
1 System and method for determining a representation  of an acoustic field
The present invention relates to a method, a device and a system  for
determining a representation of an acoustic field in the form of a plurality
of  acoustic or audiophonic signals which are each associated with a
predeter 5 mined general reproduction direction defined relative to a given
point in space.  The determination of such a representation is based on the
use of  acoustic wave acquisition means comprising a plurality of elemental
sensors  which are arranged in space and which each deliver a measurement
signal. Those measurement signals are processed by applying filtering  10
combinations, which are representative, in particular, of structural
characteris- tics of the acquisition means and of the predetermined general
reproduction  directions, in order to obtain the plurality of acoustic
signals. Such a plurality of signals is commonly referred to by the
expression  "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 2
ing to one of the predetermined general reproduction directions. In that
case,  each sensor is substantially oriented in the direction corresponding
to its as- sociated channel. The quality of the representation obtained with
such acquisition  5 means is limited by the intrinsic directivity of the
sensors, because no process- ing is carried out, so that the representation
is not a representation of high  quality. Other techniques, such as the
techniques grouped under the term  "ambisonic", are based on a modeling of
the acquisition means in the form of a 10 punctiform set of elemental and
directional sensors so as to consider only the  directions of origin of the
sounds relative to the centre of the acquisition  means. However, the
impossibility of positioning the set of elemental sen- sors at the same
point, the absence of elemental sensors having enhanced 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 114th
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. 3  To that end, the
invention relates to a system for determining a rep resentation of an
acoustic field of the type comprising : - acoustic wave acquisition means
comprising a plurality of elemental  sensors which are distributed in space
and which each deliver a measurement  5 signal ; and - means for processing
by the application, to the measurement signals,  of filtering combinations
representative of structural characteristics of the acquisi- tion means in
order to deliver a plurality of acoustic signals which are each asso- ciated
with a predetermined general reproduction direction defined relative to a 10
given point in space, the set of acoustic signals forming a representation
of the  acoustic field, characterized in that the elemental sensors are
distributed in space in  a substantially non-regular manner and in that the
filtering combinations are rep- resentative of that distribution. 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 4  delivered
by acoustic wave acquisition means comprising a plurality of elemental
sensors distributed in space, by applying filtering combinations
representative of  structural characteristics of the acquisition means in
order to deliver a plurality of  acoustic signals which are each associated
with a predetermined general repro 5 duction direction defined relative to a
given point in space, the acoustic signals  forming a representation of the
acoustic field, characterized in that the processing  means are suitable for
processing signals delivered by acquisition means formed  by sensors
distributed in space in a substantially non-regular manner. The invention
relates also to a method for determining a representation  10 of an acoustic
field, characterized in that it comprises: - a step of acquiring, at a
plurality of points distributed in space in a  substantially non-regular
manner, the acoustic field by acoustic wave acquisition  means in order to
deliver a plurality of measurement signals which are represen- tative at
each point, in amplitude and in phase, of the acoustic field; 15 - a step of
processing by applying, to the measurement signals, filter- ing combinations
representative of structural characteristics of the acquisition  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 5  - by filtering techniques in the temporal domain by means of
infi- nite impulse response recursive filters. The invention relates also to
a method for checking the non-regular  character of a network of elemental
sensors, characterized in that it consists: 5 - in considering the network
in a first usual coordinate system; - in checking the values of the
positions of all of the sensors in accor- dance with a first coordinate of
the coordinate system; - 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- 10 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- cordance with a second
coordinate of the coordinate system; - if the values of the second
coordinates are neither constant nor dis- 15 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- 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; 6
- Figure 2 is a block diagram of a reproduction system according to  the
invention; - Figure 3 is a flow chart of the method of the invention; and -
Figure 4 is a detailed representation of the processing performed  5 by the
invention. Figure 1 shows a conventional spherical coordinate system in
order  to clarify the coordinate system to which reference is made in the
text. This coordinate system is an orthonormal coordinate system having  an
origin 0 and comprising three axes (OX), (OY) and (OZ). In this coordinate
10 system, a position indicated x is described by means of it spherical
coordinates (r,0,0), where r denotes the distance relative to the origin 0,
0 the orientation in  the vertical plane and 0 the orientation in the
horizontal plane, In such a coordinate system, an acoustic field is known if
the acoustic  pressure indicated p(rOOt), whose Fourier transform is
indicated P(rOOJ) where  15 f denotes the frequency, is defined at all
points at each instant t. 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-Besse]
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(r,O,O,f)=4irj ~ R,.Wj'fi(kr)y1-(O,O)
(=O.--l 30 In that equation, the terms Pl,,(I) are defined as the
Fourier-Bessel co- efficients of the field p(r,OOt), k=25~, c is the speed
of sound in air (340 ms-1),  C jj(kr) is the spherical Bessel function of
the first kind and of order I defined by 7 j,(x)= J,,,,Z(x) where J"(x) is
the Bessel function of the first kind and of order v, and y; (0,O) is the
real spherical harmonic of order l and of term m, with m ranging  from -1 to
1, defined by: yi (8,0)=PImI(cosO)trgm(0) 5 with: trg m (O)= I cos(m O) pour
m>O  7t pour m=0  2>r sin(m o) pour m <O  7t In this equation, the Pm(x) are
the associated Legendre functions de fined by: 1 m ! dm  Pm(x)- 2 2 t (1+m)!
(t-x2)m/2 m P (x) 10 with Pj(x) denoting the Legendre polynomials, defined
by:  I di 2_ Pr (x) 211! dx' (x t ) The Fourier-Bessel coefficients are also
expressed in the temporal  domain by the coefficients pi,,"(t) corresponding
to the inverse temporal Fourier  



transform of the coefficients P,,,n(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 21 to 2Q delivering measurement signals el(t) to
cQ(t), also indicated cl 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 cl to
ca 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. 8  The
acoustic signals sci(t) to scN(t), also indicated sc1 to scN, delivered by
the device 6, are then transmitted to reproduction means 10 comprising N
reproduction elements 121 to 12N arranged in predetermined directions
relative to  a given point 14 in space, corresponding to the centre of the
reproduction means  5 10. The control of these reproduction elements 12, to
12N by the acoustic  signals sc, to scN, enables the acoustic field picked
up by the acquisition means 1  to be reproduced. Preferably, the processing
means 8 of the device 6 are configured be- 10 forehand and are associated
specifically with a set of elemental sensors 21 to 2Q  forming the
acquisition means 1 and with a set of reproduction elements forming  the
reproduction means 10. Advantageously, however, the processing means 8
comprise a plural- ity of filtering combinations which correspond to
different acquisition means  15 and/or to different output formats 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
reproduction means. For example, the device 6 is formed by a computer
associated with  suitable interface cards. The elemental sensors 21 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
(rq,6q,Oq) of each elemental sensor 2q 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 9  positions of
all of the elemental sensors should be neither constant nor distributed  at
a constant pitch, that is to say, distributed on distinct values and at a
non- constant pitch. Or, a configuration is non-regular if, for all of the
usual coordinate sys- 5 tems, for at least one of the three coordinates of
the coordinate system, the val- ues of the coordinates of the positions of
all of the sensors are distributed in a  non-zero spatial domain or interval
and with a variable deviation of the coordi- nates taken in succession.
Thus, configurations in which the sensors are arranged at regular in- 10
tervals along a line or circle, at the intersections of an imaginary flat
grid or at the  intersections of an imaginary cubic mesh, are regular
configurations. It will be appreciated that the evaluation of such a
non-regular distribu- tion must take into account a tolerance resulting from
the constraints of physical  production and the constraints associated with
the dimensioning of the elemental  15 sensors used. 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. 10  In addition, sensors that have a
substantially non-zero physical space requirement and that are placed next
to one another form a punctiform or almost  punctiform distribution which is
regarded as a regular configuration. The following method makes it possible
to determine whether a given  5 configuration of elemental sensors is
regular or non-regular. The above-mentioned configuration is considered with
reference to a  first of the three usual coordinate systems, such as the
three-dimensional Carte- sian coordinate system. The values of the positions
of all of the sensors are then checked in  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 system and the procedure is started again with another coordinate
system. 



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 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. 11  Conversely, if the configuration is non-regular in the
three coordinate systems, it  is called non-regular. Such a substantially
non-regular distribution avoids the redundancy of  the data sampled by the
elemental sensors in the acoustic field, with the result  5 that a reduced
number of sensors is necessary. Advantageously, the maximum number Q of
elemental sensors is less  than or equal to five times the number of
acoustic signals forming the representa- tion of the acoustic field at the
end of the processing operation. Furthermore, the distribution of the
elemental sensors 2q in space may  10 comply with specific rules while at
the same time complying with the criteria of  non-regularity such as defined
above. 



Advantageously, the acquisition means 1 reproduce the general geo- metrical
characteristics of the reproduction means 10, such as a planar arrange- ment
and a given symmetry, while respecting the criteria of non-regularity. 15
With reference to Figures 3 and 4, a description will now be given of  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 2q Of the
acquisition means 1 deliv- ers a measurement signal c,,(t) which corresponds
to the measurement made by  that sensor in the acoustic field P. The
acquisition means I therefore deliver a plurality of measurement  signals of
the acoustic field cl(t) to cQ(t), 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 cl 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
sci to SCN which are each associated with a  predetermined general
reproduction direction defined relative to a given point in  space. 12  More
especially, the N channels scl(t) to scN(t) are obtained from the Q
measurement signals cl(t) to cQ(t) by means of a single matrix filtering
involving N  x Q filters varying as a function of the frequency, and
indicated T,,,,(I). Each output  channel sc,(t) is obtained by filtering
each of the measurement signals cl(t) to cQ(t)  5 and by applying a linear
combination to the signals thus filtered. Each filter T,,q(t) is therefore
representative of the contribution of the  measurement signal cq(t) in the
constitution of the channel scQ). The channels  are obtained in accordance
with the relationship: Q  Sc~ (f L Tq (f)Cq (f) 



q-1 10 In that relationship, SC,(1) is the Fourier transform of sc,(t) and
Qj) is  the Fourier transform of cq(t). The filters T,,,(I) may be organized
in a matrix T of size N x Q in the fol- lowing manner: T= 15 TIJ (f) T1,2
(f) A T1,2 (f)  T2,1 (f) T2,2(f) A T2,Q (f) M M M TVJ (f ) TN,2(f) A
TN,Q(f)] 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 I 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 21 to 2Q, are immersed,
on the basis of the meas- urement signals cl(t) to cQ(t). The matrix E has
the size (L+1)2 X Q, 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 13 E=PBT (PBBT +(1-f2)IN)-i In that equation, the
coefficient p specifies a compromise between the  fidelity of representation
of the acoustic field P and the minimization of the back 5 ground noise
introduced by the elemental sensors 21 to 2Q and may assume any  of the
values between 0 and 1. Thus, if u=O, the background noise is minimal and
ifu=1, the spatial quality is maximum. Advantageously, the parameters L and
u can vary with the frequency.  



In that relationship, B is a spatial sampling matrix of size Q X (L+1)2  10
whose elements Bq,4m(l) are organized in the following manner: 4,0,0(f)
41,-i(t) 4,1,0(f) 41,1(f) A 4,L-L(f) A "I.LO() A " ,LLV ) a. OO `2.1.-1 ()
BZ1,O( ) B41,1( ) A "2,4-L" ' A `.LOO A `2.LL( ) M M M M M M M B Q BQ~-1(f)
B21,0(f) BQ1,1( ) A BQL_L(f) A BgLO(f) BQLL(f)j 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 Bq.z.m(f)=4,cJ1J1(krq)Yi (Oq,oq) In
that relationship, (rq,Oq,Oq) is the position of the sensor 2q in the
spherical coordinate system described with reference to Figure 1. In other
embodiments, each sensor 2q is placed at the position  (rq,Oq,q), has a
directivity composed of a combination of omnidirectional and bidi- 20
rectional patterns of proportion dq and is oriented in the direction (B9 ,O9
), so that the sensor 2q has a maximum sensitivity in the direction (89 ,oq
). In that case, the  elements Bq,i,m(J) are obtained in the following
manner: Bn.r.m (.f) = 4fr J1 x ~ (1-dq)J1 W. )Yr (Oq,Oq)-Jdq x 25 ~J *1 (~
)Yi (8 > )u J1( ~) Rl (cosO tr u + j' 4 -m B J  4 4 9 kr q) (Yq) a kr
sine)Y, (q,0 )um  a q q where: I J,_1(krq ) - (l + 1) J1+1(krg )  1+1 (~q)
21+1 14 R, (coseq) = 1(Z +1)P,' (COSBq ) pourm=0  (I-m)(1+m+1) +m)(l-m+1)
P'"'(COSBq)- P"'(COSBq) pourl<m<l-1  2 2 ~] I ' (coSBq) pourm 1  j and
where: 



Ur = sin Oq sin 89 COS(Oq - Oq') + COS Bq COS Bq  U9 = COS Bq sin BQ COS(/ q
- 0') - sin Bq cos 0q 5 u 0 = sin BQ sin(O9 - oq ) If the acquisition means
1 comprise only cardioid sensors, the parameter dq as- sumes the value '/2
for the Q sensors. In general, the matrix indicated E is therefore
representative of the po- sition of the elemental sensors 21 to 24. 10 The
determination of E does not impose any constraint on the position
(rq,Bq,lbq) 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)2 and is obtained by  20 means of the following
matrix relationship: D = (MTWM)-'MTW 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)2 which contains weighting
coefficients W, and in which each coefficient W, is found  21+1 times in
succession on the diagonal. The matrix W therefore has the follow- ing form:
15 W= Wo 0 A A A A A 0  0 W, O M MO W, O M  M O W, O M  M O O O M  M OWLO M
M O O 0 



L 0 A A A A A OWL In the embodiment described, the values assumed by the
coefficients  W, correspond to the values of a function such as a Hamming
window of size  2L+1 evaluated in 1, so that the parameter W1 is determined
for I ranging from 0 to  5 L. M is a matrix corresponding to the
predetermined general reproduction  directions, in other words, to the
output multichannel format. It is a matrix of size  (L+1)2 by N, constituted
by elements Ml,,,n, the indices 1,m denoting the line 12+1+m  and n denoting
the column n. The matrix M therefore has the following form: M0,0,1 M0,0aAA
M0,0,N 10 M1,-1,1 M1,_1,2A A Ml,-],N  M1,0,1 M1,0,2 A A M,,o,N  M,,,.,
M,.,,2 A A M,,,,N M M M  M L,-L, IM L,_L,2A AML,-L,N M M M M L, M L 2 A A M
L O N M M M  ML,L,i M L,L,2 A AML,L,N In the embodiment described, the
elements Ml,,,,, are obtained starting  from the multichannel format in
accordance with the relationship: Mj,m,n=Yj"(Bn,qin)  15 where (0",0n)
corresponds to the general direction associated with the  channel sca(r) in
the multichannel format. The processing step 30 therefore corresponds to the
application, to the  set of measurement signals cl to co, 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. 16  Step 30 also corresponds to the application, to the
processed signals, 



of specific linear combinations for generating the corresponding plurality
of  acoustic signals sci to ScN. Figure 4 shows schematically the
implementation of the processing  5 step 30 carried out by the means 8
described above. The filters T,,,q(j) are applied to the measurement signals
c (t) to cN(t) by  means of the usual filtering methods, such as, for
example: - filtering in the frequency domain, such as, for example, block
convo- lution techniques; 10 - filtering in the temporal domain by impulse
response; and - filtering in the temporal domain by means of infinite
impulse response  recursive filters. The N output signals sc,(t) to scN(t)
obtained at the end of the process- ing of the invention are representative
of an acoustic field A which is reproduced  15 by connecting each channel
sc"(t) to the corresponding reproduction element 12, emitting plane
direction waves (0",b) according to the specifications of the mul- tichannel
format. The simultaneous action of the N reproduction elements 12, to  12N
controlled by the channels sci(t) to scN(t), respectively, enable the
acoustic  field I' 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 2q 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. 



17  In particular, other types of sensor may be used by modifying the
equations as a function of the nature thereof. For example, all or some of
the  elemental sensors may be omnidirectional and/or cardioid sensors. 18
CLAIMS 1. System for determining a representation of an acoustic field (P)
of  the type comprising: 5 - acoustic wave acquisition means (1) comprising
a plurality of elemen- tal sensors (21 to 2Q) which are distributed in space
and which each deliver a  measurement signal (c, to cQ); and - means (8) for
processing by the application, to the measurement sig- nals (c, to cQ), of
filtering combinations representative of structural characteristics  10 of
the acquisition means (1) in order to deliver a plurality of acoustic
signals (sc, to SCN) which are each associated with a predetermined general
reproduction di- rection defined relative to a given point in space (14),
the set of acoustic signals  (SC1 to SCN) forming a representation of the
acoustic field (P), characterized in that the elemental sensors (21 to 2Q )
are distributed in  15 space in a substantially non-regular manner and in
that the filtering combinations  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 (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 25 the acquisition means (1) comprise at least one elemental sensor
whose directiv- ity is a combination of ornnidirectional 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. 



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 (c, to cQ) and delivering as an output
the plurality  of acoustic signals (sc, to SCN). 19  7. System according to
claim 6, characterized in that the processing means (8) form weighted linear
combinations of the measurement signals (c, to  cQ) in order to form the
acoustic output signals (sc, to scN). 8. System according to any one of
claims 1 to 7, characterized in that  5 the processing means (8) permit the
application of filtering combinations which  vary with the frequency of the
measurement signals (ci to ca) processed. 9. Device for determining a
representation of an acoustic field (P) of  the type which comprises means
(8) for processing the signals delivered by  acoustic wave acquisition means
(1) comprising a plurality of elemental sensors 10 (21 to 2Q) distributed in
space, by applying filtering combinations representative of  structural
characteristics of the acquisition means (1) in order to deliver a plurality
of acoustic signals (sci to scN) which are each associated with a
predetermined  general reproduction direction defined relative to a given
point in space (14), the  acoustic signals (sc, to scN) forming a
representation of the acoustic field (P), 15 characterized in that the
processing means (8) are suitable for processing signals  delivered by
acquisition means (1) formed by sensors (21 to 2Q) distributed in  space in
a substantially non-regular manner. 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 (ci  to co),
filtering combinations representative of structural characteristics of the
ac- quisition means (1) in order to deliver a plurality of acoustic signals
(sci to scN)  which are each associated with a predetermined general
reproduction direction  



defined relative to a given point in space (14), the set of acoustic signals
(sc1 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 (ci to ca)
of filtering com- binations in order to generate a plurality of processed
signals constituting a rep 20  resentation of the acoustic field (P) which
is substantially independent of the  structural characteristics of the
acquisition means (1), in the form of a finite num- ber of Fourier-Bessel
coefficients; and - the application to the processed signals of specific
linear combina- 5 tions in order to generate the corresponding plurality of
acoustic signals (sc, to  SCN) 12. Method according to either claim 10 or
claim 11, characterized in  that the processing step (30) corresponds to the
application of filtering combina- tions in accordance with a technique
selected from the group formed: 10 - by filtering techniques 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. 15 13. Method for
checking the non-regular character of a network of ele- mental sensors (21
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; 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; 21  - if, for the first, second and third coordinates, the values of
coordi nates 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,  5 it is called regular; and - if the network is
non-regular in each of the usual coordinate systems,  it is called
non-regular. 




