1 Method and device for controlling a reproduction unit 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 gzneral reproduction direction defined
relative to a given point in 5 space. Such a set of signals is commonly
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reproduction elements placed in five predetermined general directions relative to

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 muiti-channel type with a reproduction

30 unit having any spatial configuration.



2 An object of the present invention is to overcone this problem 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 enments each associated wth a predeterm ned genera
reproduction direction defined relative to a given point, in order to
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15 characteristics of the reproduction unit and the predetermined 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 sound wave emtted in response by the at

| east one elenent; 3 - a sub-step for converting the acquired signals into
a finite nunmber of coefficients representative of the emtted sound wave;
and - a sub-step for determ ning spatial and/or sound paraneters of the

el ement on the basis of the coefficientg representative of the emtted sound
5 wave; - the calibration sub-step also conprises a sub-step for determ ning
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spatial characteristics of the reproduction unit;

15 - a sub-step for determining an ideal multi-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 multi-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



adaptation filters corresponding to sinple |linear conbinations foll owed by a
delay; - the step for determ ning characteristics of the reproduction unit
permts the determ nation of sound characteristics of the reproduction unit
and 4 the nmethod conprises a step for determ ning conpensation filters for
these sound characteristics, the step for determning at |east one control
signal then conprising a sub-step for applying the sound conpensati on
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The invention relates also to a removable medium of the type
15 comprising at least one processor and a non-volatiie 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.



characteristics of the reproduction unit and the predeterm ned general 30
reproduction directions associated with the plurality of sound data input
signals; and - neans for determning at |east one signal for controlling
the el ements 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 determ ®ing the at |east spatial

characteristics of ,the, reprqduction unif.c rise neans for the direct
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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;



- Figure 1 is a representation of a spherical coordinate system - Figure 2
is a diagram of a reproduction systemaccording to the invention; 30 -

Figure 3 is a flow chart of the method of the invention; - Figure 4 is a
di agram of calibration nmeans used in the nethod of the invention; - Figure
5is a detailed flow chart of the calibration step; 6 - Figure 6 is a

sinplified representation of a sensor ued for the i npl enentation of the
calibration step; --.Figure.7 is. >t ai | fl chart_of the step, for
Geterm ni ng adapt aTONE 1 1S of Sitglified roFiasgfAloRgBE iy SonsPE G R oo
neans for igglienehftion of o EQlibrafb®R@ds; and - Figure 10 is a diagramof an
enbodi nent of a device using the nethod of the invention. Figure 1 shows a

conventi onal spher-ifdaurechis didetailedsiayy ehaiit of thedstep foodetermining adeptaiieon
coor di nat ef.f?ys_te to which reference is made in the text. This coordinate
systemis A ordfonor mal coordinate system having an origin 0 and

conpri gy ng three axggufddX)s did o apsd diddrhms! Bf trhéans ger CHéiéﬁnﬁnm)gSEGH%rola
position indicated x"is described by neans of its spherical coordinates
(r,8,0), whignalsrandnotes the distance relative to 15 the origin 0, B the
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pressure i pdiwcat ednBifverfiion? t). Wwhose tenporal Fourier transformis
i ndi cat ed H%?r, B, O J) v%ere fdenotes the frequency, is defined at all points

at each instant t.FigdreTheshow=atdanvensiobaksphencal lomondimate systeamin pradér
spatio-tenporal . functions enabling the characteristics, of any sound field
6 be bac Boisats s HROENBES DT JEr ERABIETPRES 5 A IS 876 what ar
known as . spher | cathiEQorgialie Sy8tenh WIS RitforRimia @ obriplatd sQsteingling || be
referred to hereinafter as Fourier-Besse unctions. 25 In regi on enpty
of sound sanmncigin ahdapmprisingptiveadxes,(OXhe(OY) and (0Z).

In this coordinate system, a position indicated x is described by
means of its spherical coordinates (r,6,¢), 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 ¢t), whose temporal Fourier transform is indicated
P(r, 6 ¢,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 8.6, N=473. Y Pun(D)j! julker Yy (6.9)
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Fouri er-Bessel functions are solutions of the wave equation and constitute a
basis which generates all the sound fields produced by sound sources | ocated
outside this region. Any three-dinmensional sound field is therefore
expressed by a linear 30 conbination of the Fourier-Bessel functions in
accordance wth the expression of the ijverse Fourier-Bessel transform
which is expressed: P(r,8,0J)=47fY Pe.m(J)j1fi(kr)yl (9,0) )=Om=-/ 7 In
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function of the first kind and of order 5 v, and y,m(B,O is the real
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domain by the.coeffic t t) corresponding to the inverse tenporal
Fouri er 15”‘%‘%5}0 nb@fr} aﬁ@‘%{;@\fﬂ cients P, m(f). In a variant, the nethod
of the invention operates on the basis of functions which are expressed as
optionally infinite Iinear conbinati-bng) &(&os@%g@,@@ Besseh>founcti ons. Figure
2 shows diagrammatically a reprodug¢tvmn systemin which the 20 nethod of
the invention is used. yr(6,0)= P(cos 6) pour m=0

w
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3

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

10 Pr(x)= 2l+1 §5+’YZ)' (1- x2)m/2 dm L

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

£ (%)= -1y

N
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 31 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.



This system conpri ses a decoder or adaptor 1 controlling a reproduction
unit 2 which conprises a plurality of elenments 31 to 3N, such as

| oudspeakers, 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 coordi nate system which is called th centre 5 of the reproduction unit,
is placed arbitrarily in the listening site 4. 8 The set of spatial, sound
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15 described with reference to Figure 2.

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 SI.

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 31 to 3y of the reproduction unit 2 to be determined.



wel |l as the position in the three spatial dinensions of each of the elenents
or groups of elenents 3" of the reproduction unit 2 are determ ned. 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 nulti-channel

input signal to the specific spatial cdhfiguration of the reproduction unit
2. Advant ageousl vy, o enabl es sound chara ristics for all or

10
sone of the el erren‘(réh'g‘? cgae,ghsepme(ttﬂcéd CEPIISEE 3 Bﬁ?pué\éﬁo? d_@@)erﬁ?é”'ﬁét%?‘-mdned. 9
In that C?é&np%aﬁ@at’iﬂﬂ mﬁ-ﬁl%;éﬂaﬁﬁr‘\ fie iﬁ{!?éﬁ& @pth%%{pe@ﬁ’kesrdﬂrﬁ‘i! %ré@l‘é@gﬂcs of

conpensati on ters enabling the iInfluence o he specific soun
char act er i #td elemznts 8hio &\ tnleecompensatediNot.o be conpensated for. The filters

defined in step 50, and adygntageously in step 60, can thus be stored in
ooy, so. that 508 pieR e Bsadn g Shadad A VBRAbER kA b e BOT fan i
spati al g copfi ti e i i 4 he
T - Shararoiear s fEmon shREEEipt 0. 4aha SO To bETeRERILod i o7 7o
for det er nthe gpatidieconfiganration of ithe aéprodactidorourit B amd/entred nature tdi¢he neuttnt s of

the reproduction unit 2, conprising 10 a sub-step 80 for applying the
adapt at i onchanReliRPYsighatis@difiedst ep 50 to the various channeis ci(t) to

e el o - T

sub-step 90 for app onpensat 1 on rmne

60. The si gignas s, totsey BiEdhddd forthe\aleladntr af the pépreduttion heited, eweprisingl t o
15 3N of the reproduction unit 2 in order tg reproduce the sound field

repr esé@t e@ BYP-StaRe Sthicf anphdng dhe j agaptatigyfiligrsdetgrminashin $ieR 28aiot Hi8 on to
t he spatial,,. t oys! c 2L SEASIS ; t tion
it oo £ Ve B ciRANER. BN P Wifting Y ARIEChaRhE® iitlut IBRACE] MHHEL

i nvention, aghantalgavasiyeai stbh-stepfod Hor ragplyingicthd sound Eobensation filters
substanti al | 20 i ndependent of the intrinsic reproduction characteristics
of the repld@%/ﬁlﬂt'm%'ﬁﬁﬁpﬁﬂ- and, in particular, of its spatial

described 1n more WRCITHE RE: f, sbp i bieate ol o BUCR LIRS o
or a subt alshefrtRE®&production unit 2 in order to reproduce the sound field represented by
the multi-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.



25 system can specify all or some of the cal cul ation paraneters and
especially: - paraneters x" expressed in the spherical coordinate system by
nmeans of the coordinates r,,, 8 and 0, and representative of the position of
the elenents 3" relative to the listening centre 5; and/or - paraneters H'
(f) representative of the frequency response of the 30 elenents 3" . This
step 20 is inplenented by neans of an it erface of a conventional type,

S el as moans TR A GiEe NP BRANE ] EA L AR Erore
detail. 1Qjedohipdiiion mbauR Sl abirapules raepdrsd HeeiniidtionTMeuROYR dngeaa

deconposi tion nodule 91, an inpul se response determ nation nodule 92 and a
cal i br at i cralipeatigneasametardaiemainption Megwle993. The cal i bration neans are

suitable for bein on 2d t S : cCaui siilo vice, 100, such as a
m cr ophone or anygf&%h%%iﬁﬁﬁﬂﬁ%%eg’r{g'}“tg?.'% ﬂ#o&'h@i%gﬁ%&hﬁ?ﬁé? @d’SPHHﬁur n to
each elsemquikitiot§ déviee MO’ @AURdsOA mYiBidphdnkoroaslE bthdros iabR! Bedidbaafg this
el ement. Figure 5 shows in detail an enbodiment of calibration step 30 which
is used Hgrbaipgeannected iprfuretmeacke slomerdBraifdhe rapepdustion usitabireerder

char act eristics| éot of &rge jegﬁroduction unit 2 to be nmeasured. In a sub-step
32, the cdPisMR's JAtGRANESEIEMEN t a specific signal u"(t) such as an M.S

(Maxi mum Lengt h Segu@BCR shHWS el efaArKiPEmbBEaEasEf libktfon ﬁEP%WﬂI&hQE an
el ement 3,,. The acquisition device 100 receives, in a sub-step 34, the

sound waveusEdi by the dajibtationegneansdescriiad akayeoand whichr ecalbles nhataoteristigsal
u"(t) ,15 a transmts | signals cpl(t) to cpXt) representative of the wave
recei \;Ibd t‘g{qpﬁéeprﬂgﬁﬁtfﬂfbgﬁ‘# ggﬂ %’85?‘%“%& In a sub-step 36, the

deconposi tion nmodyh ¢ Slb-deGPBROFRScAIMPaticH B1eAINS tPRTSiE abypddiff: SighHl §,'t({*)') 0”2

device 100 into a finite nunber of Fourier- Bessel coefficients gi,n
For exanplsycht deeandiiu® {Maximumiehength Segjuenceppseudastantidny s¢qpenss forethe

located at the 4 api f a tet d f radius R ith
o1 or ence SETERRA angelemsat anohar ecfsfh Miolafietdintie & SRR or o

the sound wave emitted by the element 3, in response to receiving the signal u,(¢)

0

15 and transmits / signals cpi(¢) to cpft) 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;.(f).

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 q1.1(f) representative of the
sound field sensed are deduced from the signals cp;(¥) to cp4(f) in accordance

25  with the following relationships:

Ouolf) — o OB+ CBslT) + OPy(S) + CRL()
0,0 \/1; 4
3

\ c

Q1,-1(f) = —gv‘,—% ImiRf (CP(f) — CPa(f) + CPa(f) — CPy(f))
Quolf) = 5= 5mrm (ORI + CRf) = CPs(f) = CR()
3 , : . :
Q) = 57z gagg (CPU) = CPaf) = CR(f) + CPU(S))

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

cpi(?) to cpa(f) and Qo o(f) to O1,1(f) are the Fourier transforms of g (¢) to g11(¢).



i ndicated cpi(t) to cp4(t). The coefficients go,o(t) to gi,i(t)
representative of the sound field sensed are deduced fromthe signals
cpi(t) to cp4(t) in accordance 25 with the follow ng rel ationships: Qo, o(f)
_ 1 n CP1I(f) + CP2(f) + CP3(f) + CF, 4(f) = 3r = (CPr(f)
CP2(f)+CP3(f)-CP4(f)) QL,-1(f) Sir 2T] 3 Q@,0(f) =8f ?2,jRF (CPi (f)
+CPz(f) - CPa(f) - CP4A(f)) 41,i(f) =S 21rij (CP1(f)-CP2(f)

-CP3(f)+CP4(f)) hes relatl nsh ps % 0 are the, Fourier
transforns of cplqlel}‘ 65‘34??? IRhtsaro (ds ffr{e(g %Yqﬁet m%cflge ﬁé oY i HP
transf or ”Bacﬂfregébd){dﬂ'xetr@sﬂbnse(@éterrﬂ%ah&%ﬂﬁbd&é%? coet1icients are defined by
the nodul e 91, they are addressed to the response determ nati on nodul e 92.

In a sub-step 38, Inhe subsyiems3s, dee cespansei detenmindtionomodutesPRi drtermines

[ I h

ol Tty e gPEis Eepibnts Haatlphlel ik e POl SR B ERbIS funtiaton
depend% onthehfarshafted isigridl aN@l Theanstibl T Hetdinafito depBRds BAIREIPRAIfleses a
nmet hod suitable for signals of the M.S type, such as, for exanple, the
correl at i osignalttressmittad. The embedinepiadeseripedwisesd metmbtbsumjerienesngnals

det t ' d to th t det i nat i dul
03. 10 In of BRRS ipesguchis, MiEIRE R HeddOEA BRIB Bl onent o of (he

reproduction unit. Hé‘rﬁ Sg@%ﬁgg%ogg \r}\jgb(ﬁ 5'51&15;@5 ﬁ"{atﬂ) tr‘ﬁEthéati on

nodul e 93 det erm nes e distance'r e el enent e centre
5 on the b%|$addréssed;taﬂmmamelhspcdejeltn)lnahdnrrllmiuie%ur enment of the tine

takenb the sound to 1 p aefro t | ement 3" to the ach|S|t|on
devi cel0100, by magﬁs % Q@P gg‘ hPoF‘Oé@% %&51%3“9%0'6@ 2p eigments  Fshense
hpo, o(t). ?o«?ﬂdt%ﬁt M0 (0,,,") of the element 3" is deduced by cal cul ating

the maxi rru the inverse spherical Fourier transformapplied to the
responses hpo, o(tih the émpbodi(tent tdakmbeni the@airmetmtde:temhieaﬁoﬂnmmcdlﬂe)ga s at

2632;(;{71]?] nggztgﬁﬁgl\éas%agdegtgﬁcg Tn EQ’ENG%%O grtn%%t % the centre galtﬁmbea%lsat
of its response hpg(f) and the measurement of the time 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 hpg o(¥).

The direction (6,,¢,) of the element 3, is deduced by calculating the
maximum of the inverse spherical Fourier transform applied to the responses
hpoo(f) to hp1i(f) taken at the instant ¢ where hpoo(f) is at a maximum.

20 Advantageously, the coordinates 4, and ¢, are estimated at several instants,
preferably chosen around the instant where hpg(f) is at a maximum. The final
determination of the coordinates 6, 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 6, and ¢, are estimated on the
basis of other responses among the hp;.(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 Ap; .(f).

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; () coming

from the response determination module 92.



preferably chosen around the instant where hpo,o(t) is at a maxi num The
final determnation of the coordinates B" and 0, is obtained by neans of
techni ques of averagi ng between the various estimates. Thus, in the
enbodi nent described, the acquisition device 100 is 25 capable of

unanbi guously encoding the orientation of a source in space. By way of
variation, the coordinates B" and 0, arélestimated on the basis of other

th , _avai | abl th . imated in the,
frequency domain db " olitoRo s o8 ohASYr iR the "Hesionsthoitng) < o
the Fouricﬁfrrésrp@hafr@rB{y@ e Eéécﬁﬁmnﬁﬁg_d%m&f)the39es'58#r§eshﬁ¥0(tzowﬁ%b| es

the paranetersr,,, and o be determned. In the enbodi ment descri bed,
t he nodul eéneBides sonpm-geralsignahigee frans feflectibna intraghuced (k) thef lisdepingediendnt

3,,, ont basis of the resp es hpr.n(t m.n fromthg, response

det er i nat W TROENGY S9SPABe AR Toseet b § SLBRE renSfn BEHAE FERRTRG ¢ ne
responge h@’&h(f)(éﬂevﬁ‘d&‘fs‘l}ﬁﬁ\ﬁﬁd&hw TRe! WA 8R4y e QbIch] BRI %oﬁé friee
response hpo,o(t) which 1ncludes a non-zero signal free fromrefl&ctions

i nt r oducedcdnwentiendli sneodthipgsiwieddws, Téeht rasyu orc yexaemendbe Hrédtangsladeduced
by Fouri er transfolém of the response 5 '0,0(t) previously w ndowed. The

wi ndow nmayBENABAHRRAING, BRY grhwin entional snoothing w ndows, such

, f le, t ' | ; ' . A
as, Tor éexanplé Resercﬁgfjaprﬁﬁbadompléﬁ‘.”gblﬂﬂon'@h@ls’f@m %ggltyﬁgﬁgﬁéﬁgdlhlt ngows

second, nore conplex, solution consists in applying s e nodul e
and advantthgemodlle and akdwaptagseusly tolibe fphagearfdhe feespensy refoorise HPLQY)
obtai ned by Fourjer transform.of the response hpoo(t). For each frequency f,
aroot hithg SataBisch i BHET BATRPUT Gt TERROIRES Borce. FRbGECT BRouetrndon
cent ered Ogmbothl; ssgémmeut bQ%&ﬁfdlLﬁﬁ?PWSthbor&goﬁgérﬁg}éJSﬁf B8Y éhﬁir{d%wognse

HP099(J) around the frequency f The w ndow nmay be sel ec rom anong the
convent i one¢nterettons/. Bhis rcamyplution ecxraagpiandsr tec banandragingt of dmguksporsed 15

ooy PR EOR i S Wono o B SO Bt B e
L e s SolerHOASD RRUS, St F00 e mpen Rlutidhar il iRy,
el i m e i oRanohinghwindows. eAdearttageoushy, thiegwidtheq évec wesdowi Varie withe treane
time avol d%rggugr?cy. For example, the width 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



20 effect of truncating the response HP9,0(j) in the |ow frequencies. The
sub-steps 32 to 39 are repeated for all of the elenents 31 to 3N of the
reproduction unit 2. By way of variation, the calibration nmeans conprise
ot her nmeans of acquiring data relating to the elenents 31 to 3N, such as
| aser position-nmeasuring 25 neans, neaps for processing the signal which
use techniques of path formation or any other appropriate neans. The neans

i mpl ement i fensey | BR@h&N alloeordéspiing ©oaRbimiatit dermateteelanatied vusdn
el ectronic card or a conputer program or any other qzzl{])proprl ate neans. 30 As

st at ed abothe mudtephammeldnpiit: Sighak Altereativiehatthermethaches pdapiedt ter 8 single

qoner al | poHEafiERent $88er et 3P ShotyRb mdiRihy Pt 20 & o0®a0
nmay corr espegrcot spetify i€ wrpformlt bymanealst acquinhg ahé pamirhetdrs @@saribingt  of

formats which are each associated with paraneters stored in the 13 nenory,
and mayp al e dicgotionp @asogiatesuwvishgarh channfdt detection carried out on the

mul ti - channel inpu i ) e i vel Yant h h is adapted to si ngl e
given nulti- channeqt éPgﬁg‘{s ftﬁﬁm%tgs% n\é§et S%ngﬁﬂg?’toeﬁggjaﬁge%ﬁ? So%éﬁmgger
enabl es a JugRhidabioRPSepl Y0 Heymnat fcdisiahe RictammHatiby StCsataficierst i the
paraneters describing 5 the directions associated with each channel. It

appears t haosiforipg in0spaBe ahdhet@lemwenisng, ohéheaeprastustiondenit 2nanditafotinest ep

10 permt at |east the determ nati of parameters for the positioning in

space of tﬁgnﬁ?é’ﬁé}ﬁ@“gm n'}eﬁé'gn_@BSé)ducti on unit 2 and of the format of

the myg i -channel Frgﬂf@b Showd &1 ethiles flovs RA¥R 6f SRipabbedr idefinfiRmgt thef step
g the

50 for determ ning adaptation filters. This step conprises a plurality
of sub- st epdaptation filtensl ati ng and determining matrices representative of the

par aneters determ phed eviously. Thu .h a.sub-step 51, a paraneter, L,
called the limt ofﬁ'ér g%‘i? rcé)ﬁ?%rgsﬁ% gt iR?}ga.tV Pﬁes .‘ﬁﬁpél ? ré:@fcg'i?%wgd&]dr ed in
step 50 foHefRfing MdtBcddreprasaithfid BNthbiddransters delinfingl Reslioligy. exanpl e,
in the following manner: - the smallest angle am " fornmed by a pair of
el ements of the Thus, in a sub-step 51, a parameter L, called the limit order
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 Qpy+ np» = 2COS(SING,,S1n6,,COS( P, ~4,,) + 056,,C086,,)

Amin = M1(Qpi,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<n/ anin.
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,f) 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.



reproduction unit 2 is calculated automatically by neans of a trigononetric
rel ationship, such as, for exanple: 20 aM""Z. = acos(sin9 1sinQ 2C0S(0,1 0
2) + cos9 1COsB"zZ) amn = mn(a" J,,,2) anong the set of pairs (nl, n2) ,
such as nlx n2; and - then, the maximumorder L is determ ned automatically
as being the |l|argest integer conplying wwth the follow ng relationship: 25
L<ii/awn- Step 50 for determ ning adaptéﬂi on filters then conprises a
sub-step 52 for determ nijng a matr.i.x for i ghti t he sound field. This
matrix W correspoﬁ%@stﬁ 8'@89?%3%\% nv}{)\ﬁ'ﬁ\rﬁ)ﬁsheﬂ\‘r}gg%n‘f%{ﬁ?'@é yyeighiing

di stribut i @BeffiBichRAHE andfin WIAcRESEH SHEMCRRE I,98 fold PO-1itiRed ff Q0SLL4S on of
the field. Such a w ndow 30 enables the size and shape of the region ere
the field iosthe dEgonat.ridw imatrix BFdbesforechasdfollowirg fopmci fi ed. For exanple, it
may be a ball centred on the centre 5 of the reproduction unit. In the
enbodi ment described, the spatial|#i Adowand:--t-Hé \matri x Ware independent
of the frequency. 14 Wis a diagofidl; matri x of si|ze (L+1)2 which contains
wei ghting coefficients W and in which#,each coeffilcient W is found 21+1
tines in succession on the diggonal. THé matrix: Wtherefore has follow ng
form WOp ............... 0 W O WW.'Q pr O 5 1n

t he endodi nent described, the values assurtegy, by thHe coefficients W are the
val ues of a function such as a Hapm ng wi ndow'ofgsize 2L+1 evaluated in 1,
so that the paranmeter W is deter nion.ed,,f,o,r,.,l_,r@:@i ng fromO to L. Step 50
then conprises a sub-step 53 for determning a matrix M representative of
the radkation of t i [ e j i i t he
posi ti 0?1 par arreterE‘?)tﬁléa;e T e%gﬂﬁﬁhe%ﬁﬁﬁlﬁﬂbﬁaﬁgg%%%g% EPgﬁltcé)e’ngeduce
Four i er - BedEebrec tlad fvaluentaf aecfuneti@ntsuch abea skdanuninhgewihdaw tafedizey 2éath

el ement

evaluated in /, so that the parameter W, is determined for / ranging 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)* by N, constituted by elements M, the
indices /,m denoting the row A+l+m and »n denoting the column »n. The matrix M

15 therefore has the following form:

Mo,o,1 Mo,o,z """ MO.O,N
Ml,—l,lMl,—l.Z """ Ml,—l,N
M1,0,1 Ml,0,2 """ Ml,o,N
M;,x,l M1_,1,2 """ Ml.,l,N

ML_,—L,IM L-L2 " ML,.—L,N

M{,,O,] M]ryo’z """ ML:,O,N

M., Moy My |
In the embodiment described, the elements A ,,, are obtained on the
basis of a plane wave radiation model, with the result that:
20 My n=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.



3" of the reproduction unit as a function of the signal which it receives. M
is amtrix of size (L+1)2 by N, constituted by elenments M, ,n,n, the
indices |, mdenoting the row 12+l +m and n denoting the colum n. The matrix

M 15 therefore has the following form MO O 1 MOO, 2...... MO, OO N ML-11M.
12. ... .. M-.N MOt M,O0,2 ...... MION M,1,1 ML 2 ...... ML, 1, N At L. L
M. -L2...... M,-L,N MO Mo2...... MOO N ML1 ML2...... M,L,NIn the

enbodi nent descri hed, the Iene n,n are obtajned on the b sis of a
pl ane wave radi atih@?‘? nd ﬁ?eﬂﬁit tf% PasUTaY tﬁ& eszmed sesyentdlyofr The
mat ri x thltgﬁéb@g is representative of the radiation of the

I

reproduction unit particular, Mis representative of the spati al
configuration of $ﬂap aCefor deitermirung adaptatios filtehetheolsosnenimessd sub-siép 5dy be

perfornmed se entl mul, t neousl . 50 f r det er

Pt at orfor FH1S EpraasouBH e S0t Pacamelirs prahe FeRPOuSPGYRIATD 2vBistnt ¢ he
set of spanagil edsteRhined® SrBUoRgdlC! Mo lé?t?d“ rdflicha deBlmcleht npd
preV|oust, in or er to OVI a decodi ng matri x representative o

so- cal | ed reposesitativet ofcso- o&alletdenesonéthmtm)lne‘merss Df . n(J) of the matrix D

correspond to rec str ctlon i whi ch, ena lied to the
Fouri er - Bessel coe %’H?EtSPPnh@ f)]thedn%tg onde fQy reﬁ@??ﬁ‘ﬂ“'ﬂﬁ‘e

det er mi nat s ﬁgh'&ﬁle na?pﬁaa ) tﬁ@ntFr_?%laf B@s@elrmé'ﬁtrs %nl(/g y he;Me\F\S)r Lt he

order to reproduce t freld he decodi ng matri X

i nverse ofsdurel field| pérmm tmatdetexmiidtiokbofr the sigmais ddrt eontesllifig anteprdductiod by
means of inversion methods under copstraints which involve supplementary
opt i mi'tPat | Yt PQraREiQFaproducy this su i ment described, step 50 is suitable

for carrying out af,g decoding matrix D is therefore the inverse of the radiation matrix
M.
Matrix D is obtained from matrix M by means of inversion methods
under constraints which invoive 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:

D=(M'wWM)'M'w
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 DiyoDipyDipr Do Dy
DyooDri1DynoDogy Doy rDaroDoyry

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



optim zation 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 frommtrix
M in accordance with 20 the follow ng expression: D=(MIW -t MIW in which
Ml is the conjugated transposed matri x % M In the enbodi nent descri bed,
the matrices M and Ware independent of-the frequency, so that the matrix D

s 1 Kew . d . . . . 4 b
e erents TSTERERRACE thetest SfuctbAAHA S ang. 75 pAREIR! 56 SofhehsaROgi ) ¢ 1Y
D1 1' 0 D1 ditekationddh the sbund fibld taused. bybits Epécifidgp@tidbebnfigufation0 D2, 1,1 . ..

Dz L -L... Dz L O... D2,L,L DN O,ODN,1,-1DN,I,CDN, I,l ..DNL; L... DNLO'"
DN, L, L Step 54 thlBY waxmfaariaiennther parameters ielatingaio the teprediction wajt 2

reconstruc@%g%efdér}agbqéaggﬁldﬂag I%ﬂ%ggr%@%na construction of a sound field on

the 30 ba of "any con € reproduction unit to be provided.

OnM ng 50 this mat rief, exdrpketihoslobf ahhemboyierdntoeabhkselenment S5 the t ake
into account the 16 configuration of the reproduction unit 2 and, in

parti cul armatrix Pogasehe Aeatemypedy assaciating WHR gaght ofetheodmentiobisionadsiged by
its specifi.c ti.al .configuration.. B f ;variation,, the rameters

rel ating t%qucﬁ&ﬂy JHP‘E}WCbﬂ@¢ﬁn§ﬁe%'%¥éa%gﬁ%ﬁn§ya(g tHef%mBﬁU@ﬁ 3rd+t he
frequency. SHRIP! e pastieBsAly YDA BBArol ERRAI ShEHPHhe Made of
t he natriaébd:r@éa% e detlﬁgr%i n% b)s/ assocl at i ngﬁevi tgﬁﬁgagh gﬁ?q@%e C%H ol

si gnal s a pldheevdvevinttie tirectioro(9,8.(8,j) specifying at each frequency f the
anpl itude and, advantageously, the &ase desired on the control signal sc"
in thélkase of a Adireiviknfantiion Pe(ai.f seeansna fundipn which agspeiates atreal

val ue, “whi o cpEele alie: Rl R a8l a8, &R f50 ey Phagegeer
frequenci efequéddies afith S sFatidldiresfidrpn. I n the enbodi nment described, the
directivity ?unctl ons are independent of the frequency and are indicated
Dn(8,0). in the embodiment described, the directivity functions are independent
of the frequency and are indicated D,(6,9).
15 These directivity functions D,(6,4) can be determined by specifying that
specific physical quantities between an ideal field and the same field reproduced
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 scps 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,
to 3,3, form a triangle containing the direction (6,¢) 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 3,1 to 3,3 are given by:
o= rr
1Ty

sindy, cos¢,, sinb,,cos¢,, sinb,,cosd,, sin 6 cos ¢ 1
I'=|sing, sing,, sinb,,sing,, sinf,,sing,, | 7= |sinfsing | L=1]1
cos 0, costy, cosf,, cos ¢ 1

In this relationship, « corresponds to the vector containing

30 [D.i(6,4)...D,3(6,6)] and the directions (6,;,8n1), (6.2,8n2) @and (6,3,4,3) correspond to

the directions of the elements 3,1, 3,2 and 3,3, respectively.

with

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

reproduction elements are considered to be zero.



15 These directivity functions D'(8, 0O can be determ ned by specifying that
speci fic physical quantities between an ideal field and the sane field
reproduced by the reproduction unit conply with predeterm ned | aws. For
exanple, these quantities nmay be the pressure at the centre and the
orientation of the velocity vector. | one cases, it is desired that only
3 control signals should be active in 20 reproduci ng a pl ane wave. The

Ve onhee o T8 e Rl e 6 ki L S A

t he reproduction el enents whose di ns are c

(0,0) of thanewaves\ags, cHip cfthe \GiretRyadretior Dol BpEs sapplistHinctheadrd’ 1 to
3"3, forma triangle containing the direction (0,0) of the plane wave. In

that caseqf hdistafués semplee diachctsamipie eis Bupplied;i in tthe oBMg,of aspawi at ed
with the 3 tiv 5 elenents 3nl to,3"3, ar iven by: r '"T n=nTr T wth
(sinO,,, {égéa%); ,%p(éﬁﬁ)%,wfﬁ?eréo@@{f, Is he, dgecﬁogogfe,tbg ygqrﬂplg kqpd, wherg = g

.. o5 4Py tne Tall of BeuRaty Fheln:sheopi® Wl i vanfhe

vector condaifpi g dirkitibR (oL 4§ 9- - - Dn3(0,0) 1 and the directions (8"j,0,1),

(0,2,0 ,2) and (0,3,0 ,3) correspond to the directions of the elenments 3"1,

312 and 3"3, respduari eath. fregeeney yedhef cadfticidnted®,i wif i efs eBali Sdidectivity

correspondj ng .to the non-ac ive Pucti gn el enents ar B@consi dered to be
a

zoro. 17 THRBUOR @I GIRAUCERPHIG SEMBIEsesde by DfogoX THEE dRETERNIS) of

Suppt 1 od i A pBaBERY inleing B dndbial SmBIAG Ploded whithiba g dequtR 1
form ofg a gRiHe shtiphks Glom fHel iﬁgt, %P),&k),WL@Bk%I)EkoK)thbS bhbie 6i mealrbefivigf the

sanpl e k and where 5 D'(Bk, k) e val ue of the dire_c_tlvitgy.functipn
associ at edfunction sshppliethtim dhe Sognadf sphericabhatrhenidi eeefficients. Biik)invearsioreach

(reauency b nesigst UALN Selfrely I a8 e L byt el
obt ai ned byahpnerting the angular sanpling process which pernits deduction
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 multi-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 ¢ (). to be deduced.

25 The matrix S is determined by associating with each input channel c¢,(7)
and advantageously for each frequency £, a directivity pattern representative of a
distribution of sources assumed to emit the signal of the channel c (7).

The distribution of sources is given in the form of spherical harmonic
coefficients S;.4(f). The coefficients S;.,(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 c,(f) a plane wave source oriented in the direction (6,,¢,) corresponding

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



10 of the sanples fromthe list {((Bk, k), Dn(Bk, 4k))} on the basis of a
directivity function supplied in the formof spherical harnonic
coefficients. This inversion may assune different forns in order to control
the interpol ation between the sanples. In other enbodi ments, the
directivity functions are supplied directly in 15 the formof coefficients
Dn,j,m(f) of the Fourier- Bessel type. T&e coefficients Dn,j,,Wthus

determ ned are ed to_for he trix D St 50 thep conpri ses step 55
for det or oA LF FRBTIFISR Sime/t R ISISToRRAGRSTORAL Pl 11eTPRPRSE BV ve of
the pr edetg,reqhaﬁgteq)egler %InF%F%;%H%gy%ﬁé?&hﬁé!@ﬂ ilg\glth each channel of the

mul ti-channel [ nput signa mat ri x S representative of the
radiation of an ideal reproduction unig, thap ’;ﬁ‘ﬁ to say, conplying exactly
with the predeterni n%ﬂ?%ener al . direct 'bon’s’q of  t -.channel format. Each

el ement S, mq(f) i _ ﬁﬁiqqdﬁngménai ?eéd%eradlémrﬁukﬁt’étﬂéggeﬁs%%? Scitaents
Pj (1) dSOf Zéigﬁrhe?é“ﬁ?ﬁriﬁbﬁésﬁi gdpgéhéywé\?é)ﬁﬁgkﬁé%dm)ﬂﬁ. S5ediic %Htéﬁﬁ‘ék iﬁ%k?er {0 Dbe

deduce e matrix et erm ned by associating w each I nput
channel cqgimulatartte affeahoia dog sif joudspeakers. frr thatieasy, the @odfficenits \8j 4 yamat t er n

representatjve of a distribution of sources assuned to emt the signal of
t he channefbi@fiad by ?ﬂg'”ﬂi"&&ﬁ&m’“&ﬂ—'t'&f‘s%@?%gi'16 glemantalsourees.or m of
spheri cal harnonic f b G | , ) : i el j : are
arranged in the rraltnr SI)Q(tht 'b)‘% gﬁ{zbzmﬁg%n%dé{e2'%%?8%%%4;%%%( ?"sgltsﬁgél%ér%er of
channel s. $pedifieclearmels egntwitteacontirdoud Histribativatdfipiane wape astivcesatviaich t h
each channel cq(t ane wave source oriented in the direction (Bq,|q)

i

|
cor r espbndisrdesar e%irtgy gid estivigh funsfion .06, és &b thatt @sewthe coslficiemnis Seis €4 (t)
inth l ti-ch (. . i . ffici [, m.9(J i
ther or or e At RS are ot toingd sfiT R, sohesPFabIS o o740 HreRifl or o
btained b l At hdk 9 her ; i tSF,
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sources Wi freqegremj.fi c channels in order to sinulate the effect of a ring of
| oudspeakers. In that case, the coefficients S, are obtained by adding

up the contributi p'f'i‘s O&ere%ep@rﬂwgeF@R%W'HP”§91%%éﬁatriP‘nsﬁ§§°6m%$ with
embodi f@ent §ne LiRE chdffbis 'PdistidtidnBHddutced Browiciy & Yiffuse field. In that case,

the matrix § varies with the frequency. These embodiments are suitable for multi-
channel formats that consider the front and rear channels differently. For
example, in applications intended for reproduction in cinema rooms, the rear
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 Simg(f) vary with the frequency and are obtained
by the relationship:

25 Sy D=y (Os.00)H D)

If the multi-channel format associates with specific channels a
superposition of the above-mentioned types of source distribution, the
coefficients S;.4(/) 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 4 corresponding to the adaptation filters to be applied to the
muiti-channel input signal in order to obtain optimum reproduction taking into

account the spatial configuration of the reproduction unit 2.



specific channels cq(t) with a continuous distribution of plane wave sources
which 10 is described by a directivity function Sg(8,0). In that case, the
coefficients S[,mq of the matrix S are obtained directly by spheri cal
Fourier transformof the directivity function Sq(0,0. In these enbodi nents,
the matrix S is independent of the frequency. In other, nore conplex,

embodi nents, the matrix S associates w flf 15 specific channel s a

di stribution of source duci .a diffuse field, In_that case, . the matrix
S varies wth the {FectrNe) ACPREIONe RN rrb sCaininesl foRh thSr Grtiegs for

channel fogﬂ% Md §055di fﬁ“effa{}%”ﬁ@% hdsnfdhannel s differently. For

exanpl e, |cat|ons I nt ende repro uction in cinema roons, the rear
channel s are often i ntended to recreate=adSli ffuse anbi ence. 20 I n ot her
enbodi ments, the matrix S associates with specific channels sound sources

whose rgsponse is fgk éda?fﬁanfrprrnaﬁﬁrm'ﬁenﬂufs fHéeéJ@Hértdtmﬁhéﬂ'é nalé %gﬁt to

associ ates with the cha |'ane wave Source havin requency
response R{cqxz\)\/adeeds tormthe fspatxalr yomﬁgMatjm o‘frthq:ueampdactcbrawﬂobtsmgn&da by

the relation S1, =Yi (Baq, H J [ f the mul ch el format
associ at e!sck}\;'ﬂrl'é% ﬁe(@)i i0; ‘@méﬂ(%?l%’léﬁé*”%“ s‘?.n &?{5( ?ro*T'P‘?ﬂ‘th"\Qeth& 'a@r‘ﬁ’] 8hed

t f f t
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of source thestméthoti mfntheB@wléhtiahIgerrmﬂseppﬁrﬁurmcéprddectmrsmﬁ theepontd ffiefd
determ ning a spati al tlon mat r A corr sondln to.the adaptation
F11 tertd't odssorfssl brdne Snabehandpt FOGRLRNE! RBANCEAT,HAR Naving 469 SHRtGbt o n
opti mum reeéﬂﬁﬂ'ﬁ%hgﬁ taki ng int o account the spatial configuration of the
reproducti on " 19 The spatial adaptation matrix A is obtained from

the matrices for shﬁtﬁengnﬁodlmerdeiesdhb@i Bhéynatress Dadnd Sare éhdépertsnt pf
A=DS 5 The adaptation nmatrix A permts the generation of S|gf|nals sal (t) to

sa, v(t) adﬁlﬂ #equenehassisAlsathe Biatigdr 41 that caser Hie elepiaiiadlitbd malrik Aisi ng

L coner B SRSl Skl ACoshSLRPY 1 aotbh Yot B PRt I

to thet @-dabbﬁﬁlh@m byegimple Knear combinations of the input channels ¢;(¢) to cy(r), where
appropriate followed by a delay as will be described hereinafter.

The filters represented by the matrix 4 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 A4, ,(f) are converted into:

- finite impulse responses a, ,(¢) 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.



the nethod of the invention permts optinmumreproduction of the sound field
10 described by the multi-channel signal by a reproduction unit having any
spatial configuration. In the enbodi ment described, the matrices D and S
are independent of the frequency, as is also the matrix A In that case,
the elenments of the matrix A are constghts indicated A", q and each of the
adapted signals sal(t) to sal(t) is 15 tai ned by sinple |inear

Co e oy ahet 1, BB RACHE sfiebLAr S, Bflen PR, RS PRty
G Tt er ont TPSPERSSY £, (oah o RRINGRE Uf o Corfvetiohay RbnoP b agfigngiter .
with frequavensiorespetings, duoh camef forciexanpld), difec} mvergionyidiadndoluéoh! y by

step 50. 20 Advantageously, step 50 for determning adaptation filters
conpri ses aethasisy ¥Yieperrmethedstasthe fike.n order to deternine the paranmeters of

the filters for /%%‘%rfuﬁ&tk&neéf i l'b'EB(aF'ﬁentEO he® ﬁsatf&herélé egegdlgg to

corrbl natl ons A, ,, areé convert éd Sse respon

a,,,q(t) cihkeamplitade thHeﬂ‘eepsﬁsé eralbab théérﬁﬁmtudeﬂsnd tmprﬁasem of A, ,q(f),
each inmpul se respaonse a, % is sanpled and . then truncated to _a | ength
suitable for each rusgderd0 germity Jbefdeteanination ofea Baimpensationefilkemipyi ng

ot hods. A hEemop ot 4 EPORLEEE e ebld et ok 18 bpedfeRohirs

A ,,q(f) askaradlerietieyi ded. As stated above, step 60 pernits the
determ nation of the filters for. conpensating for the sound characteristics
of théllel enents ofAs reé)ofveprtmtﬂit@rs mgy Pe2uped tin@ cdifferet efoemmi digstier s

o151 0. SRR BRI 5, BT 8 AR RS,

det er i nat 9oy SusHofddst i redpiliseat At ikt hplief HirdGHY | AOHARGYobEIPONSES

H'(j), can ried out in a conventio by appl yi ng ter

i nversion §fébf‘6@|$or @ateinifing écﬁﬁ?éﬁs’)a”ﬁdneﬂtéis 'cBfiprisBY el 8bAVersRCAIMLBE inon
met hods, Wener nethods or the |ike a function of the enbodi nents, the
conpensat i ofgler & detasming Weyparameters of the filters for other filtering methods.

15 For example, the filtering combinations H{(f) are converted into:
- finite impulse responses A{(r) calculated by inverse temporal

Fourier transform of H{(f), each impulse response A{(r) 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
H{(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, 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, ,(f) to the channels c;(¢) to cy(f) of the signal SI.
In the embodiment described, the adaptation matrix A is independent
of the frequency and the adaptation coefficients 4,, are applied in the following

manner.



the anplitude of the response or also to the anplitude and the phase. This
step 60 permts the determ nation of a conpensation filter for each el enent
3"of the reproduction unit 2 as a function of its specific sound
characteristics. 10 As above, these filters may be used in a different form
an d/or in different filtering nethods, If the filters used are
paraneterized directly with frequency Zhsponses, the responses H'ftj) are
applied directly. Advantageously, step 60, or determ ning conpensation
filters conprises a conversion sub-stegagggkggpg& to determne the
paraneters of the filters for other filterfmg nmethods. 15 For exanple, the
filtering conbi nations H,(gJ) are _converted into: - finite inpulse responses

Mt) cal cul at ed bylhenadaptaticanpeitiiuesrwilh ian adjugigesi tootheHgaing, arddhe

i mpul se respaQns (.S, sanpl.ed, an hen truncated to I th suitable
for each ragaten o elabsdBrpg! i alon eraepy 18 Wavarrds pEd% Biatten ' o

i mpul se 29 tegais e8e Gabfed e usit O rélavélto(the Wirktherstpt aibidnt Mehiods.
At the end of step 60, the paraneters of the conpensation filters HA(f) are
suppl i &d. SBlagied Gigrals det@rioi v n@ eontdesiuced givams thvi ISignalswhé) desold)ed in

nore detail. 25 Thi tep 70 conprises a sub-step 80 for applying the
adapt at i onachqréﬂ?cf W&%&%EWF@E'OHy the matrix A to the multi-channel input

signal SI corresponding to the sound field to b eproduced. As stated

above, the adaptation filters A", g{,0)=r m;{opd&@ééé)r_f-ﬁéjpar aneters

characteristic of the reproduction unit 2.\ In sub%step/80, adapted signals

sal (t) to saN(t) are qgbtained appl yi n 30 the adaptation. filters A ,,q()

to the channels cjalﬂt})ﬂ‘l% @529994?%‘?”?%%& %QQP?%P“ Irﬁaﬁ'&e nFSIESapmth  the

descri bed, ' il rs S | - : . and the
fréégg? JaiPthb AR dn¢ "férp%r‘f@g’a‘f??bﬁﬁgﬁ in ﬁe Fd?l%\évflr'i HEPREY

adaptation c rcients A ,,q are a oW n nner: 21 0
vn(t) =YCq(t) An.q q=1 The adaptati oIr} co%i nues wth an adjustnent to the

= q .q

gai ns d the n\J)=

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

Vn(f) - SA':,(f) e-27rjrnf/c

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

15 Depending on the form of the parameters of the adaptation filters
Ang(f, each filtering of the channels c,(f) by the adaptation filters 4,,(f) 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, (), 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



application of delays in order to align tenporally the wavefronts of the
elements 31 to 3N of the reproduction unit 2 relative to the furthernost

el enent. The 5 adapted signals sa ,(t) to sa N(t) are deduced fromthe
signals v ,(t) to v N(t) in accordance with the expression: San )- YnJ (t)
= Yn Vn(t_ max(C Yn In other enbodi rrent$ t he adaptation matrix A varies
with the frequency and the adaptation ?rlters A',,(/) are applied in the

fol |l owi ng r ?r(o}n HESigh @J&f emnmpor al
Fouri er trﬂﬁﬁ@grs%@]go Md nne t n%i"qv/f?f’:sgb1 el n‘)é’(fgﬁ?lg%%d(]gg Egﬁ'@nh =
SANn(f) e- 2herexptéssioryn V\/nere SAn(f) is the tenporal Fourier transform of

san(t). 15 Depending on the formof the pararreters of the adaptation filters

A ,,q(g, each filtering of the [hannel S cmbk(r pyrt he adaptation filters
An, q(t) can be carried out |ﬁ g CJFJ ACe wi th conyentional filtering

rret hods, such as, for exa araneters are directly the frequency
responses An, q(f),FigHEe gtfé‘owéothﬁlfl“leé'f‘grﬁéﬂicéu@aﬁqffeécﬂ’oﬁdtngl'f@ sUestere8@ dacy

domai . ¥ 0o SYRERDE 145! 405 SoPlatch R QU BRapdikock convol utiion: = the

par aneters npul'se"responses an, q(t), and t he

filtering is carr lkdvarubgemstmestésrmbbafnpd@aﬁlawsbbs st@@\em fgri @mngéﬁsatn‘@e
parameters are the coefficients of infinite inmpulse response recursive

fi } lters, aiod thﬁeslquﬂdt ehanagtaristies of ithey f@WdNﬁt|QW1élmterﬁ?@ha¢0rﬂ§ﬁﬁ$ailQiy fi H@Gnﬁ
gai Lf?:ﬁ,{f 1 ‘lﬁ?p%tpéf’@gf fouRecroTtEPRP Ao AdAREN SIseR pergh &aﬂééﬁgﬁt”ﬁmb«" t h
fur t her moogo T TN o5 bl o 3 IF A BB VelrrsRie. deduced
fromtyie signals vi(t) to vN(t) i@n@?ggﬂepmn(yyith t he expression:

where SC,(f) is the temporal Fourier transform of sc,(f) and where S4,(f) is the
temporal Fourier transform of sa, ().

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{(f), 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 signais sa (f) to san(f) correspond directly to the control signals

30  scqto scw.

By applying the method of the invention, each element 34 to 3y

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



SCn(t) =n Vn&t _ max( YCn) - r Figure 8 shows the filtering structure
corresponding to sub-step 80 for 5 applying the filters for spati al

adapt ati on as descri bed above. Advantageously, step 70 conprises a sub-step
90 for conpensating for the sound characteristics of the reproduction unit.
Each corrpensati on filter M/) is appli 2% to the correspondi ng adapt ed
signal sa"(t) in order to obtain the trol signal scn(t) of the el enent

SC (1) 15 BHEAT ERplbles-d, ) HpEER  PeoclPrbio Jom A sinie ) 1018 01

tenporal Reprddiced amns @rmmlw‘ne@as(cwntroThﬁ thppsetcot epmeaitst hets w,nﬁermlts
characteristic conpensation filters H'(/) is described with reference to

Figure 9. qmrmemer@nqn@truﬁthm@fftbent;wnd lield goerependingf tor thes englfitahansel each

filtering Is sa can rie ool rdance

convent | anBBUt SIEEl g Men e aiciof Inf 2 dse St cehrBftam g Beefy ng
par arfetserSdé?én%df 'ﬂ@é’t%t‘&%a*}%é@ﬂﬁﬂ%oﬁe@bbndwgffxblitc%thGrat@ﬂn be carried out
by neans of filtering nmethods in frequency domai n; such 20 as, for

exanpl e, bl ock convcddiiieam ateemeingadisnentsidf tbﬁénethbdenﬂthg np\semtrmmas' ber e

i mpul se respaonses, 14 t terin n. be. carried out in_ the.teppora
donai ' by EBVERASH stnvbPaticylar SRacimeRRy gireR Py, Henhius< kRGBT f ence
relation C@\%fifﬂeﬁbﬁ’bta%nttdb%hcéﬂdﬁ ﬁaéu eh E@FeBﬂjaﬁ‘fﬁQOOE%n@l@F nUHwHé?GOZ eregsal
dormain by neans of 'infinite inpulse 25 response recursive filters. In sone
sinplified enbodi nianparficulae step fdfon fdetérminmgethei spatidbadaptationcfitgremsat e f or
the specific sound characteristics of the ele nts of the reproduction

uni t. 1t tieKe 1B1RsRCCOUNEPUBGIas QRiimizgtion parameisers, %ot carried out and
the adapted signal sg 'ﬁgare&@n Ué oF HROtrABIARDSf gnbpﬂeqﬁlsv of thd rﬂé’pl%@ﬂ&%@fﬁ

signals 30 scl to sC app yi ng the ne hod o invention, eac
el enent 31unmsﬁéblfwm@trm‘maamg&eqeenay baadloftms eememt! signal scl to scN

and emts a sound fi Id 23 whic cont butes,.to the timum reconstruction
i he ound fiod tomtd. TeeaseRmtEs of e Shai-femBsil TesRbRes & rolehentat “of

el ements 33 E&ré%cﬂﬁfu’?@ tthe sound field produced in the listening site 4 by the element

15 3, when the latter receives an impulse signal as an input;

- 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(f), 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;

- {(I,, 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(/), defining, for each frequency f considered, the radiation model

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



optimum reconstruction of the sound field corresponding to the nulti-channel
i nput signal by the reproduction unit 2 whose spatial configuration may be

as 5 desired, that is to say, does not correspond to a fixed configuration.
In addition, other enbodi nents of the nmethod of the invention may be

envi saged and, in particular, enbodinen&% i nspired by techni ques descri bed

in the French patent application filed“on 28 February 2002 under nunber 02

02 585. I n parti UM c8hePoPlekaiodiphel b ot dershaly A Qb

filters my 10 takel Rto -accoun merous optim zZ rane ers, such as:

- G'(J), reepesefiraistyeniaingtthe deoelireg matifix Bl amest a§ de@brlbé@ i e Ethm;lhl on
unit specifyi n(t;; the operating frequency band of this elenent; - N11, (),
repr esent apaigd cﬁppﬂlﬁ%tloébﬁﬁdouﬂ@%@#imbqre%&gsé of the meteg*s NMnﬁféﬁﬁ@ndl ng

when tho | RV8: SeCERPREY sttt oL Pl i, HéaBBninBl B e o8 i
for eadh fparnesters W(ﬁﬂan(ﬁeR(Zﬁareaneﬂaéum sib-BEEPG2 Ifcﬁﬂléiéﬁrﬁfrﬂﬁgt! e mt’atrtxhe
distribution in space of sound field reconstruction constrain t hese

constrai nt Weth@bpiaragneﬂaés dilst mich(f i 8 inyolyedcm @n deltl@ﬂabrstubf-siﬁp in the

i oot 1y | ERHToR o ol ThE SsCRo B £t WL bPttBid & s and

for each fgpauencyr feaéﬁfﬂ%' qdeney r as aPahtidn Wﬂ@omatﬂ%ﬁﬁ@ﬁ’téﬁd xtearszf tHehe
distribution in space of constral nts in respect of the reconstruction of

the sound paﬁdmleters 8((J)and g@fy.esent ati ve, for each frequency f con5| dered, of
t he radi us of at i w when the | at al | 11W
representative, \g'p'ggbg @ﬁ%&&ﬂfp%%m%%@ b& §8§e “éﬁcu'?tdﬂfhPf

adapt ati ony | t he
r eprpoduct i Orﬁ@ﬁ%ﬂi b éa?'( %%am ?% fré(gons |ltﬁ{1ftr|é%( %&ggﬁﬁhkr %%He%c%g
consi der edactivd elemarits f6|0eadalfnaquEanpcmoa!md’ew«i:tTmmsnaﬂmdeofr determsiningctheon i s

i nposed; - LW. inposin or each freguenc considered, the |imt order of
oF or i nat MERIMHD ARYoNES, thE RATRTEtet G NARY, PEBRIS ABRTTTBqEaeyagon of &

consi dered, nﬁrgﬁyéﬁ’@ @@E%ogg@%me% HdVe Et&ERDbSerdtingFrelidNeyd¥hds.

reproductlo
It appears that the implementation of the method of the invention

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 QO 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



Al'l or sone of these optim zation paraneters nmay be involved in sub step 54
for determning the decoding matrix D. Thus, as described in the French
patent application filed under nunber 02 02 585, the parameters Ni,,rs,,,(f)
and RMf) are involved in sub-step 53 for determining the radiation matrix
M the 5 paraneters Wr,J), W(f), R(f) are involved in sub-step 52 for
determning the matrix W the paramete%i {(Ik, nk)}(f} are involved in an
additional sub-step in the determnati of a matrix F. The decoding matrix

D Al o
accor dancecivdrire pathensigaars|ite aorresp&d fieré®5, the cal cul ation of the matrix

D can be carried out fr_equenci/r@(t:y_ frequency by considering solely the
active el enents fdicaadings teqthendpvention dbtiedadaptrs healsed ivgorgetatesi ai ng

of a ' epr oot EelORsBE B asel ns ity R TRIIR AR 08! T equency
bands. 515 It appedFsr ék@hﬁehﬁhé@ﬂcﬁﬂﬁtﬁﬁrﬁfrﬁéﬁhs)ﬂm@enﬂirm By drhenfraregntion
described here is nore efficient and therefore nore rapid than the existing

met hods aniftesigeecwith| § nempiet eantigdtaioalsaewith i e@mputeh@ndr ek aatsentto

licati filed ynd 02 585. For. i. d dapt ,
Ok e R BordBRS cRanba SR ) $5918 cbdnd Bl i
conpri si ngeltinfggBNics3 th a spatial precision of order L, it appears that

the nmethod of the Invention requires XN adaptation filters instead of the
Q L+1) 2 + (L+1) 2N Thdseevariauscparamejers @areiusgdayetinei caiculator iddHtodiatesviniebed

in the French pat ent lication f.iled under nunber 02 02 585. For exanpl e,
the adggta dﬂgﬁ'lx’gdeﬁ'%gItg‘?)—aﬂa%?t'%%ﬂ?s'si gnal to a 25 reproduction unit
having 5 | oudspeaksiissatiuehtiq, PecsIciNdr a%4YUpHes heIHEASELSR filtbHd {Pihe
instead of 360 filters. Figure 10 shows a di agram of an ‘enbodi ment of an
appar at us ogitiaghanned sigrah &d imordrrdorarovide dbeoontrohsignalspse douseciotendesies t he

adaptor 1 ich is fornmed hy.a unit 110 30 providing a nulti-channel
si gnal, su ﬂ&fegﬁogﬁqu_%lﬁ%o di sc-reading unit 112 called a DVD reader.

elements of the reptamuc ot e Sretiig dettde Hehinthb IRE NAforon 1
r ecognl & edassumewtherdbtms bsutthas sdftpace usediin ancaorspsier toald eorhplete aleviosy
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 muiti-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



25 paraneters describing the predeterm ned general direction associated
with each channel of the signal SI to correspond thereto. According to the
invention, this adaptor 1 also incorporates a supplenentary calcul ation
unit 114 as well as data acquisition nmeans 116. 5 For exanple, the

acqui sition neans 116 are formed by an% frared interface with a renote
control or also with a conputer and all a user to determne the

par aneters L pi ) Lt j : : ' ts 31
o SN ThalitBykh; 47 sl Ragb el McOR3RNA rhilfcraRnofieidditle FENGIER, ¥, 12
10 t he natgriaisdadeimplettdy integratapawdio-oiddo thians. Subsequently, the

cal cul ator 114 applies these adaptation filters to the nulti-channel signal
SI in order to proviaimethed ebiheripyenrtiogary alsa bedmplamented iaam elestonige

reproducti I . k. i d. e i i e ting the
mvent | on Galg U7 atedcatt chis? A RREBRLANE s o0 ph bl MBS, o
a conplset e3 gr3gram ini NSighAPHCESErgBISArati on means as well as neans for the
acquisition and determ nation of the characteristics of the nore conplete

reproduction unit.Trehmgthethaaeastnenthie Jarsboba ceseRUtER PragEaroWNGH isatodevi ce
dedi ted _to th tim i ti-ch | t] >t

out 51 de- arPSBarBIOPREY 2 53Mrlet arEhrsurdl 3RE el 8 Uil A it e hngLs e
the devi cesihfaisatid pRIVEdéDLthe 86kl isitfhals féta ir?ﬂ?’éﬁuclatidﬁlbhitmﬂ'h@ﬂﬁ?bpﬁér@éw and

for providing as an output control ~signals for elenents of a reproduction
uni t. Advantarpesatedyin théeoputere i s suitable for being connected to the

acqui sjition device 100.necessary.for the calibration step and/or is, provided
W th 85 an §nt er (BGRED TE (RIorAOrLBRAS: Ty 0b PIadi e Fag a metiad”
parti cul arothBe tRS ithh Ae8ériddie aBbRsTeilich @k, fdieexSRpRIUE M&Aod NhEpRed by
optionally the nmulti-channel input format. Such an acquisition device 100

may be contesbnigdesrdescribeddn dre Fanchlpatenthapplisation didgcdon iniey-2Q0P uader may
be i ncor porat gd bm%#cessory, such 30 as a renote control, or may be

i ndependenfUM?fk hot' 'may be inpl enented by a device incorporated in an
el ement of an audi o-video chain, which elenent has the task of processing
mul ti -



channel signals, such as, for exanple, a so-called "surround" processor or
26 decoder, an audio-video anplifier incorporating nulti-channel decoding
functions or also a conpletely integrated audi o-video chain. The nethod of
the invention may al so be inplenented in an electronic card or in a

dedi cated chi p. Advantageously, it may be’] ncorporated in the formof 5 a
programin a signal processor (DSP). The nethod may assune the formof a
conputer programwhich is to be performed by a conputer. The program
receives as an input a nulti-channel 2ggggh§and provi des the control
signals for a reproduction unit which i onally incorporated in the
conputer. 10 In addition, the calibration neans may be produced using a

nmet hod other than that described above, such as, for exanple, a nethod

i nspired by technidueé tratbod bt bnnUQEHGrenSQU@@tﬁﬁd appwwaaﬁ®@numﬁléﬁ on

7 May 2002 d
Loy F08F 4 PaRisiTid phiraly of temsotughidn elarndifs 3, ity Mt of bR o
el enents (3fputsiighall BIyedcht ¥sicisedNWitdad Ppredé@phinddggahéral Sbbr&ﬁfé'ﬂon

associated with a predeterm ned general reproduction direction defined

rel ative t o diregtiorrdejvedt rglghve ho shagiegn ipoindr (hyr int epam,aim osderr éq)rahiamea
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characteri zgsidderideat bf HRMAirkRK rep?odi]cﬁlen(%)aré&énéiﬂiseféﬂ thag u’Mt gpst
spatial characteristics of the reproduction unit (2), permtting th e

det er mi @t i ehacicterzethisttbatit chatprisee: representative, in the case of at
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for determ nip@dreass athen(d)i | seanting) th@ld&eﬁrhmaﬁbnl @ﬁS,saramérsalthat are
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15 - a step (50) for determining adaptation filters (A) using the at least
spatial characteristics of the reproduction unit (2) and the predetermined general
reproduction directions associated with the plurality of sound data input signals
(S);

- a step (70) for determining at least one signal for controlling the

20 elements of the reproduction unit by applying the adaptation filters to the plurality
of sound data input signals (SI); and

- a step for providing the at least one control signal with a view to

application to the reproduction elements (3,).

25 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

reproduction unit (2) to be determined.

30 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.



20 el enents of the reproduction unit by applying the adaptation filters to
the plurality of sound data input signals (SlI); and - a step for providing
the at | east one control signal with a viewto application to the
reproduction elenents (3n). 25 2. A net hgz%maccor ding to claiml1,
characterized in that step (10) for det ining at |east spatial
characteristics of the reproduction unit (2) conprises an acquisition
sub-step (20) enabl #né miethas aseordings tot ¢laine Bachatanterizadcin ihiat thee calibration
reproduction pnit to be determ ned. 30, 3. net hod according tp either
Bl m 1 or eHEE (St JEHTR A6 pbat Basl o " e FeBHORM. PRrfHS o
| east spati :(13 )Qhar acteristics of the reproduction unit (2) conprises a
calibration st ep (30) enabling all or sonme of the characteristics of the
reproduction unit (2p $ub-stepp3d)ifardanssitting aspesificozigaalcond)) ig the atlleash 3,

characteri zed .in_tha e.calibration sub-ste 30) conprises, in the case
of at le IstZ Ogﬁleeq%mepLénpgbﬁ@d'i?@{?%%%gpelfup& ' IO(g}n))- am;)ulb-stepI (32) for
transmitting a specific.shgsgh-stap(Bh) fopr 4 imgltﬁésgouﬁdowavel emmttdd (i8n)

of the reproduction unit (2); - a sub-step (34) tTor acquiring the sound wave
emtted in respqisesty the atHeasttonecelemantié3del enent (3n); - a sub-step (36) for

ti th ired sj |l s i finit . f fficients. .
Fepr esent ati ve of the et tarsEsUR el eoRkefingQHE Faufipa SR> I s Bpte
det er m ni ng nYRdradf CRBHICRENLS PerYEsBREEVE LR ife Oittdd 1ol EWRDE; 4%n) on the

basis of the coefficients representative of the emtted sound wave. 5. A
met hod 4Bcording to er@heub-slepi (393 furdeteemining spatial ad&risosadiparanetersaf t he

l'i brati b- I pr | b- f b N .
bosi t1 on 1 n B¢ SEERt 67 o BR LAY ob 185 Abe iR er SR e AL T SralBe one
el ement (3rhypfH Wwdie. reproduction unit (2). 6. A nmethod according to any one

of claine 3 to 5 characterized in 20 that the calibration step (30)
conprises a sub-step for determ ning the frequency response (Hn(f)) of the

at | east one el ement. (,3n) .0f ,the reprqduction uni 2)... 7. A et hod .
according to any ong" ﬁ"i?tﬁpﬂ'sa%ofcﬁﬁgﬁgcﬂg}e cctl%'m §eér %[r?'m 4, characterized in
15 that the calibration sub-step (30) also comprises a sub-step for determining the
position in at least one of the three spatial dimensions of the at least one element

(3n) of the reproduction unit (2).

6. A method according to any one of claims 3 to 5, characterized in
20 that the calibration step (30) comprises a sub-step for determining the frequency

response (Hn(f)) of the at least one element (3,) of the reproduction unit (2).

7. A method according to any one of claims 1 to 6, characterized in
that step (50) for determining adaptation filters comprises:

25 - a sub-step (54) for determining a decoding matrix (D) representative
of the spatial characteristics of the reproduction unit, which decoding matrix,
when applied to coefficients describing a known sound field as a combination of
spatio-temporal functions, permits the determination of signals for controlling the
reproduction unit in order to reproduce the known sound field,

30 - a sub-step (55) for determining a multi-channel radiation matrix (S)
representative of the spatial characteristics of an ideal reproduction unit,
complying exactly with the predetermined general directions, each element of the
multi-channel radiation matrix enabling the determination of coefficients

describing the sound field ideally reproduced by each channel as a combination



that step (50) for determ ning adaptation filters conprises: 25 - a sub-step
(54) for determning a decoding matrix (D) representative of the spatial
characteristics of the reproduction unit, which decoding matrix, when
applied to coefficients describing a knogg)sound field as a conbi nati on of
spatio-tenporal functions, permts the déterm nation of signals for
controlling the reproductlon unit in order to reproduce the known sound

field, 30 - oéspabos;empO(ajsl)Jnﬁmnsie@@qhmhamplabemgt¢nez:h)érth@lInputjs@tniabn(&lﬁtr| X

(), e e=SaLats b B8 U B B8 GRnc e g o oduct!

element of the nulti -%\hgurtbl%terf 88) bt Gétdi‘ﬁfﬁﬂilh? £ Aedtix 104) rrémeé@h@mwmtth@n of
coefficients describing the sound field ideally reproduced by each channel

as a conbi n&daptatieo fl|tﬂTSsH§dE9 the depediag matix (féhandetaehﬂ@maﬁmneééaﬁ@ﬂ@ﬂe of
t he mpu% shi%QL?SgS associated wth a predeterm ned general reproduction
directio sub-step (56) for determning a matrix (A)
representative of the adaptation filters using the decoding matrix (D) and
the nmulti-channel radiation 5 matrix (S). 8._ A nethod according to claim?7,
characterized i n th&t A meetopdt aceordiagpler lrimuhcehdiactarizedhid thalrther sptigsel

the step (S07BpEl RS AHE PR BB Compr sos a pl arality of
cal cul ation sub- steps (51, 52, 53) pernmitting the provision of a limt

or der (Lé of the spati al recision of the adaptation filters, a matrix (W
correspdBding to a 9pdkt mat wra@@wdlmgam eloamt &On& oraracteriged in ithat: thersten

el d, and S0t GEtetiind BRI fubisrodaiFEaRs PRI G CicbBRR e i on
unit (2), theepslps55t6R, (5'3§l)pérm|ttmglmel pravigloi hef delraili ovdergLy iof theDspataing

carried out using the results of these calcul ati on sub-steps. 10. A nethod
accor di ng t@r%%‘?"ﬁér0fdh9|a|¢|aptat@n(ﬂ|t693 & matex (\A) ices@spandingtto epatipd wigdewces

| ndependent oreprniAFE eHie TRRRT, of Pl e baBid 8PRER Slrhdinglir

for conbrolrecdrstivetionlofeatssund fieht dreba eekteik (M) repidsehativerdithedatiiagion
adaptation filters correspondi n%bt o sinple_linear conbinations foll owed by

a del ay. 25 ofthe repredretiomenin(d) etawbaﬁ»iypdﬁé) for caleylating theydegoding matrix
characteri 2?5) 'b@lng carried out using the results of these calculation sub-steps.

10. A method according to either claim 7, 8 or 9, characterized in that

20 the matrices for decoding (D), ideal multi-channel radiation (S) and adaptation (A)
are independent of the frequency, step (70) for determining at least one signal for
controlling the elements of the reproduction unit by applying the adaptation filters

corresponding to simple linear combinations followed by a delay.

25 11. A method according to any one of claims 1 to 10, characterized in
that the step (10) for determining characteristics of the reproduction unit (2)
permits the determination of sound characteristics of the reproduction unit (2) and
in that the method comprises a step (60) for determining filters for compensating
for these sound characteristics, the step (70) for determining at least one control

30 signal then comprising a sub-step (90) for applying the sound compensation
filters.

12. A method according to claim 11, characterized in that the step (10)

for determining sound characteristics is suitable for providing parameters



that the step (10) for determi ning characteristics of the reproduction unit
(2) permts the determ nation of sound characteristics of the reproduction
unit (2) and in that the method conprises a step (60) for determning
filters for conpensating for these soungﬁcharacteristics, the step (70) for
determ ning at | east one control 30 sign Ot hen conprising a sub-step (90)
for applying the sound conpensation filters. 12. A nmethod according to
claim 11, chepreseefativedinithetdase aftat leastpneigpmend 3 deokithfranugnerasgonse
characteris i%% is suitable for providing paraneters 30 representative, in
the case of @-east one el ement (3n), of its frequency response (H, (f)).
13. A nethod according to any one of clains 1 to 12, characterized in 5
that the step (70) for determ ning at |east one control signal conprises a

sub-step for adjusfliBnd methashaecaidindatopai ere o clajmsi htaod deeharactarizgd in

therr ai 81 aR8 ¥ IR (A 1o el Sufifg P iepst o8 intigP RbPal bhefSe SRttt
one of cl ai figr bd}@tihg,tiﬁa@aﬁﬁtﬂd zZpplying deidfs tileo@apioatalign fempsaly ane

fixed during the step (70) for determning the at |east one signal for
cont r ol | i ng Wavefrent ek ithe reprodustior: glesaaetsi Gn) asia funatigntofetheiregistange from

providing th e control signal. 15 15. A conputer program
conpri si ng 6$%§b/§hnepé%§ﬁte@" nstructions for performng the steps of the nethod
according to any one of clainms 1 to 14 when the programis perforned by a

conputer. 16. A renovable nmedium of the type conprisi n% at | east one
processdP 20 and al1doA wethad aecardingrtp anyesetof daimsat tellzehaiastarized inhe

Steps. of 1 ndhaietoAoBRBRER I RICTAL JFR. AR, IS StekE (1O fory ferelifiifg T8t "
processor pesdone diteal foF 6aiteiNling theldlemrievf e deProduwdtionalnii, "endtHeosteg
field reproduction unit (2) conprising a plurality of reproduction elenents

(3n), conpr ifei prgvidingithenatiggst ene gpnrelrsignall urality of sound data input
signals (SlI) each associated with a predeterm ned general reproduction
direction defined relative to a given point (5), characterized in that it

al so conpri ses: 15. A computer program comprising program code instructions for
performing the steps of the method according to any one of claims 1 to 14 when

the program is performed by a computer.

16. A removable medium of the type comprising at least one processor

20 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 14, when the processor performs the

program.

25 17. A device for controlling 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
predetermined general reproduction direction defined relative to a given point (5),
characterized in that it also comprises:

30 - means (116) for determining at least spatial characteristics of the
reproduction unit (2), permitting the determination of parameters that are
representative, in the case of at least one element (3,) of the reproduction unit

(2), of its position in the three spatial dimensions relative to the given point (5);



30 - neans (116) for determning at |east spatial characteristics of the
reproduction unit (2), permtting the determ nation of paraneters that are
representative, in the case of at |east one elenent (3n) of the reproduction
unit (2), of its position in the three goatial di mensions relative to the
given point (5); 31 - neans (114) for d ler mi ni ng adaptation filters (A)
using the at |east spatial characteristics of the reproduction unit ﬁZ) and
predet er ni ned gener ameansptbd)dor datatminiog i astaptatiorofilterseld)wiging the apleasél i ty

f d data_j t ' I 1) - 114) f det i ni t
o o Rl R s i TRED 4 St
reproduct i opepradlictich OYed@Rilsy id38otiatedRdgith atHeo pllidIter 6f (Hund Wdtheinput
plurality of sound data input signals (SI). 18. A device according to claim

17, charact signaésd(Slh; andt the neans for 10 determining the at |east spati al

Girect cbauisition ofed hEITer BRiedPiibiobAgeas Bas e T8 (DA SorlBling ne
claim17 or i aiethdrits (8})asfaré ¢ébr¥>@l@ci{6h ughfe%)g by ?Bgl)ymg' thabhdagtatioM ited (A)

associated with calibration nmeans (91, 92, 15 permtting the

det er m nat i ¢&thef pluralitnof sewrd daisainpyt sighalsd&l)eri stics of the reproduction
unit (2). 20. A device according to claim19, characterized in that the
calibration means conprise nmeans (100) for acquiring a sound wave which

conprise four 20 prgsAUdeiceas68r8INY toadgifdl 17 Nclgraetedizedan thatitha raeaes fir
tetrahedral shape. 21. A device according to any one of clainms 17 to 20,

char act &0 } z@i@(tjlerminmaghe e Imssr:]aiial deharastienblics cQ‘faﬂ'&ltf@pr@uCéiQH?HBirt] (2)
alement s (arpaEEep iR BRI i Al sEhl SR dbe BholEIMRRET: o g reans

for determ ning sound conpensation filters using the sound characteristics,
and the neans for determ ning at | east one control si gfnal bei ng suitable
S

for the application18f A devie® @asaoising tneiherariaim 17 qrsclaipp 18 Achiangictarized in

e sound o i s0lapEIRL Y, ESRebtd Bith JBAR dalls (Rl & 1t
responses( Hpefmittieg tHee ddterminbtion36) Bk tafcleasPr skt | eardRidristiés - oP3heA

devi ce according to any one of clainms 17 to 22, characterized in that neans
(50) for detrepiduiction dalg2hti on filters conprises:

20. A device according to claim 19, characterized in that the calibration
means comprise means (100) for acquiring a sound wave which comprise four

20 pressure sensors arranged in accordance with a general tetrahedral shape.

21. A device according to any one of claims 17 to 20, characterized in
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

25 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.

22. A device according to claim 21, characterized in that the means for
30 determining the sound characteristics are suitable for determining the frequency

response (Hn(f)) of the elements (3,) of the reproduction unit (2).

23. A device according to any one of claims 17 to 22, characterized in

that means (50) for determining adaptation filters comprises:



32 - neans (54) for determning a decoding matrix (D) representative of the
spatial characteristics of the reproduction unit, which decoding matrix,
when applied to coefficients describing a known sound field as a

conbi nati on of spatio- tenporal functions, permts the determ nation of
signals for controlling the 5 reproducti unit in order to reproduce the
known sound field, - neans (55) for determning a multi-channel radiation
matrix (S) representnaganse(Bf) foheletgratiniag a ldecadingr inatrixc D pfeprasentative of

ducti it | vi. tl ith th det i al
P o & Ot B atial ARt O fist tantbtlition UL SRR AR chng FHIFELMDSR ¢ ne
det er m nat i @pp(dd F@Sﬁéﬁfiﬁieﬂfg éeé&iﬂgfgﬁrﬁn%wgsdm Qs &icﬁhibiﬁéﬁf%ﬁi bi/spatio-

reproduced by each channel as a c ination of spatio-tenporal functions,
each channefterbporaj funetions,t permitputhesidgtermingtisin ofasigmailsatfed carttollng the

pr edet er m ned neral reproduction direction : and - neaps (56) for

det er ni nglngr%?rga{‘ﬁ'% pY 1 Q#étst%ﬁ?%{f’p%eh?e E’H‘?ewnéaﬂﬂggl‘f%&gn filters using the
decodi ng matrix (D). apdah8esmy! for - g&BANRind adirAlti%hankel W&Hfétién(@atriQA(S])An
apparatus for processing audi 0 and video data, conprising neans (112) for
det er m ni ng representative y obf theo spatidhtcharagiatistiosgred] an( 8lgal e sgprodastici unitd

Do e o SENEA L SOMEh A ok S8 S b e °

control I'i ng nmi.rcﬁehﬁévc,tao?a;qdrry;i inatr®)_8RASTHY Mhe! UABHNRRROA! il Aokiclents O

22. 25. An apparatus acco aim 24, aracterized 1n that t nmeans
for det &0 wlesgrilsinglthe aloung faefld iichgmally repgodhlceddryeeioh mbhdnbgl as ancambihasipnf or
25 reading %?dsp%ggg;n%%rgi intc:ﬁénéa,ugéc %Rgllwr?él gtiei(rjlgoor%jei So(f'the input signals (Sl)
associated with a predetermined general reproduction direction ; and
- means (56) for determining a matrix (A) representative of the
adaptation filters using the decoding matrix (D) and the multi-channel radiation

15  matrix (S).

24. An apparatus for processing audio and video data, comprising
means (112) for determining a plurality of sound data input signals (SI) each
associated with a predetermined general reproduction direction defined relative to

20 a given point (5), characterized in that it also comprises a device for controlling a

reproduction unit (2) according to any one of claims 17 to 22.

25. An apparatus according to claim 24, characterized in that the
means for determining a plurality of input signals are formed by a unit (112) for
25 reading and decoding digital audio and/or video disc.





