
WO 2007/122267 PCT/EP2007/054120  1 Method for optimizing the power supply
for a towed linear transmit  antenna for transmitting in omnidirectional
mode FIELD OF THE INVENTION The present invention relates to the field of
transmission systems for very- low-frequency towed active sonars. These
sonars are used by surface ships  5 for underwater detection and have the
function of protecting ships against underwater threats. The invention also
relates to a method for ensuring  omnidirectional transmission from a linear
antenna comprising a plurality of  elementary projectors by optimizing the
power supply for the projectors and  the signals to be transmitted. 10
BACKGROUND OF THE INVENTION - PRIOR ART In order to ensure that a surface
ship Is protected, its sonar must be able to  detect threats, mainly
underwater craft, at long distance and in all directions  15 in space. This
detection must also be able to be implemented under varied  environmental
conditions. The detection requirements mean that sonar systems operating at
low  frequency must be used, corresponding to long wavelengths of the order
of  20 one meter. To obtain sufficient directivity, the dimensions of the
receive antennas are  commonly several tens of meters. Moreover, the nature
of the profile of the  speed of sound in water requires, under certain
conditions, the transmit and 25 receive antennas to be able to be immersed
at a depth optimized for  detection. This is in particular the case during
the summer months when the  speed-of-sound gradients in regions close to the
surface are highly negative.  The combination of these requirements relating
to the operating frequency, to 30 the necessary dimensions of the receive
antenna and to the capability of  choosing the immersion depth of the system
results, in existing systems or  those under development, in the use for
reception of towed linear antennas  that can be reeled up, the deployment
and recovery of which are relatively 



WO 2007/122267 PCT/EP2007/054120  2 easy. The transmit function is itself
achieved, by means of another, specific  antenna incorporated into a towed
body. This transmit antenna may be non- directional, and allow
omnidirectional transmission to be achieved, or slightly  directional and
for example transmit over two to four sectors so as to cover  5 the horizon.
In all cases, the use of this specific antenna for transmission generates
various constraints. A first type of constraint concerns the implementation
of  the system and in particular the operations of deploying and recovering
the 10 towed body containing the transmit antenna, which operations require
a  speck system for placing it in the water and recovering it therefrom.
Another  type of constraint consists of the drag associated with the towed
body  containing the transmit antenna, the magnitude of which drag
determines the  size of the towing cable and consequently the weight of the
system. i5 One solution for eliminating these constraints consists in
producing a transmit  antenna, which is again linear and reelable, and in
configuring this antenna  so as to make it capable of uniformly insonifying
the entire space. 20 The French patent document published under the number 2
822 960  discloses a "Towed low-frequency underwater detection system"
comprising  a linear transmit antenna and a linear receive antenna, the two
antennas  having approximately the same diameter. In particular, the
document  describes a method for insonifying the entire space by means of
forming a 25 transmit channel operating in a rotating directional mode,
called RDT mode,  in which each projector is fed with the signal to be
transmitted, which is  assigned a delay that is a function of the average
pointing direction of the  channel. According to that document, the signal
to be transmitted being  furthermore assigned a delay allowing the transmit
channel to be enlarged, 30 said delay being defined by an adapted-phase or
delay law, for example a  law of the quadratic type. A similar signal is
transmitted in succession in  several directions by switching the delays so
as to cover the entire space.  



Since the transmit sectors are wide, a much smaller number of sectors than
the number of projectors is sufficient. WO 20071122267 PCT/EP20071054120  3
Such a system operating in directional or sectorial transmission, or in RDT
mode, mainly has two types of drawback. The first drawback is associated
with the sectorial transmission mode which  5 requires, as in the case of
any antenna, each projector to be fed  independently via a pair of supply
conductors delivering the delayed signal to  be transmitted. This results in
a large number of pairs in the towing cable, in  particular if it is desired
to use a large number of projectors. to The second drawback is that, even
using an RDT-type transmission mode,  omnidirectional coverage is obtained
by rotating the insonified sector. The duration of transmission in each
sector is reduced for a given total  transmission time. The level is higher
than in the case of omnidirectional  15 transmission, but there is
degradation of the Doppler resolution in the case of transmission codes
exploiting the Doppler effect, since Doppler resolution  depends on the
duration. SUMMARY OF THE INVENTION  20 One object of the invention is to
propose a solution making it possible to use  a linear antenna to achieve
really omnidirectional transmission. For this purpose, one subject of the
invention is a method for achieving  25 omnidirectional transmission by
means of a towed linear antenna of length L  consisting of a plurality of P
projectors suitably spaced apart, as will be  described later, over the
length of the antenna, consisting in applying, to  each projector, a signal
coming from the common transmit signal to be  transmitted that is assigned a
delay whose value follows a law of variation as  30 a function of the
position of the projector in the antenna. According to a preferred way of
implementing the method according to the  invention, on an antenna whose
projectors are substantially equidistant apart  and sufficiently close
together, that is to say spaced apart by a distance 



35 substantially less than ?J2, the delay law applied to the signal as a
function of WO 2007/122267 PCTIEP2007/054120  4 the position x of the
projector with respect to the center of the antenna is a  quadratic law of
the form: T(x) = ax'. 5 According to one particular way of implementing the
method according to the  invention, on an antenna whose projectors are
substantially equidistant apart  and sufficiently close together, the law of
variation of the delay applied to the  signal as a function of the position
x of the projector with respect to the center  of the antenna is of the
form: 10 T(x)=1 jxl+Lln(L-Ix!)]. According to the Invention, the delay T(x)
applied to the signal is equal to the  delay -r(x) modulo a period To
corresponding to the central frequency of the  transmitted signal, the i(x)
values being quantized over Q levels from Tl to  15 To. According to the
invention, the projectors, the quantized values Ti of the delay  for which
differ by To12, are advantageously fed via the same pair of feed  wires, by
simply reversing the polarity of the feed wires, the number of pairs  20 of
feed wires needed thus being advantageously equal to Q/2. In another way of
implementing the method according to the Invention, some  of the central
projectors are grouped together in pairs of adjacent projectors  and the
outermost projectors are grouped together in pairs of projectors that 25 are
symmetrical with respect to the center of the antenna. The projectors
constituting a pair are therefore fed with the same signal -ci. These groups
advantageously make it possible to achieve either sectorial transmission,
using only the central projectors, or omnidirectional transmission using all
of  the projectors. 30 Another subject of the invention is a linear antenna
suitable for optimized  implementation of the method according to the
invention, for which the  spacing of the projectors follows a nonlinear law,
which feature  



advantageously makes it possible to minimize the number of delays T; to be
WO 2007/122267 PCT/EP2007/054120  5 achieved, while optimizing the number of
transducers fed with a signal  assigned the same delay s;. Yet another
subject of the invention is a method for achieving omnidirectional  5
transmission in the horizontal plane by means of a towed linear antenna of
length L, consisting of a plurality of P projectors, when this antenna is
towed  so as to be inclined between the horizontal and the vertical.
According to this  method, each projector is fed with a transmit signal
coming from a common  transmit signal to which a delay is applied, the value
of said delay following a 1o nonlinear law as a function of the position of
the projector in the antenna.  According to the invention, this law is
defined so as to obtain sectorized  transmission with a sector of aperture
such that the insonifying in the  horizontal plane remains omnidirectional.
15 The essential advantage provided by the method according to the invention
is that It allows omnidirectional transmission of the same signal over the
entire duration of the transmission and not by successively insonifying the
various sectors, this being obtained by means of a linear antenna comprising
a succession of projectors distributed over the length of the antenna and
fed 20 by a small number of supply pairs, this number furthermore not
depending on  the number of projectors making up the antenna. DESCRIPTION OF
THE FIGURES 25 The features and advantages of the various aspects of the
invention will  become clearly apparent in the following description, which
is associated with  the appended figures which represent: - figure 1, the
directivity patterns of an antenna comprising  projectors equidistributed
over its length, these being obtained by applying, to  30 the transmit
signal, either conventionally a quadratic delay 2(x), or the delay  produced
by the method according to the invention; - figure 2, the law of variation,
as a function of the projector in  question, of the delay c(x) to be applied
to the reference transmit signal, in  



order to obtain the pattern shown by the solid curve in figure 1; WO
20071122267 PCTIEP2007/054120  6 - figure 3, an approximate form of the law
of variation of the delay  t(x) of figure 2; - figure 4, the laws of
continuous or quantized variation of the phase  of the reference transmit
signal, corresponding to the law of variation of the  5 delay T(x) of figure
3; - figures 5 and 6, illustrations of alternative ways of implementing  the
method according to the invention; figures 7 to 9, illustrations relating to
an example of a sonar  system equipped with an antenna for implementing the
method according to  1o the invention; and - figure 10, one particular
example of implementing the method  according to the Invention for
transmitting omnidirectionally in a horizontal  plane. 15 DETAILED
DESCRIPTION Firstly, figures 1 and 2 will be discussed. As mentioned above,
it is known from the prior art that a linear antenna of  20 length L made up
of several projectors may be used to insonify a sector in  space. This
transmission is achieved by feeding each projector with a signal  coming
from a common transmit signal to which a variable delay c(x) is  applied,
the law of variation of which is a linear law as a function of the  desired
pointing bearing 0 relative to the axis of the antenna. Consequently, 25 the
delay applied to a projector located at a distance x from the central point
of the antenna has the general expression: T(x)=xcos(8) [1j  C where c
represents the speed of sound in water. 3o The method according to the
invention consists firstly in applying, to the  signal used to feed the
projectors, a nonlinear delay law T(x), which is a  function of the position
x of the projector in question with respect to the  



center of the antenna, the expression for which law varies as a function of
the  structure of the linear antenna in question. 35 WO 20071122267
PCTIEP20071054120  7 Thus, in the case of an antenna consisting of
projectors equally distributed  over its length, the transmission beam may
be enlarged so as to obtain a  directivity pattern such as that shown in
curve 11, as the solid line, in figure 1,  by superposing, on the linear
delay law given by equation [1], a nonlinear, for 5 example quadratic, law
T(x) as a function of the position x of the projector  with respect to the
center of the antenna. The general expression for this law  is: T(x)axZ [2]
inwhich -2x52 10 The coefficient a is related here to the angular aperture
of the transmission  pattern that it is desired to obtain. In general, a
coefficient a of the following  form is chosen: a=[3x2it/(u) [31 15 where X
is the wavelength and where Q represents a coefficient whose value  lies
within the (0, 1.51 interval, determining the angular aperture of the
desired  transmission pattern. Curve 11 of figure 1 corresponds to the
transmission pattern obtained with a  20 linear antenna comprising
thirty-two equidistant projectors and to the  application to the transmit
signal of a quadratic delay law T(x) according to  equation [2). Curve 21 in
figure 2 represents the law of variation, as a function of the  25 projector
in question, of the delay r(x) to be applied to the common reference
signal, corresponding to the middle of the antenna, in order to obtain the
pattern 11 shown in figure 1. The law here is shown in the case of a linear
antenna comprising thirty-two projectors equidistant apart. 3o Similarly, in
the case of an antenna comprising distributed projectors with a  



variable pitch along the antenna, the transmission beam may be enlarged by
superposing, on the linear delay law given by equation [1], a nonlinear law
T(x), the expression for which, as a function of the position x of the
projector  with respect to the center of the antenna, is given by the
following equation: WO 20071122267 PCT/EP2007/054120  8
e(x)=tiEIx1+Lin(L-Ix,)] [4]  in which -Lx51 2 2 In the two cases mentioned
above, an omnidirectional beam is obtained by  5 applying the appropriate
delay law on condition however that particular  precautions are taken as
regards the distribution of projectors along the  antenna. This is because
it is known from the prior art that, in the case of an antenna  10
comprising equispaced projectors with a constant pitch d(x), the directivity
pattern shown as a function of the variable u = cosO, 0 being the angle
between the direction in question and the direction of the transmitted beam
(u = cosh, which varies from -1 to +1), is a periodic pattern with a period
equal to Aid. 15 Therefore, to avoid aliasing that would result in
prohibitive oscillations of the  directivity pattern, the pitch d must
satisfy, as is known, in the case of  omnidirectional transmission, the
following equation: % d z 2+Ut ra d 2+U [5] t  20 where Ut represents the
transition band of the directivity pattern represented  in u space. This
condition usually leads in the general case, for an antenna having
equidistant projectors, to the use of projectors along the antenna with a
pitch  25 d slightly less than W. However, in the case in which a delay law
such as that described by equation [2] is used, the transition band Ut
behaves  dimensionally as Jll , which means adopting a close spacing of V4
to ?,/3  



VIL for the distribution of the projectors, depending on the number of
projectors in  the antenna. 30 In the particular case of antennas having
non-equidistant sensors for which a  delay law such as that described by
equation [4] is applied to the signal, the WO 2007/122267 PCTIEP2007/054120
9 condition [5) applies to the outermost projectors of the antenna, which
are the  closest together. The transition band Ut again behaves
dimensionally as  F , which means having, for the pitch d(x = L12), a close
spacing of R/4 to  ?J3 depending on the number of projectors of the antenna.
5 This condition imposed on the spacing between projectors is an essential
condition that has an influence on the structure of the antenna used and
therefore on the effectiveness of the method according to the invention.
This  is because, if this projector spacing condition is not respected, the
1o transmitted signal is no longer the same in all directions and is
therefore no  longer truly omnidirectional owing to the allasing of the
directivity pattern that  results therefrom. Next, figures 3 and 4 will be
discussed.  15 Since the transmit signals used in active sonar are signals
having a  bandwidth B centerd on a central frequency FO, the method
according to the  invention consists secondly in approximating the applied
delay law by its  expression modulo To =1/F0. Consequently, the delay
applied to a projector, 20 for example in the case of an antenna having
equidistributed projectors, will  be expressed as: -r'(x)=ax2 [moduloT0] [6)
This modulo To delay law is more simply expressed in terms of a phase law
25 applied to the signal in the form: cp(x)=21cFoc(x) [7] 



In the case of a delay law c(x) chosen to form channels, this approximation,
called narrow-band approximation, is acceptable provided that the following
30 condition, which is relatively constricting and links the bandwidth B of
the  signal to the antenna length L, is met: Bccc/L [81 where c represents
the speed of sound in the propagation medium. WO 20071122267
PCTIEP2007/054120  10 However, in the case of a delay law of the type
corresponding to equation [2)  or equation [4], which are used to obtain
omnidirectional transmission, a  much less constricting condition than
condition [8] is applied so that the use  In the method according to the
invention of approximations [6] and [7] is  5 generally possible.
Substituting a delay law approaching the initial delay law in the method
according to the invention has a great advantage. This is because it limits
possible variation of the delay to be applied to the transmit signal to an
10 interval [C); To] (variation of the phase of the signal between 0 and
2n). This  advantageous feature is illustrated by the delay curve 31 shown
in figure 3 and  the phase shift curve 41 shown by the solid line in figure
4, these curves  relating to the antenna having the directivity pattern
illustrated by the curve 11  in figure 1. 15 The method according to the
invention consists thirdly in quantizing the delay  values obtained for the
various projectors making up the antenna. In a  preferred way of
implementing the method according to the invention, the delay  interval [0;
To] is divided into Q equidistant levels. Each projector is then fed 20 with
the transmit signal affected with a delay whose value ti(x) is at the
quantized value is closest to the approximated value t'(x). Thus, in the
method  according to the invention, the delays are therefore quantized over
a states.  According to the invention, the number of quantization levels is
such that the 25 fluctuation in bearing of the transmitted level meets the
fixed requirements.  Thus, for example, for quantization carried out over 16
steps, the expected  



theoretical fluctuation of the transmitted signal level as a function of the
bearing is 1.5 dB. 30 The quantization operation, judiciously carried out,
has a great advantage. This  is because it allows all the projectors,
whatever the number of projectors  making up the antenna, to be fed with a
limited number of Q signals, each  signal being derived from the transmit
signal by applying a specified delay t;  from among the possible Q delays.
This limitation by quantizing the possible 35 delay values advantageously
allows the number of pairs of conductors needed WO 2007/122267
PCTIEP2007/054120  11 for feeding all the projectors with signals to be
limited to a maximum number of  Q pairs. This advantageously limits the
complexity of the means responsible for  implementing these delays, and also
the quantity of conductors to be used and  therefore the weight of the
antenna feed cable. 5 The dotted curve 42 in figure 4 shows, by way of
example, the phase variation  law obtained by carrying out the quantization
over 12 states of the phase law  represented by the curve 41. The fact that
the curves 41 and 42 are virtually  superposed clearly demonstrates, through
this example, the advantageous 1o nature of the quantization step
implemented by the method according to the  invention, which step is itself
only possible after applying the narrow-band  approximation to the nonlinear
law T(x). The directivity pattern of the signal obtained by the method
according to the  15 invention and transmitted by the antenna is represented
by the dotted curve 12  in figure 1. The close similarity between this curve
and the theoretical curve  obtained by applying a nonlinear delay law
defined by equation [2] also  demonstrates the advantageous nature of the
method according to the  invention. 20 Thus, implementing the method
according to the invention therefore achieves  omnidirectional transmission
directly by means of a linear antenna comprising a  plurality of projectors,
by feeding these projectors with only Q feed signals and  



each of these signals being produced from a common signal by applying a 25
delay (or phase shift) value chosen from the 0 values adopted. However, It
is  advantageous to consider the following point. If account is taken of the
fact that  to modify by a half-period To the duration of the delay applied
to the common  feed signal in order to feed a given projector, all that is
required is to reverse  the polarity of the signal feeding this projector.
This polarity reversal may be 30 easily obtained by switching the feed wires
to the terminals of the projector.  Thus, the set of Q signals can be
obtained by generating 0/2 feed signals  coming from the same signal delayed
between [0 ; To/2] (or phase-shifted  between 0 and rr), by means of N = Q/2
feed pairs in the cable. WO 2007/122267 PCTIEP2007/054120  12 In such a
configuration, each pair may feed a different number of transmission
transducers, the adaptation being made specifically for the Q/2
corresponding  transmitter circuits, 5 The number Q of feed signals used is
not necessarily fixed a priori and does  not depend directly on the total
number of projectors contained in the antenna.  However, analysing the
effect on the directivity pattern of the approximations  associated with the
quantization step indicates that quantizing over a number of  delays of the
order of Q =10 to 20 values is acceptable. Such a quantization 1o results in
the introduction of 5 to 10 feed cable pairs in the towing cable in order
to feed all the projectors. The invention presented here therefore
advantageously makes it possible, by  judiciously quantizing the delays, to
limit, in a rational manner, the number N of  15 feed pairs in the towing
cable and to feed as many projectors as necessary for  the desired level of
omnidirectional transmission. It should be noted that in directional mode,
the weighting is linear and the  phase quantization is limited as indicated
above (narrow-band approximation)  20 by the condition: L<cc/B.  However, in
omnidirectional mode, with the delay laws defined by  equations [2] and [4]
that form the subject matter of the present invention, the 



25 limitation on the linear antenna length for an omnidirectional mode is
less  severe. It is given by the following condition: L cc (4f1B)c/B [9]
where f represents the frequency and B the bandwidth of the transmitted
signal. 30 The term 4f/B is necessarily greater than 1 since f >> B and
consequently the  antenna length limitation is therefore less restricting in
the case of  omnidirectional transmission than in the case of directional
emission. Thus,  for example, if a signal with a central frequency of 1.5
kHz and a bandwidth 35 of 300 Hz is transmitted, it is possible to use an
antenna having a length that WO 20071122267 PCT/EP2007/054120  13 may be up
to 100 m. For a signal of the same central frequency but with a  1 kHz
bandwidth, it is even possible to use an antenna length limited to  9
meters. 5 Next, figure 5 will be discussed. As may be seen in the previous
figures, in particular in figure 2, in the case of  the quadratic delay law
r(x) defined by equation [21, it is at the projectors  located on the ends
of the antenna that the variation In the delay is most 1o rapid.
Consequently, the condition (5], which represents the double constraint  of
correctly sampling the most rapid delay variations while maintaining a
constant spacing between the projectors, must be met for the projectors
furthest away from the center of the antenna. t5 In contrast, as regards the
most central projectors, twice the spacing appears  to be acceptable. This
observation means that a certain number of projectors  in the central zone
can be grouped together in pairs, consisting of two  adjacent projectors.
This pairing advantageously allows the antenna to be fed  via a smaller
number of feed cable pairs than the number of projectors. 20 Furthermore, it
has also been found that, owing to the symmetry of the delay  law with
respect to the center of the antenna, it is possible for the  symmetrical
projectors to be fed via the same pair. It is this advantageous  



feature that the preferred way of implementing the method according to the
invention exploits, one specific example of which is illustrated in figure
5. 25 This example of applying the preferred method of implementation
considers  an antenna made up of P = 32 projectors 51 placed along the
antenna with a  spacing of about 0.20 m. The central working frequency is
here equal to  FO = 1500 Hz. In the figure, the projectors 51 are numbered
from 1 to 32, the  3o center of the antenna being located between the
projectors 16 and 17. The twenty central projectors, numbered from 7 to 26,
are grouped in pairs of  adjacent projectors ((7, 8), (9, 10) ... (25, 26)).
Each pair of projectors is fed  via a pair of conductors 52. The remaining
twelve lateral projectors, 35 numbered 1 to 6 and 27 to 32, are grouped
symmetrically with respect to the WO 2007/122267 PCTIEP20071054120  14
center ((1, 32), (2, 31), ... (6, 27)). Each pair of projectors is also fed
via a  pair of conductors 53. One advantage of this type of implementation
is that, although the antenna is  5 made up of thirty-two projectors, its
signal feed requires only sixteen pairs of  conductors. Furthermore, in such
an implementation, each pair of conductors  is loaded with the same number
of projectors (equal to 2). A variant of the preferred way of implementing
the method according to the  10 invention (not illustrated) consists in
grouping, in pairs, the pairs of projectors  that form the pairwise-grouped
projectors of the central region of the  antenna. Thus, the projector pairs
that are symmetrical with respect to the  central point of the antenna are
themselves grouped pairwise_ Therefore in  the above example, the ten pairs
of adjacent central projectors are grouped 15 together in symmetrical pairs
([(7, 8), (25, 26)]; [(9, 10), (23, 24)]; etc). Each  quad of projectors
thus formed is then fed via a pair of electrical conductors  so that, in
this advantageous variant, it advantageously suffices for five pairs  of
electrical conductors to feed the central twenty projectors and eleven pairs
of conductors for feeding the entire antenna. 20 



As a result, by applying a quadratic delay law quantized over only 11 states
to the transmit signal, omnidirectional transmission is achieved by means of
a  linear antenna. 25 One advantageous feature of this preferred alternative
way of implementing  the method according to the invention is that it allows
both omnidirectional  and directional transmission modes to be used. This
double functionality is for example achieved simply by differentiating the
30 nature of the delay applied to the transmit signal depending on whether
it  feeds the peripheral projectors or the central projectors. Thus, if a
linear antenna is used that has P equispaced projectors, for  example
forty-eight projectors, the positioning of which satisfies the condition  35
[5], it is advantageously possible to achieve both sectorial directional WO
2007/122267 PCT/EP20071054120  15 transmission and omnidirectional
transmission. To do this, an even number  P, of projectors is for example
selected, for example twenty projectors,  positioned in the central part of
the antenna, and these projectors are  grouped into N, (= P1/2) pairs of
adjacent projectors that are fed via N, pairs 5 of independent conductors.
The remaining P2(= P-Pi) projectors, twenty-eight  projectors in the example
in question, are grouped together in twos  symmetrically with respect to the
center of the antenna, forming N2(= P212)  pairs fed via N(= 012) additional
pairs corresponding to the delays being  quantized over Q states, Q being
for example equal to 12. 10 Consequently, to achieve transmission in
sectorial directional mode, the P1  central projectors are fed with N1
independent signals according to a delay  law T(x) defined by equation (1)
making it possible to construct a transmission  pattern in a given
direction, whereas the outer P2 projectors are not used. 15 Likewise, to
achieve transmission in omnidirectional mode, all of the P  projectors are
fed. The central P1 projectors are fed with N1 signals according  to a
quadratic delay law of the type defined by equation [2), whereas the  outer
P2 projectors are fed with N signals corresponding to a quadratic delay  



law quantized over Q delay states s1. 20 Thus, the delay applied in
particular to the central projectors may be defined  by the following
general equation: s(x)= xcos 9+ax2 [10]  c 25 Thus, when a is equal to 0,
sectorial transmission directed along the direction  0 is obtained, whereas
when a is equal to 27r1(A.L) omnidirectional  transmission is obtained.
Next, figure 6 will be discussed.  30 This alternative way of implementing
the method according to the invention,  illustrated by figure 6, is intended
more particularly for a sonar system  comprising a linear transmit antenna
associated with particular switching  means 61 for delivering a transmit
signal to each projector that depends on 35 the type of transmission
desired. In this implementation, advantageously all WO 2007/122267
PCTIEP20071054120  16 the projectors are used whatever the transmission mode
selected, sectorial  or omnidirectional. This allows a maximum transmission
level to be achieved.  In the linear antenna considered here, each projector
61 is fed via a  particular pair of conductors 62, the feed signal applied
to this pair being 5 selected by switching means 61 from N feed signals 63
coming from the  same transmit signal to which delays determined according
to the delay law  corresponding to the desired transmission mode are
applied. Thus, in particular, it is possible to obtain: 10 - an
omnidirectional mode at maximum level, by applying only a  quadratic delay
law of the type defined by equation [2]; - a sectorial mode at maximum
level, by applying a delay law i(x) that  can be defined by equation [10],
the aperture of the transmission sector being  produced by the quadratic
component of equation [10] and the transmission  15 direction 0 by the
linear function component of 0; and 



an essentially directional mode at maximum level, by applying a delay  law
2(x) that may be defined by equation [1], which describes a linear variation
of the applied delay for a given pointing angle 0. 20 Thus, In the second
mode considered here, N feed signals 64 having a delay  law according to the
desired transmission mode are applied, the N signals  being distributed over
the projectors by the switching means 61 according to  the control signal
64. 25 Figures 7 to 9 will now be discussed. Figure 7 shows schematically an
overall view of the antennas with which an  example of a sonar system
capable of implementing the method according to  the invention is equipped.
In this system, the linear transmit antenna 71, towed 30 so as to be
approximately horizontal, is followed by a lightweight element 72  and a
linear receive antenna 73. Apart from the fact that it ensures mechanical
connection between the transmit antenna and the receive antenna, the element
72 has the function of distancing the receive antenna 73 from the carrier.
The  linear receive antenna 73 may, depending on the case, be a simple
linear 35 antenna or else a directional antenna comprising triplets of
hydrophones. The WO 2007/122267 PCTIEP2007/054120  17 assembly is completed
with a trailing line 74 for automatic deployment without  the intervention
of an operator using an already sea-qualified method for  conventional
linear receive antennas. 5 According to one possible embodiment of the
assembly, the transmit antenna  may be produced by means of cylindrical
flextension projectors 81, such as  those illustrated in figure 8, the
receive antenna being a linear antenna with  triplets. The assembly has a
substantially constant diameter of possibly less  than 100 mm and may
advantageously be reeled up on a winch. The transmit 1o sections of larger
diameter, 120 or 150 mm for example, may be dealt with by  means of
memory-type winding systems. In one embodiment of such a system, illustrated
in figure 9, it is possible to  incorporate a linear transmit antenna 91
formed from at least two vertically  15 superposed antennas 92, 93
implemented using the method according to the 



invention. Advantageously, this configuration makes it possible, for example
within the context of omnidirectional transmission, to minimize the energy
transmitted in a vertical plane, both upward and downward. 20 The spacing
between the transmit antennas 92 and 93 is then typically one half  of the
average wavelength. This configuration thus advantageously makes it
possible to concentrate the energy in a horizontal plane, whatever the
transmission direction. 25 Finally, figure 10 will be discussed. Application
of the transmission method according to the Invention, illustrated in
figure 10, consists in transmitting omnidirectionally in a horizontal plane
by  means of a linear array towed in an inclined position, or even a
substantially 30 vertical position. In this application, the method
according to the invention is  used for sectorial transmission with a
variable transmission pattern width by  applying a nonlinear delay law to
the transmit signal. The transmission system  thus designed is a reelable
small-diameter system that can be operated by a  small carrier vehicle 101,
possibly autonomous and unmanned, of the USV 35 type for example. It
comprises a linear transmit antenna 102, such as that WO 2007/122267
PCT1EP2007/054120  18 described above, the internal structure of which is
optionally weighted, and a  heavy reelable tail element 103 for keeping the
towed transmit antenna as  much as possible in the vertical position, even
when the carrier 101 is moving. 5 Thus, the antenna is considered to make an
angle Bind to the horizontal, this  angle varying with the speed of the
carrier 101. Moreover, it is also considered  that, depending on the
propagation conditions in the medium, good  insonifcation of the water
column at great distance requires this insonification  to be generated with
an angle -+Opop to the horizontal 104. Consequently, if the 10 above two
parameters are taken into account and to obtain omnidirectional
insonification in a horizontal plane, the width of the insonified sector
8-~edor  around the perpendicular to the antenna must be permanently
adjusted so as  to satisfy the following relationship: 8sector eind + @WW
[11]  



15 A transmission lobe meeting the above condition, with a substantially
constant gain in the directions bounded by the angle Asecror, may
advantageously be obtained by the method according to the invention, by
applying a quadratic nonlinear delay law, this law making it possible in 20
particular to obtain an almost constant transmission level in the insonified
sector. The variation 105 of the transmission gain as a function of the
angle 8  in question, 8secror, to the omnidirectional level is represented
symbolically in  figure 9. Such a broad transmission lobe obtained by the
method according  to the invention is advantageously much better adapted to
the operational 25 constraints of such a system than a transmission lobe
with a narrow -3 dB  aperture obtained by means of a linear antenna in which
all the projectors are  conventionally transmitting at the same time. Such a
transmission system, mounted on a mobile carrier and capable of  30
transmitting even when the carrier is moving, advantageously makes it
possible for a wide area to be rapidly insonified and at very different
angles. It  also makes it easier to locate and classify objects in the area,
for example by  operating in multistatic receive mode. WO 2007/122267
PCT/EP20071054120  19 Advantageously, it is also possible by applying the
method according to the  invention in this way to locally insonify a slice
of water lying at a shallower  depth above the antenna. To do this, all that
is required is to immobilize and  stabilize the carrier 101 in order to
position the antenna 102 vertically and 5 thus make e;nd = 0. In this way it
is possible to insanity, a larger slice of  water with a higher
insonification level of for example 8 dB relative to the  level obtained
with omnidirectional insonification. Thus, as may be seen from the various
implementations described here by  1o way of non-limiting example, the
method according to the invention not only  makes it possible to achieve
really omnidirectional transmission by means of  a linear antenna, but also
sectorial transmission for which the width of the  transmission pattern is
advantageously adapted to the envisaged application.  



It also allows linear antennas to be designed that can alternate, without
any 15 modification of the structure, between sectorial transmission and
omni- directional transmission modes. In certain implementations, the method
also  makes it possible to very significantly reduce the number of pairs of
conductors needed to feed a transmit signal to the projectors making up the
linear antenna used. WO 2007/122267 PCT/EP2007/054120  20 CLAIMS  1. A
method for achieving omnidirectional transmission by means  of a towed
linear antenna of length L greater than the wavelength X of the 5 signal
transmitted, consisting of a plurality of P projectors (51),  characterized
in that, when the spacing between projectors (51) is  substantially less
than A/2, a transmit signal coming from a common  transmit signal is applied
to each projector, this common signal being  assigned a delay T(x), the
expression for which follows a nonlinear law as a 1o function of the
position x of the projector in the antenna, application of this  law
allowing the angular aperture of the transmission pattern to be  modulated.
2. The method as claimed in claim 1, in which, when the projectors  is (51)
making up the antenna are substantially equidistant from one another  by a
distance substantially less than A12, the delay law applied to the signal
as a function of the position x of the projector with respect to the center
of  the antenna is a quadratic law of the form: ,r(x) = Ux2.  20 3. The
method as claimed in claim 1, in which, when the projectors  (51) are
separated from one another by a distance that decreases from the  center
toward the extremities, this distance being substantially less than  ?J2,
the delay law applied to the signal as a function of the position x of the
25 projector with respect to the center of the antenna is of the form:
T(x)=![ xI+Lln(L-Ixl)j.  



c 4. The method as claimed in claims 1 to 3, in which the delay (x)  applied
to the signal is equal to the delay T(x) modulo a period To  30
corresponding to the central frequency of the transmitted signal, the values
T '(x) being quantized over Q levels, from Tj to To. 5. The method as
claimed in claims I to 4, in which the projectors  for which the quantized
values x; of the delay differ by To/2 are fed via the  35 same feed pair, by
simply reversing the polarity of the feed wires, the  number of pairs of
feed wires needed thus being equal to Q/2. WO 2007/122267 PCT/EP20071054120
21 6. The method as claimed in one of claims 1, 2, 4 and 5, In which  some
of the central projectors of the linear antenna are grouped together in
pairs of adjacent projectors and the outermost projectors are grouped
together in pairs of projectors that are symmetrical with respect to the 5
center of the antenna, the projectors constituting a pair being fed with the
same signal rl (52, 53), these groups making it possible to achieve either
sectorial transmission using only the central projectors, or omnidirectional
transmission using all of the projectors. 10 7. A transmit antenna for
implementing the method as claimed in  claim 6, characterized in that, when
each projector (51) is fed via a specific  pair of conductors (62), it
includes switching means (61) for feeding said  projectors by means of a
given number N of feed signals (63), the number  N being smaller than the
number P of projectors making up the antenna. 15 8. The transmit antenna for
implementing the method as claimed in  one of claims I to 6, characterized
in that it comprises two linear antennas  (92, 93) that are vertically
superposed so as to minimize the energy  transmitted upward and downward,
the two antennas being spaced apart 20 by a distance substantially equal to
half the average wavelength R, thus  making it possible to limit the
transmission of energy vertically toward the  surface or toward the seabed. 



9. An acoustic detection system comprising a directional linear  25 receive
antenna (73) and a linear transmit antenna (71) suitable for  implementing
the method as claimed in any one of claims 1 to 6, the linear  transmit and
receive antennas having substantially the same diameter so  that the
assembly can be automatically reeled onto a winch. 30 10. The system as
claimed in claim 9, in which the linear transmit  antenna (71) is an antenna
made up of cylindrical projectors (81) of the  flextension type, and the
linear receive antenna (73) is an antenna  consisting of hydrophone
triplets. 35 11. A method for achieving omnidirectional transmission in a
horizontal plane by means of a towed linear antenna (102) of length L,
consisting of a plurality of P projectors, the antenna being towed in any
navigational position between the horizontal and the vertical, characterized
WO 2007/122267 PCT/EP2007/054120  22 in that each projector is fed with a
transmit signal coming from a common  transmit signal to which a delay is
applied, the value of said delay following  a nonlinear law as a function of
the position of the projector in the antenna,  this law being automatically
defined depending on the speed of the carrier 5 (101), in order to modify
the aperture of the insonified sector as claimed in  the inclination of the
antenna relative to the vertical. 12. The method as claimed in claim 11, in
which the nonlinear law is  defined in order to obtain an aperture angle
esector of the transmission  to pattern that satisfies the condition:
elector > eincl + Oprop where etnd represents the angle of inclination of
the antenna to the  horizontal and Op. the transmission direction in
question. 


