ
means for determlnlng a level or a mean power of a. 31gnal

{x, e, ¢) in a signal - path are operatively connected to the.

switching un1t (2, 4, 6) in the same 51gnal path.
1. Dev1ce accordlng toone of the clalms 8 to 10 _
characterized in ‘that several switching units (2 '_ Qlfdﬁeff

- activate-able at the same ‘time.

h_IQL Device:- accordlng to one of the clalms 8 to 1%,

characterlzed in that the- sw1tch1ng unlt (2,_4h 6) have an

,ad]ustable sw1tch1ng characterlstlc

It:p13' Dev1ce accordlng to one -of the clalms 8 to 12,

- 20

-fcharacterlzed in: that the sw1tch1ng unlts (2, 6) are

--operatlonally 1nterconnected

-14# Us. of the dev1ce accordlng to one of the clalms g to 13

”for the active n01se reduction in a room (R).



