-;e3exu T@ &6\TR\ ) CLUTTER REJECTION I N A PASSI VE RADAR RECEI VER OF OFDM
SI GNALS The present invention relates to a passive radar 5 receiver

receiving a radi o signal conprjsi of synbols each emitted on
" orthogonal coded carriers. Inluﬁﬁﬂmﬁ Hmmmreld, it is generally difficult,
I f not inpossible, to achieve““‘ “ cally achievable io detection
performance limts for a nobile t&pg@t. 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
limted not by EREFRER RBJECTEON BY & BREELVEt RERRROBEPBEVEE of the tuned
filter. In the present cont@ktOFRY¥ P&EMPrEPutter is to be interpreted in the
wi de sense of all paths with zero Doppler effect. For exanple, for a
bistatic radar with distant emtter and receiver, the clutter designates
all of the follow ng paths: the direct zo path fromthe emtter and each
path recei ved fol | GRenpresensctinyenpjon fietetiesbspad epasginvieousadaat hods of

rejecting the gnt I | s are,known in the art .but have

nonnegl i gi}bl eéeg‘?e;&mbackrgegc%s"qggr SxERHS, ® a@n Pl B o%aﬂlr?tghoocfs based
on using a CoygibcliC @adht Bkt ©éd tdif cHitBBabial e6fiaedakyiansarray of sensors
have the followng limtations: They elimnate only a |imted nunber of
decorrelated interference signals, characterized by their 30 direction.

Consequently, theseMghiods #%€ f1@h gOPLeMi28Gentrally difficult, if
not impossible, to achieve 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 practiée 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 1limited number of

decorrelated interference signals, characterized by their

30 direction. Consequently, these methods are not optimized
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-in 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, s associated with the rejected signals, on which it becones

i npossible 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 beginning io of radar processing, i.e.
bef ore di st ance- Doppl er conpressjon._ The invention i.s nore

particul ar 13 dfPEct &Pt Xt hotr efBet idghst ag2ineko Bopiier wheBctthaths in
the cl U“erlfé&éklc':{%d DY 5 8 RAPR 3 eéag%ﬁﬁ%ﬂe@?rpg%f@%@%ﬂ{ -

ort hogonal frequency division nulti ST gha signhals are
charact eri zaslldys si nul t aneously emtting a | arge nunber of .orthogonal
sub-carriers phase coded with plural phase states or anplitude coded, i.e.
by a 20 spectrumofTha¥ hobeadl Eenedhd n eheatrbomi epft r dsiot maewse, over

finite durati T idistant at i val s. 1/T. A.bjstaf d
i scl sdd | TETIE Frehatt At SHIRT LR | CHORR 27 7 A beHs RACURd CFOM

(COFDM 25 digid M pTadi® ﬁ% Sy itfhf&% context of radio and tel evision

broadcasts conformng to the European Digital Audio Broadcasting (DAB) and

Digital Video Broadriesti rgjé&bByBlortiivandagaal s Theosesi gighsl wai cibide
therefore sent by emtters of opportunity in the case of passive radar 30
recei ver apfttati dfs, Posdfigeoptakier usangiilehe SoePmesaizn. efhied, in a

iml . i i d \ .eSi .t 1,0 th ti
ona i nrerroreletPidR e ThEEnBLeTiE G8 R ANl AN AnE BB O
conpri sgs aoPl uraldalyy Of)réééﬁaii(ﬁg?nt ennas f gerdetectd g Mmitdepspenats. The

radar processing is based on Doppl er
compression.

The invention is more particularly,directed to the

rejection of all zero Doppler effect paths in the clutter

15 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 states or amplitude coded, i.e. by a

20 spectrum of orthogonal lines, in the Fourier transform

senge, over a finite duration T, equidistant at intervals
1/T.

A bistatic 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



-di stance correlation of the signals received with a emtted signal tine
reference. The tinme reference is obtained by decoding the signals recorded
confornming to the radio tel ecommunications operations effected. so However,
because of the bistatic nature of the radar system the power of the direct
path signal is high conpared to that of the wanted signal reflected by a
target. The direct path should be rejected before effecting the

Doppl er-di stance correl ation. The energy s5 contained in the

di st ance- Dopiplekedecdidary Sigbdsinf manaedi rieet whath inpigmer andy are
significantly higher than the thermal noise, so that targets situated in

t he vicinit"f/é/%*S %%td??e@?iﬁﬁE%@%r%rﬁ??$?Eh?? ??ﬁrﬁﬁ%ﬁﬁ. ¥ obj ect of

the invention is AQcsfEHe Bb @¥RN é}sb@éigwéﬁ@,t*&ﬁecqrgdafzb%éeéi@érthe

direct path and nore generally of unwanted zero Doppler effect signals to
t he processcogpoisescei vdwiagnalys ¢f | peckdvehanbeppher dicyt afleeecotnie! at i on.
25 In order to reach_this object, a radar receiver_ according to the

i nventi &n, PRBcEITNAGSa e oraflgralProsessidw vie hapedpayatPepPE®annel and
i Si f nb h i tted d th | . i , 3
conpri o1 ng ShTRIe SHEPRL e £8R0 T 1 BRI BRSO VB ER S

digital Synfé)tﬂitﬁé&ﬂaéigfd@ DeRpteer rdEat-anee . Cofke! atiinn PRaRsehek is
discrimnating nobile targets, is characterized in that it conprises

filtering nebonsinhed blyi Mawmtding itthe heigpaiel reicgraledatcdrefastminyvand ed zero

s Doppler effect signals in order to apply a filtered signal including
essent i al | ytBf ghaf 0 phekecanperigabionar geesat iorneeEbpee®dti on neans. In a

first egpodiment, zin.parti Gular,or & redar §o.0aving anly ongr epgive

channel’,” the filtering nkans conpri sés neans fTor producing spectral |ines

of the synbphdsigsgbtef|reBpopeveg &0 the itrbegopathCaighgl Sisneags for
detecting the unwanted zero. Doppl er effect signals by estimatin
coeffici entgowparad tthcanshat it f Ghet ivwrnedt ségprdpareflentehamyel ain the

respective ectral |ines,..neans for .subtracting the spectral Jipes of the
unwant ed zef 3" 86 ple&hgffgﬁfe§F9n£%§4ka ‘#r%ﬁtrﬁf %ﬁﬁ?&ci%ﬁ?grﬁf t he

estimted {gapsteinbUnald OBohHORIL AE stASEL Abotidba: fiin ! havy bakbrgonal

and nmeans for 20 synthesizing the spectral |ines produced by the

subt r acts oncorgasnedt ant héef iditsareantesiDypyad DerThecdrideaty eilosl nefit the
elimnates unwanted zero Doppler effect signals, i.e. essentially signals
caused by dfiEeftamptiul 19 ploensxedd vf rokenl & cant i higher23hgn peheer

char act efi zgy Lilg. | ranster fynchion of,Lhe.piopagation chapnel,;Logepgndent |y

of signals scattered’'from targe spectral” I'i'nes of € unwant ed

signal s areoesthanfigdetor paaahagsynbokrandliavepsagedeoyer each frame in the
detecting neans before 30 being subtracted fromthe spectral |lines of the
synbol

20 An object of the invention is to reduce or even to
éliminate the contribution of the direct path and more
generally of unwanted zero Doppler effect signals to the
processing of receive signals prior to the Doppler-
distance correlation,

25

In order to reach this object, a radar receiver
according to the invention, processing a radio signal
received via a propagation channel and comprising frames
of symbols each emitted on coded orthogonal carriers,

30 comprising shaping means for converting the received



4 signal. This first enbodi nent provides then a neans for estimating an
emtted signhal replica as a function of the spectral |ines of the unwanted
zero Doppler effect signals, the estimated replica being correlated to the
5 filtered signal in the Doppler-distance correlation neans. According to a
second enbodi nent for a radar having several receive channels, in which the
shapi ng neans 1o conprises a plurality of receiver neans and shapes a
plurality of signals received by the receiver neans in the formof digital
synbol si gn@ignaghéntpl erdimy tidarfyRAtrese3ahednd PepPrpesddérh§dgeoups of

|1 h nbal , s} | Lvel . ' 1.h
ot hogonal | CAEFPERELORe AR oy Bt PARPF RO CovAROAEB TG My iefh "

dependi ng ophRi-gaHel-$28h SRECERAE litheSoh¥Pi ¥st Wa1kBrang! Gihrde! abkng to a
respective carrier, neans for deducing inverse matrices of the covariance
matri ces, neansihaetihgl tier itige téemigobupsgnblspectliedst | wesaRoed egpeot i vel y
relating to the_carriers by nultiplying the groups of lines hy_the
respective PApeLeE naffecks 3i9npltiude® f Preeredtgr ARRLYDT aspéetEgFefi nes
and neans fQt t hesi,z] he_fi roups. of . s ral . li i at,0
filtered sy%%gﬁxgigggfgugggéud?%é%éégéih?afﬁvﬁgﬁﬁ%ag§% $%8§§E§%§tt§ ed by

targets appkhegete thetger cehaklahiBBameanthi s second enbodi nent al so
el imnates scatterers other than CO-DM coded correl ated signals. To better

characterize the transfer function of the propagati on channel, spectral
| i ne products on which {he 3063%% rriance matrices,are dependent dﬁ end on

spectral 5 Iinegnoﬁis Hhok s W@nﬁvgﬁébgBaBGéFu 8Eh {Yarfke. F¥fté*second
e”bOd'”?@t.HEQYP.esoﬁigo Shde RS efiYe eéﬁhﬂﬁ&??g e € f#ég}fﬂ gﬁ%aggpg'ca

as a function of “the spectral lines of one of the synbols si

estimati ng eeeblkiekeent meahst heotr apsddlic ingctamyctafal ha ipferpag®t i @hechannel
in the unwanted zero Doppler effect signals, the estimted replica being
correl ated ByMPRd feianaledcayreePOBAHRGl $0i FhtheCtbRe@PRR] OFANEARES i O

O her features _and gdva%t_

clearly appg‘lﬁgﬁlts OFI ted '%%gésjhrg’jf&%%o%ﬁgg%ség\r/?%é?'gﬁjo\é\#pll;eﬁ?le%%gl%fcgrgf
preferred eghgdaTent Hyof deiddval | OFodf FEM dhtd referenee keahk€er
correspondi ng acconpanyi ng draw ngs, in i ch:

15 function of the propagation channel in the respective
spectral lines, means for subtracting the spectral lines
of the unwanted zexo Doppler effect signals deduced from
Fhe coefficients of the estimated transfer function from
the spectral lines of the symbol signal, and means for

20 synthesizing the spectral 1lines produced by the
subtraction means into the filtered signal. This first
embodiment eliminates unwanted zero Doppler effect
signals, i.e. essentially signals caused by direct and
multiple paths from a given emitter.

25 To better characterize the transfer function of the
propagation channel independently of signals
backscattered from targets, the spectral 1lines of the
unwanted signals are estimated for each symbol and

averaged over each frame in the detecting means before

30 being subtracted from the spectral lines of the symbol



i5 - FIG 1 is atimng diagramof successive synbols in a emtted COFDM

signal; - FIG 2 is atimng diagramof a COFDM signal frane ; ' FIG 3 is
‘a diagram of the follow ng paths 20 between an emitter and a receiver: a
direct path, nultiple paths, and a path reflected by a target; - FIG 4

shows the outputs of the various contributors (direct path, nultiple paths,
target, noise) to the output of the correlator; 25 - FIG 5 is a schematic
bl ock di agram of a radar receiver with one antenna conformng to a first
enbodi ment stgnheé.i Ahdmt ifiest enicpdbnert apsendAasi Ehghock BEARF ahPBf a
radar receive

W th a plurali of ,antennas,conformng to,a 30 _secpnd
enbodi mont. BECLHECERG AR S teed 51l "FeRLIEa 381 At LHRCERRY: &h BRSt he
antenna arr e d odi.gen ad ecej Th '
ohar s ori SEpeBzple FRG08] BEDOThE ndhn ek Be s Ryl ex TeCTELE
her ei naft er sighhbar, eftdteeneettimatétd replikesebbissgbaatreilgnads @ ethei tt ed

in symbol periods T'S. A nessage contained in each of the emtted synbols
is carri®d Bylaeradge si@nsdr ofn si s oi BerehfrredstansenulrPanedasign These
si nusoi ds con%%itute sub-carriers, referred to hereinafter for sinplicity
as "carrier§38nd are phase coded or anplitude coded. The carrier
frequencies fl to fk are equidistant at , intervals 1/ Tg. Each synbol S
emtted is the result of sunmng carriers is as follows during the tine
period T's (T'S >A¢8prdingktk € eBfonkt MBodimekt fok=3 adairi bhving
designates the square root of -1 (j2 - 20 1) and t designates tine.
gseveral receive channels, in which the ~<ghaping means
10 comprises a plurality of receiver means and shapes a
plurality of signals received by the receiver means in
the form of digital symbol signals, the filtering means
comprises means for producing‘groups of sbectral lines of
the symbol signals respectively corresponding to the
1s orthogonal carriers, means for estimating covariance
matrices each depending on products of spectral lines two
by two in a group relating to a respective carrier, means
for deducing inverse matrices of the covariance matrices,
means for filtering the groups of spectral Ilines
20 respectively relating to the carriers by multiplying the
groups of lines by the respective inverse matrices to
produce filtered groups of spectral lines and means for
synthesizing the filtered groups of spectral lines into
'filtered symbol signals including essentially signails
25 backscattered by targets applied to the correlation
means. This second embodiment also eliminates scatterers
other than COFDM coded correlated signals.
To better characterize the transfer function of the

propagation channel, spectral line products on which the

30 covariance matrices are dependent depend on spectral



-The carriers at frequencies fk = k/Tg with 1 < k < K, are therefore
orthogonal to the duration TS. D = Tg TS designates the guard tinme. Over an
anal ysis period TS, the CO-FDM signals thus 25 constitute a band signal K/ Tg
conprising a spectrumof K |lines equidistant at the frequency step 1/ TS and
each of width 1/TS. The carriers are nodul ated individually, for exanple
using a four-state phase code expressed by the conplex coefficients Ck,i,
bel ongi ng t.o, t he al phahet. so (1+j. 1-j. -1+], -1-j). In practise, a data
message nmayliR&LRE PR § And r%‘éﬁ:éﬁ‘@qc{< XKesr erghevE=dfifbol period 7' S
in the tinmedivisi a qu <4l vi.Si ltipl onprjsin

frequenci es and -iﬁ_{él n%ggﬁégs.géﬁ%%enéés%%ﬁwp%g s%%%%l s@abéé%gggrﬂrzed into
frames. Eacdbtin@{irfow éntitlda 2 GAPIHeiSiSi da 9l surdde 1eh YJ£ chee first
synbol S1 of the frane is a "null"™ synbol carrying no infornmation and

consi sts ofspentreldul hines cefri enef r exfuentie FOsyfibbhe emitgnedssi dnal . The

synbol S1 io is used for ane synchroni.zation, j|.e. to provide a.tine
ref erenCe. S g?ﬁEchB?ng? e tfl?ean'ér?gst%%df}lﬁc henr &farth&cei ver,

anong ot her % he _pr | a , t ad he, K
carriers orpfs%n 0|ldc'gsr?a{:ﬁfgﬁge§rg&ue‘%ﬁ?g@‘#’%ﬂ%%&f Eeﬁgvign%gb%f%(}grégfdfgce%m ned
phases in tdigyredlid t etheThaseidawal rrepsica bangyndorrSlate® Woedla the
radar receiver to estimate the emtted signal, each carrier fk serving as a
frequency afid gt suikekngignghanks the t¢rrrekatiomoneamnmol s, at | east
the em ssion paraneters FO, Ts and fl 20 to fk can be acquired in this way.
The ot her synbols S3 to SI are intended to carry one or nore data nessages

occupyifng each systholy PapéidhlysOr aphheaWasitabBsl adifocqmmini Gald g, the
recei ved synbols are recovered with the aid of "a frequency anal ysis of the
2s recei vediiFiMen gwadlld rsssimedmover dlleadliyneapparedt TSn Theadimguenci es
emtted being orthaogonal in the Fourier transform (FFT) sense, each_of the
carriers i stRRmb@ILoWdad odrtebhBEIPNt ©f hd iR Wrakktdn oLl PHRERETQR, the

ort hogonal ié&&fcﬁ ieJr\%}gtré r SAUEAE! ﬁgﬁgﬁ%f b3%ebs WAGY %‘Eejfkn ! c%ehq:cf QoW ng

forms of N ence: - i intracarri er rference:
over | appi Nge®f r&d @l Sng Oslecodbih Pl Lt dyawingdal msiwhide TS not suitable

for the code;

15 - FIG. 1 is a timing diagram of succesgsive symbols
in a emitted COFDM gignal;

- FIG. 2 1is a timing diagram of a COFDM signal
frame;
- FIG. 3 is a diagram of the following paths

20 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 +various
contributors (direct path, multiple paths, target, noise)
to the output of the correlator;

25 - FIG., 5 is a schematic block diagram of a radar
receiver with one antenna conforming to a first
embodiment of the invention;

- FIG. 6 is a schematic block diagram of a radar
receiver with a plurality of antennas conforming to a

30 second embodiment of the invention;



.S . - intersynbol intercarrier interference: nonorthogonal signals over the
analysis tine Tg; - intrasynbol intracarrier interference: overl apping of
signals coded differently; - intrasynbol intercarrier interference: nonto
"stationary signals. These interferences are associated with the nultiple
paths in the propagation channel between the emtter and the receiver. The
addition on the guard tine O to each synbol period TES elimnates all kinds
of interference if the guard time d is greater than the tenporal spreading
of the propagati on EHanrel icausedragiatlomn plddgeatams: offhetbei santhemd or each
duration T' S a ngggf, of le g%ﬂbT , In 2@éch all the received nultipath
si gnal s ar 2ot dP20-F% T CAP | § qfﬂ’é“‘iﬁ% & PR (FREG BT ved si gnal s

i ncl udi ng Doppl er-di stance correlation, the anmbiguity function of the CO-DM
signals, and in particular of their secondary |obes, nust be studied. The
secondary | obes cfhd he 2smanii gui t Yehawrsdt o eassasi at edow t h t hepfgpEDM
waveformare relatively uniformin the distance-Doppler plane, and their

| evel rdl atradiceonmeniheanidnbesignald. bogl pétnkarifed skeomtkaftdembes are

| ower at the, base of the main_|ogbe. so ' The analysis of the conventional
radar bal an®kt® rekenends ©9 BECshbws that in general the energy contained
in the secondary ]9Q§§ I d wk e direct ond_nat r

t her mal noi se. Cﬁ%5| eraﬁigggggﬁplgﬁéﬂgigisgg%icewg %%dghggﬁ i%ﬁﬂﬁ%f 3 wth
an emtter fdficdd art §g an mdseigeonmgiteditedoiner eathPeife thel &R0-d a
receiver RE antenna gain of G = 10 dB, a wavelength of (err) =1 m

cor r espondi $JNRPL $ heS f eREOERE yOF G =1 Zo@e Mppmbem ekcelvesoddst entieted d = 40

k itter- t dist EM,CB t ar get - ' di st CB- RE
caual 11 40 RN EEROTARLY acEBFSEr SHILSB LA Sk R P VAT SRt ST mce SER

= 0 dB, | -ydfOrSyabobshofte HABELPNETS FidplBc iR Rs Ju@Le-1EPE OfaR$0 (err)
for a frame duration of 125 ns, and K = 1 500 carriers for a bandw dth of
B =1.5 MHzare phase coded or amplitude coded. The «carrier
frequencies f; to fyx are equidistant at . intervals 1/Tg.
Each symbol Si'emitted is the result of summing carriers

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

k=K .
_ ernkt/Ts

in which j designates the square root of -1 (j2 = -

20 1) and t designates time.

IN

The carriers at frequencies fy = k/Tg with 1 < k
K are therefore orthogonal to the duration Tg. A = Té -

Tg designates the guard time.
Over an analysis period Tg, the COFDM signals thus
25 constitute a band signal K/Tg comprising a spectrum of K
lines equidistant at the frequency step 1/Tg and each of
width 1/Tg. The carriers are modulated individually, for
example using a four-state phase code expressed by the
complex coefficients Cx, 1, belonging to the alphabet

30 (1+3, 1-3, -1+3, -1-3).



FIG 4 shows the |Iink bal ance between the emtter EM and the receiver RE.
The energy contained in the secondary | obes attached to the direct path and
to the clutter caused by the nultiple paths donmi nates over thermal noise.
The direct path | obe energy level is 186 - 135 - 51 dB above the presuned
| evel of the target, which has a signal to thermal noise ratio of 19B - 186

= 12 dH. The- invention therefore ains to reject effectively the direct path
and clutter in a received broadband signal before Doppl er-di stance
correlation in orlderrxactiesect anvlitiee negspaes . ma&r Gcsuphows ly @ccﬁfmiance 30
conprises wth the inveption for D|V|SI Isthat arecel d5|

shapi ng ci retT 3 Daski V8¢t ala er‘“’ec,séfr %W{i i ks 3 SI gnal
filtering cif¢uiior aRdCOrFehakALy sagoﬁglgﬁt %mrpi,e;@ E%‘%‘E—Esqﬁ%erﬁn nation

circuit 4, and an emtted signal rep I ca estimato e reCeived
si gnal shapfr@qmmms dndohvieite oshbty. conprises at its input an antenna
11 and an OFDM radi o frequency receiver_stage 12 anal ogous to those for
recei vi 5y OFDM r &0 CeHIP 1@ eViRe oPYr@bRIcRE: ¥ Tl 28 FUPYF@V\fJF@Wﬁ?equency

S anal Xt EHeRef TR0 aRAOHRpR Ped It Po BTG or} R rSBn channel
il gyt el o B gD ) 4 SA) o] | 1o
[ of t he syeodnoty g heKunﬁbimatithQnd EDdSﬂs@s of heCkmadwlation
carrier frequency Fy of the emitted signal. The symbol S,
10 is used for frame synchronization, i.e. to provide a time
reference. The second symbol S, of the frame is used in
the radar receiver, among other things, to learn the
propagation channel, and contains the“K carriers or
sinusoids at the frequencies f,; to fx Thaving
15 predetermined phases in the emitter. These K carriers in
the symbol S; are used in the radar receiver to estimate
the emitted signal, each carrier fy serving as a
frequency and phase reference. Thanks to the first two
symbols, at least the emission parameters F; Tg and f;
20 to fy can be acquired in this way. The other symbols S;
to 87y are intended to carry one or more data messages
occupying each symbol partially or otherwise.
In radiocommunication, the received symbols are
recovered with the aid of a frequency analysis of the
25 received COFDM signals received over the time period Tg.
The frequencies emitted being orthogonal in the Fourier
transform (FFT) gsense, each of the carriers is
demodulated to reconstitute the information.
In practise, the orthogonality of the frequencies

30 emitted is degraded Dby the following forms of



k=1 desi gnates an OFDM signal received fromat |east one emtter EM or
possibly froma plurality.of OFDM enmtters on direct paths and nultiple
pat hs caused by fixed 25 reflectors RF and corresponding to clutter, as
shown in FIG 3. Hk designates a conplex coefficient corresponding to the
transfer function of the propagation channel EMR Ea relating to these paths
for the line fk; the signal TD(t) is constituted by overl appi ng unwant ed
zero Doppler 11 ef fect signals caused by direct and nultiple paths; these
unwant ed si gRbesfareneeterred to as "correl ated signals"; k=K j2~k(t-i)/T

-j2~vt - SC(t ) -,~hC a.S a k=1 5 designates a recejve DM si gnal
caused by backscaft%??ﬁﬁsg%bg%itted %ﬁiﬁ%ﬂ%g by at fgsgfgggghﬁ%bile
target CB aB@eEﬂa§p§H§J8§tsignélQOEGAEHOdE@EQEEﬁt§§fsfténhlyEQBSE&ﬁHteS the
wanted signal to be extracted, to whose power is very |ow conpared to that
of the correhahetd sugnabldDfd}; the tsdehe narrowband transfer function of

the target CB, i denotes the, path difference between the direct path and
the pathsrefl ected bypteraynbedet , iBRATr¢arsiehe DOPhPEECTFRBERENCYDBR -t he

target; 15 - i gnates _signal s,.receiyed.in nt ed bandw dt h,

call ed scat?gggéé?ggihg%gpﬁgﬁ Pﬂs%cgp?eﬁg?éﬁgtﬁtﬁégggﬁgls, such as
interference and theneRhophbse S OnalsnesHinbifui t 73 entbiBbesnthe
paranmeters of the 20 emtted signal, such as the carrier frequency Fo and

t he synbol pwerddppiB8g af aifpnibi ondefl dafémakpsiy;of the first two
synbols S1 and S2 of a frane (FIG, 2) in order to constitute a tine

ref erence. Knowi ng tRETREYTBALT giBFerREYEALEt ed1BFGRAPTERES  he BEFati on TS

of each1§y”BQEt%%ﬁa&??sESﬂH?%Q' I ength of the channel is deduced fromthe
process of synchroni zi ng e preceding tine reference, by analyzing the

signal received imheaeh diitdrfér@nces Whiaghe | sagseai gkedharwidle t enporal
channel length. The received signal is then periodically truncated 30 in a
truncator ciudtiiples pates stia i bhar ypyaradasiaf chenngl between the

emitter and the receiver.
The addition on the guard time A to each symbol
15 period T'g eliminates all kinds of interference if the
guard time A is greater than the temporal spreading of
the propagation channel caused by multiple paths: there
is then for each duration T'g a range, of length Tg, in
which all the received multipath signals are coded
20 identically.

The processing of the received signals including
Doppler-distance correlation, the ambiguity function of
the COFDM signals, and in particular of their secondary
lobes, must be studied. The secondary 1lobes of the

25 ambiguity function associated with the COFDM waveform are
relatively uniform in the distance-Doppler plane, and
their level relative to the main lobe is -10.logjg(I.K).
The secondary lobes are lower at the base of the main

lobe.

30 The analysis of the conventional radar balance



Tecei ved synbols of duration Tg is recovered by subtracting the signal
portion received in the guard tinme 0 of each period T~S and in particul ar
by subtracting the channel .l ength deduced in each period. 5 Each portion of
the received digital baseband signal of duration TS is then applied to a
Fourier ahalyzer 21 at the input of the filtering circuit 2. The anal yzer
produces the real and imaginary conponents of io the received signals for
each duration TS using the Hilbert transform and anal yzes them using the
fast Fouri eshowanstbam (5FT)génesappl yheheehergmencynspeneduninf eaeh
synmbol Si delivered key. the trupcator circuit 14. The K spectral |ines SP1
to SPK of tReCSYARBHY %P%?i%@S?Sl?%eghﬂlFPeEB%n@%E%C‘F|P%hf§0f3%%a%l%%| ied to
t he detectof. i inputs of a subtractor 22. The information
carried by %g%ﬁagg%%@?glﬁ§%%%'spk relating to a frequency emtted

i ndependent |y of ¢tbesdiser forecueamphBs kher iaitedian th€asnesHuwid i the
codi ng of the corresponding 20 spectral line and on the other hand to the.
transfers f UREE: 0B MRtEf ameepdibpegatEdnredapbhéhg By i ayeatrevagnrenic
| earni ng phase in _each synbol fr , the detector subtracts fromthe
spectral |iH8¥ehs Ogacpre%yrﬁ)o?' 810%?%6 & aﬁ%c?h\éegpggt PR SN IHR 5025

ref erence sjgnal ' 5S ok FK 429Kt s a4 b (t)
k=1 Hk is tﬁg rre}aﬁag%)tﬁeu’%pfgggg%ﬁ ((:Jifg;l)‘fs }%ic(eé%%es roorl[;&;lgr%(ig%sgﬁgnnel
transfer fupeegoenter thg £iBeoIKz]13 aduripgeébeesynb@ist&Aceo Sbfof the
franme, in other words virtually IHkl - ,HklI , which inproves the estimate
of the tranSfer4Pukii oANof SNHE teFakaagely FHIGtNaeS | 8% GRpedd@nt 2on t he

i nst ant aneops_anpl i tude. and phase s vari ations. -This eragi ng neaps that
the backboal REGBH FaEELYCE GHAT BAER Whiilheoduibr 68 2td Whuc: HELe
propagationsghagpel gpd tihe. cordg) ated sigprlys cagubgatBakact guirggde The
noi se signal b(t) designates a nean of scatterers Treceived during the

frame, consBBRi Ag0edBentli & 11y Oof symisos kel ofodsranibh Tgvar ilamee amdes t han
that of the scatterers H(%gg After storing the transfer function
ag

coef fici ent guapd £admpKody ¢ Fanr & FYame, dwrRt 1ot «ef 0f23 Bppl PBY the
spectral |ipes of SBBecéﬂ-?ePngE?.r aeﬁgﬁgkgﬁ%rSkaﬁegsiqu?)shgg‘?l s averaged
i i

over a frane, i.e. the average nes o € ‘srgnal ependi ng on the

coefficients Hl tprdl Kealshbweeasisl 1ipkt padbnthe satiidaart Ofie 2émither
subtractor subtracts the lines of the signal SR(t) fromthe spectral |ines
SP1 to SPK BM ahd £heeireegivegnBE.rel ating to each

The energy contained in the secondary 1lobes
attached to the direct path and to the clutter caused by
the multiple paths dominates over thermal noise. The

20 direct path lobe energy level is 186 - 135 = 51 dB above
the presumed level of the target, which has a signal to
thermal noise ratio of 198 - 186 = 12 dB.

The invention therefore aims to reject effectively
the direct path and clutter in a received broadband

25 8ignal before Doppler-distance correlation in order to

detect mobile targets.

FIG. 5 shows a passive radar receiver REa in
accordance with the invention for OFDM signals that

30 comprises a received signal shaping circuit 1, a



20 synbol S2 to SI of the franme. The subtractor 22 then produces spectral
lines of a filtered signal: X (t) - SC (t) + B(t) - b (t) in which the
contribution of correlated signals with zero Doppl er effect caused by the
"direct path and the nmultiple 2s paths is elimnated by subtracting Hk - H k
= 0 for each respective frequency fk. In the filtering circuit 2, the lines
of the signal X (t) are synthesized using an inverse fast Fourier transform
FFT-1 in a synthesizer 23 which reconstitutes 30 the stream of synbols of

t he digital C§rgﬁéat%d(t‘flgnal céwbtﬁgmg prirapity 2he eargerrphaksdatter
si gnal SC(t nal t) to the target, di scrim nat

circuit %f‘ig ?a?leglec\%nof:h(at'hl SS‘:&}% ter#?'i%ﬂms?ag?f’a‘?rgr%b’f?‘éjat 5 es?f‘ﬁat or
recei ves thgncgﬁgttgaegggnglkrepﬂgcgfegegmggggsger function of the channel
estimated by the detector 3 and the spectral densities of the reference
signal SR(t), in order to estlmate a replica Re(t) of the signal emtted:
to k=K j2~kt/ T Re k=1 ,. In a sim/lar manner to a Doppl er

channel ®f the ra@é? recE?%%%V éclcﬁ%ﬁpﬁ¥1tfu§hﬁﬂﬁﬂﬂﬁ paféktUappl i chtion 15
o ool otor hRoghRERRR1 TS S NRY & FEUL S ApllC I S A PRl £ adhst ance

correl ator 2 er channe n the corre a are SSign

predet er mi ngg fomueﬁgal@f fFeeueak If«&éﬁr&aCBtQQQenzb%&@eum_?&istBs
Doppl er effect. The Doppler channels constitute a plurality of 2o speed

cases of th&hbiekt droad m@ﬂsmvlng(o}}‘DMyr@Idamg@ld)ftélewwxmy bmdadrcestach

| ated, f h fl toth tted I R
APter summPRg=Lan af gt aF PBcu TR uI A B 56 mEFPL Ehr got s

angul ar;posikthgB CBSedight PabsY chd Godtel aBhsbBhAg i) 29 MLLEFILNY
(CFAP) circuit 43 extracts "plots"™ relating to position and speed data on

sear ched- f oxenehived tandetapplddioligh tbi saf iemsissiodipmaeimdtas bead

described for a bistatic radar, it can_be applied to a nonostatic radar. It
can al so becﬁé‘é‘Hellneétﬂé‘é&PrV\FtlﬁCHlEI Ral FP?eSf‘PgélFé@El ve antennas and
therefore a plurality of filtering 15

X{t) = TD(t) + SC(t) + B(t),
15
k=K .
where for each symbol emitted 2, Cj ezjnkt/Ts,
k=1

ignoring the index i of the symbol S;:

k=K .
20 - TD(t) = Hy ¢ el 2™kt Tg

designates an OFDM signal received from at least one
emitter EM or possibly from a plurality of OFDM emitters
on direct paths and multiple paths caused by fixed
25 reflectors RF and corresponding to clutter, as shown in
FIG. 3. Hy designates a complex coefficient corresponding
to the transfer function of the propagation channel EM-
REa relating to these paths for the line f;; the signal

TD(t) is constituted by overlapping unwanted zero Doppler

11



operations by subtracting spectral |ines depending on transfer function
coefficients HL to HK for the K spectral lines relating to each receive
antenna in‘the filtering circuit 2, which produces as many filtered s
"signals X (t) as there are antennas to be processed in parallel in the
Doppl er channels of the circuit 4, as in the circuit 4b shown in FIG 6. In
t he enbodi nent descri bed above wth reference toio FIG 5, the received
signal X(t) is processed to elimnate the contribution of the direct path
and the nul efpeet paigkabet oresediby cdireoncaBdrmM ehple apattihs anthe e
recei ver REa, Howeveir., scatterers, such as interferepnce and thernmal noise
inthe vvantléraw?l?%%%eﬁ:%nigs bahd, TeF e TR &P %‘?ng‘f%’ﬂr‘?ﬂa'ﬁfg Lipats'y (1)
processed by the correlator 41. In a second enbodi nent, shown in FIG 6,
t he radar receiver REb airrg:Z o elimnate all correl ated unwanted signals
and scatterers. 20 rece&ver f gRTICOE-BW/ S|, gne] Ztveonpri ses a plurality
of receiver antenn%gbﬁﬁl_tﬁ_%lﬁ*?gahgcted to a Plurality of receivers 121
to 12N, respectively, with™N">_ 2. The radar receiver REb has a structure
identical to that of the receiver REa shown in FIG 5, but with N 2s
paral |l el receive channels between the circuits '13b, 14b, 2b and 4b
respectivel geatgoatased Wit h tdmeiaradkennaCFiM1 t sighdl Thecadsteztt orby and
t he replicg?estinator 5 are _not nodified. The detector 3 produces the

S

reference sPYNEFCAL SRIEY P ATHFTD BREMoign@ éntBhnas LeRst AU, for
16 examlgopeia tdpekiotpladd e usPaabiake! 1aes, Jidd- da-Sdplet he
, e y The

first channel connect to the antenna which are deli'ver

spectrum anaf§zet ; 2ib wbhgbienebyzehe NvarECHVEIgARNIDES BérerpBastpl| i ed by
the 5 truncator circuit 14b. The estimator 5 produces a narrowband enitted
si gnal ¥epl vVeas®Re(PPWappl ii6d VerN DM ercliparatte tor ridiaft oref 41bheén t he

(oot oL SCebpLmeLa bl “om TUE, TRCeLeT LRED mstald Vet LBes TTom
unvant ed zef@ndepehebreithecicavigatalen, T dertth S oaid el B trerence
between the direct path and the path reflected by the
target, and v is the Doppler frequency of the target;
15 - B(t) designates signals received in the wanted
bandwidth, called scatterers, other than the correlated
OFDM signals, such as interference and thermal noise
signals.
The circuit 13 estimates the parameters of the
20 emitted signal, such as the carrier frequency F; and the
symbol period Tg, as a function of an analysis of the
first two symbols S; and S, of a frame (FIG. 2) in order
to constitute a time reference. Knowing the period T'g of
the emitted signal and the duration Tg of each symbol,
25 the temporal length of the channel is deduced from the
process of synchronizing the preceding time reference, by
analyzing the éignal received in each guard time A, which
is greater than the temporal channel length.
The received signal is then periodically truncated

30 in a truncator circuit 14. The stationary portion of the

12



.The filtering circuit ;2b conprises, between the spectrum anal yzer 21b
producing in parallel K spectral 15 lines for each synbol of the received
signals X1(t) to XN(t) and the Fourier synthesizer 23b supplying N filtered
signals Xi(t) to XN(t) to the correlators 41b, successively a covariance
matri x cal cul ati on nodul e 24b, an inverse covariance matrix cal cul ation
nodul e 25b, and 20 a filtering nodule 26b. For each line SPk at the
frequency fk delivered by the analyzer 21b, the nodul e 24b estinates an NxN
covari ance Hefeixe®k isymholch acfowdsfragiiven rBok Asi s remeragedf byoducts
of the spectrEL IiEe SPEE recei ved_2s relating.to a.given antegna.lln by
the conj ugatBE HRFABIr 5R&i F2HP8HeRPFELCT RESEERRF 18 SRRNIVRFE:t FiliCto the
N antennas AlJl¢t 18 3predu [ di,{,0 ayviLhag a
predeterninédégugg%%gﬁ?ka??hT1g<§ﬁﬁ gﬁ E€r$%gﬁgggdg e%ﬁ?%e 953?§t¥%§ for
aver agi ng sahdnpeddlehgthsdadupedf énabhyghspgribdcant|y | onger than the

synbol period 17 Tg, and is typically the duration of a frane, i.e.
product s5 averaged over 1-1 synbols S2 to SI. Averaging said products over a

| arge nunber of symhols. .i.e. over ound_a _hundred.s | s, constituting
the frame, s decoﬁ?gﬁatggr%ﬁgntanetgé?gnEFc??gﬁ1th 1ﬁ¥g§2teBaEFéﬁa S
recei ved byghhgaant §AnNasusdt forl | ewel endhe apihLpda ordd10gon@burier
rel ati onship of the spectral |ines nakes the covariance matrices Rl to RK

i ndependent ankglykercadi rg. tHee inguil eoR25the hEnl dedimgsciheuinver s€hentri ces
lo Ri to RK1 of the K covariance matrices_and stores them These K_NxN
i nverse mat PRE&¥Z8Er RFQIGES | Fher £933 t #ed mdAGOENogY fIRMBeReRES ngfk

respectiye 958”p§e8é‘%0e8f %51%? r ol 1 883 SPMra e ELN'EO- u%@.%P[(FﬁgKN

delivered by the analyzer ach group of spectral ¥ines to s5

SPkN recei vadlberta greperbirequandy tkalgzkBustheht etednby ahki | fastwhi ch
for each synbol supplies the product of the colum vector conposed of N
recei ved spEebrier| ityassdorm ' (RN forsuprty sYheofraguenaE Bpegusnty fk by

he .i ix R~ The N h of Kfiltering 20 signal
Suppi 1 6d by SENEFM EOTR) noaLi e DB e Y nEne abBITEaCPS FRECLYA Adei zer
23b whi ch dehiever gpceywahol itidee sp,0ral §p %(ﬂf) the XMmbbli RetiBeiger kel ators

41b. In the target "discrimnator circuit , the N Correlators 4Ib are
f ol | oweds by thegul mrquatis?sngf¢i Eouifiys ak2b apdl 4ed@5 tOFAMeai detettd8b3 The

"hol s n EHE 4t dATNSLRBRER S W rPRIGFIRHCH ot oF BNES P RATERaTHT

scatterers, -a3,y3R@QMAy RalhGaptctiBl lghél%§k relating to a frequency

emitted independently of the other frequencies is related

on the one hand to the coding of the corresponding

20 spectral line and on the other hand to the. transfer
function Hy of the propagation channel.

During a recurrent learning phase in each symbol

frame, the detector 3 subtracts from the spectral lines

of each symbol of the frame the spectral lines of a

25 reference signal SR(t), such as:

kK - j2mkt /T
SR(t) = 3 Hy ¢, eI/

k=1

S + b(t).

ﬁk is the mean of the I-1 coefficients of the

30 propagation channel transfer function for the line SPy

13



1. A radar receiver processing a radio signal received via'a propagation
channel (EM RE) and conprising 5 franes of synbols each emtted on coded
~orthogonal carriers (fl1 - fK) , conprising shaping means (1, |b) for
converting the received signal into a digital synbol signal (X SI-SlI) and
Doppl er-di stance correl ation neans (4; 4b) for discrimnating nobile
targets, characterized ~. o in that it conprises filtering neans (2; 2b) for
elimnating in the synbol signal (X) at |east unwanted zero Doppl er effect
si gnal s ( TDAurdngr d&e =ymisplsy Sp 9 t2r f stlgpaframe) incPtbergwessential ly

signals (SC) .backscat tered by, tjarget.s,(CB) to the .corre|ation ans 15 (4;
a) 2. A vaaTratadeiBer Gobudal NS GRIRIRES VT cPRECHBCF: PEofPRg moans
(2) conprisesapR3es (2hhckqbnPr 8dUCLRY SPeehnel |npesiShly - i¥PK)eak the
synbol signal 20 (X) corresponding to the orthogonal carriers (fl - fK) ,
means (3) fdepeadenti ngrt hethmwaihedazezne®@oppl empiitede sagdal ph@EB) by
estimating coefficients of the transfer function (HL - HK) of the

pr opagat f on VéFaAtdr¥es $ vENGTrRA1REe TEFES: rHhat | hRS, backseatseyredor 25
subtracting pect.r lin t unyant Do er ec i gnals
(TD) deduce&tapfgg% tﬁgel coae fi%lé((eg{s g?nt h\g%estel%%ﬁegitrgﬁéfe}:ﬁ%nc:tp%n from
the spect r alpriopaemtdiort hehapnddl #Hidnshe( SrrelFted @ndnaranscd?3pef or
synt hesi zing the spectral |ines produced by the 30 subtraction neans (22)
into the filcheragtergrad. The npdse 3ignadaddt)r desiigmatascer dieag ©6 cl aim
2, wherein the spectral lines of tha unpwant ed)psi gnals (TD) are '%rs‘iéi mat ed
for each symSGItT&TETaver A556°F¢ eBPRIPPametif s HH et e GG SR (3)

before begi ng yaht13ahed d# OphiPRasPEGL B! WiltheSs (FBLiancEK) oRbrt Re1a3y DO

signal.. 4. A radar réceiver according to claim2 or 3, conprising neans
(5) for estitmsti o dameemdataersrmgnd (t2a replica (Re) as a function of the
spectral lines of .the unwanted zero Doppl er effect signals t he

TD),.
estimated repli caPféiery EbPrendt dd'& o trResert e?‘é’ac’é%%alc‘{egéf)i)qlr?nttl?e _
Doppl er - di stpnce, corr el 3 8PS (4 %fl"i'g)m"és Xnd §808ELLECS Féfgfylgt%%or di ng

to claimil, wherein®he sha I ng neans donprises a plurali

recei ver neaie (dplctdll 1onddNof 12hk aadoshapeled RIAFRE tobrafelsit@ianl s
recei ved by the receiver nmeans in the form of dir‘_gltal synmbol signals (X1 -

XN), chafactsddnad® iayetpse@evate & ifinage ng wearsiq 2yje st ilsiew smsdns
(21b) for praoducin ro of .spectral lines (SP11l_-. SPIN t@ SPK1 SPKN) of
the synbol st?’gfnaﬁlsgq’t% éﬁ)f&\b ?%@%‘i’t’?@eﬂ} Eg?rggﬁ%ﬁafﬁanyﬁ ?irk_tb?tﬁd@onal
carriers (flar #KiecORANINGAER) JOrcIRSt LB LOS GPV BT aRGR MRINHLRERL -
RX) each 2s dependi ng on products of spectral l[ines (SPkl to SPkN) two by
two in a gr aybteicits e d imaespedhe/ eicarali &R (HK)fxomedns (@REdy)raflor
deducing inverse matrices (R i _to RKl) of tege covari ance matri ces,aé'rigans

I .
(26b) for fiY* rigfx HeP gPBupRt oF PEpEEFFANeRi RAS RS SAtas, S 3t i ng
to the Garrighmbdills, 9 8BY BH LEREYIFWNdI® The subtractor 22 then

produces spectral lines of a filtered signal:
X'(t) = 8C(t) + B(t) - b(t)
in which the contribution of correlated signals with zero
Doppler effect caused by the direct path and the multiple
25 paths is eliminated by subtracting Hey - Hy = 0 for each
respective frequency f£fj.
In the filtering circuit 2, the lines of the signal
X'(t) are synthesized using an inverge fast Fourier
transform FFT' in a synthesizer 23 which reconstitutes

30 the stream of symbols of the digital signal X' /(t)

14



20 groups of lines by the respective inverse matrices to produce filtered
groups of spectral lines and neans (23b) fox synthesizing the filtered
groups of spectral lines into filtered synbol signals (X1- XN) including 5
essentially signals backscattered by targets (CB) applied to the
correlation neans (4b). 6. A radar receiver according to claimb5, wherein
the spectral line products on which the covariance 1o matrices (R - RK)
are dependent depend on spectral |ines of synbols and~are averaged over
each frane. compaipaddr Praveiridy aheotdrggttbackaCﬁt5eGrS@Qnéénﬁﬁﬂéing means

(3, 5) for timatin mtted _si nal 5r ) a.function of
the spectr al™Fi Fag Pepth (spke) SBPLORE 3P (1P sRBSFE SRaRatbipstseh,
estimating g9ekfjici gnts of the transfer function of the propagati on channel
in the unwanted zero Doppler effect signals, the estimated replica being
correlated to theIZophirhléedd wbytbalhis gridis dndtted) shghh® eepileétati on

means (4b) . 21 .A % AsNL. A 9. AL. A9. Aa% ANO. Aal.. A" (. A. 9. A( A Y. AL. AI AE. A
AN A(. A A nggma{:?%y{a-r%ac‘qalves the coefficients Hy = Hy of the

lnolsTPT|mﬁ ca]ﬁﬁéﬁi%fa]g@ifﬁig@écaggcakﬁ<a]ca]ca
] ca] ca] ca] ca ca ca ?ca a]ca ca ca]c

detector 3 and the spectral densities of the reference

gignal SR(t), in order to estimate a replica Re(t) of the

signal emitted:

10

k=K -
Re(t) = 3 Cp eI2™/Tg,

In a similar manner to a Doppler channel of the

radar receiver disclosed in the French patent application

15 FR 2776438, the target discriminator circuit 4 includes a

Doppler-distance correlator 41. Doppler channels in the

correlator 41 are assigned a predetermined frequency

offset relative to each other because of the Doppler

effect. The Doppler channels constitute a plurality of

20 speed cases of the filtered sgignal X'(t) by changes of

frequency and are each correlated, for each carrier f; to

fx, to the emitted signal replica Re(t). After summation,

an angular focusing circuit 42 determines mobile targets

angular position cases. Finally, a constant false alarm

25 processing (CFAP) circuit 43 extracts "plots" relating to
position and speed data on searched-for mobile targets.

Although this first embodiment has been described

for a bistatic radar, it can be applied to a monostatic

radar. It can also be used in a radar with a plurality of

30 receive antennas and therefore a plurality of filtering
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2 cal calgal eahsal cakaalaal cal ealedl Sl SALGAULETER processed in
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| hasg Lo () 1 v dovaear (e R ere e e e e A RS R D5 R 5t s n
S, 10%&iq ) - FBGS, 510%&he) - 'redmi V& §1lgh8lg XAUK ()it #o80d&8ded) - 46; Sg

109%& () - xy{£}~vw_>!n aZ"10%>&'()-!Z"lO%&'(L-lO%&'()-Z 10 10
10s>" 109%&' (¥ gmlgg@p()thp'Tcontribution. of the direct path and the

e 1 e 00 () RLEAOYE ot S 0B O e 26861008 01V
the receiver REa. However, scatte;érs, such as
interference and thermal noise in the wanted frequency

15 band, are not eliminated in the signal X' (t) processed by
the correlator 41.
In a second embodiment, shown in FIG. 6, the radar

receiver REb aims to eliminate all correlated unwanted

signals and scatterers.

20 The receiver REb for COFDM signals comprises a
plurality of receiver antennas 11; to 1lly connected to a
plurality of receivers 12, to 12y, respectively, with N 2

2. The radar receiver REb has a structure identical to
that of the receiver REa shown in FIG. 5, but with N

25 parallel receive channels between the circuits '13b, 14D,
2b and 4b respectively associated with the antennas 11,
to 1lly.

The detector 3 and the replica estimator 5 are not
modified. The detector 3 produces the reference signal

30 SR(t) relating to one of the antennas 11, to 11y, for
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'()-F@ﬁ%@o %ﬁ% g%gfloé§fg;%996X§£()-T%% estimator 5 produces a
narrowband emitted signal replica Re(t) applied to N
Doppler-distance correlators 41b in the target
discriminator circuit 4.
The receiver REb esgsentially differs from the
10 receiver REa ip the narrowband filtering circuit 2b which
eliminates unwanted zero Doppler effect signals TD(t) and
gscatterers B(t).

The filtering circuit ,2b comprises, between the

gpectrum analyzer 21b producing in parallel K spectral
15 lines for each symbol of the received signals X;(t) to

Xy(t) and the Fourier synthesizer 23b supplying N

filtered signals Xi(t) to xﬁ(t) to the correlators 41b,

successively a covariance matrix calculation module 24b,

an inverse covariance matrix calculation module 25b, and
20 a filtering module 26b.

For each line SPy at the frequency £y delivered by
the analyzer 21b, the module 24b esgstimates an NxN
covariance matrix Ry in which a row of given rank n is
made up of products of the spectral line SPy, received

25 relating to a given antenna 11, by the conjugates of the
received spectral lines SPyq to SPyy relating‘to the N
antennas 117 to 1lly, the products being averaged for
symbols having a predetermined duration, with 1 £ n <N,
The predetermined duration for averaging said products is

30 preferably significantly longer than the symbol period
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5 decorrelates the target signal from the unwanted signals
received by the antennas at a high level. The mutual
orthogonal relationship of the spectral lines makes the
covariance matrices R; to Rk independent of the coding.
The module 25b then deduces the inverse matrices
10 R]} to RR} of the K covariance matrices and stores them.
These K NxN inverse matrices serve as K filters in the
module 26b for filtering K respective groups each of N
spectral lines SPy; - SPjy to. SPkx; - SPgy delivered by
the analyzer 21b. Each group of N spectral lines SPy, to
15 SPyy received for a given frequency fj is thus filtered
by a filter which for each symbol supplies the product of
the column vector composed of N received spectral lines
SPx1 - SPry for that symbol and the frequency fy by the
inverse matrix R—k. The N groups each of K filtering
20 signals supplied by the filtering module 26b are then
applied to the synthesizer 23b which delivers N symbol
time signals Xi(t) to X&(t) in the correlators 41lb. In
the target discriminator circuit 4b, the N correlators
41b are followed by angular focusing circuits 42b and a
25 CFAP circuit 43b.
The radiation diagrams of the signals Xi(t) to
Xh(t) has blind axes, i.e. "holes" in the directions for

receiving correlated OFDM signals and scatterers, as

shown in FIG. 7.
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1. A radar receiver processing a radio signal

received via a propagation channel (EM-RE) and comprising
5 frames of symbols each emitted on coded orthogonal
carriers (f£; - fg), comprising shaping means (1; 1b) for
converting the received signal into a digital symbol
signal (X, 81;81) and Doppler-distance correlation means
(4; 4b) for discriminating mobile targets, characterized
10 in that it comprises filtering means (2; 2b) for
eliminating in the symbol signal (X) at least unwanted
zero Doppler effect signals (TD) in order to apply a
filtered signal (X') including essentially signals (SC)
backscattered by targets (CB) to the correlation means

15 (4; 4b).

2. A radar receiver according to claim 1, wherein
the filtering means (2) comprises means (21) for
producing spectral lines (SP; - SPy) of the symbol signal

20 (X) corresponding to the orthogonal carriers (£, - fg},
means (3) for detecting the unwanted zero Doppler effect
signals (TD) by estimating coefficients of the transfer
function (ﬁl - ﬁK) of the ©propagation channel
respectively in the spectral 1lines, means (22) for

25 subtracting the spectral lines of the unwanted zero
Doppler effect signals (TD) deduced from the coefficients
of the estimated transfer function £from the spectral
lines of the symbol signal (SPy; - SPg), and means (23)
for synthesizing the spectral 1lines produced by the

30 subtraction means (22) into the filtered signal (X').
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. ’ (ééL1mgtedc%ggcggc%Fsymbol and averaged over each frame in

5 the detecting means (3) before being subtracted from the

spectral lines (SP; - SPk) of the symbol signal.

4. A radar receiver according to claim 2 or 3,
comprising means (5) for estimating an emitted signal

10 replica (Re) as a function of the spectral lines of the
unwanted zero Doppler effect signals (TD), the estimated
replica being correlated to the filtered signal (X') in

the Doppler-distance correlatjaon means (4).

15 5. A radar receiver according to claim 1, wherein
the shaping means (1b) comprises a plurality of receiver
means (11, 12; to 11y, 12y and shapes a plurality of
signals received by the receiver means in the form of
digital symbol signals (X; - Xy), characterized in that

20 the filtering means (2b) comprises means (21b) for
producing groups of spectral lines (SPy; - SPjy to SPgp -
SPgy) of the symbol signals (X7 - Xy) respectively
corresponding to the orthogonal carriers (£, - fg), means
(24b) for estimating covariance matrices (R; - Ryg) each

25 depending on products of spectral lines (SPy; to SPyy)
two by two in a group relating to a respective carrier
(fg) , means (25b) for deducing inverse matrices (R]} to
R}?) of the covariance matrices, means (26b) for
filtering the groups of spectral 1lines respectively

30 relating to the carriers (f; . fg) by multiplying the
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<=>? @BCDEF G KE%'QE’%?UYW%Z[ bloaubgdebghi Lkl BROPALEt ULaE¥zE bhse
10 matrices (R, - Rg) are dependent depend on spectral lines

of symbols and are averaged over each frame.

7. A radar receiver according tq'claim 5 or &6,
comprising means (3, 5) for estimating an emitted signal

15 replica (Re) as a function of the spectral 1lines
(SP1; - SPg;) of one of the sgymbols signals (X;) by
estimating coéfficients of the transfer function of the
propagation channel in the unwanted zero Doppler effect
gsignals, the estimated replica being correlated to the

20 filtered symbol signals (X']_—X'N) in the correlation

means (4b).
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