eOJJknTn1o6DoTov r EXy 1 Clutter rejection in a passive radar

recei ver Cﬁﬂ%ﬂ%lgmmmﬁ with antenna array The present invention relates
to a paSS|ve iver receiving a radio sig r|S|ng anes of
syybol-§ each em t4®mdson orthogonal coded carriers. Ngﬂgg  t he
radar field, it is generally difficult, if not inpo ve the

theoretlcally achi evabl e detection paformance limts for a nobile target.

This is because detectjon perfornmances are conditioned by the signal to

t her nal mmsﬁ;qEﬁQQ)Eﬁjﬁ?ﬁ9?ﬁntﬁnac?aéﬁ%ﬂﬂeﬁaﬁ?Fté?CFhVFﬁe°Fa8§P recei ver
and in practise is genera i n t noi se but by clutter at
t he outBut of the tgned f%%pnalg:% t e%%ﬁ%%%ﬁ? on ext the termclutter is
to be interpreted in the wide sense of all paths with zero Doppler effect.
For exanple, for a bistatic radar with distant emtter and receiver, the
clutter de5|gnaﬂB§3aEIeéﬁnthéﬁYﬁﬂQW@mgrpéﬁh§S thee mrnﬁﬂsﬁxﬁhrﬁden1the

d ch h d f f b b I
Var i oud mIOAVSH FEFELIERY theSBoRMmEtr &) GREPE L3 e0kiiahes, Bho ari

but have napnsald Giddie &awbagksn ézﬁfh@%@x’i@iecoégép&éi‘?léﬁbecu0” met hods

based on using a covariance matrix of t signals received by an array of
sensors have the followng limtations: - They elimnate only alimted

nunber of decorrel ated interference sl nal s, characterized, by their
direction. Conseduehtfyr? Pﬁéséaﬁgfhod% al8 IR At ticult, if

not impossible, to achiewve the theoretically achievable

10 detection performance limits for a mobile target. This is
because detection performances are conditioned by the
signal to thermal noise ratio at the output of a tuned
filter in the radar receiver and in practise is generally
limited not by thermal noise but by clutter at the output

15 of the tuned filter. In the present context the term
clutter is to be interpreted in the wide sense of all
paths with =zero Doppler effect. For example, for a
bistatic radar with distant emitter and receiver, the
clutter designates all of the following paths: the direct

20 path from the emitter and each path received following

reflection by a fixed obstacle.

Various methods of rejecting these unwanted signals

are known in the art but have nonnegligible drawbacks.

25 For example, adaptive rejection methods based on using a

covariance matrix of the signals received by an array of
sensors have the following limitations:

- They eliminate only a limited number ©of

decorrelated interference signals, characterized by their

30 direction. Consequently, these methods are not optimized

I
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t r 2in the context of the fight against clutter when the latter is rich
in multiple paths with different tinmedelays. - They lead to the creation of
blind axes, 5 associated with the rejected signals, on which it becones

i mpossible to detect a target. - They reject only signals whose signal to
noise ratio is positive after angular conpression. This rejection is
limting if it is effected at the bed nning io of radar processing, i.e.
bef ore di st ance- Doppl er co ession,, The invention is re particularly
directed td"tH erejggegleéﬁ g& a% €, et 2o p Fidgr Nat e%i’ug%ﬁalwglei% FR8 15
clutter pigkedeyp by 2ipAsSivemhddap1eeGRittsy @fcRardicud@northggonal
frequency division multiplex (OFDM signals. OFDM signals are characteri zed
by sinultadebagby emitting a | arge nunmber of orthogonal sub-carriers phase

coded with plural phase qr anplitude states, i.e. by a 20 spectrum of
ort hogonal |ines? €Re¥he E8Gri &° t rEnef oFRFEEASB, Gfer RL¥NGi t8%88ration T,

equi di st an k val s, 1 L (o disc k nch
patentgipp%Fgg%?gﬁséR?%§$62§§ ﬁ? %ggggsgé ﬁggéthﬁl%ggggm&92égg?§§$al radi o
si gnal s i nimpessdblextoolietadtoaandryetevi si on broadcasts conformng to the
European Digital Audio Broadcasting (DAB) and Digital Video Broadcasting
(DVB) standards. " TRRSE diegiedits, ORkY cl§ignaleherhds esignalpyrenieises of

opportunity_jppn_the cas Si radar receiver applicatio ensure
Oppor Lunt ¥ Bo! NG £aseo Of RAEST ¥BeLRUG ARE0el UgTp ARRLIGR 1 OB s
rejection is limiting if it is effected at the beginning
10 of radar processing, i.e. before distance-Doppler

compression.

The invention is more particularly directed to the

rejection of all zero Doppler effect signals in the

15 clutter picked up by a passive radar receiver of
particular orthogonal frequency division multiplex (OFDM)
signals. OFDM signals are characterized by simultaneously
emitting a large number of orthogonal sub-carriers phase
coded with plural phase or amplitude states, i.e. by a

20 spectrum of orthogonal lines, in the Fourier transform

sense, over a finite duration T, equidistant at intervals

L e et et

A Dbistatic radar disclosed in the French patent
application FR 2776438 processes coded OFDM (COFDM)

25 digital radio signals in the «context of radio and
television broadcasts conforming to the European Digital
Audio Broadcasting (DAB) and Digital Video Broadcasting
(DVB) standards. These signals, which are therefore sent

by emitters of opportunity in the case of passive radar

30 receiver applications, ensure optimum use of the spectrum



v 3 emtted, in a simlar manner to white noise, and are resistant to

mul tipath propagation and interference. According to the above patent
application, the radar receiver conprises a plurality of receive antennas 5
for detecting the signals. The radar processing is based on

Doppl er-di stance correlation of the signals received with a emtted signal
time reference. The time reference i3 obtained by decoding the signals

recor ded copf (4l ng;ho 4 e 1radhe LeLAFOMTUY CRALEDS RAYA! T gpg effgcted. 1o

However, beécause ‘of "the bi'static naturée of the radar system the power of
the directrpafdrFitonad musl thight it PasRA ik hald afndderavsriag. si gnal

reflected by a target. The direct path should be rejected before effecting
t he Doppl er - di stParmsrdiova eltst | 6he Thkovfer BytasBt corprl heat fant hethe

di st ance- Doppl er secondarg | obes of thﬁ dire%t pﬁgh i S .eneraélg

si gni fi cant 197 hi §RETL YRancPRRT R8T nBl PAYFEE 1t 0 thAC T get ¥ 57138 ed i n
the vig nifyyofetdier thg eehe P3LANALS. dThEl Galdhrt @ rdRicRE ng20l S TI8A68G pat ent
application No. O1-01695 filed on February 7, 2001 by the applicant, and
not yet pudhi Bhpdleprdpssesca cadaelasdenyerf f ohe OEDYNGdd oretghvtd

recei ved via a propagation,channel and conpri si ng. franmes of nbol s each
emitted orbiE HoBRLE CEOdSUIRALr FARE. TRREISHFadane dudts oFe ELERRSE o

elimnate 10eo5e0t ALBULYOUSAJAAL D 8 ghlesdilertlr A1 NeaiEl L &
general ly of unwanted zero pp effect "signals to the processing of
recei ved st@nehe redis et ddoppdneiurdi dtaiees dgeerataicns reffeoesdreferred to

conpri ses shaping neans for 30 converting the received signal into the form
of a di%it al owpver, because of the bistatic nature of the
radar system, the power of the direct path signal is high
compared to that of the wanted signal reflected by a
target. The direct path should be rejected before
effecting the Doppler-distance correlation. The energy
15 contained in the distance-Doppler secondary lobes of the
direct path is generally significantly higher than the

thermal noise, so that targets situated in the vicinity

of the direct path are difficult to detect.

20 French patent application No. 01-01695 filed on
February 7, 2001 by the applicant, and not yet published,
proposes a radar receiver for OFDM radio signals received
via a propagation channel and comprising frames of
symbols each emitted on orthogonal coded carriers. The

25 radar receiver seeks to eliminate the contribution
correlation of the direct path and more generally of
unwanted zero Doppler effect signals to the processing of
received signals before Doppler-distance. The radar
receiver referred to comprises shaping means for

30 converting the received signal into the form of a digital



» synbol signal, Doppler-distance correlation neans for discrimnating nobile
targets, and filtering neans for elimnating in the synbol signal at |east
~unwanted zero Doppler effect signals in order to apply a filtered 5 signal

i acl udi ng essentially signals backscattered by targets to the correlation
nmeans. The radar receiver can conprise a plurality of receive channels.
However, although the filtering meand based on inverse matrices of

covar i ance ks CegaRash I88BRILAdA0NLLACRT Oduets 0L BReCkEBLs! s of the

symbol signa espective carrrer reject al the clutter,

i.e. essea&sahcllmhtaem@vmwméertca:w er aatf eﬁ:ﬂ@e:gmj; Smekhe resei ver
does not provide isotropic spatial coverage. After filtering, the radiation
di agrans efimiaatingerigu desﬁgm§Q§(ﬁﬂqm%boﬂﬁlﬁgaﬁﬁ1ﬂﬂ¥aﬂkﬁﬂv@6©%annels
feature blind.sector ions.in Mhlgh corrglated

t he, di rect
zero DopplP 8PP éFFec?fg?ﬁhal§lgﬁggﬁec%$véﬁgkﬁéggﬁiaFP?lVf £het1htFEF 9 si gnal s

are atghigh HQWer§ncﬁQQQBbVeeEbEB€Eh@9y0fsEBﬁahbne§a8Es&Q€té§88'Wﬁ? 20 OFDM
S|gnals causes rejection Nosses that can reSult fromcorrelation between

t he directeageltsvaect dthe etateedlabianmmbiehe .t &hgetragdat arecafvehecamct or s
associated with the z roaﬁg |l er_effect signals that nust be filtered.

Mobi | e t aFGBPS ISR sh&-Hh IQan?ﬁ?¥Y? FMGY 25 unwant ed zero Doppl er
effect signals ﬁE@e@E'”‘nﬁﬁ%ﬂo %ﬁ NehkONgen +e 1 d teﬁ%ﬁﬂﬁ Tﬁ§589198$ of the

present invention is tO lIimt t | osses associ a ed W t e colinearity of
t he direchnpa&heSmaMnuaas(Mﬁﬂccmﬁﬁxﬂndé)mntfdémsnaaew @enplerad thh¢j esh | ona

5 target vector, where applicable, i. th the correlation of direct path
si gnal$ aﬁéoéﬁft§|@ﬁaﬁ§QQ£ﬂé%xﬁ%Qﬁ%xP@nﬁhﬁrﬁﬂWWQﬁt%&%&ﬁlsﬁﬁ?%?t¥W9terlng,

a S|Ight|¥ 3%{??%%%?%%92? Fﬁg&&ggjgf%gc téf¥fgkagﬁgné#hg%qptaingd in

whi ch the C 67Z6ero er effect signals s been’

el i m nat edssEatieaqly thes uIjafied zd Pl Ao STEt VEOf FHEOCEEGhAUs A 1agli O
signal received via a propagation channel and 1o conprising franmes of

synbol s eaelsediviert edoen coeled Rm\m@@nmsqtmqm@r sSpesapli stpgeRegecei ver
Toans | nt ST gL S b0l CERQrAtaLe N e aRe Tt Bger Tor 6t HaFed, - and
Doppl ek - dis31,a30@ CebtekapbARiMBANEof Fhe receive channels feature
blind sectors, i.e. "gaps" in the directions in which
correlated zero Doppler effect signals are received,
especially if the latter signals are at high powers.
Adaptive filtering of the 1lines of the received
20 OFDM signals causes rejection losses that can result from
correlation between the directional vector related to a
mobile target and one of the vectors associated with the
zero Doppler effect signals that must be filtered.
Mobile targets in the blind direction 1in which the
25 unwanted zero Doppler effect signals are eliminated can

no longer be detected.

The object of the present invention is to limit the
losses associated with the colinearity of the direct path

30 directional vector to be eliminated and a directional



*15 discrimnating nobile targets, is characterized in that it conprises
means for creating N1 dumy signals that are anal ogous to a reference
.signal representative of unwanted zero Doppler effect signals in the N
recei ved synbol. signals and that were emtted virtually along 20

di rectional vectors orthogonal to each other and to a directional vector of
the real direct path between the reaP emitter of the emtted synbol s and

t he radar aq_cgeé' er N- di i on : f refegenc ti el ayed
rel ative t% eacﬁ\g ot\}tée&rt%kﬁd re a{}i%ve t@%p%gﬁrﬁég{ 251d|é'reclsd|%§?h Bdﬁi fferent
i nteger muddddlest 0dn t hef r etd pracal pafh t hei dreid dird ofartyhe Giayrrdley s, neans
for addi ng each received synbol signal to the signals to produce

N1 d
nodi fied r st S pthl Y add ToPike i R Laedns Psé?cegn +hee T Hyd unvant ed
Doppl er. f i.gnals jngth ived si in ord
relo DOPRIERRL Bk eRbERELY A ERGREPLS TSGR L BR0EHR, b 1t

i Signa I'nc I'ng essen signal s
backscat t esch ited ai getuh ifch tiige Cebhekrabu@ioRBEYTS . t K6 CeedoNMdpp e
invention, dummy signals froma 5 plurality of dunmy OFDM emitters at
di fferent efffsgcincekdnaglonhagl heenlid¥iarigrmteatirections relative to the radar
receiver are added to the signals really picked up by the antennas to
produce nodified received signals that are representative of a "conposite"

propagation chanfglreddie &ioi £ VPRSI e £hapmel lecshdrPIdeddy 2
propagation vector in the OFDM carrier band which, on average, I's virtually
ort hogonal radi@llsippssl blreacklivect | gnal wecpoosafatidnr echiapaeh s free

space nultiple paths. The radiation diagramafter fjltering is virtually

i sot r dfi ¢, CHPEHBNT i b ABeE orQt ors)ﬁab‘?g%a&ae‘ﬂ‘ bfl?h%teéi{i rﬁq'hat‘?Qﬂ?q)f

Doppl er ef I I ; ge L NG Naby | g al), then be
detected a%%ofﬁgé?ei P%’é%%’t %%ﬁé%rgé:??g%aﬁelvect on(r%.glg%' |€‘§nr§a g{rbef erred

enbodi nentmdrsedfon poavesting o sigrdbd syabbdledi hpyalther assredeenmft er
Fourier transformation thereof intao groups of spectral lines, correspondi ng

to the ortTRAfhalnEar Ni &Higite fotIri et | NgPERBINAD dUHIRESH gnal s
conmpri ses xﬂgféjst{'\% 3> eﬁ# ”ﬁé%ﬂ?ei*b@igtéﬁgé Béwe??{%h' aRal svgt%xor wth N

corrponents as a tuncti pn (0] or der povarl ance rra. rrces eac ependgnt on
produagts odisPerhigdtihdemobilbhe drerisyedi syahakastgpabsdt Wwe yhdtwo in a

group relating to a respective carrier, nmeans for constructing an 30
ort hononi citbasempadeegp mgard r fer paentiact df-landunny signals that
are analogous to a reference signal representative of
unwanted =zero Doppler effect signals in the N received
symbol signals and that were emitted virtually along
20 directional vectors orthogonal to each other and to a
directional vector of the real direct path between the
real emitter of the emitted symbols and the radar
receiver in an N-dimensional frame of reference and time-
delayed relative to each other and relative to the real
25 direct path by different integer multiples of the
reciprocal of the bandwidth of the carriers, means for
adding each received symbol signal to the N-1 dummy
signals to ©produce modified received signals, and

filtering means for eliminating unwanted zero Doppler

30 effect signals in the modified received signals in order



“orthogonal directional vectors, and neans (83) for generating the N-1 dunmmy
signals as a function of the product of the reference signal and angul ar
coefficients depending on the directions of the N1 orthogonal vectors 5
and time-delay-coefficients relative to the real direct path depending on
products of the different integer nultiples by the reciprocal of the

bandwi dth.. In order to produce the spectral lines of the reference signal,

the radar tecghyey ¢ante@eR i SPERNSibRafler aséiv@ihdg shentaffiici ents of
the transfer function of the propagati on channel as a function of the

spectral Isigeslsf backstatheredcebyedteygbtk sitgnaltdef ocogaei agyimivol and
averaging the coefficients of the transfer function over each frane. In an
al ternati ¥ ere is 15 provi ded means for correcting the spectral |ines of

the reference Sh@a@&dﬁﬁ?ﬁ é(ﬁm%g@qn%fenm%nqi r&%gg siq_fgn%ltsarﬁf?ém.r lative to

the estimated direct pa rectional vector. T So provi ded neans
for estinpilivigldryendt t @éamsy gOBDMr epliitec®ras it f db€feoanof dilkeasyect ral 20
lines of the reference si%nal, the estimated replica beingacorrelated to

the filtefd@msyansd| 15; iRt HE Ippl s dirstaké¥ecdit efhei d@dddans. In a
T ok RS CRiRh 50 ShUCEadhack0SBhG IR RPN P! | oped

patent application iTtering es nmeans for

esti mat i ngniehnelisdeto cpranuaacendrilfficesreashvdaparidimd ontpaddeates of the

spectral lines of the nodified received signals two by two in a group

rel ating trepxresespadiiviee ofalr i"eonpreaite "t propagatiing iohaansd .matlificces of

t he covari ance 39 matrices, and nEﬁnS fg% filtering the Q%P s .af spectral
|

8 |indb r SOPERSIE y CPartElng ito CRAZESEEFHES n tohe arodtOPARAEOR vod

signal s by Jafldd plyi Reet NEriM OHRS r 96 x| iIM}ER DUHLBER, I &HPegTE ¥ gk NVElSE
matrices to produce filtered groups of spectral Iines. Followng the 5
filteringwsdnsllyherddgonadcdioveal ¥ uptbeibtenpiirees ivpads viemtors

synt hesi zi the filtere roups_of spectral lines.into fjltered, synbol
S onat s ik S B i EACET RSP o SRR c IR Sy SEEPGet o S | od t o

the correlaldiQt {TRARE agtiinS 127RiFT8RE Ah30 18! WIIMYABy isotropic,
15 the blind sectors or gaps caused by the elimination of
Doppler effect signals no longer being present. Mobile

targets can then be detected along the real direct path

directional wvector.

20 In a preferred embodiment based on processing of
digital symbol signals received after Fourier
transformation thereof into groups of spectral 1lines
corresponding to the orthogonal carriers, the means for
creating the N-1 dummy signals comprises means for

25 estimating the direct path directional vector with N
components as a function of N*® order covariance matrices
each dependent on products of spectral 1lines of the
received symbol signals two by two in a group relating to
a respective carrier, means for constructing an

30 orthonomic base made up of direct path vector and N-1



- to scatterers other than correl ated coded COFDM si gnals. To characterize
better the transfer function of the propagation channel, the spectral |ine
products on which the covariance nmatrices are dependent depend on spectral
|4 nes .of synbols and are averaged over each franme. 15 Qther features and
advant ages of the present invention WI || becone nore clearly apparent on
reading the foll ow ng description of’ a plurality of preferred enbodi nents

of the | YEBRQG 01 VeR, PhbR 16RGE! SRR ddrd Ne 204 COREEARONGRAY agearpany! ng

drawi ngs, 1n i's a timng di agram of successive symbols in
an em tt egefEFdbM sggrale N-Fl Qunihy ssagbabbngsdi agrfamatficm CEEDvhei gnal
frame ; 25 - FIG 3 is a diagramof the foll owi ng paths between an emtter
and a receFo@uct qofi tbet r;?dic%erkﬁﬂtﬁibg%ajpaﬁﬁg apAd larpgosfifdaicdtéd by a

tar getwl?%%éd]p%@ §K‘ﬂ;fa@%?%8‘ﬂ&%n§ 9 ‘Eh‘éaéle(i“%rcc%[%tg’ofn‘%%t Yt ect

pat h arge noi se tot out the correl ator;

9 - FIsG #ndistanechrnBly cdd pekcires areohtaveaddy fleseiryal Witdecane
antenna conformng to French patent application No. Ol-01695; - FIG 6 is a

schemat i cp@tbckd@pagdam ofora reckdust $ ecef véqrhew tdi &f qantal |We®ferant ennas
conformn bI 0G i agram of a

K
pr opagat |"g‘h£'6h%i|?\§| b?ﬁ)'d%’?l ESIFFBﬁOEF‘P‘cﬁ?t Efjﬁddttg‘ ‘the invention for
i nproving the radarcf&eei u&S Wrdke the spectral lines of the

reference signal, the radar receiver can comprise means

10 for estimating the coefficients of the transfer function

of the propagation channel as a function of the spectral

lines of one of the received symbol signals for each

symbol and averaging the coefficients of the transfer

function over each frame. In an alternative there is

15 provided means for correcting the spectral lines of the

reference signal as a function of the direction of a

target relative to the estimated direct path directional

vector. There is also provided means for estimating an

emitted signal replica as a function of the spectral

20 lines of the reference signal, the estimated replica

being correlated to the filtered symbol signals in the
Doppler-distance correlation means.

In a similar manner to the radar receiver disclosed

in the previously mentioned patent application No. 01-

25 01695, the filtering means comprises means for estimating

N** order covariance matrices each depending on products

of the spectral 1lines of the modified received signals

two by two in a group relating to a respective carrier,

means for deducing inverse matrices of the covariance

30 matrices, and means for filtering the groups of spectral



"lo plurality of antennas shown in FIG 5; and - FIGS. 8 and 9 are di agrans
respectively showi ng the overlapping of signals emtted by N1 dummy
emtters for a given frequency and the overlapping of N-1 dumry signals
emtted to obtain isotropic losses in accordance 15 with the invention. The
mai n characteristics of COFDM radi ocommuni cation signals are sunmari zed
hereinafter, with reference to FIG 8. 20 These baseband signals are
emtted in . ol ' IS .sage .cont.ajned. j.n. . f ot emtted
synbol s i srlli%ér%)i e %écgc svaerlg?’eS nf}r%orggtflsr@ stlconus%!é;sq:edn%]teegr?sﬁ&ul p:gjr?eousl y.
These si Ny idsi DNBbbE U edS WIgERIIY e, muekepledngo ties egrabiper Jor
sinplicity as "carriers", and 25 are phase coded or anplitude coded. The
carrier fridqnesmcitas fthet oreRpactivgui dnvenae amatnieevaltso 1/Mepdu=ich synbol
Si emtted.. thedresult of su 'ng C rr';ersj].as follgvvi during tt}]e tinme
period T ¢ (T TSPIOYBSs 18K CoBETERRFTS 1118 | EPIRSYING™ GRS, which |
desi gnat esr {1 e SIHIAT RiekAQt, Ofr&el dddar %)ec@rigetg d?ﬁKkﬂHéﬁeS:érﬁﬁBi-seTéﬂe

carriers at frequencies fk = k/TSwith 1 <- 5 are therefore
or t hogonalmdang hfodursatritdresiing =tAS T3S ldesieghayesupheoduasredtimel. Over an
anal ysis period | COFDM si gpal s thus constitufe a band signal K/ TS

Tg, the
conpri si nglld?%'i)ew‘:'%?%nf‘-b%tﬁr?gné. gdi LSS NG . Jf%q%ﬁe?ﬁ!%lﬁ 1/ TS and
each of |0y dif 1/ T3 ke 1 Eler Spgr e W@g edr?%?)qli\élddua Ly, fe exanple
d by e co

usi ng a four=state phase code expresse ex coefficients Ck~i~
bel ongi ng dexrtdiataiqrhabreahs+) , Thijs -dmipodident. bAspraciliieinstakat a
nmessage may occupy only a few 15 frequencies fk over a f_ew%shynbol period TS

in thélti meRASIN MNer defRhRIsAaG%h GRAY SO siigidsisg K
[ SauenoLes A e RO OGS O LI bk Qg gigea, | o
first symiptoslgfidhecha@n®l | Sthe” BokktraymMahe products on which

the covariance matrices are dependent depend on spectral

lines of symbols and are averaged over each frame.

15

Other features and advantages of the present
invention will become more clearly apparent on reading
the following description of a plurality of preferred
embodiments of the invention given with reference to the

20 corresponding accompanying drawings, in which:

- FIG. 1 is a timing diagram of successive symbols
in an emitted COFDM signal;

- FIG. 2 1is a timing diagram of a COFDM signal
frame;

25 - FIG. 3 is a diagram of the following paths
between an emitter and a receiver: a direct path,
multiple paths, and a path reflected by a target;

- FIG. 4 shows the outputs of the wvarious
contributors (direct path, multiple paths, target, noise)

30 to the output of the correlator:



-carrying no informati on and consists of the nodul ation carrier frequency Fp
of the emtted signal. The synbol Sl1 is used for frame synchronization

i.e. to provide a tinme reference. The second synbol S2 of the frane is used
in 25 the radar receiver, anong other things, to |earn the propagation
channel, and contains the K carriers or sinusoids at the frequencies fl to
f K having predeterm ned phases in th8 enmitter. These K carriers in the
symbol Sl are uge%fdwtgmaéagagéﬁy‘ el £9ogﬁthqgé§é%)#9eae@§é§ﬁ si gnal
each carrier fk servi'ng as a 1 ﬁrequency and phase reference. anks to
the first jaweSpHolsthatodeashtehaaentssf OfmPeg aret ersefph Tghtaurek fl1 to fk
can be acquired in this way. The other synbols S3 to SI are intended to
carry one apphigrat igat ANaredElagdd B ioccupyi ng each synbol partially or

ot herwi se. I n radiqc nj cation, the recejived synbals arg recovered with
the aid of a fréqtfg[ﬁg‘;]?anh?ygi sscaTer‘Earltel_ci e}B:EW dd)é‘ﬁg i%ﬁaf_"s_rr ived over
the tine pféé%e_%s- wilth f eapenchestom Bfeda@%&gaé’rté&gﬁ?ﬁhirﬁ{ﬂ tie Fourier
lo transform (FFT) sense, each of the carriers is denodul ated to

reconstitWlBst e information. In practise, the orthogonality of the

frequencies emtted is degraded by the faollowng fornsg of interference: 1s
- intersymbol irntrfaGrrherl$ nt &rf SAFEELIG er? PP ngdbRIERGnarE cAled

differentl s Shddd® T (¥'63E¢&Hﬂéagéulérg%66%¥¥ ; 4ty synbol
i nter carri%’?&éan er ae(r enced: nonorc{ﬁholgonaﬁ si gnal sl over the na aﬁ ysﬁ time TS;
20 - intrasyvdrdiomt résarrimproviegf etkraceradeer | apreigyeaf séigral sa coded

differently; - intrasynmbol intercarrier interference: nonstationary

si gnall®. ThbBaealiierderavanay shoyvdimtidE with atk 25 nultiple paths in
t he propagation ¢ | pe eR the eni [._an [ ihver., The addition
on the guard tine o) eagc%ﬁgyﬁboﬂrepe(rg}%ég?n% gﬁg%%ﬁ:g?g'gl%’llsrﬁ%l sgof

interferenggeibvéhBagpiigl bENMBignhEsgempateedt bgnN-ne dwiRorahi sigeadi ng of

for a given frequency and the overlapping of N-1 dummy
signals emitted to obtain isotropic losses in accordance

15 with the invention.

The main characteristics of COFDM
radiocommunication signals are summarized hereinafter,
with reference to FIG. 1.

20 These baseband signals are emitted in symbol
periods T'g. A message contained in each of the emitted
symbols is carried by a large number of sinusoids emitted
simultaneously. These sinusoids constitute sub-carriers,
referred to hereinafter for simplicity as "carriers", and

25 are phase coded or amplitude coded. The carrier
frequencies f; to fx are equidistant at intervals 1/Tg.
Each symbol S; emitted is the result of summing carriers

as follows during the time period T's (T's > Tg):

k=K 'n
30 Si = Ck, i 62] kt/TS



- 30 the propagation channel caused by nultiple paths: there 12 is then for
each duration T'g a range, of length TS, in which all the received
~multipath signals are coded identically. The processing of the received
signals including 5. Doppler-distance correlation, the anmbiguity function of
the COFDM signals, and in particular_of their secondary | obes, nust be
studi ed. The secondary |obes of the &fbiguity function associated with the
COFDM waveform are relatively uniformin the distance-Doppler plane, and to
their level relative to the main lobe is -10.1oglp(l.K). The secondary

| obes are Iomeriatwhhehbgsae@ﬁghb&emmﬂhé<§uhafﬁuzdﬁﬁﬂq§islofj%he-
conventional radar bal ance shows that in general the energy contained in
the 15 seédndbflyt| 68639835661 &1d@-with the direct path dom nates over

t hermal noi se. nsi_der .for exanmple the bistatic ar sh in Fl 3 wth
an em ttor EM 1 SRR abrRg et Se e T OTRUTATT ¢S poher 57 Pet@ 2 S0 Wi a
recei vier RE 3Rt ea-ire Brdfod@nal 1000Bhea diaval i@ty ofA~==ml m

corresponding to the frequency FO = 300 MHz, an receiver distante of d = 40

km an enfgt destigngéesditbeagoesdEMi@R .and a target-receiver distances CB-RE
equal to 40 km _a noise factor, of F = dB, radar__equival ent surface 25

SER = 0 dB, | =CY88 &PnFRalysiiRetion g :%Terrgogl%d £IGRAIF 59 of 250

~s for a . tijon, d@?ﬁ@ R4 = $Q0, gaLri f Handw dt h
of B = 1_%6%%?}@%%%_a4 shows the }inz %gfgﬁ 5 %e?&egns ﬁgtgﬁﬁ}?érqgwland

t he recei éneBEeqid dilst aerteragly tdomt Aragdenayt beepeddmdarand adresh of 13
attached to the direct path and to the clutter caused by the nultiple paths

domi ntt esWedER f{dismalTHfoi SR L #es dRFECFOPRIR tedbe NeHetiginalevl §2F 186 -
135 = 51 dB.aRexe ddtnd" SWi IR e ObnbbE AR exPPLslegap 2 SigNAI tO

complex coefficients Ckg,j, belonging to the alphabet
(1+3, 1-3, -1+3, -1-3).
In practise, a data message may occupy only a few
15 frequencies fix over a few symbol period Té in the time-
division and frequency-division multiplex comprising K
frequencies and I time slots.
On emission, the symbols are organized into frames.
Each frame shown in FIG. 2 comprises I symbols S; to Sy.
20 The first symbol S7 of the frame is a "null" symbol
carrying no information and consists of the modulation
carrier frequency Fg of the emitted signal. The symbol S3
is used for frame synchronization, i.e. to provide a time
reference. The second symbol Sy of the frame is used in
25 the radar receiver, among other things, to learn the
propagation channel, and contains the K carriers or
sinusoids at the frequencies ik} to fx having
predetermined phases in the emitter. These K carriers in
the symbol S; are used in the radar receiver to estimate

30 the emitted signal, each carrier fx serving as a



‘5 thermal noise ratio of 198 - 186 = 12 dB. The passive radar receiver
according to the invention effectively rejects the direct path and clutter
.as well as the scatterers, such as interference signals, in a received
broadband si gnal before Doppler-distance 10 correlation in order to detect
nobile targets. Referring to FIG 5, passive radar receiver RE in
accordance with an array of antennas-for OFDM signals, according to French

pat ent ap@x‘ r&!}r “‘Qnd%h%%@%eéér&%@“ $RanRs’ 8cei ¥ed ¢iignal shapi ng
circuit 1, ourier analyzer 2, a correlated signal filtering circuit 3, a

Fouri er sy;}hﬂtﬁsllsz,era*é laasér medeat@mssmalpwmt@rs SFoan Temianidedt si gnal
replica estimator 6 and a target determnation circuit 7. 20 The received

si gnal shdi ek cFRBUPE BCEHivEst iidhathis coppri 388 &thers Syfnl Sarbarray of
N t 1 t f
recerver Shotl 136 inhSaied, SRIASRN el o JhOHS s, RSP

broadcast cﬁicﬁﬂ:ﬁs}ﬁlg vhiedte SYmba parsid ey radastHeangiser RE is structured in

the formof N parallel receiver channels in and between the circuits 1 to 4
and 7 respectivdly e?@@d@cavﬂr@wnmqartlﬂme afihennasceivedo aympoly ane

FoIIowlngfre uenc e ach receiver stage 12n with -0 - N
digitizes rﬁ*ﬁa cY’Ilgé baﬁg Z:kdl 3 ?rfﬁéﬁenfﬁ’gtﬁn? %W/ea%anttfleappl i es
" 57 oot apeta e skt o beod s () 1
k=1 i gnoriTe t ieequerziesofemili¢esy tmindgSi orthogonal in the Fourier
10 transform (FFT) sense, each of the carriers is
demodulated to reconstitute the information.

In practise, the orthogonality of the frequencies
emitted is degraded by the following forms of
interference:

15 - intersymbol intracarrier interference:
overlapping of signals coded differently or analysis time
Ts not suitable for the code;

- intersymbol intercarrier interference: non-
orthogonal signals over the analysis time Tg;

20 - intrasymbol intracarrier interference:
overlapping of signals coded differently;

- intrasymbol intercarrier interference: non-
stationary signals.

These interferences are associated with the

25 multiple paths in the propagation channel between the
emitter and the receiver.

The addition on the guard time A to each symbol
period T's eliminates all kinds of interference if the

guard time A is greater than the temporal spreading of

30 the propagation channel caused by multiple paths: there



-to k=K j 2~ckt/T - TDn (t) - ~ HknCk a S k=1 desi gnates an OFDM si gnal
received fromat |east one 15 emtter EMor possibly froma plurality of
_OFDM emi tters on direct paths and nultiple paths caused by fixed reflectors
RF and'corresponding to clutter, as shown in FIG 3; Hkn designates a

conpl ex coefficient corresponding to,the transfer function of the
propagati on 20 channel EM 11n relati% to these paths for the line fk; the

signal TDR(d )tHen cosst bhehedubyt Q¥AT lraRPianG-dHyNt ol z&R 9t PoPR|, erinef f ect
signals caused by direct and nultiple paths; these unwanted signals are
referred thiadh " edrdr eltdeed reiogriaies!’ mu2Bipa8ln( slignddsi gpakescaded h C ej
2~k ( t-Tn) /TS e-j, 2~vt ¢ k k=1 recei ved OFDM si gnal caused by 15
backscattéﬂqﬂ}%ﬂa%%ﬁwted OFDM si gnal s by at |east one nobile target CB and

thus subj ect 0 RdN0g: 36585 TRPPLET S CTERokAONS AT €5 khg eaRked si gnal

to be extracted, whose power Ts very low conpared t0 that of the 5

correl at edgipireal-dilbn@nce heoxrseldtei orgr r obarchitirqarisfyer £ ineeci oon odf t he
target CB, Tn denotes the_ path difference between the direct path and the
path refl é&dtedCPEPN helgad et , aafd in iRpaHE WPk Fhefteseposdatie tar get ;

- Bn(t) desjgnate iLgnals tyed i he, Wwant o] w dth, |1 ed
scatterer gL,Ol%{LHGI’ 'ﬁltu%gn ?%e %g§§%¥§t edﬂé:Dl\ﬁeSI gnoga}%i Slu%%dsas%lfhnt é:?l%er ence
and t her madmyiejuse sifgmdts onTe seiciattied #3 tastheaterpMhaapairarat ere of the

emtted signal, such as the carrier frequency Fp and the 15 synbol period
Tg, as a fami@tioielef wnifeamysin $het hdistance-Doppler plane, and

10 their level relative to the main lobe is -10.logjg(I.K).
The secondary lobes are lower at the base of the main
lobe.

The analysis of the conventional radar balance
shows that in general the energy contained in the

15 secondary lobes associated with the direct path dominates
over thermal noise.

Consider for example the bistatic radar shown in
FIG. 3 with an emitter EM radiating an electromagnetic
power of PgGe = 1 000 W, a receiver RE antenna gain of

200 Gy = 10 dB, a wavelength of A = 1 m corresponding to the
frequency Fog = 300 MHz, an receiver distance of
d =40 km, an emitter-target distances EM-CB and a
target-receiver distances CB-RE equal to 40 km, a noise
factor of F = 6 dB, a radar equivalent surface

25 SER = 0 dB, I = 100 symbols of duration Tg = 1 ms and a
guard time of 250 pus for a frame duration of 125 ms, and
K =1 500 carriers for a bandwidth of B = 1.5 MHz.

FIG. 4 shows the link balance between the emitter
EM and the receiver RE.

30 The energy contained in the secondary 1lobes



“first two symbols S1 and S2 of a frame (FIG 2) in the N received signals
in order to constitute a tinme reference. Knowing the period T g of the
~emtted signal and the duration TS of each synbol, the tenporal |ength of
the 20 channel 'i s deduced fromthe process of synchronizing the preceding
time reference, by analyzing the sigggls received in each guard tine O,
which is greater than the tenporal channel |ength. The received signals are

t hen peri editaahkyd 2o ttHencad esct npathr dndator t¢ig alidtte Jdhesed avyonary
portion of the received synbols of duration TS is recovered by subtracting
the porti &heof muhtipéeeiR@bhsi giRMENates horiar §heirmalo Bpiggeh Peeiod T g
and in parg.icul ar ubtracting the annel, ol engt ed d.dn ach
peri od. dféeﬁﬁcl?ﬁt))%’r ts‘Llo%ne 0 nee%fg% g?végelrse&g@ved 12%5& tg&b%%e%éﬁv signal s

X1(t) to XNet prdfsuhedtioveTgoirs thken anpt cdwhochhdakow i igradal yger 2.
The anal yzer produces 5 the real and inmginary conponents of each signa
Xn(t) $or téeemadumatiisen reS igsiafg 13 Hldert 12 adf orm and anal yzes t hem

usi ng the fast urier transforn1%FFT) to supply_the frequency spectrum of
each synbol S dBF vERPHY t nEPPENCATTe B Toul ECERTIHRE arkdl yoere2
provi des K lQr3ReH B ddti8R 13P1 M -3 4 o1 faeh SyrRoingf cibecépcei ved

signal Xn(t) relating to the frequencies fl to fK and applies themin
paral | el ta® aveddvaas atlee smbttzreakeulsatdhora ottt er Bdremce heignaieri ng

circuit 3. The informatjon carried by each spectral line SPk relating to 15
a frequendy edi e iviedepRraeAPrPdorSIRA bt REL OffegbieiiRt @5~ #StaPa®ed on

the o h cqqj t i | Iine and on the

otherqﬁangﬂgg%@ﬁgngghggﬁg%: Jﬁé??é%ghﬁgzﬁﬂ?ﬂ%ﬂ%f%%ggéé?bn channel . 20 The
filtering circuit 3 conprises three software nodul es, nanely the nodule 31
an inverse covariance matrix cal cul ation nmodule 32, and a filtering nodul e

33. For each || Refemring thfe BlGequond BASHEYS VERRRE byeeRtvahaRyzeR 2 the
dule 31 ti . N i 25 i i Leh f gi
ggmlli ﬁ S aesc(?'e{&&pecgef avg}xg%uc%gvag#fﬁc%f 2 B A s R%gkn HMHe sgg,{%ﬂvso grven

e feceived spectral 11 ne h Télating

to a giver YRy 116 apdehkd Cpaieadt eaﬁflibaeibaceiwed spegieak, | ines
SPkl to SPKN relating to the N antennas 1 to 11N, the products being
aver agéd foaommyises 2 reckeived aipnedetsdapimgd dlinmigerioda Wovhiger< n < N

TN o L) BiEghetn 900 1 25 pef L od o ausr o8l o saldl products o
typical Iy gy jQupr a.st#r%égiz?ef (A8, tofrellEelr 90YRLS 8ecdVEEAgEdagver |-1
synbols S2 to SI. The
emitted signal replica estimator 6 and a target
determination circuit 7.
20
The received signal shaping circuit 1
conventionally comprises at its input an array of N
receive antennas 117 to 1lly connected to a plurality of
respective receiver stages 127 to 12y for receiving COFDM
25 radio and television broadcast signals, where N = 2.
Thus the radar receiver RE is structured in the form of N
parallel receiver channels in and between the circuits 1
to 4 and 7 respectively associated with the antennas 113
to 1lly.

30



-5 averagi ng of said products over a |arge nunber of synbols, i.e. over
around 100 synbols constituting the frame, decorrelates the target signal
.from unwant ed hi ghl evel signals received by the antennas. The nut ual
orthogonality of the spectral |ines nakes the covariance to matrices Rl to
RK i ndependent of the coding. The nodule 32 then deduces and stores the
inverse matrices Ri to RKL of the Klfovariance matrices. These K NxN
inverse matrice r ; i i mogluk i ing K
respective gr ou;%&eg% avﬁ%ﬁﬁl\%ﬂl@ g%i%\t%%%'nes S}Elﬁé?é%éﬁ\l %%g %Kl -
SPKN del i vez,gdwhyht he spect =unw andlgizdrzesd. Baeh rgspaptdfveN speshamd | i nes
SPkl to SPkN received for a given frequency fk is therefore filtered by a
filter whit¥suppiorsl i%n (hcheesibel aned ppRHIRS b EtPeaR oPlhHs /@Rt or
consisting of the 20. N spectral |ines SPkl - SPkN yeceived for that synbol
ond the | GUETSPTR: EF TGt Pyt STt | S LT h T he N ar oups. of K
filtergd spectral lines, each supplied by the filtering circuit 3, the
contribution of the correlated zero Doppl er effect signals caused by the
direct path and 25 theXm{i¥tipl EPpafths amlCn hke) staBn Eflers has been
elimnated. The NK filtered spectral lines are then synthesized by inverse
fast Fourier transformation (FFT1) in the s nthesti;ég, whi ch delivers to
the target ,discrimn ' it 7 npos-al s&fﬁ@l nals X1(t) 30 to
XN(t) resp"gg J|‘s§/e éql‘%éc ud‘?%régg%eelgﬁ%ée I Cﬂ%lc scattergfng signals SC1(t)
to SCN(t). The radiation diagram of the srﬁ als X1(t) to XN(t) has blind
axes, i.e.igléPsngi vhéhendéxectoépnshé nsitbeh $he correl ated OFDM signal s
TD1(t) to TDN(t) and 5 scatterers Bl(t) to BN(t) are received, as shown in
FIG 60 During a recurrent |earning phase in each synbol frane, the
detector 5 deduces, fromthe K spectral lines 10 of each synbol of the
frame delivered by the specFL m anal yzer 2 and relating to one of the
shaped received_s&gng{€,=fo yexanpl e f J@mktH&_ .l i nes SP11 to SPK1 of the
signal X1(t) recet vedVia tpe fitt %t enna 1311, the spectral lines SRL to
SRK of a reference signal S ('il) 15 such that: SR(t) - k~ H k Ck eJ2~kt/TS +
bl (t). k=1 20 Hk is the nean of the I-1 coefficients of the propagation
channel transfer function for the line SPkl during the synbols S2 to SI of
the franme desitgnatiedy arheC&PMennbgndll, rieceadtvest @oeds at r tlgalsity oke

kI =1Hkll, which inproves the estijmate of the transfer ction of the 25
channe® byhhkisg P Pés?oﬁéﬁgﬁﬁe Bh & AR R a?l’go%ébﬂnﬁﬁ"?"fﬁﬁ’ésand
phase varigati i ag t ba t ef,ed t signa
SC1(t) can eo(?g%%ar-gds%n thgugs&?hgﬁ%?gigggé;t ipéaﬁﬁghaﬁégﬁggndbﬁhef%{éggel at ed
si gnal s canebeecharacRer iazed. cdimee sworsdi sy ghal chutterdessgnsiteen ain

FIG. 3; Hxn designates a complex coefficient
corresponding to the transfer function of the propagation

20 channel EM-11, relating to these paths for the line fg;
the signal TDp(t) 1is constituted by overlapping unwanted
zero Doppler effect signals caused by direct and multiple
paths; these unwanted signals are referred to as
"correlated signals" ;

25
k=K j2mk (t-T ) /T -j27vt
- SCh(t) = 3 hg cp el ZMKIETTI/Tg ]
k=1

designates a received OFDM signal caused by



.30 nmean of scatterers received during the frame, consisting 19
essentially of thermal noise with a variance | ower than that of the
scatterers Bl(t). After estimating and storing the transfer function
"coefficients Hl11 to HK1 averaged over a franme, the 5 detector 5 applies the
spectral lines of the zero Doppler effect correlated signals averaged over
a frane, i.e. the averaged |lines SR} 0 SRK of the si gnal SR(t) dependi ng

on the coeffjGi H1l t : Kaenputs; t Sty : e

esti mat or%gcjé{r%g trt}tct%sflé% ncgfr |r_|(e) gﬁ%q Plg%gm%de}{cfls%qg%gl %Fgg%%%@l?ggitg) appl i ed
to N Doppheidilst anoeyexorc®l ahdr 8hiéd ismbtieett arget dosezénd nBbppleircuit 7:
k=K j2nkt/T Re (t) - ~ Ck a S k=1 15 1In a simlar manner to a Doppler
channel ofefifieetraddr coassilkates sbpovanted ERENRLehEnPBatERT2EHBFr cation FR

2776438, the target discrimnpator circuit 7 jncl S pplLer - distance
correl at orwgloffl gjé)wffN and a‘f\el}farlc% féo(%:m s?%%&c?‘?cguigéggﬂg?o gb . Doppl er
channeks i 620R e r&IPptAr FBN (€Y 2 AgSiignatha P4 LAehesnd negdahkgauency

of fset relative to each ot her ﬁecause of the Doppler effect. The Doppl er
channel s domsttiitom e fa thleurtaiiget ¢B,spaedenates thet hathi Hiéfedesicgnal

X n(t) by changes of 25.frequency and .are each_ correlated,. for ch carrier
fl to fK hef e‘?‘r}i‘?té’dr?lcgnd?a%/}bp?f’ga “%é?(tf)’a\”h EFEéFCSdeetP%rﬁﬁﬁg
correlatiqn pRAKS Ay ?«hi%r%hbnDebﬁieecer@aﬁsﬁcwefeﬁﬁ@néwgew mobile
targets. After sunmation, an angular focusing Circuit 72n determ nes nobile

targets 30 angul-aBpdasi tdemigrestes $Sigadly, racedomstanin fehgewah&em 20
processin AP) circuit 73 extracts "plots" é:ﬁ'! ati to position and

speed 8at a((ﬂ%': hetR¥ 172 nB6RFECFaFget SERRT Fhal t BRRaCryEct e above,
e 1L\ L2, B W SHRR,SOOURCD AP St o3t
signals.
The circuit 13 estimates the parameters of the
emitted signal, such as the carrier frequency Fgp and the
15 symbol period Tg, as a function of an analysis of the
first two symbols S; and Sy of a frame (FIG. 2) in the N
received signals in order to constitute a time reference.
Knowing the period T's of the emitted signal and the
duration Tg of each symbol, the temporal length of the
20 channel is deduced from the process of synchronizing the
preceding time reference, by analyzing the signals
received in each guard time A, which is greater than the
temporal channel length.
The received signals are then periodically
25 truncated in a truncator circuit 14. The stationary
portion of the received symbols of duration Tg 1is
recovered by subtracting the portion of the received
signals in the guard time A of each period T's and in
particular by subtracting the channel length deduced in

30 each period.



"subtractors for subtracting each of the K averaged |ines of the reference
signal SR(t) corresponding to the averaged propagati on channel transfer
function coefficients H11 to H KL and produced by the detector 3 1o from
the Kspectral -lines of the respective received signal Xn(t) in order to
produce via the synthesizer 4 as mani; filtered signals X1(t) to XN(t) as
there are antennas to be processed i 6paraIIeI in the Doppl er channel s of
the circuit 7. is Referring nowto FIG 7, the invention essentially adds a
propagati on channel nodification circuit 8 for elimnating the blind

angul ar sector BAchn pbetdobagr afs lddoh tlat sthmwn derdiled 6 digsitdli ng from
the rejection of 20 correlated zero DopPIer effect signals caused by the

di rect pabhsghancheignalsl ¥1phi hdo el r edi duwratsidonhectdd Yheen t he

KN out put g OE%%ge 2P EHL %Iﬁr‘%ﬁ(zgﬁafﬁggg BN fr.;l'\reStar{arlB{%egﬁoé &dly i?l. to 25

i . . r
circuit 9%RRi recei ves via second”“ T nplts "the spé i nes

SPKN del i ygeed-dw t bgdspealdiHaBnaty#eendnt Ihef eggehi @ngefalt he, iy ect path
signal based on adaptive filtering inplies |osses related to the
correl ati deroreaaghstdunadtalorcollisneasing dfhe hélideadt i bransfesmorand| ati ng

to a nobile target .and the, real  direct 3 at h_directi.onal or, In
particul aPl% Vzgﬁe %c‘f?ln‘iltht H"Ea}ss? o]?o‘?ﬁée?r §a§5§8§.mt y%g,i:)i tt_so

rejectl Pnshppagzc%@a%%q@etnw he adanin \6r Al adyrdibdt &5 e PIIEd P! €
conventionally gives rise to the phenonenon of the blind angul ar sector 5A

The funct bgn tfe t heuncatort A rcifk spéci ThealdnalyzemdR2f prdve ddisr e€t pat h
directional vectqr so that the direct path is rejected '&hog% the blind
SSOCI

angul &9 sé@@_é’ftrSA béiR§SgenBiat e® WFHn rriftqrng_ePI‘F | 5¥¥RSa ®d with
the correl atcagedf dNmdargelcyethah and e dhieetaRbACRR! o) dhe

invention'then noditi®es the'to colinearity of the target an I'Tect path
di recti ond&lk aod oapplsesceahdm kivowpatrhé 1edf et@nae covgrdlanSie( tpaprixkluced by
the detector 5 and primarily representative_of the direct €ath signal, in

order thecadrdation dpedulena lnodnf it dfidEergagh ¢ Fetttosal ¥Rt or,

o1 m nat | AR T S o GG 11k PRV AR PERG e e

generate anhot kekqhlkend S?éin@'ttéklpngihhﬁgéﬁdiehitﬂ‘? axog of thbe dbtket path.
The invention also alleviates this drawback by averaging the 20 | osses

caused by firegruendiifeiscats onebdtefieodi rtdst e hhaedt o ddea heedin® epace i s

- Oobserved wiith a quasiisptropic coveiage in tlrgag t ar get Qﬁ]err?;naéi on circuit
7. The modi¥§ SREGPRA L %p%%gjé% i 57§ B0 Pisdd P e 23 chled

sof tware mpdulgsn STrRlp0Rtdidre i, R¥ the propagation channel.

20 The filtering circuit 3 comprises three software
modules, namely the module 31, an inverse covariance
matrix calculation module 32, and a filtering module 33.

For each line SPx at the frequency fx delivered by
the analyzer 2 the module 31 estimates an NxN covariance

25 matrix Rk in which a row of given rank n is made up of
products of the received spectral line SPgp relating to a
given antenna 11, and the conjugates of the received
spectral lines SPk1 to SPxn relating to the N antennas
1137 to 11y, the products being averaged for symbols

30 during a predetermined time period, with 1 < n < N. The



. directional vector estimator 81, an orthonom c base constructor 82, and a
dummy signal generator 83. The estimator 81 processes the KN spectral |ines
SP11 to SPKN supplied by the spectrum anal yzer 2 and 30 divides theminto K
groups (SP11 to SPIN) to (SPK1 to 22 SPKN) respectively related to the K
lines of the carriers fl to fk emtted, in order to determine K Nt'' order
covariance matrices RL to RK. As in the calculation module 31 in the

filtering_.gi Lt 3 K (o] Se K i [ 4P eliati ons of
t he spect?gkagyﬁgmgaﬁﬁ Fg gﬂ%ﬁ?%ﬁ?k f?EﬁfEﬁﬁ%?? ngﬁigtﬁgggggfﬁgates of the
spectral pieeersBkl tsa ghRlENcaeltaty grige: hehah anhensgmbdll dugatidnand to
the narrowband carrier fk, and the spectral |ine products are averaged two
by two dufsngaadiol$reypiepmiiedns MIFRFIGY gfedt FraMam the- syRSol

duration T%Pﬂggggfé$%$L§X%gggggrati n ?jlaSE&éggs_ﬁﬂg estigmat or t hen

oV L. .
cal cul ateB t he squar e-“covari ance matTices to RKin

order 40 dedwagihBer efr omatie Nruopes Vester s avkilatrgeVk Nutiddtr Nokd
conponents and"thé associ ated proper values 7kl to ~. kN for each matrix Rk.
The esti maymbods,dedizesovie mopard véePors wibrhe t Aanststusspgi &hed with

t he hi ghest ~kmax of th I ~K = ~K| ~KN)._. d t hat
corre;gon§§apﬁ'tﬁ@CGFFggFgégfﬁ%ﬁr&§g§%$n§g%é5€tgﬁgm%ﬁgﬁéifﬁéﬂhéé%ﬁfgper :

val ues arg.3830ckaygd18 Pré@&ivadt hyoitse EhRahhys.the Bsd i HRitea181
averages the K proper vectors VImax to VKmax associated with the highest

proper 25ovahvgenagtic¢lydiol theali spetctpat hldheechasrsl thectanvaringe h N
components: k=K VID = ( ~ Vknex) /ﬁ. k=1 30 The cgnstructor 82 constructs
an orihonBate igsse Raf to Rk independent of the coding.

The module 32 then deduces and stores the inverse

matrices Rj} to RRl of the K covariance matrices. These

K NxN inverse matrices are used as K filters in the
module 33 for filtering K respective groups each having N

15 spectral lines SP17; - SPiNy to SPg1 - SPgy delivered by
the spectrum analyzer 2. Each group of N spectral lines
SPx1 to SPxny received for a given frequency fx 1is
therefore filtered by a filter which supplies for each
symbol the product of the column vector consisting of the

20 N spectral lines SPx1 - SPxn received for that symbol and
the frequency fx and the inverse matrix R'i. In the N
groups of K filtered spectral lines, each supplied by the
filtering circuit 3, the contribution of the correlated
zero Doppler effect signals caused by the direct path and

25 the multiple paths and the scatterers has Dbeen
eliminated. The NK filtered spectral lines are then
synthesized by inverse fast Fourier transformation (FFT"

'Y in the synthesizer 4, which delivers to the target
discriminator circuit 7 N temporal symbol signals Xi(t)

30 to Xy (t) respectively including the target



.23 N orthogonal vectors Ul to UN two by two, of which the first Ul is the
direct path directional vector VID. This vector base can take any form
~i.e. is independent of the angular position of the receive antenna array
111 to- 1IN 5 relative to the direction of the real direct path vector. For
exanple, using an iterative Schm dt orthonormalization algorithm a second
vector U2 orthogonal to the vector VD is created, then a third vector U3
or t hogonal fi - ng U and so on up to a vector UN
orthogonalbatcg(s{cﬁgt\%éﬁgrts\\iﬁggér?ds}%%zegﬁ- %C{fe‘g% ors previ ously created. The
N vectors Ul toTHN ofatihetbase e¢bsfrdmaverfa mheul ssgerglal K9 (that tbl ~TD~~ of
the direct ,path vector. and N conponents in the "antenna initial frame of

r ef er ence"Xléki nB@sbP e NeASS cofpBnentdPsf’ tife the e@irpathonecidr UL =
VTID. As an.alter i a S r .82 n u t he

ort honom é’qhggée é}?}éagggr&g%%ggdw%ot%ggn%fgo?biﬁ?nécﬁo% E%);eghgn t he use
of orthogepal tRr@rect BENLOr Har %‘q?((t%rsa(ife t hecéunedj o Hf drmrar nay of 20
antennas. To "desensitize" the "blind" directional vector VID associ ated
with the rfd&. &i.rect path, the generator 83 generates N-1 "totally"
correlated dummy signals comng fromthe space orthogonal to the "blind"
direct path 25 vector and applies themto the adder circuit 9. This

modi fication of gihengeal diebaekepat Mé?a[ﬁﬁaﬁfltbl%'séh?iﬂneéaél$ k¢hbegted in
the processing of a conposite receive signal determ ned by a directional
vector, pdtanef, Wwhehletzeardhoyodedudcast heromatheli Kespeparblvédhes. The 30
generator 83 participates ip this desensitjzation for 24 each of the

O 1 8071 AtosPaEh  GYPOy O dehe; o 1A s L i PRES Dy Eiaghs 0 SBRELERR (o
process t ibe_si 1 an i ORkC at i v L the
circuits %%fn%q‘;f%eﬁ%tdﬁgﬂé%%i nlegi ?%teirtg . tgl%Théeﬁ%%%a;rgltégggg%agener ates
N-1 dummy sigriatled sfgmadésamiblet 6rShNtheatl iaves [BRQOrts ofRky t oft heenmitt ed
ref erence signal SR&t; whose K spectral lines SRL to SRK corresponding to
the frequeidnad fKi{s)f keegeleppiiad BYet Hd 586 ranherBasi bl §8€ect or 5.

As shown 1q di.agra Lcaldy by radiatjon_di 2 1O a iven
frequency S1%<ec|tn %’%geasc d%?mg’ﬂgi génlglasfﬁe%;e%gzla o‘%’/%a?%hhetsll} 5 ul
frequepcy hand tBax:[fl, TN of the real emtted signal, with 2 < n 5 N1,
appears to cone froma dunmmy emtter EFn, whose direction relative to the
15 array of receive antennas 111 to 11N is that of the respective vector Un
of the orthonom c base xppli ed by.%ﬁg &?nstructor 83 to the generator 83.
In the generat &R @3 the X i nﬁ-kdelkaysj n %e Sweerbt e direct paths fromthe
respective dumy emttei=lEFn and 20 fromthe real emtter EMto the
respective antenna 11n is predeterm ned by progranm ng. Each tine-delay Tn
wWth 2 <n<N1lis an integer nmultiple M of the reciprocal 1/B of the
bandwidth B = [fl, fK] of the emtted signal, and the integer nultiples M

to MN are different from each
20 Hxy 1is the mean of the I-1 coefficients of the

propagation channel transfer function for the line SPyj
during the symbols Sy to Sy of the frame received by the
antenna 117, in other words virtually |ﬁk11=|Hk1|, which
improves the estimate of the transfer function of the
25 channel by making it less dependent on the instantaneous
amplitude and phase variations. This averaging means that
the backscattered target signal SCj(t) can be ignored and
thus the propagation channel and the correlated signals
can be characterized. The noise signal bj (t) designates a

30 mean of scatterers received during the frame, consisting



-25 other. The set of dummy signals SF2 to SFN_1 creates with each
respective received signal Xn(t) a conposite channel with a frequency
~period equal to the band B of the signals received by the array of
antennas. The tinedelays T2 to Tn differ by a step equal to 1/B, for 3o
exanpl e, in increasing order of the index n from2 to N, 25 but can be
different fromeach other, with any ®her regular or irregular

di stribution. The.lines. SEln_to. SEKn_of each du .signal, SFn wi,th 2 < n
2 °N hre. FORRCEARAYm Ao M BE COBPS: M ribs VB LAORS aRR T, i
reference :§j3ndr and BchesReekisve,argul ar coefficient depending on the
direction of the respective vector Un of the orthonom c base and a
respective timedAdékeay esdéfrfatdingntantd pehelr hgg ohhehd reasdest i funat imn del ay
Wnh/ B, where s different from-M2 10 to M- 1 and I\/h+1]geé) IVN. %e K
spectral IS i6AeRt t Hdlduify SiKdnaP¥e&R5efy QFRTard recHBeti VElS added
to the;K spaathale Isi ngs 1900 (e SRldetehieach el galepin(ddrd eddpyn decei ved
by the respective anténna 11n in the adder circuit 9. In other "15 words,
the |ine SHfeqf dorerelateidyad ghiadrzalav¥rEged arveas porfthamge t a tdhe fthequency
fk is added to all the lines SFk2 to SFKN of the N-1 dummy signals SF2 to
SFN i n t h@Veddseikdfg 3Rt othr 6RO Ta FirheSSBRRN SR (& )r 8RS um

signal repres at i i f r i ved. sign ) e Ggitcuit 9
applies tﬁ’erl rgg%ec ?/%fef){?ﬁ%é@%f ?ﬁg ﬁpormgis%hedg%i glga?ksjpﬁ% t(g)-?XI\ﬂ%o t he
cal cul ati eystmditor 38.1i N The fdddietdtey cér @rddukesmach mioseasasd't hemin
the sane way as the spectral |ines of the respective signals XlI(t) to XN(t)
in thélemsmiithast 25 adwn dePldic@ Re (e ERRIISD e harthel Do EY by
over |l appi ng the signals re%ei ved .and .t he %uemtasi

| s,.SF2 to. SEN i s then
rejected i HEPE of RS Far r ands tby t he ]fqgﬁr]&aerclilnsgcrczjirﬁlc:rh?‘fl\gﬁ, but
gener at es diossgs af:ter rejection of the conposite channel that are 30
i sotropic, as shown by conparing the overall radiation 26 di agram D of
FIG 9 to that of FIG 6. It can be shown that the signal to (noise plus
interference-afterrejegidion rat h??zk@f"ls equal m ni num and mexi num val ues and
consequent |y tirat(thhe | ssesraee 1sotTopic and low, and 5 equal to 10
log[ (N-1)/N] dB. The emg=sision reference signal SR(t) is thus used to
reconskitute a dummy source conprising a plurality of dumry emtters. The
signal SR(t) weighted by the respective angul ar coefficients depending on
t he vectors In a similar manner to a Doppler channel of the
radar receiver disclosed in the French patent application
FR 2776438, the target discriminator circuit 7 includes N
Doppler-distance correlators 7117 to 71y and angular
20 focusing circuits 727 to 72N. Doppler channels in each
correlator 72, are assigned a predetermined frequency
offset relative to each other because of the Doppler
effect. The Doppler channels constitute a plurality of
speed cases of the filtered signal X'p(t) by changes of
25 frequency and are each correlated, for each carrier f1 to
fx, to the emitted signal replica Re(r) 1in order to
determine correlation peaks which are in distance cases
corresponding to mobile targets. After summation, an

angular focusing circuit 72, determines mobile targets

300 angular position cases. Finally, a constant false alarm



10 U2 to UN of the orthonom c base in the generator 83 is added to each of
the signals X1 (t) to XN (t) received by the antennas 111 to 11N in the
adder circuit 9. The dunmy signals SF2 to SFN reconstitute a specific
propagati on channel whose propagation vector is on 15 average above the
frequency band f1 to fk of the enithg? signal, and by design orthogonal to
all envisagable free space directio vectors. In this frequency band, the
average Cg{«&gé@%mg QErhBe dunBuiti 92k t3s Aef MAd @bove i eguals to 1/N,
regardl ess of the free space target 20 path, which inplies maxi'num | osses
of 3 dB wpbdhiaishnandnmspbtell dafaanheseraschéhe foaverddd eafttaegeftisl.t ering i s
t hus "snoot hed" and becones isotropic. As an alternative to _the above, the
detector 5 can 25 cdPrettteRRAELYE nat? ofP% heRPert r ARG i fdd BSREND SRK of

the referen fogral: .SRca ti f.th syred direch f .t he
target re?%\?f?vglc_tg bﬁeogi r%g_%t ftggt%h_s’&%ygctl}no%all%s'vect gfr %I\%eﬁcéﬂu%t%@(} by the
estinmef or agp1idhtsoal t RbNat ineoawbisei pahes Hedudsses i nrddiadedy gat 30
direction that mght result fromdecorrelation of the 27 reference signal

and the tavnpgbrasignal faft eukdtidacdriing efdleceédthe X8 awiemagsdl.linesadar
receiver processin radi o signal .receiyed via a pro at i Qqn_ channel
( EM RE) aﬁ& cgﬁﬁri gle%Sr]ePSﬁes S%P%}}nb%%s(\{:gacﬁoé:rﬁegpé)@p %odéd dr'tthogonal 5
carriers étrlera]gélﬁ), CQHB{;&@EB%N_ recehygheeanst fdddse 421 tfunkNonl2N),

er

shapi ng neans for converting N signals received by the receiver neans into
N di gi t al cegfiffdkisngmsalb1fXtot o XN) anN lpiodpcad i hyegbe wsitecttioan 31, and

Doppl er - di_st ance corjyel ation 7) for discrimnatin ,
PP 10 from the g- spectraqeaffnés) of) the respectivg received

signal Xp(t) in order to produce via the synthesizer 4 as
many filtered signals Xa(t) to Xk(t) as there are
antennas to be processed in parallel in the Doppler
channels of the circuit 7.

15

Referring now to FIG. 7, the invention essentially
adds a propagation channel modification circuit 8 for
eliminating the blind angular sector SA in the diagrams
like that shown in FIG. 6 resulting from the rejection of

20 correlated zero Doppler effect signals caused by the
direct path and the multiple paths. The circuit 8 is
connected between the KN outputs of the spectrum analyzer
2 and KN first inputs of an adder circuit 9 which
receives via KN second inputs the spectral lines SPj;; to

25 SPgN delivered by the spectrum analyzer 2.

The rejection of the direct path signal based on
adaptive. filtering implies losses related to the
correlation or substantial colinearity of the directional
vector relating to a mobile target and the real direct

30 path directional wvector. In particular, if the direct



‘10 nobile targets, characterized in that it conprises neans (8) for
creating N-1 dummy signals (SF2 to SFN) that are anal ogous to a reference
signal (SR) representative of . unwanted zero Doppl er effect signals
(TD)' in the N received synbol signals (X1 toyXN) and that were emtted 15
virtually along directional vectors (2 2 to UN) orthogonal to each other and
to a directional vector (VID) of the“real direct path between the real
emtter (EMepf f{he gpit{gd sypbol ssa th@;{ﬁédariﬂsecex_‘éﬁeécﬂi@ i an

Ndi mensi onal frame of reference and tine-delayed relative 20 to each ot her
and rel at i aecérdamee reathdichectadpatth viey atighflererfii literdgey pmilrtdipdles of the
reci procal of the bandwi dth of the carriers, neans §9) f or adding each
recei ved sybBEREieRadly x@1Y8S XK SeotPhEPR PhgRRAFPONgRfl Shespl i SFEN) to
produce nogi {i r irved signal 5 0 [ eri ng, means
(3) for elgﬁé%g?fnggﬁgg\%gnt%%'zer%h%oggﬁgﬁwg fe%%FNg%lSnchlgrcEdTﬁ ?nnlt%w

nmodi fi ed resetveicsl ppats modOfyethé odppgdtty Path edrbsyidrodl siegitads (XZ to
XN) including essentially signals (SC) backscattered by targets (CB) to the
correl ati ofo nEdad 3ohg 7fdirectopath Alpad@d acdes verthewlr 8heg Rloind aim 1,

wh i th ti 8) . i 1), f. ti ti th
i rect pat TRGF PRt FERETE Ve B A R A Er TR Con i Ha, e Mhadhon of nen
order covagispELabedtiiitresneachréenandsnt o@n thieoduige tofveRent ralq | i nes

(SPkl to SPkN) of the received synbol signals (XI to XN) two by two in a
group rel athagdiveatr pepbctviecsocar r iTde (fkventhoanshed)mddirf issnsthraict i ng an
ort honom c¢_base nade up of _direct th_vector (VTp -.Ul).,and N1 arthogonal
to di r]é)pti‘a?lgjrn?/%’éJEBYs O(fE)JZth %rgpegcnda arf r(%r PSFngq'ﬂerreaﬁJncﬁ’%)]he N1
dummy signabsebsb? 1Qikd) P& axhdpsti Ok Of réherdilucd s glat hesh gfjerence
signal (SR) and angul ar coefficients depending on the ditections of the N-1
ort hogonal pyvedtoed byd thenedeied¢atyoxx0bf Bindi gtisnals Inel xeépresdntdtieve eal

direct path degendi,ng on products of the different integer multjples by the
reci procal ©bf thRedbaRahi Bekh $igRadagdt L dhSFEF NS FEI1%Em 1 or 20

claim2, ¢ risihog: ra esi.i I th fficj S . e
transfer fgﬁgt%néﬁgg g?h%aﬁﬁ%g)ﬁa ggtpozitlg%tﬁﬁg?'a(%&e%%%réswélq%nc]tcg; o&nyof t he
spectrad | 168§et SPAliheaSRkdhothoneatadt) of rédreisreceiwmestsybol signal s
for each synbol and averaging the coefficients of the 25 transfer function
over each frame Howeyeler tolbrbeRleENd hed spebindl $EGERC (SROtD S of the
reference signal, .4...A radar_r.eceiver accoydi | ai and, 3

conpri si ngr?r%%ﬁ‘s’e?5)dlfroerC%co?“’rwé1’(1:t Fr’fé‘st hcgouglﬁ{ec{gglg?}%:%e?ng%h(%ﬁ?l%d][lon%RK) of
the referepeetstgaabngs thef uidi@RPfadi® of the direct path. The

invention also alleviaztes this drawback by averaging the
20 losses caused by the modification of the direct path
vector so that the space is observed with a quasi-

isotropic coverage in the target determination circuit 7.

The modification circuit 8 essentially comprises

25 three cascaded software modules, namely a direct path

directional vector estimator 81, an orthonomic base
constructor 82, and a dummy signal generator 83.

The estimator 81 processes the KN spectral lines

SP11 to SPxny supplied by the spectrum analyzer 2 and

30 divides them into K groups (SP31 to SP1y) to (SPyg1 to



.30 direction of a target relative to the estimated direct path directional
vector. 5. A radar receiver according to claim3 or 4, 5 conprising neans
(6) for estimating an emtted signal replica (Re) as a function of the
"spectral lines. (SR.to SRK) of the reference signal (TD), the estinmated
replica being correlated to the filtered synbol signals (Xi to XN) in the
Doppl er-di stance correlation neans (Z. 10 6. A radar receiver according to

any one o ime 1 to. 5,,characterized in that the fil erln nmeans (3)
fEnche o © th

corrprlsesgPrET& STERF T hYC Bt F ?7?1% tB%ar Phn errﬁf‘1 FLEES(RL - RK)
each depegdi o pr of jthe peckr Aesnd Skl yto of the

nodi fi ed ?gcglgoveg mﬁg@&s&% SPI\/Ilrh o}ée§ E(B %ebéyétvm én%; gr ouglg?(%?rati ng to
a respect cgeachancer n(afd*f);cama@ (t’iQ) Rkor daducing thweesdcoaheieas of the

covariance matrices, and neans (33) for filtering the %roups of ;gectral
li nes 20 m@gbéﬁtNre%? F}é?afﬂﬂbefbn‘Hh%lEﬁP%Fe% gf Fow PK) giieph&ansdi f i ed

recei ved gi qgalnaa%b% ‘%?r,l éﬁfplc% ltaQ rou(9§ QBFI ISBD éq_y s hfllr]gsg%ctl ve

i nverse nmatrices uce tere groups o [ 1 nes, aI]TH in that
the radarregeeingr dourther sngnrisesigeans the f@én§1}(?éh@§l degthbe 25
signals (Xi to XN

filtered grougs of spectral lines into filtered synbo

i ncl udi ngSEsSeRel allipesi giRils bacRSaat tealad iyg t bpgdhs (N:B?napphaéd to the

correl ati ans A radar receiver_ according to,claim2 or 6,

31 wher ei ﬁig&‘ sp%%‘t]rgl)“dl ﬁ% ﬁh@du%?gr‘a‘flnb% cr?a[rtfel%rovgkr arffd Ngsﬁl ces are

gependegt sgAleeeBallomlﬁee@trbahcltlsneasr@fawmgéa ane ¥ @veragedngver each
rame

5Y. AHR Angrﬁﬁ?tﬁfm’lm ASsheAHpRAloRe. dfeALAB. AthanA| . ite AFsymbol
Y. A5F. A. AH. AF, A7 AH_AH. Af 52 i
=A. [ 13] " Qﬂﬁﬁ?a\’w 81 BT aFRATREF cHIR aF 1] £ R cBF c2] EBRE} caU] ca] ca] cRa] ca]

ca] ca] ca] ca] ca] gigd calsﬁélnseykcadlca&ﬁéﬁ] %B@Lﬁ?h‘i@s b
1 2$&&&, , /1 "1f 122~3: 57777==C[ EH} xsni d_Z] c] ca] ca] ca] ca cafca ca cafca] calcalc

a] ca] ca] ca]fcahea}(ca};ua}:ea]coar]a«ra}am]ecaiama]m]scailcad@am@ainabca}acatul—u LL=NCNF
NOO=0000QRRR?R exXhX\ | *deel ggj U x| {I } xsni d_Z] c] ca] ca] ca] cal] ca] ca] ca] ca]ca
] ca] ca] cafedyeq) EBFEQFEQT‘C&P@a]%aH’E%R%] ¥afEareaMka] &8 chrcaV et el cal ca!l {|

f(r:aijEOa] ca§j é? ca] ca ca ca}ica ca]iI ﬁgfl] ;fénglczg 4€ ]C?]]Jc:1 a%éﬂ)”ia] Ca} \?\?]rrﬁg

] W c”a] catbeataahcahealraRga)] calhealeadicaitea] cad C@é@@@e]:@atﬁa] pabpakca] caj ca]
ca] ca] ca] ca] ca] ca] ca] ca] c*a] ca
vector Vipax that is associated with the highest Axpax of
the proper values
Akmax = sup (Ak1 & Akn)
20 and that corresponds to the direct path directional
vector. The N-1 other proper values are associated a
priori with noise.
Finally, the estimator 81 averages the K proper
vectors Vipax to Vkmax a@ssociated with the highest proper

25 values, yielding a direct path directional vector Vgp

with N components:

k=K

Vrp = Vkmax) /K.

-
I ol
'_l

30 The constructor 82 constructs an orthonomic base of
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-7 Y910% &eotom t@ase can take any form, i.e. is independent of the
angular position of the receive antenna array 117 to 1lly
5 relative to the direction of the real direct path vector.

For example, using an iterative Schmidt
orthonormalization algorithm, a second vector Ujp
orthogonal to the vector Vop is created, then a third
vector U3 orthogonal to the first two Uy = Vyp and Ujp,

10 and so on up to a vector Uy orthogonal to the vector Vpp
and to the N-2 vectors previously created. The N vectors
U to Uy of the base each have a modulus equal to that
"VTD” of the direct path vector and N components in the
"antenna initial frame of reference" defined by the N
15 components of the direct path vector U = Vgp.

As an alternative to the above, the constructor 82
constructs the orthonomic base in accordance with other
prior art methods based on the use of orthogonal
projection or parameters of the function of the array of

20 antennas.

To "desensitize" the "blind" directional vector Vgpp
associated with the real direct path, the generator 83
generates N-1 "totally" correlated dummy signals coming
from the space orthogonal to the "blind" direct path

25 vector and applies them to the adder circuit 9. This
modification of the real direct path propagation channel
is reflected in the processing of a composite receive
signal determined by a directional vector, part of which
is orthogonal to the real direct path vector. The

30 generator 83 participates in this desensitization for
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signals SF1 to SFy that are proportional to the emitted

reference signal SR(t) whose K spectral lines SR; to SRy
corresponding to the frequencies f1 to fy are supplied by
the correlated signal detector 5. As shown
diagrammatically by radiation diagrams Dy to Dy at a
given frequency fx in FIG. 8, each dummy signal SFp
spread over the useful frequency band B = [f1, fN] of the
real emitted signal, with 2 < n £ N-1, appears to come
from a dummy emitter EFp, whose direction relative to the
array of receive antennas 117 to 1lly is that of the
respective vector Up of the orthonomic base supplied by
the constructor 83 to the generator 83.

In the generator 83 the time-delay 1, between the
direct paths from the respective dummy emitter EF, and
from the real emitter EM to the respective antenna 1llp is
predetermined by programming. Each time-delay tn with 2
< n < N-1 is an integer multiple Mp of the reciprocal 1/B
of the bandwidth B = [f;, fkg] of the emitted signal, and
the integer multiples My to My are different from each
other. The set of dummy signals SFy to SFy-1 creates with
each respective received signal Xp(t) a composite channel
with a frequency period equal to the band B of the
signals received by the array of antennas. The time-
delays 12 to 1 differ by a step equal to 1/B, for

example, in increasing order of the index n from 2 to N,
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10% () - 1CCC$P[ FE Ir:1 < N are deduced from the products of the lines
5 SR; to SRg of the reference signal and a respective
angular coefficient depending on the direction of the
respective vector Up of the orthonomic base and a
respective time-delay coefficient depending on the
respective time-delay Mp/B, where M, is different from My
10 to Mp-1 and Mp41 to My.
The K spectral lines of all the dummy signals SFy
to SFN are respectively added to the K spectral lines
SP1n to SPxpn of each signal Xp(t) really received by the
respective antenna 1ll, in the adder circuit 9. In other
15 words, the 1line SFyx, of the received signal Xp(t)
corresponding to the frequency fx is added to all the
lines SFx2 to SFxNy of the N-1 dummy signals SFp to SFy in
the adder circuit 9 to produce a 1line SPMyy of a
resultant sum signal representative of a modified
20 received signal XMp. The circuit 9 applies the respective
lines of the N modified signals XM; to XMy to the
calculation module 31 in the filtering circuit 3, which
processes them in the same way as the spectral lines of
the respective signals X3 (t) to Xy(t) in the embodiment
25 shown in FIG. 5. The composite channel created by
overlapping the signals received and the dummy signals
SFp to SFN 1is then rejected in mode of multiple
narrowbands by the filtering circuit 3, but generates
losses after rejection of the composite channel that are

30 isotropic, as shown by comparing the overall radiation
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rejection ratio) has equal minimum and maximum values and
consequently that the losses are isotropic and low, and
5 equal to 10 log[(N-1)/N] dB.
The emission reference signal SR(t) is thus used to
reconstitute a dummy source comprising a plurality of
dummy emitters. The signal SR(t) weighted by the
respective angular coefficients depending on the vectors
10 U2 to Uy of the orthonomic base in the generator 83 is
added to each of the signals Xj(t) to Xy(t) received by
the antennas 117 to 1ly in the adder circuit 9. The
dummy signals SFp to SFy reconstitute a specific
propagation channel whose propagation vector is on
15 average above the frequency band f1 to fx of the emitted
signal, and by design orthogonal to all envisagable free
space directional vectors. In this frequency band, the
average correlation of the dummy signals as defined above
is equal to 1/N, regardless of the free space target
20 path, which implies maximum losses of 3 dB with a minimum

of N = 2 antennas. The coverage after filtering is thus

"smoothed" and becomes isotropic.

As an alternative to the above, the detector 5 can

25 correct the estimate of the spectral lines SR} to SRk of
the reference signal SR as a function of the assumed
direction of the target relative to the direct path
directional vector Vgpp supplied by the estimator 81.
This alternative anticipates the losses in the target

30 direction that might result from decorrelation of the
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1088 frames of symbols each emitted on coded orthogonal

5 carriers (f1 - fg), comprising N receiver means (11;, 127
to 11y, 12N), shaping means for converting N signals
received by the receiver means into N digital symbol
signals (X7 to Xpn), N being an integer more than 1, and
Doppler-distance correlation means (7) for discriminating

10 mobile targets, characterized in that it comprises means
(8) for creating N-1 dummy signals (SFo to SFy) that are
analogous to a reference signal (SR) representative of

\-— —
unwanted zero Doppler effect signals (TD) in the N

received symbol signals (X7 to Xpj) and that were emitted

15 virtually along directional vectors (Us to Uy) orthogonal

— —

to each other and to a directional vector (Vpp) of the

real direct path between the real emitter (EM) of the

—— iy

emitted symbols and the radar receiver (RE) in an N-

————

dimensional frame of reference and time-delayed relative

20 to each other and relative to the real direct path by
different integer multiples of the reciprocal of the
bandwidth of the carriers, means (9) for adding each

received symbol signal (X7 to Xy) to the N-1 dummy

signals (SFy to SFyN) to produce modifiggrfeceived signals

25 (SPM; to SPMy), and filtering means (3) for eliminating

unwanted zero Doppler effect signals (TD) in the modified

received signals in order to apply filtered symbol

signals (xi to xh) including essentially signals (SC)
—_—

backscattered by targets (CB) to the correlation means

30 (7).
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N components as a function of N order covariance
matrices each dependent on products of spectral lines
(SPx1 to SPkN) of the received symbol signals (X7 to Xy)
two by two in a group relating to a respective carrier
(fx), means (82) for constructing an orthonomic base made
up of direct path vector (Vpp = Uj) and N-1 orthogonal
directional vectors (U to Uy), and means (83) for
generating the N-1 dummy signals (SF» to SFy) as a
function of the product of the reference signal (SR) and
angular coefficients depending on the directions of the
N-1 orthogonal vectors and time-delay coefficients
relative to the real direct path depending on products of
the different integer multiples by the reciprocal of the
bandwidth.

3. A radar receiver according to claim 1l or
claim 2, comprising means (5) for estimating the
coefficients of the transfer function of the propagation
channel (EM-RE) as a function of the spectral lines (SP1j
to SPygi1) of one (X3) of the received symbol signals for
each symbol and averaging the coefficients of the
transfer function over each frame in order to produce the

spectral lines (SR} to SRK) of the reference signal.

4. A radar receiver according to claims 2 and 3,
comprising means (5) for correcting the spectral lines

(SR1 to SRk) of the reference signal as a function of the

-3"109BB& ()-{|} M~WUWP: 10 | " 109K

3Y
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direction of a target relative to the estimated direct

path directional vector.

5. A radar receiver according to claim 3 or 4,
comprising means (6) for estimating an emitted signal
replica (Re) as a function of the spectral lines (SRj to
SRg) of the reference signal (TD), the estimated replica
being correlated to the filtered symbol signals (xi to

xh) in the Doppler-distance correlation means (7).

6. A radar receiver according to any one of claims
1 to 5, characterized in that the filtering means (3)
comprises means (31) for estimating N order covariance
matrices (R; - Rg) each depending on products of the
spectral lines (SPx1 to SPgxn) of the modified received
signals (SPM1 to SPMy) two by two in a group relating to
a respective carrier (fg), means (32) for deducing
inverse matrices of the covariance matrices, and means
(33) for filtering the groups of spectral lines
respectively relating to the carriers (f; - fx) in the
modified received signals by multiplying the groups of
lines by the respective inverse matrices to produce
filtered groups of spectral lines, and in that the radar
receiver further comprises means (4) for synthesizing the
filtered groups of spectral lines into filtered symbol
signals (x& to xh) including essentially signals
backscattered by targets (CB) applied to the correlation

means (7).

7. A radar receiver according to claim 2 or 6,
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