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DESCRIPTION 

TITLE: Multi-panel array antenna 

Technical field: 

[0001] The invention relates to the field of antenna devices, such as radar antennas, 

and relates more particularly to the production of an array antenna of large size. 

Prior art: 

[0002] Array antennas are antennas whose radiating face is composed of elementary 

radiating elements mounted on a mechanical structure. The separation between 

the radiating elements, or pitch of the radiating face, is fixed and is linked to the 

operating frequency band of the antenna. By modifying the phase of the signal 

transmitted or received by each of the radiating elements, it is possible to orient 

the maximum gain of the antenna in a given direction, which makes them 

particularly suitable for radar applications aiming to scan a geographic zone or to 

track the movement of an object over time (electronic scanning antennas). The 

radiation distribution function is composed of a main lobe, or beam, and side 

lobes. Modifying the amplitude of the elementary signals also makes it possible to 

control the quality of the beams formed and, advantageously, their side lobe 

levels. 

[0003] Currently, the size of an array antenna is adjusted according to a precise 

operational requirement. Once the antenna is constructed, the antenna 

performance levels, such as its gain or its angular resolution, are fixed. 

[0004] To increase performance, the only option is to develop a new antenna of a 

larger size comprising a greater number of radiating elements, which proves 

lengthy and costly. Furthermore, the difficulties and costs in transporting and 

deploying the antenna increase with its size. 

[0005] There is therefore a need for a system that makes it possible to adapt the size 

of an array antenna to the operational requirement without requiring a new 

antenna to be manufactured. There is also a need for an array antenna of large 

size that can easily be transported and deployed. 
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Summary of the invention: 

[0006] To this end, the invention relates to an array antenna comprising: 

- a plurality of mechanically separate radiating panels arranged side-by-side,

each radiating panel comprising a plurality of radiating elements,

- means for applying a shaping to radio frequency signals transmitted by or

received from each radiating element, and

- a device for managing the radio frequency signal shaping application means.

[0007] In the array antenna according to the invention, the shaping application 

means are configured to apply, to the signal transmitted by or received from each 

radiating element, a complex shaping coefficient corresponding to a sum of at 

least: 

- a shaping coefficient making it possible to orient the maximum gain of the

antenna in a given direction, and

- at least the opposite of a shaping coefficient making it possible to orient the

maximum gain of the antenna in the direction of a side lobe resulting from

differences between the radiating panels of the array antenna.

[0008] Advantageously, the sum used to calculate the shaping coefficient applied to 

the radiating elements further comprises a calibration coefficient. 

[0009] According to one embodiment, the shaping coefficient making it possible to 

orient the maximum gain of the antenna in a given direction is calculated from the 

desired pointing direction of the array antenna, from the frequency of the radio 

frequency signal, from the position of the radiating element considered within the 

array antenna, and from the total number of radiating elements of the array 

antenna. 

[0010] According to one embodiment, the shaping coefficient making it possible to 

orient the maximum gain of the antenna in the direction of at least one side lobe 

resulting from differences between the radiating panels of the array antenna is 

calculated from the direction of said side lobe, from the frequency of the radio 

frequency signal, from the position of the radiating element considered within the 
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array antenna, and from the total number of radiating elements of the array

antenna.

[0011] Advantageously, the array antenna further comprises means for summing the 

signals received from each of the radiating elements and shaped. 

[0012] The invention relates also to a method for the transmission or reception of a 

radio frequency signal for an array antenna comprising a plurality of radiating 

panels arranged side-by-side, each radiating panel comprising a plurality of 

radiating elements. The method then comprises the application of a complex 

shaping coefficient to the signal transmitted by or received from each radiating 

element. This complex shaping coefficient corresponds to a sum of at least:

- a shaping coefficient making it possible to orient the maximum gain of the

array antenna in a given direction, and

- at least the opposite of a shaping coefficient making it possible to orient the

maximum gain of the antenna in the direction of a side lobe resulting from

differences between the radiating panels of the array antenna.

[0013] Advantageously, the method further comprises a preliminary step of 

characterization of side lobes resulting from differences between the radiating 

panels of the array antenna. 

Brief description of the figures:

[0014] The invention will be better understood and other features and advantages 

will become more apparent on reading the following description, given in a 

nonlimiting manner, and from the attached figures. 

[0015] [Fig. 1a] figure 1a schematically represents the radiating panel of a unitary 

array antenna. 

[0016] [Fig. 1b] figure 1b represents a configuration of separate radiating panels, 

independent within the antenna arrays. 

[0017] [Fig. 1c] figure 1c represents a radiating panel for an array antenna produced 

from the contiguous association of four radiating panels of smaller size. 
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[0018] [Fig. 1d] figure 1d represents a radiating panel for an array antenna produced 

from the separate association of four radiating panels of smaller size.

[0019] [Fig. 2] figure 2 represents the main elements of a unitary array antenna 

according to the state of the art.

[0020] [Fig. 3] figure 3 represents the main elements of an array antenna according

to an embodiment of the invention.

[0021] [Fig. 4a] figure 4a compares the radiation pattern of an array antenna 

obtained from a separate array and from a joined array of radiating panels.

[0022] [Fig. 4b] figure 4b compares the radiation pattern of an array antenna 

obtained from a separate array of radiating panels, with and without taking into 

account the interferences generated by the differences between radiating panels. 

[0023] [Fig. 5a] figure 5a represents the beam of an array antenna composed of a 

joined array of radiating panels. 

[0024] [Fig. 5b] figure 5b represents the beam from an array antenna composed of a 

joined array of radiating panels when the shaping coefficients of the signals 

transmitted or received by the radiating elements are adjusted to take account of 

the interferences between radiating panels. 

[0025] [Fig. 6] figure 6 represents the main steps of a method for the transmission or 

reception of an RF signal implemented from an array antenna according to an 

embodiment of the invention. 

[0026] [Fig. 7] figure 7 illustrates in more detail the RF signal transmission/reception 

step of an embodiment of the method claimed. 

[0027] Hereinbelow, when the same references are used in the figures, they denote 

the same elements. 

Detailed description:

[0028] The current radar antennas have dimensions which are adjusted according to 

an operational requirement and a precise threat density. Improving the gain or 

the precision of the antenna requires a new antenna of larger size to be 

manufactured. 
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[0029] The present invention proposes addressing these problems by producing an 

array antenna from array antennas of smaller dimensions. Thus, it is possible to 

dynamically adjust the size and the performance of the antenna according to the 

range requirement, by adding or eliminating antennas. This association of 

mechanically independent elements results in a radar of large size, that is 

powerful and that can easily be transported and deployed compared to the 

transportation and deployment of an antenna of equivalent size. 

[0030] For this, initially, various array antenna association techniques are presented 

and their advantages/disadvantages discussed. 

[0031] Figure 1a schematically represents the radiating panel of a unitary array 

antenna. It comprises a radiating panel 100 composed of a plurality of radiating 

elements 101 distributed according to a mesh of regular pitch. When used in 

transmission, the radio frequency (RF) signal to be transmitted is shaped then 

transmitted by each of the radiating elements. The shaping consists in modifying 

the phase of the RF signal, and, advantageously, its amplitude, for each of the 

radiating elements independently so as to orient the maximum gain of the 

antenna in the desired direction. When used in reception, the RF signal received 

from each radiating element is shaped so as to obtain the maximum gain of the 

antenna in a given direction. These operations are known as "beam forming". 

[0032] The shaping of the beams is given by a control law, a phase law 103 and

advantageously an amplitude law 102, to be applied to the RF signal to be

transmitted or to be received on each of the radiating elements of the radiating 

panel. The phase-shift applied makes it possible to orient the maximum gain of 

the antenna in the desired direction. This phase-shift is constant between two 

consecutive radiating elements, and its value is directly linked to the wavelength 

of the RF signal, to the pitch of the radiating face and to the desired pointing of 

the beam. The amplitude control law makes it possible to concentrate the power 

at the center of the antenna, and therefore reduce the level of side lobes. The 

amplitude control law is therefore advantageous but not essential for pointing the 

beam from the antenna, most of the scanning array antennas known from the 

state of the art being driven only by a phase control in transmission. 
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[0033] Figure 1b represents a configuration of four unitary radiating panels that are 

separate, independent in the sense of antenna arrays. The radiating panels 110, 

111, 112 and 113 all focus in the same angular direction, without taking account 

of the presence of neighboring panels. For this, the same control law 120, 121, 

122, 123 is assigned to each of the radiating panels. This way, when used in 

transmission, the total signal transmitted is the recombination of each of the 

signals, which makes it possible to improve the transmission power. When used 

in reception, the signal received on each of the radiating panels can be summed 

in order to improve the signal-to-noise ratio. 

[0034] However, the angular resolution is not improved with respect to the 

configuration of figure 1a. Furthermore, the transmissions of the different panels 

interfere, which generates gain losses and the appearance of the side lobes in

particular for significant misalignments. 

[0035] Figure 1c represents a radiating panel 130 for an array antenna produced 

from the joined association of four radiating panels of smaller size, as 

represented in figure 1a. The control law 131 applied to the radiating elements is 

matched to the total surface of the radiating panel 130, via a centralized 

calculation of the phases, and advantageously amplitudes, of focusing to be 

applied. Thus, the angular resolution and the gain of the antenna are improved 

with respect to the configuration of figure 1a. However, this case is a theoretical 

case to be strived toward, in which the radiating panel produced from several 

joined radiating panels is continuous. In practice, the antennas have edges which 

make it impossible to obtain a perfectly joined array like that represented in 

figure 1c.  

[0036] Figure 1d represents a radiating panel for an array antenna produced from the 

separate association of four separate unitary panels 141, 142, 143 and 144, as 

represented in figure 1a. The control law 150 applied to the radiating elements is 

matched to the total surface of the radiating panel 130, via a centralized 

calculation of the focusing phases, and advantageously amplitudes, to be applied. 

However, since the radiating panels cannot be arranged contiguously because of 

their edges, the overall array antenna is not continuous. The gaps 151, 152 and 
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153 between radiating panels (translation on three axes) and their alignment

(rotations on three axes) result in breaks in the total radiating face.

[0037] While the performance levels in terms of angular resolution and gain are 

improved over the configurations of figures 1a and 1b, the breaks of the radiating 

face degrade the focusing of the beam. Indeed, the phase control law is 

calculated in such a way that the contribution of each radiating element interferes 

with that of the other radiating elements so as to orient the beam of the antenna. 

The gaps between the radiating panels are like absences of radiating elements, 

the contribution of which is necessary to the correct forming of the beam. The 

resulting beam is therefore degraded, with consequential gain losses in the 

direction targeted, a less good directivity and the appearance of side lobes. 

[0038] The object of the present invention is to produce an array antenna from 

several radiating panels arranged side-by-side not contiguously, as in the 

example of figure 1d, and to modify the control law of the radiating elements so 

as to take account of the gaps and alignment differences between the various 

radiating panels in the forming of the beam. For this, the overall antenna is seen 

as corresponding to the sum of two radiating surfaces: a first radiating surface 

corresponding to all of the surface of the radiating panels (including the gaps 

between radiating panels), and a second surface corresponding to the gaps 

between the radiating panels. This second surface is equivalent to a virtual array 

of small radiating surfaces generating interferences which degrade the beam 

generated by the first surface. As long as the gaps between radiating panels are 

small in relation to the dimension of the latter (typically less than a few 

wavelengths) it is possible to evaluate the radiation pattern of the second surface, 

and to oppose it to the radiation pattern of the first surface to obtain an overall 

radiation pattern in which the level of the side lobes brought about by the non-

joined nature of the radiating panels is reduced. This is possible by modifying the 

amplitude and phase coefficients of the signals transmitted to the radiating 

elements forming the overall radiating surface. 

[0039] In the example of figure 1d, the radiating panels are arranged side-by-side 

horizontally, so as to increase the width of the overall array antenna, and thus 

improve the angular resolution in azimuth. They could however, equivalently, be 
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arranged side-by-side vertically to improve the angular resolution in elevation, or

on both axes.

[0040] Figure 2 represents the main elements of a unitary array antenna according to 

the state of the art. In the terminology adopted, the expression "array antenna" 

encompasses both the radiating panels and the components necessary to 

implement beam forming processes. The array antennas presented hereinbelow 

by way of illustration are used in reception, because, for the radar applications, 

the RF signal is generally transmitted by using high-efficiency amplifiers, such as, 

for example, class C amplifiers, that do not allow amplitude variation in the signal 

transmitted. It is therefore in reception that the invention applies more fully, on the 

one hand for beams with low side lobe levels, and, on the other hand, because 

the control of the signals can be modulated in phase and in amplitude. However, 

the invention would apply identically for driving the beam in transmission. 

[0041] The radiating panel 200 of figure 2 comprises M radiating elements 201 to 

20M. A circulator 211 to 21M makes it possible to switch each radiating element 

between a transmission function in which it receives a signal to be transmitted 

and a reception function in which it receives an RF signal and transmits it to 

dedicated processing equipment. 

[0042] When the antenna is used in transmission, the RF signal to be transmitted is 

generated by dedicated analog RF signal generation equipment 270, amplified by 

an amplification chain common to all the radiating elements or an amplification 

chain 221 to 22M specific to each radiating element, then transmitted by the 

radiating elements. 

[0043] When the antenna is used in reception, the signal received on each of the 

radiating elements is transmitted to a low-noise amplifier 231 to 23M then 

digitized by an analog-to-digital convertor 241 to 24M. A shaping coefficient

specific to each radiating element, corresponding ideally to a phase-shift and to 

an attenuation, is applied in 251 to 25M to the digital signal. The value of the 

phase-shift and of the attenuation is adjustable and is a function of the desired 

direction of the beam from the antenna. These coefficients are generally pre-

calculated and stored in a table 260 comprising all the attenuation and phase-

shift coefficients of the various radiating elements as a function of the direction of 
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the beam from the antenna. The values of the table 260 are programmed as a

function of the desired direction by a radar management device 261. Finally, the

RF signals received from the various radiating elements and shaped are summed 

262, then processed by the signal process algorithms 263 specific to the targeted 

application.

[0044] The arrangement shown in figure 2 is given by way of illustration, and can be 

adapted at the margin by the person skilled in the art without preventing the 

implementation of the invention. For example, it would be possible to reverse the 

position of the analog-digital convertors 241 to 24M and of the signal shaping 

devices 251 to 25M. In this case, the shaping is done on the analog signal by 

control nodes comprising attenuators and phase-shifters. Other adjustments will 

obviously become apparent, such as, for example: 

- limiting the control law to a phase law,

- dedicating the antenna to the reception of an RF signal by eliminating the

circulators 211, 21M and all the transmission part (270, 221, 22M),

- applying the attenuations and phase-shifts to the transmission rather than

to the reception, and potentially dedicating the antenna to the reception of an RF

signal by eliminating the circulators 211, 21M and all the reception part (231, 23M,

241, 24M, 262, 263),

- applying the attenuations and phase-shifts both to transmission and to

reception.

[0045] The values of the table 260 are calculated theoretically from the number of 

radiating elements, from their respective positions, from the size and from the 

pitch of the radiating mesh, and from the operating frequency considered. 

Advantageously, they can be complemented by adjustment coefficients taking 

account of the imperfections of the radiation patterns of each radiating element 

and the imperfections linked to the structure of the radiating panel, these 

imperfections being characterized in the factory in a calibration phase. One 

standard method consists in performing field measurements close to the antenna 

panel to obtain, by back propagation (inverse Fourier transform calculation) the 

signal level produced for each radiating element and know the deviation from the 

theoretical signal distribution that gives the maximum focusing. 
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[0046] Figure 3 represents the main elements of an array antenna according to an 

embodiment of the invention. This antenna comprises N radiating panels 300-1, 

300-N as described in figure 2, linked to a centralized management device 361 of

the control laws, as represented in figure 1d.

[0047] Each radiating panel therefore comprises M radiating elements 301-1, 30M-1, 

301-N, 30M-N each linked to a circulator 311-1, 31M-1, 311-N, 31M-N that

makes it possible to switch between transmission and reception.

[0048] To simplify the description, it has been assumed that the array antenna was 

composed of several radiating panels of strictly identical sizes. However, the 

invention would apply equivalently for an array antenna composed of radiating 

panels of different sizes. Given equal radiating surface, the results obtained 

would be comparable. 

[0049] In transmission, the analog RF signal to be transmitted is generated by a 

device 370 and amplified by the amplification chains 321-1, 32M-1, 321-N, 

32M-N.

[0050] In reception, the signals received from each radiating element are amplified 

by the low-noise amplifiers 331-1, 33M-1, 331-N, 33M-N, digitized by the analog-

digital convertors 341-1, 34M-1, 341-N, 34M-N, then shaped. The table of 

coefficients 360-1 contains the attenuations and phase-shifts applied to each 

of the RF signals received from the radiating elements 351-1, 35M-1 of the 

antenna 1, while the table of coefficients 360-N contains the attenuations and 

phase-shifts applied to the RF signals received from the radiating elements 

351-N, 35M-N of the antenna N. The signals are then summed by the summers

362-1 and 362-N.

[0051] The shaping coefficients and are supplied by a higher-level table 380,

which comprises the tables of coefficients for one or more radiating panel 

configurations. A centralized radar management device 361 is responsible for 

calculating or selecting the tables of coefficients as a function of the radiating 

panel arrangement information, of the operating frequency and the orientation 

targeted for the beam from the antenna. This device generally takes the form of 

software embedded on a computation device such as a processor, a digital signal 
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processor (better known by the acronym DSP), or a specialized circuit such as an

ASIC (acronym for "application specific integrated circuit") or an FPGA (acronym

for "field-programmable gate array").

[0052] Finally, the signals received from the various antennas are summed 381, then 

transmitted to radar processing software 363 for the implementation of the signal 

processing algorithms necessary to the targeted applications. 

[0053] The multiple-radiating-panel array antenna structure represented in figure 3 is 

given by way of illustration, and can be adapted at the margin without 

compromising the very principle of the invention, for example by: 

- shaping the RF signal transmitted by each radiating element,

- digitizing the signal after the shaping of the RF signals,

- limiting the antenna to transmission or reception,

- directly retrieving the shaping coefficients (attenuation and phase-shift) used

in 351-1, 35M-1, 351-N and 35M-N in the table W 380,

- performing all the summings 362-1, 362-N and 381 in a single step.

[0054] The multiple-panel antenna according to the invention has the advantage that 

the control law of the weightings applied to the RF signals received from the 

various radiating elements takes account of all of the radiating face of the 

multiple-panel antenna, the operating frequency and the desired pointing 

direction, but also the imperfections due to the breaks in the radiating face 

caused by the gaps between radiating panels and their alignment variations. 

[0055] Figure 4a represents, in dotted lines 401, the radiation pattern obtained by the 

implementation of an ideal joined array of radiating panels, as represented in 

figure 1c. The radiation pattern is represented therein by angles of between -90° 

and +90°. The main lobe, which corresponds to the pointing direction of the beam, 

points in the example to 50° azimuth. In the other directions, the transmissions 

are attenuated by at least 35 dB compared to the main lobe. 

[0056] Figure 4a represents also, by continuous lines 402, the radiation pattern 

obtained by the implementation of a separate array of radiating panels, as 

represented in figure 1d, without compensation of the interferences generated by 

the gaps between the panels. Side lobes, the level of which is approximately 
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20 dB to 30 dB below the level of the main lobe, appear for angles of

approximately -70°, -45°, -25°, -5° and 30°. One of the aims of the invention is to

reduce the level of or eliminate these side lobes, which are, here, approximately

10 to 20 dB higher than for the joined array.

[0057] For this, the beam of the overall pattern of the array antenna can be 

expressed as the equation (1) below: 

, ,

= , ( ) ,
,

. , ( ) ,
,

. , ( _ ) ,
,

.
,

with: 

- N the number of radiating panels,

- M the number of radiating elements per panel,

- P the number of side lobes generated by the differences between the

radiating panels,

- , ( ) ,
,

the first term of the equation, corresponding to the

shaping coefficients applied to the radiating element n, m to point the beam from 

the antenna in the direction of each of the side lobes, at the frequency f,  

- , ( ) ,
,

the second term of the equation, corresponding to the

shaping coefficient applied to the radiating element n, m to point the beam from 

the antenna in the desired pointing direction for the main lobe, at the frequency f, 

- , ( _ ) ,
,

the third term of the equation, corresponding to the

phase factor affecting the signal from the radiating elements, if applicable by a 

calibration coefficient, at the frequency f,

-
,

the fourth term of the equation, corresponding to the elementary

pattern formed by the radiating element n, m,

- represents a direction in space, with = , , and being directions

according to three axes of an orthonormal reference frame, 

- represents the pointing direction of the main lobe of the array antenna,
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- 𝑓𝑓 is the usage frequency of the array antenna,  

- 𝐾𝐾𝑝𝑝����⃗  is a vector comprising the direction of each of the P side lobes 

generated by the differences between radiating panels,  

- �𝑟𝑟〈𝑛𝑛〉�
𝑚𝑚

 is the position of the radiating element m of the radiating panel n 

in the reference frame of the array antenna,  5 

- (𝑟𝑟_𝑟𝑟〈𝑛𝑛〉)𝑚𝑚�������������������⃗  is the position of each radiating element actually realized and 

expressed in an overall reference frame,  

- 𝑓𝑓�𝑘𝑘�⃗ �
𝑛𝑛,𝑚𝑚

 is the elementary pattern of the radiating element n, m.  

[0058]  The first term of the equation, in 𝑊𝑊𝑐𝑐 �𝐾𝐾𝑝𝑝����⃗ , (𝑟𝑟〈𝑛𝑛〉)𝑚𝑚��������������⃗ �, corresponds to the 

P shaping coefficients 𝜔𝜔𝑐𝑐  that have to be applied to each of the radiating 10 

elements to point the beam from the array antenna in each of the P directions 𝐾𝐾𝑝𝑝����⃗  

of the side lobes of the antenna, when a control law is considered that takes 

account of all of the array antenna i.e.  

𝑊𝑊𝑐𝑐 �𝐾𝐾𝑝𝑝����⃗ , (𝑟𝑟〈𝑛𝑛〉)𝑚𝑚��������������⃗ � = ��𝜔𝜔𝑐𝑐 �𝐾𝐾𝑝𝑝����⃗ , (𝑟𝑟〈1〉)𝑚𝑚��������������⃗ �
1..𝑀𝑀

�
〈1〉

… �𝜔𝜔𝑐𝑐 �𝐾𝐾𝑝𝑝����⃗ , (𝑟𝑟〈𝑁𝑁〉)𝑚𝑚���������������⃗ �
1..𝑀𝑀

�
〈𝑁𝑁〉
�. 

[0059]  For each direction 𝐾𝐾𝑝𝑝����⃗ , the corresponding shaping coefficient 𝜔𝜔𝑐𝑐 is 15 

obtained from the associated control law that makes it possible to point the beam 

from the array antenna in the direction of the side lobe considered, at the desired 

level. It is therefore a complex amplitude/phase coefficient.  

[0060]  The second term of the equation, in 𝑊𝑊𝑐𝑐𝑐𝑐 �𝑘𝑘0����⃗ , (𝑟𝑟〈𝑛𝑛〉)𝑚𝑚��������������⃗ �, corresponds 

to the control law to be applied to the various antenna elements to point the beam 20 

from the array antenna in the desired direction, when a control law is considered 

that takes account of all of the array antenna. Then:  

𝑊𝑊𝑐𝑐𝑐𝑐 �𝑘𝑘0����⃗ , (𝑟𝑟〈𝑛𝑛〉)𝑚𝑚��������������⃗ � = ��𝜔𝜔𝑐𝑐𝑐𝑐 �𝑘𝑘0����⃗ , (𝑟𝑟〈1〉)𝑚𝑚��������������⃗ �
1..𝑀𝑀

�
〈1〉

… �𝜔𝜔𝑐𝑐𝑐𝑐 �𝑘𝑘0����⃗ , (𝑟𝑟〈𝑁𝑁〉)𝑚𝑚���������������⃗ �
1..𝑀𝑀

�
〈𝑁𝑁〉
� , 25 

with:  

- 𝜔𝜔𝑐𝑐𝑐𝑐 the shaping coefficient corresponding to the targeted direction.  
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[0061]  The coefficient 𝜔𝜔𝑐𝑐𝑐𝑐 can therefore correspond to a phase-shift only, 

or advantageously be a complex amplitude/phase coefficient.  

[0062]  The third term of the equation, in 𝑊𝑊 �𝑘𝑘�⃗ , (𝑟𝑟_𝑟𝑟〈𝑛𝑛〉)𝑚𝑚�������������������⃗ �, corresponds to 

the phase factor of the signal picked up by each radiating element to take account 

of the interferences between the radiating elements. This phase factor can 5 

contain a calibration coefficient generally obtained in a calibration phase 

performed during the manufacture of each radiating panel.  

[0063]  The fourth term of the equation, in 𝑓𝑓�𝑘𝑘�⃗ �
𝑛𝑛,𝑚𝑚

, represents the 

elementary pattern of the radiating element 𝑛𝑛,𝑚𝑚. It makes it possible to take 

account of the slight differences that may exist between the patterns of the 10 

various radiating elements, and therefore the effects of mutual couplings between 

radiating elements. It can be expressed as:  

𝑓𝑓�𝑘𝑘�⃗ �
𝑛𝑛,𝑚𝑚

= 𝐸𝐸𝑖𝑖𝑖𝑖𝑖𝑖 �𝑀𝑀𝑀𝑀𝑛𝑛 �ℎ�𝑘𝑘�⃗ ,𝑓𝑓���������������⃗ �
𝑛𝑛,𝑚𝑚

� 

with:  

- 𝐸𝐸𝑖𝑖𝑖𝑖𝑖𝑖 the polarization of an incident planar wave,  15 

- 𝑀𝑀𝑀𝑀𝑛𝑛 a rotation matrix associated with the radiating element 𝑛𝑛.  

[0064]  To reduce the side lobes due to the presence of differences 

between the various radiating panels, the invention proposes applying to each of 

the radiating elements a complex shaping coefficient calculated on the principle 

of the subtraction in the known direction of each of the spurious lobes of a lobe 20 

of equivalent level equal to that of the spurious lobe. The knowledge of the 

spurious lobe is determined by the knowledge of the position of the elements of 

the overall array installed on its site of use. The coefficient of a radiating element 

is equal to the coefficient 𝜔𝜔𝑐𝑐𝑐𝑐 , required to orient the maximum gain of the antenna 

in a given direction, minus the coefficients 𝜔𝜔𝑐𝑐 corresponding to the directions of 25 

the side lobes affected by the levels of the spurious side lobes. That way, the 

effect of the gaps between radiating panels is compensated and the level of the 

side lobes is reduced.  

 



15 

[0065] Advantageously, the phase and amplitude shaping coefficient applied to each 

radiating element takes account of the calibration coefficient taken into account in 

the of the equation (1).  

[0066] Figure 4b represents, in dotted lines 411, the radiation pattern obtained by a 

separate array of radiating panels, as represented in figure 1d, without 

compensation of the interferences due to the gaps between the panels, 

corresponding to the radiation pattern 402 of figure 4a.  

[0067] The radiation pattern 412, in solid lines, is obtained by the same separate 

array of radiating panels, after implementation of the compensation of the 

shaping coefficients described by the invention. It can be seen therein that the 

side lobes, at -70°, -45°, -25°, -5° and 30°, have been attenuated and are 

returned to levels comparable to those obtained for an ideal antenna composed 

of joined radiating panels, i.e. a reduction of 10 to 20 dB in the level of each of 

these side lobes. 

[0068] The multiple-antenna radiating panel according to the invention therefore 

does indeed make it possible to reduce the level of side lobes generated by the 

differences between radiating panels. The number of side lobes generated by the 

gaps between radiating panels depends on the operating frequency and on the 

pointing direction. The number P of side lobes processed depends on their level 

and on the requirements concerning the directivity of the beam, and must 

therefore be evaluated in light of the operational requirements and the available 

computation power. 

[0069] Figure 5a represents the beam from an array antenna composed of an ideal 

joined array of radiating panels. The beam is well centered around the direction 

targeted. Figure 5b represents the antenna beam transmitted by the same ideal 

joined array of radiating panels when the phase and amplitude control 

coefficients are modified to take account of the interferences generated by the 

gaps between the radiating panels. The beam is more diffuse than that of 

figure 5a. However, when transmitted from an antenna composed of a separate 

array of radiating panels, the beam tends toward that of figure 5a.  
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[0070] The object of the present invention relates also to a transmission or reception 

method implemented from an array antenna formed by multiple radiating panels. 

This method is represented in the form of a diagram in figure 6. It can be broken 

down into two parts: 

- a preliminary part 601 and 602 of characterization of the interferences

generated by the relative arrangement of the radiating panels, and

- an operational part 603 of transmission/reception of RF signals by taking

account of the interferences characterized.

[0071] The two parts can be implemented independently. In fact, the first can be 

performed before the installation of the antenna for its use in the field of operation 

since the interferences generated are identical for two situations in which the 

number of radiating panels and their arrangement is similar. The characterization 

of the interferences can then be done during the installation of the antenna, 

previously, based on the radiating panels used to construct the array antenna, 

from other radiating panels of the same sizes, or even from software simulating 

the radiation of the array antenna. 

[0072] For this, in a first stage 601, N radiating panels are arranged side-by-side, 

horizontally, vertically or in both directions. The relative positions of the radiating 

panels, that is to say the differences between these various panels and their 

orientations, are recorded and stored in a memory. Advantageously, these 

positions can be obtained from measurements performed by metrology 

measurement equipment incorporated in the radar such as laser range finders. 

[0073] In a second stage 602, the array antenna is configured to transmit an RF 

signal in a given pointing direction, preferably in an environment reproducing the 

propagation of the signal in free space, such as, for example, an anechoic 

chamber. The maximum gain of the antenna is oriented by shaping of the RF 

signal transmitted to each of the radiating elements, by considering an overall 

control law taking account of all of the array antenna. The radiation pattern of the 

antenna is then measured, in order to identify the direction of the side lobes 

generated by the differences between the radiating panels. The operation is 

repeated for each of the pointing directions envisaged in the operational context. 
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[0074] The characterization can also be performed by software. In this case, a model

corresponding to the multiple-radiating-panel array antenna is constructed in 

digital simulation software implemented in order to measure the radiation pattern, 

and to identify the directions and levels of the side lobes associated with each 

pointing direction envisaged for the antenna. 

[0075] After these two steps, the direction of the side lobes generated by the 

differences between radiating panels of the multiple-panel array antenna is 

known for the pointing directions envisaged. These directions are stored in a 

memory that allows access to it upon the implementation of the array antenna. 

[0076] These two steps 601 and 602 can be reiterated for different arrangements of 

the radiating panels, by varying their number and/or their respective 

arrangements (positions and/or differences). 

[0077] The method also comprises a step 603 of implementation of the transmission 

and/or the reception of RF signals taking account of the position of the side lobes 

as a function of the disposition of the radiating panels. Figure 7 represents in 

more detail this step of implementation of a transmission/reception method on a 

multiple-panel antenna according to an embodiment of the invention. 

[0078] A centralized control law management device, such as the device 361

represented in figure 3, is configured to take account of the relative position 701

of the antenna panels and the position 702 of the radiating elements within each 

radiating panel to determine an absolute position 703 of each of the radiating 

elements within the array antenna. Operating parameters 704 are known to the 

centralized device, comprising an azimuth and an elevation that are desired for 

the pointing 705 of the beam of the antenna, and an operating frequency 706.  

[0079] From the operating parameters 704 and from the position 703 of the radiating 

elements, the antenna management device is configured to calculate the control 

law that makes it possible to determine the set of coefficients 707 applicable 

to the array antenna to orient the beam from the antenna in the desired pointing 

direction, without taking account of the interferences generated by the use of 

different radiating panels. 
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[0080] The antenna management device is also configured to calculate the control

law or laws to make it possible to determine the set of coefficients 708 

applicable to the array antenna to attenuate the upturn of increases in linked side 

lobes due to the use of different radiating panels. These coefficients are 

calculated from information concerning the side lobes stored in memory in the 

step 602, selected as a function of the arrangement of radiating panels, of the 

pointing direction targeted and of the operating frequency of the antenna. 

[0081] Advantageously, the antenna management device is also configured to 

retrieve from a memory a set of calibration coefficients 709 corresponding to 

factory settings 710 associated with the radiating elements for the operating 

frequency 706.  

[0082] The antenna management device is also configured to calculate an overall 

shaping coefficient 711 for each of the radiating elements, corresponding to the 

sum of the coefficient  (derived from the set of coefficients 707) with the 

opposite of the P coefficients  (derived from the set of coefficients 708),

complemented if applicable by the associated calibration coefficient (derived from 

the set of coefficients 709). Each overall shaping coefficient is used to shape 

the signals received from the corresponding radiating element 712 of the array 

antenna. 

[0083] The processes 707, 708 and 711 of figure 7 are performed each time one of 

the operating parameters 704 is changed, such as the pointing direction of the 

antenna, the frequency or the number/arrangement 701 of the radiating panels. 

[0084] In an advantageous embodiment, the coefficients corresponding to the 

shaping coefficients applicable to the radiating elements to reduce the level of the 

side lobes for each of the pointing directions considered, are calculated in the 

step 602 of characterization of the side lobes, then stored in a memory that 

allows access to it upon the implementation of the array antenna. The step 708 is 

then limited to the selection of the set of coefficients corresponding to the 

arrangement and operating parameters of the array antenna. 

[0085] Advantageously, the same applies for the coefficients that have to be 

applied to each of the radiating elements to orient the maximum gain of the array 
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antenna in the desired pointing direction without taking account of the 

interferences generated by the differences between the radiating panels, which 

simplifies the step 707.

[0086] Advantageously, the sets of shaping coefficients stored in memory 

correspond to the sum of the coefficient and of the opposite of the coefficient 

or coefficients for each radiating element of the antenna. This new set of 

coefficients is associated with parameters concerning the pointing direction, the 

frequency and the disposition of the radiating panels. Advantageously, the 

calibration coefficients are also taken into account in the sum stored in 

memory in the step 602.  

[0087] These alternative embodiments of the method according to the invention 

make it possible to reduce the load of real-time computations that have to be 

executed by the centralized RF signal shaping coefficient management device 

used to form the beams. 

[0088] The array antenna that is the subject of the present invention is composed of 

a plurality of independent radiating panels linked to a centralized beam forming 

management device. It therefore well addresses the expressed need for ease of 

adaptation of the performance levels to the operational requirement since it is 

only necessary to add radiating panels to increase the size of the antenna and 

therefore improve its performance levels. It also well addresses the need for ease 

of transportation and deployment because the elements of which it is composed 

are mechanically independent, and can be transported independently. Finally, its 

complexity of implementation is low since the interferences generated by the 

different panels can be characterized and the shaping parameters calculated 

upstream, prior to the implementation of the antenna in the field of operations. 
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CLAIMS 

1. An array antenna, characterized in that it comprises:

- a plurality of mechanically separate radiating panels (300-1, 300-N)

arranged side-by-side, each radiating panel comprising a plurality of5 

radiating elements (301-1, 30M-1, 301-N, 30M-N),

- means (351-1, 35M-1, 351-N, 35M-N) for applying a shaping to

radio frequency signals transmitted by or received from each radiating

element, and

- a device (361) for managing the radio frequency signal shaping10 

application means,

wherein the shaping application means are configured to apply, to the

signal transmitted by or received from each radiating element, a complex

shaping coefficient corresponding to a sum of at least:

o a shaping coefficient 𝑊𝑊𝑐𝑐𝑐𝑐 making it possible to orient the maximum15 

gain of the antenna in a desired pointing direction, and

o at least the opposite of a shaping coefficient 𝑊𝑊𝑐𝑐 making it possible

to orient the maximum gain of the antenna in the direction of a side

lobe resulting from gaps and alignment differences between the

radiating panels of the array antenna.20 

2. The array antenna as claimed in one of the preceding claims, wherein the

sum used to calculate the complex shaping coefficient applied to the

radiating elements further comprises a calibration coefficient 𝑊𝑊.

25 

3. The array antenna as claimed in one of the preceding claims, wherein the

shaping coefficient 𝑊𝑊𝑐𝑐𝑐𝑐 making it possible to orient the maximum gain of

the antenna in a desired pointing direction is calculated from the desired

pointing direction of the array antenna, from the frequency of the radio

frequency signal, from the position of the radiating element considered30 

within the array antenna, and from the total number of radiating elements

of the array antenna.

MCSLLP
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4. The array antenna as claimed in one of the preceding claims, wherein the

shaping coefficient 𝑊𝑊𝑐𝑐 making it possible to orient the maximum gain of

the antenna in the direction of at least one side lobe resulting from gaps

and alignment differences between the radiating panels of the array5 

antenna is calculated from the direction of said side lobe, from the

frequency of the radio frequency signal, from the position of the radiating

element considered within the array antenna, and from the total number of

radiating elements of the array antenna.

10 

5. The array antenna as claimed in one of the preceding claims, used to

receive the radio frequency signal, further comprising means (362-1, 362-

N, 381) for summing the signals received from each of the radiating

elements and shaped.

15 

6. A method for the transmission or reception of a radio frequency signal for

an array antenna comprising a plurality of radiating panels (300-1, 300-

N) arranged side-by-side, each radiating panel comprising a plurality of

radiating elements (301-1, 30M-1, 301-N, 30M-N), the method

comprising the application (603) of a complex shaping coefficient (711)20 

to the signal transmitted by or received from each radiating element,

characterized in that said shaping coefficient corresponds to a sum of at

least:

o a shaping coefficient 𝑊𝑊𝑐𝑐𝑐𝑐  (707) making it possible to orient the

maximum gain of the array antenna in a desired pointing direction,25 

and

o at least the opposite of a shaping coefficient 𝑊𝑊𝑐𝑐  (708) making it

possible to orient the maximum gain of the antenna in the direction

of a side lobe resulting from gaps and alignment differences

between the radiating panels of the array antenna.30 

MCSLLP
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7. The method for the transmission or reception of the radio frequency

signal as claimed in the preceding claim, characterized in that it further

comprises a preliminary step (602) of characterization of side lobes

resulting from gaps and alignment differences between the radiating

panels of the array antenna.5 

MCSLLP
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