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- 1 Method for the reduction of an interference
signal in a room and application of said nethod The
present invention relates to a nethod for reducing a

5 noise signal in a roomaccording to the preanbl e of
claim 1, a use of the nmethod,_a device according to
the preanble of claim9 as well as a use of the

devi ce. Sources of noise are increasingly perceived as
10 environmental pollution and are regarded as

uct ion life guality. Because sources, of pnoise
%?e*‘tq‘&ﬁf cfg’rfn%}’ebﬁed’éﬁgi'%'éo‘?é[ AR TS TPRARCBIADRL D 2
duone andeagplhiegbiopr&Posei mdtnda are based on the
principle of wave cancelling. 15 The principle of

active noise reduction (ANC or "Active Noise
Cancelling") is based.on the cancelling of sound

THRY @ eBnitnt avéet engesel s a d it eh@banees AkQucing a
r%)e_nerat,ed by one or several electro-acoustic

oferrt8fel £Br 2 XAl ST By dQdSheaRERIIL TR 0§ ghadm

16Mat ed BY the RbeEdd 0-ACRUSIHLC aceBRUEHECES £8e preamble
cal cul ated on the basis of a suitable algorithm and

9fs cd@ifelt 88 ¢oht i ducusiSe oAs thesideviee -t he

cal cul ation of the signal emtted by the

el ectro-acoustic converters, information is used that
is provided by one or 25 several sensors. This is, on
SOHE S6ReChaRel 5¢ M P PG GIF BRI lvheeE6RpESHt #Bn of the

eivdR3hmbAL e %&Iﬂﬁﬂ?&ﬂiaﬁzh%&%tQeg@rdghcégpPQ@@GtI5H of
exanpl e, can be used that records the sound

life quallty. Because sources of noise often cannot be
avoided, methods to reduce noises have already been
proposed, which are based on the principle of wave

cancelling.

The principle of active noise reduction (ANC or “Active
Noise Cancelling”) is based.on the cancelling of sound
waves by interferences. These interferencés are generated
by one or several electro-acoustic converters, for example
by loudspeakers. The signal emitted by the electro-acoustic
converters is calculated on the basis of a suitable
algorithm and is corrected continuously. As basis for the
calculation of the signal emitted by the electro-acoustic
converters, information is used that is provided by one or
several sensors. This is, on the one hand, information on
the composition of the signal to be minimized. Thereto, a
microphone, for example, can be used that records the sound

to be minimized. On the other hand, information is also
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to be mnimzed. On the other hand, information is
also ~lI~I~ 10Err teer reeer et 1kl ~~~~ ~i~
*159159* " UL LEErrrrrr et e e e e e e
*@00002* 2 necessary on the remaining residual
signal . M crophones can alsp be used thereto. The

basic principle inplenented for active noise reduction
5 has been described by Dr. Paul Lueg in a patent
speci fication going back to the year 1935 having a

rdddseati of BRe AdmdfAdi P8 idlhiS sRyhAT € oy PR ARIdORan
i scl oses how noi se can be cancelled’in a tube by

%LﬁﬁNQ%:Pﬁﬁdatg?ﬁﬁéP-having opposi te phase. 10 An
algorithmfor active noise reduction needs information
of at | east one sensor (for exanple a m crophone),

TR &R sigeP&iAfheset Hepkemgnfiedl forr ectivennehee reduction

H&y|H@Mnngeéh§9be&a%%egr?r A §ignak Eeggﬁgﬁpt on

i npl enent ation and 15 i nplenente apgor m -~ a further
sperddicasigudedingvatk tr dhedesarnfiéBhahavingr t he

R e A S L K
digappisee hovseoiselutdn dre Sysicemlededs aneuborbysever al
AERIILTES £ YBERL L TR heagenverens 20
being pointed out explicitly that al so other suitable
A%CET8E95§hm for active noise reduction needs information
of at least one sensor (for example a microphone), which
determines the residual error - in the following also
called error signal. Dependent on implementation and
implemented algorithm, a further sensor is added, which
provides information on the composition of the signal to be
minimized, which in the following is called noise signal.
Furthermore, an adaptive noise reduction system needs one
or several actuators (typically electro-acoustic converters
are applied for example in the manner of loudspeakers being
pointed out explicitly that also other suitable actuators

or converters for the respective use can be applied) in

order to output the correcting signal.

The information of the sensors must be converted in a
corresponding format by an analog-to-digital converter. The
signal is converted by a digital-to-analog converter after
processing by the algorithm and transmitted to the

actuators.
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or converters for the respective use can be applied)
in order to output the correcting signal. 25 The
informati on of the sensors nust be converted in a
correspondi ng format by an anal og-to-digital
converter. The signal is cqpverted by a

digital -to-anal og converter after processing by the
algorithmand transmtted to the actuators. 30 3 A
problemthat is related to the active noise reduction

Middilke 2ihdeof sadapiidg ¥ GRS ive BB?sEagédﬁcE@{on

the adaptive process needs a certain tine

wWrtdcddei addopPf efeprtiymarecednes, igl lthsi gaat sthat behe
RILAGRCHBLESURLEAL 2 A& i HEdelBY CAUSSH LY LGy of
adaptive process Is tinme elay represents a
Yhemstignieds . afibuss &bl d?eio;irsilxﬁe tiof baz p$|OgE!alsedfatdﬂesubject

dapt.i. LPCES Aroces at a
éé %n%ﬁ%§a§ g a%aS$ gﬁag 3 gﬁvg BFQS???hﬁfhﬁ% ?%Pe
dmhmm'rbprdebata1melfmxtnﬁxun|amy disgpeal-dsui & abé ei f of
the .noj se sug?a ot her hlngs

T BB R oh Tt s a2t PooEpPotseed o K11

conpute the correcting signal faster than the noise
signal arrives into the area to be cal ned, conS|der|ng
fh%t the_actuators an 15 converters are glso su

To2h PPARSAEHA)A! 153 RS FAIaRE 81 B¥arPaf FRRESS 14 Hnm

mmpmdelrogocaétgnbaf@r@ dch:ecedi&tnqr gigadlceonieshidadfor
the adaptive algarithmfor reducing the

mRRE AP Ehs T aEhe Me L ShENEPLBLEEE. Lips afso

dependant on that the adaptive process can compute the
correcting signal faster than the noise signal arrives into
the area to be calmed, considering that the actuators and

converters are also subject to a time delay.

If the noise signal arrives chronologically before the
determined correcting signal (of the adaptive algorithm for
reducing the noise signal) in the area to be processed, the

signal cannot be minimized anymore.

Noise signals are often acoustic signals, which are not
transmitted by air path but by fixed structures like floor
grounds, steel girders or heating pipes, and these
materials have a greater acoustic velocity in comparison to
acoustic signals, which are transmitted by air path. As
these signals are not only detected by that sensor, which

is in charge of detecting the noise signals, but also by
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20 signal cannot be m nimzed anynore. Noise signals
are often acoustic signals, which are not transmtted
by air path but by fixed structures like floor

grounds, steel girders or heating pipes, and these 25
materials have a greater acogstlc velocity in
conparison to acoustic signal which are transmtted
by air path. As these signals are not only detected
by that sensor, which is in charge of detecting the

194 6 es s gnal %hl@l’lt d@ltéetgyt)ﬁ dhat, Ssqggx%rl’ ‘é’ﬂ &Ncan lead

detects the error signal IS can
F%s@@ﬂﬁﬂﬁQ%PkﬁitWh@foVbeabVeSQSlEﬂmsxenaaﬁoasequeaqeence
The present invention has therefore the object to
provide a 5 nethod that does not have the

af ore-nenti oned drawbacks or problens. This object is
e gprasedy inyentéanuhes g@awﬂfqnetdhy 0©bacacterpzomgde a

ﬁ@%ﬁo&ﬁtﬁgﬁm&gb% nEHréQ9£ @Q@qgé %Eo%g% dFayﬁ%cks or

I nvention, a use evice as well use
rlecklesisar e given in further clains. It is explicitly
poi nted out that the nunber of the sensors and
actuators nmentioned in the follow ng description can
15 differ fromthe actual used nunmber, and that it
Thist QQﬂECbeisnaﬁdalmeq Iy ctriop hierees: rasd gl oads peakies s,

] owi [ arted, from
c%%crop 5%2§B§ p?rg Lglog%%peakEﬁu&%?&sﬁ@@??%@?9tsf%ﬁ the
imegdrionef a ceaprehéeside ldd wel20as a use of the device

are given in further claims.

It is explicitly pointed out that the number of the sensors
and actuators mentioned in the following description can
differ from the actual used number, and that it must not be
mandatory microphones and loudspeakers, even if in the
following, it is started from microphones or from
loudspeakers, respectively, for reasons of

comprehensibility.

The present invention is related to a method for reducing
an noise signal in a room with the aid of an adaptive noise
reduction system. The method consists in
-~ detecting the noise signal with the aid of at least
one sensor unit,
- estimating a transmission path of the room with the
aid of an adaptive process by minimizing an error

signal, the error signal being a superimposition of an
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The present invention is related to a nethod for
reducing an noise signal in aroomwth the aid of an
adaptive noise reduction system The nethod consists
in - detecting the noise signal with the aid of at

| east 25 one sensor.unit,_-.estinmating a transm ssion
path of the roomwith the aid of an adaptive process
by mnimzing an error signal, the error signal being
a superinposition of an - 5 actual output signal in

the roaman athbhe 8ignef fhecnd fPJb%mﬁ%iho'EhBaLPd‘)%fttEﬁe
estimated signal, an feeding the error signal of the
adaptiiA Pr5E4€8 Pathtpg Eomtd Thicies eshisiignaat i and 5

The n&{D0dA¢har dipg -t 9; R ! dqApentLon Ls
characteri ggd in - ?ged%%rgﬁt hcéﬁzcrq{%oradg' gﬁgfe pgogess to
furt Here faonténugnst oppimizdteiqener ati on of an out put

HIM oh o ' ! transfer function of the further
fil ?gérthofoggjﬁ??g\%\nﬂgh@? h‘éﬁ%ipareoﬁ‘e“a FOVERSFC8daPti ve
qhaovegeriipeddépendence on the error signal and -

subtr. I, e out put signal together with_ the .
est | nf%t%tgé%gu%gﬁtegf ﬁa?l??aglmttoné gé‘trﬁg’?roﬁfbﬁ?rsti‘%lf.or
15 Ashengeotrtheomdvainiragasmft tshgnget hod according to
t he %%esegt invention, is the increase in efficiency
based dR° RS FabiaiHEt” i POshitnc Gfarhei GraFRek ahi e r
processedwyenythefdi€ientd yuravierd adbbt erenb rsled & Sin
i.e. which spread ,
dependencCe on the error signal and
- subtracting the output signal together with the

estimated output signal from the actual output signal.

As one of the advantages of the method according to the
present invention, is the increase in efficiency based on
the fact that in particular signals can be processed very
efficiently having different delays, i.e. which spread

differently fast.

Another characteristic of the present invention, is the
effect of the increase of stability at systems, by which
signals are processed with adaptive processes having
different delays, or a portion of the signals being faster
than the available control structure and can therefore not
or only insufficiently be processed by the éctual adaptive
process without this favorable extension and accordingly

could have a destabilizing effect as a consequence. Thus,
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differently fast. 20 Another characteristic of the
present invention, is the effect of the increase of
stability at systens, by which signals are processed
wi th adaptive processes having different delays, or a
portion of the signals being faster 25 than the
avai |l abl e control structure and can therefore not or
only insufficiently be processed by the actual
adaptive process without this favorabl e extension and
B @i gy inGeHt doRayer & Jdesiallidin i AgsehbfCle ASa £n
consequence. Thus, 6 the present invention offers
ARGl essShed, cle? 148 Fec A Faichpspatons can be
detected such that - the stability of the adaptive
procéd$ is¢aRetihyfeEtEe asardiigkalPsoravbngs greatatfected
VelOQh;%i%nél@nga§iﬁguﬂf%aéMvé¥%cHQ order to mnimze

an noi'se ‘signal, as  a result of tKe'transnission

vel ol <iGAANGY be: & AGRSHRil.DY o RendfiRpL! ¥ RILLESS
correctly, ~ can be considered at the processing. 10 An
enbodilgBatl o st herpieklemt itheentrboaméonspst gelocity
det ect.i t ' ' tsi the room A

furt Rerngs B8, REbAESRNY CH B Ry e T o Tt e LY.
in fceadbrgcansadenmd agxitdte pgoreisséngignal to the
adaptive 15 process for continuous optim zing.

Anot her further enbodi nent of the present invention
consists in that signal portions being in the noise

A5 gARlbdiment of the present invention consists in

detecting the noise signal outside of the room.

A further embodiment of the present invention consists in

feeding an actual existing noise signal to the adaptive

process for continuous optimizing.

Another further embodiment of the present invention
consists in that signal portions being in the noise signal

are excluded from the noise reduction.

A further embodiment of the present invention consists in

presetting the excluded signal portions in a piecewise

manner.

Another further embodiment of the present invention

consists in carrying the output signal over a filter, in
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are excluded fromthe noise reduction. 20 A further
enbodi nent of the present invention consists in
presetting the excluded signal portions in a piecew se
manner. 25 Another further enbodi nent of the present
invention consists in carrying the output signal over
a filter, in- 7 which the excluded signals portions
are danped. Therefore, an adaptive control structure
is given, by which with the aid of an additiona

whiilchethdebEMiAEE {1 AHINGY t3RAEGS aRE €daf¥&d UdaLt dfIPe,
the processing by the adaptive process. Finally, a
Iy POREF LERLBEM HERt DTT UGS dSe At VEAYERY | Wil Cle oHiditsttdie

dil 3¥bLRaghiing; Shoested Si@ral niRelher LMy AMndE are
error signal. 10 The present invention IS In

epaduided| dromuthealprodass itnge byathievedapt see rieehsgsson in

a vehicle in mentioning explicitly that this

i nvention cannot only be applied in systens for

active noise reduction but also for others uses in
Fioanedgt i anfw the mduptddigeprtoods sbs. pISseuf t hrerandrien a

A8 ii%.%sa%%%{‘ygaé&éﬁ%l 65§14 E%SQP 0 O oom from
reducing an norse signal tnaroontwith the aid of an
thgapricve abgsel reducti on systemis given. The device

conpri ses:

The present invention is in particular suitable for the
active noise reduction in a vehicle in mentioning
explicitly that this invention cannot only be applied in
systems for active noise reduction but also for others uses

in connection with adaptive processes.

Furthermore, a device according to the present invention
for reducing an noise signal in a room with the aid of an
adaptive noise reduction system is given. The device

comprises:

- at least one sensor unit for detecting the noise

signal and

- an adaptive process uhit for estimating a transmission
path of a room by minimizing an error signal, the
error signal being a superimposition of an actual
output signal in the room and a signal with the aid of
the transmission path and being fed to the adaptive

process unit.
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20 - at least one sensor unit for detecting the noise
signal and an adaptive process unit for estinmating a
transm ssion path of a roomby mnimzing an error
signal, the error signal being a superinposition of
an actual 25 output signal_ig the roomand a signa
wth the aid of the transm ssion path and being fed
to the adaptive process unit. 8 According to the
present invention the device is characterized by - a
Hagdritghdf itbt eneUptésed®® Wit itdhe telr aevetgnas is fed
for the generation of the output signal, 5 - a further
AGFFHGFE15PHcREs unit, which is operatively connected
to a further filter unit for the adjustnent of its

t randf ePIEOREL FRteE HE i d° SiPgicRl thEi RGEPEASI9RA Y hes

furtirey adapthy¥egPROeSsHotd cnan@durpiealsqher,
subtracting the output signal and the 10 estimated

si gnal slireretheqact Uad Oduls singral whi AR e8bodh PENtvely
of the present invention consists in arranging at
| eastCoBRECEBASE? UNUTIRGifdd ter vhétr 68 the Fljustment

furtber ;euboHLAEAL, Of L idie Y CSRRL ol BYENLLOR, £ARSI R Sted

in feeding the actual existing noise sigha
adapftiovéhepforeker (adapt iMrorhrecesgr ther ., eabddi nent  of
the present invention 20 consists in that a filter is
provitgéasviar witletradtel neutthigt output signal and the

estimated signal from the actual output signal.

An embodiment of the present invention consists in

arranging at least one sensor unit outside of the room.

A further embodiment of the present invention consists in
feeding the actual existing noise signal to the adaptive

process unit.

Another further embodiment of the present invention
consists in that a filter is provided via which the output
signal, at least levels reducing in the filter from signal

portions to be excluded.

Finally, an embodiment of the present invention consists in
providing means for subtracting a desired signal in the

room from an error signal.
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signal, at least levels reducing in the filter from
signal portions to be excluded. Finally, an

enbodi ment of the present invention consists in 25
provi ding nmeans for subtracting a desired signal in
the roomfroman error ngqu. 9 The device
according to the present invention is in particular
suitable for active noise reduction in a vehicle. 5
The present invention will be further described with
the aid of exenplified enbodinents by referring to
drawings. It is shown in: 10 Fig. 1 a sinplified

zbieoejlevdlcagéaab%lﬁg nes hagd @icNg nvbArtBg P esgnt
i nvention, g a sinplified block diagram of a

rttlﬁéllaﬁeFHb abie ckruiatf itve tieé spr ssenectiavehtion, 15
Jdrgc13.a sinmplified bl ock diagram of an enbodi nent of
a known nethod, Fig. 4 a sinplified block diagram of
a further 20 enbodi ment of a nethod according to the
present invention. Fig. 5 a sinplified bl ock diagram

e ?Q@EE@E fHEEDeron emadizent, 0.2 ABLEPH, 88C01 Al NG,
he present 25 invention.
ald of exemplified embodiments by referring to drawings.

is shown in:

Fig. 1 a simplified block diagram of a method according

to the present invention,

Fig. 2 a simplified block diagram of a further method

according to the present invention,

Fig. 3 a simplified block diagram of an embodiment of a

known method,

Fig. 4 a simplified block diagram of a further
embodiment of a method according to the present

invention.

Fig. 5 a simplified block diagram of another further
embodiment of a method according to the present

invention.

Fig. 6 a use of a method according to the present
invention (in a motor vehicle), in schematic

representation.
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Fig. 6 a use of a nethod according to the present
invention (in a notor vehicle), in schematic
representation. 10 Fig. 3 shows a block circuit

di agram of a known active noise reduction system An
noi se signal x to be mnimzed is fed to a

transm ssion path 1 (a roomfor exanple) with a 5
transfer function H The noise signal x in the room
covers a certain path. The noise signal x usually is
changed by the transfer function H delaying in
particul ar the noise signal x by the transfer

Filncti 8ho¥s Theleclarsimasitodipatrhn off ar kivogn tdet inveom

n F88ucED ir, ne or 10 eral wal
698k ak88uct 0bn CXAWYE 3l &o%%% A6 gpy_ rSNEA MRl

dividing the roomconpletely or p noi'se
1§j §pal tR @ steameiisssiomhipeithodi denabes bot séxemmife) tdieh a
d i [ s, | enqugh to b ercej ved inside
B o & et PR ¥ e BT et i e B
aupertedmted ted The trivd seosigha lmkcuephong forcrexaad o),
u Is naise is changed in the frame of the
t%ﬁa?%%%%?%%tfﬁpé§loq:ﬁedfﬂgﬁgﬁﬁsépoﬂaﬁgi?P%ﬁr the noise
s Fgma hex noy & hd heransifee $ugBBloX BXi Bhé NGB8 Bf path
1t§§Em{°°WhiS according.to Fig. 3, fed to a filter unit
2. V54t 1 0 "0 W SRAEIPE prBEe8¥AI ] B/LL 4 FOhPHSt iOFe
spracessidllid 3 Wieiing eper abbMek¥ms 0orery esk tu de . 1
tfllter unit 2. For, the generation of an error signal
e U SR AN Gutpd® 2sPERER: ViR @Fbwim ks owtsdde of

t etk ot LG k% SisgN8BLaY endBghStd M 6ok e 1 fili@l of
unit is sunmmarized in an addifion

this room and hence, to be detected from a sensor unit

contained in the room (a microphone for example), thus,

this noise is changed in the frame of the characteristic of

the transmission path 1.

Furthermore, the noise signal x existing outside of the
room is according to Fig. 3, fed to a filter unit 2, and to
an adaptive process unit 3, the adaptive process unit 3

being operatively connected to the filter unit 2.

For the generation of an error signal e, an actual output
signal of the transmission path 1 and a correcting signal y
estimated by the filter unit is summarized in an addition
unit 6, inverting the estimated correcting signal y
beforehand. The error signal e is fed to the adaptive

process unit 3 as a consequence.
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unit 6, inverting the estimated correcting signal y
bef orehand. The error signal e is fed to the adaptive
process unit 3 as a consequence. - 11 Only then, the
algorithmis stable used in the adaptive process unit
3 and can as a consequence gqnly then be operated in
an active noise reduction system if the delay of the
noi sesi gnal x being greater by the transm ssion path 5
1 than the delay caused by the filter unit 2 and by

OhBy Pl itkR RNEeesShiNit Stadlbisisdd8 AqdaRt L¥§ptive
grocess uni't 3 mandatory nust cal culate the necessary

DTt iYY sidgRad FapoRS nf nFoR 8 FHEA%e od Ynshsasbgnal

dpé Fa tSONilrelant iaBR 1 VBaRC1 BE fddR-f QY Nt 20§ L{,0N

t he transm ssion éath i needed bf'{hég%ngbéeg?g%g? %giay
¢h GppInAifgsti@badesbeingi geedten iy toéemtrensnhesion path
detest iR (b3 a9 chjges! ar e, detecti

t he npisesignS? X Eye o%gq%%étjgiggﬁggﬁtu%i E? &%igﬁe

I Aty e prosesadapitva. process unit 3 and the filter

unit 2, and the other sensor wunit detects the error
signal e, which is fed to the adaptive process unit
Thug,hdmeaadepterei pgoségnalnit rBusianbia t3@ycaoput €dlculate

r tary than the del.ay needed by the
R TR SO R AR Rty JoRoRtadbering the
iistesrigealbet weeshs hite t WoingeR$QN Whiet $imEl gor lrisbOVs a

K di f mbodi nent _of the 25 t
Bk dogoramel gn erboden o the 2e presenls

I'nvention, i
noisesignal x.

In applying two sensor units in the room for the detection
of the signals, for example, detecting the noisesignal x by
one of the sensor units, which is fed to the adaptive
process unit 3 and the filter unit 2, and the other sensor
unit detects the error signal e, which is fed to the
adaptive process unit 3, then a correcting signal y must be
computed faster mandatory than the delay needed by the
noisesignal x, which is necessary for covering the distance

between the two sensor units.

Fig. 1 shows a block diagram of an embodiment of the
present ihvention, in feeding the error signal e not only
to the filter unit 2 actuating the adaptive process unit 3,
but in which in addition to a further filter unit 4 and a
further adaptive process unit 5, in which a further

adaptive process for the adjustment in a further filter



10

15

20

25

to the filter unit 2 actuating the adaptive process

unit 3, but in which in addition to a further filter
unit 4 and a further adaptive process unit 5, in

which a further adaptive process for the adjustnent
ina further filter 12 unit, 4 is used for an

adj ustabl e transfer function.”"In the followng, a
generated signal in a further filter unit 4 is

referred to as y2. In a further addition unit 7, a sum
usitformediud Qfr the dd Lgnal g#@ry Igh |
?dﬂed to 5 the actual oé?ég?ggiéggg%no th%mc\mog' T8 the
QaHM %I ch FRtaratech siealadui @ drrturt A laktrennit 4 is
befagrédves ted jon kho ehand.. Ln the .
adaptive pr ocesys?uﬁ?lt\gqggggﬂgg,ag(g%?%% Ments ‘ar 8 SUm 1S
e e P Wuteli fhendweastigoalar yfand ey2 unittish 2soadded to

s paotive, he-eryor signal e is 1 .
m ni nal ZThe furt tﬁg?hggag{i J\é/ée p?%%rgssr%lsfrﬁ% @aggi hgin the
Hptirtitdveinit comféetretiet.ogt hevé trddeim findwar mdAhe r4

PES i n f eedback. net hod, thus,. w thout notice
of t[ﬂ%h%zrdr'orﬁsitgﬁaﬁgﬁp 5V B R oretEhdi Hite 3 @PEher
Ftiiapsttimee tr l@ur@ss:aﬁmiiéd_Soa‘daprt sugmlgértti@lﬁgn@m{—_@g units
rror, si_ana .. thus S . hot subject to the tine
%&rrgyllé e fsé)gtcg”&vﬁy FH‘éhaﬁ%‘?ﬁiVée Fds$1gRpt 8. 1Fig. 2
rsilmgwsila bl ock di agram of a further enbodi nent of the
20 present invention. The signal y2 is filtered by a
filter 13 for generating a signal y2', in addition to
t he enbodi nent as depicted in Fig. 1. Therefore, this
Thiel ferithgri sdapcessapyochecause theefiugt Bperadapiiye

cBER%g%éduggttge further filter unit 4 operates in a
feedback method, thus, without notice of the error signal x
beforehand. The further adaptive process unit 5 adapts only
the remaining error signal e, thus, is not subject to the

time delays effected by the adaptive process unit 3.

Fig. 2 shows a block diagram of a further embodiment of the
present invention. The signal y2 is filtered by a filter 13
for generating a signal y2‘, in addition to the embodiment
gs depicted in Fig. 1. Therefofe, this filtering is
necessary, because the further adaptive process unit 5
would minimize the entire error signal e without the filter
13, which is not desired mostly. The reasons can be by
nature of safety engineering - for example a klaxon - or by
the necessity of verbal communication, if people remain in
the area to be calmed, i.e. in the room. Thus always, when

certain signals should not or are not allowed to be
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would minimze the entire error signal e without the
filter 25 13, which is not desired nostly. The
reasons can be by nature of safety engineering - for
exanpl e a klaxon - or by the necessity of verba

communi cation, if people [eﬁﬁiq in the area to be
calmed, i.e. in the room Thus always, when certain

signals should not or are not allowed to be 13
m ni m zed, respectively, within the area to be cal ned.

SirGRAl S, WhGeat 8vexs! uged, § 1 ARLL6853 e BLEAL0°

signal s, "whi ch cannot pass th r
%ﬁrngPyChaPéen©301@QBd(fndmaﬁﬂﬂdehenngdaptEVEhe

AREESS WAL EhScalQYS, pégé e %”q H§| a%bt%&?ﬂéglngly

advant ageous nanner t'o excl ude ~sig
Feoeessitag by the furthmr plageese photess bﬁhﬁgs Thus,

t%ﬁ%f@hbXSEMeSQ”QPEtGQ ﬂ? the \%%&g%ﬁéﬂétpanpﬁﬁ to exclude

certaln c aracterls I CS.

S@)@plaéﬁatflromstlae of oressigy iby corRNEGktaBr Prbbetdeunit s
rtain si i ch_shoul d not be

ion nal s, : . _
bgégﬁ1ng?eaglve %eC?Qﬂﬁﬁ Cﬂé‘bﬁggaéﬂéFﬁgtPEle4t¢ﬁN1ng
ckirthén &Barhasefistra-L£hosen. 15 Fig. 4 shows a bl ock
di agram of a further enbodi nent of the present
invention. In anendnent to the enbodi nent as depicted
in Fig. 2, a desired signal 14 is fed to the room 1
Atoocbeigalyetdh e dgsiared isingnak dfoksssudt1Rct&thddtion
wggg tﬁ\ddlt n units 15 and 16 fromthe error signal e

T he* S0 St 19 oir TPt 2§ L8R8 AT t hEn&¢R oPhay kphdlotk be

elmmb&atremlmztﬁda rdd@§pedl vabyachBki 80: SUSE thatsihe,r 13

ni
adagtlve 8&3&538 units 3

Fig. 4 shows a block diagram of a further embodiment of the
present invention. In amendment to the embodiment as
depicted in Fig. 2, a desired signal 14 is fed to the room
1 to be calmed. The desired signal 14 is subtracted in the
addition units 15 and 16 from the error signal e or in the
addition unit 29 from the error signal x to be minimized,
respectively, making sure that the adaptive process units 3
and 5.do not include the desired signal 14. Thereby the

desired signal 14 is not minimized.

Fig. 5 shows a block diagram of another further improved
embodiment of the present invention. Either by reasons of
stability or by insufficiert computing power in the

adaptive process units 3 and 5 as well as in the Ffilter
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and 5 do not include the desired signal 14. Thereby

the desired signal 14 is not mnimzed. 25 Fig. 5

shows a bl ock di agram of another further inproved

enbodi nent of the present invention. Either by reasons

of stability or by insuftiggent conputing power in

the adaptive process units and 5 as well as in the

filter 14 wunits 2 and 4, the desired signal 14 can

al so be subtracted directly after the addition unit 6

uﬂhﬂdﬂi %@@lﬁlOﬁhénd&sﬂﬂédféﬂ@HaHhQ4r%ﬁhdH§EoeBé0§u§%r§Eted
Fig. hows Eractlcal use of the nethod according

C%lor@t%sly 6‘|fé§én{5 Pneddtiom Ynita tndrotheehfdibion unit 17

SchemBld GeshiapLesept@t ion. In the followi ng, the use

is described in detail only in connection with the

noi se of engines in pointing explicitly out that also

ot her noi ses can be taken 10 into account, |ike

#iQ).| ingneeksgsppicmhesl QN & 1BRIAWBY hoaf QEcEX @{'}% %o the
The noise signal 8 to be reduced is the noise o

REfgienés 1ngepdieed by a Motvst 0rehi&lgnd0t hen aselzenat be

ﬁéﬂﬂ@%@n€§¥lgﬁ arn @aéﬁﬁﬁﬂﬂ%ngkh 185&” Lugggkf{béh in

nmot or vehicle 20. The noi se sSi e noi se

- defgildesnly mhl@@nm%CbausedtMytbheFONEEOOflengwmbs31n

d,
p%ﬁ?%qg deQ cf%erQHQQ g%zals% gk§8§r§81 esdxy?erenaken

fer ys and accor ets al so
hM&@sapnpgnthelpbssmwkkﬂngxﬂdlskg oﬁhwhhelsnenhanﬂoadWEy,

[ ignal x is dispersed by air, thus gets via
fﬁglgg @g%aeen passenger cell and nntor conpart nent

also into the

The noise signél 8 to be reduced is the noise of engines
produced by the motor 18 and the area to be calmed may be a
passenger cell 19 included in a motor vehicle 20. The noise
signal x - the noise of engines -, which is caused by the
motor 18 and is detected by a microphone 22, is dispersed.
by different ways and accordingly gets also by different
ways into the passenger cell 19. On the one hand, the noise
signal x is dispersed by air, thus gets via holes between
passenger cell and motor compartment also into the
passenger cell 19, for example. In this case, the noise of
engines moves with the velocity of propagation known for
air from the motor compartment into the passenger cell 19.
On the other hand, the noise of engines moves over fixed
structures, as for example the car body of the motor
vehicle 20 having a considerable higher velocity (as by air

path) from the motor 18 into the passenger cell 19.
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passenger cell 19, for exanple. In this case, the

noi se of engines noves with the velocity of
propagati on known for air fromthe notor conpartnent
into the passenger cell 19. 25 On the other hand, the
noi se of engines noves over {f§ xed structures, as for
exanpl e the car body of the notor vehicle 20 having a
consi derabl e hi gher velocity (as by air path) from
the notor 18 into the passenger cell 19. 15 As a

Asr & henr atvaniagensgeonar agkesésd f Ls10fc td¥e theepeBtent
|nvent|onE§¥esented here, the noise generated in the

FREFELORY DPSR b DEGRY | Re reel et drie isttachd nnbher rear
¥ehi 24 oy oMY Ghb1i1s nRr @Ragat 84 rbfj'trk?é:trﬂ&%roﬁlghqgle,

dr|V|ng direction 5 25, thus in the opposite direction
WRhER ohe PIaPagRd o et leS@tl@rarp%eth@eptrla\mg fiioartion

@50Q9§§§W91Q¥m§%bbﬁg %engﬁpéctfgh ﬂgﬁ%& %%d hytkge rst

first use - noisé of engines S exp i Cif oi nt
%R HeFe Rehdentn avhe dosorpbeck asiang b@'mmlmabaenmeaﬁs, as

aisdheexanplecol :3opoLor vehicle Jiaving, Lront -wheel

drive, the invention in rn can be us ot her
nodes of drive as for exanple in a car having rear-
wheel drive. 15 Further, here should be nenti oned t hat

i@eupﬁﬁﬁﬁHEEQly'ngﬂEégno&9q1 qu%n%ﬁd 8'38r£8ed use
ot her noi ses energ in ave t FRrs
H%sé?ﬁpﬂﬁéﬁeﬁebérSheoexamphauﬁéa mbt@mgwee$cmé aambm@r

I f tr dri.ve, for rea
%%ﬂ%?gﬁgﬁglggglg Eﬁgr %ﬁ%ﬁ%%e hé28 §8B1 8aBF??t§°r
qgtheth eoidege nffi dnlvs ast fsrestrangtled iho aneker having rear-

wheel drive.

Further, here should be mentioned that the presented
invention can be implemented also to other noises emerging
in a vehicle but that this description refers to the noise
of engines of a motor vehicle having a front-wheel drive
for reasons of comprehensibility. Furthermore, the
applicability of the invention is not restricted to motor

vehicles.

The portion of the noise of engines generated by the motor
18, which is propagated by air path, is adapted in the
passenger cell 19 with the algorithm generated in the
adaptive process 3 and the filter unit 2 in order to
minimize the noise of engines in the passenger cell 19 as

depicted in Fig. 1 and Fig. 2. The portion propagating over
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vehi cl es. The portion of the noise of engines

generated by the notor 18, which is propagated by air
path, is adapted in the 25 passenger cell 19 with the

al gorithmgenerated in the adaptive process 3 and the
filter unit 2 in order to_ Hignim ze the noise of

engi nes in the passenger cell 19 as depicted in Fig.

1 and Fig. 2. The portion propagating over 16 the car
body with greater velocity than in the case of air

el dhe et aRnhohregtse &1 &nainahgener ahedchyethe air
notor 18 attaining the passenger cell 19 is adapted
W3 Fhheoditd oroP tt Rel et gof | M T omerise 2L At Rgrthe motor

fedaaagﬂ'a\&%wgw%ggs H85EnJer cnd 116 %B%B%Edfin!tﬁﬁlr:tg idiqg

4 consistin rtion, as depicted in Fig. 1 and Fi

2L Ghe grlgeriteomniapmi e t herthay salapt iwggbhnesesn wmet 5
£§§§§FQ%L cell. 19 S|, G+ + SPE QI LiecLgr
signal, Wﬁicﬁris9 g%%c%gﬁtﬁg(ﬁﬁgugﬁéﬂghgon?%?gbh%%es
&P igrtcderrint féd . by kuddspheak®r sirR bridetro tot hénpassenges

| , n Cc e om t he _processing being
tgékbégffg%lgggt%é #ﬁ?té&ég%F ?ﬁi%ﬁglpﬁgéess unit 5
and the further filter unit 4, like the shown neasures
in Fig. 4 and Fig. 5, or fromthe adaptive process

U S SRS LA 0o o i ooy sl
vt vd@ fracrppdoueng? Aeniae Sieghdly (xpdspeakeooml into
the passenger cell 19, can be excluded from the processing
being the portion of the further adaptive process unit 5
and the further filter unit 4, like the shown measures in
Fig. 4 and Fig. 5, or from the adaptive process unit 3 and

filter unit 2, like the algorithms shown in Fig. 1 and Fig.

2, respectively.
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with the aid of an adaptive noise reduction system 5
the nmethod consisting in - detecting the noise signha
(x) with the aid of at |east one sensor unit (22), -
estimating a transm ssion path (1) of the room wth
the aid of an adaptive process by mnimzing 10 an
error signal (e), the error signal being (e) a
superinposition of an actual output signal in the
roomand a signal (y) estimated with the aid of the
Qlraimesri ssi on path (1), and - feeding the error signal
(e) of the adaptive 15 process for the continuous
optim zation, characterized by - feeding the error
signal (e) to a further filter wunit (4) for the

geher atNerhoaf faﬁ @etpdtngi ghahoiy Bigrdd -(x3djiushi PGod
transfer, function of the further filter unit (4) wth
the ai d'Jf" &' FuPtRePt 20apERRE 1 QIS insyehéRdenaten,

on the #&fd alethddgBahs§8ingngh subtracting the out put
signal (y2) together with 25 the estimated signal (y)

fromthe astedditdie nosis@nakgndi WQI“QQj@QQQ{Qh?QfEOat

claim1, characterized in that the noise signha
i s det ect LEP VUt US TIROT 9ot 182)

- estimating a transmission path (1) of the room
with the aid of an adaptive process by minimizing
an error signal (e), the error signal being (e) a
superimposition of an actual output signal in the
room and a signal (y) estimated with the aid of
the transmission path (1), and

- feeding the error signal (e) of the adaptive
process for the continuous optimization,

characterized by

- feeding the error signal (e) to a further filter
unit (4) for the generation of an output signal
(y2),

- adjusting a transfer function of the further
filter unit (4) with the aid of a further
adaptive process in dependence on the error
signal (e), and

- subtracting the output signal (y2) together with
the estimated signal (y) from the actual output

signal.

2. Method according to claim 1, characterized in that

the noise signal (x) is detected outside the room.
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3. Method according to claim1l or 2, characterized in
that the actual existing noise signal (x) is fed to

t he adaptive process for the continuous 5

optim zation. 4. Method according to one of the clains
1 to 3, characterized in that signal portions being
in the error signal (x) arelexcluded fromthe noise
10 reduction. 5. Method according to claim 4,
characterized in that the excluded signal portions
are preset in a piecew se manner. 15 6. Method
according to claim4 or 5, characterized in that the

ouBput Begmad {yNrdind ed viaihhe k|2 erchddsdrediled in
whi ch the excl uded signal portions are danped 20 7.
Met hod Be&or ?mf%ﬁ?q&ngxéﬁtﬁﬁg BPAFAES 49 6(x) is fed to

char act eiié Z&ﬂbptﬂvteh?i roRe@8Skbede 56 908Gt {fyd N the
roomis subtracted fromthe error signal (e). 25 8.

Use of PReTetddP according to one of the clains 1 to
7 for active noise reduction in a vehicle. 19- 9.
Device for reducing an error signal (x) in aroomwth

the aid of an adaptlve noi se reduction system the
debi ce %ﬁﬁﬁﬂq §9fgrding to one of the claims 1 to 3,

characterized in that signal portions being in the
error signal (x) are excluded from the noise

reduction.

5. Method according to claim 4, characterized in that
the excluded signal portions are preset in a

piecewise manner.

6. Method according to claim 4 or 5, characterized in
that the output signal (y2) is fed via the filter
(13), in which the excluded signal portions are

damped.

7. Method according to one of the claims 1 to 6,
characterized in that a desired signal (14) in the

room is subtracted from the error signal (e).

8. Use of the method according to one of the claims 1

to 7 for active noise reduction in a vehicle.
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5 - at least one sensor unit (22) for the detection

of the noise signal (x) and - an adaptive process unit
(3) for estimating a transm ssion path (1) of the
roomby mnimzing an error signal (e), the error
signal (e) being a 10 superinposition of an actua
output signal in the roomam@gl-a signal (y) estimated
with the aid of the transm ssion path (1) and bei ng
fed to the adaptive process unit (3), characterized
by 15 - a further filter unit (4), to which the error
signal (e) is fed for generating a output signa

(y2), -pDevifaw tfher radapihyeaprocess dimjnfal( k) Whi ehrbsm
operative”y onnected to a further filter unit 20 %4)
for adj*list rﬁ}q £t PANSF eFIFRINEES S StEn& SEMFEE OB gHaFem
(e) being: frgile thaptusihgr adaptive process unit
(5), and - neans for subtracting the output signal

(y2) and atheegstismd efbr@nahnity)2by ofvt hen@cdd@dct ion
out put 25 signal. -20- 10. Device according to claim
9, characPérfbednehse Heignat! |(&AsenBne sensor unit (22)

i s arranggg QHS%&% SR d0Mn18 13y BBV cse ARcOfth ng
to claim9 or 10, characterized in
transmission path (1) of the room by minimizing
an error signal (e), the error signal (e) being a
superimposition of an actual output signal in the
room and a signal (y) estimated with the aid of
the transmission path (1) and being fed to the

adaptive process unit (3),
characterized by

- a further filter unit (4), to which the error
signal (e) is fed for generating a output signal
(y2),

- a further adaptive process unit (5), which is
operatively connected to a further filter unit
(4) for adjusting its transfer function, the
error signal (e) being fed to the further
adaptive procéss unit (5), and

- means for subtracting the output signal (y2) and
the estimated signal (y) from the actual output

signal.
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that the actual existing noise signal (x) is fed to
the adaptive process unit (3). 12. Device according to
one of the clainms 9 to 11, 10 characterized in that a
filter (13) is provided via which the output signa
(y2) is fed, at least reducing levels in the filter
(13) fromsignal portions t@obe excluded. 15 13.
Devi ce according to one of the clains 9 to 12,
characterized in that nmeans are provided for
subt r adidvigea adesiriedgstgnalaimd 4, idharheteeenehr om t@d:
error signal &f)' 20 14. The device according to claim
§ deastt o

9 to 13 SABPSE Yetfuctd?on i 2 r98AFE| gutside
the room.
11. Device according to claim 9 or 10, characterized in

that the actual existing noise signal (x) is fed to

the adaptive process unit (3).

12. Device according to one of the claims 9 to 11,
characterized in that a filter (13) is provided via
which the output signal (y2) is fed, at least
reducing levels in the filter (13) from signal

portions to be excluded.

13. Device according to one of the claims 9 to 12,
characterized in that means are provided for
subtracting a desired signal (14) in the room from

an error signal (e).

14. The device according to claim 9 to 13 for active

noise reduction in a vehicle.



