;e3el : H6~TwE  System for detecting nobile bodies, using the digital
teI ebroadcasting transm ssions of an array of terrestrial transmtters 5
The invention relates to the H‘mmmmmmm he pi npointing and the
.determ nation of the velocity odi es i n thepeirgipRigly 02h 1tghe
ground by a bi-static radar systemws#0 The docunment "Miltinode multistatics
for passwe/ac |ve Plrbrrée %UI’VGIH& ce € - .Raone _Ai r

Devel opnent SESEER, L1 # ARE ‘ s
use of exi stlea@bm@laldc@sttelr@or oatd&aﬁmm:tqsmsm cssl onanas araagm ssifon
signal s 15 @f,3Ri~Stat |tgﬁarg;%g@rt ra ch thus benefits from extended

geogr aphi ca iscretion. The functions of the
detection, pinpointing and determ nation of the velocity are carried out by

depl oyi ng arfeSHirRfdn taldAYr Ofat E£ L Y EBe SQEEEtE‘Gnt hend0 pabseivatiign zone,
associ ated with centralized processin the informatiofn. ori % nating from

t he backsca®héritiif cHeERELRYREPR B ghtﬁ)b{q]@%(fdy of t mpkijgsHoglies o

eval uate thenpether nanEen iy SWE 8hd5 GEmeept appiyidnthe gemral |aws
of radar to the current characteristics of analog tel ebroadcast

transni ssi of¥S*fflus, the presence of line synchronization in the

t el ebr oadcast si gnal s leads to a plurality of solutions for distance

measur nt 0 r r.sely
proporﬁwenal b 4 I&‘gﬁ:3&&%aﬁé{%e%ﬁlegl{:?%%g%ggs?gg%aver{%l\é%,l%%annot be
ot her than ﬁeerb@c,rm@ $heveé&éﬁpcef, dRgbeak tB} edgiasinitas ;ﬂrqmat &dra 35

conpl ete repliRk g ethEe aeheée of g Ner § § NSUFES NON 3 4N oo | e@(iﬂs@q to the
definition of a ded O't hogonal Frequency Division Miltiple

standard, exXRUBPYi ng %ﬁﬁﬁ%‘i& t ebRfi caMs&dvartfagese*&friidat i @Nbllc 2 of
di st urbi ng eeheds chaicaexamy et;r@ﬂsimgegneﬁ@l &|s atdiv’@rﬁ%rﬁgj@&oﬁ |s§"g@1%lr§1nbrf‘{j 0]1:
accessi pl e prograns. .The pres nti 10 tilize nthe fie o]
5 radart su@lﬁ %131% tag:ngcﬁ xcc n%g}“-ﬁ gsﬁggégfef'fe{?f“o ed
terrestrial g’elognramﬂusgadns coMnxcatg&oramcﬁll yabpelvate odlsheebasns offhee

plurality of fi-xed fsr equgpcy Gajdier§erd Efc%ged arﬁlql (yﬂif‘)@iw?ase%n@ gital
nodul at i on, processed by carriéerw se orthogonal ency ti pl"éxi ng.
determination of the veloc1ty are carrled out

deploying a distinct array of receivers, covering the
20 observation zone, associated with centralized
processing of the information originating from the

backscattering of the signals by a mobile body.

It is possible to evaluate the performance of such a
25 concept by applying the general laws of radar to the
current characteristics of analog telebroadcast
transmissions. Thus, the presence of line
synchronization in the telebroadcast signals leads to a
plurality of solutions for distance measurement;
30 likewise, the accuracy of this measurement, inversely
proportional to the useful bandwidth of the
transmission signals, cannot be other than mediocre.

The advent of digital television has prompted a
35 complete rethink of the nature of the transmission
signals, leading to the definition of a COFDM (Coded
Orthogonal Frequency Division Multiplex) standard,

exhibiting numerous technical advantages, elimination

IR
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"A receiver for detecting nobile objects which uses such radio transmtters
may be regarded as known ("Le radar 15 nuet" [The silent radar], B.
CARRARA, P. TOURTIER, M PECOT; Radar Col | oqui um 1994, Pal ai s des Congres,
.Paris) and which conprises: - radioelecjric reception nmeans, for picking up
the signals backscattered by objects under the effect of 20 said radio
transmtters, - processing neans for performng a discrimnation of such
obj ects acc8fdi r?é%tdl’%?ﬁ%nc%‘/:?ﬁﬁﬁl ef OB nEx € auRRfi arP e alor

acqui ri ng aadslyaaknoriszatd AQargef ensemes Wi hoespeidild pidiprdi@ansm tters, so
as to 25 clanp these distance/Doppler bins in tinme. The invention proposes
a receiver, characterized in that it conprises (auxiliary) neans for

recei vi ng afiedamsidrdt i ingvenel o r atinsr &di ottidliedsw,oatashesifgrald 3G

received froogyane at,Jdreaglyi@fait QhRsnmtters, so as to determne their
instants of synchronization and their synbols, and in that the processing

means conprise: - Doppler distribution neans, able to apportion the 35

si gnal s reCQEVz@QdQ%@QE/qi ng 1o a pkekal i tye EbRORRELEL Pat ReaYSstWhid1e
affording themin each pathway a frequency shift assocjated with the rank
of this DoppFERSPASKHAERS, WHhich CORRQihcPOMpEeSRi bhenbasds &8l & to form

the sum foplatillihke carfi efixedf theqeaice! atbonsersn hamsbededs fornms, of

t he out.put of each. Doppl et. pat ith the synbol s avail abl e at, t he out put
of the ]gyauf'ﬂnlggﬁybﬁgaeﬁs,é%i&%ﬁ?@&@ﬁaﬁﬁ%a%oecsesasrercgn%%d cafrier-

di st ance/ Doppker oitheogonaie fnseafencyhenaritideppirey. i nt egrati on over a
chosen tine, thereby yielding integrated distance/ Doppler bins, and 10 -

means of postprocessing with tracking, devised so as to contrast the echoes
obt ai ned i nAt KesE€INIEFs, Lo R e M dNeP belapPprets wbAchi Miseg such

posi tion/ vekaekby trdrdmiBiids GRaPnNBe Ok R £EtBnok? rekeralay, the
recei ver_incl udes, a& the output of its radioelectric reception _stage, an
anal og/ ' gi THEEConV&PEer S1EEPFoWERIRY! a H LBERFRARhst drm SOYFEIER as to
obt ai n anpl Mt ugelphraseredapl eodigidialm siig9al,s. pdheiPopider cdingfriddyut i on

means and tggﬁg sgguent .stages Zr()lsc()a%e.r ate digitally. Very advantageously,
t he di stance conpressi onmeans (Porrprl se Fourier transformation stages on

sliding tenporal radtgeflesitad carieterft fommmenssbodpirerp 28k et nbbutieon,
t her eby reg@@gﬁa&gn%m@séa{gg%idaw €GB} ¥eds td}%’%ﬂi CRRQI akr £OLL g'oﬁ]gfs -

thereof with the output of , uxi I'i ary” nmeans, and a summator o
out put dt t AeleorRErSt FeNEsK tte& Sset of carriers.

- processing means for performing a discrimination
of such objects according to distance/Doppler bins, and
- auxiliary means for acquiring a synchronization
reference with respect to the transmitters, so as to

25 clamp these distance/Doppler bins in time.

The invention proposes a receiver, characterized

in that it comprises (auxiliary) means for receiving

and demodulating the direct radio telebroadcast signal
30 received from one at least of the transmitters, so as

to determine their instants of synchronization and

their symbols,

and in that the processing means comprise:

- Doppler distribution means, able to apportion the
35 signals received according to a plurality of Doppler

pathways, while affording them in each pathway a

frequency shift associated with the rank of this

Doppler pathway,



+

30 It is currently preferred that the radioel ectric reception neans
conprise an array antenna; and that the processing neans operate

sel ectively on pathways respectively associated with distinct antenna

el ements or groups of antenna el enments,3up to the postprocessing 35 neans,
which at the head end corrpri se neans of reconbi nation of the outputs of
these pat hways, t view to beam fornmation ﬁr eft a%lly éﬁe beam
reconbi nati on e § %gﬁat%o%‘?ﬁﬁw yme%@Sa PE & iSh B hE oSt bodi es
tracked andfbhe exhbes thigservedriers,4 dAccotleng ¢armeidtieonaspedn of the

i nvent i on, gg&o ?{5@0 SS9 ‘%fﬁf C&E%ﬁéeof QHE#l @ngh‘érpp%%%%@g

stage, for eac radar basis o
t ransmi tter)wllebel payRolrhe avadekablbd aitto Ehel sQYeRua syt erhicor

det ecti ng ”B'Bkhqlg@ye%éa\ng\h' thece '3??@1&1‘33{ I 3268 VEFSanhbgd i3f chosen
places, and neans for contrasting the Tadar p o s which these receivers

yi el d. AccoPdBhgnCE/Eoperer &i®S adj unct, in addl tion to the
t el ebr oadcast i ngnieaaRs Mdft ersondQRed , ]bdiﬁ:@é{ﬁt eﬂheema{a'teeﬁ adeietd oral

transmtters.sited at chosen 15 ace and o ti.ng with.,the sa

modul ati on S8°FFE tel e%ﬁﬂ‘&dcastl %‘ h’sm’ tt % 5’% Aﬁ&tﬁ&ra&%q ant
consi st s i ndidspphereMopnrd eirhéisyst emdn t h means for addreSS| ng service

i nfor on tot e i r t pqQses of
ot ranch ssron | BEPRE 1O HoRa SET ac LRl O acrr ] 0 Uan SR RS Cs of
the inventi 88 Wol IcadgmRt dgpareshoon eXeainedginhthdeeabiag, 25od@scription
below. and tae apRended Hdy NgsLots WBbERainihbOUBBLE divnd Yd1BREhAN

illustrating the CO-DM si gnal codi ng node figure 2 is a diagram
i || ustratingR&oBMasion ep&sia |Q¥n“%ﬂ>é?teecctk?3cﬁf3to‘h the basis of three
transmtters 30 V\/mch here are |Ilustrated at the vertexes of a

bst ant i L3terald 3| atic
substanyy ol Ly csaudater dhd anane, - JIANE,S Lp L vty gl s anmie
35 - figur eréduseﬂleetd'etcal | eeboebipaigioamm ofstagegcei aar ueenal:’iloe/fdmg:lﬂed

't g' gtm;”faaz 'ﬁv%%ttel}e 'fﬁ;‘ﬁ%&e‘&i‘ py d'@tf8eRT! SrLAEFBPRE sHELR! ! & dpgram of
d to obtaln amplltude/phase complex digital signals. The

Doppler distribution means and the subsequent stages

20 operate digitally.

Very advantageously, the distance compression means
comprise Fourier transformation stages on sliding
temporal data trains arising from the Doppler
25 distribution, thereby regenerating the symbols as
received, then temporal correlators thereof with the
output of the auxiliary means, and a summator of the

output of the correlators for the set of carriers.

30 It is currently preferred that the radioelectric
reception means comprise an array antenna, and that the
processing means operate selectively on pathways
respectively associated with distinct antenna elements
or groups of antenna elements, up to the postprocessing

35 means, which at the head end comprise means - of
recombination of the outputs of these pathways, with a
view to beam formation. Preferably, the beam
recombination means operate adaptively, as a function

of the mobile bodies tracked and the echoes observed.



-5 - figure 6 is the nore detail ed diagramof the stage 50 of figure 4, -
figure 7 is a chart showing the nultiplicity of signals processed at each
juncture, and 5 - figure 8 is a group of tinme charts showi ng an exenpl ary
-apportioning of signals received. The_appended draw ngs conprise el enents
of definite nature. They are therefore to be regarded as 10 i ncor porated
into the description, and may serve not only to better elucidate the

| atter, but also to contribute to the definition of the invention. COFDM
modul at i on wicklb ridimngt | e dbe sproagriit edispiddt 1o f efdreendervientiiicqgur e the This is

described in particular. in the article." Br.o
Vobi | & ReceryBrErocg= et toepf LEofREer Y BT Eedp P RS e
Transact i onst@lg;eConéqnerdﬁlentrrg)neesh VdaB35plNe. S Algusbagd89.0R20 It is

envi saged that, the cy /q{ de according to this type of
nmodul ation, in parti u ar or tel evi 5| on.” This invol ves using an
appropriate grid of terrestrial transmtters, covering all or al npbst all 25

the broadcaghicng; heEhtiBRY 2T ERAM | 3t i 9PsUERS fol AR
(typically several thousand) of equidistant subcarriers (here we shall

speak of cafére q@@%ﬁ%pl“l’@‘f%)”%@?%ﬁté?"§6aér & srsdefteF Hed ow
freﬁyency artdegensian tb_yaclayg a%mcppﬂwﬁahg (f@descoﬂ%h;&iéltﬂl_e@ﬁlﬂ%eng:aﬂhﬁ h<(aQ
applicatjion i n,parti ar be a phase shift coding wt nonent s
Phase aslhéft p&%isné”hgths%‘@ orree(??e a?’r?p?q(gude nmodul ation coding with Q
nmonents (Q Arrplitude 35 I\/bdul ation or QAM. The basic el enent of the

nmodul ation xS, C a al @&; P QUL d orned,
to which is appl i eé@e/m I nt egreéit?fo%lvé%sgg {dfrqgttl onﬁfs stﬂ?c y equéT to the
inverse of tied ehrendara) igshci fgasTsmite %l ri Pehi s dilRs r9%Eq® the

or thogonal i iprRfrildals 5 £8A1¢£68a0N keGeRMiberdNer ebyedBkaRy Idhdigsi ble to
recover_the synbols w_thout crosstal k., The duratio f. a synbol |§
”P‘ngi y of

subst ant? al Walct?@e‘?m@h&ﬂ?ecrﬁet%nrﬂ/e\"éé ofthheSeP8c MR {1 f A8q

t he telebroadcasting transmitters proper.

Another wvariant consists in supplementing the system
with means for addressing service information to the
20 telebroadcasting transmitters, for the purposes of

retransmission in their modulation.

Other characteristics and advantages of the invention
will Dbecome apparent on examining the detailed
25 description below, and the apperided drawings, in which:
- figure 1 is a time chart illustrating the COFDM
signal coding mode,
- figure 2 is a diagram illustrating a bi-static
position detection on the basis of three transmitters,
30 which here are illustrated at the vertexes of a
substantially equilateral triangle,
- figure 3 is the very diagrammatic illustration of
an aerial useable 1in a receiver according to the
invention,
35 - figure 4 is the detailed diagram of a receiver
useable for the implementation of the invention,
- figure 5 is the more detailed diagram of the stage
40 of figure 4,



*10 carriers. The difference between these two tines defines a “guard
interval", which precedes the integrated scal ar product operation. It nakes
it possible to circunvent the dispersion in propagation tine which may

.result fromnultipaths. 15 A particular feature of this nodulation is that
it allows the sinultaneous synchronizeé transm ssion of several spatially
distinct transmtters) provided that their signals reach the receivers irk
the guard .- 20 ifhigeval 6 Fai shpr opae geataiflgdshiadasam fof the pEadent
invention: 44 gBkesgiteppssible to cover a geographical zone with a

nonof requency networ k (single-band), unlike current anal.og .television
transni ssi ons, fBFIRX@nYl etS 28 ANEKEMFREWIFRICTER 5“3&&11:8[1&}&}{ Rbw to be
described bsighdys Soosedecdaaseeher 9hlindtgirkal andnbols to be transnmitted

SYMBj (t), where f.is the tinme,_and j . the.dndex of 0.s . Th
expr ess%on Tor the9%¥fGnal 5 b2 tgrraénuspm t%tfed frgethcg%%s\/e)r%ﬁl%ylg a?POI’l (1)
of the AnnesxafpFarnuheeotappehdgdofostibeadescecptiived).. The expression for
a synbol is given by equation (2). 35 The latter calls upon: - a function ~
defined by equation (3), which itself calls upon equation (4), where fk
desi gnat es The farrgriry cirahiagar PGS agleengsd of def@géfeicients

G, k which gay,take ofgpf the fouheralrues defbned,dy rel@triqem (Shs wWhere |
is the usual synbol for the cogglex imagjnaries (in the particul ar case of
§

4PSK nBdul atRePTPRF R ReD=4 Hishehts) IS FRIRHESR: r P&t i BAY, TR Hd™P8 are
respectivelynifie tot abetteat i eNuandatbe urRef uladueati obuef toabsnitssi on of

a synbol) as wll,be seen Jater .D=DS-TS i.s . the.qguard.interval. 10 For a
gi ven val ue® %kfprgg)gowﬁkai§Ffﬁ86£§ﬁntﬁFe§%€é§%§:ngli t-jDs < - 0, i.e.
t <jbs - D, the function yi is zero; 15 - if t-jbDs > TS, i . e. t >jDs +
TS, the funghigh Yindd28®n - ko1ihe ditarnal Bet wesnddie dao, wike
function ur Ts given by expression %6). 20 The frequencies are therefore
coded ilfdepenferengewicoh fiigaizg dl of Thigodés WasrdiRad phaskagtarud adef i ned

by the permptede ahphabet” f9igidel comiek Boehlitabenhy Go kModggerding to
relation (512<'eceivers", B. LE FLOCH, R. HALBERT-LASSALLE, D.
CASTELAIN, IEEE Transactions on Consumer Electronics,
Vol. 35, No. 3, August 1989.
20
It is envisaged that the digital telebroadcast be made
according to this type of modulation, in particular for
television. This involves using an appropriate grid of
terrestrial transmitters, covering all or almost all

25 the broadcasting territory.

The COFDM modulation uses a large number (typically
several thousand) of equidistant subcarriers (here we
shall speak of carriers, for simplicity). The latter
30 are modulated at 1low frequency, independently, by
appropriate codes, which depending on the application
may in particular be a phase shift coding with Q
moments (Q Phase Shift Keying or QPSK) or else an
amplitude modulation coding with Q moments (Q Amplitude
35 Modulation or QAM).

The basic element of the modulation is the “symbol”.



25 As illustrated in figure 1, these frequencies are transmitted over the
duration DS = D + TS. They are however orthogonal over the duration TS. The
time interval of duration ~ is the guard interval, intended for attenuating
-.the inter-synbol correlation problens-38 related to the propagati on channel
(mul tipaths in particular, which may appear in the hatched zones of figure
1). The durati YySLS r. t.he ing_(i { OC I tlons) of

t he signal s%trneglg(?é/)é @?(gﬂthhs C% lh fcg&%;ﬁ gg %ef“%gro&%&%?” or uses a
conmb of equiagpdtigs a;*armieegraﬂ'i@y ‘aheser thogbaah, ifsorsta istdlyvareqrasduct
correspondi t ei corel n%:"@tﬁﬁ C ed ri t he

i nverse of '?%el ?C}%‘%eq%%géggéapwi q"tHeO ac é?&% he%gggﬁ |er§ucaﬂr}rgpi es, for
a duration ISIE}Qﬁﬁﬂxﬁ'é%rgéyﬁﬁuﬂ#ﬁﬁtBoat%ﬁhs%rEh%g@n§b¥tYn@ﬁef@éheralIy,
modul atimn &taatxq)e)rsch@ﬁerréégp@@npl ehbremyS Iaarpm%Q% 5%@E§§b1$h'tso
duration DS correrpor}lds Ci sel%]d__lt'o t he invers of the conmb gap, plus
the guard i mtt&VA Qﬂ??ﬂF%ﬁsﬁﬁ%fﬁuard interval 0 is chosen
as an upper bound of the inpulse response of the transm ssion channel. 10
After each n rrespon g.to this,_ durat called

"I'i ne", thewgl%enb% £$ & t?ansm%”f‘gaT &5 esnlgov\e%an%haéf%el ﬁ&g&fn e umber
of tinmes sotde tonveyaeri zef a tHa appaciny ALt Hdheheddeabienky folnmgthand for
a chosefio dUial!,QRrd Ne FYODOL; ERELEARANING Jdud NecRELE PRARE. 1Sy
transmitted on each subcarrier so as ow acqui sitron or 7Yication
of the freq@&ddypasespBnse"@Bi t Ha tararmshi ssi Uhl§HannIé¥eC¢\dﬁanbéifh%f

synchroni zatineRegriadadl S S¢£18F Sopkbaned t bl idie. stact ahxdae frane.
They make it pos i.ble to reconstruct, on reception, the carrier 25

frequency, dbiPat ForCUFYRA T ddhs ffiéﬁPF6ﬁ18P tHe BEERAFaYEn to

or gani ze th&m@l mbnaih o yp hassas] f dfirahetreu g ivbanghé he 1 npul se response for
each caygier, and to tag the start instant of the useful duration of
t.ransm ssion of a synbol or to determ ne the duration 30 of the guard
interval . The pactiveiasf Seshuzner auf oddviraunimoduilet isingnak | shéer eltr egar ded

as known. 3%1m%spthét'sqalu1@a%efcf@8§ MehloR9Lele dh§$ﬂ§§&gsgaﬁl rbf

subsequent|ly. Specifical I.nt ervenes essentially

reception sF&@%aW%t%ﬁ‘%lYeéélséé@cés YL tF—"o%%*‘"'e/erprlot"lid§dné’é’ﬁsﬁstsary to
contrive matheis susighdbg t heaa®soctiad Edrléb@(ieéilsng,lrh n paeti glargin —
g respect of callbralﬁlon and thggstart of .t he tIsae]ge |s ellable to t he

achrac@ red‘w FET }hjesr%ﬁgpeﬁ céfsﬂﬂ‘% he 'sresent

invention: it makes it possible to cover a geographical
zone with a monofrequency network (single-band), unlike

current analog television transmissions, for example.

25 An example of COFDM signals ought now to be described
briefly.

Consider a series of digital symbols to be transmitted
SYMB;(t), where t is the time, and j the index of a
30 symbol. The expression for the signal to be transmitted
is then given by equation (1) of the Annex of Formulae

(appended to the description).

The expression for a symbol is given by equation (2).
35 The latter calls upon:

- a function y defined by equation (3), which itself

calls upon equation (4), where fyx designates the

frequency of the carrier of rank k, and



‘51t is tenpting to use terrestrial radar transm ssions in bi-static radar
node: | ow cost on the transm ssion side, since the transmtters pre-exist,
with already allotted frequencies; |ow transm ssion frequencies,
~advant ageous for detecting stealthy nobyl e bodies 10 (intrusion of small
aircraft for exanple), and detrinental to active neutrodyning (anong ot her

sinmul ations), as well..as tqQ the guidance of aqgressive i]e baqdies;
conti nuous oper ati% fd‘scsltﬁng: i T pr iwﬁfi% el?‘a315q'1%rlfet h%n?a(rﬁg?-af g]?? E: st atic
detection | vadesesr i defined phyt icelariom (Bt iwHdxe - $t dtd cthegluskimdquency

(PO Rad (oo} LN iJyb . Lperef.s S URI et
W M HGERNE%%%%&RGDE o%g@gglg%g 28%$§é§§%§‘%rgac l?”on?%%t \?Légﬁ%:i?gst rial

t ransm ssi 068 sgn® faidfSKammodusl adlism stwidile R34 ndmeenzggi cl e "I nterference To
Satellitee Earth Stations Due to Scatter of Terrestrial Transm ssions by
Aircraft”, J.V. MJRPHY, 25 Australian Tel econmuni cations Review, Vol. 17,
No. 1, 1983IPThESHS F&GLIAE B¥S hilssPRG dsdBEBcEREREFSIVELYstthgt &®tad figure

2. Ve consi defratthiope dred r ener e fialdaduBt L 6ANSH tiRissrils$ Dof3ofi 13 t he

i deal or "canonigal"_(in theory) configuration,a equi l ateral trjangle.
Three recei \?é’?“go re %%vivga]gediogmﬁeﬁﬁbgt%ﬁ]ﬁ al PYBF%ﬂt hésm%eg&l""%e
segnent | oi dntgrighland E2, R23 substantially in the m ddle of the segnent
j oi nin 2 35 and E3, and R3 substantially in the mddle of the segnent
joining E1 and E3. A nobile body M (at least) is noving with a velocity
vector V . Tl co-opeveri orebie eadh rlécaDedr wWe h dimtinguilgh dfhudee
transmttergapkes it possible firstly to acquire information on the
relative velocity of the nobile body (cDopp_I er information). As far, as the

position i s conceéfnddIDst <ars®:ndk&s it <pdfsi bl LRBefuscEéPpadh idr ovi sos,
to determ neean;el lipsoid in which the nobile body Mlies, the-foci of this

ellipsgd being the associated transnitter, and_the associ ated receiver. 10
The po(s)iﬁbi Fity 6? per 6r%i h@’ DopPl e ﬁeé?ﬁr*ér’rgﬁt g:}(%f BreEtaRi ¥ ridar

type) on theelpasis of tel ebroadcast terrestrial radar transmtters has been
known for sonme tipe.yl5 Q1L d N8 ot]pagg Ptqp e ic r el at.ed to the
modul ati ons used lrrakelal tlg\}er_y di 11100 '?%)h%reg‘gﬁf e@ia?sﬁgﬁgg?\?mht h)atlgsday' S
anal og t err 83vVenabyr g#PFessaesni tdlers. These reasons are nultifold and are
to do with the fact for exanple that the television |line 20 frequency

introdL%ces ngrre(rafous di st.ance anbiguities and qﬁh t . the useful frequency band
in the 4Uni Afic T SPIRCHIS ndFF o SFRE LS &S ?}‘?ofnﬂ‘é?@{? EBRLYF " | e
bodi es havi nheaaidal fsiegraide evittid fouwr vehaset ytabekhdefiasen®tsy athea very

consi der abl f . S th de probl Lc. The epergence of
COFDM nodul Flkgm\é?ltﬁgedp%w}{aﬁgeeb%g%? \#1% b%;n s%e’ﬁagggg%%ééﬁnpﬁe%'er est of
certai n radaccengingets wetlllktiegar(®)t-o bi-static detecti on based on 30
radio transmtters. As far as the Doppler neasurenents are concerned, the
mul ticarrier aspect of the COFDM digital signals tends rather to conplicate
the sitamati Bf: théusésarednt 135 DAgPrer éff ebheRss foesuensies et a

plurality otreasmietetr eguerci eneof adichtenant pyat ugs+ mogdul atted, are
independenthgwggegneo%@%%G%%al over the duration Ts. The time
interval of duration A is the guard interval, intended
for attenuating the inter-symbol correlation problems
30 related to the propagation channel (multipaths in
particular, which may appear in the hatched zones of
figure 1). The duration of analysis for the decoding
(in radiocommunications) of the signals received is
thus limited to Ts.
35 _
The COFDM modulation uses a comb of equidistant
carriers. They are orthogonal, for a scalar product
corresponding to their crosscorrelation function,

calculated during the inverse of their frequency gap.



.

- 11 WMatters are different as far as the "di stance" neasurenents are
concerned. Specifically, through its transm ssions nade at precise instants
(frame), the COFDM process affords a beneficial elenent, conbined 5 with
-the knowl edge of the nature of the "alphkabet"” of the base codes: the

transm ssion waveformis much | ess prone to variation than in the case of
anal og tel ebroadcasting, even though for an uninfornmed observer it seens
like a noise. It is in fact possible, 10 by decoding the direct

transm ssi ofacdcepfedhiese hearetervecarnies.ecbgni e dweatignaDstr aénsnitted

(that is tog3apdi0 d@&pp@sﬁ;&?dﬁa@bolig)%aeveghag@ugetwgs gognal fdansm tted

i s nodul at ed by an _unknown source. hi s "consi derati on nakes it possible
to perform SfFEFE Y stBPFel3F AR SHFDe uEPPFERd PTeRBEUPALI dif Before

processing \hicely r eguges $0atbe. casghif aduraRsrssi 00 Widdy dspdids
nodul at ed by the eqpivalegb of, noise. 20 C?e %f t he Iynchpinj of1%$e
present i nv@FGRSY the 5BSer VAt GiF t hat Ot hE &YW t 9P unBri*sn B t he
si gnal t hus gueecessadeapprloadhesAfibe, cushenadyratianr enEnttshef gudat
engi neers. neciifigak Ly, 4 as_ be v t.kh S ode
consi sting g?ta Iaﬁgéyn%%bgpobﬁ or? ogﬁnggig?égﬂﬁﬁgfegkfngtﬁéﬁgﬁﬁﬁﬁ|
duration | eagsposse Wi ttédrss gesnrsma SFiowmibamne hnal . This gives the

bi -stat{g detection systema beneficial distance 30 discrimnation

capability and exenplary robustness with regard to interference and
nul ti pat hs. Afier RaGky Sene t HetevYR buFAGT EFPPRELNE] 8 tdvid furatipror der

for the ellimsondgoticafliiae e 14 i berdd §imBH11 BoSPRC@ransmittiRreassary for
each receiver toé%g caﬁablﬁ)of acquiring a ﬁﬁnchrq$léatlon .cue, with
regard to t AETEeni 581 5n S5 the PRF ANt B PERs fiT t EFMCFhi ¥ paPt i@l arl y
tricky aspecirdasiicey el ofechnz! .ow, - 12 - the working assunption
accordipg to which the signal would be periodic (with period equal to' the

inverse of the discrepancy between two neigﬂboring frequenci es) cannot be
adopt ed. Spédi fikal hepdt et stheefffragieont andk feysta nebessar iduratianmye from

one synbol tgeanotP@bol O hIMiSHordiend adike signal wadgl nghasanveys any
information: it is inpossible to transmt a ,cue on the basis of pransnltted

si gnal s whi G 3PSHiGTSEht | PRI y SefifonPPREBRE 1R8di uRPt edR t hPs BEiIRY
required 10 afcofuitsie iper icadi vt BE5¢EPLo0Nof- the fhegidhery agdhoride i s true
t hat t heg, COE ignal_is.simlar.tQ tenporal noise. This prevents the
applica??onoggkif %F%ﬂﬁ%ﬁﬁﬁﬁQﬂuﬁhﬁ%ﬁé}'processing where the distance

di scrimnation and the Doppler 15 discrimnation are considered "in

paral l el " (separah@ley ands ndependentditat rod | Nalighatdier &is caiise, to
renove the fixed echoes, this also posing a_probléem given the dynamc
range to be tFPeE8eLE®d ottt Hd &r 8ERTES &Bp. bpame.” They make” it

possible to reconstruct, on reception, the carrier
25 frequency, the line duration, the identification of the

transmitter, to organize the calibration phases for

determining the impulse response for each carrier, and

to tag the start instant of the useful duration of

transmission of a symbol or to determine the duration
30 of the guard interval.

The receiver of such a radiocommunication signal 1is

here regarded as known.

35 The splitting into frames will not be discussed again
subsequently. Specifically, it intervenes essentially
in the head-end reception stages, which are regarded as
known. However, 1t is necessary to contrive matters

such that the associated processing, in particular in



"As far as the problem of synchronization is concerned, it is technically
necessary for all the transmtters to be nmutually synchroni zed. However,
for all that, it is neverthel ess not easy, at the receiver level, to 25
~acquire the desired synchronization wth respect to these various
transm ssions. The use of high-precision clocks for this purpose is
necessary.  FecpRen a5: 0B21MkSARI O AREK AR I4ANSM pEeTifeceiygt nal e,
preci se tenpor tag must S rac romthé signa recei ved
It is at thr§1|1@\bé|etﬁm thléepré§@mca|cwverneqm:%ﬁdorﬂ@ranthﬂpomaaﬂrﬂr

el ement) V\thgcle%ss_H@ ddxsed | ow the devel opment of receivers capabl e of
carrying out 35 effective det ection. Consider a COFDM transm ssi on
operating around 300 MHz (nom nal carrier frequency indistinct fromthe

subcarrirsyt wg htéﬂ\p@@lﬂbVaicenﬁséadﬂe@h%éﬂxsﬁilr Oph8ar trhhsni®rorf 100D
W There are_a nunber cg % 00 carri ersvésubcarrl ergl and they cover a 1.5
Mz band. TRy B tdfereride Caqui'fit Gt f PBmMEORe HASHSS AR usef ul
dur ation of sukﬁe symnnbe itshd It&an&nﬁmtarfs ttmebaxustl deastlef dleeguesent
invention r | EL eiv |s f a nt enna,

&34 %%g Cagr am‘%‘il ca é;/ in trégg %pl r%r% uaet\éhca' es,

illustrated veéry gure formo I'ee ‘panel s
Pl to P3, aPOyagédoeoUsn 1@039qudleaeetrcalngtnsatr@letIWthmabvéeu daldiseg s of

symet r S ver sall ti rlgp}n_cth p | copph for anpl e
16 ant ejynona gllg%erﬁll%é%%l t8§A16éjrhé|P|Pd %tr}tsfcl n 28% mat r | x}b?gﬁd |Ialr5dsftrat ed

here in thedesEHENtRAG éﬁtehﬁ‘éElV%ny %@hteafo@émlag whi@eng sudiemtial |y

15 isotropi @1hﬁthan'1r6thf heary,aul apg Wy Ct{hé)oéﬁﬂééﬁéeaélfm&d&'esgﬁxfb' S
structures are sinpler, i s thought_that antenna

sui tabl e. AIttg)gr e

structures pPo& §' Si n a}r‘ﬁ%trycﬁqtﬁé\}’(ﬂ"tﬁl oﬁ’%rt"’ﬁle?rbertq ei s Hhd an
outward conpaieacprpdfe.l e woul d be preferable. 20 For sinplicity, only 8

ant enng E‘fal enents wll be considered subsequently. The receiver proper is
illustrated in figure 4. 25 According to an inportant aspect of the

i nvention, HRe ©Oig puddat @¥d .atblesbatds desegttiomnabs (Aeseribedarirenna Al)

i s recei vedgpanta ckARVeNt] onall FRNST ) - §Q§91@SHEBhd@E%%eh|&’§/ t@ePpadceast
signal s transmtted 30 The head-end stage 100 is thereforé S|mlar to the

r adi oel ect r RESGEr t TRFIGE CORBY KL ePY e rA HFLURR e RCAGHET AhFTe. DYt $dSsesses
an out put 1@HAUDHURIyiee! da M.h@BCHRWER, f23ARD MecBYyI®hy ongg®mtiion, with
respect,to the 35 relevant transmtter, for exanple the start of t he period
TS (fi g%] e 1). This synchronization makes it possible to define the

ori gi nal di Ther emteatradistandetwWern atérrketedhdestmansingsfoonm tared

relevant transuhsgion; o SLAGE (G dECnPAL | S EDE18N VT8 Ference
To Satellite Earth Stations Due to Scatter of
Terrestrial Transmissions by Aircraft”, J.V. MURPHY,
25 Australian Telecommunications Review, Vol. 17, No. 1,

1983.

The principle of bi-static detection is illustrated in
figure 2. We consider three terrestrial radar

30 transmitters El to E3, in the ideal or “canonical” (in
theory) configuration as an equilateral triangle. Three
receivers are envisaged: R1l2 substantially in the
middle of the segment joining El1 and E2, R23
substantially in the middle of the segment joining E2

35 and E3, and R3 substantially in the middle of the
segment joining El1 and E3.

A mobile body M (at least) is moving with a velocity

vector V. The co-operation of each receiver with one



- 14 possible. The unit 110 enploys it for recreating the tenporal
reference of the correlation stage 50. The transmtters thensel ves are
identified without 5 error by the direct path. It is possible to take as
-reference of the synbols in a receiver jijghese which correspond for exanple
to the closest transmtter, the symbol s transmtted by the transmtters
bei ng by defi.nition |dent| c , at a given ment. 10.Nex age 110
regener at es Fhettlsbﬁtb ’%(%'T‘)pl YFngPBrotReS n%l\fﬁltilaf i £°

st andar di zeelcqmmpenfonfnatlnenr ednevaﬂte breddcase ngelrysiem obdr theanpl e
the ETSI st di r]%_m 0 al di 5 Broadgasting or
DAB), or th@gg andar urr(;abncﬁp?fL eing Pravﬁ%%%ﬁ thﬁ\geggr% t(% i &%
transm ssi oRosibignt dls \ﬂCdESIﬁIBrEtfhdcﬂa%tfﬁh@OomabVB) itThessyiel s varder

regenerad edc'e@t@ﬁ’lorlng&vﬁQQ.%Oprﬂdat Qef:@f:mggeb%rpg eﬁ%gs@f& O] c% conpl ex
form at the_|evel the correlators 50 wh deal t WI | at er.

The radar ptB€esBPRYLPs BRAV céhsiéeped. tl’Q% FE@Flea@ﬁ dihihe eddti@fnds Ae (e

goes from lpe8nB=8khet hgss66€h¥EH COIPREBEStEr T asRECtine RAJIBRG LI Ch
wi || be described hereinbel ow without enlisting the index which appears in

the drawi ng¥®86*¥ié& ‘head stage is a radioelectric receiver 10, able to
receive the band |yi ng bet ween around 288 and 302 MHz, with si m | ar

perfor ce or tel ebro |ng receiver
manner , h| g‘lh% gﬂi vselrbji nc”{ d%g r?%fgrrmln aéj ges %?aﬁ%aﬁ‘gﬁgﬁ 6001%'(
| ower i ng 't heiwstkitig baadarAntyapal oprsi ghel lwhst;h raepr esdes ddtrast

frequenci es rapd RRages q:fa&c@tChtPénélli:l?tEé{’E' 8L Ineddded i Ehe whple of the

band received is obtained at out put Thi's output signal conprises:
- a "dlrecttlﬁﬁgnal of the [sic] to t he propagatlon of waves in a straight
| i ne between the transnitter for exanple E1 and the receiver, for exanple

R12 (to h ltipath d - t

backgca ?erl e a%:& qﬁe 5§ﬁ%m(j tt%) l%%%sgrnrﬁa)so% " Egé}taﬁe Sstéﬂaﬁheof t he
[sic] to thmokiadla$a@tntser usgdofmahe \Aavewérpmdﬂfef:tmahsrritid emeasuree

recei ver by 4t sy, g%l eCl,i (ho Whi gl are a'a%?al% ded a0y 1Q Ul paLd ) It is

known that, Seen om t he receptl nS|de for a"bi-static ra in
general : - thansiist@rscr dhansy tRasemes th% ImslatufOédgnad ame 1% tdme di rect

signal is, {,0cwthhe ardlistange ambigdid Yehheprasentaliue of of he igid f erence
bet ween_ t he .di st ances E gﬁ+ (M812) "and (EL, R12), hence the position

| ocat i of$ adrEAMERSYi d uces hEuFﬁéaﬂén(ﬂ}%ﬁagtﬁeep%‘ﬁleygBéFﬁéén ¥k usef ul
20 signal ambathehdi nesdfsl ghakgihénct 0 bainidhiih acvel Damli yandbi Gdidnal

representati.ve of ebraic s mof t%‘e ections o%.%he vec*lomty

vector- v on thé aornrte %Q%ntcgpaﬁl axi 3 ( E%f%jland o{'n PRBI $PRECH&T ont o

the axis (M'lamgp_ a weak signature and 1low velocity in the
presence of a very considerable level of clutter is

25 thus made problematic.

The emergence of COFDM modulation, used in the UHF or

VHF bands, has revived the interest of certain radar

engineers with regard to bi-static detection based on
30 radio transmitters.

As far as the Doppler measurements are concerned, the
multicarrier aspect of the COFDM digital signals tends
rather to complicate the situation: the resultant
35 Doppler effect has to be referred to a plurality of
carrier frequencies of different values modulated

independently of one another.



"25 After this radioelectric receiver of the bi
to digital

to the totaMAHRFDf #hE siYFHSTEF t o ?he Ranbe?S of ©

-static radar type, we switch

signals via an anal og/digital converter 20. 30 The next stage 30

is H LBERT transformtype processing which makes it possible to extract the

~conpl ex anplitude and phase conponents q(or_real part, imaginary part

the signals received. CDSe denotes the two-conponent conplex signal

obt ai ned for the antenna 35 el enent AE. Th sanpl i ng Eg quenc |s tal | ored
np

required tomﬁasiurZeen@tl%astarEowd»mefrm@cﬂlsfcslpmo(ﬁFiE)aJd\yer throtgh t:ttas
duration TS of _integr.ation aIIowth n th nbol s.
Thi s sanpli rﬁf ér&fu%rfccif’% s,mv‘l’ﬁlfaﬁa g e&)ﬁﬁ%f‘g chtse }’Eg gg’ﬁﬂgé) 5 %@g

subsequent p]QRmBs'pmgciesspeafﬁonésl whi bene@insudérlﬁgementexamlﬂeimeﬂ— 500

d r p d an o n radar
Vﬁcf}} fer engl al ancg]g %ﬁ%m?l%qo @i {:ﬁ{e %gpﬁﬁagj&no[%fd t hat
the t heor et itdw h@ﬁ@ngﬁﬁﬁguoﬁéledltﬁmm nwwefqrm ips myfich hHee®® der of

di st ance bi n

node, i.

150 km (di f iyt i abby) vaange o eatidnt han t ReyLusEQERIY odi StRKEEoH¢

) of

et ween

two terrestrial radio transmtters. 15 Li kew se, we consider, a_velogity
X02aqGAH MG = 18YSel ofPOYIB nsEOFor A useARTIW T ence
rate of 800 dtb?se"mﬁ:lexa it | $eemogl bredaohobsed Hz. ifefier eftaer nmyssilbbeguent |y

domai n of

be nade
terns oiLB

nu erj:1 Slodtlﬁlg s

Ushaih FEk 2010 DS AR 0L 5 S Wcec gl usd

ure (in
CDSe

i s the subj exdcealfvexrDoppd eredoghi zbuthensignedr dhrraglsnuﬂ*tlxed/edtd'mtt y1$)| ns (or

25 Doppl er S f grabl e %Fs}% be el
tailored tobcH: gé(% §| gr?%g) %t hehqesu qéuen% E%ﬁe ér etn % | on
Det ai | ed i n H4apame B.ed Hes grediel ated dpypr . egn ngwndrsgvrrsaut or 401 capabl e

of creating the Nv Doppl er pathways VDk required (k goes from1l to Nv).

Each Dogg

| owerin

S FRePBEFAFEY Thi the

| er pat hway VDK i ncl udes a change of  frequency stage 403, for
{

t hé'H lr%qa%%yd%yaslem mekes( )t REFTHP

processed byi-htsatpiat hebynaBs Buchhe whihieedf af Keguehdis tamprbvsdsre he
product  of t@%éé&%&n&'@ﬂlch re c%épgo:%ﬁéfgggé %k a'tgghsmission

20

25
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35

which is not modulated by the eqguivalent of noise.

One of the lynchpins of the present invention is the
observation that the ambiguity function of the signal
thus processed approaches the customary requirements of
radar engineers.

Specifically, it has been observed that the use of a
code <consisting of a 1large number of orthogonal
frequencies for the symbol duration 1leads to a
white-spectrum broadband signal. This gives the
bi-static detection system a beneficial distance
discrimination capability and exemplary robustness with

regard to interference and multipaths.

This being so, the following difficulties remain:

- in order for the ellipsoids of figure 2 to be
fixed in space, it is necessary for each receiver to be
capable of acquiring a synchronization cue, with regard
to the transmission of the relevant transmitter. This

particularly tricky aspect is developed below,



"By virtue of the prior Hilbert filtering, this nmultiplication operates in
sideband only: i.e. a signal received RX including frequencyw se a Doppl er
whi ch goes in the Doppl er pathway fd(k) - FXd; the 5 stage 403
-yields only the conmponent RXd - FXd, ar]g not RXd + FXd. Each multiplier 403

shift RXd,

therefore perforns a "Doppl er denpdul at

on". However, the latter pertains

only to the 10 frequency discrepancies due to the Doppler effect, in the
vari ous Doppl er Wihes ssfikiew BsSUEREPT h@SiTreHnNDf the WRA plthg ty of

carrier freqyeneilesybltactve TS ddiec P! @ialH t pehN oaf ¥gLATI tiobitie i s

anal yzed as 15 a battery of frequency changes covering the, | e of the

Doppl er dondfwegse vaiocithe dotasTIeRB Be g%‘e('fé'@seé'bd.t r nflgﬂ}g)é)ﬁ Bhpl er

pat hway VDK.fridmendildsnl | e¢adfdt 20 eut pddpteed I ai Bpeticanpley,t engioe al

data, which carry at the |evel of each %r%gl t he éugknown nmodul ati' on of
' h

the souree, @G SENG & MHISH SHBTR

ROTFE® hab ™ KA TBHTY

correspondi n@® t arddvhddopplovheatiifde f d(de ofradiis patdvely. W’Balkdheswot enpor al
data trains are grouped.ipto ckets .PkXx of. 204 | es. .packets are

. WY Fexd %a%i%g?rﬁ“gg(%B{‘ai Aed Jbsg lr@%v_ls% hE; i.t;gs')it%%gg;r&g]% from
t he previ ousysacket thendbayiaddihgtaanemisanpl esignale 8biehd YePRLIR| i de

"sliding"

spaci ng cou
accuraci).
g t

Accordi

over | appi ng between, di stance hins. The stage 50, detailed in figur
% sul

applies to eath PHEkeRY PkxCof “SHES REX

lﬁgqﬂer%r)ﬁaféer%d&pafh lyntomkRguReteiriEnte afs the rRxpesdedred
Is wll su

_ bsequently allow the creation of the distance bins.
dFar iR G inhiCHadA#ST @R e, it is possible to increase
(double or norey the sameld Neardd, speeds arws tloat edhee dorsess fgmam

TR su

6,
i8e; srevehrs gtle 1o oo

20 25 a) a FRasdlikemtien Transiftor mbperaivarn: HH%a v tia@id8 moderssinde power

of 2 imredi at.ely greater.than 00); : tier transf t f or med
on an incom"ﬂ'be%eack% eyi%fﬁga%%gi télg(ét%%&sﬁgg g%setgél?igt ea{dégﬁo%%?:é%n of
t he 15005cardi srsiminet 1G00asgrbonsidered “dok rakdllale’ t REPaERFSIBEd on

pat hways VDK]. 4 as, Ade,{Oopp! er pathways, k varies from1l to N=128; as
for the caPﬁners, ﬁi&\g/%ri es frgm 1 to Np=1500); an output of the_FFT

Doppl er pat tway, &He@Ehore ERRT&i ndSanfadého W9 cif S retat ef 158 he
rel evant carddwfes f othasmelide Podinghiacprsnlehm hagevanveteci dynamttuded in

t he Doppl er span o
this echo i 3%t
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As far as the problem of synchronization is concerned,
it is technically necessary for all the transmitters to
be mutually synchronized. However, for all that, it is
nevertheless not easy, at the receiver level, to
acquire the desired synchronization with respect to
these various transmissions. The use of high-precision
clocks for this purpose is necessary, as soon as one
wishes to work on transmitter/receiver pairs. A precise
temporal tag must still be extracted from the signal

received.

It is at this level that the present invention affords
an important element, which is such as to allow the
development of receivers capable of carrying out

effective detection.

Consider a COFDM transmission operating around 300 MHz
{(nominal carrier frequency indistinct from the

subcarriers), with an equivalent radiated isotropic

for a

f the rel | : i f arrival of
T TR et o EpeGEEiRYaT AFothlion, T ¢ T



“b) operations 504 of tenporal correlation with the denodul ated conjugate
synbols on the direct path arising fromthe unit 110 (figure 1), as nmany
times as there are such synbols, here 1500 tines; this will allow the
-determ nation of the distance bin or biygs in which an echo which may
correspond to a detected nobile body lies; a correlation spike appears in
fact at the instant oi bgls ecg t he dlstance bi ns ar? h%erefore defi ned
directly byBaWeL Rt ahPL0H-{ fbersr Adisatd AveBrkedP &) 1300 ST 506 of
i ntegration (@ubesighieads )suandt ithieyorcdver 168004 .EsefHy Isymdol Theyhermsby 30

formul ati ng anpl EB : sp ng di_st i.ns t he
rate of 2 oML morde g SuEEri e e Rahyd ofle” AREHEYT . e
account in peefwuldrraiiahef rdwpenogpebs pohsk IrVEasured on the 35 direct
path.. The raw sanples EBTy exit in correspondence with the tine shifts on
t he sI|d| ng data trains at the_input. Their sequencing therefore

corr esponds & tHe HhetameEc ldqu BEnsheTREeEeRd rerEndics izeshdesact ed

fromthe synghregmsgathen rsécgﬂa\}erloﬂ-saﬂfh%lt@gl ffin the skaae HMkternkle, shape
of the S|gnal can be%hat |II trated |n f ure 8 éﬁlsreg%rdl ng t he

Doppl er bi n§) eVFhy t SFIT'—aI““B‘:b %1"[‘ SPERI 2 t hBy P form a

Fouri er trarfsj‘mcr madf ontheetai pangliso @1multd pI B3 pf Hdranbhtdpmamt s,awhere Nd
is the nber n and the nu el gci t ns (Doppl er
10 bins ?j eﬁujt%aq!sesljc;:aglnj ﬁﬁ%ﬁ?le h& o Serat ]f%lrlsejéogxé%d %of’%‘““

respecti vel VBOs i ries seeveheadl f écregtlphe meachpbagietly comprtiesesarfdrer s, . and
that of tNeldxdhfSRECEYGriterfilubabhfts Tie 00R3lS 1aedl vagh Bave thus

been, as it Were "al i gne t h_one an(Ej; the sanme I nternediate frequency.
At the monerfk rf“"l“ﬁ@yxar@niﬂe&ﬁllpé&rﬁﬁe@hé“mthSOéorf“h@f t¥HRGEf or e

ggr rT % DODE' %fndé’ifsga’sﬁfltl&ﬁy%ﬂﬂeﬁanaéﬁléggr %at:];ﬁd, i ea g:hstmﬁpmg%l}pgt hway .
e er.ent pl er, integratio en performed | es y

sunmat i on oft SAFEEES veit erﬁi% sggfnp%&aréé*ﬁg dgﬁlfr}f ‘N% eg5i%Right

i nto coi nci dengatdhal i geishiifd ssattcabileng H]o:HceB;}ecptLaﬁemdﬂmmtasreﬁ y

times DS, 2 e gl ration,; _Th i O Dopp! ] ion is

for exanpl esaf[()eg ﬁ“:}: c%lrtr e%ﬁongh%%ﬂhep?%% J]—gt-“ oné)ogﬁlmtq%%

t enpor al sam@@aﬁlrgmetm| ef frEvadw toram aﬂb‘ﬂheﬁ J@rit cgilneexfiod each

carrier. |ndfe £X it S HbatdGIBPRE REuVE 961 b¥ePEPSHLIN, = 128 and
the nunber of sanple [sic] taken in a Doppler integration Nt = 128 happen

to be eﬁ@nal care will be taken not to confuse these two notions. 35 It
will be obsaroed éhﬁxblidsnetysynbohsyvarsy farorene | ebembAtanowian. Hewever,
after conpensati.o e fre ency di screpanci es between carriers, the
correlation Clﬁms'tlhée COI’]] uga ee(msey c?fs recei ved (and, - 20

The receiver proper is illustrated in figure 4.

25
According to an important aspect of the invention, the
output of one at least of the antennas (here the
antenna Al) is received in a conventional manner, such
as to detect the telebroadcast signals transmitted.

30

The head-end stage 100 is therefore similar to the
radiocelectric part of a COFDM receiver of conventional
type. It possesses an output 101 which yields the
signal for time synchronization, with respect to the
35 relevant transmitter, for example the start of the
period Ts (figure 1). This synchronization makes it
possible to define the original differential distance.
for all the echoes arising from the relevant

transmission, since the direct path is the shortest



“al so, the summation over the set of synbols of one and the sane line), DS
can be regarded as an effective recurrence period. On the other hand, in

t he COFDM el ectronagnetic signals transmtted, it is not possible 5 to
-identify precise instants which woul d k. the periodicity of the
recurrence periods thus defined; stated otherw se, no genuine periodicity
of duration DS gppears_Jjn the si nals transmtted, 10 It should be noted
that the pré%,%"tﬁlrpt:gl%perlr%?orué‘%ﬁe A8t sFRlRMSbREE. Fofer 8SFESREREE) yERRuse to
identify thedigui=l dufdrendd hof hehd resteaTyt Loangeageeqgoi.red, then to
undertake the di stance conpression, and finally to carry out the coher ent
Doppl er integration. 15 To summari ze, the direct signal arising fromone of
the transm titer s tanskient eiss r efkemaecdvesf t ereal ligemyg fied t hel Doppt er
COMPONENLS G lob0 I HRELAD Glo i TOOL! & bOfhouhinaly bAGk cagal gL Lhe
transm ssions from sanme transmtter ignal arising from
t he backscatit&fengamd océonphrabsembpif tie @ réé?esivgﬁal thesepbtwhiell. The

tenporal di sdeRaAKIhd NEOF MBLEAR1@DIR] Nede desbgBates @ HlildRsol deph @ whi ch
the rel evant mbile bod%‘e’ ies. 25 According to another aspect of fhe

present i nvefiRALS a s¥TaENTBiedcelVes HMRe obFPRERLGECES] tbr‘?én@at hvay s

ari sing frordéﬂ]teu\:tﬂrdrothsimm edeneng sverd hémehage carries out adaptl ve
beam f o H‘atl on by corrput ation, 30 which therefore makes it possible to

i dentif angul ar bins" in whi ch the signals actually corresponding to

nobi | e bodi é&xt e,a ostade bEBi segbnthetasr aneastymintd,s Wrdagddmestef ibyng from

t he angul ar t g he, t hese
angul ar bi nsasp?@aﬁﬁtd%ytﬁyosm h&?@h%%ﬁtgﬁ gfrt%?ﬁ e dl%%dg ?ngﬂgséégp 8t
i nformati on @18 yifel%V@l‘Fl bxopdcastéay daldtan.edf oy ?Hém@ﬂ@ultfhe i BTSE mat i on

acquired. HoweuRfard N ¢ages whaLe t\’\@rghgﬁh‘léb%ﬁ% fpigPlardetgegion woul d
suffice %V\Athout the altitude it woul d be possible to process the

i nt er setPi oFIRAIRSENYT pebi it hok rté‘ﬁer%‘?ﬁ,“%d%{fﬁf segregtdyndeyedi d, or

derivatives d]:hﬁfrEOﬁp wilite pegktidontyehdaddoy trankimbgsabae yimigist£ssenti al

i ndi cations \;od{e ? oadcht ergc} n(?atlt Iﬁ\{r&agf the position of the nobile bodies
o)

in these el lipsol s|tclen S5oids. 10 Thus, the stage 80 nmakes it

possible to carry out Constant Fal se Al arm Processing (CFAP), the principle

of which is VY € k i blet S d on the
nobi | e body qg{rpbodl es Mm%ggé%%%\ar%gégngﬁent Cfr?g:fia{ataca?pﬂ%&te ford P‘%? t hen

make it2PosABY WeGef HRn§ORABIRGE icamRYex d%‘t”ém)tétré%’@l vlee

correspondi nheardy e ltd s t50 det 2fin wel ef beciiexer phots 1Acwhi, ch the_ 20
nobil e bodies lie, this tine in the formof an absolute spatial tag in

terms of distance and velocity. Stated otherw se, each of these plots may
be associ at éthenirtddeer poidaessinel osingw staheideceédr, which can then be
foll owed or tracked, in a known manner.

25 TFor each of the antennas A. (e goes from 1 to P=8), the
receiver comprises a respective pathway, which will be
described hereinbelow without enlisting the index which

appears in the drawing.

30 The head stage is a radioelectric receiver 10, able to
receive the band lying between around 288 and 302 MHz,
with similar performance to that required for a
telebroadcasting receiver. In a known manner, this
receiver includes one or more changes of frequency, for

35 lowering the working band. An analog signal which
represents the frequencies and phases of each of the
carriers included in the whole of the band received is

obtained at output.



"25 This resolving of anmbiguities will be perfornmed by association of the
raw pl ots detected and positional and relative velocity I|ikelihood
processing (so-called "Miulti Hypothesis Tracking”, and/or published patent

-30 FR-A-2 709 184). Specifically, the trmansm ssions are identical. The
energy per synbol is insufficient for it to be possible to identify the
transmtter _on the basis .,of the signals scattered by the nobile bodies. The
plots detec?g SaP@tpwgr@F&ﬂ?%ﬁﬂﬂW~Jﬁsﬁﬁﬁﬁfferentiated 35 in the receivers
fromthe pornt ofa Widweaftt heigntalyi nef thangsitieto Bhet propaeatdietnveen t he
radar plot gourge trangm Lt eks ligpkhel slor g Rerlar med. on Lhggne Jand by
using the - ditectivity thearray OF recep?lon antennas,” and on
the other hird iexamebe dddcend t kheheaamipmal &ad Bogpimie sR12t s(tof t he
si gnal s scalheted e HRdB U A G5 e MY Chydd will be possible to

h

follow 5 The irectivitﬁﬁof the array antenna Is naturally assessed while
allowing for itsfSfaft Imest engeharhsaficraningseokiatt ol frseasmsichg
(ordered 10tborpexgrptenby, ascentid, 1-enpogahl dosCraRancyi ¥ t Ror ggRect to
t he direct gﬁt of a given transmtter in a given receiver), including the
| at est posi PREHSRFSERESEs ° § HEAVRS otY Al eblPi kEPPRBGE LS e tHS ati ve
vel ocity nmeasdkedr@at by althaws asie@ti t(¥olwhiesol dteomladwl aceeas s
"extracted plats". .Fiqure 8 shows explicitly a sinplified exanple of a
succesgiﬁn §$8§& gggsgVer time, which travels fromleft to right. The three
lines of this figure 8 relate, from20 the top downwards, to the receivers
R12, R13 angcR43 xHifd ransin td&sh skooa! gnar ?egéblﬁggnatsihlé‘? %gfdt Gy an
upward pointing triangle; the direct paths received are marked at the top
by a downwaRdPpoiStfitaG FEdeTglie denetéoes (all Doppl er bins conbined) are
mar ked by 25 ver tthealt idas hesscResdree) sypsoepntRat 1eerah hegnbnansig tters
is assuned a% To_ (it would bi suffici ent Lgr t he tengoral di.scr epanci es of
the tramsm tP8 SIHIH r 8LFBRL F t hFQS Parfed: ZyALRFBRFSaEH FG e known).
30 Each receepekesektewinvg ver ehet diiféerandentbdtiwvseni theutdieiapicdshe
?L;ﬁcthg?tEéﬁﬁigﬁhu%ﬂiuzﬁlz Lhist!ygiegehyes thg, diregyd rangp tter El
locations as ellipsoids and,

- the frequency discrepancy Dbetween the useful
20 signal and the direct signal is, to within a velocity
ambiguity, representative of the algebraic sum of the
projections of the velocity vector V¥V on the one hand
onto the axis (M,El), and on the other hand onto the
axis (M,R12).
25
After this radioelectric receiver of the bi-static
radar type, we switch to digital signals wvia an

analog/digital converter 20.

30 The next stage 30 is HILBERT transform type processing
which makes it ©possible to extract the complex
amplitude and phase components (or real part, imaginary
part) of the signals received. CCDS. denotes the
two-component complex signal obtained for the antenna

35 element A..

The sampling frequency is tailored to the total band of
the signal and to the number of samples which is

required to utilize a Fast Fourier Transform (FFT) over



35 a first echo R12(u,1) of the Eu-M1)-R12 of a transmtter on a a second
echo R12 (v, 2 ) of the formcones the direct path E3-Rl12. path E1-R12 from
the fromE2; there follow|[sic] to the action nobile body M1), and lastly
.- 23 R13 firstly receives the direct pgths E1-R13, then E3-Rl3; there
follows an echo 813(w, 3) of the formEw M3)-R13; lastly comes the direct
path E2-R13. 5 R23 receives the direct paths E2-R23, then E3-R23 and
finally El-RBS, ®a¥aheoRcHs. Fbr EHEPTRAV e Dicke ""H‘lit raﬁr?e‘?ﬁ %[el

slot" (TTl12xtFEkct3onT UR23)hdegiiboak .t nifd rsdmsl 196t £pathenegeiivgd, 10
and term nates th t he Ias useful @)%Zeecel ved (not represented). The
nost probabFf&, n’&&‘f"gﬁlf e 4 's 812ul and 812v2 are due
respectively to the transmtters E1 15 and E2 (but the know edge of the

past positi and's‘[?iéé‘ﬁgé“@f rrg%;:gglggga{?gs By 'eBQrEBrx?rEQt her ysijtation) .

W t herefore have u priori 1n the drawm ng. For
the sane ressosigeringy fhes opyempdet eN@oFaW@tss@Rﬁ%ﬁlﬂ% &mssﬂﬁ{fw |

make it possi bl exhergaha 'é’@f'%é%ﬂ!oﬁé@ n@bl le BodiascM 13 M@ RndM 3)

wi th one and the sane nobi l Pr ef erably, this processing |nvoI ves

several rec&Pdérs PIIER12] - ﬁ23)aRlC§1) feremtial Tt@ys?ﬁfé‘fe IR igt e OF
comuni cat e 5\ &nAPPr @pri ak£11 i nkse behweed t herael veshanditleoMddicalcent ral

t at whi ch t ts,.th d | ot ded h i . Thi
maies. |10 poSEPBPE BS IR it A< SHEP S | £B6 bIT8) FRySh GEe SRR K
i ntersectionswhikeh gi(deffarpasitildy.) ,Theheener al gs¢ateon camni e tdte t he
evel of ong.Qlddiey eCal YeLRee NG AwdBL e Qliot e LEpeLyer gy and/pyyd he

central statiom can“addfess service 1'n mation to roa(?castl ng 35
transm tter $riegysmikd gnsr-poses of retransmi ssion in their nodul ation
(renting of channels in the tel ebroadcasting systemitself). This service

information can relate to the working parameters of, the
15 Likewise, we consider a velocity domain of + 500 m/s,

with Nv = 128 wvelocity bins, for a useful recurrence
rate of 800 Hz and a filtering band of 6.25 Hz.

Reference may subsequently be made to figure 7 in order
20 to better appreciate the tree structure (in terms of

number) of the signals processed.

In a stage 40, the signal CDS. is the subject of a
Doppler distribution, according to Nv velocity bins (or
25 Doppler bins). Preferably, the spacing between the
velocity bins 1is tailored to the duration of the

subsequent Doppler coherent integration.

Detailed in figure 5, the stage 40 comprises a
30 distributor 401, capable of creating the Nv Doppler

pathways VDk required (k goes from 1 to Nv). Each

Doppler pathway VDk includes a change of frequency

stage 403, for lowering the frequency by a value fs(k),

which is the Doppler shift processed by this pathway.
35 Such a change of frequency comprises the product of the

input signal times

exp(j 2 m fa(k) t)



- 24 system or even to the results. The information is then avail able at
the output of the receiver 110. Another inportant idea of the present
invention is the 5 systematic recourse to nultistatic detection: bi-static
.detection alone may induce desensiti;aggogs related to blind zones, in
particular in the case of noving echoes nuch |like ground clutter. 10 For
this purpose, the invention furthernore envi sages that the existing
teIebroadcaBY|ngmﬁﬂnQ)t@énsmhﬁen@rb@rsuﬁbﬂ@mmﬁexﬁ%&@?F%¢%1Ithéédltlonm

transmtterg E?%QQQBhaE?@i)ateQUtldN@ﬂbMd benigedi cat ed” stigndat ecti on.

15 These transnl ters nized with those of t bro dcastbn% net wor k,

will ther ef seEeiNefodt&e h%c?e%@%f SRR SREY W BN c?edD(OrP R Fheffft
|nsta::aéloaxaul@%l@?eﬁﬁﬁ?sﬁﬂmthQODépﬁmegupathaay tfaR$ Mt FRAS mhe be
installed in zones ) w or_blind zones e Iy e the
relief tﬁEaEErﬁga1 éﬁ %doPeyaEggpﬁQWR?QﬁntE%?%ifgﬁgéelemgoa cast i ng
service. Thexdmay r&xidso be 25 installed exactly where the geographi cal
arrangenent of the tel ebroadcasting transmtters devi ates excessively from

the ideal configurations for nultistatic detection, or else at the places
wher e bet t eEaabc umsdy: i idesi rédB Tﬁ@@rﬁﬁgralsﬁebéoéﬁﬁlségedQQPHNﬁ¥fcwnqof

30 mobi | e upi, B\%dul%q:llléﬁil'”ng}t] AR tters %@té§0§é¥€é§nsTBﬁl&e%@ e 100 can
have parts I n common e pat hway recei ver SOC|?§ed wi t.h the

same ant@nnireceessy. diserePaRebefiolien th slseRARRIEHPTEPCt 35 IBossibly

render ed Omhedlea@%@aﬂ)opge@ouﬁﬁe ddfd Hedvent ¢ OledBesothkl Mfifaktt 0 the
el enents descri bed. Jéﬁrtlcul t he ex %§S|on Ielebroadcastlng covers

not only tr&# sﬁ#@%ﬂﬁﬂ§' :2? PBHENA IV Eut HATRS * nor e
generally, any formof renote information transm ssion by a radi oel ectric
pat hway. Thus, the plurality Nv of velocity bins is analyzed as
15 a battery of frequency changes covering the whole of
the Doppler domain (or elocity domain) to be

processed.

For a given Doppler pathway VDk, the multiplier 403
20 outputs a train of complex temporal data, which carry
at the level of each symbol the (unknown) modulation of
the source, doing so for a mobile body which would have
the velocity corresponding to the Doppler shift £4(k)
of this pathway.
25
These temporal data trains are grouped into packets Pky
of 2048 samples. These packets are “sliding”: the next
packet is obtained by removing the first sample from
the previous packet, and by adding a new sample at the
30 end (the slide spacing could be greater than 1, to the
detriment of the expected accuracy). This will
subsequently allow the creation of the distance bins.
According to a conventional radar technique, it is
possible to increase (double or more) the sampling
35 speed, so as to reduce losses from overlapping between

distance bins.

The stage 50, detailed in figure 6, applies to each

packet Pk, of 2048 samples in succession:



"f 4 - 26 ANNEX - FORMUT-n~' .. X(t) _~ symbj(t) j._ . N18~7 ( t)

G.k ~j.k (t) k=D ~~.k ( t) =gk ( t-jD8) fist<Ta gk(t)=eZtnfkt el sewhere
k Efl+i, 1-i, -1+, -1-i) ~j.k~t~ = gk(t-]D$) - e2inft(t-jDs) (1) (2) (3)

-(4) (3) (6)
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a) a Fast Fourier Transform operation 502 with 2048
points (the power of 2 immediately greater than 1500);
each Fourier transformation performed on an incoming
packet yields at its outputs the separate demodulation
of the 1500 carriers; the 1500 symbols (still unknown)
are thus isolated on pathways VDkj (as for the Doppler
pathways, k wvaries from 1 to ©Nv=128; as for the
carriers, j varies from 1 to Np=1500); an output of the
FFT, for a Doppler pathway, therefore contains any echo
which might relate to the relevant carrier, for a
mobile body which would have a velocity included in the
Doppler span of the relevant Doppler pathway; the
instant of arrival of this echo is related to the

sought-after distance information;

b) operations 504 of temporal correlation with the
demodulated conjugate symbols on the direct path
arising from the unit 110 (figure 1), as many times as
there are such symbols, here 1500 times; this will
allow the determination of the distance bin or bins in
which an echo which may correspond to a detected mobile
body lies; a correlation spike appears in fact at the
instant of this echo; the distance bins are therefore
defined directly by the instants of the correlation

spikes;

c) an operation 506 of integration or weighted
summation on the 1500 useful symbols, thereby
formulating the raw samples EBTy of corresponding
distance bins, at the rate of 2.048 MHz (or more).

The summation can be weighted by taking account in
particular of the frequency response measured on the
direct path.

The raw samples EBTy exit in correspondence with the
time shifts on the sliding data trains at the input.

Their sequencing therefore corresponds to the distance

~



" PCT/ FR99/ 02216 Clains 1. A receiver for detecting nobile objects, using
digital tel ebroadcast terrestrial radio transm ssions, 5 made by
transmtters which conmmonly operate on the basis of a plurality of fixed
.frequency carriers, afforded a synbol-hased digital nodul ati on, processed
by carrier-w se orthogonal frequency multiplexing, this receiver
conprising:.10 - r electric re tion ng 0 0 for _picking up the
signal s bacE%catte?@ggby%o%eectsfzé)nc?he %ffé%%'%é%éﬁd rgaaB % S
transmi tt er synchpoodesdiimp netgrsa 30014@ri5ang60rdror ther s¢rgend 0 .

di scrim nat ippg Oéh%&h D ‘é‘ﬁ% Cg‘}PJlds! NGaho g ‘Eﬁq%ttanffi@t??ééédb' , and -

aUX|I|ary neans (1 101, 1 acquiring a synchroni zation reference
with respectigprend tCmsinga Jélg é@%@qwj(ﬁ%rﬁlftlﬁ)ese di st ance/ Doppl er
bins ingime, 20 characterized in that the auxiliary neans conprise neans

(100, 101, 110) .for .receivin nd denodul atjng the reg radi o
telebroadcaip 18ﬁ£lqgﬂﬁﬂ%ué% r T OHECHE % SPVSFaSh qu%QQQﬂ so as
to deternm ne theariénstanss fafrrsynicht opezabiaingnded hel rmsyﬁbpls o5 and in

that the pr@g §$kﬂ9 ng§g§ﬁcom9hé§ .IkiDg%pl Eediﬁtéb uthp neans s 401,
0

403), able apport on'thé signals recéived accor t% a p Ui e ﬁ?y of
Doppl er pat M)‘Bs ahidl eNaffbhell ngumibem it eacmquatttwa)bmsf r elqwapchershi f t
associ & ?g the rank of 30 this Doppl er pathway, - distance conpression
means (50) abl'e 'to formthe sum (506), for all the carriers, of the
correlations (502,. 504), in honol ogous forns, of the output of each

Dopp: er pat hwaytmt% hcbhgusﬁeml des avid | l@a@eera%tlarrse §520dlaxfatﬂ5©f1/t[1){§ﬁzel
auxi |ary means er | e I n es rrange I St.ance PPl er
Di s, - TeaReopEe; o ORGSR Rel MGG (O bUEr TR aReT Koo,

t her eby yi elodi ngthat eg:aa:txecénh st aand/ Dctp'pslter bifns, t]aeﬁr respHttivdreans
(80, 90)g of nqy gﬁ% %S' ”ghé_(“ ts*i %éi%k'lﬂegc d&gase arfm@& B8Q{nr33t the
echoes ©obt ai ne ese O as

TATN T2 S €on a|n|ng
posi ti on/ vell@cm%/m,nf dakhgned” owidhe @ne rrarlé otB]l%csgmeS intepmediedsd ver as

clainmed in Q%h@ekcycr@[@cﬁ}?é'%éﬁehe hah té??e e&.@év%uh%bad% &He the
output of its radioelectric receﬁglon st age 0), an_anal og/digital

converter (SOHMALEN Ry byhEYHIt EﬁfQﬁQNEQEFﬁﬁgPBBéeIO m%&i%ﬁ;to
obt ai n anpl whide/ plhas®eC afyrexgaticd t dn HaalSopElél i Pathadyt he Doppl er
distriQﬁ%ion means (401, 403) and the subsequent stages operate digitally.
3. The ceiver as clainmed in claim2, characterized 15 in that the

di st ance coffpeessilgremtan®opblprcanprégeation is then performed in

stages 60, by summation of successive temporal samples
EBTy (y from 1 to Nt), brought into coincidence by time
shifts according to respective multiples of y times D,

25 the line duration.

The duration of the Doppler integration is for example
160 ms. This corresponds to the integration of Nt = 128
temporal samples of symbols, which follow one another
30 in time for each carrier. In the example chosen, the
number of wvelocity bins Nv = 128 and the number of
sample [sic] taken in a Doppler integration Nt = 128
happen to be equal; care will be taken not to confuse

these two notions.

35
It will be observed that the symbols vary from one line
to another. However, after compensation for the
frequency discrepancies between carriers, the

correlation by the conjugate symbols received (and,



“Fourier transformation stages (502) on sliding tenporal data trains arising
fromthe Doppler distribution, thereby regenerating the synbols as
received, then tenporal correlators (504) thereof with the output of 20 the
.auxiliary nmeans, and a sunmator (506) efy the output of the correlators for
the set of carriers. 4. The receiver as clainmed in one of clains 1 to 3)

h teri that th di I t t 25

ooy ant enfd PAL AR PHPATE { FESBr 568ty Hodhencan: b, o8B Bibr at e

sel ectivel ythe paaﬂnwaylane)s,peasl vceduy &SOGE@EG‘deﬂI tasdla;tl retftEeimtlmma

el ements or g, %‘.&g%n% agé?EBé el E&E}&te‘} tREnROST Pf 0GESS| F’fﬁ?”s’
hea

whi ch at the rise recoOnbination o
out puts of eﬁegérpaﬁﬁwgc \ﬁiltgmaeilan‘@wrwmb@mworﬁa@isonotSpdﬁaselbrlétm ver

as claimed g oRgeRk1¢hal PBelik 4;nShalAG erjigedh i R hhebeane
reconbi nation neans 35 operate adaptively, as a functl on of the nobile

bodi es trackREF1RMd iRy efRoekhebseeserrence xeripdshdhuseidafingdic| ai med

in one of ckaafedl dthdrwithar atd egégednénpbhabdt be tROTNIAGESSI &Y BEANS
conprise detection mean Wi t.h cqnstant false c@l armrate (80). 5 7. The

recei ver as2PPEPMSd *h Y& SIETRE tE P ST haracterized in that the

post processi ng means. conprise a multistatic processi ng stage (90), for

el “}%%ea%t& "BAah Ph ee{ l?é‘é'éh f §8¥§& BBQ%Q%&%” LRCeler

pairs. ASystemtor Sracterized 1m that
it conpri se@eméuabller ec@heses (lszlzflmslymgqua@cdmu niglersofe dthe he

precedi ng. ChBRersiied uiahosa. P ACESenaPIcAEARSS! Sl RN raRk NJ. e

radar plots ich_these recelvers systemas claimed in claims8,
charact eri z&@ iWR4iertake EBﬁpqus%sarH%%ngoF‘BFe%éIPBss@r{gi séippdévago

i nf or mat i oncheriheutelteks eateasint PdgEnsm iiteégatd 0ont he purposes of
retransyjmssion in their nodul ation. 10. A systemas clained in one of

cl ai nB and 9, characterized in that in addition to the 25
t el ebr oadcaSbi mgnmeamism .t ttdres duinoeer , signabnprisesgaddiom omal dfr adsmtters

sited a chosenopliaces-And opekah! ge WoikidinSaneaRAULILLAARS Adie

t el ebroadcasting transmtters proper.
Y. AF9. AF. AFtRgY. BgPRIAY. AvompszmﬁEtAE AalAWdAl tar. prg Im@mlaor/l\F Bl B AF;

. AF. AY. AYe$SmoBileX®Body which back scatters the transmissions from

20 the same transmitter, a temporal signal arising from
the Dbackscattering and comparable with the direct
signal is obtained. The temporal discrepancy
information obtained designates an ellipsoid in which
the relevant mobile body lies.

25
According to another aspect of the present invention, a
stage 70 receives the outputs of all the pathways
arising from the various antenna elements. This stage
carries out adaptive beam formation by computation,

30 which therefore makes it possible to identify “angular
bins” in which the signals actually corresponding to
mobile bodies lie, on the basis of the array antenna,
while benefiting from the angular selectivity which the
latter affords.

35
The addition of these angular bins makes it possible to
switch from ellipsoids (distance information only) to
ellipsoid slices delimited by the angular information

acquired. However, in cases where two-dimensional
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15 ambient noise.

A stage 90 will then make it possible, by merging the
multistatic data, to resolve any corresponding
ambiguities, to determine effective plots in which the
20 mobile bodies lie, this time in the form of an absolute
spatial tag in terms of distance and velocity. Stated
otherwise, each of these plots may be associated with a
position/velocity state vector, which <can then be
followed or tracked, in a known manner.
25
This resolving of ambiguities will be performed by
association of the raw plots detected and positional
and relative velocity likelihood processing (so-called
"Multi Hypothesis Tracking”, and/or published patent
30 FR-A-2 709 184). Specifically, the transmissions are
identical. The energy per symbol is insufficient for it
to be possible to identify the transmitter on the basis
of the signals scattered by the mobile bodies. The
plots detected are therefore a priori undifferentiated
35 in the receivers from the point of view of the original

transmitter.

Distinction between the radar plot source transmitters

is therefore performed on the one hand by using the
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assessed while allowing for its shape.

Thus, ordered temporal association processing (ordered
10 for example by ascending temporal discrepancy with
respect to the direct path of a given transmitter in a
given receiver), including the latest position
hypotheses, and the associated 1likelihood of the
relative velocity measurements, allows ambiguity

15 resolution and access to “extracted plots”.

Figure 8 shows explicitly a simplified example of a
succession of echoes over time, which travels from left
to right. The three lines of this figure 8 relate, from
20 the top downwards, to the receivers R12, R13 and R23.
The transmitted signals are marked at the bottom by an
upward pointing triangle; the direct paths received are
marked at the top by a downward pointing triangle; the
echoes (all Doppler bins combined) are marked by
25 wvertical dashes. Perfect synchronization of the
transmitters is assumed at Ty (it would be sufficient
for the temporal discrepancies of the transmitters with

respect to this perfect synchronization to be known).

30 Each receiver, knowing where it 1lies, identifies

without error the direct-path receptions.

R12 firstly receives the direct path El1-R12 from the
transmitter El, then that E2-R12 from E2; there follow

35 a first echo R12(u,l) of the [sic] to the "action
Eu-M(1)-R12 of a transmitter on a mobile body M(1l), and
a second echo R12(v,2) of the form Ev-M(2)-R1l2; lastly
comes the direct path E3-R12.
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For each receiver, the “instrumented time slot” (TTI1Z2,
TTI13, TTI23) begins at the first direct path received,
10 and terminates with the 1last useful signal received

(not represented).

The most probable, temporally, is that the echoes R12ul
and R12v2 are due respectively to the transmitters E1
15 and E2 (but the knowledge of the past positions and
motions of mobile bodies may lead to another
situation). We therefore have u=1 and v=2, as indicated

a priori in the drawing. For the same reason w=l.

20 The ordered temporal association processing will make
it possible here to identify the mobile bodies M(1),
M(2) and M(3) with one and the same mobile body M.

Preferably, this processing involves several receivers
25 (R12, R23, R13) jointly. They must therefore
communicate wvia appropriate 1links between themselves
and/or with a central station, which contrasts the
radar plots provided by these receivers. This makes it
possible to switch from the slices of ellipsoids to
30 their intersection which gives a position. The central

station can lie at the level of one of the receivers.

One or more of the receivers and/or the central station
can address service information to the telebroadcasting
35 transmitters for the purposes of retransmission in
their modulation (renting of channels . in' the
telebroadcasting system itself). This service

information can relate to the working parameters of the
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detection alone may induce desensitizations related to

blind zones, in particular in the case of moving echoes
much like ground clutter.

10 For this purpose, the invention furthermore envisages
that the existing telebroadcasting radio transmitters
be supplemented with similar additional transmitters
(COFDM modulation), but which may be “dedicated” to

detection.

15
These transmitters, synchronized with those of the
broadcasting network, will therefore introduce no type
of jamming, provided that their installation rules are
the same.

20

Such auxiliary transmitters may be installed in zones

of shadow or blind zones, or else exactly where the
relief of the terrain has led to acceptance of a
limited telebroadcasting service. They may also be

25 installed exactly where the geographical arrangement of
the telebroadcasting transmitters deviates excessively
from the ideal configurations for multistatic

- detection, or else at the places where better accuracy

is desired. They may also be envisaged in the form of

30 mobile units, including transmitters and receivers.

The receiver 100 can have parts in common with the
pathway receiver 10-1 associated with the same antenna
element. It can also work with a separate aerial,

35 possibly rendered omni-directional.

0Of course, the invention is not limited to the elements
described. In particular, the expression

“telebroadcasting” covers not only transmissions of
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by carrier-wise orthogonal frequency multiplexing,
this receiver comprising:

10 - radioelectric reception means (10, 20), for
picking up the signals backscattered by objects under
the effect of said radio transmitters,

- processing means (30, 40, 50, 60) for performing a
discrimination of such objects according to

15 distance/Doppler bins, and
- auxiliary means (100, 101, 110) for acquiring a
synchronization reference with respect to the
transmitters, so as to clamp these distance/Doppler
bins in time,

20 characterized in that the auxiliary means comprise
means (100, 101, 110) for receiving and demodulating
the direct radio telebroadcast signal received from one
at least of the transmitters, so as to determine their
instants of synchronization and their symbols,

25 and in that the processing means comprise:

- Doppler distribution means (401, 403), able to
apportion the signals received according to a plurality
of Doppler pathways, while affording them in each
pathway a frequency shift associated with the rank of
30 this Doppler pathway,
- distance compression means (50), able to form the
sum (506), for all the carriers, of the correlations
(502,. 504), in homologous forms, of the output of each
Doppler pathway with the symbols available at the

35 output of the auxiliary means, thereby yielding samples
arranged in distance/Doppler bins,

- means (60) of coherent Doppler integration over a
chosen time, thereby yielding integrated

distance/Doppler bins, and
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2. The receiver as claimed in claim 1, characterized
in that the receiver includes, at the output of its
radioelectric reception stage (10), an analog/digital
converter (20), followed by a HILBERT transform stage
10 (30), so as to obtain amplitude/phase complex digital
signals, and in that the Doppler distribution means
(401, 403) and the subsequent stages operate digitally.

3. The receiver as claimed in claim 2, characterized
15 in that the distance compression means (50) comprise
Fourier transformation stages (502) on sliding temporal
data trains arising from the Doppler distribution,
thereby regenerating the symbols as received, then
temporal correlators (504) thereof with the output of
20 the auxiliary means, and a summator (506) of the output

of the correlators for the set of carriers.

4. The receiver as claimed in one of claims 1 to 3,
characterized in that the radiocelectric reception means

25 comprise an array antenna (A1l-AP), in that the
processing means (30, 40, 50) operate selectively on
pathways respectively associated with distinct antenna
elements or groups of antenna elements, up to the
postprocessing means, which at the head end comprise

30 means (70) of recombination of the outputs of these
pathways, with a view to beam formation.

5. The receiver as claimed in one of claims 1 to 4,
characterized in that the beam recombination means
35 operate adaptively, as a function of the mobile bodies

tracked and the echoes observed.
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a multistatic processing stage (90), for defining each
radar plot on the basis of several transmitter/receiver
pairs.
10
8. A system for detecting mobile objects,
characterized in that it comprises several receivers
(R12, R23, R13) according to one of the preceding
claims, sited at <chosen places, and means for
15 contrasting the radar plots which these receivers

yield.

9. A system as claimed in claim 8, characterized in
that it comprises means for addressing service
20 information to the telebroadcasting transmitters, for

the purposes of retransmission in their modulation.

10. A system as claimed in one of claims 8 and 9,
characterized in that in addition to the
25 telebroadcasting transmitters ©proper, it comprises
additional transmitters sited at chosen places and
operating with the same modulation as the

telebroadcasting transmitters proper.



