| Method of detection in bistatic node using non-cooperative passive radio
transm ssions The invention relates to radio detection systens using non-
cooperative transm ssions for detecting and | ocating targets. Said non-
cooperative transm ssions are for exanple transm ssions intended for radio
broadcasting, such as FMradio transm ssions. The invention relates in 5
particular to bistatic passive radars gperating in the UHF or VHF bands.
Passive | ocation of noving targets using reflections on a target of a
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15 Passive location in bistatic mode is facilitated if the position of the
transmitting source is known. This is why such systems generally use civil
transmission infrastructures intended for example for national or regional
radio broadcasting, such as FM radio transmissions intended for the general
public. Said infrastructures generally further offer the advantage of uniformly

20 covering a vast territory with fixed installations. In a known way, the
techniques of passive location of moving targets using reflections on these
targets of a non-cooperative transmission with a "random" spectrum such as
for example FM transmissions, generally implement the following operations:

25 - Calculation of the intercorrelation function between the reference
sighal originating from the direct route of the wave transmitted towards the
receiver, and the signal received by the location system after reflection by the
target. To do this, the reference signal successively undergoes a series of
shifts corresponding to assumptions of time and frequency shifting of the

30 signal corresponding to assumptions regarding the position and velocity of
the target that has reflected the signal transmitted by the source.



the target that has reflected the signal transmtted by the source. 2 -
Detection of intercorrelation "peaks", said detection being for exanple
carried out by conparison with a threshold. - Estimation of bistatic

di stance and Doppler velocity by extracting 5 the position of the detected
peaks. It should be rem nded here that sthe bistatic distance is a di stance
that can be used to locate the target that has reflected the transmtted
signal, on an ellipsoid centred on the transmtting source and the
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In the particular case of FM radio broadcasting transmissions,
particular account must be taken of the breakdown of the complete FM band,
which typically extends from 87.5 MHz to 108 MHz, in a certain nhumber of

20 separate channels, each channel thus having a limited frequency band, of
the order of 200 kHz for example. The use of a transmission channel
therefore limits the analysis band of the signal received to a few hundred
kilohertz.

In the case of an FM transmission, account must also be taken of the

25 diversity of the transmitted data constituting the signal modulating the carrier.
Said data range from simple speech to digital data, possibly coded and
multiplexed. The type of modulating signal directly conditions the spectrum
width of the signal transmitted within the same channel. Thus the transmitted
signal may occupy a frequency band varying from a few hundred Hertz to the

30 whole bandwidth allocated to the channel (typically 200 kHz), for example.

As far as electromagnetic location systems are concerned, it is
known that distance resolution is conditioned by the spectrum width of the
signal used. Thus, in the case of passive systems using non-cooperative FM
transmissions transmitted on a given channel, the distance resolution is



known that distance resolution is conditioned by the spectrumw dth of the
signal used. Thus, in the case of passive systens using non-cooperative FM
transm ssions transmtted on a given channel, the distance resolution is 3
limted to several hundred netres, taking into account the maxi mum wi dt h of
the FM channel (typically 100 kHz). Furthernore, it is also known that the
contrast between 2 targets or betmeensa target and anbient clutter is
limted by the BT product of the 5 signal's band-width B by the integration
time T of the measurenent nade on the S|gnal Taki ng into account the
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I nvention, ttlaasmittérachdaeogiverses at | east the follow ng steps: - a step of
reception for each,chaanglyidhediniatbh® of et €0§faiS tdiRhitted by non-
15 cooperative sources of the FM radio broadcasting station type therefore
forms a limitation on the implementation of passive detection systems using
the FM band.

One aim of the invention is to remedy the aforesaid drawbacks,
20 especially with regard to the limitations affecting the performances, in
particular in terms of RES and range, of passive detection systems using
non-cooperative transmissions. To this end, the subject of the invention is a
method of detection for passive location systems, using transmissions in
bistatic mode originating from non-cooperative sources transmitting
25 simultaneously on several separate frequency channels.
According to the invention, the method comprises at least the
following steps:
- a step of reception for each channel used by the reference signal
originating from the transmitting source along a direct route, and by
30 the signal reflected by the different objects present in the space
covered,
-a fitering step for separating and selecting the frequency
channels used,
- a step of analysis of the signal received in each channel, channel
35 by channel, which is used to define a set of analysis cells, each cell



originating fromthe transmtting source along a direct route, and by 30
the signal reflected by the different objects present in the space covered,
- afiltering step for separating and sel ecting the frequency channels
used, - a step of analysis of the signal received in each channel, channel
35 by channel, which is used to define a set of analysis cells, each cell 4
corresponding to a bistatic distance - poppler velocity domain, (Ad, Avd),
around a point defined by a given pair of values (bistatic distance,
Doppl er velocity), the neasurenment of the signal received for said cel
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The method according to the invention offers the advantage of

15 increasing the dynamic range of detection of the signals received.

The integration of the different channels used by the transmitting
source can also be used to improve the signal-to-noise or signal-to-clutter
ratio and to make the quality of the location carried out fairly insensitive to
band-width variations of the signals received in each channel, variation

20 resulting from a change in nature of the modulating signal at uncontrolled
instants, in one or more channels used. This integration can also be used to
improve the distance resolution of the method.

The ambiguity management step thus advantageously enables the
removal of erroneous detections not corresponding to the actual position of

25 the target.

According to a variant implementation corresponding to a system
using a multipath antenna of the DBF type for example, the method also
comprises a step of focusing the signal received via the different reception
paths of the antenna. Advantageously, the focusing can be performed before

30 or after the distance-Doppler correlation.

According to another variant implementation, the step of detection is
carried out separately for each channel before the step of coherent
integration.

35



renoval of erroneous detections not corresponding to the actual position of
25 the target. According to a variant inplenentation corresponding to a
system wusing a nultipath antenna of the DBF type for exanple, the nethod

al so conprises a step of focusing the signal received via the different
reception paths of the antenna. Advantageously, the focusing can be
performed before 30 or after the distgnce-Doppler correlation. According to
anot her variant inplenentation, the st of detection is carried out
separately for each channel before the step of coherent integration. 35 5
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- Figure 4, an illustration of the result obtained by
implementation of the removal of ambiguity step according to the invention,
- Figure 5, an illustration of the removal of ambiguity step
according to the invention,
15 - Figure 6, an illustration of a variant implementation of the
method according to the invention.

As shown in Figure 1, passive detection in bistatic mode brings into
play two separate entities, the transmitting source 11 on the one hand and
20 the detection and location system 12 on the other.

The transmission source 11 is regarded as non-cooperative in that it
transmits signals whose destination and nature are not linked to the use that
is made of them by the detection system. They are, for example, as

25 mentioned previously, FM band radio broadcasting signals intended for
broadcasting general public transmissions. This can also be television type
UHF or VHF broadcasting signals for example or any other transmission for
general use. It is even possible to conceive that the source 11 is actually a
plurality of sources, each source transmitting on one or more channels.

30
In the rest of the document the case of using a transmission in the FM band
will be taken as a non-restrictive example of applying the method according
to the invention.

One characteristic of said non-cooperative transmissions is that they

35 generally occur in a defined band of frequencies broken down into separate



transmts signals whose destination and nature are not |linked to the use
that is made of them by the detection system They are, for exanple, as 25
menti oned previously, FM band radi o broadcasting signals intended for
broadcasting general public transm ssions. This can also be tel evision type
UHF or VHF broadcasting signals for exanple or any other transm ssion for
general use. It is even possible to congeive that the source 11 is actually
a plurality of sources, each source transmtting on one or nore channels.
30 In the rest of the docunent the case of using a transmi ssion in the FM
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15 this reason, the transmitting source 11 is qualified as non-cooperative and

random.

The detection system 12 takes advantage of said transmitting source by
implementing a bistatic detection method that consists in separately

20 performing direct reception of the signal 14 transmitted by the source 11, and
reception of the waves reflected by the different objects present in the area
covered by the detection system 12. In general, for reasons of ease of
implementation, said reception is limited to only one of the channels
transmitted by the source. This is because the signals transmitted on the

25 different channels are not necessarily synchronous with one another and
their simultaneous use requires having suitable processing.

The signal 15 received directly from the transmitting source, is used as a
reference by the detection system 12 for determining the time difference with

30 respect to said reference, presented by the signal 16 reflected to the system
by an object 17. After processing, said difference can be used to determine
the distance of the object, the speed of the object 17 being further
determined in a conventional way by Doppler processing.



20 performng direct reception of the signal 14 transmtted by the source
11, and reception of the waves reflected by the different objects present in
the area covered by the detection system 12. In general, for reasons of
ease of inplenentation, said receptionis limted to only one of the
channels transmtted by the source. This is because the signals transmtted
on the 25 different channels are not ngcessarily synchronous with one

anot her and their sinultaneous use reZﬁires havi ng suitabl e processing. The
signal 15 received directly fromthe transmtting source, is used as a
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detection according to the invention is applied to the signals originating
fromthe receiver 21 with which the detection and |ocation system 12 is
equi pped?5 As has bigere  shpwasay ilustgtion of the main steps of the method

according to the invention.
As the figure illustrates, the method of detection according to the invention is
applied to the signals originating from the receiver 21 with which the
detection and location system 12 is equipped. As has been previously said,
20 according to the architecture of the system 12, the receiver 21 may consist of
a set of two receivers one of which is associated with the reference antenna
and the other with the measuring antenna. It may also be, as in the example
shown in Figure 2, a multipath receiver associated with a multibeam antenna.
The signal received by the detection system 12 is composed of a set of
25 signals originating, directly or after reflexion, from signals transmitted by the
source 11 on each of the m channels 13, used in the whole FM band B.

The method according to the invention comprises a step 22 of filtering the

signal received. The main purpose of this filtering operation is to separate by
30 channel the signals received. Accordingly, step 22 consists in implementing

selective band-pass filters, whose band-width is of the order of 200 kHz, the

size of the band allocated to an FM channel. The band-pass filtering can be

achieved in various known ways moreover, not detailed in this document. In

the case of a muitipath receiver, operation 22 is carried out for each of the
35 reception paths.



20 according to the architecture of the system 12, the receiver 21 may
consist of a set of two receivers one of which is associated with the

ref erence antenna and the other with the neasuring antenna. It nay al so be,
as in the exanple shown in Figure 2, a nmultipath receiver associated with a
mul ti beam antenna. The signal received by the detection system12 is
conposed of a set of 25 signals originagying, directly or after reflexion,
fromsignals transmtted by the source 11 on each of the m channels 13,
used in the whole FM band B. The nethod according to the invention conprises
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et er ence pAEITEN SPEEGY 74 X rAbledey s ool BebEl B BT con
be descri1bedNay1b!athmfoMQWIngEl‘elﬂa9nsiypt he followi ng relationship: x(i,0)(ti,f)=
JSc(,0)(t)-S*(i,reference path)(t-t)ei2nft dt [1]
X0y (T.1) = [Scg 0y(t) - 8 i reference pat) (t - T} e .t [1]
T
where i represents the number of the FM channel considered and 8 the
direction of the analysed path (case of a system comprising a multibeam
20 antenna).
T represents the integration time of the measurement. This time is generally
a function of the time during which it is possible to consider that the
measurement is not distorted by the movement of the objects located in the
space covered.
25 In the particular case where the detection and location system 12 is
equipped with a conventional single beam antenna, the preceding
relationship becomes:

Ai(T.f) = _[SCi(t) . S*(i. reference path){t—T)- et gt [2]
T

30
This correlation operation is generally carried out for sampled values of t and
f, 1 varying from t = 0 to a value T = Tmax Dy increments of At and f varying

from —fax t0 +fmax by increments of Af.



T where i represents the nunber of the FM channel considered and O the
direction of the analysed path (case of a systemconprising a nultibeam 20
antenna). T represents the integration tine of the nmeasurenent. This tinme is
generally a function of the tinme during which it is possible to consider
that the neasurenent is not distorted by the novenent of the objects
located in the space covered. 25 In tlge particular case where the detection
and |l ocation system 12 is equipped with a conventional si ngl e beam ant enna,
the preceding relationship becones: xi(ti,f) =JSci(t). S (i, reference

path) (t-t) pee\}aﬁfgs %d [f % ard Td%ﬁnér&"gﬁs:{d%ﬁ %@Eh%c%ﬁﬁﬂé’é tilpge%,%dgener all'y

carried out a val ue

ti = timx KNgenand ﬁp@r ueIOAr’ry ahtherohjegty thay are M@wedg tealre detertadayisby
increnents ¢ér the.valuesTdfeAy ahd e, theg. aréllﬁztérmiv(ecﬁbr tﬂ@%b&ﬁdc@aﬁﬁd that t he
e

O O S e bRl vl RS AR Hof Sl ¥ eBaph bt s et
det er mi neidl lopsematien Honeat yhatimay be tavailable.aFhuse theh minimaun abluevefrir iSor t he
band-wi dth g |@H%§qqe§®eﬁséh‘Wﬁthé'ﬁ%anh€F ﬁld&gﬁ?f t\S ddc‘ﬂrbﬁa'nﬁsl ilwhfligt may be
available. T L mum v

'imte | hverse 1/ AF of
t he band AFt%H"F%é'atﬂé‘?i 'PB"’B'A'E'h"%Hﬁn?If pfjis 'WPqude by Wpi"&éfqey 171 pf theni mum
val ue of Af cbselvation ththeby the inverse 1/T of the observation tine. 10
| mpl ement ation of the operation described by the fornulae [1] and [2] can be
used to determine, for a signal received at a given instant, the delay ti

and f rewJeM@9le§1ﬁmatlm ofthe @perationlesenibed ky theciosmlar [phand (21 cantei ned
bet ween t he ysggas deterenirsd, 56k ﬁﬂal réseiikr] ayeGivedf iﬁét%methéldﬁlw 7 ahd
correlati Ontf eak | Sshlﬁ) ftvalues for w rllchagcgrréla%n 1Zai|< %Cc%tamegtbe%vgel t?\n
fromthe det'&QHPEH P
measuring signal and the delayed reference signal. A correlation peak is
obtained when an object 17 located at a given distance from the detection
15 system 12 and moving at a given velocity vd, reflects the wave transmitted by
the source 11 towards the system.
The delay t further enables the corresponding bistatic distance d to be
directly determined, this bistatic distance being used to locate the object 17
considered on an ellipsoid having the transmitting source 11 and the
20 detection system 12 as foci. The location of the actual position of the object
17 is itself obtained by determining the direction pointed at by the reception
path or the measuring antenna.

di st ance

The value f of the frequency shift for which a correlation peak is obtained

25 corresponds to the Doppler frequency of the signal reflected by the object 17
and is directly linked to the Doppler velocity Vd of the object 17, with respect
to the detection system 12.

The moduii [)(o)(TF* or [ (T.AIF of the functions X ¢(Tf) or X (T.9)

30 are representative of the ambiguity functions of each of the channels, for the
direction 6 in the case of a system comprising a path-forming antenna or for
the measuring path in the case of a single-beam antenna, respectively. Said
ambiguity function defines the size of the elementary analysis cell (Ad, Avg) of
the signal obtained by distance-Doppler correlation.

35



15 system 12 and noving at a given velocity vd, reflects the wave
transmtted by the source 11 towards the system The delay T further
enabl es the corresponding bistatic distance d to be directly determ ned,
this bistatic distance being used to |ocate the object 17 considered on an
ellipsoid having the transmtting source 11 and the 20 detection system 12
as foci. The location of the actual position of the object 17 is itself
obtai ned by determ ning the direction qﬁinted at by the reception path or

t he measuring antenna. The value f of the frequency shift for which a
correlation peak is obtained 25 corresponds to the Doppler frequency of the

i | fl ' 7 .S di tly,linked to th |
veloai ty v DIE oI ghtheprd Fetaids, oBREilce “apobe AvantaBRueH Lot Bt e
modul i |9 ; ,establish) for each %f(thef Jrapsmissione chamals obs of tvO-dindersjorat X (ti, f)
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respect i vel yaxisSaepresantirigydihe ytinhe rshift osaluwbst tnasd tdre aiis eepriesentinge teerent ar y
anal ysi s cel ) ' i | k.S e I
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advant ageousihpwis ifdFigyre Sstthis| represeptationc 'PRNPFAENA"r 6RRsIStS Afoh seh&hnel s 13,

a two-di nenspgxeal 31 eash oRBEFdrdMY & ahehaldal ¥ell of te Ghpal Fddeivedumger gone by
the reflected signal.. This representation.in L. ane consists of. anal ysis
cel | 5 ] uxt apGREARRHID 2 FoBy e PaRRue Harg AR Pl S Arfabael ™ and
an axi s neprteseasulhgf theecofresppndingycarteldtionvaparation., Thischappng styeviohg t he

di mensi on 4Feﬁﬁes@ﬁfatiﬂﬁ'h@é%e aﬁ?an QQW fAdititiighe adsobilisn bEHLRRORSAL 1 On Or
"panorama” consists, of a set hoxes 31 ea@# corresponding to an anal ysi s
cel | of the Qt@Rad siragiangeusiyjor ditereat chargglswi th a copy of the transnitted

signal . Each cell is associated with 10 the result of the corresponding
e ey PREDEH BT RLAR olo ER58 9318 b B4
15 distance-Doppler mapping of the signal received on the measuring path. it is
presented here, by way of a non-restrictive example of embodiment, as
processing by correlation of the reflected signal with a reference signal.
Within the context of the invention, other methods for obtaining this mapping
are, of course, conceivable.
20
As shown in Figure 3, the distance-Doppler mapping forming the
object of the mapping step 23 can be used to locate the signal received at a

given instant in a specified bistatic distance-Doppler velocity celi,
2
corresponding to the ambiguity functions |X(i,8)("-f)l or |)(i(1:,f)|2 :

25 Accordingly, in order to increase the contrast and improve the distance
resolution, the method according to the invention comprises an additional
step 24 of coherent integration, channel by channel, of the signal obtained in
each of the analysis cells 31.

According to the invention, the processing carried out during step 24 consists

30 for example in calculating, for the values of | between 0 and m-1, the value of
the signal X, described by the following relationship:

j2n f

1
| o e
X ZEZXi,G(Tan)-e Bm g {3]
i=1



obt ai ned sinultaneously for different channels. The general aimof the
processing carried out in step 23 is to establish a 15 distance-Doppl er
mappi ng of the signal received on the neasuring path. It is presented here,
by way of a non-restrictive exanple of enbodinment, as processing by
correlation of the reflected signal with a reference signal. Wthin the
context of the invention, other nethodgqfor obtaining this mapping are, of
course, conceivable. 20 As shown in Figure 3, the distance-Doppl er nappi ng
formng the object of the mapping step 23 can be used to | ocate the signal
received at a gi ven instant in a specified bistatic distance-Doppl er

vel ocity cell res ng to the guity functions IX(i,0)(T f)lZ or
Ixi (T, f)I1Z .'”yBe g 'rf?dSirf' rPHreépf]@rtﬁgg'eﬂHE’ﬂ@a%féh?W@aBBﬂt'rG&’@ﬁ' dgredl | nprove
tgg_ di st alncmndr E§Cthelt$alﬁpllﬁghﬁ'etmérh‘@d ohaherslgmy temewled lmreemfhn@l%ﬂecq,]{rpr Ih ses an
addi ti ona | chan e t he

si gnal obt alr%ﬁrgg?lﬁé @fg E8§§|ef rUeM&g ﬁ‘te @Q?t h% noq ?@Qggﬂ]‘% If“%

i nvention? treieqedthessignal treasmitted ythesgurasy st ep 24 consists 3o for
exanple in calculating, for the values of |I between 0 and m 1, the vaI ue of

g(lh(z Zi gj(lnalg(ﬁm CQ&I%EdPE%/raE' i‘l clffcrltP%iE) ﬁééﬁ%@%ﬁ@ﬂl@ '3]0”"#5 tor epresents

the fr equencpprfofmlnge foh@ank| pair efnelaes dd vopniieFintedratismrgdl thegsignauency of
the si I ' T t f th
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target, i.e obj ect t he “si transmtted by
the sour&®. iNgigase, @Oﬁfrﬁﬁﬁﬁ%@ﬁé{ﬁtﬁﬁceﬂ@so@@%r| bed by the rel ationship [3]
anount s to Therteonm nig apbaseachegtinrtenh enammcmmremb) fromnearismitier at i on of

the signal proGRRRES Slwdbi QRE sigHats 3MYinGling YWohd diRirbAdcddrH@dMaannel s, in

order to . o .
values ¢, are obtained by an optimization of the signal-to-noise ratio at the

processing output. Said optimization is based on a "least squares” type of
15 algorithm.

At the completion of step 24 the signal present in an analysis cell (1, vg) is
therefore made up as shown in Figure 4 of a series of m distance samples
revealing a main peak 41 and secondary peaks 42-43 distributed over the

20 period At equivalent to the bistatic distance interval Ad of an analysis cell
(Ad, Avg). The position of the main peak 41 thus can be advantageously used
to determine the precise position of the target present in the analysis cell
considered.

25 The integration step 24 is conventionally followed by a detection step 25. The
purpose of this step is to determine for each analysis cell whether the signal
associated with said cell has a sufficient amplitude for corresponding to a
target of interest. In a known way, this step generally consists in comparing
the level of the signal associated with the cell considered with a threshold.

30 Within the context of the method according to the invention, the integration of
the signals originating from the different channels used can be
advantageously used to achieve a gain in integration which facilitates this
detection step.



10 increase the contrast and the distance resolution. The termcp; is a
phase correction termensuring coherence fromtransmtter to transmtter
bet ween the signals originating fromdifferent channels. The values (p; are
obtained by an optim zation of the signal-to-noise ratio at the processing
output. Said optimzation is based on a "l east squares" type of 15
algorithm At the conpletion of step 24 the signal present in an analysis
cell (t, vd) is therefore made up as shown in Figure 4 of a series of m

di stance sanples revealing a main peak 41 and secondary peaks 42-43
distributed over the 20 period AT equivalent to the bistatic distance

interval dpvantg eoﬁ %hﬁFécltderls(légdpf‘lfﬁg) taré_ ﬁﬂ&'st'hﬁ' ﬂggt?énc&hgf e n peak 41
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Wthin the context” of the netho n e invention he I ntegration
of the si gnBPE REAK gﬂf}?afgﬁh@off%%ﬁﬂ ?ﬂﬂﬁg‘?“é’ﬁgaﬁ’h%ﬁﬂ'fel s used can be
advant ageousllnythaslatﬂert casa it vafﬁautga:o memove e gnidiguity byhisinplé anéthotisit es thi s

detection Stﬁﬁqe gdﬂnﬂgre%f’ W?fa%ﬁ ] h%‘e‘tﬁsgﬂfthﬁegﬁ%lha?ﬂ’étus and t he

frequency of ne S cons
anal ysi s 18el Why Hie mthqdn@f@@r@ﬂg ththf-‘ @vgrmgn shiown 'BeF'Qlib'ieaZ ey @m&eg a mal n

peak 41 of gm\/aeiautnowmla b@iﬁ%nﬁoﬁﬂ%téﬁ@ﬂﬂé@bﬂomﬁs Lstatnw@séray be
very small corrpa close to f .causi ng

ver
an anbiguity a;négrg ﬁ@“nf‘ﬁ@ El Eﬂ‘?l%f an Iﬁd(ﬁtéﬂné tS%%%?%eé’ﬁ ?H@VBEQ tion
cor r espondi ndjstaoce lamblgmﬁynTpleaiddandatstam iscilwstededindFigyret @ t he secondary
peak. In the latter case, it is difficult to renove the anbiguity by sinple

met hods
After detection, the distance response may reveal high ievel secondary lobes

42 according to the frequency distribution of the m channels used. To
eliminate said secondary lobes, at step 26 a processing is carried out
consisting in choosing several combinations of n channels from the m
available channels and implementing the coherent processing of step 24 on
20 the distance-Doppler cells where targets have been detected.
For each analysis cell considered, the processing of step 24 is then applied
to step 26 using m samples, including the samples corresponding to the n
chosen channels, the samples corresponding to unused channels being
replaced by arbitrary values, e.g. zeros. The processing of step 24 can thus
25 be applied to different combinations of n channels.
This use of different combinations of n out of m channels advantageously has
the benefit, as shown in Figure 5, of varying the amplitude of the secondary
peaks 52-53 according to the n channels selected, the main peak always
remaining the peak of maximum amplitude. Thus, by comparing the results
30 obtained during steps 24 and 26, it is possible to determine the position of
the main peak and thereby that of the target, whilst eliminating the secondary
lobes.

The method shown in Figure 3 constitutes a particular form of
35 implementation of the method according to the invention presented by way of



such as conparing different peaks in relation to a detection threshold. This
Is 10 why the nethod according to the invention shown in Figure 2 may
conprise, in addition to a conventional step of detection 25 by a CFAR
(constant false alarmrate) estimator for exanple, an additional step 26 of
renoval of distance anbiguity. This at¢ilitional step is illustrated in
Figure 5. 15 After detection, the distance response may reveal high |evel
secondary | obes 42 according to the frequency distribution of the m

channel s gsﬁmstr'a"@on.el_fﬁisﬁd‘rﬁi 6f iﬁ‘ﬁirlléinérﬁﬁﬁdﬂﬁi%[ wf biaheé,,n%@ttrest_trieme?ﬁ?@ nﬁyﬁcessi ng
is carrie IS i n.chogsi several ..conbi hations . n. channel s
fromthe m %&33*%&%5*&- @N%g%%ﬁ%?q%ﬂgﬁ?ﬁgmiﬁéﬂ?ﬁﬁﬂw ﬁe%@ﬁ@?ﬂ%t"ﬂﬁf%g&si ng of
step 24 on by¥OFiguee i Slhisveridupisriementation whe whiaha thpe deteiction ster2Sdet ect ed.
For_each angjysddes ! cdtRiehORicifiation SteB! HESStAL ahvataie Bt Ahilng drigen appl i ed
to step 26 usi n'% .m sanpl es 'I%}de'n%?ﬁtﬁﬁ sa}n;pl eﬂgc,orrﬁggondl ng to the n
chosen chaniuPEratioR oREIANPR Justy -HEPR'E’ &t B WRiANnEl RrgRdi I$g

repl aced by detduited. ditys\the nembeeofoperatians. pefoempd aueng istep 24 isdingifed24 can t hus
25 be applied to different conbinations of n channels. This use of different
conbi nati ons of n out of m channels advant ageously has the benefit, as

shown in Figure 5AsdneRtgngdnereviessiinihe maikocbacerrdingetoolgainyentitfaiss 52- 53
accErd:c ng t ®akb& dh @ﬁ?%ﬂﬁblﬁa_lr_%@hgcﬁsédof tsigenayﬁahra?ﬁ.ﬁﬂ{édab}améBSd@g?iqmi ng Ej he
pea (0] XLmlm anpi L L uge. us (of0) ar] n . res S 0 al ne uri ng
Do 4 Ton AR A RhabidlS odd8n B8 SORBRN IMeBRiohCRY, R StoiaBmer\ henr
and t her eby extractedffronhthet signals origimatisg frem different aanreds. Bycdrtdacfthel obes. The

nmet hod showRd ' ' | ; | ement ati on
of the met ﬁ%a”’%'éf‘g?ﬁ;" st %ﬁh?‘%ﬁmtlﬁaﬁéﬁﬂbﬁéﬁw plerrien&HPin

( ! " n% to t . a Gg wa\)/ 0
i 11 ustrati oParteyiar copprandintegrgtiendhe sqtaed pecording e ihe mveptien Pasthe ctive and
may have vadvanitage obirecrgasing theecortrastbitweagnl tangsis af ibetween fargdtiand arl y
i1l ust rat‘gd cllm{a Figure 6. This variant inplenentation, in which the
detection step 5‘_5 Pr ecedes the coherent_integration step, has the advantage
of 1initingAnayss efithegmbigwty fapetioatafan M sedie dransavsainreadtypi ghowsel | s in
whi ch a targrit thé secondary lobes of the signal have a level equal to the leve! of the
main lobe multiplied by the factor 1/TB, T being the period of observation of
the signal and B the band of the transmitted signal.
20 According to the number m of channels used, multichannel operation such as
that implemented by the invention will bring about an improvement in the
main lobe / secondary lobes contrast in a ratio equal to the ratio of the bands
used (equivalent multichannel band/single channel band). Thus, by
considering a ratio equal to 100, 20 dB is gained in contrast.
25
Advantageously, the method according to the invention also enables
an improvement in distance resolution compared to that obtained when only
a single channel transmitted by the transmitting source is used. In this
connection it should be reminded that distance separating power is the
30 property of detecting two targets close to one another, whose received

echoes have the same intensity. It is further shown that separating power is,

in general, given by the ratio % in which B is the difference in frequency

between the extreme channels forming the set of channels used. Thus, for
two transmissions 20 MHz apart, a distance resolution of 15 meters can be
35 expected.



detected. Thus the nunber of operations perforned during step 24 is limted.
As nentioned previously, the nmethod according to the invention is based on

t he sinul taneous use of signals transmtted by the source on 10 different
channel s and on the coherent integration of the information extracted from
the signals originating fromdifferent channels. By virtue of the

si mul t aneous use associated with the different processing inplenented, in
particul ar coherent integration, the ngéhod according to the invention has
the advantage of increasing the contrast between targets or between target
and 15 clutter. Analysis of the anbiguity function of an FMradio

transm ssion actually shows that the secondary |obes of the signal have a

| evel equal to the level of the nain lobe multiplied by the factor 1/TB, T
bei ng t he p&héeaoketbdd absandingt iodhe arfventibre atsiogaffers el advariiagd ahdnatflinghe
transmtted;s) : j ; e

mul ti channefrﬁﬂ())lgg\r%g%alt@ﬂ éﬁgﬁg ;Hsnm?%@t tr%mrrg e%?eg}g{/ #ﬁgé&l%nbgr#?ﬁﬁelw Il bring
about an i mBREG¥Rent in the main | obe / secondary |obes contrast in a ratio
equal toghe ratio of the bands wused (equivalent multichannel band / single
channel band). Thus, by considering a ratio equal to 100, 20 dB is gained
in contrast. 25 Advantageously, the nethod according to the invention also
enabl es an inprovenent in distance resolution conpared to that obtai ned
when only a single channel transmitted by the transmtting source is used.
In this connection it should be rem nded that distance separating power is
the 30 property of detecting two targets close to one another, whose
received echoes have the sane intensity. It is further shown that
separating power is, in general, given by the ratio Bin which Bis the
difference in frequency between the extreme channels form ng the set of
channel s used. Thus, for two transm ssions 20 MHz apart, a distance
resolution of 15 nmeters can be 35 expected. 14 The nethod according to the
invention also offers the advantage of enabling



| npl ementation of the anbiguity renoval step by a process of channel
selection. 5 15 CLAIMS 1. Method of detection in bistatic node using

non- cooperative radio transm ssions transmtted on separate channels,
characterized in that it conprises at least: - a step of reception (21) for
each channel used by the reference 5 signal originating fromthe
transmtting source along a direct route, and by the signal reflected by

the different objects present in the spgce covered, - a filtering step (22)
for separating and selecting the frequency channels used, 10 - a step of
anal ysis (23) of the signal received in each channel, channel by channel,

which is used to define a set of anaCkAlMScells (31), each cell
corresponding to a bistatic distance - Doppler velocity domin, (Ad, dvd),

around a poi nt 1 dejdtn&d &Ydéellioith p@#tﬁtiﬁfmé@é ‘U%ifhg irgh-séoﬁébfat@ésrta@ﬁbcez
Doppl er velocity), the nmeasurenent of the signa recerved for said cell
bei ng associ at ed \PEMISSIAnS transmitied gn separale Chamnalseharastedzed indhat 24) of
]'Ehe Si gﬂal f reﬁei \itgxd;fmmabd atlgasegrati on being perfor mad(ggangel by channel

or each of the de .= t tion arison
with a threshold | eflélns?%f %_?b'l(?%glt'%rﬁZ?ﬁrrgggf%%gﬁé'ﬁelé’ggﬂ bé’eﬁe '%ff‘i?" ©. Met hod
according5to C aisianal origingiingciromiibe transmidting snusee alpy a diredt nputeranst ed by

means of an oper &yiE $gndlirahadteqtyome! different b8jertd Bresefi if B spanal
received with copi es the corresponding reference 25 signal nodified by

f
time (T) and fre(ﬁ’ﬂ%‘?{@a’(f) shifts. 3. Method according to one of Claims 1 or
2, in which the coheadilteringndtep(22) fom sspamtihgdand spleetimnttise drefjuéh@r i ng

operation defi ne@h?ﬂnél?ﬁsed,
10 - a step of analysis (23) of the signal received in each channel,
channel by channe!, which is used to define a set of analysis cells
(31), each cell corresponding to a bistatic distance — Doppler velocity
domain, (Ad, Avy), around a point defined by a given pair of values
(bistatic distance, Doppler velocity), the measurement of the signal
15 received for said cell being associated with this ceil.

- a step of coherent integration (24) of the signal received, said
integration being performed channel by channel for each of the
defined cells,

- a step of detection (25) by comparison with a threshold level of

20 signal received for each cell (31).

2. Method according to Claim 1, in which the analysis step (23) is
implemented by means of an operation of distance-Doppler correlation
of the signal received with copies of the corresponding reference

25 signal modified by time (1 ) and frequency (f) shifts.

3. Method according to one of Claims 1 or 2, in which the coherent
integration step (24) implements a filtering operation defined by the
following relationship:

30
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following relationship: 30 f 1 j2al in Fs m Xi=-I xi,B(T, Vd).Ctai m
i=1 16 where f; represents the frequency of the channel i considered, FS
the sanpling frequency of the signal received and vd the Doppler velocity
of the target. 5 4. Method according to any of the preceding clains, further
conprising an additional step (26) of managi ng di stance anbiguities caused
by the secondary peaks nodifying the distance representation of the signal
received in each cell (31). 10 5. Met according to any of the preceding
clainms, in which the step of detection (25) is carried out for each cell
(31) after the step of coherent int egrati on (24). 6. Method according to
any of Clainms 1 tp 4, 15 detection s, carried out
for each cell (3‘?($ef8ff' E%P(fﬁs%ﬁ%m%ﬁe eé%é’r%f the eoagp Ws;cﬁ?{%% '%efttf‘Sn (24),
the steps of |ntmjnaﬁngoﬂreql.%\):y@rﬂmeaahnglmetywedmmdgartbemc(m&)r weltmmitybei ng

i npl enent ed onl yoﬂﬁe?é‘rbleﬁ for which a target has been detected.

5 4. Method according to any of the preceding claims, further comprising
an additional step (26) of managing distance ambiguities caused by
the secondary peaks modifying the distance representation of the
signal received in each cell (31).

10 5. Method according to any of the preceding claims, in which the step of
detection (25) is carried out for each cell (31) after the step of coherent
integration (24).

6. Method according to any of Claims 1 to 4, in which the step of
15 detection (25) is carried out for each cell (31) of each channel, before
the step of integration (24}, the steps of integration (25) and ambiguity
management (26) then being implemented only on cells for which a

target has been detected.



