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FIG. 1

(57) Abstract: A radar system (1) comprising: a transmitting antenna comprising a plurality of linear arrays (t1-t4) of transmitting
antenna elements (20) arranged on a generatrix of a truncated cone or on a cylindrical surface; a signal generator block (2) operatively
connected to the transmitting antenna and adapted to feed the transmitting antenna; a receiving antenna comprising a plurality of groups
(gl-g4) of linear arrays (r11-rln,..., 141-r4n) of receiving antenna elements (10) arranged on the generatrix of the truncated cone or
on the cylindrical surface, in which each group (gl-g4) of linear arrays of receiving antenna elements is circumferentially interposed
between a first and a second linear array of transmitting antenna elements; a signal processor (drx, 4) operatively connected to the
receiving antenna. The signal generator block (DRX, 4) is adapted and configured to feed the transmitting antenna so that the first and
the second linear arrays of transmitting antenna elements emit a first and a second electromagnetic radiation, respectively, at a first and
a second frequencies different from each other.
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“Radar system”
DESCRIPTION

[001] The present disclosure relates to the technical
field of radar systems.

[002] It is known to equip land vehicles or ships, e.dqg.
military ships, with radar systems which allow monitoring
the surrounding space 1in order to identify possible
threats. Radar systems are also used for land
surveillance, for example in airports or for surveilling
sensitive targets.

[003] The aforesaid radar systems have undergone a long
evolution over time. In order to have a 360° scan of the
radar beam 1in the azimuthal plane, radar systems
initially were developed comprising a voluminous
reflective antenna, typically installed on a rotating
platform provided on board the vehicle. The aforesaid
radar systems then evolved over time up to the more
modern radar systems which do not provide rotating
platforms and which, 1in order to obtain as wide a
visibility as possible on the azimuthal plane, take
advantage of a plurality of planar active phased array
antennas. For example, radar systems are known which
provide four planar active phased array antennas, each
installed on a face of a ship mast substantially shaped

like a truncated pyramid with a gquadrangular base.
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[004] Due to the ability to guickly change the direction
of the beam in a controlled manner, active phased array
radar systems allow a vehicle, such as a military ship,
to use a single radar system for detecting and monitoring
surfaces (for example for identifying ships), monitoring
air space (for ddentifying airplanes and missiles),
guiding missiles, controlling artillery devices.

[005] Planar active phased array radars of the prior art
so far installed on board vehicles such as military ships
are typically monostatic radars because each array
antenna consists of a plurality of both receiving and
transmitting modules (TX/RX modules), each of which 1is
sequentially converted over time between the two
operating methods, fLransmitting and receiving,
respectively. For this reason, the aforesaid phased array
radar systems of the prior art are particularly costly.
It 1is also worth noting that in the configuration in
which there are provided four planar active phased array
antennas, each installed on a face of a ship mast
substantially shaped as a truncated pyramid with a
quadrangular base, such radar systems do not have uniform
performances over the whole azimuthal plane because such
performances are degraded in particular in the directions
arranged 1in front of the corners of the truncated

pyramid. In other words, the aforesaid radar systems of
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the known art have scanning losses 1in the horizontal
plane.

[006] A known radar system having a conical geometrical
shape 1is described in document JP H06249945 A. Such a
document discloses a radar system with TX/RX modules, in
which there are analog phase shifters in the receiving
chain for tracking the receiving beams. For this reason,
such a radar system does not implement a receiving full
digital beamforming or a digital beamforming. The antenna
is also divided into axially spaced horizontal truncated
conical sections, each of which operates at a respective
frequency. Such a radar system has the serious drawback
of not allowing the formation of multiple independent
beams and does not allow controlling the amplitude on the
surface of the truncated cone, thereby generating beams
with high side lobes.

[007] International Patent Application W02015/104728A1
describes a bistatic radar system in which the
transmitting antenna has a <c¢ylindrical or conical
geometry and comprises an array of columns of active
transmitting modules. The receiving antenna has a conical
geometry and comprises an array of columns of receiving
modules. The transmitting antenna is axially spaced from
the receiving antenna.

[008] Although the radar system described in
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W02015/104728A1 overcomes the drawbacks of the above-
indicated prior art, the need is felt to make a radar
system which is structurally less complex and less costly
than the radar system described in WO2015/104728A1.

[009] It is a general object of the present description
to provide a radar system which has as uniform
performances as possible in the azimuthal plane and a
less complex and less costly structure than the one of
the radar system described in W02015/104728A1. This and
other objects are achieved by means of a radar system as
defined in the main claim in the most general embodiment
thereof, and in the claims dependent thereon in certain
particular embodiments thereof.

[0010] The invention will be better understood from the
following detailed description of embodiments thereof,
given by way of example and therefore non-limiting in any
manner 1n relation to the accompanying drawings, in
which:

- figure 1 shows a functional block diagram of an
embodiment of a radar system comprising a transmitting
antenna and a receiving antenna;

- figure 2 shows a three-dimensional view of a possible
embodiment of a part of the system in figure 1;

— figure 3 shows a simplified diagram of an embodiment of

linear array of receiving antenna elements of the
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receiving antenna of the radar system in figure 1;

— figure 4 shows a simplified diagram of an embodiment of
linear array of transmitting antenna elements of the
transmitting antenna of the radar system in figure 1;

- figure 5 shows a polar diagram, obtained by means of
experimental tests, representing the transmitting beams
and receiving beams of the antennas of the radar system
of figures 1 and 2, on an azimuthal plane;

- figure 6 shows a diagram, obtained by means of
experimental tests, representing the transmitting beams
and certain receiving beams of the antennas of the radar
system of figures 1 and 2;

- figure 7 shows a boat comprising the radar system of
figures 1 and 2;

- figure 8 shows a land vehicle comprising the radar
system of figures 1 and 2;

- figure 9 a 1land surveillance system comprising the
radar system of figures 1 and 2.

[0011] Equal or similar elements are indicated with the
same numerals in the accompanying figures.

[0012] The figures show a preferred but non-limiting
embodiment of a radar system 1 comprising a transmitting
antenna and a receiving antenna. In the particular
example depicted, and without any limitation, the radar

system 1 is a radar of a military boat, e.g. a military
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ship. It is however to be noted that the teachings of the
present description can be applied without limitations to
the particular field of use of the radar system 1.
Indeed, the radar system 1 forming the object of the
present disclosure can be used for example, also in the
fields of telecommunications, c¢ivil boating, scientific
measuring instruments.

[0013] The radar system 1 1is, for example, an X band
radar system and 1s such as to transmit signals at a
carrier frequency ranging between 9 GHz and 11 GHz, for
example equal to 10 GHz. The bandwidth of the radar
system 1, 1in baseband or at intermediate frequency,
ranges for example between 30 MHz and 60 MHz, and is for
example, equal to 40 MHz.

[0014] The radar system 1 comprises a transmitting
antenna comprising a plurality of linear arrays ti—-ts of
transmitting antenna elements 20 arranged on a generatrix
of a truncated cone or on a cylindrical surface. In the
particular example depicted 1in figures 2 and 4, the
ftransmitting antenna elements 20 shown in figure 4 are
arranged on a generatrix of a truncated cone. According
to a preferred embodiment, the aforesaid truncated cone
has a solid angle of opening ranging between 5° and 20°,
ends included. For example, such a solid angle of opening

is equal to, or approximately equal to, 8°.
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[0015] The radar system 1 comprises a receiving antenna
comprising a plurality of groups gl-g4 of linear arrays
of ri1—-rin, .., TYai—ran of receiving antenna elements 10
arranged on the generatrix of the truncated cone or on
the c¢ylindrical surface, 1in which each group gl-g4 of
linear arrays Y11= F¥1iny .y Y41~ T4n of receiving antenna
elements 10 1is circumferentially interposed between a
first and a second linear array of transmitting antenna
elements 20. In the particular example depicted in
figures 2 and 3, the receiving antenna elements 10 shown
in figure 3 are arranged on the generatrix of the
truncated cone on which the transmitting antenna elements
20 are also arranged.

[0016] The radar system 1 further comprises a signal
generator block 2 operatively connected to the
transmitting antenna and adapted to feed the transmitting
antenna, 1in particular each of the linear arrays ti—ts of
ftransmitting antenna elements.

[0017] The signal generator Dblock 2 is adapted and
configured to feed the transmitting antenna so that the
first and the second linear arrays of transmitting
antenna elements emit, preferably simultaneously, a first
and a second electromagnetic radiation, respectively, at
a first and a second frequencies different from each

other. Said first and second electromagnetic radiations
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have a beam with an opening angle limited 1in the
azimuthal plane, for example equal to 90° or
approximately equal to 90°. Angle of opening means an
angle in which the amplitude of the beam substantially is
uniform. The aforesaid frequencies preferably are spaced
from each other by a distance ranging between 5 MHz and
15 MHz and for example, equal to 10 MHz.

[0018] Preferably, as 1in the example depicted in figure
1, the transmitting antenna comprises four linear arrays
ti1-ts4 of transmitting antenna elements 20 oriented two by
two along opposite directions and arranged in
diametrically opposite positions from one another. For
example, the linear arrays ti—-ty of transmitting antenna
elements 20 which are arranged in diametrically opposite
positions emit electromagnetic radiations at a same
frequency. For example, the linear arrays ti, tsz of the
transmitting antenna emit radiations at a same frequency
f1, while the linear arrays emit electromagnetic
radiations t2, tas at a same frequency f2 which 1is
different from frequency f1. In an alternative
embodiment, in any case it may be provided for the linear
arrays ti—ts of the transmitting antenna to emit
electromagnetic radiations having all different
frequencies from one another. Moreover, in the particular

example depicted, the signal generator block 2 comprises
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a plurality of independent transmission modules txi—-txs
each operatively connected to a respective linear array
ti1-ts4 of the transmitting antenna. In an alternative
embodiment, in any case it may be provided for a
transmission module txi—-txs to be operatively connected to
a plurality of linear arrays of the transmitting antenna.
[0019] In the particular example depicted, the receiving
antenna comprises four groups of linear arrays of
receiving antenna elements, indicated with gl, g2, g3, g4
respectively. The linear arrays rii—rin ©f receiving
antenna elements of group gl are adjacent to one another
and together form a group gl of arrays interposed between
the linear array ti: of transmitting antenna elements and
the linear array tz of transmitting antenna elements. The
linear arrays vra2i1—-ran of group g2 are adjacent to one
another and together form a group g2 of arrays interposed
between the linear array t2 of transmitting antenna
elements and the linear array tz of transmitting antenna
elements and so on, for the remaining two groups g3, g4
of arrays of the example depicted in the figures.

[0020] According to a preferred embodiment, if there are
four linear arrays ti—tas of transmitting antenna elements,
the aforesaid arrays are angularly spaced, two by two, by
90°.

[0021] According to a possible non-limiting embodiment,
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the number of linear arrays forming the receiving antenna
is much greater than the number of linear arrays ti—tas
forming the +transmitting antenna. For example, the
transmitting antenna comprises four linear arrays ti-tas of
transmitting antenna elements. For example, each of the
aforesaid linear arrays ti—-ts comprises eight or sixteen
transmitting antenna elements. It 1is apparent that by
increasing or decreasing the number of transmitting
antenna elements in a same linear array, the amplitude in
elevation of the beams transmitted decreases or
increases. In this example, the receiving antenna
comprises two—-hundred and sixteen linear arrays of
receiving antenna elements, for example also each linear
array in the receiving antenna comprises eight or sixteen
receiving antenna elements.

[0022] According to a preferred and non-limiting
embodiment, the linear arrays of the receiving antenna
and/or of the transmitting antenna comprise antenna
elements which are waveguide radiating elements as
described in general, or according to particular
embodiments, in International Patent Application
W02016128886 Al herein incorporated in its entirety for
reference.

[0023] Preferably, each of the linear arrays both of the

transmitting antenna and of the receiving antenna is a

10
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modular block which is physically independent from the
others, which 1s fixed 1inside a support structure 27
comprising two circular plates or, as 1in the example
depicted, two rings 28, 29. Such rings 28, 29 are axially
spaced from each other and for example, fixed to each
other by means of a plurality of spacer elements, for
example by means of a plurality of wvertical columns.
According to one embodiment, the aforesaid support
structure 27 1is at least partly covered with a radome
(not shown in the figures) overlapping and preferably in
contact with the receiving and transmitting antenna
elements, and which 1s conveniently made of a material
adapted to act as a bandpass filter for the portion of
frequency spectrum involved. For example, the radome is
made of Kevlar or glass fiber, and is shaped 1like a
truncated cone. Preferably, the radome extends axially
between the two rings 28, 29.

[0024] Figure 3 shows a general block diagram of one of
the linear arrays of the receiving antenna, in the
example, the linear array rii. The remaining linear arrays
of the receiving antenna are completely identical or
similar. Such a linear array ri1 comprises a plurality of
receiving antenna elements 10 arranged in a housing
structure 12. The linear array ri1 comprises a waveguide

power coupler 11 having a plurality of input ports, each
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connected to a respective receiving antenna element 10
and having a waveguide output port 13. The output port 13
preferably 1is connected to a frequency down-conversion
analog module 14, adapted to convert a radiofrequency
radar echo signal captured by the linear array ri1 into
frequency, for example to bring it to an intermediate
frequency. Such an intermediate frequency is for example,
equal to or approximately equal to 1 GHz. In the example,
the frequency down-conversion module 14 comprises, in
sequence, an analog amplifier 15, e.g. an LNA 15, a
filter 16 and a mixer 17. The frequency down-conversion
analog module 14 is adapted to and configured for
supplying a radar echo analog output signal at
intermediate frequency. To perform the conversion at
intermediate frequency, mixer 17 receives a STALO (stable
local oscillator) input signal S_o. For example, such a
signal S_o 1is identical for each of the conversion
modules 14 associated with the different linear arrays of
the receiving antenna and is supplied to such modules by
the signal generator block 2.

[0025] The frequency down-conversion module 14 may be
housed in the housing structure 12 or may be arranged
outside such a structure 12, in a dedicated container
arranged as close as possible to such a structure 12, for

example directly fixed thereto.

12
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[0026] Figure 4 shows a general block diagram of one of
the linear arrays of the transmitting antenna, in the
example the linear array ti. The remaining linear arrays
of the transmitting antenna are completely identical or
similar. Such a linear array ti1 comprises a plurality of
transmitting antenna elements 20 arranged in a housing
structure 22. The linear array ti1 comprises a waveguide
power divider 21 having a plurality of output ports, each
connected to a respective transmitting antenna element 20
and having a waveguide input port 23. The input port 23
is connected to the signal generator 2, and in particular
to the transmission module txi. With reference to figures
3 and 4, it is worth noting that advantageously in terms
of structure, the waveguide part of the linear arrays of
the transmitting antenna, that is the antenna elements 20
and divider 21, may be identical or completely similar to
the waveguide part, that is the antenna elements 10 and
coupler 21, of the 1linear arrays of the receiving
antenna. The same holds true for the housing structure
12, 22.

[0027] The radar system 1 further comprises a radar echo
signal processor drx, 4 operatively connected to the
receiving antenna, in particular connected to each of the
linear arrays of receiving antenna elements. The radar

echo signal processor drx, 4 preferably comprises a
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plurality of digital processing modules drx. If such
digital ©processing modules drx are single channel
modules, there is provided a dedicated digital processing
module drx for each 1linear array of the receiving
antenna. If such digital processing modules drx instead
are multichannel modules, several linear arrays of the
receiving antenna may be associated, for example four or
eight, with a single multichannel digital processing
module. Here, the processing of the radar echo signals
conveniently occurs in parallel on the different
channels.

[0028] According to a preferred embodiment, the digital
processing modules drx are fixed to a support and
fastening structure 30 which 1s axially spaced with
respect to the linear arrays of the transmitting antenna
and of the receiving antenna. Such a structure 30 is for
example a disc—- or ring-shaped structure.

[0029] According to an advantageous embodiment, the radar
echo signal processor drx, 4 comprises a full digital
beamforming block 4 operatively connected to the
receiving antenna and suitable for and configured to
digitally synthesize a plurality of simultaneous and
independent receiving beams. In the example, such a full
digital beamforming block 4 is connected to the digital

processing modules drx. Advantageously, each receiving
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beam 1is synthesized by processing radar echo signals
received by a plurality of 1linear arrays of receiving
antenna elements consecutive to one another. For example,
if a receiving beam is to have an amplitude of 2° in the
azimuthal plane, and 1n the hypothesis of using two-
hundred and sixteen linear arrays for the receiving
antenna, each receiving beam is synthesized by processing
the radar echo signals supplied by seventy-two linear
arrays of the receiving antenna.

[0030] According to one embodiment, for the synthesis of
at least one of said receiving beams, the linear arrays
consecutive to one another of the receiving antenna
belong to two distinct groups gl-g4 of linear arrays of
the receiving antenna. For example, refer to figure 5,
which shows a diagram of polar radiation in the azimuthal
plane showing the four beams b_ti-b_ts transmitted by the
four linear arrays ti—ts of the transmitting antenna, each
having an amplitude of 90°, and one-hundred and eighty
receiving beams to be synthesized 1f receiving beams are
to be obtained with an amplitude of 2°. Three of such
receiving beams are marked with b_ri2, b_ri7, brin. The
receiving beam b_riz is centered on the linear array ris
of the receiving antenna. To obtain such a receiving beam
b_ri2, there may be used for example, a given number of

linear arrays of the receiving antenna arranged on
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opposite sides with respect to the linear array riz, for
example, thirty-six linear arrays arranged on one side
and thirty-six linear arrays arranged on the opposite
side. It 1is apparent thereby that radar echo signals are
used to synthesize the receiving beam b_ri» which are
captured by linear arrays of the receiving antenna
belonging both to group gl and to group gZ2. According to
a possible embodiment, to have even more uniform
performances in the azimuthal plane, a circulator may be
associated with the linear arrays ti1—ts of the
ftransmitting antenna so as to use the few linear arrays
ti1-ts4 of the transmitting antenna, here four, also as
additional linear arrays of the receiving antenna. In any
case, 1t is worth noting how such a solution in terms of
hardware is much less complex with respect to solutions
of the known art which provide planar phased array
antennas with Tx/Rx modules, that 1is antennas 1in which
all the transmitting antenna elements are also receiving
antenna elements.

[0031] Figure 6 1is very similar to figure 5 and differs
from it due to the format of the graph; here, the graph
is a Cartesian graph and not a polar graph, and in that
there are shown only two groups of digitally synthesized
receiving beams b_r.

[0032] According to one embodiment, the linear arrays of

16
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the receiving antenna are adapted and configured to
receive radar echo signals resulting from the reflection
on a target of both said first and said second
electromagnetic radiations. The radar echo signal
processor is adapted and configured:

- to sample said received radar echo signals to obtain
digital signals;

- to carry out a digital filtering which allows a set of
digital samples containing information related to pulses
transmitted by the first linear array of transmitting
antenna elements and a set of digital samples containing
information related to pulses transmitted by the second
linear array of transmitting antenna elements, to be
extracted from said digital signals.

[0033] The aforesaid digital samples are transmitted to
the full digital beamforming block 4 via the synthesis of
the receiving beams.

[0034] The aforesaid sampling and filtering operations
are for example performed Dby the digital processing
modules drx. The aforesaid digital filtering 1is for
example a FIR filtering.

[0035] Preferably, if the linear arrays of the receiving
antenna comprise a frequency down-conversion module 14
adapted to convert the received radar echo signals into

intermediate frequency analog signals, as described
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above, the aforesaid digital processing module drx is
such as to sample the aforesaid intermediate frequency
analog signals.

[0036] The radar system 1 preferably comprises a block 3
for scheduling radar activities adapted to control the
signal generator block 2 and the radar echo signal
processor drx, 4.

[0037] As explained above, the full digital beamforming
block 4 is adapted to receive in input and to numerically
process the digital samples obtained from radar echo
signals received by the receiving antenna. In particular,
such a block 4 comprises a digital processor which, by
receiving input weight coefficients W, is configured and
adapted to calculate various weighted linear combinations
of the aforesaid digital samples.

[0038] According to one embodiment, the radar system 1
comprises a radar signal digital processor 6 operatively
connected to scheduler 3 and to the full digital
beamforming block 4, and adapted to provide the latter
with the weight coefficients W and to receive the weighed
input linear combinations calculated. All linear
combinations correspond to a receiving antenna beam. The
number of pulses and transmission timing are scheduled by
means of the scheduler block 3 according to the radar

activity underway, which is automatically updated
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according to processing operations of the radar signal
digital processor 5.

[0039] In addition to the radar signal digital processor
5, the radar system 1 may be provided to also comprise 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.

[0040] With reference to the example depicted in figure
7, the above-described radar system 1 may be installed on
board a boat 70, such as for example a ship, preferably
it may be installed on a mechanically stabilized
platform.

[0041] With reference to figure 8, 1t is worth noting
that a radar system 1 of the type described above may be
installed on board a land vehicle 60, for example at the
top of a telescopic shaft 61. In the particular example
depicted, the aforesaid land wvehicle 60 1is a truck
provided with a livable container housing a command and
control console and possibly the other hardware/software
apparatuses adapted to process signals associated with
the operation of the radar system 1.

[0042] Finally, figure 9 shows a further ©possible
application in which the radar system 1 is fixed to the
ground or to a building, for example at the top of a

support pole 70.
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[0043] According to what 1s described above, it may
therefore be understood how a radar system of the type
described above allows the above-mentioned objects to be
achieved with reference to the prior art. The radar
system proposed indeed 1is relatively less complex and
less costly and may easily be made in a modular fashion
since many parts are similar to one another. Moreover, as
can be inferred from figures 5 and 6, the uniformity of
the performances in the azimuthal plane is surprising.

[0044] The principle of the invention being understood,
the embodiments and manufacturing details may largely
vary with respect to what has Dbeen described and
illustrated by mere way of non-limiting example, without
hereby departing from the scope of the invention as

defined in the appended claims.
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CLAIMS

1. A radar system (1) comprising:
- a transmitting antenna comprising a plurality of linear
arrays (ti1—-ts) of transmitting antenna elements (20)
arranged on a generatrix of a truncated cone or on a
cylindrical surface;
- a signal generator block (2) operatively connected to
the transmitting antenna and adapted to feed the
transmitting antenna;
- a receiving antenna comprising a plurality of groups
(gl-g4) of linear arrays (ri1—Xrin,..,r41—-r4n) of receiving
antenna elements (10) arranged on the generatrix of the
truncated cone or on the c¢ylindrical surface, wherein
each group (gl-g4) of linear arrays of receiving antenna
elements is circumferentially interposed between a first
and a second linear arrays of transmitting antenna
elements;
- a signal processor (drx, 4) operatively connected to
the receiving antenna;

wherein the signal generator block (2) is adapted and
configured to feed the transmitting antenna so that the
first and the second linear arrays of transmitting
antenna elements emit respectively a first and a second
electromagnetic radiation at a first and a second

frequencies different from each other.
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2. A radar system (1) according to claim 1, wherein the
transmitting antenna has four linear arrays (ti—ts) of
transmitting antenna elements (20) oriented two by two
along opposite directions and arranged in a diametrically
opposite position from one another.

3. A radar system (1) according to claim 2, wherein
linear arrays (ti—ts4) of transmitting antenna elements
(20) which are arranged 1n diametrically opposite
positions emit electromagnetic radiations at a same
frequency.

4. A radar system (1) according to claims 2 or 3, wherein
the linear arrays (ti—ts4) of transmitting antenna elements
are angularly spaced, two by two, by 90°.

5. A radar system (1) according to any one of the
preceding claims, wherein the signal processor comprises
a full digital beamforming Dblock (4) adapted and
configured to digitally synthesize a plurality of
simultaneous and independent receiving beams.

6. A radar system (1) according to claim 5, wherein each
receiving beam 1s synthesized by processing signals
provided by a plurality of linear arrays of receiving
antenna elements consecutive to one another.

7. A radar system according to claim 6, wherein for at

least one of said receiving beams the linear arrays
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consecutive to one another belong to two distinct groups
(gl-g4) of linear arrays of the receiving antenna.

8. A radar system (1) according to any one of the
preceding c¢laims, wherein the linear arrays of the
receiving antenna are adapted and configured to receive
radar echo signals resulting from the reflection on a
target of both said first and said second electromagnetic
radiations and wherein the radar echo signal processor is
adapted and configured:

- to sample said received radar echo signals to obtain
digital signals;

- to carry out a digital filtering which allows
extracting from said digital signals a set of digital
samples containing information related to pulses
transmitted by the first linear array of transmitting
antenna elements and a set of digital samples containing
information related to pulses transmitted by the second
linear array of transmitting antenna elements.

9. A radar system (1) according to claim 8, wherein the
linear arrays of the receiving antenna comprise a
frequency down-conversion module (14) adapted to convert
said received radar echo signals into 1intermediate
frequency analog signals, wherein said digital processing
module 1is such to sample said intermediate frequency

analog signals.
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10. A radar system (1) according to any one of the
preceding claims, wherein the number of linear arrays of
the receiving antenna is much greater than the number of
linear arrays of the transmitting antenna.

11. A radar system (1) according to any one of the
preceding c¢laims, wherein the first and the second
electromagnetic radiation are emitted simultaneocusly.

12. A vessel (50) comprising at least one radar system
(1) according to any one of the preceding claims.

13. A land vehicle (60) comprising at least one radar

system (1) according to any one of claims 1 to 11.
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