1'~1 1 Method and device for co®troll i ng a reproduction wunit using a

mul ti-channel signal The present invention relates to a nethod and a device
for controlling a sound field reproduction unit conprising a plurality of
reproduction elenents, wusing a plurality of sound or audi ophonic signals
each associated with a predeterm ned gen1er al reproduction direction defined
relative to a given pognt, i} ._-f e . Such a.se %ps' "raz%ls is commonly
referred to by the expresstoftr—r AT STy 6 lé’é}respondstoa
plurality of signals, call edumlitajigmﬁsa miti Dhanied sigrlsnm tted in parallel or
mul ti pl exed with each other and each of which I1s Intended for a )
reproduction el ement hePrasgitdoyemiionrelates e ai Hathadearth adeviceflr ¢amling n a

general diregct] [ rel aty a gl i E 3

Gonvent i onaf SeiT PERCRRIRRRGR Gt EomkAsfoth SRy 8 reorBudit Blefpefts
775-1" and qeimgr ias @turklitye of rsoumel ri avdiopiechit osignalpreadhcassotiziednwitts a

pl aced in five predeterm ne% genec{vglg directions _relative to a listening
centre, whi BFPdAtPBRNEE AENSFY &RIQ O'Bﬁfeﬁaoraﬁ@f'e@dd?'w\/%é? a gtyen pgnt o
and -110?< Sgﬁgc@n arrangenent therefore corresponds to the arrangenent of a
| oudspeaker or a group of |oudspeakers at the front in the centre, one on
each side at the fHunh assettdisignaltis comimphly refdérreditadbytiee expressionsinoigdtiat

the rear on the right,and the left., 20 Since the contro ignal s are.each
nssoci at ed Gl Sofunl AY cofispBids, < alu R, bl §igbRR Bhed KBS hEIE™ o
reproduct i ogrd!fiahstESE irelpararRl or daulfipiexed Witie 2RGAther HRE ddckdet WhidHad
spatial configuration brings about substantial deformation of the sound

fihel d Irep_r oinierdrd faera r@peodygtioBnelemendhor rﬁ:(ﬂrpelpalpé r@@twcﬁeagslamemnse
et weenT® ho2rBRpgiiiEh dsfera AR, BidlornB8 ThiaBPE b B der] Bhint "B L Ve ™ P hese

systens do not enabFer tkamphy, rracgematibnalf muliechzpied dystenois knuwn iundepéee t o
be taken into account. It therefore apﬁears that no existi n?st net hod or

syst em per nP88%hi g'ﬁ? qlid-R BF eB?@ﬂ_ﬁc? QnC%‘Pﬂ@eﬁ ﬁ‘fegrfé]a”@ie Hg_tended for
mul ti - Cha””gérPrBMH@ti(yM ERnerts PiREdCh R prébetdirindYeRerafBieSitSiid Alative to

configurati
a listening centre, which directions are defined by the angles 0°, + 30°, -30°,
15  +110° and -110°.

Such an arrangement therefore corresponds to the arrangement of a

loudspeaker or a group of loudspeakers at the front in the centre, cne on each
side at the front on the right and the left and one on each side at the rear on the
right and the left.

20 Since the control signals are each associated with a specific direction,
the application of these signals to a reproduction unit whose elements do not
correspond to the predetermined spatial configuration brings about substantial
deformation of the sound field reproduced.

There are systems which incorporate delay means on the channels in

25 order to compensate at least partially for the distance between the reproduction
elements and the listening centre. However, these systems do not enable the
arrangement of the reproduction unit in space to be taken into account.

It therefore appears that no existing method or system permits high-
quality reproduction using a signal of the multi-channel type with a reproduction

30 unit having any spatial configuration.



y 2 An object of the present inv®nti on is to overconme this pr obl em by

. defining a nethod and a systemfor controlling the reproduction unit whose
spatial configuration may be of any type. The invention relates to a nethod
for controlling a sound field 5 reproduction unit conmprising a plurality of
reproduction el enents each associated w 2h a predeterm ned gener al
reproduction direction defined relative to a given point, in order to
obtain a reproduced Ab@ahieaticf| theopressatiinyentioRalsatr everOme thisaprokiew by
substanti al | y. 4. e .l | RS - [ ST of
the unit . et BFHEAbd nd 26 slRich 15} SohGONAL AL, RRRAGEH Tl hh s

det er m ni ng spatiabastfigpatioranag ver afcargrtypei cs of the reproduction unit,

permtting the detery nation of paraneters that e representative, in the
case of at |east one 8 dR¥&HtIoHs rglﬁgesr &r Bdmﬁth%a{ﬁ?ﬁi??mg?”"i‘g s §6§’i‘(ii% din
the three s ' ' i i i ' IdHhanf

determ n?nggghgﬁué% ibon i terrgs‘?ﬂlg‘lé%@rta IQ éif'?@ ngggt% ﬂ%’g%ﬁﬁ?”ts’%&t &8s dchted

char act er i stwitls abpradetemnuped generalreproductind ditestipn etbfined mietativegtner given
reproduction directiogns associated wth the plurality of sound data i t
Signal s, - P efeicto AR rEPraduced SOusR T of sbefte terrisfioy Ml
el enents ofarehsusantRilyGhdpentdnt ditheiptrinsROrdphed @sliant eharasteristicsrof the t he
plurality of sound data input signals; and 20 - a step for providing the at

| east one co#it shagdieriaedinthattheiresined cogpiisesati on to the reproduction
el ement 5 According to, Osttéﬁrnofre?i%’fgrﬁﬁh'ng bheieaLeR JaRh AHA5 B Ms s bt !tﬁQSt
¢s Of the reproduttion Gnit conprises an acq Fon

spatial characteristi ursi

sub- st ep enalebrddudtioh it opermfttiide the25 detemmiredtioni sofi cpamaimétees r ¢patodiret i on
unit to be determned; - the SterO{ deterrrininrge%t | east lg{;\tial . _
char act er i stepEesNtatie. in B)e 6RRR Pf Bhiegat one Sigire thedgpr loprHndt, G its

enabl i ng al | Qi P[FPyBlinfelSspA BPARRIGR! ieffivBfo e gBANAgHE T on unit to be

provi ded; - e calibration sub-step conprises, in e case of at |east one

of the 30 reproduct- anstep doenteterminimgs atbaptatipn fiitters usimgrithe iatgeask ppatidli ¢

si gnal t1% thc(:ar'laarglc’cle%‘:%1 |ct;s oo ’th(?aI erré%%du%ttioweunritepgno u tei Ogre%réitérinined general
reproduction directions associated with the plurality of sound data input signals;

- a step for determining at least one signal for controlling the elements
of the reproduction unit by applying the adaptation filters to the plurality of sound
data input signals; and

20 - a step for providing the at least one control signal with a view to
application to the reproduction elements.

According to other features:

- the step for determining at least spatial characteristics of the
reproduction unit comprises an acquisition sub-step enabling all or some of the

25 characteristics of the reproduction unit to be determined;

- the step for determining at least spatial characteristics of the
reproduction unit comprises a calibration step enabling all or some of the
characteristics of the reproduction unit to be provided,;

- the calibration sub-step comprises, in the case of at least one of the

30 reproduction elements:
- a sub-step for transmitting a specific signal to the at least one
element of the reproduction unit;
- a sub-step for acquiring the sound wave emitted in response by

the at least one element;



- 'a sub-step for acquiring the solind wave enitted in response by the at
~ least one elenment; 3 a sub-step for converting the acquired signals into a
finite nunber of coefficients representative of the emtted sound wave; and
- a sub-step for determ ning spatial and/or sound paraneters of the el enent
on the basis of the coefficients represengative of the emtted sound 5
wave; - the calibration sub-step also conprises a sub-step for determ ning
the position in at |east arsbeftephtort toreertgatiel actjuieds signalsofintoha fnitd east
one elenent_of th reﬁ.rod ction uqi Ve of he cal ibrati,on st,epdcorrprises a
sub-step fomMWRY FCRENG'S W rePIESe? 3&%80@76@&@8953@”89 W &9 east one
el ement of the reproduct izogutiBtdp for ddiemsihipg $pttialieinaldn sBuMd paRPietbr Bf
filters conprises: - a sub-step for determ ning a decodi&gt mat ri x

e

repr esent at ithe edgment on &he; basisne't thenepedittiprin Japresentative; efetherrmijles seund
repr oductsi on %\%gsed by the spatial characteristics of the reproduction
unit; 15%- a -step for determning an ideal multi-channel radiation

matri x representati vehefcdibetiphegeah-etep ard genprisds ai s@s-biepnforadateahimirgsl
with each data signal of the plurality of input signals; and - a sub-step

for deterni AhagPagitiont i &t least osenefathevreg spaial dimgisienorf the ableasisengy t he

decodi ng mater" eﬁf‘éifthg‘? mld%ﬁ&}pgﬂﬁ.el radiation 20 matrix; - the step for
determ ni ng adaptati on ?I I'ters conprises a plurality of calculation
sub-steps providi ng-athel malibrativer stép squmtprasiesp e siubksiap ofort detexdamingt theen

filters, a matrix correspondin a spatjal w ndow representatjve of the
di str1 biF omaedpRASROTSE IS el Fedt Racieioah ohUig IRPTPHECIKELING! r uct i on of
the 25 sound field amh stefRbF HEtenPiMifG BRASRLIYE fitbrd dsmpAsisat i on of the
reproduction unit, the sub-step for tCalculating the decoding matrix being

carried out using the reassub-stepf farrdetermjaingua decodingumatrixerspresentative of
radi ati on _and ..ada

A R NP T e ¢ R T
si gnal for cqtiaPéHdragefifiicsedfaferbproductidreunigpr oduction unit by applying the
adaptation filters corresponding to sinple |linear conbinations followed by a
15 - a sub-step for determining an ideal muilti-channel radiation
matrix representative of the predetermined general directions associated with
each data signal of the plurality of input signals; and
- a sub-step for determining a matrix representative of the
adaptation filters using the decoding matrix and the multi-channel radiation
20 matrix;

- the step for determining adaptation filters comprises a plurality of
calculation sub-steps providing a limit order of spatial precision of the adaptation
filters, a matrix corresponding to a spatial window representative of the
distribution in space of the desired precision during the reconstruction of the

25 sound field and a matrix representative of the radiation of the reproduction unit,
the sub-step for calculating the decoding matrix being carried out using the
results of these calculation sub-steps;

- the matrices for decoding, ideal muilti-channel radiation and
adaptation are independent of the frequency, the step for determining at least one

30 signal for controlling the elements of the reproduction unit by applying the
adaptation filters corresponding to simple linear combinations followed by a
delay;

- the step for determining characteristics of the reproduction unit

permits the determination of sound characteristics of the reproduction unit and



delay; - the step for determning*characteristics of the reproduction unit
~permts the determ nation of sound characteristics of the reproduction unit
and 4 the method conprises a step for determ ning conpensation filters for
t hese sound characteristics, the step for determ ning at | east one control
signal then conprising a sub-step for applying the sound conpensation
filters; - the step for determ ning sound characteristics is suitable for

provi di ng Sh@aictned ebmprisat aastep femdetemining sommpémsdtion filtleseforithese keand one
el enent, of its fr,e%gen%y res oge; - the step for determ ning at |east one
control si gifARTALRpRICSest éﬁ%‘g efetegpinng (3 i8St PegLORtrahSigRR e

del ays in or iR ‘EW id & producti on

el enents as aﬁipurrr?g)t or?ggfstt§ el r?dé%l%?%%esc}(@‘gﬁc%rﬁgénél%tl gl vtee;rlgpoi nt. The

i nvention rel ates al $twe stepafoc defarmening sogndchaagterisgticags puitaplafor prodaling

i nstructions f formng the steps of [he nethqd th '
por 1 or el DPSBBIRSBER ST SPRSENENS el 6455 Pt o8t PRRSRBEE nEltem of

the type 1%LRBREY pédPbrRk; | east one processor and a non-volatile nmenory

el ement, characterized in'that the nemory conprises a program conpri sing
code instructions fdhe sted tardeigrmiinmgsatdgastaine hentiel $igoal aomeprisesea sub-

processor perforns_ th rogram _The invention relates .also to a deyi for
Bontrol 11 ng SR sma Pl RS GRT, apd ara B el BLRi5ET 48,80 Brihaialy §fes
reproduct i oRvAlefidRRiS the 9EPFddeiction eldietits BARBSfuhefio® o lthéirldidtaned fiphHe dat a
i nput si gnal s each associated with a predeterm ned general reproduction

directi dR d&iveieRoink| ative to a given point, characterized in that it also

conprises: - means L ol i Skl he
25 reproduction uni ﬁ?‘ep'grsén K%HI rﬁgdglt%ﬁgatlscfiefbgé#ﬁﬁ@%ﬁ%@%&?@n@éﬂﬁéb ftﬁg&aéb e
represent at icode instrudtiorzake pdrfarmihgaisé steps of ¢nemhethbdtaleen ¢ips quiogtamris

unit, of its osition in the three spatial dinensions relative to the given
poi nt; - nedeSoreddy @ FAMRURT- adaption filters using the at |east spatial

ooy et om oot 118, VAR G 43¢t LR, IO DR ype 0
si gnal s;15 comprising at least one processor and a non-volatie memory element,
characterized in that the memory comprises a program comprising code
instructions for performing the steps of the method, when the processor performs
the program.
The invention relates also to a device for controlling a sound field
20 reproduction unit comprising a plurality of reproduction elements, comprising
input means for a plurality of sound data input signals each associated with a
predetermined general reproduction direction defined relative to a given point,
characterized in that it also comprises:
- means for determining at least spatial characteristics of the
25 reproduction unit, permitting the determination of parameters that are
representative, in the case of at least one element of the reproduction unit, of its
position in the three spatial dimensions relative to the given point;
- means for determining adaption filters using the at least spatial
characteristics of the reproduction unit and the predetermined general
30 reproduction directions associated with the plurality of sound data input signals;
and
- means for determining at least one signal for controlling the elements
of the reproduction unit by applying the adaptation filters to the plurality of sound

data input signals.



and - neans for determning at |e#st one signal for controlling the el enents
~of the reproduction unit by applying the adaptation filters to the plurality
of sound data input signals. 5 According to other features of this device:
- the neans for determning the at |east spatial characteristics of the
reproduction unit conprise neans for the girect acquisition of the
characteristics; - it is suitable for belng associated with calibration
means permtting 5 Qeeodirigetonthat featuret df itieis aleviceast spatial characteristics
of the reproduction unit; - the calibration neans comgéige means for

acquiring a sound wale® MEANSKOE sigteTaiBingothe 3 leastsra actgristigyebithen
accordance w i ﬁﬁ%}{ fhadfact ; itiRaESt L al ng
characteri s#%ﬂs&dggg&gﬁffg%ﬁngﬁ%éor eter Fn ni nSEthSEQE{}nd chgggﬁ]?g%tg@ccg’ of at
| east one of the repritoidusiiiabie &rebeingsassociated withpecalibwatiommeang petrhidtirdevi ce

conpri sipg neans, for determ ni sound. .C epsation_filters using the sound
char act e?i sti@ ?teéﬁ‘ﬂ‘ag'ﬁg %%QP%GP?SB%{%F%%CF@S £s Ioéh'ﬁ reRIRAEGHAT Wit si gnal
being suitable for a i i RMR } i S T ans
for determning the 2@%#3@??2?@&?5??%?&3 arere}ﬁggt]%)g%q gkéglrhﬁgd%?’g?nm&%\é@t he
frequency r egpcmsemyrisehfouelpeessitre sensone ar@pgeduot acgordance Witie ai gemaral on

relates alsg tg a aratus for processing audi o and video data,
conpri si ng ﬁ%téﬁée‘ﬁa? ermning a plurality of sound data input signals

each associ ated wi t hife ReBfg 6T detBafli eharacleriBli®sHAd s@ifatsle Fecdéteimidthg
defined by a given point, characterized in that it also conprises a device

for coh®rolsoung eharagtesigties iafnatidpast .onehef tbanseAredueiiorerelerents f the
plurality of

G gi ral  auarePaRbigh UPALS Bbc eV coptoBriptomenty B HRPufriics sl on
readi ng t he copigemeation Aterdessingptthensvbhd hcharagievieticpuraridy thy wasarsf for
exanple and with reference to the appended drawings in which : - Figure 1
is a repres&etemMivindodt leaspipne; eantrelosionahledds §uit for FaRplyiag othessaund
di agr am of %oh?prgn%gHSﬁ ifi@é}s§yst em according to the invention;
15 - the means for determining the sound characteristics are suitable for
determining the frequency response of the elements of the reproduction unit.

The invention relates also to an apparatus for processing audio and
video data, comprising means for determining a plurality of sound data input
signals each associated with a predetermined general reproduction direction

20 defined by a given point, characterized in that it also comprises a device for
controlling a reproduction unit;

- the means for determining a plurality of input signals are formed by a
unit for reading and decoding digital audio and/or video discs.

The invention will be better understood on reading the following

25 description which is given purely by way of example and with reference to the
appended drawings in which :

- Figure 1 is a representation of a spherical coordinate system;

- Figure 2 is a diagram of a reproduction system according to the
invention;

30 - Figure 3 is a flow chart of the method of the invention;

- Figure 4 is a diagram of calibration means used in the method of the

invention;

- Figure 5 is a detailed flow chart of the calibration step;



30 - Figure 3 is a flow chart of The met hod of the invention; - Figure 4 is
a diagramof calibration neans used in the nethod of the invention; -

" Figure 5 is a detailed flow chart of the calibration step; 6 Figure 6 is a

sinmplified representation of a sensor used for the inplenentation of the

calibration step; - Figure 7 is a detailed flow chart of the step for

determ ning adaptation filters; and 5 - Figures 8 and 9 are di agrans of

means for determ ni ngifp8t KOs =SsFRGfRd serfihfioh ©ofle EsSnhrdissy an
enbodi mrent of a devi c'egﬁﬁsi ngst_he %t %od%l?e?%e %ent |Qon. FirgltJJre Tgﬂsﬂi(\a/vs a
convent i onalimpfsmentatibn obthedialibratianystepm i n order 10 to indicate the

coordi nate systemto_which reference.is de i.p the text. This coordipate
systemis an orthondfi llﬂilre?o'ﬁrehg?\tz?ﬂ%gé@@’t(g%%quBﬁéte%#r(#qtﬁfm'nwga pC%a{?on
conpri sing tijere spges (OX), (OF) and (QZ). In this coordinate system a
position indicated x is described by neans of its spherical coordinates

((err), (Brr), (err)); Rgwes B drdo? caret HiagHns aofcmeanisafdryvdetesminiig taemtred i gi n

O, Bthe orientation in the vertical plane and O the orientation in the
hori zontal YIS AW such a coordinate system a sound field is known if the

sound pressure indigage AO(R' &) diagRinh)of 4Tdmbd@Rient, of\Eodévide R A the
Fourier transformis indicated P(r, B, ,J) where (err) denotes the

frequency, ireethedliofidte imvention.points at each instant t. 20 The invention is

oharaceeri ati e of BBl RHoRs. §ohLERISTR SpRereal OFh PR BT A drder
describagd, thesdichienpiel tidinate ehstenntewhithveiéencepbenadalin Bmitaxer - Bessel
functions of the first kind which will be referred to hereinafter as

Fouri er-Bessel functlhihgoominate systemi isanafbgnemaleeriditieystemMdaipgy of
obstacl es, t eo%é:lﬂ%laﬁa-c\%ﬁ%ﬁgméqﬂgé%ﬁ?ﬂt ﬁgw‘tjhag@‘z?_f t he wave equation

and constitute basi's ch generates a e soun fel ds produced by
e T2l hese ora! B spRUERLRGDAY P48 8 pdttoh ThaRaET S SelrbRtnEy
means of its spherical coordinates (#,6,4), where r denotes the distance relative to

15 the origin O, ¢ the orientation in the vertical plane and ¢ the orientation in the
horizontal plane.

In such a coordinate system, a sound field is known if the sound
pressure indicated p(r,6 4, whose temporal Fourier transform is indicated
P(r,0 ¢f) where f denotes the frequency, is defined at all points at each instant ¢.

20 The invention is based on the use of a family of spatio-temporal
functions enabling the characteristics of any sound field to be described.

In the embodiment described, these functions are what are known as
spherical Fourier-Bessel functions of the first kind which will be referred to
hereinafter as Fourier-Bessel functions.

25 In a region empty of sound sources and empty of obstacles, the
Fourier-Bessel functions are solutions of the wave equation and constitute a
basis which generates all the sound fields produced by sound sources located
outside this region.

Any three-dimensional sound field is therefore expressed by a linear

30 combination of the Fourier-Bessel functions in accordance with the expression of
the inverse Fourier-Bessel transform which is expressed:

P(r,9,¢,f)=4n2 S P (! ik Yy r(6.6)

=0 m=-/



30" conbi nation of the Fourier-Bessel functions in accordance with the
expression of the inverse Fourier-Bessel transformwhich is expressed:
P(r,9,)=4n] Y Pi,m1)I"Ji(kr)y (9,0) i=Om_i 7 1In this equation, the
terms Pl.nm((err)) are, by definition, the Fourier-Bessel coefficients of the
field p(r,B,Ot), k=2, c is the speed ot sound in air (340 ns-1), jr(kr)
is the spherical Bessel function of the fi'rst kind and of order 1 defined by

. (=1L J,.,12(xX) |W?ﬁfs)eedua(ti%éiﬂ§e{ ﬁ\SBﬁz,?/?lar%Uﬁgtd'eﬂﬂltl% #H%GF bﬁérthé%}g and

of order 5 v and y/ real sp rmonic o

pour Mo ROPIGENga the BRRLAL Aot "0 7% SPasEl SRR D Bhuk meo

ViIin this equation, the P(err)(x) are the associ ated Legendre functions
defined by: EWHs the)spherieal Bess@ fen¢tion 2f the-fiyst Kind >e)nd{ of drdewi it tefingdk py
denoting the Legendre polynom als, defined by: 1 d P (x)= 2"1! dx/(x2-1)I
The Fouri er- ?‘%f)s lz_ 9)‘,1‘3}‘(&) ‘Wr%?é% @) B ReBeHT@RERM oMthkPst AR of BRJER N
by the coefficieNEs p corresponding to the inverse tenmporal Fourier
15 transform of oeff| CI ent s n ri ant e_net hod of the
i nventi oR op\ér%ﬁqse ¢i I i deal %hefg%%?i’ﬁ%'c Weérlearéﬁﬁf &R g With m
optionally i i I tions of Fourl er - Bessel functions. Figure
2 shows di agﬂr'ag]pmvgtf%g %&é ﬁ@?g ction systemin which the 20 rret hod of
the invention is used. Th| S systemc niprl
controlling a reproduction unit 2
31 to 3N, such as

yr(6.9)=

ses a decoder or ada&t or

C Greseh eesé med) pl sl ry of eI ement s
\/il; P°(cosH) pour m=0

—L_ pl"lcos ) sin(m our m<0
N ) (cosO) sin(m@) p

In this equation, the P,”(x) are the associated Legendre functions
defined by:

dr
10 Pr(x)= 21+1 E§+Z)' (1- x2)m/2 —P (%)

with P,(x) denoting the Legendre polynomials, defined by:

B (x)= LTl a;(xz-l)'

The Fourier-Bessel coefficients are also expressed in the temporal

domain by the coefficients p;.(f) corresponding to the inverse temporal Fourier
15  transform of the coefficients P;.(f).

In a variant, the method of the invention operates on the basis of
functions which are expressed as optionally infinite linear combinations of
Fourier-Bessel functions.

Figure 2 shows diagrammatically a reproduction system in which the

20 method of the invention is used.

This system comprises a decoder or adaptor 1 controlling a
reproduction unit 2 which comprises a plurality of elements 3¢ to 3y, such as
loudspeakers, baffles or any other sound source or group of sound sources,
which are arranged in any manner at a listening site 4. The origin O of the

25 coordinate system, which is called the centre 5 of the reproduction unit, is placed

arbitrarily in the listening site 4.



| oudspeakers, baffles or any othek sound source or group of sound sources,
which are arranged in any manner at a listening site 4. The origin O of the
" 25 coordinate system which is called the centre 5 of the reproduction unit,
is placed arbitrarily in the listening site 4. 8 The set of spatial, sound
and el ectrodynam c characteristics are regarded as being the intrinsic
characteristics of the reproduction unit 2. The adaptor 1 receives as an

i ignal S/ ofrth - Ghannel gt i
I o 5 ool S S 58, SRRSO B A

at | east spatpatdethas beihgrthe irtdissio thataetarigice dfitlis @produdtiod witi2perm tting,
in particular, the determ nation of paraneters that resentative, in

the case of at |east!énad@ptopdnfeceivessas gn WHF@dﬁ'Sf'?gl%? q&ﬁtﬁﬁ multyehannel
e ( _ . . . . ; ; . Al
posi tion '”t}t/ﬁ@ &mgﬁs.ﬁgagbeﬁd ddENR P o hﬁntalc\ég %gdtﬁedgﬁﬁﬁgapgyﬁaig&fhe

the end of the processing operation correspondin e nmeth
i nventi 0B, tdoengrisipg odath tnepresentativeoroft lad  &asénspatial oichasadtensdtidsheofeltbeent s

f el ts 3i,to 3N of .the , ti it 2. i fi
Cont Pol 51 gRPHRSESTOn s P AP UAG SRR Uk 4t aRA BRI Ao o Prbarmetirs ps

of the nethqat AeCRIbSEhthve NP tH AR bPa IBaSCoNE BRnfert SR SFAHBEBERILEEAM
such as that 15 described with reference to Figure 2. This nmethod conpri ses

a step 10 f amittafritsi pasitipropdhethreg spptiabdiseasionstielative 4o she givenepdiot 5.
permtting at | east determnation of the .spatial characteristics . of. the
Feproduct fon unit 2 AdRESTH dbaroEasio BEafiah b asetnand tBihe thgee o
and/ or gqcalthBrigdrtion, H: 588R089 tRiEMitsr e aashtRsH 6t &46h of tid8lements or
reproduction unit 2 to be determined and/or neasured. In the enbodi nent

descri bed, reppd0f glesesdnia e of thestappodirtioprunitddtaspeciiie goptieksignalrse:f or
descri bi ng tthe predeterm ned general directions associated with the various
channel s of PHENul ti - channel input signal SI. 25 At the end of step 10,

data relating at |edggguieo 3 owsr diziggampraidaller thienathigesteps! ofi thec tmethsd
associated wth each of the input channels as we|ll as the position in the
three spati s@cc@itip@sivribe oinVeREN gisathvith enggpEodsictionr sYfIgMpisushe @enthats:

of the r1%p_rod%§%}i'k)§§ vﬂﬁ'léltgfgreﬂwt?ﬁgﬁfrérbned' These data are used in a step 50

for determ ning tation ers
This method comprises a step 10 for determining operating

parameters which is suitable for permitting at least the determination of the
spatial characteristics of the reproduction unit 2.

Step 10 comprises a parameter acquisition step 20 and/or a calibration

20 step 30 enabling characteristics of the reproduction unit 2 to be determined
and/or measured.

In the embodiment described, step 10 also comprises a step 40 for
determining parameters for describing the predetermined general directions
associated with the various channels of the multi-channel input signal S/.

25 At the end of step 10, data relating at least to the various
predetermined general directions associated with each of the input channels as
well as the position in the three spatial dimensions of each of the elements or
groups of elements 3, of the reproduction unit 2 are determined.

These data are used in a step 50 for determining the adaptation filters

30 enabling the spatial characteristics of the reproduction unit 2 to be taken into
account in order to define filters for adapting the multi-channel input signal to the
specific spatial configuration of the reproduction unit 2.

Advantageously, step 10 also enables sound characteristics for all or

some of the elements 3, to 3y of the reproduction unit 2 to be determined.



30 enabling the spatial charactertstics of the reproduction unit 2 to be
~taken into account in order to define filters for adapting the

mul ti-channel input signal to the specific spatial configuration of the
reproduction unit 2. Advantageously, step 10 al so enabl es sound
characteristics for all or some of the elenments 31 to 3N of the
reproduction unit 2 to be determned. 9 Pn t hat case, the nethod conprises

a step 60 for det er by agcsoudSARRERSETBAS] biSLs ENal LlBghiHnd BblHENCe

of the specific sou ara 'errstrcs o ement’s

conpensat ed dampensatiohifiltery en@tﬂhgrthd influesiceof e spacifiadvand ehamténystics oft ep
60, can thus, 5 be stored . in ¥ so that steps 10, 50 and 60 have to
be repeat ed tBﬁI%lemP”tSt%etoép'éplbﬁ CQIBkR n%ﬁ]?‘aﬂ(‘?ron of the reproduction unit 2

and/or the nature OfTﬁéﬁté‘&”dte hined SR8 50, ed@sl;}*ﬁf’%tfe'peéb chi@n gt hod

t hen conprises a step for eterm ning 'the con signals'scl to sc
i nt ended & orbe ktoret emanmemuiry t $e thadpstepsid0j 66 amd 60 havedoye sepapted Ony if

sub-step 80 for a t adaptation filters ed i.n st 50 o the
var1 ous charthel soeRL bombyraa §7 s tRARRRSHENHITE £ S0RanBE nathie o hgRLlS
and advant agemnel mp@tgﬁgaﬁgqﬁo&ﬁeg{or appl ying the sound conpensati on
filters determned in Step 60. The signals scl to scN thus provided are

applied to the el enethe n¥thod thQB gompfiseshe stapr dQutori deteomining the cordeal t o
reproduce the SQ und es d t channel ut si na St
i D opt | murt A CRt tofey BIRERRL e Rna O, ME iR BIOR byt iRy
char act efp st Ggipodtep 8D E&péﬁﬂgﬁ\b' e uaaptaaonIﬂ|tetr§1%@érﬁmﬁeanﬁe§té§ 5@% thQW ng
to the use of the nmethod of i nvention, the characteristics

reproduced s\Ariast pba@neb eméthtS@tfa:rﬁt)l farmjng be i mulihanael iBpUt ﬁtgﬂahtSh ﬁ@dc

of "1 vs. spati VbR Shorek RR R RRHEma? e B, chfhersRuBL bR Oy

w || now be diﬁéﬁ—hlnlé@dnlsﬂgp &®r e det a| |. In the paranmeter acquisition step 20,
an operator or a suitable menory ystem can specify all or sonme of the

cal cul ation par amet efhe §'Sﬂal§s§§édpaﬂwhus prRYidedaEs 3PRIEG G thes slements tthdo
D0l 5 L AL D TR PO M M B

representatlJ% 0 position o ative ni ng
centre 5; antieomulti-channel input signal S/ with optimum adaptation to the spatial, and

advantageously sound, characteristics of the reproduction unit 2.

It therefore appears that, owing to the use of the method of the

invention, the characteristics of the reproduced sound field are substantially
20 independent of the intrinsic reproduction characteristics of the reproduction unit 2
and, in particular, of its spatial configuration.

The main steps of the method of the invention will now be described in
more detail.

In the parameter acquisition step 20, an operator or a suitable memory

25 system can specify all or some of the calculation parameters and especially:

- parameters x. expressed in the spherical coordinate system by
means of the coordinates r,, 6, and ¢, and representative of the position of the
elements 3, relative to the listening centre 5; and/or

- parameters H,(f) representative of the frequency response of the

30 elements 3,.

This step 20 is implemented by means of an interface of a
conventional type, such as a microcomputer or any other appropriate means.

Calibration step 30 as well as means for implementing this step will

now be described in more detail.



- paraneters Hn(f) representative* of t he frequency response of the 30
~elenments 3n. This step 20 is inplemented by nmeans of an interface of a
conventional type, such as a mcroconputer or any other appropriate neans.

Calibration step 30 as well as nmeans for inplenenting this step will now be
described in nore detail. ---- ------- 1 Figure 4 shows calibration neans
in detail. They conprise a deconposition nodule 91, an inpul se response

determ nation nodul g apd gfoneald AN S RTeh e et e akl dyj e
93. The calibrati onp'rgggpﬁsaarseosui tggﬁs%t“?or belnr%g conr?gééte tg tgbs tﬂn Las
acqui si t i ondeeginpesition medida 9315 an mpuisp response datgrmoinhtion soodwe| R dedixe,

and for bei n@) gnnect ed |n pen. t each eII eq;;lent 3" of the reproduction unit
2 in order g paradg?tgr ﬁ‘t"m'%a @nerﬁ'@ﬂ't’e gure 5 shows in detail an

embodi ment of cali bTﬁé'c%bﬁétRﬁn RftanBi &2 bSitabls g6r lb)él @oﬁﬁéd:t@ﬂatb' aNsdRrNS
descri bed above and whi ch enabl es characteristics he reproduction

unit 2 tD bacpuisiionetevigen180ssichaem GmcrODh@ne;@nabWa@m@hsué@mg guigRsrAnd a

pCeudon ¢ andiih teita hie R o g, et L Et BREIbPERBY St 2 e 1 on

device 100 tgegmpRSdatabrathid/dledtenp. 34, the sound wave emtted by the
el ement 3" in response to receivi the signal un(t) 15 and transmts |

signals cp, (t) to cpiguep mm%ﬁ%ﬁktén@nl?%”m@@f Falderatiey step 8B avhich is
oS e DReHBY thé cBforalifin Fysut $ipdl anblE ARSATRATNELRA ffiubiEndos

deconposes I'ghal's sense e acqul sitron dEVI ce rmite

nunber o0 Fofithecreprdirsstioh urited to bemﬁaSUqédm(t) 20 For exanple, the
acqui sition device &80 i'sS const] tut ed tg?/ 4 pressuie sensors | ocated at_the
4 apices of a tetra -HePr3raithe CcrliBration Jupang frAnsMir2 SBREEC Signal guid 6.

The S11n21 S st LB IBICATANFFE 180 S6Gudie) PealorhRdbAAadRA() the

cp4(t). The coefficients qo, ot esentative of the sound
field sensedttentioreflac eterheoind 1. Adesacpuiditorcgeyice 106 repdives, inma aubsteladde 25

wth the fo'ttl\é) ‘é\‘oﬁ].% \Evgl/g te'n%RShle}Sthe elem 1rgtf§,,+|r(1}r)g t];gn-ks%Ft% re%:-eki(\;ﬁflg(tfh)e signal u,(7)

15 and transmits / signals cp;(¢) to cp/t) representative of the wave received to the
decomposition module 91.

In a sub-step 36, the decomposition module 91 decomposes the
signals sensed by the acquisition device 100 into a finite number of Fourier-
Bessel coefficients g; (7).

20 For example, the acquisition device 100 is constituted by 4 pressure
sensors located at the 4 apices of a tetrahedron of radius R as shown with
reference to Figure 6. The signals of the 4 pressure sensors are therefore
indicated cpi(f) to cpa(r). The coefficients goo(f) to g1(f) representative of the
sound field sensed are deduced from the signals cp;(f) to cps(r) in accordance

25  with the following relationships:

1 CPi(f) +CPs(f) + CPs(f) + CPy(f)

QO.D(f) = \,/:l; 4
3

Qr,-1(f) = NG 77TJRf (CPi(f) = CP(f) + CPs(f) — CPy(f))
Q1o(f) = 8\/7F ,7ij(CP1(f)+CP2 f) = CPs(f) — CPy(f))
Qulf) = 7= 57 (CRS) =~ CPalf) = CRs() + CRi(£))

In these relationships CP,(f) to CP4(f) are the Fourier transforms of

cpi(f) 1o cpa(f) and Qo o(f) to O1,1(f) are the Fourier transforms of go(f) to g1,1().



Qo, o(f) 4a 4 QL,-1(f) = a (cP1(f) - CP2(f) + CP3(f) - CP4(f)) Sir 2 jRf ¢
QL, O(f) sf ,,,JRf (CPL(f) + CP2(f) - CP3(f) - CP4(f)) 3 C QL 1(f) =sir

T 2rjRf (CPI(f) - CP2(f) -CP3(f) + CP4(f)) In these relationships CPI(1) to

CP4A(f) are the Fourier transforns of CPI(t) to cp4(t) and Qo,o(t) to Q,i U

are the Fourier transforns of qo,o(t) to1q,,,(t). r 11 Wen these

coefficients are defined by the nodule 91, they are addressed to the

response det erm nat e GAEsE defiicidhtd HeLuetifed 38 th&CmbBERCSIE they are

determ nation nodul e 92 determ nes the inpul se résponses hpI,rT(tt) whi ch

li nk the FoaddeassBdde dhe seaponseideteralinationmpduled®2.5 the transmitted signal

un(t). The nethod of_ determ natjon depends on.the specific si I .
ransmi tted The enBbd HERERotty e ononse Feienpatas nad Eoielrmines  of
the M.S typéhe ﬁhﬁ&]s@%srﬁcﬁfse@?@{t{(b%hiéﬂﬂﬁnl@ﬂfé FbaﬁelﬂBeQ@élfb@dfﬁcETﬂsl A St
response provided by the response determ nation nmodule 92 is addressed to

t he par abret 8re Hanemitasasigpal woiulhe oethadof detgrminationgerendsanethepspeefio3

descr i bed el HPEEMsD dheipadFRERIHEHIRD S5 Acddrhl RuBBBRECE R baln.. .-
bet ween t he oetRNRINS t§pe2siitt 4 feedtdriple, e ddifelBBen metiddd.i t s response
hpo, o(t) and the neasurenent of the tinme taken by the sound to 15 propagate

fromthe el enent 3" The inpelsgcigspanss pievised ke theomspepsendetprminatione for
estimating [ - igection ((err)n,(err)n)
of the el em%?teis gﬁhfegssggdé?@%bg%%?ga?%&n%atteoﬁeﬁg%l%gﬁm of the inverse
sphericah Fourier trarstabtep 0| ¢tk imodlie IR Hednses datpmroeldméntshpf the t)
taken at the instant t where hpo,o(t) is at a maxi num 20 Advant ageously,

t he coor di n&8R/QAUCYhENG, are estimated at several instants, preferably

chosen around the iw{@ém%g[nqeﬂ%sggi%é%imﬁzé%r%p{ﬁtgé{%mhggﬁéirﬁ?bule 93

determ nation of the coordinates 0, an
t echni ques determirgsathiendistaatoees etweery tire elemeard t3, raatdethe cEmire, 5 iom thieebasis

enbodi ment descri bed, the i sjtion device 100 is,.
! o) S|ts rlesponse hpo,o?ﬁ un'ds{heI measuryelment of th'estlme taken by the sound to

15 propagate from the element 3, to the acquisition device 100, by means of
methods for estimating the delay in the response hpgo(?).

The direction (6,,4,) of the element 3, is deduced by calculating the
maximum of the inverse spherical Fourier transform applied to the responses
hpoo(f) to hpi (f) taken at the instant ¢ where hpoo(f) is at a maximum.

20 Advantageously, the coordinates 6, and ¢, are estimated at several instants,
preferably chosen around the instant where hpg(?) is at a maximum. The final
determination of the coordinates 4, and ¢, is obtained by means of techniques of
averaging between the various estimates.

Thus, in the embodiment described, the acquisition device 100 is

25 capable of unambiguously encoding the orientation of a source in space.

By way of variation, the coordinates 8, and ¢, are estimated on the
basis of other responses among the Ap;(f) available or they are estimated in the
frequency domain on the basis of the responses HP,,(f), corresponding to the
Fourier transforms of the responses hp; .(¢).

30 Thus step 30 enables the parameters r,, 6, and ¢,to be determined.

In the embodiment described, the module 93 also provides the transfer

function H,(f) of each element 3,, on the basis of the responses hp,,(f) coming

from the response determination module 92.



25 capabl e of unanbi guously encoditng the orientation of a source in space.
By way of variation, the coordinates B" and O, are estimted on the basis
of other responses anong the hpl,m(t) available or they are estimated in the
frequency domain on the basis of the responses HPlI,m(f), corresponding to
the Fourier transforns of the responses hpl, mt). 30 Thus step 30 enabl es
the paraneters r,,, On and 4 to be determ#ed. In the enbodi ment descri bed,

5, "on the basi o of ¢ HEstr eolfne SABIsTE it s CElRab; M, BrerFib, HSed
det er m nat i ayorrezpehding2to the delecticit of olhet porticro s i the Srdspofed Shpich i wBichhe

response hp' 0, 0(t) corresponding to the selection of the portion of the
response hpdNeiuges annemzeinsignaldteafrmphreflections yrmduced dyftheistaning sitechs

otk oduced ; . A , . d
by Fouri or 11nEPOraRer PotHorR s Aol Rl PRGKeE FRRCERS & e rasho"Re
wi ndow mgy g s epreeibukiyowirdowe.t Tiee windvannaynde soleotddi fromwiardong .theuch

as, for exanple, the rectangul ar, Hamm ng, Hanning, and Bl ackman w ndows. A
second, nor awRplianal sMQathipg WiREWS.s SUsha@sh yaigexsameleni e t ectanaulabdul e
and advant a Yt p ency response HPo,o(1) 10

obt ai ned byqlg—%ﬁﬁ'é 'lﬁ?gﬂggb%ﬁg}a%gﬁghﬁg{sn[@%é hpo, o(t). For each frequency f
snmoot hi ng i s obt ai nekl segordnmoraitcompleX, sdieticrespasists iPApPIYing moathihgdow
centered on This convol ytion corre nds,to an . averagi ng of the response
PO, o(J) ar dIRAMPRWSTINT BRYRYIBSCOURNE KhiTrRIBRARR.P! e SeneRcasRaRsentiRgDhe
convent iygnal efaiiel fesddPeb?d 1= [ 1 15
Hanm ng 1\?\& nd%%ag%\@%nﬁ!g%éus r;/§,cf&':r?1e wi dt h S(?f’ the%uggoﬁﬁg??@gﬁémﬁg%@fhé

frequency. Famoethingplise,obtdioedi by rcopiotutionwohdioev neaporise FRy(H thy rmalwindowhe
frequency f at which s t hi ”ﬂ i st.argpl i ed. Canqar ed wth.a fi x&% wi ndow, a
wi ndow whi ctPSMEENRE PR RNV RLtieN SARESPONAR R 18 AVREAGIRS |l FesRanse
elimnation gpf hhaoliR@Thefffafilench /f MheNiviHioW psBieBE] RfetBl I forft ar‘hBﬁ%StﬁEE
time avoiding an® 20 effect of truncating the response HPO,0(/) 1n the | ow
f requenci es.coftventianalsvépdo8e, tssicB9 as; e faremxamule f gectangulsl, tthiangulareans 31

L o Ol S A RERE. RN afneBhel B! AR . R SR Bk e ¢
3N, such as fraffindp0Fori SEmisias the RMddth of the window may be proportional to the
frequency f at which smoothing is applied. Compared with a fixed window, a
window which is variable with the frequency permits the at least partial elimination
of the room effect in the high frequencies while at the same time avoiding an

20 effect of truncating the response HPy(f) in the low frequencies.

The sub-steps 32 to 39 are repeated for all of the elements 34 to 3y of
the reproduction unit 2.

By way of variation, the calibration means comprise other means of
acquiring data relating to the elements 31 to 3y, such as laser position-measuring

25 means, means for processing the signal which use techniques of path formation
or any other appropriate means.

The means implementing calibration step 30 are constituted, for
example, by an electronic card or a computer program or any other appropriate
means.

30 As stated above, step 40 permits the determination of the parameters
describing the format of the multi-channel input signal and especially the general
predetermined directions associated with each channel.

This step 40 may correspond to a selection, by an operator, of a format

from a list of formats which are each associated with parameters stored in the



25 means, means for processing thé signal which use techniques of path
formation or any other appropriate neans. The neans i npl enenti ng
“calibration step 30 are constituted, for exanple, by an electronic card or
a conputer programor any other appropriate neans. 30 As stated above, step
40 permts the determ nation of the param@&ers describing the format of the
mul ti-channel input signal and especially the general predeterm ned
directions awso®natantl mayhaleaciorsaanelto antersatic égymal deigctins cagiednoutt on a

cach assosi arenyREepheL infh Jond AR e s Mo 5 S lS S ruiie
correspond tgivayhumthanidl rsigial deinestt iropetcaioth@dembbdivient; Bepnad ehablkeanael
i nput signal. Alternatively, the nethod is adapted to a single al ven

nul ti - channelsesitgsRECHL higaPWn farmat by meanally asagtingetne pafasietars deseitirg a
user to gpecy Nl ¢ S cquiring the paraneters

descri bi hg gh%#éﬁgﬁ?@%\??%ﬁé}gég?é at e&?r{vén%ﬁﬁﬁeach channel . It appears that

steps 20, 30 and 40 If csappezyst tieatpatepwet20, 3detandri 4@t farming ehe Opaeimeter at
| east the determ nation of paraneters for the positioning in space of the
el enent s 3n dFterpiBatien stRRIKD BRIk at leaghitheofeterpinatign gt Pgrameters for the

mul ti - chann &ﬂzd S/ I GHAY t al L t, -Off 50
for determ |%saﬁt ' 'iggg% gt‘lffloﬁ%f ?\ehﬁg\ﬁh?sﬁ%t gé rgg%%ﬂ#@g@hgé anglr gfltﬂt%) of
sub- st eps f dormal afithamulti-caadneldageal/ni ng matri ces representative of the

paranmeters determn preyi Qusly.  Thus _in sub-ste a paranmeter L,
cal | ed t?ﬁe linit or g:ggurfSyrsg}ﬂy‘é%@nqeo@#%ﬂBW M%é&?‘glﬁéf‘gc?%ﬁﬂﬁ'%it?%d in
step 50 for #BnYigst he adaptation filters, is determnmned, for exanple,
in the followng manner: - the smallest angle an;,, fornmed by a pair of

el ements of the rephislusteponomprise® a sploedlityul oft substepsrefior cealtylatingg neads of
a trigononet relati f)rnshi

i,C such . as, .for exanple: 20 anl. n2..
2 acos s n( erdgtTan A BeEREREE S RSP iteE dEerBheR Hpvionsy, -
m n(anl, n2) anong t hgyygetinofa PRibstepNb1, NE2) parafriéddr a5 hffed 2thedNhit brdRR.
the maximumorder L is determ ned autonmatically as being the
15 representative of the spatial precision desired in step 50 for determining the
adaptation filters, is determined, for example, in the following manner:
- the smallest angle a,, formed by a pair of elements of the
reproduction unit 2 is calculated automatically by means of a trigonometric

relationship, such as, for example:

20 Qs = ACOS(SING,,51n6,,COS(B,1—P,,) + €056,,€086,,)

Amin = MIN(Ay) n2)
among the set of pairs (n/, n2) , such as ni# n2; and
- then, the maximum order L is determined automatically as being the
largest integer complying with the following relationship:
25 L <7/ anp.
Step 50 for determining adaptation filters then comprises a sub-step 52
for determining a matrix W for weighting the sound field. This matrix W
corresponds to a spatial window W(r) representative of the distribution in space
of the precision desired during the reconstruction of the field. Such a window
30 enables the size and shape of the region where the field is to be correctly
reconstructed to be specified. For example, it may be a ball centred on the centre
5 of the reproduction unit. In the embodiment described, the spatial window and

the matrix W are independent of the frequency.



| argest integer conplying with thé fol | owi ng relationship: 25 L <, t / anen.
Step 50 for determ ning adaptation filters then conprises a sub-step 52 for
" determining a matrix Wfor weighting the sound field. This matrix W
corresponds to a spatial w ndow Wr,J) representative of the distribution in
space of the precision desired during th.ia reconstruction of the field. Such
a wi ndow 30 enables the size and shape of ‘%he region where the field is to
be correctly recon t aeed fdre For - eRa |
centred on the centrs,rgwscS eg](‘jdltégg@e roducc%fl grr%eu(gjlit?)?z Wﬂiﬁe an%dgﬁi?n\gglg%tlha
descri bed, t¢reftgiantisal am@érbwhmhbleaqfh@oefﬁmenb(wm founddepk fidestinafucckesion

frequency. 14  Wis a_ di agonal rix of whi ch cont ai ns

wei ghting co%'?fn 'agpaa ﬁﬁﬁa’i"ﬁﬁ? %é%ij 3%'@‘?"1"{‘@%%6‘? W is found 21+1
times in succession on the diagonay, oThe matrix. Y)\l erefore has follow ng
form WOO ............... 0 Ow 0 o ... ol Ow5lIn the
endodi nent described, the values a surrb "by the coe ficients W are the
val ues of a function such as a Hamp hg W pdow of size 2L+1 evaluated in 1,
so that the paranmeter WL is dete nedfo :Lrangln fromO to L. Step 50
then conprises a sub-step 53 for d term ni ng ‘% matr X M representative of
the radiation of the reproduction ynit, especféa n the basis of 10 the
position paraneters x,. The radiatilon matri x Mmae it possible to deduce
Fouri er - Bessel coeffi CI ents repres i ng t'he’ sofl. fiel d emtted by each

el enent 3" of the re oduct n nit as a funct n of the
receives®Mis a matlP ecﬁumgﬁ!’ E‘GF‘EIQE? s‘lﬂfj I{Heé’@ S ??ﬁ'“@&eqag’ygﬁ éc"lwtsm n,

the indicesp d?bdﬁﬁlaowe@st BE d qunclidnlemmnd B mﬁhmgg vm@owobﬁ@w zﬂﬂie

matrix M 15{herefore has the follow ng form Mo, . MO, 0, N

ML, -12...... evaluatednn /\vsothaitbe parameter & 1¢ determined for l rangmg from 0 to L.
Step 50 then comprises a sub-step 53 for determining a matrix M

representative of the radiation of the reproduction unit, especially on the basis of
10 the position parameters x». The radiation matrix M makes it possible to deduce
Fourier-Bessel coefficients representing the sound field emitted by each element
3, of the reproduction unit as a function of the signal which it receives.
M is a matrix of size (L+1)2 by N, constituted by elements A, ,, the
indices /,m denoting the row +/+m and » denoting the column »n. The matrix M
15 therefore has the following form:

— —

Mo,o,l Mo,o,z """ Mo,o,N
Ml,—l,lMl,—l,Z """ M),—l,N
Ml,o,l M1,0,2 """ Ml,O,N
M111M112 """ Ml_,l,N

ML LIML -L2 ML;L,N

M_L,o,n MMJ ...... Mo on

LM;,,L,I ML,L,z ...... ML.,L,N |
In the embodiment described, the elements M;,,, are obtained on the
basis of a plane wave radiation model, with the result that:
20 M=y (On,¢n)
The matrix M thus defined is representative of the radiation of the

reproduction unit. In particular, M is representative of the spatial configuration of

the reproduction unit.



IVIl,I,I ML, 1,2...... M,I,NM, LML, L2... M.-L N MO MCM,o,N M
L,L,i ML, L2 """ ML,L,,v In the enbodi mrent described, the el enents
'M,,,n,,, are obtained on the basis of a plane wave radiation nodel, with

the result that: 20 M, mn=YP' (8n,0n) The matrix Mthus defined is
representative of the radiation of the rgproduction unit. In particular, M
is representative of the spatial configurdtion of the reproducti on unit. 15
The sub-steps 51 toqj3 _Beprergor d5§eq,|.;ﬁpt ba! InerBimedl NI

Step 50 for determ n| ng a %]aptgtlon ffglaters en co rlsrgg a sucL step SX)T for
taki ng intosaoubameoushe set of parameters of the repr oducti on system 2 whi ch

5 were determ ned pr n_order ecodi ng mat ri
Cepresentative of SEPRPLIR PelEBROIIG ateRAtPf R et R BRs A SUb-Step 54
Dn, i, m((err)gr fakﬁdﬂmt@%bbefnﬂhécgét%w@mnéféré %ﬁ%?éﬂé&u&lbn é*(étéﬁfé Witk h,
when applied to the Fourier-Bessel coefficients P,,, (1) nown sound
field, pérmwereheiaiemrmnﬁﬁneptrewnusiv tine astighatos promdcorardemmgga matrix D
reproductlon J| |s sound field. The decoding

matrix Dis r?R'@’s&' —lyetcﬁeso— irgc%qes? goﬁgg?aﬁl on matrix M Matrix Dis

obtai ned from nmatri XrHd blérﬁ@ﬂ@sD,Q,m(ﬁ) rofethel aiatiet adsrespbAE T toC eesdristiuation
whi ch invol ve suppl enentary Eetl m zati on paraneters. 15 In the enbodi nent

descri bed, dJitefs Binichs whgn aﬁp q & ther Foumgy- %%sseéwoeﬁ\@tqnw Zawi/bRf Gpknewnon
thanks to t t
hanks 10, LBt e B 408 I s ihilng & TeRckletih s,

Thi s maypi X Jpiti i magwtodegr@ﬂmeqhalémnﬁrfm matrix M in accordance with 20
the foll owi ng expression: MIW in which Ml is the conjugated

transposed matrix oflN@& dwpel% "é#%d? ifettierefese they inyersenef thg radiationmataxw
are i ndepenq&pt

,.

Matrix D is obtained from matrix M by means of inversion methods
under constraints which involve supplementary optimization parameters.

15 in the embodiment described, step 50 is suitable for carrying out an
optimization operation thanks to the matrix for weighting the sound field W which,
in particular, enables the spatial distortion in the reproduced sound field to be
reduced.

This matrix D is provided especially from matrix M, in accordance with

20 the following expression:

=(M'WM)' MW
in which M"is the conjugated transposed matrix of M.
In the embodiment described, the matrices M and W are independent
of the frequency, so that the matrix D is likewise independent of the frequency.

25 The matrix D is constituted by elements indicated D, ;, organized in the following

manner:

Dyoo Dy DinoDiggDiprDipo D
Dz_,o,o Dz,_1,—1 Dg,l,o D2_,1,1‘ " D2,_L,—L Dz L0 Dz LL

DN,O,ODN,I,—IDN,l,ODN,l,l' ’ 'DN,L,—L' ) 'DN,L 0 DN L, L

Step 54 thus enables the matrix D representative of so-called
reconstruction filters and permitting the reconstruction of a sound field on the
30 basis of any configuration of the reproduction unit to be provided. Owing to this

matrix, the method of the invention makes it possible to take into account the



of " the frequency, so that the matfix D is |ikew se independent of the
frequency. 25 The matrix D is constituted by elenents indicated Dn,l, m

" organi zed in the following nanner: D00 D11. 1D110D111...D L
L...DILO..DL,L D2,0,0D2,1,-1D211,0 D2,1,1""'D2L L...DzLO . Dz, L,L

DN, O ODN, 1,-1DN,1,0DN, 1,1... DN L -L. DML O . DNL,L Step 54 thus
enables the matrix D representative of so-called reconstruction filters and

perm tting tdwlpammtdsﬂmélrearwucaoﬁmmcb gl th partichrr, #0chapehsate RAYhe
configuration of the reproduction unit to be provided. Omng to this matriXx,

t he net hod cﬁltem@nsnoéh@ seundrirldscauseg dydisptrediiie sratal rarfigwaionnt the 16
configuration of th%J &B{/%ﬁ“&%}ubﬁ Ykt O&aﬁf&i’er r§|a‘ﬁﬂ§ttb%Hle% r&&cﬁBﬁRﬁ{Fﬁ“e

for the alterations he "soun ’flel cause SOSPECcrPIE spati

confi gurati anay Bg m‘ab@fayalfmrmtmmfthél&eqaemyet ers relating to the
reproducti on unlt 2 _may be variable as a functl on of the fre%uency

exanpl e, 9 n such an @r’rt@@”r‘%ﬁt in SR N arpbrdiment., e3sh eemeRk Dy P% tII’_'53can

be determn r @l Si

e, deten el B3RAChE eflinthid viasoBlathiyMl B9 ng [ EBhGoRaignale 2, .
and, advantdigetivity Yundtioe Di@ss) dpecifeidgat ¢duh frequienty $i gnalanssitude drive
case of a plane wave in the direction (0,0). 10 Adirectivity function Dn

((err), (err)aqvantageavsinshe rhaset desirathPehhgsedtidi®gnal fealn e casamfen
val ue, which,is 0 on of the frequency or a range of
frequenci es, pl%‘? M%&Sgrﬁaiepél{&aﬂ&ﬁ@cti on. In the enbodi nent described, the

directivqpty functi ongdpe&ivitdSERIIBHEDY 9,09} niddmsTd R8O WHIEH agsscibfedi £ add
Dn((err),(err)). 15 These dlrect|V|ty functions D'(8,0O can be determ ned by

speci fyi ng thad:omplpaoxaﬂwe; \phrycbusadpthnam iat fupstibre ofdbe feaguenewlorf @ ehdgeared t he
same field reproduced Be re u.tion unit conmply with predeterm ned
| aws. For exfé%ﬂ‘leé‘ cigsy, wit ea(ﬁ" ‘be the pressure at the centre and

the orientation of tlHQhé’@h%d‘iMentV@ééd%edlfheSéﬁF@bti%ﬁ?%ctldns'a?req{ﬂ?ééﬁéﬂjérﬁat
only 3 control signals should be active in 20 reproduci ng a plane wave. The

active cont rcofltherfrgzqabecy andacainslicaBell iD(@AFSC'3, are those which suppl y the
of the. dbane wave. | TRESEEHESIVICHNSHRR: o6l @ham SRR aPeon g Bias 5
forma tri argﬂe%lfﬁ:%ﬁ)%'léal BlahfifeLbEfRdenCsh (P fieRf add' thePsEMe Y Feplddubiat
by the reproduction unit comply with predetermined laws. For example, these
quantities may be the pressure at the centre and the orientation of the velocity
vector. In some cases, it is desired that only 3 control signals should be active in
20 reproducing a plane wave. The active control signals, indicated scns to scp3, are
those which supply the reproduction elements whose directions are closest to the
direction (6,¢) of the plane wave. The active reproduction elements, indicated 3,4
to 3,3, form a triangle containing the direction (6,4) of the plane wave. In that
case, the values of the directivities D,;(6,¢) to D,3(6,¢) associated with the 3 active

25 elements 3,4 to 3,3 are given by:

_ 1p
1T 1y
with
sinfp,, cos¢n, sSinb,, cosédn,, sinbn, cosdn, sin 6 cos ¢ 1
I'=|sinf,, sing,, sinf,,sin¢g,, sinf,,sing,, T = | sinfsin¢ 1=11
cos O, cosby,, cosbp, cos 0 1

In this relationship, « corresponds to the vector containing

30  [D.(6.)...D.3(6,4)] and the directions (Gu/,6u1), (6n2,$s2) @and (6,3,¢.3) correspond to
the directions of the elements 3,1, 3,2 and 3,3, respectively.

The values of the directivities D,(6,¢) corresponding to the non-active

reproduction elements are considered to be zero.



case, the values of the directivities i:)nl((err),(err)) to Dn3((err),(err))

associated with the 3 active 25 elenents 30 to 3"3 are given by: |I'-1T a =
"I!Tr -1T with ,in 9,,, cos On, sin8,,, cos ,,, sin9,,, cos sine cos 0 I'

sine,,, sintn, sine,,., sinQ,., sin8,,, sinN,.: r =sinBsin & 1=1
nse,,, core,,, Cos 0" cos9 In this relatiqgnship, a corresponds to the vector

containing 30 [D'1(0,q...D'3((err),(err))] and the directions

((err)nl, (err)nl), (rherrrr)aﬂlo(lerrebaﬁbnamﬁ i€ &p&a@@) farok idireptiots (4, gt dfedifferent
directions of the elenents 3"1, 3n2 and 3"3, respectively. The val ues of the

directiviti odame pavey. Guis: eopbmiithe) directivity furgtionst Pié.¢) ispurriiestin dhe @r@went s

i rections (Fefr 11 Oh by Bpmbless FeccRmBIeS it sRAB il S5ER°G) % ol ©

directivity {twp,g?bjlg,g@,f@j)(gBMe'ré (%9,9' lbeﬂ|1e' Birk&forl fo”theOfsaﬁh lé % aﬁa there

sanpl es. Each Inthe formof a pair

Dn( Bk, Okp) } Dhierk) sQheolglue oftthe difiectityl lunctién taseosiatgd anth taed:omittei signdD"
( Bk, O) is the value of the directivity function associated with the control
signal sc" Scoforithe direrten (@) Bk, k). For each frequency f the coefficients

D,,,jU of each di |
(OB |U%<)O D" (BK, | 483 }éé(%gé%‘s%(eé of cpﬁe’{]f‘csogﬁgc?%ﬁgb%f%@d%byé?%eﬁ 1YY he

angul ar sanﬁbnmmém@éauw@ drorpethai ganpiesjtl{qwkm m(agfgpk)t)hem@éa)b@eﬁfcrmt he
list {((Bk,ok), D'(Bk,k))} on the basis of dlrectlwty function supplied

in the formase mee@ byl inviartingrthe angafari sanepling. proigess iwhieh Pesnits edustienme

dlffere for n_or er to nt t atlo t ween .t he Ies
"' ot her D nedpieenof 188, i< 1A on eitb i s S0 grasier &1 4 i Vik
the form Of fGR&Idr Ebﬁ‘pﬂfe‘a i te Fort of @bhEREal FitdthidHic c%%ﬁ&‘i’ént&)@ﬁrs iVrsion
coefficients D,,,1,]J hus determ ned are used to formthe matrix D. Ste
50 then corrpna)sa§sam dmfewntf tarmseire orderi togcamiroldthe interpdlatiathetveeen the

radi ati on matr|>1 S representative of the predeterm ned general directions
associ at ed WXMP'8%ch channel of the mul ti-channel i nput signal S/.

In other embodiments, the directivity functions are supplied directly in

15 the form of coefficients D, .(f) of the Fourier- Bessel type.

The coefficients D, ;.(f) thus determined are used to form the matrix D.

Step 50 then comprises a step 55 for determining an ideal multi-
channel radiation matrix S representative of the predetermined general directions
associated with each channel of the muiti-channel input signal S/.

20 The matrix S is representative of the radiation of an ideal reproduction
unit, that is to say, complying exactly with the predetermined general directions of
the multi-channel format. Each element S;,,(f) of the matrix S enables the
Fourier-Bessel coefficients P,,(f) of the sound field ideally reproduced by each
channel ¢ (7). to be deduced.

25 The matrix S is determined by associating with each input channel c,(r)
and advantageously for each frequency f, a directivity pattern representative of a
distribution of sources assumed to emit the signal of the channel ¢ ().

The distribution of sources is given in the form of spherical harmonic
coefficients S;.4(f). The coefficients S;.4(f) are arranged in the matrix S of size

30 (L+1)* over Q, where Q is the number of channels.

In the embodiment described, the formatting step associates with each

channel ¢ (f) a plane wave source oriented in the direction (d,,4,) corresponding

to the direction (65, ¢5 ) associated with the channel c,(¢) in the multi-channel input



20 The matrix S is representative' of the radiation of an ideal reproduction
unit, that is to say, conplying exactly with the predeterm ned general

" directions of the multi-channel format. Each elenent SI,mq(') of the
matrix S enables the Fourier-Bessel coefficients P/,n(f) of the sound field
i deal Iy reproduced by each channel cq(t)'8 to be deduced 25 The matrix Sis
determ ned by associating with each input~channel cq(t) and advant ageousl y
for each freaHRIRCYhE coBffidris ] V'(;‘)Eéré’ﬂ’ﬁér@fd?ef‘ﬁcﬂ)éﬁeﬁﬁfétrﬁ dency. They

di stribution of sources assunmed to enit the si gnal of the ch ﬂ cq(t%
di stri but i oareihdinated &8s, andgarecabtained iy therraiaUOnstpheru cal harnonic
coefficients §,mq(/). The coefficients Si, %(f) are arranged in the
matrix S of size 30 (L+1) 2 over Q wher&n Qﬂ’/ v#8 nunber of channels. In
the enbodi ment descin lutider tEehebddiments! i the sdezp matmratrﬁatrw Shasesdiateshannel

cq(t) acﬁol ane wave source oriented in the direction (Bq correspondi ng
to the reetsmﬁte(cht;’tnb@u?na@sd@natWGV%SpHrq%%mam'fwbayn@ﬁ rnh@rder to

mul ti - chann i e
i ndependent Eﬂggdlﬁ%%e r ee&iﬁf)%ﬁ -Fh&]d‘s@%{(é i gﬁ eé%ése thg(c&ﬁ%\reg}tée 8’b"t él'l%; d
by the rel abbtairsdd by a8fing up tfie c(cBermeonsmfeabbrofdnmmdammnalssowb& i deal
radiation matrix S associates a, 5. di scretbe di s ﬁ‘LIrQ ut.ion of )gl ane wave

t

sources with speci finc YehAtheN §mt?9déﬂ"8@3 glipRematixe & ageogiatgsng of
| oudspeaker i ng
up the cont ?P%chﬁ gﬁgﬁm? E((t:)h\mg?acd@ilghgﬁgisgﬁggﬂrcge@éﬁe \r@%? o@?ﬁe@%hﬂﬁi{j
enbodi et sis déscribadaty aadim:ltlvmpfurmtlonﬁq(fﬁ? @s o thatt ese, s coéficientsaSpg) of

cq(t) with a continuous di Strlqlc)(iltl on of plane %ave sources which 10 s

descri bed biheamM@tidestargiARfaINGHQITESHY 8Y(SPhefical Rowngl: ransderm ohéhe giertivient s
Se,,,q of t r I ekl ga t fcafjsf orm
of the direCtIVi b ")ff)%?] f&ﬁgié"(%ﬁq?@b{eﬁg egéf'réét’ggbé'df\s knf?\éﬁpﬁﬁt n(%fttﬁ%; S
is i ndependﬁ@qugﬁcy he frequency. In other, nore conplex, enbodinents, the
matri x S associ at es with 15 specific channel s a distri buti on of sources

produci ng a di f f usel™ PE1&, Mafet ¢RIpPIes embodieenig: (the matjx$ assqriates yath
frequengy. Bé’ ﬁc %Hgﬂgélgefdét Lﬁloﬁldft%ﬁﬁesf Blrodlmé ntg'FaO AR fﬁ’irtlrﬁ%rt taklat

‘conS|der the nt and rear nnels erent exanpl'e

appl i cat i onthe matmdsdaties withpthedteduenicy | 'ﬁhme_nenmodonemts drasuitable foc hauitiel s

are often intended to recreate a. diffuse anbience. .
channel formats thaile consﬁjer the (:Tronqbang rear channels differently. For

example, in applications intended for reproduction in cinema rooms, the rear

The

channels are often intended to recreate a diffuse ambience.

20 In other embodiments, the matrix § associates with specific channels
sound sources whose response is not flat. For example, if the multi-channel
format associates with the channel c,f) a plane wave source having the
frequency response H?(f), the S;.,(f) vary with the frequency and are obtained
by the relationship:

25 Simg(N=Y1"(04,8)HO(f)

If the multi-channel format associates with specific channels a
superposition of the above-mentioned types of source distribution, the
coefficients S;.,(f) of the radiation matrix are obtained by adding up the
coefficients associated with each type of source distribution.

30 Finally, step 50 includes a sub-step 56 for determining a spatial
adaptation matrix A corresponding to the adaptation filters to be applied to the
multi-channel input signal in order to obtain optimum reproduction taking into

account the spatial configuration of the reproduction unit 2.



20" I n other enbodinents, the matri'x S associates with specific channels
sound sources whose response is not flat. For exanple, if the nmulti-channel
“format associates with the channel cqg(t) a plane wave source having the
frequency response H 9" (1), the Si,,,q(J) vary with the frequency and are
obtained by the relationship: 25 Sl,n1q(1 =Yl (Bg, Og) Hcq' (fl If the

mul ti-channel format associates wth specitic channels a superposition of

the above-mentioned fyPepafh a@4ptaRod SIHCY iiéd)’bg)t/éigggiﬁ%f theiRatrizes for

Si,m,q(J) of the radiation matrix are obtal ne g up the

coef fi ci ent shaping S @nddiedodingeldly megpes of thegelatiendhist ri buti on, 30 Finally,
step 50 includes a sub-step 56 for deter nii}i ng a spatial adaptation matrix
A corresponding to the adaptation filtef's 5 be applied to the

mul ti -channel input signal in order to obtain optimmrepraoduction taking
into aclount the spHig adaptatipngmatiy ¢h PefMithdhe (gansdation @f sianals2safry toThe

spati al adapt atj i i i I for shanl and
docodi ng D By HbangRd i el foEh RatFEutdt b s TrbHERRELA, uiR WY e
permts the gemeed &N toky@). Eaghelemeht 1, (0 isayfiter spdeiffing the cohtrispiahidfl
configuration of the reproduction unit U?I n% tge. channel s cl(tg to cQt).
Each el enentth@Ehannel cdndortnpiadanied Signal sg(DnOWisa e ithe adartafion matrixhnnel
cq(t) to th d j | S&n 1 : pdaoq;@'o Il , fiallihe
met hod of tﬁre]ai ﬁ’\%n |0%F1qggrlﬁ1§€%t(&é?opfm}n§% p'&o%grte?on 0 E)bhdself %#gﬁpﬁe?ed&lo
descri bd@ byddsveibedl by thenenuttethanmeiadighgl by aappomtiuctionruninhavingvamg spatyal
spatial configuration. In the enbodi nent described, the matrices D and S
are i ndepend@itoyfationhe frequency, as is also the matrix A In that case,

the el ements of the Iﬂ%éieﬁxb%dirﬁé@ G&stibRat the rﬂgg&%Qﬁaﬁaﬁqanl%ﬁﬂdéﬁéhdéﬁt dehe

adapted signals sal(t) to sa N(t) is 15 obtaine sinple linea
conbi nat i onsheffredquernicypas i< bsortbematriktd. Indhaitade, the@lemenispofolivei matrix 4
a The fil

o oved BY Btk BaRR, Wl A5 85 DR AR M s e i
di fferent fidBtaiNeddoyBinisIE Sinehf comBirfatiohs o thé atbachanReRELS b 25@), Witiaet | Y
wi th frequency responses, the coefficients An,qg(J) are provided directly by
step 50. 20 Fwprantiatgdoliewed byaegelay asyyill fetdasailped heaidgiteli i on filters
conmprises a The filters represented by the matrix A may be used in a different form
and/or in different filtering methods. If the filters used are parameterized directly
with frequency responses, the coefficients 4, ,(f) are provided directly by step 50.
20 Advantageously, step 50 for determining adaptation filters comprises a
conversion sub-step 57 in order to determine the parameters of the filters for
other filtering methods.
For example, the filtering combinations 4, ,(f) are converted into:
- finite impulse responses a,,(f) calculated by inverse temporal
25 Fourier transform of 4,,,(f), each impulse response a,,(f) is sampled and
then truncated to a length suitable for each response; or
- coefficients of recursive filters having infinite impulse
responses calculated from the 4, ,(f) with adaptation methods.
At the end of step 50, the parameters of the adaptation filters 4, ,(f) are
30 provided.

As stated above, step 60 permits the determination of the filters for
compensating for the sound characteristics of the elements of the reproduction
unit 2 in the case where parameters relating to those sound characteristics, such
as the frequency responses H,(f), are determined in step 10 for determining the

35 parameters.



conversi on sub-step 57 in order td deternmne the paraneters of the filters
for other filtering nmethods. For exanple, the filtering conbinations

A ,,q(J) are converted into: - finite inpulse responses a",q(t) calcul ated
by inverse tenmporal 25 Fourier transformof A ,,q(J), each inpul se response
a,,,q(t) is sanpled and then truncated tog a | ength suitable for each
response; or - coefficients of recursive filters having infinite inpulse

responses cal cul at ed’her astetrhidafion , of ddicivifiitbrsadagicatedorH s hading Aeqlibscyend
of step 50, the paranmeters of the adaptation filters A,,,q(J) are 30

provi ded. Asespenses HiHvean deepasi@dpevtnint 8 coheentinral rmanamerohy @rpptwm filtét er s
for conpensati n for th & squn chart%ct eristjcs of t e el erren'as of Hr}&ﬂfh
reproduct i or’lnveﬁﬁ' Of$1e SHGH o ARNEPE  FXATRIG o ALCFle | AYSTSPY o YRR
characteri stm@tﬁod§whnef,\$néth@d§ bEfHESHKSY responses H(J), are determined in
step 10 for determning the araneters. 20 The determ nation of such

filters,5indicated Hﬁ(%lfwl)qtlpm Oft eiamgbodimgnis dhe cosmensatioriTefates salehbto

such as, 1ot ERRRREE B DR RRn RS Y BB ARy AL oot o0
met hods or the |ikeThis Afepa6huserimignt detamimdtion 6=t Sonipemsabomdieatioon
relates solely to the anplitude of the response or also to the anplitude

and the phasachTelemest & oddhgdiepreducting it 8rﬁ$ fafunsitiops of ite siRgsisaseund

filter for Cﬂggbtﬁ SEnt 3n of the reproduction unit 2 as a function of its
specific so aracteristics. 10 As above, these filters may be used in a
differemp form an d/Asr above,dihketer filtarsf mayebé ngedeirhaddiffdrént fiernt ahtdésrsirused

are paraneterized |rectl ncy responses, the res onses H, (J)
are appl i ed dfferest | ‘J}e”',l@\féﬁt\lﬁ&%odélt Lﬁ?ﬂ%ﬁ“@@ Al RAsREEleNE HSFrtbérYE i on

:p: 2%&?2”‘8@5@%@&{%@%@ 38 4B A, il P%CS&F&%@&%%SP&?M he
nCer) (0 SN QPAPERSTring oBheRaRuGH fiters Riiarises & mopfelsiBy'spB st fpnocs
each i npul serdestocdeterniipe the pam@e&dohﬂm filtersefor totherdfdtesichgt roethodengt h

sui tabl e _for each response; .
15 For example the filtering combinations H{(f) are converted into:

- finite impulse responses A(¢) calculated by inverse temporal

Fourier transform of H{(f), each impulse response A(¢) is sampled and
then truncated to a length suitable for each response; or
- coefficients of recursive filters having infinite impulse

20 responses calculated using the H{(f) with adaptation methods.

At the end of step 60, the parameters of the compensation filters
HP(f) are supplied.

Step 70 for determining control signals will now be described in more
detail.

25 This step 70 comprises a sub-step 80 for applying the adaptation filters
represented by the matrix 4 to the multi-channel input signal S/ corresponding to
the sound field to be reproduced. As stated above, the adaptation filters 4, ,(f)
incorporate the parameters characteristic of the reproduction unit 2.

In sub-step 80, adapted signals sa,() to say(f) are obtained by applying

30 the adaptation filters 4, 4(f) to the channels ¢,(t) to cy(¢) of the signal SI.

In the embodiment described, the adaptation matrix 4 is independent
of the frequency and the adaptation coefficients 4,, are applied in the following

manner:



- coefficients of recursive filtefs having infinite inpulse 20 responses
cal cul ated using the H'(J) with adaptati on nmethods. At the end of step 60,

" the paraneters of the conpensation filters KS(J) are supplied. Step 70 for

determ ning control signals will now be described in nore detail. 25 This
step 70 conprises a sub-step 80 for applying the adaptation filters
represented by the matrix A to the nmulti-channel input signal St
corresponding to the sound field to be reproduced. As stated above, the
adaptation filters An,q((err)) incor powdt)ezh/él)wa@r ameters characteristic of
the reproduction unit 2. In sub-step 80, adadpted signals sal(t) to saN(t)

bt ai ned b |
(1) to cart) of t i Spptidd) SRR E IR ah, adiBbndtt B e Wi Snf AT .
matri x A i sappliependsrdelays |rt bﬁde‘rrtecahgnctamoda!tyhmeadawémmerofctb@fe‘lameﬁt‘st S

An, g are ap |ed|nthefol oW ng er; ,.q_.q9=1
The adapt at goﬁp comPif nithes r‘i’/WPﬁ”‘é"l'P’hd’jnﬂs? n‘@fﬂt'v?otoc Iﬁléedbﬂfhgn’ﬁ @zqg\ent The
appl i catg on | i gn f.r omt e
ol ement s> 370ppE FPalsa 88 e ARMARABT Hont hOCBRAE LT B RUOHEC,

el ement. Theacborddags adithshgrexbsessiornt(t) to sa v(t) are deduced fromthe
signals v 1(t) to v N(t) in accordance with the expression: san(t)=rn
vn(t-max( rn)-rn C In other enbodlgrg S, tl}e aaapt-atimn matrix A varies
with the frequency and the adaptatfl F1tlers An, g(/) gre applied in the
following manner: 0 10 Vn (/) =JCq(1) An,q(/) q—l with Cg(/) denoting the
t enporal Fourier trngitbemehboticatantiks adgptatioranmhatiy }4 beames deith nthe by:

/) e-2njrn ?rle(duency and the adaptation filters 4, ,(f) are applied in the following manner:
@]
10 Va(f) =Zcq(f) Ano(f)
g=1

with C,(f) denoting the temporal Fourier transform of the channel c¢,(7)
and V,(f) being defined by:

Vn(f) = SA;;(f) e-anrnf/c

where S4,(f) is the temporal Fourier transform of sa, (7).

15 Depending on the form of the parameters of the adaptation filters
Anq(f), each filtering of the channels c,(¢) by the adaptation filters 4,,,(/) can be
carried out in accordance with conventional filtering methods, such as, for
example:

- the parameters are directly the frequency responses 4,,(f), and the

20 filtering is carried out in the frequency domain, for example, using the usual
techniques of block convolution;

- the parameters are directly the finite impulse responses a,4(¢), and
the filtering is carried out in the temporal domain by convolution; or
- the parameters are the coefficients of infinite impulse response

25 recursive filters, and the filtering is carried out in the temporal domain by means
of recurrence relations.

Sub-step 80 is terminated by an adjustment to the gains and the
application of delays in order to align temporally the wavefronts of elements 34 to

3y of the reproduction unit 2 relative to the furthermost element. The adapted



Vn(fl = SAn(J rn where SAn(/) is the tenmporal Fourier transform of san(t).
15 Depending on the formof the paraneters of the adaptation filters

" An,q(t), each filtering of the channels cq(t) by the adaptation filters
An,q(/) can be <carried out in accordance with conventional filtering
met hods, such as, for exanple: - the pargneters are directly the frequency
responses An,q((err)), and the 20 filtering is carried out in the frequency

domai n, for sigrioka () tekag) tahe deducdd fromctheisipress of(1) b oKK) inGveolddrnicenwith t he
paranmeters are directly the finite inpulse responses an,(err)(t), and the
filtering i $h@8xPieS§iI®BYUt in the tenporal domain by convol ution; or - the
paraneters are the coefficients of infiFite i npul se.response 25 recursive

filters, and the filtering is cai@jed f ;_iﬂhﬁtﬂél@%oral domai n by neans
of recurrence relations. Sub-step 80 is\term n&ted an adjustment to the

gains and the appl iF‘?@ir%i%‘tsgtf)wgﬁk%fﬁ?rjﬁ@ ergﬁﬁgﬁjeoﬁééﬁﬂh&iﬁ@@%ﬁ ls¥ep 39 for, o

wavefronts of el enent reproduction unit relative to
further nbst aplpbnmgnthe filters doegpatidl 2@aptatigmab desatifed abovesav(t) are deduced

fromthe signals vi(t) to VN(t) in acgordance with the ression: r")-1
se () e e SR T nealytagectishsfhit OG- ERRReS Resun-bieB, S0 SOC EPiERsating
correspondi t : o VA he fihdt PR b

adapt ati on ggr g%s %?P%iﬁ%ﬂ%&gﬁﬁkgv@n?gg}eeﬁ%%ﬂa& %"6'{'7%5‘?0%%?} sesragaﬁ ufll)t-e gt ep
90 for conperdg iiwapplied to fhiee soue@bcnm@atiapieﬁtéiﬂﬁalqa‘a,,(tmm sreler oslobtaianrheni t .
Each conpensation filter H''(J) is applied to the correspondi ng adapted

si gnal sa" (tcpnirol sigdatsa,@) ofithaieternént 3,c onacasirdanemwith she! (elptiarishipie el enent
3,,, in accordance with the relationship: 10 S&'/%J) = SA"(J) H(J) where
sc'(J) 18 the tenporal Fourier trapSHOrmwdNE (1) and where SA'(J) is the

tenporal Four.i er sfqrm.of sa(ty. The application.of the sou .
charact er i stYRETE éiﬁf‘%&emW{%rF}sOLﬁd&(%a'%%rm ' 5%l and Whei ﬂﬂ‘m is the
temporal Fourier transform of sa,(7).

The application of the sound characteristic compensation filters H(f)

is described with reference to Figure 9.

15 Depending on the form of the parameters of these filters, each filtering
of the signals sa,(f) can be carried out in accordance with conventional filtering
methods, such as, for example:

- if the filtering parameters are frequency responses H{(f), the filtering

can be carried out by means of filtering methods in the frequency domain, such

20 as, for example, block convolution techniques;
- if the filtering parameters are impulse responses A(¢), the filtering

can be carried out in the temporal domain by temporal convolution;

- if the filtering parameters are recurrence relation coefficients, the

filtering can be carried out in the temporal domain by means of infinite impulse
25 response recursive filters.

In some simplified embodiments, the method of the invention does not
compensate for the specific sound characteristics of the elements of the
reproduction unit. In that case, step 60 as well as sub-step 90 are not carried out
and the adapted signals sa;(¢) to san(t) correspond directly to the control signals

30 scqto scy.
By applying the method of the invention, each element 34 to 3y

therefore receives a specific control signal scy to scy and emits a sound field



is described with reference to Fi Jure 9. 15 Dependi ng on the formof the
paraneters of these filters, each filtering of the signals sa"(t) can be
carried out in accordance with conventional filtering methods, such as, for

exanple: - if the filtering paraneters are frequency responses H'(1), the
filtering can be carried out by nmeans ofosfiltering nethods in the frequency
domai n, such 20 as, for exanple, block convolution techniques; - if the

filtering paharet&irrifitesi fouhés eoptappanIesofBtidctiont BE thel seuhddfieldato bise
carried out in the ten‘gor al domain by tenporal convolution; - i

. f the
filtering pierirgtesd Ahe sidplinneqisecpairak Phthe set of elernests Bhdo 3n PeBNithg

¢ esponse.r coanaih ipBebfuckBAy St fle. SOIRT VoW TFARRaRbntd 1e FolfBchdifel

the inventi Qiblﬁoﬁ%néloby tie® MeEvglatton whitt DewleRs spatial seahfiduetioraeiay bst ass of
the elenents of the reproduction unit. In that case, step 60 as well as
sub- st epd 90 dgpiseddhatigitpisay. @ers nalePriefPoRddptaciiced eandfioaratignt) to saN(t)
correspond directly c i ; i he
met hod of the invent"jli %ﬁ{’mggbﬁ%f %rbeﬁ%?h%ooéﬁesﬁ%ﬁogf@f@er@g%ﬁt\%smg ygoé
speci fi c coehvishgedoaral, isparticul&c erabodievents irspirednbly fteeiniqldes delstibed in
contributes to_the optinumreconstyucti f the nd field to be
repr oduced. theErenGhpatgntRRlicaien %@d It Bgﬁ%bé‘é"t‘rycﬁ)%é tryny?ert(g? QR1598ernits
opti mum reconstruct i e £ | k- nnel
P |r9§aRfch? st%ﬁ%lﬁér' @ét\%ﬂﬁmiﬁgeﬁﬁolg\%ﬂég gﬁ?ﬂeﬂ%rﬁﬁ‘liér& rhi

i nput signal by the reproductio ose ‘spat guration may be
as 5 desdr edakd iméd acsount neimerods eptimizatioorparametetst such 4s:xed confi gurati on.

| ddition, oth i t f. th hod, of the i ti be .
envi saged and. i pathlbuPBIESeBIAINaI e Som il ok aemertcuiat e debeLeione
in the Fre%hs_%%bffigbgQﬁ’é’bb@?‘éihgrfréddeﬂ@y%n_@%f'ﬁ‘ﬂ?@l@ﬁé!nt?ooz under nunber 02

02 585. In particu , step or determi ning the spatial adaptation
filters may 10 take Nnk() depmasntativeepbilRe spatiaitemppal respanse afsgleg@nt as:

uni t spect FarnneRoBgaRle Mgs RSB ShufR B b R er i bR A P BT, ve
of the gpati3)- WRER M |atlep FsENeR & irBbEBBRignadasemrihpstoondi ng to the sound
field produced in the listening site 4 by the el ement

- W(r.f), describing, for each frequency f considered, a spatial window
representative of the distribution in space of sound field reconstruction
constraints, these constraints enabling the distribution in space of the effort for
reconstructing the sound field to be specified;

20 - W), describing directly in the form of a weighting of the Fourier-
Bessel coefficients and for each frequency f considered, a spatial window
representative of the distribution in space of constraints in respect of the
reconstruction of the sound field;

- R(f), representative, for each frequency f considered, of the radius of

25 the spatial window when the latter is a ball;

- u(f), representative, for each frequency f considered, of the desired
local adaptation capacity to the spatial irregularity of the configuration of the
reproduction unit;

- {(l,, mp)}(f), constituting, for each frequency f considered, a list of

30 spatio-temporal functions whose reconstruction is imposed;

- L(f), imposing, for each frequency f considered, the limit order of

determination of filters;

- RM(y), defining, for each frequency f considered, the radiation model

of the elements 34 to 3y of the reproduction unit 2.



15" 3,,, when the latter receives an inpul se signal as an input; - Wr,f),
descri bing, for each frequency f considered, a spatial w ndow
representative of the distribution in space of sound field reconstruction
constraints, these constraints enabling the distribution in space of the
effort for reconstructing the sound fielg to be specified; 20 - W(/),
describing directly in the formof a weighting of the Fourier- Bessel

coefficients and fop|escdbrié @ USEWRY optirtRatib Papsmeters Pady Bk W OIdeNin sub-
representative of the distribution in space of constraints in respect of the

reconst ruct istap &f fehdetepnining the decodipgimata) /b sHhtsa@dsvdesarigeddadhe frenglency
f considere . i f i =N tter_is a
ball; - uo, %Pé%{teé%ﬁltcéﬁ%gﬁe &rndégciw?éergggn@y Sﬁ‘scgﬁ%"i %ge}rgﬁ(?&g%f N?”H&ﬁ aaequsr ed
| ocal adapt ®p/@) acaa@iied iro subestepad3d dbr detepmiting ithy @bidtion et gur tHd on
of the reproduction unit; - %g{lbk nk)}(f), consti tutiaa, for each frequency
f consi der e@arametess Wir.). 8is Bih pee tré/ﬁ%dan stirften SRJonABtEEMINies the MagiX on
is inmposed; 4 )i LN f ach f. - [ der ) 1im

or derof - allerts parpERREE "Ry BB R EMER R an, SRRRIGHEE o4, e ¢
consi der ed, defsrminatici bba mathid F. Thet decatlimgrenitax 31 ig ¢hetNdeteriii®ed in sub-
reproduction unit 2. 24 Al or sone of these optim zation paraneters may be

i nvol ved i nSt&em54: t95 exghfrraugncy/nagiantinchen gk thimajriers M. Wmandifuand the
descri bed i t application filed under nunber 02 02 585,
t he paranet ragé}ﬁﬁ{:errhg'ﬂ%ga a@%B%'RN( J) are involved in sub-step 53 for

determ mpng t he radiStillimacosdanze Mitht phateht peplecativei02 0¥ 686) theWdd|dllatidt{ 3) ar e
i nvolved in sub-step 52 for determning the trix t he paraneters {(Ik,

mk)} (J) ar e thewatied 630 R CRIPd PUhHPASERRSRY: FeAHeRte y GEDSPAIAOIAY B1e o
matrix F. Thesgecod 0ot re'a?h '?héqﬁ.letnr&?rbo‘?lgfoﬁ% s'rﬁet% - oS iR mithind He €ach
t and an

frequency f, as a function o e matrices the paraneters
G'(J) and (.atritODSnvblves rthacparateetee () hamphperitapgptincami exploRatith 85 t he

consi der | ng reeiostigleR Bt whoss BBz eve Gite@At APP LG SsHEANERed, Thi <
met hod gf det ermini maFB@arsnmd%ithe%ﬂémev@e&idnhw RAE ametRId ©f (e MOEntRsH M ts
opti mum expl oitation of a
described here is more efficient and therefore more rapid than the existing
methods and especially than the method described in the French patent
application filed under number 02 02 585.
For, in order to adapt a multi-channel signal comprising Q channels to
20 a reproduction unit comprising N elements with a spatial precision of order L, it
appears that the method of the invention requires OxN adaptation filters instead
of the Q(L+1)* + (L+1)*N filters necessary for implementing the method described
in the French patent application filed under number 02 02 585.
For example, the adaptation of a “5.1 ITU-R BF 775-1" signal to a
25 reproduction unit having 5 loudspeakers with a precision of order 5 requires 25
filters instead of 360 filters.
Figure 10 shows a diagram of an embodiment of an apparatus using
the method as described above.
This apparatus comprises the adaptor 1 which is formed by a unit 110
30 providing a multi-channel signal, such as an audio-video disc-reading unit 112
called a DVD reader. The multi-channel signal provided by the unit 110 is
intended for the elements of the reproduction unit 2. The format of this signal Sl is

recognized automatically by the adaptor 1 which is suitable for causing



?%E)rr oducti on unit m’avﬁﬁﬁﬁent —operating frequency bands.

15 It appears that the inplenentation of the nethod of the inventron
described here is nore efficient and therefore nore rapid than the existing
met hods and especially than the nmethod described in the French patent
application filed under nunber 02 02 585. For, in order to adapt a

mul ti-channel signal conprising Q channels to 20 a reproduction unit
conprising N elenments with a spatial preci2don of order L, it appears that
the nethod of the jnventiogn requires XN adaptation filters instead of the
QL+1)2 + (LPeyaRetars deseribipg b8 prodetgrmingg) aanshal diEeation assosided ity eachy
in the Frenc j ! i unber 02 02 585. For exanple,
t he adaptatigﬁagbggHJ@?%@dﬁﬁﬂgﬁkﬁggﬁgHMQQ?Gﬁgl to a 25 reproduction unit
havi ng 5 | oudspeaker éceobtding for ébesinventién ortbisr aslapearuilr esls@5incbrpdrates a

instead of 360 fjlters. Figure 10 a dj agram of an ,.enbodi ne of an
:appar at us us!%’@d%@é’t?&i@ﬁ@’b@ﬁ@?%@& Vé%l)%\%@%ﬁ@%ﬂﬂ% gﬁ?lé‘sc{;{@pri ses the
adaptor lgwhich is f%ma!i?rgplé, %%c&&@itipﬁ%@éﬁ%'?ﬁ%r@ f?%édl W aRARkrared

signal, such as an audio-video disc-reading uni call ed a DVD reader.
The nul ti - chamedhacsiwittala pereteledntigl phalsmiwithl aocomputernt amdiedioivoa user to

I ts of t t it 2. The f t of . thi [ | Sl i ,
Fecogni zed aleGTHAING ANy PHFMAIE 2 Hhedbiiers i aesd) & s reatedhrions
paramet ers des&hbRis™ th3g,. predeterm ned general direction associated with

each channel of the signal Sl to correspond thereto. According to the
i nvention, this adapifbesa varieus pammelersaaesused by bipng eatentaion 1 thia determome

unit 114 ,3s |1 _as_data. acquisition. s_116. 5 For exanple, the

acqui si ti1§n ﬁﬁ%ﬁ?&ﬁ’ié ‘iﬁ% 'Q%E}?e%‘s%@gté%eﬁ%r?ar ed interface with a renote
control or also w thgybsequetithy, titedaeLilal P141a8plidsOthede trfaptatRnt filers to the
paraneters defining the positions in space of the reproduction elenents 3i

to 3N These Mudtiichasnplsignel o & erder txspepvisle theeceniral signals se1ip sev Hdeeded ne
10 th tri Nl . tati filt . Sub tly, th
e matri aﬁgggkt)@gu?ﬂép%nﬁ%;p ation filters ubsequent |y e

calculator 1 ese adaptation filters to the nmulti-channel signal
SI in order to provi ¢tewiliNse apptecitedithantie devicé impbhemtirentiedinveation eay

"eproducton alérs]iu%ezéther forms, such as software used in a computer or a complete device
incorporating calibration means as well as means for the acquisition and
determination of the characteristics of the more complete reproduction unit.

Thus, the method may also be used in the form of a device dedicated
to the optimization of multi-channel reproduction systems, outside an audio-video
20 decoder and associated therewith. In that case, the device is suitable for
receiving as an input a multi-channel signal and for providing as an output control
signals for elements of a reproduction unit.
Advantageously, the device is suitable for being connected to the
acquisition device 100 necessary for the calibration step and/or is provided with
25 an interface permitting the acquisition of parameters, in particular the position of
the elements of the reproduction unit and optionally the multi-channel input
format.
Such an acquisition device 100 may be connected in a wired or
wireless manner (radio, infra-red) and may be incorporated in an accessory, such
30 as aremote control, or may be independent.
The method may be implemented by a device incorporated in an
element of an audio-video chain, which element has the task of processing multi-

channel signals, such as, for example, a so-called “surround” processor or



It will be appreciated that the deévi ce i npl ementing the invention may 15
assune ot her forns, such as software used in a conputer or a conplete device
" incorporating calibration means as well as nmeans for the acquisition and
determ nation of the characteristics of the nore conplete reproduction unit.
Thus, the nethod nay also be used in theygormof a device dedicated to the
optim zation of multi-channel reproduction systems, outside an audio-video
20 decoder gagodsSafiAldslvideer ampifier lhdbrf)blfﬁtlng&ﬁaltl -dHimneede66ding faHtficly e
for receiving as an input a rrultl - channe nal and for providing as an
out put cont Pbalsos g@mp&tqﬂwnt@g@i@hﬁgd@fv@e@é iBduction unit. Advant ageousl Y,

the device is sui taﬂ.ll br Oa%f% &%H@@ﬁ)ﬁ%ytéasb%% |gg>g@rﬂéﬁ%td' lg%ﬁjaécﬁrﬁer ace

necessary for the c ron step an I’s” provi an

perm tting thel @dau dedicatedodhipakduaptayedusly) itraay ibeuhesrpblted @s tiié fimpdf t he
el ements of the reproduction unit and optionally the multi-channel input
format . Buch PEAIARYIN 3iSignath PERSESER (B )y be connected in a wired or

wi rel ess manner (ra ory,
such 30 as a rem)tgh%o"r‘l OP%%fg)rsrsélgngetn?)rﬁ pen%eeérﬁs{f%}%gn%é'ﬁnéwn@%z&

i mpl ement edbbpeafoiieredciey ancompateat e progaam r@cemestasnfanampla@nmlmodﬂnnehai n,
whi ch el enent has the task of grocesmqug mul ti- chapnel sld%?% such as,

for exanpl eSI9Aa5B0E Areviges dnf FUKRSigHae &aisa repfodsgtion URR NEHCh & ORIIBNBIN i deo

anplifier i dannel decoding functions or also a
conpl etely Fﬁ:t%ewé?éddmgng}yg}ﬁ&%eo chain. The nmethod of the invention may
al so be10 npl enent edin additior] &wt calitratiort anebrs may be geddeceddsitig p. method

Advant ageous b co rated in the formo gramin a

i gnal - pr ocetes thappbt dpsbnii ABA%G eSS alnion REATRIem 2 MeRed-BRPERd fhbgr am
which is tOte&%ldl@sfciéé&i%ewn*’i‘héF%%ateﬁhép;ﬂfdéﬁbﬁ'ﬂlé&@ﬁ'Wﬂﬁay@O@Z‘uh&@nUt a
mul ti-channel signal and provides the control signals for a feproduction

unit whi ch nember 023 741. i ncorporated in the conputer. 10 In addition, the
calibration neans may be produced using a nmethod other than that described
above, such as, for exanple, a nmethod inspired by techniques described in
the French patent application filed on 7 May 2002 under nunber 02 05 741.



R LR 27 CLATVMS—1—A—nethod for controlllngasoundfleld
reproduction unit (2) conprising a plurality of reproductrometesenis (3n)

using a plurality of sound data input signals (SlI) each associated with a
predet erm ned general reproduction 5 direction defined relative to a given
point (5) in space, in order to obtain a reproduced sound field of specific
characteristics that are substantially independent of the intrinsic
reproduction characteristics of the unit (2y, characterized in that it
conprises: - a step (10) for determining at |east spatial characteristics of
the 10 reproduction unit (2) pernittidQLAHB det erm nati on of paraneters

t hat t at { f t
Foproducti on um - () Fompieds S SBpRolRS, Ao SpHPRGTEHarPaiodCHERs Faits S
relative to té‘tﬁ‘nﬂhé/ﬁg aO;SIUtht)X@repro@&bﬁ@lérﬁ@htsf(gr @%geérﬁnmiamq: SORRrRe 4B

filters (A) using t | east spatial c aracterlstlcs of the reproduction
unit (2) and inpet p:gm*ﬁ éSmeh gepegiated withramredelermineddpeaetal dﬁ@deUCthﬂ

(70 tor et ctaaofRyBathel Lekafk SR RER RNCEA, 15 sBRe " Ry 15 FhedhE

the reproducteprodiiidd byourepP! f8idg of hepasiapt @hamtéﬁslt:tgr shato dree flbstamtidlly

of sound data input signals (SlI); and 20 - a step for providi ng{ht he at | east
t

one control sihgapenggnth oh W%Wnﬂm&(bpiﬁﬁf@@w&ﬂﬁl t@%@@eﬂﬁmsocnfc en WiitetBht s

(3n). 2. Ane characterized in that step (10) for
det er m ni ng a%}?qgg@;ggéié f}%t t%?#};gr!:st &ristics of the reproduction unit (2)
conprises an acqui sitinostepuptoyt fop déebrnmmyalait ngast! spatral scheraciteristies of the
characterjstics of the 25 reproduction unit %\to be geterm' ned. 3. A

met hod ac@or dieRgedustion: mejt Qal perilingc thg ndeterpination ef | pArameters Hhgt taye
step (10) for, ?%@érg%lméqgn%elc%@étofszfﬁ%béé oﬁ@%rél'ﬁéﬁtr(gag bfth fre;Brlb‘?:lucFon unit

r epr oducti on § rises a calibration step ( enabli'ng all or sone
of the char a@)eofi it pastiarf intthe thrger spddiat diorensidons r(emtlveaotbbegman pleidt (530 4. A

(30) conpr i ses, i nt feacHee (5] Hr Hegniring: gppien Weroanerisnts dhe drast

(3n) spatial characteristics of the reproduction unit (2) and the predetermined general

15  reproduction directions associated with the plurality of sound data input signals
(Sl);

- a step (70) for determining at least one signal for controlling the
elements of the reproduction unit by applying the adaptation filters to the plurality
of sound data input signals (Sl); and

20 - a step for providing the at least one control signal with a view to
application to the reproduction elements (3,).

2. A method according to claim 1, characterized in that step (10) for
determining at least spatial characteristics of the reproduction unit (2) comprises
an acquisition sub-step (20) enabling all or some of the characteristics of the

25 reproduction unit (2) to be determined.

3. A method according to either claim 1 or claim 2, characterized in
that the step (10) for determining at least spatial characteristics of the
reproduction unit (2) comprises a calibration step (30) enabling all or some of the
characteristics of the reproduction unit (2) to be provided.

30 4. A method according to claim 3, characterized in that the calibration
sub-step (30) comprises, in the case of at least one of the reproduction elements

(Bn) :
- a sub-step (32) for transmitting a specific signal (un(t)) to the at least

one element (3,) of the reproduction unit (2);



- a sub-step (32) for transmtting a specific signal (un(t)) to the at | east

one el enent (3n) of the reproduction unit (2); 28 - a sub-step (34) for
acquiring the sound wave emtted in response by the at | east one el enent
(3.); - a sub-step (36) for converting the acquired signals into a finite

nunber of coefficients representative of the emtted sound wave; and 5 - a
sub-step (39) for determning spatial andBor sound paraneters of the
el enent (3") on the basis of the cz)eff%m ents representative of the emtted

sound wave. 5. A nethod & SHPHRY (HHelarnasawnng fhe spupdawave emitted in
characteri Zl%%g'oﬂsetb?%etamzea%%hgre?émé’ﬁ gt?b step (30) also conprises a

sub-step for determning t position in at | east one of the three
spatial di nmensions of t-he sab-stepB6pfoe coingeding th(e&'!ic)qlmfedt signalspintm adtniten

t (2 6. A t di t f. to 5 h teri d
"0 hat ¢ nuELRT bf SoerBietiedpPosts Rk Ge Smifted p0GadiRer 208 or mi ni ng ¢ he
frequengy response (Hj sﬁb)slephg hgr aételna dg@;a@naelawawsd&d)pafarﬁéwrs of

reproduction unit (2). rret od according to any one of clainms 1 to 6,
characteri zthe ehemerrta@n)s Dépth€5b913|$ orf et egetiicients mm%ntabve fof | theremitted
conprises: - d$ub step (54) for determ ning a decoding matrix (D)

r epr esent at PREIWAVRi 1 ters permtting conpensation for the changes in

reproduction causedsby mbBehodsBaédraingCloreidedredlaipt I3cr efaifinn8, EREFREBIAHORM uni t
(2); 20 - a sub-step (55) for determning an _ideal nul I ti-channel radiation

mat L i X (S) thattee oalibration ssb-step (3P @laoceompispsya riitbastepi fos slatemainmgsthe at ed
sub-st ofp (seoonen Rl algr Hetfifos hiath) liBitioBh RIS et Brb BE Simditar i on

filters usi (m,)bhmej@mhuwoﬁmmﬂ( ).(D) and the nulti-channel radl ation 25

matrix (S). 8. A method according to claim?7, characterized in that the step
(50) for determ ni BgAangtost P%?Prfjlnlgt@r%ni(:@ﬁﬁrqfs‘é@'“&s ﬁ’ltﬂél charagterized in

cal cul ati on

order (L) o E@éts?sa Fgéﬁjst%glg%q on t hegg%gt%wfor ﬁrﬁt mﬁfeaﬁﬁé¥ r |"§Y w
correspondi response (Hp(a)t) loatha/\aﬂdaw GHe eleprent ¢3)) af theeregfrotibetiah it (2)ution in
space of_the deS|red reC|S|on durjng the reconstructlon of  the sound

field, Hhd a matrix’{ g}ﬂdeé‘%‘mrgﬂgv@ BRY ORE 9faelpims dnto 6, characterized in
that step (50) for determining adaptation filters comprises:

- a sub-step (54) for determining a decoding matrix (D) representative
of filters permitting compensation for the changes in reproduction caused by the
spatial characteristics of the reproduction unit (2);

20 - a sub-step (55) for determining an ideal multi-channel radiation
matrix (S) representative of the predetermined general directions associated with
each data signal of the plurality of input signals (Sl); and

- a sub-step (56) for determining a matrix (A) representative of the
adaptation filters using the decoding matrix (D) and the multi-channel radiation

25 matrix (S).

8. A method according to claim 7, characterized in that the step (50)
for determining adaptation filters comprises a plurality of calculation sub-steps
(51, 52, 53) permitting the provision of a limit order (L) of the spatial precision of
the adaptation filters, a matrix (W) corresponding to a spatial window

30 representative of the distribution in space of the desired precision during the
reconstruction of the sound field, and a matrix (M) representative of the radiation
of the reproduction unit (2), the sub-step (54) for calculating the decoding matrix

(D) being carried out using the results of these calculation sub-steps.



of the reproduction unit (2), the sub-step (54) for—eatewatdlng._the decoding
matrix (D) being carried out using the results of these cal cul ati on T
sub-steps. 29 9. A nethod according to either claim7 or claimS8,

characterized in that the matrices for decoding (D), ideal multi-channel
radiation (S) and adaptation (A) are independent of the frequency, step

(70) for determning at |east one signal for controlling the el enents of

the reproduction unit by applying 5 the adfptation filters corresponding to

le | nmbi nat foll A net hod di t
any one of ol ai mm 1 Borometii ASEORNRLL PHNSE AL or HER B1garastenze m°
determ ni ng ghar §d Emnbfidess fof detddf r@or(g?‘“?&éeﬂn n‘ﬂﬂhgzhéﬁhel P§Eh'§h&:? ; A

determ nati on of sound characteristics the reproduction unit
in that the nadaptadiono(nﬁ)ra@emdapsndpnt( eD}he d'neqdeney n$tepn@’ 0 i fot @Ieéermjning at

conpensat i ng r_these und ter| stics e ste Q) faqr,deteymning
2t Teast  oneleastensi Soaaghh Fopfiaing she AShaES ool EpERNEARY WBronBRR G

the sounds comaaaﬁ 26BN flifeld %bﬁesééndlﬁ%r{@tshﬁ |eam¢éarchdmmhau@dx@fdno%d by a
characterized in that the step (10) for determ ning sound

characteristidelayis suitable for provi d| ng paraneters representative, in the

method according Lo AyRdnts grsafipe b 8 HHalRe 3 crairdged i
step (70) fokhstether Bigpi )aforl @@t%'?mﬁﬁﬂg ehatdceristicgnat tis® MBpidiRBtien St IREP

20 for adjusting the gain and ap aé:gela ys. in order to align tenporal
t he wavefrontpeﬂﬂltﬂh;e rratn?élpncqf seu@ pEaCtgiptics of dhe terrofvefiasy unih&d)rand

di stance fro
IR it weeg s v
to any one offocthas@Bolind @hdrPactbestics?2the Stepp7 0y famdétermiairigatmedsbyna control
conputer. 14. A renovabl e nedium of the tﬁéﬁe conpri sing at | east one
processor  afignal ABRN COMRNTSIRG e sUPyEtER dRBhIOT @RRNAG &he AAYNdnCemRENsAion
menory corrprlfﬁ&%h a program conprising code instructions for performng the
steps of the nmethod according to any one of clains 1 to 12, when the
processor perforns the. A3ﬁeﬁhodgica:md|ﬁ§to AlaifaVvil; ehboactermed mlthah'@eestepL(nd)
field reH)rodL#ctl on unit S)
S determining’ sound characteristics is suitable for providing parameters
representative, in the case of at least one element (3,), of its frequency response
(Hn(f)).-
12. A method according to any one of claims 1 to 11, characterized in
that the step (70) for determining at least one control signal comprises a sub-step
20 for adjusting the gain and applying delays in order to align temporally the
wavefront of the reproduction elements (3,) as a function of their distance from
the given point (5).
13. A computer program comprising program code instructions for
performing the steps of the method according to any one of claims 1 to 12 when
25 the program is performed by a computer.
14. A removable medium of the type comprising at least one processor
and a non-volatile memory element, characterized in that the memory comprises
a program comprising code instructions for performing the steps of the method
according to any one of claims 1 to 12, when the processor performs the
30 program.
15. A device for controling a sound field reproduction unit (2)
comprising a plurality of reproduction elements (3,), comprising input means

(112) for a plurality of sound data input signals (Sl) each associated with a



conprising a plurality of reproducti onl el ements (3n), conprising input neans
. (112) for a pI urality of sound data input signals (SI) each associated with

- R - -- 30 predeterm ned general reproduction
di rection defl ned relative to a given point (5), characterized in that it
al so conprises: - means (116) for deter mt36| ng at | east spatial
characteristics of the reproduction uni £°(2), permtting the determ nation
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determ ning adaptation filt A) sin.th t

characteristics of tﬁge?%spr(ﬁj@ch q‘#ﬁ'ﬁ?' %ti tp%‘?é@ 8E g 'sé@ﬁe?%\f‘he
reproducti ope H@éﬁdrpﬁmﬁs(QQC|p§rmﬂterg¥ tihet Aetdatination YOfOFaEa?#é‘l‘érQair%t' BRIt
10 signals ( - nmeans (114 or determnin east one signal
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means for 15 det er minddis t1et) gbr He@ﬁhlrﬁrﬁgatbuabtaﬁbarmfétrm)shsmg Ple dhRast
reproduction unit (2) conprise means@ﬁllG for the direct acquisition of

t he charact patali @fsaragberlsnwém e mpreduntieg voit {2 and eredetermyngd genenal 16,
h t f hy
mane. (o1, §proBuctdfiidctiohs® dsbaditea P Ingd TR J°Balhd b pebl' O

spati al 1@hasagia®y (31} | asdof the 20 reproduction un|t (2). 18. A device
according to claim17, characterized in that the calibration _neans corrprl se

means (100) for acquimeanp &1 ¥DJRHOIGIIBINRG @ leastyene signalifscnhfasseenteolingsor s
oo | (RS SBSTY n8 OBELor ) SR MBhITGE ) .
for detern to thee plhealmy:bésdnmd dataanmtsmgrh&lbl(ﬁl)f or determ ning sound
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gnal el ng suitable for e application o e souh

conpensat i ocofripgriserrsean®)(1®) fer thewdirest acqositiongf the charaatetisticshar act eri zed
in that the means f qr7 A device according to either claim 15 or claim 16, characterized in

that it is suitable for being associated with calibration means (91, 92, 93, 100)

permitting the determination of the at least spatial characteristics of the

20 reproduction unit (2).

18. A device according to claim 17, characterized in that the calibration
means comprise means (100) for acquiring a sound wave which comprise four
pressure sensors arranged in accordance with a general tetrahedral shape.

19. A device according to any one of claims 15 to 18, characterized in

25 that the means for determining characteristics are suitable for determining sound
characteristics of at least one of the elements (3,) of the reproduction unit (2), the
device comprising means for determining sound compensation filters using the
sound characteristics, and the means for determining at least one control signal
being suitable for the application of the sound compensation filters.

30 20. A device according to claim 19, characterized in that the means for
determining the sound characteristics are suitable for determining the frequency
response (Hy(f)) of the elements (3,) of the reproduction unit (2).

21. An apparatus for processing audio and video data, comprising

means (112) for determining a plurality of sound data input signals (Sl) each



determining the sound characteristics are suitable for determining the
frequency response (Hn(f)) of the elenents (3") of the reproduction unit
(2). 21. An apparatus for processing audio and video data, conprising neans
(112) for determning a plurality of sound data input signals (SI) each 31
associated with a predeterm ned general Rgproduction direction defined by a
given point (5), characterized in that it also conprises a device for
control | i ngagsodigRidoditet hOopredBidrmirdd ?@fh@fadi rRproéducliol @Rectiin defhed by tp 19.
22. An apparatus according to claim?21, characterized in that the 5 neans
for deterni 8ive) ROIpt (Rlalchakacarizedpntthat §raise capwrises medevige douapntroling)a f or

reading and, aeeqdLfich 3hi9t2)AccBHINP AR Bhe B ARAnE 156ESt0.
22. An apparatus according to claim 21, characterized in that the
5 means for determining a plurality of input signals are formed by a unit (112) for

reading and decoding digital audio and/or video discs.





