1 Method for optimzing the power supply for a towed
linear transmt antenna for transmtting in
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and reelable, and in configuring this antenna so as to
make it capable of uniformy insonifying the entire
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15 transm ssion, but there is degradation of the
Doppl er resolution in the case of transm ssion codes
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a linear antenna suitable for optimzed inplenentation
of the nmethod according to the invention, for which
the spacing of the projectors follows a nonlinear |aw,
whi ch feature advantageously nekes it possible to
mnimze the nunber of delays ti to be WO
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opti m zing the nunber of transducers fed with a signa
assigned the sane delay t. Yet another subject of the
invention is a nmethod for achieving omidirectional 5
transm ssion in the horizontal plane by neans of a
towed |inear antenna of length L, consisting of a
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variation of the delay t(x)of figure 2; -
figure 4, the laws of continuous or quantized
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of variation, as a function of the 25 projector in
qguestion, of the delay t(x) to be applied to the
common reference signal, corresponding to the mddle
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 conprising thirty-two projectors
equi di stant apart. 30 Simlarly, in the case of an
antenna conpr|5|ng dlstrlbuted prOJectors mnth a
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-X 2+Ut it>d 2+Ut 20 where U represents the
transition band of the directivity pattern represented
in u space. This condition usually leads in the
general case, for an antenna havi ng equi di st ant
projectors, to the use of projectors along the antenna
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0 and 27c). This advantageous feature is illustrated
by the delay curve 31 shown in figure Sand the phase
shift curve 41 shown by the solid |ine in figure 4,
these curves relating to the antenna having the
directivity pattern illustrated by the curve 11 in
figure 1. 15 The nethod according to the invention
consists thirdly in quantizing the delay val ues
obt ai ned for the various projectors making up the
antenna, in a preferred way of inplenenting the nethod
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11 for feeding all the projectors with signals to be
limted to a maxi nrum nunber of Q pairs. This

advant ageously limts the conplexity of the means
responsi bl e for inplenenting these del ays, and al so
the quantity of conductors to be used and therefore
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phase variation | aw obtai ned by carrying out the
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feed cable pairs in the towing cable in order to feed
all the projectors. The invention presented here

t heref ore advant ageously nmakes it possible, by
judiciously quantizing the delays, tolimt, in a

rati onal manner, the nunber N of is feed pairs in the
tow ng cable and to feed as nmany projectors as
necessary for the desired |l evel of omnidirectiona
transm ssi on. It should be noted that in directiona
nmode, the weighting is linear and the phase
quantlzatlon |s I|n1ted as |nd|cated above
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30 center of the antenna being | ocated between the
projectors 16 and 17. The twenty central projectors,
nunbered from7 to 26, are grouped in pairs of

adj acent projectors ((7, 8), (9, 10) ... (25, 26)).
Each pair of projectors is fed via a pair of
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projectors, 35 nunbered 1 to 6 and 27 to 32, are
grouped symetrically with respect to the W
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ast wenty-ei ght projectors in the exanple in question,
are grouped together in twos symmetrically with
respect to the center of the antenna, formng N2(=
P2/ 2) pairs fed via N(= (2/2) additional pairs
corresponding to the del ays being quantized over Q
states, Q being for exanple equal to 12. 10
Consequently, to achieve transm ssion in sectori al
di rectional node, the Pi central projectors are fed
with N1 i ndependent signals according to a delay |aw
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- a sectorial node at maxi mum | evel, by applying a
delay law s(x) that can be defined by equation [10],
the aperture of the transm ssion sector being produced
by the quadrati c conmponent of equation [10] and the
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corrponent 0 - an essentially directiona
node at maxi mum I eveI by applying a delay |aw t(x)
that may be defined by equation [1], which describes a
linear variation of the applied delay for a given
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Finally, figure 10 will be discussed. Application of
the transm ssion nethod according to the invention,
illustrated in figure 10, consists in transmtting
omidirectionally in a horizontal plane by neans of a
l'inear array towed in an inclined position, or even a
substantially 30 vertical position. in this
application, the nmethod according to the invention is
used for sectorial transm ssion with a variable
transm SSI on pattern wi dt h by appl y| ng a nonI [ near

o I



fff’f"’m

ki d

30 transmtting even when the carrier is noving,

advant ageously nmakes it possible for a wde area to be
rapidly insonified and at very different angles. It

al so makes it easier to |ocate and classify objects in
t heycRp@Fr142267€xanpl e by operating in mpgrarabhBosa120
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22 11. A nethod for achieving an omi directional
transm ssion in a horizontal plane by neans of a towed
i near antenna (102) of length L, consisting of a
plurality of P projectors, the antenna being towed by
a WRPS&d7/ .th@@y navi gat i onal posi tion bepppedahiosatzo
hori zontal position and a vertical position,
characterized in that each projector is fed with a
transmt signal coming from% common transmt signal
to which a delay is applied, the value of said del ay

f Oédn‘&}ﬂoﬂ Q%]faadtﬁﬂé‘é h”tﬁé‘%u{eﬁ%ﬁ% (fétb‘u%%f Waf%:ji%{m are the

p03| t1o

be‘? S 1eSRIRT A (AR RN péﬁainnee 95%@2?% as
éqwm@ measehavidd) ¥or, thi mitch der= L), rodbdeyspdeing of A/4 to

ap ure of the insonified sector according to the

i nEBideaemnding ofl theheuralidreh paigckdradf the anterinBe verti cal .

512 The method as clained in claim11l, in which the

i s defi t
rr Lt APaGHuA oaSseet rn Rk i Dokl FReERG B e gpspnte
| ncareitiahi that hes teheinfilence avotheastructure hd the ramjerol ¢ded and
aneRitdte Rk S3REHBHhEESoHRE ntist 5é&ﬂiing§%8ﬁn\%ntlon This

el ne epresents

OB DA 1t ol RRETRA o oR I Ly regpogtpl the

toantr@amitiech sigeklds inorionger tihe shroe i ehdisectiohamed dthev@fereeno

epmgerrtﬁw SRR cionERNNAH 1 HeeMRbIng b aROdiRclityld¥tern that
rec%ﬁﬁ?‘%ﬁif the acoustic transmssSion in relation to

threeSH IR plane. 117 2/7 Daisy (ins) 2 21 1
51015202530 1p+132 Nunber of the injector Fig. 2

51Aa20AReO3 bad U3 by aRenseld, t he projector Fig. 3 3/7
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Since the transmit signals used in active sonar are signals having a
bandwidth B centerd on a central frequency Fy, the method according to the
invention consists secondly in approximating the applied delay law by its
expression modulo T, = 1/F;. Consequently, the delay applied to a projecior,

20 for example in the case of an antenna having equidistributed projectors, will

be expressed as:
t(x)=ax? [modulo T,} [6)

This modulo T delay law is more simply expressed in terms of a phase law

25 applied to the signal in the form:

®(x) = 2nFy1(x) [7]

in the case of a delay law t(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:
B <<ciL (8]
where ¢ represents the speed of sound in the propagation medium.
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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 18] is applied so that the use
in the method according to the invention of approximations [8] and [7] is
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 fo an
interval [0 ; Tq] (variation of the phase of the signal between 0 and 2r). 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
refating to the antenna having the directivity pattem illustrated by the curve 11
in figure 1.

The method according to the invention consists thirdly in quantizing the delay
values obfained for the various projectors making up the antenna. in a
preferred way of implementing the method according to the invention, the delay
interval [0 ; Tol is divided into Q equidistant levels. Each projector is then fed
with the transmit signal affected with a delay whose value t(x} is at the
quantized value is closest to the approximated vaiue t'(x). Thus, in the method
according to the invention, the delays are therefore quantized over Q states.

According to the invention, the number of quantization levels is such that the
fluctuation in bearing of the transmitted leve!l meets the fixed requirements.
Thus, for example, for quantization carried out over 16 steps, the expecied
thaoretical fluctuation of the transmitted signal level as a function of the
beating is 1.5 dB.

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 guantizing the possible
delay values advantageously allows the number of pairs of conductors needed
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for feeding all the projectors with signals fo 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.

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
represanted by the curve 41. The fact that the curves 41 and 42 ara virtually
superposed clearly demonstrates, through this example, the advantageous
nature of the quantization step implemented by the method according o the
invention, which step is itself only possible afier applying the narow-band
approximation to the nonlinear law t(x).

The directivity pattern of the signal obtained by the method according to the
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 taw defined by equation [2] also
demonstrates the advantageous nature of the method according to the
invention,

Thus, implementing the method accoerding to the invention therefore achieves
omnidirectional fransmission 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
delay (or phase shift} valus chosen from the Q 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 Ty the duration of the delay applied {0 the common
fead signal in order to feed a given projector, all ihat js required is to reverse
the polarity of the signal feeding this projector. This polarity reversal may be
easily obtained by swilching the feed wires to the terminals of the projector.
Thus, the set of Q signals can be obtained by generating Q/2 feed signals
coming from the same signal delayed between [0; To/2] (or phase-shifted
between 0 and n), by means of N = Q/2 feed pairs in the cable.
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In such a configuration, each pair may feed a different number of transmission
transducers, the adaptation being made specifically for the Qf2 corresponding
transmitter circuits.

The number Q of feed signals used is not nesessarily fixed & priori and does
not depend directly on the total number of projectors contained in the antenna.
However, analysing the effect on the directivity pattem of the approximations
associated with the quantization step indicates that quantizing over a number of
delays of the order of Q = 10 fo 20 values is acceptable. Such a quantization
results in the introduction of 5 1o 10 feed cable pairs in the towing cable in order
to fead all the projectors.

The invention presented here therefore advantagecusly makes it possible, by
judiciously quantizing the delays, to limit, in a rational manner, the number N of
feed pairs in the towing cable and to feed as many projectors as necessary for
the desired lave! of omnidirectional transmission.

It should be noted that in directional mode, the weighting is linear and the
phase quantization is limited as indicated above (narow-band approximation)
by the condition:

L << ¢fB.

However, in omnidirectional mode, with the delay laws defined by
aquations [2] and (4] that form the subject matter of the present invention, the
limitation on the linear antenna length for an omnidirectional mode is less
severe, It is given by the following condition:

L << (41/B)-c/B 9]
where f represents the frequency and B the bandwidth of the transmitted
signal.

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
of 300 Hz is transmitted, it is possible to use an antenna having a length that
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may be up to 100 m. For a signal of the same central frequency but with a
1 kHz bandwidth, it is even poessible to use an antenna length limited to
8 meters.

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 1(x} defined by equaticn {2}, it is at the projectors
located on the ends of the antenna that the variation In the delay is most
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.

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 tfogether in pairs, consisting of two
adjacent projectors. This pairing advantageously allows the antenna o be fed
via a smaller number of feed cable pairs than the number of projectors.
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 i3 this advantageous
feature that the preferred way of implementing the method according to the
invention exploits, one spacific example of which is illustrated in figure 5.

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 squal to
Fy = 1500 Hz. tn the figure, the projectors 51 are numbered from 1 to 32, the
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,
numbered 1 to & and 27 to 32, are grouped symmetricaily with respect to the
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center ({1, 32), (2, 31), ... (6, 27)). Each pair of projectors is also fed via a
pair of conduciors 53,

One advantiage of this type of implementation is that, aithough the antenna is
made up of thirty-twoe projectors, its signal feed requires only sixteen pairs of
conductors. Furthemore, 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
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. Therafore in
the above example, the ten pairs of adjacent central projectors are grouped
together in symmetrical pairs ({(7, 8), (25, 28)]; ((8, 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.

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.

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 functionatity is for example achieved simply by differentiating the
nature of the delay applied to the fransmit signal depending on whether it
feeds the peripheral projectors or the cenfral 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
[5], it is advantageously possible to achieve both sectorial directional
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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 Ny (= P4/2} pairs of adjacent projectors that are fed via Ny pairs
of independent conductors. The remaining Px{= P-P4) projectors, twenty-sight
projectors in the example in question, are grouped fogether in twos
symmetrically with respect to the center of the antenna, forming Na{= P2/2)
pairs fed via N(= Q/2) additional pairs corresponding to the delays being
quantized over Q states, Q being for example equal to 12,

Consequently, to achieve transmission in sactorial directional mode, the P,
central projectors are fed with Ny independent signals according to a delay
taw 1(x) defined by equation {1] making it possible to construct a fransmission
pattern in a given direction, whereas the outer P, projectors are not used.
Likewise, to achieve transmission in omnidirectional mode, all of the P
projectars are fed. The central P4 projectors are fed with N4 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 fo a quadrafic delay
law quantized over Q delay states ;.

Thus, the delay applied in particular to the central projectors may be defined
by the following general equation:

x) = %cos 0 + ax? [10]

Thus, when o is equal to 0, sectorial transmission directed along the direction
8 is obtained, whereas when o is equal to 2w/(Al) omnidirectional
transmission is obtained.

Next, figure 6 will be discussed.

This aitemative way of implementing the method according to the invention,
lustrated 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 depsnds on
the type of transmission desired. In this implementation, advantageocusly all
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the projectors are used whatever the transmission mode selected, sectorial
or omnidirectional. This allows a maximum transmission level {o 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
sslected by switching means 61 from N feed signals 63 coming from the
same transmit signal to which delays determined according to the delay law
corrasponding to the desired transmission mode are applied.

Thus, in particular, it is possible to obtain:

-an omnidirectional mode at maximum level, by applying only a
quadratic delay law of the type dsfined by equation [2];

- a sectorial mode at maximum Jevel, by applying a delay law t{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
direction & by the linear function component of 6; and

- an essentially directional mode at maximum level, by applying a delay
law t{x) that may be defined by equation {1], which describes a linear variation
of the appiied delay for a glven pointing angle 9.

Thus, in the second mode considered here, N feed signals 64 having a delay
law according fo the desired transmission mode are applied, the N signals
being distributed over the projectors by the switching means 61 according to
the contro! signal 64.

Figures 7 to 8 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
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 carier. The
linear receive antenna 73 may, depending on the case, be a simple linear
antenna or else a directional antenna comprising triplets of hydrophones. The



—

10

15

20

25

30

35

WO 2007/122267 PCT/EP2007/054120

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.

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
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
supsrposed 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.

The spacing befween 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
transmisslon direction,

Finally, figure 10 will be discussed.

Application of the transmission method according fo the invention, illustrated in
figure 10, consists in transmitting omnidirectionally in a horizontal plane by
means of 3 linear array towed in an inclined position, or even a substantially
vertical position. In this application, the method according fo the invention is
used for sectorial transmission with a variable transmission pattemn 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 cperated by a
small carrier vehicle 101, possibly autonomous and unmanned, of the USV
type for example. it comprises a linear transmit antenna 102, such as that
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described above, the intemal structure of which is optionally weighted, and a
heavy reelable tail element 103 for keeping the fowed transmit antenna as
much as possible in the vertical position, even when the carrier 101 is moving.

Thus, the antenna is considered to make an angle iy to the horizontal, this
angle varying with the speed of the camier 101. Moreover, it is also considered
that, depending on the propagation conditions in the medium, good
insonification of the water column at great distance requires this Insonification
to be generated with an angle 18, to the horizontal 104. Consequently, if the
above two parameters are taken into account and to obtain omnidirectional
insonification in @ horizontal plansg, the width of the insonified sector £8sacr
around the perpendicular to the antenna must be permanently adjusted so as
to satisfy the following relationship:

esactor > einv::l + eprop [11]

A transmission iobe meeting the above condition, with a substantially
constant gain in the directions bounded by the angle 6sector, may
advantageously be obtained by the method according to the invention, by
applying a quadratic nonlinear delay law, this law making it possible in
particular to obtain an almost constant transmission leve!l in the insonified
sector. The variation 105 of the transmission gain as a function of the angle 9
in question, Bgecr, 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 tc the operational
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 capabie of
fransmitting 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.
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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 o immobilize and
stabilize the carrier 101 in order to position the antenna 102 vertically and
thus make B8 = 0°. In this way it is possible to insonify, a larger slice of
water with a higher insonification level of for example 8 dB relative to the
level obtained with omnidirectional insonffication,

Thus, as may be seen from the various implementations described here by
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 pattem is advantageously adapted to the envisaged application.
it also allows finear antennas to be designed that can altemate, without any
modification of the structure, between sectorial transmission and omni-
directional transmission modes. [n certain implementations, the method also
makes it possible to very significantly reduce the number of pairs of
conductors needed to feed a fransmit signal ta the projectors making up the
linear antenna used.
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Claims

1. A method for achieving omnidirectional transmission of a signal
by means of a towed linear antenna of length L greater than the
wavelength A of the signal transmitted, consisting of a plurality of P
projectors (51), the spacing between projectors (51) being substantially
less than A/2, characterized in that, a transmit signal coming from a
common {ransmit signal is applied to each projector, this common signal
being assigned a delay 1(x), the expression of which follows a nonlinear
law as a function of the position x of the projector in the antenna, such a
delay t(x) making it possible to obtain a transmission pattern with an
angular aperture which can be modulated.

2. The method as claimed in claim 1, in which, when the projectors
(51) making up the antenna are substantially equidistant from one another
by a distance substantially less than A/2, the delay law applied fo 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:
(X) = ox?,
where o is a coefficient related to the desired angular aperture of the
antenna.

3. The method as claimed in claim 1, in which, when the projectors
(51) are separated from one another by a distance that decreases along
the antenna from the center toward the extremities, this distance being
substantially less than A/2, 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
of the form:

7(x) = ié[|x| +LIn(L—[x)],

where c represents the speed of sound in water.

4, The method as claimed in claims 1 to 3, in which a delay ©'(x) is
applied to the signal, said delay t'(x) being equal to the delay t(x) modulo
a period Tp corresponding to a central frequency of the transmitted signal,
the values of 7'(x) being quantized over Q levels, from 14 o 1q.

B. The method as claimed in claim 4, in which projectors for which
the quantized values v of the delay t'(x) applied to the signal differ by To/2
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are fed via a 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.

6. The method as claimed in one of claims 1, 2, 4 and 5, in which,
the linear antenna comprising central projectors and outer projectors, some
of the central projectors of the linear antenna are grouped together in pairs
of adjacent projectors while the outermost projectors are grouped together
in pairs of projectors that are symmetrical with respect to the center of the
antenna, the projectors constituting a pair being fed with the same signal T
(52, 53), these groupings making it possible to achieve either sectorial
transmission using only the central projectors, or omnidirectional
transmission using all of the projectors.

7. A transmit antenna for implementing the method as claimed in
claim 6, characterized in that, each projector (51) being 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.

8. A transmit antenna for implementing the method as claimed in
one of claims 1 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
by a distance substantially equal to half the average value of the
wavelength A, 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
receive antenna (73) and a linear transmit antenna (71), said linear
transmit antenna comprising projectors arranged along a single line,
according to an arrangement 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.

10. The system as claimed in claim 9, in which the linear transmit
antenna (71) is an antenna made up of flextension-type cylindrical
projectors (81), and the linear receive antenna (73) is an antenna
consisting of hydrophone ftriplets arranged along one and a same line.
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11. A method for achieving an 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 by a
vessel in any navigational position between an horizontal position and a
vertical position, characterized 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 towing vessel (101), in order to
modify the aperture of the insonified sector according to 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 a transmission pattern having an aperture angle
Osecior, N retation to the plane normal to the array of the antenna, that
satisfies the condition:

9sector > B|'nc:l + eprop

where Biq represents the angle of inclination of the plane normal to the
array of the antenna in relation to the horizontal plane and where 6
represents a maximum elevation angle of the direction of the acoustic
transmission in relation to the horizontal plane.



