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FOR ACTI VE SONAR The present invention relates to the ge
active array antennas. It relates to the adaptive 5 ante mﬂm H ﬂ mmg

met hods for active sonars, primarily im Doppler node, that ”@LS [t possib
in particular to reduce the nuisance caused by the reverberation of The

seabed. 10 Gepphpihye CHRANREAPFORMIRG BROFERLINGS FORJ ARTI¢ES SORAR
advant ages. The i npl enentation of such processing in a detection system

equi pped with an array antenna notably enables the systemto fight

ef fectivel y Tagaipisdsdnit eiheegneen trelkaes aﬁbeahancg@ﬂlea@gulﬁiemsalfuti on,
15 or even to henefit from a reduction, of tge recelvedGH0|se | eve this

noi se bei ng 3 f GF T EXamf e S Seor rés pbid 26t hECs oA rgggpgéVStlon

ori gi nat3$ ng aftemrish e rsesdredling® (ndishods kimmnacsired ponaessi pgimamibg applied
to the sign o] eith k y.an the

si gnal obta?%eéﬁgﬁhfﬁgrg%ﬁgogﬂkb%ﬁ&%a%r{%gg$%gﬂg}e d g%%gééggggffgr t he
formati on ofredaceptitoh thapders, Céuﬁ@éebv(ﬁhﬂﬂﬁﬁﬁﬁﬂbQﬁﬁ¢EPmo@ﬁeﬁhﬁy
groupi ng 25 J@geldner a nunber of the sensors formng the antenna bearing in
mnd that all or some of the sensors that nake up the antenna can be used
to formchannels. The different outputs used by the processing constitute
30 whati@r e ceplvtentliyonathy aalabedvéhentreelher ep}.&ﬁfessmrng het t degr eanyof
freedont of _the processi es of freedomthere

are, the moPSVEFF PSSt iﬁ%&éﬂa%?WSEXﬁF63%S§En§QQﬁiQﬁ?ﬁﬁ%%\Q%Sb%c? to the
nui sances tddeQMManxﬂnﬁtémséﬁuﬂppﬁdemehha@noarnayaanadapa|metehémna

form ng, progesshg 1 eLhes 9 dindagentalyt! ohepansl 8l | AcRiaduci ng the

estimation o e covariance matrix of s produced
di fferent rédndeaifeaenceL]11421heyel1an1erhapee 1lqras_qllqlllree@ékﬁﬁnon 2

Generaliy, idr sbeshd the penskder edk-dmab thensd Zfowf obhe oV aeicangegmat ri x
t hat can reIevantI¥?be estinpted i,s a fupction _both of the b dmndth of the

signal used "¢ LEKELdurion"oESenePe 1R iARE v af CHurSHRI RS .ch *Phe 5
spatial correratdsporef tdhethel sundel thveasaretidy dhegandeing dees not
significantl va2¥ kp other words, with the size of the matrix

correspondi aﬁé Hunber of references used, it is found that the nunber
of references that can usefully be taken into account is a

20 As 1is known, such processing can be applied to the
signal received by a multi-sensor antenna, either
directly on the signal obtained at the sensor output or
to the signal obtained after the formation of reception
channels, a reception channel being formed by grouping

25 together a number of the sensors forming the antenna
bearing in mind that all or some of the sensors that

make up the antenna can be used to form channels.

The different outputs used'by the processing constitute
30 what.are conventionally called the “references” or the
“*degrees of freedom” of the processing. Obviously, the
more degrees of freedom there are, the more efficient
the adaptive processing can be with respect to the
nuisances to be overcome.
35 |
The implementation of an adaptive channel forming
processing relies on a fundamental step consisting in
producing the estimation of the covariance matrix of

the signals produced by the different references
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'10 direct function of the bandwi dth of the signal and of the stationary
state duration of the noise picked up by the antenna. Thus, in the case of
submarine detection, the 15 stationary state of the noise field neasured by
a sonar antenna is generally several segonds. Mreover, the bandw dt hs of
the signals processed nake it possible to performobservations wwth a rate

of acqui si tap of jhadenendsnt, 0bser vations Qla the.ordes 9f ki behentz. 20

Consequently, 1t Ts-possible, in such a context, to consider covariance
nmatrices coNPVRSiRGCe IR iF0Chas: 10D B eanElY Hometer indkedong 2

appl i cati ongyrich iR theth apsi Rnactdafnsiitat on Papplagnmden4&dV gade for
exanpl e), where the processing is perforned at tgeéﬁg,mtc‘g_?d filter

out put, t he C4vaitabRBTBRAE WPt H 1% B11F oAPEFEYR 8 (WLCR P fens of
Hz, so that gdatislondorpassiide ¢b eRei mdtieendtielee mddmirddviey dehensi ons
of a fewunits. It follows therefro th qgnbe of fer , of
degr ees of ﬁnz:g il ﬁ%%% tl)'lé)tr eﬁh%%ﬁ%%ggg%)ycﬁ’& n aé%oro |h‘r31egret gggﬁé'desi red
noi se reducwich dijeectizeesof Wheé magaixd corréeponding sonthespumbas, the
adaptive pr %cfeﬁgéggrgﬂ SENSQU Sy L heor e%gcaﬂg%c{mlﬁgtl t e ROSH MR 350 have
t he maxi num nunber o ﬁegrees of freedom_ However, the I nplenentation of
such procesgiefgrenaas tderercan Wast bl Ppetaifte 11EPe@ASOUBY VFr fue of

"the large nyibe-tof ried€ISNCEE CORSIKIIRM AL PFOlhbi tdivmatovand asge matri x
estimation tines, which are 3 inconpatible \A%llg‘h t he observaéi on hi nmes

i nposed by tHhE AT orS i < C1OPL R CUPRr TR POPPEer YRod¥. This

i s why diffetentarkieema .t echni ques are inplenented to reduce the nunber of
degrees of freedom 5 The techni que nost commonly enpl oyed to reduce the
nunmber of degrees of freedom consists in formng reception channels on all
t he sensors Tfus,he anterd® thase clhnebsbparaneng detadielen r ecthen of the

noi se 105 SOWCRS; drhRE &l vl Nt Gthe G148 PLEIQTHEAGLEE BYAR! k¥Rar

processing at the output of these channels. However, this technigque, known

as "ful |l ar PEYFHEEM dFacgeBAEPLiVe BREPTIBr iisPds Mo sdvatbackbst
requiring agyddrielLdi andfsiden1ef provseschanart sitSppakabilagton the
directions of the noise sources to be elim nat%]ed,otand of .nnr%%g)i ngotfhi S
sel ection oPFHEBhsPCOSEE VAhd OFiSer Yt 8naft steWariY. ATEHE Rivdn

t echni que, cdaldegebridarbar pivgeadaptions 20fbeant oromdey' , adfongidbdeirtizgr oupi ng
t he sensrs éoq,tsaés d %tdlie}yi d it hleS a%toes’%’l%li nt o; adj acent jsubs,.and.gnnag,, and in
form ng~conven iohal - ¥ cepfion channel's or each sub-antenna then In

r econbi ni ng adnssidleshanaehsiadapt iMpEIBLCEEhi GoMPERAL P e 2raurfouyP0 s &t abl e

for elim natiiguh 25 peragt onal ybREQELer enge SUHEeSapg0esapobnioneyver deal
with the case of interference caused by spatially w desQr ead noi se sources,

such as t he RIEEYH AN BC R H¥13Y | bR BAPPHRT sBaBed (6F MREendiPLe of the
carrier shipsidwgsld) i nwihald owneat piscebBeag nos sqsehmosinngl a a30 ebrr el ation

di stancg that, i s shott L0 relation to,the distance pervee dfie; Pagee
from around one Hz to a few tens of Hz, so that it is
only possible to estimate matrices that have dimensions
of a few units. It follows therefrom that the number of
references, of degrees of freedom, must be reduced and

30 chosen according to the desired noise reduction

objectives.

With regard to:- the active sonar systems, the adaptive
processing on sensors theoretically makes it possible
35 to have the maximum number of degrees of freedom.
However, the implementation of such processing is not
generally possible because it leads, by virtue of the
large number of references considered, to prohibitive

covariance matrix estimation times, which are



'A variant of the subarray adaptive beanform ng processing technique, using
I dentical parallel sub- 35 antennas, is notably described in the French
patent No. 0111106 delivered to the applicant on 05/12/2003. This vari ant
does not however meke it possible to haye a sufficient nunmber of degrees of
freedomto effectively 4 elimnate the spatially very w despread

interference 3283516 AN Ohe t BEsEPYERELAN thithelO RRPASE By Sehution
that 5 makes 1t possible to performan adaptive. antenna processing that

makes it poSPEBREICH ebf eERPv AR TverBIRE FHEFBI Kt drbaifSERl Taudedehby
spatial |y wggasprieadeipi 8€fSEUEEES kil aSachHrl add | £4¢ aimpl BReABRGe

reverberated by the se bed 0 To t ect of the invention is
a nmethod f oS §GERMYSE eFéEgbg@@ﬁqfﬁaﬁﬁgﬁ %kma detecti on system
conprising a multi-sensor antenna t he fornlng of adaptive channel s making

[ Dossi bl e 1k eLLILIALECR d8:8PU LN B OB OF & NAPe e L g

conpri si ng: f|r ornlng -antennas, each
sub- antennanmmhﬂnN|Qﬁruﬁqgﬁﬂﬁﬁxnoﬁﬁ ftﬁ#@¢@alC@@ﬁS%t§ the ﬁﬁagéHGenters

of the SUb'%ﬂ&%?ﬁﬁ§nﬁX@ﬂ$hﬁéf@ 8ndiavan @ﬁéSEEnESkétkﬁﬁ £1% OpRtéfAnanot her;
a second step of formn for ;each sub-antenna n, rlnarg%rece tion

channel s, fréfstehechaniets PBFﬁFnﬁgtﬁQsﬂﬂﬁaﬂFEﬁHElBBnQQj No&sehij rd

step oflborrgdwdw§eqwdaw remem&nanezw ch@u’melm epehf seadngar yhehannel m
bei ng fornmed

( romthe rlnar ne spo di for
sub-antenna?ﬂ%? e Egﬂﬁeﬁ? %tf%n %ﬁ oﬁ%@ 8ﬁ 4&% gﬁnpswﬁerforned
by i npl enentHowgvanr ,ad&ptisvetpcbuiégeeng khovhe asgnﬁﬂuilpr@du@@d bgathe

primary 30 gﬂgﬁgi(yaéﬁgﬁvgﬂf%eam forming” has the drawback of
requiring a pfior selection of the reference channels

15 pointing in the directions of the noise sources to be
eliminated, and of managing this selection on the basis

of the operational scenario.

Another known technique, called “subarray adaptive
20 Dbeamforming”, consists in grouping the sensors so as to
divide the antenna into adjacent sub-antennas, and in
forming conventional reception channels for each sub-
antenna then in recombining these channels adaptively.
This technique, although suitable for eliminating
25 occasional interference sources, does not however deal
with the case of interference caused by spatially
widespread noise sources, such as the noise formed by
reverberation on the seabed or the noise of the carrier
ship itself in shallow waters, these noises having a
30 correlation distance that is short in relation to the

distance between the phase centers of the sub-antennas.

A variant of the subarray adaptive beamforming
processing technique, using identical parallel sub-
35 antennas, is notably described in the French patent No.
0111106 delivered to the applicant on 05/12/2003. This
variant does .not however make it possible to have a

sufficient number of degrees of freedom to effectively



'According to the invention, the sensors form ng one and the sane
sub-antenna are al so determ ned so that the phase centers of any two
sub-antennas .n and n' are 35 separated from one another by a distance |ess
than the spatial correlation distance of the noise or of the spurious
signal that is to be elimnated. 5 In an inplenentation suited to a

detection SYstemONer atihad LPapah|e JO46 qddf-ddl ' dngbe Qniae met hod
ut the foqo

according to the 1nvention carries ng operations: 5- a first
oper ati on ofS®¥i9S#ati ng, for each secondary channel m the covariance
matrix F(m) of the signals Vn(mt) (54) fornmed in the direction mfor all

t he N sub-antennas; tge sti,mat eg.covari nce matrix - Fgﬂl‘ t hen bei ng
inverted: 10°%% $HEAR 56&3{??’8?? P deffer'® MTECTOr2eSERUEASRANE AN Tt he
phase- shbft maktor i Mpakedilbsl byot hpetbbiowi ag r edapianehi pntlennpd(m] =
exp(i 27C=1) ' | ch esj es .t.he reguen f..t | gnal
and um a unié%dy&v%%r éﬁaghehgggéct ilE)tn ngg%%ﬁ&% ngggf %ﬁg%gﬁé%%&ﬁl m -
third oper atdvsrasineact udle y f@rstwgbanees) 20cadapdi vebyecospartyaddyept i on

channel's by g{& B NInbhgeS SRS (BLEL COI T esponding: L@ £ach (gf the
channel s m r}ohiese5|rgerlfaeelrb\ésl§angé3 bl%/eltrilge dsegébneeéj. by the rel ationship:
10
To this end, the subject of the invention is a method
for forming adaptive reception channels fbr a detection
system comprising a multi-sensor antenna, the forming
of adaptive channels making it possible to eliminate a
15 spurious signal or a noise, the method comprising:

- a first step of forming N interlocked sub-
antennas, each sub-antenna n comprising a number of
identical sensors, the phase centers of the sub-
antennas exhibiting a given offset relative to one

20 another; _

- a second step of forming, for each sub-antenna
n, M primary reception channels, £from the sensors
forming the sub-antenna considered;

- a third step of forming M secondary reception

25 channels, each secondary channel m being formed from
the primary channels m corresponding, for the N sub-
antennas, to the same direction of observation, this
step is performed Dby implementing an adaptive
processing of the signals produced by the primary

30 reception channels.

According to the invention, the sensors forming one and
the same sub-antenna are also determined so that the
phase centers of any two sub-antennas n and n’ are
35 separated from one another by a distance less than the
spatial correlation distance of the noise or of the

spurious signal that is to be eliminated.



T-ci(m".f-1(mt) 25Vs(mt)= Wri,t) [d(m] f-l(mt)-duﬁ In an

I npl ementation suited to a detection systemoperating in w deband node,
performs an initial operation of breaking down the spectral
of the received signal into spectral sub-bands k, so that 30 the signa
ng to each sub-band is a narrowband signal; then, for each

spectral subzbagg kﬁmf_nb@méﬂté@%ﬁg OReEali ops: a adétéstieperafsosmof

. . secondary channel m the covariance matrix F(-Rtk
of 6 the sPQﬁéF§lvﬁ(ﬁF%,E?rF8W%€H é@% éhﬁ( )

third step
correspondi

estimating,

or eac

q g dittsct FBRTHh foreRl Pt h

t he
band

sub- ant ennagethba esttBrbedgcovari enee Mavenxi&OTbtayridsn betngthaverted;
- a second gperation of determning, for each 5 channel m the phase-shift

vector d(rrbR}LA¥EPReEPEY2ERERFSI | owi ng rel ationship: f- [d(mk)]" =

exp(i2n)s 10 i n whi ch fKKidesi grateesttive cerft erestvoakiny, of Lehe Sabblband k

and Um a uni_t t in t-he di ' . _pQi Nt
- a thirduoéggéﬁgéﬁgo%ﬁgéqﬁ% ﬁ§,;%gg}Eggﬁﬁgaggggg%ggagiSggg)qﬂﬁneﬁg o
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hdary reception
channel s by sdehangi Nvng, b umaﬁﬂﬁpumedSim]thk)ddaec@ép@ndin@orgaééchpof
the channel g, m fhe gignal Vs{mt.kle bRING fHeiddedoby i hecee! ahteaghi p: 20

The signals _

I'(m) then being inverted;

- a second operation of determining, £for each

5
channel m, the phase-shift vector d(m) defined by the

following relationship:

f

[d(m)], = exp(i2n-205,)

in which f, designates the center £frequency of the
-

signal and Um a unitary vector in the direction of
pointing of the channel m;

- a third operation of actually forming the M
adaptive secondary reception channels by determining
the signal Vs(m,t) corresponding to each of the
channels m, the signal Vs(m,t) being defined by the

relationship:

[E(m)T TF(m,t)

—

V(m,t)

Vs(m,t) = -
[d(m)} T7(m,1)- d(m)

In an implementation suited to a detection system
operating in wideband mode, the third step performs an
initial operation of breaking down the spectral band of
the received signal into spectral sub-bands k, so that
the signal corresponding to each sub-band is a
narrowband signal; then, for each spectral sub-band Kk,
the following operations:

- a first operation of estimating, for each

secondary channel m, the covariance matrix T(m,tk) of



d(mk) Vs(mt,k) -+ f-1(mt,k)- d(mk) obtained for each spectral sub-
bandar et henconbi nedw t honeanot her by Fouri er

transf ornduri ngafinal step,toformthe overall signal Vs(mt) corresponding
to the channel m 25 6

the signals V,(m,t,k) formed in the direction m for all
the N sub-antennas; the estimated covariance matrix
[(m,tk) then being inverted;

- a second operation of determining, for each

_)
5 channel m, the phase-shift vector d(mk) defined by the

following relationship:

[d(m k), = exp(i2n -5, )

10 in which fyx designates the center frequency of the sub-

band k and Em a unitary vector in the direction of-
pointing of the channel m;

- a third operation of actually forming the M

adaptive secondary reception channels by determining

15 the signal Vs(m,t,k) corresponding to each of the

channels m, the signal Vs(m,t,k) being defined by the

relationship:

F(m,k)} T (m,t,k)

Vs(m,t,k)= -V(m,t,k)

F(m,k)} -f'1(m,t,k)-g(m,k)

20
The signals Vs(m,t,k) obtained for each spectral sub-
band are then combined with one another by Fourier
transform during a final step, to form the overall
signal Vs(m,t) corresponding to the channel m.

25
According to a preferred implementation of the method
according to the invention, the estimation fﬂn) of the
covariance matrix of the signals V,(m,t) is produced
from the following relationship:

> . T/2_ ~
I'(m,t)= ZV(m,t+t')-[V(m,t+t')r

t'=-T/2



‘According to a preferred inplenmentation of the method according to the

I nvention,the estimation F(n) of the covariancenmatrixofthesignalsVvr,(mt)
i sproduced fromthe follow ng rel ati onshi p: 30 T/2_ F(mt) = EV(mt
i) [V(mt +f)If - -

in which iﬂnLt+f) represents the vector of the signals
corresponding to the M primary channels and

Fﬂn1t+f)ythe conjugate transposed vector of this

vector.

According to a particular implementation, suited to a
Doppler operation of the detection system, the method
according to the invention comprises an additional step
of Doppler analysis of the received signal, this
10 additional step being able to be implemented before or
after the second step; the steps following this
additional step being implemented in parallel, on each

of the duly formed Doppler channels.

15 According to a particular implementation, the Doppler
analysis applied is an analysis by multi-copy
correlation which consists in correlating the received
signal with copies of the transmitted signal affected
by different given delays.

20
According to a particular implementation, suited to the
case where the sub-antennas forming the overall antenna
exhibit a spatial ambiguity, in a direction m’, in
relation to the direction m considered, the third

25 operation performed by the third step of the method
according to the invention consists in computing, in
addition to the signél Vs(m,t), the signal Vs(m’,t)
defined by the following relationship:

F(m')T T(m,t)

30 Vs(m',t) = V(m,t)

[E(m')T T (mut)- d(m')

in which m’ corresponds to the ambiguous direction in

relation to the main direction m.



f=-T/2 7 in which Wit +V) represents the vector of the signals
corresponding to the Mprimary channels and [ Wit +tithe conjugate transposed
vector of this vector. 5 According to a particular inplenentation, suited
to a Doppler operation of the detecti ong system t he nethod according to the
i nvention conprises an additional step of Doppler analysis of the received

signal, thi digl step i - iopl hef o or
after the s%‘gé%gggt eépl% et S%gpé:%%o%\\?\na#gal%rﬁi gga&?tl na Ceés{:ilte)cg{ bé?ng
i mpl enent edthe paehhPdl , agpordERgof t® heb kil VA TVRTHE®DO S eR cAEAREMs. 15

According t @ogpRaklingulzan il e B A LNs okhea DOPPLEhs8Pal ¥eparapekied is
an analysis by nulti-copy correlation which consists in correlating the
recei ved si GREM Wi copPeERSF t KY t ransAPPEEANE| gRAStaPCECt & by2Bi f fer ent
gi ven ded ayappdQcAedendiily whiehpahd cidvdt i Bpepmpiicatdeds, with edhéo the

case where the sub-ant s. formng the overall antenna exhibit, a.spati al
b gut Ly, FRTESHRPRC R i TSt | bRTHE RS T ERRTEn nTRoRSH for ed.
the third 25pppercatiiom,per femaed byubhenthnnd st e of piwdumtdiod hgcordi ng

to the inventis@r s ISts.dn i i diti e.Ss] mt),
t he si glna?/ %tss%%% t%)%qglzgfs i ?\%% E?;C';L%tg}%gts:‘ g]%f %%m&\@gr gﬁ’lagé or?\é&ﬁt%: S%E?g?‘éﬁﬁ( )
f-1(-n,t) 36vemm , @8/ MEPEREEM Y 2-H(f t ) deni )SUB- et s suBf8et of the

inventiph i moxecARR,i Cat f Lok O rbhe dd hadoareer dyndat aikhenceventken to a
system conprising a |linear antenna forned by sensors separated fyom one
anot her by &'@Snst™ift dPR2A3MceCBREERSS Qipl i | oF R PRHFRPES hetPPPst step
proceeds w plrodhecidorstibdn e Nfifiear Ibdedddilveea sule amocemeas. In this
application, each sub-antenna is produced by associating the signals

recei ved by sensors separated fromone another by N-d. The sub-antennas
are, 10 nor dowsherofdgeiedt oafondeantrhent byn aidi strarmep i catidmt ofhe phase

centers; of the SHQtﬁBhe”Qééokagﬁ?prE’QUC@He Xt Rl 4h ofdseh ,dsggl',%ﬁli ve to
one anot her. Anot her subject o he 1 nvention is an applicatioh o
comprising a planar antenna formed by sensors arranged
in rows and columns and separated from one another by a
constant distance d, an application in which the first
step proceeds with the formation of N interlocked
20 planar sub-antennas. In this application, each sub-
antenna is produced by associating the signals received
by sensors positioned on rows and columns separated
from one another by N-d. The phase centers of the sub-
antennas thus produced also exhibiting an offset d in

25 rows or in columns relative to one another.

The features and advantages of the invention will be
better appreciated from the following description, a
description which is based on the appended figures
30 which represent:
- figure 1, a block diagram showing the different
steps of the method according to the invention;
- figure 2, an arrangement of the sensors of a
linear antenna corresponding to an exemplaryl
35 implementation bf the first step of the method
according to the invention;
- figures 3 and 4, arrangements of the sensors of

a planar antenna corresponding to another exemplary



'15 the nethod according to the invention to a system conprising a pl anar
antenna forned by sensors arranged in rows and colums and separated from
one anot her by a constant distance d, an application in which the first
step proceeds with the formation of N i9nt erl ocked 20 pl anar sub-antennas.
In this application, each sub-antenna i"s produced by associating the

signal s received by, sensars pgsiti,oned o] d lumyg. s d from
one anot herlﬂggﬁﬂla&?ﬁéoﬁlhasec’%(s:en’%hgs fofg?%evgaggan%gnnas thﬁgé%?% uced
al so exhi bi acagrdangf teethe investiows or in columms relative to one

anot her. The features g?g adyant gges,1Qfcit hegi Qyeahi OraMalill 1Ry betker
appreciated fromthe ?o | om ng description, a description _which is_based on

the appendediffgueas Fpswatcrhepierbpnented by thg hirdy SHERKOHI agr am

showi ng 4 herdif fRreRIq H@RsrPind heo MehBodnaea®hidnng itd 4 heatbventasn,
figure 2, an arran%errent of the sensors of a |linearantennacorrespondi ng

t oan exenpl aPRLISBEIACeENt ation of the first step of the nmethod according
to the invention; figures 3 and 4, arrangenents of the sensors of a

pl anar antepna corre i Mo XS Vg 1 Ped igp, of the
first step %flgflﬁg r%etsgﬁ‘g% ac%gtfgr%%g&{gﬁ%ne myelﬁ;?\gti%lr.\;gfé]fr%ﬁ;%&fé aggl ock
di agr am det &hei ngethed acgpkfianant toperhei oh@vﬁﬁﬁP—@ﬁentghebylﬁh’ée%’ hird

step of; 5 theipeihed@cqardi.ng to the invention, in a particular
i npl ement at 1 on. Figure 1 gives a presentation of the different steps of

the nethod accor di Ag f2gsthE Ry et Pén LoTRGalt EMPIFEPAPF iconprises:  a
first step 11 of -f oam ggcdhgulsty ennasof afsannngl, stfep 12aeh fsaping, for

each sub-antenna, M pri TRLY, X eCeR i §P00Sk S I T ORLNe8E 38RO LEM M N0
forming the sub-antenna considered;

15 - a third step 13 of forming M secondary reception
channels, each secondary channel m being formed from
the primary channels m corresponding, for N sub-
antennas, to the same direction of observation. This
step is performed Dby implementing an adaptive

20 processing detailed below.

The object of the first step of the method according to
the invention is to construct a first association of
the sensors of the antenna in groups forming N distinct
25 reception sub-antennas, each group comprising, for
example, an identical number K of sensors. The sensors
are here grouped together so as to form N subsets, in
other words, N sub-antennas, having a given overlap.
The N identical sub-antennas constitute a = spatial
30 subsampling of the array of sensors forming the overall

antenna.

According to an essential feature of the invention, the
grouping of the sensors is produced so as to form N
35 interleaved sub-antennas, the N phase centers of which
are separated from one another so that the maximum
distance separating the phase centers of the two sub-
antennas is less than the spatial correlation distance

of the noise or of the spurious signal that is to be



15- a third step 13 of form ng M secondary reception channels, each
secondary channel m being forned fromthe primary channels m correspondi ng,
for N sub-antennas, to the sanme direction of observation. This step is

performed by inplenenting an adapti ved12(p processi ng detail ed bel ow. The
object of the first step of the nethod according to the invention is to

construct a ociat i t s r sy,af n CHHpS
formng N d?s%rlgurs'l}é?ggé re@liepﬁholﬁgsugecam%g%?lasbeea%:@@%?gi% E%qﬁgé?l Si qup for
uped

exanpl e, anspaehelcaPrHERBEACR Fisd@mser stS Thel sBAdoPS 4ME

together sogasthfcEOryRdN SuBset Sepaf @éhec,r swgdsenN sehsanse d‘]
gi ven overl a The N identjcal e% ; waogdye > swmgmndiavi ng a

constitute at{
subsanpl i ngWBiCRhENS! Fé?nB?'SSEFESFé’e %31 tﬁ’@ng\?é:rsalalr% enncgJlg ccordi ng
Itoo gn eg;en&bgk?igatgare ofi thReei nvese i oanﬁ ttheo graupi anteinashe sEisHrs is
roduced so as orm nter s -a
of which ar 8%5133?&%88 Hl(?%agﬁg ant eds h{zit‘t:&g‘E ﬁgﬁng(ﬁ%%o%r?%%gnters
separating thes pbpaeatentbespbaseheenmergu@f BheeanayPr3nFe88aghan t he
spatial correlation distance of the noise or of the spurious si gnal that is
to be 10 elimnated. On this, it wil] be recalled that the S at
correl ati onAGEordnss i 50 defheed HERHE TaxitRGm aF SPRAEES fiat © l%%par ate

]‘ gﬁgglr V@‘C;%rl%gl%&?sb%ﬁ)ng?%mhﬁhehhaf Eﬂﬁlaf@rrﬁwmxvedfbytnehedséfsmst are no
at ed n e case of. two sub-an i on
di stance defPRe&NEREVAGKC m%ﬁi HARE h o ccgn%tgepar at &%eﬁpﬁajg%@%ent ers
of these sulnhamt ertnas dudgcof alfmed t subhentensasi omve h@h@ﬁﬁan@%%%s of the
situated at the desired distance from one another.
Figures 2 to 4 present two arrangements as nonlimiting

15 exemplary implementations.

Figure 2 presents an exemplary grouping of the sensors
of a linear antenna that makes it possible to satisfy
the abovementioned condition of spacing of the phase
20 centers. Figure 2 presents the simple example of an
antenna comprising sixteen sensors 25 evenly spaced
apart from. one another by a distance d which
constitutes the pitch of the overall antenna. This
pitch 1is, as 1is known, defined so as to avoid the
25 appearance of array lobes. In this application, the
sensors forming the antenna are grouped so as to form
N = 4 interleaved 1linear sub-antennas each comprising
four sensors spaced apart from ne another by a pitch
equal to N-d = 4d and exhibiting a longitudinal offset
30 of length d in relation to.one another. Consequently,
with such an arrangement of the sensors, four
interleaved sub-antennas are defined which have phase
centers 21 to 24 spaced apart from one another by a
distance 4, so that the maximum distance which
35 separates them, here equal to 3d, is substantially less

than the correlation distance of the noise.

Similarly, figure 3 presents an exemplary grouping of

the sensors of a planar antenna that makes it possible



10 sensors of the antenna has formation of the different sub-antennas can
be produced in different ways provided that the duly fornmed sub-antennas
have phase centers situated at the desired di stance from one anot her.
Figures 2 to 4 present two arrangenentg,as nonlimting 15 exenplary

i npl enentations. Figure 2 presents an eXenplary grouping of the sensors of

a I near antenna,i ot MBKES JuogRsilend:P Sahasi ol N ragyETRY | gped

condi tion of “spacing -of e phase centers. Figure 2 presents the sinple
exanpl e of &heaPhemta CBHRLUSS| M BIDG cLrPLERIRBS PBE eFERPYS sPARBHGpar t

from one angishesn byngcdingt aGfoc Mg hagonstdddsLssbhepidigh ghatbe overal |
antenna. This pitch is, as is known, defined so as to avoi Z%Eaggear ance
ehna

of array | oB@&rt Frof SNgpARUAGRY SridtF @R nf nPT HRNGRE Fe
grouped $0 astedskertmdNs= &f | pbes| esvedcbluenrs evendgt espasedaapasanpri si ng
four sensors spaced apart .fromne anagther by a.pitch.equal -t N-d_= 4d and
exhi bi ting &48hgPPadiH =i g%?’-ﬁ s;% R§th & isﬁl%rséclag}l{-’llgnl]%o %%Ssanot her .
Consequent | yyhani tthesuchreelatiangénehanceé tife HWenswesse f gansidereteaved

sub- antenna%[ are defines Mffa%a%gop{%teet&%abg@s_gfl EQga4eSpAcedpapart

fromone another by a distance e maxi mum di'stance whi ch 35
separ at es t FeEMsHE 3eqlarming3dghe aniisiaaniral h¢rPeFUREG! t e as

COVG_GL aibonftdj' SHARE GNO% ?E@.n&%iri%avelig- ﬁl@r@%{fiﬂw—%ﬂﬂ@eﬁb@y?ﬁ@?%hgnad |

condi tion of spacing o e _phase centers. Figur resents sinple
exanpl e of alﬁ%té%ﬁélaéonﬁﬁfg?ﬁg e résjs‘g“aeﬁ)enpg si%%%ﬁhaﬁgr % r om one
anot her by adlisstiancetd, @i¢ argedhatr.t heohskegtienséegt i omstlof sumks and
colums evenly spaced . apart from one t her a dj su antially
| ess t han tﬁéyré_"tgfgreé[]eé’ttl onO%i s%gﬁcesg %tiz5 éc”noitts%O co%lsl?%igygé%.’gﬁin gﬁkanner
similar to tdnceawmmplagreofddfiipad whicthehaensphasg3centarag3ihandnBénna are

here gfﬁzepe%ﬁ%%of S%@a gnfefglr Nome2 dr¥tald:eaned P! anacanul- ant gARas havi ng

a longitudin i mensional) of length d in relation to one

anot her . Corfeeddritasy, thi 1 st@eir aF G Gandifs FHilat RESEIFS 1t wo
i nterl eaved sub-antennas are defined which have phase centers 31 and 32 15
spaced apart__from one anot hgifjs}?ly a distance_d which salii sfies the distance

condi tion d€SE FEI Y Youst3YLE s BFRPERTF y20f PR3 1 Y, 8E8HPI En
exenpl ary grafupthg Gferidtessensors 44 eflamapl cnmatemnd etvhatt redkewmkes it 20

possi bl e to sati.sfy the a ti d i.ti.an pagi f..t he phase
cent ersSOFi éﬁorses%lper eécg)nt g%%%ﬁ?i rr%lqg e%%@é%a%\e%n@rﬁr%%&#pri%gi ng
thirty-si x soesuoirg 46feven y phipseedcapaetsf r Fhaire afotprgseyca @hst ance d,

arranged at é'hrg)fem QLSRN 0 OWs ARG5S colbFIS igenkhispyced apart
from one a_notjh r by a distance d substantially |ess than the correl ation
di stance of YFREAG st cGTEIr P2 e PRAI tuf i We PRE SRARASE oPYffgure 3,

the sensors i d0idd ng, t heranbeana@r ehderatereepedone ast t sower i = 3
interl eaved planar 30 su -antenna‘;1 havi nﬁ a_l ongi t udi nal t&{fseﬁo

(one- di #ensi gt GYEIHoh §PATSFel 8PPoh t b 8He Fhot HEICEIFherYal 8ng one
of the ali gnitetarsoees Of subestsarnsier]ld yor laseng thasm otther alorgetenticaxi s.

Three interlgaved, subzantgnnas, ae LBUS: delbaed n iAWY PRAsExEeRtRr s 41,
example of figure 3, the sensors 44 forming the antenna
are here grouped so as to form N = 3 interleaved planar
30 sub-antennas having a longitudinal offset (one-
dimensional) of length d in relation to one another
either along one of the alignment axes of the sensors
or along the other alignment axis. Three interleaved
sub-antennas are thus defined, having phase centers 41,
35 42 and 43 spaced apart from one another by a distance d
which satisfies the distance condition described

previously.



35 42 and 43 spaced apart from one another by a distance d which satisfies
t he di stance condition described previously. 12 The nmain function of the
second step 12 of the method is to use a grouping of the sensors in
sub-antennas as is done in the first step so as to form for each
sub-antenna, reception channels called primary panoram c 5 channels. During
this step, f ar.mat ager api.c chanpel sr&gnqbe n rent
known ways. &P% g%ﬁﬂglg&ﬁﬁfq%gngglﬁg;he tinme o? ?geageﬁggn%g%aTﬁtﬁéﬁus t he
formati on ofisptioratse pandrawptnghahnélbs @@?SH?%E#QkﬁHPt%%%%%@?%néﬁIy, t he
signal s receivegny frhecriﬂffff%tse@psgbsa@,f AR ther seéaensshbant enna
being affected by a delay correspondin afg- direction of oi nting and
added t oget REESTHRYh BepBREIBle WiRA'YHE %g ‘#%eF?BFWﬁVioﬂag?rﬁWFﬁary

panoramwg Cbﬁamﬁb&scamuﬂﬁﬁgtﬁhﬂ@netbp chaendomyattiesi of wpahozamstant
dlrect|V|ty, according to _a nethod fron1th ior.art,

consi sts i nCHPAE 1ﬁg P5t Iﬁenﬁﬂnggﬁ%bfeﬁhe r%d@éve y§|gﬁg¥hkﬁﬂo N
narr ow sub- bamds beodosiehin2@hehanimel o Exslquemeycldamadn.n has a center
frequency fn and a typical width ¢/(10L), L representing the |length of the
sub-antennas. For each _sub-band or_sub-channel, hypothetical sensors 25 are
then defi ne@hisosethpsEOrBAS1aRe AthePBLNIEY BEPPRETlsy ShpRTels can

interpoigti @ ofchbe é&ﬁéﬂ@i@n&jly ealcneengogaafier niékgei\l?@daﬂiyenﬁhe so that

t he p05|t|ons of the h pothet| | 'sensors_have s a0|gg % %

propor t i onalditfdemraty QLR et FAGSt ABP3BFERN2s8RdBPs on t he
sub- antennadﬁﬁedtdaﬁmyeacﬁémaynmwmmeépom@ngyntbrmmdrmuneqtemnfpéquenC|es
fn. The frequengy fr r Hore

hypot het i cal slel(rif'lnrgs a&% tgthocthﬁereyer2H1tE sen gsSlg‘it\Mgg}b h-gﬁenna The
proportionallty ratio is here 35 equal to the ratio of the frequency of the
sub- Cha el tfeJr?r@ﬁ Lﬁ&qyeﬁ&ﬁ{ 8c PeshhhONs O ahhg1By¥pPekhet i cal
sensor gr e SJ% éhnel requency or? f%r al | ch sensor,s ,of the

sub- ant enna dﬁﬂ%l BEr eéhaf&%ﬁﬂil%[ﬁwlﬁefﬂﬁbwwsr@r&i i GALRCHIVity,

according to a method, known from the prior art, which
consists in dividing the total bandwidth of the
received signal into N narrow sub-bands (or sub-
20 channels). Each sub-channel n has a center frequency f,
and a typical width c¢/(10L), L representing the length

of the sub-antennas.

For each sub-band or sub-channel, hypothetical sensors
25 are then defined whose positions are themselves defined
by spatial interpolation of the positions of real
sensors forming the antenna, so. that the positions of
the hypothetical sensors have spacings that ‘are
proportional to the physical spacings separating the
30 real sensors on the sub-antenna for a reference
frequency f, chosen from the center frequencies f,. The
frequency £, corresponds to the sub-channel for which
the hypothetical sensors coincide with the real sensors
of the sub-antenna. The proportionality ratio is here
35 equal to the ratio of the frequency of the sub-channel

n to the reference frequency.

Thus, if ﬁ designates the physical position of the

sensor I of the sub-antenna considered and ﬁm the



‘(n)-(n) rk-1i The primary channels are fornmed in each sub-channel in a
conventional manner, by delay plus sunmation of the 10 signals of the
correspondi ng hypot heti cal sensors. The functions of directivity of the
channels forned at the frequencies fn omthe hypothetical sensors of the
sub- antennas considered that are thus reconstructed are then identical,

hence the dgaggg%hoaf %%%n@l th{eml'?:%ll%]é’ﬂé canst anl Qhﬁeefnéf{héy

Consequent | e signal e prinmary channel output is obtalned by
reconbln|ngoﬁyfF@aPﬁ@ﬁYtﬁbﬂsﬁ@ﬁnﬁﬂﬁeﬁﬁﬁyﬁ§Q§Qﬁst%% EPanfePsanbERBd at the

frequenci escbagidBrbareover, tgﬁaforﬁ@tlomaﬁlgnynaryh@an0f@m1@wghgnnels
can al so be done ada tlvely t he response of each sensor then being

optim zed a&€dr8RRGSESPthe direction considered. However, adaptive formng
can prove difficult to |nplenent because of the number of sensors 25 that
each sub- antenpa QM|II rises. that as it may and regardl ess of the
nmet hod used, T%heré hu§ deternlne& for each direction mof the space
consi dered, the conplex tenporal signal Vn(mt) of 30 the reception channel
formed in the direction mfor the sub-antenna n, n varying from1l to N
Wil,t) thefhgegimmetrs chrnnolunare efoomedada Lﬁpacdt $We- (haongl exn

component s (i Jencihrlie hbhhe:St 8 1 ofy  BeugethahaAGes bngche the

invention pro ces t ormati on of actual adaptlve channels. This is
faci|ittl edspgnefée fafct thhafoprPRRPPILBEe PRAThaTdNTl sSSP 2l r E8By been

formed on EkFineenphet i &iréé&xﬁ?&ingfstﬁﬁ Aceeriedingr d@nddeat nyrst i on,

P R TN T T T

The rest of ankenhest bbhbiﬂéaééd tyati qure SThropeeesnshyuangdof aze

particul ar |_enment o h GEK - out
this third sg%n 1d1e£é riUr ?%gé%]l u?tgrﬁ edh O’Erh @é{?%%lo ET’i:'&hry%et hod 10
accor di by tMl&heqqnﬁﬂﬂnﬁndk%ﬂﬂﬁkyxﬁyﬁ(NG@RFQ@U¢mﬁﬂEnEﬁh¢nglgﬁélf@ﬁlomnng
three Opera%h%n%mlmary channel output is obtained by recombining

by Fourier transform the signals of the channels formed

at the frequencies £f,.

20 Moreover, the formation of primary panoramic channels
can also be done adaptively, the response of each
sensor then being optimized according to the direction
considered. However, adaptive forming can prove
difficult to implement because of the number of sensors

25 that each sub-antenna still comprises.

Be that as it may and regardless of the method used,
there is thus determined, for each direction m of the
space considered, the complex temporal signal V,(m,t) of

30 the reception channel formed in the direction m for the

sub-antenna n, n varying from 1 to N. V(mt) then

designates the column vector made up of the N complex

components V,(m,t) .

35 The third step 13 of the method according to the
invention produces the formation of actual adaptive
channels. This is facilitated by the fact that primary

reception channels have already been formed on



a first operation 51 of estimating, for each channel , each direction of
observation, m the 15 covariance matrix F(nm) of the signals Vfl(mt) 54
formed in the direction mfor all the N sub-antennas. The r?? estimated
covariance matrix F(nm) is then invert a second operation 52 of
determning, for each -) channel m the” phase-shift vector d(m, this

vector 20 d{I)Pelngnthgeveshar 10 hemapplieg. {oaklie aigeal ol tine

correspondi Ag 2o e channel"m consi der ed. operation 53 of

actual |y foinventioe, Mhilapstepseeonder Peewd®d Gicthdihel BRRIBIEER2r ni ni ng
the signal %/H%t_)kﬁ_@&rﬁesQﬁpgbﬁgita@ee_a%t@lfod25 fdie chennel$ madadetieach
direction o ointing m the operation 51 qof estimating the covariance
matrix F(nm)TeSepeiPBr rEthRRe the G380 s 8§ SEAETs| ﬁﬁﬁﬁgtbgnt he P eT y

channel g5 f orREd 38t Bt hndli ¢ &£t | 010 E D&t eachyoff ithereN Suprapdaanas. This

covari ance tri x cap, according.to t.he.inventiaon, be_esti mat an
known net hogf?l e’ d?]‘?e@t Rt hba s c e oh e Bt efit §nz%:p |d§grf]?%% fiyl ed

by the 35 apapkesant possekaapte. cimry ovtholiexphoirds stee-i nput

As figure 5 illustrates, the third step of the method
10 according to the invention can be performed by

implementing the following three operations:

- a first operation 51 of estimating, for each

channel, each direction of observation, m, the

15 covariance matrix fﬂn) of the signals V,(m,t) 54 formed

in the direction m for all the N sub-antennas. The
estimated covariance matrix fﬂn) is then inverted.

- a second operation 52 of determining, for each

channel m, the phase-shift vector d(m), this vector

20 aﬂn) being the vector to be applied to the signal VOnJ)
corresponding to the channel m considered.

- a third operation 53 of actually forming the M

adaptive secondary reception channels and of

determining the signal Vn(t) corresponding to each of

25 the channels m.

For each direction of pointing m, the operation 51 of
estimating the covariance matrix f%m) is performed on
the basis of the signals of the primary channels formed

30 in the direction m for each of the N sub-antennas.

This covariance matrix can, according to the invention,
be estimated by any known method, the direct method
described in the patent application filed by the
35 applicant for example. This method exploits the input
signals over a given duration T, a duration which
corresponds to the a priori estimated duration of the

signal from the observed target. This duration can be



signal s over a given duration T, a duration which corresponds to the a
priori estimated duration of the signal fromthe observed target. This
duration can be 15 forned by a continuous tinme interval or by several
successi ve unconnected tine interval s.lgonsequent |y, the covariance matrix
ITSlO?'t ai ngd by integration of the signal received for each channel m over
T+ i me Sanbt 4S - agihol | anwse r t) s n,t + n.
iv(rn,t +01 %F‘R%‘E-ﬁ ialn ﬁ%ﬁg%ﬁ\é}%gl}lg,tiﬁ&fepreseﬁl\%%tﬁf\(/g%gt 2)?&(?#% he

signal s cor Pecpending teneARNRFBRAmaE M hatREPSVARE: kvir e FuaRt e

conj ugate t{paspesedi¥getomalirikhiis \WtaOmedlng, piittdttaedich i of hehe

determ ned as a function of the nunbey of, sub-antennas {,i -8, reéﬁﬁgnces)
consi der ed, 5381 t 5SE&tVery fRE cSﬁa{ltiSHagrf‘e . ¥5 P¥®Eholl 4 be hoted t hat
this avey agkagpdeer atdisatkppefsbdsashéodfibest: of applying a | ow pass
filter to the variations of the covariance matrix in a bandw dth of w dth
1/T. Con;eqqently, ;) order not to lgse 20 information, the estimation of
the matrix m’gt_)ge ;Q[Qﬁ-}/\@ﬂty\d Vt‘mg_ppgj‘e greater bhan 2/ T. - The inverse
matrix F-011,0 I's Hen conputeed. 25 The operation 52 of deternmning the
phase- shi f i}éefe}h&rchd(v;m,%ttr?ger Qndacy BALenBacher M KoM Lg8alt
sub-antennaS consists I n computing the conponents of this [/ector f][omthe

fol lowing exBre8spe8Rding to the M primary channels and [V(mt+t')

10 the conjugate transposed vector of this vector.

The parameter T is here determined as a function of the
number of sub-antennas (i.e. references) considered, so
as to satisfy the condition BT 2 N.
15
It should be noted that this averaging over a duration
T has the effect of applying a low-pass filter to the
variations of the covariance matrix in a bandwidth of
width 1/T. Consequently, in order not to lose
20 information, the estimation of the matrix must be

renewed with a rate greater than 2/T.

The inverse matrix fJ(mi) is then computed.

25 The operation 52 of determining the phase-shift vector

d(m) of the secondary antenna formed from the N sub-

antennas consists in computing the components of this

vector from the following expression:

f -

30 [d(m)], =exp(i2n€°Gm6n) [3]

in which £, designates the center frequency of the
—

signal for the frequency sub-channel considered and Um
a unitary vector in the direction of pointing of the

35 channel m.



- then consists in

30[d(m] = exp(i27c-f u-nmp-n)[3] in which fo designates the center
frequency of the
-4 signal for the frequency sub-channel considered and uma unitary vector
in the direction of pointing of the 35 ,ghannel m 16 Consequently, the
actual operation 53 of formng the secondary channels consists in conputing
the signal espopdi 1€ £haimel sm hys mearmial thee
foll ow ng r%ﬁgé%g%igﬁ?%& [(£r’r)a§t¥\'}§(mt =V(mt)[4 ,n%ci %g%] %1. --1(mt)
-d(m It sh8afenBerrot elrRha SitC?ﬁﬁﬂ%ﬁ%véJhe68§§&F§ 0 m &t er of
secondary chanpets asseekabediwgt kOrR&@NELHEhde s aiE weinofoN fie mary
channels V(MO polnting in,the directions characterized by m Such is in
particul ar tAEIEWLBI| FELRE1CBEEARAry sub- antennas forned exhibit a spatial
anbi gui tgy which can be |ifted by adjusting the geonetry of the phase
centers of the 15 secondarpy, antennas. Such is, for exanple, the case of an
antennadconsisting of par%EﬂﬁDllHﬁé@ntﬁub-antennas whose phase centers are
situate perpendhgﬁ% RLy tlo the axis of t hg -ant as. The operation 53
C ngﬂti , Eh,additien to Pﬁe signgFTZO Vs(mt), the

signal Vs(m,t) defined |sfm)he TFdm &ty rel ationship: vs(ly,t)= v(rn,t)
rd(rTY)1l 4--1(mt) d(e) Yci(€)] f-i(rn,t)[5] 25 in which m corresponds to
the direction(s) that are

It should be noted that it may prove necessary to form

a number of secondary channels associated with one and

10 the same set of N primary channels V(mt) pointing in

the directions <characterized by m. Such 1is in
particular the case 1if the secondary sub-antennas
formed exhibit a spatial ambiguity which can be lifted
by adjusting the geometry of the phase centers of the
15 secondary antennas. Such is, for example, the case of
an antenna consisting of parallel linear sub-antennas
whose phase centers are situated perpendicularly to the
axis of the sub-antennas. The operation 53 then
consists in computing, in addition to the signal
20 Vs(m,t), the signal Vs(m’,t) defined by the following

relationship:

[E(m')T T(m,t)

Vs(m',t) = V(m,t) [5]

~

F(m')T T (m,t)- d(m')

25 in which m’ corresponds to the direction(s) that are

N
ambiguous in relation to m. The signals V(m't) then

correspond to an angular domain complementing that of
-

V(m',t) and are processed and displayed in a similar
manner.

30



-) anbiguous in relation to m The signals V(m ,t) then correspond to an
angul ar domai n conplenenting that of V(n® and are processed and displ ayed
inasimlar manner. 17 The signals Vs(mt) and, where appropriate, the
signals Vs(m ,kt) output fromthe adaptjye secondary channels are then
processed in a manner known fromthe prior art: post-integration(s) over

the durati f_t r n | |;aat-kO0 deteghican et skl 14S can be
observed tﬁ?%%gﬁagﬁgigr ggg%iﬁb ?g at }ﬂéﬁsﬁ_i g,ppt hrg esti mati on Zr)}]t;j%he

covari ance Yt »&)l -oytputaskosdn fthed adant Wi s st G te @iSary 10

channel corggspoRdiJeg dcrdm RKES rdnRGsSkhbent Ericar Miied paapti eertsecondary
channel for each direction of observatjo sever.al ndar

n m(or, g€c re_:\,/tifthe
pri mary chaPPeFsiRFeInAbighots, TR 25t W 197t idy hiVe The sane
response f onodiniieeedtiodi r@aeteonsonnespace). 15 The nmethod for form ng
adaptive secondary channel s descri bed previously offers in particular the
advant age, through the step of estimating and inverting the covariance
matri x, of Phoseediazy weah t be 20smrstadict tbroegha $pgt i HTrE¢G¢4ErI whi ch,

applied to LF?aEEgHQhﬁ I?roéﬁlé?e?swméb?oﬂridlﬁar&’hée%%%iﬂlan%@aﬂﬁlﬁﬁix
advant ageously nmakes |F possi bl e to construct secondary_ receptjon channels
that take a&é®inta®sosirtedvividitedt 988 15pt EREMIAENNnERS 210 the

case of; ¢! aag A% | BLECLERARTnal B8 §PRHEs il ifisS0MS st eshrh ki ci L1y

takes i'nto accoun e real response of the antenna in . the direction of the
i nt er f er encedeptiives @RFEsiAFehsARA el WAPENh E8ffer SIFiFIHE et Rbd
extremel y adyapt-ggequs | At e(der ensarslippessndarghatdct ehestprimad |t

shoul d be noted that, in-the nethod, accor.di to .t [ ty escri bed
in the precEHPRFSLEXRT S RERIENTVES ﬁaf%orlrﬁ % sseaé/o%?aré}yegﬂaﬂﬁ%g 2&?%

descri bed fegama gesbogueatioendidferantodhardt ivnde iopepateon, that is 35 to
say a configuration in which the bandw dth B processed and the di nensi ons

of the antenna are such that, for any two sub-antennas n and n' out of the
N sub- ant enfhe, tkehbdl | Gwirng foehangonsfrpti¥eobsesgrgary jgchannels

described previously offers in particular the
advantage, through the step of estimating and inverting
the covariance matrix, of proceeding with the

20 construction of a spatial filter which, applied to the
signals produced by the primary reception channels,
advantageously makes it possible to construct secondary
reception channels that take account of the environment
in an optimal manner. Thus, in the case of strong

25 interference, the spatial filter constructed implicitly
takes into account the real response of the antenna in
the direction of the interference sources and
compensates it, which confers on the method extremely
advantageous interference suppression characteristics.

© 30

It should be noted that, in the method according to the
invention as described in the preceding text, the step
13 of forming secondary channels is described for a
configuration in. ‘“narrowband” mode operation, that is

35 to say a configuration in which the bandwidth B
processed and the dimensions of the antenna are such
that, for any two sub-antennas n and n’ out of the N

sub-antennas, the following relationship is observed:



- [ 6] c here fepresenting t he speed of propagation of the signal

in the

medi um consi dered. As for 3:" andthese 5 represent the vectors joining the
phase center of the secondary antenna fornmed to the phase center of the

sub-antennas n and n' considered. If thks condition is not observed,

wi deband ne
bandwi dth i

applying they

sub- channel

a

thod, 10 known fromthe prior art, nust be used, by dividing the

nt o &ﬁe ncy sub-channeli ?atisfying the condition [6],
fﬁgg processi ng des

and by

qiﬁa fibed previously in each frequency
. The out put signal Vs(mt) of the adaptive secondary 15

channel m considered is then obtained by reconbining by Fourier transform
the signals cVSﬁé&é e giRintathd Othé h%;ﬂiefcf ebcfntpfdsmmmn s\gF chaanel s.

vs def ned b atl h|p > d(mk
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tities defined b e reldatlconstl}lgs

secondary anten a orme and Ag r of the

sub-antennas n and n’ considered.

If this condition is not observed, a wideband method,
known from the prior art, must be used, by dividing the
bandwidth into frequency sub-channels satisfying the
condition [6], and by applying the adaptive processing
described previously in each frequency sub-channel Kk.
The output signal Vs(m,t) of the adaptive secondary
channel m considered is then obtained by recombining by
Fourier transform the signals Vs(m,t,k) obtained for
the different frequency sub-channels. Each signal

Vs(m,t,k) is defined by the following relationship:

F(m,k)} T~ (m,t,k)

Vs(m,t,k)= -V(m,t,k) [7]

ﬁ(m k)} I~ "(m,tk)- d(m k)

—

in which the quantities d(m,k) and fﬂntk) correspond for
each sub-channel k to the quantities defined by the
relationships [2] and [3].

As figure 1 illustrates, the method for forming
channels according to the invention is generally
integrated at the start of the signal processing chain
of the system which implements it. However, inasmuch as
the waveform transmitted by the system is appropriate
(CW transmission or, more generally, ray comb code
transmission), the system generally applies a Doppler
analysis processing to the received signal. This

processing is then integrated in the method according



‘25 As figure 1 illustrates, the nethod for form ng channels according to
the invention is generally integrated at the start of the signal processing
chain of the systemwhich inplenments it. However, inasnuch as 30 the
waveformtransmtted by the systemis appropriate (CWtransm ssion or, nore
generally, ray conb code transm ssion); the systemgenerally applies a
Doppl er anal.ysi r i to.t r ivede signalsg s Fhi rcg:@es@i is then
i nt egrated :t}r% t\%eeorr%?ﬁ%gl{%%oggi Egle %gﬂf[rﬁé ﬁe%ﬁn%&rﬂlﬁgﬁaﬁ t he fo??ﬁ of an
addi ti onal Stwpng4 Wui¢hg te cRoPRéeboppnatyahal yisi sPed IpEreer medhe The
processi ng applbedifBY fRy1 iR £6PSkRhmplE 20KRQWR MENES Whbwh is not
descri bed here, in correlating the 5 i phpuyt signal, with Degf)%)l eri zeg?copl es

of the tran¥aRPegd dlighalis (et F8SEEibsy PEFFicad FOXFRIAT e nttfed
si gnal af f eghedtbyilgregquenah ddmater icd esqoish ngf t ohei tfaneni toedi ng
obj ect observatign hypot heses. The_conseguence of- the in L f this
step of Dopﬁllgrnaclt() aﬁgfl sit® (it%. °3Y nif y%%%%y chorrteeat%g%l%,%e?ﬁg net hod
for form ngsdgmaiel st ecozdi by tredienawenffentss adrnesgandgimtressi ng

steps foll Owsorf%g At ShERild apsiedel cBBALEdatoRAr AlhsknegBseacngl (he

duly forned r channe processi ng descri bed previously 15 can

then be applcoaseanenss dinttkeal inhpgertionedén toist HEahoppf ePOBRARRel s, the

signal Vs(malh1tReR rEpresest ine dihashgnedresrdespondingthe mbenadaptive
secondary channél mfor the Dop£l er channel CO’T[EI dered. 20 Accogﬁrgg to the
i nvention, tRE d@FHTGhArnST Af“iﬁorﬂaﬁiﬁtﬂ €7° anaf yEPEeREHOBe BxEtlted, as

figure 1 il kst r gdrescedieifiioy e otepét efolhewshgp Thisf fsirep ngld heapei mary
reception C@.?n%ﬁ.%lmse'nte%o %Alp'\ésrallel, on each of the duly formed
Doppler channels. The processing described previously
15 can then be applied in an identical manner to each of
the Doppler channels, the signal Vs(m,t) then
representing the signal corresponding to the adaptive

secondary channel m for the Doppler channel considered.

20 According to the invention, the additional step 14 of
Doppler analysis can Dbe executed, as figure 1
illustrates, before or after the step 12 of forming the

primary reception channels.



1. A nmethod for form ng adaptive reception channels for a detection system
conprising a nulti-sensor antenna, 5 the form ng of adaptive channels
making it possible to elimnate a spurious signal or a noise, characterized
inthat it conprises: a first step (1}% of formng N interl ocked
sub- ant ennas, each sub-antenna n conpriSing a nunber of 10 identi cal
sensors, the phase centers of the suprapiennas exhibiting a given offset

rel ative to one anot her; a second step (12) of form ng, for each
sub-antenna n, Mprimary reception channels, fromthe 15 sensors formng

the sub-antgnng gRRESENGDr forming® ddMgtdivd epeddpiod EWdmmeays Msecondary
reception channels, each secondary channel m bei.ng forned frog%the primary

channel s m BordGidithgSY BEEMt IREOMRISFETeht Bniak. S F WO arBE Gl PRt i on of
20 obseryat k@B, fidinSrsf &fF | sapet{es meHahyel Bpmar@ g Ng: aposstbpte veo

processing of .the_signal s produced.by the pri . [ecepil 1k s; the
sensors for 'ﬁ818ﬁ§eaﬁh TRe $3h8 E&g%g%téﬁﬁaagg%%ﬁkﬁetg%%?%%ggggggﬁat t he
phase centeda tchaanytt womprrhee25 antennas n and n' are separated from one

anot her by a di Stﬁ%%i‘ﬁéé.é@% ‘i{gfgSB%t IRy & ah oD fhStaacsugt the
noi se or of the spurious signal that is to be élimnated. 30 2. The nethod
as cl ai med BAtERaRs 1, c*fAr FIRTIHEN S ThafOMPRES 6PSr ot | GHOET het

det ectipf SY§keMibaING RnRdirioWoad Nsledd opefiedion, of hethbi rdustep (13)

carries out the follomjng ogerations:.- a fi{ft operg%%pn (5#% ofne

estimating, 2PGET8Ech SBRLRLHABLr y2 chEhfet M cdFaritanSe et r PREF(m) of

t he signal s aviatmet); (54) fornmed in the direction mfor all the N

sub- ant ennas; the estinmated covari ri : th bej i rted; 21
5 .%!1%31 "B fgfng]l@& 28O, | BYR

a second operation ?5 PSP % et &7 Ri it or “eac anne phase-shi ft
vect or d(m adefeinmed by tNe bolimewyngreckrtiionshicpannels|d( &Fpm =tBRp(i 2Th-f

Qumon) §5ir‘é@ﬂéa}éfQd@ﬁﬁh@n%ﬁ%SShﬂﬁa%&@Eﬁb.Eﬁﬁ@&§¥ﬂéﬂ;0f the signal and um a

unitary vector in the diréction of pointing of the chanpel m - a
third operation (53) ofthdidial9§e® or Ry 1B MABBPETvelMseBERERAF¥ecept i on
channel s by ,dR{e®thidd NGhannels, each secondary channel m being

formed from the primary channels m corresponding, for
the N sub-antennas, to the same direction of
20 observation, this step is performed by implementing an
adaptive processing of the signals produced by the
primary reception channels;
the sensors forming one and the same sub-antenna being
determined so that the phase centers of any two sub-
25 antennas n and n’ are separated from one another by a
distance less than the spatial correlation distance of
the noise or of the spurious signal that is to be

eliminated.

30 2. The method as claimed in claim 1, characterized in
that, the operation of the detection system being a
narrowband mode of operation, the third step (13)
carries out the following operations:

- a first operation (51) of estimating, £for each

35 sedondary channel m, the covariance matrix f@n) of the
signals Vy(m,t) (54) formed in the direction m for all
the N sub-antennas; the estimated covariance matrix

Fﬂn) then being inverted;



10 the signal Vs(mt) corresponding to each of the channels m the signal
Vs(mt) being defined by the relationship: I- f-1(mt) Vs(mt)= V(mt)
[d(m1 f-1(mt)--d(m) 15 3. The nmethod as clained in claim1, characterized
in that, the operation of the detectiofy systembeing a w deband node of
operation, the third step (13) inplenents an initial operation of breaking

down the spectral bagd.ghqt Bge&s%%}aeqs@')g@ ddHaBinaGty Al £stibead® bands k
so that the signal corresponding to each sub-band is a nar r owband si gnal ;

then, for eaghnsgechr altisaibphand;shhétf sldanuimgdoperdefonsd ky fihst
operation (511 of estln?tlng for each - secondary channel m the
covari ance &R FPWlF?rF? 2k B? 2Bthe signals Vii(mt,k) (54) formed in the

direction mfor bantepnas; the estinated covariance nmatri x
T(-Rt k) then belﬁghp ?%b@? Cgméégond operation (52) of determ ning, for

each --> h I h f

fol | owi iy réPa?W%ﬂgﬁld?] éesfg?ﬁﬁgff I te%%%%%% cfglﬁu%hc ef?@e ﬂ%htpﬁ >0

desi gnat es g?g fntﬂ frl{squgncgni)%a££ev%&01ba@g kt@élddlflpe%tti@nt apy vector
on of "poi ntin

in the diret hannel - athird operation (53) of
actual |y fopaingingeof the channel m; P (53)

- a third operation (53) of actually forming the M
adaptive secondary reception channels by determining
10 the signal Vs(m,t) corresponding to each of the
channels m, the signal Vs(m,t) being defined by the
relationship:
. +
[E(m)} T (myt)

Vs(m,t) = V(m,t)

F(m)T £ (m,t)- d(m)

15 3. The method as claimed in claim 1, characterized in
that, the operation of the detection system being a
wideband mode of operation, the third step (13)
implements an initial operation of breaking down the
spectral band of the received signal into spectral sub-

20 bands k so that the signal corresponding to each sub-
band is a narrowband signal; then, for each spectral
sub-band, the following operations:

- a first operation (51) of estimating, for each
secondary channel m, the covariance matrix fUmLk) of

25 the signals Vy(m,t,k) (54) formed in the direction m for
all the N sub-antennas; the estimated covariance matrix
fﬂmtk) then being inverted;

- a second operation (52) of determining, for each

5
channel m, the phase-shift vector d(mk) defined by the

30 following relationship:

[A(m K], = exp(i27 5, )



‘5 adaptive secondary reception channels by determining the signal Vs(mt,k)
corresponding to each of the channels m the signal Vs(mt, k) being defined
by the relationship: [d(mk)] 4-1(m,6k) 10Vs(mt,k)= [d(mKk)1

1-1(mt,k)-cl (mk) V(mt,k) the signals Vs(mt,k) obtained for each
spectral sub- band being conbi ned wit h“one another by Fourier transform

during a flnal o] al fg%qi -
correspondi ng Wﬁagﬁeféhaﬁﬁéghgpgs ¥ﬁ[|:' S %hrs as cﬁ\@é meé |§1Héealseu%f cl ai s
2 or 3, chapgghend zgdai nu.l;hai hh@taigl NRdd s FGm et ldg reetdinanse mat ri x
of the signals Vn mt% | S produce fromthe follow ng rel ati onshi p:

-1/2_ r- F(RPLREL FRewRP2RA™Vi ¥ - FV) represents the vector of the
signals corr espondangh&@dt b@eMamrllomar353oha:rfneicstta111ﬂ3ktfxaxtming=ttph¢ hé

conj ugat e tr osed vecto th| S vect Or é 531 P ainmed in
any one of % Fggeaf?@o ‘fﬁ%\r%s ARt & i Saq s 9| F%%%%T?@lelgéan
the signal Vs(m,t, k) corresponding to each of the

channels m, the signal Vs(m,t,k) being defined by the

relationship:

F(m,k)} T(m,t,k)

10 Vs(m,t,k)= -V(m,t,k)

F(m,k)} -f-1(m,t,k)-§(m,k)

the signals Vs(m,t,k) obtained for each spectral sub-
band being combined with one another by Fourier
transform during a final step, to form the overall

15 signal Vs(m,t) (16) corresponding to the channel m.

4. The method as claimed in one of claims 2 or 3,
characterized in that the estimation I(m) of the
covariance matrix of the signals Vy(m,t) is produced

20 from the following relationship:

T2
I(m,t)= ZV(mt+t) V(mt+t)r
t=T/2
in which V(m¢t+t') represents the vector of the signals

corresponding to the M primary channels and [\—/(m,t+t')T
the conjugate transposed vector of this vector.
25
5. The method as claimed in any one of the preceding
claims, characterized in that it comprises an
additional step (14) of Doppler analysis of the
received signal, this additional step being able to be
30 implemented before or after the second step of the
method; the steps of the method following this
additional step (14) being implemented in parallel, on
each of the duly formed Doppler channels.



addi-ti onal step (14) of Doppler analysis of the received signal, this
additional step being able to be 30 inplenented before or after the second
step of the nethod; the steps of the nmethod following this additional step
(14) being inplenented in parallel, on,gach of the duly formed Doppler
channels. 23 6. The nethod as cl ai rrea in claim5, characterized in that
the Doppler analysis applied is an analysis by nulti-copy correlation which
consists in correlating 5 the received signal with copies of the |
transmtted6si gt Betked edshyrldiffad et §ildeR del SRragtenizedretRod as
clained in ap¥tonendf dhpirecadhngsebai dfpl L@ agt edh zeghd 1y difat byeach of
the sub-antennpnas 10 exhibiting a spatjal anbiguity, i,n a di reition m, in
rel ati on t o™H&1aCPREL | Sﬁrﬁ?égﬁéi’aer‘éﬁ%c}? hézc?ﬂ'g%‘r%si oft53CPhER-BbhEPst s in
conputi ng, iheaddeteanetio &bgnaignel tlvVs(dapies t ek sitpeal t¥afimhmitiedefi ned
by the follow ng.relationship: pi( nme )1 1-1(T 15Vvs(ed). Wril,t)
pOrel-1(r n,-F)lgn%f* (‘ﬂi%e)c(%ieﬁ \Lﬂ%l &%f%ierceé%tr lp‘)’oe%ld?e’tlg% ie anbi guous direction
inrelation to the main direction m 8. An application of the nethod as
claimed in gny fdeAbal 1S PLECAALAT Gl ANP LRed o2 SURIN £oUBEAShEU 2

| i near antenna tfornmed by sensors separated tTrom one anot her b{ a const ant
di stance d; cHRdnst e FharBCterifzeichiddy Natht ep2ol kel FhaegrPsaBrsRRefnas

bei ng pes f oemed Y iassaLi 8phB¥at hanWignralts, r ecei ¥ed it arsors’ separated 25
from one anot her _b}ésl\ld, tFe :du.b- antennas bei ng of fset fromone gmot her by a
di stance d; TEHEPrEs e CehtEr S THE L uB- éﬁﬂ”«?grr‘?f§ ustpt oGHEERTERRi bi ti ng
an of fset dsrel ahevie tonsthetanoihnercomduind\n ajppl iscktiitdorof tohethet hod as
claimed in angane 9 Gl 8hTs nko I3h0a2 SYSLEM COMYd e gl agge antenna
formed by sensors arranged’in rows and col unms and separated from one

anot her by dcddiostiag rdilsttdieeshdp:t he step (11) of forming N interlocked

pl anar sub- - .
[d(m')} -T™(m,t)

15 Vs(m',t) = V(m,t)

F(m')T T(m,t)- d(m’)

in which m’ corresponds to the ambiguous direction in

relation to the main direction m.

8. An application of the method as claimed in any one
20 of the preceding claims to a system comprising a linear
antenna formed by sensors separated from one another by
a constant distance d; the step (11) of forming N
interlocked 1linear sub-antennas being performed by
associating the signals received by sensors separated
25 from one another by N-d, the sub-antennas being offset
from one another by a distance d; the phase centers of
the sub-antennas thus produced exhibiting an offset d

relative to one another.

30 9. An application of the method as claimed in any one
of claims 1 to 7 to a system comprising a planar
antenna formed by sensors arranged in rows and columns
and separated from one another by a constant distance
d; the step (11) of forming N interlocked planar sub-

35 antennas being performed by associating the signals

received by sensors positioned on rows and columns



‘35 antennas being perforned by associating the signals received by sensors
positioned on rows and colums 24 separated from one another by N-d, the
phase centers of the sub-antennas thus produced exhibiting an offset d in
rows or in colums relative to one anoiher.

separated from one another by N-d, the phase centers of
the sub-antennas thus produced exhibiting an offset d

in rows or in columns relative to one another.



