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 which @re each associated with a
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and processi ng constitute key s in the quality of this reproduction.
"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-



Some existing acquisition nmeans are fornmed by a set of directional

el enental 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 is substantially orientﬁd in the direction correspondi ng
to its as- sociated channel. The quality of the representati on obtained with
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t echni ques groul%ﬁél under ihe term "anbisonic", are based on a nodeling of
the acqui si t iS9f'@18S 50 A he form of a 10 punctiform set of el emental and
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as gain matriggesty.restrict these technol ogies to a representation whose
quality is limted to the |level of precision commonly referred to as "order
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of the acoustj&gfd el d to be obtained. 25 It therefore appears that the

exi sting acquisition and processing neans require a |arge anount of
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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.



The object of the invention is to solve those problens by providing a

nmet hod, a device and a systemfor determning a high-quality representation
of an acoustic field in a nultichannel format, which are of enhanced
portability and rapidity and which are ingexpensive. 3 To that end, the
invention relates to a systemfor determning a rep resentation of an
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- 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 formweighted |inear conbinations of the 30
measurenent signals in order to formthe acoustic output signals; - the
processi ng neans permt the application of filtering conbinations which
vary with the frequency of the neasurenent signals processed. The invention
relates also to a device for determning a*representation of an acoustic
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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



Bessel coefficients; and - the application to the processed signals of
specific linear com binations in order to generate the correspondi ng
plurality of acoustic signals; 30 - the processing step corresponds to the
application of filtering conbi- nations in.accordance with a techni que
selected fromthe group forned: - by fiIte?ing techni ques in the frequency

domain; - by filtering tep)mi@ney tb&ﬁi&@eéﬁfﬁ??gﬂ%@rﬁgpan@n byRtESfs bEinfi-

sponse;and 5 - by filtering techniques In dormai h by neans of
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third coordinate the coordi nate system _ e values of the third
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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;



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

system - if, in any one of the usual coordinate systens, the network is
regular, it is called regular; and - if the network is non-regular in each
of the usual coordinate systens, it is called non-regular. 30 The invention

wi |l be better understood on reading the follow ng de- scription which is
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constitute pressure indicated p(r, 6, ¢4,), whose Fourier transform is indicated P(r, 6, ¢,f) where
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 the 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(r0.4.)=473 211’1~m(f)j’jl(kr)y1'”(9,¢)

I=0 m=-
30 In that equation, the terms P,,(f) are defined as the Fourier-Bessel co-

efficients of the field p(r,6,4,0), k=2—cﬂf—, c is the speed of sound in air (340 ms'1),

Jitkr) is the spherical Bessel function of the first kind and of order / defined by



a basis which generates all of the acoustic fields produced by sources

| ocated 25 outside this region. Any three-di nensional acoustic field can
therefore be expressed by a I|inear conbination of the Fourier-Bessel
functions in accordance with the expres- s.}on of the inverse Fourier-Bessel
transformwhich is expressed: P(r,0 O f) 4|r1 ~R.W'fi(kr)yl-(Q O

(=O.--1 30 In tha quation, the ternms Pl ,, ( are defined as the
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m>O 7t pour m=0 2>r sin(m o) poprt"(t?xzﬁ)@(l?, (Isbs&')ttrgtmm&)s equation, the Pn(x) are
the associated Legendre functions de fined by: 1 m! dm Pn(x)- 2 2t (1+m!
(t-x2)m Dm P (x) 10Wifhth Pj (x) denoting the Legendre pol ynom als, defined
by: I di 2_ Pr (x) 211! dx; (x t ) The Fourier-Bessel coefficients are also

expressed in the tenpor aI di}mabg(nbw t Beurcpefof i cients pi,,"(t) corresponding
to the inverse tenporal

trgm(¢)— \/-7 pour m=0

—sm m our m<0
N (m¢) p

In this equation, the PBm(x) are the associated Legendre functions de-

fined by:
) (I-m)! L, 4"
Rr()= 45t (l+m)' =) b (%)
10 with P,(x) denoting the Legendre polynomials, defined by:

dl
P ()=t rgere 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 ¢;(¢) to co(¢), also indicated c4 to
Cq, 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 c4 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.



transformof the coefficients P,,,n(f). 15 In other enbodi nents, the
acoustic field is broken down on the basis of functions, where each of the
functions is expressed by an optionally infinite |inear conbination of

Fouri er-Bessel functions. Figure 2 shows sghenatically a system according to
the invention. This system conprises acquPsition neans 1 forned by Q
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di fferent acqui siti oAdveatageoliSlyahdivevet, dheiprbesssing megnst 8 comprise aaptlraki ch
can be sel ected
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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 reproduction 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 (7,,6,,¢,) 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 24 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



code instructions which are to be executed by equi pment conprising a
processor 20 and neans for interfacing with acquisition neans and
reproducti on neans. For exanple, the device 6 is formed by a conputer
associated wwth suitable interface cards.,The el enental sensors 21 to 2Q
are | ocated at known points in space arou%d a predeterm ned point 4

desi gnat ed a?o&i‘ﬂ@n§§rhﬂ Bf 9{(-1‘ EReen I sHsor98hoda bEEIthek cohBisht nbP8iskibtitéd ON

(rqg, 6q,0Qg) of eac enental sensor 2q is expressed In space in a spherical
coor di nat e spbtaenpnstanh pifeh,t that islde aybelistibutiedr en elistinct viatuesFagdrat a non-
centred on the cenfrreﬁ 4 of the acquisition neans 1. According to the

i nventi on, tﬁ8”%tﬁ‘8 Cfr};ll sensors 21 to 2Q are distrib- 30 uted in space in a

substanti al |y non-remi| arcorfigiritionfihon-régurit it @6 aIDOT Bl @sual @boRdingteveysk,
to be regarded as non-regular in space, It is necessary, for all of the

usual t hre- temenfor ehaeas eneadphiitecthsge cophinatenips the copflipateesysiemethanal-
cylinari cal Qs SHIRE! &thainbRls Bt e BRLANE of ol Mot Qoo iy o

coordi nate sy e values e coordinates o oSi ti ons of

all of the eheneiralspatins domatiaulintepeal nrid ith @ vasibblel deviation sif rthé uwoeadi- at
a constant pitch, that is to sar%/, distributed on distinct values and at a
non- const anfafstakendy SUGCRSSIAN-guration is non-regular if, for all of the

usual coordinate sysThgstegﬁféﬁqrgﬁoﬁg "16{@ %es%{s&rgearégﬁﬁ%&géﬂé@lﬁsingf

t he coordi nate system the' v ues o e coordi nates t1 ons of
all of the sérsalssalang adiret oi tirdledati the antersectivas of apamaginatyfiat gridroriattties val
and with a vari abl dev} ation of the .coordrja- nat eljﬁt akegn i n.succession.

Thus, conf i giHGESEEHRNS AT ARITBASINAEY SURICEPEST ke JpgulApeaniaurAigNT ar i n- 10
terval s along a |inepqyi)ger é‘ﬂ)[ﬁ'e]gﬂed fatikhe 8U81861H6R 0% sAEh AMdATREHUISY disfribdt

grid or at the intersections of an imaginary cubic nesh, are regular
confi gur at i otien mustviiake ible agaaust iactoeraneeresulingfrahuthe consifaistscdf physical

The const r ai rsHdpiard B EialRe Ao ARl il e RubPashbocy bR bl
t he di nensi ogengorefuselde el enmental 15 sensors used. Therefore, the

coordi nates of the sensors nust be distributed in an in-
Therefore, 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.



terval greater than a tol erance interval and nust 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 tol erance

interval in each spatial direction is defjined around that position.

Advant ageousl y, the tol erance interval forl%a set of elemental sensors

formng the acquisi tlnogdgﬁgﬂss&%&rﬁfgé’t{‘ﬁv\a;\/etﬁ s%bq.ta,j{ﬁi%gg%oﬂ%r%ﬂﬁﬁarﬁ@}cai 9855@

guar- ter of the distance between el enen Nnsor's are osest

t oget her. 25rdquirepxentdre] that @ne plabesit mant ¢o iomeadndther farohea pahciiom craltrivst
the tol erance interval . .corresponds approxinmately to 0.5cm  Conversely, a
cont i qur at 1 oRUNGHEHHQlstEbReT BPE SJGHREES 45 3 fPBWAECHTGUBtOS yal
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coordi nates of the positions of the sensors are constant or
di stri but®d eonfiguration ohstesmentpl sensoris regutasrdrinp-eegudar. i s regul ar if, in

one of the usual coordi nate systens for all. of. the coordinates of that
oystem the val ues of PEcReRERESHEd chatigfafiof i gonsrenrd iR [HerebeRdgia
are distributipd df thé tifreBUsUH) cabldinater ystethsr siadh 8 td tHrea-diienshanCaakl ¥
constant successive deviation. 10 |In addition, sensors that have a

subst ant i al | giangpordinetedysieaal space requirenment and that are placed next

to one another form unctifo or__al.npst u i f LStri [ ' is
regarded as a regul a?hgov ‘i’egﬁ,jPéﬂ]?%Rf)s'f'RBS foélqﬂo(&)/r\%n'cﬁ‘f gérﬁ?g% %QB%M‘?‘%@Q@?’EI e
to det er i neavbsridanAte avith & firstScdttinats! loltthe Nesdrd Mlatseys’im Senserss tfe ab-
regul ar or non-regular. The above-nentioned configuration is considered with

reference toseissai fdhose valies Are aeitbanrconstantinpatdistahdtednat reauar intenvals,

of al of t niEiEs (B Eoun RRICRARRES MteR TR ine O KR | nbRfeQRat i one
coor di nat e othi$ beorthuitdi system syeittheprscedurads staetealagaic wathcandthet bardinaté ues

are neither constant nor distributed at regular intervals, taking into
account a t oP¥¥8Ate interval, then the configuration is non-regular in this

coordi najg system anf thB§aR/AHAHESe fifst ToBFdifsted8%Rb Bithet BoRShPEF distitédat €

system
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.



15 If 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 coordi nate of the

coordi nate system such as the ordi- nate. If the values of these second
coordinates are neither constant nor dis- 130 tributed at regul ar intervals,

or oceaur e 1 scerdpesl. Aol it [Ehonfailir B8 Hide cbSBRE, ¥ife. i

the val ues ofs ddlledenare@glilarat es are either constant or distributed at
regul ar intervals, the values of the A)ositi 0E§of t.he sensors are checkgd
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three coordinate 'systenms, it is called non-regular. ch a substantially
non-regul ar GpBiregwatitycsuchvas definebabevrindancy of the data sanpled by the

el emental sensors i nAﬁg%gg(ggg@gwct d g%gxisi\%ﬁ %%Qrf%ge%élréducz I eﬁe%f"g#&ed
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acoustic signals formng the representa- tion of the acqustic field at the
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above. the operation of the system of the invention.
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 ¢,(#) 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\(r) to cy(f), which are associated directly with the
25 acquisition capacities of the elemental sensors 24 to 2q.
The method then includes a step 30 of processing by the application of
filtering combinations to the measurement signals ¢4 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.



Advant ageously, the acquisition neans 1 reproduce the general geo- netri cal
characteristics of the reproduction neans 10, such as a planar arrange- nent
and a given synmetry, while respecting the criteria of non-regularity. 15
Wth reference to Figures 3 and 4, a descqution wi |l now be given of the
operation of the systemof the invention. 'Before inplenenting the invention,
the acquisition nea r ! I t i

non- regul ar manner A SePecpiyJERFhadhSERER) 108 S ipkeU tom the 0
i nvention i smeasutineutssidnals cal) twoqiis biyonears df & single daathixJitesiog iephdng the

acqui sition 1 del.iv- ers a.neasurenent signal .c...(t I cor nds
Fo he. easul CherS yaRung o 4 furpd AT TRR b aaRH ifqictlebi bR EARLORREC
acqui sition gmaifel ke ﬁﬁ@iat@ﬁrfédjs‘% fit&iinde St bBiHel MeBbuiEPaGH RIS cl(_@ita@?ﬁﬁ of
the acoustic field cl(t) to cQt), which are associated directly with the
25 acqui S ti and bypppiing 8 loear remblinationttalthe signalsthrs fillgred) The net hod t hen

i ncludes a step 30 i Y, i ] f LI L.0g.

conbi nations to the%’r@@iE@gﬁgﬁa%sggtﬁéfbgo%oP%é)rgg%'tggyt?vogrtég c%)o?/{t Et' e'oé]cafwth-e
si tion neansmbaséferhasti Sighadc4)an ehe tdo@sttutioht & thegcisanmil naj(ho Mheadannels
representative of 30 the structural characteristics of the acquisition

nmeans 1 and afeoktainesbineaacerdange with the ralationshiR:al i ty of acoustic signal s
sci to SCN which are each associated with, a predeterm ned general

reproduction direction defined relsat[me=080T1a (gh@ point in space. 12 Mbore
especially, the N channels scl (t) t6(jg)§rl\lg)"’qa$rgg gg)ai ned fromthe Q

measur ergnt si gnal s g fHal rélatiscERip, 5, (yas e Fourief traasRriRédf i04(:f bhd Ql‘qW%
involving N x Qfilters varying as a function of the frequency, and

i ndi cated T, the Koyrierfteartsfaum plic,(fY)channel sc, (t) is obtained by filtering

each of the neasurenent .signals,cl(t) to cQXt). 5 and | ying.a,lipear
conbination to the ﬁ@%&ﬁs%ﬂw@méxé‘? 8693'\%%%"#? H%F'X??ﬁ%)(’:’%&t'ﬁé?%? re
represent ati pisd nidihegont ri bution of the measurenent signal cq(t) in the
constitution of The channel scQ. The channels are obtained in accordance

with the relationship: Q Sc~ (f |t T (FRQN(TA T,,(f)

L) T,(f) A To(f)
M M M

Ty (f) Ty () A Tyo(f)

he

T=

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(f). 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



g-1 10 In that relationship, SC (1) is the Fourier transformof sc,(t) and
Q) is the Fourier transformof cq(t). The filters T,,,(l) may be organized
inamtrix T of size Nx Qin the fol- lowng manner: T= 15 TIJ (f) T1,2
(f) ATL,2 (f) T2,1 (f) T2,2(f) AT2,Q(fYy MMMTVI (f ) TN, 2(f) A

TN, Qf)] I'n the enbodi nent descri bed, theldatrix T is obtained by means of
the following matrix relationship: Tl n that.equation, E is an
encoding matri x representative on—tH-ég ?E‘aéérjf(]t'élpi’@tics of the acquisition
means | and in particular of their spatial configuration. The matrix E

makes it possible to obtain a representation, in Fourier Bessel coef-
ficients, of an acoudtthat eqeatiprs the ceelfisianiugpaciiema compramise petwren the

tic field P 25 in whi th I tal, 1t0.20 .. i d,
OV EL bak, Hly AErdrbasehighon BF 15 S E nefq 15 g Bl i RaBh G FBRER:
the size g Ltdbdnd deisd gﬁrdb%%&'éﬁlt @@Eﬂgheﬁ%rs%ﬁeefsdzm ?8ah5%g¥‘§§§urﬁbé/ﬂ§) ch

the encoding”is carried out an maxi mum resol utton that the encaoding
enabl es to bef thehiabwasdbetMeennhand . Ehus, if g5Dathechiadkgrowach potse is minimal and

relationship;, 30 13 E=PBT (PBBT +(1-f2)IN)-i In that equation, the
coef fici ent 'B{‘gge%\eﬁpéé'a aya H%H{%@B@men the fidelity of representation
of the acoustic fi e'NdﬁﬂQ?eéﬁB?y,ﬁhé'ﬁ@rémbté?QLOénd D%ah&iéfy@imtﬁéf’fﬁb?tféltn&?.

e

introduced by the el emental sensors 21 to 2Q and may assune any o
val ues between 0 andnthatriglationship=B)is arspatiakcsayppling madiisef size@ Kikhl)” and

| fusl, Vg{ag Wﬁ@é@hgﬁ%’éh}éﬁg@ R b PRI HARE SRS nahi Par ameters L and
[BooN Bia) BiH Bu(H A B,(D A BN A B(]

By() Bi.(N) By) Bu(Hh A B, ,() A B,(() A B,,()
M M M M M M M

_BQ,o,o(f) BQ,l,-1(f) BQI,O(f) BQ,I,I(f) A Bgz,-L(f) A ngo(f) A Bgu,(f)_

If all of the elemental sensors 24 to 2q are sensors of the omnidirec-
tional type, the term B is expressed in the following manner:

15 B, (f)=4x j'j, (kr,)y](6,.8,)
In that relationship, (r,,6,,¢,) 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

(r4,65,9,), 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 (6;,¢;). In that case, the

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

B, n(f)=4x j'x {(l—dq)jz (kr, )y (0,,9,) - jd, x

i m Jt(kr,}) m mj (k72,) o
25 [J ) (kr )y (6,9, )u, —Tqul | (cost trg, (@, Ju, +m% ©,.4, )%]}

where:

LjiaGkry ) = (L +1) joy (k)

% (b Ve
7% (kg ) 20 +1




In that relationship, Bis a spatial sanpling matrix of size Q X (L+1)2 10
whose el enents Bqg, 4n(l) are organized in the foll ow ng manner: 4,0, 0(f)
41,-i(t) 4,1,0(f) 41,1(f) A4, L-L(f) A"I.LQ)) A" ,LLV) a. OO 2.1.-1 ()
Bzl1, ( ) B41,1( ) A "2,4-L" "' A‘.LOOA‘%.LL( ) MMMMMMMB Q BQ--1(f)
B21,0(f) BQL,1( ) A BQ_L(f) A BgLQf) Bq_f'(f)j If all of the el enental
sensors 21 to 2Q are gs¢ 5, 0f the omidirec- tional type, the termBis
InkG98@r): 15 Bq. z. m(f) =4, cJ1I1(krq)Yi (GGupdo !N
that relationship, (rp is the position of the sensor 2gq inh the
spherical coordinate syste ri bed wtheferencesto Figure 1. In other
enbodi ment s, reacdY9e ! I}gﬂé@@s@i -f‘/*([pJ”'HKQT‘"iJrﬁ)*B'"f(rcam,q)podw§ma_c1—1
directivity conposed of a @onbi nation df omidiZectional and bidi- 20
rectional patterns of| prbpgrti dg and is oriented in the direction (B9 , O
), so that the sensor| 2 gcoégaﬁaxi mum sensitivity in the direct PSF™H9 | oq
). In that case, the | elenents Bqg,i,mJ) are obtained in the foll ow ng
manner : Bn.r.m(.é)‘ ﬁvh%[ré:‘n X ~(1-dg)J1 W )Yr (g, g)-Jdg x 25 ~J *1 (~
)Yi (8 > )u J1( ~ ?QI cosOtr u+j'" 4-mBJ 449 kr q) (Yq a kr
sine)Y, (q,0 )um a g & ser eind: cbs(A(Kpa) ) cos@) casdl) J1+l(krg ) 1+1 (-~q)
21+1 14 R (coseq) = 1(z +1§pP,' *(COSHq ) pourm:b (r-m (1+mt1) +m (I - mtl)
P "' (COSBA) - P*" (COSRY)L RAW, S ods(¢2-;7-dn 0, 69380) pourm 1 | and
ere:

5 u;, =sin6; sin(¢; —9¢,)
If the acquisition means 1 comprise only cardioid sensors, the parameter d, as-
sumes the value ' for the Q sensors.
In general, the matrix indicated E is therefore representative of the po-
sition of the elemental sensors 2, 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 7, 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:
D=M"wMmy'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 W, is found

2/+1 times in succession on the diagonal. The matrix W therefore has the follow-

ing form:



U =sin Qg sin 89 COS(g - O90') + COS Bq COS Bg W = COS Bq sin BQ COS(/ q
- 0) - sinBgcos 0g5u0=sinBQsin(® - oq) If the acquisition neans
1 conprise only cardioid sensors, the paraneter dgq as- sunes the value '/2
for the Q sensors. In general, the rratrix1i dicated Eis therefore
representative of the po- sition of the el ntal sensors 21 to 24. 10 The

determ nation of E does not i nposg,an on[gt rain&t on (i position
(rg,Bqg,l bg) of the sensors and in &%g bIAes he non-regul ar
uch non-r | ar configurations

configurations to be taken into |a (fn

are nore efficient be- cause they rm ‘ sarrpl in nore data on the

initial field P, dispensing wwh=| the redu es i duced by the regul ar

configurations. 15 In the equatign lYf<press 'kg iltering matrix Dis a
h d

decoding matrix representative o e prede neral reproduction
directions selected. The matrix |DMakes it pos i 5 ol determ ne the
control signals permtting the h| rém/%l én @ep?d@w ion of the estimated
acoustic field P and therefore, of ed acou i C

matrix Dis of size N‘B‘ "Hﬁa %SQS mbﬁftﬁ? ﬁ@egﬁ’fqrﬁ% ng
matrix relat 'W”b?? oF?d“to( MEV%IueMdN y"fﬂﬁct%n”@&éﬂ és%’ﬂéﬁﬁﬁﬁ{?"vﬂﬁdé\ﬁ & size
spatial w ndo the volune In whi ch the reproduction is to be

carried out. 2Ltl leyakmatbmgdnab thatmemananetareW(lsdp)t@rmmedrﬁorcémmlng frigen Gite i ng
coefficiepts W and in which each coefficient W is found 21+1 tines in
successi on of the di agonal . The matrix Wtherefore has the follow ing form

I%ASOV\;CE) \é‘b 0 AAAA AWis §nmtriPcrEhdMdiRy kb thé predeté&imiheddenerad rivbrdduchié® M
directions, in other words, to the output multichannel format. It is a matrix of size

(L+1)* by N, constituted by elements M, , ., the indices /,m denoting the line P+l+m

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

[ Moos Moo AN Mooy ]
Ml,—l,lMl,—l,ZAA Ml,—],N
M],O,l M1,0,2 A A MI,O,N
Ml,l,l Ml,l,ZAA Ml,l,N
10 M M M
ML,-L,IML,—L,ZA A ML,—L,N
M M M
ML,O,I ML,O,ZA A ML,O,N
M M M
| ML,L,I ML,L,ZA A ML,L,N i

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

from the multichannel format in accordance with the relationship:
M, =y (On,¢n)
15 where (6,,4,) corresponds to the general direction associated with the
channel sc,(¢) 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.



LOAAAAAOAN INn the enbodi nent described, the val ues assuned by the
coefficients W correspond to the values of a function such as a Hanm ng
wi ndow of size 2L+1 evaluated in 1, so that the paraneter WL i s determ ned
for I ranging fromO to 5 L. Mis a matrix corresponding to the

predet erm ned general reproduction directions, in other words, to the

out put nul tichannel E?éﬁr?)bdaléé cbﬁe@pmétd(tﬁéfa I?c%tloﬁLfblﬁ‘?e Bﬂbc@ssé&@%ebis‘“ ed

by elements M,,,n, the indices m denoting t i ne 12+1+m and n not i ng
t he col utm nof Tpeaifin mngaquneblaamr@ Hee gem@ramg dhe ngorrespanding mlarality, GAAA
MD, 0, N 10 ML, -1, ],N M,0,1 M,0,2 AAM,o,N M,,.,

M . 2AAI\/laC°u#'9V?' ﬁ% IXIENIML L,2A AM,,-LLNMMMML, ML 2 AAM

LONMMM M., L,i Widur,2 sﬁow&sbhéﬂnbmélﬂyetr@mﬁplemﬁamijlthecyorobbssmg
elenents M,,,,, are obtained starti n%' fromthe nmultichannel format in

accor dance wistap 3@ earradeuidnstiepnerns & drseribegabgva) 15 where (0", 0n)
d h
corresponds to the g?ﬂﬁrfﬁﬂ?ﬁéjw té@%@@é@;fée Er’ieggwe‘é’ﬁere Qﬁt SI Ré\@'&e('g ég& y e

the nul tichannel form e ptocessi ore corres
appl i cati on, niearishef theaisuaf fllmmurmmts suglmabsforlethpje of filtering

conmbi nations for generatin rali t sse nal ituting
a representation P off 'fﬁ@"g('ﬂ)ﬂgﬁ FFEQP?%‘FX:I Wa"g u\ﬁﬁl%an? g fﬁ-ﬁ(?%ncqné’o'
subst anti al | Yuﬂdh%?ﬁﬁlﬁggg of the structural characteri stl cs of the
acqui sition neans he formof a finite nunber of Fourier-Bessel
coeffi- thents. 16 Sfikeriyiralhedemparalsgmmain hyimpdsapgsparse; end to t he
processed signals, e e . P
- filtering in the temporal domain by means of infinite impulse response
recursive filters.
The N output signals sc;(¢) to scp(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 sc,(¢) to the corresponding reproduction element 12,
emitting plane direction waves (6,,¢,) according to the specifications of the mul-
tichannel format. The simultaneous action of the N reproduction elements 12, to

12y controlled by the channels sci(¢) to sep(t), 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 # in multichannel format is close
to the acoustic field P in which the sensors 2, 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 sci 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 T,,,q(j) are plied to the measurenent signals
c (t) to cN(t) by neans of the usual filtering nethods, such as, for
exanple: - filIteringid patitdidr GRHEN HHeAOBRIsansSH Farie Lgéd W%&f iy A&
convo- lution techniques; ltering 1 n the nporal dondi n by |npulse
response; anequations es|a1§§un¢thnh@f therpetuse tbemanby exampie odll onfsome of the

obtai ned ot PREENAr S P b SoicigSionel ALY GBIEPR SRErd cr coent at i ve

of an acoustic field A which is reproduced 15 by connecting each channel
sc"(t) to the corresponding reproduction elenment 12, emtting plane
direction waves (0",b) according to the specifications of the mul- tichannel
format. The sinultaneous action of the N reproduction elenents 12, to 12N
controlled by the channels sci(t) to scN(t), respectively, enable the
acoustic field |l' to be reproduced. 20 Thanks to the processing carried out
and corresponding to the filtering matrix T, the representation of the
acoustic field /) in nultichannel format is close to the acoustic field P
in which the sensors 2q are inmersed. It appears that the matrix T is
obt ai ned by mani pul ati ng 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 elenental sensors enables each of the sensors to be marked out
and enables 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
t he best possible manner in order to obtain a high-quality representa- 30
tion in nultichannel format with a small nunber of elenental 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 less than 10. It will be appreciated that nunerous

enbodi ments are possi bl e.



17 1In particular, other types of sensor may be used by nodifying the
equations as a function of the nature thereof. For exanple, all or sone of
the elenental sensors nay be omidirectional and/or cardioid sensors. 18

CLAIMS 1. Systemfor determning a representation of an acoustic field (P)

of the type conprising: 5 - acoustic wave acqui sition neans (1) conprising

a plurality of elenmen- tal sensors (21 {q A which are distributed in space
and which each deliver a nmeasurenent si c, tocQ; and - neans (8) for
processing by the application, to the neasurenent sig- nals (c, to cQ, of
filtering conmbi natiops.representative.of structural. characteristi f
the acquisi t1on meand. SY5iem 16 delerining & wereseiatn oF e roustis & 4 of
signal s (sc, tiotypeMonifrisifig:ar e each associated with a predeterm ned general
reproduction di- rection defined relative to a given point in space (14),
the set df acoustic sagms@wewcws@@mynem&r(1%@%9@@@@@%@&@@1‘ elémeRe

e ai stri buidleamors 2 RE 28) wiih el PSHphaR, © SEREK BpaPIPRA Sat Sefibrs)

that the fil heydsugemenbsigatl @0%o cg);andepr esentative of that distribution. 2.
System according to claim 1, characterized in that the acquisition mneans
(1) are such that, fomeans (8 femerogessing bydhaiapplieationstatke Measusemerksig- one

f th di.nat - [ '
of the 20 pobili G o). B GG OMEAENS TRbreseRidtie 5 biflce AP e tate
di stribut@d ofithte atquisitiomahean®$1)aincorder to delivercanpluaality f tacbustic sigynatsefsc,

according to either, claim1 or claij , .characterized in tha th . .
2caul si ¢ Lon Kos whiph st saasrodaladwiling PisaRaITEed s brearanction di
sensor. 4. RYSiANSHH i ® &YheNSoint irPé@z?céE; )t he3setCHRAGAISAL sTgithis N

that 25 the acquisition neans (1) “conprise at St "one el enental sensor
whose dir ect (scq to tsgn) formingatiepreseotation of theadoustit field4P).and bi di r ecti onal

B oy o oM ARSI DA BRI AL BT (12, AR B BGI0 ”
to 2Q ofs oBpaéir &'\sabbidfEially ABneFlREF ndnridr efRtiArtAbNER’ fIesHRIgéombinations
reproducti on directions.

are representative of that distribution.

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

20 positions of all of the elemental sensors (24 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

25 the acquisition means (1) comprise at least one elemental sensor whose directiv-
ity 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 (24 to 2q) of
one to five times the number of predetermined general reproduction directions.

30 6. System according to any one of claims 1 to 5, characterized in that
the processing means (8) comprise a single matrix filtering stage receiving as an
input the measurement signals (¢ to cg) and delivering as an output the plurality

of acoustic signals (scq to scy).



30 6. System according to any one of clains 1 to 5, characterized in that
the processing neans (8) conprise a single matrix filtering stage receiving
as an input the neasurenent signals (c, to cQ and delivering as an out put
the plurality of acoustic signals (sc, to,oCN). 19 7. Systemaccording to
claim6, characterized in that the processing neans (8) form weighted |inear
conbi nations of the W@}é[&ﬁ%co‘idﬁ?atbscléi‘ﬁn 6tQ:haFé3teh£ed3"rd%ﬁattt<hef Wo&b&é’lﬁg
acoustic output signals’(sc, to sc stem according to any one of
clainms 1 to meanﬁa? doeni weighted limear ccsnblnetlms)@éﬂm ﬁ@mmeots)slgpélaﬁ% tohe

application he frequency of the
measur ement %P&Lnl +'Id% lt(?% 0 E%Q%édéggz’s@@m%g”%%ﬁ% det ermning a
representation of ang8aSystirh actording tdangfonet dieclbinpe 1vtb| T rehavagterized inthets

(8) for proceSS| ng the signals delivered b acoust wave ac UI sition nmeans
(1) conprpsi & %‘FQﬁSHPQ meas @)riAtibinesa ektﬁestlomoo1J fering e Bifadions hien i n

space, by ap%gy @ghfthéffr‘éhhaﬂcf%me%bbgu {\’ﬁiﬁl i Or 'tkSgcQ2 glroéésrseetura'

characteristic the acqui sition nmeans rver a plurality
of acoustic signals QS(De\m:a ﬁwbﬂetwhncimgaraeremesker&ammtafdammsmcaﬁeld (P) of

pr edet er m neg g(ener e rodyction diregtion defined eI ative tp a '%I vgn
Pornt T s nedae H0s Which “BaRRlISes Bhesins AL e podesSEona Signa deliverdd BY
representati %’&oﬂgté%véec’é)éséﬁt rth?ééiws( Z)’co%rf‘s}}?gr a%naram;eef bfbrﬁ&ﬂhl séﬁsors

processi ng neans 8 ar for processin gnhal s delivered
acqui si t10n r@a’t@s&ﬁ qlstrnbutmﬂlrb@pmbmapp(m flkbermg c@mbtnatlbnseepnesentg@we@fu n

" epr osent at | UG TRRHREPHCY PEle qiapusion Bedun) 7L & o fiifor a piuraiy

conprises: 2@f-acaustieBighd® (o) ta&t) Whikh ard edctblagsatibted @ithRPprédetermined
distributed in space in a substantially non- re%ul ar_ manner, the acoustic

field (P) by g@@@tﬁitrBQFQMHOGcQ%CI'OBlQQﬂBﬁd relgiive (a2 givepmeint insnasei (14). the

plurality of I c

Cach poi nt . oG SRR Bl Sohatuting o resthilefbl SriREERTRfb Kl B
step (30)50f chemeﬁz'ewmbmaapw piotgssihg rhdens 8 e suktablesiop padcessinig sigmalso) |
filtering conbinations representati Veéﬁf structural characteristics of the

ac- quisiti oNeH¥RIed Y jacaNisgile MaansyEl); fpened by §PBP?'§y(?oft°a3@h§ﬁtribL§¢@Hﬁl S
(sci to scN) 4 8%éWa¥u%s%ﬁ%ll?ﬁ%ﬂ%@h%¢n‘MrHéra pr edet er mi ned gener al

reproduction direct

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

20 - 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 acqui-
sition means (1) in order to deliver a plurality of measurement signals (c; to cn)
which are representative at each point, in amplitude and in phase, of the acoustic
field (P);

25 - 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 (sc; to

30 scn) forming a representation of the acoustic field (P).

11. Method according to claim 10, characterized in that the processing
step (30) corresponds to:
- the application to the measurement signals (c4 to cq) of filtering com-

binations in order to generate a plurality of processed signals constituting a rep-



defined relative to a given point in space (14), the set of acoustic signals
(scl to 30 scN) formng a representation of the acoustic field (P). 11.

Met hod according to claim 10, characterized in that the processing step
(30) corresponds to: - the application toeédﬂe measurenent signals (ci to ca)
of filtering com binations in order to géeémterate a plurality of processed

. | . . . " L oh
s oubst ant 519 211108, SCbysECRELRF T Eh, 5" SuHAHGAS ildoBERapY pflthe
acqui si ti on staotsrdllgharacteribtics of thecdcquidition neeansni1 ) biertheffoFroofiaefinitesgmt

coefficients; ?g lication to the processed signals of specific

- th
li near conbi R gFPFBWEnggedPS’Q 'Cﬂ%‘tﬁé?fﬁat e the corresponding plurality of

acoustic signals (sc. the apphbhtidr? to Meé ppscarzear slynalstsr %'sédnmf liGéar sdrhBinAc
claim 11, characterized in that the processing Step (30) corresponds to the

appl i cati®n &ibnsiin wasdentp gendraie-theicsrespandivgarldetite ohiacrustie stdnalsy(ss: to
sel ected froggtpe group forned: 10 - by filtering techniques in the
frequency domein; - by filtering techniques in the tenporal donain by

i npul se response; and2: Muthbd ldcebiding te litheegremi 10 bheldienpor enardotrized by
means of infinite inpulse response recursive filters. 15 13. Method for
checki ng t he thdibeayoressies ster{33) errespredsde the apelieatiafat titeringhenbings 1

to 2Q, chara E i o acém' loctal i i .network in a
first usual gghrgc'ﬁ égf%ﬁdggé?g}rﬁh é tl nc L%L%I%%te%jﬁg&ﬁgﬁ%ﬁgw%{h{e&posi tions of
all of th@ sensors (2bytfitedl techniguesindhedrequienby @omaist coordi nate of the

coordi nate system 20 - if the values of the first coordinates are neither
constant nor di stri b byt faeriig 1eEhNERSIA{RS JamBoral HOTRANRY IMPWSe dpFRense:

non-regul ar igpgt he current coordi- nate systemand the method is repeated in
anot her COOI’gI nate system - if the values of the first coordinates are
ei ther constant or dr sty filkeringl techiniquaguinathe teneparal somadie byameansodf infivite

positions of ,the sensors are checg d in ac- 25 cordance with a second
coor di nat e of MPHIECIEBPAIFRIGEULS/LE ﬁ?rs_. if the values of the second

coordi najgs are neit R8I MeARSA FH chetRingthe-non-regular character of a network of ele-
mental 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 (24 to 2q)
in accordance with a first coordinate of the coordinate system;

20 - if the values of the first coordinates are neither constant nor distrib-
uted at regular intervals, the network is called non-regular in the current coordi-
nate 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-

25 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;

- if the values of the second coordinates are either constant or distrib-

30 uted at regular intervals, the values of the positions of the sensors are checked in
accordance with a third coordinate of the coordinate system;

- 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;



tributed at regular intervals, the network is non-regular in the current
coordinate systemand the nethod is repeated with another coordi nate
system - if the values of the second coordi nates are either constant or
distrib- 30 uted at regular intervals, th 1vaI ues of the positions of the
sensors are checked in accordance with a‘third coordinate of the coordinate
system - if the val ugs fgf thdirdthiselob@ AU tHrCEoGHumaES MY v&IBS tNdodPar:
distrib- uted at regular intervals, the network is non-regular in the
current coor datest of 8y postionarmf alhef the kedsdrs arepeithardcanstamtoohdistrindediatat e
system 21 - if, for e first econd an hi_r ordinates, the values of
coordi " nat es 'SUIRHIERbIE i 08k AR il RLpEOE A IRIR S et ant or
distributed at regul #inidiyesnébs thd Dsudlaiospdikatessystamisathd Aetwistk G3!FéRidr,
coordi nate syste - if in any one of the usual coordinate systens, the
network i8 régarcalied regylariaadeal | ed regular; and - if the network is
282:;283: :; in each o 06 MFHA isGRIN-BgifrSn 2eehDFihe ustial Sosldatd systems,

it is called non-regular.





