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1 Mapping method implementing a passive radar The invention relates to
a mapping method implementing a radar used in passive mode. Itis
possible to use such a radar to locate an object capable of reflecting an
electromagnetic wave transmitted by a1transm|tter the position of which is
known. 5 Figure 1 makes it possible to explain briefly a principle of
location. A radar 1 receives a first ray originating directly from a

transmitter 2 pighpingapiedtiod aprAHemalsg & padsivé sagantter 2 but
reflected by an object 3 the position of which it is desired to determine. A
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thel Do ok WRRGIMIDRRRIR rays, can define a distance deviation r

between the dlstance d traveled bgithe first ray and the distance dl + d2

15 traveled [9Pffe 'sEBiRP thpasshife B air-Rrely APy cHie RElagation.
A-radar-d2r¢Relvashadishtion (@iginatingidgdatiywnonhe goaitimitdéthe and a

Qemrdsra%ﬁ iser 913D YRS Bhedkatien izﬁﬁh?efﬂ&ﬂ%@‘wtér%bject 3

which artet era arh tand hetr mitter 2..The Ilgpi$4lsgtjate 8 th

RIgHRCSEQn O WISt fReFx arlcihe FAnaR eftt '35 e y the
M@fréageﬁeieﬂyeran&nﬁg W@ﬁélg@@f@ﬁ&ﬂ@rrémﬂa@%ﬁm@transmitter
H@Rﬁfbﬂﬁf Zntheiskifekisi SEun@ e knelins At of definkdion aknsiante d1

S‘é %hg‘ ?é‘:ié]g‘%ﬂ; F@?Fo’n?ﬂ?e“&@@é g 'étedlgtz?ﬁége&c@e?arating

nsml StInCt pOSItIO IS pOSSIb e to define severa

@ﬁﬁ%@iﬁ%‘t&f(ﬁﬁﬁﬁ‘%‘@%{e& is situated. The position of the object will be
defined by Eheoradarmlintecsddngnbaittheayayioas diifiseidsdiktaregehdgopation r

HalEansTEtefis exet by FIALRY ANSANRIst ray and the distance d1 + d2
traveled by the second ray. In other words:
=d1+d2-d (1)
or else:
d+r=d1+d2 (2)

In the equation (2) d + r being known, the position of the object is
situated on an ellipse 4 of equation (2) the focus points of which are the radar
1 and the transmitter 2. The ellipse 4 is situated in a plane passing through
the radar 1, the transmitter 2 and the object 3. More generally, knowing only
the position of the radar 1 and of the transmitter 2, the object is situated on
an ellipsoid of revolution about an axis passing through the radar 1 and the
transmitter 2.

Based on several transmitters of distinct position, it is possible to
define several ellipsoids on which the object is situated. The position of the
object will be defined by a common intersection of the various ellipsoids.

It may happen that transmitters exist but that no transmitter
position is known. The principle of location described above cannot then be
used. It may also happen that the transmitters of which the position is known
are limited in number, which reduces the accuracy in the location of the
object.
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30 position is known. The principle of location described above cannot
then be used. It may also happen that the transmitters of which the
position is known are limited in number, which reduces the accuracy in
the location of the object. 2 Not knowjng the position of the transmitters
is often accompanied by not knowing the terrain and notably the
electromagnetic field reflected by the ground. It may be necessary to

establish g glec 58\”?1 r{‘hetl I,SHOW%? tﬁer%%tﬁ ?ntl?t% ,\gfgf e%”%@’ﬂtgﬁ{pamed

For examp Ie in ra oad sucha ma
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tma/gredmy the transmitter. It is possible to carry out this type of mapping

by moving jp {REGIMRL QuetdBEWNqle éQ{éﬁ‘oﬁ’Qﬁj BX rereacirgmaogﬁaﬁe%|d map

point the ray recelved from the transmitter. This method
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swafaosEeshtpassibiEhe dinest hierangecotitreisranatiditetaal thepossible
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entin assive radar that is fixe movable flectv
St T B TR SUsaoive s G WSt Paeaand BY medsuring
attcc@a@mgwme tipjgayofraneivednticins Bmalspnirgnitiéihod his method is

H0n1BBISBHNY Fepatsy et iRdpiireBhHAl Kasl P Afomayakhlercaralieon surface of
{ﬁ ez%t ing rays received from transmitters of opportunity, characterized in
at

comprises the following operations: 20 determining, in a distance
Doppler mattk &tﬂﬁ’étra‘lfalthﬁoiﬁféefglﬁﬂvéstdoth%"8&@%0?4& RErRRBIeRS the

payblesnsiveitbdiretiby éoby thedpasingttaramapgite ragshedlectgddoyehting a
PAGRIe ORISC i HRRSTaliRg é‘h& MaRCRBRHRP IR R B YALIesZQ08N as

of Ioc?tlon 0 sln larities of he electromagnetic field transmitted or
AukLattg %r%ﬁfh%l OREJIEAGRER eral probable zones during the

movement/mqnwmglzabibe subject of the invention is a mapping method

implementing a passive radar and at least one movable capable of reflecting

rays received from transmitters of opportunity, characterized in that it
comprises the following operations:

e determining, in a distance Doppler matrix of the radar, points relative to
the deviations between the rays received directly from the transmitters
and the rays reflected by the movable object,

e transferring to a map to be established a probable zone of location of
singularities of the electromagnetic field transmitted or reflected by the
ground,

e crossing several probable zones during the movement of the movable
object in order to obtain the location of the singularities.

Amongst the singularities of the electromagnetic field, it is possible
to locate the transmitters of opportunity from which the signal is received
either directly or after reflection. It is also possible to locate all the variations
of the electromagnetic field reflected by the ground in order to establish a
complete mapping of a zone situated close to the passive radar and
overflown by movable objects such as, for example, aircraft.
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object in order to obtain the location of the singularities. Amongst the
singularities of the electromagnetic field, it is possible 30 to locate the
transmitters of opportunity from which the signal is received either directly
or after reflection. It is also possible to Jocate all the variations of the
electromagnetic field reflected by the éround in order to establish a
complete mapping of a zone situated close to the passive radar and
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Zones o ocation ities, a map Is obtained o ects that do
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reflact®) teaossngs sseapipebalirezemas ahvatioonothsimyajaritiesy a map

RABREASHBIABILIADHGEN BRI MDESPERHIVE 15oIREPAdEGadar. The
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position and in level.

The mapping method according to the invention can be used with
or without knowledge of the position of the transmitters of opportunity.
Without knowledge of these positions, it is necessary to know the position of
the movable objects. If these objects are for example airliners, it is possible
to know their position by using a transmission system allowing automatic
aircraft surveillance, well known in the English-language literature under the
name of ADS-B for Automatic Dependent Surveillance-Broadcast. Through
this system, the aircraft permanently transmits its position. Many other
systems make it possible to know the position of movable objects such as for
example, an active radar, a LIDAR, or a passive radar using the known
position of transmitters of opportunity.

A method according to the invention can be used in real time, that
is to say by simultaneously receiving the rays used in the distance Doppler
matrix and the known positions of the movable object or objects. It is also
possible to record rays received by the passive radar and cross them with
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the movable objects. If these objects are for example airliners, it is
possible 25 to know their position by using a transmission system allowing
automatic aircraft surveillance, well known in the English-language
literature under the name of ADS-B foy Automatic Dependent
Surveillance-Broadcast. Through this System, the aircraft permanently
transmits its position. Many other systems make it possible to know the

RISHEL S et B e (MG IS ABAINEIRIRL fovabie

orap SSIve ra ar usin OWI’] osition of transmitt
@Bmtw t9XAfﬂﬁ>é‘?nBH ARrain %@?@.W@Fﬁi@h 2B iRldipigatPaBIt or
#mt othier qmshwalnmlmeansa,sméeeemmdsetray@ ustdeveith e dliziagoently. It
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Itis also 35 OSSI le to recor rays received ri)aSSIVG radar and

ARSEEGRSH r\?ﬁﬂ?ﬂ tSoLsRyS &%@?&Yoﬁhgspaﬁﬁiéﬁ@dﬁ BEpitg Bpthod
beingl ahtertmbabliefelsgtt for example by means of a GPS system, an
inertial navigation unit or any other positioning means, these records

being retrieved subsequently. It is thus sufficient to know, at precise
moments, positions of movable objects 5 and measurements of rays taken

by the pasdive raventior wikhg Priteretnstersinng ape ehss agiardages will
gbﬁéar/@ﬁi%a&i“\@etmttﬁtalmréwlm&oﬂfeérﬁl@tabtﬁﬂﬁfemﬂg%n as an

e
which: Flgur'Slf%?eﬁﬁ?%f@éé’rﬂ%ﬂ'%@%ﬁk@@%%%&@éﬁ@@(&aﬂ%@am a

principle of locating a reflective object by means of a passive radar; Figure

2 represenisap XA mRlR. Ob Ardistanse: ARP!sf %‘%fé’&é?{céﬁjgﬁtérsﬁﬁnx of

radar; FI& ure 3 |IIustr ates an example of a map established with'the aid of
the BQ%% & FAAF: For the purposes of clarity, the same elements will bear
the same Farien el istriadegadio LaxAgupls 0fG map established with the aid

of the passive radar.
For the purposes of clarity, the same elements will bear the same
references in the various figures.

A method according to the invention operates continuously and
receives multiple electromagnetic rays originating from several transmitters of
opportunity. These rays are received either directly or after reflection on
various objects. To understand the method better, the following explanation,
illustrated with the aid of figures 2 and 3, relates to a single transmitter 2 and
to a single movable object 3. It is well understood that the accuracy of the
mapping obtained by using a method according to the invention increases
with the number of movable objects moving above the zone to be mapped.

As for figure 1, the radar 1 receives a first ray originating directly
from a transmitter 2 and a second ray also originating from a transmitter 2 but
reflected by a movable object 3, such as for example an aircraft overflying
the zone to be mapped. The reflective power of the movable object 3 must be
sufficient for the reflected ray to be captured by the radar 1. This is usually
the case for an aircraft.
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A method according to the invention operates continuously and receives
multiple electromagnetic rays originating from several transmitters of
opportunity. These rays are received either directly or after reflection on
various objects. To understand the method better, the following
explanation, 25 illustrated with the aid Of figures 2 and 3, relates to a
single transmitter 2 and to a single movable object 3. It is well understood
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o the invention increase h number of movable objec
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d d2 d_ on the ordinate the bistatic Dee d 2
GOSN, SESAT P e T e RC F e et o2, an
frlesierapy3he mipkad 3Js R@F?Hlfﬁé’ principle of location described with
the aid of fipredcla gsitiey Grigimating dirdellyafiom dfelistnsceitico? lsistatic

i%‘?é‘ﬁ’é‘é’ eTPJtFr%C 2 & &QRE 3hans\afed BECRNS £ torgg)nsﬁegéf%mn of

e transmltter 2 an ected by the aircraft 3’is captured. 10 For each

Piséanse 31 1arid 42 Fawetonof st dp¥istafic difaaceed1 being the
dmm&rtgaa/eisdhmém tsacoled tay thetfiatnah atchassoitteo2 disthttoe alrcraft

P’ SYittsel By e secend Eﬁytéhsed@zaae%gl BRingideensiStBaGled by the
trave he second ra bet en the 1r |tte and, the air ra 3in
ﬁ%%ﬂsbcﬁ@%é e R G A
second ray“ﬂmwiﬁ!ﬁfmwgﬁcf@ﬁ@ﬂp@@ﬁi@ﬁmﬁbr@a&a taearém%tatﬂc speed
equal to the derivative of the deviation of distance r.

Then, the method consists in transferring to a map to be
established a probable zone of location of the transmitter 2. This is a zone in
which the transmitter 2 has a strong probability of being situated. For each
position 31 and 32, the probable zone in which the transmitter 2 is situated is
centered on a hyperboloid defined by:

d-d1=d2-r (3)

In figure 2, the probable zone for the position 31 is represented by
a hatched zone limited by two hyperbolas represented in dashed line. The
probable zone for the position 32 is represented by a hatched zone limited by
two hyperbolas represented in dot and dash line. The transmitter 2 is situated
on one of the intersections of the various probable zones.

The various probable zones move as a function of the trajectory of
the movable object 3 but a single intersection between the various probable
zones remains fixed. This intersection is centered on the position of the
transmitter 2.

By displaying on the map only the points of which the occurrence
of appearance in the probable zones is high, only the points situated at the
fixed intersections appear on the map. The more aircraft there are moving in
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Also determined for each position 31 and 32 is a bistatic speed equal to
the derivative of the deviation of distance r. Then, the method consists in
transferring to a map to be established a probable zone of location of the
transmitter 2. This is a zone in 20 whigh the transmitter 2 has a strong
probability of being situated. For each position 31 and 32, the probable
zone in which the transmitter 2 is situated is centered on a hyperboloid
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0 . map _on € points o1 wni € Qccurrence or appearance In
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iaflactiviioRsspperean thdanaprightnassre IR refessite afeseivvialprobable

Homaons im hateiraned, hecaagieittndl enidse\dadibisaprinteaésidhe more

rence. T have shown that after a few minutes of integration, the
ggecsﬁlgc)%r'%ctﬁ%eeﬁ%{aﬁsmitters capable of being received by the radar 1

appears ohhRdTRRHCBIPBRMMAR GOt BiariegtAIIe Gfe function of a
kitguapteiiohtbé théantscaipe alsieeippt Hire Tmeeofineedptivesokfitesays or
ZONERINEMEICEr SR (U IGIRAINGr TBRnB PHIEARFINLRS Srrsfpstashiere
particularly as, for example, a mountainous. relief or a high-voltagée

Clectic im0V BRI Aot FFERELST b B RSt BRUR rithetne
rayp, rbgeivat 43y, thenpessivevaddiedtiang aldhaipsarsitaioadbingtiteetistance
DbpRErshRGR’ sryard pekelsrliFencthis aprle@matianictaethiher given
\t/g ua p%rcﬁfé%lﬁ?kfa\t?\}ﬁeznor}ﬁg' t;:paesrsTi]\%eradar 1 receives multiple rays, the
weakening of the latter is a function of the square of the distance of the place
of transmission and/or of reflection. A correction of intensity is therefore
established in order to raise the level of signals which originate from a great
distance. Nevertheless, beyond a certain distance, it is difficult to distinguish,
within the ray received, the noise of the useful signal. Beyond a certain
distance from the radar 1, the edges of the map appear uniformly illuminated.
In order to prevent this phenomenon, no account is taken of the points for
which the correction is greater than a given threshold. The value of this
threshold may be defined experimentally.

Advantageously, a correlation is determined between the ray
received directly and the reflected ray and all that is retained in the distance
Doppler matrix are the points of which the correlation is greater than a given
value. In this way the contribution of the rays originating from a transmitter of
opportunity and reflected by the movable object is limited to a given envelope
which, on first approximation, can be assimilated to a Cassini oval centered
on the passive radar 1 and on the movable object 3. In other words, the
movable object 3 makes it possible to obtain an image of the ground in the
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precise is the map. The transfer to the map can be carried out either as a
function of a known position of the movable object at the time of reception
of the rays or as a function of known positions of other transmitters of
opportunity. 15 Advantageously, a corrgection of intensity is established for
the rays received by the passive radaf 1 and all that is retained in the
distance Doppler matrix are the points of which the correction is less than
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ys originating from a transmitfer of opportunity and’reflecte the
movable object is limited to a given envelope which, on first

approximation, can be assimilated to a Cassini oval centered on the

passive radar 1 and on the movable object 3. In other words, the 35

movable object 3 makes it possible to obtain an image of the ground in the

7 vicinity of its trajectory. The threshold value of the correlation may be

defined experimentally. Advantageously, for each point on the map, the

value of an electromagnetic field of the possible singularity of this point is
weighted as a 5 function of the number of values integrated at this point.

Specifically, when
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the threshold of correlation defined above is used, for example when the
movable object is observed in two distinct positions, the user will obtain,
for a given point on the map situated close to the radar 1, two
measurements and a single measureent for a point on the map situated
in the vicinity of each 10 position of the movable object 3. In this case, a
weighting of two will be applied to the points on the map situated in the
vicinity of the radar 1. 8 CLAIMS IgciAAmMS8ping method implementing a
passive radar (1) and at least one movable object (3) capable of reflecting

rays received rom, f er

comprises the oIonéFaﬂém%ﬁa%l)oans?%a %ﬁtgemynﬁzng 'Bllf%g § gsta@%%@g %ﬁd at
ﬁ@ﬁPX%Qh@&\@?l?l)Qgﬂﬂﬁ'ts(@Iaﬁ@@aRJQthdégﬂiﬁgﬁybéﬁMéem@%‘@@ls from
terawdtalsasftiyfpanuhigyt@)somerste@zemchttieatdy sorfmided thetfalowing
B%\fgmﬁ]gbject (3), transferring to a map to be established a probable

zone of locatjon of singularities of the electrom gﬁglc field tiansmltted or

& ELEYYRG: 110 B SHRCE AR SVaHK RbBMbIE9BhEL BRIy S HE ative
moientie® tdefvinganevedtieeobjue (Byin r@mmw@l clitadtlyHedocthiwtraih shaitters

sri]ng : ZHH%Sth% Hye P@‘ﬁﬂﬂﬁ@@éﬂ%@%%Slé'BbﬂedtQ%aCte”Zed in that
e

e nsfert the ma {P arrle(i%) 3 functl faknnownf S|t|g L of
of the r?ﬁo?/é'lgl% %jgc F)P S AT Of TeGE |v?né’tﬂ ZQ The' method
as chngidantiesamh m%megm@mmetlmﬁﬁlﬁetrm&etb ehgefigeted by the

carrgeeud as a function of the known positions of the 20 transmitters of

PPy {2 FB%%Q% @é”b‘tﬂllt)t;of%%orfr&\?%ﬂtgﬁ Qh%la]%able

characterized | |n correctlon intensity’is esta or the rays
receéRCH{IhE [9&@@?\/@@%@‘Qf?ﬁmtmpéﬁqﬁéﬂ@%ﬂﬁ'\%ﬂ in the 25

distance Doppler matrix are the points of which the correction is less than

a given vajuerhe method as claimed in claim 1, characterized in that the
transfer to the map is carried out as a function of a known position of the
movable object (3) at the time of receiving the rays.

3. The method as claimed in claim 1, characterized in that the
transfer to the map is carried out as a function of the known positions of the
transmitters of opportunity (2).

4. The method as claimed in one of the preceding claims,
characterized in that a correction of intensity is established for the rays
received by the passive radar (1) and in that all that is retained in the
distance Doppler matrix are the points of which the correction is less than a
given value.

5. The method as claimed in one of the preceding claims,
characterized in that a correlation is determined between the directly-
received ray and the reflected ray and in that all that is retained in the
distance Doppler matrix are the points of which the correlation is greater than
a given value.
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5. The method as claimed in one of the preceding claims, characterized
in that a correlation is determined between the directly- 30 received ray
and the reflected ray and in that all that is retained in the distance Doppler
matrix are the points of which the corr%ation is greater than a given
value. 9 6. The method as claimed in One of the preceding claims,
characterized in that, for each point on the map, the value of an
electromagnetic fiel the possihle singularity of this point | ighte
a function%;'ft _eénu%n [Qro §fv%u§sallrrﬁ§§r4@dglﬂ hics)*spggr%t.tgﬁ?\.g%%é q:l%?ms,
pheviasdeszethirfedtifbndast tBBGhre Bt g il dRaRactiizedaltithaf an
thecsiomagrititis fiendpoisththe dssitsimisierputdritppafrthivtpo(d).id Weighted as a
fORteH & flaimad iR citf EhaReeRzg iR dig. singularities
comprise reflecting points of the map. 9. The method as claimed in one of
the preceding claims, characterized in that the singularities include rays
originating frorhtee IrBethndmiterahdiopgd rimnitynandbripeeffreiediogthelsdms,
ERFadferi e MathadRs SiRuRfiiR 3RbRPisE drimarsi@ifers of opportunity

aracterized in that it consists in simultaneously receiving the rays used

the distance Doppler matrix and the known positions of the movable
object or 20 objects. 11. The method as claimed in any one of claims 2 to
9, characts.rizmbirmaﬂ_idblcae_saadfewmi\dmﬁh?,rmmdrgﬁéhfein that the

i Do tr ieving records o
%o %&r@% ré’l%\%)bﬂge% Sé%ii%siémﬁ%r%ﬁ%%When the rays were
received.
9. The method as claimed in one of the preceding claims,

characterized in that the singularities include rays originating from a
transmitter of opportunity and any reflection of these rays.

10. The method as claimed in any one of claims 2 to 9,
characterized in that it consists in simultaneously receiving the rays used in
the distance Doppler matrix and the known positions of the movable object or
objects.

11. The method as claimed in any one of claims 2 to 9,
characterized in that it consists in receiving the rays used in the distance
Doppler matrix and in subsequently retrieving records of positions of movable
objects at the moments when the rays were received.



