METHOD FOR LOCATI NG A MOBI LE OBJECT BASED ON BI STATI C DI STANCE AND SPEED
MEASUREMENTS OF SAI D OBJECT USING A MULTI STATI C SYSTEM 5 The present
invention pertains to a method for | ocating a nobile object based on

bi static di stance and speed neasurenents of said object, using a nultistatic
system The technique for locating a nobile object with the aid of
multistatic systens conventionally calls upon the joint utilization of
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this instance hyperbolas or ellipses, depending on the time reference used, to locate
the position of this object in a unique manner in space.
15 Such a technique is used for example in systems for locating the secondary
transponders of aircraft and used in air traffic control.
This known technique exhibits the following limitations:
- the quasi plane geometry of the layout of the receivers (if they are ground
receivers) only allows location in a horizontal plane, without providing the
20 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
25 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

30  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



30 of its true speed vector in 3D coordinates also. This nmethod nmust nake it
possible to l|ocate this object as accurately as possible in space, that is
to say by neasuring its 2 coordinates pn a three-di nensional reference
frame, even when this object is situated 1in an environnent that may
conprise many other nobile objects. The nmethod in accordance with the
invention is a nmethod of |locating a nobile object on the basis of bistatic
di stance and speed neasurenents of this object using a 5 nultistatic
system and it is characterjzed in that at |east two bistatic distance pairs
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relating to the bistatic distances of a nobile object, such as are used by

the method medulupef thevewrilbspeed Nertomof themghileoestaradedused.i i ed di agram
making explicit k@gor\ﬁ% t%%nda%ngr{tgée%%s characteristic of the invention, the position of
the mobile object at the next step of the calculation, and therefore its predicted
15  altitude z, is predicted, and 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, with n=3 preferably.
The present invention will be better understood on reading the detailed
description of an embodiment, taken by way of nonlimiting example and illustrated
20 by the appended drawing, in which:

- 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 the invention, and

25 - 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
30  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 is



the direction and the nodulus of a 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 in3 space of an aircraft (here call ed:
airplane), but it is of course understood that it is not 30 limted to this
application alone, and that it can be inplenented for the |ocation of any
nobi |l e object, in particular a flying object, but not exclusively. This
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15  procedure exists for solving it (in fact it involves solving an 8th-degree equation).

According to the invention, the ellipsoids are such that, taken pairwise, they
have a common focus. In the example of Figure 1, three such pairs of ellipsoids (E1,
E2 and E3) have been taken, but it would be possible to take more. In this example,
the multistatic system comprises two transmitters Em1 and Em2 and two receivers

20 R1 and R2. The ellipsoids E1 and E2 have R1 as common focus, while E1 and E3
have Em1 as common focus. By virtue of this characteristic of the invention, this
system of equations can be solved more easily than with said 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.

25 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, v, z), those of the transmitter Em1 are called (Xe1, Yei, Ze1) and

30 those of the receiver R1 are called (.1, ¥, Z1).

Let:



system of equations can be solved nore easily than with said direct
procedure. Furthernore, the know edge of the bistatic speed vectors for
each of the three bistatic systens nakgs it possible to calculate the 3D
speed vector of the airplane. 25 For the inplenentation 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 coordi nates of the

ai rplane to be locate re.cal.l ed X, VY, t hose of .the transmtter Enl
are called (xe,, y, 1, %zi’f) thg \Yjstangs E’ﬁtéi‘?g“ JEFZ’%‘{ r?é‘grtz‘Eeql’(Pé?neRV 'é?e‘ﬁﬁ%lflqeed (x, 1,
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(x-xe2) 2+( Y- Ye2) 2+( z- pevyepn thycairplanexeadRE+ (Y- Yel) 2+(Z -Zel )2 + (x_x, 2) 2+( Y-
Yr2)2+(Z - Zr2) 20 . Lca And tialization phas th i o.say for
the first actual Tﬁen% ds&&l?lér%r)gﬁe%flfn%?%g Féteg @dﬁirﬁ%ﬁ@‘feﬁygf"ﬁ?\émgﬁbpfsane, and
for a gi venpghined Utecanvehtidal manddrt pl ane, the coordi nates of the points of
intersection of the ellipsoid pairs are obtained in the follow ng manner,
for three horizontal planes cutting these ellipsoids and having the

respective al {itudgs Zi ,\zZ, Z3, \1Ne_present anpie TN Seffito 15
t hree val ues fd“z,‘? 5 £ LR g XA e | }.?rli .
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10 In a so-called initialization phase, that is to say for the first actual
measurement of the bistatic distances of the airplane, and for a given altitude z of this
airplane, the coordinates of the points of intersection of the ellipsoid pairs are
obtained in the following manner, for three horizontal planes cutting these ellipsoids
and having the respective altitudes z;, 73, z3. The present example confines itself to

15  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:

20 E1nE2 E1InE3 E2nE3
z=z] (x1,yD) (x'L,¥'D (x"1,¥"1)
z=z2 (x2,¥2) (x2,¥2) (x"2,¥"2)
=73 (x3,¥3) (x'3,¥'3) (x"3,¥"3)
25 Each coordinate (xi, yi), (x', ¥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):



phase. Preferably, in this initialization phase, these three values of z are
taken to be very different fromone another, for exanple 0, 500 in and 1000
inin altitude. The follow ng values of these intersection points are then
obt ai ned, for the various aforesaid ellsipsoid pairs: 20 Eln E2 Eln E3 E2n
E3 z=z1 (xI, yl) (x'1, y'1) (x"1, y"1) z=z2 (x2, y2) (x'2, y'2) (x"2, y"2)
z=z3 (x3, y3) (x'3, y'3) (x"3, y"3) 25 Each coordinate (xi, vyi), (x"i, y'i),
(x"i, y"i) is therefore dependent on z and it is possible to represent al

t hese coordi nates by a second-degree pol ynom al (3 values avail able per
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posi tion of an hévaaiagpbanehar®taist of thet ine¢tfonpthe smatledtngndrdeth¥sedmiimuint i S t he
barycentre of the two cal cul ated val ues of x, for exanple (x+x )/2, 15 -

al ong t he ydiatanges if retpiged. Heet Bapye distthis sofallesidistanve cidboméspoads toal pedisofof y,

for exa%)l ep(gi}{ngéylfc}r/e%{hmple M(x, y) and M'(x, ¥'), which result from the calculation of the
second-degree polynomials mentioned above, in which one takes z= Zyirplane- 1he 3D
position of the airplane is deduced therefrom:
- along the x axis, it is the barycentre of the two calculated values of x,
for example (x+x')/2,
15 - along the y axis, it is the barycentre of the two calculated values of y,
for example (y+y")/2,
- along the z axis, it is of course Zyirplane.

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

20 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 e!2 relating to the transmitters and receivers Em1, Em2, R1, R2 have

25  been plotted, the airplane to be located being situated at one of the two intersections
of these ellipses whose common focus 1s R1. In a manner known per se, the values of

the moduli vl 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

30 (airplane-Eml), (airplane-R1) and v2 the bisector of the angle formed by the



- along the 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 bBstatic 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 reasons
of clarity of the drawing, represents only two of the three bistatic
systens chosen in a plane cutting two eIIipsoids, and which is the plane of
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After this initialization phase, when the airplane has been located and its
speed vector determined, the airplane tracking process is maintained so as to be able
to determine the position and the speed of the airplane as accurately and as easily as
possible at each instant.

20 In practice, a multistatic system generally comprises a large number of
transmitters and receivers, and the higher this number, the more intrinsic 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

25  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

30 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



straight Iine D2,3 (not visible in the drawing) which, itself, cuts D12 at a
point P1L (not 15 visible in the drawing). The end of the true speed vector
is thus this point P 1. After this initigalization phase, when the airplane
has been | ocated and its speed vector determ ned, the airplane tracking
process is maintained so as to be able to determne the position and the
speed of the airplane as accurately and as easily as possible at each
instant. 20 In practice, a nultistatic systemgenerally conprises a |arge
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and 1.2 z predicted. The calcul.ations,are sinplified b Kin referably
the three | BHESH SncapR pirrings o BEgReE il rimishol Huetied Y B dgisg a7
t he avai | abkashivetsit] Theligstiae aeakin@itUgSsible to perform measurements of bistatic

15  distance and of bistatic Doppler speed is based on the utilization of one or more

receivers, associated, simultaneously or not, with:

a set of cooperative transmitters (transmitting a deterministic and

controlled waveform),

- aset of conventional frequency-modulation broadcasting transmitters,

20 - a set of broadcasting transmitters with OFDM waveforms (such as

DAB or DVBT transmitters),

- a set of broadcasting transmitters whose transmitted signals comprise
spectral lines with deterministic position, for example analog
television transmitters.

25 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

30 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 Anong the possible applications of the invention may be cited its use, in
a nultistatic systemfor detecting and | ocating targets at |ow cost,
intended for detecting in a surveillange zone, for exanple in the

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
making it possible to perform neasurenents of bistatic 15 distance and of

bi stati c Doppl er speed is based on the utilization of one or nore

i : i ated, .sinul | t, Wth: .- t _of ti
e er SRR Pt BIERHR s B BRine e Bises e huB PR o
set of convenirtHRadh 4s'reerRIIEs); APElendhtafbihRadBASEE A uFdca Tl fehvehders 20 - a

set of broadcasting transmtters with DM wavefornms (such as DAB or DVBT
transm tt er@pkes.it gossehle 69 aphipedacestdacieg af raafesvrinetesy &n igontabplans. tandd

signal s CONPI], aies SPAE OFA o bMiYe!dh BN GLIAlS! nGygal t i on, for exampl e
analog televisron transmtters. foconcl usion, The invention makes it
possible, including in a situation in which multiple flying objects are to
be detected, to obtain a practically instantaneous neasurenent of the
position of the objects to be located in 3D (in coordinates in a horizontal
pl ane and in altitude) and of their speed vector in nodulus and in direction
(in 3D). The accuracy obtained by virtue of the nmethod of the invention is
directly 30 related to the accuracy with which the bistatic distances are
nmeasured. In the case of typical configurations of geonetric distribution
(that is to say configurations for 8 which the transmtters and receivers
are disposed at the vertices of sinple geonetric figures, such as

rectangl es), an elenentary bistatic distance accuracy of a few neters nakes
it possible to achieve accuracies of a few neters in a horizontal plane, and
accuracies of the order of magnitude of about ten neters in altitude. 9



CLAIMS 1. A nethod for locating a nobile object on the basis of bistatic

di stance 5 and speed neasurenents of this object using a nultistatic
system characterized in that at | eastgtwo bistatic distance 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
optimzed with respect to the altitude variable z, that having found the
best value of z, the three-dinensional Cartesian coordinates of this object
are cal cul ated, that, having ascertained the coordinates of the object and
at least three bistatic speeds, the diirgmgon and the nodulus of the true
3D speed vector of the nobile object are 15 deduced. 2. The nethod as
claimed in claim1l, characterized in that the position of the nobile object

at the next step of,the tign, and r.ef or d altitude
z, is predicted, anlt p%] ﬁ}oﬁ f"?%l’ﬁgzaalpf’%'ﬁf e‘it E?hetfé &fﬂj}lg% @th} about
the prediscted z Is refah@%geéwni@@ﬁmxﬂ&ts Rf dhis hjdcdl usAQ PinsdiAbthic Gys'férﬁmce
pairs only the n snallest ones. 3. The nmethod as clainmed in claim2

characterized in that charaetexiggdein thatcpt dast lyvogbistatic distance pairs are associated

such that for each pair the ellipsoids which determine 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 optimized with respect to the altitude variable z, that having found
the best value of z, the three-dimensional 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
15 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

20 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.



