WO 03/ 073791 PCT/ FRO3/ 00507 Met hod and device for control of a unit for
repfoducti on of an acoustic field The present -invention relates to a

nmet hod and a device 5 for control of a reproduction unit for an acoustic
field. Sound_js | ke acoustic phenonmenon which e v, r. time and
i n space. Th@’oeﬁ%g\tﬁﬁﬁggllechni ques act 10 mainly on theié?(lgé%g%%ggggct of
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positionifhg f25 rabesroln aohese syppreductibhas seuhd diwt r @meacolstiegar ded
as an angul gr; digstribution of sound sources about a point, corresponding
to the listening position. The signals 30 correspond to a deconposition of
this distribution over a basis of directivity functions called spheri cal
harmoni cs. | Bdub@ Cil I §NiwaSiealige Ol a 86N St 0P MBRENBMehdES SyIsY St €B%o1v3B
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i npl emented w uction unit. whose spati al 1%itse_:”i bution is
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Specifically, the existing high-quality reproduction
systems actually necessitate a predetermined spatial

15 configuration of the reproduction unit.

For example, so-called multichannel systems address
different and predetermined signals to several
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 basis of directivity functions called spherical

harmonics.

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

substantially regular angular distribution.




i npaigred, sin particular on account of angular 5 distortions. Recent
techni cal devel opnents nake it possible to consider a nodeling in tinme and
in the three dinmensions in space of an acoustic field rather than the

angul ar 10 SJ t%j}' of the sound environnment. In ficul
doctoral the |0: d eprie tation de chanps acousti ques?%gﬁs‘ﬁ%@zqooé ala
transm ssion et a |la reproduction de scgnes sonores conpl exes Bans un 15

contexte multinedi a" [Representation of acoustic fields, application to
t he transm sgihus,arhdro tie exEpr Dobyct ¢ ohn ofuconplexisplasentedeswith a

mul timedia context ni versite Paris VI, Jero ni.el, 0 1 July. 2000,
defines functi oﬁsePGJeos Lf‘cftb]i% t%lti/\avsl??i% Zﬁp%gg?ggt g??%ﬁ%&‘%&?nan *dtousti c
field and al laowiitgraeconposi tqwal over af basésroflu¢ubehi ons ofyrsyedder and
time which c I describ : - di gensi onal co ic_ti W 25
However, in ?H@é‘%’?&%mn??’ th§§trﬁé%?£§?cal g}s?ol ut on%n@arﬁ nsgifﬂgg% ry t he
so-cal | ed> " Addissertaorsyst ens and hi gh-qual ity reproduction can be

obtained only for the 5 existing regular spherical distributions. No
el ement mekes it possihle to ensure high-quality reproduction_30 with the

hel p of an aRSiICENdr y EER AR oS HRARTHN Df Mefe rebr oBGEERBASUNI®C 1t is
t heref ore appameniiddial msisyisiemmoftihe Pidoin ehé tAkes dimposSide to
perform qual ity reproduction 35 with tfe ?‘ﬁl R %5?] an arhitrary spatial

Gonfi gur at | o TofSPAFe. PEpASIRRIHF Ui T1eThe TALACO! T | HORNATBIIA ¢ o
remedy tios prichlremury oM dF3/t0E3 BLNCERRAIMOEE07. - 3 providing a nethod

and a device for determning signals for controlling a reproduction unit

for restoring an acoustic field whose spatial configuration is arbitrary.
5 In particular, the doctoral thesis “Représentation de

champs acoustiques, application & la transmission et a
la reproduction de scénes sonores complexes dans un
15 contexte multimédia” [Representation of acoustic
fields, application to the transmission and to the
reproduction of complex sound scenes in a multimedia
context] Université Paris VI, Jérdbme Daniel, of 11 July
2000, defines functions describing the wavelike
20 characteristics of an acoustic field and allowing
decompogition over a basis of functions of space and
time which completely describes a three-dimensional

acoustic field.

25 However, in this document, the theoretical soluticns
are inspired by the so-called “Ambisonic” systems and
high-quality reproduction can be obtained only for the
5 existing regular sgpherical 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




A sulyj ect ;of the invention is a nethod of controlling a reproduction unit
for*restoring an acoustic field so as to obtain a reproduced acoustic
field of specific characteristics substantially independent of the 10

intrinsic characteristijcs of reproduction of said unit, _said._reproduction
unit conpri si%Wg Oa?/pﬂ-lts?rp)aﬁli ty of reproduction el enents, P&Ta(%&?t‘"e/e 050d i n

that it conprises at |least: a step of_establishing a finite nunber of 15
coefficients representative of the distribution intime and in the three

di mensi ons i prEPRACE Rf £aidklasdushdca Abeldet oobeqeepraduced; Agiar of
determ ni ng gfconstructign filters rgﬁresentatiye %f sai d reproduction
uni t, conpri iy G°M58Cs0bEPef of SPARPHG AP0 HtouhP at TFRERF 18P afih

char act eri st ixuwt isai d friegdrdbduckione uni gpatial st epoaf idetratdoni ng iat | east

one control %ﬂﬁllraﬁf” said elenents of said reproduction unit, said at
| east one signal” bei'ng obtained by the application, to 25 said
coefficients, of said reconstruction filters; and - a step of delivering

sai d at leas&&Qﬂ&f%@F'&% tﬁﬁﬁHﬁﬂenyiéﬁ P%YéeMéEHoéﬂoép?Fé% h@@n oasaid

reproduction elenments so as to generate said acoustic d_reproduced by
sai d repr odud@ERFPAWStL o3 OIAde @ e S rBierak haeaesbirsfiedd sai @sstep of

est abl i shing+a fbﬁtb@nnuﬁbe&egEod%%%ﬁf'%b%ﬁ%%ibepEg%QEFaEEV?ngcﬁﬁgc
distribution of said ,acqustic field to be reproduced conprises: 35 - a
step consi st iTHGTRREEEGFELdiGTy afURRsentdtgndl  dBRSFESATEY enPdr al tRAd
spati al 1of onmBirie®itocharsavid-i Sidd aifimerdpr&ditet i énsbepsafiashapicng sai d
i nput si gnal bé decogpo%iQ%:V[)03/07 791 PCT/ FRO3/ 00507 - 4 1Sﬁid

i nformation 6V&F a A% - EPat | 80t EnpSPEPTLPARE: i 6hs, PERFELEHEDI RY step

maki ng it posepbbeurcion elements, characterized in that it
comprises at least:

- a step of estabiishing 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;

- a step of determining reconstruction filters
representative of said reproduction unit, comprising a
substep o©of taking 1into account at least spatial
characteristice of said reproduction unit;

- a step of determining at least one control signal
for said elements of said reproduction unit, said at
least one signal being obtained by the application, to
said coefficients, of said reconstruction filters; and

- a step of delivering said at least one control
signal, with a wview to an application to said
reproduction elements so as to generate said acoustic

field reproduced by said reproduction unit.

According to other characteristics:

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

- 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




del i ver asrepresentation of said acoustic field to be reproduced
corresponding to said sound environnent in 5 the formof a linear
conbi nati on of said functions; - said step of establishing a finite nunber

of coefficient ntatlve of the distribution of |cf|eld
to be reproduce ? {g’% - a step consisting in progﬁg/g‘g‘ogr{%l@é

signal 10 conprising a f| n| te nunber ofgcoefficients representative of
said acoustic field to be reproduced in the formof a linear conbination

of spati o-tespadal iﬂﬁtﬁlﬁﬁdtﬂi’t&’; -osard spatbasienpof al spundbi-ersparel
so-cal |l ed our.i_er-Be ct i ons and/or_l.inear l(:Corrbl nat. |b(1ns %f t hese

functi ons; -1§él§|c LSSt eg?%fg tg ?Rg Pt coun]fllﬁ Ieastposésﬁat

characteri st Bded ivkrsa dreppesdutéat oonumift $zidcarpietioutfisld east bgth the
hel p of par ag%b%ﬁu%%dr @6??5@;%42&&&’:‘? ar £ac %'o%%”tempj‘;réxﬂﬁeﬁ@r ‘iﬁle

coor di nat es ITS position W respect to the center aced int

| i st eni np zoike &pdroriof iltiegFacioybit@ficralok msfémos}iall@%ubst ep of

taking into accountiat leapt o25 %E%Eb@'ls@ﬁ%@amae“f&hh%é OBu&@bQ- of
reproduction unit is carried out noreover wth t : par aneters

descri bi ng, FRefRA RSSO SRFeHRALTS 1 Vot |W%n@§5t%1§‘ﬁ%%?%l O\fm §&dH whi ch

speci fies thacodkstiki Futnen tlwb%p&fé@r@fddc%(ﬁpﬁﬁinfpicﬂsam constral nts for 30
the acoustic field; and - of %ﬁ%mater descri.bi ng an ord of . ogﬁlratlon

liniting the nunb&r BF°RoetFITh d t dThePFRKEHI P Ht & a&é‘@ g said
step of et etomprigineconsaructfiimitdi| tensybsdd - odi d subefépcmfantakl ng

nto account 81, Least o RA i) ENAFAgLEListios QS pePraguatigpanit is

carried out noreover W th the ararreters cons st of
spati o WO 03407371@1 fRagm FRO3A0080ar combination of spatio- temporal

functions;
- said spatio-temporal functions are so-called
15 Fourier-Bessel functions and/or linear combinations of
thegse functions;
- said substep of taking into account at least
spatial characteristics of said reproduction unit is
carried out at 1least 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 1is
carried out moreover with the help:
- of parameters describing, in the form of weighting
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 wunit is
carried out moreover with the help:

- of parameters constituting a list of spatio-




- 5 jtempgral functions whose reconstruction is inposed; and of a
paranet er describing an order of operation |imting the nunber of
coefficients to be taken into account during said step of determ ning
teconstruction 5 filters; said step of taking into account at | east

spatial chaM@tB4Et37L of said reproduction unit is ESEYFEP3/996%For eover
at least with the help of one of the paganeters chosen fromthe group
consisting: 10 - of paraneters representative of at |east one of the three

coor di nat es feridte PO s Gl O r &URsc ot ol STBRESsed tdnd espect
to the center placed in the Ilstenlng zone; of paraneters representative
of the spatio- 15%fenPoRAr 3 SInsE8SEF1RABA A sBRECET Phe OBEEREACE: of a

par anet er degGmiiiAg apher demmefr OPEr alde@F i dilefitlsl ot B ntgker ahto
coefficients to be tq&en.into . ccgunt %gring said.ste% of d m.ni ng
5 rdete ]

1
Ceconstruct | GEEHAY ST ing Sabd SReR FRITIEY | R CRPEEELC L O%nat | o-

t enpor al fundilarsrayhose reconstruction is inposed; of paraneters
representative of the t at es . _sai.d. repro ion e ts, ~.Qf a

par anmet er represeﬁ?gfiﬁ?%ﬁ %ﬁetggép'edgng%Cé%ﬁﬁié%éc#ggggf%§€§6 étion to
the spatial icheeguitadisricts ohe moid i geratdortdbnsaidifeprddgerirarduni t ;

of @ par amel ef,cdehphbBYeLne,¢ adialdion, el LAOT nedd] dokePsRdUTE One

el ements; of paraneters representative of the frequency 30 response of

sai d repr oduPgir@mnedicaifefhesen drop fAisamidr Ceprresdrifidi ve of a spati al

wi ndow; 1@f parangirer sargpéesest aldpreadtintutspatl i F wWdowaskn e bar m of
wei ghting coefficients; and_ - of a E&r%: ter representative of the radius
er

of a 35 spatiffl WiRPwAREAIRARSFa S BOPREIOTnt RE RAHbAEofpFfses a
cal i bration sifepxiekébgméhts, with respect to the center placed in

the listening zone;
- of parameters representative of the spatio-
15 temporal responses of each or some of the elements;
- 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;
20 - of parameters constituting a list of spatio-
temporal functions whose reconstruction is imposed;
- of parameters representative of the templates of
said reproduction elements;
- of a parameter representative of the desired local
25 capacity of adaptation to the spatial irregularity of
the configuration of said reproduction unit;
- of a parameter defining the radiation model for
said reprecduction elements;
- of parameters representative of the frequency
30 response of said reproduction elements;
- 0f a parameter representative of a spatial window;
- of parameters representative of a spatial window
in the form of weighting coefficients; and
- of a parameter repregentative 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 cor part of the parameters used

in said step of determining reconstruction filters;



possiibl e o deliver all or part of the paraneters used in said step of
determ ning reconstruction filters; W4. W 03/073791 PCT/ FRO3/ 00607 - 6
said calibration step conprises, for at |east one of the reproduction
elements: a bste f acquiring signals representative of __the radiation
of said at Iiﬁtwcf??g%glg nt inthe 5 listening regi oRCT4E8937/9968ep of
determ ni ng spatial and/or acoustic paragneters of said at |east one

el enent; said calibration step conprises: a substep of emtting a specific

signal to said at gklQd e@ﬂimﬂ;ﬁn&ﬂépﬁ%oﬁ@wsé@pr FHCtAON1 HREE , ofal d
acqui sition sgﬁ_gp corrg%sug:ondl ng to the acquisition of the sound wave
emtted in ré& e Iy &en SWE: el enent: and a substep of
transform ng -sai d asi gitad sepcafi recqibring osaghhist erepurdwsniodt oeef bifci ent s
representati of he, sound ve emtted, so_as to all{owthe .carrying out
of said subs%églﬁ)a ofagé?grl(rjnnni%J\é\asspaajtclinalattana?%?tac%%%t iecle"ﬂ)ea %nétneré?{‘esai d
acqui sitidn sulstteepngoresspondsintd a substep 20 of receiving a nunber of

coefficients represe ' f austd cshLelk d19engy d Ld at
| east one el emant%l i%&%%élﬁo%r% o#é‘%eﬁnearé cg%?%gtli on o?élgpg?igbl?é%grrpor al
functions, wwagRTesers cfemaddand Usedt oneeliepnediri ng sai d substep of

determ ning spati @al;185 -aNd¥a tAeRUHD RempIBIRLSs of said at |east one
el enent; said calibration substep furthernore conprises a substep of

det ermi ni ng the p@siPtPSePn oft TRddtinghe ofPedHel ¢ nFEendt n‘éﬂs?%ﬁ@pﬁﬁ space
of said at | easistonene30etkaemnt of sakddr epepduaititencuni tinisai dsaid
cal i bration %E%%iggEEg%rg%ﬁ%éé%“%gf¥§%§%nding to the acquisition of
the sound wave emitted in response by said at least one
element; and

- a substep of transforming said signals acquired
into a finite number of coefficients representative of
the sound wave emitted, so as to allow the carrying out
of said substep of determining spatial and/or acoustic
parameters;

- said acquisition substep corresponds to a substep
of receiving a number of coefficients representative of
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
and/or acoustic parameters of said at least one
element;

- sald calibration substep furthermore comprises a
gsubstep of determining the posgition in at least one of
the three dimensions in space of said at least one
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
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




substiep of, determ ning the spatio-tenporal response of said at |east one
el ement of said reproduction unit; said calibration step furthernore
conprises a 35 substep of determ ning the frequency response of said at

least one el ﬁgeorgﬁfgnsfadld reproduction unit; the net hogcggﬁ&:f@%o Step of

sinmulating a part”of the paraneters necessary fo t said
WO 03/ 073791 PCT/ FRO3/ 00607 - 7 step of7determ ning reconstruction
filters; - said sinulation step conprises: a substep of determ ning

m ssi ng par angtegy ©f rdeheranonghdg heqarsaneierionsed tird ng said step of 5

determ ni ng reconsfruction fil.t %I‘tS' aCngII] ural ity of cal cul ati on substeps

making it possi b %o Scf‘é?uelran%lr?e teera o4l ues of the missi ng

parameter or -par aret eubstspdeffi ndelt grevinoogl yisadng fracinepens theom
paraneters reqeiied ook { haraflddaguencys and; gy predetarm ped, defgul t
ete

paranmeters; - sai'd sinulation step conprises a substep o mning a
list of efemsiftterFining rssdfaticsi Uhiftiltgy®: are active as a function of

the frequency, and, saigd-0alqul ati 0B 3URILRASHAr 8ueBkERRd Qlkiigst ifor the
15 elements of said l'ist; - Said sinulation step conprises a substep of

cal cul ati ng ®FHEG et T eflEESEAEAS vENSE VReYUSr dBF oV 2l¥FEr afiton HHeEni ti ng
t he nunber omieedfdy chentsetor ber tpkesndéos aaeoWH f ted ngraaiidustiep of
determ ni ng 20 reco&su;tg]lr%ction fi I% rs with the heIP of .at least. th

position in &5ac& of AR p&Ft &St n@2EPERSRES of °FR& VS epr &Fuctt?’(?n unit;
- said sionul dtregmuesicsn corprifs exealesteamiofed distfeniitnipsg-gertaerst er s
representative of .Spat | . W nd |.n r.m.of wei |

coefficients with J'?Ohe Jg*%%gél%%r argrg?gr ?Cg% fé:ggnfat iVe %?hﬁ%ﬁgpspé_)tfi al

wi ndow i n t hdegghvarindalg reefldrsdnce feberecnipel/ of blfic arepupdwetépn unit

representati y@@f Lphe radijus ofssal drgRatigh of the frequency, and
said calculation substeps are carried out just for the

15 elements of said list;

- said simulation step comprises a substep of
calculating a parameter representative of the order of
operation limiting the number of coefficients to be
taken into account during said step of determining

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

- said simulation step comprises a step of
determining parameters representative o¢f 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 impecsed 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;




wi ndew when the latter is a ball; 30 - said sinulation step conprises a
substep of determning a |list of spatio-tenporal functions whose
reconstruction is inmposed with the help of the position of all or part of

i he el enents t.h oduction wunit; 35 - the netho onpri.s step of
I nput maki ngvﬁ 03;@57?%19 to determne all or part of g)ﬁ%/ﬁpééié%g used
during said step of determ ning reconstrgiction filters; i W 03/073791
PCT/ FR0O3/ 00607 - 8 said step of determ ning reconstruction filters
conprises: a plurddity etepal 68l adétofrsihisice psetamdthdiiion f @ilaefisni te
nunber of fre%uenci es, of operation and 5 nmaking it possible to deliver a

matrix for wei %ﬁlﬁgst'he acoustic field, a matrix representative of the
radi ati on of the reppbdusliiom umit cadmdlatietri gubseppeserdmatiack ofutt he

spati o-t enpor. f uncd.i recen ' IS LBpPO and 10 -, a
subst ep of cﬁgqlgt icélnlgﬁ;tsed\ggggﬁﬁg rr%?ri%%e%%g%rqieesd %EP c?%%aata]f%\i tggdnunber
of oper atPngmafiaguehei @ossditlle tthe KHelpver thempardikx for weighting the

acoustic fielithe OLCBHNGLHBI M EXeGPT €SN AlI ME HedMsedafli @Afd Ry fOf e
reproduction unit, of the matrix 15 representative of the spatio-tenporal
functions wh&§€iatd@ansfuctihsm i@?‘fﬁf&‘éﬂ%orﬁndl%*ta paPanefer matrix

represent ati vepebksehe adasia edr| agal sppachivedboraliaptdidoibds whesepati al
irregularity o th% rcgproduct i,on unift, r%present ative of the
reconst ruct i G COBG NSRS 18,1055k A %n substep nmaking it possible to

del i ver BOmatri x eepregenttegt i vef of ceheuladiayi or ofdédedingpr mduetxon unit

'efeﬁg[][' ed out,wi;th the,pel peof  parapplers reprgsenrtalyeve LOL, &5l
' trequencies, with the help of the matrix for weighting

the acoustic field, of the matrix representative of the
radiation of the reproduction unit, of the matrix

15 representative of the spatio-temporal functions whose
reconstruction is imposed, and of a parameter
representative of the desired 1local 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 ig carried out with the help of
parameters representative for each element:

25 - of the three coordinates of 1its 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

£ requency resporise.

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

executed on a computer.




25 - of the three coordinates of its position with respect to the center
pl aced in the listening zone; and/or of its spatio-tenporal response; and
said cal cul ation substep naking it possible to 30 deliver a matrix

kepresentatiy d| ation of the reproduction upit,,l rri out
nor eover witf‘f%t ﬁ’é/tr?ggﬂ f paraneters representative fg‘r‘&ékgﬁg&%r@ﬂt of
its frequency response. 35 A subject ofgthe invention is also a conputer
program conprising program code instructions for the execution of the

steps of the nmethod when said program is executed on a conputer WO

03/ 073791 PCT/F 3/ 00607 _- bj.ect of th t s
renovabl e medi Lﬁ%%J(ﬂCtt h%ftfrg‘@ 5 tgﬁc%olﬁ F‘Eﬁl nvennléérg$ %%Js%aopegﬁalm

nonvol ati | e mEnotlye elt@lmﬁtcomgstaiaxzm@r iazedléeast hainesapdobSemsowr yamdnpri ses a

br ogr am conpLLsing NSt YELiOns LoLyefbe executianobdthe, stepe afihhe

met hod when Sar processor es sal d program e su j ec
i nventi orb i smalegya deviiCiesefora poogurr ciqmnm@n%pxroﬁmw@nonﬁl fofor

restoring anfROUSLLEyL}6hd o CORRLT Sh0dn8 RIAI BLit YndfnéePrflict kaa

el enents, characterized In that It conprises at |least: - neans of
det erm ni ng PEESRSEQYCEXGFULESt 8R4 d %&%@@ht ative of said reproduction
unit, adapted so as 15 to nmake it possible to take into account at |east

spatial characteristics of said reproduction unit;_ and ans f
det er ni ni ng A€l e84PIBRE Oht rth SPOHERTPYy &5 A EF et éingﬁ‘lcseal
reproductd oncwhittroldding ata | eastoduet sbgnalunhei ngfcobt armdobyngpplahcat I on

Fepr esent at | GEOUE P Tt bUTTOR THFi o ISAAIA A He  FEBE i eerbons i n
space of sai é¢laoenstsi,c chiirelcd etrd zieel reprtdducdd. cwmacs@rsduatg ket her
characteristics OL@%E% in%?ntiagtermining reconstruction filters
representative of said reproduction unit, adapted so as
15 to make it possible to take into account at least
spatial characteristics of said reproduction unit; and
- means for determining at least one control signal
for said elements of said reproduction unit, said at
least one signal being obtained by application of said
20 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.

25 According to other characteristics of the invention:
- the device is associated with means for shaping an
input signal compriging 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
g0 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




- the deviice is associated with neans for shaping an input signal
conprising tenporal and spatial information for a sound environnent to be
reproduced, which nmeans are adapted for deconposing said 30 infornmation

over a basis_of Lo-tenporal functions so as to deli '
conpri sing sgﬁdoéﬁﬁbﬁgg unber of coefficients represek?i?%§§32b8?ﬁz
distribution in time and in the three dpnensions in space of said
acoustic field to be reproduced, corresponding to said 35 sound

envi ronnent, thesthéuhetioveis;a | i near conbination of said spatio-tenporal
functions; - said s&gtio-tenpﬁralg%ggctLons are so-called Fo r - Bessel

o one’ andl or (eRREE A EIPELR. Aok B e A S o SFELEEEES 00

t hese functi orspivesaisl mepns faor dedetr momengef etbrstparcdnarers | feow

receive as.igggtf3515%?3$ %ggagkt%Q%:paraneters from the follow ng
par anet er s: - paranefers-répresentative of at |east one of the three

coor di nat®es of theapesetegs ofepeetemratsiore of athelesewesns, afi t kheespect

to the centegrpphaceddyilifed | SECHNO Z08E: i HAT JFBLELSn T BRT R abEve Of
the spatio-tenporal 10 responses of each of some of the elenents; - a

par amet er de§8Ei BiLSHCRS Sor JEH DI TRPRPGE | BA tREmcenieR Rl afkfhet of e
coefficientsitgtbaihagkeanento account in the neans of determning
reconstruction filters; 15 - Qaraneters.repre entative gt tpe tengiates of
said reprodicti oR®EPBRERES: T %rﬁﬁ?%H%YﬁYeréﬁfe§ t at P70 “TTRe“Hasi r ed

| ocal cEpacregpohsadaptathch td tSheespdt take edeegulta;ity of the

confi guration of said reprodyct ion unidin 20 o a pATAetsE dgflplpgohhe

radi ati on nodel for Sa reproduction élenents; - paranete
represent ati vémotinge tfhreequembgr of coefficients to be taken into

account in the means o¢f determining reconstruction
filters;
15 - parameters representative of the templates of said
reproduction elements;
- a parameter representative of the desired local
capacity of adaptation to the spatial irregularity of
the configuration of said repreoduction unit;
20 - a parameter defining the radiation model for said
reproduction elements;
- parameters representative of the frequency
regpongse 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 spatic-temporal
30 functions whose reconstruction is imposed;
- each of said parameters received by said means of
determining reccnstruction filters 1is 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




response of said reproduction elenents; a paraneter representative of a
spatial wi ndow, 25 - paraneters representative of a spatial wndowin the
form of weighting coefficients; - parameters representative of the radius
of a spatial mnndOM/mhen the latter is a ball; and -

constltutlngWQI 03410 7% %batio-tenporal 30 functions mﬁ 2 856ﬁ§§PJct|on

s inposed; - each of said paranmeters_rggei.ved by said neans of
determ ning reconstruction filters is conveyed by one of the signals from

the group of Jhedildivpoisi Ral S1eRedeli Ml it STEPAOACOIDEASURGL ;
information 35 representative of the spatial characteristics of the
reproductiona@ﬁit; a suppl enentary signal conprising informtion

representative ofdﬂme@p@yﬁihatﬁﬂﬁra@&ghh&thxme}iEﬂﬁ§37QﬁfBethRB&/00607
- 11 associ at d with the ele ntsg& t he reﬁyoductlon unit; and an

opti ni zati on 'S &ﬁéngcé:r?pﬁrél% YHER R ST A€ %R i ng to an optini zati on
strategy,55 - so abtaBdeblﬁeﬂ;mmnt]ﬂﬂuhatueoﬁlﬂh@ﬁxﬂbmeperemecewﬁalned

in these signal; _Ff%éﬁgHHutﬁgQée?egﬁg&gve<ﬁﬁﬁ§%?p FEGPRSLEULE L 9B BE'teLS

representative of said ~reproduc uni t evice I's associated wit
means for l@ad@temﬂqﬂnﬂjﬁﬂqtkﬂn;xﬁ%lﬁﬁr&rmiﬁﬁﬁ%@@%@@%lY%cepﬁedSB9d sai d
means for deteg dadglﬂﬁyqﬂﬁkructlon filters, said neans conpr|5|ng at

| east one of t follow ng elements: - si mul at i on nmeans; 15 - | i bration
neans; - paraneteﬁ@ﬂ npGEViHEEns: 1€ai d2FERARL 2F6A deWéFﬁlnlﬁﬁapécon Pfuction
filters 1@rede@emredufr@ &et ebl RiaR@ asethef Jdddnetery epresentdt bye of

the pOSItlonsln lﬁgg%éﬁfépnggggﬁggfhg reconstructicon filters, said

means comprising at least one of the following
elements:
- simulation means;

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 is a diagram detailing the calibration

means;

- fig. 5 is a diagram detailling the calibration




20 of, the.reproduction unit; and - said neans of determ ning reconstruction
filters are adapted for determning a set of filters representative of
the roomeffect induced by the |I|istening zone. 25 The invention will be

better under %&qﬁﬁ;’ﬁmi ng the description which fo&bt&&ﬁnﬁgg\%goc}er ely

by way of exanhp ile referring to the appended I'n which:
30 - fig. 1 is a representation of a spheri-cal reference franme;, - fig. 2
is a diagram of a reproduction system according to the invention; - fig. 3

is a schemat istegi;agram of the nethod of the 35 invention; fig. 4is a

di agram det ai | i ng t.he l.i bratj.on _nmeans; ..- fi.g. -5.i.s a diagramdetailing

the calibration 4 fta1 %3§F0733 PBE ﬁ%oﬁj(?ogd%u-laﬁonstsepe?g’f ig. 6is a

di agram of the sirfilgt iTonist ep;dfagygam7cifs thali mgaam off t Hetprransiol

determ ning Jecongtriction f;j_i]]ltteq:rss'_; 5 - fig. 8 is a diagramof the step of
[

determ ning Treconstruction ters; fig. 9 is a node of enbodi nent of the
step of Bhaping tiH&.i Spuissiggndiagzpl fo%. the isternmsdfe ertermdsinent of

the step of L Q-ARieFNIAI FGAMd Q. signals. Represented in figure 1 in
such a way as to sfpecify t he sgﬁs%a%m of coogrdjnates tqQ which refere?ce S
|

made in the “text 5'§-a%cohfertti sPherSMRAAIMETYT efde FraneteRs ©

shaping the input signal; and
- fig. 10 is a mode of embodiment of the step of

10 determining control signals.

Represented in figure 1 in such a way as to specify the
system of coordinates to which reference is made in the
text is a conventional spherical reference frame.

15
This reference frame is an orthonormal reference frame,
with origin O and comprising three axes (0X), (0Y) and
(0Z) .

20 In this reference frame, a position denoted Xx is
described by means of its spherical coordinates
{(r,8,¢), where r designates the distance with respect
to the origin O and @ the orientation in the wvertical
plane and ¢ the orientation in the horizontal plane.

25
In such a reference frame, an accoustic fielid is known
if at each instant t the acoustic pressure denoted
plr,68,¢,t}, whose temporal Fourier transform is denoted
P(r,0,¢,f) where f designates the frequency, is defined

30 at every point.

Figure 2 is a representation of a reproduction system

according to the inventiomn.

35 This system comprises a decoder 1 controlling a
reproduction unit 2 which comprises a plurality of
elements 3; to 3y, s&such as loudspeakers, acoustic

enclosures or any other sound source, arranged in an




This.reference frame is an orthonormal reference frane, wth origin 0 and
comprising three axes (OX), (OY) and (QZ) . 20 In this reference frane, a
position denoted k is described by neans of its spherical coordinates (r,
9, 0) , where r designates the distance with respect to the origin_0 and O
t he orientatWQnO?KOF%399ertical pl ane and 0 the orienPQF{BROFACPRE7
horizontal plane. 25 In such a refereoncesframe, an acoustic field is known
if at each instant t the acoustic pressure denoted P(r,0Q Ot), whose
]Eerrpor al FO%&%&};&&% an%%dﬂétrs dengt @Q_sté’ﬁhFl@, Qet;)iczawhe;r.e mfhe:iecsrg@ﬁtlte_sn thef
requency, is _define at every point. Figure is.a representation of a
reproduction°§y§@@mr§§ﬁﬁﬁQﬁ?mf¥%ﬁéher?%%ﬁﬁ? oh® 35 FliS t%m coftpri ses a
decoder 1 conheol tépgoduct ephoditeid onigniplcebdi clricionmpdisles drpl uhal ity of
el ements 3:L.to 31vh such .as houdspeakers, acoustic enclosures or any
ot her sound SoHFEB Er FEYGEE n an 1 & WD 03/ 073791 PCT/ FRO3/ 00607 - 13
arbitrarys manner in a listening region 4. The origin O of the reference
frame, refer s the,cente of .-the r.qduct i it. . 0S ced
arbitrarily ?%g?kgegrist§$%1 r%ﬂ?on 3? 5 F%%gﬁhgf,ﬁtﬁkéggé% spg#?al
acousti ¢ andelererrdytpmam ¢ TdrStsitd e s1$ scepRsiasrdd tco e £he
intrinsic chapact gkhist ce8rAbteeRERAVE! beNrobPoBlR t3¥et.em al so conpri ses
means 6 for shaping an input signal SI and neans 7 for generating
parameters conprising nmeans 8 of sinmulation, neans 9 of calibration and
means 10L@f TRPUEYISAGMP A BIEt &ffiprilded heedfgoderfokr aigyimesameansutl for
det er m ni ng ContioI§? gnah; and means 1% f or deterq@ning
an ns or ing

sS1ldgna mea genera parameters

comprising means 8 of simulation, means 9 of

calibration and means 10 of inputting parameters.

15 The decoder 1 comprises means 11 for determining
control signals and means 12 for determining

recongtruction filters.

The decoder 1 receives asg input a signal SIpy comprising
20 information representative of the three-dimensional
acoustic field to be reproduced, a definition signal SL

comprising information representative of the gpatial

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 s¢i1 to scy
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.



reconstruction filters. The decoder 1 receives as input a signal SIFB
conprising 20 information representative of the three-di nensional acoustic
field to be reproduced, a definition signal SL conprising information
Lepresentativye atial characteristics of the reproductjon unit 2,

f.1h
a suppl errent‘%ﬂ'?p%}iog?er?jgolRP conprising information 25 r@ﬁ"&ég&?t:* t48897f t he

acoustic characteristics associated w tjh the elenments 31 to 3N and an
optim zation signal OS conprising information relating to an optim zation

strategy. 307THie deeeded entbspaispaci fAc condg ol 8 gnalr scl ity

. destined for each of the elenents 31 to 3N of the regrodu%ﬁi_ n unit 2.
Repr esent ed APAGrEAEALIOI IRAGANGShite F artt¥he MR n°F35€ L5 e

met hod i npl emeiktiedy | it apspstieleaccor dieagutre tdwertiaitentharaas edesaridaed Wt h

reference to iqure 2. 3/ 073791 RCT/ FRQ3/ Q0607 .-. 14 _The t hod

conprises a s?tffef)C rc?fprioﬁ.batft%tj‘lor?g bt P i2m'azna iaor?lﬁléla'gﬁejtoer% ss,teaps ep 30 of

calibratidsn nmeking it possible to neasure certain characteristics of the

reproducti Onﬂﬂf}iitngg %Ejt@aeﬂrﬁ%‘éé‘f Oﬁnﬁﬁﬁpsﬁgfo%uﬂﬂ%rﬁé'&t&é‘r Bgftt%’és | nput

step 20 inpl enent I nt er%ace nmeans 10, certain paranetérs of the
operation ofintegiags anangy b &Y ed marrlteny ah bpér aPSragionpe

delivered by & suyjid al)f LAeViH2 b BB &Y hiuLAl Y DERt hLANBLeR 3% or

described in_greater " detail with reference to figures 4 and 5, th
calibration ReaN§ldvered bakéd st ehle A& 153% -one with each of the
elements1@1 to 3N of the reproduction unit 2 15 so as to neasure paraneters
associated with these eleents, The simulalj onystep; A9, /P! grented by the

detail with —reference to figuresg 4 and 5, the

calibration means 9 are linked in turn one by one with

each of the elements 3; to 3y of the reproduction unit 2

15 so as 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

gignal 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 isg
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



makes it possible to sinulate the signals of paraneters 20 necessary for

t hesr operation of the systemwhich are neither input during step 20 nor
measured during step 30. The neans 7 for generating paraneters t hen deIiver
as 25 output the definition signal SL, the supplenentar naI RP an

the optin zaWPof3£0dRdIP1l0s. Thus, steps 20, 30 and 40 Rﬁ%éF P3pBOELEI e to
determ ne the set of paraneters necess%gy_for the inplenentation 30 of
step 50. Follow ng these steps, the nethod conprises a step 50 of

det er m ni ng ﬁsﬁe@stwcyo%@lfmlet ef§ tdaa;te If_ntbrrmc@a%mtedthg tdte meaps 12 of
t he decoder 1 and nakes it possible to deliver_a sjg FD

representatl§836ﬂaltﬁ@%ﬁ%ﬁﬁ%ﬁﬁﬁﬁﬁﬁ%ﬂ?f|q4%w¥ﬁpq?ﬂ%9%%%% %@1%f deP8Fni ni ng

[ecgnitructla@eflhb?&?ﬁM£>?&?@ﬁ§79lhBCTéEE@8LOQGO7of 15npﬂ&K$33ﬁt passi bl e
o take into accoun e at | eas i al _characteristics of the
reproduct i on“GALPTILERG CLard’ #IﬁéﬁuéﬁF}ﬂﬂ tﬁg é@ R HHpTt 130 of

calibrati®mn pbsé@bak S|ﬁuiatlomke8temn56 als@denﬁs|ttﬁeposacbuetuo t ake
Dt Foeount HAgSBERUSLLE c.CRAAShaRLe! WIS ARsacI e aid Ny e glegpnts 31

to 3N of £1-0f Sufit t he i nfor |on rel atin
optinizationtberaEQgpdutmltmeLHEGDﬁSEnuktnkﬁlimf@em@tb@marﬁb@téﬁgc§ﬁpletlon

of step 50 are, ngﬁg %gbkys%&ggggytn the decoder 1 so that steps 20, 30,

40 and 50 are repeated only in cas of nodification of the reproduction
unit 2 or of the optimzation strategies. 15 During operation, the signal

Sl conpri@i ngnkenporshs @Rt SPAt ifal1 ddifor BBEhoRAf &18@@@1@Mdrpnaent to
be reproduced, is @rOV|ded to the shaplng neans 6, for Ie bé di rect
acqui siti on 8ESBy T:adffg BRI NLY 26GF Sy SPntisi g ﬁP Pd of

conput er sof twakestEpss 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 SIyp 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 8Iy is provided by exterior
means, for example a microcomputer comprising synthesis

means.
The invention is based on the use of a family of
35 spatio-temporal functions making it possible to

describe the characteristics of any acoustic field.

In the embodiment described, these functions are so-



signal Sl.is shaped during a shaping step 60. On conpletion of this step,
thee neans 6 deliver to the decoder 1 a signal SIFE conprising a finite
nunber of coefficients representative, over a basis of spatio 25 tenporal
functions, of the distribution in tine and in the three dinensions in
space, of anW@c834Pi787Fileld to be reproduced correspoReTAERE3/PAEOZ0und
environment to be reproduced. 30 As a yariant, the signal SIFB is provided
by exterior means, for exanple a m crocConputer conprising synthesis

means. The i gfmgao Ll basad AoLLNE: Uags oLy aclagth yng! oS5 Pk pstempor a

functions na eto escri be the characterlstlcs of ¥
acousti c flekén n @%ES@ﬁB@HFhﬁnt RlerTeréd, cheséSfunE?V5h§raP§s§8

03/ 073791 PCF(;FRO3,0Q607 - 16 called spherlcal Fouri er - Bessel functlons
of the first kind subsequently referred to as Fourier-Bessel functions. 5
In a zone devoid of sound sources and devoid of obstacles, the

Fouri er-Besseh funckbass deeosal ubFonsounél t Beuvese eqnati@evamd cofistitute
a basis which. s all the_acousti i el.ds oduced b E? rges
Ber 5

situated out SP§ aFEF§ zonee  fOUFEEAnTerRFde- E %?%%aﬁ'acous |eId i's
therefore exfreseedads aaquatemn corbiawmts ot wie Fourastrs Belsseh spanet i ons,

accordin9. a3 B SREbARcLe HiEykuYeEasaFur By Besegh | kagetapm i ch
me--1 In th|519qaaedonutﬁhdetéhﬁ§ Rone. (f) are, by deflnltlon t he

Fourierjgpssel coefficients of the field 20 p (.r, O O t) , k = - , Cis

t he speed of sound in air, . _ , ‘
Any three-dimensional acoustic field is therefore

expressed as a linear combination of Fourier-Bessel
functions, according to the expression for the inverse
Fourier-Bessel transform which is expressed as:

15

P(r.0.¢,/)= 47?2 Zme(f)J Ji(kr)yr(6,9)

=0m=-i

In this equation, the terms P, ,(f} are, by definition,

the Fourier-Bessel coefficients of the field

20 p(r,8,¢, t), k==2§£, c is the speed of sound in air
c

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

. ) fx
the first kind of order 1 defined by j,(x)= -5—.Lﬂm(x)
X

where J,(x) is the Bessel function of the first kind of
order v, and y;"(#,¢) is the real spherical harmonic of

25 order 1 and of term m, with m ranging from -1 to 1,
defined by:

~

L P,l’"*(cos @) cos(mg) form>0

N

1
m 9’ —Jd__
Y (0,8) =1 2
L P,‘""(cos &) sin(mg) for m<0

N7

P’ (cos &) for m=0

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



c (340 nms-"), j1(kr) is the spherical Bessel function of the first kind of
order 1 defined by 1, ] 2x where J,,(x) is the Bessel function of the
first kind of order v, and y1' (B, O is the real spherical harnonic of 25

order 1 and of ter with mranglngfrom 1to 1, i i
(cosg)cos(nqgf) Pg/ﬁjgé'w% , form=0 D P1* (cos g&é?ﬁ??@?%@?m <0
In this equation, the it (x) are the associated Legendre WD 03/073791
PCT/ FRO3/ 00607 - 17 functions defined by: m21+~ (1-r)} 2 M2 dmP (x)= 2
(I+rn)! (1-xrebxech ofs) d\éllftllﬁealby) the Legendre polynom als, defined by: d
P, (x)=1f dx1(x2_1)1 2I. - Bessel e,,ff|C| ents are al so

&l bE5rE§

expressed in the tenpop d_o efbigie (t)
corresponding to the |n\ﬁ¢ s)e elﬁ)m\( |l+ (‘(ﬁerxf?rar@f'@ﬁéx)of t he

coefficients P1,,,(f). 10 As a varlant the met hod of the invention uses
function basgsnexp(essere asehbngee FOIPhaALADAS, dposakll By:infinite, of
Fourier-Bessel functions. 15 During t gipi ng step 60, carried out by the
means 6, the input signal S |ap Ep__ pfFourier-BesseI

coefficients pl,,,(t) in such agfmqhé sh the
5
The Fourier-Bessel coefficients are also expressed 1in
the temporal domain by the coefficients p;a(t)
corresponding to the inverse temporal Fourier transform
of the coefficients P; ().
10

As a variant, the method of the invention uses function
bases expressed as linear combinations, possibly

infinite, of Fourier-Bessel functions.

15 During the shaping step 60, carried out by the means 6,
the input signal SI 1is decomposed into Fourier-Bessel
coefficients p; n{(t) in such a way as to establish the

coefficients forming the signal SIgg.

20 The decomposition into Fourier-Bessel cocoefficients 1is
conducted up to a limit order L defined previously to

this shaping step 60 during the input step 20.

On completion of step 60, the signal SIpp delivered by
25 the shaping means 6 is introduced intoc 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 SIgs, 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




coeffdicients formng the signal SIFB. 20 The deconposition into

Fouri er-Bessel coefficients is conducted up to alimt order L defined
previously to this shaping step 60 during the input step 20. On conpl etion
of step 60, the signal SIFB delivered by 25 the shaping nean i

i nt r oduced iWPoOPHa7ﬁﬂaﬁs 11 for determning the contr%&Té?%%ifgqsaﬂese
means 11 also receive the signal FD repgesentative of the reconstruction
filters defined by taking account in particular of the spatial

configurati OHeQF_ e 89 Lep1adustiban dmi tnd. rEemaeifdicieant sivtetbe
signal SIFB, delivered on conpletion of sgep 60, are use by the neans 11
during a st8ptepmonedefdriingi A§SPhaCchbRt FBESS GREFS 1SEE™S "'scN 35 for the
el enents of the reproduction unit 2 with the Wa 03/073791 - 18

PCT/ FRO3/ 00507 hel.p _of, the application of.the onstruction filte
det er m ned d%b?n&l§FEHj%OﬁTb @ﬁe?g”cﬁﬁ?ngthfésf %F%#g%%lgssé%gt%ESCN are
t hen del ivver agp3teds tt@ bhe Selpmrited 80 the i enEnttdhellreprefiotiche
reproduct ion,yait 2 wiieh f eprogdigg,the roustifdiald Whasks  wnose
characteristics aré substantialTy 1ndependent of the intrinsic

charact eri st tbsroftespesdast i ane ofsutiRt antdpldductinsiengmident. 6 BYRGirt ue
of the method,pfihAgci nvatj o ethe cantrok  sighabsuselono 2N atmeadapt ed
to allow optim reproduction of the acoustic field which best utilizes
the spatial #RBFEAVGEdQSt M&i&hdracteristics of the 15 reproduction unit 2,
in partiggul ar the roomeffect, and which integrates the chosen

optim zation_strategy. Thus, on accaunt_of the quasi.-i ndependenc
the intrinsP¥¢ H&AE 21 stPes %ngfﬂauE??oﬁn%F HE€™20 E%r%%ﬂgf

gftmeen

ifon unit

2 and of thesagauski Ccsidel do reprodaeed, adaptedpossi bll Ywv r epperméhe
| atter

reproduction of the acoustic field which best utilizes
the spatial and/or acoustic characteristics of the
15 reproduction unit 2, in particular the room effect, and

which integrates the chosen optimization strategy.

Thus, on account of the quasi-independence between the
intrinsic characteristics of reproduction o©of the
20 reproduction unit 2 and of the acoustic field
reproduced, it 1is ©possible to render the latter
subgtantially 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 sgpecify all or part of the

calculation parameters and in particular:

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

with respect to the listening center 5; Xxp being

expressed in the spherical reference frame by means of
35 the coordinates r,, &, and ¢,;

- Gn(f), representative of the template of element 3,

of the reproduction unit specifying the frequency band

of operation of this element;




substsantially identical to the acoustic field corresponding to the sound
environnent represented by the tenporal and spatial information received
as input. 25 The main steps of the method of the invention will now be

described in j#%eﬂl . During step 20 of inputti rs..-an
operat or or %3%(&1 e menory system can specify anTg%%%ﬁO%@'?t he

cal cul ation paraneters and in particular;e — xn, representative of the
position of element 3n wth respect to the listening center 5; Xx,, being
expressed inthe thﬁﬁiﬁﬁj reéerencet it ave byfneans oépaaiophen@mﬁmdinates
rn, Bn, and ; L epr nt ative of the te | ate o ele of the
reproduct [ onguémpt speC|?§| ngﬁgheeflreénﬁ?%ncy Dand refSpooﬁleraI%q on ':[%fl:lll Cs

el ement; WO @R/ OFEZFAS1 PCTIERPICOVEEA -in9the Nisner(ing rregrl@slem abiyve of
the spati o-t @EROr 8l emk eponse plohnenl efRted’ £0 %é%@%”da 93 b ttlgg

acoustic field produced inth I stening region 4 when
the latte? r@é@f\?ésaénhqm@se 5 signal as input; V\(r f), deSCI’IbI ng for

each frequency if w:@nSfr derRt oA SRR} | By W AoV FEPESSONt @t b&ﬁsqaetr@%
distribution in ace of constraints of reconstruction of the acoustic

field, these aco?%‘"c IRt CLBRY ngePrepsasrblESt O1sfdtS f@l%r%%t #PBt Afut i on

in space of tglpﬁc%f foff tcoOfist ¥ £TONST BBC tre@dnelh ribe iagoust i €héi akdust 1YWL (),
descri bi ng d| gﬁly i.n the form of ting rier-Besse

f the .Fau
Coof T 1 i ont s FA5d o o HRAE [P T PRRARYS, FARGREY B AP e Fhfht FI SRERGN 15
represeﬁt@tlv@eof dhetdiiduribut i oini n space of ofconsheai nesfort  of

reconstructi sticc i el d, e resentative, for each
Qgcg%'gere &8% Ef % ggou Qﬁ £ i8Ry

frequency f consi the Ius of thé's étlal wi ndow when the
|atter is a ball: Wi(f}, descrlblng directly in the form of

welghtlng' of the Fourier-Bessel coefficients and for
each frequency f considered, a spatial window
15 representative of the distribution in space of
constraints of reconstruction of the acoustic field;
- R(£), representative, for each frequency £
considered, of the radius of the spatial window when
the latter is a ball;
20 - H,(f), representative, for each frequency £
considered, of the frequency response of element 3,;
- uif), representative for each frequency £
congidered, of the desired local capacity of adaptation
te the spatial irregularity of the configuration of the
25 reproduction unit;
- {(1x,mg) }(f), constituting for each frequency f
considered, a list of spatio-temporal functions whose
reconstruction is imposed;
- L(f), imposing, for each frequency f considered,
30 the 1limit order of operation of the means 12 of
determining reconstruction filters;
- RM(f}), defining, for each frequency f considered,
the radiation model for the elements 3, to 3y of the

reproduction unit 2.

35

The definition signal SL conveys the parameters x,, the
supplementary signal RP, the parameters H,(f) and
Ny mn(f) and the optimization signal 0S, the parameters




20 - sHn(f)», representative, for each frequency if considered, of the
fregquency response of elenment 3,; - fl(f), representative for each
frequency if considered, of the desired |ocal capacity of adaptation to
#he spatial irregularity of the configuration of the 25 reproduction unit;
f (1k, k) } WP)03/83R3At uting for each frequency f cBﬁ§{BEP%GP°§°Fist of
spati o-tenporal functions whose recons%gugtion is inposed; L(f), inposing,
for each frequency if considered, 30 the limt order of operation of the

means 12 of -defernj,ping 1 nshr i ony, fil t efds, fu, (#ef i pipg, shar each
frequency if 6§n§13%?e8? {ﬁgg’rggﬂg?fon igdel o the %'gnents 31 to 3N of
the reprodudM{én-unit 2. 35 The definition signal SL conveys the
paranmeters xn, the supplenentary signal RP, the paraneters H,,6 (f) and

Ni,m,, (f) and the optimzation signal OS, the paraneters WD, 03/073791
PCT/ FRO3/ 00667¢- JH-€1GRIY MepRF) ,“? H“IR}W?HP?E) tﬁ“ﬁfft?sz-Q,Ff? WL( T)

, R(f) amd BWhipntidhali nhygrd aeeameanscd Oasnpl eneridargnfutier sbepad® are 5
conventi onal %Xge neans_such as a_m croconputer or any other appropriate
means. Step 3076f ERPFBPACPSH BRE“Phe neans 9 which inplenent it will now
be described in greater detail. 10 Represented in figure 4 are the details

of the callBrapl gn MBANS, D1 eYo L O efedrlocQmOsidi of 1pPduhendl, a
nodul e 92 for térmning 1npul Se response and a nodul e 93 for determ ning
calibration parumeiensw bs Hescedbebr ani oneatans d8tadd -adapted to be
connect to a sound acquisition device 100 such as a m crophone or any

ot her suitable device, and to be connected in turn ,
Represented in figure 4 are the details of the

calibration means 9. They comprise a decomposition
module 91, a module %2 for determining impulse response
and a module 93 for determining 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 one 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 wu,(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 wu,{t) and
transmits signals ¢; .(t) representative of the wave
received to the decomposition module 91.
35
During a substep 36, the decomposition module 91
decomposes the signals picked up by the acguisition
device 100 into a finite number of Fourier-Bessel



one by one to each elenent 3n of the reproduction unit 20 2 so as to tap
information off fromthis elenment. Represented in figure 5 are the details
of a node of enbodi ment of the calibration step 30 inplenmented by the
ealibration neans 9 and _nmaking it possible to 25 neasure,chat ristics
of the repro¥QPP4R73d°% 2. During a substep 32, the CE?F6F§S?2ﬁB§82ns 9
emt a specific signal un(t) such as_agpseudo-random sequence M.S
(Maxi mum Lengt h Sequence) destined for an elenent 30 3n. The acquisition
device 100 reegirfesdictiisl g A t)substep 34, the sound wave enmitted by the
element 3n in response to the receipt of the signal un(t) and transmts
signals cl1,,, (t) representative of the wave received to the deconposition
nodul e 91. 3Boburi agampiabst eph&6, ddwei cecorasi t Hedivedsl e Ptesderenposes

t he signals picked up by t acgyi siti o evij . nt finit unmber
of Fourier-ngggFmﬁ%IBQYd%ggbla%%TfEﬁﬁgﬁﬁﬁgO%hfgﬁﬁgg%%gf?ﬁ?ﬁeﬁ?g gPe,n(t).
For exand e, ceheedeVd cef10headetépeodupt eegunaiti.nf br nhiien g3, ahbie

vel ocity inf I; t ent.er of ’ i upik. In
this case, tﬁé’@tgégpfe?%%)en?%'”tég?o?ﬁ P%“ﬁé (rt;; re&{o??%s?g(ni?gi \%ref o?htEhe
acoustic fi eRgonssigeduicdd f 2% Shdusiegnaizoreotbet Figsales-ag o) tacksr ding
to the foll OM,thr)e'a,%t:b%%&;??o%h)e folllg%%t rel@tiond:) =Pc 4;r Cl1,4t)

with C0,0(t) =p(t) with gl = -PC 4z C1,0(t) qgqt, 1(t) =-Pc 4 C,, 1(t)
V 71 10 with
q”“’(t):?zl?;?cﬂﬂ(") with  Gol0)=p(®)
G2 =PC\/Z3; a-()  with a_(D=w()
Gl =-peyj-adt)  with  Gd)=vd)

a0)=-pe) i) win 6=

10
In these equations, wx{t), w(t) and vz(t) designate the
components of the velocity vector v(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 qu.(t) and the signal
emitted u,(t).

25 The impulse response delivered by the response
determination module %2 ig addressed to the parameters

determination module 93.

During a substep 32, the module 93 deduces information

30 on elements of the reproduction unit.




C,-ldt) = VY(t) CL,0(t) = vz(t) with C.,,(t) = v (t) In these equations,
vv(t) , vy(t) and vz (t) designate the conponents of the velocity vector
v(t) in the orthonornmal reference frame considered and p designhates the

density of th Lr,. en these coefficients are def] t dul e
91, they ar Q%aaafggi‘ga\ftho the response determ nation h’gﬁng&égss% Duri ng
a substep 38, the response determ natiopznodule 92 determ nes the inpul se
responses hpl,,,(t) which link the Fourier-Bessel coefficients Q,,, (t)

and the signal emtted u, (t) . 25 The inpul se response delivered by the
response determnation nodule 92 is gggd toth araneters

t addre
det er ni nat i on“nodut'& 93. eﬁgﬁiﬁ&egtsubs‘g%%c Sdhe nddiTl e 9B2HRHGERES
i nformati on da@eemiekedent smotiufllke ©Epr ddtietrmdnesni theWOdAZ@TBEIL 1y

PCT/ FRO3/ 006 I n.the L ment SGri be ar, t
determ nati o%értrééﬁfle% dee %B%nlq%gg”t ﬁggdicts eané(:]leenéré'lLe Eet%glne%%é 1(;??le}?nant 3n
and the centef 3bd trespensrel Bob, odft)i g eshorbe Measvrementd @f the

measurement of ,LNe 5 dd T8y aker Ly ke @(9”?90}59 REEPEGRE fHOM 1 bReRt eMENT
3,, to the acquisition device 100, by virtue o? delay, estimatiqn

€ 1U ) Y.
procedures withtPeddt’l BEMRELLAEPOrRE1¢H0108 (1YY 18irRueheenBBdf¥ent
described, theragdeishti gpddeeslOGids allgdd unanbtgaouskypensede the
orientation of a,6 source in space. Thus, trigononetric relations between
the 3 respon&®s. i 1 (t) , hpl, o (t) and hpl, 1 (t) involving 15 the
coordi natees O and O, are apparent for each instant t.

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 hp) .. (t), hpio(t) and bp . (t) involving

15 the coordinates 6,, and ¢, are apparent for each instant
t.

The module 93 determines the wvalues hp;, .., hp:, o and
hp, 1 corresponding to the values taken by the responses
20 hp; .1 (t), hp; o(t) and hp:,;(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 &, and
25 ¢n with the hElp of the wvalues hp]_‘ml, hp]”o and hle by

means of the following trigonometric relations:

hpi_+hpi,
- for hp1p>0 : f»=arctan \/ |]:lp10|
\/hpﬁ_l—l—hpﬁl
- for hpio<0 : On=r —arctan pa]
- for Apii>0: @n=—arctan [%}

- for hp,;<0: ¢n=r —arctan (@]
hp1.




The modul @ 93 deternines the values hpl, -1, hpl, o and hpl,]|
corresponding to the values taken by the responses 20 hpl, 1 (t) , hpl,o
(L) and hpl,% (t) at an arbitrarily chosen instant t such as for exanple
#he instant faor ILch po,o(t) attains its maxi num %gﬁ&yﬁ$

nodul e 93 esWPnﬁ?gggégnglnates 8n and 25 On with thgi!"I p o }é e values
hpl, 1 i hpl, o and hpl,1 by neans ofz2the following trigononetric

relations: for hpj,o >0 : - for hplo<O - for hpl,1 >0: -- for hp,,, <
0 : =arctan jhpi 2i +hp?i lhpl,o |l jhpl _,+. .h1l- 1ni = ,pr -are-tan B n n
=t narc a 7-arc 1 hp 1 V Q73791
PCT/FRO3/006§Eese2§e£?ﬁé888r3pgfloﬁééagé}PBYﬁggfg ﬁf 55 gg%g%ular cases:
T
- for hpip=0 and Ap;;#0 : g, =E
- for hp;1=0 and Ap;.1=0 and hp1p=0: 6, and ¢ are undefined
T
- for hp;1=0 and Ap;.#0 and hpip=0 : 8, =5
. Fia
- for hp;1=0 and Ap,1#0 and hp1o20 ¢u ="—Slgne(hp1,—l)5

s Advantageously, the coordinates 6,, and ¢, are estimated
over several instants. The final determination of the
coordinates @,, and ¢ 1is obtained by means of

techniques of averaging between the various estimates.

i0 As a variant, the coordinates #,, and ¢, are estimated
with the help of other responses from among the
available hp; p(t) or are estimated in the frequency

domain with the help of the responses hpi n{f).

15 Thus defined, the parameters r,, &, and ¢, are
transmitted to the decoder 1 by the definition signal
SL.

In the embodiment described, the module 83 also
20 delivers the transfer function H,{f) of each element 3.,
with the help of the responses hpi:,.(t) arising from the

regsponse determination module 92.

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

conventional smoothing windows, such as for example




- fore hpl «0=0 and hpl,1;-0 B - for hpl,1 =0 and hp,,_] =0 and hpl,0=0 : B"
and*, are undefined - for hpi,l=0 and hpl, 1#0 and hpi,0=0 : Bn =2 2 - f
or hpi,1=0 and hpi, _1; 60 and hpl, o#0 signe(hp,, 7C 5 Advant ageously, the

eoordinates 0,,, and cn are estimated over several instants.. The final
det er mi nat i oW P3¢Rd378dor di nates 8,,, and is obtai ned®6}/FREALOGEO7
techni ques of averagi ng between the varihgus estimtes. 10 As a variant, the

coordinates Br" and On are estimated wth the help of other responses from

among the avakckabb®1RRZ, HarflihaQr HANR i@Sf,| FRE Gk Kae f requency domain
with the help of the responses hpl,,n(f).” 15 Thus defined, the paraneters

r.,, 8,,, and 4n are transmtted to the decoder 1 by the definition signal

SL. In the embedi pRpimeesesi bdf) t thuwddke€i93dal s0e 2@ adeiniverei t he
transfer funcgtion H ,(f) .of each elenent 3,.,., wth the_help of the
responses hp%??ngFFfd%F?gi%a'?ﬁgnﬁPﬁgaepggﬁgﬁgésdgpgrnﬁ%ﬁtion nodul e 92. A
sol ution ®Tonsists in constructing the response 25 hp' o, o (t)

correspondi ng,t 0 LNe SEhEshiAMOf Abe-Papkaol Lhe ' GRRONSe Mpg: OGLLonhi ch
conprises a non zero signal  stripped of it§ reflections introduced by the
|istening rdgilémess Tiee f sRgLiéAcyerpepahsEasqdlss sideddded By SEBOri er

transform frafLthgcresponse hme, dr-Rhevius! ¥ind@ wpndoweducZhe window
may be chosen fromthe” conventional snoothi ng wi ndows, such as for _exanpl e

4 \WD 03/ 07379PPPEENERES/PUED729] 29 1eRk t ARfulart S"RaHA NG L YERRFRY, ©4nd
Bl ackman.g Thenpar aptiess Hddporiduis defiined awethr afiseni tHedd t @f t bRedecoder

1 by th I t [ L RP.. 5 in th ' d L bed d
93 41 50 de| PSBPC ERE St G d T beponbe NS M(TISH Bach? e T ©
following manner:

Ni,mnlt) = rn hpi,m (E+rn/cC)

15 The spatic-temporal response 1#,ma{t) contains a large
amount of information characterizing the element 3,, in
particular its position and its frequency resgponse. 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 regiocon 4.

The module 93 applies a time windowing to the response
M.mnl(t) to adjust the duration for which the room

25 effect 1is taken into account. The spatio-temporal
response expressed in the frequency domain Ni mn(f)} is
obtained by Fourier transform of the response n,ma{t).
The spatio-temporal response Ni,no{f) is then frequency-
windowed so as to adjust the frequency band over which

30 the room effect is taken into account. The module 853
then delivers the parameters Nj n.{(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 35 of the reproduction unit 2.

As a variant, the calibration means 9 are adapted to




el emenit 3m of the reproduction unit 2, deduced by applying a gain
adjustnent and a tenporal alignnent of 10 the inpul se responses hpl,,, (t)
with the help of the measur enent of the distance rn of the elenment 3n in
~he follow

771 L) = hpl t+rn/
spati o- tenpo %333& |71,,§,? (t;ncoﬁtarhg arrarg)Péiﬁ%gﬁ?/896°7

i nformation character|2|ng the elenment 38, -in particular its position and
its frequency response. It is also representative of the directivity of

the el ement r3cedfvel t@tks@f eagpeandopf 1tdfe>rrm@moelff@@ft£9nmgulﬁd ngh‘ér om t he
radi ation of the ele Int i.steni |on 4. The_no uI

applies a tifre“WeRdow ngFPS &R gfboﬁggslf l%ﬂLé§ tHET JGH ?lon for

whi ch the roam 25hef f €éotmi sofaken fmhmtaccnumberThefspE@uU1EEﬁﬁesab1

response expry e f n - (f) ai g y
Fourier trans o?%ggﬁgphg ré&gon e g%%tl%%teﬁ%%raaéégﬁéﬁée Nggn?n(f) i's

then freduenpyoduicedowyd tbe &éem@nédﬁus%nthbefléﬁﬁ%ﬂtygbﬁﬁﬁl@Veﬁ -whi ch 30
the roomeffect is taken into account. The nodul e 93 then delivers the
paranmeters Ni,,,, t hus shaped which are provided to_the decoder 1 by
the suppl emeftghy C@?éﬁb$l$¥ts35méﬂb§PepEa§?l?%1%§ &% Fedddtd®S oP¥al | the

el ements 31 pk@ndNgf édahéﬂﬂawgﬂﬁﬂléﬂhdﬂﬂiméﬂeﬁ%hﬁtnguaa@éoméhelcal
calibration neans 9 are aqﬁghigﬁﬁo \WO 03/ 073791 PCT/ FRO3/ 00607 -

recei ve ot hefedggdd9% P4 n RRpERt diSATS tD FRe el Ehe ?tgﬁmlﬁgr
exanpl e,1d hi shienf pogation |sfintheduiadgelnsbhECésrnlnﬁuaeﬂ|nbye nhﬁber of

Fouri er - Bessel f.ficients prese ive of th cqQus
produced by FﬁglgfgﬁgﬁF Hs { t%%zﬁégﬁﬁ%oﬁeo%oﬁh (%%éﬁlcoe FlClents may

in partlculatobehdegkwmﬁedybpf ﬁb&nél@te@a@QSﬁﬁgl§ﬂnﬁlatlon i npl enenting a
geonetrical nodeling of the listening region 4 so as to determ ne

The means of acoustic simulation receive as input the
15 signal u,(t) emitted by the module 92 and delivered,
with the aid of the signal c¢i,n(t), the Fourier-Bessel
coefficients determined by superposition of the
acoustic field emitted by the element 3, and of the
acoustic fields emitted by the image sources when the
20 element 3, receives the signal u,(t). In this case the
decomposition module 91 performs only a transmission of

the signal c;,n(t) to the module 92.

As a variant, the calibration means 9 comprise other
25 means of acquisition of information pertaining to the
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 1s carried out for each frequency f of

operation.




10 the position of the inmage sources induced by the reflections due to the
position of the elenent 3r, and to the geonetry of the listening region 4.
The neans of acoustic sinulation receive as input the 15 signal un(t)
emtted byt and delivered, with the aid of _t

cl,,,(t), gq%Fgg’r}bgs'?%éssel coefficients determ ned B§ 256@?%@36{’. Ton of

t he acoustlc field emtted by the el enegt _3r, and of the acoustic fields
emtted by the i nage sources when the 20 el ement 3n receives the si gnal
un(t). In thimecasmbbhemeﬁe@ormentﬂb@drmmtl{mﬁel pﬂ{é omm@@gea for
transm ssion of t na e nodu var i t he
calibration FESNs %F%r?ﬁr%r éé helrts( 2 Olﬁ%ﬁﬁg Pozfd‘&d'loﬁ t‘il%%cﬁb?ﬂf g)lymatl on
pert ai ni ng t ¢heheaataameregiss 31t 003N, ¢.sack/as Icafsext@aspdtp)osttamporal
measuring ne igngy i %[ﬁ%p am form ng

t echni ques o?ré%r?yﬁo%hgre%r%?%gflb&ge %%fa“%ef HéPg i npl enenting the
calibrati®dn step 30 consist for exanple of an electronic card or of a

conput er progrAN,or £ 0f 5 8NYembH@I m@PP! OR{d A8 WIRANS, 1 tHe 48kl Of chhe
par anet ers SI nul ation step 40 and 35 the nmeans 8 which inplenent it will

now be descr fBE¥*STRirs té}%;?%@”&%eﬁsed\’l&ﬂh fdre daght keeqtiehey - f Pyt an
operation. Wope2&a@6279brPChyFREHQNE - fandhe gobodnarBlsedeschirbed
require the knowt?L g%ﬁ for each elenent 3,, of its conplete position
descri bed by®{He®55Fameters r,, O, 0.1 and/or of its spatio-tenporal
responsel@escri bed by the pararret ers NI rm(f) 51n a first enbodi nent,

descri bed w ef gren yre mefers_whi her

i nput, by antslaegergtor%%lgtlby ex ernal rreans n% if %%dagtg%ﬁlﬂgn%

10 Step 40 begrameferis amsgbingp Afonf @e&erawgna:ﬂge RP, SL and OS
received.

15 During a substep 42, the parameter H.(f} representative
of the response of the elements of the reproduction
unit 2 takes the default value 1.

During a substep 43, the parameter G,{f) representative
20 of the templates of the elements of the repreoduction
unit 2 1is 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,
Ga{f) takes the default wvalue 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
Gn(f) is non zerc for this frequency. The list {n*}(f)
comprises Nf elements and it 1is transmitted to the
decoder 1 by the optimization signal O0S. 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.




paranmetersam ssing fromthe signals RP, SL and OS received. 15 During a
substep 42, the paraneter HH(f) representative of the response of the

el enents of the reproduction wunit 2 takes the default value 1. During a
substep 43, the paraneter G (f) representative 20 of the tenplates of the
el ements of e %3 ’3dddtion unit 2 is deternined by tRFELEBOI/RGEST t he
parameter Hn(f) in the case where the Latter is neasured, defined by the
user, or provided by external neans, otherwise, G, (f) takes the default
value 1. 25 Step 40 then conprises a substep 44 of determ ning the active
el ements at the .frequency f considered. During this _substep, a list {n*)
(f) of el emem$iFE theSU t?%p?édu&ﬂeorpatﬁﬂ“ﬂ‘*t%tl‘gfb yepreseatatpye
frequency f iof déleerarideed off hgseral Rifeds bied Ngod e efvhodetefphahg

G,(f) i . for_this f _The List (n*). (f | ses (N
(1) 1s nor‘l‘h%eirfs)ﬂtt?e;rnssn‘%’lftg ee?lcj)ce’fnlgleemﬂegﬁﬁlgﬁeﬁégy)ft’éleg%p‘figggflgltsl%%ﬂ si gnal

el ements and it
CS. It isbusea the3dcddbwdingt menparanet ers corresponding to the active

elemenis al each LHeAUGHEN1 L IBANInEARLSCL Oba1RATANR! CLR, THARALApEL S S

of index n* correspond the nth active el enen h equency
03/ 073791 PC®#rBRE3/ G607 fored DUpY ngaa pabst epid5,elidrecpas anefer thef)

represent ati yanr8hukRe ofr deli O ORRIAd W of {heghpale for rgggﬁggbni ng

the filters at the current frequency f, Is determned 5 i1nt [ owi ng
manner: - th&YStnAtatPaneif8aR4e8 calcul ate the smallest angle an,i" formed
by a pairpo of elenents of the reproduction unit by neans of a trigononetric

RO0B(51 0, 11+ 1 nOtbiooSt LN Bintly- SBisbhEdossnd et COfmoOSRiank an] *, n2+)
Apmin = AN @ % 2%
among the set of pairs (nl*, n2*%}) such that
nil* & n2*;
15 - the simulation means 9 determine the maximum order
L(f) which is the largest integer obeying the relation
L{f) < #/anin.

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

the spherical radiation model ag 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 is determined in the
following manner:

30 - if the parameter W(r,f) representative of the
spatial window 1in the spherical reference frame is
provided or input, W;{f) is deduced from its wvalue by

applying the expression:
W, (H=16 z* _[‘ W(r, f) jikr)radr

35 - and 1f the parameter R(f), which represents a

radius when the spatial window is a ball of radius



anong' t he :set of pairs (nl*, n2*) such that nl* # n2*; 15 - the sinulation
nmeans 9 determ ne the maxi mumorder L(f) which is the |largest integer
obeying the relation L(f) < 7r/amn. During a substep 46, the paraneter
RM f) defini rad| ation nodel for the elements cgnstituting the
reproducti on%g’nlogloé det er mi ned aut omati cal | y taking FF\‘Z Bﬁélpjioégg

radi ati on nodel as default. During a subgtep 47, the paraneter W (f) which
25 describes the spatial w ndow representative of the distribution in space
of constrai nteg £of, rlecqsrﬁ@waéaoa ekteheaacousirs érehﬂpue t ve (Fpr msof

wei ght i ng of , Fouri.er.-Bessel c ents is determned in the follow ng
manner : - deAucrd 55r°§hé‘t “\7@1’“‘ E5Pdgemcatiffe TPHGFE T Wat i al  wi ndow

in the spherl [ € pr, o, or ut, ed
e ol LS A AT SR 308 ARG T )
(kr)r2dr 35 - and if the paraneter R(f), which represents a radius

the spatial wichdewiise,a wdlf) adfs raedwsed\X H3M0TIEI] RGT/4FWB/ DOH0Zhe- 28
R(f) , |s pr&yﬁb %g % ext er nal rreans or input, W (f) is deduced fromits
val ue by app ng ne eéxpr essi on: (fI—8rr 2R3(/) 12(kR (f)). xjrZ 1(kR

(f)) - kR 2 I}ﬁ](f]&lS:ﬂ?R{ F{J(R))“H(kﬂik%jp@my &R ) MBI i sp o d from
L(f), by applying the 5 expression: W ) = 8; 72R (J?(kR) + ]r27yfkR) -1
" ji (kR Ir+ (kR)) with R=2rrf As a variant, if the spatial windowis
not specified, the sinulation neans 8 allocate the paraneter W(f) a
default val ue, foAsexanplveraddmm ng IheM refmt iofl simencidz\(rf)}a rohl uat ed

|0 L The paggmeter M(T) ha defgrmnad.d of nLhecvalyes Loh kacanging from O

rin ar anet er (1k,
arameter Wi {f) a default value, for example Hammlng

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

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

ranging from 0 to L(f).

During a substep 48, the parameter {{(Ix, m}}(f) is
deduced from the parameters L(f) and X,., in the

following manner:

Firstly, the means 9 calculate the coefficients
Gl,m,n*= o Qn* n*
! L}
where (Op«, @y+«) 15 the direction of the reproduction

element 3j..

Secondly, the means 9 calculate the coefficients

Thirdly, the means 8 calculate, with the aid of a
gsupplementary parameter €, the 1list of parameters
{{1x, m)} (£), referred to as C and which is initially
empty. For each value of the order 1, starting at 0,
the means 8 carry out the following substeps:

- gsearch for G; = max(Gi m ;

- determination of the list ; of coefficients (1,m)




deduced fromthe paraneters L(f) and 5, in the follow ng manner: 20 25
Firstly, the nmeans 9 calculate the coefficients d,mn*=y! ( On*, On*)
ysmeredl(Bn ,hCh*} is the direction of the reproduction elenment 3n.

econdly, the neans 9 cal culate the coefficients fN d, ne

Thirdly, theWReR3<083¢4cul ate, with the aid of a su ¢'B{1Fe%5%(9°ggi7arreter
c, the list of parameters ((ik, ink)_.)gf)_, referred to as C and which is
initially 30 enpty. For each value of the order 1, starting at 0, the

means 8 carry,eut ttma?c f@] |, OWi A9 aBYbILRRS ‘et waad ¢, f0r(id aBaxn@Gam | -
det erm nati on  of the list Cl of coefficients (1, WO 03/073791

PCT/ FRO3/ 0066#1 9BY9 such that G,,, (in dB) lies between G -s (in dB)
and d (in dB) . If the sumof the nunber of terns in C and of the 5

nunber of ter in ClLis e r u to the rrbe o] ctive

repr oduct i onTél erfitnt S 8ﬁe%—’fer eﬂﬂ%ﬁ% Oefq ﬁsrfnfsstllb I"s %%érp:g;ft tné

ot heLvm' S&s Chumberadﬂedtémﬁ andCﬁhQSS@:ecatta‘mrtldﬂnl orr esalt et f bhel+1. 10

In the case vvhe t he, el n * ot nt e and
ThEr hgv( &JEE 'r?%tﬁgyﬁ %e nel %rﬁ 1 R zontal phae

where the 1i&t er |1 nput, nor provided, the
si mul ation néaegu@ncyerforbha 3iimpl iGied FEOOASSENg OABIPHES i s€10kS

Coeff'C'entsaﬁd%aktoN%9ahd(%het%%%§cﬁh%o&0tﬂ‘1s(rés@art9d)for(l+1 1), (1,
1, (2, -2) L1, , (LI } where L1 is chosen so that

the nunber of elenents in this list is less than the nunber Nf of elenents
3,t 10 In the case where the elements 3;. to 3y are 1in a

horizontal plane and where the list of the { (1x, mg) } (E)
is neither input, nor provided, the simulation means 8

perform a simplified processing:

15 The list of coefficients {(lx, m)}(f) takes the form:
{(0,0),(1,-1),(1,1),(2,-2),42,2)wlly, ~ L), (L, In) }
where L; is chosen so that the number of elements in
this list is less than the number Nf of elements 3,
active at the frequency f£. The wvalue taken by L; may be
20 the integer part of (Nge-1)/2, but it is preferable to

take a smaller wvalue for L,.

During a substep 49, the parameter wu{(f), which
represents at the current frequency f the desired local
25 capacity of adaptation, varying between 0 and 1, 1is
determined automatically, taking the default wvalue 0.7

for example.

Thus, the simulation means 9 make it possible, during
30 step 40, to supplement the signals SL, RP and OS 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.



active at-the frequency f. The value taken by L1 nmay be 20 the integer part
of \(Nf-1)/2, but it is preferable to take a smaller value for L1. During a
substep 49, the paranmeter ,(f), which represents at the current frequency

f the desired | ocal 25 capacity of adaptation, varyin 1, is
determ ned aHPbﬁ&?P@éVPﬁ, taking the default val ue o.gpgfgfﬁggéﬁﬁﬁg? Thus,
the sinmulation neans 9 nake it possibleggduring 30 step 40, to suppl enent
the signals SL, RP and OGS in such a way as to deliver to the neans 12 for

determ ni ng reeongtimuaticadf i Idtes tde seinHist pay anet ersheecessar yff or
their inplementation. 35 As function of th ar ters Lnput _or .neasured,
some of thesgiﬁﬁﬁﬁﬁiéﬂ'§ﬁbs€%pslﬁe§8PF8§8da&EBh5ﬁH§ae??egrggﬁ?pc

03/ 073791 PCEchBEQ3e0@EQ7 As 30vaFhensimdath osulbsepr 4@scorsisigedgoot t he
set of substeps 41.to_49, S_r . for t he.frequenci psi der ed.
As a variantfogécﬁagubgﬁgp ?Eegggggéggougefgg% a@?l%ﬁe P?eq&g%cigg Eefore

going to T hesmbettep5 substep. In another enbodinent, all the paraneters

i nvolved 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 cinafdied nemhedimemie, aéXinghél HEASERTS HEfP LR nayef

consi dered. The Sig@dl ald OBhEE MRS APL enRRt | tgeiSt 2D 4heti ecbapriskanpl e
conputer prograns or electronic cards dedicated 15 t such$an %ﬁpkbcation
or any ot her CEpYr opPPat BHRER . 4dt ePL50TBFEHELRT nitihg VEEEIAS I uct 'on

filters apd thenareans., 1Zphireh dopiedretite | $ubétdp now & desermbeadngn
greater detaih; 20 Represented in figure 7 are det er m ni ng
reconst ructi GAS ATES WHEEIT™ gnﬁfigﬁea%ﬁﬁﬁmggc 2%}%%%%§&E§é§_
The simulation means 8 implementing step 40 are for
example computer programs or electronic cards dedicated

15 to such an application or any other appropriate means.

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 0S5 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.



determ ning transfer matrices with the help of the paraneters of the
signals SL, RP and OS as well as the 25 neans 84 for determning a
decoding matrix D*. The nmeans 12 al so conprise a nodule 86 for storing the
response of the reconstruction filters and a nodule 88 _for [ rizing
reconstruct i BA P3/PE3%9130 Represented in figure 8 ar epcf?&%'gféﬁ%&%f st ep
50 for determ ning reconstruction filters. Step 50 is repeated for each
frequency of operation and 35 conprises a plurality of substeps for

det ermi ni ng gRLHI §6SokCREREeRiRlinGe 1@icddie rpataret eS| wefd neshp Pt Svd ousl y.
WO 03/ 073791 PCT/ FRO3/ 00607 - 31 “Step. 50 of determ ni reconstruction
filters conpfi $89StEPsdst 85 FLGHHIHE%i Ai H@t&'lﬁatgi %%\}Nf%?l TYM i ng

t he acousti crfikela@otsth ¢t hei bek pwatht hehesi Beaps di( fiheard gkl )L (5 Wis a
di agonal matrix of size (L(f)+1)2 containing the weighting coefficients
WL (f) and in® 'E(h(éa‘ch coefficient W(f) is found 21+1 tines in
successiagn on the diagonal. The matrix Wtherefore has the following 10
form VO (1),0.8 W LW sl lo 40,0 W (e () Liketi sl b0
conpri ses a subSteép 0 etermning a matrix Mrepresentative of the
radi ati on of wehghtsngeprahiciiorenmst Wt B) t hamsdl p isf t WBiphr andieh s

NL, mn(f) ., BMEErieiERE(W) () XRs fRhd-(S2+1 times in succession on
the diagonal. The matrix W therefore has the following

10 form:

A 0 0
0o W(p - ;
: W
Somo s
w.() :
0
| 0 0 W]

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
Nimn(£f), RM(£), Hps(f), Xm, and L(f).

M iz a matrix of size (L(Ff)+1)2 by N, consisting of
elements M g, a-. the indices 1,m designating row
50 12 + 1 + m and n* designating column n. The matrix M

therefore has the following form:



Mis a matrix of size (L (f) +1) 2 by Nf, consisting of elenents M,rn,n.
the indices 1, mdesignating row 20 12 + 1 + mand n* designating colum n.
The matrix M therefore has the following form WD 03/073791 PCT/ FR0O3/ 00607

5 10 15202 ,0,1k MD,0,2 . ...... All, 1,1 * ML, 1 2* ....
ML10, 1* 5’1??%2/.97.3.7.. M1 1% ML.1 2% ...... M L, - LPET FR°3|_/1°235°.7... M.
01*|\/L02*MLL1*MLL2* ...... _MﬁQNf*Nn -IL,,Nf M1, ONf
M'L'N* J The elenents M, _m nare obtained as a function of the radiation
nmodel RMf): - if RMT) de1| wa.e.rgdiation nodel n v M, m*=yl
(an*, On*)JJIn*( J if RMf) Jlelpf?r%é aﬂ/’sa‘b?rérlcal j\?\gﬁ/@af"vad ation nodel M. m
n*-yl m , Bn*, O *)Hn*(L1 f MY (rodd] ) .if--RMAY) defines a nodel using the
measurenents perforned of eﬁuz]spatlo t enpor al tleé‘évdnses, with recourse to

the plane wave nodel for t 1crrﬁ~aS'UTeer11t§N then M, mn* = N, mn*
(f) for the indices 1, mnf providegd and the c rent

1] I* 1.1,2%
LLN*

The elements M; n .+ are obtained as a function of the
radiation model RM(F):

5 - 1f RM(f) defines a plane wave radiation model
Mi,m,n*zy!m(en*s¢n*)Hn‘(f)
- 1if RM(f) defines a spherical wave radiation model

Ml,m,n*zyim( 9n*5¢n*)Hn*(f)§l (rn*af)

- 1f 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 My gmn = Ninn+(f) for the

indices 1l,m,n* provided and the current

frequency f. The remainder of the M; .+ 1S

15 determined according to the relation:
M!,m,n*zyim(en*:¢n*)Hn"(f)

- 1f 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; pns = Nigmnp+(f) for
the indices 1,m,n* provided and the current
frequency f. The zremainder of the M;nn+ is

determined according to the relation:

Ml,m,n*zyim( 9n*5¢n*)Hn*(f)§l (rn“v.f)

25

In these expressions {;(ry- f) 1is defined by the




frequency'f. The remainder of the M, mn* is determned according to the
rel'ation:. ML mn*-yd . n*~ rz*)Hn*V 1 - if RMf) defines a nodel using the
nmeasurenents perforned of the spatio-tenporal responses, with recourse to
t he spherica for the mssing neasurenents = for
t he indices kf)\r,:?ﬁ?og?gg#‘ded and the current frequencyp?%yﬁﬁ%%%%?%der of
the M, mn* is determned according to3zgthe relation: M,,n,n*-yl '. Bn*~
n*~Hn*V 1 1 Lrn*~~ In these expressions 41 (rn*,f) is defined by the WO
03/ 073791 PCEkPRABE5DOAO7 - 33 expression: (( _ (1+ k)! J 27rr,,. f )-k
l1rn*> k-p 2k k! \1-k)! C The matri x M thus fined i s\representative of
the 5 radiation of the r?p;ﬁi_u i on{Arhk)! 1 h pd@red ar, Mis
representative of the s Izg *af /c fQ@k"!éli—Ql)I f the reproduction unit. Wen
the nethod uses the coefficientd N, mn(f), the 10 matrix Mis
representative of the spatio-tenporal responses of the elenents 31 to 3N
and thereforg, in articylar.of the_.roomeffect induc theli ni ng
regi on 4. 15%§Fe6“§tbm§f sg} c5MpFi s Eféngglbsltsepr i e%e'%(nleni %5 aéﬁ%atri x F
represent®mt i vadobtibe B6uther rBggeluc tiwme tindts, Iperdacticwbonst¥ utsi on of
whi ch i s demande .S trix Lg.de 1 ned wiih. ofsth

par anet er L(Ff?rg‘g’erv%ﬂﬁggat hg pgggm%géglggo %E?EQQ?%PFE% ngfnaﬁlr]]%r. {
(1k, nk) } (ftepwodhcthenhehptof the list { (Ik,nk) } (f) , calling K the
nunber of elenments (1k,nk) of the list { (1k,nk) } (f) , the matrix F
constructed is of size K hy C§<L(f)+1)2. Each 25 row k of the rBatrix F
contains a 1WPANcoFRem Machak Ufes’ the coefficients Npma(L), the

10 matrix M is representative of the spatio-temporal

responses of the elements 3; to 3y and therefore in
particular of the room effect induced by the listening

region 4.

15 Step 50 also comprises a substep 53 of determining a
matrix F representative of the Fourier-Bessel
functions, perfect reconstruction of which is demanded.
This matrix is determined with the help of the
parameter L{f), as well as the parameters { (I, m) }(f)

20 in the following manner.

With the help of the list {(li,m)}(f), calling K the
number of elements (I.,m;) of the list {(1x,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} +7, +m,,
and 0s elsewhere. For example, for a configuration of

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

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

reproduces only the Fourier-Bessel functions enumerated

by the parameters { {1y, m)}{(£), the others being




and @ el sewhere. For exanple, for a configuration of the reproduction
uni't of so-called "5.1" type, whose Ilist ( (1k,nk) ) (f) can take the form
(0, 0) (1, -1) , (1,1)}, the matrix F may be witten: r1 o 0o 000 0 01

{

30 F= 0 1 0 0010000 Wen the parane t he
decoder gﬁ?&%ﬁ%i%?ﬁ%)/the Fouri er - Bessel functionéggﬁgﬁgﬁépggégby t he
paraneters { (1k, nk) (f) . the others3heing WO 03/073791 PCT/ FR03/ 00607 -
34 ignored. Wen u(f) is set to 1, the decoder reproduces perfectly the

Fouri er - Bessalgnfoli@crzil i mxdep(@nﬁigdséy o 1K, niid (c]fclécd%lérr eppeddcess

nor eover partla r ot her Fourie unct.i ons _a

avai | abl e upP&Tt (?yé"lrié’er tgf"f ) FLF 1t %ﬁ%%gl Bs" Ornégcoﬁlgtgﬁ?&ag%%? éi”d i's
cl oser to that(ideser} bed hsti lrrpptrodiﬁlcnes pmmacader rmscansd Y e t nomeabliews t he
decoder 1 t 0 RGCUMM u [

irregular in gl%el r og%% aae%'%ﬁrf%l [ on O%rgit%géssésl t%gggby ?ﬁgrrent ed
by the nodul 6082 wstar bl fexseutbadtsadwdatlilyl |fheorraionstaneoed| ﬁle$ﬁep 50

of deterninipg rewaé&»r%l Uhafti | heksribaqt hek eafdfre comrllssega@t%@step 54
of taking into account the set of paraneters determ ned previousl

i mpl enent ed B‘?CPF?é"t%’d’tﬁ'—Il@nMa%éO&@ t 5hgel PEEPAGY décoH?ngaﬁﬁPF‘W?dBte

representatiye %du&lb@pcat&{f&tgﬂﬁmortsltmﬁ a2@ 2%rihisry@dtilxrDini s
del i vered W|t the helugﬁof t he trices F, Wand of the paraneter u(f)

accordi ng t ot*PFAE £RY GLELproLSiEoR--
10

Substeps 51 to 53 implemented by the module 82 can be

executed seguentially or simultaneously.

Step 50 of determining reconstruction filters
15 thereafter comprises a substep 54 of taking into
account the set of parameters determined previously,
implemented by the module 84 so as to deliver a

decoding matrix D* representative of the reconstruction

filters.
20
This matrix D* is delivered with the help o©f the
matrices M, F, W and of the parameter u(f) according to
the following expression:
D*¥* = yAMW+AMF (FMAM F)' F(Tp.2 - uMAM W
25 with & = ((1-x) Iy + uM WM}

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:

D*I,O,O D*1,1,—1 D*l,l,o D*1,1,1 '“D*l,L,—L D*I,L,O D*I,L,L
sk
D*z,o,o D*z 1,-1 D*Z,I,O D*Z,l,l"'D g,L,—L"‘D*g,L,o"'D*;,L,L

l)* l)* . 1)* l)* D . .“l)*. ”.l)*.

N0 N1 NLLOTT N ] Ny L-L N, L0 NpLL |

The matrix D* is therefore representative of the




Dk =-f1 AMI W+ AMI FT (F MA M FT) -1 F (I(L,1)2 - ~I' MAM W wth
A=( (1-p) IN+ p MIT WM -1 where MI designhates the matrix which is the
conjugate transpose of M The elenents D'n,1, mof the matrix D* are

©organi zed in__30_t |l owi ng manner: 1200 [)*21-1 *2 . LL..
)*2,LO 2LL Dw%gédgg&%?’-ll L. Nf, 1, 0D* Npll...LNfL-L~.. égﬁ%&}f)"f’%}?ﬁ The
matrix D* is therefore representative_ogsthe WO 03/073791 PCT/ FRO3/ 00607 -

35 configuration of the reproduction unit, of the acoustic
characteri st b@slfagaaaitabad Off tthhet h&e;ﬁ*cﬁi’ﬁ&fﬁﬁbrﬁhﬂﬂ: 3NbE atfifle Ohcbhietic

optim zation rat ies., . n t he case.whe hod es, th
coefficients %ﬂ %rf‘fs}:l,cst HEEHRITT X cIi_’)*wlléigl esgétem [ 6’% ;S:‘}n1 pgrtl €ul ar
of the room ahﬂeotf thduoedimy zbhe oh stemicegiregi on 4. Subsequently, during
a substep 55, the nodule 86 for 10 storing the response of the
reconstruction filters at the current frequency f supplenents for the
frequencysf Inhethet rdase)( Whewepr bbentmetlved ofusetfe Fhequere§tiréspbhise of

the reconstr wgt | oyt | | 184 Sma B¥ i k epe wsng_»eﬁﬂe%émtaraleylIaspaaey&ulabe
el ements of thé fatrix D* 15 are stored in the_matrix |nvert|ng

the method, ©de$bei BeaTpréErEtsiPonicer Paf éP@n&éSFSnle]@ur‘)@gGonf

determning the list {n*}(f). Mdire precisely, each elenent D*n, 1 m of the

t D* d t he el t of .t he Th
T ot RS0 TR o i B SR B B,
are fixed abtbﬁ'ﬁ.ﬂg Sich sessensé tdie thst réadhétyunmakes |ﬁ11pusrsﬂ bhe to
t ak t het t d ts 31
take account gL MELeLagens: W%gp A Slortdift o A0k SHOUHELL 9B Y opeN! o

L, rlx are or in the
fol |l owi ng mahher rmtrdl-}o(fP b1, 1 re]p(z(e(sfgr)tam;@ 0(@; DLhe 1( fryquenm r-L(f
). .. Dl’L’O(}%BponQé kbfvt%e reconstruction filters, by receiving

the matrix D* as input. The elements of the matrix D*
15 are stored in the matrix D(f), by inverting the method,
described previously with reference to figure 6, for
determining the 1list {n*}(f). More precisely, each
element D¥*, ; , of the matrix D* is stored in the element
Do 1.m(£f) of the matrix D(f). The elements of D(f) that
20 are not determined on completion of this substep are

fixed at zero.

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 Dy 1..(f) of the matrix D{f) are organized

in the following manner:

Dl,o,o(f) Dl,l,—l(f) Du,o(f) D1,1,1(f)"'D1,L,-L(f)' . Dl,L,o(f)' o Dl,L,L(f)
Dz,q,o(f) Dz,li—l(f) Dz,l_,o(f) DZ,I.,I(f)' . DZ,Li—[.(f)' “ D2,I;,O(f)' . Dz,l,_,f,(f)

DN,O,OU)DN,1,—1(f)DN,1,o(f)DN,1,1(f)‘ ' ‘DN,L,-L(f)' : 'DN,L,O(]‘)' ' '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




D20,6(J) b2,1i 1v/ D2,1,0WD2,1,1V I... D2,Lti LVI . D2 7 0OV 1. D2,L,LO
LDN, 0, OODN, 1, - 1V1DN, 1, 0V)DN, 1, 1O0-DN, L,-LO ...DN,L,0 }..DN,L,LO 30 The set
of substeps 51 to 55 is repeated for all the frequencies f considered and

4he results are n the storage nodule 86. On c | ef | hi s
pr ocessi ng, Wﬂe°§é87529ﬁ(f) representative of the WO d%?ﬁ&@%@?ﬁ06%05
PCT/ FRO3/ 00607 - frequency responsesgof the set of reconstruction

filters is addressed to the nodule 88 for paraneterizing reconstruction

filters. 5 DgrkfGeAcPUbSiceiprbed haof €CORSLT uet;r onoff i | t@¢sSnstruction
paraneterlza% ? nodul e 88 then provjde the naI F eprgsent élve of
the reconstrté Fﬁﬁsfllﬁérs eF@@QIVl § thé trf& %&% as i npuf. Each

el enent D, , phrahélepliztihg metonstbGbyrios dideewmsstruction filter 10 whi ch
is described in the signal FD by means of paranmeters which may take
various fornms. For exanple, the parameters of the signal FD that are
associ at & wPthisgch & i | gebsbep, | 58R(f)thay FekeONSIEUcHs ol | bk Bt Forns: a

f requency reﬁ??ﬁﬁ@te)@’ﬁ%@ﬁﬁr HRAATES @deth&hrg%wdége vyl uggrafl FD

D,,1,,,,( or certaln frequencies f inite inpulse response whose

paraneters 2@9§¥?§?ﬁfﬁflﬁﬁe d%ﬁchQFed-%%FQQﬁEF%%F%%%poF&ﬂtﬁdﬁr|erb
t ransf or m of rgcﬂzlﬁg(f);he Eaglt dispulpser)r esponsinglit . |, madk) ébemsanpl ed

and t hen truncated to ngth particular.to_ each se

coef fi ci ent sPofl. ™ ane“@ ydiiLe Irg}s)poh%e é’ﬁeﬁg ‘?r}elqu‘ I'%Je]r’ter

cal cul ated mmhhchhelhelaeetrﬁbed Enn,|théf)smgnhlcoEDenbyonméaadap®ét|on

procedures. Thus En conglgkl%g olaﬁgegaggphgefgeﬁ%s 12 for determning
PPEEFs 0°to th

reconstructlgﬁr? efrver nal he means 11 for
determ ning control signals. In th|s enbodi ment, this signal FD is

reDresentati?SrO%xample, the parameters of the signal FD that are
associated with each filter Dpi,n{f) may take the
15 following forms:
- a frequency  response, whose parameters are
directly the values of Dp i1,n{f) for certain frequencies
f:
- a finite impulse response, whoge  parameters
20 dn,1.m(t) are calculated by inverse temporal Fourier
transform of Dy i1,n(f). Each impulse response dp,i,x(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

Dni1,n(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




the follow ng paranmeters: spatial configuration of the elenments of the 35
reproduction unit; acoustic characteristics associated with the elenents
of the reproduction unit, in particular the frequency responses and the

sspat i o-t enpor, g@%ﬁ i WD 03/073791 PCT/ FRO3/ 00607 -
repr esent ativ@ %38 ng ot’her things, of the room effect gciTK}S?toéc(WVhe
listening region 4; - optimzation stratyegi-es, in particular the spatio-

tenporal functions upon which one inposes the 5 reconstruction, the
di stri buti on naprspaoeafiwonsdamanat sthérr etdnstsr, uetfi othef rbbe agausit

field and t gﬁﬁ; l.qcal, .capaci ty of adaptation to the spati al

I rregul ari tyh%* t ec{ ?%’nftﬁqgeurla Ei%geﬁuoqgﬁeeglroenpr%dduct fon wunit 2. 10 The neans
12 for determ ni nPotdeumsttriget i shirdtiddiers, nay paet enbbai edhien sae ifoor m of
sof tware deditcalRAl-410 t i $chivpcti on,8h elseibg | rated. | a

el ectronic cardﬁ%r any ot ﬁerl approprlgate r_rejéns.. %—Fe%t epﬁg}éjsrcgsoshg&eng t he
i nput si ghal BHAINSIoW B cdescri®Rd | Aigesabukignt ai Iin Wespetie systfemi s

i mpl enent ed, ddndtQelIMes diMerddiile r2d Sonsd She Wk Shs €98PKEL S Lgigpor al
and spati al tion Sf a sound environnent to be reproduced. This

i.nf or | ,
i nformation &Y KEHEeh 1 GRRAC1EH OhaadRRAEIon - tY EBEndPéPlonment
coded accor diing-dgmlanriaygubfir thab ¢bhist 1ditdt Ddn SBEh e f eepexdmRice ohhe
f or mat commnlr%ét %ubbed "B format"; a description of a sound environment by
ion

means of pOéli ‘information for virtual sources which make up the sound

environnkht and signals enmtted by these
The means 12 for determining reconstruction filters may

be embodied in the form of software dedicated to this
function or else be integrated into an electronic card
or any other appropriate means.

15
Step 60 of shaping the input signal will now be

described in greater detail.

When the system is implemented, it receives the input
20 signal SI which comprises temporal and spatial

information of a sound environment to be reproduced.

This information mway be of several sorts, in

particular:

- a sound environment coded according to an angular
25 distribution such as for example the format commenly

dubbed "B format”;

- a description of a sound environment by means of

position information for wvirtual 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 itsg acoustic field in

the form of Fourier-Bessel coefficients.




30 sdurces; a sound environnent coded in multichannel node, that is to say
by *nmeans of signals intended to power | oudspeakers whose angul ar
distribution is fixed and known and which includes in particular the
so-called 35 "7.1", "5. 1" quadraphonic, stereophonic ap n ni

t echni ques; wo Qadﬁa3239ironnent given by its acoustiCPEFZ?EBSZSPﬁgvforn1of
Fouri er-Bessel coefficients. WD 03/0Z3%Z91-PCT/ FR0O3/00607 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 field correspondi.ng to _.the,sound epvjironnent
descri bed byxlshé"'assl gﬁ%"f‘té. w+|t[£1$ere & - sgégugge@f’i &S a?gep
del i vered toséthe theechdging meare &ignadi @ RBie 1npst asigneli 8 ehdt he
sort of Tnbubeslapal.eSt. fhe shamng shep.80 vaukes. NiLB.reigignee to
figure 9, the deconposition into ~TFourier-BeSsel coefficrents W now be
descri beds i nrepresentasevehere thie soondtenvifisnh@ntcaryresmgewling t he

si gnal Sl inth@es!‘o%@; %Eviiﬁ%rﬂ%?ﬁriégé&rlh@d %yi}?d’r%_s%&ﬁ&f_ By . megageOf

position information for e virtual sources ich™it is conmposed and

of the signaFourdprrBedsey t HeRelkboierss 20Y& nelflikVerfdkedqt pBEsible

to allocate @ecadezt 0By WRdekighan exagpl e a spherical wave nodel, to each
virtual source s. Eis a matrix of size (Lfl)2 by S, where S is the nunber
of sources present in the scene 25 and L is the order to which the
deconposidi oasi sa dandidtced. oThethesiddmn of aisputcessynasl dédi,gnahed by
its spherica coordinﬁtes r agd 05. The elenents E,,,, of the matrix

I , B, .
E may be wriCP8RIPR £REP: 801 SArAg

With reference to figure 9, the decomposition into
Fourier-Bessel coefficients will now be described in

15 the case where the sound environment is coded in the
signal SI in the form of the description of a sound
scene by means of position information for the virtual
sources of which it is composed and of the signals
emitted by thesge sources.

20
A matrix E makes it posgsible 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 &5,
where S i1s the number of sources present in the scene

25 and L is the order to which the decomposition 1is
conducted. The position of a source s is designated by
its spherical coordinates rs, 6 and ¢;. The elements
Eins of the matrix E may be written in the following

manner:

Epn o) = L-e 27 7yp(0 ) & (5.)

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

35 Y = [Vi(E)Y(f) ... Ys(£)]F

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




manner: 30 35 ( =1 e-2,Tjrs f'cyl (0" >0"") 4, (rbf) 1,"r,s J Aso

I ntyoduced is the vector Y which contains the tenporal Fourier transforns
Y,s(f) of the signals ys(t) emtted by the sources. Y may be witten: Y =
bYz(f)Y2(f) g?)lt The Fourier-Bessel coefficients Pl,,,(f) are
placed in a WO @3//@7 @ PCT/ FRO3/ 00607 - 39 5 vect or PPT4FREBZFB06071) 2,
where the 21+1 terns of order 1 are plaged one after another in ascending
order 1. The coefficient P1,mf) is thus the elenent of index 12+1+m of

the vector Pyuhi-gh rayopegWubt t@h)P =ywke Ye At HelRS £SEN Sy 5@ beherence to
figure 9, the obt ai ni ng of the Fourler-BesseI coefficients T

consti tutinglt HFSi EﬁéFeél FEe cBEFBE pGREPS IEE alhi |a18§remgn91mfile1éaéh si gnal
YS(f) by nmeamseofcéderitiért tzb}e,l;l By sEMimgs t kel esubhsnt TR coalibikci ent's

,mf) are tgh refore,expres n the follo manner: P,mV) =; Y, (I
EI ‘msll J s%1 %Smlﬁél Bsﬁe?{?cg thew%lf‘FPe‘f“?YEgl m%ﬂfifeﬁay be ef fect ed
accordl ngcto conventional filtering pPoeeRlures, such as for exanple: -
filtering in the frequency domain; filtering with the aid of a finite
i mpul se 20 response filter; or filtering with the aid of an infinite
i npul se respenserépresented i svidhmt refevenrhe nost diiseote Sprocelere

phich consi Sbech@ndBGUCLR Bhd CRUAING HddR)  LERPLLG PXRr e80l 08,
Ei,ms(f), for exanple wth eal 25 of a I'i near transfor
constituting the signal SIgg, corresponds to a fllterlng

10 of each signal Y (f) by means of the filter E; n s(f),
then by summing the results. The coefficients Py ,(f)

are therefore expressed in the following manner:

o)=Y () Esns(f)
=1

15 Deployment of the filters Ejns(f) may be effected
according to conventional filtering proceduresg, such as
for example:

- filtering in the frequency domain;
- filtering with the aid of a finite impulse

20 respense filter; or
- filtering with the aid of an infinite impulse
response filter. It 1is a matter of the most direct
procedure which consists in deducing a recursive filter
from the expression Ej . :(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
gource whose direction of origination (Oc, @)
35 corresponds to the direction of the reproduction

element associated with the channel c in the




In the case where the signal SI corresponds to the representation of a
sound environnent according to a nultichannel format, the shaping neans 6
performthe 30 operations described hereinafter. A matrix S nakes it

yossible to each channel ¢ a radiation so r le a
pl ane wave %@2%&ﬁ§§5 direction of origination (01, §E§?§§536P5§§ggnds to
t he direction of the reproduction elenmapt -associated with the channel ¢ in
the WO 03/ 073791 PCT/ FRO3/00607 - 40 nultichannel format considered. S is

alnatrix of &bl%ldﬂahﬁéatﬁbﬁhamm@bﬁEEHESeﬁhesﬂuﬁbea aht&hannafsSlfbe)

el emrents S1, e matrix S may be itten:. mSl 19 c) 5

Al so defined ¢ |I§13 H?)’ecpor WASHS ch doht \El\l?lﬁs TPey oAbl scq""’&ft’fk\/ei])é The
correspondi ngliemesach Shapnef .thée nmfc:bﬂcvmmaprbe Yerittldn) Y2 (0 "' yc(t) t
10 The Fouri er-Bessel coefficien q ca%puped t oget her as

previously in the vector P are o alne thr ol the relation: P=S Y 15
Each Fourg er-Bessel coefficient pl n (t) constituting the signal SIFB is

obtai ned by él%%a e&ggﬂkp%ﬁ%ere ¥ ?@@jghycoééglns é?ét%ﬁgnaig(t)

Si,mc c=l n t e ‘case corresponds angul ar
descrlptlon ot (&) soondeepondbngene a@cbrdhagneb YheaB Perwrtttene four

signals Wt), X(t), Y(t) and _11) fornF deconpose by applylng
sinple gains: Po,o(t) _ 13{3 € o 1(t) = - gi Y(t)
P1,o(t) =8 r Z(t)
10 The Fourier-Bessel coefficients p; n(t) grouped together
as previously in the vector P are obtained through the
relation:
P=8Y

15 Each Fourier-Bessel coefficient p;{(t) constituting the
signal 8Iyp 1s obtained by linear combination of the

signals yc(t):

pl',m(t) =iyc(t) Sl,m,c
c=I

20 In the case where the signal SI corresponds to the
angular description of a sound environment according to
the B format, the four signals W(t), X(t), Y(t) and
Z(t) of this format decompose by applying simple gains:

25
Finally, in the case where the signal SI corresponds to
a description of the acoustic field in the form of the
Fourier-Bessel coefficients, step 60 consists simply of
signal transmission.

30



25 Frnally, in the case where the signal SI corresponds to a description
of -the acoustic field in the formof the Fourier-Bessel coefficients, step
60 consists sinply of signal transm ssion. 30 WD 03/073791 PCT/ FR0O3/ 00607
~ 41 Thus, on | etign of the shaping step 60, the LWyer,
destined for %@%@gﬁ%ﬁl for determning control si gﬁgizhg%ﬁghg S| FE
corresponding to the deconposition of yhe_acoustic field to be reproduced
5 into a finite nunber of Fourier-Bessel coefficients. The nmeans 6 nay be
enbodi ed in tirdf, 00N oraditGaliredf e uitelpisaf tawde ©0, ethe hearsbedied in
the form of dedi cated co ti card or any other _appr pate .10 nmeans.
The step 70 aeldértegr'n‘i ?ﬁalngﬁtrggrsi al @%ﬁr%% ?\ng 589 d@géFFE‘)‘éBlFﬁ
great er det aident¥®lTheigrahs, 11af agigletler Silp ngocomtspaindimgnalt® r ebei ve as
i nput the signal SIFE. corresponding Foyrl.er -, Be I [,6L8Nt s
representati \%gcgf“ptoﬁétéggus?fc t%fel e?%l&tléoggce %gﬁrl?du%gd%;eﬁdrtgﬁggé}lgﬁgl FD
representati vetcof tfheitecongbeuccifol cliriterSegsiedi sesifomiamd sreans 20 12.
As stated previously, the signal FD integrates paraneters characteristic
of the reproduction unit 2. Wth the help of this informatiaon, during step
70, the nead®elmernter fi Man hee seghardedc in (thet dosen@y 95d4erFGer ed
destined for Rleemart wdkd ©3Ne1J8epe efbonaka ame tHd aisetl by khe

application to fhe signal SIEE of the reconstruction filters, of Erequency
response Dn, (AeHEORLeSnd SOMRREHG e AT t HRF sidhal £B'°B0 FRBIPBESRSEr uct i on
filters age applnised in the followng manner: !'. 1 vn VI _~P.n(lI Dn.l,n( 1
1=0 m=-1

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 SIp corresponding to the Fourier-
Begsel 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
Sizg ©of the reconstruction filters, of frequency

response D, 1,.(f), and transmitted in the signal FD.

30 The reconstruction filters are applied in the following

manner:
I i
V” (f) =Z Zf)lm(f) Dn.!,m(f)
I=0m=-1
with Py (L) the Fourier-Bessel coefficients

35 constituting the signal SIp and V,{f) defined by:

Vnm — Scr:(f) e-Z:rjrnffc



with*Pl, m¢f) the Fourier-Bessel coefficients 35 constituting the signal
SIFB and W(f) defined by: Vn = ilC1(/) e-27rjrnf/c Yn WO 03/073791

PCT/ FRO3/ 00607 - 43 }-- ,SCn(t) =rnvnt - max( rn rn C Each el enent 31
40 3N therefore receives a specific control signal scl t?ESCN and enmts an

acoustic fiel® #3737 %ontributes to the optimal recoRSEfBRPPENO607 he

acoustic field to be reproduced. The sigul taneous control of the whole set
of elements 31 to 3N allows optimal reconstruction of the acoustic field

to be reproduced. 10 Furthernore, th¢ syshegydescribed can also operate in
sinplified nodes. For exanpt@{{)# ra ¥ fstﬂaigjfjlf%L nbodi nent, during 15
step 50, the nmodule 12 for determining filters%eceives only the follow ng
paranmeters: - 5 representative of the position of the elenent 3n of the
reproduction unit 2; WL describing, directly in the formof weighting 20

of the Fouri gacBessebmefef fici eat 3, atBpakEakew Nslom véepresepeatiifue of the
di stribution _in_space of %gonstr ints of reconstruction of the cog%Fic

field; and EONEAPOsi T e PFhi FCorSder B opBtafi 68 FCTHE 195 Eals 12
for det erdn niwhgchecanstrilnttiem faol thesopkimali sresimv@tficadioodef these

Phe ropr oducPESHoTHEL Sre bt e did anaerodndad,  "ef; CaEfbTcdhebRall O
frequenci es. cOhérodbstepshef wale Seetard thbewepte Gar ried3putlépwe only.
During substgp 321 tREBRLEN-MbER COPStEnct ebaddid heihalp @b apel ane
reproduced.
10
Furthermore, the system described can also operate in

simplified modes.

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;

- W1 describing, directly in the form of weighting
20 of the Fourier-Bessel 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), of the matrix M
simplify into:

35 Mym=n = ¥ (6a, )



wave “r adi ati on nodel. The elements M,,,,,, of the matrix M sinplify into:
m 35 M, m n=y! () W 03/073791 PCT/ FR0O3/ 00607 5 - 44 In this
sinplified node, ,u =1 and the list { (1k,nk) } (f) contains no terns
During subste the nodule 84 then determnes the matrix D dire

accor di ng to“%h83 /973319 i ed expression: D = (MW -1 RFWJ?BB3§PSFQQe of
the response of the reconstruction filygrs is no Ionger necessary, and
substep 55 is not carried out. Likew se, the filters described in the 10

matri x D havirpg «$iiPl8 nfgAiiFS e dS WRRiEP p8 i15 51 Itg{ggelrlstga%u qlnk@qt fAnd the
nodul e 84 provides the signal FD diréctly. Durlggéste

det er m nat i oROBL3ERE dRP v&eIMEnal SUrizgj SS‘Hé?‘%‘GEi? ‘i nt8%e “’tqdd‘ial‘?joﬁﬁl n and

corresponds tBesi rmalteerlmm hhaetieny dfirde 1goefddet®ns pd, thet),

fol |l oned by a.te %ral E%Fnent according to the expression: sc"(t) =rn
t max(rn) SimBgied & SRLIORCt) =] Y Pl m(t) Dn,I, m 1=0 me-1 20 The
modul e 1J5then provides the drive sidmiw)scl @ Wto scN(t) intended for
the reproduction unit. In another sinplified enbodi ment, during step 50,
the 25 nodule 12 for determning filters receives the follow ng

par anet ers a%henpstorager epfestheat keepofisehecpostheonrefonhtrakcement

filters is no longer necessary, and substep 55 is not
carried out. Likewise, the filters described in the
10 matrix D having simple gains, substep 58 1is no longer
carried out and the module 84 provides the signal FD

directly.

During step 70, the determination of the drive signals
15 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:

scat) =1 v,{t _ max(nm) — 1 ]

c

L !
with Vn(t)=z Z ptm(t) Dn,!,m

I=0m=—1
20
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
25 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
30 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



3n of the reproduction unit 2; {(lk,nk)}, constituting the list of
spatio-tenporal 30 functions whose reconstruction is inposed; and L,

i nposi ng the order of operation of the nmeans 12 for determ ning
.reconstruction filters. In this sinplified node, the Nl

i ndependent W® 83/8%737%4 PCT/ FR0O3/ 00607 - 45 of the % ana°e7t he
elements 31 to 3N of the reproduction upnit are active and assuned to be
ideal for all the frequencies. The substeps of step 50 are therefore
carried out gace 1Nl ¥ cRWdNRY SHBSE ephe2, etdwerit dratni xeM i3k, cofistyhet ed
with the help of a plane wave radiatian nodel. The el enent eMid 1 of the
matrix M si FPPFPQuFhion Wnit areyactgye /3R 2§S8NESt eb° 53%0f* Yet'er ni ni ng
the matrix Freemailns twochasgednchiest.hithesi apbetepd modesuer GOamraluri ng
substep 54, the dul e 84 det.erm nes the tri (A ordinhg to
the sinplifitBSERPPESsFORT 1D =°%F‘P“Fﬁ\ﬂ9ﬂﬁﬁ’)‘ 'dfugn?g éf’%ésétbof%'e %@t he
response 50f mherimcMnsiy utnsrrudi¢dewsths the hengeroheed@ne W subst ep
oo 18 Mot CALELEH Q! mdddPW She T BEELLEN 94005CTd DO kier iR X D
havi ng si npl e gains, substep 58 I's no | onger 70" Carried out and the nodul e
84 provides shepsifralnt®: directly. During step 70, the deternination of
the drive signals is performed mp,the tjimeg,dgmai n and corresponds to 25
sinple linear conbinations of the coefficients pl,mtf, followed by a
tenporal alignment according to the expression: SCn(t) =rn wt- nmax(n) C
- rn 1 W thsupbiep~ I53p! &K t) dPRekrminial Melle matrix F  remains

unchanged. In this simplified mode x4 = 0 and during
substep 54, the module 84 determines the matrix D

directly according to the simplified expression:
D = M'FT (FMM'F") ' 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 gignals
is performed in the time domain and corresponds to
25 simple linear combinations of the coefficients D1,an(t},
followed by a temporal alignment according to the

expression:

sct) = # vn(t _ max() — 7 J

c

!
with Vn(f)zi Z Pim(l) Dy ym

=0 m=-1

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

scy(t) intended for the reproduction unit.

It is apparent that according to the invention, the

control signals sc; to scy are adapted to best utilize




30 The nodul e 11 then provides the drive signals scl(t) to scN(t) intended
for the reproduction unit. It is apparent that according to the invention,
the control signals scl to scN are adapted to best utilize WO 03/073791

-PCT/ FRO3/ 00607 - 46 _the spatial characteristics of t rad i uni t
2, the acolRiBhB3 Bt eristics associated with the E&éﬁ%@ﬁfﬁ 3N and
the optim zation strategies in such agy. as to reconstruct a high-quality
acoustic 5 field. It is therefore apparent that the nmethod inpl enented

makes it posghbl gpiii pArthevhatet@sobtai 8t 0pheniwp rogicedwert e tof2 ,a

t hr ee- di nensi onal™ acoustic field 10 regardl ess of t.g% sagati aL coryﬂegur ation
of the repriddfict PERYUSHIC 2. CHREAFRSERET S| s A6 NS kd Y5 he

enbodi ment s eTassht ded., kp | Bypardd cthar opthenimetthach ot rheegngentiron can
be inplenented by digital conputers such,as o r C :
processors cﬁ‘u%‘ g\ét Y34 §ffal " Pr 58885‘8??“(2585) . ﬂggﬂl 9ﬂgrrg$tgl o) eﬂlc

i npl enentsed fdé¢hdt he hel p of a general platformsuch as a personal
conputer. It is also possible to devise an electronic card intended to be
inserted into another el enent and 25 adapted for storing and execuéc'i ng the

met hod of thet iisvebhévefoFer appawsne Sheh &hrcel Bethefi dRbsIsy:

i ntegrat ed i@é]geg CONPULSE s i hTle Ot NEr RIROHUTRNE S, t @l lowainar topafinue
par anmet ers 0 necessary for the execution of .the steap of deteré(;rJJ;r rﬁ;&'g
reconst ruct i BRPFPRE@F50Rs ekt r ct EBTFFoM PREFELEPded i%es ort1%

del i ver ¢ byragetdiessappasft ughdedi gpderhl t o colifd durrdttiicon. ¥ 03/10¥3791

PCT/ FRO3/ 00607 - 47 :
reproduction unit 2.

The invention 1is not 1limited to the embodiments
described.

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

computer processors or digital signal processors (DSP) .

20 Tt 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 is

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

+o this function.




1. A*nethod of controlling a reproduction unit (2) for restoring an
acvustic 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 _Iepr ' uni t
(2) conprisi®® @3pPTUBAPLty of reproduction el enents @EFé%%é§3§6é8p

characterized in that 10 it conprises g4 least: - a step of establishing a
finite nunber of coefficients representative of the distribution in tinme
and in the tkygemdi nensions in space of said acoustic field to be
reproduced; IT5—-a step (50) of determ ning reconstruction filters
representative of said reproduction unit (2), conprising a substep (54) of
taking into accouat r@lthd®ast shaidalllchay aat erdmtédsctaforsadikeptdduct i on
unit (2) ; 20 - a step. (70) of determni t. | east__one _co . signal
(scl to SCAD%?Br %%ﬁ%P%ﬁ s StV l§hbgg??§aj%P f%%rgauc?%%%kﬁni% (2),
sai d at Iseastepnedsigdaladmistg c obialdedbyspheifppl idmiarerbSEhE
coefficients f__said const.r i fi.lters;-and - a -
delivering s%Pﬁss?“?é%% $one éﬁ%?%%ﬁ¥a%§tgnal ?Ecl t%%gchb,sﬁﬁfﬂggéifeM/to
an appl i cat i chatactsaidtiepr oducErowdiaiem of 332468 INitsd s t¥tenerat e
sai d aCOUStiEeéggéﬂcﬁﬁpﬁdeEﬁQ.by(§ﬁidck%@ﬁﬁﬁﬁﬁkiona u@hhréaﬁty30 @f The

nmet hod as cl al rn claim1, characterizéd in that sai.d step of

est abl | shi ngraPFPALEEiABMSIETEAtScdSnf L6 ol s COFFESERTAESTe Tt TART
di stributj onjof -sabdisagoHst ieaktel d to be reproduced conprises: 35 - a

Spati al i nformatiBn MR  SbundSEHyionABH : Gnd. AiSrep SFEn gL (60)
sai d i nput stgaakiéSkhtby raPre3kAzatetePEE ERES/MiG807Abution 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 gaid 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), éaid at least one signal being
obtained by the application, to said coefficients, of
gaid reconstruction filters; and

25 - a step of delivering said at least one control
signal (sc; to sow), with a view to an appliication 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 1input gignal

(SI) comprising temporal and spatial information for a
sound environment; and
- a step of shaping (60) said input signal (SI) by




- 48+ deconposing said information over a basis of spatio- tenporal
fuActions, this shaping step (60) making it possible to deliver a
representation of said acoustic field to be reproduced corresponding to
-sai d sound 5 environnent in the formof a |inear conbi ﬂ
functions. WOTR/HEER8Y as clained in claim1, chara terlze éé at said
step of establishing a finite nunber ofg440-coefficients representatlve of
the distribution of said acoustic field to be reproduced conprises: - a

step consi st 88chPoRiAYI d_:lanm aﬂnf@ﬁmhtibgnaivex( ShFB)aSIBprtESI sgaia;ch nite
nunber of coefficients epresentaglve sai d aﬁoust fl%'%l%
i Por o

reproduced 15SPROFAL OGRS i i 9n® tio
functi ons. 4po§b£bﬂétmmjd%ﬂiﬁéﬁﬂﬁdﬂﬂpﬁﬂﬂﬁﬂﬂﬁilﬁnC¢élﬁﬁl@(ﬁCQNStlc

characterizeg} ?Gthat ai d sequﬁéﬁwp% Bﬁhhﬁ S g? ?%glgo cahihed

Fouri er - Bess nct? one af near natlo ese functions. 5.
The met had aenvhaonmdntnlanyhenéomﬁicﬁa@m&%Paﬂi¢$0mhﬂﬂﬁQ&9QH?§eﬂa%ﬁ t hat
sai d substep (géé gfctaking into 25 account at |east spatial
characterlstlcs 0 sald reproduction unit (2) is carried out at least with
the help of paraneters representative, for each elenent (3n), of the

three coordi gatesgg hEEhB@S'ats' en (xRl Wirt he1diespectcHarddieecent@rif5)
pl aced in the Ilstenlng zone (4) nd/ or_ of |t§&FgEt|o tenporal

response (N LRRR(F§319 65the Chfet 5 ad 1 %e d i n FacThri zed
in thahiﬁalQoéﬂbibe§n654keptebahtag1wet@fa@hmnﬂlgurﬂhuﬁmonspétsaid

characteristics o i production_u 2 carried out nDreover
with the heIﬁCOBF gﬁﬁig é 5&(F??raegc?ﬁb%ﬁag§lgg?he f orm of i ghti ng

coefficientsy a spatsm&;nmqmﬂamsWhnsh igpeprdvedindhe adi sﬁﬂpﬁﬁtl%hgpﬁlspace
of reconstru%E&FE éﬁ¥£¥§ﬂ%} BgT/EB9§£QO6%Lmber4gof 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 or 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 {%,) with
respect to the center (5) placed in the listening =zone

30 (4), and/or of its spatio-temporal response (Ni an{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 (Wi(f)) describing, in the form of

welghting coefficients, a gpatial window which

specifies the distribution in space of reconstruction



constraints for the acoustic field; and of a parameter (L(f)) describing an
order of operation limting the nunber of coefficients to be taken into
aﬁcount hdgrl ng said step (50) of determni ng 5 reconstruction filters. 7.
~The nmethod as clained in one of clains 5 or 6, chara tsald
substep (54)WBf08ARTHG%Tnto account characteristics gé&é)aﬁ%&r epr o6d]ﬁct| on
unit (2) 10 is carried out noreover wiid the help: - of paraneters
({(l'k,mk)}(f)) constituting a list of spatio-tenporal functions whose
rfcoggtrUCt'?BnbéfaiH?QSEth@HQ ﬁ%oas@@baﬂﬁéfd (&04)) deECFIbIEQ an order

o] operation Iimting the nunber coeffici tsto e n into
account during saP8 s“[‘epgi‘g"t‘)‘?e%?rdepéf%ﬁ hi ifFsT%t Jh%?rucl?l on (? ]Ft eéfffs1 .
Thedrret hod(aé ék?tﬁl@ﬂ iNwneimf chai neuGbéo Hf 20edHarcdEerdrs z&d |1h€that

said step 5420 taln |ntoacou e S aI cs of
said reprodhgffBntl Pt ESPURE ERFAE d%tg&td %%te oe(gd f@éﬁ?&}ﬁ%%ﬁi

of one of5thEepanatrEnetsonhﬁséhersomthe group consi stl ng: 25 - of
parameters (xn) representative of at |east one of the three coordi nates of
t he position of each or sone of the elenents (31 to 3N), with resgect to
the center [5) pCheedathacheabi stleitgf zafhe Q0 ; of F1HHRANRL &Fs

(Ni,mn(f) )CE?PESESPE%HV%nOftHa&e sy S@@Eé@eﬁ)em‘g@l}abﬂ’ asamnsgaslmfoeach or
sone of the ;

enent s 3N) ; of a paraneter é%& é_)L descrl bi
order of opBFaEHBA Iql’#ﬁrﬁcr?@q%?éﬂrﬁﬁb%f‘ c?lal fFREYents 7o E%)n into
account 1Qyri m(g(i%ak@lléae@uﬁﬁbré&véet @t ghnthg habpreconst ructi on filters; of
paraneters ( tituti t : [ ozt
functions whose r8£%i§%f"é?8%%“5 3 ll r}g(aé1 V\ﬁs%%ﬁ%%ﬁjcﬁ‘/%glr%%?

gpatio-temporal functlons whose reconstruction 1is

he hel p

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
group consisting:

25 - of parameters (X,) 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 (Ni,mn{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,mg) }(£)) constituting a list of

spatio-temporal functions whose reconstruction is

imposed;




- 50* of paraneters (G1(f)) representative of the tenplates of said
reproduction elements (31 to 3N); - of a paraneter (p(f) ) representative
of the desired |ocal capacity of adaptation to the spatial 5 irregularity
-of the configuration of said reproduction wunit (2) ; - of a paraneter
(Rlv(f)) def i WPnB3(AB3784i ati on rodel for said reproduRETHRRRILAREPE (31 to

3N) ; - of paraneters (Hn(f)) representative of the 10 frequency response
of said reproduction elenents (31 to 3 . - of a paraneter (Wr,f))

representative ofoa Spatdfdc WHAOWs 1£9] PHPRILIS L)) ofepresent ati ve
of a spatial 15 window.in the formo} ighti'ng coefficients; and - of a

par anet er (Rtiﬁwlﬁteﬁsegénﬁaﬂﬁvgesro'éiﬁetﬂa& gdemsnts dBat Fal 3wiindow when t he

latter is a ball. OQ 'ghe g@ﬁi}@@t@{s cI(@(ﬂ)eﬂ |5}e9@gs@fntglta|v@5 Do 8he 20
characterized in t it conprises ac%ltﬁéatlon ste maki n

R (
possi bl e to @8Fi¥8 all‘?cab]r BftH he WA et uddt %? Sﬁ%ag{’%i) (50)
of deterrs ni Dgregatanstyuetsi athd i tbef Sgu2dt 16n blfe gmtd]oﬂepso@matmﬂ in
claim?9, charac}_'er'%‘| ed in that said calibration step (30) conprises, for
at |east on&" ‘reproduction el enents (3n): - a substep (34) of
acquiring signal sofepaesparamétZer of RMhE) ) adiaf inhnof shtd wedia@bsenone
el ement (3r, Johy 20,1 be.Li sLenbAACEedhon bilncands; gosyhstep (39) of
det er m ni ng spatl a oustic parama ers of “said ' east one
el ement (3r,). 11°fTheamampens clldxhdd) |nrce|r31Qﬁem:afcmﬁ»acpér|z@ae 35 in

that saiig Cakf@aﬁéhep $E8Boh3Q) JIOMHY S e produdtist eplénnt of (eitding a

speci fic signal ,(t)) to said at |east one elenent (3n) of said
repr oduct i on>whi t (2) sai d acquisition substep (34) WO 03/073791
PCT/ FRO3/ 00607 of a parameter (W(r,f)) representative of a

spatial window;

- of parameters (W;(f)) representative of a spatial
15 window in the form of weighting coefficients; and

- of a parameter (R(f)) representative of the radius

of a spatial window when the latter is a ball.

9. The method as claimed in one of claims 5 to 8,
20 characterized in that it comprises a calibration step
(30) making it possible to deliver all or part of the
parameters used 1in said step (50) of determining

reconstruction filters.

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 sgaid at least one element (3p} in
the listening region {4); and

- a substep (39) of determining spatial and/or

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

11. The method as claimed in claim 10, characterized
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)




- 51" corYesponding to the acquisition of the sound wave enitted in
response by said at | east one elenent (3n) and a substep (36) of
transformng said signals 5 acquired into a finite nunber of coefficients

«representative of the sound wave enmitted, so as to all Elt @a%%# ng out
of said subH@pO349Y3391 deternining spatial and/or acdoust ers.

12. The nmethod as claimed in claim10, €haracterized in that said
acqui sition substep (34) corresponds to a substep of receiving a nunber of

coefficient soofLPELSRALAY! Vo Oft Hhe a%%i%hltclcfri ebd gener ag@dndy wavel at
| east one elenent (3n) in the form of i ne[e_xL ? conbi %;l on_ of
spat i o- t enpo?B} FF &R cEPoFE SRS %o%?*@ciaén §35e Used ctflxs et | ng

sai d substepaf@9) of determining spatial and/or acoustic paraneters of

said at |east one_ele 0 13, T : cl.ai d one of

clains 9 to ~12, %halsg%’tsérﬁ zedf?’eﬁ t h2t sg? PQ-@ onS%s stéei;};]?&yﬁ

furthernere a:@@m)treés alsubst ep off idétter m nurmgetrhe OF)OSIQQQﬁ]erCF]l%!ﬁt$ east

one of the tht Cgégggﬁggs %‘u t%%ac%ﬁggdsa&gv@t digastepne o8l egantt§3n) of
u

said 25 repr ron uni e nethod as cl ai med |n any ong of
claims 9 to al.LBowchahact eemzadnon et safd satfbr &UPsHeR epf 33H0) ©

furthernore &Qﬁ@%ﬁnfﬁs_n& sHbstgp éﬁé)oef ad8L8E ANpAGakBee28 . Spat i o- t enpor al
response (Ni said at |east one elenment (3n) of said

reproduction unit. 15. The nethod as clainmed in any one of clains 9 to 14,
charact @i zethi n that pgaithCahsbratiimedst &p €3Q)N 35 of, urdieramrer CoaPr i ses a

one ol emont 1 aabt Sl SSBHTIIGT bre SRR o 2) Mo GAFE TR td e oS!
PCT/ FRO3/ OOG@Jbstéﬁ 16f Theeawthiody as acl anmsdbern aay orecoffipdepkecedi ng
representative of the acoustic field generated by said
at least one element (3,) in the form of a linear
15 combination of spatio-temporal functions, which
coefficients are used directly during said substep (39)
of determining spatial and/or acoustic parameters of

said at least one element (35).

20 13. The method as claimed in any one of claims 2 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 1in
gspace of said at least one element (35) 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 (Njaa(f)) of said at least one

element (3,) of said reproduction unit.

15. The method as claimed in any one of claims $ to
14, characterized in that said calibration step (30)
35 furthermore comprises a substep of determining the

freguency response (H,(f)) of said at least one element

(3,) of said reproduction unit (2).




cl ai-rs, cMaracterized in that it conprises a step (40) of sinulating al
or ‘part of the paraneters necessary for carrying out said step (50) of
determining 5 reconstruction filters. 17. The nethod as clainmed in claim

16, characteriZﬁgﬁaggFégat said sinmulation step (40) qgggyﬁﬁg§%%9637substep
paranet e

(41) of det eFRi ing paraneters 10 from anong rs used
during said step (50) of determ ning-rggonstruction filters; - a plurality
of cal cul ati on substeps (42, 43, 44, 45, 46, 47, 48, 49) naking it

possi bl e to gdeter mhee reh@odvaldiecniimwed ues ahyt baencssitiige paraaetengor
paraneters 15_as defined preVLo%%Ly as_.a function of. theep%&§ LeLS)

recei ved, of CLREMFr e GHETATECIAFSt Bt etfdfer M nEH™PHAPSGI & paranet ers. 18.
The net hod asfclmimBdhtiimecl|aln &7, peher acf echzegar2dgtenshantesagdary

sinmulation s (4 MJ 1 Ses, a t ep,(44) oflet &/gm nhogeank hsh
({n*}(f)) ofkégeméggggggqheSEFep%%QE%ti%%éﬂni?Etgat are act?vg as %
function ©f trheonktegygtacopr, faaders-t hat said cal cul ati on substeps are
carried out just for the elenents of said list. 25 19. The nethod as

clained in any one of clains 17 or. 18, characterized in that said

si nul ati on sﬂép (3bp wehRd ses £laimadpiras)lagm L&l cuFRRF A& pAFanet er
(L(f)) repregsantakicveaef theuokdebnokteper(abiorca@rlicaist:i ng the nunber of
coefficients to be taken int? cco n% during.said.stepéﬁSO% of ggggrnining
reconstruction fi Pt eF¥PSH%Hh thé héﬁ% PLat™MBARY MHE=PSsi PTrbA T space of
all or part @koimharenememhies paimme tefr st hesade phuaduet isanidingtep 3552D. oFfhe

nmet hod as cl ained i.n.any_one | .ai. [ 19, characterized in that

sai d sinulatggﬁegpéﬁlngo§SFP§§gr§c§%§% i}%ggf’deternining par anmet er s
(WL(f)) WO 03/ 073291 IRGEHIFRQB/ 0060R1lcuB3tion 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 c¢laim 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
fregquency, 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 (3y)
of the reproduction unit.
35
20. The method as claimed in any one of claimg 17 to
19, characterized in that said simulation step

comprises a step {47} of determining parameters (Wp{f))




repreésentative of a spatial window in the formof weighting coefficients
with the help of a paranmeter (Wr,f)) representative of the spatial w ndow
in the spherical reference frane and/or of a paranmeter (R(f)) 5

« epresentative of the radius of said spatial window when the latter is a
bal | . 21. ThWOnB8KB@3281clainmed in one of claims 17 t PPBD/FREWAPUEEri zed
in that said simulation step (40) 10 cogprises a substep (43) of
determining a list ({ Ik, M) (f)) of spatio-tenporal functions whose

reconstructi 9@ késtP%?QeW' $p the help Of Rﬂ%d%@:s' thonthgf gblmorgpart of
the el enents the reproduction unit (2). 22. The nethod as

clained in aYi?l@h%lBﬁ tere o eekrity wdItd n’éhecﬁbﬁ]éét &4 za8d P IPRRST ¢t

conprises a siep, 6f) xreagwes(e%mam Ngfi ttl‘@5§?ﬁtﬁaﬂ.0 weh@swi ne atthe or part
of the paramnet ers us

ring said step 20 determ nin
reconst ruct i SR™ FFFF% ressr chéj? %’ids;c)‘%’él Aed i RS O?RH:'I)G)

precedi ng Ck@pﬂéseﬁh@tﬁ@éerdﬂe(ﬂ;hlen thatusaidF stsepd 58padtaldetuddwi ng

reconstructiopn filters_conprises a plurality of calculation substeps
(51, 52, 53)WQ85rLFEdf%EFn$o}SaafPﬁ?%e number of frequencies of operation

and making it possible to deliver a matrix (W for weighting the acoustic

fierd 2 malx (Mo RERRERCULILYE fat 06 A &3k 081 ghabhe T epr osbict | on SO

uni t (2) representative of spat i o-t enpor al functl ons
whose recons@hﬁé@?bﬁriéedl nmpés edthahd Saadsuﬁlt'@pl%mnof ségPcul &Gng a

decodi ng gmat !’:b?ﬁ £DBds carrigdhoutpforag)fi rafte aebeni fingperat i Ngse 35
frequenci es, h t ehelp of the matrlx(V\) r wei ghtin the coustlc

field, of thé\ﬁm’t 1y r &t es RIS GPERE 1 adiHG ol
repr oduct i onreuahgtfxzétloﬂf ishempBbedXwikh tepr esapt aif Vﬁeofpdsmnéon

of all or part of the elements (3,) of the reproduction
unit (2).

15
22. The method as claimed in any one of the preceding
claims, characterized in that it comprises a step of
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 said 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 accustic 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 reconstructiorn 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)
repregentative of the radiation of the reproduction

unit (2), of the matrix (F) representative o¢f the




WO 08/ 073791 PCT/ FRO3/ 00607 - 54 spatio-tenporal functions whose
re€onstruction is inposed, and of a parameter ((f)) representative of the
desired |l ocal capacity of adaptation to the spatial irregularity of the
“reproduction unit, representative 5 of the reconstruction fil 24. The
met hod as cl¥PnB ®A3EPhi m 23, characterized in that %%"&%di}c‘{eﬁi‘ﬂ on
substep (52) making it possible to deldyer a matrix (M representative of
the 10 radiation of the reproduction unit (2) is carried out wth the help

of paranet ergpiepsesenbathye fan@achs el emere (3Peconstrtibeibhreeis
coor di nat es ,orfj its_position_(xn) with resp(ec t.o the centEr éS% pl aced in
the Iisteni ngf@efed: 1874 °Lafy/ BRTAMGFFt s %‘#Qt)i o EBRHSFRF3Fa¥Bond
(Ni,mn (f))the28esThedntbbhad aspekatpedfi adapaiani2s, tchartectspatziedl in

that said cal cul atj on. substep, {52)_ maki i.t 20 Si i a
matrix (M repredd ?ﬁf'i?}?e Ooffe F&g rreéjdclog&ct):nl G Pﬁgﬁl‘e%%d%egﬁqgénéyuﬁ? (2) is
carried aut ofiotkeeveecenshruheibel pibteparaneters representative for each
el enent (3n) of its frequency response (Hn (f)) . 25 26. A conputer program
conprising programcode instructions for the execution of the steps of the

nmet hod as claf nedThe awyrhode a¢ claimedl ¥ 2aifhéd . SHIAFFHRFTHFRT s

executed on a,coppyter 523Q 272 AU R{DMAD| esiBgi &y of(sbhe maxarepnpit sing at
| east one processor and a _nonvol atile mamleri_ el'enent, char actferl zed in
i 0

that sai d neRRF§iREADEPsEE1ld VSTogt 4Rt Tohpitisi AGPFRSERGELTSRs Fort e
executi am of riieasiEpsoroftideraptbadcesos! anfed (2) ahy emerdkdclaitms 1 to

25, 35 when sai d processor executes said program « A _deyjce
control ling ‘?ﬁlglépr Cglegﬁ) uﬂ%‘(t I“'(62'3"’m“%‘stoer"-Sr est Fier?éanégté?gusg?% f%ag 5,
conprising aepémert i (¥, )WO 03/ 073791 PCT/ FRO3/ 00607 - 55

- of the three coordinates of its position (ZX,) with

respect to the center (5) placed in the listening zone
15 (4); and/or

- of its spatio-temporal response (Np gna(f)).

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 fregquency response (Hp{(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 memcory 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




O

of reproduction elements (31 to 3N), characterized in that it conprises at
|l etdst: neans (12) of determining reconstruction filters representative of
sai d reproducti on unit (2), adapted 5 so as to nmake it possible to take

~into account__at S atial characteristics of said nit (2)
and - neans ‘(’@19 ?gﬁaégerm ning at | east one control E(c'gllpgna (scﬁ]o?lo scN)

for said elements (31 to 3N) of said -lfsreproduction unit (2), said at
| east one signal being obtained by application of said reconstruction

filters to gff lr@ﬁr%dw:rﬁl@n 0é1@rﬁ@1ﬁﬁ$CI ant g epgesenhatriave eafi zetdhein
distribution in tinme an ree_dimensions in space of said acoustic

field to be F]%?)'Foﬂﬁcﬁamp{%s?§ aﬁ'hge?ﬁf/rce as claimed in claim 28,
characteri zed | méhﬁs i t1d)s afsaiH tated ity neansscﬁ)lctépnshé}blhgran

i nput signal % [Ls] ngjft %age%r}q)d%%tl mog@?tl 00qfiQfe@ sound

envi ronnent s?epro uce means are adapted for decorrp05| ng
said infoormadi @ bwemakebasi postibpat ite- ttasoriditd ARIGTWHs 2%50la3sto

deliver a si gé&%%éﬁ R comRiSkRgssaid £4 it eephubberieh aaefdicipnts
representati the distribution in time and in the three dinensions in

25 space of &8Bdd acoustic field to be reproduced, corresponding to said
sound environnent nehAst h@_]f)orﬂbgf de&dﬂrﬁh&@l’n@oﬁbl rreéaisxn @fnesad:dntrol

spati o-tenpor al fun tions. 30. The device [ 9, .«
charact eri ze®19881i A5Ehat® sSFH |%a3t‘in'f)g n?ﬁmﬁ]f s Ienc]')s%-%%f‘?ed

Four i er-lBESSEépf:uaﬁt:tﬁ)aﬁ amd/tor (1)i heaaidortti nk¢asnsooe Stﬂ@@é— fatnedons.
3L The devige-aroshaltPddn Anone of SLabMeafda .38 8 eherasber i zed

!n t hat sai d° ermni hg reconstruction f| ters receive as
i nput at | east aonélnﬁ.tehempdlearrepér sdeiii ctents| FeRregensatdis eP§: f

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
g0 as to deliver a signal (SIg) comprising said finite
number of coefficients representative of the
distribution in time and in the three dimensions in

25 space of said acoustic field to be 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
30 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 in that said means (12} for
determining reconstruction filters receive as input at

least one of the parameters from the following

parameters:




WO 08/ 073791 PCT/ FRO3/ 00607 - 56 paranmeters ONrepresentative of at | east
ong of the three coordinates of the position of each or sone of the
elenments (31 to 3N) , with respect to the center (5) placed in the

<l i stening zon parameters (N,,,,,, (f) ) repr t he
spati o- tererPang’@ZﬁBﬁ%es of each of sone of the el erg(rs\f%]?éiyg?géé ;
a paranmeter (L(f)) describing an order gf -operation limting the nunber of
coefficients to be 10 taken into account in the nmeans (12) of determ ning

reconstruction fibhehsetpasane er sepErifenthhviae estnaat tl‘eesazf diee ©ENPI at es
of said reproduction elenments (31 to_3 ar ane

represent at i ¥BSof- e R at@s | galt aﬁﬁ?ﬁ%@loﬁ %%aﬁf’la ongt%orfn‘ﬁe
spatial irreggulawel teaeg?ﬁertm tonfigue gt | owioh sasglecéprt@du‘dw opentart (2) ;

a paraneter di. at f i d d [

el ement s (BIQEE/(Q%\% 2&')n Qgﬁr iﬁ'gf’%#&%g:—l(r)\z%ﬁgoq épreggnfgltlv:aeg; Ot Egtlon
frequency respongarefne!sard (SprROdUDL) oremtesmiat 81 b BNy SPatpéaranet er
(Wr, )) repES%g{B&%&' ‘é%s ln%e Paid al, M BEOWor= RAT AR eESefdhith) )(3,

representativ 5 wndow in the formof weighting
coef ficientsto-3g) pararreter (R(f)) representative of the radius of a

spatial w ndow whgn the-datder isiaMall; dgggrlbpﬁgan&hersdx(c{éﬂ( n&x ) (f))
constituting a list of _spatio-tenporal FF_fbunc | e reconstrucél onis

30 inposed. SRErFRéCHevi B S g &%dnu Sy ‘6 Y8 6
char act erg zedakant hatt €aghceiingai tnpatenenensas rElcE)l ved b@e‘sarnimeags (12)

of determ nig ngsagggggggu%tﬂggr&i;lters I s conveyed by one of the
- parameters (G,{f)) representative of the templates
of said reproduction elements (3: to 3x);
- a parameter (u(f)) representative of the desired
15  local capacity of adaptation to the spatial
irregularity of the configuration of said reproducticn
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 3x);
- 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 ({ (1x,mg) }(£f)) constituting a 1list of
spatio-temporal functions  whose recongtruction 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 1is 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



Si gnélg fromthe group of the followi ng signals: - a definition signal (SL)
cofprising information representative of the spatial characteristics of
the i WD 03/073791 PCT/ FR0O3/ 00607 - 57 reproduction unit (2); -

a
*suppl enentary signal_(RP) conprising information repr j t he
acoustic chaf@c? %ﬁ%% associated with the el em&*ntsIEE@lkFﬁi):‘!)SICﬁfﬂé’q.Iop';c the 5
reproduction unit (2); and - an optimzgiion signal (OS) conprising

information relating to an optim zation strategy, - so as to deliver, with
the aid of theypadadeiskisuncentajped in these signals, a signal (FD) 10

representative of said reconstruction filters  repr.esentat]i sal d
reproducti on” uni t2 (SYPP3IMCRHB e Fit 88 % s @?&i ed" |rri"sc%z§1t m g% rg%]ta%rcg%t eri zed
in that it igepsssehaseitved t hafeanstl{d) ferodetéerm nicliprdEctdrisfigrart of

the paraneters_received by, sai an forydet epm iy g rgconsid uction
filters, said HRANS e%?) w%&?rlprictskl{gﬁg %%e%\%%%? or(le1 of the ngI | owm ng el enents:
- si mul atsi onrepandu¢Bion vaitblal i oandeans (9); 20 - paraneters input neans

(10). 34. The devj eoﬁ§iﬁ%§5€§gni 31304 10N0s9l G 3% tthES@mat ion
characterized in that sald neans (12) for determning reconstruction
filters are BEbptEdofer 28 GREEMAFAFAGaSERRt8PYfilters representati ve of

the position in gpage oo thel elepenivsth3to 3N of tthe papimwehmts on unit
(2). 35. The device as clained jn any one of clains 28 t.o 0 34

charact eri ze®°PRAEREE saiid® neahB¥92) &Fg&éﬁérm nifig rg&gﬁs‘—f‘l{ir uct {ON filters
are adapted fepredenesatineng aofet afaifdi | t erscoepresentani ve bilttdmwes room

effect inducggpggséggaéiééegknga§8n§eg%$duction unit (2).

33. The device as claimed in c¢laim 32, characterized

in that it is associated with means (7) for determining
15 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 meang (8});

- calibration means (9);

20 - 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
25 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
30 34, characterized in that said means (12) of
determining reconstruction filters are adapted for
determining a set of filters representative of the room

effect induced by the listening zone (4).




