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PATH-FORMING ADAPTIVE PROCESSING FOR ACTIVE SONAR

The present invention relates to the general field of
active array antennas. It relates to the adaptive
antenna processing methods for active sonars, primarily
in Doppler mode, that make i1t possible in particular to

reduce the nuisance caused by the reverberation of the

seabed.

Generally, the adaptive antenna processing offers many
advantages. The implementation of such processing in a
detection system equipped with an array antenna notably
enables the system to fight effectively against
interference, to have an enhanced angular resolution,
or even to benefit from a vreduction of the received

noise level, this noise being able, for example, to

corregpond to the sound reverberation originating from

the seabed.

As 1s known, such processing can be applied to the
signal received by a multi-sensor antenna, either
directly on the signal obtained at the sensor output or
to the signal obtained after the formation of reception
channels, a reception channel being formed by grouping
together a number of the sensors forming the antenna
bearing in mind that all or some of the sensors that.

make up the antenna can be used to form channels.

The different outputs used by the processing constitute
what are conventionally called the “references” or the
“degrees of freedom” of the processing. Obviously, the
more degrees of freedom there are, the more efficient

the adaptive processing can be with respect to the

nuisances to be overcome.

The implementation of an adaptive channel forming
processing relies on a fundamental step consisting in
producing the estimation of the covariance matrix of

the signals produced by the different references.
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Generally, i1t should be considered that the size of the
covariance matrix that can relevantly be estimated is a
function both of the bandwidth of the signal used and
of the duration of the time interval during which the
spatial correlation of the noise field measured by the
antenna does not significantly vary. In other woxrds,
with the size of the matrix corresponding to the number
of references wused, 1t 1s found that the number of
references that can usefully be taken into account is a
direct function of the bandwidth of the signal and of

the stationary state duration of the noise picked up by

the antenna.

Thus, in the <case of submarine detection, the
stationary state of the noise field measured by a sonar
antenna 1s generally several seconds. Moreover, the
bandwidths of the signals processed make it possible to
perform observationsg with a rate of acguisition of

independent observations of the order of kilohertz.
Consequently, it i1s possible, in such a context, to
consider covariance matrices comprising around 100 to
1000 elements. However, in some applications, in
particular in active sonar in Doppler mode (CW mode for
example), where the processing 1is performed at the
matched filter output, the available band widths are
from around one Hz to a few tens of Hz, so that it is
only possible to estimate matrices that have dimensions
of a few units. It follows therefrom that the number of
referencesg, of degrees of freedom, must be reduced and

chosen according to the desired noise reduction

objectives.

With regard to the active sonar systems, the adaptive
processing on sensors theoretically makes it possible
to have the maximum number of degrees of freedom.
However, the implementation of such processing is not
generally possible because it leads, by virtue of the
large number of references considered, to prohibitive

covariance matrix estimation times, which are



10

15

20

25

30

35

3

incompatible with the observation times imposed by the
operation of the gonar, particularly in Doppler mode.
This is why different known techniques are implemented

to reduce the number of degrees of freedom.

The technigque most commonly employed to reduce the
number of degrees of freedom consists 1in forming
reception channels on all the sensors of the antenna,
thegse channels pointing in the direction of the noise
sources to be eliminated, and in performing the
adaptive processing at the output of these channels.
However, this technique, known as “full array beam
space adaptive beam forming” has the drawback of
requiring a prior selection of the reference channels
pointing in the directions of the noise sources to be

eliminated, and of managing this selection on the basis

of the operational scenario.

Another known techniqgue, called T“subarray adaptive
beamforming”, consists in grouping the sensors so as to
divide the antenna into adjacent sub-antennas, and in
forming conventional reception channels for each sub-
antenna then in recombining these channels adaptively.
This technique, although suitable for eliminating
occasional interference sources, does not however deal
with the case of interference caused by spatially
widesgpread noise sources, such as the noise formed by
reverberation on the seabed or the noise of the carrier
ship itself in shallow waters, these noises having a
correlation distance that is short in relation to the

distance between the phase centers of the sub-antennas.

A variant of the subarray adaptive beamforming
processing technigue, wusing identical parallel sub-
antennas, 1g notably described in the French patent No.
0111106 delivered to the applicant on 05/12/2003. This
variant does not however make it possible to have a

gsufficient number of degrees of freedom to effectively
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eliminate the spatially very widespread interference

sources.

One aim of the invention is to propose a solution that
makes 1t possgible to perform an adaptive antenna
processing that makes it possible to effectively
overcome the disturbances caused by spatially
widespread noise sources such as, in particular, the

noise reverberated by the seabed.

To this end, the sgubject of the invention is a method
for forming adaptive reception channels for a detection
gystem comprising a multi-sensor antenna, the forming
of adaptive channels making it possible to eliminate a
gpurious signal or a noise, the method comprising:

- a first step of forming N interlocked sub-
antennas, each sub-antenna n chprising' a number of
identical sensorg, the phase centers of the sub-
antennas exhibiting a given offset relative to one
another;

- a second step of forming, for each sub-antenna
n, M primary reception channels, from the sensors
forming the sub-antenna considered;

- a third step of forming M secondary reception
channels, each secondary channel m being formed £rom
the primary channels m corresponding, for the N sub-
antennas, to the same direction of observation, this
step is performed by implementing an adaptive

procegsing of the signals produced Dby the primary

reception channels.

According to the invention, the sensors forming one and
the same sub-antenna are also determined so that the
phase centers of any two sub-antennas n and n’ are
geparated from one another by a distance less than the
spatial correlation distance of the noise or of the

spurious signal that is to be eliminated.
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In an implementation suilted to a detection system
operating in narrowband mode, the third step of the

method according to the invention carries out the

following operations:

- a first operation of estimating, for each
gecondary channel m, the covariance matrix f%ﬂ}of the
signals Vy,(m,t) (54) formed in the direction m for all
the N sub-antennas; the estimated covariance matrix
I{m} then being inverted;

- a second operation of determining, for each
channel m, the phase-shift vector dim) defined by the

following relationship:

4 1 e Ty « .
[dmﬁﬂﬂmw@xpuﬁzi%ummﬂj

in which £, designates the center frequency of the

signal and 4+ a unitary wvector in the direction of

pointing of the channel m;

- a third operation of actually forming the M
adaptive secondary reception channels by determining
the signal Vs{m,t) corresponding to each of the
channels m, the signal Vg(m,t) being defined by the

relationship:

Tm

"
SR, 1

VMmikm_‘
fdﬂn)

In an implementation suited to a detection system
operating in wideband mode, the third step performs an
initial operation of breaking down the spectral band of

the received signal into spectral sub-bands k, so that
a

-f”‘(nnt}-&(n@}

the sgignal corregponding to each sub-band is

narrowband signal; then, for each spectral sub-band k,

the following operations:
- a first operation of estimating, for each

secondary channel m, the covariance matrix Fimtk) of
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the signals Vy(m,t, k)
the N

formed in the direction m for all
sub-antennas; the
menkﬁ

estimated covariance
then being inverted;

matrix
- a sgecond operation of determining,

for each

channel m, the phase-shift vector ©IMK) Gefined by the
following relationship:

et s _ f-@, w T

[B{m k)], = expl2e-L0, 4]

10

in which £y designates the center frequency of the sub-
band k and

Ym 3 unitary vector
pointing of the channel m;

in the direction of
adaptive

a third operation of actually forming the M
gsecondary reception channels by determining
15 the signal Vs(m,t,k) corresponding to each of the
channels m, the signal Vs(m,t,k) being defined by the
relationghip:

. .
{é{n@k} T Hmtk) .
Vsmatk}myhh~ — - ~Vﬂn¢$}‘
f c%»gmkg} F¥fmt k) dimk)
20
The gignals Vs{(m,t,k) obtained for each spectral sub-
band are then combined with one another by Fourier
transform during a f£inal step,
signal Vs (m,t)
25

to form the overall
corresponding to the channel m.
According to a

preferred implementation of the method
according to the invention,

covariance matrix of the signals Vy(m,t)
30

the estimation M} of the
from the following relationship:

is produced
L3 , le " { .
f [imifj = Mb’(m [ ) L\"[:f“fhf{ o f J
T2
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VW('.. \L'“
in which YUmt=t) represents the vector of the signals

F%mﬁ%th
corregsponding to the M primary channels an " ¢ the

conjugate transposed vector of this vector.

According to a particular implementation, suited to a
Doppler operation of the detection system, the method
according to the invention comprises an additional step
of Doppler analysis of the received signal, this
additional step being able to be implemented before or
after the second step; the steps following this
additional step being implemented in parallel, on each

of the duly formed Doppler channels.

According to a particular implementation, the Doppler
analysis applied is an analysis by multi-copy
correlation which consists in correlating the received

signal with copies of the transmitted signal affected

by different given delays.

According to a particular implementation, suited to the
case where the sub-antennas forming the overall antenna
exhibit a spatial ambiguity, in a direction m', in
relation to the direction m considered, the third
operation performed by the third step of the method
according to the invention consists in computing, in
addition to the signal Vs(m,t), the signal Vs(m’,t)
defined by the following relationship:

o .

T ,
? {ﬁiﬁ?')J ety

L »ﬁﬁmﬂ

) dem)

in which m’ corresponds to the ambiguous direction in

relation to the main directiocn m.

Another subject of the invention is an application of
the method according to the invention to a system

comprising a linear antenna formed by sensors separated
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application in which the first step proceeds with the
formation of N interlocked linear sub-antennas. In this
application, each sub-antenna is produced by
associlating the signals received by sensors separated
from one another by N-d. The sub-antennas are,
moreover, offset from one another by a distance 4 so
that the phase centers of the sub-antennas thus

produced exhibit an offset 4 relative to one another.

Another subject of the invention is an application of
the method according to the invention to a system
comprising a planar antenna formed by sensors arranged
in rows and columns and separated from one another by a
constant distance d, an application in which the first
step proceeds with the formation of N interlocked
planar sub-antennas. In this application, each sub-
antenna is produced by associlating the signals received
by sensors positioned on rows and columns separated
from one another by N-d. The phase centers of the sub-
antennas thus produced alsc exhibiting an offset d in

rows or in columns relative to one another.

The features and advantages of the invention will be
better appreciated from the following description, a
description which 1s based on the appended figures
which represent:

- figure 1, a block diagram showing the different
steps of the method according to the invention;

- figure 2, an arrangement of the sgensors of a
linear ahtenna corresponding to an exemplary
implementation of the first step o©f the method
according to the invention;

- figures 3 and 4, arrangements of the sensors of
a planar antenna corresponding to another exemplary
implementation, of the first step of the method
according to the invention;

- figure 5, a Dblock diagram detailing the
different operations implemented by the third step of
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the method according to the invention, in a particular

implementation.

Figure 1 gives a presentation of the different steps of
the method according to the invention. The latter
mainly comprises:

- a first step 11 of forming N sub-antennas;

- a second step 12 of forming, for each sub-
antenna, M primary reception channels, from the sensors
forming the sub-antenna considered;

- a third step 13 of forming M secondary reception
channels, each secondary channel m being formed from
the primary channels m corresponding, for N sub-
antennas, to the same direction of observation. This
step is performed Dby implementing an adaptive

processing detailed below.

The object of the first step of the method according to
the invention is to constfuct a first association of
the sensors of the antenna in groups forming N distinct
reception sub-antennas, each group comprising, for
example, an identical number K of sensors. The sensors
are here grouped together so as to form N subsets, in
other words, N sub-antennas, having a given overlap.
The N identical sub-antennas constitute a spatial

subsampling of the array of sensors forming the overall

antenna.

According to an essential feature of the invention, the
grouping of the sensors is produced so as to form N
interleaved sub-antennas, the N phase centers of which
are separated from one another sgo that the maximum
distance separating the phase centers of the two sub-
antennasgs ig less than the spatial correlation distance
of the noise or of the spurious signal that is to be
eliminated. On this, 1t will be recalled that the
spatial correlation distance 1is defined as the maximum
distance that can separate two given sensors beyond

which the signals received by the sensors are no longer
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correlated. In the case of two gub-antennas, this
correlation distance defines the maximum distance that

can separate the phase centers of these sub-antennas.

According to the invention, the arrangement of the
sensors of the antenna has formation of the different
sub-antennas can be produced in different ways provided
that the duly formed sub-antennas have phase centers
situated at the desired distance from one another.

Figures 2 to 4 present two arrangements as nonlimiting

exemplary implementations.

Figure 2 presents an exemplary grouping of the sensors
of a linear antenna that makes it possible to'satisfy
the abovementioned condition of spacing of the phase
centers. Figure 2 presents the simple example of an
antenna comprising sixteen sensors 25 evenly spaced
apart from one another Dby a distance d which
constitutes the pitch of the overall antenna. This
pitch is, as i1g known, defined so as to avoid the
appearance of array lobes. In this application, the
gsensors forming the antenna are grouped so as to form
N = 4 interleaved linear sub-antennas each comprising
four sensors spaced apart from ne another by a pitch
equal to N-d = 4d and exhibiting a longitudinal offset
of length d in relation to one another. Consequently,
with such an arrangement of the sensors, four
interleaved sgub-antennas are defined which have phase
centers 21 to 24 spaced apart from one another by a
distance d, so that the maximum distance which
separates them, here equal to 34, is substantially less

than the correlation distance of the noise.

Similarly, figure 3 presents an exemplary grouping of
the gensors of a planar antenna that makes it possible
to satisfy the abovementioned condition of spacing of
the phase centers. Figure 3 presents the simple example
of an antenna comprising 36 sensors 33 evenly spaced

apart from one another by a distance d, arranged at the
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intersections of rows and columns evenly spaced apart
from one another by a distance d substantially Iless
than the correlation distance of the noise considered.
In a manner similar to the example of figure 2, the
sensors 33 forming the antenna are here grouped so as
to form N = 2 interleaved planar sub-antennag having a
longitudinal offset (one-dimensional) of length d in
relation to one another. Consequently, with such an
arrangement of the sensors, two interleaved sub-
antennas are defined which have phase centers 31 and 32
spaced apart from one another by a distance d which

satisfies the distance condition described previously.

Also similarly, figure 4 presents an exemplary grouping
of the sensors 44 of a planar antenna that makes it
possible to satisfy the abovementioned condition of
spacing of the phase centers. Figure 4 presents the
gimple example of an antenna comprising thirty-six
sensors 44 evenly spaced apart from one another by é
distance d, arranged at the intersections of rows and
columns evenly spaced apart from one another by a
distance d substantially less than the correlation
distance of the noise considered. However, unlike the
example of figure 3, the sensors 44 forming the antenna
are here grouped so as to form N = 3 interleaved planar
sub-antennas having a longitudinal offset (one-
dimensional) of length d in relation to one another
either along one of the alignment axes of the sensors
or along the other alignment axis. Three interleaved
sub-antennas are thus defined, having phase centers 41,
42 and 43 spaced apart from one another by a distance d
which satisfies the distance condition described

previously. .

The main function of the second step 12 of the method
is to use a grouping of the sensors in sub-antennags as
is done in the first step so as to form, for each sub-
antenna, reception channels called primary panoramic

channels. During this step, the formation of panoramic
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channels can be done in different known ways. It can

also be done in the time or frequency domain.

Thus, the formation of primary panoramic channels can
be done conventionally, the signals received by the
different sensors of one and the same sub-antenna being
affected by a delay corresponding to the direction of
pointing and added together, with a possible weighting.

The formation of primary panoramic channels can also be
done by channel synthesis with constant directivity,
according to a method, known from the prior art, which
consists in dividing the total bandwidth of the
received signal into N narrow sub-bands (or sub-
channels). Each sub-channel n has a center frequency f;
and a typical width c¢/(10L), L representing the length

of the sub-antennas.

For each sub-band or sub-channel, hypothetical sensors
are then defined whose positions are themselves defined
by spatial interpolation of the positions of real
sensors forming the antenna, so that the positions of
the hypothetical sensors have spacings that are
proportional to the physical spacings separating the
real sensors on the sub-antenna for a reference
frequency f, chosen from the center frequencies £,. The
frequency f, corresponds to the sub-channel for which
the hypothetical sensors coincide with the real sensors
of the sub-antenna. The proportionality ratio is here
equal to the ratio of the frequency of the sub-channel

n to the reference frequency.

Thus, if °© designates the physical position of the

233
sensor I of the gub-antenna considered and f the
position of the hypothetical sensor for the sub-channel

of freguency £,, for all the sensors of the sub-antenna
o i}

considered, f and i satisfy the following

relationship:
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The primary channels are formed in each sub-channel in
a conventional manner, by delay plus summation of the
signals of the corregponding hypothetical sensors. The
functions of directivity of the channels formed at the
frequencies f, from the hypothetical sensors of the sub-
antennas considered that are thus  reconstructed are
then identical, hence the designation “channel forming
wilith constant directivity”. Consequently, the signal of
the primary channel output is obtained by recombining
by Fourier transform the signals of the channels formed

at the freguencies f,.

Moreover, the formation of primary panoramic channels
can also be done adaptively, the response of each
sensor then being optimized according to the direction
considered. However, adaptive forming can prove
difficult to implement because of the number of sensors

that each sub-antenna still comprises.

Be that as 1t may and regardless of the method used,
there is thus determined, for each direction m of the
space considered, the complex temporal signal V,(m,t) of

e CLLIS LT L LR ey

the reception channel formed in the direction m for the

sub-antenna n, n varying from 1 to N. Vimt  then

designates the column vector made up of the N complex

components Vy(m, t).

The third step 13 of the method according to the
invention produces the formation of actual adaptive
channels. This is facilitated by the fact that primary
reception channels Thave already Dbeen formed on
completion of the second step. According to the
invention, this step can be carried out by implementing
any known appropriate method for forming adaptive

reception channels from existing reception channels.
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The rest of the text illustrated by figure 5 proposes,
by way of a particular implementation, a method that

makes 1t possible to carry out this third step.

As figure 5 illustrates, the third step of the method
according to the invention can be performed by

implementing the following three operations:

- a first operation 51 of estimating, for each
channel, each direction of observation, m, the
covariance matrix r(m) of the signals V,(m,t) 54 formed
in the direction m for all the N sub-antennas. The
estimated covariance matrix i) is then inverted.

- a second operation 52 of determining, for each

channel m, the phase-shift vector @M, this vector d9m)

being the vector to be applied to the signal VYIMt

corresponding to the channel m considered.
- a third operation 53 of actually forming the M
adaptive secondary reception channels and of

determining the signal V,{t) corresponding to each of

the channels m.

For each direction of pointing m, the operation 51 of
estimating the covariance matrix 1™ is performed on
the basis of the signals of the primary channels formed

in the direction m for each of the N sub-antennas.

This covariance matrix can, according to the invention,
be estimated by any known method, the direct method
degcribed 1n the. patent application filed Dby the
applicant for example. This method exploits the input
signals over a given duration T, a duration which
corresponds to the a priori estimated duration of the
gsignal from the observed target. This duration can be
formed by a continuous time interval or by several
successive unconnected time intervals. Consequently,

the covariance matrix is obtained by integration of the
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gsignal vreceived for each channel m over T+1 time
gamples. It is expressed as follows:

. TiZ e
Pleat) = S ¥(mt+1) {Viﬁr”ﬂ,f 1 )}
Tz

T

. . it .
in which Vimt+t) represents the vector of the signals

% 1¥ ot = 3 3
corresponding to the M primary channels and &nni i

the conjugate transposed vector of this wvector.

The parameter T 1s here determined as a function of the
number of sub-antennas (i.e. references) considered, so

as to satisfy the condition BT 2 N.

It should be noted that this averaging over a duration

T hasgs the effect of applying a low-pass filter to the
variations of the covariance matrix in a bandwidth of
width 1/T. Consequently, in order not to lose
information, the estimation of the matrix must be

renewed with a rate greater than 2/T.
The inverse matrix | '(Mi) is then computed.

The operation 52 of determining the phase-shift vector
dim) of the secondary antenna formed from the N sub-
antennasg congists in computing the components of this

vector from the following expression:

[dim]l, = exp( Qk’ré’ft’%gnii*p‘i’ 3]

in which £, designates the center frequency of the

i

L

signal for the frequency sub-channel considered and

a unitary vector in the direction of pointing of the

channel m.

Congequently, the actual operation 53 of forming the

secondary channels congists 1in computing the signal
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" Vs {m,t) corresponding to each channel m by means of the

following relationship:

Y

d(nw}f A m

(et 4]

WL ——s
[

ififr:m; Mty dem)

It should be noted that it may prove necessary to form
a number of secondary channels associated with one and

the same set of N primary channels YIMU pointing in the

directiong characterized by m. Such is in particular

the case 1f the secondary sub-antennas formed exhibit a

spatial ambiguity which can be lifted by adjusting the

geometry of the phase centers of the secondary

antennas. Such is, for example, the case of an antenna

consisting of parallel linear sub-antennas whose phase
centers are situated perpendicularly to the axis of the
sub-antennas. The operation 53 then consists in
computing, 1in addition to the signal Vs(m,t), the

signal Vs(m’,t) defined by the following relationship:

FLoe ‘
;cﬁ(n}’)J T m .
. ~ Wty [5]

4

;
o )

Wl =

A mt dm')

in which m’ corresponds to the direction(s) that are

ambiguous in relation to m. The signals Y{™.Y} then

corregpond to an angular domain complementing that of
Vimt)  and are processed and displayed in a similar

manner.

The signals Vgy(m,t) and, where appropriate, the signals
Ve{m’,t) output from the adaptive secondary channels are
then processed in a manner known from the prior art:

post-integration(s) over the duration of the target,

normalization, detection etc.
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Thus, as can be observed through the preceding
relationghip, the estimation of the covariance matrix
') associated with N signals forming the primary
channel corresponding to m makes it possible to form an
adaptive secondary channel for each direction of
obgervation m {or several secondary 1if the primary
channels are ambiguousg, that is to say if they have the

same response for different directions in space).

The method for forming adaptive secondary channels

described previously offers in particular the
advantage, through the step of estimating and inverting
the covariance matrix, of proceeding with the

congtruction of a sgpatial filter which, applied to the
signals produced by the primary reception channels,
advantageously makes i1t possible to construct secondary
reception channels that take account of the environment
in an optimal manner. Thus, 1in the case of strong
interference, the spatial filter constructed implicitly
takes into account the real response of the antenna in
the direction of the interference sources and
compensates it, which confers on the method extremely

advantageous interference suppression characteristics.

It should be noted that, in the method according to the
invention as described in the preceding text, the step
13 of forming secondary channels is described for a
configuraticon in “narrowband” mode operation, that 1is
to say a configuration in which the bandwidth B
processed and the dimensions of the antenna are such
that, for any two sub-antennas n and n’ out of the N

sub-antennas, the following relationship is cobserved:

o 5y By 5]

-

¢ here representing the speed of propagation of the

£ e

, . \ . . )
signal in the medium considered. As for "® and .

these represent the vectors joining the phase center of
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the secondary antenna formed to the phase center of the

sub-antennas n and n’ considered.

If this condition is not observed, a wideband method,
known from the prior art, must be used, by dividing the
bandwidth into frequency sub-channels satisfying the
condition [61, and by applying the adaptive processing
described previously in each fregquency sub-channel k.
The output signal Vs(m,t) of the adaptive secondary
channel m considered is then obtained by recombining by
Fourier transform the signals Vs{m,t,k) obtained for
the different freqguency sub-channels. Each signal
Ve(m,t,k) is defined by the following relationship:

e

¥
¢

(k)| Ttk

y
1
[N

. V‘x‘;m, kY [7]

wtog ,

T k) dimek)

N

k)

iy

in which the quantities %Mk} ang (mk) correspond for
each sub-channel k to the quantities defined by the
relationships [2] and [3].

As figure 1 illustrates, the method for forming
ing to the invention 1s gene
integrated at the start of the signal processing chain
of the system which implements it. However, inasmuch as
the waveform transmitted by the sgystem is appropriate
(CW transmission or, more generally, ray comb code
transmission), the system generally applies a Doppler
analysis processing to the received signal. This
processing 1s then integrated in the method according
to the invention in the form of an additional step 14
during which the Doppler analysis 1is performed. The
processing applied may for example consist, in a known
manner which is not described here, in correlating the
input signal with Dopplerized copies of the transmitted

signal, that 1s to say replicas of the transmitted
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signal affected by frequency offsets corresponding to
different moving object observation hypotheses. The
consequence of the integration of this step of Doppler
analysis (i.e. of multi-copy correlation) in the method
for forming channels according to the invention is that

the processing steps following this step 14 are

implemented in parallel, on each of the duly formed

Doppler channels. The processing described previously
can then be applied in an identical manner to each of
the  Doppler channels, the signal Vs (m, t) then
representing the signal corresponding to the adaptive

secondary channel m for the Doppler channel considered.

According to the invention, the additional step 14 of
Doppler analysis can be executed, as figure 1
illustrates, before or after the step 12 of forming the

primary reception channels.
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1. A method for forming adaptive reception channels for
a detection system comprising a multi-sensor antenna,
the forming of adaptive channels making it possible to

eliminate a spurious signal or a noise, characterized

in that it comprises:
- a first step (11) of forming N interlocked sub-

antennas, each gub-antenna n compriging a number of
identical sensors, the phase centers of the sub-
antennas exhibiting a given offset relative to one
another;

- a gecond step (12) of forming, for each sub-
antenna n, M primary reception channels, from the
sensors forming the sub-antenna concerned;

- a third step (13) of forming M secondary
reception channels, each secondary channel m being
formed from the primary channels m corresponding, for
the N sub-antennas, to the same direction of
observation, this step is performed by implementing an
adaptive processing of the signals produced by the
primary reception channels;
the sensors forming one and the same sub-antenna being
determined so that the phase centers of any two sub-
antennas n and n’ are separated from one another by a
distance less than the spatial correlation distance of

the noise or of the spurious signal that 1is to be

eliminated.

2. The method as claimed in claim 1, characterized in
that, the operation of the detection system being a
narrowband mode of operation, the third step (13)
carries out the following operations:

- a first operation (51) of estimating, for each
gecondary channel m, the covariance matrix i) of the
signals Vy{m,t) (54) formed in the direction m for all

the N sub-antennas; the estimated covariance matrix

VUMY then being inverted;
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- a second operation (52) of determining, for each

channel m, the phase-shift vector dim)  gefined by the

following relationship:
T v fU s
[, = explide—u,d, )

o

in which £, designates the center frequency of the

signal and Y a unitary vector in the direction of

pointing of the channel m;
- a third operation (53) of actually forming the M

adaptive secondary reception channels by determining
the signal Vs(m,t) corresponding to each of the
channels m, the signal Vs(m,t) being defined by the
relationship: '

{éwnﬂ Tmb

We(m,t) = St

iéﬁmﬁ -ﬁ*ﬁmt}&ﬁm

3. The method as claimed in claim 1, characterized in
that, the operation of the detection system being a
wideband wmode of operation, the third step (13)
implements an initial operation of breaking down the
gspectral band of the received signal into spectral sub-
bands k so that the signal corresponding to each sub-
band is a narrowband signal; then, for each spectral
sub-band, the following operations:

- a first operation (51) of estimating, for each

of

?{nzj,k;

secondary channel m, the covariance matrix
the signals Vy(m,t,k) (54) formed in the direction m for
all the N sub—ahtennas; the estimated covariance matrix

Fim.tk) then being inverted;
- a second operation (52) of determining, for each
channel m, the phase-shift vector ©(Mkl defined by the

following relationship:

%_ﬁf‘

RN
Uy

[d{rn, k), ~ exp(Ex

o |

in which fx designates the center frequency of the sub-
band k and Y» a unitary vector in the direction of

pointing of the channel m;

u
e
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- a third operation (53) of actually forming the M
adaptive secondary reception channels by determining
the signal Vs(m,t,k) corresponding to each of the

channels m, the signal Vs(m,t,k) being defined by the

relationship:

dimky| T mtk)
Va(m, bk s ——— V{m,tk):

;afn k;| it mt k] rfmw

the gignals Vs{(m,t,k) obtained for each spectral sub-
band being combined with one another by Fourier
transform during a final step, to form the overall

gignal Vs (m,t) (16) corresponding to the channel m.

4. The method as claimed in one of c¢laims 2 or 3,
characterized 1in that the esgtimation mj of the
covariance matrix of the signals V,(m,t) i1s produced

from the following relationship:

>, ?‘!2 - = e
Mmty= XVUnhwﬁAWﬁﬁi&fﬂ
ve-Ti2
in which “twt} represents the vector of the signals

corresponding to the M primary channels and

the conjugate transposed vector of this wvector.

5. The method as claimed in any one of the preceding
claims, characterized in that it comprises an
additional step (14) of Doppler analysis of the
received signal, this additional step being able to be
implemented before or after the second step of the
method; the steps o0f the wmethod following this
additional step (14) being implemented in parallel, on

each of the duly formed Doppler channels.

6. The method as claimed in claim 5, characterized in

that the Doppler analysis applied 1is an analysis by
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multi-copy correlation which consists 1in correlating
the received gignal with copies of the transmitted

signal affected by different given delays.

7. The method as claimed in any one of the preceding
claims, characterized in that, each of the sub-antennas
exhibiting a spatial ambiguity, in a direction m/, in
relation to the direction m considered, the operation
53 then consists 1n computing, in addition to the
signal Vs{(m,t), the signal Vs(m’',t) defined Dby the

following relationship:

c%.(m')] Tt
[TETINY Eep—— Vi(mt)
} d(rm') } (- gim)

in which m’ corresponds to the ambiguous direction in

relation to the main direction m.

8. An application of the method as claimed in any one
of the preceding claims to a system comprising a linear
antenna formed by sensors separated from one another by
a constant distance d; the step (11) of forming N
interlocked linear sub—ahtennas being performed by
assoclating the sgignals received by sensors separated
from one another by N-d, the sub-antennas being offset
from one another by a distance d; the phase centers of

the sub-antennasg thus produced exhibiting an offset d

relative to one another.

9. An application of the method as claimed in any one
of claims 1 to 7 to a system comprising a planar
antenna formed by sensors arranged in rows and columns
and separated from one another by a constant distance
d; the step (11) of forming N interlocked planar sub-
antennas being performed by associating the signals
received by sensors positioned on rows and columns
separated from one another by N-d, the phase centers of
the sub-antennas thus produced exhibiting an offset d

in rows or in columns relative to one another.



