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{ Supp) presents the use ot existing public

telebroadcasting transmissions as transmission signals
of a bi-static radar, which thus benefits from extended
geographical coverage and absclute discret%on. The
functions of the detecticn, pinpointing and
determination of the velocity are carried out by
deploying a distinct array of receivers, covering.the
observation zone, associated with centralized
processing of the information originating from the

backscattering of the signals by a mobile body .

Tt is possible to evaluvate the performance of such a
concept by applying the general laws of radar to the
current characteristics of analocg telebroadc?st
transmissions. Thus, the presence of line
synchronization in the telebroadcast signals leads to a
plurality of solutions for distance measurement;
likewise, the accuracy of this measurement, inversely
proportional to the useful bandwidth of the

transmission signals. cannot be other than mediocre.

The document EP-A-0 681 180 discloses a method Iand a
system of discreet radar detection preferably us1ng' an
existing network of rransmission and reception stations
that is dense enough to provide for sufficient radar

coverage of the geographical zone monitored, given the
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wavef or m characteristic similar to those of standard multistatilc

The docunent EP-A-0

systems. Should a network be created, it ‘should b.e Ias
inexpensive as possible while at the same time pro?ldlng
for efficient radar coverage of the zone to be monitored
and a high degree of discretion. In the event of
application to a monostatic radar, 1t should be capable
of providing for radar detection as efficient as thaF of
standard radar, with improved discretion.
The method according to the invention consists, at
transmission, in producing an encoded waveform from a
multicarrier signal repeated on at least N periods a?d,
at reception, in carrying cut a matched filter%ng
operation on an integration time of N per%ods, N being
preferably greater than ten, and being possibly equal to
| one for a monostatic radar. N determines the Doppler
selectivity. |
The radar detection system according to the invention
comprises at least one transmitter and at le?st ?ne
receiver, the transmitter comprising @& multicarrier
encoded wave generator, the receiver comprising at least
one distance gate processing stage, advantageously

complemented by a Doppler gate processing stage.

The advent of digital television has prompted. a
complete rethink of the nature of the transmission
signals, leading to the definition of a COFDM {Coded
Orthogonal Freguency Division Multiplex) standard,

] antéa imination
exhibiting numerocus technical advanteges, eliminats
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radar, such digital signals.

Accordingly, it uses telebroadcast terrestrial
transmissions, which commonly operate on the basis of a
plurality of fixed frequency carriers, afforded a
symbol-based digital modulation, processed by carrier-

wise orthogonal frequency multiplexing.

A receiver for detecting mobile objects which uses such
radio transmitters may be regarded as known ("“Le radar
mauet” [The silent radar], B. CARRARA, P. TOURTIER,
M. PECOT; Radar Collogquium 1984, Palais des Congres,
Paris) and which comprises:

- radioelectric reception means, for picking up the
signals backscattered by objects under the effect of
said radio transmitters,

- processing means for performing a discrimination
of such objects according to distance/Doppler bins, and
- auxiliary means for acquiring a synchronization
reference with respect to the transmitters, so as to

clamp these distance/Doppler bins in time.

The invention proposes a receiver, characterized

in that it comprises (auxiliary) means for receiving
and demodulating the direct radio telebroadcast signal
received from one at least of the transmitters, so as
to determine their instants of synchronization and
their symbols,

and in that the processing means comprise:

- Doppler distribution means, able to apportion the
signals received according to a plurality of Doppler
pathways, while affording them in each pathway a
frequency shift associated with the rank o©f this
Doppler pathway,
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Preferably, the receiver includes, at the output of its
radioelectric reception stage, an analog/digital
converter, followed by a HILBERT transform stage, so as
to obtain amplitude/phase complex digital signals. The
Doppler distribution means and the subsequent stages

operate digitally.

Very advantageously, the distance compression means
comprise Fourier transformation stages on sliding
temporal data trains arising from the Doppler
distribution, thereby regenerating the symbols as
received, then temporal correlators thereof with the
output of the auxiliary means, and a summator of the

output of the correlators for the set of carriers.

It is currently preferred that the radioelectric
reception means comprise an array antenna, and that the
processing means operate selectively on pathways
respectively associated with distinct antenna elements
or groups of antenna elements, up to the postprocessing
means, which at the head end comprise means of
recombination of the outputs of these pathways, with a
view to beam formation. Preferably, the beam
recombination means operate adaptively, as a function

of the mobile beodies tracked and the echoes observed.
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According to a beneficial adjunct, in addition to the
telebroadcasting transmitters proper, the system
comprises additional transmitters sited at chosen
places and operating with the same modulation as the

telebroadcasting transmitters proper.

Another variant consists in supplementing the system
with means for addressing service information to the
telebroadcasting transmitters, for the purposes of

retransmission in their modulation.

Other characteristics and advantages of the invention
will Dbecome apparent on examining the detailed
description below, and the appended drawings, in which:

- figure 1 is a time chart illustrating the COFDM
signal coding mode,

- figure 2 is a diagram illustrating a Dbi-static
position detection on the basis of three transmitters,
which here are illustrated at the vertexes of a
substantially egquilateral triangle,

- figure 3 is the very diagrammatic illustration of
an aerial useable in a receiver according to the
inventiocn,

- figure 4 1is the detailed diagram of a receiver
useable for the implementation of the invention,

- figure 5 is the more detailed diagram of the stage

40 of figure 4,
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COFDM modulation will firstly be presented with
reference to figure 1. This is described in particular
in the article "Digital Sound Broadcasting to Mobile
Recelivers”, B. LE FLOCH, R. HALBERT-LASSALLE, D.
CASTELAIN, IEEE Transactions on Consumer Electronics,

Vvol. 35, No. 3, August 1989.

Tt is envisaged that the digital telebroadcast be made
according to this type of modulation, in particular for
television. This involves using an appropriate grid of
rerrestrial transmitters, covering all or almost all

the broadcasting territory.

The COFDM modulation uses a large number (typically
several thousand) of eguidistant subcarriers (here we
shall speak of carriers, for simplicity). The latter
are modulated at low frequency, independently, by
appropriate codes, which depending on the application
may in particular be a phase shift coding with Q
moments {(Q Phase Shift Keying or QPSK) or else an
amplitude modulation coding with Q moments (Q Amplitude

Modulation or QAM) .

The basic element of the modulation is the “symbol”.
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integrated scalar product operation. It makes it
possible to circumvent the dispersion in propagation

time which may result from multipaths.

A particular feature of this modulation is that it
allows the simultaneous synchronized transmission of
several spatially distinct transmitters, provided that
their signals reach the receivers in the guard
interval. This property is fundamental for the present
invention: it makes it possible to cover a geographical
zone with a monofrequency network (single-band), unlike

current analog television transmissions, for example.

An example of COFDM signals ought now to be described
briefly.

Consider a series of digital symbols to be transmitted
SYMBs(t), where t is the time, and J the index of a
symmbol. The expression for the signal to be transmitted
is then given by equation (1) of the Annex of Formulae

{(appended to the description}.

The expression for a symbol is given by eguation (2}.
The latter calls upon:

- a function y defined by equation (3}, which itself
calls wupon equation (4), where fx designates the

frequency of the carrier of rank k, and

~Sound Broadcasting to Mbile Receivers", B..LE FLOCH R
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The expression for the signal to be transmtte the
gi ven by equBbiona( 191ivgnt Healugin®d of LFaPad ad’s (é{h?etrﬂiﬁi‘ Sg“ t ﬁZ’
description) ., Lhe.expression for a synbol is given by equation (2).

- if t-jDe < - A, i.e. t < jDs - A, the function Y is
Zero;
- if t-jDg > Ts, i.e. t > jDg + Ts, the function Yy 1is
Zero;
- in the interval between the two, the function Y is

given by expression {6).

The freguencies are therefore coded independently with
the aid of a code with four phase states defined by the
permitted “alphabet” for the complex coefficients Cy,x,

according to relation (5).

As illustrated in figure 1, these frequencies are
trancsmitted over the duration Ds = A + Ts. They are
however orthogonal over the duration Ts. The time
interval of duration A is the guard interval, intended
for attenuating the inter-symbol correlation problems
related to the propagation channel (multipaths in
particular, which may appear in the hatched zones of
figure 1). The duration of analysis for the decoding
{(in radiocommunicaticns) of the signals received is

thus limited to Ts.

The COFDM modulation uses a comb of equidistant
carriers. They are orthogonal, for a scalar product
corresponding to their crosscorrelation functiocn,

calculated during the inverse of theilr freguency gap.

exanp e An exanple of COFDM

i ndex
n
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Q=4 nonents). In these relations, DS and TS are respectively the total
duration and the useful duration of transm ssion of a synbol, as will be
seen later. A=D$-T5 is the guard interval. For_a glven val ue of (t-jDs),
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hat ched zones of figure 1) _ The duration of analysis for the decoding (in

radi oconmuni cati ons) of the signals received is
After each time interval corresponding to this duration

D, a so-called “line”, the symbol to be transmitted is
renewed, this being done a number of times so as to

organize a “"frame”.

At the head of the frame, and for a chosen duration,
the symbol corresponding to the zero phase is
transmitted on each subcarrier so as to  allow
acquisition or identification of the frequency response

of the transmission channel.

A number of synchronization signals are also
transmitted at the start of the frame. They make it
possible to reconstruct, on reception, the carrier
frequency, the line duration, the identification of the
transmitter, to organize the calibration phases for
determining the impulse response for each carrier, and
to tag the start instant of the useful duration of
transmission of a symbol or to determine the duration

of the guard interval.

The receiver of such a radioccommunication signal is

here regarded as known.

The splitting into frames will not be discussed again
subseguently. Specifically, it intervenes essentially
in the head-end reception stages, which are regarded as
known. However, it is necessary to contrive matters

such that the associated processing: in particular in
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each subcarrigr 150 A0 allout AGGHL ST tign Qlod dent EhLCRLLgRAl o

frequency response e transm ssi on chann A nunber of
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regarded as khewiations), as well as to the guidance of aggressive
mobile bodies; continuous operation assured in

principle.

In the radar art, bi-static detection is described in
particular in “Multi-({bi)-static High Fregquency (P0O/GO)
Radar Target Imaging. of Airborne Scatterers” by S.K.
CHAUDHURI et W.M. BOERNER, AGARD, CP 381, 1985.

The interaction between terrestrial transmissions and
aircraft is also studied in the article “Interference
To Satellite Earth Stations Due to Scatter of
Terrestrial Transmissions by Aircraft”, J.V. MURPHY,
Australian Telecommunications Review, Vol. 17, No. 1,
1983.

The principle of bi-static detection is illustrated in
figure 2. We consider three terrestrial radar
transmitters El to E3, in the ideal or “canonical” ({in
theory) configuration as an equilateral triangle. Three
receivers are envisaged: R12 substantially in the
middle of the segment Jjeoining El1 and EZ, R23
substantially in the middle of the segment joining E2
and E3, and RI3 substantially in the middle of the

segment jolning El and E3.

A mobile body M (at least) is moving with a velocity

vector V. The co-operaticn of each receiver with one:



The splitting into frames will not be discussed again subsequently.
Specifically, it intervenes essentially in the head-end receptlon st ages,
whi ch are regarded as known. However, it is necessary to contrive Jri E
such that the associ ated processing; inl articular in - 9 MAR 2004 -
respect of calibration and the start of “the line, is reliable to the
accuracy required for the radar processing proposed. It is tenpting to use
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allotted freﬁu ransm ssion frequencies, advantageous for
det ecting stmabuhy mﬁmdx&tﬁﬁnnﬂieqlrﬂnﬁﬁﬁmﬁtkﬁnhn31$salféFafPSfoﬁhe
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sinmul ations); as we as to the gui dance of aggressive nobile bodies;
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detection is S | req C | bl (bh ¥ sg}@:[gceljug dgieguency
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et WM BOERNERNIAGARD, @©Psggiatadgdhrarkanihitef adibn %m@éﬁ THFEStri al
transm ssionsg andyeaircraft is also studied in the article "Interference

To Satellite Earth Stations Due to Scatter of Terrestrial Transm ssions by
Aircraft”, J.V. MJRPHY, Australian Tel ecommuni cations Review, Vol. 17, No.
1, 1983. ThqhgmﬁygglﬁaxﬁtﬁnogtgbrgoaﬁﬁﬁgUDmppkenIheskuabm&nmm ﬁa@ure 2.
We consider three terrestrial rad traggmttggf Eli;o B el 53%%%eal or
" canoni cal " PFnStFﬁéSryfaéaﬁf|SG#§ i O a ot T ater al” trlang e ree

recei vers areeemeissaded: ﬂ%ﬁhfnmmamwmlaiéy5|haﬁhéeen known for some

time.

Onn the other hand, technical reasons related to the
modulations used make it wvery difficult to measure
distance with today’'s analog terrestrial radio
transmitters. These reasons are multifold and are to do
with the fact for example that the television 1line
frequency introduces numercus distance ambiguities and
that the useful freguency band in the luminance signal
is narrow. The capacity of detection of mobile bodies
having a weak signature and low velocity 1in the
presence of a very considerable level of clutter is

thus made problematic.

The emergence of COFDM modulation, used in the UHF or
VHF bands, has revived the interest of certain radar
engineers with regard to bi-static detection based on

radic transmitters.

As far as the Doppler measurements are concerned, the
multicarrier aspect of the COFDM digital signals tends
rather to complicate the situation: the resultant
Doppler effect has to be referred to a plurality of
carrier frequencies of different values modulated

independently of one another.
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the segnent joining El and E3. A nobile body M (at least) is noving % g
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to say to decode the symbols), even though this signal

transmitted is medulated by an unknown source.

This consideration makes it possible to perform on the
bi-static signals to be utilized a demodulation before
processing which reduces to the case of a transmission

which is not modulated by the eguivalent of noise.

One of the lynchpins of the present invention its the
observation that the ambiguity function of the signal
thus processed approaches the customary requirements of

radar engineers.

Specifically, it has been observed that the use of a
code consisting of a large number of orthogonal
frequencies for the symbol duration leads to a
white-spectrum broadband signal. This gives the
bi-static detection system a beneficial distance
discrimination capability and exemplary robustness with

regard to interference and multipaths.

This being so, the following difficulties remain:

- in order for the ellipscoids of figure 2 to be
fixed in space, it is necessary for each receiver toc be
capable of acquiring a synchronization cue, with regard
to the transmission of the relevant transmitter. This

particularly tricky aspect is developed bkelow,



As far as the Doppler neasurenents are concerned, the nulticarrier aspect
of the COFDM digital signals tends rather to conplicate the situation: the
resultant Doppler effect has to be referred to a plurality of cart i

frequencies of different val ues nodul ated independently of one another. 9
MAR 2004 - 11 Matters are different asibar as the "di stance" neasurenents
are concerned. Specifically, through its transm ssions made at precise
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thus processed, apprQAGhESide A UHO LY GR ALk FRNERKS sObe ingdatecriigisaeer s.
Specifically, it has been observed that the use of a code consisting of a

| ar ge nunber fof SHehERHAL FiyqdeFes 4Bty the symbol duration leads to a
whi t e- spect r umdy oglbapdhei-gmaha, Thits g6 vegukhechdt - shat COFO#! edigral syst em
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application to it of conventional radar processing
where the distance discrimination and the Doppler
discrimination are considered “in parallel” (separately
and independently),
- finally, there is «cause to remove the fixed
echoes, this also posing a problem, given the dynamic

range to be processed {(of the order of 85 dB).

as far as the problem of synchronization is concerned,
it is technically necessary for all the transmitters to
be mutually synchronized. However, for all that, 1t is
nevertheless not easy, at the receiver level, to
acquire the desired synchronization with respect to
these various transmissions. The use of high-precision
clocks for this purpose 1s necessary, as S00n as one
wishes to work on transmitter/receiver pairs. A precise
temporal tag must still be extracted from the signal

received.

It is at this level that the present invention affords
an important element, which is such as to allow the
development of receivers capable of carrying out

effective detection.

Consider a COFDM transmission operating around 300 MHz
(nominal carrier freguency indistinct from the

subcarriers), with an equivalent radiated isotropic



regard to interference and nultipaths. This being so, the follow ng
difficulties remain: in order for the ellipsoids of figure 2 to be _si ﬁg%‘
in space, it is necessary for each receiver to be capable of acquir'&@
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remain entiP§F§uEa§E5ﬁ?ﬁﬁnt§£ g%%i%ﬁ?gépﬁquhﬁs eing required for the
periodicity assunption, - on the other hand, it is true that the COFDM

signal is sjpmlar t ral. nai.se, ' SihbPent appl eatigea to it
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i s technical Ly, necessany thQlarflle WheH rans@irtiess taxideofubyatleyry,
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, t he
recei ver | eveb, aso toaSqligte ale HEETHP S/t Ohi PAEFONCRITPRIPEEPEEE t o
these vari ougxhi@neni 55 @RS enfiBie diseneft hi gh- proechsi,onlatdocks fom this

purpose 1's ”Ecisﬁa%étffif“ﬁﬁhf% fﬂg%rated here in the form of YAGI
antennas. Any other aerial which is substantially
isotropic in terms of bearing and which possesses
azimuthal gain is suitable. Although plane structures
are simpler, it is thought that antenna structures
possessing symmetry of revolution with a vertical axis

and an outward concave profile would be preferable.

For simplicity, only 8 antenna elements will be

considered subseguently.
The receiver proper is illustrated in figure 4.

According to an important aspect of the invention, the
output of one at least of the antennas {here the
antenna Al) is received in a conventicnal manner, such

as to detect the telebroadcast signals transmitted.

The head-end stage 100 is therefore similar to the
radioelectric part of a COFDM receiver of conventional
type. It possesses an output 101 which vyields the
signal for time synchronization, with respect to the
relevant transmitter, for example the start of the
peried Ts (figure 1). This synchronization makes it
possible to define the original differential distance
for all the  echoes arising from the relevant

transmission, since the direct path 1is the shortest
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the relevant broadcasting system, for example the ETSI

standard for audio transmissions {Digital Audio
Broadcasting or DAB), or the standard currently being
drawn up with regard to video transmissions (Digital

Video Breoadcasting or DVB).

The symbols are regenerated in a format appropriate for
being used (in conjugate complex foxrm) at the level of

the correlators 50 which will be dealt with later.
The radar processing is now considered.

For each of the antennas 2. (e goes from 1 to P=8), the
receiver comprises a respective pathway, which will be
described hereinbelow without enlisting the index which

appears in the drawing.

The head stage is a radioelectric receiver 10, able to
receive the band lying between around 288 and 302 MHz,
with similar performance to that reqguired for a
telebroadcasting receiver. In a known manner, this
receiver includes one or more changes of fregquency, for
lowering the working band. An analog signal which
represents the frequencies and phases of each of the
carriers included in the whole of the band received is

obtained at output.
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- the time discrepancy between the useful signal and

the direct signal is, to within a distance ambiguity,

representative of the difference between the distances

(El, M)+ (M, R12) and {E1,R12), - hence the position

locations as ellipsoids and,

- the frequency discrepancy between the useful

signal and the direct signal is, to within a velocity

ambiguity, representative of the algebraic sum of the

projections of the velocity vector v on the one hand

onto the axis (M,El), and on the other hand onto the

axis (M,R12).

After this radicelectric receiver of the bi-static
radar type, we switch to digital signals via an

analog/digital converter 20.

The next stage 30 is HILBERT transform type processing
which makes it possible to extract the complex
amplitude and phase components (or real part, imaginary
part) of the signals received. (DS, denotes the

two-component complex signal obtained for the antenna

element A,.

The sampling frequency is tailored to the total band of
the signal and to the number of samples which 1is

reguired to utilize a Fast Fourier Transform (FFT) over



appears in the drawing. The head stage is a radioelectric receiver 10, able
to receive the band |lying between around 288 and 302 MHz, wth SLTLQQ%WM
performance to that required for a telebroadcasting receiver. In a

manner, this receiver includes one or nore changes of frequency, for

| owering the working band. An anal og si g®al- which represents the
frequenci es and phases of each of the carriers included in the whole of

the band recejpvedghsat 9Bhaimedsat Qilddtatio® MARC2004:11115%1Tdws toi put

signal conprises: - a "direct"” signal, of the [si cl.to he rogagation of
waves in a SErEFGRE IS hethRefYIRELEr ardhis t 2 P1F0F EXERFBPECE *&nd t he
receiver, fofnexaaplesaRtd o thosehi,clz @us added any nul tipaths), and - for
at | east one backscattering object M (assumed to be present) , a "useful”
signal of the [sic] to the backscattering of the waves fromthe
transmtter tget he sueeainveit by phosesbjiagt (tis whi pbrévemaliso addde any
mul tipaths). It is known that, seen . fromthe ception sid .asnd fQr., a

bi -static ra88RSiReGeme afor. EXR P fe s'(':r%{]) nc@l%%?%%nekphne usef Ul
signal and the #inzechbaglignedrisspdodad tii nza distance aobi U@ ym in

representative of the difference befween the. distance E +( ) and
(EL, R12), heR€82he™BaSition® | o%at#ﬁe%%n%}ﬂ ps%isgtsas%cn%, ]t%%ajfye?lﬁncy
di screpancy between tbe usefll siegnahoard t hehdtr ecthsi ghdledreticgni t hi n

a velocity anbiguity, reqr at | ; | gebeai ¢ rsym0fs tNe of
proj ections OF ¥ el ei ysq:\s'/aglc eoréov\f%ol(r)f{ t%%?o%elg a%d onto the axis (ME),
and on the oflhér kimand (dafderkatiakily) (M Regpce greater than the

customary distance between two terrestrial radio

transmitters.

Likewise, we consider a velocity domain of % 500 m/s,
with Nv = 128 velocity bins, for a useful recurrence

rate of 800 Hz and a filtering band of 6.25 Hz.

Reference may subsequently be made to figure 7 in order
to better appreciate the tree structure {(in terms of

number} of the signals processed.

In a stage 40, the signal CDS. is the subject of a
Doppler distribution, according to Nv velocity bins (or
Doppler bins). Preferably, the spacing between the
velocity bins is tailored to the duration of the

subsequent Doppler coherent integration.

Detailed in figure 5, the stage 40 comprises a
distributor 401, capable of creating the Nv Doppler
pathways VDk required (k goes from 1 to Nv}. Each
Doppler pathway VDk includes a change .of frequency
stage 403, for lowering the freguency by a value fg(k),
which is the Doppler shift processed by this pathway.
Such a change of frequency comprises the product of the
input signal times
exp(j 2 m falk) t)
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of 150 km (mixdifererdially), hence greater than the custonary distance
between two terrestrial radio transmtters. Likew se, we consider a

velocity domain of 500 ms, wth N = 128 veIOC|ty bins, for g sef ul
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of the multiplicity of carrier frequencies intact.

Thus, the plurality Nv of velocity bins is analyzed as
a battery of frequency changes covering the whole of
the Doppler domain (or velocity domain) to be

processed.

For a given Doppler pathway VDk, the multiplier 403
outputs a train of complex temporal data, which carry
at the level of each symbol the (unknown) modulation of
the source, doing so for a mobile body which would have
the velocity corresponding to the Doppler shift f4(k)
of this pathway.

These temporal data trains are grouped into packets Pk
of 2048 samples. These packets are “sliding”: the next
packet 1is obtained by removing the first sample from
the previous packet, and by adding a new sample at the
end (the slide spacing could be greater than 1, to the
detriment of the expected accuracy}. This will
subsequently &llow the creation of the distance bins.
According to a conventional radar technique, it is
possible to increase (double or more) the sampling

speed, so as to reduce losses from overlapping between

distance bins.

The stage 50, detailed in figure 6, applies to each

packet Pkyx of 2048 samples 1in succession:

my
ree



velocity bins is tailored to the duration of the subsequent Doppl er
coherent integration. Detailed in figure 5 the stage 40 conprises 29 MAR 2004
di stributor 401, capable of creating the Nv Doppler pathways VDk requi reou
(k goes from1l to Nv) . Each Doppler pfé hway VDK i ncludes a change of

frequency stage 403, for lowering the equency by a value fd(k), which
I's the Doppler shift processed by this pathway. Such a change of frequency
conprises the product of the input signal tines exp(j 2 it fd(k) t) - 9
MAR 2004 17 By virgrue of_the prior_Hlbert fj ki ng, j s.,iul typhs cation
operates in i déba ﬁSBnllilc?mﬁ'l.éa. gr?i“ge’r%%m ré@é?%@dggx éldr?cl U iq#g

frequencyw geimtDoppthe poiwvkr oXd, whinefiigbedyi wreraemopgdiat ba@hivay fa(k)
= FXd; the stage 403 .yields_on .conm o Xdn angd-Heing RXd +
Fxd. Each mfAd5$'pl F&F40F tgﬁ?%?%%}“gg%&gr régg%ﬁﬁ%%l errF enodul atir(l)grrl".
However, theddakderypeitiai s drlsy ¢wtphes thequEraradisciepadel @5iefe to

t he Doppl er fect, ,i t v.ari_ous,\Dop ' ef i nadi 11 tyheRyes) t he
effect of t%e ﬁﬁ?tilsl%ioci %;e}:r&%fcsdrrtf}g(? ?Fggugm& I ntact . TLkllus, t he
plurality Namé vehecitploites ion arelyrads ayDka past &of ofhe r%ﬁ%%‘é_?
changes covggé{}g%%}bg whol e, I‘ie% hes Doppl er domeiip-{ 9% . vekgci tyrdopmen) to

be process a’ given Doppler pathway VDK, the nmultiplier 403 outputs
a train of cowlexrsenporarigat Aromhilctrcdmiio) 1P | WP b bathesymbol

the (unknowppfodpLat LoRogh1etNea3Wa6E, 130 AUE 1% f@inGa 1@DI hey bedyowhi ch
woul d have the velocity corresponding to the Doppler shi.ft fd&k)r gf this
pat hway. Thedtl ¢engor@t dat atsai i ardSyr & Mt 0 “PACRETs PKX

mobile body which would have a velocity included in the
Doppler span of the relevant Doppler pathway; the
instant of arrival of this echo 1is related to the

sought-after distance information;

b} operations 504 of temporal correlation with the
demodulated conjugate symbols on the direct path
arising from the unit 110 (figure 1}, as many times as
there are such symbols, here 1500 times; this will
allow the determination of the distance bin or bins in
which an echo which may correspond to a detected mobile
body lies; a correlation spike appears in fact at the
instant of this echo; the distance bins are therefore

defined directly by the instants of the correlation

spikes;
c) an operation 506 of integration or weighted
summation on the 1500 useful symbols, thereby

formulating the raw samples EBTY of correspconding

distance bins, at the rate of 2.04B MHz (or more}.

The summation can be weighted by taking account in
particular of the freguency response measured on the

direct path.

The raw samples EBTy exit in correspondence with the
time shifts on the sliding data trains at the input.

Their sequencing therefore corresponds to the distance
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of the carriers, and that of their respective
modulations. The signals received, have thus been, as
it were, “aligned” with one and the same intermediate
frequency. At the moment when they are reunited by the
summator 506, they therefore carry Doppler information

which can be aggregated, in each Doppler pathway.

The cocherent Doppler integration is then performed in
stages 60, by summation of successive temporal samples
EBTy (y from 1 to Nt), brought into coincidence by time
shifts according to respective multiples of y times D;,

the line duration.

The duration of the Doppler integration is for example
160 ms. This corresponds to the integration of Nt = 128
temporal samples of symbols, which follow one another
in time for each carrier. In the example chosen, the
number of wvelocity bins Nv = 128 and the number of
sample (sic] taken in a Doppler integration Nt = 128
happen to be equal; care will be taken not to confuse

these two notions.

It will be observed that the symbols vary from cne line
to another. However, after compensation for the
frequency discrepancies between carriers, the

correlation by the conjugate symbols received (and,

g VAR 7Y



I nstant of this echo; the distance bins are therefore defined directly by
the instants of the correlation spikes; c¢) an operation 506 of intggr hhﬁg
or weighted summation on the 1500 useful synbols, thereby fornulatW%?t
raw sanpl es EBTy of corresponding distance bins, at the rate of 2.048 MHz
(or nore). The summation can be wei ghted by taking account in particular
of the frequency response neasured on the direct h. The raw sanpl es
EBTy exit imlsorreep@ndeReet WWEhovRE Hiensahi ¢t sSERPPhE O @iy Uit a

trains at thednpute THELY, S§SUEBEHNGE hetefaidecobsespanast fec t hee
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their reSPGQﬁ?%%réﬂih”iﬁéCHEgnﬂhﬁ st gnahstredei ved, have thus been, as it
were, "aligned" with one and the sane internediate frequency. At the
nonent when they are reunited by the summator 506, they therefore carry
Doppl er i nf argreéhem! d Whé chiotadl beaagghegatrededimgeaateRoppl erapathday. The

coherent Doppler integration is.then.perf ng% LB $La0e8eH0: chy swgmation
of successi V& '8 %?gg'sgkbrgé lEBTgl?st%ggn1 “fo Nt), brought into
coi nci dence Uypplee bins, with the freguency changes required, then

to undertake the distance compression, and finally to

carry out the coherent Doppler -integration.

To summarize, the direct signal arising from one of the
transmitters is taken as reference. After allowing for
the Doppler components related to the motion of a
mobile body which back scatters the transmissions from
the same transmitter, a temporal signal arising from
the backscattering and comparable with the direct
signal is obtained. The tempeoral discrepancy
information obtained designates an ellipsocid in which

the relevant mobile body lies.

According to another aspect of the present invention, a
stage 70 receives the outputs of all the pathways
arising from the various antenna elements. This stage
carries out adaptive beam formation by computation,
which therefore makes it possible to identify “angular
bins” in which the signals actually corresponding to
mobile bodies lie, on the basis of the array antenna,
while benefiting from the angular selectivity which the

latter affords.

The addition of these angular bins makes it possible to
switch from ellipsoids (distance information only) to
ellipsoid slices delimited by the angular information

acguired. However, in cases where two-dimensional



shifts according to respective multiples of y tinmes .D5, the line
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"plots” (data on the mobile body or bodies M) regarding

ambient noise.

A stage 90 will then make it possible, by merging the
multistatic data, to resolve any corresponding
ambiguities, to determine effective plots in which the
mobile bodies lie, this time in the form of an absolute
spatial tag in terms of distance and velocity. Stated
otherwise, each of these plots may be associated with a
position/velocity state vector, which c¢an then be

followed or tracked, in a known manner.

This resolving of ambiguities will be performed by
association of the raw plots detected and positional
and relative velocity likelihood processing (so-called
“Multi Hypothesis Tracking”, and/or published patent
FR-A-2 709 184). Specifically, the transmissions are
identical. The energy per symbol is insufficient for it
to be possible to identify the transmitter on the basis
of the signals scattered by the mobile bodies. The
plots detected are therefore a priori undifferentiated
in the receivers from the point of view of the original

transmitter.

Distinction between the radar plot source transmitters

is therefore performed on the one hand by using the



signal is obtained. The tenporal discrepancy information obtained

designates an ellipsoid in which the relevant nobile body |ies. AcearMARap4

to anot her aspect of the present invention, a stage 70 receives the
outputs of all the pathways arising fromthe various antenna el enents.
This stage carries out adaptive beanTfé¢nation by conputation, which
therefore makes it possible to identify "angular bins" in which the
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t her eof . TheTBBSigFSﬁF@éV&EVtyo%raE??ngaﬁfgg y?%#%@n%sségti% gﬁ%ﬁ%?%ations
for better dgkeegcedt wvbnlef athewpnsgi fbeniek shhagenobile bodies in these
el lipsoids or slices of ellipsoids. Thus, the stage 80 nakes it possible
to carry out Constant False Alarm Processing (CFAP), the principle_of
whi ch is knowhAuswhicetdersdest étpgossi bEeotd agitnaqrocgioind (E80876H t he
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hypotheses, and the associated likelihood of the

relative velocity measurements, allows ambiguity

resolution and access to “extracted plots”.

Figure 8 shows explicitly a simplified example of a
succession of echoes over time, which travels from left
to right. The three lines of this figure 8 relate, from
the top downwards, to the receivers R12, R13 and R23.
The transmitted signals are marked at the bottom by an
upward pointing triangle; the direct paths received are
marked at the top by a downward pointing triangle; the
echoes (all Doppler bins combined) are marked by
vertical dashes. Perfect synchronization of the
transmitters is assumed at Ty (it would be sufficient
for the temporal discrepancies of the transmitters with

respect to this perfect synchronization to be known).

Each receiver, knowing where 1t lies, identifies

without error the direct-path receptions.

R12 firstly receives the direct path E1-R1l2 £from the
transmitter E1, then that E2~R12 from E2; there follow
a first echo R12(u,1l) of the [sic] to the action
Eu-M(1)-R12 of a transmitter on & mobile body M(1l), and
a second echo R12(v,2) cf the form Ev-M{2)-R12; lastly
comes the direct path E3-R12.
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successi on of echoes over tinme, which travels fromleft to right. The

three |ines

%ﬁet£%gtf£gg£ab§ere g%%bré&??, is that the echoes R12ul
and R12v2 are due respectively to the transmitters El
and E2 {(but the knowledge of the past positions and
motions of mobile bodies may lead to another
situation). We therefore have u=l and v=2, as indicated

a priori in the drawing. For the same reason w=1.

The ordered temporal association processing will make
it possible here to identify the moblile bodies M({1l),
M(2) and M(3) with one and the same mobile body M.

Preferably, this processing involves several receivers
(R12, R23, R13) jointly. They mist therefore
communicate via appropriate links between themselves
and/or with a central station, which contrasts the
radar plots provided by these receivers. This makes it
possible to switch from the slices of ellipsoids to
their intersection which gives a position. The central

station can lie at the level of one of the receivers.

One or more of the receivers and/or the central station
can address service information to the telebroadcasting
transmitters for the purposes of retransmissicn in
their modulation {renting of channels in the
telebroadcasting system itself) . This service

information can relate to the working parameters of the



the top downwards, to the receivers R12, R13 and R23. The transmtted
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detection.

These transmitters, synchronized with those of the
broadcasting network, will therefore introduce no type
of jamming, provided that their installation rules are

the same.

Such auxiliary transmitters may be installed in zones
of shadow or blind zones, or else exactly where the
relief of the terrain has 1led to acceptance of a
limited telebroadcasting service. They may also be
installed exactly where the geographical arrangement of
the telebroadcasting transmitters deviates excessively
from the ideal configurations for maltistatic
detection, or else at the places where better accuracy
is desired. They may alsoc be envisaged in the form of

mobile units, including transmitters and receivers.

The receiver 100 can have parts in common with the
pathway receiver 10-1 associated with the same antenna
element. It can also work with a separate aerial,

possibly rendered omni-directional.

Of course, the invention is not limited to the elements
described. In particular, the expression

“telebroadcasting” covers not only transmissions of



it possible here to identify the nobile bodies M1), M2) and M3) wth
one and the sane nobile body M Preferably, this processing inVO|Ve§9hﬂm2W4
several receivers (R].2, R23, R13) jointly. They nust therefore

comuni cate via appropriate |inks betwe t henmsel ves and/or with a central
station, which contrasts the radar plots provided by these receivers. This
makes it possible to swtch fromthe slices of ellipsoids to their

i nt er sect i orcenhichs govesype podiutti alsdThemceat gehersilayi ormganfdire af t he
evel of ong.Qlodlie [SEEINEl Por MNE ANLHBILR QL L g, 1 apelyensoandLes; L he
central station ~can address Service information-to the telebroadcasting
transm tter pddwahe purposes of retransmssion in their nodul ation
(renting of channels in the telebroadcasting systemitself). This service
information can relate to the working paraneters of the - 9 MAR 2004 - 24
system or even to the results. The information is then available at the
out put of the receiver 110. Another inportant idea of the present invention
is the systematic recourse to nultistatic detection: bi-static detection
al one may induce desensitizations related to blind zones, in particular in
t he case of noving echoes nuch Iike ground clutter. For this purpose, the
invention furthernore envisages that the existing tel ebroadcasting radio
transmtters be supplenented with simlar additional transmtters (COFDM
nodul ation), but which may be "dedicated" to detection. These
transmtters, synchronized with those of the broadcasting network, wll
therefore introduce no type of jamm ng, provided that their installation
rules are the sanme. Such auxiliary transmtters may be installed in zones



of shadow or blind zones, or else exactly where the relief of the terrain
has led to acceptance of a limted tel ebroadcasting service. They _n@mﬁllmg
be installed exactly where the geographical arrangenent of the

tel ebroadcasting transmtters deviates %%c_essi vely fromthe ideal
configurations for nmultistatic detectioh, or else at the places where
better accuracy is desired. They nay al so be envisaged in the form of

mobi l e units, including transm tANNEX ondFQREEWAErs. The receiver 100 can
have parts in common with the pathway receiver 10-1 associated with the
same antenna elenent. It can also work with a separate aerial, possibly
rendered omi-diregtional. O course, the invention is not limted to the
el enents des¥ftlbed, Ewmpdfticular, the expression "telebroddéasting"
covers not only tridfsm ssions of - 9 MAR 2004 25 television type, but also,
nore generally, any formof renote information transm ssion by a

radi oel ectric pathway. - 26 ANNEX - FORMULAE X(t) symbj(t) N1 *j, synbj
(t) =EQg, kkt) k-®lPj.k(t) =gk (t-,jD9) st<T8 gk(t) =e2lnftt

el sewhere =0s@pbltt (B3¢ AW (&+i, -1-i) Ifj, k(t) = gk(t-j©8) =
e2lufrlt-JD,) (1) (2)%¢

¥, () = g (£-3D,) .
-A<stL T, gk(t) =eZinfk: .
elsewhere =0

Cju € (I+i, 1-i, -1+i, -1-i) (5)
Tj,):(t) = gk(t-ng) - eziufk[t-jn,} (E)



(3) () (5 (6) - 9 MAR 2004 - 27 dains 1. Areceiver for detecting nobile
objects, using digital telebroadcast terrestrial radio transm ssio
made by transmitters which comonly operate on the basis of a pIqufM@®J%%
fixed frequency carriers, afforded a synbol-based digital nodul ation,

processed by carrier-w se orthogonal £ equency nultiplexing, thisr
- radioelectric reception neans (10, 20), for picking up the
signal s backscattered by objects undetlaime effect of said radio

transmitters, - processing nmeans (30, 40, 50, 60) for performng a
di scrimnation of such objects according to distance/ Doppler bins,
auxi liary mgans #0@eckEilerl1®prf odetequiniongmabidgnchbdecizat i onsied er ence

conpri si ng:

with respe
bins in ti

ara rZe hat

(100, 101, hi@e fdy r ecensimig tants demidhl atbngonflire dpeester agno the
tel ebroadcagt, signgle r Ce:ﬁ\/l%%lrlp%onc?f af;l&aste 0f %}?c#raé@ féfé?
a s theit synbo

to determ ne€&Ha r ©1 ns

S O chr'oni’zation ‘an

ecei ver

and -

clitg the  Lignsuibiens So.as.Lo. ¢l aundtess gishancelRoppl er

e auxilrary neans conprise neans

, SO as
s, and in

that the preddssidef mearsychrbrbaeed Dolididraldi sedibation. meameceasad 403),
able to a ti the si L ved ' gl t of
p@ﬁé;%ﬁﬂﬁkl éé§§$3$§t55§§%¥f f?&é%%ﬂb?%m&@t@p@hﬂaﬁbt y

Doppl er pat hwa . ording themin at hway a frequency
associ at ed Wilis thrRcgiamke cfomBhl s1Mgppl er pat hway,
- radioelectric reception means {10, 20), for

picking up the signals backscattered by objects under
the effect of said radio transmitters,

- processing means (30, 40, 50, 60) for performing a
discrimination of such objects according to
distance/Doppler bins, and

- auxiliary means (100, 101, 1i0) for acquiring a
synchronization reference with respect to the
transmitters, so as to clamp these distance/Doppler
bins in time,

characterized in that the auxiliary means comprise
means (100, 101, 110} for receiving and demodulating
the direct radio telebroadcast signal received from one
at least of the transmitters, so as to determine their
instants of synchronization and their symbols,

and in that the processing means comprise:

- Doppler distribution means (401, 403), able to
apportion the signals received according to a plurality
of Doppler pathways, while affording them in each
pathway a freqguency shift associated with the rank of
this Doppler pathway,

- distance compression means (50), able to form the
sum (506), for all the carriers, of the correlations
(502, 504), in homologous forms, of the output of each
Doppler pathway with the symbols available at the
output of the auxiliary means, thereby yielding samples
arranged in distance/Doppler bins,

- means (60) of coherent Doppler integration over a
chosen time, thereby vielding integrated

distance/Doppler bins, and

shift



di stance conpression neans (50), able to formthe sum (506), for all the
carriers, of the correlations (502, 504), in honol ogous forns, of ;g

out put of each Doppler pathway with the synbols available at the o ﬁﬁ@ﬂmu
of the auxiliary nmeans, thereby yielding sanples arranged in

di st ance/ Doppl er bins, - neans (60) of ZHherent Doppler integration over a
chosen tine, thereby yielding integrated distance/ Doppler bins, and - 9

MAR 2004 - 2 8 rm@gg%(q%,o QOQ,OS)f chPSbBrsQﬁo%%%ie%%i‘Mgt hwt fRCcking:kdey) sed so
c i

as to contrast the echoes odbtal ne n"these bins, so as to .obt%tn r adar
pl ot s cont aidevigsedospt BEN/PelCEINEAS hi BRABEFBASEN C6hE 185k UbjEtts. 2.

The recei ver, -ar}s]s ‘cl aigzpd Lo clabm LGhal act@rzzed plpcshatcdrien ieloegver

i ncl udes, at The' out put of its radioelectric receEtlon stgge %0) an

anal og/ di gi trabsicomvéyekpcig)infernahea by aCPfLBERTCT Fai8y 6FiPst age  (30)
, SO as to obtain anplitude/ phase conplex digital signals, and in that the
Doppl er distribution nmeans (401, 403) and the_subsequent stages.operate
digitally. 2. TheThecspyeivas @SaifedtTer ckai ﬁllé‘,lmcﬁar a@?aeﬁ‘iqg%f 1%%‘% hat

the di stance;,CORPLESSERE RS 30) if8MMALSe douther dutanst opfatios st ages
(502) on sliding tenporal data trains arisigf%fromthe %{gﬁ)}fr ita
di stributi orgadioRledyr : egdReeRbIRT t AEAIENDL Y as Fec®l Vel THeh %errporal
correl ators {504t berqoh)w tivihesaut put of HILBERAUXIdan@hpmeansagand a
summat or (506) of the output . of the correlators_far gt gf faLiiers.
4. The recei (&P as € &t et r‘?b&?‘é'rbfa%?;?grggf%ga§»? %Oﬁlgjr%qteriged in that
the radi oel egfghglsecepid onanmeahst cdwpr ilerdrerar dagtapbuhagn( ALSAPF, in
that the pr sin an 0, p e sSelectirvely QR 2108t hways
respectivel y?‘ggioc?gii ggar\}\ﬁ%t}(ﬁg%i g %%&%H?e%%ﬁg ° lp ¢ ¥

3. The receiver as claimed in claim 2, characterized

in that the distance compression means (50) comprise

Fourier transformation stages (502) on sliding temporal

data trains arising from the Doppler distribution,

thereby regenerating the symbols as received, then

temporal correlators (504) thereof with the output of

the auxiliary means, and a summator (506) cf the ocutput

of the correlators for the set of carriers.

4, The receiver as claimed in one of claims 1 to 3,
characterized in that the radioelectric recepticn means
comprise an array antenna {A1-AP}, in that the
processing means (30, 40, 50) operate selectively on
pathways respectively associated with distinct antenna
elements or groups of antenna elements, up to the
postprocessing means, which at the head end comprise
means (70) of recombination of the outputs of these

pathways, with a view to beam formation.

5. The receiver as claimed in one of claims 1 to 4,
characterized in that the beam recombinaticon means

operate adaptively, as a function of the mobile bodies

tracked and the echoes observed.



el ements or groups of antenna el enents, up to the postprocessing neans,
whi ch at-the head end conprise neans (70) of reconbination of the_pihﬁﬁaf
of these pathways, with a view to beamformation. 5. The receiver 04
claimed in one of clains 1 to 4, <characterized in that the beam
recombi nati on neans operate adaptivefyZ9as a function of the nobile bodies
tracked and the echoes observed. - 9 MAR 2004 - 29 6. The receiver as
claimed in ogpe of Tﬁleaiﬂ@:eﬂidéa: 525 eharaeterirzeshénothatl aikes p]ostprﬁcessi ng
means conprise detectio an mﬁhgjconstant false alarmrate 7. The
recei ver as CParfeHSFiZ6 e%ﬁ ih%ﬁ 9 ROSEPTOCharatPel'f78a N ﬁéF t he
post processi @@t BEANSNCABRANISS &1 td Mdlnisitsiral ifa o cassimgateageB (90) , for
defining each radar plot on the basis of several transmtter/receiver
pairs. 8. A systemfor detecting nobile objects, characterized in that it
conpri ses sever al Thecaieterissrer RI2, cR33meR13)n asger difng: lzd menel of ot lbe
preceding «clains, sited.at. chgsen places, and neans for__contrasting the
e S y

radar plots WRFERCERELEEFedd) SIRPSEPTACEet ath X8 BPa Teq i'A ¢l ai m
8, characterazadlmﬁsuduﬂc|prmmmqgiﬁ@ssnagas(Eﬁh,adﬂweséeﬁgn$BQVE@eh

information to.the_telebro Qfa t|n n ters ar ;108 -PYLRRSES O
retransm ssi oACTh Pﬁ@Froﬁb %1 aSl 9 %'Vé géané c é negplﬁ one of
clainms 8 andp®jrscharacterized in that in addltlon to the telebroadcasting
transmtters proper, it conprises additional transmtters sited at chosen

pl aces and operating with the sanme nodul ation as the telebroadcasting
transmitters8propdr. system for detecting mobile objects,

characterized in that it comprises several receivers
(R12, R23, RI13) according to one of the preceding
claims, sited at chosen places, and means for
contrasting the radar plots which these receivers

yield.

9. A system as claimed in claim 8, characterized in
that it comprises means for addressing service
information to the telebroadcasting transmitters, for

the purposes of retransmission in their modulation.

106. A system as claimed in one of claims 8 and 9,

characterized in that in addition to the
telebroadcasting transmitters proper, it comprises
additional transmitters sited at chosen places and
operating with the same medulation as the

telebroadcasting transmitters proper.





