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TRHEA6Son system for correl ated signals. FIELD OF THE 004 gy
¥ NVENTI ON - _ The invention relates to a signal aqy,
transm ssi on system conpri sing processi ng neans for isolating an
estimate for at |east one wanted signal clbntained in at |east 13,08.1996

m xed signal, at |east one sensor for detecting the m xed signal, the m.xed
signal Trensmissien system forcengrelated signalsed signal and at | east two correl ated

i nterference signals which are produced by two sources of the system

in response respectively to- tw correlated electric si gnal s.

This may relate to an audi o signal broadcasting system present, for

exanple, in a notor car or in a room The system conprises a sound source
formed, for 10 exanple, by a car radio, a conpact disc reader, a television
receiver, a hifi systemor by ot her stereophonic sound sources. The
system may i ncl ude voice recognition which permts a user to give

voi ced C@IBEEDIOFITMEQINVENTIONG notably the sound source.
This may relate to a tel econference system which conprises a transmtting
station whi ch communi cEReciveRtion rglatesteja, sigrpl 4Faasmission Sy stemi COMPIISHIE ons t he

conver satyonsGds nfan! HirSthidhd e eltfrRlS T 4188 ShéWaRtRa Mghal CoRBinbd GPYEREH
ou ﬁa a afl on.

in the recelvi station w gr
Thi s rmay oak snixedkighal, avleastsdnersendorrforietedtingattic oniked sigaals thesimined| sigrmi ri ve

by radio link jn the formof m.xtyreg on antennas, the radi o broadcast
o gnal-s. GRIRESIE ah ifagt e Wantod ghal B abJead Lo TEAlned Srederence SERALRBSUND
OF THE | biy-prodtbéd by two sources of tlhe' system in r@ébo‘ﬁ@é’ré@f)escfigﬁlgfkaWo! ®rrefited SREtrde

the case where the nted signa speech comng froma
person. signals. - Afirst situation appears in the case of

the transm ssion of caopuversations, 25 via tel nferencin A n cr.ophone
installed in a transnmittf H&ysrf § g lﬂts&'%[cﬁrga%is% ségem prese%el? T as the

anbi ent rReampleantadhotof BE GAHNCEO UBheCaRicH! 8Spris tal A sbired féronddh Sor
recei ving station. Evidently, the sounds broadcast by | oudspeaRers

si t uat®d expmplee by 498 rrdipi Agompagti dise reader, artelevisionrgesivesmathii sysemi ari by
oL on i ol 9P OGE e SRR A et Mo VAR e o
types of user to give voiced commands for controlling notably the sound source.

This may relate to a teleconference system which comprises a transmitting
station which communicates with a receiving station for which stations the conversations

15 captured in the transmitting station are to be recovered in the receiving station without
degradation.

This may also relate to systems for which radio broadcast signals arrive
by radio link in the form of mixtures on antennas, the radio broadcast signals being locally
interfered by noise sources. '

20 |
BACKGROUND OF THE INVENTION

By way of example, let us consider the case where the wanted signal is a

speech signal coming from a person. ‘
A first situation appears in the case of the transmission of conversations
25 via teleconferencing. A microphone installed in a transmitting station captures the voices as
well as the ambient noise and all the sounds thus captured are transmitted to the receiving
station. Evidently, the sounds broadcast by loudspeakers situated in the transmitting station
and coming from the receiving station, will also be _éaptured and then broadcast to the

receiving station and cause undesirable echoes. A solution restricted to certain types of



2 PHF 96.507 : 12. 08. 1996 signals is revealed in
the document entitled: "Stereophonic Acoustic Echo Cancellation - An

Overvi ew of the Fundanental Problenmt by MM Sondhi, D.R Mrgan, J.L. _
Hal |, | EEE Signal Processing Letter® Vol. 2, No. 8, 1995, ppl2.08.1996
148- 151. ’ None the | ess, when the | oudspeakers

br oadcassigaals istyealnd dn Sheudetamententiledat Stefemphaniy Aceastiv Eeho Candeliation »WAinc h

permts re i.sol ating the per ' S Voi ce expressed. in

i cr oph Ogev_efv%w o?ttllley Fundaniental Q’r?br]em iﬂgbﬁﬁ%{f Sgpgluag.gn W&g’f’jf‘n%el}%ﬁée
wher e t hgignal ProcksingeLewrs,uveld 2, Nd. 81995, pp.ofagaysiri ver who expresses
hinmsel f in a mcrophone installed i-n a notor car. The past few_ years
t here have been devel dYng thedessowhen thedondspeakieess biroadeast stercopheniv gounds, no

. ' . hnsSi . . _TIh bj f this,is.
e o vvistierTRORERE s kAR Sl Bl coperfy Bohia e abudsniics” °

set ti ngs expressed imviee mégrbpiohecontrols in the notor car i't‘sel f. It is

t hus necessary in a first period to recogni ze the voi ce nessage pronounced
by the driver and = AnRoHas sitiafion ecsurnd the cassavhere thrveige to he saptyregds that
nmessage > r u

caui proner 2 45 BRGNP TS MiSrophone W3 ABF i a fnbEbasy 16 alt o
conpar t nyedrs there have beenoduveloped possibilifies fdr itheedriver\toihage veice eohmblesf and t he

ot ortt apayiRmentiaiar adnaBr §am Aeyobiect of G BrsFh e GAKEF droe GO DRRANLR
are not {af foSmakd & ¥ffech géﬁﬁlh Xefffﬂ?@ of E(F;hagfe' éé?tﬁinscontrgéscﬁlotﬁlgﬁﬁeétﬁfgier dﬁ:s%m # 9S

| oudspeakers which broadcast steFeophonic sounds.
si gnal s tunmeressarytinal fisst peniodtoarecogrizeythal voicei messages propouindetli bythe driver and

separat et hem and al.so .t 0, s rate other signals that formthe m xed
i nai . el &36coR FRriod, fo°decSf Bif'ySice mistaed il eiragt ieriom EHETBAS o
propose téidedad inflhedtieséq@ipment. B§ Y @ misrophibdedthdad fle drfRpsat i ng
signal s contained in m xed signals conprising correl ated signals and

whi cH3i scompateny there i achieved dhab theedrivesis yniceois-isolated @t the)cemmands it

25" to t FeEing S Reofltd IRt AIBObliRY A5lol BERS Sroid  wR IR Ael S aR AL by
t he user environment Sl NOWtedhiiqhds\drb hbfRatisfactory, notably when the driver’dhi s mai n
o the | FOBSHTEN deT @y daudspRakers MaichlbraseastiareamoD r KNy dihch tipe priged
on the i .

signal s r ‘ i |

et od 51 naf CoRE ATMANT cBhPRRASIRITRER Nl Gl I bl WROFaH ai0Te, g
vi a 20l t sqpamte bthet sightls thattformitke mixealt sigrmlr espectively to t he
correlated electric si'gnal S The vqice nessage is

thus correctly separ ateld af'l“B’l‘i‘l %gjq:cttqﬁéhq)icqygqtiogotgrmopose a sigpal drapsmissioBnt in
the soungysgmy WHHTRNuitatll if6sephRifing SigHaR! onied A TRixkd ABntidoRitstising

correlated signals and which is more robust to interference than prior-art techniques.

A particular object of the invention is to check the sound volume returned

25 to the user of the system on the basis of voice messages pronounced by the user.

SUMMARY OF THE INVENTION
' This main object is achieved with a system in which the processing means
receive on the input the detected mixed signal and the two correlated electric signals
30 wherefrom the processing means extract the estimate of the wanted signal contained in the
detected mixed signal by decorrelating via multiple shifts the estimate relative respectively to
the correlated electric signals.
The voice message is thus correctly separated from all the other sound

signals present in the sound environment, which other signals may come from whatever



3 PHE 96.507 12. 08. 1996 sound source present
'n the vehicle. The invention provides an effective solution to the
processi ng of stereophonic-signals, that is to say, correlated signals,
which is inpossible with - known proce$sings. ' 12.08.1996
The correlated electric signals which give rise to correlated interference
5 si gnal ssound soercelyreseneih fheosmchicke Thelidsemimheprovidés an effectivediohutioa to the

television receiver, a hifi . system or ot her sound soufces. . . .

| Ehe caBmoE o dereomanicsienalscihah 1,10 R ROMEIpIEN SErHS. Whiehds imgassible with
an anbi enjy 'sg{gg[ captured at the listening end by the m crophone,
where the m?;“ﬁ'fggb‘ﬂ signal is a voice nessage sent by a speaker at the

li stening end, where t Mheworrelatedeslectrjc signalsOwhich gévef isectd dopredated inderiferance

si gnal g br.oadcast .by | oudspeakers which formthe sourc .the . system
It ¢ RS Ay e o feclolidpbalers R BE padit £ BV regivee % B nge
cont ai nedgystem ok BtHef So@itPécidessound si gnal by decorrelating the estimte of

t he voi ce ‘'nessage rel ative respectively to the stereophonic signals.
According to-a parti cullmthegasesiwheret the sonspe is & mjcrophore, yeiere the; pixed signal is

t th ' A i i nt t ' .
Ot o R Bl B eSS T S8Rk 5 Bhon B PGS R
sour ce fr sighaltis ahvoideemessage ket ©§ asspeakdrat the listeing end hvhereathe oive messigedis

st the nodification of the sound vol une_ produc t he car

may reque [ ed b

ol o 10y el By HeapaRReTIE N ETALS, bioadeashpy UNCBPRaKERS WHich Jor ths AEREs, the

applies th . r g ' O g . . e

aSe of vorm is such8he e phibeisfl fidind Bt fickstimate of the vojce message, obfthinkd

sour ce fr imthetandiieritisound sigedldiyedecormiating the estinmdte of ththeoive message n¢latives nay

al so be used for controll ns?gvgrsﬁ ot her sound sources or for acting on
e

act uat or sTespeqtiyely ?s@%ﬁ?eﬁﬁp Agic motor car or in the room for
exanple. Thus, a first A@bffing R pRHicIRY ehibBdffdnt ScdriVeRirgleds permit thhe
sound vol une broadcast by the car radio, after which a sécond voice control
may rdfuesonveg thiestivhatd ofshe oick enassagerintoaat least bae vbise edntralh dhewmine controls
produci ng_t he voi contrals are t heref ore connect to t espective
DCtuat or T e e o Sifviali B Styp dbe SO 1SR OB yoes the corrliied SERES

In the cagemef Thus, @l REGNESH RN afyStegh@MiOmBaifichtich &f theaBbAd VoluR prodided by
and a receiving station interconnected by at |east an up and at |east a
down chan#hgl carradio. Whenghesystem detaetsr such agvaieecepngiol | is subseguantlyi applighthifes
and at le ouds kers broadcasting 30 two stereophonic signals,

t he syste?hééné&]c éﬂ?ea}é%ie'fgﬁ@éd in that the processing neans elimnate
undesi20abl e echoes gen@uttiRtudyoft Visices EEMANPROTL Gestrigibd its tiRy ¢onvroh of &e doad

transmtting station com'rl% fromthe receiving station, the

transmitt SPHIC% frem which, the sarrelatedsignalsangrtakeny lihg wojge controlssmay glspds used fope

ccal voLEuTRRPYR bt Benk SRR RIS HSERL X 18 IR i e

motor car or in the room, for example. Thus, a first voice control may request a lowering of

the sound volume broadcast by the car radio, after which a second voice control may request -
25 the windows of the motor car to be closed. The means producing the voice controls are

therefore connected to the respective actuators via the voice controls provided to this effect.

In the case of a teleconference system comprising a transmitting station

and a receiving station interconnected by at least an up and at least a down chanﬁel, the

stations comprising each at least two microphones and at least two loudspeakers broadcasting
30 two stereophonic signals, the system is characterized in that the processing means eliminate

undesirable echoes generated by the stereophonic signals arriving at the transmitting station

coming from the receiving station, the transmitting station transmitting in stereo only the °

estimates of the local voice message to the loudspeakers of the receiving station.

The speech signals pronounced by the speaker may thus be perfectly
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42.08. 1996 separated fromthe correl ated S| gnal s broadcast by
the | oudspeakers and comng fromthe ot her station. The
transmitting station can thus transnmit sodely the speaker's signal $2{080k%96
t he transmtting station to the receiving station. This nakes it

possi bl e deparaiedi fdorh iRe pore€lawe nignals broadcast by tmdmepeaMers:mmmmrhgsﬂom the
thensel ves if the signals produced by the Ioudspe&&rs wer

r et r ans i ethesgstatipng 'ﬂ'@d{ﬁ"ﬁ@ltﬂﬁ& statign F%‘h thug dransipLt sg H@a@?alfeﬁ Srignals from the
In the c e
br oadeastPAIHERE salion 36 BRE ook Biriadtn? YA, At pEGRIYES atoili 266 phenomens of

si gnal byechbéswhith manifest themselvesoif the bighdle poaduced by ¢he oudspehkers overerg fr om
sources that transmt .interference

nal s.
These AndreHaRrunitied inadeopio thﬁétaWéﬁ% q@ﬁ brpadeastdheMoar ent from and 10
el uci dated wi th refereffgelQsd %eﬁ‘éﬂ@‘i&ﬁﬁ%ﬁ‘issaxﬂﬁﬁtﬁﬁﬂabﬁﬂ:ch%@ﬁb%fi fhﬁxo
BRI EF DESCRI PTI ON OF THE DRAW N 1 shows
a di agr anbrohdcast sigmiil ptheysystem permltex:lf rseparatngl oftherediodroadcast Slg"al ht§!¢é§égé‘f

5" "9 SR coniud sgas S5 rofr PR el Gy ek EEARE e, T O

adaptive filter ThesePdndCREEH d3pedt® of thef iverdivnovilleperdppacent ifrons agdal s,
Fig. 3 represents a diagram of an enbodi nent for source separation

pr oced6i nejucidated Wlth refierencer tol the emjpodiments daseribed hereinafter.
Fig. 4 represents a diagram of an enbodi nent for adaptive filter rre_ans,
20 Fig. 5 represents a diagramof an audio system for

ext ract i ngRIBE DESCRIPTION OF THEHBRAWANGS two speakers, which system
further conprises voice_recognition nean

an . .
Fig. 6 represents a di &i§-ahhawsa g@gﬁ?@bﬁ?é? éH‘gS systemefor SxHagting the voice
processin I recbnifibn Micahd) OF
PREFERRED%%@%N/&WWEJ i€l systtn Facbhe odmprises YO'.cgl r epr@g'gent s a
voi ce 15ecogni tion audi (F-‘lg.yzrqmsémacacdlaghangoﬁm eﬂnbodlment for adaptimeckiltéron f or

recogni zing a single s ker exanpl e, let us consider the case
of procegg{gnlg LFBEBQC%T ﬂﬁ'ﬁe‘&e Sé"ﬁlsm)t or car, the possibility being

given to the speaker, fF?% 3 represents a &4gYAR 6f arl @mb&ﬂméht Rﬁrsoﬁfcetséﬁarﬁ@dm cle,
to express voice nmessages to PCont rol  Vari ous actions in

driver's poxpssingmmeans fﬁhdemna}a;mgsthmmalges are captured by a m crophone Ma
whi ch 21 50 3Bt U 0SBl d\GaB AN ) SARDEEAL B EBHe il Mans,

driver's conpartnent. conrp I se any

of noige, but also, nOtFiQ.' 5 rep?éééﬁ@@ﬁﬁﬁg&am 60N dedib spstemarer ektracting the voice a
car radio.
messages of two speakers, which system further comprises voice recognition means, and

Fig. 6 represents a diagram of a teleconference system comprising

processing means for decorrelating the signals.

25 DESCRIPTION OF PREFERRED EMBODIMENTS
| Fig. 1 represents a voice recognition audio system 5 according to the
invéntion for recognizing a single speaker L. By way of example, let us consider the case of
sound sources situated in a motor car, the possibility being given to the speaker, for
example, to the driver of the vehicle, to express voice messages to control various actions in
30 the driver’s compartment. The driver’s messages are captured by a microphone Ma which
also captures all the sound signals which occur in the driver;s compartment. These sound
signals may comprise any kind of noise, but also, notably, stereophonic sounds broadcast by

a car radio. |
The sound signals which occur at the listening end are captured and



THRHB®6r807si gnal s whi ch occur at the |istening end are captured and

5 - 12.08. 1996 converted by the

m crophone into an electric signal Ea. The signal Ea is a m xed signal

whi ch conprises the wanted signal XL sentSby the speaker, as wel| a3.08.1996
interference signals Pa and Pb comi ng-fromthe | oudspeakers LSa, LSh.
The soundcoaverted By kieomitraptionbintolem electrit sigralpBaKEnessignal B isracminedrfignal

[ ls, that is t : I ' I bt ai ned t he basi .
cor ol ai cHEh compriSes g HANSICRE 1. 905 DN PRGRr 38 alehs Blratepus djaril Pa
Because Ofng! PP coming"ROMhB14BpARENANY, IS, TheMBliAd sighals SRREa byrthef ¢ he
i gna Xt% omthelnte?

want ed s ference signals Cra and CRb was )
i npossi bl leudspealkers amesteiebphdnimsignalecthal iyue say, toaretated signale obtainadrerethe; basisi ¢

is possible to separate the t ed ,signal . XL carrectl i

I[err] §Ofo q,%'relate&) \%&ﬁt(rg:oslgqaés\gg a>a[ngf¢?b wfbch excite e iouﬁspaegk@rg. ﬁé&&ﬂ%&?the
estimat e {Jadisdon Set@Bipineairals, M sparition oferdwaTelPARnAD Xy frarh the interference

i npl ement an adaptive nethod that decorrelates the estimate |[er rgot gl ative

to corr el sigeals ©@Racandi CRb was igipgssible torealize withknown techniques. Thanks

Fig. 2 is.,a diagramof.an enbodi t_of ol i ¥ The
interfer ewaanéqu‘ﬁ & gos&ﬁie: todﬁ?g%h’t %%’é%‘f%lg'gaq?? k te g?%séﬁrﬁ&%&%%

FI LT2 90bwasdted sfg@ﬁp}{%t ively. A sunming nmeans [err] 95, for exanple a

summat or, receives the m xed si %nal Fa, from whi ch i%ﬁ%rlacths l%he
outputl® of the filter rBafstimateTy 1§Qbtanedby Proprssigg:PeANs Y whic

sunmmat or t ' ' SBENS electric
adapti ve, ﬂﬁ@g@gﬁgan[ %&Eggé hEEod t!‘ h‘g‘@&ggg%%g ttﬁéerergtgﬁa\?gggg 0 vartioil{?)irgérllfe%f t he
char act er kighals CRyf aid€Rbnput si gnal s. Adapti ng neans . ADAP1 and ADAP2

determ ne the updates which are to be.applied. to the filters Fl| d, 20
FILT2, so that ltohgay pefﬁg-t;i%g‘@gmpg?ggf“bﬁﬁmPEQrQ.fe"sérf% m%%?gga{(ﬁ of
the want egpe _imerféﬂfeﬂetasﬁ!;igﬁ%? CRa, Y eﬂtefﬁdpg% @1tk mehhd FII'E! 9@bhd FATETR 90t

characteristics o e I nput signals a normal course. .
Each daptéspectivelyt ¢ straming seanscE, ok axamplp @rsugungter, eceiyescibensixed pignali Ba

exanpl e, bank. of. del ay cells i | s_del i ' -
ol ayed biroR whichds s B oftmaly o Ba Wler Ry EIEE GEFSRLLS ThepRpul P
respect i vey Wi iprddick #HeOsstiflafy 1] (Phk. pré&e8sing meah¥iM0Rke adaptive athiat ishte say,
wei ght ed del ayed "si gnal s produces” the output signal of the fi]ter

(connect i trey wiapt themsglves to variations of the characteristics| of the jepiit signalsg Adapting Fgans

d | at,i f j | s | j 3 : [

ani 11 cd AP f apd SRAPA st hg hkieChiyt ahe 1d B soplicd 18 (AE Al TR T
for expiFelThyso that they permit the summatot of pRjdukingrd felipble cSRmate- of) the wated

in which the variable t corresponds to tine and forps, the int egﬁ{jaﬁgf@lﬁ

the curresignal X, whigh) estimpieciststifl Fekiable yhea dhe charartensiich o s 0P
of the exgrnﬁ&'hp@odr&'br ackets with-

Each adaptive filter has'a structure known per se (Fig. 4) comprising, for

example, a bank of delay cells, which cells deliver each the signal CRa delayed by k
25 samples, each delayed signal being weighted with a respective weighting factor h,(k). The
summation of all the weighted delayed signals produces the output signal of the filter
(connections 91a, 91b).
In a general manner, the decorrelation of the signals Iy, relative to the
signals CRa or CRb shifted by an integral number of samples k may be expressed (for CRa,
30 for example) by:
(1) E[I () . CRa(t-k)] = 0.
in which the variable t corresponds to time and forms the integer index of the current
sample. The term E represents the mathematic expectation of the expression in brackets with

respect to time. Thus, by canceling the set of contributions determined by equation (1) -



rqq@p%ggq time. Thus, by canceling the set of contributions deternined by
equation (1) '

6 12. 08. 1996 applied to the
signal sanples for 0 < k < M the decorrebation provided in the cd2#881996
t he : filter FILT1 is effected, while Mare the nunber of cells of
the filtefpplied to the signal sam les for 0 < k < M,nthad dpédrédlatidnaprovideddn the tase of the
wei ghting p1Pactors h[err] may be adapt ed cording to the
equat i on:filter FILTY is effect whlle arepthe number of cells of th[:j'(i in

whi ch the variable t ig §8gﬁ?ular manner th? rsel%ltmﬁzfgctors h (k) T2y b€adgAdd N9 the

decorrel ati on accordi ng e equatl adapting
nmeans ADAﬁ@ofd@,fgstd/meteheaﬁmerference signal CRa and its del ayed versions
and the t put s%?a | [err] of_the or 95 and all the

factor8 ha(k) (bus@6a§1a(k)§ ) & hARKD At iphdD - éﬁa ’ are carried out by the
adapti ng ge‘?ﬁ? F &gt on t he |nterference signal CRb to

obtain th decorre atron of the-estimate IL(t) relative to the two

i nterference si gnal s. For effecting tm&tibccarmiattlammmt)tdn@g tonthey eguatign (1) @r (s the s
are fed to the filter rreags 90a,

F| g 4 r epslopting means ADAPL rregivethe uE,;rg%rgggq ﬂéﬂwﬁ%a'&ﬁ Sglggnd‘s’erf igns and the
exa”p&ftgué é?gna? 0GR £iﬂnrﬂ5.to§ bgnal afiRfe Factorsh, @) IOW %a)eStmlmt@dramni our

vvel ghti ng he signal CRa passes t hrough three dela
cel | s 100 arerdarrietDputrby] thewppnng] mednseA BiAdRawhigh aghen thepintertsrencg signal C

];Iegf)tecf ?Léb%?@%?etﬁggec%?}elaﬁog %?‘:ctg%()f t % 'e(b r?%él)gg |t+]FI1ea{\\fo( ﬁ@rﬁnﬁ*dees?%t@{ the
ha(3) in i é&h'@ﬂaﬂ'ﬁ%ﬁﬁeﬂ@éi@hﬁﬁg f&?drerard fed/td[theé fllter Tidhny 90a, Boabag6aeans

78[err] 3 store the weighting factors. The results obtained
are added96mget her in a summator 77. 20 The adapti ng neans 92a adapt

0018200 SSRGS, U Sty i ents o
guR!it 13 |ql5|t ﬁg"ﬁ‘g"{lf rrtahtagﬁ?d[e];?? iof _?ngslr (él:zlvtla gri) exdrhple rmitncqadli ite id)uranelghtmgq&cmrgnal
an adzlpt aifhesiggal GRR Papses ithrouginthres EFIF%F“]&%W]I’%Q[&E?&U ﬁ'ﬂ‘?ég“&g%g%ﬁ npt g5 hg
|'s storedgig 3y i Zﬁ%ﬁ{ &%?%3 of the three g af@ﬁiﬁ'lﬁhplféhtlﬁ' tﬂ@@edp’éctwéc\bﬁ%ﬁﬁﬁk by

t he previous val'ue o SO as to obtaln new tin
factor h[ €zotdré B)0n h ‘}( Dy, ¢2},1h (&)mnanaltmboumemmubs §21,s77c2a923 eYforage “F%F'S e

ot her

means |:| |_1<2 7§3 gogdggt%gé‘@maf tgt'%h, Th-ln;,hreesu & ob rt]é[.l{'l $ are Adaeh ?og%thetr % a guHxﬁgor 77.
to a %ﬁ@ﬂ@dﬁ% ddh t the RASSHtiNpSFadtOrs ﬁadcbérdhh& w1th uation (2). Let us

adaptatlon not ctly from he interference signals CR and fromthe
estimat e kpmsiddr, thdadaptation of the figtomh (Peparfarined @l timer tsifp ﬁBﬂtéﬂheF seld o3¢ PgFiarms

;I'g)e ?g??} alseI %ﬂltﬂxatlo%qf t?nﬁﬁf%\raLgﬁg bgyﬂ{hgre[snmate ILaQ'hg%; QARG :st lFtélrtIP]led by

ccor dance w .
an adaptation gain 4 in a multiplier cell 74,,. The adaptation gain is stored in a means 75¢-

The Tesult obtained is increased by the previous value of h,(0) so as to obtain the new

25 weighting.factor h,(0) at time t+1. An analogous process is carried out for the other
weighting factors. The weighting factors of the filter means FILT2 are adapted similarly.

According to a particular embodiment it is possible to realli'ze the

adaptation not directly from the interference signals CRa, CRb and from the es;imate I, but
from the modified versions of these signals. The adaptation may thus be carried out in

30 accordance with:

| (3) EIf{IL(0)} . g{CRa(t-l)}] = 0,
or, more particularly, in accordance with:
4) h,(k)(t+1) = hy(k)(t) + 7.fIL (O] .g[CRa(t-k)l,

in which at least one of the functions f(.) or g(.) is a non-linear function. Similar equations
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function. Simlar equations PHF 96. 507
7 12.08. 1996 : are applied to
the filter FILT2. : 7 For applying these 12.08.1996
functions, the diagramof Fig. 4 i's nodified by I ncor porating. a
nmeans 69 jrerapphied ¥ the filke FIRM2! i near function g(.) to the interference

. signal ' CRa and to each of its delayed versions and

b
i ncorporating a means For applyimgghesefynetiqns, the diagramf_Kignd dy "Wéif&qditb‘n f(.)
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coef fi ci eamitted. The importance of these non-linear fun¢tienspresides in the factcthat thiy dikows dfeen

doscr | bedolBEUTE b Pater eed fnd & veieradaneon PIRIRRIL LG Tre R apd PILES by

this decopkdsilsi ffictidhs4t.) ahd g9 adsRed {0/ e SRR TRARO SR eitfRAMStally for! A1Pthe
case the interference si'gnal s are not regarded as unm xed
si gnall®, eeeffigients oz sperificallyripr sagnegefficient. 15 Fig. 3

descri bes a recursive ructure intend for, produci,ng th . .
estimate signals: [errﬁeﬁ%ceﬁﬁl%wﬁggﬁéﬁ%g arcgs _%{5‘?5"@:“@@6&9&?‘}"& _
means Whi fiftemeiis whRich rédlizeahé bysciibeddadvirte¥atiohl IttiS altbratively pbssiblé to carky out
113, 213, 313. This, ... Structure conprises a first summtor 112
whi ch hasthindeqosiglation bycwiizing adaptive souscersepagation means. In thatpase theinderferance

out put 1% [ r [ ' l..Jd cond sunmat or
212" YIS aRind REHGES ot Ny G, DulBileesstal by QeRASCUC LI O
produdés the estimate FHigrbescribes a recursiyestiycturd ihtehded foupraduzing3threehas an
I nput connected to the signal CRb and an out put, which pr oduces

the esti n&YtEnale §igals) fiar 7] < Xa 3 ebiondLi- nf§tPrasesting means aresthysgpyre-separgtion
connected i f@r 2114l h ;
adaptive fi tse?'h]tflr}icto " {itfg \%i‘hﬂ %pr ?féedragﬂf%giﬁEPmBsﬂmé& %ﬁltl’ 151?3 %:!1?’ %lfs't‘lalés
second sustmtune. cofmpirises &l firstpummstor hE2 fvhichthas amiaputrl 10k®nnecteabtonthe treiced

25 to the oytput of the thiygd, summator 312 via the adaptive filter uni
173 whi cnSenic and . ouput 15 SnidiRadces tifentinfre Fenditar &' Sepdngimaidt 212
Si mi | 20! YhasParb fpNEbMREed & e dgndl tRa £d id“Sutﬁ@PQﬁféhéﬂBﬂ’(&%@EhezésﬁnﬁhE@signal
connected to the output of the Tirst summator 112 and of the third summator
312 Ii 5. A thisipsummater §12 hasan input cennected ve tha sigeal GRY ard an output whikd

\é\ﬂimcrgt ];Ir l tp%&ig%eggtpg \lé}%ti)r,%tessi gﬁinfA Ee%ce)nd input %P thefgirrs? gur%%%o?&,lésse é{)tﬂ{gﬁ&%ﬂitﬁ) d

summat or _ theZoutSut GFRE §dcofld is@mblatoraIRPKh Shedddablife AltBEGnit 111 which fiRerdTIRé OF S
112 and 212 via the filter units 311 and 313-which filter the_ output signal
of the  output signal of the second summator. A third input of the first summator 112 is connected

25 to the output of the third summator 312 via the adaptive filter unit 113 which filters the
output signal of the third summator.
Similarly, a second and a third input of the second summator 212 are
connected to the output of the first summator 112 and of the third summator 312
respectively, via the respective filter units 211 and 213 which filter the output signal of the
30 first and of the third summator, respectively. _
Similarly, the third summator 312 is connected to the outputs of the other
summators 112 and 212 via the filter units 311 and 313 which filter the output signal of the
first and of the second summator, respectively.

The filter coefficients of the filter units are adapted in adapting means



lpmi @ ggyof the second sunmator, respectively.
The filter coefficients of the fllter units are adapted in adapting neans
8 12.08. 1996 ADAPT 105 to which the
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cal cul at glter.m cr opr ocessor or digital processing unit of the signal, which

unit is programred for caig{"éhnaéout t he descri bed functions. hich
Fig. 5 relates to the 4®EoM$ NS AR AMAY; CONCALve, SQUTES SERaration means whic

si mul tan‘?ﬁVéLl)ﬁlr%‘ép&n%ﬁlrﬁ%r%ﬁﬁ@ﬂe?ecﬁfm\téﬂﬁr&@@ﬁu&%at'On To separate two
speakers, two signal sources, it is necessary to
utilike two sensors \A/rﬂ‘llﬂqsununatpme teaoultiplier cellst anglr tha filier uats glayrfarm pag offd
Eb whi ch e linked with the of the, spgakers,re e
i cr ophofaLaIaiafe THFBtPeSrg aF Sk PRYFSRE Wyt O ERSTERLCFIRh bR is proprp el

M xt ures ¢gf ga ing otlt ffEQ[e@mbedTmﬁctﬁﬁﬁe oper ating principles as those
devel oped in t e case of Fig. are I npl emented. In the_case where the

interference signals akig. ﬁrrgh&egs;edhmasnovhemmsmkens&bam%wnw si gnal s,

compt1 o mynERReHEAR Sershuary gl s e Syt FolBL F0 Sepai B ers, or. mors
necesssr Ypehérally, twd SighdlGoufces,! b és ﬁ?weﬂiat'y to\atilizeptuio sensurs evidetpracatve @acineans

for separating the two speakers I n accordance wi th the di agram shown
in Fig. :ﬁlffwﬂbwqdoﬂgw Fapod £b ‘\VWCFHEC Haked with the position °fethFr§Pgﬁlﬂe Elil?é’é(

signal s a r r
5 Separ D nEPHGBRRGHs ST ot SN S 08 B #ioiaime Lighally RTINS RibyTRAe
which is ditfdﬁ:dt aFhe same mththigcpraimpiémmmbsé dnveknpedésshm@sc lof Fig.xkdresi gnal

Eb by an tatlo t he ram 0 cessin e four tn ut
si gnal s b‘ ﬂg té%%seﬁy% @ter{;erence s@%aﬁ are pro as nga-g rel at es

to thgy Cgﬁ&rﬁ'en@@ s@qonf i Qééﬁiﬁ 'rﬁ‘&n§§6ﬁlﬂm flG’rthlBr}%B?t\"vb R¥annels, e‘id:lﬂaﬁé S

exchanged in a tel nce ovér two-way channels 1, 2. A transmtti ng
station &'Bimﬁﬁlrtgrﬂ!lmahs deicenbed)p\hth”ltesp@l tmEiss 2. [Nme]thams,l itds n;cessar!\m)

| oud Kk LS2 d
oi gnal o GonEedia o DU mPHEsLERF Patan aean FtBRa tne b fpRakefe
generate dc@ér%ﬁlfn&r Witk @hd Bfagfanf sKIWFIn Figall l‘éﬂuceﬁ\&bd%tlhyuts Eint the lcasd whérernhe s

alternately t
1nterference signals are processed as mixed interference 51gnals the processing means

25 SEPAR 10 are thus formed in accordance with the diagram of Fig. 3 to which is added an
additional channel for processing the mixed signal Eb by an adaptation of the diagram for

processing the four input signals based on the same principle.
Fig. 6 relates to the case of an adapted processing system for processing
signals exchanged in a teleconference over two-way channels 1, 2. A transmitting station ST1
30 transmits stereophonic signals I; , and I, to two loudspeakers LS,, and LS, of a receiving
station ST2. The estimated signals of a station become the correlated electric signals which
generate interference for the other station. Evidently, either station is alternately the
transmitter and the receiver. In the transmitting station a speaker L2 utters a message. For

transmitting a stereophonic message to the other station it is necessary to have two
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utters a nessage. For transmtting a stereophonic nessage to the other
station it is necessary to have two
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pieces of equipment of the system or on parts of the vehicle. More particularly, the control

(D
% )

25 C, may request to control in return the equipment that produces the stereophonic signals.
This may be, for example, a request by the speaker to lower the sound volume of the car
radio that produces the stereophonic signals.

Another control C; may call for varying another sound source S; which
forms part of the system, S; :;being subjected to a similar processing.

30 Another control Cy may relate not to a sound signal source, but to the
vehicle itself, for example, to driving an actuator Sy to set the wind screen wipers into

operation.
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contained in at | east one m xed signal (Ea), at |east one sensor
(Ma) for %liqgms:i ng the m xed signal, the m xed signal ’ conpri si ng
at | east e wanted signal (XL) and at least two correlated interference
signal s : 5 (Pa, Pb) which are produced by two sources (LSa, LSb) of
the systemin response to two ' respective correlated electric
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correlated electric st grfal § (CRa, CRb) wherefrom the processing
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respectively to the stereophonic signals.

syst em assigrials (@R, GRW) wherefromcthe Paegessing &eannextrpet ﬂ?%"é“ﬂ?“&’c@s& phthe Wa"-[gde
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The sygt etimatec(l) rebdivierrespeaiively to ceacorrdlated eledtricrsigiadd (CRe GRbe contr ol
(CL) acts in return on_the stereophonic¢ signala,so r?ﬁ?} (SLSa, .LSh).. h

5. 2. The Shesysismas clamgdp Claim bingwaich; the Sensof d4,3 guFtophane,
t el econf : : gl fehni L8\ thHemicsdghbnand
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15 sources, characterized in that the processing means extract the estimate of the voice message
contained in the ambient sound signal by decorrelating the estimate of the voice message
relative respectively to the stereophonic signals.

3. The system as claimed in Claim 2, characterized in that the processing
means are followed by means (VOCCD) for converting the estimate of the voice message

20 into a voice control (Cp). | |
4, The system as claimed in Claim 3, characterized in that the voice control
(Cy) acts in return on the stereophonic signal sources (LSa, LSb).

5. The system as claimed in Claim 2, the system being a teleconference
system comprising a transmitting station (ST1) and a receiving station (ST2) interconnected

25 by at least an up (1) and at least a down channel (2), the stations comprising each at least
two microphones (M) and at least two loudspeakers (LS) broadcasting two stereophonic -
signals (CRa, CRb), characterized in that the processing means (SEPAR) eliminate
undesirable echoes generated by the stereophonic signals arriving at the transmitting station

(ST1) coming from the receiving station, the transmitting station transmitting in stereo only



si;{;{pbé.sﬁ@a, CRb), characterized in that the processing neans (SEPAR)

-elimnate undesi rabl e echoes generated by the stereophonic
signals arriving at the transmtting station ' (ST1) coming from
the receiving station, the transmitting gfation transnmtting in stej@Q 1955y
11 12. 08. 1996 the estimates
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Cl ai m 1 istatiehi ch t he sensor is an antenna, the m xed si gnal captured

by the antenna conprisgs the wanted signal.fqrned by a radio, 5 broadcast
si gnal afd correl at ed%%ﬁ?&%@é‘@dﬂa‘?@%grﬁ‘n‘@h‘Fgm BT Snafdenna, the
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90b) for respectively filtering each correlated electric signal (CRa,

CRb) and Areadgashisignyl wefativadpcprglated elegidesignals2a, 92b) for adapting each

respecti we adaptive fiqkie ans.i.i adapt | ans 4., ecorrel at.i vi a
vari ous \sl]hi fts the estlrﬁr?a 3% %ngF"‘lrpegl 'gtq eOfBge g%lﬂ‘sclo?org'l %[aé%ft%fzggtlpiq%t

si gnalQ the proBessing means comprise a plinaligysf flaptice filter fegns TOONH0B) fhe C ai ns
l1to 6, charactgyri ed in that 15 the processing . pgeans conpri:se source
separ at i SFPRELSY filfaring ach correlatad eloatric signal(CRagCRb)and g piuralityiof adapting f or

separ at | fgesheoRne s %ga@a!panggaéﬂeéﬁ&ﬁw afaflV Aldr nfedil, gqegagg‘)@%gg,g&@%e

the source separati means - produci ng' r espect ve esti ma

want ed sidgcotedating via varibws stefis the dstimare signhl selgtivd o edcheoselatabelsepiersignabn

means cogprising a plurality of . adapti ns (;105) for adapting the

source séparation nea ebi)'s%@_c%sr?léll“éﬁdi ‘Hdp‘\?i(‘g%‘gﬁ?%l]‘é bie g,sq,hachgerézggﬂn%hat

esti Bt e if prRAERInE IHEMS coRIpfisé YSurk® séfaatinUhaldst(x1 £f 1 ,Flllﬁ%km, 9@2} @fagot her

sour ces. 9. . The 'systemas claimed in Caim7 or 8,

char act ef3ed12n31Hdor s¢parasingi thatwented signald ¢antaingd {nl 4 pturdlityldfemixed signelsy | )

and/ or the rrel a electric signals (CRa, . ar ubjected fa a

orel i ni ng}eyfoggﬁ %:Rgrgﬂorh Sueans Réoﬁlcﬁgr{smegtt%e_ ésn(r:n%?g 51gnaels Yor the wante(} signals

' contained in the mixed signals, the source separation means comprising a plurality of
adapting means (105) for adapting the source separation means by decorrelating via various
.20 shifts each estimate of each source relative to the plurality of estimates of the other sources.

9. The system as claimed in Claim 7 or 8, characterized in that the estimates-
(I (L}, Iy, I 3) and/or the correlated electric signals (CRa, CRb) are subjected to a

preliminary action of non-linear functions.
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