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" METHOD FOR LOCATI NG A MOBI LE OBJECT BASED ON BI STATIC

DI STANCE AND SPEED MEASUREMENTS OF SAI D OBJECT USI NG
A MULTI STATI C SYSTEM 5 The present invention pertains
to a nmethod for |ocating a nobile object based on

bi stati c di stance and speed neasurenents of said
object, using a nultistatic system The technique for
| ocating_a nobile object with the aid of nmultistatic

syst ems VHGRUER iXRAR] W%TNGU{}OMQEELFOQWECT BASED ON
#E%ﬂa st Lalggséﬂ%Nt@mE;éﬁNﬂe§g%We transm tt ers t%ﬁgECT

USING AMULIESWRAAIC $YSTEM ect and respecti vel y each
of the receivers. This utilization consists in
searching for the intersection of the anbiguity Ioci

corregpo Eﬂ:‘sé}ﬁ i \%nﬁéﬁ eﬁélﬁm REho TS LAY mobile objBéthased

i nstance” hyper bol as |1 pses, depending on the tine
oefiéstetie distmed , andosy eed an@sunenentsogf sdidnolykct; Miing objnagtistatic
in_a unique manner in space. 15 Such a technique is

for exanple in systems for |ocating the secondary

transgga %ﬁﬁqﬁé fti1b&dtiak a AeleUstRet Withathe ald #¥frhilEistatic systems
control. This known techni que exhibits the follow ng

smvienteradipisalls updrethy deist utfizaten ekkisetie gleafentanemeaspsanents of
vers N g
B S5 5 L B oS Bl b
&{(pﬁds sdfifeliy@ich 29 tid tdctivess. 'Qﬁlstd%ﬂ?mﬁxbc)recdnsmtsf int de@rching for the
s received fromvari ous tar ets ese
¥ sfasctian o6 apbiguighiocheIrepRIdE Dureh L%%f‘@f% mfggurement, in
Bz?s\é neéflgé Rl Rtiad &”aﬁf)@s SUHERBAE ondBS ﬂﬁ‘leaxtefé?éhcgfus&f‘ Qo locate

ary’ ‘measurenments arr si ng from one and t he sane
thepgeitichef ﬂﬂ!‘:‘ﬁb]&d:tl‘ln stuniquepeeséihepasi nce t he

COM 1atot 2 oL BOSELPL 2 E R RSSNES ARl B20W Seocary

Ejﬁggﬁﬁeré OVAREAPInd Ssed iBk B@fﬁ&fen&r@?atl ng a nobile
In particular a fl ?object on the basis

of bi Skiatmovdietaine ealmbltsﬁl@é@ll oviaglEIAENES  of this
Obj %ﬁ&gﬁ% g%ae ﬁg%}reé'?'toaft fEhC 1 j%(chtéecﬂq thg {;&%&n IJ 91%2t 51'9 I'é'round

présen Ve
”Ea&c&b@fs)? BnBoslléwe Tlo@hoﬁ HhSa bbjigsitalapnt, h@lthout prowdmg the

det erm nati on
altitude of the object,

- if the signals received from various targets present simultaneously in one and the
same space do not have a disjoint temporal support, association of the
elementary measurements arising from one and the same target becomes almost
impossible, since the combinatorial of possible cases becomes much too big for
ﬁractical utilization.

The subject of the present invention is a method of locating a mobile object,
in particular a flying object, on the basis of bistatic distance and speed measurements
of this object using a multistatic system. The term "location" is understood according
to the present invention to mean the 3D position of this object and the determination
of its true speed vector in 3D coordinates also. This method must make it possible to

locate this object as accurately as possible in space, that is to say by measuring its
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30 of its true speed vector in 3D coordinates al so.

Thi s nmethod nust nmake it posii ble to locate this

obj ect as accurately as possfble in space, that is to

say by nmeasuring it-s 2 coordinates in a

t hree- di nensi onal reference frane, even when this

object is situated in an environnent that nay

conprise many other nobile objects. The nethod in
Sos@hstaN e Wirtdh dinsionyeRtdraiteiffante, Beéhatlenthid digadtiingituated
a nobile object on the basis of bistatic distance and
igpacnvirersertdhaimay emprise sasyjotear mabilgpbipctss

multistati ik A S- ter j ;
east TREBel b ABRR it S BN SHhERk dol thobile
§&dt ohahe Batdofsistatic bistanbd apbgiedd mehfurbmebes of thinebjedtewing a
have a common focus, that for each pair tgﬁs . g .
mnltistaie system. and iiis sbaragstized mp*ilé%a'i leagt hyvg istafic distance pairs
var.l U t i | 4 iR ave a
AR T b 3R for P PP AR AEE FehpReLEND
dch@rbion Heatisnthat Garnghch ipeirttks intera¢atienadf thesettho ellipses is solved at
t hr ee-di_ngnsi onal 10 Cartesi an. coordi nat es ,of . hi s t to th
wBious raltindes, 4het ihg e ous ACTSRGHONS 1L i ORI G  TReRget to the
%ﬁﬁlde C&ﬁ%ﬁﬂenﬂgﬁﬁt, Havindercahil a6 vafidvate loeasthd fHréedimensional

I'static speeds, the direction and the nodulus of the
Catmsiadoepdinaey of this object dre ontsblatesl, bl dhat, baving) ewaraiged the

Accardi ng.to an. advant ageog char | Skd fy:
CCEBhAr s SO REKRP RI5R LM Bl G g e
RBFIS bEe Huetilespead Cediad dfahe mabile bhjettefro deductd
predicted 15 altitude z, is predicted, and the

opt i nivgenriing tofantaduaiageous gharagierstic o 4he (Rveptign, the position of
redicted, z | f] i La.al | isai i statia:
e pobile’ Coiect 3t fife 131/&? ﬁséé{;\’n °§angﬁoi°%g‘%1w°‘? dnd %bl?ﬁé}bﬁ‘:%saﬁe‘alcted

arrs onl ones,
ftiefler abisypredivesdprapdetht éptingpaticon ofiithé coeulativterf z about the

e 500,20 AR, ST OGS BE R B P
(%glels,%ftﬁ %@?refglgb y the appended draw ng, in which:
[

I'gure a sifplified diagram of three eIIi(Pses )
resul ti Mbhd presemd inemtipn orilltter kaiigh vadérsiopd ontrardipg Hfedetailed

f the ellipsojds relating to th i.st.atic dist
ol ol wP3e el Ay St Dncb SRk B e
th elag%.%&ﬂ%&_gfbwiﬁg,qn%ich; Figure 2 is a si rr_pl ified

I agr maki ng explicit the way to determ ne )

- Figure 1 1s a simplified diagram of three ellipses resulting from a

(@)=

section through a horizontal plane of the ellipsoids relating to the
bistatic distances of a mobile object, such as are used by the method
of thé invention, and

- Figure 2 is a simplified diagram making explicit the way to determine
the direction and the modulus of a flying object on the basis of the

knowledge of the ellipsoids of Figure 1.
The present invention is described below with reference to the location in
space of an aircraft (here called: airplane), but it is of course understood that it is not
limited to this application alone, and that it can be implemented for the Jocation of

any mobile object, in particular a flying object, but not exclusively. This location is
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" the direction and the nmodul us of a flying object on

the basis of the know edge %f the ellipsoids of

Figure 1. The present inventi¥on is described bel ow

with reference to the location in space of an

aircraft (here called: airplane), but it is of course
understood that it is not 30 limted to this

application alone, and that it can be inplenmented for
infiflemestall neihgef manistaniobystemobitle eéverdl nrapamitieeuibiad reaeivers. The
fl'ying object, hut not_excluysively. This I catLoEgls 3

nYBRtioR AoRsiste 47 Ay Hitlizme: thej we ?H%MOif IgtgHfp figfances and

f)lsﬁﬁé rﬂ)(t)ﬂﬁérssﬁ.@@s bEGRI YEhiSnes [{3Che HAMRA! HRRe GRASIRIRnisbeing
I | "ZI'ng t he neasurements of bistatic

plerﬁirﬁmdem ased of bm:tﬂt(atde@o (e r"trapseitisr-udceivhe pairs. These pairs

ai rpl anes t.o ocated, these neasurenents being

ﬁéﬁﬁ%ﬁ“ﬁ*&f‘ldﬁ @G@QPWB%@@V@F -al (at |east three)

"trang CELYRIT isPAk hiftersdARBC fRAhdrSzontl Pldde (which here
det er girjwegd&#%(ﬁt%hegy% %)Svm ng ?rrasnner Repres?elnt 2d |er€

Bitheiplang of thet drewing) ené et thrempayficathallipsoddst (@l, BR.aF® relating to

whi here i.s.the plane of .t he draw.n
i B e i oo it Yo TR AR B8 sl n
aash Elhﬁlegffgﬁ?e)a'ﬂ@iﬂ@féelﬂ 1Be PRink OF #eedtawing, af Melellisbids) e three
system ( not represented in detail in the figure). The

piillpsfs ell,re12 wed el afkesefellinseidg el thas thein ocgsasi s dp ggnanner
th |
qevm) grge geg]tg %alménq %t%fsh%d %hﬁ%l]':gel Qo? :h:x)’e bx-gﬁ'ﬁﬁ Iq(r)]catmg system. A

re SUC OCUSES are,
SRS bf tHreO¥uafieds @efinddigy threaaﬁﬂbﬁ\teedfcplaﬁm daftibe elhp501ds) with

Brea. hﬁ@@e&ﬁeﬁ {9 PHior) ety theni il by i 4 sofition Thaking it
? E{%ﬁéq C#t@\%l]@ |3P B§%h9§)of*"ﬂ1fe rh1§/;ﬁ5}feeﬁ1 HROMNBud So direct
s obt ai ne

eoretically, has a sol ution
pkédge etistsfossidhgit(n fef it invatves Sﬁﬁlnglanpﬁ@h‘ld@gl‘éﬁ egyfation).

the airplane in questlon no.direct, 15

exi st éCFQEa“@otPJP% SRQT g P RS WieEbh B DR 1 Piibiise, they
Bia-H189586n estual anHé exarAl6 OF Highge 1 Othfd&%ublwaﬁt ¢m11p§om (E1,
el l'ipsords are such that, taken pairw se, they have a

B2 #3) devsbeshriakdne buiiamolld of pesstle to take merd dndhjs fgxample,
f .ell ds
Bt R B St e PRl ] R Bod 6 Rt

RX2RBIE. THe i E;E@ebhdsl Bt atd B2 345t &M &Ocﬁt@ﬂimSEfochmpwhﬂe El and E3
transmtters Enl and En?2 and two receivers 20 R

lme Einé asl ¢qnp9@1il é@cug Byridrtep ohfye Ch@ra%tﬁﬁsf&ﬁﬁaﬁeﬂa}%m this
o’f: f eqlad ang, f3ca '8 ﬁq;i r? Cla[ngggr}h&p%ﬁx ﬁ& bt Yhocedure.

aracterls ntion o
Furthermore, the knowledge of the bistatic speed vectors for each of the three bistatic

systems makes it possible to calculate the 3D speed vector of the airplane.

For the implementation of the invention, one begins by searching for the
intersections of the aforesaid ellipsoid pairs, with common focus for each of these
pairs, in a horizontal plane. The following is then carried out:

- the 3D Cartesian coordinates of the airplane to be located are called
(%, ¥, ), those of the transmitter Em1 are called (Xe1, Yel, Zel) and
those of the receiver R1 are called (X1, Yr1, Zs1)-

Let:
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W th said direct procedure. JFurthernore, the

know edge of the bistatic spé"ed vectors for each of

the three bistatic systens nakes it possible to

cal cul ate the 3D speed vector of the airplane. 25 For

the i nplenentation of the invention, one begins by
searching for the intersections of the aforesaid

el i psoi d paites thenlistince ebechOEMS dral tlenehplahe thdse distance
pairs, in a horizontal plane. The following is then
carried outbetwesnibe airpleng asRbn coor di nates of the

ai rpl ane_t I - r thY s i 0

the trans m'odtb?ger t@%%%%lecgcg?tﬁg%{ g&ela,{ﬁytgfx, m@ﬁé gngj% gfgtance
those of thetwendhyeitpllie ardEm2) [ ed (xri, yri, zri).

Let: 4 da pe the distance between En] .and. t he .

ai r pl ane + %hR¢ Eﬁesg’éﬁé‘ée eB’é‘ie%:ggﬁﬂtﬁg ther pirplae Fn theppistance
db be the dj - and the airplane + the

di stance gjgﬁmiegﬁﬁ?%gﬁ%ﬁf%}d% and EnR, 5 - d~ be the i
di st affbe ehettiveaf therhfosssdidt theeeaillipsbids crespectizelyi Bit, Ficand E3, is
bet ween t he_ ai .gl ne and R2. The equation of the
8‘?%?’8@&?30%‘?&8& Iéqilln?aﬁ‘é“a’i‘ds, respectively El, E2 and

E3, is obtained in a conventional manner: da=

(XXel )2 _ i . . :
(X9 2,15 ﬁf¥¥“¥r)71)“23‘(—254¢@rgl4)@*dt9 (K 2LV 1) +(2—2,)

G E R A S P RS2 I DA H O =y + (2~ 2)"
Xr D)2 +JCivr 2) P+ @ Z02)2+18 123 )4 s gt ed + (¥ = ¥,) +(2—2,,)
initialization phase, that is to say for the first

actual neasurenent of the bistatic distances of the

ai rpl gpe, BOANEDTinRiaBEMEA Phhdel UHE Is @b &4y For the first actual
ai rpl ane, the coordi nates of t he poi nts of

mengrenentiod thedristetiedistanressitee genlsne, andior graivenrdtitudp z of this
the follow ng..mannek, r-thr i t gl .40l : :
ﬁlﬁl?elfi?% gt hes gdng%:si %g otp%l g’ OII&a% d %ﬁg%?%egc;ﬁ e %rtgg pégc Ou pars are

abthired 8@ Shezfollowihg mauner er fireskitizoatahpianes cutihg tiese ellipsoids
itself to 15 three val ues of z, p{hi ch are suffi cifent el
pst havieg shecigpreslive alligiesizh 2ng- (1RF PIBFY e confines itsell to

three values of z, which are sufficient for the accuracy sought in the initialization

phase. Prefexably, in this initialization phase, these three values of z are taken to be
very different from one another, for example 0, 500 m and 1000 m in altitude. The
following values of these intersection points are then obtained, for the various

aforesaid ellipsoid pairs:

E1nE2 E1NE3 E2n E3
7=z1 (x1, y1) (x'1,y'1) x"1, y'1)
7=z (x2, y2) (x'2, ¥'2) (x"2,v'2)
7=z3 (x3, ¥3) (x'3,¥3) (x"3,¥"3)

Each coordinate (xi, yi), (X', ¥'i), (x"i, y"i) is therefore dependent on z and it
is possible to represent all these coordinaies by a second-degree polynomial (3 values

available per coordinate):
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" phase. Preferably, in this initialization phase, these

three values of z are taken to be very different from
one anot her, for exanple O, O in and 1000 in in
altitude. The follow ng values of these intersection
points are then obtained, for the various aforesaid

el lipsoid pairs: 20 El nE2 El nE3 E2nE3 z=zl (X, yI)
(x"1, Y1) (x,1, y"I z=z2 (x2, y2) (x'2, Y2) (x"2

yE2Y hgFe3 (X3, xyeamz (%', Bithi¥', 3) (x 3x"=\ﬁ";32)2+&"{>zﬁa,ph
coorgdi nate (xi, é y'i), Yl
Vﬁ%ﬁéﬁ@“‘f*@ydepené{eﬁtyzé y%"'tfélﬁd it |sYpoass4 B’ ez"’fcoy

repreggo %%]?At g&; \l’/fgjls FreCRRIOEL rd?s&ﬁ%e? b,,aass§ Hotleg s %etween the

pol ynor ni al ues avai e pér coor |nate
kze’&sdmqumrxs NB(}K zya M (x3 %)hng M"(z8' yt}tﬁﬂebthxmftén(calculated then

ayz2+byz+cY y' =a' z+t h za"Yz2+p!'Y. Y
éweeq@a@%ﬁs. AR e AR GS@?%H@E%%‘Z folbi % nd they are
(ﬁi\?&f ioo(‘;bt&i‘h tﬁc nﬁﬁfrﬂ@ Sf‘t}kgéedlstaﬁ&n?srﬁe%g | PiesB Ghiinsa Mitespond to

M ( x" are théereafter
nmiunmlrraﬁsttncdssrimﬁwe@ thhq:oeqal M,l Mhsnd bt taken pairwiseisiccording to

B 0 A B e
Eﬁﬁﬁ@es% ?étﬁﬁ/f(‘f "i];'rert ¢ an)et is stHalefPURHRT RRERSS g@ﬁ&é"@)@[‘pmr of

e points en pairw se. According to

ﬁan@dfc&r&a@@WM@h@l’zﬁﬁtm(xS tyhcwhichtdesult fremnthic @alculabien of the
smal [ est anong these m ninum distances is retained.
mnn&-degrpda adenbmlalmmnismﬂlaég‘ve,dﬁl gthiohcane thlkes 7= Zajrplane- 1he 3D

correspo f_ 10 ints, for exanple MXx,
PISIGRRL I\?ﬂ? ﬁ’rpla'j}*@55 gﬁh?rﬁgg’i“t fromthe cal cul ation

of the segppd-HEqRR, NG i1 StréBHihe 206 dalkblawd, values of x,
whi ch one takes z= zai |oI ane. The 3D position of the

ai rplhang | Somkxdupdal(xtiiafZef rom - along the x axis, it
| s the bar eni g /%%mt 1?%5 ﬁ%a@%&eﬁt?%gft%g t%@lc%?lafégl x{é.huees of v,

for ex arrpl axi s
barycentre f@lfextaﬁ@]é @e-vgal cul at ed values of y, for
exanmple (y+y')/2,

- along the z axis, it is of course Zajrplane-

Finally, the true 3D speed vector of the airplane is calculated on the basis of
the knowledge of the 3D position and of the modulus of the bistatic speed of the
airplane in at least three of the aforesaid bistatic systems. This calculation is
illustrated by the diagram of Figure 2. In this diagram, which, for reasons of clarity
of the drawing, represents only two of the three bistatic systems chosen in a plane
cutting two ellipsoids, and which is the plane of the drawing. In this plane, the
ellipses ell and el2 relating to the transmitters and receivers Eml1, Em2, R1, R2 have
been plotted, the airplane to be located being situated at one of the two intersections '
of these ellipses whose common focus is R1..In a manner known per se, the values of
the moduli v1 and v2 of the bistatic Doppler speeds of the airplane are calculated for
the ellipses ell and €l2, and the corresponding segments are charted on the diagram
in such a Way that the segment v1 is the bisector of the angle formed by the segments

(airplahe-Eml), (airplane-R1) and v2 the bisector of the angle formed by the
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" - along the z axis, it is of course zairplane.

Finally, the true 3D speed vgctor of the airplane is
cal cul ated on the basis of he know edge of the 3D
position and of the nodulus of the bistatic speed of

the 20 airplane in at |least three of the aforesaid
bistatic systens. This calculation is illustrated by

the diagramof Figure 2. In this diagram which, for
sfegﬁ&ﬂt?%aﬁfﬂaﬁﬁ&ﬂi),t Yairptdnet 1e2)dribsi sigrightelieeDanfwhicnliy the plot,
two. of the three bistatic systens chosen_in a plan

visibla pgYiRothe) planss of dae dggngnel fre Blape &L BFetRhCHpoto the

. : [ :
SR andot ik BIARE 0d BRLoCHL RRER S Tupt AtpRier llowed
B3t the BRailghy/En?D2 fehithpk dic dok, vistvde anlyph diepltne bfthe drawing, of
ated_ at one of

e A S e o, e e e o
1%&&5‘.]?1‘11&@1&%% BRks B arkdNS2 Y& MRSarRther tah§ poRAW. Thide @BRFplanes

v2 of the bistatic Doppler speeds of thé airplane are
RIsl and BE2dvlioh passhrespectivedy dwoett DarnaddlR areithg gehmetric loci of

ERenatRagpihas SRS ol A fe O 5085 Rehy Se Begfelie e wi
BRI e rRe oY ahBRubSsBIkIer Adngal sftﬁ'i%iﬁ ¢nEM, ), passing through
e

(airplane-R) and v2 the bisector of t angl e forned

thy pokng 5 asd pemendicplar tpitemplape pf theidrptiageTippgme Fheone for

st rai ght Line, Dl i.eh is th s Vi S '
FR Pkt bRk ren (ot gt pptCFBhgh e el ), B X il planc
e paRfigChkdght D2 tdd anst@Aphine \PIL3a(whiplds hogint theqlade of the
the end of the latter) is plotted tﬁéreafter, fol | oned
drgwingy axe gbspiged. Thepretvispplangsifdi? and Rlnbow e angthes gppe another

b- e c , i : 1.0 I
B 1 e L sl 38k o
D2

tikielean theodratvivar). Thaet éndrdf theTimee speediivepter ik thwsshippoiah

cut ope another. at .a point P. These two pl anes , PL1 .
and PRBer i EtigetOn BB o1l o AP HUS DGR Jopged and it
@E@d F Qo ARATRERAC tHeOfipl e trdcRigRRb &84 isahaiRRSidlisons tobe able

he end of the true speed vector of the airplane (and
tnidetermirtei the apsitbmaed e weedithe antlaoues eeraraielytand as easily as

al a str.aight |line D1,2 passing through 10 the
R?SFIH% a%e Clt?dnf}g‘? endicul ar to the plane of the drawing.
The S@nBrabce] onemil@stati ARPIOAT pdd@iallyotorhpridentd ¢argpanmisher of

(for exanple v2 and a third speed v3), and a fjrst . .
tpinamisteriand peesivany andr Badreo? thisumrntie HpEEimpsic bistatic

I ¢hyls nat ﬁb r%\% 54 o bfitatic_distances
Sgé{é |Snt<}e1 © ?ﬁésagatﬁv\lgleeg&g eg lﬁ%}&gﬁdtth cut %ne aangt hlcser
@lnge@ M ffsults in a yet more rapidly increasing complexity of the locating

method of the invention. To solve this problem, another characteristic of the

invention makes it possible to simplify the maintenance calculation method by virtue
of the prediction of the position of the airplane. This. prediction is done in the
following manner, On the basis of the knowledge of the 3D position of the airplane
and of its speed vector at the instant t, the position of the airplane is calculated at the
instant t+At (the value of At depending in particular on the speed and trajectory ofthe
airplane and the accuracy of the measurements, so as not to take At too high to avoid

too approximate a prediction, or too small so as not to do unnecessary intermediate
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'stréight line D2,3 (not visible in the draw ng) which,

itself, cuts D1, 2 at a point P1 (not 15 visible in

the drawing). The end of the?true speed vector is thus
this point P 1. After this initialization phase, when

the airplane has been located and its speed vector
determ ned, the airplane tracking process is

mai ntai ned so as to be able to determine the position
@ﬂg.ﬂ%tﬁﬁlsf ﬁql%qihﬂ{ldé bemRlfPlaA & B8s 80611LRA,BlsePREhABOve, at the
easi|y as possible at each instant. 20 In practice, a
imtaht s/t nemslysz gmcgg ienatihy zcompei sBsha prange calaviasions are -

RO R0 R S atep P RSIASB1 84 BERS OfQg STERROT Meplipsoid pirs
%5 g?éwgal&ngtﬁ(ﬁf BF EheY 95 ?b&h%ctbrj g%'ﬁi@ Kir@fstep a bracket of

I ¢ di stances ulated. “This results in a yet
maines ofapizd) 32, eB)thetis mg:hmaneRthay thyft memgon@ic@kxovn §v example,
QHLhOd of the .invention. To solveltq%ﬁ $ and
%tF?éPg EREPEEABPIISE praiciesy TR EXSBIRIRV L @Wdﬁﬁ%’eé ppdicted

PQSZS f&!’“ e, MheSdalRldtfots e sitiplifice Wﬁh:%%l@f&r@ﬂy(ﬁ]ﬁb three lowest

y virtue of the predictio t he position of
(dxhlbaillrrgﬂhal’n)@st stimad/npise titiey iftom pwonppl thgatailgble bistatic distance
g%lll owi ng manner. On the basis of the know edge of the

?Jgositi on of the airplane and of its speed vector

at t hamdn gttﬁ@tpoﬁsablb hgphasiohs of thef invaitioal mhpy baented; its use, in a
cal culated at the instant t+At (the valu

At
vafsistaicngystem plar tdeterting B l‘h’ét%é%e*én%t fOr i 98h gpipnded for
e.3 i C Ofi ot
4062 14 PPPRpA o dds SRRV irCthel difpHBARIE GTRARE Spproach
mrcmammqoertampméefs etithdow racﬁartomms saatlon, suintendedforppotdeting a

unnecessar t er nedi ate. 7 | at i.ons
SEEIPB e R e HEVig TRTIHG i oSS o BT s e ena of bistatc
ﬁl@fﬁh& ahoye ’bls%tmt b%pplbf‘ %@Btls 5440, o e bidliZatioh st Gifeek more

Know ng Z predicted, the previous cal culations are
reecives, {skooabed, manﬁltmuséy epnaeff with! cul ating the points

of intersecti f ellli i d

cal cul atiof fﬁg ‘tfo%m?ﬁa%‘g gﬁ%‘@a{te&' )(tré}{% 1& g g 1 defepinistic and
first step  gnhédekeive®imm), val ues of z (zI z2, z3)

that is much narrower than that nentigned above b

exanpl e, - @t @ﬁ@wﬂgw@elrﬁwacsamdﬁlaﬁorpb@@ﬂ@sa%g rpggpmitters,

| 0.8
S?:glp cte ol aTs%é %ﬁﬂg ?:{émgﬁgﬁ'fgl?lgﬂteg% S\g hap bvf/avt%f rms (such as

preferably BA® ochﬁﬂmttersi exhi biting the best

E: g? th |/ 2%%@3@%‘3&@%@%&@?&&%@5 IWhtors]ee trgﬁ/s%lnlctgc? signals comprise
spectral lines with deterministic position, for example analog
television transmitters.

In conclusion, the invention makes it pbssible, including in a situation in
which multiple flying objects are to be detected, to obtain a practically instantaneous |
measurement of the position of the objects to be located in 3D (in coordinates in a
horizontal plane and in altitude) and of their speed vector in modulus and in direction
(in 3D). The accuracy obtained by virtue of the method of the invention is directly

related to the accuracy with which the bistatic distances are measured. In the case of

typical configurations of geometric distribution (that is to say configurations for



" 10 Anpng the possible applications of the invention

may be cited its use, in a multistatic systemfor
detecting and | ocating target’s at | ow cost, intended

for detecting in a surveillance zone, for exanple in

t he nei ghbor hood of the approach zone of an airport,
intruders with | ow radar cross section, or intended

for protecting a sensitive site. The device nmaking it
Rarhithd gatdniftersfaad redsbasdibre tivposedit the sticecoflbmple geometric

di stance and of bistatjc Doppler speed is based pn_the

figures, sueh anrestanglss), an elegicatary pistatig shigancg acqrpey %fgﬂ few meters

I?‘lla%l i@g?s?&%l% RhieDObecthdidy of 2 Few Ghet@s ifi QCRSGIANIAY Blane, and
ransnititers (transmtting a determnistic and

£a@atacizk bé thevadafofmmgni tudeo Sdbutten coatere i altihsle.

frequency- nodul ati on broadcasting transmtters, 20 -

a set of broadcasting transmitters with OFDM wavef or ns

(such as DAB or DVBT transmtters), - a set of
broadcasting transmtters whose transmtted signals
conprise spectral lines with determnistic position,

for exanple analog television transmtters. 25 In
concl usi on, the invention makes it possible, including
in a situation in which nultiple flying objects are
to be detected, to obtain a practically instantaneous
nmeasur enent of the position of the objects to be

| ocated in 3D (in coordinates in a horizontal plane
and in altitude) and of their speed vector in nodul us
and in direction (in 3D). The accuracy obtai ned by
virtue of the method of the invention is directly 30
related to the accuracy with which the bistatic

di stances are neasured. in the case of .typica
configurations of geonetric distribution (that is to
say configurations for 8 which the transnitters and
receivers are disposed at the vertices of sinple
geonetric figures, such as rectangles), an elenentary
bi static distance accuracy of a few neters nakes it
possi bl e to achi eve accuracies of a few neters in a
hori zontal plane, and accuracies of the order of
magni t ude of about ten neters in altitude. c
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e 9- CLAIMS 1. A nethod for |locating a nobile object

on the basis of bistatic distance 5 and speed

neasur enents of this object Fsi ng a nultistatic
system characterized in that at |east two bistatic
di stance pairs are associated such that for each pair
the ellipsoids which determ ne them have a common
focus, that for each pair the intersection of these
two ellipses is solved at various altitudes, that the
various intersections are 10 optim zed with respect to
the altitude variable z, tHaAIM&ving found the best
val ue of z, the three-di nensional Cartesian

coordi nates of this object are calcul ated, that,

havi ng ascey httvadot leRalt:04 shobidé ejetifon thBBasibpRiditatirdistance
at least three bistatic speeds, the direction and the
modul us of 2pfepeedimeapuepearty ofdhisopbigdt Ye AgpRitgtatic system,

obj ect are la daduceds 2 I%ajg?t%ﬁﬁi@&ﬂcﬁ?stzﬁ{c%gﬁgﬁgssociated

claim1, characterized in that the position
nobi | e obj eath &at tfeeavbxairs thepellipsoidsewhiah cleteamirentheanbave a

that 1 he. oseTRHOF UGt eiech B B6 AT SRLGr O GhEs U S ipses

the predi cted g ehiSaf ShliNad aRude’eRhdi9thieNvat dus SikdsechBns are

bistatic distance pairs only the n small est ones. 3.

The net hod optimized withl respect! i e ZltitvAavacetde izz éut having found

that nis ttl?ekggst vc:;ﬂueeg{J %,l thteothlsée-dhnensional Cartesian coordinates of
this object are calculated, that, having ascertained the coordinates of
the object and at least three bistatic speeds, the direction and the
modulus of the true 3D speed vector of the mobile object are
deduced.

2. The method as claimed in claim 1, characterized in that the position
of the mobile object at the next step of the calculation, and therefore
its predicted altitude z, is predicted, and that the optimization of the
calculation of z about the predicted z is refined by keeping in all said
bistatic distance pairs only the n smallest ones.

3. The method as claimed in claim 2, characterized in that n is taken

equal to 3.



