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(54) Title: BISTATIC RADAR
(57) Abstract: A bistatic radar (1) is described
comprising: -an active phased array transmitter
antenna (20) adapted to irradiate a radio fre-
quency output signal (40) and comprising a cyl-
indrical or conical or truncated cone array of
columns (21) of active transmission modules
(22); - a receiving antenna (30) comprising a
truncated cone array of columns (31) of recep-
tion modules (32) directed along the generatrix
of a truncated cone, each reception module (32)
comprising in cascade an antenna element (33),
an analog amplifier (34) an analog to digital
converter (36) adapted to produce digital
FIG. 2 samples in output; and - and a full digital beam

forming block (3) adapted to receive in input
and numerically process said digital samples.
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"Bistatic radar"
DESCRIPTION

[001] The present description relates to the technical
field of radar systems and relates in particular to a
bistatic radar.
[002] It is known of to equip land vehicles or ships,
for example military ships, with radar systems which
allow monitoring of the surrounding space to identify
possible threats.
[003] These radar systems have undergone a long
evolution over time. Radar systems were 1initially
develdped to obtain a 360° scan of the radar beam in
azimuth plane, comprising a voluminous reflector antenna,
typically installed on a rotating platform provided on
the vehicle. The aforementioned radar systems have
subsequently evolved over time up to the most modern
radar systems which do not provide for rotating platforms
and which, to obtain as broad a visibility on the azimuth
plane as possible exploit a plurality of active planar
phased array antennas. For example, radar systems are
known which have four active planar phased array
antennas, each installed on a face of a ship mast
substantially shaped as a truncated pyramid with a
guadrangular base.

[004] The active radar of the phased array type, thanks
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to the ability to changé the direction of the beam
quickly and in a controlled manner, enables a vehicle
such as a military ship to use a single radar system for
the detection and monitoring of surfaces (for example to
identify ships), monitoring of airspace (to detect
aircraft and misSiles), guidance of missiles and control
of artillery devices.

[005] The active planar phased array radars of the art
so far installed in vehicles such as military ships are
typically monostatic radars, as each antenna array 1is
composed of a plurality of both receiver and transmitter
(TX/RX modules) modules, each of which 1s switched
sequentially in time between the two operating modes,
respectively transmitting and receiving. For this reason,
the above phased array radar systems of the prior art are
particularly expensive. It has also been observed that,
in the configuration in which four active planar phased
array antennas are provided for, each installed on a face
of a ship mast substantially shaped as a truncated
pyramid with a quadrangular base, such radar systems do
not show uniform performance over the entire azimuth
plane, in that such performance is degraded in particular
in the directions placed frontally to the edges of the
truncated pyramid. In other words, the aforesaid radar of

the prior art show scanning losses in the horizontal
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plane.

[006] A known radar having a conical geometric shape is
described in the document JP H06249945 A. This document
discloses a non-bistatic radar, i.e. a radar with TX/RX
modules, in which analog phase shifters are presenf in
the reception chain for the pointing of the reception
beams. For this reason such radar on the receiving side
does neither adopt a full digital beam forming block nor
a digital beamforming. The antenna is further divided
into horizontal truncated-cone sections each of which
works at a respective frequency. Such radar has the
serious drawback of not allowing the formation of
multiple independent beams and does not allow control of
the amplitude on the surface of the truncated cone thus
producing beams with high side lobes.

[007] A general purpose of the present description is
to make available a radar which does not have the
drawbacks mentioned above with reference to the prior
art.

[008] This and other purposes are achieved by means of
a bistatic radar as defined in the first claim in its
most general form, and in the dependent claims in some of
its particular embodiments.

[009] The invention will be clearer to understand from

the following detailed description of its embodiments,



10

15

20

25

WO 2015/104728 PCT/IT2014/000310

made by way of a non-limiting example with reference to

the appended drawings, wherein:

- Figure 1 rshows a functional block diagram of an
embodiment of a bistatic radar comprising a transmitting
antenna and a receiving antenna;

- Figure 2 shows a schematic view in side elevation of an
embodiment of a transmitting antenna and a receiving
antenna 1in which the +two antennas are shown 1in a
configuration of mechanical coupling with each other;

- Figure 3 shows a schematic plan view of the
transmitting antenna and the receiving antenna in which
the two antennas are shown in a configuration of
mechanical coupling with each other;

- Figure 4 shows a schematic view 1in lateral cross-
section of the transmitting antenna;

- Figure 5 shows a front view in elevation of the
transmitting antenna;

- Figure 6 schematically shows a first transmission mode
the transmitting antenna;

- Figure 7 schematically shows a second transmission mode
the transmitting antenna;

- Figure 8 schematically shows a thifd transmission mode
the transmitting antenna;

- Figure 9 shows a schematic view in lateral cross-

section of the receiving antenna;
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- Figure 10 shows a ship mast comprising the bistatic
radar in Figure 1;

- Figure 11 shows a land vehicle comprising the bistatic
radar in Figure 1.

[0010] In the appended drawings, elements which are the
same or similar will be indicated using the same
reference numerals.

[0011] Figure 1 shows a functional block diagram of a
bistatic radar 1 comprising a transmitting antenna 20 and
a receiving antenna 30. In the particular example
represented and without thereby introducing any
limitation, the bistatic radar 1 is a radar of a military
vessel. It should be noted, however, that the teachings
of the ©present description are applicable without
restriqtion to the particular field of wuse of the
bistatic radar 1, in that the bistatic radar 1 which the
present description relates to could be any radar
utilisable for example in the telecommunications
industry, in the field of civil aviation, in the field of
scientific measurement instrumentation.

[0012] The bistatic radar 1 comprises an active phased
array transmitting antenna 20 adapted to irradiate a
radio frequency output signal 40. The active phased array
transmitting antenna 20 comprises a cylindrical or

conical or truncated cone array of columns 21 of active
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transmission modules 22. In the example shown . in the
drawings the array of columns 21 of active transmission
modules 22 is in particular, an array having the shape of
a truncated cone with a c¢ircular base in which the
columns 21 of active transmission modules 22 are directed
along the generatrix of the aforesaid truncated cone.
[0013) For example, the aforementioned array of columns
21 of transmission modules 22 comprises one hundred
columns 21 of active transmission modules 22 and each
column 21 comprises sixteen active transmission modules,
so that the number of active transmission modules 22 of
the transmitting antenna is for example equal to one
hundred and sixty.

[0014] Preferably each of the columns 21 1is a block
physically independent of the others and 1is attached
inside a support structure 27 of the transmitting antenna
20, for example of a tubular truncated-cone shape and for
example made of carbon fibre or aluminium. Such support
structure 27 has slots for example, (intended as through-
openings in the form of slots) at each of which a
respective column 21 of active transmission modules 22 is
attached. According to one embodiment, the aforesaid
support structure 27 is covered with a radome, not shown
in the figures, superposed and in contact with the

support structure 27 and which is possibly made of a
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‘material suitable to act as a bandpass filter for the

portion of spectrum of frequencies of interest. For
example, the radome is made of kevlar or glass fibre.
[0015] With reference to Figure 1, according to one
embodiment each active transmission module 22 of the
transmitting antenna 20 comprises in cascade: an input
adapted to receive a modulated radio frequency signal
RF t to be transmitted, a phase-shifter 24 adapted to
phase delay said modulated signal RF t, a power amplifier
25 (for this reason the transmitting antenna is defined
as an "active phased array") and a transmitting antenna
element 23. The transmitting antenna element 23 is, for
example, a patch antenna or a dipole antenna. The
bistatic radar 1 comprises for example a signal generator
4 adapted to provide each active transmission module 22
with the radio freguency modulated signal to be
transmitted RF_t.

[0016] The bistatic radar 1 further comprises a radar
activity block scheduler 2 adapted to control the signal
generator 4 and the transmitting antenna 20. For example,
in each active transmission module 22 the phase shifter
24 is adapted to receive in input a digital control
signal provided in output by the scheduler block 2 to
control the phase delay introduced by the phase shifter

24 in the radio frequency modulated signal RF t.
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[0017] The Dbistatic radar 1 further comprises a
receiving antenna 30 comprising a truncated-cone array of
columns 31 of reception modules 32 directed along the
generatrix of a truncated\cone. With reference to Figure
9, according to a preferred embodiment, the aforesaid
truncated cone has a solid angle of aperture o of between
10° and 60°, extremes included. For example said solid
angle of aperture o is equal to, or approximately equal
to, 30°.

[0018] Each reception module 32 comprises in cascade an
antenna receiver element 33, an analog amplifier 34 and
an analog to digital converter 36 adapted to produce
digital samples inv output. Preferably, the analog
amplifier 34 is an LNA (Low Noise Amplifier). Each
antenna receiver element 33 1is, for example, a patch
antenna or a dipole. The analog to digital converter is
for example an eight or sixteen bit converter.

[0019] According to one embodiment, each receiver module
32 comprises upstream of the analog to digital converter
36, a low frequency conversion block 35, such as a mixer,
adapted to convert the signal received into baseband or
an iﬁtermediate frequency. To such purpose, each
reception module 32 is adapted to receive in input a
radiofrequency signal RF o provided in output by the

signal generator 4. It should be remembered that some of
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the components of the reception module 32 may be
duplicated to allow the sampling of phase part and of the
quadrature part of the signal received by the antenna
element 33.

[0020] Preferably each of the columns 31 or reception
modules 32 is a block physically independent of the
others and is attached inside a support structure 37 of
the receiving antenna 30, for example of a tubular
truncated-cone shape and for example made of carbon fibre
or aluminium. Such support structure 37 has slots for
example, (intended as through-openings in the form of
slots) at each of which a respective column 31 of
reception modules 32 is attached. According to one
embodiment, the aforesaid support structure 37 is covered
with a radome, not shown in the-figures, superposed and
in contact with the support structure 37 and which is
possibly made of a material suitable to act as a bandpass
filter for the portion of spectrum of frequencies of
interest. For example, the radome is made of kevlar or
glass fibre.

[0021] In the case in which both the support structures
27 and 37 are physically superposed (i.e. stacked one on
top of the other) it is possible to provide for a single
radome which covers both the transmitting antenna 20 and

the receiving antenna 30.



10

15

20

25

WO 2015/104728 PCT/IT2014/000310

[0022] According to one embodiment, the transmitting
antenna 20 and the receiving antenna 30 are two separate
structures coaxially superposed. In the ©particular
example shown in Figures 2 and 3, the transmitting
antenna 20 and the receiving antenna 30 together form a
continuous truncated—cone. shape structure. Furthermore,
in the particular, non-limiting example shown in Figures
2 and 3, the transmitting antenna 20 is superimposed to
the receiving antenna 30.

[0023] According to a preferred embodiment, the number
of reception modules 32 of the receiving antenna 30 is
greater than the number of active transmission modules 22
of the transmitting antenna 20. For example, the
receiving antenna 30 comprises two hundred columns 31,
each comprising sixty-four reception modules 32. In such
example the receiving antenna thus comprises twelve
thousand, eight hundred reception modules 32 (while in
the example described above, the transmitting antenna 20
comprises one thousand six hundred transmission modules
22, the number of reception modules 32 is therefore equal
to eight times the number of transmission modules 22).
Also the number of reception modules 32 1in the same
column 31 of the receiving antenna 30 1is preferably
greater than the number of transmission modules 22 in the

same column 21 of the transmitting antenna 20.

10
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[0024] According to one embodiment, the receiving

antenna 30 comprises for each of the columns 31 of

reception modules 32 one or more FPGA boards adapted to

process the signal received by the antenna receiver
elements 33 to provide digital samples in output. for
example, for each column 31 of sixty-four reception
modules 32, sixteen FPGA boards are provided, each of
which is operatively interconnected to four respective
antenna receiver elements 33. A data concentrator column
may also be provided for adapted to collect the digital
samples supplied in output from all the reception modules
32 belonging to the same column 31 and to concentrate
sald samples in one or more signals.

[0025] The bistatic radar 1 further comprises a full
digital beam forming block 3 adapted to receive in input
and numerically process the digital samples supplied in
output by the receiving antenna 30. In particular, such
block 3 comprises a digital processor which receiving
weight coefficients W in input is configured and adapted
to calculate different weighted 1linear combinations of
the aforesaid digital samples supplied in output by the
receiving antenna 30. According to an embodiment in which
concentrafor columns are provided for in the receiving
antenna 30 it 1s possible to érovide for an optic fibre

connection between the concentrators columns and the full

11



10

15

20

25

WO 2015/104728 PCT/IT2014/000310

digital beam forming block 3.

[0026] According to one embodiment, the bistatic radar 1
comprises a signal processor 5 operatively connected to
the scheduler 2 and to the full digital beam forming
block 3 and adapted to provide the latter the weight
coefficients W and to receive in input from the latter
the weighted linear combinations calculated. Each linear
combination correspénds to a~receiving antenna beam and
the weight coefficients are preferably selected, as well
as to determine the poihting of the receiving antenna
beam, to create reception "holes"™ in directions which
have a high level of environmental disturbance. The
number of pulses and timing in transmission are scheduled
by the scheduler block 2 as a function of radar activity
in progress, which is automatically updated as a function
of the processing of the signal processor 5.

[0027] In addition to the signal processor 5 it 1is
possible to provide that the bistatic radar 1 further
comprises a data processor 6 operatively connected to the
signal processor 5 and a command and control console 7
operatively connected to the data processor 6.

[0028] According to one embodiment, the full digital
beam forming block 3 is such as to process the digital
samples numerically for the digital synthesis of a

plurality of simultaneous and independent reception

12
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beams.

[0029] With reference to figures 6 and 7, according to
one embodiment, the radar activity scheduler block 2 is
adapted to control the tranémitting antenna 20, the
receiving antenna 30 and the full digital beam forming
block 3 according to a first operating mode wherein the
transmitting antenna 20 is controlled so that the radio

frequency output signal 40 (i;e. irradiated signal) has N

directional transmission beams 41, wherein N 1is an

integer greater than or equal to one and in the case in
which N 1is greater than one, said beams 41 are
simultaneous, i.e. irradiated simultaneously.

[0030] The pointing direction and the aperture of each
directional transmission beam 41 are controllable in
elevation and/or in azimuth by the radar activity
scheduler block 2. 1In particular, each directional
transmission beam 41, for -example pencil-shaped, 1is
produced by a respective sub array of adjacent columns 21
of active transmission modules 22 selectable
electronically and centred in azimuth with respect to the
pointing direction of the respective directional

transmission beam 41. The aforesaid sub arrays of

adjacent columns 21 do not have shared columns, i.e. they

are not superposed.

[0031] In the example of Figure 6, the signal 40

13



10

15

20

25

WO 2015/104728

PCT/IT2014/000310

irradiated by the transmitting antenna 20 comprises four
simultaneous directional beams 41 (therefore, N = 4), for
example to perform by means of the bistatic radar 1 a
surveillance or tracking of one or more long distance
targets (for example up to distances of the order of 80-
100 km) . To obtain such irradiated signal the
transmitting antenna 20 is for example divided into four
sub arrays of columns 21 and each of such sub arrays is
dedicated to the issuance of a respective directional
beam 41. In the case in which a long-range surveillance
activity is performed, the directional transmission beams
41 rotate in the azimuth plane making the sub arrays
rotate electronically so as to ensure 360° monitoring.
The scanning in azimuth takes place by means of a phase
control of the transmission modules 22, in particular by
means of the phase shifters 24.

[0032] In the example of Figure 7, the signal 40
irradiated by the transmitting antenna 20 comprises ten
simultaneous directional beams 41 (therefore, N = 10),
for example to perform by means of the bistatic radar 1
tracking of several targets simultaneously at medium
range (for example up to distances of the order of 30-40
km) .

[0033] In the aforesaid 7first operating mode the

receiving antenna 30 and the full digital beam forming

14
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block 3 are controlled by the radar activity scheduler 2
to produce for each of said N directional transmission
beams 41 a respective plurality of M simultaneous
receiving beams, where M is an integer greater than one
and less than or equal to the number of columns 31 of
reception modules 32. Consequently the full digital beam
forming block 3 is configured to simultaneously
synthesize MxN receiving beams.

[0034] According to an advantageous embodiment, each
plurality of M receiving beams is such és to point in the
direction of a respective directional transmission beam
41 and is produced by one or more respective sub arrays
of columns 31 of reception modules 32 selectable
electronically and centred in azimuth with respeét to the
pointing direction of the respective directional
transmission beam 41. This way it 1s advantageously
possible to avoid scanning losses in the horizontal
plane. The aforesaid sub arrays of columns 31 of
reception modules 32 may also have shared columns 31,
i.e. may be partially superposed.

[0035] It is to be noted that in the first operating
mode the bistatic radar 1 1is configured to perform a
surveillance and tracking activity and the scheduler
block 2 is configured to control the transmitting antenna

20, the receiving antenna 30 and the full digital beam

15



WO 2015/104728 PCT/IT2014/000310

forming block 3 so as to electronically scan a sector to
be monitored by means of said directional transmission 41
and reception beams, wherein the azimuth scanning 1is
performed by means of the electronic selection of said
sub arrays of columns 21, 31 (both of transmission
modules and reception modules) while the scan 1in
elevation is performed by means of a phase control.

[0036] According to a further embodiment, the radar
activity scheduler block 2 1is adapted to control the
transmitting antenna 20, the receiving antenna 30 and the
full- digital beam forming block 3 according to a second
operating mode, selectable alternatively to the first. In
the second operating mode the transmitting antenna 20 is
controlled so that the radio frequency output signal 40
has a defocused radiation diagram 43 having a
hemispherical or substantially hemispherical shape for
example as shown in figure 8. In the particular example
shown in Figure 8, the radiation diagram has a shape with
coverage in azimuth of 360° and in elevation of 70° and
is definable in such regard as substantially
hemispherical (Q beam).

[0037] In the second operating mode the receiving
antenna 30 is controlled by simultaneously pointing one
or more pluralities of M reception beams along one or

more respective directions in which the presence of a

16
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target is signalled. Advantageously, it 1s thus possible
to perform by means of the bistatic radar 1 a tracking
activity of multiple taxrgets simultaneously over short
distances (for example up to distances of 10 km). In
general it is possible to provide that in the second
operating mode the bistatic radar 1 be configured to
perform:

- an activity of pursuing a target, or simultaneously
pursuing several targets; and/or

- an activity of guiding a remote-controlled weapon, or
simultaneously guiding several remote-controlled weapons;
and/or

- an activity of aiming at an artillery device, or
simultaneously aiming at several artillery devices.

[0038] According to one embodiment, the transition
between the first operating mode and the second operating
mode and vice versa is gradual, for example progressively
defocusing the directional beams 41 as shown in figure 7
until a transmitted Signal is obtained which has a
radiation pattern of the type shown in Figure 8.

[0039] Alternatively or in addition to the second
operating mode it is possible to provide for a further
operating mode in which the transmitted signal has a
radiation pattern with a disc profile, with coverage in

azimuth of 360°, amplitude of 5°-10° and variable

17
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painting in elevation (2n beam). In this case, reception
beams which point along all directions so as to entirely
cover the transmitted signal are synthesized in reception
by means of the digital beam forming block.

[0040] In all the operating modes described above it is
possible to store the radar echo signal in digital form
and process it using the full digital beam forming block
3 at a deferred time.

[0041] This makes it possible to reduce the number of
reception channels, which in the case of processing in
real time should be equal to the number of the reception
beams, since each channel <can process sequentially
several reception beams with different pointing, obtained
in deferred time by the digital beam forming block 3
processing the stored radar echo. Since power
transmission is not required during the deferred
processing in this case a reduction of the duty cycle of
the transmitted signal is also obtained. Obviously this
operating mode determines an increase in the refresh time
of the radar data, and may thus be applied when this
parameter is not relevant to the radar operations or when
it is essential to minimize the transmission time to
reduce the interception of the radar.

[0042] With reference to the example shown in Figure 10

it is possible to integrate one or more bistatic radars

18
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described above in a ship mast 50. The ship mast 50, or
at least a portion thereof, is preferably installed on a
mechanically stabilized platform.

[0043] In the example shown in Figure 10 the ship mast
has an ESM (Electronic Surveillance Measure) antenna at
the top. Under this the ship mast 50 comprises a
transmitting antenna 20 and a receiving antenna 30 of the
bistatic radar 1 described above, for example, operating
at a frequency of 10 GHz.

[0044] According to one embodiment, the ship mast 50
further comprises a further truncated-cone transmitting
antenna 20a similar to the transmitting antenna 20
described above and which is for example an ECM
(Electronic Countermeasure) antenna operating in the 2-18
GHz band.

[0045] According to one embodiment, the ship mast 50
further comprises a further truncated-cone transmitting
antenna 20b similar to the transmitting antenna 20
described above and which for example is a dual antenna
adapted to carry out both the function of transmitting
antenna of a long-range radar (e.g. operating at a
frequency of 1.3 GHz) and the function of a transmitting
antenna of an IFF (Identification Friend or Foe) system,
for example, operating at a frequency of 1.06 GHz. In

such embodiment, the ship mast 50 further comprises:

19
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- a further truncated-cone receiving antenna 30a similar
to the receiving antenna 30 described above and which for
example 1s the receiving antenna of the above-mentioned
long-range radar comprising the transmitting antenna 20b;
and

- a further truncated-cone receiving antenna 30b similar
to the receiving antenna 30 described above and which for
example is the receiving antenna of the aforementioned
IFF system comprising the transmitting antenna 20b.

[0046] At the base of the ship mast 50 a control room
may be provided for housing the command and control
console 7 of the block diagram in Figure 1, and possibly
other hardware/software equipment adapted to process the
signals connected with the operation of the transmitting
and receiving antennas described above.

[0047] With reference to Figure 11, it 1is to be observed
that a bistatic radar 1 of the type described above can
be installed on board a land vehicle 60, for example on
top of a telescopic shaft 61. In the particular example
shown, the aforementioned land vehicle 60 1is a truck
equipped with a habitable container-housing the command
and control console 7 of the block diagram of Figure 1,
and possibly other hardware/software equipment adapted to
process the signals connected with the operation of the

bistatic radar 1.

20
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[0048] From the above description it is evident how a
bistatic radar of the type described above makes it
possible to achieve the aforementioned purposes with
reference to the state of the prior art.

[0649] Without prejudice to the principle of the
invention, the embodiments and construction details may
be varied widely with respect to what has been described
and illustrated‘purely by way of a non-limiting example,
without thereby departing from the scope of the invention

as defined in the appended claims.
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CLAIMS

1. Bistatic radar (1) comprising:
-an active phased array transmitter ahtenna (20) adapted
to irradiate a radio frequency output signal (40) and
comprising a cylindrical or conical or truncated cone
array of columns (21) of active transmission modules
(22); |
- a receiving antenna (30) comprising a truncated cone
array of columns (31) of reception modules (32)directed
along the generatrix of a truncated cone, each reception
module (32) comprising in cascade an antenna receiver
element (33), an analoé amplifier (34) and an analog to
digital converter (36) adapted to produce digital samples
in output; and
- and a full digital beam forming block (3) adapted to
receive in input and numerically process said digital
samples.

2. Bistatic radar (1) according to claim 1, wherein
the full digital beam forming block (3) is such as to
process said digital samples numerically for the digital
syntheéis of a plurality of simultaneous and independent
reception beams.

3. Bistatic radar (1) according to any one of the
previous claims, comprising a radar activity scheduler

block (2)adapted to control the transmitting antenna
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(20), the receiving antenna (30) and the full digital
beam forming block (3) according to a first operating
mode wherein:

-the transmitting antenna (20) is controlled so that
the radio frequency output signal (40) has N directional
transmission beams (41), wherein N is an integer greater
than or equal to one and in the case in which N is
greater than one, said beams (41) are simultaneous, the
pointing direction and the aperture of each beam (41)
being controllable in elevation and/or in azimuth by the
scheduler  block  (2), wherein each  directional
transmission beam (41) is produced by a respective sub
array of adjacent columns (21) of transmission modules
(22) electronically selectable and centred in azimuth in
relation to the pointing direction of the respective
directional transmission beam (41); and

-the receiving antenna (30) and the full digital
beam forming block (3) are controlled to produce for each
of said N directional transmission beams (41)a respective
plurality of M simultaneous reception beams, wherein M is
an integer greater than one and less than or equal to the

number of columns (31) of reception modules (32).

4. Bistatic radar (1) according to claim 3, wherein
each plurality of reception beams M:

- is such as to point in the direction of the
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respective directional transmission beam (41);

- is produced by one 6r more respective sub arrays
of columns (31) of reception modules (32) electronically
selectable and centred in azimuth in relation to the
pointing direction of the respective directional
transmission beam (41).

5. Bistatic radar (1) according to claims 3 or 4,
wherein the radar activity scheduler block (2) is also
adapted to control the transmitting antenna (20), the
receiving antenna (30) and the full digital beam forming
block (3) according to a second operating mode,
selectable alternatively to the first one, wherein:

- the transmitting antenna (20) is controlled so

that the radio frequency output signal (40) has a

‘defocused radiation diagram (43) having a hemispherical

or substantially hemispherical shape; and

- the receiving antenna (30) is controlled
simultaneously by pointing one or more pluralities of M
reception beams along one or more respective directions
in which the presence of a target is signalled.

6. Bistatic radar (1) according to claim 3, wherein
in the first operating mode the radar (1) is configured
to perform a surveillance and tracking activity wherein
the scheduler block (2) is configured to control the

transmitting antenna (20), the receiving antenna (30) and
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the full digital beam forming block (3) so as to
electronically scan a sector to be monitored by means of
said directional transmission and reception beams,
wherein the azimuth scaﬁning is performed by means of the
electronic selection of said sub arrays of columns and
the scan in elevation 1s performed by means of a phase
control.

7. Bistatic radar (1) according to claim 5, wherein
in the second operating mode the bistatic radar (1) 1is
configured to perform:

- an activity of pursuing a target, or
simultaneously pursuing several targets; and/or

- an activity of guiding a remote-controlled weapon,
or simultaneously Vguiding several remote-controlled
weapons; and/or

- an activity of aiming an artillery device , or
simultaneously aiming at several artillery devices.

8. Bistatic radar (1) according to any one of the
claims from 3 to 7, wherein each transmission module (22)
comprises 1in cascade: an input adapted to receive a
modulated radio frequency signal (RF_t) to be
transmitted, a phase-shifter (24) adapted to phase delay
said modulated signal (RF_t) a power amplifier (25) and
an antenna element (23), wherein the phase-shifter (24)

is adapted to receive in input a digital control signal
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provided in output by said scheduler block (2) to control
the phase delay introduced in said radio frequency
modulated signal (RF_t).

9. Bistatic radar (1) according to any one of the

5 previous claims, wherein the fransmitting antenna (20)
has a truncated cone shape and wherein the columns (21)
of transmission modules (22) are directed along the
generatrix of said truncated cone.

10. Bistatic radar (1) according to claim 9, wherein

10 the transmitting antenna (20) and the receiving antenna
(30) are coaxially superposed.

11. Bistatic radar (1) according to <claim 10,
wherein the transmitting antenna (20) and the receiving
antenna (30) together form a truncated-cone shape

15 structure.

12. Bistatic radar (1) according to claim 1, wherein
said truncated cone has a solid angle of aperture (a)
comprised between 10° to 60° extremes included.

13. Bistatic radar (1) according to claim 12,

20 wherein said truncated cone has a solid angle of aperture
(a) equal to, or approximately equal to, 30°.

14. Bistatic radar (1) according to any one of the

previous claims, wherein the number of reception modules

(32) is greater than the number of transmission modules

25  (22).
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15. Ship mast.(50) comprising at least one bistatic
radar (1) according to any of the previous claims.

16. Military ship comprising at least one bistatic
radar (1) according to any one of the claims from 1 to
14, or a ship mast (50) according to claim 15.

17. Land vehicle (60) comprising at least one
bistatic radar (1) according to any one of the claims

from 1 to 14.
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