; >?@\e3eDzrrsTuvybyTDz$} Method and system of representing an acoustic
field The present invention relates to a nethod and a device for

" representing an acoustic field fromsignals issued by acquisition neans.
Current nethods and systens for acquiring and representin
envi ronments use nodel s based on acqui sition neans that aﬂﬁ\ﬂ@mﬂmwmum
i npracticable, in particular as far as the el ectro-acousti

structural characteristics of these acq]ui sition neans are conctf¥¥d. The
acqui sition neans conprise, for exanple, a set of neasuring elenents or

el ementary sensors arranged in specific spatial | J d havi
i ntrinsi cyel ect ro- acdﬂgﬁ%ﬁ a&'@d‘@f?'gp‘t‘l? :?pﬁfngEihg éPiag‘(f:'fasi'é?pe%chur ?\éln'?gsyst ens
are |i ml‘}ﬁg)rgsﬁnf ﬁ%elﬁﬁ&fﬁ%h‘t@s% 2 PR ACHRY 4 84Vi&SToPephdien | &dolub @ fiBRafsm

such as t ysical arrangenent and el ectro-acoustic characteristics of
t he el ersigabsriysusé byacgyisiinoiniegsue degr aded representati ons of the sound
environnent to be acquired. The systens subsuned under the term

"Anbi soni c", for exanple, only consider the directions of the source of

sounds r&irfink ¥RidisaNe s¢eahE BorAbqliffg aRd Wptbdeh@il £6280 enviRoRIhérRh Nge Models
plurality of elenentary sensors, which results in the acquisition nmeans

bei ng edasadabarrcquisitonpwieans that arspplaysicaloimenragticablaein ppdicslapiasi fay asfthe
i tioni 11 of t . t ' i i o h
BT of ertigtaractnie ndle IrATER Bl SRTRE r Peafulffiol lhBd bl

envi ronment by nodelling virtual sources, the angular distribution of which
around the centre theoretically allows a sound environnment of this type to
be obt ai Thedacquisiteane meansheomprisga foragyammnls, »setcdleMEIUERY clEpEds F 1M i gh

directivity characteristies |i.m t 1 eng . L .

epr os ertP O Bices i pate 5 sl Sl Ay BETRETRsbdle Bebf hollic agquigiion

mat hematdhemktebiggdss known as the basis of spherical harnonics. 2 I n other
systens, such as that enploying the nethod and the acquisition device

di scl osed in patent application No. WO Ol-58209, the acquisition is based
on the n@as ! byPhhe t icd Sf IRPAKREHIA n¥anof
t he soum%eﬁﬁ%%kgﬁ@gtage @@%@qbfﬁhgﬁﬁ%&@vg@?acgﬁggg gyst err?%usle model S
based ornsuciptasnthe phygivahtapmygeasoms and tlbetro-ac@istie chamateiibtycsaof ding edenoentary

circle and cause significant anplification of the backgroqund noicfe of the
sensors, and issué degraded representations of the sound environmentto be acquired.

The systems subsumed under the term "Ambisonic", for example, only consider the
directions of the source of sounds relative to the centre of the acquisition means comprising a
plurality of elementary sensors, which results in the acquisition means being equivalent to a

point microphone.

However, the impossibility of positioning all of the elementary sensors at a single point limits

the efficiency of these systems.

Furthermore, these systems represent the sound environment by modelling virtual sources,
the angular distribution of which around the centre theoretically allows a sound environment

of this type to be obtained.

However, the unavailability of elementary sensors having high directivity characteristics
limits these systems to a level of representation precision that is commonly known as "order

one", on a mathematical basis known as the basis of spherical harmonics.
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sensors. These systens therefore require sensors of which the intrinsic
background noise is extrenely Iow, and are thus inpracticable. Furthernore,
in these systens, the sound environnment is only described by a

bi - di nensi onal nodel, which entails a significant and reductive

approxi mati on of the real sound characteristics. It would therefore seem
that the representations of sound environnents nade by the current systens
are inconpl ete and degraded, and that there is no systemthat allows a
faithful representation to be obtained. The object of the inventionis to

solve this problemb royi di ng,a.methaod an evice issuin : .
repres eﬁ?é{tﬁ%r‘?ywmf’rfé"lgé% ieE‘l%ﬂQ%?gjﬁhfﬁﬁ?tﬁchﬁqu S tagﬂ'tung‘oIn;fieiV%S 3&)58195%41 " of
the charfedr@ripplidation Mot WO-8¢38060,! fheachiaifion id 'Mse @achE heaxeRkenr) ihel at es
to a nethod for representing an acoustic¢ field conprising a step involving
t he acquilsie, pbmfaatiemthat isrepresesitasivalos thesourdlentyyroasput to he mum@gns
conprising one or nore elenentary sensors that are exposed to said acoustic
field, characterised in that it conprises; - a step involving the

det er m nggweer,heseRGREhHdsd MbHEIE Haddddn dMiichal ERARERAY 8driswR thit a2 néceaatily he
structural characteristics of said acquisition neans; and 3 - a step

i nvol vi ragranged pn ok eisele rapdogause i signiBeast paplificationgahithe bockeppindi pjses af dhe
encodi ng f{olrgers to these signals in order to deternmine a finite nunber of
coef fi ci &l S"representative over tinme and in the three-di nensi onal space of
said acoustic field, said coefficients allowi ng a representation of said
acoustic field to be obtained that is substantially independent of the

char act eFhese pystenay thergfare seauinesersoshohhich theaabmsis bagkerpund majse 1s extremely

char act %{'Ns&il&ﬁ'? tHus?r?. gcﬁédf'blllect ural characteristics conprise at |east

position characteristics of Said elenmentary sensors relative to a
predeterm ned reference point of said acquisition neans; - encoding filters

are al so representative of electro-acoustic char cteri,gt%gs f said.
acqui si thustheraerssin thesg Ay stems et rsound sdtonmeRhis ORbt FSCEPP yé&‘rﬂ%‘f‘%‘@“’é‘@l

| east charagl qikich | &faifs®hakftifGnt Nd @&fuw% ﬁpgk&&ﬁl@aa@fap%é CreRIC Qi 1 ON

i
capacities of said elenmenta sensors; - coe lents allowing a

r epr esenthatactenistids. t he acoustic field to be obtained are what are known as
Fouri er-Bessel coefficients and/or |inear conbinations of Fourier-Bessel
coefficients; - step involving the determ nation of the encoding filters

conpri Se wouldthettfors sdin ikt ﬁhé’ Figese R SR FTBUAREAAFOrRhents HRAPLY B diiicht X

that is representative of the acquisition capacities of said acquisition
means; systems are incomplete and degraded, and that there is no system that allows a faithful

representation to be obtained.

The object of the invention is to solve this problem by providing a method and a device
issuing a representation of the acoustic field that is substantially independent of the

characteristics of the acquisition means.

The present invention relates to a method for representing an acoustic field comprising a step
involving the acquisition of measurement signals issued by acquisition means comprising one
or more elementary sensors that are exposed to said acoustic field, characterised in that it

comprises:

- a step involving the determination of encoding filters that are representative of at least

the structural characteristics of said acquisition means; and



- a sub-step involving the determ nation of an intercorrelation matrix that
is representative of the simlarity between said neasurenent signals issued
by the elenmentary sensors form ng said acquisition neans; and - a sub-step
i nvolving the determ nation of an encoding matrix from said sanpling
matrix, said intercorrelation matrix and a paraneter that is representative
of a desired conprom se between faithful ness of representation 4 of the
acoustic field and mininisation of the3background noise caused by the

acqui sition neans, which matrix is representative of said encoding filters;
- sub-steps involving the determnatign of the matrices re carﬁied ou& for
a finite nunifefteBs NyPBALE ithYy HOEERS O o3I MESUIPMARy F&H3Rg OF PP ying sat

det er m nabb@he Hitdrd)So SRPRY L3da1Bh" drdier fo (RieMRheOU! finitd hudBen off cordfidents

el enentary se%sors formng sSaid acquisition nmeans, from - paraneters that
are reprrepresentdtive eovef tirhe andsint the rthue-dimicnsisral sypace of sridv acquatic Hicldesmid e of

said acqui sition ans; and/or .- a.finite nu r, of ef f.i.cient hat ,,are
7 epr e serOaTIRAICHES acarirsniaion heaies bt BER toFe a6 A SE Syt s

| nvol vi negdRRAAEL FIEIRRLLRRR: of B SefiliognEakd 1 x (B) Is also carried out
fromat |east one of the follow ng paraneters: - paraneters that are

representative of the frequency responses of all or sone of the sensors; -

par anet e&&@;ﬁg&l@%@?rr&%f%%atl ve of the directivity patterns of all or

some of $%ers that are representative of the
orientations of all or sone of the sensors, i.e. of their maxi num
sensitivity direction; - paranmeters that are representative of the power
spectral- densiaid gtrugtiral hehaisactstigtiou sEmMpEpe et oleagl| PogiHon gibharagterishes Mdnsads; -

A N T e S R

of which nust be equal to the power of the corresponding coefficient in the
acoustic field to be represented; - it conprises a calibration step. .

al | owi ng all eveodingeiliss tane alser prssentatives 6 sloptrosacqusiice pharasiesisiicn Ot frid
determ nati.on of the encoding filters, to be issued; - calibration ste
conpri i %ﬂpgg?eapgast one of said elenentary sensors form ng said P
acqui sition neans: - a sub-step involving the acquisition of signals that
are representative of the acquisition capaciti ef of said at |east . one
sensor; -and said electro-acoustic characteristics comprise at least characteristics related to the

intrinsic electro-acoustic acquisition capacities of said elementary sensors;

- coefficients allowing a representation of the acoustic field to be obtained are what are
known as Fourier-Bessel coefficients and/or linear combinations of Fourier-Bessel

coefficients;
- step involving the determination of the encoding filters comprises:

- a sub-step involving the determination of a sampling matrix that is

representative of the acquisition capacities of said acquisition means;

- a sub-step involving the determination of an intercorrelation matrix that is
representative of the similarity between said measurement signals issued by
the elementary sensors forming said acquisition means; and

- a sub-step involving the determination of an encoding matrix from said
sampling matrix, said intercorrelation matrix and a parameter that is

representative of a desired compromise between faithfulness of representation



- a sub-step involving the determ nation of paraneters representative of

el ectro acoustic and/or structural characteristics of said at |east one
sensor; - calibration step further conprises: - a sub-step involving the

em ssion of a specific acoustic field toward said at | east one sensor, said
acqui sition sub-step corresponding to the acquisition of the signals issued
by this sensor when it is exposed to said specific acoustic field; and - a
sub-step involving the nodelling of sai“d specific acoustic field in a
finite nunber of coefficients, in order to allow said sub-step involving

the determ nation Qf paraneters that. are representative of .electro-acoustic
and/ or structural © ﬁ%’?&@?@%‘i fg‘?laﬁgdﬁf‘lﬂirﬂ’éa@n‘%ﬁe&ﬁegﬁc o?lh‘ﬁ'@?}s%ﬁ?‘fse‘?b%g]eq

cal ibration step AR Remns? Wi cH BB RipdsBiftat o akERido@imgditest; i ni te
nunber of signals that are representative of the el ectro-acoustic and
structural characteristics of said sensors form ng said acquisition nmeans,
whi ch signals are used. directly during said sub-ste 6 .1 nvol vi

det er m Aat i oﬁ“ﬁiﬁtepﬁém@l@ﬁ% r8e é%&?&?&ffﬂélgﬁn 16F uﬁ Ve g?eaf:argﬁgroélétfggi%s np{ges of
sai d acqpinitel bPSpiBRMI Freqdidics; i t conprises an input step allowing all or
sone of the paraneters used during said step involving the determ nation of
the encoding filters, to be determ ned. The invention also relates to a

Che’ st ops. of TRamTRrRag i AR R e s SR o Chor ISR 10,

on a Corguh@itary EB@ots Ty@mhp @sldakg@sitioh aidss,tfiond novabl e support of the type
conprising at ?]east one operation processor and a non-volatile nenory

el enment, characterised in that said nenory conprises a programme conprising
code instructions fof,k.p kﬁmtﬂep%sgﬁgtﬁ &fe ?Bsiﬁ&?oﬁiﬁggﬂs@? réigt%rt{)}&?ed
above, when said processor executes said programre. e invention also
relates to a devi aenfro©sf saRidcgaBitionngean; aciarstic field that is connectable
to acquisition neans conprising one or nore elenmentary sensors issuing
nmeasurenent signals when they are exposed to said acoustic field,
characterised in thhid ty GHYP! S EGefRcitRUtnG: bR rﬁfr@s‘éﬁ?ﬁi‘v@%ﬁ% TERRM e
signal s by applying encoding filters that are representative of at | east
the structural chaapsiitéssiofkaidsemsor;sai d acquisition means to these
measurenent signals, in order to issue a signal that conprises a finite
nunber of coefficients representative over time and in the _
thr ee- di.rensi phaky SRAE PGSRl AEPHhE Carhbitednaridi ) ORES bationbs: Mrh awi ng
a representation of said acoustic field to be obtained that is

subst antleast bye oftiie ol lvdlamg paydmetess: characteri stics of said acquisition neans.
According to other characteristics of the invention: - encoding filters are
al so representative of electro-acoustic characteristics of said acquisition
means; - it furthefareRians 'tﬁa@%rd‘i%?fb%eﬁt@lﬁvé@tﬁé froqicngy SéipdneRaddiing st ber s
that are representative of structural and/or electro-acoustic
characteristics ofthgsingoracqui siti on neans; -

- parameters that are representative of the directivity patterns of all or some of

the sensors;

- parameters that are representative of the orientations of all or some of the

sensors, i.e. of their maximum sensitivity direction;

- parameters that are representative of the power spectral densities of the

background noise of all or some of the sensors;

- a parameter specifying the order in which the representation is conducted;



- said nmeans for determning encoding filters receive at the input at |east
one of the follow ng paraneters: - paraneters that are representative of
the positions, relative to centre of said acquisition neans, of all or sone
of the sensors; - a finite nunber of coefficients that are representative
of the acquisition capacities of all or sone of the sensors; - paraneters
that are representative of the frequency responses of all or sone of the
sensors; - paranmeters that are represertative of the directivity patterns
of all or sone of the sensors; - paraneters that are representative of the

orientations of all or so of the sensors, J.e.. of their maximum .
sensitivity directd R?ﬁ‘,‘m@te‘gg}aﬁf‘ﬁe’cegﬁeﬁﬁﬁ’f °§raehsrt<9[§t’°8§%{r‘ffe§%5i’ the RV 108 %%r
spectral densities,af tehguiREkHeOH¥Lr NPIRE cOrePdAdiBE coRMRiG it iR 8QSHES; -
a paraneter that is representative of the desired conprom se between

fai t hf ul ness of r dpldwdempiesented; t he acoustic field and m ni m sation of
t he background noi se caused by the acquisition neans; - a paraneter
speci fying the order in which the encoding is conducted; - a paraneter that

i's represent gf {grehrfiks & chlitirhtiot ste® 8 dwink NP sorhB f B RiraréterdfibéinBasd stoye

equal to the power of the corresponding coefficient in the acoustic field
to be réapvavingtledieterm@natiantofithe envoding diliets, Wi benissiedns for deternining all or
sonme of the paraneters received by said nmeans for determ ning the encoding
filters, said means conprising at |east one of the followng elenents: -

means far i npydtibiafién B@F%@ﬁi}ﬁfs%é, fond{ Rast-oreadfl AidkicaientiERR&isors fokming said
associated with neans for formatting said neasurenent signals, in order to

i ssue a asouisdopoednsig formatted signal. A better understanding of the
invention will be facilitated by reading the foll ow ng description, given
solely by way of exanple and with reference to the acconpanyi ng draw ngs,
in which: - FEig. X é&b-aep indokghsakd acquisitich 6P bighale ahatr &b eerowatativg wlethe -
Fig. 2 is a diagramillustrating the acquisition nmeans used; - Fig. 3 is a
general flow char tacgtisitiea capaciiing ofsaid lgblepfweasesAn andri g, 4 is a detail ed
flow chart of an enbodi ment of the calibration step of the nethod of the
i nvention;

- a sub-step involving the determination of parameters representative of electro-

acoustic and/or structural characteristics of said at least one sensor;

- calibration step further comprises:

- a sub-step involving the emission of a specific acoustic field toward said at
least one sensor, said acquisition sub-step corresponding to the acquisition of
the signals issued by this sensor when it is exposed to said specific acoustic

field; and

- a sub-step involving the modelling of said specific acoustic field in a finite
number of coefficients, in order to allow said sub-step involving the
determination of parameters that are representative of electro-acoustic and/or

structural characteristics of the sensor to be carried out;

- said calibration step comprises a sub-step involving the reception of a finite number
of signals that are representative of the electro-acoustic and structural characteristics of said

sensors forming said acquisition means, which signals are used directly during said sub-step



- Fig. 5is a detailed flow chart of an enbodi nent of the step involving
. the determnation of the encoding filters of the method of the invention; -
Fig. 6 is a detailed diagram of an enbodi nent of the step involving the
application of the encoding filters; and - Fig. 7 is a block diagramof a
device that is suitable for carrying out the nethod of the invention. 9
Fig. 1 illustrates a conventional spherical reference figure, so as to
clarify the coordinate systemreferred®o in the text. This reference
figure is anhorthonor mal reference figure, having an origin O and
conprising three axes (O, (O- and (O-. In thi referenc figure .
p;)SI ;[NIh orinyglyirgdhs determeatipn @édhqoyleﬁé%nargoww g ﬁm}?ti"‘i"é ‘% phics &Saﬁ
~ er ?ﬂ% he di stance relative to the origin O B the

orient atalg ﬁsxfuﬁg 52"%‘%‘. cal plane and ~ the orientati o% in the horizontal
plane. In a reference figure of this type, an acoustic field is knovvn i f

t he sound pressure. narke the Eau t f f
mar ked P(r, P gt comprises m\lﬂ‘%‘?éﬁeﬁaﬁo‘?ﬂ’é‘ﬁ&hég SPWE fo “ 5t Vr %Q%e g O t(élgach
poi nt aqgv@}{lln‘éqlﬁé"dét i ﬁon of. tﬂ?‘@hcﬁ'@& e, td B@dét&’{rﬁﬂéd on is based on the

use of spatio-tenpora unctlons al I ow ng any acoustic field over tine and
i n three-di nensi onal space to be described. In the described enbodlnents
t hese funct.i ons, ar

k E -
Lhe' 1 r Sbadnyiiion o ERies 3 R&P PG POB LU E ST PEF BRI EEPE Rads IHESaAes ©f
zone devgj ‘?mgferr%?ﬂflg &Re Af¥ps Q;?Sthé‘%&ﬁod taf el es@iddesoRe s fakn fsﬂﬂcbtdglﬁﬁnme is

correspond t ons to0 the wave equation and forma basis that

gener at exealtdd of acbmpuateoustic fi el ds produced by sources | ocated outside
this zone. Any three-dinensional acoustic field may thus be expressed by a
| i near conbi nation of Fourier-Bessel functions, according to the expression

Ig‘; the 'Théeizls&tﬁﬂtulsoﬁf(eiﬁ&&sl%l mMa%bmﬁéL?gmt o\Mﬁhectype aompﬁmﬁg aetastonealpertion
r, 6, =4~~ ~ ~(~ me-

processor and a non-volatile memory element, ¢ aracterlsed 1n that said memory comprises a

programme comprising code instructions for implementing the steps of the method as

described above, when said processor executes said programme.

The invention also relates to a device for representing an acoustic field that is connectable to
acquisition means comprising one or more elementary sensors issuing measurement signals
when they are exposed to said acoustic field, characterised in that it comprises a module for
processing the measurement signals by applying encoding filters that are representative of at
least the structural characteristics of said acquisition means to these measurement signals, in
order to issue a signal that comprises a finite number of coefficients representative over time
and in the three-dimensional space of said acoustic field, said coefficients allowing a
representation of said acoustic field to be obtained that is substantially independent of the

characteristics of said acquisition means.
According to other characteristics of the invention:

- encoding filters are also representative of electro-acoustic characteristics of said

acquisition means;

- it further comprises means for determining said encoding filters that are representative

of structural and/or electro-acoustic characteristics of said acquisition means;



10 In this equation, the ternms PI,",(f) are defined as the Fourier-Bessel
coefficients of the field 2 p(r, B, ~, t), k = k=~ , c is the velocity of
sound in air (340 ns'), jl (kr) is the spherical Bessel function of the
first kind of order |, defined by j, (x)=~ J,+"z(x) , wherein Jv(x) is the
Bessel function of the first kind of order v, and y~""(9, ~ is the real
spherical harnonic of order 1 and term with mranging from-I| to |,
defined by: yi ( e~~)=Pr~m~(cos B)trg ~) wherein: ~cos(m-) where npO trg
~( ~)= 2 ~ where n0 sin( m~) where m< 0 In this equation, P~ "(x) are

t he associ ated Legendre functions, defined by: Pm(x) 2 2 1 (I+m)! (
1-xz)'"~z aimp (x) wherein Pl (x) are Legendre polynom als, defined by: P
(x) 2'1.a (XZaH heankh®r Iaetefmgﬁn%Beﬁ@ﬁin CAREH iredetvd 8t the dnpltsed leaspioas dEdhé n
the tenporal domain by the coefficients pl,n(t), corresponding to the

i nver se foBowingparametersier transform of the coefficients P,, m(~. In other

erbodi ent s, the SaUELLE (ACKE Li-ASRATROPSHL BB luUROLE AN RRR. I 1

each of the functiP6He 5% express a pote Inite [l near

conmbi nati on of FoukipdkitiBessahs,fofiall bt ssse oﬂ'—'tlhgser%orstl ustrates schematically
acqui sition neans 1 conprising N elenentary sensors 2~ to 2N. These

el enentary sensors are arranged at specific points in space around a

predet erm ned poi ﬁﬁltﬁqﬁﬁh ar%fego&ﬁcfeﬁ‘@ ﬁﬁf‘tafeer reie?atl%oé’f' gl heduisBans 1.

11 The position o eac ary sensor expressed i n space,

in a spherical refoapz&jitmdflagwreomaoﬁttmssamdom; descrl bed with reference to
Fig. 1, centred on the centre 4 of the acquisition neans 1. Wen exposed to
an acoustic field P each sensor 2" of the acquisition neans 1 issues a

measur enent  si gna[?aﬁ}%e %ﬁ@lﬂﬁg aftPIepRR 9&5&% dfQné HeqiRR ?'r'és?&ﬁé’é& ofBH®r Bymé e

sensor in the acous e ach|S|t|on means thus issue a
plurality of signahssamsotsp cN, which are the signals of the

- parameters that are representative of the directivity patterns of all or some of

the sensors;

- parameters that are representative of the orientations of all or some of the

sensors, i.e. of their maximum sensitivity direction;

- parameters that are representative of the power spectral densities of the

background noise of all or some of the sensors;

- a parameter that is representative of the desired compromise between
faithfulness of representation of the acoustic field and minimisation of the

background noise caused by the acquisition means;
- a parameter specifying the order in which the encoding is conducted,;
- a parameter that is representative of a list of coefficients, the power of which

must be equal to the power of the corresponding coefficient in the acoustic

field to be represented;



measurenent of the acoustic field P by the acquisition neans 1. These

. measurenent signals cl to cNissued by the acquisition neans 1 are thus
directly related to the acquisition capacities of the elenentary sensors 21
to 2N. Fig. 3 illustrates a general flow chart of the nethod of the
invention. The nmethod starts with a step 10 involving the inputting of
paraneters and a step 20 involving the calibration of the acquisition
nmeans, which allow a set of paranetersgthat are representative of the
structural andlor electro-acoustic characteristics of the acquisition neans

repr esert at | Vo PUL v fir delbriing & ofprBE of JE ik anbBR raRifed by
f r equengydeRSRABP deteftiMing) et dncHding tRRrs] Qaidndedmeoamirisingadtiledst shepf 2he
which will be described in greater detail with reference to Fig. 4, may be

carri ed folewsigreldnentseously or in any order. Equally, the nethod of the
invention rnay conprise anly.the inputtin tep 10. The inputting step 10
and the calibrati eaé’fg?fl B%HP$8%@%%SO?H%8§E of the follow ng paraneters
to be determ ned for one or nore sensor: 12 - paraneters x " that are
representative of the position of the sensor 2" relative to the centre 4 of
t he acqui siti-on ms@HBraion @R are witten in spherical coordinates (rn,
B'", ~,); - paraneters d"(~ that are representative of the directivity

di agram of the sensor 2", which may take any val ues between 0 and 1 and

al | ows t-he diit gcdsbodidtyd afthtrheans ensformting eaid enchssiemichesiginls, dn coddritmagsiion  of
omi di rectional and bi-directional diagrans: if d"(~ = 0, the sensor is
ommi di r ectorsapanding fgrmatted signal.he sensor is cardioid if d"(~ =1, the sensor
is bi-directional; paraneters a"(~ that are representative of the
orientation of the sensor 2n, i.e. its maxinumsensitivity direction, which
i s gi vena byetteheurdlegtamdingu plf eth¢ Baverftion Wil be -faphtatedebyr wading ~theh follosring
representative of the frequenc r;—;s onse of ,the sensor %n, correspondi ng,
for eacHessrafioen@iven, sqlely: By "gé’né’ texgmple ard ¢ §%§§%‘Fc R R qqqgmﬁfn}}gggi on
a,,~ - t: G.z"(~ that are representative of the power spectral
density %?‘Q?’%g’lgg@ﬁg{found noi se of the sensor 2n; - paraneters Bn,|,nm ~
that are representative of the acquisition capacities of the sensor 2",
i.e. of the nner in_which hge ensar 2n gathers information on the
acousti ¢ fielfep 1sgRdHustfaton ?Fﬁlegc't‘ﬁﬁ r‘?‘%ﬁf@&?ﬂt ative of the acquisition
capacities of a sensor and, in particular, of its position in space, and
the total of B",r,m ~ is representative of the sanpling of the acoustic
field P <arrilEg Dista biggramallpgpting ithe asquisisongndans used; par anet er ~ speci fyi ng
a conprom se between faithful ness of representation of the acoustic field P
and m ni m sation of the background noi se produced by the sensors 2~ to 2N,
and being ablgig! DistAkertl flowalhdR f BRimMERSd Of thednvkntien;i f ~ = 0, the
background noi se is m ninal

- Fig. 4 is a detailed flow chart of an embodiment of the calibration step of the method

of the invention,;

- Fig. 5 is a detailed flow chart of an embodiment of the step involving the

determination of the encoding filters of the method of the invention;

- Fig. 6 is a detailed diagram of an embodiment of the step involving the application of

the encoding filters; and

- Fig. 7 is a block diagram of a device that is suitable for carrying out the method of the

invention.



- if ~=1, the spatial quality is nmaximal; 13 - a paraneter L(~
specifying the order in which the representation is conducted; and - a
parameter {(lk,nk)}(~ that is representative of a list of coefficients, the
power of which nmust be equal to the power of the correspondi ng coefficient
in the acoustic field to be represented. In sinplified enbodi nents, all or
sone of the described paraneters are cqgnsidered to be frequency-indep
endent. The paraneters ~, L(~ and {(Ik?nk)}(f) are representative of

optim sation strategies allow ng optinmal extraction of spatio-tenporal

i nformatj.on. on the acoustic field P from neasurenent signal | to cN, and
are i npdti®el HTRles & Fl%m’leﬁﬁ?ﬁah i r'é;?]eﬁ?‘irﬁr.lceT gUISt AR @S B%%M éﬁ% charke

i nput d%&&&%r%ﬁﬁe&??ﬁﬁh&&&tStep 10 or determned during the calibration
step 20. " In sinplified enbodi ments, the method of the invention is carried
out only with the paraneters ~, L(~ and all of the paranmeters x ", or al

of the raneters B". (.",(~ or a conbination of paraneters n,and ..

g o (OB ERGE it b ercinofnBlOF Rorte e e g L g

2". O GRUE%Res (@), @Y)saaR0g). the parameters used nay be issued by menories
or dedi cated devices, it being possible for an operator to equate these
processes to the direct inputting step 10, as described. Follow ng the

i nput step.10 d~'or. the calibration step.?2 t he t hod _conpri se tep
30" nvollB S FHECRES dieHnat PSNUBR RS oty Sreekibed TRadapt el 38lsfal | Ve
of at | &a8ididdi& (7! 4,YH! WhérkinC PRERRLQhE BlstatSe rdlatfead YRGS ©IY the biEntation

el ectro-acoustic characteristics, of the acquisition neans 1. 14 This

st ep 30,in 'ty whitiosd planb endl @ $ieer orisachtion igthedioeizontel plahe.wi t h ref erence to Fig.

5, allows all the paraneters determi ned during the input step 10 and/or the
calibration step 20 to be taken into account. These encoding filters are
ther ef oryg ERI&GRE RbAL aﬁ?@ft@e an 8&bRktid ﬁagﬂgﬁh&wmﬁ@ 5B REdsili fgrked pthe

el ementary sensors-2n relativé to the reference point 4 of the acquisifion
means 1.6, AflvanthegBaurizdr ytransfoemeof mhichr 5 mueked| B, r& pg, ef.ewheteiny ¢ dehowes Hbe
structural characteristics of the acquisition nmeans 1, such as the

or i ent atfresaersy, imdeliaed pirmarhepwbandat casheingtaBivent ary sensors 21 to 2N, and

al so their electro-acoustic acquisition capacities and, in particular,

t heir background noise, their directivity diagram their frequency

r esponseTheehethod of the invention is based on the use of spatio-temporal functions allowing any

acoustic field over time and in three-dimensional space to be described.

In the described embodiments these functions are what are known as spherical Fourier-Bessel

functions of the first kind referred to hereinafter as Fourier-Bessel functions.

In a zone devoid of sources and obstacles, the Fourier-Bessel functions correspond to
solutions to the wave equation and form a basis that generates all of the acoustic fields

produced by sources located outside this zone.

Any three-dimensional acoustic field may thus be expressed by a linear combination of
Fourier-Bessel functions, according to the expression of the inverse Fourier-Bessel transform,

which is expressed as follows:

P(r.4. =473 S BNl jilkr Jyr(6,9)

=0 m=-1



The encoding filters obtained at the end of the step 30 nmay be stored, so

. that the steps 10, 20 and 30 are only repeated in the event of nodification
of the acquisition neans 1 or optimi sation strategies. These encodi ng
filters are applied during a step 40 involving the processing of signals cl
to cN derived fromthe el enentary sensors 2~ to 2N. The processing entails
filtering the signals and conbining the filtered signals. Following this
step 40 invol ving the processi ng of t hetOreasur enent signal s by applying
encoding filters thereto, a finite nunber of coefficients representatives

over ti nd in.the,three-gdipensi | .s e of .t acoustic fiel.d P.i
Cesued.  TrbloeBubhy b S HelD drttetied RrbeaSt iRt bt O the nod
coefficients, narked Fﬁ,yr (f) and correspond to a repr.esentation of the
acoust i cP(fi 81 ¢ 1k & figdk=T3 stisshaneloaity of sovmdgariéredfO 815 bhé (bnds dbe enhesealcs
of the acquisition neans 1. It would therefore appear that the nethod of
the invention, al |l ows fai thful representation qf acoustic. field of
i ch ¢ HECEENOFAD Sl P TE O AR DRIk g CRrd Zpdinnd) ¥ e s e
what ever acqui sition neans are used. 15 Fig. 4 illustrates a flow chart
of an enBedelnfmttiaf of He fimt kindaifi arderst,emd20)7(8 ) ishihs reatbsplieriealtharmhpic of

calibratiqn step 20 all.ows the coefficient "1, mf), which are
represen‘?raF‘iéaé‘%cﬁFmiWewé JuremediPe z E’cfa?fg?ﬁc?fy'the acqui sition means 1, to
be determned directly. This step,20 sharts, w th a sub-step 22 invol ving
the em ssion of a specific acoﬁ‘s@’@'f’?eﬁ’ S?B%ﬂ(g) t he acquisition neans 1,
and wit hwger?iﬁb-step 24 involving the acquisition of neasurenent signals by
the acqui'sSition neans 1 exposed to the emtted acoustic field. Theses

sub-steps 22 and 24 are repeated f?r a plurality Q of specific different
fields, and require means for ge g;a@qsﬁgl@pe@'ihﬂec”ak%usti c fields and nmeans
1a.

1

for displacing and/or rotati n? t cquisition neans 1. For exanple, the
calibration step 20 is carh8a(®g g@lﬁ"ng mean¥hesr Mygher ati ng an acoustic
field that merely conprise a fix _L%u&zp?aker, which is assunmed to be a
poi nt | oudspeaker having a flat frgnti@ P r 86158 <4 he | oudspeaker and the
acquisition mans 1 being placed i'n an anechoi ¢ envi ronnent.

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

- dr
Pr(x)= /2[2+1 §5+’:1;;(1_x2)m/2 dx"'P’ (x)

wherein P/(x) are Legendre polynomials, defined by:

dI
B ()= -1)

The Fourier-Bessel coefficients are also expressed in the temporal domain by the coefficients

P1(?), corresponding to the inverse temporal Fourier transform of the coefficients P (f).

In other embodiments, the acoustic field is decomposed on a function base, wherein each of
the functions is expressed by a potentially infinite linear combination of Fourier-Bessel

functions.
Fig. 2 illustrates schematically acquisition means 1 comprising N elementary sensors 2, to 2.

These elementary sensors are arranged at specific points in space around a predetermined

point 4, designated as the centre of the acquisition means 1.



I n each generating sub-step 22, the | oudspeaker emts the same acoustic

. field and the acquisition neans 1 are placed in the sanme position, but they
are oriented in different and known directions. It is, of course, also
possi ble to displace the | oudspeaker. Therefore, in the reference figure of
the acquisition nmeans 1, the | oudspeaker is in a different position
~Yq~p, Bgp, | ~qp~ for each field g generated. The acquisition neans 1 are

t hus exposed to an acoustic field q, t k& Fourier-Bessel coefficients of
which P~,mq(f), in the reference figure of the acquisition neans |, are
known up.to a.givep order, narked L3. 6 I.n the described enbodi , the
neasur e PRSI, P el g‘@ﬁlefl@ﬂ' SERSG The %}ﬁ‘écﬁﬁ S’erF%?ﬁg Sh°PeEBp™ 2% ° }?%l%él
finite nuhske Bhueatd AChaNiscHbal with fcfeRRECREME AL icéatred of it @anernar et
acoustic field q, as well as of the acquisition capacities of the

acqui si tacouisitienmesans 1.The paraneters L j and Q are sel ected so as to respect
the condition: Q>_(L3+1 )2 Advantageously, the nethod subsequently
conprises a nodelling sub-step 26, allowing a representation of the Q
acoust i owhiledSoselritd bR hebbidticnHeldhe cablP s&isP 22 31 ttRe REqulsition Thewde.1 Asues a
model ling matrix P that is representative of all of the known fields Qto
whi ch t heeasuxsuient sigosl arewhich]carrespendsdeche mrasyemensmade bysthe $§8s0gd2 & ned
during %pe uq%%%gp 26. This matrix Pis a matrix of the size (L j+1 )2
over Q BT g elenents Pl,r",9(~, the indices (I, m designating the
row (1 Z+l+m, and the index q designating the colum q. The matrix P
therefore has the followng form po,.0, U-po, 0, z(~ ) )

I Polhs, acgpisition magps 1 thus-issue a plugglity ofsignalspei\ip oy, whish are the signalspf ey | -

These measurement signals c; to cy issued by the acquisition means 1 are thus directly related

to the acquisition capacities of the elementary sensors 2 to 2.

Fig. 3 illustrates a general flow chart of the method of the invention.

The method starts with a step 10 involving the inputting of parameters and a step 20
involving the calibration of the acquisition means, which allow a set of parameters that are
representative of the structural and/or electro-acoustic characteristics of the acquisition means

1 to be defined.

Some parameters, in particular parameters that are representative of electro-acoustic

characteristics, are frequency-dependent.

The inputting step 10 and the calibration step 20, which will be described in greater detail

with reference to Fig. 4, may be carried out simultaneously or in any order.
Equally, the method of the invention may comprise only the inputting step 10.

The inputting step 10 and the calibration step 20 allow all or some of the following

parameters to be determined for one or more sensor:



PG ,L,.1~PL,.L,.2~. ..... P~~,¢c"Q~ In the described enbodi nent, the acoustic
. field produced by the | oudspeaker is nodelled by spherical radiation, such
that, in the reference figure of the acquisition nmeans 1, the coefficients
Pl ,mqg(f) of each acoustic field q thus generated are known, owing to the
relationship: _ j2~rrQ@ j PI,m9~- Y~ ar ~r~Y9hp ~~.yl ~ ~9p ~~9P wherein
17 -k _ (I (k! ) ~J2 ~Y"p -~ 2kk! I-% I ¢ The coefficients obtained in
the sub-step 26 are then used in a sub-%tep 28, in order to determ ne
paraneters that are representative of structural and/or sound

A B Lt e piiierd 06 368U Lok AR Bt the Aol eI OIS, RERRR! BT

this sub-ste arso ‘uses I hg nat erm ne

sub- st eRegRe 4 HiHE ailisitioR PnetBs 1 vRits add whttd i@ sPRéredalbdvadinges Of, Gagmt rix C
that is representative of all of the signals cn,9(t) picked up at the

out put of N sensors in response to Q known fields. This matrix Cis a

matrix of size N over C rising el.ements C' £), 1 he |

desi gnat’i ng tﬂ‘?ﬁan?egw rfl”&ﬁkba?t eerefpﬁ%fggitahv%ggitﬂbengir?cﬁlg“&hdela%ro uﬁﬁé.ﬂ“?ﬁc’er Zn

el enent syifich fay tacCardorhiecthetw @M d &Rl B hadallGwe theUideptitiyy GIOME iserisor 2, to be
transformation. The matrix C therefore has the followng form C-, WG .z~

.. C1. Q- descriped¢by a(combinatipn-of omgjdiregtioraland pi-directignahdiagraig matrix Cis
representative of the acquisition capacities of the acquisition neans 1 and
the Qemtted acoustic fields. In the described enbodi nent, the

coef fi ciie =B, the senkor idlotniditeetichdled fromthe matrices C and B, during the
Sub-step 2 usi ng conventional nethods of general matrix inversion,
appl i ed if &nlih g 5ensABHiGaTdigidt | inks C to P. For exanple, the

coeffici. B, I ~ . Aenp d j.n a matrix B that is determ ned by the
foll ow ﬁé%@ a %’ct)rrl\s I ;S)&Ilgbgh%&%%lng(ﬂl? PT)-' Bis a matrix of size N over

(L3+1 )2 conprising coefficients B",I,nm(~, the index n designating the row
n and the indices (I, m designating the colum |z+l +m The matri5< B .

t her ef ore hadaranesters| wéithy w6 Tepresenigiivgoipthg\prienggtion ofqthe|sepsor12ngisey 1ts

Bl ,I,I~ .

, .B1L L -l ...81.L0O,.,.BL L B » Ao B2, |
v 1 meximas) ggmiivity ircetigneSpich i en iR BN 1- e
.BNL O~...BN L ~
- parameters H,(f) that are representative of the frequency response of the sensor 2y,

corresponding, for each frequency f; to the sensitivity of the sensor 2, in the direction af);

- parameters ozn(f) that are representative of the power spectral density of the

background noise of the sensor 2,;

- parameters B, ;.(f) that are representative of the acquisition capacities of the sensor
2., i.e. of the manner in which the sensor 2, gathers information on the acoustic field P. Each
B,.1m(f) is thus representative of the acquisition capacities of a sensor and, in particular, of its
position in space, and the total of By;m(f) is representative of the sampling of the acoustic

field P carried out by the acquisition means 1;

- a parameter u(f) specifying a compromise between faithfulness of representation of
the acoustic field P and minimisation of the background noise produced by the sensors 2; to
2n, and being able to take all values between 0 and 1:

- if u(f) = 0, the background noise is minimal;

- if u(f) = 1, the spatial quality is maximal;



L~ , 3, These sub-steps 26 and 28 are carned out for each operating
frequency, and the coefficients thus determned directly formthe
paranmeters that are representative of the acquisition capacities of the
acquisition neans 1. The sub-steps 26 and 28 of the calibration step 20 may
be carned out in various ways, as a function of the paraneters that have to
be determ ned. For exanple, in the cas? where the calibration step 20
allows the position x N of each sensor dn to be determ ned, the sub-steps
26 and 28 use the propagation tinmes of the waves emtted by the

| oudspeakers to reach the sensors 2". The position of each sensor 2" is
determ ned using at |east three propagation tine neasurenents, according to
triangul.ati ony pRiheesL e@ﬁﬁﬁ%ﬁfe k@& 9n wHiaNht kprésentdiperkondadted;and gi ven

i mpul se, the sub-steps 26 and 28 all ow the inpul se responses of each sensor
2" to be determned fromthe signals c~,q(t). Standard nethods for

determ ning inpulse r 0 uch_as s I : or
exarpl e are ABHETRIT RO L Aoaneestalut D ¥ O B EBEEL o

al | ows &l1a6h hisEEObGial € BBPoREE 6f thelcofrespdndingeosEiRiar i the dooudiet fisldrioed. |t
then starts by determning the directivity diagramof each sensor 2n for

each gi vepresanésguency f, for exanple, by determining the frequency response
of each sensor 2" for a plurality of directions. In a second stage, all or

sone of the follow ng paraneters are determ ned: 19 - paraneters an(~
t hat ar dnrstppii&nemboditments, all eoragonenbdAtlieodesofibe@iapirametesoare2ennsidessd ©fbd t s
maxi mum sensitivity direction, given by the angles ( B" ,~")(f ) , for

whi ch t Heequencycindepandenti agram adnits a nmaxi numto the common frequency f -
paranmeters Hn(~ that are representative of the frequency response of each
sensor 2" in the maxi num sensitivity direction, which thus corresponds to
t he val Ugheopattahetetts rgHf in(f)t snddi{@gra) (M oaret tepradéntattiel ofi dptdmisatiann sirdtegies and

- paraneters d"(~ that are representative.of the directivity diagr of
cach serligMing APEMaheKBHSOR 1 eRETETBITE) PREion Wb PoRustipdidl A MoRkd by

a_ model rﬁ%ﬂfeﬁhpgiﬂlafsoabé nal.i 8l o ﬁ?ﬂh&’d 18hhE MR knpRighPkstefi 1@ CThO Ber
diagrans orirented 1'h the 8| rection an(~, using the follow ng directivity
nmodel : Jparaniétérs mayl be (ifigut closifig i inppging~temi @ rogideteamnined (dRiring e sialibraties t he
scal ar e££y¥§t between the directions a"(~ and (B, ~).

In simplified embodiments, the method of the invention is carried out only with the
parameters p(f), L(f) and all of the parameters X, or all of the parameters By ;n(f) or a
combination of parameters ¥, and B,;m(f), so that there is at least one parameter per

elementary sensor 2,

Of course, all or some of the parameters used may be issued by memories or dedicated
devices, it being possible for an operator to equate these processes to the direct inputting step

10, as described.

Following the input step 10 and/or the calibration step 20, the method comprises a step 30
involving the determination of encoding filters that are representative of at least the structural
characteristics, and advantageously the electro-acoustic characteristics, of the acquisition

means 1.



This paraneter d"(~ may be determ ned using standard nethods for estimating
. paraneters, for exanple by applying a nethod of |east squares that provides
the value d"(~, which mnimses the error between the real directivity
di agram and the nodell ed directivity diagram Advantageously, the
calibration step 20 also allows the paranmeter al"(f) which corresponds to
t he power spectral density of the background noi se of the sensors, to be
determ ned. The signal issued by the sé&hsor 2" is thus picked up during
this step 20, in the absence of an acoustic field. The parameter ~"(~ is
determ ned using netho timatin ower .spectral densi su as the
o cal | CHin PR Stkotmem LD Shscrpel o g BB s 10 Fhe S FLOH FLAES
all or %ﬁpﬁn&&s ﬁ%ﬂﬁh@(pﬁur%?g {1 iRt dfep 100RARE BEb caliBradiofd &fep 300l ‘r@@ﬂfﬁ%'lﬁbo to
allow a plurality of types of paraneters to be determ ned, wherein sone
subst epsicomunt.be conmon to the determ nation of various types of paraneters.
20 The calibration step 20 may al so be carried out using neans ot her than
t hose described, such as direct neasuring neans - for exanple, using nmeans
for optimpkd L‘nd&ﬁ%uﬁl'td?ﬂ afe B eRPSHE treprRseptati®a & af IRBEHe A abitRd SR ackisti®l Gt | ve
to the centre 4 of the acquisition neans 1. Furthernore, the calibration
step 20 thaglemantery sensors2.rekativata the referanagpeinichafie apquisision eanpl e, of
signals that are representative of the acquisition capacities of the
el ementary sensors 2n. It would therefore appear that this calibration step
20 al | owsdvahtagedusEo HRsOfiltbRard alsa Tepresentadivabf aiher kendtane chahdtuistiof of fe
structural and/or electro-acoustic characterjstics of the ac U|S|t|on means
1, whi clecapisitin meagulh.isheh em@emptaggn Pristugl inguenses @éther iementayrseriors e
encodi nq . fi I e I t an
enbodi mqant é’EBf al§sot etf?e‘?%%?%chf% c%ﬁgnc gmﬁ hd %Ig{h?%na% {n Wg%@%é. Fl}%ir
filters ba&'lli‘g?oﬁﬁcﬁrﬂ)léwtlﬁﬁmmiébﬁﬁsy (&agmbr &ie&ﬁ‘réﬂlﬂeﬁdyaéspolﬁvalems t he
determ nation of a matrix B that 1s representative of the acquisition
capacities of the acquisition neans 1 or sanpling matrix. In the described
enbodi ., ' 1 e d" (~,
a"(~ an ,,e,n%&,ﬁngmtéaﬂrs] éblaéﬂezi aq(?lﬁ ér[)? cgfftﬂ% Et'ég ﬁklms/ B%as?tﬁrgﬂ % t%atxthe ’steFE 0, 20
el enent anB"30 ,ate (Only tdpeateddiaxthe ewsit gifambdifichtivm LOWhe, acqndltiohememdu d:e&
(I,m designating the colum |Z+l +m The matrix B therefore has the

followrﬂg’UFB?aﬁ”PHStIathles\/J 81,1,-1v I BI.I,Ov1 81,1,1" .. 81 L ,-LVI' ..
BLLOVI' ... ,81LLVJ ,82G0V]I BZ,l,,-lVI B2> 1~0~ B2,1r 1 V J'
82 L,-LVJ . . BZL~O- . . ,BZLrLVI BNO0,0~81~",1,-1V IBN. |, OV

| BN, |, | These elfmdingLﬁItdrs are.2pplied Guring Bep 40\inyol@mgcthé iprocshsingnf sigudls thie
matrix B et ned ect | ing steps 10 or 20. The matrix B is
t hen suﬁﬁ%ﬁﬁﬁf@ \Xﬁ‘i %]etgf’létﬁgrﬁegsﬁt#ég)%%ed froma nodel ling of the sensors.

The processing entails filtering the signals and combining the filtered signals.

Following this step 40 involving the processing of the measurement signals by applying
encoding filters thereto, a finite number of coefficients representatives over time and in the

three-dimensional space of the acoustic field P is issued.

These coefficients are what are known as Fourier-Bessel coefficients, marked P;.(f) and
correspond to a representation of the acoustic field P that is substantially independent of the

characteristics of the acquisition means 1.

It would therefore appear that the method of the invention allows a faithful representation of
the acoustic field of which the temporal and spatial characteristics are being transcribed,

whatever acquisition means are used.



21 In this enbodi nent, each sensor n is nodelled by a point sensor placed

. in the position x n, exhibiting a directivity conposed of a conbination of
omi directional and bi-directional diagranms of proportion d"(~, oriented in
the direction an(~ and having a frequency response Hn(f) The conpl enentary
el enments B", j,m~ are then determ ned according to the rel ationship:
Bn,r,m ~=4~Hn(~ jr x (1-dn(~)jr(~"n)Yi (Bnn")-.J dn~x j*r (~'n )Yi

(Bn,~n)ur - .lrk n) R~'"I(COSen)trgr‘r(.i JuB + ~ ~sinBn ) Y men ~n)u~~ n
wherein j*! (~.n) _ ~jl-1(~"n) - (I+1) jr+1l (~'n) 2I+1 1(1 + )P
(cos 8n) when m=0 R (cos 6n ) _ (1I-m( 2+ m+ 1) p,"+, (cos Bn ) - (I +
m(~- m+ 1) pm, (cos 9n ) when 1 <- m<- | -1 - ~ Pr-'" (cos 9n ) and

wher ei n pip %S MRRaS DEow ChsPSE amembetimbnt o @SB beldIBktdp20. | g=COSBn Sl n Bn
~COS( ~n -~n (~) - SIn Bn COSBn (~ u~ =sin B~ (sin( ~n (~-~n ) when m= |
In the event of the sensors being oriented radially, the relationship

admts sj. opl e xpression:..Bn, r, m( ~z4r ¢ H (w1 r. Yie £en, * - f jr
o0 S AP o RnES oDl Alp 4 Sy T ol 2 iR e
CONPr i S&gprséntdtive TPthd4adqliflon eupatities dLtIRS BEquAdition mdanarl, itather daemeihed | on
matrix A that is representative of the simlarity between the signals c~ to

cN i ssuedireglyt he sensors 2 ~ to 2N, owing to the fact that these sensors 2
~ to 2N carry out neasurenents on a single acoustic field P. The matrix A
is determned fromthe sanpling matrix B. Ais a matrix of size N over N,

obt ai nedrhiy stepadtsstaits tHth & aubisteprZhinvolvimBBiE dslissivhagfepupdcific hbmstiatfiald A
is determ ned nore precisely using a matrix that .i s suppl ement ed. quﬁO an

B
or delro L zowardc Hhedpemytisition Hacanst hodb™ithae Presier) 4y 1BYAYNE dhR ALKt i x A
{pioh | ' 34
|mr511¥ ol \e/i ﬁép{sﬁ%ﬁggtt szgﬁa‘ﬂ y}( fie a@g{iﬁlﬁ% nfn®] e c#br% (?Tg&{h'e)énﬁbtecf &%u%}éﬁ}‘éé&gg

e
m nat i on the interc elation matrix
considered as an internedi ate cal cul ation step, and nmay thus be
i ncorporated into angt her _sub-step qof_ the st 0. : .
P Theses sub-steps 22 anJ 2431 are repegteg for a pluraﬁpy é of specific different fields, and
require means for generating specific acoustic fields and means for displacing and/or rotating

the acquisition means 1.

For example, the calibration step 20 is carried out using means for generating an acoustic
field that merely comprise a fixed loudspeaker, which is assumed to be a point loudspeaker
having a flat frequency response, the loudspeaker and the acquisition mans 1 being placed in

an anechoic environment.

In each generating sub-step 22, the loudspeaker emits the same acoustic field and the
acquisition means 1 are placed in the same position, but they are oriented in different and

known directions.
It is, of course, also possible to displace the loudspeaker.

Therefore, in the reference figure of the acquisition means 1, the loudspeaker is in a different

position (”,07,4) for each field ¢ generated.

The acquisition means 1 are thus exposed to an acoustic field ¢, the Fourier-Bessel
coefficients of which Py q(f), in the reference figure of the acquisition means 1, are known

up to a given order, marked L;.



The step 30 then conprises a sub-step 36 involving the determ nation of an
- encoding matrix E(~ that is representative of the encoding filters for a

gi ven frequency. The matrix E(~ is determ ned fromthe matrices A and B and
fromthe paranmeters L(f), H(~, {(lk,nk)}(~ and a"z(~. The matrix E(~ is a
matrix of size (L(~+1)2 over N, conprising elenments E ,",."(~, the indices
(I,m designating the row 12+l +m and the index n designating the colum n.
The matrix E(~ therefore has the folloﬂﬁng form Eo,o0,1(~ Eo.o0,z(~".....

Eo,o,NEl.-1.1V | E1,-1,z~".... E1,-1,N~ El,0o,WEl,0,2~..... El,o, NV
E1l.1;10 El,l,z(~" ..... E1,1, , NEL -L, IV IE,-L, 2~~. .... EL,-L,N EL, O, VI
EL,0,2~" ..... EL,~7N EL.L, 1V | EL,L,2~" .... EL,L,NVJ 23 The matrix E(f)

i s det erpitAe dedcAPed ¥mboiimehP theeMeiupiném tsigidls s Red Eltowihg tieasdyuigtorEsubm of
index (I, m of the matrix E(~ assumes the ol low ng form

[ E~, m WBtep24 We. 2 finitBinumbgx/of goeffieientsghetnars representafiye pf dhe gererpted, appustic ar e

obt ai ned the foll owng expressions; -.4f (1. | s to the list
{(Ik, nk)f}‘{ﬁ,‘l’ %‘zﬂ?aﬁ%z?%gk tﬂf’("(‘iaé’i‘ilf‘cﬁ %ﬁk‘i?‘g"(“l@%‘f@e%&'ei n 7~ confirns
the relationship: (~~)zBi ((f~~-~)A+(1-f.~~)~N) ~A((f~~-~)A+(1-f~~)~N~

, Bl , M1 and wherein the value of 7~ is determ ned using analyjical or
nuner i calTheperiroetsrstlorand Q) ars sé¢lgeted spga@@uaspeghthp@mchtlomﬁg 2éhatl)y using

nmet hods of matrix diagonalisation; and - if (I, m does not belong to the
list {(Ik,nk)}(~, then: E~, m=f~~Bt m~A+( 1-f~~)~N ~ ~ In these

expr essi QfgntdBkodly, Stht et YiBeiently) codiprises a%bdél%@s@&e?'%,iaﬂo@ing a
di agonal matrix of 'size N over N, which is representative of the background

noi se ofrepissendasinacafdhe Grrspestin fickds emitind during G sulvatep 23 o hadetegnined ~ "The
sub-steps 32, 34 and 36 involving the determ nation of the matrices A B
and E(f ) are repeated for each operating frequency f. O course, in

si nplifigdneadIRES MRS, P YR iPatpieBdntithyeabe aflr e rigiywinn flelde ndetot whivihdthe he
sub-steps 32, 34 and 36 are only carned out once. The sub-step 36 then
al | ows cHoguisttiop mpansdlk aesy erpesad tnsuseessions g thus dptarmineg chidigt theesubiskepe26.

the encolPRgRnr P & WAL hEResite (BTSN ool iR ofipfont SRl A B thd(Ees
El, m n( ~19f) debignatiig th¥ r&&f(’+Hep)] esdtieSinde?4 designating the column g. The matrix P

therefore has the following form:

Po,o,l(f) Po,o.z(f) """ Po,o,Q(f) |
Pl,—l,l(f) Pl.—l,z(f) """ Pl,-1,Q(f)
Pl.o.l(f) Pl,o.z(f) """ Pl,o.Q(f)
Pl,lzl(f) Pl.x._z(f) """ Pl,l,Q(f)

.

In the described embodiment, the acoustic field produced by the loudspeaker is modelled by
spherical radiation, such that, in the reference figure of the acquisition means 1, the
coefficients Pyuq(f) of each acoustic field g thus generated are known, owing to the

relationship:

_ jarrl? 1

Pima(f)= Sl €™ e S, Nyr (68 $17)

wherein



t he frequency response of an encoding filter. Each encoding filter may be
. described by the paraneters FD, in different forns. If, for exanple, the
paranmeters FD that are representative of the filters E,,~ n(~ are: -
frequency responses, the paraneters FD are then directly the E~",,"(~
calcul ated for specific frequencies f - finite inpul se responses c~ mn(t)
cal cul ated by inverse Fourier transforpation of Er.mn(~~ each inpul se
response c~,,~,"(t) is sanpled, then tflincated to a suitable | ength for
each response; and - recursive filter coefficients with infinite inpulse
responses cal cul ated from EI ,mn(~, using adaptation_pethods. The step 30
i nvol vi ng the determ nat ’r;s) ﬁ er(bt-)kﬁ'ngffﬂlmé"%fr}/hus i ssues paraneters
FD descri bi ng encodi ng f t2%kl €/ vipf esewt ati ye of at | east the
structural and/or elctro acoustl c capacities of the acquisition neans 1. In
part i culThe, cdeffesents iobtagred iar ﬁleraquqe% aré vlenot@isetihie & shbewipn2p, in order to
characteristics ion of t rs 2~ to 2N - intrinsic.

el o6t 1 o Jetege Hariniia chas e fepeesepivn ot uiBap s alon spumt hiraftEtcics of e
pover spegikiibn feasd £y of the backgr ound noi se and acqui sition capacities
of the acoustic field; and - optimsation strategies, in particular the
conprom se bet ween spati al faithful ness of acqui sition of the acousti c

field and m ni m.sati f i d b
25 Fi g 16 A GRS o OE b B AR B eRs Co i Bt BRSERORAE  ne
pr ocessith@subistég s, measur ement  signal s i ssued by t he acquisition nmeans I by

appl ying encoding filters to these signals and by adding the filtered
signals. In the step 40, the coefficients p,,n(t) that are representative

f th ic field P ded f
oL 1 R Sl TR o R 0 B Sl o
encodi ”glénhlstcﬁl;(s) gickediup(at theotper SfaV hmsbnggn fespme to @ mbwn £183ds. rfh‘msﬁi’étmrl

wherein P, n(f) is the Fourler transformofq;?re Cn(~ is the Fourier
t r ansf orGriSgf matsKOf siZgALovex ShsPEPHESE lemegts Ubé@%ﬂ@ﬁx i 46@1&@% BYTHW fii t e

| , f
D aang TREMNGEx ¢ WliiBpdiiel BE OB CA e Aorolfls FTIPY 4Tk MU fdh oo Brale ©
each respanssy Fiﬁ!mer Hidsformakibn hTHmalﬂn‘b(SC therdfére hhothedollowingdornd ut i on
expr essi on:

Cm(f) Cl,z(f)' ’ 'CI,Q(f)
Cz,_l(f) Cz._z(f)"‘ 'C'z‘,Q(f)

CN.I(f)CN.Z(f) : 'CN,Q(f)

The matrix C is representative of the acquisition capacities of the acquisition means 1 and the

Q emitted acoustic fields.

In the described embodiment, the coefficients B, »(f) are determined from the matrices C and
B, during the sub-step 28, using conventional methods of general matrix inversion, applied to
the relationship that links C to P. For example, the coefficients B, ;.(f) are placed in a matrix
B that is determined by the following relationship:

B=CP (PP’

B is a matrix of size N over (L3+])° comprising coefficients By, »(f), the index n designating
the row n and the indices (/,m) designating the column P+1+m. The matrix B therefore has

the following form:



Tn Im1 pl,mt~~ ~e*e,m ~~C*'~t Z n=1 r=0 These coefficients ,n,,mare a
. finite nunber of coefficients that are representative over tinme and in the
t hr ee- di nensi onal space of the acoustic field, and forma faithful
representation of this acoustic field. Depending on the nature of the
paranmeters FD, other filtering processes by El, m"(~ nmay be carried out
according to various filtering methods, such as for exanple: - if the
paranmeters FD provide the frequency re%%onses EI mn(~ directly, the
filtering is carried out using filtering nethods in the frequency domain,
such as bl ock convol uti on processes, for exanple; - if the paraneters FD
provide the finite inpulse response cl. nln(t) the filtering is earned out

in the tine dofmgin ut i FD provi de
the coefficien @I(By lrleMé Vé/%r}?lllﬂ@? vﬁlul_nu, 1tm0®?rpy§ m ponse, the
filtering is ciaBsj&f But l(f)Ith(Qf)thrm(fQ}erBaz;Lﬁ b@f)neBazr}_s(aS)‘ tBQeL rrence

e

relation. It ul cl therefore appear: t hat 't i nvention all ows am acoustic

field to be re ans r epres t at that is
substantially ﬁﬂ@e d*é‘rrtl ”'ﬂ’il’@ Mé%cf@e‘m%%s%ﬁ% e ?(r;’qué:g? i on neans,

in the formof Fourier-Bessel coefficients. Mreover, as previously stated,
t he rrethod of the invention nay be carried out in sinplified enbodi nents.

If, for | onabl stgﬁ di6 QrLd 381 GreS &f éuégfc:ﬁ éa‘&h%ﬂe@a‘uﬁg%ﬁ& Y bl the coefficients

omidire stantla I cal rms of senS|t|V|ty and

| evel ofthlhmdktgmumﬁ dirzcte, fohhethnfepdmdetmfs that arevepresantativayofbthec agquisiidorout
solely on the SI s of. know ed of the paraneters x " that are
represeri’@&*l‘il"\‘/@o&t q%@ﬂlﬁﬁmmw f the sensors 2" relative to the centre 4
of the acquisition means 1, and of the parameters ~, and L, which relate to
the optim sation strategy. Moreover, in this sinplified enbodl ment, the

par anet éfte sabestape 26i ahdr28dof ﬂletmalﬂbna’equetnpﬂolm%ebenmd outii Y\'rgwtuhe%’s as a

par amet e the matrices e . thus cal cul ated simultaneously or
sequent|épthn|§tW@P@8ﬁAB%maﬁﬁt°taWed W%etdgps 32 and 34. The el enents
Bn,I,m of the matrix B are then organised in the follow ng manner: 81,0,0
Bll -iv1 BlI,lI,Ov 1 81,1,1'.. 81 L-LV I’ 81 L,OvI|'..81 L LV 182,0:0

82,1 ;- :Il%r lex@Aple; D\the c82, \&hﬂtb the cmragon\stelp 20 all@@ the (gqsmon X n efeach pgnsor
| BN, O

wher ei n i? :BI,C bftsyam,e% thg IS‘I%{)\I epﬁ 2? $pd Qg Mk heSP rﬂﬁggﬁ)n Iﬁhfgfg of the Wm‘t Len-k;tfd n2(~
of the ryfiheXofispesketRIrAEBTY §ors 2, ! ’fﬂﬁe fp@klhﬁﬂ\ﬁdfgaaﬂfii@ét&br 2, i2determined

using at least three propagation time measurements, according to triangulation methods.

In another case, when the loudspeaker emits a given impulse, the sub-steps 26 and 28 allow

the impulse responses of each sensor 2, to be determined from the signals ¢y q(?).

Standard methods for determining impulse responses, such as MLS (maximum length

sequence), for example, are used in this case.

Advantageously, the calibration step 20 allows electro-acoustic characteristics of the sensors
to be determined. It then starts by determining the directivity diagram of each sensor 2, for
each given frequency f, for example, by determining the frequency response of each sensor 2,

for a plurality of directions.

In a second stage, all or some of the following parameters are determined:



Alai Al,21/J3 ..~ NIl Az,I~Az,zZW.. A2, N~ AN ITTTAN, 2V 1 ~ ~AN-N~ In this

. enbodi ment, the matrix Ais obtained fromthe nmatrix B by means of the

rel ationship: A=BBT Advantageously, the elenments An f,"z(~ of the matrix A

are determned with greater precision by neans of the relationship: Z

A~~, nx(~=4~c~(21+1) j, (krn~) j, (kr~~) P, (cos6n COSB~z+snBn si nB~~

cos(~~~ -~n~)) r=o ' ' wherein Lz ist order in which the determ nation

of the matrix A is conducted and is aninteger greater than L. The greater

Eﬂe Xa: ueZ?feI ect eldl fgr L2, the nore precise, but |onger, the calcul ation of
e Anl," W e, b th - St. : i i iigh is

epr eseii atlh\péragretqrﬁgn@ntbsta#rﬁée@?ﬁﬁ#@? of e APRERA A Beh B0 i nt T ae A

an a SmP RIS diRctidt CAVEH BY the anBRs epdplg@ NP, ofdr vilnbtBthe directivit

~J~A+~_1?I%~x§1%ln§er'lgﬁie e?emsnts %i rn.9(~ of Et hg()gﬁagztﬁ?(?)x E are organi sed iyn t he

fol | ow righgh@f Aeits Eenakirdm t&EhexoRmonfrequencEp, o, N( E1, -1, 1~ E1,-1,zy.....

El, ,,NE,o0,1(~ Eno.z(~ ~..... El,o,N( El,I,y E,,,z(~ ...... E~, ., N(~
Et L il\_/:llv | EL, -L, 2~~.. ... ~ L-L,NELoO, I~ ELO.2VI ~ .... EL ~~h. ~
EL s - : ] . .
) ) - . ) Y &!% YQ I n
the determ néfl onetecﬁ %ﬁtth%%@ir?égégtagggo%?ﬁtff]égﬁgzcyg@%pégepeat (gg@? ﬂcl)dP a]H‘ﬁ 019

t he openigd hiagithurecuensitivies directiemg whidhethetcotfesponds 4o dlar velup eidbe tddregivity
encoding filter that incorporates the spatial distribution of the sensors
2" and aliagean e thpdireationt (989 K0r 88€gy. I n the phase 40, the signals cl to
cN derived fromthe sensors 2~ to 2N are filtered using encoding filters
descri bed by the paraneters FD. Each coefficient pl,mt) issued is deduced

from si gnal s faraniders N, QY tiRRRIY iréfitedentativt Sofi the tdiclivity disighn refneweh : sehboT

| -~El . m n~~n~ n=1 wherein Pn(f) 'is the Fourier transformof p,, tg and

Cn(~ i s whieh RHows ethe tdizeativigy @f ofack riergor to be described by a model comprising a
combination of omnidirectional and bi-directional diagrams oriented in the direction o(f),
using the following directivity model:

1 dy(f) + da(f) cos( au(f)-(6, #))
wherein a,(f).(6, §) designates the scalar product between the directions a,(f) and (6, ¢).

This parameter d,(f) may be determined using standard methods for estimating parameters,
for example by applying a method of least squares that provides the value dn(f), which

minimises the error between the real directivity diagram and the modelled directivity

diagram.

Advantageously, the calibration step 20 also allows the parameter o’ (f) which corresponds to
the power spectral density of the background noise of the sensors, to be determined. The

signal issued by the sensor 2, is thus picked up during this step 20, in the absence of an
acoustic field. The parameter o,(f) is determined using methods for estimating power

spectral density, such as the so-called periodogram method, for example.

Depending on the embodiments, all or some of sub-steps 22 to 28 are repeated, in order, for
example, to allow a plurality of types of parameters to be determined, wherein some sub-

steps may be common to the determination of various types of parameters.



In this enbodi ment, the coefficients p,,n(t) are determned using filtering
. methods in the frequency domain, such as block convol ution nethods, for
exanple. The representation of the acoustic field therefore takes into
consideration the position of the sensors and the sel ected optim sation
paraneters and constitutes a faithful estimate of the acoustic field. Fig.
7 is a block diagramof a device that 28 suitable for caxrying out the

nmet hod of the invention. In this figur a device 50 for representing the
acoustic field P is connected to the acquisition means 1, as described with

referen dewvi c 4 ed
ot e encfy 2 Bln e TSN S PaE LBy b2 BRGS0
of the sfsidretithedsuAngiRine! aftek ImpleQuisig Meaidaoncptivally measurirfg thb@osition of
acqui sition neans 1. 29 These neans 60 conprise, . in particular, nmeans 62

for i npurech Algmeatasisnser2-aplativeloithe eanirs it Qféh‘?\%cqﬂlﬁlthmpﬁ%lsére suitabl e for
carrying out steps 10 and 20, respectively, of the nethod of the invention,
as descri bed above. The encodi ng device 50 receives, fromneans 60 for

det er m riudtheirhérep teabE iR ation &epl2dr Alaiytoargf opas aimbiation,t ixing ar e,omputer for
representative of the characteristics o{ t he acquisitian mea 1 t hat ar

di st ri buRxéapPlseohsignals Sy A represeniativgee menﬁ’qflﬁgloélt ‘iaBE"E‘H?SdP Flgg{e t | cs
and a S|Sg ?olrs for the paraneterisation of the structural and/or

el ectro-acoustic characteristics. The device also receives parameters
relating to representation strategi es in a signal OS for optimsing
representation. In these si gnfiist? ara di str|

fol | owi ngm]@@refwﬁ APRETIBY adog r$iFP eﬁowi) SFSPBF L iﬁﬂ P?f'r‘?me %f e
repr ese(r]jbgtt e r&;re§clﬁf3a.tﬂgls_|bf 'tﬂé‘ s?lfucﬁlpﬁ SISO eletto-dchudtide c%ﬁ&@ﬁitﬁs' satth&n

si gnal paranet er's hat are representative of frequency
res ponseacq{usitlloa rBeans dr; v@nsh arepmedrmt‘lag shel$tep A0hiavolaing mememmn\;é th¢ the

directivit he sensor 2n~ - paraneters an(~ that are
represerﬁnﬁ¥419%%g'FrSR?3’ o‘ielt%'ﬂ’t‘ on of the sensor 2n;

Fig. 5 illustrates a flow chart of an embodiment of the step 30 involving the determination of

the encoding filters.

The step 30 comprises a sub-step 32 that involves the determination of a matrix B that is

representative of the acquisition capacities of the acquisition means 1 or sampling matrix.

In the described embodiment, the matrix B is determined from the parameters X ., Hu(f), dn(f),
an(f) and B, »(f) and is a matrix of size N over (L(f)+1)%, comprising elements B, ;.(f), the
index n designating the row n, and the indices (/m) designating the column P+1+m. The

matrix B therefore has the following form:

Bl.o,o(f) Bl,l,-l(f) Bl,1,o(f) Bm,l(f)' "Bl,L,-L(f)' . Bl,L,O(f)' . Bl,L,L(f)
Bz,o,o(f) B2,l ,_-l(f) Bz,l,o(f) Bz,l,l(f)' ) 'Bz,L,_—L(f)' o Bz,z.,o(f)' . Bz,L,L(f)

BN,o,o(f)BN,l,—l(f)BN.1,o(f)BN,1,1(f)' ) 'BN.L,—L(f)' : 'BN,L,o(f)' ' 'BN,L,L(f)

Specific elements of the matrix B may be determined directly during steps 10 or 20. The

matrix B is then supplemented with elements determined from a modelling of the sensors.



- paraneters oz"(~ that are representative of the power spectral density of
. the background noi se of the sensor 2n; and - paraneters Bn,|.m- that are
representative of the acquisition capacities of the sensor 2n; and 30 -
in the optimsation signal OS: - a paranmeter ~ specifying the conprom se
between the faithful ness of representation of the acoustic field and

m ni m sation of the background noi se produced by the sensors; - a paraneter
L(~ specifying the order in which the ngresentation is conducted; and - a
paranmeter {(lk ,nk)} (~ that is representative of the list of the

ffici . the, f which b . to th f the -
Cor r espdRANRETROBIRTH G5k SFRof fids SRORSUER BYh iy Lo e phdfos 7
Advant agsfibiny at&lfe%tiﬁ%}’ b6BpSed SR doBbindiRANT SnitiREctia@hd ivQidesiuAhl

signals that are suitable for issuing, fromsignals cl to cN, a
cor r espahialirags bb propbttiea (/) walentSd.in For dizoctioploa(f) sichawegs fEquenymesponse
anal ogue-digital converters, anplifiers or even filtering systens. The
devi ce F&Wurt her conprises neans 52 for determning the encoding filters,
whi ch neans conprise a nodule 55 for calculating the sanpling matrix B and
a nodule 56 for calculating the intercorrelation matrix A, both of which
ar e conriBeteethplementary ctlenentsB,faf) aaltben daremynadascendingdiotige redationghip ~. Thi s
encoding matrix E(~ is used by a nodule S 8 for determ ni ng encodi ng
filters that issues a signal SFp, which contains the paraneters FD that are
repr esengat i-ye t-pe..engpd; £ b Thi hgnal SFD is used by a
RS B R PP RE gl f s
t

in

processi ng I'es filters to the signal
order to,issue a signal S| FB which conprises t. ouri er - Begsel

coef fici @ﬂ(&noﬂm,@w ; RN @soVrea{ glupe “5e0UEL hon(Bigh)d, P- Optional 1y,
the devi'ce 50 conprises &*non-vol atil e rne*rmr’ﬁf"si1 "avhi ch t he raneters that
formthe signal SFD, which have been determ ned previously, are stored.

wherein

j*[ (an ) - l jl-l(kr") - (1+1) j1+1(kr")

2141
f‘/mpll (cosd,) whenm =0
R (cos®,) =+ \/(l-m)(l; m+1) P (cosf,) - Vi m)(zl —m+D P""(cos®,) whenl<m</-1
- \/%p”-‘ (cos@,) whenm =1

\

and wherein

ur =sin @, sin 0% (f)cos( gn —@#(f)) + cosf cosB(f)
Up=c086,sin B¢ (f)cos( gn —@5(f)) ~ sin B cosO(f)
us=sin 0¢(f)sin( ¢ ()—¢n)

In the event of the sensors being oriented radially, the relationship admits a simpler

expression:

Buulfy=4 Ha(h) /' y7(6nh) ((l—dn(f)) Jilr) = da(y ) S (D) Jr( ’j



31 For exanple, the acquisition neans 1 are tested and calibrated by their
. manufacturer in order to provide directly a nenory conprising all of the
paranmeters of the signal SFD that are to be incorporated into an encodi ng
device in order to acquire the acoustic field P and to issue a faithful
representation thereof. Simlarly, in a variant, this nmenory conprises only
the matrices B and optionally A and the device 50 conprises neans for
inputting the paraneters formng the o%%inisation signal OGS, in order to
carry out the determ nation of the encoding matrix E(~ and the

det f th t D,t hat {.at di
o oL T Akl B et Sk S PR ALY BB P
course, phgrig Wﬂﬁﬂﬁ%pre@&ltﬁ%bf 8fd. simjlddty Gebibdh the Maalpd, {008y fsqRideme e ng
an acoustic field conprising a step |nvoIV|ng t he acquisition of

n

measur esemsorslignans oang to Sieufect thet thegguiensors éntnBriesrTy PPt TEAPETBENIY OBAe or

nore el enent S 2 t hat. are ex 0 said acoustic field (P),
char act é’ﬁggf’e f{ﬁlcefﬁz‘ff) Tﬁ%ﬁ%ﬂﬁ ’gé§getemﬁn%f§?)m(t O5ATRIAS DR Bohis Sinfirty

det er mi RALIZOW Kkr FNGRENBO LY itdafié 51 thB Alatnshipepr esent ative of at least the
structural characteristics of said acquisition neans (1); and - a step (40)

i nvol ving the processing of said neasurenent signals (c~) by applying said
encoding filters to these signals (c; L$§ rorder to determine a finite
nunber of coefficients representatlv ver time and in the

t hr ee- di nensi onal space of said acoustic field (P), said coefficients

allowngarepresentatlon of said acaoustic field (P) to be obtalne that is

subst antAdyrniggeonslyp bl apatriys At ise detaanined é‘?qr§tﬁ’T€§15@V usng nosif itBH Heans
(1). 2. r ai d structural
char act ewfﬁlgﬁ'ﬂgrg&ﬁ O(rjdlnrs}gdéff[‘ égdso?a ll][%tsqlctti1 ?g%a{ adrf?g‘? frele g(%ll gt&;te f said

el ementary sensors (2n) reI atlve to a predeterm ned reference poi nt (4) of

sai d acqui sition neans . od according.to eithe laiml1l q
cl ai m 2 SiRqeathe Sagix éeraay r’s’etmfesg% Pl Qﬁ@a&i fﬁgﬂm P e mpEixBge sub- step ¥4

represe o [ S40 XTIl

nmeans (%\%%}{gwgé crg:agro W?%éo?%?ﬂg%él%ﬁ(ﬁ{:%tg&érfngngéﬁﬁ thaté:dstzglbgc{}1

el ect r oimenmisiiite caiblﬂatamt step setnd(may:tlmpbc smeogporited sntocinathac seh-step pEtherstdpat ed
to the intrinsic electro-acoustic acquisition capacities of said elenentary
sensors3@2~). 5. Method according to any one of clains 1 to 4,
characterised in that said coefficients allowing a representation of the
acoustic field (P) to be obtained are what are known as Fouri er - Bessel

coef f i ciTéwetstepalicthen cd>mpnems acsubbiternd6 owelvarfg tho dicteamiméion ¢if an sa¢dding matrix

33 6. d 1t t
sai d st iy Dy b dpiodie Slfs Bof ¢ fe EeGRRET T i B0 1
CONPr i SQRfermirRd i HeeMalres A AN Whﬁlﬂﬁbﬁ&hé%ﬂrﬁﬂtﬁawmnm}) «sappl) agl
matrix (B) that is reg)resentatlve of the acquisition capacities of said

acqui si tdwdfy. Wbamﬁ(ﬂl;? is amarix of wipe (L’:‘ﬂ)“lh ever i m}nplh%nﬁlélegﬁﬁisn%tnw%h thF an

|ntercorr Iat trlx( t hatz re entatlv ity

bet ween ! ‘gﬂ%tfﬂg @?e Z+( aﬁ%&f BIES ™ %Sl%}a lﬁ%ﬁﬁ ?yhlggnso¥%e (2")
form ng ,ﬁﬁhgm%ggbkllﬁgtmm“ﬁ@fonﬁnd - a sub-step (36) involving the
determ nation of an encoding matrix (E(fj; E) fromsaid sanpling matrix

(B), said intercorrelation matrix (A) and a paraneter (~.(f)) that is
representative of a desired- conpro etvve n faj thf ul ness of
representation of the acoust £ @,Of(ﬂergj ni-%sef ilon of the background

noi se caused by the acqui sijtfon. 1 éns 2(f) ) EvnivoD [matrix is representative
of said encoding filters. 7. Bvetl(ibdiacdbrding ¢ d/tllaim6, characterised in
that sai d sub-steps invol ving i,Hé dat et/ nat onw@} |the matrices are carned
out for a finite nunber of |operating frequencies. § Method according to
either claim6 or claim 7, cﬁarLa(:)t)ElzL@éﬂ i nﬂLhabv(é)al d step (32)

ELO!(f) EL02(f) """ ELON(f)
_EL.L,l(f) EL,L.z(f) """ ELLN(f)_

......




involving the determ nation of the sanpling matrix (B) is carried out, for

. each of said elenentary sensors (2n) formng said acquisition neans ( 1),
from - paraneters ( x n) that are representative of the position of said
sensor (2") relative to the centre (4) of said acquisition neans (1);
and/or - a finite nunber of coefficients (Bn,,,n(f)) that are
representative of the acquisition capgﬁgties of said sensor (2"). 9. Method
according to claim8, characterised in“that said step involving the

determ nation of the sanpling matrix (B) is also carried out fromat | east

one of ﬁpg P{&’l‘ %W) E‘%g&%&&'{[@& Hw b}/ row JFGr &%%ﬁ%ﬁ%ﬁ% rﬁ(e'ghér{c}y, LdRatrodl £, of

repr ese eguency responses of "a one” 0f the sensors
(2n); - iRk YW} 6F the hibithif E]f) hdsamesathe foligwiagdomat i ve of the directivity

di agrams of all or sone of the sensors (2n); - paraneters (a"(f)) that are
representative of the ori ent[Et,.i,,cinﬁsEzo,f.z(é)li"oEz.sm{é)]of the sensors (2n), i.e.
of their maxi mnum sensitivity direction; - paraneters (a2"(fJ) that are

representative of the power spectral densities of the background noi se of
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is representative of a list of coefficients, the power of which nust be
equal to the power of the corresponding coefficient in the acoustic field
to be repfr(é&?@%?@égf(\”)theilét. {(lwdld: BE%or ding to any one of claims 1 to 9,
characterised in that it conprises a calibration step (20) allowng all or
sone of the paraneters used in said step (30) involving the determ nation

of the encoding filters, fo _bengss V—294+ h?gzqq ¢ording to claim 10,
characterised in that sai d"”cm#“{éﬁg) %pM(EIZ% i

at1on ste conprises, for at |east

one of se}ikegeﬁk%gﬁﬁ{’@g%ﬁ?lﬁﬁ&{sﬁg(zzm form ng said acquisition nmeans (1): - a

sub-steﬁ’V i'nvol Vi ng e acquisition of signals that are representative
of the acquisition capacities of said at | east one sensor (2n); and - a
sub-step (28) involving the determ nat{on of paraneters representative of
el ect r oacoust i(g(ArErol LEY+ A4 vilalu (8K CAlpi(Btidd +61- @) xat Bleabt one
sensor (2"). 35 12. Method according to claim 11, characterised in that
sai d calanbrehéeim siepalud0pf Nuid deternineg risieg analytical uer swmprieaiomethods| 107 ng

(20) s aneheelesamnor i crapapyising B onany vosThisaRE AT on o
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- if (I,m) does not belong to the list {(/x,m:)}(f), then:
Eyn=t(NBL(p(NA+(1- (N Z )"
In these expressions, B, is the column (/,m) of the matrix B and Jy is a diagonal matrix of

size N over N, which is representative of the background noise of the sensors, wherein the

element # of the diagonal is &, (f).

The sub-steps 32, 34 and 36 involving the determination of the matrices 4, B and E(f) are

repeated for each operating frequency f.

Of course, in simplified embodiments, the parameters are frequency-independent, and the

sub-steps 32, 34 and 36 are only carried out once. The sub-step 36 then allows directly the

determination of a frequency-independent matrix E.

During a subsequent sub-step 38, parameters FD that are representative of the encoding

filters are determined from the matrix E(f). Each element Ej, (f) of the matrix E(f) represents



i ssued by this sensor (2n) when it is exposed to said specific acoustic

. field; and - a sub-step (26) involving the nodelling of said specific
acoustic field in a finite nunber of coefficients, in order to allow said
sub-step (28) involving the determ nation of paraneters that are
representative of electro-acoustic and/or structural characteristics of the
sensor (2~) to be carried out. 13. Method according to any one of clains 10
to 12, characterised in that said caliBfation step (20) conprises a
sub-step involving the reception of a finite nunber of S|gnals t hat are

representative of the electro-acous nd str acter.
sai d seﬁ%%@q‘(e?cy respPRCR] @a?%°§a&ﬁ1§rt Bosh et fhi: }naﬁ&?ﬁ ﬁ?FCE}F@(LbY B3 e
used di 0eGkNerd ¥, q}gﬁh%fengf&hﬁg step involving the determ nation of the

el ectro-acoustic and/or structural characteristics of said acquisition
means ( 1 ). 14. Method according to any one of clainms 1 to 13,
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determ nation of the encoding filters, to be determ ned. 15. Conputer
programme conprising programme code instructions for inplenenti the steps
of the methodreguensydiesnpnses, dreypasametsts EDagraghen digectly, thotden. n(ihcaicgﬂté@rf%rmm
is executed.o ter. 16. Movabl e support of the type conprising at

| east oﬁge%%‘éﬁg‘ﬂ‘fegﬁﬁg?ocessor and a nonvol atile menory el enent,
characterised in that said nenory conprises a programre conprising code
instructions for inplenmenting the steps of the nmethod according to any one
of claims 1 ttillt£4lmmlr%9nr°§mflfe§)r%@d§s gloelpied L dnvsased Fpumeyr Gapsformation af7
Devi ce for e S 0 cou
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I Ssui ng regpafse; anent S|gnals (c") when they are exposed to sald acoustic
field (P), characterised in that it conprises a nodule (59) for processing
t he neasurenent signals (c~,) by applying encoding filters that are
representati . ruetdral. .St (Mol
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a si gnalusinglaBBtatidreinethodpri ses a finite nunber of coefficients
representative over tine and in the three-di nensional space of said
acoustic field (P), said coefficients allow ng a representation of said
acousti epbigdfsf votlﬂngw)@éteﬂnﬂﬁ&ﬁmaf tHeSen%b'JHﬁ% %ﬁfefsaiﬂlm iSHES PERARREs oD t he
characterlstlcs of sald acquisition neans 1 . Device according to
claim 121psari’mmgaenmdn@ﬂltcns thitagresmprbsentetvati of) af idasteths sirusturhls and/or elctro-
representatlve of . el egg}o aco stic characteristics of said acquisition
means ( A§0YStic £apaciiesiof theacqis ﬂénetaB ither claim17 or claim 18,
characterlsed inthat it further conprises neans (52) for determ ning said
encoding filters that are representative of structural andl or

el ectr o?Lap@m;ulaa thesafidierseare epressntative of the solipwisg ehasaetenistios: (1 ). 20.

Devi ce according to claim 19, characterised in that said neans (52) for
determ ning encoding filters receive at the input at |east one of the
fol | ow ng parpaskibeosthe-septalieb@ys ( X ") that are representative of the
positions, relative to centre of said acquisition nmeans (1), of all or sone
of the sensors (2"); - a finite nunber of coefficients (B",~ n(f)) that are
representati t C I ors
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conpr oni® tween faithful ness
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of representation of the acoustic field and m nim sation of the background
. noi se caused by the acquisition neans (1); a paraneter (L(fj) specifying
the order in which the encoding is conducted; - a paranmeter ( {(lk, nk)}
(f)) that is representative of a list of coefficients, the power of which
nmust be equal to the power of the corresponding coefficient in the acoustic
field to be represented (P) 21. Device_according to claim20, characterised
inthat it is associated with nmeans (6 for determ ning all or sone of the
paraneters received by said means (52) for determ ning the encoding

filters,_.sald neans.(60) . r|5|n ast ope.of . the follow hg e rrents
| eans Fi8 25 Mates b defaiga sttt or e e PE SO RRETIE LI
Devi ce apGendingst é@la?sr‘i)ésdéﬂ%yqfle abqilidTBonlhehy £ by HPBiRE erdoligdiliens fohthésel t l s
associated wth neans (51 ) for formatting said neasurement signals (c~ to
cN), i n signdlsrand byiadéing the ftlearedsigoaisi ng fornatted signal (SI).
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the determination, initially, of a parameter T}, corresponding to the suitable number of

samples for each response e, ; m(), which results in the following convolution expression:
T
PaltY. el dloli=]
n=l 1=0
These coefficients p,, are a finite number of coefficients that are representative over time
and in the three-dimensional space of the acoustic field, and form a faithful representation of

this acoustic field.

Depending on the nature of the parameters FD, other filtering processes by E;n..(f) may be

carried out according to various filtering methods, such as, for example:

- if the parameters FD provide the frequency responses Ej . (f) directly, the filtering is
carried out using filtering methods in the frequency domain, such as block convolution

processes, for example;

- if the parameters FD provide the finite impulse response cimx(?), the filtering is

carried out in the time domain by convolution; and
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Using these parameters, the matrices 4 and B are thus calculated simultaneously or

sequentially in any order during the sub-steps 32 and 34.

The elements By, ; »(f) of the matrix B are then organised in the following manner:

BIOO(]()BII l(f)BIIO(f)Blll(f) BIL L(f) BlLO(f) BlLL(f)
BZOO(f)BZI 1()()B210(f)B211(f) B2L L(f) B2L0(f) BZLL(}()

BNOO(f)BNl l(f)BNIO(/)BNll(f) BNL L(/) BNLO(f) BNLL(f)

wherein
B,..{)=47" j, (kz )y7'(Onspn)

Similarly, the elements A7 .2(f) of the matrix 4 are then organised in the following manner:
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In the sub-step 36, the encoding matrix E which is representative of the encoding filters, is

determined from the matrices 4 and B and the parameter y according to the expression:
E=pB'(pa+1-wIn)"

The elements Ej, (f) of the matrix E are organised in the following manner:

Eom(f) Eooz(f) """ EooN(/)T
El 11(f)E1 12(f) """ El 1N(f)
Elul(f) E102(f) """ ElON(f)
Elll(f) Ellz(f) """ EllN(f)

E, Ll(f)EL Lz(f) """ E LN(f)
EL.Q,IU) EL.O'.Z(f) """ EL,o,N(f)
L EL.L,l(f) EL.L,z(f) """ EL.L,N(f) |




1092 & ()-#10%& ()-1 "10%& ()-#10%& ()- G>dE3

. 109 & ()-0#10% & ()--109%@& ()-+#10%@& ()- ##10%& ()-y - 10%& ()- k

xmbCt 10968 ()- 10z 10z 10z#<10%& ()-1:10%& ()-8#10%& ()- 7#10%& ()- s
8dENDCY #1068 () - &10%6& () - y#10%B& ()-109%B& ()- , y#10%B& ()- &SH109B& () -
8Y q dEnhC&#f #10%6& ()- & f #10%6& () -

&10958& () - & #10968& () -f #109%6& () - &L109&R& () -

@ dENhCOf #1096&' () - & f#109B& () - &+109B& ()- & f #1096& () -

The sub-steps 32, 34 and 36 involving the determination of the matrices 4 and B, then E are

repeated for all of the operating frequencies f.

Each element E;n..(f) corresponds to an encoding filter that incorporates the spatial

distribution of the sensors 2, and also the optimisation strategy.

In the phase 40, the signals ¢; to cy derived from the sensors 2; to 2y are filtered using
encoding filters described by the parameters FD. Each coefficient p,,(f) issued is deduced

from signals ¢, to cy by applying filters in the following manner:

n N
BoiN= EimaANCH(f)
n=1

wherein P, »(f) is the Fourier transform of p,,(?), and C,(f) is the Fourier transform of c,(?).

In this embodiment, the coefficients p,,(f) are determined using filtering methods in the

frequency domain, such as block convolution methods, for example.

The representation of the acoustic field therefore takes into consideration the position of the
sensors and the selected optimisation parameters and constitutes a faithful estimate of the

acoustic field.

Fig. 7 is a block diagram of a device that is suitable for carrying out the method of the

invention.

In this figure, a device 50 for representing the acoustic field P is connected to the acquisition

means 1, as described with reference to Fig. 2.

The device 50, or encoding device, is also connected at the input to means 60 for determining
parameters that are representative of the structural and/or electro-acoustic characteristics of

the acquisition means 1.
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means 64, which are suitable for carrying out steps 10 and 20, respectively, of the method of

the invention, as described above.

The encoding device 50 receives, from means 60 for determining the parameters, a plurality
of parameters that are representative of the characteristics of the acquisition means 1 that are
distributed between a signal CL for defining the structural characteristics and a signal CP for

the parameterisation of the structural and/or electro-acoustic characteristics.

The device also receives parameters relating to representation strategies in a signal OS for

optimising representation.
In these signals, the parameters are distributed in the following manner:

- in the definition signal CL:

- parameters X , that are representative of the position of the sensor 2,;
- in the parameterisation signal CP:
- parameters H,(f) that are representative of the frequency response of the sensor

2n;

- parameters d,(f) that are representative of the directivity diagram of the sensor

2n;
- parameters a,(f) that are representative of the orientation of the sensor 2,;

- parameters o’,(f) that are representative of the power spectral density of the

background noise of the sensor 2,; and

- parameters B, .(f) that are representative of the acquisition capacities of the

sensor 2,,; and
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representation of the acoustic field and minimisation of the background noise

produced by the sensors;

- a parameter L(f) specifying the order in which the representation is conducted,;

and

- a parameter {(/;,m)}(f) that is representative of the list of the coefficients, the
power of which must be equal to the power of the corresponding coefficient in

the acoustic field to be represented P.
Advantageously, this device 50 comprises means 51 for formatting input signals that are

suitable for issuing, from signals c; to cy, a corresponding formatted signal SI.

For example, the means 51 comprise analogue-digital converters, amplifiers or even filtering

systems.

The device 50 further comprises means 52 for determining the encoding filters, which means
comprise a module 55 for calculating the sampling matrix B and a module 56 for calculating
the intercorrelation matrix 4, both of which are connected to a module 57 for calculating the

encoding matrix E(f).

This encoding matrix E(f) is used by a module 58 for determining encoding filters that issues

a signal Spp, which contains the parameters D that are representative of the encoding filters.

This signal Spp is used by a processing module 59 that applies the encoding filters to the
signal SI in order to issue a signal SIgg which comprises the Fourier-Bessel coefficients that

are representative of the acoustic field P.

Optionally, the device 50 comprises a non-volatile memory in which the parameters that form

the signal Spp, which have been determined previously, are stored.
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faithful representation thereof.

Similarly, in a variant, this memory comprises only the matrices B and optionally A4, and the
device 50 comprises means for inputting the parameters forming the optimisation signal OS,
in order to carry out the determination of the encoding matrix E(f) and the determination of

the parameters FD that are representative of the encoding filters.

Other distributions between the various modules described may, of course, be envisaged, as

required.
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1. Method for representing an acoustic field comprising a step involving the acquisition
of measurement signals (c,) issued by acquisition means (1) comprising one or more
elementary sensors (2,) that are exposed to said acoustic field (P), characterised in that it

comprises:

- a step (30) involving the determination of encoding filters that are representative of at

least the structural characteristics of said acquisition means (1); and

- a step (40) involving the processing of said measurement signals (c,) by applying said
encoding filters to these signals (c,) in order to determine a finite number of coefficients
representative over time and in the three-dimensional space of said acoustic field (P), said
coefficients allowing a representation of said acoustic field (P) to be obtained that is

substantially independent of the characteristics of said acquisition means (1).

2. Method according to claim 1, characterised in that said structural characteristics
comprise at least position characteristics of said elementary sensors (2,) relative to a

predetermined reference point (4) of said acquisition means (1).

3. Method according to either claim 1 or claim 2, characterised in that said encoding

filters are also representative of electro-acoustic characteristics of said acquisition means (1).

4. Method according to claim 3, characterised in that said electro-acoustic characteristics
comprise at least characteristics related to the intrinsic electro-acoustic acquisition capacities

of said elementary sensors (2,).

5. Method according to any one of claims 1 to 4, characterised in that said coefficients
allowing a representation of the acoustic field (P) to be obtained are what are known as

Fourier-Bessel coefficients and/or linear combinations of Fourier-Bessel coefficients.
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- a sub-step (32) involving the determination of a sampling matrix (B) that is

representative of the acquisition capacities of said acquisition means (1);

- a sub-step (34) involving the determination of an intercorrelation matrix (A) that is
representative of the similarity between said measurement signals (c,) issued by the

elementary sensors (2,) forming said acquisition means (1); and

- a sub-step (36) involving the determination of an encoding matrix (E(f); E) from said
sampling matrix (B), said intercorrelation matrix (A) and a parameter (u(f)) that is
representative of a desired compromise between faithfulness of representation of the acoustic
field and minimisation of the background noise caused by the acquisition means (1), which

matrix is representative of said encoding filters.

7. Method according to claim 6, characterised in that said sub-steps involving the

determination of the matrices are carried out for a finite number of operating frequencies.

8. Method according to either claim 6 or claim 7, characterised in that said step (32)
involving the determination of the sampling matrix (B) is carried out, for each of said

elementary sensors (2,) forming said acquisition means (1), from:

- parameters (X ,) that are representative of the position of said sensor (2,) relative to

the centre (4) of said acquisition means (1); and/or

- a finite number of coefficients (B,,;m(f)) that are representative of the acquisition

capacities of said sensor (2,).

9. Method according to claim 8, characterised in that said step involving the
determination of the sampling matrix (B) is also carried out from at least one of the following

parameters:
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- a parameter ({(lx,my)}(f)) that is representative of a list of coefficients, the power of

which must be equal to the power of the corresponding coefficient in the acoustic field to be

represented (P).

10.  Method according to any one of claims 1 to 9, characterised in that it comprises a
calibration step (20) allowing all or some of the parameters used in said step (30) involving

the determination of the encoding filters, to be issued.

11.  Method according to claim 10, characterised in that said calibration step (20)

comprises, for at least one of said elementary sensors (2,) forming said acquisition means (1):

- a sub-step (24) involving the acquisition of signals that are representative of the

acquisition capacities of said at least one sensor (2,); and

- a sub-step (28) involving the determination of parameters representative of electro-

acoustic and/or structural characteristics of said at least one sensor (2,).
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one sensor (2,), said acquisition sub-step (24) corresponding to the acquisition of the signals

issued by this sensor (2,,) when it is exposed to said specific acoustic field; and

- a sub-step (26) involving the modelling of said specific acoustic field in a finite
number of coefficients, in order to allow said sub-step (28) involving the determination of
parameters that are representative of electro-acoustic and/or structural characteristics of the

sensor (2,) to be carried out.

13.  Method according to any one of claims 10 to 12, characterised in that said calibration
step (20) comprises a sub-step involving the reception of a finite number of signals that are
representative of the electro-acoustic and structural characteristics of said sensors (2p)
forming said acquisition means (1), which signals are used directly during said sub-step
involving the determination of the electro-acoustic and/or structural characteristics of said

acquisition means (1).

14,  Method according to any one of claims 1 to 13, characterised in that it comprises an
input step (10), allowing all or some of the parameters used during said step (30) involving

the determination of the encoding filters, to be determined.

15.  Computer programme comprising programme code instructions for implementing the
steps of the method according to any one of claims 1 to 14, when said programme is executed

on a computer.

16.  Movable support of the type comprising at least one operation processor and a non-
volatile memory element, characterised in that said memory comprises a programme
comprising code instructions for implementing the steps of the method according to any one

of claims 1 to 14, when said processor executes said programme.
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- parameters (X ,) that are representative of the positions, relative to centre of said

acquisition means (1), of all or some of the sensors (2y);

a finite number of coefficients (B,m(f)) that are representative of the acquisition

capacities of all or some of the sensors (2,);

- parameters (Hn(f)) that are representative of the frequency responses of all or some of

the sensors (2,);

parameters (d,(f)) that are representative of the directivity patterns of all or some of

the sensors (2y);
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which must be equal to the power of the corresponding coefficient in the acoustic field to be

represented (P).

21.  Device according to claim 20, characterised in that it is associated with means (60) for
determining all or some of the parameters received by said means (52) for determining the
encoding filters, said means (60) comprising at least one of the following elements:

- means (62) for inputting parameters; and/or

- calibration means (64).

22.  Device according to any one of claims 17 to 21, characterised in that it 1s associated

with means (51) for formatting said measurement signals (c; to cn), in order to issue a

corresponding formatted signal (SI).



