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Description

[0001] The present invention relates to a method of
performing beam compression on the antenna pattern
of a radar, which can provide improved performance
under such beam compression without introducing dis-
tortion.
[0002] In general, the beam width is one of the
indexes representing the performance of an antenna
pattern of a receiving antenna or other type antennas. A
narrower beam width of an antenna pattern will give a
better performance. However, there is a relationship of
inverse proportion between the beam width and the size
(length) of an antenna. Therefore, if the beam width is
reduced, then the size of the antenna should be
increased. Conversely, if the dimension of the antenna
is reduced, then the beam width should be broadened.
[0003] For example, in an antenna for a radar system,
if it is desired to double the ability or the resolution to
discriminate objects, it is required to halve the beam
width and thus it is required to double the size of the
antenna. The doubling of the size leads to not only a
larger occupied region but also various disadvantages
such as an increase in the weight of the antenna and in
the size of a structure for supporting the antenna. Con-
versely, if the size of an antenna is halved, then the
beam width will be doubled and the discrimination ability
will be degraded by a factor of two.
[0004] It is well known that there is such a conflicting
relationship between the beam width and the size of an
antenna. In most cases, an actual antenna has a limita-
tion in the region it can occupy. Therefore, under these
limited conditions, a certain degree of compromise
associated with the beam width has to be made.
[0005] One known beam compression technique to
alleviate the above-described problems is to reduce the
beam width by means of multiplication of received sig-
nals of a plurality of antennas according to the multipli-
cative array principle. Fig. 1 of the accompanying
drawings is a schematic diagram illustrating the config-
uration of a radar system which can perform beam com-
pression in such a manner described above. In this
figure, reference numeral 101 designates a main
antenna such as an array antenna comprising a plurality
of radiation elements which are equally spaced along a
straight line. Reference numeral 102 designates a sub-
antenna disposed apart from the main antenna 101 in
the X-direction, which is the direction of the beam-width
to be reduced. Reference numeral 103 designates a
transmitting circuit which generates transmission power,
which is in turn fed to the main antenna 101. Reference
numeral 104 designates a multiplying circuit ( multiplier
) which performs multiplication between a received elec-
tric field signal received by the main antenna 101 and a
received electric field signal received by the sub-
antenna 102. Reference numeral 105 designates a rec-
tifying circuit ( rectifier ) which provides an output signal
only when the multiplied output signal from the multiply-

ing circuit 104 is positive. In Figure 1, the beam-axis
direction is perpendicular to the X-Y plane or the plane
of the drawing.

[0006] In the antenna system having such a configu-
ration described above, electric field signals received by
the respective antennas 101 and 102 are fed in the
same phase to the multiplying circuit 104 so as to per-
form multiplication on these signals. The multiplied sig-
nal is output via the rectifying circuit 105 only if the
multiplication result is positive. As a result, a received
electric field signal (electric field pattern) corresponding
to the directional characteristic of the main antenna 101
such as that shown in Figure 2 is multiplied by a
received electric field signal (electric field pattern) corre-
sponding to the directional characteristic of the sub-
antenna 102 such as that shown in Figure 3, thus pro-
viding an output signal (output pattern), such as that
shown in Figure 4, corresponding to the synthetic direc-
tional characteristic having a beam width θ wc which is
reduced from the beam width θ w of the electric field
pattern associated with the main antenna.
[0007] In the beam compression method of an
antenna pattern according to the conventional tech-
nique based on the above-described multiplicative array
principle, there is a problem that it is impossible, as a
matter of course, to achieve a resolution better than that
corresponding to the beam width θ wc of the synthetic
directional characteristic, shown in Figure 4, obtained
by performing the multiplication process on the received
electric field signals.
[0008] In the beam compression method according to
the multiplicative array principle, since a sub-antenna is
located off the scanning rotation axis, a large grating
lobe occurs. Similarly, in the case where a pair of sub-
antennas are used, a large distance between sub-
antennas causes a large grating lobe. As a result, even
at angles at which no scattering object exists, if the grat-
ing lobe is directed to a scattering object, the sub-
antenna produces a rather high received signal due to
the received radio wave corresponding to the grating
lobe. Therefore, if the beam compression is performed
by simply multiplying the received signal associated
with the main antenna by the received signal associated
with the sub-antenna, distortion occurs in the received
pattern.
[0009] To solve the above problem, the inventor of the
present invention has proposed a beam compression
method in U. S. Patent Application No. 08/217,064
(European Patent Application No.94301794.7; Japa-
nese Patent Application No. 5-131035). In this previ-
ously proposed invention, the beam width compression
is performed by multiplying the received power signal
associated with the main antenna by that associated
with the sub-antenna instead of multiplying the received
electric field signal associated with the main antenna by
that associated with the sub-antenna, thereby achieving
better resolution, wherein an output signal is provided
only if the cosine value corresponding to the phase dif-
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ference between the received power signal associated
with the main antenna and that associated with the sub-
antenna is positive, thereby preventing the distortion in
the output signal.

[0010] In general, the power signal received by an
antenna can be represented by the square of the
received antenna electric field signal. If the received
power pattern is compared to the received electric field
pattern, the received power pattern has a less spread
pattern, that is, the received power pattern has a nar-
rower beam width than the received electric field pat-
tern. Therefore, in the beam compression method of an
antenna pattern according to the multiplicative array
principle, if the received power signal associated with an
antenna is used instead of the received electric field sig-
nal, it is possible to compress the beam to a narrower
width. Figures 5-7 illustrate a power pattern of a main
antenna, a power pattern of a sub-antenna, and an out-
put signal pattern obtained by performing beam com-
pression based on a power signal, respectively.
[0011] The phase difference between the grating lobe
of the sub-antenna and the main beam of the main
antenna, or the phase difference between the main
beam and the grating lobe of the sub-antenna is about
180° which is greater than 90°. Therefore, in the case
where there is no scattering object in the main beam
direction of the main antenna, and there is a scattering
object in the grating lobe of the sub-antenna, the phase
difference between the received signal associated with
the main antenna and that associated with the sub-
antenna becomes greater than 90°, and thus the signal
corresponding to the cosine of the phase difference
between the received signal associated with the main
antenna and that associated with the sub-antenna
becomes negative. Thus, in the beam compression
method according to the previous invention, the distor-
tion is prevented by outputting a zero signal in the case
where the phase difference between the received signal
associated with the main antenna and that associated
with the sub-antenna is greater than 90°.
[0012] However, if the distance between scattering
objects is small, the phase difference between the sig-
nal received by the main antenna and the signal
received by the sub-antenna arising from its grating lobe
can be smaller than 90° near angles at which the short-
distance scattering objects exist. This means that in the
beam compression method which provides an output
signal only when the cosine value corresponding to the
phase difference is positive, scattering objects located
at a short distance from each other cannot be distin-
guished.
[0013] It is an object of the present invention to solve
the above-described problem in the beam compression
method according to the previous invention. More spe-
cifically, it is an object of the present invention to provide
a method of compressing the beam width of the
antenna pattern of a radar antenna, which can give an
output signal representing scattering objects more faith-

fully without producing distortion.

[0014] To achieve the above objects, the present
invention provides a method of compressing the beam
width of the antenna pattern of a radar system, compris-
ing the steps of: providing an antenna system compris-
ing a main antenna for transmitting and receiving radio
waves and one or more pairs of dedicated receiving
sub-antennas which are disposed at both sides adja-
cent to the main antenna in the direction of the beam
width of the main antenna to be compressed such that
the directions of the beam axes of the sub-antennas
coincide with the direction of the beam axis of the main
antenna; scanning the antenna beam of the antenna
system in the direction of the beam width to be com-
pressed, and receiving by the main antenna and sub-
antennas the radio wave which was transmitted by the
main antenna and reflected by scattering objects and
has finally come back; converting the respective
received signals received by the main antenna and the
sub-antennas to power signals; performing double dif-
ferential processing with respect to the scanning angle
on the received power signals received by the main
antenna and the sub-antennas, respectively, thereby
producing double differential coefficients of the received
power signals associated with the main antenna and the
sub-antennas, respectively; calculating the phase differ-
ence between the received power signal received by the
main antenna and the received power signal received
by the sub-antennas; and outputting the received power
signal received by the main antenna as a final output
signal only if the conditions that both the double differ-
ential coefficients of the received power signals associ-
ated with the main antenna and the sub-antennas be
equal to or less than predefined corresponding positive
real number values and that the phase difference be
equal to or less than 90 are satisfied, and outputting a
zero signal as the final output signal if the conditions are
not satisfied.
[0015] In general, when scattering objects to be
observed are distributed discretely as in the case of a
radar, the received electric field pattern waveform and
power pattern waveform each have an upwardly convex
form near an angle at which an object exists, whereas
they do not have an upwardly convex form near angles
at which no object exists. Therefore, the ability to dis-
criminate scattering objects existing close to each other
can be improved without producing distortion in a
received pattern by providing an output signal produced
by multiplying the received power signal associated with
the main antenna by that associated with the sub-
antenna only if received power signal pattern wave-
forms associated with both main antenna and the sub-
antenna have an upwardly convex form, that is, their
double differential coefficients are negative, and further
if the phase difference between the received power sig-
nal associated with the main antenna and that associ-
ated with the sub-antenna is equal to or less than 90°.
Figure 8 illustrates a power signal received by the main
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antenna, wherein portions having an upwardly convex
form are represented by solid lines. Similarly, Figure 9
illustrates a power signal received by the sub-antenna
wherein portions having an upwardly convex form are
represented by solid lines. Figure 10 illustrates an out-
put signal produced by multiplying the power signal
associated with the main antenna by the power signal
associated with the sub-antenna.

[0016] In the case where there is a small scattering
object near a large scattering object, the main beam of
the main antenna has a width greater than the width of
the main beam of the sub-antenna, and thus the power
pattern waveform associated with the main antenna has
an upwardly convex form near the angle at which the
large scattering object exists, but it may not have an
upwardly convex form near the angle at which the small
scattering object exists.
[0017] For example, if there are point scattering
objects in the directions of -12° , -6° , 0°, 6° , and 12°
wherein the scattering coefficient of the scattering
object existing at -6° is 0.1, and the scattering coeffi-
cients of the other scattering objects are 1, then the pat-
tern of the signal received by the main antenna is such
as that shown in Figure 11. As can be seen, the
received signal pattern does not have an upwardly con-
vex form around -6° at which there is the small scatter-
ing object whose scattering coefficient is 0.1.
[0018] In such a case, in the above-described beam-
width compression method in which a multiplied output
signal is provided only if both double differential coeffi-
cients of the power signals received by the main
antenna and by the sub-antenna are negative, and fur-
ther if the phase difference between the power signal
received by the main antenna and that received by the
sub-antenna is equal to or less than 90 , a zero signal is
output near the angle at which the small scattering
object exists. This means that no signal is output even
when there actually exists a scattering object. That is,
an output signal which should be output has been
missed.
[0019] The problem described above can be avoided
if the range which the double differential coefficients of
the received power signals associated with the main
antenna and sub-antenna should meet is expanded
from the negative range to such a range less than a pre-
defined positive real number value. Such an expansion
of the range results in an output pattern waveform which
represents more faithfully the distribution of scattering
objects. Thus, it becomes possible to prevent an output
signal from being lost at an angle at which a small scat-
tering object exists.
[0020] In the beam compression method according to
the multiplicative array principle, since there are a
number of grating lobes in the antenna pattern associ-
ated with the sub-antenna, the received power signal
associated with the sub-antenna can have various out-
put values for the scattering objects of the same size.
Therefore, the value of the final output signal produced

by multiplying the power signal received by the main
antenna and that received by the sub-antenna cannot
be constant. Even in such a case, the output value of
the power signal received by the main antenna is sub-
stantially constant. Therefore, the above-described
problem can be avoided if the received power signal
associated with the main antenna is employed as an
output signal instead of the signal produced by multiply-
ing the power signal associated with the main antenna
by the power signal associated with the sub-antenna.

[0021] In the present invention, in view of the above,
the power signal received by the main antenna is output
as a final output signal only if both double differential
coefficients of power signals received by the main
antenna and the sub-antennas are equal to or less than
predefined positive real number values, and further if
the phase difference between the power signal received
by the main antenna and the power signal received by
the sub-antennas is equal to or less than 90° .
[0022] With this arrangement, the problem described
above can be solved, and it becomes possible to obtain
an output signal which represents the distribution of
scattering objects more faithfully without distortion. The
above-described positive real number values serving as
reference levels for the double differential coefficients of
the power signals received by the main antenna and the
sub-antenna may be determined depending on the
types of objects to be detected. For example, these
number values may be determined experimentally such
that the number values may be optimized for the type of
a radar such as a harbor radar, air traffic control radar,
etc.
[0023] The invention is described further hereinafter,
by way of example only, with reference to the accompa-
nying drawings, in which:-

Figure 1 is a schematic diagram illustrating a con-
figuration of a conventional radar antenna system
according to the multiplicative array principle;
Figure 2 is a schematic representation of a received
electric field pattern associated with a main
antenna of the conventional radar antenna system
which performs beam compression;
Figure 3 is a schematic representation of a received
electric field pattern associated with a sub-antenna
of the conventional radar antenna system which
performs beam compression;
Figure 4 is a schematic representation of an output
signal pattern obtained after beam compression is
performed by the conventional radar antenna sys-
tem;
Figure 5 is a schematic representation of a power
pattern associated with a main antenna, which is
produced from a received signal of the main
antenna based on the method of performing beam
compression of an antenna pattern according to the
previous invention;
Figure 6 is a schematic representation of a power
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pattern associated with a sub-antenna, which is
produced from a received signal of the sub-antenna
according to the previous invention;

Figure 7 is a schematic representation of a pattern
of an output signal which is obtained by performing
beam compression according to the previous inven-
tion;
Figure 8 is a schematic representation of a received
power signal associated with the main antenna, in
which portions having an upwardly convex form are
illustrated.
Figure 9 is a schematic representation of a received
power signal associated with the sub-antenna, in
which portions having an upwardly convex form are
illustrated;
Figure 10 is a schematic representation of an out-
put signal produced by multiplying the received
power signal associated with the main antenna
shown in Figure 8 and the received power signal
associated with sub-antenna shown in Figure 9;
Figure 11 is a schematic representation of a
received power pattern associated with the main
antenna in the case where there is a small scatter-
ing object near a large scattering object;
Figure 12 is a schematic diagram illustrating a con-
figuration of a radar system, for use in the explana-
tion of an embodiment of a method of performing
beam compression of an antenna pattern accord-
ing to the present invention;
Figure 13 is a schematic representation of an out-
put power pattern obtained as a result of simulation
on the radar system shown in Figure 12;
Figure 14 is a schematic representation of an out-
put power pattern obtained as a result of simulation
on a conventional radar antenna system;
Figure 15 is a perspective view illustrating a specific
example of a configuration of an antenna system of
the radar system shown in Figure 12; and
Figure 16 is a schematic diagram illustrating a spe-
cific example of a configuration of a signal process-
ing circuit of the radar system shown in Figure 12.

[0024] Referring to Figure 12 which illustrates a con-
figuration of a radar system, a method of beam com-
pression in the antenna pattern of a radar system
according to one embodiment of the present invention
will now be described. In Figure 12, reference numeral
1 designates a main antenna having a structure such as
a horn antenna or an array antenna for transmitting and
receiving radio waves. Reference numerals 2, 2 desig-
nate dedicated receiving sub-antennas, wherein the
sub-antennas may be of arbitrary types such as a dipole
antenna, horn antenna, array antenna, etc. These sub-
antennas 2, 2 are disposed at both sides of the main
antenna at locations adjacent to the main antenna 1 in
the direction of the beam width to be compressed of the
main antenna (in the X-direction) such that the direction
of the beam axes of the sub-antennas coincide with the

direction of the beam axis of the main antenna 1 (in the
direction perpendicular to the X-Y plane). Reference
numeral 3 designates a transmission circuit, wherein
transmission power generated by the transmission cir-
cuit is fed to the main antenna 1, and further transmitted
by the main antenna 1. Reference numeral 4 designates
a signal processing circuit to which received electric
field signals of the main antenna 1 and the sub-anten-
nas 2, 2 are fed. Here, each received electric field signal
is converted to a power signal, and then each power sig-
nal is differentiated twice with respect to the scanning
angle so as to produce corresponding double differen-
tial coefficients. The signal processing circuit 4 further
calculates the phase difference between the received
power signal associated with the main antenna and the
received power signal associated with the sub-antennas
2, 2, and outputs the received power signal associated
with the main antenna 1 as a final output signal only if
the differential coefficients of power signals received by
the main antenna and the sub-antennas are equal to or
less than the predefined positive real number values,
and further if the phase difference between the power
signal received by the main antenna and the power sig-
nal received by the sub-antennas is equal to or less
than 90°. In the above processing, received electric field
signals associated with the pair of sub-antennas 2, 2
are added to each other first, and then the resultant sig-
nal is subjected to the above-described signal process-
ing.

[0025] In this radar system configured in the above-
described manner, a radio wave is transmitted by the
main antenna 1, and when the transmitted radio wave
has come back after being reflected by scattering
objects, the main antenna 1 and the sub-antennas 2, 2
output received electric field signals corresponding to
their respective patterns. The signal processing circuit
converts these received electric field signals to power
signals. The signal processing circuit then calculates
the double differential coefficients of respective
received power signals associated with the main
antenna 1 and the sub-antennas 2, 2 as well as the
phase difference between the received power signal
associated with the main antenna 1 and that associated
with the sub-antennas 2, 2. Only if the double differential
coefficients are equal to or less than the predefined pos-
itive real number value, and if the phase difference is
equal to or less than 90°, is the received power signal
associated with the main antenna 1 output as a final
output signal which represents faithfully the distribution
of scattering objects without distortion. In the above
embodiment, the range of the phase difference has
been assumed to be equal to or less than 90° , however
90 may be replaced by a suitable angle less than 90 ° to
improve the resolution in the location of a scattering
object. This range may be set experimentally to an opti-
mum value less than 90° depending on the kinds of
objects to be detected.
[0026] Figure 13 shows a result of simulation on the
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radar system shown in Figure 12 wherein the simulation
was done assuming that the main antenna is configured
with a uniformly distributed rectangular antenna whose
antenna length in the scanning direction is ten times the
wavelength of the radio wave, and the sub-antennas are
configured with uniformly distributed rectangular anten-
nas whose antenna length in the scanning direction is
one time the wavelength of the radio wave. In this simu-
lation, it has been also assumed that the received power
signal associated with the main antenna is output as a
final output signal when the double differential coeffi-
cient associated with the main antenna is equal to or
less than 0.0607, the double differential coefficient
associated with the sub-antennas is equal to or less
than 0, and the phase difference is equal to or less than
90 ° , and a zero output signal is output as the final out-
put signal in any other cases.

[0027] In Figure 13, there is shown a simulation result
with respect to the power pattern of a final output signal
obtained under the condition that there are point scat-
tering objects in the directions of 4.78° , 6.69° , 12.43° ,
and 15.01° at the same distance from the antenna sys-
tem about the rotation axis of the antenna system
wherein scattering coefficients of these scattering
objects are 0.47, 0.29, 0.98, and 0.31, respectively, and
phases of scattered waves from these scattering
objects are 120° , 40° , 251° , 147°, respectively. For
comparison to the beam compression method accord-
ing to the present invention, Figure 14 shows a simula-
tion result of a power pattern of a final output signal for
the radar system shown in Figure 1 using a conven-
tional method of beam compression.
[0028] In the representations of the simulated power
patterns shown in Figures 13 and 14, a "1" is output
when the output power is greater than 0.1 relative to the
reference value which is set to the maximum output
power obtained when there is only one point scattering
object, and a "0" or nothing is output in the other cases.
In these representations, it is determined that a "1" is
output when the output power is greater than 0.1 rela-
tive to the reference value, based on the fact that a CRT
display of a radar system has a dynamic range of about
10 dB. Marks * shown in the upper portions of Figures
13 and 14 denote the positions of the scattering objects.
[0029] As can be seen from Figures 13 and 14, the
beam compression method according to the present
invention can provide an effectively compressed final
output pattern waveform which represents more faith-
fully the distribution of scattering objects, even under
the conditions where the beam compression method
according to the conventional technique or according to
the previous invention may result in a final output pat-
tern waveform which has great inconsistency with the
distribution of scattering objects.
[0030] Figure 15 shows a specific example of a con-
figuration of the antenna system of the radar system
shown in Figure 12. In this example, the main antenna
11 and the sub-antennas 12, 12 each comprise a circu-

lar patch array antenna, wherein the sub-antennas 12,
12 are disposed apart from the main antenna 11 in the
X-direction.

[0031] The transmission circuit 13 may be formed by
using known techniques. The signal processing unit 14
may also be configured by using known means or tech-
niques in such a manner that received electric field sig-
nals are converted to power signals, and then the
amplitude and the phase of the received power signals
are converted to digital signals by analog-to-digital
(A/D) converters, and furthermore the double differen-
tial coefficients of the amplitude with respect to the
angle as well as the phase difference are calculated by
a computer, and finally comparison of the double differ-
ential coefficients and the phase relative to the corre-
sponding reference values is performed by the
computer.
[0032] One example of such a configuration is shown
in Figure 16.As shown in Figure 16, this example of a
signal processing circuit comprises a main antenna 21;
sub-antennas 22, 22; a receivers 23 and 24 for receiv-
ing radio waves detected by respective antennas 21 and
22; a local oscillator 25 for supplying the same local
oscillation signal to both receivers 23 and 24; A/D con-
verters 26 and 27 for converting amplitudes of power
signals supplied by the receivers 23 and 24 into digital
signals; A/D converters 28 and 29 for converting phases
of power signals supplied by the receivers 23 and 24
into digital signals; and a computer 30 for calculating
double differential coefficients of respective output sig-
nals of the A/D converters 26 and 27 and making com-
parison of the resultant double differential coefficients to
reference values, and for calculating the phase differ-
ence between output signals of the A/D converters 28
and 29 and making a comparison of the resultant phase
difference with a reference value.
[0033] In the signal processing circuit configured in
the above-described manner, radio waves received by
the main antenna 21 and the sub-antenna 22 are input
to the receivers 23 and 24, which in turn output DC sig-
nals representing the respective powers and phases
with the help of the local oscillation signal wherein the
same local oscillation signal is supplied by the local
oscillator 25 to both receivers 23 and 24. The output sig-
nals of the receivers 23 and 24 are input to the A/D con-
verters 26, 27, 28, and 29 so as to convert the signals
into digital forms. Then, the computer 30 calculates the
double differential coefficients and the phase difference,
and makes comparison of the double differential coeffi-
cients and the phase difference to the reference values,
and finally outputs the received power signal associated
with the main antenna as a final output signal.
[0034] In the above-described example, the antenna
system of the radar system includes one pair of sub-
antennas, however the antenna system may also
include plural pairs of sub-antennas of any types such
as a dipole antenna, horn antenna, array antenna, etc.
When plural pairs of sub-antennas are employed, out-
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put signals of the plural pairs of sub-antennas may be
added together and the resultant signal may be proc-
essed in the same manner as in the case of one pair of
sub-antennas. In this case, since the sub-antennas can
provide higher received power than one pair of sub-
antennas, the antenna gain and the signal-to-noise ratio
can be improved.

[0035] In the present invention, as described above
with reference to the described embodiment, the
received power signal received by the main antenna is
output as a final output signal only if the double differen-
tial coefficients of the received power signals associated
with the main antenna and sub-antennas are equal to or
less than the corresponding predefined positive real
number values and if the phase difference between the
received power signal associated with the main antenna
and the received power signal associated with the sub-
antennas is equal to or less than 90 , thereby providing
the output signal representing more faithfully the distri-
bution of scattering objects without distortion.

Claims

1. A method of compressing the beam width of the
antenna pattern of a radar system, comprising the
steps of:

providing an antenna system comprising a
main antenna for transmitting and receiving
radio waves and one or more pairs of dedicated
receiving sub-antennas which are disposed at
both sides adjacent to said main antenna in the
direction of the beam width to be compressed
of said main antenna such that the directions of
the beam axes of said sub-antennas coincide
with the direction of the beam axis of said main
antenna;
scanning the antenna beam of said antenna
system in the direction of said beam width to be
compressed, and receiving by the main
antenna and sub-antennas the radio wave
which was transmitted by the main antenna
and reflected by scattering objects and has
finally come back;
converting the respective received signals
received by the main antenna and the sub-
antennas to power signals;
performing double differential processing with
respect to the scanning angle on the received
power signals received by the main antenna
and the sub-antennas, respectively, thereby
producing double differential coefficients of the
received power signals associated with the
main antenna and the sub-antennas, respec-
tively;
calculating the phase difference between the
received power signal received by the main
antenna and the received power signal

received by the sub-antennas; and

outputting the received power signal received
by the main antenna as a final output signal
only if the conditions are satisfied that both said
double differential coefficients of the received
power signals associated with the main
antenna and the sub-antennas be equal to or
less than predefined corresponding positive
real number values and that said phase differ-
ence be equal to or less than 90° and output-
ting a zero signal as the final output signal if
said conditions are not satisfied.

2. A method of compressing the beam width of the
antenna pattern of a radar system, according to
Claim 1, wherein said condition that said phase dif-
ference be equal to or less than 90 is such as that
said phase difference be equal to or less than a pre-
defined angle less than 90°.

3. A method of compressing the beam width of the
antenna pattern of a radar system, according to
Claim 1, wherein:

said step of providing an antenna system
includes the step of providing plural pairs of the
sub-antennas; and
said step of converting the received signals to
power signals includes the steps of adding
received signals received by the pairs of sub-
antennas together, and converting the sum of
the received signals received by the pairs of
sub-antennas to a power signal.

4. A method of compressing the beam width of the
antenna pattern of a radar system, according to
Claim 2, wherein:

said step of providing an antenna system
includes the step of providing plural pairs of the
sub-antennas; and
said step of converting the received signals to
power signals includes the steps of adding
received signals received by the pairs of sub-
antennas together, and converting the sum of
the received signals received by the pairs of
sub-antennas to a power signal.

Patentansprüche

1. Verfahren zum Komprimieren der Keulenbreite des
Antennendiagramms eines Radarsystems, umfas-
send die folgenden Schritte:

Bereitstellen eines Antennensystems, umfas-
send eine Hauptantenne zum Senden und
Empfangen von Funkwellen sowie ein oder
mehrere Paare dedizierter Empfangssuban-
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tennen, die auf beiden Seiten neben der
genannten Hauptantenne in der Richtung der
zu komprimierenden Keulenbreite der genann-
ten Hauptantenne angeordnet sind, so daß die
Richtungen der Keulenachsen der genannten
Subantennen mit der Richtung der Keulen-
achse der genannten Hauptantenne zusam-
menfallen;

Abtasten der Antennenkeule des genannten
Antennensystems in der Richtung der genann-
ten zu komprimierenden Keulenbreite und
Empfangen der Funkwelle mit der Hauptan-
tenne und den Subantennen, die von der
Hauptantenne gesendet und von Streuobjek-
ten reflektiert wurde und schließlich zurückge-
kehrt ist;
Umwandeln der jeweiligen von der Hauptan-
tenne und den Subantennen empfangenen
Signale in Leistungssignale;
Durchführen einer Doppeldifferentialbearbei-
tung in bezug auf den Abtastwinkel an den von
der Hauptantenne und den Subantennen
jeweils empfangenen Leistungssignalen, um
dadurch Doppeldifferentialkoeffizienten der
empfangenen Leistungssignale jeweils in Ver-
bindung mit der Hauptantenne und den Suban-
tennen zu erzeugen;
Errechnen der Phasendifferenz zwischen dem
von der Hauptantenne empfangenen Lei-
stungssignal und dem von den Subantennen
empfangenen Leistungssignal; und
Ausgeben des von der Hauptantenne empfan-
genen Leistungssignals als endgültiges Aus-
gangssignal nur dann, wenn die Bedingungen
erfüllt sind, daß beide genannten Doppeldiffe-
rentialkoeffizienten der empfangenen Lei-
stungssignale in Verbindung mit der
Hauptantenne und den Subantennen gleich
oder kleiner sind als vordefinierte entspre-
chende positive reelle Zahlenwerte und die
genannte Phasendifferenz gleich oder kleiner
ist als 90°, und Ausgeben eines Null-Signals
als endgültiges Ausgangssignal, wenn die
genannten Bedingungen nicht erfüllt sind.

2. Verfahren zum Komprimieren der Keulenbreite des
Antennendiagramms eines Radarsystems nach
Anspruch 1, bei dem die genannte Bedingung, daß
die genannte Phasendifferenz gleich oder kleiner
sein muß als 90°, bedeutet, daß die genannte Pha-
sendifferenz gleich oder kleiner sein muß als ein
vordefinierter Winkel von Weniger als 90°.

3. Verfahren zum Komprimieren der Keulenbreite des
Antennendiagramms eines Radarsystems nach
Anspruch 1, bei dem:

der genannte Schritt des Bereitstellens eines

Antennensystems den Schritt des Bereitstel-
lens mehrerer Paare der Subantennen beinhal-
tet; und

der genannte Schritt des Umwandelns der
empfangenen Signale in Leistungssignale die
Schritte des Addierens von den Paaren von
Subantennen empfangener Signale miteinan-
der und des Umwandelns der Summe der von
den Paaren von Subantennen empfangenen
Signale in ein Leistungssignal beinhaltet.

4. Verfahren zum Komprimieren der Keulenbreite des
Antennendiagramms eines Radarsystems nach
Anspruch 2, bei dem:

der genannte Schritt des Bereitstellens eines
Antennensystems den Schritt des Bereitstel-
lens mehrerer Paare der Subantennen beinhal-
tet; und
der genannte Schritt des Umwandelns der
empfangenen Signale in Leistungssignale die
Schritte des Addierens von den Paaren von
Subantennen empfangener Signale miteinan-
der und des Umwandelns der Summe der von
den Paaren von Subantennen empfangenen
Signale in ein Leistungssignal beinhaltet.

Revendications

1. Procédé de compression de la largeur de faisceau
du diagramme de rayonnement d'antenne d'un sys-
tème radar, comprenant les étapes de :

fourniture d'un système d'antenne comprenant
une antenne principale pour émettre et rece-
voir des ondes radio et une ou plusieurs paires
d'antennes secondaires réceptrices dédiées
qui sont disposées des deux côtés adjacents à
ladite antenne principale dans le sens de la lar-
geur de faisceau à comprimer de ladite
antenne principale de telle sorte que les sens
des axes de faisceaux desdites antennes
secondaires coïncident avec le sens de l'axe
de faisceau de ladite antenne principale;
balayage du faisceau d'antenne dudit système
d'antenne dans le sens de ladite largeur de
faisceau à comprimer, et réception par
l'antenne principale et les antennes secondai-
res de l'onde radio qui a été émise par
l'antenne principale et réfléchie par des objets
de diffusion et qui est finalement revenue ;
conversion des signaux respectifs reçus par
l'antenne principale et les antennes secondai-
res en signaux de puissance ;
exécution d'un double traitement différentiel
relativement à l'angle de balayage sur les
signaux de puissance reçus par l'antenne prin-
cipale et les antennes secondaires, respective-
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ment, produisant ainsi des coefficients
différentiels doubles des signaux de puissance
reçus associés à l'antenne principale et aux
antennes secondaires, respectivement ;

calcul de la différence de phase entre le signal
de puissance reçu par l'antenne principale et le
signal de puissance reçu par les antennes
secondaires ; et
sortie du signal de puissance reçu par
l'antenne principale comme signal de sortie
définitif seulement si les deux conditions : les-
dits coefficients différentiels doubles des
signaux de puissance reçus associés à
l'antenne principale et aux antennes secondai-
res sont inférieurs ou égaux à des valeurs de
nombres réels positifs correspondantes prédé-
finies et ladite différence de phase inférieure
ou égale à 90°, sont satisfaites et sortie d'un
signal nul comme signal de sortie définitif si
lesdites conditions ne sont pas satisfaites.

2. Procédé de compression de la largeur de faisceau
du diagramme de rayonnement d'antenne d'un sys-
tème radar selon la revendication 1, dans lequel
ladite condition que ladite différence de phase doit
être égale ou inférieure à 90° est telle que ladite dif-
férence de phase doit être égale ou inférieure à un
angle prédéfini inférieur à 90°.

3. Procédé de compression de la largeur de faisceau
du diagramme de rayonnement d'antenne d'un sys-
tème radar selon la revendication 1, dans lequel :

ladite étape de fourniture d'un système
d'antenne comporte l'étape de fourniture de
plusieurs paires des antennes secondaires ; et
ladite étape de conversion des signaux reçus
en signaux de puissance comporte les étapes
d'addition des signaux reçus par les paires
d'antennes secondaires, et de conversion de la
somme des signaux reçus par les paires
d'antennes secondaires en un signal de puis-
sance.

4. Procédé de compression de la largeur de faisceau
du diagramme de rayonnement d'antenne d'un sys-
tème radar selon la revendication 2, dans lequel :

ladite étape de fourniture d'un système
d'antenne comporte l'étape de fourniture de
plusieurs paires des antennes secondaires ; et
ladite étape de conversion des signaux reçus
en signaux de puissance comporte les étapes
d'addition des signaux reçus par les paires
d'antennes secondaires, et de conversion de la
somme des signaux reçus par les paires
d'antennes secondaires en un signal de puis-
sance.
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