-2DEC2004 - 1 DI FFERENTI AL MEASURER OF THE PROPAGATION TIME OF A WAVE AND
DEVI CE FOR | DENTI FYI NG THE PROPAGATI ON DI RECTION OF A WAVE The p

invention relates to a differenti al asurer of the tine i ntervalzml 0?1
separates the arrival of the same wave on two antennas arranged at sone

di stance one fromt ot S I n

conbi nat i OPI\FAF%WI%IP zﬁ)ﬁ}ﬁuﬁ %%%@%ﬁ ?fiita}ﬁ%ia#%/yt E‘gﬁgr opagati on
direction @iNDA DEAMEE rFearei BEENDEEFY ING daTHEYPRORAGRET QN poEREGT BON0PFt hi s

wave to be el ectromagnetic, acoustig&,wﬁL l.smc, etc. One of the nethods for
carrying out these 10 neasurenents consists in using electronic circuits,
such as mcrowave circuits, which analyze the phase and/ or the anpl i tude

of signal i ved by t t f
o1 opagati on directi on 18 SEVEPHE TRFEE: ) FEHEL Bht i 11 EGHA " 1o

measurers requi rerseeeetuﬂeeasbffluke ahimpndatenvahe whach fs@éda&ﬁa seven in

the near field. 131 htigm, cﬁéwsanréh%emsw&mtteaﬁa@ aeﬂa&@éu bge
anbi guous (to W|t I n 2n nodul o) present. i nvepti on nakes ossi bl e

to 20 alleviate 9 A @HSE €8> }EB’HCEhT 8 Tdr éékgeﬁﬁur%ﬁ i T5F 1y
processi ng si ghal geneacdilyedsby trhecabtisanesn witki ag atrayoodi bheetwasbtain a

differential nmeasyregpgl, % tﬁa%nm@pagﬁél %Qobag@u% adm\eglaad dfo 4 dentify
the propagation direction of this wave, E er of 2 ennﬁfused for

i denti fying the pfdfadsssdicdi P%c'fli’%narr@in tlﬁe IO S leb °Fi hi't®d to

t hree ant ennas i nwave ftar bki electamthatnetiw.e agntiehias sedsainegtd.iel d for

t hr ee- di nensi onal identi{heatdon.c,Lo rge_ku%dgndfog h%agypj_@@t cQ,ft t Bges&venti on
is a 30 dlfferentlal nmeasurer of the p pagatlontlgﬁ wave, for

measuring the Qnt‘é‘?wreﬁﬁf‘\ﬁéenc"t%ésﬁ?rl P9 BFCERTS S RGULLS

_ € sant Wdve Ooh two
ant ennas situat edsugh dif fdcenwayecgiiomsts chdtigdt extadade nthehaPhpse

conprises in serygs/d SAUHCE 188Yi CRIsSURRE Yishgnald | ncelit-ght bganthe
antennas of the array. Identifying the propagation
direction of a wave in three dimensions with knowﬁ
15 measurers requires at least five antennas in the far
field and seven in the near field. In addition, the
phase measurement obtained can be ambiguous (to within
21 modulo) .

The present invention makes it possible to
20 alleviate or. at least to reduce these drawbacks by
optically processing signals received by the antennas
making it possible to obtain a differential measurement
of the propagation time of a wave and to identify the
propagation direction of this wave. The number of
25 antennas used for identifying the propagation direction
can then, possibly, be limited to three antennas in a
far field and to five antennas in a near field for

three-dimensional identification.
To this end, the subject of the invention is a
310 differential measurer of the propagation time of a
wave, for measuring the interval between the arrival
time of the same wave on two antennas situated in
different locations, characterized in that it comprises
in series a source device supplying a first light beam
35 and at least a second light beam, a device for
superimposing light beams, a device for analyzing the
light intensity lavel, and in that the source device is
connectad to the superposition device by a f£irst path

of the first light beam

f= 3441

which comprises a £irst



35 and at |east a second |ight beam a device for superinposing |ight
beans, a device for analyzing the light intensity level, and in §Rpat 180ke
source device is connected to the superposition device by a first path of
the first [ight beam which conprises a.-farst 2 BE C 2004 el ectrooptic
nodul at or conprising a nodul ation input coupled to a first antenna and by
a second path_of the secondggh%ht beam whi ch coggrise In series a second

el ect roopt i cSAEGEFIPBFLEonBP §OL nodPEEFURT I bufoR ladinited 1Y second
antenna and aonglladden. alhf Srameasttenndsesadabyetshatkadndliphenenti ahe
nmeasur ement of thg p]tr.ogﬂ@:qa%i on tine of a wave, for neasuring the interval
bet ween t he SPFPPH 13 ofP%efle WRAGR GRUBLIFSEwolAnEEARSES Tt §5588G n

di Lflerent gOellﬁC:ﬁffrb?ps,icChﬁbéﬁﬂ.atbtedcb?pfhﬁi?]@ ]ta'l rsrtcxilujlgahl:tictnearrm@'h 1t

nodul at e t he,i rmation _enpnatin romthe firs ant enna, then

Conor t ook ot COHELEE BT anaorot e At e BEdt T mul at od by fhe

i nformati on emanat i nghikr ometharsecoundeant@nnatidibn ofet di d€e day ttild

sub- beam 15 for _dif nt_duratio S that t beam obt ai_ned this
super posi ti orﬁleﬁasgrginrgré?e ?gt eﬁé% z%%pa %lrgggpgtﬁ%l%ngg?o Y s"‘ruan‘{eb'ea%66:1c known
actual del aymenduréggaltho itteeseal heawaesnmthe. afw valyeninenodl she
proposes a deyjige fAe 2Gd dephb! yhag L Pr apagaldan dij eCkigr et vave,
characterized 1n that it conprises n f_ ere nis an integer at [east equal
to two) B ffépeatiansneshar@cterizmad ngipbihatop tHasdouviahdebram suwppl yi ng

the first |jghtiiheal afd PAE A A AR NGRah &t LRI ER o2 HEE First
characteristics and advantages of the invention will appear nore clearly

on readi ng t ABteBBacr i PREBN, SYRRIEITIRPSRY O ekBfiplec HHEHG glc@®  whi ch
are appendedwh@cht WY CheSROWodu Ifdtdd ebt( @he airhasiNati@yr amadhtdrlg r st

variant 30 of the differential measur er , usi sjngl e_. source according
to the inventF8R & IREWA (BFEeEPBasi %LEBI zf&r%%rﬁ%tﬂd ggée‘&lbﬁdsug’aﬁegﬁ“t of
t he di f fE¥F enfbal digdedeart dhimg ioms, such that the beam obtained by
this superposition has a more intense part
corresponding to a sub-beam of known actual delay and
equal to the said measurement.
The invention also proposes a device for

20 identifying the propagation direction of a wave,
characterized in that it comprises n (where n is an
integer at least equal to two) differential measurers,
having part of the source device supplying the first
light beam and one of the antennas in common.

25 The characteristics and advantages of the
invention will appear more clearly on reading the
description, made by way of example, and the figures
which are appended to it which show:

- figure 1l(a), a basic diagram of a first wvariant

30 of the differential measurer, using a single

source according to the invention,

- figure 1(b), a Dbasic diagram of a second
variant of the differential measurer using two
sources according to the invention,

35 - figure 2(a), a first exemplary embodiment of

the differential measurer with a spatial

retarder according to the invention,



sources according to the invention, 35 - figure 2(a), a first exenplary
enbodi nent of the differential neasurer with a spatial retarder s’i?‘h‘Et%ﬂﬂg
to the invention, -20EC2604 - 3 - figure 2(b), a second exenplary

enbodi ment of 5 the differential nmeasurer with a dispersive fiber
according to the invention, figure 3, a nore detailed partial diagram of

the differential neasurer usi ng a tunabl e | aser iource, figure 4, an
exenpl ary enbodi nent E8FUFReZ §BYi c&  FEFOPdentFFYRHATY h&Hth S%n 8f a wave

according to the invensi ofiff&rentigur embasarser ewdlehai heddpapeiralivei agram
of the identifying %evi ce using.a nonochronmatic ,source. Figure 1(a) shows
a first exanple of thEPeHi #FEPEALNDl tResEGr ¢FVEEESPHing to the invention.

TEe 15 ti lrre intervafi@ﬁ@éusedamb&@th @@t@hléapags@%teﬁ?l heliagigrasal ofi ne of
the sane el ectromagnetic e H whi i S propagat ed al on i yen

directi oR to two ant‘é]ﬁﬁag\i\%%\?rﬁﬁﬁl ﬁ%?é‘%@dpi‘%ldﬁf%r%ﬂﬁagﬁgaxﬁﬁﬁ?.
Wthin the source deybpgecéd, a nonochromatic 20 |ight source 11, such as,
for exanple, a sem conductor |aser or .a _solid-st.ake pu ser,, .supplies,
via optical fibef s,gég‘éFﬂgﬁe- ﬂﬁdg}ﬁwrﬁeaﬁﬁg@o&%e%tgt‘?‘Ea{:ﬁeseiei‘ftlf ro12,
such as an optical coupl eridenrt ey e. théhi sliomdtciadn spbiftt ex 1%asepar at es

the beamreceived 25 into.two bea 2'..a ", preferably of the sane
anplitude. The beam %C?Oﬁdurl%sggcgﬁ\?elli},vggg%gﬂ’ect ed via optical fibers

toward tllee opticat ifipgtrefSthe elcewt r depuiderdodednt brl 3'digutrarowaltd t he

optical input of theggl ephsoOpk) CndOU R QL FosdoReChbUBLYyofhrI

characteristics identical or ar to ose of the ectrooptic
nodul ator 3'. The el eeurfeal signals sll(t) and s2(t) produced

Figure 1{(a) shows a first example of the
differential measurer according to the invention. The
15 time interval measured is that which separates the
arrival time of the same electromagnetic wave H which
is propagated along a given direction to two antennas
Al and A2 situated in different locations.
Within the source device 1, a monochromatic
20 light source 11, such as, for example, a semiconductor
laser or a solid-stake pump laser, supplies, via
optical fibers, a single-mode light beam to an optical
splitter 12, such as an optical coupler for example.
This optical splitter 12 separates the beam received
25 into two beams 2 and 2", preferably of the same
amplitude. The beam 2', 2" respectively, is directed
via optical fibers toward the optical input of the
electrooptic modulator 3’ and toward the optical input
of the electrooptic modulator 3", respectively, of
30 characteristics identical or similar to those of the
electrooptic modulator 3°.

The electrical signals sl(t) and s2{(t) produced
by the antennas Al and A2, respectively, on receiving
the wave H are applied to the respective modulation

35 inputs of the electrooptic modulators 3’ and 3". The
electrical signal s1(t) emanating from the antenna Al
and the electrical signal s2(t) emanating from the
antenna A2, respectively, modulate the light beam 2

and the light beam 2" emanating from the optical



by the antennas Al and A2, respectively, on receiving the wave H are
applied to the respective nodulation 35 inputs of the electrooptic._ 2 DEC 2004
nodul ators 3' and 3". The electrical signal sl(t) emanating fromthe
antenna Al and the electrical signal s2(t) emanating fromthe antenna A2,
respectively, nodulate the light beam 2" and the Iight beam 211 enanati ng

fromthe optical, ;2DEC2004_- - Lttt er respectively, Th | ectrooptic
nodul at or m%HgFé 8s, Tor gfgﬁéf:g?%e%g‘l |%1ﬁ% t?gae%ecﬁ‘lroeoéjgtn c orﬁlofa%tg‘a%gﬁt i cal
i nput at thembdetiaeaesy diort hexahelberi the diignad beamsemtessnt tennidsl ati on

nPut . The | A0S REATROS cOMRNALING U am e o aokL ogpLLe ERAY! 2Lors,3 and

t hus bec reépresentative of elec " 'signal s°s ),
respectivel ypr&hentet atdeit4" maiked attiorbeamiermnatTig f tdoghtt hbemodul at or

3" under d | Of [ L ONS-+ 1 t re.providas a
i ght beam ndna Lhap eodll | B48 %I%;sﬁ corT‘ptfﬂlrgi ﬁ‘%ﬁéf&'égt?"i{éosﬁb- et S5
each with itbuacbegaionge|zgprsemprtiig uef eflecheaigwlatsbmsabs stHé&)del ays

-Ti are chosgpybgbween tuwnextrerevalues, the separation of which is at
nmost equal to tw ce the I5 pro aga%/i on time of a plane wave from one

antenna to the ot hefhal giefauneist ¢ai §akesi fd§ obPRrAg IMRRECiN® fa®ennas.

The retardercd. pRKEIalkhe |3-0Rindeam _&@?%tféiﬂg J# opat heugoduk-atabnd
undergo a single delay tmsuch that its duration is equal _.to that of the

medi an 3¢ depa§ aEb?Fééofﬁ t RECKedRFendnat BT r BRrEheWHoGtH a8 %€ by the
retarder 4".-AnSWUperpaSi 4 Ok di@HiGE iy SHPOEIFAPOSESht BeaRgansF Ut Rlalchf rom
the retarder 4' w.th the bea ut ut_f om_the retarder 4° %5 Af ter
superp05|t|oYi}t]f‘hét?e?GItPF‘ﬁgg]ﬁgﬁ‘ thert Phadd u%x‘?ﬁu Fi éHFal nPEFsi P’y wher e
(or when) thehdebayaysi 1| epesethdyert e twetear devo 4éxcoemespabdest, o thize
b opegat on LLIS-SLsLl MRISMER RSl o g aeniaia ol |
rel ati vek® o phepagation time of a plane wave from one antenna to
the other along the straight line joining these two
antennas. The retarder 4’ makes the 1light Dbeam
emanating from the modulator 3’ undergo a single delay
T, such that its duration is equal to that of the median
20 delay applied to the beam emanating from the modulator
3" by the retarder 4".
A superposition device 5 superimposes the beam
output from the retarder 4’ with the beam output from
the retarder 4".
25 After superposition, the resulting beam then
has a maximum light intensity where (or when) the delay
17; imposed by the retarder 4" corresponds to the
propagation time of the wave when passing from the
antenna A2 to the antenna Al or conversely depending on
30 the inclination of the wave plane relative to the
straight line joining these two antennas. An analysis
device 6, placed at the output of the superposition
device 5, ss the various parts P; of the beam resulting
from the superposition corresponding to the
35 aforementioned sub-beams SF; and determines the part P;
where the light intensity is maximum. This analysis
device comprises, for example, a linear array of
photodetectors or a matrix of photodetectors in order

to carry out the various tasks mentioned.



straight line joining these two antennas. An analysis device 6, placed at
the output of the superposition device 5 ss the various parts Pi of the
beamresulting fromthe superposition corresponding to the 35 -7 DF& 2004
af orenenti oned sub-beans SFi and determdies the part Pi where the ITg
intensity is maxi mum This analysis device conprises, for exanple, a

| inear array of photodetectors or a matri x of photodetectors in order to
carry out the vari ouElP85Rs LBt i oS - 2 DECOWDY - egampilgur of () shows

a second exadDfLepbnbialli keRlRitdal TRABHEBN cakB,t Mk CASErcd haeaWLCe
device consists of twg sources 11' and 11-. The first source 11 1is a
monochr omat | ©OROLFEE Wi HPr 8918E8Sa Y1 grand béam The THiEst | §RUTEEam 2'

is nodul atediin tike aeheiddnpna i®dubaiee Ihidh t Beookaetr iLall igingnal
sl(t) emanat.i n%&fré)mthe antegnahAl gurl ng.reception of the wave H The
second sour dH- ¢s-a bFbSdbandlEouPBE™ whi chiSupBPiBsasefi ght hékm 2.
Tlhi S Iighlt heper 2 obst 10 nmdahaaed];i n3t’hﬁb§*| echeoopl ket FRdyl at ing%'étle the
el ectrical si s2(t) emanating fromthe antenna A2 on receiving.the
wive H - he TEIG aERbihe THROE PR i Snmnre S Lbhotd (HEFRECi R Bdam

out put fromtie wavdulat Theld'sadndel goudetaysl -Ti i ofa dureadpasdwBbolkcar e 15
dependent on_.the varioys wavel en s, ?Li - The val ues.o he durati.ons of
the del ays cT&f EHB’ggﬁeﬁet%ghgﬁngegﬂ rene %Jr%uez,lg%ﬁetbs rati g of

whi ch i d0at mednlaegdal iho theceelbetpropadat i nndtuilaeoef a“pl age whee from
one ant enna . er_. g trajqht .l i ne joinin hese

ant ennas. Théeﬁnf%a ]g%ggrf Z'f“l@rrr%zlesg?ﬁg? Iel%lg‘fﬁlt@1 Y6 m%gn(%%a?'lhﬁg r%en%u?%ea\yo

nmodul at or 3'ocmndecgovangsichgl eagel &y Thesucttatdar i4's makasi bhei subgqual to
that of thedBglancgdel ay appliied it t henbeamganat jng, f rom ,f he ppdul at or
3" by the retarder 4" Thg iglht b%%m 25 output from ﬁe r et a?rger t4" S
super i nposed @it haEhE Peawn@arpat Falans hk ref afdsptiongy WinkcCldepiree 5.

The devisce fpdiedeAhalyzasmd Neatight Reameasuhii ng from $Atues of
superposition in _order, to determ ne_the nost
the durations of the delays 1; are chosen between two

extreme values, the separation of which 1is at most

equal to twice the propagation time of a plane wave

from one antenna to the other along the straight 1line

20 Jjoining these two antennas. The retarder 4’ makes the

light beam emanating from the modulator 3' undergo a

single delay 1t,, such that its duration is equal to that

of the median delay applied to the beam emanating from

the modulator 3" by the retarder 4". The 1light beam

25 output from the retarder 4" 1is superimposed with the

beam output from the retarder 4’ by the device 5. The

device & then analyzes the light beam resulting from

the superposition in order to determine the most

intense sub-beam 8F;. The wavelength A; corresponding to

30 the most intense sub-beam SF; then makes it possible to

find the propagation time T, - T, of the wave H from the
antenna A2 to the antenna Al.

Let us consider the case where the propagation

time of the electrical signals sl1l{t) and s2{t),

35 respectively from the antennas Al and A2, respectively,

to the modulators 3" and 3", respectively and/or the

propagation times of the optical signals from the

modulators 3 and 3", respectively, to the

superposition device 5 are not equal (bearing in mind



I nt ense sub-beam SFi. The wavel ength Xi corresponding to 30 the nost
I nt ense sub-beam SFi then nmakes it possible to find the propagation._tj rﬁ
'cl - "12 0 f the wave Hfromthe antenna A2 to the antenna Al . Lef ztplsE 004
consider the case where the propagatiangtine of the electrical signals
s1l(t) and s2(t), 35 respectively fromthe antennas Al and A2,
respectively, to the nodulators 3' and 3", respectively and/or, the

Ig’yfr HRARH

propagat i on tifks Gt RIEESE biFt Heet atdor s 15F &RF 3",
respectivel yeotiftéhie isupemnees tippvmedtcerd arandwi. eqrad (hkaanirgd n mnd
- 20EC2004 - 6 hat.H;e drfl ayl_Produced y . the.retarder 4" is not
counted in tAREECHr oPadittbn THFHES) ¥ he FhavsSs 18&0i cBEOWAH hén have
to take int (()pﬁ@p@gatri]bhe mimagdtéiftﬁ@ﬁtemf%sdi Léﬁi@@fxe@ ex:iis:gﬂing Wittled n t he
5 nmeasurer (except thase induc t retarder_4") in__arder, fo .

2ccor di ng y BOTPREET { NESERN (OBt ABAUBST ek FREAFOSE |t bndd

sub- beam Figtfer2(a) ixcmparidlal dbageam whheh resuinr e chdatiaidded Hi/han

t hose of figurel? 1%% and 1éb%_. i:It 10 g}g#}at es to an exenplary enbodi nent
of the differ8ntta? CREaSGP&r BFER°E SERTPS A etarder 4. The source device
1 provides two |ightFbgare 2'(a)and 2 .pdheidlghtiabeans w2iicdndi" more
respectively re dulated wi thin the Jg rs. 3 37 5
respectivel y‘?e ?/l%%fgne#kelg ri (t::\gllotstsg"l gr?aﬁlhs Es?g?‘t%eastaﬁld(sa)ﬂ(%g r%gﬁi(:t [ \}é_‘l Y,
enmanat i Ag f roelsbes atbermmasexrémphary A2mbpdepevti wdl \wheludi hferecsprilon of
the wave H Jhe. lLght;beam qubput:framihe mdulator 3" and the [ight

beam out put fromthe nodul ato respectively, are 20 collinmated at
infinity by collinmt®he Bpuirg H2viceedpartdwiclss warbblgbledoepmewsd ‘| enses.

A reflectingggkrmor I\&.héeflli%q;ltts bhend i ght heam --golﬂég&t&g‘}yl}’l IaRcOor der
to send it to the semreflecting mirror 5 via a spatial modulator Cl. 25
The spatial modulatef clWidlHR optfRal  BBARERESFS the rol €' whidch is to

conpensate, b¥spectively, by the electrical signals sl(t) and
s2(t), respectively, emanating from the antennas Al and
A2, respectively, during reception of the wave H. The
iight beam output from the modulator 3’ and the light
beam output from the modulator 3", respectively, are

20 collimated at infinity by collimators L1 and LZ,
respectively, symbolized by two lenses.

A reflecting mirror M1l reflects the light beam
collimated by Ll in order to send it to the
semireflecting mirror 5 via a spatial modulator Cl1.

25 The spatial modulator Cl1 is an optical
corrector, the role of which 1is to compensate, by
balancing, for the optical defects arising in the two
beams to be superimposed, along the paths followed by
these Dbeams. This compensation is designed, for

30 example, so that the quantity of light has a given
value at the time when the superimposed beams
corresponding to the abovementioned sub-beams are in
phase to within a multiple of T, where T 1is the period
of the received signal.

35 An exemplary embodiment of the modulator Cl is
a modulator comprising a screen made from a liguid-
crystal matrix. This matrix is controlled in order to

exhibit, for example, regions which transmit to 'a
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generatlng delays which vary spatially in a continuous

manner is possible.

The semireflecting mirror S superimposes the
two beams, the first emanating from the electrooptic
modulator 3’, the second from the retarder 4". The two
beams are then analyzed by the device 6. Whether the
delays have bheen generated 1in a continuous or
discontinuous manner, the analysis device 6 deduces the
time taken by the wave H to reach the antenna Al after
having reached the antenna A2 of the sub-beam whose
intensity is the maximum.

The measurers can be used in systems, such as
radar systems, where the wave 1is relative to a periodic
signal emitted by the system itself and received after
reflection. In this case, the measurer knows the period
T of the signal received by the antennas of the
measurer.

The application of the delay to the light beam
modulated by the signal emanating from the antenna
receiving the first wave H is no longer essential. This
is because the analysis of the signals will be able to
be carried oukt by comparing received signals
corresponding to two different periods of the

transmitted signal. Thus the period n + 1 of the signal

phase to within a nultiple of T, where T

|ce 6

Nuola: gyma géo |nuoue
%?QQB éﬁnﬁ%ﬁ% A9 repgbed fhe agkenna AZ.0of gl syh-beam
e maxi mim
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signal. Thus the period n + 1 of the signal - 2 C 2004_.8 from
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An exenpl ar
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The role of the spatial modulator E is that of

paris t e sanple

a shutter. It provides the abovementioned sampling. An
exemplary embodiment of this modulator E consists of a
modulator comprising, like the modulator Cl, a screen
formed by a liguid-crystal matrix. The nature of the
matrix constituting the modulator E differs from that
making up the modulator Cl in that the control is an
on/off control. The regions are transmitting for the
parts to be sampled in the beam resulting from the
superposition and do not allow the light forming the
other parts of the beam to be transmitted.

The light having passed through the modulator E
reaches the analysis device 6. An exemplary embodiment
of this analysis device 6 is a device comprising three
successive matrices made respectively from photodiodes,
diodes and filters. Each photodiode is connected to one
of the diodes, itself connected to one of the filters.

Let wus consider signals sl(t) and s2{(t),
respectively, applied to electrooptic modulators 3 and
3", respectively, by antennas Al and A2, respectively.
In this example, the set of photodiodes receiving the
superimposed light beams deliver the sum of the
electrical signals sl{t) + s2(t} carried by the
reference light beam and the light beam coming from the

retarder 4", respectively. The diodes operate in a

in the



superposition and do not allow the light formng the 25 other parts of the
beamto be transmtted. The |ight having passed through the nodul at(_)rs[ﬁs[mm
reaches the anal ysis device 6. An exenplary enbodi nent of this anal

device 6 is a device conprising three -ssiccessive matrices nade
respectively from photodi odes, 30 diodes and filters. Each photodi ode is
connected to_one. of the diodes, itself. connected to,one of the filters.

Let us consi BePldPgRl § 90 Shd$2(%)o° rashettivel §° gB‘BI cayers of

el ectroopt i cthedwuat o Bheardec8ricalespantaleelahowy. alt ehhas oMtrand A2,
respectively 3 )l anpl e t aof t adi Lvin he
superi rrposedDFi g‘%fél’getgggﬁggfi ver ?R{éggﬁ%ﬂ&ofgqtgﬁgageF]géc:é)'??%%ﬁgeg%ﬁgl g)f'tsl (t)
s2(t) carriethby pheducef evletitles3 (ght re¢amisdd the d | galapeanintoi rigs from
the .retaédeﬁeégnd%?istpeéih' viely- sﬁﬁ%%ﬁde?eﬁ@%@&%éﬁ ?héZEFPJ?QQé P

nonl i near regi so as to be sensitive to the square of the sumof the

el ectrical sfgesltdoabovEhe Amahaugutyaitue opLeddiesh | tr¥oduetabt aitda:

signals represertaliie e Ao ohoLEnSn (hdR Pkl 1eLAEISA A delay vhich
Is 5 dependant on the sub-beamrecel ved by the filter in question. The
maxi mum val usabest hese PasFodi@ sto tdhftain sthe oar vl atdremedfi drivdl

mexi num i ghy it efsi £hes, and@kes hb ROSH D d 0 obtaid hbeuantbyalztine of
the wave on the antenna A2 connected to the podul ator, 3" 10 with respect
to its ak?ivaitHy nESBReERe Bt diffa AFT1¥BAndCt® £F t RS nRRfSrDdr Pl

Shoul d, for esamRl-eed he ddd edeniliador mMeasurenent be carried out on the

basis of two signals ,over.two different periods, respect,. the 15
neasur enent obt ai ned negafive. %ﬁ?ﬁgiﬁent dt'S he d&@%’sel%tlcﬁelvi ce
wi || then bemeastiretheoitt Iseictathaédt het pegithe degisspofidiwg tsdgmals

zero-propagagivor%-ti e, di féefg é@{ nMeasur egent [ a 8&:9? il 'ordg_rhéo show

all the possi BFE meastt emenit s %’ftor exaﬁp?e, sltua?eg I'n gS p'he central

regi on oI5t heeasalrggiesitdexbioeirg)d Wyupe R¢eBItivea paiuphmeditagiamiithich is

or e analysis device will then be carried out such that the
region corresponding to a zero~-propagaticon-time
differential measurement is defined in order to show
all the possible measurements {for example, situated in

20 the central region of the analysis device 6).

Figure 2{(b) is a partial diagram which is more
detailed than that of figure 1l(b). It relates to an
exemplary embodiment of the differential measurer with
a retarder 4" comprising a dispersive fiber which has a

25 monotonic index wvariation within the wavelength range
of the source 11°7.

The source device 1 comprises two sources: a
monochromatic source 11 supplying a first light beam 2°
and a broadband source 11° supplying a second 1light

30 beam 2" consisting of several wavelengths 1n the
interval Ay to A,

The first light beam 2’ is modulated within the
electrooptic modulator 3’ by the electrical signal
sl (t) emanating from the antenna Al receiving the

35 electromagnetic wave H. The beam output from the
modulator 3’ then passes through a fiber, which is not
wavelength-dispersive, before being collimated by the

collimator L1 represented by two lenses.



detailed than that of figure 1(b). It relates to an exenplary enbodi nent
of the differential neasurer with a retarder 4" conprising a dispersive
fi ber which has a 25 nonotonic index variation within the wavel engLI‘Q IENRe;
of the source 11'. The source device 1 ggnprises two sources:. a
nonochromati ¢ source 11 supplying a first |light beam?2' and a broadband

source 111 supplying second Jight 30 beam 2" .consistin f several
wavel engths in the ?ﬁ‘?ers\?glonéll lgog%ﬁeal?ﬂg f ilrsstmcf‘?‘bfrﬂg%cgamﬁhlps a
modul at ed wi §8tontheleetectpadpt moduldidcat " Py by sbeorteetkiceali cgilgnal

si(t) emanati n& fiom gpﬂg antenna Al _receiving_the 35 e({ ect ronmagneti ¢, wave
H The beam BUEPEL frém-? he SHBHIHDr 3T hef pasE¥ ] nrFUGRILEET | ,

whi ch i s notrepaveiefngttheli spatsi eéechebonenkeeiing walrki mat ed'Hyy leam

col I i mat L1 Feghgs%lnt ed by, two Ie&sgs. - 1§,, - 2.DEC 20 The_.second
light beam 2°YFBYhpdd*&ed Wiehi MV E2E¥hd ¢l'ect PEBBEFC 1999 3 by a
second el ectwacalengtgrdisp2et)vendndiemgs f r bmfarseedomithanteniamd? ed
receiving the s electro netj Vi The, b ut-p o] e

nodul at or Bhbypa eesc?ﬁr 61&%%%5 %gv\é%aeéjﬁrge[ ena%sdpe?)gimvgw ibleer%séf%gbg}%hm%e bei ng
collimated ®&ysphescoel fmbesr 42 tepuesentedeavt wa |afhsese Thb-bdiagper si ve
fiber 4" induyge T . 0 - f haki ~de i ng on
t he wavel eng?ﬁ %3%8?819%%? % é&%)%glgg#]% %ﬁ?rsm}éan‘g%\?%%ﬁj gflf %Rl Sjgng?/ﬂ%e

conti nudus osubdbeednt Thisustumheleecng Eildht BagmsutpeRtirBaUEheT

col i mator 1s2-ksntehhsaked ﬁﬂ@mséc%@tlng?ﬁ@r gl 8tepdif frashi emeat
wavel ength X. It is then focused using a ens within tﬁe super posi tion
devi ce 5 bef6PelpBRRGL 152 eki VG LBY HERe TRl y3i §T¢&ViN% HPEoAPAINdiaTy an
array of phgtedeheei ohsatEaskdiegicun Oof. the & reye® footseapasdingg 4 Si c]
to a beam of _wavel e.ntg&h gi\{,%]n bé t he angul ar diffrac%i %n rati %%.of t he
super posi t i ohe 8eWVdLH 2 Mhe SEPRAYOSE SEHE afal vEFs Hend®E alPSdhd

15 received by the analysis device 6 comprising an array

of photodetectors. Each region of the array 6
corresponding [sic] to a beam of wavelength given by
the angular diffraction grating of the superposition
device 5.

20 The array of the analysis device 6 also
receives the first beam coming from the collimator L1.
The region of maximum light intensity of the array of
the analysis device 6 then corresponds to a given
wavelength A;, itself corresponding to a known delay T;

25 depending on the dispersive fiber 4" used. This delay T;
is the time taken by the wave H having reached the
antenna A2 to arrive at the antenna Al.

Figure 3 shows a perspective view of an
exemplary embodiment of a wvariant of the differential

30 measurer of the propagation time of a wave using a
tunable laser as second source 1l within the source
device 1.

The second light beam coming from the second
modulator 3" comprises wavelengths A; te A,. There are

35 then several possible variants.

In the first, the second beam 1is collimated,
then it passes through the semireflecting mirror before
being reflected from a retroreflector comprising, for

example, a grating etched with lines of different



receives the first beamcomng fromthe collimator LI. The region of

maxi mum light intensity of the array of the analysis device 6 then
corresponds to a given wavelength Xj, itself corresponding to a kKp@gwh 2004
delay Tj 25 depending on the dispersi ve&ﬁli ber 4" used. This delay "ri is

the tine taken by the wave H having reached the antenna A2 to arrive at
the antenna Al. Figure 3 shows a perspective view of an exenplary

enbodi nrent opiachasi adapfed hEOdiéeimemajvallen@(hMUoér tdfe t hanpbdpagat i on
time of a wa in rce . 11- w thi.n the source
device 1. Thggségon%‘ %é E?gle%rrln com ng 1E%rﬁottr}hef§%%%n§° rf%duf’lﬁf'%}-'lgn

conpri ses wavel etri:mhsm)g‘;let oof, . rdhizet e £3%nt hehesayertalngossi bitae

variants. |n Lbe BEESt. ! heysecqnd hoam i g Colligplege, Yhen il passes

t hrough the semre ing mrror ore ei ng fro
retroref I%ctnef&eqpedsarrLg anf emglexdhpldependimat iory Shehedwairehenbithes of

different - 2,0 B,C.2004 -, 11.opitghes adant ednlg egchouayelengLhopl of the

t unabl e Iaser AVariation i nowave ength a vari
angl e of reffsaopilongf bunthhesgritipdgredutligorr &.arder 4". The sub-beans of

wavel ength Xi_are th?Egﬁré%' echededbogfsanghe %Ogﬁggndy?gigﬂtt heij

wavel ength. The use o | imator i s then necessar ore sarrp I ng by
the spatial wbdghaterck o gihe 3sedrbegpendeft (ﬁh‘ﬁ%‘%hé’fa%]r@%¥h in  which

each of 1tohe ?HQsQ%a%r%ﬁlg%' \éﬁ@wlgagthx,%h ok0 NASSESHIEFQHGR Acgisven
part L2i he convergent_ lens L2 hen the whol e beam 1lgasses t hrough t he
sem reflectlhé i r'FBFHS bEPBre BBPAG r ePPREL edPREBRP hetRFREPHY ef Itél@t or of

the retardersdm y\@meclt@agsm@r@@ @y&)eﬂdréj&&ﬁﬁfb rngemle&tt@dvvay@hewteh ki of

t he sub-beam whi ch %i Iﬁ% refl ecg1 hﬁ Iay4s,, 1'lﬂ_éls obi cag ?e better

mat ched to t A8 RBASAIEMERE P& &S HTIHE < ot FH751 FoogrovS

conprises, for dxaempding aograhengvas,taﬂl'eanbthmkholfl rdse oéumbéanewhlpiht ches

mat ched fé) e%gh reflects. The delays thus obtained can be better
matched to the measurement to be carried out. The
retroreflector comprises, for example, a grating etched
with lines of different pitches matched to each
wavelength A; of the tunable laser.

20 The diagram of Figure 4 is an example of a
device for identifying the propagation direction of a
wave according to the invention. This device consists
of two measurers having part of the source device 1
supplying the first beam 2" and the antenna Al

25 supplying the electrical signal sl(t) which modulates
this first beam 2’ in common. The £first measurer 1is
drawn in solid line and thé second measurer, in its own
part, is drawn in dotted line and has its elements
referenced by an “a”. Having two measurers one above

30 the other, as shown in the figure, makes it possible to
propose compact equipment but this provision is 1in no
way indispensable to the operation of each of the two
measurers.

This device, designed to be coupled to three

35 antennas, is used for waves whose wavefronts may be
considered as plane since they come from a relatively
distant source of the device for identifying the
propagation direction of the wave. Generally, the

devices for identifying the propagation direction of a



wavel ength Xi of the tunable laser. 20 The diagramof Figure 4 is an
exanple of a device for identifying the propagation direction of_%% @?ﬁ
according to the invention. This device consists of two measurers % i @
part of the source device 1 supplying ithe-first beam 2" and the antenna Al
25 supplying the electrical signal sl(t) which nodulates this first beam

25 the eleotri ;
reasuror. | VITS GGTHIE TR (FitanF KOG PR TTHR BA Ao PRe AP Eent

referenced byheme"a" .isHewi ngntegeneasuri@es onedabbyEo3twche at hemmoas shown
n the Tioung,, fRkesnih RASSIRLGLO a0 SONPAR! LAHLROERLORUL sENT S
I'N no peration o 0

provi sion i n way indi spensable to the _ . eac the two
measurers. Thighdebésn, addsirgeed viiogb&weoupidad atoiarhrekgndbs anvarnas, is

used for S‘A’avﬁﬁiﬁfgoégm‘é@\’%rogrpta? g&%ﬁym afieBahdered 123 pligbe gkRee ey cone

froma relative I stant sourc the device for 1dentifying the
propagat i on &tregnfon of the wave. Generally, the devices for identifying

the propagation diregtion,Of «8nzidePFC 204 exahpdleVavenac sl nghke et he
i nvention conprise n nmeasurers_ where n is an integer at |east equal to
two, a conmoiRe paPYraFt ARN 1ERe 1s GOFPE 1GEF e MARANA RA Bl FoRBBRFEmMEL ¢

l'i ght beam angar egei ¥hAgch WO gmdwWtatd om si andlss, oppecal Spuhiwtegones from
a conmmon antenna called the refe enge ant enna Let us consider, for
exanpl e 1% hetRaReSWARE&€St RBTEGULL8RHePFERS1 conprises a nonochromati c

source 11 and an optrheal £spbttteigHR?. PEuEns Qpti calmmeypl i tier th2 ot hen
supplies three |ight beams. The fir t .11 ght egnlz' conmpn tgrtgetggo
neasur er s |sm%%ﬁﬁg§f§d wiEhi nTPHg %E%%trg%b?ﬁﬁ ot at of 15 “FPSE Cal so
comon to theofwbateasdrenssiepyf wiecelcogtmoincdlo dilgnatws| fersemanat byg from
the common 15, 8ntenna Al J1eCElyhag 29 (& eQiBoNel € WAV et IBfmon

resul tant beamt hén passes through a colli mator , IS

15 antenna Al receiving an electromagnetic wave H. The
resultant beam then passes through a collimator L1, is
then reflected from a mirror M1, then passes through a
spatial modulator C1, the role of which has been
specified during the description of Figure 2(a). This

20 beam then passes through the semireflecting mirrors 5
and 5;.

As for the second beam 2" and the third beam
2", they are modulated within electrooptic modulators
3* and 3",, respectively, by electrical signals s2(t)

25 and s3(t), respectively, emanating from antennas A2 and
A3, respectively, receiving the same electromagnetic
wave. The beams thus obtained then pass through the
collimators L2 and L2,, then the semireflecting mirrors
5 and 5,, respectively, before being reflected on the

30 retarders 4" and 4", comprising, for example, a
ratroreflector. The beams reflected by the retarders 4"
and 4", are reflected from semireflecting mirrors 5 and
5., respectively and are superimposed on the £first
beam.

35 The beams resulting from the superposition of
the second and third beams with the first beam pass
through the spatial modulators E and E,, respectively,
carrying out the sampling, as described during the

description of figure 2(a), before being received by



then reflected froma mrror M, then passes through a spati al rmdtbl t or

Cl, the role of which has been specified during the description of fdlﬂﬂﬁ#

2(a). This 20 beam then passes through the semreflecting mrrors 5 and 5

a . As for the second beam 2" and the_third beam 2"a they are nodul ated

Wi thin electrooptic nodulators 3" and 3"a, respectively, by electrical

signhals s2(t) 25 and s3(t), respectively, emanati frqm ant ennas and
g (t) (t) P y ng Qkﬁéb Q%B

A3, respect iRy SEBCEFVILRES Re 288 el EECPETEdE I T
obt ai ned t hep,pagsdiierohntbhasieg! |11gHor sub2baassl 2ai thhen diee two
semreflecting mrrors 5 and. 5a, r%spectivel%, beforetbei ng refl ected on
the 30 retartfedRE 4P FSSEbNHIY sTAGM 101° eXARPFROSAEIPB r G1%51F e8for. The
beans refl ectigssdy dihe et debsréspoadd 4@ ar edetbyecd@ibiram the
semreflecting mrrors 5 and  5a, respectively apd_are superinposed on the
first beam B8 ThBEELYAL %&meﬁrﬁgﬁﬁ)oﬁﬁ’fﬂ@%uﬁgrﬁggi t""i%‘)% o}# ng?hgns?econd
and third besapstmét Antbankkr a2 beanipass onhhcbhaghntkeanspatli.al nodul ators E
and Ea, respectively,. carrying out_th | ing, _as SCri ' t he
description of figurB*IPAT, “béfork ée?%%&?g%é%vgae%y O%eZ&EE%ﬁgﬂgz%E@%B
anal ysi s devemiesdfmand of, cekhiewdtived yI.2wainch [shek athesupavpaaxitidm
intensity |ight.sub-heans w thin_the | egns ulting omt he
superpositio SVEACR o atnlglieséa‘su - egﬁswceoéalrrgis%ro%dg .toégadelf%y ed(cqguallg to the
5 tine iut erdavibet weom t Heleartdifydingof thee wavapadahi@he obf #hewaWtennas
A2 or A3 and.on_the_ antenna | QUre,p-+S arPer sResidie view of an
exenpl ary e%%%%?ln%ﬁ? oﬁ%colﬂ%{éo?jsj L2§%nd L2a, of superposition devices
5 and 5a andcofiprésesdeds mMOneEirdRAtH? FHoMrHRvilde PEA | @Bnt PPYIRG Lt he
propagation %%li‘t}%@l‘elEd%ﬁEb'l%Qg' Rhfbgune Bcwhenast.he source device 1

r

conpri ses a nochromati ¢ source 11 and an opti cal l[itter 12 su in
th?ge | i ght beans. The 1light beams come from moéﬁﬁators %" a%%gy g

t hus

15 3a", respectively via divergent optical fibers Fe. and
Fa“, respectively. A convergent lens (for example, a
cylindrical lens) transforms these two divergent beams
into two beams with parallel rays. The output of the
fiber Fe and the upper part, for example, of the

20 convergent lens form the collimator L2 in the same way
that the output of the fiber Fa" and the lower part,
for example, of the convergent lens form the
collimator L2,

Another exemplary embodiment of collimators 1is

25 the use of two different lenses mounted on the sane
vertical support, such that the top lens 1s part of the
collimator L2 and the bottom lens 1is part of the
collimator L2,.

Next, the collimated light beams pass through

30 the top part 5 and the bottom part 54, respectively, of
the semireflecting mirror before being reflected from
the top part 4" and the bottom part 4a", respectively
of a retroreflector. The retroreflector 4%, 4a"
comprises, for example, mirrors arranged in dihedrons

35 so as to reflect the light in the direction opposite to
the direction of the arrival of this light. Another
exemplary embodiment 1is a retroreflector comprising
several layers of materials of different indices

arranged in a plane and placed on a mirror.



The |ight beans conme from nodul ators 3" and 15 3a", respectively via
divergent optical fibers F. and Fa", respectively. A convergent [ens) E(Cffﬂm
exanple, a cylindrical |ens) transforns these two di vergent beanms into
two beams with parallel rays- The output,of the fiber F- and the upper
part, for exanple, of the 20 convergent I'ens formthe collimator L2 in the
sane way that the output of the fiber Fa" and the |lower part, for

exanpl e, of the convéhgertedmhs coavima hérosol themtret oz £ Lassicher agrenpl ary

embodi ment of.£oLLEGR! BES che SRRk g tm%éf@f&@t%$§9§e§ RNt ed on

the sane vertical support, such that the top lens is

col |i mat or Lia:ancr*%-?f@e%’é%‘t’@ﬂm endmj s OF&ar oftq hebe co@%?%‘t‘—%‘ﬁ Legwamekt , the
col limated |5ght gﬁ%%ﬁéﬂ@uahd ) thest eRePaa1Fsard ddei bokt gm part
5a, respecti veI y, the semreflecti ng m_rror before being reflected from

the top partard Gnd 9Pt 6 Yarteaar 1opdspREVPvely of a retroreflector.

The retroreflector 43, #3ssi®ARDr @Q@Sarftor eXanphe, FREdedsSrarianged in
di hedrons 35 so as to refl.ect thellghélnthe rectlon 0£05|tet t he
Fde Aaps

direction of SPHEIB®y | WAL tHRS FRY Endt hert S xEHipt hRHd¥ is a

retroreflect peftosPLhg RArroevesal dayes suate nﬁf&@rb@érﬁs O;f.aad!sf terentali ndi ces
arranged in aﬁglane and pl 14 The bea

ced on_.a mr -
coning from EHBSF et POEY | e@i‘%r 5?8rOF§f€ﬁ§&t85 oncét%‘l’ie@e?é(m B8 nd i rror
from partes 5S5pasdibbai thespdctiplel yhel @Medrader. to be directed toward

sanpling el enents E ggg) E%&g) d th%l%gl@bySE S¢ gvagg ?g?%glgfdmggsumr

respectively, descri OSSI |- vart an eretar isto
conbi ne, withhd tbh€ reharddevdte thierretdefitéfiyonow the retbpaviatgom rrors

fﬁe?Zb;Omﬁrﬁégrgt?ﬁgmoss| l‘gg,%z%r ?rzl?lntsllpl y tEHt %eeltrl{:}t)%m%"tAr gggg:ﬁteQ\%léri ant
of the d|ffepghera|ow9gg@meboth of the spatial modulators Cl and E
15 since they are not necessary for their proper
operation.

A variant of the device for identifying the
propagation direction of a wave comprising [sic]l the
use of a single differential measurer comprising three

20 antennas Al, A2 and A3. The first antenna Al receives
an electrical signal which modulates the first 1light
beam 2'. A switch makes it possible to choose the
electrical signal of the second or of the third antenna
(A2 oxr A3) in order to modulate the second electrical

25 [sic] beam. The identifying device will therefore
measure successively the time taken for the wave H
having reached the antenna A2 to arrive at the antenna
Al, then the time taken by the wave H having reached

the antenna A3 to arrive at the antenna BL.



and of the device for identifying the propagation direction of a wave
consists in renoving one or the other, or even both, of the spatial

nodul ators C and E 15 since they are not necessary for their propérz DEC 2004
operation. A variant of the device for hgegtifyi ng the propagation
direction of a wave conprising [sic] thé” use of a single differenti al
measurer conprising three 20 antennas Al, A2 and A3. The first antenna Al
recei ves anCBAEMSrical signal which nodul ates the first Iight beam?2'. A
switch makes it possible to choose the electrical signal of the second or
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devi ce (6) f6R"analyzid®yicgse (7 hhtfamt ENBREY) MPEF aflﬂg Fn 497885 1 hé source

device (1) i3e49nReQlEd fiod e 1velpRy PO tiDfhdlevheené by byeaelir andpat h of
the first 1ight beaméZ') whi ch c%nglr,i ses ? first electrooptic ncéldul at or
(3') conprisiRg BDABAUWERR i FPUTSSUt SEYdFPed (6 15° a TP Wt e (A and
by a second papbrgbstifie osectndcd i ghl bgam (2iyswhpehhcanprilses fiiwsseries a

o a second MEBANATHD) 1and A Eehr ORI . Fa0 2 Dy PRSP SHEPR Roasur er
accordi ng tombHelator {(3’) comprising a modulation input coupled to

15 a first antenna (Al) and by a second path of the second
light beam (2") which comprises in series a second
electrooptic modulator (3") comprising a modulation
input coupled to a second antenna (A2) and a retarder
(4m).

20 2. Differential measurer according to the
preceding claim, characterized in that the source
device (1) comprises in series a monochromatic source
(11) and an optical splitter (12) supplying the said
beams (2’) and (2").

25 3. Differential measurer according to claim (1),
characterized in that the source device (1) comprises
at least two sources (11’ and (11+), each one
supplying one of the said light beams (2') and (2").

4. Differential measurer according to claim 3,

30 characterized in that the said sources (11’) and (1l-)
are monochromatic sources.

5. Differential measurer according to claim 3,
characterized in that the £first source (117) 1is
monochromatic source and the second source (1ll-) is a

35 wavelength-tunable laser.

6. Differential measurer according to one of the
preceding claims, characterized in that the first light
path comprises an additional retarder (4'), the input

of which is coupled to the output of the first



preceding claim characterized in that the source device (1) conprises in
series a nonochromatic source (11) and an optical splitter (12) supplying
the said beans (2') and (2"). 25 3. Differential neasurer accordi g I@ 2004
claim (1), characterized in that the-spgrce device (1) conprises at |east
two sources (11') and (11-), each one supplying one of the said Iight
beans (2') an 2"). 4. Differential gsurer according to claim3, 30
char act or | 200 P HEERGPL iR BRRH 856 Rceq J( 11 \ESRF ALY Ar et RORBERFSmL i
sources. 5. &klerential nmeasurer according to claim3, characterized in
that the fi r;t sourcg.{%\/ﬁl'?E 'hs ﬁll monochromati c_source _and the sre;g_‘glnd
source (11-)'is a 3 1havEFe éf‘ _t ulB R s er . 28CCPHFPEr ent T urer
accordi ng t oppaeefinghelajmecedisnraiea insed clnar abber ithed durdbatnt bé first
light path conprises an additional, retar (4'), the | t. . of Lch is
coupl ed to tWéeoucie;Jﬁqyo&’“thlesfierqsutal- ZgECZg}gélt- ci% té}eecf“%gigﬁtnl cdﬁo | at or
(3') gener atapgl aedefter erfve bdehayenBnating f feeoenthal medsiaerr adédniding to

the precedin i cterized in that the duration of 5 the delay
"Cmis equalb o%%af%ggp%g Brgdi)én delay applied to the beam enanating from

the nodul atod.(3") Byffheensiaddareqsityer gacpprfangnttal oreasyk eiche
accor di ng tgp%s?agngheclﬂrﬁged' SR Lhakact grd gedd that e

retarder 1 enerates all the delays. 9. Differential neasurer
accordi d§ to(éhe aenenatepradddithg €edpds characterized in that the

retarder (441) is apspabiahrigtargesshichapmkesihhe secend |dghichebeam
(2") undergo delays which vary spatially in either “15 a_continuous or
di scont i NUOUBrABARERY 1DLATRNS f o RLAACSHRIFSH e NackRA Bi 141 o EIFAFAES,

characterizegsin that thatspat irdtdrelar dali @O MMiksestRe Eetbadefligaior .
beam (2"} undergo delays which vary spatially in either
15 a continuous or discontinucus manner.
10. Differential measurer according to claim 9,

characterized in that the spatial retarder comprises a

retroreflector.
11. Differential measurer according to either of
20 claims 9 and 10, characterized in that the

superposition device (5) comprises a semireflecting
mirror such that it superimposes the said light beams
(2'y and (2"), the first beam (2’} comes from the
electrooptic modulator (3‘) and passes through the

25 semireflecting mirror, the second beam (2") comes from
the retarder (4") and is reflected by the semi-
reflecting mirror in the same direction as the first
light bean.
12. Differential measurer according to one of

30 claims 9 to 11, characterized in that it comprises, on
the first path (2’), between the electrooptic modulator
(3} and the superposition device (5), a spatial light
modulator (Cl). the role of which is to compensate, by
balancing, for the optical defects of the two paths.

35 13. Differential measurer according to one of
claims 9 to 12, characterized in that 1t comprises,
between the superposition device (5) and the analysis

device (6), a spatial modulator (E) the role of which



11. Differential measurer according to either of 20 clains 9 and 10,

characterized in that the
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Pathi 4 2ddcofd PSMRD 149 pprgutar wave raction
followed by a focusing device in order to direct this
second light beam onto a specific region which is
dependent on the wavelength of this second beam (2") of
the analysis device (6) illuminated by the first light
beam {(27).

17. Method of differential measurement of the
propagation time of a wave, for measuring the interwval
between the arrival time of the same wave on two
antennas situated in different locations, characterized
in that a first light beam (2') is modulated by the
information emanating from the first antenna (Al), then
superimposed on the second light beam (2") which has
been modulated by the information emanating from the
second antenna (A2), then retarded by the sub-beam for
different durations, such that the beam obtained by
this superposition has a more intense part
corresponding to a sub-beam of known actual delay and
equal to the said measurement.

18. Device for identifying the propagation
direction of a wave, characterized in that it comprises
n (where n 1s an integer at least equal to two)
differential measurers according to one of claims 1 to
16, having part of the source device (1) supplying the
first light beam (2') and one of the antennas (Al) in

common .

superposition device (5) conprises a - 72 DEC 200
ns (gls

el ectrooptic nodul ator (3")
hrough the 25 semreflecting mrror, the second beam (2") cones
from the retarder (4") and is reflected by the sem - reflecting mrror

‘'t he superposition device (5)
ysis depi€€elbntialspatiahremdubatordify the raoleiof Mhich -



the analysis device (6) illumnated by the first light beam(21). 20 17.
Met hod of differential measurement of the propagation tinme of a wave, for
measuring the interval between the arrival time of the sane wave - hD 6204

antennas situated in different |ocation characterized in that a first
light beam (2') is nodul ated by the 25 fs'%formatlon emanating fromthe first
antenna (Al), then superinposed on the second |ight beam (2") which has
been nodul atEd. by t Heevider matfican enbdenthfyinom t he secondpagaéana (A2),

t hen retarded. b%/%élgnsub @eamfor ggléfer QEEogH g |onsEO suchy t hat ghe beam

obt ai ned by superp05|t|on hada more’in part correspondlng to
a sub- beam ofhdrmuwrentiedl idekhaptande elqlmcftr@mdtdcsaﬁcdimshlbheﬁﬂd 18.

Devi ce for &?é‘%éxw%@ﬁl?tmgahﬂ“ ofll £RELAN-RE aMAvG ehAragkeri zed

in that it compri where ni's an infeger at least equal to_two)
di f f er enti al comessmr 6ps addcotle ng Measheess @ nn1that 1ge hak?ilhgaéart of

the source @éI’L) sYpPlyi it firetyt t ( a eqgf th
ant ennas (Ald§Lyif t EP hy ?ﬂﬂ él;'e 04 -§ : éﬂb.b%eg\ﬁ/ﬁ@cea%%er ﬁﬂ%ﬁtal 193. ng ?he

propagati on th re@tal@n obeamﬁ/aveb‘*aé@%r dlsl"t)@l:{ld-qg ai fP18,21kharcdct eff®ed in
that the nong (‘rlé'%é’g@{“éfssm&fée ﬁljat}‘?é‘xd beBRsONtd £y Shldtiti®u dek?) ok the

source devi ce are common to all the n neasurers and in that the
optical splperemefsayesuppiidsin ﬁhiaq igHt beask, LEFEY iBRER of °TPRE sai d

beams baigng syppthed 40 bds@fetbe cBmpRaSHEErs, fbf_asa ot heetbeaps ikei ng
di stributed one _per neasurer, and in that the first 992 ath comon 10
I

to the n nedgeferstebndsi deCHRPR 5 { O r%oB‘FF‘éurﬁEd"‘u T¥359c8mon to
the n neasurgssuCREPEHSI DEpat Nedubatidontbnpuhecospidd &oteheasaildlant enna

(Al') comon to the n asurers. 20 _Device for identifying the propagation
15 directi onc%‘f““‘&nv\é%gg%c{}rE‘Fﬁﬁufgfgl‘ai m 18, yine P opas

20. Device for identifying the propagation
15 direction of a wave according to claim 18,
characterized in that the source device comprises n + 1
sources, one source common to all the n measurers and n
sources, one per differential measurer and in that the
first light path common to the n measurers conprises a
20 first electrooptic modulator (3’} common to the n
measurers comprising a modulation input coupled to the
said antenna (Al) common to the n measurers.
21. Device for identifying the propagation
direction of a wave according to claim 18,
25 characterized in that the source device comprises two
sources common to all the n measurers; in that the
first light path common to the n measurers comprises a
first electrooptic modulator (3') common to the n
measurers comprising a modulation input coupled to the
30 caid antenna (Al) common to the n measurers, and in
that the second source is a tunable laser common to all
the n measurers, a given wavelength of the laser being
assigned to a given measurer.
22. Method for identifying the propagation
35 direction of a wave, characterized 1in that the
direction 1is calculated by measuring, according to
claim 17, the interval between the arrival time of a

wave on a first antenna called a reference antenna (Al)}



characterized in that the source device conprises n + 1 sources, one
source common to all the n neasurers and n sources, one per differential
measurer and in that the first light path cormon to the n neasurers
conprises a 20 first electrooptic nodul agor (3') conmmon to the m Z@ehdWhers
conprising a nodul ation input coupled to"the said antenna (Al) comon to
the n neasurers. 21. Device for identifying the propagation direction of a
wave accor diamydt otlod ai mriByal 25t theg aceeri zled | pamdat ware sebrcetd&ki ce
conpri ses tW§h§8H6§§S common to all the n measurers; in that the first

i ght path conmbn to the n nmeasurers conprises a first electrooptic

nodul ator (3') common to the n nmeasurers conprising a nodul ati on i nput
coupled to the 30 said antenna (Al) conmon to the n neasurers, and in that
t he second source is a tunable |aser common to all the n nmeasurers, a

gi ven wavel ength of the |laser being assigned to a given neasurer. 22.

Met hod for identifying the propagation 35 direction of a wave,
characterized in that the direction is cal culated by neasuring, according
to claiml1l7, the interval between the arrival tine of a wave on a first
antenna called a reference antenna (Al) - 19 -2DEC21U4 and the arrival
times of the sane wave on ot her antennas.



