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1 - *159159* Optical device for applying a real delay
to a radio- electric signal and application in the

formatiop of transm ssion and recepti on bears W HFIFHIHINN
the solving of technical pfroblens posed by the *159159*

application of pure delays of given values to RF
eI ctr.o eti.c whose fre y varies
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radar antennas and ormatron of transm ssi on
and reception beans withankgpnals ant ennas. Opti cal
architectures dedicated to the formati on of beans of

netmork antennas, active antennas, have forned the
subj edtf pgeasaé MAFERRt dé@é?&ﬁﬁen’i% theygeggving of
g iarachi peobleess npkeedt posshel eapplapptyohn @0 dure
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To o uc hese architectures, several opti
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eqU| car
targregmiassi on or a reception. 30 It is recalled flrst

of al 'o;st!aaéalana%wl\s%ct@%%nr@ed;a@a@é&cttroontﬁeS%ﬁ%g&on

antenna in particular, conprises a E ur al |t%
rldi RERHE ePE R VT C@n@gtr@,as,at aghévendeRbenaase have

tf SEndpr t?ae U SsiFom aQQoBthun&%iess pbforﬁéifeltc{tﬁne'%ﬁ:s
MBV ransm ssi on or rec ea oriente
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ai ned Strat ec y by Figure
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“ﬂﬂé*éiéﬂélé|ééﬁt|iﬁ'feéép&iéﬁ'by“ﬁhesé'same elements.

To produce these architectures, several optical
principles have thus been experimented with and are
briefly recalled hereinafter. However, in the state of
the art, no architecture seems to be perfectly suited
to the reqguirements, notably to carry out either a
transmission or a reception.

It 1s recalled first of all that an active
antenna, an electronic-scanning antenna in particular,
comprises a plurality of radiating elements which cater
at one and the same time for the transmission and the
reception of the RF waves. A transmission or reception
beam, oriented in a given direction, is formed from the
assembly of signals transmitted or received by each
element. The orientation of a beam in a given direction
6 is obtained, as illustrated schematically by Figure

1, by applying appropriate time delays (t;) between the

*G00002*
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*@00002* 2 signals transmtted or received by the
various radiating elenments constituting the antenna,
the effect of this being to nodify the orientation of

t he gl obal equi phase plane 45-of the antenna with
respect to the 5 plane 14 of the antenna. Thus, for
elgmplles, toransenttetihe ddeamrefcedweant ebpa ctdm)ri siang ous
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ift = wl is applied to the signal received or
r“éﬁ?ﬁf aéh'gfﬁlfo?e@H%YSBWJ?cegnseaugﬂgﬁaﬁogtrces 11 a
Idﬁla@jﬂt anet@hkSs@ngxtblthiefrﬁqu@la))érﬁoby.zotﬁfél sreohdtiban r =
re e ta e nt I Nsofrar a
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ot herva sfelr@tchmm c%oltbfel@nmm\ppbduwdhtan faﬁm phds@am in
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mastered and economcally fordabl e. he ess
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corr

onding to the delay.r _only for the frequenc
ST 1‘b‘%d‘i td gh@s\?ena%%\f'ﬁe‘pof affGur-5r ?9@&%@0%0 the
@mgnﬁo réeeived ot itsaremidneidorat |saasedtf alhesi@nmc&s,
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fr eque?h:lys préphganed or redebivedy iginmlehargl yimmlksnant,
wheshb tdve aé nst agi mpePuUschandeBecARRS GRS @AURRE agfwkhway,

(e S caplng, of Uhe beam by of f_bor sk g Lng WL cl x
Wiyasé oshafipeircaiewitse whpkensrdrigigridisiamt asgousowadays,
Qéég.gfg?lgg %Eégsrgn%yé)ggng#fgalg? nggrdgﬁﬁl ut 'I\Pc;hetheless
this solution allows the desired delay to be obtained
exactly only for a given frequency, the phase shift o
corresponding to the delay t only for the frequency
corresponding to a given value of angular frequency o.
So that, if it is conventionally used for signals whose
instantaneous bandwidth remains small, that is to say
limited a few % of the wvalue of the central frequency
propagated or received, it is hardly usable when the
instantaneous band becomes consequent and the spreading
of the beam by off-boresighting which results therefrom
becomes too significant. This is why, for applications
implementing instantaneous broadband transmissions such
as high-resolution radars, radar imaging systems or
else electronic warfare systems, a phase shift control

can no longer substitute for a true-delay control, a
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el se electronic warfare systens, a phase shift contro
can no | onger substitute for a true-delay control, a 3
control which is difficult to achieve at RF

frequencies the lengths of 3ines that are necessary
being too significant having regard to the desired
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an active antenna so as to transmt _a wave_of
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radioelectric signal, and then by forming N identical
modulated optical waves by means of a divider device
and by applying a given specific delay to each of the N
waves, it 1is possible to obtain, after demodulation,
radioelectric signals exhibiting given delays with
respect to one another. These signals may for example
be used to feed the radiating sources of an active
antenna so as to transmit a wave of which an equiphase
plane exhibits with the plane of the antenna a given
angle 6.

Conversely, each of the signals received by the N
radiating elements constituting an active antenna may
be used separately to modulate a light wave. N
modulated optical waves are thus formed, it being

possible for each wave to be afforded a given specific
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be used separately to nodulate a |ight wave. N

nodul at ed optical waves are thus forned, it being
possi bl e for each wave to be afforded a given specific

4 delay, making it possibletafter denodulation to
produce a radioelectric signal corresponding to the
sedgral, me&deived pogdidlantaier i demoguienidhr eot pawduce
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e t ipel i C Lees
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@éwtayaéppﬁqrétpttter%ecszmpg%@hag ee| latghiy @@umﬁssagdurrr@@ns
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ating t the ot her sources, . The advant age  of

E‘ﬁ Sﬁé“bgt}'chl% FFRIUE | WiERagn Ppﬁé&‘éé ifber making
passpbbgiblecanst adtayi nthe5|mxﬂ@1attmﬂmarlgmt wave by a
trlq’nsm Sll Qn or eeceerptl Qn s shemnwlgosewg t enn ted
SR L 1 STEIRE TP o 2o BESMEDS: REedeRPaiate
ciirténc tsagrin meki tnlge anaéngebectmthsphecasr reinsttd tiuteng the
R ﬁn%f a:tf.l']ecl'?em Py S€ ?h%{é”%@ a%hgg %%glli%hng;o the
not ab sperS| e opti ca ers noreov

FOSEIE e giNg Ehethi§l SR el 18ASPRREENyaofeshose

ppiievalaamy dimmde aelafd siget toheasthehagdetces.
t hen e| ngddet rm ned_in_a known manner by the Iength

of th CAPCPPBer O a FTREH 18 gt Shhi £ Structu
d:ﬁrﬁertactLErlmelse$heLt Cbhasgéblet had icornsrmmt the a simple

f t
B SLohlent 0105, 90 £ SOUBLEoROUTLRE G Mo
tq:@m]:g{ttserapmt@ryl beemgigting of a beam pointed in a

direction making an angle 6 with the normal to the
plane of the antenna. Several known solutions using
notably dispersive optical fibers moreover make it
possible to give the angle & several distinct wvalues,
the value of the delay afforded to each channel then
being determined in a known manner by the length of the
optical fiber, a fixed length which characterizes the
channel, that is to say the position of the radiating
gsource considered in the antenna, and by the wavelength
of the 1light source, the latter possibly being a
wavelength-controllable source. A beam of wvariable
direction is thus advantageously formed.

Such a structure, moreover efficacious when the

construction of a single-beam transmission or reception
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wavel engt h-control | abl e source. A beam of vari abl e
direction is thus advantageously fornmed. Such a
structure, noreover efficacious when the construction
of a single-beamtransm sstoh or reception - 5 system
is invol ved, becones nore difficult to inplenment when
bystemdds riedrdloreebnHedisie shdrdeddt ysttosro dapilhent
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channét SO]a‘étJv/\%Tlll 8% Pestd@ldnt s inie Hetabpyoblem and

%&Fﬁ?l&@dt%@o @Qbiﬁ'llfllc@.n&:hahrfr %ngﬁ%&e%l% l/ gggng@@ of

ile e i,jcant an i s on

T DEeaRrErince EHRSHITH AN | POPEraRes 200

@@quxatadndebeaa1dknepWavelathheqwnﬂnohhecaddﬁstsnin
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ST 5] accor dance w A variabl & direction
kfél@nra:@ t hEhasr strudiailsoanisased ned itier atept P6n ahahdeght
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invention i§ to propose a solution for constructlng )
t¥San¥ifildsi Bf- r beeptdBIPAIEM aEEnpPPERrRgYantagErieed in
ald tenima mhosmetraﬁeﬁbﬁsugatémﬂ Bepleaatief aifled by the

accordance with a vari al &y ditectiQ og/5005 under the
reference FR2871297. However, it relates only to

multibeam reception and requires the addition of a
complementary structure to carry out transmission in
accordance with a wvariable direction beam. Furthermore,
the beams formed in reception have given directions
fixed by design.

An aim of the invention is to propose a solution
for constructing a transmission-reception system
comprising an active antenna whose transmission can be
carried out in accordance with a variable direction
beam and reception in accordance with several
simultaneous beams, of likewise wvariable directions.
Another aim of the invention 1is to propose an

architecture which is simpler than those proposed by
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35 beam and reception in accordance with several

si mul t aneous beans, of |ikew se variable directions.
Anot her aimof the invention is to propose an
architecture which is sinpte t+han those proposed by 6
the existing solutions and therefore easier to

itmél erremsamdgl esolaieisd Veandor thésepyrpoSecdder to
1%%t e .l nventl on . S, del ay- generati ng

or app%less 58 e ay ‘of given, 5 quantified,
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wald 8 63)d Bathcdél agwikobeat ianyageidd sonpas ses> aform a

¢ 3PSY Sioke erthcal ﬁh%ﬁ%dﬁegﬂpnbn%nda% My di E@Eal
optical fiber segnent which are_inde ent 1 of

Sotdes Each SHIER BRIh i chee %§r| RERS 1t1wé;ed to
@@r@{ﬁT@qﬂeéﬁitBEeﬁdﬁ&rrhﬁqg?oﬁﬁ'ﬂeguiﬁﬁuty'oﬁﬁﬁhta MeYrs for

that as a function of th nd, a ed to it
e T S R O e
crmsty itsusts raag Girsp e s e @getticsa]coﬁSbelﬂr gdgthenanandr at h@n-

fher CUBAN A
consg)tltutl n 5ﬁfelfwe ot gir)é%e e glcor ) t%th independent
Ivaeﬁfl?or@n%étﬁ’r +t eEﬁ’FhaIOIﬁbICFQ:JaI swaichc hwihsch orintterlinks

Rard SOy %g&éira& Che 81 ¥AY st Rl fAgGuAd umtlsgehofa way

t he comman $1§ 0|t it links 6ne 25 of th ,
Jptatcaftsf iPpett %bﬁ‘é]ﬁt ST ot F@Eﬂ”ﬁé‘%n@%*le@hé%nat it
dﬁlﬂ}&tom&e 0bft hetheputtimlt thsptrmfat]s off ier desdg®nts

Acco to a ref r di nent th i nventl on
tﬁ?nﬁﬁg ? EE nqg c%%Sluredfé% or the

era |ng ce 'S are
a?rtrl'aﬂgeﬁfsd'-hi% twobeoribieal o fdbeti mgdnytsarqortﬂtatutlng

t.gtal, Cﬁ(}lﬁélakqupl ied to the carrier |ight wave.

Accor variant of this preferred enbodinent,
t he d@}%ﬁ%ﬁ’& 2P n§heel Ny elitd Fonfeaeh eieTmanpdr MPtical

datiash Whosfow al i@ SphPE NbenBegiBEH| €n such a way that as
a function of the command applied to it, it links one
of the two optical fiber segments constituting one of
the end cells to one of the input/output ports of the
device.

According to a preferred embodiment of the
invention the delay-generating cells are configured and
arranged so as to be able to continuously wvary the
total delay applied to the carrier light wave.

According to a variant of this preferred
embodiment, the delay-generating cells are configured
to form delays whose values form a geometric
progression.

According to a variant of this embodiment, the
geometric progression is of ratio 2, the wvalue of the
delay applied to the carrier light wave forming the
subject of a binary coding.



10

15

20

25

30

35

35 progression. According to a variant of this
enbodi nent, the geonetric progression is of ratio 2,
the value of the delay applied to the carrier |ight
wave form ng the subject of7a-binary coding. 7
According to an alternative enbodi mrent of the device
accor dickeridarighe tiohvert | anreeadht idel aymudN@editl NGF  the
% conprises.a dlsper5|¥g optical flber S 1
et Bo | PFOBSarefer drbn LOS || LRERELIGNs oSt o delay-
gpnefraltmgbeceségmnmmsdfs negatisperdispersptairal fiber
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U HRAE P! IcHFF 1@ i@ CandCCcer dinkdgh -1da e direntip@n.cal
3§ ociated with a_light _source produ0|n%ﬁa_llght wayv e
5T sERGTERN ur ADS y EEF S 8pe SEPRIENESnp SRS &idﬁﬁrrdcal

dengthe .spectrum According to a variant enbodi nent of

the OBEIeCaLys 10 8Y YL ASCALHAG 9, Lhe LAKENtLon e ca)

i ght source roduces a t wave ose spectr
éﬁﬁﬁ%ﬂs?qur¥%ﬁﬂﬁaﬁl¢e§B§€e@QQQﬁﬁﬂnﬂh%OsG edvgntion,

thesddierld opits al qolgaltsy%@ﬁtéobro‘am&qln% baeamght wave

transmi ssion-r on of d | ect |
eI (1 IR TR P e e StEst aPREPPaoRthoRRETing

dhnﬁngéqurwmglven direction A the system

CONMPI iy %c'&ﬁr%ﬁ' gy- %e”x‘?éxalte%r'i‘@ Q%b&ﬁm@%‘{:orodf NGnLO SR8 cal

inventionin
@ls;@rgeﬁ@ﬁ@tr‘dn@g cépPl stipt hl@vmhlqnsp@h%| Vel gipt | ¢glurce

fdRRusrgment argh@  @avdi SRRESEVE sBRELERh fikekists of
seg nent The sub!ect of the invention is also a system

f%ﬁgu th i ssi on-reception of
r adi oeﬂmtsﬁuﬂ@j est goal shef ahviegrism tid ngl o6 aeggisvtieﬁg for
accordln to a bean1d|rected in ! i ven dlre%&

A
TR0 EERABEIArRGCR AEraY g8Rer avf ng “dSviEa SCtric
aticpradisng fort earsmiditingn ¢n teeedniogdi mertording to a

G | $4iNG delay-genes atdiR@n CRld s Wildhag, the system
non- di spersive optical f1ber segment and a dlsperS|ve

SR S i ef @.@ﬁxgwqutﬁ%we according to the

invention in the embodiment comprising delay-generating
cells with a non-dispersive optical fiber segment and a
dispersive optical fiber segment.

The subject of the invention is also a system for
single-beam transmission-reception of radioelectric
signals, for transmitting or receiving according to a
beam directed in a given direction 6, the system
comprising a delay-generating device according to the
invention in the embodiment comprising delay-generating
cells with a non-dispersive optical fiber segment and a
dispersive optical fiber segment with positive
dispersion and a dispersive optical fiber segment with
negative dispersion.

The subject of the invention is also a system for
multibeam transmission-reception of radioelectric
signals, for transmitting or receiving according to a

plurality of beams directed in given directions 65, the
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di spersion and a dispersive optical fiber segnent wth
35 negative dispersion. The subject of the invention
is also a systemfor nultibeamtransm ssion-reception
of radioelectric signals,-fer-transmtting or
receiving according to a plurality of beans directed

iy i aren dbifhpgliisﬁlﬁg eja, tﬂBJraBidt‘ﬁySbgm Qign}y&ifg}é}genaating
plurality o ay-generatin evi ces according to

R R Pt Rl TR S AR ATET e he. devi ce

accor ditgy mainhedviantegei of ithe hd¢vofe abbonirddngheeo the
easy. jcpad i f 1e_del ay radi.oel.ectric
R e R R i
frethieABY 2T Ghedr ZRABOL@TEEic spgaRR lpr ddEsssdueTHéelay

deiast eidepéisedtdoadvast ageguehct/he s idhetddibdiddtric
be. better a,ggr e%at ed by virtue of the 10 description
vﬁﬂ‘%ﬁa]f HTOWS"Whi ch descri ption sets forth the

i nventTion t helggctrenlstids ng axdnpladvaitages of the
| R SRRt {,ony and Wl Glel S5 EBBSE%%gdb%rJ he; appendsd ¢he
figures, which figures represent. - Figure 1, an
ij¢3st iRt ion Bhrichefphiaveal whishpdeseripsion Weteh forth
tiee beamm{enBbhOn tBELESH - Ro@UhiRiZinkNe SCheMRldS of
i)l ujsotratl on, of a ngﬁn structure maki ng?lt gossn bl e
POV PPedtiGT  DRafuPR X as Y staR: appended
Hpuees, whickhcheymtes fépussemti on of a known 20
structure ihg it possi forma given.direction
beam i n r%c%pt{?on?’ - %ﬁ u?!é?}f,g?ffﬁglgghegrﬁgti [:%he physieal
iPTiRTYRET 0P ofhiCk et Peamutermretianteehdesve to the

structurepidibsstsat edeb¥chERgyie 3)10@kAY 1ich RESS blfown
to forma plurality of 25 heans of given directions

Yy ) ! { :
| FETUCEPET oRaking glr 8954RIE S FPFUsEr &ivems direction
redaat i ng toatdeissionucture and to the operating

principle.of the, delay- nerating.device according to
the inveriTOA:<- > Fi ﬁ%esg, ef“ﬁglgc%éﬂ’ﬁtsitgatlon of '# known
represemtat nekiog an ME=etdnpltar yfsimghedieam direction

thads M $SL OB h€E6RT I On system inplenmenting an optical
architecture conprising a del ay-generati ng device
accordTngF%%u¥ﬁe4ingbﬁt56h?matlc 1llustration of a known

structure, alternative to the structure illustrated by
Figure 3, making it possible to form a plurality of
beams of given directions in reception;

- Figures 5a to 5¢, illustrations relating to the
structure and to the operating principle of the delay-
generating device according to the invention;

- Figure 6, the schematic representation of an
exemplary single-beam transmission-reception system
implementing an optical architecture comprising a
delay-generating device according to the invention;

- Figure 7, an illustration making it possible to
justify the implementation of an invariable delay
function in the case of systems which are similar in
their manner of operation to the system of Figure 6;

- Figure 8, the schematic representation of an
exemplary single-beam transmission and multibeam

reception system implementing an optical architecture
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- Figure 7, an illustration making it possible to
justify the inplenentation of an invariable delay 35
function in the case of systems which are simlar in
their manner of operation to9the systemof Figure 6; -
Figure 8, the schematic representation of an
exappliaingsi Rl Qy]h.&a{‘ﬂlit[}ansﬁssd@magngemlﬁaltl&e@n devices

recetlon stem i ting an optical architecture
oprcrl&rl s%)rég 21 pI G al rEtEGD df del ay-generating devices

accor di nFicerehedi nvEdm | eehematiigur zepreskatachiomat € an

SR AL | 9DnQl cBBeafXCMPL N Y BEH0bS-PEABPtion  system
transm ssSi on- recept|0n Sy stem 5 | |enent|ng an

SR lEACTE 1 t % ur QPééﬁﬁﬁLl sﬁ@c}'él‘b%q’%r%ené?f’g‘ﬁrﬁélng a
dRIiBe RerAHdiiRg tdethee i Averiridang itd eh¥afind®intion, in
enmbodi.nment é\;[}ugdﬁn}%%fl rstly to Figure 1, which makes

i% vaﬁfdsaﬁ 1 d¥tst and t he principle of the

el ect mMuwalingl0 figrstalty ontof Higadeat lon pdititcdr n mgkes it
RRABIN A G VERaOLEEShORnd o {ANSM SSLEN e il ectrical

ceptlon on the basis of an active antenna
dormatsiany afplaur aPPLgtdPn rRAFREFRg WouPeRYE dikspdsedven
ldhx%dﬂlaﬁﬁ &Eh aﬁﬁrbvl%n@s%qtdrpnbti— se;annr@@egﬂt@ﬁna on the

é?j{ﬁ»mrlse§ Elurallt radlatln el emen :Jré‘ta# ¢
ot acEhYEr @rthetin, BREBEHE Lot | PhEtEHatY o
trr st 198§ GwowANTE s tdiespemspt ionaoplame RF signal . A

“a”S'RéS%QQu?é ﬁ%%%&t % bse@amr{l% 0 HEQRHX ﬂsrgqs a

the signals Mmtted or recelv e varl
@Jémﬂt%tﬂlofltra@baifslﬂ&o%emﬁatis vli]{h @,ncﬁoalﬁces, which

A 8NAR, att dr> PRREI RIHR tQambOornRd DEdd ikRaRs3li®ion and
direction 12, and therefore to. I%‘%ve t he antenna an

OrRRntERTRE AR cPimai@s iRY podigtil th HeXRRSMHERF HEm ©F
o el Gral bedm t hies di feotiedn byomMMgw tt}h]@utsignals
bei nrg neces ar to %citvaetde t.he 25 L%QSU%4 teI?,leCS 1

ant FAHE FEndY | necessary to create
tlﬂekUQWayshélfl,) wn@th/vessrch h@nsaghansa t A&nsid tpegsdple to
r &%Vsdb@éu% & VAT Geyen aﬁh éi‘:?oneifﬁe%%l herefore to
constifuting the antenna. ese tine del ay ke

p@L%e bFBet aNEBRPEN AL @m&n%%&hmtm%e% Bp POSSlble

fupct hehe Of at hRadi roat | @Mteons dejad tie egnéphaseection
péggsefdégegf twI'}.ethsolu nals trea{]:c%n tnteggsggrg/ect?éver%tate the
plane 14 of the antenna. On the other hand, it 1is
necessary to create time delays (1;) between the signals
transmitted or —received by the wvarious radiating
elements 11 constituting the antenna. These time delays
make it possible to compensate for the fact that as a
function of the direction considered, the equiphase
planes 15 of the signals transmitted or received
exhibit a variable inclination 6 with respect to the
plane 14 of the antenna, which plane 14 is moreover
parallel to the egquiphase planes of the signals
transmitted or received in the direction pointed at by
its normal 13.

Thus, if two neighboring sources 11 a distance d
apart are considered, the expression for the delay to

be applied to the signal received or transmitted by one
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exhibit a variable inclination e with respect to the

pl ane 14 of the antenna, which plane 14 is noreover

parall el to the equi phase planes of the signals 35

transmtted or received in fthe-direction pointed at by

its normal 13. Thus, if two neighboring sources 11 a

dif sttArec esahir@gar wiahe rempsicderted, thhe ssxpradssrerefwved by
appl i : e sl l..r I\ :

EPESEhRE 8pr 08 B0 Bhp s BN STAARE IR . s

the sFgnaldretePyvéd by the other source, to obtainlldn

of f-bepestgbt i fNPeBy it Tadildbleddi®)e / debudirildte  the

field of radioelectric frequencies, the 5 delay i is
Sedan di 71 BEPET & IEHIE drp ¢'gpnypgcoutt of the

ellectriicall lemgitih reqpiined iin osxésr t 0o appbyyaaddeayy of
%%Lte Fd%es&%% | red val ug, ﬁkf&ﬁé&&%@f&ééeﬁé. bBtained, for
obtai , for "ag req

ne Iven ncy, by applyi ng phase
shidgien pfregehsey . t fah eheldehdy Phpse oshhets ¢; rather

radinoele’d rideisd@nal & 1 Nopgs hek-88sobhkbsr$9but is@Bnkg s .
exact only for a given frequency f for ﬁ@'c we have

Sonetheless; thisi Solyfiyers cofRent i |§oasead Barren
Sirgralenicef [Eowfornswvantanewds hanedwi ¢if hs (2nftew % t s,
re to re y pagat ut ks

SR byt e R Ry Y B S gt ® tov
difstismtesiegtsi gprdwidvon de tiay | hswatharessrpedfando the

RecRYBRS CPRSEAERRY. Ji¥paddtd@nt 8peouss breadhard by the
applications such”as transm ssian-reception systens
SR ERAREOES o Pt | BRA™r adBF €24 B arPy mfifiPIRIGhE giIe  as
&l edecthonitsZ@ntanicane esidknbecdties &6hgkmoBntS For
no | .onger concei vLanfle and, t he de\itel oantnfsnt of neans

AR CGEHESAUSy tr (8 PR ex RS 5%t egiten as
ereefdntisshuminegramvido Figysesm? andf3 whighh-preesdntt ion
[ chegg%' | pknown, Qb cal jstr re i :

i%g 75 ‘possi +€ ?gng_ggé th .orléﬁté??ongg%ga %I%E&fgilc
reati foal e ctrsteeeant ths t fabSRiQB| 6 [P gonger) camgFaivable

e RO MekEl PHhend) of ThEakBOWBrOBkbheah tSheUGlee delays
presented in Figure, 2, conprises a |light source 21
K %% aar?%?a&c%‘?rloqz%%“%%ﬁcal modul ator 22 itself
dri vermupnime sowynab Flgafres 2 and 3 which present in a
schematic manner known optical structures making it
possible to check the orientation of a radioelectric
beam in transmission (Figure 2) and 1in reception
(Figure 3).

The known optical structure, presented in Figure
2, comprises a light source 21 linked to an electro-
optical modulator 22 itself driven by the signal 23 of
frequency F. to be transmitted. The output of the
modulator delivers to an optical coupler 24 a light
wave of wavelength A modulated by the radioelectric
signal to be transmitted. Each of the outputs of the
coupler 24 is linked to an optical fiber 25 whose end
is itself 1linked, by way of a photo-detector element
(pd) 26, to one of the sources 27 constituting the
transmission antenna 28. In this structure, the length

of each of the optical fibers 25. is defined so as to
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frequency Ft to be transmtted. The output of the
nodul at or delivers to an optical coupler 24 a |ight

wave of wavel ength X nodul ated by the radioelectric
signal to be transmtted.-Eath-of the outputs of the

35 coupler 24 is linked to an optical fiber 25 whose
@lﬁ_dlyi,s dd sgl)aé I]jna_jmd wlye Wahhieh appdete- derectbr it and
el ement w0 _0n t he sources_ 27
BEREERLATERS. (o T11 eood St e 2h, Chat  Rpdd wave
sarudes; e a thevérngehayoft shedhingd t de eptiwwmtifdrpeps the

%%Sl%lgﬁf bRed 30 aei‘ﬁ:etrﬁla ol trRPPsYurtd ﬁhetU QHEcWa\i% is
passes through it and consequent

Faakee! &a it S‘F%‘ﬁa@l%:ﬁﬁpgﬁl § wiv heca*?%?‘ésac‘éoﬁii\lleﬂ to

geliay tickief i pedieslactunet i el gnklt he:orp@ﬁsﬂir@ oaft hehe

e oL e SPULge 9T LoD |55 ke 2ed,

gam accordi ng to
sadiraelse @t7r imisgi dpealt remwsiisttiady of the radi oel ect ric

si gnalsg, te g%get Bﬁd WedSh Qhd NBeatOUf £85sRT FUSL D8 2

transm endi ng on whet her the beamtransmi{ted
ibgagm H@llb‘é% }éé‘)‘i 0 eél?{ﬁda 4 xBAr ROV Er iHHASE TP o e

%pttﬂ&%l oaibé@ls fidbengeds ased o edofreirbher eftures. To

nat roduce_a bea th f d

A5 nB amdlugbiéﬁsﬁlex%%nt ajrﬁt;(f%%p%lﬁc on, non-

aissayxarale;@ wbphiaal asEibersoukbe 2dsafidieaddwidvel @ndtaser
USfirdae Ogsft hané@%a 1210800y, 1£07 AdUGe BbeamL Wdiher

|rect|on is variabl e on command
diagyser sitee Bp@duaﬁ fa béqe@m 2Wisbsofi BEEHLANt PR REdIting

SAUGE %l ﬁri’%léb&ﬁ c&ﬁr\%&h&ngﬁﬂsﬁé%sli%@do I1@:al fibers
wavel ength of which is for, exanple control

ont POSYRARED1 ML i (i S3REF | FOWIRE dd deragrolr?eble
yatdieerdght awaveu@@d;sl ndret hwaugheagtdi sqm’er sz[h\zeh is for

043# R%a?/fl ber . bI eqbe{]}ofnmggﬁs uwavel epgt tah?t(;h way,

var t he ™~ ‘'wavel
aofhe hteh@urmedengct:netbtanshet laghadw@eﬂee@taﬂsgngsutgmugh a

Cf{]lr% C@é]ceowt%laaq si gl begmy 28, (];?enc?éit on the

tion i's variabl e on commn The opti cal
s‘ﬁ‘[ﬁ:]tem%tfprégeﬁhéé WRVE} guirte 335|§0531§@?u5’b’uf"é‘ryln9 the

ﬁobfh@heogoﬁkgér212t0|Er%@ﬁﬁﬁhﬁeﬁ radhdémhctrlc
T T T e
direction 6 which is variable on command.

The optical structure presented in Figure 3 is a
structure analogous to that of Figure 2. It comprises
in the same manner a light source 31 of wavelength A
and an assembly of electro-optical modulators 32. Each
modulator is driven by the radioelectric signal 33
picked up by one of the sources 37 constituting the
antenna 38. The output of each of the modulators 32
delivers to an optical fiber 35 a light wave modulated
by the corresponding radioelectric signal, to which
wave it applies a given delay 1. Each optical fiber is
linked to an input of an optical multiplexer 34 whose .
output 39 is demodulated by a photodetector device 36
which delivers a radioelectric signal corresponding to

the sum, after applications of given delays, of the
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30 nodul ator is driven by the radioelectric signal 33

pi cked up by one of the sources 37 constituting the
antenna 38. The out put of each of the nodulators 32
delivers to an optical fibeld235 a |light wave nodul at ed
by the correspondi ng radioelectric signal, to which 35
wada oetl eamrpliicessaggaven el qyrd{u@i:hbgpttl@al dobeted s 37

[ - [ t ptigal xer._34
SRETLEG S (SR, Rar8ingli 36T, ey r radi S i
WHigEr ldel3Y ereprresiitslingt rie st gnheavor pespohdidng ino a

td"i%e%ltmonaf berdcaniGald 0By ofhdi \1%%8@@ @%’ﬁefggthltrl%lg light

r adi oel ec rlc signal s 33 provide
Fave SR TRE amHinaS8BIOR gioBAs by the lengths
ro&plltoleéeopltimalslmtaérs’wworacmwhe@ othA kReal of the

J i er ned b the length k
§%%§$f§ﬂf ma&gg%?%' 4#1¥ e |g t source 31
and bys h@r%h@vﬁkylofcmehed@pectabnf iepf 3I%He beam thus
gY@t eth W f@c@ﬁ@boﬁ)f FnQ? UGS f5xdAUSor variable
gﬁvan%ﬂgsouiwytﬂﬁgqéned reV|ousIg the direction
¥ necP PR r BRBpPPEACHAY ERECE ST PReday
e vabhabliepel@itier efibons |and haHd r sbugase, 3thes fixed

WRNGUnddPels, 32 TRY 1Re pRO- dispelai ve, Jd berg, and he.,)

source maveleng sour ce

ddders reera)pilmrsnfvebefsb@r@ angpehsi BeurcbeBQ angource
e §99£881§1 v?axﬁé)l%rfgecho VAL Bl

controlled by contro nea%sca%% Sf%' he use ﬁﬁkbl means

optli-cal structures such as those previously described
to gem&katanﬂflayﬁ |6p@uc&3d|§€kﬁétﬁt685|gﬁéh as those

r r kn rn
6%F¥Ctu ogg tg S out tof@iays in  a
ammmqaﬁeanriclsugmnﬂ,|$t5@oﬂhﬂebeknoWadeheewhbh@t turns

k mh el VI s ar
Hle SEIUBL RPN, © RN 80, L ity of
WRRH FadePishe %ﬂe@@s 25tcoﬁ§PPt1Qt|]ﬁg tIFFét%thétﬁ'ﬂaeorthat

WH Gk @ lh X Ovd eshn HYwhEese188HEERS - 38evi BRsdBLAY 1 &2d to
applied is _a_true delay and not_a dela y resulting from

FRINas e Bshftaynd-? h&aé%‘kbr@ coﬁb?ng@ﬁl Heric” signals
fw’ramlenﬁg'edOﬁ:hleh%cﬁhgfwé 2 Sorsegitatilty ridhec s eaat edfa or

bg&%%é%%%%&%edsu%h aghghat gg&ggatlgﬁ%Jy the delay
applled is a true delay and not a delay resulting from
a phase shift and therefore contingent on the frequency
of the signal. Consequently the use of an optical
structure, such as that schematically described here,
advantageously  makes it possible to  process a
radioelectric signal whatever the instantaneous
bandwidth that it occupies. Furthermore the use of
dispersive fibers advantageously makes it possible to
construct in a simple manner a variable direction beam.
On the other hand, the use of such structures turns out
to be less advantageous as soon as one is dealing with
simultaneously constructing several beams, in
particular in reception. Indeed such a construction
requires at the minimum several separately controllable

light sources 31 (in fact one per beam to be formed) so
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advant ageously makes it possible to process a 30
radi oel ectric signal whatever the instantaneous
bandwi dth that it occupies. Furthernore the use of

di spersive fibers advantageadsl-y nmakes it possible to
construct in a sinple manner a variable direction

Bgano dhivderhbthemriang, &hectise @ftisaich sbauthubes 32,
turns ess advant ageous as Soon as one i s

80 TrbL vdh CErTint aTRaTS s REERR TRTS nd Coebas ahiparate
wearsoli wf partdmal aright receptesn. Mbndeedrsuah addition

Gensthuct fggt r r et %Ia%r@eg' g{&% c];orré%lex ¢ o to

separately contr abl e I ght sources
e Heshure béll’facﬂf we%ﬁuws 18t aSixeddr W@éretlﬁélgth the
it RIre CE # O oahecahm@ﬁ@mreﬁanoth%ﬁmié @&r from

ntrol an rlate to the separ at e ntro f
S T . Shor i ed LT ol Engn Dle® fgirmed
h&nt ebaEtsmeh saun&eﬁfameembrelﬁquMgex tegBrd to the
%B?Qc§995ﬁes SQICII ' ée%t%\é%luer%gt bs tLﬁe‘tlmately

SMAtC om one wavel ength to another is far
Ry ﬁHé?ﬁﬁt difeotibe sHLRHeL R PYS v Eofrmald obeads several

frramd p dl%ltséHlTﬁtri {Eelscémgdﬁ{]é@dlestﬁs havi ng reglaltrd tg Ithe
envi sa | catl on uc a r re 1s u | mat e

S0 oG AR hEE e P Rl CrrRshnge e Rhown
seMmeralat beanstpoicted | hof ixed dtrectuoes. ofurhiggre 3,
NAW P Ei%r%“ké(@' Gh p%8§§9 §Ef‘gé§r‘gwgrr§r' tSuﬂatrAuVleclbeam

structure to t e structure o which al's
ME@EP Y YOrp AW E D earksaetoinid ek o s r@Eeptt bpns -

accor gidgit oy,heans af Jdn@ﬁiatgla/ﬁmﬁl E?Ctﬂl‘@sflgﬁa?e, this
illustrated schematically % the figure, hi s

SR cSﬁB‘PF&é?Sana%s "BF &t ‘P?gﬁﬂtlg%;ur ggerges 41,
| s r S @piaess ,of offi xedxwvedvemglénsgtmsm@s/smmg being
no%g t ed b a radl ﬁgtréc S|%nal 2. The_structur
TR br ndt s atterher LSt Wnplecan ahba i ture
t¢mmpmmnberheterad|ammhgreEenﬂhtsoufcmblGM.taeuahtemnaim
mlfgé)frpbgseisadJ?@ e&Eﬁth%htmso%Egﬁ ésante n22 48

assocl ate diatin | enent € SiIg
| GRTPRESET omEaeachfr a%ililet #ﬁgha ERRCeE7 ‘bé. AG a%‘ﬁci’“ebated

t@umea ﬁédwtiﬁgpememeatl kght tseUEGgnaiaa? ofsdiling from
%£$ sources .41 praduces a Ibgh%)wave of lfferent

ngfA*85iPFat SEER vel STt PSP fiih the

corresponding light source.

Each of the light sources 41 produces a light wave
of different wavelength so that to a given wavelength A4
there corresponds a determined radiating element. The
modulated light waves 43 issuing from each of the light
sources 41 are applied to the inputs of an optical
multiplexer 44 with P inputs, whose output produces a
multiplexed wave 45 which is applied to the input of an
optical coupler 46 comprising a number N of outputs
equal to the number of beams formed. Each of the N
outputs of the coupler 46 produces an identical optical
wave 49 which is transported by a dispersive optical
fiber 411 of given length to a photodetector 412
associated with the fiber considered. Each of the N

optical fibers 411 being a dispersive fiber of
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there corresponds a determ ned radiating elenment. The
nmodul ated |ight waves 43 issuing fromeach of the
l'ight 30 sources 41 are applied to the inputs of an
optical multiplexer 44 w-thd4P 4 nputs, whose out put
produces a nmultiplexed wave 45 which is applied to

the fdHaHe ofi et hopt taal @@mayeraﬁ@m@aprtél n@h@ various
nurmber N of‘futggtgh egﬁ) t he nunper of n h
PRSP ES 1 R &lﬁ 1'%t ¥ éCEoé’ﬁS&es%t roug

mtkaQseﬁmreddﬂpeudscgnloab amgl/etH® wameh fsme on the
tor ried | i gal ' -

JAERIPLRE Ps® SHORAS K3 ' 5Ty LLBSRthLe long e
Wy Sl enst cﬁﬁlébﬁeﬁomaﬂﬂ$ﬁﬁ tPecrRnsapeires- fAQRQEanle

Alelerbepier sasht sPessi ue of ideari frdda %tiﬁ%reqrétctlxqr&gtéh,gnal
t he de &B gplled to the _various conpopents 49, of &
dptd c¥ft e5%t hridtgFuMS  Pherdi®or 8ignals 42

ctemmc&eeht bgnesarid tdfe shae tadimtoing heldmngish of ,t heach

?%ed; Co' £8l 44 betyA1d 50051 dergdy Hd tg% gm?agfq&&k Un the

nponent consi der ed. ccor
driddarecebr 4K dépmerEs 4 r aanééﬂ@a;fedu clzi §hel antgnna

W £ he 1601 f espepdsnt @ tre t%rsb@aﬁmtbf whgedl 142 resultlng
rOV|ded bﬁaeach of the raalatln each

s 47
ssrjgg% 42%havi ng® beBRC&FVEHded M dER 908268?%6&& oirgnals
téterﬁébmsd%n@nt@g the eliemrills 4¥cconsederattdriime to N
tenna _and _the |rect|on 0 .af the beamb i ch_the
ST | RS0 ol S495 10 T Rod VR PP AAFGFect  PE Thus
sm@ﬂ&d@edcorrespondlng to the signals received

accor dyjngs t QlyerHSE‘%eorét%r%a%' Ehétf i%8distrated by
direction O are thus 15 obtained. This alternative

sTgetr & ﬁéVPﬁétaglePﬂl@éﬁfr MF Dyl t FP@GF’ébée to carry out
aglyary ageansl yamedkes ithapess) blent oclear r}ya@ﬂé &f 381mp1e

Si nult eous nmann t.he basi s aqf si
St teal gt fRangl, O ERS MR Taadll &y SRSy of
bhemm5|n1necep¢¢eptnmmenbedemmedetexm1nd@thrmmmed fixed

di . Y d
LRI R sr, R opSr BRI ) Hek e,
conevnueisevheresi Apee matindeke dystnaasihicoitP ngerstruct

pLyral idiyafe ﬁ@ﬁﬂ@rtgaty%%&&m%ﬁﬁiﬁfﬁﬁgg a_ plurality of
i ndependently of one 25 another, in variab

dPRaRE| oRB2T At CBRe P&ry GRd&nGad i s ﬂﬁﬁﬁﬁ%ﬁ?ﬂt%ﬁlt%% one
basbshet, t hbhsvhypabotk slifdetuoas.bWt the very most it is

possible, on the basis of this type of structure, by
using wavelength-controllable light sources, to
construct a system exhibiting a plurality of beams
forming a cluster in which the orientation of the beams
with respect to one another is fixed, it being possible
for the <c¢luster only to be oriented in variable
directions.

Turning now to Figures 5a to 5c which present the
structural and functional characteristics of the device
51 according to the invention.

As illustrated by Figure 5a, the device according
to the invention 51 comprises an assembly of delay-
generating cells 52, or delayer cells, as well as an

assembly of optical switches 53, the delayer cells 52
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usi ng wavel engt h-control | able |ight sources, to
construct a systemexhibiting a plurality of beans
formng a cluster in which the orientation of the
beans 30 with respect to enésanother is fixed, it
bei ng possible for the cluster only to be oriented in

vaingblieirmdd etddedfar Tyf nkdy 06Wche bbglieas switeh?e 53
whi ch present the structural an functl onal

ERar aBteri 5Pi csSFSrhe Hevi ¢ S ANgS o OFY e
icowgntisimg Asud lirgtutateed due El’cgmtr@ g ttme34diaw ce

accor@ar& IO the HQYSQ%%O%eﬁﬁé%ﬂor?éﬁ&é‘@s aﬁé?ﬁgyof a

of ay- generating or delayer cel
\H@lf! %%Slds%,eﬁﬁwcéi dptheal SWeSS%BaWdheat least

dglcayedispkksibd - d;ﬁ:ld%ﬂ. ngfjlwe&ed segedher by wayiaf a
t he tlcal sw tches 53 0 a stitute a
FORPAE it 117G S 0@ 2 Fomd &1 ng 4 ol AR oubut™™™
pbmpe@areto dpidicEacht Dfet hesdgineper &8l | enB2 a single
IR Iy O3 8 4 Be OB ghSRET SV e 19! el iidiiraive
se nt. 55 and at | east one~dispersive optical fib
§é§ﬁéﬁﬂ-5%lb¢ﬁ §eIFERRDMS aCRUGEFsi R éhchn%%mlméﬁner' a
rwri maayn@g tﬁbSQQQﬁtvﬁnmlﬁHi%ﬁl?@ésé@gﬁhggu@?l it,
a si.n i sper,sive .o er _segnent
L Sharhs, U SBeAshiSaopll cal [LDCr SEERl 00 S
aﬂalwrmwmmandespeamgeveptdejady ﬁxb&:hesdagrgdeuutwaﬁe \zﬂmmmts
es IsC d
R erttace? phie iRlCVRR Y, GEuth B0Tag T Reptndalf, on
seghevevebengeh - i MOTepANSC iRRISes t:hes digperwave ptical

Of MY dsé Meagp%rsdeé&u@@s 16nkt warRy ehRDSh hpah@@% Lhrough
preci sel di spersive optical. fiber se

men
PR FS £ V@Q%Pwa eANPhsERs 1FRr dERPEN and %éﬂ a&be “Gap M.
PIOpoate Deagtho eixtistliangtte tvekr othdewgaplAXgthnd of the

vvavelen th existing hetween.the vvavele gth k of
WHVE co%:scfrbser dracpnd ta}?éél\ﬁortﬁhr?al waver &t en th lf%‘g%h Ao
mmmrzzmth@effbmr The two segrrents 55 and 56

const ifpll | RGONEGRCht & NEsSalE Caldl Sdn&f £ 0ind | BKRd ang
t oget her and _the ends of each segnment formthe points
othe ofifi@et iced lof53 harec®PF wikketh exdether érlénéme ends

agr Ophictal seyhdeh $3rfr thed pBihBpUldOUEPRhePOI&N54E the
tggﬁdeith an external element, an optical switch 53 or
an input/output port 54a to 54d.

According to the invention, the non-dispersive
optical fiber segment 55 and the dispersive optical
fiber segment 56 forming one and the same cell 52
preferably, but not necessarily, have equal lengths.
Moreover, the length of the optical fiber segments 55
and 56 is preferably different from one delayer cell to
the other.

Thus, in the exemplary application of Figure 5,
the device according to the invention consists of an
assembly of delayer cells 52 whose delays are defined
so as to form a geometric progression, of ratio 2 for
example. The device thus comprises M delayer cells

among which one cell makes it possible to apply a
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According to the invention, the non-dispersive

optical fiber segnent 55 and the dispersive optica

fi ber segment 56 form ng one and the sane cell 52
preferably, but not necessaiil y, have equal |engths.

30 Moreover, the length of the optical fiber segnents
515.n1&1|01d1 Stelisy peghal abby wdidiierend tedil enemaleimymer delay

%fSJ“‘ theiqgt her. Thus, in the exenplary application
EI gure 5 the devi ce according to the invention
consi Sts1df agcozdiagseipl y tde dénygatiesl| sthe wepsdcal

delidysear esﬂesfé]eaes@cég teQyof %m&wé btEcal s:Lgnals,
progr essi_on, t| 2 for exa he devi ce

A A 3 o5V ARG PG o @ TORPR Meda ded
by p@ssSi Ialp@rb@rayamley &i¥reuim,ni mon dekpyeaguiled 0 i the

1d o e Jil e |nve$3de‘l:g%f>ﬁ‘e"gggl tso I%alcl% t]p)c]t']les.sI '5517 as

I on & optical
anhee dt&/laze%rfml%w ’cSahuq@@p@gtsq:acporsmW@n pgints. Thus,

separel yaepntEol bahbe iBrsmeans Bfera cc@@infa@d paew dedur
by an appropriate circuit, not represe in the
SRREEE 8 P LW EE h co%??§%£ é"lﬁﬁﬁﬁfspofl_’%s %‘fe%ated

tlhﬂ;die&wa/eﬁeeebéSaEE o eC BWiecthar). pPachs swilad, 53
|f the deewegre er%djel BYery & |5_ch ath a a

connéction poi nts e optical “Swi ches“%éflnt egrat e
ifvnetien deli the acemmand- poipd iedi t e FhchtswpedlessFan

% BRI C A | LI &%F it SUSTh ey ddhat, as a

function of the corfmand applied, each of its poles. can
be contiectled ATHH W %S dlfer IFHEE IOy Sy delayer
agCIarli g dz@dtﬂ@eldayen&apnswthehdgl ayearecejﬂmr@%chrub as
theotlccalt wi tch es are grranged SO _as

fhs G 9 n@ar Hglaﬁ S 4t n, oft_‘%""ejr%yero’f célFiever
ezhl sel etadziel ogl Lonairy edoanechpdt aandn@utoampijtat tantput

3;50&1,' egt émt%@ﬁ%h %ﬁ“%%&é@é‘sgioﬁe ﬂly%relcd@)éxs N1s

| T hkeé tical swtc
d? ailietked héoaﬁf@m t é?b(esopéﬁciiér nPWarcBapt ches, 153a4hus

aftok H3bed Or BHAY drike s«ap@&ﬁ@yt p'étr Pod i 1P4B EQib4thedl, 53a
t he_devi ce Each of the tg/sqh} a switch 53 linkin

tdRfet REP HHTRS cBPfs 151.?‘% Gk ?%r‘éscéﬁﬁecT?oﬁg‘d of
pehetdefieae of

Each of the poles of a switch 53 linking together
two cells 52 is linked to a connection point of one of
the two cells considered. Stated otherwise, each
optical switch 53 which interlinks two delay-generating
cells 52 is configured in such a way that as a function
of the command applied to it, it links one of the two
optical fiber segments constituting one of the cells 52
considered to one or the other of the two optical fiber
segments constituting the other cell.

Moreover, each of the terminal connectors 53a and
53b comprises two poles forming two of the input/output
ports 54a to 54d of the device so that as a function of
the command applied to it, it links one of the two
optical fiber segments 55 or 56 constituting one of the
end cells 52a or 52b to one of the input/output ports
54a to 54d of the device 51.
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the two cells considered. Stated otherw se, each

optical swtch 53 which interlinks two

del ay-generating cells 52 is configured in such a way

that as a function of the &@mmand applied to it, it

links one of the two 30 optical fiber segnents

const '[[tutsimgnahebef xtckt&d:ethatSlheconptc’deaéd gvol orfeeor 53
gdot ,.ogu%E OQBECQi cafyde reciprocal

constitutin er cell. reover, eac f *The

devaraal c’éﬁne‘é]tlb% wRa, aridie 531?V01§r?prla§§§ltqw30olt@s the

1ﬁb€hﬁgohmolgf ihe idyunts odrpukavaath ?éb%sﬁ@a E@c@ﬁgocal
of the device so EFat as a functlo

the ¢
Sspied o WL CH  LRENFOTsRe TR (He 6D OBt | G Pipepand
3@@”Ehbsp5&t@rEﬁiCEm$t54dﬂdmgtm®eoUMerhhanéndayebbsused

2bh_tq_o the input/output ports 54a to
AR bR B s BB 1 P ol B e not ed that the

opt i cEFOBW t%he§u5@tl@§éé areleypeint j ke thige degaies 51
GelbTa32g rech precal  fevdkeson | Ncbhks iWatest hea devetece
accordln to the nti n is jn itself an

ANt agouery Teep b ERarts el ving h Eaian Ligktygrage @

@Q@bﬁnd d'ééhllayohrr tﬂ}ﬁatol’tﬁarhamiryaﬂd 4 heiporesebdanaed,54d a
e ot he nd ma S as 4 nput .or. a )

oS Pingt, W TRfpRar Weya TR b RN oo
tTh itshe dedagnt icem cdngttineymesea densi c@ f@mction of the

ﬁq‘%’% D gs'&f capahla Hle AR BG G A ldfghtth\éav%p%lcal

T that can'vary in a discrete manner,

3 i B R P IO S kEresERanist dppFhed Weye henSEpeERged  into

Et?ne dav scales aypeaBebyr therifidperatera fancthen \@fvetl.léelgth
erswe or non-d| spersive natu of the .0 |cal %
8 ok B his

er- Sy meft ' t iPHughoWhTERS ve EREPSFHEed St &
Maaeredeangteh 51 passes, be independent of t he wavel ength

of thi (e C e p
vevel ao e rob PR St T PR %&tg?reéogzetﬁése
m&@;eZﬁhﬁm%Wét?h@Ssﬁﬁt@ﬁ@sQ??Qﬁq;hﬁﬁn$®lﬁédt§oa§§ ltro to

anp V1 {dht t»l}b?véé gﬁésé\@ﬂgstﬁﬁéﬁgﬁgthéf a@gmctehgld%wd*eqay T
51 a delay T ependent _ of

v Ien th of the
Rf‘dﬁlﬁrbter%é the %‘ﬁe:b%n%%eﬁ’\%ﬁ }g’ﬁ"?hu%o ed.
i1t | ma’hedoRoteids petist ve iapt tiehd fdabse:r segment sths ‘non-

Vg”éggégf%é“%%kfggl fiber segments 55 which are used and
in their entirety, so that the delay applied 1is
necessarily a delay T equal to the sum of the delays 1
caused by these non-dispersive segments.

Figure 5c, for i1its part, illustrates the case
where the switches 53 are controlled so as to apply to
the light waves passing through the device 51 a delay T
which depends on the wavelength of the wave considered.

Thus, the light wave passing through the device
according to the invention will be afforded a delay T =
T,+T,, T, being equal to the sum of the delays 1, which
are independent of the wavelength, caused by the non-
dispersive optical fiber segments 55 through which the
wave considered passes and T, to the sum of the delays

t(X), which are dependent on the wavelength, caused by
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25 in their entirety, so that the delay applied is
necessarily a delay T equal to the sumof the delays T
caused by these non-di spersive segnents. Figure 5c,
for its part, illustrates-tA8 case where the switches
53 are controlled so as to apply to 30 the Iight
wee sd ipasst Nigrd hopugbal héibevi cedrkeradetaytirvhghhwhich
%&pends on“kgp mavele gth of the wave consi dered.

I I% WA e passi ng through the device
accordmng E@Omﬁ@-ln¢€ﬂtiﬁﬁﬂﬁdl béragf f orided &heel ayjatter

V‘c\:hon-li—fllg[%atl%nbe'ﬂyg equabet & f hensumsef dhecdel @}.‘L%é) rsive

35 are independent_of the wavel ength, cause
G- Qh?ﬁﬁﬂ%ﬁﬂ%??ﬁﬁl?ﬁﬂ ?l%é?hgeﬁﬁﬁﬁt§oﬁﬁlﬁﬁﬂaagﬁf a
Wliudaltitg wefve Tidist dewsdepasses andtidleaetihe difhedfent

t he eIa T whi ch _are dependent o

e e dtkbuefy C3¢B 44 R CEBheplehl prgpraea 2
fdikfe?rersaevqnmlsaywas heodghcwtiiooh off Hilge seaeehangth of the
F@ﬁ?ﬁ;}xer}tt Shuldbg noted that in the latter

confi

uration, by virtue of the use of the dispersive
5 opt iXACSd beFNEEYhERr s 6, 28SPFARE 1RV el RoRSiSst AR the

chanﬁa pdyetodh t yhef devglat \&@\tﬁﬁfdlfngm&él ph@xedvéhftflehemlth
f q@gths m@e eml%tea h o ﬁngonents af forded. . c
etent® as a et on o? tHa \Aﬁ\?glegﬁgflﬁl ocfontshlS S
cﬁhpdneﬁs coﬁ5|gewed waveiangdhstheavmkxghtn/wave whose
d@él‘ ”Qoﬁl{o‘%ﬂé‘ﬁtQ”Qr&h%ff%%&‘ééyﬁéleﬁé h?sd%‘t‘éﬁned at
cor

ng to e Invention wth sour

é?ﬁet t PHEPAC wafe WRBSEYSHERY u‘iﬁ%oﬁ§|1§tfs a%ﬁoqqleﬁ%st@f each

gép/@éthe' engihpPénedt! | JifeiRVe WheSSorspesdral to  its
nentﬁ}are af f orded delais is obtai.ned at. 15 the
helBy HEm PRAR ORI 3y &PF6r dEFTD EBER spectrum

sn@cthalweanpopeodubedngnprumerﬂugmm dourdes consists of

ﬁe{‘%& IfioLl ?ﬁk ! Cah esou fi£ak 3p8ced; M the

€ wave pro uce ce consi
c@m@ﬂt scmbgéemmepéng:ﬁm vafﬂee regofacey spacde CtLH@ut

20r spret é?étérﬁ”ﬁ?@eﬁ‘ﬁoﬁieﬁhﬁe\m@% Ple@dueed &f 4 Minction
out put the system are_afforded del ays defined as a

f%%dW?Yﬁﬂe%ﬁtQEQ%l%nb?% oY HRTRWFMramp form This
resul tTWaMﬂwsbﬁvmkagebhsmpsaﬂﬁt@tth cpBsktible, to

bgox\llalat%gcet Ofbjgfh%lq: \ﬁleceofS:lth ché\gigg IS? accordlng to the
invention, a device generating variable, controllable,
delays, making it possible to afford various
radioelectric signals carried by 1light waves having
distinct wavelengths, mutually distinct true delays,
the durations of which are dependent on the way in
which the delayer cells 052 are arranged with one
another, the arrangement being produced by simply
applying the appropriate commands to the optical
switches 53.

Turning now to Figure 6 which presents the basic
diagram of a first system integrating the device 51
according to the invention, which system is presented
as exemplary nonlimiting application. This application
consists of a system making it possible to carry out

either a single-beam radiocelectric transmission oOr
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25 invention, a device generating variabl e,

control | abl e, delays, naking it possible to afford
various radioelectric signals carried by |ight waves
having distinct wavel engthg,9 rutual ly distinct true

del ays, the durations of which are dependent on the

Wy eipit 13601 wbnhch#teheo@kei@y@nf cehé s ignane at%alggﬁﬂpt\éfah or
one _.anat her, the_arrangenent hein roduced by si :
2SSy R B S B P B oA 162 bpt PEAFad 1A Chng
spurcless SPnsTithtigonew e tHivrirantendd | present s

the bag] Coadbydi ot amal Bokidtl YSLEM I MAHAL NG and

the device 51° according to the invention, |
FPSEERLICR pPRIBAL et s SEREMP afFPRAdALT AL i Hgplements an

apiyliiceat itsvrucTt!ﬂbxlse 36tlp|rﬁé}@£ﬁ@nit098_§itsﬁb§eoﬁoaa§> el true
I N | POSSI, o carry o el er a Singl.e-npeam
B PR g P ER orathee | réeep??%nreﬁiw%ectrlc
eisirs lof  ttreamsghatedt r amsniteeeived rbyei weckiby dhie Rhe
rr%@iaatt'i% ele?@ﬁ\@h%sﬁzéElorcéﬁg’cgghggngs%&esantel}]na 62,
constltutlng an actlye antenna . o carry out the
feSrat FOAMBRLt rePReh sSitoNAn@n S5elepeptpsh beapeptipe or
&)k%rfﬁiﬁiﬁ@lsdrﬁ%f%u\bfﬂpl epgat aeqt@ly %ﬁ;jlcilaid st ]lgeaeﬁ_e ogll the
I N | 0SS| e o0 .app!. rue ay, O varla e
P R e hvRet L aar Y cher af angndles fimiieas ¢ ey 20
aro recsiwes dybeashwhbsthequigtiate nol #hemaakes62h angle
@wﬂl’{ L{{Hé’]gpfi}?e ang eong Qﬁteﬁﬁa??%ﬁeeb%'fﬁ%t of .the angle
constitutin an elenentary receptlon or transm ssi on

Fatbeiye deeereingdappl tde tvrlatesh of the dellewentanplied

&S hWRYS Jai i ek BBhe ROSrPJEUUANRL SOTASs Q- dH:QdUCire
a beam whose equi phase pl ane nakes "an angle 6 with
R YA 4378 ant enna.  The val ue of the angle 15 e

bei ng detrer mawed- bysduieeal wEsl ofwite del:ays aRpitdithgths
tQ.t.he various el enmentar ath S._ Thi rchitecture
IR it TResnbUr podOui g ISk (39dufehipn, &y means
vty ebe i disoe axdit bi¢ i 18§ gaali npTheal waowe hendties r of the P
f"‘téé?ﬁré’é’ means 43¢ Ql-ay adl pel Sﬁékﬁ%ﬁégnﬂetw@?e% a
wavel engths ot the P | aser sources, a di erent, are
deERnEd betweehdad Wavellangtth Xman apecrdiagelengt hlaw
Adax 1ageardi \Hﬂri&tf’oﬂ} AWscOf thhhedethddat £Q8, S$hdd@itive
bet ween t cqysecutlve .
wavelengths there 1s a substantially constant gap OA.

- a wavelength multiplexer 612 with P pathways
producing as output a multiplexed light wave 63 taking
the form of a comb of regularly spaced wavelengths.

- a delay-generating device 51 according to the
invention, only three of whose four access ports A, B,
C and D are connected. One of the poles of a terminal
switch 53a or 53b 1is wused as input, the pole
corresponding to port A for example, while the two
poles of the other terminal switch are used as outputs,
the poles corresponding to ports C and D in this case.
A device with one input (A) and two independent outputs
(C and D) is thus produced, one output, the port C for
example, being dedicated to the '"transmission" pathway
of the system, while the other, the port D in this

case, 1is dedicated to the '"reception" pathway.
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wavel engths there is a substantially constant gap 67?.

25 - a wavelength nmultiplexer 612 with P pat hways
produci ng as output a nultiplexed |light wave 63 taking
the formof a conb of regul &d y spaced wavel engt hs. -

a del ay-generating device 51 according to the

invenbiona onemtf@&eecﬂfcmbﬂsesﬁgurw@@@%ssnﬁgﬁis fuinion

3 connected One _of. th ol e

N LR R R e T St

c%rl@sfdbnethng‘—heo tpmmsm$exoexamplzggcemzlcaatheamwmust be
ﬁ'?tég t bge Ot gL, ot 541 RaL f}dg@ @56 peS€ fied to the

ou&gyts the oIes correspo ports D
QELSET TS /6 A b ot FRRATBRES neat r(eA)ﬂaﬁal tb\Mo cach of

|tr‘rdaepencte:ntrc€ttﬁ patzs EfLY! a&d)n@)equ%nttﬁl!ys Phedugadie OBE the
1t put theIPort edicated to

anp .
t e ¢ drisniSsi GFP lﬁ‘aetdnvvaet&? d(}he st W §RRrding
Gmmlattdﬂa ppric®li waMsiss "Claee cirsudedi €3 egrbdutke for

"G PhLPBosRAMAY copflan8sC HUL A s £l CEbt a6étr34ms§n an

main funciion consists in detern1n| as a function
(ﬁPRqﬂPQﬂ%Qﬁnl%WPn%rlntﬂm(ﬂ?RQR?%#an§W1§§h@ﬁ o053 which

reseptian deamenugs1 bgs pg&ﬁ@ﬁéiuofhelvabeeoeﬁlh@e to the
del a %ﬁﬁo be applied to the 5 radioel ectric signal

tYAnshit¥2d or received by each of the P sources 621
and conseqMeweﬂynghaﬂﬁdpmraﬂbﬁtﬂ&mm&ﬁfwlémebed&pﬁbbe¢u4

chy of re | at optj.cal_waves. _,
SRS e pAORERE o R0B0 800 TR S 00 ol o
ﬁ@@@§§éﬂe§1mt ochcttdist edprMiga 19 apphhome aipput is

Wcﬂé@ Opbi CadhsW fo%@?%ta)’ phieh Lonstdddy e EBe the

del ays enerator 51 according to the invention. -
ma%%/ 1 par RSl Fhﬁl RFL dévi éerequamp%ﬁ p The
pﬁdﬂmnymlex?erthaaﬂh i iis0 thargeBanaftBSi 98pardbipgt h&\m’d P
tr of the ce 51, ose input 1s.connecte
R SN CoRsTe ke Rl cHON Rl EB] B SLNERS Ciave
mmvwww pﬁhéegmﬁhxbﬁqh Ehamﬂeyldmes1damﬁ¢f¢dm;eto the
614 dsc £har ged With SeRaAtig. {1&% fltggtﬁ Be waves
ght wave avi

constituting the multiplexedi
s s Qrﬁ%ﬁ&ﬂpq¥ﬁ¥cﬁwﬁket51 according to the

| nventfin apgswbhh wREenHaG eagh ofnhihe Bplglq'&tat%\hes is
%%éqbgg arglggé?eégﬂéﬁternately in "transmission" mode
and in "reception" mode. Just like reception,
transmission is here carried out according to a beam of
controllable direction 6, the direction 6. of the
transmission beam possibly being different from that 6.
of the reception beam. The operation of the system
according to the mode considered is described in what
follows.

In transmission mode, the optical architecture
previously described 1is driven by a radioelectric
signal F. generated by a signal synthesizing device 623.
This signal simultaneously drives, via a power divider
624, the modulation inputs of the P laser light sources
611, which thus produce P light waves 64 modulated by
the signal F.. These P 1light waves are thereafter

combined by means of the optical multiplexer 612 with P



10

i5

20

25

30

35

The system described in this application is designed

to operate alternately in "transm ssion" node 25 and

in "reception"” node. Just |like reception, transm ssion
is here carried out accordi 23 to a beam of

controllable direction e, the direction At of the

o hemiyss i cma e possirhl ¢ heisng tdidd esed 8 0RRUAAY the

? rm oftg e%tflh (g%rggtﬂ}‘e operation of the system

accor |ng to t onsi'dered is described in
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E%C“ev.@cé‘u T | Bak@18ntine Selds SuUA: Mt "eonsrant.
)Fé’dmﬁ“&rﬁsm'b TReRIueRe Byl thelexedt I pgbkewage263 is

Hiedermaor ald st shi fheeing hepééé@dshtﬁkohghf behweer bWy s

SRR A M oG DR righ ShBS: BREF aPPy CBenseRice 51
y ~¢6n .

Zﬁd_m:aue_tchnsm sshen"" mmdesriies iant | phexedyl,i ghbrvave for
%gcra:rrg)ulseq' r %‘%)t.re‘j’thaifsI erpd}%\gs%g %%Seseg:otnh:rroﬂgh Ctll}eCU.lt 613
delivers the appropriate command to the terminal switch
53b.

The light wave 65 produced by the delays generator
51 according to the invention is thereafter sent to the
demultiplexer 614, charged'with separating the P light
waves of which it is composed and with restoring each
of the P delayed light waves 66 on a particular output.
This yields P light waves modulated by one and the same
radioelectric signal exhibiting therebetween time
delays of determined value. These P waves are then
demodulated by photodetector elements 616 which restore
for each light wave 66 the radioelectric signal 67
carried by this wave.

The P radioelectric signals thus obtained

correspond to P replicas of the signal F., each replica
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del ayer cells 52, onto the output port of the device

51 dedicated to the "transm ssion" pathway, port C

for exanple. For this purpose the control circuit 613
25 delivers the appropriate2nmmmand to the term na
switch 53b. The |light wave 65 produced by the del ays
genierat af fobdedccor dpagitoct hielay erbiraesppridiexeat berche

er ge )
sepa?}at i %83 E‘Lih; p%f?%o c\iA/g%Jégeof g\lj/'vhl gﬁ\yo%ﬁlng to the
clmmge@fenot% thhﬁestleehﬁg oI ofavheg P dekayed this

|ﬂ£ﬂt1défiV%eGQiéJlna}a POF STk afooeaew of thespYistl@dn1R 67
| .ight waves nodul at ed _by e and the_ sane
e R SRLST (o MBI P B £ P gt i ebre@iab to the

dxelrayrmnof ddéter nthhed valniesepheaeeP wwyesfar ehkhem 35 ght

t odet ect 1 i .
r est or eﬁt &(){#9%%%9 Eggt %C l(g %eﬁe&?%% gew:c%l%ter their
FiapaAg e Fhrauah etdﬁaa;ﬂethﬂ}s—%wam Revwidtodiectric

Si gna'Eﬁad}huéfoﬁilﬁé an r&d%%d@%é@tf‘ﬂlé ?fspggneglg ceﬁtainéae is
si.gna eac re | CQ el ng a or.ae eci
el RN EE | i dorar snE acupLbas device

20 Qﬁf Edlmmwbﬁgtmset heo t}‘iée&bdﬁﬁthﬁglt ié&ehife?ﬂﬁt dGZdl to
wave havl carri ed. t lca., T el ay afforde
IR PRI HE 4% 1€ e ke

t'6-&ach of na s hor eover a mul tiple
of alﬁﬂqonﬁﬂngdﬂ'eQchqmbxmethmn@m”¢Uelipwekuoéamhe

SERa AL o %e&,@e Eahaseiecw@yes p{ gfﬁroug éﬂﬁeclf the

| aser sources 611, after their passage
FARARRYe At | néiqj]ébf%e 51 WESdh of dhHeys are here

readiiael fdduLl i graks dditgisednds nol'o & 1dyat plrszduced by

aé&?b{}ﬁg?%r ﬁ@ﬁ%dl I‘e(i.il onal eg%lelﬁg %a%\é:ﬂ%ez‘ggzsgrry out

vﬁh&:htransmu!sespnndsf by dsngn@I wishdewage Actraditegleous
khagx az!tc’:c%‘rcﬂn% h@o aglf Eh‘ﬁtizg”&%”%a f %Tpessi‘angle

e ec ric signars af appro
deizgatiemi®h del ays are here advant ageousl y true

del aysyand ragkpiielays RéQduced oy aﬁewamg Rasei tecture
shifts, makes it possible to carry out

tIP%ﬁq‘é%ﬁ’%%}rﬁbndSFCgl?FSndis VWERVERdOY n‘é@%n?an‘@tﬂ}soelec’:rlc
bedghvd T h peckedi naipt 0 Iy bedle poiratiedtinga @leeRnts 621

8] nrgstltuzt'plr(ljgljrgﬁtel %rr]lt(eanna 62. Each signal is applied to
the command for modulating one of the P laser 1light
sources 611, which thus produces a light wave modulated
by the signal considered. The P modulated light waves
64 thus produced are thereafter multiplexed and the
resulting light wave 63 1is thereafter applied to the
delay-generating device 51 so that, as in the
transmission mode, each of the waves 64 of which the
multiplexed wave is composed undergoes a delay which is
dependent on the wavelength of this wave and the
commands applied to the optical switches constituting
the device 51.

On output from the device 51, the multiplexed
light wave 63 1is directed, after having passed through
the wvarious delayer cells 52, toward the output port

dedicated to the T'"reception" pathway, port D for
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In reception node, the optical architecture

previously described is driven by the P radioelectric
signals picked up by the radiating el enents 621
constituting the antenna 6223Each signal is applied to
25 the conmand for nodul ating one of the P laser I|ight
sxampde .61 Forwhicth st hparpoesducehea kbghtrodaveircuit 613

q . \ e
FRILRR I dpifichlite, TR o PR FefReHad! Shicen
Pt pTeked ighd twave r éSulthery Mngrroreve H3dpgodulation

tg'{ﬁb%@f}ih ee% gaetba@tttﬁetb?e Skhilaye ggna%@t im% d%}éis?lﬁ.ting
SO at, .as I n ransm,ssi on node, eacC (0] e
RO BA i SIOTRE 4% { MDY ERed SRRRP ST SoRBBs et of

tuhete rgpotioal gl aye whighals cdepérdemty drhd e light waves
IS h n pp}
PR T BT R e e SRBT R OB LGEAL R cne
aerFaspendingm dakavievi dé 54tilhzeduiifitgirexecicept gbm 625
wRverhd | sydteRCt geocabs ehghavéigs passed tiHOUGhH-ode@ ing
vari.qus, de ager,cells 52¢ toward_t he oyt put port ,
FERICECedMREEE hd U rRRIPIP LR Tat kS, por 12 DOPEventignal
malamdxe. BOrré de st ot pasmant hece:gﬁﬂﬂliﬁb CtéCuite 6|Hirection
Ver e proprij.afe 0 e .
SRS 2 HRC A (aBBTIRAT RE P EEIRTE receivea
dendd atamipus mores otauietedtwring difentarglénmmds2 .
the regul In!a?g pe " adieal ealrdcgsi gnak 68;  yhi %% lication,
represents the sumof the radioelectric sign F% _
&ae i g8e by 2 PeleghosRered inondevicei /g tdecording to
ﬁéi p|i@1?0@61t}&@|¥1¢ 6§h@?téfaf_~éor d@?yézh@aé%é?s@lﬁ%Bﬁ?gﬂﬁE}{% it
elays,. is utilize er, receptjon ystem
RSt o e 6T TPRE Br Bk oSS HG 18 HpBli BHtmkas e
iingrgesitdde tiotboran tinarsmicradient | oRakpti@nnesystaem with
r ni i 0 a i . (i ti fi
A oPnPeRm ACERES o0, LOG ALLET BOlnotE) R B o
ERNGRE SBdFcesySRaAM c6FFERIR | A t(IREBMEhnQuE2. egher a

PR efriRsaugsi bR orf ivedeAPRIH CAL I @BcordantBe with
use of a %ela -generating device 51 according to th
hVBRER O Tt NETSIE A BREaUEBUS! v itk dea® { PopeagiiHa Led
tin consinpled nerinend) structures 61 that can be

act | v BT BRpP S ey T oty stir Cash 43o8F (ght
source 611 generally comprises only a single modulation
control, the corresponding input of each 1light source
611 is associated with a switch 627 controlled by the
control circuit 613. This switch makes it possible to
hook up to the modulation control of each of the laser
light sources 611, as a function of the mode of
operation considered, either the radioelectric signal
628 issuing from the corresponding source 621
(reception mode), or the radioelectric signal 629
replicating the signal F: (transmission mode) .

It should also be noted that, in the application
considered, the delay-generating device 51 used 1is a
device in which each delayer cell comprises only two
optical fiber segments, a non-dispersive optical fiber

segment 55 and a dispersive optical fiber segment 56,
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20 render this system capable of carrying out either a
br oadband transm ssion or reception in accordance with
a beam of variable direction e that can be controlled
in a sinple manner. It shoulxt be noted here that, as
each | aser light 25 source 611 generally conprises

s a seigngine Mbedhat | an dLeperolvet hEiBOF I eSEHREHNY with

i t each | sour.ce_ 611 is soc.i at ed h.a
ﬁ%&c%ﬁtéz?g%on% r%‘?hfl‘ﬁe bdltgﬁ)?rséc?ﬁ’t ro aft circufE°8 W;%?d here
THiaE swhechs igikeof ttbéssiltﬁmen@orhochaurptdt@nﬂ"@s, in a

et in@heant r eheof rgagh eﬁaEhefééseEh%O é'QI‘éal fiber
sources 611, as a function of the nobde

CHRFHREERE efbRerdehrY r 2RJISsct EPc & ddght 6@8’\/’e "which

| (B g fcmasut_:,he cor rigsetidy) IpBE6E 0@l A{EgEeRIbAN or
ec:.)easoe Ee ragl oelectric Si naI 629 replicatin

e sional Ftoetransm SETon mud) . 285 #t RN 86 the
b@\m)leerd;tﬂhactf g heaappl i cat i on consi dered, the
del ay-genes ag i een@@g,uest%nusec@lé Sadidevige 'sn agm@fore

each deI ayer_cell_conprises only two optical
nts, a%phénma%gp@r dedayopbieh 1ﬂcg@,ase§egq%rﬁeq5u‘:¢ases

sl a dfmﬁweo@ptwgﬁélém@@m &%gnené aves 2¢nithi pass
sggnent, be| Ng a.di di spersive fib

po%: 12 ort nedalt vETRY §1peF§Fbl§rt I? |sgflé8alf§d Hek the
tdarecthieorsi gnobf thheb@asperlrmsorfcwmécd:&nl pedy vary in a
kgpr\@] r ke 9 f4.

consi d%?ggﬁg?hyl a%&ﬁ eggt otl'g% I | %ﬁ%v dlt%% t§on of
RRLREIRRr 69§ﬁeﬁpopﬁéﬂ§aste% Fb@smqwhl §9erf‘sfi1©npléﬂe of

deiss eageenhBeyati Ve disSp@tsj 0k 85%185f9a9tslc0r1a§51£é@clon,
I'n this confi ration

I th_of, thi
m@%?e cﬁgglofg Pﬁeiiéﬁg'?%g%srasﬂegt egﬁﬁ% a&rﬂ%?‘d&%lt& the

whihedn t et easies omkﬁe;cr edses agenefdDTyi onréduires, as
0 h pass rough it. The
m%%ﬁ%&?%@ucﬁ b#’ ’mag plte h% cﬂurcgc O|rgn % & qeetant

benhex h@glaxorwbdcloamabﬁsy1Vap§vssnbée giongipplserese angblar
reepsst gg tche mm aﬁlceghaecﬂelaqm ﬁélﬁlglﬂgl tll:rrég:tlon The

correspo to the normal to ne” of
Rt ERFa. ?ﬁusthésmffﬁ%%ttmﬂssmgt E'BHPlfé’atlté}? Rfpinal

usereftite debay- geramatingg dest@e acgor d'dlg:‘etCQ:ltdiﬁ 13a
'”¥§Bé£81cufhér”tof‘?ﬂg gSTg£g||¥4 qyl antenna to a
direction 13b making an angle ®, with 13a. This offset
is obtained by affording each of the radiating elements
of the antenna an identical delay T,.

In this way, the direction 8, in which a formed
beam is directed, is referenced on the basis of this
direction ©, of prior off-boresighting in a single
(constant) direction of rotation with respect to the
direction 13b of the nominal beam afforded the offset
®,. Figures 7a and 7b illustrate respectively the
effects of the implementation of this correction for
the production of a beam 12 making an angle 6 reckoned
positively with respect to the initial nominal
direction of pointing 13a and for the production of a
beam 12 making an angle 6 reckoned negatively with

respect to this same direction.
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illustrated by Figure 7, the production of a constant
20 prior delay which nmakes it possible to apply an
angul ar offset 00 to the antenna beam pointi ng
direction. The effect of thiss offset is to nodify the
nom nal direction of pointing froma direction 13a

perpendi g arm i fbee@! aRg: 16y&%p&>ﬂﬁ?’ﬁ?1%g gﬂn '?:?;hr%s‘s?: %@ Yelay

directjon 13b_making an angl e j fset
i@ hitte F HEERROIRE nf @ athr®Ftine Padifattheg beam to be
eﬁhmmi_ SNiuth tdepadit _emat61a@_ Hdﬁﬁ_t:'t%ah ;i@lba)dgTqbs Igbssible
this the direction_6, _in_whi a farnme eam i,s

diG e%:%/%%ll; PEY e d28n atnl%eba% of 8’6 hF§Ck§Beg] inoan
dimesotiiagt 0wiepr i ppsoffvdbyeskghepagively,sifigl @ll the
(Eonstadng di [ r LDR: W r e .
é%%ectig%EHSEkggﬁfﬁg,%%nig%?&%ggﬁﬁgg?oy e% ?%%géﬁ%éghdlng
oElagurtes RE afPrAEiad | G r fhe r agstiag Aadtr ihe signals

g.f:faefgnauﬁed hexri mémwadaf : tbpn§@% tﬁ@i&@m@clten@aleh@rs 621
5 the production of .a beam.1 i.ng an angl e .e

R T GRREHEE e, B (REPRUFS: o MRS i papale type
noim daspedsieet ioptigfalpof teng583a anfliber wtieh negative
Ri { di¥h Of ;3 bgam i3, ki ng gn ﬁggéftﬁv%.ec ' ion
negatively wit respect to this sa irection.” -
13CGr 3N YoteFe hat by applying a constant delay O

and byrxigf enggoilag tdersid eahiyonbe phobecbeanta beimple
formed with nﬁ_pect tociggﬁglrectlon 138 it is | ,

JEEE S e 2Fo trahy By SHhCarkyl eP¥a 1GSSFy1ng 1into
rexptoned ithan dptivedr i pathwagserwhpolsi tdorsley othe 1light

| vely, r.ally t | L ect. i a

&g%g%édi %gq%/yp%%gu%gfir eggon%{l%gch ay%%tdgcgegs a%%lli etélot othe
toRt ¥eali omhébiplexsrgrials segunshit tfd optiesei fddely 617
the rafhald g€ eretige iRl et hfexgg?%ﬁgnaoﬁayt@@se non-

produced by using a single type 10 di spersi ve ,

o FRETSFVhePPEEC2Y Filber FadhaidFatfve 2gespefdngd dm 2

_alqﬁﬁé»hermahhbrpofd thye td spehstOnNonacy dbpgit@lCcagsres 63
is.an

Disaposl 8, Wloel Rybe pLatlced ) 2 okhe acors on
1&heachadfo¢hecopiccabigatheaysawhiield cdrweyhdme | ivpntes,
IBER s oS g DRl 56U A ety
applied by the device 51, lead to the formation of a
beam whose direction 13, is off-boresighted by an angle
N with respect to the initial direction 13,
corresponding to the normal to the plane 15 of the
antenna 62. A preorientation of the beam pointing
direction is thus performed.

Turning now to Figure 8 which presents the basic
diagram of a second system integrating the device 51
according to the invention, which system 1is also
presented as exemplary nonlimiting application. This
application deduced from the previous application
consists of a system making it possible to carry out a
single-beam radiocelectric transmission or a multibeam
radioelectric reception on the basis of the signals
transmitted or received by the P radiating elements

621, or radiating sources, constituting an active
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of appropriate lengths. The | engths of these non-

di spersive optical fiber segnents 617 are defined in a

20 known manner so as to induce on the optical waves

63 produced by the P light 26ources 611, and therefore

on the radioelectric signals carried by these waves,

detaysawsi2ch,THen dyet eabsonceidéradyidpl émennsi ah deltdyal
[ 1 h i.ce. 51 .4he f ormation of a

%ggggggfg%gse% ?§g€%i5% gfﬁ?QEE%?EboreS|ghted by an

angl eAsQdnal ther eopect it the ifdcurg, dihiect$onugBure 81

GQr BNl mﬁéatbfeorﬂow@l dedddtedd ae Iy ehathe rather
F]]aenna 6 pre ientation of the beam pointing

Bct ifon 599 R POTIRIET 3B A% r nFRY Adw PO’ Fi Qﬁr e oW
_Ein\mleg&fat@rsesant astdmnlﬂqsl of dVagyaararaftarsseefndsysyemsl
rt%thé]glrg hendeYl P ephe ﬁ%%é?ﬁ&g £° tf%‘%n{ WepLLag: in

|ch S emis al’so ~presen as ‘exe
rzr@meilvmltqnng Bppltihdat |@@pllrtha§101applqa@élt |@¢al®he@ue@d1erator

f5f10”1~é8819é§V|é}U3 idRpkheat 0D1§15t CQJ&S)eSt aeQEvéré}dSt@}m an
maki.n |bleto carr g . sin

PR %11ecf’ He FFang}n St ofr ot |‘Bgarﬁ he multiplexed
Nadihael ecdve ¢ BECephtan ded t hbybasuhaa of mhbeisigraks 612.

%Frél %@Mo‘ige or £e°§5¥€9c83{a&he{1‘ e | ati ng. £l epent 58 is

radi‘at i I Ng ources,_ cons ng an actilve
SAecdmet 6. tPhehg/ sfemmabasndered thepl enamswisgion beam,

Q@ﬁﬂ%@%héﬂé&ﬁgyrﬁ §1d§$féé§rSﬁoakgahsgasg&bQ%glvgiy for

y be noted In the figure, this structure

€ nFAEREd I ot hé’”eﬁeiﬂ}'dt%re ¢1s nltcﬁ%ﬁ qug-tHvetr pprt
tdzaaﬁ@t%dlgice ﬂ@éayréééﬁtﬂbhmgpdehiWQ? %nsllt:ieﬁzr@w, port D
ate of N enerators of delays 51
ofg) ep%?% nner to form N beans in
r ecepﬂ]ron thirs t ra;zplap:pium,l ortheeactadeledyestganer atiggnal,
esa n h e'
S Gl e g
|quhthmv@seew@ndm Byt Attfe wavei pﬂle&epr@yzded by the

Ry dderdauce, déﬂyyugéﬂéﬂﬂtﬂﬁﬁ aypevaeaergior Hd ithereafter
dedi cated.to the for tion of the transm ssion beam

WHIEIRE of REPNA YN i cdHL ardUsePDADUsi Vi y that
fmdél;ﬁerhiam f s gakl sneaphr ecaptdgpondie | oneaotleput whose

pé’ %dlec% b8 59 1&ed CERREL2AALRARY PHAYE CORRIICLE e

other beams formed are available at the output of the

multipathway receiver 83. For this purpose the control
circuit 82, whose functions are similar to those of the
control circuit 613 of the previous application, 1is
nonetheless dimensioned so as to produce the commands
necessary for the implementation of the N delay-
generating devices 51 embraced by the optical structure
8l.

In regard to modes of operation, this second
application does not exhibit any difference with
respect to the previous application, if only that in
reception mode the system advantageously makes it
possible, by simple simultaneous implementation of
several devices 51 according ¢to the invention, to

simultaneously form a plurality of independent beams.
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for exanple, then being used. In this application, the
radi oel ectric signal, obtained on each reception

pat hway after denodul ation 20 of the correspondi ng

l'i ght wave 811 provided by tZ¥% -associ at ed

del ay-generating device 51, is thereafter processed
separ atrelsy fr csaddred ot heapp$mcahabn i ndepghdenhts the

| di tion..
U P UATIRON 006 O cRaBBREI0RSs IEhRS, ' Whice
m&némedwar éh@valllna’lﬁné Ja?tn 1t hé*’f@lsiﬂ]outdeo’flctehe makes it
Bddd patdhwayor eGely@ic83. JFor stihbsepur R:?@@efl‘@ cory fﬂt‘l'cal

circuit 82, whose nctj.ons are S|n1l to ose o
tHEF VLIRS 0128 r ¢ etpe@f%l gﬁ‘s‘;%ﬁ#]

isophiceitded iess, danesgs baed smrafotﬁumgodpaehWEys for a

ds‘%l@%dsoe%% ”%%Sﬁég&)ésﬁ% thss! mpl & Efg,ag%“ 0y Of %] Neam
-- generating devices 51 enbrace y the op
steaerturan, 8the nnupggrd o6 nbdamsof tlper atdwn, b¢ hifermed
RGHE i P Plrciatiyon dipescmaot Y t any gdiaffer cg}c@fatmg
th, 35 respect to t revious application, on
RN R e o. AR NPy kb
it popsihiey Hynaunplet5|nwdg@m@ous whpktRmeptasénts ofthe
ever 51 acgcor 0 lon, 0
?fﬁ%‘?aﬁg J%?y f&%%1agplg %?F Eggeﬁgéggngénfjt délay
-gErathirg séevhee appl |<‘=t,€t§7cci1‘(ﬂfﬂ-11fﬁ gt i ghes mh'@ntlon which

nardd &l ardy éﬁgént BQSQHﬁtEBar gt e%:ééﬁnptl%%yde\ﬂ&?l imiting
according to the invention, which devicCe makes

it
PR M RE %QPpr%@h%eaBP%FﬁﬁFéongeﬁéFFcth@ﬁu%ﬁ%u§§rated by
smigmwre argbnglepandong aonsyheeﬁesiake@hgdem epogfsible to
hi stication .aﬁié Fen%;or s for a
s‘f %- B85 r BHEAH 5sPER AP & %‘% Prgf“ﬁééf%n *
resesptioon the tharbersak be’énthehaalgrmis)etﬁramedtted
[ y ne [
GEOrEEhag B BhE B IR LI e Bl 2 Ggﬁfuﬁurﬁé’%%&lng
T%@¢W¢Eﬁf|¢@W$§ﬂ¢%ﬁ¥m@u¢% achihvehepresent 82t he basic

di agr ey of;ra sMst edasdt @ abppyitheidal ayf ganRfHa i BY the
devi ce 51 accordlg to the invention, which systemis

aF %t PP e RTT LU ER ex%%%%?/e%on??m?%lgc% structure 91
appkinat ionpodhiklappbi epbilgna Itirke tdedtay drustach edft the

b¥adioelectric signals delivered by the radiating

0O

elements 621 constituting the antenna 62 of the system
(reception) or applied to thesge elements
(transmission), each  source 621 constituting an
elementary reception or transmission pathway. Also as
previously, the delay applied to each of the elementary
pathways is different and determined so as to produce a
beam whose equiphase plane makes a given angle 6 with
the plane of the antenna 15. The wvalue of the angle 6
is determined by the values of the delays applied to
the various pathways.

On the other hand, the architecture of the optical
structure 91, implemented in this application, differs
somewhat from that of the structure 61 illustrated by

Figure 6, in that it comprises a variant embodiment 911
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Figure 6, consists of a systemnmaking it possible to
carry out a single-beamradioelectric transm ssion or
reception on the basis of the signals transmtted or
recei ved by the P radiating28l enents 621, or radiating
20 sources, constituting an active antenna 62. As in
tife case ofledpptpeaeireniof Fidpvicd thecosydhgm to the
RLesented corrprl ses an optical structure 91 nmaking it
possible to app a true delay on each of the

r adi odPecthrie éfag‘mrst dempeeiggnty ?he: r a4igs ngtrycture
@n@%&ﬁz&@woast idgdrdid diheaast enpbatbhtafalliRe sySt elie

ece £ ap ied t.o these el enents
B PR, ot " ORRR S AT, TBRSEPENt i Ty andescribed
elrenveoisly reM| oie\cnrcet ramseosdimym pabhwahe Aisweasion

I t Y, | t t

SRS e R ARAR TR (i S lathg Miree sgomente
&f t erpieadcef dbebeait et e BN pHa%y plaan@orakdspgrsive
gﬂptq@aangt@b@rwgégmértte phane of et epng 15 Theical
lLue of tge an i.§ deter.m ne ‘2 t he val ues of £
Fel ¥yE"a toll‘feo d&ﬁ@%&ﬁ"&us‘a‘b t fnaf§I™SB O the®
@ipitercahanﬂ;béhe wartdhi pestuneeofdis’rpﬁemﬂ@mal Instthics uwey,

ed ppl ti :
FTd (RafTant, nehled teBnlhP e [l e AT ce
acdarding ta *E:}@ﬁ'pﬂt’l!‘z’égtaovarllsamamlﬁi(ﬁjlCPI’én@PBh[lQB to a
ofi difte dglkay-sesel aihgg mdeyh cenaccandin 1&91556 of light
invention. In this varian odi rrenqt% i whose

HART uPE d&ﬁéeﬁ%%uwﬁ’éei@%%aﬁo ag law, a linear
aubst&n&1abk¢mpne safRosk asathaseonf 4de sinalettion of

vwaar\} Sclﬁ descrtlrpeed reV| ouesl y tnhee £ evi ce according
6% Svent or - ton < of ety B TS 912

conpr |Pscrcrcgd:h@af selgﬁenpglceﬂ cﬂmrmailuﬁa berodacedr on the
tﬂ}%‘lé Vs ghgoﬁf%g@erg%n‘é‘%at%‘}t | cral rﬁ%]b@é §€9§%@s i#12 to

a_segnent 10 fiber with negat
digper sion WPANSegheRt F171Bf YRR { | BerPopmh whose

Fﬁﬁ%{bh’@s@l §P§ﬁéb0réxﬂlfb1tﬂ“ SnWayutet g varignt in Flgure
enbodi nent, the del a ener ati ng deyj cordin

UTR) | S enitt oRe | Shahpabte bf BPEFSEnGPloWACH EhR Hiare of
retsa| hnﬂgmﬁaorrstbeeduldurmmgeg aft | mgkes 15twapeesiblle to
d%ééﬁrgnkeﬁﬁvﬁkﬁg%%kﬁj§1Q§'§¥rééWﬁoﬁ-h&”%%Ech makes with
the normal 13, to the plane of the antenna a positive or
negative angle 6, that 1s to say corresponding to a
rotation of this normal in the clockwise direction or
in the trigonometric direction.

The use of this variant embodiment of the device
according to the invention advantageously makes it
possible to circumvent the necessity to apply as in the
application of Figure 6 a constant pointing bias ®,, a
systematic bias a consequence of which may be to alter
the general characteristics of the antenna pattern and
therefore of the beams constructed. The use of optical
links of various lengths between the light sources and
the optical multiplexer 1is therefore no longer
necessary and it is thus advantageously possible to use
linking segments 92 of an identical length, preferably



| aw for exanple, whose variation as a function of

wavel ength is either positive, or negative.

Accordingly the optical structure produced on the

basis of the del ays generatdP 911 nakes it possible to
20 form in transmssion or in reception, a beam whose
ehel phaseripdsmes pessiibile . an Eowteerangl e t( 8arequfrgsir e the
{b18neARLUSSARG! & (AB-ddhei S Sof DYni kByERE BLAREaing
of “ the antenna. Stated otherw se, it nakes it

pessHie e itwerftgian avwbéah pt nedd dht 1y dnpeet i gpinabex  and

\Mhitecl‘rléf@&lées Mi:%@h@ﬁyt heoer {T.Béxﬂé?n@szlt@et hetoﬁl ?@fo@fcé he in

antenna.a positive or. negative ang e, at_ js ta

BAF COGESpAReT N oFa®  FOEA | TAFOT TP ORI TRl S ERbes
clockvést dompetisen stix paoldéderbrhganarhedn i Eour. Neither
ngr ecq*ltel (%3063 Tahlec a@{vé hé N@ﬂn@gt P?E@Q ’cEB”&nOfthE'%% two
evi ce according to the invention advant ageously
iledd dat 1omgssi bl éhegedioreunventremigenfecessithye t o other
AN AT iidhad1ne ApRlicgat.i on of Figure 6 a constant
pointing bias 00, a systematic bias a consequence of

which nay be to alter the general characteristics of

the antenna pattern and 35 therefore of the beans
constructed. The use of optical I|inks of various

| engt hs between the light sources and the optica

nmul ti pl exer is therefore no | onger necessary and it

i s thus advant ageously possible to use |inking

segnents 92 of an identical length, preferably 29 the
shortest possible. However, it requires the

i mpl enentation of a variant 911 of the device

according to the invention which is slightly nore
conplex and therefore slightly nore expensive to
produce in 5 particular due to the fact that the

optical switches 913 used conprise six poles rather

than four. Neither of the two alternative solutions
presented in these two applications therefore renders

the other wunconditionally obsolete. - 30 - CLAIMS 1.

A del ay-generating device (911), for applying a 5

del ay of given, quantified, value to a |light wave

(63), the value of the delay applied being dependent

on the



10

15

20

25

30

35

wavel ength of this wave, the device conprising an
assenbly of del ay-generating cells (912) and optica
switches (913) arranged so as to forma train of

cells, 10 linked to one anot3dfer- by optical sw tches, a
train whose end cells are Iinked to term nal swtches
(913a, 913b) form ng the input/output ports (1 to 6)
for the carrier |ight wayg ; characterized in

t hat each del ay-generating ce 15 (912) conprises
three independent segnents of optical fiber, a

i Shersi on e f?%e."eéﬁf’@il@gmz%i’é%lﬂ {omPatidiing o
sdeeglr‘?é' "?ﬁ%‘je% t‘ﬁu?fébjaﬁ‘?/‘g QE)B?S a ddeti wast (63),

afk avabwe dbfpertsd vée Dy | apblfleﬂemém@e@épéﬂdéﬁ%)m the
tVJ}R/'é I’%’I%%ﬁe nté:%g)@a\”v\{ég/é deq'_tﬂﬁclaln(%( en(%: hgfqmaprlshlng an

optical swt which i nter

gaEramliyhgoéel el gpixneerngngorde gus ed SilR) su@hda aptyical

tdﬁﬂtdﬁééi(9ME¥'&EEéﬁgé@eSGOHHaB@ 3PRhi @d thQ iid ot teells,
I.inks one of the thr g?cal fiber segnents 25

9% uttng®Bfie %ﬁoq ¥ s OP§isp lcofiwi BEREE  t 02 orferain
mrhdshae atdecedlst beet hrleﬂcewtt@ateimbﬁéls@mms (913a,

't ] h t e e .as ai_med
glﬁ%ﬁagn#a?g%tgs{zexé@ﬁéﬁ % ? Zggh er%#nlor the
d%ﬁliltleﬁr Sviigheh Wo18a(6313b) is configured in such a

vvay t hala @@ uned i 9n ofndpe eaWQﬁa?pgéhggaEant cell

I|nks one of the three _optical
) 9§8MPE19F S IS u%PﬁS%ﬁQen&f Stemén%rrros cBf] Lr%pical

me)ecﬁ t he diypsroikpubppardss (2iber Fedmert tbe7) with
ained.in one of

d 91 e C
SRS P pieglle Je £E20el 8 10 D008l opeican
déﬂay:gensegmeng celB&60912)w1GMe cnegaguwed andi spersion

?JOC{ i St 330 {il edq} ltq‘:j.éﬁ)exséllv #Egﬁgfsﬁb\éﬁ%ﬁégﬁent

elay ap carrier
9115He déViece taxegl apasUcnascl BpWiBg chdenricier] zebendths,

|éhdmabpthéagmé%&&ﬁme(913ﬁgWH¥6H5{ﬁﬂéQlfﬁ@é two delay-
configured to aorn1dela ys whose val ues forma

35309 pregt8ssiodn) PeThd geritdeugsdclid nedchna way
dletm 4s Ghafaateibredf the command applied to it, it

links one of the three optical fiber segments
constituting one of the cells (912) considered to one
or the other of the three optical fiber segments

constituting the other cell.

2. The device as claimed in claim 1, characterized
in that each terminal optical switch (913a, 913b) is
configured in such a way that as a function of the
command applied to it, it 1links one of the three
optical fiber segments (915, 916, 917) constituting one
of the end cells to one of the input/output ports (1 to
6) of the device (911).

3. The device as claimed in one of claims 1 or 2,
characterized in that the delay-generating cells (912)

are configured and arranged so as to be able to
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10 in that the geonetric progression is of ratio 2,
the value of the delay applied to the carrier |ight
wave form ng the subject of a binary coding. 6. An
opti cal system conprising-a3dewi ce (911) as 15
claimed in any one of clainms 1 to 5, associated with a

|dOglrttln$l@lthrSQ§’ pmafitycl nthe |tghal Wwayel4$3) applpetsi B athe
@ ur%ég ectrql %onponents formng a line
ﬁé&irUW1 ﬂ& aﬂ%acnﬁlcal systemas claimed in claim

6, characterlzed in that the |light source produces a

light 5 wayg Qﬁe%)lcvm,sse éP@%é&”kﬁOB%ﬁn 3°f Jh%q%&rérxzed

space l'1 nes, 8. A systemfor_sin

tlﬁlaﬁé}ﬁfssqfeﬁw ‘?‘%]c%lbtﬁi%%er%?l?l%d%éﬂ-%ct( Le) sﬁgﬁa@nfflaured
tHANs fbthi NAi&TayeCeivkdk: a&eQf@isng t6rd bedam geometric
directed. n a given direction A, characterized in
A5 SdSMori ses: - an antenna (62) with a plurality

of 30 radioelectric sources (621); - a plurality of

l'i ght ssouqgesydhilly %U@iagﬂednyﬂbéﬁ iR Lhe c'?tgg%\ecrteqflzed

radi oel ectri c sources each o the'l
sidur eleat b&ihgg IRYRT B @ d PHCEFegsioadi bel eét rITQ:thQ)uP@e the

and y¥ ogfCichg adé1 t aﬁ@‘l&eﬁmﬂo 3bnbavHd-i:5Ppeebht C wave
vel.en th ki, d 35 rad| el ectric signa

(g§ﬁ$ H %uﬁHQ¥ﬁFq(? Y %qﬁnn - a

mul ti pl exer of |ight waves (612) produ0|ng a |ight

vave (B3 consi niag gt}gg]e_gg% RS A5 ggeggge%ﬁ% as

by said I'l''ght” sSources
(EAingd Ny appy | edediofectlaimsp Jantq> nput a@BOt?hétted with a

rwlg}ndol 8X€Fce- p%o@@&hgg%enaghegv%% Ces{P1lbmPSising a
claimed in 5 any one Of_ claiis to 5 whose i nput (%Z

iRl Y addd t o°f théRﬁﬁtﬁﬁl fCPFl‘EoﬁﬁPPFpI S/ 2) @ t
wapeetengi h ki of each of the |ight sources (611)

bei ng determ ned as a function of the radioelectric
source (621) with which it is associated 10 so as to

obt ai 17 f ctheeaciptofcahe syt ees,aaf tdrainshodiu atgloniof 6,

téﬁ%fééﬁ@r%@&f f@Sth§§)tHEOY Qﬁg g&u&@% produces a light
wave (63) whose spectrum consists of regularly spaced

lines.

8. A system for single-beam transmission-reception
of radiocelectric signals, for transmitting or receiving
according to a beam directed in a given direction 6,
characterized in that it comprises:

- an antenna (62) with a plurality of
radioelectric sources (621);

- a plurality of 1light sources (611) equal 1in
number to the number of radiocelectric sources (621),
each of the 1light sources being associated with a
radioelectric source and producing a 1light wave (64)
having a specific wavelength Ai;, modulated by a
radioelectric signal (628, 629) applied to a modulation
input;

- a multiplexer of light waves (612) producing a

light wave (63) combining the light waves (64) produced
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del ay-generati ng device (911), a radioelectric signa
equal to the radioelectric signal (628, 629) applied

to the input for nodulating the |light source and
afforded 15 a given del ay;- d&fined in such a way that
the conbination of the radioelectric signals thus

diyt asaed ldghst i sadeses heé 6&i1gnaleat¢1ansm tdiledl dDight waves

th t . b
RSl vatkidy th sgpﬁi\gscsltdg%egftleo' U %0 Ofnble PRIM the
PSR 1939961- r ecept i on  of radloelectrlc signals, for

transmttj naepa tgéﬁéyaegn aGLBFiHdg b@m RIdrah bt %eqf in
beans direct gi_ven d|r tlons aracterlzed

AT RS | £ cONBETEad. O ah HACBRNGTBS) (Fihig linked to
piher adutiputofof Zhe anliloel otz ea:uﬂ)c;es (621); - a

pl ur al ouyces<(6 I upber to

t he ne e\érg%?’e glbt%] e%‘t rlgg séloalljgr%es%?&h’f fl%h% %ources
t (L 1)i ghtoed&gr cesebeirngngdsochat edawi t flugction of  the

r@mﬂsal@:ttrmcc SOME £€e and2 Py OQUEGIHN Gvidi dth 9t vave dLDiated
30 havin specific vel ength ?i_ nodul ated by a

r%ﬁhcﬁﬁec‘?lc YAl EBB8, SB858) fppl itEG t Fwrces, after
rdEhddtlieanion npfitthe hight t wpl-exéssof 6lgi) glptrovd\desi by the
( (63) c i ni he H

Ry MG gV et B L, gh)?g%%a%%g% £8q)Rna1
aacmadlr ancrtlyh@fr@léigglg@henatsmgn@lévu 688 ,( $2D) agplied to
cdr?é Medhi ) 2By %auqfatqln@' el ngﬁtf gearegma oaffforded
del ay- generating devi ces being equal to the nu

Fear@iYer bedebried, SehdnPAputil A)S¥th eagh HéVayt®@t the

geiesiatd tigrdeyt CQhEelrbeiﬂdem@ﬂ:ﬁlQ: agllgﬂipgt t@lusabbtained
i s.l1nked to,

opti cal__coupl (81) osg in the |

S b Ehel Ariior SoPRRT bt Sdsls TBI5)veghan the
wiiveet @nigith &l wéimaiohg of athechhe ghtams ocweesdebed 611)

bei ng determ ned as a function of the radioelectric
source (621) with which it is associated so as to

obtai P {dr ExehedT £fRE JoukeReanf tteranummifmtyeseRifion

tdye fé@ﬁée%@&@r{§551§ﬂiisprQMdeQaQ%ml%QQEg or rece1v1ng
del ay- eneratln d VIC 11)If ﬁﬁglurallt
g

ARG 1 6 s bE grifate. i i { 60y (e
rd&ﬁé&ﬂfmﬁgI&“SkgﬂﬁﬂaddﬁﬂlzdﬁﬁﬂnEﬁnﬂu(ﬂitdbﬁﬂﬁiSéﬁnﬂ
- an antenna (62) with a plurality of

radioelectric sources (621);

- a plurality of 1light sources (611) equal in
number to the number of radiocelectric sources (621),
each of the 1light sources being associated with a
radioelectric source and producing a light wave (64)
having a specific wavelength A; modulated by a
radioelectric signal (628, 629) applied to a modulation
input;

- a multiplexer of light waves (612) producing a
light wave (63) combining the light waves (64) produced
by said light sources (611);

- a plurality of delay-generating devices (911)
as claimed in any one of claims 1 to 5, the number of
delay-generating devices being equal to the number of
beams to be formed, the input (A) of each delay-
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for nodulating the |ight source and afforded a given

del ay; defined in such a way that the conbination of

the radi oelectric signals thus obtained constitutes

the 15 signal transnitted-oB3 eceived in one of the
beam pointing directions 9 considered. 10. A system
foemegiatglngr be@mitceanbriingi ohinkedeptoonmamf output of an

radi:oelect.r .gnaks, f ansnittiing,or- .
rog)géi%\%ln E%E%&%&igng_lat%()) a‘%ggrén d?%{é{:ed‘glsn lalré?ev%n to the
AUERT G Fhecmarlddirdig®ted 9t kight ifavemptikds: - an
A R AT I R R ool Ty
sQur.ces ;- .a.plurali of i our ces
e@?ﬂaﬁ in e%)gnung@?:gf"g‘lflﬁg %u?rﬁer f ragroet et ri the
sadrices edzt)c s@acte of 62he Might woikicest besngissociated
ocj at Wi . ragipoel i c_gou a uci
%%Isi ghS? \;\elg?/e ‘%%ﬁ?‘nhﬁéf%g ggé%ec:lo icq:%gve%gﬁ%trc%%xi Srer
1E&F IR actr ddicvel BehEi vVasignafS(62d,1)620Fovided by
l@@@ri e@etl@ya(gmcaﬁmz aattiin(?w _déQriidwlutwhn)q m&Ei 3'@&@&@‘ of
i Ves . roducing.a |i ve
RS THE | £ hHhR by 5o0En) S 19 o B L gy Sl | Fgnithe
sadices ditdi)c , seégohlof (adte, | i6ghst) wapebiedeitkg the input
e in f iRl 5 .
Hon 881 QTR0 T aPton e AR phR Hosted ) given
|dsdgoh dief eRedg Y oPGhe anaWaY t Shaotthes ; comgination of

AV LENRE Bl & il dleyi §8a 51} hwB0sethRBUl (Ahstii%utes the

linked to the output of the nmultiplexer (612)

pﬁ%ﬁﬂ?ﬂi nd RO SHH aOdel 3§681VEGht 1tavene 30L t Hre beam
el teing [dideafi@acts aforidiedétedt sources (611)

bei ng determ ned as a function of the radioelectric
source (621) with which it is associated so as to

obt ai nL&.or Zacksydtame dour cessirgflteetbemmlenucharsmigsion-

g%ééﬁ%ﬂ&ﬁﬂng@ggiééﬁec@ icpggghgfgdb%th%ransmittﬁng or
el ay-generati ng device (51), radi oel ectric signal ~
e'f(‘;ﬁj?@l'\flé'.lg h&Gatibidi% c o _Casi Eﬁém _(@28?‘3629) Hppld e@iven
toi rddteidriit dira@eidt oddNGih Nendt ot SOHE£Ls&89d
afforded _ a given del ay; glle ned.,in such a é%ihat £
the 10 cdtfbi natToR™ 8t t he®7 hdi o¥i&Etri & siéﬂvjr’a Slfhys  ©
attdi gl ctmonstsdwt@ss t e2Xsi gnal transmitted or
rece'ngeinﬁﬁ%%ality' of light sources (611) equal in
number to the number of radioelectric sources (621),
each of the 1light sources being associated with a
radioelectric source and producing a light wave (64)
having a specific wavelength A; modulated by a
radioelectric signal (628, 629) applied to a modulation
input;

- a multiplexer of light waves (612) producing a
light wave (63) combining the light waves (64) produced
by said light sources (611), each of the light waves
being conveyed toward an input of the multiplexer by a
non-dispersive optical fiber segment (617) of a given
length differing from one wave to another;

- a delay-generating device (51) whose input (A)
is 1linked to the output of the multiplexer (612),

producing as output a delayed light wave;
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direction A of the beam consi dered; the respective

| engths of the dispersive optical fiber segnents (617)
conveying the |ight waves (64) produced by the |ight

15 sources (611) being defirfed so as to preorient the
beam in a given direction of pointing; the delay

gener atler  (vaikleagphi si:ngoéin asslenalsy oehe llght sources

deday- geRerd g ngdggg&alééa) and opfi Ca%ugér%l n(gees &P3) the

arranged s rma train of cells d t0 one
zr@de}mﬁmtw opPites $GRLchestha whixim fhode ermbociated

Rl | s areo | igkegdiho £6FmM BaEhSWokChesie( 533u 3,  after
form t he |n t/ou% uh ports 354a to 54d) for the

SEMAGP AR Chatle (BEFIt oHRe ddPay - §ENePEETHGSGeIRY the
(EDaycamidstihd  ddivdjper SI(E& optacaﬂraciici@:re@@gﬂ@ntsignal
Eegggalar\go atlrx]é)nrgél éf&?{ﬂ Bt | Sa ber 2%32(%%@1ied to

h™ar e ependen her
dptd chhpwini Eoh US@PlaWhmghuhﬂeﬁighm58©unce and afforded

del agxﬁémeraénag cekk$inad) hei n%u&@nfagucvs? "%;h%lttch the
_qg%g%that as g nction of the commnd a
[ e

N353 Ghe tHF trwéilt%l%fmwswnﬂ%eith@@gr@ﬁasmed

ersguiwuhw aP@ ﬁa‘lgtﬂaa C@féﬁsrﬁ@@&edC@&Sll@@é@ﬂvé@ QRE the
ot her. o t

. th { I
2&01n1ts% Ieli 195 nge t ﬁg o?H 18%$ | Cg‘on51 ee{‘edse%rﬁe respective

lengths of the dlsper51ve optical fiber segments (617)
conveying the light waves (64) produced by the 1light
sources (611) being defined so as to preorient the beam
in a given direction of pointing;

the delay generator (51) comprising an assembly of
delay-generating cells (52) and optical switches (53)
arranged so as to form a train of cells, linked to one
another by optical switches, a train whose end cells
are linked to terminal switches (53a, 53b) forming the

input/output ports (54a to 54d) for the carrier 1light

wave (63), each delay-generating cell (52) comprising a
dispersive optical fiber segment (56) and a non-
dispersive optical fiber segment (55) which are

independent of one another, each optical switch (53)
which interlinks two delay-generating cells (52) being
configured in such a way that as a function of the
command applied to it, it links one of the two optical
fiber segments constituting one of the cells (52)
considered to one or the other of the two optical fiber

segments constituting the other cell.



