;e3e#_#\,f\6T WD 03/073791 PCT/ FRO3/ 00607 Met hod and device for control
of a unit for reproduction of mmmlmﬂuﬂmﬂmmml eld The present, invention
relates to a nethod and a devi rol of a reproduction unit for
an acoustic fiel d is a wavehkd+ acousti ¢ phenopppggrphi/eldsevol ves
over tine affd s%ﬁigﬁiggg The exi sting techniques act 10 mainly on the
tenporal aspect of sounds, the processing of the spatial aspect being very

i nconpl ete. Specifically, the existing high-quality reproduction systens
actual | y nefiessbhat earsd pr édetierani nédrspatargiralls coff | gar atymirt of fPEe

reproduction unit. FOr_ex le -cal | | ti channel systens address
di fferent aEB‘EﬁEéB& I T L | | oudspeakers whose
distribution is fixed and known. 20 Likew se, so-called "anbisonic"
syst ens, MhE h C%%§S%§.Iﬁv%ﬁgféﬁt£8faééQnE$hECmmhhﬁxﬁoéﬂdsamﬂbﬁﬁc@eaCh a
| i stener ori é]engte, require a reproduction unit whose configuratiaqn nust
conpl y vét hfoert adntposi tébniangr2predlesiofn theke é@’ét &, e SEdind
envi ronnent iialregarded as an angul ar distribution of sound sources about a
poi nt, corrésponding to the listening position. The signals 30 correspond
to a deconposition of this distribution over a basis of directivity
f;JnCLi ons cald.gd sphegi Q%Jve!lailr]@n&@éustmct o eCidintegatn sWhiiehofeV@é-waSﬁprrent
of these systens, 35 good-quality reprqducti LS _ROSSi . i a
spherical diostes bbtfen 359 | olids %%%rsofg‘ﬁd ‘a}ggﬁg?‘gnf% |I$l Q%%I \grcitangul ar
di stribygi omainl MBI I7QIpFETY FRO3E Q0607 soandFhus hewRaPasFe 18 st i ng
techni ques are i nplenented wth a.re [le! i se spati al
di stributioff $h&r bc’iﬁgr?:dﬁ?e[, at%?ee%qtuaqeﬁtg{ﬁogﬁye%%%%%%@i s greatly inpaired,
in particular on account of angular 5 distortions. Recent' technical
devel opnent e si e t QS Aer l2i1ng i N ddgm et iidn t he
t hree di mens%ip(r;gr%:}s(leﬁllrﬁllaslllp:)?L ce %fr%an%éﬁ%{}gtr%ﬁ P?%% hery} t har?f"tbhe angl lar 10
di stributi orsysftenie ectnaldavi PERAEALEAER pAr TGS T PH" Yo TRt Al Lﬁthesi s
' Repres;gt atd are 48, ,Chams Seousd i sssod@ppldcainon. a | a transmission et a
| a reproduction de scenes sonores conpl exes dans un 15 contexte nul tinedi a"
[ Representati on of acoustic fields, application to the transm ssion and to
t he reproducidon fanganp| exsauid etenesl iichmrmdlt | rmthteedntaddyess
Universite Paris VI, JerQ Dani e - ul y, 29(}99_, defines ddpctdons
descri bing t 5%&??% ke HE PP Secdinided mroneRs i

loudspeakers whose distribution is fixed and known.

20
Likewise, so-called “ambisonic” systems, which consider

the direction from which the sounds which reach a
listener originate, require a reproduction unit whose

configuration must comply with certain positioning

25 rules.

In these systems, the sound environment is regarded as
an angular distribution of sound sources about a point,
corresponding to the listening position. The signals
30 correspond to a decomposition of this distribution over

a Dbasis of directivity functions called spherical

harmonics.

In the current state of development of these systems,
35  good-quality reproduction 1is possible only with a
spherical distribution of loudspeakers and a

substantially regular angular distribution.
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20 characteristics of an acoustic field and all owi ng deconposition over a
basis of functions of space and tine which conpletely describes a

t hr ee- di nensi onal acoustic field. 25 However, in this docunment, the

. theoretical_sol yt,i re inspired by the so-called " pggi/g@0iac/ocast ens and
hi gh-qual i tvgr 83/833?%3% can be obtained only for the 5 existing regular
spherical distributions. No el enent makes-it possible to ensure

hi gh-qual ity reproduction 30 with the help of an arbitrary spati al
configurati gauef, theed efodctdtoingint échhiqiest heeelopéeappacehtwitat no
system of the prior art .makes it._possible eriorg duakibhy iepr odyict i on
35 with theahelrﬁpdﬁ‘o‘%r?tdrcbr}truar%lyt sp@?#% c%ﬁ??gurat?})n ofJ.' the repr.oduction
unit. The aambdfrare,invericuakity refredyephPdupksdhemity IBARHY 073791
PCT/ FRO3/ 00607 - 3 . providin TBLhgd angnha devigend or gket ergARLIGr signal s
for control IlFWSlgerdépr oébctigﬁﬁﬁglgt ?or regtori ng an acoustic fglmel d whose
spati al TonHigioatbiems.s arbitrary. 5 A subject of the invention is a

met hod of controlling a reproduction unit for restoring an acoustic field
so as to obtain a reproduced acoustjc field of E ecific chaSr.%clt eristics
subst ant i al RgdendepeiRidtl AL t DL PRTETREi cMefar atter PSS ot

reproduct i oRRfsisaid dnhddeBaig {eptodacthdninnthec ompreiesidignengplomal ity of
reproduction elenents, characterized i.n_that jt | sespat Jgastar- a
step of estaBl i¥PRAY 25 i tTEAURDET Sfleig cré’letfhfelcrgirqe]rﬁlrz ?ggr ssentattve of

the distgi butisrisutisre ahdha ddend hemel dbmeest ons in space of said
acoustic field to be reproduced; - a step of determ ning reconstruction
filters representative of said reproduction unit, conprising a 20 substep
of' taking i Mo pecountlat,| edst SpatpaklcHdrafdiser (REPESSERtaLien de

reproduct i O%h%’&;ﬁs'- a 8‘u§£§§ of dgienmiRicngnaty | eastreRemeantioal i gpal for
sai d el ements of said repr ducti on unit, said at Ieasii one Ssi gnal bei ng
obt ai ned by lthe repplodeiettiion. 68 BCRREd HRIFE efPUPLEKSS, g2 U

reconst f gt i ddlder s;mandimedi st ep Hegledsarerdniprsai dofat |eastsovihe

control signal, with a view to an application .sald re ductio | enent s
so as to gererek® saidPRICHALIX 1 i% dtlhgprgaﬁgég‘l%gaggi dgﬁgprg uc?kl_lgn unit.
30 Accor di ng-dfxr&dletichakdct esmst éxs:sourshi dcshep ofn est aprlshiagia finite

nunber of coefficients representati t st Hahython & sai gyagoustic
field to be Cicé‘btr%}ﬁ’ijge@njc:% ?%gees?%ég- 9’2,5?%6%?%05&“ ng i n provi dj %g an
i nput  si gnal2amipr i siefitenpotancaidnspat Fapcrabéngat | BRS orvavs b
environggnt; ,and - & sLEP-9f SPapLAg seifsthrut rSicdmal dnd desDIpeshag
decomposition over a basis of functions of space and
time which completely describes a three-dimensional

acoustic field.

25 However, in this document, the theoretical solutions
are inspired by the so-called “Ambisonic” systems and
high-quality reproduction can be obtained only for the
5 existing regular spherical distributions. No element
makes it possible to ensure high-quality reproduction

30 with the help of an arbitrary spatial configuration of

the reproduction unit.

It is therefore apparent that no system of the prior
art makes it possible to perform quality reproduction
35 with the help of an arbitrary spatial configuration of

the reproduction unit.

The aim of the invention is to remedy this problem by



WO 03/ 073791 PCT/ FRO3/00607 - 4 said information over a basis of
spatio-tenporal functions, this shaping step making it possible to deliver
a representation of said acoustic field to be reproduced corresponding to
said sound environnent in 5 the formof a |inear conbi i {
functions; WOs8Rd94Pdgof establishing a finite nunbegg? ﬁgﬁﬁﬂﬂfﬁiﬂts
representative of the distribution of-said acoustic field to be reproduced
conprises: - a step consisting in. providing an input signal 10 conpri sing
a finite nupbek iafineosf iRl san@ps egeniaei Yerotiesairthiadogstdigrdletd to be
reproduced in the forﬂ_f a |linear c%nbknaﬂ(mhfg %%%Iig-gggpgﬁglan
functions:; £o%ai PPt OIERnfor AFPFRREELINRE dF'e So-cal | ed odri‘er - Bessel
functi ons apdbaktliicnearf icdnbi nathoss of spaeself uncondiguratsgind sulst ep of
taking into a%F%unt at | east spatial characteristics of said reproduction

unit is carA"€d"G¢Yat 1 east with the help of paraneters 20 representative,
for eachsel ement, of the three coordinates of its position with respect to

the center placed Jn e dils! SA0G: 200e: 5 aR0RAERBR LS SRaliAtemIAl
response; - sdl d-substep of taking into account at |east 25 spatial
char act er i stiepgrogfucsdicar repriodiet | 6RS AT ing s2BapFPEEEdG SHsricb\At &F th the

hel p: - of Eﬁga ters describimguddy t hedritmof meightidgly wefditients, a
spatial w ndow which specifiés the distribution jn space of r coqﬁ%guction
const r ai nt s FGE TG STHE tdSSust i@ L3 - dfn%eppeé%g% er f%iigscrl fng an
order of gopanatiienild HHd gt el suider o of repedbiiiickénhs dfo deeid akeit i nt o
account during said step of.determ,ning reconstruction_filtars;, 35 said
subst ep of tsé_!%idng ??R%ch%%%hﬂ? afmllgast%oé%)aﬁ]‘lsaﬁr{%ha%‘lacpelﬁéaﬁilgg of?fsai d
reproduct i onrdptidduics iear r i ed ememtegr eozérractiertizedhel pn - ohapar aketers
constituting a list of spatiq . WO 03/073791 PCT/FR03/00607 - 5 tenporal

functions WEHESENST uctiBn i s inﬁpsed; and - of a paraneter describing
an order of -opera i o®tépmi ifng eheanbipeindgf coeffieient s LFISE t &REn into

account ; during a4 Step Ol del &k 0ipg HECOAS! BUGkAbU ifdd £ Stime sai d
step of "Taking into account” at | east spatial char aCQtMg” stics of said
repr oduct i orffighi 11§ §heathinae odimepFLoVer 15t FRALR At Fde FPP°ofSone of

t he paranet efis16hasebd aapitdugedUp consisting: 10 - of paraneters
representative of at | east ane of the. three coardi .of t he, i.tion of
each or son® of the %'f%?renfag, vﬁ?ef%e]?%]srbje%? (658 ﬁg‘sg‘gn%z:rl%p ac%d_f)?%% he

| i steni ng zarwireseaft qaireares £r sanep resmmatd vieonf unhe ; s FRMRFEs thpadr al
responsgsg of_ each or me .the el Nt Sheag agpar aneier desgeibing an
or der o?aopesr% Slqzl(;erp I iC?nPti ﬁék%hg nﬁ‘ er o C%%%ﬁi C|aents to be ?‘%ken into
account durigiprsaitesitsplad oot erid nrepredeonseRruetibn filters; 20 - of

paraneters constifulidy gel ik Hnithald ofenpesat buactigmsrahosegnal
reconstruction is inposed; - of paranmgters representative of the teﬂpl at es
e

of said reprifducERréf QIERIRES OTofSH pargREPEHCFF st bt i V&6 F
desired | ocalekh camackiynefl addpicptdmraimed heyspati alpplrieguienityoof the
Configuagﬂ(ggf) égg fé%gé%%@t&gnsgyatfeconstruction filters; and
- a step of delivering said at least one control
signal, with a view to an application to said
reproduction elements so as to generate said acoustic
field reproduced by said reproduction unit.

30
According to other characteristics:

- said step of establishing a finite number of
coefficients representative of the distribution of said
acoustic field to be reproduced comprises:

35 - a step consisting in providing an input signal
comprising temporal and spatial information for a sound
environment; and
- a step of shaping said input signal by decomposing



- of a paranmeter defining the radiation nodel for said reproduction
el enments; - of paraneters representative of the frequency 30 response of
said reproduction elenents; - of a paranmeter representative of a spati al

. Wi ndow, - of p ,§ representative of a spatial wppgdowgigR g-or m of
wei ghti ng cH8r 3?25@55@ and - of a paraneter representat |9ve of the radius

of a 35 spatial w ndow when the latter 4s-a ball; - the nethod conprises a
calibration step making it possible to deliver all or part of the
paranmeters ysed i nirsmhehnst Bph of odeter mi nivas iwcondt r sphitér -tigmpmrsl WO
03/073791 , . PCI/ FR03/006Q7 - _6_ - sai i LOon step cuises, for at
| east one oFuPﬁEl%‘Sr'odggﬂisonsgﬁgﬁg ts:gtgsa @%}gﬁgp 13‘; cquiring siognal s
represent at Hediokrt e ragirateohaofiosaiaf asai@asiconssiel dhemtdi ROt IRE 5
l'istening redion, -  0f def eg i i ng,spaté i Asghentacaustic
par anet ers Sgpggid&%a%t% I%Salgfg%%%ﬁg Ig]relnt; - said calibration step conprises:
- a subsieptbe Emirmt iafg s lspwEd icomigRii i hi R BTt Sone el enent

of said reproductigpy ury'g_tep syd aeQUisiitditmpubst e reeiy esnadsing dio t he
acquisition of the sound wave emtted in resgonge b¥.gai d at |east. one
el enent; angoeffisuisntep IPTWRITr W hgPSaFBesPAAFSPHEGEr 8¢ 5%t o a

finite nunbgi~pfsrGeeffiLients depfastated ecofipt eesound wave emtted, so
as to allow the carrying out of said .substg)p .%ndet gﬂmﬂix Spsafaér?al and/ or
acoustic paranet ér sStePsafANSt{ut Pt idh SIESTEp Cor Fesponds to & substep 20

of receiyi ngoampiydielg of eoef f E¢henes repuesent at iafe of aded fdevigntit fiel d
generated b}/ﬁ?sai d at It;aj]gi_vsé ope gkﬁrr%rg:to |1 fhecforim pf el gy nation
FHhit Ic

of spati ot edp&ra® ons, coefficients are used directly during
sai d subst efiroftidet Bominniofig asplatniedr 26ouhdnsE 1a80est SPAFACTRIHMA D sai d
at | east ong el &l g. - said calibration substep furthernore conprises a
subst ep of et erm ning the position in at |east one of the thre ficrinansi ons
in space of -sai d sid easPasie -SEMRC&Fent 5?“§§P8nrsepr%5%ctiscﬂfﬁ 9. said

cal i brajion psf.gn SAIENELIDr euEORREhEES Al A4St epeaf detbtnbRiingst hef
spati o-tenporal response of said at | east one el enment of said reproduction
unit; - sai &hesg FHFHERGOPRTep furthernore conprises a 35 substep of

determ ni ng t he fdequenaybéesgponse afalsaig atnteasticaonstel amntl@ﬁS%ai d
P o0t UL, - e RIS ST oSyt R ool gl or par
PCT/ FRO3/ 006GZried out at least with the help of parameters
20 representative, for each element, of the three
coordinates of its position with respect to the center
placed in the listening =zone, and/or of its spatio-
temporal response;
- said substep of taking into account at least
25 spatial characteristics of said reproduction unit is
carried out moreover with the help:
- of parameters describing, in the form of welghting
coefficients, a spatial window which specifies the
distribution in space of reconstruction constraints for
30 the acoustic field; and
- of a parameter describing an order of operation
limiting the number of coefficients to be taken into
account during said step of determining reconstruction
filters;
35 - said substep of taking into account at least
spatial characteristics of said reproduction unit 1is
carried out moreover with the help:

- of parameters constituting a list of spatio-



step of determ ning reconstruction filters; - said sinulation step
conprises: - a substep of determ ning m ssing paraneters from anong the
paramnmeters used during said step of 5 determ ning reconstruction filters; -
a plurality of calculation substeps naking it possi bl Lerm t he

val ue or val9e836P781&lni ssing parameter or paramet ergchFgng?r??g%%
previously as a function of the paraneters received, of the 10 frequency,
and of predeterm ned default parameters; - said sinmulation step conprises a
substep of ég&ga%mi RAnachbst @hodleerRichsafrudd areprodingidoed urandt hat are
active as a tunction of the frequ&ncg, .gnd sai d ca!icgl act)j;g on %%&ti%%s are
carried out ~j ust °ford t REreBeELEEREECHIPLEPd A1 sPF S satd SEmul ation step
conprises ajsphstag afh&£ahtubati NGt acpartditetientsepres bet atakenofintiee order
of operation limting the nunber of coefficien b i count
during sai d25€@pT5f cﬂ’é‘”t% ?ﬁh‘g fgepecogffnsﬁlleri%eg r%%rrll{r??l t(?r g%g%\%\j%txjrﬁt%ﬁel p of
at | eaststheipesikki;on in space of all or part of the elenents of the

reproduction unit; .-, said si i |,Ses ofgigtieyim ni ng
paranmeters fepr e§8‘r1ifiats|%veéJ o?gg!:%%%ﬁ?aﬁ%}% vca n ol_ivf/?tienat?hggfgg}:m op(f&wei hti ng
coef fi ci ent shairbhktele stiglags obfa PardnEEProdsistesent Bii-fe bt tor‘?e"slﬁégi al

wi ndow i n tRE, SPRSELGAL,T el er aheRd T aTRnandher 1 A AgRECTOE  the
representative of the radius of said spatial w ndow when the latter is a
bal | ; 30 - vairdvsiteysacheFest &F Fbridld HFLW M- i9deternmining a i st

of spatj@-tenpor gl f?&ﬁé&@ﬂér%%ﬂ‘mﬁmi ofi istimeased wheh athe hel p
a

of the position of | or part of t | ements, of the r duct i nit; 35
- the net ho&h@oﬁﬁ?q%eescaoggéﬁaBFsi ﬁgﬁt%kpﬁalﬁoﬁos‘% b%%&?og etscegr?_nn#ne al |
or part of tife fras asebgescbsedidlr i ngssacd stephef crteeni plaged in
reconstruction filters,; 1 WO 03/073791 PCT/ FRO3/00607 _ g _ - said step
of deter ni nitg’tj reCHTRE BT il ters conprises: - a plurality of,

cal cul ati on -substodfps paramedevat frgpresemiadel YRINOL of CREeqUERG Y of
oper ation and pJIaK! NG ddoRRSSINE &4 Aok [3Ghe & fMtlid xelofemeEgNting the
acoustit flelén, a matri X representative of the radiation_of the .
reproducti om uni ©f add RETARSESE r E5FETERLES V& oPTRE sPht i P TEHpTF A
functions wWhQs$g tigePnNehEUGtinMed SokMpaserki @nchtld toa saibstipnofinto
calculating a decoding matrix, carried out, for a finite L“gqg_; . gperating
frequenci es 2SHAHG HEIRERD SR 1EhSHRR r‘?g fiSEeﬁE‘ilBﬁfl?ngretﬂoe acothcg'{ll(%Pfi el d,
of the matripqirepresentative of the radiation of the reproduction unit, of

the matrix 15 representative of the .0-Lenmp rall-fl&nctdpnsswps@_ _
reconst fliction i €5 npt¥" S0 of C%n%g?g{ﬁgf‘% rgpr esentative of the desired

| ocal capacittemnmfradapiratt oms ovhdee spetPRst Feeeyemat Ft yTBPSEHe

reproduction unit,e rﬁg&-%@%%i Ve Pf e dd1er £ €CANSLEUCIRON t 2Apflialtlear sof - sai d
cal cul ati on substep Ing It possible to deliver a matrix representative
of the radi @dich TP FEIRDRETTDRCTNiIt is carried out with the help of
paraneters represgntatpyeathorecagbpebesrntri2h ofofthicheldsiesd cbordl nat es

of its position with respect tq the center p jn. I1SL8M N9, Z0Ne;
and/ or -95of GRRAGHAA i 8-%t &%ﬁtﬁ%%oe%pg sé:%eanéég%@g%%dl%g%g{‘ﬂl%ti or?lsubstep
maki ng it passd denfoy@tatdedn vef sandt regredpeesentaniite of the radiation
of the reproduction uni taé%m&@éﬁi ed irﬁrgggerré/&fa{‘tit&g helar 10f for

ment o

paraneters r'epres% t 8tiVe 0T each ele its frequency response. 35 A
subj ect of tdwid meptoduct soml sbemerbiEpUt er program conpri si ng program code
instructions for fhe executiopsof bhec3kaRatelvet he metnad wheagsendyprogram
'S 30 response of said reproduction elements;

- of a parameter representative of a spatial window;

- of parameters representative of a spatial window

in the form of weighting coefficients; and

- of a parameter representative of the radius of a

35 spatial window when the latter is a ball;
- the method comprises a calibration step making it
possible to deliver all or part of the parameters used

in said step of determining reconstruction filters;



executed. on a conputer. W) 03/073791 PCT/ FRO3/ 00607 A subject of the
invention is also a renovabl e nmedi um of the type conprising at | east one
processor and a nonvol atile nmenory el enent, characterized in that said 5
menory conptj.s ,Qgram conpri sing instructions for i of the
st eps of thyorrg)ts‘)’@gav?%g'n sai d processor executes sai dpgrzgpgﬁ%ﬁ?ﬂubj ect
of the invention is also a device for-1® €ontrolling a reproduction unit
for restoring an acoustic field, conprising a plurality of reproduction

el enent s, charactseriidzethl ibtdatont stepprosesiaes| edsir at neéaastofone
determning r nstruction filters esentative of said reproduction
unit, adaptéﬁeg Cad P g u%ﬁﬁ&?iﬁlﬁéég%%le to take into account at |east
spati al character ssilostep i dacgpioiuet ségnadist ; represengapsveoot

det erm ni ng . 3f, !?QEEaBESnPO?ErC%a§a9QﬁJ harssai dnel eoeshsnef Sl Ghe
reproduction unit, sard at [east one signal being obtained by application
of said 20 rdcoestingctiesidnitadtd to a finite nunber of coefficients
representative ofy thgpdishr iUthOP=1RiALNE @Rkl hend)bee adiowisions in
space of said acoustic field to be reproduced. 25 According to other

char act er i stiag@mstemse 9hnisid Gt Leate Ui T Gssoci ated with means for
shapi ng an input <siigNalalGORt SO GHaunriauk spatial information for a
sound environnment to be reproduced,. which nean .are.agaet%g E%qu%&pnposing
sai d 30 i nfor mat iPorf WRAEER PasTEl bf 1 %$at i T ehpdral *EliRct FonS4s &5 to

del iveria silgralt comari silegesai d Ifi niske dnumeerodfuctaes i ¢irgrtt,s said
representative of_. di I i ] Lre. and, in e di: ensjons in
space of saﬁf%ﬁﬁﬁﬁé#%?f%ﬁé%ﬁ%ﬁ)%é?#%? % u%g%,t%oﬁbgssgn ?%éqﬁgﬁggﬁg 35
sound envi r drireersournich wake fomht bed aln| AeapordfbPHatPéA 6t d&rgt one
spatio-tenp ncty.eNs; - said spatio-tenporal functions are so-called
Fourier-Besgg$$$%ﬁ3tf%ﬁ2 and/ or |inear caonbinatigns of WO 03/073791

PCT/ FRO3/ 00607 - 210SUPRESE fehctGrGMEIorTdgcy fRdfs FHMULE eAmIiHEd

reconstiyctiond id t {81 Feceimdeds dmpabe Bt i d Bast s opepebstheaparaneifers from
the follow ng paraneters: 5 - paraneters representative of at. |east one of
the three c iS4 Yﬁvﬁh@“bg i ioﬁoo?seﬁgha2$0¥o Cof R &% tts, with
respect to tde €££id esupkaepddfn ddmeednistienj ngpaoihe] anpgdpaneteenstic
representative of .the spatio-tenporal 10 responses of each of sone of the

elenents;-gfﬁ%ﬂﬁﬁﬁﬁ%# describing an order of operation Iinitiggé;he
number of coeffi cladmt sac@ubeltaRensphescac courptesarndfe keads SHPSFE&Rer mi ni ng

reconst pyct ign fdddi&fiSig 12 auRBEANBECESEEREEEARLAL LY Rbrithe ilempImt es of
sai d reproduction el enments;
the acoustic field generated by said at least one
element in the form of a linear combination of spatio-
temporal functions, which coefficients are used
directly during said substep of determining spatial
25 and/or acoustic parameters of said at least one
element;
- said calibration substep furthermore comprises a
substep of determining the position in at least one of
the three dimensions in space of said at least one
30 element of said reproduction unit;
- said calibration step furthermore comprises a
substep of determining the spatio-temporal response of
said at least one element of said reproduction unit;
- said calibration step furthermore comprises a
35 substep of determining the frequency response of said
at least one element of said reproduction unit;
- the method comprises a step of simulating all or

part of the parameters necessary for carrying out said



- a.paraneter representative of the desired |ocal capacity of adaptation to
the spatial irregularity of the configuration of said reproduction unit; 20
- a paraneter defining the radiation nodel for said reproduction el enents;

- paraneter %gr g@r as7%n7tsalt ive of the frequency r esponse_ga‘T/squ'dg{&pg@ﬂuct ion

el enents; - nmet'er” representative of a spatial w ndow, 25 - paraneters
representative of a spatial w ndow in-the-form of weighting coefficients; -
parameters representative of the radius of a spatial w ndow when the |atter
is a ball; arép giardRmeimtisiconstddansnguatiostfoftepatio-tenporal 30
functions whose reconstruction _is .inpo o ch of said paraneters

recei ved by “said Sr?elﬁﬂssjﬂ?u ttleor]%'snt_ie% (Fscg%rnls‘?gﬁctl on filters is conveyed by
one of the signals subsatéhe ofr odlqatermthéngommw spgnamgt_ema HedMni tion
signal COMPLLSA0 | AT MLl AR LEP eaht athypi ] ! RisPal Bk  of
characteristics~of the reproduction unit; - a supplenmentary signal

conpri sifg ideftermwitting regsresateri @ of 1B Acoustic characteristics WO

03/073791 PCT/ FRQ3/ QQ6QGL i tdd pSSeeE @b Ethiidd i Riamentsaloing heit
reproduction unit; and an optim zation signal conprisi i nf orat.ion
rel ating toPafFsdftlian 28 i 6If L Hsyy, tie - Ut dé’fain]s’e S vﬁfﬁ % aid of
the paramet g{is<GQy apAedmkbethese phghaksera signaéfiepdeserdatowel pf said
reconstruction filters represe tagl}ve of said reproducit\j_eo(gl un(%é; t-h%]he
device i s a$$ocidat W T4 he 3 1P HAS R nd ST '0r part of “the
paraneteps rreeejueattby aal b imgansidoesrdited ndefngl r ecanstebetrion filters,
said means comprising at.|east;one of dhe fqllowing elemenisi sy il ation
nmeans; 15 - cali BY3tT on®means: - paramet ers Input mneans; - s,aié) means for
dét er m ni ng dregconsitnind i onl$ t of sedpmeadapPéd ther TGO IR, REt of

filters reprgsentgtive, of; $1e.Rositiggmddisipase ehd herehaenals 2nhof the
reproduction unit; and - said nmeans of determnjn reconstrugftfl on filters
are adapt ed Fard der Ee Wl AF AR aSEBECEPSf %% r & Felfi st ad H9E dP% he'F oom

effect igducadndnddetisdpningsizone. 25 The invention wll be better
under stood on readi ng the description which follows, given rely way of
exanpl e and whi | €% er??ﬁ@ff%l?ﬁe ShFehded e Fiys, 4 S\Hf%%gthgp 309%/ fig. 1

is a representlaiilyt Dig aasphenneakrr efayermntfatamey off kge 2rdem df agram
of a repr Od%%eiroanc 1sc¥r§t EiTmalCt%.%rgdi Plet Onﬁﬁlgei:nvoefm LBRfficients to be
taken into account during said step of determining

20 reconstruction filters with the help of at least the
position in space of all or part of the elements of the
reproduction unit; '

- said simulation step comprises a step of
determining parameters representative of a spatial

25 window in the form of weighting coefficients with the
help of a parameter representative of the spatial
window in the spherical reference frame and/or of a
parameter representative of the radius of said spatial
window when the latter is a ball;

30 - said simulation step comprises a substep of
determining a list of spatio-temporal functions whose
reconstruction is imposed with the help of the position
of all or part of the elements of the reproduction
unit;

35 - the method comprises a step of input making it
possible to determine all or part of the parameters

used during said step of determining reconstruction

filters;



- fig. 3 is a schematic diagram of the nethod of the 35 invention; - fig. 4
is a diagramdetailing the calibration neans; - fig. 5 is a diagram
detailing the calibration WO 03/073791 PCT/ FRO3/00607 - 12 step; - fig.

6 is a diagram.qf imulation step; - fig. 7 is a gi-ggs f means
of determ ni gogégtgggtgr%‘ucti on filters; 5 - fig. 8 is a di ﬁpé%oﬁdbf’he step
of determ ning reconstruction filters: 8 fig. 9 is a node of enbodi nent of
the step of shaping the input signal; and - fig. 10 is a node of enbodi nent
of the step-of 1@adet estiepi ngf coidtratmisiigmal scedorRepreseaimred fiid thxfure 1 in
such a way as _to.specify the system of coordinates to which reference is
made in the PERES®4 conventi onal spherical reference frane. 15 This
reference frame ks phuoalhoporedl cedicedlendenf ranestapeh @15l eA OAHd

conprisin ree_a : d N, khi C ame, a
mpri sing tdy ;‘ﬁ.l Sl(t%Snu{n%gg) b?f‘nefgr??ig];n 2Q.d OE i SodefefsRCRAd

postition dénote cr . its spherical caqordinates (r,
B, ~) , Whemakdinges}gyn@osaikd i 6Pansied iieth & e8BEEE% of Phe VST Y and 8
the orientati@n bpohBeiwerkieak,pl anenang x thgpdeiadien idE t hee

hori zontal plane. 25 1In such a reference, frame, an acoystic fie;:ld i s known
if at each HASHaROD t IR acoidt | EEPFRSLTT ¥ endtel: p( A%, 2~ L hose
tenpor al Fowdedehtnrgfiafem bg danot egaPiorrelporalfl ) fuhet fofis degiqgeat es t he

frequency, is defined 30 at, every point, Figure 2 is a representation of a
repr oduct i orf SPIEEMUEEIFHI TRy PR insh

e invention. 35 This system conprises a
decoderid controld i ngnlestepr odfict icel amdiatt i2awhixh deapdiisgs aadlmingl ity of

et sty sl 2 EOUCpeakesss: aeouglicepe geLr 5 g o e
arbi trary mimesuengigd,i sterhngheediedr £L e oragrhxofer e Ietidi®nce
frame, referigd f0,a% e LM SToP Ohel S FERN PdHEEERALHRIVe IoF plraced
arbitrarily 1n the I'istening region 4, , , .
radiation of the Teproduction unit, of the matrix

15 representative of the spatio-temporal functions whose
reconstruction is imposed, and of a parameter
representative of the desired local capacity of
adaptation to the spatial irregularity  of the
reproduction unit, representative of the reconstruction

20 filters;

- said calculation substep making it possible to
deliver a matrix representative of the radiation of the
reproduction unit 1is carried out with the help of
parameters representative for each element:

25 - of the three coordinates of its position with
respect to the center placed in the listening zone;
and/or
- of its spatio-temporal response; and
- said calculation substep making it possible to

30 deliver a matrix representative of the radiation of the
reproduction unit is carried out moreover with the help
of parameters representative for each element of its

frequency response.

35 A subject of the invention is alsoc a computer program
comprising program code instructions for the execution
of the steps of the method when said program 1is

executed on a computer.



Toget her, the set of spatial, acoustic and el ectrodynam c characteristics
is considered to be the intrinsic characteristics of reproduction. 10 The
system al so conprises neans 6 for shaping an input signal SI and neans 7

. for generating r ters conprising means 8 of simul gt & of
calibrati onWQnagzggg‘égio of inputting paraneters. 15 ?Fg‘?g‘(&ggo er 1

conprises neans 11 for determ ning contgol signals and nmeans 12 for
determ ning reconstruction filters. The decoder 1 receives as input a
signal SIFB conmprising 20 information representative of the

t hr ee- di nensi onal, acoustic field tq .be repr e Lk Li ignal SL
conpri si ng P‘msblrbr?ﬁqtonoﬁ eﬁpﬁséﬁvﬁ%feorbflghéq%%a% a?ergﬁgég%tge?rl{és%%g of the
reproduct i opfunifie 2 ty@esuppheneat agy i ghehsRP @wmppicocagsonf orRdt in 25

representative of the acoustic characterigsti iated whkh the gl enents
31 to 3N anaoﬁﬁogﬁ%il%ezﬁ?mooﬁ%i%g%f‘g&’c%rrﬁg?%gﬁg%fdgr mation relating to
an opti ri zameonryt radeyyisd) Thprderederc@my ks s ptesErecEsriBolf) gnal

SCL 1o SCN desti Ded f0f ofiacly Ot nbheseLemenie Fhel ondbhah liigesi eproricti on

unit 2. Represen%%%cﬁl agrammatically 1h figure 3 are the main 35 steps of
the nethod brrplessmire¢xarudesySedf RBFHRA™Mg to the invention as described
with reference to figure 2. WO 03/073791 PCT/ FRO3/ 00607 - 14 The net hod
conprises a step 20 of inputting aoptim zation paraneters,.a step 30 of

cal i brati onTR&ki AHPIECPoset bIEq o IS tertai ﬁ?ﬁﬂar%ct%er‘fls(flecsfgoo]? t he
repr og(u)g_;i olaowairtolgig@d aasiﬂaﬁﬁfca&iﬁatﬁbep AhitS Diwr ngreleopangnetdt s ihnput
step i mpl emrent e 1 interface neans erta r S5 t he
oper ation omacf’hlétéfst%*ﬁﬂiy BRTdEf P hBd r?an%ﬂa\?]f?/fjb%/}aﬁgo%% ator&g)rl%{e

del i ver ed by lanmsuittsgblahadedteei ZEQ1 Dur i thet hiet cedimrasdnat £paso;
described in greater detajd w ref.er. e toddgunesdand Sithers
calibration rreanghegfmas(rje ﬁénkegggalﬁﬁ?ﬁ%{g]e by one with each of the elenents
31 to 3N of refpeesemtaducts off Fatd oraBregugslPs HBASur 89GRE Rt 25

associ afed with these; el efpa sy1e The, Sicakeat HaRoSt &pcdlnti npt enesded by the
means 8, makes It possible to simulate the si%naI$ of.$ararre ers %o
necessary fGPatHe oA Gieos TiRE Sfst 3t It TP AL me? e el L Apet*®duri ng
step 20 nor _neasuythdufbngdstepm3finghetebnssty éone generatli ngigarhnet er s
t hen deliver_as 25 qutput the definjt.ion_sianal .Sk, t Supp ntary
signal RP af®™ hd2opt i Sh %%gr‘?’ﬁlcf)s?e? ﬁgflcg%ggggblfygolsgg? 40 make it
possi bl e to ldefser bme thenskt befingardietisred nexessat ychbiophet said

i mpl ement at gg%o%ostq_jucsg]% 50.¢£;Rqld,aW ng-4 hese steps;d he A@ihod copprises a

step 507 of ermning reconstruction filters that is inplenented by the
means 12 of aded fdetioedrs 1reniPRIKeat 3%ei PLp588Si Pretrd Py idferty St8nal FD
representatiyg ofnt Reer @GpRS rache @i dhkt @mS.space of said acoustic

field to be reproduced.

25 According to other characteristics of the invention:
- the device ig associated with means for shaping an
input signal comprising temporal and spatial
information for a sound environment to be reproduced,
which means are adapted for decomposing said
30 information over a basis of spatio-temporal functions
so as to deliver a signal comprising said finite number
of coefficients representative of the distribution in
time and in the three dimensions in space of said
acoustic field to be reproduced, corresponding to said
35 sound environment, in the form of a linear combination
of said spatio-temporal functions;
- said spatio-temporal functions are so-called

Fourier-Bessel functions and/or linear combinations of



This step 50 of determning reconstruction filters WO 03/ 073791
PCT/ FRO3/ 00607 - 15 nmkes it possible to take into account the at |east
spatial characteristics of the reproduction unit 2 that are defined during

. the steps 20 of i 30 of calibration or 40 of si myl-3t/igRR3/BoeM750 al so
makes it 5 H8sé?’6525%81t ake into account the acoustic chér act éri stics

associated wth the elenents 31 to 3N ab the reproduction unit 2 and the
information relating to an optim zation strategy. 10 The reconstruction
filters obtahagd @unecedaphet;i on of step 50 are subsequently stored in the

decoder 1 so tha%ﬁzh(rag‘f)er 20 Cfgsnﬁ%t%'}q%%gﬁﬁé?%ﬁgﬁﬁﬁgcQ%M- i} 1658 of

nodi fication of unit e optimzation strategies.
15 Duri ng opetatian,ad hénpugnait Skeashprans ngf t digor R ramatepat ifaem

information_of n nyi_r 0 be reproduced, is provided to the
shapi ng rreaﬁg‘e6?of%§'§wg>?§néa§%by |trrsl'e'ct acqui sition_or by reading a

recordi gy 20 or bpreyetiesi srepraseneative oPfcotpul 8ASSofMmret S signal

Sl is shaped,duri ng,a shapidg slren80. o081 698RI & 0Badh ¥ Ssehepof he
neans 6 deliver to the decoder 1 a signal SIFH con&;%]!fsbgg a.fini t%enurrber
0

of coeffici &hes elaFeaddnt artve, T69BFCR H2sit Y)Y SE@npbr &

functions, afigtheidigstneution in time and in the three dinensions in

space, of an acoustic field to be reproduced gorresp i B ound
envi ronnent “to b@aFéBFW@edFe§6eﬁ§n§agéylean?f {HE si% %{EIQ%SI i g:a;lr ovi ded

by exter¢or r@ppnseikobfexam ef suner e erlawntrs sing synt hesi s neans.

The invention is _based on the use of..a fam 0 Spale o-JRARera

functions maki ng%it pﬁ‘&ségr?ao T to %segélrklgjbrg&t.h%%ché]rfggferi stics of ,alnyr1

acoustic fialichitlimgt hehenbodioent oflesosififdd iattssetPuia i BAkeRr e @ WO

03/ 073791 Pg];lgg 3/ 09607 11,16 n Cald ed rspherkeali fion | efedBegagiudingt i ons of
S

the first kin ubsequently retrerred to as Fourier-Bessel functions. 51n a
zone devoi d féflte@gnd sources and devoid of obstacles, the Fourier-Bessel

functiops are soljatisaRs Ofs tRep Mewen eftiaid obf atHecerspilbite afbasiisd whi ch
spans all the acoustic fields produced by sound sources situated outside
this zone. TEPANUIHSE cﬁe]ﬁ‘é?f’sr?%%hl acoustic field is therefore expressed
as a |linear conbiznaphoametekourépreBassatitencti onbe adestdedg tarahe

expression for the inverse Fouri.er- sel tr m \hi hSeXpr essed as:
1s P(~". 8, ~ ca.pélf’f%y ~°€’r ?ﬁ(a%%a}trlﬁ(n*‘%eéi ?bgw :Jga{lnr\-ﬂlgilklggut hi s grquati on,

the terns Pleiy fdorerigunnt idef i of t $aid ltwcﬁbwt‘ria@nsé@js’ér coefficients of
the flegg 20 p (ry égréheéér’d%ffngﬁg’ﬂhéf%é&ﬁé§ﬂ§§dmgae§0&@iIéhfﬂr c

reproduction elements;
- parameters representative of the frequency
response of said reproduction elements;
- a parameter representative of a spatial window;
25 - parameters representative of a spatial window in
the form of weighting coefficients;
- parameters representative of the radius of a
spatial window when the latter is a ball; and
- parameters constituting a list of spatio-temporal
30 functions whose reconstruction is imposed;
- each of said parameters received by said means of
determining reconstruction filters is conveyed by one
of the signals from the group of the following signals:
- a definition signal comprising information
35 representative of the spatial characteristics of the
reproduction unit;
- a supplementary signal comprising information

representative of the acoustic characteristics



(340 ns-1), jl(kr) is the spherical Bessel function of the f first kind of
order 1 defined by j, (x) = 2x J,+"~ (x) where J"(x) is the Bessel function
of the first kind of order v, and y1'" (8, ~) is the real spherical

. harnmonic of 25 order 1 and of termm wth mranging 58308 0L0-def i ned
by: P~'"~ (¥8s98Y9¢34fIm-) for m> 0 Yi7(B~~) = 1 P(c%éeg}m 3/%31 =0 2 ~c

Pl ~m~ (cos B) sin( m~) for m< O In-this-equation, the P"' (x) are the

associ at ed Legendre WO 03/ 073791 PCT/ FRO3/ 00607 - 17 functions defi ned

by: 2 m2 Pgixhzidksld GhitAické %1pmdAds B Xhe tépnpdudxient MnRLI(;x) the
Legendre polynomals, defined by: _ 1d _ ( 2- ~I P(x) 21 I ! dxlI x 1. 5
The Fourier2B8ssel coefficients are al so expressed in the tenporal domain

by the coefficieahs pptihizaoisespeidnag t ocdtherisniey seinéppowdlioFouri er
transf orm of ihe .coefficient S Pl ., ”(tfi)on' S]tqcaﬁser% vari ant, the nethod of the
i nvention u$&3fFARE i56n AhSES iﬁraessed as limear conbinations, possibly
infinites of FousiceradBesseldeflivetr,onsltisthar g thle ShapPagagess 6y,
carried out by the 2F3ﬂ§ Eheggesbg H&s?'Qpaéi§%a1Sréﬁ?@ﬂ@ﬁﬁﬁ@ibetQﬁ

| SPI, M

Four i er - BesS&M“E6&fi ci'en , _In'such a way as to estahlish the
coef fi ci ent safidr mnaparss Bigndn S| HBLt9Ps ThESHERBAPBAFLYBN Pht 0 581

Fouri er - Bessel, eoefddidPniSid S conducted up to a limt order L defined
previously to i

thi's shaping step 60 during .the jnput, step 20. On | etion
of step 60, -the $ibgnal WP el iNfer ed‘sﬁs?%’éﬁltﬁae sH"alﬁisrhg FESRE 6 icfgorg)
i ntroduced iqaf@ A6 iMRANS1 11 okorpaies esf niheg gheamerdrsl recghuks. Phhese
means 11 al so receive the signal FD. representati . h onsir.ygtion
filters defiSRdd MPAKi For a@%B‘aﬁ‘Pl?hn%aF?F%Fgrmé?lghetfégét%?gr Sg?rl%
confi gur ati @ieaefs t heo@Pri epngductt onlemst 2onghe abef thei edod lewitie si gnal
SIFB, delivered on conpletion of step 60, are used by the neans 11 during a

step 70 of FtLh ng the control signals SC1 to SCN 35 for the el enents
of the reproduct isomuirdttic vieadns he

15 - calibration means;
- parameters input means;
- said means for determining reconstruction filters
are adapted for determining a set of filters
representative of the position in space of the elements
20 of the reproduction unit; and
- said means of determining reconstruction filters
are adapted for determining a set of filters
representative of the room effect induced by the

listening zone.

25
The invention will be better understood on reading the
description which follows, given merely by way of
example and while referring to the appended drawings,
in which:

30 - fig. 1 is a representation of a spherical

reference frame;

- fig. 2 1is a diagram of a reproduction system

according to the invention;

- fig. 3 is a schematic diagram of the method of the
35 invention;

- fig. 4 1is a diagram detailing the calibration

means;

- fig. 5 is a diagram detailing the calibration



WO 03/ 073791 PCT/ FRO3/ 00607 - 18 help of the application of the
reconstruction filters determned during step 50 to these coefficients. The
signals scl to scN are then delivered so as to be 5 applied to the elenents
.31 to 3N of _the._r ction unit 2 which reproduce theragadst/iod el d
whose chara@peﬁﬁéﬁ?égg;re substantial ly i ndependent o? FZe in(rinsic
characteristics of reproduction of theirpeproduction unit 2. 10 By virtue of
the nethod of the invention, the control signals scl to scN are adapted to
al I ow opti makepgproduction of the acoustic field which best utilizes the
spatial and/or acoustic.characteristi f tpgg{qggﬁéion unit 2, in
particul ar the rgéﬁreéfégt? ?ﬁ&eﬁ%ﬁhﬁﬁfﬁggb%gﬁgééiﬁé chosen’ optimi zati on
strategy. Thus, dhgacGourd ef dimgramsicfi ndependanse det WEESTHEI ri nsi ¢
‘characteristics_ of raducti . the 20 reproduction unit 2 and of the
acoustic fiéF oP%EF%%E&%_,%ﬁ%%gg%%ossible to render the latter , |
substant$al l-y i déigi.c8l 19 tthedasgysmi fi &h¢ cdF PRsRONIOTS SET 1 HE S ound

envi ronnment .represented By e denporal and spatial information received as
input. 25 The main steps of the nethod of the invention Il _now b

described im gredtier Jethfl .2 DIOCGTy St e PG Hputh nﬁwﬁar%%ee?eros an

oper at or ors%a%qnguEh@My%?ﬂyngﬁgﬁa@ﬁeﬂktan specify all or part of the
cal cul ation paraneters and in particu

lar; : xn prese ti f e
position of “el emen@ 3%t resPaEE fggtﬁ@bPéépgh?ndgéeﬁ%%ﬁ %?eéncﬁging
expressed i RdcRensplien ecantreflereimpelfs ane by nmeans of 3 5 the coordi nates
rn, 9n, and - G(f), representative of the tenplate of elenment 3n of the
reproduction unit specifying the frequency band of operation of this
el enent ; \Nei3/@T3 2l IPCTiRROGE 0D6DY sudl a-way | APnlP) Shesiriasdittati ve of

the spati o- t%g%%ﬁ' i %}Qﬁ&f&%@éeé hes el g IBAt r3he 6OREESRANEIRG tidr thes

acoustic fie produced in the listening region 4 QX thg el ement 3n, when
the latter rardi vés BaranHaRESEOmR L ST H2) AfheTe SR rE¥3™ descri bing for
each freguency f considered a spatial w ndow representative of the
distribution_ in space of copnstraints_of reconstructi t he tic
field, thes&EehstSEETRE ?EFifsp%gsPBE§0P8rQSgCF%$éﬁ§Q4%E%ﬁ%ﬁ%ﬁbution
in space of yihe effiogin 0b medorstimpudtdiony ofhudre acosstioX) fi elQ¥) \wd ),

descri bi ng dh%ﬁctly in the formof weighting of the Fourier-Bessel
coefficients d for each frequency f considered, a spatial w ndow 15
representative of the distribution in space of constraints of

reconStﬁHCtifH](ghfénafgﬁgfgdééfif¥éﬁe, a position denoted X 1is
described by means of its spherical coordinates
(r,0,¢), where r designates the distance with respect
to the origin O and @ the orientation in the vertical
plane and ¢ the orientation in the horizontal plane.

25

In such a reference frame, an acoustic field is known
if at each instant t the acoustic pressure denoted
p(r,8,¢,t), whose temporal Fourier transform is denoted
P(r,6,¢,f) where f designates the frequency, is defined

30 at every point.

Figure 2 is a representation of a reproduction system

according to the invention.

35 'This system comprises a decoder 1 controlling a
reproduction wunit 2 which comprises a plurality of
elements 3, to 3y, such as loudspeakers, acoustic

enclosures or any other sound source, arranged in an



- R(f), representative, for each frequency f considered, of the radius of
the spatial wi ndow when the latter is a ball; 20 - Hn(f), representative,
for each frequency f considered, of the frequency response of elenent 3n; -
. ,u(f), representative for each frequency f considered,~Qf ' inred | oca
capacity of Wad8p{4¥PdAto the spatial irregularity ofpgﬁéFggg(?gépgtion of
the 25 reproduction unit; - ~ (Ik,nk)}16f) , constituting for each
frequency f considered, a list of spatio-tenporal functions whose
reCO”S”UCt&ggiﬁakyp%%ﬁier i{ ), 1iBpesniing, riariosach. fTieguentyih O
consi der ed, the 'imt order of oper?tion of the W$%95c§§t8£ detgr m ni ng
reconst r uct Pon thiel (ReLerange ¥5atef FRFHGEFof Cedh Freqtency f ~consi der ed,
the radi ati pReMOAShré@Lict henelament s i31 pbaddidofatihec rapt bucitt ofthgnit 2.
35 The definition signal .SL conveys the paranmeters xn, the supplenentary
signal RP, thECFRLEAEEESLMn(f) and H, mn(f) and the optimization signal
CS, the gparaneters WO 03/073791 PCT/ FRO3/ 00607 - 20 &(f) , ,u(f) , (
(Ik,mk) } (f) , f) , r, f) W () , . and R Jhe i nkgyface
means 10 in%Pgﬁﬁh%F%g tru%?ste%e 0 a%g 5 é%%%%ﬁ?%bnargééégtﬁgans uch as a
ni cr oconput el eer radyneitier cppraprémtet hpanss coregderest %l PBr &i%n and
the means 9 ;i IPlenEnlcdd: (ilile Ny desiddiedt ddn greater detail. 10
Represented in figure are the details of the calibration nmean 9. They
conpri se a deconposition nodule 91, a nodule 92 for determ ning inpul se
responsg, angpa sy 931 £ cdpbet BeBi hgagal idhr tdi oshpatageser snputThe

calibration neans 9 are adapted to be copnnected to_a.sQun I.Si.td on
devi ce 100 Si#GRads i cRBPhofE2EF a(ra(y ot frer gﬁ??ﬁ%?éﬁgev%c%%%%r??%éo be

connect ed | Bolipl sAre bymeaeast o gachofel esemi13m iofh t hemeapsoduwti &f unit 20
2 so as to tap.information, off fr thi s . EE§E%%§§9%§Q infigure 5
are the det §ia1qéb5fa%d'%c?éq%fmeear¥bsog]ir8negr¥t lorfétﬂer}ﬁ:%ll ration step 30

inpl enented by the calibration neans 9 and making it possible to 25 neasure
charact £1SthES (Heé;t&fe{ epf Odé'&ﬁl}%g?ﬂsé’é“ t nanBUr 100 &csubsietR rdd.nitrde

cal i brati on neans emt a specitic signal un(t) such as pseudo-r andom
sequence M. SomvalmumaLisiplP Seqidhce"Sfést i néd f or-<dn el%ﬁ“”gbl The

acqui si ti on devi e A40Q yecei Massrdluring a substep 34, the sound wave
emtted by the elenment 3n in response to the receipt of the signal un(t)
and transmts signals cl,n(t) representative of the wave received to the
deconposi ti amaTRHdRIO . 1 3bedrivay as silstepa3sighhd 8ésomeowinivmdrodul e
91 deconposes the signals_picked the-acquisi tiqn deMiee QG dnto a
finite Abnbemis TG br - E%?enygtwe Beacltles! it i

acoustic field to be reproduced, a definition signal SL

comprising information representative of the spatial

characteristics of the reproduction unit 2, a
supplementary signal RP comprising information
25 representative of the acoustic characteristics

associated with the elements 3; to 3y and an
optimization signal 0S comprising information relating

to an optimization strategy.

30 The decoder emits a specific control signal sci to scCy
destined for each of the elements 3; to 3y of the

reproduction unit 2.

Represented diagrammatically in figure 3 are the main
35 steps of the method implemented in a system according

to the invention as described with reference ¢to

figure 2.



WO 03/073791 - 21 coefficients gl,nm(t) . PCI/FR03/00607 For exanple, the
devi ce 100 delivers pressure information p(t) and velocity information v(t)
at the 5 center 5 of the reproduction unit. In this case, the coefficients

-qo,o( t) to , Lepresent ative of the acoustic il doaf £/ gleglyrged from
t he si gnal swgooé(%)ﬁ%% cl,l(t) according to the foll ow ngﬁ el a/tl ons:

~'0, 0~~) 4TC ~~o~t) vmth~oot) =h~t1p alt,-ut) =P~ 4~ ~~.-nt) with
c~ -1Qt) :vY~t) 9i,0~t) =-P~ 3 , 0~1) W|th~~>ot) =Vz~t) 4 ~c 9~, nt)
-P~ 4~ ~~ gtk W tnbthbdut)cempxrb}ale an these edfati @fs, \Axr(pm)tlng/Y( t)

and vz (t) desi e.the co of 1he ochihy wect oy d)at Nod he
or t honor mal © gflgV‘ elofnr ar?eq%g%gg ar'ed éandSt\'/g%es:}gna%égs ﬁ]ae cfgnaél ty of the
air. 15 Wiemakhese toepbieibies o engafsiured GFTEhE ncdrETFEr ifelCar e

addressed t g g J ¢apoRse ALY MNH IXLBUIS QAa20Pusiog dosubstep 38,

t he response det erm nati on nodule 92 determ nes the iInpul se responses hpl,
(t) which link the Fourier-Bessel coefficients gl,n(t) and the signal

emtted un b%lngzﬁehg";’pé%@@ré esppnse Lelj vay eﬂnﬂa")!eﬁl@ﬁtéds FIQ,HS@he
ul

determ nation no I's addressed to the ararret erse:?l&nerm n tion nodul e

93. During a$eEdess FEanhe hodkfet I3 dBahR %t?ﬁ?oPﬁa B oh- e 8nent s

of the repreductHons ém na\DH3MOT 87O maR@al PECTHFREY @7t ar tbe

enbodi ment escrl be é}{ﬁgﬁypﬂ anet ers deci er m natl on nodul e 93 deterni nes the
di stance rnP5eCifider T Fett iy ¥he Tenter 5 with the help 5 of its
responseo hpo, o(t) and of the measurenent of the tine taken by the sound to

propagat e fromthe ehement 3k dhe pequi sl eadevien 100, %/eé(téfue of

del ay estimation procedures W regard“to the response 10 In
t he enbodi nelettaddscrvbel, trr@emﬁjm%mrc@n delgweed b i & Ie5tro the

unanbi guouslay 1896a(a d el LN ahlan 19hi@ S o, c@mn 5paCcBy B with

trigononetric relations between respaonses ("ét%fb £ o(t)
and hpl, 1( edch mbolthenglenare c?bortdi rat 8§ BRE éﬁ&rﬂﬁi% ht?for
each ingtantgd . 35 to measure parameters associated with these

elements.

The simulation step 40, implemented by the means 8,
makes it possible to simulate the signals of parameters

20 necessary for the operation of the system which are
neither input during step 20 nor measured during step
30.

The means 7 for generating parameters then deliver as
25 output the definition signal SL, the supplementary

signal RP and the optimization signal OS.

Thus, steps 20, 30 and 40 make it possible to determine
the set of parameters necessary for the implementation

30 of step 50.

Following these steps, the method comprises a step 50
of determining reconstruction filters that is
implemented by the means 12 of the decoder 1 and makes
35 it possible to deliver a signal FD representative of

the reconstruction filters.

This step 50 of determining reconstruction filters



The -nmodul e 93 determ nes the values hpl, _1, hpl, o and hpl,| correspondi ng
to the val ues taken by the responses 20 hpl, 1 ( t) , hpl, o ( t) and
hpl,I ( t) at an arbitrarily chosen instant t such as for exanple the

.instant for_whi ~Q ( t) attains its maxi num Sub nodul
93 esti mat e¥9 c8§p8952h9§s Bn and 25 ~n with the help o?’%ﬁgﬂ@gy/ﬁé’?%ﬁm li ©

hpl , 0 apd hp,"1 by neans of the followwmg-trigononetric rel ations: hpI

- +~p - for h,,0> o0 :6n=arctan Ihpi,ohpi,-i+hpi ~ for h <o .

E~| oen=%-- apgkae hpt, @Jcrssfl@ﬂehpto, tak@ +Asoarat@suriipl £thepgthpeast~ for
pl,, <0 :~n==-arct S~ 73791 P F 0 cThese
rel ations adRPEitte Cfabﬁﬁaé\}/)ﬁerf&sﬁd'rc[si &%a@%@ro 54t BOgé \QQQZ 2 %glah ,~~0 -
fo][ hpIh :_Oaa'léd k’ialf,lrﬂedo ana img) , ahe - sft@rpShp|20| @fandn@pllt,, i 30 amf hp~, 0=0
-orp~0ad irj 0, and.h e gf i;ped B" 2
~C ~~~ Ialé% Sltlon_ L5 %&Ag\f/a% gtﬁégﬁgloy, tshe coor d?%\%egggﬁ a% ~n are
estimat edl opessibler al tast aheke Théntional afer@imd nat FBA of 2CRESEGST di nat es

n. and ~n 5 obalgad hr. JeAns, Al RONM UM O AYREA0L NG, B vEeR A he

vari ous estinates ant e coordinates 9n, and ~n are
estimated withie mePuRsys GOt resHhselef i BAPEARBAEOME SAGLILIFHIE

hpl, m(t) or s3r eeshdimaiedd b dgequency domain with the help of the
responses hS] mF . 15 Thus defi ne t he paraneters rn, Bn, and ~n are

transmtted to the decoder 1 by the definition signal SL. In the enbodi nent
descri bed, tine npdubfsfzuaksen20f fietdéwer sitthe tadanshiercdumbd t oon Ho(f )  of

each elenen%téé, 50 are subsequently stored in the decoder 1 so
that steps 20, 30, 40 and 50 are repeated only in case
of modification of the reproduction unit 2 or of the
optimization strategies.
15
During operation, the signal SI comprising temporal and
spatial information of a sound environment to be
reproduced, is provided to the shaping means 6, for
example by direct acquisition or by reading a recording
20 or by synthesis with the aid of computer software. This
signal SI is shaped during a shaping step 60. On
completion of this step, the means 6 deliver to the
decoder 1 a signal SIy comprising a finite number of
coefficients representative, over a basis of spatio-
25 temporal functions, of the distribution in time and in
the three dimensions in space, of an acoustic field to

be reproduced corresponding to the sound environment to

be reproduced.

30 As a variant, the signal SIz 1is provided by exterior
means, for example a microcomputer comprising synthesis

means.
The invention 1is Dbased on the use of a family of
35 gpatio-temporal functions making it possible to

describe the characteristics of any acoustic field.

In the embodiment described, these functions are so-



with the.help of the responses hpl,n(t) arising fromthe response

determ nation nodule 92. A solution consists in constructing the response
25 hp'o,0(t) corresponding to the selection of the part of the response

- hpo, o(t) which conprises a non zero signal stripped o ns

i ntroduced WQ Pﬁén}%ﬁgﬁéﬂl ng region 4. The frequency rggbéﬁgg%llgﬁf%ﬁd?
deduced by Fourier transformfromthe rgesponse hp'o,o(t) previously 30

wi ndowed. The w ndow may be chosen fromthe conventional snoothing w ndows,
such as for I Tﬁ/g% / P BIEQQQQ?LUHQAOfreﬁéamLﬁw,

Hamm ng, Han%?%ga %r%q %}) %éfl_%%r gggﬁeg?ers Hn(f) thus defined

transnmi ttedktLOdt hesdbesdeent iy t Fe %H’ﬁﬁﬂerreth‘?ar F5i ghRHTRET @qshget

enbodi ment desekiibed,. the nodul e 93 al so delivers the spatio- terrporal
response N1, mn(f) of each elenent 3n of the reproduction unit 2, deduced
by applying a gain adjustnent and a tenporal alignnment of 10 the inpul se
responses hph, mat) zénkeh tdeerdie p odf tshaemmiaam efndt heledicsitcancxt rn of
the element 3n in_the fo]lown +rnl C) 15
The spati o- Pg GaeS esf)gﬁs\(,ei'4 ‘?"‘ Etfe)ssc%lnt glhﬁs a1 ar ée armt?'rllrﬂt(]fénsr

i nformati onoﬁha&&ctwvaletgmmm @Imcénd:or?ﬂtltntparit b@ﬁllér whiiehh@Ransn and

its frequenc;ot respanse.. |1 ;8 al % 1epr tdye therd redimdy of the
el enent 3n f i t'Sspread, and o the réom effect 20 resulting fromthe
radi ati on ofSLtttmelt@IdermxﬂSJsiﬁ |trh3t3162qu%{ ening region 4. The nodul e 93
applies;@ tine windowing to the response ~I , mn ( t) to adjust the duration

for which the room 25 effect is taken into acco nt dThe sp |o té(rjrlporal
response expi@ssdedlTeR 1RETEREHABALY AGARISTIN | Jr1‘9]( f)*1Ps

Fourier trapsdaBeld t ke rgsppﬂﬁ@afJ|cd5ﬁ1h5111(1at).ofl'heafsp&tdwllemﬁﬁﬂ5$$el esponse
N, mn(f) is then frequen

C 0 as_to q nd over
whi ch 30 thé%oé’fsf'ec?c?ér?hﬂ%m%f)ntgl facce r?agélfiﬁ EQ? Hl% %ﬁ%%ggel ivers
t he paranet e.cnrNermBegdgl tttmsﬁm:pedm\mmhlarexpr@)wﬂéd%o t he decoder 1
by the ppl ementary signal RP. 35 Substeps 32 to 39 are repeated for all
the elenents 31 to 3N of the reprodu on unlt 2. As a variant, the
cal i bration neans 7 w 0607 -
recei ve ot her typeslD ﬁa(?omq\ %Eeﬁ E@ ?I;ﬂm| 5@?9 For
exanple, this information is i nt r odd é”edln the formof a flnlte nunber of
Fouri er-Bessel coefficients representative of the acoustic field

In this equation, the terms P; n(f) are, by definition,

the Fourier-Bessel coefficients of the field

20 p(r,68,¢,t), k==2§£, ¢ is the speed of sound in air
c

(340 ms™), Fi(kr) is the spherical Bessel function of

} « 7[
the first kind of order 1 defined by ij)=J5; T2 (%)

where J,(x) is the Bessel function of the first kind of
order v, and yi"(8,4) is the real spherical harmonic of
25 order 1 and of term m, with m ranging from -1 to I,

defined by:
L pll
P™(cos &) cos(mg) for m>0
Jr !
1
m 6, =
y/(6,9) oy

1717; P (cos ) sin(mg)  for m<0

P’ (cos 0) form=0

In this equation, the PB"(x) are the associated Legendre



5 produced by the element 3n in the listening region 4. Such coefficients
may in particular be delivered by neans of acoustic sinulation inplenenting
a geonetrical nodeling of the listening region 4 so as to determne 10 the
- position of the._i ~.sources induced by the reflecti e
position of "Eh 3452%239 3;, and to the geonetry of thggﬁ?ggggfthbggion 4.
The means of acoustic sinmulation receiye as input the 15 signal un(t)
emtted by the nodule 92 and delivered, with the aid of the signal cl,nmt),
the Fouri er fBagssebneodkffiigleents, det er mi ned by superposition of the acoustic
field emtted by the el enent e T e acoustk@,fields emtted by the
i mge sources when thepg g 1 —r'éceiyves\khe igﬂ un(t). In this
case the deconpositioﬁgnggﬁ% )l qq#gﬁﬁguoﬁﬁg a dxanéﬂ#gsion of the signa
cl,mt) to the nodule 92. As a variant, the calibration means 9 conprise
other 25 ngars of (”RLquhsi t.bgBnakel pboyABhiaNspetkEineAgbl,Q the el ements 31
to 3N, such as | aser-based position asyring neans, signal processing
means i npl enenti ng bean1forninp @@gh__gq_gﬁ%@_g y ot her appropriate neans.
30 The neans 9 inplenenting the ¥alibratden”step 30 consist for exanpl e of
an electronic card or of a conputer programor of any other appropriate
means. The details of the paraneters sinulation step 40 and 35 the nmeans 8
which inplenent it will now be described. This step is carried out for each
frequency fTGﬁ(ﬁﬁ#%&%?ﬁﬁessﬁﬁ)G@ﬁéfé?anﬁéﬂ?ﬁ%BPE@QJFXP@ﬁﬁS ell
enbodi ment s caescrt Hasor£YUi rdoridtien knewyl edgee f orcceaith clearnt 3n dft)its
conpl ete position degpribgg q¥ the,ﬁaranngﬁsorn Fnu rgra@d/o%fgfnﬁts
spatio-tenpgngeFQQB A8 & i beth Y- The %é?aﬁ%%e 3 Kﬂ,n1nf€? S8 n a
first enbodioffienhe descifilbednmst Pirgffdr.ence to figure 6, the paraneters
which are neither input, by an operator or by external means, nor measured,
are sinmulated. 10 Step 40 begins with a substep 41 of determ ning
par amet ers RiSs$i g riieom t Hdisingiied R Hle ahgvestietellfed. fupchaping a
substep 42, phhesparampteLs &R (f )y d ept eaent at idgupindthed£spopsgsebiihe
el ements of the reproduction unit 2 takes the default value 1. During a
substep 43, itfidd&raneteF BT BEFEIe HBGHNEO™0 of the tenpl ates of the
el enents of the reproduction unit 2 is determ ned by threshol ding on the

paraneter Hn(f) in _the case where the latter. i s neasured, defined_by the
user, o%éprg&FéQQ 6§eefﬁgﬁﬁéﬁiﬁ§§ﬁé,Qﬁrﬁﬁ%ﬁﬁ%, Gt ytgﬁgsmFﬁgsdgfault

val ue 1. 25t8Beepirtfitt hengnehpridkess adsgbspepedd pitaeteonminpirngeselacti ve
el enents at f.r Cy, f nsi gder, rd i can | {n*}(f)
of eIenentsco??ffﬁgggggrégr%ggkt?gnsggptQ?H%%Qa%g §€5ﬁ€§E§§l%ﬁ% F?%quency f
i s det er mi negeffhedenssememmingeithy tHese lw¥dse  tenpl ate Gn(f) is non zero
for this frequency. The list {n*} (f) conprises Nf elenents and it is
transmtted to the decoder 1 by the optimzation signal_ OS . It is used to
35 sel ec? t A@SpHSFRIRA I CHPT eSP6HY ﬁgu’fbe¥h%e§€?‘vé3céﬁ%ﬁ%n%ﬁ é&ch
frequency f condngtihe gettof apdriamet essdedhe pRfarRiersrofiondeyx nbd

correspond {g,Lhe,nth active Rl A (e TRV, 0.

On completion of step 60, the signal SIz delivered by
25 the shaping means 6 is introduced into the means 11 for
determining the control signals. These means 11 also
receive the signal FD representative of the
reconstruction filters defined by taking account in
particular of the spatial configuration of the

30 reproduction unit 2.

The coefficients of the signal SIg, delivered on
completion of step 60, are used by the means 11 during
a step 70 of determining the control signals sc; to scy

35 for the elements of the reproduction unit 2 with the



WO 03/ 073791 PCT/ FRO3/ 00607 - 27 During a substep 45, the paraneter L(f)
representative of the order of operation of the nodule for determning the
filters at the current frequency f, is determned 5 in the follow ng
_manner: - the simulation means 8 calculate the smalle for med
by a pair oWoePé%ﬁﬁg 9¢f the reproduction unit by rrea%g:TZ?QIg%t/r%mg@r?orretrl c
rel ation, such as for exanple: 10 and*jp2*

-aCOos( Sl nBnl * Sl nen2* COS( ~nl *- ~n2*) ' ~* COSenl *COSen2*~ amin -

1111n( Q0 , zl L1431 82°)F apRAY ddie 1%l @dn p@frszh@nlfecomét))usmdmt fadfl teds ~ n2*;
15 - the sinulation neans determﬁe th ITB.XI rruménfr enLég) which is the

| ar gest i nt B§ERTBEREFPNGUHET &R o Eﬁ) heSg GRS 0FS g 2 substep 46,
the paraneter RMf) defining the 20 radi ati on nodel for the el enents
constituting the re roductlo unit, |y taki ng the
spheri cal g&leatsi Fotef© ’as GefSal Frenﬂzﬁeﬁg ngggggggggr@tol C%egga?;érret er
WL(f) we chapbldesgcridesheheebpaenas \Mln(t@w Beppésetﬁ‘tl%t re@rerudid on
distribution_i.n space on of reco n e LR i C
field in thé&% flgr m%of V\"Akglic t| %%5%?%%5“ é:rh:%Beg%ée&&%%Jé?fl g:ig!rll?s q\ﬁeer m ned
inthe foll owaurQCMm‘.L@tlQﬁ) aref swespanbheler WRIeperdpResetlt atit®e of the
spatial Wi ndowihghhe SBHQEEE@ErE§E§E§nCQDE"a@% prodpicevioged Of i, W (f)
i s deduced fromits val ue plying the expression: W (~=16 ~2

~Wr, .~ 1i (eppodpgtivm UfbiLer qpf the parameter R(f), which represents a
radi us y\@en the spatial windowis a ball of radius WO 03/073791 - 28

PCT/ FRO3/ 00607 R(f d d i
deduced frofY] tVsl(Vé*F%leSBer v H@gq ex% g‘?es{s}?‘geﬂr?to n! ngégﬂ\%gc'll jl ~kR
~) +.Ir+akRsipnalkR (sc.lt td(R sc)v . Idr—EO&Fada)pmther tt\pseal\l\b(*’f) aps igeduced
fromL(f), %g%%)%)y ANGENGe Se REPLEsslen WieTed R Ron) pebkRhbiTH AdeR) -

kR jr(kR). 7= ant, if the spatial wi ndow is not
speci fied, the sismaltdtalon anshies: 833;10|Uﬁd{c‘e ﬂ#@raCterlStlcS of the

15 reproduction unit 2, in particular the room effect, and

which integrates the chosen optimization strategy.

Thus, on account of the gquasi-independence between the
intrinsic characteristics of reproduction of the
20 reproduction unit 2 and of the acoustic field
reproduced, it is possible to render the latter
substantially identical to the acoustic field
corresponding to the sound environment represented by
the temporal and spatial information received as input.
25 '
The main steps of the method of the invention will now

be described in greater detail.

During step 20 of inputting parameters an operator or a
30 suitable memory system can specify all or part of the

calculation parameters and in particular:

- x,, representative of the position of element 3,

with respect to the listening center 5; Xj being

expressed in the spherical reference frame by means of
35 the coordinates rn, 6,, and ¢n;

- Ga(f), representative of the template of element 3j

of the reproduction unit specifying the frequency band

of operation of this element;



| parameter WL(f) a default value, for exanple a Hamm ng 10 wi ndow of size
2L(f)+1, evaluated in 1. The paraneter WL(f) is determned for the val ues
of I ranging fromO to L(f). 15 During a substep 48, the parameter ((1k,

~mk) ~(f) is Wﬁdtb%e A4p the paraneters L(f) and ~cn*pd Etﬂ@g/f@jé(pw ng
manner: Firstly e nmeans 9 calcul ate the coefficients 20 G-m*
e~*~~n*) where (Bn*, ~"*) is the directli%on of the reproduction el errent 3n*.

Secondly, the neans 9 calculate the coefficients _ ~ G ~2m, n 25 Thirdly,
the nmeans 8 —cal cwV;at g( £ W t hrépeeaedtatigesupfl etbat aspaﬁaroerrt@tmomal t he

list of par amet ers {(I k g‘@l%h(fe)le, enetf erfed 10..a5 5%13@9“%2 ch |scﬂéu tially

30 enpty. F&- &Y Val ue e or 1, Starting means carry
out the fol lcawiusgisubfiepd: pros?emecdn ior the =l hebkqo/nd) regrlQTetérrﬁ&hatl on

of the list .0 t 0 2 P RO 00607
such t hat Gltq:1 218@%‘]‘;' Cjé’gnb\Z?\%v{e}ean?- ﬂé@lt:%%/ B%ggﬁfiil‘fés (g?rrl\ %ﬂ: If the

sum of the m;ml ofs tidawEiin C and of the 5 nunber of ternms in Cl is
greater than or @ﬂﬁa&toéé&:ﬂ%ﬁlﬁj Nbr oéa @Bt Eveqtieneoducidels iRleareht s at
t he frequency f, e Cis corrplete ot herw se gl's. dgedto.Cand
the search ForSKRE}al r‘éé?%?VeHePS sgpfatige r?%Mh%l%a ésb\ﬁégé‘ e etenent s
ﬁ&;}zg) 3N~ s@fa%el 3| B@ﬁszﬁﬂiﬁtspb&neceﬁtdlmaﬂdm of sthef adwerdt(ilk,

i's it nor. provi ded, S rma
sinplified éégy SelSCGﬁJl% F?SP of m(“fl(]){el i m%ggg.{l?q}(gegé )S%#’ejt%ﬁes t he
form (00 O)t:he(ldl-s]:)rbbu(tion ~ i(rR. sz;ace(zozf) t(hlsﬂl ﬂl_flgori(Lof L1)
where L1 'Sﬁf%@%%esrhﬁf?:tl at téﬁetk(gjrg:)&gut t(ﬁe nends inthis list is less than

t he nunber Fent s 3n* active a requency f. The val ue taken by
LI may be 20 the Widffeéger §o@Erdpipsf - Binectyut tlnl s bh@f erb®T® t % ake a

smal l er val yg it ilny Deridige aE@aﬁateeﬂag%%setlhec@@fames_@htsu(aﬁd vmleh
represents at the current frequenc e desired | ocal !Sllcapza.C|C§c}/“é1
ki ng

adapt at i on, 9Py ndTEELEBEY 0 and on?% Feter mi rfed &ARTret calfy:
t he defﬁ9|t:ﬂéﬁﬂé%éhﬁé6ﬂﬁé exafipl ethe distribution in space of

constraints of reconstruction of the acoustic field;
- R(£f), representative, for each frequency £
considered, of the radius of the spatial window when
the latter is a ball;
20 - Hn(f), representative, for each frequency £
considered, of the frequency response of element 3,;
- U(E), representative for each frequency £
considered, of the desired local capacity of adaptation
to the spatial irregularity of the configuration of the
25 reproduction unit;
- {(1x,me) }(£), constituting for each frequency £
considered, a list of spatio-temporal functions whose
reconstruction is imposed;
- L(f), imposing, for each frequency f considered,
30 the limit order of operation of the means 12 of
determining reconstruction filters;
- RM(f), defining, for each freguency f considered,
the radiation model for the elements 3, to 3y of the
reproduction unit 2.
35
The definition signal SL conveys the parameters Xx,, the
supplementary signal RP, the parameters Hp(f) and

Nina(f) and the optimization signal 0S, the parameters



Thus, the sinulation neans 9 nmake it possible, during 30 step 40, to
suppl enent the signals SL, RP and OS in such a way as to deliver to the
nmeans 12 for determ ning reconstruction filters the set of paranmeters
-necessary for their inplenmentation. 35 As a function Qf th r ers
i nput or me¥SuPdd40734/¢ of the sinulation substeps deESF(E§832P§%§ t
carried out. WD 03/073791 -- 30 PCTHFRO3/00607 The sinulation step 40
consisting of the set of substeps 41 to 49, is repeated for all the

frequenci esgcopsi dgred, 18, Mari @nt,, seeh, suwbst ep,i &, cay i gdrputanior al
t he frequencfggﬁbéégrg g§$n8 t% %ﬁg next 5 substep. Ih anot her enbodi nent,

all the parﬁﬁéférs i nvol ved are provided to the decoder 1 and step 40 then
conprises only the substep 41 of receiving and verifying the 10 signals SL,

RP and OS and the substep 44 of determ nin he act.ive el ene at the
frequency fTE‘anlirtfé’rre‘;tSfC#hE‘e?PﬁuI]aQi 6Wpﬂ§5%§&éngrrpq@n%ntql ny rs]%@paf(? are for
exanpl e Tonpuheenphoghank e aheis omichcasds deidiwat@hputet oosuemyan
applicationPghe?n%Pother.a@%rgggggte nmeans. Step 50 of determ ning

: .

reconstruct BrsPand the means 12 which inmplement it will now be
described in greater detail. 20 Represented in figure 7 are the nmeans 12 of

deter i ninggregonst iytion ikt ess whichreomudise @ gRduhe ifg1bhtonc
determ ning transfer matrices wth the help of the paraneters of the
signal s SL, iRPwAhd OSwabewslelscad beRle 175 JFeaTS BAF G Idet er mi ni ng a decodi ng
matrix r. 30 The means 12 al so conprise a nodule 86 for storing the
response of the reconstruction filters and a npodul e 88 .f.or pa angﬁsrizing
reconst ruct RERTEFERERS. RdpreseftEd fn FﬁﬁhretgeargeFﬁélﬁ%ta?ﬁs Step 50

for deterni BhDgbraeanst r webinen Bi.l t hey SteppFQses nepdatedpber tdarh
(coauency ol aiSrstien s SRSy Al RhyBUTERELOe
WO 03/ 07379bnBC3/ RROB/LE0G37 for3tetermining calibration parameters.
15

The calibration means 9 are adapted to be connected to

a sound acquisition device 100 such as a microphone or

any other suitable device, and to be connected in turn

one by cne to each element 3, of the reproduction unit

20 2 so as to tap information off from this element.

Represented in figure 5 are the details of a mode of
embodiment of the calibration step 30 implemented by
{ the calibration means 9 and making it possible to

25 measure characteristics of the reproduction unit 2.

During a substep 32, the calibration means 9 emit a
specific signal u,(t) such as a pseudo-random sequence
MLS (Maximum Length Sequence) destined for an element
30 3,. The acquisition device 100 receives, during a
substep 34, the sound wave emitted by the element 3, in
response to the receipt of the signal  u,(t) and
transmits signals ci,n(t) representative of the wave
received to the decomposition module 91.
35
During a substep 36, the decomposition wmodule 91
decomposes the signals picked up by the acquisition
device 100 into a finite number of Fourier-Bessel



5 10 Step 50 of determ ning reconstruction filters conprises a substep 51
of determning a matrix Wfor weighting the acoustic field with the help of
the signals L(f) and WL (f) . Wis a diagonal matrix of size (L (f) +1) 2
-contai ning the wejaghtjng coefficients W(f) and in whi _ j ci ent
WL(f) is folfivd? 19%3t7|9nles in succession on the di agongﬁ%@%@réﬁéyw
therefore has the followwng form Yy~~-p- . . . . . . . . . . . . . .poO
Yy, (f) ~. '".. W ~".. W : ... W.~... .. V. WL~~~ ~. ~. 00. . . .
.+« .« . . coefficient®s Vi), tt)Li kewi se, step 50 conprises a substep 52 of
determining a matrix Mrepresentative of the radiation of the 15
reproduction unit with the help of the parameters NN, mn*(f) . RMf) i
HP*(P ~ Xn¥orari éxafiple, M thea natvizeof s0ae (ddFf)vel)2 bypmsswomsi sting
of elenents M_ mn*,. the_indices, | designating. r 0 + + nd n*
desi gnati ng légloagrﬂ?%orﬁ'h@( tl’eﬁnf((i W%%‘?le#grgnggg"&a}%\go ol?ig%\}i nétf ot{rkjr[lln‘%1 WO
03/ 073791 PCEMERG3/ 0637 th82r¥popducti'on wndt z* In. this  ease,o ha\
*Nﬂ’—l”*|~édef%i*ient3"qdo(%)M kbllyLli%@IOféﬁ%éséhggtive--oﬁﬂ the
acoustic field are deduced from the signals cp,o(t) to

c1,1(t) according to the following relations:

Goo(D) = 72%; Co,oll) with Co,o(t) =p(t)
g =pcjf_7? G wicn  a)=w()
G o) =—pc 13;; colf)  with ¢0(8) = vz (1)

g (D=-pc.]=c ()  with ) =vx(d)
47

10
In these equations, wx(t), w(t) and vz(t) designate the
components of the velocity vector Vv(t) in the
orthonormal reference frame considered and p designates
the density of the air.

15

When these coefficients are defined by the module 91,
they are addressed to the response determination module
92.

20 During a substep 38, the response determination module
92 determines the impulse responses hp;,n(t) which link
the Fourier-Bessel coefficients g n(t) and the signal
emitted u,(t).

25 The impulse response delivered by the response
determination module 92 1is addressed to the parameters

determination moduie 93.

During a substep 39, the module 93 deduces information

30 on elements of the reproduction unit.



!\I*IVI].,l,l*I~II,I,~* ...... , r, M~ Nf*M5-L,I*IYl L, _G2*...... M G N
j~M, Q 1*lyl L, ~ ~* ..... lul~N=*""MLL1* M1,,~2z* ...... ~~

L, a :\FRI\/E_P)e el5ema_n]'EsRM f;n g*fare obt ai ned as a function of the radiation

- nmode : - efines a plane wave radi at | I n*-, Yl
~ Bn*on*~~n¥W< P?/W?%’/&defi nes a spherical wave radi a?le'?){lgﬁrrggép%om
M.mn*-. Yl nl an*~~n*~Hn*~~! ~rn*W10-13220 25 if RMf) defines a nodel

usi ng the nmeasurenents perforned of the spatio-tenporal responses, with
recourse to the plane wave nodel for the m ssing neasurenents, then M, mn*

- N,mn*(f) for the indices.l,mn* provid nd t curr ncy f.
The remai ndéF1 of ¥ M ?Wg’ﬁﬁﬁn?%eterﬁ?%%ﬁle%%@brdi nh:gqeto tﬁgyﬁrglggtglggn: Y

M, ][Tl n*- -dY%ieBﬁ’f:mﬁaHmén - moluRM f 9 3defdieresmd nesdelthesi g ttesandreasr enent s
performed o e spatio-t oral .re N8, M egouyr.se, t h heri cal
wave model LSLW?EE %1536 f%fe TY5i ng %glgsur ene%\%é?e%hg’nwl\}lﬁm ﬁ)l;lé:?llei , m n*

t he i ndizesof, mus *responsed @ (the and reht thee isaRYrFettheof efliender of

AT B B | poLhectablioeon che it
by the 3, to the acquisition device 100, by virtu of delay
estimation procedures with regard to the response
hpo,o(t) .
10
In the embodiment described, the acquisition device 100
( is able to unambiguously encode the orientation of a
" source in space. Thus, trigonometric relations between
the 3 responses hpy,.1(t), hpio(t) and hpi,1(t) involving
15 the coordinates 6,, and ¢, are apparent for each instant

t.

The module 93 determines the wvalues hp;,.., hp1,o and
hp, ; corresponding to the values taken by the responses
20 hpy, .1(t), hpi1,o(t) and hpy,1(t) at an arbitrarily chosen
instant t such as for example the instant for which

hpy o (t) attains its maximum.

{ Subsequently, the module 93 estimates coordinates 6, and
25 ¢, with the help of the values hpi,.1, hpi,o and hpy. by

means of the following trigonometric relations:

hpt_+hpt
- for hpl,0>0 . anarctan \/ ‘1}121)[1 0‘ 1,1
hpt_+hp}
- for hpp<0 : 6.=m1 —arctan \/p|1]:l!)11()lp1,1
- for hp1,1>0: ¢n:—arctan (};Zil,—lJ
1,1

hp, -
- for hpi<0: dn=rm —arctan (——pl—‘—



WO 03/ 073791 PCT/ FRO3/00607 - 33 expression: .~ -k .~ ~~~C~J 7 ~~"n*]J
~| ~~n*y-~ 2kk~ I -k ~ C k=0 ~ ' The matrix Mthus defined is representative
of the 5 radiation of the reproduction unit. In particular, Mis
-representative of the spatial configuration of the re iHt . When
the met hod ¥Qe@3{f23 ?:Biffl cients N, mn(f) , the ( 109%3?%?(5 0%@7
representative of the spatio- terrporaL pesponses of the el errents 31 to 3N
and therefore in particular of the roomeffect induced by the Iistening
region 4. 15 Step 50 al so corrprises a substep 53 of determning a matrix F
representative of the Fourier-B | functi , f. r uction of
which 'is deRRRBBITSTRFLORS: faidﬂ‘l %g‘& g?ﬂﬁ gg%%i tp%%{thle 1 Ig%%%ti'e par amet er
L(f), as well as the paranmeters { ( Ik, nk) } ( f) 20 in the follow ng
manner. Wth the help ofthelist { (IKk, rrk) (f% , acal ling K the' nunber of
el enents( | k, fok) hah=0hend kst 0(: | k, )——thematrl x F

const ruct edls of size Kby (L(f)+1)z. Each25 r ow k of the matri x Fcontains
a 1 incolum f&r+igs +0kandnigp, Gs0ehsewhpreOFor ekarpte ¢ faste abwsHi s Huedti on
of t he reproductionunitof so-called "5.1" type, vvh@zsellst { (I'k,nk) }
(f)cant ake theof okpi=00an8) hp:.(#0, ang) Ap(F01) }, 'tﬁ? matri xF may be witten: 1
000 0 0 O~~~ OF= 0 100 0 O O~~~ 00 001 O O O~~~ 030 When the paraneter
,cc(f) is zer onl y he -Fs Bessel functions
enuner at ed byg?‘ﬁ pb‘a—gg%ggg{pé ‘fé%qﬁzﬁyj%ﬁi) ¢ , :ggﬂ:(}gag hers being WO
03/ 073791 PCT/ FRO3/ 00607 - 34 ignored. V\hen u(f) is set to 1, the decoder
reproduces perfectly the Fourier-Bessel functl ons desi gnat ed by {(l'k, nk) }
( f) butsrepreducesem=agyert ipardiatd ynanarerdus agchet: Fsgr £6E-L

functions among thase availablewp Sl oIdel Udoe.se ddalogl sbaldye the

reconst ruct &Fi 19" %57 ¢l oser that described as jnput. This parté al
reconst r uct icorainewest hefdecorted 16t o Bt coRRbddTES ekaﬁbdu‘(‘}?i”‘Bﬁ

confi gurati eV efdk ddd S Ikt et hald angubes bsimabesion. 10
Subst eps 51%%65311%% %I enment eed %G'the nodul e 82 can be executed sequentially

or sinultaneously. St ep 50 of determ ning reconstruction filters 15
thereaf{gr G i $88iansybstep Momlrtae&@mga,l, ntandc@guatret lees tsiata togfd

par anmet ers determ ned evi ously, Ierrent ed Jmdulg 84, sq
del i ver a d&dddi ng %t ﬁ? Sd B ?Epr%g% attv esPonggﬁe rreconst &uc:él on k?él ters.
20 Thi s mat rdvaidadls devgred ot ltcheebslipasied hénmatlhe céﬂfemuqﬂclw and of

W TET (R R R T e gh et rengestens, B 5 2 ALYy

IN+ ~1 MrT WM -1 where Ml designates the matrix which is the conjugate

transpo?g ofriMes Thee £] 88BNt S BE", lhaPa@letlhe Mat,i X &, arandr gani zeckin 30

the fol 'ow ng nmann
éiansmltted to the decoder 1 by the definition signal

SL.

In the embodiment described, the module 93 also
50 delivers the transfer function Hp(f) of each element 3p,
with the help of the responses hp;n(t) arising from the

response determination module 92.

A solution consists in constructing the response
25 hp’y,o(t) corresponding to the selection of the part of
the response hpp,o(t) which comprises a non zero gsignal
stripped of its reflections introduced by the listening
region 4. The frequency response H,(f) is deduced by
Fourier transform from the response hp’y,o(t) previously
30 windowed. The window  may be chosen from the

conventional smoothing windows, such as for example



D~klrOooOD?1T 1'-1 D1 1'0O0D1T 1" 1. . . D~1,L-L. . . D1,L,0.
o1L~L'0D>21-LD,~210D2'11. . . D2,L, L. . . J,'~2,LO. . .
Dk2 LL~k **~k~kNf"2ON"" 1" 1. . j, vi,L,-L. .DN'L'O0. DN

+f,L ,L The matrix D* is therefore representative of t 063791
PCT/ FR03/ 0088793/88378dnf i gurati on of the reproduct i o%eaﬁﬁ%gf%/the

acoustic characteristics associ ated w tbh t-he el ements 31 to 3N and of the
optim zation strategies. 5 In the case where the nethod uses the
coefficient §egllcaﬁgu|1(afr) Haldfi® Bt HaqrlIng S dreprBdserdmedti ve in particul ar of
the roomeffect induced by the listening region 4. Subsequently, during a
substep 55, the nodule 8& for 10 storing the response of the reconstruction

fil tersD?]'E ) trhe cysremécérequenay ftisuppldefentes f eret Herdnweierey £ he
mat ri x epresent ative of .the fr V. ! afp the reconstruction
filters, byt&l&: 'e\ﬂo%li He HatT1% Sﬁppggeq?ér%%uﬁffﬁg e| ements of the matrix D*

15 are stored in the matrix D(f), by inverting the nethod, described
previously with refer . Lgu doy detgrdm nph@uide bhst (g (f).
More preci sﬁdlny &5eh %ﬁéﬁ%ﬁe%mﬁf&%@&l the matrix D is stored in.the
el ement Dn* deliffer=of tide spatriiox tBPPralThee epement S1afa Bf ) © h&* %D are

not determ r%?_g corggl eLEoncRf thisr-Subst epnanenfd xer atdetktared Sugh a use
of the |ist np%?\"—) makes it possible to tdgke account . of hetere %e& us
tenpl ates oPPPAY IZH rapPdéic P3HSEMERENEE 1at5er§?\9r%]neaéﬁgﬁ;@ngls ef;) |, m(

f) of the mMaiyd XiRpL1kk arespegssbzelpi R(the Wi owheg mebperof DG ovJ
> by 11 Uit 22" ene S Sificp B R eneCpGupn oty om By~ 1V
DN, O, OV | DNfd1lctM dPhdnd4 IDN, 1,1V | .. DN,G-G-.. .DNN GOV I' "DN, G GV |

30 The set of substeps 51 tg 55 i.s repeajgd for all the frequencies f
considered and the results g%’é’“éttZredQFnﬁgh@ Q%Jror”éé:% nodul e 86. On

conpletion of this processing, the matrix D(f) representative of the WO

03/073794 - 36 EGILFROBLARAAI T neaypiee T AoRANSSS @inddimset dlaxge

reconstruction fiftéers I's addressed to the nodul e 88 for paraneterjzin
reconstruc“qmpqqqt@ﬁsinformation characterizing g%e éie entrgz, 1% 9

particular its position and its frequency response. It
is also representative of the directivity of the
element 3,, of its spread, and of the room effect
20 resulting from the radiation of the element 3, in the

listening region 4.

The module 93 applies a time windowing to the response
N1,mna(t) to adjust the duration for which the room

25 effect is taken into account. The spatio-temporal
response expressed in the frequency domain Ni ma(f) 1is
obtained by Fourier transform of the response M,mnlE).
The spatio-temporal response Ni,nn{(f) 1s then frequency-
windowed so as to adjust the frequency band over which

30 the room effect is taken into account. The module 93
then delivers the parameters Nj ma(f) thus shaped which
are provided to the decoder 1 by the supplementary
signal RP.

35 Substeps 32 to 39 are repeated for all the elements 3,

to 3y of the reproduction unit 2.

As a variant, the calibration means 9 are adapted to



5 During -a substep 58, the reconstruction filters paraneterization nodul e
88 then provides the signal FD representative of the reconstruction
filters, by receiving the matrix D(f) as input. Each element Dn,i,nm(f) of
‘the matrix f ).l r.econstruction filter 10 which i Il t he
signal FD bg%hégr@%fwg‘ar aneters which may take vari o%gq‘?g‘%r?g%oérﬂexanpl e,
the paraneters of the signal FD that -are associated with each filter
Dn,i,mf) may take the 15 following fornms: - a frequency response, whose
par anet ers ché@edivreec&ttryef hey\pﬁwesfoflr[mqﬁmat(mnfpertedmm frequdrei es f:
- afinite ingpuls esp nse V\/noe t ( cul at ed
by i nverse ng SjT glﬁrﬁoéﬁ??ﬂ@ﬁ g]sh lltn)r%prg{@eccer?&esponse
dn,i,n(t) |§nsa|tqhﬂeedfamd1 tbén arurﬁaaltle@ t ouabkengPh pEWP—’G@IrarBGtS@Eé'aCh
response; ffl ient e kmpyhse r 25 sive
filter cal culoa n% Iseh&f %tgﬁiga Pt lJ!:h%vw tﬁédgg%\%gﬁtl oﬂnl?lllH

adapt at i ®n prr@demgdeévy ”Iiﬂ‘il@s el@m&f@rrrﬂnetlmoﬁh@f é?éﬁ%@gt RIS 12 for
determ ning reconstruction filters deliver a signal FD 30 to the neans 11
for determining control signals. In this emhodinment, thjs sign FD is
repr esent at |S\‘Pé?%of CPﬁéf%FﬁBV\an‘“@ir arfet Qr”‘§tlcu%6£t|}é\? ‘@%]F%(fl dW of the
el GEEHLS 0}‘ rr{e*&%si“’%f]f erQtitctd OlerHLrﬂlét1ona$1@p$éménﬁﬁ]ﬁd_ﬁ}a|at efeicstd tosi aslsoci at ed
with the el enents of t epro cti.on unit, in particu t quency

r esponses aﬁ@dterlre“@paﬂ%] t{‘ FHETES ot fo 883/%373%1%%1&;}{9&' 00607 -
37 represemtat i \gmsmmmg @Ifhelthtehl ngsgeof sohercesomisidfuesd i rducddhsy t he
listening re - _opt.i ti S sl r the

spati otenpof%fqﬁfnc]tl ()Sns&%%oégmt% %JSSE@%%SGE rkhl{egaSErLgt%%gt r3hucta|1r(1)(%1 t he
di stributiond rthspaEemet nyomst rl'ehmtlsli’eﬁefﬂé@)rifsﬁqltm ion of the acoustic
field and the desired | ocal capacity of adaptation to the spatial
irregularity of the configuration of the reproduction unit 2. 10 The neans
12 for det eflfieni PepReCcORs BORMSGT f FLTBEREHRY BECEANGHi Y LRPHRe ¥4 m of

sof t war g5 dedijeatad Lo &)hi émiueéal OBl Ofc hel SRodel & nbegr ahed deltioreared,

el ectronic card or. any gt agig)%r opri ate rreaCsy 15?St%p Q:():L of_Bsehsa£ ng the
i nput si gnal"ih Itlﬁ%wab Fschi e&lgﬁ‘aar SHrertidet aPF. When She System i s

i npl ement ed,cdetffrleﬁmntfgs t He tiemmitne?D sbgnal s@pembsht tonprisés tEmpor al
and spatial _informati e r t e kepr, C Thi s

i nf or nat i Onat%vlsotlc 95 AL d %\Q qugeréleltrr%r& he ofuced. t}tﬂé

e of sever sor I'n particu -4 sound envi ronrrent

coded accormcr@glattlcanfa@w aﬁm25t@|dstb§i' blab?orir“@a@h FRUFRS eXERP £h%e
format gommuyl,dybbed ﬁ:éﬁ?é@tthe A FR3cri At on 1f enssurdRNViKenmENt
by rreans of osition m?or mation for virtual sources which nmake up fhe
sound envir PQffich Ty MRadi ke 91 eBeBYOrREsBNSY SolrARSMLSSI Ry

envi ronnent tq@eg:hqﬂhlmﬁlttbmawltn@d@odmmwzs to say by neans of signals
i ntended to power oudspeakers whose angul ar distribution is fixed and

known and which includes in particular the so-called 35 "7.1", "5.1"
quadr aphoni &s sherxmp]mm c and reiodhetiicon evhangues; Comar96@nd0@'rlﬁ/¥r onmnent

gi ven by it g agoustic fighd i Jhesf o meah-rEeubhersdessthi s9etkld cigats.
elements 3; to 3y, such as laser-based position
measuring means, signal processing means implementing

beam forming techniques or any other appropriate means.

30 The means 9 implementing the calibration step 30
consist for example of an electronic card or of a

computer program or of any other appropriate means.

The details of the parameters simulation step 40 and
35 the means 8 which implement it will now be described.
This step 1is carried out for each frequency £ of

operation.



WO 03/073791 PCT/ FRO3/ 00607 - 38 As was stated with reference to figure
3, during step 60, the shaping neans 6 receive the input signal SI and
deconpose it into Fourier-Bessel coefficients 5 representative of an

. acoustic fiegld corr nding to the sound environnent i he
oo oa el SiasLHOPA B

signal SI. Bessel coefficients are delivered to the decoder 1
by the signal SIFe. 10 As a function -of2d he sort of input signal SI, the
shaping step 60 varies. Wth reference to figure 9, the deconposition into
Fouri er - Besgsele ceabbiddenitss Wikkcrawebe deguiirbedthe USnowkedase fhere the
sound environnent js coded in the signal ;S i f SKL1 ption
of a sound & by erﬂ%‘éﬁsq’df oﬁ%s} ?o%oﬁlﬁfl(%ﬁ%{b%gnﬁf%&?ﬁgs\?ﬁlgfgf ggurces
of which it tire qoaqmsedenndraf Ohe &i grad AornPft dd shysnaee EYWPREL 20 A
mairix E makes | possible:0; abl ooal & 2 £adi 8k on, odeh. Tor exanpi e a
B 5, V|¥tua 'S’

spherical wave "o 0 eac source s. E1's"a matrix of size
(L+1)2 by S, where S is the nunber of sources present in the scene 25 and L

is the orqerIéf oamhkggagheeggggmgﬁi:gi OHekereBRdUCye€n Ther@pshteontef a
source s is designated by 1ts spherical coordinates. rs, 9S and ~s. The

el ements Ei fRVIGH §hehatPrRAP=RaYS bBLdFNt fER 1 1EREYT IR ndPhaffler: 1
e-2~~~., fzpatlater eor—by) extetfial~. mebn®,S IOrA seddireducedres the
vector Y which contajns the tenporal Fourier transfornms YS (f) of the
signals ys (Slt”)UIéYﬁetC{ed by the sources. Y may be witten: 35 Y =

~YI (f)Yz{f) ... YS(f) ~ t The Fourier-Bessel coefficients P,,n(f) are

pl aced in a WO 03(073791 PCT/ FRQ3/ Q06 - yect P j (L+1) z,
where the 2R er o]?e raer ‘ffgge %I a%égsgng af41(:alerq%fnot(ﬁgetré%ﬁfgg%gndi ng
order 1. Theaxwefdtiaientmising) firon hihet heienadent REf | Blex22d+1%f of the
vector P which my.pe witten: 5 p =EY As represented with reference to
figure 9, the obtaining of the Fourier-Bessel coefficients Pl ,n(f),
constituting the signal SIFB, corresponds to a filtering 10 of each signal

YS (f) by nmeansif 4 hsubkkbgr abl,, Mhe dramdthen By(Sunrepgesaecaesubts. The

coefficients PlILl) are Lherelore expipssedeLn dieche ! AW galiBRgL S

unit 2 takes the default wvalue 1.

During a substep 43, the parameter G,(f) representative
20 of the templates of the elements of the reproduction
unit 2 is determined by thresholding on the parameter
H,(f) in the case where the latter is measured, defined
by the user, or provided by external means, otherwise,
Gp(f) takes the default value 1.
25 _
Step 40 then comprises a substep 44 of determining the

active elements at the frequency f considered.

During this substep, a list {n*}(f) of .elements of the
30 reproduction unit that are active at the frequency f is
determined, these elements being those whose template
G.(f) is non zero for this frequency. The list {n*}(f)
comprises Ny elements and it is transmitted to the
decoder 1 by the optimization signal 0S. It is used to
35 select the parameters corresponding to the active
elements at each frequency f among the set of
parameters. The parameters of index n* correspond to

the n*® active element at the frequency f.



15 Depl oyment of the filters E,_,ms(f) may be effected according to
conventional filtering procedures, such as for exanple: - filtering in the
frequency domain; - filtering with the aid of a finite inpulse 20 response
“filter; or gofphyeramgiwith the aid of an infinite i PEFSERPALPOASE filter.
It is a matter of the nost direct pro&gdure whi ch consists in deducing a
recursive filter fromthe expression B, ms(f) , for exanple with the aid
25 of a bilinear transform In the case where the signal SI corresponds to
the representation of a sound environment according to a nultichannel

format, t heDﬁgi‘Hb”% RAE Pes f Ok Akt evr3thenpar ot { Onsrepresphsative

herei nafter. matrix S makes it possible to t oggaehchaneel c a
radi ati on s@fir 688 PEFSEX RpIo® < Yo At v%ﬁesoﬁér%lgfé\lhg%% drrection @1?

n o
ori gi nati on-35 GUNRSPONES thet heudiemct Foageenctie i epkddGeEPER €SNt

associated with th annel c_in_the WO 03/073791 PCT/ FRO3/ 00607 - 40
mul ti channeiP FBFWEPEESWQ‘P%FI@ 'neg

is a mtrix of sizeﬁ&é+1)2 q C,. where C
i s the number of tekanséhslathene| awemss 8l , fRRéCBEaLRe rif“@‘ﬁﬁ?ﬁbe
witten: Sl,mc = .Yl (ecxY sQ defjined dis tdpemestor ¥fwhitdie
cont ai ns th@ngﬁﬁnala#'%(e%%eg%rgggdongi ngjtlo each changel.. Y may he witten:
t Y= ~ y~ (repydduction wnits-byloneaes Fofir feF L BAQRRICESEFT IS énts I, m(t)

grouped tog r evhayshy.in the vector P are obtained through the
rel ation: P%y&% \?%iggEach E?uri er-Bessel coefficient pl,n(t) constituting

the sigh&dl SIFH is obtained by Iine‘ar conbi nati on of the_ si gnsa”s y~( t) c
pl,m(t) -~ Y=t) 'gl . m e a6cd(s2RO| psin, cusé dyredn. ) hecas@naosélodor r esponds

to t he angul ar des’ﬂr"i‘zptl on of a sound environnent according to the B
format, the four gjgnahm(Mt);)X(t), Y(t) and 1 Z(t) of this format
deconpose by applying sinple ins;-h ( = HC Wit D« Br Gsuktt ) thatt Y(t)
i ﬂ)tl")or%s i3 5%% i % hgjagarts%

Pi,o(t) =8 ~z z( al | ere the signal SI corresponds
to a description mf*therzmcoustic field in the formof the Fourier-Bessel

coef fi Ci]_gnt s, sten 60, GQnsiSisn ShaRh¥ of dskapalinkr @aheMn@sdioum order

L(f) which is the largest integer obeying the relation
L(f) < 7/amia.

During a substep 46, the parameter RM(f) defining the
50 radiation wmodel for the elements constituting the
reproduction unit, is determined automatically taking

the spherical radiation model as default.

( During a substep 47, the parameter W;(£f) which
25 describes the spatial window representative of the
distribution in space of constraints of reconstruction
of the acoustic field in the form of weighting of
Fourier-Bessel coefficients 1is determined in the

following manner:
30 - if the parameter W(r,f) representative of the
spatial window in the spherical reference frame is

provided or input, w; (f) is deduced from its value by

applying the expression:
W, (f)=16 7? fW(r, 1) jrCkr)radr

35 - and if the parameter R(f), which represents a

radius when the spatial window 1is a ball of radius



30 "WD 03/073791 PCT/ FRO3/ 00607 - 41 Thus, on conpletion of the shaping
step 60, the neans 6 deliver, destined for the neans 11 for determ ning
control signals, a signal SIFH corresponding to the deconposition of the

-acoustic fi %gﬁy/@?ﬁgfr oduced 5 into a finite nunberp®f,eas ) €66 Bessel

coefficients. € neans 6 may be enbodied in the form of dedi cated conputer
software or el se be enbodied in the formof a dedicated conputing card or
any other appropriate 10 neans. The step 70 of determi ning control signals
wi || now be RleSicr i bedprovgrdest dvy dexaeinall SmEhasneansin@u or Wdefer k$ni ng
control signals recetye as, jn hg,,si . SLFBLE0 Lpg to the

Fouri er Bessecfe((%:%%?(?i fcll“ﬁcgﬂt gt%egggg%nggt %gé?g%§?hg§m§3§??%§?| eld to be
reproduced a €S0 2f EBY RS EeNt At _tie+tle trAnCti g ik d rs
eproduced o (92 g 90l LD SRR AR P L e ORRABEL ARN A
integrates paraneters characteristic of the reproduction unit 2. Wth the
hel p of thi sotldowimei o, (ur ilsg dsCeiser0 framelddans byl arletifichet Rfe

signal s scl (é}pfgséﬁé\l(ﬁ) 25 delivered destined for the elements 31 to 3N.
These signals "are obtalned by the appligcation to the signal SIFB cthe
reconstructi b (f)i+ 8w2£3r[¢,f(er)eqﬁﬁﬁd§/) f%@ﬁd@ﬂwzz(kﬁ)ﬂ witind Rt%%‘i tted
in the signal FD. 30 The reconstruction tilters are applied in th
followng manner: I, | ~n ~ ~P Il Dn,l,nVI| 1--0 m=! with PI,m(f) the
Fouri er-Bessel coefficients 35 constituting the signal SlIFH and Vn(f)
defined by: SC n A® ~p ~vagipng,| apf(~the."gpatial wyiggy3zen Dot

PCT/ FRO3/ 0069d- Mhef £3SCn ¢hd) isSmuh@ctiemporakafiguriger tnassbeem ofthecn ( t)

( parameter W;(f) a default value, for example a Hamming

10 window of size 2L(f)+l, evaluated in 1.

The parameter W;(f) is determined for the values of 1

ranging from 0 to L(f).

15 During a substep 48, the parameter { (lx, m) }(f) is
deduced from the parameters L(f) and Xu«, in the

following manner:

Firstly, the means 9 calculate the coefficients

Gl,m,n*: ylm( 9n*,¢n*)

20
( where (Bax, @ux) 1is the direction of the reproduction
element 3,..
Secondly, the means 9 calculate the coefficients
25

Thirdly, the means 8 calculate, with the aid of a

supplementary parameter €, the 1list of parameters

{(1x, mg)}(f), referred to as C and which is initially
30 empty. For each wvalue of the order 1, starting at O,

the means 8 carry out the following substeps:

- search for G; = max(Gi,n) ;

~ determination of the list C; of coefficients (1,m)



- 42« 5 10 15 20 According to the formof the paraneters of the signal
FD; each filtering of the Pi, m( f) by Dn, i, m( f ) can be carried out

according to conventional filtering procedures, such as for exanple: - the
-si gnal FD prOV|des t he frequency responses Dn,i, n(f)
filtering i ¥QAIATBHEIn the frequency dommin, for e%g%x%éd§/€ﬁ99ae ai d
of the usual block convol ution technigues;- - the signal FD provides the

finite inpulse responses dr,z,n( t) , and the filtering is perforned in the

tinme domain hy.;copyl uld,on; (1 dpt heiskgmalweldrprawisdas nt his)coehdli cdhent s of
infinite inpulse response recur5|ve filters, and the filtering is perforned
inthe tinme dohedd by nmeans of recurrence relatlons Represented in figure
10 is the case of the finite inpul se response filter. The nunber of sanples

i ndi vi dual to_each res ons dn, i I thi ding to
the fol | owi ngt c&”¥ol %‘t‘ sgsssr‘r“%b Of 9% I%IQ q" ' éﬂi E>§ Lﬁé
Y, nit Z3§ | sQumbet é#OtﬁI&’ﬁB 7Int er msnagesa\metrh tetmrad?ns?ﬁéﬁtl dffothbegal ns
and 30 the a %géﬁtlgn 0 % ¥$.,80 ggaggdhggggﬁal@ﬂéﬂédygtkgtwagggronts

to" 3

of the ele e r éproduction unit respect to the
el ement furtfriesquanay . fThéﬁytgha$§ §h1;ityomﬁl§éﬂ( OFheftdiifed o f8ed the

el enents 31 ecdgdycedef hersi-opal s Viedtddtd® FOE €)135
accordi ng tdéﬁﬂéaggérgsgﬂgngﬂe %é?%%/O?S?Ql?Pé%/ﬁ%03/00607 - 43 max( Yn ~

- Yn SCh~t~ = Yn Vnt C Each elenent 31 to 3N therefore receives a

speci fi G jconty ol gRakeSCind A SQNear@h@mﬁ@samlacwt B e fiztel Hrwhiach
contributes to the opti mal recoa UCtIOE of, .t he %p%¥§t| field iq T
repr oduced. h%%lé?ﬂﬁ?%aﬂéaﬂﬁ EBAt FBET ST thfe WSS &Ts &t 0f ereniil ¢ '51 to 3N

all ows optinag necenstr uciduan aiot heracbdsdi c theelsd ntud ase areproing ed.

perform a simplified processing:

15 The list of coefficients {(lx, m) }(f) takes the form:
{(0,0),(1,-1),(1,1),(2,-2),(2,2) Ly, ~Ia), (In, Ln) }
where I; is chosen so that the number of elements in
thig list is less than the number Nf of elements 3p«
active at the frequency f. The value taken by L; may be
20 the integer part of (Ng-1 /2, but it is preferable to

take a smaller value for L.

During a substep 49, the parameter u(f), which
represents at the current frequency f the desired local
25 capacity of adaptation, varying between O and 1, 1is
determined automatically, taking the default value 0.7

for example.

Thus, the simulation means 9 make it possible, during
30 step 40, to supplement the signals SL, RP and 0S in
such a way as to deliver to the means 12 for
determining reconstruction filters the set of

parameters necessary for their implementation.

35 As a function of the parameters input or measured, some
of the simulation substeps described are not carried

out.



10 Furthernore, the system described can al so operate in sinplified nodes.
For exanple, in a first sinplified enbodi nent, during 15 step 50, the
nodul e 12 for determning filters receives only the follow ng paraneters: -

-acn represent téif?ﬁ%%%?e position of the elenent 3n ogcfgﬁgggg?@?ﬁgtion

unit 2; - WVQe directly in the formof weightin

Fourier-Bessel coefficients, a spatial wondow representative of ‘the
distribution in space of constraints of reconstruction of the acoustic
field; and -The |BpP@siAgibhe bibbt aodercofsicpemat i arf oftlihe 26t neahs 12

for determ ni reconstruction filters, Ln. thi ihaplifie se
par amet er s a?gg?ﬁﬁgﬁeﬁ&eﬁP é%“th%SfF8888k89 gﬁ ?&gpé#%%eﬁ¥§8§%n%og N of
the reproductbesideredar @sact i veraadtassamwd swdee30ipdemrfind a?dtt he
e o gare SYPPLERS OfrsbiRaa0ell SpLPSIEr 046, 6a (E8] BHE ORER:ON Y.

During subst he mat r X s constructe he hel p of a plane
wave radisati subabdpl. The elenments M, mn of the matrix Msinplify into: 3
5M , mn=.Y ~8 W 03/073791 PCT/ FRO3/ 00607 - 44 1In this

sinplified node, ,u =1 and the list f_(lk,nk)} (f) contains no.terns.
During subst&p Baotilke Athid TN hehl YetBRNHES B HTat YR of r 8EF1 y
accordi ng topi-heigbapldd | ele e¥RRIRIONL 2nd -s{dd WD ~E RV dbepstoeage of
t he response of the reconstruction filters is.no |.on er .08 egggiyt %nd
subst ep 55 | SRABt €A r PR LilkeREseE CEREY 119 t T ddSEHTBEES ntHRe 10
mat ri x B davipgnsiBpke, gaPnands Wssteapl Séhé ssustamget chr deedrodniagd the
nodul e 84 provides the signal, FD_directly. ring .s L Qe tNE
deterninatioﬁh8faFﬁéV8nggmgpﬁﬁan T %5?%%#¥%$§é5.%%%ﬁ%§%%ne domai n and
corresponds to sinple |inear conbinations of the coefficients pl,mt),

followed b e i.gn cgordi ; e Si®N.ardall£6#. X~1"n
o PR Sy Enk Rl a {1 RGO R O i fierh 116y CUREED A O sl C e 12

, -t |, m.l | 20
The nodul e 1&xemBhepCOTDUESTT RECHEARE Qrat @CLEPEtS FdrdendefiratEfded for

the reproductiog uhi bn hBpaRehbebnsiomliri et HFdegioreiiyi iy inkgrst ep 50,
the 25 nodule 12 for determning filters receives the follow ng paraneters
as input:

Step 50 of determining reconstruction filters and the

means 12 which implement it will now be described in
greater detail.

20
Represented in figure 7 are the means 12 of determining
reconstruction filters which comprise a module 82 for
determining transfer matrices with the help of the
parameters of the signals SL, RP and OS as well as the

25 means 84 for determining a decoding matrix D*.

The means 12 also comprise a module 86 for storing the
response of the reconstruction filters and a module 88
for parameterizing reconstruction filters.

30
Represented in figure 8 are the details of step 50 for

determining reconstruction filters.

Step 50 is repeated for each frequency of operation and
35 comprises a plurality of substeps for determining
matrices representative of the parameters defined

previously.



- X", representative of the position of the elenent 3n of the reproduction
unit 2; - {(Ik,nk)}, constituting the list of spatio-tenporal 30 functions
whose reconstruction is inposed; and - L, inposing the order of operation
-of the nmeans 12 for deternlnlng reconstruction filter I [ igwpl i fied
mode, the pHPaféy8r3’dte i ndependent WO 03/ 073791 P%?Fégggpé%g%wa 45
of the frequency and the elenents 31-t@13N of the reproduction unit are
active and assunmed to be ideal for all the frequencies. The substeps of
step 50 aregther efoisF Q?étfél&\dlr@iﬁg Oﬁéeo@@ttryuctﬂwm nfidubseepobRrittes 5
matrix Mis constructed wt hel.p.of a p i GRQF| The
el ements M an§¥P%ﬁeHhélmﬁ{]§ Eng FP?yllﬂé%§a¥B¥F Eég %$ %?t‘-~ﬂ) 10
Substep 53 ehedei@suddiAgribedmatiix Eheemsilms uﬁcm@meﬂlgmaalsmls
sinplified nDde % 0 and during substep 54, the nodule 84 deternlnes t he
matrix D di W@ ghcordlng to the sinplified expression: D- M ~ ' ('
FMMI FT 3 -1 F 15 The storage of the response of the reconstruction filters
I s no Ionger ecesgfi%'oég@ SHP3E8PoB5 5 $eNQY, (FLN1)Ed coutaikiikepitsas the
filters descrl ed in % matri x D having S|nple gai ns, bstep 58 i.s no
| onger 20 camn@@dl@@t andeffacisabice 8 rovi §8s thén5|dﬂ%& ‘%Etly

Buring step /[Q.¢dihe det qplmfjatignfgﬁnahgldnl \tqnsdsgnisu&cEelsﬁ@wr&ﬂu n the
ti me domain an§

to 25 simple | i
cout 1| i ont £ FHAGETof | BUBATY 1 Bt AE AT OrMERt CHEcariit L ¢ he

expressign: g@x(.l"n ) - Y'n SC(t) =i"nVnt CLI wthhn(~)=~~ pl n(t)
Dn,l,mI=0 ne- Iago The duIe 11 then provides the drive S|gnalsoscl(t) to
scr, (t) i nt endadVs(@k th reprodiction’unit. Tt is apparent that according

td_the i nventign, 0t he Bogfirol signals scl to scr, are adapted to’befst
utilize ; - W, () _ :
vl " ()

W, ()

0 - .. . o .. 0 W,(f)

Likewise, step 50 comprises a substep 52 of determining

a matrix M representative of the radiation of the
15 reproduction unit with the help of the parameters

Ny mne(E), RM(f), Hpe(£), Foe, and L(£).

M is a matrix of size (L(f)+1)? by Ng consisting of
elements  Mi,mna+, the indices 1,m designating row

50 1?2 + 1 + m and n* designating column n. The matrix M

therefore has the following form:



WO 03/ 073791 PCT/ FRO3/ 00607 - 46 the spatial characteristics of the
reproduction unit 2, the acoustic characteristics associated with the
el enents 31 to 3N and the optim zation strategies in such a way as to

-reconstruct _a high- [ty acoustic 5 field. It is th t that
t he nethodiWﬂﬂQéﬂbé%ﬁ% kes it possible in particulaﬁ&?%ﬂ%g?gfﬁagg?inum

reproduction of a three-dinensional acoustic field 10 regardl ess of the
spatial configuration of the reproduction unit 2. The_invention is not
limted to the enbodi mentg ggscribggd. 15.1.n..payticular, the nethod of the
i nvention can be inpl enmented BﬁJdigiPﬁﬂ conput eP4:.%1ch as one or nore
conput er processors or digiAﬁ;_§pghbﬂ_pﬁocessm¢§ (PAP). 20 It may also be
i npl emented with the hel p|of a general 'platform'stuch as a personal
conputer. It is also possibﬂélmg~d5¢hse*an'él ﬁbQﬂLC card intended to be
inserted into anot her elenegk and %Z adapt ed fior st'oriing and executing the
nmet hod of the invention. Ko éxahpf Ligtich an“eheotroni c card is integrated
into a conputer. In other |enbodi nents, all or pafrt of |{the paraneters 30
necessary for the executiagm pf the step of deferm ning reconstruction
filters is extracted fromipfefebedrded-henhories orL.Vs* delivered by another
appar atus dedi cated to thi|ls function.: WD 03/073791 PCT/ FRO3/ 00607 - 47 5
10 15 20 25 30 35 CLAI M5 ].A@ nethR? of contr@kling ajreproduction unit (2)
for restoring an acoustic |[field- 50 as-%% obtai nZa.¥ gpjoduced acoustic field
of specific characteristids substanti:ally independent [of the intrinsic
characteristics of reprochR¥on ofﬂfaid unLt_g;), sai d reproduction unit
(2) conprising a plurality of ‘rerodbdti’on el emért’,* (31 to 3N),
cHaracterized in that it conprises at least: - a step of establishing a
finite nunber of coefficients representative of the distribution in tine

and in the ttxeedicRASIONG, |,N. SRaee sBtshhed aaeust i uhtelidnt mbethe
r epr oduced; , ,
radiation model RM(f):

5 - if RM(f) defines a plane wave radiation model
M o= Y (O es0) H 1)
- if RM(f) defines a spherical wave radiation model
M 1y o= YO Bue) H () 1 (T f)

- 1if RM(f) defines a model using the measurements

10 performed of the spatio-temporal responses, with
recourse to the plane wave model for the missing
measurements, then Mjgn« = Nima(f) £for the

. indices l,m,n* provided and the current
frequency f. The remainder of the M, 1is

15 determined according to the relation:
Ml,m,n"z ylm( en*:¢n*)Hn*(f)

- if RM(f) defines a model using the measurements
performed of the spatio-temporal responses, with
recourse to the spherical wave model for the

20 missing measurements, then M man« = Ni,mn«(f) for
the indices 1,m,n* provided and the current
frequency f. The remainder of the Mjmn- 1is

determined according to the relation:
M[,m,n*:ylm(9n*a¢n*)Hn*(/) f[ (rn*yﬂ

25

In these expressions &;(rg«, ) is defined Dby the



- a step (50) of determ ning reconstruction filters representative of said
reproduction unit (2), conprising a substep (54) of taking into account at
| east spatial characteristics of said reproduction unit (2) ; - a step (70)
-of determ ning .at, | one control signal (scl to sc i ment s
(31 to 3N &P Qgi/(grlﬁggﬁ'oducti on unit (2), said at Ieaﬁciﬁg@%@ﬁ'ﬁei ng
obtained by the application, to said-casfficients, of said reconstruction
filters; and - a step of delivering said at |east one control signal (scl
to scN), W tekprewis@wri:0 an application to said reproduction elenents (31 to
3N) so as to generate said acoustic fi eéd re r,oguced -tsai d reproduction
unit (2) . 2. The methgd as gl acmed (/i &) lai nf U 2dWardctlerized in that said
step of establishing a fﬁ"m\, T k!qf]_c]@)a.ffi cients representative of the
distribution of said acoustic f5%8I'd to be Teproduced conprises: - a step
consisting in providing an input signal (SI) conprising tenporal and
spatial information for a sound epnvironpent; and - a_st f api (60)
sai d i nput SitnaleEsEy by CRMS o %Mﬁﬁ/ ERB5F 0 37%EVZQI8 ége?o%osi ng
sai d i nf gr netdqamaver of base sreprsgattodenpoial foneeEmdsulEr,.s Mhidi ng
step (60) making it pgssible to deliv . [-epr tatlon: ¢ d ustic
field to be Ireéaﬁ%ogcﬁfbt@g:%%‘?rre%ép)ontg?”ng oatglaalrld soun %He%}li%n?éﬂnt ciafg@t he
formof a |iregarodathioraturot of said functions. 3. The nethod as clainmed in
claim1l1, characterized in that said step of establishing a finite nunber of

10 coefficients representative of the distribution of said Jg_;ousti c field
to be reprodivad cbepringsbod usefeptlonGatf g st ole'l(zIfi*'ﬂZ;l hn iTput

si gnal (§l FR),Gonpripsi ngsa fepirbeeRuabele0f ofoefdheci aedpast @ preasmmntal i ve of
sdid acoustic field to be reproduced 15 in the forrgﬁjg{j ? | i near._conbi nati on
of spatio-t SIRFRRAISTUNCE] oFRS £leAfi Rt Rod &% drai ACARYCBRe O cl ai s
2 or 3, charggterdzed ioft bak saich spfiéar t engocal byndathieonsi 20emirg

so-cal l ed Fourier-Bessel functions and/or |inear conbinations of these
functions. SS9 rfethod as claimed in any one of clains 1 to 4,
characterized in that said substep (54) of taking into 25 account at | east
spatial \gharacter Ltios.of -5aLd;Lenr dUsthontnids (3} lasceantiadoou at

| east with the ‘he p SF paraneters representative, for each el egent (3n), of
the three cootteliiat esF of r%rﬁé@rlttﬁéﬁvexmO\ﬁithtrfh?specﬁfo%lef‘ﬁég%%%? r (5)

placed in thg,listem NgZeRec80rkdbnktandtebnob i thisatio-denmpoded .
response (N, mn(f) % . 6. The pethod as, cl aj ned EB cl gllse{ll 5, ¢ art%:éeri zed
in that sai dCBibstBRCYEA) F t AGTRFTRT ackbuht ©l ed$t Pspath al
characteri sthLsamdcsai d (Fepr elickedDd bii tei{2) pdbamsteasr i{ed k) bfeover

with the heIP: - of aneters I(1\/\1f)) describing, in the formof weighting
el bt W oA
aspa

coef fi ciP@nt s*2 Ot Hel oW ?%h specifies the distribution in space of
reconstruction

With the help of the list {(lx,m) }(f), calling K the

{ number of elements (lx,mg) of the list {(lg,m) }(f), the
matrix F constructed is of size K by (L(f)+1)%. Each

25 row k of the matrix F contains a 1 in column I +[, +m,,

and 0s elsewhere. For example, for a configuration of

the reproduction unit of so-called "5.1" type, whose

list {(lx,mg) }(f) can take the form {(0,0), (1,-1),
(1,1)}, the matrix F may be written:
1 o o o0 o O O - 0
F=0 1 o o o0 o o - 0
0 0 0 1 o o o - 0
30
When the parameter wu(f) 1is zerc, the decoder 1

reproduces only the Fourier-Bessel functions enumerated

by the parameters {(lx,m)}(f), the others being



WO 03/ 073791 PCT/ FRO3/ 00607 - 49 constraints for the acoustic field; and -
of a paraneter (L(f)) describing an order of operation limting the nunber
of coefficients to be taken into account during said step (50) of
.determning 5 rec tion filters. 7. The nethod a ,{Tp gne of
clains 5 or "8 %@@ﬁ%fl zed in that said substep (54?%@a /n%él?nto
account characteristics of said reprodugdion unit (2) 10 is carried out

noreover with the help: - of paraneters ({(lk,nk)} (f)) constituting a |i st
of spati o-t erpes@dd f uRBEEHONS AMhASe geconst Lyucthen desddgosezhragidcesof a

parameter (L( descrihi ng_an _qrder, of 15 r.ati FYuRY e nber of
coefficient é’?%%%%tf}éketﬁ"ei nFSuﬁéfgdﬁ?tes l?l:h'i nggggﬁgbggep&%%f%%%&get et m ni ng
reconst ruct i oalf,inkd ér(E) ButTheepmrdockasmorapred parsieldly crtumeEossto 7,
20 characterized ip that sai e [Walo it ageouUNt LR |gast
spati al charoatél?eelFi E??E% of g%%lsgirgblgg égt %otr?ﬁltl?'rrlji@t th%;s% s cartied ou

nor eover 5at teastdert i (the swelphatf ohebesllyhshpararsratyutiesbnfiebth t he

group consi sting, - f, PaLaret &LS. £ X4 T ey esaplati venok atateast one of
the three coloéfd?:nlét%%sr o?ot hg osi(%l;o% of each _or gorre of theaéel egents (31

to 3N), withrecepetrucbione 2eHPEF ()2 pl 3REETH the 19 stIFFAYIIGARS (4) ; -

of paranet erge{Nameo{én) cbﬁ@&%&%@ﬁ:@bh\ée wfat her80vepat iierteeiatal in
responses of each or sone S{ﬁt e elenents (31 to 3N) ; - of a paraneter

(L(f)) describfhg andotaer SbFCHpBIGEPEN initing the nunber of coefficients
to be talken into account during said step (50) of determ ning 35

reconstructi filters; - of_paraneter ( ) congiityting a
list of spat$‘5}3?"e%%r§il ffhcl oﬁ@gE %Eét%gcg s&r%gét?%%&li% ibr%posed; WO
03/ 073791 PCh&R0840066uensPallyobrpaianbtansopshyt)) representative of
the tenpl ates of said reproduction elenments (31 to 3N); - of a paraneter

(~, (f)) representative of the desired | ocal capacity of, adaptgt' on to the
spatial 5 ir$egml ar PPy oPLt he JEGHSFMGEAG on M T H<EprYtuct T o CohPt (2) ;
- of a paranetereiRME)) cdrbirnkeg the kadistlepon sawodelf f afalsingl reépeoduction
el enments (31 to 3I\2; - of parangt ersagrfl-?ln(fr)e%mre resent tlveeoioahf 10
frequency reAPEReRE oft & §SFep? bdiAHeBIE S e AES SRS FpSVIOUBtY g
paranmeter (Wipfghehtpaesent athye wbdalspassal swi ndow, te ofepavaneters
(WL(f)) representative_of .a spatial 1% i it f f - weLghting
coeffi ci ent sSTEER lggopagré?ir gt)m::tré3 “ER fn)vyl)a%ﬁlg)gr eéskent{}getif\:/)éeé%x? t]\fﬁ\g radlhus of a
spatial w ndbilwben.the latter is a ball. 9. The nethod as clained in one
of claigg 5 to 8, 20 characterized in that it conprises a calibration step

This matrix D* is delivered with the help of the

matrices M, F, W and of the parameter u(f) according to

the following expression:

D* = uAMW+AM FF FMAM F)7' F(ITpy? - 4 MA MW
25 with 4 = ((1-w) Iy + uMwM)?

where M’ designates the matrix which is the conjugate

transpose of M.

The elements D*, ;. of the matrix D* are organized in

30 the following manner:

i * o * ]
Do Dyt Do D¥pn D Do D
D*z.o,o D*zzl,—l D 2,1,0 D 2,117 D 2,L-L D 2,L,0 D 2,L,L

LD Nf,O,OD Nf,l,—l D Nf,l,OD*N/-,l,I D Nf,L,—-L D Nf,L,O D Nf,L,L_

The matrix D* 1is therefore representative of the



(30) maki'ng it possible to deliver all or part of the paraneters used in
said step (50) of determ ning reconstruction filters. 25 10. The nethod as
claimed in claim9, characterized in that said cali brati on step (30)
-conprises, for one of the reproduction eleneng ubst ep
(34) of acqﬁ?i%i’fgﬁ ts representative of the radi at| on %gbgé})o@%? | east
one element (3n) in 30 the listening regson (4); and - a substep (39) of
determ ning spatial and/or acoustic paraneters of said at | east one el enent
(3n). 11. Thggﬂgi@@ﬂaaﬁonlafnedeima@n@dMCtapnchanactewﬁz@@eBSCbnSthat sai d
calibration step (3 nprises: - subs ( [ pacific
si gnal (un(tciljlaf%é%%% fez%cts S %m%?g(ﬁ@ gisal Ergeg'%ogﬁit ?’on uni t
(2), said acm%flﬂlﬁemirepzéea@m s\i\@aﬁég@ésml PCT/ FRO3/ 00607 - 51
corresponding to the acquisition of the sound wave emtted in response by
said at | east one elenent (3n); and - a substep (36) of transform ng said
signal s 5 actmi retk | nesea Whakee hoebaretdfotossrisci shes FepEEiehEREPVe of

the sound waye enidtedySQas {0 gkl 9w &Q%f@%%ﬁﬂdﬂlﬁéﬂlﬁfpé@tdcambstep
(39) of det erm ning spatial and/or acaqustic aneters. 10 12. The met hod

as clai med i afctaenraon ehbeakt erARERd RYt FIQF %é?ﬂeé‘&&ﬁ’l FEGT Substep (34)
corresponds to a substep of receiving a nunber of coeff|C|ents

representatiyve of the acoustic field rate a as{. o el enent
(3n) in the ?B?ﬁ?%?e%tfﬁ’neéiﬁlrf%l‘%oﬁbl ec ?5 5‘?% %&rlpl(h)rgalsé uﬁg i ons,
whi ch caef fi gstepisgatteusasssihnest bf ohh[a ngesaneltsubsuep (B9)texfs at

detern nin satla and/ or _acousti c. pa of t e el enent
(o 5o Sat ekl reffta heBEREL . PRI B i fhd ghegsbaBler
characteri zethén teatrisai do ¢4l | braprssaniisgtior (30F ftj?rfteher FEEEUEBAYTi ses a

substep of delergloLng,d NeyROSLLLOASLE, AL ;b8 e Of e LbEegvdhgensi ons

i n space of sal | east one elenent (3n) sai d tgqroductlon unit
(2). 14. Thethet Redray &*aidedirpY&ny %]Fe‘F:GF%tF?‘rBC’@ tgteLmathifalieri zed

in that jsai dyeal Khrathonnstep Gr%@rlf;wﬁ her mse norprt 58s ahsubstapd(38) of

determ ning the 30 spatio-te onse ). of said | east
one el enent BSAFr&PELaiRF§E S tlw nF? %nb?’hg:ém% asaécl a?%ed in

any one of cﬁatmstntLﬁglm;hehalaeter|{zze¢I fh.t hdbrsai drealisbdat i ogastiep (30)
35 furthernor 3€s a g [ [ eguen onse
FefoIP b rl(%gz*; MOS8 LACHHENEY ShigRRONS

(Hn (f)) of S eHdt” one e sai d reproduction unit
WD 03/ 073791 DRCT/nFRD3bB06HR -mazrm_sn The Wb@h@dea@rxﬂ%lcr«@dm &) ajiaéne of

the precgdin 'adorEB d&@?ffﬁ%ﬁga' 780 EBmbhatibh GHTPELSES fAusded (49 of

sinmulati'ng a part o e paraneters necessary for carrying out sai d
step (50) of f@léﬁdrﬁtn?ﬂg% reconstruction filters.

Such a use of the list {n*}(f) makes it possible to
take account of heterogeneous templates of the

25 reproduction elements 3; to 3y.

The elements D, 1.n.(f) of the matrix D(f) are organized

in the following manner:

DlOO(f)Dll 1(]()D110(f)D111(f) DIL L(f) DlLO(f) DlLL(f)
Dzoo(f)DZI—l(f)Duo(f)Dzum DZ[ [(f) DZIO(f) DZII(f)

DN,O,o(f)DN, 1,~ l(f)DN,l,O(f)DN,l,l(f)' ‘ 'DN,L,—L(f)' : 'DN,L,o(f)' : 'DN,L,L(f)

30
The set of substeps 51 to 55 is repeated for all the
frequencies f considered and the results are stored in
the storage module 86 . On completion of this

processing, the matrix D(f) representative of the



17. The method as clainmed in claim16, characterized in that said
sihul ation step (40) conprises: - a substep (41) of determ ning m ssing
paranmeters 10 from anong the paraneters used during said step (50) of

-determ ni ng recontru on filters; - a plurality of i isdr:)bsteps
(42, 43, 44w /3%73%11 48, 49) making it possible tmﬁ%@ e val ue
or val ues of the m ssing paraneter or.pgfaneters 15 as defined previously
as a function of the paraneters received, of the frequency, and of

predet er m negl- @:&w paeapBhees. Jg& Thve: nesbed ag cliderts e aim 17,
characteriz L%ngz in that salg Si rrul tion stegh%40) C rise gl s%bstep (44)
of deternining-E¥Fst t¥n*)2 Tifefsﬁ el &fent §76f t & r od(ét i o Uni t t hat
are active asawarheretioingfrébengtequensy, fahders.that said cal cul ation
substeps are carried out just for the elenents of said list. 25 19. The

met hod as clainmed in any one of clainms 17 or 18, characterized in that said
simul ati 6n shepifd0) aconpubstesp a S8hst ephg 45)‘eobnsalrualtaphng i lpesret er
(L(f)) repre ive. ofy 0 i n g nustper  of
coefficient %P&t”ﬁéeé%/&k%;nt%%ﬁo&égggﬁntgsdtﬁeﬁ{ Egfalu ng%%éémtgb %1??1 ojfet erm ni ng
reconstruct ioepféesenrtatiweh tfe hehg ofrea‘—tonlsééé,thw po P—ﬂF@ﬁSvn dpace of

all or part Pécé:h@u%engﬂés &ée)clsaf bh% reaéodli@ltpﬁn Unddch 3% Rinenithe
nmet hod as clainmed | n any one ¢l ai m; 17 , character.ized Iqiﬂhat sai d

si mul ati on slf’tepméghpﬂfsersh% @9551(‘4’5 fo Jcx‘%t%r ﬁFﬁPHﬁ’tﬁé‘rc&r}é’tner X 1))
WO 03/ 073791 1Ii(JIH FROS/ 0687rib&3  Lepresentsidvel ofFia Spat irsdamwd ndeofv i n t he

formof weighting coefficients w elp o araneter (Wr,f))
repr esent at ?%r?i? St HeS SR FAI mWn%%W Y'IaYh%u%p%%Fl %al reference frane
and/ or of a parameter (R(f) ) 5 representative of the radius of said

spatial win w when t er 1 he, doas .¢lal in one
of clains 1 6am82ar‘ac er |%é%ar§ep%ﬂéétog tél-g nﬁﬁ%?oﬁgsttga%m 10
conprises a sme@téd?))wuthdeeecm nEngtar!i By, i(n (E) x.matk~ "\Ia}fe) jhef

spat i on- %enppé?io‘j,;fg%tfggﬁ sWhose reconstruction is inposed with the hel p of
the position o part of the elenments (3n) of the reEroductlon uni t

(2) . 15 227 The? metHREURNI ai REFHORSEny ONWBOSE t hB2pfrBERSTRg A@%F ns,

characteri zegi t&ct hat the canpeisses apst gRrpf forpWe(t20)n NBkédgend igossi bl e
to determine_all or part of the paraneters used during said step (50) of 20
det er m ni ng feconstruction filters. 23. The method as claimed in any one of
t he preceding a finite impulse response, whose parameters

20 dyi1.m(t) are calculated by inverse temporal Fourier
transform of Dy,1,n(f). Each impulse response di,i1,n(t) is
sampled and then truncated to a length particular to
each response; or
- coefficients of an infinite impulse response

25 recursive filter calculated with the help of the

Dn,1,m(f) with conventional adaptation procedures.

Thus, on completion of. step 50 the means 12 for
determining reconstruction filters deliver a signal FD

30 to the means 11 for determining control signals.

In this embodiment, this signal FD is representative of

the following parameters:

- spatial configuration of the elements of the
35 reproduction unit;

- acoustic characteristics associated with the

elements of the reproduction unit, in particular the

frequency responses and the spatio-temporal responses



clairnms, characterized in that said step (50) of determ ning reconstruction
firlters conprises: 25 - a plurality of cal culation substeps (51, 52, 53)
carried out for a finite nunber of frequencies of operation and making it

~ possible to trix (W for weighting the ac natrlx
(M represeﬁ? t % %$7$§e radi ati on of the reproductio /EEQ??b?EOQ
matrix (F) representative of the spatio3tvenporal functlons whose
reconstruction is inmposed; and - a substep (54) of calculating a decoding
matrix (D*),regrebedt ouivé or amohignidtthaminbietngé, opér ahiengr35mf pédfeenci es,
with the heI $f the matrix £V% for wei hthn .the acoustic field, of the
matrix (M Sent ¥|5%eo} t Sn%ﬁalaF onof ‘the reproduction unit (2), of
the matrix (F) reppesentatioe efrahegieWd (3/ PAZTSLREY RRES/ 6060710~ 54
spati ot enhor Slo LRIt | 0%, 0SS, T eGanatr UGklon, | S hEPoSefiooaad of che
paranmeter (-~ representative of ¢ desired | ocal cap50|ty of

adapt ati 6n tretcbmesspact abni rr ediiear i t@l%t#rﬂmét*@fpr odégt i orfrRAFe, of

represent atlagnét«?z;lﬁbs éscee%hge&lu%lw fo%rsche%cotr@@fé hedeas @hai med in

claim 23, characterizedin thatsalid cal cul ati onsubstep (52)
naklngltpossW%@e@@sééﬁﬁvépcélnﬂﬁpﬁﬁeﬁy'Fébﬁéﬁﬁﬁ%QHQ&eQﬂt%gﬁospéﬁﬂéﬂlonof

the reproductipoyni br{2)y ic¥ canéi edputivfidadikehedp @he reproduction
paranetersrepresentatlve foreachr elenment ( 3n)- of the three coordi nat esof

its position*{i%, % )with respect to the center (5) placed in the |istening
zone 15104); and/or - of its spatio-tenporal response (NN,mn (f ) ) . 25.

Tbstop 82 Tagi RRAES, 13, E5E! @eﬁﬁ%mﬁ%@gtﬁg&e&f@é*@r}hﬁieeeg' Ghat i on

substep (52) pOssSi i'ver representative
of the radlabeoambbdnhd rigprodectioom af t s¢Pywase cdediicadtes W@ré@#@r with

the help of P@ﬁ@ﬁ@&?hﬁ rel s%s%g aﬁhﬁ’@%\ffgﬁeéagﬁtgl e d3oRici tard

frequency response conput er program conpri sing program
code |nstruc@foﬁ@Yf@FhﬁﬁeaERééﬁFFéﬁeoWeﬁﬁé -steps of the nethod as clai ned
in any gqre of claims 1 to 25, when said programis executed on a conputer.
30 27. A renpvabl e nediumof the type conprisin east rocessor and
a nonvol ati | eE#RMofFY ePEneRtePLRdr akferi 2R Fn gh% aialﬁ P& %ﬁrlses a
pr ogr am conpaéstAgbéastnugkeanarf aetthe .executi on of the steps of the
method as clained in any one of clainms 1 to 25, 35 when said processor
executes said program 28. A device for controlling a reproduction unit (2)
for restoringhen abteustystdnelid, iopisnissioag.a bt urareiyes Whe3L0P3E91

20 signal SI which comprises temporal and spatial
information of a sound environment to be reproduced.
This information may be of several sorts, in
particular:

- a sound environment coded according to an angular

25 distribution such as for example the format commonly
dubbed "“B format”;

- a description of a sound environment by means of
position information for virtual sources which make up
the sound environment and signals emitted by these

30 sources;

- a sound environment coded in multichannel mode,
that is to say by means of signals intended to power
loudspeakers whose angular distribution is fixed and
known and which includes in particular the so-called

35  “7.1", “5.1" quadriphonic, stereophonic and monophonic
techniques;

- a sound environment given by its acoustic field in
the form of Fourier-Bessel coefficients.



- 55 PCT/ FRO3/ 00607 of reproduction elements (31 to 3N), characterized in
that it conprises at least: - neans (12) of determ ning reconstruction
filters representative of said reproduction unit (2), adapted 5 so as to
make it possibl into account at |east spati al hehhcs of
sai d reprodd@$i§%}€%§?gf2); and - neans (11) for deter%?ﬁ?ﬁgggnggth one
control signal (scl to scN) for said elggents (31 to 3N) of said 10
reproduction unit (2), said at | east one signal being obtained by
application of said reconstruction filters to a finite nunber of

coefficients representative of. the _distrjbutiop.] [ in t hr ee

di mensi ons i‘lhssgﬁée snga%seaﬁ Y REBuEETE TS T Eébpgér%u%l% ggébThe
devi ce as cl &b pedhénshbhping28eackasacteadized the timgmut tsignaksdEtiandd with
nmeans (6) fo hapi ng an .nput .sj.gnal . CONMPLLSLAg te pati a

i nformation é%roﬁﬁg%%nd éﬂgiroﬁﬁggk toggg}%ggggéﬁgég, zogﬂﬁfgﬁcgggﬁi are
adapt ed fsor depvepesiagisai ¢ nkor natPent by erf ie Ishs corsr sPLRci®St eRPor al
functions so.gs £g,08l L¥GE rBnpkaRakebhildC P Nei gl &1 ni tRegymDEr Of
coefficients representative of the distribution in tjnme and in the three

di nensi ons i FopbiepaResetl saiPeHdo iRty i ePdSt o Hel 1 EpFEducdky, the
correspondi nget@ds2i f 5PUPHe €BYHHANNBML,. I N the formof a |inear

conbi nati on of said spatio-tenporal functions. 30. The device as clained in
claim?29, characterized 30 in that said spatio-tenporal functions are
so-cal | ed Fougi ef - Besselichunefi ottse artirar bEnearpweonts inatdlon$Iof these
functi ons. 31h The degice SSV§L§E”Ed in any one of clains 28 to 35 30,
char act eri ze@ R FAaf “8Ri 87 n¥ans 512) for determ ning reconstruction
filters receive as i nput at | east one of the paraneters fromthe foll ow ng
paraneters: iV OFLPLdAde PAILFRO2L 00004 - O ~qPALATBLEESOX idto
representative of at Teast one of the three _coordinates of the position of
each or soneFoRrips-Besaeht CqSALIGIaMS With repedte t fesie Q& et ( 5)

pl aced iy t hepki si-eRi nghaede thd) ; sdund PahaiebamsnEN idn Bofied) In the
representative of _the sgati teggoral respons of.%ﬁgh of ?one of %Qe

el ements (31St9naf) ST .ig 5%1% PER @ f%‘ed S intgBh 8rdeétr 8P -Operati on
limting thessgnbebyoimeamef foi posstionbentbrinakern Mar acheountrtnathe

12 f d i ni : i il : .
reans (12) OLeSELeg N i ehonsLy Ul oLt Sin 1B SHSLeT 5 4EREE)

s~ of ‘sai produc enment s 1to 3N; -
a paraneter émitft®)l bgpthseat abiivecef. the desired 15 | ocal capacity of
adapt at i to the spatial irregularity of the configuration of said
reproduction unit (2) ; - a paranmeter (RMf)) defining the radiation nodel

for said rephodadiiion B epkses ¥B1PP§SIR|e; to allocate a radiation
model, for example a spherical wave model, to each

virtual source s. E is a matrix of size (L+1)? by S,
where S is the number of sources present in the scene
25 and L is the order to which the decomposition is
conducted. The position of a source s is designated by
its spherical coordinates rs, 6s and ¢s. The elements
Ei,ms of the matrix E may be written in the following

manner:

E/,m,s(f) — 1_1_ o2 f/cylm(gs ,¢s) f, (n_ ,f)

30
Also introduced is the wvector Y which contains the
temporal Fourier transforms Ys(f) of the signals ys(t)
emitted by the sources. Y may be written:

35 Y = [Yi(F)Y(F) ... Ys(£)]F

The Fourier-Bessel coefficients P;,n(f) are placed in a



20 - paraneters (Hn(f)) representative of the frequency response of said
reproduction elenments (31 to 3N); - a paraneter (Wr,f)) representative of
a spatial w ndow, - paraneters (WL(f)) representative of a spatial 25

-wi ndow in the formof weighting coefficients; - a par
repr esent at " 93/ &7 $4adi us of a spatial wi ndow when ttﬁ IRaogﬁ(eJra%%? a ball;

and - paraneters ( { ( Ik, nk) } ( f ) 3gconstituting a |ist of
spatio-tenporal functions whose reconstruction is 30 inposed. 32. The
device as claidmg i p 8RY «QnR Ofr.£l)d, M d 0cid, 2¢har aetesi 26d drdéhat each
of said paraneters received by said neans %12). of _det e(irim' ni g9d§5 7
reconst ruct ilon¥¢| PSS eBRVARLE DY BN of the RFGRATY Y r Smthe gt oup of
the fol | owi nthesi gpakgiciemtdebi Ri(F) onssi ghak (She¢ ecdmuergi ngfi nfrokerat i on
representatimve .o

f the spatial characteristi of 1] WO 03/ 073791
PCT/ FRO3/ 00610?11’“5??}?“&?’ 55 o it (“E)Y;CSQe aw%ltr]%b?%hent ary signal (RP)

conprisipg information representati ve ef Et e acoustic characteristics
associated with the elenents (31 to 3N) of the 5 reproduction unit (2); and
- an optim zation signal (QOS) conprising information relating to an

optini zati omsst r abpgpsentsal aswiibhdel fakeremieh tie afdgsret ge pafafet er s

cont ai ned | nogggfellsr}ajtrggj} g s sbggg&egEfQ&;gére@{)g§§%@éhy§ op; seFf,

reconstruction 11| s representative_of said reproduction é.mjust%éZ% 33.
The device aPnstaitieeing ehai migpalcRarmct@iARPIH S Hft F t515-s58i at ed
vvitg meags gJﬁ)EfQEhdSéinrmI\i RO (ED @kl rﬁgawrbfo;trltéwefpatan'emmstébei ved by
said neans (12 or determning reconstructign filters,. .sal an 7)
conpri sing dth4ad¥ o‘?l‘ém‘Bfnghe&feol FS\’?\P%%I eﬂ%‘?‘nt §O°: fslicr'h% lgtgi onpal’ﬁgggls (8);
- talibrati preregnsrd O re 20xprpasadeier shenpofl lowang (@0ner34. The device
as claimed in any one of clainms 28 t0.s33, characterized inthat said neans
(12)fordeterm ni ngreconstructi ofi;”}‘(ﬁ:r: ri;’s(z;‘b@,g,g@‘pt edf or 25 det erm ni nga set
offilters representative ofthepositiofffi nspace ofthe elenments (31 to 3~,)
of t her eproductionunit (2). 35. The device as clainmed in any one of clains
28 to 30 34, characterized in that said nmeans (12) of determ ning

reconstruct iggpfdlhens ave acapt edi fsrdeter piifng aagetbef éfféersd

WOALE Al 2. S RALRE. KB . RGTY AT E AT g AT A AT RS 2 ke ASTY. ASE. A
YUE. Ae. Ayul REdwal dxafbl AN | . A; . Al L. A(. A(l . AaL. AN. Ayal . AFl . Al UR. Au2. ANl . Aa. A;
R AFal, . AE AaS. A ff‘i&eﬁn@ in é‘(’leA}@gqﬁEﬁc@‘; aBREA A ;- AuZ. Au. AL AN A,
- filtering with the aid of a finite impulse
20 response filter; or
- filtering with the aid of an infinite impulse
response filter. It is a matter of the most direct
( procedure which consists in deducing a recursive filter
from the expression Eims(f), for example with the aid

25 of a bilinear transform.

In the case where the signal SI corresponds to the
representation of a sound environment according to a
multichannel format, the shaping means 6 perform the

30 operations described hereinafter.

A matrix S makes it possible to allocate to each
channel ¢ a radiation source, for example a plane wave
source whose direction of origination (6, ¢c)
35 corresponds to the direction of the reproduction

element associated with the channel c in the
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The means 6 may be embodied in the form’ of dedicate
computer software or else be embodied in the form of a
dedicated computing card or any other appropriate

10 means.

( The step 70 of determining control signals will now be

described in greater detail.

15 The means 11 for determining control signals receive as
input the signal SIyy corresponding to the Fourier-
Bessel coefficients representative of the acoustic
field to be reproduced and the signal FD representative
of the reconstruction filters arising from the means

20 12. As stated previously, the signal FD integrates

parameters characteristic of the reproduction unit 2.

With the help of this information, during step 70, the
means 11 determine the signals sc;(t) to scylt)
25 delivered destined for the elements 3; to 3y. These
signals are obtained by the application to the signal
SIys of the reconstruction filters, of frequency

response D, i1,n(f), and transmitted in the signal FD.

30 The reconstruction filters are applied in the following

manner:

L
Vi (f) =§ Z Pl,m(f) Dn,l,m(f)

m=~!

with Py n(f) the Fourier-Bessel coefficients

35 constituting the signal SIgs and Vi(f) defined by:

Vn(f) — Scr:m e-27rjrnf/c
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frequency domain, for example, with the aid of the
{ usual block convolution techniques;
- the signal FD provides the finite impulse
responses dp,1,n(t), and the filtering is performed in
15 the time domain by convolution; or
- the signal FD provides the <coefficients of
infinite impulse response recursive filters, and the
filtering is performed in the time domain by means of
recurrence relations.
20
Represented in figure 10 is the case of the finite

impulse response filter.

( The number of samples individual to each response
25 dn,1,m(t) is defined Tu,1,m, this leading to the following

convolution expression:

SZ MZm:dnl 7] DAlET]

=0 m=— =0

Step 70 terminates with an adjustment of the gains and
30 the application of delays so as to temporally align the
wavefronts of the elements 3; to 3y of the reproduction
unit 2 with respect to the element furthest away. The
signals sc;(t) to scy(t) intended to feed the elements
3; to 3y are deduced from the signals wv;(t) to w(t)

35 according to the expression:
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simplified modes.
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For example, in a first simplified embodiment, during
15 step 50, the module 12 for determining filters receives

only the following parameters:

- X, representative of the position of the element 3,

of the reproduction unit 2;

- W; describing, directly in the form of weighting
20 of the Fourier-Begsel coefficients, a spatial window

representative of the distribution in space of

constraints of reconstruction of the acoustic £field;

( and
- L, imposing the limit order of operation of the

25 means 12 for determining reconstruction filters.

In this simplified mode, these parameters are
independent of the frequency and the elements 3; to 3y
of the reproduction unit are active and assumed to be

30 ideal for all the frequencies. The substeps of step 50
are therefore carried out once only. During substep 52,
the matrix M is constructed with the help of a plane
wave radiation model. The elements M nn., of the matrix M
simplify into:

35 Mi,mn = Y (6o, ¢n)



10Jyy; 109t SI 109%&' ()- ~S! 10%& ()- 39&10%&' ()- Y10%& ()- 10%& ()- 10J

103‘NWWBNNhCBPMLBI1 10J"10%&' () -!yGMAdO0%E ()-! CyGQAOYRE ()-!"S

1" SI'10%

109 () - Sf 310%&'}(% %%/LYH L0%&! ()- 1" "10%: () - RRRY SSTORZARIONY /00607

"10%& () -

;o

D% & ()-10% & ()-z@10% & () -

“9109% & () - 9Ur Us VEWNKPXzX67P10! “ 6 "109@&i4)-y!t6
"10% & ()-y! ~313"109&' ()-!" #3" 10%& ()- i I#s" 109& ()-i1!10% & () -

PXQXRXSX0Xv XY AMZXY': 91 S DDA dd - mcséép%;& €) 1109 thesmsz;o%&l@ i LOYE) () -
()[Cg\zxwY O'Q‘ %4 0%&, =0 ogﬁ&-

£Pj \ﬁ] N oRORBNGR78E 10 10

10 10ZZ [
F' 10%&&&

RS ) 1P| 95 - & rm%léé}

10@<10%' ()chen determines the matrix D directly according to the

10

15

20

25

30

simplified expression:
D = (M"wM) ' M'w

The storage of the response of the reconstruction
filters is no longer necessary, and substep 55 is not
carried out. Likewise, the filters described in the
matrix D having simple gains, substep 58 is no longer
carried out and the module 84 provides the signal FD

directly.

During step 70, the determination of the drive signals
is performed in the time domain and corresponds to
simple linear combinations of the coefficients pi,n(t),
followed by a temporal alignment according to the

expression:

c

seal(t) = vn(z _ max(r) — 7 )

with V()= Z Z Dim(t) Dytm

=0 m=-1

The module 11 then provides the drive signals sc;(t) to

scy(t) intended for the reproduction unit.

In another simplified embodiment, during step 50, the
module 12 for determining filters receives the
following parameters as input:

- Xn, representative of the position of the element
3, of the reproduction unit 2;

- {(1x,m)}, constituting the list of spatio-temporal
functions whose reconstruction is imposed; and

- L, imposing the order of operation of the means 12

for determining reconstruction filters.

In this simplified mode, the parameters are independent

] 1 1098 () -
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10
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therefore carried out once only. During substep 52, the
5 matrix M is constructed with the help of a plane wave
radiation model. The elements Mi,nn, ©of the matrix M
simplify into:
Mimn = y,'" ((911/ ¢n)

10 Substep 53 of determining the matrix F remains

unchanged. In this simplified mode x = 0 and during
( substep 54, the module 84 determines the matrix D
directly according to the simplified expression:
D = M'FT (FMM'FT) ' F

15
The storage of the response of the reconstruction
filters is no longer necessary, and substep 55 is not
carried out. Likewise, the filters described in the
matrix D having simple gains, substep 58 is no longer

20 carried out and the module 84 provides the signal FD
directly.

During step 70, the determination of the drive signals
is performed in the time domain and corresponds to
25 simple linear combinations of the coefficients pi,an(t),
followed by a temporal alignment according to the

expression:

c

sca() = Fr Vn(t _ max(@n) = )

L l
with va()=Y" D Piu(t) Dy

=0 m=-1

30 The module 11 then provides the drive signals sc;(t) to

scy(t) intended for the reproduction unit.

It 1is apparent that according to the invention, the

control signals sc; to scy are adapted to best utilize
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makes it possible in particular to obtain optimum

reproduction of a three-dimensional acoustic field
10 regardless of the spatial configuration of the

reproduction unit 2.

The invention is not limited to the embodiments
described.

15
In particular, the method of the invention can be
implemented by digital computers such as one or more

computer processors or digital signal processors (DSP).

20 It may also be implemented with the help of a general

platform such as a personal computer.

It is also possible to devise an electronic card
( intended to be inserted into another element and
| 25 adapted for storing and executing the method of the
invention. For example, such an electronic card 1is

integrated into a computer.

In other embodiments, all or part of the parameters
30 necessary for the execution of the step of determining
reconstruction filters is extracted from prerecorded
memories or is delivered by another apparatus dedicated

to this function.
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1. A method of controlling a reproduction unit (2)
for restoring an acoustic field so as to obtain a
5 reproduced acoustic field of specific characteristics
substantially independent of the intrinsic
characteristics of reproduction of said unit (2), said
reproduction unit (2) comprising a plurality of
reproduction elements (3; to 3y), characterized in that

10 it comprises at least:

- a step of establishing a finite number of
coefficients representative of the distribution in time
and in the three dimensions in space of said acoustic
field to be reproduced;

15 - a step (50) of determining reconstruction filters
representative of said reproduction unit (2),
comprising a substep (54) of taking into account at
least spatial characteristics of said reproduction unit
(2);

20 - a step (70) of determining at least one control
signal (sc; to scy) for said elements (3; to 3y) of said
reproduction unit (2), said at least one signal being
obtained by the application, to said coefficients, of

‘ said reconstruction filters; and

25 - a step of delivering said at least one control
signal (sc; to scy), with a view to an application to
said reproduction elements (3; to 3y) so as to generate

said acoustic field reproduced by said reproduction

unit (2).

30
2. The method as claimed in claim 1, characterized in
that said step of establishing a £finite number of
coefficients representative of the distribution of said
acoustic field to be reproduced comprises:

35 - a step consisting in providing an input signal

(SI) comprising temporal and spatial information for a
sound environment; and

- a step of shaping (60) said input signal (SI) by
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decomposing said information over a basis of spatio-

temporal functions, this shaping step (60) making it
possible to deliver a representation of said acoustic
field to be reproduced corresponding to said sound
5 environment in the form of a linear combination of said

functions.

3. The method as claimed in claim 1, characterized in
that said step of establishing a finite number of

10 coefficients representative of the distribution of said
acoustic field to be reproduced comprises:

( - a step consisting in providing an input signal
(SIgs) comprising a finite number of coefficients
representative of said acoustic field to be reproduced

15 in the form of a linear combination of spatio-temporal

functions.

4. The method as claimed in any one of claims 2 oxr 3,
characterized in that said spatio-temporal functions
20 are so-called Fourier-Bessel functions and/or linear

combinations of these functions.

5. The method as claimed in any one of claims 1 to 4,

( characterized in that said substep (54) of taking into
25 account at least spatial characteristics of said
reproduction unit (2) is carried out at least with the

help of parameters representative, for each element

(3,), of the three coordinates of its position (X,) with

respect to the center (5) placed in the listening =zone

30 (4), and/or of its spatio-temporal response (Ni gn(f)).

6. The method as claimed in claim 5, characterized in

that said substep (54) of taking into account at least

spatial characteristics of said reproduction unit (2)
35 is carried out moreover with the help:

- of parameters (W;(f)) describing, in the form of

weighting coefficients, a spatial window which

specifies the distribution in space of reconstruction
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imposed; and
- of a parameter (L(f)) describing an order of
15 operation limiting the number of coefficients to be
taken into account during said step (50) of determining

reconstruction filters.

8. The method as claimed in one of claims 5 to 7,

20 characterized in that said step (54) of taking into
account at least spatial characteristics of said
reproduction unit (2) is carried out moreover at least
with the help of one of the parameters chosen from the

i group consisting:

25 - of parameters (Xi) representative of at least one
of the three coordinates of the position of each or
some of the elements (3, to 3y), with respect to the
center (5) placed in the listening zone (4);

- of parameters (Nyna(f)) representative of the

30 spatio-temporal responses of each or some of the
elements (3; to 3y);

- of a parameter (L(f)) describing an order of
operation limiting the number of coefficients to be
taken into account during said step (50) of determining

35 reconstruction filters;

- of parameters ({(lx,m)}(f)) constituting a list of
spatio-temporal functions whose reconstruction is

imposed;
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reconstruction lters

25 10. The method as claimed in claim 9, characterized in
that said calibration step (30) comprises, for at least
one of the reproduction elements (3,):
- a substep (34) of acquiring signals representative
of the radiation of said at least one element (3,) in
30 the listening region (4); and
- a substep (39) of determining spatial and/or

acoustic parameters of said at least one element (3i).

11. The method as claimed in claim 10, characterized
35 in that said calibration step (30) comprises:

- a substep (32) of emitting a specific signal

(up(t)) to said at least one element (3,) of said

reproduction unit (2), said acquisition substep (34)



109% 88 ()- ", 10%p$& ()- @FI%[:VvUA10 Y YY "1008& ()-3Y ° 1 109%& ()-s
| 1008& ()-s Y: 1098& ()- Y, 1098& ()- YL0%& ()-%~}\; VU410 Y 4" 10%& ()-s
Y. 110% & ()- || 109%& ()- Y Y "109%& ()-3 Y ¥ "109%4& ()-3 Y

" 109898%& ()-31 cvU410 -, %d0YBY& ()--5 YL910YBY& %4.0% °
4" 1099&' () - g:omwomm;() scmj [; vU410 -° 0/(10%%(3‘)%& ()]P gﬁ%%/dg}?lgdf i

& ()--5Y ), %098%& ()--5 $ , W0UBYK () -5 53, %0%B%& ()--5
, YL OYBYE ()--5< >’7[}pCV510 YS1090&: - (108%108%108% A, Y0YBY& ()--5

AXC, 94 09BY& () %8 - - 5Fb : €BAD
3" 10% 990 & (:) S5 W‘%ﬁé(*ﬁg. 169 g%%(({«f-leheslé[fo%%[ ave

Y@ 9109%88& (e)nﬁb@&mwmsppnﬁssm [84:%1@3 1@%0%@&1‘%‘3‘3“‘3{3 (3ebk ()-s
03" 10%&' () - g@lds 10%0/%& () S5 3"109%88& ()-S5 ~3"10% %k & ()-S=>?@ c2vU410

GL! 109%m$né& () - 1098& () - V10968 WA0WE Ys5LO
Y @! 109&' ()~ 2<~@1[ mﬁé é%lﬁ%f)& Sr%n%gﬁﬁ%ﬁg() i /gg%’é%lg
$109B& (}-5 Bt ) - Snfd.! 1&0/8&fﬁ.)119)aq3|1[1umb14ﬂ:0 @53 rmn(qlems

) S AT (5L S i g 2

MFl &109&& ()amwown% B3 YOUHS (o)u-tj | [ef/U4s01d /subﬁge;@ &39)- |of

1(1)%%&(9 © SR L MBI OTEAL o fBA0NE () 1B YERLOAEE. () - M 4108 V.

%r?/&OW& () fY>%r9/<iO%&& ()-fYbA410& Y Y@L0% & & ()-Y YLt!10% $ & ()-Y

-'-t 1109 %éic‘?& o (as &A0%RE (In é@&l&&mll |driaAldSerized
(394.0% 9 109 - llO%&&é) 4
%Légooff&&&&( )J-rh<tflpa¢\4§9&d\/381%%l&l£f{) %ﬁ%wﬁ‘lé Co%fﬁ@ﬁﬁg © a
0 10% & & 0%&&! ﬁ%&
YS1008 () (Ss)u\](o@s’}&oéo% B8 &'dedce i (i3l 096! &n(lbrbéEabcdf/UMcﬂoeﬂ s

Va0she () - FartRRanEa L ey B T oY A osEAE L dftelhk e B 10ata

Ys@ 10968 ()at)(ell[ea\dii41@>n\é qé3emeMB& () Yivf $1bes&L qym 2z vy s 1DVBRAY) -

10968 ( 1098 0% Y, 1098% 10
Y24" 100%3 ()c 8*”(1%% % ép%zé&%o% Pral '(3%4%‘13/%k>®k8?& ()$%%Q?|[ ' s21
Y G 1098%& c(@ef@m@%y&a(:; uwd%gmeeﬁlwm%l&lg( )saidysoueRh SRy ??

Yl L: 1098%& 94,00 )
Y~% 1098%&' E (y(ioty 181’1? %{??ﬁé@%ﬁ%@ /éw?%%@&%l( baWame¥t@UBg& () -w

Y, 1099& () - 150&2#1 1@9#@&@2# weleée%n (3pht 109€89&& () - / mi' L0YESYEL () -

20 13. The method as claimed in any one of claims 9 to

12, characterized in that said calibration substep (30)
furthermore comprises a substep of determining the

position in at least one of the three dimensions in

( space of said at least one element (3,) of said

25 reproduction unit (2).

14. The method as claimed in any one of claims 9 to
13, characterized in that said calibration step (30)
furthermore comprises a substep (38) of determining the
30 spatio-temporal response (Ninn(f)) of gaid at least one

element (3,) of said reproduction unit.

15. The method as claimed in any one of claims 9 to
14, characterized in that said calibration step (30)
35 furthermore comprises a substep of determining the
frequency response (H,(f)) of said at least one element

(3,) of said reproduction unit (2).
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16. The method as claimed in any one of the preceding

claims, characterized in that it comprises a step (40)

of simulating all or part of the parameters necessary

for carrying out said step (50) of determining

5 reconstruction filters.

17. The method as claimed in claim 16, characterized

in that said simulation step (40) comprises:

- a substep (41) of determining missing parameters
10 from among the parameters used during said step (50) of

determining reconstruction filters;

- a plurality of calculation substeps (42, 43, 44,

45, 46, 47, 48, 49) making it possible to determine the

value or values of the missing parameter or parameters
15 as defined previously as a function of the parameters

received, of the frequency, and of predetermined

default parameters.

18. The method as claimed in claim 17, characterized
20 in that said simulation step (40) comprises a substep
(44) of determining a list ({n*}(f)) of elements of the
reproduction unit that are active as a function of the
frequency, and in that said calculation substeps are
carried out just for the elements of said list.
25
19. The method as claimed in any one of claims 17 or
18, characterized in that said simulation step (40)
comprises a substep (45) of calculating a parameter
(L(£)) representative of the order of operation
30 limiting the number of coefficients to be taken into
account during said step (50) of determining
reconstruction filters with the help of at least the
position in space of all or part of the elements (34)
of the reproduction unit.
35
20. The method as claimed in any one of claims 17 to
19, characterized in that said simulation step

comprises a step (47) of determining parameters (Wy(f))
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input (20) making it possible to determine all or part
of the parameters used during said step (50) of

20 determining reconstruction filters.

23. The method as claimed in any one of the preceding
claims, characterized in that saild step (50) of
( determining reconstruction filters comprises:
| 25 - a plurality of calculation substeps (51, 52, 53)
carried out for a finite number of frequencies of
operation and making it possible to deliver a matrix
(W) for weighting the acoustic field, a matrix (M)
representative of the radiation of the reproduction
30 unit (2), and a matrix (F) representative of the
spatio-temporal functions whose reconstruction is
imposed; and
- a substep (54) of calculating a decoding matrix
(D*), carried out for a finite number of operating
35 frequencies, with the help of the matrix (W) for
weighting the acoustic £field, of the matrix (M)
representative of the radiation of the reproduction

unit (2), of the matrix (F) representative of the
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% 0%-& () - Mz%m:%@l()am of a parameter reprégentatlve of
the desired local capacity of adaptatlon to the spatial

irreqularity of the reproduction unit, representative

5 of the reconstruction filters.

24. The method as claimed in claim 23, characterized
in that said calculation substep (52) making it
possible to deliver a matrix (M) representative of the
10 radiation of the reproduction unit (2) is carried out
with the help of parameters representative for each

element (3n):
- of the three coordinates of its position (X,) with

respect to the center (5) placed in the listening zone
15 (4) ; and/or
- of its spatio-temporal response (Ni,n,a(E)).

25. The method as claimed in claim 24, characterized
in that said calculation substep (52) making it
20 possible to deliver a matrix (M) representative of the
radiation of the reproduction unit (2) is carried out
moreover with the help of parameters representative for

each element (3,) of its frequency response (H,(f)).

25 26. A computer program comprising program code
instructions for the execution of the steps of the
method as claimed in any one of claims 1 to 25, when

said program is executed on a computer.

30 27. A removable medium of the type comprising at least
one processor and a nonvolatile memory element,
characterized in that said memory comprises a program
comprising instructions for the execution of the steps
of the method as claimed in any one of claims 1 to 25,

35 when said processor executes said program.

28. A device for controlling a reproduction unit (2)

for restoring an acoustic field, comprising a plurality
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- means (ll) for determining at least one control
signal (sc; to scy) for said elements (3; to 3y) of said
10 reproduction unit (2), said at least one signal being
obtained by application of said reconstruction filters
to a finite number of coefficients representative of
the distribution in time and in the three dimensions in

space of said acoustic field to be reproduced.

15
29. The device as claimed in claim 28, characterized
in that it is associated with means (6) for shaping an
input signal (SI) comprising temporal and spatial
information for a sound environment to be reproduced,
20 which means are adapted for decomposing said

information over a basis of spatio-temporal functions
so as to deliver a signal (SIps) comprising said finite
number of coefficients representative of the
( distribution in time and in the three dimensions 1in
\ 25 space of said acoustic field to Dbe reproduced,
corresponding to said sound environment, in the form of

a linear combination of said spatio-temporal functions.

30. The device as claimed in claim 29, characterized
300 in that said spatio-temporal functions are so-called
Fourier-Bessel functions and/or linear combinations of

these functions.

31. The device as claimed in any one of claims 28 to
35 30, characterized 1in that said means (12) for
determining reconstruction filters receive as input at
least one of the parameters from the following

parameters:
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- parameters (G,(f)) representative of the templates
of said reproduction elements (3, to 3y);
- a parameter (u(f)) representative of the desired
15 local capacity of adaptation to the spatial
irregularity of the configuration of said reproduction
unit (2);
- a parameter (RM(f)) defining the radiation model
for said reproduction elements (3; to 3y);
20 - parameters (H,(f)) representative of the frequency
response of said reproduction elements (3: to 3y);
- a parameter (W(r,f)) representative of a spatial
window;
- parameters (W;(f)) representative of a spatial
25 window in the form of weighting coefficients;
- a parameter (R(f)) representative of the radius of
a spatial window when the latter is a ball; and
- parameters ({(lx,m) }(£)) constituting a 1list of
spatio-temporal functions whose reconstruction is

30 imposed.

32. The device as claimed in any one of claims 28 to

31, characterized in that each of said parameters

received by said means (12) of determining
35 reconstruction filters is conveyed by one of the

signals from the group of the following signals:

- a definition signal (SL) comprising information

representative of the spatial characteristics of the
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reproduction unit (2);
- a supplementary signal (RP) comprising information

representative of the acoustic characteristics
associated with the elements (3; to 3y) of the
reproduction unit (2); and

- an optimization signal (0S) comprising information
relating to an optimization strategy,

- so as to deliver, with the aid of the parameters
contained in these signals, a signal (FD)
representative of said reconstruction filters

representative of said reproduction unit (2).

33. The device as claimed in claim 32, characterized
in that it is associated with means (7) for determining
all or part of the parameters received by said means
(12) for determining reconstruction filters, said means
(7) comprising at least one of the following elements:

- simulation means (8);

- calibration means (9);

- parameters input means (10).

34. The device as claimed in any one of claims 28 to
33, characterized in that said means (12) for
determining reconstruction filters are adapted for
determining a set of filters representative of the
position in space of the elements (3; to 3y) of the

reproduction unit (2).

35. The device as claimed in any one of claims 28 to
34, characterized in that sald mearns (12) of
determining reconstruction filters are adapted for
determining a set of filters representative of the room

effect induced by the listening zone (4).



