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[57] ABSTRACT

Such a system typically comprises: a plurality of ele-
mentary antennas configured in an array, each having
an associated active module, a plurality of DBF mod-
ules, each receiving a microwave signal coming from
the active modules and delivering complex digital data
{1, Q) representing the input signal; and DBF processor
means preparing weighted sums on the basis of this
complex digital data, the weighting corresponding to a
reception channel defining a narrow beam of the radia-
tion pattern of the antenna. The system further com-
prises a plurality of prefiltering spatial circuits, each of
which receives a plurality of signals coming from the

- active module and delivers, to an associated DBF mod-

ule, a signal which is a sum, weighted in amplitude, of

* certain of the signals received at input, each DBF mod-
ule being thus associated with a sub-array, the different

sub-arrays thus forming being imbricated with one an-
other and the weighting being chosen so that the pat-
tern of the sub-array is a sectoral pattern that essentially
lets through only the signals coming from a restricted
zone of space. The number of spatial prefiltering cir-
cuits and DBF modules is smaller than that of the ele-
mentary antennas, and the processor means simulta-
neously process the outputs signals from the spatial
prefiltering circuits so as to obtain, for the radiation
pattern of the antenna, an equivalent number of simulta-
neous, distinct beams of homogeneous quality.

4 Claims, 5 Drawing Sheets
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MULTIPLE-BEAM ANTENNA SYSTEM WITH
ACTIVE MODULES AND DIGITAL
BEAM-FORMING

BACKGROUND OF THE INVENTION

The present invention concerns an antenna system
with active modules and digital beam-forming.

'In digital beam forming (DBF) signals delivered by
elementary antennas, configured in an array, are used to

prepare a sum signal of all these signals after they have .

been weighted by appropriate coefficients. When there
is a phase relationship among the incident waves picked
up by the elementary antennas, it can be shown that,
“under certain conditions, the sum signal is then the
signal that would .be obtained by the antenna array
formed by elementary antennas, but with a relationship
of illumination defined by the welghtmg coefficients.

DBF consists in the digital execution of this weighted
summation of the signals delivered by the elcmentary
antennas.

Moreover, an electron scanning is done by the appli-
~cation of a variable and controlled phase shift to the

signals delivered by the elementary antennas (or, in
transmission, applied to them) so that the grouping
together of the different phase shlfts, combined with the
pitch of the array, produces a “major lobe”, the direc-
tion of which, with respect to the central axis of the
array, forms a variable angle, modified according to
need.

Typically, a digital beam-forming antenna comprises:

a plurality of elementary antennas configured in an
array;

a plurality of transmission and/or reception amplifier
active modules, equal in number to thé elementary an-
tennas and each associated, respectively, with one of
these modules (the term “active module” shail be taken
to mean a set of active elements, such as power amplifi-
ers for transmission, low-noise amplifiers for reception,
phase-shifters etc., located in the vicinity of a radiating
element of an array anteénna. Generally, the energy
within the active module remains at the microwave
frequency of the radar).

a plurality of DBF modules, each receiving a micro-
wave signal coming from active modules and delivering
complex digital data at output, said data representing
the signal received at input (the term “DBF module”
shall deSIgnate such an organ, the input of which re-
ceives the microwave signal after low-noise amplifica-
tion and the output of which is in the form of a complex
number representing the input analog signal, namely a
number with two parameters, corresponding to two
channels in quadrature, called the “sine channel” and
the “cosine channel”), and

DBF processing means using the complex digital data
delivered by the different DBF modules of the system

2

made at present typically comprise 4000 to 5000 ele-
mentary antennas and, hence, as many active modules).

This means paying a high penalty in the form of two
conseqguences:

firstly, very high cost (owing to the large number of
modules to be provided for),

and, secondly, a very great flow of data to be man-
aged by the DBF processor since this processor will
have to achieve real-time processing of as many com-
plex signals as there are DBF modules, namely several
thousands of complex signals.

In the second technique, the elementary antennas of
the array are assembled in adjacent sub-arrays obtained
by the combination of the signals coming from neigh-
boring active modules, and only one DBF module is
provided for each sub-array.

“This approach, of course, very greatly diminishes the

' above-mentioned drawbacks since the number of DBF
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to prepare weighted sums of said data, wherein the .

weighting corresponds to a reception channel defining a
narrow beam of the radiation pattern of the antenna.

At present, there are two known methods for fitting
out an active array antenna with DBF modules in this
way.

In the first technique, a DBF module is placed at the
output of each reception channel of the active modules.

Although this approach permits every possible con-
figuration, it has the drawback of making it necessary to
have a great number of DBF modules (array antennas

65

modules may be considerably reduced. However, it has

the drawback of permitting only one good-quality beam
since if there is any deviation from the direction of aim,
the computed beams will have array lobes that are often
unacceptable.

To aim the sub-arrays in the direction of analysis, it is
necessary to provide for an electron scanning and a
sequential (and no longer simultaneous as in the first
example) processing of the items of information, thus
making this technique costly in terms of the rate of
refreshing the information when several directions have
to be managed (i.e. when several beams are needed),
owing to this sequential functioning mode.

SUMMARY OF THE INVENTION

One of the aims of the invention is to overcome these
various drawbacks by proposing a DBF antenna archi-
tecture with active modules enabling the simultaneous
managing of several beams while, however, placing a
significant limit on the quantity of information to be
processed by the processor and, in one of the embodi-
ments, also making a significant reduction in the neces-
sary number of DBF modules. '

Thus, in a first embodiment, arn attempt will be made
chiefly to reduce the number of DBF modules by asso-
ciating, with each DBF module, a sub-array the pattern
of which is a sectoral pattern and, therefore, lets
through only the signals coming from the zone of the
space in which it is sought to establish the multiple-
beam function.

This characteristic, which shall subsequently be
called “spatial prefiltering” is made possible, according
to a first embodiment of the invention, by the fact that,
in a system of DBF antennas of the type defined above:

the system further has a plurality of spatial prefilter-

ing circuits, each one of which receives, at input, a

plurality of signals coming from the active modules
placed upline and delivers, at output, to an associated
DBF module placed downline, a signal which is a sum,
weighted in amplitude, of certain of the signals received
at input, each DBF module being thus associated with a
sub-array of the array of elementary antennas, the dif-
ferent sub-arrays thus formed being imbricated with one
another and the weighting of the signals of each sub-
array being chosen so that its pattern is sectoral pattern
essentially letting through only the signals coming from
a restricted zone of space,

the number of these spatial prefiltering circuits as
well as the DBF modules associated with them is
smaller than the number of elementary antennas, and
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the DBF processor means simultaneously process the
~ output signals from the spatial prefiltering circuits so as
to obtain, for the radiation pattern of the antenna, an
equivalent number of distinct, simultaneous and narrow
beams of homogeneous quality.

_ In asecond embodiment of the invention, the “spatial
prefiltering” serves essentially to reduce the quantity of

5

information to be processed by the DBF processor, .

without its being sought to reduce the number of DBF
modules.

In this case, there is provision for as many DBF mod-
ules as there are active modules, these DBF modules are
positioned immediately after each corresponding active
module (besides, the two modules may be integrated),
and the sub-arrays are then formed by computing the
weighted sums directly from the signals thus digitalized.

More precisely, according to this second embodiment
of the invention:

the system further includes spatial prefiltering means
receiving, at input, the signals delivered by the DBF
modules and delivering, at output, sums, weighted in
amplitude, of certain of the signals received at input, to
the DBF processor means positioned downline, so as to
form a sub-array of the array of elementary antennas,

the different sub-arrays thus formed being imbricated -

‘with one another and the weighting of the signals of
. each sub-array being chosen so that its pattern is a sec-
toral pattern essentially letting through only the signals
coming from a restricted zone of space, and

the DBF processor means simultaneously process the
output signals from the spatial prefiltering circuits so as
to obtain, for the radiation pattern of the antenna, an
equivalent number of distinct, simultaneous and narrow
beams of homogeneous quality.

" In this second embodiment, the'spatial prefiltering

means may notably by implemented by a programmable
automaton.

Advantageously, in either embodiment, the
weighting done by the DBF processor means is an
adaptive weighting that provides for the convergence
of the aiming in the desired spatial direction.

BRIEF DESCRIPTION OF THE DRAWINGS

Exemplary embodiments of the invention shall now
be described with reference to the appended drawings.

FIG. 1 is a schematic illustration of the above-men-
tioned first embodiment of the invention;

FIG. 2 is a schematic illustration of the above-men-
tioned second embodiment of the invention;

FIG. 3 is a block diagram showing the structure,
known per se, of an active module;

FIG. 4 is a block diagram showing the structure,

known per se, of a DBF module;

FIG. 5 is an example of a pattern of each of the imbri- .

cated sub-arrays, measured for the embodiment of FIG.
L

FIG. 6 corresponds, in this same case, to the array
patterns obtained by the DBF receivers alone.

FIG. 7 corresponds to the combination of the pat-
terns of FIGS. 5 and 6, namely the final pattern of the
DBF beam after prefiltering;

FIG. 8 illustrates the possibilities of electron scanning
by the DBF modules within the pattern of FIG. 5;

FIGS. 9 and 10 are, respectively, homologous to
FIGS. 5 and 7, but with the application of a deviation of

about 30° through an appropriate control of the active_

modules.
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DESCRIPTION OF PREFERRED
EMBODIMENTS

. FIG. 1 gives a schematic illustration of the first em-
bodiment of the invention. The reference 1 designates
the elementary antennas of the array (for the clarity of
the drawing, only a limited number of these elementary
antennas is shown. Actually, their number is far greater;
it is typically of the order of 4000 to 5000).

With each elementary antenna, there is associated an

‘active module 2, of a type known per se (the structure of

which shall be described further below with reference
to FIG. 3) essentially formed by the reception and/or
transmission amplifier circuits.

Ina nianner_ that is characteristic of the invention, a
plurality of imbricated sub-arrays (three in FIG. 1) is
formed by means of equi-amplitude and equi-phase
distributors 3, which distribute the signals coming from

“the amplifiers to a certain number (three in the example

shown) of spatial prefiltering arrays 4, the role of which
is to perform the summing of the signals that they re-

_ ceive at input in applying, to these signals, amplitude
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weighting coefficients that are characteristic of each of
the sub-arrays that are to be set up.
To this effect, through the imbrication, the surface of

‘the sub-arrays ma be chosen so as to obtain patterns

with a very clean secondary radiation, namely a pattern
that is very close to an ideal sectoral pattern, for it is
possible, in effect, to assign a number of signals, to each
sub-array, sufficient to establish the requisite weighting.

The output signal of each of these spatial prefiltering
circuits 4 (namely the signal corresponding t each of the

- sub-arrays that have been set up) is applied at input to a
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known type of DBF module 5 (the structure of which
shall be described further below with reference to FIG.
4) which delivers a complex digital value at output, in
the form of two signals I and Q (the “sine channel” and
the “cosine channel” mentioned further above).

The I and Q components of the complex values deliv-
ered by the different DBF modules of the system are
applied to a DBF processor 6 which will simultaneously
process the digital values corresponding to each of the
sub-arrays, thus making it possible, as sought, to obtain
a plurality of simultaneous pencils or narrow beams of
homogeneous quality.

The DBF computer may, advantageously, be an “in-
telligent” looped device that uses appropriate algo-
rithms to deliver an adaptive signal that enables the
aiming to be done in the precise direction of space
where it is needed, in avoiding jammers through the
creation of “‘holes” in the pattern in the direction of
these jammers. Thus we obtain the desired result of an
antenna, the pattern of which is formed by a *‘cluster”
of narrow beams that can be tuned with precision, are
protected against jamming and have homogeneous
quality.

FIG. § shows an example of a pattern measured for
one of the imbricated sub-arrays (namely, a pattern

obtained by an appropriate weighting in one of the

spatial prefiltering circuits 4) with, as can be seen, a

. central major lobe that makes an approximate definition
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of the ideal sectoral pattern mentioned further above.
FIG. 6 shows the array pattern obtained by the DBF
modules alone, i.e. without the prefiltering of the sub-
arrays, and FIG. 7 shows this same pattern after prefil-
tering, i.e. the pattern obtained by combining the sepa-
rate patterns of FIGS. § and 6. It is thus seen that the
important lobes of the pattern of FIG. 6 disappear prac-
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tically completely after going through the prefilter of
the sub-arrays.

FIG. 8 illustrates the possibility available, with one
and the same set of data, of forming DFM lobes
throughout the zone defined by the prefilter. To this
effect, an electron scanning resulting from an appropri-
ate command of the DFM modules is used to translate
the pattern of FIG. 6, and hence its central lobe, by a
few degrees or fractions of a degree, rightwards or

leftwards, so as to make this central lobe scan the entire |

angular sector defined by the sub-array
FIG. 8 thus corresponds to a series of patterns homol-
ogous to the pattern of FIG. 7, obtained with one and

the same spatial prefiltering pattern (that of FIG. 5) but’

in shifting the pattern of FIG. 6 some degrees leftwards
or rightwards by an appropriate command of the DBF
modules.

Finally, using the electron phase-shifters of the active
modules (and not those of the DBF modules, which are

used only for the precise aiming), it is possible to orient
" the angular sector of the prefilter differently, as a func-
tion of need.

Thus, in FIGS. 9 and 10, instead of an aiming in the’

axis, a deviation of +30° is done, the pattern of FIG. 5
becomes that of FIG. 9 and the pattern of FIG. 7 be-
comes that of FIG. 10.

It is thus seen that a relatively extended zone of space

can be scanned without difficulty while, at the same
time, the propeme_s of narrowness (and hence the anti-
jamming quality) of the beam, permitted by the DBF
technique, are preserved.
It will be seen that although, in FIG. 1, each of the
spatial prefiltering circuits (i.e. sub-arrays) uses the sig-
nals delivered by the entire system, this characteristic is
not indispensable and, in practice (notably to restrict the
noise factor of the antenna when this antenna comprises
a large number of active modules), it might become
necessary to restrict the number of signals assigned to
- each sub-array. However, since the prefiltering takes
place downline (in the direction of the reception) of the
active modules, it is possible to use the signals coming
from the amplifiers of these active modules for several
prefilters, hence to achieve a very substantial imbrica-
tion without paying any penalty as regards the signal-
to-noise ratio.

However, if the signal can be dlgltahzed dlrcctly at

.20
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ing the complex numerical values I and Q to a digital
prefiltering element 4 such as a distributed computer
(preferably a programmable automaton) which will set
up the sub-arrays directly by computation in determin-
ing the appropriate weighted sums on the basis of the
upline digitalized signals.

These weighted sums are delivered to the DBF com-
puter 6 which will process them in the same way as in
the case of the first embodiment.

- Of course, this approach does not make 1t possible to
reduce the number of DBF modules as compared with
the prior art approaches, but it nevertheless offers the

‘advantage of considerably restricting the flow of infor-

mation to be processed by the DBF computer 6, owing
to the spatial prefiltering performed upline by the ele-
ment 4.

Furthermore, as compared with the architecture of

the embodiment of FIG. 1, this architecture provides

the advantages of simplification of the connection sys-
tems, reduction in the number of encoding bits of the
digital converters (for, owing to the spatial prefiltering,
the dynamic range of the signals could be smaller) and

" distribution of the computing power in the vicinity of

25

40

45

the active module,- this constraint of increase in the -

noise factor no longer comes into play, so that the spa-
tial prefiltering can be adjusted as efficiently as possible
without its being necessary to limit the number of s1g-
nals assigned to each sub-array.

Besides, to simplify the description, the example
taken has been that of a linear array. However, the
invention is not restricted to an array of such a type, and
can be applied to arrays of any shape, notably of surface
or bulk arrays.

In the same way, the DBF array does not have to be,
as shown in the illustration, an array with a regular
pitch. It may have any distribution provided that array
lobes are not generated within the prefiltered zone.

FIG. 2 illustrates a second embodiment of the inven-
tion, also using the same spatial prefiltering technique

S0
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_ by replacing the meshing between the distributors 3 and -

" the spatial prefiltering circuit 4 by a distribution done
by computation directly on dlgltal values.

To this effect, with each active module 2, there is
associated 2 DBF module 5 (besides, the two modules
may be physically integrated in a single circuit) deliver-
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the modules where the pieces of data are produced—-
that is, the major part of the large-scale digital process-
ing will take place in the vicinity of the active and DBF
modules, thus lightening the task of the computer 6 to
that extent.

FIGS. 3 and 4 illustrate, respectively, the general
structure of the active modules 2 and of the DBF mod-
ules 5. These modules have been shown only schemati-
cally inasmuch as, essentially, they are structures
known per se.

Each active module 2 is constituted (FIG. 3) by a
phase-shifter 10 used to orient the wave plane at will.
This phase-shifter is connected, firstly, to the transmis-
sion and reception circuits and, secondly, to a change-
over switch 11. In transmission, this change-over switch
connects the phase-shifter to a power amplifier formed
by stages 12, 13 supplying the elementary antenna 1
through a circulator 14 and a harmonic filter 15. In
reception, the elementary antenna 1, through the filter

15 and the circulator 14, supplies a low-noise amplifier
16, generally through a limiter stage 17. The amplifier

16 delivers the picked-up and amplified signal to the
phase-shifter 10 (through the transmission/reception
switch 11) by means of an attenuator 18 used for the
adjusting of the level, notably for the weighting in am-
plitude of the elementary antenna in the array.

FIG. 4 illustrates the diagram of an analog type DBF
module S.

This module receives a microwave signal S at mput.
This microwave signal S is lowered to a first intermedi-
ate frequency, of the order of 1000 MHz, by a mixer 20
supplied by a local oscillator OL1, common to all the
DBF modules. The signal at output of the mixer is fil-
tered at 21 and amplified at 22, then subjected to a sec-
ond change in frequency (to arrive at a second interme-
diate frequency of the order of 60 MHz), this second
change in frequency being done on two similar channels
each comprising a mixer 23, 23, a low-pass filter 24, 24’
and a video amplifier 25, 25'. To obtain a complex signal
that represents both the amplitude and the phase of the
base signal, it is necessary to perform an amplitude/-

~ phase demodulation with two local oscillator OL2 sig-

nals in quadrature, these two signals being respectively
applied to each of the two mixers 23 and 23'.
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Finally, each of the two signals in quadrature is digi-
talized by a respective analog/digital converter 26, 26’
to give the signals I (reference signal) and Q (signal in
quadrature) delivered by each of the DBF modules. . |

It will be noted that this description corresponds to
an analog DBF module, namely one in which the ana-
log/digital conversion is done after demodulation. It is

also possxble to provide for a DBF dzgltal module, i.e.

one in which, since the dlgltahzatlon is done upline, the
amplitude/phase demodulation is done digitally, by
computation and not by mixing and filtering of signals.
What is claimed is:
1. A digital beam-forming antenna with active mod-
ules comprising:
a plurality of elementary antennas configured in an
array;
a plurality of amplifier active modules, equal in num-
- ber to the elementary antennas and each associated,
respectively, with one of these modules;
plurality of spatial prefiltering circuits, each of
which has a plurality of inputs each connected to
one of said active modules and an output delivering
a signal which is a sum, weighted in amplitude, of
the signals received at input; ,
a plurality of DBF modules, each having an input
connected to the output of a respectlve prefiltering
circuit and two outputs giving, in digital form,
complex data I, Q representing the signal received
at input, each of said DBF modules being thus
associated with a sub-array of the array of said
elementary antennas, the different sub-arrays thus
formed being interleaved with one another and the
weighting of the signals of each sub-array being
chosen so that its pattern is a sectoral pattern essen-
tially letting through only the signals coming from
a restricted zone of space, the number of said spa-
tial prefiltering circuits as well as said DBF mod-
ules associated with them being smaller than the
number of elementary antennas; and
DBF processor means using the complex digital data
delivered by said DBF modules to prepare
weighted sums of this data according to predeter-
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mined weightings to obtain, for the radiation pat-
tern of the antenna, a plurality of distinct, simulta-
neous and narrow beams.

2. The antenna system of claim 1, wherein the
weighting achieved by the DBF processor means is an
adaptive weighting providing for the convergence of
aiming in a desired spatial direction.

3. A digital beam-forming antenna with active mod-
ules comprising:

a plurality of elementary antennas.configured in an

array;

a plurality of amplifier active modules, equal in num-

ber to the elementary antennas and each associated,
" respectively, with one of these modules;
a plurality of DBF modules, equal in number to the
active modules and each associated, respectively,
- with one of these modules, each receiving the mi-
crowave signal coming from the active module and
delivering, at output, complex digital data (I, Q)
" representing the signal received at input;
spatial preﬁ!termg circuits having a plurality of inputs
receiving said digital data from said DBF modules
and a plurality of outputs to deliver weighted sums -
of at least certain of the digital data received at
input, so as to form sub-arrays of the array of ele-
mentary antennas, the different sub-arrays thus
formed being imbricated with one another and the
weighting of the signals of each sub-array being
chosen so that its pattern is a sectoral pattern essen-
tially letting through only the signals coming from
a restricted zone of space; and
DBF processor means using the complex digital data
delivered by said DBF modules of the system to
prepare weighted sums of these data according to
predetermined weightings to obtain, for the radia-
tion pattern of the antenna, a plurality of distinct,
simultaneous and narrow beams.

4. The antenna system of claim 3, wherein the
weighting done by the DBF processor means is an
adaptive weighting that provides for the convergence
of aiming in a desired spatial direction.

* * * * *



