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for a towed linear transmt antenna for transmtting in omidirectional
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Fecept on or AP EE FRERWBNTA SRR, e Tealed up, the depl oyrent
and recovery of which are relatively
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 fo fong 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 10 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 transmt function is itself
achi eved, by neans of another, specific antenna incorporated into a towed
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antenna, which is again linear and reelable, and in configuring this antenna
s0 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 channe! 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.



Since the transmt sectors are wide, a nmuch smaller nunber of sectors than
the nunber of projectors is sufficient. WO 20071122267 PCT/ EP20071054120 3
Such a systemoperating in directional or sectorial transm ssion, or in RDT

mode, mai nl ywip2obyq283¢es of drawback. The first drpypeEeon?ozasosi at ed
with the sectorial transm ssion node 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 nunber of pairs in the towng cable, in particular if it is desired
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i nvention i spatiomanipd i§ aesireitb &erROlargtbnanberdfipesjetiengl transm ssion by
means of a towed |inear antenna of length L consisting of a plurality of P
projectors suitably spaced apart, as will be described |ater, over the

| engt h oft0t hEheageesnthdravdrack ds ithag, evernppingi agROTetypedenspissien tarde, a si gnal

com ng from 4RRidFEEREHAI Eé@?ﬁg?@?sdﬂtﬁ‘uﬂé&_b&%t%ﬁng tHeASohitib@dettdAt 1S assigned a
del ay whose value follows a Taw of variation as 30 a function of the

position of the projector in the antenna. According to a preferred way of
i mpl ement i ngThéelunattamodf sraosmisisivg ro eable sectoreist fedncedfonra giverrtotal whose
proj ectors %@&M?@Bﬁ%ﬁé' The FEU 94 %él-[?r tﬂQ@‘ﬁﬁ th8thsBUSH birinflfetiordi 0se
together, that 1s t0 say spaced apart” by a di stance S
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 4/2, the delay law applied to the signal as a function of



35 substantially less than ?J2, the delay |aw applied to the signal as a
function of WD 2007/ 122267 PCTI EP2007/ 054120 4 the position x of the
projector with respect to the center of the antenna is a quadratic |aw of

the form T(\)é) = ax'. 5 According to one particular m’[\:{{EOf i_z})l enenting the
met hod accorWhg084 128457 i nvention, on an ant enna WHSSHERRBPEOFA120 o1 ¢
substantially equidistant apart and sufficiently close together, the | aw of

variation of the delay applied to the ignal 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+LIn(L-Ix!)]. According to the Invention, the delay T(x)
appl i ed to tthe misdioal x o6 thegprajediar witeresghebbtp the(oegnteroafuthe antgmera isda To

correspondi ! 6[:requency of the transmtted signal, the i(x)
val ues bei ng&qél%ttcpgng g_(’/éefér |l evels fromTl to 15 To. According to the

i nvention, the proj éttoifs™ the quantized values Ti of the delay for which
differ by Tol2, are advantageously fed via the sane pair of feed wres, by
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out er nost pr%eqc‘tors are grotgped i,oget Qg{ |?n?éé)a| rs.of projectors that 25 are
symet ri cal $97H as&Typeton of 1R LOSIUAR &0f e proiecion withips o ke Lerehr s
consti t uti ngpfdheantenaads bhbedbone fed with the sane signal -ci. These groups
advant ageously nmake it pogsible to gchieve either sectorial transm ssion,

usi ng onl'} the cent r’fé’F)’pngjaéldtLdff‘@,“la}]-onni di rectional transm ssion using all
of the projectors. 30 AnGt her subject of the invention is a |linear antenna
suitable for optimzed inplenmentation of the nmethod according to the

ivmnyeﬂt } on, fAdcoMihg o teinveRtash, fith 8dlay RE)RRIIES Ot $ighalq¥eqaalt@nthé near | aw,
'c eat urc?elay 1(X) modulo a period Tp corresponding to the central frequency of the
transmitted signal, the t'(x} values being quantized over Q levels from 4 to
15 10

According to the invention, the projectors, the quantized values 1 of the delay

for which differ by Ty/2, 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 1. These groups
advantageously make it possible to achieve either sectorial transmission,
using only the central projectors, or omnidirectiona! transmission using all of
the projectors.

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 folliows a nonlinear law, which feature
advantageously makes it possible to minimize the number of delays 1, to be



advant ageously makes it possible to mnimze the nunber of delays T; to be
WO 2007/ 122267 PCT/ EP2007/ 054120 5 achi eved, while optim zing the nunber of
transducers fed with a signal assigned the sane delay s;. Yet another

subj ect of t is a nmethod for achieving L d | 5
transm ssi on %bmﬁéﬁ}zont al plane by neans of a mgbﬁﬁﬁi’ﬁgﬂm enna of

|l ength L, consisting of a plurality of P projectors, when this antenna is
towed so as to be inclined between theshorizontal and the vertical.
According to this nethod, each projector is fed with a transmt signal
comng froma common transmt signal to which a delay is applied, the value
of said del BAchieyedowhilg aptimizingn the)swmbesvpfa ransduaess ifed Wih ttheignebi ti on of

t he proj ect ayssighetifiRe 88meieday According to the invention, this lawis
defined so as to obtain sectorized transmission with a sector of aperture

such that the insonifying in the horizontal plane remains omidirectional.
15 The essenYétanO&mfaubpgbome\imMODys aimsthed fordichieyvingdemyidirectidral i nvent i on
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i oot vi Ty AROIUPadode ARV OBn s daoR: e 37 Goc B SaFENERs | but od
over its !ertgim;mummemtteuaw@eomamfnederbureapmrylthg theo insthhifiying trr dfmsm t
si gnal , e'thﬁrizﬁﬁﬁygﬁ%? [ of?m%ﬁ tf'?ﬁ'tbf: delay 2(x), or the delay produced

by the net hod accor Invention; - figure 2, the |aw of variation,
as a function of the proj ector in question, of the delay c(x) to be applied

to the refermiceasdariBpadvantadiplovided 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 pattemns of an antenna comprising
projectors equidistributed over its length, these being obtained by applying, to

30 the transmit signal, either conventionally a quadratic delay (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 t(x) to be applied to the reference transmit signal, in
order to obtain the pattern shown by the solid curve in figure 1;



order to obtain the pattern shown by the solid curve in figure 1; WO
20071122267 PCTI EP2007/054120 6 - figure 3, an approximate formof the |aw
of variation of the delay t(x) of figure 2; - figure 4, the |l aws of

cont i nuous vari ation of the phase ransmt

si gnal corﬁ@?pgﬁ}t’@% the | aw of variation of thgbe‘iéﬁé’séflggw of figure
3; - flgures 5 and 6, illustrations of alternative ways of inplenenting the
met hod according to the invention, figyes 7 to 9, illustrations relating to
an exanple of a sonar system equi pped with an antenna for inplenenting the
met hod according to 1o the invention; and - figure 10, one particul ar
exanpl e of inpl emenfigurg 3.han ﬁﬁpmmatad@mmfﬁi@e lay phuaniatieenef be delay
transmtting grmlf UféaQt ionally in a horizontal plane. 15 DETAI LED

DESCRI PTI ON | rst | gur.es a wil | di oned above,
T oo 11 oot LB 58 s Py B e eai SN TR RBRE . e
of several mfdhec&fermmﬂyarﬁmshsgdatt coirespmiding @ thedbarofi variatipaoé thelhi s
transm ssgorhdl% gg%ﬁ By feeding each projector with a signal coming
froma comon {ransm hal to which a variable delay c(x) is applied,

the law of variati oﬁgteiﬁs\/ﬁ@eﬁ §.dllystratings of jaligmadive vr%@f aplementiRg  desired
poi nti ng beanrs AtRod gb@ﬁﬂjmg td ¢hd ingeildrns of the antenna. Consequently, 25 the

del ay appl|edtoa o] dat a . dist ncexfromt e central point
of the antenna has eaeﬁoﬁoa%s @@3 @'é Soﬁelatﬂgk Q)&{bgggsnpﬂelj T8l e ¢

represents tSyeteﬂpeadippeci gdliman antenna dor. ingdermarting:theorethodaatording ¢o t he
I nventi oqocqﬂél,rﬁ;egt“f,,l, TsHd Y i n applying, to the signal used to feed the
proj ectors, a nonlipear gg IawﬂS % F a functl%n of th(f position
x of the projector [U§udS: PBR RRtiFHIAkE &Y 9(8 t“ﬁ'@leme“t'”g the metho
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 t(x) is
applied, the law of varation of which is a linear law as a function of the
desired pointing bearing 6 relative to the axis of the antenna. Consequently,

25 the delay applied to a projector located at a distance x from the cenfral point
of the antenna has the general expression:

r(x)=§cos(e> [1)

where ¢ represents the speed of sound in water.,

30 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



center of the antenna, the expression for which |law varies as a function of
the structure of the linear antenna in question. 35 WD 20071122267

PCTI EP20071054120 7 Thus, in the case of an antenna consistin

proj ectors SYEhROG7/822267 buted over its |ength, thé’QTIEﬁ'QﬂO'éfggéhz%eam may
be enlarged so as to obtain a directivity pattern such as that shown in
curve 11, as the solid line, in figure _!’L by superposing, on the linear
delay |l aw given by equation [1], a nonlinear, for 5 exanple quadratic, |aw
T(x) as a function of the position x of the proj ector wth respect to the
center of tHEwa)te iR cadd of QANEHtehnLEGHSHSIgosT profectdrs equally distribukéd) axZ [ 2]
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t hi th t t ul t
\(ljme5| Irgd Pr a??@t‘ﬁ'@% |°(5‘ﬁl T "&ﬁesvgf'i‘r:'ll&%f‘ @ @Br‘goslt‘ i a%ié%%[?ﬁ%lgmft he

t ransmni ssi onwifratdspeat tohhalcaatér\of tHe antedfa.| Theegenenalt expressicomior thes haw
thirty-two gguidistant projectors and to the application to the transmt
signal of a quadratl e%ay |?\9] T(x) according to equation [2). Curve 21 in
figure 2 represent% }FeXT aw o variation, as a function of the 25 projector

in question,, of .theld %yLr(x) to be applled to the comon reference
si gnal , corrggﬂlﬂ?ﬂj @f phe 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
ant enna éBnpri sing thirty-two projectors equidistant apart. 30 Simlarly, in
t he case of Ewe evdfficient adspelatadnigerditetthe Rngekdr ppefta of thewrdrsmission

pattern that it is desired to obtain. In general, a coefficient a of the following
form is chosen:
a=3x2n/(AL) [3]
15 where % is the wavelength and where B represents a coefficient whose value
lies within the [0, 1.5] interval, determining the angular aperture of the desired
transmission pattemn.

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 1(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 t(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.

30 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
1(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:



vari able pitch along the antenna, the transm ssion beam nmay be enl arged by
superposing, on the linear delay |aw given by equation [1], a nonlinear |aw
T(x), the expression for which, as a function of theé)osition x of the
projector VWHh20@HH2226Tt 0 t he center of the ant enn®CT/EPZOOER5KY29 he

foll owi ng equation: WO 20071122267 PCT/ EP2007/ 054120 8

e(x)=ti El x1+Lin(L-1x,)] [4] 1in which -1x51 2 2 In the two cases nentioned
above, an omidirectional beamis obtaihed by 5 applying the appropriate
delay law on conditi ondhovvever that particular precautions are taken as
regards the distr.} ' of o] ors ong the antenna. This is because
itgi s known from#ﬁg’%b:’ﬂé(r-"%ﬁ{l'%lﬁgﬁ, inﬁ?hegcase of an antenna 10

conpri sing equispacgd proiectors with a constant pitch d(x), the directivity
pattern shommvﬂ‘ic'h‘f}lﬁétfi‘gn of the variable u = cosO, 0 being the angle
between the direction in question and the direction of the transmtted beam
(u = cosh, which varies from-1to +1), is a periodic pattern with a period

equal to Al dn the thoedaRES eentoped \Yote abh dpirdidirdchiahaMbstr i§ ©btdined By
prohi bitiye os the, directivit att t nmust

i.Ilations of rn h itch d
Satisfy, Ho RRG e “FproratEadelayrBw, pr; eandiin Brever SdPedictT ¢ he
fol | owi ng ecpratautions%am takenlbs magardl-Hble[ dibtributi@® ofihprojectdrs ragngdeat s t he
transition & the directivity pattern represented in u space. This
condition usually leads in the general case, for an antenna having
equi di stant projectors, to the use of projectors along the antenna with a
pitch 25 d ‘Bhis ehbésausesSistknawvn\froriane \vebr ait thathi teseaserofdn siteanslel ay | aw

benaves 0 rEnGr B poustaty BroiRRpls Wik 3, E55Tant ﬁﬁ? B0 bieL Bty o v
to ?2,/3 pattern shown as a function of the variable u=cos8, 6 being the angle

between the direction in question and the direction of the transmitted beam

(u = cosB, which varies from -1 to +1), is a periodic pattern with a period

aqual to A/d.

15

Therefore, to avoid aliasing that would resuit in prohibitive oscillations of the

directivity pattern, the pitch d must satisfy, as is known, in the case of

omnidirectional transmission, the following equation:

%22+Ul@ds [5]

2+U,

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 having
equidistant projectors, to the use of projectors along the antenna with a pitch
25 d slightly less than A/2. However, in the case in which a delay law such as
that described by equation (2] is used, the transition band U; behaves

dimensionally as ,H/ , which means adopting a close spacing of A/4 to A/3

for the distribution of the projectors, depending on the number of projectors in
the antenna.

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



VIL for the distribution of the projectors, depending on the nunber of
projectors in the antenna. 30 In the particular case of antennas havi ng
non- equi di stant sensors for which a delay |aw such as that described by
equati on [ 4]WiGs2@(iM22267 o t he signal, the WO 2007/ PIZUEP20CH/06S2207/ 054120
9 condition [5) applies to the outernost projectors of the antenna, which
are the closest together. The transition band Ut again behaves
dimrensionally as F , which neans havi r%) for the pitch d(x = L12), a close
spacing of RF'4 to 7?J3 depending on the nunber of projectors of the antenna.
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This is becgdse whith hitamsanjreg farthe pitch dix <8 &iclosei spabivig dfedpest ed, the
lo transmtt signal is no longer the sane in all directions and is
t her ef or e nd/3ldepgrding onlthie axmbet veprojentuat obthiengnteond.he al | asi ng of the
directivi Ly pattern that results therefrom Next, figures 3 and 4 will be
di scussed. 15 Since the transmt signals used in active sonar are signals
having a bakticandition deosed amthe spanintPetvasfuBRISClI) istar egsemil
SCFOF d: ng LQ:anﬁionl e Mak Ofh Wughclsé %?Sﬂféoﬂﬁhduﬂggoﬁm Qﬁtlter&ﬁéld%dt Bﬁ? applied
elay |aw by, i expression nmodu 0 = : equen he del ay
appl T ed to Sneelrecbibe SRt gt e e acneds B erbot i) ng
equi di st ri bus ebdegausieecif othis  projeictorbepacipg essretitiars :is - nb{ xpspeced ndbeil 0T0] [ 6)
25 2ppl | G0 (SR SGRpl IS RiBpP UEPSAMFIP G TRECIA Y 4 [EuBlerdrerhgse | aw
PP longer tru?y gmnidirectional owing to t%% al?aging of the >éirectiv y pattemn 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 Fp, the method according to the
invention consists secondly in approximating the applied delay law by its
expression moedulo Ty = 1/Fy. Consequently, the delay applied to a projector,
20 for example in the case of an antenna having equidistributed projectors, will

be expressed as:
1(x)=0x? [modulo T,} [6)

This modulo Ty delay law is more simply expressed in terms of a phase law
25 applied to the signal in the form:

®(x) = 2nFy(x) (7]

In the case of a delay law 1(x) chosen to form channels, this approximation,
called narrow-band approximation, is acceptable provided that the following
30 cendition, which is relatively constricting and links the bandwidth B of the
signal to the antenna length L, is met:
B <<c/l (6]
where ¢ represents the speed of sound in the propagation medium.



In the case of a delay | aw c(x) chosen to form channels, this approxi mation,
cal | ed narrow band approximation, is acceptable provided that the follow ng
30 condition, which is relatively constricting and |inks the bandwi dth B of
the signal WO 20@7/48226ha | ength L, is net: Bccc/ L REWVER2O0?/054120r esent s
t he speed of sound in the propagation medium WO 20071122267

PCTI EP2007/ 054120 10 However, in the case of a delay |aw of the type
corresponding to equation [2) or equat1ioon [4], which are used to obtain
omidirectional transm ssion, a nuch |less constricting condition than

condi tion [ BHowevaPR! the&as8 of BadeldyRwlsiahe hpd draspbhoRgas eangiicw{do the

I nventi on of agﬁrcim %I ogs [6%&and [t7] LS. 5 g%ner‘all i ossi.bl.e.

Substituti ngora lé?w w3y 8 HF’% PHPLaIR; PEIdirgE "?ﬂg{l SIHSYHY Fet hod
accor di ng t omuble I¢ssveamstristing aenditign dean echvditinra B is Fpplied so ted s eset linits
possi bl e varihaf.0 ! BEcH8hg Yot el ' NN | | to an
10 interval lr?:?‘b 'Ell'gﬁ"é’y?n atllhgnmoff?‘et ﬁt\a’ p gsgfjg\bﬁgotﬁzﬁ%%rﬁa bégtds\/\ggggo and
2n). This® 4RMERINGQSIOI8.cature 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 cur orelatin h n he. directivjt tern

I 1lustrat eg %@Estt'ltnlgﬁ]gu {/%giﬁqa‘%ng'?qargégﬂnq.tn%l\éhqlﬁleaﬁ@?’h%g’ gqcl('ﬁr\éé &ﬁ%‘@g{‘o t he

i nvention coarbosding tithel inyvention nast & gresd advantegieayhisyisl brecausbtiblimés for t he
ol enents nt R e VBRALGD ofitng IAS PR aptidtto BIEVENSRE AT 21 ot (o
Tol it delealtl s hobanaiet ahihe chasecor the sbral Bt § BadianPiga 50 Wi n
the transm tadiagtegieoas featureds ilustrated ﬁyltha_lds!bpsmeﬁnﬁloy\m(in)ﬂgim atntihe
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met hod according to e 1nvention, the delays are erefore quanti zed over
a states. Asidipaitadhe antepea haviegthe directivity patarallustratedm thepurdh 1l evel s i s
such that thafighrdi.uctuation in bearing of the transmtted |evel neets the

fixed reﬂgi rements. Thus, for exanple, for quantization carried out over 16

steps, t expect ed
The method according to the invention consists thirdly in quantizing the delay

values obtained for the various projectors making up the antemna. In a
preferred way of implementing the method according fo 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 t(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 Q 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 caried 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 signai by applying a specified delay 1
from among the possible Q delays. This limitation by quantizing the possible

35 delay values advantageously allows the number of pairs of conductors needed



theoretical fluctuation of the transmtted signal |evel as a function of the
bearing is 1.5 dB. 30 The quanti zation operation, judiciously carried out,
has a great advantage. This 1is because it allows all the projectors,

what ever t hanNQuadeR/12d267r oj ectors naki ng up the anpPOTEP2007/08412d wWith a
limted number of Q signals, each signal being derived fromthe transmt
signal by applying a specified delay t; fromanong the possible Q delays.
This limtation by quantizing the possﬂlbl e 35 del ay val ues advant ageously
al l ows the nunber of pairs of conductors needed WO 2007/ 122267
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limted to maxummnu rs. dvant ageous tsthe

conpl exi ty ThisadvantagesHsly F@Smﬂmm 'B’rﬁ!ﬂi‘q Pﬁé%sé’oﬂé'P and al so
the quantit ymfemdgmmsdmysbanwalsd tlamduarititgeofeémacfoketm Qdud axﬁd t he

ant enna feeqh&%%rgtheswggﬁtmﬁé ﬁ'teﬁH figure 4 shows, by way of

exanpl e, the phase vari aw 0 ral ne y carrying out the quantization
over 12 sbates of the phase law represented by the curve 41. The fact that

this exanpl o s 5“922"”‘"%9?‘3‘%%% (ehoRISPBY AR H SRamB, the fEesaare, L hrouan
i ement od 18Y RN PRGATIES Gl SRR otR P Sioles AHPSRNSRERY s i ¢ el 1
only possi blrepraserted dypthgicugvet At Ttmfamtz\ftttmmb capps dli ared 42 mré girtublly nonl i near
law T(x). T%szub%%'eféérgneéﬁwbﬁét P, thRsugh! béé’ffﬂp%ér{ﬁ&' éaoahtéﬁegﬁst hod

accor di n R L t tenna s fepresented
by the dd@t g afeha muantizatiog itep imp Q'Wén@ﬂd&bﬂ@l wethed acropdingde e hi s curve

gn]g thg L heaneintion mwhvﬁequtltsleti%hb)po@ﬁbleY%ﬂf@ piving | the aareby-Band a¥v ]
efine y ates the advantageous nature of the
met hod accor B%dhﬁ%cﬁ% tﬁ+ ﬁg'?;\lm% gﬁ{lﬁ@ Thus, inplenenting the nethod

according to the invention therefore achieves omidirectional transm ssion
directly by v@aanﬁec%tya htkdHR aSf tﬁ@tsﬁhaaosemal @ ﬂ*& ﬁqetﬁbldlééidrﬂlb{g @b tiy oj ectors,

by feedi ng t|rr|1veesn io b?r%grﬁtew byq.he an?/enga is rep %peJ by ﬁ'e 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.

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 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 T, 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 Q/2 feed signals
coming from the same signal delayed between [0; To/2] (or phase-shifted
between 0 and =), by means of N = Q/2 feed pairs in the cable.



each of these signals being produced froma conmon signal by applying a 25
del ay (or phase shift) value chosen fromthe 0 val ues adopted. However, It

i s advantageous to consider the following point. If account is taken of the
fact that tWORRM7122267a hal f-period To the durati BETHEPZRT/A24130 appl i ed
to the coomon feed signal in order to feed a given projector, all that is
required is to reverse the polarity og the signal feeding this projector.
This polarity reversal nay be 30 easilyzobtai ned by switching the feed wires
to the termnals of the projector. Thus, the set of Q signals can be

obt ai ned by |genét atdonfigétaiorf, @a6h pal md\Sfeed endiffigreht mumbdreoftamenasgnal del ayed

between [0 ; =shifted e r f N=Q2
feed pairs It;}aﬁ%@eg%&ﬁg%'&%ﬁﬁ%%%Tgﬂ%% %‘?‘Eﬁ%@ﬂ[}é@%@*ﬁ&ﬁm ch a
confi gur at i dranseéten cipedits. may feed a different nunber of transm ssion
transducers, the adaptation being nade specifically for the Q2

correspondi transmtt i rcuits, 5 The nunber of, feed. signals used is
ot | necest ar e MG 20t et sonals Nrgds Nof BPSTRSREM DAY A AEOPFS ¢ of a
nunber of pmot depandsdimmtiy anrthel total numbeatnf erojectorsHaweaieed inghalantEnmg. t he
effect on t | LVl t f ' ' ' ith the
quanti zati on%ﬁggﬁicér]d&:(%sg%e@%t é}fgdtbpaﬁéné pgrﬁﬁg}&g%lrug? %ﬁﬁ%earﬁ)g?ﬂ&gg%ggswof t he
order of Q =2B8otigled withihe guantization sigp slicatesinahquaniigingtavendingmbes of esul ts in
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o fee rpj ectors.,. i n i on.,.presen ere refore
advant ag&u#?’ﬁtﬁg@% 'M‘?ﬁ'gp 8?3 ,to ﬁg?eﬁd&ﬁbgﬁ | 'b?‘a%@m’?%%ge {‘h%’d8%| ays, to
limt, in atefsadaldhe pejeators. t he nunber N of 15 feed pairs in the tow ng

cable and to feed as many projectors as necessary for the desired | evel of
omidirectiqpal, transm ssion, It shouyld be noted that .in directional node,
the wei ght i ﬁg"ei igvention freseied here %‘ﬁ&%@e ANTBgRPLEIN MakeshpRIPRCEY ndi cat ed
above (narr gudidiausly qpantizitignthit idelays, t30indily irt & eatiboabimbimesT, the<aavitr N bbwever, in
omidirecti %de ' ' ; e ' and [ 4]
that for ?né t ﬁé;&ls Je@tthg\rr%%gé '&g?@t ng){% tf%és’%g%fﬁ{dﬁ‘??ﬂ?@%&ﬁfs ﬁl@éde%géry[fg}

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 <<¢/B.

Howaver, 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. |t is given by the following condition:
L << (4f/B)¢/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



25 limtation on the linear antenna |l ength for an omidirectional node is

| ess severe. It is given by the follow ng condition: L cc (4f1B)c/B [9]
where f represents the frequency and B the bandwi dth of the transmtted
signal . 30 TWO 2887122268 i s necessarily greater tharPQT/EP2007/05432B and
consequently the antenna length limtation is therefore less restricting in
the case of omidirectional transm ssion than in the case of directional

em ssion. Thus, for exanple, if a sigﬁél with a central frequency of 1.5
kHz and a bandwi dth 35 of 300 Hz is transmitted, it is possible to use an

ant enna. havi iy @9 Hob e %%é&éﬁ%@arﬁ%ﬁﬁé%d%}&t% amy be up
bandw dt h, 1 Kz BAERISBS & B Vb RSy Caes A anEAgR Hength fafied Jo ‘o

meters. 5 Ne&metéisgure 5 will be di scussed. As may be seen in the preV| ous
figures, in particular in figure 2, in the case of the quadratic delay |aw
r(x) defined by equation. | It is at the projectors |ocated on the ends
of the anPeriNgX f\%i-!’etf’n‘@"KP&’rq'%ﬁqséﬁdl n the delay is nost 1o rapid.
Consequently, the condition (5], which represents the double constrai nt of

correctly s |l nt ai_ni

correct Y. SoRPhNthet TSt bR e VEERHB 2. TR BRBAT 2,
furthest awdpefquadratitcedeleytlaw 16*) definesnbye equatiors [21n itds ratrthe tprojestaregar ds t he
obser vati on '255‘@“%%3{&2"%%”"53.‘%'*""‘Lmq‘@g“"*’%?é?"r e ey W%‘m 13 Zone
can be grBup"@B' BEgayently. {S‘e?l?o@dqi?gﬁg &‘?’f‘]’?d’eB tﬁﬁcﬂ%‘@f@rﬁo Btct or s.
This pairi ngnfackmemlggmmnllng td owst trapid addlay variatioree whild muintaiaingnal | er
nunber of fe I o ﬁ’lw r rnore, it
has al so beegdﬁ‘sg%ﬁ thalg Bettv\fé%ﬂ {H% P s@r%nhgﬁlfsq &% %ﬂg{ogérg&)rgiéavé}% th
respect to tiWehestaway fﬂmtﬂh%c Péﬁﬂée antenng. possi bl e for the synmretrical
projectors to be fed via the sane pair. It is this advantageous

15 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 sgual to
Fg = 1500 Hz. in the figure, the projectors 51 are numbered from 1 to 32, the

30 center of the antenna being located between the projectors 16 and 17.

The twenty central projectors, numbered from 7 o 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 symmetricailly with respect to the



feature that the preferred way of inplenenting the nmethod according to the
I nvention exploits, one specific exanple of which is illustrated in figure
5. 25 This exanple of applying the preferred nethod of inplenentation

consi ders AWNCa200Th2226@de up of P = 32 projectors PLTER20Q7/854120 t he
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 nunbered
from1 to 32, the 30 center of the ant&nna bei ng | ocated between the
projectors 16 and 17. The twenty central projectors, nunbered from7 to 26,

are grouped demtgral 1,53Df (2,a8t)aceqd, Bnp)Esdhopsir 6f projéotors(i8.aldd¥ed via 4 25, 26) ).
Each pair of%or Jectorts |§3fed via a pair of conductors 52. The renaining
twel ve | at erP" r°6’P8898Fss, '35 nunbered 1 to 6 and 27 to 32, are grouped
symmetrically with respect to the WO 2007/ 122267 PCTI EP20071054120 14
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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



As a result, by applying a quadratic delay |aw quantized over only 11 states
to the transmt signal, omidirectional transm ssion is achieved by neans of
a |inear antenna. 25 One advant ageous feature of this preferred alternative
way of i npl eWh2007/12226Y net hod accordi ng to the i nRGTIER200Z/054420it al | ows
both omidirectional and directional transm ssion nodes to be used. This
doubl e functionality is for exanple achieved sinply by differentiating the
30 nature of the delay applied to the t'Pansnit si gnhal dependi ng on whet her
it feeds the peripheral projectors or the central projectors. Thus, if a
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projectors 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 P, projectors are fed with N signals corresponding to a quadratic delay

faw quantized over Q delay states ;.

20
Thus, the delay applied in particular to the central projectors may be defined
by the following general equation:

r(x)=§cos9+qx2 [10]

25 Thus, when a is equal to 0, sectorial transmission directed along the direction
® is obtained, whersas when o is equal to 2n/(AL) omnidirectional
transmission is obfained.

Next, figure 6 will be discussed.
30
This alternative way of implementing the method according to the invention,
fllustrated 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 alt



| aw quanti zed over Q delay states sl1l. 20 Thus, the delay applied in
particular to the central projectors nmay be defined by the follow ng
general equation: s(x)= xcos 9+ax2 [10] c¢ 25 Thus, when a is equal to O,
sectorial tr\Ax200HAR228T rect ed al ong t he directionPCY/ERP2007/854¢20 wher eas
when a is equal to 27r1(A L) omidirectional transm ssion is obtained.

Next, figure 6 will be discussed. 30 This alternative way of inplenenting

t he net hod according to the i nvention, 1611 ustrated by figure 6, is intended
nore particularly for a sonar system conprising a linear transmt antenna
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| evel to be "‘achi eve ant enna each” proj ector

61 is fedSvitpleptoh iy peitthing mransob dom it fends signals; §& coguee dioghae appl i ed
to this pairsdmes bgndmiaigred aﬂwh;chmiawuétgnﬂma&ceérd‘rﬁ to {hef @iy fivgnal s 63

Co the del myapSifFect 1B Sifsﬁt’f%“?h'éés? Uhbia =i sl on mode are

applied. Thus, in particular, i S possi bI e to obtain: 10 - an
omi di recti Oﬂﬁjs PPEriekiarpis gggg,i,;g\{gbbtéw applying only a quadratic del ay
2o boSanels ﬁ%f . SRRkt e | o B @bt PheAPiid el o o)
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can be dgf?ned by equation [10], the aperture of the transmission sector being

produced by the quadratic component of equation [10] and the transmission

15 direction 8 by the linear function component of 9; and
- an essentially directional mode at maximum level, by applying a delay
law (x) that may be defined by equation {1], which describes a linear variation

of the applied delay for a given pointing angle 9.

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 1o
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 diractional antenna comprising triplets of hydrophones. The



an essentially directional node at maxi num | evel, by applying a delay |aw
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

‘nmode consi dw@2obdeme226Y f eed signals 64 having a de@YV/ER2O7AOSAIR20I Ng to the
desired transm ssion node are applied, the N signals being distributed over
the projectors by the switching neans 61 according to the control signal

64. 25 Figures 7 to 9 will now be disddssed. Figure 7 shows schematically an
overall view of the antennas with which an exanple of a sonar system
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substantially constant di'anmeter ©of possibly less than 100 mm and may

advant ageously be reeled up on a wnch. The transmt 1o sections of |arger
di aneter, 1B0Ooms efrfbodimertaf sechrgbystenvpifiusteateid d tiguiet 9, ys powsilvle tof
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within the comntext 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 advantageocusly 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 pattem width by
applying a nonlinear delay law o 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



I nvention. Advantageously, this configuration nakes it possible, for exanple
within the context of omidirectional transm ssion, to mnimze the energy
transmtted in a vertical plane, both upward and downward. 20 The spaci ng
bet ween t he WDR0971122267 ennas 92 and 93 i s then typPCTIER2007¢0520 of the
average wavel ength. This configuration thus advantageously makes it

possible to concentrate the energy in a horizontal plane, whatever the
transm ssion direction. 25 Finally, fl‘tﬁure 10 wi Il be discussed. Application
of the transm ssion nmethod according to the Invention, illustrated in
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[11] constant gain in the directions bounded by the angle Ogector, 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 6
in question, Ogeqer, to the omnidirectiona!l 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.



15 A transm ssion | obe neeting the above condition, with a substantially
constant gain in the directions bounded by the angle Asecror, may

advant ageously be obtai ned by the nethod according to the invention, by

appl yi ng a (Wed0td7i122@6Wl i near del ay | aw, this | aw RERVER2007/@54E20bl e i n 20
particular to obtain an al nost constant transm ssion level in the insonified
sector. The variation 105 of the transm ssion gain as a function of the
angle 8 in question, 8secror, to the Wmidirectional level is represent ed
synbolically in figure 9. Such a broad transm ssion | obe obtained by the
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It also allows |inear antennas to be designed that can alternate, w thout
any 15 nodification of the structure, between sectorial transm ssion and
omi - directional transm ssion nodes. In certain inplenentations, the nethod
also makes it possible to very significantly reduce the nunber of pairs of

conductors ne atransmt signal to the | 19 up the
i near antenn@ftﬁgg{ﬁf}‘%\?f&oow 122267 PCT/EP2007/ %41?&"@8&@'&9%[{;. A
nmet hod for achieving omidirectional transm ssion by neans of a towed

| i near antenna of length L greater tHapAMEB wavel ength X of the 5 signal
transmtted, consisting of a plurality of P projectors (51), characterized
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separated from ane anot her a distance that decreases fromthe center
toward the exTPEHEt s, this distance being substantially less than ?J2,
the delay law applied to the signal as a function of the position x of the

%?Xl)or_f’l[ eg} Tu !hv'( tth r esrﬁm"e%e{h%dtéb cIGRYEh Mimt 15n WHIGH Wohenth8'ordjB&tofLT M

15 (51) makmg up the antenna are substantially equidistant from one another
by a distance substantially less than /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 a quadratic law of the form:

(x) = ox?

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
A2, 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:

x)= ig—ﬂx|+Lln(L-|x|)].

4. The method as claimed in claims 1 to 3, in which the delay 1'(x)
applied to the signal is equal to the delay t(x) modulo a period Ty

30 corresponding to the central frequency of the transmitted signal, the values
t'(x) being quantized over Q levels, from 4 to 1q.

5. The method as claimed in claims 1 to 4, in which the projectors
for which the quantized values 1 of the delay differ by Ty/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.



c 4. The method as clained in clains 1 to 3, in which the delay (x) applied
to the signal is equal to the delay T(x) nodulo a period To 30
corresponding to the central frequency of the transmtted signal, the val ues
T '(x) being quantized over Qlevels, fromTj to To. 5. The nethod as

clainmed in clgj 4._1n which the projectors I | uanti zed
val ues x; of WH@T’agszer by To/ 2 e fed via thgwégb@;ﬂég$@d pair, by
sinply reversing the polarity of the f wires, the nunber of pairs of

276, "The et oo as, <1 el Sarigt B che SFUERS/1, 2 £R60 S I WERA 110000

of the centr a$orpe 6f thex eardrapprojecionsiof &g linaar entrongrase grepssdogeyer ifer i n
pairs of adj agfifd oP!4j&Ene projeB@rd HAdOtHeE bIfFOBY Praj6dtarsS afd raliguered

together in pairs of. projectors that are synmetrjc th respect, to the 5
conter of tholaRiheR n Pscoh PR, Rt G PRunPHGaL i BBERnG Ihei i (b che
sanme si gnad réentaef $@)antemmess éhe pojestorsasanstititingEopair bkingt fedawith thee ei t her
sectorial tr L S5 ihn ro| Akgdi recti onal
Cranam osi on Labe Y L2y B3R thded BRUpE Thilgh R BB LG acRbBRAEY £

i npl enent i ng $4RCTRLFAREMISSIQN Using P thecrential Projesiarsaadr simnidiestionahat , when
each proj ect ofradrdission usPd all of tile pRfOtdisc  pair of conductors (62), it

i ncludes switching nmeans (61) for feeding said projectors by neans of a

gi ven nunber N of feed signals (63), the nunber N being snmaller than the
number P 8 pf.oj ect orfs traagmit@ntgnnahier implementing3he . mathed tasaclgimed émt enna f or
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8. The 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

20 by a distance substantially equal to half the average 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

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
fransmit 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.

33 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



9. An acoustic detection systemconprising a directional linear 25 receive
antenna (73) and a linear transmt antenna (71) suitable for inplenenting
the nethod as clainmed in any one of clains 1 to 6, the linear transmt and
recei ve antennas having substantially the sanme dianeter so that the
assenbly can_be automatl cally reeled onto a winch. 30 10. The si/stem as
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defined depending on the speed of the carrier 5 (101), in order to nodify

the apertureqof the Tﬁmatﬁddeé% sﬁézf.n%.ﬁlﬁ Wedhich thieniifcdriiagtd on of the
antenna relatiyve to the vert inclaim11l, in
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esector of tpatiemahsinsatisfiemthetoonditibhern that satisfies the condition:

el ector > eincl 3 Qpr Q@In@gege etnd represents the angle of inclination of
on

the antenna to thé°°t°h 8 and p. the transnission direction in
quest i on. where 0, represents the angle of inclination of the antenna to the

horizontal and ;. the transmission direction in question.



