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present invention addresses the resolving of the problens associated with
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For TDOA, the invention makes it possible to locate a transmitting
10 target by measuring differences of arrival time of the transmitted wave on a

number of receivers that are synchronized and scattered in space.

The present invention relates more particularly (but not exclusively) to
the field of passive radars.

15
By its generic nature, the present invention also addresses all the
mode combinations (multiple TOA, multiple TDOA, or even mixed
TOA/TDOA).
20 CONTEXT OF THE INVENTION - PRIOR ART

The basic principle of the passive location methods, whether in TOA or
TDOA mode, is to determine the positioning of targets by using the
information supplied simultaneously by different information sources.
In TOA mode, or "Time Of Arrival" mode, interest is focused on the
25 signals transmitted by one or more transmitters and the same signals
reflected by a target. The measurement, for a given transmitter, of the delay
between the forward path (transmitter — receiver) and the reflected path
(transmitter — target — receiver) is used to define a location curve (or a
surface if the problem is dealt with in 3D) that takes the form of an ellipse or
30 an ellipsoid.
Thus, if a number of transmitters are analyzed simultaneously, and provided
that there is the capability to receive the forward and reflected paths, it is
possible to determine the position of the target that is sought by determining



30 an ellipsoid. Thus, if a nunmber of transmtters are anal yzed

si mul t aneously, and provided that there is the capability to receive the
forward and reflected paths, it is possible to determ ne the position of
the target that is sought by determning 2 the nutual points/areas of

i ntersections of the different |ocation curves/surfaces. In TDOA node, or
"Time Difference Of Arrival" mode, int€rest is 5 focused on the |ocation of
transmtting targets by neans of a nunber of synchronized receivers (at

| east two), a main receiver and one (or nore) secondary receivers. As in
the TOA nothe nhdualospointatarsiast hef t indersactiarisngof t dnegetdifferentiedoaidioar mi ned
geonetrica ation curves (hyperbolas or hyperboloids) established
fromthe n%géﬁgéﬁghkggof t he del ays between the 1o different signals
originating fromthe target and arriving at different instants on each of
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areas of i I ' Lt hln which these points are situated. Then, the
search for%%eaﬁﬁg)btégr?él]roer?\gg}régg‘s that are conpatible with the 25 neasurenents

firstly involves the mathematical characterization of said areas followed
by the seapm $fothe! peMdms 3aiSB8YY Phsdive B@tibn (dtefs oYR thBAERinglinto-
account of the uncertainty of the measurement delivered by the receivers. In
15 practice, to produce an accurate location of the target, it is necessary to know
as accurately as possible the location area that is compatible with the
uncertainties affecting the measurements. Consequently, the location curves
are in reality location areas, each area being situated between two extreme
curves, the spacing of which depends on the accuracy of the receivers. That
20 way, the points of intersections of the different location curves ideally
obtained by using a number of transmitting sources (TOA mode) or a number
of receivers (TDOA mode) are replaced in practice by areas of intersection
within which these points are situated.
Then, the search for the location areas that are compatible with the
25 measurements firstly involves the mathematical characterization of said
areas followed by the search for them in a space of interest (i.e. the space in
which the presence of a target is sought).

The usual methods used to perform this search are generally grid methods
30 which involve finely meshing all the space in which the targets are sought,
that is, a space that is vast enough to contain the area of uncertainty and
systematically analyzing each mesh to check whether it belongs to the
location area. There are also algebraic methods of the least-square type, or
even probabilistic methods, the complexity (and therefore the complexity of
35 implementation) of which increases with the number of information sources.
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that inplenents a successive Ivision into blocks of an initial space
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i nventi o, drawRRgkSitReROTch at 1 east one point belongs to the location area
bei ng sought. The iterative process is stopped when the size (resol ution) of
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latter exispyh8 JFaR ik §@ce (in which a target is to be located). The set of blocks
15 is analyzed iteratively. On each iteration, each block of interest is subdivided
into smaller identical subblocks. A block of interest is, according to the
invention, a block in which at least one point belongs to the location area
being sought. The iterative process is stopped when the size (resolution) of
the subblocks obtained on the current iteration corresponds to the desired
20 resolution.
The set of blocks resulting from this process provides an approximation of
the shape of the location area that is sought (if the latter exists in the initial
space).

25 More specifically, its subject is a method of passively locating a target
in TOA or TDOA mode implementing a successive subdivision into blocks of
an initial space (in which a target is to be located) and a search within each
block for the presence of points belonging to the location area being sought.
This invention is also characterized by the fact that the subdivision and the

30 search are performed in the form of iterative steps on a selection of
candidates blocks, modified on each iteration, so that, on each iteration, the
blocks of the selection obtained on completion of the preceding iteration are
searched to find the blocks containing at least one point belonging to the
location area being sought. The blocks not containing any point are

35 subsequently excluded from the selection, whereas the blocks containing at
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formng the selection define the location area wth the desired resolution.
The net hod" jou: ng to the invention also conprises an initialization 10
step in which a first block [Xo] is defi ned that corresponds to an "a
priori" search Egace this b ock constit the initial FI ection.
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Iterative step consisting in : - subdividing each block [X'] of the current

list LO -1 intR.dQling to a preferred embodiment, the method according to the
invention mainly comprises :
15 - an initialization step in which a first block [X ] is defined that

corresponds to an a pnon search space and that leads to the
formation of an initial list Lo° formed from the block [Xo],
- an iterative step consisting in :
- subdividing each block [X.] of the current list L™ into four
20 adjoining subblocks [X»'"], X1, [X’] and [Xn*,
- searching for and selecting from the duly constituted subblocks
those containing at least one point forming part of the location area,
- updating the current list to obtain a list Lo' in which :
-a) the blocks [X,] for which no subblock has been selected are
25 deleted,
-b) the other blocks are replaced by the selected subblock [X.],

the iterative step also includes an operation to compare the size Ao of the
blocks constituting the list Lg', the method being stopped when the size Ao
30 is greater than the desired resolution objective A°bi.

According to this embodiment, a block [X.]] is selected if at least one of
its points satisfies the criterion defined as follows :



20 adj oi ning subblocks [X""], [X"2], [X"3] and [X"4], - searching for and
selecting fromthe duly constituted subbl ocks those containing at |east one
point formng part of the |location area, - updating the current list to
obtain a list Lo in which : -a) the blocks [Xn] for which no subbl ock has
been selected are 25 deleted, -b) the @ther blocks are replaced by the

sel ected subblock [Xni], the iterative step also includes an operation to
conpare the size Djo(') of the bIocks constituting the list Lo, the nethod
bei ng st opped when the size &ool 4@5? ;fr than the desired resol ution
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to contain a target. The | ocation e i-n the sense that the

I nvention provides a solution lon problem(i.e., a set of
target positions g@a&d(?;(§aﬂthd§[§(&e§) % —bloén tTROABDY modear get ) .
Unlike a grid nethod, there is no dt rre all| the space, the iterative

The invention relies on the set mode approach used to locate the
target. The measurements deriving from the various sensors are modeled by
10 intervals (i.e., they include a bounded error). Knowing these measurements,
the invention uses an iterative process based on an ad hoc set mode
criterion (i.e. dependent on the problem, TOA/TDOA single/multiple sensors)
to find and approach with the desired resolution, all the areas of the space
that are likely, in light of the measurements, to contain a target. The location
15 is set mode in the sense that the invention provides a solution set to the
location problem (i.e., a set of target positions guaranteed to contain the true
position of the target).
Unlike a grid method, there is no need to mesh all the space, the iterative
process used in the invention makes it possible to concentrate directly on the
20 regions of interest.

DESCRIPTION OF THE FIGURES
The features and benefits of the invention will be better appreciated
from the description that follows, which explains the invention through a
25 particular embodiment taken as a nonlimiting example and based on the
appended figures, which represent :
- figure 1, a typical single-transmitter geometrical configuration for
implementing the TOA mode,
- figure 2, a representation of the set of location curves ideally
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figure 6, the representation of ocation area, actually obtain
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- figure 8, an illustration of the application of the method according to
the invention to the TOA 2D mode with a single-transmitter system,
- figure 9, an illustration of the application of the method according to
15 the invention to the TDOA 2D mode with a single secondary receiver system,
- figure 10, an illustration of the application of the method according
the invention to the TOA 2D mode with a two-transmitter system, and
- figure 11, an illustration of the application of the method according to
the invention to the TDOA 2D mode with a two secondary receivers system.
20
DETAILED DESCRIPTION
Interest is focused initially on figure 1 which schematically shows the
ideal operating principle of the TOA location mode. In the interest of clarity of
the explanation, the model illustrated here is a two-dimensional model
25 corresponding to the analysis of the signals obtained from a single
transmitter (2D single-transmitter model).
As the figure illustrates, this "single transmitter" operating mode
involves a transmitting source 12 (transmitter), a receiver 11, and a target 13
that is to be located. To locate the target, the receiver 11 measures the time
30 delay that exists between the received wave originating directly from the
transmitter 12 (forward wave), and the received wave originating from the
reflection of the wave transmitted by the source 12, on the target 13 that is to
be located (reflected wave).

35 In such a configuration, if the distance between the transmitting source 12
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Consequently if a Cartesian frame of reference xOy is defined that is
15 centered on the middle of the line segment [R,, T,] 14 linking the source 12

and the receiver 11, and the vector 5;( of which is collinear to the vector

R,Ty , the equation of this location ellipse 21 in the frame of reference xOy is

expressed by the following equation :

x2 y2 B
20 'a—2—+-b—2——1 [1]

with :
a=Rb/2

and b=,a2-12/4

25
To refine the location of the target 13, it is obviously necessary to have a
number of transmission sources. That way, for one and the same target 13, a
location ellipse can be associated with each source, the intersections of
these ellipses defining the possible positions of the source to be located. The

30 curves 21 and 24 of figure 2 illustrate the results obtained with a "2D two-
transmitter" configuration from which two location ellipses are obtained, the
foci 22, 23 and 25 of which are respectively the receiver and the first source
for the ellipse 21, and the receiver and the second source for the ellipse 24.
The set of the possible places of location of the target 13 then comprises the
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present ati 8n,
obtained from a transmitting target 31 and received by two receivers 32 and
33 distant from each other, a reference receiver, called main receiver, and a
so-called secondary receiver, synchronized on the reference receiver (2D

15 single secondary receiver model).

As illustrated by figure 3, this "secondary single-receiver" operating
mode involves a transmitting target 31 (transmitter) that is to be located, a
reference receiver 32, and a secondary receiver 33. To locate the target, the
20 time delay that exists between the instant of reception by the reference
receiver of the wave transmitted by the target 31 and the instant of reception

of this same wave by the secondary receiver 33 is then analyzed.

In such a configuration, if the distance between the two receivers 32 and 33
25 is denoted L, the distance between the transmitting target 31 and reference
receiver 32 is denoted Rr and the distance between the transmitting target
31 and the secondary receiver 33 is denoted Rgy, the location of the target
31 consists in measuring the delay between the waves received by the two
receivers and determining from this delay, by any known appropriate method,

30 the difference in distance traveled Ry defined by :
Ra1 =Rr1—Rg

The target 31 is then located as illustrated by the curve 41 of figure 4 on a
hyperbola having foci 42 and 43 which are the position of the reference
35 receiver and that of the secondary receiver and for which the distance
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consists in neasuring the deld Bétween the waves receive

recei vers athe flamerofirafargnée s@ytisiexpbsseg: by any known appropriate nethod,
30 the difference in distance traveled Rd, defined by : Rdl = RRI - RR The
target 31 is then Izoci%éd as illustrated by the curve 41 of figure 4 on a
hyper bol a havi ng ci Y22_and 43 which are the position of the reflgrence 35
recei ver and that o#f ©Re secondary receiver and for which the distance 9
bet ween pea@lhhas the value Rd,/2. Consequently, if a Cartesian frame of

ref erence Xx iI's defin that is centered on the mddle of the |ine segnment
[ RX, in1]° 34 IinI?i=ant reference receiver 32 and the secondary receiver
33, and the vector Ox of which is 5 collinear to the vector RXRx1 , the

equation for this | ogaHd hyperbola 41 in the franme of reference xOy is
expressed : and d=\/L§j4—c2

To refine the location of the target 31, it is obviously necessary to have a
15 number of secondary receivers. That way, for one and the same target 31, a
location hyperbola can be associated with each reference receiver/secondary
receiver pairing. The intersections of these hyperbolas then define the
possible positions of the target. The curves 41 and 44 of figure 4 illustrate the
results obtained with a "2D two secondary receivers" configuration from
20 which two location hyperbola are obtained, the foci 42, 43 and 45 of which
are respectively the reference receiver R, and the secondary receiver R, for
the hyperbola 41 and the reference receiver Ry and a second secondary
receiver Ry, for the hyperbola 44. The set of possible places of location of the
target 31 then comprises the points of intersection 46 and 47 of the two
25 curves.
Consequently, to determine the position of the target 31 without ambiguity it
is necessary to have at least one additional secondary receiver ("2D multiple
secondary receivers” configuration), the intersection of the three location
hyperbola 41, 44 and 48 defining a single common point, the point 46 in the
30 example, on which the target 31 is situated.

The theoretical determination principle explained in the preceding
paragraphs through a two-dimensional location ("2D" location) can naturally
be extended to a location in space (i.e. in 3D location).



x2 y2 C d2 1 [2] wth: 10 c=Rdl/2 and d= L2/4-c2 To refine the | ocation
of the target 31, it is obviously necessary to have a 15 nunber of
secondary receivers. That way, for one and the sane target 31, a |ocation
hyper bol a can be associated with each reference receiver/secondary receiver
pairing. The intersections of these hw@prbolas t hen define the possible
positions of the target. The curves 41 and 44 of figure 4 illustrate the
results obtained with a "2D two secondary receivers" configuration from 20
whi ch two | ocation hyperbol a are obtained, the foci, 42, 43 and 45 of which
r e respec JORmore: et BPafled elipgein inale-tansrier sBoUR daroPReedAVer R

for the hypelipebRl hlspaue, bheelligsoid ahich émﬁievreprééenw!ib? thedoliswingcondary
recei ver Rx2 f.or the hyperbola 44. The set of possible places of |ocation of
the targePdANen conprises the points of intersection 46 and 47 of the
two 25 curves. §§q§§§qgﬁiLx, to deternmine the position of the Earget 31

W t hout anbi gui tg2itp2i hnecessary to have at | east one additiohal secondary
receiver ("ﬁP_nultiple secondary receivers" configuration), the

i nterseCtiWhNof the }hree | ocation hyperbola 41, 44 and 48 defining a

si ngl e conmon péFﬁRb Zhe point 46 in the 3o exanple, on which the target 31
is situated. The theoretical determ nation principle explained in the
precedi ng paragraphs—through a two-di nensional |ocation ("2D"' |ocation) can
natural ly aneé elie @éd-lt?d4a | ocation in space (i.e. in 3D location). 10 1In
TOA node, the location ellipse in "single-transmtter” node is replaced by
an ellipsoid in space, an ellipsoid which can be represented by the

fol l owi10g equaSingifarly, in TDOA mode, the location hyperbola in "single secondary
receiver" mode is replaced by a hyperboloid in space, a hyperboloid which
can be represented by :

x2 y2 22
PrPTIrT 4]
15 with:
c=Rg/2

20 Interest is now focused on figures 5 and 6 which illustrate, through
simple location scenarios in TOA 2D mode (figure 5) and in TDOA 2D mode
(figure 6), the problem raised by the accuracy of the real measurements
obtained with the receivers.

25 Like any measuring device, the receivers used by the passive location
systems provide measurements that are marred by a certain inaccuracy that
can be assumed to be bounded. This inaccuracy means that the distance
measurements performed in TOA or TDOA mode are represented, no longer
by exact values, but by intervals, the size of which corresponds to the

30 maximum measurement error. These intervals [x] are defined by the following
equation :

[X]=[x=x*]={x e R/x- <x < x*} [5]



X2 +y2 ZZ a2 b2 +b2 [3] 5 wth : a=Rb/2 and b= a2 -L2/4 10 Simlarly, in
TDOA npde, the location hyperbola in "single secondary receiver"” node is
repl aced by a hyperboloid in space, a hyperboloid which can be represented
by : X2 y2 z2 c2 d2 - d2 [4] 15 with : c=Rdl/2 and d= L2/4-c2 20 Interest
I's now focused on figures 5 and 6 mhich1illustrate, through sinple |ocation
scenarios in TOA 2D node (figure 5) and in TDOA 2D node (figure 6), the
probl em rai sed by the accuracy of the real nmeasurenents obtained with the
receivers. 25 Like any neasuring device, the receivers used by the passive

| ocation systens provide neasurenents that are marred by a certain

i naccur acy frhehichcRnrdpreserstartieel sebofbreaboumbers. Thi s i naccuracy neans t hat
the distance neasurenents performed in TOA or TDOA node are represented, no

| onger by exact yalues, but by intervals, the sjze of which or_r?_ onds to
the 30 maxi mim e HeB,e FRRTESERISINS MEHEWM ATar 0atas Mmaasuemest Radt THA t he

rapresentss TG agpspistedt st Fodedsd pap Blasres el er ror on
the nmeasurenent RIR§R,TON [ Rorode, Ra+oggsur ement of Rb with bound8H error is
defined by the interval :7

Consequently, taking into account a bounded error on the
measurement of Ry in "TOA 2D" mode leads to the target concerned being

10 located not on a curve but on a location surface delimited by two confocal
ellipses 51 and 52 of respective parameters R,,” and Rb+, such as that

ilustrated in figure 5. This surface 53 can be described by the following
parametrical form :

€ € x2 +i
15 {(x, y)e R2| 1 ] [b]z} [7]
in which :
[a]=[R,]/2
and [b]=[a]f -L2/4
20

are evaluated by applying the interval computation rules.

Similarly, if a location is performed in space ("TOA 3D"), the taking into
account of the bounded errors of the measurement of Ry, leads to the location

25 of the target concerned in a volume defined by two confocal ellipsoids, a
volume that can be described by the following parametrical form :

2 2 2
y z
(x,y,z)eR31e 2+ L+ } (8]
{ [ b [bF
30 As for the TOA mode, the taking into account of a bounded error on

the measurement of Ry in "TDOA 2D" mode leads to the location of the
target concerned not on a curve but on a location surface delimited by two



[Rb, Ro+1 := [ Rb -6Rb, Ro +QRb ] [6] Consequently, taking into account a
bounded error on the neasurenent of Rb in "TOA 2D' node | eads to the target
concerned being 10 |ocated not on a curve but on a |ocation surface
delimted by two confocal ellipses 51 and 52 of respective paraneters Rb'
and Rb+, such as that illustrated in{ %gure 5. This surface 53 can be
described by the followng paranetrical form: 15 {(x.y)c9121cl4+ X-}[7]
[b]2 in which : [a] =[RbJ2 and[b] [a]2- L2/4 20 are eval uated by

appl ying the vaI u | ar ad acatiop is+s

per f or ned F?lml? Qy e%?@rg# Bhg5 3k|"?1§°q°ﬁ1¥ %%H}ﬁ}ﬁ{s 1tﬁ5db hded
errors of deimecbbyuhenntarvaif[ﬂ-gl@ Rgads % p Rihe alroc Rdiono 2h safcht ae thatr get
concerned in a volune defined by two confocal elli psoi S, a volume that can
be descri bitlustsgtedhin figuteoi idip susfaee r6E ganf be rdescriped )3 the follgwingz [ 8]
[a]2 [Db] 2 f.or the TOA node, the taking into account of a
bounded erbgﬂra%%‘%]tné% fé‘ﬁnmeasurement of Rd, in "TDOA 2D' node | eads to the

| ocati o® of the target concerned not on a curve but on a location surface

delimted by tvvo 12 onf cal xhypeyb | as 61 and 62 of respective paraneters
Rd, - and Rd, + 5|t [Rdl-, Rd,+] := [ Rd, -0Rd, , Rdl
+URd ], such as hat i1 str&’r]ed dh figure 6. Th| s surface 63 can be
descri bed whthe following paranetrical formb5 {(xYz)sn2 |

[C]=[Rd1]/2
10 and [d]=4L2/4-[c]

In the case of a location in space ("TDOA 3D"), the taking into account of the

bounded errors on the measurement of Ry4 leads to the location of the target

concerned in a volume defined by two confocal hyperboloids, a volume that
15 can be described, in a similar manner, by the following parametrical form :

[10]

{(x, y.z)eR3| e

[c]2 [ol]2 [dlz}

Interest is now focused on figure 7 which schematically shows the
20 principle of the method according to the invention. In order to make the
explanation of the operating principle of the method according to the
invention clearer, this principle is described here in detail for the particular
case of the search for an area of a location by means of location systems of
"single-transmitter” type (location in TOA mode) or "single secondary

25 receiver" type (location in TDOA mode).

The basic principle of the method involves a progressive refining of the

location area. It consists in subdividing the space that is to be analyzed (i.e.,

the initial search block [xq]x[yo] into adjoining subblocks in which the presence

30 of atarget is evaluated by means of an ad hoc criterion. The subblocks in
which the presence of a target is confirmed are in turn subdivided and the
others are rejected. The resulting iterative process is repeated as long as the



1E 2 - } [9] [c]2[d]2 JJ) with : [c] =[RdjI/2 io and [d]= L2/4-[c]2 In
the case of a location in space ("TDOA 3D'), the taking into account of the
bounded errors on the neasurenent of Rd, |leads to the |location of the target
concerned in a volune defined by two confocal hyperbol oids, a volune that 15
can be described, in a simlar manner, B the foll owing paranmetrical form
X2 y2 zz (X, y.z)a 5qJ3 1 E[C~-[a]2 [d]2 [10] Interest is now focused on
figure 7 which schematically shows the 20 principle of the method according
to the inveptesemcelof atatget tsoccmikmeﬁha tbarlnll@okstdmremlfy bding cpatyaedrgnd
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area of a location by nmeans of |ocation systens of SI ngle-transmtter”

(oaat i on i ROTHRREE RG] acEbRd 13 Thp MEnton corh e Bl nuuhgor

progressﬁveste@lsl ning of the |l|ocation area. It consi sts | n subdi vi ding the

space that is to bgnanahyzRdn(dt 71, the initial search block [xo]x[yo] into
adj oi ni ng subbl OCkSnI n %ag %]eﬁ’ resence 30 of a target is eval uated by

nmeans of an ad hocaBﬂﬁeF%tN%‘Pﬁlcqiﬁﬁo%ﬁtﬁﬂ&ks in which the presence of a
target is confirmed are in turn subdivided and the others are rejected. The

resulting iterati Veﬂ%é‘?ﬁﬁﬁﬁﬁt@nrﬁ @%1990 ?EQHQje‘ﬁﬁlrﬁ?n ﬁtdal §§;§ﬂ[§§t of a

target is confirnmed ocks Current being a

criteriom (eofressedingng arp adphidrdseardhdspace)] Iac2DiBpdeé S theo folloied @islus To this
end, the net hOfZl accordl ng to the invention conprises a nunber of 5 steps :

[Xo]=[xo Ix[yo].
and in 3D mode, the following applies :

[X0]=[x0]x[y0]x [Zo]-

15

The step 71 also involves initializing a list Lo, of a size that varies during the

implementation of the method, comprising the list of blocks to be studied. The
20 content of L is initialized with [Xo]

The step 71 then consists in defining a stop criterion for the method. This
stop criterion is given here by the "objective” resolution A°®i with which it is
desired to ultimately characterize the location area. This resolution is

25 naturally limited by the accuracy of the measurements supplied by the
receivers, but it can be arbitrarily set within this limit. In 2D location mode, it
is perhaps defined in a coordinate system xOy by Acbi = (A°b1 A°b’)

The step 71 is followed by a step 72 carrying out an iterative
30 processing operation that includes two nested processing loops, a main loop
73 and a secondary loop 74.

The main loop 73 consists in updating the list Ly established on initialization

with the results of the processing carried out by the second loop. Thus, on
35 each iteration i of the main loop, there is a re-updated list L, available,



- an initialization step 71, - an iterative calculation step 72. The
initialization step 71 consists in defining an initial block, [X0], 10
corresponding to an a priori search space. In 2D node, the follow ng thus
applies : [Xo]=[x0]"[Yo], and in 3D node, the followi ng applies : 15 77 7
7 [Xol = [xo]x [Yo]x [zol. The step 71 ghso involves initializing a list Lo,
of a size that varies during the inplenentation of the nethod, conprising
the list of blocks to be studied. The 20 content of Lo is initialized with
[ X01. The f&ptdd Lt hen consists in defining a stop criterion for the nethod.

This stop criterion is given her by obj ective" resolutionAob] wth
which it i On@aehiitegation. lﬂa@n%l@%ixmhlarladkbrfwf@ngﬁae|l'§&&b.l§rstma\ade h|s

Supp i od by By’ d?@b%i‘%@' N B2p WodE VT Y pBymb®) ARARMGRR "1 i o

In 2D | ocat Pgﬂ godea list L. s perhaps defined in a coordinate system xQy by
ACbi = @X oY') The step 71 is followed by a step 72 carryl ng out an

i terat t hat t t
| oops, & mdidFORE Sera TR 1508 JAofhin AFnsisBn AT BE G P FoolberSoERhe st s i n
updating t Rfal bt |3l:8m?%EBfé' \hﬁﬂ?%’e‘fﬁb htdréépﬁdsd QQ%QWS(EH‘aettIEetHeeﬁlﬁbké of the

processing carrie e secon ach iteration i of
the main I dbatda ﬁ@"r\éa"d@t%lth%crﬂgﬂ%)ed list Lo available, 14 denoted L'0. On
each iteration, each block [ Xok]=L'o(k) formng the list U is subdivided

into N gl 050, SHAPURE eerhiei | PUTYSepEE0, i LBDYRRENisRRd. or ouped

together in

According to the invention, the method is chosen to determine whether
a subblock [X] includes a portion of the location area consists in determining
whether one or more points of the subblock belong to that area.
15 To do this in the "single-transmitter" or "single secondary receiver" systems,
simply the quantity J([X]) is considered, which is defined according to the
location mode concerned by :

- in "TOA 2D" mode: J(xi))= H—]]:- %]1:-—1} [11]

20 -in" " mo y [—112- z
0 TOA 3D" mode: J([xi))= H—]]; [‘l’)]z I[E]E [12]

- in "TDOA 2D" mode: J(xi))= J["—’]]; —%]r; —1} [13]
C

- in "TDOA 3D" mode: J(xi))= [[":’]]; —[[Yd-j]]; —%-1} [14]

25
with [Xi]=[xI]x[yi] for the "2D" modes,

and [Xi]=[xi]x[yi]x[zi] for the "3D" modes.



5 As for the secondary |loop 74, this consists in elimnating fromL1l, the

bl ocks that are inconpatible with the | ocation area being sought (that is,
the bl ocks that do not validate the criterion). 10 Consequently, the

el ement [ Xok] of L'o is replaced, in Leo, by the list Li. According to the
I nvention, the method is chosen to deteigine whet her a subbl ock [ X ]

I ncl udes a portion of the |l ocation area consists in determ ning whether one
or nore points of the subblock belong to that area. 15 To do this in the

ingle-t ' th
oSl o AL o Pt BBl SERRERURE LRGP SUGHETT etk 1,
mode concer asgh, Myis 'suffioient Te¥catBihgntodie inv@Xtidor o, dhedk wﬁéihbl’il] ab20in
"TOA 3D' node: JQX~D= ~] + + ] 11 [1§]€J£%3])b bz -in "TDOA2D' node:
JOX D=[{4!- --11[13] d2 J - in ode: 44 = []s - [d12 [d]z 1 [14]
25 with [Xi ] _ [xi ]x [yi ] for the "2D' nodes, and [Xi ] _ [x i Ix [yi 1x

[zi ] forg the ' ?hermg?\slo?égfs ﬁhﬁ%l@élﬁf &n e}\ale‘égrlbf)éf fd)r]c \fvﬁfch' |?f§sﬁec%§‘§aﬂp' nt of

a block [Xi | bel according to
the inventi thd etecsrr«tm@akstqn@pnértlon @ctao(qp)euatlpn ts) tﬁ$éf¢faﬁhﬁ arm@ra@,ce of

i ntrinsical 'tl'ﬁs %fbpe&ﬂcﬁﬁén 'Réﬁbréiﬂg t&ﬁhé"h\}éntlbﬁ W@f%%aédhdlﬁ& HehmaRd& 2 stop

condition a peration to te

to
condi ti on. At&hﬁ @tqm?ﬂ AN eelatpsetar t%reaqmtp%ﬁg%r@tgﬁgvh%nt nslsdsﬁsﬁ%f i zed
in the stepdéfinaie IgtatibAsarks. THEs,tBE thaihi 166p ABhhcldEs aMdist Bpkfatioh Tesi T ed

t
© 10 executed at the end of processing on each iteration i. This condition is
defined by the following equation :

Al;io(ﬂ < Aibj
AL'o(ﬂ < Aobj = and [11]
Uy(1) obj
AL < A

15 in which Ao represents the resolution of the first block forming the list L‘O,

each block of the list having an identical resolution at this stage.

Thus, as long as the condition of the equation [11] is found to be verified, the
iterative calculation step 72 is repeated. The iteration stops only when the
desired resolution is reached.

20
Thus, when applied to a two-dimensional TOA or TDOA location
processing operation, and for an iterative subdivision of each block into P = 4
subblocks, the method according to the invention can be described by the
following sequence of actions :
25

1. Definition of the initial size of an analysis cell (block) :
[Xo1=[xo Ix[yo]-

2. Initialization of the list Ly of the analyzed blocks:L% .
3. Definition of the stop criterion: A% = (ASY, ASY).
30 4. /beginning of main loop/: (Formation of L"0 )

5. For n varying from 1 to the size of the list Li51

6. subdivision of each block n into P=4 adjoining subblocks :



define the location area. Thus, the main loop 73 includes a test operation
75 1o executed at the end of processing on each iteration i. This condition
is defined by the following equation : o(1l) < Aobl x x A" <Ab' = and [11]
ALo(1l) < AObl Y Y 15 in which AL~o(1) represents the resolution of the first
block formng the list CIO, each blggk of the |ist having an identical
resolution at this stage. Thus, as long as the condition of the equation
[11] is found to be verified, the iterative calculation step 72 is

repeated. The it ti to + n the esired resolution is reached.
20 Thus, when ap 6] o[ ?&%H'&mﬁoﬂﬁ )'{%E or TDQOA | ocation processing
operation, and for an |terative subdi vi sion of each block into P =4

subbl ocks, the Qrdlm the ipentjon can be described by the

fol | owi ng seque%ﬂoﬂ |0Jﬁ§ %ﬁ(v beWnYt}'on of the initial size of an
anal ysis cell (block) : {Xa} [xO}x[yO] 2. Initialization of the list Lo of
t he anal yzed bI 0 n|t on of e stop criterion: AObi

=( AXbi , ﬁ(&ﬂ/ﬁ({é@lhm 3/9"- éff Yi cop! )/t rFormation of 1'0) 5. For n
varying froml to the size of the |ISt L' 01 6. subdivision of each block n

i nto P=4 adj oi ni subbl ock [ Xn] +X+) /2] . [ Y-, (Y- +Y+)/ 2]
T =x s (x o PR M Lo ey V2. v ]

7. creation of the list L7={ [Xa"], [X%], [Xa%], [Xn']}

10 8. Ibeginning of secondary loop/
9. Forjvarying from 1to 4
10. Elimination of the subblocks [X‘] that do not satisfying the selection

criterion 0 € JQX,’J) : Formation of L.
11. - if LY is not empty : replacement, in Lij', of the block [X,] by
15 the list LT,
- if L% is empty : elimination of the block [X,] from the list L5

12. lend of secondary loop/
13. lend of main loop/ (Formation of Lio)

14. Calculation of the resolution of the first element of Ly :

20 APD = xt —xT Lyt -y
Ly() i ’ yLo(l) yL';)(l)

15. - if AU < Aobi: retumn to /start of main loop/

- else : end of procedure
16. /Jend of procedure/

25 The principle of implementation of the method according to the invention can
be advantageously illustrated by figures 8 and 9.

Figure 8 illustrates the implementation of the method according to the
invention on a location in TOA mode, with a "2D single-transmitter" type
system.

30 As can be seen the figure, the implementation of the method according to the
invention is physically embodied in a breakdown into blocks of the space that
includes the location area 81. This subdivision forms a mesh of the space, a
mesh in which each cell is analyzed to determine whether or not it includes a



5 [Xn]=[(x +x+112, x+].[y , (Y +Y+)/2] [Xn]=[1x +x+V2,x+][(y +Y+)/2. Y+l 7.

creation of the list L, [X""], [X"'2], [X'1, [X'4] } 10 8. /beginning of
secondary loopl 9. For j varying from1l to 4 10. Elimnation of the

subbl ocks [Xi ], that do not satisfying the selection criterion 0 e JQXO D
> Formation of Lj . 11. - if L, is not ty : replacenent, in L'51, of the
block [Xn] by 1, 15 the list Ln - if L, is enpty : elimnation of the

bl ock [X"] fromthe Iist L'o" 12. lend of secondary |loop] 13. lend of nain
| oop/ (Formation o ti f th resolut| f.the first

el enent of P@MoN opthe 92)‘5@]119“9?'% ﬁ?\"ﬁﬂy grmed mesh f'SAreﬁae%'terat'MY

ret urg to) / Buging thé suecessivejterations| eerta:unexmﬂsth?;c fUrméddh by ¢hé dividiem of af ]
procedure T on o t ccor g to the
i nvention céigemge'géeaﬁ'?@&@ﬁa é&WPﬁ{EA{‘PZ‘H}é I%%ﬂtptn %;eg gqgﬂ r9'nE1 ure 8

i | lustrat essud:ha paridrseAceerding dd thieeinvention, Hve @rdcess tod refiaing theset i on on

a | ocati g %t?“aP@éEethe‘N éé}:s"és aRicH rﬂ?k&é it O:@ﬁ?[?lé taa(/%nté&%usl S&Blg 30 As

can be seen the 1 npl enent a acco |ng o the

i nvention i gorpiﬂyang;afpr §U@m§ekbﬁ & analysip thatiia siarile and anasty ls computationpace

t hat |nclu% i8R | é‘%ﬁ f the

space, a rres ﬁqr@ﬁf ggcﬁéﬁ: e8ﬂ=1§ ﬁ@g%dﬂh\é g%%;wn@rréﬁvﬁ lr%%r not it

i ncl udes a Qqneflt for determining as accurately as possible the location area 81. An
irregular mesh is thus advantageously obtained, in which the tight mesh is

10 only centered on the location area.

Figure 9 illustrates in the same way the implementation of the method
according to the invention on a location in TDOA mode, with a system of the
"2D single secondary receiver" type. The implementation of the method

15 according to the invention is embodied in the same way by a subdivision into
blocks of the space that includes the location area 91. Areas 93 are also
obtained for which the refining is not carried out and areas 94 for which it is
continued.

20 The method according to the invention, detailed in the preceding
paragraphs for the particular case of systems of "TOA single-transmitter" or
"TDOA single secondary receiver” types can obviously be applied to the
more complex location systems of "TOA multiple transmitter” or "TDOA
multiple secondary receiver" types in 2D or in 3D. These types of systems

25 can be used, by considering the intersections of the different location areas,
to refine the location of the target being sought by limiting the location area to
the intersections of the different areas obtained.

Regarding these modes, the method according to the invention, as described
in the foregoing, remains applicable in principle. Only the criterion for

30 selection of a subblock used in the secondary loop of the step 72 of the
iterative processing operation is modified. Thus, if the system includes a total
number N of transmitters (location in "TOA multiple transmitter" mode) or
receivers (location in "TDOA multiple secondary receiver" mode), a subblock
[X] will be selected if the following equation is verified :

35



portion of the location area. The duly fornmed nmesh is refined iteratively.
During the successive iterations, certain cells 83 forned by the division of
a larger cell 82 including a portion 84 of the |ocation area no | onger

i nclude such portions. According to the invention, the process of refining
these 5 "enpty" areas then ceases, which nakes it possible advantageously to
avoid continuing, for such cells, anthalysis that is sterile and costly in
conput ati on workload and to concentrate the refining on the cells where it
presents a benefit for determining as accurately as possible the | ocation
area 81. An irregul AEEgha.isNt hus advant ageously obtai ned, in[4g}ich the
tight mesh is 10 only it ered on the | ocation area. Figure 9 i1llustrates
in the sane way the inplenentation of the nethod according to the invention

on a locatjon in T node, with a tem o e "2 i ngle secondary
eceiver - yich sReReidReRtabreseniy tersiib oh i citlafof Bf & s Bhe

i nventi on fitedapo@lating to tadayring (RRepivey R stiarsroitier ohy ) (TOA GRS of t he
space t hat fhén i: re [ i i iLped for
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conti nued. mddelhe nethod according to the invention, detailed in the
precedi ng paragraphs for the particular case of systens of "TOA
single-transmtter” or "TDOA single secondary receiver" types can obviously
be appl i edThe eldmentsm; are definaskby theafollowingyequationsf: " TOA nul tipl e
transmtter” or "TDOA nultiple secondary receiver"” types in 2D or in 3D.
These types of systens~~?{g§nJR§gysed, by considering the intersections of
the di fiherent Iocatiﬁaéygg $“1\Wd/ refine the location of the target being
sought by linmiting the ||dtelseon area to the intersections of the different
areas obtained. Regarding these nodes, the nethod according to the

i nvention, as described in the foregoing, remains applicable in principle.
Only the criterion for 30 selection of a subblock used in the secondary

| oop of the step 72 of t q¥¢%grﬂk®ve processi ng operation is nodified. Thus,
if the systemincludgs al’n

O else

15 and in which Ji([X]) represents, for each individual system (R,, Ty) or (R,
Rx), the quantity J([X]) defined previously ([11, 12, 13, 14]).

The figures 10 illustrate the implementation of the method in the case of a

location system of "TOA two-transmitters” type. As can be seen in the figure,
20 the mesh produced using the method according to the invention is once

again an irregular mesh for which the tight cells, of greater resolution, are

located on the location areas 101 and 102 defined by each individual system,

and more specifically on the portions 103 and 104 of these areas that

constitute intersections and that represents the possible location areas of the
25 target.

Turning to figure 11, this illustrates in a similar manner the implementation of
the method in the case of a location system of the "TDOA two secondary
receivers" type. As for the preceding case, it can be seen that the mesh

30 produced by the method according to the invention comprises tight cells only
in the places of the areas 113 and 114 representing the intersections of the
location areas 111 and 112 defined by each individual system.



nunber N of transmitters (location in "TOA nultiple transmtter” node) or
receivers (location in "TDOA multiple secondary receiver" node), a subbl ock
[X] will be selected if the following equation is verified 35 18 A=E a =N
[12] j=11i in which each elenment aj represents the result of the

cal culation of a selection criterion rgating to a pairing (receiver R
transmtter TX) (TOA location 5 node) or (reference receiver R secondary
receiver Rix) (TDOA Iocatlon m)de) The el enents a; are defi ned by the
foll owi ng eguati ons. .
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figure, 20withdMmsddh pr oduced usi ng the met hod according to the invention is
once agagn an |rregul ar mesh for which the tight cells, of greater
resol ution,
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| ocati on areas of the target. Turning to figure 11, is 1 rates in

a simlar manner thé”i%‘ﬁl %‘h@ﬁt"&rﬂg dhe basic prteria; azspciated h’é‘t &3€& d? €| ocat i on
system of the " TDOATOM pestsi@meqthis situation occurs when trying to locate a target

10 by analyzing two receivers that are not co-located operating in
TOA mode).

e to the problems of multiple-TDOA location: use of a family of
basic criteria combining the basic criteria associated with each of
the TDOA sub-problems.

15 e to the problems of mixed TOA/TDOA location: use of a family of
basic criteria combining the basic criteria associated with each of
the TOA and TDOA problems.



receivers" type. As for the preceding case, it can be seen that the nesh 30
produced by the nethod according to the invention conprises tight cells only
in the places of the areas 113 and 114 representing the intersections of the
| ocation areas 111 and 112 defined by each individual system 19 Since no
system can be perfect, a certain tol er?pce can be accepted as to the nunber
of basic criteria Jf([ Cthat are sinultaneously satisfied. This tolerance
is reflected by an acceptance of an interval [X] if A> M (with M<_N).
5 The present invention extends, by gldagsng the basic criteria Jr, ([X])

to the problens of nultiple TOA | ocation: use of a famly of basic criteria
conbining the basic criteria associated with each of the TOA problens (this
situation occurs when trying to locate a target 10 by anal yzi ng two

recei vers that dreAmetbod lafqzassivetyplacatingg targetf@ATEAIer . TDOA miodepr obl ens
of nultipl e- TDOjy a r nlngthe
basic criteria as %ﬁ%ﬂgﬁ@ t%ﬁe &Erﬁ (él?d’ﬂﬂ/lﬁwﬂf‘_&)% Bkﬁ:kgr%%%é %p%%bln to

probl ens of ni xermlcrfo&nerlmgat'pa@aea dmsityaied @ndza saﬁﬁqhwmm aaghi loek farer | a

conbi ni ng the b%ﬁé‘ﬂséééﬁdérdrapcﬁﬁ@%@{g?ﬁgw fHis RRafloRfared BendéMe@nd TDOA
problens. 20 CLA &ﬁ?%beo ssl vel Iocat| ng a tarrg?ret TOA or
TDOA node i npl &hRRGt ﬁ[jzeof’ e Misiansarghthe search yewre “qug‘”space in
whi ch the | ocatithe f@b\fnﬁf@f terativé lseé;?:bmlattebcmenrdﬁmamtdaw bi2ks, Wlodifiedf or  t he
presence or points to,.this location ar cer
D T (Bl ottt e i 8o RloBL R HSAFSE B sferton:
obtained on completion of the preceding iteration are searched to find
the blocks containing at least one point belonging to the location area,
10 the blocks not containing any point subsequently being excluded from
the selection, whereas the blocks containing at least one point are re-
subdivided into subblocks and replaced in the selection by the duly
formed subblocks, the selection obtained on each iteration defining
the location area with an accuracy that increases on each iteration.

15
2. The method as claimed in claim 1, also comprising an initialization
step in which a first block [Xo] is defined that corresponds to an a
priori search space, this block forming the initial selection.

20 3. The method as claimed in one of claims 1 or 2, in which the

iterations are stopped when the subblocks forming the selection
define the location area with the desired resolution.

4. The method as claimed in one of the preceding claims,
25 characterized in that it comprises :
- an initialization step (71) in which a first block [Xo] is defined that

corresponds to an a priori search space and that leads to the
formation of an initial list Lo” formed from the block [Xo],
- an iterative step (72) consisting in :
30 = subdividing (73) each block [X,] of the current list Ly
into four adjoining subblocks [X,'], [Xa?], [Xa] and [X 4],
= searching for and selecting (73) from the duly constituted



the formof iterative steps on a selection of candi date bl ocks, nodified on

each iteration, so that, on each iteration, the blocks of the selection

obt ai ned on conpletion of the preceding iteration are searched to find the

bl ocks containing at | east one point belonging to the |ocation area, 10 the

bl ocks not containi ng any point subseqqﬁntly bei ng excluded from the

sel ecti on, whereas the bl ocks containing at |east one point are re-

subdi vided i nto subbl ocks and replaced in the selection by the duly forned

subbl ocks, the selection obtagined gn each jteration defining.  the ]ocation
PRipgks o (&sh.ongs pgin

area Wi th an accuracy thatSY $h ceai@NIng a3ty OngspYInt FRENIAG: hod as
claimed in claim1l, also cpamiofthepcation aréd,al i zati on step in which a first

bl ock [ Xo] is defined that espan to _an ,a riori _seargh space, this
bl ock forming the initial géﬁ?%thq @ﬁ)%"%ﬁe‘r}}r{@t ng?h%ﬂ" aj'sg{'%li"?ﬁ@’ﬁ'q%n one of
clainms 1 or 2, in which the i ttheablooks [X¢]efostwipipkdnovsabbidok bablbeeoks

formng the selection defi | area with the desired resol ution.
4. The mtgt hod as cl ai ned i néag?lctétggtérgﬁg}ét&;’cedi ng clains, 25 characterized

inthat it conprises : - anr inithealothert blockst 2je feplpced byitba selectedt bl ock
[Xo ] is defined that corrm[ i, an a priori search space and that
|eads to the formation of an initial”list Lo formed fromthe block [X0], -

an iterative step (72) consisting in : 30 ™ subdividing (73) each block [X"]

of the current | iy itfative $8hCcdmrisiAgiz0ledt TE5ISHP RoRsgirngShl redolitdh. [ X' 3]
and [Xn4] ~ searchi Pg for and selecting éi’ZﬁBL fromthe dul'y constituted 21
subbl ocK8 those bt aPhtheyblocks sasstitylieg st liorthe maethpdrheing stappedocat i on

area, " updating Jned) theRsGifibAMAN 0 & gleBtedthah théabsidd Feboidtiof"hed. -

5. The method as claimed in claim 4, for which, in "TOA 2D single
transmitter” location mode, a subblock [an] is selected if it satisfies

15 the criterion defined by :
- 0 e J(x] with J(x]) = [I[XJT]: +J[%]]:— - 1} .
a

6. The method as claimed in claim 4, for which, in "TDOA 2D single
20 secondary receiver’ location mode, a subblock [X,] is selected if it
satisfies the criterion defined as follows :

- 0 e J([xi] with J(x']) = H’:T]: - [[‘dLj]]; - 1} .

25 7. The method as claimed in claim 4, for which, in "TOA 3D
single-transmitter’ location mode, a subblock [X.] is selected if it
satisfies the criterion defined as follows :

- 0c o with Jﬂij=[[[;j]]: . [[{)"]f . [[Ej]]: _1}

30
8. The method as claimed in claim 4, for which, in "TDOA 3D single



- the bl ocks [Xn] for which no subbl ock has been 5 selected are deleted, -
the ot her bl ocks are replaced by the selected subblocks [Xnl], the
iterative step conprising a test (75) for conparing the resolution 10

AL' Q') of the blocks constituting the list LO, the nethod being stopped
when the resolution AL'o("') is greatergbhan the desired resolution AQbi. 5.
The nmethod as clainmed in claim4, for ich, in "TOA 2D single transmtter"”
| ocation node, a subblock [Xn'] is selected if it satisfies 15 the

criterion defined by : -0eJg) XIwith. JOX al +[bl,2.J4%...6. ,The t hod as
claimed in clai ﬁggqu&rymgé]kga?"ﬂcﬁpﬁggo%, %i %\lbtf%oa&&%ée'éoﬁi%; dﬁﬁ@gi ver'

| ocati on node, alemsbbheokit§ Jojnts satisfielsehé edterfoni definedtasfollewst:he criterion
defined as follows : - OE J([XdDwith J f XuD=[ IXT - 1Y) -1~ . 25 7. The

met hod as clainmed in claim4, for whi @ in " TOA f]_%zD ingle-transmtter”
| ocati on node, a subbl oc [l 15 sellegdfed ilg sEisfiesthe criterion
defined as follows : ‘-Séﬂkﬁuﬁ'ﬂ@’ﬁﬂiﬁ%‘[ (ﬂﬁ!‘%@‘? 2 +fbi]2 -11 30 8.
The nethod as clainmed in claim4, for chtdin 3D single 22

secondary receiver" |ocation node, a subblock [X""] is selected if at | east
one of iTs points satisfies the criterion defined as follows - 0 CJQX D

with JOX D = [ [&, ~Phe methpd as ckiimed io.cldime 4mforhwbichs iel"ZQA anultiplet ai m 4,
for which, in"T -0l e -ansm tiers’ ooein j [QR,A
mul tiple secondaﬁh%ﬁéélgvelpgéﬁ@gcm%n ?ﬁ)d‘g g{%(gﬂbblr@g@.p "éfbﬁns sel ected
if it satisfies reegivers” location mode, a subblock [X,] is selected if it satisfies the

criterion A defined by the equation ;

A= ZLai =N

in which N represents the number of transmitters or secondary
receivers constituting the TOA or TDOA location system concerned
and in which the terms a; are defined as follows :

. ={1 ifOeJ1([X])’

0 else

10

15

_{1 ifOer([X])’

2 ] 0else

20

in which Ji([X]) represents, for each individual "single-transmitter"
(Rx, Tx) or "single secondary receiver" (Ry, Ry) system, the quantity
defined by :

25 - J(xi)= [[’ij]];%];-@ in "TOA 2D" mode,
a
- J[x1)= [’ij]Z—ﬂLMEﬁLE]]Z—-q in "TOA 3D" mode,

CI




criterion A defined by the equation ; 10 -A="tai=N 1in which N represents
the nunber of transmtters or secondary receivers constituting the TOA or
TDOA | ocation system concerned and in which the terns a; are defined as
follows : 15 (1 if 0 e J, ([XD a Sl Oelse (1if O0e J2 ([XD a2 10 el se
20 aN = fl if OEIJN([XD O else in whic ([ X]) represents, for each

I ndi vidual "single-transmtter" (RX, or "single secondary receiver"”
(RX, Rx;) system the quantity defined by : 25 - JQXiD=[ [Xif + [ j -1] in
70A 2D' node, 11 in "TQA 3D' de, , dxiD=1Jal2 + [I2 +[b]2 23 - JQXi D=

hobe. 10, The. et nod. a5 SRAMER 1t 11 I TOPAZPERO%En “Tow 11 i o s

transmtters"” | ocation node 0 | n Jmul tiple secondary receivers”

| ocation node, for a nunber ter or secondary receivers

constituting the TOA on X catl 3 e_ﬂ%.. ubbl ock [X 1] is
QX nemﬁt '%é’agat ion :

selected if it satisfies the 2t 20N 2de
-A=E"1la, >>-M ) 1 [é]

I—l

10.The method as claimed in claim 4, for which, in "TOA multiple-
5 transmitters" location mode or in "TDOA multiple secondary
receivers” location mode, for a number N of transmitters or secondary
receivers constituting the TOA or TDOA location system concerned, a
subblock [X.)] is selected if it satisfies the criterion A defined by the
equation :
10 -A= Z, -1

in which M represents a determined number, less than N, of
transmitters or secondary receivers constituting the TOA or TDOA
location system concerned and in which the terms a; are defined as

follows :
1i
5 a ={ lfOeJ1([X])’
0 else
. 1if 0 e J,([X])
27 1 0else '

a = {1 if 0. Jy([X])

20
0 else

in which Ji([X]) represents, for each individual "single-transmitter”
(Rx, Tx) or "single secondary receiver” (Ry, Ry) system, the quantity
defined by :

-J([xi])—”—]i Uz- }n "TOA 2D" mode,

[3]2 b 2

25 - J(xi)= [[;]]z- Hj- [[E]]; }in "TOA 3D" mode,




in which Mrepresents a determ ned nunber, less than N, of transmtters or
secondary receivers constituting the TOA or TDOA | ocation system concerned
and in which the terns ai are defined as follows : (1lifOEJ1([XD 15 al= 0
else _ 1if0eJ2([XD az-{Oelse 20 aN (1 if O EJN([XD = O else in which
Jl([X]) represents, for each i ndi viduagly "single-transmtter” (Rx, T.) or
'singl e secondary receiver"” (RX Ri) system the quantity defined by : f
~1-JIJQXiD=X)+~, -1in TOA 2D node, [a]2 [b]2 25 - JQXiD: [al]2 +

[b]2+[b']2-11in 70A 3D - JOQXi D= - y~-1in "TDOA 2D' node,
[C2 [d12 | [Xif JOX L j_ 2 di].2 " 3D' node. 11. An
application of the rre @?B Ial d |n']ncITzEJ|Bm 35‘_‘) rﬂ- to the 5 passive

| ocation of a target by a st em consi sting of individual

“single-transmtter” and " [ fl e[ fcoEﬂeiry recei ver" systens and operating
in a mxed TQA TDOA _ny@@]) [ ]2 [ ]2 [ ]2 in "TDOA 3Dn mOde.
d d

11. An application of the method as claimed in claim 9 or 10 to the

5 passive location of a target by a global system consisting of individual
"single-transmitter" and "single secondary receiver" systems and
operating in a mixed TOA/TDOA mode.





