1 Method and system for processing a sound field representation The
present invention relates to a nethod and a system for processing a sound
field representation in order to provide a representation of that sound
field nodified by neans of at |east spatial processing. Methods and systens
currently exist which, starting froma sound field 5 representation in the
formof coefficients as a function of tifre and space, enable a nodified
representation of those coefficients to be provided by |linear conbinations
corresponding to at Methad alpétsvatenpiﬂvc@r@ﬁﬁglrwra spunddiehd representationever
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quality. 20 It therefiowevéDAREr SodsiAé prodessiig tdperatichise ake oimtelaeapalarre art
pernmts the erformance of any nodification of a sound field representation
in order to P MIREHBAlkGaSESr epr esent ati on, especially in the case of an

initial ggpresentatipd ex@ingank ls§stenfsumbiped uﬁdtfr tRE % & affbidurid» @cder . The
object of the invention is to overcone that problemby providing a 25
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processi ng opesxstingnsystains, Fmbc@s"smgamn&iramﬁm such as focusing in any direction, can
be applied only to representations limited to a level of precision corresponding to
first-order mathematics, that is to say, of poor quality.

20 It therefore appears that none of the systems of the prior art permits
the performance of any modification of a sound field representation in order to
obtain a modified representation, especially in the case of an initial representation
of excellent quality, for example of high order.

The object of the invention is to overcome that problem by providing a

25 method and a system for processing a sound field representation, permitting the
performance of a very wide variety of processing operations.

The invention relates to a method for processing a sound field
representation in order to provide a representation modified by the application of
this processing corresponding to at least spatial processing of the sound field,

30 comprising:

- the establishment of an initial representation of the sound field in the
form of a set of coefficients representative of that field in time and in the three
spatial dimensions; and



the coefficients of the initial representation, characterized in that it

al so conprises a step of defining the processing 5 operation, which step
conprises: - a step of establishing a set of directivity functions which is
representative of the processing operation, in the formof a set of
coefficients corresponding to the deconposition of those functions on a
basis of spherical harnonics; and 10 - 22 step of determning the filtering
conbi nati ons on the basis of that deconposition for the inplenentation of a
step of applying the fthet estahlshmentbi efata or@r@wrﬂ@fqm@%ﬂtﬁle@hé)yCoféﬁﬂr‘e| ents
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representati on. Accordin fea ures of the i1 nvention: - the step
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t hat processbgtglrptﬂgrrﬂédlﬁéh e}Qeser{tQﬁ)nset of paraneters conprises all or sone

of the followng paraneter a set of constants form ng wei ghting
coefficients and defAcooddiag taothienfeaturea opthetineentiniur e of the processing
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interpretation of a -phectgsoindetemsihingcd setrofpirentitityi fogctidns cummrisesiacsub-
step for the automatic interpretation of a processing instruction permitting the
20 automatic provision of all or part of the set of directivity functions in one or other
of a plurality of predetermined formats, on the basis of the processing instruction;
- the set of directivity functions which is representative of the
processing operation is expressed in accordance with one or other of a plurality
of predetermined formats and the step of establishing a set of directivity functions
25 comprises a sub-step of conversion, from the predetermined format, into a set of
coefficients corresponding to the decomposition of those directivity functions on a
basis of spherical harmonics;
- the step of defining the processing operation also comprises a step of
establishing a set of parameters for that processing operation;
30 - the set of parameters comprises all or some of the following
parameters: !
- a set of constants forming weighting coefficients and defined as a
function of the nature of the processing operation; and
- a parameter specifying the limit order of operation of the method
35 and corresponding to the desired mathematical precision limit;



5 provision of all or part of the set of paraneters on the basis of that
processing instruction; - the step of establishing a set of paraneters
conprises a sub-step of <calculating all or part of the set of constants as
a function of the nature of the processing operation; 10 - the step of
determning the filtering conbinations conprises at | east one sub-step of
calculating filtering conbinations by nS8ans of |inear conbinations of the
coefficients corresponding to the spherical harnonic-based deconpos i on of

the set of d| rect i vi-tthe stamcefi establishingrd st of deraseiersePmerisss 8sed-S¥R%Essi ng
operati on; ood Odfjrteﬁﬁdétahnﬁqbﬁ& BfalFérlﬁéﬂéitt'h@%ePMf pRARRt&S; | i near conbi nati ons

uses the constants as weighting coefficients; - the procedure is
repeat ed a pI ur al i t y toe steprefestallishing arsqtpépamnetewm@'ﬁ%r%sw%@m f%g from

the various | na{)mah(?nntgg}?et%h&l?%fa{)ﬁro%@%h@ﬁ%tmcﬁﬁn peRRitANP iHE Automdtier M T he

filtering co ons t 20 coefficients of the
initial represeistat oball or pareofrtbedet o@fparametces onlthe ibasissefbthet @pPaessing
directly theIn #u%t%rl ng conbinations that are to be applied to the
coefficients"s S initial representation; - the processing is convolution
processi ng; - the pr-dhestemgf establishi@ isgt pfrmrewterg copmprises [esyl-slepsdi ng
conprises at _le di st an o) field
representati & Clﬂﬁﬁﬂ)g ﬁIc"'d)r"’"'gfﬁnlg1 ?étt%f O&%P%é% %\gé %r#cfl}ﬁr&tdfghé naatltjj‘"tae#%ﬂﬁed
during the spepesdingspatitioshi ng a set of directivity functions forma set

of distortion pairs i ch is.represent of th .di stor t form
of a set {(5) coef fi CYYBﬁtSéeQ:BF 98 HEI% etﬁq{ae[”ﬁ'g P %tboﬁ t odﬁﬁ%sres {id 65t

di stortion pghé Ss@ﬂil-sﬁapba@ﬂ Scalélﬂam‘fg Sﬂﬂl’b@lhgcaiorﬂmmaﬂmscsw -mehes pobctrssrng
conprises a fir rre to as.

|
P he’ i o1 eembabars St e ostharat: Gireshnndfa S se SPRRAcH NmoBicitged

conbi nat i OnsdééHrﬁ&%QW\dbf‘%é Qet BE ditesivity! fuREtRMESWHIRE i8N@ptdiRndtin d¢ifthe
determning filtering combinations also conprising at |east one sub-step of
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of the distortion(s), er to provi the filtering conbinations that
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one another to form the filtering combinations that are to be applied to the

20 coefficients of the initial representation;

- the result of the calculation sub-step forms directly the filtering
combinations that are to be applied to the coefficients of the initial representation;

- the processing is convolution processing;

- the processing is windowing processing;

25 - the processing comprises at least one distortion to be applied to the
initial sound field representation, and all or some of the directivity functions
determined during the step of establishing a set of directivity functions form a set
of distortion pairs which is representative of the distortion, in the form of a set of
coefficients corresponding to the decomposition of the distortion pairs on a basis

30 of spherical harmonics;

- the processing comprises a first processing operation, which is
referred to as nominal, and the distortion(s), the calculation sub-step providing
filtering combinations corresponding to the nominal processing and the step of
determining filtering combinations also comprising at least one sub-step of

35 distortion by modifying the filtering combinations provided by the calculation sub-



- the processing conprises solely distortion(s), the step of determ ning
the filtering conbinations conprising at | east one distortion sub-step
providing filtering conbinations solely on the basis of the distortion pairs
10 representative of the distortion(s), in order to provide the filtering
conbinations that are to be applied to the coefficients of the initial
representation; - it conprises a pluralidy of distortion sub-steps which are
recursive wth resgect to one another, so that each d| tortjon S
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processing an e ilterin i nati ons conprises
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representative of the initial sound field representation and of the m)dlfled
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and providi ng Sﬁjrglﬁ'y Ot Ql'ﬁ]ie fh%prfﬂgﬁﬁé a&drﬂ&nﬁ%ﬂ rggulﬁﬁfg tﬁgm the various
calculation and/or distortion sub-steps and corresponding to the elemental
processing operations being arranged amongst one another to form the filtering
combinations that are to be applied to the coefficients of the initial representation;
25 - the step of determining the filtering combinations comprises a sub-
step of converting the filtering combinations represented in a predetermined
format to provide filter parameters suitable for the parameterization of given filters
with a view to performing the step of applying the filtering combinations;
- the processing is spatial processing and the step of applying the
30 filtering combinations comprises gain modifications applied to the coefficients of
the initial representation;
- the processing is spatial and frequency processing and the step of
applying the filtering combinations comprises the application of filters varying as a
function of the frequency to the coefficients of the initial representation;



10 filtering conbinati ons corresponding to the processing applied to the
coefficients of the initial representation, characterized in that it
conprises neans of defining the processing, conprising: - nmeans of
establishing a set of directivity functions which is representative of the
processing operation, in the formof a set of coefficients 15 corresponding
to the deconposition of those directivity functions on a basis of spherica
har noni cs; and - neans of deterninln%nthe filtering cpoinations on.tge
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that decomposition, for their use by filtering means (80) receiving the coefficients
of the initial representation as an input and providing the modified representation

20 as an output.

According to other features of the device:

- the means of defining the processing operation comprise a module
for the direct acquisition of operating data for the device in one or other of a
plurality of formats;

25 - the means of defining the processing operation comprise a module
for the automatic interpretation of a processing instruction enabling operating
data to be provided automatically in one or other of a plurality of predetermined
formats;

- the operating data comprise the set of directivity functions which is

30 representative of the processing operation:

- the means of defining the processing operation comprise a
conversion module suitable for converting the set of directivity functions from one
or other of a plurality of predetermined formats into a set of coefficients
corresponding to the decomposition of those directivity functions on a basis of

35 spherical harmonics;



wei ghting coefficients; - the processing operation conprises at |east one
distortion, all or part of the set of directivity functions formng a set
of distortion pairs corresponding to 15 the distortion(s) to be applied to
the initial representation, and the neans of determining the filtering
conbi nations al so conprise a nodule for distortion by nodification of the
filtering conbinations provided by the dal cul ati on nodule, on the basis of
the distortion pairs, in order to provide the filteri C ng'nations.that
are to be applied to PAOPESHENG tgrpp@qglpet%'getiq{iqqrgqnepéﬁrg)g '!ﬁ? YIS0 -
the processi ggergh&:ati on conprises solely one or nore distortions, all or
part of the set of directivity functions fornigg a set of distortiogmgairs
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spherical coordinate syst e{n_i n order to clarify the coordinate systemto
whi ch ref er eWEONIAI GREICINS he text. 5 The coordinate systemis an
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coordi nat e s§8EERNING glﬂjﬂ'éprfﬂgeF‘Efnp'@aR?Rﬁ/\/ﬁ'SPfcan@"%ﬁerOdLHngrsafséorf'%ibé!at ed
p(rOQ), whogpdiRdfibiebf tHfsdrMgedrbih86brizaredidBl bydtheJdaldhstich moddrnNehes the
frequency, is defined at all points at each instant t. . o
the basis of the distortion pairs, in order to provide the filtering combinations that
are to be applied to the coefficients of the initial representation;
20 - the processing operation comprises solely one or more distortions, all
or part of the set of directivity functions forming a set of distortion pairs
corresponding to the distortion(s) to be applied to the initial representation, and
the means of determining the filtering combinations comprise solely a distortion
module in order to provide the filtering combinations solely on the basis of the
25 distortion pairs.

The invention will be better understood on reading the following
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;

30 - Figure 2 is a general flow chart of the method of the invention;

- Figure 3 is a detailed flow chart of a first embodiment of the invention;

- Figure 4 is a diagram of an embodiment of the step of applying the
processing;

- Figure 5 is a detailed flow chart of a second embodiment of the

35 invention; and



The nethod of the invention is based on the use of spatio-tenporal 15
functions enabling any sound field to be described in tine and in the three
spatial dinmensions. In the enbodi nents described, those functions are what
are known as spherical Fourier-Bessel functions of the first kind and wll
be referred to hereinafter as Fourier-Bessel functions. 20 In a region
enpty of sources and enpty of obstacles,7the Fourier- Bessel functions
correspond to the solﬁtlon
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kind and of gpdgigid odsﬁa REFhpPies fHirek: ax\ééfo% (bba}ﬂalaavébmere J,(x) is the

Bessel function of the first kind and of v, “and Yi (9 is the real

spherical harmonic qh Hisl&ooldinae sttemrra lp@s.twht mdmaté@ngnsgdésrcﬂm;db to 1,
defined by: yr (B, 0)=P*(cos0)trgm0 with: 1 s(nD) form> 0 5 trg
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x ) dxmP, (
10  horizontal plane.

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

The method of the invention is based on the use of spatio-temporal

15 functions enabling any sound field to be described in time and in the three spatial
dimensions.

In the embodiments described, those functions are what are known as
spherical Fourier-Bessel functions of the first kind and will be referred to
hereinafter as Fourier-Bessel functions.

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

Any three-dimensional sound field may therefore be expressed by a

25 linear combination of the Fourier-Bessel functions, in accordance with the
following expression:
P(r,0.4, f)= 4ﬂZ;)mZIH m(f)j' jkr)yr(0,9)

In that equation, the terms P,,.(f) are defined as the Fourier-Bessel
coefficients of the field p(r,6,4,1), & ——i , ¢ is the speed of sound in air (340ms™),

30 jfkr) is the spherical Bessel function of the first kind and of order ! defined by

B (x)=\/% J1.1n(®) where J(x) is the Bessel function of the first kind and of order



wi th PKx) denoting the Legendre polynom als, defined by: P, (x) d' =2111
dxz-t)~ The Fourier-Bessel coefficients are also expressed in the tenporal
dormain by the coefficients pt,,,,(t) corresponding to the inverse tenporal
Fourier transformof the Fourier-Bessel coefficients P ,r,(t). In other
enbodi ments, the sound field is deconposed on a function 15 basis where
each of the functions is expressed by a8 optionally infinite |inear

conbi nati on of Fourier-Bessel functions. Figure 2 shows a general flow chart
of the method aid UIELPnietis mal sphetea draainonichef oneehddnst aff tesmwint With st ep 2
of defining a processm op ra on to be applied to a representation of a
sound field '@’ﬂ@"@cff?r@s E y20 at |east spatial processing of that
sound field. Step 2 of deflnl ng opgration conprises a step 4
of establishing a set of di rect}”{;g’t‘ég ;Un@?gégg@ ich is representative of
the processing opengii:on. A directivity function neans a function,
indicated B, O), which 25 associates a real or conplex value, which is
optionally a function of the freque@yc,OS 18 2 ragge %f frequenC| es, with
each direction in space. Any directliyyty uﬁ tion - IS decorrposed into
spherical harnonic coefficients ndj cated G a spherical Fourier
transformg Thus, the 9 di ré'tgt,ni(\'ﬁt:y ction G(Bor/'y-né obt ai ned fromthe
spherical Fourier coefficients @G, by an inverse spherical Fourier
transform in accordance with the eﬁ.rsm(sﬁ@)w: ,forp<nl /~ O 4,.~t |
d,.(1) vt~r(0,0) M=f 5 In the restl t he docunent, the directivity
functions may be denoted by their IP ssion B, f) in direct space or in
the form of sphericdh thatirsqeatiorothef | P’Sn@@ e, asgogiatetthiegensire gpnctions
directivity &%lihctl s is provided at the end of step 4 in the formof a set
of coefficie correspondlng to the deconposition of the directivity 10
functions on a basis of spheri (T, §S . Subsequamtly a step 6 of
determining filtering dbﬁbihag?m? (éd-xo)Tt +Re(bhsi s of the
deconposition of the directivi {itdhd which is%arried out in step 4.

The notion of filteri, ﬂgPl(fxcs\G%notl ﬁw%uf gndrg%| into%a%,a@&in%g%il? filtering or

a combi nation theredf

10 Pl(x)_21lg —(X2 l)l

The Fourier-Bessel coefficients are also expressed in the temporal
domain by the coefficients p;.(f) corresponding to the inverse temporal Fourier
transform of the Fourier-Bessel coefficients Py,.(f).

In other embodiments, the sound field is decomposed on a function

15 basis where each of the functions is expressed by an optionally infinite linear
combination of Fourier-Bessel functions.

Figure 2 shows a general flow chart of the method of the invention.

In general, the method starts with a step 2 of defining a processing
operation to be applied to a representation of a sound field and corresponding to

20 atleast spatial processing of that sound field.

Step 2 of defining the processing operation comprises a step 4 of
establishing a set of directivity functions which is representative of the processing
operation.

A directivity function means a function, indicated G(6,4), which

25 associates a real or complex value, which is optionally a function of the
frequency, or a range of frequencies, with each direction in space.

Any directivity function G(6,¢4,/) is decomposed into spherical harmonic

coefficients, indicated G;.(f), by a spherical Fourier transform. Thus, the



15 Thus, step 6 of determining filtering conmbinations provides filtering
conbi nations corresponding to the processing to be applied in the form of
filter paranmeters later permitting the inplenentation of those filtering
conbinations wth the aid, for exanple, of a set of digital filters. Wth a
view to applying the processing, the nmethod conprises a step 8 20 of
establishing an initial representation & the sound field in the formof a

set of coefficients or signals which is representative of that field in
time and in directivity denctiopati @y, disnehtsinass from thersphetiealr Foynirsceafticignts
coefficientss,a, sef o t Ko Ler-iBe - itd chents as
defi ned V\,itth’"Zé)ePZn%ré {ng@’%%g&?é@q&?zggﬂxﬁez rtrléﬁﬁ@gﬁt Hgnéggar{gﬂ‘gé;g&‘a stgp 10
of appl yi ng é&xpressibn:eri ng conbi nations, defined in the definition step 2,
to the coefficients of the initial representation as defined in step 8.

Step 10 permts the production g!ke,a,]?fc@o{ &Yy prwggent ation correspondi ng
to a representation in tinme and in the=a-Rree spatial dinensions of 30 the

of " coet i1 cients. v et SR B 6 ddtfrfeEh. HEBBERAERing Ky BE0RRENEY 2

in detail theelrl exprebsioh Gfo,aNfinr directnbpatienentin othet foemi of esphiedcal E6uridrn t hi s
enbodi nent, the processing operations applied are processing operations such
as spatial wPORBHPMS Ol ch consists in nodifying the gain of all or some

of the virtual sourcais c808f diféttiRfy AHEADAS iNgrovivRd &ti theddnaselstep 4 il e and
spatial convolution or spatial filtering, which consists in npdi f_P/I ng the
angul ar 5 spfasadofct sl of enefticients spresRAKIng fa the decomrasitionRf tha dirse

anal ogous prﬁﬁ%ﬁgﬁéﬁgn a BRI PReriddl hahBsieyi ng and convol ution processing
may vary with the freguency, whi ch enabl es di stance and spectrum

nmodi fi cations to be quentuta step 6a0fl deternyping fitering €ombinatigns s gacied. 10

cot o i r el Ul BEE ot H AR AR the Mhet SO T, BaiPel 1D 7
be applied. but trhetepade Thieenatiarhef fitedng sionerscisequrdnsys amﬂliwé shdghese
i rectivity MR sttt a0 00 U o es with the frequency. s
sufficiehd to represkus, istep Adoheteyeinisg yfiteting corepnationsnprovisies ttesing- st ep
]':L 3n]::? :‘ oﬁlgei g'c%rﬁéllnapgrgst ﬁérlrrr('a 0 tn'anrg]; %f th%I ;l)rogéss?r% {o Bfe atprE)'ﬁea % t!s?éc foq'l’nr &F ﬁl&evr' ty
parameters later permitting the implementation of those filtering combinations
with the aid, for example, of a set of digital filters.
With a view to applying the processing, the method comprises a step 8
20 of establishing an initial representation of the sound field in the form of a set of
coefficients or signals which is representative of that field in time and in the three
spatial dimensions.
In particular, this set of coefficients is a set of what are known as
« Fourier-Bessel » coefficients as defined with reference to Figure 1.
25 The method then comprises a step 10 of applying the filtering
combinations, defined in the definition step 2, to the coefficients of the initial
representation as defined in step 8.
Step 10 permits the production of a modified representation
corresponding to a representation in time and in the three spatial dimensions of
30 the initial sound field modified by the defined processing, in the form of a set of
coefficients referred to as Fourier-Bessel coefficients.
Figure 3 shows in detail the flow chart of a first embodiment of the

invention.



plurality of predeterm ned formats. Additionally or alternatively, step 4
conprises a sub-step 14 for the 20 input of a processing instruction which
is interpreted automatically in an interpretation sub-step 16 permtting
the automatic provision of all or part of the set of directivity functions
in one or other of a plurality of predeterm ned formats. For exanple, the
processing is used by software neans in ¥ conputer and the processing
instruction is in the formof an icon whose validation bniagﬁ%about the 25

performance of a gi VedhisreseRrdimgnt dpR PERGESHNS\PPEFEICDSARRAR HcesgRg

sub-steps 12,504tidds 6@H 85 BpAGAI WiRdovdng Whigh doﬂsiwiu%odiﬁﬁﬁtflif% ghiarofen al so
to the reception of directivity data comng froman |nterna rreirég%ngr from

an external @esoe of ike yirughseurees eggarerd a9 oraEratingRe éHtial HouUBE
directivity [ ' : ' , i € fHe gube 18
for the convé‘?lés}%grfg Q?OItb ﬁ%n ?gtébgglgr gﬁtérr}e t’ivﬁuﬁgcﬁﬂﬁgﬁéi E\ngfé}dgfgg%tgéba ]

pr edet er i nedpreed fia|l or someofSbesaYirtyalegouredse At any etar 298INUEHA Hreceseing
deconposi ti og é)rfatiy{'e directivity functions on a basis of spherical

har moni cs. FOP-gach directi vi ty function Gl,,n(l) of the set of directivity
functions, this 35 Benwindpwings #ndstaepvalgtiomyprocessing i Bd@yowan rwidevideal

ways. 11 Fo X le,.th | L LY U ' e i t he
basi s of par gﬁ@f ers’ ?frnhcth %}éﬂ&ﬁeafsst)a\eﬂg%fayr{dn%@mpoﬁgj FIK: %ﬁo%?tdéﬁ%icrg Eégf &lstour ces
and par anet eos allldg6binexyidine Viylualgsauneed.r equency response of each of those

hose solf ces as a il warcd BSERRLE 7ot JeRR lah PGP "
represent at i gsterminfipa iset oBgisstivity fumefidriscwhich $s espmbsergativedofrtbe prodesging

function to be associdat ed with that field. For exanple, the radiation nodel
associ at ed W P @8BRIf%ource is a spherical wave radiation nodel and the

directivity functionnGheabd wierehh@iprssing coniprisies pnhBalyingie drsceskinghe
IMQ![ lhO\liVI n% (e?ggérlg(t)igik s&c(:)h ?aso ;G ) %(Lqr Egzr%vo&ﬂiénz p];oc%sgng,n rg ’sTr?gleYldir%gﬁ/’itg/m
15 function, which optionally varies with the frequency, is sufficient to represent it.

Advantageously, the step 4 comprises a sub-step 12 for the direct
determination of all or part of the set of directivity functions in one or other of a
plurality of predetermined formats.

Additionally or alternatively, step 4 comprises a sub-step 14 for the

20 input of a processing instruction which is interpreted automatically in an
interpretation sub-step 16 permitting the automatic provision of all or part of the
set of directivity functions in one or other of a plurality of predetermined formats.
For example, the processing is used by software means in a computer and the
processing instruction is in the form of an icon whose validation brings about the

25 performance of a given processing operation by the software means.

The sub-steps 12 and 14 correspond, for example, to manual
acquisition or also to the reception of directivity data coming from an internal
memory or from an external device.

As a function of the format in which the set of directivity functions is

30 determined, step 4 may require a sub-step 18 for the conversion of the set of
directivity functions, from a predetermined format, into a set of coefficients
corresponding to the decomposition of the directivity functions on a basis of
spherical harmonics.

For each directivity function G,,.(f) of the set of directivity functions, this

35 conversion sub-step 18 may be carried out in several ways.



In a variant, this calculation is carried out on the basis of paraneters

(Bg, Og) specifying the directions of the Q sources. In that case, a plane
wave 15 radiation nodel is associated with each source and the directivity
function G,nm(/) is obtained by neans of the follow ng equation: G, nmf)=
Hg(1l) Y1 (Og,Qq) |In other enbodinents, G,,(/) is determ ned on the basis
of a conbination of plane wave and spherti cal wave radi ation nodels. 20 In

anot her case, the directivity function is defined on the basis of
par anet er s r epr esentkari examye atheadieastivity fungiar (G.pt) isndeffned en (e tagistgf
function. TR ri pti op, | ; Li [ ; ' wth
each directi %égge ?€r§|(&étdw@céﬁeﬁﬁg‘i‘ﬁgﬁggﬂ%p%ﬁ& dx)%ﬁ@%&%ﬁ?@?ﬁ@h%ﬁmers
may vary w t H(hhspedfyipguibeciyequncl metparisecafs eacht loé tioossf Souicest 4 idiatioe
The. par amet eFSaet s ERsoRREILT 6o uE o AiEcec el Bio%dsp By e Wb 1 o
nmodel of & heagunesd itei bbbdhdécéigcmfri)dsfiew whoea n@(doBesénYéﬂon) in TFer'rleanetseﬂ ents
of the directivjty functjon 17 are optained . a. erl Fouri er
t ransf or m of C@fbf"é‘tﬁl%"ak’ Saﬁ:%?fg&mg”\?ﬁ?%%t Wl%aém%gr\ﬂ't?‘%??'a#@?‘;b
&0,0,(f))y" (0,0)siFd &iﬁﬁﬂ , 8e PadatirOmbdel BSSo@xaaPhith cbbl JoaFEETRE &i C
nodel may correspond {o a L?ectivity function having a single |obe, This
nodel is conBPhfricablwaye radiajien spdedagd tb%P(rf"?t,"(bti(fPWt?%bé;eﬁ(/f)y?ﬁQtQ"Pl%d in
direction of S,},@gtépoﬁaeb)ﬁﬁgahg%fw@mﬁg eaubfionspeci fying the opening angle
of the I obe. 5 Thus, the paranmetric nodel may be a directivity function
having the value 0 for any dir Hom angrdhavi ng t he value 1 for each
directiof0(0,0) verifying GtHd=F Tg%zﬁg Felati-dhehiGs:29 ot (), O (f))(0,,4) >
cos(6b(f)) where (01(f),OL(f)) ."=‘(0,q) denotes the scal ar product between the
directions Wwih(01(f),010) and (0,0). In that case, the coefficients &G, n(f)
I?’f 1’2 he (C:I)io\r/\;acti \Ig t){(fcgcét i(]?;]) arelgi ven P(%':B)Cv;l f% :'fz"'[ I:.yrgo)l(fl EL0 (115)?
 1(cos - P+ 0 +1 +B)!expiessifon P_, (x) = 1. n a
h@grbe(}égﬂkyqld@s ription of the

In a variant, this calculation is carried out on the basis of parameters

variant, the paraneters of t

(6,, ¢,) specifying the directions of the Q sources. In that case, a plane wave
15 radiation model is associated with each source and the directivity function G;,.(f)
is obtained by means of the following equation:

g
Gl,m(f)=z_ Hy(f) yr(6q.0q)

In other embodiments, G;.(f) is determined on the basis of a
combination of plane wave and spherical wave radiation models.
20 In another case, the directivity function is defined on the basis of
parameters representative of a parametric description of a directivity function.
This description is effected in direct space and associates with each direction a
value which may be complex. Advantageously, the parameters may vary with the
frequency.
25 In that case, the coefficients of the directivity function G,.(f) are
determined by using a parametric model. The parameters of the model are

placed in a vector A/)and the parametric model of the directivity function is
written G(6,4,1 ). The coefficients of the directivity function Gi(f) are obtained

by a spherical Fourier transform of G(6,4,1/)) in accordance with the equation:

b d 2ar
Gm = G ”_* " b i
. i) /,9:0 /¢:0 (0.67(0)) 4(6,) sin 0 d0 do



directivity function may vary with tinme. In that case, the paraneters of the
nodel are placed in a vector 2(t) and the paranetric nodel of the
directivity function is witten g(0 O 21) ). The coefficients of the
directivity function g/, n(t) expressed in the tenporal donmain are then
obtained by a spherical Fourier transformof 20 g(0,0, At)) in accordance
with the expression: e ay ~f g(0,0,1(t1MR yi (0,0 sin0dQdo =0 c6 =0 The
coefficients A ,nm(f) of the directivity function which are expressed in the
frequency donmi n ar éorexampie.athee gatynelri¢ engs! anayeoriespond dasT SacHity t he

as coelfhcl enhdydll -Hiling o Rintfd @5% Bhfs FRRBI 1§ NGorlioligs by 1thy pataileras ! S

defined in t ormo sanp I's made up of Q pairs

{((Bg, Q), vap, Wr@dcﬁﬂnﬁnheldaecﬂtm ofdthedolbé and dhe tpacarseatep |G/ gspavifyinger e vq
is the value of the d|r \f?dﬁ%functlon inthe direction (0,(Q).

Advant ageous h)eoptqq@gql f-es may be acquired for a 30 plurality of

frequencigs f and i sTHdgelfhe rpdraﬁﬁétﬂd rﬁédéDQ‘nQQ beVél)d}lrbE:hwtyFtDmc&@CIfnampgrtael ng
frequency f, the coefficients G, of the directivity function are

derived fronvalue 0 fosanyirestign asd P@(ll@q g yvalugq) fqrfeaachm%@@%é@fﬁ} VeiifRs 13

are obtai ned .angul ar sanpling process which pernits the
derivation owﬁgé%g%%lggo Jih mthe list {((Bg,Qy), vqg)}(j) on the basis of a

directivity function suppli ed (AN, BgNF 409 ofcos(@h@di cal harmonic
coefficients. This inversion may assume various forns . in order to .control

the inter poI WhEEsh (BéDWedN -t ) ge%%ﬁﬁlu,% s¢alar REOBR REWERD WESEFBHIRS t he

sanpl es tor Vin the followng manner. A matrix Y is
constituted Eé@ﬁ?meggg ng directions in the following 10 manner: Y, 0,0

Y,1,-1 Y1, 1'0 Y, 1, In.that, d:aseLthe godfficients pG;.(f)of th2Odirecivityl iECcOY2 hte giveh
L"'yzto-"yzL _LYQ,o,on, 1,-1YQ i,00Q i , v- "YQL,-C-"YQL,0.. -yQL L J
where each eP¥ment Yq, 1, mis equal to: V,my! (Bg+Oy) 15 It will be
remenbered that Yi (Bq, a) denotes the sphetrispal))bar mem,gef order 1 and of

termmfor the sanpling lm%fgﬂdﬁ(%)w)c&mde#ve@m G cont ai ni ng

the coefficients G ,mn is determned for the frequency f. The vector G may
be determ ned by nmednghisfexptessionlA.dqwi=ny rel ati onshi ps:

15 In a variant, the parameters of the parametric description of the
directivity function may vary with time. In that case, the parameters of the model
are placed in a vector Xf) and the parametric model of the directivity function is
written g(6,4,19)). The coefficients of the directivity function g;.(¢) expressed in
the temporal domain are then obtained by a spherical Fourier transform of

20 g(6,4,19)in accordance with the expression:
Gm(t) = / / Y (0,9) sinfdb do
=0 J =0

The coefficients G, (/) of the directivity function which are expressed in

the frequency domain are then obtained by a temporal Fourier transform of the
25  coefficients g;.(1).

In yet another case, the directivity function is defined in the form of a
list of O samples. The list is made up of Q pairs {((6,.4,), v;)} Where (6,,4,) is the
direction of the sample ¢ and where v, is the value of the directivity function in the
direction (6,,4,). Advantageously, the list of samples may be acquired for a

30 plurality of frequencies f* and is then indicated {((6,,¢,), v,)} ().
For each operating frequency £, the coefficients G,,.(f) of the directivity

function are derived from the list of samples {((6,,4,), vy)}(/). These coefficients



20 - if the nunber Q of sanples at frequency f is greater than the nunber
of coefficients G,mf): G(YTY)-'" V;, and - if the nunber Q of sanples at
frequency f is less than the nunber of coefficients GL,,W 25 G=YT (YYT)-
V. In the vector G the coefficients G,nm(f) are organized in the foll ow ng
manner: [Goo(/) GL,-1(fl Gl.o(l) G1,1(1) ... G&,-L(f) ... G.L,OU) ... G.LV/J
| In avariant, the list of sanples may 43 acquired for a plurality of 30
instants it and is then indicated {((Qq, ), vqg)}(t). 14 For each instant t
acquired, t heredlqulmednbw inventing dhe c@@tﬂarcs@mphn@rprmsegs avhpehe pasanits nthehe

t enpor al do e ( ) .
These coeffi ?ré\fﬁ gﬁ q‘}iﬁ%g?&pﬁl aﬂ%{bqg%\)ét ﬁ ")t gﬂQn@u h{grtgé)S's 8fadYr%ﬁ\f|t& cess
whi ch perm t fund@én \sapplad of tﬁdl&)rﬁraﬁpbmerfdaomatrhmlblcxieff{die(rﬁq T.hi}s mveq);]o(wt) on
5 the basis of a directiv,itg/ unct.i on su?cglle ﬂl,eo Ef 8’63] ofbs her|

harmoni ¢ coB1aYi BS4RE Vafines JPFae df Are§r {Quser r?)ln aHEPOIBRMs ‘f‘
expressedsi ngihglekl equency dOfTB.I n are t hen obt al ned by a terrporal Fourl er
transform of the coeff|C|ents (3. rse, in the case vthere step
12 or 16 provides tHE H?reé'qud\m?’y dqs&HE? otHec?? 9 "6 Plaged I 8 vierlor

coeffici entst%n&ﬁlggrpﬁé%ﬂo the deconposition of that function on a basis
of spherical harnoni the conversion sub-step 18 does not nodify the
function. Thus, at the end of step 4,[vp\vzset,q])’f directivity functions which
is 15 representative of the processing to be applied is provided in the
formof a set of cokhiatik ahisscaratitutspivonh thg sampling diexctiopo#i theofollokinghose
functi on§ on_a baS| s of spherical harnonics. In addition, step 2 of

defi ni ng Ph e"E8 EEssi ng operati on al so conprises a step 20 of establishing
a set of processing parafmgter in t e casg of stepl4, this set of
paraneters may be deter B° ldﬂ‘ ‘c‘t:)}#‘dur lihgt a tfrl@ stept 22 for direct
determ nation and/or aft zaogzub-l 224" oLt he.Lonpdtl.bff a processing
instruction and a sub- st 26 for the Fnterpretatiion of: t/hat processing
instruction pernmtting t é’Q,a,uYQg,r,mY@,goY@,nqrvrI@Lom -y b 1-Ygp, part of the set of
paranmeters. 25 The sub-steps 22 and 24 correspond, for exanple, to manual
acquisition of specific paraneters or also to the reception of paraneter

data from  .ere each element Y41m 1S equal to:

Y:],I,m:ylm(eqa¢q)
15 It will be remembered that ¥7"(65.¢:) denotes the spherical harmonic of

order / and of term m for the sampling direction 6:.¢; considered.

A vector G containing the coefficients G;.(f) is determined for the
frequency f. The vector G may be determined by means of the following
relationships:

20 - if the number O of samples at frequency f is greater than the
number of coefficients G;,.(f):
G=(Yy)'¥'v;and
- if the number QO of samples at frequency f'is less than the number
of coefficients G;..(f):
25 G=Y(yvY"y'w.
In the vector G, the coefficients G;.(f) are organized in the following

manner:

[Gost) ek Giol) G+ Gos(h) ++ Guol)  Guu(D)'
In a variant, the list of samples may be acquired for a plurality of
30 instants ¢ and is then indicated {((€,,4,), v,)}(?).



an internal nenory or an external device. In particular, during step 20 of
establishing a set of paraneters, all or sone of the follow ng paraneters
are defined: 30 - a paraneter L specifying the Iimt order of operation of
the nethod and corresponding to the desired mathenmatical precision limt;
and - a set of constants indicated C P ni' form ng weighting coefficients
defined as a function of the nature of tfde processing operation. In
particular, these coefficients are advantageously applied tog the
directivity functi orf®riepachr @stant 3zacayiremht thedifacdvi R rioedirats g14@r i ng
conbi nati Onsexﬂrtéﬁse%orlﬁ RS a8RbBFF HBMaC aréVashaiat fromel theY Iise ofi 8ebley

integrated in e method. The paraneter L enables the nethod to be adapted
to the |evel {84, pretitsiThrseicoeticients arexbtaiegd by dmnvestindtheaangulansagrinpcul ar,

bles th t hod 5 whjch the i i | _appl i
operat i on t oPEsrn Tl Peils deriyeliah TG, 8elsS e gnbilisfaftaded JPLB 8GN as
has been slesgid Bgslsagrox edirddiityt Asdtiont supplidd in' thal formay o ephetisat harmendic

directly during step 20 by an operator, froma nenory or a device arranged
internal ly. F9M@RRpl e, they are all calcul ated beforehand, stored in a 10

nmemory and sel ected fig girésthit) ifoMctidh ddXffidiaits!s,Gf ekpresBePae s frequdryat i on.
Alternatively, an instruction defining the nature of the processing

oper ati on i sdemgin el thriy Phigingeh by ta ferprorah fguseh trapsiermeofcher eagftirigrtst o t he
cal cul ation f( Il or part of this set of constants as a function of the
nature of thg" fg’r ocessi ng operation and fromrel ationshi ps described | ater
inthe t&&kt. 15 Of cQurewse: iethrorasamthere sten danomad duewdeas Aleel dirertidtya

conbi nati on : 1 i : : i ; i ng
ctep 20, andrehd?eREH AR £t Bt EOBRcieligBoRgABRIRS T B ftdrm {0‘3%
functi ons estrebfurstiod cdua bagjs off ephearicahharrosrids, thiecongersioasub-siep dét i ni ng

the filterin | i 20 This determ nation step 6 conprises a
sub-step 30 ﬁ?F®§EM$§tfﬁﬁélonfi | tering combinations by |inear conbinations of

t he coefficients corTraspatdihegend oft dtep Shhardet abf Gisectivity Fubetomd which is
deconposition of the.set.  of directivity functions .which,is representgtive
of the. pidcelaTRePURELR B PrekrTel i P st Sp el i e e S
filtering cosbefficiehtercorigsgbedingdo tiRd decompdditiar of thokerfandcterhsan & asisasii s of
the directivity fupctions d,m /) and the constants which are determ ned as
a function ofPRHEANRRAUVIGH the processing operation and which form

wei ghting coeffici erlh?ad@ftio'hh_gtebiméﬁdefimerﬁrbbéﬁﬁng dpératibh afio dtnprises
combi nations are then determned in the follow n
a step 20 of establishing a set of processing parameters.

20 As in the case of step 4, this set of parameters may be determined
directly during a sub-step 22 for direct determination and/or after a sub-step 24
for the input of a processing instruction and a sub-step 26 for the interpretation of
that processing instruction permitting the automatic provision of all or part of the
set of parameters.

25 The sub-steps 22 and 24 correspond, for example, to manual
acquisition of specific parameters or also to the reception of parameter data from
an internal memory or an external device.

In particular, during step 20 of establishing a set of parameters, all or
some of the following parameters are defined:

30 - a parameter L specifying the limit order of operation of the method

and corresponding to the desired mathematical precision limit; and

- a set of constants indicated Clmrm forming weighting coefficients
defined as a function of the nature of the processing operation. In particular,
these coefficients are advantageously applied to the directivity functions in order

35 to obtain the above-mentioned filtering combinations.



manner: t r r,MN~r m30 CGmWVI - Camr', M G',nmt// In the above
relationship, 1 and mdenote the order and the term respectively, of the
coefficients of the initial representation, |I', m denote the order 16 and
the termof the coefficients of the nodified representation and 1", nf
denote the order and the termof the coefficients of the directivity
function. In the case where the processitfy operation is a processing
operation of the windowing ty the constants Cinr are determ ned by
the rel ationshl ps: qmelgarame%@-ma(yllyewvar@tﬁrédmaynbeﬂmecﬂxf (ntggratgqyin/ 5
Chna, | ", ﬁ,el fp,rOdLI{I/wn(l) , rrx" - d, "nf()W|thI In" (r) 1,
l,J , 11vmt m (2) L" Pn 10 with Nfor|n> for Tn<U
form>U for in" = oTher aarﬁm@er dr enables th%mqth@diotbe ﬁ@@ptpﬁ tohg leialwf

cl'+Imi d” 5?ercfélon GF e itk Yepfds@hiatibnfarld, in particular, enables the method to
5 which the invention relates to apply a processing operation to an initial

representation having a high level of precision.

As has been described above, the constants Clom may be
determined directly during step 20 by an operator, from a memory or a device
arranged internally. For example, they are all calculated beforehand, stored in a

10 memory and selected as a function of the nature of the processing operation.

Alternatively, an instruction defining the nature of the processing
operation is acquired during sub-step 24, and sub-step 26 corresponds to the
calculation of all or part of this set of constants as a function of the nature of the

processing operation and from relationships described later in the text.

15 Of course, the constants Cmrmr can be determined using a
combination of the described solutions.

The parameters established during step 20, and also the coefficients
corresponding to the directivity functions established during step 4, are used
during step 6 of determining the filtering combinations.

20 This determination step 6 comprises a sub-step 30 of calculating
filtering combinations by linear combinations of the coefficients corresponding to
the spherical harmonic-based decomposition of the set of directivity functions
which is representative of the processing operation.

During this first calculation sub-step 30, filtering combinations indicated

25 G () are determined on the basis of the directivity functions G,.(f) and the

constants Cmr. which are determined as a function of the nature of the
processing operation and which form weighting coefficients of the linear
combinations. The filtering combinations are then determined in the following
manner:
L I
30 Cl )=, 2k Gronl)
In the above relationship, / and m denote the order and the term,

respectively, of the coefficients of the initial representation, /’, m’ denote the order
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+1)(21" +1) Clm"m - rn' 2~ 1+1' +1"+1 and || forr=)~ 6y=( 0 for x}y and
m=~M + mM! +Iml1l5 and C _ 2 n! n Pl 16 - p)i This processing operation
corresponds to the appl i cation of s tlal dovmn wi.th tenporal fllterlng
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This processing operation corresponds to the application of spatial
windowing with temporal filtering since the spherical harmonic coefficients G, .(f)
20 correspond to the directivity function G(6,4). Likewise, the Fourier-Bessel

coefficients PY,,(f) of the initial sound field correspond to spherical harmonic
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t he convol ut functioy pe? (6t¢;é yorike mmtlmyeftu@tlem nﬁ?maﬂf),byvmcﬂe CDE!’BalvcbrIﬂ&?sm @
with with (I @ﬁ %h ﬁ é ni'
(2) fFl1' 0 I lC%tiCjn ffrgaach %lrg n—@@f_) hez\be\lwp tpos%ﬁw?g re th\%ty flinct|85§
in, Y ,nl"51 mbeir% éodsmlé for thé 9hlugs of tHe twd- directifity ﬂ]nbﬂiﬁhé to be]coerléﬁ) .
fl. I r|| 1+1+11 mnQ rri 1" +nj 8 ni 0 in
for no < 11 As descrlbed above, this processing applied to the sound f|e|d has the
effect of modifying the amplitude, the distance and the spectrum of all or part of
the set of virtual sources regarded as generating the sound field.
The directivity function G(6,4,/) may be independent of the frequency
10 and is then indicated G(6,4). The processing is then solely spatial and
corresponds, for each frequency f, to the multiplication of the directivity function
P64,/ by the directivity function G(8,4).
In the case where the processing operation is of the convolution type,
the constants Cimra are determined by the relationship:
_\}_5 ((‘; 1:1"1”(111)2’ +c ;'—Tn (l}’)m“) for m >0
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for '1" >0 form=0 fol. il
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rn COm enl = (sign(nm) 18 This processing operation corresponds to the
application of spatial filtering with tenporal filtering. For the spherical
har noni ¢ coefficients G,,(j) correspondl&@o Fourier- 5 Bessel coefficients
of a sound field produced by a linear and angularly invariant sound system
in response to excitation by a reference sound field, such as a plane

i mpul se wave com ng 'fﬁi@f’ﬂrbé’@s%q pbiabion (&dri¥spos o ahe egiieator of dpansled by
the expression ((spatio-tenporal response)). A linear sound systemis

angul arly i nienngnvitiviesaperal tesiPgon of the field which it receives induces

the same 10 rotati orF@ninkheHerighdhdkidhic chefiBBRISALES)) doMESpoh# Qo MRSiHEE-CI ent s
G mj) correspond to the spatio-tenporal response’ of such a sound system
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at each frequéntly {BlesyR NehBfcidthickal iUBRHRS, A g sply Slstem 8O
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the spatio-temporal response of such a sound system.
The Fourier-Bessel coefficients PY,,(f) of the initial sound field are also

" CO for ?2n" >0 for'mM=0 for mM<O lit" | !
k iinl InW 1 E~! d X d d, Cc1, + Intl
1

regarded as spherical harmonic coefficients of a directivity function PY(6,4,).
Thus, the spatial convolution with temporal filtering results, for each frequency f,

15 in a spatial convolution of the directivity function P(6,4,/) by the directivity
function G(6,4f), which is regarded at each frequency f as a directional
convolution kernel.

In the embodiment described, the convolution is applied taking a
direction (&,d) into account, the convolution kernel G(6,4) is then turned,

20  bringing its north pole (vertical direction with 6= 0 and ¢ = 0) to (6,¢). In order to
obtain the value of the modified sound field P7(6,4/) in the direction (8',¢"), the
value in the direction (6',¢°) of the turned kernel is multiplied by the value of
P8, in the direction (,d) and those products are added together for all of
the directions (&, d).

25 This processing applied to the sound field permits, for example,
modification of the angular spread, i.e., the spatial localization precision, that is to
say, the size of the virtual point sources regarded as generating the initial sound
field, for each frequency f. This processing is the spatial analogue of temporal
convolution by a window, the effect of which is to modify the temporal spread of a

30 sound event, such as, for example, an averaging or delay effect.

In the case where the directivity function G,,(f) has cylindrical

symmetry, that is to say, if G,.(f)=0 for m#0 the above equations are simplified,

and the coefficients Cimr are then determined by the relationship:



20 bringing its north pole (vertical direction with B= 0 and 0 = 0) to
(00,00). In order to obtain the value of the nodified sound field Pn(O,0j)
in the direction (0',0"), the value in the direction (B ,') of the turned
kernel is multiplied by the value of i(B,,j) in the direction (Bo,0) and

t hose products are added together for all of the directions (Oo, Qo). 25
This processing applied to the sound field permts, for exanple,

nodi fication of the angular spread, i.e., the s i | ocal i zati on
precision, that is to say, thgmsi zezgf”dtllgelgmi”rtuéw poi nt sources regarded
as generating the initial sound™'#Teld” fof éacVFZZH-elquency f. This
processing is the spatial anal Qqaue. of oral ., convol ution w ndow, the
B fect of whi ch ¢ Eheraipy Y HieR Gl ik ke TaReERntiss B e Pebidted " ucn
as, for exanphg isathéyahaghftd (695! aheeipr6&dssingn i$ Nhehasslen adptibinqind

directivity function G, n(j) has cylindrical sym_retr?/, that" is to say, if
G, nm(t)=0 foromespondrefaitrRAach Beanancys tathe spaydlutiareat the digeetivity dunction

fficient e. thel t.er.nj ! ' iDy 19 VI fil
Fo b soba; PO b ResBb e\ AR 88 pYih Bfed P IR R a0 o Hon
G(0,02/) may be indepeadditionpfthehendthadjueidlye anentich tdism emablesat retaticno, 0O) .
(b The: coRtseaeng o bp GermscpRol Mt B9, S & 138 15pat Bladk ddustidben
with the inifimtiohd hdl thy mehdlicqarés Bhtamdterscld Kp) fepPedthtative ctddictdton, t he

met hod of the invention also enables rotation processing to be carried out.
In that caseof thewsued fielgsabaud thrperigiade of directivity functions and the

met hod reguires parafgier§ (RO r R, at i aof - t he
sound fi zﬁd about the ofi gi rﬁ% p%éef%ﬁg %%Péttﬁjtg Hrgo%fes&t%%tnbp&eﬁra;tfl”éﬁrﬁmps a
rotation, theombinaéonsigre detdrmivedd from theepatemeters (@@, {r raprédentativeaofether s

(0,0,yu) representative of th rotati of the sound field according to the
rel ati onshi p.ro(?@ﬂﬂ, gnftthg sgynd BEI% aqcm%gﬁ%gwlgﬂo% ,m+D n',m 211
.S(Drrn'.~n +D~ nx'pn) Drx = nm,v, @’;ﬂm’ =6 DR

with
(§R(Dﬁn,'m +D' ) ifm/ >0andm >0
V2 R(DL o) ifm'>0andm=20
(Dl + DL ) ifm’ > 0and m <0
V2 %(Délm) ifm' =0and m >0
DY m =D}, ifm'=0andm =0
V23(D} ) ifm'=0and m <0
DL s = Dhp ) ifm’ <0 and m >0
—\/5%(1)5,,,!0) ifm'<0and m =20
15 L R( Dl =D ) ifm' <0andm<0
with
D}, =cmemd, () eI™?emimé
with
min(l—m/ l+m
)= [ SO T e, s
k=max(0,m—m’)
0 20+m—m' -2k ) 2k+m'—m
(cos 5) (sm 5)
20 and

R(x) = real part(z)



with with drn"m (0) 20 and if or'>0arid in>0 ifna >0andin=0 if m >0arid
MO0 if mMm=0and m>0 if rn'=0and mr0 if Ira =0and in <0 if rn'<0Oarid
Tit >0 ifin <0arid na=0 if na<0andin<OEM rn! D'.,,,. = EmEmM di
e-] (1 +m) (I - m) (I +rn)! (I - mM! mn(f-rre',1+mM -jrrnb (_1)k Ck
wk+m -vnx +m | -mk=max(O mmn) 21+man' -2k 2k+m -7n (COS (sin 2 -J2(x) =
real Part(x) 20 and %r.) = imaginary p&0t(x) In this relationship, the
convention used for the angles 0, 0 and W 5 consists in effecting a

rotati on thrdh an angle yr about the axis (OZ) then through an angle 0
about the axis (OY) then throughggn anghgndrapayir)t he axis (QZ). Finally,
the processing carried out may al so correspond to neutral processing. In
that case, the filtering conbinations are all zero except for the 10 val ues

where |'=1 and m = lmtﬂfgerre?atmgﬁiﬁg‘ﬂ’gflctoﬁve nCQsS for AkNaHqId %gﬁ%h@%

operations as well as conbinatio e processing operation escri bed

can be cagrieshsits ih heffeieting a rdtatioefthroughoan aingtehey abett tfe arisg(@2)nipen

constants G, "r, nt . ) ,
through an angle @ about the axis (OY) then through an angle ¢ about the axis

(0Z).
Finally, the processing carried out may also correspond to neutral
processing. In that case, the filtering combinations are all zero except for the
10 values where I’=1 and m’=m where they equal 1.
Of course, other processing operations as well as combinations of the
processing operations described can be carried out thanks to the definition of the

set of weighting constants Cime.m.
For example, random processing may be carried out by the random
15  definition of the set of constants.
Advantageously, the calculation sub-step 30 is carried out solely for

ll, +
the non-zero constants Cimr.m,

The filtering combinations Cin () so obtained are placed in a matrix €
of size (L’+1)* by (L+1)%.

20 In the case where the processing operation to be applied consists
solely of rotation, convolution or filtering, the matrix C corresponds directly to the
filtering combinations to be applied and is indicated in a general manner F so that
the results of the calculation sub-step 30 form the filtering combinations that are
to be applied to the coefficients of the initial representation.

25 In the case where the processing operation corresponds to a
combination of processing operations, such as rotations, filtering operations,
convolutions and/or any kind of processing, the sub-step 30 is repeated a plurality
of times and each matrix C is memorized in succession in order to be combined
with the following matrices, finally to provide a matrix F comprising the

30 coefficients corresponding to the filtering combinations that are to be applied to
the coefficients of the initial representation. Thus, the matrix F is obtained by
matrix multiplication of the successive matrices C.

Each element () of the matrix F represents the frequency
response of a spatio-temporal processing filter.



For exanpl e, random processing may be carried out by the random 15
definition of the set of constants. Advantageously, the cal cul ati on sub-step
30 is carried out solely for Rm the non-zero constants The filtering

conmbi nations Cm Wso obtained are placed in a matrix C of size (L'+1)2 by
(L+1)2. 20 In the case where the processing operation to be applied consists
solely of rotation, convolution or filte2itng, the matrix C corresponds
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Durmg step 10, coefficients p©;,.(t) corresponding to the coefficients of
the modified representation P” are derived from the coefficients p®,.(f)
20 corresponding to the coefficients of the initial representation PP, by the

application of the frequency response processing filters EL in the following
manner:
P ZZE SN¥A
where PY,,.(f) is the Fourier transform of p*¥;,,(z) and where PD,,,(7) is the Fourier
25 transform of p'”,,,(2), these being coefficients relating to the initial representation
and the modified representation, respectively.

Thus, step 10 implements the conventional temporal filtering methods
for the application of the filtering combinations provided by step 2 in a suitable
form.

30  For example:

- the filtering may be effected by means of filtering methods in the

frequency domain, such as, for example, block convolution techniques. In that



corresponds to a nodified sound field, by applying thereto the processing
filters representative of the at | east spatial processing defined in step
2. During step 10, coefficients p(7) I, mt) corresponding to the
coefficients of the nodified representation k7) are derived fromthe
coefficients p~~r,"(t) 20 corresponding to the coefficients of the initial
representation # , by the application of22he frequency response processing
filters Fim (fl in the foll owi ng  manner: r,n 7" F Put ) 7
P f=o me-f wkes® Pen[filtaging q%ﬂbiﬂ%t'Qf@uﬁr%rSUPP%ﬁ%fl%rWPo r%m iofnie) T H eHer e
P(7)1,n(f) is the Foufi 25 transform of pcnr,n(t), t hese bei ng
coeffrcrentsr?ﬁﬂoaﬁ?% ’ﬁghthe initial representation and the nodified

representation, reSpemer Yﬂéﬂng 'ﬁmsysbeséffa@tebom R esrapol tdmenalmrbyemmmall

t enpor al fllterlng met hods for the a i cation of the te
combi nat i ons CPRYRNERSY Imihad cage.the fltgr ?Q’B‘B‘P@t'oq%‘?rﬁrs@@ %rn %5‘?3&{5“ gfthe ¢ he

filtering ma¥ be effected b nr@ans of filtering methods in the frequency
domai n, sdchMRUISE EESPORNSED| &” Bl ock convol ution techni ques. In that 22

case, the filtering CEd iGN Rfayabe eHepieldi indihentehippralodomain brnenéarequrency
responses Ff'o. - the filtering

be effected in or al
tenporal  coffitatimpHIse|GspERAe "@&sé'vqfﬁ@r%lf‘t@?ﬁ ?ﬁfecg?ﬁ)} ﬁéﬂ) go?f%mg' %'l?ppl i ed

in the form gfe blishlied i m&'io?ﬁ’r T AP RIBBARNEe relation ddeficients. the filtering may
be effected in tlne tenporal domain by nmeans of infinite inpulse response

recursive filters. |Rigurat dessabes tee £ase of finde dDRBISAIEsBARSe BIKINGudHIS ed in

the formof the recurrence relation coeffici entsaﬂl;?u e 4 descr.i bes t he
case of fIPnj fideringimtialy reqitassbedeieraunaiign of 3 \eari i tGeSONING | %mey

re res the determnation of a variable Tnm corre

nu?nlzj)er gf samymber o s8 %sr|‘gﬁr%‘ﬁﬁ?ét@a%fhearcgsrﬁéﬂgres‘?}?p"hgyjn)(vﬁfo&ﬂeaﬁ I:chr] eads
to the foll%rr glwralc&nambmekpresemreswon ( T,rm1-,{ p[t]=L-~ ~
{hn zl ~nt-r~ Om=-/ rr=0

7-‘Im-

pIA=YS S fitd poli-1]

I=0m=-1 7=0
These coefficients p'”,,.() are representative of a sound field
15  corresponding to the initial sound field after the application of the at least spatial
processing which associates with a sound field produced by at least one source,
another sound field produced by at least one source whose direction, distance
and/or gain are thus modified.
In another embodiment, the method of the invention also permits the
20 application of distortion-type processing operations corresponding to a distortion
of portions of the sound field by modifications to the characteristics of spread,
position, amplitude of all or some of the virtual sources generating the initial
sound field.
This distortion processing may vary with the frequency, which enables
25 distance and spectrum modifications to be carried out on all or some of these
virtual sources.
Advantageously, this processing may be combined with one of the
processing operations as described with reference to Figure 3.
Figure 5 describes the flow chart of the method of the invention in such
30 an embodiment combining a first processing operation, called nominal processing
and corresponding to a processing operation as described above, with a spatial
distortion processing operation which results in distortions of frequency,



These coefficients pt0O,,,(t) are representative of a sound field 15
corresponding to the initial sound field after the application of the at

| east spatial processing which associates with a sound field produced by at
| east one source, another sound field produced by at | east one source whose
direction, distance and/or gain are thus nodified. In another enbodi nent,
the nmethod of the invention also permts23he 20 application of
distortion-type processing operations corresponding to a distortion of
portions of amplitidenand/preptiass chewictaristics ohsomponaatscofatngciapresantationoef
spread, positd.an i e of all or sone of the virtual sources

generati ng tmaé 'lﬂﬁli’a{ ?tgﬁ{d ﬁs‘%ﬁ'nd field. This distortion processing may vary
with the frequency, Thissin thimbimbedinmmtdstep 2rof definidgdpe SIeaessIREFOMRERES.ons t o
be carried o '], 0 o) : A . iV SRR ,
this pr ocess#%gb%ﬁ%{?)’ héa %tgﬁbﬁgggtﬁbwg gc?? t"f ﬁge&g)ﬁgggigtgdﬁ\g (?S‘t(‘ar ati oﬁs?y as
descri bed5wi shbisedpet 2t direal deteroimat®n dridjon tbeSubeateps hé of eheuisitionapdditt of

th thod of ;the i ti i . i | nj Qs
bt ocessi ng ofLITPLIETaLF Bl st BorvsreBl sETRSED T8 AhabEcs SE0S dhetht,
processi ng op@ictibheto e predded iretheafoowmeof avséthofacosffadierds codiespandingio the
i ti whi ch lts in distorti of f , 23
Bl tude.andPeempRatieh o ApSE Tifiqins o SasRafBBREY NS TOHES Lpr esent ati on

01;] the initial soung tﬁiseérﬁboﬁﬂg]@?t, paft dehés@trﬂiwieﬁmﬂty,fuﬁttlﬁ:msﬁiebémdﬂéd'rmi n]g
the processing conprises, . as before, the step 4 of est ishing a,set o
di rectivilfy ﬁ%ﬁ’cf‘i BYIECPORER 19 Ngd'ﬂ?_ét'o% p?lJrB-@BE%e.TL"’t'HF %ib?e@f{oﬁtgqrbrt% ation
and/ or the syBnRdERS alfaMerasifiarstolthe enodiriéntdfeschibéd BbSIeathese distonnl as
t he conversion sub-step 18 enabling a set aof di rect|V|Oqt%q _functions %o be

provi ded in PAESTGfen deserined B ©BefiPiBi Gt @ ool edpotRfiicents (ipgicated
deconposi ti Ogg@;m@;ﬁ?ﬁé&)y}@@dn‘é@ﬁor%n 1P BRIISdSdonfRIBRIONCAH aHSTHI §sheritll t hi s

enbodi nment , ) Set of directivity functions deternmined in 10 step
4 correspond$arroomiceli stortion pairs representative of a distortion to be
applied. 4kn a mannercgidm 4 : -eggrﬁg-' t I4 ; ;

distorti 8% pairs ar%éq{ggﬁzsﬁérgég F|H?nre{she OIF%ggfb)gﬁgcgtdlr%? ﬁkﬁ@ﬁ@?ﬁﬁ?@%@%

i ndi cat ed corcpeepmondi taghe d-ouhei-Besisat onpifisienisoof asourcesolind feldsasidoa target

Fanctfona. wheeo (g SEBREaP Bhbreiin SRBREAILIRT sRhop MRuITRE I, o

sound fiel d sadsaitt@repemble thetdrdetsbdnd field. di st ortion operation applied to
the source sound fi et i RBd\es S8 or drebuil, RRARE doieshBAdIR BN

20 nominal processing and also to distortion pairs representative of the distortion to

be applied in the form of a set of coefficients corresponding to the decomposition
of the directivity functions on a basis of spherical harmonics.
As above, step 2 also comprises the step 20 of determining the set of
processing parameters by means of the direct determination sub-step 22 and/or
25 the sub-steps 24 of acquisition and 26 of interpretation.
However, in this embodiment, the step 20 of determining parameters
also permits the determination of a parameter 4 which may be adjusted between
0 and 1 and which specifies the resemblance between the final processing to be
applied and the nominal processing determined by step 4, that is to say, the
30 relative magnitude of the distortion to be effected.
Thus, if 4 is equal to 1, only the distortion is taken into account and if A
is equal to 0, only the processing determined during step 4 is taken into account.
As in the embodiment described with reference to Figure 3, step 6 of
determining the filtering combinations comprises the calculation sub-step 30
35 carried out as described above and permitting the provision of a matrix C



Thus, step 4 provides a set of directivity functions corresponding to the

20 nom nal processing and also to distortion pairs representative of the
distortion to be applied in the formof a set of coefficients corresponding
to the deconposition of the directivity functions on a basis of spherical
har noni cs. As above, step 2 also conprises the step 20 of determ ning the
set of processing paraneters by neans op4the direct determ nation sub-step
22 and/or 25 the sub-steps 24 of acquisition and 26 of interpretation.
However, in tcRMprisimgod seieef filtering condpnatonsfcogeseending i) theapaphsatier of leso
permts the f C n O
and 1 and Wn?‘?hﬁipe dleggm hggr gg{a aﬁ:éﬁ%\é\%ﬁvtvega@Keectﬂﬁt)ﬁgw%ﬁr&(;%e?ﬁt\rq%eto be
applied and tdlet!erﬁmﬁdﬂalStwécesm ng deternined by step 4, that is to say, the
30 relative magnitud t t T [ j qual
to 1, only the di sto?l?‘lgfcs)ﬁ{ ?gdltg{oﬁﬁ&{‘sélf%‘s &e@ﬁﬂ?ﬁé{?g o??:‘el\erhﬁ@ng&ﬁ%ﬁt%@g&
only the proceswinaiodstdurimgna dutitatem@Osofedistoriian bykmandifinatoract thenfilterings i n

the 111 ter! ngPRBHRas Coithrbdt GR e Re MRS tBB Rep s0° 35 carr ed
out as descr ibed abogiaddhi@S(giddd 89 HBBRAY L3BHAbNE TR dfe frdfies

nprising a set of | hat10ns cor respon 0 t he applicati on
of the noniwal tipe doxsisiofg traae; distortioed payrst nalicaded o{(bfil,l,,r(ﬁdf’lnvnl(lﬁ)} faudctheons

that is determined in step 4. The set of distortion pairs is used jn step 6
of determi ni mgrametef i inepidey to Supplybiasaan eutpudthe rf@feangwbnﬁnrwose 1)

distorti b dificat er Rat i.ons rm.ned. at the
end of tH0 oAt 4 ERMehidlive e bIocEHlEmgoRb 47 A B &c s geer
filtering conte rdigtodios @wd/)wlancb aedid ibed appired he thastceeffitiehtse oflitsé dnitinlon
pairs indicated anou.H pararret er Ain order to supply as an output the
filtering cof®EETBRSFj,f' (() 10 which are representative of the

processing i ncl udi ngDuheg newB-8&p BOOCERSisplieAdsl hbfRolits tesfficientsand i ch
are to be applied to.the coefficients of the initial representation. During

sub-step 50, 'EMESSHALYS elNeHhFoNIAS direeity ficiARS arg placed Ir) a maitix B $28 i ve

of the Nggur¢g+ gt bywt,hmégbugwnfgtmgﬁ,serare placed in a matrix Hof size 15 (L+
1)2 by Ninthé follow ng manner: Ho, oj (f) HO 0, 2(f)_Ho. 0, N(f)

H,-,,1(f)H ,-, 2(1)"-H, j, NHO’O,,UDHOM\(\,’)H O}@WN,()‘)H ONO H1, 1, IWHI
1’2WH l’ I NO 111(f)H1 12(f) """ Hl IN(/)

101(f) Hloz(/) """ 10N(f)

Hlll(f) Hllz(f) """ 113v(f)

LL](f)HL Lz(f)' HL LN(f)
HLOl(f) HLOZ(f) """ HLO’N(f)

HLL\(f)HLLz(f) """ HLLN(.)()_J

Likewise, the spherical harmonic coefficients 2, .(f) representative of
the N target directivity functions are placed in a matrix B’ of size (L’+1)’ by N :

H'IOI(f) Hloz(f) """ H';,o,;v(/)
H'xn(f) H112(f) “““ 11,.N(f)

LLl(f)HL—LZ(/) """ LL_N(f)
Lm(f) H'L oz(f) """ Lo_N(f)
LLl(f)H‘LLZ(f) """ HlLL,N(f)J

20

The coefficients Cin'() of the filtering combinations of the nominal
processing are also placed in a matrix C of size (L’+1)* by (L+1)%



HL,O IWHL, 0,2(f) HL,Q NO _HL,LJO HL,L,2W--HL, L, NW20 Li kew se, the
spherical harnonic coefficients representative of the N target directivity
functions are placed in a matrix H of Size (L'+ 1)2 by NN Ho,o0,,(f)

Ho, 0, 2(f)--H OAN(J) Ht.o,,(l) H A2 "HI ON H1,1, ,WH 1,2WH,, I,NW
~2w_ _HL,-L',NQ HL,CI(f) HL" A2(f) H L~L'AWHL',L~2W---HL ',L~ N
W The coefficients C% (J) of the filteripg conbinations of processing are
al so placed in a mtrix C of size (L,+1)2 by (L+ 1)2: the nomnal 25 C
0,0(f) C-1(/) € &8()) QULELLG - €D, ~LCELIY) -+ CRBUP ~LCH (] C i

i (~~(~ 00,01~(f{ezo 0= {15 'GD, O () ~) CEL () ~—«z/z A C-OHEUAL | ~. .. C
is 0 ({f~) CL, I /C\J)"(f)C@‘@((ff) CQL?-OJVC‘%)O)CQL(N - CraILVIC pH(/CL, Q(J)

CL, ~L1J C1 11 Gi|, Ci(h) A3@Y) CCHMRE LG CLLFQY - CCELS(I)(f)C |1 (1) C
0,0 L(f)CI,-IL(J)C L, 0-L:()C 121 LVI---C L LV/-- CilL L, LL\/{ Cc "(n
cl""1Cl,a(n C CJLJ)L(I)CC '(DCIILFO)L IGLL(Q‘)OCI, Kf@‘) i EY " (/(BodEé/L)‘(KD ~i (f)
CoL(f) CLIL(T). -L(f) Ck, O: (f)---Cf tL( ) The filtering conbijnati ons
Fm' " (n represent|a v"éf)ofC]‘c F(e‘) p@b&?é@s(lﬁg (f)ope@ém(é}r i 6 i) enG iy |are then
determned in the course of the distortion sub 5 step 50 corres onglng to an
opti mi zation whichsedrelnined @' Sef) 6110 teFtAad)) cog"mlorlﬁl ofs M ifying in
the best possible manner the distortion pairs and the resenblance between
F,n,"Wand C,;" (1), This optim zation can be effected by nmeans of nethods
such as gradient de$|c@rﬂltenngrmdmbmailamser1%,i,éfh :reprdsmﬂﬁatmdoaltls@ pocessirg t he

e P g O Sy T S B P b b

di stortiog patds 50FesrrespanBing td RA OPhizheat | lvsm’tﬂ”n detdrimteddy séteodifirérang i on

pairs are |nterpol ated on the portions adjacent to the dlrectlly tar ted
portions in &PERINALENS HeriEYing ﬂrhg‘q PP?te‘quﬁ‘ﬁ)‘%HPﬁﬂ'}%tﬂi‘%rﬁ’éStOV\lﬁPoq?'ts
progressive nodificatipons to Fhft{) @M al representation of the sound
field aroundr???émﬂa??‘? BRRvegN de rUb ed by the distortion pairs. The

embodi ment descri bedThh%e@ptﬁnTiBﬁcBﬁ &ah”M@réffét'fbd“Hyhﬁ%aWQ' 6 métﬁ@dbs stigh tde
determnation of a matrix F during sub-step 50 according to the
gradient descent or matrix inversion methods and also permits the determination,

10 on the virtual sources regarded as generating the initial sound field, of
modifications that are not directly specified by the distortion pairs.

For example, the modifications defined by the distortion pairs are
interpolated on the portions adjacent to the directly targeted portions in order to
obtain the filtering combinations, which results in progressive modifications to the

15 initial representation of the sound field around the portions directly targeted by the
distortion pairs.

The embodiment described uses a matrix inversion method which
leads to the determination of a matrix F during sub-step 50 according to the
relationship:

20 F=((1-AC+AH H)Y((Q-H)I+ AHH")"
where I denotes the identity matrix of size (L+1)%

In the case where 1 equals 1 and where N<(L+1)’, the matrix F is
given by:

F=C+(H -CH)(H'H)'H"
25

In the matrix F, the coefficients Fim () are organized in the following

manner:



relati onship: 20 F=((1-A)C+AIT HT) ((1-A) 1 +2HHT) -1 where | denotes the
identity matrix of size (L+1)2. In the case where A equals 1 and where
N <(L+1)2, the matrix F is given by: F=C+(H -CH (HTH)-1 HT 25 In the
matrix F, the coefficients F,n(f) are organized in the foll ow ng manner: 26

Fo6(f) Fi-(f) Fd(f) F,0t(f) -- Fi,"i(f) ... FL o (f) ... Fi,i (f) Fo,b' U
() F Lo (F) Lo (1)...FL-i1(J) Fo'.o(29 F .0L1(f) Filo(}) Fi(f)
CFl:2L(~.. F);o(f) ... FL.i(f) Fo o(f) F11°11(1) Fi'b' (f) F t'(f)

. FUL(F) Fer o [)FL() FFS) FIEOUD' FICTYFE FIoU((-FIRSEY) (~FILA()

L' (~...FLL_cL' ~| F/ELU® E's\.(f) Al &) oF{fYNF -t FOCAUH LFA oM FL-FLL (B | i (. )
.. FLLO(T) .. .| RELAS) FIFQD% EL(F F'1°G0F) - LS CW-- FL8() -+ FL2()

FtL"L' (f)...FLLLIiF{& . FLEQD (Bl (FLF'©) couFse,(facedrd(np- t-oFt he)
interpolation nethod used,: this foptimization step may invol ve progfessive
or, on the othe Fl;fa‘rﬂﬂf)léﬁdHefl)FS({’“\f&ﬂfé,‘t{fﬁ(rﬁ-iﬁtfizhégfmﬂifﬂ%é)ti-éﬁs‘flﬁ& en the
portions direct|y targeted by thé distiortion pairs and: t he adj acen
portions. Subsequaht(y, Fi'h/T il iétn) ng ‘e n&erdis: FF (s far e Topt' (Bnal | y
converted during sub-step 32 anLQIi,are aprI ied during step 10 as, described
with referencel fooFiQuFéds @) dno 4 AG Adanfa sIyroseNerdicdiBtorti ons
are applied in succession, the nethod then conprising a plurality of

di stortion sub-steps 50 which are recursive wth respect to one another, so
that each sub-step 50fr e6@iseesaéoréigi NPUthe amterpolationl rpethoessised, thize
filtering conbinations provided b){ t he precedi ng sub- StﬁP' éS({n thqe case
wher e the paCRH®IZ&I0D %%Baﬂ?yo,'m’(ﬂ‘éec HregT8RsVe ot Onphei QH'er afdNd heU9dan er i ng
conbi nat i gns \drhsfInE e thel ihbdiicdtions CodthebAt theNpSHBnStdRcBY taFqRité® LYOfR
directly to the filtering conbinations representative of the processing.

Thus par anet éksteréign peiis andAfw adigeatt RABANSsponds to the first enbodi ment
described with reference to Figures O ln anol,g:éI enbodi nent . only

3 and 4. ,
distortion is appli egu%?ﬁﬂupﬁﬂ)_”f ith_?erfi?tﬁ@ng cSﬁ'B‘E%HH‘E'PBﬂs r e’ del'€r rﬁprli’QBaI%I ely
by means of thgvéhied QhfihPSuPatdpS32 Bndasie Uppaed Aurhg stéhqora) aédpinediviath

reference to Figures 3 and 4.

10 Advantageously, several distortions are applied in succession, the
method then comprising a plurality of distortion sub-steps 50 which are recursive
with respect to one another, so that each sub-step 50 receives as an input, as
nominal processing, the filtering combinations provided by the preceding sub-
step.

15 In the case where the parameter A equals 0, distortion is not applied
and the filtering combinations determined during the calculation sub-step 30
correspond directly to the filtering combinations representative of the processing.
Thus parameterized, this embodiment corresponds to the first embodiment
described with reference to Figures 3 and 4.

20 In another embodiment, only distortion is applied and the filtering
combinations are determined solely by means of the distortion pairs in
accordance with the relationship:

-IENS L+
F=I+(H -H)(H'H)'H"
25 -IfF N (L)
F=H H (HH")'
In these equations, the matrices H and H’ are determined as
described above. In this case, the matrix C is not used and sub-step 30 is not
carried out. Thus, step 2 comprises solely the distortion sub-step 50.



-l fNs(L+1)': F=l+(H -H) (HT H-' HT 25 -IfN>_(L+1)2: F=If HT (HHT)-' In

t hese equations, the matrices Hand H are determ ned as described above.
In this case, the matrix Cis not used and sub-step 30 is not <carried out.
Thus, step 2 conprises solely the distortion sub-step 50. 27 This
enbodinent is a sinplification of the enbodi nent described when 2 equals 1
and the nom nal processing is neutral prpeessing. It is therefore apparent

that the nmethod of the invention permts the application of a very w de
vari ety of processi nghispambadioast is@ simpblinadon iokthe embediptant daseriieswiiivi ng a

hi gh | evel of/1 é)il%tg:é f%@g’thé’%ﬁ@aﬁ)?f&éégsi**ﬁ% r?éut?al?%ce%in irectivity functions

which is repres a 0 ocessing operation and which is
represented in the firisnthéreforeedpparentahsdf thel metieodcof thes mwedtiorg peomitdi¢he
deconposition of those functions on.a basis of.spherical harnonics., Jn the
case where tf?@pkcf%@gsgfi AgV§™Y ‘ﬁ'(geaﬁﬂq?%ﬁ?cpéﬂc%'@PP?rai%ﬂP%qg %L@oﬂﬁ]%rﬂgrq ty of
el remrnent al spr ¢§;}9‘é§%mﬁti©@3fa&tr1:goaShighdbv@%fd@%@rsiﬁd?vahgwe, tg’eh@sé iof taegétggf

conmbi nati ons Qf the processing operation. as ol e may be ohtain

a1 il ©iTee A BRCRS RO B EPEsen A SR PRg Y BBERNOR cfaich
plurality of ipreersehid PPeRAto@NSf bhakt icF EeefidigntsbXoreb@ording tbhene
filtering conbinations provided by calcul ation sub-step 30 and/or

di stortion suigcemgpsiton of oprifunqliope 884 brpis of RNEEICAERBIFSa plurality of
tines, the results ofn (RAEHsOGHEE IAE HBRIAMCRTBENRDISH dhr BESPIPIntd e

previous occurrence. Figure 6 shows a bl ock diagramof a device suitable for
i npl enentlOng plurpkty o efeseerdal praeessingeperationsTsuchcRs descrived gbpye.tte ftteninthst
spatial proc Mo ' ' | iayi de a
Fepr caent ati o ehnprs B 1 Brtce ] opefatoRhd:ea ol L o8t SRR 85
conpri ses neangtigitaton oéfhenmatricelsecopiespesdingitp ach ohthe plursliheipracessingf
step 2 of th t. i ' T ri.s f

et abi i shi ng CRoCBionSy Tt igaet v hang i afe TRBHRo tomsiRalsFralBRHLE o1

t he processi mglcuiatiohlsabtstemB0fand/os elistartioc sabfstepp 8ht s corresponding to the

nar ot c49 Advant agediel yocerute i Rusii BBl ofees RBF ERTlSuPt et

acqui si tion, dayhaacopeia teing tombinadtithgse bf tie @evieusatcursroee, of
operating 30 data fBr teh ) %Vviscaeb%%k O}'Jaerrgi téfi ang’ v'icn sﬂﬁéélie%grl l%wr I r%wre]r?t'ndi rect
determ nation of the ¥t gram evice piementing

the method of the invention.

The device 60 permits at least spatial processing of a sound field

20 representation in order to provide a representation modified by the at least spatial
processing.

The device 60 comprises means 61 of defining the processing for the
implementation of step 2 of the method of the invention. These means 61
comprise means of establishing a set of directivity functions, which is

25 representative of the processing, in the form of a set of coefficients corresponding
to the decomposition of those directivity functions on a basis of spherical
harmonics.

Advantageously, these means comprise a module 62 for the direct
acquisition, by an operator, from a memory or an external device, of operating

30 data for the device 60, permitting, in particular, the direct determination of the set
of directivity functions.

For example, the acquisition module 62 is constituted by a keyboard
permitting the direct acquisition of data or by an interface with an external device
supplying directly the data necessary for the implementation of the method of the

35 invention.



of directivity functions. For exanple, the acquisition nodule 62 is
constituted by a keyboard permtting the direct acquisition of data or by
an interface with an external device supplying directly the data necessary
for the inplenentation of the nethod of the 35 invention. 28 The nodule 62
may al so be used for inputting a processing instruction, and the nmeans 61
then al so conprise a nodule 64 for the a@gomatic interpretation of that
instruction, in order to provide operating data for the device 60 and, in
particul ar, the set bfe giodels:$2 may aismbe Legsfor MprtiingiapeoeassivgdastBictig®ans of

the nodule 6 o] i Sd td d ; LN t@d i y P},qa ve
di fferent préaét [ehreﬁ‘ﬁgé oérﬁgpgﬂaéggt %émgé% c% hg@ﬂ[:eg%ifggsm‘g r?g{ul gatIEgG for
converting t indenpeetatidre divrat instredtiorriniondat tofpspvide oparalingedaia tfedtheatayites f or
t he i npl ement.atj an. of_ I fy: aokenvention. 10 In particular, the
nodul e 66 enéglaé@’ &ntf;earégﬁaW%?%eogFfrégﬁlﬁ}y{%n@t%%‘ns to be converted from one
or other 6f a plural The/data érieredt sy inebos af $et moduled for acquisision @odfagGdondi ng

to their deconposition on _a basi f Al : i , dul es
62, 64 and 6ETIEEARE TAbLRE R PORREE AERlsseeR s R e ltROd o7
t he i nventi 080i torapdsgs tao mudaNe &6 $ors ednvedtird) rtieetdata t tyetwdBn f predeteomined
representatiye of the processin ratjon in the formof the coefficients
corr espondi ndPTE!E 488 if?r?’@g‘?? F he JNPARTACRPENR anh}f B?fstﬁggoqf the
spherical hgveRidgS. | n the case where the device 60 is used to carry out

distortion processing, the nodules 62, 64 and 66 provide directivity
functiondOforming 20 RATEEYRT itad med %.66‘I?F@bfﬁ§dhPe’gét@i,d"'@@t"éﬂ?/dfcuﬁﬁt'%ﬂss@

perm t the dgbeidmvadéd HanPbnélor oerRit’d plupdiitPofRirmals REs 88k OF ToBMERARAT Y
for the inplenmentation of the nmethod of the ™ invention. In particular, those

modul es 62, 6arTasRPNEQlertheir depemaesition en arbasts ¢fisphefical JRMBAESof t he

operat | on of ¢ e met Nalr T TR R o R o B SR ¢

preci sion |iahd;20 of thrmaetbodrofShaeinvention inherdesttorprovitiet diesehiod clirestivity

Pl cat ed®t of eGSR ERenias of e presBG optaeiin Rt ¥ GiIREbBEBispts,

nat ure of theopespEsFigty theedacdropositiemdf those functions on a basis of spherical
harmonics.

In the case where the device 60 is used to carry out distortion
processing, the modules 62, 64 and 66 provide directivity functions forming

20 distortion pairs.

The modules 62, 64 and 66 also permit the determination of all or part
of a set of parameters necessary for the implementation of the method of the
invention.

In particular, those modules 62, 64 and 66 permit the definition of all or

25 some of the following parameters:

- the parameter L specifying the limit order of operation of the method
and corresponding to the desired mathematical precision limit;

- a parameter S defining the nature of the processing operation to be
effected;

30 - all or part of the set of constants indicated Clm forming weighting
coefficients and defined as a function of the nature of the processing operation;
and

- the parameter A, specifying the magnitude of a distortion to be
effected.



- the paraneter 2, specifying the nagnitude of a distortion to be effected.
29 Advant ageously, the device 60 conprises a nenory enabling all or sone of
t hose paraneters and especially the set of constants to be stored. For
exanpl e, such a nmenory conprises a plurality of sets of constants, each
corresponding to a processing operation, the set of constants used being 5
selected fromthat plurality as a functi2®n of the paraneter S representative

of the processing operation. A ternatlveloy t he neans 61 of dgfl nl[l‘l t he
processi ng oper at i orfh\dv@iasiers8ya thea fevicafi0ofomBUsa S asMEMBY €NEBINGa! & ni ni ng
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net hod. The selaeted fome Hiasmilwality aﬁﬁmr@tww e RapOGtetd Wrswmtﬁﬁvqgf the

application nations permtting the inplenmentation of the
cal cul ation BFOCEE ﬁgbpggﬂtap the nethod. The nodule 72 receives the set of

directivity functi on%lterra@tw@iv |Hﬂ|§umeam506ae®f defipingy thee pregassingn @peration
combi nat 1 ons G ptidd 831G AR RdARIS s@lardid)for GAEMHnIEAR Br G SoMeNdhtig t 0

t he spherica r oni econp05| Ion o directivity
functions r epommsaa‘s aefuncbtldnhef theoparasieter B pepwiseotative ®f Atle anaturgeefutbey, t he
constant§ provi ded b¥) trég nodul es 62, 64 and 66 form weighting coefficients
and are %edpg’é:eﬁ%% PEIRls of the I|near conbi nations in the nodule 72.
In the case where thdl defviticesed Qoperstingu sizda daset dntroducegr detes sneays 140 adfso

conprises a dle74 or distortion b i fic on. of the filterin

co%i nati ons tfﬁmb’r"lﬂ/ "Eé@gb%P”E%atl?Sau écgoéne ?@ﬁﬁ%wcﬁlj&egd%ft é%agB%Af t he
”Ft hﬁd dTh!c So?ﬂéhﬂn;ﬂg [Hﬁimmssnﬁg o@@rati@nw{nldtﬁr@ ?Jl’l]@bm fdr@rln{)twmirﬁmgabemﬁer:ﬂ ?t i ve
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of the distof& &Ftaed. orgeuggé‘”sago de¥RR %5 d gﬂﬁﬁ@@pahﬁ@rhé’a@é‘@' a/nEYe nly
distortign i éFﬁmahb#@f lifd¥® doRfbiMARioRS pefmitifig thaqmpréh@émgﬂbﬂ Bfﬂ"IBQ:auﬁI%h@fw the

devi ce and on distortion nodule 74 is necessary t he neans 70

provi de a seﬁu%ﬁte@dﬂ} of the énetiod of heea9aHig: 17yrecsives the é?tl Qfdj'r@Sf%erHWt&ﬁ@
representati ¥e 5/find16n BFREES prdidd ﬁatebﬁ %mmﬁéhongw IpRal Eé!mbfn'éﬁéﬁs 61‘ theering

conbi nations are int roguce Into a gver5| on nodule 76 suitable for
provi di ng fi Feefficipaisnastespending o Mﬂeswhquc&hW@O%bé%ﬁﬂmmmtl%yOf the

i mpl ement i ng syt §irERIVRtS FHctibRs réfrbEgdai® GRAE brdedsRBPhRration.

20 Advantageously, the constants provided by the modules 62, 64 and 66
form weighting coefficients and are used as coefficients of the linear
combinations in the module 72.

In the case where the device 60 also uses distortion processing, it also
comprises a module 74 for distortion by modification of the filtering combinations

25 provided by the module 72, implementing sub-step 50 of the method. This
module receives as an input the distortion pairs representative of the distortion to
be applied, as well as the parameter 4 representative of the distortion effort used
as described above.

In the case where only distortion is applied, the module 72 is not

30 involved in the use of the device and only the distortion module 74 is necessary.

Thus, the means 70 provide a set of coefficients corresponding to
filtering combinations representative of the processing to be applied.

Optionally, these filtering combinations are introduced into a
conversion module 76 suitable for providing filter parameters from the filtering

35 combinations by implementing sub-step 32 of the method as described above.



30 These filter paraneters or, directly, the filtering conbinations are
applied to filtering neans 80 which inplenent step 10 of the method and
receive as an input the initial representation of the sound field in the
formof a set of coefficients which is representative of that field in tine
and in the three spatial 5 dinmensions in order to apply the filters
determned in order to provide a nodifie80 representation corresponding to
the initial sound field nodified by the processing defined above. For

exanpl e, the filteriAgesrdier gﬁraﬁ@t‘ﬂﬁg‘?rt Arectlyt &9 [fferpancompppiNg s a

si gnal - pr oce%‘d Ned B8 A& Oihebfs 80 QiHicH RhplERBRESBP 1B dftAe PhethBE ahBirbéaile sound
10 field. In other enbodinents, these filtering neans are gain-controlled

anal ogue fi | tas @mdnprdahe inibpl repfesentatipranhihegseunds feldsienthat fiogn @ffa 8k o ound
field in thei:lofeﬂ‘rcfgn?é whidfls r‘gﬁré%e%‘f%'vé &fatﬁgt ﬁaar.ﬁ%pﬁ@%eqntmeatheéeéséteq ent

of the initi representatio e sound freld For exanple, th
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to pernmit the Usé o nreansG acquisition o
initial repreteélnedtabomof the sound field and the out put of the nodified

representation of th : . j 0 20
bei ng forned by conb h’g |ong oﬁkéjﬂ %rvérégéggﬁg a(?%g{@{a%ﬁ ﬁ{}\gﬁ%& nn%gﬂgfgpﬁﬁe(gth
enbodi nent s thyea digrnat-prd@ssiogr mepessds 1o @ digiplemipfésentatopuokitei ioitiat aodnd

dedi cat ed .sol elI to the performance of sound processing or is in the form
of a corrpc?ner{ %rogramred for the inplenentation of those functions only.

25 Advant ageously, t ke cthgr canbédiments)t thgsat ﬁlcbrlng aneansncarey ghiercontrotigd i si ng

means of acquirin saund field nmeans _of resent at nd field
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field. Such a system a ris a reproduction unit controlled by
contr ol rreansreP'@éémﬂt'%ogg‘ fieiff)ut the nodified representation of the

sound fielsd and cont Fef bxaep, trfeedwzstalm m@g beéNh thé fbrmr@teercdrﬁp@tbt aqmtéue
reproduction of the nodified sound fi el d 1 CLAIMS 1. Method

processi ng a Whusaftva® meassr ios sAadation and (ha@@warleomegpgvfpa@cgmsmon and
representatiqgy r%%tfldrﬁ%bdrdbh% WHltCt?ﬁb' Q&b OF th{:"o%té’rrﬂ%ﬁsfﬁéé'r% 690£ﬁc?§rpé)”d' ng

to at | east spatl al processi ng the sound f risin
est abl i shrentacagisiten eftheninitiaarepreserdaitan at thensend ﬁ@'ds@mhéhef p@tput |0f1 the

modified representation of the sound field, the various elements of the device 60

20 being formed by combinations of software means and hardware means.

In other embodiments the device 60 corresponds to a specific
acquisition card dedicated solely to the performance of sound processing or is in
the form of a component programmed for the implementation of those functions
only.

25 Advantageously, the device 60 is integrated in a sound system
comprising means of acquiring a sound field and means of representing that
sound field in the form of a set of coefficients in time and in the three spatial
dimensions in order to provide the initial representation of the sound field. Such a
system also comprises a reproduction unit controlled by control means receiving

30 as an input the modified representation of the sound field and controlling a
reproduction unit in order to obtain the reproduction of the modified sound field.



the formof a set of coefficients representative of that field in tinme and
in the three spatial dinensions; and - the establishnment (10) of a
representation nodified by filtering conbinations that correspond to the
processi ng operation and that are applied to 10 the coefficients of the
initial representation, characterized in that it also conprises a step (2)
of defining the processing operation, wkich step conprises: - a step (4) of
establishing a set of directivity functions which is representative of the
processi ng operation, in the form of aldAMS coefficients 15 correspondi ng
to the deconpositi onq oldiRes Gof l;bﬂ?éés@iﬂg 8Nscungapéla @pregdmtstioraln ohgsrmani cs;
and - a step (6) of determning the filtering conmbinations on the basis of
that deconpo$revids @orerrasentaiinen@rgiied oRYofher arRlisaliam) obfthig ROFeRs e
filtering c ' i [ t i fifd Q¢ f cdrhsridimd:t 1 al
Feprosentat | o e KL R SR Ea ol e B T T2

Met hod acBordi ng to cihe establisbmeani é8)eefi areipitish renfasentations pkihe spungrfield in
determ ni ng 0 i VP i 1585, f 5 {hb2h r the
Girect dorerts BT Fen Y cpbifblente RbloAfa TP MATRI IS ShER bt Tesns i n
one or ot her sphtia dipeosiahs;tapdof predeterm ned formats. 25 3. Met hod
according to either clgj | har | i h (4)
of determining a set” éﬁég%%%@[slh\%et%%mccﬁi %nge%ig#brﬁ%g)edsﬁéésu qsbttyegltﬁr%o for
t he aut onat i coirbireatipne tiadti comrespord fir hegwecessingeperation and peatrdre @ppled toe
automati g .prQvi si of all or.part of the set of directivity functions in
one or oﬁ er?h%FO%P'ﬂFmSaqfit}f?/'ng%?ﬁgpégﬁqrg%%ed formats, on the basis of the
processi ng i nstructi charad@rided Net thatl ibatsor domgrises anstepn€2phof ddinmg the o 3,
characterized in that t%e set .of directi.vity functions which is

repr esent at | \PEOGESSINGLAS Al W YER FITPHRES | s expressed in accordance with
one or other of a pluralstdpy (#f oprextaiighingngdsetf off aRestivitpdfunotidrizaiwhidre isst ep
(4) of establi shi nrg a set of directivi t% &émc,ti ns, _conpri sgs a s#b.—sEep
(18) of convéPRiE8RMaYSF thie PRPERFEING: ARGTRLCT. P rfRE, TRt & S§5 of Sapfigients
coefficieats &%&s&mﬁqiltaghé QekbRpeasiaaMp Ihddeofurtioh$ @hea BasRChi Yphetical
functions on a basis of spherical harnonics. 5. Method according to any one
of claims 1 th@monigpzatterized in that the step (2) of defining the
processing operat i on. 3l &Bo GBIBY 3RFmfhifd 4R fiRinPEombingibAbbhshbNshshs sLL of
paranmeters for that processing operation. 6. Method according to claimS5,
char act er i zedhatrdecegtpositiender thef implemantatien of @ostpp i($@sofa@pplyng dhenditering he

fol I ow ng parapR&itdns So defined to the coefficients of the initial representation, in order to

20 obtain the modified representation.

2. Method according to claim 1, characterized in that the step (4) of
determining a set of directivity functions comprises a sub-step (12) for the direct
determination of all or part of the set of directivity functions in one or other of a
plurality of predetermined formats.

25 3. Method according to either claim 1 or claim 2, characterized in that
the step (4) of determining a set of directivity functions comprises a sub-step (16)
for the automatic interpretation of a processing instruction permitting the
automatic provision of all or part of the set of directivity functions in one or other
of a plurality of predetermined formats, on the basis of the processing instruction.

30 4. Method according to any one of claims 1 to 3, characterized in that
the set of directivity functions which is representative of the processing operation
is expressed in accordance with one or other of a plurality of predetermined
formats and in that the step (4) of establishing a set of directivity functions
comprises a sub-step (18) of conversion, from the predetermined format, into a



- a set of constants (c,",r,m form ng weighting coefficients and defined
as a function of the nature of the processing operation; and 10 - a
paramnmeter (L) specifying the |[imt order of operation of the nethod and
corresponding to the desired mathematical precision limt. 7. Method
according to either claim5 or claim®6, characterized in that the step (20)
of establishing a set of paraneters conpd32 ses a sub-step (22) for the
direct determination of all or part of the set of para

accor di ng t osahyfofeefigiertsacagespanding e niea deepmpagition ?feért‘oset Hjéregf"é (20)

of establi shiftian$6h atfashA6FIPREAES HePMBhicseS a sub-step (26) for the
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aut omatic provisi ono-dyletiod agcopting t,any pee sbflagps éPM@F%Ct?fﬁzquE Balsi s of
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constants as a functg ofydfod ?c@ﬁﬁd’d&@o OélalH"ES (E]’fé?ﬁ@t%ﬁtéw iRP@LAtthe Nset 16F.

Met hod according to any one 9, characterized in that 25 the
step (6) of @etameterammmsfaﬂlQraomﬁgofdbmfﬁliﬁ?mfigah@ramﬂiﬁﬁrses at | east one
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representatlve processi ng era 1 0 accordlng to clains 6
and 10 t4Ren toget her,- ehparameaiet z(le)dsp@@fym thﬁaﬂmtlth@r@ﬁbofspeﬁra@gmofokhe

calculat! on Byei5@Rg e&r!ﬁdb%@mg@ghwa&ﬂr MattRfalddPoretRiorPfmfonstant s as

wei ghti ng coeeflm en accor Ing to elt alm 10 or claim 11,
characterized in thatMethedrasordingto eitercddioud ar ickaimst eharagierizsg) inftbats

directly the filt t

coefficient st ?St{sﬁéb%fte%%ﬁﬁ bes%eﬁtogp IQ{)aH% t§r &{‘2& %’%ﬂé@j @éﬁg)efort ¥

claim 12, chaliracttdsterpaination mﬂrﬂltortﬁaet gfrtbe estsofipgrarstecanvol uti on processi ng

14. Meth according,t | aim 12 aract erl in th he ce

w ndow nggprocesm n98 @ %@% 19(99%’&9 E%EBNF 8[‘?1(? F%"rgﬁf t8 %ﬁa %”4?953 tﬁ% 11

Ehar aclt er Id zethd Etept(lzey of betabrsmegal snlg C?tmmmetes abmbesed aud-step (26)t ifom t o
e applie t the initia e resent ation
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est abl i shi ng ppovesbn of aflidrasdrt i tn,e §¢trk§ﬂpeﬁét$1ef@§ BnatheStedsi©bf tHatppbddseimgpali rs

which is representatlve of the distortion, in the formof a set 10 of

coef fi ci ent s N&YUFEXpondi ng to the decorrp05| tion of the distortion pairs on a
20 9. Method according to any one of claims 6 to 8, characterized in that

the step (20) of establishing a set of parameters comprises a sub-step of
calculating all or part of the set of constants as a function of the nature of the
processing operation.
10. Method according to any one of claims 1 to 9, characterized in that
25 the step (6) of determining the filtering combinations comprises at least one sub-
step (30) of calculating filtering combinations by means of linear combinations of
the coefficients corresponding to the spherical harmonic-based decomposition of
the set of directivity functions which is representative of the processing operation.
11. Method according to claims 6 and 10 taken together, characterized
30 in that the sub-step (30) of calculation by means of linear combinations uses the
set of constants as weighting coefficients.
12. Method according to either claim 10 or claim 11, characterized in
that the result of the calculation sub-step (30) forms directly the filtering
combinations that are to be applied to the coefficients of the initial representation.



basi s of spherical harnonics. 16. Method according to clains 10 and 15 taken
together, <characterized in that the processing conprises a first processing
operation, which is referred to as nonmnal, and the distortion(s), the

cal cul ation sub-step (30) 15 providing filtering conbinati ons correspondi ng
to the nom nal processing and the step (6) of determning filtering

conbi nations al so conprising at | east or8 sub- step (50) of distortion by

nodi fying the filtering conbinations praqvided b al.c tion sub-step
(30), on the basis of3 34@ bed aeeRrdingrioHaIms %é’BPé’fi‘?ﬂZ&pl éh%ftﬁ?ﬁéocessmg
di stortion(sjs canoIQhQﬁPrddésﬁlh@V' de the filteri ng conbi nations that are to be

applied to 20 the coefficients of the initial representati,o 17. Met hod
according to clains B Mgfhad apa%swgtteg“éalwefZ oA {z80;! Ez}dat tFﬂ PIPEESSPHe set

of paranet er & \GRABWINGGToBe M F mster (k) representative of the distortion
effort, that is to say, specitying the resenbl ance between the %rocesm ng

to be appbied and tHh rMWﬁdlaqu G & AQY ops afgclaims Ada b HREG 1288 |1 ai m
15, charact emaﬁ@e lpg?éég%ﬁ &ﬁ'ﬂwé&e&abaﬁ orfé)mgfdrm 16 BkApplidt b ARE INRAIS) |

the step (6) m ni e fil terlng nbi nations conpri sing at | east
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of cl ai qﬂ?ﬁ Y,
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so t hat eachbdsnsto@sphmrca‘shhrmcbr&q;s (50) receives as an i nput the filtering
conbi nati ons provideg. by,t.he prece 0 d rding to
any one of clainms 16 'ox\ﬂ@t,n ghglcgggg}gig @d qliﬁ\% 15'\/%%91 égfheﬂ

di ﬁ{) ortion suba@tcmzéagi thze the p@géf@gﬂe&mpmm fncsm pcﬂcetsblgg dpieratimni which

conbi nati ons, correspondi ng taq nodi ati.o s.t carri out orti.ons
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are to be appli the co Icients o t e initial representation
Met hod ad@or ¢henepefiicienty obte ipitiabrepresentation. 21, characteri zed in

17. Method according to claims 5 and 16 taken together, characterized
in that the set of parameters comprises a parameter (A) representative of the
distortion effort, that is to say, specifying the resemblance between the
processing to be applied and the nominal processing.

25 18. Method according to claim 15, characterized in that the processing
comprises solely distortion(s), the step (6) of determining the filtering
combinations comprising at least one distortion sub-step (50) providing filtering
combinations solely on the basis of the distortion pairs representative of the
distortion(s), in order to provide the filtering combinations that are to be applied to

30 the coefficients of the initial representation.

19. Method according to any one of claims 16 to 18, characterized in
that it comprises a plurality of distortion sub-steps (50) which are recursive with
respect to one another, so that each distortion sub-step (50) receives as an input
the filtering combinations provided by the preceding sub-step.



that the step (6) of determning the filtering conbinations conprises a
sub-step 15 (32) of converting the filtering conbinations represented in a
predeterm ned format to provide filter paraneters suitable for the
paraneterization of given filters wth a viewto performng the step (10)
of applying the filtering conbinations. 23. Method according to any one of
claims 1 to 22, characterized in that tB#& processing is spatial processi ng
and in that the step él?\% of appl yi n% the 20 fllterln? mbi nati o
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20 filtering combinations comprises gain modlflcatlons applied to the coefficients of
the initial representation.

24. Method according to any one of claims 1 to 23, characterized in
that the processing is spatial and frequency processing and in that the step (10)
of applying the filtering combinations comprises the application of filters varying

25 as a function of the frequency to the coefficients of the initial representation.

25. Method according to any one of claims 1 to 24, characterized in
that the sets of coefficients representative of the initial sound field representation
and of the modified representation are sets of coefficients called Fourier-Bessel
coefficients.

30 26. Device for processing a sound field representation in order to
provide a representation of the sound field by applying this processing
corresponding to at least spatial processing of the sound field, the device (60)
receiving as an input an initial representation of the sound field in the form of a
set of coefficients which is representative of that field in time and in the three

35 spatial dimensions and providing as an output a representation modified by the



28. Device according to either claim26 or claim27, characterized in that
the nmeans (61) of defining the processing operation conprise a nodule (64)
for the automatic interpretation of a processing instruction enabling
operating data to be provided automatically in one or other of a plurality
of predetermined 20 formats. 29. Device according to either claim27 or
claim 28, characterized in that the opeBating data conprise the set of

directivity functions which is representative of the processi 29% Pf eration.
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29. Device according to either claim 27 or claim 28, characterized in
that the operating data comprise the set of directivity functions which is
representative of the processing operation.
30. Device according to claim 29, characterized in that the means (61)
25 of defining the processing operation comprise a conversion module (66) suitable
for converting the set of directivity functions from one or other of a plurality of
predetermined formats into a set of coefficients corresponding to the
decomposition of those directivity functions on a basis of spherical harmonics.
31. Device according to either claim 27 or claim 28, characterized in
30 that the operating data comprise a set of parameters for the processing
operation.
32. Device according to claim 31, characterized in that the means (61)
of defining the processing operation comprise a module for calculating all or part

of the set of parameters as a function of the nature of the processing operation.



that the processing operation conprises solely one or nore distortions, al
or part 20 of the set of directivity functions formng a set of distortion
pairs corresponding to the distortion(s) to be applied to the initial
representation, and in that the means (70) of determning the filtering
conbi nati ons conprise solely a distortion nodule (74) in order to provide
the filtering conbinations solely on the3pasis of the distortion pairs.

33. Device according to any one of claims 26 to 32, characterized in
that the means (70) of determining the filtering combinations comprise a module
(72) for calcuiating filtering combinations by linear combinations of the
coefficients corresponding to the spherical harmonic-based decomposition of the

5 directivity set representative of the processing operation.

34. Device according to claims 31 and 33 taken together,
characterized in that the set of processing parameters comprises a set of
constants and in that the module (72) for calculation by linear combinations uses
that set of constants as weighting coefficients.

10 35. Device according to any one of claims 26 to 33, characterized in
that the processing operation comprises at least one distortion, all or part of the
set of directivity functions forming a set of distortion pairs corresponding to the
distortion(s) to be applied to the initial representation, and in that the means (70)
of determining the filtering combinations also comprise a module (74) for

15  distortion by modification of the filtering combinations provided by the calculation
module (72), on the basis of the distortion pairs, in order to provide the filtering
combinations that are to be applied to the coefficients of the initial representation.

36. Device according to any one of claims 26 to 32, characterized in
that the processing operation comprises solely one or more distortions, all or part

20 of the set of directivity functions forming a set of distortion pairs corresponding to
the distortion(s) to be applied to the initial representation, and in that the means
(70) of determining the filtering combinations comprise solely a distortion module
(74) in order to provide the filtering combinations solely on the basis of the
distortion pairs.



