1 System and nethod for determning a representation of an acoustic field
The present invention relates to a nethod, a device and a system for
determ ning a representation of an acoustic field in the formof a plurality
of acoustic or audi ophonic signals whi are each associated with a
predeter 5 m ned general reproduction direction defined relative to a given
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and processing constitute key elenents in the quality of
"multichannel signal” and corresponds to a plurality of signals, called "chan-

15 nels", which are transmitted in parallel or multiplexed with each other. Each of
the signals is intended for a reproduction element or a group of reproduction
elements forming an ideal source arranged in a general direction predefined
relative to a given point in space.

For example, a conventional multichannel standard known by the

20 name "5.1 ITU-R BF 775-1" comprises five channels intended for reproduction
elements placed in five predetermined general directions defined by the an-
gles 0°, +30°, -30°, +110° and —110° relative to the listening centre.

Such an arrangement therefore corresponds to the arrangement of
a loudspeaker or a group of loudspeakers at the front in the centre, one on

25 each side at the front on the left and the right and one on each side at the rear
on the left and the right.

The application of the acoustic signals to reproduction elements ar-
ranged in appropriate predetermined general directions theoretically permits
the reproduction of an acoustic field.

30 Acquisition and processing constitute key elements in the quality of
this reproduction.

Some existing acquisition means are formed by a set of directional

elemental sensors where each sensor delivers directly a channel correspond-



this reproduction. Sone existing acquisition nmeans are fornmed by a set of
directional elenental sensors where each sensor delivers directly a channel
correspond 2 ing to one of the predeterm ned general reproduction
directions. In that case, each sensor i§ substantially oriented in the
direction corresponding to its as- sociated channel. The quality of the
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hi gh-qual i t j,dgRresenta- tion of the acoustic field to be obtained. 25 It
therefore appears that the existing acquisition and processing means
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15  directivity characteristics and also the simplicity of the processing carried out,
such as gain matrices, restrict these technologies to a representation whose
quality is limited to the level of precision commonly referred to as "order 1" on
the basis of the spherical harmonics.

Finally, the system described in the article entitled "Circular micro-

20 phone array for discrete multichannel audio recording”, presented on 22 March
2003 at the 114™ convention of the AES, uses a circular regular network of
288 cardioid microphones. Complex processing in several steps of all of the
signals delivered by this network of sensors enables a high-quality representa-
tion of the acoustic field to be obtained.

25 It therefore appears that the existing acquisition and processing
means require a large amount of regularly distributed elemental sensors and
also complex processing in order to arrive at a high-quality representation of
the acoustic field in a multichannel format.

This substantially reduces the portability of these systems and in-

30 creases the cost of implementation and the calculation times.

The object of the invention is to solve those problems by providing a
method, a device and a system for determining a high-quality representation of
an acoustic field in a multichannel format, which are of enhanced portability

and rapidity and which are inexpensive.
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15 According to other features :

- the acquisition means are such that, for all of the usual coordinate
systems, for at least one of the coordinates of the coordinate system, the val-
ues of the coordinates of the positions of all of the elemental sensors are dis-
tributed on distinct values and at a non-constant pitch;

20 ’ - the acquisition means comprise at least one omnidirectional elemen-
tal sensor,;

- the acquisition means comprise at least one elemental sensor whose
directivity is a combination of omnidirectional and bidirectional patterns;

- the acquisition means comprise a number of elemental sensors of

25 one to five times the number of predetermined general reproduction directions;

- the processing means comprise a single matrix filtering stage receiv-
ing as an input the measurement signals and delivering as an output the plurality
of acoustic signals;

- the processing means form weighted linear combinations of the

30 measurement signals in order to form the acoustic output signals;

- the processing means permit the application of filtering combinations
which vary with the frequency of the measurement signals processed.

The invention relates also to a device for determining a representation

of an acoustic field, which device comprises means for processing the signals



- the processing neans conprise a single matrix filtering stage receiv- ing
as an i nput the neasurenent signals and delivering as an output the

plurality of acoustic signals; - the processing neans formwei ghted |inear
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means in order to deliver a plurality of acoustic signals which are each associated
with a predetermined general reproduction direction defined relative to a given
point in space, the set of acoustic signals forming a representation of the acoustic
20 field.
According to other features of the method of the invention,
- the processing step corresponds to:
- the application to the measurement signals of filtering combina-
tions in order to generate a plurality of processed signals constituting a represen-
25 tation of the acoustic field which is substantially independent of the structural
characteristics of the acquisition means, in the form of a finite number of Fourier-
Bessel coefficients; and
- the application to the processed signals of specific linear com-
binations in order to generate the corresponding plurality of acoustic signals;
30 - the processing step corresponds to the application of filtering combi-
nations in accordance with a technique selected from the group formed:
- by filtering techniques in the frequency domain;
- by filtering techniques in the temporal domain by impulse re-

sponse; and



- the application to the neasurenent signals of filtering conbina- tions in
order to generate a plurality of processed signals constituting a represen-
25 tation of the acoustic field which is substantially independent of the
structural characteristics of the acquishtion nmeans, in the formof a finite
nunber of Fourier- Bessel coefficients; and - the application to the
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first coordinate of. it iR ¢aoedionane fikstdodMinatek fark HRithat B&Sstaht hdredikiribst
coordi nates are neither constant nor distrib- uted at regular intervals, the
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system and the method is repeated with another coordinate system;

- if the values of the second coordinates are either constant or distrib-
uted at regular intervals, the values of the positions of the sensors are checked in
accordance with a third coordinate of the coordinate system;

20 - if the values of the third coordinates are neither constant nor distrib-
uted at regular intervals, the network is non-regular in the current coordinate sys-
tem and the method is repeated in another coordinate system;

- if, for the first, second and third coordinates, the values of the coordi-
nates of the positions of all of the sensors are either constant or distributed at

25 regular intervals, the network is regular in the current coordinate system;

- if, in any one of the usual coordinate systems, the network is regular,
it is called regular; and

- if the network is non-regular in each of the usual coordinate systems,
it is called non-regular.

30 The invention will be better understood on reading the following de-
scription which is given purely by way of example and with reference to the
appended drawings in which:

- Figure 1 is a representation of a spherical coordinate system;



20 - if the values of the third coordinates are neither constant nor
distrib- uted at regular intervals, the network is non-regular in the
current coordinate sys- temand the nethod is repeated in another coordinate
system - if, for the first, second and 6hird coordi nates, the values of the
coordi - nates of the positions of all of the sensors are either constant or
distributed at 25 -rigurea? is @ klpgkidiagrameohatrapraducyon eystemn dasordiagdar r ent
coordi nate &%ﬁhﬁgﬁﬁdwif’ in any one of the usual coordinate systens, the
network is d , it is called regular; and - if the network is
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bl ane and 00t - JetRe roiES e fBngs rdahveaic Fehidhif e uBr crbidiEm has e
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met hod of the invention is based on the use of spatio-tenporal functions
enabl i ng anpressyigsindicatetpg. € 6 havhese Foupedtransioimds wisated £ired efrwleerepa-

15  f denotes the frequency, is defined at all points at each instant .

The method of the invention is based on the use of spatio-temporal
functions enabling any acoustic field to be described in time and in the three spa-
tial dimensions.

In thg embodiments described, these functions are what are known as

20  spherical Fourier-Bessel functions of the first kind which will be referred to here-
inafter as Fourier-Bessel functions.

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

25 outside this region.

Any three-dimensional acoustic field can therefore be expressed by a
linear combination of the Fourier-Bessel functions in accordance with the expres-
sion of the inverse Fourier-Bessel transform which is expressed:

P(r8.6.$)=47 3, 3] P i )y (6.9)

30 In that equation, the terms P, ,(f) are defined as the Fourier-Bessel co-

efficients of the field p(r,6,¢.1), k=£§f—, ¢ is the speed of sound in air (340 ms™),

Jji(kr) is the spherical Bessel function of the first kind and of order / defined by



tial dinensions. In the enbodi ments described, these functions are what are
known as 20 spherical Fourier-Bessel functions of the first kind which wll
be referred to here- inafter as Fourier-Bessel functions. In a region enpty
of sources and enpty of obstacles, the Fburier- Bessel functions correspond
to the solutions_of the wave equation and constitute a basis which
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In this equation, the B~(x) are the associated Legendre functions de-

fined by:
[ / -
P (x) 2l+1 El+mg|\1 x2)m/2 B (_x)
10 with Py(x) denoting the Legendre polynomials, defined by:

L 4y
B (x)=2’l!dx’(x -1)

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

15 In other embodiments, the acoustic field is broken down on the basis
of functions, where each of the functions is expressed by an optionally infinite
linear combination of Fourier-Bessel functions.

Figure 2 shows schematically a system according to the invention.

This system comprises acquisition means 1 formed by Q elemental

20 sensors 24 to 2q delivering measurement signals c¢;(¢) to co(?), also indicated ¢ to
Ccq, Which are introduced into a device 6 for determining a representation of an
acoustic field.

The device 6 comprises processing means 8 suitable for applying to
the measurement signals ¢4 to cq filtering combinations representative of struc-

25 tural characteristics of the acquisition means 1, in order to deliver as an output a
plurality of acoustic signals which are each associated with a predetermined gen-

eral reproduction direction defined relative to a given point in space.



The Fourier-Bessel coefficients are al so expressed in the tenporal domain
by the coefficients pi,nmt) corresponding to the inverse tenporal Fourier

transformof the coefficients P',,"(f). 15 In other enbodiments, the
acoustic field is broken down on the basgs of functions, where each of the
functions is expressed by an optionally infinite |inear conbination of
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relative to a gi velrgierahty, Ihe procepsing means &sptheddenjce 6 arbeocobouned - t he
reproducti op nean 10. The control. of these reproduction elenents_12i to
19N by (e REBTATT and afg Aareae Specterly wilhaost P RETEbHCTIBON & & BRoked
up by the aggmid tHePBcdRSIGN tedn@ P8nd QRIhOSIYEESK refr&dRtiaRIYeméMe fBFRIRESS! NY
means 8 of the device are configured be- 10 forehand and are associ at ed

speci fi cal | $hewieproduatien negansl Khent al sensors 2i to 2Q formng the

acqui sition neans 1,and.w e f reproduction el n rmn he
reproducti on neans %@van}&%@%ﬂ{s@gig&\gq%ﬁr tﬁg\ﬁé %qﬁs'Q%@%Bﬁg?eéémé@S%éﬂg ag
conprise a Ry usfatitteriig/ coOmblindtiopki wgicﬁoeblir@ﬂsdr@nso vdifférant aicaBRAd nigans
different acquisition nmeans 15 and/or to different output formats and which
can be 32| egnd@r iy diferertroutpidrfoanat;and which can be selected by a user, for exam-

ple directly by means of a switch or through a control interface.

The device 6 may be in the form of electronic equipment dedicated to
the implementation of the invention or in the form of software comprising program
code instructions which are to be executed by equipment comprising a processor

20 and means for interfacing with acquisition means and reproductioh means.

For example, the device 6 is formed by a computer associated with
suitable interface cards.

The elemental sensors 24 to 2q are located at known points in space
around a predetermined point 4 designated as the centre of the acquisition

25 means 1.

Thus, the position (r,,6,,4,) of each elemental sensor 2, is expressed in
space in a spherical coordinate system, such as that described with reference to
Figure 1, centred on the centre 4 of the acquisition means 1.

According to the invention, the elemental sensors 21 to 2q are distrib-

30 uted in space in a substantially non-regular manner.

For a given configuration, or a network, to be regarded as non-regular
in space, it is necessary, for all of the usual three-dimensional coordinate sys-
tems, whether they be Cartesian, cylindrical or spherical, for at least one of the
coordinates of the coordinate system, that the values of the coordinates of the



ple directly by neans of a switch or through a control interface. The device
6 may be in the formof electronic equipnent dedicated to the

i npl enentation of the invention or in the formof software conprising
program code instructions which are to e executed by equi pnent conpri sing

a processor 20 and neans for interfacing wth acquisition neans and
repr oduct i oposienssof FHof ta glfmnentak sansaes shnsldbe seftaeneanstgnt ot digtikued

associ at ed w i i f C e t r to 2Q
are | ocat edma%%oﬁ%\%hntt mcﬁt g@ﬁgggg{a&{ ?’ES?@%“&%QZO”F)%’@E]@%@# %sg%ﬁgoigtnéln n-

desi gnat ed esnsténet piteht re of the acquisition 25 neans 1. Thus, the position
(rq, Bg, Og) of each @I enental sensor 2g i S express i ace in a spherical

i { XP edin s _
coordi nate system QUéhC¥igurationdssonrisgriantt f?rra@fcgr“é‘ﬁé'éugldmoﬁ‘ij'ﬁa‘?ees)ﬁ'
centred ©n L Shh { _
Cvent i o (e arhaned) Oho LI RGH: SobifEs Bhe cofBBiF gt helat. (1 4
subst ant i al ugs obthe egatdinatemohéne pbsitioss gf ak of dbefsegaorst arendistibutechiet aor k,
to be regarded_as non-regular i.n space, it is necessary,. for all of the
Usual t hr e FERR PERLA! AEBINigTADETEY d Wi @ WABEHIE SavRlipne Ber eorrphn,
cylindrical nSfesIBKEH inClccedsibn.at | east one of the coordinates of the
coordinate system that the values of the coordinates of the 9 positions of
all of the el ement alhewoofigurations in bdiaheihehsansoosereaaranged dit segulbuired  at

on- " cofbt Rt BF A o8 gt BEREY ot ettt A TPty Mt ol AR T

usual coor dintérsectiors ofart iemRyindreicubic hésts tar® Feyuar ddmgigtifitieas coor di nat es of
the coordinate system_ the val- ues of the coordinates of the positions of

all of the sensors Kl Be apprasiated that the exeliatien of syrht @ apndsaulen distriburt er val
and with a s il Gafte 8 boeiuftla [digaRBe L elantPl6m htkahstinty 6F BRisdien:
C he sens at regula n--10

Thus, configurations 1n whi or s are arrange

terval s al opgpdactiomandrthe iconsteaintstadsbeiatatt witls ¢od dimmensidning of tregéleatantéll at
grid or at the intersections of an imaginary cubic nesh, are regular
confi guitati 8ARSOTBUSRHY | be appreciated that the eval uation of such a

non-regul ar di stribynerefore, the coordinates of the sensors must be distributed in an in-
terval greater than a tolerance interval and must have deviations beyond that tol-
erance interval.

In general, the position of a sensor corresponds to the position of the

20 centre of its sensitive portion and a tolerance interval in each spatial direction is
defined around that position.

Advantageously, the tolerance interval for a set of elemental sensors
forming the acquisition means corresponds to a distance equivalent to one quar-
ter of the distance between the two elemental sensors that are closest together.

25 For example, such a distance is of the order of 2cm, so that the tolerance interval
corresponds approximately to 0.5cm.

Conversely, a configuration is considered to be regular if, in one of the
usual coordinate systems, for the three coordinates of that system, the values of
coordinates of the positions of all of the sensors are constant or distributed at a

30 constant pitch.

Or, a configuration is regular if, in one of the usual coordinate systems,
for all of the coordinates of that system, the values of coordinates of the positions
of all of the sensors are distributed in a substantially zero interval or with a sub-

stantially constant successive deviation.



tion nmust take into account a tolerance resulting fromthe constraints of
physi cal production and the constraints associated with the di nensioni ng of
the el enmental 15 sensors used. Therefore, the coordi nates of the sensors
must be distributed in an in- terval greater than a tolerance interval and
must have devi ations beyond that tol- erance interval. In general, the

posi tion of a sensdn asigitions senskrsitbat: ihrvepa substantially ner-zerppbysicalspatei t s

et ned ar o Eihelt Sadthf o Mt F4E 18 BupAhiRE o BRE Ao B oBfosts,
set of el enpivciforsedistribtitioh Whidhig refgrdeadisl & tdgutdr dopdigarationr esponds to a
di stance equi valent_to one_ quar- ter of the distance between the two

el enental sensors tH# folpwing gethad makes ifarossibie te detsraipg whethara €iveNst ance

o of (e ORRIayRiedeialehfbalids IPIRNRRSF rplehal _cor T esponds

appr oxi nver sely, SEE rati I'sS considered to be
regular if, in one THe tbeve-tramibned eodiig@ttion ys considefedr witheefeh¢mee to a

coor di nat es _of at system. the val ues of coordinates of, the positions of

o ot rhe EBhob it 1ee Lo cRTIBRle SIS ILSEh 4 e (oes CisnaTaipna S or

a configur agiiagrbgio%iﬁgtgtgygferﬁ_f, in one of the usual coordinate systens, for
i

all of the coordinates of that system the values of coordi nates of the
positions of all ofhe Naelusermidhe pmsiions safrdllboft e $ensars aks than chédkedzier o

i nt _eryajhoor W ta a SUbfh sf/faggi al Igzqajon tant successi ve deyi ation., 10 b_I n
addi tioh) sBHEYPENGH Yithy g\ Jst capiinala QT iNe, CopfHingle SYRRYLi 24N epdbg @
requi renent sgigsh.t ahosy QalbkbaRe Astker tconsBAt %Bgfd(ﬁjlﬁﬁbﬁtéﬂrﬁtare g!réfﬁtihtfeWé&,or

al nost  punctiformdistribution which is regarded as a regu _
confi gur at i t8Kingritdo fascpenti s dolreansednitikals then heseonfigaratipndist kemregsilathist her a

Sbove- ment 1 e SRBHAE P LAY HeunbRdRiR stk T Rlartibr S8hifle o'

the three usystencoordi nate systens, such as the three-dinmensional Carte-

sian coordi nate system The values of the positions of all of the sensors
are t heh®checked | nif the values of these first coordinates are either constant or distributed

at regular intervals, the values of the positions of the sensors are checked in ac-
cordance with a second coordinate of the coordinate system, such as the ordi-
nate.

If the values of these second coordinates are neither constant nor dis-

20 tributed at regular intervals, the configuration is non-regular in this coordinate sys-
tem and the procedure is started again with another coordinate system.

Conversely, if the values of these coordinates are either constant or
distributed at regular intervals, the values of the positions of the sensors are
checked in accordance with the third and last coordinate of the coordinate sys-

25 tem, such as that according to a vertical axis called the zenith coordinate.

If the values of these third coordinates are neither constant nor distrib-
uted at regular intervals, the configuration is non-regular in this coordinate system
and the procedure is started again with another coordinate system.

In the opposite case, in this coordinate system, for all of the coordi-

30 nates, the values of the coordinates of the positions of all of the sensors are ei-
ther constant or distributed at regular intervals. Therefore, the configuration is
regular in this coordinate system.

At the end of the tests in the three usual coordinate systems, if the

configuration is regular in one of the three coordinate systems, it is called regular.



10 accordance with a first coordinate of the coordinate system such as the
ab- scissa. |If those values are neither constant nor distributed at regular
intervals, taking into account a tolerance interval, then the configuration
is non-regular in this coordinate systgm and the procedure is started again
wi th another coordinate system 15 If the values of these first coordinates
are either Comraely, dtheicenfigusatianiis ran-regulardn thetlrieeataordingte sydtemss, ibf t he

posi tions o < re checked in ac- cordance with a second
coordi nate |%fcta[f§%ﬁ§§§§él?|ﬁgte system such as the ordi- nate. If the val ues

of these second co@ubhnatabstantallyendrhesgutamgis@ipltion aveids the Geduridaimcs df at
regular intervals, the configuration is non-regular in this coordinate sys-

tem and t hethsréRiacramepled byt thetelemegial senpens iarbe Raoustio figidn it thesieskit
Conver se%y,thia{ atrgguc‘[@} Mﬁﬁbé’rfoft%%?@ rsqg‘ﬁreg{a s are either constant or
u r

distributed at regular i1 ntervals, the values’of the positions of the sensors
are checked i n accudvdmtageowslyhthehmakimurd rantbdragtof ademedntabsensurs idiess

coordi nate sys- 25t _such as that according to a vertjc axis called the
ent th coor enareaupf 8 1 s e BimpRESERGaHa Ssgla/orRInGIhg TEP e Rer

const ant noﬁorﬁjbﬁtﬁ;xb'albbu%@ﬁ'elétat KrROBhAbf i%ﬁb&ﬁéﬁag bhéraGORfiguration is
non-regular 1 n this coordinate system a the procedure is started again

wi t h anot her coor difnathersyse,dhe distributonopftbsiddementabsensors Ri, 1 spanedinagt e
system, for all of.the caordi- 30 nates, the values of the cgordinates of
the. pos1d | ofEnBy uith SpCTR atlesaddiel 3R see s Binding et PR SHEfDRed ar
regul ar i nt ghypdgularitfeueh asiefihBg apeidi guration is regular in this

coordi nate system Af the end of the tests in the three usual coordinate

systens, if the coMVapiRgaqusly, itke aeguisiionimeant 10EPfatkICEHhe (garemidiemat e

systens, it _js.cal r Iy | f At conti t] I S
non-regul ar ﬂeﬁrlﬁgh?%rcéegr%ﬁégP &fk?}eige&?@@\l@gﬁs%g??é q?sggca ?‘28 ﬁ%ﬁ&%@%ﬂ%ﬁ'. Such
a subst ant i aldny anda-dgiegubanndirg} whiteltéspectng triscritbga bEdWﬂé(rit?f t he data
sanpl ed by the el err\g/% | sensors_in the acoustic field, vat the result 5

a . y !
that a teduced numbEAtNJEIRBADHIG Figurecctchya JeeGERIL¥ELEPY, D] AVeReRti mum
nunber Q of yfl &AL oFBRSRSEM Bf IeSfvention.

Before implementing the invention, the acquisition means 1 are ar-
ranged in space in a substantially non-regular manner.

During a first step 20 of acquisition, the system of the invention is ex-

20 posed to an acoustic field P and each sensor 2, of the acquisition means 1 deliv-
ers a measurement signal ¢,(z) which corresponds to the measurement made by
that sensor in the acoustic field P.

The acquisition means 1 therefore deliver a plurality of measurement

signals of the acoustic field c;(f) to co(f), which are associated directly with the
25  acquisition capacities of the elemental sensors 21 to 2q.

The method then includes a step 30 of processing by the application of
filtering combinations to the measurement signals c4 to cq delivered by the acqui-
sition means 1.

As indicated above, these filtering combinations are representative of

30 the structural characteristics of the acquisition means 1 and are suitable for deliv-
ering a plurality of acoustic signals scq to scy which are each associated with a
predetermined general reproduction direction defined relative to a given point in

space.



than or equal to five tines the nunber of acoustic signals formng the
representa- tion of the acoustic field at the end of the processing
operation. Furthernore, the distribution of the elenmental sensors 2q in
space may 10 conply with specific ruled2while at the sane tinme conplying
with the criteria of non-reqularity such as defined above, Advantageously,

the acquisition medherelesnssiadvude ¥ kBagrsiesall) frenvhare phiainehiemdher? st i cs
of the repr i = . giyen
oyrmot Ty, - Te e nerT SRR B R 35, eBhe bR ol ey TR g oY o ence
t o Fi gur es BQdildrelyayirdess aifpridtion ofithé fraquerny, ghd éndicdted tThgf)oBecabutput of t he
system of the inyention. Before i nplenenti the invention, the acquisition
means 1 ar eCRANNe} $dbi§ qma'gﬁ‘g&‘! f'i’tgﬁ'&g §9§§Pg i’HP?%PrﬁBWD% Sig0RSrC) (hioref)

Duri ng fi : N tdnsih t i invention is ex- 20
posed tgs anériggfsaﬁﬁlgﬁ% é;}(lrél P arﬁd@%@# tgéﬁgc%@ﬁ%tc]ﬁg}]gmg@équi sition nmeans 1
deliv- ers a neasurkaainfilter Gné) istiergfonnhirepresentatiep of dise contribetion af dhe nent

made by that _sensor.in e acoustic field P.. The acqujsit. means
Cherefore. darrouaniens ot e B e Catniliibneor DRGrERBLftheTag5i8nds i el g
c, (t) to cQhfe)obtdiniedin accordanes vthalke edlagsHship: W th the 25 acquisition
capacities of the elenental sensors 21 to 24. The nethod then includes a

step 30 of processing by the appli i_(ﬁ of i]tering conbinations to the
measurenent signals ci to co de|4¢ﬁg?id fn,rt(k{ééaé}dui - sition nmeans 1. As
i ndi cat above, these filteri 0 iﬂii S are representative of 30 the
struct uﬁgl char act F‘itgf‘f @attﬂnsﬁﬁ’e%gr;@u'ﬁ f‘?i%n(%'”% ﬁESf%”H Sé'?é A £dhIig for
deliv- eringearqlridr dlanbiorfofac@ustic signals sci to scN which are each
associated wth a predeterm hed general reproduction direction defined
relative to a gi venlhgfiltarsila,(f)spay be organized i @s@ddx AldfwjzetMea Airctharfokl s
scl(t) to SF%@ are gbtained fromthe Q neasurenent signals c,(t) to cQt)
by neans of ° H@ngeﬁatri x filtering involving N x Qfilters varying as a
function of the frequency, and fipdigated, K, q(f h out put channel
B P Peadia

sc,(t) is obtained by filterin of'? nmeastd nt signals cl(t) to
cQ(t) T= L,(f) T () - Too(f)
TN,I(f) TN,z(f) TN,Q(f)
15
In the embodiment described, the matrix T is obtained by means of the
following matrix relationship:
T=DE
20

In that equation, E is an encoding matrix representative of the charac-
teristics of the acquisition means 1 and in particular of their spatial configuration.
The matrix E makes it possible to obtain a representation, in Fourier Bessel coef-
ficients, of an acoustic field P corresponding to an estimate of the acoustic field P
25 in which the elemental sensors 24 to 2q, are immersed, on the basis of the meas-
urement signals ¢(¢) to co(¢). The matrix E has the size (L+1)* x O, the coefficient
L corresponding to the order at which the encoding is carried out and to the
maximum resolution that the encoding enables to be achieved. The matrix E is
obtained by means of the relationship:
30



5 and by applying a linear conbination to the signals thus filtered. Each
filter T,,,q9(f) is therefore representative of the contribution of the
measurenent signal cq(t) in the constitution of the channel scn(t). The
channels are obtained in accordance wi tiB the relationship: Q SCE (f) LTq
(.f )C (f) g=1 10 In that rel atlon]shl @é i § the Fourier t ransf orm of
sc"(t) and CgQ is the Fouri erE trbhs ﬁlﬂﬂ(l {W)y. The filters T",q(/) may

be organized in a matrix T of size Nx Qin the fol- |owing manner: {{ {
T,1(f) T1,2(J) ... T1,Q.f) T=T2,1(f) T2,2(.f) ... T2Q .f) TN, 1(f)
TN2(.f) ... TN, (. flh thdteduatibhethenduetiici@ttt, desaifiée dontpremiset betwenithe

obt ai ned by neans of the followng matrix relationship: T=DE 20 In that
equati on, Hiddityaof epcestintafionecfrthe acopstisteld a? iand the mimemizhtiomof theeba(m-i cs of

the acqui sition nmeans. nd | artjcular of their, spatial confiquration.
he aat ¥ grona Fong inkellfed By R blsrteri stnshreatia s pbd menerniin Sy Bessel
coef- ficiepfipe valuedbarweds0ignd 1 eTszP.fqu'or WB@Q{gﬂﬁuﬁ@néﬁe%Fﬁlrﬁm{# aff the
acoustic field P 25 in which the el enental sensors 21 to 20, are i nmersed,

on the basiuaf, thesnadiakqualiteisenexigiughal s cl (t) to cQt). The matrix E has

the size (L+1)2 X e 0 whi ch
the encoding is ca%?\%ad?%(iet%%fsryd&{e B%Fﬁght%ggﬁi@%gb &g/ghqﬁﬁﬁjeaﬁéggencodl ng
enabl es to be achl emetiat Idﬂatlm‘mhi’p Bikd Q)at@bé@m ﬁi% btﬁtr%@ﬁ@z@@i e1)?

rel ati onshi p; fL BT (1L BBT + In that equation, the

coef fi cTQentWVO%Etﬁ”P‘?’E% %l@@hﬁﬁ‘cﬁmﬁ@zﬁ@! ‘Wé'ng manner:

BLo,o(/) B,l,—l(f) q,l,o(f) E,Ll(f) BLL,-L(f) a,L,o(f) &,L,J.(f)1
Bz,o,?(f) Bz,1-1(/) leo(f) BAn(f) BZ,L,—.L(/) Bu.,o(f) BZ,L,L(f)

_BQ,O.o(f) BQ,I,—l(f) BQ,I,O(f) BQ,I,I(f) BQL,.L(f) BQ,L,OU) BQ,L,L(f)_

If all of the elemental sensors 21 to 2q are sensors of the omnidirec-
tional type, the term B is expressed in the following manner:

15 B yn(f)=4n j' ), (kr, )yl (6,.4,)
In that relationship, (r,,6,,4,) is the position of the sensor 2, in the
spherical coordinate system described with reference to Figure 1.
In other embodiments, each sensor 2, is placed at the position
(r4:0;,4,), has a directivity composed of a combination of omnidirectional and bidi-

20 rectional patterns of proportion d, and is oriented in the direction (6.,4.), so that

the sensor 24 has a maximum sensitivity in the direction (87,4.). In that case, the

elements B, .(f) are obtained in the following manner:

B, n(f)=47 j'x {(1—dq)1'1 (kr, )y (0,.8,)~jd, x

(k)
25 [j*z (ke )yi" (6,8, ), J']Er )R'"‘(C 0, )trg, (8, Juy ﬁi-l-le—yz 9q,¢q)u¢J}

q q q
where:

Vi Gr)=(+1) jp(kry)
21+1

J* (kry )=



fidelity of representation of the acoustic field P and the m nim zation of

t he back- 5 ground noise introduced by the el enental sensors 21 to 24 and
may assume any of the values between 0 and 1. Thus, if,u=0, the background
noise is mnimal and ify=1, the spatiall4quality is maxi mrum Advantageously,
the paraneters L an n vary with the frequency. |In that relationship, B
is a spatial sanpli thﬂb Kﬂpﬁyﬁ size Qx (L+1)2 10 whose elenents

Bg,j, mm(f) are organized in they foIIovvl ng manner: R ({~ 0, Be¥Y"29, - 1/ y)

"1,0(f) "1.U Y .. Lo~/ ~L BZl-I(f) RL, “2,1,7
B2, 1J " 0 | M§-m)( + mgpl) Q&l& M B, Jo

(B)Ql L(F) Og %%ﬁi B 20 do(f 0%“5%('9)@;% al’t 6?&%% Spbul {’)§l 1

expressed in the foltgwfndcesdpner: 15 Bg,r,m(.f) = 4ir J' J, pPkreE) Yi (Bq
"q) In that relatijo |p, (rg,q,q) is the position of the sensor 2q in
the spherical co%' hnate system described with reference to Figure 1. In
ot her enbodi ment®'® ¥8RE sensor 2q is pI aced at the position (rqg,Bqg, Oq), has

a directivity conposed 0fg igzectional and bidi- 20
rectional patterns %’f pl(rPlopig% 1“on gﬁ |50§c))€’|néé)(r§it%d in the direction

(Bg,0), so that the sensgr . sensitivity in the direction
(Bg, Og). In that cabeT °PH Sué?e 52?5_? i rT‘%’q) Qﬁ%@ obtained in the foll ow ng

manner : 4mJ) = 4)r J1 Jl k" Y1l (eq, 0 Jd 25 J*1 (krq) Yr
(Bqg, $9) JTagRj (’%:¢O§I§lﬁ’)éizr%ﬁ((¢ézq ) ( k? )5| nt(lﬂ(Bg)oq)ﬂo;(} | 9 9 9( ?

mﬁiﬁpo m'(&h‘?r%) g&“%)%f] +1r§s( iq}}ﬂr?ar’;sr%&clirﬁg/rgard%ldlgens%s the pgralﬁn%?esr%q 33-

sumes the value 2 for the Q sensors.

sensors 21 to 20 ar {nsors of the omidirec- tional type, the termB is

In general, the matrix indicated E is therefore representative of the po-
sition of the elemental sensors 21 to 2.

10 The determination of E does not impose any constraint on the position
(r4,6,,¢,) Of the sensors and in particular enables the non-regular configurations to
be taken into account. Such non-regular configurations are more efficient be-
cause they permit the sampling of more data on the initial field P, dispensing with
the redundancies introduced by the regular configurations.

15 In the equation expressing T, the filtering matrix D is a decoding matrix
representative of the predetermined general reproduction directions selected. The

matrix D makes it possible to determine the control signals permitting the high-

precision reproduction of the estimated acoustic field P and therefore of the ac-
quired acoustic field P. The matrix D is of size N x (L+1)* and is obtained by

20 means of the following matrix relationship:
=M wM' MW

W is a matrix corresponding to a spatial window defining the volume in

25  which the reproduction is to be carried out. It is a diagonal matrix of size (L+1)*
which contains weighting coefficients #; and in which each coefficient %, is found

21+1 times in succession on the diagonal. The matrix W therefore has the follow-

ing form:



R, (cos8qg)= 2 P (cosBg)- 2 P -(cosBg) pourl_m1 -1 1IP-" (COSBq) pournsl
and where: u, = sin 0gq sin eQcosj ((g - oq) + COS Bg cos 09 wue = cos 0Oq
sin Bg cos((. - 9) - sin Bg cos Bg 5 u0 = sin Bg sin( 419 - (q ) If the
acqui sition means 1 conprise only cardi ddd sensors, the paraneter dqg as-
sunes the value i/2 for the Q sensors. In general, the matrix indicated E is
therefore representative of th Wo-0si‘ti-on-of -t he 8l emental sensors 21 to
2Q 10 The determination of E dodkPhot'. i npose any co straint on the position
(rqg,Bg, Og) of the sensors and i|n ppartWeut.ar enabl es the non-regul ar
configurations to be takengntlo accoumW, S8uch non-regul ar configurations
are nore efficient be- cause they pernit-the sarrplln of nore data on the
initial field P, dispensing with :the redundéfhpl es:introduced by the regul ar
configurations. 15 In the equatji on expressing-T,-.tbhe|filtering matrix Dis a
decoding matrix representative df -t-he-pr-edet-errﬁ med | general reproduction
directions selected. The matrix D nmakes it possible to determ ne the
control si gnal s perlnithe iempadiment ghscr'medcthﬁ' waiuee pssaued ibynthef caeliicients i mat ed

tic f d f f d tic field P. The
macrix b i Shepoup8iond I e JpBed e 1 Suiin: i By 2 BTmBaBHOU 7RI owi ng

matrix rel aﬂquéxhil@ate@m-l (s'?*zfI thWthe d‘éﬁ“ét‘%te? w I%bférihlr%?f fro?slﬁ@Hg‘nQQrdrﬁ’ 030
spatial wi ndow defining the volume in 25 which the reproduction is to be

carried Dutl. It is a diagonal matrix of S|ze (L+1)2 which contains
wei ghting coeffici

e coef ci.e d, 21+1
times in successi on}%f‘l %V}ﬁaﬁfglcgé@ﬁgpng?ﬂgo prede {W CLQ%W%G'E@QW%UPBI | ow
ing form 18iredon8, in- other words, to the outpu® multichanKél fovkhat. WY is a matrix of size

(L+1)* by N, constituted by elements M;,,,, the indices /,m denoting the line 2+I+m

and n denoting the column n. The matrix M therefore has the following form:

MO,O,I MO,O,Z """ MO,O,N
My MMy oy
Ml,O,l M1,0,2 """ MI,O,N

10

In the embodiment described, the elements M;,,, are obtained starting

from the multichannel format in accordance with the relationship:
M=y (On,pn)
15 where (6,,¢,) corresponds to the general direction associated with the
channel sc,(f) in the multichannel format.

The processing step 30 therefore corresponds to the application, to the

set of measurement signals ¢4 to cq, of filtering combinations for generating a plu-

rality of processed signals constituting a representation P of the acoustic field P),

20  which representation is substantially independent of the structural characteristics
of the acquisition means 1, in the form of a finite number of Fourier-Bessel coeffi-

cients.



Wo O0... ... ... ... ... OW In the enbodi nent described, the val ues

assuned by the coefficients W correspond to the values of a function such
as a Hamm ng wi ndow of size 2L+1 evaluated in 1, so that the paranmeter W
is determined for | ranging fromO to 96L. Mis a matrix corresponding to

t he predeterm ned nergl reproductipon irections, .in other words, to the

out put mul ti channe?ﬁﬁerazja?l?’o ICP"P§p%f‘q%atl°rti?‘§ Wﬁ'g?tﬂé" te E'JQPQOWS?\P SISt i t ut ed

by el enments ki g Lt [ i L

denot  ng t hd GOpoie icRf, CORbRARons IRCRRREIAg, IR, coRBsiotatd RRAY dfo o,
M ON

Mo, 0, 2. "0 NMNacayskic SMﬂalﬂSm tosef, -1,2...... M, I, NMQA MO2......
M, 1,1 M,1,2- ....- M.l N, 10 M,L.-L.|I -L,2...... ML: LNML,o,I M
gty ML o FilieaShobys Sthurmancally e rinpiempatatibg;of tids BiaceSsing; he

el ement s5 M step,30 éHrfe®@bliBbye mkahsd Bridsclibedabhige. mul ti channel format in
accordance wth the_rel ationship: "=Yi (Bn,Yn) 15 where (B",O'

, M.m, :
corresponds to the Henbiers Tai(fereiapplied inbieameasusprent signalshatihis CAé%?bQ/t) in
the nmultich : in fore corresponds to the
applicati On&%?ggtoﬁg{%%alﬁﬁgn @%ﬁ%ﬁgué‘l} ggaf?ge%%m@g cQ of filtering

conbi nations for genfiteringrig the frlequen@y déyiadi speloaeskedxangie| socloositivd-ut i ng
a representation P of the acoustic field P), 20 which representation is
subst ant i al Wion RREPEIESt of the structural characteristics of the

o 1800, e L U PERRI RIS PSR ShoRUTEr Beeel,
processed signal s, -filteringin the temporal domain by means of infinite impulse response
recursive filters.
The N output signals sci(f) to scy(f) obtained at the end of the process-
ing of the invention are representative of an acoustic field P which is reproduced

15 by connecting each channel sc,(¢) to the corresponding reproduction element 12,
emitting plane direction waves (68,,¢,) according to the specifications of the mul-
tichannel format. The simultaneous action of the N reproduction elements 124 to
12y controlled by the channels sc|(¢) to sca(?), respectively, enable the acoustic
field P to be reproduced.

20 Thanks to the processing carried out and corresponding to the filtering
matrix T, the representation of the acoustic field P in multichannel format is close
to the acoustic field P in which the sensors 24 are immersed. It appears that the
matrix T is obtained by manipulating acoustic field descriptions broken down at a
high order and leads to a high-quality representation of the acoustic field.

25 It therefore appears that the use of a substantially non-regular distribu-
tion of the elemental sensors enables each of the sensors to be marked out and
enables more spatial data on the acoustic field to be sampled.

Thanks to the processing of the invention, all of these data can be re-
produced in the best possible manner in order to obtain a high-quality representa-

30 tion in multichannel format with a small number of elemental sensors.

In particular, in the case of reproduction of the type referred to as 5.1,
as described above, the number of elemental sensors is, for example, less than
25 and preferably less than 10.

It will be appreciated that numerous embodiments are possible.



of specific |inear conbinations for generating the corresponding plurality
of acoustic signals sc, to scN. Figure 4 shows schenmatically the

i npl enentation of the processing 5 step 30 carried out by the neans 8
descri bed above. The filters Tn,q(f) aré7applied to the neasurenent signals
C,(t) to cN(t) by neans of the usual filtering nethods, such as, for

exanpl e: - filteri hy Rattiquidr, fatkefubimey efoRenser PayPadisetoby erediping the ock
convo- |luti : i.q c Qo ze £ i i t I 0 iopul se
Fesponse:  atOfc HscH Minctb of fe hA et Hor' GRRRUIE, aF 8 o b ¥

i npul se r espomnental sensursinvay e btridireclibralnaidrardisidoserisersc, (t) to scv(t)
obtained at the end of the process- ing of the invention are representative
of an acoustic field P which is reproduced 15 by connecting each channel
scn(t) to the corresponding reproduction elenment 12" emtting pl ane
direction waves (9,n) according to the specifications of the nmul- tichannel
format. The sinultaneous action of the N reproduction elenents 12i to 12N
controlled by the channels sc,(t) to scN(t), respectively, enable the
acoustic field Pto be reproduced. 20 Thanks to the processing carried out
and corresponding to the filtering matrix T, the representation of the
acoustic field Pin multichannel format is close to the acoustic field P in
whi ch the sensors 2q are inmersed. It appears that the matrix T is obtained
by mani pul ating acoustic field descriptions broken down at a high order and
| eads to a high-quality representation of the acoustic field. 25 It
therefore appears that the use of a substantially non-regular distribu- tion
of the el enmental sensors enables each of the sensors to be marked out and
enabl es nore spatial data on the acoustic field to be sanpled. Thanks to the
processing of the invention, all of these data can be re- produced in the
best possible manner in order to obtain a high-quality representa- 30 tion
in multichannel format with a small nunber of el enental sensors. In
particular, in the case of reproduction of the type referred to as 5.1, as
descri bed above, the nunber of elenental sensors is, for exanple, |less than
25 and preferably I ess than 10.



It wll be appreciated that numerous enbodi ments are possible. 17 In
particul ar, other types of sensor nay be used by nodifying the equations as
a function of the nature thereof. For exanple, all or sone of the elenental
sensors may be ommidirectional and/or cardioid sensors. 18 CLAIMS 1. System
for determning a representation of anl8coustic field (P) of the type
conprising: - acoustic wave acquisition neans (1) conprising a plurality of
el enental sensors (21 to 2Q which are distributed in space and which each
deliver a nmeasurenent signal (c, tocg@msand - means (8) for processing by
appl ying, to the neasurenent signal S_FF—F' cQ, of filtering conbinations
representative of structural characteristics of the acquisition neans (1)

[ der to del t f t h
cach assoct at ed v H1EE B CRTETNNA G- GURRsIPTOrE R B0 AaUBHE APRERD: oBeer  ned
rel ative tgpacempeiingei nt in space (14), the set of acoustl c signals (scl to

scN) formng a representation of the acoustic field (P), wherein the
el enent al sensor aCqUSHC(WAVECRCGHSItion sneansutidcomprisinga Rikrality ef slemantalal | y

non-r egul :% FE‘]RQ} ‘;[]‘6;?2% H}.‘ﬂt {J‘?jlgthﬁﬁtg&mﬂgs;‘fﬁéb'taﬁatwﬂf?;ﬁ 85éh deliver 2

representative o r1bution erel € processing neans (8)

conpri se ameag,g‘ememsrgnnl (0,1t er);@pdr ecei ving as an i nput the neasurenent
signals (c, to co) re% ellverl out put the glurallt of acoustic

signal's (sci to BERps %ﬁ?‘@rﬁsﬁgcw apﬂlé{'“ﬂo g measuamen §¢als éa n t hat
the acqui Sb& ' ‘Hf‘ flleaggsc&ﬂﬂln§¥&§%e§m§tlvé Of s"hldctlﬂ‘:al chsr tic§ Ot fhenat e

syst ens, one of the coordinates of the coordinate system the
val ues of ammhﬂm theansd$) ol ordee to peh,vetnaopisradnty of acafstic isigralle(eentalscgensor s

21 to 2 re distributed.qgn. di.stinct and at a orcos nt pitch.
57" syet om W ATereparL BTt Wl o eg i o8N A el PRI IRl < he
acqui si ti ogefifrean@ldtive t@CﬁYQrvbﬁ%cﬁﬁt in&spceqng), Qﬁé\lsdt bfato Wil s@héﬁﬁﬂ‘@éﬂb
sensor. 4. &%stem according to any one of clains 1 to 3, characterized in

that the L@fgi"t‘ﬁlérfeﬁ@éﬁﬁta(ﬂﬂ?)‘oé acaystigfieldeddt one el enental sensor whose

directivity IS wherein the elemental sensors (24 to 2q) are distributed in space in a

substantially non-regular manner and in that the filtering combinations are
representative of that distribution, and wherein the processing means (8)
comprise a single matrix filtering receiving as an input the measurement signals
(cq to cq) and delivering as an output the plurality of acoustic signals (scq to scy).

2. System according to claim 1, characterized in that the acquisition
means (1) are such that, for all of the usual coordinate systems, for at least one
of the coordinates of the coordinate system, the values of the coordinates of the
positions of all of the elemental sensors (21 to 2q) are distributed on distinct val-
ues and at a non-constant pitch.

3. System according to either claim 1 or claim 2, characterized in that the
acquisition means (1) comprise at least one omnidirectional elemental sensor.

4. System according to any one of claims 1 to 3, characterized in that the
acquisition means (1) comprise at least one elemental sensor whose directivity is
a combination of omnidirectional and bidirectional patterns.

5. System according to any one of claims 1 to 4, characterized in that the
acquisition means (1) comprise a number of elemental sensors (21 to 2q) of one

to five times the number of predetermined general reproduction directions.



a conbination of omidirectional and bidirectional patterns. 5. System
according to any one of clains 1 to 4, characterized in that the

acqui sition neans (1) conprise a nunber of elenmental sensors (21 to 2Q of
one to five tinmes the nunber of predeterm ned general reproduction
directions. 19 6. System according to1%ny one of clainms 1 to 5,
characterized in that the processing neans (8) formweighted |inear

conbi nati ons of the nmeasurenent signals (c, to co) in order to formthe

acousti c out putg %g@f@ﬁ Sickéfding ® §|‘|’}N}>ne Z)f c%’rﬁ&qnﬂo@@{a?léagnié& S'ﬁ”tYlaPﬂf% of

clainms 1 to 6, acterized 1n that processi ng nmeans permt the
appl i cat i qrocessing maansg 8dcfntihrwelgbte§i Whﬂacrrcamblpatms bf e nﬂeampmegt of the

et osont A9 BH R & coEinBef B Pt BB 0ue e 9Gs (IR SBohpr  ses moans

(8) for processi.gystdme agtgrmgtaighy bﬁé@ﬂcthquleG Idharmm&zétﬁmutihai theon neans
(1) conmprising a plural of el enmental sensaqrs (21 distributed in

space, by Fﬁﬁﬁﬁﬁ"iﬂg”ﬁalnﬁe@yﬁg"%ﬁ'ﬂﬁ ABPlcKen rOé;Sl#teg%pambm ions which vawal
characteri W eliver a plurality
of acoust\;m?:H fshl%gf?lé Jéﬂ.&%@%ﬁg@k@% I C Q%grﬁ(ilas) s %e%éﬁggé%t g’d with a

predet erm ned §dvevice foregetecniminga répresentadiondsff amadousticafielde(R) ofahgi ven
point in s ace

represent a P%H" ?jh %%Paﬁ%%gf%%g‘gﬁ(bi@iFgggesg'@mﬁ‘ﬁa%%?s' %&v?rﬁdtmggcqq.?gc

processi n%é%?laéqdlﬁiloﬁrrﬁedml (ﬁzlébﬁmfrl@fngli& Pﬁﬁélﬂy 3¢ efdnSisbPserfidld YA Y
acqui sition nmeans formed by sensors to 2Q distributed in space in

a subst antdlahrlbyteﬁdnapégg,l By appiingrfiltenng cembinationg representagivawistructeyal
conpri se acrﬁa'r C%!Pét bt %r(\jée lééq%fénfb‘?\ rn?eca‘?fs"mglna%rcf%e{d"‘%‘éwé#‘?yH@?ﬁh&éeﬁem

signal s and IVerirng as an out put plura oustic

si gnal s (fsanolugtx(: sigdals Qscﬂ\/tmt bag Wgrchdaﬂeeemmlasgocaaredpwahemtmtédietermihed;l f
acoustic fie P char in t it conprises 0) o
acqui ri ng, 9¢fteral rﬁ%’[ﬂdé'lcg] {BQJ? ﬁ?@n%ﬂ S V@uttoe%l giMeNsPRIBLIN $page @&bstﬁﬁntl ally
non-r egul u d i |on
means (1) "’%C%?@?Egna“é"ﬁsﬂ?@ﬁ“ o[y rGPrepenBRONRT fel Ao BTN )

whi ch ar e crepacterzadini that the mchsqmg meansr(8pare $uitadde mtcproceqslmsjgnaxls t he

ﬁ;ggiﬁ :afre;c'geefllgg{fﬁ Png ic(gwsgstf)oenpn{e?’% m Bimed %%/' sn&s%}{s ?QPW iz%? dlsttﬁbﬁteg in
space in a substantially non-regular manner, wherein the processing means (8)
comprise a single matrix filtering receiving as an input the measurement signals
(cq1 to c@) and delivering as an output the plurality of acoustic signals (sc4 to scy).

9. Method for determining a representation of an acoustic field (P),
characterized in that it comprises:

- a step (20) of acquiring, at a plurality of points distributed in space in a
substantially non-regular manner, the acoustic field (P) by acoustic wave
acquisition means (1) in order to deliver a plurality of measurement signals (cq to
cn) which are representative at each point, in amplitude and in phase, of the
acoustic field (P);

- a step (30) of processing by applying, to the measurement signals (c4 to
cq), filtering combinations representative of structural characteristics of the ac-
quisition means (1) in order to deliver a plurality of acoustic signals (scq to scy)
which are each associated with a predetermined general reproduction direction
defined relative to a given point in space (14), the set of acoustic signals (scs to

scn) forming a representation of the acoustic field (P), the processing step (30)



cQ, filtering conbinations representative of structural
the ac- quisition neans (1)
signal s (sci

reproducti

set of acoustic signals (sc, to scN) B@rning a representation of the
acoustic field (P), the processing step (30) 20 conprising a single matrix

filtering

receiving as an input the neasurenent signals (ci to co) and

del i veri ngco?ﬁ ng e m‘gm@'ﬂ id feteRin fﬁ@'&lﬁﬁl’ﬁﬁhﬁ%é&éﬁ%fﬁ s4b) -
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characteristics of
in order to deliver a plurality of acoustic

to scN) which are each associated with a predeterm ned genera
on direction defined relative to a given point in space (14),

t he
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corresponde ta)cQ)-arldrdellappmg aaiancnutpmi thé plurality of anmlﬂt|C$|g;1m$ $sq ¢ sty). co) of

filtering
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acquisition neans (1),
coefficients;

a(bbycd,rtré@mad@@t of the structural characteristics of the
in the formof a finite num ber of Fourier-Bessel
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cl aim 10, rebea“seqtamnzca‘dheraddmatuc fiekle(R)rwhiek 98 rsgbsﬁaaﬂal(ySWu)dependmmrtde to t he
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response;
infinite
non-r egul
characteri

coor di nat ethgypIpesfsing sﬁept(ﬁe) 98"98%0'195 torthe rapplicatianoplfilteitngscaminatiensher

" % drFolLREl. BEsdq cRBIfAR Idhdt he temporal domain by impul se

Rge p Bhuency

and - by filtering techniques in the tenporal donmain by neans of
i mpu the am@q@ah@e to 8w pedoessed sigeals. ofispecifist knear foombimatiiisri t he
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usual coordi natf, S\xr@themaccordingtlt@@hh@:gcmm gvcd ¢lafm af, tcharawériz‘eldqn&hﬁtf all of
the sensors (2i to, 20) accordance with a first coordinate of the

const ant MflacbiehblYifith Monn/E UMl d BBk Srodd fufRuork s cal | od

non-r egul ar

curren COO st emTan

anot her coordi nettye‘llteﬁageetchmques in the frequency domain;

- by filtering techniques in the temporal domain by impulse response; and

- by filtering techniques in the temporal domain by means of infinite
impulse response recursive filters.

12. Method for checking the non-regular character of a network of
elemental sensors (24 to 2q), characterized in that it consists:

- in considering the network in a first usual coordinate system;

- in checking the values of the positions of all of the sensors (21 to 2q) in
accordance with a first coordinate of the coordinate system;

- if the values of the first coordinates are neither constant nor distributed at
regular intervals, the network is called non-regular in the current coordinate
system and the method is repeated in another coordinate system;

- if the values of the first coordinates are either constant or distributed at
regular intervals, the values of the positions of the sensors are checked in ac-
cordance with a second coordinate of the coordinate system;

- if the values of the second coordinates are neither constant, nor dis-
tributed at regular intervals, the network is non-regular in the current coordinate

system and the method is repeated with another coordinate system;

e nmethod is repeated in



- if the values of the first coordinates are either constant or distributed
at regular intervals, the values of the positions of the sensors are
checked in ac- cordance with a second coordinate of the coordinate system -
if the values of the second coordi nates are neither constant, nor dis-
tributed at regular intervals, the net®brk is non-regular in the current
coordinate systemand the nethod is repeated with another coordi nate
system 21 - if the values of the second coordinates are either constant or
distributed at regyl @iuddIbPiAbdoonodidhtes Ak ifler RRALENPBE dRliribfiga Sensor s
are checked in “accor ance wth a third coordinate of t e coor |nate system
- i f the \alnegslaofintehals,hihedvaloes af rthe gositions nefi theesensons taaatchesked in

distributed af regular.interv i s non-regular in the current
coor di natea§9§£aé’ {H‘ *H'is’t %88“:‘1 %ﬂﬁgﬁ%ﬁi’ﬁ?ﬁyﬁ $8ther coordinate system
- if, for the Liif gl vei@epBHtheNMirk obfdines drd Mefther Ebsta® nrsdistibaear di nat es
of the positions of all of the sensors are either constant or distributed

at regul arat regular dewyals; tee petwerkis inonrregulpRin the ewsertueqasdinateosysdemat e
L e e v A
of the usual codf, cﬂomtabenrsusteeasm and thied c@c&’dlrﬁtbsmhle valyesaf.coordinates of
the positions of all of the sensors are either constant or distributed at regular
intervals, the network is regular in the current coordinate system;
- if in any one of the usual coordinate systems, the network is regular, it is
called regular; and
- if the network is non-regular in each of the usual coordinate systems, it is

called non-regular.





