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METHOD- FOR LOCATI NG A MOBI LE OBJECT BASED ON
Bl STATI C DI STANCE AND SPEED MEASUREMENTS OF SAI D

OBJECT USI NG A MJULTI STATI C SYSTEM 5 Th
vention pertains to-a method forFocatt yfEHIAIN

measur ements of said object, using a mul t i statit”
system The technique for |locating a nobile ob_i:]ect

with t hETHP ROR LOGATING & MOBIEEN(HREGhBASED ON

R SHERISTARE AR B YE BRI 4 G samp. gmakcT

ESING of MUIETIS BATFIU SYSTEMNA t hi s obj ect and bet ween
this object and respectively each of the receivers.

This utilization consists in searching for the

i nter g}rés% t RledtlS g4y td¥ne!t1(1)&f of Wcafik %) RbAE obfct based

each mentary measur ement, |s I nstance
dmybet’aholdastaﬁxre ethd isp&dSmeaiﬂxpmnthQf amaid bbjett, msing a multistatic
reference used, to locate the position of this object
SY#CR- uni que manner in space. 15 Such a technique is

used frrte@niiel Br jokat %gfssl 1%511& eﬁje&m@{ {R%id PEmBREAAIAYHtems
transponders of aircraft and used in air traffic

cooventiohallyT¢slls uppotire joise hhlltﬁy@n@ihlsmtnc§lqrm@t¢rm megguragents of
t%? Hllts%xgc? g%%’fe%ff%?% qu?a Er ar %rs 4G ANE OB_]%Ct and be(tew% ytgié object

round “réc€l Vers

aall Ireyctietpeidnof the Qedé@»rdrsz Mﬁhtll@iaﬁﬁﬂ comdiéth @ubearching for the
providing the 20 altitude of the object, - if the

iBfegetion olabe ppbiguity dosi varFHOBding g xch qi¢TBEH#Y measurement, in
tﬁls IJMtLr%@q'&H%lea's Ry %ﬁ s@sn (aeéé?l91n§sc?rf%e%9§@ ?ef%@ (%oﬁseﬁ] A%Qocate
a disjoln

or al oclation o
tbd:pafﬂéuirtrmfyhmhfaarmmamlq;ueanamengm §pacen one and the sane

t | most bl
combi S0 o PRIIYE BOBE] BTEhBaELE b e BBe SrR P P epiogondery

tfa@EpondersPr aftiagand Whdd inZdtthAne cdlipisubj ect of the
present invention is a nethod of locating a nobile

obj echhis kiawmlgrhrigud Q;&rhltatSfthg/qugwm lapttatiads: t he basi s

oL L 338, ADER, LSRG, EMRAESIRR it o

| S redghREHt @fﬂS‘ ARGRr Beitdhn in a horlzontal plane, without providing the
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
practical 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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to the present invention to nmean the 3D position of

this object and the determ nation 30 of its true speed
vector in 3D coordinates alsd. This nmethod nust nake

it possible to locate this object as accurately as
possible in space, that is to say by neasuring its 2
coordinates in a three-di nensional reference frane,

even when this object is situated in an environment
c%&%%na%ym GORE &5 ABSNAl 2IBRhc BB SoveRivfh Shis -Eh{éct is situated
nethod in accordance wmth the invention is a nethod of

ih e atvirgneenttiat ingy colppest memy other ipakilsolgécthi st at i ¢

di stapce and. speed neasurepents of this obje usi ng_a,.
5 e QRN T ST IFE PR PE PO 20 o g Qb
oBlect 6281 HalR JPihakAl Gstah2tan %Fed@l%éa%u&?&nﬁ&ﬂ@ﬁiis abRet using a
such that for each pair the ellipsoids which determ ne

milGstetiavestan, awntoncliaoeaterized Hathdt git l@afcth)biisiﬂti? [déstance pairs
i nter s.e{:t i on

are, pSSQEid egl stulc}e Slagégf?)fc’ t%ﬁ(glt\l\g?lﬁlé}llel §?1§§Q’OIHSS w%?clhv(?e% fine them Ielave a

\ ous 1 ntersections ar

ORIndA FRMs, Whithfof @ dir tHe ihhesecBdd bl titee Wad keBipk& i&,solved at
that, having found the best value of z, the

veripese aliitidsas thohdbe Yeriasr messseaHoroAedPRiETEEd oYith Fisgect to the
a?ﬁlégg :\:%%Ebg? Czaltﬁéf,l ﬂ%\qg}ﬁ efg%% m%aﬁest }gten%ef‘,sﬁ:lgrthl%ie%qensional

nates’ of t ect an ast three
(iiresiah icoosiesasof thiveoldéat eed cadoulated, 4rhethaybdvingsscditaired the

true 3l) eed vector of the nohil e object ar .
cqERER) O Ao b T o el et ByaGE SPeHar L GFsctipp and the
REddI RS Y 8L 8BRpedd R cRPDF HHeoife ob e ardRiRih&@dOD] ect

at the next step of the calculation, and therefore its

pr edidtcetlingd ® & tdvanthgeous ¢herastesidiie pEthe iaventiohethe position of
ti m.zati.on of  the cal culation,of .z about, th - :

P RESE & pefEnCaeR R kol fRY Do Sis s gpdieed

Aitgians as prédiste@Nbyd the optisii@kibesdf thenesculaidnhofiz3about the

preferably. The present i1nvention w.ll be better

nierHieted Zanerfinad Prkermae thall dad Bistasig diskse prist PRy th n grallest
hRn %gﬁ by way of nonlimting exanple and

Oﬁﬁgﬂrat e‘%lre{t g’y t he appended draw ng, in which: -

Fi gur e Thespresent impentiorediltibadreaen wfdetstoogleoretdadpgetbe detailed

g L1 ooy St on e 2 horh cont el E0E e
H}ﬂhé‘aﬁ%ﬁécﬁdﬁ%@‘in wiltgh as are used by the nethod
- Figure 1 is 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 location of

any mobile object, in particular a flying object, but not exclusively. This location 1s



10

15

20

25

30

of the invention, and 25 - Figure 2 is a sinplified

di agram maki ng explicit the way to determne the

direction and the nodulus of3a flying object on the

basis of the know edge 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

HﬁE e?ﬁéaqg ﬁéjfﬂnu'lt'istét?c éﬂ@ltem @thsb\';@rﬁlecgantsﬁntttéf‘é #nd receivers. The
I cation one, and'that 1t can I mpl emented for

m\rmtlbmcmnsxstn meoamly mdimmg thfopmamremmtpaarftblsiamlcaldlsaances and

ect ot.e clu e | ocation i .
I PoRet St g T AP leSen BE dyiain Grep i Sishigfugpts Being
pfeffeﬂﬁén &t L& cﬁ@@verrﬂ(‘(ﬁi N84t Shred M @rankMURRLER N L OpkSIsS THesk pairs
jointly utilizing the neasurenents of bistatic
ag datemuesd aribe fdéhowmﬁn@mm;)pl er speeds of the
S; Pg%%g%ertltgd in Fléu(l;e ; eésj gl\?ter e S%f a{i“tu 1 g?ﬁ%%al Z%anQtwhich here
i§ thegaldl dfitR¢ dfa@G@i)\u@a of paet partithias ellipsvids(E1S EQf B3) relating to

deternmined in the foll ow ng manner, Represented in
opg @Qﬁé €] Sgmae @w‘éaqqutoel?%g)@gqe nDgE mélltmt)e}qczsdﬁtpm (nﬁF EgpEesented in

d%wﬁuﬁ*eh,{ﬁg&e hﬁs %g%epla% %3 mmh@% o&h&shgre%ee

particu 0| ds ating t

edirpies tlé, darmd abr [heseec] i psoloks dre)smhetﬂat their doaqusést are,tlatau rnanner
stem no resented,i.n detail he figure
SRl Ioberepresent ed Lo detall o the L guel o The, o

s%t@mtd'frtl%%e tQuRloht REESeEbY thekdpRNde 8dudtioddeS@e ellipsoids) with
I 1'i psoids are such that their focuses are, in a

tlmanneﬂmo%nmm thoesr obfained, hé’htqharﬁlsﬁwftttcéﬂ}so hasdatselution making it
p(rg?scl: Vtgregal o\Ilat |ht§ﬁ g'la EP tllitlf(])g Y ;fl}lt It gl 1r eegtbrg K ueés*leon,s%% % direct
p&ﬁtld:dﬁﬂe(ﬁi&tsoﬁ‘or sdieinglil (ip &t dSr)vdlwdsholvﬁrl'g’ z&e8thm|eg1&MQudtﬁm).

t hus obta| ned, which, th tic % sagl uti.on.

maki ftFePIding S BnEntigne pe Ins Sl s Ak poRABY s they

Ha08a AbmBlA B cls nnﬂﬂa%%&a@pﬁ el e1du{r@ec§ucﬁ%a9§ ef:aqwo@ds (E1,

exi sts for solving it I nvol ves sol vi ng
Bt inddeYrieee boeratakem)but itAemdd de rpgssulgie ttdn ke mvarnt Iindhl,s ethl@lple

el lipsoids are such.that, taken paLrw se,_the have a
BB atscusIon FPITRIRea R B G R G g B b tBadReavers
mahﬁcﬁRQfTﬁé Ellh%@&ﬂﬁﬁl (abH B2 FReatd aﬁé&mﬁ@ﬂ%@gewmlé Fethd E3

but it woul e possible to take nore. In th

hexaiph le as ccommomtbcusstBaft Vigtus y)§ ttleim od:\@wpienstecs of W@ invention, this

transmitter.
system cr)rtl equatlgnsEryan so'I:'nQd more e%%lyr G5 IV¥1 aid direct procedure.

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
(X, y, z), those of the transmitter Em1 are called (Xei, Ye1, Ze1) and
those of the receiver R1 are called (X1, yr1, Zr1)-

Let:
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common focus, while El and E3 have Enl as common

focus. By virtue of this ch#&acteristic of the

invention, this system of equations can be sol ved

nore easily than with said direct procedure.

Furthernore, the know edge of the bistatic speed

vectors for each of the three bistatic systens nakes

it possible go t&ahf‘swn%& Ebehb@en?’@mﬁ P& e alrPandf+ tedistance
ai r pl ane. 25 For the inplenentation of the invention,

one beginémeﬂweh¢ehPMQeamiRthe i ntersections of the

af oresai d i 0 focys for..ea

of “those BaPt ane i ERieoprbi ot Bnge SRaSion B fgtence

is then ca&&wgﬂnﬁabupmnémﬂjsﬁacarteS|an coordlnates of
the airplane to be | ocated are _call ed

z),
t hose of tChebft iten gtance rbepwgenaEaml cand éltF (“X%lane Yefhe distance
zei) and eiver Rl are called (xri,
yrl, er). e%@ﬂﬁ?a?ﬁ@%@%gf? e di stance between Eni
and tihe eguitjtnastahe afdiesadi thingdipsobis] rwspetivbly Bii, {2l andek3, is
and Rl, db be the distance between Rl and the airplane

optained inRSPRYFEONHSBIBER t he airpl ane and En2, 5 - d,

be the distance between Enl and the airplane + the

di stance _hetween the airplane an .
t Hed o qi(esai 0 thiveeyg) I+ (%‘ozgd)s +r~2ﬁm)v@(}y B, E4z-z,)
2

a?*S?/gmzmzL ST GCom et STy TR )

(] de A Yot i 2 T (0 3 (22,21 3 Bl o (o2 KR 3 Y2 Z2)
+(Z-2e2)2 d, _ (x-xel)2 (YYel)2 +(Zzel)2 + (x- Xx,2)2
+(Y-Yr2)2 +(Z Z,2)2 10 In a so-called initialization

phasg, jhal cdll%cltf?u@cﬁi}iatfuﬁ{ phag, T inestis apt Qﬁ} for the first actual
measur enent of the bistatic distances of t he airpl ane,

nanadurkmﬁn%pfgh&/bﬁtaab distanges of th¢ awifil’:lﬁ, and fplacgieen alti@de z of this
at es

Falnf)’s edc%%?ipgttegr%écpt%s Béozntg]; m %ersc]’:ﬁ&%l qn%l\% er%flps%ld r]l3a1rs are
ob@¥inddheke flowzeinahnd?] foneigee Hblﬁid’mgal phese c@thhg fseé dipsoids
and having the respective altitudes z;, z;, z3. The present example confines itself to
three values of z, which are sufficient for the accuracy sought in the initialization
phase. Preferably, 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 EINE3 E2n E3
z=71 (x1,y1) (x'1,¥'1) (x"1, y"1)
z=z2 (x2,y2) (x2,¥2) (x"2, y"2)
Z=73 (x3, y3) (x'3,¥'3) (x"3,¥"3)

Each coordinate (xi, i), (x'i, ¥'1), (x"i, y"i) is therefore dependent on z and it
is possible to represent all these coordinates by a second-degree polynomial (3 values

available per coordinate):
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and having the respective altitudes z1, z2, z3. The
present exanple confines itself to 15 three val ues of
z, which are sufficient for $he accuracy sought in the
initialization phase. Preferably, in this
initialization phase, these three values of z are
taken to be very different from one another, for
exanple 0, 500 mand 1000 min altitude. The

Lg} ng val ugs- 2 tphesgid nt er sectinop gopnisrare then
Eﬂﬁ‘ed for the vari'ous ‘aforesaid el'lipsoid pairs:

nzEg Eln ES=aI'_—;2rTbEz+th25-vzl (xI, W1=t)">7( Xb'lyz+eyy 1) (xI1

(X3, 'lél}'%)eq&lﬁm%ns(% é}jey 2%2_“%, cég.taﬁ/ce% ,,E%"%%%rbcrpalog %8 %Neen the

idtedsect{of point¥ 'NI(x, X M'(x',Vy') dnd MI"Ghey'gfags ehetlRpene@fiated, then
z and it is p055|6 leto reBresent all these

tho oquiitiant &y thy varieut disthndesgPe &)k yilderertiatgin, &) gsthey are
S&V%%(?E{'}Slrp ﬁlﬁ 1%%?{';19 'o??llie;% dlsbaré%s DZ@ )f"_ayirg n%é% cs%es)f)ond to

nYiniFauy Zistinceg bt iesn Yheypaiats M2MD'and M mkérmpalaqmatAmsdmg to
for the various distances D, .as a fun?tl on of z,
aséadm%g@pﬁ% charpetenissiecafithe ipysntiens thy fallesy amppg hese 91 ijimum

h
és(ﬁ%F? % nrg’fa%r}éfi) {d% zea\r,;,téa'n?e oﬁs 1%sierrrslet\1f:e§!! &ytja% E{ c)ogégpﬂ)nd? to pSalr of
pRidtd, abeBldndl18 A1(xD y¥ an@NE(L, BQ)Y viHiéh FQhlY @dnt heQdA Gl dbioh N the

m ni ma of these distances (z). These m ninma
seamdakprrdol ymontiils nmivukdsdbane.ds videtwerentak¢sezpaipins e 3D
M and M taken pair-wi se. According to an
p&&‘@ﬁﬁ?ﬁ@’@@ﬂ@”@héﬁ‘#@t“é‘ﬂ efefOBE t he i nvention, the

Il est
smal | es @btgh‘f > Sg't es%/&gﬁg:%?ﬁ{%stvdo%afc%a%dq\%‘#ues of x,

Let zairplan I stance; it
correspond&rbmmplpaﬁx)aﬂ 10 points, for exanple MX,

0 e et b DN 55 S o

whi ch one ifoaléﬁainﬁleé)z%l)f/ﬂ ane The 3D p03|t| on of the
airplane is deduced therefrom - along the x axis, it

I s the baraoenthee aafs, ttheof worseal.gphat ed val ues of x,

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 Em1, 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 el2, 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

(airplane-Em1), (airplane-R1) and v2 the bisector of the angle formed by the
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for exanple (x+x')/2, 15 - along the y axis, it is the
barycentre of the two cal cul ated values of y, for
exanple (y+y')/2, - along tfe z axis, it is of course
zairplane Finally, the true 3D speed vector of the
airplane is calculated on the basis of the know edge

of the 3D position and of the nodulus of the bistatic
speed of the 20 airplane in at |east three of the

@%‘l‘ﬁ) RS ifh1 BieSR BY i (ﬁlrﬁlﬂl% EefD). :ﬂi'é %trﬁl@h@ ‘}ih@t[bp'@whfch is the plot,

lustrated by the diagranmiof Figure 2. In
viiElgraaty imtheiplant oof theadrewimgofof shamlang Pbl‘ p@h@ndlcular to the

drawi n r.epresents nI t f e.t.hr i.St atd
s&hRtnd i GBETRE Aok sht 26 R Tl iDPERET LA fgligwed
b%h&hrdl shttiive ol angciefs thbglodrnavibironly th thBiptanplodifie:, dﬁamng, of
lipses ell and el2 relating to the transmtters and
threepl@w 8L2 rempendizniar tRithe wEmeay s2 28d passing thseuaidthe terd of the
n e
P AP S @uP fnds ISP BFE PRELRSRP LhUBLER PhoiBE. Blest BEo planes
P’Hﬁ@mﬁ HdLSZ| R}huihl Ibhsg réﬁﬁéﬁi?}%lyr(ﬂhmgb hizr aseD2t ii’te t}«agmmé loci of
the noduli vl and v2 o e bistatic Doppler speed f .
thengotgntiah papigony ef t%léwéldwéttga tmsﬁpeqdh%ecsar|qp%5§%§lrﬁlﬁﬁle gﬁ?g with
}gg'%r ﬁﬂg a§ 91? Eﬁ@&ﬁ%@'aﬂ&hé@zﬂ%@%%trﬁ%ﬁt lcr‘rtkaﬂﬂ }?asg’iﬂgttlli}%ugh
[ ag uch a way that the Segnent vl he
thod gemt rBr armlf pd:rbencha:lgdiretof the rpdahebyf tmed@wgrmﬂﬂs e is done for

i rpl Em t.h b t
oRLEER § TOPHetPB) G PLR i & Ty PTG f302 st plane
PL2i ;szﬁl;@ge%m%crg}) DZTBJI% §ﬁ6tﬂérg;mmé P08 (%c(hv\dalrcda ih Shé BRine of the

e

pl ot visib mteganeo t he draw ng, of
dravemg) A @btamedth@erﬁWp ®lAngs PLS aph é’Lawgmﬁnmeramg another
t; | o

F ?éﬁ I?et &59 sfbtﬂe 1aletﬂgd%(m 95:‘}”1}121.3 Erl)f1 (%u?]se B Lt( \?ﬁ?lr&thpl (not
vissble Iitethpld@ztwmg) §1hb lead oﬁihys tiue spéwel wlcmnes thfis thiepadnta®ii. ng,
of 5 the plane PL2 perpendi cul r to the. se and, .
passiHitt ﬁ‘rso‘tﬂ‘btr?htzﬁéo“eﬁléasﬁaf Wg‘ § atrplepg has Ee’kﬁorcé e&hfl“c‘Ij its
#;éé&%c@r AR iR CHE agﬁﬁn@[}%lﬁ@é ﬁ)tceﬁ iPRaftaiRed Q—J‘%Sf% be able

planes PLI1 ‘and 2, which pass respectively
t¢ detetngine fie posttidi2andathe spded of dlonstplane dscascurefely arvkas easily as
potelntl al hpOSItI ons of the end of the true speed

SeRle At NI r bl ane (and with this airplane as

or i gifR)pradteC Ut mANB1AROSRRIN AeAREIIR Bhiptiset latgtenkhber of
passi ng t hrough 10 the poi nt P and perpendicular to
trahemitteesnandofeceiversd pashithgy highhe this membsr, dbe éndrerintrinsic bistatic

systems there are, and therefore yet higher is the number of bistatic distances
calculated. This results 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 of the
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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anot her pair of bistatic speeds (for exanple v2 and a
third speed v3), and a first plane PL2 passing
t hrough D2 and anot her plane/ PL3 (which is not in the
pl ane of the draw ng) are obtained. These two pl anes
PL2 and PL3 cut one anot her al ong another straight
line D2,3 (not visible in the drawi ng) which, itself,
cuts D1,2 at a point P1 (not 15 visible in the

t ;
DR TR RRP oE i LA IP URRRRELNRE Rincl RrbitRye, atthe
itident ai-Ap I ranelhas,heenKhoeniged panh, iallsthe gpeedusy edtwations are

det erm ne he airpl an tra Kin cess |i.s
r?@nﬁt@p ot dieicecht o siaing 15 pomeb b it clife of glipsoid pairs
tFnQ RaRBEBEN A tﬁ@ 8pAleRl 38&0AS tz@(‘%‘r@J ﬁtatthgl f¥s@8tep @Sbracket of
aS| y as possible at each instant. In practice, a
vahules bz i, 2,533 themsgendr drtopva dmmrth&esemlolnad geovepylsspmple,

transm tter,s and recejvers, d.the higher this
R IS RS0 R, 1o g o0 0 o tsthber eedetee and
18 8, .20d TIReEAEQAGonKClre @irﬁ!ﬂﬂﬁied‘ By tdkendprea@blOfthe three lowest

bi static di stances calculated. This results in a yet

(erdviliting Hhedbept signalawiserrgtieonphaxiong abf the lsuailabbsbistatc distance
t hod of the invention. To solve this problem

Y&NSther characteristic of the 25 invention nakes it

possitheng thespd¥piblef applibgtiomiofttea anestien iyl bt died its use, in a

met hod by virtue of the red| ction of the posi tjon of

HEstalG YRS, forhﬂ%‘e%’r“éd%‘f IBfting @637 it Igpecost, intended for

f d f
dt %Ie h{g smﬂ%c? Qa%e e S 18 iRknd HE el Qtethe approach

position o ne and of Its speed
zeee bhan atparty entmdstsamth tow tader grosd set@on, of ntttreledlfqormrawetmg a
i s.cal cul at ed I nst ant, .t +At he val ue of
SERR YRy ‘?f‘aYi“ieu %‘6#‘188 THROTSHRe é%é’ééfg% d“‘iaus‘éﬁeg‘&?f‘tér%f fyptatic
didighc3tindi sfPbisatc Appldd Gpa&r it Bed¥d oh thbartili@su efeid 8r more
so as not to take At too high to avoid too

reqeivesk iaprariated. predtreedusly, or @t ik smal | so as not to do
unngecess_ar sgﬂ%?rcgg rzﬂ\% tZans t&gl(ﬂ%h%ﬁ%ngdlh&temlmstlc and

altitude o € alrplane Is
forth abovent@tled h@vefbﬂﬁ);ant t +At, namsly z predicted.

Knowi ng z predicted, all the previo Léfatl ons are
redone (f r%?ﬁtphéoqvefl%‘?naéﬁéﬁu@rcy@&ldé‘ t’QP RLing frepgraitters,

of i ntersegiiogy ﬂf a@c!akﬂu&sﬁ gsnﬁ’iﬁk:xrsswmlﬂ DAV Q@veforms (such as
cal culation of t spee vector), taking at the

first StepDABomrdDYBﬂ“tmsﬁltm)ues of z (zl, z2, 23)

t hat h t han t hat t d
e A L e SR coporse

exanpl e 0. %e&rzﬂr ¢t R detBingdisat efositidh, for example analog
television transmitters.

In conclusion, the invention makes it possible, 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



1.2 z predicted. The calculations are sinplified by
taking preferably the three | owest (exhibiting the

best signal/noise ratio) frédnanong all the avail able

bi static distance values. 10 Anong the possible
applications of the invention may be cited its use, in

a multistatic systemfor detecting and | ocati ng

targets at |low cost, intended for detecting in a
WKL @ik | a8 Q6 RteZONR ref QUer® XA MbS sk af the variceh bpsipdeddimetric
t he approach zone of an airport, intruders wth | ow
figarkar sush @8 sectanglashrn ebameniary bifdalicf dptapreciceeaengl & few meters

sensitive.site . Th [ [ ' 0SS

o B S P ERE AR PR 09 OB B gon. end
abdupddadd of thopakest mpantide of iase tbnanettRen altithdezat i on of

one or nore receivers, associated, sinultaneously or

not, with: - a set of cooperative transmtters
(transmtting a determnistic and controlled
waveform, - a set of conventiona

frequency- nodul ati on broadcasting transmtters, 20 -
a set of broadcasting transmitters with OFDM wavef or ns

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

for exanple analog television transmtters. 25 In
concl usion, 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 obtained 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 transnmitters and
receivers are disposed at the vertices of sinple
geonetric figures, such as rectangles), an elenentary
bi static di stance accuracy of a few neters
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15

20

makes it possible to achieve accuracies of a few

nmeters in a horizontal plane, and accuracies of the
order of magnitude of about @ en neters in altitude. 9
CLAIMS 1. A nethod for locating a nobile object on the
basis of bistatic distance 5 and speed neasurenents

of this object using a nultistatic system

characterized in that at |east two bistatic distance
pairs are associated such that for each pair the

el li psoi ds which determ ne them have a comon focus,
that for each pair the i ftBAIM& i on of these two

ellipses is solved at various altitudes, that the
various intersections are 10 optim zed with respect to
the altijt uslenerméd ﬁ)‘@'l&aﬁng b hﬁibllb@léjeegorf B mdsis bheistags Histance
val ue of z, the three-di nensional Cartesian

coor di nat eandospeed neasaismsats efr i abieed wyieg 2 mpkistatic system,
havi ng asc

havt 9. 25 ORI Pt L BaPROEEAE90 SRRl o LIRSS, Albincs
modul us of suchehitrfoe ¢3dd paieet sidpsaids G&uclhh&témbmé Ehem have a

obj ect are 15 deduced. 2. The nethod as .clajme
claim1, ciammeR &Psdbatii FRAPF R iplssiectiemor B GFc clipses

mobi | e ObJ £Clo1ddq tahevaﬂgfg ?ﬁtﬁ@eso}cthﬁthﬁlec@Eﬁéﬂsatdt%ectlaﬂg are

therefore its predicted a tude z, Is predicted, and
that the ocp;ttmmzzchwmxmeqﬁect ke thecatitwk atariebpie of, tlzatdbumng found

the predic ef.i |n al
bi st At F 0. PECERCEIBEFS: G PR OSHEr Geresiauordfates of
The met hodingsotfédiat@ehlbnated ahml, Bavih Ak @etaRiel 2@dcddidinates of
that n is taken equal to 3.
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.



