1 Method for optimzing the power supply for a towed |inear transmt
antenna for transmtting in omidirectional node FlIELD OF THE

| NVENTI ON The present invention relates to the field of transm ssion
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used by surface ships for underwater detection and have the function
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ensure that a surface ship is prot ect ed |ts sonar nust be able to
det ect t hr eatFELDRE THEINYENTEMvat er craft, at |ong distance and in all
directions 15 in space. This detection rrust al so be able to be
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gradients in regions close to the surface are highly negative. The

conbi nati dR of these requirenents relating to the operating
frequency, t @EAREGRIUNDOESHE INVENTIONPRIQMABRDI the receive antenna and
to the capability of choosing the imersion depth of the system

results, in ot 'o%equg eﬁgfrgqﬁrast a Surface ship is protected, its sonar must be abte to

dstect threats, mainly underwater craft, at long distance and in all directions

15 in space. This detection must afso 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 ons mater.

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 io 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 fo 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



t hose under devel opnent, in the use for reception of towed |inear
antennas that can be reeled up, the deploynment and recovery of which
are rel ativel\* 2 easy. The transmt function is itself achieved, by
means of anotWer200%{J@€267 c ant enna i ncor por at ed | NRCHEPZAFNHIZ) .
This transmt antenna may be non-directional, and allow
omidirectional transm ssion to be achieved, or slightly directional
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20071122267 PETIE3pIEHFTHA 2 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, calied 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 aliowing the transmit channel fo be enlarged,

30 said delay being defined by an adapted-phase or delay taw, for example a
taw of the quadratic type. A similar signal is transmifted 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.



3 Such a systemoperating in directional or sectorial transm ssion,

or in RDT node, mainly has two types of drawback. The first drawback
I s associated wth the sectorial transm ssion node which 5 requires,
as in the ca enna, each projector to b ' ntly
via a pair oﬁﬁgﬂ%ﬁﬁgﬁggﬁéuctors delivering the delz¥%ﬁggkg€§@§9gﬁbe
transmtted. This results in a |large nunber of pairs in the tow ng
cable, In particular if it is desired t30 use a | arge nunber of
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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

consisiing of a plurality of P projectors suitably spaced apatt, 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 faw 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 substantiaily less than A/2, the delay law applied to the signal as a function of



4 the position x of the projector with respect to the center of the
antenna is a quadratic law of the form t(x) = a.?? 5 According to
one particular way of inplenenting the nmethod according to the

i nvention, on an antenna whose projectors are substantially

equi di st ant Wr200211@286& fi ci ent|ly cl ose toget her, ROREP20074054120
variation of the delay applied to the signal as a function of the
position x of the projector with respegt to the center of the antenna
is of the form 1 iot(x) -c [Ix'In(L -I'xI)] . According to the

I nvention, the delay Tix) applied to the signal is equal to the del ay
t (x) nodul o dhepesiteh T of the peigstndtithgesped e theecanter of fthe gotenog ioh t he
transmtted sjugBlbic |dN6f thé Xdrmval ues being quantized over Q levels
fromxi to 15 TO Ac&g@_j&g to the invention, the projectors, the
quanti zed val ues si of" thé delay for which differ by T012, are

advant ageously fed via the sane pair of feed wires, by sinply

][ evgr sing § h@\cg@ﬂd#{gir;tbbngfpaﬁt&lei:g%?toﬂlﬁ;ﬂémileﬁthﬁ_; tAY! lﬁﬂ&ﬁod)éczce&ilwé‘gsgﬂntgteﬁfe r
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way of 1 ot enster, e PR AHERE et Sl dobinis s 28551
the central @ndjsuliiciently aiose inusthesdhe tayeotiariation phihe dlelly apgfiet torihe
proj ectors arggnbhs SHIREGRSEE hEHokiesH L 66tha projdsermasekpaRidifie dentgrai r's

of proj ect or § kAl ienna is of the form:

10 (x) = i-:;[lxl +LIn(L —|x] .

According to the invention, the delay t'(x) applied to the signal is equal to the

delay t(x} modulo a period Ty corresponding to the central frequency of the

transmitted signal, the 7{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 proiectors that

25 are symmetrical with respect to the center of the antenna. The projectors
constituting a pair are therefore fed with the same signal ©. These groups
advantageously make it possible to achieve either sectorial transmission,
using only the central projectors, or omnidirectional 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 follows & nonlinear law, which feature
advantageously makes it possible to minimize the number of delays t, to be



25 are symmetrical with respect to the center of the antenna. The
projectors constituting a pair are therefore fed with the sane signa
t. These groups advantageously make it possible to achieve either
sectorial transm ssion, using only the central projectors, or

omi di rect i oV¥P 20P%13A267si on using al | of the proj E&TWER2003(54130 her
subject of the invention is a linear antenna suitable for optim zed
i npl ementation of the nethod accordinggto the invention, for which

t he spacing of the projectors follows a nonlinear |aw, which feature
advant ageously makes it possible to mnimze the nunber of delays 'Cl
to be WO 20@FhieyehewhiET PRtimEDE tm4nnober gt iaasdusersvied avibpei $ionding
the nunber ofastigaasthecan® debd i th a signal assigned the sane del ay
t. Yet another subject of the invention is a nmethod for achieving
omidirectional 5 transm ssion in the horizontal R[ane by nmeans of a
towed |inear Yohaeother sbiackaliha inventiomisiasmpingd &ir aghigving amnigirestional
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si gnal over the entire duration of the transm ssion an ot by
successi vel y "erzgIgiManggermiseanidipetiandlt ors, this being obtai ned by
means of a linear antenna conprising a succession of projectors
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which is associated. w th the en ure represen
N gure 1. Preicqessian ghArpisciass dier RO OVaNAfRnain & e AsER Ry fed

pr oj ect or 80 edpyiadsrsall numbezadf supply pales, tkésndrhbertfusissemioes not debeadingdnby
applying, to t } el i onventionally a
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guadratic delay y the nmethod according

to the invention; - figure 2, the law of variation, as a
functi on of DESCRIFPPRCFAHEIFIGYRESSti on, of the delay z(x) to be
applied to the reference transmt signal, in order to obtain the

pattern shown by the solid curve in figure 1; . . .
25 The features and advantages of the various aspscts of the invention will

become clearly apparent in the following description, which is associated with
the appended figures which represent:

- figure 1, the directivity pattems 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;



6 - figure 3, an approximate formof the |law of variation of
the delay t(x) of figure 2; - figure 4, the | aws of
continuous or quantized variation of the phase of the reference
transmt signal, corresponding to the |Iaw of variation of the 5 delay
c(x) of figIN@'29071122267 . figures 5 and 6, il ust PATER2005¥054120
alternative ways of inplenenting the nethod according to the

i nventi on; - figures 7 to 9, iklustrations relating to an
exanpl e of a sonar system equi pped with an antenna for inplenenting
t he met hod according to 10 the invention; and - figure 101 one
particul ar exanple diguradl @Mﬁpfoﬁglaﬁm@mfﬁbﬂ law ob vaiatigntal therdelay
invention for{fldfiquiet2;i ng omidirectionally in a horizontal pI ane

As nonti oned DESSS‘L "% £ W oA B8 By Ao S o
ant enna of 206f t@w@tﬁencwmsrmbsma!s@@f@sapnan@}cethedaw Qf'a&iﬂb@m@femeto
i nsoni fy as smta@rrq:(x)@fﬁ@ﬁéa, This transni ssion i s achi eved by feeding

each projector with

which a variable de%/?%&g%. g@gﬁ%ﬁ@%ﬁ@%@ggfwa{y&? ﬁ'!"%t{‘]%ﬂhl ch
is a linear [tByngthog qcﬁ?fé‘tﬁgdﬂ‘hﬁm’t’woﬂem red pointing bear| ng 0
relative to the axi digafest Metoad} dlaseatiohd TeRENE | 3h eRBmplaeotial 8¥nhar

applied to a e oi nt
of the antenngg g'ln ﬁuﬁ{@ehener%?a@t%gﬁaegﬁ%ﬁ@%gcﬁg {h%%%mg?%j%%@ﬁ\ﬁhgre C
repr esent 40 t Afz® %’iﬁ%‘ﬁ@"o?”%ound in water. 30 The nethod according to
the invention consi digard i10stohy particu! exantple tod itrpenterging| the Saethbe

feed the projy %E&reﬁtg tOQRquénﬁSﬁrfmd@éﬁst!tﬁ tan'tr(ﬁﬁ)ec l)#;'é @nn'as pgt%oﬂ't'%tei on

of the p03|t|? projector 1n que spec
center of thé&@e8ftenna, the expression for which |aw varies as a
function of the structure of the linear antenna in question. 7 Thus,

in the case YerAlFBESEHISNGRNSI sting of projectors equally
distributed over 1ts ngt the transm ssion beam may be enl arged so

as to obtain a directivity pattern such as that shown in curve 11, as
the solid |iféstly, figiregdrandl2 withbeslispesgagsi ng, on the |inear delay | aw
given by equation [1], a nonlinear, for s exanple quadrati c, law t(x)

et o e s o B A S8 h SRR

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 variation of which is a linear law as a function of the
desired pointing bearing € relative to the axis of the antenna. Conssquently,

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

X)) = —Z— cos{8} 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 «(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



t(x) = ax2[2] in which 22 10 The coefficient a is related here to the
angul ar aperture of the transm ssion pattern that it is desired to
obtain. In general, a coefficient a of the followng formis chosen:

a: =Px2rr/ (ALywoooraze2¢y 1 s the wavel ength and WheGy/EB200W0RRIQ0t S a
coefficient whose value lies within the [0, 1.5] interval,

determ ning the angul ar aperture of the desired transm ssion pattern.
Curve 11 of figure 1 corresponds to thé transmi ssion pattern obtai ned
with a 20 linear antenna conprising thirty-two equidi stant projectors

and to the apphsChtthertab® of AR drtaarddnsstigat @j‘eovorgleadé@tmstndeieay

|

the | aw of varPhif iroEIHe llmssion aeth o % Soistdld; & & ioe%ﬁa Thon.
of the del ay drestvity patiemayeh as that shewrsingwiveohl Bsft écﬂ@émg: ig aure 1,
corr espondi ngytsupkipesiit dsh mteﬁeéerathﬂl‘gm bynequatien [4).0a Adilnear, fdre

pat tern_ 11 ORIl RIS dly 5ol AELLof TioohOMhel 4 o 1% BRABIET 2

|en

li near ant&nn mgrrp?l Sin roj ectors eqw di

Sinilarly, invithieseestio he @ﬁtaaﬁi{éﬁrﬁﬁwaprh% peRreral apressignder this law

proj ectors wigh a variable pitch along the antenna, the transm ssion
beam may be enl arg b xsuper sing, on the linear delay |aw given by
equation [1], a non |near (x), the expression for which, as a
function of tulilarhrmbswtitsom& of the projector with respect to the
center of the antennd, is2given by the follow ng equation: WO
2007112226¢ PCT/ EP2007/ 054120 8 t(x) .-1-c+L In(L -1x1)][4] LL in

Whi ch -- 5 X g coefficient o is related here to the angular aperture of the transmission
pattern that it is desired fo obtain. In general, a coefficient o of the following
form is chosen:

a=px2rn/ AL} [3]
15 where A is the wavelangth and where § 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 1o the transmission pattemn 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 7(x} to be applied to the common reference
signal, corresponding to the middle of the antenna, in order to obtain the
pattern 171 shown in figure 1. The law here is shown in the case of a linear
antenna comprising thirty-two projactors equidistant apart,

30 Similarly, in the case of an antenna comprising distributed projectors with a
variable pltch along the antenna, the transmission beam may be enlargad 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 fo the center of the antenna, is given by the following equation:



22 In the two cases nentioned above, an omidirectional beamis
obtained by 5 applying the appropriate delay |aw on condition however
that particular precautions are taken as regards the distribution of
proj ectors alWQ@OOWE22267enna. This i s because it | POMBERROFIABAIRDE
prior art that, in the case of an antenna 10 conpri sing equi spaced
projectors with a constant pitch d(x), .the directivity pattern shown
as a function of the variable U = COSe” 0 being the angl e between the
direction in question and the direction of the transmtted beam (.1 =
case, which varie Qi+ S periodic pattern with a
period equal to 3( 150 jq-rLeﬁ(c'TréQ')}to a{?gl d aliasing that would result
I n prohi bltlve Es |Ill%t|olns of the directivity pattern, the pitch d
must satisfy" 6‘\/m2 in the case of omidirectional

transm ssion, the foIIovm ng equation: A -X 2+Ut <r>d 5 2+Ut[5] d 20
where U represents the transition band of the directivity pattern
represent ed ilmthe 's'macasesmrﬁiooed\dbw&)mnmﬂirgctibaai(mmn ist Cbmaigerm(bval

case, for gn a@aw@n@\ehaymegn&eL&éiaysqamonoeemcﬁﬁphgwe@
proj ectors alon na with-a

B 2 rbaeve. Prouis B B o rebelad I Bsbhufon &iﬁ)fasxwwa@%aa'}@?. bed

by equation é{nw]ﬂnas used, the transition band lit behaves
dimensionally as lyz, , which neans adopting a cl ose spaci ng of X 4

L0 KT 1 16 BBl s 3heih A0S RS PRI 4,
t he out er MdsCOFPEiag tegrispated projastare il a whngantapitcht ¢e), the irectivity
pattem shown as a function of the variable u=cos8, 6 being the angle
between the direction in question and the direction of the transmitied beam
{v = 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 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:

A 8
—2 24U <
da +U; &d 240, 5]

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 faw such as
that described by equation [2] is used, the transition band U; behaves
dimensiconally as J'% , which means adopting a close spacing of A4 to A3

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

In the particutar 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



cl osest together. The transition band th again behaves dinensionally
as m which neans having, for the pitch d(x = L12), a close spacing
of X/4 to X/ 3 depending on the nunber of projectors of the antenna. 5

Thi's condi ti ayoizwppAgd2en the spaci ng between proj ¢qIIPES2007/GE%120
essential condition that has an i nfluence on the structure of the

antenna used and therefore on the effectiveness of the nethod
according to the invention. This is befause, if this projector
spacing condition is not respected, the to transmtted signal is no

| onger the S%Bﬁdltitﬁh ") bp tgsestﬂeOcMerﬁnﬂt br% dofs 6f BE QnttPink ONEIEH afd ey

omidirectio | Vi t n _t hat
results thery0 %No%%%? ?F%d%@g%@pg’ﬁgd U‘vﬁqag'l' bbg?% é@%gloti‘l%gy nce
the transmt nethish useahsi aviegt for éhespittard(ard./2) gnwss shaginpgf /4 to
bandwi dth B centerd on a central frequency Fo, the nethod according
to the i nventw%ﬁﬁ%ﬁmﬂnsthgé@mbér‘?fﬂfﬂeétﬁﬁrﬁih%mtﬁﬁl@? the applied del ay
| aw by itsgexpression nodulo To = 1/ F0. Consequently, the del ay

applied to a-f Jf@&%t%rn’ nn?p%sect e%ﬁ%%aﬁpb%e%ﬂ&er?@?oiecg&s% a%“é&%ﬂﬁa}

haV|ng eqU|d|s §

' modul o To) [ Gpndition tfﬁiuf?smmf@ew a8|tey Strawur% offiiecariphin yse& mdssed
in terms of ahenbmeeodam éﬁeo?«wiese(bftt@ mbmoswa@ﬂingno&mmﬁ/@ﬁtmn Fhis) =

21t FOt (x) Iny é%cﬁ%&e nar@ét ra#a%!ﬁ &H&ﬁ&? |tsontgtolrrg§ é

t hi s approxi rat on, ca I e accepta le
provi ded tfhatr appraitied| SighAl #Fg”%@néérnﬂl‘ﬁtﬁam? ‘“vﬁ*\‘l @Wci'@srﬁda‘ﬁltb@'ﬁipre no
constri cti ng lemer trulykemititieadtions wwitightoBhe hiliddhe) ol thadlredtvity pattanttieatna

length L, i's gglits wRdrefrsihl (81

Next, figures 3 and 4 will be discussed.
15
Since the transmit signais used in active sonar are signais having a
bandwidth B centerd on a central frequency Fy, the method acconding to the
invention consists secondly in approximating the applied delay law by its
expression modulo T, = 1/F,. Consequently, the delay applied to a projector,
20 for exampia in the case of an antenna having equidistributed projectors, will
be expressed as:
7 (x)=0x? |modulo T,} [6)

This modulo To 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 condition, which is relatively constricting and links the bandwidth B of the
signal to the antenna length L, is met:
B <</l ()]
where ¢ represents the speed of sound in the propagation medium.



where c represents the speed of sound in the propagation nedium 10
However, in the case of a delay |law of the type corresponding to
equation [2) or equation [4], which are used to obtain

omi di rect i ongb 2ooxneepssi on, a nuch | ess constri ctpUEP2OGHGE4I20t han
condition [8] is applied so that the use in the nethod according to
the invention of approximations [6] and [7] is 5 generally possible.
Substituting a delay |aw approaching th initial delay lawin the

nmet hod according to the invention has a great advantage. This is

because it | iMdvieepas HedaReo\GR bl dNdy0awoF t@?p@@ér?éépbﬁduh@t@ dtied {210

the t t t h
of the o onaiST e 147 Ml 5fF Bl GRein BhridiBetdtil, tingnielidR, Bhas
i1l ustrated Bputmlesyepnyynding wendiion hewrronaition filie appligdot thet trase
shift curve 4a {héonsthey abbeding! thothbi imeantion fof GpheoxdmatioheSe] abd (EBis

relating tp t aving the directivity pattern illustrated by
the curve gl &ﬂe@gﬁgéﬁﬁ 15 The nmet hod according to the invention

consists thirdly in quantizing the delay values obtained for the
vari ous proj esub@t'ﬁmﬁ%b 86lay fatw hsppaddchimgathel inital Perlyeawed waymethod

i mpl errentl 19 de6rlf B e A5EHEh s g (B bIBEI. Ais BERAREY imits

I nterval | UId eve 0j ect or
i s then fed APshiplenvariagion of i erdelay @naﬁ ayph@u%a‘\wrﬁﬂsraﬁ &ianay teveds e
val ue t1(xp iistendal {CreTd(anatioredt hal phase of tHeosigiadl btveehed ampeoX Mant ed

varue FOx) - itniab St heatRl 0 A BRGPE B %ol0 LB ITWBARIPBourd A

del ays are ther

i nvention, tHBe MHARRSN 'BfCLtﬁY?aﬁﬂ i SRWPdY theveqlid 'l”§ '§lf£9ﬁ”et graﬁheﬁﬁecl-‘?f?s
fluctuation irolatheniol thg apfenhh @ating tiendite-ivity lpattertn ilsat®dibyahs cued 11
requi renents.; @.H-é for exanple, for quantization carried out over 16
steps, the expe 8 theoretical fluctuation of the transmtted signal
| evel as d5function of the bearing is ..1:1 .6 dB. 30 The

guant i zat i on Weanathodaccgrdidy ¢ thesmyerman R:bmlktoltﬁudtynas;uamgdr@nhe delay

advant age. TWaﬁne‘ssoti%ﬁﬁ S6r ‘tﬁe% éct&ré‘%m esanﬁlﬂﬁé epely the
nunber of pr ectors I n nna, mted
number of O JTERAPAWARS ﬁﬂp?%%ﬁng R A A SR S Y

si gnal by apphtgrvab[0a ’l?obxsodlﬂdeﬂjlmtemgqmqsstant 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

26 fluctuation in bearing of the transmitted levai 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 aflows all the projectors, whatever the number of projectors
making up the antenna, to be fed with a limited number of Q signals, each
signal belng derived from the transmit signal by applying a specified delay
from among the possible Q delays. This limitation by quantizing the possible

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



from anong the possible Q delays. This limtation by quantizing the
possi bl e 35 del ay val ues advant ageously all ows the nunber of pairs of
conductors needed 11 for feeding all the projectors with signals to
be limted teys ZgB¥HBRsgunber of Q pairs. This adpgRiEegiaisaibe M ts
the conplexity of the nmeans responsible for inplenmenting these

del ays, and also the quantity of conductors to be used and therefore
the wei ght of the antenna feed cable. B The dotted curve 42 in figure
4 shows, by way of exanple, the phase variation | aw obtained by

carrying out giagdipdlithé éFd LrWah s%%a@t@%@%nﬁtéd I rRRARR héWber of
repr esent ed %i?the cur es 41 a

Vittually suSbpaigsDe éF@ét‘?%?"Hg%’H@ﬁ‘&‘8@8@9"9{'&?{3@%”}%%’eéR%t?Fbtﬁ%f‘”t he
advant ageous implemertingehese deiaysqarthalse el pantity epcindptiorstntbed:sby ante

met hod accor ghddgfokelhb ARightWaRd bMBnna¥BbgBattd.ep is itself only possible
after appl%l ng the narrow band approxi mation to the nonlinear |aw
t(x). The Uirectivity pattern of the signal obtained by the nethod
accor di ng t o Thadottad turve A irofiguis d shewn dyiwaved esgmpleethembase saration

represented Iy bﬂamd@tbwéngﬁ%w hé q@ntzaﬂw Bver- 12T58tes | A FR ﬁtd%b'@&l ty

between this _curve e i C, e obt a
nonl i near del %&7 ?eéﬁlg)fh? gtefﬁtfagtrfﬁ%z% gfwgg(fgrﬁ;wb%?r g&p\g}{ﬁrﬂg
advant ageous snmrm@do@iearhedmomw@c drodgm ¢his exemple ke mdvanagepos
Thus, i mphenpatider ttbequmhﬂﬁﬂn inHldBeritétd b ehd Meaitidl aitoidipyrftee e

h {
SRk e e e
proj ectors vmapnroeslma}tor@tortéeaoghrgﬁelaw&ﬁd each of these signals being
produced froma conmon signal by applying a 25 delay (or phase Shl ft)

val ue chosen e S ta

t o consi der tﬂ}é%{:ﬁgﬁ%“&%@@@&a&%wyﬁe{ "{?Ehm ?ﬁg@@f t hat
to nodi fylhy “?i’eﬁ'éﬂ“fa'“ﬁeffﬁrﬁﬂ‘“ﬁé hyrtbe anieara isHersesarted 'Ebéthﬁ °§ F‘f“@%i

t he common fereﬂgts-egnathelmngarsimnarﬁpbém@dnah;glcwm aatdojhecthemetml burt/hat

is required iy dr h t h 1
proj ector. Thlﬁs oI g‘r%{"g@ gvgr@hﬁédr aebgé%/%eﬁhﬁ%gbégﬁqbﬁ%kgfsﬁ
swi t chi ng thé’eﬁ’ééﬁ'ﬂﬂﬁé t@vﬁmgﬁ%ﬁsnﬂ#ﬂ@s OBfth?h’é’e%Pﬁj aceptng 1hube the
set of Q sigiakatiean be obtained by generating Q2 feed signals

com ng fr? yn the sanme signal del ayed between [0 3 T012] (or
phase-shitted between 0 and it) feeg airs in
the cable. 23Y%: d"@l?gt?"anfémm@@%@%“'“ﬂé%ih%‘&??““ﬁﬁ}h?fe Bép gehieves

di f ferent numﬂﬂdimﬁtmmmmc@ds,dumf atiihearadertnatcoompritieg ag

made specif 5
The number b‘bﬂt"gty DB (SRR RO TP Sy CPlocf o hd
and does not €@&p ‘%@'\a""y bejpg PF@M&P%@&BW% 5‘9’?"1‘51 c?QHI ga

cont ai ned2§n delag (mtmseashlft&tualaaehoseurfainymer@ vialves efibpted. i[dowdviee it is
directivity %@%érﬁéqeo% td &ﬁtsﬁt@f:{h@?bﬂ%‘%dg%‘?nta@ SQoAt r@‘i‘al&@htc?tﬁe*‘fﬁct that

quanti zation step i ndi cat.es ntlzi ng, ove del ays
of the order %fnoéfy_ 16 W%O‘{l/ipl}%s "ét‘%@‘gﬁ QB’F’E apg#ﬁrgrinbtoéhe common

guant i zat i onfeed sighal 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 oblained by swiiching 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.



10 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 nakes it possible, by
judiciously t@otzinpzeerhe delays, to limt, in a PETIERRN07/0540R0 ,
the nunber N of is feed pairs in the towing cable and to feed as nany
projectors as necessary for the desired | evel of omidirectional
transm ssi on. I't should be noted that in directional node, the
weighting is linear and the phase quantization is limted as

i ndi cat ed abdvsudhre¢anfiguriatiory eaptp paik imaptfésdny différebynirhiseraddndrhigsion L <<

es. However d I by
equat i ons [zga“*‘%"‘efﬁ Ik 2 b FoadBtspBpi il 1 R 02 Pame pLaRY
i nvention, anyst Wit i on on the Ilnear antenna | ength for an
omi directional mode is |ess severe. is given by the follow ng

condi tion
con 'ba'ndw » Ehé ?Wnﬁé& & &%&d‘ﬁi@@é@ sl ?ﬁoﬁcﬁ%%r%ahfé}eﬁxéé Q%}i@%d Hads B
necessarily 6%‘%&9@?” f‘ﬁ%ﬁﬁyfné & totel fnu eRo aﬂf@eﬁtﬁﬁs@&mﬁdIi? enteMi%enna
| engt h |imt &lowewer| anaiysimg ther effdctss theeditectidtyl pattermot the appeainadtions
omi di rect | o %g%ocfa'i&ﬂzu)gﬂatﬁé 8o 4 a3 Rer anarqﬂzﬁag%wﬁu%%rcof y
T ko and BB BuaRSSS = 1800 B Vakiop 1% AiAPIAbE Suh i AR o
to use amuantr@uh@tnhha intrgdactive nb® to 1thtebd 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 lavel 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 << ¢fB.

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. |t is given by the following condition:
L << (4f/B}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 fimitation 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



13 may be up to 100 M For a signal of the sane central frequency but
with a 1 kHz bandwidth, it is even possible to use an antenna | ength
limted to 9 neters. 5 Next, figure 5 will be discussed. As nay be

seen in the pnNev2peggi2kpgmires, in particular in figyeriEpzeavidgmarease
of the quadratic delay |aw (x) defined by equation [2], it is at the
projectors | ocated on the ends of the antenna that the variation In
the delay is nost 10 rapid, Consequentld, the condition [5], which
represents the doubl e constraint of correctly sanpling the nost rapid

del ay vari at lrﬁm_.swmplte 'fEDBlnﬁltF&}rrB Bignal ¢FANS bamk c%ﬁﬁﬁllﬁ’éhdéﬂ&y\@@tnwﬁWﬁ

Centor of tn i SndFe: s’ ﬁé’lésfb‘fé 3 Vpe gy AGRDnd et "Bk

proj ect ors, tieters-he spaci ng appears to be acceptable. This
observati on rreans that a certain nunber of projectors in the central
zone can b gré@ﬂﬁltﬂ% |sd s irs, consisting of two adjacent
proj ectors alring van ageousl y allows the antenna to be fed
via a small er nunber of feed cabl e pairs than the nunber of

proj ect or sf G gy bl sesinghe previvas figliee, iheanicliaw ndidura, inalé ogsd of t he
symmetry o e ter, na,
it is possi b}tngfqg%'%ﬁc ldaw%\ﬁr%‘hht()@ fé?%‘é& b& %ﬁﬁm&:gﬂ g’ ‘?%g tﬁé‘?mﬁ%ﬁé&%am

pair. It is tPrededgydhp &g@%@& theeaﬂ@f\%a m?étth iariafioss !érthedﬂewé{y'swost
i mpl ement itng rapid. Qetdeqderntiyr thiectionditivo (S hehichnrepndsents i pboble Sonstrnt

speci fic exa'H?'c%n%E%"IQé@ghdritdé et Fﬁ&%elng YArBHOR Iié ey @ e

of applying the consi

ant enna nade SGpsStent pracing ﬁ?“(ﬁeéctt"ﬁr@'o@?mbﬂ eﬂ%ﬁ l%ﬂé‘??d fPhéneRiAeRiaSwi t h
a spaci ng of fafimst a@apfomthd benteesfith@bnteomki ng frequency is here
equal to FO = 1500 Hz. In the figure, the projectors 51 are nunbered

from1l to 32, the%g centera&ﬁthe ant enna, bei n Io&ated bet ween t he
pr oj ect or 45 14" §ARtrash as¥agarg Poglsenial PrapEPEe IMiFe thaRPRGBE 88PEREmM 7
to 26, are grobpedcspiaipai Ts obsardjtionemsang thatectantan (ut(rﬁ'bar&)‘proﬁ@;torm)

(25, 26))n tﬁé‘%nﬁﬁ' Eod%f ohh %e\ﬁliéﬁ d 11§g Jtﬁéi' W Baifs, p&in%isﬁtf\g@)

conductors 52 ectors red 1

Co 6 and 27 FHPsan BECgR P vev@a?wﬁ’wﬁbwsa%%s@em
20071122267PER EPI04IRT 0BMIERD of feed cable pairs than the number of Pf’DjthDrS
26 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 specific exampie 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 squal to
Fo = 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 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 symmetricaily with respect to the



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
inpl ementation is that, although the antenna is 5 made up of

thirty-two pwpenoang2zézs signal feed requires onlpCRERMETOSAEARZ0S Of
conductors. Furthernore, in such an inplenentation, each pair of

conductors is |oaded with the sane nunber of projectors (equal to 2).
A variant of the preferred way of irrpIE’manti ng the nmet hod accordi ng
to the 10 invention (not illustrated) consists in grouping, in pairs,

the pairs of cpnief €at G2 (2hat), f.oren2A7he EReth pair 3 pajedipeds pisd) fectviy & of
the central rg?iopgomucwggsgntenna. Thus, the projector pairs that are
symetri cal \ﬂ h ' respect to the central point of the antenna are

t hensel ves grouped pairwi se. Therefore in the above exanple, the ten
pairs of adj Zreddvastageaf thiy gpeof mg:ﬂemﬁmamrﬁwlﬂm, éifhohg@lﬂ'tdmﬁerin’a) is
symretric e € 3] ; Ll

Ehoh quad b " ey biyihe prigai ) sonaldeed ety Silden o

el ectrical cGRAGRABESTWEeRaRe, iIn $uch gndmplementatigaorashagin of gendygtors
advant ageouslig/loadéd witle thef samd murebgraif pejantore (emdal foc|l conductors to
feed the central twenty projectors and el even pairs of conductors for

feeding the entire aptenna, 2Q As g result, by applying a gquadratic
del ay |aw qu%fff?@wﬂfh@rpfsﬁrﬁg 1BYsehdrelemaption the INgIoR: Secarigald, the
omi di r ect¢ onmaentisragrebillesiraiad) @ naistsi s gediping, imgzairs, thie mikiof pajectors
antenna. 25 a i e ndi kS : td.Ne
e oy t&fi%%#ﬁg g@cﬂggr B r,]acwg ofP RS Qehed ?Aﬁkﬂ ofihye

way of inplenenting the i1 nventio

to t t 1t
Al T ovs both GRIGNERT ERYS. RS PrsRIo P BRG AT YRR Ch, FESREEe 18 be
used.  Thi seulalipointfainibe aoteaha wye therfseives gampled aitwissy Shorsforgliy by

Si gnal depengpe o Shots 108 (€ piibSot bR roietic Ses SREPEL e
central pro Mg In REwevicel beis ok de A RPST s . 2R oL Eogh

equi spaced pragpeet projectdrsthusdanmedist then fecevigta pait of electdeal condustors

pgSl t 't oni ng ;36 tNt] ir‘nhg'l@agdtvﬁﬁtbgﬁquf\%rzg@?ﬁlaﬁb&ﬁage%u{s@lsum&f sy five pairs
advant ageous 0ssibl e aGhi.eve bo ctarial. "directiona

Cr anom asi on ChREeGRA wpPLdpRIR g Renrd el bRy aiEn reli2
nunber P1 of ope@jdustoss forfepdingrihe gatinglantasshect ed, for exanple twenty
projectorgg positioned in the central part of the antenna, and these

projectors are grouped inta N1 (= P112 irs of.adjacent, projectors
Phat Care 1 ed A iRty pEang R duadiali sl ok JudtiRE, F Shu Pt okERh g
P2(= P-P1) pioihedramsait signahoprniditgstional ihrssissien israchiayed by imsgassioha

question, ar §n&HrQmBSHhat ogether in twos symmetrically with respect to
the center of the antenna, formng N2(= P2/2) pairs fed via N(= QL2)
additional pairs corresponding to the delays being quantized over Q
states, Rbeilng ddyeniagenps Habuje sf this preferred alternative way of implementing

the method according to the invention is that it alfows both omnidirectiona
and directional transmission modes to be used.

This double functionatity 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-gight projectors, the positioning of which satisfies the condition
35 [5], it is advantageously possibie to achieve both sectorial directional



10 Consequently, to achieve transmi ssion in sectorial directional
node, the Pl central projectors are fed with Ni independent signals
according to a delay law T(x) defined by equation [1] making it

possi bl e t o ogosigpgEaAR22672 ransni ssion pattern in a EOYEPIO0TROS4120,
whereas the outer Py projectors are not used. 15 Likew se, to achieve

transm ssion in omidirectional node, aII of the P projectors are
fed. The central Pl projectors are fed'ith Ni signals according to a
guadratic delay |aw of the type defined by equation [2], whereas the

outer Py projtesismissionl éhd @s@lnwirééuoﬂasﬂrmlgsu&pmoe@cpmiawem r@umber

dratic del ty |
Qo ay appl | ed™ gt DIGHER] 76 SURDCABLEY. Rrobheie et dlort ne
by the fol | ovRostjioBethdn dhe ceqigel gart @fr the) antenna ogltk Apesy] PERCIEsarewhen
a is equal tayréupeiafiodd{ @ P2)pantios adjaderdipragedton tahioag fod@iaciywadsi on

0 bt '
Cr ansmi soi 5n o NBBPARR MGt TRkt 24 i pRIRUGs okl .
al ternative \@geelors il BReAXamRet Wequtwad e cHOYPRY ‘cgeithpe in twos

i nvention, ildynmietadatigl wath ffesfem&o the bsntenbemeahtamae f@mﬁg bl A3 for

a sonar SVStmr‘é%@rdué ia{ior T30S Bohre S Séiéﬁlseﬂ Wgth

particular s chrn |ver|n S|g
each proj ect dlaptied W@b@rﬁﬂ%teﬁrpﬁé'“ﬂﬁ@"ﬁt"?ﬁ'@feo?q‘{aﬂ E’n'é%n ssion desired.

In this inplenentation, advantageously all 16 the projectors are

used what evers a@sﬁmm SO PG SALLH! Soliorf BOkIALI Bboe, the P,

omi di recti on

achi eved. In qeﬁ'@alWrﬁléﬁﬁomaﬁf%fﬁﬁ’aw@bﬁ's|*Q@P€W%ﬁ@,“a@a@?°ﬁ?’?ﬂ ke delayl is
fed via a parigwe(d) definzal by ajuation fii) etaking ifhssiblectofcpastnsit gnmhsmmsloned

to this pair ﬁ%ﬁﬂmsﬁ R%heﬂreﬁﬁor?%é}gé{ﬂwe \gﬁ P%gﬁf&&?s'\égé%?' uéé@”a' S

63 coming fr transmt

accor di ng o lt’f?é”’?fel tﬁya‘F@Wec HPPé’Eﬁé'ﬁ‘Bl RgCPBIGH ?@":’B@% WO@G' I"“ﬁ aﬁsﬁes EI on
node are applprgdctoihare fod. Thearehireillarojectbrs are pat with Ne signalstacadming

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
law quantized over Q delay states 7.

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

H{X)= E«cos 8 + ax? [10]

25 Thus, when « Is equal to 0, sectorial transmission directed along the direction
8 is obtained, whereas when a is equal to 2r/Al) ommnidirectional
transmission is obtalned.

Next, figure 6 will be discussed.
30
This altemative way of implementing the method according fo the invention,
illustrated by figure 6, is intendsd 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



10- an omi directional node at maxi num | evel, by applying only a
guadratic delay |aw of the type defined by equation [2]; - a
sectorial node at maxi num |l evel, by applying a delay law t(x) that

can be defi neNOoozpearéon [ 10], the aperture of t peTVERPGOT/ERI120
sector being produced by the quadratic conponent of equation 001 and

the transm ssion 15 direction B by the |inear function conponent of
0; and - an essentially directi on# node at naxi num | evel , by
applying a delay law t(x) that may be defined by equation [1], which
descri bes a :thmpmjeot@siaﬁéiu@?d lhatdver mré@dwigtedramoﬁerse&cwdye@ctoﬁalf ;
poi nti ng ang ; rrk : r ee
signals 64 hao\?io&‘é? tﬁa'%gg%; ﬁhé%l%@%ﬁ@?ﬁ@%pﬁ%ﬁgﬁ %’gas'{l Irgg%q?_P g‘r%gﬁ%\sfés\#'on
node are appliftehe lingar NrderRarensidared) eret eaguPEISEUeP1t Befogr ¥igedt or s
by the swi tcmartg:umlam &Fleoadocin 68, the febe sipal apiedi Qnils Gdir baing
Figures 7 Lo | NQW: [ i : | y an
overal |l wvi Eéw%@%ﬁe%ﬁ”&ﬁﬁ%@ .@M&ﬁﬁmﬁ g%gﬁé@??@% %gplgggﬂrﬁgéyét em
capabl e of i MBMEnEANTHSIPM rvhirbelys sdedimipedAacarlindhipheicipy law
equi pped. | n dolrespayiigamthe tesired f@asmissian swade aambpplied. 71, towed 30 so
as to be approximately horizontal, is followed by a |ightweight

el ement 72 a a |inear ceive alntenna 73. Apart fromthe fact that

Irec, .
it ensures medWSnPEPAMCHIBRIUEPPEHDIBA? GRIEIW t he transnit antenna and the
receive antenna, tare ehrdimction® made tdtembximttn develf byli appbirg ©glyt be

recei ve ant enfiadrafc BEIaWET 5l hé Géﬁneﬁr@?ehﬁéiﬁﬁr[fz receive antenna 73

SPGB I AN LR EL L i i A R
can be defined hy equation [10], the aperture of the transmission secfor being
produced by the quadratic component of equation [10] and the transmission

15 direction 8 by the linear function component of 8; and
- an essentially directional mode at maximum level, by applying & 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 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 raceive antenna 73 may, depending on the case, be a simple linear
35 antenna or else a directional antenna comprising triplets of hydrophones. The



assenbly is conpleted with a trailing line 74 for automatic
depl oynent without the intervention of an operator using an already
sea-qualified nethod for conventional |inear receive antennas. 5

Accor di ng t owengoarPpeikby e enbodi ment of the assenipgyepbeoinsdin t
antenna may be produced by neans of cylindrical flextension

projectors 81, such as those illustrated in figure 8, the receive
antenna being a linear antenna with tid7plets. The assenbly has a
substantially constant dianmeter of possibly |Iess than 100 nm and nay

advant ageousdgteRBly'i€ 8bREIER \ath 2trifififihe 74¥8r hiRABNE LefGyrasif WidBst Of
| ar ger di ang er, 20t.or E1150 nmm T or exan%le n@/ be ﬁ%ﬁlﬁs vméh ﬁg
means of nenbPyMENERUN QhiANgORSTAPE HEINT| 1 GlEednServRied Jretaord Hor
system i || usanventigtalilinedrirgesies anteringsi s possible to incorporate a
linear transmt antenna 91 formed fromat |east two vertically 15

super posed aptennpas, 92, 93 | npl enent e ing th t hod according to
TheCT hventi CaEoORITblR, s arslof S TR, of Fis Foseol: Hiacgarsiit St o
for exanpl e WRY berprodused diyt meansodf§ evindrigal Bextensical projectosnBbsiush, ast o

mnim ze t hangaellgdtrtdPmSidurd 8dtHe reBeiVe hhteRfd bBingrEliné&?tahtdﬂﬁgﬂggm and
enna IS
Im

d d. 20.Th the 1. 92

Chen ypi cal TS TPREBTEIERY e oo RL RekpDrtenh Ao of FESHRY deieat | on
t hus advant djan 389 prrant maytadyerdagasusly e reead sntonaa wincheT heniganpmii n a
hori zont ab pledtighs OHAEEN@EMBRE 12030I8D Hivh I SkbiBRl hRY-bedfaltividl By

figure 10 w*‘%ﬂ’%eﬁfﬂ‘ifzﬁq s_gﬁ%vﬁéﬁlﬁi%y% tion of the tranSm ssion nethod

according to din figure 10, consists in
transmtting ommidirectionally in a horizontal plane by neans of a

I:%i)near t arr ?Mntdi'weéin_ _ wiramit@pdwmd?@@mt,nmﬂattewm Eﬁgt&% % iBléhsdsamld @lt Iy
vertical ; n, i i c cording to
the inventi dﬁ%%‘s&e’% I’h or @%{@fﬁrﬁ?nrﬁ %ﬁi’?ﬂnsa sIa Wﬁt ?%sg?‘?’/%ﬁl ?Q‘Sg‘g

t ransni ssiforSupappescthaniponas 73 Sdpppipmetted vring theauetherk pegordiagvta der he

tS ;rglnls fndit a?r:s ?ﬁﬂlnﬁoﬂf h@d\tah@gsmsm Zﬁe @Mﬁgrt@éﬂohhugkébeﬁ |p@@fi§ie,l ?r;aagrée@leaibl:lee
101, posel bl g TN EEMER"Yr SRRERRE Ayt g abs Gneld
exanpl e. |t ‘Eanamitieddsa yerticaidlane: both ypward and davawa2, such as t hat

20 The spacing between the transmit antennas 92 and 93 is then typically one haif
of the average wavelength. This configuration thus advantageously makes it
possible fo concentrate the energy in a horizontal plane, whatever the
transmisslon direction.

25 Finally, figure 10 will be discussed.

Application of the transmission method according fo the invention, illustrated in
figure 10, consisis in transmitting omnidirectionally in a horizontal plane by
means of a linear array fowed 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 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 finear transmit anfenna 102, such as that



18 descri bed above, the internal structure of which is optionally
wei ghted, and a heavy reelable tail elenment 103 for keeping the towed
transmt antenna as nuch as possible in the vertical position, even

when the carw@rodfizazynovi ng. 5 Thus, the antennpciErER0siodaied to

make an angle eind to the horizontal, this angle varying with the
speed of the carrier 101. Mreover, it is also considered that,
dependi ng on the propagation conditiodd in the nmedium good

i nsonification of the water colum at great distance requires this

103" cons g o B8 Ao AP PPBRRA e
: u y i

account and S%avgbr%eseahleotﬁﬁieﬁqrtpg@ﬁﬁgrfgw? Hﬁ@&‘?f’@@ﬂsﬁ'ﬁaﬁ"ﬁ % %ht al
pl ane, the wryehappossitle intkpverficabgositont eventwlsndhe carsienHds irowing.

per pendi cul ar to the antenna nust be pernmanently adjusted so as to

tisfy t | QWi | at | hi Q: t i.d 15_A .
Cr aner ssiton Hid e aRenTe, & eBeafelo FEAIG 41 Snd bine fp odmietiiRl 145 1
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advant ageousthyt, beeedtdrigh e bNetgl@pgﬁbﬁdw%g! RO the hidgiuhi)VEséd on,
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-3 dB aperture ogt ai ned. by ans OE | i near antenna in which all the
projectors are c nt i Yreal 1 §pree r an Htting at the sane tinme. Such a
transm ssi*on system nounted on a nobile carrier and capable of 30
transmi tti ngAelransmisgion tihbe caeetingr thes abows mgnditidvamithgeosdisfartiales i t
possi bl e forcghsrieganedn t MebRirkaRind! YolRdNidy Qe agAgIat ov&LY may
different angles, | a(l ?,0 cgrgkes It ﬁasuatgéo Ioraate %F‘d C aisﬁ
objects in tR&eNfaggously, begniamed by fng fretheq Ageariing fr e avanbon.eei ve
node. 19 Adappiyiagenqsagatic tnontinesr sdelqyoda, bihis tay apling itgpasisiblenit hod
fater |yig BT IED AT Arkoh Sohiint PatdnsioN WARITYIndoded ?, ©F
that s r equitctst T8 yartah a0 Br the aRamussiotigan, &8 f funchip b we 2ngle
order to posintquestiorhdsa terthe choRdivestiona ddvey iseapresented symbkiicady i = O
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non- | i m 1 Na@RRPbBairel by RN bt BURBEUrREhatn WARN MRS bidbidIg breon ¥

makes it possible.to achiéve really omnjdirectional trahsm ssion by
nmeans of a I?%ﬁpt'%%ﬁﬂ%ﬁm’gﬂg agk%s%'&%?-i al transm ssion for which
the width of the b-ansm ssion pattern is advantageously adapted to

E:I he env Id sagegughoB| traheivigaion $ysicth SRoahte@8Ven hiMeHe SHMHGNARD chEbbRe of
esi gne

h C al t ernat t hout, any 15 nodification of the.
structur e e iinRa Sler when the el R moing” GieaRpedo makes
t ransm ssi onpefstisfor prvide pregitn be rppidiydnacaticd asd at very diferd andles. lhrakes
it possible Alg wiikis RiegBief to0oEkth YinB @RISR, SH)ECt INBE fardd, fdiadxampd b

conductors nee t. ed . a transmt _signal to the projectors naking
up the Ii nea?ﬁiﬁ@g{ﬁgmﬁ%sg@c ret VS Tote.



20 Cains 1. A nethod for achieving omidirectional transm ssion of
a signal by neans of a towed linear antenna of length L greater than
the 5 wavelength A, of the signal transmtted, consisting of a
plurality of Wi poei/ezaasrs (51), the spaci ng bet weeRCFIER 207053156 1)
bei ng substantially less than X 12, characterized in that, a transmt
signal comng froma conmon transmt signal is applied to each
projector, this comon signal being a§§igned a delay t(x), the
expression of which follows a nonlinear 10 | aw as a function of the

posi ti O'nbf( OAdi¥drtaguoasiecit & alst pobsibia Hyeapplyingsive MmEnhde laayortiinyg)to meki ng
it possible S i t.t - ture
uni 6 oan beiefihoh In@ wa RIBLAR RRboT e cp of oG ube ShalBREH
whi ch, when f6Rihghayetheardens. Tode thigkathdratis refrasghs do itamapilize and
subst anti al | gtabitjme thestarier 10Din ortler anpbéitisn the antdhisd 202 &ertically and
substanti gl | an_ x4 2 e l ppl 4 : t i l.sas a
function gélf t uge!?)%ks% t‘i“onéf{ Igf%%h\gfg%rngi%edg?%\{;ﬁwﬂt hg&ég’ggcftgai S?%Of
center of th¥alehtithna Yahes infeaticaianclevelefder exampler i felafive testhe |
20wher e a i sleselobtdifieccwitmbrmnilirattothat insdricatiesi red angul ar aperture of
the antenna. 3. The nethod as clainmed in claim1, in which, when the
proj ectors (gﬁ)@)$ are separated from one anot her a di stance that

] by
decr eases al 25 MR 08 FERA MM FEYarREs FepprRpneHoRs desadaed here by
ext reni t i s, wapio§ noki-imiling esxamipleg thasthadtacabiding tedthe triventiotd Aot drive

del ay | aw applakedit hsdibg 15 agmal: %%Iiﬁo%%lfﬁhﬁ%aﬁéﬁ%ﬁ&%ﬂ?@%ﬁ opf
t he projector ,,\Mth res ecg%t? the center of t ? a&ﬁ,e g@ 1s. of the
form r(x) -2 HEanateRE by A0eTeteal FBPUTISHPR Tomhich doe With of 4Rk | n
water. 4. Thansreissionpatters inbdrsdtagecgsdinadaptad todhs envisage ariplicativel ay
ti(x) is it also allows linear antennas to be designed that can altemate, without any
15  modification of the structure, between sectorial transmission and omni-
directional transmission modas. 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.



applied to the signal, said delay T1(x%20being equal to the delay t(x)
nodul o a period To corresponding to a central frequency of the
transmtted signal, 35 the values of f(x) being quantized over Q

| evels, fromTi to To. 5. The nmethod as clainmed in claim4, in which
projectors for which the quantized vatiaasTi of the delay si(x)
applied to the signal differ by TO12 21 are fed via a sane feed
pair, by si ?Iy rever si ng the polarity of the feed wres, the nunber
of pairs of Feed w ref& Q| &Rr @%@V‘B§|W'ét§@<§!0rt%tr@ném@'oﬁ'ﬁéan%@'h@d

aStC| ai med gy ongared cﬁ't al Ift@wéd Qnetzaﬂ' ARtkrina lc{l' Mg, L Sg tﬁel&@er* it&frthe
antenna c npr|5|n e rajec ut er or

The cont 1o i ataBrl 6F b, fahshftadacdiadtd, ol DupiPhar P,
pairs of adj projetorpr @j1gcther spatingebéthecouprijesists (510 beingr sulzstentially

grouped togg %Q& thal PR r&}a}géctBF; %8G Ofi 3yt %Ht B2taRL G tSX@Hﬁonsﬁﬁb%V\fr&%

respect to the center ~of enna, proj ec tlng
pai r being fasgnmbaHransis signasisaapliqd tqmaapbzoromior tthie seorgmon psigiod

making it pq)%‘-’rhg?'a%sfg%eécﬁ'o%Yé‘y 2, hﬁ{e éﬁ&b@élbﬁ'cfft\ﬁfﬁf&ﬁ%ﬂéwgrh woh[ear

only the centr rojectors, ‘or omqmidirectional transm ssion using

al | of t he d?wj%%?cfﬂﬁct'% ohthe Bﬁ%'HPE' Xafk denaroiestor ipihenantenAs: §%@ a
nmet hod as cldilagd(x) nrrﬂaﬁmd af ﬁb@mb@‘l% asgtgini aelahsmiseRrin pa&efm with an

proj ector (51 e| n ecifi ir of conductors (62), it
i ncl udes swid F%ééﬁ@%% C?'?) ef@%‘&‘ﬁﬁ%%sal d projectors by neans of
a given nunber N of feed signals (63), the nunber N being snaller

than the nunper P of THY Rﬂeﬁ%&%écf&‘ﬁfh&% Bﬁ]ﬁwhﬁ nﬁWq‘?&{‘%ra&-Pth% ﬁmlecftors

transmt anténna for I mpl enen al'ne
claims 1180 (8]) orakinateithe @@termat aeg substartigly; emddistant fioneape anodieias

(92, 93) thagy é“’d%té{r%é s@@étéunaa Héé@ﬂﬁa?ﬂk/?otr%sdélﬁ 'iEv{?'aBbﬁé‘d I ehee8ghaY
transmtted up two ant ennas bei n&atpdgced a art

by a distanc® %ﬁ%@f&ﬁ't‘?faﬁ?‘?ypf&lﬂ% XP%”P%PFOJ?‘FF@ r'&g§ee e fenteohs
wavel engt h Ahe dnfeimanigkd ggadratio@esiobtie: fopmti Mt the transm ssion of
energy vertically toward the surface or toward the seabed. 9. An
acoustic detection sysStemfconprising a directional |inear receive
antenna @73) awdhese loi isearcoeffaient relatad dorthe (desjredsaguldi apenturgOof the
transmt anteng mecn(p]gprl sing projectors arranged along a single line,
according to an arrangenent suitable for inplenmenting the nethod as
claimed in any one of clains 1 to 6, the linear transmt and receive

antennas hawi ng SUbsltrﬂanHeﬂ"ldd’aé RRisaaEn ¢izAmet, 8k wifich, Ritlerd IR BORRIBYSY
can be aut om%t cally reei gq onto a w nch.
5 are separated from one another by a distance that decreases along
25 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:
Hx) = i%[|x|+Lln(L—§X|)],

30 where ¢ represents the speed of sound in water.

4. The method as claimed in claims 1 to 3, in which a delay t'(x) is

applied to the signal, said delay t'(x) being equal to the delay t(x) modulo

a period Tg corresponding to a central frequency of the fransmitted signal,
35 the values of 7'(x) being quantized over Q levels, from 14 to 1q.

5. The method as claimed in claim 4, in which projectors for which
the quantized values t; of the delay t'(x) applied to the signal differ by To/2



10. The systemas clainmed in claim9, 24 which the linear transmt
antenna (71) is an antenna nmade up of flextension-type cylindrical
projectors (81), and the linear receive antenna (73) is an antenna
consi sting of hydrophone triplets arranged al ong one and a sane |ine.

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,

5 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

10 (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

15 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.

20 8. A transmit antenna for impiementing 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

25 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
30 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.
35
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 triplets arranged along ocne and a same line.



